2. MaJjibie BO3MYILIIEHHSI B ra3ax
PaccmoTpum pacnipocTpaHeHue MaibiX Bo3MmylleHuil B cpejne. IlycTh paBHOBECHOE COCTOSIHUE

CpeAbl OIIMCBLIBACTCA IapaMETpaMu po’ pO’V , 4@ OTKJIIOHCHHSA OT 3JTHUX 3HAUCHUI B Ka)KILDﬁ TOYKEC

IIPOCTPAHCTBA B IF0O0OH MOMEHT BpeMEHH (BO3MYILEHHUS) MaJlbl U OMKUCHIBAIOTCS TU(PPEPEHINPYEMBIMU
dyskupamu P> P> U
P=Py+P P=py+tp, V=V, U
VpaBHEHNE HENPEPHIBHOCTH U ypaBHEHHE Diijiepa ISl CILIOIIHON CPeIbl

@_‘_a(ﬁvk)zo

ot 0OX,
o(pv,) n o(pv,v,) ~0
ot OXy

IIPU TIOJICTAHOBKE B HUX BBIPAXCHHUN JJIS TNIOTHOCTH M CKOPOCTH JAIOT B JTMHEWHOM MPHUOIIKEHUH TI0
BO3MYLIEHUAM CJIEIYIOLY0 CUCTEMY YPaBHEHUM:

@+ a(pouk) n a(pvk) ~0
ot Xy OX,
ou; ou, op

Po—=

+ +—=0
o TPVea Tk

Jlis  paccMaTpuBaeMbIX OapOTPOIHBIX IPOIECCOB JABICHUE CPEIbl ONPEICNIICTCS JIMIIb €
IUIOTHOCTBIO B JIaHHOW TOYKE NPOCTPAHCTBA, TaK YTO YPABHEHHUS JBIDKECHUS JIOTIOJIHSIOTCS
3aBHCHUMOCTBIO

p=p().

OOBIYHO TNpPU  ONUCAHWHM  PACIPOCTAHEHHWHM  3BYKOBBIX  BOJIH  MPEIIOJAraercs,  4To
TEPMOJIMHAMHUYECKHUE TPOIECCH B JIEMEHTAPHOM O0BEME Cpeibl SBISIOTCS KBa3HMPAaBHOBECHBIMU M
MPOUCXOAT 0€3 M3MEHEHHs YHCciia 4acTHIl B JaHHOM oObeMe m 0Oe3 TeruiooOMena. B atom cimydae
MOJKHO HCIOJIb30BaTh MOJEIb aJMa0aTHYECKUX IPOILECCOB, B KOTOPHIX 3aBUCHUMOCTH JIABJICHHS OT
IJIOTHOCTH JA€TCS COOTOHOIIEHUEM

p= po(ﬁ/po)yj

rme ¥ = Cy/C - orHOMIEHHME TemToeMKOCTEi py N300apHOM H U30XOPHOM IIPOIEccaX.
Boimonnss nuddepennrpoBanue mo KoopauHaTaM U BBOAS 0003HAUCHHE

aps Po

MOJy4uM cucTteMy nuddepeHInanbHbIX YPaBHEHUH 7151 BO3MYIICHUNA TUIOTHOCTH U CKOPOCTH:

2

9

@+p0 ou, +V, o =0
ot OXy (’ixk

Po— A + PV, My +ct— o =0
ot axk OX,
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YacTto a1 peeHusi CHCTEMbI UCIIOJIb3YETCS METO/1 UCKIIFOUEHUS OHOW U3 MEPEMEHHBIX, HallpUMeEp,
BO3MYLIEHUSI CKOpocTH. [lodyuuBiueecs mpH 3TOM ypaBHEHHUE JJIsi BO3MYLICHHS IUIOTHOCTH CPE.bI

OylleT ypaBHEHHEM BTOPOTO MOPSIIKA:
2 2 2 2
2y, 222 Lyy — 8 o
X, t X, X X, X

m

bynem wuckarp pemieHue JIUHEHHOW OJHOPOJHOM CHUCTEMBI B BHUJE CYIEPIIO3UIIMU TIIIOCKHAX
MOHOXPOMAaTHYECKUX BOJH IUIOTHOCTH M CKOpOCTH. Bocmonb3yemcs ajis 3TOro MpejacTaBlieHHEM
penieHus B Buje uurerpaia @ypoe

Ip Jexpliot — ik x, Jd°k
_[u Jexpliot — ik x, jd°k

[loncraBnsst 3TH pelieHuss B ypaBHEHMS W TNpoBoAs auddepeHIMpoBaHHE, MOIYUUM IS
tpanchopmaHT Dypbe cucteMy anreOpanuecKux ypaBHEHUH:

(w_vkk )P pok Uy =0
=7k +py (0 —Vik )T, =

Cucrtema OyneT UMeTh HETPUBHAIBHOE PEIICHUE, ECIH €€ ONpeAeInTeIh 00palaeTcs B HOJb, YTO
MO3BOJISIET OMNpPENEIUTh 3HAYEHHS YacTOThl O, HPU KOTOPOH CYLIECTBYIOT BOJIHOBBIE pELICHHUS.

