I'maBa 3

YucnenHoe onucanne 3@ dexra
IMCIIEPCHOHHOHU pepaKkMH ¢ NIOMOIIBIO
HECTAIMOHAPHOTO Napado0JINn9ecKoro ypaBHeHUs

§ 1. CunTe3 BOIHOBBIX IAKETOB
C monepeYHoli YaCTOTHOM MOy IsiHE

[Ipexpge 4eM mepeiiTH K OCHOBHOW TEME HACTOSUIEW TIaBbI,
pPacCMOTPHM BOIMPOC CHHTE3a BOJHOBBIX MAKETOB C MONEPEYHOH
4aCTOTHOM MOJYJISILIUEN B OHOpOJHO cpefie.

Hcxonst u3 Haubolee BepOSTHOH NPaKTHYECKOW BO3MOXHOCTH
MCTIONBL30BaHus 3(pdekTa AUCIEePCHOHHON pedpaKLuy B HOHOCHED-
HOM pacnpoCTpaHEeHHH KOPOTKHUX PajHOBOJH, OyneM pacCMaTpHBaTh
CHHTE3 MaKeTOB IPUMEHHUTENBHO K ITOM 3afave.

IlycTs W3ny4yaTesb 3JIEKTPOMArHHUTHBIX BOJIH HaXOMHTCS Ha
noBepxHoctu 3emnn. ITycTb HEORHOpORHAS BOJHOBasi CTPYKTYpa,
KOTOpasi MPOSIBISIETCS B 3aBUCUMOCTH YaCTOThI ® M3JTy4aeMOy BOJIHbI
OT yIJia BO3BbILIEHHS ¢, POPMHUPYETCS B OTHOPOAHOM OE3UCIIEPCHOM
cpefie C OTHOCHTENBHOM NH3JIEKTPUYECKOH NPOHMIIAEMOCTRIO € = 1 1
OTHOCHTEJILHOM MarHHTHOW MPOHHULIAEMOCTBIO U = 1 0 TOrO, Kak
BOJIHA TOCTHTHET HOHOc(epbl. B ciyyae MalibIX yriioB BO3BBIIIEHUS
(0ObIYHAsl CUTyalusi TIPH PAJUOCBSI3M M 3arOPHU30HTHOH JIOKALWH),
paccTosiHie p OT H37y4aTelis 10 BXofia B HOHOCGEPY COCTaBISsIET He
meHee 500 km [48, 73].

[MOoCKONBKY P 3HAYUTENbHO OOiblle IHHBI BONHBI (A =
= 10-100 M), a Tak>Ke BO3MOXKHOM, (PU3MUECKH PEATU3YEMOM BbICOTHI
m3nydarenss h = 10-100 M, cootHomenue NMp ~ h/p < 1 Oymem
HCMOJIb30BaTh B KAYECTBE MAJIOro NapaMeTpa 3ajayu.

Onexktpuyeckuil BeKTOp E MOXHO BbIpa3suTh 4€pe3 BEKTOPHBINA
NoTeHUMAaN A, ¥ CKaJSIpHbIA NoTeHuman ¢, Kak [23, 54, 70]

ﬁ, 3.1

E=-Vo.- ot
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CkassipHbIf OTEHUHAN ¢, ONUCHIBAET CTATUYECKYIO KOMIIOHEHTY
NoJjsi, CYyLIECTBEHHYIO TOJNIBKO B OJMXHEH 30HE M3nydaTend, T.€. Ha

pacCTosAHusIX, COU3MEPUMBIX C HJIHHOfI BOJIHBI, CJIEOOBATCJILHO, €TI0
MOXHO HCKIHOYHUTb U3 paCCMOTPECHUSA B CHJIY MaJIOCTH )\./p B stom

cny4ae anektpuyeckuil Bektop E Bbipaxkaercst popMmyJioi

JA
E=-——¢ 3.2
5 (3.2)
A OINUCBHIBACTCSA ypaBHeHI/IeM s BeKTopHOI‘O MOoTCHIAaJa
1 9’A
VA ———e=y.J, 3.3
e Cz 8t2 uo ( )

rae J — JI0THOCTh CTOPOHHUX TOKOB.
Jlns oqgHOpORHOM cpenbl pemieHre ypaBHeHHs (3.3) MOXKeT ObITh
3anucaHo B HHTETrpalIbHOU popMme:

K, J(R,t=R/c)
AR D=2 ——MmMm—=dV. 34
L(R,1) 4n£ - (3.4)

3pech V — obnactb, 3aHMMaeMasi CTOPOHHMMH Tokami, R — paguyc-
BEKTOP TOYKH HAOIIOICHUSI.

