IF'masa 7. CYIIEPIIO3UIINA CUHY CONJAJBHBIX
BOJIH, MMEIOIINX PA3HBIE YACTOTBI
N JJINHbI BOJH

B npenpiayniux raaBax Mbl ONUCany HHTEPEPEHIMIO BOJH, UMEIOIUX OfKHA-
KOBBI€ YaCTOThl M, COOTBETCTBEHHO, OJMHAKOBbIC JUIMHBI BOJH, 1 PacCMOTPENH
TaKue SBJICHNS, KaK CTOSYasi BONHA, a TaKKe (hOpPMEPOBaHHE COOCTBEHHBIX KOle-
OaHuit 1 siBnexHue Augpakuud. [IoMIMo 3TOro Mbl CMOIVIM TPEACTAaBUThL BOJHBI B
BHJIE CYNEepO3UIHH 3JIEMEHTAPHBIX BONH U OOBSCHUTH HEKOTOPBIE BaXKHBIE OCO-
OeHHOCTH AU(ppaKklyy, HAPUMEDP YepefoBaHHE 30H C OTHOCHTENHHO HU3KOH M
BBICOKO! MHTEHCUBHOCTBIO.

Takxe Mbl onucaau BOSHUKHOBEHHE HEOJHOPORHON BONHBI Ha IOBEPXHOCTH
BOBI M TIPOAIEMOHCTPUPOBANH 3(P(MEKT CYNepNO3UIU 3IEMEHTApPHBIX BOIH OT
HECKONIBKIX HCTOUYHHKOB.

PaccMoTpuM Temneps cynepnosuiyo CHHYyCOMIATbHBIX BOMH, MIMEIOLINX pa3HbIe
YacTOThI ¥ JUIMHBI BOJH. DTOT cny4ail OUYeHb BaxKeH, NMOCKOJNBKY OH IOMOTaeT
MOHATb, KaK MPOMCXOJUT PaclpOCTPaHEHHE IPOU3BOJBLHON (HECTALMOHAPHON)
BOJIHBI.

7.1. TPYIIIIA BOJIH.
DA30BAA NTPYIIIIOBAS CKOPOCTHU

CMeleHrsl B CHHYCOMAANBHO BOMHE, DaclpOCTpaHsIOLIElics, HampuMep,
BJIOJIb OCH X, OIACBIBAIOTCS CIIEAYIOIIIM BBIPasKCHUEM:
S(X, t) = spcos(mw t - kx), (7.1)
Ime
k=w/c (7.2)
SBISICTCA BONTHOBBIM YHCIIOM, a C XapakTEpW3yeT CKOPOCTh pPacIpOCTPaHEHHUS
MPOM3BONBHON (pa3bl U MO3TOMY HasbIBaeTcs (ha3oBoil ckopocThio. Hampumep,
KaK IMoKa3aHo Ha puc. 7.1, &, oHa U Ta ke (ha3a BO3HUKAET B TOUKAX X U X,
(X, > X,) U, B COOTBETCTBUH C BbIpaxeHueM (7.1),
ot -kx;=wt, - kx,
I
c=X2=%
L-t

C ydetom paBeHcTBa (7.2) BolpaskeHne (7.1) MOXKXHO TIpEfICTaBUTD B BUJIE
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Puc. 7.1. ®a3b1 cuHyCOMANBHBIX BOIH
(1); cuHxpoHHbIe KoneGamus (-); He-

CTalJOHAPHbIE BOIHEI (,); CYNEPIO3U- i X =X,
LU ABYX CHHYCOMJANbHBIX BOIH (,,) i ¢

T
S(x, t) = socosw(f - t\ i

.

N\

S(X, t) = Socos%(x —ct).

B uacrHoctH, Korja (hasosas
CKOPOCTh CTPEMHTCSI K OeCKOHed-
HOCTH, BMECTO BOJHBI HaOmogaior- 0

c CUHXpOHHbIe BuOpanun (puc. X=X,
o o AN AN

[IpennonoxuM cHayanga, uTO
(ha3oBasi CKOPOCTD BOJIHBI HE 3aBU-
cuT OT 4acToTbl. ITockonbky Impo-
U3BONbHASL BOJNHA  IIPECTABISIET
co0O0l CyNmeprno3uLuo 3JIeMeHTap- i
HbIX BOJH (MHTETpan Pypbe), MOXK-

HO CKa3aTb, YTO C XapaKTEpH3yEeT \/ \/
CKOpOCTb PaclpOCTpaHEeHUs TaKon
BOJIHBI BJIOJIb OcH X (puc. 7.1, &).
OTO 03HA4YaeT, 4TO C OIMNCHIBAET _
TaKXe CKOpOCTh IEpeHoca 3Hep- /\ r=X
ruu. Takum oOpasoM, B paccMar- ~—
puBaeMoM ciyyae (opma BOJHBI

HE 3aBUCHT OT PACCTOSIHUSA X.

Ecnu ke, B oTimume or Tpe- /\ X=X,
IBIAYILIETO Cilydas, IPENONOXKNTb, ~—
YTO CKOPOCTh C(w)  ABISAETCA
(byHKUMEl Y4acTOThl, TO BOHUKAET
CTepCHs, U TMOBEeHNe HecTal-
OHapHbIX BOIH CTaHET TIOpasfo
6ojee crnoxXHbIM. YTOOBI HCCIENO-
BaTh OCHOBHBIE CBOMCTBA TaKOW

BONHBI, PAcCMOTPUM HECKOIBKO t
IPUMEPOB.

-
-

~

0,/0,=1,1 c,/c,=1,3

ITpumep 1. [IBe cuHyconpanbHble BOJIHBI

[TycTb BoJHA ABJIAETCS CYNEPIO3UIKEN BYX CHHYCOMJANBHBIX BOMH OECKOHEU-
HOY MPOTSKEHHOCTHU, MMEIOIUX OfJMHAKOBbIE aMIUIUTYABl K Malo pa3fauyarolye-
cs1 (pa3oBble CKOPOCTH ¥ BOJIHOBbIE YHCTIA:
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S(X, t) = Acos

%(X—Clt)—al}+Acos[i—"(x—czt)—a2}. (7.3)

1 2

3pech o, U o, 0003HAYAIOT HavallbHbIE (Pa3bl, U

S W L W
2 2

(7.4)
C = C—E, C, = c+£,
2 2
npuyeM
de/c <1, dA/A < 1. (7.5)

Taxkum oGpa3zom,

S(X, )= 2Acos[n{(i+L)x - (&+C—2)t}— cpl} X
Mook Ao Ay

X COS n{(i—L)X —(&—C—Z)t}—c%], (7.6)
Mo Moo
rme
o otl-;(xz n @, = o 2(12

Hcnonb3yst pasnoxenue MakiopeHa, ONyyuM Clefyromye IpuOIMXKeHHbIe Bbl-
pasKeHUs:

1 1 2 1 1 di
T -

~— - =~

MOh M h a2

AHanornyHbIM 00pa3oM NOIyYUM

2c E)’

o _ o1 - de/2¢) ~C(1 dc , dn
Ao A1-dh/22) A

2=Mz£(1+£_d_7‘)
Ay AM1+da/2n) Al 2c 2

i+c_2z2£’
ANy A
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i_c_zzﬂJ,w_”:d_"(C_)\E).
Mo oA A 2 A2 dn

Takum oOpazoM, BbipaxeHue (7.6) MOXHO B IIPUOIMXKEHHOM BHJE HPENCTABUTH
KaK

s(X, t) = 2Acos{":—f(x e -, }cos[%(x —ct)- cpl], 1.7

e
—c_pdc
Cg C o (7.8)

3nech dc u dA — Manble IpUpAIIEHNs COOTBETCTBEHHO C H A.

IToMuMO 3TOrO, 3aMETHM CIIEAYIOLIEE:

a) 3HaueHus a3 ¢, U ¢, 3aBUCAT OT BbIOOpA HaYaNbHO! TOUkM X = O U Ha-
YaJIbHOTO MOMEHTA BPEMEHH;

0) B I7MaBe 2 paccMaTpHUBaIach CyNEPNO3ULUs JABYX CHHYCOMJATBHBIX Kojeba-
HU ¢ ONM3KUMM 4acTOTaMU U OfMHAKOBBIMH aMIUIMTYAaMH, IPUYEM KaXJO€ U3
9THX KOJeOaHuil OMUCBIBANO BUOpAlUd, 4TO IO3BOJUIO HaM M3Y4YUTh IQEKT
OueHus.

Cornacao copmyae (7.7), pyHkuus S(X, t) mpefcTaBuMa B B IPOM3BEICHUS
[IBYX CHHYCOWJ, OIKCBIBAIOIINX BOJHBI C COBEPIICHHO Pa3HBIMH [JIMHAMH BOIIH.
OpnHOit U3 3THX BOJIH SBISETCS

2ACOS[%(X —ch- g, ] (1.9)
IJIMHA BOJHBI KOTOpOfI paBHﬂeTCﬂ
2
N2 o 7.10
9 da dx (7.10)

Bropas Bonna

Cos

L:(x_cu_cpl] (7.11)

VIMEET JIMHY BOIHBI, PABHYIO A.

Bomnna s(X, t) He ABIg€TCA NEPUOANYECKOI (DYHKIMEN HU IO BPEMEHH, HU 10
paccrosHuIo, M, Kak BUjHO U3 puc. 7.1, 8 — 7.2, a, &-, &, ¢opma 3TOi BOIHBI
MEHSIETCs 10 MEPE PaCIpOCTPAHEHNs BOIHBI BIOJb OCH X.

YuuteiBas, 9To

Ag> A, (7.12)

JJAHHY!O BOJIHY MOXXHO PaccMaTpuBaTh KaK “‘CHHYCOMAANbHYIO” BONHY C JIMHON
BOIIHBI A, ¥ MEJIEHHO MEHSIOLIEHCS aMIUTUTYROM

Ag = 2Acos

i—n(x—cgt)—cpz}. (7.13)

g
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0,/0,= 1,1

¢, /e, =08
X

7]
= 1 ©,/0,= 1,]
~ 05
S ’0 c,/e =12
<
g0
=

2 -
"‘N\ ]
g0
I

2
6
<
L 95
<
=.0,5
<
=

2
~ 1
s 0
2]

-2

5 10 15 20 25 30 x

S

Puc. 7.2. Cynepnosuuyst JByX CHHYCOUbHbIX BOIH

Jlpyrumu cnoBamy, ANMHA BOJNHBI M CKOPOCTb PE3YJbTHPYIOIICH BONHBI IIPAKTU-
YecKH COBMAAAIOT C JAJIMHAMHU BOJH M CKOPOCTSIMH HCXOJHBIX BONH, OJHAKO €€
AMITUTY/a MOAYINPYETCS MHOXHUTEIEM
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Ccos

2
_(X - Cgt) - cpZ
}\9

PaccMoTpuM noBefieHre AaHHON BOMHBI KaK (DYHKUMM BPEMEHH M PACCTOSHHUSL.
Brauare 3acukcupyeM ToUKy HaOMIOfEHNS X U BbIOEpEM TaKOi MOMEHT BpEMEHH,
Korfa (pazpl 06eux cHHYCOMJaIbHbIX BOJH B BblpaxkeHuu (7.3) paBHbI APYT APYLY:

2 2
Tx-ch-o, =T (X -ct)-a,.
;\'l )\'2

Orcrona
ZR(L—L)X = M(i—c—z)nal -a,
}\‘1 }\‘2 }“1 7“2
AN
PRI s L Rl LR S IO (7.14)
A Ay

W3 pasenctsa (7.4) cnenyer, 4to
dr dr dc
2n—X =—2m(Cc-A—|t .
22 22 ( d)\) + 20,
Hanee, yauTsIBasi paBeHCTBO (7.8), IMEEM
29 (x~ ct) = 0. (7.15)
A

[TopcraBnsis nocnefHee Boipaxkenue B (7.13) u yuntbiBast (7.10), Mbl BUfUM, 4TO,
Korjia ha3bl 00EMX CHHYCOMJANLHBIX BOJH OIMHAKOBBI, (pyHKumsa Ay(X, t) pocTu-
raeT CBOCro MaKCHMMAaJIbHOIO 3HAUECHUS

A, =2A. (7.16)

3TOT Xe pe3ynbTaT cleflyeT HeMmoCPeCTBEHHO U3 BhIpaxkeHus (7.3).
TeM He MeHee, aMIUTUTY/AA BOTHBI S(X, t) 3aBUCHT TaKXe OT 3HaUeHHs (a3bl

2
T= Tn(x -ct)-g,.
Hanpumep, ecnu ¢pas3a paBHsieTCs
@en+DHE,
2

TO 3HaueHue (PyHKIUHU S(X, ) paBHO HYII0. B oTnudue oT 9TOrO Cnyyas, npu
T=mN
3HaveHus (PyHKIui S(X, t) u Ay(X, 1) MOTYT OTJIMYATLCS TONBKO 3HAKOM.

OI{GBI/IIIHO, 4qTo CI)YHKHI/HI Ag JTOCTUI'a€T CBOCIO0 MMHMMAJIBHOI'O 3HAYCHUA —2A
B TaKOil MOMEHT t, korma Pa3HOCTb (1)213 CUHYCOUJATbHBIX BOJIH PABHSCTCA 2.
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PaCCMOTpI/IM MOMEHT BPpEMEHU
t, =t + At,

e
At < t.

ITocKONMBEKY paccMaTpUBaeMble CHHYCOMABI MMEIOT PA3NUYHBIC JIMHBI BONH 1
(hazoBbIe CKOPOCTH, NX a3kl

T,(X, t1)=i—n(x -Ct)-a,
1

T, (X, t1)=i—n(x -Gt)-a,
2

He paBHbI APYT APYTY Jaxe B TOM Clyyae, KOrjia UX pa3HOCTh OYEHb Mana.
CootseTcTBeHHO, ycnoBue (7.15) He yOBNETBOPSETCS U NO3TOMY

A, <2A.
C yBenmuenneM BpeMeHH, pa3HoCTh (a3
At =71, -1,

TaKXke YBEINUMBAETCS, OAHAKO, KAK BUJJHO U3 HEPABEHCTBA (7.5), 3TO U3MEHEHWE
MPOKCXOAUT OYeHb MeIeHHO. Hanpumep, ecnu At = A/C, T.e. HHTEpBaN BPEMEHH
MPaKTUYECKH PaBEH NEPHONy CHHYCOMAIbHBIX BOJIH T, TO

2,2 VR O B D", 3 (VY P B
AI_M [X C‘\Hc) ocl] - [X Cz\t+c/ a,

(2ol
A rooc
MIOCKONIBKY B MOMEHT BpeMeHH t (pa3bl paBHbI MEX[Y COOOM.

