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HEJIMHENHBIE AHTAPMOHUYECKIUE BO3MVYIIIEHUS
ITIOBEPXHOCTHBIX BOJIH JIABA ITPU 2KECTKOM
S3AKPEIIJIEHN BOJIHOBOJA

C nCcnoJib30BaHMEM MOJEJIM T€OMETPUYECKN U (PU3NIECKN HEJIMHEHHOro 1edOpPMUPOBAHUS AHU30TPOII-
HOII yIpyTroii cpenbl IOCTPOEHO AHAJUTUYECKOE PelleHre 331349 OlpeesIeHIs HeJIMHEeMHBbIX aHTapMo-
HUYECKUX BO3MYIIEHUI, BOSHUKAIONNX IPU PACIPOCTPAHEHNN OOOOINEHHON YIPYToil MOBEPXHOCTHOM
BoJibl JIsaBa. PaccmarpuBaeTcss BOJTHOBO, COCTOANINN U3 CJI0S MOHOKPHCTAJIA Kijacca m3m Kybude-
CKOIl CHCTEMBI, »KECTKO 3aKPEIJICHHOT'O 110 BepXHeil I'paHu, a II0 HUKHel I'paHu UAeaJIbHO KOHTAKTHU-
PYIOIIEro ¢ MOHOKPHUCTAJUTMIECKUM TIOJTYITPOCTPAHCTBOM Kjacca m3m KyOomdeckoit cucrembl. [Ipose-
JeHbl YUCJICHHbIE HCCJIeJJOBAHNA XapaKTEePUCTUK HEeJINHEHHBIX BTOPBIX FTaPMOHUK JJIs BOJIH U3 HU3IIEH
BETBU JUCIIEPCUOHHOTO CIIEKTPA IIOBEPXHOCTHBIX BOJIH JIsBa IPUMEHUTEIHLHO K CJIOI0 U3 MOHOKPHUCTAJI-
Jia XJIOpU/a HATPUS Ha MOJYIPOCTPAHCTBE M3 MOHOKPHUCTAJIA KpeMHUs. VccaemoBanbl aMILIATY/THO-
4aCTOTHbIE 3aBUCUMOCTH 11l KUHEMATUYECKUX XapPaKTEePUCTUK yIIPYTUX BOJHOBBIX CMEIIEeHU IT0BepX-
HOCTHBIX CJIBUI'OBBIX BOJIH U UX HEJIMHEHHBIX BTOPBIX FAPMOHHUK.

MSC: 74J05.

Karouesble CA0BA: 2€0MEMPUUECKAA U PUBUMECKAA HEAUNHETHOCTDL, aHzapmonudeckue apdermot,
goanvl J1asa, HeAuHeTHDIE 8MOPBIE 2aPMOHUKY 804K JIA6a, cA0T Ha noAynpocmparcmee, aHuU30Mpon-
HBLE MAMEPUGADL, IHCECTIKOE 3AKPENACHUE 2PAHYU BOAHOBOOA.

1. BBeaeHnue.

[Ipobitema rcciteIOBaHNST MOBEPXHOCTHBIX YIIPYTUX BOJH B AHU30TPOIHBIX 110 (PU3U-
KO-MEXaHUYECKNM CBOHCTBaM YyIIPYTUX BOJHOBOJAX, OTHOCUTCS K UUC/IY BEJIYIIUX [IPO-
6JieM MeXaHUKHU J1e(OPMUPOBAHHOIO TBEPIOrO TeJia U Ha CErOJHANIHUN TeHb COXPaHs-
eT MHTEPEC B TEOPETUIECKOM U TPUKJIAJHOM OTHOIEHUSX. Pe3ybTarTsl ncc/ie0Ba s
9TUX IPODOJIEM SIBJISTFOTCST HAYIHON 0a3011 JIJTsT TAKUX TEXHUIECKUX OTPACIel KaK yiIbTpar-
akycTmaeckast mepeKTOCKONHNs, YIbTPa3BYKOBON Hepa3pyIIaiouii KOHTPOJIh, T€0aKy-
CTHUKA, aKyCTO3JIeKTPpOHUKA. C APYToil CTOPOHBI, DYyHIAMEHTAILHOE 3HATEHUE UCCTIEI0-
BaHWII TI0 STUM HAIIPABICHUAM OOYCIOBJEHBI JIOTUKON DA3BUTHS BOJHOBON MEXaHWKN
AHM30TPOIHBIX JTe(hOPMUPYEMBIX CPE/I.

