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Almomauuﬂ. B crarbe paccMarpruBacTCA BO3MOXHOCTL HCIIOJIB30BAHUSA Ka4YCCTBCHHOIO
nmoaxoAa IIpu pPaCKPbITUU I/IH(I)OpMaLII/IOHHOFO COACPpKAHUA ITIOTOKOB IJAaHHBIX BOJIHOBBIX
SIBJICHUM. BCKpBITI/IC TAKOI'0 COACPKAHUA ABJIACTCA OCHOBOM PaCIIO3HaBaHUA PCUU HIIH
HHTCI'PAJIBHOTIO, I/IH(I)OpMaI_II/IOHHOI‘O aHaJIn3a CJIOKHBIX IIPHUPOIHBIX SIBIICHUM Ha OCHOBE
pPacCMOTPCHUS BOJIHOBBIX CHUI'HAJIOB. Hpez[naraeTCH MCXaHMU3M OIIMCaHUusA BOJH B BHJC
JIOI'MKO-JIMHI'BUCTHYCCKHUX HOCHCHOB&TGHBHOCTeﬁ Ha TGOp@TPI‘—ICCKOﬁ OCHOBC B BHJC
CHCTCMBI 0THOH.I€HPII>1, HOSBOJ’I?IIOHIHIZ paccMarpuBarb MW OIIMCbIBATh IIOTOK JaHHBIX
BOJIHOBBIX SIBJICHMH KakK MMOCIACAOBATCIIbHOCTL CTPYKTYP, BBICTYIIAKOIIUX B Ka4CCTBC
HCXOIHOTI'O aJI(i)aBI/ITa 3HAKOB.

Knrwouesuvie cnosa: I/IH(i)OpMaHI/IOHHOG COACPIKAHHUC, PACIIO3HABAHHUC, Ka4eCTBCHHBIN 180010V


https://trudymai.ru/published.php?ID=180681

Hna yumupoeanusa: banaxkupe H.E., ®anees M.M., PoauonoB B.C. KauecTBeHHBII

MOJIXO/ B PACKPHITUH HH(GOPMAIIMOHHOTO COJEPKaHMsI BOTHOBBIX NaHHBIX // Tpyast MAN.

2024. Ne 136. URL: https://trudymai.ru/published.php?ID=180681

Original article
QUALITATIVE APPROACH IN EXTRACTING THE INFORMATION

CONTENT OF WAVE DATA

Nikolay E. Balakirev', Mikhail M. Fadeev?, Vadim S. Rodionov**

L.23Moscow Aviation Institute (national research University), MAI, Moscow, Russia
Ibalakirev1949@yandex.ru

*fadeev_mix@bk.ru

Stuukvadim@live.com™

Abstract. This article examines the use of a qualitative approach in the analysis of wave
phenomena, the features of studying waves as a qualitative aspect, and the introduction of
new approaches in the analysis and synthesis of waves. The authors note that most pattern
recognition systems based on wave phenomena use classical mathematical methods for
modeling and analyzing data, focusing on quantitative characteristics. However, this article
raises the question of a qualitative assessment of the data obtained and their content, and
also considers the possibility of using a qualitative approach in disclosing the information

content of data flows of wave phenomena. The dissection of such content is the basis for
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speech recognition or integral, informational analysis of complex natural phenomena based
on the consideration of wave signals.

The article proposes a logical-linguistic method that allows you to automatically
describe the flow of wave data using a system of relationships and create structured data
models and describe the data flow of wave phenomena as a sequence of structures acting as
the initial alphabet of signs.

Structures have been developed and used to describe wave flows and create unique
algorithms. Practical results include structuring sound streams, compacting information,
watermarking, voicemail, and other technological advances. Practical application in the field
of aviation and rocket industry takes place in the field of communication and data storage,
as well as fixation of measuring instruments, where wave fluctuations are possible for their
subsequent analysis.

In conclusion, the article offers a new approach to the analysis and synthesis of wave
data based on a qualitative assessment of the data content, which opens up new prospects
for the field of wave research and their applications.
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B mHacrosmee Bpemsi  OONBIIMHCTBO  CHCTEM  pacliO3HaBaHWs  00pa3oB,
OpPUEHTUPOBAHHBIX HA W3YUYEHHE BOJHOBBIX SIBJICHUM, IPU MOJYYEHUU U aHAJIU3€ JTaHHBIX

HCHOJIB3YIOT KIIACCUYICCKHUC MATCMATUICCKHUC MCTOAbLI U OLICHKH, OTpaAKarOIIUC, B IICPBYIO
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o4yepelb, KOJIUYEeCTBEHHYI0 CTOPOHY, KOTOpas KacaeTcs M3y4YeHHUs, MOJEIMPOBAHUS U
BOCITPOM3BEICHUS, TPEKIEC BCETo, HU3MUCCKUX XAPAKTEPUCTUK SIBICHUN. TaKkue METOIbI
HaMpaBJICHbI HA MTOTyYCHUE Mojeseil, HanboJee TOYHO OTPaXKAIOMINX (PU3UIECKUI ITpoIece
BOJIHOBOTO SIBJICHHS, T. €. MAaKCUMaJbHYIO (PYHKIIMOHAIBHYIO aNNpOKCUMAIIHIO, B
MPEATNONIOKEHUH €r0 HEeMPEPhIBHOCTH M OeckoHeuHOCTH [1-4]. KauecTBeHHasi olleHKA U
OCMBICIICHUE COJEp’KaHUsI TOJIy4aeMbIX J@HHBIX, YTO U SBJISETCA IEJIbI0 BCeX
UCCJIeIOBaHUM, a 3aTeM MCIOJb30BaHUE HMX PE3YJIbTATOB MPU TMOCIEAYIOIIEM aHaIn3e
JAHHBIX, MPOM3BOAMJIACH W paHee, HO CaMUM MCCIIEOBATENIEM Ha CIEAYIOIIEM 3Tarle
aHaau3a.

