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HEB3AMMHOE OTPA’KEHUE YIIPYTUX BOJIH
OT CBOBOJJHOU 'PAHHUIBI B KPUCTAJIJIE ITAPATEJINIYPUTA

Onuo u3 Hanbosiee BOCTPEOOBAHHBIX IPUMEHEHUH aKyCTOONTHKH CBSI3aHO C IIPOSKTHPOBAHUEM HO-
BBIX YCTPOMCTB JUIsl YIPaBJICHHS ONTHYSCKUMH JTy4aMH C HOMOILIBIO YibTpa3Byka. Pabouue mapa-
METPBI aKyCTOONITHYECKUX YCTPONCTB ONPEACISIIOTCS TEOMETPUEH YIPYTHX BOJIH, PacpOCTPaHSIO-
IUXCs B KpUCTAIIaX. MHOTOUHMCIICHHbIE MPHIIOXKEHUS UCHIONIB3YIOT YHUKAIHBIE T€OMETPUUECKHE U
(u3nueckue CBOMCTBA YIBTPA3BYKOBBIX BOJH B KpHUCTa/ule mapatesutypura. [locnenuuii obnanaer
Ype3BBIYaiHO CHIIFHON aHM30TPOINEN YIPYTHX CBOIMCTB M KpaifHe HU3KOW CKOPOCTHIO 3ByKa BIOIb
OT/IeTIbHBIX HanpaBieHuil. VccnenoBaHus coCpeJoTOUeHbI Ha KOHGUIYPalUsIX YIPYTHX BOJH € 00-
PATHBIM OTPaXKEHUEM, IPH KOTOPOM HEOOXOIMMasi aKyCTUUECKash BOJIHA MHIYLIUPYETCs B 0OpaTHOM
HAIMpaBJICHUHU B PE3YyJIbTATEC CJIOKCHHUA ABYX BOJIH. l'[oxazsaHo, 4TO IpHU 06paTHOM OTPaXXCHUU BO3-
Oy’KIaeTcst IOMOJMHUTEIbHAST BOJIHA, KOTOpPas MOXKET ObITh MCKIIIOYEHA MPaBUIIBHBIM COYETAaHUEM
(a3 IByX MCXOIHBIX MOJ. VcciieloBaHbl BCEe XapaKTePUCTHKH BOJIH, BKIIIOYAsl MX HAIPABIICHUS, 110-
JISIPU3ALMIO U YIJIbI CHOCA, @ TAKXKe PacCuUTaHbl KOA(QGUIMEHTHI OTpakeHus. JlokazaHo, 4To, XOTs
r€OMETPHUA OTPAXKCHUS INPU HEB3AaUMHOM OTPAXXCHHUH HECUMMCTPHUYHA, NJI1 MMOTOKOB DHEPIrUU BbI-
MOJIHSAETCS YCIIOBHE B3aMMHOCTH, YTO MO3BOJISIET CO3/1aTh YCTPOHCTBO CO CIIOKEHUEM aKyCTHYECKUX
Iy4KOB.
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NONRECIPROCAL REFLECTION OF ELASTIC WAVES
FROM A FREE BOUNDARY IN A PARATELLURITE CRYSTAL

One of the most popular applications of acousto-optics is related with the design of new devices for
controlling optical beams using ultrasound. The operating parameters of acousto-optic devices are
determined by the geometry of elastic waves propagating in crystals. Numerous applications exploit
the unique geometric and physical properties of ultrasonic waves in a paratellurite crystal. The latter
has an extremely strong anisotropy of elastic properties and an extremely low speed of sound along
certain directions. Research is focused on back-reflection elastic wave configurations, in which the
desired acoustic wave is induced in the opposite direction as a result of the addition of two waves. It
is shown that an additional wave is excited upon back reflection, which can be eliminated by a cor-
rect combination of the phases of the two initial modes. All characteristics of the waves, including
their directions, polarization and drift angles, have been studied, and the reflection coefficients have
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also been calculated. It has been proved that although the reflection geometry in nonreciprocal re-
flection is asymmetric, the reciprocity condition is satisfied for the energy fluxes, which makes it
possible to create a device with the addition of acoustic beams.
Keywords: acousto-optic interaction, anisotropy, paratellurite.

