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E. A. AHOpeesa — CTyfeHTKa kadepbl TEXHONOMM 3aLLUMTbI MHOPMALIMK
C. B. be3zamees (0-p TexH. HayK, A0L.) — HAYYHbIA PYKOBOAWTENb

CUCTEMA HEMPEPbIBHOW AYTEHTUOUKALIMA
C UCNOJIb3OBAHMEM AKYCTUYECKUX CBOMUCTB CEPALIA

KoHTporb 4ocTyna nonb3oBaTensi B CUCTEMY SIBINISIETCS OHOM M3 BaXHbIX 3a4ay MHGOPMALMOHHON
6e3onacHocT. OCHOBHbIMM MHCTPYMEHTAMW KOHTPOMst AOCTyna SIBASOTCS NPOLEeLypbl WAEHTUMKALMM 1
ayTeHTUdMKaums. C X MOMOLLbIO OCYLLECTBNSIETCS NPOBepKa Mofb3oBaTeNs Ha BXOAE B MHOPMaLMOHHOE
npocTpaHcTBO. HO ¢ pasBuTHEM MHCOPMALMOHHBIX TEXHOMOTUIA CTAHOBUTCS BaXHO HE TONbKO MPOBEPSTb
NOLJSIMHHOCTb MOMb30BATENS HA BXOLE B CUCTEMY, HO U KOHTPONMPOBATL €r0 ayTEHTUYHOCTL BO BpeMs pabo-
Tbl B CUCTEME, [J151 TOTO YTOObI UCKIIOUNTL BO3MOXHOCTb OCYLLECTBINEHUST HECAHKLMOHMPOBAHHOMO AOCTYNa K
KOHbMAEHLMarbHOM MHOPMaLMK B TEYEHUM OTKPLITOTO CeaHca.

[Ins pelueHns 3TON 3agaqm HeobXO4MMO HEMPepbIBHO MPOBOANTL ayTEHTUMKALMIO NOMb3oBaTeNs B
cucteme. B craTtbe npearnoxeHa MoAenb CUCTEMbI ayTeHTUdMKaLMK, KoTopasi 0becneynBaeT NOCTOSHHbII
KOHTPOIb aBTOPM30BAHHOMO MONb3oBaTeNs. B kauecte camoii mpoleaypbl ayTeHTUGMKALMA NPeanoXKeHO
MCnonb3oBaTb BUOMETPUYECKYD TEXHOMOTMIO, OCHOBAHHYK Ha aKyCTUYECKVUX CBOWCTBaX cepaua. Takoi Me-
704 OTNINYAETCS OT APYriX COCOBOB ayTEHTUMKALMM, 11 IPUMEHUTENBHO K CUCTEME, PACCMOTPEHHOI B AaH-
HOI1 CTaTbe, UMEET Psifi NPEUMYLLECTB.

Mogenb cuctembl ayTeHTUdMUKaLUH
Mogenb (PYHKUMOHUPOBAHUS CUCTEMbI HENpepbIBHOW ayTeHTU(MKALMM NpeacTaBreHa Ha PUCYH-
ke 1 [1]. Cuctema obnapaet cnegyoLmMmMn CBOMCTBaMM:

— HenpepbIBHOE HaKoMMeHe GUOMETPUYECKIMX AaHHBIX;
— HenpepbIBHas ayTeHTU(MKALWS;

— HenpepbIBHOE 0BHOBNEHIE BUOMETPUYECKIX AaHHBIX;
— HenpepbIBHOE BEAEHWE CTaTUCTUKM.
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Puc. 1. Mogenb (yHKLMOHMPOBAHUS CUCTEMbI aYTEHTUUKALNM

B naHHoM cucTeMe npoueaypa ayTeHTUdMKaLMM JOMKHA NPOUCXOAUTL HE3AaBUCUMO OT AEMCTBUIA NOSb-
3oBaTens (To eCTb ObITb HE AKTUBHOM), HO MPY 3TOM OCTaBATLCS HAAEXHOW M YCTONUMBON K aTakaM. AT dhak-
TOPbI UrPatoT peLLatoLLyto posb Npy BbIGope MeToaa ayTeHTUdMKaLMK Ans AaHHOM cucTeMbl. Ho npexae Yem



NepemlTy K pacCMOTPEHMIO BbIOPaHHOrO MeTofa, NPUBEAEM CPABHUTENbHYKO XapaKTepUCTUKy COBPEMEHHBIX
Cnocob0oB ayTEHTUMKALA.

