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[pennoxkeH METOI YIPaBISIEMOrO MOBOPOTA TUIOCKOCTU MOJSIPU3ALMU JTUHEHHO-TTOISIPU30BAHHOTO
M3ITyYEeHUsT, OCHOBAHHBI Ha CJIOXEHWU IBYX B3AUMHO OPTOTOHAIBHBIX BJUTUIITUYECKU TOJISPU30BaH-
HBIX BOJIH, MMapaMeTphbl KOTOPBIX YIIPABJISIOTCS 3BYKOBOM BOJHOM B TIpoliecce akycToontuueckoit (AO)
OparroBckoit nudpakuuu. TeopeTUUECKU MTOKAa3aHO, YTO yrojl MOBOPOTA MOMSPU3ALUKA 3aBUCUT OT
SJUTUNITUYHOCTH JIydeil M He 3aBUCUT OT JJTMHBI BOJHBI CBeTa. MaKCUMAaIIbHBIN MTOBOPOT MOJISIPU3ALINK
OTPEAESIETCS SITUIITUIHOCTHIO CKIIAAbIBAEMbBIX BOJH U MOXET JOCTUraTh MpUMeEpHO 45°. DKcnepu-
MEHTBI 110 YIIPABICHUIO TTOBOPOTOM IOJISIPU3ALMN ONITUYECKOTO U3TyUEHUSI C JTUHOM BOJTHBI 0.63 MKM,
BBITIOJTHEHHBIE HAa OCHOBE AO-sueiiKi U3 KpUCTaJlia MapaTeuTypuTa, MOATBEPAUIN OCHOBHbBIE TEOPETHU -

YECKUE BbIBOJIbI.
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1. BEAEHHME

Akyctoontuueckue (AQO) sueliku MO3BOJISIOT
yIpaBAsSITh MHOTMMU MHapaMeTpaMy ONTUYECKOTrO
M3JIy4YeHUs: ero aMmmauTynoi, ¢aszoit, 4acToToM,
HaTpaBJIeHUEM pacipoCTpaHeHWs CBeTa n T. 1. [ 1, 2].
B Hacrosiee Bpemst pazpadotka AO-sueek pa3Bu-
BaeTcs 110 IBYM HallpaBJIEHUSIM — COBEPIICHCTBO-
BaHUE CTapblX, XOPOIIIO 3apPEKOMEHI0BABIIUX CE0sI
Ha npakTuke AO-3J1eMEHTOB, TaKMX KakK JIediex-
Topbl [3—5], Monynsitopsl [6] U T. I., U co3naHeE
NPUHIUIIMAIbHO HOBBIX YCTPOMCTB, HaIIpUMeEp
CYMMAaTOpOB OITUYECKMX Jydeil KaK ¢ OTMHAKO-
BbIMM [7], TaK U ¢ pa3HbIMU [8] ATMHAMU BOJIH, U3MeE-
puTesieil PHEeproreoMeTpUYECKUX MapaMeTpOB
JazepHoro usnydeHus [9], usmepureneit pacrnpe-
JIeJIeHUs TeMIiepaTypbl MUKpoooBsekToB [10], AO-
3JIEMEHTOB YIIpaBIIEHUS OJHOBPEMEHHO MHOTUMU
nyyamu [11], AO-n1uHMiA 3aaepXKU I UBMEPEHUS
XapaKTepUCTUK BHEIIHUX BO3AeUCTBUA [12], puiib-
TpallMyd MPOCTPAHCTBEHHBIX YaCTOT ABYXLIBETHOTO
nsnydyeHud [13] u T. o.
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Cpenu Bcex AO-ycTpoiicTB ocoboe MecTo
3aHUMAIOT YCTPOICTBA, B KOTOPHIX MCMHOJb3YETCS
IudpakLus IByX COOCTBEHHBIX MOJ KpUCTaylJla Ha
OIIHOM aKycTu4eckoii BoiHe. K TakuMm ycTpoiicTBam
otHOocaATcsT AO-pacimenurenu [14], AO-MonyasITOpbI
WM3JY4EHUSI C ITPOU3BOJIbHOI noJisipusauuneii [ 15, 16],
aHaIM3aTopbl U300paxkeHuii [17] u op.

