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TeopeTryecky HCCIEAOBAHO HETHHEMHOE PACIDOCTPaHEHHE NEePHOINYECKOl BOJHEBI H OHHOYHOI O HMITYJIb-
ca C yAapHBIM (PPOHTOM B CPEJIE CO CTETICHHOM 3aBHCHMOCTBEO k03 HLHeHTa NOTJIOIICHHST OT YaCTOThI M
COOTBETCTRYFOIMM €ii 3aKOHOM AHCnEepCcHH. [/ YHCIEHHOTO MOACIHPOBAHHSA HCIIOIL30BAIICH MOUHIIH-
pOBaHHBIH CeKTpanbHeri mogxon. [lokasaHo, YTO 3HAYECHHE MOKA3aTEld CTCICHN B 3aKOHe MOTJIOLIEHHS
OKA3kLIBAET CYIIECTBEHHOE BIMSAHNE Ha 3()(DeKTHBHOCTD HEJTHHEMHBIX B3aHMOJIeHCTBHH, HCKaXKE€HUE BOJTHO-
BOTO NPO(HIIA H MOTIIOLIEHHE AKYCTHIECKOM SHEPTHUH B HenuHeltHOM pexuMe. Mocnenosasa ycroHIHBOCTE
pa3pbLIBHOM CTPYKTYPhI yAAPHOTO (PPOHTA BOIHBI 115l PA3NHYHbIX CTCTICHHLIX 3aKOHOB MOTJIOEeHNs, OTH3-
KHX K JIHHeHHOMY. PaccMoTpeHa BO3MOXKHOCTD HMITYIECHOH IHArHOCTHKH NapaMeTPOB CTETIEHHOTO 3aKOHa
MOTTIOLIEHUS CPENBI IO BUIY NPOIIEAUIETO MO Hel OHHOYHOTO HMITYJIECA C YIAPHBIM thpoHTOM.

Henunennple 3¢ dexTsl, TPOABISIOMHECA IIPH
pacnpocTPaHEHUH MOINHBLIX aKyCTHYECKHX BOIH B
' HOTJIOIAIONIHX cpefiaX, AETaNbHO HCCIENOBAHBI 1A
clly4aeB KIAcCHYECKHX XARKOCTEN ¢ KBapaTHYHOMN
3aBHCHMOCTBIO MOTJIOIIEHUA OT YacTOThI U I CPEN
¢ OHHMM BpeMeHeM pelnakcanmu |1, 2]. OgHako MHO-
rue aKyCTHYeCKWe Cpefibl, HalpuMep, OuOIOrHIECKHe
Tkauu [3] B MopckHe ocangku [4], obmagaloT CTENEH-
HBIM 3aKOHOM INOTJIOIICHHS, OTIHYHBIM OT KBapa-
THUYHOrO 3aK0HA. TeopeTHIECKOe ONMCAHHE HETTHHEH-
HBIX B3aMMOJIEHCTBHI B TakKHX cpefax CBA3aHO C
peIIEHHEM IOCTATOYHO CIOXKHBIX HETMHENHBIX HHTE-
rpo-nudepeHIHaNnbHbIX YpaBHEHAH, TOTOMY COOT-
BETCTBYIOIIME 3afa4y HCCICNOBaHbI IOpa3fo MCHEE
nonHo. OOHAKO OHM BaXHbI A/ MHOTHX COBPEMCH-
HBIX TPaKTHYECKHX MPHJIOXKEHMH MOMIHOIO yIbTpa-
3ByKa, OCOOEHHO [ MEMIMHCKON aKyCTHKH: MHIIEP-
TEpPMHH, aKyCTHYECKOH XMPYpIrud [3, 5], 3KCTpaKop-
MOpaibHOM JATOTPHIICHH [6]. Be3yclnoBHBIN HHTEPEC
TaKXKe TPENCTABIAeT H (PyHIAMEHTANBHBIH ACIEKT
NAaHHOM MpoOJeMbl, OCOOEHHO B CITy4ac HCCICHOBAHNA
CHJIbHO MCKAKCHHBIX HEJTMHEHHBIX BO3MYLICHHM, CO-
Nep:KaluxX KpyThle yJacTKH — yAapHble (PPOHTEL

B panHo# paboTe TEOPETHUCCKH HCCIEXYHOTCH
- 0cOOEHHOCTH HEJJMHEHHOTO pacpoCTPaHEHNs NEPH-
OIMYECKOro M MMITYJILCHOTO BO3MYIICHHH B TAaKHX
cpenax, BIHAHHE MapaMeTpOB CTEIIEHHOrO 3aKOHA
MOTJIOIEHUS Ha 2BOJIOIHIO NPOMHUIs, CTPYKTYPY
yiapHOro (ppoHTa ¥ MOIVIONIEHHE BONHEL. B passu-
TOW MaTEMATUYECKOH MOMJENH YVYMTBIBAKOTCS HEIIH-
Heinble 3¢ exTrl, NOrIOLEHHE H THCHEPCHS CKO-
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pocTH 3ByKa. [ 9iCIeHHBIX pac4eTOB HCIIOIL3YCT-
¢ Mopr(UIAPOBAHHEIN cnexTpaibHbIi MeTox [7, 8],
MMO3BOJIAIOIIHA OIMHUCLIBATE CHJIBHO MCKaXKEHHBIC
BOTHBI C pa3pbIBAMH C MOMOIIBLIO HEDOIBIIOr0 KOJIH-
YyecTBa FapMOHMK. XapaKTepHbIE MApaMETPEI CPEb]
i UCXOOHBIX CHI'HAlOB BbIOpaHbl ONH3KHMH K HC-
NONB3YEMBIM B YIBTPa3ByKoBo# Tepanud. O6cyxpa-
eTCs BOBMOXKHOCTh MMNYJIBCHOM JHATHOCTHKH Mapa-
METPOB YaCTOTHOTO 3aKOHA TIOIJIOMICHHA MOIITHBIMH
OMHOYHBIMH HMIYJIBECAMH C YAAPHBIM (PPOHTOM.

ByJeM OmMChIBAaTh PACHPOCTPAHEHHE AKYCTHYEC-
KOH BOJIHbI KOHEYHO! aMIJIMTYOBLI B CPENEC € MPOM3-
BOJILHBIM 3aKOHOM MOTJIOLIEHHs H TUCNIEPCHH ypaB-
HEeHHeM Tuna broprepca:

dp €

ox Capn

dp _
Pt L(p). (1)

3nech p — aKyCTHYECKOE JIaBIICHHE, X — KOOpAHHATA
pacIpOCTpaHeHHs BOTHBI, T = ¢ — x/cy — BpeMs B Bery-
el cHCTeEME KOOPAUHAT, ¢y — (ha30Basg CKOPOCTH 3BY-
Ka Ha XapaKTEpHOH 9acTOTe ), € — KOIPPHIUHMEHT

aKyCTHIeCKOH HETMHEMHOCTH CPENEI, L(p) — nuHen-
HbIi OllepaTop, OTBEYAOMINH 32 IIOTTIONICHUC U JIHC-
EPCHIO.

