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K BLIMHCJIEHHIO 3BYROBBIX HOHEH B OKEAHE METOIOM
HAPABOJINYECKOTO YPABHEHUA

Asuaoe E.B., Maavues H.F.

Toxasano, 910 MeTol HapalOANTecKOro YPaBHEHUA SBIAETCA OLHEPATOP-
HEIM aHasgoroM merofa BHE (Bemtmena — Hpamepca — Bpuamioona); ofocHo-
BaHO eTo IpHMeHeHHEe K pPEMeHAK NEANHIPAYCCKE-CHMMOTPHIHRIX sagad
I TpexMepHero ypasHenma DexbMroxbma, IIpEBefed IpAMep YHCHEHHOTO
pacuera.

Hmea B pugy mpumeHeHHe »¢PeKTHBHEIX YHCISHEHEX MerodoB [1], M
BHIOPAIH AKYCTHYECKYI0 MOZENb OKEAHA B BHMAE MRUIKOTO CIOH, OrPAHHIEHIOrO
ABYMA ILIOCROMNAPAMIedbHEIMU CBOOONHNME Tpanmiamu, Jlaa ocnalaeEnsa o1-
PaKeHUH 0T HW:KHell TPAHHOE! Mb paclouaaraeM BOLHSE Hee CHIIBHO IOLTO-
Iafomui coroif, Jlua Takod MOEEXH II0de 3BYKOBOTO IARIEHHWA p TOYEIHOIO
TAPMOHHYECKOr0 HCTOYHUKA 00'BEMHON CRODOCTH eCTh pPeIleHWe CJemyrimrei
KpaeBoH 2aJaun 1jia ypasHends Dexpmronbma [2]:

Aut+EK?(z, ¥y, z)u=4nd(z, y, 23,
ulx, y,+0y=0, ufx,y, H—0)=0,

(1) ImK*>0= lim =0, p=uVp,
ey zior o
rue p—p(z, ¥, 2) — KOMIHEKCHAA UIOTHOCIS CPEJIBL,
., o’ 1 371 :
K—:—_+_Ap—~(— Vp) ,
c(z,y,z)  2p 4\ p

c=c{x, ¥, 2} — KOMILIeKCHAH CKOPOCTH 3BYKA B cpeje, » — KPyrOBasg dYaCTOTA,
il — roamuAa caoA, RA¥ATO EKAPTORKIX KOOPAWHAT (Z,¥,Z) PaCHONOMKeHO Ha
BepXHeil Ipagniie, och ray0oun Oz HampaBieHa K HIMKHeH rpaEHIe W TepIeH-
OUKYIAPHA K Heil, 2, — rIy6HHA MCTOTHUKA.

Merop mapatoauueckoro ypapHenud, npeiuokeHnnit sueperie M. A, Jleon-
toprueMm 1 B, A. @onom [3], mMb1 pasbepeM BHATANEe HA IIPAMEpPE RKPaeBoil
2ATATN I Gofee MPOCTOr0 MBYMOPHOTO YPaBHeHNA 1elbMIoabIA

62 3 2
(2) 800 L k)u=0

—
ax® dz
B momoce O<<z<_H co esoBopmeiMn rpamumamu. [na ypasmeEma (2) momxog
Jleourornua n (Doka 3araoYaeTcs B BHIENCHUN B pPelIeHNH OBICTPO MeHALO-
meroca MEoxuTens exp(iK,x),T. e. samene wexomoin GyErmuE u=exp(iK.x)v
H IpeBedpeMeHHUN 3aTeM B moaydanmemca AR(QepeHNEAIBEOM yDPaBHEHI
ST v CPRBAMTENBHO MaJBIM IIPU YIAYHOM BHIGODe cpegHero BONHOBOTO THETA
K, uaenom #*v/8z%, 910 UPHBOAUT K CACAYIOIMEMY IPUONMKReEHOMY YDABHE-
NHEK IJTH 1D
3) v Koo+ i (620
—=iKwp+
dx 2K, \ 3z*
B pa6orax {4, 5] ana meisonma ypasmenusa (3) mpuMensadca cmocol arTo-
puzanumn. Mz n3aaraem nuske yToUHEHDBH BAPHAHT 3TOTO cnocoda.

