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TeopeTnyeckn U 3KCIIEPUMEHTAIBHO UCCIIETOBAaHBI aKyCTOONTUYECKIE XapaKTePUCTUKH KpUCTalia
napaTeJUIypuTa ¢ YoM cpe3a o = 10.2°. Kpucramr ucnoirb30BaH B aKyCTOONITHICCKOM (DYITBTPE ISt
00pabOTKM ONTUIECKUX N300paKeHUI B BUINMOM 1 MH(PAKPACHOM CBETE. DKCIIEPUMEHTAIBLHO OTIPE -
IeJIeH JICKTPUYSCKUI TUaTIa30H MepecTPOK (pUIbTpa Ha OCHOBE YaCTOTHOM 3aBUCMMOCTH MOIITHO-
CTH, TIOTJIOIIaeMOI IMhe303JIEKTPUUECKUM MpeobdpazoBaTeieM ¢uibTpa. CaenaHbl OLIEHKU 1Uana3oHa
HACTPOMKM (PUIIBTPa MO ONTHYECKUM IJIMHaM BojH. Ha mmuHax BosH cBeta A = 1.15 1 A = 0.63 MKM
paccuuTaHbl 3aBUCMMOCTH OPATTOBCKOTO yTIJjia MaAeHMs OT 4acTOThI yiabTpa3Byka. [1pu usmepeHuun
3¢ GEeKTUBHOCTU AU paKLMU B pexXuMe padoThl AedekTopa 0OHapyKeHO, YTO IUara3oH MepecTpoKu
(GuabpTpa Mo ONTUYECKUM IJMHAM BOJH OKa3bIBaeTCS OTJIMYHBIM OT MpelCcKa3aHHOTO B pe3yjbTaTe
M3MEPEHHUS DJIEKTPUICCKIX XapaKTePUCTUK IIPeoOpa30BaTeIs U CTAHOBUTCS YiKE.
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BBEAEHUNE

ABneHue nudpakiuy cBeta Ha TUGPaKLIMOHHOMN
peleTKe, CO3MaHHON B KpUCTa/IaX PacIpoOCTpaHs -
IOLIEMCI B HUX aKyCTUYECKOM BOJHOM, IIMPOKO HC-
MOJIB3YeTCS B pa3IMYHBIX 00JACTSIX HAYKU U TEXHUKU.
C nomouibto akyctoonTuueckoro (AO) B3aumoneii-
CTBUSI MOXHO, U3MEHSISI XapaKTepUCTUKU aKyCTHYE-
CKOIi BOJIHBI, 3((EeKTUBHO YIPABJISATh CBETOBBIM MyY-
KOM, OCYILECTBJISISI MOIYJISILIMIO €0 aMIUTUTY/bI, (ha3bl
M YaCTOTHI, a TAKXKe MEHSIsI HalpaBJlIeHUe pacipocTpa-
HeHus Imydka [ 1—52]. B kayecTBe obacTeii IpuMeHEeHU ST
AO npubopoB MOKHO OTMETUTD OTTUKY, CITIEKTPOCKO-
MU0, ONITO3JIEKTPOHUKY, 00PabOTKY ONTUISCKUX U30-
OpaxkeHMI, TJa3epHYIO (PU3UKY U Ip.

B coBpeMeHHOI1 aKyCTOONTHKE IIMPOKO MPUMEHSI-
JOTCS KPUCTAJUIBI, OTJMYAIOLINEC OOIbIIIO aHU30TPO-
Muel CBOMX ONTUYECKUX U aKyCTUYECKUX CBOMCTB. Cpe-
IV 3TUX KPUCTAIIJIOB BblesieTcs mapatesutypur (TeO,),
Ha OCHOBE KOTOPOTO CO3IaI0TCS YCTPOMCTBA BUAMMOTO

n MK mmanaszoHa criekrpa (10 5 MKM), B YaCTHOCTH,
TakKue BaxkHbIE MPMOOPHI KaK MepecTpauBacMble
AO dunbtpsl [7—10, 24-26, 31-39, 45—-48, 52]. Dt
(bMIBTPHI BBIACASIOT U3 ONITHYECKOTO ITyIKa, MME0-
LIETO CIJIOINHON WJIM JIMHEWYAThId CIIEKTP ONTUYE-
CKUX YacCTOT, ONITUYECKUE JTyUH, 3aKITIOUEHHBIE B Y3KHMX
CITeKTpaJIbHBIX MHTepBajax OA. ITmHa BOJHEI CBeTa A,
MIpOTyIeHHAsT (MUIBTPOM, OIPEIEISIeTCS JaCTOTOM
aKyCTUYECKOI BOJIHHI f, 2 MHTEHCUBHOCTh BBIXOJTHOTO
WU3JTyYeHUsl 3aBUCUT OT MOIIIHOCTHU YJIbTpa3ByKa.