Ecnu NpeinoloXATh CTENECHHYIO 3aBHCHMOCTB
K03 puirerHTa NOraoueHus

a(®) = O(®/m,)", (2)

TO ONHO3HAYHBIM O0Opa30M PEKOHCTPYHPOBATH BUI
npaBoit yacte L(p) ypasHerus (1) ¢ coOmoeHNEM

5%
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NPHUHIMNA TPUYMHHOCTH HE yfaaeTcs. ITO 00yCIoB-
JEeHO TeM, YTO 3aBHCHMOCTEL BHIA (2) HE MOXKET BbI-
NOJIHATLCA BO BceM OeCKOHeYHOM [HAINa30HE 4ac-
TOT; B YACTHOCTH, HA BBICOKMX 4acTOTax O(() UMeeT
TeHAEHIHK K HachileHuro [9]. HeogHo3HA4YHOCTH
BeIOOpa onepaTropa L(p), OTBEYAKOMIETO 3aKOHY IIO-
rnomieHus (2) 1 TPHHUKHNY IPUYUHHOCTH, CBA3aHa C
BO3MOXKHOCTBIO PA3IMYHOTO MOJEIHPOBAHHS IIOTIIO-
[IIEHHA HA BBICOKMX uyacTtoTaX. MI3BECTHO HECKOJIBKO
pa3IuyYHbLIX HAaubOoJee YacTO UCIONbL3YIOIHUXCS HHTE-
rpanbHBIX hopMm L(p) [4, 10-13]. Pernenue yKaszaHHbIX
UHTerpo-TH(epeHIHATLHBIX YPABHEHHAHA IS UCCIIE-
TOBaHHS PACIPOCTPAHEHUS! CHJIBHO MCKaXKEHHBIX He-
NTUHEWHBIX BOJH SBISETCS BECbMa CIOXHOU IIPO-
Onemoii. [lake IpH YHCIIEHHOM MOJETHPOBAHUN MH-
TeTpanbHBLIA XapaKTep YpaBHEHHH NPHBOIUT K
HeOOXOMUMOCTH MPOBEAECHUA ONepaluyd CBEpPTKH Ha
KaXKJOM IlIare CXeéMbl, UTO CYLIECTBEHHO 3aTPYAHAET
u 3aMennseT pacdeTsl [14], mprOMIKEeHHBIC aHAIH-
THYECKHE PEellleHHd YIaeTCd NOJIYYHTE THIIL B HEKO-
TOPBIX YaCTHBIX cnyyasx [13].

Bonee 3 eKTHBHLIM AN ONUCAHUSA HETUHEH-
HBIX BOJIH B CpefiaX CO CTEMEHHBIM 3aKOHOM IIOTJIO-
IIIeHHS SBJIETCH CIEKTPalbHbIM MOAX0N, KOTOPBIA U
HCMONB3YeTCa B ganHO# pabore. Ilpu Takom onmuca-
HHH PacCMATpHBAETCs CBs3aHHAsl CHCTEMa YpaBHeE-
HHHA 115 0eCKOHeYHOr0 YMCia FapMOHHK, IS KaX-
OH M3 KOTOPLIX YUUTBLIBAETCS COOTBETCTBYIOIIHE
MOTJIOIIEHNE W THCIIEPCHS. '

Bynem cuuTaTh, YTO B IIMPOKOU IOJIOCE YacTOT
3aKOH NOTJIOIIEHNT ONUChIBAETCA CTENIEHHON PYHK-
nue (2). CornacHo NpUMHUUNY NPHYHHHOCTH, MOXK-
HO BBIMHCATh HHTETPajJbHbIE AUCIEPCHOHHbBIE COOT-
HoueHus Tuna Kpamepca—KpoHnra, CBA3bIBarOIIHeE
3aKOH TOTJIOMIEHHUS W JUCIEPCHIO CKOPOCTH 3BYKa
[9, 15]. B cny4ae nmiiaBHOTO XapakTepa 3aBHCUMOCTH
MOTJIOIIEHHS OT YaCTOThI, HAUTH CBA3L MEXY MOTJIO-
HICHHEM W AUCIEPCHEN MOXKHO TPHOMMKEHHO, HC-
NOJb3yA TaK HA3bIBAEMbIE JIOKAJIBLHBIC MUCIEPCHOH-
Hble cooTHOmIcHud [135]. IlonyuyeHHble 3aBMCHMOCTH
IJIsi CKOPOCTH 3ByKa M 3aJaHHbIN 3aKOH NOTJIOMEHUA
MO3BOJISHOT PACCYMTATE HEIHMHEMHOE PACIpOCTpaHe-
HHE BOJIHBI 0€3 PEKOHCTPYUPOBaHNA 3BOJIFOIHOHHO-
ro ypaBHeHnus tumna (1).

ITepeiineM B ypaBHeHNH (1) K 6e3pa3sMepHEIM Ie-
PEMEHHBIM:

aV A% ,

5 Nvae =L Vo) (3)
rae V = p/p, — akyCcTHYECKOE [laBjieHHe, HOPpMHPO-
BAaHHOE Ha XapaKTEPHOE aMIUIUTYAHOE 3HAUYCHHE Py,
0 = W, T — BpeMs B CONPOBOKAAIOIIEH CHCTEME KOOD-
MUHAT, Z = X/X,,.; — KOODOHUHATA paclHpOCTpaHEHHS
BOJIHBLI, U3MEpAEMas B JIHHAX MOTTOLIEHAA X;or =
= 1/0ty, 0y — KO3(h(PUIHEHT NOTTIONIEHUS HA YacTOTE
0y, Oy — XapaKTepHas 4acTOTa aKyCTHYECKOI'0 CUTHa-

na, AJs UMIYTbCHOTO BO3MYLIEHHSA HMCXOTHOW [JIH-
TEJIbHOCTH 1, 4aCTOTa BLIOHPAETCA PaBHON (g = 1/f,

KAINIEEBA u np.

Xen = Co Po/EPoWy — ATMHA oOpazoBaHus pa3phiBa I
rapMOHHYECKOHU BOJIHBL B OTCYTCTBHH [IOTTIOIIECHHA,
N = XpopalXyeqr — O€3pa3sMEpPHBIH napaMeTp HEJIMHEH-
HOCTH, omnepatop L(V) cooTBeTCTBYET HCXOJHOMY
oneparopy L(p), 3allHCAaHHOMY B HOBbLIX TICPEMECH-
HbIX.

