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HccnenyoTess aMIUIUTYAHbIE U (ha30BbIe XapaKTePUCTUKU PEYEBbIX CUTHAJIOB, 3allMCAaHHBIX Ha pPa3HOM
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1. BBEAEHHUE

IMonTBepXIeHre TUYHOCTU 10 rojiocy (Bepudu-
Kalusi, ayTeHTU(UKALUS) SBIISIETCS BaXKHBIM 3Jie-
MEHTOM CHUCTEM YIAJeHHOTO JOCTYIa K ICTOYHUKAM
nH(opMaLK, yrpaBiieHUsI GUHAHCOBBIMU WJIN TEX~
HOJIOTMYECKUMMU TIpolieccamu. K ajropurmam Bepu-
GUKaLMK TIPEABIBISIOTCS IPOTUBOPEYMBEIE TPEOO-
BaHMsI, TaKWe KakK ymZOOCTBO MJisl IIOJIb30BAaTels,
YCTOMYMBOCTh K U3BMEHEHUSIM TOJIOCA TOJIb30BaTENS
U XapaKTepUCcTUKaM MUKpPO(MOHOB, a TaKXKe IPOTHU-
BOACUCTBUE ITOAMEHE T0JIOCA II0JIb30BaTesIs CaMO-
3BaHIIEM.

CylliecTByeT HECKOJIbKO CIHOCOOOB  B3JIoOMa
(spoofing) cucteMbl BepuuKaluy IUKTOpa IIOMUMO
BTOPKEHUS B IPOLIECC MPUHATUA PEUIEHUS Ha KO-
HEYHOM 3Tare:

1. UMuTaLMs rojioca LeJeBOro Nojib30BaTelIs Apy-
TM 4YC€JIOBCKOM,

2. 3a1Imch peUuM LICJIIEBOTO ITOJb30BaTEJISA C ITOCIIC-
AYIOITMM BOCIIPOU3BCICHNEM,

3. InepexBaT p€Y€BOro CMriajia B KaHajie CBA3U,

4. npeobpa3oBaHKe rojoca caMO3BaHIIa K TOJI0CY
LIEJIEBOTO TIOJIb30BaTe/sI C IIOMOIIBIO BOKOAEPHOI
TEXHOJIOTUY WU MallnHHOro ooydyeHus (Voice Con-
vertion),

5. (I)OpMI/IpOBaHI/IC MOIEJIHN Tojioca LHEJIEBOIo INK-
TOpa ME€ToOgaMM MallTMHHOTO 06yqu1/15{ C ITIOMOIIbIO
KOMIMMTIAITMOHHOIO CMHTE3aTOpa.

Metonsl 60pbOBI (anti-spoofing) ¢ HombITKaMMU
B3JIOMa CUCTEM BepU@UKaALMU paccMaTpUBaIOTCS B
[1—5]. OueBAHO, YTO HE MOXET OBITH CO3MaHO a0CO-
JIIOTHO HAIEXXHOM 3alInThl OT IIPOHMKHOBEHUS Ca-
MO3BaHILIa B cUCTeMY BepudukKauuu. MoXHO JIUIIb
pacCYMTHIBATh Ha pa3pabOTKy TaKOM 3aIllluThI, IIpe-
OIOJIEHNE KOTOpPOM 00OoMaeTcs 3JIOYMBIIICHHUKY
Jopoxe, yeM oxkugaemasi Beiroga. Heodbxonmumo tak-
XKe pacrojlaraTb CUCTeMaMHM 3allUThl Pa3IMIHOMN
CJIOXKHOCTH C TEM, YTOOBI YYUTHIBATh PUCK, T.C. BEPO-
SITHOCTB IOIBITKM B3JIOMa U BO3MOXHBbIE IIOTEPU.

MmuTanms rogoca nojab3oBaTesisl He TpeOyeT cre-
LIMAJIbHBIX TEXHUYECKUX CPENCTB, 3a UCKIIOYEHVEM
dopMHUpOBaHUS pedyeBO 0a3bl IS TPEHUPOBKU
uMuTaropa. Takass uMHUTaIMsl HauboJIee onacHa st
CHUCTEM, B KOTOPBIX JJI BepU(UKALIMU UCTIOTIb3YIOT-
Csl MapaMeTpbl TOJIOCOBOTO UCTOYHUKA, B TOM UUCTIE
M 4acTOTa OCHOBHOIO TOHA. DTa 4acToTa JOBOJBbHO
JIETKO BOCIIPOU3BOIUTCS, yBEIMUMBAsI PUCK MPOITyC-
ka camo3BaH1a. [Ipu 3ToM ycrnex uMUTalMy 3aBUCUT
HE TOJIbKO OT CIIOCOOHOCTE MMHUTaTOpa, HO U OT
0CODEeHHOCTe! roJjioca 1LieJIEBOTO MoJIb30oBaTes [6, 7].
IIpeo6Gpa3oBaHMe rojoca caMo3BaHIIA B TOJIOC 1iejIe-
BOTO MOJIb30BATENSI U CUHTE3 TOJIOCA 1IEJIEBOTO MOJTb-
30BaTesisi HauboJee CIOXKHbBI ¢ TEXHUUECKON TOUKU
3peHUsl, HO U HauboJiee OMacHbI, MOCKOJIbKY METObI
MalllMHHOTO OOY4YeHUSsI TMO3BOJISIIOT BOCIPOU3BECTHU
XapaKTepHbIe 0COOEHHOCTH ToJjioca |8, 9].

BocripousBeneHe MoacayIlIaHHON peur MOab30-
Barenst (replay) TpeOyeT MUHMMYM TE€XHUYECKUX
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CPEnCTB. DTOT IIpHUEM OCOOEHHO OMACEH IJISI CUCTEM
BepUdUKauu ¢ GUKCUPOBAHHBIM ITapoJIeM, U Taxke
JIUIST IPOM3BOJIBHBIX MApOJICii OIIMOKA MOXKET TOXO-
auth 1o 100% [10—13]. Pa3paboTka MeTOI0B IPOTH-
BOIEUCTBUS aTake CUCTEMbI BepuUKaLlUU TUKTOpa
IIOCPEICTBOM BOCIPOU3BEACHUS IIOACIYLIAHHOTO
CUTHajla JOJDKHA OCHOBBIBATHCS Ha OOBEKTHMBHBIX
pa3IuuusIX CUTHAJIOB, 3allMCAaHHBIX M BOCIIPOU3BE-
JICHHBIX Ha pa3HbIX paccTOosIHUSAX. Takue pa3anaus,
KakK IIpaBUJIO, UIIYT SKCIIEPUMEHTAIBLHO, IIepedupast
BapuaHThl (HOPMHUPOBAHMUS MapaMETPOB PEUYEBOIO
CUTHaJIA.

O0630p MmapaMeTpoB, BIUSIOLINX HAa BOCIIPUSITUE
pPaCCTOSTHUSI 1O NICTOYHMKA 3BYyKa B IOMEIIEHUH,, ObLI
npencrasiieH B [14]. B [15—17] coobmiaeTcst, 4To Ha
BOCHPUSITUE PACCTOSIHUSI BJIUSIET DHEPrUsl B CHEK-
TpajbHOit o61actu Hrke 500 1 1 oTHOIIeHNE SHEp-
MU TIPSIMOTO CUTHAJIA K peBepOepupyIolIeMy.

