UG DU2 RRSOHRESNRULLED ULHIBIRILER SHOUBULLSERD
TN A ﬂKAJlEMH_H HA}'K APMANHCKOR CCP

NI, M, 1'4('—] Mexaaiga

A H, OAEHHHE

*QEMWDWHECKHH AHAANAS SAEKTPOYIIPYTOTO
COCTOSAHKMA TOHKOH AHH3O0TPOITHOH
NBE30O3IAEKTPHYECKOH [NMOAOCHI

EI0BAHO IAEKTPOYIPYIOE COCTOAHHE TOHKOH AHHIOTPONHOH TEE30-
BCKOI [OAOCH MPM 3aJaHilbiX Ha DOXOBBIX MOBEPXHOCTAX DHAMMECKHY
1 CTBEHAX,

jdua pelmend METOADM ACHMITOTHYECKOrD HITErPHAODEHIN TPEXMEpNEIX
i aAEK‘rpﬂ}rnp}*rDc'rH [1]. Tpasmunnie yeaonus na Gokosmx nosepx-

éi[p&ge..{em:e BAERTPOYNPYTOro COCTOSHHA THNA NOTPAHHYHOTO CADH CRE-
K PEIIEHHI0 DCCKONEMHON CHETEMDl AMHEHIBIX YPaBHeiL.

HAADUHHAA 331343 O PABHOBLCHM NbBEIOKEPAMHULCKOH MAACTHHRM C
[DOBZUHEIMA NAOCKEMHE TRIEAMH pelleds METOX0M 0In0pOtHBIE prie-
abore [4].

1. Paccmorpum TOHRYID SHHSOTPONHYI NbE30BACKTRHUCCRYIO HOAOCY:
D2hy, | |<loe, | l<<h, A€ A (qur. 1). Bysem caurars, uro
E TPaHH MOADCH HEIAEHTROAADPORAHD H CRODOAHDB OT BHOMIHHX =
tHx BOZAeiicTRuil, To ecTh

X, =t h = O (jf==1, 2. J), D.!=ﬂ (1.1)
L X
* /xl
i P
y o
TR e
+ J,r | ’,/ “lb\
v {
/ = fl e .-XI
Dy 1.

y’:’_}dlgﬂg Ha NOAOCY MEXaHHHECKMe YCHMAMH, YpPaBHOBCUICHHBIE CdAaMH,
AHEHHBIME Ha OSCKOHCHHOCTH, H PACTPELCACHHE NOBEPXHOCTHBIX BAZKTPH-
X 3apaacE, kax B 8 pafdore [5], AgAAHI HA Be DOWORHIX NOBEPXHOCTHX

=0, 28 tiy= T;lxe x3) Ly=4rc(xs x)) (1.2)
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Caeuys A, A, Foabaenveizepy [1], BAEKTPOYTIPYIOe COCTOAHME MOADCHE
MECACTAAUM KaK CYMMY MEJACHHO 3ATYXAIOUIEro BIAAM OT RPaes sABKTROYIPY~
FOTO COCTOHHMA, KOTOPOE CTPOMTCH NPH NOMOUN  OCHOBHOD HTEDELHOHHOr D
npouecca [6], u Gperpo SATYXANOULUX SALKTPOYOPYTHX COCTOARMN, KOTOpBIe
CTPOATCR MPH NOMOWH BCHOMOTATEABHBIX HTCPALHOMITEIX npoleccon,

$ 2. Aas nocrpoenns BCHOMOFaTEALHLIX HTEPAUMONHBIX TIPONECCOs BOC-
TOABIYEMCH  TCOMOAHHAMHUCCKHMHE COOTHOMUIEHUAMH, CHABLIBAKMIINMI MeXapy-
HECKIE HANPAMEHH! M KOMIDHEHTB BAEKTPOCTATHUECKOrD CMEILEHHA ¢ Mexa-
HUMCCKUME APQOpMALHAME H KOMIOHEHTAMHE IAEKTPOCTATHNCCKDrD moam. (O
HyewT sug [ 7]

