Taasa 5. BOJHBI B OJHOPOJIHOM CPEJE

B aroii rnaBe paccMarpuBaroTcs cepuueckue, UMIMHAPHYECKHE U IIIOCKUEe
BOJIHBI B OIHOPOJTHOM Cpefle, XapaKTepHu3yIoLlefica TeM, YTO B HEWl CyLIECTBYIOT
TONBKO BOJIHBI AuitaTauuu (rot s = 0). [eTtanbHo oOcyXaaeTcd MOBEEHUE TaKKX
BOJIH B ONIXKHEN, POMEXYTOYHOU U AaJbHEH 30HAX.

5.1. COEPMYECKHE BOJ/IHbIL, BO3BYKJIAEMbIE
9JIEMEHTAPHBIM UCTOYHUKOM

[TpenmonoxuM, 4TO B OTHOPOAHON CpEfie ¢ MOTYIEM BCECTOPOHHETO CKATHS
K ¥ IIIOTHOCTBIO P, COMIEP>KUTCS chepriecKast monocTh paguyca S, (puc. 5.1, a).
B momeHnT BPEMEHU t = 0 mojaoCTh HAaUMHAET MyJabCUPOBATh, BCIEACTBUE YETO B
KaXJIOll TOUKE ee MOBEPXHOCTH JICHCTBYET CUJA, HANpaBlIeHHAs MO HOPMalll K
TIOBEPXHOCTH ¥ MMEIOI[As BO BCEX TOUKAX OfIMHAKOBYIO BEJMUYUHY:

F(p, t) = P(p, t)Sn. (5.1)

3pech S — momab MOBEPXHOCTH UCTOUHNKA, P(P, t) — faBneHue B Touke P Ha

H

=
I
=
>U

>

AW
)

4(’}
* cAt

Puc. 5.1. Cchepuyeckast BonHa

169



TIOBEPXHOCTH MOJNOCTH, N — eMHIYHAS HOPMalb K NOBEPXHOCTH, HANpaBJeHHAs
OT MCTOYHHMKA.

W3-3a xoneOannii aBneHAs, BEI3BAHHBIX W3MEHEHNEM Paiyca MCTOYHUKA, B
cpefie BO3HMKAIOT M PACHPOCTPaHSIOTCS BOJHBL. OYEBHJIHO, YTO pacHpefieieHne
aBJIEHHUsI, TakK Ke KaK M paclpefielIeHus] CMEIIEeHNI 1 CKOPOCTE! YacTul| B BOJHE
ANATaIyK, SBASeTCs chepuIecKu-CHMMETPIYHBIM. Y UMThIBas 3TOT (paKT, BbIOe-
peM chepuyecKyro CUCTEMY KOOPAMHAT C HAYaJoOM B IIEHTpE MOJOCTH M Hpefro-
JIOXKMM, YTO BCE MEPEYUCICHHbIe (DYHKIMM 3aBUCAT TONBKO OT OJHOM KOOPHH-
HaTbI R:

v=V(R, iz, P=PR, 1) 1 s =5(R, Dix. (5.2)

3nech iz 06003HaUAET eIUHUYHBIIA BEKTOP, HALPABJICHHBII 110 Pajuycy.

AKYCTHYECKHAM MOTEHIIHUAJ

Yro06bl 3a1aTh BOIHOBBIE MOJS, YIOOHO MCHONb30BaTh CKANSPHbII MOTEHIMAN
cMemeHus (P, t), KOTOpPbI B paccMaTpUBaEMOM Ciydae sBIsieTcs (DYHKIHMEH
TOJIbKO OfHOH KOOpANHATHI R:

¢ =R, 1. (5.3)

CMeleHnst 1 CKOPOCTH YacTHll, a TakKXKe JIABJICHAE BBIPAXKAKOTCA TOTA YEPE3
npousBofHble pyHkumn (R, t). Ecim Xe B OCHOBY paccMOTpEHHs IONOXHUTh
JIABIICHUE WM CKaNSpPHbI MOTEHNHMAN CKOPOCTH, TO MO KpailHEe# Mepe OfHO U3
BOJIHOBBIX IIOJIEX OYAET ONPENENATHCS C IOMOIbI0 HHTETPUPOBAHNUS, YTO LOPasfgo
MeHee y00HO.

Kak cnepyer n3 pasnena 4.2,

s = grad @, v = ds/ot (5.4)
it
ach
P=—py L2, (5.5)

n BCIOJIy BHC UCTOYHHKA IIOTCHIIAATT yHOBHCTBOpHeT BOHHOBOMY ypaBHeHI/HO
2
1 °g
Vip=—="-F. 5.6)
¢ ot?

3nech C 0003HaYaeT CKOPOCTH BOMHBI IANATALNH.

ITomumo 3TOrO, HEOOXOAMMO JaTh ONMCAHUE ITOBENEHMSI IOTCHIMAA Ha IIO-
BEPXHOCTH MOJIOCTH, & TaKXKe CPOpMYIUPOBATh HAYANBHBIE YCIOBHS. B pesynbra-
Te KoneOaHWi MONOCTH BO3OYKNAIOTCS YXOSIIME BOJNHBLI, aMIUTATYIA KOTOPBIX
YMEHBIIAETCS C PACCTOSHAEM OT HCTOYHHKA. B mpenerne mveem

¢ — 0, ecmu R — . 6.7

Ycnosue (57) HMECT HpOCTOfI CMBICII, OHO O3HAYa€T OTCYTCTBUEC UCTOYHUKOB
Ha 6eckoHeyHOCTH. Kak ObLTI0 0OTMEUEHO paHee, TO KE CaMO€ MOXHO IMOJYYUTh,
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€ecyH MPefICTaBUTh cebe cheprueckyro OBEPXHOCTb, pajuyc R KoTopoil HacTonb-
KO BEJUK, YTO BONTHA HE YCIEBAET JOCTUTHYTh TOBEPXHOCTH 32 BpeMsl HAONIOfEHNUS
(a Takxe fi0 Hayana HaOmofeHuil). CTOUT 3aMETUTh, YTO MH(OpPMALHUS O BONHAX
Ha OECKOHEYHOCTH COAEPKUTCS B HAYANIbHBIX YCIOBHSIX.

ITycTb cMelIeHre TOBEPXHOCTH TIONOCTH OMUChIBAETCs (DYHKIMEN

_J0 t<0,
SR(t)_{sof(at) t>0.

Hanuune xoagpduupenta a B 910it opMyie CBA3aHO C TEM, UTO apryMeHT
yKa3aHHOW Bbllle (DYHKIMU SIBASETCS 0e3pa3MEpHbIM. JTUM apryMEHTOM MOXKET
OBITb, HAPUMED, YIJIOBas 4acToTa .

Torna, mo onpegenennto (CM. paBeHCTBa 5.4), TPAaHUYHOE YCIOBHUE ISl IOTEH-
uajia B TOYKaX MOBEPXHOCTHU MTOJIOCTA MOXKHO MPENICTAaBUTL B BUJIE

99 _ . )0 t<0, _
o So{f(at) t=0, ecmt R =R, + sz(1). (5.8)

[peanonoxum Takxe, YTO 0 MOMEHTa BpeMeHH t = 0, Korja Hauan feficTBo-
BATh MCTOYHMK, BOJTHOBBIE IBUKEHHS BO BCEX TOUKAX CPEfIbl OTCYTCTBOBAJIL:

s(R,0)=0u P(R,0)=0

nimn

ap(R, 0) _ a2p(R,0) _
T_O u at—z_o' eciu R>R,. (5.9)

Taxum o6pa3oM, IpaHHYHYIO 3ajjauy A/ CKAlAPHOTO NOTEHIMAana MOXKHO
chOpMYJIMPOBATH B BIJIE CIEAYIOLIMX YCIOBHIL.
1. B perymaspHbIX TOUKax cpefibl

2. Ha noBepXHOCTH UCTOYHMKA

9 _ o]0 t<0, -
o So{f(at) t=0, ecm R =R, + sg (D).

3. B HAyanLHBIA MOMEHT BPEMEHHU BOJIHOBOE MOJIE B CPENIC OTCYTCTBYET:

WR.O) _o , 20RO _,
at? ’

R ecmm R>R,, t=0.

Haiifem, mpexxyie Bcero, pelieHne BOJIHOBOTO YpaBHEHMS, KOTOpoe B cepuye-
CKOIl cucTeMe KOOPJMHAT 3alUChIBAETCS B CIEAYIOLIEM BUJIE (CM. IPUJIOXKEHHE 3):

Li(Rzﬂ_@) =L282_(P, (5.10)

BHCCB YYTEHO, UTO IMOTCHIHAT 3aBUCUT TOJIBKO OT KOOPAUHATBI R.
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YT0O6bI YIPOCTATH PEIICHNE 3TOTO YPABHEHNUSI, BBEJIEM HOBYIO (DYHKIIMIO
W = Re.

Hucpepenunpys ckanspHbll HOTEHIUA ¢, IOTYYUM

% _ _R2W+ R‘l%

R
n
209 _ _ W
R R W+RaR'
CremoBaTenbHo,
0 (R29%) R AW
OR(R OR) RaR2

u ypaBHeHue (5.10) MOXHO IepenucaTh B BUIE

3TO ypaBHEHHE YKe YIOMUHANOCH B IVIaBe 3 MK OMUCAHUH PACIPOCTPAHCHHUS
BOITH BJI0JIb OJJHO 13 KOOPAMHATHBIX Ocell. Pellenne JaHHOTO ypaBHEHHS! COCTOUT
W3 IBYX HE3aBUCHUMBIX (DyHKIIMII:

fla(t-R/c)] u g,[a(t+R/c)].

CoOTBETCTBEHHO, CKANSIPHBIN MOTEHIMAN 3aMULIETCS Kak

CP(R, t)=Afl[a(t_R/C)]+Bgl[a(t+R/C)]’ (511)
R R
rae A u B — HeKOTOpbIE KOHCTAHTBI.

[TockonbKy BTOpoe cnaraeMoe B MPaBofl YacTH 3TOTO BbIPasKEHHUs OMKCHIBAET
BOJIHY, PaclpOCTPaHSIONIyOCs 13 OECKOHEYHOCTH B HANMPABICHUN HCTOYHUKA, OHO
HE YAOBIETBOPSIET HAYalbHbIM YCIOBUAM. TakuM 00pa3oM, MOXKHO TOJOXHTb
B =0, 4T0 maet cnefyromee BeIpakeHNE [V CKaNspHOrO MOTEHIMANA:

¢(R, 1) = AIERIOL (5.12)

OvueBuyIHO, YTO CKANAPHBIH ToTeHIMAN (5.12) XapakTepu3yeT BOIHY, pacmpo-
CTPaHSIOLIYOCS OT TOYEYHOIO UCTOYHUKA C (pa30BOIi CKOPOCTBIO C, U YHOBIETBO-
PSET BOIHOBOMY YPABHEHUIO U YCIOBUIO (5.7).

YroObl onpefenuTs Heu3BeCTHbIN KoadduiueHT A u dyHkumto f,, ucnonbsy-
eM ycnosue (5.8), cipaBefuBoe AN BCeX TOYEK ABMKYLIEicS NOBEPXHOCTH HC-
Toynuka. 13 paBeHcTs (5.4) u (5.12) cnenyet
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Sp(R, t) = dp/oR

nim
sz(R, 1) = Afj[at-R/c)]  Aa f/la(t- R/c)]’
R? PR
rae f/la(t—R/c)] oGosnavaet mepayro MpousBoORHyio yRKIHH f, MO aprymenty
a(t-R/c).

Crnenaem Tenepb Tpu Tpefmonoxenus. [Ipexae Bcero mpemonoXuM, UTO
OyJabCallid MCTOYHMKA XapaKTEPU3YIOTCA OTHOCUTEIBHO MaJIbIMUA CMEIICHUAMU
T.C.

1. | (V)| < R,.

ITosTomMy B rpaHMYHOM YcnoBHU (5.8) IOJNOXEHHE IIOBEPXHOCTH IOJIOCTH
MOKHO 3aJjaTh, UCIOJb3Ys HOCTOSHHYIO KoOopiuHatTy R,. CwmeleHue TOYeKk 3TOR
MOBEPXHOCTH MOXKHO IIPECTABUTE B BHJIE

Afj[a(t - Ry/c fiTa(t - Ry/c
Sof(at)=— 1[( 0/ )]_& I[( ()/ )] (513)
RS c Ro

Takum 06pa3oM, ompefielicHUEe HEM3BECTHBIX BENMYMH CBOJUTCA K PELICHHUIO
mucdepeHInaNnbHOr0 ypaBHeHHs. YToObI YIPOCTHTE NPOLERYpY MOUCKA PELICHNUS,
NPENOI0XHIM, YTO BTOPOE CIaraeMoe B MPaBOil yacTh ypaBHeHHs (5.13) Takke
Malo:

2. L fla(t- R,/C)]>> 2 f/[a(t-R,/c)]| u 3. t > Ry/c.
RS cR,
Torna BMecTo ypaBHeHus (5.13) monydnm
s, f(at) = —Af,(at)/RZ, (5.14)
OTKYJia
A=-R3s, uf,(at) = f(at). (5.15)

[MopcranoBka paseHcTB (5.15) B ypaBHeHue (5.12) faer ciefyroree mpuoOIu-
SKEHHOE BBIpaXKEHNUE [Tl CKaNSpHOTO MOTEHIMANa:

o(R, 1) = -% flat=R/c)], ecnn R > R,. (5.16)

B 3akitouenne 3Toro paspesia Mbl OIpPEAENUM YCIOBHS, MPH KOTOPBIX MONY-
YeHHOE BbIpaxKeHHe IS CKASIPHOTo NOTEHIMANA ONMChIBAET BOIHOBOE [OBEICHHE
C TOCTaTOYHOHN TOYHOCTHIO.

OuesnpHo, uto ynkums (R, t), 3amaBaemas BhipaxenueM (5.16), ymoBme-
TBOPSIET BOJIHOBOMY YPaBHEHHMIO U YCIOBUIO BOJM3M UCTOUHUKA. Boree Toro, mo-
ckoJbKy (pyHkus f [a(t — R/C)] u ee mpou3BOiHbIE PaBHBI HYJIO, KOTJ]A apryMEHT
a(t— R/c) orpuuaTeseH, CKansgpHbIi OTEHIMAT ¢ YAOBIETBOPSET TakKe Havalb-
HbIM ycrnoBusM. Takum 00pa3oM, Mbl MONYYWIN pellieHHe TPaHMYHON 3afauH H,
COOTBETCTBEHHO, (R, t) sSBIsETCS CKANSPHBIM TOTEHIMAIOM CMEICHHS IS CITy-
Yasi OJHOPOJHOM CPebl U CPeprIecKoro NCTOUHNKA (5.8).

173



BBIPAKEHMA [IIS1 BOJTHOBBIX ITOJIEM

B cootBeTcTBuE ¢ paBeHcTBaMHE (5.4)—(5.5) pajmanbHble KOMIOHEHTHI CMEILle-
HHl W CKOPOCTH, a TaKXe H30BITOYHOE [IaBJCHME OINMCBIBAIOTCS CIEAYIOLIMM
BBIPAKCHUSIMU:

w0 Sarf(t- o B rfofe-)]

(5.17)
V(R, t) = E—‘iasof ’[a(t—%) +% f ”[[a(t—%)]
I/I
PR, b= mf”[a(t—ﬂ)].
R c
ITockonbky
0 =divs =-P/K,
[UaTalys OMUChIBACTCS Kak
0o R2a’s,p, f”[a(t—ﬂ)}
KR c
170171
e=—@f”[a(t—5”. (5.18)
¢’R ¢
B BbIpaxenusix (5.18) yureHo, 4To
K = p,C*.
B o ke Bpems
rot s =rot grad ¢ =0, (5.19)

1, KaK yxe ObLIO CKa3aHO, BOJHbI AUIATALMH HE BbI3bIBAIOT BpalleHus 1 fedop-
Maluil IPOCTOro CBUra B 00beMe HE3aBUCKMO OT €r0 OpPHEHTALUH.