Pa3BuTne Hayku U TEXHUYECKUE TOCTHKEHUSI OTKPBUIH JOPOTY I MOJAEIUPOBAHUS
U CO3JIaHUs CPEICTB aBTOMATHU3AIlMM B TOM YHCJIE HHTEIJIEKTYyaJIbHOM MESITeIbHOCTU
YeJioBeKa, a TaKKe XpaHEHWI0 M Tepenadyd WHpopMaluyd Ha OONbIIME PACCTOSHUS U
aBTOMAaTHUYEeCKOTo pacro3HaBaHusi. [[ns dYenoBeka pacrno3HaBaHue o0pa3oB, Kak U
pacno3HaBaHWE PEUYd — 3TO, MO CYIIECTBY, Ka4eCTBEHHAsl CTOPOHA PACCMOTPEHUS
00BEKTOB UCCJIEAOBAHUS, U OHA TPEOYIOT CrieU(PUUECKUX TTOXO0A0B B UX MOACITUPOBAHUU
u anaimu3e. KpoMe 3TOro, CTOMT 3aMETUTh, TAKOE€ PACCMOTPEHHE JOBOJIBCTBYETCS
JUCKPETHOCTBIO CYUIECTBOBaHUsA, Kak oOpa3a, Tak W npooOpasza, NOTOMY Kak
3arevyarieHHBIN U PaCliO3HAHHBIN 0OBEKT HE BCTPAUBAETCS B CUCTEMY KU3HECATEILHOCTH,
«TPOTUCKHIBASICH» HAJOJTO WM HaBCErJa, a CYIIECTBYeT B BHUJAE OTIEIbHOro o0pasa,
«OXKHMBasH» Mo Mepe HeoOxoaumocTH. [lomarosas, nepuoauyHas JesTEIHLHOCTh YEJIOBEKA,
HaBsi3bIBa€Masi MEPUOAUYHOCTHIO MPHUPOJHBIX SBJICHUM, COOTBETCTBYET JIHUCKPETHOCTHU
MIPUBJICYCHUSI 00PA30B U MEPUOAUUYHOMY BKIIFOUEHHUIO UX B PACCYIUTEIBbHYIO I€SITEIBHOCTD

yenoBeka. Jlns mepemaunm MHPOpMALMU CTaldd MPUMEHATCS pa3MyHbIe CTaHIAApThl U
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POTOKOJBI, LEIbI0 KOTOPBIX CTOUT YBEIUYHUTH MPOITYCKHYIO CIIOCOOHOCTH 32 MEHbIIIEe
BpEMsS W WCIIOJNB3yeMbIE PECYpPChl, YTO ITOCTATOYHO KPUTUYHO B aBUAKOCMHUYECKOU
MIPOMBITIUICHHOCTH, TAC W3ACIUS HCYHUCIAIOTCS MWUIMOHAMHU, a CU€T B KPUTHYCCKOU
CUTyaluu UET Ha MUJUTHCEKYHIBI. J[J1 crcTeM pacno3HaBaHust 00pa3oB, MPUMEHSIEMBIX B
HACTOAIIEE BpeMs Kak Ha TEpeoBOM, Tak MU Ha OOBEKTaX KOHCTPYUPOBAHUS aBUa U
KOCMUYECKOM TEXHUKH, CTOMT aHaJOTrMyHas 3ajaya B KpaTyaillliie CPOKU BBISIBUTH U
COOOIIUTh O TOM WJIM MHOM OOBbeKTe/nederTe u MPUHATh pelieHre, ONMUpasich Ha 00pasbl.
[TosTOoMy, pemmas 3agadd pacrmo3HaBaHUS O0pa30B, HENB3s HE YUYWUTHIBATh YKa3aHHBIC
OCOOCHHOCTH.

Kpome sToro, HUM denmoBeK, HU JIF0O0E TEXHUYECKOE YCTPOWCTBO HE CIOCOOHO
aHAJIM3UpOBaTh W 00pabaThIiBaTh HENPEPHIBHBIA MOTOK JAHHBIX. Tak WJIM WHaue, Mbl
JIOBOJILCTBYEMCSI CHATUEM JaHHBIX JTMOO 4epe3 paBHbIE NMPOMEXKYTKH BPEMEHH, JTUOO MO
Mepe HeoOxonmuMocTd. MIMeHHO aucKpeTHOCThb Tpu (ukcaruu U 00paboTKe JaHHBIX
OTKpBIJIa IOPOTY K aBTOMAaTH3aIlUH WHTEJUICKTYaIbHOM IeITeIbHOCTH YEIOBEKa.

B ycrmoBusx IUCKpETHOCTH, KOHEYHOCTH W TEPHOAMYHOCTH Habopa 3HAYCHUN
JAaHHBIX, a TaKKE B CBI3M C HEOOXOAMMOCTBIO aBTOMATH3aIlldd  OIHCAHMS
WH()OPMAITMOHHOTO COAEPKAHUS BCETO MOTOKA TAaKWUX JAHHBIX, KOJUYCCTBEHHBIE METOIbI
UMEIOT HEJ0OCTAaTOYHbIN HAOOP BO3MOXKHOCTEH.

