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vibrations of piczoelectric plates

On e

ion of transverse and ply

[ pefore paccMaTpHBaoTCH  CHODOATILLE 11 BRMEYAACHOAE KOAGDAHIMA  [10EepOiio
HUASIPIAOBATTIIIN TOUKNX NLEIVIASKT PHYEC KX UAACTIN RAACCA Gmm CAIOCITTEALTD
HANPARASHHG-ACPOPMIPOBARNOTD COCTOHUNN  HAAC THH UPHITRMACTCT KAACOHNCChan T s (A}
OTAIMIE O INReCTHEX  HCCACAOHAIIL I Ha OOTeHIian KT FCROM TIOAR PIOOT
ua ral Hy KpOoMe 101D, 1Tro HOTENNHar TOAR MOARHO TREACTABITL I BHAC CYMME CHMM
I AIEEHC MM ETPITTIT RS OTHOCIEALIO BONSPeHHon Roopanar, gynknmit [okasunaercd,
ACACHITIIX JASRTPIIECKNY FPpamirinnx YCAONILIX IAOHAPTLE RoAeGa s
GGOGLENION TAOCKOIN COCTORHNNM) € ANEHCIMMETPRMUOIN HaCThID HOTCIIIAAS JACKTPRICEROID
UOAM OTACAIIOTCH OT NOHSpeqmbN  KoAcOamMil ¢ CHMMETpPUMHON HacThio UOTAUIHGAL  [OAR
[TpBoAITTCA MHCACHIOS CPABIenne HOAYICHIINY PeIYALTATOR

onpe,

1. [l
HPSMOYTOABHAN MAACTHHKA HOCTOAHMOH TOALHHE 2h orneceHa K cucreme

TR

'h o TOHKAS  MOHepedio-noAipHaonadtail  Nhe30SACKTPHYE

HPSAMOYIOARHBIX  ACKAPTORLIX KOOPAHHAT  Tak, qTolLl HADCKOCTE {_\’{)J']
CORIMapaaa Co (:}JUJ‘\HIJIHJH HAUGCKOCTLRIO MAACTHHKH.

YI!FJUII[['IIJIhIIr MATEPHUALHBIC  COOTHOIIEHH, R KOTOPLX COrAdCiHD
KAQCCHUCCKOH TEOPHHM NANCTHH 1TPeHeGperaiore HOPMAABHOE HAlIKEHHE

T.. M NOUEPeTHEe CABHTOBEIC HANPSRenusd G, G4, BOILMEM B BHAC:

€ =90 5205 tdy by e =
€, =8,0,, +8,0p +dy 550 ey =
1) = D, =g k,; D, =
Apech 1) = KOMUOHEITH BEKTOpd SACKTPHUMECKOW MHAYKIMM, a [

KOMIOUEHTH HATPSKEHITOCTH TOAS, AAS KOTOPBIX HMEeM
-, i
I Bk
- o,

Toraa, Ha ocHope runoresst Kupxroda v (1.1) MOKRHO HAHTH HAIPRRCHMS |
HAACTHHEE 10 hopMyAanm
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E i a'u cop

g”:.]_j ar+ V—TJ-FLI“(I“'V)‘-

- 7 At D w G,

= 2 - -a—v-f-vm— [Ll +y S ’!)+d”(]+\»)f:‘P

= 1=v| oy ox ay” ox" (4
I o ov f:‘:wj

g = et Sl AT (1.2)

o v) ( . ox axdy

A TOKAKE KOMIOHEHTBL BEKTOPA JACKTPHYCCKOH HHAYKITHH

B - 7 2 Fed?
D)= ﬂ(ﬂ MOV o zm,,] u (B_ - i:‘iﬂ_J (4}
I-v\ay oy - 1=V )

ép co
D =-g — D, =-g, —
= 2 =
o ay
3peck MV, W — nepeMelien i CpeAHHHOR  TAOCKOCTH DAACIMHKH, Mz

)"\"Afliiﬂﬁ CTATHIECKOH SKBHRAACHTHOCTH,
BHYTPEHHHE CHABI H MOMEHTRLI, OTlece
MAOCKOCTH IMTAQCTHHKH.