PeBepOepaiiust momMerieHus TeM OOJIbIIe NCKaXa-
€T CUTHaJI, Y4eM Ha OOJIbIIIEM PACCTOSIHUU OT TUKTOpa
npousBoauTcs 3anuck. B [18] ycTtaHOBIEHO, 4TO B
MIOMEIIIEHNM C YMEpPEHHOI peBepOepamnmeitr (c 3a-
JIEPXKKOM OKOJIO 6 MC) rMCTOrpaMMa SHEPTUU pede-
BBIX CUTHAJIOB INIMTEJILHOCTBIO 2 C CMEIIAETCSI B CTO-
POHY HU3KMX 9aCTOT, a CTeTIeHb peBepOepan MOX-
HO OLIEHWUTH IO pacCIpeAcCHUI0 YHEPIrUuu CUTHAJI-
ocCTaTKa IIpu JUHEHOM IIpeAcKa3aHuN.

Bmecte ¢ TeM, 3KCIEepUMEHTHI MO BOCIIPUSITHIO
paccTossHUS B OmkHeM (<1 M) U JaJdbHEM aKyCTHUYe-
CKOM TI0JIe B CBOOOJHOM TPOCTPAHCTBE U MOMeEIIEe-
HUSIX C peBepOepalureil 1eMOHCTPUPYIOT TPOTUBOPE-
YUBbIE€ PE3YJbTaThl B 3aBUCUMOCTHU OT CIIEKTPa 3ByKa
U OTHOILIEHUS PHEPTUU B Moyioce 4acToT Hrxe 3 KI1n
K DHEPIUM B BEICOKOYACTOTHOI obmactu [19]. B npy-
TUX DKCIIEpUMEHTaX OOHAPYKUBAETCS, UYTO BaXKHO He
TOJIBKO OTHOCUTEIILHOE WU3MEHEHHE OOBEKTUBHBIX
rnmapamMeTpoB peuyeBOro CUrHaja B 3aBUCHMMOCTH OT
paccTossHUSI 10 MCTOYHMKA 3ByKa. Tak, B [20] Obu1O
YCTAHOBJIEHO, YTO OlIEHKAa YE€JIOBEKOM PAaCCTOSHUS
JI0 UCTOYHMKA HEU3BECTHOIO 3BYKa BBITTOJHSIETCS C
00JIb111011 TTOTPEITHOCThIO, TOTJA KaK JJ151 U3BECTHBIX
3ByKOB MOIPEIIHOCTh 3aMeTHO MeHblie. [lapHoe
BOCHPUSTUE OJHOTO U TOTO X€ CJIOBa, 3allMCaHHOTO
Ha pa3HbIX PACCTOSIHUSIX OT AUKTOPaA, OOBIYHO MO3BO-
JISIET JTy4llie OLIYTUTh Pa3HUILY B YCJIOBUSIX 3aIMCH.

IpocTeitmmii neTEKTOP ITOITBITKA BOCIIPOM3BEAC-
HUSI COCTOUT B CPAaBHEHUU TIPUHSITOTO MapoJs C Ofl-
HUM M3 COXpPaHEHHBIX B 0a3e 00y4YeHUS MOJIh30BaTe-
Js1. Ecau Mepa cxoacTBa 0Ka3biBaeTCsl BHIIIIE HEKOTO-
poro mopora, ToO perucTpUpyeTcsl MOIbITKA B3JIOMa.
B cucreme [21] ¢ 3TOii LIe1bI0 TOIB30BATEIO IIpeaia-
raeTcsi ABaxKIbl IIPOM3HECTH OOHO M TO XE CJIIOBO B
napojbHOU ¢pase. DTOT IpUEM OCHOBAH Ha TOM
¢dakTe, YTO MHOIOKpPaTHO IIPOM3HECEHHBIE CJIOBA
BCErIa HECKOJIBKO OTINYAIoTCS ApyT oT Apyra. Eciam
3allMCaHHbIE CaMO3BaHIIEM CHUTHaJbl HE ITOABEpra-
IOTCS TIpeIHaMEepPEHHOMY HEOOJIBIIOMY MCKAXEHUIO
VI HE UCTIOJIb3YETCS MHOTOKpaTHasl 3aICh OTHOIO

COPOKHWH

W TOTO XK€ TapoJIsi, TO BEPOATHOCTh ycIlexa TaKoit
aTaku CYLIECTBEHHO CcHMXaercs. [pyroit meTekrop
MOTIBITKM BOCIIPOM3BEACHNS 3allMCAHHOTO CUTHaja
OCHOBaH Ha MCKaxKeHWU 3TOTO CUTHAJIa BCIIECICTBUE
ITOBTOPHOTO HAJIOXEHMST IIIYMOB U peBepOeparuu
rnmomelteHus (0COOEHHO B cliydyae 3alicu B OJHOM
IMOMEIIEHNU, a BOCIPOU3BEIEHUSI — B APYTOM), B pe-
3yJIbTaTe YEero MCKaKaeTcsl aMIUTMTYIHBINA CIIEKTpP
curHajia v mays [12].

JeTekTpoBaHUE BOCIIPOU3BEACHMSI 3alICaHHO-
IO PeYeBOro CMrHaja BbIMOJIHSETCs MO0 MyTeM cTa-
TUCTUYECKOTO aHAIN3a Pa3InYHbIX aMIIUTYAHO-Ya-
CTOTHBIX XapaKTepUCTUK, TMOO Ha OCHOBE pa3INYus
B aKyCTHKE MCXOMHOTO U BOCHPOU3BEIEHHOIO CHUT-
Hana. B [22] oOpamaioT BHUMaHUE Ha IBOMHOE Ipe-
oOpa3zoBaHue aHajor-mudpa v Hubpa-aHajIor Mpu
3aMycy U BOCIPOU3BEICHUM PeYeBOTO CUTHAJIA, YTO
MPUBOAUT K UCKAXEHUIO CIIEKTpa B IMOJOCE YacCTOT
6—8 kI11 mpu yactore orcueroB 16 kI11. B [23] pac-
CMaTpUBAIOTCSI XapaKTEPUCTUKU aMIUIMTYIHOM U ya-
CTOTHOI MOJYJISILIMM Ha BbIX0OJ1e TpeObeHKU (DUIBTPOB
l'adopa. Takas xe rpebeHKa GUIBTPOB UCTOIB3YET-
cs B [24], toe uccienyeTcs BIMSHHUE peBepOepanuun
Ha XapaKTEPUCTUKU TaK HA3bIBAEMOT'O HEJIMHEMHOTO
oneparopa Turepa [25]. B [26] cpaBHUBaOTCS MUKKU
TPaeKTOPUN TapMOHUK MCXOAHOTO M 3alMCaHHOIO
curHajioB. Hapsiny ¢ napaMmerpaMu KpaTKOBpEMEH-
HOTO CIIEKTpa MOILIIHOCTH, JJIsI IeTEKTUPOBaHUSI BOC-
MPOU3BEAEHUS TIPUMEHSIOTCS U (ha30Bble XapaKTe-
PUCTUKHU, TAKME KaK IPYINoBas 3aiepXKa ¢ HOpMHU-
poBkoii dasbl [27, 28]. B [29] uccnenoBanach pojib
JIMHEHOUM KOMITOHEHTHI (pa3bl B OLIEHKE MTapaMeTpOB
peUYeBOTO CUTHAJA.

