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AnnoTaiug. B pabore paccMarpuBaeTcst HecTallmoHapHas 3a1a9a I paKIui BOJIH, BO3-
Oy2KIeHHBIX TOYEYHBIM HMCTOYHUKOM, Ha I'paHUIE pasjiesia JIByX aKyCTHIECKUX CPEeJl C
OJIOXKUTEIbHON 9 PEKTUBHON KPUBU3HON. DTO ITAJTOHHAS 3a/1a19a, MOJICIUPYIONast BOJI-
HOBBIE IIPOIECChI, BOSHUKAOIINE BOIN3H JIHA OKeaHa B IIPUOJINZKEHUU MOJIEJIbIO ‘?KHJIKOTO
jnuaa’. Mcnomb3ys TeXHUKY KOMILJIEKCHOTO aHAJIN3a, HAMU IIPEJIOZKEH METOJ1 HaXO0XK ICHU
TOYHOI'O PEIeHns UCCIeIyeMoro Kiacca 3a/1a4. [loctpoeno uHTerpaabHoe 1peicTaBIeHue
TOYHOI'O PEIIeHns IOCTAaBIEHHON! STAJOHHON 3a1aM.

KuroueBbie ciioBa: judpakiius BOJH, TOYEUHBIH MCTOYHHMK, MOJOBHAA BOJIHA WHTEP-
depeHITMOHHOr0 THIIA, BOJHBI MIEIyIeil Tajgepen, acCuMIITOTHIeCKA aHaIn3, TOJTOBHAS
BOJIHA BysibipeBa, akycTuKa OKeaHa.
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1 Bseaenne

Jannas remarnka BocxoauT K paboram 1960-x romos B. C. Bymabipesa u A. 1. Jlanuna
[1, 2, 3], B KOTOPBIX GbLIN IPOBEJIEHBI TEOPETUIECKHUE UCCJIEJIOBAHUS BOJIH, COCPEIOTOYEH-
HBIX BOJIN3U IpAHUIL pasjie/ia pasinaabix cpe/l. Briociencrsun B. C. Bymabipes mosyamia
dOpPMYIIBI, OIUCHIBAIONINE TAK HA3BIBAEMYIO I'OJIOBHYIO BOJIHY UHTEPMEPEHIIMOHHOIO TUIIA,
(MBI Oyziem Ha3bBIBATH ee “6oanoli Byadupesd’). B orimdane 0T KIaccH9eckoii TOJOBHO
BOJIHBI BOJTHA BysiipipeBa 06J1aaer CTpyKTYPHOR yCTORUUBOCTHIO (@HAIMTUIECKOE TTOBE-
JICHUE 9TO BOJIHBI HE M3MEHSIETCsT) 110 OTHOIIEHUIO K CTOJIb YTOHO MAJIBIM JiehOpMAITsM
I'PAHNIBI pas/iesia Cpes.

Wcronb3yst METOIbI aCUMIITOTUYECKOTO aHA/IN3a, ObLIA U3yY€eHbl CBOMCTBA BOJIHBI ByJi-
JIBIPEBA TIPU TTIOMOIIA METO/1a ITOIPAHIYHOTO CJIOf, YeMy MocBsdmieHb paboTel B. M. Babuya
14, 5, 6].

st crarmonapuoro ciydast B. M. Babudem u A. A. MalikoBCKUM ITPOBEJIEHBI UCCITe-
JoBanus Jis arnpobdaruu obmx gopmyn B.C. ByiibipeBa Ha 4acTHOM mpuMepe TOYHO
peraemoii 3azaqu |7, 8|, a Tak:Ke MCCIEJOBAHBI CTPYKTYDA U B3aMMHOE DPACIIOJIOXKEHIEe
BOJTHOBBIX (DPOHTOB BOJIH ImemdyIieii rajepen u BosiHbl Bymasipesa [9]. B pabore [10]
B. M. bBabuuem u A. A. MamkoBCKUM C HCIIOJIb30BaHUEM SHEPIreTHYECKUX COODpayKe-
HUil HailJleHa acCUMITOTUKA BOJIHBI DyJIbIpeBa Jjisd HaJaiolieil BOJIHBI, 3aJJaHHON CBOMM
reOMETPO-ONTHYECKUM Pa3JI0zKEHNEM, a TaKKe JJOKA3aHO OTCYTCTBUE ITPOTUBOPEYUMIT MEK-
Jly TIPUHITAIIOM JIOKAJILHOCTH U (popMmy/iamu, rmogydenabiMu B paborax B. C. Bymasipesa.