B panbHefimem Mbl OyfieM MCIOIB30BaThH CIEAYIONIME IBa OCHOBHBIE CBOHCTBA
¢dyukimn f[a(t— R/c)] u ee Npou3BOHBIX.

1. Ecmu apryment a(t — R/C) oTpuuaTesbHblIl, yKa3aHHble (DYHKIUHE TPHHU-
MalOT HyJeBble 3HAUCHHSI.

2. Pacnipeniesnienuie jaBneHus U AUIATALNH, a TAKXKE CMELIEHUS U CKOPOCTH 4Ya-
CTHI{ 3aBUCHUT OT OJHOW €JUHCTBEHHON KOOPAMHATHI R, T.€. yKa3aHHble (DYHKUHH
OCTAaIOTCs IOCTOSIHHBIMU Ha c(hepUuecKOil IOBEPXHOCTU C LIEHTPOM B UCTOYHHUKE.
Taxas BosnHa sABysieTCs cpepUYECKU CUMMETPUYHOM, U UMEHHO IIO3TOMY OHA Ha-
3bIBaeTCs ChEPUUECKON.

BekTopbl cMelleHns ¥ CKOPOCTH YacTHlL] UMEIOT TOJNBKO PaJIanbHY0 KOMIIO-
HEHTY U, CIe[l0BATEIbHO, NEPIEHANKYISPHBI K TOBEPXHOCTH
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R = const,

YTO OTPAXaeT OfJHO W3 BO3MOKHBIX CBOHCTB BOJIH [JATATALNH.
ITpepmonoxum, 9TO MOBEPXHOCTH NOJOCTH M3MEHSIETCS B TEUCHUE MHTEpBala
BpeMeHH At:

0 =t<At,

1 PacCMOTPHM BOITHY, TIPUIIEJIIYIO B HEKOTOPYIO TOUKY HAa paccTosHMd R oT wc-
TOYHHUKA.

Kak ato crepyer u3 paBeHcTs (5.17), yacTuipl cpefibl OYIyT HOKOUTHCS B MO-
MEHTbI BpEMEHH

t < R/c.
3.’:1T€M B MOMCHT BpeMGHI/I
t=Rlc

BOJIHA OJJHOBPEMEHHO NIPUAET BO BCE TOUKM C OAHOM 1 TOM Xe KoopauHaToil R. B
9TOT MOMEHT HalumtofaeTcsl BOJHOBOI (DpOHT. B TeueHne nuntepBana BpeMeHn

R/c st = R/c + At

YaCTHIbl BOBJIEYEHbI B BONHOBOE JIBIKEHHE, KOTOPOE COMPOBOXKIAETCS TAKXKe
TMOSIBIIEHIEM M30bITOYHOTO IaBIECHNS 1 fiechopMarumert Kugkocta (puc. 5.1, ).
B MoMmeHT BpemeHn

t=R At
C

XBOCT BONIHBI MHUHYET TOYKY HaOJIONEHUs], IIOCNE Yero Cpefia BEPHETCS B COCTOSI-
Hue paBHOBecHs. TakuM 00pa3oM, HE3aBUCHMO OT PACCTOSHUS MPOJOIIKATEIb-
HOCTb BOJIHBI paBHsieTcsi At, a Bpems mpoOera BOJHBI 0 TOYKU HaONIONEHHS
YBEJIMUMBAETCS C PACCTOSHUEM.

PaccmoTpumM, Kak BonHa pacnpenenseTcs ¢ paccrosaieM R. IIpexpe Bcero 3a-
METHUM, YTO BOJIHA MOXKET CYIIECTBOBATH TOJILKO Ha PaCCTOSHUSAX R, YAOBJIETBO-
PAIOLIMX CIIEAYIOMIEMY YCIOBHIO:

R =ct.

Kpome Toro, cnefyeT pasnensaTs ABa ciydas:
D At>t, 2)At<t.

B nepBoM ciygae B MOMEHT BpeMEHH { HCTOUHHK MPONOIKAeT BO3OYKIATH
KoJIeOaHus, W, CIETOBATENLHO, BOJTHOBBIC JABIKCHHS MPOUCXORST BCIOAY BHYTPH
cthepuueckoro obpema paauyca

R =ct,
Kak 3TO IOKa3aHo Ha pmc. 5.1, &.
Bo BTOPOM CJIyda€ BOJIHA NPUXOJUT B TOYKY HaﬁJIIOlICHI/Iﬂ, Korjga HUCTOYHHUK

yKe TIPEeKpaTuiI ieficTBoBaTh. B MoMeHT BpeMeHH t = R/C XBOCT BOJIHBI JIOCTUTaeT
TOYEK ¢ KOOPJMHATON

175



R =c(t - At).

Takum o0Opa3oM, B 3TOM cliyyae BONHA HaOMIOfaeTcd B chepudyeckoM cioe
TOJIIAHON

AR = CAt.

OueBupHo, uTO (hopma BosHb! (R, t) 1 TonmmHa cnost AR He U3MEHSIOTCS C
paccTosiHIeM OT UCTOYHKKA (puc. 5.1, &).

BOJIHOBBIE I1OJIA

Paccmotpum Tenephb BosHOBBIE Honst P, s, v 1 6 Kak (yHKIUM BpEMEHU U
paccrosiHus OT HcTouHMKa. Ho cHavama cnefiyet caenaTh ABa 3aMEYaHusl.

1. PaboTa BHEIIHNX CHJI, ACHCTBYIONIMX B MCTOYHHMKE, IPeoOpa3yeTcd B Mexa-
HUYECKYIO SHEPTHIO BOJHBL, M €€ KOIMYECTBO OCTAETCS MOCTOSTHHBIM, ITOCKOIIBKY
MbI IIpeHeOperaeM BiusiHUEM fuccunanuu. Kak Mbl 3HaeM, ¢ TEYEHUEM BpPEMEHH
00beM chepuueckoro ciosi, 3aHITOr0 BOJHOM, CTAHOBUTCS OOJIbIE W MIOTHOCTD
9HEPTUH YMEHbIIAETCsl. DTO MOKa3bIBAET, YTO C YBEIMYEHUEM paccTosHUS R cko-
POCTb ¥ M30BITOYHOE JIABJICHNE, @ TAKXKE 3HAUEHUS [PYTHX MapaMeTPOB BOJIHOBO-
TO IIONSl YMEHBIIAOTCS, YTO, KOHEYHO, CIEAyeT n3 BbIpaxkeHui (5.17), (5.18).

2. ITo omnpepenenuto, auataus B chepuIeckoil CUCTEME KOOPJIMHAT JaeTcs
CIIEIYIOIIMM BbIPAXKEHUEM (CM. PUIIOXKEHUE 3):

0 = divs =L (R2s),
R2 dR

e
S = SR’
Ianee, mpuHUMasi BO BHEMaHNE NIEpBOE U3 COOTHOMIEHHH (5.17), mmeeM
2
R2s = R2s, f [a(t-ﬂ)} + Ro 2R ¢ ’[a(t—ﬂ)]
C c C

1, nocne nudgepeHInpoBanus,

g = _Risoa ¢ a(t_B) L Rised ¢ a(t_B) )
R2c c cR? c
_Rgsed’ fr

a(t—%)
a(t—%)],

410, 6E3yCIOBHO, COBMAfaeT ¢ (5.18).

¢’R

Jines

0o_ Ras,a’ fr
¢’R
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OTi (OpPMYJIbI TOKA3bIBAIOT HECKOJbKO HMHTEPECHBIX CBOKCTB JUIATALMH.
[Ipexpe Bcero, HE3aBUCMMO OT PACCTOSIHUS 0 MCTOYHUKA €€ MOBEeHUe Ompeie-
Jsiercs BTopoit mpomsBopHon dyukimu fla(t — R/c)]. Hanpumep, B okpecTHOCTH
JCTOYHUKA B BBIPAXXKEHUU ISl CMELLEHMS JOMUHUPYIOLIYIO POJIb MIPaeT NEepBblid

YJICH
a(t — _")
c

HO HpI/I 9TOM JujiaTanus CyI_HeCTBeHHO 3aBUCUT OT HpOI/I3BOHHOﬁ, B3$[T0ﬁ OT BTO-
pOF 0 YJICHA:
a(t—ﬁ)
C

Ipyroe BaxkHOE CBOHUCTBO (DYHKIMH § COCTOMT B TOM, UTO €€ 3aBUCHMOCTH OT
paccTosiHUS BCIONy OfMHaKoBas. HakoHel, Kak chefyeT w3 BbIpaxkeHus (5.18),
munatanys cpepruyeckoil BOJHBI YMEHBIIAETCS ¢ pocTOM (hpa3oBOi CKOPOCTH C.
3TO MpEANONaraeT, 9YTo KOHEYHOE 3HAUCHHUE 3TOH CKOPOCTH SIBISETCS HEOOXOJH-
MbIM (haKTOpOM ISt iepopmanyi Xkuakocti. Hampumep, ecnu BoHa pacmpoct-
paHseTCd MTHOBEHHO (C —> o), TO cMeleHue S(R, t) cTaHOBUTCS paBHBIM

R

k]

2
Roso
2

2
Ry spa fr

2
S(R, t) = R0% f(at),
RZ

U, CIEOBATENbHO, AuIaTanud 0, XapakTepusyrolas U3MEHEHUS 3JIEMEHTapHOrO
00beMa, oOpalaeTcs B HOIb.

YroObl NMPOMITIOCTPUPOBATH TMOBEICHUE BOJHOBBIX MOJEH, MPENNOI0XHIM,
YTO CMEIEHNE TIOBEPXHOCTH IIOJIOCTH B MOMEHT BpeMeHn t = 0 HaumHAeT pacTH,
JOCTUraeT MAKCUMyMa, a 3aTEM IIOCTEIIEHHO yMeHbIIaeTca o Hyis. [lomumo 3to-
T0, IPEATIONOKHIM, YTO NIEPBBIE ¥ BTOPbIE IPOU3BOHBIE CMEIIECHUS TaKXKE PaBHbI
HyJII0 B Havane npornecca t = 0 1 B MoMeHT BpeMeHu At. IloBefenne yka3aHHBIX
(yHKIMIT TOKa3aHO Ha puc. 5.2, &.

B cootsetcTBu ¢ (5.17) H30bITOYHOE JaBIEHUE ONpPEAEISIeTC KaK

a(t - —)
C
I'Jle

m = podn RZS, (5.21)

2
PR, 1) = LLRV , (5.20)

SIBIISIETCS. MACCOM YKUIKOCTH, HCp@MCCTHBIHCfICH OT MCTOYHMKA, KOrjga CMCIICHUEC
MOJIOCTH PABHAOCH S,.

Takum 06p8.30M, MOBENICHNE TAaBJICHUS ONPEACIACTCA, HE3aBUCUMO OT PACCTOS-
HUA 1O UICTOYHHKA, BEJMYMHON OTHOILIEHUS

frlatt-R/c)]
- .
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Pacmsdicenue

Corcamue

Puc. 5.2. Cmemmenne nomnoctu Sy(t) u ero mpoms-

Rg BOJIHBIC (2); 30HBI CKATHSl M pacTskenms (&);
CMELLIEHKE MONIOCTH S() Ha pasiUyHbIX paccTosi-
HIX R, <R, < ... <R, oT uicTounuKa (&)

Sr

Hanpumep, ecitit BpeMst i pacCTOSHHE YIOBIETBOPSEOT PABEHCTBY
t, =t - R/c = const,

TO JIaBJICHNE U3MEHSETCS OOPATHO MPONOPUMOHANLHO R.
Kax BugHO 13 puc. 5.2, a, ¢pynkuusd f”'(t,) MeHser cBoii 3HaK fBaxpbl. CHOBa
TPEMTONIOKAM, UTO BOJHA HAGIONAeTCs B HEKOTOPOH TOUKE ¢ KOOpHUHATOH R.

Ilo MomeHTa BpemenH t = R/C maBneHme OTCyTCTBYET. 3aTeM B TEUCHWE HHTEPBAJA
BpEMEHU

R/0 <t < Rlc + At

CYILIECTBYIOT /IBa 00Jee KOPOTKHX WHTEpBAla BPeMEHH, Ha KOTOPBIX NaBieHne P
SBISETCS IOTOKATEILHBIM, @ MEKIY HUMH — OTPHIATEIBHBIM.

Panee MbI IPEAMONIOXAIN, UTO CMEIIECHHE TOBEPXHOCTH MONOCTH XapaKTepH-
3yeTcs TONBKO OJHIM MakcuMyMoM. B Oolsee oOieM crmyyae KOJMYECTBO MHTEP-

BaJiOB, HAa KOTOPLIX [TaBJICHUEC P GYIICT UMETH TMOOYEPETHO TOJOXUTEIIbHBIC 1
OTPULATEJIbHBIC 3HAYCHUS, BO3PACTACT.

ITockomnbky
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6 =-PIK,

[MIaTanys BefeT ce0sl MOX0XUM 00pa3oM, HO C IPYTHM 3HAKOM. JTO O3HAyaer,
YTO TIOJIOXKATENbHBIE M OTPUIATENbHBIE 3HAUECHNS P HaOMIOTatoTCsl COOTBETCTBEH-
HO B 30HaX CKaTHs M PacTsLKeHus1. [JaHHOE paccMOTpEHHe SICHO yKa3bIBaeT Ha To,
YTO B KaXJbll MOMEHT BPeMEHH Mbl MOXKEM pa3luyaTb TP YACTH BOIHBI (CM.
puc. 5.2, a). ITockonbky B Hayazie mpolecca U30bITOYHOE JABICHHE SBISETCS
TONIOXHUTENbHBIM, IPUXOUM K 3aKIIFOUEHHIO, YTO BHEIIHSS 4acTh C(HEpPUIECKOro
CJI0Sl HAXOAUTCS B COCTOSIHUM cxkaTus. [IpomMexxyTo4Has 4acTb HAXOJUTCS B COCTO-
sHuK pactsikenns (P < 0), a 3a7Hss YaCTh — CHOBA B COCTOSIHMM CXaTHS (pHC. 5.2,
&). 30HBI CKaTHS BCETIa YEPEAYIOTCS C 30HAMH PACTSKEHHSI B BOJHE, OTPaHWYEH-
HOI cpepryeckuM cioeM. [Insi [okas3aTenbeTBa 3TOTO YTBEPXKICHHST pacCMOTPHM
UHTErpal OT IUTaTalm:

ma’
fodt=- -1, (5.22)

tl<3; t, >E+At;
c

At — IPOIOTKUTENBLHOCTD IEUCTBHS HCTOUHHKA;

(-3

BbInonHss HHTErpUpOBaHUE, IOTY4UM

{2 -

[TockonbKy B MOMEHT BpeMeHHn t = t, BOJIHA eIlle He MPHIILIa B TOUKY HAOIIO-
JIeHHs1, CKAJIAPHbII TTOTEHIMAN @ ¥ er0 IPOU3BOJHbIE PABHSIOTCS HYIIO, U, CIE0-
BaTEJIbHO, BbIpaxkeHue (5.24) nepenucbIBacTcs B BUAE

I = f'Ta(t, - (R/C)]. (5.25)

t
| = aff” dt. (5.23)
f

I=f' —f . (5.24)

Ecnu mb1 npepgnonoxuM, yro yskuust f'[a(t, - (R/c)] ornuyHa oT Hyms,
TO coracHo (5.17) MOMKHO CyIIecTBOBATh ABMKEHNE YACTHI] 032/ BOMHBI. [lo-
CKOIIBKY 3TO HEBO3MOXHO, MBI IOJIXKHBI TTOJOXHATh

f'[at, - (R/C)] = 0.