[MocnegHee O3HayaeT, YTO MPH JOCTATOYHO OONBLIOM HMHTEpBAle BPEMEHH,
3HAYMTENIBHO NPEBOCXOAAIEM TIEpHof T, hyHKIUA A, WL HE3HAYMTETLHO OT-
angaercs ot 2A. [Ipyrumu cnoBaMu, B 9TOM ClIydae CyHEepIO3ULUs IBYX CUHYCOM-
NANBHBIX BOJIH (7.3) IPMBOJMUT K YBEMUYEHHIO “aMILTHTY/(bI” Ag, i BOJIHA  BEJIET
ce0s KaK e[JUHMYHAsl CHHYCOMJANbHAS BONHA C IIOYTH IIOCTOSHHON aMILTUTYAOM,
paBHOUl 2A. B janbHeiliieM pazHOCTb (a3 AT YBEIMUMBAETCS, U CyNEPHO3ULNS
BOJIH IIPHBOJAT K YMEHBIIEHNIO 3HaueHus pynknyum Ay B gacTHOCTH, ecmu AT =
= 7, TO aMILUTATY/a BOJHBI S(X, t) paBHAETCSA HYJIO, T.c. CHHYCOHMJAJBHBIC BOIHBI
B3aUMHO racsT Apyr Apyra. O4YeBHIHO, YTO CYLIECTBYET TAKOW MHTEpBaJ BPEMEHH
t > T, ans kotoporo (ynKuys Ay IPUHAMAET OCTATOYHO MANbIE 3HAYEHHS.

Kak cnegyer u3 ¢opmynst (7.13), paccMaTpuBaeMblil IpoLecC KOHCTPYKTUB-
HOW ¥ IECTPYKTHBHOH UHTEP(EPEHLUN HOCUT IEPUOANYECKUI XapaKTep.

[Tepuop dynkumm A, openenseTcs i3 paBeHCTBa

< 1,
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wtdA wdA

7(X - Cgt)—7[x - Cg(t+ Tg)] = 27.
Orcrona
2
T,=2 e, == (7.17)
cgdk Tg

TouHO Tak e MOXHO M3Y4HTh MOBefieHre A, KaK (DYHKIMHM PacCTOSHHS X.
Wrak, Mbl BUAUM, YTO MHTEP(EPEHIMs IPUBOAUT K (DOPMUPOBAHMIO BOJHOBBIX
rpymr. VIx nopenenne omucbiBaeTca (ynkumeir A, KoTopas rpadudecky mpefi-
CTaBJISET COOOH OTMOAIOIIYIO BOMHBI S(X, t).

KoHeuHo, B mpefienax Kaskaoil BOIHOBOH TPYINTbI 3HAUCHHS] BOIHOBOH (DYHK-
1 S(X, t) H3MEHS0TCs, OfHAKO NEPUOf KoeOaHuil TPaKTHYECKH TOCTOSHHBIA 1
pasHsieTcs T (puc. 7.2, ,).

CormacHo ¢opwmyae (7.10), A7MHA BOTHBI TPYIIILI ONPEAEIAETCS Kak

2
Sy (7.18)
dn dn

CpaBHuBasi paBeHctsa (7.17) u (7.18), monyyum
Ay =CyTy, (7.19)

T.€. Cq XapaKTEPU3YeT CKOPOCTb, C KOTOPOH MPOHM3BONLHOE 3HAYEHHME TPYIIIbI
(3Havenue yHkumu Ag) mepememaetcs BIoab ocu X. Ilostomy ¢y HasbiBaeTcs
TPYIIIOBOY CKOPOCTBIO.

Kak ynomuHanoch panee, (popMa BOMHBI S(X, t) M3MEHSETCS C yBETMUECHHEM
KaK KOOpAMHATHI X, TaK ¥ BpeMeHu t (cM. puc. 7.1, 7.2).

OTMmeTuM ellle OffHO UHTEPECHOE CBOMCTBO BOJNHOBOI rpynnbl. Eciu cpaBHUTH
3HavyeHus: (PYHKIUK S(X, t) NS pa3iMyuHbIX PACCTOSHUI U BpEMEH, TO MOXHO Hall-
TH TaKUE€ UHTEPBAJIbI X U {, 1715 KOTOPBIX S(X, 1) IPMHUMAET OfHU U TE XK€ 3Haye-
Hud. B cootBeTcTBHM C (hopmyInoit (7.7), a TaKXKe € yIETOM TOrO, YTO

Ty>T,
9TU UHTEPBAJIbI ONIPENICJISAIOTCA U3 PaBEHCTB

Xy — Cgly =X, —Coty M X, —Cty = X, —Ct, + A
nnn

AX = CgAt m AX = CAt + A.

TakuMm 00pa3om, MHTEpBaN BPEMEHH, /1l KOTOPOTO aMIUIUTYAia BOJIHBI IPUHAMA-
eT OJIMHAKOBOE 3HAUCHHUE B PA3JIMYHBIX TOUKAX X; U X,, OMPENEACTCS Kak

At=—2
leg —¢|



a PaCcCTOSHUE MEXKNY 9TUMHU IBYMSI TOUKaMU
AC

AX = ﬁ (7.20)
-

Wrax, Mbl onpeje i rpynmnoByr CKOPOCTh Cq KaK CKOPOCTh PacpOCTPaHEHUs
IPOM3BOILHOrO 3HaYeHns (hyHKIEM A, BIOIb och X. B uactHoCTH, ecmu (haza
BOITHBI

Z(x-oh -,

paBHACTCA 7tn, TO
Is(x, )] = [Ay(x, D).

EcTecTBeHHO, UTO SHEPTHs BOJHBI aKKYMYJIUPYETCS B OCHOBHOM B TEX TOUKAX,
rie (yskmms [S(X, t)| mocTHraer cBOero MakCHMAIbHOrO 3HadyeHwmsi. [ToaTomy
MOKHO OXHJIaTh, YTO TPYIIOBAsi CKOPOCTh XapaKTEePHU3yeT TaKKe CKOPOCTh pac-
NPOCTPAHEHUS SHEPTAN.

[Tpoananusupyem fanee MoBefieHHEe TPYMIOBON CKOPOCTH, 3aaBaeMoil (op-
MmyJoii (7.8).

dc

Cg=C-A—.
dx

OueBnpHO, uTO ecnu (ha3oBask CKOPOCTh YBEIWUMBACTCS C YBEIMYCHUEM JIMHBI
BOINHBL, T.¢. dC/dA > 0, TO rpynmnoBast CKOpocTh MEHbIIE (pa30BOH.
Ecnu ¢azoBast ckopocTb He 3aBUCUT OT A, TO IpynmoBast 1 (a3oBas CKOpPOCTH

PaBHBI YT JPYTY:

C,=C.
HaKOHEH, eclim (baBOBaH CKOPOCTb YMEHBIIACTCA € YBEIMYCHUEM NJIMHbI BOJIHBI,
TO

Cy>C.

Yacro ObIBaeT yOOHBIM MPEJICTABUTh TPYITIOBYIO CKOpPOCTh (7.8) B pyroit ¢op-
me. Hanpumep, 3amensis A Ha 27t/K, monydnm

oc _1_9c _ _poc
an ka/k) ok’
TakK KaK
dl=Ldk.
k k2
Orcrona
¢, =c+k2 =9 (ck). 721
q P ak() (7.21)
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YuurkiBas, 4yTo
27 21

ck=cZ=cZ =0,
A cT
NMEEM
¢, = do/dk, (7.22)

¥ 3aBHCHMOCTb TPYIIOBOM CKOPOCTH Cq OT YaCTOTBI ONPEAENeTcs (PyHKIMeH w =
= (k). ['unoretnyeckuit mpumep Takoil (pyHKIMM MoKa3aH Ha puc. 7.3, a. Ilo
OTIPEIeIICHAIO, HAKJIOH 3TOi KPHBOI XapaKTepU3yeT rPymIoByio ckopocTh dw/dk,
a HaKJIOH pajinyc-BekTopa w/K paBHsieTcst ha30BOil CKOPOCTH.

[TpuBenienHble HUKE PABEHCTBA OMKUCHIBAIOT CMOCO0 TPEJICTABIECHNUS TPYITIOBO
CKOPOCTH, TIOJTyJAIOLINiAcs, eciii B hopMmydie (7.8) 3aMEHUTD IMHY BOJHBI A HA
c/f. OTo maer

c dc dc 1 c?d f/dc

9T T A/ )

fdc—cdf f_cdf/dc  f-cdf/dc

nim

1 _f-cdf/de _1_ f deo (7.23)
¢ —cldf/dc ¢ c2df’ ’

IMpennonoxum, 4To B HEKOTOPOI TOUKE X U3BECTHBI KpuBas S(X, t), a Takke (a-
30Basi CKOpocThb BoNHbL. Torga nepuopy T 1 AnuHa BOMHbL A = CT oNpefenstoTces

a

C>Cg

c<Cy

0 2 4 6 8 10 12 x 02 4 6 8§ 10 I2x
A/ A= 3 /e, =08 AN/ =08 ¢ /ey,=4

Puc. 7.3. Teomerpuueckas wintoctpanus (ha3oBoil 1 TPYNIOBOI CKOPOCTH (&); MILTFOCTpaLys
thopmyb (7.24) (&); cyneprno3nIua ABYX CHHYCOMNANBHBIX BOJH (&, &)
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HENOCPENICTBEHHO M3 HaOmrofieHnil. KpoMe TOro, MOXXHO TakXke ONpEfeNuTh Iie-
PHOJ] BOITHOBO Tpymmbl. [l 3TOr0 HY>KHO M3MEPHUTh MHTEPBANl BPEMEHN MEXIY
ByMsI MAKCHMYMaMH OTHOAOMIEN BONHEL, KOTOPBIA 1 OyfeT paBHATECA T,. OnHa-
KO 3TO#l mH(pOpMaIUK HETOCTATOYHO /IS BHIYMCIECHUS TPYMIOBOH cKopocTu. To
e caMoe OTHOCUTCS M K Clydaro, KOrja B HEKOTOpPbI MOMEHT BpeMeHH t = t,
M3BECTHA 3aBHCHUMOCTbH (DOPMBI CHTHANA OT paccTosiHus. B TO ke Bpems, eciu
BOJIHA HAOMFOIAETCS HA JIBYX PACCTOSHUSX X; U X,, TO MOXKHO JIETKO OMNPENEIUTh
Kak (pa30Byl0, Tak U TPYIIOBYIO CKOPOCTH, a TaKXe JPyrue mapaMeTpbl BOJHO-
BOYl 'PYIIIBI ¥ CHHYCOMATBHBIX BOJH. ITycTh, Hampumep,

C = AX/At, u ¢y = AX/At,, (7.24)
e
AX =X, — X, 1 A > AX,

a At, u At, — 3TO MHTEpBaNbl BDEMEHN MEXNY, COOTBETCTBEHHO, OJJTHAKOBBIMH
thazamMu CHHYCOHJJATBHOM BOJHBI M OJMHAKOBBIMH 3HAUEHMAMHM TPYINbI A, (pHC.
7.3, &). Ecnim mocieniHee yenosue, A > AX, BBINONHEHO, TO B TOYKaxX X, M X, Ha-
GmroplaeTcs offHa U Ta ke (aza.

Mps1 npennonarany, 4YTo aMIUIATYAbI OOEUX CHHYCOMANbHBIX BOIH OJMHAKO-
Bbl, a UX JJIMHBI BONH M (Da30Bble CKOPOCTH MAll0 OTIMYAOTCS JPYr OT JApyra.
JaHHbIE YCIIOBUS SBMSIOTCS UpEe3BbIYANHO BasKHBIMHU JJIs (POPMUPOBAHHS BOJIHO-
Bo¥ rpynmel. Kaxk crepyet u3 Boipaxenus (7.6), ¢ YBEIMUEHHEM pa3HOCTEN AA 1
Ac BomHOBas rpymma ucyesaeT (puc. 7.3, &, &). Ecim ke aMIUTUTYbI CHHYCOM-
MATbHBIX BOMH A, 1 A, pa3nuyaroTcs, HO A, = A, U C; = C,, TO CYNEPHNO3HIHUIO
TaKKUX BOJIH MOXKHO MPEJICTABUTH KaK CyMMY BOJHOBOY I'PYIITbI M CHHYCOMIANBHOM
BOJIHBI ¢ aMIuuTyfoft A, — A,. [locnegoBaTtenbHOCTH MOXOKUX BOJNHOBBIX TPYII
HaOMIOAI0TCS BO BCEX MPUBOAMMBIX 3/1€Ch IpUMEpax. ITO IPOUCXOAUT U3-3a TOTO,
YTO PacCMaTPHUBAETCS CYNEPIO3HUINS TOIBKO IBYX CHHYCOMANBHBIX BOJIH.

ITpumep 2: HeCKOJIBKO CHHYCOHJAIBHBIX BOJIH

Paccmorpum Teneps Gonee CIOXKHBIN CiIyvai, KOTjia B CPEfie MPUCYTCTBYET
KOHEYHOC YMCJIO CMHYCOUJAJIbHBIX BOJIH:

s(x, )= 3, Accoslk, (X - 6t - ;] (7.25)
i=1

TJie Pa3HOCTb MEX[Y aMILTUTYAaMHu A;, a TakXe (Da30BBIMI CKOPOCTSMU C; U BOJI-
HOBBIMU YHclaMu K; Mana.