B macrosimeit pabore paccmarpuBaercs 3ajada (HeCTAIMOHAPHBIH cirydail) audpak-
U BOJIH, BO30YKJEHHBIX TOYEYHBIM HMCTOYHUKOM, Ha TPAHUIE Pas3fesa JIBYX aKyCTH-
YEeCKUX CPeJl ¢ MOJOXKUTETbHON dddexkTuHoil Kpususnoit (cm. [1, 3|). D10 sranonnas
3a/1ava, MOJIEJIUPYIOIIasi BOJTHOBBIE IIPOIECCHI, BOZHUKAIOIINE BOIM3M JTHA OKeaHa B IIPU-
OJTMKEHUN MOJIEIbIO “yKuJIKOro JiHa’. Vcmosib3ysd TeXHUKY KOMILIEKCHOTO aHAJIM3a, MbI
MIPEJIJIOKUIA METOUKY HAXOXKJIECHUS TOYHOTO PEIIeHUs UCCIelyeMoro Kiracca 3a/1a4. [To-
CTPOEHO MHTErpaIbHOE MIPE/ICTABIEHNE TOYHOIO PEeHNs TIOCTaBIEHHOW 3TaJIOHHO 3a/1a-
Yn.

2 IlocranoBka 3amaum

Pacemorpum iByMepHY0 HECTAIIMOHAPHYIO aKyCTHIecKyto 3a1ady audpakinun (cMm. Puc.
1).

[Tpeamonoxkum, uro €2 u {25 — JiBe NOJIYIIOCKOCTH, 3aIl0JIHEHHBIE aKyCTUYECKOl cpe-
JI0f1, UMeroIeit B 9TUX 00/IacTAX pa3jindHble xapakrepuctuku. B obactu () ckopocThb
pacIpocTpaneHus BOJIH MOCTOsAHHA U paBHa ¢1. B obsactu {2y cKOPOCTh pacipocTpaHeHms
BOJIH MEHsIeTCs ¢ DIyOHHOI 2, T.e. ¢o = ¢(2) u ca(2) = T e 0<ar <1, ap > 0.

Bynewm uccienoBars B obmactsx €21 u {dy COOTBETCTBYIOIINE BOJHOBBIE TOJIST U1 (X, 2, 1)
u us(x, 2, t), yIOBIETBOPSIONIIE BOJTHOBBIM YDABHEHUSIM

1 0%u
Auy — 5 —— = —8(z = 20)0(z — 20) f(), 2 >0, (1)
c; Ot
1 827,L2
a0 F<l, )
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Puc. 1: IlocranoBka 3ama<m.

a TaKKe I'PaHUYHBIM yCJIOBUSAM HEIIPEPBIBHOCTU BOJIHOBOI'O 1OJISI U €r0 HOPMAJIBbHOM 1IPO-
n3BOJIHOM pu 2z = 0:
8u1 8“2

uy(z,0,t) = ug(x,0,1), E(m,o,t) = g(x,o,t), (3)

pu 3ToM 1ipu ¢ < () BOJIHOBOI IIPOIECC OTCYTCTBYET:

ui(z, z,t);<co=0 B Q4 1=1,2.

3 TouHoe pemeHune 3aaa4n

s pemenust nocrasiiennoit 3agaau (1)-(3) Mol mpojesraeM cepuio hbOpMaIbHBIX BBIKJIA-
JIOK, JJOKA3aTeILCTBO IIPABOMEPHOCTH KOTOPBIX MBI OILYCTHM.

[Tpeobpasyem o Oypre 1o nepemenubiM x 1 t cucremy ypasuenuit (1), (2) ((z,t) —
(r,w),  f(t) = flw), wia(x,z,t) = Ua(se, z,w)):

2

N w . N
Uy + (? — )iy = —6(z — 20) f(w), 2z>0, (4)
1
1" CL)Q
’&2 + (?(061 + agz) — %2))112 = 07 2 < 0. (5)

1

Mper ostoxkusu B (4) xg = 0 jgyist onpeeniensoctu. Cucrema rpaHudHbIX yeaoBuii (3) Gyier
UMETh BH/T

Uy (22, 0,w) = Ug(s0,0,w), 1Uy(5¢,0,w) = Uy(3¢,0,w). (6)



“wim

31ech u jrasee mTpux obo3navaet guddepennupoBanue o nepeMennoit z. [lorpedyem
BBINIOJTHEHUST YCJIOBHI U3JIydeHns IpH 2z — £00 B peobpa3oBanuoil 3aade (4)-(6).

