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Beryn
Jlani MeToanYH1 peKoMeHAallli MPUCBIYCHI METOTy IHTETPaTbHIX EPETBOPEHD
y KOHTEKCTI WOT0 3aCTOCYBaHHS [IJIsl PO3B’A3aHHS KpalOBHX 3a/ady MaTeMaTHYHOI
¢bi3uku, mooynoBu GyHKIIT ['piHa Ta po3B’sI3aHHS PO3PUBHUX KPaWOBHUX 3a/1a4d Teopii
npyxHocTi. J[aHuit MaTepialn 103BOJIHUTH 37100yBayaM BHUIIIOI OCBITH MO3HAHOMHUTHCH 3
METOJIOM 1HTErpaJibHUX MEPETBOPEHb Ha MpUKIIaAl neperBopeHb Dyp’e, Jlamnaca ta
I"ankens, moOynoBu GpyHKIIil ['piHa Ta BUKOPUCTAHHS il pO3PUBHUX BJIACTUBOCTEH IS
PO3B’sI3aHHS aHTUIUIOCKUX 3aJ1a4 Teopii MPY>KHOCTI A obnacteit 3 neekraMu TUITY
TPIIMHU Ta >OPCTKOTO BKIIIOUEHHS B JIEKApTOBIM cuctemi koopauHat. Jlani
METOJMYHI PEKOMEHallli € OCOOJMBO KOPUCHUMH ISl 3100yBayiB BUIIOI OCBITH
Kaeapu MareMaTUyHOi (PI3MKH, a METOAM, IO TYT PO3IJISAAlOThCA, MOXKYTh OyTH
BUKOPHUCTaHI MPU HAITMCaHH1 KypCOBUX Ta JUIUIOMHUX POOIT.
Y METOANYHUX PEKOMEHAAIISIX BUKOPUCTAHO HACTYITHI MTO3HAYECHHS:
- Ha pUCYHKax Yy IOCTAaHOBKaxX 3ajay YCl CTPUIKA MOKa3yKTh
HaBaHTa)KE€HHs 3a Biccio 0z;
- IITpUX MO3HAYa€ MOXIJAHY 3a MEPIIOI 3MIHHOIO, a Kpamka — 3a
APYTOIO;
- I'.P. — ue cxopoueHne mo3HaueHHs noBigHuka ['pagmreitna 1.C.,

Pmwxuka [.LM., mxepeno Ne6 y criiciii peKOMEHI0BaHO1 JIiTepaTypH.



InrerpanbHe neperBopennst Pyp’e
3acTocyBaHHS IHTETPATLHOTO TIepeTBOpeHHs Dyp’e pO3TITHEMO HA MPUKIIAI1 aH-
TUIUIOCKHUX 3aJ1ad TeOpii MPY»KHOCTI, JIe MIYKaHOK (PYHKIIEI0 € PYHKIliS MepeMillieHb
BigHOCHO oci 0Z - w(x,y) (abo w(r, ) y moJIsApHii cucTeMi KOOPIUHAT), a HaIpy-
KEHHS Tyz, Ty, (00 Try, T, Y TOIAPHIN CHCTEMI KOOPMHAT) BUPAKAOTHCS YEPES MO~

X11H1 QyHKIIT TepeMileHb.

Hpuxaan 1.

3anucaTy aHTUILIOCKY 3a7ady y TEpMiHaX MepeMillleHb Ta pO3B’g3aTH 3a JOIO-
MOTOI0 IMBHECKIHUCHHOTO TTepeTBOpeHHs Dyp’e

(0°w 0%w
W+a—yz=0,0<x<a,0<y<oo
Tezlx=0 = GD(Y), Wlx=q = 0,
le=0 =0,w, Tyz|y_> -0

0]

V4
02 KKK X \NX
>< 4
A
X
Y] <
A X
4 P
Gp(y) Y 2
7 e
4 P
4 S
A X
4 P
4 s
4 <
y PX
\%
BpaxoByroun, 110 T,, = G %,Tyz =G Z—V; B aHTHUIUIOCKIH 3amaui, 1e w(x,y) =

u,(x,y), nepenuiieMo aaHy 3a7a4dy y TepMiHax MepeMilicHb



(0°w  0*w

W+6_3/2=0’0<x<a'0<y<00
ow
. ax:O =p(¥),Wlx=q =0,
OW
k Wly=o = | -0

Iepmmii eran. [1i161p iHTerpabHOTO MEPETBOPEHHS Ta 3BEJICHHS 3a1a4l 10 OJ1-
HOBHUMIPHOI.

BiamoBinHo 10 TabiuIli iHTETpAIbHUX TIEPETBOPEHD, JaHY 3a/1a4y MOXHA 3BECTH
70 OJHOBHMIpPHOI, 3aCTOCYBAaBIIIM IMIBHECKIHYEHHE CHHYC mnepeTBopeHHs Dyp’e 3a

3MIHHOIO Y

(0]

we() = [ wixy)sinaydy (19
0
dopmysia 00EpPHEHOTO IHTETPATBLHOTO MIEPETBOPEHHS Ma€ HACTYITHUN BUTJISAT

(00]

2
w(x,y) = —j w,(x) sinay da (2 *)
/[
0
[ToMHOXKMMO OOM/BI YaCTUHU AUQPEPEHINATIBHOTO PIBHSHHS KpailoBoi 3a/1a4i Ha

sin ay Ta npolHTErpyeMo 1no y y mexax Bijg 0 go oo:

f62W+62 dy =0
oz T 3y sin ay dy
0

Po3buBaemo iHTETpa, 10 CTOITh y JIBIA YaCTUHI z[aHo'l' PIBHOCTI Ha 2 TOJaHKH

j O’w 0w d (2w d +j dy (3 %)
k
oxz T 32 sinaydy = 7z —— sinay dy > sinay dy
0 0

VY nepuiomy 1HTErpai 3MIHIOEMO MOPSIIOK IHTETPYBaHHS Ta IU(EPEHIIIFOBaHHS:

[ 02w a [ g
322 ——sinaydy = TxZ w(x,y)sinaydy = T2 —w,(x) (4 %)
0 0
Jpyruii iHTErpaj iHTErpyeEMo 1Mo YacTHHAM, BPaXOBYIOUH 3a/1aH] KpaiioBl yMOBH
. ow .
3a 3MiHHOIO Y (W]y=o = 0, W, oy - - 0):



(0]

jooazw _ p ow ow p
——sinaydy = —sinay —a | =—cosaydy
) dy? dy

y—)OO

dy =0 )
= —QaWw COS aylg,’:go — a? f w(x,y) sinaydy = —a?w,(x) (5 *)
0
[TincraBnsroun (4%*), (5*) mo (3*), orpumaeMo Burisia AUGEPEHITIATHFHOTO PiB-

HSIHHSI BUX1JTHO1 3371a4i y TpocTopi TpaHchopmaHT:
wy (x) — a’wy(x) =0
3actocyemo iHTerpansHe nepetBopeHHs (1*) mo kpaifloBHX yMOB BHXITHOT 3a1a4i

