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onpeneneHsl Mo Kod(ppuuueHTaM aKyCTOONTUYECKOr0 KauyecTBa, M3MEPEHHBIM
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1. OCHOBHAA YACTDb

Hacrosimmme  Tabmuubl  cTtaHAapTHhIX — crnpaBoyHbiX — JgaHHBIX — (CCl)
pacmlpoCTPaHSAIOTCS Ha YOPYrue KOHCTAHThI JIA3€PHBIX KPUCTAJIOB KaJIHMEBBIX
BOJIb()PAaMaTOB PEIKO3EMENbHBIX 3JIEMEHTOB W HUX YIPYro-ONTUYECKHE MOJYJIU
JUTSL U30TPONTHOM TU(paKIuu.

OcHOBOM [yIs1 COCTaBIEHHUS TaONWI[ SBWINCH JaHHbIC, MPUBEIACHHBIE B
Metogukax ['CCCI MD 214 -2013 u MD 225-2014. Ynpyrue KOHCTAHTBI
(Tabm. 1) ompeneneHsl MyTeM pEIICHHWs OOpPaTHOW aKyCTHYECKOW 3aJadd I10
CKOPOCTSIM PaclpOCTpaHEHHs YNPYTUX BOJH, SKCIEPUMEHTAIbHO H3MEPEHHBIX
(a30uMIyIbCHBIM METOAOM. YIPYro-onTthyeckue Moaynu (tadiu. 3) ObLIn
ompeAeNieHbl 10  KOAPQPUIIMEHTaM aKyCTOONTHYECKOro KadecTtBa (Tadu. 2),
U3MEpPEHHBIM MeT0/I0M JIMKCOHa.

Kpucramisl cemelicTBa kanui-peako3emenbHbXx BoibppamaTroB KRE(WO,),
(manee: KREW), sBisroTcss M3BEeCTHBIMM Jla3epHbIMU Marepuanamu. Hampumep,
KpUCTaUIbl Kanui-urrepoueBoro Bosbdpamata KYb(WO,), (kpartko: KYbW)
UCIIONB3YIOTCS  JUIsI TIONYyYEHUS HMITyJIbCHOTO W3Iy4yeHUs TMpH MacCHUBHOU
Moayisiuuu moa [1]. B yacTHOCTH, pa3iuM4HBIMU HCCIEAOBATENSIMU YK€ ObLIN
onpeeleHbl HEKOTOPhIE CBOMCTBA HECKOJBKUX M3 HHUX: KAJIUU-TaOJUHUEBOIO
Bostb(ppamata KGA(WO,), (kpatko: KGW), HanboJiee MMUPOKO HCIIOIB3yeMOTO U3
HUX, Kanui-motenueBoro Bojbppamara KLU(WO,), (kpatko: KLUW). Taxxke
uccnenoBancs u kanmmid-urtpueBblii Boibdpamar KY(WO,), (kpatko: KYW),
KOTOPBIN (POPMAIBHO HE OTHOCHUTCS K ATOM IPyIIe PEeIKO3EMEIbHBIX COSTUHEHHH,
HO MO XapakTEePUCTHUKaM U CBOWCTBaM OJIM30K K 3TUM Kpuctayuiam. M3ydanuck u
COCAUHEHUS] C  JpyruMu  JaHTaHoujgamMu [1]. DTo  marepuansl ¢
HU3KOCHUMMETPUYHOM SJIEMEHTApPHOM SYEHMKOM KpHUCTaUIOrpauyecKkoro Kiacca
2/m, TpOSBISIONIME ONTHYECKYI JBYOCHOCTh. [lociemHee CBOWCTBO TpuIacT
UCCIICIOBAHUIO WX JIOMOJHUTEIbHYIO CJIOXHOCTh U HHTEPEC, IOCKOJIbKY
nugpakiys CBETa Ha yJIbTPAa3BYKOBOM BOJHE B ONTHYECKHU JIBYOCHBIX cpelax Ao

CHX IIOp OCTaeTCs HEAOCTATOUHO IIUPOKO UCCIEe0BaHHON 00nacThio. [Ipu BeIOOpE



CHCTEM KOOPAMHAT JJIsi KPUCTAIUIOB MOHOKJIMHHOW CHHTOHUM OBLIM MPUMEHECHBI

oOmenpuHsATHIE peKoMeHaanuu [3].

1) ocek Z HampaBuseTcs BJOJIb MHUHUMAIBHOTO BEKTOpAa TPAHCISAIMH C
AJIEMEHTAPHOM SYEMKU KPUCTAJUIA, HECOBMAJAIOMIEM C OCBKO CHUMMETPHUH
BTOPOIO MOPSIKA;

2) ocb Y OpPHEHTHPOBaHA BJOJIb OCH CHMMETPUU BTOPOTO TOPSIKA TaKUM
o0Opa3om, 4yToObI cuctema koopauHaT XYZ Obliia IpaBoi;

3) ock X JGKHT BHYTPH TYNOTO yIJIa 3JCMCHTAapHOW SYCHKH W
NepHeHANKYJIApHa ocsiM Y u Z.

Jlpyrasi cuctema KOOpJIWHAT, Ha3bIlBaeMas IUAJICKTPHUYECKOM, CBs3aHa C
ocsimu ontudeckod MHIUKATPUCHL: Ny, N, 1 Ngy. IIpu sTtom oce N, coBmamaer ¢
OCbI0 CHMMETPHUH BTOPOTO TMOPSJIKa KpUCTaJIa U, COOTBETCTBEHHO, C OChIO Y, a
ocu Ny m Ny nexar B maockoctd XZ u 00pasyror ¢ ocsimu X 1 Y yrox o (cM.
npuioxenue A). BeencTBue nTuUcHepcuu, 3HaUCHUE YIJIa o 3aBUCUT OT JITHHBI
BOJIHBI CBETa A, U MOXET U3MEHSThCS B BUAMMOM JIMANa30HE MOYTH Ha 2°.
Benmnuuna 3toro yria o npu 632.8 HM 11 kpuctaiuioB cemeiictBa KREW, a
TaK)Ke IJIOTHOCTh MaTepuaoB, puBeeHbl B Ta0m. Al.

Yrpyrue XapakTepUCTUKH ONPENCISIOT MEXaHWYECKHe M aKyCTUYECKHe
CBOMCTBAa KPHUCTAJIMYECKOM CpeAbl ONUCHIBAIOT PEaKLUMI0 KpUCTaula Ha
MEXaHWYECKWe Harpy3Kd, 4YTO TPSIMO WJIM KOCBEHHO YUYWUTHIBACTCS TIpU
UCIIOJIb30BAaHUU MaTepuaja B JIIOOOM KauyecTBE. OJTHU XapaKTEPUCTHUKUA HIPAIOT
TaK)K€ KJIIOYEBYIO POJIb TMPH HUCIHOJIb30BAaHUM MaTepualia B KayeCTBE OCHOBBI
(GYHKIIMOHATBHBIX DJIEMEHTOB M YCTPOWCTB B aKyCTHKE, aKyCTOONTHKE,
aKyCTO3JIEKTPOHUKE, YJIbTPAa3BYKOBOM TexHHKE. B kpucTtaimax ¢a3zoBas cCKOpOCTh
3BYKOBOW BOJIHBI 3aBUCUT KaK OT HAIPABJICHHsS PACTIPOCTPAHCHHSI YIIPYTON BOJTHBI,
Tak W OT ee moJisipu3anuu (Mojbl). [1oJTHOCTBIO ATa 3aBHCHUMOCTH OMpPEACTIICTCS
TEH30poM ynpyroctu marepuana Cijq, a CIEI0BATEIBHO ONpPENEICHHE CKOPOCTH
3ByKa HE CBOJUTCS TOJBKO K OJHOMY H3MEPEHHIO0, a MPEICTABISIET COOOMU
CJIOKHYI0 MHOTOCTYIEHUYaTyro mnpoueaypy. llpu ymnpyroii nepopmauuu Sy B

