CPOYHO B HOMEP

VIIK 517.968

OB OTHOM K/JIACCE CUCTEM JIMHEVHBIX MHTEITPAJIbHBIX YPABHEHUN
IIEPBOTO POJIA C IBYMS HE3ABVICYMbBIMMN ITEPEMEHHDBIMU

3.A. Kaoenosa

Ha ocHoBe meTopa HeoTpuuaTesibHbIX KBaApaTUYHbIX d)OpM ONA CUCTEM NIMHENHbIX WHTErpasnbHbIX ypaBHEHVIIZ
nepBoro poda C AByMA HE3aBUCMbIMIK NMePEMEHHbIMN JOKa3aHbl TeOpeMbl €AUHCTBEHHOCTU.

Knioyesble cn108a: cicTemMa IMHENHBIX VHTErpanbHbIX YpaBHEHWI NEPBOro pofa C ABYMA HE3aBUCMMbIMI nepe-
MEHHbIMY; €AVHCTBEHHOCTb.

IMocTranoBka 3agaun. PaccMaTpuBaeTcs cucteMa JIMHEHHBIX MHTETPaIbHBIX YPaBHEHHH MEPBOTo pojia C BY-
Ml He3aBHCUMBIMH TIepeMeHHBIMU. TpebyeTcs JoKa3arh eIMHCTBEHHOCTh PELICHUH CHCTEM JIMHEHHBIX HHTETPaIb-
HBIX NIEPBOT'0 POAAA C IBYMS HE3aBUCUMBIMU IIEPEMEHHBIMU.

PaCCMhOTpI/IM cucreMy ypaBH(t?HI/IfI

Ku = IK(t,x,y)u(t,y)dy+IH(t,x,s)u(s,x)ds+ij(t,x,s,y)u(S,y)dyd5 =

1 Ly a

=f(t.x), (t.x)eG, G={(t.x)eR*:t, <t<T,a<x<b}, )
e
A(t,x,y), (t,x,y)eqG,

B(t,x,y), (t,x,y) €G,, )

K(t,x,y) =

A(tx,), B(t.y.x), H(t.x,5), C(£.%.5.9) _ yapecrume NXN-MEPHBIE MATPUYHBIE (PYHKIMH, OTIPEICIICHHBIE
COOTBETCTBEHHO B 001aCTH

G3:{(t,x,S)I t,<s<t<T, anSb};
G, ={(t.%5,y): 1,<s<t<T, a<y<x<b},

f(t,x) — n3BecTHas BeKTOP-(PyHKIMA U u(t,xX) — HEU3BECTHAs, n-MEPHBIE BEKTOP-(OYHKIINH.

PaznudHbIe BOIIPOCHI TSI CUCTEM MHTETPAIBHBIX YPaBHEHHH MIEPBOTO M TPETHETO POJA UCCIEIOBAINCH B [1—
10]. Ho ocHoBomomararomme pe3ynbTaThl I HHTETPATbHBIX ypaBHEHHH PpeAronsMa MepBOTo posia MOTYIeHBI
B [2, 3], roe amst peleHns IMHEHHBIX HHTETPATIbHBIX ypaBHeHHH PpeiroapMa epBoro posia MoCTPOCHBI PETYIIspHU-
3upyromtre orneparops! 1o M.M. JlaBperTseBy. B [1] ams muHEHHBIX HHTETpATBHBIX ypaBHEHHN Bomsreppa mepso-
TO ¥ TPETBETO POAa C MIAAKUMH SIIPaMH JIOKAa3aHO CYIIECTBOBAHHE MHOTOIAPaMETPHUYECKOIO CEMEHCTBa pele-
HUi. B [6] H3y4eHbI BOMPOCH PETYISPU3ANAN U €IUHCTBEHHOCTH PEIICHUH TMHEWHBIX HHTETPATBHBIX YPaBHEHHH
®pexaronsMa epBoro poxa. B manHo# paboTe nccnemxyercss eTMHCTBEHHOCTh pelIeHIH cucteMy ypaBHeHHH (1).

Baenewm cnenyromiiie 0003HaIECHUS:

1. CoBOKYyIHOCTB BCEX MaTpHIL, IeHCTBYIONMX B R" 0003HaunM M, <. , . > — cKkaJsipHOE Npou3sBeaeHue B R,
"A", ”M" — HOPMbI COOTBETCTBEHHO NXN-MEPHOH Marpuubl 4 = (a;) € M 1 n-MEpPHOTO BEKTOPA U, T. €. JUisl JIHOObIX
u=(u,tysst, ), 8=(8,9,,...9,) € R"

(u,$=ud +u,d +..+u,9,
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3.4. Kaoenosa

= . W=($3 () |

i=l j=1
2. L, (G) — mpOCTpaHCTBO N-MEPHBIX BEKTOP-(hyHKIMIT ¢ anementamu u3 L, (G), || || —Hopma B L, ,(G), T e.
JUTSt n}060r0 u (t x) el,, (G)

[Huu i ]

fha

3.1 ((Gz) ;M ) — IPOCTPAHCTBO NXN-MEPHBIX MATPHUHBIX DyHKIHI ¢ memenTamu u3 L, (G2),

||'||L2 —nopma B L, ((G2 );M), T. e. u1s moGoro A(4,x,5,y) € L, ((Gz) ;M)
1

”A t X, S, y (JIII”A t X, S, y " dydxdsdt].

