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PaccmoTtpena 3aada pacpocTpaHeHHs! IIOCKOBOJIHOBOTO TayCCOBOIO MAKeTa ¢
Y4aCTOTHO-MOJ1YJIMPOBAaHHBIM IO JINHEHHOMY 3aKOHY BBICOKOYACTOTHBIM 3aIlOJIHE-
HUEM B JuccUNaTUBHON cpene. [IpociexeHbl XxapakTepHble U3MEHEHUs MapaMeT-
POB BOJIHBI, NPOBEACHA UX KOJMYECTBEHHAsl OLIEHKA JJI MMITYJIbCOB Pa3IMYHOU
JUIUTEIBHOCTH M 0a3bl, MPOMOJAEIMPOBAHBI 3BOJIOLMOHHBIE M3MEHEHUs (HOpMBI
BOJIHOBOTO makeTa. [loka3aHbl BO3MOKHBIC MOIXOABI K OMpEAeTeHHI0 K03 uIu-
€HTa 3aTyXaHUs [0 pe3yiibTaTaM U3MEPEHUI B OJJHON TOUKE MPOCTPAHCTBA.

KittoueBbie ci0Ba: BOIHOBOI MakeT, orubaroias, BHyTPUUMITYJIBCHOE 3aIl0JIHE-
Hue, K03 UIMeHT 3aTyxaHus, 3pPeKTUBHAS YaCTOTa, KOMIIOHEHTHI CIIEKTpa, yac-
TOTHAsI MOYJIALIUS.

BBEJIEHUE

Jnis uccnenoBaHust (PU3MUECKUX CBOWCTB Pa3lIMYHBIX OOBEKTOB, MAaTEPHAIIOB U MPHPOJI-
HBIX Cp€J] IIMPOKOE PACIPOCTPAHEHHUE MOJYYHUIM HUMIIYJIbCHBIE YJIbTPa3BYKOBBIE METOBI.
[Ipu uX UCTIONB30BAaHUN BaXKHO YUHUTHIBATH TO OOCTOSITEIBCTBO, YTO CUTHAIIBI B BUJI€ BHICOKO-
YaCTOTHBIX PaJIMOUMILYJIbCOB HE SIBIISIOTCS MOHOXPOMATUYECKUMU. B CBSI3M ¢ 3TUM HE CTOUT
OKHJaTh TOYHOI'O COBIAJCHMSI JaHHBIX UMITYJIbCHBIX U3MEPEHUN C pe3yJbTaTaMH pacdyera 1o
TEOPETUYECKUM MOJIENSIM A1 MOHOXpPOMAaTHYeCKUX BOJH. [losBieHHe pas3ninyuil BHOJHE
IIPOrHO3UPYEMO M MOJKET PacCMaTpHUBaThCs KaK CHCTEMATHUYECKas MOIPEHIHOCTh, MOAITOMY
BCTAeT BOIIPOC O XapaKTepe 3TUX Pa3IN4Mi, UX CBA3M C [TapaMeTpaMu CUTHalla U UCCIIEye-
MOU CpeJbl.

PaccmoTpenne 0ocobeHHOCTEH pacrpoCTpaHeHUsl YJIbTPa3BYKOBOM BOJIHBI B (OpME HUM-
MyJIbCa ¢ BBICOKOYACTOTHBIM 3aIllOJTHEHHEM MPEJCTaBIseT O0COOBI MHTEpeC Ui pa3padoTKu
HOBBIX M COBEPILEHCTBOBAHMS CYIIECTBYIOIIMX METOAMK M aIllaparypbl NPEeLU3MOHHBIX
yJIbTPa3ByKOBBIX U3MEPEHUM. DTa 3a/1a4ya 3aTparuBacT akTyalbHbIE HAYYHbIEC U IIPAKTUUECKUE
HaIpaBJIEHUS ACSITEIBbHOCTU, CPEAU KOTOPBIX MCCIEAOBAHUE AMCIIEPCUM CKOPOCTH 3BYKa B
pasHbIX Marepuaiax u cpemax [l, 2], u3ydeHHe TUCTIEPCHOHHBIX IMPOSBICHUN TUPpPaKIUU
BOJIHOBBIX ITyYKOB M HEJIMHEWHBIX BOJHOBBIX MpoleccoB [3, 4], OTUarHoCTUKa COCTOSHHS

[5, 6] u nip.
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Bo3MOXHOCTH UMITYJIBCHOTO METO/Ia YJIBTPa3BYKOBBIX UCCIIEIOBAHUI HE OrpaHUYMBAIOTCS
MPUMEHEHUEM PAJUOUMITYJIbCOB C MOHOXPOMATUYECKUM 3aroJIHEHUEM [7, 8]. 3HaUUTENbHBIE
NEPCIIEKTUBBI JUIS MOTYYEHHS! JOMOJHUTEIbHON NH(GOPMAIIUU U TOBBIIICHHUS] TOYHOCTH U3MeE-
peHUl TIPEACTABISIOT PAAHMOUMITYJILCHI ¢ BHYTPUUMITYJILCHOW yIJIOBOM ((ha30BOW MM dYac-
ToTHOW) Momyisaiued [9, 10]. OxauM 13 Hambosiee MHTEPECHBIX IS MPAKTHKHU SIBIISETCS
IMPUMEHEHUE BOJHOBBIX MAKETOB B BHJIE PaJUOUMITYJIbCOB C BbICOKOYACTOTHBIM JIUM (nu-
HEIHO YaCTOTHO-MO/IyJINPOBAHHBIM) 3alI0JTHEHUEM.