[TpencraBuM pelcHue ypaBHeHus (3) B Buje Dy-
phe-pa3TOKECHAA '

V(z,8) = Co+ Y, C,(z)exp(~in), 4)

H = —D

nzl)

TOrJa MOce MOACTAHOBKH pelleHud (4) B ypaBHe-
HUe (3) MONyYHM CIEAYIOLIYIO CBA3AHHYIO CHCTEMY
OEeCKOHEYHOT0 YHMCIa HEJIMHEWHBIX YPaBHEHHH NS
D ypbe-KOMITIOHEHT:

dC, 5 1n

= N X
dz 2

n—1 e

x| 2CoC, + Y CiCyp+2 Z 10, B oy

k=1

K=n+1l
+iK'(n)C,—-K"(n)C,,.

Bnecy K' mw K" — melicTBUTEIbHAS W MHHMAas 4acTH
Oe3pasmepHOro BoiaHoBOro uMcna K(n) = K' + iK'
OHH ONHUCBIBAIOT COOTBETCTBEHHO pguHcnepcuio (K')
H nornomenne (K'') 3ByKa B B CONMPOBOXIAIOLIEH
BPEMEHHON CHCTEME KOOPRHUHAT O = 0y(f — x/c,) HMe-
OT BUN:

K"(n) = o(nw,)/ o,
K'(n) = nwy(1/(c(noy) - 1/¢5)/ 0.

YacroTHas 3aBHCHMOCTE KOI(P(PUIHEHTA NOTTIOIIE-
HHSA K" Oblna BbiOpaHa B COOTBETCTBHH C 9KCIEPH-
MEHTAIbHBIMH JaHHBLIMH 111 OHOMOTHYECKUX TKaHEH
[3, 16], a pucnepcys CKOpOCTH 3ByKa K' paccYnThbIBa-
nachk ¢ ACMOIB30BAHUEM JIOKANBHBIX TUCTICPCHOHHBIX
COOTHOLIeHH# [15]:

(6)

G nmgdc[m}
i b 263 r o) ,
Ac = c(@)-co = — J(m’f do'. (8)

y

In1s1 3aKOHa MOrJIoHIeHNs (2) paccunTaHHas 110 COOT-
HOIIEHHIO (8) IUCIepCHs CKOPOCTH 3BYKA HMEET BHJ]

Ac c(®)— ¢

Cy Cy
R 9)
_ 20 [((0/ag)" T 1), n#l
M -1 | In(w/®,), n = 1.
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BribepeM napaMeTpbl, 3a0aloilinue 3aKO0H NOrno-
meHus, ONM3KUMHU K [apamMeTpam OMOIOrHIECKUX
cpef MU (paHTOMY duonornyeckoil TkaHu 1.3 Oy-
tagquony [16]. Ha puc. la mpefcTaBicHbl 3aBUCH-
MOCTH K03 HUIHeHTa MOTJIOMEHHS, HOPMUPOBaH-
HOT'O HA €ro 3HaueHHue o, npu 1 MI'1, OoT 4aCcTOTHI.
Kpusble Ha PUCYHKE TMOCTPOEHBl A/l KPOBH M =
=142, 0y = 0.025 cMm}, ¢y = 1570 m/c), medenu (n =
=1.2,05=0.082 cM ™, ¢y = 1600 m/c) [3]; Boasl (M = 2,
o, = 0.0003 em!, ¢ = 1500 m/c) u dyTaHTHONA =1
oy = 0.038 em!, ¢p = 1546 wm/c). PaccunTanHas 1O
STUM JAHHBIM UCTIEPCHsi CKOPOCTH 3ByKa (9) Tpeq-
cTapjcHa Ha puc. 10. V13 pucyHKa BAAHO, 9TO OyTaH-
MOJT SIRNSETCs OJMU3KUM MO CBOMM HHCICPCHOHHLIM
XapakTepyucTHKaM K KpoBu. [IpABCACHHBIC TEOPETH-
yeCKMe KpUBbLIC JAHCIEPCHA XOPOLIO COTNACYrOTCH €
M3BECTHBIMH 3IKCIEPHMEHTANBHBIMU NAHHBIMH [3],
COTTIACHO KOTOPBIM BEIHYHHA UCIIEPCHH CKOPOCTH
3ByKa B OMOJOrMYECKUX TKAHIX HE MPCBbILacT 1% B
nuanaszone 1-10 MI'n.

T115t YACTIEHHOTO MHTErPHPOBAHMS CHCTEMBL YpaB-
HeHHil (5) UCTIONIBE30BalICH MOJICPUIITPOBAHHbBIN CHIEK-
TpaJbHbIN MIOAXOMA, OCHOBAHHBII HA aPHOPHOM 3Ha-
HUH BLICOKOYACTOTHON aCUMNTOTHKY CIIEKTPa YAap-
goli Bonuel. OcHOBHAs HMesd MOAXONA, Pa3BUTOrO B
pabore [7], 3aK0YaeTCA B 3aMCHE TOYHOH CHCTEMBI
6eCKOHEUHOTO YHCIa ypaBHEHHH (3) NpHOINKEHHON
CHCTEMOI 115 AMITTUTY NEPBBIX N, TAPMOHHK:

n—=l

ga v i

dz =—'EHN C[}Cn‘i'ikz_‘lckcn_k'l‘

Nlnux Nmux"” .
LY gel Y GGt (10)
k=n+1 k=N+1

:'r'l:.’l!'l.+n

N
A\ exp(inb;) S ;
+(2E) TR Z p +iK'(n)C,-K"(n)C,.

k= NI1IHJL+ l

B npagoii 9acTy (10) aMnuATy/ibl rapMOHMK € HOME-
pamu 1 > N, anflpOKCAMHPOBAHbI HX aCHMIITOTHHC

CKHMMHU 3HaAYCHHAMH
C, = iA exp(in®,)/2nn, (11)

COOTBETCTBYIOILIUMH CIIEKTPY ni1o000pa3HOoN BOJIHBI
C AMIUTATYIOH A M OJIOKEHUEM pa3phiBa 0,. Takas
JaMeHa [IO3BOJISET BHIYUCIUTE OECKOHEYHBIE CYMMBb
B IIpaBOM YacTH (5) aHAaNUTHYIECKH, a HEeOOXOIHUMBIE

" penMUMHBI A, B O, ONpEeNsAIOTCs U3 3HaYEeHHH T10-

CleHUX JBYX CIEKTpPalbHbIX KOMIIOHCHT CHCTEMBI
Cy _, u Cy BIPEANONOXEHUH, UTO [IPU 1 = N oax

Nmax

AK}{’CTHLIECKHH KYPHAJI Tom 46 N2 2000

CUI{I{} . EEL)
10~

n = 2.00
i 1.42/4 20

1.00

0.25

0.10

| | | I l L)

2 3 4 5 6 7 3 9 10
f. MI'n

~0.05 : :
|

Puc. 1. 3aBUCHMOCTH K03(pHIEHTA IOTTOIIEHHS (a) u
AHACTIEPCHH CKOPOCTH 3BYKA (6) OT 4ACTOTHI JJjisl pasint-
HBIX TOKA3aTelIel CTENECHHA B 3aKOHE NOTTIOMICHUA: T] = 2—
Bona, 1.42 — kpoBs, 1.2 — neyeHs, 1 — ByTaHIHOM.

