BostHOBOE IBHKEHUE Cpebl Page 1 of 7

Pa3zgea |1 1. BoaHoBoe nBMKeHUE

1. BosiHOBbIEe YpPABHEHUS

[Ipu onucanuu cpeabl B MEPEMEHHBIX Dilliepa pU3NUYeCKue XapaKTEPUCTUKHU €€ ONPEeeNIIOTCs
3a/laHUeM HEKOTOPOW BEJIMYHMHBI (MM COBOKYIHOCTH (U3MUYSCKHX BEJIMYMH) B KaXKIOW TOYKE
IMPOCTpaHCTBA B )IaHHBII‘/’I MOMCHT BpPCMCHHU. U3sMenenne »THUX BEIWYHUH (B )IaHHOI\/II TOYKE
MPOCTPAHCTBA) C TCUCHUEM BPEMCHU HA3bIBACTCS IBHIKCHUECM.

CpCHI/I BO3MOXXHBIX )IBI/I)KCHI/II‘/II CIIJIOIITHOM Cp€Abl BBIACIACTCA BOJIHOBOC ABHIXKCHUC, KOTOPOC B
OOIBIINHCTBE CJIY4acB MOXHO MHTCPHIPECTUPOBATH, KaK IMMOCICIOBATCIIBHOC IIEPEMCIICHUC 3HAYCHUHN
(GU3MYECKUX BEJMYHH, 3aJIaHHBIX B HEKOTOPBIA (HayaJbHBIA) MOMEHT BPEMEHH B OIPEICICHHBIX
TOYKax IIPOCTpAaHCTBA OT O)IHOI\/II TOYKH K )prroi/i. HpeHCTaBHGHI/IG O BOJIHOBOM JBW)XXCHHU B
MPOCTEUIIEM CIIy4ae WIIIOCTPUPYETCS OJHOMEPHBIM JBMKEHUEM. [lycth mpu t =0 B HEKOTOpOH

obsactu mnpocTpaHcTBa 0< X<| 33aHO HayaJlbHOE pacCIpe/elIeHue (QU3NUECKON BEJIUYHHBI

(mampuMep, TUIOTHOCTH MAcCChl) C IOMOIIBIO (byHKU;HH:f(X, 0)= f(X). JIBnxeHue Ha3bpIBaeTCA

BOJIHOBBIM, €CJIM C TEYEHHUEM BPEMEHU H3MEHEHHE paCIpPEdesICeHHs IIIOTHOCTH MOXHO
HHTEPIPETUPOBATh, HAlpUMEp, KaK CMEIIEHHE HAYAJIBHOIO pPACHpPEHCIICHUS B IIOJIOKUTEIBHOM
HampasiieHu# ocu OX :

r(xt)= f(x-\t).

B paccmarpuBaemoMm ciiydae CMEIICHHE MPONMOPHHOHANBEHO BpemeHu. KoadduimeHnt
HPOIMOPIIMOHATIBHOCTH Ha3biBaeTCs (Pa30BOi) CKOPOCTHIO BOJHBI.

Ecnu HauvanbHOE pacmpenenenue 3aiaHo AuddepeHuupyeMon GyHKuuen, T0 HETPYAHO HaWTU
maddepeHmanibHoe ypaBHeHHE (B YaCTHBIX MPOM3BOAHBIX), KOTOPOMY YIOBIETBOPSET IaHHOE
BOJIHOBOE JIBUYKEHUE CPEJIbL:

ﬂ_r +V ﬂ_r =
Tt > - 1)
[TonyyeHHOE ypaBHEHHE HA3bIBAETCSl YPABHEHUEM IPOCTON BOJIHBI.

