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O perueuun KpaeBrrx JaAaq sJrettTpo),t1p)Tocrtz A,ir.g r,.rr roBlrlrrbrx o6racreri

(npeAcraB^eno aKaAeNrkKoM .,\.A, Ara,{olrrHox 6,/\'11 2005)

Knrcrqersre cnoBai 3^e<T.pctSttrpyttocrB, ()co6el1ocrrr Eatrprsxeaui a e,tet.rpirecxot1
tttA'/\!t;1h *\ Ha4ud hdnps *pHaH h ,,1cn7pttrc.,x.i tt-Ayj!lhh

B paootax [1-4] fiprr Ilorlolt{I] MecrEorc pefieHrfi racc^eAoBaHo rroBeAeHre
cBg3alraoro olerTpoytpyroro Ito,r B o(pecaHoatu 1zr oeoi Toql<ra roHxoro
Ere3og^eKTpaqec(oro K\rJrra, Ha rpalrErlax Roroporo saAaHEr pa3Hoo6pasErre
S,\eKTpolrexaHrirllecKae yc^oBrrt. BbIrBAeHo BrurrEae g^eKTpottexa.HraqecKi.lx
rpaHlzrrrr6lx yc^oBltli lIa rloBeAeHEe HallprlxeHa]i ad^lltu Bepull,rHLr (,4I,IHa,

npeAc?aBlxs peureHke ypaBireurrfi paBHoBecE, B rrepelvrerleHr4lx I BrrAe
IiIHTerpaIoB lvle&\EHa, B pa6oTax 15, 6] IIo^y-]eH!r pelileHl., I1^ocKora 3d,Aaqx
gleKTpoyrrpyrocrlz 4i.a nresorepaur.rsecr<oro Kr\]tHa iTpaircBepca,lr,rro-lz:rorporlHoe
TeIOI pra ABlz KOHKpeTEr,rx :rpaHrzqHErx y,c^oBl,rx.

B Hacror lerl pa6ore c [paMeHeHqeM rrprMoro Il o6pal,Horo o6o6qeHHoro
IIpeo6pa3oBaHaE Me^lxHa c1,po?tTc, peEeH].re (paeB6ix 3aAa9 3,\eKTpor/npyrocrrJ
A,1, Toi{(oto [Be3og^ei(TpllqecKoro (,\lzHa, o6^dAarorqefo nparroaureriuoli ant-
3oTpouueri o6rqero BrrJ,a. Ha rpaHrzqaL{ K JiI-Ia 3aAarl6r cooTBe.r.crBl-rorrj[e
3-{eKTpo}rexaH'IqecKr4e yc^oBLrs. tr4ccjleAyercE cre]le!{b cuHry rprlocrL g^eKTpo-

,vEpy-roro nor.a 86^1131.r BepurliHEl l<,u,rHa,

O Bo3MorKHocril llpl'MetrerlriE o6o6rqeriHoro rpeo6pa3oBaHrj, NIel\,\IrHa Ilp1.1
pe4IeH[Il RpaeBEIX 3aAar] 3^eKTpoylpyrocTr-r 6Et o ],roMrH]To ellle B pa5o1e [3].
llpeA.'o,'araercr, .rro EErpesaH*r,rli ,u3 n6e3o9.\eKrpuqec(oro Kplzcra^,la !: r,H B
(a;tiAori TogKe uyeer rloc<ocrE Mareprla cuori cllMMerprilr, Irapa\le bryrc elo
cpe4uunori I1,\ocKocrl,1. Hasa,ro 4eraproeo r.t.z u [o,lrplJorl r.d,: cac.reu
(oopAkr{aT r{axoAr.I?cs r 1-raoeofi ToqKe cpeAaHrroli llr\ocKocT,l K^12]1.1, oCE ;
rarrpaB^eHa Hop\ra,uuo r srott il oct(ocrn.
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3Aec6, Ka1< ,l B pa6orax [1_4], 3a ocHqBHbIe HeIi3BecrHLie lrpriHrMarorc'

d)yEKqxri lrai1psx<eEa, p(r.y) u s^eKrpriqecKoi EHA]'KIrI4u {(r,g)' Koroplle

rIplr oTc]-rcTBrill o6EeMHEIX CX,\ r-i s^eKTpltqecI(IIX 3apfiAoB yAOBr\eTBOptloT

Arrs(}epeHqraa\6EEIM )Ta3HelluqM

4tt La9:@,11) - Lfi(",tt) :0, hqlt, !t') + L2t/(x.'!) : A. (1)

