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IKCIIEPUMEHTAJIbBHAS ITPOBEPKA 9®O®EKTA
N3MEHEHUA ®PAKTAJIBHOTO COCTABA CUTHAJIOB ITPU
MOHTAKE ®OHOTPAMMbBI CIIOCOBOM BbIPESAHUA N
ITEPECTAHOBKHN ®PATMEHTOB

IIposedena sxcnepumenmanvnas nposepra dGexma usmenenus Ppaxmairviozo
cOCMasa wymos 8 nay3ax yupposvix gorozpamm. Imom 3ppexm IKCnepuUMeHmaivHo
noomeepicoen na 72 CneyuarvHo UszomosIeHHbIX (arvcupuramax. IKcnepumenmol
nposodunucy na 20 annapamax uu@dposoll 36YKO3ANUCU PASIUUHBIX MAPOK U MUNOE.
Jlnumenvrocms MOHMUPYeMbIX (Ppazmenmos sapvuposaiacy om 5 mcex do 30 cex.
Jokasano, wmo paspewarouwas: cnocobrnocms npozpammot “Opaxman”, ¢ UCNoIb308anUEM
KOMOPOUL NPOBOOUNUCH IKCNEPUMEHMbL, 00eCneuleaem GulaeleHue HapYuLeHUull teaiocm-
HOCMU UHDOPMAUUL 8 UUDPOBHIX (POHOZPAMMAX 80 BCeM OUANA30HE ONUMENLHOCMEN
MOHMUPYEMBIX Ppazmenmos. YCmanosieno, 4mo pasiuuue mexncoy ucxooHou u
CMOHMUPOBAHHOU UUDPOBLIMU (POHOZPAMMAMU COCMABTAEM 00U NPOUCHIMOB.

Knrouesvte cnosa: monmadxnc, uugposas gonozpamma, nodoeixa uudposvix
Gonozpamm, nepecmanoska ppazmenmos, yeaoCmHoCmy UHDOPMAUUU.

IIposedena excnepumenmanvia nepesipka egpexmy sminu Gpaxmaiviozo ckiady
wymis y naysax yugposux onozpam. Lleii epexm excnepumenmanvro niomeepoxcenuil
na 72 cneuianvno euzomosienux garvcugivamax. Excnepumenmu nposodunucs na 20
anapamax yu@posozo 38yKo3anucy pPisHUx mapox i munis. Tpusaiicmv 3MOHMOBANUX
ppazmenmie sapirosanacs 6id 5 mcex do 30 cex. Jlosedeno, wo posdinvha 30ammicmo
npoepamu “Opaxman”, 3 GUKOPUCTIAHHAM SKOT NPOBOOUNUCS eKCnepuMenmu, 3abesneuye
BUSLBLCHHS. NOPYUEHD ULTICHOCTE THGOpMauii 8 uudposux ponozpamax 8 ycbomy 0ianasomi
MPUBANOCMi 3MOHMOBAHUX (pazmenmis. Bcmanosneno, wo 6iominnicmy mixie nouamrkoeoio
ma 3MOHMOBAHOI UUDPOSUMU (DOHOZPAMAMU CKIAOAE 00N 8I0COMKIS.

Kmouoei cnosa: monmaic, uugposa ponozpama, niopooxa uupposux gonozpam,
nepecmanosxka pazmenmis, yiiicHicmo iHgopmauii.

Experimental verification of effect of change of fractal composition of noises is
conducted in the pauses of digital phonograms is carried out. This effect is experimentally
proved due to 72 purpose-made imitations. Experiments were conducted on 20 vehicles
of the digital audio recording of different brands and types. Duration of the assembled
Jfragments was varied from 5 msec. a to 30 sec. It is proved, that the discriminability of
the program “Fractal”, which experiments were conducted with the use of, provides the
exposure of violations of integrity of information in digital phonograms in all range of
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durations of the assembled fragments. It is set that the distinction between initial and
mounted digital phonograms makes the stakes of percents.

Keywords: editing, digital phonogram, imitation of digital phonograms, transposition
of fragments, integrity of information.