Te=c'R —eE, D=4=R 1 eF (2.1)

Ypapuenna SAEKTPOYOPYTOre PABHOBECHA MPH OTCYTCTBHH MACCOBBIX. CHA
i ODBEMHLIX BAESKTPHUECKIX 3APAAOE MOKHO sanucaTth Tax [8]:

=0, Di=i (73, 9,9 (2.2)
Boexem 6espaamepnnie neanmnss
FE e = SO S D I | (2.3)
h i fi a

PAe 0 — HERODTOPEH AMHEHH B NapaMerp, o gripfrepesduiasnnbe QIERATOPLL

= 2 -
i e T @
i3y LA

Byaem cunrire. wro b < 1. [pegnoromun, yro IAEKTPOYNPYTHE Xapak-
TEPHCTHRN fIGAOCHL MOMHO MPEACTABHTL B CASAYIOWIEM RHge:

f l- 2 n:r n+l (w1 [ {n}
L Lo)= S, ooy
LY

dra=ip
= I oy
Cry D)= W03 Dy (2.5)

Baecs tnfm =1, 2, 3) — mexannueckme nepeMetEntA, U — noTeHUHAN 3xeK-
TROCTATHYECKOTD MoAf, | — HEKOTOPBIE (HEABIE HHEAS [6].

Yunrnigan coornonienn (2.1), 53 (2.2} noayunm CHCTEMY  au(upepen-
UHaARHBIX ¥paBiedi

¥ = 0 sy al E=rd B =3 £ A T ]
ety - esgol; 4+ ?{:L:,Hl{.-'_] }uﬁ ! e Er_']ﬁ'r-'l]_ - ety -+ {eig - 5] (fli-fl.,] i J +
E=2 £ a0 e R Y e (a) sy 2 e |t ()
+ lewst - e + (cfs + e35) Gyt Juy" — ey 0 + e 05 - (e + ey5) ek ] =

. - i b L Tl 23
=9 {:_-f;aﬂﬁla + e ) ul™ ™" —{tes i) 40 1 (€12 + ee) oy, ] w1

. . I P oy al .
— [(% - e8)did, (oL BN Dol [teq + g5) 0,0,

==

1] Lra=—a] iy

g 42 F {45~ & -2} i L L
— Gty — poagay

= o= Lo ; 3
_+ Eﬂf[ _l' EIHI}UJC}:J"{JI} f-’-‘l".lf-‘l'-!ﬂf ‘.-::_ i1
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i 0 (ch +¢5) 3,00l + (5T + o554 20 dy) ulf! +
-e;-;dg -+ (% - cfg]_ﬁd ]n;; [eh,ﬂ'x I E_Hﬂj ey +e;) @, d.]v'" =
..+ 346}"92#3 + (cfa + &) didy] uiTH—a (chd.a, + el ) ul" ™" —
= I(es 4 ¢80 0,0, +(efs + ) 5,00 6™ 4 [(egs - eny) 340, +
ﬂ.:n] '5’:_'1_1:] CHSRUES O DL eaqdiud P+ encivt Y
(2.6)
+535'5‘3+EH= e53) A0yl el 4 [oER L chh 4 (el cs)dy d,) s
o+ (c&0t - ool -+ Ecssdlﬁ‘;}uﬂ"] — &0 - Euag + (egy + e50) ‘.‘1‘1%] R
g [{-‘-‘45 + ¢5) 0, 3+ lefe + eh) oy d]ul" L(c% +ch)a WO+
2 (ciidy 0, +- chidyoy) " -
— [(eas + e14) 00, + (eng L ea)OyB] 0™ " — E.a%-uv-ﬂm
—chdiad ™ chadul T Ly Wt
4% [ - e30i + (e3 + e1) B,0] " + 4m [y 01 + ey1dh +-
(e o) A0, ) a4 45 (04,01 + 0,008 - (e, L e,,) B0, ] b -