[TpenmonoxumM, 4YTO B HEKOTOPBI MOMEHT BpeMeHH t = t; ¢a3bl 3TUX BOJH
COBIAJAIOT B HEKOTOPOI TOUKE X = X, T.€.

ki (Xl - Citl) - Oti = kj (Xl - CJ tl) - (Xj. (7.26)

C\0) O3HAYacCT, YTO CyNICPHO3NIHUA 3TUX BOJIH ABJISICTCA KOHCTPYKTI/IBHOfI. prrI/IMI/I
CJIOBaMH, €CIIA MbI CHOBa 3aMCHUM CUCTEMY CHHYCOMATbHBIX BOJIH CPYHKHHCﬁ
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S(X, 1) = Ay(X, t)cos[K(x - ct) — al,

TO “aMHJII/ITYIIa” Ag TOCTUTHET CBOCTO MAKCUMAJIbHOT'O 3HAYECHMSI, PABHOT'O
n
AYA.
i=1

[Tpeanonoxum, 4To TOT ke 3(QeKT HAOMOAeTCd Ha PACCTOSIHUM X, = X, +
+ AX B MOMeHT BpemeHH t, = t; + At. CooTBeTCTBEHHO, (ha3bl CHHYCOMTAIBHBIX
BOJIH CHOBA JIOJIXKHBI COBIIACTD, T.€.

ki (X2 - Ci tz) -Q; = k] (X2 - C] t2) - O(J (727)
W3 paseHcTs (7.26) — (7.27) nony4unm

WIn
(ki — kpAx = (kic; - kicpAt. (7.28)
ITockonbky
ki — k; = Ak 1 kic; — kic; = A(kc), (7.29)

MbI CHOBA IIPUXOJUM K U3BECTHOMY BLIPAKCHUTO IS I‘pynHOBOfI CKOpOCTH

Cy= Ax _ Atke) —>d—w, ecmu Ak — 0.
At Ak dk

Takum 006pa3oM, crucTeMa, COCTOSIIAS U3 N CHHYCOMAATBHBIX BONH C OJIM3KUMU
3HAuUCHUSIMU K 1 C, 0Opa3yeT BONHOBYIO IPYMIY, KOTOpasl ONMUCHIBACTCS HEKOTO-
poii pynkuueit Ay(X, t, Cy) 1 pacIpOCTPAHIETCSA CO CKOPOCTHIO Cy.

ITpumep 3: HecramuoHAPHBIE BOIHBI

Paccvorpum moBefieHne Oerymiedl BOJHBI, MMEIOIIEH Y3KUH YaCTOTHBIN
CIIEKTp. YUMTBIBas, YTO B 3TOM ClIydae BOJHOBOE uymcio K = m/C Takxke OyneT
M3MEHSITBCSI OYEHb MaJIo:

ko—e<k<k,+¢

ek, <1,
BOJHY S(X, ) MOXKHO IIPECTABUTh KaK
s(x, t) = Re S(x, 1),

Ime

ko +e )
S(x, )= [ A"k, (7.30)
ko-¢
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Kak n panee, Mbl OygieM IpenonaraTh, YTo Ipu U3MEHeHUH K ammmutyga A, u
CKOpOCTb C(K) MEHSIOTCA OYEHb MEJITIEHHO.

Paznoxkenune npomssenenns KC, T.e. Kpyroroi gactotbl w(K) B psp Teiimopa
fiaet
a(

k 19 (k
ke = k,C, + akC) (k - k0)+;%(k — k) + o

rfie npou3BoHble 6epyres npu K = Ky 1 € = C(K,).
[IpeneGperast wieHaMn BTOPOro U Gonee BBICOKHX NOPAAKOB 10 (K—K,), 3Kc-
MOHEHIIMATbHBIN UieH B (7.30) MOXHO 3amucaTh Kak

itk ) i(kx-ak-L;“;)m)

ellkx-ch-ag] _ o -itkgCg ™0 ok o

ITockonbky

a(kC) = 0£+CO’
ok ok

HMECM

a(ke) . 20C

itkg—— O~ itk
e |k o dkgitl

COOTBETCTB@HHO,

o 2% ko +e ik (X-Cgt)-ouk]
S(X,t)=e f Ae dk, (7.31)
ky-¢

Ime

SBJIAETCS TPYIIOBON CKOPOCTBIO.
TaxuM 06pa3oM, BOIIHY MOXXHO IPEACTaBUTb KaK

/ 5 BC\ kg +e
s(x, t) = COS\kotJ) kofAkCOS[k(X - ) — o Jdk -

kg +e
—sin( kjt%) [ Asinlk(x = ct) - ot Jdk.
ko-¢

HesaBucumo ot BbIOOpa NMepeMeHHbIX MHTErPUPOBaHus, 00a UHTErpana Omu-
ChIBAIOT CHHYCOWJIAJIbHBIE BOJIHBI, PACHPOCTPAHSIOLIMECS C OJMHAKOBOW CKOPO-
cThiO C,. [oaTOMY JaHHBIE MHTETpANbI NPENCTABISAIOT COOOH HECTalMOHAPHBIE
BOJIHBI, COXpaHsIOLIE CBOXO (hOpMY BIOJIb OCH X.
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BBons 0603Hauenns

ko +¢
fi(x —cyt) = fAkcos[k(X - Cyt) - o, Jdk
ky-¢
n
Ko +e
f,(x —c,t) = fAksin[k(x - Cyt) -, Jdk,
ky-¢
MOJIy UM
(X, 1) = f,(X — cgt)cos[Ky(Cq — Cot] — 5 (X — Cgh)sin[K(Cq — Cot], (7.32)
TaK KakK
d
Cy = Co = K d—E.

CnenoBaTenbHO, KaK M B TPEABIAYILEM TIPUMEPE, CYMEPIO3HUINS CHHYCOMIATBHBIX
BOJIH IPUBOJMT K (POPMUPOBAHUIO BOJIHOBOI TPYIIIBI, PacIpOCTpaHsIOLIEHC O
CKOPOCTBIO Cg, IIPH YCIIOBHH, YTO BOJHOBBIE YHCNA M (Da30BbIE CKOPOCTH 3THX
BOJIH MaJIO OTJIMYAOTCS IPYT OT Jipyra.

W3 Beipaxkenns (7.32) ciaefyeT, 4TO aMIUIATY/AA BOJIHBI B TOUKAX X; M X, B MO-
MEHTBI BpEMEHH t; ¥ t, IMEET OFHO ¥ TO e 3HAUCHHUE

S(X17 tl) = S(Xz» tz),

€cnu
-t -t =— 2T
At=t, -t k0|cg—c0|
n
AX =X, - X L
T ke -

ITpu BbIBORE hpopMynbl (7.32) MBI COXpaHMIM TONBLKO IEPBbIE Ba WIEHA psfa
Teitnopa. IToaroMy rpymmnoBasi CKOPOCTb C, HE 3aBHCHT OT BOIHOBOTO YHMCla M
PaBHSETCS

CornacHo (7.8), 3T0 BbIpaxkeHHE CIPABEIUBO, €CIH [PYINOBAsi CKOPOCTb SIBISCT-
csl IMHEHHON (DYHKIMEN ITMHBI BONHBIL:

c=a+bh\.

B ofmem cryvae, Korja ¢a3oast CKOPOCTb SIBISIETCS POU3BONBHON (DYHKIHMET A,
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npubmxenue (7.32) OyfeT JOCTaTOYHO TOYHBIM IIPH  YCIOBHUY, YTO CyMMa 4le-
HOB psifa Teilnopa

2
t(lﬁs2 +ld—fz~:3 +)
2 dk 6 dk

OYEHb Maja.

3T0, B YaCTHOCTH, O3HAYaeT, YTO, 4eM Oonblle 3HAYCHUE BPEMEHH l, TeM
MEHBbIIIE A0JKEH OBbITh ANANa30H H3MECHEHUS BOJHOBOTO uncia K. [leficTBuTensHo,
C YBEIMUEHHEM BpEMEHH, (hopMa BOJHBI pasfienseTcss Ha JiBe HEOONbIINE TPYIIIbI
c Oonee y3kuM iana3oHoM K, u Beipaxenue (7.32) MOXHO IPUMEHUTD K KaxkIOH
u3 atux rpynn. Koneuyno, Takue xe 3¢phexTbl HaOMIOA0TCd BO BTOPOM IpUMe-
pe, Korja HecTaloHAapHas BOJIHA (DOPMUPYETCSl U3 KOHEYHOIO YKCIA CHHYCOM-
JTAJIBHBIX BOJIH.

3nech HEOOXOIUMO 3aMETHUTD CIIEAYIOLIEE:

a) 710 CHX IOp MbI PaccMaTpPHBAIN CYNEPHO3HUIUI0 CHHYCOMJANBHBIX BOIH C
OYeHb OMM3KUMHU YaCTOTAMHU U BOIHOBBIMU YUCIIAMU;

0) Mo 3TOY NPUYMHE CYHEPIO3ULUS TAKUX BOJNH MPUOMMKEHHO ONMUCHIBACTCS
€IMHCTBEHHO! BOJIHOBOM TPYIION, CKOPOCTh PACIPOCTPAaHEHUS. KOTOPO! paBHSIET-
ci Cy;

B) B CIEMYIOLIEM pasfieiie Mbl paccMOTpHM OoJiee OOIIuMil clyyail OYeHb MIIpPO-
KOTO JMana3oHa N3MEHEHNS YaCTOT W BOJTHOBBIX UHCEI;

T) CYIEpHO3ULKS TAKUX BOIH NPUBOAUT K (pOpME BOJHBI, B KOTOPO MPAKTH-
YeCKH HEBO3MOXKHO Pa3iIMyUTh OTHENbHYIO IPYINY ¢ (PUKCUPOBAHHON CKOPOCTHIO;

1) OJHAKO ¥ B 3TOM CIIyyae IOHSATHE TPYIIOBON CKOPOCTH HIPAET BAXKHYIO
pOllb.

7.2. CYNEPTIO3NLINA CUHY COUIAJIbHBIX BOTH U METO/T
CTAHMOHAPHOU ®A3bI

B mpenpigymeM pasfieie Mbl paccMOTpENH paclIpoCTpaHEeHHe BOINH, o0pa3o-
BAHHBIX CHHYCOMJIAIbHBIMY BOJIHAME C TIOYTH OJINHAKOBBIMH 3HAYEHWSMH BOJHO-
BOro uucna K u ¢a3oBoil ckopocTi C.

B oTimume oT npepbIAyIIero ciydasi, 3fech Mbl OyfieM Tpefonararh, 9To 06a
napameTpa MOTYT M3MEHAThCS IIPOM3BONBHBIM 00pa3oM. OfHAKo mepes TeM Kak
IPUCTYNIUTh K M3YYEHHIO TaKUX BOJIH, NONE3HO €lle pa3 oOpaTHThC K MpOCTel-
IIEMY CITy4alo AByX CHHYCOMAANBHBIX BOJH, MMEIOIUX OMHAKOBBIC aMITUTYABI U
Onu3kue 3HaueHus nmapametpoB K u C. IpenmonoxuM cHOBa, 4TO BOMHA S(X, t)
TIpefICTaBIISAETCS B BIJE

S(X, t) = Aglcos(k,x — ;1) + cos(KX — m,t)]. (7.33)
3nech

K, = K, — AK/2, k, = k, + Ak/2
u

0, =0,-Aw/2, ®, =0, + Aw/2.
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Cymmupys, IONyunM

s(x, t) = 2Aocos(%k X - Ath) cos(KyX — w,t)
1781031

S(X, t) = 2A cos(kyx — wt), (7.34)
e

A= 2AOCOSA7k(X —¢,b) (7.35)

SBISETCS AMIUTUTYION BOTHOBOY IPYIIIBI, a
Cy = Aw/Ak (7.36)

OMpPEACIISIET €€ CKOPOCTh.
Kak MbI YK€ 3HaAeM, €Cin (ba3I)I CUHYCOUJaJIbHBIX BOJIH paBHBI IPpYT APYrY:

KX — ot =KX — w,t, (7.37)

TO aMIUTUTYAA A IMEeT MAKCUMANbHOE 3HaYeHNe, paBHOE 2A,,. [IeCTBUTENBHO, U3
paBeHcTBa (7.37) umeeM

XAk =tAw

in e

X =Cgt,

(7.38)

U TIOJICTAHOBKA 3TOTO BbIpaxkeHus B hopmyay (7.35) gaet

A =2A,.

Takum 00pa3soM, MakCHUMalbHOE 3HAYEHHE TPYIIOBOI AMIUTUTYAbI HAOMIORAETCS
TONBKO NPY TaKUX 3HAYEHUSX PACCTOSHMS U BPEMEHH, KOrAa ha3bl BOJIH PaBHbI
Apyr apyry. Jpyrumu cnoBamu, HECMOTPSI Ha TO, YTO BOJIHOBbIE UUCIA U (pa3bl
BOIIH [IOYTH O{THAKOBBI, UX (Da3bl COBMAJIAtOT TOJIbKO HA ONPEENEHHbIX PaccTOs-
HISIX U B ONpEJicNeHHbIe MOMEHTBI BpeMeHH. B aToM cityyae appeKT KOHCTPYK-
THBHOW MHTEP(EPEHIMN MAKCHMAJIEH.

ITpu yBenuueHun pazHocTH (pa3 rpynmnopas amILIMTYAa A yMEHbIIAETCS H, B
KOHIIE KOHIIOB, KOrfia (ha3bl pa3inyaoTcs Ha 7T, CHHYCOMJANbHbIE BOIHBI B3aUM-
HO racat fpyr gpyra: A = 0.

[Tpepnonoxum, 4yTo aMIIATya A paBHa HEKOTOPOil mocrosHHol C npy X =
=X, ut=t,. Torga, cornacxo (7.35), To Xe 3HAUCHHE aMIUTUTY/bI OYIeT Haluto-
NIaTbCs 7S IPYTOil aphbl 3HAUEHMI: X, U 1,, ecan OYAeT BBIIOJIHEHO CIEyHoLee
YCIIOBHE

X; = Cgly = X, = Cyty.

CnepoBarebHO, MIMEETCS JIBA COOTHOIUEHHUS, CBSI3BIBAIOLIMX TPYIIOBYIO CKO-
POCTb Cg, C OTHOH CTOPOHBI, M PACCTOSHUE U BPEMS — C IPYTOM:

X = Cyt 1 AX = C4AL. (7.39)
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IepBoe M3 3THX COOTHOIIEHWH ONKUCHIBAET, KaK PACHPOCTPAHSIETCS MAKCUMyM
TPYIIOBOi aMILTUTY/IbI, & BTOPOE XapaKTepu3yeT MepPeHOC IPOU3BOIBLHOTO 3HAye-
HES A.