Bo/bImrHECTBO TEOpeTnIecKuX IUC/IeHHO-aHATUTUIECKUX MCCJIEIOBAHUIA TPOTIECCOB
PACTIPOCTPAHEHUST YIIPYTUX BOJTH OCHOBBIBAECTCS HA JIMHEHHBIX MOJIEIAX BOJTHOBBIX TIPO-
reccoB. Borpocam ana/imz3a HeJIMHEHHBIX 3(()EKTOB ITPpU PACIPOCTPAHEHUH BOJIH MaJjIO
MHTEHCUBHOCTHU B AHU30TPOITHBIX CPeIaX TMOCBSIIEH OrPAHNIEeHHbI KPYT UCCIIeTOBAHMUIA.
[TpusaIUIIIAIbHO BaykKHAsI, aKTyaJbHAsI B TEOPETUIECKOM U MPUKJIATHOM OTHOIIEHUSX
mpobJieMa ONMCAHUs CBOMCTB HEMWHEWHBIX BOJH B YIPYTHX TEJIAX MPOCTPAHCTBEHHO-
IO TEOMETPUIECKOTO CTPOEHUS OCTAETCS Ha, CETONHATIHUA TeHb OTKPBITON M3-3a 4pes-
BBIYAHON CJIOKHOCTH HEOIHOPOJHBIX KPAeBBIX 3aJ1ad, KOTOPBIE OIUCHIBAIOT JaHHBIE
BOJTHOBBIE 3(PHEKTHI.
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B nmamnoit paboTe ommcaHo HMOCTPOCHWE U HUCCCIOBAHUE PEIICHUS 3aJaYU OIpe-
JIEJIEHUsT XapaKTEPUCTUK HEJIMHEHHBIX BTOPBIX IapMOHUK ODOOIIEHHBIX MOBEPXHOCT-
HBIX BOJIH JIsiBa, KOTOpBIE PACIIPOCTPAHAIOTCS B CJI0€ MOHOKPHUCTAJLIA XJIOPU/Ia HATPUS
KJilacca m3m KyOMYeCcKOil CHCTEMBbI, PACIOJIO?KEHHOM Ha KPEMHHEBOM YIPYTOM IIOJIY-
IIPOCTPAHCTBE AHAJIOTUYHOT'O KJIACCa AHU3O0TPOINH, IIPU YKECTKOM 3aKPEIJIEHUH BHEIII-
Hell TPaHU CJI0S U UJIEATHHOM (PU3NKO-MEXAHUIECKOM KOHTAKTE HUXKHEN I'DAHU CJIOS C
[IOJIYIIPOCTPAHCTBOM-TIO/IJIOKKOM.

2. IlocTtanoBka 1 OCHOBHBbIE COOTHOIIECHUS 3ada4u.

BostHoBOI oTHECEH K cucTeMe HPsAMOYIOJbHBIX KoopauHar Oxirexs. OH cocTouT
u3 ciost Vi = {—o00 < x1,29 < 00,—h < x3 < 0} U HOIYyIPOCTPAHCTBA~IOIIOKKI
Vo = {—00 < 21,29 < 00,0 < x3 < o0}. Pacemarpuatorest Kpucrajiorpadudeckue
MaTepHuaJbl Kjaacca m3m KyOHIecKOll CHUCTEMbI, XapaKTepU3yeMble TPeMs HE3aBUCHU-

® () (p)