CoBpeMeHHble cnocobbl ayTeHTUMKaLmum
Cnocobbl ayTeHTUUKaLMM MOXHO pasnenuTb Ha Tpu kateropum [2]:

—  1naporb — ayTeHTU(MKALWMS C NOMOLLbI0 MHOPMALMK, KOTOPYHO 3HAET NONb30BATENb;

—  YCTPOICTBO ayTeHTUdMKALMN — ayTEHTUMKALMM C NOMOLLBIO YCTPOICTBA, KOTOpbIM 0bnagaet
nonb3oBaTenb;

—  BuomeTpust — ayTeHTUMKALMSA C MOMOLLbLIO 0COBOI (U3NYECKON MU NCUXOMOMMYECKONA YEPTbI,
koTopoi 0b6naaaeT nomnb3oBaTenb.

BuomeTpus aensetca Hanbonee NpocTbIM CNOCOBOM ayTEHTU(MKALMN C TOYKM 3pEHIUs NONb30BaTENs.
HeT HeobxoanMoCTK 3anomMmuHaTh Naposib UK HOCUTL € COBOM YCTPOMCTBO ayTeHTudmkaumm. Ho ¢ apyron
CTOPOHbI GrOMeTpus Hanbonee JOPOroCTOSLMIA M CIIOXKHbINA B peanu3auum MeTog ayTeHTudukaumn. Beibop
MeToza ayTeHTU(MKALMM 3aBUCUT OT CBONCTB W XapaKTEPUCTUK KOHKPETHOW CUCTEMBI.

B tabnuue 1 npefcrtaBneHa CpaBHUTENbHAS XapakTEpUCTUKA METOLOB ayTeHTU(MKaLMKM, KOTopble
MOXHO NPUMEHUTb B PACCMOTPEHHOM CUCTEME ayTEHTUDUKALIMN.

Tabnuua 1
. CpaBHWTeNbHas XxapaKTepucTika COBPEMEHHbBIX CNOCOB0B ayTEHTUMKaLUK
HassaHue lMpenmyuiecTsa Hepocratku
Maponb [MpocToTa UCNONb30BaHNS; BO3MOXHOCTb NOTEPK U KPaXM;
Obsi3aTenbHas akT1BHas NpoLeaypa BBoAa LaHHbIX;
Otnevatok | Bbicokas TOYHOCTb ayTeHTUMKaLWK; BuomeTtpryeckas xapaktepuctiika MoXeT bbiTb yTpade-
nanbua HapexHocTb; Ha Unu NoBpexaeHa;
Obsi3aTenbHas akT1BHas npoueaypa BBoAa AaHHbIX;
OHK Bblcokast TOYHOCTb ayTeHTUMKaLWK; CnoxHas npoueaypa aHanmsa;
HapexHocTb; CnoxHas npoueaypa BBOAA AaHHbIX;
Heobsi3aTenbHas npoleaypa BBO4A AaHHbIX;
lonoc lMpocToTa UCNOb30BaHNS; B03MOXHOCTb NOAMEHDI;
MpocToTa cbopa AaHHbIX; ObsizaTenbHas akTMBHas npoueaypa BBoAa AaHHbIX;

3 Tabnuupl BUAHO, YTO B GONBLUMHCTBE CrnocoboB ayTeHTUdMKaLmn TpebyeTtcs obssaTensHas akTue-
Has NpoLeaypa BBOAA AaHHbIX, MO3ITOMY MX HEBO3MOXHO MPUMEHATL B AaHHOM cucTeme. bea akTuBHOM npo-
Leadypbl BBOAA AaHHbIX MOXHO 0boiTuch B cnyyvae ayteHtudmkaumm no AHK, Ho OHK aHanu3 asnsertcs
CNOXHBIM 1 BONTM, NMOSTOMY 3Ta TEXHOMOINS TaKKe MUCKMIOYAETCS U3 PACCMOTPEHMS.

MeTog ayTeHTUdUKaynm ¢ NCNONb30BaHNEM aKyCTUYECKUX CBOMCTB cepaua

B kayecTBe MeToda ayTeHTU(MKaLMM B PaCCMOTPEHHON CUCTEME MpeafiaraeTcs UCnonb3oBath Buo-
METPUYECKYID TEXHOIONMI0, OCHOBAHHYK Ha aKyCTUYECKUX CBOWCTBax cepaua. B ToHax cepgua copepxutcs
YHUKanbHas UHGopMaLms, NO3TOMY OHU MOTYT BbITb UCMOMb30BaHbI, kak GMOMeTpUYECcKas XxapakTepucTuka
yernoseka [3].