Ecin nHauvanpHOe pacrmpeneneHue He onuceiBaercs auddepenuupyeMoil (yHkuuen, To
ypaBHEHHE BOJIHOBOTO JBMKEHHUsI yAOOHEee 3a/laBaTb B HMHTErpajibHOM (opme, paccMarpuBas
MEPEHOC BOJIHOM JTAaHHOW (DU3UUECKON BEJIMUYUHBI (HAIIPUMEP MAcChl) Yyepe3 TPAHUILy BbIICICHHOTO
o0bema.

m(t) = ¢y (x t)dx
Nsmenenue maccel B HaHHOﬁ O6HaCTI/I, BbI3BBAHHOC BOJIHOBBIM ABMXXCHHEM CPCIbl, OIPCACIIACTCA
TIOTOKOM €€ Yepe3 TPAHUILY
Xy r r
(t) :% & (xtlx=-V g r(x)ds +V §r(x)ds =- ¢y (x)vds
2 1 s

X1

)
Jst muddepenupyemoin  pyHKIMU, HUCHONB3ys TeopeMmy [aycca, 3TO COOTHOIIEHHUE MOYKHO
IIPUBECTH K BULY:

X2

X2
d?—r (x,t)dx =- oﬂi (r (xX)V )olx
X1 t X1 X )
41O cpasy ke naet auddepennuanbaoe ypasaerue (1).

Ecnu cpena siBnsieTcss H30TPOIHOM U JIOMYCKAeT PacpoOCTPaHEHHUE BOJH KaK B MOJOKUTEIBHOM,
TaK U B OTPUIATEIBHOM HAIPABICHHUH C OJMHAKOBOH CKOPOCTBHIO, TO BOJHOBOE ypaBHeHue (1)
y100HO 3aMEHHUTh YPaBHEHHEM BTOPOTO MOPSIKA:

Tr T _
qt> w2 ©)
peleHue KOTOpOro MPEACTABIISIET IPOU3BOJIBHYIO CYIIEPIIO3HULIHUIO byHKIMI

r (X,t) = fl(X - Vt) +f, (X +V'[) , OIIMCBIBAOIINX [IBE BOJIHBI, PACIIPOCTPAHAIOIINECS HABCTPEUY APYT
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Apyry.
HpeHCTaBHGHI/Ie (Dypbe IMMO3BOJIACT OIMMCBIBATD ITPOU3BOJIBHYIO (1)YHKIII/IIO B BUJIC I/IHTel"paJ'[a:
+¥

r(xt)= ¢y (k,w)expfikx - iwt}dk

-¥ y
rae kaxnas Oypbe-KOMIIOHEHTa F(k,W) YIOBJIETBOPSICT BOJHOBOMY ypaBHEHHIO (3), UYTO IPUBOJUT

K COOTHOIIIEHUIO (4), CBA3BIBAIOIEMY BOJHOBOE YUCIIO K M 4acTOTy W:
W - VA2 =0, (@)
KOTOPOE Ha3bIBACTCS AUCIICPCUOHHBIM COOTHOIICHUEM.

Perirenne BOJTHOBOTO ypaBHEHHS B BHIE MOHOXPOMATHUYECKOW BOJIHBI HA3bIBACTCS HOPMAIbHOMN
BOJIHOW | SBJISICTCS 00OOIEHUEM PELICHUS JIMHEHHOTO YPaBHEHUS [UIS ONPEIEICHUsI COOCTBEHHBIX
KOJICOAHHI CHCTEMEI.

Bo MHOrux ciay4asx pacnpocTpaHEHHE BOJHBI B CPEE COMPOBOKIACTCS M3MEHECHHEM (OPMBI
HayYaJbHOTO pacmpenesicHus. Dypbe-pasaoKeHHe MPEACTABIIET €CTECTBEHHBIH IMOAXO0] IS
0000IIIEHUST TIOHATHS BOJIHOBOTO JBW)KCHHUSA. JIeHCTBHTEIBHO, HaAYajdbHOE pACIPEICIICHHE
(bU3MUeCKOil BETMYMHBI MOXET OBITH 33JaHO KaK CYICPIO3MIIHUS HOPMAJIbHBIX BOJH C Pa3IHYHOM

