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PaccmatpuBaloTcst uuTerpanbble GpyHKIMH PacIpe/ie/IeHUsi JOKANbHBIX (JIyKTyalmii MHTEHCHBHOCTH ¥ (IyKTya-
i MOJIOKEHHS LIEHTPA TAKECTH JIa3ePHOTO NyYKa HA NPU3EMHbIX TPACCAX B YCJOBHSAX MEPEMEXAEMOCTH MENKOMAC-
wrrabHoit TypGyentiocTy. Ilokasano, YTO CylIECTBEHHbIE Pas/IMYMs B CTPYKTYpe (hJIyKTYallMOHHBIX MPOLECCOB MPH
TpancopMalKHU NYYKa U3 KBA3UPETYISAPHOTO B CTOXaCTHYECKOE COCTOSIHHME TPHCYILH TIPEKE BCETO JIOKANbHBIM dayk-
TyalnsiM MHTEHCUBHOCTH, HE3aBHCHMO OT TOrO, PETHCTPHPYIOTCSA 3T (IYKTyalMH B LEHTPE TSXKECTH My4Ka MJIH B
buKcHPOBaHHO} TOUKE TMPHUEMHOM aNepTypbl. YCTaHOBIEHO, YTO MHTErpajibHble paclpee/eHus dbaykTyammii okasb-
HOJi HHTEHCHBHOCTH KaK B KBA3MDPETYJIADHOM, TAaK M B CTOXACTHYECKOM COCTOSHMSAX MYYKA Y/OBJIETBOPUTENBHO ONACHI-

BaloTCA HOpMaJIbHO-JIOl‘apH(bMPI'-leCKHM 3aKOHOM.

Bomnpocbl, cBA3anHbIe ¢ TTOBefeHNeM (pyHKIMI pactipe-
neneHns ITyKTyaluii MHTEHCHBHOCTH H3JIyYeHHS B pas-
JIMYHBIX YCJOBUSAX PacCIpOCTPaHEHUsS, PACCMATPUBAJINCDH
BO MHOTUMX pa6ortax [1-6]. OqHako OHH OCTaJHCh HEWUC-
C/I€JOBAaHHBIMH [I/I1 Y3KHX KOJUIMMHDOBAHHBIX JIa3€PHBIX
TyYKOB B YCJIOBUSAX IlePeMeXKAeMOCTH MeJKOMacIuTa6Hol
Typ6yJIEHTHOCTH NTPU3EMHOI aTMOocdephl.

[TepemeskaeMoCTb MeJKOMAcIITA6HOH Typ6yneHTHO-
CTH OKa3bIBa€T CYNIECTBEHHOE BJIMSHHME HA CTPYKTYpy H3-
JIy4eHUsl, PACIIPOCTPaHAIONIETOCS 110 IPU3EMHBIM TPaccaM
[7-10]. Ono mposBsercst B YepeoBaHMK BYX CTPYKTYp-
"HbIX COCTOSIHMHA y3KMX KOJIMMHPOBAHHBIX IMy4KoB. OMHO
M3 HUX — KBa3WPEryJApHOe — XapaKTepHu3yercs C1a6GbIMu
MCKa)XEHUAMH I1€PBOHAYaJbHOTO aMILJIUTYAHO-(a30BOro
npodua. Bropoe — croxacruyeckoe — mMeeT B momepey-
HOM CEeYEHHM CIEeKJIONoA06HOe pacnpeesieHle UHTEHCHB-
Hoctu. Ilepexon M3 oHOro COCTOSIHMS B ApYyTroe ocCymie-
CTBJISIETCA CKaYKOOGPa3HO W HOCHUT KBA3WIIEPHOAUYECKHUI
XapakTep; IpPH 3TOM [UIMTEJbHOCTb Ka)IOTO COCTOSHHS
MOJXET MEHATbCSA OT CEKYHA [0 HeCKOJbKHX [ECATKOB
CeKyHJ. . .

