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Hocaigxeno koedilieHT ejeKTpoMexXaHiuHOro 3B si3Ky. Onucano Mojaenb AOCTIIKEeHHS
3D-ananizy mpocTopoBoi aHizoTponii akyctuunux napamertpis. Ilonano aaroputM nodya0Bu
BKa3iBHOI MoBepxHi KoedilieHTa eIeKTPOMEXaHIYHOro 3B’A3KYy Ha OCHOBi piBHAHBL I'pina—
Kpicrogensi. Brnepmie modynoBaHo Bka3iBHI NMoBepxHi KoegilieHTa ejileKTpPOMeXaHiqYHOIO
3B’ A13Ky. BU3HaYeHO MaKkCMMAaJIbHi 3HaYyeHHH 1Jisl MOOYy10BaHMX MOBepXoHb. [[y1A monepeyHoi
nojaspu3anii BU3HAYEHO HANPSIMKHU, AKi Aaw0Th 3Mory Ha 3 % eHeproedeKTHBHille BHKO-
pUCTOBYBAaTH I €30mepeTBopoBadi Ha ocHoBi kpuctaiis LiNDO;. TIlokazana HeoOXxigHicTn
NOAAJBIIOr0 TMPOBEAEHHN AOCTIIKeHb IPOCTOPOBOr0 Ppo3moaily KkoedinieHTa ejexkTpo-
MEeXaHiYHOro 3B’ fI3KY.

KarouoBi ciioBa: koe(illieHT esleKTpoMeXaHiYHOTO 3B’ 13Ky, BKa3iBHA MOBEpPXHS, MOJIf-
pU3alia aKyCTUYHOI XBWJIi, eHeproe)eKTHBHICTb.
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DETERMINATION OF ENERGY EFFICIENCY ACOUSTIC DEVICES
INTHE OPTICAL TRANSPORT NETWORK USING
3D-ANALYSISOF ELECTROMECHANICAL COUPLING

© Kaidan M., 2016

In this paper we investigate electromechanical coupling coefficient. We show the
investigation importance of spatial distribution coefficient of electromechanical coupling. This
parameter characterizes the energy efficiency of piezodectric transducer that in turn affects the
acousto-optic devices in optical transport networks. We present basic definitions and types of
electromechanical coupling coefficient. We also show the for mula for deter mining the coefficient of
electromechanical coupling that facilitates study of the spatial distribution of this coefficient.

We present a research model of spatial anisotropy for acoustic parameters and prospose
an algorithm for constructing the indicative surface of electromechanical coupling coefficients
for a particular direction of the radius vector. The radius vector coincides with the direction of
acoustic waves propagtion by using the equation Green-Christoffel.

We show the adequacy of the results by analyzing previous studies conducted on the
plane X,X3; in LiNbO; crystals. The indicative surface coefficients of eectromechanical
coupling have been constructed for the first time. This surfaces have been analyzed and
maximum values have been defined. The indicative surfaces of electromechanical coupling
coefficients do not exhibit a totally rotational symmetry with the axis of infinity order, what
appears to be also consistent with the German’s theorem. According to the principle of Curie-
Neumann, the indicative surface is invariant here with respect to the symmetry operations of
the point group 3m that describe the symmetry of the crystal structure of LiNbO3 crystals.

The directions of efficient use of LiNbO; crystal for acoustic device were deter mined.
For transverse polarization directions of efficient 3 % utilization of piezoelectric transducer
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crystals LINbO3 were determined. For longitudinal polarization the directions that could
improve ener gy efficiency of acoustic devices wer e not found.

We stress that further studies of the spatial distribution coefficient of electromechanical
coupling to other piezoelectric materials should be conducted. We have concluded that the
values of the sample orientation are different from the direction of the main planes of the
sample and symmetry planes.

Key words: eectromechanical coupling, the indicative surface, polarization of acoustic
wave, ener gy efficiency.

Beryn

ChoroziHi TeneKoMyHiKalliiiHe 00naJHaHHs CIOKUBAE MPUOIM3HO 5 % enekTpoeHeprii i3 3aranbHOL
BHPOOJICHOT €IeKTPUYHOI MOTY)KHOCTi. [lomuT Ha TeleKOMYyHIKAlidHI MOCIYrH 3pOCTae 1 Haaami, 1o
MPHU3BOAUTEH JIO0 3POCTaHHS MO0 TOKa3HUKA. OJHUM i3 KIIOYOBHM TIapaMmeTpiB y Tally3l eHEepreTHKH
TeNIEKOMYHIKaIild € mapaMerp eHeprocrnoxupanHg. OIHAK BIacHE CHEPreTUYHE CIIOKMBAHHS MEPEK €
BYUIMBIIIOID TPOOJIEMOI0 TMOPIBHIHO 3 HEOOXiTHOIW MPOMYCKHOI 3/IaTHICTIO, OCKUIBKH came
CHEpProcoXKUBaHH € (HaKTOpOM, 10 OOMEXYe ii 3pocTanns [1].