[laHHasi TEXHOMOMMS OTINYAETCS OT OCTanNbHbIX CEAYLWMMM CBOMCTBAMM:

— TOHbI cepAua He MoryT ObITb YTpayeHbl B TEHEHUE XN3HU;
— TOHbI cepAua CnoXxHo nogaenatb;

— ayTeHTU(MKaLMS MOXET NPOM3BOAMTLCA BE3 AeCTBUIA NONb30BATENS.

Ho cnoXHOCTb JaHHOM TEXHONOTMM COCTOUT B TOM, YTO 3BYKW Cepaua MOryT U3MEHSITLCA B TeYeHMe
KU3HMW.

CnekTpbl curHana cepauebnenns ogHOro YenoBeka, OTNIMYAKTCS XapaKTepHOW ¢hopmoi, koTopasi Co-
XPaHseTcs Npu U3MEHEHUN MHTEHCUBHOCTM UK TEMNE CUrHana. AT0 BaXHO, MOTOMY YTO YaCTOTHble XapaKTe-
PUCTUKM YenoBeKa MOryT BbICTPO MEHSTLCS BO BPEMEHM B 3aBMCMMOCTM OT €ro on3n4ecKoro U amoLmo-




HaNbHOrO COCTOSHNS. HO HEM3MEHHOW oCTaeTcs «Menoausy cepauebuenns, To ecTb NocnesoBaTenbHOCTb
CMEHbI YaCTOT B CMeKTpe.
[Mpu ayTeHTUDMKaLMM BaXHO PeLUMTD ABe 3adaun [4]:

— OTNWUYUTb CUTHanbI Cep,D,LlGGI/IeHVIFI Ana ABYX pa3HbIX nogen;

— pacno3HaTb CUrHan cepnue6|/|eH|/|;| Ana o4Horo yernoseka, HO C U3SMEHMBLLMMUCA XapaKTepuUcTuka-
MW.

Boigenexnne nHgopMaLynoHHbIX KOS (MULUMEHTOB 3BYKOBOrO CUrHana cepaua

[ins Toro 4tobbl NnpoBecTn bonee rnybokue nccnegoBaHNs B JaHHOM Bonpoce, bbin pa3pabotaH MeToa
BblJENEHNS MHAMBMOYANbHbIX XapaKTePUCTUK 3BYKOBbLIX CUrHaroB cepaua. B aaHHOM nogxode mcnonb3oBa-
Hbl CTaHAAPTHBbIE LUArK anropuTMOB Pacno3HaBaHWs Peyn, HO C y4eToM 0COBEHHOCTEN 3BYKa cepaLebueHus.

Ha cxeme nokasaHbl OCHOBHbIE Br10KM MeTofa pacno3HaBaHus 3BYKOB cepaLebnenus.
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Puc. 2. Anroput™ BblgeneHns naeHTUNKaTopoB 3BYKOBOIO CUrHana

WneHTudmkaTopamn 3Byka 30€Ch HasBaHbl MHAOPMALMOHHbIE KOIMMNULMEHTbI CUTrHANa, NonyYeHHble
nocrne NpoXoXaeHus Bcex waroB anroputMa. C noMoLLbio CPaBHEHWSI MHGOPMALMOHHBIX KO3 (ULIMEHTOB B
KaXgol 06nacTi 4acToT CrekTpa MOXHO ONpeaenuTb, HACKONbKO OAWH 3BYKOBOW CUrHan cepaua oTnmyaeTcs
OT [pYroro.

Cxema knaccupukaymm MHPOpMaLMOHHbIX KOIDPULMEHTOB 3BYKOBOrO CUrHana cepa-
ua

[ins Toro 4ToBbl ONpeennTL COOTBETCTBYET S 3BYKOBOW CUTHaN cepaLa KOHKPETHOMY YErOBEKY, HyxX-
HO C(HOPMMPOBATL KPUTEPUM ANS NPUHATUAS PELLEHNA. STUMMU KpUTEPUSMU BYAYT CRYKUTb BEPXHAS U HIKHAS
rpaHuLbl AONYyCTUMOCTM.

