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TEPMOONTUYECKOE BO3BYXAEHUE YINPYIUX KONEBAHUNA
B ®EPPOMAIHUTHbLIX MIACTUHAX

C.FO. l'ypesuy, K.5. Xabupoe

B nannoii paGore pacemMaTpPpHBAETCH MATEMATHYCCKAS MO/Ie/b, ONIUCHIBAIOLAS PO~
uece JasepHoi reHepaund BoaH JIam0a B ¢eppoMarHuTHO MeTaSIHYECKOH maa-
crune. IlpuBegena cucTeMa ypaBHeHHi TEPMOYNPYTOCTH ¢ Y4eTOM KOHEYHOr0 Bpe-
MCHM peJjlakCcaly TenJIOBOro noToKa.

VbTpa3ByKOBbIE aKyCTHYECKHE BOJHBI UMEIOT LIMPOKOHW CHEKTp MPHUMEHEHH: HEepa3pyIarOLHii
KOHTpOJIb [1] ¥ oneHKa 0CTaTOYHOrO pecypca rOTOBBIX H3IENHH, ONpeliesieHue YIPYrUuX TOCTOSHHBIX U
APYTHX (H3NYECKHX XapaKTepHCTUK MatepraioB |2, 3]. DeppoMarHATHbIE META/UIBI COCTABIISIOT 3HA-
YHTEIbHYIO YaCTh MaTepHaIOB, UCMOJB3YeMbIX B TIPOU3BOJICTBE U HAYUHBIX MCCIEeJOBAaHMAX. BoabIIMH~
CTBO H3y4aeMbiX 0OBbEKTOB 00/1a1aI0T NMOBEPXHOCTSIMH, YTO TIO3BOJIAET HUCHONB30BATh MOBEPXHOCTHBIE
aKyCTH4YeCKue BONHbI (BoHBI Panes, JIsmGa u fp.) [ nomy4eHHs: HOBBIX HaYYHBIX JAHHBIX H BBISBIIC-
Hus nedextos [4]. B HacTosImee BpeMs CUITBHO BO3pOC)Ia PoJib pecypcocOeperariyx TeXHOMOruil, Ko-
TOphle TpeOYIOT OLIEHKH KayecTa M3/e/Ms Ha CTaJuH NpPOoW3BOACTBa. ["opsaunii nepejen Metaiwia ocy-
LECTBIIAETCS, B OCHOBHOM, [P TeMIlepaType MarHUTHoro ¢azosoro nepexona (touka KiopH), koraa
MPOUCXOJIUT pe3Koe H3MeHeHHe QU3UIECKHX [TapaMeTpoB MeTasia. [IpH BEICOKHX TeMIIepaTypax OMHHUM
u3 3¢ hEeKTHBHBIX cNIOCOO0B BOROYKIEHUS YALTPa3ByKa ABIAETCS OECKOHTAKTHEI METOJ JIa3epHOMH re-
Hepauuu. ITOBEPXHOCTHBIE aKyCTHHECKHE BOTHBI BO3SMOXKHO BO30Y)KIaTh H MPHHUMATH Ha MPOHU3BOJE-
HOM y4acTKe MOBepXHOCTH 00pasia, pacrpene/icHHeM MHTCHCHBHOCTH B MAJAIOIIEM Na3ePHOM NYHKe
MOKHO YIIPaBJISITh BHIIOM CTIIEKTpa BO30YKIaeMOro akyCTHUECKOro 110 [5], uTo 1mo3BONSET MOLyyaTh
uHOOPMAaLHIO O Pa3HOOOPa3HBIX NIPHIIOBEPXHOCTHBIX AeexTax [6] u o CTpyKType deppoMarHeTHKa.