@ltrrcqrzu sa('r.y) w ((x,y) B orAelsuoc'ur yAoB^erBoplpr raKr<e AJz++epeH-

qr4a,\EHolry )?aBHeHlrro Iuecaoro iroprAKa

(4rLlLz I LZ)a(r,!t) -l), (2)

xapaxrepuiT u.recroe )?ag!{eu!re Koropoio alteer e44 [7]

4trtr(t.t)lz(p) + l?(p) : 0.

e@,'!) .= \1:]a,Q;

(.2')

B )TaBEerlrz{x (1) u (21

n41t A1 * ttLo .., 
-- 

- 2.rh:---- 2 - "rci--;- - z':! ------; I r--tJt'dt rJ-ot- 'i|ry' J/'
,t' i)' A a"

L - -q,,'- t't',t rl:")^--.-'tg.-' 'J,) :--- ! . 
-J.f" .t.t'o 4 .lfcrll' u!"

a2 a' 02
L, - tr2 

-- 
]4rr-.- ,. -..o..' otoll 0a'

.r-.. . - Ko"qr$lrq eHTbl ynF)rrocrrl IIprI nocrorH loi; r4e(rp 'recxo]i HHAynl//,

422.... - Kos$SHulieH'rbr A43r\e(Tprzqecx oi eocnplr artuHBoc rl{ [plr rocrotHHBlx

NrexaHuqeckux Ha[psr(eHkrx, ,22)... _ Ilbe3oS^eKlpuqecxre rtoAy r,
noABHoMH lr(p) (e : 2.3, 1) flo^y]arorcr ,13 I-r 3aMeEoii dr/dca na e4aurz qy,

a Dkf D,gL - ua pa.

HaEp8eHrafl a KoMrroHeHTlr EeK'ropa 3AeKTpir!ecKoL krrAyKIIl4 r.I Br,IpaxarcT'

ca.repes $yurqzu Lp(x,71) u rit(1,v):

02r u2s ,, .1. 
^ 

'1,'
o. - nl, 

on- 4. r ... -11=-. 1), ' ;, l),- -;

O61qee perlleHrae ypaBHelrE, (2), I(aK ra3Becrl1o, 3ar]EcbrBaercE B EtAe [7, B]

t piy) : Ltiqi(,zi), (1)

r4e pi(.2;) - aHalraruqecRrze OynKqBz cBoEx apryveHToB, pi - EepaBHEre Me)KAy

co6()10 KopHr.r xapa(Tepr'rcrriqecKoro ]TaBHeHH, i2'l

=.6i i ivi U : 1,2,. ..,8),
=' Ft, I'tt,: F2, lt6 : lii,

r54

(5)



tt r .:1i
'' = \ ,r1p,1t.+ot7p,), U: J,6). i'i)

TaK KaK q))'Hxqrzrl p(p.3t) t t!(x,y) ygoulerBoprror raKx<e )paBl:eHtraM {11, ro
Mex,A]. rraMrr cyqecTByeT cBtr3B

ri

rAe urrptrxoM o6o3HaEeHa [por43BoAHafl IIo o6o6lqenHoMy Koy[\e(cHo]1y apty-
]I{e$ry 2j : 1: + lL1!'

f,: 1i(!t)/irtpr) (j:1,: .. b).

B Aa,Guerrr[eM npr4a?rr]:aercr{, rtro KopEr.r xapa(TeprcruqecKoro ,lpaBueil[,
(5J ne sB^srorct oAnoBpelreHHo KopHqlr}r )T)aBHeirr4i! lt,ip) -- 0 (A : 2.3,.1).

