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B mHacrosimiee BpemMss BO MHOTHX H3BECTHBIX BOJIHOBOJHBIX YCTPONCTBaX
WCIIONB3YIOTCS  TOBEPXHOCTHBIE  BOJIHBL.  OpHAKo, Takue  CYLIECTBEHHBIE
HEJOCTaTKH, KaK YUIMpEHUe Iydka, Hed(p(EeKTHBHOE HCIIOJIb30BAHUE IUIOIIATU
MOJIOKKH, CJI0O)KHOCTh HMCKPHUBIICHHS 3BYKOINPOBOJAA PE3KO OrPAaHMYMBAIOT HX
HUIMPOKOE NPUMEHEHHE B TeXHUKe. bosee nepcrnekTHBHBIMU SBJISIOTCS BOJTHOBO/BDI,
B KOTOPBIX BOJIHA OTPaHUYECHA B MOMEPEYHOM HampaBlieHWU. Takum TpeOoBaHUSM
yIOBJIETBOPSIOT KJIMHOBBIE BOJIHOBOJBI. DHEPrys BOJH B TaKHUX BOJHOBOAAX
CKOHIICHTPUPOBaHA B OKPECTHOCTH pedpa KIMHA, a UX CKOPOCTH CYIIECTBEHHO
HIKE CKOPOCTH PAJIEEBCKOM BOJIHBI HA TNIOCKON MTOBEPXHOCTH.

EAMHCTBEHHBIM CpEICTBOM aHalM3a 3TUX BOJH /O HACTOSIIETO BPEMEHU
ABIISAIOTCA MO0 UHWCIIEHHBIE pacyeThl, JUOO HSMIHUPUYECKHE 3aBUCHUMOCTH. B
TaHHOW padoTe MpenyioKeHa MOJeNb, KOTOpas OIMCHIBACT IMPOCTPAHCTBEHHO
JIOKQJIM30BaHHBIE BOJIHOBBIE IYYKH, SBISIOIIMECS OCHOBHOM (POpMOMN IBHIKEHUS
BJIOJIb pedpa.

BrimonHeHb! pacyeTsl BOJHOBBIX MMOJIEH, 00pa3yronuxcs BOIU3H OKPECTHOCTH
pebpa, KOTOpBIEC YIOBIETBOPSIOT YPABHEHUSM JIBUKCHHS U TPAHUIHBIM YCIIOBHUSIM.
[TosnyyeHo AMCTIEPCMOHHOE COOTHOIICHHE [Isl BOJHOBOJIHBIX MoJ. MojenbHble
pacyeThl CTPYKTYphl BOJHOBOTO Iy4YKa COIVIACYIOTCS C SKCIEPUMEHTAIbHBIMU
HaOJIIONEHUSIMU.

[Ipenmy1iecTBa KJIMHOBBIX BOJHOBOJIOB, MCIIOJIB3YIOIIMX IOBEPXHOCTHBIE BOJIHBI, NEPEN
TPaJAULMOHHBIMU JIOCTATOYHO OYEBUIHBI. YUIMPEHUE Iy4Ka, NPUBOMAALIEE K INEPEKPBITUIO
COCEHUX IIyYKOB, IIPH MCIIOJIB30BAaHUM 3TUX BOJHOBOJOB, aBTOMAaTHUYECKH YCTpaHseTcs,
MIOCKOJIbKY BOJIHOBAsl CTPYKTypa B IONEPEYHOM HAIPABICHUU B IPOLECCE PACIPOCTPAHEHUS
BOJIHBI OCTaeTcsi HEM3MEHHOH. Taxke orpaHHuYeHHas: BOJIHOBOJOM BOJIHA JIETKO CIIEYET
mo0bM  ero m3rubam. IllupuHa mnomepedyHoro ceyeHHs KaHajla TOJy4aeTcss paBHOM
HECKOJIbKUM JJIMHAM BOJIH, B TO BpPEeMs KaK y OOBIUHBIX yCTPOMCTB oHa coctasiser 40 — 100
JUIMH BOJIH.