KpPICT&HJIPI‘ICCKOﬁ Cp€ac BOSHUKAIOT HAIIPSIKCHHA Tij, OIIMCBIBACMEIC TP MaJIbIX
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nedopmarus 3akoHoM I'yka: Tj = Cijg Su, tae 1)K 1 = 1,2,3. Koapdumnuentst Cijq
HOCST Ha3BaHHE KO3()PHUIIMEHTOB yIIPyrocT (KOHCTAHT KECTKOCTH) U COCTABIISIOT
TEH30p YETBEPTOro paHra, umerommuid 81 »siaemeHT. brarogapsi CBOWCTBY
CUMMETPUH TEH30pa YIPYrOCTH BO3MOXKHO HCIOJIB30BaTh COKPAIICHHYIO
(pelynupoBaHHYI0) 3amuch C,s, TA€ HHAEKCH o, =1,...,6 noIdydaroTCs
IOMAPHBIM CBOpauMBaHWeM WHIEKCOB |,),K,|. B MOHOKIMHHBIX KpHCTaJLIax
peAyLupoBaHHas MAaTpUId KOHCTAHT JKECTKOCTH C,; HMeeT 13 HeHyneBbIX
aneMeHToB. Jlanee ckopocT V COOCTBEHHBIX MOJ aKyCTHYECKHX BOJIH HaXOMSTCS

U3 BOJIHOBOTO YPABHEHUS
U, B
i b2, P e

IpU CTAaHJAPTHOM TIOWCKE DPEIICHHUS B BHUJE TapMOHWYECKOW ¢yHKInu. Pemas
o0OpaTHyIO 3a/1a4y, 10 U3BECTHBIM CKOPOCTSIM PACIPOCTPAHEHHS YIPYTHX BOJH B
pa3HBIX HAIMpPaBJICHUSIX, TEOPETUUECKA BO3MOKHO HAWTH KOHCTAHTHI JKECTKOCTH
Cij -

Tabmuua 1 ~CrannapTHble cIpaBoYHBIE 3HAYEHHUA KOYPPHUIUEHTOB YIPYTOCTH C o p

kpuctaiioB cemerictea KRE(WQ,), B kpuctamiopusndeckoit CHCTEME KOOPAUHAT

(X, Y u2).

KoHcTauThI Cap X10°, Kr/(m-C7) ITorperiHocTs,
JKECTKOCTHU KY(WO4), KGd(WQ,), KYb(WO,), KLu(WQ,), ><109’ Kr/(M.cz)

c11 184,2 181,4 187,5 189,0 0,6

c12 84,65 86.3 85,7 86,1 0,6

c13 60,88 61,5 60,5 60,6 0,5

C15 -23,68 -22,4 -25,7 -26,3 0,4

C22 176,8 171,7 182,8 185,2 0,6

C23 67,15 67,5 68,2 67,9 0.6

C25 -13,72 -12,9 -15,3 -15,3 0,4

€33 148,8 135,3 165,4 168,8 0,6

C35 3,95 4,8 2,7 2,8 0,1

Ca4 68,85 69,7 68,2 68,5 0,2




Tabmuua 1 — (oxonuanue)

KoHCTaHTBI Cap X107, r/(w-c”) I[lorpemHocTs,
KECTROCTH |\ yno,), | KGAWOL), | KYD(WOL), | KLu(WOy), | *10% kr/(nc?)
can 6.81 25 11,6 134 0.1
s | 43,41 41,9 452 465 0,2
oo | 34,76 39,5 29,0 26,4 0,1

AOCONIOTHBIE TOTPENIHOCTH TpuBeAeHbl B Tabu. 1. B morpemrHocts
ornpezeNieHus KOHCTAHT BHOCST BKJIaJl CIEAYIOIINE COCTABIISIONINE:
®[IOIPEIIHOCTh U3MEPEHUS CKOPOCTHU OV
eHeormpeneneHHOCTh BBIYUCIECHUS yNpyrux kodgduuueHtoB 0C, B TOM 4YHUCIE

OLIMOKU B OpUEHTALIMH 00Pa3LIOB;

[TogpobHee co crmocoOOM ompeaeneHusi YNpyrux KOHCTAHT KpPUCTAJUIOB
MOHOKJIMHHOM CHHTOHMHM MOXKHO O3HaKoMHThcs B meroauke I'CCCJI MD 214 —
2013 «Meroanka >KCIEPUMEHTAIBLHOTO OINPEACICHHS YIPYTUX XapaKTEPUCTUK
Ja3epHBIX KPUCTAJUIOB MOHOKJIMHHOW CHMHTOHUM AJIA 33/1a4 aKyCTOONTHUKH», U B
[Ipunoxenuu b.

W3meHeHuss mokasarensi TPEIOMJICHHS, BBI3BaHHbIE Oerymield B cpelne
YJIBTPA3BYKOBOW BOJIHOM, HOCAT NEPUOJUYECKUU I10 MPOCTPAHCTBY XapaKTEP, U
JUISL  pacIpOCTPAHAIOIIEIOCS CBETOBOTO IIydyka OHHM HIparoT pojib (a3oBoii
T pakMoHHON perieTku. B pe3ynbrare celeKTUBHOM (Op3rroBCKoi) Tudpakinu
CBETa HAa TaKOH CTPYKType MPOUCXOIUT OTKIOHEHHE CBETOBOTO MyYKa C JITTMHON
BOJIHBI, YJIOBJIETBOPSIIONICH yciaoBHiO bparra Mexmy IIMHOW BOJHBI CBeTa A U
JacToTOW yibTpa3Byka f. DTo sBICHHWE WCHONB3yeTCS IS ONPEICICHHUS
dboTOynpyrux XapakTepUCTHUK MaTepuana METOJoM JIMKCOHa myTeM CpaBHEHUS
WHTEHCUBHOCTH  AU(GParupoBaHHOTO  (OTKJIOHEHHOTO) CBETOBOIO  IOTOKA

2 .
lq ~ i M W, L B uccnenyemMoii cpejie u oOpasiie u3 M3BECTHOTO MaTepuara.