T EE;'E}}! + et + 21;3&1@3}1’!” = — 45 [.{e'.?ﬁ +85) 00, -+

T{Gls + l:'.;q;}.j R

I‘|[,-’E'g]_"+" E“} EI(I;.:] 111"—1] o 4—“ [{E.;n | E'.-.‘} d:'ﬂa €L {'F.'m- + Eﬂn}ﬂ"—]d_.] i'.!!_iﬂ =11 =
:-_ E{E"! % I eﬁ&} ;i a _l' KEH =iz HJ:} d]’.ﬂ-J !Iim-” 2 [E-_:_'_pa= &J + E;-_{Erll!'l‘ :rt![n_'” -
— dre, it — Az Taay ) — (ETI P O, M
2 yexomnn (1.1) wnaitaem ycaosms ma naoccxnx PPAHAX MOAOCH:

w==1 89-0, D=0 (2.7

pEII-IJ-I"-IHMe VCAOBHA Ha BORORHIX NOBEPXHOCTAY HOAGCHL BVAVT chopMyan-
HHEeE,

B ypasueunax (2.6) u s gassueimen BYAeM CUMFATH, YTO BEAMMHHBL ¢
aME T paBssl wyaio npe < ()

831 Jaa rpuctaiios MOHOKAKHION cieeresnt [7] vpassenna (26)—(2.7)
AIOTCA HA ABe PPYANLL, KOTOPHIE MOMKHO PEINATH HE3ABHCHMO ZOYr o

BLIH BCTIOMOFaTEABHBI HTepawmoHbLl NPOUECE OMHCHIEALTCA CODTHN-

Fﬁﬁ&ﬁ-& ¢ﬁd§ i EF&EL"}:]“??_[ENE?*‘ '9’:1.1'9'::T + (o5 + &) 0 f”a]“m =
= —[(c5+cf) 9.0, + (cfh +cB) 0,006~ — [(ch + i) B, -
+ (els+ c«.J 0,0, Juy’ ™ — cERU ™ 4 o ohyn Y (3.1)
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4'_‘{‘31n7}5 B e“ﬂ: + {eis +'Eau} E':lﬂa.i ”5” | {5;"?; i 553‘}?; + Eehﬁtﬁaj v =
e _‘4:”'5'::, + e55) 0405 1 {en + Eiu]f_ﬁ"jt-_] u" N — 4 [(ey; + ey) 040,
(2141 8un) L] 0 P — Uma B~ n gt Y
nps =l S =pPag (3.2)
JAra wropers menosmorareasmoro HTEQAUMOIHOrG Apolitecca GYIeM HMern
(et | edh + 2ci:0,0,) ut" - [efsdi +chios + (e + k) 6] ) =
“"—"i i ‘5':1':3} d.d, -+ {"r—i i cfﬁ;]' Eﬁs] wy* = [ eas - ege) dydy +
3 {gfz ) B0de N ==t _ gL -0 (3.3)
[f‘:f-ﬁ-": +- cdsc L (el + cfs) I’J',-"-‘_-,[r.e""':I I:-"E':Ez i e5s05 Qr:_,s*:-’lc-' Jus" =
= — [t--if; + 64) 0.0, + (s +cB) B0 Wl 4 [fens - es) 0.0, +
r=)

! o fm—1] B2 pimett)
- {l'n e “’1”'-_[‘1-' — sty = cﬂffzm

npu a==1 o =0'=0 (3.4)

Ofmee penreitne oamopoanoii cuerempt (3.1) npeacravim s muge

“imi

' = [ey 0 + e40s - e "-"14]':}' ) exp (45,0 2 wm{""v &)

g {t w.ﬁ'] 1 L‘-Mf-'s +2C-mf-" a,) exp (%3, a J I‘F i [*1: %) (3.5)

TAE 1| — KOpHIt ypaBienus
4= I.E'Js i {'911 €)1+ e+ {‘.’-‘?:'r | E'f-':;:llij'.' M= cf,'rf:l !.-‘_'*;l -+ 25hart- 5::3";2.} =0
(3.6)

Hs repmoamnammyeckx uepanencrs [8]

f"u.ﬂ '(: Cmmcnm Er:un 5 ':":nm ':'-rrun {3-?}

EACANET, MTO YpasHenne (3.0) me womer nvorn BEIIECTHEHHBIX KOpHEH.