MBIMHU YHIPYTUMH IIOCTOAHHBIMU BTOPOI'O IHOPSIKA Cii, Ci9, Cjif , IIECTHIO yIPYIUMHU

@ ® ®» . ( (0

HOCTOSHHBIMI TPETHEro HOPSJIKA Ci17; Ci12s Cii4> Ciss> Clo» Cisg U HIOTHOCTBIO p(p).
Kpucraxnorpadudeckne HampaB/JIeHHsT KOMIOHEHT BOJIHOBOMA KoJInHeapHbl. Ipnme-
HACTCHA ITepexo/I K 663pa.31\/leprIM KOOPJMHATHBIM IIEPEMEHHBIM U KUHEMATUICCKHUM Xa-
pakTepucTuKaM: z; = Z;/Ry, tne R, = h; GyHKIMI BOIHOBBIX yIPYTHX CMeIIEHU
wj = Uj/Us, T Uy — MAKCUMAJIBHBI yPOBEHb AMILTUTY/I,

Jlnst anann3a HeJIMHEHHBIX aHMPAaPMOHUIECKUX 3P (MEKTOB IIPU PACIPOCTPAHEHHUH 10~
BEPXHOCTHBIX BOJIH ﬂﬂBa BOJIH BJAOJIb KOOPDJIAMHATHOI'O HallpaBJIECHU A Ol’l HCIIOJIB3YyeTCA
MOJIEIb (DUBUYECKH U MEOMETPUYECKU HEJIUHEHHOrO JUHAMUYIECKOrO Ae(hOpPMUPOBAHNS
MarepuaJia, DasUPYIOIIAsiCs Ha IPEJICTaBJICHIN yIPYyroro norennuasa U 1 MexaHude-
cKux Jledopmanuii €5 B Bue

1 1 ) _
U= chqugqurk + gchrklmgqurkglm (J? q,7, ka la m = 17 3) (1)
1
Ejk = i(ul,k + up,j + g jug ), (2)

rae Uy, = Ouy /0T, U, KOMIIOHEHTBI BEKTOPA BOJHOBBIX YIIPYIUX H€PEMEIIeHHI.
KowmnonenTe! TeH30pa MeXaHHYeCKUX HAIPSKEHUil 0jq, IPEJCTaBIIAIOTCS B BUJE
CYMMBI JITHERHBIX ¥ HEJIUMHEHHBIX COCTABJISIONINX
O] (n)

Tja =054+ 0, 3)

rue

(o) (n) _ 1
Ojq = CjdrkUrk, Ojq" = 5CjdrkUlrUlk + CpdrkUjplrk + icjdrklmur,kul,m- (4)

2
YpaBHeHUs ABUKEHUS IS 0OPa3yIoMNX PACCMATPHBAEMYIO BOJHOBOJHYIO CTPYK-
TYPY YUDPYTHX CPE€Jl IPU OTCYTCTBHU OOBEMHBIX CHJI MOYKHO IPEJICTABUTH B TEH30PHOM
e @ _ () (p.n)
..(p p,l p,n . — s
pi;’ —0idq =044, (=13). (5)
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B npescrapiienusix (5) u mocsieiyomux COOTHOIIEHNSIX BEPXHUIT HHJIEKC Py XapakK-
TEPUCTHUK HAIPS?KEHHO-1e(DOPMUPOBAHHOIO COCTOSTHUS YKa3bIBAET HA TO, YTO COOTBET-
CTBYIOIIasl XapaKTePUCTUKa OTHOCUTCSI K KOMIIOHEHTe V), paccMaTpUBaeMOro BOJIHOBO-

J1a.

3. UnciieHHO-aHAJIUTUYECKOE peIlleHue.

Ncnonb3yeTcs KOHIENIUS ONPEJIEEHUA COCTABIIAIONINX BOJTHOBOIO TIOJIsSI B KOMIIO-
HeHnTe V), B BuJie OTPe3Ka Pas3IozKeHnsl 110 CTeIICHsIM MaJIOro IapaMeTpa ; = ug»l) —|—6u§")
rje 0 = us/ R« << 1. Ha ocHOBe JAHHOTO MOJX0Ja pacCMaTpUBaeMasi 3a/1a9a CBOJHUT-
¢ K OJTHOPOJIHON CHEKTPAJIHLHON 3a/a1e OTHOCUTEIHHO KOMILIEKCHOW BEKTOP-(DyHKIINN
riepeMelteHnil JIMHEHHBIX BOJIH JIsiBa B paccMaTpuBaeMoil CTPYKTYpPe U HEOJHOPOIHOM
KpaeBoil 3a/1ate onpeenennst (PyHKIINT IePEeMEIEeHN 1jIs1 HeJIMHEHHBIX aHTapMOHITIE-
CKUX BO3MYIIEHUil (BTOPBIX rapMOHUK BOJIH JIsiBa).

