I'naBa 2

PacnpocTpaHeHne BOTHOBBIX IAKETOB
B OIHOPOJHOM MOJIYNPOCTPAHCTBE
€ 9aCTOTHOH IMCNIEpPCHEen

§ 1. Beenenne

ITonyunM TOYHBIE BbIpAXKEHHS AJIS HEKOTOPBIX MHTErpajbHBIX
XapaKTEPUCTUK BOJHOBBIX NMAaKETOB, PACIPOCTPAHAIOIUXCH B OHO-
POHOM NOJIYNIPOCTPAHCTBE U OMUCBhIBA€MbIX ypaBHEHHEM Kieina—
T'opoona.

IlokaxeM, 4YTO OIpeNesIeHHbIE CTPYKTYPhl BOJHOBBIX NaKETOB
NPUBOASIT K U3MEHEHHIO HaNpaBlIeHUs] UX pacnpoCTpaHeHHs (K IO-
NepeYHOMY CABHUIY) H3-3a JUCIEPCHOHHBIX HWIH AU(QPaKUHOHHBIX
acdexTOoB.

Jdns 3Toro pewmnMm 3afady ¢ TPaHHYHBIMHM YCJIOBUSIMH B MOJY-
npocrpadHcTBe x = ( B JE€KapTOBBIX KOOpAHMHATAax X, y, I, e x —
NpofloNIbHAsE KOOpAUHATA, y — MoNepeyHasl KOOPAHHATA,  — BpEMsI.

B o61eM cnyyae BOJIHOBOE NOJIE B ABYX- MJIM TPEXMEPHOM cpefie
ONKCBIBAETCS BOJTHOBOW (PyHKIMEN TPEX UIH YEThIPEX NEPEMEHHBIX
(EBe WM TpU NMPOCTPAHCTBEHHbIE KOOPAMHATHI M Bpemsi). lns yo-
POLIEHHS] ONHUCAHUsI BOJHOBOIO NakeTa KaK €JWHOro LENOro Hid
OTHEJIbHbIX €r0 y4acTKOB BBOMSIT HHTErpajbHble XapaKTEPUCTUKH
NoJs, CBsI3aHHbIE C IBUXXEHUEM BOJTHOBOH SHEPrHM B IIPOCTPAHCTBE.
OO6BIYHO 3TO BEKTOP CPYINIOBOIl CKOPOCTH, TPAEKTOPHS JBHXKEHHS
LIEHTpa HEPrUH, JVIMHA H IIMPHHA BOJTHOBOI'O NaKeTa.

B Hanbonee obieM BHAE BEKTOP IPYNIOBOH CKOPOCTH V, BBO-
JUTCS K&K OTHOILEHUE CpeflHero (3a nepuop ocuuansauuu T ) BeKTopa
INIOTHOCTH MOTOKa 3Hepruu P kK cpenHeill 3a TOT Xe MEPHOJ
NJIOTHOCTH 2Hepruu W:

T
jpdt
V=O

8

T 2.1
j Wdt
0
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du3nyeckn BEKTOp TpPYNNOBOH CKOPOCTH 3afaeT CpefHee
HalpaBJIe€HHE U CKOpPOCTb pacHpOCTpPaHEHHs] HEPrHH B HEKOTO-
PO TOUKE NpoCcTpaHCTBa. Takoe onpeneneHue UIMeEeT CMBICH TOJBKO
TOrMa, KOrfja H3MEHEeHHs MapaMeTPOB BOJIHBI AOCTATOYHO MEJJIEH-
HBI, T.€. KOria BOJIHA BefleT cebsl JTOKalIbHO MOYTH KakK IJIOcKas H
MOHOXpOMaTHu4decKasi. B 3TOM cliydyae BEeKTOp IpyNNOBOH CKO-
pOCTH ACHCTBHTEJILHO ONMCBHIBACT [BIKEHHE BOJHOBOH HEPrUHM
y4acTKOB BOJIHOBOTO NMakeTa Ha GOJIbHINE pacCTOSIHUS, YTO SABJSIET-
¢s1 OCHOBOH NMPOCTPaHCTBEHHO-BPEMEHHOM reOMETPHYECKON ONTHUKH
[11, 38, 47].

JIIpyroi BapHaHT MHTErPajlbHOIO OIMUCAHUS BOJHOBOIO MAaKeTa
HCIONIL3YETCSl B METOAE MOMEHTOB, KOT[la BBOUATCA XapaKTepuc-
THKH paclipefieieHns] SHEpruM B nmpocTpaHcTBe. Yame Bcero uc-
[IONIL3YIOTCS NMEPBbLIA U BTOPOH MOMEHTbI, OOBIYHO HAa3bIBaeMblE
9HEpPreTHYECKUM LICHTPOM, JUIMHOH M IIMPUHOM BOJHOBOIO NMAaKeTa
[19-21].

IlepBbie MOMEHTBHI, ONpEAEHsIomNe 3HEPreTHYECKUA LEHTP
NaKeTa, 3afaloTCsl CIIETYIOINMH BblpakKeHUSIMU:

jf T Wxdxdy
X(="2——; (2.2a)

T ]: Wdxdy
(2.2b)

Hx 3aBucHUMOCTBL OT BpEMECHHU OTpaxaeT CpefHEE NBUXKCHHUE

BOJIHOBOTI'O IT1aKETa.
BTOpre MOMEHTBI, ININHA O, U HIMpHHA O, NaKE€Ta ONPEACIAOTCS

KakK

]: T Wi’ dxdy

oi(r)= (2.32)

:

]: T Wdxdy
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J
ol)===—-Y; (2.3b)
j .

¥ [I0Ka3bIBAIOT H3MeHEeHHe GOpMbI IaKeTa.

B paMKkax mocTaBlIEHHOW 3aflay¥ HM OJIMH U3 ABYX METONOB HE
MOXET ObITh HCIOJIL30BaH B YHCTOM BHIe. BekTop rpynmnoBoi
CKOpPOCTH He MOAXONUT MO TOW NPUYHHE, YTO Mbl HE COOHpaeMcst
HakJIaAbIBaTh HUKAKUX OTPaHUYECHUU Ha NapaMeTpbl BOJHOBOLO
MaKeTa, B TOM YHUCJIE M YCIOBHE KBa3MMOHOXPOMATUYHOCTH. MeTon
MoMeHTOB (2.2a), (2.3b) He MoXxeT ObITh UCMOJIbB30BAH, NOCKOJBLKY
MHTErPUPOBAHME M0 X OCPEJHSIET BOJHOBOE IOJIE MO MPOAOJIBHON
KOOpAMHATE U HE AaeT TOYHOIrO NPEJCTaBJICHUs O BIUSIHUHU Ipa-
HUYHBIX YCIIOBHU Ha 3BOJIIOLMIO MTAKETa B 3aBUCUMOCTH OT PacCToOs-
HHS IO TPaHHUIbI.