YpaBHeHHUe 3ana3fbIBAlOIMUX NOTEHIUAN0B (3.4) MOXeT ObITh
yIPOILLEHO, MPUHAMAas BO BHUIMaHNE MaJIOCThb h/p:

h
A (p,0.1)= 4“_7;)J'J(z,t— (p—zsin¢)/ c)dz, (3.5)
0

rae z-— BepTUKaJbHasi KOOPAMHATA, COBMNAjamwllas C anepTypoi
AHTEHHBI, P — PACCTOSIHAE OT TOYKH z = 0 10 TOUKH HabMIONEHNs, ¢ —
YroJi BO3BbIILIEHHS.

Ycnosue MoHOXpoMaTHYHOCTH J(zZ, 1) = j(z)exp(—iwf) NO3BOISAET

HenocpenacTBeHHo U3 (3.2) u (3.5) nony4uTh pacnpeaceiiceHue Moud .
E(p, ¢, ©) B nanbHei 30He:

E(p,0,1) = -I—%—O-exp(ig p— imt) J' () exp(—i9 ¢z)dz. (3.6)
4mcp c g c
B (3.6) ¢dynkuus sind 3ameHeHa apryMeHTOM ¢ U3 YCIOBHS

MaJIOCTH YIJIOB BO3BBIIICHHS, IpeAelibl HHTErPHPOBaHus pacnpo-
CTpaHEeHbl Ha OECKOHEYHOCTb, IIOMHs, YTO TOK JIOKAaJIA30BaH B
obnactu h << p. YpaBHeHue (3.6) XopolIO U3BECTHO M 4acTO HC-
HOJIb3YEeTCs IPU CUHTE3€ aHTeHH [22, 23, 25, 71].

OcHOBBIBasiICh Ha 3TOM ypaBHEHUHU, paCCMOTPUM CHHTE3 aMILIH-
Tyabl TOKa j(z, ), KOTOpPLIA B HalbHEH 30HE (POPMUPYET BOJIHY C

52



o

NONEpEeYHOH YaCTOTHON MOAYISLMEH

1 | O+

E(p,9,t) ~—exp z[—¢p—(m+a¢)t] 3.7
p c

Ha PacCTOSIHMHM P OT HM3J1y4daTelsl B JOCTAaTOYHO MajlOM JUana3oHe
yrioB —¢; < ¢ < ¢,. IlycTh BHE 3THX YIJI0B HANPSI)KEHHOCTD MOJISI paB-

Ha HYJIIO, T.€. Mbl OyleM CHHTE3HpOBaTh HAEaIbHbIA U3/1ydaTess 6e3
6okoBbIX nenecTkoB. [Ipu ad, <€ o ypaBHeHue (3.7) onmucbIBaeT

KBa3MMOHOXPOMAaTHUYECKYIO BOJIHY CO cnaboil monepe4yHol 4acToT-
HOM MopynsinMel (o — KO3¢pPUIMEHT YrIOBOH 4aCTOTHOM MOAYIIs-
I[MH), YTO MO3BOJISIET UCTIONB30BATh 1 CHHTe3a ypaBHeHue (3.6).

U3 (3.6) u (3.7) cnenyeTt ypaBHeHue [ MORYNHpYIOLER (PYHK-
mun E

Ey(p.0.1)= exp(i“—¢p—ia¢t)=
C

= J.j(z,t)exp(—i-(gt’pz)dz. (3.8)
c

W3 nony4eHHOro ypaBHEHHS CIefyeT, YTO MOAYyIHpYIolias
(GYHKUMS M aMIUTHTYAA TOKa CBsi3aHbl npeobpa3oBaHueM Pypobe, 4To
NO3BOJISIET HaM Cpa3y BbIPA3UTh €ro aMIUIUTYAY Yepe3 MOAYIHPYIO-

nyio pyHKLHIO:
o)
jz, )= < J exp(ig—gp - iou:i)t)exp(i9 q)z)d(b, 3.9
21 o c c

RJIA ITOCJI€ BBIYUCIICHHUS I/IHTeraﬂa
¢ sin[((@/ )z —ar+ (/)]
o (@/c)z—ot+(a/c)p

Jj(z,t)= (3.10)

