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BEKTOPbI, XapaKTepusyrlLlmne HarnpaBeHUsA pacnpo-
CTPaHeHNA nafarLlen n pacCeaHHOM BOJIH.

Mpn aHanuise KoappuumeHTa paccesHUS OCHOB-
Had npobnema 3aknt4vaetca B JM3nNUecKM 060CHO-
BaHHOM Bblbope pyHKUUK Koppenayun B(p). Mbl 6y-
nem paccmaTpuBaTb PYHKLUWW KOppenayunun, KOTopbIM
COOTBETCTBYIOT (PpaKTa/ibHble 3HepreTu4vecKue cne-
KTpbl. CorsiacHo akcnepumMmeHTaNbHbIM AaHHbIM [8,9],
PNYKTyauum nokasaTesia npesioM/eHUS B OKeaHe U
aTMmocjepe pe3Ko aHU30TPONMHbI: MenKoMacwTabHbl
no rnybuHe n KpynHomMmacluTabHbl B TOPU30OHTa/IbHOM
N/1I0CKOCTU. B oKeaHe OTHOLWIEHWE FTOPU30OHTA/IbHOTO
mMaclwTaba K BepTuKanbHOMY nopaaka 102103,

Cnepy4a [10], npeacTaBuM PYHKLWIO KOppenauum
QNyKTyaumnm nokasaTesnisd NpPesioMmyeHna B OKeaHe B
BUe:

B(p) = ("INI("M)NAT]), p = (5)

roe (U2 - cpegHunin kBagpat nyktyauuun, Nj(E) w
N2(t|]) - KoappuuUuMeHTbl KOPPenaunm B ropnsoHTanb-
HOW MJIOCKOCTW W Mo rnybuHe. lNMpeacrtaBneHne Kop-
PENALUNOHHON PYHKLUNN B BNE NPON3BEIEHNA He NPO-
TUBOPEYNT KoHUuenuunm gpaktanos. CornacHo [1],
ppaKTasibHOe MHOXeCTBO (P MOXeT b6bITb Npou3Be-
NeHUEM ABYX He3aBUCUMbIX (paKTalbHbIX MHO-
XecTB ¢! 1 (P2, U ppaKTanbHad pasMepHOCTb (P B
3TOM C/ly4ae paBHa CymMe hpaKTa/ibHbIX pasmMepHO-
cten (Hwu g2

PewawLwmm warom B NOCTPOEHUN MOLeNnwn cny-
YalHbIX HEOAHOPOAHOCTEN SABMSAETCHA BbIOOP KO3(h-
PuumeHTa Koppenaumm KpynHomacwTabHbIX PyK-
Tyauuii. BosbMmeMm ero B Bufe:

= [2\-T -"(M0) X Ne )~ g
[ (v)I-"(~0) ) (5)
~Ne 0)\

roe Kv(x) - oyHKuna MakgoHanbaa nopsaaka 'V, I(y) -
raMmma-yHKuUunsa, N - ropm3oHTasIbHbIN pagnyc Kop-
penauun. yHKUMA Takoro Tmna oblina npeanoXxxeHa
KapmaHoM Agnd annpokcumMmaumm KoppenAaumoHHbIX
PYHKUNW, BOZHUKAKUWUX B TeEOPUKN TYpOYNeHTHOC-
™" [11]. M0OXHO 3aMeTUTb, YTO TaKoe npeacTaB/ie-
HNe KOpPpPenaunoHHoOW yHKUNKN KaK O6bl NpeaBOCXW-
TUNO0 COBPEMEHHOE MnpeacTaBeHNe 0 pakKTasibHOM
(MynbTuUgpaKTasibHON) CTPYKTYpe TYpOY/TIEHTHOCTHU
[12, 13].

