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2. MaJible BO3MYLLIEHUS B ra3ax
PaccmoTpum pacnipocTpaHeHne MallbIX BO3MYILIEHUN B cpee. IlycTh paBHOBECHOE COCTOSIHUE

cpelbl onuchiBaercs napamerpaMu Pos Mo V| a OTKIOHEHMS OT STHX 3HaYeHHH B KakIOH Touke
OpoCcTpaHcTBa B JIF00OW  MOMEHT BpeMeHH  (BO3MYIUGHHs) Majibl UM OINHCHIBAOTCS
mudpdepeHurpyeMbiMu GyHKIusmMu P, I, U
FI): Po * P, "Zro"'r’ Vi =V U,
VYpaBHEHHE HENPEPHIBHOCTU U YpaBHEHHE Diiiepa JUIsl CIJIOIIHON CpeJibl
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MIPH TOJICTAHOBKE B HUX BBIPAKEHUU JJISI TNIOTHOCTHA M CKOPOCTHU JAIOT B JIMHEHHOM MPUOJIMKEHUN
0 BO3MYIIICHHSIM CJICAYIONIYIO CUCTEMY YpaBHEHUIA:
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Jlis paccmaTpuBaeMbIX OapOTPOIHBIX IPOLIECCOB JAaBICHUE CPEAbl ONPEAENeTcs JUIIb ee
IUIOTHOCTBIO B JIAaHHOW TOYKE TPOCTPAHCTBA, TaK YTO YPABHECHHs JBMIKEHHUS JOIOJHSIIOTCS
3aBUCHUMOCTBIO

OO0ObIYHO Ipu OIITMCaHuN paciIpoCTaHCHUHA 3BYKOBBIX BOJIH mnpeamnojaracTcs, qTo
TCPMOAUHAMHUYCCKUC MMPOUCCCHI B 3JICMCHTAPHOM o0BeMeE CpC€Abl ABJIAIOTCA KBAa3UPABHOBCCHBIMH U
MPOUCXOAAT 0€3 U3MEHEHHs YMcia YacTUll B JaHHOM oObeMe u 6e3 TemiooomeHa. B atom ciyqae
MOYKHO HCIIOJIB30BAaTh MOJIENb auabaTHUeCKUX MPOLECCOB, B KOTOPHIX 3aBUCHMOCTH JIaBJICHHUS OT
TUTOTHOCTH JIa€TCSI COOTOHOIIICHUEM

F)) = Po (l)/ r 0)g

rae @ =C,/C, - OTHOLICHHE TEIUIOEMKOCTEH] TPH H306aPHOM H H30XOPHOM IPOLIECCaX.

Bomonnss nuddepeHunpoBanye no KOopuHaTaM U BBOJs 0003HaUYEHUE
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MOJIyYUM cucTeMy auddepeHInaIbHbIX YpaBHEHUHN AT BO3MYIIEHUH MITIOTHOCTH U CKOPOCTH:

qt O qix, X xk
r G +r V, — Ty cZﬂ—r =0
° 9t ™ T

Yacto A peIICHUA CHCTEMBI HCIOJB3YETCA METOJ HCKIIHOUCHUA O)IHOI\/II U3 TMCPEMCHHBIX,
HaIrpuMcEp, BO3MYLICHUA CKOPOCTH. HOJ’IyT-II/IBHIGGCSI IIpu 3TOM YpPaBHCHHUC [Ji1 BO3MYLICHUA

IUIOTHOCTH CPEJIbl OYJIET ypaBHEHHEM BTOPOTO MOPSAKA!
2 2 2 2
v, —& 22wy, —2% =0
t X, X Xg X, X

byneM uckarb perieHue JUHEHHOW OJHOPOJHOM CHCTEMbI B BHJE CYIEPHO3HMIIMH ILIOCKHUX

m
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MOHOXPOMAaTHUYECKUX BOJIH INIOTHOCTH M CKOPOCTH. Bocmomnp3yeMes s 3TOro MPEACTABICHUEM
peuieHus B BUje nHterpana Oypoe

r(%,t)= ¢y (ke )expfiwt - ikx.}dk

U (%, t) = o7 (ke ) explint - ik x }d°k

[ToacraBnsisi 5T pemieHuss B ypaBHEHUsS W TPoBOIs auddepeHIIMpOoBaHUE, TOIYIUM IS
TpanchopmanT Oypre cucTeMy alredOpanvyecKux ypaBHEHUM:

(w- VK F - 1ok G, =0

- ek +ro(w- Vik )T =0

Cucrema OyJeT UMETh HETPUBHAJILHOE PEILEHUE, €CIIU €€ OINpeAesuTeNlb 00palaeTcsi B HOJb,
YTO TO3BOJISIET OINpPENEIUTh 3HAUEHUS YacTOThI , MPU KOTOPOMl CYIIECTBYIOT BOJIHOBBIE PEILICHUS.
JlyucriepcMOHHOE ypaBHEHUE, YCTAHABIMBAIOILIEE CBSI3b MEXIY BOJIHOBBIM BEKTOPOM M 4YaCTOTOM,
yI0OHO TOJYYHTH, €CIIM YMHOXXHTHh BTOpPO€ YpaBHEHHE Ha K M paccMaTpuBaTh HETPHBHAIBHBIC

pELIEHUs] CUCTEMBI OTHOCHUTEIIBHO BEIUYMH [ u Z = (kiUi). B stomM ciyyae aucnepCHOHHOE

ypaBHEHUE UMEET BHL!
(w- VK, )* = ck?

BBons yrosm Mexzy BEKTOPOM CKOPOCTH HEBO3MYILIEHHOM CpeAbl W BOJHOBBIM BEKTOPOM
(HampaBiieHHEM PAacIPOCTPAHCHHUS BOJIHBI), IPUBEIEM YPAaBHCHHUE K BUIY

(w- Vkcosd )’ = c%k?.
Pemrenue IMOJIYUCHHOTO YPAaBHCHHSA UMCCT BU.
w=w,(1+V cosJ/c),

rJie BBEeJICHO 0003HaueHne W, = cK.
Pemenne ¢ y >(Q cymecTByeT st JIFOOBIX HANpaBJICHHH BOJHOBOTO BEKTOpPA, €CIU CKOPOCTh

JBYO)KEHUSI HEBO3MYILEHHON cpeabl V MeHblle (a30BOM CKOPOCTU PpacIpOCTpPaHEHUs BOJIHBI B
M30TPOIHOM cpeje C.

Benuunna ($a30Boil CKOPOCTH MOHOXPOMATHYECKOW BOJHBI 3aBUCUT OT CKOPOCTH cpenbl U V u
HaIpaBJIEHUS PaCIPOCTPAHEHUS BOJIHbI

\Y

W
"= =c+V cosJ

Bonna nonsepraercst "cHOCY" OTOKOM, IBHXKYIIIMMCSI CO CKOPOCTHIO V.
N3 ypaBHEHHS HENPEPBIBHOCTH JJISI BOBMYIIEHUH CIEIYET, YTO BEKTOP CKOPOCTH BO3MYILCHUS
U HarpaBJIeH BIOJb BOJIHOBOTO BEKTOpa

B tom cnyuae, korma CKOpOCTh HEBO3MYIICHHOTO MOTOKAa V HPEBOCXOIUT CKOPOCTH 3ByKa (B
HETIOJIBI)KHON cpeie) V >C, paclpoCTpaHCHHWE BOJHBI OrPAHUYCHO YIJIAMH, MpPU KOTOPBIX

BBITIOJTHSIETCS HEPABEHCTBO ¢ +\/ cosJ > (- BOJHBI, BOTHOBOI BEKTOP KOTOPBIX COCTABIISIET YTOi .J .

C HampaBJEHHEM BEKTOpa CKOPOCTH cpeibl V, UMEIT (a30BYyI0 CKOPOCTb, PaBHYI HYJIO, T.€.
MMOBEPXHOCTD MTOCTOSTHHOM (pa3bl TUIOCKOM BOJIHBI JIFDOOM 4aCTOTHI HE TIEPEMENIACTCSI B TPOCTPAHCTBE
(oTHOCHTENBHO BBIOPAHHOW CHCTEMbI OTCUeTa). BOJHOBON (POHT TaKOW BOJHBI COCTABISET C
BEKTOPOM CKOPOCTH IIOTOKAa yrosl , Takoi 4to Sinj =¢/V . DToT yroa HaseiBaercs yrioMm Maxa.

Ecnu Bo3MyIlIeHHE Cpelibl BBI3BAHO HEMOJBUKHBIM UCTOYHUKOM, HAXOASIIMMCS B HEKOTOPOW TOUKE
cpedbl, HAmpuUMep, B Hayajle KOOpPJIWHAT, TO BOJIHBI, CO3JABAEMbIE TAKUM HCTOYHUKOM,
pacIpoOCTPaHSIOTCS BHYTPU KOHYCa, BEPIIMHA KOTOPOTO COBHAAET C TOYEYHBIM MCTOYHUKOM, a
YTOJI TIPH BEPIIUHE paBeH 2. DTOT KOHYC Ha3bIBaeTCs KOHycoM Maxa. PacrpocTpaHeHre BOJTHOBBIX
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BO3MYIIIEHWY BHE KOHYCa HaBCTpeUuy HaOeraromemMy oTOKy HEBO3MOKHO.