B Haieit pabote onuchbiBaeTcs elie OQHO MpHU-
MeHeHue AO-nudpakinmy AByX COOCTBEHHBIX MOJ
KpUCTajljla Ha OOHOM aKyCTUYECKOM BOJIHE, KOTO-
poe TO3BOJISIET OCYIIECTBISITH KOHTPOJIUPYEMOE
BpallleH!Ee TIOCKOCTHU MOJISIpU3alluy JIMHEHHO-T10-
JIIPU30BAHHOTO M3JIYYeHUs IOCPEACTBOM M3MEHEe-
HUSI YaCTOThI aKyCTUYECKOI BOJHBI. DP@PEKT OCHO-
BaH Ha CJOXEHUM ABYX B3aUMHO OPTOTOHAJIbHBIX
SJUIMITUYECKU IOJISPU30BaHHBIX BOJH, aMILIU-
TyIbl U a3kl KOTOPBIX KOHTPOJUPYIOTCS YaCTOTOM
3BYKOBOI1 BOJIHHI B TIporiecce AO-B3aMOIEICTBHSI.
DTO CyIIECTBEHHO pacIIMpseT KPyT 3aa4, KOTOPHIS
MOXHO pellaTh ¢ npuBaedyeHueM AQO-yCcTpONCTB.
ITonoOHBIE ycTpoiicTBa BOCTpeOOBaHBI, HAaNpu-
Mep, B JIA3€PHOU IOILUIEPOBCKOM aHEMOMETPUM, IJIE
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3(p(PEeKTUBHOCTh paccesiHUsI CBeTa CYIIECTBEHHO
3aBUCHUT OT MoJisipu3anui [ 18], B pa3snIuyHbIX UHTEP-
(epoMeTpax W1 MOJTYyYEHUST MAaKCUMAaJIbHO KOH-
TpacTHOI KapTUHBI MHTepdepeHnn [19], B masep-
HBIX TUPOCKOTIAX U T. II.

2. TEOPUA

OnpenenuM cHavaja yCJI0BHSI, IIPU KOTOPBIX CJIO-
JKEHME JIBYX B3aMMHO OPTOTrOHAJbHbBIX SJUIMOTUYE-
CKM TIOJIIPU30BAHHBIX BOJH MPUBOAUT K (POPMUPO-
BaHMIO JIMHENHO-TIONSIpU30BaHHOI BOJIHEL. ITycTh
CKJIaJIbIBa€Mbl€ BOJIHBI pAaCHpPOCTPaHSIOTCSI BIOJb
HEKOTOPOT0 HampaBJIeHUs Z, a IIPOEKIIUU BEKTOPOB
anexkTpudeckoi nHnykuuu D, u D, Ha HantpaBieHus
X 1y, OPTOrOHAJIbHbBIE APYT IPYTY U OPTOTOHATIbHbIE
Z, OMpPenessitoTcs COOTHoIIeHUsIMU [20]

D, = a cos(ot+35,), D, = a,sin(of+35,), (1)
D, = bsin(wt), D, = b, cos(wr).

3necw Dy, Dy u Dy, Dy, — MPpOEKLUMU BEKTOPOB
D, u D, Ha HaTnIpaBJIeHUA X U y; a,, d, — AMIUTUTYZIbI
MPOEKLUUI MEPBOTO 3JLIUIICA; (0 — LUKINYeCcKast
4yacToTa, f — BpeMs; d,, — pa3sHOCTb (pa3 Mex1y KoJie-
0aHMUSAMU NEPBOTO U BTOPOTO DJUIUIICOB; by, b, —
aMIUIMTYIbl IPOEKLUI BTOporo asurca. [lonara-
ercd, yroa, /a, = b, /b, = p, 1€ p — JUIMNTUYHOCTD
ckJanbiBaeMblX BOJIH. IIpoekuusda cymmapHoii
BOJIHBI HAa HaIlpaBJIEHUE X 3aaeTCsl POPMYJION

D+ D,= a cos(of+3d,) + b sin(wr) =
= T\cos(w? +9,),
T, :\/(a1 cosd,, )2 +(—a,sind, +b, )2,

a,sind, —b

(2)
3)

C))

e
tgd
' g cosd,

AHaJIOrMYHO HAXOOUTCS CyMMapHasi BOJIHA BAOJIb
HAaIpaBJIeHUs] y:
Dy + Dy, = a,sin(wf+3,) + b, cos(wr) =
= T, cos(wt + 0,). (&)
3nech T, = \/(az cos 3, )2 +(a,sind,, +b, )2, (6)
a, cosd,,
a,sind, +b,

tgd, =— @)
CyMMapHBIit 2JUIMIIC (POPMUPYETCS KaK pe3yib-
TaT CJIIOXEHUS IBYX TApMOHUYECKMX KOJeOaHUIA,
HampaBJeHHBIX 110 ocsM x 1 y. [Toayocu a u b cym-
MapHoro 3JiuIca 3aaatorcs ¢popmyiaamu [20, 21]

a2:%(7'{2_’_]122_'_\/(7';2_’_]"22)_47';27"22 Sil’l2 8), (8)
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bz:%(7]2+7~22_\/(7]2+]*22)_4]]2T22 sin28). 9)