Kaxk cnepyet u3 Boipaxkennsi (7.34), paseHcTBo a3 ¢ynkimu S(X, t) mpuso-
JIUT K CIIEAYIOLIEMY COOTHOLIEHHUIO:

Cc = AX/At,

KOTOPOE COBIAJIAET CO BTOPBIM PaBEHCTBOM (7.39).

OpHaKo B OJHOM clly4yae AX sIBISIETCA PACCTOSHUEM MEXJy TOYKAaMH C OfMHA-
KOBOIl aMILTUTY/OM, a B IPYTOM — PAcCTOSHUEM MEXAY TOYKAMH C OJUHAKOBOW
azoi.

CrnepyeT OTMETHTb, YTO BblpaxeHue (7.38) 4acTo UCHONB3YIOT ISl OLEHKU
IPYIIOBOX CKOPOCTH IIPOU3BOJIBHON BOJIHBI.

[Tpuctynum Tenepb K OOCYX[EHUIO OOIIETO Cayyas HECTAMOHAPHON BOJIHBI,
IPU PACCMOTPEHUU KOTOPOI'O €CTECTBEHHO MCIOIB30BATh MHTErpansl Pypee.

ITpencraBuM NpOU3BOJBHYIO BOMHY, PaclpOCTPAHSIOIIYIOCS BOMb OCH X, Kak
CYMMy CHHYCOMAQIbHBIX BOJH C Pa3iIM4YHbIMEU BOJHOBbIME uucnamu K. Torma
IPOU3BOJIbHYIO (PYHKIIMIO, OMUCHIBAOLIYIO BOJHY (HAPEMEp, CMEIEHHE) B TOUKE
X X B MOMEHT BpPEMEHH t MOXHO IIPEACTAaBATh KaK (CM. IIPUIOXKEHHE 7)

s(x, t) = - }g(k, t)e *dk, (7.40)
27 Zo
e
gk, t) = }s(x, t)e **dk. (7.41)

B 10 xe BpeMs B raBe 3 ObLIO II0KA3aHO, YTO €CIIM BOJIHA BEET ce0s KaK CHHY-
couflanbHast (PyHKIKS KOOPAUHATEL X, TO OHA JOMXHA OBbITh TAKxKe CHHYCOMAlb-
HO# (pyHKIMEN BpeMeHu. B mpoTuBHOM cityvae pyHkims S(X, t) He OymeT yHoBie-
TBOPSITb BOTHOBOMY YPaBHEHHIO.

CooTBeTCTBEHHO, [IUTsI (DYHKIUN  IMEEM

gk, t) = S,et + S,e (7.42)
[TopcranoBka nocnefHero paseHcTsa B (7.40) gaer

S(X, 1) = 5;(X, 1) + S,(X, 1), (7.43)
e

1 ” —i(kx-of
s,(X, t)=;_fwsl(k)e kx=eb gk
i (7.44)

SZ(X, )= i J'Sz(k)e—i(kxmt)dk'
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OueBHHO, YTO NOBIHTErPANbHBIE BbIPAXKEHHUS, CTOSIIHME B MEPBOM M BTOPOM
uHTerpane (7.44), onmMChIBAIOT BONHBI, OETYIIME B MPOTHBOMONOKHbBIX HAMpaBie-
Husx. B To xe Bpemst dyrkumn S;(K) 1 S,(K) SBISIOTCS KOMIUIEKCHBIMA aMILTH-
TYHaMH 3TUX BOIIH, COiepKalliMU HH(OpMaLuIo 00 X aMIVIUTYJAaX U HAavaJbHbIX
tbazax. CrnefyeT 3aMeTHTb, YTO B OOIIEM CIydae 4acToTa o SIBISETCS MPOM3BONb-
HOY (pyHKIMEH BONTHOBOTO 4ncia: o = w(k).

Cornacno onpepienenuto (7.44), umeem

S, = [5,(x, he ™ *Ndx

" (7.45)
S, = [5,(x, e dx.

3T0, B YACTHOCTH, MOKA3bIBAET, UTO PA3JI0KEHUE IPOU3BOILHON BOHBI HA CUHY-
COMJAJIbHBIE BONHBI C Pa3lMYHbIME BONHOBBIMU 4ucnamu K TpeOyeT paccMoTpe-
HUSI TIOBEICHMSI BOJIH KaK JIJIS OJIOKATENbHBIX, TaK U IS OTPHUIATENBHBIX 3HAYe-
HUH X.

Mg untoctpanuu (pU3NYEcKoro cMbicia BbIpaxeHui (7.44) MpenoaoxuM,
YTO B HAYAJIbHBIA MOMEHT BpeMeHH t = (0 UCTOYHUK BBI3BIBAET CMEIECHHE, OIH-
ceiBaeMoe (pyrkuumei f(X), T.e.

s(x, 0) = f(x).

ITomumo 3TOrO0, NPEANONOXKUM, YTO CKOPOCTb YaCTHUI] B 3TOT MOMEHT PaBHSETCH
Hymo. Takum 006pa3oM, BBOJISITCS CEAYIOIIME HAayaJlbHble YCIOBHUS:

s(x, 0) = fo u B% 9 _ ¢ (7.46)
Jat

OueBHHO, YTO 3ajlaHKe BONIHbI B HEKOTOPBII MOMEHT BpeMeHu t = 0 omnpepenser
ee MOBEICHHE BO BCE MOCIEAYIOME MOMEHTHI.
CHosa npumensis uarerpain ®ypoe, umeeM

F(x)= L [F(oe ™ dk (7.47)
21 2,

F(k) = L}f(x)e‘k*dx,
27 T

rne ¢yakuust F(K) onuchbBaeT aMITIUTYAY ¥ (pa3y CUHYCOMAANBHBIX BOJIH B MOMEHT
Bpemenu t = 0.
Oynxuuro f(X) yro0HO MpeACTaBUTD B CENYIOIEM BUJE:

f(x) = - [F(k)e™ *Pdk + - [F(k)e ***dk. (7.48)
47 =, 4w 2,
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IocnenHee BbIpaXXeHWE ONMMCBHIBAET CMeleHuE S(X, t) B MOMEHT BpeMeHu t = 0
KaK CYIEpIO3ULHUIO BOJH, PACIPOCTPAHAIONIUXCS B MPOTUBOMONOKHbBIX HaNpaBe-
HUSIX.

C yBenuueHueM BpPEeMEHU aMIUIATYHa U HayajbHas (paza Kaxjoil U3 CHHYCOM-
JIaJIbHBIX BOJIH OCTAETCsl IIOCTOSIHHOM, a IoJHast (ha3a MEHAETCs U3-3a IPUCYTCTBH
unena e, TToaToMy dopmyna (7.48) XapakKTepusyeT BOJHY B IPOM3BOJILHBII
MOMEHT BpeMeHH t > 0, ¥ MbI IOJTy4YaeM

S(X, t) = 4‘—n [F(k)e ™ dk +4‘—n [F(k)e gk, (7.49)

Jlerko mokasatb, 4TO (PyHKIHMS, onpefensieMast BbipakeHueM (7.49), ynoBIeTBo-
psET HavalbHBIM ycIoBuaM (7.56). [leficTBUTENBHO,

s(x, 0) = %Z}F(k)e‘"‘xdk - f(x)

9 _ Tke [F(K)e ™ dk _ ke [F()e"“dk = 0.
it 4w, 4 %,

PaccMoTpuM Temeph crienualbHBIN Cilyyai, Korfa cmenienne f(X) B HaYaNbHBIN
MOMEHT BPEMEHH SIBISIETCS CUMMETPUYHOM (DYHKIHEH OT X:

f(x) = f(-x).

Torna €€ CIIEKTP MOXHO 3alliCaTh KakK

Fk) = 2} f(x)coskx dx, (7.50)
0

1 OH TaKXe SBISETCS CUMMETPUYHON (PYHKILMEN, HO TOJIBKO OT BOJHOBOI'O YHC-
nak.
YunTbIBas 3TOT Pe3yJbTaT, BoIpaxeHue (7.49) MOXHO IPENCTaBUTh B BUJIE

s(x, 1) = = [F(k)cos k(x ~ ct)dk + - [ F(k)cosk(x + ctydk
21y 21 %,
10 031 (7.51)
s(x, t) = lf F(k)cos kx cos(kct)dk.
T

HOJILIHTQI‘paJII)HOO BbIPAXKCHUE OMUCHIBAECT CTOAYIYIO BOJIHY, U 3TO HE YAUBUTE]Ib-
HO, TaK KaK CYyIIEpIO3ulys BYX BOJIH, PACIPOCTPAHSIOIMMUXCA B MPOTUBOIIOIOXK-
HBIX HAlIpABJICHUSIX W MMCIOIMMX OJMHAKOBBIC aMIUIMTYAbI WM BOJHOBBLIC 4YHUCIIA,
BCEraa NMpUBOJUT K MOSBICHUAIO CTOSTYEH BOJHBI.
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st u3yuennst uHTepepeHIl CHHYCOUAANBHBIX BOJH C Pa3MMYHbIMU BOJHO-
BBIMH YHCIAMH, BOCTONB3YyeMCsl BbIpaXeHHIMH (7.51) B NPEMNIOIOXKEHAN, UYTO
dynxuys f (X, 0) sBAseTCS YeTHOH, a ee cnekTp F(K) mocTosiHeH W paBHSIETCS, Ha-
npumep, epunune. ITycte B HavanbHbIl MOMEHT BpemeHd t = (O pacrpepencHue
cMeleHns S(X, 0) onucbiBaeTcs (pyHKIUEH

0 XxX=-g,

f(x, 0)= 2i —e<X<eg, (7.52)
€
0 X=¢€

T.C. CMEIICHUE NMEET HEKOTOPOC MOCTOSTHHOEC HEHYJIEBOEC 3HAYCHUE HA MHTCPBAJIC
—-&e<X<eg,

a BHE 9TOr0 MHTepBana paBHsieTcs Hymto. Torna u3 paBeHcTB (7.47) momydaem

1 . .
(elke —_ e—lke) =
2iek ke

sink €

F(k) = Zfie““dx -

Cunras, uTo mupuHa uMmmynsea f(X, 0) cTpeMuTcs K HYIIO, a €ro aMIUIUTYAA He-
OTpaHMYEHHO BO3pacTaeT, B Mpejiesie MONYUMM JAebTa-(pyHKIUIO U, COOTBETCT-
BEHHO,

Fk) = 1.

CornacHo (7.51), BOJIHY, BbI3BaHHYIO TaKOI CHJIOH, MOXHO MPENCTAaBUTD KakK
s(x, t) = Lfcos k(x - ct)dk +Lfcos k(x + ct)dk,
21y 21

T7ie TpefronaraeTcsi, YTo pa3oBasi CKOPOCTb C SBJSETCS OHO3HAUHOW JAEHCTBU-
TeJbHOH (PYHKIMEN BOIHOBOTO vucaa u ¢ > 0.

BeipaxeHnue (7.53) OKa3bIBaeT, YTO CMEIIEHHE S(X, ) SBISETCI CYMMOW JIBYX
MOXOXWX MHTETPAJIOB, ONUCHIBAIOIMX BOJNHBI, PACIPOCTPAHSIOIAECS B IPOTUBO-
TIONIOKHBIX HAMPABIICHUSX.

OcTaHoBUMCS TIO3TOMY Ha TIEPBOM MHTETpalne:

I == feosk(x - ctydk, (7.54)
21 0

KOTOPBI OIHKCBIBAET CYNEPHIO3ULII0 OECKOHEYHOTO YACIa CHHYCOUIATIbHBIX BOJIH
€IMHAYHON aMILTUTY/bI CO BCEMU BO3MOXKHBIMY 3HAYEHUSIMU BOJIHOBOT'O YHCIA U,
B OOLIEM ClTydae, C Pa3IMUHbIM (ha30BbIMI CKOPOCTSMIL.

ITpexxne 4eM BBIYMCIATL MHTErPA |, MONE3HO CHAYaIa Ka4eCTBEHHO PaccMOT-
peTb MHTEP(EPEHLUIO TAKUX BOJH. I 3TOrO BOCHOJNB3YEMCS BbIPaKEHUEM
(7.53).

351



B momeHT Bpemenu t = 0 ¢ha3bl BOMH OJMHAKOBBI U PaBHBI HYIIO B TOUKE Ha-
yana koopauHaT X = 0. CnejoBaTeIbHO, 3TH BONHBI YCUIMBAIOT AAPYT Apyra, oopa-
3ysl B OKPECTHOCTHU MCTOYHMKA fiebTa-(pyHKIui0. OHAKO BO BCeX JIPYrUX TOYKAX,
rfe X # 0, pasHocTb (ha3 TakoBa, YTO B CHIIY UHTEP(EPEHLUN ITU BOIHBI OJIHO-
CTBIO TacaT Jpyr apyra. COOTBETCTBEHHO, CMEIEHHE BCIOMY, 33 HCKIIOUCHHEM
TOUKH X = 0, o6patiaeTcs B HOMb.

ITOT mpuMep SCHO MOKA3bIBAET, YTO B JAHHOM CIy4yae pe3ylbTaT CylepIo3u-
UM CHHYCOMAANBHBIX BONH ONpEeNseTcsl TONbKO MX pasHocTbio (a3. Ecmu da-
30Bas CKOPOCTb HE 3aBUCHUT OT BOJHOBOIO YMCNA, AeJbTa-(hYHKIMS (a TaKXKe Jo-
6as pyras (yHKIWS) pacpoCTpaHsSeTCs BIOIb OCH Z, He MEHsIS cBoell opmbl. U
cornacHo (7.53), oHa HabJIOfAeTCs BO BCEX TOUKAX X, KOrja (pas3bl BceX CHHYCOU-
JIAJIbHBIX BOJIH PaBHBI HYJIIO:

k(x-ct) =0,

T.€. OHU COBNAJAIOT IPYT C APYTOM.

