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LulubUsUuL guIuoUruen

UjGwhup hwywuwpnidp, npp Yy b unbnénd 1, Ta, ...Z, wilwhu
inihnfuwlwGGEph, u(a:l, I, ..., a:n) npnGELp Pnublyghwyh b Gpw Swulbwyh
wéwhgjuibGbph dhol Ynsynd t dwulbwlyp wowlbgyuybbpny hwdwuwnnid,
wjuhGpl, w)b hbwnbyw; nbuph hwjwuwpnu t

F(xla"'9x‘nau1uz17'“1”1,17”3:1113'"yuzna:,n"') :0’ (1)

npnbn F-p hwjnGh $nibyghw t:

(1) hwywuwpdwb dbe dwulwlygnn wiklwpwndp Ywpgh wéwbgjwih
Jwpap Ynsunid b wyn hwyjwuwpdwb yupg: OppGwly, wnwohG Ywpgh 71 L
T2 whywhu thnpnjuwlwGbepny wikb dh hwywuwpntd nubh hbwnbjw) inbupp

F($1,$2,U, uxuuarz) = 0’
tpbpnnn Ywnpahlp
F(:rly:rz’u’ Uz, 7u127ux|1:11u$y$2,u12032) =0:

(1) wbuph hwjwuwpnidp Yngynd t pyusgpoowhd hwwuwpnud, bpb wyl
q6uhi b dhwjl wiklbwpwnpdp Ywpgh wéwlgjuwiGhph GYwundwdp: Ophbwl,

A(l'l s L2, U, Uy, s Uzy )u:m T4 + B(.’L‘] 1 L2, Uy Ug,y uIQ )u:l:x xo +
+ C(xl » L2, U, Uy, , u:rz)ua:g:t; - D(xl y L2, Uy Uy, u:tg) :
Uwulwyh wéwbgywbbpny hwjwuwpnuip Ynsynd bt @ouypl hunfwiwpndd,

tpb wyl qéwyhl k npnGbh nbyghw)h L Gpw pagnp wéwGgyw Gepp Gyuwn-
dwdp: OphGuwly,

A(:Ea y)u1z+2B(za y)ua:y + C’(:c, y)uyy+
+ D(z,y)uz + E(z,y)uy + F(z,y)u = G(z,y)



4 Lwhubwywl qunwdwnbbp

hwywuwpnidp qéwihG tpypapn Ywpgh hwdwuwpnid b u(z, y) wihwjn
$nlyghwih Gywwndwdp:

Uwulwyh wéwlgjw)bbpny Awywuwndwl jnémd Yngnid £ wdkh dh
$nblyghw, npp L hp wéwhbgyw)Gepp wenwnptiny hwiwwwwwufuwbwpwn
npnGGLh ncbyghwyh L Gpw wéwbgywObph thnluwpbl hwwuwnpnudp nwn-
Gnud E GnyyGnep)nih wiywtu thnhnfuwywGGeph Ghwwdwdp (w)b pwqinip)wl
ypw, npnbn npdwé £ hwjwuwpnudp):

1. Muwpqb] hwinhuwin®d GG wpnynp unnpl pipdwé hwjwuwpnis-
Gbpp Swubwyh wéwbgywibbpny hwjwuwnpmdabkp, pk ng

w. cos(ug + uy) ~ COS Uz COS Uy + Sinugsinuy, =0 :

Pl Hudy — (Use —Uyy)? =00

q. sin®(ugy + Ugy) + €082 (Upg + Ugy) —u =1

M. Sin(Uzy + Ug) — SN Ugy COS Uy — COS Ugy SINU; +2u = 0:
b. (tgu)z — ugsec’u —3u+2=0:

q. logluguy| — loglu,| — logluy| + 5u—6 =0

2. Mwpqb) hwjwuwpnidlGbph Ywpgp

loglugztyy| — logluze| — logluyy| + uz +uy =0:
ugul, + (v, — 202, +uy)? — 20y =0:

. c0o8? ugy + sin®ugy — 2u? — 3uy +u=0:

 2(uz — 2u)ugy — ((ug —2u)?), —zy =0

c QUggUzay — ((Uge — uy)?)y — 2uylgry +uz; =0

o o P P B E

3. Muwpqby, pt hbwnlyw) hwjwuwpniibbiphg npnip G qéwIhG
(hwdwubne fwd wihwdwube) L npnip ngqéwihl (pwahqéw)hi)

w. uzuiy + 2zuuyy — 3ryuy —u =0:

P Uylzy — 3x2uuzy +2uy — fz,y)u=0:

q. 25in(T 4+ Y)uze — TCOSYUzy + TYUu; —3u+1=0:
N T2YUzzy + 2%y — (2292 + Dtz — 20 =0
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b. Jugy — 6ugy + Tuy —u +8x=0:
Q. Uzylzz — Uyy — 67Uy + YU =0 :
t.. a(z, y)uzz + b(Z, Y)uzy + c(T.y)uyy + d(z, y)us+
+e(z,y)uy + h(z,y) =0:
D a(T, Y, Uz, Ugy)Uayy + D(T, Y, Uyy ) tyyy + 2uud, — f(z,y) =0
P. Upy +uy +u2 —zy=0:
d. uzy + 2(ul +u), — 6zsiny=0:
h. 2zugzy — 6(u? — zy)z + uyy =0
L (Yuy +u2)y — 2uplpy +uy, —6u=0:
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81. UnwohG Ywpgh dwulwih wowbgywGhnny hwdwuwpnudGhip:
Unzhh tuGnhp

1. Unwohl Ywpgh qéwjhl hwywuwndwG

0z 0z
aj7—+ --+an =

B2, 3. = (1)

pagap (nLdnudGbnp, npn Swubwynp nbwptipnud, Jupbih b qubty hbwbjwy
adlny: Thgnip hGupuiynp b qunlGby

d.’L‘l o d.’L'n dz

unqnnwu_wﬁ wdwbgjwibipny hwyjwuwpnidGbph hwdwywpgh 12 hwan qon-
pbl whywfu '

(pl(xlj"‘rx‘nyz) :Cla"‘y‘/’n(ml,"',xn,z) :Cn (2)

wnwphl hownbgpuwy bap: Wyn nbiwpnd (1) hwjwuwpdwb pagnp ppednudblipp
unwgyned kG

F(‘Ph"'a‘Pn):O

hwywuwpnudng, npntin F-p Ywdwywluws nhdbptGgbih $nlyghw t:

Ywulwynpwwbu, bpb z thnthnhuwywbp dinbnud b wnwehG hOnbgpuw;-
GEphg Shw)b B6Yh dbe wubklp YbnohGh, www (1) hwywuwpdwb pbpbwbng
(nednedp qunGynud b hbnlywy hwjwuwpnushg

‘Pn(l’la"',xmz):f(SOla“"‘Pn—l)-, (3)
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npunbn f-p JuwowjwlwG nhdbptGgbih dnibyghw t:
2. UwuGwyh wowGguGEpnd nhdtptlghw hwjwuwpnuibbph hw-
Swp wikbwywpunp fuGnhplbphg deYp' Gnppp fulnpnl t

oty F(x1, -+, Tn, Uy Ug,, ", Uz, ) = 0 hwfwuwpdwl wylyh-
uh (méntd, npl whglh inpydwé | Ynpny

%hgnitp wushwleynud E qunlby wyG z = z(z, y) Swybplngpg, Ywd np
GnyGo E, wiG z(x,y) PniGlighwa, npp pwdwpwph

0 0
a1 (z,3,7) 52 + @ (@3, 2) 5 = b(z,v,2) )

twulwlp wéwbgyuibpny hwywuwpdwlp L wyn dwitplnypG wigGh
z=u(t), y=uv(t), z=w(t) (5)

npny: Uyqpnud qunlnud bap

d_:z:dy dz

ai a9 b

hwiwlwpgh Gpynt wilwiu wowphG hGunbgpuwi Gbp

‘Pl(l'ay, Z) = Cl'» gpz(x,y,z) = C2 (6)

L z, ¥, z thnthnhuwlwbGEph thnfuwpbb nbnwnpbing Gpwbg (5) wpnwhw)-
wnntp)ntGabpp, unwbmd Gp hbubyw] Bpynt hwywuwpnep)pibGEpp

‘I/l(t) = C], ‘I’z(t) = Cg .

Ujbnihtiinl,, GpwGghg wpuwpubind ¢ wwpwdbnpp,  unwgynid b
F(Cy, Cy) = 0 wpwwhwpnnipynilp: Cy-h L Ca-h thnfuwntib whinwnnb-
(ny wnwehl hGunbkgpwiGbph dwhu dwubipp’ vtnwOnid bGGp (4) hwydwuwpdwb
npnlbih |nLénuip:



8 aqLnthu | Iwdwuwpnudltiph nwuwywpgnudp b uwinbwlywh nbuph ptipnudp

Yunnnnupyne: Npn nbwptpnud hwpdwp b oquiydb) hwywuwp Ynunnpuwlyt-
nh htwbyw) hwwynipnlihg tpb

ay a4 _Qn "
bbby by
www quwiwpwlwb ki, ks, - - -, k,, pybinh hwdwp Shawn £

k‘al +k2a2+---+k‘nan _
kiby + koby + -+ knbn,

4. it htwlyw; hwywuwnpmdobnh pnhwinup (nuénLdGbnpp

w. Yz, — T2y =0:
p. (z+2y)zz —yzy, =0:

Q. TUuz + Yyuy + zu; = 0:

N (x— 2)ug + (y — 2)uy +2zu, =0
G.Yyz; + T2y =T — Yy
q. e’z + yzzy =ye* :
t. 222, + (y — 2)2zy = 22

D. TY2; — T22y = Yz :

p. T2y + 2yzy = 2y + 2 :

d. (z? 4+ y?)z, + 2xyzy + 22 =0
h. 2y4zm ~ TYzy = V22 +1:

L 2222, + Y22y =2+ Y :

. yzzz — T22, = €* :

6. (2= y)22;+ x22y = TY :

4. xyz, + (- %z)zy =yz:

h. yzz + 22y = 7

2 2

. sin“x z; + tgzzy, = cos® z :
n(r+2)z.+(y+2)zy =z +y:
8 (xz+y)z + (x+yz)zy=1-22%:



§1 Unwphl Ywpgh hwdwuwpmiGep: Yn2hh fuGnhp

6 (Y+ 2)ug + (z+z)uy + (2 +y)u, =u:
. Zug + yuy + (2 +u)u, =2y
6 (u —2)ug +(u—Yuy —zu; =z +y:

5. Qulh] hwywuwndwb wyhb (nténLdp, npp Ypwdwpwph
Gdwé wwypdwGha
w. Tz; — Yzy =0, z(z,1) =2z :
p. 2z + (2 —y)zy =0, 2(0,y) =y :
q. 2y/x2; — yzy =0, z(l,y) = y2 :
N Up + Uy +2u, =0, u(l,y,2) =yz:
b. zug + yuy + zyu, =0, u(z,y,0) = 2 4+ 92

6. Gt uyl dwybplnypp, npp pwywpwpnid b apué
hwywuwndwhp vh wglnid £ vipjwé Ynpny

w Yz, +zyzy =z, =0, z=y?:
P T2y —2yzy =22 +y?, y=1, z=12%:
Tz tyzy=z—1Yy, T=2, z=y* +1:
t9Tzp tyzy =z, y==x, 2=1°:

Tz —yzy =23z - 3y), z=1, yz+1=0:

2oyt y=-2 z=z-22;

2.

cIT2g Y Yzy =2 I
Yyzz; + T22y = TY, T =a, Y>+ 22 =a
22 —xyzy = 2zx, c+y=2, yz=1:
c2zp+ (22 — ¥z = —z, y=12?% 2 =2x:
(Y- 2)zg+(z—x)zy =T ~y, z2=y=—~x:
LT2zg+ (224 y)zy =2, c+y=2 z2=1:

T aQaP®ETOo @S P

LYz, tyzey =22, 2—y=0,r~yz=1:
T2 +22y =y, y=22, c+2y=2:

6. (y+22%)z, — 22%22, =2% x=12, y=22:

W (T—2)2z+(y—2)2y =22, z~y=2, 22z =1:

h zydzy + 22222, = 32, 2 - 23, y =22
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§2. bpypnpn Yuwpgh hwywuwpnudlbph nuuwlwpgnudp

phypnpn Ywpgh pywahqéwihl wikG dh hwywuwpnud nelh hGunbgwy
winbkupp

n

z a'ij(xl? T2, -y xn)ux,-:cj‘*‘
i,7=1 (1)

+f($1a$27 ey Ty Uy Uy "'7u1n) = 0’

npwtin a;; anpéwlhgllinp Ry, wwpwénipjwl nplt D whpnypnid wpdwé
hpwlwl  $nllyghwlbp GG, pun npad a;; = aj;@ dhputlp
(29,29, ..., x%) € D ybuwnp L ywqoklp hbwnbyw) punwiniuwhG up

n

Qtr,ta, - tn) = Y ayy(a}, .., To)tit; : (2)

1,5=1

Jwywnbh t, np Yupbh £ qunbbyg ¢y, 22, ..., t, hathnfuwlwbbbph w)Gyhuh
n
t; = Zhikrk, 1=1,2,...,n
k=1

quJhﬁ'gqbnwuannn dLwihnfuntpynih, nph Shengny (Q pwawlyniuwghG dup
ptinyh

Q=) ar ' (3)
i=1

wGnOhwywl wnkuph, npnbn a; gnpéwlhglbnhg jnupwpwGynipp 1, —1,0
putinhg npLt GLY0 E: Q-h (3) wbupnid pwgwuwlwi L qpn gnpéwlhgltinh
pwlhwlyp Ywhudwd st Yubnlbwlywb ntuph ptipnn géwyhG dLwthnhinupyntbhg:
Uju hwuwnh dpw £ hhiiGdwé (1) nbuph hwywuwpnuibbph nwuwlwpgnudp:

(1) hwywuwpnidp D pwqinipjwl pw widwGnid 66 w. &pupnwlws,
p.hhwbppnpwiywd, L . wwpwpnpwiyws, bpt D- h jnipupwsnip Yhunnud
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pwnwyniuwyht dbh YwGnGwlywb wkuph w. papnp n gnpéwlhglbipp Rpw-
4w &G, Ywy papnpp pwgwuwlwG b6, p. gnpéwlhgltphg (n — 1) hwnp
Gh GawGh &G, huy n-pnp hwhwewl Gawbh t, q. gnpéwlhgbbphg gnlt dklp
qpn t:

. T. Mupqb) hnbjw| hwwuwpmitbph nbuwyp
CUpz — 2Ugy + Uy +ur — Uy +3u—zY? =0
Upz + 2Ugy — SUyy — Uz + Uy —2u — 2%y =0:
Ugg — 2Ugy + Uyy +2uy —u =0
Uzg + 2Uyy + Uz, — 2Ugy + 2ug; —4uy, +3u=0: -
Ugy + Ugz — Uy, +2uz —3u=0:
Uzg + 2Uyy + Uzy — 2Ugy + 2Uy, Tuz+2uy—u=0:

w
p.
Q.
n.
k.
Q.
b Uzy + 2Uyy + Uz, — dUgy + 2uy, — zYe® =0
0. Ugz — AUgy + 2Ug, + dUuyy + Uz, — 22yu, + 3zu =0

P. Uz + 2Ugy + 2Uyy — 2Uy, + Uy, —u+T2%cosy =0 :

d. SUgy + Uyy + SU,; + Uy — 8Uy, —4uy, —u+ yzsiny =0:
h. yPuss + Uyy —uy =0

L TUzz + YUyy —u =0

. (I + 2)Uge + 2TYuszy — yPuy, = 0:

8 Uzz + Uy, =0

U. Uzz + ZYuyy, =0 :

h. UzySIGRY + 2Ugy + Uyy = 0:

0. Uzg + 2ugzy + (1 — signy)uy, =0:

N UzzSIGNY + 2Ugy + Uy, signr =0 :

6. 22ug, — yzuyy =0:

8. Y ugs + 2TYugy + 22Uy, =0
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§3. Uwulwyh wéwhguybtpny pywqhqéwhG
Bpynt whwhu thnthnhbuwlwGGEpny Bpypapn uingh
hwywuwpnedGtiph phpnudp Yuwlnbwlwh (howly) wnbuph

Yhgnip wwhwlpymy b
Augz + 2Bugy + Cuyy + F(z,y,u, uz, uy) =0 (1)

plwahgéuwhG hwdwuwpnisp, npp A, B L C gqnpéwlhgGbpp jwiuws GG
Shwjb U y wiwfu hnpnfuwlwbbsphg, pepb| ywinbwliwl nbuph:
LuwqdtGp (1) hwywuwpdwt hwiwwwwwufuwbng

Q(t1,t2) = At? + 2Btyt, + Ct (2)

pwnwniuwyhG dbp: LwbwltGp wyn duh B2 — AC npnzhsp A-nd: Cuwn
§2 -h nwuwhwngdw, (1) hwjwuwpnidp Ynsdnud b Ehuypnwlw, hhybp-
pnwiwi Yws wwpwpnpwlwG, bpth hwiwwwunwuiwbwpwp (A < 0),
(A > 0) yws (A = 0):

NYhuwnltlp

A(dy)? — 2Bdydz + C(dz)? =0 (3)
nhbintiGghw| hwdwuwpnudp Gpdwé bptip nbwpbpad:

w. bpp A = B? —dAC < 0 (fhwywwywh nbwpep). (3) pwrwyniuh
hwlwuwnpnudp [nebiny ﬁ-h Gywindwdp, tipt A # 0 (huy tpt C # 0

d
d—y-h Gywwniwdp), unwbnud LGp
T

dy B+ivV=-A .

dr A ' (4)
YManp p(z,y) + W(z,y) = const wyn hwlwuwndwG pGrhwinip
hGuntigpw(G t: Ywwnwnpbing whlwh pngnfuwluGGtph

£=o9(z,y), n=1vy(zy) (5)
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thnfuwphGnudp, nph ywlnppwlp

A ¥) _ 3
m = (P:z"/)y (wa:z # 0,

(1) hwywuwpnidp popynid b hbnbyw) uwGnGwlywh tnbuph
Vee + Uy + G(E,m,v,0¢,vy) =0 (6)

p. bpp A = B?2 — AC > 0 (hhwbppnjwlwG nbwpp), (3) hwdwuw-
d .
pnLdp d—y-h GUwndwdp nGbGnud £ Bpyne hpwlwl wpdwinbbp
x

dy _ B+ \/K ) 7

- A (7)
Ahgnip o(x,y) = const L Y(x,y) = const wn hwywuwpnidGbph
pGnhwbnip hOwnbgpwbbph GG (npwbGgny npnadnn Unpbpp Yngdned kG (1)
hwdwuwpdwb pdmpuwgnpsGbn): Uu nbwpnid (5) thnfuwphlGnudp (1) hwdw-
uwpnudp pbpnud b

Ven + H(E, 7,v,V¢, ’Un) =0 (8)

YwinOwywh wbuph: € = o + 3, 7 = a — § Gnp infuwphGnudng (8)
hwydwuwpnudp phpdnd b hbnbjwg uonOwlwl nbuph

Waa — Wasg + N(a, 8, w, wy, ws) =0 (9)

9. bpp A = B? — AC = 0 (wwpwpnjwlwG nbwpp), (3) hwywuw-
prudp nLGbGnud b okl wpdwen’

dy B

— = — 10

dr A (10)

Nhgnip p(z,y) = const uyn hwjwuwpdwG pGnhwinip hGinbgpuwG E,

huy ¥(z,y) Yudwywyws nuapl $acilyghw t aph L o(z, y)-h jwynphwip
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hwjwuwp skt gpngh: Ywwnwptbny (8) hinfuwphGnudp, (1) hwjwuwpnudp wju
nGwpnd Ypbpyp
Vnm + P(§,n,v,v¢,05) =0 (11)

YwOnlOwlwh wbuph:

LywnkGp, np, Gpp (1) hwjwuwpnidp hwunwnnd gnpéwljhgGbpny
qéw)hG hwywuwpmd b, jwinbwlwb wntuph pbpbinig htwn Ywpbrh £ owyl
wybh wwpqbglt): Ujuwku, ophlwly, Yuwuwnwnbing wlhwjn dnlGyghwgp

v = e NNy

thnfuwphGnudp, w)jbnihbinl hwpdwp duny pluptind A L g2 hwunwnniG-
GGpp, Ywpbih E hhybppniwywb L E hynwlwb nbypbipnid wqwwnyk) w-h
wnwohb Yupgh woéwbgyw)Gbphg, huly wywpwpenpwlwb nbwpnid w-hg L Opw
wnwohlh Yuwpgh npLt 8h wéwbgywihg:

8. 3bwnlywy hwjwuwpnudGbpp pbpbp YwonrGwlwh wbuph w)bwhup
whpnyplhpnud, nup WwhwywOywé B nhonwphynn hwjwuwpdwb mbuwu‘n
w. (14 22)2uzz +uyy +22(1 + 22)u, =0:

P Y Uugs + 2TYUgy + T2uy, =0

e — (14 y?)%uyy — 2y(1 + y?)uy, =0

(14 2%)ugr + (1 + yP)uyy + 2uz + yuy, —2u=0:
c2ugg + 2ryug, + yQuyy - 2yuz + yef =0:

-y ugs — 22%yugy + 23uy, — yPup, = 0

Ugg — 2SI TUgy — cos? Ty, — coszu, =0
eXuL, + 2e" M Vugy, + e?Vuy, —zu=0:

Uzy — 20Ugy = 0:

. TUgg + 2TUgy + (T — 1)uyy =0

CYUzz +Uyy =0

L Uze + ZYUyy, =0 :

. Quzy — 6uzy + uyy + 10Uz — 15uy — 50u+ -2y =0:
8. Uzg — 2Ugy + Uyy + YUz +9uy —Yu=0:

TQeW®WE Ta a5 P
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9. Pbpbp YwOnGwlwd wbuph (L w)imbbnl wWwpqbglb)) hbunbjw)

hwywuwpnudGhpp

W Ugy — 4Uzy + SUyy — Uz +uy +u=0:
P. Ugg — OUgy + QUyy — Uz + 2uy =0 :

c2uUgy —duyy tug —2uy+u+zT=0:

S Ugy + 2Uyy — Uz +4Auy +u=0:

22Uz + 2Ugy + Uy +4ug +4uy +u=0:
CUgg + 2Ugy + Uy + Uy —Ouy +4u=10:
Ugg — Uyy + Uz + Uy —4u =0

cUgy + Ugz — Uy — 0u+42=0:

Uz +Ugy + U +uy —u+y=0:

- Uzg + gy + SUyy — 2uz — 2uy +u 50
. OUgzg + 16Ugy + 16Uy, + 24u, + 32uy +64u =0
Ugy — 2Uzy + Uyy — Jug + 12uy +27u =0
CUge — gy +4uyy +3u, =0

Uzy — dUzy + 3Uyy + Uy —2uy +u=0:

eg T T aPE TO OB P

10. Ptpb) YwGnGwlwG wnbuph
W Uzgz + 2Ugy + 2y, + 4uy; +5u,, =0
‘P Uzg + AUuzy + duyy + Uz + 6ug, + 12uy, — 2u,—
—4u, —6u, =0:

Q. Uz + 4Uzy + uyy + AUy, + Uy, + 22U, +2u=0:

n Buyy — 2ugy — 2uy, +4u=10:

b Ugy + Ugy + Uy, — U+ Uy =0

Q- Uzz — AUzy + 2z, +4uyy + Uy, +3uy, =0
EoUzr + 2uyy + Uy, —4uzy =0

D Ugg + 2Ugy + 2Uyy — 2Uy + U, =0

P. SUzz + AUzy + Uyy — 4uy, + SU,, — 8u,, =0
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§1. Ihwtippnjwlwb wnbuwyh hwdwuwpnudGeph ppdnn fulnhpbbp

dhahlw)h L dEfuwGhiwh zwan fulnppltp ppdnd GO Bphpnpn Ywpgh
Jwulwlh wéwbgjwGbpny hwdwuwpnudbbph neunuiOwuhpdwG: OphGuwl,
nwunwbnnuywb Gpbnyplbbph nwuntdbwuhpnudp ( nw |hGh wnwaquywd,
owj0wyh0, EEYnpwiwgbhuwywl L wy) phpdnud 6O, wyuwybu Yngdws,
wnwunwlntdbph hwywuwnpdwlb
0%u .
PoE = div(p grad u) — qu + F(z,t), (1)
npnbn p, p, g anpéwlyhglbpp bhwpwqanned 66 dhpwydwph hwwnlnignt G-
GGpp, huy F(a',, t)-0 wpiwphG gpgriwh hGnkGuhdnipyntGG t:
Uwulwynpwwbiu
0%u 0%u

hwdwuwpnuip GYwpwapntd b pwph hnpp (w)liwlwl wwnwbnudGspp: beb

p = const, wyw
0%y
ot?

0%u F T
2 2
=a"—= + J, = —, a" = — 3
oz T f p p (3)
hwlwuwnpnudl wodwinid 60 dhwswh wippuypl hwfwuwnnidf
(1) wbugh hwywuwpnuing b Ohwpwgpyntd Gwl wnwéqulwh dnnh
“thnpp tipluw) Gwlwh nwwnwbnudabpp

0%u 0 ou

pS——= = — | ES— | + F(x,1), (4)
ot oz Oz

npubn S(2)-p annh (w)bwlwl hwwnyph SwytipbuG t, huy E(z)-p 3niGgh
dnnnyp:
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PwnwGph thnpp (w)Gwlwh wwwnwbndGepp GYwpwgnpyned GG

0%u 0%u  O%u

hwywuwpnuiny: bpb p = const, www (5)-6 widwnwd G Gplswh wih-
puyhl hwiywuwnnidf
Enwgwip wihpuyhl hwiwuwnnedp

@_‘ 2 62u+82u+62u LR
o2 0x2  Oy? 022

(6)

GUwpwgpnid £, ophGwl, dwjbh wwpwéndp hwdwubn dhowdwjpnid L
ElEYwpwidwgbhuwlwt wihpGbph nwpwénwip hwdwubne nshwnnprhs Ghow-
qujpnid:

SGpwnpkbp dhowdwypnid gnynipyntl niGh hnmhnfuwlwG b EGnpwiwg-
GhuwlwG nwywn: Lawlwlkip E(x.t)-nyd tbYwpwlywi nwanh (wpdwéntp-
ynuGp, Hx,t)-nd dwqbhuwlwl nwwnh (wpqwénipynilp, e-nd L p-ny
nhEslnphy L dwqGhuwlwG puhwighihnipyniGlting, p(z)-ny thgptinh
funnepynilp, I(x.t)-ny hwnnpnwlwGnipywb hnuwbpGhpp: Uju SkénupyniGhb-
np pwywpwpnid 86 Ywpubh gought hwywuwnnidGbnh hwowlwpghl

div(e E) = 4mp, div(u H) = 0,

1
=22 (uH
™

npwtin ¢-G ynyuh wpwgnepintl b Jwlnenidnid:
mg quigwony wquuw pbywnhyhunwlywb dwubhyh c,o(:z:,t) wih-
pwjhl pnbyghwl pwywpwpmd t £ by6hH-3npnnbh hwdwuwndwbp

/02
kw—A-FTn«g)QO:Ot

hwjwuwpdwGp
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Swunwbnnwlwb Gplnypbbph |phy Glwpwgpnipjwl hwidwp whhpw-
dti;uin t ghuinblw] ulqplOwlwh 26nnudp L wpwagnpntlp  (Wiqelwlwl wuwy-
Jwi6n), huly bpb vwwnwbynn dhowywpp uwhdwlwdwy £, Gwl Ggpuyhl
wyun GGy,

dhqhywyh npLt fuGnhp dwpbdwwnhynpbl dLwybpwbint hwdwp wi-
hpwdtun £

w. plwpt $hahhwlwi Gplnypp GYwpwagpnn $nLblyghwa,

p. gnb) wyG nhytpGghw) hwywuwpnidp, nphl pwdwpwpned £ G24wé
$nillyghwa,

q. dLhwlbpwb uyqplwlwb L Gqpujhlt wwydwGGbpp:

Lnuéb) hbwnbjwy fuGnhpGpp

11. UwpbiwwhynpbG dlwybpwbp S hwuwnwwnnta Yupdwépny L [
Gpywpnipjwidp hwdwubn wnwaqulwb dnnh Bplw)iwlwl nwwnwiiwh
huGnhpp Ywiwjwlwb uygpiwlwb 2EnnudGeph L wpwgnipyniblbbph nbw-
pniy, Lipp

w. dnnh Swyptkpp Ynaun wdpwgdwé kG,

p. dnnh Swypbpp wqun &G,

q. dmh z = 0 Lz = [ bwyptphG ujuws ¢t = 0 wwhhg Yhpwndwé
b6 = wnwlgpny nunnywé hwiwwwwnwutuwbwpwp F(t) L ¥(t) nudtipp,

n. dnnh Swyptipp wnwdqulwa duny wipwgywd Gh, wyuhGpl hpkGg
2tnnuiGbphG hwibdwwnwlywb nhdwnpnipyniGGbp BG Ypnud,

b. dnnh £ = 0 6wypp Ynaun wipwglwsé t, huy £ = 1 dwypp Ypnud t
wpwagnipjwlp hwibdwwnwlwb nhdwnpnipynih:

12. 3wdwubin L wnwdqulyw swhp dnnh dh wipp Ynoun wipwgywsd
' wquwn wiynud Ywwwpnn Jbpbjwynid, npp hwulbing v wpwgnipjwG
dhwlqwdhg Ywiq b webnud: Quwlbpwt), dnnh tnpp bpluw)Gwlws tnwnw-
GntdGEph puGnhpp:

13. uwybpwt) hwiwube L wrwéqulw dnnh bphw)Gwlwl nwnw-
OnudGbph tuGnhpp, Bpb énnp hwinhwnid t wpwgnipjwlp hwibiwnwlwo
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nhdwnpnipjwG: 2nnh dwyptipp Ynann wipwgywé LG, huy uyqpbwlwb 2b-
nndGEpG nu wpwagnipjnuGlbpp Ywdwjwlywb BG6:

14. oLwytpwt S = S(z) gpnhnhuwyws (w)bwywhd hwwnnypny b
Epywnnipjwdp hwdwubin wnwadqulwh dnnh EpluwGwywh nwunwbndbhph
huGnhpp. bpb uyqplwlwl ww)dwbbbpp Yuwiwjwyw BG: Yhunwpyb) hbnby-
jw( nbwpbnp

w. 4nnG nbh hwwnwéd YnGh AL Yninn wipwgywé hhipkpny,

p. annh z = 0 éwjpp wnwéqulwl wipwgwé t, huy z = [ éwyph
Shwynp dwytipbuhG Yhpwedws t F(t) nid, npp ninndwé t anrh bpluw)Gpny:

15. UhlGnyG S (wyGwhwG hwinnypnyd bpynt hwiwubin wnwaqulwa
Yhuwwybpe dnnkp wGdhowlwlnpbl dhwgywé O L Yuwaqond GG Gpyne
ynnohg whdkpe énn: ALwlybpwbl wyn énnh Gpyuwjlwywl nwunwbnudGhph
tuGnhpp, tpt p1, F1. p2. Fo dnnbph funnipyniGGenG ne 3ntGgh dnnnu GbnG
GG: Annkph (wjbwlwb hwwnyplbph uyqplwlwb 2Ennud0ENG nL wpwgnLp-
JnG0Epp hwiéwpt| Yuwdwywlw:

16. [ tpywpnipjwdp, hwiwubn, quuwlw)hG énnh £ = 0 6wypp wd-
nwgdwé t, huy = = [ éwypp wquwwn t pnnGws: ¢ = 0 wwhha M
quGqywénd L v wpwgnipjwdp wndynn phnp hwpdwénud t dnrnh wqwwn
SwynphG L Ywbnud £ GpwG: Quwlybpwb énnh GpyuwyGuwlwb wwwnwbnudlhph
fubnhpp t > 0 wwhnG:

17. duwybpwt ! Bpywpnipjwdp, p = p(z) qéwihG uwnnpywip L T
twpnudng fwph dinpp, (wjiwlwl nwwwbGnudGeph fubnhpp: UGwnbubp Swe-
nnpjwl L nhdwnpnp)wl nudbpp: UYqpeGwlhwG 2EnnudGlpp L wpwgnep)nb-
Ghpp hwdwpb| jwiwjwlwG: Yhunwpybp hbnbyig nbwpbpp

w. (wph Swjptpp wnwéquluwbnpbl wipwgywé LG,

p. twnh 6wjptipp wqwwn LG pnnGywée,

Q. Lwnh 6wynbphG yhpwnyws GG F(t) L $(¢) (w)bwlwh nudhp:

18. [ tpywpnipywip L p hwuwnwwnniG inntpjwip wnwdqulwa (wph
6wjptpp Ynzn wipwgwé bG6: Uyuwé ¢ = O wwhhg (wph dpw wqnnil Lo
hwwuwpwswd pwotudws F(z,t) qgéwhl punnipywdp (wybwlwh ndtip:



20 alntu Il Ipwbppnwhwl wbuwyh hwdwuwpnedbbp

2QLwlybpwb) u(a:, t) |w)Gwywo 26nnidGeph npndwG bqpwyhG fuGnhpp £ >
0 wwhha:

19. 2JlLwybpwb) (wph tinpp (wGwlwh wwwnwbnudGeph Gqpuigh
tuGnhpp, et wwnwGnudGEpp ywwnwpynid 56 wpwanipywlp hwdbdwunw-
Ywh nhdwnpnpiniG niGignn dhowyw)pnud: Lwph dwypbpp Unainn wipwg-
ywé bG:

20. Quwlbpwby ! Gpywpneywdp hwdwubn, pwpwly hwnnpnuwiwph
thnthnfuwlwG hnuwGph nudp L fwpnedp npnztpne BgpuighG fuGnhpp wbpln-
hwwn pwyujwéd R ohdwlw nhdwnpnipjwdp, C nLquanjwdp, L hGpGhG-
nntyghuynd L G wpunwhnupny, tpb (wph dh éwypp hnnwlgywé t, hul
gjntuhG Yhpwedws b F(t) blehnpwownpdhs nid: Spdwé b6 Gwl i(x, 0) =
f(z) Lv(z,0) = F(z) uyqpGwlwG hnuwlpp L jwpnidp:

21. | bpywpnipjwip, wnwdqulwi, hwiwubn qwih (w)Gwlwh hw-
wnnyplhpp ¢ = 0 wwhh0 unwgb G npp wunuynbbp: Lw)Gwlwh hw-
wnnplbpp 4Gntd 66 hwpp L 3606 nEdnpdwgyntd gtk ny qlwbh wnwig-
ph 2nipe: Auwlybpwb) w)bwlywh hwwnnyplbph wunnywnh walyjwb npndwb
bapwjhG uGnhpp ¢ > 0 wwhhG: Yhnwnyby

w. wquwuwn pnnbywa,

p. Un2in wipwgywd,

q. wnwdqulwi wipwgyws
owypkiph nbwpbnp:

22. 3Swiwubn pwnwipp nwnwph Ypwlnd hwopGytnd t (z, y)
hwppnipjwl D wnhpnyph hbn, nph bapp L-0 t, p-0 Gpw dwltipbngpw)h
funnipyniGh b, T-G ywpnudp, ©(z, y)-p L ¥ (z, y)-p pwnwiph (z, y) Yewnh
ulqpliwlwb 26nnudp L wpwagnepyntlGl 66: QLwlybpwb] wynwhuh pwnwiph
thnpp, (wjlwlwb nwwnwindGeph Gqpwihb fuGnhpp: UGunbubp 6wGpnipjul
nidp: thuwpyt| hbwnlyw) nbwpbpp

w. pwnwbph Ggpp Ynunn wipwgyws k,

p. pwnwlph banp wquwuwn t pnnlyws,

q. pwnwlph tqphb Yhpwedwe t F(z,y,t) ((z,y) € L) jwjbwlwa
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nidp,

n. pwnuwGph Eqnn wnwdquwlnpblt wipwgyws t,

6. pwnwGph Gqpp Ynwnn wipwgdwé t, huly pwnwiph Ypw wqnntd t
F(z,y,t) \wlwywG ndp,

q. pwnwiph Ggqpp Ynwn wipwgdwsé t, huly mwunwbnidbbpp Yuwnwp-
ynud 66 wylGwhuh dhowdwypncd, npp 26ndwbip hwitdwnwywb nhdwnpnip-
yntl £ gnuyg twhu:

§2. bapuyhl L Unzhh fuGnhpGp

Swunwbnnuiwl wypnglultpp, npny vwhdwlGwhwynidGeph nbwpnty,
GYwpwapynud &GO

n
Zuzixi —uy =0 (1)
1=1

hwdwuwpnwind: (1) hwyjwuwpdwb (neéadp pGantGws b wﬁQmﬁb[ wyhp,
huy hGpp hwdwuwpnidp wyppuhl