1. TEOPETUYECKAA MOJEJIb

PaccMoTpuM npoCTpaHCTBEHHYIO 3BOJIIOLMIO INIOCKOBOJIHOBOTO MAKETa C rayCCOBOM OrHU-
Oaromieil U BeIcOKO4acTOTHBIM JIUM 3amonHeHneM B JUCCHIIATUBHOM cpefe 0e3 TUCHepCuu.
Curnain Ha BXoJie B cpely (TpaHHYHOE YCJIOBHE) MPEACTaBUM B BHJIE

2
u(z = 0,6) =1y (1) = Ay -exp| — = (1+i0,5,12) — iyt |, (1)
tO

rle o, — CpelHss 4acToTa CIEKTpa HayallbHOI'O BO3MYILEHH; O, — HadanbHas (z =0) cko-

POCTb M3MEHEHMsI YacTOThl; #, — JUIATEILHOCTh PaJMOMMITYJIbCa MO YpOBHIO 1/e; @ 8.t —

6aza JIYM curnana [9]. 3mecy MrHOBEHHAsI YacTOTa 3aMOTHEHUS U3MEHSETCS 10 JTUHEHHOMY
3aKOHY

o(r) = 0, (1-8,1),

yMEHbIIasICh K KOHIy UMIIyJbca pu O, > 0. B xauecTBe npumepa Ha puc. 1 mokaszaHsl rayc-

COBBI paAUOUMITYJIBCBI C MOHOXPOMATUYCCKUM U JIUM 3amnonHeHueM.

1.0 - . 1.0 - N
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a) 0)

Puc. 1. I'ayccoBbl paAMOUMITYJIBCHI C BBICOKOYACTOTHHIM MOHOXPOMATHYECKUM ()
u JIUM (0) 3anomHeHneM

A. M. laspunos, A. [l. Kypcutbic
PacnpocTpaHeHune rayccoBoro BOSIHOBOrO NakeTa C BbICOKOYACTOTHbIM JTYM 3anosiHeHMEM...
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CriexTp BXogHOTO curHaia (1) omuchIBaeTCs BhIpaKEHUEM
1 7 .
F(z=0,0)=— j uy (1) - exp(iot) di =
2m
2)

4, ¢ o :
=2 I exp| —— (1—-i0,8,t; ) +i(0— o) | dt,

2n ®, t;
B KOTOPOM UHTETpal sBIsieTcs TabimuuHbIM. [lociie HecnoxkHBIX IpeodpazoBanuii (2) momyda-
eM

4, Ly (@_@o)zté
: expl —
2 J1—iw St 4(1—i0,8yty )

I[JISI HaXO0XJICHUA q)OpMBI OIHOMCPHOI'O BOJIHOBOI'O IIAKETa Majoi AMIUIMTYIbI Ha pac-

F(z=0,0) =

CTOSIHUM z OT BXOJa B JUCCUIIATUBHYIO CPEAY BOCIOJIb3YEMCS PEIICHHUEM BOJHOBOIO ypaB-
HEHUS C MCCUIIATUBHBIM YJIEHOM [7], IpeICTaBIEHHOTO JUIsi MOHOXPOMATUYECKOW BOJIHBI C
YacTOTOM B BUJIE

u(z,t,m) = A(z = 0,0) - exp(—k"z) - exp(—iot + ik'z) =

= A(z=0,m)- exp[— o, (0’ /@) z] -exp(—iot +ik,z).

3nech k = k'+ik" — KOMIUIEKCHOE BOJIHOBOE YHCJIO, B OOIIIEM CiIydae yUHUTHIBAIOIIEE TUCTICP-
CHIO CKOPOCTH M JUCCHUIIAIINIO BOJIHBI;, k' — XapaKTepu3yeT 3aBUCHMOCTH (ha30BOM CKOPOCTH
BOJIHBI OT 4acTOThl ¢(®); k" — y4UTBIBACT 3aBUCKMOCTh KO((GHUIIMEHTA 3aTyXaHHsI BOJHBI OT

yacToThl 0(®). B Hamewm ciyuae cpesa He 06anaeT aAUCepeHeil CKopoCTH:
!
c=c, =o/k'=w/k, =const, (3)

a K0O3(QPUIMEHT 3aTyXaHUs XapaKTepU3yeTCsl KBaAPaTUYHON 3aBUCHMOCTBIO OT YaCTOTHI:

2

R el (4)

rae o, — KoOOQQHUIUEHT 3aTyXaHus FTapMOHUYECKOH BOJIHBI C YaCTOTOH .