Tabmuma 2 —

CranpapTHbie

CIIPaBOYHbBIC

3Ha4YCHUA

KO3 (HUIIUEHTOB

aKyCTOONITHYECKOTO KadecTBa B kpuctamiax cemerictea KRE(WQ,),

Vs passyk Homsprsaus AKyCTOOHTI/IIIi;KOSG Ka4ecTBO” Koodpmmment
Mx107, s°/kg

Hanpassenne | Tonspusaws’ e KYW | KGW | KYbW | KLuw A raseersa
N (X)) 0,82 0,75 0,68 0,74 M™(g)
Nim (X) | Nm (X) Np (¥) 12 | 10 13 | 19 M (9)
Ng (Z) 1,4 1,3 1,1 0,9 M (p)
Nm (X) 2.4 1,8 0,57 1,1 M2 (9)
N, (Y) N, (Y) N, (Y) 0,17 0,11 0,30 0,22 M (9)
Ng (Z) 094 | 0,78 068 | 057 M 2 (m)
Nm (X" 11 6,1 8,7 7,7 Mg (P)
Ng (Z) Ng (Z) Np (Y) 11 59 7,4 11 M o (m)
Ng (Z) 8,3 10.5 14 10 M5 (P)
Nm (X') 1,3 3,0 0,70 0,77 M (P)
Ng (29 Nm (X') Np (Y) 0,36 0,54 0,01 0,10 M o (m)
Ng (Z) 19 19 15 14,0 M (p)

1 N
VYkazaHa ocb, CMEIIEHUE B HAIPABJIECHUU KOTOPO MaKCUMaJIbHO
2 . .
[TpuBeneHsl 3HaueHuss QOTOYNPYruX MOAYJIEH B AMDIEKTPUUYECKOM CUCTEME

KOOD/IMHAT.

KoaddunmeHT akycroontuyeckoro kauectpa Mmarepuaia M (Takyke 0603HavyaeMbli
B Jsuteparype M,) ompeznensercs >(QQPEKTUBHBIM 3HAUYEHHUEM (POTOYIPYroro
MOIYNA Peff M JOPYTMMH XapaKTEPUCTHKAMU MaTepuana: IUIOTHOCTBIO p U
noKa3aTeseM MPeIOMIICHUs KpUcTailia N, a Tak:ke CKOPOCTHIO 3BYKa.
Omnpenenenue yIPYTO-ONTHIECKUX

XApPaAKTCPUCTHUK KpUCTAJIJIIOB

OCYILECTBJIAJIOCH B JMAJIEKTPUUECKOM cucteMe KoopauHaT. BpiOop cucremsl
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orcueta OOYCIIOBJEH, MHpPEXIE BCEro, TeM, 4To mpu Qoroynpyrom sddekre
IPOUCXOAUT aHaJN3 KOMIIOHEHT JehopMaluu ONTUYECKOM HMHIUKATPHUCHI B €€
0CAX CHMMETpHUM, T.€. B JudiekTpuueckux ocax Np, Np m Ng. B pabore
ompezieneHsl  GOTOyNnpyrue MOAYJIU BEPXHEH IIOJIOBHHBI  MAaTPHUIBL [
OMMCHIBAIONIME TaK Ha3bIBAEMYI0 HM30TPOMHYI0 IUQPAKIUIO, TPU KOTOPOW
HOJIIpU3alMs CBETA COXPAHSETCS. DTOMY COOTBETCTBYIOT KOA(PQUIMEHTHI P,s C
nepBbIM uHAEKCOM paBHBIM 1 (Np—>Np), 2 (Np— Np) i 3 (Ng— Ng).

[Tpu ananu3e BBeneHBI cleayromue ooo3Hauenus M Zf (x) — koo durEenT

AO xauecTBa, VU3MEPECHHBIN JUISt najarouie CBETOBOM BOJIHBI,
pacmpoCTpaHSIOUICICS B HANpPaBJIEHUU K C TMOJSpHU3alMeil B HANpaBlICHUU O, U
npuHuManomein nocie AO B3aMMOACHCTBHS MOJSpHU3AMIO [, MpH AUpaKIUU
ATOM BOJIHBI HAa aKyCTHYECKOH BOJIHE, PACIPOCTPAHSIONIEHCS B HAIIPABICHUH ) CO
CMeIIeHneM 1o ocu J, [Ipu 3TOM 17151 IPOCTOTHI OCU TUAIEKTPUUECKONH CHCTEMBI
KOOpJIMHAT 0003HAYAIOTCA CIEAYIOIMM o0pa3oM: M cooTBeTCTBYET ocu Np, P —
ocu N, (xkotopas coBnaznaer ¢ Y), a g — ocu Ng.

TouHocTh pe3ynbTaToB ompexaensercs AByMs ¢akrtopamu. [lorpemHocTs
u3Mmepenust korpduurentoB AO kadectBa M omnpeaensercss TOYHOCTHIO
U3MEPEHHUI U MOXET OBITh OLIEHEHA IMyTeM aHajlKn3a MOTPEIIHOCTH HCIOJIb3YEMBIX
U3MEPUTENIbHBIX WHCTPYMEHTOB, MpPEXIE BCero (GoroaeTekTopa. MOXKHO Takke
ONPENEIUTh 3Ty TMOrPEIIHOCTh 3KCHEPUMEHTAIBHO, MCHOJb3ysd B KauecTBE
U3MEpSIeMOro oOpasell ¢ U3BECTHBIMH YIPYTrO-ONTUYECKUMHU XapaKTEPUCTUKAMH,
HarpuMep, oopasell U3 Toro ke Marepuaia, yto u Oydep. (B nmociennem ciyuae
oTHo1uIeHue kKoxpuuentoB M Oydepa u kprucTamia JOIHKHO ObITh paBHO 1.)

Kak mokazanu skcrepruMeHTaabHbIe OLIEHKH, 3Ta MOTPEITHOCTh COCTABISET
npumepHo 20%, 4TO COOTBETCTBYET TOYHOCTH MeToaa JlMKcoHa, M3BECTHOM W3
JIUTEpaTypHbIX HMCTO4HMKOB. C yuetoM Toro, 4ro P~ MY?orHocurenpHas

HOTPEITHOCTh  (poToynpyrux koddduimenToB BrBoe HmKe: Ap/p~iAM/M u

cocrasisieT npumepHo 10%.
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JIOTOTHUTENbHASL COCTABISIONIAs TMOTPEIIHOCTH MOKET BO3HHMKATh MPH
pELIEHUH CHCTEMBI yPaBHEHUH (BBIYHUCIEHHN (POTOYNPYTHX MOILYNEH P,z). OnHaKo
OpU OINMCAaHHOM B METOJMKE BBIOOpE TEOMETpUM IU(DpaKLMU, AKyCTHUYECKHE
BOJIHBI OUY€Hb OJHM3KH K COOCTBEHHBIM MOJaM, a IOTOMY CKOJbKO-HHOYIb
CYLIECTBEHHOW JIONOJHUTEIBbHON MOTPEIIHOCTH BBIYUCIEHUS HE  BHOCAT.

BenuunHa  TOTPENIHOCTH — Pe3yJlbTaTOB  MOXET OBbITh  TakXKe  OICHEeHa
HEMOCPEACTBEHHO C MOMOIIBIO BapHallud 3HAYCHUN M;f () B mpaBBIX YacTsaX

YpaBHEHHUH B COOTBETCTBHE C pa30pocOM OKCIEPUMEHTAJIbHBIX MJAHHBIX H
OTpeNeeHUs] BEJIMUYMHBI COOTBETCTBYIOUIMX BapUallMi BBIUMCISEMbIX 3HAUYECHUN
YIIPYTO-ONTHYECKUX MOJLYTEH Pop.