B obnactu z > 0 obrree perreHne cCOOTBETCTBYIOINIETO OJIHOPOIHOTO JTuddepeHImaib-
HOT'O YpaBHEHWs] TPUBUAJBHO W UMEET BH/I

S
\
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N
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.
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ahom = ¢y (s, w)e V + (s, w)e VA : (7)

Hecoxkmno nmokazarh, 4To BOJTHOBOE I0JI€, FEHEPUPYEMOE TOUYEHYHBIM UCTOTHUKOM U3JTyve-
HUS, IMeeT BUJ

fline = — e f (). ®)

B urore nmeem
~ ~hom A
Uy = " + Uine- (9)

s permenust auddepenrmaabHoro ypaBHenus (5) B HUXKHEH MOJIYIJIOCKOCTH CJIeJIaeM
JIBE 3aMeHbI TIepEMEHHBIX:

w? , w?
Z=pl p= gz — (0 — —ay),
1 1
2
w
p—aq: q=-p(500)"".
1

B pesysbrare ypasuenue (5) npeobpasyercs B cJeLyomuii By

—qU2 = 07 ?12 = a2(%7 Q7w)' (10)

Ypasuenne (10) nHocur HazBanue ypashenus Jiipu. I[lepexosst 06paTHO K mepeMeHHON z,
noJiydaem obiree perienre B obactu z < (:

Uy = a2, w)wy(T) 4 b(s¢,w)ws(7), (11)
rie
2\ 3 2
2 w 2
rertaz 1= () (Fleren ).

Baech wy u wy — Gyuknuu B onpeenennn B. A. @oka, cum. [11|. Heussectable dbyHKImn
€1, Co, @, b TIEPEMEHHBIX > U W ONPEJIEUM, TOTPEOOBAB BBIMOTHEHUS COOTBETCTBYOIINX
IPAHIYHBIX YCJIOBHIA, & TaKzKe YCJIOBUIl U3y YeHUst IPU | 2| — 00. YCJI0BUe U3JTyYeHusT IPU
2z — 400 gaer ¢ = 0. Ilycrs w — BelecTBeHHA U TOJIOKHUTEIbHA. YCTPEMUM 2 — —O00.
Torya 7 — +00 u, CIeI0BATENIBHO, JJI BBITOJHEHUST YCJIOBUN U3JIyUeHHs [IPU 2 — —00
HEOOXOIMMO, ITOOBI @ = —b, TIOCKOJIBKY TIPU T — +00 U w1 (T), 1 Wa(T) IKCHOHEHIHATBHO
BO3PACTAIOT, & UX JMHeiiHas KoMouHaws wi(7) — we(7) = 2iv(7T) ABIAETCA SKCIOHEHIH-
asibHO yObIBatoel dynkmumei [11].

Pemmenne B obactu 2z < 0 mpejcraBisier coboit obpaTHoe mpeobOpasoBanne Pypbe
0 » W W OT (PYHKIUU Uy, IPUIEM HHTEIPUPOBAHUE IO IMEPEMEHHON W IIPOUCXOIUT II0
Bceil BelecTBeHHOI ocu. Takum obpa3oM, ycjioBue a = b sBJIIeTCsT HEOOXOIMMbBIM, HO He



JIOCTATOYHBIM yCJIOBHEM BBIIIOJTHEHUSI YCIOBUI M3JIydeHNs, TaK KaK obecrednBaeT JIUITb
yObIBaHUE Uy TIPH 2 — —00 B ciydae w > 0. Oyukuus 7(s, 2, ) ABIAAETCS MHOTO3HAY-
HOIl (DYHKIHEH B CHJIy TOTO, 9TO MMeeT TOYKY BeTBJeHUs w = (. s onpesnenrennoctn
Oy/JleM cunMTaTh, 9TO BeTBb (DYHKIUU T(¢, z,+) BbIOpaHa Tak, UTO wi > 0 upu w > 0, a
COOTBETCTBYIOIIHI pa3pe3 — JIyd Ha BelecTBeHHoit ocu (—o00, 0). [Ipeamnonoxum, aro mpu
HHTErPUPOBAHIH 110 W MbI OyJIeM 00XOIuTh paspes cBepxy (B obmactu Imw > 0), Torma
*2/3045/3(#2/3’2" 2

