MNpunoxeHue 3.

CpaBHeHMe CTAHAAPTHOM

u mogndburupmporarHor MNBIrO c TouHbIM
pelueHUeM AN MOHOXPOMATUHECKMUX BOJH

CrangaptHbiii BapuaHT [IBI'O He yuuTeiBaeT 3G GEKT MUCTIEPCHOH-
HOH pedpakIivii, YTO SIBISIETCS COCTABHOW YacThIO €ro OINUOKH TIpU
onucaHuu pedpakuuy BonH. Ho oH TakXke UMEET CUCTEMAaTUYECKYIO
oIIMOKY U TIPH ONMCaHUU pedpakLIMM MOHOXPOMATUYECKUX BOJIH, T.€.
NpH 0.CYTCTBHM 3ddeKTa TUCTIEPCHOHHON pedpakiiy. TMpuynHy
obeux o160k Mbl paccMotpesii B [punoxenun 1.

Huxe Mbl pACCMOTPMM BTOPYIO YacTb OLUMOKM JJISI MOHOXPOMATH -
YeCKMX BOJIH IIyTEM CpaBHEHUs CTaHIApPTHOW U MOIUPUIIMPOBAHHOMN
IIBI'O ¢ TOYHBIM pELIEHUEM UCXOXHOTO BOJIHOBOTO YPaBHEHUS.

[TycTh I1a3MeHHast 4aCTOTa @, 3aBUCHT TOJIBKO OT BBICOTHI y Kak:

a)Z(y)=O y<0; (12)
w;(N=py y20

Takast PyHKLHMS CPEAbI II03BOJISIET MIOJIyYUTh TOYHOE PELICHHE YPaB-
nenus Kueitna-Topnona (1).

PelleHue B HEOTHOPOAHOM IOJIYNIPOCTPaHCTBE y > 0 OyneM uckarb
BUJIE:

U(x,y,t)=A(y)exp {[2 cos ajx—a)t} (13)
c

31ech @ - yroJl pacpoCTPaHEHHUs BOJTHBI OTHOCHUTEIBHO TOPU30HTA.
Moncrasnsst (13) B (1), wist dyHKumMKH A(y) NOay4uM:

gzyf—{!g-[ﬁ’z-)smza}/l=o (14)

c c
Crenas 3aMEHY NMePEeMEHHBIX

—ﬂ—zy—(fo—j sinfa=n (15)
c

c
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MOYYUM KJIaCCHYECKHIi pe3yJIBTaT — ypaBHEHUE DipH.

2
0°A (c*
—|=—1| An=0 (16)
on (ﬂ) "

Ero pelreHreM siBsieTcs: yHKUmMs Dipy, N306paxeHHas Ha puc. 19.

DTO TOYHOE pEIIEHHE BOJHOBOTO YPaBHEHUS IS 3alaHHOM MO-
nenbHoi cpensl (12).

Teriepb HaWmeM JIydyu Ui CTaHOApTHOU M MOIU(PUIIMPOBAHHOM
ITBI'O B TOI1 X€ cpene.

Cranpnaprsas [1BI'O ajisi npou3BOAHOI BEKTOPA IPYIIIOBOM CKOPO-
CTH MMEET BUL:

av, w
g8 _ _ 2L VCOL 17
dt @ 17)

Monuduimposannas [IBI'O minsi MOHOXPOMAaTHM4YECKOro Ciy4ast
MMeeT OIUH JIOTIOJTHUTEIbHBIN WIEH:
74 2 2 3
av, o Ve + S0
L
dt o’ '
Ha rpanuue y =0 rpynmosas CKOPOCTb V, MMEET KOMITOHEHTBI
V. =ccosa u ¥y =csina.
TIpomoJIbHAst KOMITOHEHTA BEKTOpa IPYIINOBOi CKopocTH ¥, ocTa-
HeTCsl HEM3MEHHOW B CWJIy HE3aBMCUMOCTH ITapaMETPOB Cpelbl OT
PONOJIbHOM KOOpIMHATHL X, a TOMEpeYHas KOMITOHeHTa V), st

crangaptHoit [1BI'O 6yner MEHATBLCS Kak
t

V=V 1 ¢
(0= Oy_(!52co2

KoopauHata y(f) jyya 3aBUCHUT OT ¢ CJIEAYIOLMM 06pasoM:

V,o, (18)

. 1 ~?
pdr =csina —Eg)Tﬂt (19)

2
_ﬂﬂz@ﬁnay~%£7ﬂf (20)
a

Touka MOBOPOTA JIy4ya, COOTBETCTBYIOLIAs MAKCMMAIbHOMY 3Ha4e-
HUIO KOODAMHATHI y = y, . OTPENETUTCS U3 YCIOBHUSI HY/IEBOH CKOPO-
cu V, (¢,,)=0.