JlucnepcuoHHOE ypaBHEHME, YCTAaHABIMBAIOIIEE CBS3b MEXKIY BOJIHOBBIM BEKTOPOM U YacTOTOMH,
YIOOHO TMONYYHTh, €CIM yMHOXWTh BTOPOE ypaBHEHHE Ha Ki ¥ paccMaTpMBaTh HETPHBHAIBHBIC
PEUICHHs] CUCTEMBI OTHOCUTENIBHO BEJIMYUH Pul= (kiﬁi)
UMeEeT BUJ:

. B atom cJ1ydac JUCIICPCUOHHOC YpaBHCHUC

(0-V.k ) =c’k?
BBoxst yroa 6 Mexay BEKTOPOM CKOPOCTH HEBO3MYIUCHHOH Cpebl M BOJIHOBBIM BEKTOPOM
(HaTpaBJICHHEM PACIIPOCTPAHEHUS BOJIHBI), IPUBEIEM YPaBHEHHE K BUIY
(0—-Vkcos9)’ =c’k?
PerieHne mosry4eHHOro ypaBHEHHS HMEET BUJT:
o=a,(1+V cosS/C)’

r/ie BBeIeHO 0003HaueHme @) = CK

Pemrenne ¢ o >0 cymecTByeT ans JFOOBIX HAINPaBICHUH BOJIHOBOTO BEKTOpA, €CIH CKOPOCThH
JBW)KCHUST HEBO3MYIICHHOW cpeabl V MeHbIne (a3oBOW CKOPOCTH PACIPOCTPAHEHUS BOJIHBI B
M30TPOITHOM cpene C.

Bennunna ($a3oBoli CKOPOCTH MOHOXPOMATHYECKOW BOJIHBI 3aBHCHUT OT CKOPOCTH Cpelbl U V U
HaIpaBJICHHs paCIIPOCTPAHEHUS BOJIHbI

ph

\Y :%:C+V cos 9

Bomna moasepraercs "cHocy'" MOTOKOM, IBHKYIIIUMCSI CO CKOPOCTHIO V.
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W3 ypaBHEHHUS] HENIPEPHIBHOCTH ISl BOSMYIICHUH CJIEYeT, YTO BEKTOP CKOPOCTH BO3MYyIIeHHUs U;
HaIPaBJICH BJIOJIb BOJIHOBOT'O BEKTOpa

B Tom cnyuae, xorja CKOpPOCTb HEBO3MYIIEHHOTO MOTOKAa V HPEBOCXOAMUT CKOPOCTh 3BYyKa (B
HenmoaBumxKHOH cpene) V >C | pacnpocTpaHeHHE BOIHBI OIPAaHMYEHO YIIAaMH, IIPH  KOTOPBIX
BBITIOJTHACTCST HEpaBeHCTBO C+V cosd > 0. BouHbI, BOJTHOBOM BEKTOP KOTOPBIX COCTAaBISET yroi .. ¢
HANpaBJICHUEM BEKTOpa CKOPOCTH cpenbl V, uMeroT (a30Byl0 CKOpPOCTh, paBHYIO HYJIO, T..
MIOBEPXHOCTh MOCTOSIHHOM (ha3bl INIOCKOM BOJIHBI JIFOOOH YacTOThl HE NEPEMENIAETCS B IPOCTPAHCTBE
(OTHOCHTENBHO BBIOPAHHOM CHCTEMBI OTcUeTa). BOHOBOI pOHT TaKoil BOJHBI COCTABISIET C BEKTOPOM
CKOPOCTH IIOTOKA yrol ¢, Takoi uro SINQ = ¢V . Dror yroia HasbiBaercs yriom Maxa. Ecmu
BO3MYILIEHUE CpPEbl BBI3BAHO HETOJABMKHBIM HCTOYHUKOM, HAXOJSAIIUMCS B HEKOTOPOM TOYKE Cpepbl,
HalpuMep, B Hayajle KOOPJAMHAT, TO BOJHBI, CO3[aBaeéMble TaKMM HCTOYHHUKOM, PaclpOCTPaHSIOTCS
BHYTPH KOHYCA, BEPIIMHA KOTOPOTO COBMAAAET C TOYEYHBIM HCTOYHHKOM, a YTOJI IPU BEPIINHE PABEH 2
(. DTOT KOHYC Ha3bIBaeTcsi KOHycoM Maxa. PacnpocTpaneHue BOJHOBBIX BO3MYIICHHMH BHE KOHYca
HaBCTpedy HaberaromeMy MoTOKY HEBO3MOXHO.