YV [2, 3] mnoka3aHo, 1O ChOrOAHI HaleeKTHBHIIIE B ONTHUYHI TPAHCHOPTHIA Mepexi
BUKOPUCTOBYBAaTH aKyCTOONTHYHHHA KOMyTaTtop. Y pa3i BUKOPHCTaHHS aKyCTOONITHYHHUX KOMYTATOPiB
mpobjieMa MainTabOBaHOCTI Ta BTpPAT BHPIIIYETHCS JOBOJI IMPOCTO, OCKUIBKK Ui 3a0e3ledeHHS
KOMyTaTopa €eMHICTIO NXN He MOTPIOHO CTBOPIOBATH OaratonaHkoBuX CTpyKTyp [2]. lIBuaKicTh KOMyTaIIii
JUIA LBOTO TMPHUCTPOIO CTAaHOBUTH NpuOmm3Ho 10 MKc, IO Tipiie Ha MOPSAOK Bil €ICKTPOONTHUHUX
KOMYTaTOpPiB, OJHAK JOCTATHHO BITHOCHO MapaMeTpa 3aTPUMKH. MaJjii BTpaTH, JOCTATHS MaIlTaOOBaHICTh,
BIJHOCHO MpOCTa CHUCTEMa KEpyBaHHS HAJAlOTh TEPEBArd aKyCTOONTHYHHM KOMYTAaTOpaM 3 MOTIISAY
CHEeProCrOXKUBaHHA 1 Mepexi 3arajioM. ENeKTpoonTHYHI KOMYTaTOpW MOPIBHSHO i3 aKyCTOONTHYHUMH
MEHIII MaITaboBaHi, OCKUILKU peai3yoThes Ha cuctemi 2x2 [4].

OnHi€r0 3 BOKIMBUX YaCTHH aKyCTHYHOTO UM aKyCTOONTHYHOTO MPHUCTPOIB € I €30IIePETBOPIOBAY.
IT e30meperBoproBay — I1i¢ MPUCTPill, SKAH 32 JONOMOIOI0 II' €30€JEKTPHYHOrO e(eKTy MepeTBOpIoe
MEXaHIYHy CHEprif0 Ha eNeKTpu4yHy i HaBmaku [5, 6]. BakiuBuM mapamerpom, IO XapaKTepusye
eHeproe() eKTUBHICTh TAKUX MPHCTPOIB, € KOEPIIEHT eNEKTPOMATHITHOTO 3B’ I3KY. €IIMHOI0 MOXKITHBICTIO
BHU3HA4YEHHS e(peKTHBHOTO 3pi3y MaTepialmiB Juis I €3omeperBoproBaya € 3D-aHali3 MpOCTOPOBOL
amizotporii [7, 8], skuii mia KoedilieHTa €ISKTPOMArHITHOIO 3B’ 3Ky OOMEKYBABCS JIHINE JTOCIII-
JKEHHSAMHE TepepisiB Ha ronoBaux mromuHax [9, 10]. s anpobariii BHOpaHO KpHCTalM Hio0ATy JiTiio,
OCKUTBKH 1X HIMPOKO BHUKOPHCTOBYIOTH SIK MaTepialld JJIsl I €301ePEeTBOPIOBAYIB Ul aKyCTOONTHYHHX
npuctpois [9].

OTxe, MeTorO 11i€1 poOOTH € BU3HaUYeHHS 3a nornoMoroto 3D-ananizy eeKTHBHOTO 3pi3y KpHCTaNiB
Hi0o0aTy JITIIO IS I’ €301IEePETBOPIOBaYA.

1. KoediuieHT esleKTPOMEXaHIYHOTO 3B’ A3KY
KoedilieHT eneKTpOMarHiTHOro 3B'SI3Ky BHPaXKa€ CTYMiHb 3B 3Ky MIDK €ICKTPHYHHMHU 1
MEXaHIYHUMH BJIACTHBOCTSMH IT' €30€NIEKTPUKA, XapaKTepu3ye 3AaTHICTh MaTepialy IepeTBOPIOBATH
eJICKTPUYHY €HEprifo Ha MeXaHiuHy i HaBmaku [9], 1 Horo Mo)kKHa TMOIATH Y BUTJISI
KkZ=P,/P,, (1)
ne P, — MOTYyXHICTh aKyCTHYHUX KOJHMBaHb, II0 PO3BUBAE I €30€JCKTPUK Y pe3yibTaTi BHHUKHEHHS
' e3oedekry; P, — enmexkTpuvHa MOTYXHICTh, CIIOKMBaHA IT €30€IEKTPUKOM BiJl JpKepena, mo 30YyKye