Ha rpaHnr{e r.ttr,uta 0 : 0 MoryT 6brrr. 3aAaHhr 1pu rpor{3BoIBHEtx
HellpoTrIBopeqIzB6IX yClOBIrq ,,3 BErIlfi CaHEEIX tllDi<e ]]JeCTI,M,\OBIii':

oa(r,0) : oolr), .r,o(r,A): ro(r),
u"(r,0) = r,o(r). ua(r A) : uoi).
i/(r.01 : rn(r), Dat,A) - Dalr)

TaKr.re xe ycloBt,la 3aAarorc, lr Ha rpaHrarle A : h c coorBe.r.cre)_oqulr
}lS]'reHeHIreM urr4excaqrzfi ,

B ycloBxrx (91 t/(r,0) - uoreurlr.ia^ grrexrp{rlecKoro r'olra, tt"(r.,a) a,Lt1;(r,a) _

yirplT!{e IIe p e ]!!eulei{ur.
I 3 (1)-(B) c^eAyer, rJTo rrpu orcl"rcrBrja nlesoe$cler<,ra cucrela (1)

pacriaAaercEI]a ABa EesaBucrMBrx),?aBHeHlrri oAHo L\.E .p(c,;q), 4pl,.roe 7\ , u(r q).
y.rrzrr,rBaq (3), a rarr<e ]-paBrreHur cocrotHr, ,r ycnoBrre noreaqr4d_^Brrocru

3,\eKTpitqecKorc IIo,4g, B llo,,\JlpHoi cuc?eMe (oopAI{I{ar aMeetr

.n 6, a ) : \) ^ii I i,p lt t tl.j.tt) : 2) t 1 i p,i G ),
i=l j= i,

(e)

i7)

(8.)

o,:L1jtt@)l;G),

16 : -'| 1a1i01'o1(.9),,/ji,z1).

=- \'.^ . rar.r ,at -,,r- ,

j=1
6

oo : L "t jo](o),a,;lz),

0ua

t),

du,
a.
41,/

a,

- \_ - ., ,/,r- ,r, -/r/- ,
z_ .tw 1\v t.l' tf t\.1t1

6

z- 1tu.1\u lLt+ )t z 1t -

n

,,101

D6 = -1.11a1(.0),f 1p'j(z), rt,: \^11r.1(.0)fi;'l(z),j=). j=t

uil,.0) : cota I pisinA. biid):-sind+7_ricosd,

hli : s 111ti * s161ti .f sp - !1i.g111t, - g2i)lltt.

1'Ae
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Nj: sr2pj - sx t.s,tzl.t,jr - f,)lgt2 - Srrp;t)141r,

mj = gnd - g\elj + 9p + fi(rNt, - rrr1.

ci(d):,1y'jcosd 1-N;siDd, d,(d) : l/. cos d -.tr4 sirr d.

A,a-E peureHrir KpaeBbrx 3aAas (il-(9) ,rcno^b3yercir o6o6uleuuoe riHre.pa^B-
Hoe [peo6pa3oBaur.e Me,,ilrrua aHalr.r:rurueci<oi +]'uKx;'tu l(z] : fl,t I W) lt,
- HeKoropaE KoMrrlel(cEaE roucrarua), BrrepBbre, [o-E]rAra]1orry, BBeAeEsoe B

pa6orax 19, i0], r4e ucc,r,ep,oaaEa curIryrr-1plro.Tr, uanpnxeuufi B coclaBHorl
fipolt 3Bo,rBlto-a:ra3orpontoM TeAe, Eaxoplfle]fca B cocTorulzlt o6olSilleHEori

n,rocrori 4erloprraqr{u (B qacrHocrE [AocKoe Ae$opMupoaauuoe r],rn o6o6[{eurroe
II,\OCl{Oe EarIptX<eIlHOe COCTOTI{]{e)

(/Gr) ."(r)l(r,

a(d) : co" 6 *,r.rrr, ./("):

: I :\r' Ldr: a

0

7

J',., | .f ..r J'.
.j,.-

Ecr'n f(z) aHarzar{qHa B lreKoropoM ceKlope do < A < A,, 0 < r < .c rr

f(z) = a(,t) rrpr, r' + 0, f(21 = 61ro1rpn r -- rc, ro 7(,1 cyqecmye? B noloce

-€ < 
" 