ITpy nornoieHun KOPOTKOro J1a3epHOro MMITYJIbCA TTOBEPXHOCTHBIM CJI0EM MeTauia, 3a cyer Obl-
CTPOTO MOBBLIIIEHUS TEMNepaTypbl B 30He 00 TydeHHs, BOZHUKAIOT aKyCcTHYeckre BosHbl. Harpes metain-
Jla MOXeT ObITh HACTONBLKO CYHIECTBEHHBIM, YTO BBI3OBET W3MEHEHME TEIUIO(H3IHIECKHX ITapaMeTpoB
Cpellbl, KOTOpble ONPeleNsioT XapaKTEePUCTHKU BO30YXKJaeMbIX aKyCTHYecKHX HUMMyibcoB. Ilpouecc
TEPMOaKyCTHYECKOrO npeoOpasoBaHUA, B 3TOM Cllyuae, CTAHOBHTCA HEeJMHeHHbIM. Pemuenue 3agaun o
TEPMOYIIPYroM BO30YKASHUH aKyCTHUECKHX BOJIH B METAIIAX j1a3ePHbIM HMITYIbCOM XOPOIIO H3BECTHO
[7, 8]. JluneHHoe npubHKEHHE TEOPHH TEILI0BOrO BO30Y)KASHHSA 3BYKa B TBEPJBIX TeNax NOCTATOYHO
XOPOLIO ONHUCHIBAET BJIEHHE JUId 00bMMHBIX MeTaJU1oB. OcoOEHHOCTD 3aaul 0 TEPMOONTHYECKOH reHe-
paliH aKyCTH4ECKHX BOJH B (eppOMAarHeTHKe COCTOUT B TOM, UTO NPH TeMIEpaType MarHUTHOro da-
30BOTO0 nepexona (Touka Kiopn) npoHcxoaut peskoe U3MeHeHue Gpu3nueckux cBoiicT. Kak nmokasaHo B
paborax [9, 10}, yueT u3MeHeHUs1 TeMiepaTypHOro kos¢pduumenrta auHeiiHoro pacmmpenus (TKIIP)
¢eppoMarHeTuxka aaer onpeAeNsSiOUIMA BKJIaA B napaMeTpsl Bo30yKIaEMBIX 0OBEMHBIX aKyCTUYECKUX
BOJIH H BOJIH Panest, ecnu Temuepatypa ¢eppomarseruka 6imnska k Touke Kropu. Ecnu deppomaruur-
HbIl oOpasel npeacTasaser co0ol JOCTATOYHO TOHKYIO IUIACTHHY (TONLIMHA HE Gojee IUIMHBI aKyCTH-
4yeckoli BOJHBI), TO B HeH BO3HHKAeT CJIO)KHOE aKYCTHYECKOE IOJle, NMPEeACTAB/IgIoNee coOol cyMmy
HOpMaJIbHBIX KoneGaHui (Wi moxa) - BonH JIamOa. JanHas paboTa NOCBSLIEHA TOCTPOSHHIO TEOPETH-
4eCKOH MOJIeNu Jla3epHoi reHepaunu BojiH JIamMOa B (peppOMarHuMTHON NMJIACTHHKE, YUMTBIBAIOLIEH U3~
MeHeHue KoaduIerTa JTMHEHHOTO PaCILIPeHHMs B IIpoliecce BO3OYKIEHU aKyCTHUECKOro MOJIs.

Jins onpeneneHus pacrnpecsieHUst TEMIEpaTypbl B HEONPAHWYEHHOH IaCTHHE TONIIMHOK R, pac-
CMOTPHMM CHMMETPHMHYIO 3aJ1a4y O Harpese miacTuHbl TonmmHol 2R. Cornacho [11], ypasHenue Ten-
NOMPOBOIHOCTH UMEET BUJL:

M@ﬁ+gﬁ%uﬁ:a§n

ot c 3 or? Oz

rae T(z, ) — OTKIIOHEHHE TeMIIEPaTyphl OT PABHOBECHOTO 3HAYeHHs, d — KO3(GHUIMEHT TeMIIEPATYPO-
TIPOBOJJHOCTH, ¢4 — CKOPOCTE PACTIPOCTPAHEHHS TEMJIa.

f”) (0<z<2R), (1)
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['panuunble ycnosus 3aaiM B BUIE TEIUIOBOTO HOTOKa g(f), AeHCTBYIOMEro no 06e CTOpPOHb! ia-

CTHHBI, B IIPHOTIKCHUH €, —> o0

8T (R,1)

A—=Z 4 qt)=0, 2)

OT(R,0)
Oz
JIna pelenns 3aJauy BOCNOIB3YEMCS MHTETrPAIBHBIM KOCHHYC-TIpeoGpasosanueM Dypoe:

=0. (3)

T,(n1) = jT(z,z)cos”—;idz,n:0,1,2,3... (4)
0

rae TAn, t) — obpa3 gynkuuu 7(z, ), ynosnersopsrouuil ycnosuio Jqupuxie.
Ilepexon ot obpasza QyHxumH K opHmHaﬂy OcymeCTBIISIeTCSI no ¢opmyse

T(z,t)=— T(O H+= ZT(n t)cos—R— (5)

n 1

nrz
YMHOXkUM 00¢ 4acTH ypasHeHHs (1) Ha COST H, IpOUHTErpUpoBaB oT 0 10 R, Noay4yuM

R R 2
IBT(z,t) cos nrz dz = J-a o°T(z,t) cos nrz dz. ©)
5 ot R 0 R

BeipaxeHue jig 4acTHOM npomxsozmoﬁ BTOPOTO MOpPsAKa BBIMIAIUT CIAEAYIOMUM 00pazom
Ro*T(z, 0., dT(R1) dT(0,) n’z’

0s7 2 dy = (~1)" - : n,t). 7

5[62 e =(=1)' o L) (7

Wcnone3ys rpanuynsie ycnosusa (2) u (3), NOJYYHM HEOTHOPOAHOE XU PEepeHUHATEHOE YpaBHe-
Hue a5 onpenenenus 1.(n, 1):

dr, (n1) | an*n’
dt R?