Cpet M3BECTHBIX CITOCOO0B MOHTaka 1HGPoBbIX (hoHOTrpamm (Hamee — D)
HarOOJIBIIYIO CJOKHOCTD JIJIsI BBISIBJIEHUS MIPU IKCIIEPTU3E TPEACTABISIOT CIIOCOObI,
MCIIOJIb3YIONNeE 3aINCH, C/IeJIaHHbIe Ha OJHOW armapartype 1udpoBOi 3ByKO3aMUCH
(manmee — AIL33). A cpeau Hux HanboJIiee IPOCTO PEATU3YETCs CIIOCOO BhIPE3aHUs 1
nepectaHoBKM (parmeHTOB B ofHOU (oHorpamme [1—3]. EcrecTBeHHO, uTO TipH
pa3paboTKe armaparypbl KOHTPOJIS 1ieJiocTHoCTH nHdopMmarmn B 11D, npeaHazHaueHHON
JUIST TIPOBEJICHNUST OKCIIEPTH3bI MATEPUAJIOB U CPEACTB IU(POBOIl 3ByKO3aITUCH, 0c060€e
BHUMaHUeE yJeJisieTCsl BOIPOCcaM BbISIBJIEHUsT TaKOro MOHTaxka [4]. OmpHako perieHue
9TOII 3a/Ilaull HAMHOTO CJIOJKHEE, YeM MOTJIO Obl TIOKA3aThCsl ¢ TIEPBOTO B3TJISIIA.

B psazge Hamux 6ojiee paHHUX paboT coobiranoch 06 obHapyskerun addexTa
M3MEHEHUs CIIEKTPAJIbHOTO COCTABAa CUTHAJIOB B TIay3aX peueBoil nHpOopMaIluu, cojiep-
xamreiicst B 11D, ncnosb3yeMbIx B KaUeCTBe HAYATbHOM U KOHEYHOM TOYEK BCTABJISIEMbIX
(dbparMeHToOB TIpU MOHTaXe [4; 5].

O/1HAKO 10 HACTOAIIETO BpeMeHU 9TOT 3(P(hEKT He ObLI MOATBEPKIEH MacITad-
HBIM aKcriepuMenToM. Ham ynamoch mpoBecTr Takoii 3KCIIEPUMEHT C UCITOJTb30BAaHNEM
MPOTPAMMBbI I METOJIUKU TIPOBE/IEHUS 9KCITEPTU3BI MATEPUAIOB U CPECTB MU POBOI
3Bykozanucu “@Opakran” [6].

s mpoBenenus axcnepuMenta Ha AI[33 pasHbix MapoK U THUTIOB € YacCTOTaMU
nuckpernsanuu (maree — YJ1), oXBaThIBAIOMIMMU BeCh AMANA30H NMPUMEHSEMBIX B
AIL33, 6611 3anmmcan psg LD, dtu ponorpammbl B 1iudpoBoii hopme ObLIN BBEIEHDI
B KOMIIBIOTED, a BBe/IeHHbIE (Dailyibl ObLIM COXPAHEHBI MO/] OIIPEIETEHHBIMI MMEHAMHU.
3aTeM KaxK/plil 13 9TUX (aiiyioB BBIBOJUJICSA HA 9KPAH B Pe/laKTOPe 3BYKOBBIX (hailioB
M B HUX IIPOBOJIMJINCH MOHTa)KHBIE oreparuu. [Ipr aToM oTMedasoch TOYHOE MECTO
pacnosiokeHus (M0 JINTENbHOCTU (DOHOTPAMM) MecTa BBIpe3aHUsd W JIJTUTETbHOCTH
(dbparmenTa, MeCcTo HaYasIa 1 OKOHYaHUS BcTaBKU. [Ipn MOHTaKe B 3ByKOBOM peflakTope
youpasuch (a3oBble HECTHIKOBKU B MeCTaX BbIpe3aHWsl W BCTaBKHM (hParMeHTOB, HO
oO6beMbl nH(pOpMauu B 06paboTaHHOM 1 HeoOpaboTaHHOM (hailjiax OcTaBaJICs PaBHBI-
MU JIpyT Apyry. Takum 06pasoM, MMUTHPOBAJICS 1IUMPOBOIT MOHTAK, BBITIOJTHEHHBIN
B 11D criocob6om BeIpe3aHust 1 TiepecTaHoBKU (hparmMeHToB. IlosydeHnbiii panbcubukar
COXPAHSIJICS TIOJI HOBBIM MMeHeM. bbuim 3ammcanbl Ha padiuuHoit AlL33 u 3arem
obpaboranbl daitasl npu Y/ 8 kI, 11,025 kI, 16 kT, 22,05 kI u 44,1 kT,