= p(y), W|x=q = 0). [l 1bOro MOMHOKUMO OOH/IBI YACTHHH

. ow
3a 3MIHHOIO X (a

x=0
Ha Sin ay Ta IPOIHTETPYEMO 10 3MIHHIN Y y Mexax Bija 0 10 oo:
ow p _d j . y)si p _d | B
oy Sayay = x| Wy smaydy = g Valx=0 = PasPa
0 x=0 0 x=0
= [ pysinayy,
0
j w(x,y) sinay dy = Wglx=q =0

0 x=a
B pe3yabTaTi npuxoArMMO 0 HACTYITHOT OJJHOBUMIPHOI KpaloBoi 3a7aui
{W&’(x) —a’w,(x)=0,0<x<a (64)
Wq(0) = pg, we(a) =0
Jpyruii eran. Po3B’s13aHHs 33a41 y IpOCTOP1 TpaHC(HOPMAHT.
OnnoBuMipHa KpaiioBa 3a7a4a (6*) € kpailoBOIO 3a/1a4et0 3 OJJHOPIAHUM PiBHSH-
HSIM, TOMY i1 p0o3B’A30K MOxHa 3anucatu yepe3 OCP sk
w,(x) = Cycha(a — x) + Cysha(a — x)

w,(x) = —Cyasha(a — x) — Cyacha(a — x)

wy(a) =0=>C, =0=>w,(x) =Csha(a — x),w,(x) = —C,acha(a — x)

, p

w,(0) =p, => —C,achaa =p, => C; = — achaaa =
sha(a — x) e®(a—x) _ g—a(a—x)
Wal) = Pa o hag ~ Pe g(ewa 1 eman)
e—aa(ea(a—x) _ e—a(a—x)) e~ ax _ e—a(Za—x)
= Pa a(l + e—2aa) ~ "Pa a(l + e—2aa) (74)

Tpertiii eran. OGepHEHHS 1HTErPATBLHOTO EPETBOPEHHS.



3acTocoByrouu GopMyiny oOepHEeHHS (2*) 10 OTPUMAHOTO PO3B’SI3KY y IPOCTOPI

Tpancopmant (7*), oTpuMyeMo
2 Oo e ax _ e—a(Za—x)
wlxy) = _Ef Pa a(l + e—2aa)

sinaydy
0
[TincTaBuMO Crou BUpa3 s TpaHCHOPMAHTH P,

—-ax —a(2a-x)

—e
a(l + e—2aa)

2 £ e
w(x,y) = _EJ f p(n) sinan dn sinay da
00

3MIHMMO MOPSAOK IHTETPyBaHHS

(00] oo

w(x,y) = —%f p(n)dnoj -

0

—ax —-a(2a-x)

—e
a(l + e2aa)

(cosa(y —n) —cosa(y +n)) da

Hpuxaan 2.

3anucatyd aHTUILIOCKY 3a/lady y TepMiHaX MepeMillleHb Ta PO3B’s3aTH 3a JOMO-

MOTOI0 MIBHECKIHYEHHOTO nepeTBopeHHs Dyp’e

’w 0w
W+6_}/2=0’0<x<a'0<y<00
Txzlx=0 = 0,Txzlx=a = Gg(¥),
Tyz|y:0 = Gp(x),w, Tyzly_)oo -0
4
Gp(x)
oy v« VY LY LA \x
7
/)
/
A/
/)
A/
7 Ga(y)
7|
/)
A
A/
V4
A/
y
h 4




ow ow .o .
BpaxoBytouu, 1o 7,, = G 5 Tvz = G 3, B AHTHILIOCKIA 3a1a1l, A w(x,y) =

u,(x,y), mepenumemo qaHy 3a1ady y TepMiHaX IepeMiIleHb
(0%w  0%*w

W+a—yz=0,0<x<a,0<y<oo
ow B ow )
axx=0_ ’axx:a_gy,

ow ) ow 0
—| =p),w,— -
\ ayyzo a:yy—>oo

Hepuunii eran. [1ix0ip iHTErpaIbHOTO MEPETBOPEHHS Ta 3BEICHHS 3a7a4i JI0 OJI-
HOBHUMIPHOT.

BianoBinHo 10 Tabnulll IHTETpAIbHUX TIEPETBOPEHbD, JaHy 33/1adyy MOXHA 3BECTH
70 OJIHOBUMIPHOI, 3aCTOCYBABLIN IIBHECKIHUEHHE KOCHHYC NepeTBOpeHHsT Dyp’e 3a

3MIHHOIO Y:

We () = j w(x,y) cos ay dy (1 )

0
(DOpMYJIa O6epH€HOFO iHTeI‘paJ'IBHOFO IICPCTBOPCHHA MaA€E HaCTYHHI/Iﬁ BUTI'JIAL

(0]

2
w(x,y) = Ej wy(x)cosayda (2 *)

0
[ToMHOXkHMMO O0OMBI YaCTUHU AU(PEPEHIIIATIBHOTO PIBHSAHHS KpailoBoi 3a/1a4l Ha

COS @y Ta MPOIHTETPYEMO TI0 Y y Mexkax Bij 0 1o oo:
(00)

j 62W+62W D=0
oxz v 3y cosay dx =
0

Po30uBaemo iHTErpal, 1o CTOITh Y JIIBIM YaCTHHI 1aHOI PIBHOCTI Ha 2 JOJTAHKH

jo 62w+62w y fazw y +fazw dy (39
—— —_— = —_— —_— E3
ozt 3y cosay dy 55z Cosay dy 372 cosay dy

0 0 0

VY nepuiomMy iHTETpai 3MIHIOEMO TIOPSIIOK IHTETPYBaHHS Ta MU(EepPEHITIFOBaHHS

d%w p d? x7) p d? ) (4
—_— = — = — E3
92 cosaydy Tz v X,y)cosaydy T2 Ve x) (4 *)
0 0
Jpyruii iHTerpan iHTerpyeMo 1o yacTuHaMm, BpaxoBYIOUH 3a/1aHi KpailoBl yMOBH

Z—V;| - 0):

y—00

. ow
3a 3MIHHOIO Y (a_| =p(x),w,



y—>0o

fazw p ow N ow p
——cosay dy = —cos ay a | =—sinaydy
J dy? dy =0 ) dy

oo
= —p(x) + awssin aylzzgo — a? J w(x,y) cosay dy
0
= —a’wy (x) — p(x) (5 %)
[TincraBnstoun (4*), (5*) no (3*), orpumaemMo BUTIIAA TU(EPEHITIaILHOTO PiB-
HSTHHSI BUXIJTHO1 3371a4l y IpocTopi TpaHchopmaHT:
wy (x) — a?w, (x) = p(x)
3actocyemo iHTerpaibHe neperBopenHs (1*) 1o kpailoBux yMOB BUX1/IHO1 3a/1a4i

ow ow

ox

e = g(y)). As1s 11bOro MOMHOXXHUMO OOUIBI YACTHHU
x=0

x=a

3a 3MIHHOIO X (

Ha Sin ay Ta IPOIHTETPYEMO 10 3MIHHIN Y y Mexax Bija 0 10 oo:

[ ow d [
I 08 ay dy = af w(x,y) cosay dy = §Wa|x:0 =0,
0 x=0 0 x=0
[ ow d [
facosaydy =Ej wlx,y)cosaydy|  =—Walx=a = gar ga
0 0

x=a
(00]

= f g(y) cosay dy
0
B pe3yabTaTi mpuxoauMo 10 HACTYITHOT OJTHOBUMIPHOT KpaloBoi 3a1a4i
{W(;’(x) —a’w,(x) =p(x),0<x<a 6+)
wq(0) = 0,wg(a) = gq
Jpyruii eran. Po3B’s13aHHs 337a41 y IpOCTOp1 TpaHC(HOPMAHT.

xX=a

OpHoBuMIpHa KpaiioBa 3a1ada (6*) € HEOTHOPIAHOI KPaloOBOIO 3a7a4€i0, TOMY
JUTst 11 po3B’si3aHHA 00y yemo dyHkiito ['pina.
Oynkiito ['pina Oyaemo OymyBaTu 3a HACTYITHOIO (hOPMYJIIOHO
G(x,8) = @(x, &) — Yo () Up[P(x, §)] — 1 () Uy [P (x, §)]
[Tobynyemo ¢dynaamentanbHy OaszucHy cuctemy po3s’sizkiB (OBCP). Biamo-
BifHO BU3HavyeHHI0, DBCP kpaiioBoi 3amaui ckiagaroTh GyHKIT Y, (x), P, (x) Taxi,
110
{ § — a®h, =0, { )
Yo(0) =Lyp(a) =0" W1(0) =0,91(a) =1
Yo(x) = Cyoshala — x) + Cy;cha(a — x), Y, (x) = Cypshax + Cy,chax

10



Yo(x) = —Cyoacha(a — x) — Cy,asha(a — x),
Y1 (x) = Cipachax + C;ashax
V,Df)(a) =0=> COO = O, 1101(0) =0=> Cl() =0
l/)é(()) =1=> _COlaShaa = 1; l/):,[(a) =1=> CllaShaa =1

1
Co1 =~ ashaa’ (= ashaa
cha(a — x) chax
Yolx) = = ashaa ' ¥a(x) = ashaa
e~ax 4 e—a(Za—x) e—a(a—x) + e—a(a+x)
PYolx) = — P1(x) =

dynaameHTanbHa (QYHKIIIO, 10 BIAMOBIAAE JaHOMY PIBHSHHIO, Ma€ HACTYITHUMN

BUTJIA

1 od sign(x—¢&)
= —_ p—alx=¢| — —alx=¢|
P ¢) 20 ° " 0x 2 ¢

[TincraBumo pyHAaMEHTaNbHY (DYHKIIIO y KpailoBl ()yHKIIOHATIH 3aa4i

09 1

—_e~as
2e

P 1
Ul [CD(X, f)] = a (a, f) = Ee_a(a—f)

Toni dynkiis ['pina Mae HACTYITHUIA BUTIST

1 o 1 _ e ax 4 e—a(Za—x)
G(x,f)=—£€ alx fl_ie % a(l_e—Zaa)
—a(a—x) —a(a+x)
_le—a(a—f)e te
2 a(l — e~2aa)
1

=——ce

2a
1 e—a(x+€) +e—a(2a—x+€) _I_e—a(Za—x—E) +e—a(2a+x—f)

2a 1 — e—2aa
Po3B’s130K KpaifoBoOi 3a7a4l MOYKHA 3aMMMCATH HACTYITHUM YHUHOM:

—alx=§]|

11



a

We () = f P()G (x, E)dE + gos (x)

0

1 a
=—o—| p& [e‘“'x‘f'
Zaof

e—a(x+€) + e—a(Za—x+E) + e—a(Za—x—f) + e—a(2a+x—€)
+ dé

e—a(a—x) + e—a(a+x)
a(l—e—2aa) (7%)

Tpertiii eran. OGepHEHHS 1HTErPATBLHOTO IEPETBOPEHHS.

T 9a

3acTocoByrouu popMyiny oOepHEeHHs (2*) 10 OTPUMAHOTO PO3B’SI3KY y MPOCTOPI
TpanchopmanT (7*), oTpuMyeMO

o

2 1 :
w(x,y) = ;j {—ﬁfp(f) [e_alx_fl
0

0
e—a(x+€) + e—a(Za—x+E) + e—a(Za—x—E) + e—a(2a+x—€)
+ dé

e—a(a—x) + e—a(a+x)

a(l — e~2aa)

+ 9a } cosayda

[TimcTaBUMO crosii BUpa3 Jjisi TpaHC(POPMAHTH g,

20( 1 ¢
w(x,y) = ;j {—EJP(E) [e—alx—fl

0 0
e—a(x+§) + e—a(Za—x+$) + e—a(Za—x—f) + e—a(2a+x—f)

+ 1-— e—Zaa ] d€

(e0)

+ f g(m) cosandn

0
3MIHUMO MOPSAOK IHTErpyBaHHS

e—a(a—x) 4+ e—a(a+x)
a(l — e~2aa)

} cosayda

12



1 a [oe] 1
wiey) = - [ peoree E[e-a'x-ﬂ
0

0
e—a(x+€) + e—a(Za—x+€) + e—a(Za—x—{) + e—a(2a+x—€)

+ 1 — o-zaa cosayda

(0]

1 « e—a(a—x) + e—a(a+x)
+ ;f g(n)dnj (1 = ¢-20a) (cosa(y —n)
0 0

+ (cosa(y —n)) da

Hpuxaan 3.

3anucaTtu AHTUIIJIOCKY 3aJa4y Yy TepMiHaX HGpGMiHIGHI; Ta pOBB’}II’)aTI/I 3a JOIIO-

MOTOFO TIIBHECKIHYEHHOTO Ta CKIHYEHHOT'O MepeTBOpeHHS Dyp’e

’w 0w
W+a—yz=0,0<x<a,0<y<oo
{ sz|x=0 = OrW|x=a =0,
\ Tyz|y:0 = Gp(x),w, ryz|y_)oo -0
z
Gp(x)
o L L VLY /@8 (x
>< 7
P
X
P<
X
<
X
P<
N
P}
<
<
X
P<
P
<
yv
ow ow . .
Bpaxosyioun, mo 7, = G ——,7y, = G 5, B QHTHILIOCKIH 3azaui, 1 w(x,y) =

u,(x,y), nepenuiieMo aaHy 3a7ady y TepMiHax MepeMilieHb

13



(0°w  0*w

6x2+6y2_0’0<x<a'0<y<00

-

= y—)OO
I cioci®

Iepmmii eran. [1ix101p iHTerpasbHOTO EPETBOPEHHS Ta 3BEJICHHS 3a1a4l 10 OJ1-
HOBHUMIPHOI.

