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IIpedcmasnena modens 6biHYMOCHHDIX PEIOHAHCHVIX KOICOAHUL U OUCCUNAMUBHOZ0 PA302PEBA NPAMOYZOIOHBIX
JCECTNKO 3AULEMAEHHDIX BASKOYNPY2UX NIACTMUN C NbE30AKMYAMOPAMU C YUemOM 2e0MeMPUUECKOll HeAUHEHOCU
u depopmavuii nonepeunozo coeuza. Memodom Bybrosa—Ilanepkuna noayuero npubIuiceHnoe aHaTUmuiecKoe
pewenue amoi 3adauu. /lan aHaius eausiHUs 2eOMeMPUUECcKOl HETUHEHOCMU, C08UZ08bIX deopMauii u mem-
nepamypol OUCCUNAMUBHOZO PA302Pe8aA HA IPDEKMUSHOCTb AKMUEHOZ0 OeMNDUPOBAHUsL KOLCOAHUTI NIACMUNDL
npU NOMOUU Nbe30AKMYaAmopos.

Katoueewie caosa: pesonachvle Konebanus, 2coMempuyieckas HeluHelHocmy, Oehopmanyuil cosuza, nbe30aKmya-
mop, pasoepes, akmugHoe OeMnpuposanue.

B nocieave roipr 171st ieMiichupoBaHus KoJieOaHU TOHKOCTEHHBIX 2JIEMEHTOB 3(hMEKTUBHO HC-
MOJIb3YIOTCS aKTHBHBIE METO/IbI, Oa3MPYIONIHEcs Ha BKJIOUYEHUH MMbe30aKTUBHBIX KOMIIOHEHT B
CTPYKTYPY ITaCCUBHOTO TOHKOCTEHHOTO 3JIEMEHTA U3 METAJTNYeCKOT0, TOJTMMEPHOTO UJIN KOM-
MMO3UTHOTO MaTeprasa. B GOJBITMHCTBE CJIy4aeB B KAYeCTBE aKTUBHBIX 9JIEMEHTOB BBICTYTIAIOT
MTbe303JIEKTPUYECKe KOMITOHEHThI. OTHUM M3 OCHOBHBIX METO/IOB aKTUBHOTO /IeMTI(DUPOBAHMS
KoJlebaHUH TIACTUH U 000JI0UEK SIBJISIETCST METO/I, OCHOBAHHbII Ha MCIIOJIb30BAHUH TThE30aKTya-
TOPOB, K KOTOPBIM TIOZIBOJIUTCS Pa3HOCTb MOTEHIINAIOB, KOMIIEHCUPYIOIIAs IeliCTBIEe MeXaHde-
CKOW HarpysKH, B pe3yJibrare 4ero aMIInuTy/a KouebaHuil CymecTBEHHO yMeHbIaeTcst. [JIaBHoi
3aj1aueil TIpu 3TOM SBJISIETCS pacueT YKa3aHHOW Pa3HOCTH IMOTEHIINATIOB, PA3MEPOB aKTyaTopa, ero
pasmentenus 1 ap. OcobeHHO 3aMeTHOE BiMsgHKEe Ha 9(DPEKTUBHOCT PAaOOThI aKTYaTOPOB OKA3bi-
BaeT TeMIlepaTypa, B TOM 4ucJie U TeMIlepaTypa auccunatusioro pasorpesa (T/[P), Bozaukaio-
1as B pe3yJibTaTe rucTepe3nucHbIxX notepb B Matepuade. Ilo noctuxenun TP Toukn Kiopu nbe-
3oMaTepuasa akTyaTrop IepecTaeT BhIOJHATH cBOe (DYHKIIMOHAIbHOE Ha3HAUEHNE U3-3a ITOTEPHU
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aKTUBHBIM MaTeprasioM mbe3oaddexra. [l aHM30TPOITHBIX MaTepuaJoB W BBICOKUX yYPOBHEN
rapMOHMYECKOTO HATrPy/KEeHUsI, a TaKKe JJI HeJOCTATOYHO TOHKHUX IJIACTHH HEOOXOAUMO Y4M1-
THIBATh JiehOPMAIIMU C/IBUTA U TEOMETPUIECKYIO HEJTUHEMHOCTb.