Bpewmst ¢, , COOTBETCTBYIOLIEE TOYKE MPOXOXIECHHS KOOPIAMHATHI
Vo » CIEAYET U3 (19):
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t =2—
max B 21
IMoxncraHoska (21) B (20) gaer:
2 .2
y = w sm a (22)
B

[1pu nepexoie OT KOOPAWHATHI OT KOOPAMHATBL y K KOOPAUHATE 77
(15) monyuum:
nmax = O (23)

TaxuM 00pa3oM, Mbl BUIMM, YTO B cTanmaptHoi I1BI'O moBopot
JIy4a TIPOMCXOIUT Ha BBICOTaX, COOTBETCTBYIOLLMX HYJIEBOMY apIyMEH-
Ty PyHKIMKU DAPH, BHE 3aBUCUMOCTH OT YacTOThl @ U YIJIa aaeHUs
BOJIHBI C .

s MmonuduumposarHoro BapuanTa [1BI'O cutyauusi B 3HAYUTENb-
HOM CTerneH! oTanyaercsl. JJoNoMHNTENbHbI KOPPEKTUPYIOLIMIA WIEH
o)

(04

V,o,

COIEPXUT TIONEPeyHyo (B KOOpAMHATAaX Jiyya) YacTHYIO TPOM3BO-
IHYIO NapameTpa cpelbl @, . IIpu BEpTUKalIbHOM MAAEHUH Jly4ya Ha
cpeny V, o, =0, no 5Toi NpuYKHe JIy4! CTAHAAPTHOIO 1 MoanuULU-
POBaHHOTIO BAPMAHTOB HMYEM He OTaMYaroTcsa. B oboux ciyyasx or-
paXeHHe TIPOMCXOIUT B TOUKe ¢ KoopauHaTtoit 77 =0.

IMpy yMeHbIIEHUH YIJIa @ MOAMGDUIMPOBAHHBIN JIy4 MOCTENECHHO
OyIeT IIPOHUKATh B 00J1aCThb IOJIOXKHUTEIbHBIX ADTYMEHTOB 77 .

Jlisi MaJIbIX yIJIOB MAJA€HUs BOJHBI Pa3lTnyKe B MOBENEHUHU JyyeH
6yIeT MAaKCMMATbHBIM. BepTHKalbHasi KOMIIOHEHTA TPYIIOBOH CKO-
pocty mis MomuduumposaHHoit [IBI'O MoxeT OBITb ONUCaHa B 3TOM
cJiyyae ypaBHEHUSIMMU:

v, _ 1B 1By (24)
dt 20 2 o
: 128, 158%
V()=csin@g ————t+——1—"t (25)
() 2 0 2 o
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. 1c? 1 32p?
y(t) = (csina)t ————’ZB 1 +———’B4 Y g (26)
4 w 4 w
CoBMecTHOE pellieHUe ypaBHeHMit (25) U (26) naeT 3HaYeHNe MaK-
CUMAaJIbHOM BBICOTBI U BPEMEHH MPOXOXIAEHUS €€ JTyYOM:

a)2

ymax = (27)
B

2w

t =—
™ cfBsina (28)

2

l'lepexowl K KOOpAMHATE 17 , UMEEM!
2

Mo = —(1—sin’ @) (29)
C

3nech, B OTAMYME OT cTaHaapTHoro Bapuanrta [1BI'O, Touka orpa-
JKE€HUS 3aBUCHUT KaK OT 4aCTOThl @ , TaK U OT yIJIa NaJeHus o .

HarmoMHUM, B 4eM pas3indure MeXAY AByMs BOJTHOBBIMHU SABJICHUSIMU
— pedpakuueil u gudpakuueit. 11 kBa3MMOHOXPOMATUYECKHUX BOJIH
pedpakLiys — 3TO MaJIOe U3MEHEHUE HAIPaBJIEHKs PacpOCTPaHEHUS
10 OTHOLLIEHHIO K JUIMHE BOJIHbI U MEJIEHHOE U3MEHEHHE IO OTHOLLIE-
HUIO K OBICTPBIM OCLMJUISILIMSM 1oJisi. B CHMBOJIBHOM BHIE 3TO BbI-
paxeHo B (6). OnHOBpeMeHHO (6) sIBAsIETCS! YCIOBMEM TIPUMEHHUMO-
ctu [1BI'O, nockosbKy 3Ta aCUMIITOTUKA CIIELIMATBHO M CO3[1aBajlach
IUIS1 orTMcaHus pedpakuMoHHbIX 3(p¢dekToB. OcTanibHble 3G@EKTHI, HE
noanagamlye moj onpenejaeHue (6), oTHOCATCS K AU(PPaKLIMOHHBIM.