[MTpOCTPAHCTBEHHbLIN 3HEPTreTUYECKUN CMeKTP
KpynHoMacw T TabHbIX PAYKTYyauum nmeeT BULA:

oo

C,(<7x) = 21cl2[™,(Oexp (/™M)N =
L ()

= V&« (1 +<7%0)V+1]"\
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roe

qL = fe[cos2xf+ cos2x,-2c0sx,c0s% ,cos(cp,-(p,)]

- TOpPU30HTaNIbHOe BO/IHOBOE YWUC/I0 PEe30HAaHCHOW
rapMOHUKWN B CreKkTpe (pyKTyauuin, BblpaKeHHOe
yepes Yr/bl, XapakKTepusyrwLuime HanpaB/ieHNe pac-
npocTtpaHeHna napawowen @, ®,) N paccesHHON

(Xs> @,) BOJH.

UTo KacaeTca KoappumumneHTa Koppenaumm men-
KoMacwTabHbIX PNYyKTyaLumn, TO ero Buf He CyLLecT-
BeH. [lencTBUTeNbHO, Npu qzr|0 < 1, rae gqz- BepTu-
Ka/ibHOe BOJ/THOBOE YMC/10 Pe30HAHCHOM rapMOHUKMU,
1]0- BepTUKa/NbHbIN pagnyc KOPPenayunu, aHepreTu-
YECKUI CMeKTp MenkKomacwTabHbIX (nykKTyal
NPUOGNVIKEHHO paBeH KOHCTaHTe

C2(gz) = (2nyl[ N2(TDexp(r'<7rthdr\ * 10/k. (8)

MoactaBnaa (7) v (8) B (3) u yuta, uto G(q) =
= (M2 GI1(g) G 2(gq2), Haxoanm

mv(ehes) = (2/ Q<ud y/-4TOES(1 + <770)’ (Y+1)- (9)

[TOCKOMbKY paccmaTpuMBaloTCAa KpynHomMacLiTao-
Hble pNnyKTyauumn, 1o (q£0)2> 1, n n3 (9) nonyyaem

mv(eher) = (2/jt)<[12>VE4%AKk?270)~2V+1)-  (HO)

CBO0O60OAHLIV MapaMeTp 3aaun v Bblbepem Tak, UTO-
Obl MONIYy4YNTb HabNAaeMyo NPU HATYPHbIX 3KCIe-
pUMeHTaX B OKeaHe 4aCTOTHYI0 3aBUCUMOCTb KO3(h-
PuuneHTa 3aTyxaHusa p. Npn HU3KMX YacToTaX Ko-
APPMUNEHT 3aTyXaHUS 3ByKa B OKeaHe 00YyC/10BJ1EH,
B OCHOBHOM, YTEYKOW paccesHHbIX BOJIH N3 MOABOA-
HOro 3Bykosoro okeaHa (M3K). B aTom cniyyae Ko-
AIPPUUNEHT 3aTyXaHNd p onpeaensaeTcsa MHTerpaaom
OT Koa(ppnumeHta 06 bEMHOI0O paccesHUs mvrno Te-

NNECHOMY YTy COOTBETCTBYHO UMY pacCesHHbIM
Bo/IHaM, yxoaauwmnm n3 NMN3K [10]:

P = ] mv(e,e,)dQ. (11)

TaK Kak 4yacToTa 3ByKa U Yr/ioBble NepeMeHHble B
BblpaXeHnn (10) npm KpynHoOMacllTabHbIX HEOAHO-
POAHOCTAX B FOPU30HTA/IbHOWM NMJIOCKOCTU pa3fensatT-
ca, To npu noactaHoBke (10) B (11) n nocneaytoLllem
MHTErpnpoBaHMmM NO YyrnoBbIM NepeMeHHbIM 4acToT-
Has 3aBUCUMOCTb KO3M(PULIMEHTOB 3aTyxaHuUsa u pac-
CeAHNS OKa3blBaeTcHa oinHakoBon. Monarasav =0.25u
NpUHNMan BO BHUMaHMe, UTO (x~ K, cpasy nony4yaem

P~ /32 VNMeHHO Takas yacToTHas 3aBMCUMOCTb KO-
apnumnmeHTa 3aTyxaHna 3ByKa cregyet U3 amMmnupu-
yeckoun popmynbl Lnxn-Xannu [14].