B mamnoii pabote mpejcTaBieHa TOCTAHOBKA 3a/[aud O BBIHYIKIAECHHBIX KOJIEeOAHUSAX U JINC-
CUTIATUBHOM Pa30TpeBe BSA3KOYIPYTUX MPSMOYTOJbHBIX TIJIACTUH C aKTyaTOPAMHU TP yUueTe Teo-
METPUYECKON HeJmHeHHOCTH 1 Aedopmaniuii casura. Merogom BybHoBa—lasepkura morydeHo
npUOIMKEHHOE aHAJIUTHYECKOE PEllieHre JIJIs CIIydasi JKeCTKO 3allleMJIEHHBIX TOPIOB ILJIACTIHHBI.
Ompenenena auccunaruBaas ¢yHkimd. [lonydeno anamuTrudeckoe pelieHre ypaBHEHUS 9HEP-
run. Jlan aHaJu3 BIUsTHUE TeOMeTpUUYecKoi HelnHeiHocTH, nedopmanuit casura u T/IP Ha ag-
(beKTUBHOCTDH PabOThI AKTYaTOPOB.

ITocranoBka 3amaun. [locTaHoBKa 3aauu 0 KoJIeOaHUSX M AUCCUIIATUBHOM Pa3orpeBe Iiap-
HUPHO ONIEPTON BA3KOYIIPYTOU TIIACTUHBI C CEHCOPAMHU TIPH yUeTe TeOMeTPUIECKOl HeJIMHEHHO-
cTu 1 fepopmaruii cABUTa IpuBeeHa B [ 1], Te mpegcTaBieHbl ypaBHEHUS IBUKEHUS depe3 Tre-
peMeleHus 1 Yrabl MoBopoTa. /g MIacTuH ¢ akTyaTopaMyu OHU UMEIOT BUJL

Li(u,0,w)=0; Ly(u,v,0)=0; L3(u,0,©,¢,, (py)+q0 = lyw;

(D

L4(u7 0,0, Q,, (py)_(aa%) =0; LS(uy 0, Q,, (Py)_ % =0.

X oy

Boipaskenus s oneparopos L;(i=1-5) mausl B [1]. B Hux ciemyer Bce ynpyrue Xapakre-
PUCTUKU COTJIACHO TIPUHIIAITY COOTBETCTBUS 3aMEHUTh HA MHTETpaJibHbIe oriepaTopbl Bosbrepa ¢
HCIIOJIb30BaHUEM aJireGpbl 011epaTtopos [2].

AnammTudeckoe pemenue 3agaun. Onepatopbl L, Ls ABIAIOTCA JINHEHHBIMU OTHOCUTEIIb-
HO @, @, @ . PaccMOTPUM pe30HAHCHbIE KoJIeOaHUs IIJIACTUHBI B OKPECTHOCTU HEKOTOPOi (Ha-
puMep, TIEPBOI) PE30HAHCHOI YacTOThI KOJeOaHMil TIPSIMOYTOJBHON TIJIACTUHBI C PasMepaMu
a<x<a, 0<y<b.IlpencraBum mnomnepevHblii Iporub MIACTUHBI B BUJIE:

w=W,, (1-cos2k,x)(1-cos2p,y) . (2)

ITO BbIpa’kK€HHE€ Y/IOBJETBOPACT YCJIOBUAM JKECTKOI'O 3alllEMJIEHUA I HPOFI/I63

w:a—w:o npu x=0,a u w:a—wzo npu y=0,b.
ox Y

[Toncrasias Bpipaskenue (2) B oiepaTopbl Ly, Ls , peluM ojy4eHHble ypaBHEHUS OTHOCUTEIBHO
®,, ¢, Ilocse TPOMO3AKIX BBIK/IALOK Oy IHM

@, =@y 8in 2k, x+ Q3 8in 2k, xCOS2p, Y, O, =Py SiN2p,y+ @y cos2k, xsin2p,y . 3)
DopMyJIBL AT @y, ©13, Pog, P9y  HE IPUBOUM U3-32 MX POMO3IKOCTH.
0
Boipaxxenusd (3) yZ0BIeTBOPAIOT IPAaHUYHBIM YCI0BUAM @, =0, % =0 mpu x=0,a;
X

=0 mpu y=0,b.