Bocnpou3sseaeHHoe HaMu Bhilie TouyHoe petieHue Y KT B Buae pyHK-
UMK DHpU CrIpaBeUTUBO IS TTPOU3BOJIBHOTO YIVIa MafeHus BOJIHbL &
Ha HEOJHOpPOAHbIA cioit. Ilpu BepTHKaIbHOM TaneHun (o =7/2)
MOHOTOHHO yObIBalo1Last BETBb PyHKLUMU Diipu 1is1 77 > 0 cousmepuma
C JUIMHOM BOJIHBI U OMUCHIBAET TU(PPAKIIMOHHOE CITaJaHue I0Jisd B 3a-
BUCHMMOCTH OT BEPTUKAIBHOM KOOpIMHATHI. 31ech 0b6a BapuaHTa [IBI'O
JIal0T OMMHAKOBBIN pe3ysbTaT, B GU3NYECKOW MPaBIWIbHOCTH KOTOPOTO
COMHEBATBbCS HE TMPUXOAUTCA: JIyd, ONMUCHIBAIOIINI pedpaKLIMOHHBIE
ABJIEHWS, [IOBOPAYMBAET B TOYKE C KoopauHaToit 17 =0.

OnHaKo Wi MAIBIX YIJIOB MMaJeHUs o yObiBalolasi BETBb GYyHKLIMHU
DifpU MO CBOEMY MPOCTPAHCTBEHHOMY MaclliTaly MOXET COOTBET-
CTBOBAaTb CKOJIb YTOOHO 6OJILLIOMY YMCIYy BOJH nipu a — 0. B aTom
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ciydae criagaHue mosist st 77 > 0 sBJIsSETCA IUIaBHBIM Ha JUTMHE BOJIHBI
Y OTHOCUTCH K pe(dpaKLOHHBIM SIBJIEHUSIM.

Monuduuuposanubiii BapuanT [1BI'O oToOpaxaer ¢HU3MKy 3TOrO
npouecca TeM, YTO IPU YMEHBLIEHUU YIJIa MaJeHUs BOJHBI JIy4 Ha-
YUHaeT NPOHUKATh B 06J1acTh 77 > 0, B TO BpeMsl Kak CTaHIapTHbIH Ba-
DHAHT HUKAK HE pearvpyeT Ha U3MeHeHMe yra « . PaccMOTpeHHBIH
TIpMMeEp TOBOPUT O HAJTMYUY CUCTEMATHYECKOH ONIMOKM B CTaHAAPT-
HoM BapuanTe [IBT'O mpu onucaHnu pedhpakMOHHBIX BOJTHOBBIX
IPOILIECCOB.

Mpunoxenne 4. Metop BLIBOAA YPOBHEHWH
moanduumposanHon MNMBIro

B mpocTpaHCTBEHHO-BPEMEHHOW  IeOMETPUYECKON  ONTHUKE,
KaK B CTaHIApTHOM, TaKk M B MOAM(UUUPOBAHHOM, TPacKTOpus
[IPOCTPAaHCTBEHHO-BPEMEHHOTO JIy4a 337aeTCsl YPABHEHUEM!

d ¢
3nech ¥ - MPOCTPAHCTBEHHAsi KOOPAMHATA (pamuyc-BEKTOp) TPaeK-
TOPMH JIyya, ! - Bpemsl, V, — TpymnmoBas CKOpOCTb.
[pyrirnoBast CKOPOCTb — 3TO CPelHsi CKOPOCTb Nepenayn SHEpruu
BOJIHBI 3a NIEpHOA €€ OCIIUJUJISIIUN. QOHa cBsI3aHa C YPpaBHCHUEM OaJaH-
Ca SHEepruu:

ar _ (30)

- <P>
8 <W>

rae s ypasHenus KieiiHa-TopnoHa (1):

(31

P=-c>—=VU (32)
ot

— TUIOTHOCTDH ITOTOKA 3HEPTUH,
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2

— IJIOTHOCTb HEPTUH.