Takum 00pa3oM, KIMHOBBIE BOJIHOBOBI MO3BOJISIIOT M30€XaTh HEKOTOPHIX HEIOCTATKOB
HIMPOKUX IyYKOB IOBEPXHOCTHBIX BOJH. OJHAKO IIMPOKOE MPAKTUYECKOE IPUMEHEHUE
CAEPKUBACTCSI OTCYTCTBUEM AHAJIMTUYECKOM TEOPUM pPACIpPOCTPAaHEHHUs] BOJH B TaKHX
BOJIHOBOJIAX.
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B pamkax u3BECTHBIX MpENCTaBICHUN OOBSICHUTH XapaKTep MOBEIEHHUS STOW BOJHBI HE
MpeJCTaBIsIeTcs BO3MOXKHBIM. Tak, Halpumep, TPAeKTOpUs KPOMOYHOW BOJIHBI BCIIEJCTBUE
pedpakiuu 10DKHA CABUTATHCS K peOpy KiuHA, oOecrieurBas HEM3MEHHOCTh CKOPOCTH ATOM
BOJIHBI OT YIJIa KJIMHA, YTO MPOTUBOPEUUT U3BECTHBIM IKCIIEPUMEHTATbHBIM JAHHBIM.

B nanHoil paboTe mpemiokeHa MOJeb PacHpOCTPaHEHUsS aKyCTHYECKON BOJHBI BIIOJIb
pebpa knrHa, 0OBICHSIONMAs OCOOCHHOCTH €€ ABUKCHUSI.

CornacHo mpeiaraeMoil MOJIEIN, MEXaHU3M PacCHpPOCTPAaHEHUS! KIMHOBBIX BOJIH MOKHO
00BsACHUTH cieayromuM obpazoM. Kak Obuto mokazano B [1], BOmMM3M pebpa KiauHA
obOpasyercs 00s1acTh («IpoOKay»), B KOTOPOI OTCYTCTBYIOT MPOJIOJIHLHBIC KOJICOaHUSI.

TpaekTopust KpOMOYHON MOBEPXHOCTHOM BOJHBI CIIBUTAETCSI O TPAHMIIBI 3TOU «IIPOOKM»,
TaK Kak MpOJIOJIbHAs COCTAaBJISIONIAsl 3TOM BOJHBI HE IMPOIYCTUT €€ 10 KpoMmKu pedpa. C
YBEIMYCHUEM YTJIa KJIMHA U3MEHSETCS MPOTSHKEHHOCTh ATOM «IIPOOKH», M TPACKTOPHS BOJIHEI
oTtoABUraercs ot pedpa kinHa. JlokanbHas TOMIIMHA KJIMHA (T.€. TOJIIMHA KJIMHA B 00JlacTu
TPaeKTOPUH BOJHBI) IPU ATOM YBEIMIHBAETCS, YTO BEIET K BO3PACTAHUIO CKOPOCTHU BOJIHBEI.

CMmemieHusi 4YacTHIl Cpeasl B KPOMOYHOW BOJIHE TAaKKE BBI3BIBAIOT JIOTIOJIHUTEIHHO
NBIDKEHUE KOJIEOAHWW IO HampaBlieHWIO K peOpy knuHa. Hamoxxenue ¢ oTpakeHHOM OT
KPOMKH peOpa BOJHOW BeAET K BOZHMKHOBEHHIO IMYJIbCHPYIOLIETO MOJsA. BakHO OTMETHTH,
YTO B HAIIPaBJICHUH peOpa FJHEPTHUS B 3TOM CIIydae HE MEPEHOCUTCS.

Takum 00pa3oM, KIMHOBYIO BOJHY MOYXKHO TPEICTaBUTh B BUAE CyMMBI JIByX BOJIH:
NEepIECHINKYJIIPHON, HANpaBICHHON K pedpy KIWHA M CO3/Jalouieid MPOCTPAHCTBEHHOE
pacripeiefieHle aMIUTUTYIbl, W TMapauiebHOM, Oeryimieid BIoJib KpoMKH KinHa [2]. B cumy
HE3aBUCHMOCTH JBIDKEHHSI PACCMOTPHM 3TH JIBE TUIOCKHE 3a[a9¥l pa3eNbHO.

Pemenue mepBoil 3amaun MONXYy4HMM, BOCIIOJIB30BABIINCH PE3YJIbTaTaMH, TOJTYYCHHBIMHU B
pabore [3]. Ha puc. 1 mi1s MoMeHTa BpeMEHH, COOTBETCTBYIOLIETO MAaKCUMyMy KoyieOaHU,
NpeCTaBICHa PACCYMTAHHAS 3aBHCHMOCTh AMIUTUTYABl CMEUICHWH B CTOSYEH BOJHE IS
YIJIOB KJIMHA o = 6° (CIUIOmIHAs JUHUSA) U O = 3° (MyHKTUPHAs JIMHUS) OT PACCTOSIHUSA 0

pebpa KiIuHAa.
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Puc. 1. Ctpykrypa cMelieHuii B cTosiueii BoaHe BOJIM3U pedpa KiIuHa
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Kak mokaspiBaeT aHanM3 IMOJYYEHHBIX pPE3yJbTaTOB, AaMIUIMTYIbl  CMEIIECHHI,
COOTBETCTBYIOIIUX MaKCHUMyMy KoJieOaHHI CTOsS4Yeil BOJIHBI, CIBUTAlOTCS OT pedpa KiIuHa C
YBEIMYEHUEM YIJjla KIUHA.