AO ¢uabTphl 00/1a0AI0T PSAOM IIPEUMYIIECTB T1e-
pell aHAJIOTUYHBIMU YCTPOUCTBAMMU IPYTUX KIIACCOB.
X HECOMHEHHBIM TOCTOMHCTBOM SIBJISIETCST BO3MOX-
HOCTb OBICTPOM 3JIEKTPOHHOM ITePECTPOKMN IJIMHEI
BOJIHBI OT(UABTPOBAHHOTO M3dAydyeHUs1. K apyrum
npeumyiiectBaM AO GUIBTPOB OTHOCITCS: IIMPOKUI
JlMana3oH MepecTpoiiku; paboTa B pealbHOM MaclliTa-
0e BpeMeHH; KOMITaKTHOCTb U MaJiblif BEC; OTCYTCTBUE
MEXaHUYECKOTO MEPEMEIIEHUS OTACIbHBIX 3JIEMEHTOB;
BBICOKOE CIIEKTPATILHOE Pa3pellieHUe; MAJIble CBETOBbIE
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MOTEPH;, OTPAaHMUYCHHOE dHEPronoTrpedieHNe; KOM-
MBIOTEPHOE YIIPABIIEHUE YCTPONCTBOM; BO3MOXHOCTD
00pabOTKM ONTUYECKUX U300paKeHUI ¢ BHICOKUM
MPOCTPAHCTBEHHBIM pa3pelICHUEM.

OnHolt 13 OCHOBHBIX XapakTepucTuk AO ¢puiabTpa
SIBJISIETCS TMATa30H MepecTPONKHY JJIMHBI BOJIHBI CBETa
A)\ . DTOT Arana3oH 3aBUCUT OT (pr3NUYECKUX XapaKTe-
PHMCTUK KPUCTaJIa M OIPEIeIsIeTCs] HHTEPBAJIOM ITe-
PECTPOMKM aKyCTUUECKOM YacTOThl. B coBpeMeHHBIX
YCTPOMCTBaxX BeJWYnHa A) , KaK TpaBUIO, HE TIPEBbI-
mraeT okTaBbl. Ee orpanndeHne oOyCIOBIESHO pe30-
HAHCHBIMU CBOMCTBAMU IbE303JIEKTPUUECKOTO Tpe-
obpazoBatensg AO sTYEliKM, CUCTEMOI COTJTAaCOBaHMSI
npeobpaszosaresisi ¢ BU reHepaTopoMm, a Takke ceslek-
TUBHBIM XapakTtepoM AO B3aumoneiicTBus [1—52].
Has pacliMpeHus Auarna3oHa MepecTPOMKU MOTYT
MPUMEHSThCS pa3iuuyHble MeToabl. Hanpumep, Ha AO
KpHUCTaJUIe pa3MeIIaloTCs IBa MIN HECKOJIBKO IThe30-
3JIEKTPUYECKUX ITpeobpa3oBaresieil ¢ pe30HaHCHBIMU
YacToTaMM, OTJIMYAIOIIUMUCS B ABa U OoJiee pa3 [8].
Eme omHmM crioco6oM pacImpeHns 9aCTOTHOTO THha-
na30Ha SIBJISIETCS MCIIOJb30BaHNUE TEXHOJIOTUHM “beam
steering”, Koraa npu U3MEHEHUU YaCTOThI JIEKTpUYE-
CKOTO CHUTHaJIa MEHSIeTCS OpUEHTALIUSl SKBUBaJEHTHOTO
BOJIHOBOTO (DpOHTA aKyCTUYECKOro myuka [43].

TectupoBanue moo6oro AO npubopa HaYMHAETCS
C U3MEpEHMSI €T0 YaCTOTHOI XapakTepucTUKu. [1poBo-
JIATCS 3TO IBYMsI HE3aBUCUMBIMHU METOIAMMU: SJIEKTPH -
YEeCKUM — IyTeM ollpeneieHus: KoddduireHTa cros-
yeii BoHbI (KCB) nm mapametpa S, B 2JIEKTPUYECKOM
Tpakte BY renepatop—mnpeoOpazoBaTeiib, a TAKXKe OIl-
TUYECKUM METOIOM — IO U3MEPEHMIO MHTEHCUBHOCTH
Ir¢parupoBaHHOIO CBETOBOTO MyYyKa B peXXuMe Majloi
adpdextuBHOCTH TUdpakimu. B Takom pexume apdek-
TUBHOCTD OU(PaKIIUK TTPOITOPIIMOHATIBHA MOIIITHOCTH
VJIBTPa3ByKa, MO3TOMY MOXKHO OXUJATh MTOJHOE COOT-
BETCTBUE PE3YJIBTATOB 3TUX JIBYX METOIOB U3MEPEHUIA.
OnmHaKo HaIlM UCCIeIOBaHMS MTOKA3aJIH, YTO CYIIEeCTBY-
€T 3aMETHOE PaCXOXICHUE Pe3yJIbTaTOB KakK 1o ¢Gop-
M€ YacTOTHBIX XapaKTepPUCTUK, TaK U IO IIUPUHE

