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DKCITepUMEHTAJIBHO MCClieoBaHa TeIIOBas yIaoBas AeBUAIldsl HYJEBOTO U pabovyero MmopsinikoB B aKCH-
aJIbHOM aKyCTOONTHYECKOM AedieKTope Ha 6a3e mapaTeJTypyuTa Ipu YIpassioleil MOITHOCTH 10 6.5 BT
B HENIPEPLIBHOM pexXuMe. 30HaJIbHbIe U3MepeHus (Y mpeoOpa3oBaTeis, B CEpeauHE U Y TTOTTIOTUTEINS 3BY-
Ka) MpOBeJeHbI ITpU BapyaHTax Audpakuuu B +1 1 —1 pabouuii MOPpsSIAKK U TTOKa3aIu JIMHEHHYIO 3aBUCH-
MOCTB YTJIOBOM IeBUAIIMHU OT YIIPaBJISIIONIe MOITHOCTU. [TpenoxkeHo KayeCTBEHHOE OTMcaHue IeBUAIIUN
paboyero mopsiaka Kak COBMECTHOTO AeHCTBUS ABYX (PaKTOPOB: 1) OTKIOHEHUS HYJEBOro MOpsiaKa Mpu
MMPOXOXIEHUM ABYX TETUIOBBIX ONITUUYECKM GoJiee TIIOTHBIX MPU3M, TIPUJIETAIOIIMX K TTpeodpa3oBaresio 1
MONJTOTUTEIO 3ByKa, 2) YMEHbIIIEHUS yIiia TU(PPpaKIIUK 13-3a pOCTa CKOPOCTHU 3ByKa MPU HarpeBe KpUCTa-
na. ITpr 3TOM HEOMHOPOTHOCTh TEMITEPATYPHOTO TTOJIsI HE TI0O3BOJISIET OMHO3HAYHO Pa3NeIUTh BKJIAIbI 3TUX
(hbakTOPOB B YCpEMHEHHYIO AeBUALIIO pabodero mopsaka. [TokazaHo, YTO TEXHOJIOTHUS SKUIKOCTHOTO KOH-
TaKTa MEXIY ThIJIbHOM MTOBEPXHOCTBIO TThe30MpeoOpa3oBaTesisi 1 KOPIYCOM ITOBBIIIAET CTAOMIBHOCTD Ma-
paMeTpoB aedieKTopa IMpy NMPOXOKACHUU CBEeTa B 30HE, MpuJeraioliiieii K npeoopasopateiato. OGHapyxe-
HO, 4TO MpY TUDpaKIIny B + | TOPSAOK MEXITY Mbe30ITpeoOpa3oBaTeieM 1 ITOTJIOTUTEIEM CYIIIECTBYeT 30Ha
C MUHUMAJTbHOM BEJTMYMHOM TEIUIOBO AeBUALIUU. DTO OOBSICHSIETCS B3AMMHOM KOMITEHCALIMEeH TeBUaLlui
HYJIEBOTO TOpsiAKa (B IOJIe TETUIOBOTO ONTHYECKOTO KJIMHA OT MOMIOTHUTENS) U (haKTOPOM YBETUUECHUST
CKOPOCTHU 3BYyKa.

Kanrouesvie cro6a: aHU30TPOMNHAST aKyCTOONTUYECKAsT TUMPAKIMsI, aKyCTOONITUUECKUI TehIeKTOp, aKCH-

aJibHasi TeOMETpUsl, ITapaTeJUIypUT, TEIIOBbIE (DD EKTHI
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1. BBEAEHHUE

Jutg yripaBiieHUST XapaKTEPUCTUKAMU ONTUYECKO -
o M3JIyYEeHUsI MCIIOJIb3YIOTCS pa3Hble (pU3MUecKue
apdexTrl. AkycToontrndeckue (AO) METOIBI OCHO-
BaHbI HA MOIYJISIIMU ONITUYECKUX [TAPaMETPOB CPEIbI
B TTOJIe aKyCTU4ecKoi BOJHBI [1—8]. [IpmHIMIManisb-
HBIMU JOCTOMHCTBaMU AQ-IpUOOPOB  SBIISIIOTCS:
BO3MOXHOCTb YIIPaBJIeHUSI ”THTCHCUBHBIM JIa3epPHBIM
U3IIydeHUEM, BEICOKOE OBICTPOIEICTBIE, OTCYTCTBUE
MEXaHUYECKU ITIepeMellaeMbIX 3JIEMEHTOB, MaJkble
BHOCHMBEIE CBETOBBIC ITOTEPU, HEOOIBIIINE Ta0aApPUTHI
u Bec. B HacTosiee BpeMst AO-TeXHOJIOTUH ITIpHAMe-
HSIIOTCS TSI MOIYJISILIMU JTOOPOTHOCTU J1a3epPHOTO
pe3oHaTopa, CeJeKIUU MMMYJIbCOB (heMTOCEKYH I~
HBIX JIa3epOB, IMePEKIIOUeHUsI KAaHAIOB B CUCTEMAaxX
BOJIOKOHHO-OIITUYECKOM CBSI3U, YIJIOBOTO CKAHUPO-
BaHusa (AO-gediekTopsl), GOPMUPOBAHUSI MHOTO-
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JIY4€BOI'O IIOJIs IMpU J1a3€pHOM HAHCCCHHNU I/I306pa-
X(CHHﬁ, CIIBUTA ONITUYECKOM YaCTOThI U Apyrux 3agay.