]r;:(_'((""+ av]+.4(tp -0 ) ?1—C[k-rvf—]h»‘t(:p+ — )
a ax

BMECTO HANPAMXKeHHH YACGHO BBECTH
IBIE K GAMHHLE AAMIILL CPOAMHHON

ox ay v
- on  ov
Sz———‘i([ Sk J H I-\),U?u (1.3)
2 ady ox axay
(8
M, = HI)[ v—-] B IrA[(p SRl == led"]
ox’ ay
-7 1 It
M, = —U[C ot 3-‘3] M[tp. + ——IMZJ
= ay’ o h”,
IAE BESACHEI CACAYIOIIHE 0003HaYCHHI:
210 d, I 2K
C=—=, 4= po S80
=2 I—v - v7)
a (P_ H (. — 3HaueHHs SABKTPOCTATHMECKOTO [OTeHIHAAa HAa AHLUEPBEEX

NMACCKOCTHX [TABCTHHEKH Z = i}?
PACCMOTPUM CAGAYIONIHE HOBEPXHOCTHBIE YCAOBHS:
Gy =0, G; =05, =0 (1.4)

a) o =o', D=t
4 TAKKE ADYTHE BAPHAHTHL SACKTPHUCCKHX 10BEPXHOCTHRIX YCAOIHIA:
6) @ =0,8) D, =0 uux coderanus Ha AULEBEIX AGCKOCTIX 2 = +/7.
OcpeatnM  ypanHenHs  ABHKEHHS  [AQCTHHKH.  TOIAQ  HOAYSHM
BEIDAKEHHA  [EPEPesLIBAIOINX  CHA, 0  TAKKE YpPaBHenWs  KoAeoa i
UAQCTHHKH  OTHOCMTEALHO  NEPEMCINEHMH  CPEAHHHON  [MAOCKOUTH W
HOTEHIHAAL IACKTPHUECKOID [OAS,

5
-D aAu'{—hAL[tp + ——-J(pdzJ

=h
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a
N, —D .ﬁw*hA ©, +© --—I(pdz (1.5)
ay

Au+ Ly i[;}" 2] +7dj'(! 5 v]i(‘p. =)= ?_p.(.].j. V).{:z_’f

1-vax\éx ay h ox E
r-H“ ﬁ(ﬁu_'-_{_"w_r]l‘_da,(i-bv}c‘-{ q>)— l+v)(‘>~

1-vay\dx E?y h ay FE o

DN [(p o ——!tpd’] =0 (1.6)

K FIHM YpaBHEeHHA M ABHIKCHH AUTTOAHACTCS YpapHeHHe
IACKTPOCTATHEH, KOTOPOE BOILMEM B TREXMEDHOM BHAES

a2
s@npmﬁ%?m«l&w:ﬁ (1.7)

oz
3pece B=g,-2d,A>0 (rax kak €; N0 NOPAAKY GOABIIE, WeM
dlﬂA ). Ma cucremnl (1.6) BHAHOMTO €CAM HO AMUEBLIX NAOCKOCTAX HAACTHHKH
AAAAHE] MOCTOSHHBIE 3HAYEHHS TOTEHIHAAD JACKTPHUCCKOrO HOASL @, W (_,
TOIAG  NAGHAPHBIE  KoAeDaHMA  (KoAeOaHMs  0GOGLEHHOrD  [IAOCKOIO
IIdI]p)IJK(-‘.]l!l!'}l'D CO(_‘!'O?HIH)I] OTASARIOTCH OT f[UliE[](-!‘llli‘lx KoAeDaHHHK.
BeIpasuM [epeMeIleHHs CPEAMHHON [TAOCKOCTH U WV uepes ABe (DyHKLUH
D u Y.
o 5“1’ ab ¥
=t — V=
& oy dy G@x

Torpd, HOCAE HEKOTOPHX lpeobpasopaHud cucrema (1.6) npeodpasyercs k
CABAYIOLLEMY BHAY:

- i o'e -
A‘I’—-v?-{-——o. ¢ A = +0.(0. —0 )=0 (1.8)
&w  hA (&p] (E(p]
————aAle, [, +¢ +2Aw +— =| = =0
- ey { (9. +9-) ] azt, \Noz
Wb ;
3Aech, Kak oGwiMmo, ¥, = _—f = KoaupMIHEHT JAEKTpOMEXaHHIeCKoH
12 2 E