YpasHenue (3.10) onuceiBaeT ¢opMy aMILIUTYAbI TOKa B aH-
TEHHE, KOTOpas MpeAcTaBiasieT co00i# HEKOTOPYIO IMPOCTPAHCTBEH-
HYI0 orubarolyro Tuna sin z/z, "6eryigyr” BHOJIb OCH Z CO CKOPOCTBIO
V.= ac/o.

Tok B anTenHe J(z, 1) = j(z, 1) exp(—imt) dopMHpYyeT B fanbHEH
30HE B AMana3oHe YrioB —¢; < ¢ < ¢, cnabOHEOAHOPOAHYIO BOJIHY C
YrI0BbIM KO3 (PHILIMEHTOM YaCTOTHO! MOAYJISALINH Ol

IIpocTpancTBenHas orubatomas (3.10) onpenenseTrcs NUIIb Bbl-
OpaHHOW JUarpaMMOil HampaBJIEHHOCTH U MOXET ObITb IIPOH3BOJIb-
HOM, HanpuMep 8-o6pa3Hoil. B nocnegneM ciydae usnydarenb 3KBU-
BAJICHTEH TOYEYHOMY MOHOXPOMAaTHYECKOMY HCTOYHHKY 4acTOThI W,
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nepemetarouiemycsi co ckopoctbio V.. ITonsaTHO, 4TO M3-32 a(pdekTa
omnepa MakcMManbHasi cMellleHHas yacToTa OyneT HalsrofaThes
BIEpEeAN HUCTOYHUKA MO XOAY ABHKEHHMS, MHHMMAJbHAs ~ MO3aqH
HUCTOYHHKA, 3 MAaKCHUMaJbHbIA yrioBoi K03 (pHUIHMEHT YaCTOTHOM
MONYJISIUHN — TEePIEeHIUKYIspHO BekTOpy ckopoctH. Ha To uto
ABAXYIIANACA MOHOXPOMATHYECKHH TOYEYHbIA MCTOYHHK SIBJISIETCH
OPOCTeUIIMM IPUMEPOM H3JIydaTelisi BOJHBI C HONEPEYHOHR YacToT-
HOW Mopysinuedt, ykasan asTopy C.M. PeiToB.

Ianee Mbl MOKaXeM, YTO B HEOTHOPOJHOU cpefe Anst PopMu-
POBaHUS BOJIHBI C NONEPEYHOH YAaCTOTHOU MOAYNISIMER BO3MOXKHO
HCTONb30BaHUE TpaH(OpMaluK NPOJOJbHOM MOOYIAUUH B IOIE-
peunyro. Takoit cnoco6 Mo3BOJISIET KCIONBL30BaTh OOBLIYHBIE AHTEH-
HbI, HO 00JIafjaeT OHUM HEJOCTATKOM — 3aBUCUMOCTBIO OT KOHKpPET-
HOY CTPYKTYpbl HEOJHOPOJHOM CPENBbI.

§ 2. HecranMoHnapHoe napado/inuecKoe ypaBHeHHe

YncneHHble METOAbI PEllIeHNs] BOJHOBBIX 3a7jay B psifie ClyJaes
MO3BONISIIOT HM30€XaTh CIOXHBIX AaHANIUTHYECKHUX BBIKIANOK H
OBICTPO NOJY4YHTh HeoOGxopumbiid pesyiabraT. K coxaneHwio,
YHCIEHHO PEeliHTh [IOJTHOE BOJIHOBOE YpaBHEHHE ISl PEAJIbHbIX CpET,
HanpuMep ypaBHenue KieitHa—I'opfroHa 151 HOHOCEPHOro pacnpo-
CTpaHeHHs] KOPOTKHX PafMOBOJIH, HE NMPEACTABJISAETCS BO3MOXHbBIM
flaxe MpH COBPEMEHHOM YpOBHE BbIUHCIUTENbHON TeXHUKH. IToaTo-
My HCIOJIb30BaHUE "YKOPOUYEHHBIX MapabOJIMYECKUX BOJHOBLIX
ypaBHEHHH, SBISIOIAXCS MaJOYIJIOBbIM NMPUOIHKEHAEM COOTBET-
CTBYIOIIMX 'MOJIHBbIX" ypaBHEHHH, UMEET CMbIC], B YACTHOCTH, JJIs
HOHOC(EPbI, MOCKOIBKY B 3THX 3aj]auax, BO-NEPBbIX, BHINOIHAKOTCS
YCIIOBHSI MaJIOYTJIOBOTO MPUOJIMKEHUS U, BO-BTOPBIX, HX MOXHO pe-
HIUTh YUCIEHHO.