3areM Kask[blil (hbails, TOABEPrHYTHIA IU(GPOBON 06pabOTKe, CPaBHUBAJICS C
opurnHaJIbHBIM (paitsiom. Kpome Toro, KasK/[blii OPUTHHAIBHBIN (haiisl cCpaBHUBAJICS C
camMmuMu cob6oil. ITocKoIbKY Npu cpaBHEHMH aOCOJIOTHO OAUMHAKOBBIX (hailjoB
BEPOSITHOCTH OIMMOKK | posia paBHa HyJIIO, TO TIOSIBIEHIE TAKON ONMIMOKK TIPU CPAaBHEHHH
HCXOIHOTO M 0O6paboTaHHOTO (hailIoB CBUIETENBCTBYET O Pasauudu (PpaKkTaTbHBIX
CTPYKTYP CHUTHAJIOB, cofiepKaiuxcsi B cpaBHuBaembix 1[D.

Takoii oxo/, KpoMe TPOBEPKU JIOCTOBEPHOCTU MOJIYYEHHBIX TEOPETUYECKUX
Pe3yJIbTaTOB, MO3BOJIMJ YCTAHOBUTH NMPUHIUIHAIBHYIO CIOCOOHOCTH MPOrPaMMBbI
“pakTan’ K BBISIBIEHUIO BMENIATEIbCTB B TOHKYIO CTPYKTYPY CUTHAJIOB U OTIPE/IETTUTh
nocJie/iyioliee HalpaBJIeHNe Pa3BUTHUS ITPOTPAMMbI MIPU ee MOANUMUKAIINM.
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Jliist onipe/iesieHust CTEelIeHH HECOOTBETCTBHUST MeKIy 00paboTaHHBIM 1 HeoOpabo-
TaHHBIM (alijlaMU CTPOUJINCH OIEHOYHBIE KPUBBIE MJIOTHOCTEW BEPOSTHOCTA MEpPHI
6msoctu cpaHuBaeMbix [[MD. Ho mpum atom ciemyer ydectb, 4TO jJaxke B Cydae
00pabOTKN METOJOM BbIpe3aHusi U IepecTaHoBKU ¢parmeHTos, obe 1M ocrarorcs
3anucanubiMu Ha oo All33, 1, cienoBaTebHO, X (hpakTaTbHBIE XapAKTEPUCTUKN
OCTAIOTCST GJIM3KIMU.

Jlng BbIsicHeHMs paspemiaionieii ciocooHoctr nporpammbl “@paxran” 1mo
JUTNTEJIbHOCTU TIepecTaBIseMbIX (parMeHTOB, BBIPE3AJUCh U TEPECTABISINCH
(bparMeHThI pa3HOU IINTETbHOCTU B IMATIA30HE OT JIECSTKOB CEKYH/I /10 MUJLITUCEKYHIL.
Jlist aToro B mMenn o6paboTaHHOro (haiia 0TMEYasoCh BpeMsl Havajla M OKOHYAHUSI
MOHTa’KHBIX OIle€paIlnii.

MeTtomnka n3roToByieHUs 3KCIIEPUMEHTATBHBIX (PaTbc(UKATOB MTPOUILTIOCTPUPO-
BaHa Ha puc. 1 — puc. 7.

B ucxomnoii I1M, oTKpbITOI B IporpamMme 3BYKOBOTO PeAaKTOPa, BU3YaJIbHO
oTOMpaeTCs U BBIIEJIsIeTCs (pparMeHT, peIHa3HAYE€HHbII /IS BBIPE3KU 1 [IEPECTAHOBKH.
DparmMeHT 10JIKEH HAYMHATHCS U 3aKaHYMBATHCS B TIAy3€ MEK/IY PEYEBbIMU CUTHATIAMH.
Curnas pacTsruBaeTcs M0 BPeMEHHOUM OCH U YTOUHSIETCS MECTO Hadaja M OKOHYaHUS
BbIpe3ku. Bo nsbeskanue (hazoBbIX HECTBIKOBOK (hparMeHT BbIPE3aeTCsl Ha BHIOOPKaAX €
OJINHAKOBBIMU YPOBHSIMU CUTHAJIA.