5
CBA3H, & C, = - ¢, =
! t t 1 a
2p(1+v) p(1-v?)

Oyurkupn P Y w cucreme(l.8) OTASASIOTCH, MO OHH CBA3AHE
SACKTPHYECKHMH NMOBEPXHOCTHBIMH }’CAOBHHNH. M JaAOUYH  TAAHAPHRIX H
HONEepeuHex KoAeGaHHH BIaHMOCBAIaHL

n}’(.'l‘b NOTEHOHAA SASKTPHUECKOro  [OAH TAKOB, YTO £€ro MOXHO
HPEACTaBHTE B BHAE CYMMBl  CHMMETPHMHBIX M QHTHCHMMETPHUHBIX
OTHOCHTEALHO [OTEPETHOH KOOPAHHATE, (hyHKIHH @ =@ + 0,

e 0. (x.0.h) = 0. (x,,=h). 0.(x0.h)=-0,(x.y,~h)
Torpaa cucrema (1.6), a Takxe ypaBHeHWe JACKTPOCTATHRH [1.7) pacnapaiorca
Hl ABE CAMOCTOATEALHBIE CHCTEMB



oy
clA i =10
ar’
ad
(el ADE— e L2k e =) (1.9)
B(‘:qi" +g|,A(pﬂ =0
oz
DA w+2p}rfl—2—hé- Ale, o, + Au’]-rﬁ(%] =0
ars g, h\ oz /),
(1.10)
Vaal0)
[B P T.f\[ 10, +Au) 0

M3 npHBEACHHLIX YPAaBHEHMH BUANO, UIO ypaBHEHH:H IAGHAPHLIX
KOACOAIMH, B KOTOPLIX  YUaCTBYeT TakiKe AHTHCHMMETPHIHAS  YaCTh
[IOTEHIHAAA  DACKTPUUCCKOTO TOAS B ODIIeM  CAY9dAe OTAGAdIoTes o
YpanHenHi NoHnepetnbix KoAeDaui € CHMMeTpHYHOH HACTRIO
SACKTPOCTATHIECKOID OTeHIHAA,

Byaem uckath peienus cucremnr (1.9) u (110) B BHAE rapMOHHYECKMX
BOAH

¥ =", expi(of — kx— £,). © =D, expi(of —kx—k,y) (1.11)
w=w, expi(0f —kx—k,p). ¢ = f(z)expi(ol—kx—£, .Y)

B arom caydae neppoe ypasHeHHe CHCTeME (1.9) NpHBOAMT K CABHTOROH
BoAHe (SV)

k_:ﬂf‘ =k + kG (1.12)
PL{CCL\IOTle\I CA&!,I\)"]OIU,HB :'M('!K‘I'})H‘IGCKK{:! [lU}!eprUCI'}lhlﬂ YCAUBHH
0=0", D=D¥ mpu z=4h (1.13)
TAE CHMBOAOM (&) oDo3HaueHa BHeMnss cpead. MpHmMen, uro
mﬂ*‘l = :ptlrl + (D:;I

TAE (pt["' H (p‘;]- TOTEHUHAARL SACKTPHUCCKOTO HOASL AASL BHELIHEH CPEeAB,

KOTOPLIE  COOTBETCTRYIOT CHMMETPHUHOW W AHTHCHMMETPHUHOH vaciiM
IOTEHOHAA  [IOAfl  COOTBEICIBEHHO. TOorAa  HulGpalHbe BABKTPHUCCKHE
NOBEPXHOCTHLE YCAOBMA (1.13) HMEIOT BHA

- (e} ; ()
_3[&J +AAD = _Sof[ S0 ) [ o0y
8: ZEl 2 az o 62
i 4 (1.14)
- e) (e
(2e) =2l 20l) (20! ]
oz /., 2 oz oz
z=h z==h
¢ =9 ¢,=0Y npy  z=:h

K ypasenwsm (1.9) u (1.10) u x PPAHHYHLIM  YCAOBMSIM  (1.14)
HPHCOCAHHAIOTCA TAKKe ypaBHe s uumuum‘i CPEeAB

J P1 o (P
Hrak, HIpH  pPaccMaTpHBOEMEIX JACKTPHUECKHX  [MOBEPXHOCTHBIX YCAOBHIX

YPaBHEHH H I'PaHHYH Bl YCAOBHA PASACAHOTCS H HPHBOASIT K

CAMOCTOATCABHEIM — CHCTEMAM  OTHOCHTEARHO  (hynkuuii O, (pq,tpr;] H

+ mp["’ =10

+Apy' =0




Lo}
W, @, 0 COOTBETCIBEHHO, Tleppas  cHoreMa  ONHcHBaer
HACTUTOMR

ROABGAME ©

g (2Ak211 —k:cfa,_,)th;{kfwk:cf By,
= By, — &, thykh

d BTOpas - ¢ 4acToToH

[DL By +=— 24k [:{ kh]}lhxkh—{f)k"e“ edkR S0 gy
i | / g

M=

2ph(Bythykh —e,)
me yi=2L
B
[pH  SAEKTPHYECKHX IPAHHUYHLIX YCAOBHAX O], T.e. KOIpd AHIEDRE
DOBEPXHOCTH ITAQCTHHRH TJAEKT‘pONI[IUBi!IIhI H JAZ2eMACHEL, HMEeM
0. =0 ¢,=0 npy z==th