(a)

IMornoturens [110]
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yactoTHoro auanasoHa [11]. ITpuunHbl mogoOGHOM
0COOCHHOCTH B HACTOSIIIEE BPEMS OCTAIOTCST HEBBISC-
HeHHBIMU. Llesbio naHHOM pabOoTHI SIBJISIOCH U3MEpe-
HY€ YaCTOTHBIX XapaKTePUCTUK OOOMMU METOdAMMU,
HX COIOCTaBJIEHUE U OOCYXIEeHNE BO3MOXHBIX MPU-
YUH PacXoXAeHUS DKCIIEPUMEHTAJIbHBIX PE3YJIbTaTOB.

METOOWKA
IMPOBEJEHHWA OSKCITEPUMEHTA

OcHOBHBIM 3JieMeHTOM AQO mnpubopa sBasieTcs
AOQO sueiika, M3roTOBJIEHHAas OOBIYHO U3 ABYJIydYe-
MOpeIOMIISTIIONIETO KpUCTalia onpeaesIeHHOTO cpesa,
B KOTOPOM C IMMOMOIIBIO MTbE303JIEKTPUUECKOTO TIpe-
obpazoBaTesisl BO30yxXKIaeTcsl aKycTU4YeckKasl BOJTHa.
B dunbTpax, nediaekropax, IMPOKOMOJOCHBIX MO-
OyJsiTOpax, aHaau3aTopax CheKTpa paiuoCUrHaloB
u apyrux AO npubopax UCHOJb3YETCsI, KaK MpaBU-
JIO, pexXnM Oeryimx akyctTnueckux BojH. [ToaTomy
Ha TpaHU KpHCTajlia, IPOTUBOIIOJIOXHON IIpeodpa-
30BaTeI0, pacIiojiaraeTcsl MOrJI0TUTENb YIbTPa3ByKa
(puc. la). AKycTuueckasl BoJiHa co3/1aeT B KpUcCTas-
Jie 00beMHYI0 (ha30BYI0 TU(PPAKIIMOHHYIO PEILIETKY,
JIBIKYIIYIOCSI CO CKOPOCThIO 3ByKa V. Ilpoxonmsimii
gyepe3 AO s9eliKy CBETOBOI Ny4YOK Audparupyer
B aKyCTUUYECKOM I10JIe, CO3[aBasl Ha BHIXOJIE TUITUY-
Hy10 1MdpakIMOHHYIO KapTuHy. Ee uiunoctpupyet
COOTBETCTBYIOIIASI BEKTOpHAsI IMarpaMma, nmokas3aH-
Hasl Ha puc. 10 1 oTBevarIasi IUPOKOYTOJIbLHON re-
oMmeTpuu AO B3aUMOAEUCTBUSI, UCTIOJNb3YEMOU ISt
¢unprTpany M300paxeHU, Korga KacaTeJIbHBIE
K TIOBEPXHOCTSM BOJIHOBBLIX BEKTOPOB TapaieTbHbI
ApyT APYTY.

B coBpeMeHHOIl aKyCTOONTHKE MCIOJb3YIOTCS
OOBIYHO JOCTATOYHO BBICOKME aKyCTHMYECKHME 4acToO-
THI B JIECITKN U COTHU MeTarepll, a TUdpakiusg UMeeT
Xapakrep, OJIM3K1 K Op3TTOBCKOMY PEXUMY C IBYMSI
IU(PaKIIMOHHBIMY MAaKCUMyMaMU HYJIEBOI'O 1 IIEPBOIO
nopsinkoB [1—4]. Han6onee apdexTHBHOE paccesiHue
cBeTa HaOJIIoJaeTCsl IIPU MaJeHUU CBETOBOTO My4Ka IO
yrioM bparra 05, KoTopslit onpenesnseTcs GopMyIIoi

“+1”d

“0”1’

IIpeoOpa3oBarenb

Puc. 1. (a) — O6mumit BUI KpUcTajjia U XO Jydyel B siueiike aKyCTOONTUYeCKOro (uabrpa, (0) — BEeKTOpHas AuarpaMma
IHUPOKOYTOIbHOM TeoMeTpun AO B3anMOIEUCTBUSI, UCITOIb3yeMOM ISl (DYIIBTPALIU M300paKeHUIA.
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sin 93 = — ny
1

V2 ( 2 2). (1)

2242 G

3nech m; M ny; — IOKa3aTeNU MPEJOMIEHUS IS
nagaiouero U JudparupoBaHHOTO OINTUYECKOTO
U3JTyYeHUsI.