+ (K (2) —K.2) v) .
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Onpenennm, caepys [5], momepeumwiit amddepermmansasit oueparop T
coorromenueM I'=d%dz*+K*(z). O6xacts onpegenesusa D(T) omeparopa T —
JAocraTo9Ho raagxme GyERDME v(Z)}, YOOBIETEOPAIOIIME KpPAeBHM YCIOBEAM
v(+0)=0, v(H—0)=0. Hcuonsaya omepatop I, mepemmmem 3anaay (2)
B BEJI¢

&*u

(4) dx*

Teneps u —onemert D(T). Ecnn paccmarprsars I' Kak KBajipaT 0mepaToOPHOTO
BONHOBOTO THCIa, TO ypaBHeHHe (4) cOBHAjaeT IO 3aNACH ¢ OHOMEPHEIM
ypasHenueM Teabmroapma. IIpm sroM mMesT MecTO 3aMevaTeabHO® OOCTOS-
TeldbeTBO: M0Goe pelneHWe ypasHeEds (4) Moer GHTH 3ammcaHO B BHNE, TaK-
JKe COBIANAOMeM M0 HAIECAHWIO ¢ OOINEM pelleHUeM OJHOMEPHOTO YDaBHeHMUA
Tenburomsna [6], a UMeHHO B BHAE CYMMEl ABYX ONEDATODHBIX IIOCKHX BOJH,
ferymux BOPABO M BIEBO

(5) u(x)=exp (ixyT)v,+exp (—iz}T)v-..
3nech v, B v_ — meroropue sneMenTtnl D (7). Omepatopuas mmockasa BoaIHA

€CTh COBOKYIMOCTh HOPMANBLHHEIX BOIH, Oerymimx B OJEY CTOpPOHY, HaIpPEMeEp,
COTJIaCHO ONpEefeNeRH0 (PYHKIUN 0T OHepaTopa:

+ Tu=0.

eV

.. EY

eV Ty, — (P (2), - s i (2), - ) - I

s E aitlJi (Z) BixVAi.
i

3neck A 1 }:(z) — colcTBeHEble 3HAYeHAA M ¢OGCTBEHHME (YHKIHUH omepa-
topa I, a;— Roo(urments pasnoxenus QyEKmEm v, mo Gasmey Vi (z). Ome-

paTopHaA IJIOCKAA BOAHA Y0BIeTBOPAeT o0000meHHOMY mapaGoaHTICCKOMY
YPaBHEHHIO

(6)

du —
= = +i¥T u,,

X

rhe Mbl 0603EaTMIN B, =exp (xizV T)v=.

Ypasnenue mepsoro mopsfgxa {6) TOYHO OmUCHIBaeT pACHPOCTPAHEHHE
BONH, Gerymux B OJHY CTOPOHY, KaK ¥ aHANOTAINOe OJHOMEDHOE YDABHEHHE.
IlapaGommaeckoe ypapsesme Jleomropmua — @oxa (3) moayzaerca uz (6)

nyreM pasnosxenns VI B pax Teilmopa no unenos mepsoro mopsgka [5)

P K:(z)—K?: 1 &%
—+ K*(z)=K V + =
V PEREC Al A K TR

K (z)—K}? + 1 9

2K, 2K, az° "’
JTa BOOPOKCUMALHA YNOBAETBOPUTENBHA TONLKO B JOCTATOMHO MAJOM HHTED-
BaJIe YTIOB CKONbHERUs u upu caabo mepemenrom K*(z).