BHJI CIIEKTPAa YK€ Malo OTIHYaeTCsA OT ero BLICOKO-
qaCTOTHOH acHMIITOTHKH

A.ﬂ' o ZTENmum

Cy |, 8, = arg(Cy, /Cu,, D-(12)

Pa3BUTHIH METOJ TIO3BOJISIET C BLICOKOM TOYHOCTBIO
MOJIEIMpOBaTh PacHpOCTPAaHEHUE BONH C Y3KNMH
yoapHbIMA PPOHTAMH, HCTIONIB3YA HEeOOJBIIOE KOJTH-
4eCTBO TapMOHHUK N, mopsafka 30-50.

Ypasaenusi (10) HHTETPHPOBATIUCH THUCIEHHO Me-
tonoM Pynre—KyrTa ueTBepTOro nopsijika TO4HOCTH
npu N, = 50. [Iyst Kaxaoro nocneayromero miara
cueTa Mo z 3HayeHns A (z) u 0,(z) BoccTaHaBIHBAIMCE
(12) W3 paccIUTAHHBIX HAa NPEABIAYIIEM [Iare 3HAYEe-

auit koapunuentoB Cy . 1 Cy .

BakKHbLIMH XapaKTEpPUCTHKaMHU, OTIPEIC/IATOLI MU
TeIUIOBOE WM KaBUTALMOHHOES BO3NECHCTBUI Ha
TKAHD, SBJISIFOTCS BPEMEHHOH MPOMUIL BOJHEL, MO-
BeeHne HHTEHCUBHOCTH BOJIHLIL B cpeje, CTPYKTypa
i wmpuHa yapHoro ¢pornTa. IIpoduik BOTHLL BOC-
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(6) "
0.8F

0.6F

0.4

Puc. 2. Biuanne HelWHEHHBIX, QUCCHIATHBHBLIX H [HC-
NePCHOHHBIX 3¢ eKTOB Ha 3BONOUHI0 MPOQHIS BOJIHEI
Bcpeaecm = 1. :

a) MUcxonHas BonHa — rapMoHH4eckas (KpuBas [ ); KpHBBIE
2—4 cooTeeTcTRytOT Z = (.3, IIpu pacuere npoduns 2 yuu-
THIBANOCH TONBKO norjomenne (N = 0), 3 — nornolneHAe
n HenuHenHocTs (N = 10), 4 — nornouwesne, HeITHHEH-
HOCTE (N = 10) H gucnepcHs.

0) McxonHas BOIHA — HMITYJILC C yIapPHEIM (DPOHTOM (KpH-
Bas { ); Kpusble 2—4 cooTBeTCTBYIOT Z = (.23: 2 — npodunsb
B JIHHEHHOH cpepe (N = ) npe y4eTe NornoueHHsa 0 JHC-
nepcuy; 3 — npodunb B HelIHHeHHOH cpege (N = 3.3) npn
y4eTe MOrJIOUIEHHA H JUCIEPCHH, 4 — NpogHIb B HEMH-
HelHO# cpefie (N = 3.3) npH y4yeTe JNHIIb NOTJIOIEHHA.

CTAaHABIHUBAJICI KaK CyMMa IIIafKOH ¥ NHI000pa3Hon
COCTaBJIAFOUINX 110 PACCYMTAHHBIM YHCIICHHO aMIIJTH-
Ty[aM nepBbiX N, FapMOHHK:

Nmu
V(6,z) = z (C,(z)exp(—inB)) — (13)
Jrll"ll:rrm:l: . _lnu, OEBEBS
A~ sin(0-0,) A, .
e z + — -
T n 2 6-6
n=l | -, 8.£0<2m.

L

KAI.H,E_EBA H Op.

PaccuuThIBATACH TAKKE CpenHAs HHTCHCHBHOCTE BOJI-

Hb1 I(2) = ﬁlﬁﬁn v (z,0)do = z:’: = C (2)). C yueTom

aCHMIITOTHYECKOTO MOBEEHMA rapMOHHK Ha BLICO-
KHX yacToTrax n > N, (11) oHa 3anuceIBa€TCS B BHIE

KOHEYHOH CYMMBI

A, 2 2_ 5 G
I(z) = Co+ Y | 2|C.(2)] |t (14)

n=1

Haun6onee MHTEpECHBIM C TOYKM 3pEHHA MEIH-
IMHCKUX NPHIOXKEHHUH SBIIIETCS HCCIENOBaHUE pac-
NpOCTpaHEeHHsI HHTCHCHBHOM FAPMOHHYECKOH BOJTHEI
(yIbTpa3sByKOBas Tepamusd), a TaK:Ke MOUIHBLIX OfIH-
HOYHBIX MMILYJILCOB C YAapHBIM (PPOHTOM (3KCTpa-
KOopIopalibHas TuToTpuncusa). [ToaToMy B KauecTBe
MCXOJHOTO aKyCTHYECKOrO CHMrHajlla paccMaTpHBa-
JTMCh FTapMOHHYECKasi BOJTHA

(15)

¢ yactoror 1 MI'n u ammmutyron 0.5-7 MIla, cooT-
BETCTBYIONIEH [ManasoHy [JaBJIICHUH, IPHMEHAIO-
[IUXCS B yJAbTPa3BYKOBOM TepanuH, a TaKxXe yaap-
HBIH MMIYJIBEC ¢ IKCIOHEHUMANbHAIM npoduieM 3a
yHapHBIM (PPOHTOM

-

0, T=<T,

p(T,x = 0) = posin(®,T)

Pltx=0) =4 T 7T, (16)

L

31eck T, — BpeMs MOSABJIECHUSA YIAPHOrO (PpOHTa HM-
myJbca, HavanbHasg aMIUTHTyHa p, = 3 MIla u mum-
TenbHOCTh 1, = 300 HC umnynbca ObLTH BbIOpaHBI

ONMU3KUMH K ITapaMeTpaMy HMIYJILCOB B IUTOTPUIITE-
pax (Ha BbIXOfie (pOKycaTopa, BRajau oT ¢pokyca [17])
I TEHEPHPYEMbIX ONTOAKYCTHYECKHM CIIOCOOOM B
peXuMe IUIOCKON BOJIHEI [18].