Ecnu BHUMaTENbHO U TTyOOKO MPUIIISIAETHCS K CYLIHOCTH COMEp)KaHHS BOJIH, TO
mr000M B HCCIEAyeMOW BOJHBI BOCIPOHM3BOIUT HE TOIBKO (DU3MYECKHH XapakTep,
TCHEPUPYEMbIHi MCTOYHHKOM CHTHAJIOB, HO M HAIOJHSIEMOE B MACCUBHOM WJIU aKTUBHOM
BHJIE COJIepKaHUE BHYTPH ce0sl, Kak OTpakeHue nHPopMainu 00 OKpyk aroliieM MUpe Uin

KaK TeHepaluus CMBICIOBOM HMH(pOpMAlMA B CiIy4ae pEYEeBOM KOMMYHHUKALIHH,
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COOTBETCTBEHHO. BCKpBITHE TaKOTO COZIep KaHus SIBIISIETCS OCHOBOM aHaIM3a JIDOOTo BUA
BOJIH, BKJIKOYAsi paclo3HaBaHuEe pedd. Hampumep, B HCCIENOBAaHUSIX HHTErPATBHOIO,
WH()OPMAITMOHHOTO aHaIN3a CJIOXKHBIX TPUPOIHBIX SBICHWNA HA OCHOBE PACCMOTPCHHUS
BOJIHOBBIX CHUTHAJIOB MPHUCYTCTBYET CHCTEMHAs KIacCHU(UKAIMS OTACTHHBIX (hHU3HUUCCKUX
dbopMm (koH(uUTypanMii) U B HTOre, Ha HMX OCHOBE TPOU3BOAMTCS paclO3HABaHUE
MPUHAJICKHOCTH HAOIIOIaeMOT0 SBJICHUS K OTIPE/ICICHHOMY KJIaccy.

K umncny siBeHui, KOTOpbIe HOCAT BOJHOBOM XapakTep, T. €. 3HaUCHUS (PU3MUeCKuX
METPUK HE BBIXOIAT 3a MPEAEIbl HEKOTOPBIX 3HAYEHWW U B YCIOBHUSX HENPEPBIBHOTO
pacnpoCTpaHEHUsT MOBTOPSIIOT HEKOTOPBIE CBOM 3HAYEHHSI C HEKOTOPOW CKBAXKHOCTHIO,
MOYHO OTHECTH 3BYKOBBIE, CBETOBBIE, SJIEKTPOMATHUTHBIE U JIPYTUE BUABLI BOJHBI. B TOoM
YUCJIE K TAaKUM SIBJICHUSIM MOXXHO OTHECTH IMOJUTHUYECKHE, BOCHHbIE M SKOHOMHYECKHUE
IIPOIIECCHI, B KOTOPHIX MOTOK XapaKTEPUCTHUK HE 005S3aTeIbHO MMEET HEMOCPEICTBEHHYIO
dbuznyeckyro npupoay. B manbHeitmem OyneT paccMaTpuBaThbes ClEAyOIee ONpeaeacHre
BOJIHBI.

Bonna — nepuoauyecku NOBTOPSIIOIIEECH W3MEHEHUE HEKOTOPOM OJHOW WA
COBOKYMMHOCTH (U3UYECKUX, DKOHOMHUYECKHX, COIUAIBHBIX M WHBIX XapaKTePUCTHUK
Ha0JII0ITaeMOT0 Mpollecca BO BPEMEHHOM pa3BEpCTKE, HE BBIXOJAIIMX 3a MPEIeIIbl
JOMYCTUMBIX, OCMBICJICHHBIX T'paHUIl BO3MOXKHBIX KoJieOaHMM HUX 3HadeHuh. Takoe
U3MEHEHUE MOXET HOCUTh KaK CTallMOHAPHBIM, TaK W HE CTALMOHAPHBIA XapakTep
MTOBEACHUSI.

du3nyueckre BEIMYMHBI, KaK HAOIIOJAaeMbIe XapaKTEPUCTUKHU, (PUKCUPYIOTCS Kak
KOJIMYeCTBEHHbIE 3HAUCHHUS B COOTBETCTBUU C IMIPUHIATHIMU B CTaHJApTaxX MeTPUKaMH [5].

Ho, cyliecTBylOT XapakTEPUCTHUKH, KOTOPbIE HOCIT KAa4eCTBEHHbIH Xapakrep, U
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npeHa3HauYeHbl 17151 CyObEKTHOM OLIEHKH paccMaTpruBaeMoro (pacrno3HaBaeMoro) 00beKTa.
OHu He OOpeMEHEHbl KOJIMYECTBCHHBIM 3HAYEHWEM, HO SBISIOTCS  CICACTBUEM
COBOKYITHOCTH KOJIMYECTBEHHBIX XapakTEpUCTUK. MIMEHHO B Takoil TpPaKTOBKE 3/1eCh B
MOJTHBINA POCT peanusyeTcst PUIoCOPCKUil 3aKOH Mepexoa KOJTUIeCTBa B KAYeCTBO [6].