[Tonb308amerb He npoxo0um aymeHmuguKayuro
BepxHss rpaHuua
Obnacmb HeonpedeneHHocMu
HwxHaa rpaHnua
[Tonb308ameris NPoxodum aymeHmuuKayuto

Puc. 3: Cxema knaccugukaLmm MHHopMaLMOHHbBIX KOS EULMEHTOB 3BYKOBbIX CUTHANOB cepaua

BepxHss rpaHuLa AOMYCTMMOCTM OMPEeensieT 3HayeHne, C KOTOPbIM CPaBHUBAETCS pPasHULA Mexay
3TaNoHHbIM W HOBLIM CUrHAMNOM, MOCTYNMBLUMM B GMOMETPUYECKYIO CUCTEMY MU ayTeHTUdMKaLmmn. Ecriv pas-
HULa Mexay curHanamm 6orblue YeM BepXHsisi rpaHuLa, TO NoNb30BaTento 0TkasblBaeTCs B JOCTyNe B CUCTe-
MY, TaK KaK CurHarn pacrnosHaeTcsl, kak cepaLebueHmne NoCcTOpOHHEro YeroBeka.

HuxHsis rpaHMUa AONYCTUMOCTY ONpefensieT MakcuMarnbHoe 3HaYeHne pasHuLbl B CUrHanax CepaLe-
BueHnst ofHoro yenoseka. Ecnu monyyeHHoe 3HauyeHWe MeHbLUEe HUKHEN rpaHuLbl, TO YENOBEK NPOXOAUT
npoLeaypy ayTeHTUdMKALMKM, U Aanblie MOXET NPOU3BOANTLCS aHann3 COCTOSHISA YENI0BEKa, C LIENbIo onpe-
[eNeHus ero K13nMYECKOro 1 NCUXONOrNYECKOro COCTOSHUS,

3HayeHMe BepXHel rpaHnLbl ONpeaenseTcs B XOAe UCCMenoBaHNin U MOXeT ObiTb UCMONb30BaAHO ANS



Bonbluoro Habopa CUrHarmnoB, B TO BPeMsi Kak 3HaYEHWE HIMKHEN rpaHuLa MOXHO ONpeaenuTb TOMbKO nocne
cbopa CTaTUCTUKM NS KOHKPETHOMO YenoBeka, Tak kak Npeaeribl M3MEHEHMUs 3BYKOBbIX XapaKkTepuUCTUK cepa-
Lja NS pasHbIX NIAeN 3HAaYUTENbHO OTNINYAOTCS.

dopmupoBaHMe KOAOBbLIX NOCNEA0BATENIbHOCTEN

[Inst yNpOLLeHst MpOLeypbl ayTEHTUDMKALMNA KaXOOMY CUrHamy npuUcBa1BaeTcsi KOLOBOE CIOBO U
[inMHa KOQOBOro CroBa POBHSIETCA KonuyecTBy obnacten, Ha KOTOpble pa3buBaeTcs CMEKTp curHana npu
nozcyeTe MHPOPMALMOHHBIX KOIPMULIMEHTOB, @ 3HaYeHus npuHagnexat MHoxectsay [0;1].

Mpoueaypa ayTeHTU(MKaLMK BbINONHAETCS B ABa 3Tana. Ha nepeom atane no ¢opmyne (1) Bblumcns-
eTcs KoA0BOe CroBo U*

A = _J’_ L ecan w; > MAX 1
! L_ 0, ECTH Wy < MAX 7 (1)

rge Wi — 3HaveHue pasHuLbl Mexay MHGOPMAaLMOHHBIMK KOS(@ULMEHTaMM ABYX CUrHaroB Ans onpepe-
neHHoi obrnactn yacToT, a MAX - 3HaueHe BepXHel rpaHuLbl AOMYCTUMOCTM. [locne BbIMMCNEHNS 3HAYEHUIA
KOZOBOrO CroBa Ans Bcex obracTeit 4acToT, Ana Hero onpeaensetcs Bec XemmuHra (W). Ecnn Bec Xemmuk-
ra bonblue WNW paBeH 3HaYeHWs!, YCTaHOBIMEHHOTO B CUCTEME, TO MONb30BATENb HE MPOXOAUT npoLeaypy
ayTeHTUuKaLumumM. Ecnu meHblue, To cucTemMa NepexoamnT Ko BTOPOMY 3Tany ayTeHTUdMKaLm1, Ha KOTOpOM
BbIYMCTINETCS KOAOBOE COBO U° 1o chopmyne (2).