B paccmarpuBaemoii 3aj1ate 0 pacrnpocTpaHeHnn JIMHEHHBIX BOJIH JIsBa B cjioe Mo-
HOKpPHCTAJIIa Kjaacca m3m KyOmdecKoil crcTeMbl Ha IOIYIPOCTPAHCTBE U3 MOHOKPH-
cTaJla aHAJOTHYIHOTO KJIacca KyOWYeCcKOW CHCTEMBI MPU yCJIOBUU KJIEAJTBHOTO MeXa-
HUYECKOr'0 KOHTAKTa KOMIIOHEHT BOJIHOBOJA M »KECTKOI'O 3aKpeIlJIEHUs BHEIIHEH I'paHu
CJI0s1 JIMHEHHBIE COCTABJAIONINE UCCJIEYEMOrO BOJHOBOI'O II0JI OIIPEAEIAI0OTCA U3 OJI-
HOPOJIHOI CHEKTPAJbHON KpaeBOu 3a/1a49u

Ué?:;) - ppugp) =0, (p =1, 2)7 (6)

1 g !
(ug‘l Nageo1 =0, (Ug‘l g0 = (“5‘2 pr

(05 g0 = (05 )ssm0, (5 = (1,3)). (7)

Kowmrnekcabie BeKTOp-pyHKIMN JTUHEHHBIX BOJHOBBIX [T€PEMEIeHIi a®h XapakTepu-

. . " l N
3YI0TCd €IMHCTBEHHON HEHYJIEBOU KOMIIOHEHTOUN u;p’ ) Hpe,ZLCTaBJIeHI/IH JJIA uép ) C HOD-

(0)

MUDYIOMUM Oe3pasMepHBLIM IIapaMeTPOM Uy ~ IS KOMIIOHEHTHI V}, paccMaTpUBaeMoro
BOJIHOBO/Ia UMEIOT BHI;:

ugl,l) _ ugo)(cos(a(l)xg) _ cﬁ)a@)sin(a( )x3)/(0514)04( )))e—i(wt—kqxl)’
ugz,l) (0) 2)ggde—i(wt—kqx1)’ (8)

Q, = (pp B2 /).

JlycnepcruoHHOe COOTHOLIEHNE, OIIPEIEISIONEee 3aBUCUMOCTE HOPMUPOBAHHOIO YaCTOT-
Horo mapamerpa ) = Qo = (p2/ ,01)1/ 2()1 U HOPMUPOBAHHOTO BOJIHOBOTO “uCHa kg 115
00OOLICHHBIX JIMHEHHBIX BOJIH JIsSBa MOABI ¢ B BOJIHOBOJE SAHHOIO THUIIA MMEET BUJL

tg(kq(Q3 /K2 — D)Y?) = —cl) (03 /k2 — 1)V2)el) (1 — Q3 /k2)1/2. (9)
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Crpykrypa (8), (9) majee ucrosb3yercs Mpu ONpe/ie/ieHMN COOTHOIIEHUI 3a/1aun
HOMCKA COOTBETCTBYIONUX HEJMHEHHBIX AHMAPMOHMYECKUX BO3MYIIEHUI /IS HOBEPX-
HOCTHBIX BOJIH ﬂﬂBa. COOTHOH_IGHI/Iﬂ BTOPOTr'o HpI/I6JH/I>KeHI/IH n KpaeBbIe yCﬂOBI/Iﬂ Ha
IrPAHUIAX B PACCMATPHBACMOM BOJIHOBOJIE UMEIOT BHI:

(p’l) "(pvn) — (prn) .
(Uij.j )i —gem) = Pplly = —(%,j )@ =g (10)

1, 1,
(Uéi ))gu):g(l,m + (0';(% n))ml):ﬁu,w =

2, 2,
= ( ;E,Z N g@—gam + (U;E,Z- ™) @ g (11)