BepHemca Tenepb K BblpaXXeHUo (7) Ana cnekrpa
KpynHoOMacwWw T TabHbIX HeOAHOPOAHOCTEN. M OXXHO BU-

0eTb, UTO NPU 3HaYeHUax ("J™0)2”™ 1uv =0.25 aHep-
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reTUY4eCKUM CNeKTP KpynHoMacwTabHbIX hayKTya-

ummn G M~ cfl'l. Takum o6pa3om, CNeKTp ABNHAET-

CA CTeneHHbIM C APOO6HbLIM MoKasaTesieM CTerneHwu,
4YTO CBUAETENbCTBYET O (ppakKTasibHON NPUPoLe Cny-
YaMHbIX HeogHopoAHOCTeW. lNMpuHMMass BO BHUMa-
HMe, YTO pasMepHOCTb MPOCTpPaHCTBa B/IOXKEHUSA B
AaHHOM cniydae paBHa d = 2, u3 (2) nonyyaem D = 1.5.

[Mpexxae BCEro oTMeTUM, UYTO (PpakKTasibHaa pas-
MEPHOCTb coBMajaeT C NokKa3aTesieM CTerneHM B 4yac-
TOTHOW 3aBUCUMOCTU 3aTyXaHUSA 3BYKa, YTO XapakK-
TEPHO A/19 HeynopsAAoYeHHbIX ppaKTasibHbIX cpeq.
C Apyrov cTopoHbl, aBTOpamMm paboThl [ 15] B pamKkax
npegnaraeMon UMM TEOPUWN OTHOCUTENIBHOU TypoOy-
NEeHTHOU Anddy3un Oblna paccumTaHa ppaKTasibHad
pasMepHOCTb rpaHuL o061akoB B atmocpepe. Cornac-
HO 3TUM pacyeTam, pasMepHOCTb 3aK/t04YeHa B npejae-
nax 1.37 <D < 1.41. M0OXXHO BUAETb, UTO (ppaKTasb-
Has pasMepHOCTb rpaHuy 061akoB U (ppakKTanbHas
PasMepHOCTb rpaHnL, 06 bEMHbLIX HEOOAHOPOAHOCTEN
B OKeaHe npakKTu4yecku coBnagarwT. 3aMeTuUM, 4TO,
No CYLECTBY, Bbllle pPeyb Wia 0 ppaKTasbHON pas-
MEPHOCTN rpaHul, 06beMHbIX HEOAHOPOAHOCTEN B
OKeaHe, TaK KakK paccmaTtpuBanncb (ppaKTasbHble
OCOO6EHHOCTU KpynHoOMacWwTabHbIX (MAYyKTyauuin B
rOPU3oHTaNIbHOW MOCKOCTU. ABTOpPbl paboTbl [16]
OTMeYal T, UTO TaK KaK aTmociepa cTtpatudpununpo-
BaHa, TO 06/1laka B aTMocepe, BoobOLLe roBopd, He
camMmonofobHbl, a camoauHHbI. B aTon cBA3n oba-
Ka B aTtmMocdepe paccmaTpmBarTCcad KakK MY/NbTU-
ppaKTanbl [17]. HeKoTOopoOe NoaATBepPXAeHNe 3TOMY
MOXHO HaNTW, No-BNANMOMY, TakXXe B [18]. Bce Bbl-
LLecKa3aHHOe 00 ob6s1akax B atmocdepe, MOXXHO OT-
HECTU N K 06bEMHbIM HEOAHOPOAHOCTAM B CTpaTu-
puumnpoBaHHOM oOKeaHe. CrefoBaTeNlbHO, MOXXHO
roBopuTb 06 00bEMHbIX HeoagHOPOAHOCTAX (hNYyK-
Tyauuax nokasaTend npesomMaeHna) B OKeaHe Kak 0
MynbTUpPaKTanax ¢ npucywmnum mynbTudgpakTany
CNEeKTPOM (hpaKTa/ibHbIX pa3sMepPHOCTEN (CMEKTPOM
CUHTYIAPHOCTEN).