Takum oGpa3zom,

fodt=0. (5.26)

HOCIIGIIHCG BbIPaXKEHUEC TTIOKA3bIBACT, YTO €CIIA BO36Y)KHGHI/IC KojiebaHnid B HC-
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TOUHMKE IPOMCXOJUT B TEUECHHE KOHEUHOTO NMPOMEXYTKA BPEMEHHU, TO AJIsl Ipo-
W3BONBHOI (pyHKUMN f(at) CylecTBYIOT 30HBI CXaTHs M PACTSKEHHS B Ipefenax
ctheprueckoil BoaHbL. bosee Toro, pacupefeneHne funatanuy 6 U H30bITOYHOTO
nasneHns P Mexy (ppoHTOM U OKOHYAHHEM BOJIHBI TAKOBO, YTO HHTETPAIbI

ty ty
f 0dt u f Pdt
t t

paBHbI Hym0. O4YeBUAHO, YTO ITOT PE3YILTAT HE 3aBUCUT OT BEIMYMHBI KO3 u-
mieHTa A B (5.12).

CornacHo copmyie (5.17) cMelieHus 1 CKOPOCTH YacTHIL ONMUCHIBAIOTCS CyM-
MOM [IBYX ClaraeMbIX, IpAYEeM KaXJoe U3 HUX II0-pPa3HOMY 3aBUCHT OT PaccTosl-
Hug. ITosTOMy €CTECTBEHHO pasinMyaTh TPH HMHTEpPBAla PAaCCTOSHUA, KOTOPBIE
OOBIYHO HA3bIBAIOT ONMXHEW, MPOMEXYTOUHON W fanbHed 30Hamu. Hauxem c
PaccMOTpEHHs IepBOIi 30HBbI.

1. banmxuss 30Ha

Ecnu paccTosHuS OT UCTOYHHKA OTHOCHTENBHO Mallbl, T.€. MEPBOE ClaraeMoe
B BBIPAXEHUAX (5.17) W14 S ¥ V SBIAETCSA JOMUHUPYIOLIUM, TO MbI UMEEM

s(R, t)z*f[a(t—%)

5

(5.27)

V(R, t)zﬁf’[a( —%ﬂ,

B TO BpEMsI KaK

PR, t)zTni; f ”[a(t—%)]

n
6 =-P/K.

B 37071 30HE (PyHKIMHU S U V OTHOCHTENBHO OBICTPO YMEHBILAKOTCS C PACCTOsI-
HHEM OT MCTOYHMKA, & MX 3aBUCUMOCTb OT BPEMEHH TaKasl e, KaK A7 COOTBETCT-
BYIOIMX (DYHKIMI HA IOBEPXHOCTH MONOCTH.

Tem He MeHee, UIAaTaUMI0 U W30BITOYHOE JABJIEHHME HEJb3s TONYYUTh M3
NpUOIMXEHHOTO ypaBHeHus (5.27) must cMemeHnii. YToObl MONyYnTh MPaBUIIb-
Hble BbIpaskKeHMs, ONMKChIBAIOLIME MoBefieHne 6 u P, HeoOXOAUMO y4ecTb BTOpOe
cnaraemoe B popmyne (5.17) ansa ¢pynkumm S(R, t).

2. TIpomexyTounas 30Ha

C yBenmueHneM paccTOSHNS OT MCTOYHMKA BIMSIHAE BTOPOTO 4JIEHA B MPABOM
YacTH BbIpaxkeHui (5.17) Asl cMeIeHus ¥ CKOPOCTH CTaHOBHTCS Bce Oolnee 3a-
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MeTHBIM. [103TOMY ¢ n3MeHeHneM paccTosHus R m3MensieTcs 1 (popMa BOJTHOBBIX
nonei S(R, t) u v(R, t). xak ¢pyHKuit BpeMeHu. [Ipumep Takoro nosefeHust s
CMeEIIeHNS TIPeJICTaBIIeH Ha puc. 5.2, &.

3. TanbHss 30Ha

Kaxk crenyet n3 cooTHOmenn# (5.17), Ha FOCTaTOYHO OOMBIINX PACCTOSHUSX

~_ma_ ¢ _B
SR, D~ 4mcpoR f [a(t c”

(5.28)
V(R, t)zm—azf”[a(t-ﬁ)]

4mepR c

PR, t)zm—azf”[a(t—ﬁ)].
47R c

B 31011 30HE, B OTINYME OT MPEMBIAYILETO CIy4asi, BCE BOJHOBBIE MO yObI-
BAIOT C PaCCTOSIHAEM OfITHAKOBBIM 00pa3oM M OTHOCUTENBHO MefiieHHo. Kak u B
OMMXKHEN 30HE, 371eCh MOBEAICHNE BOMHBI KaK (DYHKIWH BPEMEHW HE 3aBHCUT OT
PaccTOSHUA 1O NCTOYHHUKA.

B cootBercTBum ¢ (5.28) OTHOIIEHHE CKOPOCTH K M30BITOYHOMY JABJICHHIO
OIpENEISIETCs KaK

v/P = 1/cp, = 1/Z. (5.29)
Kak MbI yke 3HaeM, mapameTp
Z =cp, (5.30)

Ha3bIBAETCH, 110 AHATOTUH C 3NEKTPUYECKUMHU LENSAMHU, BOTHOBBIM CONPOTHUBIEHN-
eM I uMIefancoM cpefibl. CKOpocTb ¥ JaBIeHHE UTPAIOT PONb, COOTBETCTBEH-
HO, TOKa U HampspkeHusl. [Ipy u3ydeHuu IIOCKUX BOJNH B CIOHMCTBIX CPEAlaX MbI
OyfieM 4acTo UCIONb30BaTh NOHATHE MMIEJAHCa, KaK 3TO yXe AeNanoch B Clyyae
IPYXUHBI.

C yBennueHueM paccTOsIHUS OT HCTOUHMKA KPUBU3HA C(PEPHUECKUX MOBEPXHO-
cTell BONHBI CTAaHOBUTCS MEHBIIE. JTO INPUBOJUT K YBEIMYEHHIO OOJACTH, Ife
BOJIHY MOXHO paccMaTpHBaTh KaK IIOCKYIO BOJIHY NMPAKTHYECKH ONMHAKOBOH
AMILTUTY/BL.

JTUWIATALINA BBJIN3U HCTOYHUKA

[Mpexpe yeM paccMaTpUBaTh IPUMEPBI chepUUECKUX BOIH B OTHOPOIHOM Cpe-
Jie, THTEPECHO OOCYUTD CBSI3b MEXY CKOPOCTBbIO C(PepHUECcKOdl MOJOCTH M Jie-
copmanueit cpefibl BOAM3M UCTOYHUKA. BpiGepeM ¢ 3TOi Lenbio JOCTaTOYHO Ma-
JIbIA MHTEPBANl BPEMEHH
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t,=st=st,

TaK, 4YTOOBI IPAKTHYECKU JTI00YI0 (hyHKIuMIO f(at), XapakTepu3yIOLyo CMEIeHIe
TOBEPXHOCTH MOJIOCTH

S(Ry, t) =s,f(at) u s,>0, a >0,
MOKHO ObLIO NIPUOTMKEHHO MPECTABUTD KaK
faty=a, + a,(t-t,) + ayt-t,)’ (5.31)
U Tak, YTOOBI 3Ta (PYHKIMS He MeHsIa 3HaKa. [JoMrMO 3TOro0, peInoaoKuM, YTo
a(t-t) <|a(t-t)| m 2a,t-t)<]|a.

S

a >0
a2>0

612:0

~N|-—-==
~

[§)
~

a,<0

a,<0
(12>0 ¢
a2=0
a2<0
A\
0 0
R

Puc. 5.3. CkopocTb HCTOYHNKA U iehOpMALHS B €T0 OKPECTHOCTH
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COOTBGTCTBCHHO, nepBasi 1 BTOpast MPOU3BOJIHBIC ONIPEACIIAIOTCSA KaK

f'(at) = [a, + 2a,(t - t)]a,
(5.32)
f'(at) = 2a,a%.

,[Ianee €CTECCTBCHHO paSJII/I‘{aTI) TpI/I CJIy‘IaHI
Ha,>0, 2)a,<0, 3)a,=0,

Uit KOTOpBIX hyHKImM f(at) BemeT cebst pa3nuuHbiM o6pazom (puc. 5.3, a). Pac-
CMOTPHM 3TH CITy4ad OTHENBHO APYT OT Apyra.

Ciyyvaii 1: a,> 0

[Ipeanonoxum cHayana, 4to @, > 0. Torga ckopocTh IOBEPXHOCTH MOJIOCTH
HampasneHa Biogb paauyca R (f ' > 0) u yBesmumBaercst co BpeMeHeM. PaccMoT-
PUM 3JeMEeHTapHbI cepruyeckuil 06beM, MoKa3aHHblfl Ha puc. 5.3, &, HAa WH-
TepBaNe BPEMEHH

tl+3<t<t2+5.
c c

3pech MbI TIpeHeOperau pacTsskeHneM AR, KOTopoe Manlo MO CPaBHEHHIO C
paccTosHuEM R OT Hayaja KOOp/UHaT.

[TockonbKy ABIKEHHE MOBEPXHOCTH MOJOCTH BBI3bIBAET PACIPOCTPAHEHUE
BOJIHBI B CTOPOHY OT MCTOYHUKA, MbI IOJIXKHBI 3aKJII0UUTh, YTO YeM GOJbIle pac-
CTOSIHME, HAa KOTOPOM HAXOJUTCS yYacTHua o0beMa, TeM MEHblIE €€ CKOPOCTb
(puc. 5.3, &). TlocKOJBKY pajviajbHasi KOMIIOHEHTa CKOPOCTH Vg SIBISIETCS TIO-
JIOKUTENLHOM, MBI BUAMM, 4TO 00beM HAXOMUTCS B cOCTOSTHIM cxkaTus (0 < 0), u,
COOTBETCTBEHHO,

P>0.

Ecnu koacuimenT a, oTpuuaTenbHblid, TO CKOPOCTh MOBEPXHOCTH TONOCTH
HarpaBJieHa K Havyany KoopiuHaT R = O U ee BelMYMHA YMEHBILIAETCS CO BpeMe-
nem. CreioBaTenbHo, aGCOMOTHAS BenuumHa |V| Ha (DpOHTE 3ITEMEHTAPHOTO
o0beMa 6oIbIlle, YeM BEIMUNHA CKOPOCTH B €T0 3ajiHel yacTd (puc. 5.3, &), u B
9TOM CITy4ae Takxke HaOMIof[aeTcs CxKaThe.

Cayuaii 2: 3, < 0

Ecnu koauuuenT a; MNOJOXUTENEH, CKOPOCTb MOBEPXHOCTH IIONOCTH
YMEHBILIAETCS CO BPEMEHEM U HallpaBlIeHa BIONb pafuyca R, COOTBETCTBEHHO, CKO-
pocTh TepefiHei yacTu oobeMa Oomnblie, yeM 3afHei. [1o aToil nmpuunHe 06bEM
HaXOJ{UTCA B COCTOSIHUU pacTskenus (puc. 5.3, &) u P < 0. Ecnu xe xoacumy-
€HT &, OTPHUUATEINBHBIHA, CKOPOCTb MOBEPXHOCTH IIOJOCTU HAIpaBlIEHa B CTOPOHY,
NPOTHUBOIOJOXKHYIO pajuycy R, 1 ee BelnuuuHa pacteT co BpeMeHeM. Crenosa-
TEJBHO, CKOPOCTb YaCTHIl, PACIONOXKEHHBIX B 3ajHENl yacTH 00bema, Oolnblie
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CKOPOCTH YaCTHIl B €ro IepefHell yactu (puc. 5.3, &), U B 9TOM cilydyae 00beM
TaKXe UCTBIThIBAET pacTsikenue (P < 0).

Cayuaii 3: a,=0

B arom ClIy4a€ CKOPOCTb JBMKCHUA IMOBEPXHOCTU MOJIOCTU IOCTOSIHHASA, W,
CIE€OOBATCIBHO, €€ CMCIICHUE TIUHEHHO pacTeT CO BPEMEHEM. O‘IeBI/HIHO, 4YTO Ha
MHTEPBAJIE BDEMCHUI

t+R<t<t,+ R
C C

JaCTHIIBI SMIEMEHTAPHOT0 06 beMa 06MaaloT OMHAKOBON CKOPOCTBIO M, CIIETIOBA-
TeJbHO, B HamreM npubimskennn (f "' = 0) qunaraius OTCyTCTBYET.

Hanee Mb1 06cyIM TIOBEfIeHNE chepUUecKUX BOJH, UMEIOIUX PA3NMYHYIO 3a-
BHUCHMOCTb OT BPEMEHHU.

ITpumep 1

ITpennosnoxumM, 4TO B HayaJbHbI MOMEHT BpeMeHH t = 0 cMelleHre oBepX-
HOCTH MOJIOCTH HAYMHAET YBEIMUMBATLCA ¥ 3aTEM B MOMEHT BPEMEHH T JOCTHUTAET
HEKOTOPOro OCTOSIHHOT'O 3HAUeHus S, (puc. 5.4, a). B uactHocTy, ecinu uHTEp-
BaJl BPEMEHH T, Ha KOTOPOM U3MeHsteTcs pyHkuys f(at), craHoBUTCS OECKOHEUHO
MallbIM, MBI B IIpefielie MOMy4NM CTYNIEHYATYIO (PyHKIUIO

_ (0 mpu t<O0,
f(at)= {1 i t20. (5.33)

Kak cnenyet u3 (5.17) u puc. 5.4, a, B KaX/Iblil MOMEHT BpEMEHH t > T nUMe-
eTcst cpepuyuecKuil BOJIHOBOM 0T

c(t-t) =R =ct,

BHYTPM KOTOPOTO YacTHLBI JBIKYTCA C Pa3lMYHBIMU CKOPOCTSIMH, (hOPMHpYSI
TaKUM 00pa30M 30HbI CXAaTHsl U PaCTSKEHUS.
B 10 e BpeMs no3aiu 3TOro chepuueckoro cnos Mbl IMeeM

s(R, t) = m/dnp,R%, v=0, P, =0, (5.34)

T.€. 3Ta YacTh CpeAibl HAXONUTCS B PABHOBECHM M AWJIATAIMS 3[eCh OTCYTCTBYET.
EnuHCTBEHHBI pe3ynbTaT AEfiCTBUS 9TOH BOJHBI COCTOMT B TOM, YTO CMEIICHHUS
qacTuIl ObICTPO YOBIBAIOT C PACCTOSHUEM, HO HE 3aBUCST OT BPEMEHIL.

Jns cyvast, korpa f(at) siBnsteTcs cryneHyaTol (hyHKIMEH, Mbl IMEEM

SR, ) = Lh[a(t-ﬂ) + ﬁé[a(t—%”,

4mpyR2 c
___ma _R maz _R
v(R,t)-—%poRzé[a(t c)]+—4npocR6[a(t C)} (5.35)
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bausicnasn 3o0na
S —
1 /A
W .