be3 norepu oOHOCTH NpU 00CYKIACHUU U AEMOHCTPALIUYA Ka4eCTBEHHOM CTOPOHbI
IPOLIECCOB, OYAYT paCCMOTPEHBI 3ByKOBbIE BOJIHBI. [IepBhIM 11arom mo my T (PUKCHUpOBaHUS
(3amucu) 3BYKOBOM BOJIHBI, YTO €II€ HE SABJISJIOCH IIArOM K PACKPBITHIO €€ COJEep:KaHMUs,
Ob0  ¢usmueckoe MozenupoBanue. HMMuTanmuoHHoe (HU3MYECKOE  YCTPOMCTBO,
MOBTOPSIIONIEE «ITOBEJACHUE)» BOJHBI MPHU 3aMUCH HAa (PU3NYECKUH HOCUTEIh, MO CYTH
SBJIICTCSI HETPEPBIBHBIM (HUKCATOPOM M3MEHEHUS (DU3UYECKUX XapaKTePUCTHK BO
BpEMEHHOM pa3zBepcTke. OOpaTHas onepalusi — 3TO CYUThIBAHUE C PU3UUECKOTO HOCUTEIIS
U reHepaiusi BOJIHbI, BOCIIPOU3BOASAIICH €€ UCXOMHOE «IoBeAeHue» [7]. DTy omepariuio
TaKX€ MOXXHO OTHECTH K (PU3MYECKOMY HMMHTAIMOHHOMY BOCIIPOM3BEICHUIO HCXOIHBIX
XapaKTEPUCTUK T€HEPATOPOM BOJIH.

TakuMm ke, MEpBBIM IIAaTOM KOJUYECTBEHHOUM CTOPOHBI TOBEACHHS BOJH ObLIa
dbopmanuzamnus B BUIE MOBeAeHUs QPyHKIMH, 711 KOTOPOH OCh a0ciucce Obuia (hukcaropoM
BPEMEHHOTO WHTEpBaJia, a OCh OPAMHAT 3HAYCHHEM (DU3NYECKON XapaKTEPUCTUKH.
MopnenbHON KOJUYEeCTBEHHOM OCHOBOM PAacCMOTPEHUS BOJH, MPEXKIE BCETO, SIBISAETCS
(GYHKUMSA CHHYC WJIM KOCHUHYC C MapaMeTrpaMu BpeMeHH, (asbl, aMIUIMTYIbl U YacCTOTHI,
KOTOpble B OOJIBIIMHCTBE CIIy4aeB, MO CBOEH OCHOBE, SIBJISIOTCS XapaKTePUCTUKAMU
ctauroHapHod BonHbl [8]. CymectByeT ©W = «KOMIPOMHCCHAas»»  4YeJIOBeUECKast
XapaKTepUCTHKA, COracyromas (GU3NIecKoe 3HAYEHUE aMIUTUTYIbl C YEeIOBEYECKHUM

BOCHPUSTHEM, & UMEHHO, CTETIEHb TPOMKOCTH, KOTOpast u3mepsiercs B Aenudenax [9]. Ona
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BBICTyIa€T KaK CBOeoOpa3Hasi Mepa Ka4eCTBEHHOI'0 BOCHPUSTHUS 3BYKa UEJIOBEKOM:
ONIYLIMTENIBHO, OYEHb TPOMKO, TPOMKO, TUXO, OYEHb THXO, HE BOCIIPUHUMAEMO.

Craenyrommm maroM no myTu ¢popManu3alii U U3MEHEHHs B3MISIOB HA CYIHOCTb
COZIEPIKATETLHON CTOPOHBI (DUKCHPYEMOTO IMOTOKA (M3MUECKUX XapaKTEPUCTUK ObLIa
IU(ppOBU3aALMS UX 3HAYEHUI C HEKOTOPBIM BPEMEHHBIM AUCKPETHBIM mmaroMm. Okasanocs,
4YTO MpPU OINPEAEIEHHBIX YCIOBHUAX TAaKOM BBIXOA 3a «IIPEIENbD» HENPEPHIBHOCTH HE
UCKaXKaeT COfepKaHMsl, 3aKJIIOYEHHOTO B 3BYKOBOW BoyiHE. B Hacrosmiee Bpems i
3BYKOBBIX BOJIH TaKue€ 3HAUEHUS AMIUTUTYJ BOJH 3alMCHIBAIOTCS C (DUKCUPOBAHHOMN
CKBXXHOCTbIO B COOTBETCTBUU C TpeOoBaHusiMH Teopembl KorenpbHukoBa [10] u
NPEICTaBISIIOT cO00I MOCTaTOYHBINA AJIi BOCIPOU3BEACHUS JUCKPETHBIN MOTOK JAHHBIX,
OTPAXKAIOIIMX OTKJIOHEHUE JTUX 3HAUEHUH OT HYJIEBOIO (CpPEeIHEro 3HAYEHMs) B
JOIyCTUMBIX IIpe/iesax B COOTBETCTBUU BIOPAHHON (PU3NYECKON METPUKOM.

OTcrona MOXHO cJenaTh BBIBOA, 4YTO C IO3ULIHMHM HEMNPEPBIBHOCTH HMEETCs
nocrarounblii 1o KorenpaukoBy [10] HaOOp AMCKPETHBIX NaHHBIX JIJIS1 BOCIIPOU3BEACHUS
HETPEPHIBHON 3ByKOBOW MH(MOPMAIINH, B KOTOPOH COXPaHSIETCsI HEOOXOAMMOE CONlep KaHMe,
pacrno3HaBaeMoe 4YeJoBeKOM. Bo3HMKaeT TyT e BONpOC, a HE HEOOXOAMMO JId TakKoe
KOJIMYECTBO JAHHBIX JUIsl BCKpbITUS cojaep:xkanusi? Kak OygeT mokaszaHo Jalee, 3TO

HaIIpAMYIO 3aBUCUT OT I/IH(i)OpMaHI/IOHHOFO COACPIKAHUA ITOTOKA TaHHBIX.

