VPABHEHIS C YACTHBIMHU [TPON3BOIHBIMUI
OJIIMIIIATIA 2026

. Haiitn Bce pemenns u € D'(R) ypaBHeHust

u' 4 22020y = §(x).

. MOXXHO JM OCTAHOBHTH 34 KOHEYHOE BPEMs KOJEOAHWS OTPAHWYEHHON CTDYHBI, 3aKPETICHHON B TOYKAX
— W T, IpAJIaras K NEHTPATBHON TOYKe CTPYHBI CUJTY, 3ABUCAIILYIO OT BDEMEHH?

. Haiimure pemenne 3amaan Kormm

o 92\? .
(at - 81’2) u=0, ult=o=sinz, ui=0=0,

OrpaHWYEHHOE BMECTE CO BCEMH MPOM3BOAHBIME IO BTOPOIO IMOPS/IKA BKIIOYUTENBHO B KasKIOMH IOJIOCe
IIr =R x [0, T). Enunacrenno mu oHO?

. Haiitu obnacts onpenienennoctu u pertenue 3a1a4u Komu-I'ypca:
Utt — Ugg = 0,
u(z,z/2) =32/2, w(z,z/2)=1, x>0; wu(z,2z)=3z, z<L

Ouennre CKOPOCTH yOBIBAHUS TI0 ¢ PEICHUST Meae2padHozo ypasHenus

Upr = Ut + U, > 0,
B obsacru [0,00) X [—7, 7] ¢ kpaeBbivum ycoBusamu u(—, t) = u(m,t) = 0.
. Haidigure BCe pasanbHO-CUMMETPHYHBIE DELICHUs Y PABHEHUS
(2% + %) (tas + uyy) = 6(z, ).

(Mot roBopuM, uTo 0600menHas dbynkius u(Z) € R? paauanbHO-CUMMETPUYHA, €C/TH /T 060 MaTpHIThI
noBOpoTa () crpaBeyiuBo paBeHCTBO u(QT) = u(Z)).

. IIpuBemuTe mpuMep TakKoro JHHEHHOTO MU @EPEHITNATILHOTO OmepaTopa L ¢ MOCTOSHHBIMEA KO3 PHUITHEH-
TaMH, YTO BBIIOJHEHbI 008 CJIeAYIOMIUX YCIOBHSI:

e Jlma moboit orpanndenHoi oomactu ) u a000# GECKOHEYHO ITa KO (DYHKIINH, Y/IOBIETBOPSIONIE
ypaBueruto Lu = 0 B ), BbIIOJIHEH NPUHIUI MAKCUMYMa,

maxu = maxu.
Q EX)

e VYpasuenne Lu = () umeeT KJIaCCUIECKOE PEIleHre, KOTOPOEe He sIBJIeTCs OECKOHEYHO TJIAJIKWUM.

Cupaseusa i Teopema Jluysumig g pemennii B R? ypapnenns

Au A 231Uy, + 229Uy, + (23 4 25 + 2)u = 07



Pemienne 3amaun 1.
_ 22027

Metomom pa3nenennsi TIepeMeHHbIX HAXOAUM 0DIIee pereHie OJHOPOIHOTO YPABHEHUS Uy ,, = Ae 2027 .
YacTHOoe pelieHre HeoAHOPOAHOro ypasHenus uieM B Buje 0(x)U(x), rae 0(x) — byukuus Xesucaiina, U —

pellieHre OIHOPOIHOrO yPaBHeHUs, YA0BJIeTBopsoliee HadaabHomy yeiaosuio U(0) = 1. Jlerko y6enurbest, 9410
2027

JaCTHBIM pelrenneM Oyaer 0(x)e 2027

Otset: u = (6(z) + A)eﬁ,

Pemienne zagaun 2.
Dyukiys u(x, t), ONUCHIBAIOIIAsS OTKJIOHEHUE CTPYHBI OT MOJIOXKEHUsI DABHOBECHUS, SIBJISIETCS PEIICHUEM 3a-
Jaqu
Ut = Ugg + f(t)(s(x)a u(fﬂﬂf) = u(Tr7t) =0

u(z,0) = ¢, wu(x,0) =1

Tpebyercs Jist 3aIaHHBIX @ ¥ 1 yKazaTh Takywo f(t), aro u(x,t) =0 npn t > T.