N—

bausrcnan 3ona Boanoeas 3o0na
P -~ —~

Puc. 5.4. IloBenenne cMeleHnst, CKOPOCTH 1 JJABJICHNS Ha TOBEPXHOCTU MCTOYHNKA (&); CHHY-
CcoMJIaTIbHAs BOMHA B ONIKHEH 30He (-8, &); CMHycoianbHas BOJHA B IaJIbHEll 30He (8):
t,=t-R/c

P(R, t)=%6’{a(t—%”.

3necb h, d 1 & ' 0603HAYAIOT COOTBETCTBEHHO CTYNEHYATYIO (DYHKIHUIO, JEMb-
Ta-(DYHKIHIO 1 €€ TIepBYIO MPon3BoHYyI0. KOHeYHO, Takoil cy4ai sBiseTcd mpe-
JICTBHBIM, TIOCKONBKY HH CTYNEHYaTasl, HU JieNbTa-(PYHKIWS B JIEHCTBUTENHLHOCTH
HE PEau3yIoTCs.

IIpumep 2

[TpennonoxuM Tenepb, 4TO CMEILIEHHE MOBEPXHOCTH MOJNOCTH MTHOBEHHO
BO3pAacTaeT B MOMEHT BpeMeHn t = 0, 3aTeM OcTaeTcs NOCTOSHHBIM B TEYEHHE
uHTepBana At, a nocie 3Toro MTHOBEHHO MCUE3aeT:

0 npu t<O,
f(at)=I!1 mpum O=t=At, (5.36)
0 mpu t> At

[Tpumensist pe3yabTaThl, MONYYEHHBIE B NMEPBOM NMpPUMEPE, Mbl BUAUM, UTO,
Kak ¥ paHee, BOJHA JBIKETCS OT MCTOYHUKA M 3aHMMAeT cpepuyeckuil cinoi
TOJL[MHON

AR = CAt.

BuyTpu crnost cMeleHue paBHAeTCs
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s(R, t) = m/4mp,R?,
HpI/I YCJIOBI/II/I, 4qTo
R/c <t < R/c + At,

a CKOPOCTH 4acTHll, U30bITOUHOE AABIEHUE U JUIATALNS PABHbI HYJIIO.

B 10 e BpeMsi oBefieHre BONHOBBIX MOJIeH Ha (DPOHTE BOJHBI U B €€ XBOCTE
omuchiBaeTcsl paBeHcTBaMu (5.35). Korna BonmHa NpUXOAUT B HEKOTOPYKO TOUKY
Cpefbl, OHa opoxpaeT cMewienue S(R), KOTopoe 3aTeM He M3MEHSIETCS B TEUCHHE
uHTepBana BpeMeHn At. ITocie 3T0oro XBOCT BOJIHBI IIPHBOJUT K IOSIBICHUIO CMe-
IICHUS TOY XK€ BEJIMYMHBI, HO NPOTHBONOJNOXKHOIO HANPABICHUSA, B PE3yIbTATe
Y€ro YaCTHILI BO3BPAIIAIOTCA B CBOM UCXOHBIE O3UIHH.

IIpumep 3

ITyctb Tenepb KoneOGaHus MONOCTH ONKMCHIBAIOTCS CUHYCOUAATIbHON (DYHKIMEH
C KpPYTrOBOJ 4YacTOTO! ®:

S(t) = sy,cosmt. (5.37)

[Tpenanmonoxum Takxke, 9To 3TOT Tpolecc Havyascst OECKOHEYHO JIaBHO, U, Clie-
JIOBATEJbHO, B COOTBETCTBUM C BbIpaxXeHUsIMH (5.17) m (5.18) B Kaxpoll Touke
SKUAKOCTH

S(R, t)= ﬁ[cosw(t—%) —“’—fsinw(t—%)],

V(R, t)= ﬁ[smw(t—%} +m—fcosw(t—%)]

- (5.38)

PR, t)=- T’J; COS(D('[—%) ,

JT
2
O(R, t)= —A:n“;(R cosoo(t - B) )
- c

OueBuHO, 4TO 9T (DYHKIUK YAOBIETBOPSIOT BOTHOBOMY YPaBHEHHIO M TIpa-
HIYHBIM ycrnoBusiM. ITOCKONBKY [jaHHas BOJHA OIMNCBHIBAET —CTALOHAPHBIN
(ycTaHOBHMBLIMIACS) IIPOLIECC, HET HEOOXOAUMOCTH YYUTBIBATh HAYAIIBHBIE YCTIOBHS.
B kaxmoi Touke cpefibl Bce BOJNHBI SIBISIOTCS NIEPUORHICCKUME (DYHKIHUSIME Bpe-
MEHH U UX TIEPHOJ PaBHSIETCS

T =2n/w = 1/f. (5.39)

3aBUCUMOCTD 3THX TOJEH OT PACCTOSHUS TAKXKE HOCHT TIEPHOMYECKU Xapak-
Tep, HO NP 3TOM U3MEHSIETCS aMILTUTya. UTOOBI MCCIE0BATh PONb PACCTOSHAS
R, yno6HO CHOBA UCIONB30BATH MOHSTHE JIIMHBI BOMHBI A.:
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A =cT =c/f =2nc/w. (5.40)

Torpa BMecTO BbIpaxkenuii (5.38) moayunm

SR, t)=—™m _ t—R)_2ZR inwft—R },
(R, 1) o R COS(D( c) . smm( c)
5.41)
V(R, t)= —M2__lsine(t-R) + 2R t_B]
(R, 1) P [smm( c)+ . cosw( c)
u
2
P(R, t)= 10" t- R,
( ) 4nR COS(D( C)
(5.42)

O(R, t)= z::ELKZRCOSOO(t—%) .

B ornuune ot obiero ciydast BOJH ¢ TPOM3BOJBHOM 3aBUCHMOCTBIO OT Bpe-
MEHH, B JaHHOM CJIy4yae [JOBOJIBHO JIETKO OLEHUTH [UANa30H PacCTOSHUM, COOT-
BETCTBYIOIINUX OJIMKHEN, IPOMEKYTOUHON U JaTIbHEH 30HAM.

HeiictBuTenbHO, Kak crnepyeT u3 (5.41) u (5.42), @i paccTOSHWN, MHOTO
MEHBIINX JITUHBI BOJHBI A.:

R <<\ (5.43)

UMEEM

S(R, )= Lcosu)(t - B),
4mpoR? c

V(R, 1)~ &sinm(t— B), (5.44)
4np0R2 c

PR, t)=- T”Rz cosm(t—%)

T

6 =-P/K.

I[ToBepnienue moteit BO BpeMeHM B OJNIKHEN 30He TTOKa3aHO Ha puc. 5.4, &, a.
B Gminkneit 30He cMelleHne 1 AUIATAlNs U3MEHSIOTCSI CHHXPOHHO, MPUYEM MEX-
Iy HIMH ¥ CKOPOCTBIO YaCTHUI] CYIECTBYET (ha30BbIil CABUT, PaBHbII 7T/2.

[Mpocnenum Temeph 3a TeM, Kak MEHSIOTCSA 9TH (DYHKIUH B TEUCHHE OTHOTO
nepuopia T. B MoMeHT BpeMenH t = 0 TOBEPXHOCTh MOIOCTH MCIIBITHIBAET MAKCH-
MalbHOE PacTAXKEHHE S = Sy, OTHAKO €€ CKOPOCTb PAaBHAETCA HYJII0. 3aTeM panyc
MONIOCTH HAYNHAET YMEHBIIAThC M PACTSDKEHHE NCYE3aET B MOMEHT BPEMEHI

t=n/2w.
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OT0 03HAYAET, YTO B TEUCHUE MHTEPBANA
Ost=smn2w

CKOPOCTb HAIIPaBlIEHa B CTOPOHY Hayaja KOOPJMHAT, a €€ 3HAUECHUE YBETMUMBA-
ercs.

ITo 3ToOM MpuKMHE KaX[blil dMEMEHTApHBI 00bEM B ONIDKHEN 30HE, HAXOMs-
Iuiics Ha paccTOSHUN R, HCIIBITBIBAET PACTSXKEHUE, KOT/a

R0 =t <Rlc + n)2w.
[NockonbKy Ha MHTEpBAle
/2w <t =< 312w

CKOpOCTb NOBEPXHOCTH IOJIOCTU YBENMYMBAETCSH, TOT XK€ CaMblil 3J€MEHTapHBIN
00'beM HAUMHAET CKUMATHCS TIPH YCIIOBUH, YTO

R/c + /2w <t < R/c + 3x/2w.

B mMomeHT BpemeHn t = 37/(2w) MOBEPXHOCTh MOJOCTH BO3BPAIIAETCS B MEP-
BOHAYaJIbHOE NONIOXKEHNUE, & CKOPOCTb JOCTUTAET CBOET0 MAaKCHMMAJIBHOIO IMOINO-
JKUTEJIHLHOTO 3HAYEHUS.

3ateM, B TeUEHUE TIOCIEAHETO HUHTEPBAlla IEPUOA

3n/2mw <t < 2m/®

CKOPOCTb MafacT.
CJICHOB&TCI[LHO, 3JIeMEHT 00'beMa CHOBA HAUMHAET pacTsAaruBaThbCs, Korjua

R/c + 3n/2w <t < R/C + 27/w.

B oTinume OT OMUCaHHOTO ciyyasi, B IPOMEXXYTOYHO! 30HE IOBEAEHUE BOJ-
HOBOT'O II0JIS1 BO BPEMEHH 3aBUCUT OT PACCTOSHUS MEX[Y MCTOUHUKOM M TOYKOU
HaOMIO/IEHUS].

C yBenuyeHreM paccTosiHUS R MK ¢ yMEHbIIEHHEM JUTMHBI BOJHBI A BIIHSHUE
BTOPOTO CIAaraeéMoro B BbIpaxeHuH (5.41) cTaHOBUTCS, B OOILIEM Clydae, OMU-
HUPYIOIIMM, ¥ MBI TIONy4aeM CIEAyOLlie BbIPaKEHUs AN BOIHOBOrO IOJS B
JaJIbHEN 30HE:

s(R, t)=-—"m" sinm(t—B),
2pghR c

V(R, t) = —%cosm(t—%), (5.45)

Po
PR, t)= —TT”J;cosm(t - %)

®opmynbl (5.45) crpaBeuBbl, €Cli paccTosHUe R Gonblile AMUHBI BOMHBI A,
T.C.

R>A, (5.46)
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U, COOTBETCTBEHHO, 3Ta 30HA OOBIYHO HA3bIBAaeTCS BOMHOBOH. OHa Mrpaer Baxk-
HYIO POJIb B CEHICMONIOTUHM, MOCKOJIBbKY TaM HaOMIONeHUs BefyTcsl B OOJBLIMHCTBE
CIlyyaeB Ha PacCTOSHMUSIX, IIPEBBIIAIOINX AJIUHY BOJHBL.

I'pannna Mexnay IPOMEXYTOYHOH ¥ BONHOBOW 30HAMHM CYICCTBEHHO 3aBHCUT
OT YacTOThI. B YaCTHOCTH, C YBEJIMYEHUEM YaCTOTHI (0 BOJTHOBasA 30HAa HAYMHACTCA
Ha Oonee ONU3KUX PAcCTOSHUSX OT UCTOYHMKA. B KavecTBe WLIIOCTpaunuyd pac-
CMOTpHUM cnefyroiui mpuMep. ITpeamnonoxuM, 9To 4acTOTHBIN AMana3oH BOJH
€CTh

10 I'y < f < 100 I,
a ux (ha30Basi CKOPOCTh PaBHa
c=210° m/c.
Torpa, Mo onpefeNeHuto, ITMHA BOIHBI H3MEHSIETCS B TIpefesiax

20 M < A <200 Mm.

I[ToBefeHue BOMHOBOTO MOl BO BpEMEHU B BOJHOBOM 30HE IOKA3aHO HA PHC.
5.4, &,  oHO, 6€3yCIIOBHO, OTIMYAETCS OT oSl B OmmkHedt 30He. [Ipexme Bee-
T'0, CKOPOCTb ¥ H30BITOYHOE JIABJIEHNUE 3[IECh M3MEHSIOTCS] CHHXPOHHO BO BPEMEHH
1 B IPOCTPAHCTBE, & UX OTHOIICHHE OCTAETCS TIOCTOSHHBIM:

vV__ 2 =L=i’ 5.47)

rfie Z 0003Ha4YaeT BOIHOBOU NMIICIAHC.
Kak MbI yxe 3HaeM, B BOJTHOBOH (JJaJIbHEN) 30HE YKA3aHHOE OTHOILEHHE CIPa-
BEIIMBO 1151 JIF000i pynkimu f(at), xapakTepusyromniei KoneGaHus B HICTOYHHKE.

NOTOK SHEPTUMN

B rnase 4 Mbl I0Ka3aiu, 4YTO pacnpoCTPaHEHUe IHEPIUM OMUCHIBAETCA BEKTO-
pom [loitaTrHra
Y =Pv. (5.48)

Hanee, yuntbiBas (5.41) u (5.42), nnst paguanbHOil KOMIIOHEHTB! 3TOTO BEK-
TOpa MbI IMEEM

2.3
Y= _M9O" (sinxcosx + 2R cos? x), (5.49)
16s%pyR*? A
e
X = w(t - R/c).

OHpeJIeJH/IM cpenHee 3HAYCHHUC IIOTOKA SHepI‘I/II/I
T
=L [[Ydsdt
T SO
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no cepudeckoil moBepxHOCTH paguyca R 3a mepuox T. B cuny cdepuueckoit
CHUMMETpUH,

T
2
| =ﬂdet
T 0
i 31
m2w3 | . 2R |
=—J‘szcostt+—J‘coszxdt.
4mpoRT |5 A9

ITockomnbKy nepBblil UHTETrpal UCYE3aET, 1

cos? X = 1+c2>52x’

MBI l'IOJIy‘{I/IM
| = m*w/4hp,. (5.50)

I[TpencraBmm cebe 3aMKHYTHI KOHTYP |, pacmonoskeHHbIN Ha HEKOTOPOI cpe-
prdeckoil moBepxHocTH paguyca R. ITpoBops mpsiMble M3 Hayana KOOPAMHAT K
Kaxyo# Touke |, Mbl monydum KoHyc (puc. 5.5, &), IpeficTaBNIomuil co60i BeK-
TOpHYIO TpyOKy BekTopa IloitnTuHra. CeMelicTBO Takux TpyOOK JaeT HaM BO3-
MOKHOCTb BU3YaJIU3alUH MO HE3aBUCUMO OT JJIUHBI BOJHBI.

[Tone3Ho Takxke KpaTko 00CyUTh epOPMALIUIO 3JTEMEHTAPHOTO 00beMa, BbI-
3BaHHYIO chepUIecKoil BOJHOW. PaccMOTpmM cHavama Manblil 06'beM, OTpaHu-
YEHHBIH KOOPJIMHATHBIME MOBEPXHOCTSMU, MOKAa3aHHbIME Ha puc. 5.5, &. Ilo-
CKOJIBKY CMELIIEHUE UMEET TOJBKO PaiiajbHyI0 KOMIIOHEHTY

$ = Sgig, Sy =5, =0,

U3MeHeHne 00beMa MPOMCXOMIUT M3-3a JIBIKEHNUs YacTul] Bonb ock R. B To xe
BPEMsI YTOJI MEX]y 3NEMEHTAPHbIMU MOBEPXHOCTAMH, (DOPMUPYIOIIMMU AAHHBIN

a 0 8

0
Puc. 5.5. Bexrop IoinTunra. Jedopmarms
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00beM, OCTaeTCsl OCTOSHHBIM U paBHsieTcd 1t/2. Eciu o6beMm dV umeeT mpous-
BOJIHYIO OPMEHTALMI0 OTHOCHTEILHO OCell KOOPJMHAT, TO 3aTeM OH TpaHcop-
mupyeTcsi B poM6 (puc. 5.5, &). B o6imem ciyyae HOBBI 06bEM OTIIMYACTCS OT
ncxopgHoro. Kak MbI 3HaeM, 171 Takux fiechopMaiuit

rot s =0,

T.€. 3MIEMEHTApHbII 00'bEM HE BpalAaeTCsa U B HEM OTCYTCTBYIOT AehopMalliil Ipo-
CTOTO CIBHTA.