HecMmoTpst Ha 3HauyuTeNIbHBIE YCUJIMSI MO pa3pa-
0OTKE METOJOB MPOTUBOJAEHCTBYUS B3JIOMa CUCTEMBbI
BeprUKAIIMI TUKTOPA C TTOMOIITLIO BOCITPON3BEIECHUS
3alMCcaHHOIO CUTHaja, 3Ta MpoodsemMa TpeOyeT Aaib-
Helero TeopeTuYeCcKoro U 9KCepuMeHTAIbHOTO UC-
cnenoBaHusi. OMHO M3 MEPCIIEKTUBHBIX HaMpaBIICHUI
COCTOUT B aHaJM3¢e (ha30BbIX XapaKTePUCTUK.

2. MATEMATHUYECUKE MOJEJIU

AHanm3 aKyCTUKHM OJMKHETO M JaJbHETrO IT0Js
MOXET yKa3aTb Ha mapaMeTpbl pe4eBOro CUTHAJIA,
KOTOphIe HauboJliee MepCHEeKTUBHBI IS OOHApYKe-
HUS 3alMcaHHOro curHania. [1pearnosoxuMm, 4To mpu
arake Ha CUCTeMy Bepu(UKALIMM 3alIMCAaHHBINA CUT-
HaJl BOCPOU3BOIUTCS IIPUMEPHO Ha TOM XK€E PacCTO-
SIHUW OT MUKPO(MOHA CUCTEMBI, UTO U LIeJIeBOI TUK-
TOp MpPU CTaHAAPTHOU mpoluenype. Torma oTaudue
3aKJII0YAETCI B PACCTOSHUM IO MUKPO(OHA 3J10-
yMmbinieHHKa. Kpome Toro, Tnnm MukpodoHa 310-
YMBIIIJICHHUKA MOXET OTJIMYaThCsI OT THUIA MUKPO-
¢oHa cucTeMbl Bepudukaumu. PaccMoTpum ciyyait,
KoTda mpu OOyYeHMHM W BepU(PUKAILIMU PACCTOSTHUE
OT II0JIb30BaTeIst 10 MUKpogoHa He 6obiie 20 cMm, a
paccrosiHue 10 MUKpOGOHA 3J0yMBIIIJIEHHUKA CYy-
ImecTBeHHO 0obIre 20 cM.
AKYCTUYECKMH XYPHAJT Ne 4
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B xayecTBe NpHMEMHUKOB 3BYKa WCIIOJB3YIOTCS
pa3auYHbIe BUABI MUKPOMOHOB: YrOJIbHEIE, IThe30-
DJIEKTPUYECKUE, DJIEKTPOIMHAMUYCCKIUE, 3JIEKTPO-
MarHUTHBIE, JICHTOYHbIE M KOHACHCATOPHEIE; IIpS-
Moro u auddepeHaabHoro aeiicTeus. B 3aBucu-
MOCTU OT KOHCTPYKIUM MUKPOMOH MOXKET OBITh
IMPUEMHUKOM 3BYKOBOTO IaBJICHUS, TpaJIUeHTA TaB-
JICHUsI, CKOPOCTU WJIM YCKOpPEeHMsI KOJieOaHUil BO3-
IYIIHBIX YacTull. HanboJjiee KauecTBEHHbIE MUKPO-
¢GOHBI MpeAcTaBlIeHbl KOHOEHCATOPHBIM THUIIOM, B
KOTOPOM BJIEKTPUUYECKUI CUTHAJ CO3IACTCSI UBMCHE-
HUEM EMKOCTM KOHIEHCcaTopa, IIPEICTaBJISIOIIETO
coboit nBe MeMOpanbl. Eciii omHa 13 MeMOpaH Helto-
JIBUXKHA, a Apyrasi KojeOJieTcsl IO BO3AEHCTBUEM
aKyCTHUYECKOI BOJIHBI, TO TAKOII MUKPO(MOH SIBJISICT-
cs IpueMHUKOM aalieHust. Eciim u npyrast Memopa-
Ha KoJ1e6J1eTCsl oI BIUSIHUEM aKyCTUUYeCKOI BOJTHBI,
MPUXOIIIEil ¢ 0OGpaTHOM CTOPOHBI MUKPOMOHA, TO
TaKoit MUKPO(MOH SIBIISIETCS TPUEMHUKOM TpaIueHTa
JaBJICHUSI.

B xauecTBe Mopmenu MexaHM3Ma pacIipoCTpaHe-
HUSI pe4eBOro CUTHAJIa B IIPOCTPAHCTBE IIPUMEM MO-
JIeJIb KoJieOaHUII ITOBEPXHOCTU c(ephbl. YpaBHEHUE
chepryeckoit pacrpocTpaHSIOmIEcsT BOJMHBI aKy-
CTMYECKOTrO JaBjieHus P ecTb

2
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L€ ¥ — PAacCTOsIHUE OT LUeHTpa cheprl, ¥ — paguyc
cdepsl, ¥ — BpeMsl, ¢, — CKOPOCTb 3ByKa B BO3MIYyXE.
AxycTuuyeckoe ngaBlieHUe P U paguajibHasi CKOPOCTh
KoJiIeOaHUIT BO3IYIIHBIX YacTULl V' CBSI3aHBI COOTHO-
MICHUSIMUA
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P, — TIOTHOCTb Bo3ayxa. Pemenne ypaBHeHus (1)
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M3 (6) cnemyeT, 4TO CKOPOCTh YacTUll Bo3ayxa V
Ha OOJBIINX PACCTOSTHUSIX OT MOBEPXHOCTU Chephl
IIPU ¥ —> oo MOYTHU IIPOITOPLIMOHAIBHA aKyCTUYECKO-
My JaBjJIeHUIO P, Torma KaK Ha MaJIbIX pacCTOSSHUSX V
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3aBHCUT U OT JaBJIeHUs U OT ero mHTerpaia. Mare-
rpupoBaHue B (6) IPUBOIUT TaKKe U K CIBUTY (pa3bl
BosiHbl. CpaBHeHUe (4) u (5) MO3BOJISIET YTOUHUTH
5TH BEIBOIBI. dnddepeHumpoBanme 1o BpeMeH! K-
BUBAJICHTHO YMHOXEHHIO Ha 4aCTOTY B CIEKTpaslb-
Hoii objacTtu. IToaToMy Ha BbICOKMX YacToTax B (5)
JIOMMHUPYET BTOPOM WiIeH, U Ha BCEX PACCTOSHUSIX
pa3Hulla MEXIYy NaBJI€HUEM U CKOPOCTBIO Majia, YTo
MPEISITCTBYET OOHAPYKEHUIO Pa3HULILI B PacCTOSI-
HUM MUKpodoHa OT nuKTopa. Ha Hu3kmux yacrorax B
(5) mOMUHUpYET MEPBbIM YJI€H, U CKOPOCTh CyIlle-
CTBEHHO OTJIMYAETCS OT JaBiieHUs. bojee KOHKpeT-
Hasl OliCHKAa Auara3oHa 4acTOT, B KOTOPOM 3Ta pa3-
HUIIa MOXET OBITh OOHapy>KeHa, OCHOBaHA Ha ITOHSI -
TUSIX OJIVMDKHETO U JaIbHEro aKyCTUYeCKOIO IOJIs,
KOTOPBIE OITMCHIBAIOT 3P EeKTHI TN paKINN aKyCTH-
YeCKUX BOJH B 3aBUCHMOCTHU OT pa3Mepa UCTOUYHUKA
3BYKa U IJIMHBI BOJIHEL.