KosmuecTBo nngopmanun u uHGOpPMAIHOHHOE COEPKAHME.
[Ipexxne dYem nepedTH K Ka4eCTBEHHOW OLIEHKE BOCIPUHMMAEMOM 3BYKOBOU
uH(pOpMaIUH, HAPSTY C OHATHSIMH SHTPONUS U KOJIUYECTBO HH(POPMAIIH BBEJIEM TEPMUH,

KaK MOHATHE, «MH(OPMAIMOHHOE colep:kaHue». CilenyeT OTMETUTh, YTO KOJIMYECTBO
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HH(pOpPMALIMU MU IHTPONHUIO ONPEACISIIOT MPU Mepeaade AaHHbIX 0e3 OTHOCUTEIBHO
cofiepXaHusi, KOTOPOE HECET ATOT MOTOK. J[aHHBIE XapaKTepUCTUKU HE TPUMEHHUMBI, KOTJIa
peub HIET O pacrno3HaBaHud. [lajmee OygeT paccMoTpeHa HeoO0XOAMMOCTb BBEICHUS
TEPMUHA KUHDOPMAUUOHHOE COOEPICanue 1 PACKPHITAa 0COOCHHOCTh €T0 CMbICIIA, UCXOS
U3 3a/1a4 pacro3HaBaHMUS.

[Ipu anamuze 000N Y4YacTOK 3BYKOBOM BOJIHBI PAacCMaTpPUBAETCA KaK TMOTOK
3HAYEHUN B COOTBETCTBUU C METPHKAMHU paccMarpuBaeMon xapakrtepuctuku. Ho wu3
MoJ00HOTO MHOXKECTBA JIAHHBIX JIMIb B OMpeeICHHas KOHPUTypalus 3Ha4eHUu HECET TO
COJIEpXKaHUE, KOTOpOE SBIISIETCS «IUTATEIbHOW» OCHOBOM Jyisi OOpa3oBaHUs WU
dbopMupoBaHusi 3BYKOBOTO o0Opa3a (Hampumep, ¢GoHembl). [lnsg demoBedecKoro
pacro3HaBaHUsl  OINpPEAENICHHOE, OrPaHUYEHHOE IOJAMHOXECTBO JAHHBIX, KOTOPOE
GuIBTpyeTCs paclo3HAIONIMM armapaToM, 00eCleYMBAET KOMMYHUKALIUIO U OIMpenessieT
uHpopManMoOHHOe coxep:xkaHue. Hajno moHMMAarh, 4YTO BO3MOXXHOCTH M TOTEHIIMAI
dopmupoBanusi HWHGOPMALMOHHOIO COAEP:KAHMS 7T BO3PACTAIOIIETO KOJIWYECTBA
JAHHBIX CYIIECTBEHHO OOJIBIIE, €CJIM MOChUIAaTh COOOIIEHUs B al(aBUTEe Pa3zMEPHOCTHIO
Oonpire, yeM N; a OH HampsAMYIO HE CBA3aH C OOBEMOM M KOJIMYECTBOM HH(OpManuu
(arTpOTHE). YacTo MCIONb3yeMoe COYeTaHNe — «IIEHHOCTh HH(POPMAITUN» U KOJTHIECTBO
uH(pOpMAIU B TPOTUBOBEC HH(OPMAINIMOHHOMY COIEPKAHMIO HATIPABJICHO HA OIICHKY H,
OBITH MOXKET, 3HAYUMOCTh TOTO KOJIMYECTBA, KOTOPOE COAEPIKUTCS B MOTOKE NaHHBIX. Ho B
JTAHHOM PAaCcCMOTPEHUHU UHTEPECYET, KAaKO€ TTOJMHOKECTBO U3 BCEro 00beMa JaHHBIX MOXKET
ABJIATHCS HMH(POPMALUMOHHBIM COdEp:KAHHEM W B KAaKOM BHJAe «IHUIICH» s

MBICIIMTEIbHOM JACATCIIBHOCTH YCJIOBCKA. A ITIaBHOC, KaK BBIJACIHUTDL 3TO ITOIMHOXKCCTBO U



HaliTH B HEM HEOoOXOAMMOe coepKaHue (pacrno3Harh), MPU COTIIACOBAHHUH €ro ¢ 00pa3oM
pacro3HaroIero?

Taxum 006pazomM, HapsATy ¢ KOJIMYECTBOM MOCTYMAIOIINX JTAHHBIX CYIIECTBYET U €IIe
OMH AaCIEKT — BOCHPHUATHE IaHHBIX. 10 MHGOPMANMOHHOE COJepPKaAHHe, KOTOPOE
MPHUCYTCTBYET B JIAHHBIX, JOKHO COOTBETCTBOBATH 00pa3y BOCIPUHUMAIOIIETO CyObEKTa.
JlaHHBIE OIJIOAOTBOPSAIOTCS B HH(DOPMAIIMOHHOE COJACp)KaHUE TIPU COBMECTHMOCTH
MCTOYHUKA U npueMHHKa. OTCIoa elle OAMH acleKT, KOTOPbIH MOXKET OBbITh 3aKJIIOYEH B
JAHHBIX, 3TO TO, YTO OJWH U TOT e HAOOp JaHHBIX MOXKET HECTH MHOXKECTBO BapHAHTOB
HH(OPMALMOHHOIO COAEeP:KAHUS B 3aBUCUMOCTH OT TITYOMHBI COZIEPIKAHUS COMIPSATAEMOTO
oOpa3a.