CKOPOCTBIO paclpocTpaHeHusi. B oTom ciiydae MokHO 3amath V =V(k) wm V=V(W) u

UCCIICIOBATh PACHPOCTPAaHEHHE BOJHOBOTO makera. JIos ympomieHHWs MOCTaBJICHHOW 3a/1aduu
MOJIOXKKMM, 9TO B HEKOTOPOW OKPECTHOCTH 3HAYEHH BOJHOBOTO Ymcia K 3a7aHO JMCIIEPCHOHHOE
cooTtHotieHue (4), KoTopoe MPEICTABICHO JIUIIb EPBHIMH YWICHAMH PA3JIOKCHHUS:

1 9%w 2
wawl)=w, + k- o)+ S kP rolk- ko F)
e W, = £VK; .

[IpocTpancTBeHHOE pacnpeenenrue (U3nYecKoil BeTMYUHBI IPEACTABISIECTCS B BUJE MHTErpaia
dDypse:

+¥

r(x,t)z_(‘j'(k,w)exp{ib(- [y + Wil - ko) + Wik - ko )?/2klak =

+¥

= expfik, (x - VU} ¢ (ko + K, W)expfi(x - wit)k - i (wat/2)k? Jak

¥

Ecnu BOMHOBO# makeT COCTOMT M3 TPYMIBI BOJH C OJM3KUMH 3HAYCHHUSIMH BOJHOBOT'O YHCIIA

|k' k0| <Dy OJIMHAKOBBIMU aMIUIMTYJaMH, TO TPH WHD>>WSDZ BOJIHOBOE PEILICHHE UMEET BHU]I
BOJIHBI C U3MEHAIOIIEHCS aMILTUTY AOM:

r(x,t) = A(x,t)expfik, (x - Vt)},

rac

N —y2sin((x-
Alt) = Tlho) goepl - vk () = X(( WE]I\A)/SI;)D) |

[TosrydyeHHOE MPOCTPaHCTBEHHOE paciipesieiieHre (PU3NIEeCKO BETMUUHbI Ha3bIBAE€TCS BOJIHOBBIM
_w
IIAKETOM H PAaCIPOCTPAHSAETCS CO CKOPOCThIO & W , HA3bIBa€MOM IPyIIIOBOM CKOPOCTHIO BOJIHBI.
OO6nacTh JOKaJW3allMd BOJHOBOI'O IaKeTa OINpeAeNsieTcs HE pPaBHBIMU HyINO ujleHamu Dypbe-
pa3noKeHUs F(k,W), BHOCSIIIIMMHU 3aMETHBIN BKJIaJ B MHTerpai. [Ipu BbIYMCICHUM MHTErpajia Mbl
TI0JIaTallH, YTO OTJIIMYHBIC OT HyJISl WICHBI JAIOT 3aMETHBIH BKJIAL JINIIb B MAJIOH OKPECTHOCTH K.

KBaaparuunbie 4iieHbl paziokeHus (5) NPUBOIAIAT K M3MCHEHHIO HAa4YadbHOW (OpMBI Makera —
€ro PacIUIbIBAHUIO!

mhtml: http://www.chizh2006.narod.ru/Part 3.mht 10/2/2005



http://www.chizh2006.narod.ru/Part_3.mht

BosHOBOE 1BMKEHHE CPE/IbI Page 3 of 7

+¥
R
- ¥
SIBnenune paciuibiBaHsA BOJTHOBOI'O IMAKETA, O6pa3OBaHHOFO M3 HOPMAJIbHBIX BOJIH C pa3J'II/IT-IHOI\/II
($a30BO CKOPOCTBIO PaCIPOCTPaHEHUs, Ha3bIBaeTCsA aucrnepcueit (ot yat. Dispersio — paccesinue,
YHHUYTOXKCHHUE).
BosHOBOe ypaBHeHHWe IS BOJH, OONAmarOmIMX JUCIEPCHEH, HECKOIBKO  CIIOKHEE
paccMOTpeHHOro paHee npocrennero. [Ipumepom moxer cinykute ypaBHenue Kielina-I'opaona
ﬁ_zﬂj
1’
TSI KOTOPOTO JUCTIEPCHOHHOE YPaBHEHHE HMEET BH

w (k) = ¢’k +wj .