B nanmnoit cratbe mpeacraBieH cpaBHUTENbHLIH aHa-
JIN3 HHTETpajbHbIX YHKIHUI pacnpefesieHusl JOKAIbHBIX
drykTyanuit MHTEHCHMBHOCTH U DIYKTyamuil HOJIOKEHHUS
LEeHTPA TSKECTH Y3KOTO KOJIJIMMHMPOBAHHOTO IIyYKa, pe-
THCTPHPYEMbIX INIPH IIEPEXOAE M3 OJHOTO CTPYKTYPHOTO
COCTOSTHHS B [IpyTOe€.

TopusonTanbHas atMocdepHas Tpacca JOKAIMOHHOTO
TUNA, Ha KOTOPOH IIPOBOJU/IMCH HCC/IE[OBAaHMS, AeHCTBO-
Bajla B YCJIOBMAX TropoAckoil 3acrpoiiku. Ee giauna (B
OJIHOM HampaBsieHuH) cocTaBisna 280 M, a BbICOTa Haj
noBepxHocTbio 3eMin — 25 M. Iloxpo6Hoe omucanHme oc-
HOBHBIX y3JIOB IpHEMOIepeAoNlell U KOHTPOJIbHO-H3Me-

pUTENbHOMR ammaparypbl, a TaKXe MCIOJb3YEMbIX IS
06pa6OTKH 3KCIIEPUMEHTAIbHBIX JAHHBIX KOMITBIOTEPHBIX
TEeXHOJIOTHil npHBefeHo B pabotax [8-10]. Dkcnepumen-
Tbl TpoBoauauch B 1999 r. B.oceHHe-3MMHMI TiepHOA.
i sTOro BpeMeHH roa XapakTepHO Ham6oJiee MHTeEH-
CHBHOE Da3BUTHE HEYCTOMYMBOCTell B IIPU3EMHOM CJIOE
aTMocepbl. |

B kauecTBe HCTOYHVMKA M3/y4eHUS TIPUMEHSICS OZ-

"HOMOJIOBbIA Te/IMi-HEOHOBBIN Jla3dep Ha [JMHE BOJIHBI

0,63 MxM. Perucrpanus n306paxkeHuii pUIIEAUINX C TPAC-
Cbl IIyYKOB NPOBOAKIACH C MOMOIIBIO BUAEOKaMephl. Bu-
JIeOCUTHAJIBI B TEI€BU3MOHHOM CTAaHJApTe 3aTeM HAlpaB-
JIAIUCh B KOMIIBbIOTEp AJIA Mocjenyomeil o6pa6orku. Crie-
1UHaJbHO pa3paboTaHHOe IPOrpaMMHOE obecredeHne Io-
3BOJISJIO OCYIIECTBJISITb MHOTONAPAaMETPUYECKUI aHanu3
NOCJIe/[0BaTeIbHOCTeH M306paXKeHMii MyYKOB M3 BH/E03a-
nMced, JINTeJbHOCTb KOTOPbIX BapbMpOBajach OT He-
CKOJMIBKMX CEKyHJ [0 HECKOJIbKUX MUHYT.

Ha mepBom aTamne 6bu1 TIpOBe/ieH aHAMU3 CTaTUCTHKH
bayKTyanuii MHTEHCHBHOCTH B LEHTPE TSXKECTH IIy4Ka B
KBasMPETYJ/IIPHOM M CTOXaCTHYeCKOM COCTOSHUAX. W3 Bu-
[Ie03aIMCH U306PaXKeHNs Y3KOr0 KOJIMMHPOBAHHOTO TTyY-
Ka BbIOGMpAJMCh IIOCJIE0BATENbHOCTH Ka[pOB, COOTBETCT-
BYIOLME TIEPEXO/y MyYKa U3 KBA3UPETY/ISIPHOTO COCTOSIHHS
B croxactuyeckoe. IIpuMepbl TakuX BHIEOKAaApOB IIpHUBeE-