Aan FACRTPOYAPYTUX XBPAKTEPHCTHK  nepmoro TPOLECCE MOAVHAEM Ca@-
AVIOUIRE MPEACTREARHHS

= T 5 = =Tl e -
IHJ \ o ”' EXP {r G ) WJ':N'I (%1 ), ¥M= }: i?,udf exp (7 Far o) W,rtl :I{:l:- ‘79}
.'--1 . =1
i
" - 3 el I e n b
15 = EI a o exp (,5,0,) e, B f= 3 bpoi EXp '|'."-'.‘r-::'5i VW {?n 5a)
P =y )

= A = A Ty T
Di"— 1" C 'ji EXp {1‘ '.:Ul.} rﬂj (35 %), Dyl 3 dﬂd? ExXD {""i'ﬁ:ﬂlj I‘r/}lJ (5
i

E
T4 hp
J

(3.8)
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B @, bj, © v @1 — ROMIOASKECHBIE KOBPEHUHENTH!, 3ABUCHLIRE
SBACRTROMEXAHNNECKHX NOCTOAHABIY NOAOCHL.

oanmen pyukunn W1 (5, L) B onuae

m{ e S ——'e"{p( %_. ) [h}l."?} (3.9)

T

#3 rpamitunnx yeaonnit (3.2} noayuum gucnepcHoMHOEe YpamHenHe OTHO-
oY .

cosd; =1 (3.10}

piGepen 7, 1 | Tak, uTOObl BOHIOAHHAOCD YCADEME
Re(:—-—- =0 (3.11)
N

:.@}HRHHH (3.9) 6yayr yompars ¢ yBeamueniem ‘i! XAPAKTEPHIY A FAek-
¥POe COCTOMHHE I!IﬁrpalellHDm CAOA.
:proe sbipamente (3.8) npunumaer sua

2 }J i[Ahexp (— :""—; za) L e (s 55 a,) J ¢
Xexp(—zé—ﬁ. > ﬁ{c,. -+ [C:Eetp(

i

Dixexp (i )] exp (127 )W) B12)

¥ LTS

H]
i
(™
o R

31 ¢k bl : :
»oBpke Ui, LA -~ HEKOTOPBIE KOMITAEKCHBIE IIDC‘I‘QHHHhIE. Dopmyan

apaHTEpHCTHLlecRDE YRaBHEHHE MOAVIAETCH TakHM:

(el 4ol C1iefeyrm (of +2efn + el (eh L oelit Ly —0

(3.13)
PCHOHHOE ke Ypannewue cosnagaer c ypammenuem (3.10) nepsoro npo-
Kag 1 g patore [9], momuo noxasare, wro xopuit ypasnenua (3.13) ue
fT BLTE BelecTBEHHbIMY,

Bripamenna 1an XAPAKTEPHCTHE  BTOPOrL  MPOUECCA HMEKT CTPYLTVDY
; Hanpusep,

_xw[[Al,:EkP(._I__,) Euexp( k= )I

ipet|
. ks i i
l‘{e’xp(—:u-—- ) Wiy u}+[f.—1k&xp(——;%§)-i-
7 I . Jci . ] . o KF = r»s :
+ Divexp (i =% ) |exp(i—% Wik (3, }J (3.14)
L | -
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Hacruce pemenne neognopoanmx cucrem (3.1) u (3.3) sasment or npegsi-
IYWAX Warow oBoix BonoMoraTeAbHuX npoueccos. Ero nocrpoenne we npeg-
CTABAADT MPHHIHAMAABHBIY TPYIHOCTER,