OCHOBHBIM MaTepuajioM COBpeMEeHHbIX AO-TTpu-
00poB siBJsIeTcs MapareayputT (a-TeO,). DTOT Kpu-
cTayu1 TIpo3padeH B amarrazoHe ot 0.35 mo 5 MKwM,
MMeEET BBICOKYIO JIYYEBYIO CTOMKOCTb U (D€ HOMEHAaJIb-
HO 6opiryio BennunHy AO kadectBa (ripu nudpak-
1 Ha MEIJICHHOM CIBUTOBOI aKyCTUYECKOM MOJIE).
Pa3BuTta TeXHOJIOTUSI MIPOU3BOACTBA OOJILIINX O~
HOPOMHEBIX KPUCTALIOB pazMepoM 10 50—80 MM [9—
11]. bonbimas akycrudeckass aHU3OTPOMMUS I1apa-
TEJUTypUTa BBI3bIBAET Psifl aKyCTUYECKUX 3(PpheKTOB
M CIIOCOOHA 3aMETHO BJIMSATH Ha XapaKTePUCTUKU
AO-yctpoiicTts [12—18].

CymectBeHHOM I1pobiemoit B AO-cucremax (B
TOM 4YMCJIe Ha OCHOBE NapaTe/TypyuTa) SIBASIETCS BIU-
STHUE TEeIUIOBBIX 3(p(heKTOB Ha CTAOMIBHOCTh OCHOB-
HBIX ITapameTpoB [19—28]. B wacTHOoCTH, 3TOT (haKk-
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Puc. 1. BekTopHas auarpaMmma M ycJIOBHasi cxeMa akcuaibHoro AO-nediekropa Ha OCHOBE MapareJulypuTa Npy Audpakiim

(a) — B +1u (0) — —1 mopsimoK.

TOp yXyAILIaeT KayecTBO IIpU Jia3epHOUM o0OpaboTKe
matepuaioB. B pabore [29] uccieqoBaHa TemnjoBasi
JIeBUalLMs MapaMeTpOB TUITMYHOIO HEeaKCHAJIbHOIO
AO-gedraexTopa Ha 06a3e mapareanyputa. B atom
cllyyae BOJJHOBOM BEKTOP YJIbTPa3ByKOBOIO IydKa
COCTaBJIsIeT HEOOJBIIOM yroi (0L = 6° B IUTUPYeMOii
pabote) ¢ ochio [110]. Tak kak a3zoBasi CKOPOCTh
HCITOJIb3YEMOI 3ByKOBOM MOJIbI CMJIBHO 3aBUCUT OT
yIJia O, BO3HUKAET SIBJIeHHe “CHOca” — OTKIIOHEHUE
HaITpaBJICHUS pacIIPOCTPAHEHMSI DHEPTUM OT BOJIHO-
BOTO BekTopa (mpu o0 = 6° BeIMYMHA CHOCA paBHa
45°), 4TO BBIHYXIAE€T YBEJIMYMBATH pa3Mepbl KpHU-
crajuia TeO,.

Henasno nokaszano [30], yto aj1st hopMupoBaHus
MHOTOJIY4EeBOIO TMOJIsSI B CHUCTEMax Jia3epHOil oOpa-
0OTKM MaTepuayioB IEPCHEKTUBHO HCIIOJIb30BaHUE
akcuanbHOi (00 = 0°) reomerpun AO B3auMoeii-
cTBUs B mmapareurypute. Llenpio HacTosIeit paboThl
SIBJISIETCSI MCCJIEIOBAaHUE TEIJIOBOM CTaOUJIBHOCTU
MPOCTPAHCTBEHHBIX MMapaMeTPOB akcualibHOro AO-
nedaekropa Ha 0ase MmapaTe/ulypuTa B OMHOYACTOT-
HOM pEXUME.