OnHo# U3 BO3MOXKHbIX MOIU(UKALUH METOa MOMEHTOB MOXET
ObITh OTKa3 OT UHTErpUpoBaHus no x B (2.2) u (2.3). B pesynbrate
MbI HONYYHUM (PYHKIMHU JBYX [I€PEMEHHBIX, ONUCHIBAIOLYIO LEHTPHU-
POBAaHHYIO O y BOJHY B 3aBUCMMOCTH OT x W . OHako 3TOT MyTh
YBOAMT Hac OT NpeAcCTaBlieHHs] BOJHOBOrO MakKeTa KakK eIHHOro
uenoro (T.e. KaK KBa3u4acCTHIbl) 1 HE NPUBOAUT K YETKOMY OTBETY
Ha BoNpoc 00 3BONIOLHY MaKeTa B 3aBUCMMOCTH OT PacCTOSIHHS 10
rpanuubl. Takoit OTBET MOXET JaTh TOJILKO (DyHKIHMsS OTHOM Hepe-
MEHHOH X.

Hcxonsi U3 3TUX NPUYUH, HUXE Mbl MOAM(HUMPYEM 3TH [Ba
METOMa, YTOOBI N30eKAaTh MepeYNCIIEHHbIX CIIOXKHOCTEH U PELIUTH
3aga4yy B OOLIEM BHUJIE.

§ 2. UnrerpajibHble XapaKTePUCTHKH
nepeHoca IHeprum

OrnpepesnnM BEKTOP CPEAHEl IPYNNoOBOi CKOPOCTH V,,(x) KaK

Pdyd:
9 (2.4)

Wdydt

<

1l
§"-——»8§¢__,g
§‘—18§t—,g

BekTtop V,,(x) BeI9ucnseTcss OCpeJHEHHEM BOJTHOBOW 3HEPIHH 110
OCAM y H I, CIEOBATEIbHO, ONpeaeisieT CPpeAHEE HaNpaBleHUE H
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CKOpPOCTB BCEro BOJIHOBOrO MaKeTa B 3aBUCHMOCTH OT MPOROJILHOM
KOOpAUHATHI X.

Yro6b1 M36exaTh TPYAHOCTEH, NMPHCYLIMX METONY MOMEHTOB,
mopucuuupyeM dopmynst (2.2a), (2.2b) u (2.3a), (2.3b), 3aMensis
MHTETPHPOBAHMUE 110 OCH X HHTETPHPOBAHHEM MO NEPEMEHHOM 1.

Onpenenum nonepeyHyio KOOPAUHATY SHEPTETHIECKOTO LEHTPA
Y., (x) (koTopyro B RanbHeHIeM st IPOCTOTHI OyAEM Ha3biBaTh
"mornepeyHast KOOpMHATA MakeTa") CefyouM 06pa3oM:

Wydydt
(2.5)
Wdydt

é'—‘g§'—u8
§"—‘03§h__.g

AHAIOrM4YHO ONPENENTMM BpEMsi PaCPOCTPAHEHUS IHEPTETHYEC-
koro uentpa 7T,,(x) (nanee — BpeMsi pacipOCTpaHEHHs [1AKETa):

oo oo

j j Widydt
L= (2.6)
j j Wdydt
LIUPUHY n;e:a 0,,(x):
]o TWyzdydt
0}, = == -Y, 2.7)
j J‘ Wdydt
4 ero nnme:b;;)cm O(x):
j’." }W 2dydt
o, =—== T2 (2.8)

§ —

j Wdydt

I/IHTeraﬂbele XapakTepUCTUKH noJis (2.5)—(2.8) apantupyror
METO MOMEHTOB K MNOCTaBJEHHOW HaMH 3afaye H MO3BOJISIOT
MPOC/IEANTEL 3BOJIIOLUIO NMaKeTa BAOJbL OcH x. Kak U B OOBIYHOM
METO/IE MOMEHTOB, Mbl PACCMAaTPHBAEM [AKET KaK KBa3W4acCTHILy,
XapakTEPU3YEMYIO NONEPEYHON KOOpAUHATOH Y ,(Xx) M BpeMeHeM
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pacnpoctpaHeHus T,(x). DTO npsMas aHaJoOruss C OOGBLIYHOH
napamerpu3anueil X (f), Y(f), Ho B HalleM cly4ae He3aBUCUMad
nepeMeHHas t 3aMeHEeHa Ha X.

[TopoGHas aHamorust npocnexuBaetcss Mexay o, (2.3b) u o,
(2.7). O6a napameTpa UMEIOT OIMH M TOT Xe& (PU3UYECKHHA CMBICT —
OHH XapaKTepHU3YIOT IIUPHHY BOJIHOBOTO MAKETA.

EcTb HEKOTOpBIE CIOXHOCTY C NMPOROJBHBIM pa3MepoM MNake-
Ta O, (2.3a). DTOT NapaMeTp BOOOIIE HE MOXET OBbITh ONpENEIIEH
npH BbIOGPaHHOM crioco6e HHTerpupoBaHusi. 3aTO Mbl MOXEM OIpe-
NETUTH UINTENLHOCTHL MakeTa o,, (2.8), YTO HEBO3MOXHO B OObIY-
HOM METOJe, W CBSI3aTh MPOAOJBHBIN pa3Mep makeTa U €ro IJiu-
TENBHOCTb Y€pe3 CPENHIOI0 I'PYNNOBYIO CKOPOCTb V,,, ONpPENENEH-
HyIO B (2.4).

Hanee Mbl paccuynTaeM xapakTepuCTHKH (2.4)—(2.8) kak ¢yHK-
HAOHAJBI OT HAYaJILHOT'O BOJIHOBOTO MOJIs Ha rpanule x = 0.

§ 3. [TocraHoBKa 3a8a4H

IlycTh BOJTHOBOH MakeT pacHpOCTPAHSAETCS B MOJYILIOCKOCTH
x = 0 gByMepHOro npoctpascrsa (x, y). Ha rpanune x = 0 BonnoBoe
nione 3agaetcs neucTBuTeNbHOR pyHkuued U(0, y, 1), koTopas omnpe-
JiejieHa Ha BCEH OCU y U 1.

IIpencraBuM HavyanbHyiO pyHKIUIO npu x = 0, UCNOAB3ys ABY-
MepHOe HHTerpanbHoe npeotpasosanue Pypoe [10, 103]:

oo

UO.y.0= | [ Fk, 0)explitk,y—on}dk do,

~00 —o00

rae
1 77 ,
Folky, )= ;[ i U(0, y, 1) exp{—i(k,y — or)dyd. 2.9)

CnekTpanbHyl0o KOMINOHeHTy Fjexp{i(k,y—®t)} MOXHO pac-

CMATPHBATh KaK MPOEKLHUIO INIOCKOH MOHOXpPOMAaTHYECKOH BOJIHBI HA
rpannny x = 0. 3gece w — Kpyropasi 4acToTa, k, — NPOEKUHs BOJI-
HOBOTrO BEKTOpa Ha OCb y, a (pynkuusi Fy(k,, ®)— yraoBo# CEKTp
HayalnbHOTO pacnpefeeHus nons.

B panbHeiimeM OyAeM 3anucChIBaTh CIIEKTPalbHBIA OIEpaTop
(2.9) kak F{U}.