3. I/ISJIy‘leHI/Ie HCTOYHUKA B HBHH(ymeﬁCﬂ cpene

s Oosiee MOAPOOHOrO aHaiM3a BO3MYILEHUH Cpelbl, CO3/1aBa€MbIX TOYEYHBIM HMCTOUYHUKOM,
paccCMOTpUM pELIEHHE CHUCTEeMBbl YpPaBHEHHH, UCKIIOYMB W3 HEE OIHY W3 HEHM3BECTHBIX, HAIpuMep,
ckopocTh. [Ipu 3TOM y100HO TIepeiTH K BOJIHOBOMY YpaBHEHHUIO BTOPOTO nopsiaka. Hanmuuue ToueqHoro
MCTOYHMKA BO3MYIIICHHUS IUIOTHOCTH OIMCHIBAETCS BBEIEHUEM O-(YHKIIMU B IPABOM YaCTH YPABHEHUSI.

[lycte cpena, B KOTOpOW HaXOIUTCS MCTOYHUK, JABUKETCS CO CKOPOCTHhIO V B MOJOKUTEIHHOM

Hanpasnennn ocu OX. Pa3mepsl uctoynmka OyJaeM cUWTaTh MPEHEOPEKUMO MalbIMHU, a €ro
BO3/IeiiCTBHE Ha Cpeay — MepUOAMYECKUM. B 3TOM ciiyyae BOTHOBOE ypaBHEHHUE OyJeT HEOAHOPOIHBIM.
[TycTh BO3MYIIICHHE CPEIbl OMUCHIBACTCS CKAISPHONU (DYHKITHEH ®:

2 2 2 2 2
62_2‘/ ¢ _(cz_ 2) az_cz a2+ a2
ot ot 0z 0z 0x oy

Pemenne ypaBHeHHs yJ0OHO POBOAUTE C MOMOIIBIO pasioxkeHus Oypbe Mo MI0CKUM BOJIHAM:

— [~ o 1 ik, x
(P(F’t): J‘dk(B(k,tklkr S(X):%J‘dkxe kx

YTO JaeT JJIsl BPEMEHHOM 3aBUCUMOCTU (Pyphe-KOMITOHEHTHI YPaBHEHHE BBIHYKJIEHHBIX KOJIEOaHHIA
BUJA

© = 4nqc’8(x)8(y )8(z)cos .t

b

~ : ~ 2 2,25 21,27
¢—2iVK,p+cC (1—[3 )kz(p+c kl(p:F(t)’ (1)
C IPaBOM YacCThIO
4nqc?
F(t)= ﬂ3cos Ot
(27)
Pemenne ypaBHEHUS BBIHYXJIEHHBIX KoOJIeOaHMH Mbl OyJileM MNPOBOJIUTH C MOMOUIbIO (YHKIHH
I'puHa, 4TO MO3BOJIAET B SBHOM BHUJIE YUECTh YCIIOBHE MPUUYMHHOCTU. ByJleM MCKaTh 3TO pelieHue B
BUJIE

o(t)= jG(t —t)F(t")dt’
e . 2)
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WuTerpupoBanue o BpeMeHu (HopMaabHO MOXKHO BECTH 10 T —> 00, eciiu MoJI0KUTh, YTO (PYHKIIHS
I'puna umeer Bu:

Glt-t') t'<t
G(t_t'):{ (0 2'>t

Takoe mnpexacraBnenue GQyHKIMH [puHa COOTBETCTBYET OOBIYHOMY MPEACTaBICHUIO O
II0CJIE/IOBATEIbHOCTH MPUUYNHHO-CIEICTBEHHBIX CBA3SX, KOTJa JUHAMUYECKas MepeMEHHas HE MOXKET
3aBUCETH OT OyAyILEro BO3JEHCTBUS HA CUCTEMY.

[ToncraBnss pemenue (2) B ypasHenue (1), anst yskiym ['prHa noay4uM ypaBHEHUE:

T{G(t—t')—2inZG(t—t')+02(1 22+ ek Jo(t—t)F ()t = F(t)