BBenenne

AKYCTOOINTHKA HCCIEeNyeT SIBJICHUE B3aUMOJCHCTBUSI CBETOBBIX JIyuel C Iu-
(PaKUMOHHBIMU peIIeTKaMH, WHAYLUPOBAHHBIMU aKyCTHUYECKUMHU BO3MYLICHUSMHU.
Haubonee BocTpeOOBaHHOE MPAKTHYCCKOE MPHIIOKCHUE aKyCTOONTHKH — CO3JaHUE
HOBBIX YCTPONCTB, IO3BOJISIOIIMX YIPABISATh CBETOBBIMHM IMOTOKAaMH C IIOMOILBIO
yabTpasByka B cpene [1-3]. Takue ycTpoiicTBa HalOT BO3MOXHOCTH YIPaBIATh
HalpaBIeHUEM, HHTEHCUBHOCTBIO U MOJISPU3ALIUEH 31IEKTPOMAarHUTHON BOJIHBI.

OCHOBHBIE 3aKOHOMEPHOCTH aKyCTOONTHYECKOTO B3aMMOJICHCTBHS OOYCIIOB-
JIEHBI CTPYKTYPOH aKyCTHYECKOTO ITyYKa, KOTOpas B CBOIO OYepenb OIpeNeNseTcs
CTETICHBI0 aHW30TPOIHMH HCIIOIB3YEeMOT0 MaTeprana. B akycToONnTHKe HCIOTB3YIOTCS
MaTeprasl, obnagarone (GU3HIECKUMH CBOWCTBAMH, OTIIMYHBIMH OT TpPaJUIIMOH-
HBIX MaTepHaioB. [103TOMy akTyanbHBIM HallpaBIEHHEM HCCIECJOBAHHN CTAJO0 H3Y-
YeHHE XapaKTEePUCTHK aKyCTHYECKHX BOJIH, PACHpPOCTPAHSIONINXCS B TaKMX Cpelax.
OTnruuTenbHas 0COOEHHOCTh MaTePHAIOB, HCIIOJB3YEMBIX B aKyCTOOIITHKE, COCTOHUT
B CHJIBHON aHM30TPOIHUM YIPYTHX CBOMCTB, BCIEACTBHE YETO B KPHCTAIUIAX MOTYT
MIPOUCXOMUTH HEOOBIUHBIC (DH3UUECKIE TPOLECCH U ABJICHUS, HE HAONIOIafoNHecs B
M30TPOIHBIX U c11a00 aHW30TPOIHEIX cpenax [1-3].

AxycTuueckass aHU30TPONUS MaTepualia MPOSBISLETCS B CHUIBHON 3aBHCHMOCTU
(ha30BOI CKOPOCTH BOJIH OT HAIIPABJICHUS PACIIPOCTPAHECHHS B KPUCTAILIE, a TAKXKE IPH-
BOJUT K OTKJIOHEHHUIO HAIpaBJIE€HUS PACIIPOCTPAHEHHs YIPYToil SHEPTUU OT HaIpaBile-
HUSl PAaCHPOCTPAHEHUS aKyCTUUECKOTO BOJTHOBOTO (ppoHTa. M3BECTHO, YTO HAmpaBiIeHUE
IPYIIIOBOM CKOPOCTH BOJH B aHU30TPOIHBIX cpelax B OOIIeM cilyyae He COBIAJaceT C
COOTBETCTBYIOLIMM HarpaBieHueM (a3oBoit ckopoctu [1-3]. B mrockoctu XY kpu-
craynia naparemtypura (TeO,) yron cHoca MEXIy aKyCTHYECKOHN IPYIIIOBOM U (ha30Bor
CKOPOCTBIO JIOCTHTAeT PEKOPAHON BemuuuHbl y = 74° [1-3]. DTO 3HaveHue yria aky-
CTMYECKOTO CHOCA SIBJISIETCS. MAKCUMAaJIbHBIM /ISl BCEX M3BECTHBIX MaTepUalioB, HCIIOJb-
3yeMBbIX B HACTOSILEE BpeMsI B HAyKe U TEXHUKE IIPU KOMHATHBIX TemrepaTrypax. Okaza-
JIOCh, YTO HE TOJIBKO PaclpOCTpaHEHHUE, HO M OTPaKEHHE YIPYI'HX BOJIH B aHU30TPOII-
HBIX Cpelax MpeCTaBiIsieT OONbIION UHTEpeC. AHAIU3 OTPAKEHUS JETaeT BOZMOXKHBIM
CYIIIECTBOBAaHHE psiga HOBBIX (P(EKTOB, KOTOPHIC HENb3s HAONIONATh B M30TPOITHBIX
Marepuanax [1-3]. M3BecTHO, 4TO OpHEHTALMIO OTPAKEHHBIX BOJH B aHU30TPOIHOM
cpene B 3aBHCHMOCTH OT HallpaBJIEHWs CIIOXKHO NpeJCKa3aTh, HE BEHITOIHUB TOYHBIN
pacder. JTO MPHUBOAUT K TOMY, YTO HAINPABICHUS OTPAKEHHBIX BOJH, BO3HUKAFOIIAX
IIpY BO30YKICHUN BOJH B OOPATHOM HAIIPABICHUH, HE COBIIAIOT C BOJHAMM, TeHEPH-
PYEMBIMH B IPSIMOM HaIIpaBJICHUH.