JeHBl Ha puc. 1, Kafipbl @ — 6 NpPeJLIECTBYIOT MOMEHTY

CTOXACTU3allMK, Kajphl 2 — € XapaKTepU3yIOT CTPYKTypy
yxKe CTbxacmsnpOBaHHoro nyuka. IlocienoBarenbHocTH
BH/ICOKAJPOB, BKJIOYAIONINE AECATKHA U COTHH H306paxe-
HMI Iy4KOB, BBOAMINCH B KoMmbioTep. [[/11 KaXJ0Oro H30-
6pasxeHHs IPOrpaMMHBIM CIIOCOG0M OTIPEENSITHCH KOOPIH-
HaThl LEHTPA TSHKECTH IIy4KAa M 3HA4YeHHs! COOTBETGIBYIO-
el 9TUM KOOpAWHATAM HHTEHCHBHOCTH. VHTEHCHBHOCTH
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ompefesisjach MyTeM YCPeAHEHUs APKOCTH 4eTbIpex Co-
CeIHNX THKceJed Mpu oOImEeM pa3Mepe H300paskeHUs
myuka 320 x 320 nukceJeii.

Puc. 1. CTpyKTypbl Ja3epHOro mydyka B KBasHperyJspHOM H
CTOXaCTHYECKOM COCTOSTHUAX

Ha cienyioneM sTane 3Ha4YeHHSA WHTEHCHBHOCTH OLle-
HHUBAJIUCD A1 HHKCHPOBAHHOH TOYKH IPHEMHOM amepTy-
pbl. B KauecTBe TakoBO# BbIGMpaJach TOYKA, IOJIOXKEHHE
KOTOPOH COOTBETCTBOBAJIO CPEHEMY MOJIOKEHHUIO LEHTpa
TSOKECTH TyyKa 3a BpeMsl u3amepeHuil. IlonyuyeHHble B
pesysibraTe 06paGoOTKH ORHOH M3 IOC/eN0BaTEIbHOCTEN
u306paskeHnil, BKIIOYAIOLIEH MMepexo]] «KBasHperysipHoe
COCTOSIHME IIyYKa — CTOXACTHYeCKOe», SKCIIEPHMEHTAJb-
Hble KpUBble IIPUBEEHBI HA pHC. 2.
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Puc. 2. ®nyKTyauuy WHTEHCHBHOCTH B LIEHTpe TSXKECTH MyduKa
() u B dUKCHpOBaHHO TouKe MpueMHoOil aneprypbl (6)

Ha xaxIoM M3 DHUCYHKOB y4acToK rpacguka, coor-
BETCTBYIOIINII MHTepBaly BpeMeHH t < fp, OTHOCHUTCSA K
KBa3UperyJsIpHOMy, a ydacTok t >, — K croxacTudye-
CKOMY COCTOSIHMIO ITy4Ka. DTH KpHBble GbLIH MOJTy4eHbI B
peyepHee BpeMs 02.11.99 r., korga Mereoo6CTaHOBKA Ha
Tpacce XapaKTepH30BaJach TeMIIepaTypoil Ha BbICOTE
tpaccbl mopsizka 8 °C, a CKOpPOCTb BeTpa COCTaBJslia
npumepHo 1 M/c.

Vike U3 BMAA [IPUBEJEHHBIX KPUBBIX MOXHO 3aKJIO-
YMTh, YTO MMEIOTCS CYLIECTBEHHBIE Pa3JMyhs B NOBeMe-
HUM JYKTyauuii HHTEHCHBHOCTH B IIEHTPe TSAXKECTH
myvyKa /s KBAasHPETYJIAPHOTO M CTOXaCTHYECKOTO CO-
cTostHUi. Pa3/Muns NpOSBJSIOTCA B Pe3KOM YBEIHYEHHH

qucnepcun QuykTyauuii IpH Tlepexofie K CTOXacTHYe-
CKOMY COCTOSIHMIO, a TaKXe B TOSABJIEHHM ACMMMETPUU
OTKJ/IOHEHHM 3HaueHWH MHTEHCHBHOCTH OT CPEIHEr0 ypOB-
Ha. OnykTyauud B GUKCUPOBAaHHOH TOuKe 3KpaHa o6ia-
JaloT 6oJjiee BHIPAXKEHHBIMH HU3KOYACTOTHBIMH COCTaB-
asomumu. [locieqHee pasynyue B NMOBeJE€HHH CHUTHAIOB
obycJoBjeHo TeM, 4yTo (aykTyauuu B (UKCMPOBaHHOM
ToYKe 3KpaHa omnpefensiorcs 3¢ddeKTaMu, CBA3aHHBIMH C
HCKaXEHMSMH AaMILIMTyAHO-(da3oBoro Inpodpuis H €O
CMeIeHUAMH Ty4YKa Kak IIeJIoro.