HArpyry.
B [11] koedillieHT eneKTPOMarHiTHOTO 3B’ 13Ky BU3HAYAIOTh

K= WCJ'[ , (2)
RMCX
ne Ryex =W, + W,, — mexaniuna enepris; W,, — enekrpuyna eHepris; W,, —py»Ha eHepris.
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B [12] koeditieHT e1eKTpOMEeXaHIYHOro 3B’ 13Ky BH3HAYAETHCS SK BIJHOIICHHS T'YCTHHH B3a€EMHOI
OpyXKHOI Ta ENEeKTPUYHOI eHepriid (abo eHeprii emekrpomexaHiuHoi B3aemomii) Uy 10 cepeaHboro
TEOMETPUYHOTO 3HAYCHHS TYCTHHH Npy>kHOi U| Ta enektpuyHoi eHeprii Uy

Kk=_UYUm 3)
JUiUd

OnvH 3 MOXJIMBUX BapiaHTIiB, IO Ja€ 3MOT'Y BHU3HAUUTH KOC(DILIEHT EICKTPOMATHITHOIO 3B’ SI3KY,

BU3HAYAIOTH 32 PAXyHOK MIBUAKOCTEH [13]

a/z .OJ./ 2
K= g—z -1r (%)
Vo (4]

Je Vo Ta V — IIBUAKICTH 3BYKY JJIsI 3aJaHOTO KpHUCTAJIOrpagiuHoro HampsMKy Oe3 BpaxyBaHHs Ta 3
BpaxyBaHHSM IT' €30€JICKTPUYHOIO 3B’ A3KY, BiJTIOBITHO.
IBuakicte 3ByKy 0e€3 ypaxyBaHHSIM I €30€JIEKTPHYHOTO 3B’ 3Ky 3HAXOAATH 3 piBHSAHHS ['piHa—
Kpicrodens [9, 11, 14]:
detVy Vozdik— Ciikmdiamy= 0. (5)
IBuaKicT 3BYKY 3 BpaxyBaHHSM I €30€JIEKTPHYHOTO 3B'SI3KYy 3HAXOMATH 3 PiBHSHHS [ piHa—
Kpicrodens [7, 9]:
(Qmialam)(equapaq)
€885

ne I — rycruHa kpucrana; Oy — cumBon KpoHekepa; €m — I €30€eKTPUYHHI TEH30p; €s — TEH30p
JieNeKTPUYHOI IIPOHUKHOCTI; & — OAMHUYHHUN BEKTOpP B3JIOBXK HANPSIMKY HOMHMPEHHS 3BYKY; Cij — TEH30p
MPYKHOT YKOPCTKOCT.

Pigusians (5) i (6) mae Tpu po3B’si3KH, OB’ sI3aHi 31 MIBUAKOCTSIMHU TPHOX XBUJIb, KOXKHA 3 SIKHX Ma€e

detlx Vzdik— Cilkmdilam— Y= 01 (6)

Baacuuii Bextop f(Q) [11, 14]. Tyr immekc ( BW3Ha4ae€, sKa 3 TPHOX IMOMAPU3AIH AKyCTHUHOI XBHII
posrisaaerses [7, 8]: skmo q = 1 — momepeyna XBUJIS 3 MEHIIOK IIBUIKICTIO; (=2 — MOIEpeYHa XBUIIA 3
OUTBIIOI MIBUAKICTIO; ( = 3 — mo3moBkHS akyctuyna xBuis. Bekropu f(1), f(2) i f(3) B3aemuo
nepreHanKyispHi. KyT BiIXuaeHHs MOTOKY eHepril UX XBUIIb § BU3HAYaeThes 3riquo 3 [11,14]:

cosg=r Vg (a(fifi Gim) (Crrsf F)a) . (7)

B [9] xoedilieHT eTeKTpOMEXaHIuHOro 3B’ SI3Ky B 3arajibHOMY BUIIAJIKy 3alUCYIOTh

Ke——Ja ®)
\/€igCoa * qu

VY nosigaukax [15] 3 ypaxyBauusM (8) po3pisHAIOTE KOS(II[IEHTH eTEKTPOMEXaHIYHOTO 3B’ SI3KY:
K33 — kxoedimieHT 3B’'sI3Ky, 1[0 BIANOBiAa€ OCHOBHIH PE30HAHCHIM MOl KOJMBAHHS B3J0BK
MOJIAPHOI'0 BEKTOpPA 10 AOBKHMHI HUIIHIPA 3 €ISKTPOIaMU, HAHECEHUMH Ha HOro TOPIIEBUX MOBEPXHIX
3a3Buuaii 11ek KoedillieHT BU3HAYAIOTh I OUIBIIOCT] KPUCTAIIIB K

K33= 6‘33 .