; ; ) upu xg =0,

u(2,n) _ u(l,n) (’L _ r
ugl’n) =0 (i=1,3) npmzsz=—L1

KoMIIoHeHTBI KOMIUIEKCHOIO BEKTOPA HAIPSXKEHHOCTH BTOPBIX TAPMOHUK OIPeJIe-
JISIOTCST U3 COOTHOIIeHNit Kpaesoit 3atatn (10), (11) B anasmTiaeckoit popme MeTogamMn
KOMIIBIOTEPHOI asire6pel. V13 ananmsa crpyKTypbl kpaesoii 3a1auun (10), (11) anpuopu
BBIXOJIUT, 9TO BTOPBIME MADMOHUKAMH HCCJIE/LyeMBIX JIMHEHHBIX BOJIH SIBJISIIOTCST BOJIHBI

n n
P-SV rtumna, xapakrepusyronmecs: HEHYJIEBBIMA KOMIIOHEHTAMEI ugp ™ uép 108 Bropnie
TapMOHWKU JIJIT KOMIIOHEHT BOJIHOBOJA IMPEICTABIISIOTCA B BUJE CYMMBI YaCTHOTO U
00IIIero pemrennsi COOTBETCTBYIONIEH HEOIHOPOIHON KPaeBOil 3a/1a9, CKOMIIOHOBAHHOE

peJicTaB/IeHne Il KOTOPBIX UMeeT CJIeLyIOMuil BUJ KOMIOHEHT ugp n) (j=1,7=23):

ugl’") = (uéo))Q(S\ncos(Cfl)xg) + Xlgcos(gél)xg)) + fi11 sin((%l)xg) + [i12 sin({él)xg)—i—

+u1 + x1cos(20Mz3) + & Sin(2a(1)x3))e$p(—2i(wt — kx1)),

ul™™ = (u§”)? (A1 sin(¢{Vws) + Aaz sin(¢S w3) + fiat cos((Vs) + figa cos(¢sws) +

+u3 + x3sin(20Ma3) + &5 cos(2aWa3)exp(—2i(wt — k1)), (12)
™ = () (B eap((fas) + B3 eap(y ws)+
+yeap(2aPz3))exp(—2i(wt — kay)),
u§" = (g 3 erp((s) + B eap(¢ )+
+rysexp(2aP z3))exp(—2i(wt — kxy)).

Kosdbdunmentsr i,  fiij, Bi(p ) [IPeICTaBICHNN OOIIETro perieHnst 1 KO3 uImenTo
Vi, Xi, &, 7y B IPEICTABJIEHUM YACTHOTO PEIIEHUs IOJIyUeHbl B aHAJIATUIECKOM

dopme MeTo/IaMI KOMITBIOTEPHO aJirebpbl 1 UMEIOT KpaiiHe MPOMO3JIKUE BhIPAXKEHUS.

4. AHaIn3 4YUCJIEHHBIX pe3yJibTaToOB.

YHucaennsle uccjiegoBaHud KHHEMAaTUIECKUX XapPaKTEPUCTUK dJIgd HeJIMHEHHBIX BTO-
PBIX TAPMOHHUK UCCJIEAYEMDBIX ITIOBEPXHOCTHDBIX BOJIH JIgaBa pPeaJIn30BaHbl IJIgd BOJTHOBO/IA,
COCTOAIIEro M3 CJIOA ‘/1 XJIOpHJa HaTpud, pasMCEIICHHOI'O Ha KPEMHHUEBOM IIOJIYIIDO-
CTpaHCTBe ‘/2 DU3NKO-MEXaHIIECKIE CBOMCTBA, HCIIOJIb3YEMbIX MaTepuaJiOB XapaKTe-
PU3YIOTCsA CIIEAYIOIMNMA HE3aBUCUMBIMU YIIPYTUMHN KOHCTaHTaMHW U IIJIOTHOCTBIO [1]
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Monokpucrajn NaCl — cgll) = 4,958¢,, cglz) =1, 306¢,, cz(é) =1,279c¢,,
V) = —86,36¢., c{t, = —4,96¢., c{b; = 0,93¢,, Y, = 1,32,
bk =0,7le,, itk = —5,87c,, p1 = 2,1678p.;
MOHOKPHUCTAJLT Si — cﬁ) = 16, 7cy, cg) = 17,9, cﬁ) = 6, 5cy,

