I'naBa 4

Onncanne 3¢pdexra nucnepcHoHHON pepakuun
€ NIOMOIUBIO NPOCTPAHCTBEHHO-BPEMEHHOH
reoMeTpH4eCcKON ONTHKH

§ 1. Beenenue

B sTO# rnaBe Mpl NPUCTYNIMM K pacCMOTPEHHIO OIHOTO M3 OC-
HOBHBIX BOIIPOCOB MOHOTpadHH — onucaHuio 3¢ exra JucnepCcruoH-
HOM pedppaKUy C NOMOIBIO IPOCTPAHCTBEHHO-BPEMEHHOH reOMeT-
pudeckolt onTuky. ITonyTHO monsITaeMcst BBISCHUTD, MOYEMY CTaH-
naptHbid BapuaHT IIBI'O He cnoco6eH onucath 3TOT 3¢pdekT. Kak u
paHee, B Ka4eCTBE UCXONHOTO BOJHOBOIO YpaBHEHHUS OYeM HCIOb-
30BaTh ypaBHeHue Kineina—-I'oppona (1.7).

[TpocTpaHCTBEHHO-BpeMEHHasl TeOMeTpUYecKasi ONTHKA — 3TO
0000LIEHHOE KOPOTKOBOJIHOBOE NPHUOIMXKEHNE, CIIPABENINBOE MPH
BbIIIOJIHEHUH ycnoBwii [16, 31, 40]:

T,T. T . MAy AN,

= max : ; : <1. 4.1
X T @.1)

3peckh X — Manblid MapaMeTp, HCINOJIb3yeMblil NPU ACHMNTOTH-
YECKHUX Pa3/I0XKEHHsIX B METOAE Fr€OMETPHUYECKON ONTUKH, T ~ 2/ —
CPENHMHA NEPHON BOJHBI, A ~ 21t/k — CpeiHssl RJIMHA BOJHBI, Ty H Ag —
BPEMEHHLIE U NPOCTPAHCTBEHHbIE MaclITaObl gucnepcuy, 1p u L, —
BPEMEHHEIE W IPOCTPAHCTBEHHbIE MacIITaObl BapUaliiil napaMeTpoOB
cpennl, Ty u Ly — BpeMeHHbie U MPOCTPaHCTBEHHbIE MacIITabbl Ba-
pHaLKil BOJIHOBOI'O MOJIS.

OG6b1unbiit Bapuant IIBI'O ucxonut U3 ypaBHEeHUs] 3UKOHana U
YPaBHEHHS MEPEHOCA, OITOMY HMXKE HAIIOMHUM CIIOCOOBI UX MOINY-
YEHHS.
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§ 2. YpaBHeHHe 3HKOHa/Ia H YpaBHeHHe NepeHoca

YpaBHEHHE 3KOHAIA U YpaBHEHHE IIEPEHOCa — 3TO [Ba IEPBbIE
4yjeHa 6ECKOHEYHOro JyyeBoro psiga. [ast nmonydeHuss ypaBHEHHH
3TOro psiAa BOCNOJIb3yeMCsl CTaHAAPTHOH TEXHUKOH pa3/10XkKeHUs BOJI-
HOBOH ¢yHKIMH U no creneHsaM O0JbIIOro napaMeTpa v, ONUCaHHOH,
Hanpumep, B [3].

Onpenenus v = 1/y, 6ynemM uckatsb pemeHue U B Bufe

A, (r,t)
"

oo

U(r,1) = exp(iv¥(r,1)) Z

m=0

4.2

rae W(r, ©) u A, (r, 1) — pa3oBag ¥ aMIUINTYHblE (PYHKIUU paguyc-
BEKTOpA I' U BPEMEHU .

IToncranoBka an3atua (4.2) B BojHOBOe ypaBHeHme (1.7)
NpHUBENET K LENOYKE YpaBHEHHUU, COOTBETCTBYIOLIMX CTECIEHSIM
Gospuioro mapaMetpa v. Ynenn! nopsinka O(v2) o6pamaroTcst B HyJIb,
ecnu

2 2

1 (0¥ ®

(V¥) - | —| +—£=0. (4.3)
c“\ ot c

(3mech mapaMmeTp cpefbl ®; YYTEH C TOPSAAKOM BENHYUHBI V2,

IIOCKOJIbKY MMEHHO B 3TOM Clly4ae CBOMCTBA CPENibl CYLIECTBEHHbI

[JIsl pacpOCTPaHEHMsI BOJIH.)
YneHsl, NpONOpPLUHOHATIBHBIE V, NAIOT

1 o*¥ 2 d¥ 0A

VW — A +2V¥ VA, - —220=0. 4.4
Ao 2o Ao ¢’ ot ot (44)
HJIS[ OCTaJIbHBIX YJICHOB BLICHIECTO HOpﬂIIKa v~ MbI IIOJ'Iy‘-II/IM

1 °¥ 2 oW oA
A V¥W-———A  +2V¥P.VA , - ——tly
m+1 02 at2 m+1 m+1 C2 at at

+v24, -2 %o 4.5

YpaBHeHue atikoHana (4.3) — 3TO JOKanbHOE AUCIEPCHOHHOE
ypaBHEHUE I CpPelbl pPacHpOCTpaHEHHs. YpaBHEHHE NEepeHoca
(4.4) onuceIBaET I1aBHYIO KOMIIOHEHTY aMIUIATYOHOIG pa3JjiOXKEHHs,
B TO BpeMsd Kak (4.5) ompepgensieT nonpasku 00Jsiee BbICOKOIO MO-
psgka. B paMkax oOLenpHHATON CTaHAAPTHOW reOMETPHYECKOM OIl-
THKH OOBIYHO paccMaTpUBAIOTCH TOJBKO ypaBHeHHs (4.3) u (4.4).
MpI nepemnuiieM ux, onpenensis rpagueHT VW Kak 10KaabHbIA BOJHO-
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Boii BeKTop K(r, ¢), u — 0W/0t kaK JOKaJIbHYIO YacToTy w(r, £):
2

k-2 “’L =0; (4.6)
C C
V. kA+l%9A+2k VA+£ aa—?:o. 4.7

W3 ypaBHeHus 3fikoHana (4.6) HarnsigHO BHJHO, YTO 3TO €CTh
o6061eHne gucnepcuonnoro ypasHenmst (1.10) mis HeogHOpORHON
cpenbl.