AHaJIornuHbIM 00pa3oM IIPOU3BOAUTCS BeTaBka pparmenta. [TomyueHnbrii (aaben-
dbukar 3ammoMuHaeTcs MO/ HOBBIM UMeHeM aiia.
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Ha puc. 8—11 mpousmocTpupoBad 9KCIEPUMEHT, IIPUBEAEHHBIN 11 00pabo-
TaHHBIX U HeoGpaboranubix 1M, 3anmucannbix ipu /] 8 k11 Ha BcTpoeHHOM TUKTO(O-
He MOOUIBHOTO TejedoHa.
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IKcriepuMeHT TTpoBomics Ha AIL33 HeckobKUX MapoK 1 TUTIOB. VcTosib30Banch
mudpossie aukTodonbl Olympus VN — 300PC, Olympus VN — 480PC, Olympus
VN - 1100PC, Olympus VN — 2100PC, Olympus VN — 4100PC, Olympus WS —
320M , Olympus WS — 550M, Olympus 20 DM, Panassonic RR — US360, EdicMini,
Samsung SVR — S820, Samsung SVR — S1330, Bcrpoentbie AUKTOGOHBI MOOUIBHBIX
tesieponos Nokia — 3250, Nokia — 5630, Nokia — 6151, Nokia — 6275, Nokia — 6300,
Nokia — 6303C, LG KM - 330, Samsung GT — S5350. Takum 06pa3om, GbLJIO UCITOJb-
30BaHO B sKcrepuMente 20 AII33 pasjuyHBIX THIOB M MapoK, 4TO 00eCHeYnsio
WCIIOJIb30BaHMe Bcero auarna3ona /1, mpuMeHseMbIX MpU 3aliCh 3BYKA, U PA3TMYHbBIX
THUIIOB KOJEKOB. DTUM 0GECIEYrBAETCST MIPOBEPKA TEOPETUYECKHUX MOJIOKEHMIT JHCCep-
TAlMM B IIMPOKOM JIMAIa30HE peau3aluy Ipoiiecca Mu@poBoil 3alMCU 1 BOCIIPOU3-
BeJIEHUST 3BYKOBOI MH(MOPMAIIIH.

Ha kaskmoM KOHKpeTHOM armapaTe ObLIO 3allMCaHO He MeHee TPeX HCXOHBIX
1D, 3 HUX OBLIN U3TOTOBJIEHBI (GaTbCU(PUKATDI, B KAJKIOM M3 KOTOPBIX MEPECTABJISAIICS
oavH ¢parment. auTebHOCTD (DparMeHTOB B KasKI0H 13 06paboTaHHBIX (POHOTPaMM
Obuta pasimyHa. OHa cocraBisiia or 5 Mcek 10 20 cek.

PesysbraThl aKkciiepuMenTa cBeeHbl B Tabs. 1. V13 pe3yibTaToB 9KCIIEpUMEHTa,
IpUBeAEeHHbIX B TabJ1. 1, BUIHO, yTO Ha 20 pasJMyYHBIX 9K3eMILIApax pasianunoii AI133
6bL10 3amucano 72 1M npu pasanunsix Y/1. [Ipu stom s3anuceiBaiocs 1o tpu 11D Ha
Kaxpoit m3 YJI, Ha KOTOpbIX paboTaeT Kak[Ablii KOHKPETHBIA ammapaT 3anucu. [Ipn
MPOBEICHUN KCIIEPUMEHTa OBIJIO U3TOTOBJIEHO B 3BYKOBOM pefiakTope 72 daibcudu-
kata 11D, kaxaplii 13 KOTOPBIX cpaBHUBaJICSA ¢ ucxoaHoin 11D.

[Ipy 3TOM MJIUTENBHOCTH BBIPE3aEMBIX M BCTaBJISIEMBIX (DPArMEHTOB [T BCEX
YJI ObLTH pacrpesie/ieHbl CJIeAYIONUM 00pa3oM:

— s quarnasona ot 5 10 10 mcexk — B 17 danbcudurarax;

— nisa amarnasona oT 11 mo 20 mcek — 13 danbcudukaTos;

— s nuanazona ot 21 go 60 mcex — 10 danpendukaros;

— s quarnazona ot 61 no 300 mcexk — 10 danbcudukaros;

— s nuanazona ot 0,301 mo 3 cex — 11 dampcudukaTos;

— nnsa amarnasona ot 3,1 go 30 cexk — 11 danbcudukaTos.