0
9, =0, ;’x
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[ToxcraBnas seipaxkenue (3) B npeacTasieHuble B [1] oneparopsl Ly, Ly, IPUXOAUM K CUC-
TeMe UHTerpo-1uddepeHnantbHbIX yPaBHEHUH OTHOCUTEIBHO U U 0!

821,{ 820 82u 3 . 2
A11?+(A12 +A66)W+A66ay—2:—2k Ay sindkx(3-4cos2py+cosdpy)W=,

%0 o%u *u 9% 3 2 @
14228—2+AMW+A6 (Bx8y+a_2 =-2p° Ay sind py(3—4cos 2kx + osdkx)W*.

X

v

Pemtenue aToit cuctemsl, y10BJIeTBOPSIOIIEe TPAHUYHBIM YCJI0BUSAM U = (), E™ =0 mpu x=0,a
X

v=0, g—u:O npu y=0,b umeer Buj
Y

u = (uy1 Sin 2Rx + 149 sin dkx + 15 sin 2kx cos 2 py +uy 4 sin 2kx cos 4 py +
+ U5 sin4kx cos 2 py +uy g sin 4kx cos 4py)W?, 5)

0= (vy15in2py + 049 sind py + vy3 sin 2 py cos 2kx + vy, sin 2 py cos 4kx +

+ 045 Sin 4 py cos 2kx + vy sin 4 py cos 4kx)W 2.

Bpra)KeHI/IH JJIA ul], ii HE IPUBOJAVM MN3-3a UX TPOMO3JKOCTHU.
Z[JIH BbIBO/la YpaBHEHWA OTHOCUTEJIbHO w UCIIOJIb3YEM TPETHE YPABHEHUE CUCTEMbI (1)

2 2 p) 2
K Ass J w+8<px +KgAyy a—w+& +9414 a_u+1(a_w) +
ox®  ox Y ox 2\ ox
2 2 2 2 2
PRI R | R A A L ) T a_u+1(a_w) o, (6)
E)y 2 ay ox dy 2\ dy ox 2\ ox oy
2 2
+ 2 AGG au a()+ a_wa_w a_w+q [ a
By ox \ dx dy ) || oxdy ot?

Jluist onpeziesieHnst Pa3HOCTU MTOTEHIIMAIOB, KOTOPYI0 HEOOXOAMMO IOABECTH K JIEKTPOAAM JIJIsk
KOMIIeHCAI[MN MeXaHUYeCKOl Harpy3Ku, MOsKHO OTPAHUYUTLCS JTMHEITHON CUCTeMO OTHOCUTE I b-

HO W, Qy, @,

82(p 2(P 82(p ow oM,
Dy —5- " +(D12+D66)a o Lt Dgg—- _KSASS(a <Px)——ax0 =0,
G %0 o%¢ dw oM
Doy —2+(Dyy+ Dpe ) —2+ Do —2L — KAy, | — —-—0 ), 7
29 " +(Dyp + 66)axay+ 66— 2 ~Ks 44(ay+¢y) 3 (7)

*w 09 o*w 09 9*w
KSASS(ax—2+a—;)+KSA44[$+a—; +q=IO—.
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Csenem cuctemy (7) K ypaBHEHWIO OTHOCUTEIBHO @ . J{JIsT 9TOTO MCIOIb3yeM CUMBOJIIMYECKITI

0 0

MeTo/l, GOPMaJIbHO 3aMeHsIsl IPOU3BO/IHbIE = 3, Ha k, p coorBeTcTBeHHO. B pesyibrare 1mo-
X oy

JIYYUM CHCTEMY ajreOpandecKux ypaBHEHU

(Dyk* + Dggp* = KgAss) 0, +(Dys + Dgg ) kpo,, = kM) + K 5 Asskeo,

(Dyyp* + Dggh® = K Ay )9, +(Dyy + Dgg) kpo, = pM + Kg Ay pro, (8)

0%w

ot?
Pemast mepBble 1Ba ypaBHEHUS CUCTEMBI (8) OTHOCHTEJIBHO @, @, U IOACTABIISIS HOTYYeH-
HBIIL/’I p€3yJU:>TaT B TpeTbe ypaBHeHI/II;)I (8), HOJIyI{I/IM CHUMBOJINYECKOE ypaBHeHI/Ie OTHOCHUTEJIbBHO .