Orcrofa cienyeT BBIBO O TOM, YTO MHGOPMAIIMOHHOE COJAePKaHNe HEPA3PHIBHO
CBsI3aHO ¢ 00pa3oM pacro3Haromiero npudopa (cyobekTa) U ConepKUT B cede TOT 00beM
COJIepKaHMsI, KOTOPBIN ajiekBaTeH o0pa3y. Ocraercs moKa OTKPHITHIM BOIIPOC, KaK U KAaKUM

oOpa3om paboTaeT Wiy JOHKHA «paboTaThy 3Ta CBsI3Ka?

B uem cymHoCTh 00pa3a U ero KayecCTBEHHasi CTOPOHA.

He tpyaHo mnoHATh, uyTO 00pa3 HE MOXET CONIEPXKaTh HEMOCPEICTBEHHBIX
KOJIMYECTBEHHBIX XapaKTEPUCTUK, a JOJDKEH BKJIIOYATh KaueCTBeHHbIe XapaKTEePUCTHKH,
KOTOPBIE JJOJKHBI OBITh a0CTparupoBaHbl OT METPUK KOJTMYECTBEHHOTO Xapakrepa. Ciemys
otkpoBeHusiM ['porenanka [11], maremaruka popmanusyer Konm4ecTBo, GopMy U METPUKH.
KauectBo Ommke Bcero cBsizaHo ¢ (popmoil curHajga U HEOOXOAMMO HAWTH MHCTPYMEHT
BCKPBITHS €€ U OTNPENETUTh TEOPETUUECKYIO OCHOBY JUIsl €0 IpuMeHeHuss. OTHOCUTENbHO

CTpaTeTruu PaCCMOTPEHHUS MOTOKA C KAY€CTBEHHBIX MO3UIINI B OCHOBE METO/Ia ObLT U30paH
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JIOTUKO-JINHIBUCTUYECKUM IIOJXON, KOTOPBIN paccMaTpuBacT IIOTOK KaK
MOCJIEZIOBATEIBHOCTD 3HAKOB, KITPOYTEHUEY KOTOPBIX IMO3BOJIUT BCKPHITH HH()OPMAIITMOHHOE
comepxanue. B kauecTBe TeopeTHUECKOW OCHOBBI Oblja BBIOpaHa TEOPHUS OTHOIIECHUH
(6onpmre, menniie W paBHo) [12]. Ho oHa paccmarpumBaeT HE KaXJA0€ OTHOIICHHE B
OTAEJIBHOCTH, @ UX COBOKYIIHOCTb, KaK €AMHYIO, OOBEKTHBHO CYIIECTBYIOIIYIO CUCTEMY,
MO3BOJISIIOLIYI0 00ECIEYUTh aBTOMAaTHYECKOE ONUCAHUE JII0OOro BOJHOBOIO Ipoliecca
€IMHBIM Ha0OpOM MCXOAHBIX HATTepHOB. Ha oOcHOBe ompenenseMblx anpUOpPHO
XAapaKTEPHBIX TOYEK, UCIOJIb3YSl YKa3aHHYIO CUCTEMY OTHOILIEHHWM, B Ka4eCTBE MATTEpPHA
dbopMupyeTcsi OAHO3HAYHBINA KapKac CTPYKTYpbl, HE 3aBUCSIIMA OT KOJIUYECTBEHHBIX
3HaYeHUM. Pa3Hblil OAHO3HAYHO ONpEEIsIEMbIii HAOOP OTHOLIEHUN MEXKIY XapaKTEPHBIMU
TOYKAMHM MOPOKIAAET PA3IUYHBIE CTPYKTYPBI, KOJIMYECTBO KOTOPHIX BIIOJIHE OIPAHUYEHHO
[15]. W Takoii HaboOp cocCTaBIsieT OCHOBY andaBUTa, C MOMOILBIO KOTOPOIO MOXKHO
OIUCHIBATH JIFOOOH MOTOK JIaHHBIX, OTPAXKAIOIIMX BOJIHOBOE SIBJICHUE, HE 3aBUCUMO OT €r0
MH(GOPMAIIMOHHOTO cofiep)aHus U (u3nueckoil cymHocTd. CMBICIOBOE MPOYTEHUE
MIOCJIEI0BAaTENIbHOCTH  «CJIOB» HHTEPIPETUPYETCS HUCCIEN0BATEIEM C YYETOM TOIO
cofiepaHus MaTepuaia, KOTOpbI paccMaTpuBaeTcs. Takasi mpuBs3Ka KOHKPETHOTO Habopa
MOCJIEZIOBATEIBHOCTUH  «CJIOB» UM HH(OPMAIMOHHOTO COJEpP:KAHUSI MOXET ObITh
odopmiieHa B BUJE AJITOPUTMOB PACIIO3HABAHUS B 3aBUCUMOCTU OT LIEJIE€N MCCIeI0BaHUS
WM pacrio3HaBaHus. 1lo cyTu, nOCIEnOBaTeIbHOCTH CTPYKTYp — 3TO BCKPBITOE
HH(OPMALMOHHOE COAEPKAHNE, A IIPUBI3aHHOE CMBICIIOBOE COJAEPIKAHUE K CTPYKTYypE —
3TO 00pa3, TpaHCIUPYyEMBIN uccienoBareneM. Hanmane passutoro uactpymentapus [13-
14] u OTKpPBITOCTH B BO3MOKHOCTH €r0 PACIIUPEHUS IO3BOJSET MPOU3BECTH TaKYIO