0O0603HaYUM

P(s,y,z):A(s,y,z)+B*(s,z,y), (s,y,z)eG,. (3)
e B* (s,z, y) — COTPSDKCHHAS MATpHUIla K Marpure B (s,z, y).

[TorpeOyeM BBITIONHEHUS CICIYIONIIX YCIOBHI:

1. P (s,y,z) = P(s,y,z)V(s,y,z) eG,C’ (t,x,s,y) = C(t,x,s,y) (t,x,s,y) eG,;

2. Marpuupl P(s,b,a), H(T,y,to), Pz’(s,b,z), H;(T,y,r) —  HEOTpHMUIATENbHbl  COOTBETCTBEHHO
Opy  BCEX 3HAYCHHAX S € [fo,T], Ve [a,b], (s,z), (T,J/)G G, "P(s,b,a)”e C[IO’T]’ ||H(T’y’t0)|| eC[a,b],
P/ (s,b,2)| € C(G).|H!(T.y.7)| e C(G)

3. Marpuupsl Py’(s,y,a),Hs'(s,y, )aPZ)(S .z )’Hr”.v(s’y’z-) —  HENOJIOKUTEIbHBl  COOTBETCTBEH-

t,)|ec(a)

HO TMpH BCEX 3HAYCHUAX (S,y)EG, (S,y,Z)EGl, (S:y:T)€G3, "Py’(s,y,a)"eC(G), |
z)" eC(G),||H!, (S,y,r)" eC(Gy);
4,C(T,b,t0,a)20’||C;(S,b,t0 a "eC[ T], C!(s,b,t,,a)<0Vse[t,,T],
”CT' (T,b,z',a)” e C[tO,T], C! (T,b,r,a) >0Vre [tO,T],
”Cy' (T,y,to,a)” e C[a,b], C, (T,y,to,a) <0Vye [a,b],
;(T,b,to,z)"ec[a,b] C!(T,b,t,,2) 20, z€[a,b],
Ch (s, y,to,a)"eC( ), Co (8,3:15,a) 20V (s,y) €G,
(T y,T,tO)"eC( , Cr”y (T,y,r,tO)SO (y,z')eG,
(s b,to,z)”e C( , Cl (s,b,to,z)s 0 V(s,z)e G,
Cl.(T.b,z.z)|e C(G), CL(T.b.7,2)20V(r,2)€G,
cr (s, y,r,a)"eC 3), Ch(s,3,7,a)20 V(s,y,r)eG3’
C (s,b,7,2) "eC 3). CI(s,b,7,2)<0 V(S,Z,T)€G3’
S, 0,14, "eC (G), Co(s.7:),2)20V (s,9,2)€G,,
L (T.y.7,2)|€C(G,), CIL(T.y,7,2) <0V (z,,2) € G,
ct “)(s Y.7,2) HEC G,), Cr;,Vy) (s,,7,2)20 Y(s,y,7,2) € G,,

Cc (s,b,r,a)||eC(G5), Ccr (S,b,r,a)SO ‘v’(s,r)eG5 ={(s,z'):t0 STSSST},
Cz"y (T,y,to,z)"eC(G6), C (T,y,tO,Z)SO, (y,z)eG6 :{(y,z):aSzSySb}.

C 4
C "

Becmuux KPCY. 2013. Tom 13. Ne 5 165



Cpouno 6 Homep

5. Ilpn nmoutu Beex (S,y, T,Z) € G41H IUTA MOOBIX &), Q,, 03,0, € R":
L > s s s —{ _Py, sV >

S, Vi T,2,04, 0,0, 0, ) = (s-1,)(y—a) <( (5, a))al a1>+
( (s, 7.8, az,a2>+2<(—C(s,y,t0,a))a],a2>+

(
<
(s tO)R( -H! (s y,z’))a3,a3>+2<(—Cr'(s,y,z',a))%,alﬂ—i-
(
(

+

+

+

Y- a)[ ((~C (5214 ))%a4>+<(—Pz§f(S,y,Z))a4,a4>]+
s — to)( )<( -2C! (s,y,z',z))a3,a4>}20.