Ectb npyroii, MmeHee popMaibHblil, HO (PU3NYECKH, HABEPHOE,
fosiee MOHATHBINA H, ¢ Halllell TOYKHU 3peHHs, 6ojee NpeanoYTUTENb-
HbI# MyTh TIONYYE€HUS JIYYEBbIX YPABHEHU, KOTOPbIHA 3aK:TH0YAETCS B
nojCcTaHOBKe aH3aTtua [11]

U(r,t)= A(r,t)exp{iV¥(r,1)}

B BOJIHOBOE ypaBHeHHe (1.7) B B pa3faesieHuH ACUCTBUTENBHON ¥ MHH-
MOH YacTel pe3yJbTHPYIOIEro KOMITIEKCHO3HAYHOT O ypaBHEHUSI:

2 2
via- L 9A Lvwyia (aw) O,

ot ot c?
2
+iV \FA—La A+i2VW. VA—zia—qif’ﬁ_o. (1.7a)
c? o’ ot ot

Jlerko BupeTh, YTO MHHMag 4acTh (1.7a) MONHOCTBLIO COBHAJAET C
ypaBHEHHEM MnepeHoca (4.4), B TO BpeMsl Kak [AeUCTBUTEJIbHAs 4acTbh,
KpOMe ypaBHEHHd 3HKoOHana (4.3), cogep>KHT BTOpbI€ MPOU3BOJIHbIE
aMIIuTyaHOH (pyHKIMHU A(T, ). B OGBIYHOI reOMETPHYECKON ONTHKE
3TH aMIUIMTY/IHbIE ROOABKH CUNTAIOTCS MalbIMU U HE YYUTHIBAIOTCH.
B nyueBoM psiie OHHM HESBHO NPHUCYTCTBYIOT B YJ€HAX BbLICOKOIO
NopsiiKa aMIUIUTYHOTO pa3noxeHus (4.5).

KommiiekcHo3HauHOoe ypaBHeHHe (1.7a), HOMTHOCTbIO 9KBUBAJIEHT-
HOE NEPBOHAYAJIBHOMY BOJHOBOMY ypaBHeHuio (1.7) mas pgeictsu-
TeJIbHbIX (PYHKHHUHA NOJs, IPEACTaBIseT UHTepec ¢ Pu3nueckon Tou-
KH 3pEHHs], NIOCKONBbKY B SIBHOM BHJE YKa3blBacT Ha B3aUMOCBS3b
NepBLIX NPOU3BOAHBIX ¢azoBoit pyHkuun W(r, ) ¥ BTOPBIX HPOU3-
BOJIHBIX aMIIUTYAHOU (pyHKUMHU A(r, ). OHO MOMOXKET HaM B Jallb-
HEHLIEM Nyd4Ile MOHATH (PU3HUSCKUIl CMBICII [IJJABHOHEOJHOPOAHOH
MOJEIY BOJTHOBOI'O NOJIsl, KOTOPYIO Mbl BBEIEM B 3TO# IJ1aBe.
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§ 3. Cranpaprusii sapuant [IBI'O

YpasHeHne, 3ajaiolliee NMPOCTPAHCTBEHHO-BPEMEHHbIE JIy4H B
IIBTO [3, 11, 16, 40], 3anucbiBaeTcs Kak

dr _
a °
rae V, — rpynnosast CKOpOCTb. ITO ONpPEfeNseT CIeyOmYIo B3auMO-

CBSI3b MEX/Y NOJIHOW NPOU3BORHON d/dt 1 YaCTHBIMM IIPOU3BOHBLIMU
d/otuV:

d 9
224V V. 4.9
dt 8t+ & @.9)

Wcnone3ys onpeneieHne rpynnoBoil CKOPOCTH KaK YV, = dw/dk,

MbI OJIYYHM U3 JIOKAJIBHOI'O IUCIEPCHOHHOTO YPaBHECHUS (4.6):
do k
V,=—=c*—. 4.10
& dk ® (4.10)

4.8)

Muddepenuupys (4.10), MOXHO MONYYUTH MPOU3BOAHYIO dv/dt,
KOTOpasi ONKCHIBAET peppakLUOHHbIE 3G DEKTHI:
dV, c*dk c’kdw

d o d o dr’

Nuddepenunposanue (4.6) no r u ¢ gaeT CBA3b MEXNY YaCTHLIMA
NPON3BONHBIMH:

(k-V)k+kx(ka)=‘°V‘”—ﬂ‘i

(4.11)

i -2
u
QO—)zc—zk—-—aE+&am—L=—£2£~Vm+&§—m—L—. 4.12)
o4 ® Jt o ot ® ® Jt
HanomMunm, 9TO
dk 9

o
——:—V =V _— :—V .
ot at( L2 (a:) @

CrangapTHasi Tnpounenypa mnpefmosiaraer, 4YTO B (4.11)
k x (V x k) = 0, nockoneky u3 onpepenenus k = VW cienyer, 4ro
none k — 6e3suxpeBoe: V x Kk =0.

3TO yclnoBHE 3afaeT MOAENb MOJi B BUJE JIOKAIBHO-IIOCKOM
ONHOPONHO# M MOHOXPOMAaTHYECKOH BOJHBI, B KOTOpPO# NPOH3-
BOJHBIE BOJTHOBOrO BeKTOpa 9k, /0x 1 0k,/dy paBHbI MEXIY coboi.
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Ha nocnegHee o6cTOSITENBCTBO ClERYET OOpPaTUThL OCOO0€E BHU-
MaHHe, IOCKOJIbKY OHO, Kak OyAeT MOKa3aHo Jajlee, ABIsSeTCs Npu-
YMHOM cUCTeMaTHYecKOi omnbku cranpaptHoii [IBI'O.

IMokaxkeM, 4TO Jist CTalMOHAPHOM Cpefibl, B KOTOpo#l dw, /dt = 0,
NOJIHAsi MPU3BOMIHAsl YaCTOTHI HA IPOCTPAHCTBEHHO-BPEMEHHOM JlyYe

paBHa HYJIIO:
do
=
JleACTBUTENBHO, B COOTBETCTBHUH C (4.9)
do = 9—(—9— +V_ -Vo.
da o ¢

C npyroii CTOPOHbI, A5l CTaMOHApHO# cpenbl u3 (4.10) u (4.12)
NOJYYUM

Jo

—=-V_-Vo.

ot 8

Boipaxeunue aist nonaHoit npoussonunout dk/dr cnenyer u3 (4.9) u
(4.11):

dk dk o,Vo

—=—4(V, - Vk=——L—L,

dt ot Ve V) ®

OTciloa nMpou3BOHasi BEKTOpPa TPYIIOBOH CKOPOCTH MOXET
OBITH 3alMcaHa KakK

dv
vy o o0 Vo, (4.13)

dt o’
Hrak, B onnoponnoii cpene (Vo = 0)
av,
=0,
dt

T.€. Kakue-iu60 pedpakUUOHHbIE SIBICHUS, N3MEHSIIOLIUE HaIpaB-
JieHHe J1y4a, OTCYTCTBYIOT.

Mpb! BHAMM, YTO JIOKAJNILHO-TJIOCKAsi OJHOPOJHAsE MOHOXpOMa-
THYECKasi MOfeNb Mojs He omnucbiBaeT 3¢hdeKT ANucCnepcuOHHON

pedpakuun.

§ 4. Hogblit cIOCO0 NMO/1y4€HMs Ty4€eBbIX yPaBHEHHHM

OcCHOBHbIE 2Tainbl NMOJy4YeHUs ypaBHEHHUN MoOOu(UIUPOBAHHON
IIBI'O 3aknio4aroTcst B CIEAYIOLIEM.