Ecnu Mbl 3apanum yrinoso# cnekTp F(x, k, @) 3aBUCHMBIM OT
IpONOIBbHON KOOpAHHATHI X, TO pyHKuMs U(x, y, t) OyneT 3agaBaThcs
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BbIpa>K€CHHAEM

Utey.n= [ | Fook, oexplick,y - on)dk do. (2.10)

—00 —o0o

ITockonbky 3Hayenust U niisi Bcex x JOJKHBI YIOBIETBOPSATh HC-
XO[JHOMY BOJIHOBOMY ypaBHeHHIO (1.7), nonyuum, nopcrasiss (2.10) B
(1.7), ypaBnenue s cnektpa F(x, k,, w):

d’F (0® o ,
F'F[C—z—c_;— N F=0. (211)

Pemenne ypasnenus (2.11), ynosneTBopsifoliee rpaHI4HOMY yc-

nosuto F(O, k, ®) = Fy(k, ) # yCIOBHIO H3yYeHHs] HA GECKOHEY-
HOCTH, UMEET CIECAYIOIUN BHA:

2 2
F = Fyexp| ix,| > - 2L 42 | 2.12)
C c l

W3 (2.12) cnenyer, 4ro yriaoBoii cnektp F COCTOHT M3 [BYX
THIIOB BOJIH — ONHOPOAHBIX M HeOogHOponHbiX. Ecnu 3HayeHue

K=w’/c*- u)i /c? —kf 1oJ KBaJpaTHLIM KOPDHEM B NpPaBOil 4acTu

ypaBHeHus (2.12) nonoxuTenbHo, To Bhipaxenue (2.12) coorBercT-
BYET ONHOPORHBIM IIOCKUM BOJHAM H + K — MPOEKIUsl BOJIHOBOrO
BEKTOpa Ha oCb x. OTpunaTenbHble 3Ha4YeHdst K COOTBETCTBYIOT 3a-
TYXaIOIHUM HEOHOPONHbIM BOTHAM, a v—K ompefnensieT ux 3aTy-
XaHHE.

§ 4. BeKkTop cpejHeiil rpynnogoit ckopocTn

PaccunraeM Bce BBeneHHbIC 3HEpreTHYecKHE XapaKTepHC-
THKH, BKJIIOYasg BEKTOD CPeHEH IPYHNOBOI CKOPOCTH, B CHEKT-
panbHoit o6nacr. [lns 3To# nenu ucrnonssyem teopemy Ilapcepans
[103]:

| [ vv.dyar=ar’ | | FEdkdo. (2.13)
3nece U, u U, — nefictBUTENbHBIE (yHKUMHU NEepeMeHHbIX y, ¢, a F| u

F; — cooTBeTCTBYIOIINE MM KOMIUIEKCHBIE CHEKTPANbHbIe (BYHKINHA
NEPEMEHHBIX ky, ®, "3Be370YKa" O3HAYAET KOMILUIEKCHOE COMpS-

2KCHHE.
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3ameTtnM, uro cnekTp F peiictBuTenbHON pyHkuuu U oGnanaer

CIENyrIMA CBOMCTBaMH:
F(k;,w)= F'(=k,,~);

F(k,,~®) = F"(-k,, o).

CnexTtp Bonuoso#t ¢pyukuuu U npepcraBnen dopmynoit (2.12)
Hcnonp3ysa xopomo u3BecTHble cBoiicTBa Pypbe-npeobpasosa-
Hug [24], DOCTAaTOYHO MPOCTO HAUTH CHEKTPbI NMPOM3BONHBIX

oU /ox, éU/By, oU/ot:
z aa—i/ =i —(:;~%)j—'—k_‘2,F; (2.14)
2 %—ly/ = ik, F; (2.15)
{2 )= -ior: (2.16)

3anuuieM NpoOMHTErPUPOBAHHBIE KOMITOHEHThI BEKTOpa NOTOKA
snepruu (1.14) u nnotHocTs 3Hepruy (1.13) yepes cnexTpalibHbiE

¢yHKUIHAA TTONS:
T oUAU
P)y=-c? ———d dt =
«py=-c| [ <

—oo

~ o 2 2
=an’e’ [ | |2 - 2L k2 FF dk,do; 2.17)
e C C i .
T foUaU
2
<<Py>>__c _J; _J; g—-a;—d dt =
(2.18)

=4nzc2]: ]: k),coFF*dk),dco;

aU) +c2(a—UJ +0)2LU2}dydt=

= = 19y
=37 T{(3) o) (%
:411:2]: TszF*dkydm, (2.19)
33
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u nepenuiuemM (2.17)—(2.19) uepe3s HauanbHbli ciektp Fy, ucnonb3sys
BolpaxeHue (2.12) pns F. [lanee Gymer ymoGHO Npenenbl UHTeE-
FpHpPOBaHMs pa3fenuTs Ha ABe obnactn K 2 0 u K < 0, cooTBeTcT-
BYIOIIIME OIHOPONIHBIM M HEO[HOPOIHBIM BOJTHAM:

(Py=4n’e [] wwﬂ———&#clelzdk do +

k>0

+ 4m’ic? ” (an2 m,

K<0

2
x | F P exp{~2x‘fk2+-——m—}dk do; (2.17a)
C

(PN =4mc [[ kw| Ry | dk,do +

K20
2
+ 4n’c? H k| F exp{—Zx‘/k2+&—w—}dk dw;  (2.18a)
K<0
(Wy=an’ ([ | F, P dkdo +
K20
0, o’
+ 4n? H ®? | F, [* exp{—2x k2+——— dk do. (2.19a)
C
K<0

Mbr BunuM, uto B Beipaxenun s ((P,)) (2.17a) npucyTtcTByer
MHUMasi 4yacTh. OHAaKO €e 3Ha4YeHHe PaBHO HYJIO M3-3a CBONCTB
npeo6pasosanust Pypbe 151 feACTBUTENBHOM (DYHKUHAH.

Mosxno ynpocruTh Hanucanue dopmyin (2.17a)—(2.19a), o603Ha-
4YMB UHTErpasbl, HE 3aBUCUMbIE OT KOOPAMHATHI X, KAK KOHCTAHTHI [,
a HHTEerpasbl, 3aBUCUMBIE OT X, KaK (PyHKLUH oy(x).

KommoHeHThl BekTOpa cpefHeil rpynmoBOH CKOPOCTH, B
obuieM ciyyae, 3aBHCAT OT NPOHOJILHONW KOOPAHHATBI X M BBIFJIS-
ST KaK

(P 1,
_KED _ : 2.20
W) L+ag(x) e
(P L +a,(x) (2.21)

AW Lt o)
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3nech
(02 0)2
1 =an’c* [[ o5~k -k | F, [ dk,do (2.20a)
C C . .
K>0
L =4n’c [[ k| Fy [ dk,do; (2.21a)
K=0

a0y =4n’c [ kol FIx

K<0

2 2
x exp{—Zx kf+m—;—m—2}dk“dw; (2.21b)
S o N
=4 [[ o | R [ dk,do 2.21c)

K=0

ay(x) =41’ ﬂ W2 | F, P x

K<0

2 2
X exp{—Zx kf+w—;—m—2}dk‘.du}. (2.21d)
S e 8

®dyukunn o; (x) Bcerna CTpeEMATCS K HYJIIO IPH X —> %05 OIHAKO HX
KOHKPETHOE MOBEEHHE, ONPENEAEMOE HaYaIbHBIM CIIEKTPOM 3aTy-
XaIOMMX BOJH, MOXKeT OBLITb CYIIECTBEHHO Pa3/IMYHbIM, BKJIIOYas
BO3MOXHYIO CMEHY 3HaKa Ha IPOTHUBONOJIOXHBIH.