IIpepcrannenve o6 omubKe, BOZHAKAOMEHR IPU TAKOM DA3NOKEHNM, MOKHQ

HONYYUTh, ONEHAB PA3HOCTL Pe3YABTATOR NEHCTBUA TOUHOrO M NPHGIHKeHHOrO
ONepATOPOR Ha cOOCTReHEYKW (hyHRIUIO oneparopa T

~ K, +

- Ku 1 — Ku Ai
= (V-2 ——=T =| Va— =2 Iy
18] I(V 2 2K, )‘p‘l I Vhe 2 2K, .l
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Ecau Ky=YA;, To, Kak ¥ ciaegoBaio omgarh ua (6), 8=0. B nporasrom
caydae, nonomes VA=K, cos & MB nmoazydaem mpz Mauex %

K
Iﬁi]“i—ﬁo'ﬁf

H, HanpuMep, omudoIEmi Baber (pass Ha U HO CPABHEHHI) ¢ TOYELHIM peme-
HHeyM cayudrch Ha gactore 50 I'm u yraax O~1(' ma paccrosmmax mopAgka
360 kM. Ormerum eme gopMyIy pua moad TouedsEoro mcTodmmKa O(x, y) [6]

M) w(z)= SXRE=T) o o,
Vr

PacemoTpuyM Temepb IBYMePHO® ypaBHeHE® I'eJbMrojbla ¢ BOXHOBBIM SHC-
noM, sapECAmMEM 00 ofemx wKoopgumar, K=K (z,z), ¢ UpemHEME KpaeBRMU
yeropuamu. Oneparop T sasucut Teneps or r: I (x)=0*/0z"+K*(z,2) m coor-
BercTBylOIee onepa'mpﬂoe ypasHeHue npuobperaer BUf
(8) —6—2-+ T (z)u=0

Eecau mepeMensasie B (8) pasgenfioTesd, TO €r¢ DelleHHE MO/KHO 3AIHCATH.

B BHOJIE
u(z)=R(T,zyv,.,+L(T,x)v,

roe B v L — pyurnmd, ofpasywmue (yHIaMOHTANBEYH) CHCTEMY peHIeBEi
npoponbacre ARfdepeATHaNLHOr0 ypaBEEHHA. EciIH IepeMeHHHIE HE pa3je-
JAAWTCA, TO, KAR U B OJHOMEPHOM CIydae, OpAXoAUTCA OpuGerayTs K upmbad-
stepHey mMeToflaM. Ecay 7 miIaBHEO 3aBHCHT OT &, TO MOJKHO HCKATH peIIeHMe
B BHUJI¢ ABYX OpHOAMIKEHHO IUIOCKUX BOJH, T.e. OCTYOATE KAK B OJHOMEDHOM
meroae BHEE ([7]. IlpepcTaBaende pemmesud B BARe ABYX UPUGNMKeRHQ IUIO-
CKEX BOJH OCYINECTBISET 3aMeHa HCKOMOA QyHKIUE

)= ) () rmerat

Ilepexoms B ypasHeHHM (8) X HOBHIM HCKOMEIM (PYHKIMAM, MBI HORYTAEM
9 fu, P 0 1 4 P~ 8P \ (10
i +— (P .+P-‘-——-)( )
Gx(v..) [(0 HPZ) ( dx oz 01 .+
-1
(P (0] (2)
9 iz oz \1 0/ 1\ v

Tipenebperasa paaEMofeificTBHeM BOXH, HeTryuUX BIpPaBO H BIEBO, T.O. He-
OHATOHAJBERIME WICHAMH B (9) WOMYIHM YDABHEHAA OTHONLHO NS U, B U~

9

8U+ _ [ e - af;"—-f- +_i2T " T ]v+
xZ
(10) .
dv- _ﬂ_[ P - 1_ s 6T .|_"'L_T—'.'.3TJr ]U_,
dx 2 dxz