Takoe pacrpenenenue 10 JJIUTENTbHOCTH MOHTHUPYEMBIX (DpParMeHTOB OIIpejie-
JISJIOCh HEOOXOUMOCTBIO TIIATEILHON TPOBEPKH Pa3pelaroiieil CltocOOHOCTH ITPOrpaM-
MbI “@DpakTtan” K BbIJIEJIEHUIO M3MEHEHHIT MAJION JVIUTETBHOCTU (DPAKTAIBHOM CTPYKTY-
PBl CUTHAJIOB IIYMOB.

Tabnuua 1

Pe3ynbTaThl 3KCIEPHMEHTAIbHON NPOBepKN (pakTa U3MeHeHUs! (PPaKTAILHOTO COCTaBa HIYMOB
II® npu MOHTaKe C HCMOJIb30BAHHEM CTPOOHPYIOMIETO HMITYJIbCA

Ne Nms JIIuTen» HOC Th epecTaBisieMoro parMeHTa, cex M. Pesynb-
Tun u mapka HUCXOIT- una, Tat
oo AII33 Horo «n |0,005 | 0011— [0,021- [ 0,061 3,1- | ommbma | o
/i daiina 0,01 0,02 0,06 03 03-3 30 I pona TeHus
1 2 3 4 5 6 7 8 9 10 11 12
1 Olympus — | 200022 44,1 + 0,003 +
> | 20DM 200025 | 44,1 + 0,0027 +
3 200026 44,1 + 0,0034 +
4 200023 11,025 + 0,0041 +
5 200027 11,025 + 0,004 +
6 200028 11,025 + 0,0043 +
7 200024 8 + 0,005 +
8 200029 8 + 0,0047 +
9 200030 8 + 0,0033 +
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—
S IIpodonxcenue maban. 1.
O 1 2 3 4 5 6 7 8 9 10 11 12
] 10 | Olympus A0085 22,05 + 0,0051 n
0 11 | VN-480PC [ Ag086 | 22,05 + 0,004 +
E. 12 A0087 | 22,05 + 0,005 n
— 13 | Olympus A0032 | 22,05 + 0,0039 n
— 14 I\J’IC"*“OO A0033 | 22,05 + 0,0046 +
@] 15 A0034 | 22,05 + 0,0052 +
M 16 Olympus A2806 22,05 + 0,0044 +
% 17 | VN=2100PC [ A»rg] 22,05 + 0,0049 n
N 18 A282 22,05 + 0,0028 n
< 19 Olympus Sound1 44,1 + 0,0036 +
I [ 20 | VNZ300PC Frgoinas | 44,1 + 0,004 +
os 21 Sound3 44,1 + 0,0039 +
= 22 | Olympus A0311 44,1 + 0,0027 +
E 23 | VN=4100PC [ A0312 44,1 + 0,0032 n
A 24 A0313 44,1 + 0,0042 +
= 25 | EdicMini 01 11,025 + 0,005 +
% 26 02 11,025 + 0,0054 n
& 27 03 11,025 + 0,0047 n
48] 28 | Samsung S0003 16 + 0,0038 +
< 29 | SVR-8820 $0005 16 n 0,004 n
OHO 30 S0007 16 + 0,0035 +
T 31 | Samsung S0093 | 11,025 + 0,0051 n
= 32 | SVR-SI330 [ 80094 | 11,025 ¥ 0,0046 T
= 33 S0095 | 11,025 + 0,0053 +
34 | Olympus 50001 44,1 + 0,0037 n
< 35 | WS- 350M 50002 44,1 T 0,0039 T
= 36 50003 44,1 + 0,0042 n
W 37 | Olympus 70007 16 ¥ 0,0034 n
@) 38 | WS-320M 70008 16 + 0,0037 n
& [ 39 70012 16 T 0,0031 n
! 40 | Panassonic K01-8 3 + 0,0048 +
= 41 RR-US360 | K02-8 8 + 0,0045 +
41 K03-8 3 + 0,0044 n
43 KOI-11 | 11,025 ¥ 0,0058 n
44 K02-11 | 11,025 + 0,0047 n
45 KO03-11 | 11,025 n 0,0049 n
46 K01-16 16 ¥ 0,004 n
47 K02-16 16 + 0,0045 n
43 K03-16 16 + 0,005 n
49 | Nokia—3250 | 00001 8 + 0,0051 n
50 00002 8 + 0,005 n
51 00003 8 ¥ 0,0053 n
52 | Nokia- 5630 |_00011 3 + 0,005 n
53 00012 8 ¥ 0,0048 n
54 00013 8 + 0,0054 +
55 | Nokia_ 6275 | 00007 8 n 0,0051 n
56 00009 8 ¥ 0,005 n
57 00010 8 + 0,0043 n
58 | Nokia_ 6300 000 8 T 0,0052 n
59 001 3 + 0,005 +
60 002 8 + 0,0048 n
61 | Nokia_ 0005 8 ¥ 0,0053 n
62 6303C 0006 8 + 0,005 +
63 0007 8 ¥ 0,005 n
64 | LG KM- | F00l 8 + 0,0046 +
65 | 330 F002 8 + 0,005 n
66 F003 8 T 0,0049 n
67 | Samsung STO18 8 ¥ 0,0052 +
68 | GT-S5350 STO19 3 ¥ 0,005 n
69 ST021 3 n 0,005 n
70 | Nokia—6151 003 8 + 0,003 n
71 004 8 ¥ 0,0036 n
72 007 8 + 0,0041 n
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Bcee 72 danbcudukara orimdaanch ot ucxoHbix 1M, yTo OBLIO BHISABIEHO MIPU
WX CpaBHEHUM C WCIOJb30BaHWeM mnporpammbl “@pakran’, nHezaBucumo ot YJ[ u
JITUTETbHOCTH BBIPE3aEMbIX U TIEPeCTaBIsIeMbIX (hparMeHTOB. B Toske BpeMs BesimunHa
pacxoxaeHust Mexay obpaboTaHHON TakuM crocobomM u HeobpaborarnHoi I[D
COCTAaBJISIET JIOJIA TIPOIEHTA.