PaccmoTtpum aBrkeHue Kosie0aHui YaCTHIl Cpeibl BAOIb KPOMKH KIIMHA.

Kak moka3pIBatoT 3KCiepuMEHTANIbHBIE TaHHBIE [4], CKOPOCTh KPOMOYHOM BOJIHBI 1O BCEM
IIMPUHE BOJHOBOIO KaHajla OCTaeTcsl Heu3MeHHOM. [lo Bceil BMAMMOCTH, 3Ta CKOPOCTh
OTIpEeCTUTCS KOOPJAUHATON, B KOTOPOM BBIMOJHSETCS YCIIOBHE HAWIYYILEro BO30YKIEHUS
BOJIHBI, COOTBETCTBYIOIICH MaKCUMaJIbHOW aMIUTUTyJ€ CMeEIIeHuid. BOmM3M TpaHuIbl
«mpoOKwM» BCIEACTBHE pedpakiuyd W3MEHECHHWE aMIUIMTYAbl CMEIICHHHA ITOBEPXHOCTHON
BOJIHBI TIPOMCXOJIUT B TE€UEHUE OJTHOTO mojynepuoaa. Bo3OyxaeHue yacTuil cpeabl BIaau OT
pebpa KJIMHA MPUBOJIUT K YBEJIWYEHHUIO YHCIIa TIOTYyNEPHOJOB U CKOpocTy BosiHbIL. [llupuna
BOJTHOBOT'O KaHaJja OMPEeSIeTCs] KOJIMUYECTBOM STUX MOJTYTIEPUOIOB.

Ha puc. 2 u 3 mnpencraBieHbl COOTBETCTBEHHO 3aBHCHUMOCTH AMILIUTYIBl CMEIICHUMA
BTOPOH M IIECTOM MOJ BOJH OT pacCTOsiHUs A0 pedpa KiIMHA JUId yriaa KiuHa o =5,7°
(rx COOTBETCTBYET KOOpJIMHATE BOJTHOBOTO KaHaja, OMPEIeNIoNneld CKOPOCTh BOJHBI).
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Puc. 2. 3aBucumocth aMruuty el cMeneHnid  Puc. 3. 3aBUCMMOCTh aMIUIUTYIbI CMEILICHUN
B IIIECTOM BOJIHOBOJHOI MOJIE OT BO BTOPOM BOJTHOBOJHOM MOJE OT
KOOPJIMHATHI 7 KOOPJIUHATHI ¥

Kak mnoka3piBaeT aHanmu3, € BO3pacTaHUEM HOMEpPAa MOJABI YBEJIMYMBACTCS LIMPHHA
BOJIHOBOT'O KaHaJla, a TPACKTOPUS BOJIHBI IPUOIMKAETCA K KPOMKE KIIMHA.

Pemenue BTOpO 3amaum ompenensieM B y3KOM 00JacTH B OKPECTHOCTH MaKCHUMaTbHOM
aMIUIMTY/Abl CcMellleHud. B 3Toil oOiacTu ammiuTysna CMEIIeHHH I0 MEepeMEHHOH 7
IIPAaKTUYECKH HE U3MEHsETCs. BOIHOBBIE 4nciIa, KOTOPBIE SBISAIOTCS LEIBIO UCCIEAOBAHMS,
COIIACHO 3KCIEPUMEHTAIbHBIM HAONIOICHUSAM HE JIOJIKHBI 3aBUCETh OT 3TOH MEPEMEHHOM.
Jns tutockoro citydasi mapaMmeTpbl ABHXKEHHUS 4acTHL] CPEIbl JOJKHBI 3aBUCETh TOJIBKO OT
JBYX TNEpPEeMEHHBIX — z, € , a y BEKTOPHOr0 MOTEHIMAaja OTIMYHA OT HyJs OyIeT TOJBKO

komnonenra ‘¥, [2].
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C yueToM 3THX 3aMEYaHMI CUCTEMa YpaBHEHMH ABM)KCHUS YACTHII CPENlbl C TPAHUYHBIMHU
YCIIOBUSIMU B TEPMUHAX BOJHOBBIX MOTEHIIMAIOB PUHUMAET CIEAYIOLIUIN BU
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rne k,, — BOJHOBBIEC YHCIIa COOTBETCTBEHHO MIPOIOIBHOM U IMOTIEPEYHOI BOJIH.

