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B cratse paccmaTpuBaeTcs KpaeBas 3a/1a4a C TPaHUYHBIM YIIPABJICHUEM /ISl ypPAaBHEHHSI KOJIe-
OaHMll TOHKOW TUTACTUHBI. M3BECTHO, YTO MHOTHE MPAKTUYCCKHUE 3a]la4ll OMUCHIBAIOTCS ypaBHEHHEM
KoJeOaHUil TOHKOW IIACTUHBI, HO MPOOJIEMBI YIPaBISEMOCTH 3TUM YPaBHCHHEM Majo U3yYaJIHCh.
OnuH U3 TakuX BOIPOCOB MOJHAT B cTaThe. [locie onmpeneneHust ynpaBiseMOCTH, ¢ TOMOILBIO BBEE-
HUSI BCIIOMOTaTEIbHOM KpaeBOW 3a/laud U C MCIOJIb30BAHUEM Pe3yJIbTaTOB TeopeMbl XaHa—banaxa
J0Ka3aHa yIpaBIsieMOCTh pACCMATPUBAEMON CUCTEMBI.

KitoueBble cnoBa: ypasHerue xonrebanuti, moHKas NIACTMUNA, SPAHUYHOE Ynpasienue, ciaboe
peuieHue, ynpagaemMocms, Habi00aemocms.

Beenenune

N3BecTHO, 4TO psif npoueccoB GU3NKKA M TEXHUKU OMUCHIBAECTCS OU(PHEpeHIMaTbHbI-
MU ypaBHEHUSIMHU C YAaCTHBIMH ITPOM3BOJHBIMH YETBEPTOro mopsaka. Hampumep, ypaBHeHUS
KoJIeOaHUI CTepKHsS, KAMEPTOHA, YNPYrod MJIACTUHBI, TOHKOW IJIACTUHBI U T. JI. SBISIOTCS
TakuMM ypaBHeHusiMU [1; 2]. IloaTtomy uccienoBanus 3a1ad ONTUMAJIBHOTO YIPABIEHUS U
YIPaBIEMOCTH B MPOIECCAX, OMMCBHIBAEMBIX TAKUMHU YPAaBHEHUSMHM, — 3TO Ba)KHBIE 3aJa4l
[3]. Korga ynpaBnsionue (GyHKIUU SBIAIOTCA TPAaHUYHBIMU (YHKLIMSMH, U3Y4YECHHUE 33734
YIPAaBIEHUS CINLIKOM YCloxHseTcs. Ho oTmeTnM, 4TO 3ajadya IpaHUYHOIO YIPaBICHHS C
TEOPETUYECKON M MPAKTUYECKON TOYEK 3peHUs 0oJiee eCTECTBEHHA 110 CPABHEHUIO C 3a]aya-
MU C paclpeIeIeHHBIMU YIIPABICHUSMHU.

Otmerum, 4to B pabortax [4; 7] ocBelieHbl HEKOTOPbIE OJU3KKE 33/1a4H yIIPaBICHUS.
A unMeHHO, B [4] paccMOTpeHa 3ajaya TOYHOW YIPABISEMOCTH TPEXMEPHOM JIMHEWHO-
YIPYTroi TOHKOM IUIACTUHBI C YIPABJICHUEM Ha TPAaHMIIE M BHYTPH IUIACTHHBI, B [5] — 3agada
yIpaBJIECHUS MONEPEUYHbIMU KOJEOAHUSIMM TOHKOW IUIACTHHBI (YNpaBIISIOIIUE BO3ACHCTBUS
IIPUMEHSIOTCS K TPaHULE TUIACTUHBI, KOTOPast 3aM0JIHAET HEKOTOPYIO OTPaHUYEHHYIO 00J1acTh
Ha IUIOCKOCTH), a B [6; 7] u3ydeHa 3aja4ya rpaHUYHOr0 ONTUMAJIBHOIO YIPABICHUS IS JIH-
HEHHOTrO ypaBHEHHMs KoOJeOaHUIl TOHKOHM IUIACTHHBI, JOKa3aHa TEOpeMa CYIIECTBOBAHUS H
€MHCTBEHHOCTH ONTHUMAJIBHOTO YIIPAaBJICHUS.