§ 5. [lonepeuynas KOOPAMHATA BOJIHOBOIO NAKETA

Ins pacdeTa CpefHedl NONEPeYHO#H KoopauHaThl (2.5) Heobxo-
[¥IMO HAWTH CIEKTPaIbHYIO (PYHKILHUIO CIENYIONIErO BhIPA’KEeHNU:

Lauy  L(auV (U ..
Wy=—4{ =— - — =
'y 2{(8:)”(&) +c % +w Uy
)
2\ o N or Yox N ox

+ cz(y%g—)(%—(;—)-kmi(yU)U}. (2.22)
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HOnst atoro HaiieM cnekTpbl ¢yHkuuit y(QU/df), y(QU/dx),
y(0U/dy), yU, ucnone3ys Xopowio H3BECTHOE CBOMCTBO Mpeobpa30Ba-
Husl Pypbe: yMHOXEHUE (DYHKIMH HAa y SKBUBAJIEHTHO [JIS €€ CIeKT-
pa ¢ bepeHIpOBaHUIO 110 k, M YMHOXeHHIO ero Ha i. [Tpu 3anucu
CIIEKTpa MbI yuTEM, 9TO Fy = | Fyy lexp{iy,}:

[ U] _ AR . v,
FlyZZ o L0l : -
{y at} ® Gk). exp{}+io|F, | % exp{-}

3

c
—i| Ky | k,ox exp{-}; (2.23)
01 \/(02—0)2—c2k2

L ¥

[ ou d|F, . d
F{y_}:‘lﬁ)lexp{-}—ky o expt) =it | By | 24 x4

dy ok, ok,
+ik{ | By | x———————exp(-}; (2.24)
Vol -oi -k
~| U
F{ys—'}:k.\' j > o | iy lexp{-}—
x \/w—coL—c k,

2 2
S-Sk R S expl ik eI lexpl (229
c® : . :

Rl IV,
J-1F
ok exp{-} I Oiak.

¥ y

FyUy=i

exp{-}+

+| Fy | kx (2.26)

L ¥

d exp{-}
\/(oz -2 — k2 '

B dopmynax (2.23)-(2.26) u panee Mbl BBenU sl YIPOIECHHAS
3anucu abopeBHaTypy

2 2
{~}={i\u0+ix L Oy }
C C .

Ucnonws3zys teopemy IlapceBans (2.13), a Ttakxe BbIpa-
xeHust (2.23)~(2.26) nust cnekTpa, YHCAUTEND ¢opMmyibl (2.5) MOKHO
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NPUBECTH K BUNY

T TWydydt= 4n? ;([ZJ.O{ ~-|F P %%:’wz +

—00—00

C
\/u)z -] -k’

2 2
—4n? _”I F, Iz aWo w2 exp _zxm kyd(o, (2.27)
K<0 ak‘ ¢ ¢

B ¢dopmyse (2.27) npuBeneHa TOAbKO ASHCTBUTE IbHAS YaCTh UH-
Terpana, OCKOJIbKY €ro MHHMast YacTh [IVIsl I€ACTBUTENbHBIX (DYHK-
LM paBHA HYIIIO.

ITepenuinem (2.27) B 601ee KOMIIaKTHON oOpMe:

+| Ry | k,o’x dk,d® —

[ [wydyde =1, + 1gx + (0. (2.27a)
3pech
1,=—an? [[| R, P Moy gk do; (2.27b)
ok, :
K>0 y
Iy=4” [[I1 R [ ko? < dk do; (2.27¢)
5 : \/0)2 —0;-c’k;
o, (x) = —4n? HI K| Mo 2
ok
K<0 ¥
0 o’
X exps —2x, |k} + =& — — bdk do. (2.27d)
vk,

OKOHYaTENbHO 3aBHCUMOCTD HO]’I@pC'—IHOﬁ KOOpAHHATbhl BOJIHO-
BOTO MAaKeTa OT X MOXET OBbITh 3alliMcaHa KaK

I+ Ix+ o, (x)

2.2
I+ 05(x) (2.28)

ca
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§ 6. Bpemst pacnpocTpaHeHHs1 BOJTHOBOT'O NAaKeTa

[IpeoGpa3yem nofbIHTErpaNbHOE BhIpaXkKeHHe YUCIUTENS HOpMy-
Jbl (2.6)

LlfauY L(ouY LfauY
Wt:E{(?) +c2(a—x) +Cz(-é;] +(DiU2}t

B BUJ]
1 G E e G ok
at A\ ot ox N\ ox
+cz(t %} )(%U)m (tU)U} (2.29)

Mb1 MoxeM paccuuTaTh cnekTpbl pyHkuui 1(dU/0t), HdU/dx),
HoU/9dy), tU, UCIOJIL3Ysl TOT PaKT, YTO YMHOXKeHUe (PYHKIUHU Ha ! B
IPOCTPAHCTBEHHO-BPEMEHHOH 00JIaCTH 3KBUBANIEHTHO AU depeHIu-
POBaHHIO €€ CIIEKTPa 10 W ¥ YMHOXEHUIO ero Ha (i ).

N3 (2.14)—(2.16) nonyunm

~| U d| F . d
F{t—gt-}=—|FoICXP{-}—m%eXP{'}—thE}I a\g)” exp{-} -

% 1

i— | Fy|x
N

exp{-}; (2.30)

Ft ou \,a' Iexp {}+ik, | Fy Woexp{}
ay ) ow

+ik, 2R | x exp(-}: (2.31)
- C

1
Jor —ol -

~| U]l o 1
F{t—}:—|Fo| ——————exp{-}+
X ¢ \/u) -, —ck

¥

2 2
o o 2 0|y |

+o|— ——k -k —Llexp{-}+
225 o p{-}

2 2
v SO g2 ‘uoexp{}+z IR lxexpl); (2.32)
C

2
c
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F{tU}= —i%ﬂ—'exp{.m F, |%2exp{~}+

+2| By x @33
C

: expl-)
\/;2 —0)2L —Czk}z,

Hcnone3ysa TeopeMy [Tapcesans COBMECTHO C BbIPAXCHUAMHU LI
cnekTpos (2.30)—(2.33), npeobpa3yeM YACIUTEND dopmynsl (2.6) K
BHIY

Ww:ddz:m2 m2F2M+
J Jwiasai=az [[ o 5|

K=0 a(D

+ % | Fy I x dk,d® +

(’)3
o o} ok

2 2

K<0

YTO MO3BOJISIET 3aNKUCATh BpEMsI paCHpOCTp&H@HI/]ﬂ MakKerTa Kak
g+ Lx+0os(x)

ca ~ (235)

