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B Oerywen cucreme KoopguHaT pacrnpocTpaHeHue MJIOCKON WUIu
pacxoaflencs MHTEHCUMBHOU aKyCTUYeCKON BOJTHbI ONUCLIBaeTCA

o6o6uwenim YPaBHEHUEM broprepca

ov nv [ 0v b &'y
+ o ) v — 3 9 3(1)
or 2r ¢ Ot 2cp 0t

roe V(r, t) - CKOPOCTb BOJHbI, C - IMHENHAA CKOPOCTb 3BYKa, P - HEBO3MYLLIEeHHas
NNOTHOCTb cpeabl, b - KoadhdpnUMeHT BA3IKOCTH, I' - paCCTOSAHMUE OT MCTOYHMKA,
B = (y +1)/2 - napameTp HeNMHEeNHOCTU cpeabl. Yncno n onpepenseTt Tmn
BonHbI: N =0, 1, 2 AnA NNocKon, UMNMHAPUYECKOU U chepuveCKoun BOSHbI
COOTBETCTBEHHO.



O0o001eHHoe ypaBHeHUEe broprepca omnuchiBaeT Tpu PpU3NYECKUX d(PdeEeKTa: TMHAMHUYECKYIO
(KOHBEKTHBHYI0) HEIIMHCHHOCTBH, BS3KOE 3aTyXaHHE W TECOMETPHYCCKYIO PACXOINMOCTE.

XapaKTepHbIE PACCTOSHUS MIPOSBICHUS BCeX TpeX 2(D(HEKTOB:
PAKTED P P pex 3 JIBa Oe3pa3MepHBIX

c”® >c° O YIPaBJISAIOLINX TapaMeTpa:
r, = , L= >, N, = Iy 00paTHOE aKyCTUYECKOE
o NV b co umcino PeliHonbca € n
0e3pa3mMepHbIi paguyc Ro
JIIs aHAMMTHYECKHUX OICHOK U YHUCICHHOIO 1 r, r
MOJIEIUPOBAHUS OyIeM MCIIOIb30BaTh E="—= , R, = —
npyryio Gopmy ypaBHenusi Broprepca: Re ! r
2
ou ou O u
u = eg(R)
OR ot ot 2
g(R)=1 - mis II0CKUX BOJH, g(R)=1+R/2R, - 11 nMnMHIpUYECKHUX,

g(R)=exp(R/R,) - mns chepuueckux.



YncneHHoe mogenupoBaHue 06006LLIEeHHOro
ypaBHeHUs1 broprepca

YpaBHeHue gna pypbe-obpa3oB.:

oC(w,R) . ia)(Ro

pos > | R jn F(F*(C(w,R))*) = —c0’C(w,R)

_ io R
Con(@) = Cel@) | @S0y F((F[Co(@)])) = —s0 C, ()
. 2 R

HavyanbHbIN cnekTp

E(w) = aw” exp(-1.500° 7/2)



9B0MHoLMA LWYMOBON Cdhepuyeckoi BomHbI, Re=50, R0=2 CnekTp WwymoBo# cpepuyieckoi BonHel, Re=50, R0=1
(B norapucgpmmnyeckom macutabe)
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JBoONOLUA LUITMHAPUYECKON LUYMOBOM
BOJIHbI:
Re =50, Ro = 2.
R =0,1,5,10,60

JBONOLUUA CNeKTpa UMNMHAPUYECKOUN LLYMOBOM
BonHbI: Re = 30, Ro=2. R=0,1,5,10,30,60
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AcuMmnToTn4yeckoe nosegeHue pacxogAaAllunxcs WWymMmoBbIiX BOJIH NMpuv
6onbWwux yncnax PenHonbAaca.