BinnoBigHo A0 TaOauIll IHTETpaTbHUX MEPETBOPEHB, JaHy 3a]a4y MOXKHA 3BECTH

70 OJHOBUMIPHOI, 3aCTOCYBaBILIU IMIBHECKIHYEHHE KOCUHYC nepeTBopeHHs Dyp’e 3a
3MIHHOIO Y

(0]

We () = j w(x,y) cos ay dy (1 )

0

(0]

dopmysia 00EpPHEHOTO IHTETPATBLHOTO MIEPETBOPEHHS Ma€ HACTYITHUN BUTJISA

2
w(x,y) = ;j wy(x)cosayda (2 *)
0

[ToMHOXKMMO O0OW/BI YaCTUHU AUQPEPEHIATBHOTO PIBHSHHS KpalloBoi 3a/1a4i Ha
COS @y Ta MPOIHTETPYEMO TI0 Y y Mexkax Bij 0 1o oo:

jo 62W+62W D=0
522 T 352 cosay dx =
0

Po3buBaemMo iHTErpasi, 1o CTOITh y JIBiH YaCTHHI IaHO1 PIBHOCTI Ha 2 TOJaHKH
o0
0’w  0*w

J p jazw p f@zw dx (3%)
—_ —_ — - —_ %
322 + 377 cosaydx = T2 cosaydx + 3y cos ay dx

0 0 0

VY nepiuiomMy 1HTErpaii 3MIHIOEMO MOPSA0K IHTETPyBaHHS Ta AUPEPEHIIIIOBAHHS:
(0] (00)
92w 2 2
—cosaydx = —
0x? Y

d
— | wny) cosay dy = —we(0) (4
0 0

Jpyruii iHTErpaj iHTErpyeEMo 1Mo 4acTHHAM, BPaXOBYIOUH 3aJiaHi KPaloBl YMOBH

. 6w| 6w| .
3a 3MIHHOIO Y (— =n(x),w,— - 0):
(G, - pCo,w, 3 )

y—00

14



y—>0o

fazwcosa d —aWcosa a aWsincx d
J 0y? yay 9y y - ) dy yay
= —p(x) —awsinay|) " — a® J w(x,y) cos ay dy
0
= —a’wy (x) — p(x) (5 %)
[TincraBnstoun (4*), (5*) no (3*), orpumaemMo BUTIIAA TU(EPEHITIaILHOTO PiB-
HSTHHSI BUXIJTHO1 3371a4l y IpocTopi TpaHchopmaHT:
wy (x) — a?w, (x) = p(x)
3actocyemo iHTerpanbHe neperBopeHHs (1%) mo kpailoBUX yMOB BUX1JTHOT 3a1a4i

= 0,w|y=, = 0). 1711 11bOr0 MOMHOXXHMO OOHBI YACTUHHU Ha

. ow
3a 3MIHHOIO X (—
Ox lx=0

sin ay Ta IpoIHTErpy€eMO Mo 3MiHHIN Yy y Mexax Bija 0 10 oo:

ow d
55 oSy dy = af w(x,y) cosay dy = §Wa|x:0 =0,
0 x=0 0 x=0
j w(x,y)cosaydy| =Wl =0

0 x=a
B pe3yabTaTi npuxoAuMO 0 HACTYITHOT OJTHOBUMIPHOT KpaloBoi 3a7aul
{W(;’(x) —a’w,(x) =p(x),0<x<a (6+)
w,(0) =0,w,(a) =0
Jpyruii eran. Po3B’s13aHHs 3aa41 y IpOCTOp1 TpaHC(HOPMAHT.
OnnoBuMipHa KpaiioBa 3agada (6™) € MiBHEOJHOPIAHOI KpailoBOIO 3ajayeto,
TOMY IS 11 pO3B’si3aHHs o0y yemo pynkiito ['pina.
Oynkiito ['pina Oyaemo OynyBaTy 3a HACTYITHOIO (HOPMYJIIOIO
G(x, &) = P(x, &) = Yo () Up[P(x,$)] = Y1 () U1 [P (x, )]
[Tobynyemo ¢ynaamenTanbHy OaszucHy cuctemy po3s’sizkiB (PBCP). Biamo-
BiHO Bu3HavyeHHI0, DBCP KkpaiioBoi 3amaui ckiagaroTh GyHKIT Y, (x), P, (x) Taxi,
110
{ 0 — a’Po =0, { 1 —a*Py =0,
Yo(0) =Lyp(a) =0" W1(0) =0,9,(a) =1
Yo(x) = Cyoshala — x) + Cy;cha(a — x), Y, (x) = Cypshax + Cy chax
Yo(x) = =Cyoachala — x) — Cy;asha(a — x),
Y1 (x) = Cpachax + C;;ashax
Yo(a) =0=>Coy =0, P1(0) =0=>Cy, =0

15



Y(0) =1=>—Cypachaa =1, Yi(a) =1=>Cjychaa =1

1 1
) €1 =

chaa

sha(a — x) chax
o) = - 2 ) =

_ e—a(Za—x) e—a(a—x) + e—a(a+x)
Yolx) = = a(l+ e-2ea) ' Yalx) = 1+ e—2aa

dyHnaMeHTambHa (QYHKITIO, 110 BIATIOBIa€ TaHOMY PIBHSHHIO, Ma€ HACTYITHUN

e—ax

BUTJISL

1 0d sign(x — &)
CI) X, — __e_alx_fl, — e_alx_gl
(x$) 2a dx 2
[TincraBumo hyHaamMeHTaNbHY (QYHKIIIO Y KpailoBl (GyHKIIIOHATIH 3a]a4i

oD 1
UO[CD(X,E)] = a(olf) = _Ee as

1
Up [0, )] = 0(a,§) = - o—a(a-9)

Toni pynkuis ['piHa Mae HACTYITHHUIA BUTIIS

1 e~ ax _ e—a(Za—x)

G(x, &) = _ie—alx—fl ——e™%
2a 2 a(l + e~2%aa)

N 1 a8} e—a(a—x) + e—a(a+x)
2a ¢ 1+ e—2aa

_ 1
T 2g°

1 e—a(x+€) _ e—a(Za—x+E) _ e—a(Za—x—E) _ e—a(2a+x—f)

" 2a 1+ e—2aa

Po3B’s130K KpaifoBoOi 337241 MOYKHA 3aMMMCATH HACTYITHUM YHUHOM:
a

we () = f p(©)G (x,£)de

1 a
= —2—fp(€) [e‘“"“f'

—a(x+€) _ e—a(Za—x+E) _ e—a(Za—x—f) _ e—a(2a+x—f)

* 1+ e 20a a5 (7+)

Tpertiii eran. OGepHEHHS 1HTErPATBLHOTO IEPETBOPEHHS.