B Te xe MOMEHTbI BpeMEHH B [IPYIUX TOYKaX, BKJIIOYas TOUYKy X = 0, ¢a3bl
pa3nuyarTcd MexXay co0oi M cyMMa MHTEerpajoB B (7.53) CTaHOBHTCS paBHOM
HYIIIO.

B o6mem cnydae, korga ¢a3oBasi CKOPOCTb sIBIsSIETCS] (PYHKIMEHR BOIHOBOTO
yycna, MOBEEHNE BOJH CTAaHOBUTCA ropasfo 0ojiee CIOXHBIM, B YacTHOCTH,
(hopMa BOJIHBI MEHSIETCS B 3aBUCHMOCTH OT BPEMEHH M PACCTOSIHUSL. JTO CBSA3AHO C
TEM, YTO CHHYCOMiaJIbHble BOHBI OONAfAtOT pa3HbIMHA (Da30BBIMU CKOPOCTAMH U
Pa3HOCTh (ha3 MEXY HUMHU 3aBUCUT OT BPEMEHM U PACCTOSHUS, a TaKXKe OT BOJ-
HOBOTrO yucia. Ecmu B OKPEeCTHOCTH HEKOTOPOH TOYKH X B MOMEHT BpPEMEHH
t IMEIOTCSl CHHYCOMIAIbHbIC BOJHBI ¢ OJMM3KUMHU 3HAUYCHUSMH K, TO MOXHO OXWU-
IaTh MPOSBIIEHNS] KOHCTPYKTUBHON MHTepdepeHiun. KoHeyHo, yeM mmpe auana-
30H BOJIHOBBIX UHCeJ, [l KOTOPBIX (ha3a BOJHBI OCTAETCS MPAKTHYECKU MOCTO-
SHHO¥, TeM 0O0Jblle aMITUTY/a JAHHON IPYIIIbI.

U, naobopor, B Mecrax, rae aza 3aMETHO HM3MEHSETCs, HaOMofaeTcs fe-
CTPYKTHBHAs HHTEP(EPEHIMs ¥ aMIUIUTY/Ia BOJHBI JOCTATOYHO Malna.

YroObl M3yunTh MOBEfICHNE BOMH Gosiee TOPOOHO, TIOTYIUM, MPEXKE BCETo,
COOTHOIIIEHNE, CBA3bIBAIOLIEE PACCTOSIHUE X U BpeMs , C OJHOW CTOPOHBI, U BOI-
HOBOE YHUCIIO0 CUHYCOUATIbHBIX BOJIH, MMEIOIIMX IPaKTUYECKU OJUHAKOBYIO (ha3y —
¢ ppyroii. O4eBUAHO, YTO, €CIU B Npefie]ax HEKOTOPOro AMana3oHa BOJHOBBIX
gpcen, pa3a BomHbI ((K) MPaKTHIECKH HE 3aBUCUT OT K, 3TO MOXKHO BBIPa3HTh
KaK

290 _ 7.55
o . (7.55)

da3a, yIOBIETBOPSIOIIAS TAHHOMY YCIIOBHIO ISt HEKOTOPOTO 3HAUEHHS BOTTHOBOTO
ymcna Ky, Ha3bIBaeTCs CTAlMOHAPHOM.
ITockonbky

(k) = k(x —ct),
ypaBHeHHE (7.55) MOXHO NEpENucaTh B BUAE
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I Ik(x =ct)] = x =2 (ke)t = 0 (7.56)
ok ok

nin
x = t cy(ky). (7.57)

3pmech €, — rpymmoBas CKOPOCTb, COOTBETCTBYIOMIAS CTALMOHAPHBIM 3HAYEHHSAM
BOJTHOBOTO umcia K.

CornacHo (7.57), TpynmoBasi CKOPOCTb PaBHSAETCS MPOCTO OTHOLICHHIO pac-
CTOSIHUS X KO BpeMeHeMH . ITOT pe3yJbTaT OYeHb BaskeH, MOCKONbKY OH HCIOMb-
3yeTcd NpH BbIBOJIE NMPUOTIKEHHBIX BBIPAXKEHWH [ MHOXECTBA HMHTErpajoB,
BKJTIOYAs! T€, KOTOPbIE OMUCHIBAIOT MHTEP(EPEHIINIO CHHYCONTATBHBIX BOJH. [lo-
MHMO 3TOT0, KaK ObLIO OTMEUEHO paHee, JaHHBII Pe3yNbTaT MO3BOMSET OLECHHATH
TPYITOBYIO CKOPOCTH TPOU3BOJIBHON BOJIHBI, HAOIONAEMOll B Pa3HbIE MOMEHTHI
BPEMEHH Ha Pa3NUIHbIX PACCTOSHHUSIX.

Janee Mbl 00paTUMCS K TIEPBOMY 13 YIOMSIHYTBIX MPUIOKEHU 3TOl (hopMy-
Tl M IPEATIONOXAM, 9T0 (hyHKIus Cy(K) m3BecTHa. [IpuMephl, mimocTpupyromye
ee TIOBeJIeHUe, TOKa3anbl Ha puc. 7.4, a, &, a.

W3 cootHomenns (7.57) ciaenyeT, 4To Kaxpoi nape X u t COOTBETCTBYET OffHO
3HAYEHHE TPYNNOBOI CKOPOCTH Cy. 3Has 3HaueHus (yHKIMH Cy(K), MOXHO ompe-
IETUThb BOTHOBOE umcio K,. OTa mporenypa nokasana Ha puc. 7.4, U3 KOTOPOro
BHJIHO, UTO LIeNIeCO00Pa3HO pa3nuyaTh CIEAyIOIUe TPU CIyyas.

A. KaxyioMy 3HaYeHHIO IPYMIIOBOM CKOPOCTH C, COOTBETCTBYET TOJLKO OJJHO
3HaYeHNe BONHOBOTO uucia K, (puc. 7.4, a, &).

b. CymectByeT HecKoBbKO 3HaueHui K, (puc. 7.4, &).

B. IIpennonoxum, 4To OTHOIIEHHE X/t JTEXKUT 3a TpefenaMu Juana3oHa 3Ha-

a 7]
Cg Cg
ko k ko k
[
Ce
A\
"""""""""""""""" Puc. 7.4. Tpynmosast ckopocTb Kak (hyHKIHs BOJI-
ko, ky, k HOBOT'O YHCTIA
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uenuii pynkuun Cy(K). IT0 03HAYaeT, YTO I NAHHBIX 3HAYeHMi X u t (aspl cu-
HYCOMIATBHBIX BOJH HE SIBISTIOTCS OII3KIMIL

3aduKkcrupyeM KOOPIMHATY X M OCMOTPUM, KaK MeHseTcst (hopMa BOJHBI CO
BpeMeHeM. M3 cooTHomenns (7.57) CIEeRyeT, 4To C TEYEHNEM BPEMEHH TPYIIIOBAst
CKOPOCTB Cy M, CIIE0BATENHHO, BOIHOBOE YHCIO TaKXkKe M3MEHsoTcs. Takum 00-
Pa3oM, B KaX]Iblil MOMEHT BpeMeHH (DOpMa BOJIHBI XapaKTepu3yeTcs HEKOTOPBIM
3HAYCHNEM BOITHOBOTO UKCIA Ky, 1 BOTHOBYIO (DYHKIIMIO MOXKHO TIPEJICTABUTE KakK

s(t) = A(t)cos[wy(t)t — ky(H)X], (7.58)
e

k(1) = 200
o g

Crosiie B 3TOM BBIPaKCHUH BEJIMYMHBI HA3bIBAIOTCS MIHOBEHHON YacTOTON M
MTHOBEHHBIM BOJTHOBBIM YHCIIOM.

CyecTBeHHO, YTO (pa3bl CHHYCOMJATbHBIX BOJH C BOJNHOBBIMH YHCIAMH,
OM3KUMH K K, I3MEHSFOTCS OYeHb MEJIEHHO M CYNEPNO3MINs TaKAX BOJH TNPH-
OmxeHHo paBHseTCs S(t).

y‘{I/ITbIBaH, YTO BOJIHOBBLIC YHCJA yKa3aHHOfI prHHbI HpI/IHaJIJIe)KaT OTHOCHU-
TEJLHO Y3KOMY JIATNA30Hy

ko—e <k<k,+e, (7.59)

ClefiyeT MPeAToIoXKUTb, 4To a3y ¢p(K) MOXKHO pa3noxuts B psy Teitnopa u or-
PaHMYUTECS B HEM NIEPBBIMU TPeMs! WieHaMH. B aToM ciydae

K(X = ct) = Ky (X = c,t) + (k — ko)i[k(x —ct]+

2 2
A e . (7.60)
ok

I7ie IPOU3BOAHbIE OEPYTCs B TOUKE
k =k, 1 ¢, = c(Ky).

W3 paseHctBa (7.56) ciefyeT, YTo BTOPOI UlleH 9TOrO pa3noxeHus: o0palaeTcs B
HOIIb, ¥ Mbl UIMEEM

2 2
KX = ¢ty = k(X = Got) + S0 2% e — ety
ok
nIn
2
K(x = ct) = ky(x = ¢,1) + M%t, (7.61)

IOCKOIIbKY
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Zkx -ct)] = x - ¢t
ok

2 ac
L [k(x - ct)] = ~t =2,
ok ok

rjie dCy/0K — mpou3BOHAS TPYMIIOBOM cKOpOCTH IpH K = K.

I[Mpenmosaras, 4To B CHJY BBICOKOYACTOTHBIX OCUMJIISINI MHTETPAPOBAHIE 32
npefienamu uHTepBana K, — ¢ < k < k, + € jaeT 04eHb Manblil BKJIAJ, U, MOJCTaB-
14 (7.61) B (7.54), nonyyum

ko+e

1 ac
| = Zkof_s cos|Ky(X = C,t) = %a—kg(k —k,)? |dk. (7.62)

3lIeCL 2e — MHApHUHA Mana30Ha BOJTHOBBIX YMCEJI, IS KOTOPBIX CMHYCOUJAIbHbIC
BOJIHBI UMCIOT NPAKTUYECCKUA OJUHAKOBYIO q)asy.
ITomumo 3TOTO, OpEAINoOIOKHAM, YTO BpEMs t JOCTaTOYHO BEJIMKO, TaK YTO

e, 9C
—t—k > 1. (7.63)
2 9

BBops HOByIO IEpEMEHHYO

m? = 1%k k)2, (7.64)
ok
nMeEEeM
2mdm = tailf(k — Kk, )dk.
Jd

Takum o6pazom,

dk = 2mdm
ac
t—2(k - ko)
ok
NN
loc,
\] E (k - ko)dm (7
dk = - -2 dm. (7.65)
r BCg I Cg
Ntk - kg) It
ok \‘ ok
Orcrona

355



[
L2 reogky(x - ¢,y F m? Jdm. (7.66)

2 | fac,

Vo

ok

B cuny HepaBenctBa (7.63) BepXHMHl M HVDKHHI IIPENENbl WHTETPUPOBAHUS B
(7.54) w3menunuch. [IpyruMu crnoBamu, Mbl NpenonaraeM, YTO BKJIAJ B UHTET-
pan 3HaueHnH (PYHKIMK 3a npefiesiamu nHTepBana k, — e < k < k, + ¢ mpenebpe-
SKEMO Majl.

OTpunaTebHbIi MO0 TOTOXATENLHBIA 3HaK TIEpe]] M* GepeTcss B COOTBETCT-
BHM C HEPABEHCTBAMHU JCy/0K > 0 nimm dCy/0k < 0.

[ToppiaTErpanbHOE BhIpaKeHue B (7.56) MOXKHO IIPEACTaBUTh KaK

cos[Ky(X — Cot) F m?] = cos ky(X — Cot)cos m? = sin (X — C,t)sin m2.

CremoBaTelnbHo,
- - -
[cosko(x — Cot) fcosm*dm = sink, (x - ¢,t) fsinm*dm |.

—co -0

ok

Kax MbI yxe 3HaeM (cM. I11aBy 6), JaHHblE MHTETPaJIbl SBIIOTCS TaOIUYHBIMU U
PaBHBI JIPYT APYTY:

fcosmzdm = fsinmzdm = \E.

— -0

Takum obGpa3zom,
o

=L “‘L[cosko(x - C,b) £ sink, (X - ¢, b)].

ITockonbky

bl

€08 Ko(X — Cob) = sin Ko(X — Cot) = «/Ecos[ko(x -, 1%

NOCTIEMHEE BBIPAKEHUE TACT
R
I 1 | 2=n
=

27:“

\‘\I

Mp! Hauw npubnMkeHHOe BblpaxeHue i unterpaia | B opmyne (7.54),
KOTOPBIIT OIICHIBACT CHHYCOMAIBHYIO BOJHY C BOTHOBBIM 4HCIOM K, 1 (ha3oBoil
CKOPOCTBIO Gy, 3afiaBaemMoit hopmynoit (7.58).

cos[ko(x - cot)¢§ ) (7.67)

GCg

ok
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AMIIATYA 3TOU BOITHBI

R
1 | 2n
— |

2w | |ac

00paTHO NPONOPLMOHANbHA BPEMEHU U, KaK ObLIO INPENCKa3aHO paHee, MpOu3-
BOJJHOI1 TPYIINIOBOII CKOPOCTHU IO BOJTHOBOMY UHCITY.

3eck crefyer cenaTh HeCKONbKO 3aMeYaHHuil.

1. JlaHHBI METOJ] OLIEHKH JOMUHUPYIOLIEH IpyIbI ObL pa3paboTan KenbBu-
HOM ¥ Ha3bIBAaeTCs METOJIOM CTalMOHAPHOM (ha3bl.

2. 1o 3TOT0 aHAJIOTHYHBIN MOAXOJ ObLT mpeoxkeH CTOKCOM.

3. Tlpomssognas dC,/0K B cooTHOmIEHMH (7.67) BBIMUCIACTCS IS 3HAYCHHS
BOJTHOBOTO 4HCJa, paBHOrO K, JTo 3HaueHue ompepensieTcs U3 paseHcTsa (7.57)
TP YCTIOBHHM, YTO 3aBUCUMOCTD Cy(K) ABIAETCS M3BECTHON.