ITyctb cdhepa paauyca 7, MyJIbCUPYET IO TADMOHU-
YeCKOMY 3aKOHY KaK v,(f) = v,e , rne v,.(t) — pa-
JIHUAaJIbHAS CKOPOCTh €€ MOBEPXHOCTH, a K — BOJTHO-
Boe yucio, K = u)/ ¢,» w — yacrtoTa. Torga njst rap-
MOHMYECKUX KoOJiebaHWil pelleHHe BOJHOBOTO

ypaBHeHHUSs (1) OTHOCUTEJILHO JaBJICHUS U CKOPOCTH
mpu npousBosbHOM K ectb [30]

—jKcyt

p = [o¥oPo JKr g /K 7)
r 1+ jKg

v = Mﬂ(—’bme‘ﬂ“r—%)_ (8)
r 1+ jKry JjKr

B GiimkHEM aKyCTMUYECKOM I1oJie, T.e. pu Kry << 1,

JKry
1+ jKr,

Kiy—0 JK,.

Konxkperusupys ycnosue omvkHero nosisi Kak Kr, =0.1,
OLIEHMM MakCHMaJIbHYyIO 4dactoty F. .. = 0.lc, / 2ma,
JIJISI KOTOPOI BBIIIOIHSIETCS YCIOBHUE OJIMXKHETO I10-
Js. Ipu ry = 10 cM (YTO IPUMEPHO COOTBETCTBYET
CpenHeMy paauycy royoBsl), F .. = 54 Tu, anpu r =
=1 cM (4TO IPUMEPHO COOTBETCTBYET SKBUBAJICHT-
HOMY paJuycy poTOBOro oTeepctus), F, ., = 540 Iw.
IMocnenHsist oneHKa 6J1M3Ka K JaHHBIM [15], comac-
HO KOTOPBIM BOCHPUSITHE YEJIOBEKOM PACCTOSIHUS 10
WCTOYHMKA 3ByKa OIIpEeaesieTCsl KOMIIOHEHTaMU
curHaja B quamna3oHe yactoT Hrxke 500 I'm. Ha puc. 1
MOKa3aHbl aMILIUTYIHO-YaCTOTHBIE XapaKTepPUCTU-
KM OTHOLIeHU j K, / (1 + jKry), U3 KOTOPBIX CJIELYET,
YTO B CBOOOTHOM IIPOCTPAHCTBE BHICOKOYACTOTHBIE
KOMITOHEHTHI AaBjieHus (7) u ckopocTu (8) mis yaa-
JIECHHOTO CUTHAaJla 3HAYMTEJIbHO HILKE, YeM B OJIK-
HeM 11oie. OTHOIIEHWE CpeaHe aMIUIMTYAbl B 11a-
Mma3oHe 4acToT oT 4—8 KI1I K cpenHeil aMIuiuTyae B
nuaraszoHe yactot Hrke 500 I mist majabHero Imoss
paBHO 23.1, a nug 6mmskHero noJist — 11.5. Ha oueHp
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Puc. 1. AMIUIMTYOIHO-YAaCTOTHASI XapaKTepPUCTUKA KOM-
TIOHEHT aKyCTMYECKOI BOJIHBI B OJIVDKHEM Tojie (—) u
nanbHeM nose (---). [1o ocu opauHaT — ycaoBHbIE eav-
HULBI.

MaJIbIX PACCTOSTHUSIX CKOPOCTh (8) 0OpaTHO Iponop-
LMOHAJIbHA PACCTOSTHUIO, TIOCKOJIBKY

1—- jKr
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Eille ogHO OT/IMYME OPUTMHAJIBHOTO CUTHajIa OT
BOCITPOM3BEICHHOTO COCTOUT B UCKaXKEHU U XapaKTe-
pucTUK usnydeHus. [lockoabKy OTHOIlIEHME paauyca
POTOBOIO OTBEPCTHUS K AUAMETPY T'OJIOBbl HAXOAUTCS
B nrana3oHe 0.08—0.14 [30], To cBoiicTBa U3Ty4eHUS
pEYeBOTO CUTHAJIA U3 POTOBOTO OTBEPCTUS OJUZKU K
CBOMCTBaM W3JIy4ye€HUs] TOPIIHS, BCTaBJIEHHOIO B
OeCKOHEUYHBII 3KpaH. YIenbHbIA 6e3pa3MepHbBIA UM-
neJaHc TaKoro U3IydeHwus, mo [31], annpoKcuMupy-
eTcsl Kak
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M3 (10) cnenyeT, UTo MOTEpU HA U3TyUYEHUE, a Clie-
JIOBaTEJIbHO, U 3aTyXaHUE KOMITIOHEHT CUTHaJa Mpo-
MOPLIMOHAJIbHBI KBaAPaTy YaCTOThI M SKBUBAJIEHTHO-
My paauycy pacKpbITHsI pOTOBOTO OTBepcTuUsi. B To ke
BpEMsI, YMHOXEHUE Ha ® COOTBETCTBYET nuddepeH-
LIMPOBAHUIO CUTHAJIA, YTO IPUBOIUT K BO3PACTAHUIO
aAMIUTUTY/l YACTOTHBIX KOMIIOHEHT CUTHaJIa IPOIOp-
LIMOHAJIBHO YacTOTe U cABUTY (a3.