6. Ecit ipu Bcex (s,y, 7, Z) G, L(S,y,r,z,a, ,az,a3,a4) =0, TO BBIMOJHAECTCS XOTS OBI OTHO U3 CIIEIYIOIINX
YCIIOBUIA:

a)a,=0; 0)a,=0; B)a, =0; 1) ex, =0.

Teopema. Ilycts BemonHst0TCS yenoBus (1-6). Torma pemenne cucteMsl (1) eAMHCTBEHHO B MIPOCTPAHCTBE
L,,(G).

Jokazamenscmeo. B cuny (2) cucremy ypaBHeHuit (1) 3anmmem B Bujie
X b t

IA(t,x,y)u(t,y)dy+.[B(t,x,y)u(t,y)dy+IH(t,x,s)u(s,x)ds+

+

l

+J.IC(t,x,s,y)u(s,y)dyds = f(t,x), (t,x) eqG. 4)

ty a

OO0e yactu cuctemsbl (4) CKJIIPHO YMHOXKUM Ha U (t ) U MHTErpupyem 1o oodiactu G:

II<JA S, V,2 s z dz u(s y)>dsdy++jj<JB S, V.2 ) (s,z)dz,u(s,y)>dsdy+

aty aty \y

+j‘]‘<j‘H s,,7)u(z,y)dr,u(s, y)>dsdy-|—|—j1]. ij (s,y,7,2)u (z’,z)dzdr,u(S,y)>dey:

aty \tya

= J.I dsdy (5)

HpI/iMeHsm (l)opMyJIy Jupuxie u yuntsiBast o0o3HadeHus (3) us (5), umeem

‘”<_[P s v,z s z dz u(s y)>dyds+].j: jH s SV, T ) (z’,y)dr,u(s,y) dyds +

fha

+j.]-<j.j-c s Y, T, Z)M(T Z)dZdT u(s y)>dsdy —‘” (s,y))dsdy. (6)

at

a thy a \1ty

ty a at
[Ipeobpa3yem Kaxablid U3 HHTErpaoB JieBoi yacTu (6). Mi3BecTHO, uTo, ecnu K — camoconpsikeHHass MaTpHd-
Has QYHKIHS pa3MepoB nxn, T0

(K8,9) = ;(<K19 9)) —l(K 9,9); (7
e & — HEKOTOPBIH N-MEepPHbIH BeKTop -(QyHKIHUS.
Z[anee UMed B BUAY, YTO

—j (&y)dé=-u(r.y)

c HOMOLle}O WHTErPUPOBAHUS 110 YaCTsIM, IpUMeHsist popmyiy upuxie u ¢ yuerom (7) mepBblii cllaraeMblii JIEBOH
gactu (6) mpeoOpasyeM K BUILY

”<[P s,y,2)u(s,z)dzu(s, y)>dyds_—ﬁ<jP (s,,2 )s Uu(s,v)vadz,u(s,y)>dyds:

hya \a ya \a z

:” p(s,y,a)@u(s,v)dv],[fu(s,v)dvl +j (5.0 [j (s.v)dv J,Uu(s,v)dvjy s =

0 a z z
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3.4. Kaoenosa

[y

zlj<p(s,ba[’£’u d];d> s;”< (supea )[

u(s,v)dvj,j;u(s,v)dv>dyds +

+— ﬁ< 5,b,2) ( [u(s.v) dvj (s v)dv>dzds——”j<f>" (s,,2 U dv],‘!v'u (s,v) dv>dzdyds (8)

fhyaa

AHaJ’IOFI/I‘{HO JJIs1 BTOPOTO Cj1aracMoro uMeem

ﬁ<iH (s,y,7)u(z,y)dzr,u(s, y)>dyds ——J< T,y,t )I (&,v)d d§>
Ju

fha \f fy

——H< (5,3 j cfydéf 5yd§>dyds+ jj< (T.y.7) ju d§,u§yd§>dydr—

__I_”<H” 8,157 I &y deg.[ &y d§>dz'dyds

fh) aty

JUi1st IpeoOpa3oBaHus TPETHErO CIIAraeMoro HCIOIb3yeM COOTHOIICHHUE
” ’ ’
" ! ’ "
KU! =(KU) _-(K\U)_-(K.U) +K.U,

e K = K*, camoconpsikeHHast MarpuyHas GyHKIus pazmMepoB nxn, a U — n-mMepHast BEKTOp-(QyHKIIHSL.

MeTo/10M HHTErpUpPOBaHUA 1O YacTsM ¢ yuetoM (10) n umest B Buny

:lzu(r,z); (s,y)eG,(r,2)eq,

TpeTuil caaraeMblii 1eBoit yacTu (6) MPUBOAUTCS K BUITY

j..T[ jIC s V.7, z T Z)dzdz',u(s,y) dsdy =

<_”C $,¥,7, Z TazUj;u(é,v)dvdﬁszdz’,u(s,y)>dsdy:

¥
C! (s,y,to,z)jfu(§,v)dvd§,u(s,y)>dydsdz+

<ij" (s,y,r,z)j‘jiu(f,v)dvdf,u(s,y)>dydsdrdz.