Crnenyer OTMETHTb, YTO B IOCJIEIHEE BpeMs 3ajaya YIpaBIseMOCTH KojeOaHWH Ia-
CTHMH MHTEHCUBHO uccieayercs [8; 13].

B paccmoTpenHoii pabote uccieayeTcs: oHa 3aj1a4ya yIpaBiIsieMOCTH sl YpaBHEHHS
KoJieOaHUH TOHKOM TUIaCTHHBI.

IlocranoBka 3agauu
[TycTh ynpaBisieMblil TPOIIECC OMMCHIBACTCS YpaBHEHWEM KOJI€OaHUM TOHKOM TIIacTH-

HEI:
82u 2.2
a—2+aAuzOBQ:Qx(O,T),Q:(O,Zl)x(O,lz) (1)
t
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C HAYaJIbHBIMU
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nu FpaHI/I‘{HLIMI/I YCHOBI/ISIMH
1(0,x,1) = 0] (x2,), u(l},x,6) = 03 (x2,1),
—8u((;x)1c2,t) v} (x3,1), —au(lg):z’t) 03 (x3,1),

(x2,8) €(0,1,)x(0,7),

u(x1,0,8) = 0 (x1,1), u(x1,15,8) = 03 (x1,7)

au(xlao t) au(xlalZat)

- )y — (= 9t
ox, 03 (x1,) ox, vy (x1.1),

(xlat) € (Oall)X(O,T)a
rae a”,l,l,,T— 3ajaHHBle MOJOXKHUTENbHBIE 4HCIa, A— omepatop Jlammaca mo xi,X,,
2 0 0
Po(x1,x) € H*(Q),  @1(x1,xy) € Ly () -3amannbie  pyHKumu, 0y (x5,8), 0y (x),1)

byHKIIHH.

©)

3a KJacc TOMyCTUMBIX YIPABJICHHUH OepeTcst MPOCTPAHCTBO

0 0 0 | | 1 1
U=y (xz,t) U3 (X2,1),03 (x1,1), 04 (x1,1), 01 (X7,1), L (x3,1), LU3(x],1), V4(X],1)

07,0} € Ly((0,)x(0,7)), i =12, v},0} € Ly((0,)x(0,T)), i = }

Cnaboe permieHre 3TOW 3a/a4M ONpEICNSeTCS C IMOMOUIbIO TPAaHCIOHUpPOBaHUA [3]
CYIIECTBYET eMHCTBEHHAs: QYHKIMS U(V) € L, (Q), Anst KOTOPOi

82(p
[u(v) at—2+a2A2(p d,dx,dt =

0
OAP(0,x, 1 Tl OA(l}, x5,
(”UI( 2);)(p(—2) 2dt—”uz( z,t)(p(l—z)dxzdt+
Ox, 00 Ox,

Th
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00 00
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Xy 00 X2

Tll Tl
+ J. IU3 (xl,t)A(z)(xl,O t)dxldt J. IU4(x1,t)A(z)(xl,lz,t)dxldt] V(D ed ,
00

00
rae
2
={¢| D! <4 Len0. <710
P(x1,%2,T) =0, M =0, ¢(0,x5,0) =0,
o(l1,x5,6) =0, ¢o(x1,0,t) =0, ¢@(x,l5,t)=0,
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aqp(O’xZat) -0 aqo(lla)‘:z:t) =0 a¢(x170:t) -0
8x1 ’ axl ’ aXZ

a(ﬂ(XI,lz,l)zo (xl XZ)EQ}.

axZ
Onpenesienne. CucteMa, COCTOSIHUE KOTOPOH OMNPENENSIeTCS KaK pPEIICHUE 3aJadu
(1)—(3), Ha3bpIBaeTCs yIpaBIsieMOi, €CITi HAOJII0ICHNE