' I; + o, (x) -
BHCCB BBEJCHBbI cnenonume COKpaLueHHH:

oy
— 2 2 2 0 .
I,=4n" [0’ | F| So dk,do (2.35a)
K>0
4r? 5 o’
L="—{[15] dk do; (2.35b)
. :

2 2 212
50 \/w -, —ck,

as(x=4n? [[0’| K Mo ,
K<0 a(’)

2 2
xexp{——Zx kf+—mTL—w—2}dkvd(o. (2.35¢)
\f vtz =7k

B o6ueM ciiyyae BpeMsi paclpOCTpPaHEeHHsl BOJHOBOIO MakeTa

T..(x) (2.35), kKak ¥ nonepeyHast KOOpAUHaTa Y., (x) (2.28), 3aBUCHT OT

| paccTOsiHUsL X HEJMHEHHO M3-3a HaNW4YHs B CICKTpE 3aTyXatolux
BOJIH.
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§ 7. lllnpuHa ¥ JIMTEJBHOCTH BOJIHOBOTO NAKeTa

Hcnonw3ys npouenypbl, aHaIOrHYHbIE ONMCAHHBIM BbIIIE, MOXK-
HO MOJYYHTE BbIPaXKEHUs! ISl LIMPUHBI NAKETa Oy, (2.7) U ero piu-

TENBHOCTH O, (2.8):

2
2 =18+19x+110)c +

L +o(x)
2
L (X)) + X0 () + X0t (x) v, (2.36)
I+ oy(x)
2 _ D+ px+ 17
. I, +05(x)
2
L Qo(0)+x0 () + X704, () o (2.37)

ca-

I + o, (x)

3peck KoHcTaHThl [; 1 dyHKIMH o(x) B (2.36) onpenenens! CHEeKT-
POM Ha4aJIbHbIX YCIIOBMHA Ha rpanuile x = 0 cenyromum o6pa3om:

2
_ d| K| 2 2| 9w,
I, =4m? H ( J +0’ | F,| (3/(— +

K20
1, 2 c’ky
+EC IFb' m‘f‘] dk‘d(l), (2.36a)
0l -k
Iy =—8n” [[k,0? | F, %‘I‘:O ———dkdo;  (2.36b)
K>0 v \/(0 -0, —ck
2 2 212
0 +w0; +ck
ho=21%¢? [[K2| By P | St 1 |dk doo; (2.36c)
o 0" -0 —ck, ’
BIF .,

V

0 (x) = 22 H{ 2| R P +4ck, | Ry | S0

K<0

2 2
+2(c2ky2+u)i)[———a|%|J +2(c2k§+mi)|1~;)|z(a\|lo) +

ok, ok
PP TV L SR O
PO U ol -

40



2 0)2

X exp{—Zx k2 + QZL- -— }dk‘.dﬁ); (2.36d)
YUt ¢ :

0, (x) = -8 H{ 22| Ry P +k, IFlalFl( k2+wL)}

K<0

2

2
xexp{—2x K2 +%—%—}dkydm; (2.36¢)

212 2 2

ki+ow; +o®
og(x)=2m2 [[c22 | Pl S T2t 4y |
8 ¥ 0 2

P czk_‘z, +0; -0
0 o
xexpy—2x,/k; + 0—2' - dk,do. (2.36f)

3HadeHust KOHCTAHT /; U GyHKUmid a,(x) B BeIpaxkenuu (2.37) pnd
[VIMTEJILHOCTH NaKeTa O,, BLIYUCIISIFOTCS aHAJIOTHYHbIM ITyTEM:

I, =2m’ H{F|2+2w (alFl) rao| g 251

P Jm

oy, Y 1
+207 | K | (%) L0’ | Ry P m}dkydw; (2.372)

L—C Ky
8n H|Fo|2 N © dk dw; (2.37b)
K20 0w \/CD —(OzL—czkf, ’
o’ + @} +ck?
H 2IFoIZ( w; czkz 1 |dk,do; (2.37¢)
K20
ay(v) =2 [f {lF P +2(c2k2+u)L)[(a|£ ALLY, |y (20 ]+
K<0

1 0! o
2 2 2 L
+0° | F | =—————5texps —2x,[k; +—+—— rdk dw;
|Fo] czky2+(o2L—(oz} p{ Yoo cz} ’

(2.37d)
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%1,

2,2 2
o c k}, + ;)X

a.o<x>=4cizzjjw|m

K<0

(2.37e)

(2.37)

dopmyisl (2.36a)—2.36f) u (2.37a)—(2.37f) ROBONBLHO IPOMO3JKH.
Ho none3a ux B TOM, 4TO OHH SIBIISTFOTCS TOYHBLIMH BBbIPa>KCHUSAMU
TSt IPOM3BOJIBLHBIX TPAHHYHBIX YCIOBUH U MPENICTABASIOT PE3YIbTAT
B 061eM Bupe. Kpome Toro, B 60/1bIIMHCTBE MPAKTHYECKUX CITy4YaeB,
HanpuMep NpU CAMMETPUYHBIX YIIIOBBIX CIEKTPaX, OHH CyHIECTBEHHO
yIpOILLAOTCSI.

§ 8. BoiHoBBIE MaKeThHI B 0e3UCHEPCHBIX
M THCNEePrHPYIOLHMX cpeJax

U3 dopmyn (2.20), (2.21) u (2.28) caegyeT, 4TO JABUKEHHE
BOJIHOBOTO MAaKeTa B OJHOPOJHOM MOJYIPOCTPAHCTBE B OOLIEM
clyyae He sIBJSIETCS HA PaBHOMEPHBIM, HU NMpsIMOJIMHERHBbIM. OTKIIO-
HEHHE OT PAaBHOMEPHOTO M NPSIMOJHHEHHOI'O [JBUXKEHHS MOXKHO
HaOJIIOaTh KaK B AUCHEPrUpYIOILEeH, TaKk B B 6€30UCIEPCHOM Ccpefie.
B pamMkax crmexkTpanbHOrO MOAXOAa, KOTOPbIH MbI MCIIOIb30BAJIH,
aT0T 3¢peKT NPOSIBASICTCA U3-3a HAJTNYHsI HEOJHOPOXHLIX 3aTyXaro-
UIUX BOJH B [BYMEPHOM CIEKTPE BOJIHOBOI'O MaKeTa.

HeopHoponHbie BOJIHBI BCETAa MPHCYTCTBYIOT B CIIEKTPE JTIO60ro
BOJIHOBOT'O IaKeTa, OTPAaHNYEHHOrO MO MOoNepeyHOl KOOPIHMHATE Y.
B 6Ge3nucniepcHOl cpefie 3TH BOIHbI ONMUCHIBAIOT YHUCTO JUMPAKIHIOH-
Hble 3ddekTrl. [IpucyrcTBUE YaCTOTHON AMCHEPCHH 3HAYUTEIHHO
YCIIOXHSIET MEXaHH3M paclpOCTPAaHEHHUs] BOJIH, HO HEKOTOPBIE 4acT-
Hble CIy4ad MOTYT ObITh YCHELIHO ONMCAaHbl B paMkKax oolmed
prdpakIUOHHONU TEOPHHU.