< -n rr He 3aBricrzr or 0 a sa4aarorr cexrope.
Ey4eu ncr<atr peueune ( I )-{9), yAoBlerBopspu1ee c^eA}+orqriM yc^oBfirrMl

o.,on,r,o,D,, D6,At./Dr u}ua/Ar upur + 0 EMeioT foprAor<O(t L+"), aIIp!r+c.
Ecqe3alor Kar( O(r 1'),rp,ea>0,di0. Torp,a E rro^oce 1 rl<Res< I F,
c)4llecrByer npeo6pasoBaHln.j Me,l rzHa.

flpuMelIa, o6o6r4enuoe riHTerpa^rHoe IIpeo6pa3oBarr4e Me,\^]l1{a ( B],rpa-

><enalu {10), no,r1-:nu

t,o,l = l) -1 ftl t.0) a i " (.0) a I (.s),

i.-

ioa,: : - \na1@) ip1"(0)A1(.s),

(o ol : L 1 j,:(.tt )";' (.e 
) A jb),

\D,) : L ^,, jb jlr-) f j a; " {a ) e j G ),

- S'^ ,, ,a1. lt),. 't0\,1 t.\
12 tt '1 ,t',t\'lat \!tY)\!t1

r=l, lr, .l

- L))o tt0ltlt ja j-lLt);t\st,

t i"d) : - L 110 tt u )btt1 t0 i \a )\p t\. ).

/ * ) : f ),a,o )'t,(o ).t.' 0\a.6).\ or /
a

1cr\
\4./
/ at-1\rl

. t ,,.
Piisl : / r,{:1li; i/.-r.

0
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yaoBlerBopgg ttpeo6pa3oBaEHEIM rparuzilHElrt yc,toBrrrrl, B t<a)KAo)r KoHKper-
HoM c,\yalae nor\r:rrrj\r chcaeMy aMe6DaH.lec(ux 1?aBHeHr,lr)i orHocare\LHo t_.5J

L Btp j(,s) : .rtls), (l:1,2...,6). l1I r

j=t
r4e ao,o, !(s) rroApa3).rreBalorc, [peo6pa3oBaHn, coorBercrBFa[r]4x rpdHrieHErx
yc,Looraii. KosQrpriqaeumt B1; 3aBlactrT or BrAa rpaqr,r.rHEtx yc,\oBuii.

Onpe4e.rax fj (s) r.is (11)

!,)(s) : :l"r(s);tr,A 1(,)

(11.r) - oripe4e,rarelr cucreNrlr fffl,l e,, , a.ue6paarecrr.re Ao[o-\He]ru, llil] ]r
[oAcraB^r, B {10'), 6yAeM talrerE

t".t :ia ff ,,,;1ry.;"1r;r,,1 o ,14
,=L L=r I

,i lu 'lo;-lt,l),..,'r" , rl_\ .

---tl/-.,) ' - ) Tt ) ,n,tA Litl o a' i,l .\ 't-r.i; )--' l
(10')

-a l-:- l,r".- frll-:. d,t.,,,r.'r\ .,
:l

ID, -Lr,)L.o 0,r,, '., 1, I \,:.
3aMeruv, sro rpauc$otrruaaTlr (r;,'1 . . . (D,'i o peAe.AeHEr a r.orl ;<e o6,r.acru,

.iro I-1 TpaHc+oDMaHT6r BHetuHLx Bo3/t ericrBi4ir.
Harrp.fixeHrls !r KoMiroHeHTEI Eerropa 9.\er-Tp]rllecKori r,rHA]-Kr{ax orpeAe,M-

Iorcr c flo\]rotqbto o6parHoro Epeo6pa3oRaH[r Me,L IrHa, nyT6 [H.re1pj{poBd[Es
rioToporo 

^er<lrT 
B IloAoCe

_max.(Rer1) -c <-lrrin (Besrt. (12)
F"jr. q".^ ,

r4e s1 (4 : 1 2, . . .) - noarocrr (") .. . (p).
-gRHEifi BuA J,,oj,r,6,Ds r.4 ," rioxer 6ErrE IIoAf]eH qr{c,\eHH!tr1 rrHTerp]j-

poBaHaeM, Ho &\s rix ackrrrrroar4rrecKoro lIcc,\eAoBaI{II-E [prz 7. .. 0 AonoilHI1M
:r).rB aHTerpr.rpoBaHir, {121 B,\eBo l{e(oropBrrr rroAy<pl,'ro}r I,I Ilpuxtel]r4!: Teope}rv
c BrJrtlerax. B pesy,lirare Ilo,\.r.irzM [10, 11]
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rAe .\ii - (pa:rHocr'6 rro^LcoE a, G,;^(0), . . . , 114,, (0) - r,u3rue +)'HKrl-I.Itr )-r^a ,
npuseu Resl < 1 {Resl > Re sz > ...).