Kaxk ObL10 MoKa3aHo BbIMIE, JUCIIEPCHA CKOPOCTH
3ByKa HeBenuka. OMHAKO OHAa OKa3bIBaeT 3aMETHOE
BJIMSHHEC HA HCKaXeHue npodunsg akyCTHUECKOro
Bo3MylieHHA. Ha puc. 2a npeacrasieHbl pe3ynbTa-
Thl YUCIEHHOI'O pacdeTa 3BONIOUHH npocduina V =
= p/py, KCXOTHO TApPMOHUYECKOM BOJIHEI (15) B cpefie ¢
JTHHEHHBIM YaCTOTHBLIM 3aKOHOM noriounienud n = 1,
COOTBETCTBYIOIUMM MO mnapamMeTpaM OyTaHIHOIY
(puc. 1). KpuBasg / — HCXOOHBIN NPO(QHUIEL BOJHEL
Kpueas 2 — npotpuns BoiHeI Ha paccTossHuu z = 0.3
(8 cM) B cniyyae nuHelHoro pacnpocrpadeHus N = 0.
[Tpodunu 3 u 4 paccunuTaHbl HA TOM X PACCTOSHHH
B Clydac HEJIMHEHHOro pacmpocrpadHeHusa N = 10
(pg = 4.5 MIla), cCOOTBETCTBEHHO 0€3 y4eTa H C y4e-
TOM JUCIIEPCHNA CKOPOCTH 3ByKa. BHIHO, 4TO BIHAHHUE
MUCTIEPCHH TTPOSABNAESTCA B HECHMMETPHYHOM HCKaKe-
HUM MPO(UNS BOJHBI: OTPHUATENEHBIM TIONYIIEPHON
CTaHOBHUTCS 0OJie€ OCTPhIM, NONOXKHTENbLHBIN, Ha-
NPOTHB, “‘3aTATMBACTCA , MOJOXEHHE MakKCcHMyMma
BOJIHBI CHJIIBHEE OTCTAET OT (PpoHTA. Takas HecuM-

Iy
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Puc. 3. TTpounn HEXOnHO rapMOHHYECKOMH BOTHEL (IUTPHXOBbIE KPHBLIE) HA Pa3HYHBIX PACCTOSHUSX z = (.13 (a), 0.22 (6),
0.4 (B), 3 (r) B HeHHEHHOI CPefe C PA3THYHBLIME 33KOHAMH nornomenns 1 = 1 1 2 (uuppe! y kpuBbix). HenuHednbii napaMeTp

N=10.

METPHS PO XapaKTEPHa [ Cpell ¢ AMCIEePCH-
¢H, Hal[PUMED, IS CPENbI ¢ penakcanuei [1, 18, 19].
Y @apHbIi (PPOHT B HHUCHIEPTUPYIOLIET Cpele cMela-
CTCA 3a cHeT DoJiee GBICTPOro pacpOCTPAHEHHS BhI-
COKHX 4aCTOT, (POPMHPYIOIIHX Pa3PbIB.

AHAJIOTHYHOE BIUSIHHE OKAa3bIBAIOT 3(h(herThI
HUCOEPCHH Ha HMCKaXeHHe NMpOQHIS YIAPHOLO HUM-
nyneca. Ha puc. 26 npencraBnensl mpoduns #exon-
HOro mmimyJibca (16) (kpuBas /) m npodunn 3Toro
UMITyNIbCa Ha paccTostHum z = 0.23 (6 cM), Ha KOTOpOM
OTYETIHUBO NPOSBIISACTCI BIUSIHHAE KaK HEJIHHEHHbBIX,
TaK M JTUCCUIIATHBHBIX 2(bekToR. B ciayuae nuneii-
HOTO pacnpoCTpaHCHUs (KpHBas 2) yIapHbIH (DPOHT
PacnabIBa€TCs, YTO OOYCIOBASHO NOrTTOMIEHHEM BhI-
COKO41aCTOTHBIX KOMIIOHEHT. B cnyyae HeTHHEHHOrO
pacnpocTpaHeHus (KpuBasi 3) PpPOHT HMIYJIbCA pac-
MPOCTPaHAETCA OBICTPEE M €ro mHpuHa (PpoHTA
MCHBIIC 10 CPABHEHHIO ¢ IHHEHHBIM cliygaeM. Takoe
NPOSIBIICHHE HEJIHHEWHBIX 3(D(PEKTOR XOPOIIO H3Be-
CTHO. YKa3aHHbIE KPHBbIE 2 ¥ 3 PaCCUMTAHBI C yue-
TOM HMCNEPCHH CKOPOCTH 3BYKa. s unmwcTpanun
POJIH TUCNIEPCHM NPUBEACH TaKXKe NMPOodHIb HEelll-
HEHHOrO UMIYJIbCa, PACCYMTAHHBIN IIPH VIETE JIHIIb
mornomeHus (Kpusas 4). I3 cpaBaenns npodune 3
H 4 BANHO, 9TO NpEHEeOPEXEHNE AHUCTIEPCHEl IIPUBO-
AT K HOABJICHUIO NIPOTSKEHHOTO “HpegBecTHHKA”,
pPacnpoCTpaHAIOLIErocs ObICTpee yaapHoro (hpoHTa,
9TO OOYCNOBICHO HECOOMIOACHHEM NPUHLMNA IIPH-
YHHHOCTH. KpoMe Toro, B Moxenu 6es JAHCIIEPCHH He-
CKONBKO 3aBBIMIAETCH MUKOBOE JIABJICHHE CHTHAJA W
YMEHBIIAETCS CKOPOCTD NBMKEHUS YAAPHOro (bpoHTA.

buonoruyeckne TKaHM HUMEIOT 3aBHCHMOCTE KO-
3¢ PunHeHTa TOTIOWEHNS OT YACTOTEI B THANA30HE
OT JIMHEWHOM [I0 IIOYTH KBAaJPATHIHON 3aBHCHMOCTH.

Ne 2 2000

AKYCTHUYECKHWHN XKYPHAJL Tom 46

IIoKa3aTens CTENEeHH B 2TOM 3aKOHE SBIISETCS ofI-
HHM U3 NIapaMEeTPOB, OKa3LIBAIOMINX BIHSHHE HA He-
NTUHEHHYIO SBONIONHMIO MNPOQUIS aKyCTHIECKOIO
CHIHaJIa. 3TO BIHAHHE WITIOCTPHPYET PHC. 3, Ha KO-
TOPOM CPaBHMBAIOTCH MPOMUIN BONHBEI Ha pa3iuy-
HBIX DACCTOSIHUSAX B Cpefie ¢ MMHEHHOM (1) = 1) u KBa-
APaTHYHOH (1] = 2) 3aBHCHMOCTSIMH K03(hhUIIHEHTA
MOTJIOLICHUS OT YacTOThl. MicxoiHas BoHa BrIGUpa-
nack rapMOHUYecKoM. Kak BUIHO, B cpeae ¢ nuHEH-
HBIM 33aKOHOM (T = 1) ymapHslil ¢pouT 06pasyercs
PaHBLIE, HMEET DOJIEE Y3KYIO CTPYKTYPY U COXPaHs-
ETCA TOJIBIIE, YCM B CPEJIE C KBApaTHYHbIM 3aKOHOM
(N =2). IT0 OO BACHACTCSA TEM, YTO B CPETIE C KBajpa-
TUYHBIM 3aKOHOM CHJIBHEE IIOTJIOHIAFOTCS BBICOKO-
4aCTOTHbIE TADMOHHKHU CIIEKTPA.