BriBoabBI

1. IKcrepyMeHTATbHO HAa 72 cHenuasbHO M3TOTOBJEHHBIX (ambcuduKaTax
noaTBepKaeH 2(hdEeKT u3MeHeHUs (PpaKTaJIbHOTO COCTaBa IMYMOB B Tay3aX MEXKIY
peUYEeBBIMU CHTHAIAMU TIPA MOHTa)ke IUMPOBBIX (PoHOrpaMM CITOCOOOM BBIPE3aHUS W
MepecTaHOBKU (PparMeHTOB. JKCIIEPUMEHTHI TPOBoAMANCEH Ha 20 anmaparax mudpoBoit
3BYKO3AIUCU PA3JUIHBIX MAPOK W TUIIOB. [[JIUTETHHOCTD MOHTHUPYEMbIX (DPArMEHTOB
BapbUpoBasach oT 5 Mcek 10 30 cexk.

2. Paspemaromas croco6HocTh mporpammbl “@pakTan”’, ¢ HMCIOJIb30BAHUEM
KOTOPOIT TPOBOANJINCH 9KCIIEPUMEHTHI, 0GECTIeYNBAET BhISIBJIEHUE HAPYIIEHUN 11€I0CT-
HocTH nHMopManuu B MudpoBBIX (PoHOTPAaMMaxX BO BCEM Malla30He JJIMTEIbHOCTEN
MOHTHPYEMBIX (DParMeHTOoB.

3. Paznuyue Mexmay MCXOMHOW M CMOHTUPOBAHHON MMMPOBBIMU (DOHOTPAMMAMM
COCTaBJISIET JIOJIH MTPOIEHTOB, YTO CBUETENBCTBYET O BBICOKOW pa3pelralieii crocoo-
HOCTHW WHCTPYMEHTAPHsI, TOCTPOEHHOTO Ha OCHOBE (hPaKTATHHOTO MOIX0/IA K MPE/ICTaB-
JICHWIO CUTHAJIOB cOOCTBEHHBIX 1rymMoB I1MD.
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