2
V€33Cs3 + €53
Kis — xoedimieHT 3B's3Ky, IO BIAMOBIJAE PE30HAHCY KOJIMBAHHS IO TOBIIMHI IUIACTHHH,
SNIEKTPOIM Ha HAHOUIBIIMX TOBEpXHsX. [1osspHHIA BEKTOP JIGKHUTH Y IUIONIUHI MJIACTHHU.

€5

Kis=——==——
VeuCas + &5
K31 — kxoedimieHT 3B's3Ky, IO BIANOBIJA€ PE30HAHCY KOJWBAaHHSA IO JOBXHHI IUIACTHHH,
SNEKTPOIN Ha HAMOUTHIINX MOBEpXHsIX. [ToNspHUil BEKTOpP MepreHIUKYISAPHUH 10 HAHOTBIINX TIIOIIUH.

€31 _

K31: N

V€3G + e§1



2. Moaeas pocaimxkenns 3D-aHamizy npocTopoBoi
aHi3oTpomii aKyCTHYHHNX MapaMeTpiB

Jnst mocmipKeHHST MPOCTOPOBOI  aHI3OTPOMil PI3HUX MapameTpiB, MO OMUCYIOThCS TEH30paMH,
BHIIMMH, HDXK IPYroro poay, 3aifiCHIOETECS MoOY/10Ba BKa3iBHUX MOoBepXoHb [16]. BkasiBHa mMOBepXHSI —
IIe TeOMETPUYHE MICIle KIHIIIB pajiyca-BeKTOopa, JOBKHMHA SKOTO JOPIBHIOE 3HAYCHHIO KOMIIOHEHTH Y
BHOpaHOMY MacIuTadi B pO3IJIsAyBaHOMY HampsMky [17].

VY 3arajbHOMYy BHIAIKy A St...V — KOMIIOHGHTH TEH30pa ¢ p PIBHSAHHSA BKA31BHOI MOBEPXHI
3anuCyoTh y BUTIIs [16]:

T¢ = asly...auml e 9
1€ s, Aty ..., ynh — HAPSIMHI KOCUHYCH, Ki TIOB’ I3yIOTh TOJIOBHY cHcTeMy KoopauHat (X, X, X3 ...);
3 HOBOIO PYXOMOI0 cucTeMoro koopauuHat Xf£X$ XE... V kpucranodisuii po3risgarors TPHBHMIpHY
cuctemy koopauHat, Tomy B (9) iHgekcu Setf...vh naOyBatoth 3HaveHHs 1, 2 un 3 i y 1Hiid poOOTi
BiAMOBiga0Th ocsiM cucTeM koopauHaT XXXz a0 XEXE X ne Tpy. — koedimienTn TeH30pa,
3aIMCaHoro B KpucTanohi3nyHild cCHcTeMi KOOPIHHAT.

Jns moOyJnoBM BKa3iBHUX IOBEPXOHb, MOTPIOHO 3HATH, SK 3MIHIOIOTHCS HANPSAMHI KOCHHYCH.
OmHuM 3 BaXIMBHX 1 BHU3HAYAIBHUM € I — pajiiyc-BEKTOp BKa3iBHOI MOBEPXHi, SKHH TNPHIMEMO
napajienbHUM JI0 HAPSMKY TOIMIMPEHHS aKyCTHYHOT XBUIIL.

HamnpsiMHi KOCHHYCH pajiyc-BeKTopa I uepe3 chepuuHi KoopauHaTH | 1 ( 3rigHo 3 puc. 1
BU3HAYAIOTH 32 JOMOMOIOI0 CITiBBiqHOMICHHS [7, 8]:

ap=sing cog , ap=sing sinj , 0;3=C0S(. (20)

Sk 1moka3ye aHaji3 CIIBBIIHONICHb JUIS BHU3HAYCHHS
KoedilienTa enekrpomexaniuHoro 3B's3ky (1)—(4) ta (8), Haii-
npoctima st 3D-ananizy ¢popmyna (4). AJroput™ BHU3HAUCHHS
MPOCTOPOBOTO PO3MOIUTY MOPIBHAHO MpocTUi. st MOBLIBHOTO
HAIPSAMKY BH3HAUYAIOTBCA 3a jgomomororo piBusHe (5) Ta (6)
MIBHJIKOCT1 aKyCTUYHUX XBWJIb O€3 BpaxyBaHHS Ta 3 ypaxyBaHHSIM
I’ €30€NIeKTPUYHOTO 3B’ s3Ky. OTpHMaHi 3HaYCHHS ITiJCTABISIEMO B