—alx=§]

3actocoByroun hopmyiy oOepHeHHS (2*) 10 OTPUMAHOTO PO3B’SA3KY Y MPOCTOPI

tpanchopmanT (7*), oTpuMyemMo

16



e}

W(xy)——lf

T
0

oo

e—a(x+€) _ e—a(Za x+&) _ e—a(Za x=&) _ e—a(2a+x &)

+ 1+ o-2aa ]dfcosayda

3MIHUMO MOPSAOK IHTETpyBaHHS

a o0

1 1 —a|x—¢§|

w(x,y) = = p(§)dé ~le
0 0

e—a(x+f) _ e—a(Za—x+f) _ e—a(Za—x—E)

_ e—a(2a+x—f)
+ 1T o-2aa cosay da
11 cmocio
(0°w  0°w
Fp%) +6y2 =0,0<x<a0<y<ow
ow — 0,w| _0
< ax =0 'W xX=a )
ow @ ow 0
= =pXx),wW,— -
k ay y:() ay

y—)OO

Iepmmii eran. [1in6ip iHTErpaqbHOTO MEPETBOPEHHS Ta 3BEACHHS 3aj1a4i JI0 O1-
HOBUMIPHOI.

BianoBigHo 10 TaOauIll IHTETpaIbHUX IEPETBOPEHD, JaHy 3a7a4y MOXKHA 3BECTH

710 OTHOBUMIPHOI, 3aCTOCYBABIIIM CKIHYEHHE KOCUHYC nepeTBopeHHs1 Dyp’e 3a 3MiH-
HOIO X:

a

B _ w2k — 1)
w,(y) = jw(x, y)cosaxdx,a = T o (1)
0

dopMyta 00EpPHEHOTO IHTETPAIBHOTO MTEPETBOPEHHS MA€ HACTYITHUIN BUTJISIT
2
wi,y) == > We () cosapx (2%)
k=1

[ToMHOXMMO 00M/BI YacTUHU AUQPEPEHINIATIBHOTO PIBHSHHS KpailoBoi 3a/1a4i Ha
COS aXx Ta MPOIHTETPYEMO M0 X y Mekax Big 0 10 a:

axz ay cosax ax =

0

Po3buBaemo iHTErpas, mo CTOiTh y JIiBiH YaCTHHI 1aHOI PIBHOCTI Ha 2 JOJIAHKH
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f o +62 d —j d +f dx (3 %)
—_ —_ —_ k
oxz T 5y cos ax dx cos ax dx - cos ax dx

VY npyromy iHTerpai 3MiHIOEMO MOPSIOK iHTeI‘pyBaHHH Ta nudepeHIliOBaHHS,:
a a

92w 2 2

——cosaxdx = —= | w(x,y) cosaxdx =

0y? dy? 24 dy?

0

Heme/H/I 1HTerpaJl IHTETpy€eEMO N0 YaCTHHAM, BPaXOBYIOUH 3a/1aHi KpailoBi yMOBU
= 0,W|y=q = 0):

x=0

——wu(y) (4%)

. ow
3a 3MIHHOIO X (E

a x=a a
2w ow ow
——cosax dx = —cos ax +a | =—sinaxdx
0x 0x x=0 d0x
0 0
a
= —aw sin ax|¥=§ — a? j w(x,y) cosax dx = —a’w,(y) (5 *)

0
[TincraBnsroun (4%*), (5*) no (3*), orpumaeMo BuUrisia AudEpeHIiaTbLHOTO PiB-

HSHHS BUXIJTHOI 3a/1a4l Y IPOCTOP1 TpaHCPOPMAaHT:

12 2 —
we (¥) — awe(y) =0
3actocyemo iHTerpaibHe neperBopeHHs (1*) mo kpailoBUX yMOB BUXITHOT 3a1a4i

— 0). 1 1boro mOMHOKMUMO OOH/IBI Yac-

y—00

. ow ow
3a 3MiHHOIO (5| =p(x),w, 5|

THHU Ha COS aX Ta MPOIHTErPYyEMO IO 3MiHHIN X y Mexax Bix 0 1o a:
a

ow d
B —— d = — , d = — = ,
(’)y cos ax dx dy_/ w(x,y) cos ax dx o w, - P Pa
y=0 0 y=0
a
= j p(x) cos ax dx,
a a d
f w(x,y) cos ax dx j cos ax dx = W“'d_yW“ -0
0 0 Yoo y—co

B pe3yabTaTi npuxoArUMo 10 HACTYITHOT OJJHOBUMIPHOT KpaloBoi 3aaaui
wg (V) —a’we(y) =0,0<y <o 69
we(0) = pa'Wa'Wo,zly—»oo -0
Jpyruii eran. Po3B’s13aHHs 331241 y IpoCTOpi TpaHCHOPMAHT.

OnnoBuMipHa KpaiioBa 3aja4a (6*) € kpailoBOIO 3a/1a4€t0 3 OJJHOPIAHUM PiBHSH-

HSAM, TOMY il p0o3B’ 130K MO>kHa 3anucaTt uepe3 OCP sk

w,(y) = Che™ + Cie™
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wy(y) = Chae® — Ciae™™

W, Welyosw = 0=>Ch = 0=>w,(y) = Ce” ™, we(y) = —Ciae™™
' p
Wa(o) =po => —Cia =p, =>C; = _?a’ =>
e~
Wa(y) = —Pa p (7 *)

Tperiii eran. O6epHeHHS IHTETPAIILHOTO MEPETBOPEHHSI.
3actocoByroun Gopmyy oOepHEHHS (2*) 10 OTPUMAHOTO PO3B’SA3KY Y MPOCTOPI
Tparncopmant (7*), oTpuMyeMO

2 o e~y
w(x )=——z COS oy X
Y ak lpa a k

[TimcTaBUMO cro/ii BUpa3 JJisi TPAaHCPOPMAHTH P,

e

CoS X
a k

28 [
wey) == 3" [ p() cosag d
k=19

3MIHUMO MOPSAAOK MIJACYMOBYBaHHSI Ta IHTETPYBAHHS

a o

1 e” v
wxy) === | PO Y S (cosa¢ = ) + cosal¢ +2)
k

a
0 =1

VY nanomy BUIAJIKy pO3B’s130K OyJ10 OTPUMAHO MIBUIIE HIXK MEPUIUM CIIOCOOOM.
Tomy MOXHa 3pOOUTH BUCHOBOK, IO JOIIILHO 32 MOXJIMBOCTI 3BOJIUTH 3a/1a4y 0

OJIHOBUMIPHOI1 32 TOIO 3MIHHOIO, 32 SIKOIO KpPailOB1 YMOBH € OJTHOPITHUMH.