KgAss (R w0+ ko, )+ KsAy (p*w+ po, ) +q =1,

(K5 AssA+K§A55hy) b* +(Kg Ay A+ K§Afa)p® = paKg Ay Ass (ay +by)]w+

+K [ (Assk®by + Agy p°by) — (Assby + Aggan Yep| My + Aq = I, 9)
31ech

A=ajby—ayly, a;=Dyk* +Dgsp” —KgAss, ay=(Dyy+Deg)kp, (10)
by = Dyyp* + Dogh” =K Ay, by =ay.

N3 (9), (10) myTem yka3aHHOI BBITIIE 3aMEHBI TIOJYYUM HHTETPO-AnddepeHInaabHoe ypaBHeHNe
oTHOCUTENBHO w. U3 (9) BUAHO, YTO /I KOMIICHCAIIMN MEXaHUYECKOI HAarpy3Ku HEOOXOIMMO
MO/IBECTU K aKTyaTOpy Pa3HOCTb IMOTEHIINAIOB, KOTOPasi Olpe/iesiieTcs U3 YpaBHEeHUs

K[(Assk®by + Agy p*by) — (Assby + Aggar Ykp M +Aq =0. (11)

[Tpu momoinu ykasaHHbIX Bbilie 3aMeH n3 (11) 1 paBHOMEPHOI MeXaHUYeCcKON HarpysKu 110-
JIYYUM YpaBHEHUe

oM oM 9*M,
KgAss|(Dyy—Dyy—D O +D 0 _KgAy, —2 |+
s 55[( 99 =Dy 66)ax28y2 66 7 sAu— 3
o' M, o' M, My | s
+Kg Ay | (Dyy = Dig = Dgg) ——— 5+ Dog— — KgAss —— [+ K5 Ay 4550 = 0. (12)
0x“dy oy oy

JL71s1 riccIieIoBaHMsT ONTUMAIBHBIX PA3MEPOB PACIIOJIOMKEHHOTO B IIEHTPE IUIACTHHBI aKTyaTopa CUn-
a-c b-d a-c b+d a+c b+d a+c b-d
27 2 2 27 27 2 2 27

TaeM, 4YTO KOOP/IMHAThBI €TI0 BEPUINH PaBHBI: ; , ;

Takum o6paszom,

My(x, 9)= My [H(x-%)-ﬂ(x_‘%cn[fz(y_%)_ff(y-¥)] (13)

3necp M, — xoncranra, a H(x) — ¢pynkuusa Xesucaiizaa.
ITpu perrennn HeIMHEHHON 3aMaun MeTonoM ByOHOBa—lasepkuHa I/ OnpeaeIeHns Ol-
TUMAJIbHBIX Pa3sMepoB akTyaropa HeoOxoxumo (12) ymuoxuth Ha (1-—cos2kx)(1-cos2py) u
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MIPOMHTETPUPOBATH 110 HeoOX0 MO oOacTu. [Ipu sToM nmeem

—

82Mo(x,y)=M 8,(x_a—c)_8,[x_a+c) H(y—b_d)—H(y—berJ

ax2 0_ 2 2 2 2 ’
IMy(x.y) _ ”H(x_a-c)_H(x_a_ﬂ) 8,(y_u)_8,(y_b+d)

82 0 9 9 9 5 ,

Y L
o My(x, y) (3)( ) (3)( a+c) ( b—d) ( b+d)
Tt M H|ly-——|-H|y-—— 14
ot 0|9 5|9 5 A y=—— | D
4 —
e S

) 2 2 2 9

Y L
42—2=M0—6(3)(96—&)—6(3)(95—‘1—“)][5(3)(y_ﬂ)_5<3)(y_b+d)]’
0x“dy | 2 2 2 2

rie 8 (x) — poMsBoOLHAS 7 -TO MOPSILKA OT Ae/bra-pyHKIIE ().
[Tpu BBIYMCTIEHNN UHTETPAJIOB CJIEYeT YIUThIBATD (hOPMYITY

b
jf(&)éS(”(&—X) dé= %(—1)’[][(”()(—0) + fO(X+0)] (a<X=<D).