2. METO/bI

2.1. Axcuanvhas degprexmopras
eeomempusi 6 napamennypume

INpu akcuanbHOil AO-nudpakuny B nmaparesny-
puTe 3ByK HanpaBjieH Bnoab ocu [110], a B3aumopeii-
CTBYIOIIII€ CBETOBBIE BOJIHBI PACHPOCTPAHSIIOTCS 1O/
MaJIbIMM yriamMu K ontudeckoii ocu [001]. T'eomeT-
puYsT UMeeT clieayloline BaxkHble 0ocoOeHHOCTU. Bo-
MEPBBIX, CKOPOCTb WCHOJb3YEMON aKyCTUYECKOM
MOJIBI YHUKAJTBHO HU3Kas (v, = 617 M/c), uto obecrie-
YMBAET B 3TOW TEOMETPHMM HaUBBICILIEE 3HAUYEHUE
AO-kauectBa M,. Bo-BTOpBIX, 3BYK pacrpoCTpaHs-
eTcs1 6e3 cCHoca, UTO yMeHbluaeT pasmep AO-ycTpoii-
ctBa. MakTHIECKHU, pa3Mep KpHUCTaaa BIOIb OCH
[001] ompenensieTcss miIMHOM TIpeoOpas3oBarens L.
B-TpeTbux, UCMOIb30BaHUE 3TON FEOMETPUM JJIs yT-
JIOBOTO CKaHWUPOBAHUSI OrPaHMUYMBAET ITOBTOpHAs
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nudpakumsa (1ByxcdoHOHHbIN mpoiecc). Ha puc. 1
OTpakeHbI 3T OCHOBHBIE OCOOCHHOCTH.

[MapareurypuT sBISIETCS ONTUYECKN AKTUBHBIM
KpHcTaaiaoM, moaTomy Boamn3u ocu [001] onrruueckue
Mombl “paciiernuisgiorcs”’. BenmmuwmHa 3a3opa MeXmy
BOJIHOBBIMY IOBEPXHOCTSIMHU B IIPMOCEBOM 00J1aCTU
MMOYTU TIOCTOSIHHA, XOTSI CUJIBHO 3aBUCUT OT JIMHBI
CBETOBOI BOJIHBI. DTO Ta€T BO3MOXHOCTh pPEeain30-
BaTh Ae(JIEKTOPHYIO T€OMETPUIO: BOJITHOBBIE BEKTO-
pol 3ByKa (K), nagatoiero cera (k,, — HEOOBIKHO-
BeHHas mona) u audparuposaHHoro ceeta (ky, —
OOBIKHOBEHHAsI MoAa) o0pa3yloT IIPSIMOYTOJIbLHBIN
TPEYTOJIBHUK B LIEHTPE Araria3oHa mpoiryckanus. Ha
pUCYHKe OTpakeHbl IBa BOBMOXHBIX BapuaHTa pea-
JM3aluu 1eIeKTOPHOM TeoOMeTpUI, KOTAa pabounm
saBisieTcsa +1 mim —1 mopsmoxk. s riepexoma ot of-
HOTO BapuaHTa K APYroMy HOCTaTOYHO Pa3BEPHYTH
AO-nediexTop B mIockKocTy audpakuuu Ha 180°.
IToBTOpHasa mudpakIIsg BO3HUKAET, KOTIa padoumit
MOPSIIOK HaMpaBjIeH MOYTHU MO ONTUYECKON OCU U
MEXIy HUM U cieayoium mnopsiakoM (ki,, — He-
OOBIKHOBEHHAsI MOIa) CTaHOBUTCS 3(h(hEKTUBHON
nepexkayka sHepruu [31]. DTo NpUBOIUT K MaACHUIO
3(pPeKTUBHOCTU IJIsI pabodero Imopsaka B ILICHTpeE
MOJIOCHI IIPOITYCKAHMS.

2.2. Koncmpyxuus AO-degnexmopa

[ 3KCIIepuMeHTOB HCITOIB30BaJICS aKyCTOOIT-
TUYECKUN aKCUATbHBIN HedaeKTop clieAyIoNIeil KOH-
cTpykiuu (puc. 2). 3ByK BO30YXIAaeT MPSIMOYTOJIb-
HBII MTbe30ITpeodpa3oBaTelb CABUTOBBIX KOJIeOaHMM
u3 Huobata autus (LiNbO;) ¢ miunoil L = 5 mMm
(pa3mep o ocu [001]) m mmpuHoit H =4 mm. TexHo-
JIOTUSI aKyCTMYIECKOTo KOHTaKTa (aKyCTHIECKOTO CO-
macoBaHus npeobpaszoBatens u TeO,) odecrieunBa-
eT aKkyctuueckyto mnosiocy 20—50 MI nmpu KCB < 2
1 moTepu Ha mpeoOpaszoBanHme 2—2.4 nb [32, 33].
Kpucrann TeO, npukiieeH K JIAaTYHHOMY KOPIIyCY,
BepTUKAJIbHAsI CTEHKA JepXKaTesisi HaXOMUTCS B KOH-
TaKTe C TBUTbHOM MOBEPXHOCTHIO IMThe30IIpeodpa3oBa-
TeJasd Yepe3 CJIOM KMIOKOCTH TOJNIIWHON 5—10 MKM.
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Puc. 2. Buemrnwmii Bun AO-nediaekropa.