HoBpriii noaxon K pa3paboTke cucTeM AETEKTUPO-
BaHUsI MOMbBITKU MPOHUKHOBEHUSI B CUCTEMY BEpU-
¢duxanum aUKTOpa MOXET OBITH OCHOBAH Ha CBOW-

cTBax ypaBHeHU (6). I3 aTOTO ypaBHEHMUS CIIEAYET,
YTO pa3HUIIA B PACCTOSIHUSIX J0 OJU3KOTrO U yaaJieH-
HOro MUKpo(oHa OOHapyXUBaeTcsl, €Clu pedyeBoit
CUTHAaJI IPUHUMAETCSI OMHOBPEMEHHO ABYMST MUKPO-
¢oHaMU — MpUMEMHUKaMU 3BYKOBOTO HaBJIECHMS U
ckopoctu kojebaHuii. Torma, 0603HaYMB Pa3HOCTh
MEXITy HOPMUPOBAaHHBIMY CUTHAJIAMU, IIPOIOPIINAO-

HaJIBHBIMU JaBleHUIo P u V, kKak Ay, =V — P/ PoCo>
MOJIYYUM OLIEHKY PACCTOSIHMSI IO MCTOYHMKA 3ByKa
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B BoCTIpon3BOAMMOM CHUTHAJIE Ha XapaKTePUCTH-
KM M3JIydeHUSI OPUTUHAIBHOTO CUTHAIa HAaKJIaabIBa-
I0TCSl XapaKTEePUCTUKU M3JIy4eHUs] TUHAMUKA BOC-
MIPOU3BOAIIEeT0 ycTpoiicTBa. [1o3TOMy B cIleKTpax
OPUTMHAILHOTO M BOCIIPOM3BEACHHOTO PEYeBOTO
CUTHaja CJeAyeT OXHUAaThb pasinyusl B BBICOKOYA-
CTOTHOM 00JIaCTH CIIEKTpa.

3. DKCITEPUMEHTDI

DKCNEPUMEHTHI TT0 OOHAPYXKEHUIO OTIAUYMIA MEX-
Jy pe4eBbIMY CUTHAJaMU BBIIOJIHSUIMCH Ha 3aITMCsIX
BOJIM3U OT MUKPOGOHA U HA HEKOTOPOM yIajeHU! OT
Hero. OTU 3aMyCcy MPOU3BOIUINCH B OCEHHEM JIeCy U
JKUJION KoMHaTe ¢ pasmepamu 12 X 3 x2.5 m. Uc-
MOJIb30BaAIUCh TPU TUIIA MUKPOPOHOB: Ipodeccuo-
HaJIbHBII HapaBJeHHbIIT MUKPOMOH C LIIyMONoAaB-
JIECHMEM M BCTPOEHHBIM IpeoOpa3oBaTejieM aHa-
Jor-rdpa, BCTPOEHHBI MUKPODOH HOYTOyKa U
cMapTdoH.

ITpu 3TOM paccTosiHUE OT AUKTOPA 10 MUKPODO-
Ha HOYTOYKa COCTaBJIs10 okouo 20 cM. s cumyiis-
LIMU TIOACYIIIMBAHUSI UCTIOJb30BAIMCh HAIlpaBJieH-
HbIii MUKPODOH U cMapTPOH, pacroIOXKeHHbIE Ha
paccrossHuU okoJio 5, 20 u 80 cMm ot nukTopa. B akc-
MeprMeHTax Mo BOCIIPOU3BEACHUIO 3alIMCAHHBIX Ha
cMapT¢hOH peyeBbIX CUTHAJIOB HA PACCTOSTHUU OKOJIO
80 cM, 3TU CUTHAJTBI 3aITUCHIBATIUCH MO0 HA HanpaB-
JIEHHBI MUKpPO(dOH, TN00 Ha MUKPO(hOH HOYTOYKa
TIPU TTOJIOKEHNM HOYTOYKa Ha PacCTOSTHUM OKOJIO 20 CM.

PeueBoii Marepualn coCTOSIT U3 TOCTEI0BATEb-
HOCTH CJIOTOB /ama 3m3 0mo ymy umu blmbl/ C yaape-
HHEM Ha TIoc/iemHeM DtacHoM. [locnenoBaTeTbHOCTh
3BYKOB ITPOM3HOCHJIACh KaK ogHa ¢pas3a ¢ HeOOJIb-
UMM TTay3aMU MEXIy clioramMmu. B komHaTe 3anuch
BBITIOJTHSIIACH TTApaJlIeJIbHO Ha Iapbl MUKPO(OHOB
“HanpaBJIeHHbIA MUKpO(OH/cMapThoH” U “HOYT-
OyK/cMapT(hOH” Ha pa3HbIX pPACCTOSIHUSIX OT TUKTOpa
W IpyT OT Ipyra. B 3amucsx yuacTBOBaJI OMUH JUKTOP
MyxXcKoro moyia. OopaboTKa peueBOro curHaja 3a-
KJTIOYAJIach B BEIUMCIIEHUN KPAaTKOBPEMEHHOTIO CIIEK-
Tpa @yphe (KI1D) ¢ rayccoBbIM OKHOM Ha MHTEpBaJIe
B 256 OTCUYETOB IIpU YaCTOTE OTCUETOB 16 KI 11 CO CABU-
roM OKHa Ha | oTcueT Ha BCEM CErMEHTE ITOCJIEAHETO
MIACHOTO KaXXAOTO CJIOTa U IMOCEayIoIIeM aHalnu3e
rmapamMeTpoB aMIUIUTYIHOTO U (pa30BOro CIIeKTpa.
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Puc. 2. CoHorpamMMBbl TpeX MPOM3HECEHUI cloTa /ama/ Ha pa3HbIX PaCCTOSTHUSIX OT MUKpodoHa: (a) —r=5cM, (6) — r=20 cmM,

(B) —r=280cm.

I1pu 3anvcu peyeBbIX CUTHAJIOB B JieCcy ISl KaxK-
IIOTO TIOJIOKEeHUST MUKpodoHa ¢pasza ¢ ImocieaoBa-
TEJILHOCTHIO CJIOTOB IMPOU3HOCUIACH 3aHOBO. [103TO-
My B XapaKT€pUCTUKaxX 3ByKOB MOIJIM MPUCYTCTBO-
BaTh €CTECTBEHHBIE pa3INIUs B IJIATEIbHOCTHU
3alliMcu Y MapaMeTpax peyeBOoro curHaia (puc. 2,
cior /ama/). I1lpu 3anucu B TIOMEILIEHUU OTHO U TO
Ke TIPOM3HECEeHWE OMHOBPEMEHHO PEeTHCTpUpOBa-
JIOCh IByMsI MUKPOGOHAMM Ha Pa3HBIX PACCTOSTHUSIX
OT AUKTOpa. DTO UCKIIIOYAeT eCTeCTBEHHbIE Bapua-
MK TIPOU3HECEHUs TIPU MOMCKe Hambonee MHDOP-
MATUBHBIX Pa3J NN, CBI3aHHBIX C TUTIOM U PacIio-
JIO)KEHUEM MOJICIYIINBAIOIIEro MUKpOdOHa.

IlepBhIil LUK 3KCIIEPUMEHTOB ObLT BBIMOJIHEH
IJ1s1 3anuceit B secy. Lleab 3TUX 5KCIIEpUMEHTOB CO-
CTOSIJIa B OLICHKE pa3IMYUii B aMILUIUTYIHOM U (pa3o-
BOM CIHEKTpe MPU PacipoCTPaHEHUU PeYeBOTO CUT-
Hajla B CBOOOTHOM IIPOCTPAHCTBE 0€3 BIUSHUS pe-
BepOepaluu.