3ABUCUMOCTDb KO3®OPUIUEHTA A OT YACTOTBI

Panee Mbl nonyunnu npudamKenHoe BbIpaxenue (5.15) A koadduimenTa
A. Tenepr uenecooOpa3HO HallTH 3HaueHWe A B YacTOTHOM JMamna3oHe, IO-
npexHemy mosaras | Sg(t)| <<R,.

ITpumensist opmyay Jiinepa, BbipaxeHue (5.12) misl CHHYCOMJANbHBIX BOJIH
MOKHO IIEPENUCaTh KaK

@(R, t) = Re(Pe ™). (5.51)
3nech
kR
Dk, R)=AE - (5.52)

SIBIISIETCS KOMILJIEKCHOI aMH.HI/ITYJIOﬁ, a k — BOTHOBBIM YHCJIOM.
Takum xe 06pa30M MbI BBEJIEM KOMIUVIEKCHYIO aMIITATYAY 11 CMEILICHUS

S(R, 1) = Re(Se ™)
1, TI0 OTIPEfIENeHHAIO,
S =grad ® unmn S = 9P/IR.
CnenoBatenbHo, nocne AuddepeHnnpoBanns paBeHcTsa (5.52) nomyunm
S(k, R) =[+EF;%eikR +”<TAeikR. (5.53)

Yrobbl ONMpeenuTh HEM3BECTHDIN KO3(pduimenT A, MbI CHOBA HCIOIb3yEM
TPaHUYHOE YCIIOBHE HA MTOBEPXHOCTH MOJOCTH, Ifle CMEIICHHE

S(Ry, t) = Re(s,e™),
WM, Y4uThIBad (5.37), nony4um

SRy, t) =s,. (5.54)
CpasHenne (5.53) ¢ (5.54) mnaer

S =B_E%eikRo 4 KA LRy
R{ Ro
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Orcrona

A = SR0_g-ike, (5.55)
1= ikR,

[MopcraBuB mocneqHee BbIpaskeHue B Gopmyay (5.52), MbI HONYYNM CIEAYO-
Iiee BbIpaKeHNe sl KOMIUIEKCHOI aMILTUTY/AbI CKaJIIPHOTO MOTEHIHaNa:

(K, Ry, R)=-SR1_ ") (5.56)
1-ikRg R
HpI/IHI/IMaﬂ BO BHUMAHUE TOT Cl')aKT, qTo
kR, = 2ntRy/A,
3aK/II049aeM, 4YTO €CJIU IJIMHA BOJIHBI A 3HAUUTENHHO NpEBBILIAET paiuyC MOJOCTU:
MRy >2n u RIR,>1, (5.57)

TO BhIpaxenue (5.15) JaeT KOppeKTHOE 3HauyeHue Koadduuuenta A npu ycio-
BHH, 4TO | Sg(t)] << R,.

Tak Kak pajiyc OJOCTH OYEHb MaJl, HepaBeHCTBa (5.57) clpaBefauBbl U s
OTHOCHTENBHO BBICOKUX YaCTOT. DTOT Pe3YIbTAaT MOKHO IPUMEHUTD U JI7ISl HECTa-
[IMOHAPHBIX BOJH, IPH YCIOBUH, YTO OHM CPOPMHPOBAHBI B OCHOBHOM CHHYCOM-
MATBHBIMA BOJTHAMH, JIJTMHA BOJIHBI KOTOPBIX 3HAUMTEIHHO MPEBOCXOAUT DAiAyC
TIOJIOCTH.

B o0miem cnyyae npon3BONLHON JIIMHBI BOJHBI CKAJSAPHBIN MOTEHIMAT MOX-
HO NIPEJICTABUTS B CIEYIOLEM BUjE (CM. IIPUIIOKEHHE 7):

o(R, 1) =% }A((D)F(m)e—i(wl—kR)d(D ,

rae A (o) onpepensietcs BripaxenneM (5.55), a F(w) — cnektp dynkuun f(at),
3afiaBaeMblil hopmyIoi (5.8).

5.2. TWIMHAPUYECKME BOJIHbBI, BO3BYKIAEMBIE
JMHEVWHBLIM NCTOYHUKOM B OTHOPO/THOU CPEJIE

ITyctb B OfHOPORHOM cpefie UMeeTcs OECKOHEYHO AJMHHAS LTMHAPUYECKast
HOJI0CTb paguyca I, (puc. 5.6, a). B MomenT Bpemenu t = (0 OHa HaumHaeT Kole-
0aTbcs TaK, YTO CMEIICHHE €€ MOBEPXHOCTH B PajaJbHOM HAINPABIICHAN OIHCHI-
BAETCA CIEAYIOIM 00pa3oM:

0 t<0,
s(t)=s,{ f(at) O=<t=rm, (5.58)
0 t>T.

3nech f(at) — mpom3BobHAs (PYHKIHS BpeMEHH, 0OMafalomas IepBoil W BTO-
POl IPOU3BOJHBIMU 1 OJUHAKOBAsI BO BCEX TOUYKAX OBEPXHOCTH MOJOCTH.
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z 0
>
x = const
R
0
rop r \/ /
Hununopuueckas ¢onna

X = const

Xx = const

Cihpepuueckan eonna

Hnockan eonna {

MUWIMHAPUYECKHUE BOJ/IHBI KAK CYINIEPIIO3UIUA COEPUYECKHUX BOJH

BribepeM IMIMHAPHUECKYIO CUCTEMY KOOPHMHAT, OCh Z KOTOPOW HAmNpaBJeHa
BAONb UcTOUHNKA. OUYEBHIHO, YTO NCTOYHHMK BO30YXKAET YXOJSIIYIO BOJHY, 3aBH-
CSIIYEO TOJIBKO OT KOOPAMHATHI F. Kak m B MpefbiayleM pasfielie, BhIBEIeM CHa-
YaJja BbIpaskeHUE IS CKAJISPHOTO MOTEHIMANa CMEICHHUST (:

s=grad @ mwim S, = dg/ar. (5.59)
B nununapuyeckoil cucteMe KOOPAKUHAT BOJHOBOE YpaBHEHUE /I NOTEHLuaNa

3alMCbIBACTCA Kak

P 109 13w _q (5.60)

TaK KaK BOJHOBOE NOJIC HE 3aBUCHT OT APYTHX KOOPAUHAT.
B ormmnume or cepuyeckd CUMMETPUYHOTO CHyyasi, PEIICHUE YPABHEHUS
(5.60) B oOwmeM cyyae Hemb3s BbIPA3UTh 4epe3 aeMeHTapHble (yHKuuu. Ilo-
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9TOMY MBI MCIIOJIB3YEM JIBA PA3IMYHbIX METOJ[d, KOTOPbIE TO3BOJAT HAM OMpejie-
JUTh (PYHKUKIO ¢. B 0CHOBE OHOrO M3 HUX JEXUT NPUHLUI CYNEpHO3ULIKH, a B
PYTOM HCNONb3yeTCsl PelIeHHe BOJIHOBOTO YpaBHEHMS [ CHHYCOMJAJIbHBIX
¢yuknuii. PaccMoTpum cHavana nepBblit mopxof. JIMHEHHbI MCTOYHNK MOXKHO
OpEACTaBUTH KaK CyMMY OECKOHEYHOT0 YKClia QJIEMEHTAPHBLIX UCTOYHUKOB OJIMHA-
KOBOW MHTEHCHBHOCTH, IEACTBYIOLINX CHHXPOHHO BO BpeMeHU. B cooTBeTcTBIU C
9TUM BOJHOBOE TOJIE SIBIAETCA B KaXKJbli MOMEHT pE3yJIbTaTOM CYNEepHO3HIUH
chepryecKux BOJH OT 3JIEMEHTAPHBIX HCTOYHUKOB, M COTNAcHO (5.12) MbI nMeeM

(1, )= Af@dz, (5.61)

I7ie IOCTOsIHHAsA A OIpefeNseTcs U3 YCIOBUs, 3alaHHOr0 BOJIM3M UCTOYHUKA, a R
0003Ha4aeT pacCTOSHUE OT 3JIEMEHTAPHOrO UCTOYHUKA 10 TOUKM HAOMIOAEHUS .
Kak cnegyer u3 puc. 5.6, a,

R=+r?+z%.

ITockonbKY a/EMEHTapHbIE ICTOYHUKH, PACIIONIOKEHHBIE Ha OIUHAKOBOM pac-
CTOSIHAM OT TOYKHU HAOMIOAEHUS ), BbI3bIBAIOT OJUHAKOBbIE BOJIHOBBIE NOJNS, Bbl-
paxenne (5.61) MOXHO TepenucaTh Kak

(1, )= 2Af@ dz. (5.62)
0

Taxum 06pa3oM, MbI TIONYYMIH BEIPAXKEHAE TS OTECHINANA () B WHTETPAIb-
HOT opme.
ITo onpepenennto, pyHKIHS

Af[a(t—R/C)]
R

OTJINYHA OT HYJIS1 Ha UHTEpBAJIC

%<t<%+r. (5.63)

NOBEJAEHUE HUWJINHIAPUYECKHUX BOJH

[Tpocrofi ¢u3nyeckuii cMbICI MONBIHTEIPANBHOTO BbIPAXEeHH B hopmyne
(5.62) mo3BonsieT OOBACHATL HEKOTOPBhIE OCHOBHBIE CBOIICTBA BOJIH, MOPOXKICH-
HBIX JIMHEHHBIM UCTOUYHUKOM. [Ipeskne Bcero, yauThiBasi TOT (akT, YTO NCTOUYHUK
nMeeT 66CKOH6‘{Hy}O JI.TII/IHy U €ro MHTCHCUBHOCTH HE 3aBUCUT OT KOOpJII/IHaTbI Z,
MBI 3aKJII09aeM, 4TO M30BITOYHOE faBleHue P u mumartamus 6 ocTaroTcs 1MOCTO-
SHHBIMHA Ha IMJIMHPUYECKON IOBEPXHOCTHU pajiyca I. B To ke BpeMs cMeleHne
1 CKOPOCTb YacTHUI| HANPABIEHbI 10 HOPMAN K 3TOW MOBEPXHOCTH, Ifie COXPaHsI-
I0TCS TAKXKE M MX aMIUTATYABL. B crily yKa3aHHOI TeoMeTpuy 3Ta BONHA HA3bIBA-
€TCS [UIHHPUYECKOTL.
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Bce anemeHTapHbIe HCTOYHUKM OPOXK/AIOT B OfIMH M TOT € MOMEHT BpeMe-
HU BOJIHBI OJJTHAKOBOH HHTEHCUBHOCTH, OAHAKO 3TH MCTOYHUKU PACIIOIOXEHbI Ha
Pa3HOM paccTOsIHUM OT TOYKM HaOmofeHus. [10CKoNnbKy MCTOYHHUK, PacloIoXKeH-
HbII B OKPECTHOCTH Havana KooppuHaT (I = 0, z = 0), sBisieTcs ONMKaimM K
TOYKe P (puC. 5.6, @), BONHA OT 3TOrO MCTOYHMKA IIPUXOAUT PAHBIIE NPYIUX.
Taxum 06pa3oM, BONTHOBOH (hPOHT, UMEIOIMi (hOPMY LMIMHAPUYECKON MOBEPX-
HOCTH, IOCTHTraeT HaOmoaTesns B MOMEHT BpeMeHH

t=rlc, (5.64)

U B KaXJ0#l TOYKE BCTYIUICHHE BOJHBI BHI3BAHO MCTOYHMKOM, PACHONOKEHHBIM
Ha pPacCTOSHUM I.

C TeyeHneM BpeMEHH B TOUKY HAOMIOJIEHNS] HAUMHAIOT TPUXOAUTD 3IeMEHTap-
Hble chepryeckre BOJHBI OT Bce OOMBIIEro Yucia YHAJeHHbIX NCTOYHUKOB. Pe-
3yJIBTUPYIONIEE BO3MYITIEHNE CPEbI OTIPENEISIETCS Cyneprno3unyei aTux BomH. [Tpu
3TOM HEOOXOAMMO Pa3myaTh IBA OCHOBHBIX CBOICTBA 3TOr0 siBneHms. Kak creny-
eT U3 BbIpaxeHus (5.58), MMHENHbIN NCTOYHKUK BO30YX/IaeT KOJIeOaHUs B TeUEHHE
MHTEpBalla BpEMEHH T, a 3aTEM €ro JIeiCTBUE MpeKpamaeTcs. B aToT MOMeHT 3a-
KaHUMBAETCA Kaxpas U3 Cpepuyeckux BOMH. B 4acTHOCTH, 3TO O3HAYaeT, uTo
MOMEHT BpeMeHH

t=rlc+t

SBISETCS IOCIETHAM MOMEHTOM, KOT/Ia MCTOYHHUK, PACIONOXKEHHBIH B OKPECTHO-
CTH Hayana KOOPJMHAT, faeT BKIAJ B Pe3y/bTHPYIOLIYIO BONHY. B mocnemyromem
MHTEPBAJ OCHU Z, HA KOTOPOM UCTOYHUKH YK€ MPEKPATHIIM BHOCHTb CBOW BKIAJ B
BOJIHOBOE TIOJIe B 3a[]aHHON TOYKE, CTAHOBMTCS Bce Ooiblue. MHBIME ClOBaMH,
cepryeckie BOMHBI OT 3THX UCTOYHIKOB YKe TPOILIHA Yepe3 TOUYKY Habione-
Hs. COOTBETCTBEHHO, YCHIIMBAETCSI OTHOCUTENBHOE BIMSHIE MCTOUYHMKOB, PaCIo-
JIOXKEHHBIX Ha OoJee fanekux paccTosHusax R. OpHako ammmutyna cgepruyecKknx
BONIH OOpAaTHO MPONOPLUOHATLHA PACCTOSHUIO. JTOT aHAIM3 MOKAa3bIBaeT, UTO
KOT7Ia BpeMsi CTpeMUTCS K 6ECKOHEYHOCTH, CYNEPIO3HUIIN 3TUX BOJH, T.€. BOJHO-
BOE MOJIe, BO30YKIEHHOE JMHEHHBIM NCTOYHUKOM, CTAHOBUTCS MEHBIE W CTpe-
MUTCSI K HYJTEO:

@, ) =0, s(r,t) =0, v(r,) =0,

U (5.65)
P(r,t) =0, 6 = 0, ecnmu t — .

Hunuagpuyeckas BOJHA UMEET €lle OJHO MHTEPECHOE CBOMCTBO. ITocKombKy
JIMHEWHBIA MCTOYHMK SBJISETCS OECKOHEYHO MJIMHHBIM, IS JTHO00Or0 MOMEHTa
BpeMeHM t Bcerja MOXHO YKa3aTh TaKOH YHANEHHbI MCTOYHMK, OT KOTOPOTO
cthepuueckasi BONTHA JOCTUTHET TOYKM HAaOMoeHns ellle mo3xe. TakuM o6pasom,
B OTJIMYME OT chepuyeckoil BONHBI, IUIMHAPUYECKAS BONHA 3aTyXaeT B TEUEHHE
6ECKOHEYHO JIOJITOTO BPEMEHH, T.€. OHA HE 3aKAHUMBAETCSI, M B 3TOM CMBICIIE OHA
HanomuHaeT mpouecc auddysun. KoneuHo, Bce 3TO CHpaBEIMBO TOIBKO IS
0ECKOHEUHO JIIMHHOTO MCTOYHKMKA. Hanpumep, eci iiHa TMHEHHOTO MCTOYHHU-
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Ka paBHSCTCA 2a, a TO4YKa HaGIIIOI[eHI/Iﬂ PacrojiokKeHa B INIOCKOCTH CUMMETPUN
Z =0, TO XBOCT BOJIHBI, KOTOpasi B TaHHOM CJIy4da€ HE SABISICTCA HHHHHHpH‘ICCKOfI,
MPUXOIUT B MOMEHT BPEMCHU

t=%+‘c, R=vr2+12.