KMIKOCTHBII KOHTakKT obOecrneymBaeT 3(P(eKTUB-
HBII1 OTBOJI TETLJIa OT Mbe30Tpeodpa3oBaTesisi Ipu ero
akyctuueckoil m3oysiuum [34, 35]. Ha mporuBorio-
JIOXKHOM TOpLIE KpHCTajlyla HaHECeH IIOIJIOTUTE]b
3ByKa B BUJIE SMOKCUIHOTO cyiosl. JIaHHast KOHCTPYK-
ISl TIO3BOJISIET MCITOAb30BaTh AO-nedIIeKTop B He-
NpPEePBIBHOM pPEXMME C MOIIHOCTBIO paguOCUTHAaja
no 7 BrT.

2.3. Uzmepumenvuasn ycmanogka

Ha puc. 3 npencrabieHa cxema W3MEpPUTETbHOM
YCTaHOBKM. JIazepHbIii Ty (IUTiHa BOIHBL A = 0.63 MKM)
Ha Bxoae B AO-aedaekTop uMen anepTypy 2.5 MM 1
pacxommMocTh © = (.7 Mpam. DKCHEPUMEHT MPOBO-
IWICS Ha (PMKCHPOBaHHOM yacToTe 3ByKa /= 33 MI,
He Tonajaonieii B 001acth 3 OEeKTUBHOMN TTOBTOP-
HoW nudpakiuu. C y4eToM reoMeTpruM B3auMOIei-
CTBHS yroj (B BO3AYyXe) MEXIY ITafalOlIMM CBETOM U
pabouuM TIOPSIAKOM OMpeAessieTCsl COOTHOIIEHUEM
© = Af/v,, 4TO COCTABUJIO B JTAHHOM CJIy4ae BeJTUINHY
34 mpan. Uameputens npoduiisi MOIITHOCTH, PACIo-
JIOKEHHBIN B (DOKAJILHOM TJIOCKOCTH JIMH3BI, PETrH-
CTPUPOBAJ IMaMETP CBETOBOTO TsITHA D U ero cme-
meHnue Ad, BBI3BAHHOE TEIUIOBBIMH 3¢ deKTaMu.
HM3MepeHnsT MPOBONWINCH ST TAJAIOIIero U Iu-
¢dparupoBaHHOTIO Jydyeil B 1Mara3oHe MOoABOANMOM
HETPEePBLIBHON MOIITHOCTH yripaBieHus 10 6.5 Br. 1o
CMENIEHUIO MSITHA PACCYMTHIBAIIOCH YTJIIOBOE CMEIIIe-
HIe AO KaXXmoro u3 Jydeid, 4To ¢ y9eTOM BapHaHTOB,
MpencTaBIeHHBIX Ha pUC. 1, TaJI0 YeTHIpe CEpUU U3-

MepeHuii. Kpome Toro, B Kaxkaoit cepuu I B3auMO-
TMEeMCTBHST MCTOJIB30BAINCh TPU 30HBI KpPUCTAJLIA: Y
npeobpazoBareis (), BcepenuHe (2), y HOIJIOTUTENST
3ByKa (3). YcinoBHas cxeMa M3MEpEeHUil MpeacTaBie-
Ha Ha puc. 4. 3Haku “+” 1 “—” oTMeuaroT NOJ0XKHU-
TEJIbHYIO M OTPUIIATEIIbHYIO YIVIOBYIO NEeBUAIUIO JTy-
Yyeil, TP 3TOM OTKJIOHEeHHe AUGPaKIIMOHHOTO TT0-
psIiIKa OT Magaloiero MPUHSATO TTOJTOKUTEIBHBIM.

B mpoirecce m3MepeHMiT MOJIOKeHUS Jla3epa W
TMIPUEMHOI armapaTypbl ObUIM HEM3MEHHBIMU, MEHSI-
JIOCh TIPOJOJbHOE TIOJoXKeHUe aedaekTopa U ero
OpUEHTALIUS.

N

Puc. 3. Cxema ycraHoBku. I — AO-nednekrop, 2 — TMH-
3a, 3 — U3MepUTeIb NPOdUIIs JTyda.

AKYCTUYECKUM KYPHATT Tom 68 Ne5 2022
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Puc. 4. (a, B) — Cxema 30HaAJIbHBIX U3MEPEHMIA YIJIOBOI Je-
BUAIMU Tiafaroniero u (0, T) — mudparnpoBaHHOTO JTy4eid
npu mucpakiyy B +1 mopsinox (a, 6) 1 —1 mopsinox (B, T).

3. PE3VJIBTATDI

IIpakTu4ecKy 3HAYMMBIM SIBIISIETCSI OTHOILECHUE
YIJIOBOTO CMEIIEHUSI K MOJTHOM PacXOAMMOCTH CBETa
AB/0O. 3aBUCUMOCTb 3TOTO MapaMeTpa OT MOABOIU-
MO MOIIHOCTH P IpeAcTaBieHa Ha puc. 5.