Hpuvennm meron @ypoe: u(z,t) = Y oo | ax(t)uk(x), rae ug(z) — coberBennsrit Gasuc oneparopa Lu = %
Ha OTpe3Ke [—7, | ¢ rpaHrdHbIMEA yeaoBusamu u(£m) = 0.

Yrobbr HAlITH Uf, CAETaEM 3aMEHy KOOPAWHAT y = T +7. B HOBOIt cucreme KOOpANHAT (DYHKIIAN Uj, SBIAIOTCS

pelenneM 3a0a9n
— = A\gUg, YE (07271'); Uk(O):uk(QW):O,
OTKy/Ia U = Sin %y = sin w, ke N.
[Mpumernss JIEBYIO U MPABYIO 9aCTh UCXOIHOTO YPABHEHUS K MPOOHON (DYHKIMK Uy, MBI TTPUXOINUM K COOTHO-
IIEHUIO
k2 km

" :
ap = ——Qap + sin —.
F 4 2

IIpu yerHbIX k HaHHOE ypaBHEHWE IPUHUMAET BUJ,

2

1/
—ay, = 0.
ap + 4ak

B uacrroctn, ecan ag(0) # 0, To dbyHKImMs aq(t) He obpairaercs B HOMb HU HA Kakom Jyde t > T.

Pemnenue 3agaum 3.
Crestaem 3aMeHy v = Uy — Ugy. lOrma

Vg — Vg =0, V)t=o =0 — (Sinz),, =sinwz,

npudeM PYHKIUS v OTPAHUYEHA B KaxKI0# mosoce I1p.

Herpyano maiitn pemenne suga v = a(t)sinx = e ' sinx.

[Mockonbky 3amada Komu fjis ypaBHEeHUsT TEMIONPOBOIHOCTH UMeEET He 00JIee OTHOTrO perreHusi, (DYHKINT U
OTIPEIENISIETCS OTHO3HATHO.

B cBoto ouepenp GyHKIMSA U €CTH peleHne 33,/ 1a91
Up — Uy = € 'sinx,  ulj—o = sinz.

Jammast 3a/1a9a TaKKe nMeeT He GoJIee OJHOTO OTPAHUICHHOTO B KasKIOH TOJIOCE PEIeHus.
Nma pemrenue B Bujie v = b(t) sin z, Mbl npuxonuM K 3agade b’ +b = —e~!  b(0) = 1, pemenuem KOTOpOit

spisiercst b = et — te” L.

Uroro u = e *(1 — t) sinz — eMHCTBERHOE peIeHNe.

Pemienne 3amaun 4.
Beskoe pentenue npejcrasumo B Buje u(x,t) = f(z +1t) + g(x — t). Bes orpanngenus obuinocru g(0) = 0.



[Toxcrapiisist 00Kt BU/T PelieHnsi B IPAHUYHBIE YCJIOBUS, MbI IOy 9a€M CHCTEMY

==X x>0 (8uacraocru f(0) = 0);
. )=1, >0 = 2f(¥)-29E) =z z>0;
fBz)+g(—x) =3z, z<1.

TlepBbie 1Ba ypaBHeHWUs NPUBOIAT K cooTHommeHnsM g(x) = 0, f(z) = x mpu z > 0.
Ncnonw3ys nocmeanee ypaBHEHNE, MBI 3aKJII0UaeM, 9TO

fBz) =3z — g(—xz) =3z, z <0

g(—x) =3z -3z, 0<zx<l1.
Takum obpasom, f(x) = x upu Beex z, HO g(x) = 0 npu x > —1 u HeussecTHO pu = < —1.