+w§]0

®da3oBasi CKOPOCTh 3TOW BOJIHBI

a rpynmnoBas

Cas13p Mexy (ha30BOM M TPYMIIOBOM CKOPOCTHIO HETPUBHAJIbHA. BO3MOXKHEI cilydan, KOT/Ia 3TH
CKOPOCTH OTJINYAKOTCS 3HAKOM...

[TosydyeHHble pe3yabTaThl JOMYCKAIOT €CTECTBEHHOE 00001eHNEe Ha MHOI'OMEPHBIC CHCTEMBI. B
5TOM Cilydae TPUXOAUTCS BMECTO BOJHOBOIO YHCIa BBOJUThH BOJHOBOM BEKTODP K , OIpPEIEISIOMUiA

HalpaBJieHUE pacrnpocTpaHeHusl BoOJIHBI. [loBepXHOCTb MOCTOSIHHOW (pa3bl, OmNpeselieHHas B
HEKOTOpPBIH MOMEHT BPEMEHH, HAa3bIBAa€TCsl BOJHOBBIM (poHTOM. BOIHOBOI BekTOp ompenenser
HOpMaJlb K BOJJHOBOMY (DPOHTY — HaIlpaBJICHUE PACTIPOCTPAHEHUSI BOJIHBI.

Jlpyras BO3MOXHOCTb OOOOLIEHMS MMOHSATHS BOJHOBOI'O JBMIKEHHS CBSI3aHA C PACCMOTPEHUEM
IIPOLECCOB IIEPEHOCA BBIIEICHHOTO COCTOSHHS CpPEIbl CO CKOPOCTBIO, ONPENEIAEMOM HTUM
cocrosiuieM (B Kaxkaoil Touke). PaccMOTpuM BHOBb OJHOMEpHYI BoyiHY. IlycTh HavaigbHOE
pacnpe/iesieHue 3a/laH0 Ha HEKOTOpOM HHTepBaje, Hampumep 0< X <|, HekoTtopoil ¢(yHKuMen

r (x,0) = f(x), a pacnpocTpareHHe BOTHBI IPOHCXOIUT CO CKOPOCTBIO, ONPEIETIEMON COCTOSHHEM
cpenbl B JaHHOW Touke: V =V(f). B sTOM Cilydae B MOMEHT BpEMEHH t 1 () KOOpJHMHATA TOYKH,

UMeBIIeH 3HaueHue I (S) U3MEHUTCH .

x=s+V(f (s (6)

DTO ypaBHEHHE MOXKHO pacCMaTpuBaTh, Kak IMapaMeTPUUYECKOE 3aJJaHNE BOJHOBOTO PEIICHUS B
MIPOU3BOJIBHBIA MOMEHT BpPEMEHH, IIOCKOJBKY OHO OMNpeeiseT CTPYKTypy BOJHBEI I (X,1) mo

3aJlaHHOMY HadaJlbHOMY pacripezenennio. Eciu pacnpenenenue onuceiBaetcs audhepeHupyemMon
GbyHKIMEH, TO HETPYyAHO MONY4YUTh AU((depeHlnaTIbHOEe ypaBHEHUE, KOTOPOMY YJOBIIETBOPSIET
BOJIHOBOE JIBIDKEHHE paccMarpuBaemMoro tuma. JledictBurenbHO, [I(S) onmpenenser BOJIHY B

NPOU3BOJILHBIE MOMEHT BpeMeHH, eciu ypaBHeHue (6) onpenenser (B HesBHOW (opMme) 3HAUCHUE
mapamerpa S= S(X,t) B IIPOMU3BOJIbHBI MOMEHT BpPEMEHM B JAHHOM TOYKE IIPOCTPAHCTBA.