0521)1 = —82, 5cy, 0521)2 = —45, lcy, 0522)3 = —6, 4c, c§24)4 =1, 2¢,

Cfé% = —6,40*7 C§25)5 = _31700*7 P2 = 273310*7

BemauHbl TapaMeTpoB Cy, ps COCTABIAIOT ¢; = 1010 (N/m?), p, = 103 (kg/m?).

st cpaBHUTEILHOIO YaCTOTHOIO aHAJIM3a HMCCJIE/YEMbIX HEITMHEHHBIX BOJIHOBBIX
3bdEKTOB OBLIN PACCIUTAHBI PACIIPE/IEIEHNST HOPMUPOBAHHBIX aMILIUTY/] YIPYTHX II0-
[IEPEYHBIX CMeIeHIH \ug) |/ ug)) B JIMHEHHBIX BOJIHAX JIsIBa M B UX BTOPBIX TaPMOHHUKAX
]ugn)\ / (ugo))2 u ]ugn)\ / (ug)))2 110 TOJIIMHHON KOOP/IMHATE BOJIHOBOJA X3 B 30HE, BKJIIO-
Jaroreit obsacts ciost w3/h € [—1;0] u moxynpocrpancrsa x3/h € (0;4].

Hopmuposanubie GyHKINE HHTEHCHBHOCTH CIBUTIOBBIX KOJleOaHMUiT |u§l) |/ ugo) pe-
craBiieHbl Ha puc. 1 juis BoaH npuseneHHbix gdacror Q(k1) € {2;3.15;5}, Koropsie
[PUHA/JIEKAT HIKHEH BETBU JHUCIEPCHOHHOIO CIEKTPA, OIPE/IEJISIEMOrO COOTHOIIEH -
M (10). A pacupeziesieHre HHTEHCUBHOCTH X HEJIMHEHHBIX aHIADMOHUYECKUX BO3MY-
IeHn i |u§n)| / (ugo))2, ]uén)\ / (ugo) )2, COOTBETCTBEHHO MpeJICTABIICHBI Ha puc. 2 - puc. 4
JUIsl KasKJI0i 13 paccMOTpeHHBIX B pabore gacror (ki).

(0 0) 1) 0; () (0)
1) 1) 1)

x3/h

x3/h

% x3/h

2 3 1 2 3 4

Puc. 1. Pacnpesenenne HOpMHPOBAHHBIX 3HAYCHUIT |ugl>|/ ug]) gt gacror 2 =2, 21 =3.15, Q=5

, 1o ™))
I )] 30

2,

s
.0

0.5

s/
R I

Puc. 2. Pacupenesenne HOpMHPOBAHHBIX 3HATCHUILT |u§") |/ (ug)))Q, |ug") |/ (uéo))2 mpu Q=2

Cremyer MOMIEPKHYTh, YTO aMILIATYIbI HEJIUHEHHBIX BTOPBLIX TapMOHUK IIPOIOP-
(0)

IUOHAJIbHBI KBaJIPATy HOPMUPYIOMIEIO MHOXKHUTE/IS Uy ~, KOTOPBIi JIJIs HOBEPXHOCTHDIX
BOJIH JIsiBa ¢ peasibHBIME TapaMeTpaMu WHTEHCUBHOCTHU pu § << 1 siBjisieTcst MaJjioi
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Besmunnoit. Takum 0O6pa3oM, peasibHbINl YPOBEHb HEJUHEHHBIX aHTAPMOHUIECKUX -
beKTOB MOXKeT ObITH OIEHEH P YKA3aHUU KOHKPETHOI'O 3HAYCHHUS MAJION aMIITUTY/ bl
JIMHEHHON IIOBEPXHOCTHON BOJIHBI.

