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The effect of temperature on the propagation of Rayleigh surface waves.
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An elastic semi-space with a free surface, which is in a plane deformed state, is considered and the possibility
of the appearance of Rayleigh-type surface waves depending on the temperature changing is investigated. The
dependence curves of the velocity of the surface wave on the parameter, which includes the elastic and
temperature coefficients, as well as the wave number and temperature increment, are plotted.

QYwpphiyuib U.L., Uwhwljjmi U.U.
QEpUnmpjut hnthnhim pjub wqnkgnipimip (bhhjh dulbpinygpught unhpukph nupwsdwt Jpm

Zhfhwpunkp: O whpibp, puyuybwliuwt b Epiugiwlwb whplbp, wihpughtt  phy,
ohipdwhwunnppujwunipnit, hwwhwjuinipnit, nhuybpuhnt hwjwuwpnud, dwpdwt wuydwl,
hwpuntthl wihp.

Zhnugnuinynud - £ Okgh dwlbplnypughtt  wjhpibph  wowowgdwt  inhpp  jupudus
oipdwunhgwith  thnthnjunipmihg: Unwdquijwi hwpp juinph  wbumpput  opowbwlubpnud
putwplynd E wpwdquljut wmquun dwljkpinypny jhuwnwpwsnipiniy, npnid mwpwsynud ku hwppe
whpubip: Ywnmgdl) ko qpubhlutp, npnup gnigunpnud Eu dwlbpbnypuwyhtt wihph wpwgnipjun
Quhijusnipmniip Uh wwpwdknphg, nph dby dnumd ki wnwdquijui b ghpduyhtt gnpswiljhgukpp,
huswbu twlb whpuyht phyp b okpunipjul thnthnjunipniup:

PaccmaTpuBaeTcsi ynpyroe MHOJYIIPOCTPAHCTBO CO CBOOOJHOM ITOBEPXHOCTBIO, HAaXOZsIIEeCs B YCIOBHUSX
IIOCKOTO 1e(OPMUPOBAHHOTO COCTOSHUS. [10CTpoeHb! TpauKH 3aBUCHMOCTH CKOPOCTH ITOBEPXHOCTHOU BOJHBI
OT IapaMeTpa, BKIIOYAIOIIero B ce0s ynpyrue U TeMIepaTypHble KO3((HIMEHTH], a TaKKe BOJHOBOE YHCIO U
nepenas Temneparypsl. Mccnenyercs BO3MOKHOCTD TOSBIEHHs OBEPXHOCTHBIX BOJIH TUIA Pajies B 3aBHCHMOCTH
OT Iepernana TeMIepaTypblL.

BBenenne. Ympyrue mOBEpXHOCTHBIE BOJHBI XOpPOIIO HM3YYCHHl YYEHBIMH U HWHXKE-
HEpaMU M3-32 UX MPAKTHYECKON MPUMEHNMOCTH K TaKUM JAUCIIUILTHHAM, KaK CeHCMOIIOTHS,
aKyCTHKa, Teo(u3nKa, MarepuanioBeaeHue u apyrue [1-4]. DTH BOJIHBEI MMEIOT 0coboe
3HaYCHHE B CEHCMOJIOTHH, TaK Kak, IVIABHBIM 00pa3oM, OHH SBIIIOTCS MPHYMHON paspy-
IICHUH BO BpeMs 3eMJICTPSCEHHS M, TEM CaMbIM, HAHOCSAT HanOoNbIIniA ypoH. 1 B HacTOs-
iee BpeMs yIpyTrhe NOBEPXHOCTHBIC BOJIHBI MPUBJIEKAIOT BHIMAaHUE WH)KEHEPOB-CTPOHUTE-
JIel, Te0JIOrOB ¥ Te0(U3UKOB, 3aHHTEPECOBAHHBIX B CEHCMOJIOIMYECKUX TIPHIIOKEHUSIX.