T =T{z)
Ofobmennre mapabommueckue ypaeHendsa (10) wpnbrmxesmo onucwBanT
paclpocTpaHeHre BONE, GeryIaxX BNpAaBO NIH BACBO, YIATEBAA BIamMOfeict-
BHE MeHY BONHAME, GerymuMu B 0fEY CTOPOHY.
Ecum Tosednoil MCTOYNAK He HAXONHUTCH BOIHSH TOYKH HOBOPOTA, T.€. B Ta-
KOM MecTe, TJé OTHOCHTeNbHas omubka orGpomensrix B (9) wiemos mexmxa,
TO MOKeT OHTH oaydeRa dopmyna, anaxoraymas (7).
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c, MG B, db/km  p,2/cm?

1528 1560 & 7 Z

| I H i

a & I
ZF 2F Zr
g 1 40
i gy fr
s+ aK 8
i - 0

@ur. 1. [Ipoheau cxopocTH 3BYKa (a), KAMOMETpPH-
YGCKOr0 HOTAOMeHWA (6) B ILIOTHOCTH cpejsl (g}

IlepeiipeM K paccMOTPeNNId NHIMHAPHYECKH-CHMMETDHYHHX 3afad sl
TpexmepHOTO ypapHeEua [eapmroasna. Ypasmemme I'enbmroasma (1) mpmoG-
peraet B MUIUMHAPHYLCKHX KOOPEUHATAX BUJ

’u 1 du d%n 6(r)

SR *(r, 2) ==l (z—
(11) el §r+ e + K (r, z) u=4nd(z—z,)

B crmoncToit cpeme pemenne sagaun (1) Moxer GEITE 3aDMcaHO B BHIE
(12) u(r) =il (7VT)6 (z—2,),

rae T=8%/dz*+K*(z), W dyuruna Xagrenda. Pemmeaune (12) mMeer acmain-
TOTEKY mo Kr: :

(13) u(ry=niexp (irVYI)V2/inrVT8(z—z,).

B nBymepHo-HEOIHODOAHON cpelle myTEeM saMeHH IepeMeHHOM r=exp ()
ME NepeBouM ypasHeEue (11) B ypasmemme (8) W, TpEMeRAA acHMITOTHYE-
ckylo darropusanun (9), (10), moayuaeM mocle BOABpAIlEHMS K CTADBIM
OepeMeHHEIM YPARHEHU, ACHMITOTHYSCKH OMMCHBAKMUeE [MOIe pacXoldameiics
OT MCTOYHUKA BOJNHBI

g (ry=r—"T~"p.(r), T=T(r)

—a s

Wr _[ipngp Ly 8T 3 7 9T ]v+

ar 2 ar 2

rae T(ry=8*/0z>+K*(r,z). Vc10ouEnNR, 0fHAKO, HAXOMATCA B TOYKE IIOBOPOTA
ypasserusa (11). Wrobwr malitTn maganmpabie yemorua A (14), mMm mpeamomo-
RHEM, 9T0 cpefa BOJIH3HM MCTOWHEOEA CJIOHCTAA BILIOTH M0 PACCTOAHMIE, Ha KO-
TOPHIX NprMeREnMa acaMmoroTnra (13), m, mpemeGperas cXogameiica BOMHOI,
Tan kak K*(r, 2) 8aBHCHT 0T 7 [LTARHO, MOAYIAM

(15) vy (0)={(2ni) *8(z-2,)
Tak Kak acuMuroTiuKa (13) ynosmersopser ypanmemmam (14).

" .

(14)
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dyur. 2. Paspes METEECHBHOCTA TOAA TOYETHOr0 ACTOTHHRA, PACCUATANHEI CONACHO (16}
¢ TpEMCHeHHeM umciemHofi cXemsl [1] (emmommas kpueasg) m MeTOAOM CYMMEDPOBAHNH
BOPMANLHEIX BoXHE [8] (Tounm)

IpocTefimme Telin0pPOBCKAE ANTPOKCAMALHE 0IePATOPOB, BXONAMEX B (14),
{15), mpuBoaAT K yPaBHCHHAM:

1 K*(r,z)—K} 1 8
e (r,2) = —== (1~ - )orr.2)
VR 4K, 4K 07
v, K*(r z)—K} 1 8
—i(K,+ + )
(16) ar Z( 2K, 3K, 8221 7

v.lk (0, z) =V2nib (z—z,).