Hanpumep, B MOHOXpOMaTHYECKON 3afjaue YaCTOTHAsI JUCIIEPCHUsT
Cpenbl IPUBONUT K M3MEHEHHIO JJTMHbI BOIHBI (K I3MEHEHHIO (pa30BOH
CKOPOCTH), YTO IOCTATOYHO OYEBHIHO M3 aHAJIN3a BOIHOBbIX YpaBHE-
HUH, TPUBENECHHBIX B rnase 1. JInHeliHble BOJTHOBBIE YPABHEHMSI KAK C
pucnepcueit (1.1), (1.2), Tak u 6e3 gucnepcun (1.6) mas MOHO-
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XpOMaTHYECKON BOJHOBOH (PYHKIHMHM 3KBHBAaJICHTHBI YPAaBHEHUIO
TenbMronblia ¢ qUaJeKTpudeckoit npoHuaeMocteio (1.5). Onnako
3TO HE 3HAYHUT, YTO BCe NPHUONMKEHHBIE ITOAXO[bl K PELICHHUIO
BOJIHOBbIX YpaBHEHHIl B MOHOXpOMAaTH4YECKO# 3ajate ans Oe3-
NUCMIEPCHBIX Cpel MOryT ObITh MCIIOJb30BaHbl B JUCIECPTUPYIOLINX
cpenax. Hampumep, HeKorja o4eHb NOMYJISPHbIA BapUaHT JIyYeBOro
NpuGIHXKEHHs, IONyYaeMblil KaK aCHMIITOTHKA MIPH kK — o, ClipaBen-
NHB TONBLKO A Ge3pucnepcHbIX cpen [11]. Ecim aToT MeTo BbhIBORA
Jy4eBbIX YpaBHEHMI IEPEHECTH Ha HOHOCHEPY, MONTYYNM MapajoK-
caNlbHbIA pe3ynbTaTt — pedpakuus B HOHOCEpPe BOOOIIE OTCYTCTBYET.

Ecnu BoJiHAa He MOHOXpOMaTHYecKas, TO AudpakKUHOHHAs TeOpHs
HE MOXET ObITh HUCMONb30BaHAa, IIOCKONbKY HE CIIOCOOHA aieKBaTHO
ommcaTh BCE IETald Npolecca pacnpoCTPaHEH s, HalpUMEpP OHA He
ONHKCHIBAET CYIIECTBOBAaHHUE NpenBecTHUKa [1, 17].

OnHako aucnepcust ¥ Audpakius 1o cBoeH PU3nYECKon Npupoyue
Gonee GAU3KHM, YEM 3TO MOXET IMOKAa3aTbCsid Ha NEpPBbIA B3TJIAN,
MOCKOJIbKY MOTYT NMPHUBOAHUTH K MOX0XUM 3(pdekTam (06 3TOM Mbl
yXe rOBOPHJIH B riase 1).

TeMm He MeHee B oOmieM ciaydae JudpakLHOHHbIE H NHCIEP-
caonnbie 3¢ ¢eKThl UMEIOT pa3Hble NMPOCTPAHCTBEHHbIC U BPEMEH-
Hbie MacinTabbl. DTO MPOUCXONUT, BO-NIEPBbIX, U3-3a Iepepacipene-
JIEHUs] SHEPTUN MEXKAY ONHOPOAHbIMHM U HEONHOPONHBIMH BOJIHAMHU.
[Ipn HanmU4YUM QUCNEPCHH O HEONHOPOJHBIX BONH BO3PACTaeT C
poctoM 4acToTel w;. [Ipu w; = w B CIEKTPE OCTAIOTCS TOJIBKO HEOH-
HOpPOJHBIE BONHBL. BO-BTOpBIX, nepepacnpenensieTcs: BKiIaja pas3iund-
HBIX YaCTOTHBIX KOMIIOHEHT B PE3yJNbTHUPYIOIIYIO TPAEKTOPHIO U B
BEKTOP CpEAHEH IpyINIoOBOi CKOPOCTH.

B GesmucnepcHoii cpene Macmitab a(@ekTOB COU3ZMEPHM C
pa3MepaMH caMOro BOJIHOBOT'O MAKETa, B TO BPEMsl KaK B JUCIEPTH-
pYIOILEi cpefie MPOCTPAHCTBEHHbIE U BpEMEHHbie MacTalb! addek-
TOB ONpEAeNsiloTc COOCTBEHHOHM 4YaCTOTOHM Cpefbl ®;, U MOTYT
CyILIECTBEHHO NPEBOCXOAHUTH MEPBOHAYAJIbHBIE Pa3Mephbl MaKeTa.

Ha Gonpliux pacCTOSHUSIX OT TPaHHUbI IBHXEHHE BOJIHOBOTO
IaKeTa ONpeRessieTCs ONHOPONHBIMU BOJIHAMH B CNIEKTPE IPAHUYIHBIX
ycnoBuii. C yMEHBIIEHHEM BKJaJla HEOJHOPOIHbBIX BOJH ABHXKEHUE
nakeTa aCUMIOTOTUYECKH CTPEMHUTCSI K PABHOMEPHOMY M MPSMOJIU-
HeiHOMY. BekTOp cpenHeil rpynnoBoi CKOpPOCTH B AaJIbHEN 30HE He
MEHSIETCSI, @ ETO KOMIIOHEHTHI onpepesitores u3 (2.20), (2.21) kak

v b,

xga ’

(383

[
Vi =2
I
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ACHMITOTHYECKH I X — 0 [ONepedYHas KOOPAMHATA (€CIH
Iy = 0) pacreT nUHENHO, uTO cieayer u3 (2.28):
Y = I+ 1yx
ca 1 *
5

Haob6opoT, Ha HayanbHOH cTagumn HanpaBJIEHHE IBUXEHUSA BOJI-
HOBOTO IIaKETa ONPENeIIETCI COBMECTHO KaK OMHOPOIHbIMH, TAK M
HEOJHOPONHLIMH BOJHAMHU. 3[1ECh NBUKEHHUE MAKETA MOXKET ObITh
CYIIECTBEHHO HEPAaBHOMEPHbIM. BekTop cpenHeit rpynnoBoi cko-
pocri (2.20), (2.21) MeHsIeT CBOe HanpaBJIeHHE, KOTHA HHTETpa d,(x)
(2.21b) oTnuvaercs oT HyNs. ITO YCIOBUE BBINONHSAETCS IPH aCHM-
METPHUH YITIOBOI'O CIIEKTPa B 0671aCTH HEOTHOPOAHBIX BOJH (K < 0):

| Fy(=k,,0) [ #] Fy(k,,0) .

Popmyna (2.28) onuceIBaeT KPHBOIHHERHOE pacnpOCTpaHEHHE
BOJIHOBOT'O [TaKeTa B OJIMKHEN 30HE, €CIIH;

DIs=0nl/l; = a,fo; anu

DIs=0umos =0.