, 3)
OTKYJIa CJIE/Iy€eT, YTO BhIpaKeHUE B (DUTYPHBIX CKOOKAX SBISIETCS O-(DYHKIHEH:
G(t—t)-2ivk,Gt—t)+c[1-p> k2 + k2 Bt —t') = 8t —t') @
Dypbe-06pa3 wis GyHkuun ['puna G(w ), KOTOPBIN MBI OLIPEICITMM BBIPAKEHHEM
= J.G(co)e"imdoa
(bopMabHO BBIpaXKaeTCs APOOLIO
- 1 1
Glo)=—-
e TR (I e
3HAMEHATeNb KOTOpOil oOpamaercs B HyJb B TOUkax ® =Pk, +Ck, rae K= VKI +K; - pommooe

yucno. s omnpenenenuss Qynkuuu I'puna G(t_t’) CleyeT BBIUMCIUTH HHTETpajll, 4TO yIO0OHO
ceNiaTh C MOMOIIbI0 TEOPUU BBIYETOB. IIpH 3TOM MOXKHO Tak BbIOpaTh KOHTYpP MHTETPUPOBAHUSA, YTO
yCIIOBUE TMPUYUHHOCTH OYJET BBIMOJIHEHO aBTOMAaTHYeCKH. J[st 3TOro nocrtaToyHo OOOWTH TOJIOCca
CBEpPXy B KOMIUIEKCHOM IIIOCKOCTH (0 WM, YTO TOXE CaMoe, CMECTUTh 00a TMOJoca BHHU3 C
JICWCTBUTEIBHOM OCH Ha Majylo BeauuuHy € > (0, KOTOpyIO MOCie BBIYMCIICHHS HHTErpajia CleayeT
YCTPEMHUTD K HYJIIO.

L e—lwttdc0

Glt-t)= I—w —2Bck,o+|(1-p* ) kf+c2kiJ—isw.

Boruncnsis uaTerpan npu t —t’ < 0 1o KOHTYpY, KOTOPbIM 3aMBIKAE€TCA B BEpPXHEH MOJIYIIOCKOCTH,
MBI TIOJIYYMM HYJIb, TAK KaK BHYTPU KOHTYpa Moit0coB HET. [Ipu t —t’ > 0 KOHTyp cieyeT 3aMbIKaTh B
HIDKHEH TOJIYTIJIOCKOCTH, I/1€ PAcIIOIOKEHbI MOI0ca. DTO MPUBOAUT K CIEAYIOIEMY BBIPAKEHUIO:

ok (tr) Sin ck (t —t')

G(t—t)=-9(t-t)e Ck
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3aBUCHMOCTH OT BpeMEHH (pyphe-KOMIIOHEHTHI TUIOCKOM BOJIHBI HIMEET BUJIL:

N(t) 4Tch |[3(:kt .[8 —chkt Slan( ) cos Ot'dt’
ck

Tenep}, HCTPYAHO MOJYYUTb BBIPAXKCHUC [JII TPOCTPAHCTBCHHOI'O pPacClpCAcICHUusA I10Jid,
CO31aBacMOro TO4Y€C4YHbIM UCTOYHHUKOM:

- 47ch ’ ik,Be(t-t") Sin Ck(t - t') ikF
t)= dt' (t—t')cosQt dkepel-t) 20T 2 )
cp(r, ) ( J‘ cos I i e

BHyTpeHHul MHTErpan npeicTaBuM B BUJE:

[ ik ool SInChR(t—t) ¢z gesinck(t-t)
= Idke k B jdke k e R= (x, Y, z—V(t - t’)).

JUis BBITIOJTHEHUSI HHTETPUPOBAHUS BbIOEpeM c(hepruecKylo CUCTEMY TakK, 4YTOObI MOJISPHBIN yroa 9

OTCUUTBIBAJICA OT BEKTOPA }_é . TOF,Z[a
I J‘dlgei,;;? sin Ck(t — t')
k

_ wk2dks1nckr T
g! !

) 1

e™**" sin 66 = 2n [ kdk sin(ckz) [ dge™ =
0 —

= —J. kdk sin(ckr)sin(kR) = R { (ct—R)+6(ct+ R)}

T
, I=—6(cc-R)
Jlnst 3anasapiBaromeit pynkmun 1 =t—t' >0, R >0, tak uro 2R "

o(F,t)= 9_cost™
47 .

®daza 3aBHUCHUT OT 3ala3/ibIBaromero  BpCMCHHU, O6YCHOBH6HHOC KOHCYHBIM  BpPCMCHCM

PaCIIpOCTPaHEHHS BO3MYIIICHHS.
gy T BcosY +4/1-Pp*sin” 9
c 1-p?

[ToBepxHOCTH paBHOH (ha3wl, OMpPENEAIONINE BOJTHOBOW (POHT B HEKOTOPBII MOMEHT BpPEMCHH,
M300pa’KEeHbI Ha PUCYHKE.

IIpy n[BWXEHHMM TOTOKA CO CKOPOCTHIO, MPEBBIMIAIOIIECH
CKOpPOCTh 3ByKa (B HEMOJBMKHOM Ta3e), 00JacTh BO3MYIIEHUS

@ » MMeeT BUJ KOHYCa, yroJ pacTBOpa KOTOPOIrO HAa3bIBAECTCA YIIOM

. c
sin® =—
Maxa u onpeensieTcsi BHIpaXKEHUEM: %
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