1), (002
. (ON2 15”1y Y|
)" /(3”7

x3/h

x3/h

S}
w

4 2 3 4

Puc. 3. PacupesesieHne HOpMHPOBAHHBIX 3HAYEHUH |u§n) |/ (u(QO))Z, |ug") |/ (uéo))2 npu Q = 3.15

(1) g (012
15”7y Y|

0),2,
1 fS"Y|
6

7 x3/h x3/h

-1 ' 1 2 3 4

Puc. 4. PacupesiesieHne HOpMHPOBAHHBIX 3HAYEHUIT \ugn) |/ (ugo))2, |u(3n)| / (uéo))2 mpu Q=5

Puc.1 nokaswiBaer pacipe/jiesienue KOJIeOaTEeJILHBIX CMelHeHI/IfI B G,HHHCTBGHHOfI JJIA

Lo ” l 0
JIMHEIHOI 33291 O PACIPOCTPAHEHNN BOIHEI JIsIBa HeHysIeBOil KOMIIOHEHTE |ug ) |/ ug ),

[TpociexkuBaercst JOCTUZKEHNE MAKCUMYMa HOPMUPOBAHHOIN aMILIUTY/IbI |ug) |/ uéo) =1
B 30HE CJIOSI 1 MOHOTOHHOE yracaHue CMeIIeHUil [IPU OTIaJeH!n OT IPAHUIIbL BIUIYyOb 10~
ayupocrpancTsa. OIHAKO IPH MAJIOM 3HAMEHUN 9aCTOTHI §) = 2 Ko/IeOaHus IPOHNKAIOT
Ha 3HAYUTEILHO 60JIee CYIIECTBEHHYIO IIyOUHY BOIHOBOAA (0K0JIO 10 TOJIIME €J10sT) 110
CPABHEHUIO C JIAHHBIMHE JIJIst JIPYTUX 9acTOT. Bee ke yenoBue yracanust KoseOaHuil mpu
Zz— > 0O OCTAECTCsl BBIIOJIHEHHBIM.

BHaunTebHO GOJIBIIII HHTEPEC IIPECTABIISET U3y YeHHEe CBONCTB HEJIMHEHHBIX BTO-
PBIX TapMOHUK, IOJIyYeHHBIX G/Iarofapst yueTry reoMeTPpUUecKoil n husmdeckoil Hen-
HEHHOCTH KOMIIOHEHT BOJIHOBOZa. B pacupesenenusix ]ugn)| / (ugo))Q, |u:(,,n)\ / (ugo))Z 00-
UM allPHOPHBIM CBOWCTBOM $IBJISIETCSI yracaHUe MHTEHCUBHOCTH BOJIHOBBIX CMeEIeHH
PN OTXOZe OT TIPAHUIILI KOHTAKTA MATEPHAJIOB BOJHOBOIA T3 = ( BIVIyOb HOJIyIIPO-
crpanctBa. Ha puc.2 (2 = 2) mMakcuMasabHble 3HAYCHHUST AMIUTATY/ JJIst |u§n)\ / (ugo))2

JIOCTUTAIOTCS B 30HE KOHTAKTA MATEPUAJIOB, a JJIs |u:(3n) |/ (ugo))2 — B HOJIyIIPOCTPAHCTBE
(mpu x3 ~ 1). ITpu pocre wacrorsl Ha puc.3, puc.d (2 = 3.15 u Q = 5) konedbareabHBIE
CMEIIEHNUs IS BCEX KOMIIOHEHT CXKHMAIOTCSI B 30HE CJIOSl JIMIIb HE3HAUYUTEIBHO IIPO-
HUKas B rosynpocrpancrso. Kosebanns xapakrepusyorcs 2-3 IHKaMU MaKCHMYMOB,
JIOKAJIM30BAHHBIX OKOJIO BHEIHEl MOBEPXHOCTU BOJIHOBOJIA, B CPEMHHON 30HE CJIOSl U
OKOJIO I'DAaHUIIbI KOHTAKTa MarepuaJsos. st cpeiHero n3 pacCMOTPEHHBIX 3HAYEHUIT Ta-

o3



H.B. >KorosieBa

crorsl (puc.3 2 = 3.15) crouT OTMEeTUTH 3HAYUTEJIbHBII ClIa/] MHTEHCUBHOCTH AMILIUTY/T

|u§n)| / (ugo))2 u |u:(3n)| / (ugo))2 B 10 pa3 1o cpaBHEHHIO C OCTAJbHBIME IIPEJICTABJICHHbI-