Ha puc. 3 nmokasaHbl aMIUIUTyIHBIE U (a30BbIC
CHEKTpBbl MocjieaHero (ymapHoOro) rjaacHoro /a/ B
cJIorax, 3aIllCaHHBIX B Jiecy Ha paccTossHuM 5, 20 1 80 cM.
Ha wHTepBajie DIacHOTO AaMIUIMTYOHBIM CIIEKTP
YCPEIHSJICI, HOPMUPOBAJICI K MAKCUMYMY, U 3aTeEM
W3 HEro BBIYMTANaCh MOCTOSIHHAsI COCTABJISIIOLIAS,
pasHas 0.3. @a30BbIe CIIEKTPHI BEIYUCIISIIIUCH IBYMSI
criocobamu. B mepBoMm criocode ¢daza Haxoauach
TaKXe IO KOMILUIEKCHOMY CITEKTPY KPAaTKOBpPEMEH-
Horo mnpeobpazoBanuss Dyppe (KIID), u 3atem
yCpeIOHsJIach Ha MHTepBayie ItlacHoro. Bo BTOpOoM
cnocobe KOMIUIEKCHBII CHEKTp BBIYUCIISIICS depes
obicTpoe Tipeo6pasoBaHue Dypoe (BIT®) Ha Bcem
WHTEPBaJI€ NNIACHOTO.

B skcnepuMeHTax ¢ 3alMChi0 pEYEBBIX CUTHAIOB
B Jiecy ObLIIO OOHapyXXEHO, YTO HAUOOJIblIIee OTINYNE
AMILUIMTYIHBIX CIIEKTPOB IJIACHBIX 3aKJII0YAETCS B OT-

AKYCTUYECKUM KYPHATT Tom 69 Ne4 2023

HOIIIEHUM CPEIHETO YPOBHS aMIUIUTYI B AUAIla30HE
yactoT 4—6 u 3—4 kI11. Da3oBble CIIEKTPHI pa3jinya-
JOTCS IO CpeIHEMY HAKJIOHY B IMaIta3oHe 4acToT 4—
8 k1. B coorBeTcTBUM C 3TUM SIBJICHUEM OBLUIA

chopmupoBaHbl tapaMeTpbl 04, =1 — (24’6/23’4) 7

m,, tne As, — CpeiHee 3HAYCHHME AMILIMTYLHOTO

ro
CreKTpa B aManasoHe yacror 3—4 kI, 4, — cpen-
Hee 3HaueHUe aMIUTUTYIHOTO CIIeKTpa B quana3oHe

yacTtoT 4—6 kI, m, — cpenHuit HaKJIOH (ha3bl, BbI-
yucyieHHoii o BIT® B nuana3one yactot 4—8 kI11, =
= 5,201 80 cM. DTOT IMapaMeTp Jy4Ille ONUCHIBACT HE-
JIMHEeiTHOCTh (ha3oBoro cmekrpa. Pazanuue mexmy
¢da30BBIMU CIIEKTpaMM, BbIYMCIeHHBIMU 110 KITD,
0OKa3aj0Ch He3HAUNTEIILHBIM. [1oaTOMY B TabGa. 1 3T
napaMeTphbl He OKa3aHBbl.

INpencrasiaeHHbIe B Tabn. 1 maHHBIE CBUOETEIb-
CTBYIOT O 3aMETHOM Pa3IMuUU [apaMeTpoB OA, U m,
IIJISI CUTHAJIOB, 3allMCaHHbIX Ha pa3HbIX PACCTOSIHU-
SIX, HO XapaKTep U CTeNEHb Pa3InyuKs 3aBUCUT OT TU-
T1a IJIaCHOTO.

Ta6muna 1. [TapaMeTpbl aMIUIMTYTHBIX 1 (Pa30BBIX CITCK-
TPOB B CBOOOIHOM ITPOCTPaHCTBE, 04, %

Jlec a 3 o y u bl
84 4.0 6.2 | =2.6 |-23.7 1.8 | =3.6
84y, 13.2 10.9 7.8 0.9 7.8 5.6
84g, 20.0 231 |—-12.2 | =7.3 17.5 9.8
ms 17.4 18.1 11.7 15.5 11.6 4.8
My 25.2 | 29.6 19.5 | 29.9 22.1 15.0
mg 28.1 27.6 | 24.3 18.5 13.4 17.7
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Puc. 3. Cior /a/: (a) — aMIuIMTyIHBII cTieKTp; (6) — dazoBsIii criekTp o KI1D; (B) — dasosslii ciektp o BITM. Mukpodon

Ha pacctossHUM 5 cM (—), 20 cm (---), 80 cm (- * -).

Taomuuna 2. [TapaMeTpbl aMIUIUTYAHBIX U (Pa30BBIX CITEK-
TpoB B nnoMeteHnu. CmaprdoH, 84, %

KomHuara| a ) 0 y u bl
0Ay 11,2418, 36| 17,29 [-19,-3| —1,21 |—-19, -4
Y 11,34|18,23| 18,26 | —19,2 | —1,13 | —22,6
My 11,1920, 35| 13,26 | 7,14 | 14,19 | 11, 14
My 15,34|15,33| 14,18 | 7,14 | 9,20 | 9,13

Taomuna 3. OgHOBpeMeHHasl 3allMCh yepe3 HarpaBjieH-
HbIii MUKpo(dOH U cMmapTdoH. PaccTtosiHue mo IuKTOpa
okoito 20 cM. 84, %

KomHara a ) 0 y u bl
0Ay 209 | 30.8 | 29.2 | -3.0| 21.1| -85
0As, 11.4 | 18.2 | 20.6 |—18.8 | —0.8 |—19.4
My 18.6 | 347 | 18.2 | 14.5| 18.2| 14.1
mg 17.3 | 31.1 | 18.1 7.3| 10.9| 119

Taomna 4. OgHOBpeMeHHasl 3allMCh Yepe3 HalpaBjcH-
HbIIf MUKPOGOH Ha paccTosTHUM 0KoJjio 20 cM 1 cmapTdhoH
Ha paccTosgHun okoJjio 80 cM. 64, %

KomHara a 3 0 y u bl
0Ay 149 | 16.2 | 21.4 |-20.0 74| =53
04z 16.6 | 18.8 | 20.4 |—19.5| —1.1|-22.4
My 30.8 | 309 | 26.8 16.5| 29.8| 13.2
mg 299 | 329 | 139 9.5 9.5 9.5

Ecnu B noMenieHUn MUKpOMOH pacloiaoXeH J10-
CTaTOYHO JTAJIEKO OT IUKTOPA, TO OOBIYHO BO3HUKAET
CyOBEKTHMBHOE OIIYIIIEHME OTKJIMKA TOMeIIeHUs (pe-
BepOepauun). IIpn 3TOM XapaKTepUCTUKU OJTHOIO U
TOTO XK€ CJIOTa MPU MHOTOKPATHOM IIPOU3HECEHUU
pa3InyaloTCcs He TOJIBLKO B CUITY €CTECTBEHHOI Bapy-
alyu apTUKYISIUMK, HO Takke W M3-3a Bapualuu
pacCTOSIHUSI M HaIlpaBjieHus Ha MUKpogoH. B tadn. 2
MMPUBEASHBI IUANa30HbI OLICHOK aMITJIUTYIHBIX U (pa-
30BBIX ITApAMETPOB PeUeBbIX CUTHAJIOB, 3alIMCaHHBIX
yepe3 cMapTdOH, KOTOPHIA HAXOIUTCS HAa PacCTOsI-
HuM okoo 20 uiu 80 cMm oT nuKTOopa. BunHo, 4To 3tn
JIUarna3oHbl B 3HAUUTEIbHON CTEMEHU MepeKphbiBa-
FOTCSI, HO UISI HEKOTOPHIX INIACHBIX OIHA M3 TPaHMUII
3aMETHO CMellleHa B 3aBUCUMOCTH OT PACCTOSIHUS 10
MUKpOdOHa.