2wah rp (1) hwdwuwnpdwlp hwiwwwwnwufuwing Q(A) pwrwinuw-
JhG 8LG nLGh

QM) = Z ’\1‘2 - )‘121-}-1
1=1

nbupp, www wjb hhybppnwywl nbuwyh hwdwuwpntd E:
UhpwhG ntiuntpjwl dbe wibkGwywpunp fuGnhpGtphg SGYp Ynphh fulnpni
£ W0 Yuywnid b hbnbywnid.

quilty (1) hwwuwpswl u(x,t) wiluyhup |ndnid, npp pwdwpwnh hbunby-
Jwy ulqprbwlwl wuwydwoGEphl

u(z,0) = p(r). uy(z,0) = Y(x), (2)

nnbn @ L Y-0 Owfuwwby inpgduio Foudly .. [G6p 60 x4
thnihnfuwlyw GG6phg:
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AhunwnybGp Unzhh uGnph htwlywy wwpquaenyl nbwpp (n = 1)

uy = alug, + f(x,t), t>0  —oo<z<o00,
u(z,0) = p(z), w(z,0)=vY(z), —co<z<00:

(3)

f(z,t) = 0 nbupnud (3) ubnph (nuénudp wpdnud & 2uywdpbph puwbudbng

_ r+at
w(z ) = 2 at);@($+at) +$/ w(2)dz:  (4)

COnhwony ntwpnid (f(z,t) # 0) (3) huGnph |nuénuip Junbih t
Ywnnigh Ymwdbp bnwiwlng: Iwdwnnn GywupwanpbGp wyG:  Thgnip
v(z,t, ) nillghwh hbwnbyw) fubnph (nténudh

Vg = azvm, t>0, —-oo<z<oo, 5)
v(z,7,7) =0, vw(zx,7,7)=f(z,7), —00< < 00,
npnbin 7-0 nplt npuwywot Wwpwdbwp £ Un nbypnd
t
u(z,t) = / v(z,t, 7)dT (6)
0

$nilyghw (3) fulinph pneénuda b v(z, ¢, 7) pnlGlghwh untih b Yunnighy
Nwwdptph pwiwdélh oqlnipywdp:
Unzhh uGnph |nwénwip n = 2 nhwpndd wpynud £ Dacwunlh pwbwdling

Y(y1, Y2)dy1dys

u(zy, T2, t) / +
T i, P -1 (s - )

/ ©(y1, yz)dyldyz
Mz V2= (1 —21)? = (y2 — 22)%

npubin Ki-0 (y1 — 21)2 + (y2 — 22)? < t2 ypowla t:
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unzhb fuGaph (nénuwip n = 3 ahiwpnud wpdnud b Sppfuhnph pwlwdling

1 ’d)(ylay?ay3)d

= — o+
4r S t

u(£17$2ax31t)

1 0 .
190 ‘P(yhyz,ya)dm
4m Ot S t

npunbn Se-6 (y1 — 21)% + (y2 — 22)2 + (ya — 73)% = t? uPpbpui t :

, 23. Lawdt) unzhh tubnhpGlipp :
W Uy + 2Upy — Suyy = 0, u(z,0) = 32°, uy(x,0)=0:
P. Uzz — Uyy + Uz + Juy + 4u =0,
u(z,0) = ze~ 57— uy(z,0) = e 37
Q. Uzz — Bugy + Suyy = 0. u(z,z) =sinz, uy(z,z) = cosr:
N Ugzr — 2COS TUzy — sin? TlUyy + Uz + (1 + cosz —sinz)uy, = 0,
u(z,sinx) = cosz, uy(z,sinz) =sinz :
2y

k. 4y2uu + 2(1 - y2)uzy — Uyy — 'H_—Zlg(2ui - uy) =0,

u(z,0) = 22, uy(x,0y = zsinz :
Q Upg — 2ugy +4e¥ =0, u(0,y) = 2yeY, u,(0,y) = 2e¥:
b Upy + 2008 TULy — sin? Tlyy — SinTuy = 0,
u(x,sinz) = z + cosz, uy(r,sinr) =sinz:
D Upr + 2SinTULy — cos? TUyy + Uy + (sinz + cosz + 1)y, =0,
u(z,—cosx) =1+ 2sinx, uy(z, —cosx) =sinx :
P. Uy — dUgy + Uyy — Uz + uy =0,
X — %
u(z,0) =z +ze” 7, uy(r,0)=e€e"2:
4. Ugy — 2 COS Tty — (34sin? T)uyy +u, +I(sin:r—cos z—2)u, =0,
u(z, —sinx) =0, uy(z,—sinz) = e 2sinz:
h. e 2Puz, — e Wuy, — e Py, + e Wy, + 8¢¥ = 0,
u(z,0) = 1 — 2%, uy(2,0) = 3:
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L €¥Uzy — Uyy + uy =0, u(z,0) = —E;, uy(z,0) = —sinz 3
hu. Uggy — 28in TUgy — (3 + €082 T)uyy — coszuy =0,
u(x,cosz) = sinx, uy(z,cosz) = ef
6. 2uzr — Sugy + 3uyy = 0, u(z,0) =0, uy(z,0) = —e37 .
Y. 2ugz + 6ugy + duyy +uz +uy =0,
u(0,y) =0, uz(0,y) = —e ¥

24. 8nyg vy, nn

(z,1) fj(tzka ( )
u(z,t) = MT1y Tn)t
= (Zk) ™

t2k+1 X
+ (ZTF_l—)-'A l/(.’lfl, ce ,:En))

$nGyghwb hwlnhuwGnid t (1) hwdwuwpdwb jnednud, Gpb 2Ly dnlyghw- |
Otpp whybpe nhdtipklgbh GG, huy (7) 2wpep Ywpblh b Gpynt wiquwd wh-
nwd-wn-winwd wéwbgh): A-G Lwuwyjwup owybpwwnnpGt x1, - - -, T, thnthn-
hwlwGGEphg:

25. Oqutiny (7) pwlwadlihg [nLéb] Unzhh fuGnppGtipp (1) hwlw-
uwndwh hwdwp, bpb

w. u(z,0) = 322, uy(z,0) = 2224 — 323 :

p. u(z,0) = z1x2x3, uy(x,0) = 22372

q. u(z,0) = 22 + z3 + x2, uy(z,0) = 23 :
n. u(z,0) = e*' coszy, uy(x,0) = 23 — 22 :

b. u(z,0) = z% + 22, uy(z,0) =1

q. u(z,0) = ezl, ui(z,0) = e :

t. u(z,0) = z—l, u(z,0) =0, z1 #0, 2 #12:
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26. 8nig nwy, np

. > (t - T)zk k
u(z,t,7) :Z ——— A% (1, T, T)+
k=0 '

(8)

(t _ T)2k+1

k
(2]’»“*‘1)' A V(Ila""xan))

$nGlyghwh, npnbn A-G Lwwwuh owbpwwnpG £ Ty, -« -, T, thnthnfuw-
YwaGbphg, huy ¢ L v Pnbyghwltipp whdbipe nhybptagtih 66, hwinhuw-
Gnud £

uy = Au

u(z,r,7) = pulz, 1), w(z,7,7)=v(x,7)

fuinph (nuéncd, tpb (8) wppp Ywnbh £ Bpyne wiquwd winwd-we-winwld
wowhgk|:

27. Oqunykny (7) L (8) pwlwadlkinhg [kt Ynzhh hulnhpGbpp

w. uyy = Autaz+bt, u(z,y, z,0) = zyz, w(x,y,2,0) = xy+z:
P. Uy = AU +

Y a~
T 2¢ Ccos 2,

u(z,y,z,0) = zsin(v2(z + y)), w(z,y,2.0)=0:

u(z,y,z,0) = zsiny, wlzx,y,2,0)=ycosz:

n uy = Au+ txysinaz,
u(z,y,z,0) = az + bry, w(z,y,2,0) =0:

b. uy = Au+ aryze ', u(z,y, z,0) = 2zy,
uy(z,y, z,0) = xsin(v2y) cos(v2z) :

q. uy = Au+ axryzsinbt, u(z,y, z.0) = Y22,
ui(z,y, z,0) = ysinwre“? :

b wy = Au+ zyzin(l + t2),
u(z,vy,2,0) = yeTsinz, y(x,y,2,0) = rzsiny:
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ayzt3

1+ 2’
Ut = Ugg + Uyyy - xyt, U(Ia yaO) = Oa ut(z,y,U) =Ty

d. uyy = Au — xyt,
u(z,y,2,0) = p(z,y,2), w(z,y,20) =v(,Yy,2):
h. uy = Au + f(z,y,2), u(z.y,2,0) = p(z,9, 2,),
u(z,y,0) = ¢¥(z,y,2), Ap =0, Ay =0
L ue = Au+ f(z,y, 2)9(t), u(z,y,2,0) = p(z,y, 2),
u(z,y,0) = ¢Y(z,y,2), Af =0,
Ap=0, AY=0, g€ C'(t >0):

p. Uyt = Au+ u(z,y,z,0) = ze¥, u(z,y,2,0) = ye*:

©

28. Oquiytipnd Mupwidptiph pwlwdlihg L Ymuwdb b Gnwbwlhg, (N
Unzhh tulinhplGlnp
W, Usr = Ugy + bx2, u(z,0) = e, uy(x,0) = ccosz:
p. Uyt = Ugzy + azt, u(z,0) = z, u(z,0) =sinz:
Q. Uy = Uzz + ae”t, u(x,0) = bsinz, uy(x,0) = ccosz:
N Uy = Uz + asinbt, u(z,0) = cosz, uy(z,0) =sinz:
b. Uy = Uzy + Tsint, u(z,0) = sinz, ui(z,0) = cosx:

29. Oquybiny
Uy = alugy, —00 < T < 00, t >0,
u(z,0) = (), u(z,0) = Y(z), —00 < z < 0o
huGinpp u(:z, t) Lmédwh Ywiwiptiph pwGwalhg gnijg wwy, np
w. tipt () L Y(z) Pnblghwlbipp YaGwn GG, wuw (0, t) = 0.
p. bpb () L Y(x) Pnbyghwbbpp qnuyq b6, www u,(0,t) =0 :

30. Uunnwqtii, np
uy = a’uzz + f(z,t), —0o< T <00, t >0,
w(z,0) =0, w(x,0) =0, —co<z< o0
Unzhh ubnph (audmudp pwdwpwpnwd b hbnbywy hunynipynlGGephG
w. u(0,t) = 0, bpb f(z,t) PmGyghws Ytow t = tndnfuwlwih GYwn-
Jwidp,
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p. uz(0,t) = 0, bpt f(x,t) $nbyghwl qnug t = thnthnfuwlwih GYwwn-
dwdp: ‘

31. Oqutiny 29 L 30 huGnhpGbph winnudGlphg, (nuotip hbnlyuwg
tqnwihG hubnhpGbpp wnwGbpp hwdwwwwnwufuwb dknd wpniGwybing
wdpnng pdwhG wnwlgph Ynw

w. Uy = azum, x>0, t>0,

u(0,t) =0, t >0,

u(z,0) = sinx, wy(z,0) =22, > 0:
P. Uy = a%Ugzg, >0, t >0,

u(0,t) =0, t > 0,

u(z,0) =1 — €%, uy(x,0) = shz, >0:
q. Uy = augg, x>0, t >0,

uz(0,¢) =0, t >0,

u(z,0) =z — e, wy(x,0) =22, 2>0:
N uy = a’ug,, >0, t >0,

uz(0,¢) =0, t> 0,

u(z,0) = 1+ 23, wy(x,0) = 22e8%, > 0:
b. uy = a?uz, + €%cost, x>0, t > 0,

u(0,t) = u(x,0) = w(z,0) =0, t >0, >0,
qQ Uy = a?uy, +tcosz, >0, t >0,

u(0,t) = u(z,0) = uy(z,0) =0, >0, t >0:
t. uyy = a’ugy + sinzsint, >0, t > 0.

ug(0,t) = u(z,0) = wy(x,0) =0, >0, t>0:
0. Uy = @, +te®, >0, t >0,

ug(0,t) = u(z,0) = u(2,0) =0, >0, t>0:
P. Uy = a?uy, + chzcht, >0, t >0,

u(0,t) =0, t >0,

u(z,0) = shx, u(x,0) =chz, £ >0:
d. uy = a?u,, +tcosz, >0, t >0,
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u(0,t) =0, t >0,
w(z,0) =z, u(z.0) =22 >0:
h. 4y = a?uzg +sinzsint, £ >0, t > 0,
ug(0,t) =0, t >0,
u(z,0) = cosz, uy(z,0)=2z% z>0:
L Uy = augy + 26, £>0, t >0,
u(0,¢) =0, t >0,
u(xz,0) = cosz, u(z,0) =z —e* >0:

32.3twnlywy huGnhplbpnid |ndnuip thimpt) u(z,t) = f(z — at)
wnbiupny
w. Uy = alugg, x>0, t >0,
u(0,t) = u(t), t >0,
u(z,0) = u(z,0) =0, z>0:
p. Upe = @lugg, >0, t > 0,
u(0,¢) =0, t > 0,
u(z,0) =0, z >0,
0, 0<zr<c
u(z,0) = vg, c< T < 2¢:
0, 2c< x
Q. Ut = (12UII, z>0,1t>0,
ug(0,t) = v(t), t >0,
u(z,0) = u(z,0) =0, z > 0:
N Uy = @%ugg, >0, t >0,
uz(0,t) — hu(0,t) = x(t), t >0, h >0
u(z,0) = u(z,0) =0, z > 0:
b. Uy = augzy, >0, t >0,
uz(0,t) + huy(0,t) =0, t > 0,
u(z,0) = w(z,0) =w, > 0:
Q. Uy = augy, T > 0, t>0,
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u(0,t) =0, t >0,

u(z,0) = f(x), ue(z.0) = af,(z), >0
Eowy = QPUge, >0, >0,

u(0,t) =0, t >0,

w(z,0) = f(z), u(z,0)=af (z), z>0:
D Uy = QUgy, T >0, t >0,

ue(0.8) — hu(0,8) = 0, ¢t > 0,

u(z,0) = f(z), w(z,0)=af (z), x>0
P. Uy = QUygy, T >0, t >0,

ur(0,t) + huy(0,8) =0, t > 0,

u(z,0) = f(x), w(z,0)=af (z), >0
4wy = @*uUzy, >0, t >0,

ug(0,t) — hu(0,t) =0, t > 0,

u(z,0) =0, = >0,

sin 7f, 0 <x <!
Un0=1 o 1<4 :

h Uy = Q2uge, 0<z <!, t>0,
u(0,t) =u(l,t) =0, t >0,
u(z,0) = Asin 5%, uy(z,0) =0, 0<xr <L
Lug = alugg, 0< <1, t>0,
u(0.t) = u(l,t) =0, t >0,
u(x,0) = Az, u(x,0) =0, 0< <1
. ue = a?uy,, 0<z <!, t>0,.
uz(0,t) = uz(l,t) =0, t >0,
u(x,0) = cos ZF, uy(x,0) =0, 0<z < [
0. uy = alug,, 0<x<I, t>0, »
n(0,1) = 0, mluy(l,t) = —a?u.(l,t), t> 0,
u(z,0) = u(z,0) =0, 0< z <, w(1,0) = —v:

33. Lnusty bapuyhG huGnhpGlipp
w. Uy = a%ugyy + rcost, x >0, t >0,
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u(0,t) = sint, t > 0,

u(x,0) = sin 2z, uy(x,0) =e*, = >0:
p. Uy = a%ugy +xt, >0, t>0,

u(0,t) =t, t >0,

u(x,0) = shx, u(x,0) = chx, = >0
Q. Uy = @’Uzg +tcosz, x>0, t >0,

uz(0,t) = sht, t > 0,

u(x,0) = cosz, u(x,0) =sinz, z > 0

34. Qulb| ugy + Uyy + Uz = Uy hwdwuwpdwh pGnhwGne
(nonudp, bt w dnuGlighwl Ywhudws t shuyG 7 (12 = 22 + y? + 22)
L ¢ pnihntuwlpuGibphg:

~ 35. Lnuét( hbunbywy tulinhpp
Uy = a’Au, —oco < I,y,z < 400, t >0,
u(r,0) = p(r), w(r,0) = $(r), 12 =22 +4? + 22, 0 <,
L Gk, lim Ou(x,y, z,t):

I)y’z—’

36. Lnuot|

uy = a?Au+ f(r,t), 0<r < 400, t >0, N

u(r,0) =0, ug(r,0) =0, r2 =22 +y2+ 22, 0<r, .
fuGnhpp:

37. Loty

Uy = a’Au, —00 < z,y. 2 < 400, t > 0,
tuGnppp, hbnlywy uyqelwlwb wwydwGGbph gbwpnid

<
w. u(r,0) = to, T=To
0, m>rg
uy(r,0) = 0:
) < r
N ut(T,0)={ ug, 1 < Tg
0, r>rp

u(r,0) =0:
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§3. Qnipuwgh fuGnhpp L Gpw [nusnuip: NhiwGh $nbyghw:

Unzhh luGnph pGnhwGnip npwépp b Gpw (pLdnLdp
NhiwGh bnwowyny

Yhuowpyblp Ywonbwlwb nbuph pbpdwéd bpynt wlywhu thnhnfuw-
ywGOtpny qéw hG hhytippniwlwb wnbuwyh htnbjw) hwdwuwpnidp

Ugy + a(T, Y)uz + b(z, y)uy + c(z,y)u = f(z,y), (1)
npntna, b, cb f-p D = (0,10) x (0, yo) manwalywt D thwlidws Ypw
npywé whplnhwn $nlyghwbbip GO:

Qmupuuyp pulinppp. Mwhwbgdmd £ C2(D) N C(D) nwunul qunthy
wyh u(a:, y) $nLGlghw, npp pwywpwph (1) hwywoawniwbp D nipnwGlwa
dbg L pnnGh Gpwy =0, 0 <z < zoglzx =0, 0 <y < Yo Ynnikph
Jpw npdwéd wpdbiplhpp’

u(z,0) = ¢1(z), u(0,y) = w2(y) : (2)

Glpwnpblp Gwl, np 1 € C0, z0], w2 € C[0, yo] L ¢1(0) = o(0):

@bnpo: bpb a, b, cL f Pnllyghwlbnt whpGnhww G D-h hwydwh
dnw, 1 € C'[0,z0]. 92 € C[0,y0] L p1(0) = ©2(0), wwyw (1)-(2)
Snipuwgh ubinhpp 2hinwy b npdws:

djdd nhinwnytOp hhwnbjwy nhdbpsaghwy Lunmwhmjmmpjmﬁn
L(u) = uzy + aug + buy + cu: (3)

Uju wpunwhwynnipjwl hwdwymd nhpbnbighwy wmnwhwpnnugni whyw-
Gnud &G

T ¥

L7 (V) = gy — (av)z — (bU)y + v : (4)
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Vwhswimy: R(z,y; €.1) pnblyghwh Yyngynid t L nhpbpblghwg wp-
nwhwjnnipjwl ApowEh prbhghw, bpb wib pwdwpwnpnud £

L' (R)=0 (5)

hwdwuwpdwbp L z = £ nu y = 77 plnpwgphgbbph Ypw

* a(z:’ ,1))d:t’

R(&,y;€,n) = ef: alew )y , R(z,m&n) = ef5 (6)

— wwjdwbokpha:

R(z,y;&,m)-h dbg (z,y) Ubwnp wpgnuskGunh nbp b Guwnwpnid, huy
(5, n) ybwp wwpwdkwnph: (6) wwydwiibphg whdhowwbu unwbnd GGp

R(&,y:€,m) =1,

Ry(&,y:&,n) = al§, y) R, y; €,m),
R.(z,n;&,n) = b(z,n)R(z,n;&,n) :

dtpp G24wéd phinptidhg htwnbinid £ hdwGh $ncGyghuwgh gngnupgnilp b dhw-
ynipjniGp, npwbu (5)-(6) Qnipuwgh fuGnph (nuand: bpt L owbipwunnpG
hOpOhwhwiwnté oytipwwnnp t, www Mhdwbh $nblyghwhb uhdbunphy t

R(z,y;&,n) = R(&,n;z,y)

hgnip £-p (1:, y) hwppnipjwl Sty nnpy Ynph Sh wnbn b, npG nuGh
htwnbjw| hwwnynipjnlbbbpp
w. £-p (1) hwlwuwnpiwb wikl Sh 2z = const, y = const plnipwgphslbiph
htwn hwwnynid £ Shwyb sk yhwnnud;
p. /-h gwblwgwé Ybwnnid wwpwé znwihnnp sniGh (1) hwdwuwpdwb pbnt-
pwqphsh nunnnipjntl:

Ujuwhuh Ynph hwywuwpnisp uiptth b qpbL by = g(z) bz = h(y)
ibupbpny:
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Yphh futnppp apdnid £ hGolyw) Yepy. wwhwieynd £ qunlGtl (1)
hwywuwpdwb wjGwyhuh u(z, y) 1nonus (€ Unph 2pewluwypnus), npp puw-
Jwpwph £ Ynph Ypw hbunbjw) wwjdwGGEphG

u|€ = ¥0, Uy'e = ¥1, (7)

npuntin g L w1-p £ Yynph Ypw npyuwé pnibyghwibp 66, hwiwwywnwutuw-
Guwpwp C? L C! nuubnphg:

(7) wwjdwGOpp hGwpwdnpnipynild GG nwhu qunbbint v, woéwlg-
jwip £ Ynph Yewnbpnud: bnbwwby, U, wéwbgjwih dintuwptb £ Ynph dpw
funblh b owg 2z wéwlgjwip: 6y plnhwlpwuwtu, (7)-h Bplpnpn ww)dwGh
tnfuwpkG ywpbh t £ Ynph Yenbpaud vow) u-h wéwGgywip pun nplt nin-
nnipjw0, npp sh hwipGyGnus pnwdhnnh nunnnupjwG htw:

Yrphh fulnph (modwl Nhdwih bnwlwlyp YuwjwGnud b hbnbywnud.

bapkd: 6k a, b, ¢, az, by, f PmGLghwaENG wiplnhwwn &G D
1) < € <z, y1 <1 < yo ninnullwi dpw, @9 € C?[zy.29] L
1 € Clxy, T3], wyw (1) L (7) Ynzhh fubnph (wensp C(D) nwunws
gnjnep)nil nuGh, shwyt bt L wpnwhwjnynad t Nhdwoh hbnbjw) pwGwaéling

u(z,) = 5p0(hW)R(A(),u; ) + 500(x) Rz, o(w); 7,u)+

+/ [(Ew R+ b%R) dé—
L \2Y 7 2

ry

R
_ (_2_% 2R, a<p0R) dn] + [ Rrdedn,
Gy
mnbn Gy Llgy0 € =z, n =y € =23 =h(yhn=y =
g(x) pinipwaqnhsltnh shel plYwé G whpavph L £ Ynph hwiwwywinwutuwG
dwubinG G, huy w(z) = Yo(z) — ¢1(z)g (z) :
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38. bk
L(u) = uy — a*uy,, a = const
owtinwwnph Nhdwbh $nilyghwi L Gpw oghnipjwdp |nLéky
Uy = a2ug, + f(a,t), —oo <z <00, t>0.

u(x,0) = p(x), u(a,0) = ¢(x)

fuGinhpp:
39. Qunlby

L(u) = uy — a?u,, + u, a = const
owbpwwinph fhdwbh $nbyghwb L Gpw oglnipjunip [nLbbL
Uy = @2ugy + CCu+ flx.t), —c<z <, t >0,

u(2.0) = p(2). w(x.0) = ¥(x)

fuGrihpp:
40. Lnusky

iUy, — yzuyy =0, —co<r<x, 1 <y<x.

u(z, 1) = ¢(x). u,(z,1) = yP(x)

tulinhpp:
41. 3bwlyw; hwwuwpnsGbph hwdwp (N6t Ynzhh

10,8) = (1), ua(0.1) = (1)

L Qnipuwyh

a(,3) = (), ule, i), T2 0. p(0) = ¥(0)



83 Qnipuwgh tuGnhpp L NhdwGh brwlwip 35

tuGnhpGbpp:
(L2
w. Ugy — Uy + auy + —Zu =0, a = const:
2
P. uII—utt+but—Z =0, b= const:
a? b2
Q. Ugz — Ut + al, + buy + T Zu—O

a = const, b= const :

42. Lniéty 41 hulnph w,p,q hwywuwpnuiGbpp

u(z,0) = ¢(x), u(z, z) = ¥(x), ¢(0) =1(0)

wwjiwGitpny:
43. aunlh),
{ Uy — vy =0,
Uy — Vg = 0,
hwywuwpnudGhpp hwdwlwpgh wyb |peénedp, nph hwdwp

w. u(z,0) = p(x), v(z,0) = P(x):

p.u(z,z) = o(x), v(z,—z) = ¢Y(z), >0:
Q. u(x,0) = (x), vir,—z) =yv(x), >0:
nu(z,0) = p(z). v(z,z) =¢(z), € >0:

b u(z,0) = o(z),

v(r,—%) =y(z), £ >0, 9(0) =0, ¥(0O)=0:
44. 8ni g nwy, nn
aur + v, =0, uy +v, =0
hwdwywngp Y hGh hhwybppnwlwo nbuwyh, wib b dhwjﬁ w)l pbiwpnud bpb
a > 0L jndk wyh

U (m, %) = o(x), v <J:, -\/i_\) ¥(z)

Wuwjdwalkph nbwpni:
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§1. Mwpwpniwywi wtuwyh hwdwuwpnuiGiph ptpdnn fulnhpbtn

Uhowdwypntt ghpdinipjwh wwpwsnidp ui nhdnighwh GYwpwgnynud
60 panhwlnin phpnighuyp hwiwuwnnedny

0
pa—ltl = div(p grad u) — qu + F(z,t) : (1)

UwuGwynpwuby, tpt u(z, t) $niGyghwl Gywpwgpnid t Showywiph gbip-
dwuwnhswlp £ = (z1,Z2,Z3) Ywnd dwiwlwyh ¢ wwhhl, www w)b
pwywpwpnid £

o
cpb% = div(k gradu) + F(z,t) (2)

obpimpwl nwpwddwl hwywuwpswlp, npnkn c(z), p(x), k(x) Pnuby-
ghwbpp hwiwwwwwuhiwlwpwp dhowduyph funnipynibp, wbuwywpwnp
ptpdnLGwynipniGp L ebpdwhwnnpnwlwbnipjw gnpdwyhgl GG Showywynh
T Yawns: F'(x. t)-0 gbpdnipywl wnpjniph hGubGuhdnipynila t:

tpb Shpwdw)pp hwiwubin b, wyuhGpl ¢, p L k $nLGyghwbtpp GnujGw-
pwp hwunwwntGlbp 66, wwyw (2)-0 pGntGnud t

ou
§=02Au+f, a2:£,f:£ (3)
wnbupp, npuntin Au = Ugpygy T Ugyzy + Uzyzs: (3) hwdwuwpnidb widw-
Unud B0 pndwhwnnpnwiwonpuwl hwiwouwnpnt J:

QBpdnpjwlh nwpwénudp hndhG Gywwpwgnbnt hwiwp wihpwdtn
E ghwtiGw| Showdw)nh uyqpeliwlwh pbpdwuwnhBwlp (uhqplwliwl wuwydwh)
L Showdwyph Ggruypl wuwydwllbpp, et wyG wwhiwlwhwy t: (2), (3)



§1 Mwpwpnrwlwl nbuwyh hwjwuwpnedbbph pbipdnn fubnhpGbp 37

hwywuwpnidbbpp L Gpwlg hwdwwwwnwufuwinn bqpuighl wwydwbGkpp
hwinhuwbnid G

w. tGEpghwih ywhwwGdwh opkGph,

p. whOn dwpdhGGEpnd GepphG ebpdwhwnnpnwlwbnipjwb opklph
(Ddmuphbh optilph),

q. Whin dwpdGh dwlybpknyph L Gpwl 2powwwwninn Showdw)ph Shol
yuwnwndnn obpdwihnfuwGwlynipywb opkGph (Lynwnnih opblph)
hbwnLwbpltp:

Uhwswih nbypnid dniphbh opblpl wpnwhwjwnydnld £

q= —0/\8_;1; (4)

pwlwdliny, npwnbn g-0 wyl 9bpdnipjwl pwlGwlynipyntG t, npp shwynp dw-
dwlwyntd wGglnud b wowlGgph ninaacpjwdp L Gpwl ninqwhwjwg o
hwppnipywG dhony, A-G gbpdwhwnnpnwywlnipywG gnpéwlhgl t: dbpehlp,
pinhwlpwwbu Ywhudwé E dwpdbh $hahljwlwb hwinynipniGGbphg L u obp-
SwuwnhBwlhg:

LUjnuinnGh opklpp wpunwhwjnyned t

g =oca(u— up) (5)

pwlwalny, npuinkn -0 wyb pbpdnipywl pwlwlynipyntht £, npp Shwynp dw-
Gwlwlynid whglnid b dwpdbh o dwlybpnyph shend, ©-0 dwlsplnyph obip-
wuwnh8waGb b, up-0 2powlw Showywyph obpdwuwnhd8wGo E, huly -G 9bip-
Gwihntuwbwlynipjwlb gnpéwlyhgp:

bpb u(x, t) $nblyghwl Ghwpwgpnid b SwpdGh funnipynilp z Yhwnnud
dwdwlwlyh ¢ qwhhi, wuyw wib pwjwpwpnid £

du
P ot

nhpnghuyp huwuwpswip, npnbn p(z), D(z), q(z) $niblghwitnp
hwiwwwwwuuwlwpwp Showduwyph  dwhnnlbbnpjwb, nhpniqhwih L

= div(D grad u) — qu + F(z,t) (6)
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ywidwh gnpéwyhglbpl b66: Iwdwwwwnwuhuwb bqpuihd wwjdwbibpnud
nhyniqhwih bopwpyywdéd Gyneph pwbwynpintlp L YnGgbGwpwghwl Gnyl
nbn0 6O Jwwwpnid, h0s pbpdwhwnnpnuwlwbnpjwl Gqpuw)ht wwyiwGob-
nnud obpdnepjwG pwlwlynipynilp L pbpdwunhSwlp: Uwulbwynnuwtu, nh-
Yniqhwyh onptlipp ( LbnGunp  opbilpn) Ywpwnwhuyundh (4) pwlwadling, np-
wbn A = D nhdnighwih gnpéwiyhgl t, huy g-G w)G Gjniph pwlwlynipyntGG
£, npp Shwynp dwdwGwynid nhdnighwih t GGpwpyynid T wnwbgph nun-
nmpjwip b Gpwh mpnwhwjwug o hwppneiwl dhpny: (5) pwbwdlny wp-
wmwhwjndnls t swymny o SholGnpdny unwnydnn nhdneqhuyfhr onblpr.

bpb Mo quiquyuweény pwlnwihG Swubhlyp gnGynid £ V () wnuinkG-
ghwiny wpwwphl nudwihl qunny, www Gpw 1/)(:1:, t) wihpwyhG pnill-
ghwG pwywpwpnld t Caynpplbnh hwiywuwndwip

LOv R
’Lh'a—t = —%Aw + V’lf),

npnbn A = 1.054 - 10727 tpg.yny MuwGYh hwunmwnniGo t:

45. [ bphwpnipjwdp hwdwubn dnnh YnndGwhG Swybplnypp 9bp-
dwuibkynuwgyws b, huy vyqpbwhwb pbpdwunhBwlp hwywuwp b <p(a:) -h
(0 < z < 1) Quwybpwty t > 0 wwhhG annh u(z,t) ebpdwumnhEwsh
npndwb fuGnhpp, Gpb

w. dnnh dwypbpp gbpdwibyniuwgywé LG,

p. dnnh £ = 0L x = [ bwypbpp, uyuws t = 0 wwhhg, wwhynd LG
q(t) L Q(t) etipdwunhSwattpnud,

q. £ = 0Lz = | éuypbipmud Guwnwpdned b pbpdwhnhuwbwynipyn s
wpunwphG Shpwyuyph hbw, npp énnh dwjpkpnud nuGh Ty (t) L Ti(t) obip-
dwuwnh6whoknp: _

46. R jwnwynny L YnnpphGunnbbph ulqpGwlbnud yeGwnpnG niGh-
gnn gnLinp wwpwgyws t dhsk T gbpdwunhsw6: Quwlybpwby gbnh gbip-
SwuwnhGwbh npndwb bapuwihG fuGnhpp, bpt
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w. phohuiywl nbwyghugh hbnbwGpny, qGrh jnepwpwbsnip htiunnud
YlwSynud £ obpdnipjwl pwbwynipintl, npp hwibdwuwnwlywi b win yhnndd
u gipdwuwnh8wGhi, huy qGnp dwybplntpp obpiwibyniuwgyws t,

p. qOnmy Gwo Q) hwuwnwnniG hgnpnipywdp ghipdwihG wrpynupltn,
huy Gpw bapnud uwnwpyndd t ebpdwhnfuwbwynipintl’ gpn gtipdwunh8wl
niGtgnn dhowywyph hbwn:

47. S hwunwunnl pwylwlywG hwnngpnd L { Gpwpneeywdp funnn-
dJuiyncd, npp rgywd b dwyninybt Ginepnd, junnwpynud t nhdnighw’ uygplw-
Ywt (x) Ynbgtbinpwghwiny: Lwybnwti ¢ > 0 wwhhG qugh YnGgkun-
pwghwih npnadwl GapwihC fubnbpp, hwdwpbing, np flunnndwih dwybnt-
ynypep wipwihwlg b L

w. = 0 6wjpnd ywhuywbynd t u(t) ynGgtiGupwghw, huy xr = {
Swynpp wipwihwag t,

p. = 0 dwipnud ywhwwbdnid t qugh ¢(t) hnup, huy z = I dwypp
hwydwd b swynnyklh shelnpiny, npuinbn Ywwwpynud b ququihnfuwlw-
YnipntG, pbn npndd, wpunwpht ShewywipG nulh qpnjwyw6 YnGgbGupuw-
ghw: ‘

48. S hwunwuinnG wibwyws hwwnngpny U Gpywpnipjwdp fungn-
Ywlp gywes t qugny, nph uyqpGuywi YnGgbhnpughwh <p(:r) t: uannyjw-
Uh dwlibnlinepp dwiynunytt t L Gpw Sheny Guwnwpynud b Gnpwthniuwlw-
Ynipne o v(t) ye0gtbwpwghw nibbgnn dhowyw)nh htiw: QLwytpwt) funnn-
Jwynud qugh u YnGgbGunpwghw)h npntwh bqpuwyhG fuGnbpp t > 0 wwhh,
tipt

w. quqh SwuGhyGepp wpnhynd b0 (WGYw)nt quq) b inpnhdwh wnw-
anp)nilp hwibidwunwiywG t YnGgthinpwghwihg pwnwyniuh wpdwwnha,

p. quqh dwulhllbpp pwqdwlnud 66 vue wpwnwnpuwht hwibdw-
tnwwl wpwgnipjwdp: _

49. Lwybpwh) ebipdwuwnhdwOh npnswh fuGnhpp R wewynny we-
Utipe quuibned, npp Ynndhwshi Swytiplingypp wwhynid £ gpnjwlwb pbhpswu-
nhSwanus: t = 0 wwhhG guulp niGbgty b (7)) phipdwuwnhSwa:
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50. Lwlbpwb)] pbpdwunh6wbh npnzdwh bgpwhl fubnhpp R w-
nwynnd L 2h pwpdpnipjwip quubnud, bipk Gpw uyqpliwlwh phpdwunhdw-
Gp bntiy b (7, 0, 2), huy YnniGwyhG Swytiplnypp L hhipkipp wwhynud GG
qpnulwi ebpdwunhGwbned:

51. 2Lwybpwb; ebpdwunhGwbh npn2wh bgpughG lubnhpp R 2w-
nwynnd hwiwubn qGnnd, bpb ulqpliwlywb phpdwunhGwhp bnky t cp(r).
hul dwybkplnyph obipdwunhGwGp (1) t:

52. Lwybpwh| gbptwunh8wth npndwh jubnhpp R wnwdnnd hw-
dwutin qGnnud, bpk ulqpiwyw ghpdwunhswap bkt Y (r, 8, @), huly dw-
YbpLnypp wwhdnud b qpnjulwn gbpdwunhdwnid:

53. dLwlbpwb] pwpwy L hwiwubn nipnwblyymG phptinh pbipdwuwnh-
SwGh npn0wh fulnhpp, Bpb Gpw Bqpuwghép wwhynud b qpnjulub gbpdwu-
wnhSwbniy, hul uyqplwyws gbpdwunhdwlp cp(.’z:, y):

54. Spywsé t 2R hwuwnipjwdp wGuwhdwbuhwly phpbin, npG niGh
annjwlwb ebpdwuinh8wh: @hptinp bpynt Ynndhg wwpwgynud b ¢ hwuwnw-
ninth 9bpdwyh0 hnupnd: QLwlybpwbp obpdwunh8wbh npndwh lubinhpp ph-
ptnntd:;

55. Luwybpuwt| obipdwunhswGh npndwa luGnhpp funnnduwyned, nph
ulqpiwywh ebpdwunhswhp f(r, ©) t: tunandwlh GbpphG L wpwnwphl
wnwyhnbbpp hwiwwwunwuhluwbwpwp a L b BG: Leppho L wpnwphb ww-
nbpp wwhynid 56 qpnjwlwb obpiwunhSwhnug:;