PaccMOTprM BapHaHT BbIBOJA JBYMEDHOIO HECTAaLMOHAPHOTO
napa6Gonuyeckoro ypaBHenuss (HITY) niust YKTI (1.7) B pekapToBbix
KooppuHarax x, y [58, 93].

IIpencraBuM BOJTHOBOE IOJIE B BUJIE

U = A(x,y,t) exp(ikyx — i0dgt). (3.11)
Ilocne nmopcranoBku (3.11) B (1.7) u oTOpacblBaHUA BTOPbIX

HPOM3BOIHBIX IO X U ¢ MOJY4YHM HECTALMOHAPHOE NMapaboIruYecKoe
ypaBHEHHE

A ..0,0A 9*’A o]
2ik, 22 12 %092, 04 O
o ox : 2 ar 9

3pech A — "MeieHHasA" KOMIUIEKCHO3HAa4YHast (pyHKIUsI HEPEMEHHBIX

A=0. (3.12)
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X, y, t; Wy — HEHTpaJdbHash YaCcTOTa BOJHOBOIO IAKeTa, ky = wy/c —
BOJTHOBOE YHCTIO.

Ecnu B mpouecce pelLieHnst napabonudecKoro ypaBHEHUs rapaH-
THPOBaHa "MeJIEHHOCTh" KOMIUIEKCHON aMIIuTyAbl A(x, y, 1), TO
maddepenyuanbHoe ypaBHeHue (3.12) MoxeT ObITh allpOKCAMU-
POBAHO KOHEYHO-PA3HOCTHBIM YPABHEHHEM Ha INPOCTPAHCTBEHHOM U
BPEMEHHOM! CeTKe C OOJIBIIMM LIaroM, NPeBOCXOAAIIMM JUTUHY BOJIHbI
¥ IEPHOJI OCHMJUTSILMA. DTO U NEPEBONUT 3aflady B KJIACC pelllaeMbIX
YHCJIEHHBIMH METOIAMH.

YcnoBue mpuMeHMMOCTH NapaboauyecKoro ypaBHEHUs KaK pas
OCHOBAHO Ha "MJIaBHOCTH" M "MERJIEHHOCTH  aMIUIUTYAbI A, 4TO
M03BOJISIET OTOPOCUTL BTOPbIE IPOU3BOJAHBIE IO CPABHEHHIO C IEp-
BbIMH, T.€.:

2

2k, —a—4> 8_1;4;

ox Ox

0A _ 9°A
o =5 -
ot ot

3TO ycnoBue peanu3yeTrcsi, KOrga BOJIHA INPEMMYIIECTBEHHO
pacrnpoCTpaHsIeTCsl BAOJb OCH X, HMES Mallyl0 YrJIOBYIO PacXOfH-
MOCTb. '

OueBHAHO, YTO MUCIEPCHOHHOE COOTHOILIEHHE Mg napabonu-
yeckoro ypaBHeHus W ucxogHoro YKI' coBnaparoT HENOIHOCTHIO.
[Mepenumem nucnepcuonHoe cootHowenne A YKI (1.10) B Bupe

20

2 2
(0o +Q)" o
C2 02

(ko +K ) +K; = (3.13)

3aech Mbl pa3fieJIUIN BOJHOBOE YHCIO kK M YacCTOTy  Ha ABE
4acTH, Tae ky U W, DpHHAIexaT wiockoil Bonxe (3.11), a K, K, Q

BXOJST B aMIUITMTYAHYIO (DYHKLIUFO
A=A, exp(iK x+iK,y—i€t). (3.14)

To ecTh
U = Ajexpfiky, + K )x+ iKyy —i(®, +Q)t}.