B akycToonTHKe KpUCTAJIOB BaXKHYIO POJIb UTPa-
eT ToJisipu3anus csera. Heobxommmast moisipu3anus
3a7aeTCs BXOAHBIM MOJISIPU3aTOPOM (He TTOKAa3aHHBIM
Ha puc. la). B ciyyae kpucraiia napaTejlypuTa, Uc-
MOJb30BaHHOTO B Hallleil paGoTe, HAalIO YYUTHIBATH
TaKXKe U ONTUYECKYI0 aKTUBHOCTD KpHCTaJlJla, KOTOpast
oIpeielisieT SIUTUIITUYECKYIO MOJISIPU3aLUI0 COOCTBEH-
HBIX MOJI 3TOTO MaTepuaia.

Ecan Ha AO sueliky najgaeT cBeTOBOM MOTOK, CO-
JepXallluii pa3IMYHbIE CIIEKTpaJbHbIe KOMIIOHEHTHI,
TO B AU pakIuu OyaeT ydacTBoBaTh U 3¢ (HEKTUBHO
paccenBaThCsI 3BYyKOM JIMIIb CBET C JUIMHOM BOJIHEHI A,
yIOBJIETBOPsIIONIEH yciaoBuo bparra (1) Ha 3agaHHOI
akyctuueckoit yacrore f. [Ipn HeM3MeHHOM YTIIe TIafe-
HUSI CBeTa U UBMEHEHUHU YaCTOThI 3BYKa f TIPOUCXOIUT
BBIJEJICHNE U3 MAJalOIIero CIeKTpa OTASIbHBIX CIIeK-
TPaJIbHBIX KOMIIOHEHT C JJIMHAMU BOJIH A.

B AO ¢unbTpax Ha OCHOBE KpuUCTajljia Ilapare-
JIypUTa UCHOJb3yeTCsI aHU3OTPOIMHas Audpakius
CBeTa CO CMEHOM MoJisIpu3auu AucparupoBaHHOTO
nanydeHus [6—S8]. Judpakims MpoucXoouT Ha MeI-
JIEHHOW aKyCTUYECKOU MOJE, pacnipocTpaHsIoLleiics
B MJIOCKOCTH (1 10) mox yrjioM o K HampaBJeHUIO
[110] kpucrania. B Haureit paboTe HCmoab30Banach
s4JeiiKa ¢ yriaoM cpesa oo = 10.2°. CnBuroBast akyCcTu-
yeckas Moaa umesia ckopoctb V = 0.71 x 10° cMm/c
¥ pacIpoCTpaHsIACh C YIJIOM aKyCTUUEeCKOTO CHOca
54° (puc. 1). AavuHa npeodbpa3oBaTelis B INIOCKOCTU
AOQO B3aumopeicTBus paBHsIach L = 5 MM. AKycTu-
yeckasl BOJIHA Ha PUCYHKE YCJIOBHO MOKa3aHa FOPU30H-
TaJIbHBIMU IITPUXaMH. YTOJI HAaKJIOHA BXOITHOM OITHYe-
CKOW I'paHU KpHCTaJlla IapaTe/UTypuTa COCTaBIsuT 76°,
Ha pucyHke 1moka3aH Xo1 OCHOBHOTO W AU(parupo-
BaHHOT'O CBETOBBIX JIyuyeil Ha BeIXxojae (uibTpa. DTO
JIY9U HYJIEBOTO U TIEPBOTO MOPSIIKOB TU(DPaKIIHH.

MN3mepeHus: TpOBOAMINCH C UCTIOIB30BAHUEM Te-
JIN-HEOHOBOTO Jla3epa Ha IBYX JUIMHAX BOJIH OITHYE-
ckoro uanyyeHus: A; = 0.633 Mkmu A, =1.15 MKm.
ITaparoiiee uznydyeHre UMeJI0 HEOOBIKHOBEHHYIO MO-
JIsipu3aluvio (B MJIOCKOCTU yepTexa), a nudparupo-
BaHHOE M3JIyYeHHE TTePBOTro MOPsIKa — OOBIKHOBEH-
Hyto nosisipusanvio. Ilpu yriie cpeza o = 10.2° Mox-
HO npeHeOpedb 3PpPeKTOM ONTUYECKONM aKTUBHOCTU
¥ BOCTIOJIb30BAaThCA CIACAYIOIINMHU TTPUOTMKEHHBIMU
BBIpAXXCHUSIMU JUISI TTOKa3aTesieil mpeJIoMIeHUS:

My,

1(8;) =
o \/ng sin? (6, — o) + nZ cos” (6; — a)

5

(2)

nd - I’lo,

IMTOJIMKAPIIOBA, ITOXAP

roe 0; — yroy mnajgeHus CBETa, OTCUYUTHIBAEMBINI
OT ()pOHTA aKYCTUYECKON BOJIHBI, 1, U K, — IJIaBHbIE
rokasaTeau MpeJoMJICHUSI KpUcTasia sl OObIKHO-
BEHHOU M HEOOBIKHOBEHHOM MOJISIpU3alnii ONITUYC-
CKUX BOJIH COOTBETCTBeHHO. Ha niuuHax BOJIH A H
Ay TIOKa3aTesu MPEeIOMJIEHUS COOTBETCTBEHHO PaB-
Hbl: 1, =226, n, =241 u n, =220 u n, =2.34.
Ha puc. 2 xBagpaTHEIMM TOYKaMM ITOKa3aHa paccyu-
taHHas 1o gopmynam (1) u (2) kpusast mj1s pUiIbTpa
0e3 yueTa JUCHEePCUU NToKa3aTeseid MpeJoMIICHUS KpH-
crayia. KpyrimeIMu ToykaMM MoKa3aHa Ta XKe KpuBasl,
HO C YYETOM JUCIIEPCUU H, U A,

Ha puc. 3 npeacTaBieHbl YaCTOTHbIE 3aBUCUMOCTHU
yrioB bporra 6, ( f ) , paccuuTaHHbIe 1O PopMyIaM
(1)—(2) nnst yKazaHHBIX JJIMH BOJIH cBeTa. O6acTu
C BepPTUKAJIbHBIMU U TOPU3OHTAILHBIMU KacaTeJbHbI-
MU, PaBHbIMU HYJI10, ONTUMaJbHBI 1J1s1 pabOThl ned-
JIEKTOPOB Y (PUABTPOB. 37€Ch BBIMOJHSIOTCS YCIOBUS:
dOg/df =0 wu df/doy =0 [1-4, 7—10, 24-26, 31—
39, 45—-48, 52].

Toukamu Ha rpaduKax moKazaHbl pe3yJIbTAThl U3-
mepeHuii. HacTpoiika Ha yron bparra npousBonu-
JIach MO CTaHAAPTHOM METOAMKE MyTEM PeTUCTpaluu
MakcuMyMa Iu¢parupoBaHHOTO CBeTa C TTOMOIIbIO
(oToaeXTpOHHOrO YMHOXUTENIL DDY-62, nuamna-
30H YYBCTBUTEJIBHOCTU KOTOPOTO BKJII0YaJ BECh BU-
JVMBIA CBeT U OJMXHUU MHMpaKpacHbI Auara3oH
¢ IUIMHaMMU BOJIH a0 1.2 MKM. B ycTaHOBKeE 1CTIOJIB30-
BaJlaChb M3MEPUTEIbHAS 1IKaJa [JIs OTIpeiesIeHUs yTiia
NnajeHus ONTUYECKOTO U3JTyYeHUSI Ha BXOJHYIO TpaHb
KpHUcTajia.

M3MepeHMne 4acTOTHOTO Auana3oHa MepecTponKu
AOQO sueiitku Af TIpoBOAMIOCH B Ae(IEKTOPHOM pe-
KHMe paboThl, TOCKOJBKY, KaK CAeayeT U3 puc. 3,
B 9TOM CJIy4yae He IPOUCXOIUT CYIIECTBEHHOTO U3Me-
HeHus yrja bparra npu 60JbIIKMX Bapualusx 4acTo-
THI yIbTpa3ByKa. [103TOMy CBETOBBIE TyYM Ha KaXKIOM
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Puc. 2. KpuBast HacTpoiiku (priibTpa Ha KpUcCTaljie ma-
paTeJTypuTa ¢ yriaom cpesda o = 10.2°.
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Puc. 3. DkcnepuMeHTa bHbIE Y TEOPETUYECKUE 3aBU-
CHUMOCTH yIJIa MajeHUs CBeTa HEOOBIKHOBEHHOM IMO-
JISIPU30BAHHOM OTITUYECKOU BOJIHBI C IJIMHOW BOJIHBI
A =0.633 mx™m (kpuBag 1) u A = 1.15 MKM (XpuBas 2)
OT YacCTOThI YJIbTPa3ByKa.