§2. bqpwjhG L Unzhh fuGnhpGlp

Mwpwpnwlwl nbuwyh hwjwuwpnudGbph pGnpnp ophGwly t pbpvw-
hwnnpnwlwGnigjwl hwywuwpnidp

n

ZU':II,‘.’L‘,‘ - ul == f(:’:l?m2" ' '7‘7:n1t) : (1)
i1



§2 bapwjhl L Unzhh fulnhpGhp 41

fhgnip Q-0 (371,1’2, <+ Zp,t) Yownbph wwpwénpywh nplt whpup t,
npp vwhswlwhwlws b t = Ty Lt = Ty hwppnipyntGGpny nt wyGuhuh
t, np gwlwgwé ¢ = T hwppnipjwip hwinbihu, unwgynid b n-swihwih
shwywwy whpnyp: S-ny Gpwlwybbp @ whpnyph Ynnodbuwht dwybplnypp
(S-p Swubwynpwwtiu Ywpnn b |hOb) giwlwihG dwytplntp), 2-ny uwnnphl
hhigp L T'-nd S-h L 2-h Shwynpnuip:

Umwphl banuyhl (Gwd Ihppfurbh) fuGnppp JujwOnud B hbnbjwned.
quib, C?(Q) N C(Q) nwuhl wwulwinn wib u(zy. e, . T, t)
$niGyghwh,npp @ whpnypnid pwywpwph (1) hwdwuwpdwbp L kqph T
dwuntd hwdbyoh wpdwé cp(ml,xg,---,xn,t) wlplnhwwn pnibyghwih
htun:

Epp Q-6 hwdGybned t R™ wwpwénpjwl hbin, npdnid t Eplpnpn
tgnuypl fubnppp, npp Yuwjwlned b hbwnbywined. qunObp uwhdwGwdwly L
C?*(R™*1) N C(R™1) nuuhb wwulwbnn (1) hwwuwndwl wibyhuh
(neoncd, npp ¢ = 0 hhybphwppnipywl Ypw hwdbyGh wpwé <p‘(;r1;*x2,
-+, Tp) wiplnhwin L uwhdwGwdwly $niblghwih hbn:

hunwpytbp bpyne wiywhe thnhnpuwywGGtph nbwpp
uy = a®ugz + f(z,t), t>0, —00< < +00,

(2)

u(z,0) = p(z), —oo <z < +00,
npuntbn o(z)-p wipGnhwwn L uwhiwGwhwy pniGyghw t:
3wpnGh t, np f(z,t) = 0 ntiwpnid, (2) puGnph nLénudp wipynud t

+o00 z—£)2
uat) = 5= Gt (3)

thbupny:

LOnhwonLp nbwpend (f(z,¢) Z 0), (2) uGnph Lnénudp Yupbih b Y-
gl Yniwdbih bnwGwyny: Iwdwenwn GYwpwanptGp w)b: bpt w(x. ¢ T)
PnLoyghw

wy = a*wgz, t>0, —00< 2z <400,

(4)

w(z,7,7) = f(z,7), —00<I< 400
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huGnph |nLénudG k, npntin 7-6 npwywl wwpwdbwp b, www (2) ubnph
(ntéaLdp wpynud £

t
u(x,t):/ w(x, t, 7)dT (5)
0
pwlwdlny:

56. Snyg wwi, np (3) pwlwdling wpydnn $nibyghwa, npuntin @(x)-p
{(—co< < +oo) wlpGnhwwn L uwhdwlwdwy pnbyghw t, hwlnhuw-
untd t (2) fubnph |nLénLd:

57. Uwnnwgki, np
Z'.‘ﬁ (z;~v;)?
E(z,t) = ———e
(t —to0)?
$nbyghwt hwlnhuwbnid £ (1) hwdwuwpdwb |nuénuy:
( E(z,t) $nibyghwih Yngynud t (1) hwiwuwndwh Apdlwpwn (niémd):

58. 8nig vy, np (5) pwlwdlny npnzynn $nLbyghwd hwbnhuwbnud
t (2) jubnph |nuénLd, nup

&I f(€, ),

w(z,t, 1) =

g

buy f(z,t)-0 wopGnhwin L uwhswGwhwy Pnilyghus t:

59. Lnwsk) hbiwnljw fuGnhpGbpp nywGbpp hwdwwwnwufuwG duny
wpnibwytind wipnng pyuyhl wewbgph Ypw

w. 4 = a%uy,, 0 < x < 400, t>0,
u(0,t) =0, t >0, u(z,0) = p(x), 0 <z < +00:
p. Uy = @®ugg, 0 < z < 400, t> 0,
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uz(0,t) =0, t >0, u(z,0) = ¢(z), 0 <z < +00:
g U = @%Uzy — hu, 0 <z < 400, t >0,
u(0,t) =0, t >0, u(z,0) =¢(z), 0 <z < +00:
N U = a%ugy —hu, 0 <z < 400, t >0,
uz(0,t) =0, t >0, u(z,0) =p(z), 0 <z < +00:
b. up = 0%uge + f(z,t), 0 <z < 400, t >0,
u(0,t) =0, t >0, u(z,0) =0, 0 <z < +00:
q w = a’ugzz + f(z,t), 0 <z < 400, t >0,
uz(0,8) =0, t >0, u(z,0) =0, 0 <z < +00:
E. uy = a®uz, — hu + f(z,t), 0 <z < +o00, t >0,
u(0,t) =0, t >0, u(z,0) = p(z), 0 <z < +00:
D us = a®uz, — hu + f(z,t), 0 < z < 400, t >0,
uz(0,t) =0, t >0, u(z,0) = ¢(z), 0 <z < 400:
p. Ut = a’uzy — hu+ f(z,t), 0 <z < +o0, t >0,
u(0,t) =0, t >0, u(z,0) = p(z), 0 <z < +00:
d. uy = a®uzzs — hu+ f(z,t), 0 < x < 400, t >0,
uz(0,¢8) =0, t >0, u(z,0) =p(z), 0 <z < +00:

60. 8nyg wnwy, np

4k
Zk_ $1, »xn) (6)

$nLllyghwh hwlnhuwnud b (1) hwywuwndwG [ndncd, tpk 7 € C°(R)
L (6) 2wppp Yuwpbih b winwd-wr-wlnuwd wéwbgt) dbl waquwd puwn t-h, L
bpyn. whquwd puwn JnupwpwGnip ;-h:

61. 9hgnip Q-G (z,y, t) tindnfuwlwiGhph nwpwénipjwa dtg ' t =
0.t =T > 0 hwppnipniGlbpny L S : 22 + y2 = 1 ppwluyhG quuiny
uwhdwGwhwywé whpnyplb b Ogqutiny (6) pwlwdlhg, qunltp Q-nud
ntgnywn wyGwhuh u(z, ¥, t) niGlyghw, npp pudwnwnh

Ut = Ugy + Uyy
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hwywuwpdwbp L hbinbyw) Gapuyhl n uygpliwywl wwydwbbbphl

w. u|s = —4t, u(r,y,0)=1-22 - y?:

uls = =322 — 16t, u(z,y,0) = 1 — (22 + 3?2)?

uls =1 +4t, u(z,y,0) =1— 22 — 2

U|S — e2t+cos<p+sin4p, 0< <2, u(r‘y,O) — Tty .
uls = 14 16t + 3212, u(z,y.0) = (22 + y?)?

uls = 14 36t 4 2882 + 384t3, u(z,y,0) = (22 + y*)3

R I

62. Uwnnigt|, np

o0 k

u(op )= 3~ Akr(ay)

n= 0

52 52
dnulyghwd, npintin A = 27 + 7,7 hul 7(x. y)-p Ywiwjwlwh pwqiws-
nwd t 2 L y hnhinfuwlwiltphg, hwinhuwbnud t

Ugr + Uyy = puy, p = const

hwywuwpdwb (nénd:
63. Snijg vy, np

oo

k
u(z,t) = Y A% () (7)

k=0

$nulyghwG, npinbn 7 € C(R™), huy (7) zwppp Ywpbih t winwd-wn-
wlnwd wéwlgt) gnpu wlqwd puwn Mupwpuwsbgnip r; thndhnfuwlwbh L dby
wliqwd puwn t-h, hwinhuwlnd £

AAu —u, =0 (8)

huwduwuwpdwl nuenud:
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64. (1) hwywuwpdwt hwiwp Ywnnigky Unphh fuGaph [PLonudp hb-
nbw) ulyqplwlwb wuwjdwanyg

w. u(ml,mz,---,xn,O) =sinlz; :
w(Z1,Z2,"+, ZTn,0) = coslz; :
q. u(x o,y In,0) = chlxy :
n u(zy,22, -, Zn,0) = shix; :
b. u(z1,Z2, '+, Zn,0) = sinlyz; sinlyzs :
q u(z1,Z2, -, Zn,0) =sinlz; coslrzs :
t. u(zy, 22, ,Zn,0) = coslyz; cosl,z,, :
o. w(z1,22, -+, ZTpn,0) = coslizysinlyzy :
p. u(xy, T2, -+, Tpn,0) =sinlyz;sinlyzy - -sinl,z, :
d u(zy, T2, -+, Zn,0) =sinlizy + coslpz, :
h. w(zy, T2, -+, Tn,0) =1 :
L. u(xl,xz, ... ,IBn,O) = ehz+lhaza+-+lazn .

. u(z,y,0) = 22y + zy? + zy :

6 u(z,y,0) = (z+v)*:

b u(z,y,2,0) = (52 + 47 + 22)2

h. u(z,y,2,0) = (zyz)?:

8 u(z,y,2,0) = (zyz)3 :

n. w(z,y, z,0) = 22y + 2222 4 3222
6. u(z,y,2,0) =23 +y3 + 23

65. Snyg wy, np
o0 oo t2k+l

u(z,t) = —A”‘T(z)+ A%u(z) (9)
* kz::() Z(2k+1 T

$nillhghwa, npubin v, 7 € C°(R™), hul (9) 2wppbipp Ywpbih b gullyw-
qwé wiquw) winwid-wn-winwd wéwigh), hwinhuwinul t

AAu - Uy = 0 (10)
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hwywuwpdwb ppusnd:

66. Oquytiny (7) pwlwalihg, qunGt; (8) hwywuwndwb wylughup pn-
6nudGlp, npnGp pwlwpwntb 64 huGnph w-6 wwswhibph:

67. Oquybiny (9) pwlwadlhg, quGh| (10) hwywuwnpdwl w)Gwyhuh
Lpsnudbtin, npnbp pwywpwntd hbnlyw) wwjdwaotpha

w. u(Ty,Zg, ", Zpn,0) =sinzy, u(zy,z0, -, 2,,0) =cosz :
cu(z,y,2,0) = (23 + 3 + 232, w(x,y, 2,0) = 22y%22
cw(x,y,2,0) = (z+y+ 2)3, w(r,y 20 = (zyz)?:

- u(zy, X9, -, ZTp, 0) = chlzy, w(xy, 29, ,2n,0) = shmz; :
cu(T1,Ta, - T, 0) = €%, uy(x,0) = b1 :

o3 O T
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§L.Ehwywnwyw6 nbuwyh hwywuwpdwb pbpynn fuGnhpGtp

UwnnwgpnOwn  (dwiwlwyhg wGywh) Gplnyplbbph Gupwgpdwh dw-
dwlwy, pb wihpwihl {(nku qintfu 2), L pb nhdnighwih plGohwbnip (Nbu
q(nifu 3) hwywuwpnudbbpp unwlbnud GG htitnlyw) wnbupp

—div(p grad u) + qu = F(z) : (1)
Epb p = const L ¢ = 0 wyw (1) hwdwuwpnidb
F
A=—f f=— (2)
b
woqwinid 66 Mncwunth hwywuwpnd, huy bpk Gwl f = 0 wyw
Au=0 (3)

Lwuywup hwdwowpmd: Unwghnbwn bpunypGbph phy GyuwpwgpnipjwG
hwiwp wihpwdtwn b ghnbiw Owb dhewyw)ph GapwihG wwjdwGGEpp
wrwphl vbnh qpwh0 wwjdwlp

uls = fi.
bplnnpn ubinp bapw)hG ww)jdwle
ou
%|s = fa.
bppnpn ubinh bapuhG wwydwGp
ou

%+hu|5=f3:
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bpt wihpwjhG hwywuwpdiwh d&g wpwwphb f(a:, t) aqpqnniib nilh
f(z,t) = a®f(z)e™*

wbupp, wuw u(z,t) |onwdp thGwpbing u(z)e? wbupnd, u(x)
hwdwuwpdwi hwiwp Junwbwbp
2 WP
Au+ k*u = —f(z), k* = )
I610hmgh hwduwuwpnidp: 3616hnigh hwdwuwpdwG 6O popynid, ophOwly,
gndwh (nhdpwyghwjh) fuGnhpltipp:
6pt Mo quibgywény pwlbnwihG Swulhyo nGh npnawiyh E tGbpghw,
www Gpw Y(z, t) whpwihG $nibyghwh nilh

¥(z,t) = e *Blyp(z)

wnbupp, nputin 'gb(x)-n pwdwpwpnid b CpynnhGgliph uwnwghnGwp hwdw-

uwpdwlp )
——h—A¢+V¢ =E: (2)

2m0
tpb V = 0 (wquw swubhly), wuyw (2) hwdwuwpnidp bpwéyned E36(6-
hnigh hwdwutin hwywuwndwb:
UunwghnOwp wpngbulbph ntwpnud Uwpudbith hwdwuwpnudGbpp (nbu
ginthu 2) ybpwéynid 6O & &lyunpwumnunnpliuyp
div (¢ E)=4mp, rot E =0
L dwqlhunwuwnwuwnhywjh
div (uH )=0, rot H =42 T
hwjwuwpnuwibbph: bpb € = const, www EiEhnpwunwnhly wninbGghwyp
pwywpwpntd t Mnuwunbh hwjwuwndwGp

am
Au = —Tp
c
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Lawst hivnbywy fuGnhpGbpp

68. Oqunybind Uwpuybh hwywuwpndGbphg, gnig wwy, np tby-
wpwunwinhl nwznh wnunblghwip pwdwpwpnid £ Mntwunbh hwdwuwp-
dwlp, nph wp Swup hwibdwwnwlwo t swywjwihG hgpkph p(z, y. 2)
hunnipjwGp: 2Lwlbpwyb; hGwpwynp Bqpwjhl ww)jdwibbpp L wwy bpwlg
$hqhywlwl SELOwpwOnLSp:

69. 8myg wwy, np unwghnbwp dwqbhuwywh nuwnh wnntGghwyp
pwdwpwpnid b Lwwjwuh hwywuwpdwp:

70. 8nyg vy, np unwghnOwn tbYwpwywh nwzwnh wnnblghwip
pwdwpwpnid t Lwuwuh bwdwuwpdwlp: Lwhbpwb) Gopujht ww)dwi-
Gbpp

w. hnnwlgqwé hnbwjwlwb hwnnpnsh Swybplnypgh Ypw,

p. nhtiGywnphyh L hwnnpagh Gaph Ypw:

71. tiGhwnpwumnwwnhy puznp, npp unbnéynud b Jbpowynp swihutip
niitgnn Lhgpwdnpdwé hwnnpnsh Ynndhg Ywnbih t npnatiy, tipt

w. npdwé b hwnnpngh wninbGghwih wpdtpp,

p. pdwd t hwnnpnsh thgph dGdmp)niOp:

Uju fubnhplbpp Ynsund G0 L blpinpuwuinuninfiuyh wnwohl L Gplpnpn hpo-
bwlwi fulnhpbbr. Swy uyn luGnhpbhph dwpbdwwnhyuwywd dLwybpwnidp:

72. Inpu phipbp unwghnGwp ahdniqhwih hwwuwnpnidp hwiwubn,
hqnuipnwy Showyuwpned:

73. 8nug wnwy, np whubndtih htinniyh unwghnGwp hnuwiph wpw-
antpjnthiotph wnuinblghw)|p pwdwpwpnid t Lugwuh hwjwuewpdwip: 2b-
yuwlbpwby tqpuyht ww)dwbp whin dwpdth dwybpunyphb, npp qunbynud t
aGnnLynLd nwnwph LhGwynLd:
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§2. 3wpdnGhy $niGlyghwlbp L wwpquant0 LapuyhG fubnhpGlip
Fihwinwwih whuwyh hwywuwpdwl wywpqugniyG opplwy b
Au=f

Nmwunih hwiwuwnpntdp, npinkin

N

MniwunGh  hwjwuwpdwl  hwiwwwunwufuwd  hwdwube  hwywuwpnidp
Ungynid b Lwuywup hwiwowpmd

Au=20:

Ohgnip S C R™ nplt hwy Swybpunyp t U D-6 GpwGny uwhdw Gwhwlyws
whpypl b UwukGp, np u(z) $nilyghwl wwnwon t C™(D U S)
nwuhG, tipb u(z)-p wGpGghwwn t DUS-nid hp shGgk m-pn Yupgh SwuGwyp
wowhgw Gsph htn dhwupG: C°(D U S)-p D U S-nd whpGrhwin docGy-
ghwOtiph nwu t:

u(z) (x € DUS) $nilyghwh Yngnid t nbgnuwp, bpb pwywpwipnid
t hbuwbjuwsy wu)dwGGEphG.

w. u(z) € CO(DU S)NC?(D),

p. tpt D wnhpnypl wiuwhdwGwguy b, wyw n = 2 ghypntd u(m)
p vwhiwlwduwy t, huy n > 2 nbwpnd whybpenid dgundd t apngh ng
nulinuin pwl =7 -D.

Lwwjwup hwjwuwndwb regniygwp | ntdnudGhpp Ynsynd 60 Awpdndpl;
Dmblghwitbp: Iwpdinthy $mGYyghwbph wbunipjwl dbg YEGnpnGwywh
wntn 66 apwdnid Yppfyth L Ledwihp bgpuyhd fulnppGbpp: Ujn fuGnhp-
Gtpp Owb widwned 60 wewghG L tpynpnpn Gapuwihl fubnhpGap:
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Wnphubh fulnppp. qulty D whpnypnd wiGwhuh u(z) hwpdnbhy
$nilyghw, npp pwlwpwph

u(z) = p(z), z€S

Gqnuwyhl ww)Swaha, nnm‘bq @(x)-p S-h Ypw wpwé wipGnhwn Pniblghw
t:

Lbyswip fulinppp. qnity C1(D U S) nuunid wylyhuh u(z) hwpin-
Ghy $nLblghw, npp pwydwpuwph

ou

— =p(z), €S

o = P

tapwihG ww)jdwGhG, npwntn n-p S-h wpnwphG Gnpdw G t, huy (x)-p S-h
Ypw wpdwéd wiplnbwwn pncllyghw k:

Npwtiugh LEJSWGhH fulGnhpp PLonLd NLGEGW whhpwdtn b L pwywpuwp,
nn

/s o(z)dS =0: (1)

Gpb (1) wwidwlp pwywpwpywé b, wuwyw wund 66, np LEKXwGh fuGnhpp
Ghaun  apwé : .

F(2) = w(z,y) + iv(z,y), 2 = T + 1y wGwhwhy niGyghwih
hpwlwi L Ytnd Swubipp bwinhuwbnd GG hwpdnGhy $nibyghwibp (hw-
dwind hwndnGhy pniblyghwabp): Uju thwuwnny b ywjdwbwynpwé bpynt
wiywhu thnthnfuwywGGEpny hwpdnGhy $niblychwbhph L kY Yndw bpu thn-
ihnfuwywhny wGwhwnhy $nbyghwitiph ubipn Yuwp:

74. Qunlb) Lwuywuh owtpwwnnph wnbupp
w. pLbinwihG ynnpnhGwnGipnd = = r cos @, Yy = rsin g,
2. quuwlwhb YnnpahGwwnblpnud £ = rcos @, y = rsing, z = 2,
Q. upbphy YnnpnhGwnbGlipnus x = rsinfcos p, y = rsinfsinp, z =
rcost :
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ok o %

Npny fuGnhpGtp 1nLebhu Luipbth b oqunyby wyl pwihg, np u(z,y) =
A(z?—y?)+ Bry+Cz+ Dy puqiwlnwdp hwlnhuwGni b ., +1uy,
0 hwywuwpdwh nLénud:

% ok ok

75. Qulb 0 < p < a, 0 < ¢ < 27 powlinud npnadwé wylwhuh
u(p, ) hwpdnGhy pnillghw, npp pwjwpwph htinbjw) bapughG wuwydw-
GhG

w. u(a,p) = A:
p. u(a,p) = Acosyp
9. u(a, ¢

76. anlt 0 < p < a, 0 < ¢ < 27 Zpgwlnid npnpqwéd wiGwhuh
u(p, @) hwpdnGhy $nLGyghw, npp pwiwpwnh hbnlyw) bqpuihG ww)sw-
GphG: Lk) Owl ng Shauin npywé uGnhpGbpp
w. up(a,p) = A:

p. up(a,p) = Az :

o up(a,) = A(2® — ?)

n uy(a,p) = Acosp + B :

b. up(a,p) = Asingp + Bsin® ¢ :

77. Qult 0 < p < a, 0 < ¢ < 27 npwlh apuncd npnadwé
wyGwhuh u(p, @) hwpdnGhy $nLblghw, npp pwdwpwnh 75 tulnph w-q ba-
puyhb ww)dwoGkphG:

78. it 0 < p < a,0< ¢ < 2 2nowlh npund npndwé
wyGwhuh %(p, @) hundnGhly $niGlighw, npp pwdwnwnph 76 fuGnnh w-t bq-
pwjhG ww)SwabEnpa:

79. bt a < p < b onuynis npnydwé wylyghuh u(p, ¢) hwp-
inGhl $nillyghw, npp pudwpuwph u(a, @) = u;, u(b,y) = uy bapuyht
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wndtplbphG:
80. qunlb 0 < p < a,0 < ¢ < a ppwluwghG ubywnnpnud wyGwhuh
u(p. cp) hwpdinGhy $niblghw, npp pwywpwph hbnbyw) wywjdwbaephG

Uuo
u(a, p) = ¢ w(p,0) =0, u(p,a) =up:

81. auwlh y > 0 Yyhuwhwppnipjwl dbp Lwuwywuh hwwuwpdwh
wyGuhuh |nwédnLd, npb planiGh hbwnbyw| GgpwjhG wpdbkpGbpp

U|1:<Oyy:O = 1. u|.r>0,y:0 =2

82. 9wk wjbwhuh hwpdnbhy $nbyghw
w. p = a wnwynny qlnnty,
p. p = a wnwydnny qlinhg nnipu,
npp p = a udbkpwih Upw ponnibh ug = const wpdtpp:
83. anlb; z = 0L 2 = h hwppnipniGObpny vwhowGwhwlwsd
2bpwinud wybwhuh hwpdnbhy $nubyghw, npp pwdwpuph

Ulz=0 = U1, U|lz=h = Uy

bqpwiht wwjdwGEphG:
84. Ak 0 < £ < a, 0 < y < b ninnuiljwh dke w)bwhuh
hwpinGhy $nibyghw, npp pwywpwph hbnbyw) wwjdwGGEphG

U(I‘O) = up, u(a:b) = Uz, u.‘t:ix:O,:r:a =0:

85. aunih, Au = 1 hwdwuwpiws wyb |nénuip p < a powindd,
nph hwidwp u|,~q =0 :
86. aunibt| Au = % hwywuwpdwb wyb |ndnudbbpp p < a 2pow-
Onud, npnGg hwdwp
%b):a = B:
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87. bk Au = A hwjwuwpdwh wyb (nenuitpp a < p < b
onwynid, npnbp pwywpwpnid GG hinbjwi bgpwjhl wwydwGiEphG
W. Ulp=a = U1, U|p=b = Uy,

ou
P tlp=a = u1, o-fp=b =C,
ou

Q. g—lp——a = B, ulp—b =C,

88. auwlb
w. Au =1,
p. Au=Ap+ B
hwywuwpnuiGbph nuénuilepp p < a qbnnuy, bipk

Ulp=a =0

89. Qunlk)

w. Au =1,

p. Au= A+ -’g—
hwywuwpnudbbph 1ménudGhpp a < p < b udbiphly 2Lpwinug, bph

Ulp—a =0, ulp=p =0:

90. Npnpty gbpdwunhwlh unwghnGwn pupfunip a < p < b
udtiphy ztpwinud, tipk p = a udbpwld wwhynd t uy ebipdwunhBwinid,
huy p = b-G uy:

91. ahgnip u = u(zy,- -+, Ty)-p hwponGhy Hnibyghw t hGg np
whpnypnud: Muwpgtil, pb hbwnbywy $nbyghwlbphg jnupwpwbsnipp hwpdn-
Ghy £, wpnynp, wyn GnyG nhpnypnud
w. u(z + h), h = (hq,- -, hy)-p hwuwnunnn Jtywnp E,

p. u(Ah), A-G uywpwp hwunwnn t,
q. u(Cz), C-0 hwunuwnng, oppnqnﬁwl dunnphg t,

du Ou
" 5z, oz 6:1:2 (n=2),
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Ou Ou
-a};%—z (n>2),
2 ou 4z ou 4 ou _3
@ 18.’131 23 2 x38273,(n_ )’
ou ou
k xla—l_l—mzal_za(n 2)a
ou ou
1 28—:::1_1:16_12’(”:2)’
Bu
p- 9z, =, (n=2),

(’)_u)2 + (81:2)
2
() (3 e
2 2
() (2 e

92.qun0k) k& hwuwnwwnnh w6 wpdtpp, nph abwpend wpdwé
IniGyghwl hwpdnbhy b
w. :z:"l3 + k:rl:c%,
p. x2 + z2 + kz%,
q. e2% ' chkzo,

. sin 3:51 chkacz,

93. 8nug an[, np u(z) hwndnGhy $niryghwh hbn Shwdwdwlwy
hwpdanGhy b Gwl *

@ = e ()

Inilyghwl wikGniptip, npuntin wyG npnwé t:
94. fhgnp p-0 L -0 pllinwihG YnnpphGwinbbpG G0 hwppnipjwG
dnw: 8nuyg tiwg, np n > 0 niypnid
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w. u(r,p) = r*cosny, v(r,p) = r"*sinng pnilyghwbbipp hwpin-

Ghy 50 wopnnp hwppnipjwG Ypw,

p. u(r,p) = r "cosng, v(r,¢) =r""sinny, w(r) = lnr dnGL-
ghwlbpp hwpinbhy 66 wipnnp bwppnipjwl Ypw pwgh YnnpnhGwwnbtnh
ulgplwytunhg:

95. 8nyjg vy, np 2| < R ppwind u(x, y) hwnpdnGhy $niblghwi
GEpywjwgynid £ nputu

oo

Z ¥ (ak cos ko + by sin k)
k=0

2wnph gnudwp, npintn T = 2|, ¢ = argz, z = T + 1y, huly ak-G L by -G
hpwiwl hwutnwwnniGGbp GG:

96. Snyg wwy, np |z| < R npwlhg naipu uwhswGuwhwy hwnpdnGhy
u{x,y) dnibyghwh Ghpywjwgynid t

' >

u(z,y) = Z ¥ (ax, cos kg + by sin k)
k=0 :

pwlwdlny, npinbin 7 = |z|, ¢ =
hpwlws hwuwwwnnG0bp LG:
97. Snijg wuy

u(z) =§: (

k=0

argz, z = & + 1y, huy ax-G L by -G

2k

Ak (xla e awn—l)+
x?k'i—l ' (2)

—._——_n k PR

PnLlyghwih hwpsnGhynipynilp, bpb 7-0 L -0 YwiwjwywG wGytpy nhpb-

ptiGgbh $niOyghwitp GG, hul (2) Jwppp hwptih b Gpyne whgwd wowhaby
puwn jnpwpwlsinip Z; pmpnuwlwh:
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98. Uwnnigk, np

Loz —yP ", n>2

>

E(x,y) =
(=3) { “inlz g, n=2
$nGyghwl pwdwpwpnid b Lwwywup hwdwuwpdwGp hGswbu pun x, wyi-
whiu k| pun y Yhnbiph, bpb ShwyG = # y, npubin |2 — y|-p 2 L y n swihwGh
ybwnbph dhols hinwyynpnepintGa E:

99. Ogqutiny (2) pwalihg (nLék|

Au(z,y,2) =0, u(z,y,0) = g(x,y), u,(z,y,0) = h(z,y)

Unzhh tuGnhnp. tipp
wg=r+2y, h=2x—y
p.g=zxe¥, h=0:

g g=zy+x2, h=e+y:

n.g=2xsiny, h=cosy:

bg=x>+2 h=22%2—y:

q g=cos2x, h=1x—2sin2y:

100. h°Gg wndbp b hwpywynp Yhpwapty u(a) -h0, npwtugh w(r)-p
K:a<r<b0<p<2m 0<a<b< oo, onuynd (hGh
hwninGhy, K-nus wipGnhwin L (@ < ¢ < b)

w. u(c) =Tp, u(b) =T :

pule)=T, u(b)=U":

a. u(c) =T, u,(b) + hu(b) =W :

n uy(c) =U, u(b) =T:

101. p"Gg wpdtip b hwpluwynp Jhpwanty u(a) -hG L u(b)-hG, npwtu-
ghu(r)nK:a<r<b 0<p<2m 0<a<b< ooonuyns
LhGh hwnisnGhy, K -nis wlplnhwn L (a < ¢ < b, a < d < b)

w. u(c) =Ty, u(d) =T :
r.u(c)=U, uld)=T:

2.
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w. G(z,y) $nillghwh Ywpbih b GEphwjwglb) Lwwywuh hwdwuwp-
SwG hhoGwpwp E(z,y) 1notw U C(D) nwuhl wwalwing g(x. y)
hwndnGhy pnLGlyghwsh anuswph wbupnd G(z,y) = E(z.y) + g(z.y).

p. D whpnyph S banh dpw Gz, y) $nilyghwl huwuwn b qpnjh:

anhoh $nilyghwih uwhdwbniihg pluntd GG Gpw hbnlbyw) wwpquanG
hwwnlynipynLbltpp

w. aphGh pniGyghwl hwpdinGhy £ D whpnypnid pun z-h, pwgw-
nnipjwidp y Yhwnh,

p. tpk QphGh $nlyghwh gnynpynth nulGh, www w)jb dhwyb k,

q. AphGh $nLlyghwl npwywh £ D wnhpnypndd,

n. 9phGh $nillyghwh uhdbnphy b G(z,y) = G(y, x) :

Mhgnip S thuwl dwhbplnypp pwdwlnid E R™ wwpwoénipyniap DT
GbpphG L D~ wpuwphG nppnupltiph: GphGh dnelGlyghwl nibh hnbyuy
$hahywlwa SEyGwpwlnipnilp:

D™ whpnypnid puiptutilip |hgptip wylwbiu, npwtugh wyn thgetiph
g(z,y) ynntiGghwip S Swhtnlnyph ypw hwdpGych - E(z, y)|yes wn-
ntGghuh htn: g(z,y) $nilyghwG hwpdnGhy £ DF wnhpnypnid pun y
ihndhinfuwlwGh, pwlh np Gw  hwGnhuwOnud E D™ wnppnypht swuwinbwing
thgpiph wninkGghwi: hunwnltle G(z,y) = E(z,y) + g(z, y) dnly-
ghwl: Lw pwywpwpnud b hbwnbywy uw)dwGGEphl

w. hwinhuwond £ D* whpnypnid g(z, y) hwpdnGhy $niGlghwih b
E(z,y) hhtOwpwp (nédwh qnudwn,

p. D whpnyph S Ganh dpw hwdwuwn t gpnjh:

Wuwhuny, 9phGh $nilyghwih nbgniygwp dwup hwinhuwlns £ D~
whpnypnid pwziudwé thgptiph wnintGghwip, npp S Gaph dpw pGnniGnus
- E(z,y)|s wndtpp:

R? wuwpwénipjwl Sk Shwlww whpnyplbph hwdwn SphGh $rebly-
ghwl Ywpbih b Ywnemghy ynlpnpd wmnwwuwingbpndGbph oqlinupjwdp:
Mhunwpytlp S Bapnd D hwpp Shwlww whpnypp: GopwnptOp, hwjinGh
twiow= w(z, zo) wlwyihwhy $niblghwh, npp Ynbpnpd wpnwwywinyt-



§3 aphGh PniGyghw 61

pnd £ D whpnypp Ghwynp 2powGh Ypw wyGwbu, np 2g Yenp wpnwwywn-
ybpyned b ulyqpbwlbnhb: Ujn nbwpnid

1

G(z,29) = In ——|w(z, o]

(1)

$nLGyghwh Y hGh AphGh $nlyghwt D nhpnyph hwdwnp:

Bbnpbd: et u) ¢ = f bapwihG wwydwGny Shphtubh Genpht fuGnhpp
CI(D) nwuncd nLbh | nuénd, wwyw wyb Geplujwgynid £

uw) = - [ 25 as, e

pwlwalny, npintin v-G .S dwytplnyph wpunwphb Gnpdw) G t, huy wy-p R, -

n/2
nud Shwynp upbpwih Gwybpbub b w, = —_—IgZTn/Q):

VwhowlGnd: D whpnypnud Lwwjwuh hwyjwuwpdwG LEdwih Gepphl
Julinpp Qpplp Brcllgpus Ynsdmd b uyG Gz, y) Imbyghwa, npp pwywpuw-
nnd b hbnbjw Gpyne wuyswOobnpho

w. wyh nGh

G(z,y) = E(z,y) + g9(z,y)

'nbupp, npnbn E'(z, y)-n Lwwjwuh hwywuwpdwG hhdGwpwp (nénudG t,
huly g(;):,y) -p hwponGhy $nlhyghw t D vy anypnid L punn L pun
thnthnfjuwlwGGEph;

P. 6pp X Yws Y Ybop qnbynus £ D whpnuph S Gaph Ypw

oG, Wn
5;{]5 - _!_‘STi'a (3)

npuntn |S|-p S dwytiplnuyph SwybntuG t:
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LbjdwGh GtpphG fuGnph QphGh $niGyghwl uhdtwphy sk WG YihGh
uhstwnphy, tipt wwhwagdh, np [ G(y, x)do-G ywhudwo ghbh » € D
S
Ltiwnhg:
LEjiwGh wpuwphG fuGph nbwpnid, AphGh niGlghwh twhdwbdwb
069 (3) wwydwlp hwpywynp t thatuwnphbt)
—]e=0 4
515 =0, (4)
wwjdwGny: Lewbh wpunwphb tuGnph GphGh $nLblghwb uhdbnphy t:

Ou
Ptnpky: bph 8—|g = f bqpwhl wwjiwGny LEdwGh GEpphb tubGnh-
n
no C1(D) nwunid niGh (nuénud, wgw wyG Gplwjwgynid b

umwjiéﬂmmm@qugﬁwmwy (5)

pwlOwdlny:
Lbjdwbh wpnwphG tuGnph (nuénudp Gepyuwjwgynid k

mm:—éﬂwm%@wy (6)

pwlOwadlny:

109. ywnnigt) z > 0 Yhuwwnwpwénipjwl hwiwp Yhphtupth tuGnph
QphGh $niGlyghw(:

110. Oqudtiind Gwtunpn tubnph wwunwutuwbhg gunbb; hnqwlgqweé,
hntwjwlhwa hwnnpnhs z = 0 hwppnipjw dpw wntnunpdwé € Lhnwghl
Lhgph wnunklGghw)p: 3wzt hGnnilgwd dwhtipLnipwihG thgetiph funnip-
Jnilp: Ywnnigh) Hhpphutth fubnph pneénuip 2 > 0 Ghuwnwpwénipjwl
hwdwnp:

111. ywnnigh 2 = 0Lz = [ hwppnipniGGtpny uwhdwGwihwydwd
2t6punh hphtuth fuGnph QphGh $nLGhghwb: Nruncdbwuhpb)] unwgywé puwp-
ph qnigwihwninipnlp L wyb wéwhgtnt hGuwpwynpnepjnilp.
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112. bwnnighy 2 = 0, 2 = I L z = 0 hwppnip)nLlGbpnd uwhidw-
Guihwydwé Yhuwztipinh hphtukh fuGnph GphGh dnilyghwb:

113. uwnnighy a = I (n-p phwywG b ) deonpjwdp GplGhuwn
walywa Y%hphtubh pbnph phGh dnbhghwi:

114. uwennigh] hhuwhwppnipjwG Yhphhuth fuGnph 9phGh $nuly-
ghw( L Gpw ogbnipjwdp (nuéti| Whphkuth pbnhpp ¥ > 0 huwhwnppnipjwl
hwdwn, tipk
0, <0

u(;l:,O)Z{V R :

115. bwnenighp v = 0L o = % (n-p plwywo t ) Swrwqu)pltipny
uwhdwlwhwydwé nhpniph thphtulbh fubnph GphGh dnLbhghwi

116. bwnnigb) 2 wnwynny qGnh hwidwp Yphhuth fuGnph @phGh
3nLlyghw:

117. Gk hnnuygdwé udbbipwjh Gepunid qunlGynn e YtwnwihG (hgph
unbnéwd tEywnpwunwnhly nwwnh wnnbGghwip: 3wdbp udbipwih ypw
hGnnigdwé (hgptiph dwytiplntpwihG funnipynilp L 1neét “hphtulbh Gbp-
£h0 fuGnhpp upbpwjh hwdwn:

118. bwnnigl) 12 wnwdnny
w. 2nowbh,

P. Uhuw2powGh,

3. pwnnpn, 2nowilh,

Ao = 2 (n-p plwlw t ) wllynibny ubynnph,
. lhuwqlnh,

1. pwnnpn glnh

hnhtuip uGnph 9phGh dniblyghwbhinp:

~19. wwnngb) a L b wewlhnbbpny hmdwubﬁmpnﬁ udbipwbbpny
iwntwlhwdwydws upbinhy 26pnh Mhphtukp lubnph GphGh nclyghwb: Ne-
untdtwuppt) uinwgywéd pwnph qniquishunip)nilp L wyG wéwbgbnt hGw-
wynpnipjnilp:

o
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120. Ywnnighp @ < 7 < b onulh Yphtukh tubnph QphGh $nuly-
ghw(: NuunudGwuppb] unwgdwé wpph qniquishwnneg)nilp b wyl wéwGgk-
Lnt hGwpwdnpnipjniGp:

121. 8niyg vy, np tipk u(z) $nLllghwl hwpdnGhy b D wnhpnypnid,

wuyw
n

ou
v(z) =) zg-
i=1 L

Inibyghw GnuyGuwbu hwpdnbGhly b wyn whpnaypnid: Oqundbnyd wju hwuwnhg
Lntok| LE)YwOh fulnhpp qGnh hwdwn:
122. Oqutiiny YnGHnpd wpnwwwnybpnuibbphg Jueniglp htnb-
Jjw( whpnyypltinh Hhphturbip fulinph @phGh Hneliyghwitipp
w. ¥y > 0 Yphuwhwppnipynel,
p. |2| < R, y > 0 yhuwypowd,
q. z > 0, y > 0 pwnnpn,
n 0 <y <mtipm:

§4. MnunbGghw|Gbp L GpwGg Yhpwnnip)niGGbpp

ahgnip D-G vwhdwGwwl wnhpnyp £ R™ inwpwénipyniGned, nph big-
po S-nnnpl dwhbplnypG t, huy u1-0 wyn whpnypnud nipdwé nplt pwaguip-
dwl hGunbgpbh $niblyghw t:

Uwhdwbnt .

wm:AEmmmMm (1)

PnLllghw Yngyned D wnhpnupnid ,u,(y) hunnipjwip pwphujwé quibgiyw-
oh Swywyuypl wninblGgpuwy npinkin E(x, y)-n Lwywuh hwjwuwndwb
hhdlGwpwp |nénLdi t:

Swywiwhl wyninbGghwiG nGh hbwlyw( Yuwplnp hwwnlynpynGhtnp.
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w. bpb (y) Pnillghwl whplnhwin b D-nud, wuyw u(z)-G whplnhwwn t
L ntGh GhOsk wrwehG Ywpgh wipbnhwwn wéwbgyuGtp R™-nud, hwpdnbhy
t DU S-hg nnipy, u(oo) = 0, tp n > 2, hul n = 2 nbiypnid wsnd t
hGswbu In|z| (z — o0o) pnillyghw:

p. bpt u(y) dnlhghwl nGh wnwehl Ywngh wlpGnhwn Swulwlh w-
swlgywiGtin D-nud b wlpGnhwwn b D-nud, www u(x)-0 nGh ShGsl bpypnpn
Jwngh wipGnhwn Swulwlh wéwbgpu Gtp D-nid b wyqunbn puwdwpwnnud
t

Au = —wpu(x)

MniwunGh hwywuwpdwGp, npunbn wyp-p Shwdnp udbpwyh dwlbpbub b

(wn = —n—27r”5 ):
T(3)
Eopwnntlp -G S-h Ypw wpywé nplt wipbnbwwn nbyghw t:

Uwhowlnd.
we) = [ ) o )

Pnullyghw Ynsdnud & Yphbwlph s6mnp wmnbibghwy, npinbn n-p S Swlbnt-
dnyph ¥ Yawnns nwpywéd wpnwphl Grpdun G t:

Upyowyh 2Bpnh wninbGghw) G nGh hbnbyw) uplnap hwaynpndd-
Gbpp.
Cw w(z)p S dwybkplnyph dpw squnbynn Yewbpnid nuGh paiap Guipgh
wéwlgjwGbp L pwdwpwpnud b Luwwup hwdwuwpdwip:
p. w(z)-p dqunLd t qpnjh |21 ™™ wpwqnipjwep, tpp |z| — oo:
Q. bpt S-p LjwwnGnyywl Swytiplnuge b, www w(z)-p qnynpyntl nulh
lwl dwybplbnyph o Yawnnid b nbh w4 (xo)-Gbpupg b w- (xo)-npuhg
uwhdwGGEp, npnbp hwyynid GG htnbyw| pwiwdlbpny

w.(z0) = w(z0) ~ (o),
3)

2 u(zo) :

w-(zo) = w(zg) + 5
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Wu bpynt pwlGwdlbphg unwgynud t w(x) $nbyghwih prhsph hwiwp
hbunbyw
w_ (7o) — wi(To) = wnp(x)

pwlwadlp:
n. UwuGwynp nbwpndd, bpp g = 1, w(x)-n Ynsynd t Quniup hliinbgnuy,
npl n.bp hbwnbyw] wpdbplbpp

d 0, DuUS
R (@
S an —Wn, T € D
bpb S-p LjwwniGnwl Swhtplnyp b, www
OE(z,y) Wn ,
—_— 2 do = —— 4
/S on o 2’ (5)
kpt z € S:
t. YpyGwyh 26pinh wninkGghwip Ywpbih £ gpbp Gwb htwnbjw) tnbupny
COS '
( s ( ly — ! (

npwtin ¢-0 ¥y — x Jthunph L n Gnpdwih uwqoiws wilyyneGo t:

VUwhvwbnid. S swybpunuph dpw 1 € C(S) unnipjwdp pwatuwé
qulqUwéh wuwpng bnnh wnnbighwy Ynsynd thbunlyw| $nbyghwi !

ww=mem@ww: )

Muwpq 2tpinh wnnblGghw b nGh hbwnbjw yuplunp hwaynipinlGGepp.
w. v(x)-p S dwybplinyphl swwnlwbng Yenbpnud nGh pnnp upgh w-
owiguGbp L pwdwpwpnd b Lwwwuh hwdwuwpdwp:
p. bpt 1 > 2wyw v(z) — 0 m,l,—_y wpwagnLpjwdp, bpp || — oo, huy
bpb n = 2, wyw v(xr)-0 wsnwd t hGswbu In|z| (|z| — oc) nillyghw:
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q. v(z)-0 wlpGnhwwn $nillyghw b R™-nud:
n. Ohgnie S-p LjwwyniGnywG Swybpuntyp t, huy no-G S-h zo Yhwnnd
nwnpdwd wpunwpht GnpdwyG t: Wn nbwpnid Gnpdwih dpw qunGynn 2 Yb-

nnLd ul(z) " :
Uu\x CcOs .
o) = - [ ) - do, ®)

npinbn -0 y — = Jbhuinph L Shubnyl ng wpuwphG Gnpdwih Yuwqiws
whlyntGG E: 3wjnGh E, np (8) hGubgpwip npnqwé b Gwbl dwybpLnyph Zo
ytwnnld, npp YGwbwlbbp hbunlyw) dling

k. U(m)-n S dwlytipLnyph ybwbpnud nGh Gepuhg L apuhg YwGnGusdnp
Gnpdw) wéwhgyw) Gtp, npnGp npnzyntd b6 hbwnbyjw) pwGwdlbpny

[ Ov(zo) | __/Sl‘( | cos Yy

Ong ly — zo|? !

w
doy — "571#(1?0),

[Ov(20)] / cos g Wn .
| Ono ~Js u(y)m_—ldd * Tu(%) .

Wu Bpynt pwbwdlbphg YnGEOwaGp hhthhjwl pwlwadlp

o] [

3710 ano

]+=%M%%

Wunnnnpinil. = 2 nbuygpmd wynnbiGghw|GbpG wiYwGnud GG nqu-
Phpdwlyw:

123. Uwpbtwwhynpbo dLwlbipwt) L (nék) w)G GqpughG fuGnhpp,
nnhG Ypwlwpwph a wnwdnny L 2 = po hwunwnntG lunnigintG nuibgnn
olnh Swyw wjhG wnunbhghw)p:
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124. by a pwnwynnd L £ = o hwunwwnntld funnepjwidp qlnh
SwdunwjihG yninbGghwip nunnuyh bwdting wyh:

125. qnbbp a < 7 < b udtiphy 26pwnud g = po hwunwnntG
funnipjwdp pwtujwé quibqwéh swdwiwihb wnnklghwp:

126. Qb a wnwynny qGnnd 1 = gy ba < b < r < cudbphy
26punnud g = po hwunwnnib funnepyniGobpny pwiziudwé quigywoh Gw-
dwiwhb wanbGghwp:

127. Qunib ¢ wnwynny qlnnid g = p(r) thnthnfuwlws tunnp-
jwdp pwhujwéd quibqquéh swywwyhbt wninbGghwip: Unwlw] wjunknhg
125 L 126 tubnppltph (nuénuibbpp:

128. Uwpbdwwnhynpbl sLwlybpwbp L ek wyb GgpwyhG hubnhpp,
nphG Ypwdwpwnh hwdwube (12 = p20) ubbiphly wwnq 26nnh WnwnbGghwyp:

129. it hwiwutn (2 = po) udbphy wwpq 2tpnh wninkiGghwp
ninnwyh hwaytiny wyG:

130. awnbt; 2 = 0 pnbiwpwywb hwnnpnhs hwppnipjwl pw k-
nwnpdwé qbnnud g = o hwunwnnil funnpywdp pufudwé swywiwihG
Lhgpbiph unbnéwé b EYwnpwunwnhly nwwnp:

131. Uwpbdwwhynpbh dbwybpwb) L nmék) wyb bapwihh fuGnppp,
nph0 Ypwwpwnph thgph hwunwnnil (;1. = uo) hunnipyntlG nuGtgnn 2npw-
Gh tnquphpdwwh wynunbbhghwip:

132. Qwnlb( (hgph hwunwnnG (1 = po) tunnipynil niGtignn 2new-
Gh |nquphpiwlwl wnunbGghwip nunnwyh hwadbiny wjG:

133. 3wyt thgph hwuwmwwnn (g = o) hunnipjnilG nillignn
hwuindwoh (—a < z < a) wwnq 26pnh (nquphpdwlwl wnnbGghwyp:

134. 3wybi thgph hwuwnwwnnl (i = pg) hunnpnth nilibgnn
hwwndwséh (~-a <zr< a) UpYybwyh 26pwnh (nqunphpdwlwi wyninkhghwip:

135. Lnust) hphturth GspphG uGnhpp a 2wnwdnny 2pewbh hunswp
Lngnudp thGwpbing YpyGwyh 26pinh wnnbGghwih wnkupny:

136. Lnisb| Yhphtulbh wpwnwphG uGnhpp a wnwdnny 2pewbh hw-
Guwp’ nLdmip thlwnpbiny YplyGwlh 26pnh wnnblGghwih wnbupny:
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137. Lnuét| LbydwGh fubnhpp a 2wnwynny 2pewGh hwdwp |nuénudp
thOwptn] wwpq 26pnh wnnbiGghwih wbupny:

138 Lnwét) Mhppturth L UGjdwGh tuGahplGipp Yhuwnwpuwénepjwh hw-
duwp:

139. Lnuét Yhphtuth fuGnhpp Yhuwhwppnipjwl hwdwp:
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§1.9niphbh bnwbwyp
hhytippnwlwl whuwyh hwyjwuwpnudGbph hwdwnp

Onhnfuwliwblbnp whowwndwl nwbwlnyg Yupth b Ywnnigh) puduw-
GrelGwswdh (wyG nwup hwdwuwpnudGepp hwdwp, wjuwbu Yngdws, fuwnp
fubnpplGlph  |nuénudlbpp: L{wpwapblp wyn bnwiwyh pGnhwinip Wwnyb-
pp htwbyw) dwuGwynp bhybppniwlwl hwywuwpdwb hwdwp

0 0 2
52 (PG ) = ooy = o) 35 (1

nnutn p(z), p (). q(z), p(z) Pnillghwlbnl whplnhwn 66 0 < z < |
hwwndwénud L p(x) > 0, g(z) > 0, p(z) > O:

fuwnp luGnppp YuywbGnd £ hbnbpwnud qunGlg (1) hwduuwpdw b wyG-
whuh nuénLd, npp pwywpwnh

ou(0,t)
au(0,t) + 3 B 0,
du(l, t) @
yu(l,t) + 6—— 5p U

bqnuwjhl wwjSwGGERhG (o, B, v, 6-0 hwuwnwwnGobp 66, a? + 52 # 0,
Y2 4+62#£0)L

u(z,0) = p(z),

uliqpliwlwh wwyswbGEphs:

OndhinfuwlwbGtph wipwwndwl bnwlwyh Enupynclp Yuywibnud £ hbnb-
junus uyqpnid dilGnpnud G0p (2) tgpwjhlb wwidwGibphG pwjwpwpnn (1)
hwywuwnpdwa T'(t) X () wbuph ny qpnjwlwi (néntdbbn

— = =9(z), 0<z<lI (3)

u(z,t) = X(z)T(t) (4)
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Stnwnptiny wyt (1) hwwuwpdwb ke L hwydh welkind, np X(a:) #0
o T(¢) # 0, vwwGnud blp

= P(@)X (2)] - ¢(@)X(2) _T'(¢)
- p(z)X(z) T(t)

u hwjwuwnpnipjwl dwhi dwup Juwhudwé b shwyG x thnhntuwlwbhg, huly
wop dhw)l t-}ug: Nw hGwpwynp £ dpw)jlb wyl nbiwpnid bpp (5) hwjwuwpnip-

(5)

jwG Gpyny dwuG Ep Gny0 hwuwwnneGl 66 Lzwbwlykbp wyn hwuwnunnnbp
A-nd: Un nbwpnid (5) hwdwuwpnipjniGhg GuunwGwip tpynt undnpuywb
nh$bptiGghw| hwwuwnnidbbip

1

T"(t) + AT(t) = 0, (6)

d )

E[P(x)x (z)] + [Mo(z) — q(z)] X (z) =0 (7)
Stnwnpbiny (4) wpunwhwjwnnenlp Gwl (2) bqpwihG ww)dwGGbph Sk,
YnObGwaGp

aX(0) + 8X (0) =0,

YX()+6X (1)=0:
(7)-(8) bapwyhG huGnhnp Ungdnid & Caormpd-Lhnedpip fubnpp (Y Yuns &-L
fulnhp): A wwpwobnph w6 wpdtpGhpp, npnGg nbwpenty (7) hwywuwpnidp
nLGh ngqpnjwlywG nuénud, Ynsynid B0 vbpwlw s wpdbiplbp, huy hpklGp (ni-
6nusGbnp whhwlw G pniGlyghwitin: Papnp utihwlwG wpdbphbtph pwqontp-
Jnibp Yngdmud t (7)-(8) hulinph wwblnp, huly uwblunph L ubthwywh $niGly-
ghwGbnh npnGnLSp’ wwblinpuyhG fulnpp: BwGh np (7) hwdwuwpnidp hwdw-
ubn t, huy (8) wwyswhObpp qprywlw6, wupu ubhwywi $nblyghwbbpp
npnadnid B0 hwuwnwwnl pwqiwwwinbhsh Gauinepjwdp:  Chunpblp wyn
Pwqiwwwunyhsb wybwbu, np

(8)

/l p(z)XE(x)dx = 1,
0 ‘
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npinbn Xk (z)-p Ax ubithwywl wpdtiphG hwiwwwwnwuhuwing utithwlwG
Inbyghwi b: Uju wwjdwGhb pwjwpwpnn ubthwiwh $nblyghwlbpp Yns-
ynud B0 Gnpdwynpdwé: LpbGp ubihwlwb $nGyghwbbph L ubthwlywl wp-
dtipGbph npny hwwnynipjntGabp.

w. wik6 dh ubhwliwh wpdbph hwiwwwwnwuhuwbnid t Shw)té 0bY ubthw-
Ywb $nLbyghw (hwumwuinilh pwqiwwwwnlhsh 6annipjwdp),

p. tnwppbp ubhwywi wpdbplbphl hwiwwwunwuhuwbnn ubthwlwa $nLbly-
ghwbkpG oppngnGuwy tG p(z) Yarny, wyuhGplG

{
/0 P Xk (€) Xn(2)dz = O (k  m),

q. pnnp utithwlwl wpdtpGbplt hpwiwh &G,
n. qnnpjnt0 Nkl wGybpy pwlwynipjwip ubithwlw6 wpdtplbp

A <A< <Ay <0, lim A, = 400,

b. npn2 |pwgnighs wwjdwbGEph gtwpnud ubhwlwt wpdtplGbpp pwgwuw-
Yuwo 66, huly ubthwlwb PmGyghwhbpp Yuwqind &G {phy hwdwlwng:
(6) hwywuwpdwG pGnhwbnep |nuénudp GowbwybkGp Tk (t)-ny: NLGLGP

Ti(t) = Ak cos / Akt + B sin v/ Axt,

npunbn Ag-0 L Bi-0 YwiwjwlwG hwunwwnniGGbnp 5G:
Hwdwjwlywb

uk(z,t) = Xi(z)Te(t) = (Ax cos v/ Akt + By sin v/ Ait) Xi (z)

wnbuph $nilyghwi YhGh (1) hwywuwpdwb (nénud L Ypwywpwph (2) bg-
nwjh0 wwjdwGGtphG:
(1)-(3) huunp hubnph (ménLdp npnbGbGp hbwnljw) nbupny

u(z,t) = > (Axcos VAt + By siﬁ VA Xe(z):  (10)

k=1

N
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bOpwinnpbtGp, np (10) 2wnpp L bpynt wlGqwl auwn z L ¢ hnhnfuwywGGenh
wlnwd we winwd wéwbghinig unwgywé wppbpp hwjwuwpwswh qnt-
qwdbwn 65G: UyGhwyn t, np (10) wpph gnudwpp, wyn wuwydwGObph nbw-
pndd, Ypwywpwph (1) hwywuwpdwbp b (2) Bqpw)h0 wwjdwGobphG: Mw-
hwGgbiny,np (10) 2wpph gnudwpp pwydwpwnph Gwl (3) uyqpOwlwl wwy-
GwGGEphG, unwbntd LGp

> A Xi(z) = (), (11)
k=1
> BV Xk(z) = ¢(z) : (12)
k=1

bnp { Xk (2)}52; ubthwlwG $nibyghwlbph hwiwlwnap (phd t L oppn-
Gnpdwynpyws, Ax L Br qnpéwlyhglbph npnGiwG hwdwp (11) L (12)-hg
nGLGp '

!
Ay = /0 o(@)o(z) Xi(2)dz,

1 l
Bi= o= /0 ple)() Xe(z)dz

Stnwnntiny A L By hwuwnwunniGGlph wpdtipGtpp (10) 2wnph dby unw-
OwGp (1)-(3) tuwnp huGnph nLénLdp:

LGnhwhnuip nbwpntd hGwpwynp st quelby G-L hulnph (nusnuip: U)G
Gwulbwynp nbwpnid, bpp (1) hwwuwndwl qnpéwyhglbpp hwunwnndG-
Gt 60 fuGnph (nuénLdp Ywenigynud b pugwhwjnnpbG: Yyuwbu,ophGuly,

Ut = a2um . (5,)

wph nwunwbdws hwjwuwniwlG nbwypnud (6) L (7) hwywuwpnuiGtpa
Nit0 hwiwwwuinwuhuwGwpwn htinbjw) nbuptipp

T (t) + a®AT(t) = 0, (6")
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X'(z)+ AX(z) =0, O0<z<l: (7)

Mwpqnipjwl hwiwp GGpwnpkGp, np gpuyhl wwydwGobpp nuGEG
X(0)=0, X()=0 (8')

inbupp: Uju nbiypnid (7') — (8") ubnph ubthwlwG wpdtipGlpp qnGynid 6G

2
Ak = (?) , k=12,

Lpwig hwiwwwwwuhuwh qénpkl wiywfu $nilyghwlbpp hwinhuwbnud Bi

k
Xk($)=sinz—:c, =12,

l

npp tnhy hwiwlwpg t (0, ) Shewywypnid, huy (6") hwywuwpdwa tnénud-
Gbpp wpynd LG

ark ark
Tk (t) = Ak cos -l—t + By sin _l_t
nbupny:
Onhnpuwwllibpp wipwwndwl nwiwlp Ywpbp t Yhpweb| Gwl wi-

hwiwubn hwywuwpiwl L wibhwdwute GgpwihG wwydwiGsph nbupned:
UwhdwGwdguydtip hbnbywy fuwnep fuGnph nhnwpyniing

1
Uz — a_z'utt - f(l'., t) (13) '
a1uz(0,t) + byu(0,t) = pu(t),
azuz (1, t) + bau(l, t) = v(t), (14)
a2 +b2 40 k=12

u(m,O) = 30(:1")’ ut(l‘70) = 'l/J(IE) : (15)

1
L
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ai, as, by, b2 hwuwnwunniGGhph dpw npgnn npng (pwgnighs wwjswiGtph
nbugpnid npnGbLh $nLllyghwyh

u(z,t) = v(z,t) + w(z,t)
thnfuwphGnudng, npuntin
w(z,t) = (Mmz? + Yo + v3)u(t) + (122 + daz + 83)v(t),

(13)-(15) twwnp hbOnhpp popdnid t bhwiwube Gqpujhl wwydwGGEpny
hGinbjw) huwaep fulnphG

1

Vgz — Evtt = F(z,t) (16)
a1vz(0,1) + b,v(0,t) = 0,
102(0, ) + b1v(0, t) a7
axvz(l,t) + bav(l,t) = 0,
v(z,0) = p1(z), v(z,0) = Yy (2), (18)
npunbn .
1
F(.’L‘,t) = f(l‘,t) — Weg + a_2w“"
Y1 (.’L’) = 'U.)(I,O), 1/)1(1') = ¢($) - ‘U.)t(l',O) :
GGpwnnklp, np qnynipjniG nuGh
X +AX =0, (19)

G X (0)+6:X(0)=0, aX (I)+bX(1)=0  (20)

C-L uGnph X, (), n = 1,2, - - - qénpbl wilwhs ubthwlwG $niGyghwibiph
tnhy oppnGnpdwynpywé hwiwywng: F(z,t), 1(z) L 1 (z) dnibyghw-
Ghipp GEpYuwywgltiing htivbyw) Jwnpptipny

Fie.t) =Y a®X(z, - ()
k=1
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= dexk(:t), (g I) Zeka (22)
k=1

(16)-(18) hulnph nénLdp thhwnpkGp
v(z,t) = ZTk(t)Xk(fE) (23)
k=1

wbupny: Sknwnpbiny (23)-p (16) hwywuwpdwb dbg m hwydh weGkiny (21),
(22) Jbpnuénepynillbpp, unwlwbGp

ST (T X (= al () Xk(z)) :Z (z), (24)
k=1 k=1

ZTk O)Xk :E) deXk
ZTk 0)Xx(z) = Zeka

Jwiwdw)l (19)-h (24)-hg JuunwGwbp

(25)

ST @) + A MT(t) X(z) = —a Y () Xk(z) 1 (26)
k=1 k=1

Ganphpd Xk (z), k = 1,2, - -+ hwdwlwpgh qénnptG wlwlunipjwa, (25)-
hg L (26)-hg unnwlnid GOp htwlyw| fuGnhpp
T;;’ (t) + az/\ka(t) = —azck(t),

, (27)
Ti(0) = di, T.(0)=ex, k€N

npp hGannepywdp (ndydmd b Stnuinptiing Tk (t) $nillighwlbpp (23)-h
dbg, Yunwlwap (16)-(18) fuGnph |nénudp. tpt F, @1, Y1 $nibyghwlbipp
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77

wwwhnyntd G (23) 2wpph L wjG 2wppbph hwdwuwpwswidh antquidhuintp-
JneGp, npnbp YuwnwgdkG Gpwlhg puwn z L £ dindhnfuwlwbGbph Bpyne wiqud

winwd wae wihnwd wémﬁgblnq:

tpp (13) hwjwuwpdiwi we dwup Ywhudws t dhwyG z phnihnfuwlwihg

(28)

f(z,t) = f(z),
huy (14) bqpuhl wwjdwlGbph we dwutipp hwuwnwunntGGtp GG ,u(t) = U,
v(t) =gl
a1b2 - (Lgbl - blbzl # 0,
wwjw

u(z,t) = v(z, t) + w(x)

dinfuwphlnidny, npuinbin

1"

w (z) = f(x),
a1w (0) + byw(0) = po,
axw (1) + bow(l) = vg,

v(x,t) $nilhghwi npnzbint hwdwp Yunwlwibp hbwljuw) fuGnhpp

Uzz — 35Ut = 0,
a

a1v5(0,¢t) + byv(0,¢) =0,
agvz(l,t) + byu(l,t) = 0,

v(z,0) = p(z) - w(z), wv(z,0) = Y(z):

bul) (28) wwjdwGh nbwpnid (29) tuGnhpp dhawn nLGh LnLoned:
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Npny nbwpbipnud (10) Yuwd (23) 2wppbiph qnudwpp Ywpnn b wéwbgjwy-
Gbp sniObGw(: 3bwkwpwp Opwlp 30 Ywpnn |hGGp nhdbpbGghwy hww-
uwpdwh |nuénud: Uwlw)b, hoswbu hwjnGh b, nuiphz (neénud hGunpb G wbh-
Jwuw t: u wwwbwneny, (10) L (23) wppbph gnidwplbpp bwdwpndd GG
fuwnp tuGnph hujwlwb Ywd pGnhwlpwgywd neénLdbbp:

140. 0 < z < [, t > 0 Yyhuwbpndd (nusky
U = a2u:t:t

hwlwuwpdwl hwiwp htwnbyw tuwnp luGnhpGbpp

(hwdwubn bqpuihG ww)dwGGtp)

w. u(0,t) = u(l,t) = u(z,0) =0, u¢(z,0) = sin ?-F:c :

p. u(0,t) = uz(l,t) = 0, u(z,0) = sin %7[1:1:, u¢(z,0) = sin %m :
9. u(0,t) = u,(l,t) =0, u(z,0) =z,

s . 3
u¢(z,0) = sin —z + sin — :

2l 2l
n ug(0,t) =u(l,t) =0, u(z,0) = cos —2711:1:,
u¢(z,0) = cos 3—7r:r + cos —ﬂa: :
2l 2l

b. u(0,t) = u(l,t) = uy(z,0) =0,

%z,OSxSc
UE0 =1 hn c<z<l

l—c
a. u(0,t) = u(l,t) = us(z,0) =0, u(z,0) = f_m:(l —-x):
b u(0,t) = u(l,t) = u(z,0) = 0, u(z,0) = hz(l — 2) :
0. uz(0,t) = uz(l,t) = 0, u(z,0) = cos %x,
om

u¢(z,0) = cos 7T
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p. u(0,t) = u(l,t) = u(z,0) =0,
= o<t
0, |x—c| > %
d. u(0,t) = u,(l,t) = uy(z,0) =0, d(a:,O) =rx,r = const :
h. u(0,t) = u(l,t) = u(x,0) =0,
0,0<g<c-— 6,
uy(z,0) = vg, c—06<zxz<c+é:
0, c+d<x<l
L uz(—1,t) = ug(l,t) = ug(z,0) =0, u(x,0) = —ex:
h. uz(0,t) = uz(l,t) =0, u(z,0) =z, u(z,0)=1:
6. uz(0,t) = ug(l,t) ~hu(l,t) =0, h >0,
u(z,0) =0, uy(z,0)=1:
4. uz(0,t) — hu(0,t) = ur(l,t) + hu(l,t) =0, h > 0,
u(z,0) =1, u(z,0) =0:
h. uz(0,t) = u.(l,t) + hu(l,t) =0, h >0,
u(z,0) =0, u(z,0)=1:
8. u(0,t) = ug(l,t) + hu(l,t) =0, h >0,
u(z,0) =0, w(z,0)=x:
n. uz(0,t) = uz(l,t) =0, u(z,0) = p(z), w(z,0) =y(z):
6. uz(0,t) — hu(0,t) = ur(l.t) =0, h >0,
u(z,0) = p(z), w(z,0)=Y(z):
6. uz(0,t) = ug(l,t) + hu(l,t) =0, h > 0,
u(x,0) = p(z), ue(z,0) = () -
) uz(0,t) — hu(0,t) = uz(l,t) + hu(l,t) =0, h > 0,
- u(z,0) = (), w(z,0)=1p(x):
6. uz(0,t) — hau(0,t) = uz(l,t) + hau(l,t) =0, hy, hy > 0,
u(z,0) = p(z), u(z,0)=yY(z):
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2. u(0,t) = uz(l,t) + hu(l,t) =0, h >0,
U(I,U) = ‘P(x)a ut(z,O) = w(x) :

(wOhwiwubn bgpuyhl wwydwhhbn)

n. u(0,t) = u(z,0) = w(z,0) =0, uz(l;t) = H:
u(0,t) = u(zx,0) = uy(z,0) =0, ug(l,t) = Asinwt :
w. u(0,t) = u(z,0) = uy(z,0) =0, u(l,t) = Asinwt :
9. uz(0,t) =0, uz(l,t) = Ae”",
Aach% —Aach?
shé shé '
n uz(0,2) — hu(0,2) = u(t), ug(l,t) + gu(l,t) = v(t), h,g >0,
u(z,0) =0, uy(z,0)=0:
u. ur(0,t) = u(t), u(l,t) = v(t),
u(z,0) = p(z), w(z,0) =9(z):
d. u(0,t) = u(z,0) = uy(z,0) =0, ug(l,t) = At™, m > —1:
n u(0,t) = p(t), u(l,t) = v(t),
u(z,0) = p(z), u(z,0) = Y(z):

u(z,0) = , u(z,0) =

141. 0 < x < [, t > 0 Yphuwtpunud nudty
Uy = a%ugy — 2vuy (V> 0)

hwywuwpiwl hwiwp htnbjw] vwnep ulnhplGepp
w. u(0,t) = u(l,t) = w(z,0) =0,

Ly 0<z <20
u(z,0) = o :
! h(l—x < )
,Io_.’r<l

p. u(0,t) = ug(l,t) = u(z,0) =0, u(z,0) = kz:

1)
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0 1e(0,8) = ua(1,) = 0, u(z,0) = p(2), w(z,0) = ¥(z)
n uz(0,t) = u (L, t) + hu(l,t) =0, h >0,
u(z,0) = p(z), uw(z,0) = p(z):
b. uz(0,t) — hyu(0,t) = u (L, t) + hou(l,t) = 0, hy,hg > 0,
u(z,0) = p(z), w(z,0) =9y(z):
a u(0,t) = u(l,t) = 0, u(z,0) = p(z), u(z,0) = Y(z):
(0,t) = u(z,0) = u(z,0) =0, uz(l,t) = Asinwt :

I

142. Lni6by hewnlyw) fuwnp fuGnhpibpp wihwiwutn hwywuwpnis-
Gtph hwdwp

(hwowubne Gapuyhl wusytwGibn)
w. uuzazum—i—g, O<z<l!, t>0,
u(z,0) = u(0,t) = uz(l,t) =0, u(z,0) = v :

p. Uty = azum + f(l',t), O<< l, t> O,
uz(0,t) = uy (I, t) = u(z,0) = w(z,0) =0

9. Uy = @%uz, + f(z,t), 0<z <!, t >0,
u(0,t) = uy(I,t) = u(x,0) = ue(z,0) =0:

N Wy = aluz, + B(z)t, O<z <, t>0,
u(0,t) = u(l,t) = u(z,0) = uy(z,0) =0 :

b. wy = a’ug, + e sin -7,1:5, O<z<l!, t>0,
u(0,8) = u(l, t) = u(z, 0) = uy(z,0) = 0 :

Q@ Uy = alu,+2ze L, 0<z <, t>0,
w(0,t) = u(l,t) = u(z,0) = w(x,0) =0:

b uy :azum-lel-sint, O<z<l!, t>0,
u(0,t) = u(l,t) = u(z,0) = w(z,0) =0:

0. utt=4um+2e_tcos§, O<z<m t>0,
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uz(0,t) = u(m,t) = u(z,0) = u(z,0) =0:

P Upt = 0 Uz +w2(a: +u)+gsinwt, 0 <z <, t>0,
u(0,t) = ug(l,t) = u(z,0) = ue(z,0) =0:

¢ Uy = a%ug, + P(2)t™, 0<z <, t>0, m> -1,
u(0,t) = u(l,t) =0, u(z,0) = u(z,0) :

h. us = a?ugy + Pocoswt, 0 <z <1, t >0,
u(0,t) = u(l,t) = u(z,0) = us(z,0) =0:

L Uy = a%ugy + P(z)coswt, 0< <, t >0,
u(0,t) = u(l,t) = u(z,0) = ue(z,0) =0:

h. ug = a?uzz + ®(x)sinwt, 0 <z <1, t >0,
u(0,t) = u(l,t) = u(z,0) = us(z,0) =0 :

8. ug = auz, + Posinwt, 0 <z <1, t >0,
u(0,t) = u(l,t) = u(z,0) = u(z,0) =0:

U vy :azuzz_ZV‘Ut"I’g, O<z<l!, t>0,
u(0,t) = u(l,t) = w(z,0) = 0,

‘z%a:, 0<z <z

hi-z) a:o<:c<l.