31ech a — 6oblIas MOAyoCh, b — Manas MoJiyoch;
0 =0, —0,. Yron 1y Hak10Ha OOJIBLLION MTOJTYOCH CBSI-
3aH ¢ T}, T, u d cootHouieHueM [20]

2TT,
tg 2w:ﬁcos 3. (10)

1 2

OtMmeTnM, 9TO B BEIpaxkeHUs (8)—(10) nmukmmae-
CKas 4yacToTa () He BXOOUT. 3HAYUT, IIOJYOCH a, b 1
¢aza 6 He 3aBUCAT B IBHOM BUJIE€ OT JJMHbI BOJHBI
cBeTa A.

YcioBue TMHEHHOCTH TOJSIpU3allMd CyMMap-
HOTO 3JIIAIICA OIpPenessieTcss KaK paBeHCTBO HYJIIO
Mastoit mojyocu aiuica: b = 0. I[Ipu 3ToM HaKJIOH
BeKTOpa mojspusauunu oynet paBeH yriay . Beipa-
xenue (9) npu b =0, T, # 0, T, # 0 npuBooUT K
cooTHouleHuo sin & =0, T. e. & = nm, 11Ie n — 1eI0e
yucao. Otcrona cienyert, 4to tg 0 = 0.

Ucnonb3ys cooTHoluieHue tg 8 = tg (8, — d,) =
= (tgd, —tgd,) / (1 +tg d,tg d,), nomyyaem tg 8, =
=1g0,.

Torna uz ¢popmyn (4) u (7) BeITEKaeT cieaytoliee
COOTHOIIIEHHE:

¢sind,—b _ a,cosd, (1)
a, cosd, a,sind +b,’
oTKyza sing, = 4% =00 (12)
a,b, —ab,

OTO ypaBHEHUE onpenenaser caBur ¢dassl O,
MEXIY CKJIaIblBAEMbIMU DJIJIUIICAMU B 3aBUCUMO-
CTM OT aMIUIMTY[L 3JUIMIICOB a,, a,, b,, b, ipu ycio-
BUHU, YTO CyMMAapHOE€ U3JIydeHUe OymeT JTMHEIHO-
MOJSIPU30BAHHBIM.

Jnsi MpakTU4ecKOoro MPUMEHEHUST MOJydyeH-
HBIX PE3YyJbTaTOB CBSIXKEM aMIUIMTYIH a,, a,, b, b,
JIOMOJHUTEAbHBIMU YClIOBUSIMU. [lojloxkuM, 4TO
aMIUIMTYa OJHOIO U3 DJIJIMIICOB YBEIMYMBACTCH,
a IPYyroro — yMEHbIIAETCsI, HO TAKKUM 00pa30oM, UTO
CyMMapHasi MHTEHCUBHOCTD Jiyueil ocTtaeTcsl Hem3-
MEHHOi1. 17151 3TOro 3aJaauM aMIUTUTYIbl B CleIy-
IOILIEM BUJIE:

a,=A4J0.5(1+ P), a, =pA,J0.5(1+P),
b=pAJ0.5(1-P), b,=AJ0.5(1-P). (13)

3mech A — 3 dexkTUBHAS aMIUIATyIa Jy4ei,
0 — DJUIMOTUYHOCTb, P — mapameTp, omnpenensiio-
uit cooTHomeHue amruiuTya. Ilomaraercsi, 4To
BCe ITapaMeTphl — MOJOXUTEIbHBIE, TIPU 3TOM P < 1.
ITpn BuIGOpe amruuTyd B popme (13) cymmapHas
MHTEHCHUBHOCTD CKJIaIbIBAEMBIX JIy4eii OyIeT OmHOM
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U TOM Xe Ipnu JITOOBIX 3HAYECHUSIX P, a UMEHHO OHa
6yﬂeT 3aJaBaTbCd COOTHOILLICHUEM

a’+a;+b +b = A’ (1+p2).

ITocne mopcTaHOBKM BeIpaxkeHUit (13) B hopmyiry

(12) nonyyum
2pP
(1-p” JN1-P?

Ha puc. 1 mpuBeneHbI 3aBUCUMOCTH U3MEHEHUS
(dassl ,, oT mapamerpa P mig pasHbIX BEJIUYUH p,
paBubix 0.9, 0.8, 0.7, 0.6 u 0.5 (KpuBbIe [—5 COOT-
BETCTBEHHO). BuaHO, 4TO 10 Mepe YMEHBIICHUS P
HAaKJIOH 3aBUCUMOCTEN O, OT P CTAaHOBUTCS MEHEE
KpYTBIM. AHajnu3 TTOKa3bIBaeT, 4To IapameTp P,
YBEJIUUUBASICh OT HYJISI, HE MOXET IMPeBbIIIATh MPH-
MepHO (1 — p). B nporuBHOM ciydae sin §,, > 1.