4acTOTe MepeceKaloT aKyCTUUECKU 3ByKOBOI CTOJI0
MPakKTUYECKH B OJHOM U TOM XK€ MeCTe M TOJ OAHUM
M TeM K€ yIJIoM naneHus. Takum obpa3om, 10CTUTa-
€TCSI TOCTOBepHasT MH(MOPMALIMS O MOIITHOCTH aKyCTHYe-
CKOM BOJIHBI, TaK KaK MHTEHCUBHOCTb AU parupoBaH-
HOTI'O CBETa B JIMHEMHOM pexume paboThl AO g9eiiku
(ipu Manoli 3¢ d@eKTUBHOCTU AUdpaKIIMK) TIPSIMO TTPO-
HOpLYOHAIbHA YIpaBJISIoNnieil MoHOCTH. M3Mmepsis
3aBUCUMOCTb 3(D(HEKTUBHOCTU TU(DPAKLIUU OT YACTOThI
YJIBTPa3ByKa, MOXKHO OIIPEAEIUTh MOIIIHOCTD aKyCTHYEe-
CKOI BOJIHBI Ha KaXIIOi U3 ONTUYECKUX YaCTOT IMara-
30Ha NepecTporKu stueiiku. OLieHUBast 3TOT AUaITa30H
110 YPOBHIO OCJIA0JICHNSI MHTEHCUBHOCTH AU(parupo-
BaHHOTO CBeTa B 2 pa3a [0 CPaBHEHMIO C MAKCUMAaJIb-
HBIM, OIIpeAessieM mojiocy Af .

Breixonnoit nmnenanc BY renepatopa oObIYHO 3a-
METHO OTJMYAETCS OT BXOJHOrO MUMIENaHca Mbe30-
npeobpa3oBareisi, KOTOPbIA, KaK MpaBUIo, BKIOYAET
KaK aKTUBHYIO, TaK U PEaKTUBHYIO KOMMOHEHTY. [1o-
ATOMY IJIsI OJydeHUsT 3((PEKTUBHOTO BO30OYKIESHMS
yibTpa3Byka B AO siuelike B IIMPOKOH MOJIOCE YaCTOT
MPUXOAUTCS TIPUMEHSThH COTJIACYIOIIME PEAKTUBHbIE
BJIEMEHTBI: KOHJAEHCATOPbl U KaTyIIKA UHAYKTUBHO-
ctu. B Haieil pabote HacTpoiiKa CUCTEMBI OCYIIECT-
BJISIJIACh C MTOMOIIbIO BEKTOPHOTO aHaM3aTopa Lenei
¢upmbl Rohde&Schwarz oTnenbHO WISt KasKIOW JTJTMHBI
BOJIHBI ONITUYECKOTO U3TyYEHUSI.

2. PE3VJIBTATBl U'3MEPEHU A
ITAPAMETPOB AO AYENKH

Ha puc. 4 nyHKTUpPHON TUHUEN IIpeAcTaBICHBI
pe3yJbTaThl SKCIIEPUMEHTOB, BbIMIOJTHEHHBIX Ha pa3-
HBIX JUIMHAX BOJH cBeTa: A, = 0.633 MKM (puc. 4a)
u A, =1.15 MxM (puc. 46). Iy ynoGcTBa CpaBHEHHUS
rpadKoB MO OCY OPAMHAT OTJIOKEHBI HOPMUPOBAHHBIE
BEJIMYMHBL: P/P, — IS 9JIeKTPUYECKOIl MOLITHOCTH,
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noriolaemMoii mpeodpasosareneM, u 1/1,, — s ot-
HOCHUTEIbHOU 3(h(heKTUBHOCTU AUDPAKIINN.

MaxkcumanbHasts 3pHeKTUBHOCTh AU PaAKINU
He mpeBbliaia 5%, 4To obecneurBaio yCJIoBUE Clia-
6oro pexxuma AO B3auMOIENCTBYS U, CIEI0BaTEIbHO,
JIMHEIHYIO 3aBUCUMOCTD 3((PEeKTUBHOCTU AU PAKINU
OT aKyCTHYECKOM MOIMHOCTU. B 000ux cirydasix ommbKa
n3MepeHuit obl1a mopsinka 3%.