B nuHeiiHON cpene CneKkTpalibHblE KOMIIOHEHTHI BOJIHOBOI'O IMAKETa PaCHpOCTPaHSIOTCA
HE3aBUCHMO JpyT OT Apyra. [loaTomy dopma pacmpocTpaHsromerocsi B AUCCUIMIATUBHON cpe-
JIe UMITYJIbCA ONPEAEISETCS CYMMOM FrapMOHUYECKUX BOJIH, HAYaJIbHAsI aMIUTATYI0M KOTOPBIX

XapaKTEePU3yeTCs CIEKTPAIbHOM INIOTHOCTHIO HAYAJIBHOT'O CUTHAJIA

Az=0,0)=F(z=0,0). (5)

A. M. laspunos, A. [l. Kypcutbic
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C yuetom (3) — (5) momygaem

u(z,t)= T F(z=0,0)- exp[— a(w)z]- exp(—iot +ik,z) do=

—0

2,2 2
W—O t 0
exp{_@_aﬂ_

S —iot+ikz | do=
4 (O

_ AO tO T
2n JI—iw,8,t0

2,2 (6)
Wyl }

= AO tO eXp|i—+2 X
2Jn J1—io,d,t; 4(1—i0y8y1y )

© t2 t2
XI expl— o’ L — +a°22 + o Doto ——i (- ||} do.
4(1-iw,d,ty) 2(1—-i®w,0,¢,) o

—0

Iepeiinem B BbIpakeHHH (6) K COIPOBOXIAMOLICH CHCTEME KOOPAMHAT T={—z/c, U BOC-

MOJIb3yeMCs 3HaYeHHEeM TaOInYHOoro uHTerpana [11]

A t ot dnewl (1—iw,S,t7)
u(Z,t)I 0 0 - exp{_ .0 0 . }\/ — 0 0'0 0 5
2n A 1=10,0,1, 4(1—imydyty) |\ gty + 40 z(1—im,8yty)
2 . . 25 P 2 . 2
o) o oute =2 —iod ) ei(-iodu) |
P M= iwgdy2) 02 +dongz(l— iyl
TZ
—0gz —ite, ——5 (1= i0,8,t; )
AO t()
B 4 oxp 4o,z
14 200% (1 = i, 8,12 1+ (=i 8,f5)
ofo Ol

Koneunoe BBIPAKCHUC TPUHUMACT BUI

2
. T .
— 0z —i®yT— 5 (1= i0yd .ty )
tO

u(z,7) = 7 4 -exp 1o (7
o,z . 0 _ 2
\/1 + 202 (1 — 10)0501‘02) 1+ m(z)tg (1 l(DOSOtO)
0%0
B vacTHOM cityuae curHaiga ¢ MOHOXpOMAaTH4ECKUM 3aroiaHeHneM (8, = 0) momydaem:
4 _ . _12/s?
M(Z,T,SO :0): 0 . ex |: yZ —10,T ZTZ/ 0 :| (8)
J1+4o,z/wlt] 1+ 4,z /o5t

Pemienne (8) MOMHOCTBHIO COBIMAAET C paHEEe MOJYUYECHHBIM BBIPAKEHUEM JIJIsS aHAJIOTUYHOTO
ciyuasi B padote [7]. OOuiee perienue (7) sSBASETCS TOYHBIM U OMUCHIBAET PACTIPOCTPAHCHHE
rayCccoBOro INIOCKOBOIHOBOrO nakera ¢ JIUM 3anonHeHuemM B JUCCUIIATUBHOM Cpeie.

A. M. laspunos, A. [l. Kypcutbic
PacnpocTpaHeHune rayccoBoro BOSIHOBOrO NakeTa C BbICOKOYACTOTHbIM JTYM 3anosiHeHMEM...
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B pamkax npoBoauMoro anaiuza npeoopasyem noigydeHHoe pemieHue (7) B BULY

AO\/(I +4a,z/optd) + i40L, 28, [,
X

u(z,v) =
VA + 40,2/ 032) + (40,28, 0,)

—o,z—io,T—(1—iw,8.t2) -t /t?
Xexp{ 0 0 ( 0 00) /0

(1+4a z/(oztz)2 + (40,28, /®,)° [(1+4aoz/@§f§)+i4a0280/mo]}:
0 0%0 0200/ Wy

2 1+4o,z/ 0kt ol
2

p
1+ 40,z /0210) + (428, f,)° | (L+40,z/055) + (4o, 28, /0,)°

. 4o,z | . 8, T 1
—io, T 1+ % [—idogz’ —— | 1+ 40,z —
ol w, 1 w2

+ Sgth -~ imOSOtg}

2. ITAPAMETPBI PACITPOCTPAHAIOILIEI'OCA BOJIHOBOI'O ITAKETA

[Tomrydennoe pemienue (9) mpeacTaBuM B CIEAYIOLIEM BUJIE:

u(z,7) = A(z) - explio, (2) + i, (2)]x

2
Xexp| —0,(2) z—iw,(z) T—

. 2
it -8, (2) |

5 z
3/1ech MCIOJb30BaHbl 0003HAYEHUS ISl TMKOBOTO 3HAadeHUs ormbaromei A(z), AOMOTHU-
TENbHBIX HaOeroB a3z ¢,(z) U @,(z), >GPEeKTUBHBIX 3HAYCHUN KOX()(UIMEHTA 3aTyXaHHs