1. PacnipepeneHue nomnst B TOYKe HaONIOAEHUSI H €€ OKPECTHOCTH
3anMchiBaeTCst B 0OIeM Bufe depes paa Teinopa fns aMIuTyaAbl U
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¢da3bl. Ha 3TOM 3Tane He KOHKPETH3UPYETCS MOJIE/b MOJs, T.€. He
3a[lal0OTCS KOHKPETHbIE COOTHOLIEHUS! MEXAY YAaCTHBIMH IIPOU3BON-
HBbIMH. -

2. B 310it TOUKe U ee OKPECTHOCTH BbIYUCHSETCA BEKTOP Ipyl-
MOBO# CKOPOCTH.

3. B 061ueM Bue HAXORAUTCS MOJIHAsi MPOM3BOMHAsl BEKTOpA Fpyn-
NOBO# CKOPOCTH BOJIb J1y4a, ONpENEsiomas H3MeHEHUE HalpaB-
JIEHHs] €r0 pacnpoCTPAHEHMsl, UCXOAS JHIIb M3 OOLUX YCIOBHM
npumenumoctu [IBI'O (4.1).

4. HaxkoHel, 3apaeTcs 4acTHasi MOJIEJIb BOJIHOBOTO MOJIS.

3peck Mbl GyieM HCHONB30BaTh Hanboliee oblee onpeeseHne
BEKTOpa I'PYNIOBO# CKOPOCTH, — KAK OTHOLIEHHE CPEHEro MOTOKa

snepruu (P) 3a mepuop GbICTPBIX OCUMJLIAUME K CpefHEN MIIOT-

noctu sueprun { W ) 3a ot xe nepuon [11, 38, 47, 66, 67]:

V, = <—l—)—>— (4.14)
W)

Caa3b (4.14) Mexay rpynnoBOd CKOPOCTbIO M YCPeJHEHHBIMHU
9HEpPreTHYECKUMH XapaKTEPUCTUKAMH BOJIHbI BIEpPBbIE Obljla ycTa-
nopieHa [Ik.Y. PaneeMm u O. PeitHonbacoMm B 1877 1.

Boipaxenue (4.10), ucnonb3dyemMoe B CTaHJapTHOM BapHaHTE
IBI'O, siBisieTCst 4YaCTHBIM cllydyaeM, NPUrOAHbIM JHUILIb I MOTEJIU
JOKaJILHO-TUTOCKO# OJHOPOIHOX MOHOXpOMaTH4yecKoi BosHbl. Mc-
none3ys onpenenenue (4.14), Mbl MOXeM paccMaTpuBaTh Oolee
o01ue MOfEH, BKIIoYasi c1abOHEONHOPOAHbIE BOIHLI, HE BbIXOAS,
€CTECTBEHHO, 32 PAMKH reOMeTpU4ecKoi onTuku (4.1).

Ammutyay A u ¢aszy W sonHosoro nons U B Touke Ry, T;, u ee
OKPECTHOCTH NPEJCTaBUM psiioM Telsiopa 1o CTENEHSIM I | I

0A 19°A

1
UR,+1,T,+0)=A,+r-VA+—(r- VY’ A+ —t+——51> +
Rotrlor0=1% AT

+r-(V%—/:)t exp{i(‘l’o +r-k+%r(r-V)k—wt—

10w ,
__9e ! )
; t°—r th) (4.15)

3aMeTuM, YTO B BbipaxkeHUH (4.15) BenM4MHBI BCEX XapakTe-
puctuk nons (k, w, VA 1 T.A.) Ha JaHHOM 3Tane HUKaK He onpepe-

JIeHbl H PaCCMaTPHUBAIOTCS JIMIIb KaK HEKOTOPbIE KOHCTAHTHI NEPEN
CTENEHsIMU NIEPEMEHHBIX T, ¢ Ui TO4KH Ry, T,
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N3 (4.15) nonyuynm BbIpaxkeHust Ansl rpapueHta noias VU n
npou3BOAHON 1o BpeMenu d U/3t. [1ocie BbifeneHust AEHCTBUTENBHOR

yacTu (4.15) umeeM:

VU = {VA+(r~V)VA+V%—f:t}cos‘l‘1 —{AO +r-VA +%(r-V)2A+

2
+%—f:t+%aaTAt2+ ( ?;:) }{k+(r V)k-Var}sin¥,;  (4.16)

or  or’
2
+aa—?t+2%?t2+r (V%—?)t}{co+%(—f—t+r-Vw}sin‘Pl- 4.17)

3neck paza W, — NOIMHOM BTOPOH CTENEHHU MO I M I

¥, =‘PO+r-k+lr'(r~V)k~cot—la—wt2 -r-Vor.
2 2 ot

2
a_U {BA 0°A L (Vaa_f:)}cos‘l’,+{A0+r-VA+%(r.V)2A+

Broipaxenust nist P u W cnenyror u3 (1.14), (1.15) u (4.16), (4.17):

0A  0’A dA
P=—c {( 5 +— 37 r+r~(V_§))cos‘I’1 +

. 2
+ Ao+r-VA+-;—(r'V)2A+§ét+%a—A—t2 +r~(Va—)t)><
t

0A 19%°A
- +r-VA+—(r-V)' + —t+——-t+
Ao+ (r Y ot M 2 ot?

+r- (V aa_‘?);)(k +(r-V)k—Vor)sin'¥, };

0A 82 0A
v
{[( 5 30 —t+r ( 5 ))cos‘l’l +

+ +r-VA+—(r-V 2 +—_ 2+ _—
(AO r-VA (r ) A+ ; —t 2 t r- ( )t]x
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2
x(co+r-Vw+%9t)sin‘P,] +
t

+ cz[(VA +(r-V)VA+ V(aa—/: t)) cos'V, -

1 0A 19°A
| A +r-VA+=(r-V)V?A+—t+——1t"+
( ot AT Y

2
+ r-(V%—?—)t](k+(r~V)k—V(ot)sin \I’,] +

2
+(mL+r-VmL+%(r-V)2mL) (Ao +r~VA+%(r~V)2A+

2

0A  19%°A , ( aA)
+—t+——>t"+r|V— |t ]| cos¥ .

o 2 or ot :
PaccMOTpUM CTalMOHAPHYIO HEONHOPORHYIO CpPelly B 00iacTu

BBICOKHX YacCTOT ® > (.

IMycts yenosus npumerumocTr IIBI'O (4.1) BLINONHSIOTCA, T-€.
Vk |Vxk| |Vo| VA |VA] 1 Vo, | e

’

0

|K| |K| o |vA] A L, o, L
dw/dt 9°A/or* dAlor 1

®  9Ald A T,

27 2 A AT
k| ®

A

HaiigeM cpeanuit noTok P ¥ cpefHio0 NIOTHOCTb aHeprud W B
touke Ry, Ty ¥ ee OKpECTHOCTH:
/2 1/2

(P>=% [ pare+g)de, (W)=% [ weer+gae,

~1/2 -t/2

WnTterpupys nonyvenHble Bblpaxenus s P u W 3a nepuon
T =2n/(w + r - Vo), nony4uM

2l (oA J°A 0A dA
_cjqea o4 L Iv&ilv Vv voa
(P) 21{ (at+ar2 t+r (V at)]( A+(r-V)VA+ = t)+
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+ AO+r-VA+l(r-V)2A+§ét+l§2—4+r-(Va—A)t 2x
2 ot 2 or’ ot

x(co+r-Vm+aa—(:)t)(k+(r~V)k—Vcot)} (4.18)

1 [(oa o%a Ay
<W>=:1_;c— E+87t+r' Vg +c VA+(I'V)VA+

aAY Y| 1 1 oA 19°A
+(V"é—;)t) }+E(AO +l"VA+5(l"V)2A+—a—t—t+5—a—tT[2+

oA\ Y o Y ’
+r- Vgt w+r-Vm+Et +c(k+(r-Vk—Vor)” +

2
+(mL+r-V(oL+%(r.V)2coL) } (4.19)

3neck MbI NpeHeOperin YWIeHaMH BBICHINX MOPSHKOB MaloOCTH,
NOSIBUBLIAXCSA B MPOLECCE NHTETPUPOBAHHUSL.