HM3MmepeHus, BHIIIOJHEHHbBIE HA pa3HBIX IJMHAX
BOJIH, ITO3BOJIMJIM OOHAPYKUTH OOIIYI0 3aKOHOMEpP-
HOCTh: HECOBMAJIEHUE PE3yJIbTaTOB 3JIEKTPUUECKUX
¥ ONTUYECKUX U3MepeHM 1moJiockl AO B3aumoaeii-
CTBUSI, 3aMETHO IIPEBBINIAIONIEE OIINOKY U3MEPEHUIA.
IIpu 3TOM AMaa3o0H NEPECTPOKM, N3MEPEHHBIN OIl-
TUYECKUM METOAOM, OKaszaJiCs yXe MO CpaBHEHMUIO
C TeM, KOTODBIN ObLT OMpenesieH yepe3 napameTp S,
3JIEKTPUUYECKUM METOJIOM, MOKa3aHHBIM Ha puc. 4
CILIOLIHOM KpuBOii. B yacTHOCTH, U3 puc. 4a cieayer,
YTO 110 YpOBHIO 3 1B Inana3oH nepecTpoiiku yjabTpa3-
BYKa, Ha IpaduKe IMOKa3aHHbIA CIUIOLIHON JMHUEH,
3aKJII0YEH B Mpeaeax ot 75 no 250 MI'u, ecau cyauThb
10 MOTJIOLIEHHOM 3JIEKTpUYeCcKOi MolHocTU. OTCro-
Jla 1 U3 puc. 2 ClIedyeT, YTO UCIOJIb30BaHHasl sYeiika
JIOJKHA ObLTa 00eceYrTh (PUIbTPALINIO N300paKeHUI
B criekTpanibHOM auanasoHe ot 1000 mo 400 M, T.€.
B rojioce AL = 600 HM.

OmHako M3MepeHue nuara3oHa MepecTpOrKM OIl-
TUYECKUM METOIOM ITOKa3aJo APYTroi pe3yabTar: OT
120 mo 240 MTI'11, yTOo maeT mAuara3oH MEPEeCTPOMKU
duasTpa ot 650 mo 300 HM ¢ wmpuHO AN = 350 HM,
T.e. B 1.5 pa3a MeHbIIIe.

AHaJOTUYHBINA pe3yabTaT ObLI IOJYYEH IIPU U3-
mepenusx B UK nuamazone (puc. 40). B atom ciy-
Yyae, B COOTBETCTBUM C PHUC. 3, IPUILIOCH 3aMEHUTH
coTJlacyioline 3JIEMEHTHI IMpeoOpa3oBaTest, YTO-
OBI CIBUHYTH ITOJIOCY 3(P(HEKTUBHOTO BO30YKIEHUS
VIbTpa3ByKa B 00Jice HU3KMIT YaCTOTHBIN THAIIa30H.
BcaencTBue aToro nusMeHunach ¢opMa 4aCTOTHBIX
xapakrepucTuk. OgHako oOHapyXeHHOe B paboTe
HECOOTBETCTBUE YACTOTHBIX XapaKTePUCTUK, U3ME-
peHHBIX onTUYeckKuM 1 BU MeTomaMu, TIposSIBUIOCH
C TOI Xe TeHACeHUUEeH: NeKTpUuIeCcKre U3MepeHUs
nanu 6oJsiee MUPOKYIO MOJOCY BO3OYXICHUS Yiib-
Tpa3ByKa MO CPABHEHUIO C ONMTUYECKUM METOAOM.
Kak caenyer u3 rpa¢ukoB, B IepBOM BapuaHTE
Af = 120 MTI'u, a Bo BTopoM — Af =135 MTI'L.

HecoBnaneHnue pe3yabTaTOB BJEKTPUYECKUX
1 ONTUYECKUX U3MEPEHUM yKa3biBaeT Ha TO, YTO
aeKTpudeckast sHeprust ot B4 reHepaTopa BhICOKOI
4acTOTHI He TTpeoOdpa3yeTcs MOJHOCThIO B SHEPTUIO
aKyCTUYECKOTIO IyJYKa, 0COOEHHO Ha Kpasx 4acTOT-
Horo auamna3oHa. [IpyYnMHBI TOTeph BeChMa pa3HoO-
00pa3HbI: BIMSHUE ITapa3UTHBIX ITapaMeTPOB dJIEK-
TpUYeCKO# Lenu (€MKOCTel U MHAYKTUBHOCTEI),
3aTyXaHUs 3ByKa, BO30YXIeHHe TTapa3uTHBIX aKyCTH -
yeckux Mof 1 1p. Ocobo caeayeT OTMETUTD BIIMSTHHC
Ha AO gudpakiuio HEOTHOPOTHOCTH aKyCTUUYECKOTO
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Puc. 4. YacroTHas 3aBUCMMOCTb IOromeHHoi BY MOIIHOCTH B TpakTe reHepaTop—IIbe30mpeodpa3oBaTelib (Kpusas 1),
3aBUCUMOCTb 3G (PEKTUBHOCTU TU(DPAKLIMK OT YaCTOThI YJIbTpa3ByKa (KpuBas 2) IJisl AJWHBI BOJHBI () — A = 1.15 MKM 1

(6) — A =10.633 MKM.