. vl e 2 jn.l , :
HayvanbHbI cnekTp Mayccosa Lwyma E(U}) = ¢ i-‘*ﬁ?(—m /3':’ )-. n>=2,

B ciydae yosiBaronient Ba3kocTu € = 0 - yHHUBepcaibHas (popma CIIEKTpa HA HU3KUX 4acTOTax
E(w, R)=D(R)w?
D(R,e,R,) Bo3pacraer 61arogaps napaMeTpu4ecKoil FeHepauy HU3KHX 4acToT.
Ha Oonpiimx paccTosHUAX, KOITIa HETUHEHNHBIEC 3()(PEKTHI CYIIECTBEHHBI, CIIEKTP UMEET YHUBEPCATIBbHYIO OpMY

E, (@,R) = D, exp(_zngf g(£)de)

Ona umnuHpgpuyYeckux BOsTH
Ana ccpepuyeckux BonH

1/2
D.. “(R%j D, =~ (R, (V)"



D.. = CR roe C - HeKOTOpbIN "KOpPEeKTUPYHLWMA pakTop BeNMYnHa
oo = lin KOTOPOro OCTaeTcd NOCTOSIHHOM BO BCEX 0ONacTaX Ha
nriockoctu (€, RO).

[nsa onpeaeneHust BenuymHel C M3aMepsinacb KpyTU3Ha CnekTpa B HU3KOYaCcTOTHOW obracTtu, nocne Toro
KaK BOnHa gocturna nMHeMHoW ctaaum asontounmn. HYucneHHble akcnepuMeHTbl Ans LnnHapuyecknx BosH
aanu ycpegHeHHbIn pesynetar - Ceyl = 0.19 , a ansa cdepunyeckmx BOSTH Dbl NONyYeH cneayroLwmnm
pesyneraT - Cspher = 0.61. B xoge YncneHHbIX 3KCnepMMeHTOB Habnoganocb Marnoe pasnuine aTnx
BENIMYMH Apyr OT Apyra 4Nd pasfnyHbIX peann3auni CnekTpoB, YTO ABMNSETCA XOPOLLUNM NOATBEPXKOAEHNEM
HaLLero NpeanosioXXeHna 0 NOCTOAHCTBE kKoadhdunumneHTa C BO Bcex 0OnacTax 3BOSMOLUM PpacXoOaLLMXCS
CIlydanHbIX BOSTH. Taknm obpasom, Mbl MOXEM HanucaTb Ans CreKTpanbHOW MNNOTHOCTU Ha DONbLUMX
pPacCTOAHNAX OT BXO4a crneayLlne BblpaXXeHUs:

Ona umnMHapnYecKnx BOJIH Ansa ccpepnyecknx BosH
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R, 2 2 bz \
E(m, r) = G'IQ[E] m exp(—2ew (r—ry)) E(®, ) = D'ﬁl[RD]ﬂ(él] o exp(—2em (r—ry))



B paboTte uccrnieqoBaHo pacnpoCTpaHEHME WHTEHCUBHBLIX LLUYMOBbIX
aKyCTU4YEeCKNX BOMH C HEMNMNOCKOW reoMeTpUuewn.

[Toka3aHO, 4YTO CMeKkTp TaKmx BOMH Ha OOMNbLUMX PaCCTOSAHUAX OT
NCTOYHUKA, KOorga HErNMHENHble 3PdEKTbl CTAaHOBATCA MPeHebpeXnmo
ManbiMn, OyaeT UMEeTb YHUBEpPCAanbHY0 aBTOMOAENbHYIO OOpPMY.

[1lpn 3aTOM amnnnTyga crnekTpa onpeaenderca equHCTBEHHOU

koHcTaHToit Do = De (€, Ro) (kpyTnsHoit cnektpa B Hyne),
3aBucCALLEN OT ABYX 6e3pa3MepHbIX NapaMeTpoB: 0bpaTHOro

akycTuyeckoro uncna PenHonbaca € n 6espasmepHoro paguyca Ro.

C NoOMOLbK YUCIIEHHOINO MOAENMPOBAHUA HaWAEHbl YUNCIIEHHbIE
KO3(pPULUMEHTbI Nepen 3TUMM KOHCTaHTaMM.

CNACUBO 3A BHUMAHMUE!