(4) i orpumyeMo KOG(DIIIEHT EIEKTPOMEXaHIYHOTO 3B'S3KY Yy
Puc. 1. I'eomempuune posmiugenns BUOpaHoMy HampsMKy. HeoOximHo 3a3HaunTH, 1m0 (4) € Habmu-
paodiyc-eexmopa T ’KeHowo (opMyJIolo, a i crpaBeuse, konu y K Mani 3HaueHHs,
{HaKIIe B JIGSKMX HampsMKaxX MOIIMPEHHS aKyCTHYHOI XBWJII MOXKHa orpuMatu K>1, mo 3 ormsiay Ha
o3HaueHH 1 (2) MPUHIIMIIOBO HEMOXKJIHBO.
Bpaxosyroun (1)—(4) ta (8) i pieusausa (5) ta (6), MOKHAa OTPHMATH 3arajibHe CITIBBiIHONICHHS
BHU3HAYEHHS KOe]ili€HTa EIEeKTPOMEXaHIYHOTO 3B’ I3KY Yy TEH30pPHOMY BHTJISII
K= (@miaan fi)(epg@paq fi) (11)
(Cima am fi fi ) (€rsar as) + (8mid an fi ) (€pgr@paq fi)

Jlerko mo0a4ymTH, 10 OCTAaHHE CIIBBIIHOIICHHS MOXHA CIIPOCTHTH 1 3BECTH JI0 MATPUYHOTO BUTIISILY (8).

3ayBakuMO MPO OCOONHMBICTH PI3HUX TMEPEXOIB 3 TEH30PHOTO BUIIISAY Y MATPUYHUM, 1 HABIAKH, JUIS
PO3IJISIHYTHX TTapamerpis [11].

Omxe, kopuctytounch (11), ™MoxHa mOOyayBaTH BKa3iBHY TIOBEpXHIO  KoedilieHTa
SNEKTPOMEXaHIYHOTO 3B’ I3Ky. ANTOPUTM T0OYI0BH BKa3iBHOI OBEPXHI JUISl 3a]JAHOTO HAIIPSIMKY pajiyca-
BEKTOPA, SIKUH 30iraeThCst 3 HAPSMKOM TIOIIMPEHHSI aKyCTHYHOI XBHJI1, TAKUH:

1. 3a nonomororo piBHsiHHS ['pina—Kpicroderns (6) Bu3Ha4aeMO TpH MIBUAKOCTI aKYCTUYHUX XBUJIb.
Hatimenina Bignosigae =1, HaiiOiibina 3a3puyai g=3.

2. TliactaBnsirour OTpUMaHI 3HA4YEHHs 13 IIBUAKOCTed B (6), BHU3HAYAEMO HAaNpsSM KOXKHOT
nomsipu3aitii f(q).

3. [lincraBnsieMo 3HaYECHHS BEKTOPIB I || a 3 (10) Ta f, orpuMane B monepenHpoMy myHKTi, B (11).
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3. [To6ynoBa BKa3iBHUX MOBepPXOHb KoedilieHTa
eJIEKTpOMeXaHiuyHoro 3B’ 13Ky st kpucraigiB LiNbO;

Jlist mpoBezieH st nociikeHb st kKpucraniB LiNDO; Bukopucrano mapamerps, otpuMani B poooTi [7]:
KoediieHTn npy)HOi kopcTkocTi C13=199,2, C1o=54,7, Ci3=70, Cy= 7,9, Cgz3=240, C4=59,9 I'la;
3HAYCHHS KOMITIOHEHT TEH30pa MICJCKTPUYHOI MPOHUKHOCTI €11=€x=44 1 €33=27,9, 1’ €30€NeKTpHYHI
KOHCTaHTH €5=3,67, ,=2,38, €;;=0,34, e33=1,6 Kn/m? i 3HaueHHS TYCTHHH p=4,628~103 Kr/ve.