Takum 06pa3zoM, pa3NuyHbIM 3HAYEHUSAM X U t COOTBETCTBYIOT, B OOIIEM CITY-
yae, pasHble 3HaUeHUs K, 1 9Cy/0K.

4. BromHe BO3MOXKHO, UTO B HEKOTOPBIX CTAIIMOHAPHBIX TOUKAX, Ife dp/dK =
= 0, nepsas npousBofiHas dCy/0K Takke oOpamaetcs B HOMb. [IpuMepom Takoi
TOYKH MOXKET CITYXKMTh MHHUMYM KPHBO#i Cy(K), mOKa3aHHOM Ha puc. 7.4, &.

MoxHO npeficTaBUTh ce0e TaKyro 3aBUCUMOCTh (Pa30BOil CKOPOCTH OT BOJHO-
BOTO YHCIIa, IIPH KOTOPO# IIPon3BOjHAs dC,/0K Beera paBHAeTCA Hymo. [lefcTBr-
TENBHO, MPEATIONOXKHAM, YTO

c=a-+ bk,
rmeau b - HCKOTOpre NOCTOsSIHHEBIC.
Torpa,
ac
ke=ak+b,c,=an — = 0.
ak

5. Ilpu BeIBOsie cooTHomeHus (7.67) MpeAmnosaragoch, YTO MOXKHO IpeHe-
Opeub wieHamu psiga Teilmopa, cofiepXalmMi BTOpbIe POH3BOJiHbIE 0°Cy/0k” 1
IPOM3BOHEIE Goliee BBICOKOTO mopsiika. OUeBHIHO, UTO €CIH TH WICHbI PABHBI
HYITIO, TO acUMITOTIIECKOE BhIpaxkenne Hmst | cranoBuTcs TouHbIM. Hampmmep,
9TO MPOMCXONUT B TOM clTydae, Koraa (a3oByo CKOPOCTb C MOKHO 3afjaTh KaK

a
c=?‘+a2+a3k,

T7ie @;, &, U @; — HEKOTOPbIE MOCTOSTHHbIE KO3((UIUEHTHI.

6. ITockonbKy (pazoBasi CKOPOCTb CHHYCOUJANbHBIX BOJH MEHSETCS B 3aBUCH-
MOCTH OT BOJNHOBOTO 4YHMCIa, MHTEPBAJT X, B TpefieNiax KOTOPOro HaOmrofaeTcs
pe3yNbTUPYIOLIAs BOJHA, pacTeT C yBelmueHneM BpeMeHd. OfHaKo 3Heprusl Boj-
HbI OCTaeTcs NOCTOSIHHOM. [103TOMY aMIUIMTYAA BOJNHBI CO BPEMEHEM YMEHBILACT-
csl, UTO Takxke cinefyeT u3 popmydsl (7.67).
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[Ipennonoxum, 4To paccTosHue X (PUKCHPOBAHO, TOIAa MPOU3BOJHAs JCy/0K
onpeyiensieTcss TONAbKO BpeMeHeM. COOTBETCTBEHHO, IIpaBasi 4acTb BbIPasKEHH:I
(7.67) aBnsieTcst TONbKO (PYHKUMEH BpeMeHH. B qacTHOCTH, OHAa paBHA HYJIIO TIpH

ko(x —chHFZ=Z(2n-1).
4 2

DTO 03HAYAET, YTO AMILTUTYBI CHHYCOMJIATLHBIX BOJH, BOJHOBBIE YHCIA KOTO-
PbIX GIU3KM K 3HAYCHUIO K, TPaKTHUECKH PABHbI HYIIO.

7. Cmeenue S(X, t), BbI3BaHHOE MCTOUYHUKOM B BUjlE JieNbTa-(OYHKIUHU, Onpe-
fensieTcst AByMs uHTerpanamu B popmyne (7.53). Mbl NpUMEHHIH METOJ| CTalKo-
HapHO# (ha3bl K epBoMy U3 HuX. Takum e 00pa3oM MOXHO OLEHUThH JOMHHU-
PYIOLLYIO TPYIILY /ISl BTOPOTO MHTErpasia

0

fcosk(x + ct)dk.

0

BonHoBoe 4ncno, cooTBETCTBYIOLIEE CTAlMOHAPHON (hase, OmpefensieTcss U3 pa-
BEHCTBa

ikk(x +Ct) = 0 mmm X = —Ct
a

HOCKOIII:Ky MBI TIPEANIOIOKUAIHA, YTO
t>0ucy,>0,

paccMaTpEBaeMblil MHTETpall AaeT JOMUHUPYIOLIYIO IPYINY TOJBKO I OTpHUIA-
TENbHBIX 3HAUCHAMN X, U, CIEJOBATEIBHO, BIpaXkeHne (7.67) ONMMUCBHIBAET ITIABHYIO
vacTh pyHKIMA S(X, t) mpu X > 0.

[Tone3Ho Takke oOCYIUTH CXOAMMOCTh MHTErpaia |, 3agaBaeMoro hopMynoi
(7.54). C 31011 1lebI0 PAaCCMOTPHUM MHTETPA

L =fcos(ockp)dk, (7.68)
0

7l O — HEKOTOPOE 4HUcio, a P > 1.

OueBHIHO, YTO TIOfBIHTErPAJIbHOE BbIPaXKEHHE SBISAETCS OCUMLIUPYHOLIEH
(yHKUMEH, MaKCHMaJbHOE 3HAYEHHE KOTOPOH PaBHSETCS €NMHHIE, HE3aBHCHMO
oT 3HaueHNs K. B TO ke BpeMs MHTEpBANbl, HA KOTOPBIX NaHHAS (DYHKIWS COXpa-
HSIeT 3HAK, YMEHBIIAIOTCA ¢ pocToM K. UTo6BI 3TO MpOEMOHCTPUPOBATD, TONY-
YIM OLICHKY IIMPHHBI HHTepBana AK MKy IBYyMs TOUKaMH, NIl KOTOPBIX

|cos (o kP)| = 1. (7.69)
TTonaras
ok?! =zn n ak?, =w(n+1),

NMECM
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1/p 1/p
koo™ =]
n \0{.} n+l1

o
31ech N — [eNoe Yuco.
Orcrona
1/p 1/p 1/p
Ak =k  —k _ ) /n+l\_1 _ () /1+l\_1
o e U ) Va/ |\ )
YuureiBasi, 4To
1/p
(o L
(Y A
TONYYUM
1/p
UL .2 R
Akn~p\a} N (7.70)

CrenoBatesbHO, MHTEPBAI, Ha KOTOPOM (pyHKIHS cos(0kP) coxpaHseT cBOH 3HAK,
ymeHbiaeTcst ¢ poctoM K. Takoe nosepenue Ak, obecnednBaeT CXORUMOCTh HHTe-
rpana L. JleficTBUTENbHO, JaHHBI MHTErPAN MOXKHO IPENCTAaBUTDL B BUJE 3HAKO-
NEpEMEHHOTO psifia

L= ;(—1)"Sn, (7.71)

me
K

n+1
p
S, = fcos((xk )dk|.
Ky
ITockoNbKY HHTETPAN S, YMEHBIIAETCS C POCTOM N, MBI 3aKJIIOYaeM, YTO CyM-

Ma WICHOB 3TOTO Psiia CXOUTCS K HEKOTOpOMY Ipenieny. Bomee Toro, m3BecTHo,
YTO MOCNEeAHNI WieH Sy psfa

N
> D',

00JIbIIEe CYMMbI OTOPOLIEHHBIX YIEHOB.
Bce u3n0XeHHOE MOXHO NPUMEHUTH HENOCPENCTBEHHO K uHTerpaiy |. Ha-
IpUMEp, €CIY apryMEHT UMEET BHJ

p
kx — w t =k[x - c(w)t] =k(x —k—t),
a

TO €70 MOXKHO 3aMEHHUTDH Ha
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_ Ly
a

npu yCI0BUH, YTO
k >> (ax/t)'.

Taxum ob6pazom, maTerpain | cxomgurcs, ecmu p > 0. CymiectBeHHO, 4TO Bpems t
ompeyieNsieT MMUpUHY UHTepBaia AK,, B mpefenax KOTOPOro 3HaK MOAbIHTErpasb-
HOTO BBIPAXKEHHS HE MEHseTCd. B 4acTHOCTH BIMSIHHME MOBIHTETPANBLHOTO BbIpa-
SKEHWS] B OKPECTHOCTU CTAIMIOHAPHOW TOYKK CTAHOBHUTCS CO BPEMEHEM CHIIBHEE.
3OTO IPOUCXOAMT B CHIY TOTO, YTO BHE 3TOTO MHTEPBAJA YBEIMUMBAETCS 4ACTOTA
ocuIIANUi (PYHKIUN

® =cos(kx —w t)
Jliis WUTIOCTpaliK NPUMEHEHHsS METOfld CTAlMOHAPHOH (Da3bl, paccMOTpUM

Ba MpUMEpa BOJIH C pa3IAIHbIMU 3aBUCUMOCTSIMA cpa3030171 CKOpOCTH OT BOJIHO-
BOro 4ymcia.

ITpumep 1
Hpe}IHOHO}KI/IM, qTo
c(k) = avk.
TOI‘JIB. rpynmoBas CKOPOCTb 3alMCbIBACTCA KaK
Cy(k) = aik(aw"‘ﬁ) = gaﬁ = %c

a BOJIHOBOE YKCIO, COOTBETCTBYIOILIEE CTAIMOHAPHON (ha3e, OmpefensieTcs u3 pa-
BEHCTBA

avk =%
t

D | w

170171
k, = 4x*/9a°t". (7.72)
ITponspojHast dC,/0K ABNAETCA MONOKUTETLHON U PaBHAETCS
ac

9
ok

A w

_a
vk
B YaCTHOCTHU, B CTaHHOHapHOfI TOYKE

ac 9a’t
Lo _ 2 ok =k,
ok 8X

Takum o6pazom, ammutysia A B BeIpakenun (7.67) ecTb
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(k)
1

0,5 0,05} M

0 . 0
0,5 0,5
Ty 5 3 4 5 & B B S R a—

Puc. 7.5. TloBenenue NofbIHTErpabHOrO BhlpaxkeHnst d(K) B IepBoM IpuMepe; TOUKa Ha
PUCYHKE YKa3bIBaeT IOJIOXKEHHE CTALMOHAPHON TOUKH K, (8); pe3ynbTaTbl BBIYUCIECHHS C
Ucrosb30BanueM opmya (7.54) (cnonrHast muust) ¥ (7.73) (yHKTUPHAST JTUHUS) IS CITydast,
Kormaa=1unt=1,5(@Q)

2tV 9%t 3Wmat

Hnst pazel BonHbI HMeeM

2 3
@(ky) = Ky (X = Cot) = & = & (x_at2_x)_£=L_£
4 9a%t?

1, COOTBECTCTBCHHO,

Iz 2\“"‘; COS( 4»X3 _l\ (7 73)
smat 272t 4)

OTH IIPOCThIe BBIKJIAAKU MPOMILIIOCTPUPOBaHbl puc. 7.5, a. bmaropmaps KoHCT-
PYKTHBHOI MHTEp(EpPEHIIH CHHYCOMAANBHBIX BOJIH C Pa3IMYHbIMU BOJHOBBIMU
yycnaMi K, Mbl HaOMIOAaeM Pe3yNbTUPYIOLIYIO BONHY, OOpa30BaHHYKO BOKPYT
CTallMOHAPHOM TOUKM K,. DTa yacTh MHTepBala MHTETPUPOBAHUS JIAET OCHOBHON
BKJIaJl B MHTerpan. CpaBHEHHE PE3yNbTaTOB YMCIEHHOTO MHTETPUPOBAHNS C BbI-
paxenueM (7.73) mpuBeeHo Ha puc. 7.5, &.

IIpumep 2

ITycts
c(k) = ak.

Torpa rpymnmnosasi CKOpocTb paBHSETCS
ak*
c,(k)=a— =2ak =2¢c (7.74)
g ak
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a €€ NIPOU3BOJIHA IO K ecTb

ac
—=2a (7.75)
ok

CJIOJIOBaTeJIbHO, AMILTATY/1a A a€TCs BbIPAKECHUEM
JE—

|2 1

A=L 2m L
2 Voat 2ymat

[Tockombky
X =yt =2 akt

HUMECM TIJIsL (1)33131 BOJIHbI

2
ok =2 x—at X )2 X
2at \ 2at) 4 dat 4
1 COOTBETCTBECHHO
2
=1 cos[*2_m) (7.76)
2+/mat L4at 4)

W3 dopmyner (7.75) cnenyer, uyto mpom3BofHbIe 9"C,/0K" BTOpOro m Gomee
BBICOKOTO MOPSIAAKA paBHbI HyMt0. Takum 00pa3oM, Mbl NMONYYUIH TOYHOE BbIpa-
Xenue s uaTerpana |. Ipyrumu cnoBamu, BbIpaxeHue (7.76) ocraercs chpa-
BE€IJIUBBIM IIpHA JIIOOBIX pacCTodHuAX 1 Ui IPOU3BOJILHOIO MOMEHTA BpEMEHMU.

o cux mop MeToy| CTalMOHAPHOI (ha3bl UCIIOIB30BAJICS ISl OLEHKU HHTETpa-
JIOB, OMUCHIBAIOLIUX CYNEPIO3ULUIO BONH, aMIUIMTYA KOTOPBIX Oblla OMHAKOBA
¥ PaBHSIACh EMHAULIE.