910 NpUBOAUT K OTBETY: u = x + ¢ B obnactu © —t > —1.

Peinenune 3agaum 5.
o0
[Ipumenum meron @ypoe. Penrenne npescrasisercs B Buge paga u = y o, a(t) Xp(x), rae { X} — oproro-
HasbHbIil 6asuc B Lo((—7, 7)), coocrosuumil u3 peienuil clieKrpaibHOl 3a1a4u

]'J:/\ka, Xk(—ﬂ')ZXk(ﬂ')ZO,
TO ecTb X) = sin w (cm. 3amauy 2).
KosddunumenTsr ay HaxomaTcs u3 ypaBHEHHS

k2
" /
ak + aak = —Z,
TO €CTb
—at+vV a2 k2 —a—Va?2—k?2
ap = Age 2 '+ Bre 2 " npu o # k,

ap = Ake%at + Bkte%at mpn o« = k,

Orcroma ciaemgyer

o

flu(-, )||L2( ) R Ce—2t, ecn o < 1;

e

lu(, )| Ly (—mmy < Cte™ 27, ecmm o = 1;

/a1
lu(, )Ly (—mm < Ce™ flt, ecmm o > 1.

Koucranta C sasucut or |[u(:,0)| 5y (—x,x) 4 [[1e(-, 0)| £y (=)

Pemienune 3amaun 6.

Oyuxrus u — rapmonndeckas B obmactu R? \ {0}. Cnemosarensno, ona rnagxas B R? \ {0}.

Iycts u = U(y/22 + y?) npu 22452 > 0. Oynkiusa U npu r > 0 ynosiersopser ypashernio r2U" +rU’ = 0,
orkyna U = A+ Blnr.

3ameTum, 9To

(2* +y*)Au = B(2® +y*)é(z,y) = 0

— 10 ecTh J0bas GyHKIwMsa A + Blnr aBiasercs permeHneM OIHOPOIHOTO YPABHEHUSI.

Dyukuusa ug = v — U(y/x? + y?) — 06001enHas HyHKIUA, HOCATEIb KOTOPOl COCPEIOTOUYEH B HAYAJE KO-
opmuuatr. CjemoBaTebHoO,

ch 50 ()6 (y).
k,m=0

WA, B TepMUHAX npeodpa3osanus Pypobe,

N
do= 3 Crmli& i)™, A€ + %)) = 1.

k,m=0



Tak Kak vy PaaIUAIHLHO CHMMETPHUYIHA, Uy TAKKE PAJIAATHLHO CHMMETPUYHA U, CJIEIOBATEIHHO,

3 P 1d) [
Ug = chp%, e p® = &% +n®, mpudem (CW + pdp) E :Cnp2"+2 — 1,
n=0

n=0
orkyzna g = 1/4 u ug = §(z, y)/4.
OtBet: u = 6(z,y)/4+ A+ Bln(\/22 + y2).

Pernenue 3agaum 7

Lu = u,. Jlio6oe kiaccuueckoe pernenue ypasuenus Lu = 0 umeer sug u = f(y), npudem f(y) He obs3a-
TesIbHO GeckoHeuHO ruajakas. Eciu makcumyM QyHKIMU U JOCTHrAeTCs B HEKOTOPOIi Touke (Zo,yo) € {2, TO oH
2Ke JIOCTUIAeTCst U B TOYKe nepecedenus 0§} ¢ upsamoii y = yo (B cuily orpaHudeHHOCTH ODJIACTH TaKas TOYKA
NepeceueHust CyIecTBYeT).

Pemenune 3agaun 8
o
IIycts g = e=2 . Torma

x

8
SV}

2
i

2 _ % _ T
Ugyz; + 2TitUg, + (27 + Du = €™ 2 (GUa,z; + 290, Uz, + Gzio,tt) = €7 2 (gU)aya,
CrenoBareanHO,
_zites zytey
O0=e" "2 Ale” 7 u),
@? a3

TO €CTh U — PEIeHNe UCXOJHOIO YPABHEHHUs TOTIa M TOJIBKO TOTIa, KOrma (PyHKIHUSI v = €~ 2 U — FapMOHHIe-
CKad.
Paccvorpum v = 1. Torma coorBercrByiomasd QYHKINASA © = €~ 2 sBJISETCS OTPAHUIEHHBIM PeIleHneM

HCXOJHOr'o ypaBHEHUA, OTJIMYHBIM OT KOHCTAHTBI.