Takum oOpazoM, 00IIasi MOTPEUIHOCTh OMPENETIEHUsl YIPYro-OnTUYECKUX
Mozmynel cocraBisieT npuMmepHo 10% nand HamOONBIIMX 3HA4YEHUH P,g. s
OCTaJbHBIX MOJYJEH, 3HaYeHUs P KOTOPBIX MOTYT OKa3aThCs ONM3KU K HYJIIO,
MO>KHO CUUTATh UX a0COJIFOTHYIO MOTPEIIHOCTh TOM K€, YTO U JJI1 HAauOOJIbIIINX.
Tabmuua 3 — CrangapTHble cIpaBOYHBIE 3Ha4eHHA (QOTOYNPYTUX MOILYNEH Doz B

ndnekTpudeckon cucreme koopauHaTt (Np, Np m Ng) kpucramioB cemelicTBa

KRE(WO,),

dotoynpyruit MOLYNb Ps*
KYW KGW KYbW KLuwW
P11 0,12 0,11 0,10 0,10
P12 0,17 0,14 0,08 0,11
P13 0,33 0,23 0,29 0,28
P1s 0,04 -0,05 -0,04 -0,04
Pa1 0,15 0,13 0,14 0,17
P22 0,05 0,04 0,05 0,05
Pas 0,35 0,23 0,29 0,35
Pas -0,02 -0,03 -0,02 -0,03
P31 0,14 0,13 0,12 0,10
) 0,10 0,09 0,08 0,08
P33 0,27 0,28 0,33 0,30
Ps3s -0,14 0,13 0,13 0,13
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Pesynbratel Takxke mpuBeneHbl B Hammx pabortax [6,7]. IlogpobOuee co
CIIOCOOOM OTIPEICTICHUSI YIPYTO-ONTHYECKUX CBONCTB KPHUCTAJIIOB MOHOKJIMHHOU
CHHTOHHMH MOXXHO 03HakoMHUTbhCs B Metogauke I'CCCJI MD 225 — 2014 «MeTtoauka
AKCIIEPUMEHTAJILHOTO OompeeieHuss (OTOYNPYTUX XapaKTEPUCTHK JIa3epHBIX
KPUCTAJZIOB MOHOKJIMHHONH CHHTOHHHM JJIsi 3aJa4 aKycroontukw» [8] u B

[Tpunoxenuu B.
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Ipuioxkenue A

(cnpasounoe)

BCJ'ICI[CTBI/IC AUCIICPCUH 3HAUYCHHUC yTIJia a0 3aBUCHUT OT JJIMHEBI BOJIHBI CBETA Au

MOXXET U3MCHATHCA B BUIMMOM JHUAIIa30HC IIOYTH Ha 2°. Benmmuuna 31010 yria o

npu 632.8 HM ana kpuctaioB cemeidictBa KREW, a Ttaxxke mioTHOCTB

MaTCPUAJIOB, ITPUBCACHBI HUKC.

AZ
A Ng (2)
C
\(X
—
blYIN, a
Nm (X)

B

-

Puc. Al. Hcnonb3yembie CUCTeMbI KoopAuHAT. Bektopa a, b u ¢ cocraBnsior

0azuc ayemMeHTapHOM  sueiiku, ocu X, Y ®W Z OTHOCATCA K

KpHUcTaJUIopu3nuecKoi cucreme koopauHar, Ny, Np 1 Ng — ocu ontuueckoi
nHAUKaTpuchl. Bekrop b u ocu Y, N, HampaBneHsl nepneHAUKYISPHO
IUIOCKOCTH PpUCYHKa M  COBHAJAIOT MEXIy Cco00i. VYrom MexIy
Kkpuctauiorpaguyeckumu  ocsiMu  ff = 94°. Tlapamienorpamm oToOpa)kaet

OpPUEHTAIINIO TPaHel MOHOKJIIMHHOTO KpHUCTaJlIa.

Tabmuna Al — Yron Mexay KpUCTaNTOPU3NYECKON U TUIIEKTPUUECKON OCIMU

0L ¥ TJIOTHOCTH p KpuctaiuioB cemeiictea KREW

KY(WO,), | KGd(WO,), | KYb(WO,), | KLu(WO,),
o 17,5° @ [21,5° [10,11] |18°° 170"
nipu 632.8 [9]
HM
p, r/em’ 6,565 7,216 [12] 7,62+0.02¢ |7,686[13]
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a

VYTIB1, UCTIONIB30BaHHBIE B AalbHEWINIEM B pacueTax, s kpuctaiwioB KYbW u
KLUW 0bu1n n3mepeHsl KIIaCCHYECKUM MOISIPUMETPUYECKUM METOOM.
[TnotHocte KYDW Obuta ompenencHa myremM uM3MepeHHs pa3MepoB oOpaslia,

UMEBIIETO (POPMY MPSIMOYTOJIBHOTO MapajiesienuIeaa, U €ro B3BEIINBaHUS.
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Ipuioxenue b
(cnpasounoe)

Jlyis  ompeseneHuss CKOPOCTeH HCHONIB30BaiICS (Pa3o-UMIYIbCHBIA METO/,
OCHOBaHHBI Ha o0OpaTHOM TMbe303h(deKTe U IBYX-UMIYJIBCHOM MOIYJIALUU
ucxogHoro curHama. OCHOBHBIM DJIEMEHTOM YCTAaHOBKHU sBisieTcs Oydep —
KPUCTAII C MPHUKPEIUICHHBIM K HEeMy u3IydaTelieM YibTpa3Byka (puc. b2).
Hccnenyembiit oOpasen; NpUBOASAT B KOHTAaKT ¢ Oy(depom, H3rOTOBICHHBIM U3
JI0OCTaTOYHO TBEPAOTO MaTepHalia C MalbIM 3aTyXaHHeM yIbTpa3ByKa H
U3BECTHBIMH CBOMCTBaMHU (HAaIIpUMeEp, MJIABJICHOTO KBapiia), YTO MO3BOJIAET BBECTU
B oOpasel] yJIbTPa3BYKOBOM CHUTHAJ 4Yepe3 KHUJIKYI0 WIM TBEPAYIO CKICHKY.
®a30Byl0 CKOPOCTh PACHpPOCTPAHEHHUS OMPENeIIOT HHTEePPEPEHIINOHHBIM
criocoboM, KOTOPBI OCHOBaH Ha TOM, YTO Haler (pas3bl yJIbTPa3ByKOBOU BOJIHBI
IpOIIENIIeH B MPIMOM W OOpPaTHOM HAMpaBICHUH IO HCCIEAYEMOMY OOpasILy
OTHOCHUTEJIbHO HUMIYJIbCa, OTPaXEHHOTO OT TIpaHUlbl paszfena Oydep-oOpaser,
3aBHUCHUT OT YaCTOTHI yJIbTpa3ByKa f

A =2xf-(21 IV),
rae | — mmHa obOpasia. M3mensist yactoty W u3Mmepsisi HaOer (a3 (v 3Has JUIMHY

obpasma |) MOKHO OTpeeTUTh CKOPOCTh PACIIPOCTPAHCHHMS YIIPYTOi BOJHBI V .