Ha puc. 2 mpuBeneHBl 3aBUCHUMOCTH yria
HaKJIOHA TUIOCKOCTH TMOJIIpU3alluK, BHIYMCIEHHbIE
cornacHo dopmyine (10) mpu yciaoBuu & = 0 u nipu
BBITIOJITHEHUHM COOTHOIIIeHM (13), KOTOpBIE UCITOJb-
3y10TCs1 IS BeluucieHus 1, u T, COrIacHO BbIpaxe-
HusiM (3) u (6). 31ech KpuBble /—5 COOTBETCTBYIOT
TeM 3Ke JJIMITUYHOCTSIM, UTO M KpUBbIE Ha puc. 1.
Bunno, 4to 31ech TakKe HAaKJIOH KPUBBIX YMEHbIIIA-
€TCS C YMCHBIICHNEM JUIMNTUYHOCTH. Jlrama3oH

sing,, =— (14)

O
i
80° }
2
- 3
4
0
60° | 5
40°
20° |
1 1 L 1 1 ]
0.1 0.3 0.5
P

Puc. 1. 3aBucumoctb uameHeHus ¢asbl J,, OT napamer-
pa P s BenmmavH suntruaHoctr 0.9, 0.8, 0.7, 0.6, 0.5,
COOTBETCTBYIOLIUM KPUBBIM [—J.
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-20°

—30°

—40° |

0.5

Puc. 2. 3aBucumocTh ymia noBopota ) CyMMapHOTO

BEKTOpa nosisipuzauuu ot napamerpa P. Kpusbie 1—5

COOTBETCTBYIOT TE€M K€ DJJTUNTUYHOCTSM, YTO U KPU-
Bbl€ Ha puc. I.

W3MeHeHus yria | paBeH npumepHo 45° npu p = 0.9
u npumepHo 30° mpu p = 0.5.

M3MeHeHMe aMIUIUTYI SJUIMIITUYECKU TOJISIPU-
30BaHHBIX BOJIH M M3MeHEeHUE (pa3bl MEXIY BOJI-
HaMU1 MOXHO OCYIIECTBIISATh MOCPEICTBOM OPIITOB-
ckoiit AO-gudpakimu.

Ha puc. 3 mpuBeneHa BeKTOpHas guarpamma
AO-gudpakuuu, KoTopasd Ipeajaraercd Ias
BBIMTOJIHEHUS Takoil 3amauu. [Ipennonaraercs, 4To
Iudpakiys IPOUCXOAUT B OMHOOCHOM THPOTPOII-
HoM kpuctajuie TeO,. [lToBepXxHOCTH BOJTHOBBIX BEK-
TOPOB “HEOOBIKHOBEHHOr0” U “O0BIKHOBEHHOTO”
Jiydeit o603HavyeHbl Hudpamu 1 u 2.

Ha pucyHke HarpaBieHue Z COBIIaaeT ¢ ONTHYe-
CKOI1 OChIO KpHCTaJlJa, a X —HaImpaBjeHne, OPTOro-
HaJIbHOE ONTHYeCKOit ocu. OnTudeckas rpaHb S, Ha
KOTOPYIO MaaeT UCXOTHOE ONITUYECKOE U3TyYeHUE C
BOJIHOBBIM BeKTOopoM K, opueHTHpoBaHa 1o yrjioM
a K ocu x. Mi3nyyeHue pacnamaeTcsl B KpUcTajuie Ha
IBE COOCTBEHHBIX BIUIMNTUYCCKU MOJISIPU30BaH-
Hbix BoaHbl K| u K,, npuHannexaiuue BOJIHOBBIM
MOBEPXHOCTSAM | U 2 COOTBETCTBEHHO.