Beipaxenne (5.62) yio0HO mepenucath B BUJIE

_ 0 t<r/c,
w0 =2 (27 (5.66)
3nech
“flat-R/c)]
| (&= R/O1 g7, )
{ . dz (5.67)

Panee Mbl IpULIIM K 3aKIIOYEHUIO, YTO BOJHOBBIE IOJIS MCUE3aOT, KOrAa
BpEeMsI CTPEMHTCS K OECKOHEYHOCTH. JTOT Xe pe3ynbrar crnepyet u3 (5.67). Ilo-
CKOIIbKY TMONOKEHNE KaxKO0ro U3 3JEMEHTAPHBIX MCTOYHUKOB IO OTHOIIECHUIO K
TOYKE HAOMIOACHNS! XapakTepu3yeTcs BEJIMUMHOH R, 3aMEHMM NEPEMEHHYIO Z B
9TOM BbIpPaXXEHUH Ha R.

B pesysbTaTe nomydnm

z=+"R*-r?
n
dz=Rd—R'
Orcrona

I =ff[a(t—R/c)] dR.

VR _r?
BBops 0603HaueHne
x=t-R/c
WK
R =c(t-x),
Oy YUM
dR = - cdx

X1

| = f f[(ax)dx] )
SeN(t=x)2 =12 /2
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ITockonbky ¢yHK1us f(ax) OTAMYHA OT HYJIS HAa HHTEpBaje

HMEECM

| = f& (5.68)

0N(t-x)? ~r?/c?

[MocnepHee BbIpaxKeHHe MO3BOMSET ONPENETUTh ACUMITOTHYECKOE OBEEHHUE,
KOI'Jla BpeMd cTpeMuTCsl K 6eckKoHeyHocTH. B aToM ciyyae 3HameHatens B (5.68)
CTpEMHUTCS K t, U MBI IIONIyYaeM

| =%ff(ax)dx, ecmu t— oo,
0

Takum 06pa3oM, Mbl YOEIMINCH B TOM, UTO C YBEIMYCHHEM BPEMEHH CYIIIECT-
BYET TAKOW MOMEHT, KOTJ]a CKJSIPHBIA MOTEHIHAN U, CIEOBATENbHO, aMILTUTYHA
BOJTHOBBIX NOJIEN HAYMHAET MOCTENEHHO YMEHBLIATHCSL.

PaccmoTpuM Teneps HHTErpan

L = [Pdt,
XapaKTepU3YIOLIHil pacipefieieHe AUaTally B IMIHHIPUIECKOH BOJIHE.

ITockonbky

82(p
P= “Po—
ot

’

MbI HMEEM

s

apt) _ ag()
ot ot

L =_pofaT;pdt=po
't

r7ie t; — IPON3BONBHBII MOMEHT BPEMEHH, YAOBIETBOPSIOIMI HEPABEHCTBY
t, <rlc.

y‘{I/ITLIBaH, 4TO BOJIHOBBIC ITOJIA OTCYTCTBYIOT 10 MOMEHTA BCTYIUVIEHUS BOJIHBI
1 ACUYE3aI0T, KOr'Ja BpEMsI HEOrPaHMYCHHO PACTET, Mbl TOJIKHBI 3aKJIHOYUTD, YTO

L= }Pdt =0. (5.69)

CrneioBaTenbHO, KAk W B ciydae c(epuueckodl BOJHBI, B HMITHHIPUYECKON
BOJIHE CYIIECTBYIOT 30HBI CKaTHsl W PACTSIKEHHUSI, KOTOPBIE paclpefieieHbl TaKuM
o0pasoM, uTo unterpai L pasen Hymto. [ToBenenne ¢pynkuuu 0(t) ans [uIMHAPH-
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4ecKoil 1 c(hepruyecKoil BOIHBI MOKa3aHO Ha puc. 5.6, & u 5.6, & coorserct-
BEHHO.

Kax cnenyer n3 BpIpaxkeHust 5.62, JIETKO BBIBECTH BbIPAKECHUS Ml BOHOBBIX
nosei. Tak, HanpuMep, U30bITOUHOE aBJIEHUE ONPENETAETC KaK

P(r, t)= -2Ap,a’ (L 1AL=R/O] ”[a(tF; RION g7,
0

CUHYCOUJAJTBHBIE BOJHbBI

[Tony4nM pellieHre BOIHOBOIO YPaBHEHNUS jiisi TAPMOHMYECKUX BOJH. [lycTh
CMEIIEHNE IOBEPXHOCTH MONOCTH JIMHERHOTO HCTOYHKMKA 3a[a€TCs BbIPAKEHHEM

s = s,cosmt mma s(t) = Re(s,e™"). (5.71)

TOFH& CKaJ’IHpHLIﬁ IOTCHIMAJI B Ka)KHOfI TOYKE CpE€Abl MOXKHO IMPENCTABUTh
KakK

o(r, o, t) = gpcos(wt + a)

A
@(r, o, t) = Re(Pe ™), (5.72)
e
@ = g (5.73)

SBISETCI KOMIUIEKCHOU aMIUTUTYAO! OTEHIMAA.
[Mopcranoska (5.72) B (5.60) naet ypaBnenue ['enbmrodbia:

2
9P 102 k2. (5.74)
ar2 ror

3neck K = w/c — BOIHOBOE YHCIIO.

ITpuBeneHHOe BbILIE ypaBHEHNE SIBISIETCS ypaBHEHUEM beccenst HyneBoro mo-
panka. Kak u3BecTHO, ero pemieHueM siBisiioTcs (yHKIUH beccens mepBoro u
BTOPOTO pofa:

Jo(mr) & Y,(mr).

IToenenue aTnx (hYHKUMI 1 MX POM3BOHBIX IIOKA3aHO Ha puc. 5.7, a, 4. B
YaCTHOCTH, KOIfla apryMeHT Kr mai,

Jokr) = 1 1 Yy(kr) = 21Inkr, ecmn kr — 0, (5.75)
T
T.¢. (hyHKIMU Beccens BTOporo pofa UMEIOT JI0rapiu(MUIEcKyto 0COOEHHOCTb.
B nporuBononoxHoM cnyyae, korga Kr semiko, (pynkuun beccenst u ux npo-

M3BOJHBIC BENAYT cebs KaK CUHYCOMIaJIbHBIC q)YHKHI/II/I, AMILUTUTYla KOTOPBIX OTHO-
CATEJIbHO MEJVIEHHO YMEHBIIAETCSA:
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Puc. 5.7. ®ynkumn beccens

—

Jo(kr) = \/i cos(kr - %),

(5.76)

YO(kr)z\;“ﬁsin(kr—%), ecm kr >> 1.

ITO aCUMITOTHYECKOE MOBEJICHUE COOTBETCTBYET BOJHOBOW 30HE, MOCKONBKY,
ecnn r/h > 1, To

kr=2r=% > 1.

c

I[Tpennonoxum, uto (yrkuus Jy(Kr) onucbiBaeT NoBefieHuE NOTEHIUAaNa B Ofi-
HOPOJHOM cpefie:

o(r, o, t) = Re(AJy(kr)e ™).

Torga cormacto (5.76) MbI IMEeM B BOJHOBOM 30HE

o(r, o, t) = A,Ji cos(kr—ﬂ) cosmt, ecmt ~>1.
Tikr 4 A
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[MocnepHee BbIpaxkKeHHe MOXKET XapaKTepU30BaTh CTOSYYIO BONMHY. Kak Mbl
3HaeM, Takas BOIIHA BO3HHKAET ONAarofapsi CYMEpIO3WINI BOJTH C OMHAKOBBIMU
vactotamu. OJJHAKO IPUBEJICHHAs BbIIe (DYHKIHMS HE YIOBIETBOPSIET YCIOBHIO HA
0ECKOHEUHOCTH, TJIe BOJHA JIOJKHA BeCTH ceOs Kak yxopsmas. Takum obpazom,
dynkumio Jy(Kr) Henb3s UCMONB30BATH IS OMICAHKS BOHOBOTO MOMNS, BO30YX/a-
€MOT0 JIMHEHHBIM MCTOYHMKOM B OFHOpONHON cpefe. KoHeuHo, Takoe Xke 3a-
KIIOYCHIE MOXKHO CleiaTh W B OTHOWIeHHH (pyHKUME bBeccenms BToporo popa
Yo(kr) .

YToObl yIOBNETBOPUTL YCIOBHEO HA OECKOHEYHOCTH, MbI WCIONb3yeM
dynkuun ["aHKenss BTOoporo pofia, KOTOpbIe OMPENENISIOTCS CIAEAYIOMIM 00pa3oM:

HPkr) = Jo(kr)+iY,(kr)
- (5.77)
H@ (kr)=Jo(kr)+iY,(kr).

O6e atu ¢ynkun sBIsIOTCT KoMOMHaumsamu (yHkiui beccens u, cnefosa-
TENbHO, OHU TAKXKE SABJIAIOTCA PELICHUAMHA YpaBHeHus (5.74).

Tenepp MBI MOKaXeM, YTO HCHOJb30BaHME (DyHKIHEA ['aHKens MO3BOJSET
YAOBJIETBOPUTb YCI0BUIO Ha OeckoHeunoctu. Kak cnepyer u3 (5.76) u (5.7),
ACHMITOTHYECKOE NOBeficHUe (PyHKIMI ['aHKeNs ONUChIBAETCA BbIPAKEHUAME

H(()l)(kr) s iei(kr—n/4)
wikr

- (5.78)

HO(kr)— |-2e k=24 ecupkr >> 1.
 mkr
TpepcTaBuM, IPEXJIE BCETO, KOMILIEKCHYRO aMIUTATYY CKaJISPHOTO MOTEHIM-
ana Kak

D(r, ) = AHP (k).
Orcrona
@(r, o, t) = ARe {(H? (kr)e-iot),

[IpunrMag B0 BHMMaHWE BTOpPOE W3 BbIpaxkeHWd (5.78), MBI BHMM, YTO C
—iot

YBEJIMYEHUEM PACCTOSIHMS OT UCTOYHUKA IpousseficHne de CTPEMUTCS K CTIE-
YIOLLEMY BbIPasKECHUIO:

—

de ™t = A \/—2 e-iotki-n/4) eemy L5,
skr A

[TocnenHsis (popMyia OMUCHIBAET BOJIHY, PAaCIPOCTPAHSIOIIYIOCS K Hayany Ko-
OpAUHAT, ¥ TO3TOMY OHa HE YJOBIETBOPSET YCIOBHIO HA OECKOHEUHOCTH.
OpHaKo eciny KOMIUTIEKCHAS aMILTATY/a MOTeHIUANa 3alMChbIBAETCS KaK
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D(r, o)I=[AH P (kr), (5.79)

TO yKa3aHHOe TpeOoBaHME BBITIOMHsETCS. [IefCTBUTENBHO, UCoNb3ya (5.78), mo-
Jy4yaeM

—

(r, et zm,Jie“kf-wt-“”), ecmn > 1, (5.80)
Tikr A

YTO, KaK U3BECTHO, XapaKTepU3yeT YXOASLIYIO BOJHY.
Kak cnenyer u3 Bbipaxenud (5.79), cKasgpHbIA noTeHIman o(r, o, t) yuos-
JIETBOPSIIOLUH YCIOBUIO Ha OECKOHEYHOCTH, ONPEAEIIeTCs KaK

@(r, o) =Re[AH (kr )e""]. (5.81)

Takum 00pa3oM, MbI TTOKa3alH, 4TO BbIGOp ofHol u3 dynkumit HP (kr) uin

H* (kr) ompepiensieTcsi 3aBUCUIMOCTBIO OT BpeMeHH: €' umm e ™',
Hanpumep, ecnu pelieHre BOJTHOBOTO YpaBHEHHS NIMEET BHJ]

@(r, , t) = Re(Pe"),
TO KOMIIJIEKCHYIO aMIUTUTYY HCOGXOHI/IMO 3aIIUChIBATH KAK
— 2
® = AH@(kr).
HaHHLIfI AHaJIN3 MOKAa3bIBA€T TAKXKE, YTO €CJIM paCCMaTpUBACTCA BOJIHA B 061)-

eMe KOHEYHBIX Pa3MepoB (B HANpABICHHM I), TO PEIICHHE MOXHO NPECTaBHUTh
yepe3 pyrkuun beccens

Jo(kr) = Yy (kr).

3ameTnM, 9To [I0 HACTOSIIEr0 MOMEHTa Koa(pumueHT A ocTaBajics Hem3Be-
CTHBIM.

ITo ananoruu co cpepuyecKUMU BOJHAMHU OIpeneauM Koaduiment A, uc-
NONB3Yysl TPAHUYHOE yCIoBHE BOIM3M UCTOYHMKA. [Ipefmornoxkum, 4To paguyc
JIMHENHOTO MCTOYHKKA Iy JOCTATOYHO MaJl, TaK 4TO

kro>>1.

Jlpyrumu cnoBamy, AJMHA BOJHBI A MHOTO OONBLIE I
A >

Torpma, npuanMas BO BHUMaHWe BeIpaxkenws (5.75) u (5.79), BONM3M WCTOY-
HHKa IMEEM

O = Az—ilnkr, ecmn kr < 1.
T

[Tockoneky
S = 9d/or,
KOMIUIEKCHAs aMIUTUTY/Ia CMEILECHNS! €CTh
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S =2—iA, ecmn kr < 1. (5.82)
T r

C npyroii ctoponsl, u3 (5.71) cienyer, 4To

S(ry, ) = S, (5.83)
CpaBHeHI/Ie IIBYX TIOCTICTHUX paBeHCTB nacT
SO = AA
T FO
nin
A :—%‘soro. (5.84)

Takum 06pa30M, BbIpaXXKCHUEC NIJIsA KOMIIJIEKCHOMI AMIUTATYbI IOTCHIHAAIA 3a-
TIMCBhIBACTCA B BUJIC

o(ry, @)= -%‘rosoH(gD(kr), ec 1>, (5.85)
NN
D(r,, w)=— ”“;O [Y,(kr)—id,(kr)].

CoOTBETCTBEHHO, AJIs MOTeHIMana (5.72) umeeM
(T, t)=&j[vo(kr)cosmt—Jo(kr)sinmt]. (5.86)

OTa (YHKIWS YIOBIETBOPSIET BOMHOBOMY YPABHEHHIO W YCIOBUSIM BONH3H WC-
TOYHHKA W Ha OECKOHEUHOCTH, U, CIEIOBATEIBHO, OHA OIKMCHIBAET BOJIHOBBIE MO-
7151, BO30YKaeMble JTHHEIHbIM HCTOYHAKOM B OJTHOPOJIHOI cpefie.

Koneuno, noBenenne ¢ynkumit beccenst Jo(kr) u Yo (kr), a Takxke yHKImit

Tankenss H{(kr) u H (Kr) u3BecTHO BO Beex jieTasix.