Ha 6onewmmx paccrosinusx x 2 x,,., (puc. 3r), roe
BOJTHa BHOBb CTAHOBHTCA FraPMOHHYECKOH, aMILTHTY-
Ja MMKOBOT'O NaBJICHHI B cpefe ¢ 1) = | craHOBHTCH
MEHBIIIE, YE€M B cpefie ¢ M = 2. 3TO KaKeTcs Ha nep-
BBIM B3TJIA HEOOBIYHBIM, NOCKOJIBKY BCE BBICIIHE
FapMOHHKH B CPEJie ¢ KBaAPaTHYHLIM 3aKOHOM 1) = 2
HMCIOT OOJBLIHKA KO3th(hHIHEHT NOTNOMICHUS IO
CPaBHEHHMIO CO CNy4aeM JIMHEHHOro 3akoHa N = 1. Ta-
KO€ ABJIEHHEC OOYCIOBJIEHO MEHEEe WHTEHCHBHOI re-
HEpaler BEICOKOYACTOTHRIX KOMIIOHEHT CHIEKTPA B
Oonee mHCCHOATHUBHON Cpene H, COOTBETCTBEHHO,
MEHBIUMM MOTTIOIIEHNEM Ha OOpa3yIoIHXCs yhaap-
HeIX (pponTax. IlopoGHEL 3¢hexT OrpaHHUCHHS
3(p(peKTHBHOCTH MepepacupeleneHns 3HEPIUI BOJI-
HBb! B BHICOKOYACTOTHYIO 00NacTh CIIEKTPA IIPH YCH-
JICHUH MNOTJIOLIEHHS TApMOHUK HCXOJHOIO CHUIHAJIA
MOXeT OBITH MCHONB30BAaH [JIs YIPABICHUS HEIH-
HeHHBIMH BOJIHOBBIMHM B3amMopeicTeusiMu, Haubo-
JIe€ sIPKO OH MNpPOABIAETCA B CPENE C PE30OHAHCHBIM
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Puc. 4. UnnocTpauys BIHAHKUE NOKA3ATENS CTENEHH T) HA
3BOJIIOLHIO BOJHEI B HEMHHEWHOM cpefie. Ha Bxoge 3agaHa
rapMOHHYECKas BoAHa 4yactotel | MIn, o = 0.038 CM_],
HeNMHHeHbIA napaMeTp N = 5.

a) npouakL BONHEI Ha paccTosHuH 2 = (0.5.

0) 3aBuCcHMOCTE 2(pPeKTHEHOrO Koadtdhduuuenra norno-
IEHHS OT PaCCTOSHHA.

MOTJIOUIEHHEM HAa BTOPOH rapMOHHKE, B KOTOPOIi Or-
pPaHMYUBAETCA IEPEXO] SHEPIUH BBEPX MO CNEKTPY U
BOJIHA PaclpOCTpaHsaeTCs NMPAaKTUYEeCKH He MCKaXka-

sick [20].

L1 HCXOMHO rapMOHHYECKON BOMHBLI H3MEHEHHUE
3aKOHa MOTJIONIEHHS OT JHHEHHOTO K KBapaTHIHO-
My IIPUBOJHT K PaCIIMPEHUIO YIapHOro ppoHTa, 4TO
NOKAa3aHO Ha pHc. 4a. 37ieck NPeACTaBNAEHEI NPOdHIN
BOJIHbI, pacCYHTaHHbIC Ha paccTosHuM z = 0.5 npu
N = 15 gus cpeqn ¢ pa3IUYHBIMHA 3HAYEHUSIMH NOKAa3a-
TEJSA CTENCHH 1) (HUpPb]l ¥ KPUBBIX) H COOTBETCTBY-
OLlell JaHHBIM cpefjaM JUucnepcueil CKOPOCTH 3BY-
Ka. BugHO, 94TO yBENHYEHHE CTEICHU 1] NpaKTHYe-
CKH HE M3MEHSCT aMIUIUTYAHbIC 3HAYEHHS BOJIHBI,
OfHAaKO HabmIogaeTca 3aMeTHOE pacIllUpeHHe yaap-
HOro ¢poHTa. Ero 1auTenbHOCTS YBENHYHBACTCA B
HECKOJIBKO pa3 nIpH H3MEHEHNH 3aK0Ha MOTrJIOIeHHs
OT THHEHHOIO JO KBagpaTHYHOTO.

KAHNIEEBA u fp.

[TokasaTens creneHm B 3aKOHE MOTJOLIEHHS CY-
[IECTBEHHO BIMAET TaK:Ke HA MOTIOLEeHHE MOJTHOH
9HEPruM BOJHBI B HETMHEWHOU cpepie. Ha puc. 46 mo-
Ka3aHO M3MEHEHUWe ¢ paccTosHueM 3(heKTHBHOTO
KO3(PUIHECHTA MOTVIOWEHHUS Olyyp,g,, HOPMHUPOBAHHO-
I'0 Ha €ro 3Ha4YE€HHE B Cllydyae JTHHEHHOrO paclpocT-
pPaHEHHWS BOJIHBI U PACCYMTAHHOTO IO WU3MEHEHHIO
HHTEHCHUBHOCTH (14)

dl/dx

Oy = e O (17)
& 20,/

Pasznuunbie KPHBBIC COOTBETCTBYIOT CpcllaM C OIH-

HAKOBBIM 3HAYCHHCM KDEC‘J@JHHHEHTH MOTNOIISHUA

Oy Ha OCHOBHOU 4YacTOTe, HO pa3iMYHbIM [MOKa3aTe-

JIeM CTENeHH B 3aKOHe norjomeHus 1 = 1, 1.5, 2.
BugHO, 4TO Ha HEOONBIINX paccTOAHUAX 3thheKTHR-
HbIi K03thduUHeHT nornowmenus: 6oabIIe AN KBaj-
PaTHYHOTO 3aKOHa H3-3a Ooyee CHIBLHBIX MUCCHIA-
THBHBLIX 3(p(PEeKTOB Ha BBLICOKHUX yacToTax. OfnHako
nocne oOpa3oBaHHus KPYThIX y4acTKOB B mpodune
BOJIHBI KOI(P(PUIMEHT NOrIOIIEHUA Oojablie 4
Cpefkl ¢ NUHEMHBIM 3aKOHOM, KakK clelcTBHE Oonee
3(pPeKTUBHOIO HEJIMHEHHOTO PEKUMA TOTJIOLIEHHS.
Kpugebie npuBeaeHHbIe Ha pHUc. 40, pacCUHTBIBAINCH
¢ yyeTtoM aucnepcud. OmHaKo Te Xe 3aBHCHMOCTH,
pacCydTaHHbie 0e3 yudeTa JUCHEpPCHH, OKa3aluch
NpakTUYECKN HEOTIUYUMBIMU. TakuMm obpa3om, Hé-
CMOTPS Ha TO, YTO AUCIEPCHS MEHSET NNPOMHIL BOJI-
Hbl, OHa HE OKa3bIBacT 3aMETHOrO BIIMAHHS HA TO-
[VIOIIIEHHE €€ 3HEPTHH.