IIPUBA3KY NPOCTBIMH TEXHOJIOTMYECKMMH OllepanusMu. be3yCrnoBHO 3a MccienoBarenem
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OCTaeTcs  3ajadya  KjacCM(UKAIMM  TOJTYYEHHBIX  KAaueCTBEHHBIX  JAHHBIX  C
MH(GOPMAITMOHHBIM COJIEP>KaHUEM B BUIE aJITOPUTMOB C Ha3HAYCHUEM CMbICTIa COJEPIKAHUS
JUISL KKJI0TO KJtacca.
B kadyecTBe HCXONHBIX MATTEPHOB OMHMCAHUSA TMOTOKAa BOJHOBBIX JaHHBIX OBLIN
peJIoKEHBI HA0OPHI ABYX UCXOAHBIX CTPYKTYD:
e Crpykrypsl [IPUMUTUB — niisa Tpex XapakTepHBIX TOUYEK;
o Crpykrypsl YHUITPUM — niisa Gosiee COXKHOM CTPYKTYPbI, UMEIOIIEH 0T 6 10
10 xapaKTepHBIX TOYEK.
boina mnpousBeneHa OlLIEHKa KOJMYECTBA BO3MOXKHBIX HAOOpPOB CTPYKTYp B
3aBUCUMOCTH OT KOJMYECTBAa BBIOPAHHBIX XapaKTEepHBIX Touek [15], yTo MO3BOMMIIO
ONPENEIUTh ONTUMAJIbHBIA HAa0Op WCHOIB3YEMBIX CTPYKTYp I ABTOMATHY€CKOIro
ONMMCaHUs NOTOKA aMILIUTYI, IPEXK]IE€ BCErO [ 3ByKa.
Taxum oOpa3om, Oblila co3aHa TeOpeTHUECKast U MpakTHUeckast 6asza i u3yueHust
U aBTOMAarM4YeCKOrO pAaclO3HABaHMSA JIOOBIX BHUIOB BOJH Yepe3 KIACCU(PUKAIUIO C

IPUBSI3KOM CMBICIIOBOTO (00pa3a cMbiciia) COAepKaHUS.

IIpakTnyeckue pe3yjabTaTbl  peajiudyeMble ¥  peajiM30BaHHbIe  MPH
HCMOJIb30BAHUM MEXaAHN3MOB KA4e€CTBEHHOT0 MOAX0/A.

K coxanennto, He BCe TEOPETHUUYECKHE pE3yabTaTbl MOXHO JOKa3aTb
MOCIIEA0BATEILHOCTBIO IOTMUYECKHUX paccykaeHnil. HeoqHO3HaYHOCTh TPAaKTOBKHU OHOTO U
TOTO K€ MaTepuaja HarpsMyIo CBA3aHO C HEaJeKBaTHOCThIO 00Pa30B OTHOCUTENILHO OJJHOTO
e Habopa JaHHBIX U MOHSTHM, KOTOPhIE C HUMU CBsI3aHbl. TpeTelCKUM Cyabel B JaHHOM

ClIy4ac MOT'yT OBITH TOJIBKO MPAKTUICCKHUC PCIYJIbTATHI, IIOATBCPKAAOIIHUC ITPABOMOYHOCTDb
12



npenjaraeMod  CTparerud — KayeCTBEHHOTO  MOJXOAa,  BBIOPAHHOTO  JIOTHKO-
JUHTBUCTUYECKOTO METO/A, MPEJIOKEHHBIX CTPYKTYp M MHOXECTBAa aJIfOPUTMOB,
o(OpMJICHHBIX B BHUJE CTAHIAPTHBIX TPOIEAYpP, HE TOBOPS YXKEe O pa3paboTaHHOM
KOMIUIEKCE HHCTPYMEHTOB UCCIIEAOBAHMUS.

He BnaBasich B moipoOHOCTH, UMEET CMBICI IEPEUUCITUTH CIACAYIONINE MTPAKTUUYECKUE
pPEe3YyNbTaThl, KaXAbId U3 KOTOPBIX MOJYYEH YEpPE3 PEeAIN3ALNUI0 MHOKECTBA YHUKAJIbHBIX
aIrOPUTMOB, KaXIbli W3 KOTOPBIX MOXET OBbITh MCHOJIB30BaH U I APYTHX
HCCIIEIOBATENBCKUX LIEJICH:

1. Peanu3oBaHa CTpyKTypu3alus 3ByKOBOTro moToka kak Ha ocHoBe [IPUMUTOBoB u
YHUIIPUMoOB ¢ mnoOny4YeHMEM MHOXKECTBA KOJIMYECTBEHHBIX W Ka4€CTBEHHBIX
XapaKTEPUCTUK C BO3MOKHOCTBIO €r0 BOCCTAHOBJICHUSI NPAKTUYECKA B HMCXOLHOE
coctostHue [16].

2. Ha ocHOBe CTpyKTypu3alluu peajn3oBaHa TOJIOCOBAas IO4YTa, OOecreduBaroIias
CHUXCHHE CETEBOTO Tpa(uka 3a CYET €CTECTBEHHOTO YIUIOTHCHHS TIPH TMEepPeXose K
CTPYKTYPHOMY MPEJICTABICHUIO U 3AIUTY NEpeaaBaeMbIX JAHHBIX OT BCKPBITHUS C
Y4ETOM YHUKAJIBHOCTU CTPYKTYpbl M CJIOXKHOTO ajJropuTMa BOCCTAHOBJICHHUS,
MMEIOLIET0 MHOXKECTBAa MoAu(pUKaIMi, 00eCHeUnBaIOUX KaXXJ0ro MOJIb30BaTENs
YHUKaJIbHBIM IPUJIOKEHUEM, HE COBMECTUMBIM C IPYTUMH IPWIOKEHUAMHU [17].