0., (z), cCpenHel YacTOThI CIIEKTpa M., (z), JVINTEILHOCTU UMITYJIbCA f,(Z) U CKOPOCTU U3Me-

HEHUs 4acTOTHI O, (z), COOTBETCTBYIOIIUE PACCTOSHHUIO Z :

AO

A(Z) - 2,2\2 2 ’
41+ 4oz 02 + (425, )

1 4a,,28, /o — 40228, /o
¢,(z) = —arctg % s 9,(2) = e 0/ 55 (10)
2 1+ 40,2/t (1+ 4o, z/ 022)* + (40,28, /®,)
o, 4o,z
a(z) = 1+ 45,7 |;
>(2) (1 +4a,z/wit))* + (40,25, /600)2[ oit, 0 ]

A. M. laspunos, A. [l. Kypcutbic
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0, (2) = o, (1+ 4ocoz/0)§t§) :
(1 +4o,z/0it])* + (4o, 28, /o, )
A2 =i (1+ 4o, z/ oity) + (40,28, /) ;
1+4a,z @ +8:t;
5,(2) = %

(1+40,z/0) + (4o, 28, /o,)
0 0°0 0 0 0

Bce mapamertpst (10) npu ycinoBun 6, =0 NpUHUMAIOT BUJ paHEe MOIYyYEHHBIX peleHui [7]

AJIA TTapaMETPOB I'ayCCOBOT'O BOJIHOBOI'O IMTAKE€Ta ¢ MOHOXPOMATUYCCKHUM 3aII0JTHCHUCM!

A -0,z

Az)= ———expl o |
J1+4do,z/ okt 1+ 402/ o5t

¢(2) = ¢,(2) = 03 8,(2) =0;

%
a,(z)=———— ma 1=0;
) = ez ol

™, 4o,z
0,(2)=——mF—=; ty(z)=t, |1+
O = o PO

AHnanu3 u3MeHeHui BojaHoBOro nakera (10) B mporecce ero pacnpocTpaHeHHs B AUCCHUIIA-
TUBHOU CpeJie MPOBEEM, UCTIOIIBb3Ysl Oe3pa3MepHBIC MapaMeTPhl U IEPEMEHHBIE:

1) ®,8,¢ — nauansnoe (z =0) 3uauenue 6a3p1 JTUM curnana [9, 10];

2) o,t, =2n(t,/T,) — HavanbHas (z =0) JIMTEIBHOCTH UMITYJIbCA, HOPMUPOBAHHAS HA UTHHY
HepHO/Ia BBICOKOYACTOTHOTIO KOJIEOaHUs C 4aCTOTOH ®,);

3) o,z =z/l,, — paccrosiHie, HOPMUPOBAHHOE Ha JUIMHY 3aTyXaHWs BOJHBI, 0] KOTOPBIM
noHumaercs paccrosnue (/,, =1/, ), rie aMIUIUTya IJIOCKOH BOJIHBI C YaCTOTOH ),

YMEHbIIIAeTCs B e pas.

[IpencraBum BeipaxkeHus (10) uyepes 3amucaHHbIC BhINIEC O0e3pa3MepHBIC IIEPEMECHHBIE U TTa-
paMeTphl, YTO MO3BOJISIET CYUIECTBEHHO YIPOCTUTH MOCIEIYIONIMIA aHaIU3 MPOCTPAHCTBEH-
HBIX U3MEHEHU BOJIHOBOTO nakeTa ¢ JIYM 3anonHenuem:

A
A(z) = 0 :
) : —
o,z ()]
d| 1+4— | +| dogz—55%0
0yl 0,

A. M. laspunos, A. [l. Kypcutbic
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08 1

(11)
|
2 5\
22 O0f, 4oz ®,0%,
0,(z) = 4o,z % 1 % doz—5
olo Wyl ofo
o,z oz) 05 2) |
oy (2) =0, 1+ —5—48,T ||| 1+ —5 4ovyz—55" i 1=0;
oo O ORI
) -1
o,z 4o,z ®,0,¢
0, (2) = 0,| 1+4—5 1+—5 4o,z —55" ;
olo 0yl 0,
2 2 4o,z ’ 0)080t§ ’ ((Dosotg)2
t5(2)=t, || 1+—5 | +|4a, ™ I+40,zl ——+ o ;
oo ORI ORI 1Y
4 ’ 5.2\ )
0z (0!
83(2) = 60 01+ %) 4(10 >
olo (O

3. AHAJIM3 USMEHEHUI [TAPAMETPOB BOJIHOBOI'O ITAKETA

Ha puc. 2 npuBeeHbl MPOCTPAHCTBEHHBIE 3aBUCIMOCTH HOPMHPOBAHHBIX BEJIMYUH MUKO-
BOro 3HaYeHus (puc. 2-a) u 3¢dexkTuBHOr0 KorpPuUIMEeHTa 3aTyxanus (puc. 2-a) BOJTHOBOTO
nakeTa. 3HaueHue 3(pPekTuBHOro K03(pPuineHTa 3aTyxaHus B TOUKE C KOOPAUHATON z pac-
CUMTAHO ISl MOMEHTa BpeMeHn T=0 (wm ¢ =z/c, ).