3aKOH TOTTIOUIEHNAA (2) XapaKTepHu3yeTCsl [IBYMS
nmapaMeTpamH, Oy U 1], KOTOpPbhI€ OKa3bIBAKOT pa3nuy-
HOE BJIWSIHAE HA HEJIUHEHHYIO 3BOJIIOLMIO aKYCTHYEC-
KOro curgana. Ha puc. Ja nmokasaHel npouin HM-
nyasca (16) Ha paccrosHuM X = 6 cM 1S cpel C
PA3NWYHBIME TIOKa3aTeNsiIMA CTENEeHH B 3aKOHE TO-
FJIOIIEHHUS NPU (PUKCHUPOBAHHOM MapaMeTpe Oy, CO-
OTBETCTBYIOLIEMY NOMVIOLIEHHIO B OyTaHAHOJE HAa
yactoTe | MI'u. M3 pucyHKa BUIHO, YTO YBETHYEHHE
oKa3aTelns CTeNeHH IPUBOJIUT K 3aMEeTHOMY YILIHpPE-
HUIO yaapHoro hpoHTa, 4To o0BiAcCHSIeTCa OoJiee HH-
TEHCUBHBLIM MOIIOLLEHHEM BbICOKOYACTOTHLIX rap-
MOHHK CIIEKTpa, OfHAaKO HE OKa3bIBA€T CHUJILHOrO
BJIIMSHUS Ha BEJIHYHHY MMUKOBOro naeiaeHus. Hanpo-
TUB, U3MEHEHNE BTOPOro mapaMerpa B 3aKOHE MO-
CNOUIEHUS, O, NPUBOIUT K U3MEHEHUIO aMILTHTYbI
uMnyabca. C yBenu4YeHHEM KOoap(pHMUHEHTA TOrJIO-
ICHHS Oy MUKOBOE TaBJICHHE MajacT, a MHUpHHA |
MOJIOXKEHHE YOApHOTO (PpOHTA MEHSeTCS He3HauH-
TEJbHO (pHc. 40). 3aeck noKazaHbl NPOMUIAH HM-
MyJIbCa Ha TOM XK€ pacCTOAHUHM X = 6 CM B Cpefax C Jin-
HEMHOM 3aBHCHMOCTBIO KO3(D(PHUIMEHTa MOTIOIIe-
HUA OT YacCTOThI, HO Pa3lNU4YHbIMA 3HAYCHUSIMH O

(muchphbl Y KPUBEIX).

TakuMm oOpazoMm, HEIHMHEMHLIE B3aUMOJEUCTBHUS
Kak B MEPUOAMYECKHUX BOJHAX, TAK U B UMIYIbLCHBIX
MOJSIX 3aBUCAT OT NMapaMeTpPOB CTEIEHHOrO 3aKOHA
MOCAOIICHHA, OCOOEHHO INd CHMJIBHO HEJIMHEHHBIX
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HEJIMHEWUHOE UCKAXEHUE U MOTTIOIEHUE

BOMH C paspeiBamu. [laxe HeOonbmIas guCHEpCHs
CKOPDOCTH 3BYKa NPHUBOJMT K 3aMETHLIM HCKAXKEHHAM
MPOMUIA BOTHbI IO CPABHEHUIO CO CIYYAEM KBajipa-
THYHOr'O 3aKOHA MOIIOUIEHUS M OTCYTCTBHS JUCIIE-
cun. Ilpu 3TOM fucnepcus cpefibl IPAKTHYECKH He
BJIMAET HA MUCCHIALIHIO 3HEPrud HEIHHEHHON BOJI-
Hbl. [lapameTpel cTeneHHOro 3aKOHa MOTNOMICHHUS
OKa3pIBAakOT PA3/IM4YHOE BAMSHUE HA XapakTep HcKa-
KEHUS MpOMUIsA pacnpoCTPAHSIONIErocs CHUTHAJA,
0COOEHHO B ClTyYae YJapHOro UMIIYJILCa: IOKA3ATEND
CTCICHU OKaspIBA€T OONbLIEE BIUSHHUE HA TTHPUHY
YRApHOro (ppoHTa UMINYyNibCa, a 3HaYeHue KoIDhu-
HHEHTa TOIVIOUIeHHS HA BEJIHYHHY €ro MNHKOBOI'O
JABJICHUS. JTO TMO3BOJISET TOBOPUTH O MPHHIIUIIH-
aJTbHOM BO3MOXHOCTH IMATHOCTHKH TIAPAMETPOR 110~
TJIOLICHHA CPENBl O BHAY NPOIIEAIIEr0 Yepe3 Hee
YAApPHOBOJTHOBOI'O UMIIYNbCA.

B zaknrouenne obeynum npobnemy o6 yeroiumu-
BOCTH Pa3sphiBHOIO (DPOHTA BOJHBI, PacpoOCTpaHs-
FOLIEUCS B CPEJIE CO CTEMEHHBLIM YaCTOTHBIM 3aKO-
HOM moryomenns o(w) ~ . Kak usBecTHo, ynap-
HbIi (DPOHT BONHBI B Cpele C KBaApPATHIHBLIM
3aKOHOM MOTJIOICHHS 1] = 2 He ABIIeTCA MaTeMaTH-
HECKHM pa3pbIBOM, @ HMEET KOHEYHYIO HIHPHHY, OII-
PEACIAEMYIO BA3KOCTBIO CPENbl H AMIUTHTYIOH BOJI-
Hbl [1]. C npyroii cToponsl, B cpefiax ¢ MOCTOSHHLIM
mornomenreM (N = 0) quccunaTuBHbie 3 MEKTHI He
IpEnsATCTBYIOT CYLIECTBOBAHUIO PAa3PBIBOB B NPOdi-
i€ BONHEI [21]. Pa3peIBbl YCTOMYMBBEI TakXke B pe-
JaKCUpYIOWIHAX cpenax. lakume cpeppl XapakTepusy-
FOTCS MOCTOAHHBIM 3HaYeHHEM Ko3ahdHUIUEHTa HO-
[JIOLIICHUS Ha BBICOKMX dYacToTax [19]. B cayuyae
IPOM3BOJILHOTO CTENEHHOrO 3aKoHa (2) Bompoc 06
YCTOMYHBOCTH Pa3phbiBa, HACKONBKO HAM HM3BECTHO,
HO cux nmop He mccnefoBancs. [Tokaxem, 4To KpuTH-
IE€CKHM sIBJIACTCS MIOKA3aTeNb CTeNeHH 1 = 1, a uMeH-
HO, Pa3pbIB HEYCTOMYHUB NIPU T = 1.