MocranoBka 3agaun. Paccmorpum ynpyroe noaympocrparcrso X, =0 u npeamno-

JIOKUM, YTO IMOBEPXHOCTHASA BOJIHA PACIIPOCTPAHACTCA B HAIIPABJICHUH OCH Xz . Takoro

poJa BOJIHA MOXKET BO3HUKHYTh, €CJIM BBI3BIBaIOIIEE €€ BO3MYIIEHHUE HE 3aBUCHUT OT Iepe-
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MenHoi X, [5]. Hostomy u, =0 u €5, =0, €, =0, &, =0, 10 ecrp uMeem mrocko-
1e(pOPMUPOBAHHOE COCTOSHHUE.

Ipennonaraem, uro nosepxuocts X, =0 cBOGOAHA OT HOPMANBHBIX U KACATEIBHBIX
HaNpsLKEHUH.
VpaBHEHHs! JBWXKCHHS B IIEPEMEIICHUAX ¢ y4ETOM Temmeparypbl 1 (xl,xz,t) U ypas-

HEHHS TETUIONPOBOJIHOCTH OyIyT:

O [ Ou, Ou 0u
Ap)—| —+—2 |+pAu, — (30 +2p)o, T = -
D e el M I S O L
0 [ Ou, Ou o0u
A+u)—| —+—2 |+ uAu, — (30 +2u)a,T = 2 1
( ”)ax2 o T )T (3%+2u)0, T =p—3 ()
2
AT—iza—zT=o,
c;, Ot

rne U, u U, — KOMIIOHCHTBI IEPEMEIICHUS, X,u — mocrosiHHbie Jlame, O, — koshduuuent

JMHEHOTo PACIIMPEHNs, P — ILIOTHOCTb MaTepHaia MOMYILIOCKOCTH, C; =4[\, / (trcv) -
CKOpPOCTh PACIPOCTPAHCHUS TeIla, Kt— KO3()(PULHEHT TEIIONPOBOJAHOCTH, C, — 00BEM-
Has TEIIOEMKOCTb, T, — BPEMs PENaKCalluM TEMIOBOrO NOTOKA, KOTOPOE /sl METalIoB

-1
UMEET BEIMYUHy T, = 107" cex. [6].

VimeeMm rpaHUYHBIC YCIOBHSI CBOOOIHOM [TOBEPXHOCTH:

G =X\ %+% +2u%—(3k+2p)at=0
! X,  Ox, X,
Ou, Ou,
G, =M —+—=|=0. 2
n=H ox, Ox @

OTHOCHUTEIIBHO IPpaHUYHOTO YCJIOBUA MJII YpaBHCHUSA TCIUIOMPOBOAHOCTU OTMETUM, UYTO
OHO MHOJIy4aeTcCs HyTéM YOpoueHnusd ypaBHCHUS TCIUIONMPOBOAHOCTHU, BBIIMMCAHHOI'O JId
O4YC€Hb TOHKOI'0 CJIOA Ha MOBEPXHOCTU IMOJYIIJIOCKOCTH. Hpe,unonaraeTCﬂ, 4qTo KOS(bq)I/I-

IIMEHT JMHEHHOIO PaCIIMpPEeHHs I cIos OL, OTIMYacTcsA OT Koddduuuenta O, MOIY-
IUIOCKOCTH, a TeMIeparypa IO TOJIMHE H3MCHACTCA cna60. TOFﬂa, H3 YpaBHCHUSA
2
0T T 10T o'u,
2 >t "
ox; Ox; ¢ Ot Ox,0t
CJEeNYIOUIEMY T'PAaHUYHOMY YCIIOBHIO:

a_T_ %—0 (3)
ox Vo

CBSI3aHHOW TEIUIONPOBOAHOCTH =0 [6,7] npugém x
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3h, 42,

rae N =————0a,07,, 8T, — nauanbHblii nepenay Temneparyps [6].
i
Pemenne 3agaun.