BriepBble CBSI3b IPYIIIIOBOI CKOPOCTH C 9HEPTreTUYECKUMM XapaKTe-
puctukamu (31) 6bu1a ycraHosieHa JIx. Y PaneeM u O. Peiinonbacom
B 1877t

B cranpaptHoit IIBT'O rpymmoBasi CKOPOCTb ONpesieNseTcsi bosee
MPOCTHIM CITIOCOO0M, ueM (31):

> dw

& dk

Onpenenenue (34) MOXHO KCIOIb30BATh TOJBKO ISl IUIOCKOH BOJI-
Hbl, 1€ OHO MOJIHOCTbIO 3KBUBAJIEHTHO OINPEAEICHUIO (31). B cran-

naptHoii [1BI'O ero ucnonab3oBaHWE HUYEMY HE MPOTUBOPEYMT, TO-
CKOJIbKY B 3TOM ciiy4ae Mozenb noss (10)

ok
U=A4,exp|i kx+ak"x+ak"y x+i—>xy—i w+_0_cox+6_a)y t
0. Oy Oox oy

X ox

KaK pa3 M TIpencTaBisieT co00M JIOKaTbHO-IUIOCKYIO OOHOPOAHYIO
MOHOXPOMaTHYECKYIO BOJIHY C MEUIEHHO U3MEHSAIOLIMMUCS T1apame-
tpamu. Micrionb3oBaHKe 6osee 001Iero onpeaeneHus (31) ons mpous-
BOJIHO# BEKTOPa FPYIIIOBOi CKOPOCTU, ONIPEAESIONIEH SIBIEHNE ped-
paxKiu1u, 1aetT abCOMIOTHO TOT Xe pe3ysbrat:

2
W:-l— (56—(:) +A(VUY + ) U? (33)

(34)

g
=—c" —+Vo (35)
L
dt W
Ho, xaxk MbI BeIsicHWIY B [IprioxeHuu 1, craHgapTHast MOIEJb OISt
He YIOBJIETBOPSIET MCXOMHOMY BOTHOBOMY YPaBHEHHUIO (1), TOCKOJIBKY
MMeeT CHCTEMATUYECKYIO OLIMOKY pedpakuHOHHbBIX MacuTabos (11):

J171s1 TOTO, YTOOBI MGKJTIOUUTH OIKOKY (11), MOmMdHULIPYeM MOLETH
(10) 1 BBeAEHMEM BMECTO MOCTOSIHHOM aMILTUTYABI 4, IUIaBHO Me-
HSIIOLLLYIOCS BIOJIb MOMEPEYHON KOOPAWMHATHI aMIuTyay A(y):
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U=A(y)expli| k +6k"x+ak" x+ia—ky-x - w+_6_a)x+_6_a) t
y)exp T ayy o 34 6yy (36)

x Ox

IMoacTaHOBKA U3MEHEHHOM Moaenu most (36) U BOJIHOBOE ypaBHe-
Hue (1) JacT ycjaoBue OTCYTCTBUSI OLIMOKM:

d*4 0 0
dy2 _2(0) w __a)LJAy:() (37)

ITycTs ycnosue (37) BbIMOMHSIETCS, TOIAA MOAUGULIMPOBAaHHASI MO-
Ieb MOJs, HE MMEIOLIAsi CUCTEeMAaTUYeCKOH OLIMOKH, OyIeT UMETh
B BOJTHBI C TIJIABHOM MOINEPEYHOI HEOMHOPOIHOCTD, OITUCHIBAEMOM
¢byHkuueit Ditpu (puc. 19), a BoipaxeHue (36) B OKpeCTHOCTH HabIO-
JAEMOI1 TOYKH OyIeT 9KBUBAJECHTHO:

. Ok, Ok, , oo Ow
U:Aoexpl:{kx+ = x+ & y]x—l(w+—é;x+5;y}} (38)

MoauduurposaHHas Moaenab nos (38) oTanyaeTcs OT CTaHAapT-
Hoii (10) TOTBKO OTCYTCTBUEM UJIEHA

Ok,
I—=Xxy
Ox
KOTOPBIi1 SIBASIETCA TIPUYNHOM €€ CUCTEMAaTUYECKOM OIMOKH.
B monuduunposanHoit [IBI'O oH koMneHcupyeTcs PyHKIMen mno-
TepevyHON aMIUTUTYAbI MTOJIS.
I[Tpu BhIBone ypaBHeHuit MoauduiposaHHoit I1BI'O, Gynem wuc-
TOJT30BAaTh 061liee OIpeIesIEeHHE TPYIINOBOit cKkopocTH (31).
Monctaisisi MoguduMpoBaHHyio Monens [38] B [31-33], nory-
4MM BbIpaXeHME TPYIIOBO CKOPOCTU B TOYKE U €€ OKPECTHOCTH.
Ecnu Teneps 310 BhipaxeHue npoanpdepeHunpoBaTh o BpEMEHH,
YYUTBIBAS, 4TO
dar 7 dt 1
_— 5 —=
& ar
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MbI ITOJTYYUM U3MEHCHHUE I‘pyr[l'IOBOﬁ CKOPOCTH BIOOJIb JTy4ya:

dv 2 3
=t v, —cZ%vlch%V@L (39)

Bripaxenue (39) 3amaeT TpaeKTOpHIO Jiyda B MOAU(DUUMPOBAHHON
IBIO.
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