[
h. uy = a?ugy — 2vu, + ®(z)t, 0 <z <1, t >0,
u(0,t) = u(l,t) = u(z,0) = u(z,0) =0:
a. uy = a?uz; — 2vu, + ®(z)sinwt, 0< z <1, t >0,
w(0,t) = u(l,t) = u(z,0) = u(z,0) =0:

u(z,0) =

(wGhwiwubn gpuihG wuyswaGEn)
n U = a2ugg + f(z), 0<z <, t>0,
u(0,t) = a, u(l,t) =B, u(z,0) = u(z,0)=0:
6. uy =a%u. + f(x), 0<z <, t>0,
- ug(0,t) = a, uz(l,t) = B, u(z,0) = p(z), u(z,0) = () :
8 ug = a%uz. + f(z), 0<z <!, t>0,
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u(0,t) — hu(0,t) = @, h >0, u(l,t) =g,
u(z,0) = p(z), u(z,0) = Y(z):

LUy = a%uz. + f(z), 0<z <, t>0,
uz(0,t) = a, us(l,t) + hu(l,t) = 8, h >0,
u(z,0) = u(z,0) =0

0. uzz = ugp + f(z,t), 0<z <, t>0,

u(0, t) = ﬂ'(t)a uz(l»t) + hu(l, t) = v(t),
u(z,0) =0, uy(x,0) =¥(z), h>0:

2 Uz = Uy + f(z,t), 0<z <, t >0,
uz(0,t) — hu(0,t) = pu(t), uz(l,t) = v(t),
u(z,0) = ¢(z), w(z,0) =¥(z), h>0:

n Uy = a%uzg +sin2t, 0<z <, t>0,

2 21
uz(0,t) = u(z,0) = 0, u(l,t) = - sin ;sin 2t,

uy(z,0) = —2cos 27?- :

T
5 Ut — Ugy + 22Uy =4z+8etcosz, O<z< 7 t >0,

uz(0,t) = 2t, u(g-, t) = mt, u(z,0) =cosz, u(z,0) =2z :

W Uy — Uy = U, +2u; — 3z -2, O0<z<m t>0

u(0,t) =0, u(m,t) = nt, u(z,0) = e Tsinz, u(z,0) =z:

143. Lnust) htnlgyus puqdwswih fuwnp uinhpGipp

w. Ugg :az(uu+uyy), O0<z<l,0<y<ly t>0,
u(t, 0,y) = u(t,ly,y) = u(t, z,0) = u(t,z,ln) =0,
u(z,y,0) = Azy(ly — z)(l2 — y), ue(z,y,0)=0:

P. U :az(um+uyy), O<z<l,0<y<ly t>0,
u(t,0,y) = u(t, 1y, y) = u(t,z,0) = u(t,z,l2) =0,
w(z,y,0) =0, uy(x,y,0) = Azy(ly — z)(l2 - v) :
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Ut =a2(um+uyy), 0<z<s 0<y<p t>0,
u(t,0,y) = u(t,s,y) = u(t,z,0) = u(t,z,p) =0,

u(z,y,0) = sin T rsin %y, ug(z,y,0) =0:
s

gt = @ (Ugg + Uyy), 0<T <8, 0<y<p, t>0,
u(t,0,y) = u(t,s,y) = u(t,z,0) = u(t,z,p) =0,
u(z,y,0) = Azy, u(z,y,0) =0:

LUK T Ugg F Uy, 0<T <, O0<y<m, t>0,
u(t,0,y) = u(t,m,y) = u(t,z,0) = u(t,z,n) =0,
u(z,y,0) = 3sinzxsin 2y, u;(z,y,0) = 5sin3zsindy :

- upe = a%(Ugg + Uyy) + A(z, y) sinwt,
O0<z<lh,O0<y<ly t>0,
u(t,0,y) = u(t,l1,y) = u(t,z,0) = u(t,z,ly) =0,
u(z,y,0) =0, u(zx,y,0) =0:
—t

r . 27
sin —y,
p

LU = az(uzz + Uyy) +

O0<zr<s,0<y<p, t>0,

u(t,0,y) = u(t,s,y) = u(t,z,0) = u(t,z,p) = 0,

u(z,y,0) = ue(z,y,0) =0:

v, (Bzu 2 Ou
=a +

W m ;E),T1<T<T2,t>0,

ou u
-(.-37|r=,1 = gw cos wt, 5;],:,2 =0:
8%y 9 8%u  20u
'&Tza W ;5; ,T‘1<T‘<7‘2,t>0,
ou ou

67' |T=T1 = 03 E‘T’ZTQ = 0,

2
u(r,0) = 0, u(r,0) = —Z—f(r), rM<r<ry:
0
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§2. dniphbh bnwhwlp
wwpwpnwlwl wbuwlyp hwjwuwpnudGhph hwdwp

Thuwnplblp hbwnbjw| wwpqugneyl nbwpp

up = a%uzy, 0<x<I, t>0, (1)
u(0,t) =u(l,t) =0, t>0, (2)
u(x,0) = p(z), 0< <, (3)

npubin ©(2)-p wpwé wipGnhwwn $nibyghw t [0, ]-nud, mGh Yuwnp-wn-
yuinp wipGnhwwn wéwbgyuy b »(0) = (1) = 0 : ®GwpkinY (2) bapwjhb
wuw)iwGobphG pwdwpwpnn (1) hwdwuwpdwG X (z)7T(t) wbuph |niénus-
Gbp, X () $nilyghwl quGhbint hwiwp unwhnus tGp

X" +AX =0, X(0)=0, X(I)=0 (4)

Banpwjhb fuGnhpp, huy 7°(¢) Pnbyghwl quilibint hwidwp

T +AT =0 (5)

hwywuwnpnidp: (4) uGnph ubthwlwb wpdtpGtpp L $nLblhghwbtipp dhq huy-
; mny 2 . TN

inbh 66 A, = (—) , Xn(z)=sin—z,n = 1,2, -+ : X huu-

tnwwnniGh wn wpdbplhph nbwpenid (5) hwjwuwnpdwb pGrhwnup (nudnudp,
4lyGhwjn t, nuGh

Th(t) = a, exp [— (mm)Qt.| , n=12--

l

wnGupp, nptn a,,-p Juwiwjwywl hwunwwnb t:
YWuwhuny, mOtGwiny (2) wwjdwbGEphG pwywpwpnn (1) hwywuwp-

arn\2 | . 7mn
an exp —(—l—) t sme

JwG
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wnbuph (MénLiGEnp, (1)-(3) luwnp luGnph |néndp hGnptlp hbnbyw) nbu-

eny -
arn\ 2 . ™
u(z,t) = Zan exp [— (T) t} sin Tz :
n=1
Oquytiny (3) ulqplwlwh wwydwbhg, gnGmd Lhp

!
an = —/ @(z) sin T8 rdz -
L Jo l

w(z) pnllghwsh Ypw apdwsé ww)dwiGbphg hbwunid b, np wju pwlwdling
npn2dwsé ay, gnpdwlhglbph ntiwpntd

o0

, ™
E Qy, SIN —l—.’lf
n=1

2wppp hwywuwpwsw gniqushnnud b o(z) $nillyghwihl, npp hwynGh t
towGynOwswhwlwh wppbph wbunipnlbhg:

Ujdd, nhowplbbp wihwdiwubn hwjwuwnpdwb hwdwp hbwnbjw] fuwnp
tulnhpp’

u = a®ug, + f(z,t), 0<z<l, t>0, - (6)
u(z,0) =0, 0<z <, (7)
w(0,t) = u(l,t) =0, t>0, (8)

npunbn f(z, t)-6 wGplnhwn t 0 < z < [, ¢ > 0-nud, L pun T hndinfuw-
Ywoh mGh Yunp-wn-Yuinp wipbnhwn wéwbGgywy b ¢ hnhnfuwlwGh pngnp
nnwlwl wndtplbph hwdwp pwdwpwpmd b f(0,8) = f(1,t) = 0 wuy-
dwGbphG: Wu nbwypnd f(z, t) pnuGlghwo Yuntih b Gipyuywglby dniphth
2wnph nbupnyd

f@t) =Y falt)sin e, (9)
n=1
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npuntin

l
falt) = %/0 f(z,t)sin ?xdz; (10)

(6)-(8) hulnph |niéndp hhwpblp hbinbjwy 2wpph nbupny
ad ™
t) = T, (t)sin — 11
ua,t) = 3 Tu(t)sin (1)

npunkin Tn(t) wlhwpn pnGyghwlbpp qunbbint hwiwp wwhwbGekGp, np
(11) 2wpph qmiwpp pwywpwph (6) hwydwuwpdwbp: Chnphhy (8) L (9)
hwiwuwpnipynibltiph 75, () $nblghwlbbpp npnzbin hwdwp YunwbwGp
Unzhh htinbyw) fulnhpp

anmn

T+ (32) Tatt) = fal0),

To(0)=0:

(12)

(12) huGnph (pL6NLih nuGh hbwnbyw) wnbupp

10 = [ eap [~ (B2)' ¢ ] sy

Stnwantiny 75, (t)-h wprwhwjuonienGp (1) 2wpph vk, unwinug tGp
(6)-(8) hulnph LnionLp

u(z,t) = i (/Ot exp [— (@)2 (t - T)} fn(T)dT) sinTrTm :

n=1
| (13)
Eeb (8) qpnywlwl uyqpiusuwl wwjdwbh dhnhuwpbb wpdwé |hGh Yusiw)w-
Ywi uyqpiwlwl wyusydwh

u(z,0) = p(z), 0<z <], (14)
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www (6), (7). (14) uGnph nuénudp YihGh Gwiunpn Gpynt uGnhpGbph gruedncd-

Gbph gnudwpp:
Ns qpmywlwG bapuyhG wwydwGGEph nbwep’

u(0,t) = u(t), u(l,t)=v(t), t>0 (15)
npnGbih pnLlyghwih
u(z,t) = v(w,t) + (t) + Tl(t) - p(t)],

thnjuwphGnudnyg phipdnud E gpnjwlwi bqpughl wwjdwGGEpnyd nbwpehh:

144. Lnok

e = alugy, 0<z <, t>0,
hwjwuwpnudp” hbwnbywy ulhqplwlut L GgpwhG wwydwiGokph abwpnLd

( hwiwubn bqpuyhl ww)dwGGtn )

w. u(0,t) = u(l,t) =0, u(z,0) = p(z):
p. u(0,t) = u(l,t) =0, u(z,0) = ug :
q. uz(0,t) = uz(l,t) =0, u(z,0) = p(z) :
& u(0,8) — H (u(0,8) — us) = 0,
ug(I,t) + H (u(l,t) —ug) =0, H >0,
u(z,0) = p(z) :
b u(0,t) = u(l,t) =0, u(z,0) =2z(l - 1) :

( wGhwdwubn bapwshl wuwydwGGbn )

q. u(0,t) = w1, u(l,t) = ug, u(z,0) =y :
t. u(0,t) = ug, uz(l,t) = Qo, u(z,0) = p(z):
p. u(0,t) = ug, ug(l,t) =0, u(z,0)=0:
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P-UI(Oat)z s ( )_ ) ( ):O

d¢. u(0,t) =0, u( t) = At, u(z,0)=0:

h. uz(0,t) = ug(l,t) = q, u(z,0) = Az :

1 u(0,t) = O uz(l,t) = Ae“, u(z,0)=T:

. u(0,t) =0, u(l,t) = Acoswt, u(z,0) = p(z) :
6. u(0, )= , z(l,t) Acoswt, u(z,0) = () :

b ue(0,8) = At, ug(,t) = T, u(z,0) = 0:

145. Lnusty hbnbyw) fuwep uGahplibpp wihwdwubn hwywuwpned-
Gbph hwdwp
w. U = a?uzs + f(r,t), 0<z <, t>0,
w(0,t) = u(l,t) =0, u(z,0) = ¢(z) :
p. U = a%Ugy + @(t)sinzrl—x—, O<z<l!, t>0,
u(0,t) = u(l,t) =0, u(z,0) = p(x) :
9 u = a?uz, + f(z,t), 0<z <1, t>0,
uz(0,t) — hu(0,t) = Y1 (t), uz(l,t) + hu(l,t) = ¥a(t),
u(z,0) = p(z) :
nu = a?uz, + f(z), 0<z <1, t >0,
u(0,t) =0, u.(l,t) = q, u(z,0) = p(z):

146. Lnét| htwnlywy fuwnep Gnhpltpp
( hwdwubn bgpuyhl wwyswhGbnp )

w u =auy, —Pu, 0<z<l, t>0,

u(0,t) = uz(l,t) = 0, u(z, 0)—sm%;—:.

P U = a?uzy ~h(u—up), 0<z <, t>0, h>0, ug >0,
u(0,t) = u(l,t) =0, u(z,0)=0:

9 U =au,; —hu, 0<z<l, t>0, h>0
uz(0,t) — H (u(0,t) — u1) =0,
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ug(,t) + H (u(l,t) —u2) =0, H> 0,
u(z,0) = p(z) :
nu =uzz —u, 0<z<l!, t>0,
u(0,t) = u(l,t) =0, u(z,0)=1:
b. Uy = Uzz —4du, O<xz<m, t>0,
u(0,t) = u(m,t) =0, u(x,0) = 22 — 7z :
qQ U =Uzgz —u+sinz, O<z<m t>0,
u(0,t) = u(m,t) =0, u(z,0)=0:
b uy =Uzz —u, 0<z<m, t>0,
u(0,t) = ug(m t) =0, u(z,0) = sing- :
(| wGhwdwubn bqpujhl ww)dwGGtn )

D U = auzy, —h(u—1up), 0<z <!, t>0, h>0, ug >0,
u(0,t) = uy, u(l,t) = ug, u(x,0) = () :

p. Uy =a%uz; —hu, 0<z <, t>0, h>0,
uz(0,8) = Q1, ug(l,t) = —Q2, u(x,0) = () :

d. ut:a2um—~h(u—u0), —r<z<m t>0 h>0, ug >0,
u(—m,t) = u(m,t), ug(—m,t) = uy(mt), u(z,0) = ¢(z):

h. ut:a2um—h(u—uo), —m<zr<m t>0 h>0, ug >0,
ug(—m,t) = u(m, t), u(—m,t) = u(n,t), u(z,0) = u; :

LU = a®uz, — Hu+ f(z,t), 0<z <1, t>0, H>0,
ug(0,t) — hu(0,t) = ¥1(t),
ug(l,t) + hu(l,t) = ¢2(t), h > 0,
u(z,0) = ¢(z) :

o uy = Uz —2u,+x+2t, 0<z <1, t>0,
u(0,t) =0, u(1,t) =t¢, u(z,0) = e*sinnz:

6. ut = Ugz +u—r +2sin2zcosz, 0 <z <%, t>0,
u(0,t) =0, uz(g,t) =1, u(z,0)==zx:
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147. Lnuob| hbwbjw| pwqiwswih fuwnp fuGnhpGbpp

w. uy = a?(ugr +uyy), 0<z <, 0<y<li, t>0,
u(0,y,t) = u(l,y,t) = u(z,0,t) = u(z,l,t) = 0,
u(x,y,0) = up :

p. Ug :a2(um+uyy)+f(1,y,t), O<z<p O<y<s, t>0,
u(0,y,t) = uy(p,y,t) = u(z,0,t) = u(x,s,t) =0,
u(z,y,0)=0:

Y

3rx
_ 2 .
q. Ut = a*(Ugg + Uyy) + AsmTp-cos o

O0<z<p O<y<s, t>0, :
u(0,y,t) = uy(p,y,t) = uy(z,0,t) = u(z, s, t) =0,
u(z,y,0) = Bsm%cos:};—sy.

N U = a?(ugy + uyy) + Asin IZ - sin =,
0<zr<p O<y<s, t>0,
u(0,y,t) = u(p,y, t) = u(z,0,t) = uy(z,s,t) =0
u(z,y,0)=0:

bouy = a?(ugy +uyy), 0<z<p, 0<y<s, t>0,
u(0,y,t) = u(p,y,t) = u(x,0,t) = u(z,s,t) =0,
w(z,y,0) = p(z,y) :

QU = a?(upy +Uyy), 0<z<p, 0<y<s, t>0,
u.(0,y,t) = u(p,y,t) = u(x,0,t) = ulz,s,t) =0,
w(z,y,0) = o(z,y) :

t.%:i—j% r2%1; + f(r,t), 0<T<Rt>0
lu(r,t)] < oo, u(R,t) =0, u(r,0) =0:

ou a® d [ ,0u Q
= — = < t>0
Dat r2(9r(r or +cp’O_T<R’ > 5
|u(0,t)| < 0o, u(R,t) =U, u(r,0) =T
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,0<r<ry t>0,

©
Il
8

% 2 62_U+EQE
or? ror

ou o (0%°u 20u
—_— — <

a(8r2 rar),O_TSTO,t>O,

U(To,t - Oa U(T, 0) = f(T') :
Ou _ o (0%  20u
N or2  rOr
u(rg, t) = w1, u(r,0) =up:
a_u' — g2 & + .2_@
L5 =@ or: ror
Auy(rg,t) = q, u(r,0) = up :

),OSTSTo,t>0,

),OSTSTO,t>O»

§3.9niphbh Gawlwyp
Ethyunwlput nbuwlh hwdwuwpnidGeph hwdwnp

Onpnhuwlwlibph whgwwnidwl tnwlwyny neotiGe Yhphtulbh hGnhpp
nnnuiynth wmhpnyph hwiwp: SnGtbp Lwwywuh hwjwuwpdwl

Ugz + Uyy =0 (1)

wyGuwhuh noned {0 < z <1, 0 < y < b} nuanulyntG wnhpnypmd, npp
pwdwpwph
u(0,y) =u(l,y) =0 (2)

U(I,O) = fl(a:)’ u(x’b) = f2(x) (3) “

bqnwijhG wwydwGGEphG:
ULqpnty qunGtiGp (1) hwywuwpdwG X ()Y (y) wbuph wybyhuh (-
6nudGtp, npnlp pwywpwpbl dhuwyl (2) wWwydwBhG: Stnwnpbind wynwhuh
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$nilhyghwl (1) hwdwuwpdwh dbg L whgwwbynd hnihnfuwlwGotnp, Yuunw-

Dwng 17 1!
Xz Y () _
X(z)  Y(y)

Npwbugh wntnh nibow (4) hwdwuwpnipynilp, whhpwdtin t, np

0: (4)

npibin A-G hwuwnwwniG b Wunbnhg unwGnud BGp, np X (x) L Y (y)
$nGlghwlbipp whwp b pwdwpwpbl hbwnbjw hwdwuwpnudGephG

"

X" (z) + A\ X (z) = 0, (5)

Y'(y) - AY(y) =0: (6)

(2) bapuyhG wwidwhibphg phund t, np

Plswbu qhwnkhp (5), (7) uGnph ubthwlwb wpdtipGhipp

An = (%)2 n=12---

pytnh kO, huly Gpwig hwdwwwwnwuuwb ubhwywb $nlblghwibtnb &6

Xn(z) :sin?m, n=12--:

Ujdd winpunwnebwip (6) hwywuwpdwbp: bpp A = Ay, Gpw pGnhwinip
LnténLdG nuGh
Ya(y) = Cre™¥/! + Dpe™ ™/t

wnikupp:
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Ujuwhuny unwbnud BGp (2) wwjdwGGEph0 pwywpwnnn (1) hwwuwp-
dwb X (z)Y (y) wkuph sh awpp |nLondGbp

. TN
Xn(z)Yn(y) = (Cre™¥/' + Dye ™Y/ sin T
Ujdd (1)-(3) kuGnph (nuénidp thGunptlGp htinbjw| awpph wnbupny

(e o]
u(z,y) = Z (Cre™¥/t 4 D, e~ ™%/ sin ?z (8) :
n=1

Cowpttp Cp L D, qnpéwyhgltipp, oquytiny (3) tiqpuihl ww)swGGbphg,’
puth nph whwp E wnbnh nuGEGwb htwnbyw) hwywuwnpnepnGGbpp

> ™
= E C, sin Til:
n=1

(&)
fa(x) = 3 (Cre™/t + Dpem ™ty sin T2

n=1

Urnwohlhg YnibLGwhp

2 1

Cn=- fi(x)sin ™ rdx

L Jo l

Gpynnpnhg’
b/l 2 l ™
Cre™/t 4 D, e~ ™/l = 7/ fa(z) sin dea: :
0 -

QunGbind wyuntnhg Cp, L D, anpéwlhgltipp L inbnwnpbiny (8) 2wnph by
LJuinwGwhp Yhphtukh tuGnph neénudp:

148. qwnit; p< a, 0 < ¢ < 27 ppwlinid wylwhuh u:DnDn.hmm
Inuliyghw, npp nuﬂlwnwnh
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10 Ou 1 6%u |
)+ 552==0 13
. pOp (pf)p) p? 02 (13)
hwywuwndwlp L htnbyw| iqpuighl wwjdwbhb
w. u(a, p) = f(p):
u(a,p) = Asingp :
q. u(a,p) = Asinp + B :
Asing, 0 <p<m
(a,9) =9 :

Asm p, T<p<2m
b.a=1, u(a,<p) = cos @
qa=1, ula,p) =sindp:
t.a=1, u(a,p) = cos* p:
p.a=1, ula,p) =sin®p+cosb o :
p. u(a, ) = psinyp:
d u
h.u
L

'F'

u

2

o(a, ) = f(p):
(2, 9) = Acosg:
cuy(a,p) = Acos 2y :
h. u,(a, @) =sin®p
0 up(aa()o) — hu(a,p) = - f(p) :
Y. up(a,p) + hula,9) =T + Qsinp + Ucos 3y :

149. anGbL p > a, 0 < ¢ < 27 whpnypnid wylwhuh $nLbhghw,
npp pwywpwph (13) hwjwuwpdwGp, 80w uwhdwbwdhuwy, Gpp p — oo L
pwywpwph hbnbjw| GgpuihG wwydwGGEphi
w. u(a, ) = fp):
p. u(a,p) = Asingp :
q. u(a,p) = Asin® ¢+ B :
Asing, 0<p<m
U( QO) = lA -3 .
3AsIn"p, T < <27
b u(a,p) = Tsing :
q. uP(avcp) = f(‘*P)
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t. ug(a, @) = % + psin2yp :
o. up(a, 90) - hu(a, (P) = f((p) :
p. u(a,p) =Up + pcosp:

150. quntkp a < p < b, 0 < ¢ < 27 onwynd wybuhuh
wlpGnhwn $niGyghw, npp pwywpwph (13) hwywuwnpdwop L hbnbyw) bg-
npwyhG wwjowGaEphh
w. u(a, p) = f(p), ulb,p) = F(p):

p. u(a, ) =0, u(b,p) = Acosp :

q- u(a,p) = A, u(b,p) = Bsin2yp:

N up(a, ) = qcosp, u(b,p) =Q+ Tsin2p:

b. u(a,p) =T + Ucosp, u,(b,p) — hu(b,p) =0:
gaa=1 b=2 ula,p) =uy, ulb,)) =uy:

ta=1, b=2, ula,p) =1+ cos?y, u(b,p)) =sin®p:

151. auntky p < a, 0 < ¢ < o pewbwghl ubywnnpnid wybyhuh
wiOpOnhwwn $nblghw, npp pwywpwph (13) hwywuwnpdwbp L hbnbyw) bg-
pwihG wwjdwhGGEpha
w. u(a,¢) = f(p), u(p,0) =u(p,a) =0:

r. u(a, @) = Ap, u(p,0) = u(p,a) =0:
a. u(a, @) = f(p), up(p.0) = u(p,a) =0:
0 u(a, @) = Up, uy(p,0) = up(p,a) =0:
b. u,(a,¢) = Q, u(p,0) = u(p,a) =0:
Q. up(a, ) + yulp, ) = 0,

u(p,0) = uy(p, @) + hu(p,a) =0, h>0:

152. antbp a < p < b, 0 € ¢ € a onwlwal ublnnpnud
wjOwyhuh wipbnhwwn $nlGyghw, npG wynnbn pwdwpwph (13) bwywuwp-
dwlp L

u(a, @) = f(p), u(b,p) = F(p),
’U,(p,O) = U(p, a) =0
tgpuwjhG ww)dwGitnhG:
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153. it 0 < z < a, 0 <€ y < b nnnuilyywa dbp wyGwhuh
whplnhwin $niGlyghw, npp pwjwpwph Uzz + Uyy = 0 hwjwuwpdwip b
htwnbgw) Gapuwjhl wwydwbGEphh
w. u(z, 0) = ( )’ U(Ivb) = F(l‘)

w(0,y) = ¢(y), u(a,y) = ®(y):

p. u(m,O) =0, u(x,b) = F(x),
u(0,y) = uz(a,y) = 0:

g u(z,0) = A, u(z,b) = Bz,
U'a:(Ovy) = ul.(a,y) =0:

n u(z,0) =0, uy(x,b) = Bx.
uI(O’ y) = u(ary) =0:

b. uy(z,0) = Tsin Z—I u(z,b) = 0,
u(0,y) = U, uI(a,ay) =0:

q u(z,0) =0, u(z,b) =U,
U(O U):O ux(a y)=q‘

t. u(z,0) =0, u(z,b) = STJ:,

u(0,y) =0, u(a 1) T;
. u(z,0) = Bsin~ 7 u(z,b) =0,

u(0,y) = Asin Z T’ u(a,y) =0:
p. u(z,0) = f(z), u(z,b) = ¢(z),

uz(0,y) = ¥(y), uz(a,y) = w(y) :
d. u(x,0) =0, u(z,b) =V,

u(0,y) =V, u(a,y) = 0:

154, Qi 0 < < oo, 0 < y < [ Yhuwbpuintd wyGwhuh
dnibyghw, npp pwdwpuiph Uzy + 3y = 0 hwydwuwpdwbp L hbnbywyg
banuyhG wuwydwGGEhG
w. U(.'L',O) = uy(xvl) = Oa

w(0,y) = f(y), u(oo,y)=0:
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U(O,y) = y(l - y)> U(OO, y) =0
n. uy(z,0) — hu(z,0) =0, u(z,l) =0, h >0,
U(an) =1l- Y, U(OO,y) =0
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§1.Lwuywuh dLwhnfunip)niGp

/Kzt t)dt

dnuiyghwG Yngymud £ f Inbyghwyh plinbtigpuy uypl dhwnpnfunipinm b (wunn-
Yp), f dniGyghwh F-h Gupuwupunnybp, huy K-G plGinbgpuyuyhl dhunpn-
fumpul Ynphq: '

UwhiowlnJ.

Nhgnip f Pnilyghwl pwywpwpnud t htnbywy wwydwGGEphG.

1) f-G wOpGnhwuwn t wdkGnipbp, pwgh gnigh, Ytpowynp pyny wnwehl
ubinh fuqiwl YGwnbph,

2) qnynipyniG nuGbG wyGwhuh M > 0 L s > 0 hwunwwndGGep, np
YwiwywlwG t-h hwdwp Shaw b | f(t)] < Mes! wihwywuwpnipynilp:

Un nbwpnud Ywiwjwywh p-h hwiwp (Rep > ), qnynupjnil niGh

F(p) = /0 e P f(t)dt (F(p) = LE(t)) (1)

hGunbgpwip, npp Rep > s Yhuwhwppnipjwl dbp wGwihinhy $nibyghw E:
(1) pwOwdlny npnaynn F dnulyghwh yngynud £ f pniGyghwih Lwuywup
Sbunpnfunipint G:
Lwugwup dbwdhnfunipjwl pwyG YhpwnnipyntGGlph hhdpned pGLYwo
GG hbwbyw) hhdGwlywh hwinynipynGGbpp.
1. Llay f1(t) + a2f2(t)] = a1 L[ f1(t)] + a2L[fa(t)],

2.1 | [ 1= nntr| = Lin@lLno)

s, [ o] = 72,
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4. L[f(n)(t)]:pnF(p)_pn—lfO_ __pjn 2 n 1’
d" t

- LIf(t=b) = e“’PL[f(t)],
Lif(at)] = LF(2), tpt a > 0,
Ll f(t)] = F(p+ ),
Lit"f(t)] = (-1)"F(p),
9. bph M J)ntﬁughuuh Ohwwnidwip Gupbth E Yhpweb| Lwujwuh
aLwipntuncpynt, wuyw L [ ] / f(9)dq :

9"?’?’“‘

Nnnz (pwgnighs wwydwiGlbph nbwpmd f Owhiwwwnltpp Ywnbih £
ybpwlywiqlt] F wuwwnltiph oqGnipjwip Lwuywuh hwiwnwnpd dLuwgntunt-
pjwdp: Uwnpl GhEpluywglnid blp wwwnitplbph L lwhiwwwwybpbbph oh
thnpn wryniuwl, npp Yoghh (nustip wiu wwpwgnwdh huGnhpGhpp

Lf(t) f(t)
1 sin at
p2+a! a
tsin at
p+a 2a
;7_‘%;; cosat
_ 2274
e *VP N A /a

Lok hbwnbywy ubnhpObpp Lwaywuh dLwihnfunipjuib oqGnipyudp
155. uy = Uz + a®u+ f(z), 0 < x < o0, 0< y < o0,
w(0,y) =u(0,y) =0. 0<y<oo: ~
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156.

157.

158.

159.

160.

161.

162.

Uy = Uzz + U+ Beosz, 0 <z <00, 0<y<oo:
u(0,y) = Ae™%, u(0,9) =0, 0<y<oo:
u = alugg, 0<z<l, 0<t,

u(+0,t) = 6(t), u(l—0,t) =0, 0 < t,
u(z,+0)=0,0<z<:

u = a?ugz, 0 <z <00, 0<t,

u(+0,t) = 4(t), u(oo—0,t) =0, 0< ¢,
u(z,+0) =0, 0<z < 00:

u = augy, 0<z <00, 0<t,

u(+0,t) = u(t), u(oco-0,t) =0, 0 < ¢,
u(z,40)=0,0< 2z < 00:

Uy = alugg, 0 <z <00, 0<t,

u(0,t) = E(t), 0 < t,

u(z,0) = u(z,0) =0, 0 < z < o0,

u(z, t) $nGhghwl uwhswhwihwy t, bpp £ — 00 :
Uze = a%ug + 2buy + 2u, 0 <z <00, 0< ¢,
u(0,t) = E(t), 0 < t,

u(z,0) = w(2,0) =0, 0 < z < oo,

u(z,t) pnLllyghwh uwhdwlwihwy t, bpp T — 00 :
Uy = a?ugy, 0 <z < 00, 0 < t,

uz(0,t) — hu(0,t) = ¢(t), u(oo,t) =0, 0 < t,
u(z,0) = u(z,0) =0, 0<z < o00:

§2.%nphbh dLwihnfunipynilp

Udpnng pYuwyhl wawbgph Ynw wnyws f pniGyghwih dmppbh dbunpn-

funtpyne b uwhiwlynud b npuybu’

Fio)=—= [ esar: 1)
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Uju hGwnbgpwih gnjnipjwl hwiwp pwdwpwp t, npwbugh nbnh nubbEGw
o
§1.-nul G2qwé (1) ww)dwlp L gniquidhwnh / | f(t)|dt hGunbgpuwip: dni-

— 00

phbh dLwihnfunipjw b hwlwnwpdp wnipdned £

f(t) = m/ e F(p)dp (2)

pwlwadlny:
tpb f-p qnuyq $nlhghw b, www (1) L (2) dbwidintunipyniGitipp Yuww-

GwG hbwnbjw; wbupbpp
2 o0
= \/—/ cos ptf(t)dt
T Jo

2 oC
=4/= / cos pt F(p)dp,
T Jo

npnlp Ynsdned GG dnephbh Ynuhlniu dLwhnfunipyndGhbp:
bpb f-p LGOw b, wyw hwiwwwwwsliwGwpwn HunwGwGp

F(p) = \E [ sinptrw
f(t) = \/g/ooc sin pt F'(p)dp,

nanGp Ynsyned 60 dniphbh upGneu dLwihnfunipniGOtip:
Cwun hwswiu ogunwgnpddnid £ Gwb Sniphbh pwqiwswi duwhntunt-
pjnilp: bphswih nbwpnid wjb wpdnud b hbwnbjw] pwiwabbpng

F(¢.m) \/_ / / Heatmy) (2, y)dady,

1 o0 oC ) '
N / / e!e=tm) B¢, m)dedn :
m J-ooJ-00

flz,y) =
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Ujniu hGunbgpwiwihh dLwihnfunipynlbGephg GobGp  Dnuppb-Rhultyp
dlwintunipnilp (J, () $nilyghwih dwuhG nbu qinitu VILE1)

Fato) = [ (o) f (1),

nph hwhwnwpdp wnipygnd £

f(t) = /0 " pIa(pt) Fa(p)dp

pwlwdliny:

Lnuét hbnbywy fuGnhpGtpp dnphbh dLwghnfunipjwl oqlnupwdp
163.uy = auz,, —co<zT <00, t >0,
u(x,0) = p(x), u(x,0) =1 (r), —co< T <00:
164. uy = a’uz, + f(z,t), —c0o <z < o0, t >0,
u(x,0) = uy(2,0) =0, —oo <z <00:
165. u;, = a’uy;, —00 < x < 00, t > 0,
u(z,0) = p(z), —co <z < 00:
166. u; = a’u,, + f(x,t), —00 <z < 00, t >0,
u(z,0) =0, —co <z <00:
167. u; = a’uy,, 0 <z < 00, t >0,
u(z,0) =0, 0 <z < oo, u(0,t) =pu(t), t>0:
168. u; = a%ug,, 0 <z <00, t >0,
u(z,0) =0, 0 <z < o0, u (0,t) =v(t), t>0:
169. u; = a®uy. + f(x.t), 0<r < o0, t>0,
u(z,0) =0, 0 <r<oo, u(0,t) =0. t>0:
170. uy = a®uzz, 0 <z < o<, t >0,
u(z,0) = p(x), y(z,0)=Y(x), 0 <z < o0,
u(0,t) =0, t>0:
171. uy = a®uzy, 0 <z < 00, t >0,
u(z,0) = (), u(z,0) = (), 0 <z < oo,
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ug(0,t) =0,¢t>0:

172. uy = a’uzy, 0 <z < 00, t > 0,

u(z,0) = u(z,0) =0, 0 < z < o0,
u(0,t) = u(t), t>0:

173. uy = a’uz;, 0 <z <00, t >0,

u(z,0) = u(z,0) =0, 0 < z < o0,
uz(0,t) =v(t), t>0:

174. uy = a®uzz + f(z,t), 0 <z <00, t >0,
u(z,0) = u(z,0) =0, 0 < z < o0,
w(0,8) =0, t>0:

175. uy = a®ugzz + f(z,t), 0<z <00, t >0,
u(z,0) = uy(z,0) =0, 0 < z < o0,
us(0,8) =0, t >0:

176. vy = a®uze, 0 <z < 00, t > 0,
u(z,0) = f(z), 0 < z < oo,

u(0,t) =0, t>0:

177. uy = a®uzz, 0 <z < 00, t >0,
u(z,0) = f(z), 0 < z < oo,
ug(0,t) =0, t>0:

178. u; = a®uz. + f(z,t), 0 <z < 00, t >0,
u(z,0) =0, 0 < z < oo,
ug(0,t) =0, t>0:

179. u; = a?(ugg + uyy), —00 < T,y < 00, t > 0,
u(z,y,0) = p(z,y), —00 < x,y < 00:

180. uy = a®(uzz +uyy) + f(z,9,t), —00 < z,y < 00, t > 0,
u(z,y,0) =0, —co < z,y < 00 :

181. uy = a®(ugy + uyy), —00 < T <00, 0 <y < o0, t>0,
u(z,y,0) = f(z,y), —co <z <00, 0 <y < o0,
u(z,0,t) =0, —co<z <00, t>0:

182. u; = a®(uggz +uyy), —00 <z <00, 0 <y <00, t >0,
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u(z,y,0) =0, —co<z <00, 0 <y <00,
u(z,0,t) = f(z,t), —co<z <00, t>0:

183. u; = a?(uzz +Uyy), —00 < T < 00, 0 <y < oo, t >0,
u(z,y,0) = f(r,y), —c0o <z <00, 0 <y < o0,
uy(z,0,t) =0, —co <z <00, t>0:

Lnuob) htwnbywy fubnhpGlpp dnuphb-Phubih dlwhntunipwlb oqlinip-
Jwdp
2
184. %%(r%)+g—t;£:[], 0<r<oo, t>0,
u(r,0) = f(r), u(r,00) =0, 0 < r < oo,
u(o0o,t) = ur(00,t) =0, t>0:
Lniébl huGnhpp Gwb dwuGwynp nbwypnuy, bpp

T, r<R
ur,0) = Dr>R:

ror  Or? ot?
u(r,0) = f(r), w(r,0) =0, 0<r<oo:
Lnuét) tuGnhpp Gub gwuﬁann nbwpnid, bpp
f(r)=Ae a7, 0<r<oo:

10 ou 0%y
186. - — [ r— —_— = <
rar(rar)+8t2 0,0<r<oo, t>0,

—q/k + hu(r,0), 0<r <R
ug(r,0) =

hu(r,0), R<r < 0o
u(r,00) =0, 0 <r < o0,
u(oo,t) = u,(00,t) =0, t >0:

1 2 2 2
185.b2(—£+6—) u+ﬂ=0,0§r<oo, t>0,

bl
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§1.9)wluyh0 Hnilyghwibp

2y 42y + (@@ -mu=0. (~co<z<o0) (D)

hwywuwpnudp Yngdgmd t Pbubih hwywowpmd (1) hwjwuwpdw jnipw-
pwGgnip (nudnLl Ynsdnud b grawbuyhl pocblyghur Qwnbith b gnyyg iwy, np

5 (- e
Im _2 Dk +m+ DIk + 1) (2) 2)

$niGyghwt hwlnhuwbns t (1) hwdwuwpdwG (nsmd: J,, () glwlw)hG
PnGyghwl wldwlnu GG wrwehl utinh m-pn hwpgh Fbubih prlGyghw:
Uwubwynpwubiy

oo \
Jija(x) = \/;—Z 2k+1 r2k+l = \/ sm:l:
o
\/— COST :
! T

J_152(x

bt m > 0, L wipnng st, www J,,, (7) L J_. pm (x) Pnilyghwlbipp qénpkG
wlywhu BG, huy

y(x) = C1Jm(z) + Cyd _pn ()
Yhwlnhuwlw (1) hwywuwpdwh pGahwbnep (nusnud: Epb m-p wipnng t,

wuyw

Jom(z) = (=)™ T (z) :
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Uju nbwpnid (1) hwdwuwndwb Bpypnpn gonpkt wGlwtu |neénud £ hwbnhuw-
GnLd J J

) rycosmn — J_plx
Y,.(z) = lim n(z) n(2)

. (3)
n—m sin n

$nLlyghwi: Lwl YnnnpwlwihG m-h nbwpnid Yy, () $nibyghwh hwnh-
swbnud £ (1) hwjwuwndwb |peéncd b uwhdwGynud £ wjuwbu

Y, (z) = Im(x)cosmm — J—m(zx) :

(4)

sin tm

Ym(m) dnbyghwb whdwlnud 66 LEydwop wd dbpbnh pnillghw, Bppbda
kL &phnnpn vbnp m-pn wpgh @ulwipl pncllgpw: Bwbh np, Y, (2) L
I () $nilblghwlbpp gonpbl wiywtu 66 (Yuwdwjwlwh m-h nbwpnid) (1)
hwywuwndwb gubliuwgwd |nencd YntbbGw hbnbjw) wbupp

y(z) = C1Jn(r) + CoYn(x) :

LybGp PBubh $nublghwlbbph npn Jwplnp hwanyneg)nGGkn:
w. bpb 121 L o-p hwinhuwbnid GG

adm(p) + Bud(p) =0, >0, >0, a+8>0 (5)

hwywuwpsw ppuwlywb wpdwwnbbp, www M1 > —1-h hwdwnp nokGp

1
/ T (1) (por)de = 0. 1 # pa.
0 ~

| smards = 507 + 5 (1= 2 ) )
0 2 2 H1

p. Stnh nuObO hbwnbyjw] whnpwnwnd pwiwdlbpp

.],;n(:l,‘) = Jm—l(x) - %Jm(l‘),
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Irn(®) = —Im41(2) + I (@),

Ims1(x) = 2Tme(x) + Jm_1(z) =0:

Q. ptm=20,1,2,---, wyw

2 n 1 d\"sinz
Jm+1/2($)=(—1)m\/;x T (EEE) ot

2 . 1 d\"cosz
J—m—1/2(x) = \/—;Z +1/2 (_x—d_f(;) o :

n m > —1 nbwpnid, (5) hwywuwndwd (tpk 8 = 0, wuw (5)-ny npnayntd
50 PGublh Pniblyghwlbph qpnGbpp) wpdwwlbpp hpwywl 66, wwpq bG,
pwgh, qnighk O-hg, uhdbwphy GG nwuwynpqws O-h GYuwwndwdp L snulGkG
ybpowynp vwhiwbwjhG YEwnkn:

L. Sknh nOp hbwnbyw) wuhdwwnnunply pwiwbdlp

2
Im(z) = VECOS (a:— gm — -;:) +0(z73?), z — oo,

npwntnhg hwnlnud b Jm(a:) In.Gyghwih qpaGlph hbwbjw) dnnwynp pwlw-
8typ (366 z-ph hwdwp)

(m) 8™ T .
gy R 1 +2m+7rk.

qQ. Jm(u,(cm):c), k = 1,2,--- $nllghwlbpp Yuqind &G (phy hwiw-

bwng L2[(0,1); z] Y2pwyhG mwpwénipynilnid: Uw GowGwlynid b, np Y-
SwjwhwG f € Ly[(0,1); z] pnilyghw Gunbih b GEpYuswglty

f@) =) axm (Nkif‘), m > ~1 (6)
k=1
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2wpgh wbupny, npuntin

ar = T #k)/ zf(z )dm (7)

huy pg-6 (k € 2Z) Jn(z) = 0 hwywuwpdwl apwlwl wpdwinGenG
60" nwuwydnpwé wsdwh Ywpgny: Bpb (6) LllinLg.Oanjnl.ﬁnLlj Lk pdbpp
hwGnhuwGnld b6 (5) hwywuwpiwh wpdwwnbbp L B +m > 0, wyw

2 l

12(1+—ﬁg—“2—

ar =

o
huy tpt = + m = 0, wyw (6) Ytpynidnipnilp hwplwynp t thnfuwphGby
htwbjwing

f(z) = apz™ + ZakJm (,uk:—lc-) , (m >.—1) (9)

k=1

npunkn ax putipp (K = 1,2, - - <) npnaynis b6 (8) pwlGwabing, huly

2q(m+1) * 4 ,

(6) ybpndnipyntlGp, npunbn ax qnpéwlyhglbipp npnzgned B0 (7) pwGwdling
wajwlnd 66 duppb-Leubyh upp, hay tpb (8) pwlwdlng, www 2H5hH-
Pbubh rwnp:
UphpwenepyntGGbpned wpbnp DpwGwnepinil nuG6l Gwl hbwnbyw| qluw-
GuwyhG $ncllyghwhbpp '
HD(z) = Jn(x) + iV (z),

m
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npnGp Ynsunid 6O wewohl ubnh Iwlblbih pniGlyghwbbn, YW Gppnpn ubnh
Quouyhl pniblhgpwilr. Oquwanpdtind wju $nilyghwltpp (1) hww-
uwndwl pGahwbnep pnedncdp gpdnud E

y(z) = CLH () + CH{P ()
wbupny, huly oginwgnnébiny
I (z) =i " (ix)
Ybnd wpqmobOwmny wewehl vbnh PGubih pillghwibng L
e

K () = 2e”m”Q]LQ)Ux)

Ybind wpgnidbGunyg pypnpn ubnh PGubih pnGhghwibnp (uwd UwlnnGuy-

nh)
2y +zy — (2 + mDu =0, (—o0 <z < 00)

huwjwuwndws pnhwbnip |nuénudp Yapdh

y(z) = C1ln(z) + Col ()
wbugny, e m-p wipnng t L

Y(x) = Cy I (7) + C2 K ()

tbiupny, Gpp m-p Ynunpwlwyh t:
Oquuwywn bO Gwb hbnlyw| pwGwaltinp

/I zJo(z)dr = zJy(x),
0

/z 22 Jo(z)dx = 222 Jp(x) + (2° — 4z)J () :
0
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Lnuébip hnlyw) uGnhpGhpp
187uu=a(ru$ O<zxz<lI, t>0,

)z,
u(l,t) =0, u(z,0) = ¢(z), u(z.0) =p(z):
)z

188.uy = a®(zug), + f(z,t), 0 <z <1, t>0,
u(l,t) =0, u(z,0) = ¢(2), u,(z,0) =¥():

189.u;, = a?(zug)z + Asinwt, 0 <z <1, t >0,
u(l,t) = u(z,0) = wy(z,0) =0 :

190.uy = a?(zug), +wiu, 0 <z <1, t >0,
u(l,t) =0, u(z,0) = p(x), u(x,0) =y(x):
1
191.uu = (urr + ;U,-) ’ O0<r« R, t > 0,

ukr) , u(r,0)=0:

u(R,t) =0, u(r,0) = AJy ( R

1
1920utt = (Urr + ;"’u/r> 3 D < T < R, t > 0,
uw(R,t) =0, u(r,0) =0, u(r,0) =7:

193'utt = az (u" + lur) L0<r« R, t> 0,
T
uT(Rs t) =0, ’U,(T‘,O) = (p(T), ut(ra 0) = 'l/)(’l") :

1
194.11,“ = az (UTT + —uT) [ 0 < T < R, t > 0,
r

2

u(R,t) =0, u(r,0) = A (1 — %) , ug(r,0) =0:

195. 3widwubn ppwluht (0 < 7 < R) pwnulpp Ywwwpnid t thapp
Lw)bwlws wwwnwbnudblp ghdwnpnpintd snuGegnn Shewdw)pnud: Npnoby
pwnwlph nnwunwbnuiGhpp, bpb Gpw Yawntiph uyqpeiwlwb wpwgnepynilp U-
t: Pwnwlph bqpp Yn2un wipwgyws t:

1
196.u,; = a? (ur,- + -l—ur + —2~u(p(p) , 0<r<R,1>0,
r r
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U(R,(,O, t) = 0’ u(r, @, 0) = f(’f‘, (P), ut(r’ <p,U) = F(T, ‘P) :

1, 2
197.uy = a? (T_z(r2u')' - ;;f) ,0<r<R,t>0,

ur(R,t) =0, u(r,0) = vr, u(r,0) =0,

. 1 1
198.11“ =a uT‘f‘ + ;u'r + ;‘Eucp(p b
0<r<R,0<p<2m t>0,
ur (R, p,t) =0, u(r,p,0) = vorcosp, u(r,e,0) =0:

199. dunGbp wodbng 2powbwihG (0 < r < R) quuih ghpdwunhSwip,
bpb Gw nibbghy b qprjwluwt vlqpeiwlw 9bpiwuwh6wa, huly dwitplngpp
wuwhymi t Hy cos wt phpdwunhBuwinid:
200. 9wt wiytpg 2pewlwiht (0 < r < R) quwih 9tpdwunhGwop,
tpb Ow nuGtgt t Uy = const uyqplwlwi ghpdwuwnhdwi, huy Gpw dwls-
plnyphlb npuhg hwnnpnunid E g funnipjwdp ebpdw)hb hnup:
201. 90k wiybpg 2ppwlwihs (0 < 7 < R) quuih gbpdwunhSwap,
bpt Ow nulbgk| bt Uy (1 - %;-) ulqplwlywh phpdwunhdwh, huy dwlyb-
plngpp wwhynud b gpnjuljwG obpdwunhSuwbnu:
202. Qulh; whybpg pewtwiha (0 < r < R) quubh gtipdwuwnhSuwap,
bpb Gpw ulqpGwlwl pbpdwunhSwhp bty t Ur?: Nhuwnlby hbnlywy
nbwpbpp

w. qlwGh dwlbplntjpp sbpdwdbyniuwgywé t,

p. qlulh Swlytpuntypht Yuwwmwpdnid b otipdwihnfuwGuwynepinis gpnjw-
Ywo ebpdwuwnpBwi nbtgnn showywiph htwn,

q. glwhp SwybpLnypp wwhynid £ 7" hwunwwnnl pbpdwunhSwbngg:

203. Aunlbb| wiybnpg 2pewiwiha (0 < r < R) qiwbh gbpdwunhSwip,
tipt Gw niGbghy t Up = const ulgplwlwG obpdwuwnh8ws, huy Gpuw Swyb-
punyphG Gwunwpynwd b ebpdwhnfuwbwlnipmG Uy = const gbpdwu-
unhBwl nbbignn Showywjph htw: Yhuwpyt) bwl wit nbwpp, Gpp wpnw-
phl Shpwdw)ph ppdwunpswip Uy + ot E:
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204. Qunih hwiwube L dippwdnp (0 < r < R, 0 < p < 27, 0 <
z < 1) quuGh gtpdwunhGwp, bpk Gw nugh) t A( R? —12) 2z ulqpGulw
otpdwunh8wb: Hhunwpytp hbwnbjwy nbwpkpp

w. glwbp YnndGuwhG dwybplnipp L unnphl hhdpp wwhynud &G gpn-
jwhwb etpdwunhdwbnud, huy YbphG hhdpp ebpdwdbyntuwgyué t,

p. JtphG hhdpp wwhdnud t qpryjwlwl ehpdwuwnh8whindd, unnphlp
pbpdwdbyniuwgdué £, huly YnnibwihG dwlybplngyphl wwwpynud b obpdw-
thnfuwGwynipynilh qpnjulyw b gEpdwunh6wd nilkgnn Showw)ph hbw:

1
205.u; = a? (u” + —ur) , MM<r<ry t>0,
r
do |
N
206. auit| hwiwute L dbppwynp (0 < 7 < R, 0 < p < 27, 0 <
z < ) quwGh unwghnGup gpdwutnh8wip: Yhuwplt) hbnbjwy nbwpbpp

u(ry, t) = u(r,0) =0, u(re,t) =

w. uwnph hhdph nlGh T phpdwunhsw, owgwd Swhbplinypp qpn-
JulwG obpiwuwnhswa,

p. unnphG hhdpG nGh qpnywywG gspdwunh8wh, yephh hhdpp ebpdw-
JeynLuwgdws t, huly YnndGwyhG Swytiplnyph ghipdwuwnhswip f(z) t

g. glwGnid jwl Q dwyw)wihb funnipjwdp gbpdwihG wnpynuplep, huy
dwlbplntplb nLGh qpnyulwb 9bpdwunhBwi:

207.- (rur) +u,, =0, 0<r< R, 0<z<l,
(R, 2) =T, u(r,0) =u(r,l) =0:

1
208.- (rur) +r—2

0<r<R. O0<z<l, 0<p<2r,

wR,p,2) =0. u(r..0) = f(r,p), ulr,o,l) = F(r,¢) :
209. aunlb) Ybpowynp quubniyd wyGwhuh hwpdnGhy $ncGlghw, npG pGrne-
nud tapnjwlwl wpdtipGhp guwbh hhdpbiph Ypw, huly r = IR dwlbplngph
jpw Az (1 — 7)

Upp +Uz: =0,
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§2. UpLphy L qGnw)hG $nGyghwin,
Ldwlnnph pwqiwbnwiGbn

S; C R™ Shwdnp udbpuwgh dpw npnzdws, GwiwjwywG £-pn Ywngh
hwdwubn hwpdnbhly pwqiwbnwd widwimd b C-pn uwpgp udbpply pnilly-
ghw (uptpply hwpuinGpy) L Gawlwynid &G Ye(s)-nd, npuing s € Sy

9unGlGp poinp £-pn Ywngh (I = 0,1,2,- - ) udbinhy Pnilyghwitinp
anowliwgéh dnw (n = 2): %w hwpdwn b hpwywiwgt (r, ) (0 <
r < 00,0 < p < 2m) phbnwjhG YnnpnhGuinGbpnus: ue(x) = Y, (o)
hwpdnGhy pwqiwGnwih pw Yppwebing Lwuyjwuh owbipwwnpp unwbnud
LiGp

Y, +£2Y, =0,

nhdtpbkGghw| hwdwuwnpnidp, npinkinhg
Ye(p) = agcos by + bysinbyp, 1 =0,1,---,

ue(x) = r(ay cos £p + by sin L) :

Uuwhuny 2pewlwgdéh dpw npndwéd udbnhy $nbyghwlbbpp’ GrwGyynbw-
swihwlwb $niblyghwbbnh LG

Ujdd quGliGp pninp udbiphly pnilbyghwibpp dhwynp udpbpwih dpw
(n = 3) : %w hwpdwp b hpwywlwgtby (r,6,¢) (0 < r < 00,0 <
0 < 7,0 < ¢ < 27) upbiphy YnnpahGuwnbbpnud: Yppwnbiny Lwuywuh
owbnwwnpp ug(z) = r¢Yy(8, ) hwpinGhy pwadwbnwsh dpw unwbnud
Llp

1 0 (. 0Y 1 8%,
sinf 59 (sm() a6 ) * sin? § Op? U+ DYe=0: (1)

JuywinGh t hbwnbjw) hwunp npwbugh Ye-p hwGnhuwGw £-pn juwpgh udbiphy
$nbyghw wObpwdtiyn £ L pwdwpwn, npwbugh wjs hwGnhuwbw (1) hw-
JwuwnowG 1aencd L wwnywGh C°(S}) nwuht:
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(1) hwjwuwpdwb |ndndGbph npnGdwG hwdwp Y4hpwnblp dniphbh
dtpnnp: Yz-p thGuinptlp

Ye(6, ) = P(cos8)®(y) (2)

wnbtupny: Stinwnpklp (2)-p (1)-h dtg L whowwnblp thnthnfuwywlGEpp (V =
const)

& +vd =0, (3)
1 d (. ,dP(cosb)
sing 49 (sm6 do >+
+ [é(f +1) - —liz,—] P(cos8) =0: (4)
sin“ 8

Npwbugh (2) $neGyghwi hwpdtip (hGh S-h Ypw, wGhpwdtizin t, np $()
dnLlyghwb nuGbOw 27 wwppbpnopynil: Upnwhuh (neonudGep (3) hwydwuow-
nnusG niGh shuyG v = m? phypns (m = 0,1, ) L

B(p) = em

Wuwhuny (4) hwdwuwpnidp whinp t ek v = mz, m = 0,1,

ntiwpnid: YunnwpbGp thnihnfuwywGh hinfuwphGnud g2 = cos

1

_((1_“2)1)') 1

77l2

—p

P =((¢+1)P: (5)

Ubq hwpywynp GG (5) hwywuwnpdwG wyb (ndnwdbbpp. npnbp plnnGnud GO
ybippwynp wpdtipltp +1 Ysinbpnud:
m = 0 nliypnud (5) hwywuwpnedp YpGnniGh htinbyw( wbupp

((1 . ,R)P’)' e+ )P (6)
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(6) hwywuwpiwb [peénid 60 hwlnhuwlnud

1 dt |
Py(u) = —=—(u2-1)% £=0,1,- - 7
v(b) = S " (w*-1) (7)
IniGyghwkpp, npnGg wlidwGmd 60 L&dwlnnph pwqiwlnwdbtp, hul (7)
GEpQuywgnudp hwynGh t npwtu 2gppebup pubuwdl:
Ledwbnph pwqdwlnwibbpp Yuaqdnud GO gphy oppngniwy hwiwluwng
Lo(—1,1) wwpwénip)nilnud L pwgh wyn

1 ) 2
P du = :
/_1 ¢ (p)dp Y

Ujuwinbinhg hbwbinud t, np Yuwiwjwyws f € Ly(—1, 1) $nibyghw ytipnio-
ynud t wpph puwn Lidwlnph pwqdwinwdbkph

(o <]

fw =S E L PP

=0 2

Pwgwhwyun Ghpjuywgltifip wewehG gnpu pwqiwlnwdbpp

3 1 5 3
Fo(p) =1, Pi(p) = p, Pa(u) = 5/12 — 3 Ps(u) = §u3 pETE

Lzbbp LEdwinpp pwqdwbnwidGhnh npny wwnquwagnyG hwnynipniG-
Gbpp
w. Py(—z) = (—1)tPy(z) :
P. P2e-1(0) =0, P2(0) = (
q. P(1) =1, Pp(-1) = (-1)¢:
n. 6hawn t htnbjw) winpwnwnd pwlwdlp

(28 + 1) Pep) = Ppyy(u) — Pp_y ().

b. LdwGnph Pp(z) pwqdwlnwih pninp wpdwinGbpp hpwlwo bG, wwnpbp
L pGyws 66 (—1,1) pwg dhpwlwipndd:

ki35 (2e-)
212t '
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1 Zzozo Pﬂ(w)zn, |Z| < 1

= ,—1<z<1:

X \/1—2:1:2—}—25 B
ZOO P,(z ’ ,ZI >1

n=0 zn
bwnbirh £ gnyg nwy, np

PZ"(#)=(1—u2)Pem)(ﬂ), l=0,1,---; m=0.1,---,1

$niblyghwbpp (LEdwinph hwiwlgywd pwqiwinwillp) hwbGnhuwbnid GG
(5) hwqwuwpdwG puonuiblip: Iwyinlh b, np Gudwpwywb m > 0-h hwdwp,
P (£ =m.m+1,---) $pnGlyghwibph hwswywngp (phy b L oppngnGuwy
Lo(—1,1) wwpwénipnilngd L

b oma2,  (E+m) 2
/_I(P‘)d“(e—m)!zeu'

Wuwhund, unwguwip (1) hwdwuwpdw nénidlbph hbwnbyw hwdwhunudpp

P*(cosf)cosmyp, m=0,1,---,¢

Y (8, 0) =
6 e) {Pt!ml(COSO)Sin|m|<p, m=—-1,-2,---,—¢

(=01,

U $niGyghwitinp wwinbwind 66 C°(S}) RwuhG L hbnbwpwp hwinh-
uwGnud 66 upbiphy pnibyghwetbp: -pn ywpgh Y,", m = 0, £1,--- . £¢
ubbiphy $nibyghwbbpp qénpkG wiljwhu 66 L Gpwlg qéwyhG YndiphGwghwh

£

Ye(s)= Y a7'Y{(s)

m=—/

OnyGwbu hwlnhuwbnid b f-pn Juipgh udbphl $ncGyghw: Iwynbh E, np
{Y7*} hwdwywpgp (phy t L oppngnbuy Lo (S1) nwnwénipjniGnud b

1+ gm (£+ [m|)!
2041 (£ —[m|)!~

| oras =2
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Uw GpwOwynd b, np Yuwdwiwlw $nibyghw Lo (s) nwuhg Ywpbih b Gbp-
Yunwglby

oo { oo
f&)=3_ D ap Y™ (s) =) _Yils)
=0 m=-¢ =0

2wnph wbiupny, npuntin

o= 20+ 1 (12—|m|)!x
¢ 7 2n(1 4 bom) (£ + [m|)!

T 2w
X / / f(6, )Y (6, p)sinbHddy
0 0

Uds Lwnnighbp Lunyjwuh hwdwuwpdwG (nsnuiGepp (1, 0, @) udbinhy
YnnpnhGwuwObpnid: Lnuénudp thlGunpklp

u(r,8, ) = R(r)Y (8, )

wnbupny: Stqwnpbny wyu (nénwip Au = 0 hwywuwpdwh Sk Yunwbwip
htwnlyw) hwywuwpnuittpp B LY pnibyghwGbiph npndwl hwdwn

(®R) - uR =0, 8)

S350 sin GW mw 4+ pY =0, (9)
npibin p-0 whhwn wwpwdbop b, huy Y € C°°(Sy): bpb i = ¢(F +
1), www (9) hwdwuwpnisG niGh C™(S7) nuiuhg méncsGbn, npnGp dhq
wpntG hwynGh Y™, m = 0,41, -, +£ udbphy PniblyghwibnG bG:
1 = €€+ 1) nbwpnd (8)-G nGh bpynL qonpbl whywfu (monwiGein ¢
Lr—é-t Uyjuwhund Lwywuh hwyjwuwpmdG niGh (nuntdbiph hbunbyw
qonntl wilwh hwdwhunudpp

1 6( GY) 1 9%Y

T£Y£(6, Lp)a T—Z—ly[(e, ‘P)7 l = 07 17 e (10)
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npwnkin r¢Yp-p £ -pn Yupgh hwpinGhYy pwqiwGnwd t, huly 7~ ¢1 Ye(6. p)-
G ¢-pn Yungh hwpdnGhy pniblyghw t R3 \ {0}-nud: (10) $nLGyghwttinG
wadwGnud 60 @lnuyhlG prmllghwitn:

Lnust| htwbywy fubGnhpGipp

210.uy = az((l2 — xZ)uz)z. O<zxz<l, t>0,
u(0,t) = 0, u(x,0) = p(z), w(z,0) = Y(z),
lu(z,t)| < oo :

211y = a®((12 = 22)ug). + f(z.t), 0 <z <, t >0,
u(0,t) =0, u(z,0) =0, u(z,0) =0, |u(z,t)] < oo:

212. Lnusty “hphtuith GepphG tuGnhpp @ 2wnwynny udtipwih hwdwp
f(6, ¢) bqpuhl wwjiwbnd: “huwplt) htinbjw] dwubwynp nbwptpp

w. f(6,¢) =cos:

p. f(0,p) = cos? 6 :

a. f(8,¢) = cos20:

n f(8,p) =sin?6:

213. Lnwst) Yhphtubh wpnwphG tuGnhpp @ wnwdnny upbpwih hwdwp
f(6, ) bapwjhG wuwjdwany:
214. Lméb LbjSwoh GpphG huGnhpp @ wnrwynny udbipwih hwdwp
f(0.¢) bapwihG ww)iwany:
215. Lnust LbjdwGh wpwnwphh uGghpp @ 2wrwydnny udbipwih hwéwp
f(8, ) Lapwjht wuySwGny;
216. QuGb| tbynpwunwinhy nwnh wnntGghwip a wewynny w)
udtiph Ghpunid L npunid, npp JbphG 4buG noh Vi wnnbGghwy, huy uwnn-
nhlp V5 : ‘
217. ainGh) e YeunwhG |hgph untindwé wnntiGghwip, npp quGynid t a
wewynnd, hnnwigyws, hnbiwjwywb hwnnpnhgs uptipwh

w. Obpuny,

p. npuntdy;
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218. GGk e YawnwhG |hgph unbndwd wnwnbGghwip, npp qunbynd £ a
2wrwynny, dbYnwwgywé, hnbwjwlwb hwnnpnhs upbipwih npunud:
219. (@ hgnpnipjwip YbwwihG wnpinipp whnwynpdwé £ a wewynny
udbbpwih Gpunud, nph dwlybpunypht Yuwwwpynad b obpdwihinfuwbuwlynip-
jnih qpnjuljwb ebpdwuwnhSwb nbkgnn dhewdwiph hbwn: Qunbk; ebpdwu-
whswbh unwghnOwn pwbuntip upbpwyh Obpunud:
220. G| a U b wnwdhnitipny hwiwltGwpnG hnqulgywé udpbpwlbph
dhol nbnwnpywé e Ywnwiha |hgph unbindwéd wnwnbhghwip:

1 . 1
r2_sin—0(sm fug)e + muw’,) .

u(r()’ 0’ ‘p’ t) = 01 u(T? 07 Lp’ 0) = f(r’ 01 Lp) :

2
221. u; = a? Upy + ;ur +

1 1

_ 2 2 .

222. uy = a (-—Tz (réuy ), + Zend sinO(Sln Oug)g) ,
0<r<r,0<6<mt>0,

ur(r0,0,t) = Py(cos0)f(t), u(r,6,0) = ue(r,6,0) =0:
223.

1 1
— 2 2 .
e =a (;5“‘ U ¥ g Sin Oue)o + ——9) !
0<7<r, 0<OH<7m 0<p<2m t>0,
ur(ro, 8, p,t) = f(t) Py*(cos §) cosme, f(0) = f(0) =0,
’U.(T,O, ‘Pao) = ut(r,ﬁ, (p,O) =0:
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1.

w. N5 p. Un: q. Ng: n. Ng: b Ng: q. Ng:

2.

w. Urweohh: p. 6pypnpn: q. UnwohG: n. UnwehG: L. Gpypnpn:

a. Bpypnpn:

3.

w. NggéwihG: p. RYwahqéw)hG: q. S6wjhG, whhwdwubn: n. SY6w)hG,
hwiwutin: b. Qdwjh0, whhwdwubn:: q. Ngqdéw)hG: t. Géw)hG, whhwiwubn,
tpt A(z,y) # 0: p. Rdwghqéw)hG: p. RJwghqbw)hl: d. LywqhqdwihG:
h. 8Jwqhqéw)hi ( wywq wéwbgjwbtph GUwwndwdp géwjhh t): | Géw)hD,
hwdwubin:

4.

w 2= (@ + ) b 2 = f(oy + %) o u = f(y/z,2/2)
nu= f((z —y)/z (+y+22)%/2):

b F(z?2 -2,z —y+2)=0:

q F (e_z —y L z+ ——:_;_ln?lg‘l) =0:

t. F(z? — 4z, (x + y)?/x) = 0: p. F(2? 4+ 42, 2z/z) = O:

2 1 1 1 1
p.F(%,xy—:S—z):O:d.F( + +—)=0:
X

t+y zz-y =z

h F(z? + 4t y(z+ V22 + 1)) =0

1 1 z?
. F (; - Z,ln|xy| — ?) =0
. F(z? + 2, arctg(z/y) + (2 + 1)e™%) = 0:
8. F(22 -y 22+ (y - 2)?) =0
b F(Z,20 -4z —y?) = 0: . F(z = Infz],22(z = 1) = y?) = 0
4. F(t;z + ctgx, 2y + 2tgzctgr + Ctgz-T) =0
nF((z+y+2)/(z—y)? (z-y)z+y—22) =0
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F((z-y)(z+1),(z+y)z—-1)) =0

CF(u(z —y)uly — 2), (@ +y + 2)/u?)) = O:

). F(z/y,zy — 2u, (z + u —ay) /1)) = O

6 F((z —y)/2,2u+z+y)z,(u—z—y)/2%) =0

o

w. z =2zy: p z=ye" — +1qz—y62\/—2
nu=(l—-xz+y)(2- 2:I:+z)hu—(xy 22)( + ):

*

w. y? — 22 — Iny? — 22 = z — In|y|:

p. 222(y+ 1) =y + 42 — 1 q. (z + 2y)% = 2z(2 + zy):
n Vz/y¥sing =sin\/z/y b 2oy +1 =2+ 3y + 27}
Qzr-2y=02+y*+ 2zt 202 —y? - 22 =a%

o (y2z — 22 — 22 + 2)y%z = 1:p. 22 + 22 = 5(zz — y):
.3z +y+2)t =2+ +2%h zz(zz —y —x +22)%
L +y2)3 =3yz(l+yz-2)+y mz+y+2z=0

6. 2(z® —42% — 3y2)? = 9(y + 22

4 (z—y)Br+y+42) =4z h rz+y* =0

7.

w. Ipybppnwlw: p. tlhyunwwl: q. Mwpwpnwywl: n. Elhyuwywd:
t. Ihwbppnwlwb: q. Mwpwpnwlwh: t. JpwybppniwlwG:

p- Iphwhppnwhwb: p. Mwpwpenwhw: d. b hwyunwlwd:

h. Mwpwpnwlwh, tpp ¥ = 0, hhybppnwlwG, tpp ¥ < 0, Ehuywwlwd,
Gpp vy > 0: | MwpwpnwywG, tpp 2 = 0, ¥y # 0, wwpwpnwlwG, tpp
y = 0, z # 0, hhwbippapwlwb, tpp signz # signy, Flhynwlwh, bpp
sgnT = signy:

. ¥23(z — 21)(z = z2) wpnwhwynnpniGp hwdwuwndwG npnohsG t,

1-v1-4l 1+ v1 -4l

npntbn £y = T2 = —— Prn! < 1/4:
U nbipentd z3-p b To-p hpwlwl 66 L Gpp < xp, Gwd £ > o
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hwywuwnnidp hhwbppnpwywb b, huy xy < T < T2 nbwpend b hwyunwywh:
bpb £ = 71, Ywi x = x9, wyw hwdwuwpnudp wwpwpnwlwG t: [ =
1/4 ntiwpnid Ethywwlwbnipywh whpnyypl wihbunwGnld £, pwlh np 23 =
9 = —1/2 L wyu nbwpend £ = —1/2 nnnh dpw hwdwuwpnidp wwpw-
pojwlwG t: [ > 1/4 nhiwpntd hwywuwpnidl wikGnipbp hhybppapwlw(
k:

6. bpt £ < 0 www hpwbppmuwywo £, £ > 0 bhywwywa, £ = O
wwnwpn|wywa:

4. Unwohlh L Bppnpn pwnnpnlbpnud tihwywwywb £, Bpypnpn L snppnpn
pwnnpnlbpnud hhwbppnwlwa:

h. Unwyh6 L Gpynnpn pwnnpnbbpnud wwpwpeniwlwG £, Eppnpn L snppnpn
pwnnpnbbpnud” hhwbppnwyw:

4. Unwohl L pypnpn pwrnpnbbpnid hhuybppniwywo t, Gppnpn L snppnpn
pwnenpnlbpnid b hwnwluw:

n. UnwehG L Gppnpn pwnnpnGbpnud wwpwpnwywb t, Gpyprpn L gnppnpn
punnpnlbpnud hhwbppnpwlwi:

6. 3pwbppnwywt t wikGnpbp, pwgh Ynnpnhlwwnwlwl wrwigplbphg,
nnunbin Wwpwpnwlywo t:

0. Mwpwpnwlwb t wikbnupbp:

8.
w. UdkGnipbp Ehwywnwywa t:
tee + vy = 0.§ = y.n = arctgz:
p. UdkOniptip wwpwpnwywa t, pwgh ynnpnhbwwnbbnh uygqpbwybnhg:
4

S 2 2 2.
v - —, = 0’ =Yy —x°,n=x"
o om(E+m)  2m T $=v 7

Q. UskGnipbip hhubippnpwlwG t: vey, = 0,
E=a+arctgy.n=x — arctgy:

n. UdkGnipbp tthwwwywi t: vee + vy, — 2v = 0,
C=In(r+V1+ax2).np=In(y+ 1+ y?):

G. UdkOnipbp wwpwpnywlwG b, pwgh YnnpnhGwwnGbph uyqpbwybinhg:
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52 1 Yy
+ 922 ~ef=0,=2 =y
Vnn 772,v§+ne £ p n=y

q. UstGnipbp mmnwpnlmuwﬁ t. puwgh £ = 0 wnwlgphg:
2
v,,,,+2—-”—;r E——v,, 0, =22 +y% n=u
t. UskGnipbp hhwbippniwlwa t:
Ven =0, =r+y—cosz,n=—x+y—cosx:
p. WikGnipbp wwpwpenwlwG t:

_ —me—20 — — p=T _ p—T _
Uny T Ve ~ e =0,{=e et n=uz
p. Mwpwpnwlw t, tpt £ = 0 L wyn nbwpnud uz, = 0:
hwbppniwlwC b, tpt £ # 0 L wjn nbwpnid
1
Ven — =0,{=2"+y,n=y
IR
d. Mwpwpnwlwo b, bpt £ = 0 L wyn nbwpntd uy, = 0:
Ihwbppawlwi b, tpt £ > 0 L wyn nbiwypnLd
1
Vgn + 2—(6——77)(1)5 —vg) =0, =y—z+2Vz,n =y-z-2Vx:
tihyunwywb t, Bph £ < 0 L uyn nbwpnud
1
Vge + Upy _an =0,¢=y—z,n=2{/—1z:
h. Mwpwpniwlwa t, tpt y = 0 L wyn nbwpnid uyy = O
Ihwbppniwlwa t, Gpl ¥y < 0 L wn nbwpnd
Ven + ———(ve +vy) =0,
£n 26(5'*'77)(6 "))
§=3-9)* 2 +z,n=2(-y)? -2
t hwwnwlywa t, lbpb ¥ > 0 L wyn nbwpny
vge + unn — 30 =0,6= 5’ n =z
- Mwpwpnwlwi Ez = 0 L ¥y = 0 wewGgpGtiph Ypw L wyn nbwpnLd
Uzz = 0: Inwbppnpwywo b tptz > 0, y <O hwiz <0,y > 0
L wjn nbypnud

6o = 7=y (2 = e — (21— )vy) =

£ = —2-y)" + 22¥7,
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2

n=—-2(-y)/? - §x3/2, kb x > 0, y < 0,

2
=27+ 2 (-x)*%,

2
n= —oyt/2 — 5(—9:)3/2, bpbx < 0, y > O:
bihuuwywb b, Gps > 0, y > 0 ywd x < 0, y < 0 L wyn nbuwpnii

1

+ Uy — =g + 1y,
Vge m g 3 3y "

2 .
5:2\/17,77:§x3/2,bpbzv>0,y>0,

£=2y/~y.n= g(—m)m, ke < 0, y < O
ju. UstGnipbp wwpwpnwlywo t:
27vyn — 105v¢ + 30v,, —~ 150v — 26 + 517 = 0,
E=r+3y.n=m
6. UdbOnupbp wwpwpnwywo t:
Upp + 180 + 90, —Yv=0,{=y+z,n=1:

9.
15
w. w&-kw,m—?w=0,§:2m+y,7}=$,

5613y

3
v(€.m) =u(n€—-2n) =€ 2 w(n)
PoWyy —weg =0, =3x+y,n=u1,

£42r

v(€.n) = u(n, € —3n) = e T w(& n):
9. Wey + -2—u) + 365/2 = 0, & =2r+ Yy,

0=z, 0(E1) = u(n.€ - 2n) = e T w(E,7):
N wey —Tw=0§=2r -y, n=uzx,
v(E.n) = uln.2n — €) = € w(E.n):
b wee + wyy,, — %w =0,€=2y—z,n=1,
v(€.m) = u(n, 5—;—0) = e TMw(€,n):
Q Uy —2we =0, {=y—-z,n=2x+y,

hd .
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w(E,n) = u(1=S, EET) - 582 (e ).

2 2
t Wen —’ll)—O £—x~yan—z+ya
o, = u(TEE T28) = e ePu(e,m)

0. w5n+9’w+4(£ netT=0,{=y—-z,n=y,
v(€,n) = u(n - €,n) = e *TTw(€,n):

p. Wen —w—+€e" =0, =y, n=1z— 3y,
v(€,m) = u(n + 3¢,€) = e Tw(€, n):

¢ wee + Wy —w=0,{=2x—-y,n=r,

v(€,m) = u(n, 2 — £) = &+ (g, n):
h. wee + wyy +2w =0,§ =y, n = 4z — 2y,
+2 e
o6 = u(T2, 6) = = Tu(e,n)
L. wee + wy =0, E_Zz—y,n=x+y,
+& 2n— _
v(en) = u(TEE 228 emany e ),
M. Vg +6ve + 30, =0, =22 +y,n=1:
6 dugy —vetuy—v=0,{=3z+y,n=x+y:

10.

W. Vgg + Unpy + ¢ =0, { =z, n=-2+y, (=22 -2y+2z:

pUg — 20 =0,{=2z,n=-22+y,(=-3x+z:

QUet+2v=0,{=z,n=-2z4+y,(=-z+2:

Vg —Upmt+dv=0{=y+z,n=-y-22,(=z-2z:

b Vgg — Uy — v¢ + 20y =0,
E=z+yn=-z+y,{(=-z—-y+z:

q. Vee + Upy — V¢ t+ 3’UE + v, — E'U( =0,

E=z,n= 1(a:—}~y+z:)2(_——(3.lc+y—z‘|:
k. vee — Uny +vg¢ =0, £ =z, n—fx+7-y,<~z
0-Unntvee=0,=z,n=-24+y,(=—-z+y+2z:
P-UtctUnmtu=0{=z-2yn=y(=2y+2:

-
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11. E
U = augg, 0< <1, t>0, a? ==,

u(z,0) = o(z), w(z,0) =Y(z), 0< ;:) <,
apinbn p-G &nnh fuwnupynGG £, huy E-G 3nGgh wnwdqulwinipjwi
dannup: bapwihl wwjdwGGepa NG hbwnbjw) wkupp:
w. u(0,¢t) =u(l,t) =0, t>0:
p. uz(0,t) = ug(l,t) =0, t>0:
q. u(0,t) = F(t), u(l,t) =V(t), t >0:
N uz(0,t) — hu(0,t) = ug(l,t) + hu(l,t) =0, t > 0,
h = %, npwnbin S-p (w)GwlywG hwwnyph SwybpbuG b, huy k-0 wnwaé-
qulwlnipjwl qgnpdwlhgp:
b. u(0,t) = 0, ESug(l,t) = kut(l,t), t >0,
npuntin k-G nhdwnpnipjwG qnpdwlhg t:

12.

uy = alugg+9, 0<z<l, t>0,
u(0,t) = ug(l,t) =0, t >0,

u(z,0) =0, u(x,0) =vp, 0 <z <,
npunbin g-0 wqwun wildwl wpwquigntdl t:

13.
Uy = alug, —auy, 0<z <!, t>0, a? =

u(0,t) = u(l,t) =0, t >0,
u(z,0) = p(z), u(z,0) =Y(z). 0 <z <,
npuntin -0 hwdbdwwnwlwbnpjwi gnpdwlhgt t:

b

|

14.

r R-r]? E 0o R-r JZ
w. |r+ I Uy = —— T+ T Ug )
l { p Oz {

O<zx<li, t>0,
u(0,t) = u(l,t) =0, t > 0,
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u(z,0) = ¢(z), w(z,0) =Y(r), 0 <z <,
npunbin 7-p L R-p hwwnwé ynGh hhipbph 2wewyhnbbpl b0

p. pSuy :E%(Sux), O<z<l!, t>0,
S(0)Eu(0,t) — ou(0,t) =0, Fu,(l,t) = F(t), t >0,
u(z,0) = p(x), w(z,0) =Y(z), 0<z <I:

15.

pruty = Eiuigy, —oo<zx <0, t>0,

pau2it = Eouger, 0 <z < 00, t >0,

ul(O,t) = Uz(o,t) =0, Elmm(O,t) = EQ‘UQI(O, t), t >0,
u(z,0) = p(x), w(z,0) =Y(z), —00 < T < 00,

b0 u(z.t) uy(z,t), —oo< <0
npuntn u(z,t) = :
uz(z,t), 0 <z < oc

16.