Ucnomnbsyd (14), momydnm, HaITpuMep:

{{a My (x, y)(1 cos 2kx) (1-cos 2 py) dxdy = 16M0_Zs1n[n(2)]sin{ﬁ(%)]:

TC2 .9 [
=16My—sin“y, y=m—. (15)
ab L
3nech [, L — cOOTBETCTBEHHO AMArOHaIb aKTyaTOpa U [UaroHab [1aCTHHbL.
AHaIOrMYHO BHIYKMCIAIOTCA ¥ OCTaIbHbIE HHTErPAJIbL.
B pesyssraTe MOMyYnM CIeayonyo (GopMyJIy s ONpeIeTeHns: ONTUMATILHOTO Pa3Melle-
HMS aKTyaTopa:

a’+b? 1 1
My=q /Ay, Aj=4K2AAx ——— s +16m1 QKS{(a A55+b A44)D66(s1n\|1)><

. 1 .
X(siny +y) —W[ASS (Dyy — Dy — Dgg)+ Ag4(Dy1 = Dyy — Dy )} sin W}- (16)

Kax Buzno us (16), npu / -0 u [ — L Besmmunna M) — oo, TaK 4TO [IPU MAJIBIX Pa3Mepax aKTya-
TOpa ¥ TP MOJTHOM TIOKPBITHHU MTOBEPXHOCTH TIACTUHBI AKTYATOPOM YIIPABJSATH KOJTEOAHMSIMU
I1acTUHbI HeBO3MOkHO. Iloctpous rpaduk saBucumoctd M, OT Y, HOJIYYUM ONTHUMAaJbHbIE
pasmepsbl akTyaTopa.
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Hozxcrapisist BBIDAKEHUS UL U, 0, @, @, B ypasHenue (6) 1 IPUMEHSIS K HOTYYEHHOMY pe-
3ysbraTy Metojt byGHoBa—lasepkuHa, mocje rpOMO3IKUX BBIKJIAJ0K TPUXOIUM K HHTErPO-/ud-
(epeHIaTPHOMY YPaBHEHNUIO OTHOCUTETBHO (pyHKITMN Bpemenu W (¢):

+ +Ag+ =T, AW.
LOW + IPDW3 4 Ag+A My = [, AW 17

[Tpu mcnosb30BaHNM ACUMIITOTUYECKIX MeTozioB [3] mHTerpo-nuddepenimanbioe ypaBuenue (17)
CBOAUTCSI K OOBIKHOBEHHOMY in(hhepeHITnaIbHOMY YPaBHEHUIO € KyOUUECKO# HEJTMHEITHOCTHIO

W+ 20,W + g W + K,W? = ¢, (18)
e
q1=(q—QM;) / I, (19)

Ecam nbesocsion cuntath ynpyrumu, To Q ABISETCS KOHCTAHTOHN W IIPOTIOPIIMOHATIBHO TIO/I-
BOJIMMOI K aKTyaTOpy pasHOCTH noTeHnuanos V:Q =q,V .

JletambHoe oOcyxaenue ypasHenus (18) mpemcrasiaero B Mororpadun [4]. Tam ke meTo-
nom ByGHOBa—TamepKiHa moJIyueHo 1 ero peleHre, KOTOPOe MPU TapMOHNYECKOM HATPYKEHIH
MeeT BU/L

W =W’coswt —W”sin wt.

B [4] nonydeno anrebpanyeckoe KyOmueckoe ypaBHEHHUE ISl KBa[paTa aMIJIUTYIbl KOoJeOaHwit
2
X=|W[ =W +(W")*:

b X3 +by X% +b X —by =0. (20)

Koadpdummentsr b;(i =0, 1, 2, 3) npusenenst B [4 |. Tam e npezacTaBien u rpaguk 118 aMIIn-
TYZIHO-4aCTOTHOW XapaKTEePUCTUKHU, KOTOPBIM MMeeT CTaHJAPTHBIA /I HEeJMHEWHOU CUCTEeMbI
Bujl. [IpuBeieHo Takske BbIpaKeHHUe /ISl MAKCUMAIbHON aMIIUTY /bl KOJTeOa Wit |w|max. [Tocne
onpeznenennss W us (3) Haxomarest ¢, 1 @, . 3aTeM U3 (5) onpesiesisiiorest U U 0.