30oHaJbHbIC U3MEPEHUSI TIPOBOAUIIUCH C HEKOTO-
PO MOTPENTHOCTHIO TTOJIOXKESHHUS, TO3TOMY PUC. 5a 1
5B HE SBJISTIOTCS TTOJTHOCTBIO MACHTUIHBIMHY TIPH 3a-
MEHE 3HaKa eBualuu. Bece npeacTaBieHHbIe Ha puc. S
TMaHHBIE XOPOIIIO allIPOKCUMUPYIOTCS JIMHEITHO 3a-
BUCHMOCTEIO.

4. ObBCYXIEHUNE

I[lpr ananu3e W WHTEPIIpETAIINM SKCTIEPUMEH-
TaJIbHBIX TAaHHBIX OyJIeM CUUTaTh, UTO HAOII0JaeMble
3 HEKTHI 0OYCIIOBICHBI TEMIIEPAaTyPHOIT 3aBUCHMO-
CTBIO TTIOKa3aTeJIeii MPeJIOMIICHNST U CKOPOCTH 3BYKa,
a TakXXe HEOTHOPOMAHOCTBIO TEMITEpATypHOTO TOJIs B
KpHUCTaJlIe.

3HaYeHUs] TEPMOONTUYECKUX U TEPMOAKYCTHYC-
CKUX KO3(M@PUIUEHTOB pasHaTcs [26, 36—42], HO
BIIOJIHE OIPEACICHHO B YCIOBUSIX DKCIIEPUMEHTA I10-

AKYCTUYECKHM XYPHAJI  Tom 68 Ne 5 2022

KazaTelIn IpeJIOMJICHUSI U CKOPOCThb 3ByKa pacTyT
npu HarpeBanmu: dn,,/dT > 0, dv/dT > 0. Harpes
KpUCTaJljia BbI3BaH BbIACJICHNUEM TeIlIa Y Mbe30Mpe-
oOpa3oBaTeJis U B ITOIIOTUTENIE 3BYKA, IIPY 3TOM JIMC-
CUMAanMIo 3ByKa B caMOM KpHCTajUIe ITojlaraeM Ma-
Jioi. [I1sl olleHKU TeMrepaTypbl B 30HaX KpUCTalia,
MPUJIETAIOIINX K IMbe30IIpe00pa30BaTesio U MOITIOTH -
TEJII0, UCITOIb3YeM pe3ybTaThl paboThl [29, puc. 6].
B aToMm ciiydae s HeakcuajibHOro aediekTropa Ha
0a3e mapaTejlypuTa ObLIa MOJydeHa 3aBUCHUMOCTh
mapameTrpa AB,/O oT TeMmepaTypbl KpUcTaJlla Ipu
BHEILIHEM HAarpeBe U MaJIOM YIpaBAsSIOIIEd MOILHO-
ctu P = 0.1 Br. IIpenmoinaras omnpeneacHHYIO CXO-
XKECTh Pe3yJIbTaTOB, MOXHO (13 puC. 50, 5T) OLIEHUTH,
4TO NP MOLIHOCTH 6 BT TeMmepaTypa B 30He ITpeo6-
pasoBareisa okoyio 28°C, a y momtotutenas — 70°C.
BunHo, 4TO OCHOBHBIM MCTOYHMKOM HarpeBa Kpu-
cTajuia sIBJseTcs IOIJIOTUTENb 3ByKa, a He Tpeobdpa-
3oBartenb. O4eBUIHO, 3TO CIaeACTBUE I(h(HEKTUBHOTO
TEIUIOOTBOIA YePe3 KMAKOCTHBIIA KOHTAKT.

IMapaTennyput uMeeT OTHOCUTEIbHO HEOOJIbIITYIO
TETJIOMPOBOAHOCTD, ITO3TOMY IBa TOPLEBBIX UCTOY-
HUKa TerJia (C y4eTOM TeIJIOBOTO ITOToKa 4epe3 0o-
KOBBIE TpaHU KpHCTajla) BBI3BIBAIOT OOpa3oBaHUE
JIBYX TEIJIOBBIX OTITUYECKUX ITpu3M. PocT mokazare-
JISI TIPEJIOMJICHUSI C TEMITepaTypoii JemaeT 3TU MpU3-
MBI ONTHMYECKM OoJjiee IUIOTHBIMU. Kak BMAHO U3
puc. 5a, 5B, M3-3a CUJIBHOTO HarpeBa y MOITIOTUTEIIS
(30Ha 3) Bo3HUKaeT OoJiee MPOTSLKEHHas TIpu3Ma, ee
OTKJIOHSIIOIIMI yroj Takske oosbiie. Kak y mpeoopa-
30BaTeIsl, TaK U Y MOTJIOTUTEST HYJIEBOM ITOPSIIOK OT-
KJIOHSIETCSI B CTOPOHY TOPIIOB KPUCTAJLIa, YTO MOKa-
3aHO Ha puc. 6a, 6B.