B atom caymae H3 cHeremul (1.9) orAeAsieTcs Takke YPaBHEHME, MPHBOASLIEE
K HPOACALHOH BoAHe (PV)

— =0 {1.15)

1.2, NAAHAPHLIE KOAeDAHHS OTASASIOTCH OT OOMNepeuHblX KoAeDaHuM M 1e

JABHCAT OT nb&JDBq’q}EKTd. a4 [nonepevHble KoAcDaHHN MPOHCXOANT ©
QACTOTOH

:_J’?kh :: (ke — thykh) (1.16)
ph p

A AnT SACKTPHYECKOI'D 110A8 BHYTPH [AQCTHHEH HMesM

f= i[chxk: 3 I]w,,
€, \chykh

Pasaaras 8 ypasnenun (1.16) dynkumo thykh B pap no crenessy
Yk (rx. ykh <<1) u coxpanss nepBuLIE TpU YAEHA STOTO PAAG, MOAYUHM:
. DE (v, ] 2 E
0" = |+(—)i . Tae Ky = ———
2ph -2y, e,(1-v)
1

Coraacio  (1.17)  wacToma  NONEPeYHBIX  KOAGDAHMIL  1pu Fi e

(1.17)

1
YBEAHMTHBASTCH, a IIpH ‘X_U}E - ymenbumercs. [lpu 7, = TOAYUHAM

b | —

©° —> o0 . OABAKO BRIMHCAIHA AAS DAsAMUHBIX MaTepHAAOR MOKAUBIBAIOT,

1
YTO apaMerp ¥, A PEIABHEIX NEE303ACKTPHKOR SSz - Hanpumep,

MaTepHaa | PZT-4 Cds BaTiO; | LUTC-4 | UTC-19 TSK-:s—‘

N 1.41:10% | 0.2:10 | 0,08:10° | 1.16:102 | 6.3:103 [ 510

B CAYTAE, KOEAQ AHMLEBLIE NOBEPXHOCTH IABCTHHKM
HearekTpoaupoBankl ¥ [, =0, maauapusie W nonepedHble KOACHAHHS
OTASASTOTCH W ITPOMCXOANT € MaCTOTaMM



4 e
0’ = 2fedtpokh +efk®, o= Dl -u(;(khclhxkh— 1)
B 2ph PE,

"j KOH’\H {'_Alm}"fﬂ[[l"(.' II&'lHl.’.;)XIIDCI'I!I,IC YCAODBHA 3aAdHbI Hil AHLEBLIX
MAOCKOCTAX [MAQCTHHEH

®=0 apu  z=Hh, D=0 npu z=—h
IIAGHAPHEIE W ||fl“l".|)(fll|“\]('! KOACGAHHY BIAHMOCBA3AHLL H HacToTd KoAeOaHHH
OHPEACAICTCS U3 OHKBAADATHOIO ypaBHeHus 1],

4 PﬂCL'MO'I']JHM ]“)]fl}")“_ﬁ'(’.fll”)l('? KoAeDalim NAACTHHEMW - HOADCLIL
IMAdCTHHKA KoAeGASTCS oA N:-.‘FI CTBHEM ||('!|'!l'!M EHHOH BO BpeMeHnH
.’J\{:K‘I‘[JH‘]{:CKU“ Ha ['E)YJK H, lidf\a“lfﬂﬁ Ha AHIEBBIX TMAGCEOCTAX TMAQGCTHHEH,

Pae .f\lﬁ'|'|)u]h‘l|!'}‘|'(.'H ABd i‘.ﬂ)“hl)i :la\['K'l‘pH'IL’.CKHX NOBEPXHOCTHIX }’C.'\CIHHH

a) @, = o, exp(ios)sin(my/a) , 0 =, exp(iot)sin(mr/a)

6) 0. = ¢, explio()sin(my/a) (2.1)
r]y(_l'll Ha  TOPLEBLIX  HAOCKOCTAX  HAQCTHHKH-MTOADCHL X = D, o SHAAHBL