3. U3i1yyeHnne NCTOYHMKA B IBMKYIIEHcA cpejie

s Oonee moapoOHOro aHaiaM3a BO3MYILIEHHH Cpelbl, CO3/1aBAEMBIX TOYEYHBIM HCTOYHHUKOM,
paccMOTpHUM pEILIEHUE CUCTEMbl YPaBHEHMM, HCKIIIOUMB U3 HEE OJHY M3 HEU3BECTHBIX, HAIIPUMED,
ckopocTb. IIpu 3TOM ya00HO mHEepelTH K BOJHOBOMY YpPaBHEHHIO BTOpOro mnopsnaka. Hannuue
TOYEYHOT'O UCTOYHUKA BO3MYIIEHHS IJIOTHOCTH OIUCHIBAETCS BBEI€HUEM -(DYHKIIMH B MPaBOil yacTu
YpaBHEHHS.

ITyctes cpena, B KOTOpOH HAXOOUTCA MCTOYHMK, JABHIKETCS CO CKOPOCTHIO V B IOJIOXKUTEIBHOM
HanpaBieHuu ocu OX. Pasmepbl mcrounmka OyneM CUMTATh MPEHEOPE)KMMO MaibIMH, a €ro
BO3JCHCTBUE Ha cpely — IMEepUOAMYECKMM. B 3TOM cilyuae BOJHOBOE YypaBHEHHE OyJeT
HEOMHOPOAHBIM. [IycTh BO3MyIIEHNE cpenm OIIUCHIBACTCS CKanﬂpHoﬁ byHKIHCH |

T T ey

e 1

Pemenue ypaBHeHUsT y100HO MPOBOAUTH C ITOMOIIBIO pa3no>KeHI/I51 Dypbe N0 IOCKUM BOJIHAM

NE Gilkj (k t)e ‘_Ojke

YTO JaeT JUisi BPEMEHHOM 3aBUCUMOCTH (bypbe-KOMHOHeHTH YpPaBHEHUE BBIHYKJICHHBIX
KoJIeOaHuii BUaa

g ‘ITX %‘P = 4ngc *5(x )s(y )8(z ) cosat

f 2ivk f+c2(1- b2k + kT = F(Y), 1)

C MIPaBOW YaCThIO

2

c

F(t)= 4p_(13 cosW\t
(2p) .

PenieHne ypaBHEHUs BBIHYKICHHBIX KOJEOaHUN MbI OyJeM MPOBOAUTH C TIOMOIIBIO (PYHKIMU
FpHHa, 4TO IMO3BOJIACT B ABHOM BUAC YUCCTh YCIIOBUC MPUYNHHOCTH. ByHeM HUCKaThb 3TO PCIICHUC B
BUJIE

t

()= (- t9F (9dre
5 . 2
WurerpupoBanue mo BpeMeHH (OpMaibHO MOXHO BECTH /10 t ® ¥ , €CJIU IMOJOXKHUTh, YTO
¢byukus ['puHa nmeer BUA!
al tq)_[G(t-t() t(<t
- =1
T 0 te>t
Takoe mnpencraBieHue QyHKIMM ['prUHA COOTBETCTBYET OOBIYHOMY MPEJCTaBICHUIO O
MMOCJIICAOBATCIIBHOCTU MPHUYHMHHO-CICACTBCHHBIX CBA34AX, KOIda AWMHAMHWYCCKAasd IICPECMCHHAsA HC

MOXET 3aBHCETh OT OyyIIero BO3CHCTBUS Ha CUCTEMY.
[Moxacrasisis pemenne (2) B ypaBuenue (1), s pyukiuu ['prHa moiyyuM ypaBHEHHE:

(- 19- 2Bt~ 19+ - b2)e + Aol - gfF (oo F () o

OTKY/a CJIeyeT, 4TO BhIpaKEeHHE B (PUTYPHBIX CKOOKAx siBisieTcst d-yHKITHEH:

&(t- t9- 2ivk,&(t- td+c?|(1- b2k? +ck?[o(t- td=d(t- t9. (4)

®dypne-o6pa3 st pynkuuu ['puna G(W) , KOTOPBII MBI OIIPEIEIINM BBIPA)KEHUEM
¥

G(t)= ¢f(w)e ™ dw

-¥
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(hopMalIbHO BBIpaXKaeTCs IPOObIO

Sw) =L x 1l .
2p - WP - 2bck,w+|(L- b?Jc?k? +c?k?