Hpuxaan 4.
3anucaTtyd aHTUIUIOCKY 3a/1a4y y TepMiHaX MepeMillieHb Ta PO3B’s3aTH 3a JIOIO-
MOTO0 1HTETpaIbHOTO TIepeTBopeHHs Dyp’e
0°w  9%w
W+6_312:0’_00<x<00’0<y<1

w, szlx—)ioo - Or

k W|y=0 =0, Tyz|y:1 = Gp(x)
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Gp(x)

Kk v Kk K K K K K K K K K K K & &7
1

XXX XXX XXX x7
Z

ow ow .o .
BpaxoBytouu, 1mo 7,, = G 5 vz = G 3y B aHTHUILIOCKIH 3amaui, ne w(x,y) =

u,(x,y), nepenuiiemMo aaHy 3a1a4y y TepMiHaX MepeMilllcHb

(W W e x <0<y <1
—+——=0,—00 o0
0x2 = 0y? ’ * ’ Y

IHepmmii eran. [Tig0ip 1HTErpabHOTO NEPETBOPEHHS Ta 3BEACHHS 3a7a4i J10 OJ1-
HOBUMIPHOI.
BianoBigHo 10 TaOauIll IHTETpaIbHUX IEPETBOPEHD, JaHy 3a7a4y MOXKHA 3BECTH

710 OJHOBUMIPHO1, 3aCTOCYBaBIIIY MTOBHE TiepeTBOpeHHst Dyp’e 3a 3MIHHOIO X!
(00)

We(y) = j w(x, y)eldx (1 %)

— 00

dopMyia 00EpHEHOTO IHTETPAIBHOTO MTEPETBOPEHHS MA€ HACTYITHUN BUTJISIT

1 [ .
wey) = o [ w@leda 29

[ToMHOXMMO 00M/BI YaCTUHU AUQPEPEHINIATIBHOTO PIBHSHHS KpailoBoi 3a/1a4i Ha

e'** Ta mpoIHTEerpyeMO 110 X Y MeKax BiJl —00 J0 0o:

(0]

2°w  0%w o
f W-I_a_yz e dx =0

— 00

Po3buBaemo iHTErpas, 1Mo CTOITh Y JIBIMA YaCTUHI JaHOI PIBHOCTI Ha 2 TOJAAHKU
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aZW aZW lax aZW iax 62W lax
j W-l_a_yz e dx = Jﬁe dx+fa—yze dX(B*)
VY npyromy iHTerpai 3MiHIOEMO MOPSAIOK IHTETPYBaHHs Ta AU(epeHITIIOBaHHS:
0%w
dy?

[lepminii iHTETpal IHTETPYEMO MO YaCTUHAM, BPaXOBYIOUH 33JIaH]1 KpalioBl YMOBHU

2

| a2 [ | d
el dx = d—yz j W(x: )’)elaxdx = d_yzwa(y) (4 *)

. ow .
3a 3MIHHOIO X (W, — - 0):
ox x—+oo
© 2 X—00 0
fa—wei“"dx = a—Wei“x —ia fa—wei“xdx
dx?2 0x Yoo dx
— 00 — 00
o0
i . X—00 .
= —Lawel“"|x_)_Oo —a? f w(x, y)e'*dx = —a?wg(y) (5 *)

—00
[TincraBnsitoun (4*), (5*) no (3*), orpumaemMo BUrIsA AUdEpeHIIaIbHOTO PiB-

HSHHS BUXIJTHOI 3a/1a4l Y IPOCTOP1 TpaHCPOPMAaHT:

2 _
we (¥) — a*we(y) = 0

3acrocyemo iHTerpanbHe neperBopeHHs (1*) 10 kpailoBHX yMOB BUXIIHOT 3a/1a4i

6W|

3 = p(x)). J1st 11bOr0 MOMHOKUMO OOMBI YaCTHHHU

3a 3MiHHOK ¥ (W|y=¢ = 0,
y=1

'*X Ta MPOIHTErPyEMO TI0 3MIHHIHN X Y MeXax BiJf —00 JI0 00:

Ha e
o0

f w(x, y)e'“*dx = Wgly=0 =0,

oo

ow iax g — d [ lax q = d =
Ee X =% w(x,y)e'“*dx = Ewa|y=1 = PaPa
—00 y=1 — 00

= f p(x)e'**dx

— 00

B pe3yabTaTi npuxoArUMoO 0 HACTYITHOT OJJHOBUMIPHOT KpailoBoi 3a1aui
{W(;t,(y) - aZWa(y) =0,0< y < 1 (6 *)
we(0) = 0,wg (1) = pq
Jpyruii eran. Po3B’s13aHHs 3a7a4l y IpocTOpi TpaHC(HOPMAHT.

y=1

OnnoBuMipHa KpaiioBa 3a1a4a (5*) € kpaifloBOIO 3a/1a4€t0 3 OJJHOPIAHUM PiBHSH-
HSAM, TOMY il po3B’s130K MO>kHa 3anucaTti yepe3 OPCP sk

w,(y) = Cychay + C;shay
21



w,(y) = Coashay + Ciachay
Crami C,, C; 3 KpalilOBUX YMOB
w,(0)=0=>Cy, =0=>w,(y) = C;shay,w,(y) = Ciachay

/ p
w,(1) =p, => Ciacha = p, => C; = ac;xla
Sha e_a(l_y) — e_a(l'l'y)
we (¥) :pam:pa a(l + e—2%) (7 %)

Tperiii eran. O6epHeHHS IHTETPAIILHOTO MEPETBOPEHHSI.
3actocoByroun Gopmyiy oOepHEHHS (2*) 10 OTPUMAHOTO PO3B’SA3KY Y MPOCTOPI
Tpancopmant (7*), oTpuMyeMo

1 [ e--y) _ p—a(+y)
[

w(x,y) = o 1 e"l M dq
[lizcTaBUMO CrO/IM BUpa3 JUJIsl TPAHCPOPMAHTH P,
1 ¢  ema(l-y) _ p—a(ivy)
wxy) = 5 J J p(§)e' i de a(ltezn ¢ da

3MIHUMO MOPSAOK IHTETPyBaHHS

1 r r . e~¢(1-y) _ p-a(l+y)
wxy) = j p(&)dé j e -iaCe-5) da

a(l+ e2%)

Ipukaan 5.
3anucaTy aHTUILIOCKY 3a/a4y Y TEpMiHAX MepeMIlIeHb Ta po3B’sA3aTH 3a JIOIO-
MOTOI0 IHTETpaJIbHUX TIepeTBOpeHb Jlamnaca ta yp’e
(0w 0%°w  p 03w
92 " ay? G
w, szlx—>ioo - O;

—0<x<00,0<y<o,t>0

= Gp(x,t),w, Tyz| -0,

Tyzl y—+co

y=0

=0

t=0

Wli—g = 0,—
\ le=o0 ot
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Gp(x,t)
VYV VYV /Y VLW LY L /8 X
0
| NV

ow ow .o .
BpaxoBytoun, 1o 7,., = G 5 vz = G 3y B aHTHILIOCKIH 3amaui, ie w(x, y,t) =

u,(x,y, t), nepenuiieMo qaHy 3aaady y TepMiHax mepeMilieHb

(—azw + —aZW p_@ZW <x< O<y< t>0
= — —00 (0] (00]
9x2 " 9yz G ot XSRUSYS®
ow 0
WI_ ﬁ )
< ox xX—*too
ow 0 ow 0
- = p x; ;W;_ - )
ay y=0 ay y—+00
| _0 ow _0
\ Wle=0 =S¢l ~