enecoobpa3Ho paccMOTpeTh, KaKUM 00pa3oM BeneT cedsi BOJHA Ha TpaHHIE
paszzena IBYX M30TPOMHBIX cpen (puc. 1, a). M3BecTHO, 4TO B U30TPOITHOM cpeae CKo-
POCTh aKyCTH4ECKOH BOJHBI HE 3aBUCHUT OT HAIIPABJICHHUS PACIPOCTPAHEHHS, II0O3TOMY
MIOBEPXHOCTh OOPATHBIX CKOPOCTEH MPEACTABIIET COO0H OKPYKHOCTh. BOIHOBOI! Bek-
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TOp k; MCXOIHOH BOJHBI COCTABISIET YroJl MajieHus 0, ¢ HOpMalbio K rpanune (puc. 1,

a). s TOoro 4TOOB! HAMTH BO3MOXKHBIE OTPayKEHHBIE M MPEJIOMJICHHBIC BOJIHBI, HE00X0-
JIUMO BBIIIOJIHUTH YCJIIOBUC PABECHCTBA TAHICHIUAJIBHBIX COCTaBJIAIOIIAX l'[aIIaIOH.ICﬁ,
OTPAXEHHOH W MPENIOMJICHHOH BOJH. MOXXHO 0003HAYUTh MPOEKIIUIO BOJHOBOTO BEK-

TOpa kl TaJIar0IIe BOJIHBI KaK AO. IIJ'I}I HaxXO0XKJACHHUA OTPAXXCHHBIX W IPEJIOMJICHHBIX

BOJIH HeO6XOD,I/IMO OTJIOKUTH BOJIb 'PAHUIIBI OTPE30K OB = AO ¥ BOCCTaHOBHUTH HOp-
MaJib K I'PaHMIIC 10 NEPECCUCHUS C TIOBEPXHOCTIAMU O6paTH]>IX CKOpOCTeﬁ. HOJ'Iy'-IeHHBIe

B pe3y/bTaTe IOCTPOEHUSI BOJHOBBIE BEKTOPHI k) M k3 3a7al0T HamlpapjeHus Ul Of-
HOW OTpa’keHHOH M OIHOM MPEIOMJICHHOW BOJIH COOTBETCTBEHHO. B cumity Toro, 4to mno-
BEPXHOCTh OOPATHBIX CKOPOCTEH MPEICTABISIET CO00I OKPYKHOCTh, YTOJI MaJACHUS pa-
BEH yIIIy OTPaXKeHHsl, HO3TOMYy 6; =0,.

CrnenyromuM 11aroM siBIsieTcss BO30Y>KICHHUE BOJIHBI, C BOJHOBBIM BEKTOPOM,
PaBHBIM TI0 a0COJIIOTHOH BEJNIMYHUHE BEKTOPY E U HMMEIOIINM HPOTHBOIOIOXKHOE

HaIpaBJICHUE, T. €. HAIIPABJICHHON HABCTpPEYYy OTPa’KEHHOM BOJIHE. YTOJI MaJCHUs B
9TOM Clly4ae BbIOMpaeTCsi paBHBIM YIJIy OTpakeHus 6, . B pesynbrare npoxoxaeHus

BOJIHOW TpaHHUIBI POPMHUPYETCSI KapTUHA, U300pakeHHass Ha puc. 1, 6. MOXHO BH-
JIETh, YTO B CJIydae BO30Y>K/II€HUS BOJIHBI B 0OPaTHOM HAIPaBICHUU YTOJl OTPAXKECHHS
(puc. 1, 6) paBeH yrily najieHus BOJHBI 0, O KOTOPHIM BO30Y’K/aJach BOJIHA II€p-

BOHavasbHO (puc. 1, a).