MH B pabore pesynbraramu. C yBejndeHneM 4acTOThI () = 5 aMILIHTY1a |u§n)|/ (ug)))2

pacrer. Ha puc.4 nabiomaercs JOMUHUPOBAHKUE CABUIOBOI SV KOMIIOHEHTBI 110 OTHO-
meHnio K P-mpogo/ibHOM.
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N.V. Zhogoleva
Nonlinear anharmonic disturbances of elastic surface Love waves under rigid fixation of
the waveguide.
The model of geometrically and physically nonlinear deformation of anisotropic elastic medium is used
in this work. A theoretical numerical-analytic solution of the boundary value problem of determining

nonlinear anharmonic disturbances that are generated because of generalised Love wave propagation
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in a waveguide in the form of a single-crystal layer of the m3m class of a cubic system on the half-
space of a single-crystal material of m3m class of a cubic system is constructed. The elastic layer on
the top edge is rigidly fixed and on the bottom edge has ideal mechanical contact with the elastic
halfspace. Numerical investigations have been carried out for a combination of waveguide materials:
a layer of sodium chloride on the silicon half-space. Amplitude-frequency dependences for kinematic
characteristics of elastic wave displacements of Love waves and their nonlinear second harmonics are

researched and generalized.

Keywords: geometrical and physical nonlinearity, anharmonic effects, Love waves, nonlinear second
harmonics of Love waves, anisotropic layer on the anisotropic half-space, rigid fization of the wavequide

edge.

H.B. 2Koroaesa
Heuniniiini anrapmoniyuni 36ypeHHsI HOBEpXHEBUX XBWIb JIsiBa IIpu >KOPCKOMY 3aKpinieHHi

XBUJIEBOY.

BukopucroBytoun Mo/iesib reoMeTpUIHO Ta (PI3UIHO HETIHIHHOTO JepOPMYBaHHS aHI30TPOITHOTO MIPY K-
HOI'O CEPEJIOBUIIA IOOY/IOBAHO aHAJITUYHUN PO3B 30K 33/1a4i BUSHAUEHHS HEJIIHIMHIX aHMAPMOHIYHUX
30ypeHb, SKi BUHUKAIOTH IPHU MOIMMPEHHI y3araJbHEHOI MpyKHOI moBepxHeBoi xBmii JIsBa. Pozrms-
JAEThCST XBUJIEBO, SIKUH CKJIQIAEThCA 3 IIapy MOHOKPHUCTAJIa Kjaaca m3m KyOigHOI CHCTeMH, KOPCTKO
3aKpiNJIeHoro 110 BEPXHii IpaHi, a 10 HUKHIN rpaHi i/1eajIbHO KOHTAKTYIOYOI'0 3 MOHOKPUCTAJIIYHUAM ITiB-
MpocTOpoM Kiiaca m3m Kyb6iuHoi cuctemu. [IpoBeieHO 94MCIOBI JOC/IIIXKEHHST XapaKTePUCTUK HeJTiHii-
HUX JIPYTUX TAPMOHIK JIJIsT XBWIb 3 HUXKHBOI TIJIKM JUCIEPCIIHOTO CIEKTPY MOBEPXHEBUX XBUJIb JIsaBa
CTOCOBHO JI0 IIapy 3 MOHOKPHCTAJIa XJIOPUY HATpis Ha MiBIPOCTOPi 3 MOHOKpHucTasia KpeMmuHidg. lo-
CJIIJI?KEHO aMILIITYyHO-9aCTOTHI 3aJI€2KHOCTI JIjIs1 KIHEMATHYHUX XaPAKTEPUCTHUK MPYKHUX XBUJIHOBUX

3CYBIB IOBEPXHEBUX XBWJIb JIsiBa Ta 1X HEJIHINHUX APYyruX TapMOHIK.
Karouo08i caosa: zeomempuuna ma GidunHa HeATHIGHICMD, GH2apMOHIuHT epexmu, xeuni Jlaea,
HeATHITNT 0pY2l 2apMONIKY TeuAb JIasa, wap Ha NI6NPOCMOPL, AHIZ0MPONHE MAMEPIGAU, HCOPCTKE

3AKPINAEHHA 2PAHT TEUNEBODY.
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