IMoncrasass (3.14) B (3.12), MbI NONYYUM JUCIIEPCHOHHOE ypaB-
Henue mis HITY:

2
2koK, + K’ =2"2—39—%. (3.15)
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YpaBuenue (3.15) mMoxet ObITh monydeno u3 (3.13), ecnu
OTOPOCHTH WICHBI K_f 1 Q2 B BolpaxkeHusix (ky + K\)? u (w, + Q).

CnegoBaTenbHO, AUCIEpCMOHHOE ypaBHeHHe (3.15) annpokcu-
MHpYeT TOUHbIA 3aKoH gucnepcu g YK, ecnm kg > K, wg > Q.

§ 3. Koneuno-pa3nocrHoe ypapuenne jia HITY

ByneM ncnonp3oBaTh ClIeyOHIYI0O KOHEYHO-Pa3HOCTHYIO aNpPOK-
cHMaInuio napadonnyeckoro ypasHenus (3.12):

cAt

A;+\] = A:‘l - E(Axﬂ,y - A.:—I.y) +
. ) :
+_Lc-ét—2(A;,\'+l _2A:\ +A;,\'-l)_m—lm"A;.\" (316)
ko(Ay) ’ ’ ’ koc ’

3TO s1BHasA, YCIOBHO YCTONYMBasi, BTOPOrO NOPSAKAa TOYHOCTH MO
BCceM KooppauHaTaM cxema [102]. 3peck A — nudpoBasi KOMIIEKCHO-
3HayHasl CETOYHAsi aMIUTUTYHasi (PYHKLHUS, B KOTOPOH BEPXHHE MH-
leKCbl 0003Ha4alOT BpEMEHHEIE CIIOH, @ HIXKHHE — HOMEPa Y3J10B NIpO-
CTPaHCTBEHHOU ceTKH. Benuunusl At, Ax, Ay — miaru no ocsiMt, xu y.

Huke nmpoBeneM pacyeT yCTOWYMBOCTH CETOYHOI'O YpaBHEHHS
(3.16).

IIycts

A = Apexp(ik, + ik,) (3.17)

— ®ypbe-Mopa BOJIHBI.
Bsenem MHOXHTENb NEepexofa g MEXKAY BPEMEHHBIMHU CIOSIMH,
T.C.

t
A,

Al = gA!
' g

Xy

-1 _
Ax._\' -

Ioncrasnss (3.17) B (3.16) n cokpamas Ha A = Agexp(ik, + ik)),
NOJTyYHM

1 cAt icAt
g ——+“—[exp(ik,Ax) — exp(—ik Ax)] - ——— X
g Ao ko (Ay)?
.2
x [exp(ik,Ay) — 2 + exp(—ik Ay)} + iw; At _o.
) : ”

YuurbiBasi, 4TO

2cosO=e*+e"*; i2sina=e" -,
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HMEEM
g+ ik, Ax)] - —<BL
g Ax ko(Ay)
.2
x[cos(k, Ay) — 1]+ LA _ ¢,
\ "
783451
g +ibg—-1=0, (3.18)
roe
. .2
b= Disink, Ax)]~ 2B [cos(k, Ay) — 1]+ LA
Ax ' ko (Ay) ’ koc

Kopnu ypaBuenus (3.18) umeror Bun:

__ib, | b
81.2 5 4 .

JInst ycTONUNBOCTH pa3HOCTHOHU cxeMbl (3.16) HEOOXORUMO Bbl-
NOJIHEHHUE YCIIOBHS

lgl<1.

OTcropa crnefyeT ycjioBue Ha b:
2<b<2.

ITockonbKy 3TO HEpaBEHCTBO JOJIKHO BBINIOIHATHCS NIPH JIFOOBIX
apryMeHTax rapMOHMYECKUX (PYHKIMH, TO yCJIOBHE YCTOMYHUBOCTH
Pa3HOCTHOM aNMnpOKCHMAalMHU [Jg IIaroB CETOYHOH (PYHKLUHH:

2
L>L 2c ol

2—+——+—L
At Ax  ky(Ay)” 2k,

Ins ucrnonp30BaHUsl KOHEYHO-PAa3HOCTHOH aNnpOKCHMallMH
(3.16) napabonuueckoro ypapHeHus (3.12) Heo6xoaUMO OGecneynTh
COOTBETCTBUE €€ JUCNIEPCUOHHOTO YpaBHEHHUS AUCTIEPCHOHHOMY YpaB-
Henuto (3.15).