CASAVIOIIHE IPATHYHLIC YCAOBHAL
Bi=0, w=0, M =0, 0=0 (2.2)
M3 ypaBHeHMH KoreOauu# DARCTHHEH (1.6) M BHIOpPaHHBIX  IPAHHTHEX
y::a\{)l}ilﬁ CACAYET, TTO B CAYHMAES BhIHYAACHHBIX KOACDAHWH Takme MadlapHblie
H IONEpeTHbl e KOACDAHMA OTACAHIOTCH ADYT OT APpYTa.
Pernas JAAAHY B CAYHAE JABKTPHUECKHX NOBEPXHOCTHRIX }"(!)\n[iﬂﬁ {lj.
MOAYHIHM PEe3oHACHBIE TIAGHAPHBIE KOAeDaHHA

dy(1-v*
= ( ) ], — exp[fmr)co{y—)
R’f I-0°/a: a

a
€ PEIDHAHCHOW YacToToH

(2.3)

Ho B oTAMuMe or aToi PaboThl, 3ACCH HAAHAPHLIE KOAeDATIHA BACKYT TakMe

nonepeqyHhbie KoAeDAHHA C YacToTon
Dk* (mja) A° |
0" =——+ 7(1 — L tha) (2.4)
2ph pE,
: Amh
KOTOphle HE j)E!.'iGIil'lllelI:lli. JA(:L'I) BU=i—,
a

Penras ke 3apady B CAYUAE JAEGKTPHUECKHX IOBEPXHOCTHBIX YCAOBMH
0], NOAYUHM pesoHaHcHble nonepedHbie  KoaeGanus. B atoM  cayuae
naaHapibie KoaeGaHua e 3apMcaT or neesoaderta W vacrors KoaeSanui
HMEeT BHA (2.3). A Aas nonepedHbix KoaeGaHHH

~2hA(m/a)’ cpo(l - a"tha)
D(nfa)’ ~2pho’ +24%; h(n/a)’ (1-o 'tha)
H PE30HAHCHBIE YACTOTE HMEloT Bup (2.4).

Pasaarasn B Qopmyse (24) dyukuuio th 5 psa no crenensm o M
OPAHHTHBAACH TREMH YASHAMH PAAR, NOAYUHM, WO BO BTOPOM MPHOAHMEHMH

r"I")II=

202 2 LA
m./m,, (rae @ = Dk /prr ] HE 3ABHCHT OT TOAIMHEL TAACTHHKH, a B
TPETLEM NPHOAHMEHHH



2N g Yt ates

o’ (1-v?)4* 201-v*)4a
— = 1 -

3 EB SEB

3. PaceMoTpud  BONPOC PASAGANEMOCTH  MEXAHHYLCKHX Ui ALY

YCAUBHH  HA  TOPHAX NAACTHHKH. BosbMeM  pasaMuHEie MEXaHHYeCKHE
IPAHHYMHEIE YEAORHA, HaupuMep aaa kpas x =0,

1) Flyers kpait x =0 wapnupio onepr. Toraa, HENOALIYH  BBLPA K EeH M
BHYTPEHHHX CHA H MOMEHTOR (1.3), noAyuHm:

@y

o LGV

: , w=0
dy v

1l
(=]

=2 1 h
- D(;—l,[+h4 20, —— jmcdz
axs Hizs

2] B cayuae, KOrpa Kpad cBODOAEH, HMEEM:
o av cu  ov
[—+v——]+2mp =6 =i =)
74 ay ay  ox

aw aw

+ =
a? gy

]JI‘
+hd| 20 ——[o.dz
ki

il
_D_@:\- m;wh.»{ 0 2q>c+ —%_[I(pcdz (1 —v)D

3) B eayuae, koraa kpait ¥ = 0 Kecrko sapeaan
o
w=0 —=0 n=0 v=0
ax
Kak BuAHO, B paccMaTpHBAEMBLIX TPAHMUHBIX YCAOBHAX YPABHEHWN AAs
Wo Q. H M, V, O, paspeAsiorc.

4. PaceMoTpuM BRIHYMKACHHBIE KOAGDAHMS TOHKOH NLE30OACKTPHYCCKOH
IIAQCTHHKH-NMOAOCK,  KOTOpAs UWAPHHPHO oleprda mo Kpasm  x = 0o .
ROACDAHHA NPOMXOAT HOA ACHCTBHEM OAGKTPHUECKOTO NOTEHIHAAD () |
HAGHHOTO Ha TOPLAX NAACTHHKH.