Orxe, kopuctyrourch (11), orpumanu rpadik 3anexHocti (puc. 2), skuii y3romkyerses 3 [9, 10].
[Ipencrarnenuii puc. 2 Mae BeMKE MPaKTHYHE 3HAUCHHS 1 BUKOPUCTOBYETHCS ISl BU3HAYECHHS HAIIPSIMKIB
3pi3iB s 1 e3omeperBoproBada Ha ocHOBi kpuctamiB LiNDOs. Ormxke, anroputm moOymoBu BKa3iBHOI
MOBEPXHI aJIEKBATHUI CTOCOBHO OTPHMAHUX paHillle pe3ylbTaTiB. BakiIMBO 3ayBakUTH: BHUXiAHI
napameTpH, BHKOpucTaHi B 1mx npochipkeHHsx i B [10], pisui. IopiBuioroun 3 [9, 10], ananoriuHo
crocTepiraeMo, 1o Koe(illieHT eneKTpOMEeXaHIYHOTO 3B’S3KYy IS OJHIET  TMOMepeYHol aKyCTHYHOI
MOJISAPU3ALIIT 3aBXK M TOPIBHIOE HYJIIO 1 BIZMOBIZA€ HAMPSAMKY TOJIAPH3AIii B3MOBXK X; (HA3MBaIOTh MPOCTO —
morepedHa MONApH3allisl, JUlss SKOI KyT 3CYyBY [OpiBHIOE HyJr0). Ha puc. 2 1nBi KpHBI CTOCYHOTBCS
KBa3iMO3I0BKHBOI Ta KBA3iMOMEepeuHOl mossipu3altiii (KyT 3cyBy He JIOPIBHIOE HYJI0). SIK 3a3HAUCHO B HAIIKX
nociipKeHHsx, 1t 3D-aHamisy morepedHi akyCTHuHI mosspu3aiii (B AOBUIBHHX HAmpsMKax BOHU 37€-
OUIBIIOrO KBA3iIOIEPEUHi) PO3PI3HIIOTHCS 3a IBHAKICTIO MOMIMPEHHs. 3 puc. 2 croctepiraemo, 1o Big 30°
1o 39° 1 Big 63° 10 90° Bix oci X, KBa3inonepeyHa XBUJIs BIANOBIAE BUNIAAKY G=1, TOOTO MorepeyHii XBuii 3
MEHIIIOKO MBUKICTIO, a JUIS BCIX IHIHMX BUIMA/IKIB TAPHPYETHCS aKYCTHYHA XBIIIA 3 TIONISIpH3aIlielo g=2.
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Puc. 2. 3anexcuicmo koegiyicuma enekmpomexaniunoeo 36’ 13Ky O0Jisl PISHUX aKyCMUYHUX
ROAAPU3AYIL 810 HANPAMKY ROWUPEHHsL akycmuuHoi xeuii 6 niowuni XXz kpucmanie LiNDOs

Kopucryrounch MM anropuTMoM, TOOyAyBald BKa3iBHI MOBEpPXHI KoedillieHTa elekTpoMexa-
HIYHOTO 3B'SI3KY Ul PI3HUX aKyCTHYHHUX Tonspusaiii (puc. 3). Anamizyroun puc. 3, crocrepiraemo y
MOBEPXHSIX ISl TIONEPEYHUX TMONsApU3allid pi3Ki 3MiHM 3HAYeHb, [I0 MOXXHA TOSCHUTH HASBHICTIO
AKyCTUYHHMX OCEH, SAKI TaKOX JIerkKo mo0aunTd 1 Ha puc. 2. 3 puc. 3, ¢ O6auumo, mO KoedilieHTt
SNEKTPOMEXaHIYHOTO 3B’ 13Ky /Uist =1 € 3HaYHO MEHIIHMM, HIX Uit §=2 1 =3, AKi M cO0O0I0 CIiBMIpHI.
s moOymoBaHMX BKa3IBHMX ITOBEPXOHb 3HAMIEHO MaKCHMajbHI 3HAYCHHs, SKi MOJAHO B TAOJMIN, Jie
BKa3aHO HANPSMKH MMOMINUPEHHS aKyCTHYHUX XBUJIb Ta BIATOBIIHI TOJISIPH3AIIii.

MakcuMmalibHi 3HaUeHHs Koe(inieHTa elekTpoMexaHiuHOro 3B’ 13Ky KpucraiiB LiNbO;

[onspuzanis Hanpsim BexTopa a Hanpsim Bektopa f K
aKyCTUYHOI XBHUITI 6, rpan @, rpang 6, rpan @, rpag
=1 27 30, 150, 270 66 -90, 30, 150 0.25
153 90, 210, 330 114 -30, 90, 210 '
=2 90 0, 120, 240 37.6 -91, 29, 159 0.68
=3 60 90, 210, 330 55 90, 210, 330 05
120 30, 150, 270 125 30, 150, 270 '
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3 puc. 3 ta Tabnui 6aunMo, 1110 MPEACTaBICHI BKa3iBHI MOBEPXHI HE € (irypamu oOepTaHHS, 110
Y3rOmKyeEThes 3 Teopemoro I'epmana [18]. Bonu takox 306epiratoth, 3rigHo 3 npuanunoM Kiopi—Helimana
[5], ocHOBHI eneMeHTH CHMETpii, TOOTO BiCh CHMETPIi TPETHOr0 MOPSAAKY 1 TPH MEPIEHIUKYISAPHI /10
MaJIOHKa TUIOIIMHU CHMETpii, IO XapakTepHO s KPHCTaNiB Kiacy cuMerpii 3m. 3ayBaKumo, IO
eKCTpeMaslbHI 3HAYEHHs y CIIOCTepiraroThest, komu Kyr ¢=30° m, me M e Z (muB. TaOMMIIO), IO
xapakrepHo st kpucranis LiINDO; [7, 8].