B xpuctanne pacnpocTpaHseTcs IomnepedHast
aKyCcTH4ecKas BOJIHA C BOJTHOBBIM BEKTOPOM (, OpU-
€HTUPOBAHHBIM MOJ YIJIOM [3 K HAIpaBJeHUIO X.
OTMeTHUM, YTO BEKTOpP  HaIpaBjieH MpaKTUYeCKU
M0 KacaTeJIbHOM K BOJJTHOBOM MTOBEPXHOCTH 2, UTO

Ne | 2025
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Z A B

Puc. 3. BexropHas nuarpamma AO-nudpakiiiu B O1HO-
OCHOM TMPOTPOIMHOM KPUCTAJLTIE.

oOecrneyrMBaeT HauMMeEHbIIee OTKJIOHEHUE KOHIIa
BOJIHOBOTO BEKTOpa ( OT BOJIHOBOI ITIOBEPXHOCTH 2
MIpU CYIIECTBEHHOM M3MEHEHUHM IUIMHEI BEKTOpa (
(pexxuM, aHaJOTMYHBI pexumy padotsl AO-ge-
¢aextopa [2]). DTOT MOMEHT OCOOEHHO BaXeH,
MOCKOJIbKY TIpenIiojiaraeTcsl yIrpaBjeHue Ilapa-
METpaMU ONTUYECKMX BOJH B IIMPOKHUX IIpeaeaax
M3MEHEHHUS YaCTOThI 3BYKa.

g ananu3za 3¢ dekTa moBopoTa Moasipu3anun
MMOJIOKUM, 4TO TOJIIpU3alius Iafalolieii BOJTHBI
K coBnanaer ¢ nonsipuszauueit BonHsl K|, T. €. Bce
HM3JIydeHNe BHYTPU KPUCTAJIa CKOHILIEHTPUPOBAHO
B BosiHe K. DTa BosHa B pe3ysibTare aHU30TPOITHOM
AO-mndpakinm Ha aKyCTUUECKOI BOJIHE  Judpa-
rupyeT B HamnpasieHuU BosHb K, npuHannexa-
mIeif moBepXHOCTH 2. B pexxume mepeMomysun
BCE U3JIy4YeHUE, colepxkalleecd B BoiaHe K;, BHOBb
BO3Bpauiaetcs B BoJHY K,, HO 4yacTh usnydyeHus
audparupyet B BosHy K, Kak pesynsrat u3oTpor-
HOI AuppaKILN.

Hudpakuuss B ABa OJU3KO PacIOJOXEHHBIX
nopsiika BO3MOXHAa, OHA OCYLIECTBIsSETCS Ha
“OOKOBBIX” JIeTIeCTKaX M3JTyIeHUST aKyCTUIECKOTO
npeooOpaszosatens [22]. Takum obpazom, B pe3yiib-
TaTe “o0OpaTHO” mudpakiuu GOPMUPYIOTCI IBE
COOCTBEHHBIEC BJUIMIITUYECKU IIOJISIPU30BaHHBIE
BosHHI K, u K,, aMmumMTyael KoTOpbIX MEHSIIOTCS B
3aBUCUMOCTHM OT YCJIOBUM audpakuuu. Ipyrumu
cJIoBaMM, MIPOUCXOIUT yIIpaBisgeMas “repekayka”
sHepruu us BosHbl K, B K.

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 1

OTMeTHM, 9TO B JTaHHOM cllydyae M3O0TPOIHAs
nudpakimsl paccMaTpUBaeTCs KaK BaxkKHasi COCTaB-
Jsto1as OpMUPOBAHUS BEIXOTHOTO ONTUYECKOTO
nznydyeHus. 3HOEeKTUBHOCTb U30TPOITHOMN AU pak-
uuu B TeO, Ha “MeIeHHO” aKyCTUYECKO BOJIHE,
HaOJIogaeMoil B 3KCIEepUMEHTaX, J0CTaTOYHO
Bbicoka. OHa Bcero B ABa pa3a McHBbIIE 3 deK-
TUBHOCTU aHU30TpOMNHON nudpakuuu [2]. DToro
BITOJIHE JOCTATOYHO, YTOOBI B HAIlleM ciiydyae chop-
MupoBathk cooctBeHHbIe BoJHBI K, 1 K, ¢ conszmepu-
MBIMU aMIUIATYIAMU.

Casur (a3 Mexxay COOCTBEHHBIMU BOJTHAMMU 00y -
cioBiaeH npuponoit AO-B3aumoneiicteus. B pabdo-
Tax [23, 24| TeopeTUUeCcKM U DKCIEPUMEHTATbHO
uccienoBaH (a3oBblii CIBUT, BbI3BAHHBIN 3BYKOBOI
BosiHOM. TaM moka3zaHo, 4TO cABUT (a3bl U3JTyde-
HUSI, y9aCTBYIOIIETO B TUQPaKINN, MOXET JOCTH-
ratb npuMepHo 360° oTHOCUTENIbLHO (Pa3bl U3ITY-
YeHUsI, He nu(parupoBaBIIEro Ha aKyCTUUECKOM
BostHe. CTpOTro ToBOpSI, B IMyYKax, YIYaCTBYIOIINUX B
AO-nudpakimu, cIBUr ¢a3bl IPUCYTCTBYET BCETa.
DTO clieayeT U3 Toro (pakra, 4YTo aMIJIUTYIbI BCEX
MOPSIIKOB, (popMUpyIommxcs B rpoirecce AO-B3an-
MOJIECTBUS, — KOMIUIEKCHbBIE, UTO O3HAYaeT HaJI-
yue (pa3oBOro caBura.