[TyCTh SapAaHBL CACAYIOUIHE JACKTPHYECKHE HOBEPXHOCTHBIE YCAOBHI:

©. =0 npn Z=Rhe o o= 1pH z=-h {4.1)

[pu  BEIOpAHHBIX  NOBEPXHOCTHLIX  yCAOBMAX  (4.1) HARHAPHELEC
KOACOAHMA HAGCTHHKY OTASARIOTCS OT HONEPETHBIX KOACGAHHH W HE JaBHeaT
oT nhesoaexra.

PaccMorpuyM  ypaBHeHHs, ONHCHBAIOIHE NONEPeuHLe  KoAeOA ks
HAACTHHEH-MoAOCE! (1.10).

BhiOpatHbe rpaHHuHEIE YCAOBHS HMEIOT BHA:

aw=0, M _=0, o=V, sines pu x=0a (4.2

PEWMB  MOCTABAGHHYIO TDANMUHYIO 38AaYy AASL NOTEHIHaAd HOAS it
nepeMenenui, lIJ\)"‘IH.\I

=1 +ZCD ()smE sin i, w-*smern' sin 1

=l nel a
ch '™,
D, (z)= “—Iw" +21 g_)—" g i e w, {4.3)
] T R AAL e
(2}
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0 XETCE =
a
)’ o)’ | th wmt
x||=| -2 m*-sz(-—] — | —f ]
(a] B a/ e | xnmh
a

OTCIOAD  MOMKEM  JTIOAYYHTE  PEe3OHANCHBIE  UACTOTR  MONepednbix
KoAcBaHH:

2 2 2 th Ziﬂﬁ
J l[ﬂ‘!) S IEsy) W
I\ a g,(1-v) | wnmh
a
npu =135,
0 = 1pH n=246.. (4.4)
PaccMOTPHM APYIHE BAPHAHTEL SACKTPHICCKHX IPAHHTHEIX YCAOBHH:
6) Mycrn o, =V, sinof npH x=0
¢, = -1, sina/ 1pH x=a (4.5)
B aT0M CAYUAE AASL PRIOHAHCHRIX 1aCIOT KOACOAHHH HOAYHAeM:
® | =0 npH =35 (4.6)
wnh
seamE i e ) S
e p[l-—vl) a’ |3\ a g, (1-v) | xomh
a
npu n=24406,.. 4.7
B) [ycrs o, =V, sinor pH x=0
¢, =0 pH x=a (4.8)

[MpH 9THX TPAHHIHBIX YCAOBHAX AA PEIOHAHCHBIX TaCTOT NOAYYAEM TO
e BRIpaKenue (417), TOABKO AAsl BCeX HATYPAABHRIX 1 .

CpaBRHHM 1TOAYYEHHBIE PEIOHAHCHBIE MACTOTEH KOASGAHHH ITAACTHHEH ©
PESOHAHCHBIMH HACTOTAMH 3aAauM, paceMorpentod n [1]. B yxkasauuoi
paGoTe  PacCMATPHBAAHCE BEIHYKAGHHBIE KOAeDaHHA IMapHHPHO-oMepTok
NLE30IACKTPHUECKOR  [MAACTHHEH-TIOAOCH], KOIAA HA  AMUIEBHIX [IAOCKOCTAX

w
aapaHBl |, =ie'thpU”(z)sinE

n=] a
A Ha TOpUAX MAACTHHKH IIOTEeHIHAA [IOAN PABeH HYAID,

AASL PACCMATPHBAGMOH  30A04M  PEIOHAICHBIE YaCTOTHL  [TAAHAPHLIX
KoAeOOHHH HMEloT BHA

_L(E]z
m“p[|--\f:] = I]

d NonepeyHble KoAeDaHHA He pe3cHalcH

(5

5 e

BEIMHCAHM L["=m;/l.;:t:,, AASL TABCTHHKH-NOAOCKH], M3rOTOBAGHHOH H2
NLe3oKepaMuKd PZT-4 pH pasAHaibX 3HAYSHHAX OTHOCHTEALHOH TOAIIHHLI
h/r.i' H AASl PASAHYHEIX BAPHAHTOD SACKTPHYECKHX IPAHHYUIILIX YCAOBHM
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HMexopHBIE NapaMeTphl Nhe3oKepaMHKH PZT-4 caeaylomHe:
gl =1475, €1, =1300, d;, =~-123-10", d,; =496-10"°
dy, =289-10" [d, % x|, SF =123-107"

SE =155-10"%, S5 =-405-10", S =-531-10"

S8 =390.10"",[SF -cv’amun], p=75r cm?