Jlnsg prykTyaunii MHTEHCHBHOCTH B IIEHTpe IMyYKa
BbIYMC/IEHHE HOPMHPOBAaHHOTO Ha cpefHee 3HAaYEHUE WH-
TEHCMBHOCTH CPeHEKBAJPATHYeCKOTO OTKJIOHEHUS G’ JaeT
JUISl KBa3UpPETyJIAPHOTO COCTOSIHHS BelnmuuHy o’ = 0,37 &
+ 0,07, a ana croxactuyeckoro o' = 0,78 +0,12. [lna
ayKTyauuit MHTEHCHMBHOCTM B (DPMKCHDOBaHHOM TOYKe
NpUEMHOMA amepTyphl ycpe[HEHHBbIE 10 PANY peasin3alui
3HAYeHUs CpeJHEKBaJpaTHYECKOro OTKJIOHEHHS COOTBET-
crBeHHo paBHBl o' = 0,42+0,04 u o =0,85+0,11.
Ananuz Dypbe-crieKTpoB (IyKTyanui HHTEHCHBHOCTH
JUISl CTOXaCTHYECKOTO M KBA3UPETYJSPHOTO COCTOSHMA
IydYKa TOKa3aj, 4To KoJeGaHus MHTEHCHBHOCTH B 06oMX
ciy4asx He 06/1aJal0T XapaKTepHbIMH 4aCTOTAMH.

Jlns aHa/auM3a MHTErpaJibHbIX pacrnpefeneHuil Quyk-
Tyaluili MHTEHCHMBHOCTH B Iy4yKaX IIPH MX Pa3jIH4HbIX
COCTOSTHMSIX HCIOJb30BaJUCh caexyiomue cdopmys [4,
5, 11]:

Fy=1-exp [—(Z%)] , )

I
1 (1 1.8
FB—G@IICXP —(ln(1>+ 2) (20) dI (3)
I

min

3mech & = In (1 + 6'2); I — nOKaNbHAA UHTEHCHBHOCTD;
(I) — cpemHee 1O BpeMeHH 3HAYeHHe JIOKAJbHOH MHTEH-
cupHocTH; 02 = ((I = {I))?2). ®opmy.st (1) — (3) 3agaroTr
MHTETpa/ibHble BEPOSTHOCTH pacnpefeseHuit Gpaykryauni
WHTEHCHBHOCTH, MOJAYMHSIONIUXCS COOTBETCTBEHHO HOP-
MaJIbHOMY, 3KCIIOHeHIMajbHoMy (pajeeBCKOMy A/ aM-
IUIATYbI) ¥ HOPMAJIbHO-IOTapH(PMHIYecKoMy 3aKOHAM.
Ha puc. 3 u 4 npuBesieHb 3KCIIEPHMEHTAIbHbIE JaH-
Hble 06 MHTErpajJbHBIX pacmpefiefeHusx GaykTyarmii UH-
TEHCHBHOCTH B LIEHTPE TA)KECTH NMyYKa H B (UKCHPOBaH-
HOH TOuYKe NPHUEMHON amepTyphbl AJIA CIy4aeB, OTPaXKEH-
HBIX Ha pHC. 2, a TaKXe H JJIA JPYTUX peaju3aiuii.
OxcnepuMeHTaIbHble JaHHBlE, OTHOCAIMeCS K (uyk-
TyamusaM B (GUKCHPOBAHHOM TOUKe IPHEMHON amepTyphl,
o6pabaTeIBanuCh MOC/]€e (DUIBTPALMH HH3KOYACTOTHOH CO-
crasistiomeit. OlleHKa HHTErpaJbHBIX pacnpefeneHuit F
dbayxTyanuii HHTEHCHBHOCTH B IIEHTpe [IyYKa Ha OCHOBe
3KCIIepUMEHTAJIbHBIX JAHHBIX II0Ka3aja, YTO CTATHUCTUKA
¢dbaykTyaunii B KBa3HPETY/IAPHOM COCTOSIHMM IIy4YKa C
XOpOIIMM TPUGIMKEHNEM NPH YKa3aHHBIX 3HAYEHHAX ©
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MOJKET OBITh OTHCAHA HOPMAJbHBIM MJIM HOPMAJbHO-JIOTa-
pucdmMuyeckuM pactipenenetueM (cM. puc. 3).
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Puc. 3. Muterpasnbubie pacnpeaesienyss 3HA4EHHH HWHTEHCHUBHO-
CTH /i1 KBa3UPETYJIAPHOIO COCTOSIHMS ITy4Ka: OO — TOYKM, OT-
HOCSLIMECS K PA3JIMYHBIM Peau3aluaM, st (IyKTyaluuit B 1eH-
TPe TSXKECTU IIyYKa;, ™ @ & — TO Xe AJA (PUKCHPOBAHHON TOUKH
TNPUEMHO} anepTypbl; © ¢ — TOYKH, OTHOCSIIMECS K TIPUBEICH-
HBIM HA PHC. 2 peayu3amusM. {, 2 — TeOpeTHYCCKHE pacmpeje-