[TocpencTBoM CKalnsApHBIX NOTEHUMANOB [5], U,

ax  ox, C ox,

ypaBHeHUs (1) CBOAATCS K ypaBHEHHUSIM:

1 0% 1 oy 1 o’y
Ap—o,T=——2 Ay=—"Tt  AT=—"1F
b= cl ot c; ot c; ot
rae c12=7u+2},l, c§=E , a0=—3k+2uat.

p p A+2u

rpaHI/I‘IHI:IC YCJIOBUS 3AITUITYTCS B BUIAC

ZM(@+82—W]+7{8—2¢+ az¢j—(3k+2u)atT(xnxz,l) =0,

ox.>  0Ox,0x, x>  ox)’
2 2 P
, 0 Py Oy
ox,0x, Ox,” Ox,
a—T — n 2 @ + 6_\|/ — 0 .
le at axl axz
Pemenve ypasaenuit (2) OyaeM HCKaTh B BUIE TADMOHUYECKHUX BOJIH:
d=0, (xl)e*i(mtkaz)’ Y= \Vl(xl)efi(mtkaz)’ T = Ti(xl)e—i(mtkaz) ’

rae (O —4acToTa, a k — BOJHOBOE YUCIIO.

0 npu X, =0

_o%p, ov o, 00

oy

Ox,

“)

®)

(6)

HeobOxoanmo oOecrieunTh BBHINIOJHEHHE YCJIOBHHA 3aTyxaHus Ha OECKOHEYHOCTH B

HaIrrpaBJICHUHU xl .

lim, ,, ¢,(x)=0; lim __ v (x)=0; lim 7 (x)=0.

ToncTanmss npejcTasienns (6) B ypasHenns (4), morydacm
¢ (%) =k vio, (x) =0T (x,)
v, (%) =kviy, (x)=0
7" (x,)—k*ViT; (x,)=0

31mech BBeAEHBI 0003HAYEHU:
2 2 2
c c c 2
==, 9=—F -5 9-% y2o1-9g
c A+20 ¢ q

2

v, =1-§ v/ =1-9¢&, c=0o/k.

O]

®)

(€))

OueBumHO, 4TO Al oOecrieueHMst ycioBUil 3aTyxaHus (7) HEOOXOIMMO BBINIOJIHEHHE

YCIIOBHSI
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-£>0. (10)

Oob1ee penieHre ypaBHeHu (8), yI0BICTBOPsIONICE yCI0BUsAM 3aTyxanus (7), Oyner:

—KVX o —kvax
b, (x,) = Ae™ + ——0 __Be ™|
n K’ (v§ —vf)
v, (x)=Ce™™,  T(x))=Be ™. (11

YoBaeTBOpsAs TpaHUYHBIM ycioBUsAM (2) u (3), HOIYyIHM CHCTEMY OJHOPOJHBIX ypaBHE-
HUI OTHOCHTENHEHO Koaq)(bnuneHTOB A,B,C:

2-g) A+ T 2i1-EC=0
(2-¢)4+ 5(9—
T P Ll S S P

(9, -9)& (12)

noL,m
I+ ——7——
k2§(9—81)

Jist cymecTBOBaHMS HEHYJIEBOTO PELICHUs] OJHOPOIHBIX JIMHEWHBIX ypaBHeHHH (12)
HE0OX0AMMO PaBEHCTBO HYJIIO TJIABHOTO JETEPMUHAHTA. DTO YCIOBHE IPHUBOAUT K CIIEIYIO-

Man/1- 964 +,/1-9,¢ B+noC=0.

[IeMY TUCIIEPCUOHHOMY YPaBHEHUIO OTHOCUTEIBHO i :

S| 4f1-g) (1-9g)~(2-8) |+ */_(W e-\1-88 )0 (13)

¢, (3%, +2p, )a, (3h+ 2u)a
A, (A+2u)k "

JleiicTBUTENbHASL YacTh MOJYYEHHOTO YPaBHEHUS B KAUECTBE MHOXUTENS COAEPIKUT
u3BecTHoe ypaBHeHue Panes [1,5].
BrinenuB HyneBol KOpeHb, OyAeM UMETh:

rac T]l =

T]l

1- 8

g+4\/7r =N I(\/l 9,6 -1-8¢)=0

OueBUIHO, YTO MPU HATUYUH TeMnepaTypHoro OJIS, O6yCJIOBHeHHOFO TETJIOBBIM TIOTO-
KOM, PacHpOCTPAHAIOUIMMCA C KOHEYHOH CKOpPOCTBIO, CYIIECTBOBAaHHE MOBEPXHOCTHOI

BOIIHBI OyJ€T 3aBHCETH OT apaMeTpa 1], BO BTOPOM CIIaraeMoM ypaBHeHHs (13).
PacMoTpuM gacTHbIE Cirydau.