OmpenenuM IPOCTPAHCTBEHHO-BPEMEHHYIO CTPYKTYpy aKyCTHYECKOTO IIOJISI BOJH,
JBUKYLIUXCS BJIOJIb peOpa KIMHA.

I[IpencTaBuM HCKOMOE PEIIEHHE B CleIyIonieil popme:
® = (4, chv,0+ C, shv,0)expli( pz — ot )},
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YIJIOBBIE BOJIHOBBIE YHCIIA.
B panpHeWMx BbIKIaAKaX MHOKHTENb €XP (—ia)t) OITyCKaeTCHl.

[Tocne moacTaHOBKY 3TUX (PYHKIHIA B (2) TOTyYUM:

vi=\p —kir=gqr,
v, =+p —k'r=sr.

[ToncraBisas  comepkamye 4deTblpe NOCTOsHHBIE A, 4,, C), C,, Bblpaxkenus (3) B

4)

IpaHUYHBIE YCIOBUS (2), MPUXOAUM K ainreOpamdeckoil CUCTeMe YEeTBIPEX OJHOPOJIHBIX
YPaBHEHUU UIsl ONIPEACIICHHS] STUX ITOCTOSHHBIX.
VYcenoBueM CynieCTBOBAHUS HETPUBUAJIBHBIX PEILICHUM 3TOM CUCTEMbI YPABHEHUN ABIISICTCS

PaBEHCTBO HYJIIO OIPCACIINTECIIA, KOTOpHﬁ npeacTaBuM B BUAC IPOU3BCACHUA AS Aas’ rac

A COOTBCTCTBYCT aHTUCUMMCTPUYHLIM, a AS — CHMMCTPUYHBIM BOJIHAM. OTa cucTeMa

as?

HMECT pPCHICHUSA IIpU ABYX HE3daBUCUMBIX YCJIOBUAX!: AS=O n Aas =O, A€ JJICMCHTBI

omnpenenurenen A = |al.k| A, = |bik| (i, k=1, 2) nmerot BUL:
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OueBUIHO, 3TU JBa OMPEIEIUTENS] COOTBETCTBYIOT JBYM HE3aBHUCHUMBIM COBOKYIHOCTSIM
KOMITIOHEHT CMEIIEHUH.

Ornpenenuteny MO3BOJSIOT MOTYUYUTh PEIICHUS 17151 TOCTaBICHHOM 3a4auH.

Pemenue 1:
® =4, chv,0,
v, =C, chv,0,,

U, =A4,pchvb,-C, V—ichvzé’o, (6)
r
U, =4, ﬁshv16’+ C, ipﬁshvzﬁ.
r r
Pemenne 2:
® =C,shv,0,
v, =4, shv,6,,

U,=C,ipshv,0—A4, V—jshvzﬁ, (7)
r

U,=4, ﬁch1/10+ C, ipv—zchvzﬁ.
r r

Cnenyer OTMETHTb, 4YTO CMELICHMS YacTHL B pEHIEHMH | aHTHCHUMMETPHUYHBI
OTHOCHTEIIBHO TNIOCKOCTH, MPOXOISIIECH uepe3 OMCCEKTPUCY YIJia KIMHA, B IPYTOM PELICHUU
— aHTUCUMMETPUYHBI OTHOCUTEIBHO TOH 7K€ IIIOCKOCTH.

OueBHUIHO, YTO YpaBHEHHS CHMMETPHUYHBIX W AHTHCHUMMETPUYHBIX BOJIH IOJy4YarOTCs

IIPUPABHEHUEM JBYX COOTBETCTBYIOLIUX ONPEACIUTEIEH HYIIIO:

(p*+5%) (thsro)

=0, 8
4gsp’ thgréd ®)

r7ie A1 aHTUCUMMETPUYHBIX BOJIH k = 1, 1711 CUMMETPUYHBIX BOJH k = —1.