3Hast @, @, @, U, v, HaiigeM Aeopmanuy, a U3 OUPEETIONIX YPABHEHINH — YCHIINS 1
MOMEHTHI.

OnpenesneHue TeMnepaTypbl JUCCUNIATUBHOTO pa3orpesa. /[uccunarusnas dynkiusa D on-
pezessiercd hopmyIoi

2

(0] ” 2 ” 2 4 2 ” ? {1 a(p
D=4 €| +2A0) Sxxeyy‘ 4 SW‘ 2 68"9‘ DSt
2 2 2
Jdo. 0 0 0 d
e A BT Eea
ox dy dy dy  ox
D) 2
” aw ” aw
+ K A7, $+(py + K A% g"'(px @b

nir

2
371ech BBEJIEHO 0O03HAYCHUE |ab| =ab+a’b".
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Cunrad reoMeTpUIeCcKyt0 HeTMHEWHOCTD U BA3KOCTH BETMUMHAMI OTHOTO MOPSIIKA, MOKHO B (21)

" 2 2 2
HE€ YUUTbIBATb HEJIMHEWMHbIC YJIEHbI B KUHEMATUYE€CKHUX COOTHOIIECHUAX 1JIA |€xx| y ‘Eyy‘ y ‘Exy‘ ,

2
. Torz[a JAUCCHUITaTUBHAA (bYHKHI/IH OIlpe/ieJIAETCA BbIpaKEHUEM

ety

D = Dy + D cos2kx + D, cos 2 py + D5 cosdkx + D, cos 4 py + D5 cos 2kx cos 2 py +
+ Dg cos 2kx cos4 py + D cosdkx cos 2 py + Dg cosdkx cos4 py. (22)

Kouncranter D; (i =0+8) He BBIIMCHIBAIOTCS U3-3a UX TPOMO3/KOCTHU.
[lo ananoruu ¢ M3JI0KEHHBIM B [4], 1711 cirydas TeIJIOU30JUPOBAHHBIX TOPIIOB IJIACTUHBI
CTAIlMOHAPHOE pellleHre YPaBHEHUS 9HEPTUH HAXOAUTCS B BUJIE

0=0, +6, cos2kx +0, cos2py + 05 cosdkx + 6, cos4 py + 65 cos 2kx cos 2 py +
+ 0 cos 2kx cos 4 py + 0 cos 4kx cos 2 py +0g cosdkx cos 4 py. (23)

Bripaskennsa aya koncrant 0;(i =0+3) n3-3a UX FPOMO3JIKOCTU He IIPUBOAATCSL.

Anams nosmyvyeHHoro pemenusi. Kak sugno n3 (18) u (19), ecsiv kK akTyaTopy T0/IBECTH pPas-
HOCTb HOTEHINAJIOB, OIIpeessieMylo u3 cooTHomenus M, =g /Q, Harpyska Ha IIJTACTUHY HC-
Ye3aeT M aMILIUTY/[a BEIHYSKAEHHBIX MOMEePEYHbIX KostebaHuii paBHa Hy 0. [Ipr aTOM reomeTpu-
YyecKast HeJIMHEITHOCTD He BJIMSIET HAa TY PA3HOCTH MOTEHIIMAIOB, KOTOPYIO HEOOXOINMO TTOIBECTH
K 3JIEKTPOJIaM [IJId KOMIIEHCAIlUW MeXaHu4yecKoil Harpy3ku. [loatomy st pacuera ykazaHHOU
Pa3HOCTH MOTEHITMAJIOB MOKHO MCIIOJIb30BaTh GoJiee TIPOCTYIO TUHEHHYIO TEOPHUIO, IETATbHO 13-
JIOXKeHHY10, Harpumep, B [5]. /L7151 TparcBepcaibHO-U30TPOITHOTO AKTUBHOTO MaTepUasa 3Ta pas-
HOCTbH MTOTEHIINAJIOB OIpe/iesiIeTcs 1Mo (hopMyJie:

2 (G\(hY a\
A A ) = m?+ —) 21t 24
o~ e e | ) (24)
Jlnst ocHoBHO MOziBI m =n =1 u3 bopmyet (24) cremxyet
2 2
v =y H 1+i(£)(ﬁ) 1+(ﬁ) . (25)
1-v{G" )\a b

[Tpu aTom momnpaBka K KJIaCCHMYECKOMY pe3yJibraTy, MOJy4YeHHOMY Ha OCHOBe Turote3d Kupx-
. G
rodda—JIgBa, 3aBUCUT OT OTHOIIEHUST MOAYJIel C/IBUTOB (E 1 OTHONIEHUS TOJIIIMHBI TIJ1ac-

TUHBI K pa3Mepy a. B 3aBUCMMOCTU OT MX 3HAUYEHUIl BeJIMUYMHA HOIPABKU MOKET ObITh J0CTa-
TOYHO GOJIBIIIOI.

13 Beipaxkenust (23) u u3 GU3MUECKUX COOOPAKEHUIA CJIEyeT, YTO P KoJebaHUsIX M0
MTepBOI MOJle MaKCHMaJibHasl TeMIlepaTypa JOCTUTAeTCsI B IeHTpe TJIACTHHBI, Korjaa X =a /2,
y=b/2,upaBna

8
Omax = |0k |- (26)
k=0
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Buimnyoicoenmvie pesonancivie xonebaniist u OUCCUNAMUBHDLLL PASOZPES JCECIKO 3AUCMICHHBIX BAZKOYNPY2UX NIACTIUMN...

[TpupaBHUBast MaKCUMAaJIbHYIO TEMIIEPATyPy TOYKE Jerpaganuu marepuaia 0y, Haitiem Kpu-
TUYECKYTO MEXaHUYECKYIO Harpy3Ky, TP MPEBITIEHUH KOTOPOI TIJIaCTHHA TTePECTAET BHITTOTHTD
cBoe (hyHKIMOHAIbHOE HazHaueHne. Harpumep, eciii B KauecTBe TOUKHU JeTPalalliil BBIOUPAETCsT
tTouka Kiopu nbedomarepuasia, pu MoIBOJIE K JIEKTPOIAM TADMOHUYECKON Pa3HOCTH TTOTEHITHA-
JIOB KOJIeGaH Ml IJIACTUHBI He OYIyT BO30Y KIaThCs M3-3a JAEMOJISPU3AI[ MaTepraJia.

HUTNPOBAHHAA JINTEPATYPA

1. Kapnayxos B.T., Kozmos B.I., Kapnayxosa T.B. Bumymieni xkosmBaHHs i AMCUTIATUBHUI PO3ITPiB MIAPHIPHO
OTIepTOl B'SI3KOIPY>KHOI IJIACTUHU 3 IT'€30CEHCOPAMU 3 BPAaXyBaHHIM reOMETPUYHOI HeJHIHHOCTI Ta jgedop-
Malliii morepednoro scysy. Zlonos. Hay. axad. nayx Yep. 2017. Ne 11. C. 37—43.

2. Pa6orros O.H. DneMeHThI HacIeACTBEHHONW MeXaHUKHU TBepAbIX Tea. Mocksa: Hayxka, 1977. 384 c.

3. Murponosnbckuii I0.A. Henmneitnas mexanuka. Ogaodacroribie kosebanust. Kues: Mu-t matematikn HAH
Yxpaunst, 1997. 344 c.

4. Bynar A.@., Ipipna B.M., Kapnayxos B.I, 3ssarunbsckuii E.JI., KoGerr A.C. BoiHyskaeHHbIe KoJeOaHUs U IVC-
CUMATUBHBIN pazorpes Heynpyrux tesr. Kues: Hayk. mymka, 2014. 520 c.

5. Kapnayxos B.I', Kosnos B.1., Kapnayxosa T.B. Biuus gedopmairiii 3cyBy Ha eeKTUBHICTh po6OTH 11I'€30-
€JIEKTPUYHUX CEHCOPIB Ta aKTYaTOPiB MPU aKTUBHOMY JeMII(pyBaHHI PEe30HAHCHUX KOJUBAHb HENPY KHUX
mracTuH i 06010H0K. Onip mamepianie i meopis cnopyod. 2015. Ne 95. C. 75—95.