Uy = @®ugy, 0< <, t >0,

u(0,t) =0, t > 0, Muy(1,t) = —ESu,(L,t), t >0,
u(1,0) = —v,

u(z,0) = uy(z,0) =0, 0<z < I:

17.

puy = Tuzr+g, 0<z<l, t >0,

u(z,0) = o(z), u(z,0) =¢Y(z), 0 <z < I,

huy tiqpujhl ww)dwGabpG nibo hbnlyw| wbupp

w. Tug(0,t) — 01u(0,t) =0, Tuy(l,t) + oqu(l,t) =0, t >0,
p. uz(0,t) = uy(l,t) =0, t > 0, A
q. Tu,(0,t) = —F(t), Tuy(,t) = ¥(t), t>0:

18.

T F(z,t)
Ut = —Ugg +

PR O<z<l, t>0,
u(0,t) = u(l,t) =0, t >0,
u(z,0) = ¢(z), u(z,0) =¥(zx), 0<z < !:
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19.

Uy = aug, — 22, 0<z <, t>0,

u(0,t) = u(l,t) =0, t >0,

u(z,0) = ¢(z),u(z,0) = Y(2), 0 <z <,

W? = %, npuitin p-G wph géwyhG funnupyniGG t, huly k-G nhdwnpnipywa
qnnéwlhgp:

20.

v bt nGyghwbbpp npnzbipnt hwdwp unwgynid b hnbyw) hwdwywpgp
vy + L’Lt + Ri=0
iI+C’Ut+G’U=0.

npntnhg

Vzz = CLvy + (CR+ GL)vy + GRv, 0<z <1, t >0,

v(0,t) =0, vw(l,t) = —E(t), t >0,

o(z,0) = F(z), v(z,0) = SEE) = F(2)

c ,0<z<l:

2]1.

bpti Oz wawGgpp mnnywé b quuiGh wnwlgpny, wuw

Wy = a%ugy, 0<z <!, t>0, a® = e

w(z,0) = p(z), w(z,0) =9(z), 0<z <,

npuntin G-0 uwhph dnanuG b, J-0 (wjGwlwh hwanyph hGbpghwyh plb-
nwjhG dndkGunp w)b Yewh GYuwwndwdp, npnbn hwadnus £ Oz wnwGgpp
wyn hwwnnyph htn, K-G Shwynp tplwpnipjwG hGeipghwh dnstGinG t, hul
GqpuighG wwydwGObnG NGkl htinbyw] wbupp

w. 1%, (0,t) = uz(l,t), t >0,

p.u(0,t) = u(l,t) =0, t >0,

Q. uz(0,t) — hu(0,t) =0, uy(l,t) + hu(l,t) =0, t >0:

22,

w,p,q.n nbwpbpnud nGkGp
Ut = a*(ugy + uyy), T,y € D, t >0,
u(z,y,0) = p(z,y), u(z,y,0) =y(z,y), T,y € D,
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huy tqpwyhG wwjowGGlpp Yihoto
w. u(z,y,t) =0, z,y€e L, t >0,
0
P. 8—u(x,y,t) =0, z,ye L, t>0,
v
v-0 L-hG tnwpwé wpinwghl GnpdwG t,

" F(r.y.1)

N Taﬁu(:c, y. t)+ou(x,y.t) =0, z,ye€ L, t >0,
v

npunbin -0 wnwdqulwbnipywlb gnpswlyhgl E,
F(r,y.t)

, £,y € L, t >0,

b. 1ltt:a2(uII+Uyy)+ . l’,yGD, t>0-

p
u(z,y,0) = p(z.y), w(z.y.0) =9(z,y), z,y € D.
u(z,y,t) =0, z,y€e L, t>0:

q Uy = a2(uM + Uyy) —au, T,y € D, t>0, a=

RS

u(z,y,0) = p(z,y), w(z.y.0)=yY(z,y), z,y€ D,
u(z,y.t) =0, z,ye L, t >0,

npuntin. G-0 hwobdwwnwywnipjwG gnpéwlhgh £, huy -0 pwnwlph
funnipynLOG t:

23.
w. 32 + 42
1 (3,
P. EG(Sy—Sx)ﬂ (2y + (m +y+ %)e“($+y)2+

3
+(a: —y - Z)c‘(“y)g) :

5 . r+ 3. 5
q.551n£2y—§sm I;y:

n.cos(y—x—sinz), E=y—z—sinz, n=y+zx —sinz:

23\? 1 2y°
b. (Js - %) + = <sin(m + 2y) — sin (.r — %) +
3

2
293 2
+(:E - g ) cos(x — %) — (z + 2y) cos(z + 2y)),

[
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E=z-2/3y3, n=x+2y:

a2(z+yle?, E=y, n=y+2z:

t.z+cos(z—y+sinz), E=y—z—sinz, n=y+x—sinz:

p. 1 —sin(y — 4+ cosx) + ¥ T sin(x + y + cos x),
E=-z+y+—cosz, n=y+T+cosz:

pr+3e V+y—-1)+ %6“1/2(‘r+3y)(2m + 2y + 32y + Gy?).
E=z+3y, n=y+2x:

¢. 2e{ 22 -Y—sinz)/4 Gip 1 gin +;in:z :

h. —1/3 — e%® + e¥ — ¥ + 4/3e -

L—z?/24+cos(x—1+e¥) —cosx, E =1, n=x+cV:
—coszx — COs:
hu. e’:shyT + sin x cos y_zb_r’
E=2r—y+cosx, n=2x+y —cCosST:
6. 3712 _ 3zty)

u. —zelt=¥)/2.

25.
w. 2323 + (3122 + )2 + 21 t* + (225 — 3a)t+

1 1 1
+§($g — 92y + 6z3x3)t® + 5(21:% + 22 + gﬂ :

1 .
p. 217273 + Tix323t + §(zf;r§ + 2222 + 22223+

1 5 2 2145 1 ..

2 +ig(x1 + 25 + x5)t° + ﬁt :
Q. I +:L‘§ + a:% +3t% + T2t
n. e*' cos Ty + t(:cf - :z%) :
b x3 + 12+t + 2%
q. e*'cht + e P sht :
o2l .
T2 -2

27.
zt2  bt3

w. ryz + t(x +z)+a + —:
- LY Y 2 6
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1
p. zcos2tsin V2(x + y) + (tarctgt — Eln(l + t2))ze¥cosz
t
q. zsinycost + ycoszsint + I(Eln(l +t%) — t + arctgt) :
n. az + ba:y + z—y(at —sinat)sinaz :
ad

1 .
b. 2zy 4+ (bt +e " —-1)+ 7% sin /2y cos V22 sin 2t :

b2
b

t. ye¥sinz + xzsinysint+

t2—1 9 35
+zyz 5 In(1+1t%) + 2arctgt — Et :

a .
q rly2? + :z:yzt + ytsinwze? + yt?(2? + 22) — b—2xyz sin bt :

3

t t
. xe¥cht + ye®sht + ayz (E +t- Eln(l + t2) — arctgt) :

1 3
p. zYt — gxyt :
¢. p(z,y,2) + ty(z,y,2) :
t2 ‘
h. o(z,y, 2) + tY(z,y,2) + If(:v,y,Z) :

L (@, 2) + (2,9, 2) + f(z,y, 2) /0 (t —7)g(r)dr -

28. .
1
at + =bz?t? + —bt* + e cht :
w. at + 5 x + 12 +e "¢
art3 . .
p.x+T+smxsmt:

q. at +a(e”™* — 1) + bsinz cost + ccosrsint :

t
n. % - Eaz-sinbt + cos(z —t) :
b. z(t — sint) + sin(z + t) :
31.

{ 2t+‘” +sinzcosat, >0, t < £
w.

33+a:at2 +sinzcosat, >0, t > £
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1 ~ e*chat + 5-ch(z + at) — =ch(z — at),
>0, t<
—e®'shz + 5-ch(z + at) —
x>0, t>
r—exchat+1‘2t+%, x>0, t<Z

ey

ch(zx — at),

L
2a
z

1 at———e“"chz-{—tmz-{—%, r>0,t>%
1+ 3a22z + 2% + £8hat (2 4 242 — 27 4 32)+
+2e%tchat(z - 1), x>0, t< £
n. 5
1+ a®® + 3atz® — 2 4 2=2atta™ha? catoppy
Q%J:eatshm, r>0,t>%

chat-costos 0, ¢ < 2

e®**shx e* cost cos(t— )

T
T ~ Gtaz T 15 >0, t> 2

cosz(at—sinatl

( P ), >0t < Z =
x—at+atcma€—cosat31nz’ >0 t> x
(asint—sinal)sinzc

) , >0, t< 2

aZ-1 a(aZ-1) a?—1
e?(shat—at x
-—(—a:(—l, T > 0, t < a
1 hz =t z—at)? T
ETFL%———%T—(WQ——,$>O,t>;

Ch;t__;htchaf + Q’%W + Chatsh:r, >0 t< %

i in 4 s acos(t—= ;
l_i_smtsmz + cosatcoszx ( ‘L)’ >0 t> =%

chtch:r shatshx ch(t—%)
+ 2 + p) o —
a®-1 a®—1

\ —‘Z“chatshx x>0, t>—

tcosxz _ coszsinal
) a3 ’

>0, t<2

3 .
__!+$+Exs_+at2x+:§_a+tcosx _cosat‘sm:r,

a a*
z>0,t>=%
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( %+t2:2+-a—(f:“TIﬁ(asint—sinat)-{-cosatcosm.
r>0,t<2
h
%+ >+ ta2 +—,——Z(a““+% cosat cos z + SRS |
\ +——,—L“°°s“ ) £ >0, t> <
—:1:+ex+cosatcosx F’sah“t,
T >0, t<—
l.
%—a—c”—“—-i-aet z/a _ gt + etz + cosal cosz,
x>0, t>Z E
32.

w.

p.

8 T 3

. N A N — e — e

T

0,0<t<z/a .
{ wt—fa), t>aja’
u(z,t) = f(z + at) — f(z — at), f(u) = %/ p(2)dz,
npunkin %
(0, —co<z< -2

V9, —2c< z2< —c
plz) =< 0, —c<z<c
vy, c < z2< 2¢
\ 0, 2c<z< @
0, 0<t<z/a
—-a fg~§ v(s)ds. t > z/a
0,0<t<z/a
—aeh(=at) (1% gohsy (ds. ¢ > z/a :

wt, 0<at<zx

w(t—ht) :
——an » I < at

ftm+at), O<at<czx

flz+at)— flat —x), z < at :
flx+at), 0<at <z

flzx+at)+ flat —z), z < at :
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f(z+at), 0<at<zx
D. flx+ at) + f(at — )+

+2heh(z—at) foz_at e s f(—s)ds, z < at
f(z+at),0<at<z

P f(x+at)+i—‘j_"(+ﬁf(at—z),z<at '
d. u(z,t) = p(t - Z)+(t+ ),
npwntin
(2] = %(2) { 1/2sinT82, 0 <2< 4
—p(—=2) = 2) = )
) 0, é <z
2
w5+1h717 = —2’” sin 572+
‘P(Z) = { +7Thl( —ahz ) < _l_
a
—= 1’;;[1 (1+ehl) —ahz £-<_ Z

h. AsinZEcos ¥, 0 <z <!, t>0:

Lu(z,t) = £ I—“t);v(zﬂﬂ, O<z<l, t>0,
Az, -l <2<l
o) = { ,
A2l - 2), Il <2< 3l
p(z) =p(z+4l), —c <2< 00:
hu. %cos m({z—at) Il_at + %COS m{z+at) IT‘”) :
6. u(z, t) = p(at — r) — p(at + x),
p(z) = 0,bpp —1 < z <!, huy (!, 1) dhowlwiphg nnipu ()
Inilyghwh puwpnibwlyymad £
o' (z)+ L¢(z) = ¢ (x—21) - Ly'(z-2)
nhdbpbGghw) hwywuwpdwb oqlinupjudp:

33. |
e-shat 4 7(1 — cost) + cos2atsin 2z, t < £
ul. e“‘;hr. + z(1 — cost) + cos 2atsin 2z + sin(t - £), -

2
t>z
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taTI + —Ch”h“t + chatshz, t < £
P.
t—L4 52 L L2 4 1+“('hatsh:1: t>
ra cos(at - 3:) + teggpt o amd cos(at +z)+

cosalsinzx
+———F s t< p

& i+a+2=lcosatcost + L9
—ach(t— _r) + cosalsinz t> 2
t —1
34. u(r,t):fl(r+ )+f2(T ),r;é():
r r
UGgGL) udtinhly YnnphGuinGliph L hwaydh walty, np we, U ugp Pnilly-
ghwlbpp Ont)Gupwp qpn G6:
35. u(rt) = (r — at)p(r — at) + (r + at)p(r + at) N
2r
1 7‘+at
ar Jr_at
npuinbin @(€) L 1 (€) Pnilyghwltipp qnuyg 2wpntGwldwé B pugwuw-
Ywh &-ph hwiwn: lim = aty'(at) + p(at) + ty(at) :
T+a(t—T)
36. / P ese s
" 2ar r—a(t—r)
37.
ng, 0 <t< LQ::—T
w. UOTZTM, ma;[<t<ﬂlaii'

TotT
0, L= <t
Bt O0<r<rgi

0,0<t< =R
%o 2at~ r—arg <t< 'rg{:—r ‘

O,J;—T<t

bph 19 < 7!
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ugt, 0 <t < Te=r

2 2
P _t —
P uoro El:zra)’rar<t<r:r'
0, —0—’":’ <t

tpt O0<r<rgl
0,0<t< =0
r2—(r—at)? ,_p ro+r
Uo - 4ar ) a.Q <t< a
0, ro¥r ¢
a

tpt 19 < 1

38. nhswhh $nbyghwt R = 1-G t, huy fubnph |nuéndp
p(x — at) + p(r + at) N

2
1 z+at rz+a(t- T)

4 — 1/;( Ydz + — dT/ ,T)dz

2a a(t—r)

39. L(u) = ugy,— a®uss + c2u owbpwunsh Nhiwth PniGlghwd

R=J (C\/(—t— T) + - E) )‘0 t, huy L(u) = uy —G2sz —c*u

owbtpwwnphGp R = Iy (c,/(t ~7)2 4+ (I—;QE)—Q) Swdwwwinwutuwd
hulGnhpGbph LnednuillinG GG
p(z —at) + p(z +at)
2
—£)2 *
ct z+at Jy (CV t2 + 105) )

_a P(€)d
> ] Py p(€)dE+

z+a(t—-71) o
dT/ ' ( t2+—(£—a2§—)2) F(E, T)dE :

a(t~r)

p(z —at) + p(z +at)
2

p.
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(7

¢ z+at Il
—‘_2—»/:1: t2 (_rf_

1 T+a(t— 'r) ($_£)2 .
+55/o dTL e (\/t2+—a2— f(&,7)dg

40. %w(lyH w( )+‘f;@/ 23/2
\/— v (2 2) 1

2377

P(€)dE+

Ty
41.
w. Unphh hGnph (nuénLdp
1 _a
3¢ 3 ¥ (cp(:r—}—t)-{—cp(t—r)—{—/

t_
Qnipuw)h huGnph (neénLdp’ *
e—%r e%(x“)cp T + t +e $(z— t)d) z—t _ W(O) .
2 2
p. Unzhh pulinph |nLénLdp

1 b 1 [+t
5 [e“ ez +t)+ e%xgp(t - a:)] t3 /t e3y(r)dr

—Z

T+t

[gcp(r) + 1[)(7')] dT) :

QniLpuwygh luGnph | NLonLdp

_ t t
3t [ %(IH)W ('I—zi-) +efl== 22 <x2 ) “W(0)> :

Q. Unzhh hulinph tnudnuip

1
-2—6‘%“”%‘ (e‘%(x“)w(m +8)+ 3@t — z)+

v e (L) + 0] ar):

-z

Anipuwih fuGnph (néndp
P Al TP 0 (__‘T + t)
2
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fe Ty (x* t) - <p(0)} :

2
42. ;
w. e~y (:r-2+- ) +e Hp(z —t) — e =y (———x ; t) :
p. e~ 131y (:c ; t) +etlp(z — t) - —e~ 1@y (::: ; t) :

q.e—%*"%gt [e B Y (ZE ;- t) +

w = 5(p(a +¥) + (@ +9) + olz — v) — ¥z ~ 1)
v=5(pla+9) + ¥z +3) ~ oz ~y) + Yz~ 1))
. u =505 - w(EY) +w(0)),
v= 3603 + 9 Y) - ()
0 u=3(p(z +v) - w(EEY) - w(E5Y)),
v= 2oz +9) + ) + 95 - p(0) - %(0)
v u= 5 + o - ) - w55 Y),
o= 5L - gz - 9) + 95 + 0(0) - $(0):

b.u= fi(z+y)+ fo(z — y),
v= fi(z+y) — f2(z — ),

2 = gf’”k (w (5¢) +v (S—f—%)) ,

f2(2) = p(2) - f1(2) :



140 Muwwnwuhw6ibip L gnigmdbbip

o) = 2= [vae (FE) 4o (552 - vio).
v(z,y) = fw( +‘/_y) +w(z_T\/ay) — Vap(0) :

45.
Sup = a?(Sug)r, 0<z <1, t>0, a® = %,
u(z,0) = p(z), 0< z < (,
we(0,8) = ug(I.t) = 0, t >0,
p. uz(0,t) = —FS‘l(_OSQ(t)a ux(lﬂt) = ksl(l)Q(t)v t>0.
q. uz(0,t) — hy(u(0,t) — 7(t)) = 0.
ue (1, t) + ha(u(l,t) — 6(t)) =0, t >0,
hi - -y)'ci, 1= 1,2,
npinbn X;-0 ebipdwdhnuwbwynipjwh nbwpntl wpwnwphh phpdnebwlnep-
JwG qnpowyhgb £, S(z) (wjlwywh hwwntyph Swhbpbup, p -G funnip-
JLIU

46.
w. u,,:aQAru—Bu, 0<r<R. t>0 a*= e ﬁ—
u(R.t) =0, t >0 u(r,0)=T, 0<r <R, !
Aru = Uy + —ur = —,3(7'211,),,
npwnbin -0 gbpdnipjwl LwGowh gnpdwlhgl t:

k
P-Ut=azAru+~Q—, 0<r<R. t>0 a*>=—,

cp cp _
ku,(R,t) + au(R,t) =0, t >0, u(r,0) =T, 0<r < R,
Aru = Uy, + —Up, = -—2(7"2ur)p
T
npunbn -0 ebpdwihnhuwbwynipjwl gnpdwlyhgl t:

D
47. uy = a*u,,, O<z<l, t>0, aZ:L

c
u(x,0) = p(z), 0<z <.
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w. u(0,) = p(t), ug(l,t) =0, t >0,
1 d

p. uz(O,t) = —ﬁq(t), ’U,z(l,t) + I—D'U(l,t) = 0, t >0,
a-0 hwwnnt)ph swynwlbOnipjwG gnpéwlhgl b hwunnypnud wigptiph Gwlb-
ptiuh hwpwpbpnipynilp hwanyph dwytptiuh Ypw, d-0° swlnunlytG Shelnp-
dnd yuwwwpynn wpnwphG nhdnighwih gnpdwyhgp:
48.

od

w. v = Dugy — yWu — ?(u—v(t)), O<z<l, t>0,

ua(0,) = 5 (u(0,) ~ v(8)) =
ue(l ) + %(u(l,t) —u(t)) =0,

u(z,0) = p(z), J
P ue = Dugs + yuu, — %(u— v(t)), 0<z <l t>0,
d

uz(0,t) — 5 (u(0,¢) ~ v(t)) =0,

ur(l,t) + —g—(u(l,t) —v(t)) =0,

u(z,0) = (),
-0 tapnhdwG qnpéwyhgl t, d-6 wpwniwphl nh$nighush gnpduwyhgp:

49. u; = a®(u,r + lur),
u(R,t) =0, u(r,0) = ¢(r):

50. u; = a?(upr + %ur + —ug + Uu;y),
u(r, 8, —h,t) = u(r,8,h,t) = u(R,8,2,t) = 0,
u(r,0,z,0) = ¢(r,0,2) :

51. u; = a®(up, + %ur), t>0, 0<r <R,
u(R,t) = (t), u(r,0) = ¢(r) :

52. u; = a®(upr + Sur + e (sinBug)g + r—;ﬁuww),
u(R,8,p,t) =0, u(r,8,¢,0) = ¢(r,8,p):

53. up = a?(ugy + uyy),
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u(0,y,t) = u(a,y,t) = u(z,0,t) = u(x,b,t) =0
u(0,z,y) = ¢(x,y) :
54. u; = a%ug,,
kuz (=R, t)+q= —kug(R.t) + q¢ = ug(0,t) = u(x,0) =
55. Ty + 2T + 5 T,, = +Tt,
T(a 30, t) = T(b,% ) =0,
T(r,¢,0) = f(r,¢):

R e e
W it Jo ( ° ) O

p(x) PnLllghwh YEGw duny wpnibwiyt; —oo < o < 0 Yhuwwnwgph
Unw:

1 0 ( _(=-9)? . _<:+s)2) (£)de
. € 402t e 4aZt :
g 2av/ 7t P&
(p(.’I‘) Pnublghwl qniyq dunyd wpniGwlht; —oo < x < 0 Yhuwwnwagph
tanJ?

( (z— £2 ,(us)?) (€)de
dact — € 1a“t [¢ :

2(1 =i 2 ;
nnnﬁblh &ntﬁhghmﬁ thGinpty e~ "o (z, t) mbupny;
e o0 ( 2-)2 r+£)2 ) _

n. e 4a?t 4 e aa? d€
2avnt o 2 2 | p(§)dE
npnGh rLbyghwt bty e~ Hv(x, t) nbupny:

{ _ (z=0)? _ _(=+8)*

1 1
b, e 1l(i-1) — wa?t--i ) f(&. TdEdT
Qaﬁ/o /0 Vt—T e :] f(€ £

CwnnLGmubL f(z,t) $nGyghwG 4G duny puwn z-h I1-pn pwenprh

/ (;(«)) (1245)?)] o icd
4 t—T1 _+. da<(t—-T . ) :
2a\/_ / Vit ¢ J(& 7)dedr

Cwpnilwyty f(x,t) $nGlhghwl qnuyq dkny puwn z-h 11- -nn pumnpnh
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—h(t‘f) g.z—g! (z 22
/ / e 4a<(t—T1) —e " 4a ?tf—r) X
?a\/_ \/t_—_r

x f(&, 7)dédr -

ApnGbLh nLGlghwt Pnibyghwh thiwnpt, e ~*tv(z, t) nbupny:

—h( -7) —¢)? z+£)2
b [ [ [ b
x f(&, T)dédr :

ApnGhth PnLbyghwh pilyghwh hGunpty e~ v(z, t) wbupny:

1 oo z-¢)? z46)%
5o (e*%—e“ﬁ%)w(e)d&
e / [ [t )
a
xf({ T)dédT -
LY R G CS —‘—%i:‘.”)
o= [ (e te o(E)dE+

t o0 —h(t——'r) (x— )2 - _:)2
+;/ / E___ e_4a~(t€—-r) +6_4ﬂ!-z¢—1’) X
2(1\/—7F 0 0 \/t - T
x f(§, T)dEdT :

Gl.
.u.l--JT — g2 —4t
- (z% +y?)? — 16(2? + y?)t — 32t2:

q 27 +y? 4+ 4t
n (,.rr,l/+2t .

b. 3212 + 16¢(z2 + y2) + (22 + y?)?

q. 38413 + 288t2(22? + y?) + 36t(2? + y2)? + (2% + y?)?
64.

w. "?‘ sinlz, :

p.o tcoslxy:
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q. e’tehlzy :
n. e/ “tshizy :
b, e~ T+t gin I 2, sinlyxy -
q e i+
b e~ (T+5)t coslizy coslnzy, ¢
n. e~ (Gt cos iz sinlozs

sinlyz coslpxsy :

etZ::I i sinlyz; sinloxy - - -sinl,x, :

8. e tsinlyz, + e tntcoslyTy

h. el1%1 o= l’t

fu. 2t(:1:+y)+:z:y(1+:z+y) :

6. 240t (x + y) + 40t(zx + y)? + (z + y)°

Y. 60t% + 20t(x? + y? + 22) + (22 + y? + 22)?

h. (2t + 22)(2t + y2)(2t + 22) :

a. z(6t + 22)y(6t + y2)z(6t + 22) :

n 1262 + 3222 + 22(y? + 22) + 4t(z? + 4% + 22) -

6 23+ + 2846tz +y+2):

66.

w. e!“tsinlz;

p. el'tcoslzy :

q. e'tehlz

n emshlxl :

b. 6(l$+[g)2t sin 11131 sin lg:l?g :

q e+ gin iz, coslyzy :

b eW+E coslyay cos bz, -
e(i+13)? tcosllzzrl sinlpxs :

p. et(zz K smllxl sinlyzg - -sinl,x, :

4
4. el sinlyzq + elnt cos iz, :
h. elitehar

L oelrEn. ..elnznet(zlln £)° :
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fu. Ty + 1y + TY?

6. 480t(z + y) + (x + y)°

4 120t + (2% 4+ y? + 22)?

h. (zyz)? + 8t(x? + y? + 2%) :

a. cyz(z?y?2? + 72t(x? 4 32 + 22))
n 24t + y222 + 22 (y? + 22) :

6. 3 +y° + 2°

67.

w. sinzycht + cos rysht :

p. tz?y?2% + 4/3¢3 (22 + y? + 22) + (23 + 4B + 28) %4+
+36t2(522 + 5y% + 2yz + 522 + 2x(y + 2)) :

9. t(zyz)3 + (z + y + 2)% + 12832y2(2? + 42 + 22) -

n. chlx,chl?t + shmx,shm?t :

b. €' cha®t + €b%1 shb?t

70.
w. u|s = 0, S-p hwanpnsh dwlbplnypl t,

p. %Lg = 0, S-p nhtbYnphlh L hwnnpnsh vwhdwbwhG Swybplnyph
k:

71.

w. Qunlb| wybwhuh @ Pniblyghw, npp pwdwpwph Ay = 0 hwywuwpdwhp

hwnnpnhsGbph hwdwlwpghg nncnu qnbynn Yewbipned, gpn nwnlw wiybp-

onipjnLlned L pGnniGh @; npdwd wpdbplbpp - «pnpn hwnnpngh dwybplng-

phh:

0
p. Lwhunpn fuGnph wwjdwGGEphG wyb wbnud t 7{ 85(10 = —47e; ywy-
S.

Swhp, npnbin e;-hG -bipann hwanpagh (phy (hgel t, huy S;-G Gpw dwibnt-
dnuipp:
72. Au = 0. npinbn u(z, y, 2)-p YnGgbhunpwghwo t:

d
73. <p ‘5 = 0, npwnbn S-p whon SwpdGh dwybplngpa t:
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, A A .
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a

A B B
noAry = =p%em20 b A+ —y=A+ —psing:
2 ) a a
A+-B i -4

Q@ ——m— + et )
76.

w. » = comst, tpu A = 0 L fuGnhpp Show st ppdwe, tpt A # 0 ¢
p. Aar - const :

A,
A AU

NI NS

£

. —2 4 cons' Gpl o - 0 talng o Bk o b oindwd, bipt B ()

a
- ‘)r) ': N \ .
t. (A +0.7°B 15 'g = R 1y ) + const :
Ja-
77. A _ s
a ST Voat
w A:p. —coswq ! —sing g 5 {~p—2- sin 2o
a . A- R A - B
b A+ B-sing q — - - ——— 0 20
P - 2
78.
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w. Lotoned snibn: po - —— o b const

=
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Aa®
q. —— €0S 2¢ + const : p. Lnwéndd gniGh:
202
, a? a’
b. —(A+ 0.758)7 sing + 0.253? sin 3w + const :
afr

79. u(p) = uy + (uo ~ uy)—% :

80. —p = ——Oarctg'—}- :
a o T

81. ¢ + £2_—wlarctgg :
7r r

82. ,

wou=1ug:p.up) - -uy

84. u; + (UZ - u])lj{ ;

1
85. :1-(/)2 —a?):
A .
86. B = 32_? u(p) =~ = b omst
87. o )
i, . e e b —d®) b
w. up + /—(/f) e g ==
4 lf/i: 14
A . 5. Al 0
p. Uy - —1—(/)‘2 —a* =0 = —;‘--))lzz.-/; :
At A AWM - a?) 4 2ab
a. - (L(T — s, corist, O = ———-——_)_b_- :
88. :
w. u(p) = =(p* — o
A o g
po—(r®—a®) + = oM
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89
_ Lo a1 1.1
w-:(p)—fi(r g) 6ab(a+1;)(a T)-B1 1
p.6(r a)+2(r a) ab(6(b+a)+2)(a 'r)
ul—uzl 1‘
90. u(p) = uz + %_%(;“5)-

91.
w. Wn: p. Wn: q. Wn: n. Uyn: B Ns: q. Wn: £, Ng: p. Uyn: p. Wn: d. Ng:

92.
wk=-3:pk=-2:q k==22i:n k=23:t k=0, tpt
n=2uk=n—2,tpin>2:

99.
3

2
w. z+2y+z(2z—y2)+? ip. ze¥cosz : q. z(z + y) + 2(y —
z) +e®sinz:n rsinychz + shzcosy :
2
b. z3+z(212—y)~—3zz2—§z3+2:

q. T2z + cos 2xch2z — sin 2ych2z :

100.
Toln? — Tiné

ln%
p. u(a) :T—bUlng : ,
T(1 + bhin2) — bBWing

w. u(a) =

Lul\a) =

% u(@) 1 + bhint

0 T — cUln . |
a

101. Toin® — Tt Ina

w. u(a) = 21a ~ Tlng

C
lTLE
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_ Toln - Thint
B In<

o u(a) =T + cUln%, u(b) =T + cUlng :

u(b)

102. , )
Tolnz — Tin2
w. u(b) = S e

In%

p. u(b) =T — aUlnZ .

T(1+ ahl‘rzL%) ~aWing
1 +ahin€ '

9. u(b) =

n 7T + cUl'n,E :
a

105.
w. 23 +14C :p. —ie* +i(1+C): q. sinz +iC :
106.

w. %(ur“ +yt —622y2) + C :p. eYcosx 4+ C : q. —chxcosy+ C:
n. shrsiny+ C :b. chrsiny+ C :q —shzxcosy + C:

107.

w 23y —zy3 + Cy+Co :p. e¥siny + Cx + Cp : g. €"siny +
Cy+Co:n 2%y —1/3° + 2y + 1/2(y*> —22) + Cz + Cp : b
1/22%y — xy? + 1/323 - 1/6y° + Cy + Co :

' 11
G(M,P)=— - —
ro T
ro=MP=\/(x-62+@y-n?+(z-?
ro=MP = /(- &2+ (y-n)?+(z+)?
110. u=e (—L — i) , 7o-G L r1-p npndnid GG hGswbu Gutunpn
To T
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¢
—e ,
[z - )2 + (y —m)* + ¢
1 [ z2f(€,
(I Y,z )_' o f(g n) 3/2d§d77,
21 J oo [(z = €)2 + (y — )2 + 27
hGnnuygqwé dwlbplnypwjhb thgptinph funnepjnilp hwaygynid £

- (2)
7= on /g

pwlwdliny, npuinkin £-p wylb Shewywyph nhtbYunphy hwunwinniGo £, npnkn
nbnuapdwé b .S dwlbplinuypp, huy n-p S-h0 nwpdwé wpnwphG Gnpdw b
t:

111.
o0

1 1

G(M,P)ﬂ_z_:oo (;: - E) ;

= V(& -6+ (y—n)?+(z-(2nl +())?,

= V(z - 6)2 +(y—-m?+(z—(2nl - ())?,
M= M(z,y,2), P=P(n,():
Wu wppp L Gyntu 2wppbpp, npnip uinwgynid 66 Bpyne wlqud winwd-we-
winwd wéwagbind 0 < z < [ tpunud hwdwuwpwswh L pugupdwly
qniquibtin bG:

112.

= (1 1 1
G y¥ 26,7, = T T T = =
(z,¥,2,€,7,¢) n;oo<rn " r_+’)’
m=V(E—£2+ -+ (2= (2nl+))?,
Tn =V(E-62+ @y —n?+(z—(2nl — ()%,
=V(E+82+ Y-+ (2 - (2nl+ ()2,
=VE+2+y—-n?+(z- (2nl - ()2,
U)u 2wnpp L dyniu 2wpptipp, npnlp unwgynid 66 Gpynt whqus winwd-wn-
wlnwd wéwbgbind 0 < 2z < { 6pnnud, hwdwuwpwswih L pugwndwl
qniqudtiin BG:
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113.
o, P) =5 (7-%):

k=0 Tk T‘k
rh = /T2 + 52 — 2rscos(p — (¥ + 20k)) + (z — ()2,
r;c = /124 52 — 2rscos(p — (2ak — ¥)) + (z — ()2,
M = M(r,p,2), P= P(s,9,():

114. )
G(z,y;€,m) = In’2,

To
ro=+(z-€*+(y-n?
o = V(z =€)+ (y +n)?,
u(z,y) =V(1 - %arctg%) :
115.

n-1 /

G(rp;s,0) = In’k,
r—o 'k

Te = /724 52 — 2rscos(yp — (¥ + 2ak)),
= /12 + 52 — 2rs cos(p — (2ak — ¥)) :

116.
1 R

G(A/IaMO):_———a
Te "pPoTi
o = MMy, po = OMy, 11 = MM,

M;j-p quiynis t O Mo-h wpniGwynipyw dpw L OM; - OMy = R? :

117. ) )
R2 —
To  PoT1 Rry
1 [ R*-p}
= — ds :
4r /g Rrd !
Uyuinbn wwhwwGyws 66 Gwhunpn uGnph GawlwynuiGepp:
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118.

1 R
w. G(M, Mp) =In— —In ,
= 7o PoT1
p. G(p,; po, o) = G*(p, ¢: po,wo) — G*(p, ¥; po, 2™ — o),

nmpubn 0 < p <7, G* = G(M, My) :

a. G(p, ¥; po,0) = G*(p, @i po, o) — G*(p. ¥; po, 2T — po)—
—G*(p,¥; po, ™ — wo) + G*(p, p; po, ™ + ¥o),
nnutin 0 < ¢ < %, G* = G(M, My) :

n. G(p, ¥; po, po) =

n—1

=Y " (G*(p,¥; po, 2ka + po) — G*(p, ¢; po, 2k — o)) ,
k=0
mutnp< R, 0<p<La= %, G* = G(M, M) :
b. G = G(M, M) ~ G(M, My),
1
G(Ma MO) = - R 1
o pPoTi

npunbin M(; Ybwnp uhsiwnphly E Mg hewnhG 2 = 0 hwppnipjwi GYuwwndwdp:
Ujuntin wwhywijws 66 116 hubnph GwGwynudGlpp:

a. G = G(M, My) ~ G(M, My) + G(M, Mg ) — G(M, My ) :
Ujuwntin topwnpyncd E, np pwanpn udbbipwl vwhdwlGwhwhyws bz =0
Lz = 0 hwppnupyniGbbpny: My, M(;, M(I,I, }W(;” Ybwbnpnud qunlyned
L |hgpp L pp wpwwgnnuiGbpp:

Uyuntin wwhwwiywd 60 Guiunpn fulinph Gawhwynuibbpp:

00 /
119. G(M, M) = 3 (?— - e—) ,
ne0 Thn T

Ald = M(p,,g, ‘10)) My = A’lo(p()aoO»(PO)’ ™n = MMp,
T'n = MMna M'n. = M(pn,601 300)1 Mn = M(pnaHO’QOO)s

. _{(%)’“,n=2k @
=

0
B n=2k+1 " | ()L =2kl
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>
N

& n=2%k

k+1 ’
) po, n=2k+1

!

p‘n = b2 k b2 )
gfy) ;;,Tl=:2k—kl
Uju wippp L gjneu qwpptpp, npnGp unwgynid B0 Gpynt wiqwyd whnud-wn-

winwd woéwbgbiny hwjwuwpwsunh L pwguipdwy gniquitn bO:
120.