YPABHEHMNA /11 BOJJHOBOTI'O ITIOJIA

ITockombky
ap 95 iR
Sr=_, =— U P=_p0_,
ar at at2

TOJIS MITMHAPUYECKON BONHBI 3a[JAI0TCA CENYIOLMME BbIPAXKEHUAMH
s(r, t)= —%kros0 Re{iH(()l)' (kr)e—iwl}’
e - Zhas Rl o] -
P(r, )= - Tkrseo? RefiH{ (krje-t},
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Ime

HY (x)= ang”(x).
X

JIns MITIOCTpaluy PaccMOTPUM BOJHOBYIO 30HY. Kak ciefyer u3 opmyi
(5.78) u (5.81),
TS, Lr sin(kr—wt—%) , ecnur > \. (5.88)

®(r, O = 2 Vrk

Takum o6pazom,

E cos(kr - mt -/ 4)

S=1,Sy, | ——m—,
V2 Jr
k _sin(kr —ot-m/4)
V=15, | Seit ZR TR 5.89
0 0\]2 \/? ( )

p_ roSo\/%szpo sin(kr —j);—n/4).

MpbI BuiuM, 4TO B BOJHOBOW 30HE MOJIS YOBIBAIOT C PACCTOSHHEM TOpasfio

ObICTpEE, a UMEHHO, Kak 1/ «/F .

Takast 3aBECIMOCTB CBSI3aHa C TEM, YTO MOTOK IHEPTUM Yepe3 MPOU3BOIHHYIO
[UITAHPIYIECKYIO TOBEPXHOCTh PAJIyca I' IOMKEH OCTaBaThCs TOCTOSIHHBIM. [leii-
CTBUTEJIBHO, TIOMIANb TAKOI TOBEPXHOCTH TIPSMO MPONOPILMOHANbHA I, @  BEKTOP
ITowaTHHTA

Y =Pv

BefeT ce0s Kak 1/r, Tak YTo mpou3BefieHNe IUIOWAAN Ha 3TOT BEKTOP HE MEHSETCS.
BosBpamasick k 00miemMy ciny4yato cootHomieHni (5.87), OMACHIBAIOIINX BOJ-
HOBOE MONIe Ha J000OM pAcCTOSIHMKM OT HCTOYHMKA, CIIERYeT 3aMETHTb CIEfyro-
1ee.
1. B ciyuae ccheprueckoit BOHBI, BBI3BAHHOH €MHIYHBIM MCTOYHUKOM, BbI-
paXXeHue 715 MI000ro U3 BOJNHOBBIX MOJEH 3alKChIBAETCS B BUJE MPOM3BEMCHU

IBYX (DYHKLMI:
fl(R) Re efim(t—R/c) WA fz(R) Im e—iw(t—R/c).

ITpucyrcrBue aprymenTa t — R/C sicHO yka3bIBaeT Ha UX BONHOBYIO IPHAPOLY.

OpHaKo 3TOT apryMEHT OTCYTCTBYET B Cly4yae LUIMHAPUIECKOH BOJNHBI, KOTMA
leno Kacaercsl OJMMXHEH WM TPOMEXYTOUHON 30HBI. ITO MOXKHO OOBSICHHTDH
TEM, UTO B KaXJO# TOYKE BOJHA SIBIAETCA CYNEPIO3ULMEN NEMEHTAPHBIX BOJH,
HCTOYHUKH KOTOPBIX HAXONATCA HA Pa3HbIX pacCTOSHUSX Kr oT Touku HaOmrofe-
Hud. B BonmHOBOJ 30HE, rjie paccTosiHUe I' O0MbILe UIMHbI BOJNHBI A, 3¢hekT pac-
NPOCTPaHEHHUs BUJICH HEMIOCPENCTBEHHO M3 BbIpaXXeHUH (5.88)—(5.89), MOCKONBKY
BCE 3JIEMEHTAPHbIE BOJHBI OTHOCATCS K 9TOM 30HE.

203



2. B cooTBeTCTBUM C BBIpaKEHUSAMH (5.89) MBI HIMEEM B BOITHOBOI 30HE
Vv/IP = l/cp, = 1/Z,

4TO HAOJIIONAETCA TaKXKe U B cllydae chepuyecKoil BOMHBL.

3. C yBenMUEHNEM PacCTOSHUS OT UCTOYHMKA KPMBU3HA BONHOBBIX NOBEPXHO-
CTeH I = const CTAHOBUTCS MEHBIIIE, W, COOTBETCTBEHHO, 00EM, B TIpefiesiax Ko-
TOPOTO IWIMHPAYECKYIO BOTHY MOXKHO HHTEPIPETHPOBATH KaK IIOCKYIO, CTAaHO-
BUTCS OOJIbLLE.

4. OueBUjHO, 4TO, 3HAs peIICHWE IPAHWYHON 3afaddl /Il CHHYCOMAAJIBHBIX
BOJIH, Mbl MOKEM OMHUCATh HECTAIMOHAPHBIE BOJIHBI, UCTIOJIB3YS AJI 3TOrO MHTET-
pan ®ypee.

5.3. INIOCKUE BOJHBI B OTHOPOHOW CPEJIE

PaccmoTpum Teneps TpeTni, camblil mpocToil THI BONH. [Ipeamonoxum, 4to
HCTOYHUK COCTOMT U3 JIBYX NapaiielbHbIX INIOCKOCTEH OECKOHEYHOH IPOTSLKEH-
HOCTH, PaclojoXeHHbIX B OKpecTHOCTH Iockoctd YOZ (puc. 5.8, a). Ilycts B
KaxJblii MOMEHT BPEMEHH 3TH IUIOCKOCTH JABIKYTCS B IIPOTHBOINONOXHBIX Ha-
NPaBIEHUSAX TaK, YTO CMELIECHHE S UMEET TONBKO OJHY KOMIOHEHTY: S, = S(t), He
3aBHUCSILYIO OT KoOpfuHAT Y U Z. O4eBHHO, YTO KoneOaHusl TaKOro UCTOYHHKA
BBI3IBAIOT YXOJISIIYIO BOJIHY 1O 00€ €r0 CTOPOHBI.

Jlnst onpepienieHus: BOJTHOBBIX MONEH, Mbl MOITIM Obl MCIOJIB30BATh, KaK U pa-
Hee, cKaJlApHbli noTeHuan. OfHaKko, yUuTbIBast IPOCTOTY TEOMETPHH BOJHOBOTO
071, MbI MOXXEM Ha4aTh HETIOCPEACTBEHHO C BBIPAXKEHUS [JIs1 CMEILCHUS U TIpefl-
HOJIOXUTb, YTO B OKPECTHOCTH UCTOYHUKA OHO MEHSETCS KaK

0 1<0,
s(t)=s,f(at) O<t=<t, (5.90)
f(ar) t>.

HOCKOJ’Ibe BOJIHOBBIC TIOJIA 3aBUCAT TOJIBKO OT KOOPAMHATHI X, BOJTHOBOC YypaB-
HECHUE CWIIBHO YIIPOILIAETCA, 1 Mbl UMEEM

2 2
’s _ 1 9%
iy (5.91)

Pemenne atoro YPpaBHEHMS XOPOLIO U3BECTHO:
s(x, t) = Ag[a(t - x/c)] + Bg[a(t + x/c)].

OnucaHHblii BbIIIE HCTOYHUK TEHEPUPYET OfMHAKOBbIE BOMHBI 10 00€ CTOpO-
Hbl mnockocti YOZ, 1, clefoBaTeabHO, Mbl MOKEM OTPAaHMUYUTLCS TUANa30HOM
x> 0. B atom ciydae

s(x, t) = Agla(t — x/c)]. (5.92)

Cumemenre (5.92) MONXKHO YIOBIETBOPATh IPaHUYHBbIM ycnoBusM (5.90) Ha
MOBEPXHOCTH UCTOYHHKA.
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a s z s 7]
B ———
1 X = const
| —
) e P
S 2s,
,/ x Y O'x
LY ’ t
7 = S =T
// \,1'9
7
7
8 2
t = const X = const
S
P P -,
' LY
ZSO K 3
J
. rd S
- Y, ’
C(l T) ‘\‘ ',' ct x % ‘\‘ 'l'\ﬁ—FT t
NS LY ’
NS . .
Vur oo’
0

Puc. 5.8. McTOYHUK IITOCKOM BOJHBI (&); IIIOCKUE BOMHBI KaK (hYHKIIMU BPEMEHH 1 PACCTOSHUS

(-V,V’!)

OTH ycnosust 6yAyT YAOBIETBOPEHEL, ECIH
A=s, n gla(t - x/c)] = f[a(t-x/c)].
Takum oGpa3zom,
s(x, t) = s,f[a(t - x/c)].
M3 cooTHOmEeHn
VvV =9s/dt, 6 =9s/ox u P =-K®0
NoJIy4a€M BOJHOBBIC MOJISA
s(x, t) = s,f[a(t - x/c)], v(x, t) = syaf '[a(t - x/c)]

So2
c
3pecs K = pC2.
I1o aHANOTHK C CUHYCOMMATLHBIME KOJICOAHMSAMU apTyMEHT
a(t-x/c)

0(x, t) = -2 fTa(t-x/c)].

Ha3bIBaeTcs (ha3oil BOMHEI.

(5.93)

(5.94)
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Kax BufiHO 13 BbIpaxeHuii (5.94), MOBEPXHOCTH MOCTOSHHON (ha3bl SBISOTCS
IJIOCKOCTSIMH, IEPIIEHUKYIAPHBIMA OcH X. 10 3TOH IpUYMHE 3TH BOJHBI Ha3bl-
BatoTCs IWIOCKUMU. OHM UTPatOT Ype3BbIYARHO BaXKHYIO POJIb B ceiicMosoruu. 13
BoIpaxeHuit (5.94) ciemyeT, 4TO (DPOHT BONHBI NPUXOJUT B MOMEHT BPEMEHH
t = x/c, u ero aza paBHsieTcs HyMO. 3aTeM, Ha HHTepBae

Xet<®41
c c

YacCTHUIbI Cpeﬂbl BOBJICKAIOTCA B IBU2KECHUE, ITOKA HE HaCTyHI/IT MOMCHT BpeMeHI/I
t=x/c + 7,

KOTJIa TIPUXOMIUT XBOCT BOJNHBI. Pas3a Ha 3TOM MIOCKOCTH paBHsieTcs at. [locme
MPOXOKAECHHUS 3TOY MTOCKOCTH ABMXKEHNE YaCTHI] MPEKPAIIAETCS, I OHM HAXOSATCS
B COCTOSTHHH TOKOSL.

Crefiyer 3aMeTUTh, YTO, B OTJIMYME OT IWIMHAPUYECKUX BOIH, Y IUIOCKHX
BOJIH TaK Xe, Kak y chepruIecKux, IMeeTcsd (PPOHT U XBOCT BOJHBL.

NOBEJAEHHE INIOCKHUX BOJIH

PaccmaTpuBas moBefieHne BOHOBBIX MONell Kak (PYHKIUM PACCTOSTHUS, Liele-
c000pa3HO pa3InyaTh 1Ba BPEMEHHBIX HHTEpBAa:
Dt=stu 2)t=1.

B teuenne NEpBOro MHTEpPBAIa NBUKECHUE YAaCTULl MPOUCXOJUT B 00beMe cpe-
b, KOTOpLIfI OIIPENCIACTCA HEPABECHCTBAMU

0 <X<=ct,
HO TMO-TIPEXKHEMY OTCYTCTBYET, €CIH
X > ct.

Bo BTOpOM citydae y BONHBI HMEETCS KaK (DPOHTANbHAS, TAK M XBOCTOBAS dac-
TH, U COOTBETCTBEHHO MMEETCS [IBA [MANa30Ha PACCTOSHUIM, IJie BOJNHA OTCYTCT-
BYET:

a)x>ct mu 6) x<c(t-1).

B 10 xe BpEMs BOJIHA MPUCYTCTBYET B CJIO€, OTPAHMYCHHOM CIEAYIOIINMA
IBYMs IIITOCKOCTAMMU:

Xx=c(t-t) m x=ct.

B mpeppimympx pasnenax Mbl MOKa3aid, YTO B Tpefenax ceprmyeckoro uiu
LUIXHIPUYECKOTO CJIOS BCEINia UMEIOTCS TaKUE 30HBbI CXKATUs WM PacTSKEHU,
JUIs1 KOTOPBIX HHTETpall

f Pdt

-0
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obparaercst B Honb. OJIHAKO B Ciyyae IUIOCKUX BONH 3TOT MHTErpan He o0s3a-
TENBHO Hcye3aeT. [IefiCTBUTENBHO, U3 MOCIENHETO paBeHCTBa (5.94) cinenyeT, 4To

5]

* _soaK “o, X _
LPdt ° {f{a(t C)]dt

=%{f[a(t_xz)]_ f[a(t-%)”, (5.95)

e
t,<xlc u t,>x/c+r.

3pech t; — MOMEHT BpPeMEHH JI0 MPUXOa BOJHBI, a t, COOTBETCTBYET MOMEHTY
BpEMEHH, KOT/la BOJHA YXKe TPOIILIA Yepe3 TOUKY HaOITIOfeHNsI.
Korpa ncTOYHNK MIIOCKOil BOMHBI BO3BPAIAETCS B CBOE HCXOJJHOE MONOXKEHIE,

f(at,) =f(at) =0

H, CJICIOBATEJIbHO, B IIPEACTAX BOJTHOBOT'O CJIOSA MMCIOTCA 30HBI CXKaTUsl U PaCTs-
2KCHUA 1

[Pt = 0. (5.96)

[pennonoxum Tenepb, YTO CMEIIEHNE B NICTOYHUKE He 00paliaeTcs B Hylb, T.€.
f(at) = 0, ecmm t = .

Tak, Hampumep, CO BPEMEHEM CMEIIECHHE W3MEHSETCd M aCUMITOTHYECKU
CTPEMHTCS K HEKOTOPOMY IOCTOSIHHOMY 3HaueHnto (pyHKuun f(at).
B cootBeTcTBuu ¢ (5.95) umeeM

iPdt - % f{a(tz -%)] (5.97)

Takum 00pa3oM, B OTINUME OT cepUuecKodl U UUAMHIPUYECKON BOJHBI, B
JTAHHOM CJIy4ae MHTErpan MOXeT ObITh HEe paBeH HyN0. B yacTHOCTH, MOXKHO
TIpefcTaBuTh ceOe BOJHY, B KOTOPOW MPOMCXOAUT TOJBKO CXATHE UM TONBKO
pacTsKeHue.

JTOT pe3ynbTaT MOXHO OmHcaTh clefyriomuMm obpazoM. Ecnm mHTErpan B
(5.95) paBHsieTCq HyJI0, TO YaCTHLBI BO3BPALLAIOTCI B CBOE MEPBOHAYAIBHOE I1O-
JIO>KEHHE 3a XBOCTOM BOJIHBI. ECin 3Ke MHTErpaj OTIANYEeH OT HYJS, 9T YacTHIIbI
TaKXe HAXOfATCA B PABHOBECUH, HO OHM CMELIEHbl HA HEKOTOPOE PACCTOSHHE OT
CBOETO MEPBOHAYANBHOIO MONOXKEHHs. FIMeeTcs elle OJHO MHTEPECHOE CBOWCTBO
TUIOCKUX BOJH, @ IMEHHO B3aUMOCBSI3b MEKTY CKOPOCTBIO YACTHI] M M30BITOTHBIM
naBinenueM. Kax crepyer u3 paseHcrsa (5.94),

VIP = ¢/K = 1/p,C = 1/Z. (5.98)
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Kak ™Mbl oKa3anu panee, MocIeHee PABEHCTBO HAOMFOAeTCS TAKKE B BOJIHO-
BOH 30HE c(hepuuecKOil M IMUIHHAPAICCKON BOJHBI, U 3TO COBIAJCHAE HE CIY-
YaiHo.