Paznuuue Mexmy pa3HbIMU TUTTAMU MUKPO(OHOB
MPpU OMHOBPEMEHHON 3aMCU PEYE€BOTO CUTHAJIA WJI-
JIIoCTpUpyeTcs Taba. 3—6, rme XXKUpHBIMU b pamMu
OTMEUEHBI TTapaMeTphl, OTIMYAIOIIUECS TPUMEPHO B
1.5 paza. 3nech HauboJbIlIee pa3auiMue B TUTIAX MUK-
podoHa 0OHApyXMBaeTCsl Ha MaJIOM PACCTOSIHUM OT
JIMKTOpA.

B nmomomHeHMe K TapameTpaM, OITMCHIBAIOIINM
OTHOILIEHUE CPEOIHUX aMIUIUTY/ B AUara3oHax 3—4 u
4—8 kI Mexny opUrMHAJILHOM M BOCIIPOM3BEICH-

HOI 3a1KChIO (DA, U OA,,,), IPU aHATTM3€E XapaKTe-

PUCTUK BOCHPOM3BEIECHHOIO CHUTHAJa OOHAapYKHU-
JIach pa3HMIIA CPEIHUX aMIUIUTY B auara3oHax 0—1
u 1—8 KN (FAyg M rAyy), tae rA, =1—(4y,/Ag)
(puc. 4). D10 CBSI3aHO C OTMEUEHHOI1 B pasnesne 2 pa3-
AKYCTUYECKUMU KYPHAI Ne 4
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Ta6muna 5. OngHoOBpeMeHHasl 3anuch 4epe3 MUKpoGhOH
HOyTOyKa u cMapTdoH. PaccTossHue no nukropa oxkoJjio 20
cM. 04, %

KomHara a 3 0 y u bl
0A4, 11.6 | 22.9 | 24.1 4.5 8.6 3.4
0As 20.2 | 30.2 | 17.6 | 144 | 124 | —3.7
My 21.3 | 20.7 6.1 11.1 | 23.5 | 19.7
mg 11.1 | 18.0 | 16.6 | 10.8 | 13.0 | 11.1

Tab6muna 6. OnHoBpeMeHHasl 3aluch 4epe3 MUKpPoGhOH
HOYTOyKa Ha paccTostHUM okoyio 20 ¢cM m cMapTdOH Ha
paccrosiHuu okoio 100 cm. 84, %

KomHata a 3 0 y u bl
0Ay 18.1 | 18.9 | 29.2 39 (218 | -3.7
04z 10.7 | 224 | 184 | —14.7 | 12.6 | —13.8
My 26.2 | 20.2 | 17.3 5.1 | 219 8.9
mg 15.1 | 15.7 | 15.2 14.1 | 20.0 10.8

HULIEH B YPOBHE€ HHM3KOYACTOTHBIX KOMIIOHCHT B
OIVDKHEM U JaJIbHEM II0JIC.

CpaBHUTENIbHBIE XapaKTePUCTUKU 3alUCU depe3
HampaBJeHHbIIT MUKPO(POH U MUKPOGOH HOYTOyKa
MIpU BOCIIPOU3BENEHUN Ha PACCTOSTHUU 0KOJIO 20 cM
CUTHAJIOB OT cMapTdoOHa, 3aMCAaHHBLIX Ha pacCTos-
HUM OKOJIo 1 M, moKa3aHbI B Ta0a. 7 u 8. 3aech mapa-

METPbI 8A iy, FAgig M Mg TPENCTABIEHBI JBAXIbI
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JUTSL IBYX HE3aBUCUMBbIX CECCUIA, TaK UTO OTOOpaxa-
I0TCSl €CTECTBEHHBIE BapUallMU MapaMeTpOB PA3HBIX
MIPOU3HECEHUN.

4. ObBCYXIEHHUE

OOHapyXXeHHBIE OCOOCHHOCTHM aMIIIMTYIHOTO
CMEKTpa B 3aBUCUMOCTH OT PACCTOSIHUSI MEXIY MUK~
PO OHOM M TUKTOPOM COIJIACYIOTCS C BEICKA3aHHbI-
MU paHee MPEanoJoXEeHUSIMU O PO HU3KOYACTOT-
HBIX U BLICOKOUYACTOTHBIX KOMIIOHEHT B BOCTIPUSITUU
paccTossHUS 00 UCTOYHMKA 3ByKa [15]. [ToaTBepxkxma-
JOTCS TaKKe pe3ylabTaThl KcIriepuMeHTOB [20], cBU-
JIeTeJIbCTBYIOIIME O BO3MOXKHOCTHU OLIEHKU PacCTOsI-
HUSI 10 MCTOYHMKA 3ByKa IIPU COIIOCTABICHUU Xa-
pPaKTepUCTUK KOHKPETHOIO 3ByKOBOro otopasa. Ha
9TO YKa3blBaeT 3aBUCUMOCTb MapaMeTpPOB peuyeBOTO
CUTHaJia OT THUIIA IJIACHOT0, KOTOpasl HalileHa B OIT1-
CaHHBIX DKCIIEPUMEHTAX.

IToMuMO aMIUTUTYIHBIX XapaKTepUCTUK, HalieHa
U 3aBUCUMOCTD JIMHEMHOM coCTaBJsIoONIeii ¢a3bl OT
paccTossHUSI 1O MCTOYHMKA 3ByKa. M3 cpaBHeHUs
Tabja. 1 u 2 cieayert, 4To, B OTJIMYME OT pacIpocTpa-
HEHMUS 3ByKa B CBOOOTHOM MPOCTPAHCTBE, peBepoe-
pauusg 3aMKHYTOrO IOMEIUEHUS MPUBOIUT K YXYI-
IICHUIO pa3/iIMyugd aMIUVIMTYOAHBIX XapaKTCPpUCTUK B
3aBUCMMOCTU OT PACCTOSIHMS IO MCTOYHMKA 3ByKa.
[Ipu sTOM paznmuuMocThb (a30BBIX ITApaMEeTPOB He
YXyalaeTcd.