HuddepennupoBanue gaer:
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Tr_frfis_ .0 Tr _rfis_ 0

I 9= x I i st qt -

U3 ypauenus (6) ciaemyer:

fs_ 1 sV
™ 1+Ve it 1+Ve.
Otcrona TUTSt muddepennmpyemoit byHKIIN r (x,t) momydaercs HETTMHEHHOE
nuddepeHnraibHOe ypaBHEHUE, ONMCHIBAIOIIEE BOJTHOBOM MpoIiecc:
v -
fit fix

VYpaBHEHHE TaKOTrO THIIA HA3bIBAETCSl KBa3WJIUMHEHHBbIM. ONHMCAHHBIA METOJA IOCTPOCHUS
pelIeHUs] KBa3WJIMHEHHOTO YpaBHCHHUS HA3bIBACTCS METOZOM Xapakrepuctuk (Pumana). HamomuumM,

YTO XapaKTEPUCTUKOW ypaBHEHHUS HA3bIBACTCS 3aBUCUMOCTh X = X(t, fo), oTpeeNsIonas 3aK0H

IBIDKEHHS  TOYKM C  33JaHHBIM  3HAYEHUEM (U3UYECKON  BEIUYUHBI f, = const

HuddepeHnupoBanrie 3TOro0 COOTHOLIEHUS I103BOJIAET ONPEAEIUTh CKOPOCTh PACIPOCTPAHEHMS
paccMaTpuBaeMOM TOYKH «BJIOJb XapaKTEPUCTUKU». B 4acTHOCTH, HJisl yKAa3aHHOTO HEIMHEWHOTO
YpaBHEHUSI CKOPOCTh PAaCIPOCTPAHEHUSI IIOCTOSHHA.

OnHO3HAYHOE pEIIEeHHE YKA3aHHOIO THIA JUIs IPOMU3BOJIBHOIO HAYalIbHOIO DPACHpPEECIICHUS
MOJKET CYyILECTBOBAaTh JIUIIb B OIPAaHMYEHHON 00JacTH MPOCTPAHCTBA B TEUEHUE OTPAaHHUUYEHHOTO
VMHTEpBaja BPEMEHU.

Paccmorpum npocrtoit mpumep. IlycTs, JUisl ONpeNeneHHOCTH, CKOPOCTh PACIPOCTPaHEHUS

r
V)=V, —
BOJIHBI IpOIOpHHMOHAJIbHA BCIWYMHE BO3MYIICHUA CPEAbI, T. C. ro, a Ha4YaJIbHOC
pacnpeziesieHue 3aJJaH0 3aBUCUMOCTBIO, H300paKeHHOM Ha PUCYHKE

r

Puc.
Hedbopmarnust mpodumst BOJIHBI, 00YCIOBJICHHAS T€M, YTO CKOPOCTh TOYKH C MaKCHMAaJTbHBIM
3HAQYEHUEM [ =T, IPEBBIIAET CKOPOCTh BCEX OCTAIbHBIX YYaCTKOB BOJHBI, H300pakeHa Ha

PUCYHKE.
JIJist paCCMOTPEHHOTO pacTpeeieHUs] pelIeHre TIepecTaeT ObITh OJHO3HAYHOU (yHKIHEH

xkoopmuHatel mpu  (>1,.  Omnpemenurs nanbHENIIYI0 DBONIOLMIO CHCTEMBI C  IIOMOIIBIO

muhepeHInanTbHOrO ypaBHEHUS HEBO3MOXKHO, IMOA3TOMY JAJIbHEHINEE OMUCAHHUE MPOIECca MBI
MPOBEJIEM C MOMOILBIO UHTETPAJIbHBIX COOTHOIICHU . KBa3mIIMHEHHOE ypaBHEHUE

v -
it fix

MOKET OBITE MMpeaACTaBJICHO B BUAC
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ﬂ_r+£zo
m  9x ,

rac

F=¢y(r)dr

EMy cOOTBETCTBYET MHTErPAIILHOE COOTHOIICHUE!
20 05 (0 =F (x)- F ()