(u(xl,xz, . Mj

3

ot
3aMeTaeT NPOCTPAHCTBO L, (2) x H - (QY), xorga ynpaBieHue
0 =(0]' (x.1), V3 (x2,1), V5 (x1,0), L3 (1,1), 0 (x.0), V) (2.0), V3(x1, 1),
vy (x1,1))

npoberaer npoctpanctso U, rne H -2 (QQ) sBrsIeTCS CONMPSHKEHHBIM MPOCTPAHCTBOM K IIPO-
H;(Q) ={Z(X1,x2)|l e H*(Q), 7], =0, X

=0,
ov|r }

I" siBIIsIeTCS TPaHUIICH MPSIMOYTOIbHHUKA (), V — BHENIHSS HOpMaJlb K rpaHuie /.
Teopema. [Ipu BbIlIe HamaraeMbIX yCIOBUSAX Ha aaHHbIC 3ama4u (1)—(3) aTa cuctema
yIpasiiema.

Jokasarenscrso. Iycts Bektop (¥, (x,,x,), ¥,(x,,x,)) oproronanen x obpasy U

cTpancTBy H 3 (Q),a
0

pU 0TOOpaKEHUH
U % (u(xl, x2’ T), Mj

ot

ou(xy,x,,T)

Ju(xy, 0, Ty (31,35 )y dx; + | w1 (x1,%0)dxdxy =0, (4)

Q Q 0
e v, (x,, x,) € Hy(Q), y,(x,, x,) € L,(Q).
MBI XOTHM BBIICHHUTH, OYZET M OTCIOJA CIEA0BaTh, uTo ¥, (x,, x,) =0, v, (x,x,)=0
[14].
[Ipeanonoxum, 94To HyHKIHS f(xl, Xy, t) sBisercs pELICHUEM CIIETYIONIEH BCIIOMO-
ratrejibHOM 3aJ1aui:

2
z—fw%é:o, 0=0x(0.7), Q=0.1)x(0.1). ()
t
0&(xy,x,,T
S(x,x0,T) ==y (x1, X)), % =y (x1,%2), (xX,%) €Q, (6)
(:(0,)(2,1‘) = 09 §(119x29t) = 0, ag(o,xz,t) = O, 85(119x29t) =0
ox; ox)
(XZ,Z) € (0,12)X(09T)a (7)
eg(xlaOat) = Oa é:(-xlaIZal) = 0, aé:(XI ,0, t) = O, aé:(x19129t) = Oa
X9 axZ
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(xlat) € (Oall)X(O:vT) .
Torna, npuMeHsis GOpMyJIbl HHTEIPUPOBAHHS IO YAaCTAM M MCIOJNL3ys ycioBus (6),
nMEeM
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[ 8—f+a2A2§ u(v)dx dxydt =
0 ot
ou(xy,x,, T
= Ju(xy,x0, Ty (31, X7 )dxydocy + J%(MJz)deldxz +
Q Q

Tl Tl
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Th le
+ ,f _[Ul (%2, DAE(0, Xy, D)dxydt — [ [0 (xy . DAE(L, x5, 1)dxydt + (8)
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rh OAE(xy,0,t h OAE(xy,1,,t
+”Us( 1J)M 1df—” vg (x 1,1)% xydt +
0xy 2

Tll Th
+ J.J.U3 (xl,l‘)Af(xl ,O t)dxldt— J. JU4(.X'1,t)Ag(Xl,lz,t)dxldt]‘F
00 00

e
+[& — +a’Nu u(v)dx,dx,dt .