HanpsiMku, B SIKMX KOeQII[iEHT eleKTPOMEXaHIYHOTO 3B’ SI3Ky Ma€ HEHYJIbOBI 3HAYCHHSI, JIUILE IS
OIHIET aKyCTUYHOI MOJIApH3allii MarTh OCOOJMBE MPAKTUYHE 3HAYCHHS, OCKUIBKH B IUX HANPsAMKax
MOXIIMBE 30Y/KEHHsl JHINEe OJNHIi€I aKyCTHYHOI moJspu3alii I e3oneperBoproBadeM. Ha mpakraii
Koe(iliEHT eNeKTPOMEXaHIYHOro 3BSI3KY /ISl IHIIMX aKyCTHYHHX Molsipu3aniii moxe Oyru K>0, ane
nosoni manum K <0,01.

[IpoBoastuM Taki MOCTIKEHHSI BUSBWIH, 110 HAMPSIMHU TOMIMPEHHS aKyCTHYHUX XBHIb mpu K>0.1
st =1 i BogHouac npu K <0,01 mnst g=2 i g=3 y kpucranax LiNbOs; He criocTepiratorsest B3arami. s
noJsipu3aniii g=2 i =3 aHaJOriyHi BUMAJKH CIOCTEPIraroThCs, MPUIOMY HAHOLIbIIA KUTBKICTh TAKHUX
3pi3iB ISl MO30BXKHBOT XBUITI.

Puc. 3. Brasieni nosepxnui xoegiyienma enexmpomexaniunozo 36’ a3y ons kpucmanie LINDOs;
a—0=1,6-0=-2, 6—Qq=3; 2 — =1, 2i 3 3 uacmxosum nepepizom

Jlis 0370BXKHBOT MoNsipu3allii Haile)eKTUBHIIIAM € HaIpsiM, MPEICTaBICHUN Ha pHC. 2, AKHU 1
BukopuctoByetbest [9], komu K=0,49. V chepuuniii cucremi KoOpauHAT 3rimHO 3 mpuHImIoM Kropi—
Heiimana Bianosigae nanpsmkam 0= 54°, komu ¢=0°, 120°, 240° i 6= 126°, koau ¢=60°, 180°, 300°. J{ns
MOTNEePEeYHOT XBUJIi, 3TiHO 3 PUC. 2, BUKOPUCTOBYIOTh HampsMku, ko K=0,62 [9]. 3 pe3ynbTaTiB iHIINX
JOCTIKEHh BHM3HAYEHO, II0 MAaKCHMaJbHE 3HAYCHHS Koe(illi€eHTa EJISKTPOMEXaHIYHOro 3B'SI3KY 3a
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rornepeuHoi nosspusaiii, koau it iHmux noispusanii K <0.01 cranoBute 0.65. HanpsM mnormpeHHs
aKyCTUYHOI XBWJII BignoBimae 0= 79°, komu ¢=44° 1 76°; 164° 1 196°; 284° i 316°, a takoxx 0= 101°, xonu
—16° 1 16°; 104° i 146°; 224° 1 356°. Jlerko 3ayBayKuTH, 1110 KyT (@ BiIXMIA€ThCS Bia HanpsMis 60°, 180°,
300°, sixmmo 6=79° i Big 0°, 120°, 240°, sxuro 6=101° na 16°.

OcraHHi pe3ynbTaTH IOKa3ylOTh MOXJIHBICTH eHeproedexThBHime Ha 3 % BUKOPHCTOBYBATH
I’ e3omepeTBoproBay Ha ocHOBI kpuctaniB LINDO; a1t oTprMaHHsI MONepevHrx aKyCTUYHUX XBHIIb. Kpim
TOr0, OJIep KaHi 3HAYCHHS OpIEHTAIIl 3pa3Ka, 10 NEePEKOHYIOTh Y JOUUILHOCTI MpoBeacHHS 3D-aHamizy
Koe(illieHTa eNEeKTPOMEXaHIYHOTO 3B’ I3KY 1 JUIs IHIINX T’ €30€NEKTPHYHIX MaTepialib.