B pesynbrate ¢opmupyeTcss TpeXMepHoe IIpo-
CTPAHCTBO IIPU3HAKOB (74, 04, m), B KOTOPOM MOXHO
TMOTBITATHCS AETEKTUPOBATD MOMBITKY B3JIOMa CHUCTE-
Mbl BepUDUKALUU C TTOMOIIBIO BOCIPOU3BEICHUS

(@)
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Puc. 4. Cror /ama/: (a) — aMIUIMTyIHBII crieKTp; (0) — a3oBwIit criekTp. MukpodoH Ha pacctossauu 20 cm (—), 80 cm (-« -).
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Tabmana 7. IlapamMeTphl IByX 3anMCeil Y€pe3 HAPABIEHHBIH MUKPO(hOH Ha paccTosHum 20 cM (rAy,, SAon»g, Mogig) U
BOCNPOU3BENICHUS yIAICHHO 3arucy Ha cMapThOH Ha paccTossHuu 20 ¢M 0T MUKPOGDOHA (7 d;ep) » SArep, s Mrep))

Komnara a 3 o y u bl
FAorig 51.1,44.5 46.0, 46.9 62.3, 58.1 65.3, 63.3 48.9, 31.7 42.3,44.7
FAepl 25.6 26.9 54.8 51.7 13.0 11.1
0A,sig 20.8, 14.9 30.8, 16.1 29.2,21.4 -3.1,-20.0 21.1,7.4 —8.6,—5.2
OA,ep1 25.9 35.1 7.8 —10.1 4.3 0.6
Morig 18.6, 30.8 34.7,30.9 18.2, 26.8 14.5, 16.5 18.2,29.8 14.1, 13.2
Mrepl 31.5 24.3 18.3 5.2 13.0 15.6

Ta6muua 8. TlapameTpsl BYX 3amceit yepe3 MUKPOGhOH HOYTOYKA Ha pacCTOSHUN 20 cM (rAy g » SAorig » Morig) M BOCIIPO-

M3BeIeHUsl YIAJIEHHO 3anuch Ha cMapTPOH Ha pacCTOsAHUU 20 CM OT HOYTOYKA (FArep s OArept > Myept)

KomHnara a 3 0 y u bl
FAorig 46.9,44.7 44.2, 47.1 66.8, 61.6 66.3, 63.5 34.7,39.4 44.8,48.2
FArepi 20.3 20.7 38.5 45.5 5.1 8.9
8Apsig 11.6, 18.1 229, 18.9 24.1,29.2 45,39 8.6, 21.8 3.3,-3.7
8Arcp1 19.8 6.1 19.8 =51 7.2 5.8
Morig 21.3,26.2 20.7, 20.2 6.1,17.3 11.1, 5.1 23.5,21.9 19.7, 8.9
Myepl 36.0 23.5 243 5.6 16.7 14.6

pPE€UYECBOro CurHajia, nmoacJIyniaHHOIro Ha yoqaJ€HUU OT
JUKTOpAa. ﬂ,BC KOMITIOHEHTEI 9TOro nmpoCcTpaHCTBa 3a-
BUCAT TOJIBKO OT aMIIJIMTYAHOI'O CIIEKTpa INMPUHATOIO
curHaja. 9TO OTHOIICHUE Cp€OHETO YPOBHA aMILJIN-

TyQ ZO,l / 24’8 B nuana3oHe yactot 0—1 u 4—8 kI, u

OTHOLUEHUE A4 / A4 B 1nanazone 4—6 u 3—4 xIu.
TpeTbss KOMITOHEHTa NpPENCTaBIsIeT COOOM JMHEH-
HYIO COCTaBJISIIONIYIO CpeaHEero (pa3oBOTro CIIEKTpa Ha
nHTepBaiie yactoT 4—8 kl1. [Ipu 3ToM HeoOXxoaUMO
YUUTHIBATh HEOMHOKPATHO OTMEUYEHHYIO B PEUYEBBIX
HCCJIENOBAaHUSIX CUJIbHYIO 3aBUCHUMOCTH (Pa30BOTO
CIEKTpa OT MapaMeTPOB alTOpUTMAa IPeoOpa3oBaHUS
®dyppe. Kak mokazaHo Ha puc. 3, BUI (Ha3oBOro
CIIEKTpa MOXKET OTIMYaThbCs M AUAa30HOM 3Haye-
HUI, 1 Jaxe 3HAaKOM. DTO IIPOCTPAHCTBO IIPU3HAKOB
JIOJIZKHO OBITh COOPMUPOBAHO OTACIBHO IS KaXKI0-
ro MIACHOTO, KOTOPBIM MCIMOJIb3YETCSI B TOJIOCOBOM
rnaposie.

B mononHeHMne K pacCMOTPEHHBIM BbIIIIE aMILIU-
TYIHBIM U (pa30BBIM ITapaMeTpaM, 3Ta OLIEHKA MOXET
MOCJTY>XKUTh €Ilie OMHUM IIPU3HAKOM IHpU (POPMUPO-
BaHUM JIETEKTOPA MOITBITKU B3JIOMa CUCTEMBI BepU-
duKauuM OUKTOpa C TOMOIIbIO BOCIIPOU3BEACHUS
MOACTYIIIAaHHOTO PEYEeBOrO CUTHAJIA.

CrenyeT OTMETUTD, YTO JaxKe TOT KpaiiHe OrpaHu-
YEHHBI 00BbEM peUeBBIX JAHHBIX, KOTOPLI UCITOJIb-
30BajIiC B OMMCAHHBIX 3KCIIEPUMEHTAX, YKa3bIBaeT

Ha 3aMETHOE NePEKPhITHE AUAIIa30HOB IIapaMeTPOB,
MEePCIEKTUBHBIX IS 0OHAPYKEHUS PeYeBOTrO CUTHA-
JIa, 3aIIMCAaHHOTIO Ha OOJbIIIOM paccTossHUU. J1s1 Toro
YTOOBI OLIEHUTh BO3MOXHOCTb YCIEIIHOIO MpUMEHe-
HUSI HAaIEHHBIX TTApAMETPOB IS 3aIlUThI CUCTEM Be-
puduKal INKTOpa, HEOOXOANMMO BBITIOJIHUTH CTa-
TUCTUYECKM TOCTOBEPHBIC MCCISIOBAHUS C pa3inyd-
HBIMU TUIAMU MUKPODOHOB.

5. BAKJIIIOYEHHME

Hab6aromaercst paznuune B ImapaMeTpax pedeBOTo
CUTHaja, 3allMCaHHOIO B OJMKHEM aKyCTUYECKOM
noJjie, U MapaMeTPOB 3TOTO Xe CUTHaa, 3alIMCaHHO-
ro B JaJIbHEM aKyCTUUECKOM I10JI€ U BOCIPOU3BEACH-
HOro B OmxkHeM mojie. B ymncio 3tux mapameTpoB
BXOJISIT OTHOCUTEIbHbIC 3HAUYEHUSI SHEPTUM CHEKTpa
B Ayarna3oHax HU3KUX, CPeAHUX U BBICOKMX YacToOT, a
TaK>Ke CPEeIHUI HAKJIOH JIMHEMHO KOMIIOHEHTHI ha-
30BOI0 CIIEKTpa B BHICOKOYACTOTHOI oOyactu. Cre-
NeHb pa3auuyus 3aBUCUT OT TUIIA ITITACHOTO 3BYyKa.
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