[MpoBeAeHHbIV 3HAYNTENBHO NO3Xe aHanus3 ycpea-
HEHHbIX M0 60NbLWIOMY 06beMY 3KCMNEPUMEHTA/IbHbIX
NAaHHbIX, MONYYEHHbIX B Pa3/INUYHbIX panoHax OKeaHa
nokasasi, 4YTo 4YacToTHad 3aBUCUMOCTb KO3 PULNEH-
Ta 3aTyxaHusa B guanasoHe yacTtoT 0.1-5.0 KI'y cnepy-
eT 3aKoHY/35[19]. Monoxwus B(10) v=0.275, Mbl no-
AY4YNUM, YTO YacTOTHadA 3aBUCMMOCTb KO3(hpuLUMeHTA
3aTyxaHusa W, cnegoBaTesibHO, (ppakKTasibHasa pasmep-

HOCTb CNneAytoT 3aKOHY/145 T1010XXKUM, KaK U BblLLE,
d =2 u3 (2) mbl nonyyaem D = 1.45,

PaccunTtaHHble Ha OCHOBE paccMaTpuBaeMon 3f1ecb
MoAenn abCconTHbIe 3HaYeHNA KoahuuymeHTa 3a-
TYXaHUs TaK>Xe COorfiacytoTcd C yCcpeAHEeHHbIMU Ha-
TYPHbIMU AaHHbIMW. TakK, coraacHo pacyeTy no gop-
myne (21) ns pa6otbl [10], npu (p3 = 8.4 x 10-8 [9],
o= 1m,70< < 140 m n XT= 7 (rpaHNYHbIN Yyron
M3K) 3HauyeHNa KoappuumeHTa 3aTyXaHUA nexarT B

npeagenax ot 2.74 x 10~2 3200 1.94 x 10~2 32 ob6/KMm,
UTO OYeHb 6/IM3KO K 3HAYEHNAM, NpmnBeAeHHbIM B [19].

TaK, MOXHO cuyMmTaTb YCTAHOBJ/IEHHOW (paK-
Ta/IbHY0 NPUPOAY 3aTyXaHUs HU3KOYaCTOTHOIO 3BY-
Ka B OKeaHWYeCcKOM MoABOJHOM KaHane.

Pa6oTa BbINo/HEHA NMpu noaaep>XKe Poccnincko-

ro oHaa PyHagameHTa lbHbIX UCCIEI0BAHUMN, MPOEK-
Tbl NeNe 96-05-64206, 96-02-16160.
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Sound Scattering by Random Volume Inhomogeneities with a Fracta! Spectrum
Yu. P. Lysanov and L. M. Lyamshev

Sound scattering by random volume inhomogeneities (refractive index fluctuations) in the ocean is considered
In the approximation of the small perturbation method. The inhomogeneities are assumed to be highly aniso-
tropic, namely, small-scale in depth and large-scale in the horizontal plane, which is specific to an oceanic me-
dium. The large-scale inhomogeneities are fractals with the dimension D = 1.5. The scattering of sound by frac-

tals results in attenuation described by the frequency dependence 3~ /32 It was found that the fractal dimension
in the inhomogeneities coincides with the exponent of the frequency dependence of the attenuation coefficient,
which is specific to unordered fractal media; the fractal dimension of fractal inhomogeneities in the ocean is
close to that ofclouds in the atmosphere (1.35 <D < 1.41). Thus, it is concluded that, in the first approximation,
the large-scale inhomogeneities in the ocean are fractals. However, after a more detailed consideration, oceanic
inhomogeneities, as well as clouds in the atmosphere, may prove to be multifractals with an inherent spectrum

of fractal dimensions close to D = 1.5. The fractal origin of low-frequency sound attenuation in an oceanic un-
derwater channel can be regarded as an established fact.
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