Tz

WuTerpupys 1o 4actsaM, ¢ HTOMOUIbIO COOTHOHJeHI/lﬂ

(k9.9 :%«K&',S})NW —%((K;s, 9)) ——((K 9, 3)) <K 8.9)-(K9.9),

)

(10)

(11)

rae K — camocomnpsbkeHHas MaTpuyHas (QyHKIHSA pa3MepoB nxn, a 3(s, y) — N-MEPHBIN BEKTOP-(YHKIIHS, U TIPHMe-

wsist popmysny Jdupuxite (11), mpeobpasyercs K BUILY
bT [sy

.” J.J-C(S,y,‘r,z)u(T,z)dzdz',u(s,y) dsdy =

< C(T,b,1, aﬁugvdvdgﬂ §vdvd§>

at at
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+

S e—~

|
= = = =
St C—y N S ©
S e—
NS
S
—_~
’ﬂ
=
N
=
\_/

R C— T S — N

.yfu(f v)dvdeé, j j (&v) dvd§>drdy+

+

8 —

cy, (s,y,r,a)jjy.u(.f,v dvdé,J‘J.u Ev dvd§>drdsdy—

y

—jZ.T[ C! (s,y,r,a)ju(f,y)df,ju(s,v)dv>dz'dsdy+

<Cz’(T,b,t0 z)ﬁu (&,v)dvdé, j.j‘u (&.v) dvd§>d
/

+

’<CZ'_;,(T,y,tO z) _ﬁu £,v)dvdé, .T[ju Ev) dvd§>dzdy+
J

Cl (5,7,10,2) ﬁu (&v)dvde,| Tu (&) dvd§>dzdsdy—
a ty z 1y

y

_])‘JT..T<C’ (S’y’to’z)j”(§’Y)d§,IM(S,V)dV>dzdsdy+

0
Tbh

! (T,b,z,z) j u(&,v)dvde, j j dvd§>dz’dz—

+

—s
S C—
S 8 S s

Qe

|
Q > D
S —

cr, (S»baTaJ/)”“(faV)dVdﬁ,“u(f,v)dvd§>drdsdy—

|
QD C— >
S —

cy, (T,y,‘r,z)j‘];u(f,v)dvdﬁ,j‘ju(f,v)dvd§>dzdrdy +

+
= = = = 3

2 —
S —

<C"V) (s,3,7,2 j j Ev)dvdé, j j (&v dvd§>dzdrdsdy—
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3.4. Kaoenosa

__””< syrzj gydgj svdv>dzdrdsdy.

[Toncramsis cootHommenue (8), (9) u (12) B (6) momyuum:

%<C(T,b,t0,a)ﬁu(g,v)dvdf,ﬁu(f,v)dvdé n

u(f,v)dvdﬁ
(&v)

u(é,v dvdfj

}j‘u(cf v)dvdf +
ju(f v)dvd§>}dy+

0

+%jjoL{s,y,T,z,iu(s v)dv, ;[u Ey dfj. 5 y d(fj S,V dvj+

u(é, V)dvdgt’“iu Ev dvd§>+
u(f,v)dvdcffju Ew dvd§>]+
y1 KC (s.3.7.0) H (&.v)dvdg, H év)dvd§>
< (b7 H (6 dvdcf” (e dvd§>]

(12)
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+

= KC (s:2:t I J §.v)dvds, J J (& dvd:>—

< ;;; (T,y,s,2) ﬂ‘u (&,v)dvdé, _ﬁ“ (v dvd§>:|

< Cl) (s, y.7.2) j[].u(g,v dvdé,jju(g,v dvd§>}dzd1dsdy—
—%h< s,b,7 a)jiu &,v)dvdé, ” (&v dvd§>drds—
_l_”.<cz'; (T’y’ )].j-u f v dVd§ II f 14 dvd§>dzdy_

=T o9)eals9)) s (13)

aty

[ycth f(t,x) =0, (t,x) € G. Torna yuuteiBas ycnoBus (1-6) u3 (13), umeem _[u(f,y)df =0, V(s,y) eG

v f

N Ju(s,v)dv =0, V(s,y) e G.Orcroma u(1,x) = 0 mpu Beex (¢,x) € G.

a

OTO 3HAYUT — OJHOpOJHAasA CUCTEMA, COOTBCTCTBYIOIIAsA CUCTEME (1), HUMECT TOJIbKO TPHUBHUAJIBLHOC PCUICHUC.

Teopema noka3aHa.

*®
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