Toukamu Ha pucC. 2-a MOKa3aH CIydall «KJIACCUYECKOTO» 3aTyXaHHs TapMOHUYECKOU BOJI-
HBI, IJI¢ U3MEHEHUS aMIUTUTYAbI OIMCBHIBACTCSI COOTHOIICHHEM

A(2) = 4, exp(=0,2) . (12)

BI/II[HO, 4TO YBCIMYCHUC TJIUTCIBHOCTHU HUMITYJIbCA, HOpMHpOBaHHOﬁ Ha Mnepruoa BBLICOKOYAC-

TOTHOI'O 3aII0JTHCHHUA O)OIO, BCACT K MNOCTCIICHHOMY HCYCE3HOBCHHUIO paSJII/I‘lI/Iﬁ B IIPOCTPAHCT-

BCHHBIX pacClpCaAcCICHUAX aMILIATY /bl MOHOXpOMaTI/I‘IeCKOﬁ BOJIHBI M IIMKOBOI'O 3HAYCHUS

oru0aroIeil BOJIHOBOIO MAaKeTa. YiKe NPH 3HAYEHUH Oyf, = 6T XapakTep 3aTyXaHHs HeEIpe-

PBIBHOM BOJIHBI M PaJHMOUMITYJIbca c1ab0 pasinyuM JAJsl LIMPOKOro Juara3oHa 3HaYyeHun Oa-
3b1 JIUM curnana, cM. KpuBble 5—8 W MpeAcTaBICHHYI0 Toukamu 3aBucuMocts (12). Haubo-
Jee sIBHO OTMEYaeMble pa3IMyusl IPOSIBIISIOTCS Y KOPOTKUX PAJHOUMITYJIbCOB C OOIbIION Oa-

30H, o0agaronux 0ojee MUPOKUM CIIEKTPOM (KpUBBIC 2—4).

A. M. laspunos, A. [l. Kypcutbic
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Tot ¢akt, yTo IpU PaBHBIX YCIOBUAX aMIUIUTYAa paJlOMMITyJIbca Ocliadisercs moj Jei-
CTBUEM JMCCUIIALMU MEIJIEHHEE, YeM Y MOHOXPOMATHYECKON BOJIHBI TOW K€ YacTOThI, 00b-
SCHSETCS IBYMs B3aMMOCBSI3aHHBIMU Tiporieccamu. C 0JIHOM CTOPOHBI YCKOPEHHOE 3aTyXaHue
BBICOKOYACTOTHOW YacTH CIEKTpa paJuoUMITyJibca Ha ()OHE HE3HAYUTEIHbHOTO OCIabiIeHUs
HU3KOYACTOTHOW €ro 4acTH BeIeT K HENpPEephIBHOMY CHUXEHHIO 3(()EKTHUBHONW YaCTOTHI

®,(z) BHYTPHHMMIIYJIbCHOTO 3aIlOJHEHHs, KaK 3TO MOKa3aHO Ha puc. 2-0. B cBoro ouepenp

CHI)KCHHE YaCTOTHI SIBJISIETCS MPEATNOCHUTKOM it yMeHbleHus 3¢ dexTuBHOro koddduimen-

Ta 3aTyXaHus o.,(z), puc. 2-0.

LO T4 (z)-exp[— as(z)z] D b - O34 6
Ag : Oy Soogty” = 05 2; 45 6
Wty = 21 gl = 6T (2} oy 3,6,7.8. mly = 67
1 ﬁmm‘”: —0 5 af.'iufn: _— 1.0 Seoaly =02 2: 41 6 5 6
2. 8wty =2 6. Bongty” =2
3 a{ﬂnfn: =4 7. dmaly” = 4
05— 4, dowdy” =0 8. Bugty” = 6

exp(— 0z} - TOUKH 0.5 -

0 4 8 oy 0 4 8 oz

Puc. 2. IIpocTpaHcTBEHHbIE U3MEHEHUS aMILTUTYABI (2) U 3PPEKTUBHOTO K03 uImenTa
3aryxaHus (0) MUKOBOTO 3HAYCHHUS OTUOAIOIICH BOTHOBOTO MaKeTa

OTMmedeHHass 3aKOHOMEPHOCTb, JEMOHCTPUPYIOIIAs OclablIeHUe 3aTyXaHWUs BOJHOBOTO
[IAKETa B CPABHEHHH C MOHOXPOMATHYECKOM BOJHOM TOM K€ YACTOThI, HE SIBJIIETCS TPUBU-
anpHOH. Tak, HampuMmep, J11000€ pacIIUpeHue CIEKTpa B OKPECTHOCTH YaCTOThl (0, BJICUET 3a
c00010 POCT JOTMOTHUTEIBHBIX MOTEPh B €r0 BBICOKOYACTOTHOM oOmactu. M numis moromy,
YTO JUCCUIIATUBHOE «BBICJAHUE)» BHICOKOYACTOTHOM YaCTH CIIEKTpa COMPOBOKIAETCS CHUMKE-
HUeM 3(G(EKTUBHON YacTOThI BHYTPHUUMITYJIBCHOTO 3arOJHEHUS, CTAHOBUTCS MOHSATHA TPH-
YHHA 3aMEJJICHUs] MPOCTPAHCTBEHHOI'O 3aTyXaHUsl MUKOBOM aMIUIATYIbl IIUPOKOIOIOCHOTO
BOJIHOBOTO ITaKETa.