[Mocrymmmno B pepakimro 09.06.2017

REFERENCES

1. Karnaykhov, V. G., Kozlov, V. I. & Karnaykhova, T. V. (2017). Dopov. Nac. acad. nauk Ukr., No. 11, pp. 37-43
(in Ukrainian).

. Rabotnov, Yu. N. (1977). Elements of hereditary solid mechanics. Moscow: Nauka (in Russian).

3. Mitropolskiy, U. A. (1997). Nonlinear mechanics. Singlyfrequance vibrations. Kiev: Institute of Mathematics
of the NAS of Ukraine (in Russian).

4. Bulat, A. F, Dyrda, V. I, Karnaukhov, V. G., Zviagil’sky, E. L. & Kobets, A. S. (2014). Forced vibrations and
dissipative heating of nonelastic bodies. Kiev: Naukova Dumka (in Russian).

5. Karnaukhov, V. G, Kozlov, V. I. & Karnaukhova, T. V. (2015). Strength of materials and theory of structures.
No. 95, pp. 75-95 (in Russian).

N

Received 09.06.2017

B.I'. Kapnayxos', B.I. Koanos', T.B. Kapnayxoea?

! Tneruryr mexaniku im. C.I1. Tumomenka HAH Yipainu, Kuis
2HTY VYkpainu “Kuiscbkuii nosritexnivnumii incrutyt im. Iropst Cikopebkoro”
E-mail: karn@inmech kiev.ua

BUMVYIIEHI PEBOHAHCHI KOJIMBAHHS I TUCUTIATUBHU
PO3ITPIB JKOPCTKO 3AIEMJIEHUX B’S3KOIPYKHUX IIJIACTUH
3 AKTYATOPAMU TIPU BPAXYBAHHI TEOMETPUYHOT
HEJITHIMHOCTI 11 JE®OPMAILI [TOIIEPEYHOTO 3CYBY

[IpencraBieno MosiesTb BUMYTIEHUX PE30HAHCHUX KOJTUBAHD 1 IUCUTIATUBHOTO PO3IrPiBY MPSIMOKYTHUX JKOPCTKO
3alleMJIEHUX B'S3KONPYKHUX IJIACTUH 3 I1'€30aKTyaTOpaMU 3 BPAaxXyBaHHSIM IeOMETPUYHOI HeJIiHIHHOCTI i
nedopmartiii morrepeuroro 3cyBy. Metogom ByoroBa— [abopkina oiepskaHo aHa i THIHUN PO3B’SI30K i€l 3a/1a4i.
[IpoBeieno aHai3 BIUTMBY T€OMETPUYHOI HEJIIHIHHOCTI, ehopMalliil TIOMEepeuHoTo 3CyBY I TeMIIepaTypu JAUCHU-
MaTUBHOTO PO3IrpiBy Ha e(PeKTUBHICTH AaKTUBHOTO eMTI(yBaHHS KOJWBAHb 32 JIOMOMOTOIO IT'€30aKTyaTOPiB.

Knrouoei cnosa: pe3onancii KoIUBAHHSS, 260MEMPUURA HETTHITIHICY, OeopMayii nonepeurozo 3cyey, n'é30ax-
myamop, posiezpia, axmuene 0emMndyeanns.
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FORCED RESONANT VIBRATIONS AND DISSIPATIVE
HEATING OF RIGIDLY FIXED VISCOELASTIC PLATES
WITH ACTUATORS WITH REGARD FOR A GEOMETRICAL
NONLINEARITY AND TRANSVERSE SHEAR STRAINS

A model of forced resonant vibrations and the dissipative heating of rigidly fixed viscoelastic plates with piezo-
actuators with regard for a geometrical nonlinearity and transverse shear strains is considered. By the Bubnov—
Galerkin method, the approximate analytic solution of this problem is given. The influence of these factors on
the effectiveness of the active damping of vibrations by piezoactuators is analyzed.

Keywords: resonant vibrations, geometrical nonlinearity, shear strains, temperature, piezoactuators, heating, active
damping.
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