3nificHeHO MOCHTIHKEHHS 3 METOI0 BU3HAUCHHS eHeproeeKTHBHOCTI aKyCTOONITHYHOTO KOMYTaTOpa
JUIA 3aJJaHUX 3Ha4eHb KoedilieHTa eaekTpoMmexaHidHoro 3B sa3ky — K=0,62 i K=0,65. 3a ocHOBYy B3sTO
¢dopmyny (1). BigmoBimHOo 10 Teopii aKyCTOONTHKH, IS JOCATHEHHS aKyCTOONTHYHOI B3a€EMOJIi B
KpHUCTaldi HeoOXiHa TMeBHAa akycThuHa mnoTyxkHicTh P, [19]. Tobro y pasi 3miHu KoedilieHTa
erekTpomexaniuHoro 3B’ s3ky K (auB. popmyny (1)) akycTHUHA MOTYXKHICTh 3aJIUIIAETHCS KOHCTAHTOHO (Pa
= const), a 3MIHIOETBCS €IEKTPUYHA TIOTYKHICTD, CIIOXKHMBAHA IT' €30€JISKTPUKOM Bif kepena P, (oCKiIbKH
el koedillieHT 0e3nocepeHbO BILTHBAE Ha ehEeKTHBHICTH POOOTH I’ €301IepeTBOPIOBaYa). BinmosigHo Ha
OCHOBI muX TBepmkeHb 3 ¢opmymn (1) orpumyemo, IO 3a JBOX 3HAYeHb KoeQillieHTa
enekrpoMexaniuyHoro 3B’ s3ky 0,62 1 0,65 BigHOIIICHHS MiX €IEKTPHYHUMH IOTYKHOCTSIMH P, cTaHOBUTH
P,y = 1,098*P,,, ne P,y npu K=0,62, a P, npu K=0,65. 3Bincu, 0YeBHAHO, MiATBEPIKYETHCS, IO
30UTbIIEHHS KOe]ilieHTa eNeKTPOMEXaHIYHOTO 3B’ SI3KY 3MEHIIYe HEOOX1IHY KUIBKICTh eeKTPOCHepril 1ist
po0oTH 11’ €301IEpETBOPIOBAYA.

VY momnepenniii po6oti [20] po3pobiieHO MPOrpaMHy MOMAENh aKyCTOONTHYHOTO KOMYTATOpa Jls
BU3HAUYCHHS Horo eHeproeekTuBHOCTI. Ha OCHOBI BXIIHMX JaHUX, HABEACHUX Y 1ii poOoTi (mapaMerpis
mpolecopa, KpHCTajia, TeHepaTopa Ta I €30IepeTBOPIOBaYa), 3IIMCHIOEMO MOJCIIOBAHHS POOOTH
aKyCTOONTHYHOTO KOMYTaTopa 3a JIBOX 3HadeHb Koe(illieHTa eIeKTpOMEeXaHIuHOro 3B’ 3Ky. Pe3ynmbraTtn
MOJICJTFOBAHHS TIO0Ka3yIoTh, 1110 3 nepexonaoM Bix K=0,62 no 3naiinenoro 3HaueHHs K=0,65 BinOyBaeThbcs
3MEHIIICHHS EHEPTeTHYHOTO CIIOKMBAHHS aKyCTOONITUYHOrO KoMyTaTopa Ha 5,17 %.

BucHoBkH

Y po0oTi IOCTIIKYETbCS IPOCTOPOBUN PO3MOALT Koe(ilieHTa €IEKTPOMEXaHIYHOIro 3B’ A3KYy, IO
Jla€ 3MOTy €HeproeqeKTHUBHIIIe BUKOPUCTOBYBATH aKyCTOOINTHYHI MPUCTPOi B ONTHYHIA TPAHCIIOPTHIH
Mepexi. 3iiCHeHo aHami3 Ta Kiacudikaiio KoedillieHTiB eNeKTPOMEXaHIqHOTO 3B’ S3KY.

[IpencraBieHo Mojenb JOCTIHKEHHS IPOCTOPOBOI aHI30TPOIii aKyCTHYHUX TapameTpiB. [lokazaHo
aJICKBAaTHICTh OTPUMAaHHMX pE3YJNbTaTiB 3a JONOMOIOI0 aHalli3y NPOBENCHUX paHille JOCHIKEeHb Ha
mwromuHi X,X3 Ha ocHoBi kpucTaiis LiNDO;.

Briepiie moOynoBaHo BKa3iBHI MOBEPXHI Koedil[ieHTa €IEKTPOMEXaHIYHOTO 3B’s3Ky. Bu3HadeHo
MaKCHUMallbHI 3HAYEHHS Uil MOOYJOBaHUX MOBEPXOHb Ta HAINPSIMU CHEProeeKTHBHOIO BHUKOPHCTAHHS
kpuctainiB LiINDO; st akycTHYHHX TPUCTPOIB.

BceranoBiieHO MOXKIHMBICTE eHeproedekTrBHilIe Ha 3 % BUKOPHCTOBYBATH I’ €30IIEPETBOPIOBAY Ha
ocuosi kpuctanis LiNDO; mjst oTpuMaHHs TomepedHoi monspu3aiiii. 3’ ICOBaHO JOMIIBHICTS TMOMAIBIINX
JOCTIDKEHb TMPOCTOPOBOTO PO3MOALTY JUIs Koe(dillieHTa eIeKTPOMEXaHIYHOr0 3B'SI3KY JUIA I1HIIUX
I’ €30€NIEKTPUIHUX MaTepiaiB.
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