Ha puc. 3 moka3zaHbl IpOCTpaHCTBEHHBIE U3MEHEHUS JIOTIOJIHUTEIILHBIX HA0eTroB (a3 B BbI-

COKOYAaCTOTHOM 3aII0JJHEHUU BOJIHOBOI'O MAaKeTa. 3aMETUM, YTO KOHEUYHbIE 3HadeHus ¢,(z) u
¢®,(z) BOo3MOXxHBI TOsNbKO A1t JIYM curHanos, B cilyyae TrapMOHHYECKOTO 3allOJIHEHHS
(8, =0) onu paBHbl Hymo (kpuble 1 u 5). Casuru da3 ¢,(z) u ¢,(z) MoOryr paccMarpu-
BaThCsl Kak 3amas3iblBaHUE BO BPEMEHHU BBICOKOUYACTOTHOI'O 3aIlOJIHEHUS OTHOCUTEIBHO CKO-

pocTu c,. YUuThIBas MPOTUBOIOJIOKHbIE 3HAKU ¢,(z) U ©,(z), JUI1 HEKOTOPBIX CIy4aeB BO3-

MOXHO JOCTHUYb UX B3aMHOM KOMIICHCAIIWH.

A. M. laspunos, A. [l. Kypcutbic
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Puc. 3. IIpocTpaHcTBEeHHBIC H3MEHEHHUS IOTIOJIHUTEIBLHBIX Ha0eroB ¢a3
B BBICOKOYACTOTHOM 3aIl0OJTHEHUH BOJIHOBOT'O MaKeTa

Hcnonb30BaHue 4aCTOTHOM MOIYJISILIUM TapMOHUYECKOro 3anonHeHus (8, # 0) crnocobHo

Ka4€CTBCHHO HU3MCHUTH 3aBHCUMOCTH 3(1)(1)GKTI/IBHOI71 JJIIUTECIIBHOCTH BOJIHOBOI'O IIaK€Ta OT
pacctosinus, puc. 4-a. OTMedaeMble 0COOEHHOCTH CBEIUCH K 00pa30BaHUIO JIOKAILHOTO MH-

HUMYMa B 3aBUCUMOCTSX £,(Z) U MOSBICHUIO BO3MOKHOCTH CXKaTUS paJlHONMITYJIbCA, XapaK-
TEPU3yEMON HEPABEHCTBOM 1, (z) <?,. DdeKT KoMIpeccuu BOTHOBOIO MaKeTa MO BIMSIHH-
eM JAUCCUIIAINN peau3yeTcs Ha y4acTke paccTossHuil 0 <z < z,, Tae
2.2 224
Oty ©;0,t, —1

4o, odats +1

Z

OueBHIHO, UTO YcIIoBHE 2, >0 BO3MOXKHO TOJILKO TIPH 3HAYEHUH 0a3bl CUTHAA 0,0, > 1.
Hccnenys Ha skcTpeMyM GYHKLHUIO 7,(z) B BbIpaxkeHuu (10), moaydaem ajist TOUKH MUHU-

MyMa COOTBETCTBEHHO BEJIMYMHBI Z,, M, :

n

_ wét(? 030801(? -1,
- 4 T 0q2,4 >
o, ®,0,t, +1

min

Hapsiny ¢ u3MEHEHHEM JUTMTEIBPHOCTH BOJIHOBOTO IAaKeTa B MPOIIECCE €ro paclpocTpaHe-
HUS TTPOUCXOJIUT CHI)KEHUE CKOPOCTH MOIYJISIIIMM YaCTOThl BHYTPUUMITYJIBCHOTO 3aIlOJTHE-
Husl, puc. 4-0. YCKOpeHHOe 3aTyXaHHE BBICOKOYACTOTHOM YacTH CUTHAja CIOCOOCTBYET MO-
CTETIEHHOMY BBIPOXKJICHHIO YACTOTHON MOIYJISIIIMU, OBICTPOMY YMEHBIICHHIO 0a3bl CUTHAJA.
HauboJiee MHTEHCUBHO 3TOT MPOLIECC MPOUCXOTUT B KOPOTKUX BOJHOBBIX MaKeTax ¢ 0OJb-
110H 0a30ii.