IlycTs Ha BXofe B cpelly 3ajaHa IIOCKasi BOJIHA C
pa3peIBHbIM npodunem. bes orpanngerus o6muoc-
TH B pacCMaTPUBACMBbIX PAaCCYKACHHIX MOXHO CYH-
TaThb €€ IEPHOAUYECKOH. [IlHccunanmst SHEPIUM BOJI-
HbI ONHCHIBAETCSA BhIpaXkKeHHEM

j—i = iz::::nfﬂ,

n=1

(18)

rae I, ~|C,|* 1 o, = 0nw,) ~n" — COOTBETCTBEHHO WMH-
TEHCUBHOCTD U KOI(PDHUUMUEHT IOTJIOLIEHHSA A-i Tap-
MOHHKH. CIIEKTp pa3pbIBHOM BOJIHBLI HAa BHICOKHX Ya-
CTOTax BCErja HMEET acUMNTOTHYeCcKMi Bup (11),
T.¢.|C,| ~n. [loaTOMY yGBIIEL SHEPIHH BOJTHBI C pac-
CTOSHUEM ONPEfeNIAeTCs DANOM, YJIeHbl KOTOPOTO
Ans OONBLINX 1 BenyT ce6s Kak n" =2 Tlpun = 1 psg
(18) siBnsieTcss pacxomsmMcs, T.e. BenmuuHa dl/dx
aBiIsgeTcd OeckoHewyHoH. [Ipennmonoxkue cymecTro-
BaHHE BBICOKOYaCTOTHOM aCHMITOTHKH CIEKTpa
(11) B 1:060M CKONBL YrOZHO MaoM MHTEpPBAJIE pac-
CTOAHMH MOJYYHM OECKOHEYHYIO BEJMYMHY IOTJIO-
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Puc. 5. Bausisie napaMeTpoB 3aK0oHa NOTIOUIEHHS O U

T| Ha HCKaXEHHE YIapHOIO HMITYJbCA, MPOMISNIIEro CIOMH
HCTTMHEHHOH mornowiaromen cpenel. ITapameTpsr uM-
mylbca Ha BXofie py = 30 atwm, fp = 0.3 MKC, paccTosHEE B

cpene x =6 oM.

a) Ipocunn uMnynsca B Cpefax ¢ OfHHAKOBBIM KO3(-
(PHUHEHTOM TIOTIOLIEHHS Oy = o IMTI') = 0.038 eM !
Pa3snHYHBIMHU [TOKa3aTensMu cTenenn n = 1, 1.5, 2.

0) [Ipodhunu uMnynsca B cpeflax ¢ OMHHAKOBBIM NOKA34-
TENEM CTENEHH 1| = |, HO pa3sNIUYHLIMH 3HAYCHUIMH On=

= 0.025, 0.038, 0.05 oM~ L.

LLIEHHOHM 3HEPTHH, YTO HERO3IMOXKHO B CHJIy OTpaHHu-
YEHHOCTH HHTEHCHBHOCTH HCXOOHOM BOJIHBI. TaKuMm
00pa3scM, paspriB B 3TOM CITy4ae SBISETCH HEYCTON-
quBbIM. [Ipu M < 1, HanpoTus, psn (18) cxonurcs u
CYLLIECTBOBAHHE pa3pbiBa BO3MOIKHO.

B kadecTBe MIOCTpanuu Ha pHC. 6 MPHBEICHBI
PacCUYNTAHHBIC YHCIIEHHO 3aBUCHMOCTH HHTEHCHBHO-
CTH HCXOHOTO pa3pbIBHOH BOJIHbI OT PACCTOSHHA Z
(a) ¥ npouIIL BONHEI B 001acTH YAAPHOro nepexopa
B HeJTMHEHHOU cpene (N = 10) npu z = 0.005 ans pas-
JTAYHBIX MOKa3aTeNled CTENEHN 3aKOHA MOJIOHISHHUS
n=0.5,0.9, 1.5, 2. UcxonHas popma BosHEI BBIGpaHa
MHI000Pa3HOH C aMILTUTYNOH paspbiBa A, = 1, uE-
TCHCHBHOCTE HOPDMHPOBAHA HA CBOE HAYAILHOE 3HA-
qenue npu z = 0. Bugno, yro npu 1) < 1 npoussongHas
MHTEHCUBHOCTH dl/dz npu z = 0 KoHe4Ha, a NPOhHIH
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Puc. 6. MnnmrocTpanns yCTORYHBOCTH yaapHoro ()poHTa
HCXOAHO MUNIo0oOpa3Hoi BOJHEI B Cpefax ¢ pasildyHbIMY
MOKAa3aTeNAMH CTENEHH T B 3aK0HE MOTJIOLIEHHS.

a) 3aBHCHMOCTE HOPMHPOBAHHOH HMHTEHCHBHOCTH [ =
= I(z)/I(z = 0) OT paccTOsAHNA Z;

0) IIpocuns BOJHEL B OKPECTHOCTH YIapHOro nepexopa
npu z = 0.003.

BOJIHEI NIPH €€ pPacnpOCTPaHEHUH OCTAETCs pa3phIB-
HeIM. [Ipu 1| > 1 HHTEHCUBHOCTE NpH z = () yObIBaEeT
OecKOHEYHO OBICTPO, a HCXOHBLIM Pa3phbIB CraXKH-
BaeTcsa. DdekT criuakiuBaHus pa3pbiBa YCHINBACT-
Cd IIPH YBEIHUCHHH NOKA3aTelsl CTENECHH T).

PaboTra BBITTIOJTHEHA NMPH YaCTHUYHOW MOIAEpPKKE
c¢boana DARPA, rpanta NIH (DK 43881) u PODPU
(98-02-17318). -
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Nonlinear Distortion and Attenuation of Intense Acoustic Wa#es
in Lossy Media Obeying a Frequency Power Law

S. S. Kashcheeva, O. A. Sapozhnikov, V. A. Khokhlova, M. A. Averkiou, and L. A. Crum

Nonlinear propagation of a periodic wave and a single pulse with a shock front through a lossy medium is stud-
ied theoretically. The medium is characterized by the frequency dependence of the attenuation coefficient obey-
ing a power law and by a corresponding dispersion law. The numerical modeling of the problem is performed
on the basis of the modified spectral approach. It is found that the exponent of the aforementioned power law
essentially affects the efficiency of nonlinear interactions, the distortion of the wave profile, and the absorption
of acoustic energy in the nonlinear mode. The stability of the discontinuous structure of a shock front is inves-
tigated for different power laws close to a linear one. The possibility of a pulsed diagnostics of the parameters
of the frequency power law governing the attenuation in the medium by the shape of a single pulse with a shock
front after its passage through the medium is considered.
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