IHepmmii eran. [Tig0ip 1HTErpaqbHOrO NEPETBOPEHHS Ta 3BEACHHS 3a7a4i 10 OJ1-
HOBUMIPHOI.
1.1. BianoBigHo A0 TaOJuUIll IHTETPATbLHUX MTEPETBOPEHD JI0 AaHOI 3a]ja4l MOXKHA
3acTocyBaTu nepeTBopeHHs Jlamnaca 3a 3MiHHOIO t:
o0

we(x,y) = f w(x,y, t)e Stdt (1 %)
0
dopMyna 06epHEHOT0 IHTErPaabHOrO HEPETBOPEHHS MA€ HACTYITHUM BUTIIS]
y+ico

1
Wiy, 0 =5 [ wiGoy)etds 29

y—ioo
[ToMHOXkKMMO O00M/BI YaCTUHU AU(PEPEHIIIATIBHOTO PIBHSAHHS KpailoBoi 3a/1a4i Ha

—-at

SJIPO IHTETPAIILHOTO IEPETBOPEHHA e~ ** Ta mpoiHTerpyemo 1o t y mexax Big 0 mo oo:
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Qo

r 0’w  0%*w r w

—St —_ —St
j(axz Z)e dt = J—a dt
0 0

Ooazw mazw p [ 0*w
—St —-St —-St
f 322 © dt + —2 e Stdt GJ FT dt (3 *)
0 0

VY inTerpanax y miBii yacTuHi (3*) 3MiHIOEMO MOPSAOK IHTETpYBaHHS Ta nudepe-

HIIFOBAaHHS:
F 32w 9% [ ) 92
j a_ Stdt == ﬁ W(xr y' t)e Stdt = st(x)y) (4 *)
0 0
Cotw 9% [ ) 92
We Stdt == a_:yz W(xl y; t)e Stdt = a_:yzWS(x) y) (5 *)

IHTCI’paJ'I y npasiii yacTuHi (3*) iHTerpyeMo 10 YaCTHHAM, BPaXxOBYIOUM I10YaT-

= 0):

j —Stdt
0

=swe SHI2P + s f w(x, y, t)e Stdx = s?wg(x,y) (6 %)
0
[TincraBnsitoun (4%), (5*), (6*) no (3*), oTpumaemMo BUIISA AU(PEPEHIIATIBHOTO

KOBI YMOBH 3a 3MiHHOIO t (W|;—o = O

_W —st — a_W —st
[
0

ot

at

PIBHSIHHSI BUX1HOT 3a/1a4l y mpocTopi Tpancopmant Jlamnaca:
2 2 2

0°wg 0°ws  ps

dx? = 0dy? G
3actocyemo iHTerpansHe neperBoperHs (1*) mo kpailoBHX yMOB BUXITHOT 3a1a4i

Ws

ow
3a 3MIHHUMH X,y (W,— ™

ow ow
0,5 = p(x, t),w,5| — 0). Jns uporo

x—*too y=0 y—+00

IIOMHOXMMO OOM/IBI YACTHHHM Ha PO IHTErpaIbHOrO IepeTBopeHHs e ~*t ta mpointe-

rpyemo 1o t y mexax Big 0 mgo oo:

st ow _, owg
w(x,y, t)e stdt, ae dt = WS,E s -0
0 0 x—+oo B
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( ow o[ ow
f—e‘“dt = —J w(x,y, t)e Stdt =— = ps(x), ps (%)
a » a S Vs
J oy S b s
= f p(x, t)e Stdt,
0

r waw ow,

f w(x,y, t)e‘Stdt,J Ee‘“dt = Ws,a—ys - -0

0 0 Y00

B pe3ynbrati npuxoauMo 10 HACTYIMHOI KpaioBoi 3a1aui y mpocTopi TpaHcdop-

maHT Jlaruiaca

(0°w, 0%*w, ps?
Fp%) 6y2=GWS’_OO<x<OO'O<y<OO
owg
4 Ws:ﬁ ot -0, (7 =)
dwg B dwg
\ dy oo = ps(x)JWSJWL}_)OO -0

1.2. BignoBigHO 10 TaOJUIl IHTETPATbHUX MEPETBOPEHbD, JaHY 3a/la4y MOXHA 3Be-
CTH JI0 OJIHOBUMIPHO1, 3aCTOCYBABIIIN MOBHE MepeTBOpeHHsI Pyp’e 3a 3MIHHOIO
X.

oo}

Wea () = j w,(x, y)e i dx (8 %)

— 00

dopmysia 00EpHEHOTO 1HTETPATILHOTO MEPETBOPEHHS Ma€ HACTYTHUN BUTJIST

1 [ .
Wi y) = 5= [ Wealemda (94)

[ToMHOXkHMMO OOMBI YaCTUHU AUQPEPEHIIIATIBHOTO PIBHSAHHS KpailoBoi 3a/1a4i Ha

e'® Ta mpoIHTEerpyeMO 10 X Y MEKax BiJl —00 J0 0O:

‘ 0%wg  0%wg\ . ps?
J <6x2 * 0y? )ew‘xdx — g Msa

Po3buBaeMo iHTETpasl, 10 CTOITh y JIIBIH YaCTHHI JIaHOI PIBHOCTI Ha 2 TOJaHKH

(ee)

f 62W5 + aZWS eiaxdx — f@eiaxdx + f%ei“xdx (10 *)
0x?  0y? dx? dy?

—0o0 —0o0 —0o0

VY apyromy iHTerpasni 3MiHIOEMO MOPSAOK IHTErpyBaHHA Ta JU(epEeHIIFOBaHHS:
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aZWS iax ’ [ iax dz
a_yze dxzd_yz ws(x,y)e dx:d_yzwsa(y) (11 *)

—00 — 00

[lepminii iHTETpal IHTETPYEMO MO YaCTUHAM, BPaXOBYIOUH 33J1aH]1 KpalioBl YMOBHU

. ow
3a 3MIHHOIO X (W, — - 0):
0x lxs+oo
[ee] 2 X —00 (0]
4 Ws iax aWS iax ; aWS iax
—— e dx=——e —ila | —e'*dx
0x 0x Y00 0x
— 00 — 00
(e 0]
. X—00 .
— 1 lax 2 lax — 2
= —iaw,e |x_)_Oo —a f we(x, y)e'™dx = —a“w,(y) (12 %)
—00

[TincraBnsitoun (11%*), (12%) no (10*), orpumaemo Burisan qudepeHiiiaibHOTo pi-

BHSIHHSI BUX1HOI 33/1a41 y MPOCTOP1 TpaHC(HOPMAHT:
2

Wee (V) — <a2 + %) W (¥) =0

2
. S . e
Jliist 3py4HOCTI mo3HauuMo y2 = a? + pT’ Toni piBHSIHHS HaOyBa€ BUTTISAY

2 _
Wsa(¥) =¥ Wsq(¥) = 0
3acToCcyeMO IHTETpaibHEe IePeTBOPEHHS (8*) 10 KpailoBUX YMOB BUX1JIHOI 3a/1a4l

. owg
3a 3MIHHOKO Y ( ”

5 — 0). Iy 115010 MOMHOXKHUMO OOHIBI

owg

= ps(x), w, 3
y=0 y y—00
iax

YacTUHU Ha €' Ta MPOIHTEeTPyEMO 10 3MIHHINA X Y MeXaX BijJ —00 JI0 00!