[upoko UCTONB3yEeMbIi METO/ 3XO-UMITYJIbCOB, OCHOBaHHBIH Ha OOpPaTHOM
nbe303ddexre, ObLT JOMOJHEH (Ha30-UMIYJIBCHONM MOIYJSIIUEH HMCXOTHOTO
curHaia. BpeMeHHsie 3a€pKKU TIPU MPOXOKICHUU aKyCTHUUECKON BOJIHBI YEpe3
Oydep, N3rOTOBICHHBIN U3 U3BECTHOTO MaTepuasa (B OMMChIBAEMOUN YCTaHOBKE, U3
IJIaBJICHOTO KBapla), U 4Yepe3 KPUCTAUIMYECKH o0paszen U3 HCCIeAyeMOro
Martepualia, I03BOJISIOT ONPEEsATh CKOPOCTh PAaCIpOCTPAHEHUs YIbTpa3Byka. B
JBYXUMITYJIbCHOM MeToae [l4] wu3nydaroT J0CTaTOYHO KOPOTKHME HWMITYJIbCHI
(JUITMTETPHOCTBIO MHOTO MEHBIIE BpeMEHH mpobera uepes Oydep Tey U 0Opasen
T6p), IpUYEM BTOPOM UMITYJIbC MOCBIIAIOT C TAKOW 3aJIEPIKKON T ,,;, UTOOBI IOCTIE
OTpaXKE€HHUsl OT TpaHUllbl pasjaena Oydep-oOpasen] OH MepeKphIBAICS C MEPBbIM

UMIyJIBCOM, BEpHYBIIMMCS B Oydep mociae ABOWHOTO MPOXOXKICHHUS dYepes
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obpazeny (puc. b2): T, = 2To6p. AMIIIMTYIy BTOPOrO HMMITYJbCa IOAOUPAIOT
TaKUM 00pa3oM, YTOOBI aMITUTYAbl CKJIAIbIBAIOIINXCS UMITYJIHCOB OKAa3bIBAIHCH
NPUMEPHO paBHBI, oOecmedynBas TaKuM o00pa3oM MaKCHUMaIbHBIA pa3Max
U3MEHEHUH TMEepPEeKPHIBAIOIINXCS YacTel: MPAKTUYECKH OT HYJS 10 yIBOSHHOMN
aAMIUTATYIbI BO3BPAIIAIONTNXCS UMITYJIHCOB.

Peructpamuio pasnoctu (a3 ymoOHO BeCTH BU3YyalIbHO MO OcHuuiorpady:
€ClIi UMIYJbChl CKIAIBIBAIOTCS B (ase, TO B 00JacTU TEPEKPHITHS OHHU
CKJIQJBIBAIOTCSA M HaOmoaeTcs «Berieck» (puc. b2,a), a ecnu B mpotuBodase, To

racsT Ipyr Ipyra 1 HaOJII01aeTcs «IpoBa» Ha ocuuiiorpamMme (puc. b2,6).

I |

-
] a
i
: I}
oydep ' oOpasen
: f f | 6

R .
| ] ol |

Puc. B2. Cxema peructpanuu pa3HoCcTH Pa3 OTPaKEHHbBIX UMITYJIbCOB.

[IepBbIii 51 BTOPOU VIMILYJIbCBI (0603HaUEHHBIE pa3sHbIMU
[[BETaMHU/OTTEHKAMH), PA3IMYAIOLIUECS 110 aMILTUTYE U JJINTENbHOCTH, IIOKa3aHbl

B6 Pa3HbBIX MOMCHTOB BPCMCHM:
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t1=0; t2=Tesq t3=Toyp + Toops ta= Taan
ts = T6y(1) + 2T06p = T3aﬂ + T6y(b ; tg = 2T6y(b + 2T06p-

Ha BpiHOCKe mpuBeAeHa (opma JIBYX NEPEKPHIBAIOLIUXCS HMITYJIbCOB B
ciydae cuHdazHoro (a) u mpoTuBoha3Horo (0) CI0KEHHUS UMITYJIHCOB.

[lepecTpanBasi ~ 4acTOTy  3BYKa,  PETUCTPUPYIOT  TOCIEIOBATEIHHO
yepel0BaHuE CII0KEHHS UMITYJIbCOB B (pa3e u B npotuBodasze. C yueTom TOro, 4yTo
KaXKJ1as mapa 4epeJoBaHuN COOTBETCTBYET CABUTY (ha3 Ha 27, MOKHO OIPEACIIUTh
«mar» 4epemoBanus 1o yactore: Av=Af/m, rae m - umciao maros, Af —
COOTBETCTBYIOIIUN /IMANa30H MepecTpoiku 1o yactore. OKOHYATEIBHO CKOPOCTh
BBIYHCIIAECTCS 110 (hOpMyIIe

V= Av-2l.

B kagectBe OydepoB HCHOMB3YIOTCS TUIOCKOMApaUIeIbHBIE 00pa3Ibl W3
IJIaBJICHOrO KBapia JUIMHOW mpuMmepHo oT 30 mo 90 MM, Ha KOTOpble HaHECEHBI
YJIBTPA3BYKOBBIE TIPEOOpa30BaTEIM TPOJOJbHON WM CIABUTOBOM aKyCTHYECKUX
BOJIH. V3MepeHus BBIMOJIHSIOTCS B COOTBETCTBYIOIIEM YacTOTHOM JMaria3oHe
nopsiaka 10+150 MI'm. Hccneayemsbiii obpaserr NpMKUMAeTCss K KBapIEBOMY
Oydepy uyepes XKHUIKYHO SHOKCHAHYHO cMmoiy. M3mepsercs mopsaka 100-300

YaCTOTHBIX PE30HAHCOB B 3aBUCUMOCTH OT pa3MepoB o0Opasiia.

HOFpCIHHOCTI/I OIIPCACICHUA KOHCTAHT OIPCACIICHBI C IOMOIIBIO CIACAYIOIINX
ararosB.
A. OHCHKa IMOTPCHIHOCTU U3MCPCHUA U BBIYUCIICHUA CKOpOCTGI?I MOJKET OBITH

poBeieHa 1Mo GhopmyIie

2 2 2
Oy Oy O,

Vi (ary 1

rie G — JUCKIEpPCHH (CpPEeIHEKBAIpaTHUHBIC OTKJIOHCHHS) COOTBETCTBYIOIIHMX
BEJINYNH.
[Ipu nmune obpasma 10 MM, Tounoctu wu3Mmepenuss 0.01 MM, nuanazone

nepectpoiiku 100 MI'n u Tounoctu uamepenust 10 kI'1y oTHOCUTENIbHAS TOYHOCTD
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ompeneneHuss ckopoctu  cocrtaBut npumepHo 0.1%. Takum  obpazom,
UCIOJIb30BaHue (ha30-UMITYJIbCHOTO METOJa TMO3BOJIMIO0 B 5-10 pa3 MOBBICHUTH
TOYHOCTh OTPEICNICHUS CKOPOCTH pacHpOCTpaHEHHUs YIPYTUX BOJH, TIO
CPaBHEHUIO C MTUPOKO HUCIIOIB3YEMBIM METOJIOM 3XO-UMITYJIHCOB.

[Ipy oIeHKE TOTPEIIHOCTH OMPEACICHUs CKOPOCTEH CleAyeT Y4ecTh

TOYHOCTh OPUEHTAIMU ocelt oOpasna. [Ipu oTkIoHeHHH 3’ MOTPEIIHOCTh COCTABUT

e 6oiee 0.1%.

b. IlorpemmHocTs pacyeToB MOXHO OIPEACIINTh, BapbUpys 3HAYCHHUS
U3MEPEHHBIX CKOpPOCTEM, W PpErucTpupys OTKIOHEHUS B  BBIUMCIECHHBIX
b dexTuBHBIX cKOpocTax. Paz0opoc 3HadeHMil HanboJiee BEIMK JJIsi HAMOOIBIITMX
(IMaroHaNbHBIX) 4JIEHOB M cocTaBisieT npumepHo 0.2%, 4To B aOCONIOTHBIX

eauHMIaX gaet nopsaka 10 m/c.