OTH yCIIOBHUSL BBINOIHSIOTCS, KOTMA YIIOBOH CHEKTP acHMMETpH-
4eH B 06nacTH ogHOpOoRHbIX BOIH (K 2 0) (IpM HanW4uMM HEOX-
HOPOJHBIX BOJH):

| B P (k. 0) % | Fy [ (k,,0),

WK KOrzia npousBefienue o / ok, | Fy |* acummeTpuuno st 3aTyxaro-
mux BoJH (K < 0):

0
a‘lt(,) (k, )| Fy | (k,,®).

¥

e
a\]':y" (~ky, @) | Fy | (=k,, 00) #

Wrak, kpuBONMHEHHOE ABUXKEHHE BOJHOBOTO MAKETa B OfHO-
PONHOM Cpefle BO3HUKAET NPH aCHMMETPHH YIJIOBOTO CIIEKTpPA Ipa-
HAYHBIX yCIoBHA. B npouecce pacnpocrpanenns "HaBsizaHHas" rpa-
HHULIEA CTPYKTYpa NOCTENEHHO CHMMETPH3YETCS U GOKOBOIl CIBUT
HCYEe3aerT.

Ha nepsbuit B3rns nonyyeHHble HAMH PE3yJIbTaThl OMHOCTHIO
IIPOTHBOpPEYAT GOIbIIMHCTBY paGoT (Hanpumep, [19, 21]), B KOTOpbIX
YTBEPXKNIAETCA, YTO B ONHOPOAHOM NUCIEPTUPYIOLIEH WK Ge3aucnep-
CHOHl Cpefie 9HEPreTUYECKUI LEHTP BOJHOBOTO NMAKeTa NBUXKETCS
PaBHOMEPHO U IPSAMOJIMHEHHO.

3TO Kaxyleecs IPOTHBOPEYNE CHUMAETCS IIPH BHAMATETbHOM
npo4TeHnH Teopembl Hetep, B KOTOpOii TOBOpPHUTCS O COXpaHEHUH
MOMEHTOB IOJisl NPU MHBApHAHTHOCTH JlarpaHxuaHa K CABUIY H
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nosopoty [49, 78, 82, 83]. Takas matemaTudeckas aGCTpakuusi
aCHMITOTHYECKH CIpaBeluBa OJs 0O0JacTed NpPOCTPAHCTBA, B
KOTOPBIX BOJIHOBOII MaKeT NEpPecTaeT "4yBCTBOBAaTh' HUCTOYHUK HIIH
rpaHUIly, KOTOpble ero nopopgund. Ha cnexTpanbHOM si3bIKe 3TO
03HAYaeT OTCYTCTBHE B YIJIOBOM CIIEKTPE HEONHOPOAHBIX BOJIH.

B paHHO# riiaBe Mbl paccMoTpenu Oonee oOLyro 3afgady ¢
rpaHuiedl, HaIM4Yue KOTOPO# HapyliaeT MHBAPMAaHTHOCTb CUCTEMbI K
CABUTY M MOBOPOTY. B nanbHeil 30He HalM pe3yJbTaThbl, ECTECTBEH-
HO, COBIANAIOT C KJAaCCHYECKUMU Pe3yJbTaTaMH, MOJYyYEHHLIMH B
teopeme Herep.

HekoTOopbIM MEXaHHYECKUM aHAJIOTOM YNPaBIsSEMOro KpUBOJIH-
HEHHOTO JBMKEHHSI B OTHOPOJNHOH cpene (BO30yXe) MOXKET CIyXKHUTh
3aKpy4YMBaHHUE Ms4a, XOPOIIO HU3BECTHOE (PyTOOIMCTAM M TEHHH-
cuctam. Hanpumep, n3BecTHbIR nrobuTensM ¢yr6ona ynap "cyxou
JAHCT" MO3BOJISIET HANPAaBUTh KPYUEHBIH MSY C YIVIOBOH IUIOLAKH
HETNOCPENACTBEHHO B CTBOP BOPOT.

Eine pa3 nogyepkHeEM, 4TO HEOOXOOUMbIM YCIIOBUEM HENPSIMOIH-
HEWHOrO PpAaCIpOCTpPAHEHHs SABISETCS HAJUYUE HEONHOPOAHBIX
(3aTyxalo#X) BOJIH B YTJIOBOM CIEKTPE NaKeTa.

[Ipu BbIOOpE COOTBETCTBYIOLIETO CIEKTPA M, COOTBETCTBEHHO,
IPOCTPAaHCTBEHHOrO U BPEMEHHOTO pacnpefesICHUst OISl Ha TPaHuLe
MOXHO MPOHM3BOJIBHO 3a7aTh Ha4aJbHOE W KOHEYHOE HaNpaBIICHUS
ABMKEHHS BOJIHOBOTO makera. O6pa3yoM Takoro JBHXKYINETOCs IO
KPUBOJIMHEHHOH TPAaeKTOPUH MaKeTa MOXET CIYKHTb KBa3UMOHO-
XpOMaTHYECKHUil aKeT C MONEePEeYHO#H YaCTOTHON MOy IALIMEH.

Yro6bl JTydille NOHATH CMbICT MONEPEYHON YacCTOTHOH MONy-
NSAIMA M TOTIEPEYHOro CABHUra NakeTa 3a CYeT YaCTOTHOM AHUCIEepCHH,
CpPaBHHM pe3yJIbTaThl YACIEHHOIO pacyeTa €ro pacipoCTpaHEHHUs B
OTHOPOMTHONM TPEXMEPHOM! cpefe NpH HaJW4YMHM M OTCYTCTBHH 4Yac-
TOTHOW AUCIIEPCHH.

BonHoBoe nmosne B moaynpoctpaHcTBe x 2 0 MOJy4YuM YHUCIIEH-
HBIMH METOJIJaMM Ha OCHOBE MHTETPAJILHOTO npeacTasneHus [106]:

o0 oo oo

U(x,y,2,1) = j jjg(x, y—m,z=&,1t - U0, 1,E, 1)dndEdx.

3nech

d(r—x*+y +12° lo)

sz +yi 4z

glx,y,z,t)=

©, ( 2 2, .2, 2\, .2
- JloJt"—(x"+y +2z7)/c )
\/12—(x2+yz+22)/c2 l L\/
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Puc. 2. dyuxuus nons U(x, y) B Ge3nucnepcHoit cpege, ¢ = 12 MKC

— ¢yuknus I'puna pgna ypasHeHus (1.7) B obOuactu
1> 2 (x* +y* +2%)/ c*. Bue aToit o6nactu g(x, y, z, ) = 0.

C uenpio yMEHbLIEHUS! KOJHUYECTBA NEPEMEHHBIX, a TaKXe C
HEeNbI0 YIPOLIEHUS] BOCHPHUSITHS pe3ylbTaTOB Mbl BbIOpanu che-
LUATBHBIA THI IPAHUYHBIX YCIOBHM, TOKAIM30BAHHBIX B IJIOCKOCTH
z=0: U@, y, z, 1) = U(y, Hd(2).