nojsi. CeToBoil nmydyok npu AO B3auMoaelicTBUMA
nporycKaeTcsl 4yepe3 OJMXKHIOW 30HY AU pakuu
aKyCTHMYECKOTO ITy4YKa, T1ae MPUCYTCTBYET OOJIbIIas
KaK aMIUIMTYAHasl, TaK U (azoBasi HEOOHOPOJHOCTb
akyctuueckoro mnoJist [34]. I1pu a3ToM aMnauTynHas
HEOIHOPOMAHOCTD JIUIIIb YMeHbIIaeT 3((PeKTUBHOCTD
audpakiuuu, Toraa Kak ¢a3oBasi HEOOHOPOJIHOCTb
JOTIOJTHUTEJIbHO MCKaXaeT popMy aKyCTUUECKOTO
BOJIHOBOTIO (ppoHTa. Bce atu obcTOsITENBCTBA ClIEdy-
€T YYUTHIBATh NIpu n3rotosneHuu AO rpudopos. s
MOoJIyYeHUsI MaKCUMaJbHO TOCTOBEPHBIX PE3YIbTaTOB
110 YaCTOTHBIM XapakTepuctukaM AQ sueek ciaeayeT
OPUEHTUPOBATHCSI HA Pe3yabTaThl ONTUYECKOIO Te-
CTUPOBAHMUS, TOTA KaK JEKTPUIECKUE UBMEPEHUS
paccMaTpUBaTh JUIIb KakK MpeaBapUuTeIbHBIE.

3AKJIIIOYEHUE

B paGote n3MepeHa yacToTHasl 3aBUCUMOCTb DJIeK-
TPUUYECKON MOIIHOCTHU, MOIJIOILIacMO Harpy3komu
B TpakTe reHepaTop—npeobpas3oBareiib. [TokazaHo,
YTO YACTOTHBIN AMara3oH padoThl MpeoOpa3oBaTes
paBeH 75—250 MT'u. Ilpu akycTOONTUYECKUX U3MeE-
peHusIx 3pGeKTUBHOCTU IU(PaAKIUN B 3aBUCUMO-
CTU OT YacTOThI YJbTPa3ByKa, MPOBOJUMBIX B PEXKUME
nediaekTopa, oKa3aHo, YTO aKyCTUYeCcKasi MOIIHOCTh
B s4eiike 3(p(heKTUBHO BO30YXIaeTCs B AUANa30HE
gactoT 90—225 MTI'. OT0 03HaYyaeT, YTO peabHbIN
JIUara3oH HACTPOUMKU (DUIbTpa MO ONTUYECKUM -
HaM BOJIH oKa3biBaeTcs B 1.5 pa3a MeHblle B CpaB-
HEHUM C pe3ybTaTaMU 3JEKTPUYECKUX U3MEPEHUI.
HaubGonee BeposSITHBIMU MPUYMHAMU OOHAPYKEHHOTO
HECOOTBETCTBUS PE3YJbTATOB JEKTPUYECKUX U OTI-
TUYECKUX U3MEPEHUI SBJISIIOTCS HarpeB KpUcTallia,
BO30YyXIEeHUE HeXeaTeJIbHbIX aKyCTUYECKUX MOJI,
MOTEPU Ha U3JTYUYEHUE DJIEKTPOMArHUTHOW HEPTUU
B MIPOCTPAHCTBO U MOTEPU PHEPTUU B LIETTU JIEKTPU-
YeCKOTo COrlacoBaHMUsI.

Pa6oTa BbInoJjiHEHA TP (PUHAHCOBOM TTONIEPKKE
Poccuiickoro HayuaHoro ¢oHaa (rpanta Ne 19-19-00606).
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Study of the Frequency Range of Operation
of a Piezoelectric Converter Acoustooptical Filter Using
Electrical and Optical Methods

N. V. Polikarpova®- 2 *, V. E. Pozhar?

"Moscow State University named after M.V. Lomonosov, Faculty of Physics,
Leninskie Gory 1, Moscow, 119991 Russia

2Scientific and technological center for unique instrument making of the Russian Academy of Sciences,
st. Butlerova, 15, Moscow, 117342 Russia

*e-mail: polikarpnv@yandex.ru

The acousto-optical characteristics of a paratellurite crystal with a cut angle a = 10.2° have been
studied theoretically and experimentally. The crystal is used in an acousto-optical filter for processing
optical images in visible and infrared light. The electrical tuning range of the filter was experimentally
determined based on the frequency dependence of the power absorbed by the piezoelectric filter
transducer. Estimates of the filter tuning range based on optical wavelengths have been made. At light
wavelengths A = 1.15 and A = 0.63 um, the dependences of the Bragg angle of incidence on the ultrasound
frequency were calculated. When measuring the diffraction efficiency in the deflector operating mode,
it was found that the tuning range of the filter over optical wavelengths turns out to be different from that
predicted by measuring the electrical characteristics of the converter and becomes narrower.

Keywords: acousto-optics, paratellurite, acousto-optical filter, piezoelectric transducer, frequency range
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