BekTop rpynnosoii ckopoctu B Touke Ry, T U ee okpecTHOCTH
onuceiBaeTcd ¢opmyiaamu (4.14), (4.18), (4.19). B uentpanbHoOil
touke Ry, Ty, OH uMeeT Hanboliee npocTyio dopMmy:

2
V= ok —(3A/d1)VA/ Al 4.20)

£ 0 +0.5{((0A101) +cX(VAY Y A3

Orta dopmyna sBaseTcs o00OIMIEHHEM XOpPOIIO H3BECTHOTO
BoIpaxkeHus (4.10) Ha ciryyall aMIIMTYXHO-MOAYJIMPOBAaHHBIX BOJH.
Ecnu Mb1 0T6pOCHM B HEll 4ieHbI MOPSIAKa X, TO MbI NIpUAEM K ¢dop-
MyJi€, IOJIHOCTBIO coBnagaromei ¢ (4.10):

k
vV, = 2=,
®
Haiinem nonuyo npoussonHyto d/dt Bions ny4a r = [V, dt, onpe-
MEeJISEMOrO MOJIEM BEKTOpA IpPyNnoBoil ckopocTH. Beibupas ¢ B Ka-
4ECTBE HE3aBHUCHMO# NIEpEMEHHOH B MPUHUMasi BO BHUMaHHE, YTO
dt dr k
—:1; —:Vg =C2—,
dt dt ®

nponuddepeHUpyeM BEKTOP TIPYIIIOBOM CKOPOCTH, 3aaBaeMbiii
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copmynamu (4.14), (4.18), (4.19):
2 2.2 4.2

LA TR P AL R

dt ® ®’ ®

3nech Mbl OTGPOCKIIH YJIEHBI MOPSAKA .

Bripaxenne (4.21) comepXuTt Bce pakTOpbI, MPHUBOASIIhE K
H3MEHEHHIO BEKTOPa IPYNINOBOH CKOPOCTH, T.€. SBJISIOUIHECS IPUYH-
HO# OOBIYHOM M IUCIIEPCHOHHON pedpakuuu.

IMokaxeM, yto opmyna (4.21) cogep>KUT KaK YaCTHBINA Ciyyai
cranfapTHeiit BapuanT IIBI'O. IlopcraBasisi cootHoiuenue (4.11)
MEXNY YaCTHLIMH NPOMU3BOAHBIMH (IPYTHMH CIIOBaMH, ONpefesis
Mofienb o) B (4.21), Noqy4uM XOpOIIO U3BECTHOE BbIPAaKECHHE IS

NPOU3BOJHON BEKTOpPA IPYINOBOI CKOPOCTH B crangapTHoi [IBI'O:
2
av, __co,

dt o’
KOTOPOE MOJIHOCTHIO coBnagaeT ¢ (4.13).

2

3
O Ve,. @21)

0)4

Vo,, (4.22)

§ 5. Mopenu noas

B nporusononoxHocTs ctangaptHoit IIBI'O, o61iee BbipakeHue
(4.21) He HaKJIa(bIBAET HUKAKHX CBsi3ed Ha YaCTHbIE IPU3BOMIHbIE W),
o u kK — cp. ypaBuenns (4.11), (4.12). Hanpumep, ypaBuenne (4.21)
OCTaHETCS CHpaBEAIMBLIM, €ClIM BEKTOp k OyneT mMeTs BUXpEBYIO
koMmoHeHTy: V x K = 0 (xoHe4HO, aBGCONMIOTHbIE 3HAYEHHS MpOu3-
BOMIHBIX MOJIXHBI OBITH MaJjibl, YTOObl HE BBIATH 3a YCIOBHS NPH-
MEHHMMOCTH reOMETPUYECKOl onTukH (4.1)).

PaccMoTpuM BOJIHOBOE MOJIE C MOMEpPEeYHO# YacCTOTHOM MOAY-
asiuuedt B paMkax crannaptHoi [IBI'O. Ha nepBom atane, gisi npo-
CTOTBI U JiJI1 TOrO 4YTOOBI B SIBHOM BHAE NOKa3aTh 3¢ ¢eKT Aucnep-
CHOHHOM pedppakiiy, Mbl OTPaHHYUMCS CTy4aeM OXHOPOTHOU Cpefbl
(w, = const).

ITpexpe Bcero, HAIOMHUM BBIPAXXEHMs JIsI BEKTOPHBIX Ole-
paTopoB:

ok ok ok

k-Vk=k —+k —+k —;

(k-¥) X8x+ 3 ay+ F oz
ox dy oz

Vxk= ai—ik—‘- e +(ak‘—a—kz—)e + aﬁ—ai e
dy 9z ) \9z dx) > \ox ay)~
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Jnst BONHBI, PACHPOCTPAHSIOIIENACA BAOIb OCH X, BOJIHOBas
¢yukuys (4.15) B Touke X, Yy, Ty 1 €€ OKPECTHOCTH X+ x), (Yo + ),
(T, + t) uiMeeT cIenyOLUi BUJI:

ot
(4.23)

ok,
Uz(AO +%—x+a—At)exp ik x+—=xy+ ok yx—(ot—a—myt :
ox ot | X

o dy

ok ® do JA JA

X —

dy _c2kx§y_’ o’ ot

— KOHCTaHTbI, ONPENESIONe BOJTHOBOE MOJIe ¥ €ro NPOU3BONIHBIC B
HayaneHO# TOukKe X, Yy, 7.

B ¢asosoit pyHKImE BONHbI (4.23) MbI 3alall TOJbKO LUEHT-
paTbHYIO YacTOTY M M ee IONepeyHbli rpafueHT do/dy. Ilpousson-
Hble 0k, /0x 1 dw/dt = 0 onpepensiroTCs ¢opmynamu (4.11) u (4.12), B TO
BpeMsi Kak paBEHCTBO 9k, /0x = 9k, /dy cnenryeT u3 ycnosust VX k = 0.