IpH 2 — —00 UMeeM T ~ ¢, argw?? = 2° cuezoBarenbHo, |7 — 0o 1

arg T = %’r 3 acumnrorndeckux cBoiicTB (yHKIMM Difpu ciaeyer, 9ro QyHKIUA wa(7)
9KCIIOHEHIMAILHO yObIBaeT B obgactu < arg7 < m,|T| — 00, a dynkuus w;(7) 9Kc-
MOHEHITAIBLHO BO3pacTaeT B yKaszauuoil obiactu. CiegoBaresbho, mpu ¢ # 0 U TakoM
BBIOOPE BeTBeil 1 06x0/1a 0cOOeHHOCTH w = () TP MHTErPUPOBAHUU YaCTh OOPATHOIO WH-
rerpaja Pypbe 1Mo nepeMeHHoit w B obyractu w < 0 OyJaeT pacTu SKCIOHEHIIHAJIBLHO ITPU
Z — —00, YTO MPOTUBOPEUNT YCIOBHUAM m3jydeHus. [Ipu obxomae paspesa cHusy (B 00-
mactn Imw < 0) argT = —% u |7| — oo npu Rew < 0 m z — —oo. Ho B Takom
cllydae U3 aCUMITOTUYIECKUX CBOHCTB (byHKIWHA Diipu cyemyer, uro dbyHKIMsT w1 (T) IKC-
MOHEHINAJILHO yOBbIBaeT, a wy(7) Bo3pacraeT. B pesysbrare cHOBA yCJIOBUS M3JIyICHUST HE
BBITIOJIHSTOTCA.

s yyioBieTBOpeHus yCJAOBUIM U3JIyUeHUs IIpojiesaeM psiji mpeobpaszosanwmii. [Ipe;-

craBuM yHKIWUO 7 (5, 2, W) B BUJE:

2
2 \? [w? oy
T=— wQ; —Q — i — %ww?’z,

T

T = g1(3t,w) + ga(3¢,w)z.
[Iycts 0 < € < 1. BmecTo permenns

Uy = awy(T) — awq(T)

paccMoTpuM (DYHKITUIO

iy = awy(77) — awy (1), (12)

re
75 = g1(3e,w £ ie) + go3e, w £ ig) 2.

IIpeobpazosanne Pypbe oT pyHKIMI U5 IO IIEPEMEHHO W aBTOMAaTUIECKHU YI0BJIECTBOPAET
yeoBuaM uzsydenus. JlefcTBUTebHO, IPH 2 — —00 UMeeM T— ~ go(s,w & i€)z u B
cuny € > 0 ocoberHoctb w = 0 dyukIwu 71 obxomures ceepxy (B obimactu Imw > 0), a
byukmm 77 — cansy (8 o6mactu Imw < 0). Torma arg 7™ ~ 2 arg7™ ~ =2 |75 — o0
pu z — —00, 03ToMy w1 (7~ ) U we(7T) IKCIOHEHIMAIBLHO YOBIBAIOT TIPH 2 — —00.

B nasnbreiinem ujest COCTOUT B TOM, 4TOOBI “ciuTh’ (popMasbHOE pelieHue U5 B 00-
gactu z < 0 ¢ pemienueM ; (T.e. HaJO Y/JIOBJIETBOPUTH I'DAHUYIHBIM ycJaoBuAM (6) mpu

z = 0), a 3aTem pemnierne ucxoaHol 3ama4qu (1)-(3) mpeacraButs B Brje: B obmactu z < 0
3 3
Uy = limu
e—0 >

B obJiactu z > 0
uy; = limuj.
e—0



Haiinem nemssecribie hyHKIun ¢ (s, w) un a(s,w). VI3 ycroBuii HEIPEPBIBHOCTH BOJIHO-
BOT'O TIOJIsl U er0 HOPMaJIbHO# ipon3BoiHoi (6) ciesyer

)
AR
|
~~»

(w) = afwi(g1(>5,w —ig)) — wa(gi (5, w + i) }, (13)

) w2 1 zzo /——/12
Cliq | — — 22+

a{gs(se,w — ie)wi(g1(3¢,w — i€)) — ga (3¢, w + i€)wh (g1 (3¢, w + 1)) }. (14)

Nmeem

a(s,w,e) =

Jw)e 2‘ R
92 wi(gr) — g3 wi(gy) + iy /4 — s (wigr) — wa(g)))