EcAu BtreulHlie eos4erricretta pGBrrEr lry\ro B HeKoropofi orlpecaHocrlr
BeprxrrHlr I< aHa, To B o6^acrz Res7, < I He1 rro^toeoB !(s) u s;e :^ :roli
o6,1acTq HaxoAqrca cpe4u ny,r.eri A(s). C,rep,onare,r6Ho, cr.iHry,lapHEie q,\eHEt B

(13] onpe4eaarorca roAEKo ty^rlra A(.r) B rro oce 0 < Res < i. Ec,ur \(s) nrreer
Iry^r.i ro^BKo rrepBoro nopr!$a, To B Blrpar<eHfirx (13) orclrcrBFor rlHoxETe^r.t
Ii r'.

&1, [pfiMepa paccrrorprrM c^f]afi, xorAa IJa rpadrzr{a_x K_\r.rra 3a,\aHhi
y[p]-f rIe [epetrrerleEuz u c]leA]rro[Ilre pAeKTp!{qecKr.re ycloBrrrri

1./(r. {r) = 1,i1(,). vlr.0t):Vi.r).

Dl.r,01 : 1101r.1,. L)(,r,ej): Dt(r'),

Y{r,0): li,fu). Dl.r.er) -" Drj).

(11 - r)

I i,1 ,2l
(11- 3)

11) B

B 3Tor,r c^y_sae

,r1(,) : r(d',#4), (qP) ( \ /.r,r1r1\ //r;(.r\ /dr;,rr\l\ r,-l\ d, / \ ",,-l
,. - _'. du. r' \ //u .' \ , 

r, \ ,l ,:', lJuo, \,'-a l\ d"l\ a"-l \ * /\ J. I
r;.,- l1r';'"\ (!::\,.t't" ""/ "\ /JY''r\

r\or \, /\.dr-f \r=l'rn,
rAe 3Be3AoqKa osHaqaer rpa1{c[oHDtpoBar]]ie. OlpeAeNrre^r
c^yrae ye^oB]]ri (14-11 riMeer BIrA

f dDlp t\
'\ d" /
l,tDt\t)\,'\ /-ll
cr4caeu6r (

-11i

duy(r)

l/h !,11 ltls lsLh *ivla

AIr ,\ -/3fl3 ^iolro

cael,' c5ai.o' 13caal '. 1c6al '

d4al " didl ' -,3d301 " 1d6oi "

l riA 1fi,i, llta3 fn$l

n40l4 | n\d!o' m33ol-' nl66ol '

t\r l/,
,:1,.1 ' czai "

m1 m2

nha| s ff.),2a) s

(1s r

a1 : ai@1) bj: br(.ei), ti: c.i(A111 d. d1(0i1,

t43: ^lx(gf.pi - gijtts 1gt2') trltrp3- tl.t2,

,o{16 : 1ti(911,&; - 916 116 + gn) + lltrtln - rl12-

IAE
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3aMeu-{s B flrrori rr uecroii crpoKax mj Ha l;, rro ] rnM A21s) A^, rpaur.qror
3aAa.rE {14-2), a Ayt rro^fleltr.ts A3(s) ranaa 3aMeHa Heo6xop,r4Ma ro,rlro s urecroir
cTpoKe.

Onpe4earare,rz A1(s). Ar(s) r A3(s) rfocle EeKoropbrx ,3Becrarrx rrpeo6pa3o-
BaHrtfi coB[aAalor c ra(oBEIMa, rlo^)Ae1tltErr4ri coBeplIreHHo ]II{EIIVI []-teM B pa6ore
[4], sro a c^eAola^o otxrrAar,6.