3. Peanu3oBaHO HaHECEHHE BOASHBIX 3HAKOB, IPAKTUYECKN HE BCKPBIBAEMBIX JaXKe MPU
3HAaHUM OOIIET0 aJrOPUTMA HAHECEHMsI, B CHJIy MCIOJB30BaHUSI TaK HA3bIBAEMBIX
MOTEHIIUAJIBHBIX TOYEK, MECTOMOJIOKEHHE KOTOPBIX 3aBHUCUT OT 3alUChIBAEMOI
nHpOpMallMM U HOCUT CIyYalHBIM XapakTep, B JIONOJIHEHHUE C BO3MOXXHOCTBIO

MCIIO0JIb30BaHMs JTH000T0 BUa mudposanus [18].
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4. Peanu3oBaHO yIJIOTHEHHE 3ByKOBOM nH(Mopmaluu B hopmate WAV ot 2,5 1o 10 pas.
ToroBUTCS BapuaHT YIUIOTHEHUS C BO3MOXKHOCTHIO YIUIOTHEHMS €IIe Ha OJWH
MOPSAOK.

5. Peamn3oBana coBOKymHas (pparMeHTaIus 3BYKOBOTO TIOTOKAa B COOTBETCTBHUHU CO
CMBICJIOBBIM COZIEpKAaHUEM Ha OCHOBE MHOXKECTBA XapaKTEPUCTUK, GUKCUPYEMBIX B
omucaresie CTallmoOHapHOro (hparMeHra.

6. Peanm3zoBana mnporpamma 3amucH TOJOCOBOW HWHGOpPMALMU C H30ABICHHEM OT
JAHHBIX, COAEpXKAIlMX TaK Ha3blBAEMOE MHUHUMAJIbHOE HWH(POPMAIIMOHHOE
COJIEpKaHUE, CBA3AHHOE C YUACTKAMHU «TUIIIMHBD), TEXHUUECKOTO IITyMa WU IETYKOB
UT .

7. Peanu3zoBaHa mnporpaMma IMOJYYEHHs] CIHEKTpa J[UIMH BOJH, Y4YacTBYIOLIUMX B
dbopMupoBaHUU UH(HOPMAIIMOHHOTO COJEP>KAHUS.

BbIBOABI

Hcnonp30BaHne Ka4eCTBEHHOI0 IMOJXO/Aa MPU PACCMOTPEHUU IMOTOKA BOJIHOBBIX
JAHHBIX OTKPBLJIO HOBO€ HETPUBHUAJIBLHOE HAIPABICHUE WCCIEAOBAHUM, CBSI3aHHOE C
aHAJIM30M U CHHTE30M BOJIH Ha PSAY C KOJIMYECTBEHHBIM MOXOI0M.

bou1 mpemsioxkeH U peanu30BaH JOTMKO-JIMHIBUCTHYECKHI METOA — peanu3alus
KaueCTBEHHOTO IMOJIX0/1a, TTO3BOJISIONINI B aBTOMAaTHYECKOM PEKUME OMKUCATh JH000M MOTOK
BOJIHOBBIX JaHHBIX. DopMmann3oBaHa TEOpUS OTHOIICHUH, HMeroas OObEKTUBHYIO
CYIIHOCTb, UCXOJSIIYIO U3 3aKOHOB CyIIECTBOBaHUS MHUPA, JIE[Ia B OCHOBY TEOPETUYECKON
0a3bl s oOecredeHus CTPYKTYPUPOBAHHS BOJHOBBIX JaHHBIX. BBEICHBI HCXOHHBIC

ctpyktypsl [IPUMUTUB u YHUIIPUM, kak ucxoaneie Monenu (MaTTEpPHbI) OMUCAHUS
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(¢uKcHUpoBaHHOTO Habopa XapakTEepHBIX TOYEK TMOTOKA, TMO3BOJIMJIA OTOWTH OT
KOJIMYECTBEHHBIX 3HAUCHUN aMIUTUTY/I U OITUCATh €T0 B «alI(paBUTE» TAKUX CTPYKTYP.

Ha ocHOBe TeopeTHYeCKHX YCTAaHOBOK YAAJIOCh BBIACIUTH WH(HOOPMAIIMOHHOE
COJIEP>KaHME 3BYKOBOI'O IMOTOKA M PEAIIM30BaTh MHOXKECTBO PEATBHO pa0OTAIOIINX CHCTEM,
UMEIOIIUX TMpPaKTHUYeCKoe 3HadeHue. Bce moiyudeHHble NpPaKTUUECKUE pe3ylbTaThl U
UCCJIEIOBATEIIbCKUN KOMIUIEKC MOTYT OBITh HCIOJB30BAaHBI BO MHOTMX HaIpaBJICHUSIX
UCCJIeIOBaHUS BOJIH.

Nx ucnonb3oBaHUE UMEET MEPCIEKTURY UCTOIB30BaHUs, B YaCTHOCTH, U B 00JaCTH
a’ponaBuranuu [19-20], rae mpuUCyTCTBYET 4YacThlii OOMEH COOOMICHUSAMH, K TIPUMEDY,
ME3K]1y BO3IYIIHBIMU CyJlaMH U TUCIIETYEPAMHU, a TAK)KE UMEETCSI HEOOXOJUMOCTh XpaHEHUS

00JbII0M 00BEM 3amuceil MeperoBOpoB B OOPTOBBIX CaMOIKCIIAX.
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