Jenusi: 1 — HopMasibHOe, 2 — HOPMaJIbHO-JOrapu(pMUYeCcKOoe

DyKTyalnn MHTEHCHBHOCTH B CTOXAaCTHYECKOM CO-
CTOSIHMM MOTYT GBITh OMMCAHBI KaK HOPMaJbHO-JOTapud-
MHYECKMM, TaK U SKCIIOHEHLIUMAJbHBIM 3aKoHaMH. OJHAKO
HOPMAaJIbHO-TOrapu(hMHUYECKHii 3aKOH ONHCHIBAET IKCIIEPH-
MeHTaJIbHble JJaHHble HECKOJIbKO y4ime (cM. pHc. 4).
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Puc. 4. Vnrerpajibnble pacnpe/e/ieHusi 3Ha4eHHil MHTEHCHBHOCTH
A7 CTOXaCTMYECKOTO COCTOSTHUST My4YKa: 00O — TOYKM, OTHOCSILIME-
€A K Paa/JMYHbIM peanusauusaM, Ans GIyKTyauuit B IEHTpe TshKe-
CTH MyYKa; Mee — TO e IS (PUKCHPOBAHHOM TOYKM MPHEMHON
anepTypbl; © — TOYKM, OTHOCSLIMECS] K TPHUBEJEHHBIM Ha
puc. 2 peanmusaumsiM. {, 2 — TeopeTHYecKHe pacrpeje/enus: | —

JKCMOHEHIMaIbHOE, 2 — JIorapu¢pMHUYeCKU-HOPMaIbHOE

B xone skcriepumMenTOB HCCJIe0BAINCh TaKXke (IIyK-
TyallMd TOJIO)KEHHS IIEHTpAa TAXECTH Iy4YKa B TOPHM30H-
TaJbHOM W BEPTHKAa/JbHOM HaINpaBJEHHUSAX. AHAJIU3 3TUX
baykryanuit He 06HAPYXKHJI 3aMETHBIX OTJIHYMIl B TIOBe-
JAeHMM LeHTPA TSKeCTH NPH CMeHe COCTOSHMH Nyuka, a
TaKXe B ero CMeUIeHUAX II0 BePTHKAJIbHON M TOpH30H-
TaJIbHOH OCAM. DTO MOATBEPANJA U OLEHKA CpeIHEKBajl-
PaTHYECKOr0 3HAYeHWsl OTKJIOHEHMs IeHTpa Iyuka. [lpu
BEPTUKAJIbHbIX CMEIleHUAX [ KBa3UPETyJAPHOTO Co-
crosnus 3HaveHue ¢ = (1,75 = 0,25) cM, A1 CTOXAcTH-

geckoro (1,90 + 0,35) cM. Ilpu TrOpH3OHTATBHBIX CMe-
menusx 3xavenwe o = (1,80 + 0,25) cM ansa KBasupery-
JsipHOrO coctostHus ¥ o = (2,05 = 0,30) cm aas croxac-
THYECKOTO COCTOSIHHUSI.

