Pemenne Tunosoro Bapuanra u3 " Jlomammnee 3aganune 1 s marucrpos
(srexTop Iaxos E.M.)"
3agaya 1. MeronoM pa3znencHUs NEPEMEHHBIX HAWTH pEIIEHUE ypaBHEHUS

Jlanmnaca uxx+uyy:0 Ha TIIJIOCKOCTH  JJIs "

OpSIMOYTOJIbHOH  O0NacCTH C  YCJIOBUSMH u=0

Jupuxne Ha rpanuile. BoinucaB pelieHue B 5(0.6) Cla.t)
BUJC psAa, HApUCOBATHL HA IIJIOCKOCTU JIMHUU
YPOBHSI YaCTHYHBIX CYyMM 3TOro psma (S, S,
S). ['pannyHbIC yCIIOBHS:

u(0,y)=V, u(a,y)=0, u(x,0)=0, u(x,b)=0
Pewienue. bynem HCKaTh BHayaJIe
HETPUBUAJILHBIC YAaCTHBIC PEIICHUS YPaBHEHUS
Jlannaca, yoBJIETBOPSIIOIIME TOJIBKO IPAHUYHBIM YCIOBUSAM

u(x,0)=0, u(x,b)=0
B Bume U(X,y)=X(X)Y(y). ITloacraBiss 3TO BBIpaXCHHE B ypaBHEHHUE

Uy +U,, = 0, moryuum X"Y +Y'X =0, otkyna nenenuem Ha XY Haiijiem
XII _ Y" _ AZ

X Y
VYuauteBas, uto Y(0) =Y(b) = 0, monyunm 3anaay Ltypma—JlnyBumins
Y"+A?Y =0, 0<y<b,Y(0)=Y p)=C

IUI OTIpENIETICHUsI COOCTBEHHBIX 3HAYEHHWH M COOCTBEHHBIX (YHKUUMH Halei

3agaun. Umeem
2
A= E[J VY :sin(E j n=1,2,..

CootsercrBytome QyHkuun X (X)  SBISIOTCS  PEIICHUSIMH  yPABHEHHUS
X"=A*X =0, oTkyna

X, (X)=a, ch(%[xj +D, s){%—[xj

(&n m b, — mpou3BOJBHBIC MMOCTOSHHBIC). 3HAYUT, HETPUBHAIbHBIC YACTHBIC
(«aToMBI») pereHns OyayT UMETh BHT

—| & cp( M M i Ty n=
un(x,y)—[anch( b x)+bn s)‘( b xﬂ sw{ b yj ,n=12,.

B xauectBe penieHust ICXOIHOW 3a7ja4i BO3bMEM PSJT

u(x,y) = g{an ch(%[ xj +D, sl‘(%{ xﬂ sirﬁ%-[ yj (1)

[MocTostHubIe @y 1 by (N =1, 2, ...)Haxoaum u3 ycnosuit u(0,y)=V, u(a,y)=0.



IMonaras B (1) x = @, moxy4um

0= Z[an ch(—aj +b, sl{%{ ﬂ r{ yj
anch(FaJ+b sr(— j— n=1,2,.
[Monaras Teneps B (1) x = 0,0ynem umeTh

V=>a sin(ﬂr y
n=1 b

OTKYJia ClIeyeT

OTKYJa BBITCKACT

b 0,n=2
a, =EIVSin(Eyjdy UM @, =9 4/
b b —,n=2k+1
L NTT

Takum 00pa3om, perieHrne UMeeT BH/T

Sh((2k+1) @- x)nJ

N b ((2k+Dm
ux.y)=—3 Sln( yj )
m k:°(2k+1)sr((2k11)mJ b

Ha Puc. 1 u 2 moka3zaHbl 4YacTHYHBIE CYMMbl S U S5 psaga (2). Daitis
MOMOTAIOIIe TOCTPOUTh pucyHok zlgraphl.nmu uk.m.
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Puc. 1. &. CrutomHele IMHUU — TUHUU YPOBHSA .
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Puc. 2. S5o. CrutonrHple TUHUH — JIMHUU YPOBHS Ssp.
Ha Puc. 3.1moka3anbl JMHAN YPOBHS YaCTHYHOU CYMMBI .

Puc. 3. $0. Crutoninpie TMHUU — JIMHUW YPOBHS Spo.