B. OxoHuartenpHO INOTpCIIHOCTL  ONPCACIICHUA  KOHCTAHT JKCCTKOCTHU

onpenenseTcs GopMyIIon

(2N

2
%

CZ

+

28
bN|bqv\:

r7ie P — IIOTHOCTh. EC/IM TOUHOCTH U3MEPEHUS MIIOTHOCTH HAMHOTO BBIIIE, YEM Y
OCTQJIbHBIX BEJIMYMH, TO OKOHYATEIBHO MOTPENTHOCTHh OMpPEAEICHUS KOHCTAHT
AKECTKOCTH cocTaBUT npuMepHO 0.2%. 11 HEKOTOpBIX MaTepuajoB, HAPHUMED
KGW, pa36poc mpuBOAMMBIX B JIUTEpAType AAHHBIX IO IJIOTHOCTH COCTAaBJISET
ceoimie 2% [15], Tak 4YTO A8 HUX OKOHYATENIbHAs MOIPEIIHOCTh KOHCTAHT

KCECTKOCTHU OIIPEACIACTCS TOYHOCTBIO U3MEPCHHUS ITJIOTHOCTH.
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IIpuioxenue B
(cnpasounoe)
dotoynpyrue XapaKTEPUCTUKH OIIpEAEIIAIOTCSA CBOMCTBaMHU
KpUCTaUIMYECKOW cpeabl. OHM  3aBUCAT OT aKyCTHYECKOM M ONTHYECKOU
aHM30TPOIIMM M B OOIIEM Cllydae OIHMCBIBAIOTCA TEH30pPOM Piju. OnpezneneHue
(GoTOyNpyrux XapakTEpUCTUK HE MOXKET OBITh CBEIEHO K HECKOJIbKUM
U3MEPEHUSIM, a TIPEJICTABISIET COOO0M CII0KHYI0 MHOTOCTYIIEHYATYIO TIPOLEAYPY.
M3MeHeHne KOMIIOHEHT TEH30pa JUAIEKTPUYECKOM HENPOHHUIIAEMOCTH
(onmceiBaromiero smumncoun Openenst) ABj; mpsMo NMponoOpUUOHATBHO BEIHYMHE
ynpyroi aedopmarun kpucramia Sy [2]:
ABijj = Pija-Su
[Ipu sToM ynpyro-ontuueckue kodd¢puuueHnTtsl (Monymu) Pijq oOpasyror
TEH30p YETBEPTOro paHra. M3MeHeHus onTuyeckol MHIMKATPUCHI, ONKUCHIBAEMON
TEH30POM  JMIJIEKTPUYECKOM IPOHHMLIAEMOCTH  &j, JAKTCA  CIEAYIOUM
BBIPAKEHUEM:

Ag; =—&y & PamnSmn -

DTy U3MEHEHUs B aOCOJFOTHOM BBIPOKEHUH OOBIYHO HE MPEBHIIIIACT 10,

B cnopaBouHbiX MaTepuanax yaoOHEe HCIOJb30BaTh  COKPAIICHHYHO
(penynMpoBaHHYIO) 3alHCh YNPYTrO-ONMTHYECKOTO TEeH30pa KO3 PUIIMEHTOB,
KOTOpasi OCHOBaHAa HAa CHMMETpPHM TeH30pa Pjjq Io mepBoil M BTOpOW mHapam
nHIeKCoB (Pijg = Pji, Piju = Piji). PerynupoBannas maTpuna UMeeT BUI P,g, TIE
UHACKCHI a, f=1,...,6 TOIy4arOTCs CBOpauyMBaHWEeM HHAEKCOB  I,]K,l
4-X-paHTOBOTO TEH30pa MO cleayromeMy mnpaswry: 11 — 1; 22 — 2; 33 — 3;
12,21 — 6; 13,31 — 5; 23,32 — 4. B camom ob6miem ciydae (B TPUKIMHHBIX
KpPHUCTaJUIaX) PeAyLMpPOBaHHAs MaTpHLa P,; UMEET 36 HE3aBUCHMBIX JJIEMEHTOB

[3], a B kpucTaJU1IaX MOHOKJIMHHOW CUHTOHUM — 20 3JIEMEHTOB.
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Pp P P 0 ps O
Pu P Py 0 py O
Py Py P 0 py O
0 0 0 p, 0 pg

Pp P Pz O py O
0 0 0 pu O pg

W3MeHeHus moKaszaTellss IpPEJOMJICHUS, BbI3BaHHbIE Oerymie B cpefe
YABTPA3BYKOBOW BOJIHOM, HOCAT MEPUOAUYECKUH IO MPOCTPAHCTBY XapakTep, TaKk
4TO JJI PAaCIpOCTPAHSIOLIETOCS CBETOBOIO IydyKa OHU HUIPalT poib (a3zoBou
T paKIMOHHON peneTku. B pe3ynbpTare cenekTuBHOM (OparroBekoit) audpakuuu
CBETa HAa TAKOM CTPYKTYp€ MPOUCXOJIUT OTKIOHEHUE CBETOBOIO IMy4yKa C JUIMHOU
BOJIHBI, YJOBJIETBOPSIIONICH yciaoBuio bparra mexay IiavMHONW BOJHBI cBeTa A U
4acTOTOM ynbTpa3Byka f. DTo sBIeHHE UCIONB3yeTCsS MJsl  ONpe/eiIeHUs
(GoTOynpyrux XapakTepUCTUK MaTepuaia 110 MHTEHCUBHOCTU IU(parupoBaHHOIO
(OTKJIOHEHHOTO) CBETOBOT'O MTOTOKA

lg ~ Ii M Wiy L2,

3neck | , |y — MHTEHCUBHOCTh MaAaOLIEro M AU(PPArupoOBaHHOTO IOTOKA
cBeta, Wy — MOIIIHOCTh aKyCTUYECKOM BOJIHBL, L — 7IMHA IyTH CBETOBBIX JIyuyell B
nepenenax axkycrtuyeckoro mnyudka, M — kosd@uIMEHT aKyCTOONTHYECKOIrO

KadyecTBa MaTepHaia (Takxke 0003HayaeMblil B iutepatype M,):

n3n3

M :IL)IV(; peszl

BbIpakaeMbIi uepe3 aPpekTruBHOE 3HAUEHHE (POTOYIIPYTOro MOIYJIS Peff M APYTHE
XapaKTePUCTUKU MaTepHaa: MIOTHOCTh O U MOKa3aTeJI MPEJIOMIICHHS KpHUCTaia
n, a Takke ckopoctd 3Byka V. B oOmem ciaydae 3¢h(EKTUBHOE 3HAYCHUE Peff
BBIPA)KAETCA Uepe3 TMHEHHYI0 KOMOMHALMIO JIEMEHTOB TeH30pa P,s [16,17]
JIaHHBIN MOAXO0J M3BECTEH B aKyCTOONTUKE Kak Meton Jlukcona. OgHo# u3
MPUHITUIHATBHBIX MPOOJIEM 3TOTO METOJa SBISIETCS TO, 4YTO KOI(PPHUIIMEHT
akycroontuyeckoro (AQO) kadectBa M BbIpakaeTcsi KBaJ[paTUYHO yepe3 3HAUCHUE

dboToynpyroro Moayns Pe . [loromy u3 3HaueHuss M Henb3si HaAIPSIMy0 HaWTH
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3HaK COOTBETCTBYIOLIEro (OTOympyroro Moayis. B HEKOTOpBIX MPOCTHIX
reOMETpUsIX 3HAUY€HHE HMEET TOJBKO a0COJIOTHAs BEIUYMHA (POTOYIPYIroro
kod(pdunrenta, Ho B o0OmEeM ciydae 3HAK BEIMYMHBI BaXXEH, ITOCKOJIBKY
abdexTuBHOE 3HaueHUE (HOTOYIPYTOr0 MOIYIS e ONpeesIeTCs  Kak
anreOpandecKas CyMMa HECKOJIBKUX KOI(QMHUIIUEHTOB [ .