¥Ypasuenue nepenoca (4.7) 3ajaet CBs3b MEX/ly 4aCTHbIMU [IpO-
A3BOAHBIMH AMIUTUTYIHOH (PYHKLIMH:

0A %k, 0A

ot ® ox

3peck cnenyeT oOpaTHTh BHUMAaHUE HA OTCYTCTBHE B YPABHEHHH
nepeHoca MONEPEYHOl NMPOU3BONHOH 0A/dy. JTO O3HAYAET, 4TO
nonepeyHasl TIHHeHHast MOJy/IsIUs aMIUITATYAbI HUKAK HE BIHUSCT Ha
ONMCAHUE MOJIsi B F€OMETPOONTHYECKOM NPUOIMKEHUH.

(BooG1ue roBopsi, MOXKHO, laXe B paMKax craupaptHoi [1BI'O, B
KayecTBE MOJENH PacCMaTpHBaTh BOJIHY C JIMHEHHBIM H3MCHEHHEM
AMILTATYBI B IONEPEYHOM HaNpaBJICHUH, OTHAKO HUKAKOIO OTIHYH
ee N0 CPABHEHMIO C ONHOPOJHOM NJIOCKOH BOJIHOW HET, B Y€M MOXHO
yOEnUTHCS MyTEeM MPSIMOM TTOJICTAHOBKH MOJEJIel B BOTHOBOE ypaB-
nenue. [IpuumHa 31€Ch B TOM, 4TO BTOpasi IPOM3BOAAHAS paBHA HYIIFO
KaK 11 KOHCTaHTbI, TaK H [JIs1 IMHEHHOH (pyHKIMH.)

TakuMm o6Gpa3oM, y Hac ONpEfeNIeHbl BCe NMapaMeTphbl BOJIHBIL,
COOTBETCTBYIOIIME CTAHAAPTHOH MOJIEJIM BOJIHOBOT'O MOJIA.

Tenepb OLIEHUM MOrPEMHOCTb ITOW MOMEIH, MOACTABIAA npuo-
nmkeHHoe perieHue (4.23) B MCXOAHOE BOJIHOBOE YpaBHECHHE (L.7).
B pe3ynbTaTe 3TOA Onepanuu mosxyunM

® 00 o’ 1 am)zyz ~

DALy 44l —

c* dy c*k? 2 oy
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2 2
—A a—“’] 20 o p| 42i%f2 @ k)9O 4 (424
dy ck, ox\ ¢k, ®)dy

MakcuManbsHasi HEBsI3Ka B OKPECTHOCTH TOYKH X, Yy, Ty cooT-
BETCTBYET JIMHEHHOMY YJIEHY C y B AeHCTBUTENBHOH yacTH (4.24), a
3TO O3HayaeT, 4TO BbIOpaHHas MOAEb MO YYHTBLIBAET HE BCE
3(p¢eKThl, N0 NPOCTPAHCTBEHHOMY MaclITaly COOTBETCTBYIOLHE
pedpakUUOHHBIM sIBJIeHUsIM. OTMETHM, YTO JPYrOil THHERHBIA WIEH,
NOSIBUBLINICA B MHHMO#M 4acTH (4.24), umeeT OoJjiee BbICOKHI
TNOPAOK MaJIOCTH, MOCKONBbKY dA/0x < Aw/c.

ITpuyrHa BO3HUKHOBEHHSI IMHEHHOIO YjieHa HEBA3KH B TOM, YTO
B BbIpaXXeHHH AJIs Npou3BOAHOM K BenmunHa

0 2
c*k_ dy

BCTpEYaeTcst ABAXK/bI: B BbIDAXKEHUHU [Uisl 0k,/0X W B BhIpAXXEHUH s
ok, /dy, a "koMmeHcHUpyolee' HX 3HaYCHHE NMPOU3BOAHOH 0w/dy
TOJNBLKO OMH pa3 B BbIpaKeHWH [l w. TakuM o6Gpa3oMm, yClOBHE
ok,/0x = 0k, /dy, onpefengioniee CTAaHAAPTHYIO MOJENb MO, MpH-
BOJMT K CHCTEMATHYeCKOU OIUOKe NpH 3aMeHe TOYHOrO pElLICHHS
MOJIETbHBIM.

HIcKniounTh TUHEHAHBIHA YIeH HEBS3KH MOKHO BBEJICHHEM MOJETH
[OJIs C MOTIepEeYHON MOAYISLMEH aMIUTUTYABI, s Yero (4.23) yMHo-
KMM Ha HEKOTOPYIO, OKa HEU3BECTHYIO IU1aBHYIO (pyHKLHUIO A, (y):

ok,
U=A|(y)[AO+%:—x+%—/jt]exp i kxx+a—;xy+
+ ok, yx—(ot—a—myt : (4.23a)
dy ot

OcranbHble napaMeTpbl a30BOd U AMILUIUTYAHOU (PyHKIUHU B
(4.23a) ocranuce NpeXXHUMH, KaK U B CTaHJapTHOH MOJE/H MO
(4.23).

[MoncranoBka (4.23a) B ypaBHeHue (1.7) npUBOAUT K YCIOBHIO
MCYEe3HOBEHUS! IMHEHHOTO UlIeHa HEBSI3KH:

9°A, , ® 00

9y* c? 9y

PeuienreM 3Toro ypaBHeHHusi siBiasercs dyHkuus Dipu [24].
OTMeTHM, YTO OHO He HapymaeT yciaoBuii npuMmerumoctn IIBI'O
(4.1), mockonbKy 3fech Macmtab y He BBIXOAMT 3a 30HY PpeHnens

Ay=0.
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A 0.6

0.4

0.2

-0.2

04

06} ]

_0.8 1 1 1 1 1 1 Il 1 1
16 -14 -12 <10 -8 6 -4 2 0 2 4
y

2

A
Puc. 16. yHkuus 4pu — pelieHre ypaBHEHUs iji—z —-Ay=0
y

~\, CYLIECTBEHHYIO JUI1 F€OMETPOONTHIECKOrO ONMCAHUA MOJs B
okpectHocTd Xo, Yy, To. [pachuk dyHkuuu Jiipu NOKa3aH Ha pUC. 16.
Ceityac Mbl, COGCTBEHHO, MOJYYHIN XOPOIIO M3BECTHHIA Kiac-
CHUYECKHI pe3yNbTaT TOYHOTO PEHIEHHS BOJIHOBOTO YPAaBHEHUS AJIS
pedpakuuy BOJHBI B CI0€ C JUHEHHBIM U3MEHEHHEM NUICKTPU-
yeckoi nponunaeMoctu [69]. Ilo OTHOWIEHUIO K BOJIHOBOMY ypaB-
. HeHuto (1.7a) 3TMM caMbIM Mbl IONOTHIIA yPaBHEHHUE IUKOHATIA BTO-
po#l MPOM3BOAHOW AMIUTATY/bI ViA ¥ BBeJM ci1abyro MONepeYHyro
HEOJHOPOHOCTD MOJs B BUAE (PyHKUHMH DApH, a MO OTHOIUEHHIO K
nydeBoMy psily (4.2) yunn MHTerpanbHbld 3ekT GeCKOHEYHOH
CyMMBI IONPABOK aMILTHTYA BBICOKHX NOPSKOB, IMEOLLINI MacITab
pedppaKLMOHHBIX SIBJICHUN.
[10 OTHOLIEHNUIO K CTAHAAPTHO# Mofenu noJs (4.23) ycnosue
0°A, , @ 00
oy? ¢ 9y
3KBHBAJIEHTHO MPOCTO MCKIIOYEHHIO U3 ($Ha30B0d (PyHKUMM 4YjieHa
(9k,/9x)xy, T.€. BBEACHUIO BHUXPEBOU KOMIIOHEHTBI B k.