A. M. laspunos, A. [l. Kypcutbic
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Puc. 4. IIpocTpancTBeHHBIC M3MEHEHUS YPPEKTUBHON [UTUTEILHOCTH (2)

¥ CKOPOCTH M3MEHEHHSI YacTOTHI (0) BHY TPHUMITYJILCHOTO 3aTI0THEHUS

Ha puc. 5 moka3zaHbl U3MEHEHUS MapaMeTPOB, XapaKTepu3yromux 3PpPeKT «auccunaTiB-
HOI1» KOMITPECCHH BOJTHOBOTO TMAKeTa, B 3aBUCUMOCTH OT HauaiabHOUM 0a3bl JIUM curnana. Ha

3HA4YCHUA z; U z, ., BIJIMAKOT OJHOBPEMCHHO 00a OCHOBHBIX napamMeTpa UCXOAHOTO UMITYJIbCa

n

©,8,f; 1 ®t,. B TO %ke BpeMs BeIMuMHA ¢, sABiseTcs yHKIMeit Tobko 6a3sl JTUM curna-
Ja ¥ HE 3aBHCUT OT HOPMUPOBAHHOH JAJIUTEIBLHOCTH MMITyJIbca M f,. CormacHo puc. 5-a, yBe-

2
JIn4yuBas (,008010 B IIpeacjax OT CAUHHUIIBI OO ACCATH, MOKHO Oosiee yeM BIBOC COKPATUTb

JUTUTEIIBHOCTh UMITyJibca. Hanbosee cuiabHO 3Ta 3aBUCHMOCTD MPOSIBIISIETCS TIPU MaJIbIX 3Ha-
YEHUAX M0, .

JluccumnaTuBHBIN MEXaHU3M KOMITPECCHU BOJTHOBOTO IMAaKeTa 00YCIOBIIEH YCKOPEHHBIM OC-
nabIeHrueM BBICOKOYACTOTHOW YacTH PagHOWMITYJIbCa, YTO BUAHO HA BPEMEHHBIX JHArpaM-
Max CUTHaia, puc. 6 — puc. 8. [Ipx 3TOM pocT MUKOBOTO 3HAYEHHUsI OTUOAOIICH, KaK 3TO Ipo-
UCXOANT MIPHU KOMIIPECCUU MMITYJIbCa B JUCIIEPTUPYIOIIEH cpefie, 31ech HeBo3MoxkeH. C yBe-
JUYEHUEM PACCTOSHUS, IPOXOAMMOTO BOJTHOM, HAOIIOJAETCs XapaKTEpPHOE CMEIICHHEe Hanbo-
Jiee SHEPrOEeMKOW YacTH UMITYJIbca B CTOPOHY HHU3KOYACTOTHOW YacTU MCXOIHOTO BO3MYIIIE-
HUs. B mucneprupyionmx cpeaax Takoe MOBEJICHHE BO3MOXKHO 3a CUET YBEIWYCHHS TPYIIIO-
BOIl CKOpOCTH BOJHOBOTO Makera. Ha camMoMm ke Jejie HUKAKOrOo CMEIIEHUS UMITYJbCa BO
BPEMEHH HE MPOWCXOAUT. BMecTo 3TOro B HalleMm cliydae IOJA JIeHCTBHEM YacTOTHO-
3aBUCUMOTO 3aryxaHus oT JIUM curHaia ocraercs jJullb €ro HU3KOYaCTOTHAS 4acTh, KOTO-

pas IpU paccMaTpUBaeMOM 3aKoHe Momymsauuu (O, >0) pacnonoxkeHa IpaBee LEHTPA HUC-

XOJHOI'O CUT'HaJa.

A. M. laspunos, A. [l. Kypcutbic
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1,00 ==

Puc. 5. 3aBucumocTr HanMeHbIIEN
JUTUTEIIbHOCTH BOJTHOBOTO MaKeTa (a),
KOOpAHUHATHI ee hopmupoBanus (0)

|
|
|
|
|
|
|
|
! 1 pazMepa obsacTu cxaTus (B)
|
|
|
|
|
|
|

0.5+
OT HavaJabpHOU 0a3el JIUM curnaia
5{'}nfr|]
| I
W] 1 4 &
a)
oZonine 1. Wply = 2n )
2. mply=3m 75 | 3. gty = 4m
15 3. Wply = 47 - l. wgly = 2 4, ply = 5n
4. Woly = Sm 2. Mgty = in 5
. Oply = O
50 -
10 -
sk 25
1 | 'ﬁlllufn:
0 1 4 8 Bwgly 0 4 8
6) B)

Junamuka HaOMIOJAaEeMBIX W3MEHEHUH (OpPMBI CUTHAja MPUHUMAET MPOTHBOIOIOKHOE
HamnpaBlieHUE B Cllydae, KOTJa MTHOBEHHas yacTtota B ucxogHom JIYM curnane yBeianunBa-
eTcs K KoHIly umiyisca (6, < 0). CmeHa 3Haka O, MPUBOAUT K TOMY, YTO MAKCUMYM OCTal0-
meﬁcx HHU3KOYAaCTOTHOM YAaCTHU CHUTHAJIa OKA3bIBAETCS CMCIHICHHBIM BJICBO BJOJIb OCH BPECMCHHA
(B HaIpaBJICHUC I/IS.TIy‘-IaTeJIH) OTHOCHUTCIIBHO IICHTPA aHAJIOTHUYHOI'O0 BOJIHOBOI'O ITAKCTA, pac-
MPOCTPAHSAIOLIETOCS B UACAJIBHOU Cpelle ¢ TaKOU K€ CKOPOCThIO. [[JIsl MIIOCKOBOJIHOBOrO Ia-
KeTa KOJMYECTBEHHbIE MIOKA3aTEeNIM PACCMaTPUBAEMOTrO MIpoIiecca He 3aBUCAT OT 3HAKa CKOPO-

CTU U3MEHEHHUS YacCTOTHI .