Bapuant ¢ynkuuu nosnst U(y, t) Ha rpaHuie, 3afarolliei NakeT ¢
NonepeyHol 4acTOTHON MOAyJsLuel, npuBefeH Ha puc. 1. Beibop
Takod (PYHKIUMH, HMEIOLENR BCErO0 HECKOJIbKO OCHMIIALNM, 00bscC-
HSIeTCSl XKEeNaHHEM HarjJsiHO NMPOJEMOHCTPUPOBATh pa3jdyHe IMO-
BEIEHHs1 BOJIHOBOTO MaKkeTa B Npolecce pacnpOCTPaHEHMS B OJHO-
ponHoO# cpefie 6e3 AUCNIEPCUHU U C YACTOTHOM TUCHEPCUEN.
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Puc. 4. ®yukums nons U(x, y) B GesgucnepcHoi cpefe, ¢ = 18 Mxc

LenTpanbHas 4acToTa 3TO¥ IIMPOKONOIOCHOM BOJHOBO#M yHK-
uuu MeHsietcs nuHedHo ot 0.5 (npu y = 5.0 kM) go 1 MI'y (mpu
y =0 km).

Hnst ynpoumenus Busyanusauuu 3agaguM z = 0 1 IpeacTaBuM psift
pacnpenenennit dynkuuu noas Ux, y, 0, 1) B niockoctu (x, y) mas
pa3iM4HbIX MOMEHTOB BPEMEHH 1.

Ha puc. 24 nokasano pacnpepeneHue nousi B Ge3QUCIEPCHOR
cpene (w, = 0) nast MomeHTOB Bpemenu ¢ = 12, 15, 18 mxc. 3 aTux
pacnpefesieHui ClIelyeT, YTO B OMHOPOAHOU Oe3ucepCHOR cpefe
BOJIHOBOH NAKET ABHXKETCS MO JIMHEHHON TPAECKTOPHH CO CKOPOCThIO
¢ 6€3 BUOUMOTr0 U3MEHEHUS CBOEH ¢opMbl.

Ha puc. 5-9 noka3aHo aHalorm4Hoe pacnpejie/ieHHe MOJs B
OHOPOIHOM Cpefe ¢ 4acTOTHOH nucnepcueir mnpu f; = 0.6 MI'y
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Puc. 9. dyukuus nons U(x, y) B gucneprupymoiei cpege, t = 24 Mxc

(f, = w/2x) png MmomeHTOB BpeMend ¢ = 12, 15, 18, 21, 24 Mkc.
Ha puc. 5-7 MoxxHO Habn0gaTh (GOPMUPOBAHHUE W PACHPOCTPAHEHHE
NpeJBECTHIKA CO CKOPOCTHIO C.

OCHOBHOE TEeNO BOJIHOBOTO MAaKEeTa HCILITHIBAET IMCIEPCHOHHBIE
MCKaXXEeHHUsl cBoell (pOpMbI, NPOSIBISIIOIIKAECS B HPONONBLHOM pacTsi-
KEHHH, a TaKKe B BUJUMOM CMEINEHUH €ro BOPaBO. ITO YKa3bIBaeT
Ha KPUBOJIMHEIHOE IBH>XKEHHE SHEPreTHYECKOro LIEHTpa NakeTa.

§ 9. O6¢cyxnenne pe3yiabTaToB

Mps! paccMoTpenu 3ajjady pacnpocTpaHEeHHsI BOJTHOBBIX NaKETOB B
ONHOPOAHOM IOJYIPOCTPAHCTBE C YaCTOTHOM AHNCIEPCHEN, 3afaBac-
mo#t ypasHeHneM Knefina—T'oppona (1.7), ¥ nony4yunu TO4YHbIE aHa-
NUTHUYECKUE BBIPAXEHHS ISt UX MHTETPAIbHBIX JHEPreTHYECKUX
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XapaKTEepUCTHK: BEKTOpa CPefHel rpynnoBoi ckopoctu (2.4), norme-
peuHoit koopauHaThl (2.5), BpeMeHH pacnpocTpaHeHusa (2.6),
wmpuHbl (2.7) 1 paTtensHocTH (2.8) nakera.

3TH BbIpaXXeHUs NONYYEHBI B OOIIEM BHAE MJIsi IPOM3BOIbHBIX
HavanbHbIX yenosmid U(0, y, ¢) Ha rpaHuue x = 0.

MBI BBISICHHIHY, YTO YaCTOTHasl NHUCIEPCHs CPEAbl NMPH ONpefe-
JIEHHBIX YCIOBHUSIX MOXET MPUBOAUThL K M3MEHEHHUIO HalpaBJI€HUS
[BHKEHHUSI BOJIHOBOI'O MaKeTa B OMHOPOAHOM cpefie. DTOT a3 eKT
IPOUCXORUT Ha (PoHe AU(PPaKUUOHHBIX ABJICHUN, KOTOPBIE TAKXKE
MOI'YT BHECTH CBOH BKJIAJ] B IONEPEYHbIH cABUT nakeTa. OgHako npo-
CTPaHCTBEHHbIE H BpEMEHHbie MaclITaObl 3THX SIBJEHHUA PA3JIMYHBI,
YTO MO3BOJISIET HX Pa3feiATh.

PaccMoTpeHHBIN 2¢p(eKT NONEepeyHOro CABUra INakeTa H3-3a
4aCTOTHOM JUCNIEPCHH Cpeabl U 9(pEKT AUCIEPCHOHHON pedpaKLuH,
0 KOTOpOoM MbI ToBopuiu B [IpenucnoBun, UMEIOT OiHY (PHU3UIECKYIO
OPUPONY, ONpefesIeMyI0 HEJIUHEHHON 3aBHCHMOCTBIO BOJIHOBOIO
4Hcia k OT YaCTOTHI (0 B JUCIIEPCHOBHOM YPaBHEHHUH.

OpHako monepeyHslil CABHUI MaKeTa SBISIETCS AOCTaTOYHbIM, HO
He HeOOXOAMMBIM YCIOBHEM CYILEeCTBOBaHUs 3(P(EKTa AUCIEPCHOH-
HO#l pedpakuuy, KOTOPbIH HMEET JIOKaNbHbIA (Fr€OMETPOONTHYEC-
k#i) xapakrep. M3 o6mux cooOpakeHuil NOHSITHO, YTO U3MEHEHUE
HanpapJIeHUs] ABUKECHUS OTHENBHBIX YYacTKOB IIaKeTa HE BCerja
NPUBONUT K U3MEHEHHMIO ABHKEHHUSI €rO 3HEpreTUYeCcKOoro LeHTpa,
T.€. TakeTa B LEJIOM.

3mech Ta Ke CHTyalusi, YTO U B MEXAaHHYECKOM aHaJore JBH-
SKeHHs] pakeTbl B O€3BO3NYHIHOM IPOCTPAHCTBE: PaKETa MOXET
COBEpLIATH CKOJIb YTOJHO CJIOKHBIE MaHEBPbI, HO LIEHTP MAacC pake-
Thl U M3PacCXOAOBAaHHOrO TOIUIMBAa OCTAHETCsl Ha Mecre (MU Oymer
IBHUraThCsi pABHOMEPHO M HPSIMOJIMHEWHO).