3HaKk KO03(p(UIMEHTOB Ba)KEH TaKXKe MpPHU TEepecueTre MaTpullbl K APyrou
cucreme koopauHaT. Huxe Oynem cuuTarh, Kak 3TO OOIMICTIPUHATO, YTO MaTpuUIla
OTIpeIeIISIEMBIX dboToynpyrux ko3 bunreHTOB Pup OTHOCHTCS K
Kpuctasiopusnuecko cucreme koopauHat X, Y,Z. OmnuceiBaeMblii  METOJ
onpeneneHuss (HOTOYNPYTUX XapaKTEPUCTUK OTHOCUTCA K YHPYro-ONTHUYECKUM
MOAYJISIM BEpPXHEW TOJIOBUHBI MATPHUIIbI, OMHUCHIBAIOIIMM TaK Ha3bIBAEMYIO
U30TPONHYIO0 AU(PPAKIHIO, IPH KOTOPOM MOJIIPU3aIUs CBETa COXPAHIETCS. DTOMY

COOTBETCTBYIOT KOI(Q(UIMEHTBI P,s C HEPBBIM HHIEKCOM paBHBIM 1 (X—X),

2 (YY) wu 3 (Z—Z). Mertoa npearnosaracT IpoBeACHHE OCHOBHBIX M3MEPEHUI
nokaszarened  AO kawectBa M B cucrteMe  KOOpPAMHAT, CBSI3AHHOW €
JTUAJIEKTPUUECKUMU OCsIMU. [Ipy 3TOM HCHONB3YIOT MPOJIOJIbHBIE U CIABUTOBBIC
aKyCTUYECKUE MOJIbI.

Meron [ukcona nnsi  onpeneneHus nokazatenss AQO  kadectBa M
IpeanojaraeT BblUMCIeHUE Koddduimenta audpakuud cBeTa MO pe3yJibTaTaM
CPAaBHUTEIBHBIX HM3MEPEHUH, BBIMOTHIEMBIX B OJHMHAKOBBIX YCIOBUSAX B
UCCIeNyeMOM U HU3BeCTHOM Matepuanax (puc. Bl). B kadectBe H3BECTHOIO
(pedepenTHOrO) Martepuaia 1ejIecooOpa3HoO B3ATh BCECTOPOHHE HCCIEIOBAHHBIN
MaTepuay, Hampumep, IiaBieHbl kBapil [18]. Beibop m3orpomHoro marepuana
MO3BOJISIET YIPOCTUTh H3MEPUTENbHBbIE MPOUEAYPHl 32 CUET OTCYTCTBUS CHOCA
aKyCTHYECKOTO Iy4Yka B MaTepuasiie. Bo30ykiaeHue aKyCTUYeCKOW BOJHBI B
oOpasle OCYyIIECTBISETCS MOCPEICTBOM IUIOTHOIO KOHTaKTa €ro ¢ KPUCTALIIOM-
OydpepoMm, H3roTOBIEHHBIM U3 pedepeHTHOro MaTephajia M UMEIOIUM
NPUKPEIJICHHBIA aKyCTUYeCKUM wu3inydarenb. Jii Bo30yXKAEHUS pa3HBIX MOJ

yIbTpa3Byka MOXHO HCIIOJIb30BaTh JBa Oydepa, Wi OAUH C JBYyMsA

22



nbe3onpeodpaszoBarensivu (Harpumep, Ha ocHoBe LINDO3) — mist Bo3OyxkmeHus

MIPOAOJIBHOM U MONEPEYHON aKyCTUYECKON BOJIHBL.

/\ " ,V\ ’\ BY curnan

HE I
4_Q | Crkueiix I:A[:_JS

doronpuemMHUK —]

-1
/ D ——
(] ? S

B) Kpucramn ﬁ

Puc. B1. [Ipunuun uzmepenunii AO kadyecTBa KpUCTAJLIOB IO MeToAy JIukcoHa.

() m (06) — ocuwulorpaMmbl, NOJyYEHHBIE (POTOIETEKTOpaMU B
TudpakMOHHOM Topsjike B Oydepe u  kpucramie (B3SIThI IS
WJUTIOCTpAIUK U3 paboThl [5]);

(B) — cxema pacnpOCTpaHEHHsS] aKyCTUYECKUX HMITYJIbCOB U ONTUYECKUX
MTy4YKOB;

|, — ucxomubIil UMITYJIEC; |, — OTpakeHHBIN B Oydepe UMITYIIhC;

|3 — BepHYBIIMIACS U3 KpUCTaJIa UMITYJIbC;

|, — mpormmeammii B KpUCTAIIIT HMITYJIBC;

|5 — oTpaxkeHHBII OT TOpIA KPUCTAIIa UMITYJIbC.

OOBIYHO  HWCHOJIB3YyeTCS ~ TEHEepaTop  BBICOKOYACTOTHBIX  CHUTHAJIOB,
CUHXPOHU3HUPOBaHHbIM ¢ (QoroaerekTopoM (cM. puc. B2), s nurtaHusa
mee3onpeodpazoBarens. Jlns u3oTpomHOM AMGPAKIMKA YaCTOTHI  YJIBTPa3ByKa
o0bryHO JexkaT B mpedemax 25-1000 MIm, B 3aBUCHMOCTH OT YacTOTHI

cornacoBanuss AO Oydepa. s HaOmOACHUS aHU30TPONHONW JuUdpaKiyu, B
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3aBUCUMOCTH OT TE€OMETPUU B3aUMOJCHCTBHUS, HEOOXOIUMBIE YaCTOTHI JIEXKaT
Boie 150 MI'm.

Hccnenyembiit oOpaser; mpukpervisiercs k Oydepy ¢ MOMOIIBIO KIEEBOTO
MaTepuaia, MPOMyCKAIOMIET0 WCIOJb3yeMble B H3MEPEHHUSIX YIbTPa3BYKOBBIC
BOJIHBI, HAaNpuMep, XUAKON SMOKCHUIHOW CMOJIBI ISl TPOJOJIbHOM MOJbI, HIIU
MAHOKPUJIATHOTO KJied JJIs CIABUIOBBIX BOJIH. B KauecTBe MCTOYHMKA CBETAa B
DKCIIEPUMEHTE CJIEAYEeT HCIOJb30BaTh MOHOXPOMATHYECKUA KOJUTMMHUPOBAHHBIN
UCTOYHUK, Hampumep, He-Ne mazep. Akyctuueckue BOJHBI B Oydepe T0KHBI
BO30Y)K/IaThCsl HA YaCcTOTaX, COOTBETCTBYIOIIMX AW(PPAKIIMKA CBETA HA HUX TPHU

BbIOpAaHHOM YTJI€ MaJCHUS.