o —_ —_ 2 2
3HAMEHATEIIb KOTOPOil 06paIaercs B HyIb B Toukax Wy, = - BCk, M ek rpe k =4/kI +k; - BonHoBoe

gucno. Jns onpenenenus ¢pynkuuu ['puna G('[ - t() CJIEyeT BBIYMCIUTh HMHTErpasl, u4To YJ0OHO

c/IeNaTh C MOMOIIBIO TEOPUHU BbIUETOB. [Ipy 3TOM MOKHO Tak BBIOpPATh KOHTYP MHTETPUPOBAHUS, UTO
yCIIOBUE MPUYMHHOCTH Oy/ET BBINOJIHEHO aBTOMAaTU4ecKu. [[j1st 3Toro 1ocrarouHo oOONTH mosiroca
CBEpXY B KOMIUIEKCHOM IUIOCKOCTM W WM, YTO TOXE CaMo€, CMECTHTh 00a IOJIoca BHH3 C
NeUCTBUTEIBLHOW OCH Ha MAJIyl0 BEIMUYUHY e > (), KOTOPYIO IOCJI€ BBIYUCICHUS] UHTErpajia ciaeayeT

YCTPEMUTH K HYJIIO.

( g 3 e iw(t-tﬂ)dw
-t 2p 07 w2 - 2bck,w+|[L- b2 Je?k? +c2k2-

Beluncnsas  uHTErpanml NpU  t- t(< QIO KOHTYPY, KOTOpPBIM 3aMBIKA€TCA B BEPXHEH
MOJIYIUIOCKOCTH, MBI IIOJyYUM HyJIb, TAK KaK BHYTPH KOHTypa IOJOCOB HET. IIpu - (> g KOHTYp

CIeyeT 3aMblKaTh B HIDKHEHW TMOJYIUIOCKOCTH, TJ/I€ PACIOJIOXKEHBI TOJIIoca. OJTO TPHUBOAUT K
CJIEYIOIIEMY BBIPAKEHUIO:

_ e (119 SN CK(t - 1)
Gt- td=-J(t- tde .

3aBUCHUMOCTb OT BPEMEHU (bypbe-KOMHOHeHTH IIJIOCKOM BOJIHBI UMEET BUJ!

j"(t) 4pgc e|bckt \ (t t@e ibck,t¢ sin CI::f(t - thOSVV[@tq:

(2p)° [

Tenepp HETPYIHO MOIYYUTh BBIPAXKEHUE [UISl IIPOCTPAHCTBEHHOI'O PACHPEIEICHUS I0JI,
CO3/1aBa€MOI'0 TOYEYHBIM UCTOYHUKOM:

cp(rr,t): 4(1nq)c pite (t - ttl)cossztd‘gike'kzﬁ“ 9 —skak( (I)ei,g,r
BHyTpeHHHfI HMHTETPAJl IIPEACTaBUM B BUJE!
ol iy sk, - cle- t@]}smck(t t) T rrsinck(t -t .
! _ije ij k .tne R =(X,y, Z-V(t- t(I))

Jlis BBINOJIHEHUS MHTETPUPOBAHUS BbIOEpEM COHEPUUYECKYI0 CHCTEMY TaK, YTOObI IMOJISIPHBII
1
yros J oTcuuThIBaNCs OT BekTopa R . Torma

sin(ckr)

=2n d(zdk .

"™ sinede = 271:d<dk sm(ckr)(que'qu =

0

| = (‘):Ike'kR

I e sinck(t- td _
k

L

_2n, . . _
== gj<dk sin(ckr)sin(kR) = o=

{8(c- R)+5(CT+R)}.
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. | = 6(01: - R)
Jlnst 3anaznpiBarommeit pyukmuu t =t - t(>0, R >0, Tak 4T0 2R Hu

off 1) =—-3_cosat™
T .

@®a3a 3aBHCUT OT 3ama3bIBAOIIETO BPCMCHHU, O6yCJ'IOBJ'I€HHO€ KOHCYHBIM BpPEMCHEM

pacrpocTpaHeHHUs BO3MYIICHHUS .
r bcosJ +4/1- b?sin?J
c 1- b?

tret -

[ToBepxHOCTH paBHOI (pa3bl, ONpenENAIOUIe BOTHOBON (PPOHT B HEKOTOPBI MOMEHT BPEMEHH,
n300paxKeHbl Ha PUCYHKE.

v

[Ipr ABMKEHUM MOTOKAa CO CKOPOCTHIO, MPEBBIMIAIONICH CKOPOCTh 3ByKa (B HEMOIBHKHOM rase),

00J1acTh BO3MYIICHUSA HMMECT BHJ KOHYCA, YroJl paCTBOpa KOTOPOI'O Ha3bIBACTCA YIJIOM Maxa un

. (of
NG =—
OIIPEACIISACTCS BhIPAXKCHUEM V .

Puc.
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