3. OKCIIEPUMEHT

DpdeKT moBopoTa MIOCKOCTA MOJSIPU3AIUN
OITUYECKOTO M3Ty4YeHMST HAOIIOOAICS B 9KCIIEPHU-
MEHTaX, B KOTOPBIX ITOBOPOT MOJSIPU3ALUN OCY-
uiectasiica ¢ nomouiblo AO-gueiiku u3s TeO,.
M cTOYHMKOM ONTUYECKOIO M3JIYyYeHUS SIBISIICS
He—Ne-ma3ep, reHepupylomuii ¢BeT Ha IJINHE
BosHbl 0.63 MxMm. PasMepsl Kpucramia, U3 KOTO-
poro Obina uzrotoBieHa AO-sueiika, paBHSJIUCH
1.3 x 1.0 x 1.5 cM® Boonp Kpucramiorpaduyeckux
oceit [110], [110] u [001] cooTBEeTCTBEHHO, Tie
[001] — onTuueckass och KpucTtamiaa z, [110] —
HanpasiieHue x (puc. 3). Ontuyeckast rpaHb Kpu-
cTayiyia Obta “ckolleHa” Ha yroi o = 8.3° oTHOCH-
teabHO iockocTu (001), akycTryeckast rpaHb — Ha
yroia B = 3.7° otHocuTenbHO tockoctH (110). Aky-
CTUYECKasl BOJHA reHepupoBajach nbe3omnpeodpa-
30BaTesieM, U3roToBieHHbIM U3 LiNbO; u npusa-
peHHbIM K TeO, MeTonoM X0J104HOM cBapku [25].
Pasmeps! ipeodpazosarenst 0.3 X 0.3 cm?. [Ipeo6pa-
30BaTeJIb FTeHePUPOBAJI IMMONEPEUHYIO aKyCTUUYECKYIO
BOJIHY B nuama3oHe yactoT 25—50 MTIt. CkopocThb
3ByKa B KpucTauie paBHsutach 0.63 - 10° cm/c.
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Puc. 4. ®otorpacdus sxcrepumeHTaANIbHON AO-TUeitKu.

Ha puc. 4 mpuBeneHa ¢otorpadust M3roToBICH-
Hoil AO-gueiiku. 3necs I — CBY-Bxoa, mo KoTo-
POMY Ha STYEIKY ITOIaeTCs BEICOKOYACTOTHBIN 3J1eK-
TPUYECKUIA CUTHAN; 2 — KPUCTAJI IapaTeutypuTa
TeO,, aBnsoumiics OCHOBHBIM JIEMEHTOM STYENKU;
3 — mepxartejb KpUcTajia; 4 — TeIUIOOTBOMI, Paciio-
JIOXXEHHBIN CO CTOPOHBI TTbe3omnpeoopazoBartens. OH
HEOOXOIMM 711 OTBOJIA TEIIa OT STYEH KU, ITOCKOJIbKY
siyeiika paboTaeT B peXXuMe IepeMOmyIsIiuu, T. €.
P IIOBBIIIEHHON 3JIEKTPUUYECKON MOIIHOCTH,
MPUBOISIIEI K HarpeBy siueiiku. B skcnepuMeHTax
HaIpsoKeHUE 2JIEKTPUUECKOTO CUTHajla paBHSIIOCh
npumepHo 10 B, uTo cooTBercTBYyeT mpuMepHo 1 Bt
AJIEKTPUYECKON MOIIHOCTU Ha Harpy3ke 50 Owm.
OTMeTuM, 4TO TEIJIOOTBOJ 0OecreurBa CTabuIb-
HYIO paboTy SIYEHKHU B TeUeHUE 2—3 YacoB.