3agaua 2. Haiitu cranoHapHOE paclpeleiecHue TEMIepaTypbl B OJHOPOIHOM
cektope 0<p<a, 0<¢ <a, ynosinerBopsiroriee 4,

KpPaeBbIM YCIIOBHSIM u(p,0)=u(p,a)=0, -
u(a,¢) = A (A= const). »~ €
i N =2
Pewenue. Haxoxxnenue CTallMOHAPHOU Q‘G "
TEMIIEpaTypbl CBOJUTCS K PEIICHHIO 3aJauu W Ao 0 z
Hupuxne a
pzupp+pup+u¢¢:0,0<p<a,0<q)<o(<2r[ 0 2(p.0) = 0 o

u(p,0)=u(,a0)=0,0<p<a
u@@d)=Ap, 0<d=<a
[Tonmaras u(p,¢) = R(P)P(¢p) m mpoBens pasaencHHE NEPEMEHHBIX, MOJy4aeM
71Ba OOBIKHOBEHHBIX U GEpEeHIINATBHBIX YPAaBHEHHS
P’R'+pR -n’R=0, ®"+A\d =0 (3)
N3  ycmouii 0=u(p,0)=R@E)P(0) u O=u(p,a)=RpE)P@) craenyer
®(0)=P(a)=0. IlocrosHHYIO pa3feicHUs A OIpenelseM, pemas 3agady

ITypma—JInyBuiis
P"+AP =0, P(0)=P(0)=0, 0<dp<a

2
Hmeem A, Z(Ej ud, (¢) :Sin(m-[q)j, n=1, 2, ..Oyukuuto R(p) umem B
a a

suzne R(p) =p". Iloacrasiss 5To BeIpaXkeHue B ypaBHenue (3), Haiinem

2
u(u-l)ﬂl-(mj =0, okyza { =i%[
a

Y4uuThIBass OrpaHUYEHHOCTh (IO cMmbicay 3amauu) ¢GyHkiuu R(P), numem

nrt

R(P) =p° . ATOMBI, W3 KOTOPHIX IIOCTPOMM PeIICHHE 3a[aud, OOpa3yloTcs
byHKIUSIMU

u,(p,¢) :p%[ sin(%q)j, n=1,2, ...
Otcrona penieHue 3aaa4u eCcTh
u(p.)= 300 sin( 10
[MocTosHHbIE Cy (N =1, 2, ...)onpe/:[;;lﬂeM u3 ycnosus Uu(a,d) = Ad . Umeem
u(p)=3 " sin ¢
n=1

OTKyza



Ga“
I/ITaK, pemeHHe 3aIIUChIBACTCA B BUJIC
nTt
nm sin ¢
20A L n+1 a ( a j
u(p.) =22 (-1) (Bj S (4)
n <o a n

Ha Puc. 4 moka3zana yactuuHas cymma Sso psina (4). Paitnel momoraromiue
MOCTPOUTH PUCYHOK z2graphl.ms un.m.
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Puc. 4. K 3agaue 2.
3agauya 3 Pemuth 3amauy Ko (Belmucarh penicHre B BUIe HHTErpaa)

ou =a’ H+§@ +F(r,t), r>0,t>0
ot ar? ror

u(r,0)=¢(), r>0
rae r =+/x* +y*+2z* . Hoctpouts rpapuk U(R,t), 0<t<T.

Pewenue. Vicnonbzyem (yHKLUHIO TeMIepaTypHOTO BIMSHHS, 3alldLIeM
pelieHue B BUJe UHTerpaia



_(r-2)? _(r+2)?

Z0(2)| e @t —e @t (dz+

u(r,t) =

1/ J
2ar~/Tt |
(r-2)? (r+2)?

J‘ 7 F(Z T) 4a (t-1) _ —e 4a2(t—r) dz

2ax/1_1 J

B ¢aiine z3graphl.mmoka3an mpumep moctpocHHs rpaduka (HUCIONIB3YyeTCs
takke daiin u0z3.m).Ha Puc. 5nokasan rpadux U(R,t)
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Puc. 5. K 3amaue 3.