Pe3y ETarBI .r4cleHuoro I4ccleAoBaHlrt 3aBHcI,Ij\Iocrt4 Re.sl or ).r a pacrBopa
K/lrjlra, r.3roroB^errHoMi3 6tI&Ta_\ara ria_\I{, adl 6acprartaTa py6r!\ur, flpeA-
cafaB-{elrEr B BrAe KprIBtIx H,t pl.ic}tr(e, a ],I 6 corr.fBercrBeHHo (riorte]la Kpr]Brlx
coo'rBercrByror HoMepaM rpaHr.rsE6rx yc^oBrrr; (14]).

/:

t

I,{3 npIiBeAeHHErx Kp}rBtjrx c^eAyer, rlro ro^Bl(o crrelraltHlre 3^eKrpr{qecK e
rpaHnqubre ycloBrz, yfrelrBrualor npeAerlraBui ]Tor! pac"Bopa rc,uiua 0,r, npr
Koropolr o(pecrHocrr )T oBori TortK]J fiepexoArjr I43 xrildoHarlprrKeHHcro cocro_
trEtltt (01 < ../".rJ B KoHqeHrpaqrzor*loe (0r > Aq,), ttprl rpaEh.tHBtx yc^o8urx {14_il
* \14-2) A-, : n.

C fioMo IgIo aclloLoBaHaoro B AaHHoi paoore MeroAd r1o)KHo lroclpoarr)
pelneHIlt r ocKrix cBg3aHH6lx 3aAarr S^eKTpoyfip),r,ocTi.r ,r AM cocTaBHoro l(^izqa
nprl pa3Hoo6pa3li6rx rpaErrrlHo-KoHTaKTHElX yCAOB]lsX r.t OflpeAe^rz,fl! cTeI1eHn
cr{Hly^.trpHocrrl o;i u,tu Di, a rarx<e rose$zql.etr,r,Ei oco6eHHocra.

I,IHCr4ryr uexannr.ra HAH pA

tl. tI. UrmnquJulL

UhquldL qrllnrmJptrLFll hurrturF qLqqrnuurDuAquluurfinLptrutl hQuJhtr lufr4Inhhfllr
lnL6fur{r rfruufttr

Ublhtub lirnllurtrllrLgrlurd FftnbqFrut AlrutqlrlhurplLll.I oqtrnp3urrtp qurDnrgqLt t tthUrrnlu
unu&gl1lllurLnlpllutr +hunrpjlxh hurlla Uruqurqgllurb bultFptrLlF lmlmd! furlurq ubulurdh

qlllmrjFb hlxduF, nFb hqnhfhtr q4qlrlb hL lFuTFqr itLijqlFurrJlilulu[htiurl]ur[ rqu! ulhfihni
\hULuqn+qhl t tlh\+purunLuhqulturtu 4ur2r+h pLlrpruqllrttubph (uFnldtlhI], hLrryrqghu!lr Llt\qnlnlr
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tlululrtlliltrhn) Llu$p[ uhu]h ququlah 2npurUuupnlrl: llurLra[ullnp 4bLqpnld, hpF uliqlr Eqnl,thtr

qrpquLd Eb Bb{urhnlrnr,-lLhnh h hhtt+Fruttru[ uFuhhghurdr ulpdhpfrhfi], iiptt qrurrctrp Ulinphph

hruriun quumgrlud htt llnlhF, nnnLp lurguhurJlrnd hb lutmuitrbflr hquqh plulr Emplil
qlrhqurbmfr] LE ubulF tuLqurL lugqurbptr d6ir Fl hlrq:

on sorurion or Bound"- ,."r,"i;llJ;":::::rasri"*]. ro. w"dse-shaped Are",

\Arith the help of Mellin's generdlized inlegrdl lrait sformalion the soiutioir o{ a plane-

conDected problem of electro-elasticity for a thiD wedge-shdpeci area is built. On the

borilers of this area diff€rent electromechanical corldil1ons are given.

The behaviour of ihe eleclroelaslic lield charactertstics (-<tress, the components ol
ihe elect c ;lduction veclorJ ir! the vicinity of the lvedqe iop is investigdied. in a pri\.ate

case. v/hen on the borders of the wedge elasiic displacemenls and electdc potefltial are

give11, the gr.Lphs of the dependence of the stresses singu]arih, degree and the components

of electric inductioE veclo, Irom the angie of rrtxture ol the piezoelectric wedqe are buill
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