Ucnionb3ys (4), u3 (8) nonyqaeM

Th Th
az[fjuf)(xz,t)wwczdt jjuz( 2,1)Md X dt +
X Xy
Th le
+ J. IUI (X2,t)A§(0 xz,l)dxzdt IIUz(Xz,t)Aé:(ll,X2,t)dX2dt+
00 00
rh OAE(x),0,t rh OAE(xy, 1,1
+Hu3( l,t)fé—l)d dt— [ [0 (x l,t)%dxldﬁ
%) 00 X2

Tll Tl
+ J.J.U3 (Xl ,l‘)Af(xl ,O t)dxldt — J. JU4 (xl ,l‘)Af(xl ,12 , t)dxldtJ = O
00 00

Voi,u; € Ly((0,)x(0,T)), i =12,

Vo?,vi € L ((0,1)x(0,T)), i = 3,4.
Otcroa U3 NpoOU3BOJIBHOCTU

v 0} € Ly ((0,1)x(0,7)),i =12,

vf,vf € L((0,4)x(0,7)), i =3,4

mojry4ya€m, 4To

OAE(0,xy,8) - OAE(L,Xy,1)

Aé:(oaxZat):Oa Aé:(ll,X2,l):0, :Oa :05
8x1 axl
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5 BecTtHuk JlarecTaHCKOro rocy1apCTBEHHOT'O YHUBEPCUTETA

Cepus 1. EcrectBennnie Hayku. 2023. Tom 38. Beim. 1



Cetigpyrnnaesa X. M. 3amaga rpaHIIHON yIIPABISIEMOCTH ISl ypaBHEHUS KOJIeOaHUH TOHKOH TIACTHHBI

OAE(x1,0,1) _0 OAE(xy,15,1) _0
0x ’ 0x5 ’
(x1,8) €(0,/;)x(0,T).
Torna u3 ypaBuenus (5) u u3 ycnosuit (7), (9) B cuity pe3ynbratoB u3 [15] cnenyer,

AE(x1,0,6) =0, A&(x,1,,1) =0,

qTO
&(x,x,8) =0, (x,x5,0) € Q.
Ortcrona noyyaercst
Wo(xp, ) =0, y1(x, %) =0
M CHCTEMa YIpaBIsieMa.
Teopema nokaszaHa.
UroObl Bce BbIIE celaHHBbIE NMpeoOpa3oBaHUs ObUIM 3aKOHHBIMH, HAJI0 CHayaja
CTIaUTh Bce QYHKIIMU

Po(x1,%2) € HE(Q), 0, (x1,x5) € L, (Q),
0?0} € Ly ((0,1,)x(0,T)),i =12,
vl 0} € Ly ((0,0)x(0,T)), i =3,4,

wo(x1.x7) € Hi (), y1(x1,%7) € Ly (Q),
IMPOBCCTU YKA3aHHBIC Hp€06p830BaHI/I$I JJI1 TIIaJKUX peH_IeHI/Iﬁ COOTBCTCTBYIOIIUX CIJIAXKCH-
HBIX KpaeBbIX 3aJlay, a 3aTeM IEPEUTH K Mpelely M0 MapaMmeTpy CIVIAKUBAHUSA U IPUUTH K
TpeOyeMbIM COOTHOIIICHUSM JJIS CIIAa0BIX perieHui KpaeBbIx 3a1a4 [16]. MbI moapa3zymeBaem,
YTO IPU MPOBEJICHUH BBIIIE CIIETaHHBIX IPe00pa30BaHU Takas MpoLeaypa YKe BbIIIOJIHEHA.
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Boundary Control Problem for the Oscillation of a Thin Plate Equation
X.1. Seyfullayeva
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In this paper, we consider a boundary-value problem with boundary control for the oscillation
of the thin-plate equation. It is known that many practical problems are described by the equation of
oscillation of a thin plate, but the controllability problems with this equation have almost never been
studied. One of these questions is investigated in the present work. After the determination of the con-
trollability, by introducing an auxiliary boundary value problem and using the result of the Han—
Banach theorem, the controllability of the system under consideration is proved.

Keywords: oscillation equation, thin plate, boundary control, weak solution, controllability,
observability.
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