Tak kak TemIiepaTypHOe II0J€ HEOTHOPOIHOE,
BO3HUMKAIOIINE ONTUYECKUE MTPU3MBI TAKKE SIBJISTIOT-
cst HeogHoponHbIMU. [1oaTOMY mapnuaabHbIE JIY4YH,
COCTaBASIOIIME CKOJJIMMHUPOBAHHBINA MNagaroliuii
CBET C O0JIbIIOI alepTypoit, UMEIOT Pa3HYIO BEJINYM -
Hy OeBHanuu. B pesynbraTe yroa pacxogMMOCTH U
HYJIEBOTO M AU(PPAKIIMOHHOIO TIOPSIKOB YBEJINYM-
BaeTcs, pa3Mep NsiTHa B GOKaJIbHOM IJIOCKOCTU JIMH-
3B pacTeT, opMa IISITHA MCKAXKAETCSI.

PaccMmoTpuM nudpakiivio OTAeIbHOTO Mapuaib-
Horo jay4da. Tak Kak OTKJIOHEeHHe padodero =1 mo-
psijika OT MaJalolIero cBeTa paBHO @ = Af/v,, TO IeBU-
aiust AQ,, 3TOro mopsiaka siBjsieTcsl CyMMOI eBua-
unu AO, HyJeBOro TMopsiika W BEJIUYUHBI AQ,
BO3HMKaIIEH MpU TETJIOBOM U3MEHEHUN CKOPOCTHU
3Byka: AQ,; = AB, + A@. BHe 3aBUCMMOCTU OT 30HBI
U OT OpUEHTAlMM KpuUcTajla, HarpeB YBEJIUYUBAET
CKOPOCTb 3ByKa, U TTORTOMY YMEHBILIAET Yroia ¢, TO
ectb AQ < 0 (HO BeIMYMHA YMEHBLIEHUS 3aBUCUT OT
MecTa MPOXOXIeHUs cBeTa). B pe3ynbraTe AeBUALUS
pabouero nopsijika CKJIaablBaeTCs U3 OTPULIATEIbHOM
BEJIMYMHBI A, 3aBUCSILLEIH TONBKO OT MECTa BXoAa
CBETOBOTO IyuKa, U AeBuaiuu A6, BeIMunuHa 1 3HaK
KOTOPOI1 3aBUCST KaK OT MOJOXEHUSI MyyKa, TaK U OT
BbIOpaHHOTO BapuaHTa Audpakiiuu. CrenoBaTeib-
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Puc. 5. (a, B) — YmoBas neBualius majgatoiero u (0, r) — nudparupoBaHHOTO Jyueit mpu audpakiuu (a, 6) — B +1 mopsimok
u (B, T) — —1 mopsimok. 1, 2, 3 —HoMepa 30H, CHMBOJIHI (0, X, +) — 9KCIIepUMEHTAIbHbBIC TAHHBIE, TIPSIMbIE — JTIMHEWHBI TPEH]T.

HO, 3TU 3(P(PeKThl MOTYT YCUJIMBATD WJIN OCIA0JISITh
IpyrT npyra. Puc. 66, 6r WuLTIoCTpUpyeT AeBUALIVIO pa-
6ouero IopsiiKa B KpaiHUX 30Hax Kpucramia. OT-
MeYeHHasI HEOOHOPOIHOCTb TEMIIEPATYPHOTO TTOJIST
UCKaxaeT pe3ybTaT AU paKIuU IIUPOKOTro MyJKa,
COCTaBJICHHOTO U3 OOJIBIIOTO KOJIWYECTBA IMapliu-
anpHbBIX Tydeit. [loaTomy namee BemamHb AQy, AQ,
AB,, ciemyeT TIOHUMAaTh KaK Pe3yIbTaT yCPETHEHUS
10 anepType cBeTa.

M3 puc. 5 u 6 ciienyert, 4To 30HATBLHOE MOBEACHIE
paznu4daeTrcs npu gudpakuuu B +1 winu B —1 pabo-
ynii IopsimoK. B mepBoM citydae, B TIpujieraiomeii K
npeobpa3oBartesiio oodjiactu (30Ha /) 1efACTBUE ONTU-
YeCKOTO KJIMHA CYMMUPYETCI C BIUSHUEM YBEIUYE-
HUsI cKopocTH 3ByKa. JleBuamvst AQ, = —|AQ | — |Ag|
SIBJISIETCSI OTPULIATEILHOM, IIPU 3TOM €€ HeOobIast
BeJIMYMHA €CTh CJEACTBUE XOPOIIEro TEIUIOOTBOAA
yepes KUIKOCTHBIN KOHTAKT. [1pu ymanenuu nmagaio-