1. Ilycth K03 dHUIMENT TMHEHHOrO PacIIMPEHHs MOMYIUIOCKOCTH O, PaBeH HYIIO, a,

CJIC0BaTCIIbHO, U T]l = 0 . Tor,ua, O4YCBUJHO, HaHpH)KéHHO-,He(i)OpMI/IpOBaHHOC COCTOSHHEC

MOJYIJIOCKOCTH He OyAeT 3aBHCETh OT M3MEHEHUS TEMIIEPaTypbl U JUCIIEPCHOHHOE ypaB-
Henue (13) mepeiti€T B u3BecTHOE ypaBHeHHe Panest:
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JiI=9g[41-8)(1-9¢) -(2-¢)" | =0. (14)

2. Ha cB00O/1HO# 1OBEPXHOCTH 3a/laHbl yciaoBust HaBbe:

G =\ %+% +2p%—(3k+2p)at=0
! ox, Ox, ox,
oI ou
u, =0, —-n—==0 15
2 ox n or (15

B sTtoMm CJIydac JUCHIEPCUOHHOC YPaBHCHUC 6yH€T

N @/(1—91&)—i%(\/l—f}é—\/l—é}@) ~0 (16)

04Revl-¢

0.3

0.2

cepebpo
0.1l cmanv

0.001 2 4 6 8 n, 10

@ur.1. 3aBuCHMOCTDb TIOKa3aTeNsl yObIBAHUS AMIUIMTY/Ibl TIOBEPXHOCTHOM BoJiHbI OT T]; B 00LIEM

ciyyae (¢popmymna (13)).

Pacuérbl moka3pIBalOT, UTO MOJyYEHHOE AUCIIEPCUOHHOE YPAaBHEHUE UMEET TOJIbKO JBa
kopus: §=0 u £ =1, uu ouH U3 KOTOPHIX HE JOMyCKAET BOJHOBOrO mporecca. Takum

o0Opa3oM, MpH 3aJaHUU HA TPaHUIE MOJYIUIOCKOCTH yciioBmi HaBwe pacmpoctpaneHue
MTOBEPXHOCTHOW BOJTHBI HEBO3MOJKHO.
Ha ¢wur. 1 npeacraBineHa 3aBUCUMOCTD MOKa3aTessl yObIBaHHS aMILTUTY bl TIOBEPXHOCT-

HOM BOJIHBI OT napamMeTpa nl’ XapaKTCPU3yIOUICro BJIUIHUEC HU3MCHCHUSA TEMIICPATYPBhI,

Korjia KopeHb & ompejensercs u3 ypasaenus (13).
BbIsiBIIeH rana3oH NOSBIEHHS TOBEPXHOCTHBIX BOJIH B 3aBUCMMOCTH OT TeMIIEpaTyphl

Jurst cranu u cepe6pa. Pacuérsl mokaspiBaroT, uto npu 3Hadenun 1, > 1.226 s cram u

M, >1.34 s cepeGpa cymecTByer IOMONHUTENbHAS IOBEPXHOCTHASL BOJIHA, CKOPOCTH
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KOTOPOH JIKUT MEXAY CKOPOCTSIMH NPOJOIBHONW M IONEPEeYHOH BOJIH, ITOJOOHBIN
pe3yIbTaT IpH HAJTMYUHN UMIIEIaHCa B TPAHUYHBIX YCIIOBHAX IONTydeH U B pabote [8].
3akaouenue. [TokazaHo, YTO HANMYME U3MEHSIOILETOCS TEMIICPATyPHOTO HOJIS PUBOIUT
K PacIIMPEHUIO 30HBI JOKAIM3AIMU IOBEPXHOCTHOM BOJIHBI, pACHIPOCTPaHsA €€ BIMSHHE B
rTyOb OJTYIPOCTPAHCTBA.

ABTOpBI BBIpaXawT OsaromapHocth mnpodeccopy M.B.benyOeksHy 3a MOCTaHOBKY
3ada4u1 U ICHHbIC YKa3aHus Ipru eé peUICHUU.
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