[ToBOPOT MIOCKOCTU MOJSIPU3ALMU OCYIIECT-
BIISIJICSI ITyTeM M3MEHEHMUSI YaCTOTHI CUTHAJIA, TToaa-
BaeMoro Ha s4eiiky. [1poiiecc nusmepeHust moBopoTa
TUIOCKOCTHU TOJISIpU3ALIMM 3aKJI0YajIcs B CAeAyIo-
1eM: u3HavyanbHO Ha AO-sT4eliKy IogaBaicsl CUTHAT
yactoToii 36 MI. [1pu 3TOM sTueiika OpueHTUPOBa-
Jlach TaKMM 00pa3oM, UToObI Ha €€ BbiXxoae (POpMU-
pOBaJIOCh U3JyYEHUE C MaKCMMaJbHO BO3MOXHOM
MHTEHCUBHOCTbIO 1 MUHUMAJIbHON 3JIJIUIITUIHO-
CTBIO. DJIMOTUYHOCTD MU3IYyYeHHUsI KOHTPOJHMPOBa-
Jlach MOJIIpU3aTOPOM, PACIIOJIOKEHHBIM Ha BBIXOJIE
syeiiku. MHTEHCUBHOCTh CBeTa U3Mepsach OTo-
MPUEeMHUKOM, pacIiojlaraBIINMCS 3a IOJIsSIpru3aTo-
powm. [1pu KaxkmoM 3HaYeHUH YaCTOTHI ITOJISIPU3aTOP
OPUEHTHUPOBAJICS B ITOJIOXEHHUSIX MUHUMAJIBHOTO U
MaKCUMaJIbHOTO MPOITyCKaHMSI CBETA.

Yron moBopoTa OIPENensICA IO TOJOXEHUIO
MHUHHUMAJIbHOTO IIPOIIYCKaHMS IIOJIsIpHU3aTopa,
MOCKOJIbKY YIJoBas OpMeHTalMs TojspusaTtopa

HanboJiee YyBCTBUTEIbHA K MUHUMYMY IIPOITyCKa-
HUS U3IYYeHUS. DIUIMIITUYHOCTh BOJIHBI OIIpese-
JIsIIach KaK OTHOIIEHME CUTHAJIOB, M3MEPEHHBIX
B ITOJIOXKEHUSIX MUHUMAJILHOTO U MAaKCHMMAaJbHOTO
npornyckanusi. CUTHaJI IPYU MAaKCHUMaJIbHOM ITPOITy-
CKaHWM paBHsics mpuMmepHo 600 MB Bo Bcem nnaria-
30HE M3MEPEHMS YacTOTH 3ByKa. B mporecce n3me-
peHMii MeHsUIaCh TOJILKO YaCcTOTa 3BYKa, IIPU 3TOM
MOILIHOCTb TeHepatopa 1 opueHTauss AO-sa4eiiku
OCTaBaJICh HEU3MEHHBIMU.

Ha puc. 5 npuBeneHbl 3KCOepuUMEHTaJIbHbIC
pe3yIbTaThl IJId yIjla IMoBOpoTa ) IOJISIpU3alun,
oIpenensieMble 110 MUHMUMYMY CHTHaja, oToOpa-
>KeHHBIE B BUIIE KPYXXKOB, OOBENUHEHHBIX UHTEP-
MONSIIMOHHON KpUBOM (CIIONTHAS JTMHUS, JeBast
IIKajla OpAWHAT), B 3aBUCUMOCTU OT YacCTOTHI
3ByKa f. Ha ToM e pucyHKe NMpuBeIeHBI 3HAUCHUS
SJUIMNTAYHOCTEN JIydeil B BUAE TPEYTOJIbHUKOB
(mpaBag mkana opauHat). LlITpuxoBasg kpuBasg —
WHTEPIIOJISILINS MOJTYYeHHBIX pe3ylbraToB. BumHo,
YTO 3aBUCHUMOCTD yIja 1 OT f, BOOOIe roBops, He
SABSIETCA JTUHEHHONM. DTOT pe3ynbTaT BIIOJHE OXU-
JaeM, TIOCKOJBKY, KaK TToKa3aHo B pabote [24],
3aBUCUMOCTbH CIBHUTa (pa3bl ONTUUYECKOTO JIyda OT
YacTOTHl 3ByKa B npouecce AO-B3amMoneiicTBUs
HenuHelHas. Ha 3aBucumMocTu ) OT f MOXXHO BBIfIE-
JINTh IBa Y4acTKa ¢ fruarna3oHamMu yactoT 36—43 MIx
n 45—50 MTIu, Ha KaxXa10M U3 KOTOPbIX 3aBUCUMO-
CTH MPAKTUYECKM JIMHEHHBIE. VIX MOXHO MUCITOJb-
30BaTh Ha IPaKTUKE IJIs JUHEHHOIOo yIpaBJIeHMUS

\4
65° 0.08
55°
0.06
45°
35°
0.04
25°
k¢
1 50 1 1 1 1 1 1 0.02
36 38 40 42 44 46 48 50
f, My
Puc. 5. 3aBucuMocTsb yriia ) ToBopoTa IJI0CKOCTH MO0~
Jgpusanuu (CIJIONIHAs KpUBas, jieBast 1IKajia Opav-
HAaT) 1 SJUTUIITUYHOCTH O (IITPpUXOBast KpUBasi, IpaBast
IIIKajia) OT YaCTOTHI / 3ByKOBOI BOJTHBI.
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[TOBOPOT ITNIOCKOCTHU MNOJAPU3ZALNN OITTUYECKOTI'O U3JIYYEHUA