Jns paccMaTpuBaeMoro ciryvas
r 2
F=¢y()dr =—
.
BoiOupass KOHTpOJIbHBIE ITOBEPXHOCTH B TOYKaxX, IJI€ IMOTOK pPAaBEH HYJIO, IOJYYHM 3aKOH
coxpaHeHus (Macchl) B BBIJCICHHOM 00beMe:
X2
¢ (x)dx = const
X, .
[IpenmonokuM, 4dYTo B HaYadbHBIH MOMEHT BPEMEHH HMMEETCS  pa3pbhIBHOE  PCIICHHE
(chopmupoBaBiieecs U3 paCCMOTPEHHOTO PaHEee HEMPEPHIBHOTO TPEYTOJIBHOIO)

i 0 x<0
r(x)=tryx/1 0<x<l
{0 X > |

Ecnu npu nanpHeWInei 3BOJIOIUMU 3TOTO PEIICHUS UMEETCS JUIIb €IMHCTBEHHBIN pas3pbiB, TO €ro
KoopauHaTta B MoMeHT { =1, cBsi3aHa ¢ aMITUTY 0¥ BOJIHBI COOTHOIICHHEM

KOTOPOC CIICAYCT U3 HOI[O6I/15[ TPCYTOJIbHUKOB. 3)ICCB MBI IToJiara€M, 4To CyYHmCCTBOBAHHE pa3pbiBa
HUKAaK HC BJIMACT HAa paCIIPOCTPAHCHUC BOJIHEI JICBEC HETO.

Puc.
3akoH coxpaHeHus (Macchl) 1aeT BTOPOE COOTHOIICHHUE!

rol =r,x.
Otcroza cienyeT 3aK0H JIBUKEHUS pa3pbiBa — «PpOHTA yAAPHOU BOIHBI»:
x (1) = LJ1+V i/l

JIBI>KeHHE pa3pbiBa IPOUCXOAUT CO CKOPOCTHIO
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&1('[) :V0/2V1+V0t/| :

AMIUTMTY/a BOJIHBI C TEYEHUEM BPEMEHHU yObIBAEeT:

rat)=ro/J1+Vt/l

KBasunuHeliHple ypaBHEHUS IIMPOKO HWCHOJB3YIOTCA JUIS OIMCAHMS BOJHOBBIX IPOIIECCOB,
COIIPOBOXKAAIOIIUXCS AehopManel HaYaIbHOTO PacIpeIeIICHNUS.

W3BecTHBI M IIHUPOKO WCIIONB3YIOTCS OOOOMICHHUS KBA3WJIMHEHHBIX ypaBHEHHH, ONHCHIBAIOIIHEC
pacnpocTpaHeHHUEe BOJIHOBBIX MakeToB (crermanbHol (opmbl) 6e3 medopmarmii. [IpuBeaem 3tu
YpaBHEHHSI U UX PEIICHUS.

1) VYpaBHenue KopreBera — 1e ®puca (Knd)

DTO ypaBHEHHE MOTydaeTCs T00ABKON «IMCTIEPCUOHHOTO YJIeHa!

3
E+(1+12u)—+— =0
It X
Pemenue ypaBaenus KJI®, yopiBaroree Ha 06CKOHEUHOCTH, UMEET BU]T

u(x,t) = aT:ch'z(a(x - 1+a2) +b)/2)

]

rae &, b - npousBonbHEIE HOCTOSHHBIE.

OHO OIMCHIBaCT YEAWHECHHYIO BOJHY — COJIMTOH, PAaCHPOCTPAHSIOIIUNCS CO CKOPOCTBIO
— 2 o

V(a) =1+a", 3aBucsiiieil OT aMIUTATY/IbI BOJIHBI.

f(x) over Range 0to 1
1

f(x)

2) VYpasuenmne Broprepca (c quccumnarmeii)
2
Tu, Ju g Tru

qt fix V_

JInst aTOr0 ypaBHEeHuUs n3BecTHO pemieHue Teitnopa («ynapHas BOJHa»), HIMEIOIIEE BUJL:
u(xt) = adft- thax- da’t/2)}
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f(x) over Range 0 to 2
3+

>

(%)

Puc
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