I 0, =0,
OA=0B

Puc. 1. Ompadicenue u nperomnenue ynpy2ux 6011 Ha epanuye pazoena 08yx U30MponHvIX cpeo. d —
npAMOe NPOXOACOEHUE BOTHOIO SPAHUYbL, O — 0O6PAMHOe NPOXOAHCOEHUE BOTIHOIO SPAHUYbL

PucyHok 1 meMOHCTpHpPYET MONHYI0 CHMMETPHUIO TTOBEICHHS BOJIH IIPH pac-
MIPOCTPAaHEHUH B NPSIMOM M OOpaTHOM HAaIpaBIICHHSAX. 10 €CTh HE Ba)KHO, B KAKOM
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HaIpaBJICHUH BO30YXXIAaeTcsl aKyCTHYECKast BOJHA B pacCMaTPHBAEMOM CiIydae, I10-
CKOJIbKY aMILIMTYIbI OTPaXKEHHBIX U MPETOMIIEHHBIX BOJH, a TAKXKE YIIIbl MaJeHUS U
MPENOMIIEHUS] HE U3MEHSAIOTCS. DTO MO3BOJIAET FTOBOPUTH O B3aUMHOM OTPAXXEHUH U
MPENOMIIEHUH BOJIH B H30TPOITHOM Cpefe.

WHaue npoucxoauT OTpa’keHHE BOJH B aHM30TPOIHBIX cpenax. [lng ananusa
OblT BBIOpAaH KPHUCTAUT MapaTe/UTypHuTa, Kak HauOoyiee YacTO MCIIONb3YIONIIUICS B
aKyCTOONTHYECKHUX ycTpoiicTBax. Kak OpUIO mMOKa3aHO paHee, 3TOT MaTepHan obia-
JIAET PEKOPJHO BBICOKON aHMU3OTPONHUEH YNpPYTHX CBOWCTB, HE HAOIIOMAOIIEHCS B
JIpyrux MOHOKpucramiax. bepercs miuockocts XY, IOCKOIbKY OHA SIBJISETCS CaMOU
aHU30TPOIIHOM U B HEH BCe ABICHUS sSpue BbIpaXkKeHbl. PaccMOTpeHue ciydyaeB BO3-
Oy»XJeHus BOJH B OOPaTHOM HAIpaBICHUU MOKA3bIBAaeT, YTO HE HAOIIOmaeTcs B3a-
HUMHOE OTpPaKeHHE, KaK B M30TPONHBIX MaTepHanax, B TO BpeMs KaK SHEpPIUs CHM-
METPUYHO pacIpelesaeTcs Ul pa3IHyuHbIX CIy4aeB YIJIOB MaJCHUS U HAKIIOHA Ipa-
HUIBl OTHOCUTENBHO KPUCTAIIO(YU3UIECKUX OCEH.

TaxuM 06pa3oM, ONUCAHHBIN ciIydail OTpaXKeHUs MoKasaj, 4To, B OTIMYHE OT
H30TPOMHON Cpenbl, B aHU30TPOITHOM MaTepuasie HalpaBlICHHUs OTPaKEHHBIX BOJIH
JIMIIb YaCTUYHO COBMAJAIOT C MEPBOHAYAIBHONW KapTHHOMN, YTO TOBOPHUT O HEB3aUM-
HOCTH aKyCTHYECKOT'O OTPa)KeHUs B aHU30TPOMHOM cpene. C Apyroil CTOpoHsl, CHM-
MeTpust HaOmomaercst Uit Ko3()(GHIMEHTOB OTpaxkeHHs1 ynpyrux BosH. [TomoGHoe
HEB3aMMHOE OTPAXXEHUE MOXET OBITh HCIIOJIBb30BAHO Ul CO3/aHHs YCTPOMCTBA Ha
OCHOBE JIByX IpeoOpazoBateneil (puc. 2), BO30YKAAIOMMX OJHY MOJIY ITOCPEACTBOM
Pa3HbIX TEOMETPUI OTPaXKEHUSI.

|
b b

Puc. 2. Yempoiicmso na ocHose 08yx npeobpasosamenetl,
6036Y#COAIOUWUX OOHY MOOY NOCPEOCMBOM PA3HBIX 2e0MEemPull
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