Kak nokaspiBaeT aHaJIu3 3TOr0 ypaBHEHHs, IpU OONBIINX 3HAYEHUSAX NMEPEMEHHBIX ¥ U O
BTOPOE CJIAraéMo€ CTPEMUTCS K €IMHULE, U COOTHOIIEHHE (8) mepexoAuT B H3BECTHOE
ypaBHeHue Panes. PemieHus AUCIIEPCHOHHOIO ypAaBHEHUS IIPU 3TUX 3HAYCHUSX KOOPIMHAT
00pa3yroT HEMPEPHIBHBIN CIIEKTP MOJISI.
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[TogcranoBkoit B ypaBHeHHEe (8) 3HAUEGHUN TIEPEMEHHBIX 7, COOTBETCTBYIOIIUX
MaKCHMaJbHBbIM aMIUIMTYAaM CMELIEHUH, ONMpPENeNsitoTCsl CKOPOCTH MOJ KPOMOYHBIX BOJIH.
CrnenoBarenbHO, B OKPECTHOCTH pedpa perieHust 3TOro ypaBHEHUs: OyAyT MPEeACTaBIATh YiKe
JTUCKPETHBIN CIEKTP MOJIS.

CKOpOCTh aHTHCHMMETPHUYHON BOJHBI C BO3pacTaHWUEM yria ¢ MOHOTOHHO pacTerT.
CnenyeT 3aMCTUTDh, UTO KaXJIOMY 3HAUCHUIO CKOPOCTU BOJIHBI COOTBCTCTBYCT ONPCACICHHOC
paccTosiHUE OT €€ TPaeKTOpuu A0 pedpa KIIMHA.

OTa BOJHA PACHpPOCTPAHSIETCSs B Y3KOM BOJHOBOM KaHane. [Ipu He3HauuTenbHOM
U3MEHEHUHU TPACKTOPUU OT KPOMKH KIMHA CKOPOCTH BOJIHBI yBEIMYUBAETCS, U BCIEICTBUE
pedpakiuy IBHKEHNE KOIeOaHUIi YaCTUIl CPeJibl BO3BPAIAETCS B CTOPOHY pedpa.

Ha puc. 4 npeacraBneHsl CIUIOMIHBIMU JTUHUSMH TEOPETHYECKHE 3aBHCHUMOCTH CKOPOCTH
BTOPOIl U MIECTOW MOJ KPOMOYHBIX BOJH OT yIja KIuHA (¢; — CKOPOCTh PAJIEEBCKON BOJHBI,
MYHKTUPHBIMH JTUHUSMHU 0003HaU€HBI SKCTIEPUMEHTAIIbHBIE KPUBBIE U3 paOOTHI [4]).

cle,
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Puc. 4. 3aBUCUMOCTH CKOPOCTH IIECTOM M BTOPOM BOJITHOBOJHBIX MO/ OT yIJjla KJIMHA

Kak nokassiBaeT aHanu3, AJs KaXKJOr0 YIJIa CYIIECTBYET OIrpaHMYEHHOE KOJIMYECTBO MOJ
AHTUCUMMETPHUHBIX BOJH. C yBeIMYEHMEM HOMEpa MOJIbl IIMpPUHA BOJIHOBOIO KaHaja
u3Mensercsa. Takke, ¢ yBeTMUEHHEM yIVla KIMHA IIMPHHA BOJHOBBIX KaHAJIOB BOJM3U €ro
KPOMKH YMEHBIIAETCS, U KaHaJbl IPAKTUYECKU CIIMBAIOTCS MEXIY COO0M. DTUM 00BbACHAETCA
TPYAHOCTb BO30YKI€HHsI BBICIIUX MOJl KPOMOYHOM BOJIHBI TP OOJIBIINX yIiaxX KIMHA.

CummeTpruHasi BOJTHa BO3HHUKAET TOJIbKO mpu 76> 0,0013 M [1]. OTmMeTum, 9TO 3Ta BOJTHA
HEYCTOWYMBas B BOJHOBOM KaHaje: MPH HEOONBIIOM OTKJIOHEHHHM TPAaeKTOPUH OT pedpa
CKOpPOCThH BOJIHBI YMEHBIIAETCS, U BEKTOP BOJIHOBOW CKOPOCTH IOBOPAUMBAECTCS B OOPATHYIO
oT pebpa CTOpOHY, yXO/sl BIITyOb CPEeIbl.

B 3akiroueHre MOXHO OTMETHTb, YTO YIOBJIETBOPUTEIILHOE COBMAJCHUE TEOPETUUECKUX
3aBHCUMOCTEH C 3KCIIEPUMEHTAILHBIMU KPUBBIMU TOBOPHUT O MTPABOMEPHOCTH MPEIIOKEHHON
($U3UKO-MaTEMaTHUYECKON MOJIEIH.
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	Рис. 1. Структура смещений в стоячей волне вблизи ребра клин