B 1, ecan w; = MIN

[

-4 1 _ , @
' L_ . ecH wy < MIN

roe MIN — 3HayeHue HKHeN rpaHuubl. Mocne BbIYMCMEHMS! 3HAYEHUI KOAOBOMO CroBa vP NOBTOPHO onpe-
Aensetcs BeC XeMMUHra 1 CpaBHUBAETCS CO 3HAYEHWEM, YCTaHOBIEHHbIM B cucTeme. Bec XemmuHra ans
KOHOBbIX CMOB P* 1 ¥° MOXeT He coBnagaTh U onpeaensieTca B xode uccrnegosaHuin. Ecnu Bec XeMMuHra
¥ MeHblue 3HaYeHus YCTaHOBEHHOMO B CUCTEME, TO MOMNb30BaTESNb NPOXOAMT NpoLeaypy ayTeHTUdMKaLmm
W ponyckaeTcs K pabote B cucteme. B npoTuBHOM Cryyae nonb3oBaTento 6yaeT oTkazaHo B ayTEHTU(MKaA-
LK, TaK Kak curHan nonaget B 06nactb HeonpeaeneHHOCTH 1 ByaeT pacCMOTPEH OTAESBHO.

B xoge uccnenoBaHuin Bbinm paccyuTaHbl 3HaYeHWst nokasaTenein apGeKTMBHOCT BUOMETPUYECKON
CUCTEMbI MPU PasfMYHbIX 3HAYEHUAX BeCa XEMMUHra Ans KO4OBbIX CMOB ?4 1 % B kauecTBe nokasaTeneit
3 PeKTUBHOCTH CUCTEMBI BblBpPaHbI:

— FAR - K03(hhMUMEHT NOXHOMO Nprema LaHHbIX;

— FRR - k03thpuumeHT NOXHOro 0Tkasa 4OCTyna CUCTEMbI.

3HayeHe BepXHeil rpaHuLbl AOMYCTUMOCTM BblOpaHo, kak MAX = 40000 g HypkHel rpaHWubl, Kak
MIN = 4000  3Tu 3Ha4YeHust onpendeneHbl B X0Ae NPoBeAeHHbIX nccnenosaHuii. OTHocuTenbHas pabodas
XapakTepucTMka CUCTEMbI NMPU 3aAaHHbIX 3HAYEHUSX MokasaHa Ha rpadukax.
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Puc. 4: PacyeT oTHocuTeNbHON paboyeil XxapakTepucTukK CUCTEMbI A KOAoBoro cnosa Y™ (cnesa),
“ “ 2B
pacyeT 0THOCUTENbHOM paboyelt xapakTepuCTHKI CUCTEMbI NSt koAoBoro cnosa v (cnpaga)

Touyka nepeceyeHns rpadmKoB — 3TO KOMMPOMUCC Mexay xapaktepuctukamm FAR n FRR, koTtopbin no-



Ka3blBaeT ONTUManbHble 3HAa4YeHUs Beca XeMMUHra Anst KOJoBbIX CIOB v Hamnquume pesynbTaTbl

MOMETPUYECKOM CHUCTEMbI Bbiv NOMyYeHb! Mpy 3HaveHnsix W =5 ana 74 u Wy = 3 gna 7°
BUOMETPUYECKOI CUCTEMBI © onyye 3Have Wy =5 U4 Yy Wy =3 78

n o8

3aknwyeHune

B cratbe npeanoxeHa cuctema KOHTPOMS AOCTYNa, C NOMOLLbIO KOTOPO MOXHO OCYLLECTBUTbL HEMpe-
PbIBHbIN KOHTPOIb aBTOPU30BAHHOIO NOSb30BATENS B CUCTEME.

MokasaH METOA MCMONb30BaHMS aKyCTUYECKUX CBOWCTB Cepaua AN OCYLIECTBMEeHWs npoueaypbl
ayTeHTuukaumn. C NoMOLLBIO Takoro MeTofa MOXHO NPOBOAUTL ayTEHTU(MKALMIO NONb3oBaTens He3asu-
CVMO OT ero AeincCTBuN.

OnucaHHas BuomeTpuyeckast TEXHOMOMS JaeT BO3MOXHOCTb KOHTPONMPOBaTb COCTOSIHWS MOMb30Ba-
TEns npu paboTe B cucTeme.
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