TaGauya |
n a 0.01 0.02 0.03 0.04 0.05
1 3.3101 1.318103 | 2966103 | 527310 | 8.239:10°3
3 296610 | 1.186102 | 2669102 | 4745102 | 7.414:102
<] 8239103 | 3.20510% | 7.414102 | 1.31810°! | 205910}
7 1615102 | 6.458102 | 1.45310°1 | 2.58310°! | 4.03510!
9 2.66910% | 1.06710°! | 2401107 | 4.26810°! | 6.668:10°!
Tagauya 2
N/ a 0.01 0.02 0.03 0.04 0.05
2 1.318103 | 527310 | 1.186:102 | 2.109102 | 3.205102
4 5273103 | 2109102 | 4.745102 | 8.43510 | 1.317-10°!
6 1.186:102 | 4.745102 | 1.067-10°! 1.897:10°! | 2.964:10°!
8 2.109102 | 8.435102 | 1.89710°! | 3.37210°! | 526910
10 3205102 | 1317100 | 2964101 | 52691070 | 8.231-10°!
B Taba. 1, 2. npHBepeHBl YHCASHHBIC DPE3YABTATEL OTHONIEHHA i
PEIOHAHCHBIX YACTOT YKa3aHHBIX 33Aa4 B CAYYae SAEKTPHUECKHX IPaHMUHBIX
YCAOBHH COOTBETCTBEHHO a) H 06) AASE n=[1...10 "

hfa =001, 0,02, 003, 0.04, 005.. B neprom caysae ¥ =0 npu uernrix 1, a

BO BTOPOM CAYYae "P = 0 NpH HETETHBIX n.

B cAygae SAEKTPHUECKMX [IDAHHYHBIX YCAOBHH B) OTHOLIEHHE Y
NPHHHMAET 3HAYEHHS 0Oenx TabAuL, (aas Beex # = 1,...,10).

YucAeHHELE peByAbTﬂ’l‘.&l MOKa3bLIBAKOT, UT0 C BO3pACTAHHEM N 3HAYMEeHH:A
pe30}lﬂ}]CHHX qyacroT of0eHx 3apad cOAMXAIOTCA,

AA OMeHb TOHKHX TAACTHH [h/a =001) pelcHAHCHHE HaCTOThI
nonepeuHsXx KOAeGAHHH Ha ABa MOPAAKA MEHBIIE, 49eM COOTBETCTBYIOLHE
pe30HAHCHBIE YACTOTHl MAAHADHEIX KOAeDAaHHH. AAS OCTAABHBEIX CAYYaen
OTHOCHTEABHOH  TOAIIHHE h_/a Ha TOPAAOK MeHbie, C  yBeAHUeHHeM
OTHOCHTEABHOH TOAIIMHEL MAACIHHKH 3HAYEHHA P30HAHCHBIX YacToT oDenx
3aA84 COAMKAIOTCA.

CpaBHHM 3HAYeHHd PEe3OHAHCHLIX HYACTOT NONEPEYHKIX KOAEOAHWH
3AAAYH, KOTAQ HA AHIUEBBIX [TAOCKOCTIX NAACTHHEH 3aAAHRI YCAOBHA

. X . T
0, =0, sin— ¢ =-@," sin—
a a

AASL [IOTEHIHAAD DAEKTPHUECKOrO MOAfl H PACCMATPHBAGMOW 3aAAYM, KOTAQ
MAACTHHKA KoAeGAeTcH oA AGHCTBHEM IOTEHUHAaAa [OAf, 3aAAHHOTO Ha
TOPIEBEIX [TAOCKOCTHX.
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B cayuae TpaHHUHBIX YCAOBHH (4.2) aTH 3HAMEHHS COBNAARIOT OPH
HeuerHpix M. (TIPH 9eTHRIX 3HAUSHHAX 1 B paccMaTpHMBaeMOoH 3apaue).

B caysae rpaHHMHBIX ycropud (4.5) 9TH 3HAUEHHHA COBIAAAIOT HpH
HEOUPTHRIX 3HaYeHHAX M. B cayuae e YCAORMH (4.8) pesonaHcHBIE Y4CTOTHI
0BEMX paccMaTPHBAEMBIX 30AQY COBMAAAIOT TIPH BCexX 3HATeHHAX I .

PaccMoTpeHHEE B paGoTe CBOGOAHBIE H BEIHYKACHHBIE KOAeGaHHA
MAACTHHKH NPHBOAAT K CACAYIONTHM BEIBOAAM.