Ornennm otHorrenne V/c. TTomarast

P=210°Tla wm P = 160 gb, @ = 10° xr/m*; ¢ =1,5-10° m/c,
MeeM

K = p,c* =10°2,25-10° H/m* = 2,25-10° H/m?
U, CJIEMIOBATEIBHO,
2-10° Hm?

~== M 10,
2,25-10° H/m?

o<

T.€. CKOPOCTh YaCTHUI] HAa HECKONBKO MOPSAKOB MEHbIIE (ha30BOH CKOPOCTU BOJI-
HbI JJake TIPH BHICOKOM JIABJICHUH.
Jnst winrocTpanyy NoBefIeHUs MIIOCKO! BOHBI pAcCMOTPHM JIBA TIpUMepa.

pumep 1

HPEIIHOIIO)KI/IM, 4TO CMECIICHUE B MCTOYHUKE IMOCTETIEHHO PACTET U NOCTUTaCT
CBOEr0 MaKCHUMallbHOrO 3HaueHus. Ero 3aBUCHMOCTH OT BPEMCHH ONUCHLIBACTCA
CIIEAYIOUINM BbIPaXKCHUEM:

0, t<0,
s(t)=s, 1—cos%t, OstsT,
2, t>t.
COOTBETCTBEHHO, BOIHOBOE TOJIE S(X, t) MIMEET BUJ

0, t<

s(x, )=, l—cosﬂ(t—i), Xet<Xyn,
<\ ¢ ¢ c
2, t>t+X,
c

Takum 06pazom, 1i1s aunatanuu 6 u U30bITOYHOTO JaBNeHus P umeeM
0 =0s/0x m P =-K®,

e
05 t<i,
C
e(X7 t)=_—0 Sinl(t—i), i5t5£+‘|:,
T T C C c
2, t>t+X.
C
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[MoBenenue 3THUX MOJEH KaK (hYHKIMIT BpeMEHH TOKa3aHo Ha pHC. 5.8, .

Kak caenyer u3 (5.98), CKOpOCTh YacTHII, a TaKKe JJABICHAE 3aBUCSAT OT Bpe-
MEHH 7 PACCTOSHUS OT NCTOYHNKA O[MHAKOBBIM 00Pa30M.

OueBuIHO, YTO paclpefieNeHne JaBIeHns Kak (DYHKIUA PACcCTOSHUS XapaKTe-
pU3YeTCs TpeMs iuana3oHaMu:

Dx>ct, 2)ct-t)=x=ct, ) x<c(t-1).

M36bITOYHOE [JaBNEHIE OTIMYHO OT HYJs TONBKO B IMPOMEXYTOUYHOM JHamna-
30He. B TO Xe BpeMs M0o3aji BONHBI YACTHIbI CMEICHBI HA PACCTOSHUE, PABHOE
25y, M OCTAIOTCS B COCTOSHHUY TIOKOS (pHC. 5.8, &). [JaHHBIA PUMEP COOTBETCTBY-

T CIy4aro, KOTJia CYIIECTBYEeT TONBKO OfMH THI fedopMaluu (cKaTue) W 4acTH-
1bI HE BO3BPAIL[AIOTCA B CBOE MEPBOHAYAIBHOE MONOXKEHHUE.

IIpumep 2

[TpennonoxkuM Temnepb, 4TO CMEIIEHNE B HCTOYHAKE OIICHIBACTCS CIICMYIONIeH
thopmyoii:

0, t<O,
s(t)=s, 1—cosz—nt, O<st=r,
T
0, t>1.
OTcrofa 1St BOJHOBBIX MOJEN BBHITEKAOT CIENYIOMIE BHIPAKEHNSL:
0, t<X,
C
s(x, t)=s, 1—c0s2—n(t—5), Xet=X4n,
1 ¢/ ¢ c
0, t>t+2
C
n
0, t<X,
c
2nS
0(x, t)=-—2 sinz—“(t—i), LIPS P
TC T C C C
0, t>t+X,
C
TOIJA KaK
P=-KO6 &€ v= %P.

IToBenenue aTuX (pyHKIMI, XapaKTePU3YIOIUX BOJHOBOE M0JIE B IPOCTPAHCTBE
W BpeMeHH, MOoKa3aHo Ha puc. 5.8, &, 5.9, a.

B orimume oT npeAbIyIero npuMepa, BOJIHOBOE MOJIE 3/1eCh UMEET [IBE 30HbI:
30HY CKaTusl U 30HY pacTsbkeHusi. [103ay 3THX 30H YaCTHUIbI CPEfibl BO3BPAILALOT-
Csl B CBOE MCXOJJHOE TONOXEHHE.
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z y
d
0)
X
R
6 2
£ Izﬂocmn 60IHa
n \
Ad Cpepuueckan eonna
@y
\Al \ !
\
\,

Puc. 5.9. IInockas BomHa Kak (hyHKIMs paccTosHuS (@); opueHTauus (ha30BOi MOBEPXHOCTH
(8); Kaxkymasicsi CKopocTb (&); Iepexofi K IIOCKOi BOJIHE (&)

OueBHfHO, UYTO, €M KOJEOaH!s B MICTOUHHUKE ONMUCHIBAIOTCS BO BPEMEHHU CH-
HYCOMAAIbLHBIME (PYHKIMSME, TO BOJHA CYIIECTBYET MOBCIOAY, @ 30HBI CXaTHI M
pacTsKeHUs. YePENYIOTCS APYT C IPYTOM.

MPOU3BOJILHAS OPUEHTAILUA MJIOCKOW BOJIHBI

Jlo cux mop Mbl Ipefnonarajiu, YTo BOJHA PACIpOCTPAHSAETCd BONb OCH X.
Jns mocrenyromero u3y4eHus: NoJIe3H0 paccMOTPETh TakxKe OOIuil ciydaii, Korja
BOJIHA MMEET MPOU3BONBHYIO OpHEHTALNIO (pHC. 5.9, &). C 3T0i 1ENbI0 BRIOEpEM
JIEKapTOBY TPSMOYTOJILHYIO CHCTEMY KOOpAMHAT X, Y, Z C HayaJoM B HEKOTOPOH
Touke O, pacnonoXkeHHO! B IIIOCKOCTH MCTOYHUKA, IJie BOJHA BO3HUKAET B MO-
MeHT BpeMenn t = 0.

Torpa st cMeleHus 4 U30bITOYHOTO JABIEHUS UIMEEM

a(t—%)

H (5.99)
=@y a(t—i)].
c

S=5,f n

c

210



3pech n — eIMHAYHBIA BEKTOp B HANPABIECHUH PACIpPOCTpPaHEHUs BOJHBI, d —
paccTosiHie OT Hayana KOOpAMHAT JI0 000 13 (ha30BbIX MOBEPXHOCTEH, HATPH-
Mep 710 (PpOHTA BONHBI.

PaccrosiHue ecTecTBEHHO BbIPa3UTh Yepe3 KOOPAMHATHI IPOU3BOIBHON TOYKU
(ha30BOI TOBEPXHOCTH ¥ KOMIIOHEHTHI €ITUHUYHOTO BEKTOPA M.

OueBHHO, UTO PajiyC-BEKTOP

R=xi+yj+zk

n =n+ngj+nk.
Kax BupHo 3 puc. 5.9, 4, paccrosiHue
d=nR=nXx+ny+nz (5.100)

CooTBETCTBEHHO BMECTO BbIpaxkeHus (5.99) momydunm

S(x, t)=s, f|al t— XY+ neZ)
’ 0 L c J
u (5.101)
_soKa ¢ of f B NX +NyY +n,2)
PO, =32 £ g - DD J]’

e
a(t— X +NyY + 1,2 )
c

sBIsieTcsl (hasoil.

KoadduuuenTn Ny, N, 1 N, SBIAOTCA NPOEKUMAMH EIMHUYHOTO BEKTOpa Ha
KOOPJIMHATHBIC OCH U TI0 ONpPENETICHAI0 OHM PABHSIOTCS HATIPABIISOLIUM KOCHHY-
cam:

ny = cosa, N, = cosP, N, = cosy, (5.102)

e O, B Uy — YIIIbI MEXAY BEKTOPOM N M KOOPAMHATHBIMU OCSIMU.
Kak u3BecTHO (cM. punoxeHnue 1),

ng+n;+n; =1
u (5.103)

ITpennonoxum, 4To Ha MHTEpBale BpeMeHU At (ha3oBas MOBEPXHOCTb Iiepe-
MelaeTcs Ha paccrosHue Ad:

Ad = CcAt. (5.104)
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Ecnu Mbl paccMOTpHM PacpOCTpPaHEHHE BOJHBI BIOJIb MPOM3BOJBHOM Mpsi-
Moii |, To yKa3aHHas IOBEPXHOCTh TEpeceveT 3Ty JMHUIO B TOUKE HA PACCTOSHHUH
Al, 1, Kax BUJ{HO W3 puc. 5.9, &,

Al = Ad/cosq,,

fie ¢, — yroa Mexny npsmbiMi d u |. Takum o6pasoM, ckopocTb (a3oBoi Mo-
BEPXHOCTH BJIOJIb IpsiMOil | paBHa

Al c
c =4l , 5.105
' At cos @ ( )

¥ C POCTOM (P, 9Ta CKOPOCTh HEOTPAHNYEHHO Bo3pacTaeT. B yactHocTH, Ha baso-
BOI1 TOBEPXHOCTU CKOPOCTD C; PaBHAETCSL OECKOHEYHOCTH.

Kax cnepyer u3 (5.102) u (5.105), ckopoctu (pa30BOil MOBEPXHOCTH BJOJb
0Cell KOOPJMHAT ONPEAEIIOTCS CIEAYIOMIMYA PABEHCTBAMMU:

c,=c¢c/n,, c,=¢/n, u c,=c/n,. (5.106)

B oranunme ot ¢azoBoit ckopocTH C, KOTOpast ONPEfieNseTcst TOIbKO (usnyec-
KIMY TTapaMeTpaMu cpefibl P U K, yHKIus C|, Ha3bIBaeMas KaxXyllencs CKopo-
CTBIO BOJIHBI, 3aBUCHT TaKXe OT HaIPaBJIEHHS IpsiMOi |.

amuimeM BblpaxeHMs Ui cuHycoupanbHbIX BonH. CormacHo (5.101)
nMeeM

S(X, t)=5s, cosw{t—w\
| c
n (5.107)
P(x,t)=- SoKo sinw/t—w .
c | c )

Kaxnyio u3 atux popMya MOXHO 3amucaThb B Apyrom Bupe. Hanmpumep, mis
CMELIEHUs UMEeM

(X, t) = sycos[ot — (K, X + Ky + k,2)], (5.108)
e
ke = ony/x, k, = on/x, Kk, =on,/x. (5.109)

HMHorpa ObIBaeT yno0HO BBECTU BEKTOp pacmpocTpaHeHus k, uMerommil KoM-
TIOHEHTBI

k. = kn,, k, =kn,, k, =kn,
Ann (5.110)
ki = kcosa, k, = kcosp, k, = kcosy.
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3nech
k =w/c.
CnenoBaTenbHO, BhIpaxkeHue (5.108) MOXXHO TpefcTaBUTh Kak
S(X, t) = spcos(wt — kKR). (5.111)

KoneuHo, HY TTOCKasl, HU MINTMHAPHICCKAs BOJHA B PEATBHOCTH HE CYIIECT-
BYIOT, IOCKOJIBKY MX MCTOYHWKH JOJKHBI 0071aaTh 6ECKOHEYHO OOJBIION 3HEP-
ruei. B To xe BpEMs IIpUA ONPENICJICEHHBIX YCIOBUAX 9TU MOACIHA BOJH MOTYT HMH-
TEPIPETUPOBATHCS KaK OCTATOYHO TOYHAS ANMPOKCHMAIMS PEaTbHO CYIIECTBYIO-
mux BonH. Hampumep, paccMOTpuM CHOBa chepUyEcKyr0 BONHY. YBEIUYEHHE
paccrosHES R OT HCTOYHIKA IPHBONHT K IBYM a¢hektam. [Ipeskme Bcero, BOHO-
BBIE TOJISI HAUMHAIOT MEMNICHHO 3aTyXaTh W, B COOTBeTCTBHH ¢ (5.17), Ha pocTa-
TOYHO OOJBIINX PACCTOSHUSIX MBI IMEEM

SR, t)=i;’af’[a(t—%)],

C

V(R, t)=@f”[a( —5)], (5.112)

2 2
P(R, t)=R0%02 Sy ”[a(t - %)]

Bo-BTOpBIX, KpEBHU3HA BOJHOBOI MOBEPXHOCTH CTAHOBUTCS MEHBIIIE, U 3TO 03-
HavaeT, YTO ropasfio OONBIIYI0 €€ YacTh MOKHO TPUONMKEHHO 3aMEHUTH IUIOC-
KO BOJIHOM.

ITonaras B (5.112)

Rgsoa _ A
cR

n 3amenstst pynkumio f '[a(t-R/c)] dpyrkuued f[a(t-R/c)], MbI pUXOaUM K BbIpa-
kennto (5.94).

Taxkum o06pa3oM, ToBeficHHe chepuueckoil BOJTHBI Ha JOCTATOYHO OOJBIIMX
PACCTOSIHMSIX M B TPEfieiaXx HEKOTOPOro o0’beMa KOHEUHBIX pa3MepoB (puc. 5.9,
d) mpakTHYecKy cOBIAfIAeT C MOBEJICHUEM TLIOCKOW BOMHBL. B yacTHOCTH, B ciydae
CHHYCOHMJJAJIbHO! BONIHBI 3Ta 3KBUBAIEHTHOCTH BBINOJHSETCS B BOJHOBOH 30HE
(R > \) npm ycnoBum, 9TO paccTosiHre R JOCTATOYHO BEIMKO.

Ecnu cchepuieckast BomHa SBISIETCS] HECTAIMOHAPHOM, TO TIOCKAs BOJNHA TaK-
e MOXET CIyXUTh OTHOCHTEIHHO TOYHOU ammpoKcHManuell Ha OOJbIINX pac-
CTOSIHUSIX OT UCTOYHMKA U B BOJIHOBOM 30HE:

R > A,
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3pech A, — HanboNblIIas NIMHA BOJNHBI B CIEKTpE, KOTOpas ele AaeT CyLIecT-
BEHHBII BKJIA] B AMILTATYY cpePIIECKON BOTHEI.

B 3akmouenne 3ametuM crenytomee. C TeOMETpUYECKON TOYKM 3PEHUS MBI
paccMOTpeN TPU Pa3NyHble BOJHBI: CHePHUCCKYIO, IMIHHAPAYECKYIO U TLIOC-
Kyto. Bee aTH BonHBI 0051a1a10T OJTHAM OOIIMM CBOVCTBOM, KOTOPOE 3aKIFOYaeTCs
B TOM, UTO M30BITOYHOE JIABIECHUE, IUIATAINS, & TAKXKE aMILTUTYa CMEICHAN 1
CKOPOCTB YaCTHUI] OCTAIOTCS IOCTOSIHHBIME Ha (ha30BOM TOBEPXHOCTH:

P=C, 6=C, |s| =C,, |v| =C,. (5.113)

B panbHeiiineM Mbl OyaeM u3ydaThb BONHBI Oosiee OOIIEro THUma, KOraa BOJIHO-
BbIC NOJIS U3MEHSIOTCS Ha (pa30BbIX MOBepXHOCTSX. [IpEMepoM TakuX BOJH SIBIIS-
I0TCS TPAaBUTAL[IOHHbBIC BOJHBI.