3agaua 4 (6 Gamwnos). Jlan omHOpOAHBIN mmIap paauyca R, IHEHTp KOTOpPOro
pacIioyio’keH B Hadaje KoopAwHAaT. M3BecTHO, uTO HadanbHas Temmeparypa f(r)
1000 TOYKH IIapa 3aBHUCHUT TOJLKO OT PACCTOSIHHS I 3TOW TOYKH OT LIEHTpa
mapa. Bo Bce Bpems HaONIOJCHWS  BHEIIHSAS  [MOBEPXHOCTh  Imapa
MOJIIEPXKUBACTCS TIPH HYJIEBOU Temreparype. OnpeaeauTs TeMIIEpaTypy Jr00i
TOYKH BHYTpH c(epbl B MOMEHT BpeMeHH t > 0. Brimucas perieHue B BUjE psia,
MOCTPOUTH rPapMK YACTUIHON CYMMbI S0 B MOMEHTBI BPEMEHH 1.
Pewenue. Tpebyercs HAUTH pelliCHUE YPAaBHEHUS

ou_ a’Au

ot

C HaA4YaJIbHBIM YCJIOBHCM

u(x,y,z,0)=f (), r =x*+y*+2°



U I'paHUYHBIM YCJIIOBUCM
u(x,y,z.t),, =0, Q={(xy,2) X’ +y* + 2’ < R%

Tak kak HadaabHOE pacopenciaceHue OaBJICHUsS 3aBUCHUT TOJIBKO OT I, TO 3Ty

3aJ1a4y MOKHO YIIPOCTHUTh
ou _ ,(0u 20du
— =g —+—=——
ot ar® ror
u(r,0)="f(), uRt)=0
MoxHo moka3ath (cMm., Hanpumep, [3] bun [4]), uTo 3amauya TmpUBOAMTCSA K
PELICHUIO YPaBHEHUS

IPU YCIIOBHSX
v(0,t)=0, v(R,t)=0, V(R,0)=rf (r)
[MpuMeHsiss MeTOJ pa3feiicHHus MEePEeMEHHBIX, Oy/JeM HCKaTh peIleHHe B BHUJC
v(r,t) =F(r)T(t). [Toxyunm ypaBHCHHE
FT'=a*F'T wm izT— B
aT F

2
N3 ypaBuenus F"+AF =0, wnHaxomum )\nZ—(%TJ , Fn(r):sin(%[rj,
n=1,2,...

nrt ?
Pemas ypashenue T'—a’AT =0, B KoTOpoM )\:)\n:—(EJ , TIOJy4aeM

_n’rfa?

t
T (t)=e ® .3nauur

W)= Y6 F, 00,0

Koadduumentst ¢, onpenenum u3 ycnous V(R,0) =rf (r) u noxyunm
w _n‘rta’

R
u(r,t):%Ze R tsin%[fpf (p)sin%dp.
n=1 0

YroOsl moctpouts rpaduk u(r,T) Beidepem a=1,R=1,T=0.01, f(r)=1/r.
PesynbraT (vactuHas cymma psijia Spo) nokaszan Ha puc. 6. B daiine z4graphl.m
JaH IpuMep mocTpoeHus rpaduka (Mcmoiap3yercs Takxke daitn u0z4.m).
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Puc. 6. K 3amaue 4.
3agaua 5. Pemnts 3a1auy 1 METO10M KOHEUHBIX PA3HOCTEM.
Pewienue. Bocnionbp3yeMcst HTepaliMOHHBIM MeTo10M SIkoOu (rmoapobuee B [5])
2 2 1/ - 1
(E +h_22j yrl:m = h_lz(yrl:ém + yrlf—im) h2 (yn m+1+ yn m- 1) + F
PesynmpraTthl pemieHuss 1o 3Toi  ¢dopmyine moka3aHbl Ha puc. 7. Daiin
MMOMOTAIOIIHI peaan3oBaTh MeTox z5graphl.m
Ha Puc. 8 nokaszano pemenue 3a1aun 1 ¢ rpaHUYHBIM YCIOBHEM
u(0,y)=0, u(a,y) =0, u(x,0)=x>+sinx+ 1, u(x,b) =0
daii moMoraruMi MOyYuTh 3TOT pe3yabTat z5graph2.m
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Puc. 7. K 3amaue 5.
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Puc. 8. K 3anaue 5; pemenue mis rpaHuunoro ycaosus U(X,0) = x° + sinx+ 1.
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