Oo6umii cayyai

[TpumeHnM Temepb PacCMOTPEHHBIN METOJ| K CIy4Yao, KOrjla BEeMYMHA MO0-
IBIHTErPAIILHOTO BBIPaXKEHHS 3aBUCUT OT MEpeMEHHOi MHTerpupoBaHus. B kaue-
CTBE IpUMEPA PacCCMOTPUM BOJIHY, KOTOpasi B KaxAOd TOUKe X SBISETCS KOMOU-
Halyel CUHYCOMAAIbHbIX BOJH pa3nu4Hoil yactoTbl. [Ipumensist unTerpan ®ypee,
HOJIyYUM

_ L p —iot
s(x,t) = - :[Og(x,u))e dw
i (7.77)
g(x,t) = fs(x,m)e‘w‘dt

Kak n paHee, NPEANOIOXKNAM, YTO UCTOYHUK HAXOAUTCA B TOYKE X = 0 u ero
3aBUCUMOCTDb OT BpEMEHU ONUCBIBACTCS CIEAYIOIM 06p2130MI
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0 t<0
s(0,1) = ’ 778
0. {f(t) t=0. ( )

CHoBa ucnonb3yst uHTerpan ®ypoe, MoIyInm

s(0,t) = - [F@)e™ o= f(t) (7.79)

21 J

e

F(w) = ff(t)e-‘“"dt. (7.80)

CnepyeT 3aMeTHUTb, 4TO, B OTIIMYKME OT IpeAbIAyILIero ciuyyas (7.47), B BbIpaXKeHUN
(7.80) mHTerpan OepeTcst TONBKO MO IMOJOXHUTEIBLHbIM 3HAUEHUSIM IEPEMEHHOM.
OueBupHO, YTO BONHA OJJHO3HAYHO ONpEJENISETCS BOTHOBBIM YPaBHEHHEM M Ha-
YaJbHBIM ycroBueM (7.78).

[Mockonbky dyuakIms g(X, t) B (7.77) sBaseTcs: CHHyCOMAAIbHON (DYHKIHMEN X,
BbIpaxkeHue (7.79) MOXKHO MPEJICTABUTH KaK

s(0,1) = i [F@)X ™ do,

TakK KaK
x=0.

y‘lI/ITbIBaﬂ, 4TO aMIUINTYNla U HadaJIbHAsA (1)a3a Ka}KlIOfI 13 CUHYCOUJAJbHBIX BOJIH

He MeHsIoTCA, a asa BefleT ce0s Kak e, sl pacCTOSHMS X HMeeM

©

s(X,t) = = fF(w)e’i(‘”"kx)dw, ecmn X > 0, (7.81)
2% J
n
s(X,1) = = fF(u))e‘i“"”kx)dm, ecmu X < 0. (7.82)
21 J

MHumas yacTb unTerpana B (7.81) paBHa HyI0, 4, CIELOBATEIbLHO, (PYHKIUIO S(X,
t) MOXHO 3amucaTh Kak

s(x,t) = - Re [S @)™ do. (7.83)
21 Y

3pech F(w) = S(w) — KOMIUIEKCHAs aMIUTUTY/A, 3aBUCAILIAs OT m, K(w) — fedt-
CTBHTEILHOE BOITHOBOE UHCIIO 1

h(w) = k(w) - %t (7.84)
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IoppIHTerpanbHOE BhIpaskeHNe SBISAETCS Npon3BefieHneM NByX (yHkumil. Ilepsas
U3 HUX, S(w), MEHSAETCS C YacTOTOM, KaK MPABUIO, AOBOJBHO MENNECHHO, B TO
BpeMsl KaK OKCIOHCHIWAILHBII MHOXHUTENb MpH JOCTATOYHO OONBLIMX
Xh(w)MOXeT H3MeHsThC 0ueHb ObIcTpo. TakuM 00pa3oM, B JAHHOM ClTydyae Oc-
HI/IIUII/IpyIOHH/Iﬁ XapaKTep MOABIHTEIPAJIbHOTO BbIPAXEHUS OMPENEIAETCA B OCHOB-
HOM BTOPBIM COMHOKHTEJIEM.

He3aBucumo 0T TOro, KaKoil (hu3ndecKuil CMbICH NpuaaeTcs PyHKIun S(X, t),
MBI OyIeM MONarath, YTO NONBIHTETPATLHOE BHIPAKCHNE SBISETCS CHHYCOMMANb-
HOIl BOMHOM 4acToThl . Ero ammmmTyna u HavyambHasi haza OOBIYHO SBISEOTCS
¢byskmmsaMu . Ilo onpeperneHnto, NPUBEACHHBI BbIE HHTEIPAT ONHUCHIBACT
CyEpno3uu0 TaKuX BOJIH, 1 OYE€BUIHO, YTO Ha MHTEPBAJIE YaCTOT, [JId KOTO-
pBIX (hasa

p(®) = Xh(w) (7.85)

MEHSETCA JIMIIb HE3HAUUTEIBHO, CYMMa CHHYCOHJ MOXET MMETh OTHOCHTEIIBHO
GompInyo ammuTyy. Kak Mbl yke 3HaeM, B 3TOM ciydae HaONIOfaeTcs KOHCT-
PYKTUBHasI MHTep(EpeHIyus, W yKa3aHHbIE BOJHBI OOpa3ylOT NOMHHHPYIOLIVIO
Tpymmy.

B 10 xe Bpems BHE 39TOro fiuana3oHa ¢asa @(w) MOKeT MEHSIThCS 0O4eHb OblC-
TPO H, B pe3yJbTaTe, CAHYCOMAANbHBIE BONHBI HAYHYT TaCHThb APYT Apyra, T.e. WX
CyMMa CTaHET O4yeHb MajleHbKOH. CrefoBaTenbHO, KaK U B IPEMbIAYIIEM Cllyyae,
UHTErpall B BhIpaxkeHUH (7.83) B OCHOBHOM OIIPEENSAETCS NEPBbIM MHTEPBATIOM.
KoneuHo, Mexpy aTUMH [Mama3oHaMM HE CYIIECTBYET YETKOH TpaHMIbI, TO-
CKOJIbKY B PEaJIbHOCTH BCET/Ia CYIIECTBYET HEKasl IPOMEXKYTOYHAsI 30HA.

Ham ananm3 cHOBa MOKa3bIBAET, YTO MBI JIOJDKHBI ONPEAEIATH MOIOXEHHE
MIEpPBOTr0 MHTEPBANa | MOCJIE 3TOrO BBINONHATE 0 HEMY HHTErpHpoBaHue. B pea-
JU3aLMH 3THX JIBYX IIAr0B M COCTOUT METOJ] CTAllMOHAPHON (ha3bl.

ITockonbky Ha aTOM HHTEpBane (paza g(w) U3MEHIETCs Malo, ONpEfeIuM Ya-
CTOTY (), XapaKTEPU3YIOLIYIO CTALMOHAPHYIO a3y, U3 YpaBHEHHUSI

dh(w) _

Jm

0. (7.86)

Kak MbI 3HaeM, Touka m, Ha3bIBaeTcs cTaluoHapHOH. OHA COOTBETCTBYET MAaK-
CHMYMY Wi MUHEMYMY (byHKIIE h(w), a pa3HOCTH (a3

Ag = p(m) — p(wy) = X[h(w) - h(w)]

B OKPECTHOCTH (), CYILIECTBEHHO 3aBUCHT OT 3HAa4YeHHs mapamerpa X. Tak, Hampu-
Mep, €Cli 3TOT NapamMeTp OTHOCHTENbHO Maj, TO JaXe JOCTaTOYHO OOJNbIINe
OTKJIOHEHHS! OT CTALMOHAPHON TOYKU (), MOTYT IIPUBOAUTb K MajbIM W3MEHEHHU-
sM (asbl. U, Hao6opoT, KOTja mapamMeTp X AOCTaTOYHO OOJNBINOH, Manas pas-
HOCTh A = ® — 0, MOXET faTh OoJblIoe u3MeHenue (asbl. VIHbIME crioBamy,
MIMPHMHA [EPBOrO MHTEPBAJIA B 3TOM Clydyae yMeHblaeTcs. Takum 00pa3oM, TONb-
KO TIpH GOINBIINX 3HAUEHUAX X MOXHO OXHJATh, YTO YKa3aHHbIA MHTEPBAJI OKa-
3KeTcd TOCTATOYHO Y3KMM, TIPUYeM BHE 3TOro MHTepBana (aza ¢(w) Oyger Me-
HATBCA OYEHb OBICTPO. DT JiBa OOCTOSITENBCTBA MO3BONSIOT CHIILHO YIPOCTUTD
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Bbipaxenue (7.83). [Ipexpe Bcero, Mbl 3aMeHUM (PYHKIUIO S(w) ee 3HaYeHUeM B
CTaIMOHAPHON TOYKE:

S(w) = S(w), (7.87)
TakK KakK B Hpenenax yKa3aHHOFO y3KOFO I/IHTepBaJIa OHa MCHSCTCS MaJIo.

3aTeM, KaK U paHee, pa3noxuM ¢pyHkiuio h(w) B pspg Teitnopa u orpanu-
YUMCSL B 9TOM Pa3JIOKEHUH NIEPBbIME TPEMS YWICHAMH:

h(w) = h(wg) + h'(@y) (© — 0g) + =29 () — wy)?
ITockonbky
h'(w,) =0,
NMEEM
h(w) = h(@y) + 20 (@ — )2, (7.88)

[TopcranoBka nocnefHero BbipaskeHust B hopmyny (7.83) gaet
€0 1)

S(X,t) = Remeixh(ma)felx 3 o

2%

—0

Ilo anmamoruu ¢ WHTETPAJIOM IO BOJTHOBBIM YHCIaM, BBEIEM HOBYIO IIEPEMEHHYIO
x|h" (®¢),
m2 - | | (0) _ U)O )2

CremoBaTelnbHo,

m=, M(w—mo)

n
x| (wg)
dm = smdw
Voo
nin
do = [—2—dm.
X|h" (00|
Orcrona
ﬁ ixh(@,) *© -,
s(x,t)zReS(wO)L e*™ dm
2w\ x h”(u)o)‘ J.
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ITockonbky

£e=i"‘2dm - \E(l:i),

MBI TI0JIy4aeM

s(X,t) = Re S(wg) =) T i)
27 X|h”((})0)|
i
“% i ><h(u)0):l
s(x,t) = Re S(wg) | 2m [ 4} 90

| €
21\ x|ho)

Mo ompeneneHuto, Mbl JOJKHBI B3ATh TOIBKO JIGHCTBATENBHYIO YacTh TOTO pa-
BEHCTBA. 3HAaK mepes| 7t/4”w 37ech COOTBETCTBYET 3HAKY BTOPOH NPOM3BORHOMN
h"(w,) B BIpaxkexnu (7.89).

Takum o0pa3oM, BMECTO TOYHOTO paBeHCTBA (7.83) Mbl IPUXONUM K IpHU-
OMIKEHHOMY BBIPasKEHHIO, TOYHOCTb KOTOPOTO YBEIMUMBAETCS C POCTOM Mapame-

Tpa X.
N3 (7.84) — (7.86) cnenyeT, 4TO
oh okt

—=—-—=0, ecmi 0, = W,,.

xh(®) xh(®)

-1 0 !
: cos[ xh(®)]
6 :
ICOS[xh(w)]E
0s l NZar
0 »
Xp
-OY5 l l‘
7 -l/2
2 4 6 [0}

Puc. 7.6. Vinnrocrpaims MeTofIa cTaloHapHoi a3kl (8, &, &); HempepbIBHOE pacrpefielicHne
WCTOYHUKOB (&)
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CIIEJIOBEITEJILHO, MbI CHOBA IIPUXOAMM K PaBEHCTBY
Cq(wp) = X/t.

Taxum 06pa3oM, B TEpMUHAX PACIPOCTPAHEHHS! BONH MOXHO CKa3aTh, UTO OC-
HOBHAs YacTb BOJIHbI IIPUXOAUT B HEKOTOPYIO TOUKY X B MOMEHT BpeMeHH t ¢
TPYIIOBOM CKOPOCTEIO Cy, @ MTHOBEHHAS YACTOTA IIPH 3TOM PABHAETCS (.

ITponemoHCTpHpyeM Tenepb OCHOBHBIE CBOACTBA METOAA CTALMOHAPHOI (ha3bl
rpacuyecky. PaccMoTpuM 715 3TOro UHTErpai

f f(w)cos[xh(w,)]dw.

[MoBepenue Qynkuuii Xh(w,) 1 cos xh(w,) mokasaxo Ha puc. 7.6.

Kax BujiHO U3 NpUBEJICHHBIX HA 9TOM PUCYHKE KPHBBIX, (pyHKIHUS cos Xh(w,)
MEHSIETCS B OKPECTHOCTH CTAIIMIOHAPHON TOUKH OBOJIBLHO MEJJIEHHO, OfIHAKO BJIa-
7 OT W, HeOONMbIEe U3MEHEHNS! A MPUBOIAT K MHOTOUYMCIEHHBIM OCIUILISIN-
SIM 3TOY (PyHKIMM, KOTOpbIE [AIOT Manblil BKIaX B 3HaueHUe uHTerpana. Kpome
TOTO, U3 IAHHBIX TPaMKOB SICHO BUIHO, YTO TOYHOCTH METOf]A BO3PACTAET C YBe-
JUYEHHEeM napaMerpa X.

B 3akitoueHne paccMOTpUM ellle OfH IpUMep.