Jlnst 10CTaTOYHO KOPOTKUX MMITYJIbCOB ( ,f, = 27 ) 3aBUCMMOCTH f,(z) TOCIIE JTOCTHKeE-
HMS MMHIMYyMa Ha4MHAIOT HapacTaTb, B PE3yJIbTaTe Y€ro Ha PACCTOSHUAX Z > z, KOMIIPECCUS
CMEHSETCSI OOpaTHBIM TPOIIECCOM — paCIIbIBAHUEM (JICKOMIIPECCHEH) BOJTHOBOTO IAaKeTa.
Harnanno npocnenuts o6a sTana MokHO Ha puc. 6. Ha Gonpmmx paccrosausax (o,z =30)

CMEIlEHHEe MaKCUMyMa orubaromieil mposBisiercsi ¢i1abo, MOCKOIbKY OAHOBPEMEHHO C Je-
KOMIIpECCHEH IMPOUCXOIUT BO3BpAIICHHE MAKCUMyMa K LEHTPY HCXOJHOI'O BO3MYILIEHHS

A. M. laspunos, A. [l. Kypcutbic
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(t/t,=0). na nporskeHHbIx JIYM paanouMItyabCoB 3Tal JEKOMIIPECCHU MOXET U He Ha-

CTYIIUTH IO MPUYHUHE NPOU30MICAUICTO 3aTyXaHU BOJIHBI, YTO BUIHO HA PpUC. 8.

Lo~ bty = 4 Lo - :
ult, z)/ Ay 1 m“[ ”= . ult, z)/ Ag 1 wodty” = 4
il i gty = 21
osl l.agz=0 l.ogz=10
L3 2. opz=1 2oz =10
Jogz=35 3oz =30

-03

1.0 — P
u(t, )/ A @00t” = 4 1.0~ . wedty = 4
oty = 4n ult, z)/ Ay @ty = 470
1 1. oz = 0 1. oz = 0
U.S — 2~ oz = 0‘5 — 2. m): — 10
ﬂ ; 3. aDZ:S ﬂ :l 3- II,‘)Z":SD
0 Al , l' 0 “nvﬂu § E . |
V_U U U .. uit, z)
y 2oux 10
05 -0 IE '." Joux 10
J -1,0F 2 % t/ i
l | | ] ’ | | | |
-2 -1 0 1 2 -2 0 2 4
a) 0)

LU 15 d

Puc. 6. I[IpocTpancTBeHHast 3BotoLUs (POPMBI BOJTHOBOTO MAKETa ¢ MapaMeTpamMu

00,f; =4 1 wyt, =21

Puc. 7. HpOCTpaHCTBeHHaH 9BOJJIIOIHA (bOpMBI BOJIHOBOT'O ITaKCTa C IMMapaMCTpaMu

0,0,f; =4 1 wt, =41
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Puc. 8. IlpocTpancTBeHHas 3Bomtous (POPMBI BOTHOBOTO MAKeTa C MapaMeTpaMu
2
0,0ty =4 1 oy, =61
3AKJIFOYEHUE

AHanm3upys TPOU3OIIEAIINE U3MEHEHUsS (OPMBI BOJTHOBOTO MakeTa (CM. puc. 6—8) Ha

(bHKCPIpOBaHHOM pacCTosAHUM z = const, MOXHO IO pe3yJibTaTaM I/ISMepeHI/Iﬁ B CAUMHCTBCH-

HOM TOYKE H3MCPHUTh BCINYHUHY O . OTO ABJISIETCS BaKHBIM NpeUMyII€cCTBOM B CpPABHCHUU C

M3BECTHBIMH METOJIaMU U3MepeHus koddduiirenTa 3aTyxaHus, Te CPaBHUBAIOTCS pe3ysbTa-

ThI U3MEPEHUIN aMIUIUTYIbl TAPMOHUYECKON BOJTHBI Ha PA3HBIX PACCTOSHUSAX OT U3JIydaTesis.

[Tomumo ananm3a ¢opmbl BotHOBOro makera ¢ JIYM 3amonHeHHEM, W3MEHSIONIETOCS C

pacCTOSHUEM B AUCCUIATHBHOMU cpelie, Kod(QGHULUEHT 3aTyXaHHs Ha YacTOTE ), YAAeTCs Of-

HO3HAYHO OIIPEACIIUTD IO CKOPOCTH U3MCHCHUS MT'HOBEHHOM YacCTOTEI 6(2) , H3MepeHHOfI Ha

ynaieHuu z . Boconb3yemcs uist 3Toro BelpaskeHreM o(z) B (11), B pe3ynbraTe nosyyaem:

Oy =——— S5 || =—
*4z(1+0282H ||| 8,

®t? -
0°0 (1+0id,t) — w82ty —1

[pu 5TOM IIapamMeTpbl HCXOIHOTO CUTHANA (8, ®yf, U ©,3,; ) CIUTAIOTCSA U3BECTHBIMH.
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