Petienyie 310ro ypaBHEHHs UMEET BU:

T, (n,1) =(—1>"~j—q(r>. )

7zt ntr

T, (n,1) = exp(~= )d9 - €)

)| O+ (=1)" = jq<9>exp<

Jns onpenenenus nocrosaHon C(n) Bocmonb3yemMcs HadanbBbIM yerosueMm 7(z,0) = f(z):

R R
T,(,0)=C(n) = jT(z,O)cos”ﬂdx= [f(2)eos™2dz, (10)
0 R 0 R
CrnenoarenbsHo, pemeHHe IS o6pa3a 6y)1er UMETH BUJL
2 2. R
Tingy=(-1)" < jq(e) exp[— T - 0016 + expl(~ "”R” O] f(z)cosn—;:zdz. 11

Hnsa ynoberea nepexoz(a K opurrHany no dopmyae (5) pewenue (11) nepenueM B Buxe
TL(nt)=T0.0)+T,(nt), n=1,2,3,.. (12)
Torna umeem

R t
0= [f(2)dz+ Jq(O)0 + exp(-—
0 0

anﬂ't

)J.f(z) os——-—dz+
(13)

2

+ (-1 —jq(e)expf— ¢-oae

Tlepeitnem ot o6paza ¢hyHKUHM K ee opanaJIy B COOTBETCTBUH C (opMyJioHt (5)
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dusuka

1 R a !
T (5= Off(z)dz + Of q(0)d6} +

2 an’rz’t nmz & nrz
+— > ex cos z)cos——d z + 14
R 2P ) R()jf() ——dz (14)

anzﬁz

R2
FAie ¢ — 3aBUCHMOCTE TEIVIOBOI'0 NOTOKA OT BPEMEHH, KOTOPas NpONOPLHOHAILHA BpeMeHHOH (opme
pacnpefenenusl MHTEHCHBHOCTH MaJatoLIero JIA3epHOro MMILYJIbCa.

B pesynbrare norfomleHUs ONTHYECKOrO MMMy/hca B (pePPOMArHeTHKe BOZHUKAIOT TEPMHUYECKHE
UCTOYHHKH aKyCTHYECKHX BOJIH, MHTEHCHBHOCTb W3/IyY€HHS KOTOPBIX 3aBHCHT OT TeMIIEpaTyphbl HEJIH-
HeiHo. CocTaBuM CUCTEMY YpaBHEHHI YIIpYrUX BOJIH B OTeHIManax [12]:

2 2 2
ocd 100 0@ 10@
PRI s e AU DR (15)
orc ror 8z o o
O’ 19¥ ¥ ¥ 10
2 2 537 = 0 (16)
o< ror v 0z 5 Ot
rae fir, z, ) = 3 — 4D)anTo+T)-T(r, z 1), y = co/c1, ¢, €3 — CKOPOCTH PaCTIPOCTPAHEHHUS TIPOIOJIBHBIX H
IIONIEpEUHbIX BOJIH COOTBETCTBEHHO, /() — paBHOBeCHas Temneparypa, az(1) — TKJIP.

Pemaem ypasnenus (15) n (16) metonom unTerpasipHbix npeobpasosanuit beccens. C yderom rpa-
HUYHBIX YCJIOBHH U1 MEXAHWYECKUX HAIPSXKEHHH U YCIIOBHEM OrpaHMYEHHOCTH NOTEHIMANOB Ha Oec-
KOHEYHOCTH:

20 3, ,
+§%;(—1) cosﬂ;iofq(ﬁ)exp[— (t-O)]d6.

(o}

=¥| =0. (17)

g
2z r—w

s0 =00 =0l 0 =0z, 0 @

Hannas paboTa NOCBALIEHA BOIIPOCY O HEJIMHEHHOM J1a3ePHOM BO3OYXKIEHHH aKyCTHYECKUX BOJIH.
IMockosnbky Oonee HarpeThle yHacTKH Cpe/ibl UHTEHCHBHEE U3ITYYaroT 3BYK, B CIIEKTpPE pe3y/ibTHPYIOIIe-
ro aKyCTHUYECKOTro MOJIs MPOUCXORUT NepepacnpeneneHue 2Hepruu [9, 10]. Tak xak oGbeMHble U Mo-
BEPXHOCTHBIE BOJIHEI OMMCBIBAKOTCH OAHOH CHCTEMOM ypaBHEHMH JIMHAMUYECKOH TEpMOYTIPYTOCTH,
CleyeT OXXUAATh AJIS HOPMAaJIbHBIX MOZA KoiebaHui B peppOMarHUTHOM MJIACTHHBEl HaOJIOAEHHE [10-
no6Horo > exra — mepepacrpe/ieieH e SHEPruy MEX/y PasaHYHbIMH MOJAMU NPH W3MEHEHHHU TeM-

nepaTyphl (PeppOMarHeTHKA WM [P YBETMIEHNH HHTEHCUBHOCTH BO3ICHCTBYS,

= r—»®

Paboma evinonnena npu Qunancooil noodepoicke Munucmepemea obpazosanus P@ u Ilpasu-
menvemea Yenabunckoil obnacmu, epanm A2003285.
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