Ay=0

U=(A0+g—1:x+%i;t)exp i kxx+%l;‘—yx—mt——a£),—yt). (4.25)

HoBas Mojienb yKe MPHUrofiHa [Jisi OMKMCAHHUs BOTHBI C MONepey-
HOH 4YaCTOTHOW MOAYJISIIUEH, MOCKOJbKY M3 YpaBHCHHs HEBS3KH
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(4.24) ucuesna cucreMaTuyeckas olInOKa B BUNE JIMHEHHOTO pedpak-
LUOHHOrO YJIeHa.

Hns mogudunuposanHoi mogenu senuuunta (k - V)k = 0, nosene-
HHUE BEKTOpa rpymnoBod CKOPOCTH B OQHOPOAHOM Cpefie, ONUChIBa-
€TCs €r0 MMOJTHOM NPOU3BOAHOM

2.2

dVy __c OV o, (4.26)

dt ®

kotopas cinenyet u3 (4.21). 3uech V 0 — ko3 dpuumeHT nonepedHoi
4aCTOTHOW MOJYJISILIMH.

Boipaxenne (4.26) onuckiBaeT 3¢phexT AUCHEepCHOHHOM pedpak-
LMK BOJIHBI C MONEPEYHOM YaCTOTHOW MOAYJsLMEH B OXHOPOMHOM
cpene. ITOT a(peKT, CBI3aHHBIN C M3MEHEHHUEM HECYIIEH YaCTOTDI
10 (ppOHTY BONHBI, OnpefensieTcst KoapuuneHToM Moaysiuuu Vo
1 IMCHEPCUOHHBIMU CBOUCTBaMU cpefibl. [Ipn OoTCcyTCTBHM pucnepcun
(w, = 0) BHE 3aBHCHMOCTH OT CTEMEHH MOAYJSUNM BOJHbI 3¢heKT
OTCYTCTBYET.

[Tokaxem, uyto acpdekT nucnepcrnoHHoi pedpakuuu (4.26) no
cBoeMy MacwTaly cooTBeTcTByeT 3(heKTy 0ObIuHOM pedpakuuy
(4.22) B cranpgaptaoi IIBI"O.

[Tycte npocTpaHcTBEHHBIH MacliTa® M3MEHEHHS] MAapaMeTPOB
Cpenbl W, ¥ YaCTOThbI ) PaBHbI APYT APYIY:

IVLlezlvlml:L:L:l
o, w L, L, L

ITogcraHoBKa 3THX NpoU3BOAHBLIX B (4.22) u (4.26) maet onu-
HaKOBbIE 3HaY€HHUs POU3BONHON BEKTOPA IPYIIIOBOI CKOPOCTH:

2. .2

d|v,, | _ ol

dt ®’L
Tenepes paccMoTpuMm Gosee 06O CUTyalMIO, KOT[a BOJIHA C

NonepeyHoOd 4YaCTOTHOW MOAyNsUUEH pacnpocTpaHsieTcsl B
NPCHU3BOJBHON CTALMOHAPDHON HEOXHOPORHOM cpene w,(r). Haunem
CO CTaHAAPTHOU MOJEJH NOJIS.

B rouke X, Y,, T 3amanum cnepyromue napaMeTpbl BOJTHOBOTO
NOJIA ¥ Cpelbl: HECYIYIO 4aCTOTy W, YaCTOTHBIH rpagueHT Vo =

= €,(dw/dy), COGCTBEHHYIO YaCTOTY CPefibl W, M €€ TPafHeHT Vm, =
= e,(dw,/dx) + e (dw, /dy). Ilycts BekTop k GyneT Hampasnex

BIOJIb OCH X.
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B cootBercTBum ¢ (4.11) npousBonHble BekTopa k umeror cie-

pyromue KOMITOHEHTbI:
ok_ (Lo 00| (@ do o do )
ox \ c’k, ox \c’k, oy c*k, 9y

N3 ycnosus V x k=0 cnenyer:

ok _ ( ® 00 O, awL}+e ok,

3pech npou3BoAHas dk,/dy ONUCHIBAET TYUEBYIO PACXOAUMOCTb.
N3 (4.12) nonyyaem
9 _
ot
dazopas ¢pyukuus ¥ BosHOBOro noJs B (X, + x), Yy +y), (Ty +1)

MOXET ObITh 3alIMCaHa KakK:
ok, ak,

10k, ,
Y=Y +kx+——=x"+—=xy+ x +
07T T ox ax dy Y

lak\ 2 a(D
+—— —t——yt. 4.27

2 3y y % y (4.27)
IMonHasi BOMHOBasA PYHKLMS BbITJISIUT CIIEAYIOLIUM obpa3zom:

(4.28)

0A 0A .
U =(A0 +—a:x+5t—t) exp(i'V).

IMopctaBum npubnmkeHHoe peiienune (4.28) B BOJHOBOE YpaB-
Henue (1.7). AHanu3 NOJNIyYEeHHOrO ypaBHEHHMS HEBSI3KU NIOKA3bIBAET,
yTO HauboJbIlast OIKOKA MEXY TOUHbIM M MPUOIMXKEHHBIM pellie-

HUEM ONnpeneisaeTcs JIMHEAHBIM YJIEHOM

Mo aHanoruM ¢ OQHOPORHOM CPEAOH Mbl MOXEM HUCKITIOUUTD 3Ty
CHCTEMATHYECKYIO OWIMOKY, €CIM BBEAEM IJIABHOHEOJHOPOJHYIO
Mofesb OIS, aMIUTUTYAHast (PYHKIMSI KOTOPOro ONKUCHIBAETCS YpaB-

HeHueM DHpHu:
azAl - 9_8_(0_&8(% Ay=0.
dy’ ctay ¢ oy )
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Kak u B cnyyae ¢ OQHOPOOHOU cpenodd, nis da3oBoi HyHKUMHA
3TO OyleT IKBHUBAJIEHTHO HCKJIIOYEHHIO NPOM3BOAHOMA 0k,/dx u3
(4.27), B pe3ynbTate 4ero Mbl NOIY4YNM MOAM(HUUHPOBaHHYIO (a3o-
Byto ¢pyHKumo ¥ :

ak"' x+l%
»t o5

¥, :‘P0+kxx+—]—ak" x* +

) 510)
—aor-Ly 429
2 dx dy @ dy - (3.29)

IMpou3BonHass BoMHOBOro BekTOopa (4.21), onpepensiromas
pedpakyrOHHbIE SIBICHHUS, 1151 MOAU(MHUIMPOBAHHONW MONEIH MO C
¢azosoi pynkuuei (4.29) BoipaxkaeTcs Kak:

2 2.3
dVg:_c o, c‘w;,

cw’
i 0)2 V(DL—’(D—SLV_L(D'{'—(DI—VJ_(DL. (430)

Ins aTOM MOAeNH, Tak Xe, KakK M JJisi CTaHAapTHOH, u3 (4.9) u
(4.29) cnepyeT
do Jm
—=—+V3-V(o:0.
dt ot
B ypaBHeHuu [y1si IPOU3BOJHON BEKTOpa IPYIIIOBOM CKOPOCTH
IJ1IaBHOHEOIHOPOAHOH Mofienu nois (4.30) no CpaBHEHHIO CO CTaH-
fapTHON Mopenbio (4.13) NOsSBUIMCH NBE JOMOIHUTENIbLHbIE KOMIIO-
HEHTBI.
Bripaxkenue
2.2
c oy
P

V.o

onuceiBaeT 3¢peKT AUCIEPCHOHHOM pedpakuymy, a BbIpaXeHue

2..3
coy

+
0)4

V,o,

KOPPEKTHPYET BEJIMYUHY OObIYHOM pedpakiyu, B TOM YHCIE H A
MOHOXPOMAaTHYECKHX BOJIH.

B HauanbHbIX JaHHBIX [J1s1 onpefeneHus TpaekTopuu I1B-nyya B
MO UIMPOBAHHONR MOJENH, KPOME OOBIYHBIX [JISl CTaHAAPTHOM
MBIr'O napametpos k, ®, Heo6xoxuMo 3aaaTk KO3 PUUMEHT NONe-
peYHON YacTOTHON MoAynsiuuH V,w, €M BOJIHA HE MOHOXPOMATH-
yeckasl.

ManbHeimas TpancopMalysi 4aCTOTHOM MOJYJISIUK B TIpoLiecce
pacnpocTpaHeHns] MOXKET ObITh paccuMTaHa M3 ycnoBusi GanaHca
IHEPrHd BHYTPH JIy4eBO#l TPYOKH, KaK 3TO fejaeTcs B OObIYHOM
rEOMONTHKE NPU pacyeTax aMIUTUTYAbl. DTOT METOM MbI H3JI0XHUM
HUXE, HO OTMETHUM, 4YTO B IyaBe 5 OyneT pa3BHT Apyrou, Gosee
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06Kl METOR KaK s pacyeTa aMIUIATYAbl, Tak M s K03g-
¢unuenta Mopyasiuun. Jlanee, ¢ UeabIO yNPOLIEHN 3aMACH, BBEICM
o6o3navyeHne Q=-V o.

Yr1o6bl MONYYHTh H3MEHEHHE aMILTATYAbI OA 1 KO duIIeHTa
Monysitiu O BOMb Ty4a, GyleM UCIONb30BaTh TOT AKT, YTO NpH
OTCYTCTBHH NPONOJIbHONH YAaCTOTHOW MOAYNSLMH OTCYTCTBYET NpO-
0JIbHOE RUCIEPCHOHHOE CXaTHe (WM PacTsKeHHe) BOJHOBOTO
MaKeTa U CPEHUI 3a MePUOJ] OTOK SHEPIHH OCTACTCA MOCTOSIHHBIM
B KaXK/IOM CEUEHHH JIyueBOH TpyOKH, T.€.

j <R)>dSO :J (R )ds,.

So 5,

B HameM ciydae INIOTHOCTb MoToka sHepruu (P) (4.18) B
ceueHnd R, 3aBUCHT OT monepevHoi KOOPAHHATHI 1) KaK:
2
Cc 2 (O]
P Y=—A(0-Q n)(k———Q n)
0 0 0 .
( > 2,t CZk 0
T
Ins cocequero cedenns R = Ry + J V,dt Mbl MOXKEM 3aNHCATh
Ty

2
(R )=y 547 (0@ + 30 (k-+ 3k =22+
C

Bananc 2Hepruu BIOJb JIyya B IBYMEPHOM CIIy4ae BBIMVISMT Kak:
Yo /2

j A02(03 - Qon)(k - ‘C(;)—kgon)d'ﬂ =

~Yy /2

Y, /2
= | (4 +347 (0 (Q +3)M) %
-Y, 12
x(k+8k——(;);(90+8§2)n)dn. (4.31)
C

3necs Y, u Y, — mmpuna nydeBoit TpyOku B ceuennsx Ry n R,
COOTBETCTBEHHO.
W3 (4.31) nomy4um

Hh-h

1

8Q=9,
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SA 4 JkYy =k +8k)Y, .

¢ Jk+8kyY,

BrinumeM BMecTe Bce NydeBble YpaBHEHHSI Uil TUTaBHOHEONHO-
POMHOM MOpeIN MOJIS:

ar _y .
g ¥

k
V, =c?=;
4 ¢ 0}
dw
i (4.32)
dv ® ®? o’
ot T A0 Vo

Y,-Y
3Q=0, 0.

1

544 JkSy = J(k +3k)S,

¢ Jk+dkys,

3nech yepes Y, Y| o603HaueHa HIMPHUHA NMONEPEYHBIX CEUYEHHIl
J1y4eBO# TPYOKH BAOJIb 1 pafii€HTa 4acToThl B ToUkax Ry, Ty u R, T};
So U §)— IoLaA¥ ceueHHH B TeX Xe TOYKaxX JJsl TPEXMEpPHOro
cayyasi.

§ 6. O6cyxenne pe3yIbTaToB

B § 5 nHacrosieit rmaBbl Mbl IyTEeM NPSIMO# MOJACTAHOBKH JIO-
KaJIbHO-TIJIOCKO#H OfHOPOHOH MOHOXPOMAaTHYECKON MOJEIH BOJIHbI B
HCXOJHOE BOJHOBOE ypaBHEHHE MOATBEPAUIIN BbIBOJI, CHENAHHbIM
HaMy B § 4 rnaBbl 1 Ha OCHOBE TOYHOT'O pELIEHMs], YTO TaKasi MOfieJb
He crnocobHa onucaTh BCE NMPHUYUMHBI pe(ppaKIUOHHbIX sBiIeHUul. Tem
CaMbIM MBI HCNOJB30BaJld METOJ HEBSI3KM B Kaue€CTBE KPUTEpHs
NPHMEHUMOCTH KOPOTKOBOJIHOBOH aCHMITOTUKH.