[Ins koHeuHO-pa3HOcTHOH cxembl (3.16), kak u ansa HILY,
NUCIIEPCUOHHbBIE YpPaBHEHHUS MJISL OCEH X U y pa3/IM4Hbl, MO3TOMY
GyaeM paccMaTpHBaTh UX MO OTAEIbHOCTH.

[lnst ocu x paccMoTpuM Pypre-Mony

A= Ay exp(iK x —iQf). (3.19)
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3a Hayaao KOOPAMHAT BO3bMEM LEHTPAJIbHYIO TOUKY INabJoHa.
IMongcrasnsas (3.19) B (3.16), umeeM

exp(iQA) — exp(—iQAr) — %[exp(iKXAx) -

2
—exp(=iK Ax)] - 28 _ o,
' kyc
50841
2
2 Gin(K Ax) = 2sin(QAn — SLAL
Ax : kyc

IMpu manbix 3nadyeHuax K,Ax u At 3TO IMCIEPCHOHHOE YypaB-
HeHue npubnuxaeTcss K ypaBHeHHIO (3.15) ansi nponoabHO# KOOp-
NUHATHI:

2
_2_ o
Yo 2k

YcnoBue annpoOKCUMaLHH MOXKHO 3alucaThb Kak

Ar< 2t pr< 2T
Q K

X

Jlns ocu y paccMoTpuM Pypbe-Moay

A = Apexp(iK,y — i€21). (3.20)

[Toacrasnss (3.20) B (3.16), umeeM

exp(iQAt) — exp(—iQAt) — icAt
koAy

[exp(iK ,Ay)—

iw’ At

~2+exp(~iK,Ay)] - =0.

koc
[Mepenuuiem 3TO ypaBHEHHE B JPYTOM BHLE:
cAt s

[cos(K Ay)—1]=2sin(QAt) - .
AV ’ koc

MBI nonayuunu RUCNEPCHOHHOE YpaBHEHHE [JIsi NMONEPEYHOM
KOOPJIMHATbl KOHEYHO-Pa3HOCTHOro ypasHeHus (3.16). Ilpu mManbix
3HaueHusax QAt u K Ay OHO mpuGiuxaeTcs K HUCHEPCHOHHOMY

ypaBHeHHI0 (3.15) nns nonepe4Hoi KOOpPANHATHI
k2o 2kQ )

y 2
! C C
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3nech YCJIOBHE anmnpoOKCUMalluid UMECT AHAJIOTHYHbBIN BHUN:

A< 2 Ay< 2T
Q K

¥y

§ 4. Pe3yabTaThl YHCIEHHBIX PACYETOB

YucnenHnoe pelieHHe KOHEYHO-Pa3HOCTHOTO ypaBHeHHs (3.16)
NPOBOAMIIOCH B NPSIMOYTONBHOR MpOCTpaHCTBeHHOU obnactu [0, L],
[0, L,] mo ocsiM x u y. MblI pemianu BOJHOBYIO 3afady C HYJIEBbIMHU
HayaJbHbIMM ycoBUMHA A = O u dA/dt=0 npu ¢t = 0 pgast ogHO-
ponxo# cpenel. Hynesele ycioBus 3agaBanuchk Ha rpaHupax y = 0;
y =L, u x = L,. Ha rpannue x = 0 BonHOBas aMIUIATYAA 3afaBajach
craemyrowmuM obpasom:

(t—1,)"  (y=y)
02 2

' ¥

A=A,exps— +i21F, (t—1t,)(y ~yy) ¢ (3.21)

®opmyna (3.21) onuceiBaeT YaCTOTHO-MOJYJIUPOBAaHHBIN BOJIHO-
BOH MMAKET C rayCCoOMAalIbHON orubaromnieil AIUTENBHOCTH O, IO KOOp-
[MHATEe BPEMEHHU ! U IIMPHUHOU O, IO NONEPEYHOR KOOPAUHATE Y.
Bennunna nmomepeyHoO# 4acTOTHOH MONYJSIIUM 3afaeTcs Ko3gdu-
HHEHTOM Mopynsuud F,, . IIpHu pacdeTax 6pu1M BbIOpaHbl CIEAYIOLIHe
apameTpbl:

LUEHTPa/bHAA 4aCcTOTa f = wo/27 5 MTI'u;
JJIMTENBHOCTD O, 5 MKG;
LINPHHA O, 1.2 km;
BEJIMUMHA I 15 MKc;
BEJIMYNHA Y 4 kM;
rpauuua L, 10 km;
rpanuua L, 8 KM;

war Ax 0.04 km;

war Ay 0.05 km;
KO3(PULMEHT YaCTOTHOI Mogynsuuu F,, 0.08 MI'yxM.

Ha puc. 10 1 11 noka3aHo NpOCTpaHCTBEHHOE pacnpefesieHHe
MOfyNist aMIUIATYAbI | A | B CBOGOIHOM NPOCTpaHCTBE G€3 JUCIEepCUH
(r.e. mpu o, = 0). Ha puc. 10 noka3aHn BOJIHOBOU MHaKeT NpH
t =25 MKc, a Ha puc. 11 npu ¢ = 35 Mkc.

AHajoru4Hoe pacnpefesienne noisi MoKa3aHo Ha puc. 12-15 gist
OIHOPOIHON CpeENbl ¢ YaCTOTHOH jucnepcuei npu f; = ®/2x =
= 3.5 MI'u. Puc. 12-15 cooTBeTCTBYIOT BpeMeHH HaboneHus ¢ = 25,
35, 45, 55 mkc.
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Puc. 11. BonnoBoit nakeT B Ge3aucnepcHoii cpefe, ¢ = 35 MKC

Puc. 12. BonnoBoil nakeT B Aucneprupylotlei cpege, £ = 25 MKC
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Puc. 15. BonHoBoit nakeT B iucneprupyrouiei cpege, t = 55 Mkc



§ 5. O6¢cyxnenne pe3yIbTaToB

U3 puc. 10-11 MOXXHO BHAETD, YTO ABYMEPHbIHA BOJTHOBOM MAKET C
MONepeyYHOi YaCTOTHOM MOAyJsUHeil B OAHOPORHOM cpene Ges
YaCTOTHOW AMCHEPCUH PACMpPOCTpaHsETCs NPSAMOJHHENHO, cnabo
paciHpsisick u3-3a fudpaKLuH.

Puc. 12-15 oTyeTNUBO NEMOHCTPHPYIOT BIHSHHE OIHOPONHON
cpefibl C YaCTOTHOM Aucnepcueit Ha (popMy BOJIHOBOrO makerta. Bo-
NepBbIX, UMEET MECTO NMPOMAOJIbHOE PACTSKEHUE MAKETA, KOTOPOE
YacTO HAa3bIBAOT JUCIIEPCHOHHBIMA HCKAXEHUSIMH. BO-BTOpBIX, XO-
pOLLIO BHAEH MOMEPEYHbIN CABHUI MAaKEeTa K MPaBO# rPaHHIE, KOTOPbIi
OOBACHAETCS MPUCYTCTBUEM 3pheKTa AUCTIEPCHOHHON pedpakUHH.

Oba atux a¢pdekTa UMEIOT OAUHAKOBYIO IIPUPOAY, MMOCKOIBKY
ONpefenstOTCs HEMHEHHON 3aBHCHMOCTBIO MEXAY 4acTOTOW ® d
BOJIHOBBIM YHCJIOM k B TUCIIEPCHOHHOM YpaBHEHHH. [{MCIIEPCHOHHYTO
pedpakunio MOKHO OTHECTHU K MONEPEYHBIM IUCIEPCHOHHBIM HCKa-
XEHUSAM BOJIHOBOIO ITaKeTa.

[TepBblit apexkT uMeeT Gosee OOLIMHA XapaKTep, MOCKOJIBKY
MOXeT HabIroaaThcsl B ORHOMepHO# cpefie. Ilonepeynbie HCKaXKeHUs!
MOTYT HaOMIONAThCS TOJBKO B IBYMEPHBIX U TPEXMEDPHBIX Cpefiax H
HE MCCIIe[IOBaHbI TaK XOPOLUO, KaK MPOJONBHEIE.