TMOBOPOTOM MOJISIPU3ALIMU ITOCPEACTBOM U3MEHEHMS
4yacTOTHl 3ByKa. Ha puc. 5 BUgHO, 4TO 3IUNTUY-
HOCTb BBIXOAHBIX Jy4Yeil He MpEeBBIIIACT 3HAYCHUS
0.07. 910 BHOAHE MpUEMJIEMO JJIsI MHOTUX 3aaad4,

BCTpEYAIOIINXCS HA TIPAKTHUKE. 2

Heob6xoguMo mo6aBuTh clienyiolee: auana3oH
M3MEHEHMUS yIia ), IOJIyIeHHBII B PE3yJIbTaTe TEO- 3
peTUUEeCKNX pacyeToB, He IIPEBBIIIACT IIPUMEPHO
45° (cMm. puc. 2), B TO BpeMs KaK aHaJOTMYHBIN 4
IMAaIa3oH YIJIOB, MOJYYEeHHBIN B 3KCIIEpUMEHTaX,
nJocTturaet mpuMepHo 50° (puc. 5). D10 HECOOTBET- 5
CTBUE MOXET OBITh OOBSICHEHO TEM, YTO IPU IIPO-
BEJIEHUM SKCIIEPUMEHTOB HE BBITMIOJHEHO YCIOBUE ¢
CTPOroil TMHEHHOCTU BBHIXOMHOM MOISIpU3alUK, a B
00JlacTH CYLIECTBOBAHMS JAaXe HE3HAUYUTEIBbHOW 7
SIUIMNITUIHOCTU AUAIla30H YIVIOB ) MOXET OBITh
CYIIIECTBEHHO IIPEBHIIICH. 8

9
4. BbIBO/ bl

Ha ocHoBaHUM U310XEHHOTO MOXHO clejaTh 0
CJICIYIOIME BBIBOBI. 10.

1. IIpennoxeH MeTON YyHpaBiIsSeMOTO IIOBOPOTa
IUIOCKOCTH TIOJIIPU3aLM JIMHEIHO-IOJISIPU30BaH -
HOTIO M3JyYeHUsI, OCHOBAHHBII Ha CJIOXEHUU ABYX
B3aMHO OPTOTOHAIbHBIX SJIMNTUYECKH MONS- ¢
PU30BAaHHBIX BOJIH. BBISIBIEHO, YTO CyMMapHOE
U3JTydeHne OyAeT IMHEHHO-MOISPU30BaHHbBIM IIPU |5
BBITIOJIHEHUM ycoBus (12).

2. JIng ynpaBieHus aMILTUTyAIaMU ¥ pa3aMu BOJIH - |3
MPEeII0XKEeHO HMCIIONIb30BaTh OCOOCHHOCTU Opar-
roeckoit AO-gudpakuuu — nudpakuuio Ha 60Ko- 4.
BBIX “JIeTIeCTKaX”’ U3JIy4eHHUs aKyCTUYECKOTo Ipeod- |5,
pa3oBaTesis, a TakKe CABUT (ha3 ONTUIECKUX JTydeid,
00ycI0BIeHHBII Tpruponoit AO-B3auMOAeHCTBUS. 16.

3. DKcHepuUMEHTHl II0 YIpPaBISIEMOMY M3Me-
HEHMIO yIjia MOBOpOTa IUIOCKOCTU MOJsSpU3aLuU
OINTUYECKOTO U3TYyYeHUS C IJIMHOI BOIHBI 0.63 MKM,  17.
BBITNIOJIHEHHBIE HAa 0CHOBe AO-sS4eiiKy 13 KpUcTajia
naparte/ulypuTa, OATBEPINIM OCHOBHBIE TCOPETH -
YeCKMe BBIBOJBI: MOJYYEH MMOBOPOT MOJSIpU3aLUU
Ha yroJ okoJyio 50° rmpyu M3MeHEHUH YacTOTH 3ByKa  18.
oT 36 mo 50 MI1. DIMITUYHOCTh BLIXOAHOIO M3JTY-
yeHMs He TIpeBbicuia BeanuunHy 0.07.

19.
OUHAHCHUPOBAHUWE PABOThI
20.

PabGota BuITTONTHEHA B paMKax roc3aganns Ne 075- 21,
00395-25-00 UPD um. B.A. KorenbHukoBa PAH.
MPUBOPHI U TEXHUKA DKCTIEPUMEHTA ~ Nel 2025
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