He o6HapyXMBalOT 3aMeTHBIX OTJIHYHMA M CNEKTPBI
darykTyanumit cMeleHuii HEHTPa TAKECTH 110 TOPHU30OHTAIN
U BEPTUKAU JI/ISl CTOXACTHYECKOTO M KBa3WPETYJISPHOTO
COCTOSIHHMM Ny4yka. AHAJM3 CIIEKTPOB MOKa3aJj, 4To KoJe-
6aHUA TyyKa BO BCEX CJIydasdX HOCAT XAaOTHYeCKHdl Xa-
pakTep. 3aMeTHM, YTO B paHee IIPOBELEHHOM CEpUH JKC-
nepuMenToB ' [10] Ha6m0aI0Ch HEKOTOPOE yMeHblleHHe
AVCIIEPCHN CMELIEHU MpHU IIepexofie K CTOXacTHYECKOMY
COCTOSHMIO. MOXHO IPEe/II0JIOKUTD, UTO TAKOE PACXO0XK-
ZleHWe B SKCNIEPUMEHTA/bHBIX JAHHBIX CBS3aHO C pasJiu-
YHeM METEOCOCTOSHMH Tpacchl B IIEPHOAbI NPOBEJEHHS
uaMepeHui. PacueT MHTerpajbHOH BEPOATHOCTH H3MeHe-
HUSI TIOJIOKEHUS IIEHTPa TSAKECTH IIOKAa3all, YTO €ro Giy-
XJIAQHHE C XOPOWIMM HPUOIM)KEHHeM INOXYUHSETCS HOP-
MaJIbHOMY 3aKOHY.

Takum o6pasoM, IpoBe/eHHbIE U3MEPEHHUS TTOKA3BI-
BAIOT, YTO CYIIECTBEHHbIE PA3/IMYUA B CTPYKTYpe (JIyK-
TYallMOHHBIX TPOLECCOB IPH TpaHC(HOPMALMK NMyYyKa H3
KBa3UPETy/SIPHOTO B CTOXaCTHYECKOe COCTOSIHHE IIPHCY-
LM, [pPEeXJe BCEro, JOKAJIbHBIM (DJAYKTyalusM MHTeH-
CUBHOCTH, HE3aBHCHUMO OT TOTO, PETUCTPHPYIOTCH JIH STH
(bryKTyanuu B LeHTpe TSKECTH TyYKa WM B (DHKCHPO-
BaHHOH TOYKe IIDHEMHOM anepTypsi.

PaccMoTpenHble OCOGEHHOCTH CTATHCTHYECKOH CTPYyK-
Typbl (pIyKTyaluil JIa3epHOTO U3JAYYEHHUS B YCIOBHSX Ile-
peMesxatomieiica Typ6yJIEHTHOCTH CJIEAYET YYUTHIBATD IIPH
ONTHMHU3ALMA XapaKTEPHCTHK Da3sHOOGPasHBIX METPOJIO-
TUYECKUX YCTPOHCTB, CHCTeM AUCTAHLHOHHOIO 30HIMPO-
BaHMsA U ONTUYECKUX JIMHHUNA CBSA3H.

Pa6ora BbimonHeHa npu ¢uHaHCOBOH moaEpXKKe
nporpamMmbl MuHo6pasoBaHus «YHusepcurersl Poccun —
(hyHaaMeHTa/IbHble HccJlenoBaHus» (1poexT Ne 992317), a
TaK>Ke MPOTpaMMbl MOAJAEPKKHU BeAYIIMX HAYYHBIX LIKOJI
(rpantsl PODU Ne 00-15-96561 u Ne 00-15-96679).
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