IMnockast BonHa Kak MOJENb MOJISI BO3HHKAET €CTECTBEHHBIM
006pa3oM, eClIM OTPaHUYHATHCS ABYMS WIeHaMHu GECKOHEYHOro Jiyye-
Boro pspa (4.2). Ho U3 ycnoBuil NpHMEHAMOCTH reOMETPUYECKON
ontuku (4.1) He ciaegyeT, YTO NpH ONHCAaHUM pedpakUUU B JHUC-
NEPrupyrolel cpefe MOKHO OTPAHUYHATHCS TOJIBKO ABYMsI YiE€HaMH
psna. Heobxonumo, no kpaiiHe# Mepe, BBISICHATD, K KaKOH BEeJIMYHHE
CXOMATCSA OTOpachIBa€Mble WIEHBI.
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Hanpumep, B 4yacTHOM ciydyae — pedpakLyy B CIIO€ C JTHHEHHBIM
M3MEHEHHEM [IU3JIEKTPHUECKO NPOHUIIAEMOCTH — U3BECTHO TOYHOE
pELIEHHE BOJIHOBOTO YPaBHEHUs] — 9TO BOJIHA C IIaBHOH nonepeyHon
HEOHOPOAHOCTBIO aMIUIATYAb! B BUe (PYHKIUN DAPHU, K KOTOPOH U
CXOAHUTCsT 6€CKOHEYHBIH J1ydeBoil psfl. [I1st Toro yToObl NOHSTH, YTO
OHOPOJHbIE ¥ HEOAHOPOAHbIE BOJHBI BEAYT ceOs MO-pa3sHOMY C
TOYKH 3peHHs peppakIUOHHbIX SBJIEHUH, YMECTHO BCIIOMHHATDL (DaKT
M3MeHeHHs a30BOH CKOPOCTH BOJIHBI JIFOGO NONepeyHoll HEONHO-
POOHOCTBIO aMIUIUTYAB!I (KpOME JNHHEHHOMN), KOHCTAaTUPOBAHHBINR
HaMmH B rnase 1.

IIpu BeiBOnE YpaBHeHuil MopuduuuposanHoi I[IBI'O mbi nouuin
He MYTEM CYMMHUpPOBaHUs OECKOHEYHOro Jy4eBOro psifa (4To, ove-
BUJHO, [IPUBENO Obl K TOMY XK€ pe3yabTaTy), a K IPSIMOMY 3aJaHUIO
MOJIE/IH NOJISt B BUAi€ (PYHKUMH DiApH, oOpaTB BHUMAHHE HA TO, YTO
yCcloBHE

ViA-Z(;“;—Vlm—%Vla)L)Ayzo (4.33)

UCKJIIOYaeT JTHHEHHBIN YJIeH ypaBHEHHUsI HEBS3KH [JIsl CTaHAAPTHOH
[IBI'O, koTopbIfi COOTBETCTBYET CHCTEMATH4YecKOH omubOke c
pedpaKImOHHBIMH IIPOCTPAHCTBEHHO-BPEMEHHBIMU MacliTabaMu.

Meron nonydyeHust N1y4eBbIX YpaBHEHHH IyTEM pa3jlOXKEHHS B
GeckoHeuHbI psafj (4.2), HECOMHEHHO KOPPEKTHBIA C MaTeMaTH-
4eCKOH TOYKH 3PEHHsl, Helb3sl CUUTATh YJauyHbIM C (PH3HYECKOMH
TOYKH 3PEHHUs, IOCKOJIBKY OH ByaJMpyeT HEeAbId psif POLECCOB, Hpo-
UCXOMSALIMX [PH PAacpOCTpPaHEHUH BOJIH B Cpefax ¢ YaCTOTHOM JHC-
nepcuen.

KoppexkTupoBka MOfiesIu O3BOJIMAIA HE TOJBKO MOJY4YUTh B SB-
HOM BHJIE T€OMETPOONTHYECKOE ONUCaHUE JUCIIEPCHOHHOHN pedpak-
UMM, HO ¥ YTOYHHUTEL ONUCAHUE OOBIYHOU pedpakuuy, o yeM Oolee
Nofipo6GHO NoHAeT peys B riiaBe 7 MOHOTrpadHH.

ITo oTHOMIEHHIO K YpaBHEeHHIO (1.7a) MbI BKIIIOUHIIN B YpABHEHHE
3UKOHa/Ia BTOPYO NPOU3BOJHYIO aMIUIMTYMbI ViA. 3pmecs npocne-
KHMBAeTCs HEKOTOpasl aHaJorus ¢ napaboJM4YeCcKUM YPaBHEHHEM
teopun nudpakuuu. B cnydae napaGonuyeckoro ypaBHEHHs 4acTh
(a3oBOi (PYHKIUUU BKIIOYAETCSd B KOMIUIEKCHYIO aMIUIUTYIHYIO
(yHKIMIO, ONIPEAEIIsisl HAPABJIEHUE BOJIHbI, 3[1€Ch XK€ BTOPasi MPOU3-
BOJ{HAs aMIUIMTYIHO! (PYHKUHMH BKIIOYaeTcs B (pa30Byr0 (PyHKLHUIO H
TaKXX€ KOPPEKTHPYET HampaB/ieHHE PacHpOCTpPaHEHHUs IHEPrHH
BOJTHbI.

Xots ypaBHenue (4.33) u 3agaet MOJeNb MOk, MBI HE BKJIIOYaeM
€ro B OOILMY CHHCOK JIYYE€BbIX YPaBHEHHI, TOCKOJIBKY B SBHOM BHAE
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OHO HaM Hurae He Tpebyercs. OgHako "crmen” OT MJIABHOU MoOIe-
peYHOil HEOIHOPOMHOCTH aMIUIMTYAbI IPUCYTCTBYET B BbIPA’KEHUH
s npoussofHoi dV/dt (4.30). Ecnu nepBelil wieH, coaepxkalui
onepatop V, COOTBETCTBYET CTaHAAPTHOMY (IIJIOCKOMY) BapHaHTY
IIBI'O, To nocnegHne fBa 4ieHa, COfepKallie NONEepeYHbld orme-
patop V,, HESIBHO OTpaxkaloT CTENEeHb NONepPeYHOi HEONHOPOTHOCTH
aMIIMTY/(bI BOJIHBI, O KOTOPOH MBI FOBOPHIIH B § 4 riaBbl 1.

Hcnonp3oBanue ¢pyHKUuH DipH B KayecTBe MOJENH BOJHbI,
€CTECTBEHHO, HE NMPOTUBOPEYHUT YCIOBHUSIM MPHUMEHHUMOCTH JTy4eBO#
aCHMITOTHKHM. Bb110 661 CTpaHHbIM, €ciii Obl TOYHOE pEellIeHHe MPo-
credmel peppakliHOHHON 3aayYdl MPOTHBOPEYUIIO ACHUMIITOTHKE,
KOTOpasi, COOCTBEHHO, U NPHU3BaHa OMNUCHIBATH pedpakUUOHHBIE
SIBJICHUSL.

ITpouecc priBOga ypaBHEHHH MOXU(UUMPOBAHHOrO BapHaHTa
IIBI'O (4.32) MOKHO 3HAaYUTENBHO YIPOCTUTH, ECH IEPBOHAYAIBHO
BbIOpaTh MOJIEINb NOJIsl M JIHIIb 3aT€M PacCYMTHIBATH BEKTOP TPyIl-
NOBOH CKOPOCTH M €ro NpOM3BOAHYIO BAOJIb Jiyya. Takoi mogxof
onucaH B [111]. OgHakO NpeuMyIeCTBOM H3JIOXEHHOIO MNOAXONa
crefiyeT cuuTaTh Hanuuue dopmynsi (4.21), KoTopas NO3BOJSET B
obuieM BHJIE aHAIM3UPOBATh CTPYKTYPbl BOJIHOBOTO OIS, KOTOPbIE
MOTYT IIPUBECTH K pepakuuH.