Uyenennsle pacuerhl cormacuo (16) comepimar omruGKH veTHIPeX THIIOB:
OITHOKN acHMHTOTHEECKOM (PAaRTOPM3aTEY, OMUOKA ANIPOKCHMATNM OLePATo-
poB, ommbKE amTpoRcHManyy ofobmennoi GyERIUN 6(z—z) u ommbru ume-
JTeHHOl cxempl pemrenus ypasHenuii (16). Ilpexcrapmenne o BeJANINHe Pe3y.Ib-
THpylomel omMOKE MOMeT Aarh CAENYIOINUN IpPUMep paciera. Ha dur. 1
ToKasaEsl TPo@UIL CKOPOCTH 3BYKA, MPOPHIL KHIOMETPHIECKOr0 MOTIOME-
HEA B n npodmib MNOTHOCTE Cpefibi B CIOHCTOM BOJHOBOZe TOJIMIHOMN
H=10,24 M. B oxpectmocTH rayGHESE 5,2 KM PacloNokeH IIABHHN mepexof-
HEH caoli maoTEOcTH Tommagedt 0,1 kM, Ha dur. 2 emmommofl nuHeel mokasan
pa3pes BETEHCHBEOCTH 3BYKOBOTO IOJIA TOTETHOT0 HCTOYHHUKA, PACIOTOHEHHOTO
wa rayouee 0,15 kM » mmeomero acrory 50 I'n, pacciATaHHLIN COTIACHO (16)
¢ uUpHMEAeHHWeM WHCTeHHOH CXeMH <«ApOOHHX INaroB ¢ HpeobpasoBauueM
Oyprer [1]. TouraMs moKaszaEa EHTeHCHBHOCTb IOJIA TOTO e MCTOTHHKA,
paccunTaHEAA METO/IOM CYMMHDOBAHUA HODMATBHBIX BOMH ¢ IIOMOINBKY AJro-
purMa [8], WIS Mojueny okeama, y KOTOpO# HEKe FayOHEE 5,2 KM PaCHONOKeH
He cioif, a OJHOPOAHOE® IONYIPOCTPAHECTBO W ILIOTHOCTH HA DTOH rayluHe us-
MeHneTca cKaakoM. OBa paspesa cAeMaHsl 110 TOPEBORTY HerovHUKa. CoBmaje-
HHe PesyXbTaTOB MOMHO CUNTATL YAOBAETEODHTENIBLHEIM.

Wrak, sBeeHHe OIePATOPEOH (POPMEI 3amuCH TO3BOIMIC DPOACHUTH (HIH-
YecKWit CMEICT MeToja Tapafommueckoro ypaBHeHHA ®  cGopMyIHpoRaTh
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ypaererns (10) m (16), comepmxamue OTOTAUTENBHLIE X0 CPaBHEHHK) C YpaB-
mneueM Jleomropmua — @oxa wien, ONUCHIBAIOINAHE M3MeHEHHE AMIUIATYIEL
OpEOIHAKEeRHO IWIOCKOH BOXHEL. ARAIOTHS ¢ onEoMepEEIM MetogoM BHB moapo-
THiA BHBECTH HavYambHble yemoBua (15) mum momxs pacxopsmeiics BoFHEL

ABTopEl  Gmaromapmamr JI, M. Bpexopckmx 3a mocramoBKy sanaum m
B. W. Teastraty sa MHOrouMcnenmse n II0AOTBOPHBIE KOBCYJABTAINH.
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