31ech gf = gj(s,w=Eic), j=12.
B pesysbrare mosoxunm

A (0, 2)
— 122x—1wt 1
Uy = llm//d%dwe PR (16)

rjie

. - Jw? _
De(76,w) = gy wi(9r) = g3 wn(9l) +iy [ — = 5 (wilgr) — walgr)).
1
[To nocrpoennto bynximun wi(g; ), we(gy) SKCHOHEHIUATLHO PAaCTyT P w — +00, a
w1 (77), we(77) IKCHOHEHIMATIBHO YOBIBAIOT IPU W — 00, ecn 2 < —ot Ilpn —£1 <
z < 0 dyskuun wy(77) 1 we(7h) UMEOT MOPSI0K

|W‘2/3 aytagz
(age)?/?

Torja Kak wi(g; ) u we(gy") — mopsox

2/3__
elw‘ (ager)?/3

Takum obpa3zom, OTHOIIEHUE

A il aledys

D,
SKCIOHEHIMATLHO yObIBaeT npu w — +00 u —ot < 2 < 0. Hosyuaem, 9ro npu w — 400
HOJIBIHTErpaJIbHOE BhIpazkeHue B (16) sKcroHeHnna bHO yObIBaeT mpu JoboM z < 0 u

nnrerpas B (16) cxomures abCOTIOTHO.



g nokaszaTenbeTBa CXOMUMOCTH mpefena 1pu € — 0 B (16) K permenuro 3ajadm
(1)-(3) pacemorpum HeBsA3KYy A:

A:<8_2+5’_2_w82)

52 T 552 2 Pyl lim us5. (17)

B cuty abcoJrtoTHO# CXOMMOCTH MHTerpaJia, MPeICTaBISIONEro (YHKINIO Us, NMeeM

2 2 2
— hm//d%dw (8_ + 8_ _ M 62) Aa ez%a: zwt‘ (18)

e-0 0z i ot

[Togpriarerpanbhoe Boipakenue B (18) obosnaunm A(e).

Mmeem ) 2\ A
1T —1W w
Ale)=e ! (c_%(al + ap2) — 2%+ @) D. (19)
nJjim N
A(g) _ féw) ezzo /g—% —H%x—zwtx
w2 _
(01t ) = 2) (wi(r) = walr ) + (a5 V() = (o Pt (20)
1
Ucnonbsyst hopmyiry
+ig)?
(g5)*m* = —%(al + apz) + 5,

1

IIOJIy49uM IIpE/ICTaBJICHUE

Ale) = —%(’:)e"“’v %}’2“’{“"“(% (77) = wa(7)) (%(al +agz)e + 0(5)) (1)

Takwmm 06pa30M, BBy PACCMOTPEHHBIX paHee aCHMITOTHYICCKIX CBONCTB (byHKIHMiT Ditpn
wy(77), wo(7T) u dyurmu D, (5, w) nuarerpas B onpe/enennn uesssku A (18) cxonnres
abCOJTIOTHO ¥ PABHOMEDHO 110 € U

—hm//d%de

Oynkius D, = D, (5, w, €) npejcrapisier coboii GYHKIMIO KOMIIJIEKCHBIX [IEPEMEHHBIX
w U >, MepoMopdHyIo 10 tepeMenHoit w B obactu C/{w = 0, w = £¢; }, nmerontyio tpu
ToYKN BeTBIeHNs w = 0, w = tsecy. VceneoBanne aHATIMTHYIECKUX CBOMCTB 22 (w) — ce-
MeiicTBa pertennit ypasaenns D, (»(w),w, ) = 0 — mpeacTrapisgeT 3HAYNTEIBHBI HHTEPEC
(em. [12]) mis m3ydeHus: aCUMIITOTHYECKOTO MOBEJIEHUs BOJTHOBOIO IOJIsSA, MOPOZKJIEHHO-
0 TOYEYHBIM HCTOYHUKOM B paccMarpuBaeMoil 3a1ade. COOTBETCTBYIOIIEE UCCIICIOBAHNE
SIBJISIETCS JIAIbHEHIIEN [eIbi0 aBTOPOB HACTOSIIIEH Ty OInKaIuH.

Baaromapaoctu. Mbr Becbma npusnatenbibl B. M. Babuuy 3a nocrosgnHoe BHUMaHIE K
naeit padore. lccnenosanue Boinosineno npu ¢gpunancosoit nojepxkke PODU B pamkax
nay4dnoro npoekta N¢ 18-31-00481 moJr-a.
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