Jrs yacsaeTeopenns rpaniuanbe yeaomuam (1.2) nocnoapsyvemca mapua-
ditounein npruurnom Narpansa [2], o6oGmennniv a caysail nsesossextpr-
wecxod cpeam [ 3]

o 1 3
T A A 1 s e e G N=
J lk (l‘”_ oy 7 f:“n s 1 fl,r iy 4: lel) i
5
o V{ TR T LT s ey (3.15)

5

rae S == {T'G?{I:IEHH HUBEHKHDCTH noAQchr,

Bapoipyn v ypasnemwsm (3.13) noowepeano rpannuubte Igauenitn nenmoro
H BETCROrO Tlpﬂ:l._lﬂﬂ:c{m H I'IPHP-.'!'EIH{H&H I{EIBLPLiJHI:'I;IIEIlThl “p“ OIHHARDBELIX BA-
pHaunax Suwgly, Bwilk, S, dwlisk, noayumm DECKOHETHYIO CHCTEMY AM-
Belinbix  ypasHeHdit othocuTeanno Gyl wite (), wiie (5), i (3,
wai (3)0 Marpuna s7oll cucTemnt ogma n Ta ®E ANd Boex NpPHDAMKEHHH
H 3aBUCHT TOABKD OT SAEKTPOMEXAHMMECKHX TMOCTOAHHGIX NOAOCH.

I

i 4. Ilpn npomegenun wicienwnx pacyeros Gbina PACCMOTPENA TIOADCH
wHpinok 2, 2> 2, warorobaennan M3 KpMcTasAa cyAbQiaTa ANTHA, KOFga
KpHCTAAAOrpaiYeckHE ool | HanpabBAcHbl TO: OCAM. KODPAWHAT X5 Xi, 2
ocp X nog yraos 17718 & x, [10].

Tpannuanie yeaonnn ua Gokosnix nomepxmocrax (2, = 0 2h,/1) npuun-
MaANCH B BHIE

=2 ___:2r.l|
Iy =051, he=1l =0, D, = 4zat (4:1)
Henoansya smpamenna ass sAexTpoynpyrix XapaxTepHOTHR OCHOBHO
Hrepaunanuore npogecca [6], s cayqae, xoraa 9550, 6 =10, ¢ TounocTee 10 G
Oy ey HMOTH

npr me=1 fi=1038 npu m =2 #, = 0.20 (4.2)
Ecanme ¢ = 0, 0320, 1o ¢ TounoecTbio 30 0 noayunm
npp m=1 0O,=41% np m=2 D, =251 (4.3)

B raga, 1 NPHBEAEHD! B CAVHAE, 1, 2 ¢ rounocTni ao q’n’{ﬁ = D} CYMMa D BIE
SHAMEHHA Mexanudeckux Hampamenni (o (M = 1, 2), a 5 cavuae 3. 4 — ¢ ToU-
Hocrpio qo O(f = 0) eymmapusie snaveHHs  DAERTPOCTATHUECKHX  CMEUIeHHH
Eilmi= 1,2}

Cpasnngan ocuosnoe penerse (4.2) i (4.3) ¢ peayanraravm, MM HeIeH--
upimit B raba. 1, npHxoam & swBogy, uTo aas PACCMATPHBAEMOH 33Ja5H SALK--
T!]U}'HP}'FGE COCTORHHE THOA HDFPBHHHHDTCF CAOH NDOHHEACT B r.-\_'!fﬁb MOAOCH Ha
paccroanie ao 20,
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ASYMPTOTIC ANALYSIS OF ELECTRO-FLEXIBLE STATE OF
THIN ANISOTROPIC PIEZOELECTRIC BAND

Lo N OLEYNICK

Summary

The electro-flexible state of thin anisotropic piezoelectric band is
investigated with physical effects given on side surfaces.

The problem is solved by method of asymptotic integrating of
three-dimensional equations of electric flexibility. The boundary con-
ditions on side surfaces are satisfied by the Lagrange variation principle,
generalized for the case of piezoelectric medium.

The definition of eluctro-flexible state ol a border-layer type is
reduced to caleulation of an infinite system of linear equations.
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