Ocuunnorpad Bonetmetp CB‘-Irrzr;%%aTop

BxonoY CuHxp. Beixon  Wmn. mop. BY curHan

leHepaTOop

Bycep

o3y €

He-Ne nasep —OI'ITM‘-I?CKOG n3ny4yeHue c
JNMHOW BOMHbI 632.8 HM

KpucTann

Puc. B2. IIpumep 010K-CXeMbI HU3MEPUTEIIBHONW YCTAHOBKH.

W3mepenus 3axiroyarorcs B peructpanuu s dexra audpakiyuu CBETOBOIO
ydyKa Ha aKyCTUYECKOM HMIIYJIbCE, BO30YXIAAaE€MOM IMbE30MpeoOpa3zoBaTeieM U
pacnpocTpaHsIoIEeMcs ocieoBaTeNibHo B Oydepe u kpucramie. B coorBercTBHEe
¢ ¢hopMyJI0if aMIUIUTY/1a CUTHAJIA, PETUCTPUPYEMOTO (POTOTPUEMHUKOM B +1 uiu B
-1 nopsiikax — audpakimmy, npsiMO IpPONOPLUUOHATIBHA ~ MOUIHOCTH
COOTBETCTBYIOIIETO YJIbTPA3BYKOBOIO UMITyJibca U Kodpduimenty AO kauecTBa
M nanHoOro Kpuctajmia, a 3aBUCUMOCTb OT JIJIMHBI B3aUMOJCHCTBUSL COKpaIlaeTcs,

1
T.K. IIMpUHA Ty4yka OJMHAKoBa B Oydepe M KpHcTauie . DKCHEpHUMEHTalIbHAS

! ITpu pasmepe usmyuarens ~0.5 cM 1 pasMepax KPHCTALIOB 0 5 CM An(PaKIHOHHAs PACXOAUMOCTh yIbTPa3ByKa
nperebpexknmo Mana. Crnemyer wn3beraTh W3MEpEHHH B HANpaBICHHUAX aHOMAJIBHO BBICOKOH (DOHOHHOM
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cxema (puc. B2) mo3Bomsier mpeHeOpeYh 3aBUCUMOCTHIO OT WHTEHCUBHOCTU
NaJal0IIero CBETOBOIO IyYKa, MOCKOJIbKY U Oydep, M KpUCTAII OCBEIIAIOTCS
MOCIIEZIOBATEIbHO OJHUM ¥ TEM JK€ HWCTOYHUKOM. Paznmuume OnTHYecKux
KO3 UIIMEHTOB MpoIycKaHus mia Oydepa W KpUCTala B HM3MEPUTEIHHOU
dbopMyne yCTpaHEHO TIyTeM HOPMHPOBKM HAa WHTEHCHUBHOCTH JIa3€PHOTO
U3MydeHus: Tpormienmero 4depe3 Oydep ls W HM3IydeHHs MPOILISANIEro 4Yepes
KpucTal |l B OTCYTCTBHME aKyCTUYECKHMX HMITYJIbCOB, YTO CIPABEAJUBO MpU
HEOONBIIMX yIIaX Iu(pakium cBera.

AKycTHYECKHe TOTEepH MpPH PACTIPOCTPAHEHHH 3ByKa B KpHUCTallIe M €ro
IPOXOXKACHUU Yepe3 CKIEHKY, a TakKe NMOTEepH MPHU OTPAKEHUU 3BYKOBOM BOJIHBI
OT CBOOOMHOW TpaHHW, COKpAIIalOTCS TMPU HCIOJB30BAHUH  CIEAYIOIICH

0e3pa3MepHO KOMOMHAIIMY aMILIUTY CUTHAJIOB [5]:

3nech My — KOO PUIIMEHT aKyCTOONTHYECKOr0  KadecTBa  pedepeHTHOTo
kpuctaia (Oydepa), KOTOpbIH, HampuMep, IS MJIABJIECHOTO KBaplia COCTABIISET
Myt = 1.56.10™"° ¢*/kr (npu mudpaximm na mpomombHON BonHe). Hymeparms
UMITYJIECOB MpHBEeHa Ha puc. B1.

N3 coobOpaxenuid yaoOCTBa Jydllleé HCIIONB30BATh Jla3ep C KPYroBOii
NOJIApU3aIlMeil CcBeTa, 4YTO TIO3BOJUT WMETh OJWHAKOBYK) HWHTEHCHUBHOCTH
NaJaroIIero Ha o0pasel] CBeTa MpH JF000 OpUEHTAIH MOJISIPU3aTopa.

[lepen mnpoBeneHueM H3MEpPEHUN TOJDKHA MPOU3BOIAUTHCS IOCTUPOBKA
kpuctaia. CHavana wccleayeMblii oOpaser] clieayeT YCTaHOBHTH TaK, YTOOBI
naJIcHUe CBETa Ha €ro rpaHb ObUIO HOPMAJIbHBIM. 3aTeM, MepeMelias ONTHYECKUn
CTOJIUK C 3aKPETUICHHBIM 00Pa3I[OM BEPTUKAIHLHO M TOPU3OHTAIBLHO OTHOCUTEIHHO
HaIlpaBJICHUS PaCIPOCTPAHEHUs CBETa (BBEPX-BHU3 U BIIPABO-BJIEBO), HEOOXOIUMO
BbIOpAThH MOJIO’KEHUE KpHUCTaJlja, npu KOTOpPOM UHTEHCUBHOCTh

nudparupoBaHHOr0 CcBeTa HaumOoJyiee BbIcOKa. Jlamee, HakJIOHOM oOpasia

pacxonumocTu (IeOKyCHpOBKH), €CIIM OHM €CTh B KpHCTajule. Tarkke CclielyeT FOCTUPOBaTh CHUCTEMY TaKUM
006pa3om, uToOBI aKYCTHYECKHH ITyYOK He TIoajall Ha CTeHKH o0pasia u oydepa.

25



OTHOCUTEIBHO TOPU3OHTAIIBHOM OCH ONpEAENSieTCd Yrojl MaKCUMallbHOU
WHTEHCUBHOCTHU AU paKIny, T.€. yroa bparra.

Boibop HampaBieHHs MOJSpU3alMM MAJAIOIIEr0 CBETa IO OJHOM U3
mmnekTpudeckux oce (N, Np, Ng) ocymecTsisieTcss ¢ mOMOLIBIO BXOJHOTO
momsipusaTopa.  IIpM  HEOOXOLMMOCTH®  KOHTPOJHPOBATH  IMOJISPH3ALIHIO
BBIXOJSIIIIETO0 M3 o0pa3lla M3y4eHHs MOXHO C TIOMOUIBI0 aHaJIM3aTopa,
YCTAaHOBJICHHOTO TapajuiebHO TMojspu3aTopy (Mpu HAOIIONCHUH H30TPOITHO
nudpaxun).

JIMUTEeIbHOCTh aKyCTUUYECKUX UMITYJIbCOB JIOJKHA OBITh, 10 MEHBIIIEH Mepe, B
2 pasza MeHbIIIe, YeM BpeMsl mpobera yiabTpa3BykKa IO KPUCTALTy, a TMEPUOJ
CJIeIOBaHUSI CEPUU YJIbTPA3BYKOBBIX HMITYJIbCOB JIOJDKEH OBITh MHOTO OOJbIIIe,

YeM TIEPHO/] TIOJTHOTO MIPOX0/1a yIbTPa3ByKa Mo cucteme Oydep-KpucTail.

2 Haan/IMep, IS OIIEHKHM BO3MOYKHOTO BIIMSTHHSI ONITHYECKON aKTUBHOCTH.
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