G(M, Mp) = Z zne"T

A'l M(p, ) Mg = ]Wo(po ©0), n = AI]IVIn,

r, = ZWMn, M, = M(p,, o), ]\ln = M(p,,.po0):

Ujnwu dEdnupynLGGenG npnaynud BG hOswbu Gwhunpn fubGnpnud: Uju wppp
L dyniu 2wppbipp, npnbp uwgynd 66 Gpyne wlqwld winwd-wn-wlnwyd

wdwbgbind hwdwuwpwswh L pwgwpdwly gniquibn &G:

R
apwntin v-0 L y — x dehunphlbph Ywgdwé wlynuGh t:

122.

121.
1
i 10 [ = ntR = laloos+ 1y 2D do .

o
w Clz,6) = In| 225,
nz -
(z =€) (z -
p. G(z,€) =In
(2,€) GG F
npuntin £*-p £ Ybiinh uhdtiinphy ume t |z| = R 2ppwlwqsh Gywundwip,
2 -2
Q.CR?,&)ZZ[H ;5t?25 ’
S
e
n G(z,€)=In P
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123. u(r) = { . (@ : \
S Ho ar r>a

Mnnbighw G odnijwé b upbiphly uhdtiwnphwyny:

124. Sku Gwhunpn lulnph wwuwutuwbp:
a T 20
0 0

2mpo(b? —a?), r < a
125. ¢ 2mpgh® — 3’%&9(1"2 + 273‘_3), a<r<b:
mpo (p® —a®)L, r>b

2 (py(a? — 5) + pa(c® — b%)), r <a
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47“("‘2(6 ;::4)*’-0. /‘L)’ r>c

M
Me) r>e

,M(r) =4 ' 2de - 5
M) 4 gm [Cep(e)de, r < e ) ﬂ/o HlE)ede

dmapg, T < a
LTI

r bl

a-6 udpbpwih weuhns t:

128.

129. Stu Gwjunpn luGnnph wwwwuhuwip:

130. bph a wewdnny qGnh YEGupnGp wbnuapdws t z = 0, y = 0,
z = b ytwnnid, www Eiupwuwmwwnhly nwnh wyninbkGghwi G nlbh hbuil.jwl
inbupp

{2ﬂuo(a2—ﬁ) T 3, r<a

2 pad(l~ L), r>a |
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Oquiyby hwybpuwyht wpnwgndwb bnwbwlhg:
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2
,uOTraz(% —lIlna — %57), r<a

bl
matuolnl, r>a

npunbn a-G 2powih wrwyhnG t:

131.

132. Stu Gwhunpn luGnph wwuwutuwGp: Ogquyby
oC

1 n
= Z 7”—cos:ngo (Irl < 1)

n
V1+7r2-2rcosp i 1n

Jbpgnwénepynclhg:

2ay
133. 2a — yarctg%—
T

a—1z a+

In(y® + (a — 2)?) —

r—a

y

r+a
134. pp [arctg ~arctg

135. (p, ¢) ynnpnhGwinGipnLd (NLénLdG nGh hbubjwy nbupp
L (@ - ) )y
21 Jo a?+ p?—2apcos(p —¥)

136. (p, ¢) ynnphGwinGlpnud |nLénLdb nGh hbnbyw) nbupp
L™ (2= a®)f(y)dy
21 Jo  a?+ p? —2apcos(p — V)

137. Laénuip hwplywynp £ Gt
2m
1
a in uiw)dy + const
0 Va2 + p? — 2apcos(p — )

Iln(y2 + (a+1z)%):

wbupnd: Iwdwywuwwohuwh hGnbgpwiwhli hwywuwpnidhg unwlwlp

1
ulp) = ;f(w):

138. ahpphuth puGnph (nesnudp 2 > 0 Yhuwnwpwénipinilnll wnpynud £

/ / ~f cn)d&dn
< [(x — (y —n)? + 22]3/2
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(u(z,y) = 2—17r-f(:c,y)) pwGwdlny:

bbjdwﬁh fuGnph (neonudp z > 0 YhuwwnwpwénegynibntG wipygnd t

/ / f(&m)dédn + const
o [(x—€)2 + (y — )2+ 22>

(1(z,y) = 37 f(z,y)) pwiwalny:
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hbwnbjwy whupp

1 /°° yf(6)de
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140.
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w.27m ; sin ;
21 . art . wx 4o Sarmt sin Stz
— 8in — — +c —
Par o S TS 2l
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k
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. Z Ael(h2 + /\2) + 2hAs cos aAkt(Ak cos Ak T + hsin Apx),

npubn Ax-pp ctgAl = 2}”\ hwywuwptwb npwlwl wpdwwnibpl bo:
) s Ny

' M (I(h% + A2) + h)
AtgAl = h huu[wuwnmuﬂ npwlwl wpdwwnibpt BG:

a __Z ______M i

/\2 sin aAgtsin Axx, npunbn  Ax-pp
htgAl = —h hwdwuwndwﬁ npwlw wpiwwnbbnG 6G:

w1 [ (ot + wwianans

sin @Akl coS A, npubn  Agx-np
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oo
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[
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»

1 /‘ .
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l 9 9
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0
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”\Ilk(]})” = / Cos /\k.Ed.’Z’ = 5 1+ l—(“m ’

0
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1 (A2 + hiha)(hy + ho)
=51+ 2 27/ 12 2
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A2 — hyhg
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1
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!
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0
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l
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npuntbn Ag-pp htgAl = — A hwjwuwpdwG npwlwl wpdwinGbpG bG:
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Inibyghw pwywpwpnd b wihwiwubin Gepuyhl wwydwaGEpha:
s

2

w. bpb w # w, = —l;, n=12 - wyw
240 & (—1)’c . . wkx T .
Z sinwgt sin — + — sin wi+
T = kwi [ [
24w S ()R . . o . Tkx
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B Tnga
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24w = (—1)F

i . wkx Ar .
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T kwi [ [
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2A 1)k+1 , . mkz
w? Z kw( ) (wn sin wt — w sin wgt) sin -+

K ( w - w?)
k#no

A n . . TNgT
+—(—1)"° (wt coswt — sinwt) sin :
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A x
9. —hile‘tch— : Lnuonudp hGonty u(z, t) = v(z, t) + e * f(z) wbu-

sh- a
eny: ¢

n. Lawonudp hGupby u(z,t) = v(z,t) + w(z, t) wkupny, npuinkin
(o t) — =D = Du(®) + (1 + hau(t)

g+ h(l+lg)

u. Lniénudp howpby u(z, t) = v(z,t) + w(z, t) wbupny, npnbin

w(z,t) = (x — Du(t) + v(t) :

S (2 + 1)z
. Azt™ m(2k + 1)z
y. Axt™ + :L;Ouk(t) sin 5 ,
t
uk(t) = ﬂ/ T™ 2 sinwg(t — 7)dT, wi = m(2k + 1)a’
aL = — 2A /l_fzsin 7r(2k+1):1:d .
FE T m=D(m =21 /s ——da:

. Lnémip howpty u(z,t) = v(z,t) + w(z, t) weupny, npinbn

w@J):(1_§)pay+§ww;

141.

2he "t X1 . mkzo . mkz
w. m ’2 ﬁ sin ] sin -—l—Bk(t) npunbin

v 2522
Ok(t) = chwit + ——shwit, wy = /12 — k> ,bpbkwa <V
wit 12 { '
k

Ox(t) =1+ vt, l::pli—%E = v,

_ v . a2k2n? kna
Ox(t) = coswit + msmwkt, Wk = B2 tpb e >v:
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. sin 0n(t),

8kle™*t & (—=1)" . n(2n+1
Z(( ) ( )z

72 “ (2n +1)? 21
nputn 0, (t) Pnublyghwi nnnzd_nuj b hGswbu Guhunpn fulnpnud:
wkx
9. ap + boe it vt Zt‘)k(t) cos ——, npukin
k=1 !
k272 k
Ok (t) = axchwit + bkihwkt, wi = v - 2 lzTr , tipts 7lm <v,
Ta
Ok (t) = ax + bit, btpt e =v,

2 k
ak = -l—/o <p(:z:)cos7rl—xd:c, k=1,2,..

rkx
brwr — var = — /d;cos—d:z: k=1,2,.

/w iz, a0 = - /¢ da:+——/w

—vt Z 0x(t) cos Az, npubn
k=1

Gk(t) = achwit + brshwit, wix = ‘/Vz — )\iaz,bpb alp < v,

Ok (t) = ax + bit, bph e = v,

0k (t) = ax coswit + b sinwit, wg = \/azz\i — V2, tpk aXg > v,

9 !
ax = T ——— / p(z) cos Agzdz,
I(ZZ+hR%)/ /0

brwr — vay = / 1 cos A\pzdz,
e T _(,\7+'h7
huy Ag-pp AtgAl = h hwjwuwpdws npulyws wpdwnGbn GG
oo

- . Ak
eVt Zﬂk(t) sin(AkZ + ¢n) (pn = aTCtgh—l),

k=1
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npwnbn @k (¢)-G U wi-6 npnadnud GG hGswhu Gulunpn fuGapnud: Ag-pp

ctgl Az_hlh?hq Wl npwywt wpdwnGbnG &G, hul
= ——° hwlw wh npwywh wpiw :
g N, uwndws npwyws wpdwnGtin u
2 : .
ar = (/\2+h1h2)(h1+h2) o(z) sin(Agx + i )dzx,
RO VER TP EwA Y
: 2 ! _
hWe — Vap = l OF T hiha) (<) 1,[)(17) Sln()\kI + QOk)dSI.‘,
(1+ o)
k=123,
2 kzx k2mr2q?
qe vt Z(ak cos gxt + by sin gxt) sin ——, qx = 7 — v
Pt ) l
2 7k
a = —/ p(x)sin 7—T—$d:r, by = — + ——/ ¥(zx)sin ———d:r
oo
_ m{(2n + l)at
,t + vt N
w(z,t) +e nzzo(an oS 37 +
2 Dat 2 Dz
+b,, sin m( n;l- Ja ) sin ull n2~l+— )T,

2 [ ,
an = ——/ w(z,0) sin Mdm,
L' Jo 21

4v ! m(2n+ 1)z
n (2n+1)7ral/0 wy(z,0) sin 5 dz,
A(o _ ﬂz) 6(a+/3i)x _ e-—(n+,3i);t it
w(z,t) = Im ( a2+ 32 e@tAl — g (a8l € )’

R W
a+ fi= Vo = v :
a
142.
2
gr (2n + l)mwat
-2+
w ol ) Z( on+ 1)373 & TR

2upl? . (2n+ 1)7rat> . (2n+ D7z
sin

(2n + 1)272q S 21 21
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1 [1 [t  kam(t — Tk
p. — E [—/ fr(€)sin Md&] cos —£+
am k1 k 0 l

+/Ot /T Jo(&)dédr, fo(€ / f(z,§)dz,

:%/fxf Cos—d:v
21 [/t (€ sin (2k + Dan(t — &) d{] y

am 21

k
xsm(Q_“)_

n.;{/dg/m H/dg/ ]

. 7mat
+Zb sm sm ;

b":—wna3l/ [/ d§/ (2)dz—
—:1:/ d§/0 <I>(z)dzJ sin 7r—7£da;:

mat l rat\ . TXx
—)2 (e_t —C&S—-l— —sm——) sin —

< am l l

wkat I . ﬂakt)
X

Q. %Z (1(; (mk)éL(e_t — cop + sin —

_ , l kam
 rkzr x
X sin — :

int ﬂ - sinaﬂ(2k+l) :
s ar(2k+ 1) 21 ’
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T
p. (7" —cost +sint)cos 3

p. u(z,t) = v(z) + w(z,t) + 2(z, t),
) l T
v(z) = k sin kz / ¢cosk(l — £)de — k/ ¢sin k(z — £)d¢,
0 1]

cos kl

_ g [cos g&l_—_ab/é .
w(z,t) = X(z)sinwt = e —=— — 1| sinuwt,
cos —Jc
= _ . m(2n+ 1)z
z(z,t) = ZO(An coswnt + By, sinw,t) sin —
2 m(2n +1
An=-2 / o(€)sin (—2—)§d5
m(2n + 1)¢
—_d
" lwn / X(€ 2l 3
\/ (2n+ 1)7m2a?
Wy = 7 :

n

(%) t
™ (s}
d. E Un(t) sin—ﬁ, Up(t) = —n/ ™ sinwp(t — 7)dr,
n=1 l w 0

l
Wn = TL&', On = -2-/ ®(z)sin LU
! Lo l
h. Iwgnpn fuGnph wwwwupiwind ®,,-p hnfuwnhity 2 1—gﬂ—n] " o

mna
lbpbw#w‘n:Ta n=1,23"‘7wu‘w

oo

n ( t — coswnt) mr
E ——"—(coswt — cOS wnt) sin —— :
v w2 w? n l
Tnga
bpb w # Wp, = — = 1,2, -, wuw
oo
. T
E ﬁ—"——2(coswt — CoSwpt) sin —+
—w
—_ n
ooy

¢, tsinwt . mnozx 2 (! NI
b, =- in —dx :
+ 55 sin ——, ] ./o &(z) sin i dx
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mTa

l fu. bpbw#wnz—r, n=123, -, wyw

0
®, . . . ™I
(wn sinwt — wsinwyt) sin — :

!

wn (w2 — w?)

n=1
gl
bp w = wp, = —a—, www

= (Dn . . . ™I
Z —2—2—(wn sinwt — wsinwpt) sin —+
n:lwn(w"'*w ) L
n#0

<I>n . TNox
+2w2 (Sin Wyt — Wyt COSwp,yt) sin T

o, l / t)sin 71'—ntdt

1
6. Lwhunpn lulnph Wwwwuhiwbnd @, -p hnhuwphlty 2

g 22 & h g
§. — == (22 l:::)—{—— Z e sin — +

— (_1) ®y-ny:
n

’ —
2a n=1 l :EQ)
m
b1+ (—””)) (coswnt + ﬁsinwnt) sin =~ :

o0 t
n
h. E un (t) sin u, un(t) = ﬁ/ re Y sinw?(t — 7)dr,
n=1 ¢ 0

“Jn
2 Tz mTma
a, = 7/ &(2)sin —l—dz, Wp = - wh = Vw2 — 12,
0
wjuwnbin Gopwnpdnui £, np w, > v, hwwnwl nbwpnid |nénLdp Yuwnnt-
Gwhh shw;, nbupny winwdsGtp:

oo
mnat . Tnat
u(z,t) = U(z,t) + e ¥ Z (an cos + by sin l ) X

n=1 l
TNIT 2 . ™z
X sin —, ap = —+ / U(z,0)sin —adz,
l L Jo l
l
b, = -V—l-a 2z U;(z,0)sin 7mzd'z,

nra m™a Jq l
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[ a—-if [(X(z) [
Ute.t) = Im( s (o [ O oyde-

_givt /O o)X (e - §)d£>) ,
Vw? = 2wt :

X(:L') — e(a+iﬂ)z _ e—(o:+zﬂ)a:’ a+if =
a
UwuGwyh (nuenudp thGuptp X (z)e™? nbupny L wjinihbnl Jbpght
4bnd dwup:
n. u(z,t) = v(z,t) + w(x),

= k k
v(z,t) = E ak cos%sm _7rl_a:,
k=1
2 ! k
ay = ——/ w(x) sin W—xd:r,
[ Jo l

r [ty [ -« _
s [ [ r©dedy+ e 4

— F
&. BQIaz"’ + az + ®g + Yot + 7°t2+
00 . 2 2
1 l akmt
LI (=) A | cos
+;((alm> L (q)‘“ (alm) ’“) cos——+
ld)k rkzx
+ak7r) €08 [
l — )2
F, = ETk/O [f(:z:) - (ﬁ2—?)r] cos n—llczd:r,
l N 2
(I)k = i (p(‘r) — M — azx| cos fﬂd_’r,
A 2 !
!
k
Y = %Ii/ Y(z) cos udr,
0
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z) + Z(ak cos argt + by sin adit)(Ag cos \gx + hsin Agx),
k:l

w(z) = //f(Edy+
+(6_az+_// f(gdgd)

a = h+z(h2+xz)/o(“"( ) = (@) x

X (Ag cos Az + hsin Agz)dz,
l

2 3 -y iy
N CESY) /0 P(x)( Ak cos Ak + hsin Az )du,
npuntn Ax-np htgAl = — X hwwuwpdws npwlwl wpswinlbpG bG:

- h? + A t
_22 [h—k )/0 w({)cos/\kﬁde X

I(h? + /\i
X COS Akt COS Az,

T gy _
= | [ f@deay+ T2 —a-n
1oty 1 [
v [ rodeay+ o [ ree,

npunkn /\k(-)nn %\tg/\l = h hwywuwpiwl npwlyws wpdwnlbnG &G:
G. Lnénudp hGuopby w(z,t) = v(z,t) + w(z.t) wbupnd L v(x, t)
$nuGyghuwyh hwiwp vnwbw) hwdwubn bgpwjhl wwjdwGotpny fuwnp fupG-
nhp: .
z

w(z,t) = (1 - 1+lh) wlb) + 1+lhu( ):
2. Lnwénudp hGwpty u(z, t) = wv(z,t) + w(x,t) wbupnd L v(zx, t)
Pnillyghwh hwdwp vnwlw] hwiwube qpuwihl wwydwGGtpny fuwnep fupb-
nhn: .

wlz.t) = —zult) + (& + ()

f 1+cos2 xrsin 2t
n--—|- -|zs :
2 4 a




168 : Tuwnwuhuutbbip L gnignudbbip

Lawsnudp qhGupty u(z,t) = v(z,t) + f(z)sin 2t wbupny:
5. 2zt + (2¢' — et — 3te" ) cosx :
w. 2t + (2e* — e*)e Tsinz :

143.

16Al2z %, sin ZREUTE gjp Crtliny

2.

(2m + 1)3(2n + 1)3

m,n=0
2 )2 (2n+1)2
X cos mat (2m+1) +( + 1)
ll l2
16A12l oo (2m+1)7r33 sin (2n+1)my

L

Z (2m + )3(2n +1)3
sin mt\/(zmﬂ)? 4 g2n+1)2

\/(2n1+1)2 4 (2n+1)2

V8 +plant | mx 7ry

Q.COS —S———— Sin — 5 sin —
p
64Asp i ( I)Hnsinm;ziﬂﬁsin@;_;)”_yx
- (2k + 1)2(2n + 1)2

X cos wat (2k + 1)2 + (2n + 1)2 :
452 4p2

L. 3 cos V/5tsin z sin 2y + sin 5¢ sin 3z sin 4y :
mmr . nmy

w
q. E Apn(sinwt — —— sinwpnt) sin sin ——,
m,n=0 Wmn I, Iy

4 h la mngx nmwy
Amn = d Az, y)si in ——dy,
mn lllz(w,z,m—wz)/o x A (z,y)sin L sin L Y
m? n?
Wmn = TTQ 12 + —= l2
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oo
21y _t 1 wkx
k. sin —= ) ak(e”" — cosamwyt + sinamwgt) sin —,
P b—1 - aATmWg S
o (—1)kt1as 4
T wpk(l 4 a?nwy)’ p2
2ae ( cos T2 -1 sm r2 cos r

p. u(r,t) = (

(%‘g) COS—(Tl—Tz) r

Woain W 1 LW .,
2a¢e (—J sin &1 + - Cos am) sin ¢
coswt

(% - rz)cos—(rl ~13) r
Lnwonudp thGwptp R(r) cos wt wnbupny:

ad COS ApT + Yn SIin AT
Z A, L Tn 2 si

+

p. u(r, t) = - nai,t,
n=1
Apsin A, r +—cos/\ T
T 2 2
/\n =2n+1 a7/ N0 In
(2n )2(7"2 -71) T /\ cos A+ nry — —sm AnTo

a2 T2
A, = T / T f(r)(cos AnT + Y sin A,1)dr
0 Jri1
Lnwéndp thGupby ro(r, t) wbupny:

1440'0 l
n2x2a2 2 m™mT
w. z—:lane_ 7~ sin 7r_lnx_, ap = —l-/o tp(x)sin—l—da: :

e 1 212021
4ug Z 1 e_&%’— sin (2k + )7z
2k +1 )
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a2y H .
v(z,t) = Zane »t {cos Apz + o sin A\pz |,

n=1 n
252
X
(cos AnZ + T sin A :r) dz,
Zn 1 [H
Ap = R npunbn 2,,-pp ctgz = 3 'l—ﬁ - hwjwuwpiwb npw-
Jwl wptwwnbbpl GG:
2 o 1 : T a“t
. 16i 1 LH_IL;JL sin (2k + )z
T = (2k + 1) )

e

((uo —u1)(1 = (1)) + (=)™} uy —u2))x:

3!*—‘

oo
n=1

n21r2a2! nmx

T
xe 2 sm—l—+u1+(2—u1)7:

> 4 (2n+ 1DrU + Qo
t. Qox + Up + E [an—p Zn 1 1)2
n=0

L niialale o (2n+ D7z
xe al sin ~————

21 '
an = %/Ol ¢(z)sin £—2—2%-1—)—7{5(& :
0 o — 4:0 g 2k1+ 1@4&%@ sin (2k -;ll)m:,
p. Q {# + —~——3$261_ 2y j—ig(—l)k“#e—ﬁ—ﬂ?ﬂ :
d —?mt%- %( 212y 4+ u(x, ),



Muwwnwuhuwbbbp b gnugnudGtp 17

A ! 2 ™I
In = ~2 53 /0 z(z* — [*) sin —l—dx
(A - q)l 4l(A i q) o ]_ _ 2k+1 21r2(12¢
h. qz + 5 - — l;) e 1)28 2 X
(2k + 1)mx
X COS ;
A r 2<=[T (-1)FAa?

L a le—tsin£+—z [—+-(——1)2—a2] X

cos ¢ a | = Lwk 1 - a?wyi

k+1
x e~ wit SINWET, wg = (2k + D , Wk # =0,1, --.

Lnudnudp hinpby u(z, t) = f(x)e ' + v(r,t) mbugm.[
mnxr (—1)"*!
n(w? + w?)

hu. é—cos:.ut‘-#——z

. _ ™
X (wn sinwt —wcoswt + we™“"") + 2 ansmTe “Wnt

2
a /(tp(x — —)sin I;Eda:

Azx? (2n+ )mx

6. Tcoswt—kgansm 51

Tr2n2

Wp =

e“‘".+

20
. (2n+ 1)mzx
+ an(t)sm —

2 [ Az?\ | (2n + 1)z
an, = -l-/o (cp(a:) -5 )sm 5] dr,
4a%A

Wn(t) = ml(2n + 1) (w? + w2)

8Al(-1)" 16 Al wn, sin wt — wcoswt+
m2(2n+1)2  m3(2n+1)3 w? + w?

w ( 8Al(-1)" 16 Al ) B

w? 4+ w?

(wn coswt + w sinwt)+

—wnt —
+Cne™™, Cn m2(2n + 1)2  73(2n + 1)3
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4a? Aw, a*n?(2n + 1)?
S 720+ D(w? + w2)’ Wn = 4]2 :
U. —i—fﬁ—(%ﬂ—Az%—%{—g)t—}-%xz— \
~% + &z% g % [AP — (Al + (=1)*T(akm)?)x

145.
! oo
2 =2 2:
w. / ©(€) [7 Z =7 sin —m;—zsin 37_5} dé+
0 =1

t 2.2,204_1 |
+/ d'r/ f&,7) [f Ze‘n 12 sin = sin ﬂﬁ} d€ :
0 0 n=1

l l

)

t 2,204_ © nZn2a2y ‘
.z _ n%al(1—7 ™I
p. sm—l—/ ®(7)e # dr + E ane” sm——l—~ |
(0] =

9 l
an = o(z) sin ™7 dr -

1 !
q u(z,t) = v(z, t) + w(z,t),

w(z,t) = (z + B1)h(t) + (c2z + Bz)wz( ),

R RN £ ) p 1
YT R P T @ R ¢ 2+hl’ 2T h2+ Rl

h
z,t) = Z Un (1) Xn(z), Xp(x) = cos Apz + 1T Sin Ang,

An = &, npunbin z,-np ctgz = % (% - —z@) hwdwuwnpdwG apwlws
wniwwnbbni LG,

t )
v (t) = / e“z’\i(t—")On(‘r)dT + ane"“z’\it,
0

1 L
0,(t) = W/o fH(z,t) X, (2)dz,
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1 L,
o = 17 | 9 Xal)d |
fH(zt) = fx,t) — (nz + B1)Yy (t) ~ (a2 + Ba)un(2).
¢*(z) = p(z) — (@17 + B1)¥1(0) — (aax + B2)12(0),

l 2 2
A2+ ho)l + 2h
XaloI = [ Xt = 2ot 20

o0
_ 2k+1)2a21r2t 2k ]_
w(z) + Z axe T sin (_;#,

l
ay = %/ (p(x) — w(x)) sin (—Zi_zll—mdm,

w(z) ———/ (/ fle )dy+%/olf(£)df+q:r:

146.

w. sin %6(0 & +B)

p. u(x,t) = ug + w(:r) + v(z,t),
sh—ﬁ—‘/'I i’m) + shYhz
’U.)(I) = —Up shﬂ ’

(2k— 122 x2a2
4hl?uy e sin M [ +h]t
ma? ’; (2k — l)[(2k —1)212a2 + hl2]
q. u(z,t) = w(z) + v(z, t),

o 2y2 h)t H .
v(z,t) = Zane'(“ Anth) (cos AnZ + - sin )\n:r> ,

n

vh (Hshl@ — ﬁaﬁch—‘{lﬂ)] ch%

v(z,t) = —

n=1

UQT - U
= H - +
v (52 + %) on L
[ugH + uy (Hch@ + —‘Zﬂsh—@)] shl@
+H-

(2 + B)sho2
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2)2
(02 + H2)] + 2H

X (cos AnZ + /\—— sin A a:) dz,

a, = - w(z))x

n

Zn 1/ 2 lH
An = =, npbin 2,-pp ctgz = s\t~ & hwywuwpdwb npw-
2

l lH

Ll wpdwanGlph 6G:

4{2 1 () (k4 mz

n — e sin
T 2k +1 l
b o33 L ok 4 1)a
: 2
™ (2k + 1)
1
q. 5(1 — e )sinz
t e“itsmE
2

0. u(z,t) = ug + w(z) + v(z,t),
(ur — ug)sh¥Y M=) 4 (y, — yg)sh bz

w(z) = sh@
e 2_2 2
1) =S4, (TR g, TRT
v(z, t) ; e sin T
2 [ N
A, = 7/ (p(x) — w(z) — up) sin —l—da:
0

p. u(z,t) = w(z) + v(x,t),
a VRt Qz— Qich*M kg

— h
\/EQlS a + \/— /\/—l ch a
ao _pyt n2w202+h) T
v(zx, t) ::—e + E § ——0
(. ape cos T
W?de:

an = % (p(z) — w(z)) cos
)

d. u(z, =u0+e hty(z, t),
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x0
v(z,t) E a,cosnx + b, smnx)e'" ¢ t,

n=0
1 us
o = o _ﬂ(go(a:) — up)dxz,
1 w
a, = ;/ (f(x) — up) cos nzdz,
1 -
bn = ;/ (f(z) — up) sin nzdx :

h. ug + e M (u; — ug) :
L u(z,t) = vz, t) + w(z, t),
w(z,t) = (011I + B1)v1 () + (azz + B2)ya(t),

~ g o L N R
o= 2+hl’ YT aR P T 2R PP T R@ R
t
v(a:,t)z/ d’f/ (2, 7)G(x, z,t — T)d2+
0 0
i
+/ 0*(2)G(z, z, t)dz,
0
- - Xn ( )Xn(z)
Glz,2,t—71) = (@A +h)(t=r) ZmT)BnlZ)
( )= e %P

An = F*, npunbin zn-po ctgz = % (l—z,; - —z-) hwywuwpdwh npwlwl

wndwwnlbpG &G, l
A2+ B2 +2h
@)l = [ Xnfa)ide = S2tir L2
f*(l‘, t) = f(il:, t) - h’QU(I, t) - @t(xa t)s
#*(2) = plz) — w(z,0) :
fu. zt + sin(mrz)er -7
—8t)

1 .

6. r+tsinx + g(l—e sin3z :
147.

16up = sin

2 o (2m+1)(2n+1)

mn=

. (2n+1
(2m—¢;1)7rz sin ( n-i )y

w.
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o= F((2m+1)%+ (2n+1)7)e

2k +1 . ™
p. E E Tin(t) sin )7” sin y,
k=0n=1

Tkn<t>=z%/t ‘““”m”//f&n,

(2k + 1)7r£ o

~dxdy,

X sin d{d dr,
2 2 2
2 (2k+1)*x 2 .
Wep = 4p2 + 52 :
2,2
q. Be (2+%) sm——cos%+
s
a2 n?
+ 4 (1 —-e T (ﬁﬁﬁ)t) Smg’la-:-cos.H
a2n? (% + ;17) 2s
1 (e‘t — _02ﬂ2(ﬁ7+ﬁ7)1> X
a2n? (& + ) - 1
T Y
X sin — sin —
P 2s
ocC
22 mkx m™my
k. agne”* Winlgin —= gin —=
pope A
/ / o(z,y) sm—sm ydrdy,
Qk"’ 202
k" = _pT' Te2
= 2,2 tky w(2n+ 1)z
qQ Z agne % Wintgin cos 5 ,
kn=1 P
/ / nky 7r(2n+1)
(z,y)sin
S 2p
2 2k2 2(2n + 1)2
Wkn = +

52 4p?




MuwwnwupuwbGbp L gnignudltip 177

2 — Tkr
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Au = —%, u(r,0) = u(r,l) =u(R,2)=0:
Q

u(r,z) =

(R2 __7,2) + QR2 - J2(/*”n)

u(r,z) = — X
4k k= 12 I (un)shbel

Py _ En o shBrentn EnT
x((cth 1>sth thth)Jo(R),
npubn f-pp Jo(u) = ( hwjwuwpdwl apwlwl wpduwnGbpG bG:

4T

) Ko {(2n+1 wr] ) )
207. u(r,2) = Z 1 5 ll sin( nt Lrz
(et n + Ko [ﬁ "Jlr 2TI'R] {

oo oo (n)
208. Z Z(A"m cos ny + B, sinng)J, (#—m—r) X

n=0m=1
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X £ (n) +

shtm_| o

oo 00 (1) I
. Lin sh=u—z
+ Z Z(Cmn cosny + Dy, sinng)J, (l 0 1') l("“) .

n=0m=1 .S’L 7

2
Amn = X

R27en(Jo(nin)))?

2r rR u(")
x/ / flr,p)cosnpd, | =7 | rdrdyp,
o Jo R

En - ) =
Ln#0 """ Rep(Jr (402

2r R u(n)
x/ / f(r,@)sinnpd, | =1 | rdrdyp,
o Jo R

npuinbin ,ug:)-nn Jn(p) = 0 hwwuwndws npwlwt wpdwinGbnG b6, huly

Crmn. Dpin pUtRD npnbint hwdwp hwpluwyrp t f(7, ») $nilyghw thn-
huwphGtp F (7, p)-ny:

[7(2k+1) )
8Al & IOL | sin —”m‘[”)z

209. u(r,z) = -
3 I [ 2k+1)R] (2k +1)3

210.

1 ,
> "(ak cos at\/2k(2k — 1) + by sin at \/2k(2k — 1)) Pk - (%) :
k=1

4k —1 [! T

U = — /0 () Pak - (7) dz.
4k — 1 ! x

by = olx) Py 1 (=) dx :

T AV2k2k = 1) Jo 2 ](1)

4k -1

as x
211. Y Tu(t)Pax—i (=) Ti(t) = — X
EL_’: kS T2k l(z) ’ al\/2k(2k — 1)
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/ dr/ f&,7)sinwg(t — 7)Pak 1 (—f—) d€,

wr = a/2k(k = 1)
oo n
212. u(r,@,(p) = Z (2‘) )/11(0’ ‘P),

n=0

Y, = Z(A”k cos kg + B sin k@) P¥(cos ),

k=0
27 pw
Ago = -1— / (8, ) sin 8dfdy,
A (2n + 1)(n — k)!
nk = 2r(n + k)!

27
/ / f(8, 9) P (cos ) cos kg sin 0d0dp, n > 0,

( 2
B, = (2n+ 1)( k) / o

16, <,0)P,’f(cos 0) sin ky sin 8dfdp :

Uwuﬁwu[np qbumbnnui

w. —(3050
AN

SV LT os20

-3 (1 a2)+a2cos 0:
4 /r 1
g (52> Pg(:osﬂ) -3

T

"3 (E) P3(cos9) :

3
213. u(r,0,p) = f: (g)"“ Y (8, ),

n=0
Yn. Ank, Bni-ng npaadmd 66 hGswbu Guhinpn, huGnpnu:

oo n

214. u(r,0,p) = Z ;l%yn(o, @) + const,

n—=1
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Y., Ank. Bnk-pp npnauynid BG hGsuybu Gutunpn tuGnpoud:
215.
an= 2

0 —Y,

u(r, 6, ) 2:0p+nnﬂ (6. 9),

Y, Ak, Bnk -pp npngynud BG hGswbu Gwhunpn fuGnpncd:
216.

Vi—Vo on /r\" 2n + 1 ‘
Vo + 5 Z(E) — P,_1(0)P,(cosb), r <a:

Vi— V2 n+l 2n + 1 ‘ _
Va + Z ( ) 1 Pn_1(0)Py(cos8), r > a:
217. Lhgpp quGynud t 7 = 19, 6 = 0 Ybwnd, npuintbin (7, 8)-G udbiphy
YnnpnhGwwnGbpt 56, huYy vyqpliwlbnp quibynud £ 7 = 0 Yhwnn:
ed oo <—rr ff—%—) Pp(cosf), r < rg

w. u(r’ 9) = n_n N
ezn_—o _&_r_a%’_> Pn(COSH), T>Tp
eZ?o( wFT r"f,";%) P,(cosb), r <19

a
p. u(r,8) = +
2n+1
e o ( ;,%WT) P, (cos8), r > rg
Oquyty . o
1_ { TI—O S o (Tr—o) P,(cos8), r <1
Bl ()" Paeos), v > 1

ybpiniénipyniitiphg, npwbn R-p (7, ) Yl hbinwynpnipyniGa E (7g, 0)
ithgeha:

aVb < a2n+1
218. E + —T' — €;W[)ﬂ(cosg)‘,
npwbn Vp-G upbpwih mnmbﬁghwlﬂ k:
Q (n+1) —ah rgr™
P, (cos ).
219. u(r,6) = 47rkR 47rk n+ah a?ntl ( )
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npintn  A-p  gbpdwihnuwlwlnipywG  qnpéwlyhgb ahuu wnpjnLpp
U
nbnuapywé b (79,0) Ywnd: bpt r = a, wyw — +hu=0:

on
Lniénuip hwipyuwynp b hGunplg

Qo +iA (:)HP (cos §)
A7k R = "\a n
wnbupny: -

Tn

2 +
p2n+1 _ a2n+1 n+1

e oo 2ﬂ+1 2n+]
220. - —e Z [
n=0

b2n+1 2n+1 (Z2n+1

b?n+1 - a2n+1 n+l rn+l

| uteost):

(n)
w\Mr
t Jnv1/2 (—‘;T

) P*(cos 8)x

Ly ()

m,n=0 k=0
X (Amnk oSk + Bmnk sin k),

npuntin usﬁl)-nu Jn+1/2(ur(rr7:)) = 0 hwdwuwpdwh ppulwl wpdwnGbpG
&G, huly

2r }L(n)r
1nn - Ha n =
k / / f(r, <P) +1/2 o X

x sin O PX(cos 8) cos kodrdfdy/

2
nrg(n + k)! { ' (]2
Ek (2n + L)(n — k)! Jn+1/2(#m )] ’
2, k=0
npnbn g = 1 k;é() \

huly Biynk-0 unwlwim hwdwn hwplwynp b Ak -h wpnwhwpnnipyuwG
kg cos k-6 ihnfuwphbb) sin ky-ny L sqpby £x-G:

(n)
T
J‘n+1/2 ( T

[

222. "f(t)+2w(t ) P, (cos 6),

nrg VT
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T()Ak t " . alJ,i:n)
Yr(t) = — f (7) sin (t — T)dr,
ap,, To
(n),.
. f(;‘o n+3/2J nt1/2 (I‘ ) dr
Ak == n—1
- (n) n+1
nrg %l‘]121+1/2 (w1 — JT—)—H +)2)

npuntin ﬂ;cn)‘f‘ﬂ HJ;,+1/2(”) — 2Jn+1/2(1) = 0 hwwuwpsws npwlws

wpiwwnbbno GO:

223.
L,
) L o J"*”""( o )
P (cos 8) cos mep,

7—”3—_1 + § VYr(t) Jr

huly qnpéwlyhgltpp GniyGG GG hGs Gwhunpr fuGnph wwunwufuwbnu:
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