ECAH NOTEHIMAA SAEKTPMYECKOTO MOAS BHYTPH [MAACTHHKH TAKOB, TTO
©ro MOMKHO HPEACTABHTL B BUAE CYMMELL CHUMMETPHIHOH H AHTHCHMMETPHUHOH
OTHOCHTEALHO TOTEPEIHOH KOOPAMHATE! cpyHKUMI, TO ypaBHEHHE [AAHAPHBIX
KoAGBAHMI, IAG YUACTBYeT Takke aHTHCHMMETpHuHAA HaCTh NOTeHIHAAL
[OASl, OTAGAAETCsi OT YpaBHEHHH MOMEPeutbix KoAeDaHWH, B KOTOPBIX
ydacTsyer CHMMETpHYHAdA HacTh nmoteHnmaia noad. He 2 KoaeGanud
CBA3AHbl PAHHUHBIMM YCAOBHsIMH. [lOKasaHo, HTO NPH COOTBETCTBYIOUIEM
BHIOOpE OAEKTPHUECKMX IOBEPXHOCTHBIX YCAOBHH YTIOMAHYTBIE 33A4H
OTAGAAIOTCSE  APYT  OT  ApyTa. OTABASIOTCS  TaKKe  PAcCMOTDEHHKIE
MeXaHUUIeCKHe YCAOBHS HA TOPIAX MAACTHIHKH.

PaccMOTpelbl 3aARYH BBIHYMASHHEIX KoAeOAHHA MAACTHHKM, KOTAQ HAa
AMIEBEIX TAOCKOCTAX 33AAHEI [EPHOAHYECKH HaMeHdeMble BO  BpeMeHH
[IOTEHIHAAL] SACKTPHUECKOTO TTOAH. B caydgae 4HCTO NAAHAPHEIX KoaeGaHHH
OAYUEHHBEIE Pe30HaHCHBIe TacTOThl COBMAAAIOT C paHee H3IBeCTHBIMH 12]. Ho
B oraMude or paborel [2], 3pech HAAHADPHRIE KoAeDaHuA BAEKYT TAKKe
fonepedHEe KoaeGaHHA, KOTOphle HE peaoHaHcHble, [lokazaHo, 4TO HpH
ONPEACACHHEIX OACKTPUYECKHX MMOBEPXHOCTHBIX YCAOBMSIX BOSMOMHEI THCTO
nopepedHsle  Pe3oHalcHBIE KoneBaHus. MCCAGAOBAHO  B3AHMOACHCTEHE
HAAHAPILIX H HONepedHbIX koreGaHHA B 00IeM chAydae.

PaccMoTpeHa 3apava BBIHYHAEHHBIX NonepeaHbIX KoAaeDaHHH
HAACTHHKA [OA ACHCTBHEM PAasAHUHBIX IAKTPHUECKHX HATPY30K, 38AAHHbIX
fa  TOPUEBLIX  HOAOCKOCTAX. [MoAyueHHBle  PE3OHAHCHEIE  HACTOTH!
CPaBHUBAIOTCA € Pe30HAHCHBIMH YACTOTAMM MAAHAPHBIX M DOMEPEMHEIX
KoaeDaHMH, KOrpd MAACTHHEL KoAeDAETCH MOA ASHCTBHEM SABKTPHUECKOH
HArpy3KH, 3GAAHHOH HA AMIEBLIX NAOCKOCTAX (AAf NBE30KEePaMHKH PZT-4).
UicAGHHBIE  Pe3YABTAThHl  [OKA3LBAIOT,  AAL  OHUEHE TOHKMX  [IAACTHH
(hfa=001) pesoHaHCHEIE 94CTOTH [onepeuHsX KoAeDaHui (B 3apaue
KoAeGAHil NIOA ACHCIBHEM TOPIEBOH Harpy3kd) Ha ABa NOPHAKA MEHBIIE,
qeM COOTBETCTBYIOUIME pPEe30HAHCHBIE YACTOTEL MAQHAPHBIX KoAeDaHHR (B
3apaue KOACDaHHH TOA ASHCTBHEM JaAQHHON Ha MOBEPXHOCTH HArpy3kH). Aad
OCTANBHBIX CcAyIaen pACCMOTPEHHOH OTHOCHTEABHOH TOAIHHEL
(hfa=002,..0.05) oru HacTOTH OTAMNAIOTC HA nopaAok. C BospacTaHdeM n
apaveHusl pe3oHaHCHBIX YacToT 0Deux 3apat COAMMKAIOTCH .

ABTOp BEIpAXKAeT GAaroAapHOCTL npocpeccopy M.B.BeayOekany 3a
[OCTAHOBKY 33AA4H M LIEHHBIE KOHCYALTALHH.
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