Metop cranmonapHoi (pa3sl 1 AU PAKIUs

PaccmoTpum emme pa3 crnydaii, KOrjia HCTOYHUKHA pacpeielieHbl HEMPEPLIBHO
BJIOJIb OcH Z (puc. 7.6, 8). Torga KOMIUIEKCHAs aMIUIATYAA MOTEHIMANA, TOPOXK-
IEHHOI'O BCEMU UCTOYHUKAMHU, paBHﬂeTCH

12 R
U(p)= Cf -—dz (7.91)
R

-1/2

rae - IJIMHA JIMHUM UCTOYHUKOB, Xp n Zp — KOOpAUHATBI TOYKHN HaGIIK)JIeHI/IS[, n

f dR Zp 12
R=\X;+(@,-2) 1 ==-—"—. (7.92)
az R
MB&I pefmonaraem 3aech, 9TO JJIMHA BONHBI Maja, T.e. K >> 1.
Takum 06pa3oM, MONOXKEHNE CTAMOHAPHOH TOUKH Zy(dR/0z = 0) ompepens-
eTCsl U3 PaBeHCTBA

Z, = Z; (7.93)

9t0 O3HAYaceT, YTO TAKUE TOYKHN OTCYTCTBYIOT, €CJIN HaﬁJIIO)IGHI/Iﬂ BEIYTCA 3a IIpe-
Jie1aMA MHTEPBaIa

Log <l
2 2
W3 pasencrs (7.92) cregyer, 4TO BTOpas IPOU3BOAHAs R B cTanuoHapHO# TOYKe
TIAETCS CENYIOIUM BBIPAXKCHUEM:

(7.94)
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SR _1_ 1 (7.95)

IMockonbky mapameTp K GOJIBIION, MbI MOXKEM UCIOIb30BATH (hopmyiy (7.90).
Torna acHMITOTHYECKOE BBIPAXKEHNE IS OTEHIMANIA 3AIMIIETCS KaK

~cf 2% ) cos! ) _
U(p) C(kxp)cos\kxp+4},ecm

Jannast popmyna ONMCHIBAET UWIMHAPMIECKYIO BOJHY, OTPAHMYEHHYIO ILIOCKO-
CTaMHU Z, = *|/2 ¥ pacnpoCTpaHAIOIIYIOCs B CTOPOHY OT JIMHHM HMCTOYHMKOB. B
THpefieIax paccMaTpUBAEMOTO iMana3oHa aMminTyia U He 3aBUCHT OT KOOpAMHA-
ThlI Z,. ECTECTBEHHO, YTO HHTEHCHBHOCTD 9TOM BOJHBI OOPATHO MPONOPIMOHALHA
TOPU3OHTATILHOMY PACCTOSHHUIO |,

W3 pasencrsa (7.93) cnefyeT, YTO OCHOBHOH BKIIa[ BHOCUT MCTOYHWK, OIIIKe
BCETO PaCHONOXKEHHBIN K TOUKe P. J[pyrumu cioBamu, BOJNHA PacmpOCTpPaHSETCS
BJIOJIb Ny4eli, IepIeHANKYISAPHbIX OCH Z, a CTal[MOHAPHAsl TOYKA XapaKTepH3yeT
HONOXEHNe ucTouyHuka (puc. 7.7, a). Takum oOpa3oM, METOJ| CTalMOHAPHON
(ba3bl MO3BOJIAET MONMYUYUTH BhIpAsKEHUE 7Sl MOTEHIMANA, KOTOPOE COOTBETCTBYET
NpUOIIKEHUIO TEOMETPUUECKOll aKyCTHKH, IPH YCIOBHH, YTO |zp| = 1/2. B cay-
Yae MCTOYHNKA OECKOHEYHOH TMPOTSKEHHOCTH MUIMHIPIYECcKasi BOJIHA HaOIIONa-
€Tcs BO BCeM MPOCTPaHCTBe, mprieM ammumityia U Boib ¢a30Boi MOBEPXHOCTH
HE MEHSIETCS.

Il TaKOTO MCTOYHUKA CTAIIOHAPHBIE TOYKH OTCYTCTBYIOT, €CIH \Zp| > 1/2.
OTo yKa3bIBaeT HA TO, YTO B TaKMX MECTaX OTCYTCTBYET KOHCTPYKTHMBHASI MHTED-
(hepeHLUs U, CIIEOBATENbHO, BONTHOBOE MOJE MMEET HeOOMbIIYI0 aMIuTyay. B
pazzienie 6.1 Mbl 0OCYKIAM TaKKe MOBEJICHAE PE3YIBTHPYIONIEH BONHLI B CIydae,

< <
_Zp_

! iy (7.96)
2 2

a o

-1 —0’5 0 0,5 Zp/l

Puc. 7.7. Cpasuenne norennuana U(p), 3anaBaemoro copmymnoit (7.91) (cimomnast JTuHuS),
C aCUMITOTHYECKUM BbIpakeHueM (7.96) (myHkTupHast unus) ans X/l = 104 ukl= 27-106
(a); wmmrocrpanust hopMyisl (7.97) (8)
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Korfa Mexny UCTOYHUKaMU MMEETCA CIIBUT (1)83. Hpennonaraﬂ, qTo HCﬁCTBHe Ta-
KHUX MCTOYHMKOB BBI3BAHO INIOCKOW BOIJIHOM C YIJIOM TIaJICHUS Gi, cpa3y QJIIEMCH-
TapHOﬁ OTpa)KeHHOfI BOJIHBI MO2KHO 3alucaTh KakK

@ =k(R —Zsin 0)).
CIIe)IOBaTeIILHO, CTaIII/IOHapHaﬂ TOYKa ZO onpenenﬂeTcsl nu3 paBCHCTBa

Zp -7y . . .
- sin0; = 0 wu sin; = sin0,. (7.97)

3pech, NepBbIil WieH XapakTepu3yeT OpUEHTALI0 (PPOHTA OTPAXKEHHON BOJ-
HBI, ECIT €€ UCTOYHHK PACIONOXEH B OKPECTHOCTH TOUKH Z,. Takum o0pa3oM,
MBI CHOBa TIPUXOIUM K 3akoHy CHeJummyca (puc. 7.7, &).
Paccmorpum Teneps unTErpadt, onuckiBaronmil gudpakimio Ppaynrodepa:
172

| = feikzsinedz.

=172

[MTockonbky haza ameMeHTapHOI BOJTHBI 3aBUCHT OT PACCTOSIHUS JIMHEHHO, MBI
nMeeM

39@) _ _gind. (7.98)
0z
OTCIOI[a BHUJHO, 4TO, €CJIN 6 = 0, TO BCC TOUYKU ABIISAIOTCA CTaHHOHaPHbIMI/I.

U, mao6opor, mpu 6 # 0 Takme TOYKA OTCYTCTBYIOT. ClIeIOBATENBHO, TS TO-
To, I‘ITO6I)I HOJIy‘-II/ITI) BOJIHOBOC IIOJIC HpI/I 0= 0, HeOGXOHI/IMO BBIYUCIIUTHL UHTCI-
paJI BJOJIb JIMHNM UCTOYHUKOB:

1/2
|- fdz=1u U(p)=Zeie.
r

=172

Kak 6pu10 mOKa3aHo B pasfene 6.1, mocnefHee paBEeHCTBO OMMCHIBAET TJIABHBIN
MaKCUMYM IU(PPaKUMOHHON KapTUHBI.

IMTockonbky 1pu 6 = 0 cTauyoHapHbIE TOYKM PACIpPEAEIEHbl HENPEPBIBHO Ha
MHTEepBaJle MHTETPUPOBAHUA U Bce TPOU3BOfHbIE 0"(p/dz" = 0, METO cTauuoHap-
HO# (ha3bl He mpuMeHNM B Tpubnmxkennn Ppaydrogepa. B To xe Bpems mows-
THE CTALMOHAPHOH TOUYKHU U B 3TOM CJ1y4ae OCTAeTCs MONE3HBIM.

ITpennonoxum cHOBa, YTO MCTOYHMKHU NEVCTBYIOT CUHXPOHHO, OJHAKO, B OT-
JUYKe OT IPEeABbIRYILIEro cly4asi, OHM paclosiararoTcs BLOJb IPOM3BONILHOMN JTHHUN
(puc. 7.8, @). Cynepno3uuus BOIH, BbI3BaHHBIX TAKUMU UCTOYHMKAMU, OIACBIBA-
eTCsl MHTETPaJIoM

|
I = [e™ROd| (7.99)
!

rfe | - xoopyuHaTa 3IeMEeHTapHOTO UCTOYHHUKA.
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So

Puc. 7.8. Mnmocrpanust dopmyinsl (7.101) (a); 3akon oTpaxenus CHelMyca U cTaudoHap-
Hasl TouKa (4); 3aKoH npestomnennst CHEJUTyca U CTallMOHapHAas TOUKa (&)

UTo0bl ONPENETATH TONOKEHAE TEX MCTOYHMKOB, KOTOPBIE [AKOT HAUOOMb-
LW BKIAJ B TOUKE P, HAiEM CTALMOHAPHYIO TOUKY IMOABIHTEPATBLHOIO BbIPa-
xenns e"*Y, koropas onpeensercs u3 paBencTBa

RD _ (7.100)
ol
nin
i, - gradR(l) = 0, (7.101)
e iy(1) — eMHIYHBIA BEKTOP KACATENBHBIA K JTHHUM MCTOYHHKOB (IPHIOXEHHE

2).
[Tockoneky

gradR = Ry(l)
TaKXKe SBISAETCS EUMHAYHBIM BEKTOpPOM, HANpaBICHHBIM BIONb R, MBI BMECTO
paBeHcTBa (7.101) nMeeM

R, - i, = 0 unu cos(R,, i) = 0. (7.102)
Takum 00pa3oM, UCTOYHNK, COOTBETCTBYIOIMI CTAllMOHAPHON TOYKE, PacHoIo-
SKEH TaM, IJie 3TH BEKTOPbI MEPNEeHANKYISPHBI APYT K Apyry. OueBHHO, YTO B
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9TOH TOUYKE JMHUS MCTOYHMKOB KacaeTcd Kpyra paguyca R ¢ IEHTpPOM B TOUKe
HaOJroNIeHns .

B pesynbrare pemenns ypapHeHus (7.100), MOXHO TOIYYUTh CIAEAYIOLIME pe-
3YJbTAThL:

a) CTalMOHApHas TOYKA OTCYTCTBYET;

0) Ha nuHMK | IMeeTcs TONBbKO OfIHA CTAlMOHAPHAS TOYUKA;

B) CYIIIECTBYET HECKONBKO CTAIIOHAPHBIX TOYEK;

T) AIMEETCS] HENPEPBIBHOE PACTIPENENIEHNE CTAMOHAPHBIX TOYEK.

MBI yke paccMaTpyBain NEpBbIC ABA CIydasl MPAMEHATENBHO K MCTOYHHKAM,
PACIIONIOKEHHBIM B0 NPAMOIL (CM. puc. 7.6). Ecam Xe CyIecTByeT HECKOIBbKO
CTal[IOHAPHBIX TOYEK, TO CYNEPIO3UIHS BOIH, BbI3BAHHBIX HICTOYHUKAMHU B OKpe-
CTHOCTH 3TUX TOYEK, MOXKET MPUBECTH KaK K KOHCTPYKTHBHOW, TaK M K JIECTPYK-
THBHO UHTEpEPEHIUH.

ITpepmonoxuM, 4TO TpyNIa KICTOYHIKOB PACIOIOKEHa HA YaCTH OKPY>KHOCTH
C LEHTpoM B Touke P. KoHeuHo, B 3TOM ciyyae HaOMIOfaeTcss KOHCTPYKTHBHAS
nHTEPDEPEHIHS.

3ameTuM, YTO OTCYTCTBHE CTAI[MOHAPHON! TOUKHM TaKXe CBSI3aHO C TEM, 4TO B
HEKOTOPBIX MECTaX JIMHUH MCTOYHUKA HE ONpEJETIEH KacaTebHbINA BEKTOP ij.

Crannonapnas Touka n 3akon CHemmyca

Ilycts B cpesie CO CKOPOCTBIO C; PAaCHpOCTPAHSETCS Majaiollias BOTHA (pHC.
7.8, &). Torpa, Kak ObLJIO IOKAa3aHO B IN1aBe 6, KOMIUIEKCHYIO aMILTUTYRY IIOTEH-
IHaJa 3TOi BOTHbI MOXHO HPEACTaBUTh KaK

Ur) = A(r) ™5,

3Jiech BEKTOP I' XapaKTepHU3YeT I0I0XKEHIE HEKOTOPOH TOUKHM, a S(r) — 3iKOHAaI,
ONpefieNIsOMiA (ha3y BOIHBL.
Cornacho (6.314),

lgrad S(r)| = 1,

1 3TOT BEKTOp HOPMAJICH K (pa30BOil MOBEPXHOCTH.

[Mpennonoxum AJs IPOCTOTHI, YTO NApaMeTPhbl CPeibl U BOJTHOBOTO MO He
3aBHCAT OT KOOPHMHATHI Y (puc. 7.8, &). EcTecTBeHHO OXMIATh, UTO BTOPHIHBIC
MICTOYHUKY, BO3HUKAIOLIUE Ha FPaHULE TOf efCTBUEM NajjatoIedl BOIHbI, PUBO-
JISIT K TIOSIBJIEHUIO OTPaXKEHHOH 1 TpesioMiieHHoi BonH. [Ipenonoxum, uro aza
KaXJ[OTO 3JIEMEHTApHOTO HCTOYHMKA COBMAfaeT C (hpa3ofl Mafjaroliell BOJHBI
(mpubnuxkenne Kupxroda).

PaccMoTpuM cHavana otpaxkeHHyro BonHy. Ee noBefienue B Touke p (puc. 7.8,
&) ompenemnseTcs MHTErPaIoM

%

I(p)= [e"FeP@ldl, (7.104)

3neck ( — KOOpAMHATA TPAHUIIBI.
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CTaIII/IOHapHaﬂ TOYKa HaXOJUTCA U3 ypaBHeHI/Iﬂ
%[R(q, P)+S(q)]=0

ITo ananoruu ¢ papencrBamu (7.102) nmeem
R, i)+ s, i; = 0 unu cos(R,, i) = —cos (s, 1)),

7 S, — CIMHUYHbIA BEKTOP, NEPNEHANKYISPHBIA (pa30BO MOBEPXHOCTH Mafiako-
e BOJHEL.
W3 puc. 7.8, & BugHO, uTo paBeHcTBa (7.105) MOKHO mepenucaTh KaK

sin o, = sin O, WK O, = Q.,,

1 MbI TIPUXOJIM K 3aKOHY oTpaxeHus CHemnyca.

[TpennonoxuM fanee, YTo TOYKA HAOMIOEHNS] HAXONUTCA B Cpefie, CKOPOCTDb B
KOTOpOIi paBHsETCS C, (pUC. 7.8B).

Torna Bmecto (7.104) nony4ynm

o

I(p)=fe"k“k's]dl, (7.106)
U CTallMOHApHAs TOYKA ONpEJENISeTCs U3 ypaBHEHHs
cos(sp.i)) _ _ cos(Ry.ij)
Cy C .
ITockonbky

cos(sy, i;) = sin o, 1 —cos (R, i) = sin p,

MBI, TaKM 00pa3oM, ojy4yaeM 3aKoH npenaomieHus CHennuyca:
sinai; _ sinf
- = __7

C G

T7e o, ¥ 3 — YTON mafieHns u yrod mperomienus (puc. 7.8, &). Mcmoms3yst omm-
CaHHBIA 3feChb MOAXOJ, MOXHO HOMY4YuTh 3aKOH CHeimyca sl TPEXMEPHOro
crydas.
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