ILIETO CBETA OT IIpeoOpa3oBaresisl Bo3aeucTBre Pak-
TOpa KJIMHA MEHSIET 3HaK, 1 Y TIONIOTUTEIS JeBUALTUAST
AB, = AO, — |A@| monoxuTenbHas (30Ha 3, TUIOXOM
TETJIO0TBOMI, BEICOKAst TeMnepaTypa). OueBUIHO, YTO
MeXIy Mpeobpa3oBaTeieM U ITONIOTUTEIEM MOXHO
HalTU TIOJOXEHUE C OJM3KON K HYIIO ACBUALIMCH.
DTO MOXHO OOBSICHUTH CIEAyIOIIUM 00pa3zoM. BbI-
JeJIeHUe Teria y TOPLIOB KpUCTAaJlJIa TPUBOIUT K TO-
MY, UYTO TpaIuEHT TeMIepaTyphl IO XOAYy 3BYKOBOIA
BOJIHBI MEHSIET 3HAK 1 B KAKOI-TO TOYKE OOpalaeTcst
B Homb. OO0JIacTh 3a 3TOM TOYKOM (IO XOmy 3ByKa,
OJIKe K MOINIOTUTENI0) BeIeT ce0s1 KaK ClIalbIil OIT-
TUYECKUM KIIWMH, BHOCSIIUI CIa0yI0 MOJIOXUTEb-
HYIO I€BUAIIAIO B HYJIEBOI MTOpsaoK. B pe3ynbrare B
atoit obmactu A, — |A@| = 0, mpuyemM ¢ pocTom
MOIIHOCTH 06a (pakTopa pacTyT, COXpaHSs PEKUM
KOMIIeHcallMu. BaxHo, 4TO B 3TOM pexXuMe 00J1acTh
B3aUMOICUCTBUS UMEET HEOOJBIIYIO TEIIJIOBYIO HEe-
AKYCTUYECKHWM KYPHAJ Ne 5
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Puc. 6. (a, B) — KauecTBeHHas1 cxeMa 30HaIbHOI YIJIOBOIA
JIEBUAITY MAIAI0IIEro 1 (0, T) — b parupoOBaHHOTO JIydeit
ripu audpaxkimu B +1 nopsinox (a, 6) u —1 nopsinox (s, r).

OIHOPOIHOCTh, Y YIJIOBOM CIIEKTP MOIIHOCTH B3au-
MOJICHICTBYIOIIMX CBETOBBIX ITYYKOB OYIET MCKaKEeH
MUHUMAaJIbHO.

Bo BTOpOM Ciiydyae, B mepBoii 30HEe MPOUCXOAUT
yacTU4YHasi KOMIIeHcalus neiicTBusi oooux (akro-
poB, nipu 3ToM eBuanust AO_; = AB, — |A@| ocTaercs
oTpuliaresbHo. [1pu ygaaeHun yda ot mpeobpaso-
BaTeJsisl, ACUCTBUE ONTUYECKOTO KIMHA MEHSIET 3HaK,
oTpulaTenbHas neBuaryst AO_; ycunmBaercs. AHa-
JJOTM9HO mudpakimm B +1 MOPSIIOK, MOXKHO OBIIO
OXUIaTh O0JACTU C HYJEeBOM AeBHAlIMEll OMKe K
npeoOpa3oBaTesio, €CIr Obl MpUIeTAIOLINI OTITHYE-
CKMI KJIWH CUJIbHEE OTKJIOHSJ TMaJalolludii CBeT.
OueBUIHO, YTO STOMY IPEISATCTBYET XOPOIIUI TeTl-
JIOOTBOJ, OT TipeoGpa3oBaresist. M3 3TOro MoxHo 3a-
KJIIOYUTh, UTO BapuaHT Audpakuuu B +1 Mopsaok
BHOCUT MEHBIIINE UCKAXKEHUSI OTHOCUTEIILHO JIPYyTO-
ro BapyvaHTa HWMEHHO H3-3a OCOOEHHOCTEH KOH-
crpykunu AO-nmedaekTopa.

YcpenHeHHBI xapakTep BeauduH A, A@, A0,
HE ITO3BOJIET OMHO3HAYHO Pa3le/INTh BKIIAIbLI IBYX
paccMOTpPeHHBIX (haKTOPOB B IEBHAIIMIO PaboOYero
rnopsiaka.

SAKJIIOYEHHME

1. SKCHCpI/IMeHTaJIbHO ncciaceaoBaHa TEIJIOBasda yr-
JIOBadA acBuanusda HYJICBOIO U pa60qero IIOPpAOKOB B
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aKCHaJIbHOM aKyCTOOITHYECKOM nediekTope Ha 6a-
3€ naparesulypuTa Mpu yIpasisitoleid MOIIHOCTU 10
6.5 Bt B HeripepuIBHOM pexume. M3MepeHus mpose-
JIeHBbI B TpeX 30HaxX KpucTtayuia (y mpeodpa3oBaTeis, B
cepellMHe U y TIOMIOTUTENS 3ByKa) MPU BapuaHTax
mudpakumu B +1 1 —1 padounit mopsinok. ITokaza-
HO, UTO BeJIMUMHA JI€BUALIMU BO BCEX PACCMOTPEH-
HBIX CJIy4yasX JIMHEWHO 3aBHUCUT OT YIpaBJISIOLICHA
MOIIHOCTH.

2. IIpennoxeHo Ka4eCTBEHHOE OIMCaHUE JeBHa-
Uy padoyero rnopsiaka Kak COBMECTHOTO OeHCTBUS
nByx (pakTopoB. IlepBhlii — OTKJIIOHEHHE HYJIECBOTIO
MopsiiKa NpU MPOXOXIEHUU IBYX OINTUYECKU OoJjiee
IUIOTHBIX IIPU3M, BO3HMKAIOIIMX M3-3a BBIOEICHUSI
TeIlUia B ITpeoOpa3oBaresie 1 rorioTuTese 3syka. Kak
y ImpeoOpa3oBaTesisl, TaK U y IIOIJIOTUTENISI HYJIEBOM
MOPSIAOK OTKJIOHSIETCSI B CTOPOHY TOPLIOB KpUCTaJLIA,
MMOATOMY 3HaK 1 BEJIMYMHA 3TOro 3(¢eKTa 3aBUCUT
OT TIOJIOXXEHUSI anepTypbl Ha BXOOHOM I'paHU KpU-
crasia. Bropoii — ymeHbIIeHWe yIiia TupaKiuy 13-
3a pocTa CKOPOCTH 3ByKa MpU HarpeBe KpuUcTalia.
B sTOM cityyae oT moaoxkeHus 3aBUCUT TOJIBKO BEJIM-
yuHa 3¢ddekra, 6e3 u3MeHeHus1 3Haka. Benencreue
HEOOHOPOIHOCTY TEMIIEPATYPHOTO ITOJISI OTIE/IbHEIC
napuuagbHble JIy4W, COCTABISIOIINE CKOJUIMMUPO-
BaHHbIN MaJaolIUii CBET, UMEIOT PAa3HYIO BEJIMYUHY
JIeBuanuy. B pesynbrare yroj pacXonmMMoOCTH U HyJle-
BOTO U 1M PaKIMOHHOIO IOPSIIKOB YBEJIMUUBAETCS,
YTO HE MO3BOJISIET OOJHO3HAYHO pa3neiauTh BKJIIAIIbI
JIByX PaCCMOTPEHHBIX (haKTOPOB B YCPEAHEHHYIO Ae-
BUALIMIO pabOYero ImopsiaKa.

3. DKcOepuMEHTAJIbHO IIOATBEPXKICHBI U Kade-
CTBEHHO OOBSICHEHBI IMTPaKTUYECKN 3HAUYMMBIEe (pak-
Thl. Bo-TIepBBIX, JKMIKOCTHBIN KOHTAKT MEXY ThLIb-
HOM ITOBEPXHOCTHIO IThe30IPpeoOpa3oBaTeIsl U JIaTyH-
HBIM KOpHycoM obecrieunBacT 3(h(HEKTUBHBINA OTBOI
TeIlIa OT Ibe30IIpeodpa3oBaTelis IMPU €ro akycTuye-
CKOI M30JIILUU. DTO YMEHBIIAeT HEOTHOPOIHOCTh
TeMIIepaTypPHOIO IOJsI U ITOBBILIAET CTAaOMIbHOCTh
napameTpoB AQO-pediekTopa B 000MX BapHaHTax
Iudpakiy IpyU MPOXOXISHUN CBeTa Yyepe3 Mpuie-
ramplylo K Ipeodpa3oBaTeiio 001acTb. Bo-BTOPBIX,
npu 1udpakiyy B +1 MOpSImoK MEXIy Mbe30IIpPeod-
pa3oBarejeM U ITOIIOTUTEIEM CYIIECTBYET 30HA C
MUHUMAJbHOW BEJIUWYUMHOM TEIJIOBOW J€BUALIMMU.
DTO 0OBSICHSETCS B3aMMHOM KOMIIEHCAlLIMEil 1MoJIo-
KUTEJILHOM JeBUMAallMd HYJIEBOTO mopsiaka (B II0Jie
TEIUIOBOTO ONTUYECKOTO KJIMHA OT IOIIOTUTENISI) U
OTPUMLIATEJILHOM JIeBUALIMM U3-3a YBEJIUYEHUS CKO-
poctu 3ByKa. [lpu mudpakonm B —1 MOpsSI0K TaKOM
30HBI HET, TaK KaK 3(p¢peKTUBHbBII TEIJIOOTBO, YepPE3
XKUIKOCTHBIM KOHTAaKT AejlaeT TEIJIOBOIl OmIThde-
CKUil KJIMH, TIpujeraiouumii K IpeoOpa3oBaTes,
CJIIMIIKOM cJ1abbiM. Takum 06pa3oM, B pacCCMOTPEH-
HOI KOHCTpYKIIMU AO-aedieKTopa IMpearodTUTEb-
HBIM SIBJISIETCS BapUaHT nupakiuuy B +1 mopsaox.
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