Ows lax g — d tax 4 — d —
W@ X = @ WS(X, Y)e X - @Wsa|y=1 = PsarPsa
—00 y=1 — 00 y=1
= f ps(x)e' ¥ dx
iax aWS iax dWS“
Ws(x;)I)e dx, a_e dx = Wsa'd— -0
L e y Yoo y y—00

B pe3yabTaTi npuxoArUMo 10 HACTYITHOT OJJHOBUMIPHOT KpaloBoi 3aaaui

Weq (V) = ¥*Wsq(¥) = 0,0 <y < o0

, dw 13
Wsa(o) = psa'Wsa»d_Sa -0 (13 %)

y—)OO
Jpyruii eran. Po3B’s13aHHs 3a7a41 y IpocTOpi TpaHC(HOPMAHT.
OnnoBuMipHa KpaiioBa 3a7a4a (13*) € kpailoBorO 3a/1a4€t0 3 OJTHOPITHUM PiBHSH-

HAM, TOMY ii p0o3B’s130K MO>kHa 3anucaTt uepe3 OCP sk
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wso (¥) = Coe?” + Cie™”
wsq (¥) = Coye?? — Crye™
Cramni Cy, C; 3 KpalilOBUX YMOB

dw
Wsa;—d sa -»0=>C,=0=> Wsa(y) = Cle—]/y’wsla(y) — _Clye_yy
y—o
’ P
Wi (0) = Dsg => —C1Y = Psq => (4 = _% =>
ps?
e VY e—y 0_’2+T
Wsa(¥) = ~Psa—— = = (14 *)

Tpertiii eran. OGepHEHHS 1HTErPaTbHOTO IEPETBOPEHHS.

3.1. 3actocoByrouu Ghopmyily OOCpHEHHS IHTErpajibHOrO TepeTBopeHHss Dyp’e
(9%) no orpuMaHoOTO PO3B’SA3KY y npocTopi TpaHchopmant (14*), oTpumyeMo

_ 2, PS?
ey/a+G

1 [ |
Ws(xJY):__ jpsa—e_laxda

2T 2

[lizcTaBUMO CrO/IM BUpA3 ISl TPAHC(HOPMAHTH Py,

52
azP

:

we(y) =~ 5 j j et

e~ da (15 *)

T

3.2. 3acTocoByroun ¢popmyry 0OepHEHHS IHTETPaJIbHOTO MepeTBopeHHs Jlamnaca
(2*) mo oTpumMaHoOro po3B’sI3Ky y mpocTopi Tpanchopmant (15%), orpumyemo

Y+i©o o o ,a2+p52
w(x,y,t) = ps(f)e“"fd«f e % dq eStds
'y lOO —00 —00 az G
[TizcraBuMO Crou BUpa3 ajst TpaHchopmanTH pg ()
w(x,y,t)
Y+ico o o o _y /Cl2+pTSZ
= f f f p(&,t)e 5%dr e‘“fdf ——c e % dq eStds
y—ioo —00 —o0 0 aZ + %
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Ipuxaan 6.

3anucaTv aHTUILIOCKY 3a/Ja4y Y TEpMiHaX MepeMIlieHb Ta po3B’s3aTH 3a JIOIO-
MOTOI0 IHTETPAIBHOTO MTEPETBOPEHHS, BUOPAHOTO ONTHMAIBPHIAM YHHOM

a(aw)+a—ZE 00< a<r<bh<o,0<8<
—_r — — (00]
"or\"or) Tz ~ VS 45T ’ B,

Trzlr=q = Gf(e);frzlr:b = Gg(@),O <6 <p,
Wlg=o = 0,wlg_p =0,a<r<b

ow 10w .o .
— i Tez = G ~—, B AHTHILIOCKI# 3a1aui, e w(r,0) =

BpaxoByrouu, mo 7,, = G

u,(r, 8), nepenuiieMo qaHy 3aaady y TepMiHax MepeMilieHb

ra ow 0%w
( ) =00< a<r<b<o,m0l<p,

(’)r or Frt
< W @0, = g@),0<0<
or e - f ’ or b =49 ’ ﬁ;
\ W|6=0:O,W|9=ﬁ=O,a<T<b

IHepmmii eran. [Tig0ip 1HTErpabHOrO NEPETBOPEHHS Ta 3BEACHHS 3a7a4i 10 OJ1-
HOBUMIPHOI.
3ayBa)xuMoO, 10 KpaioBi YMOBH 110 8 € OTHOPIAHUMH, TOMY 3pyuHiilie Oy/e 3Be-
CTH 3aJ1a4y JI0 OJJHOBUMIPHOI1, 3aCTOCYBABIIIH 1HTETPATbHE TIEPETBOPEHHS 32 3MIHHOIO
0.
BiamoBinHo 10 Tabnuili iHTETpaIbHUX TIEPETBOPEHD, JaHy 33a/1a4y MOXHA 3BECTH
710 OTHOBUMIPHO1, 3aCTOCYBaBIIIM CKIHUEHHE CHHYC TIepeTBOpeHHs Dyp’e 32 3MIHHOIO
0:
B
k
w,(r) = f w(r,0)sinaf df,a = ?,k =1,2,..(1%)
0
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dopMya 00EpHEHOTO IHTETPAILHOTO MEPETBOPEHHS MA€ HACTYITHUN BUTJISIA

w(r,0) = %z We, (r) sina, 6 (2 *)
k=1

[TomHOXMUMO 00MABI YacTUHU IU(EPEHITIATIEHOTO PIBHSAHHS KpaloBOi 3a1a4i Ha

sin a6 ta npoiHTerpyeMo o 6 y mexax Big 0 10 S

6W 62W _
J 602 sinafdf =0

P036I/IBa€MO iHTeraJ'I 10 CTOITh Y JIiBi YaCTHHI JaHOI PIBHOCTI HA 2 NOJAaHKU

aw 0%w
f +W sina6 db
B
f a<aw 9d9+fazw 0do (3 %)
—\r— *
T ra sina 3592 sina
0 0
VY nepuomy 1HTErpai 3MIHIOEMO MOPSIIOK IHTETPYBaHHS Ta TU(EPEHIIIFOBAHHS:
B B
ja<aw> 6 d6 d(d)j(e)' 6 d6
5\ sina =ro\rg;) | wr@)sina
0 0
d [ dw,(r)
ra(r I ) (4 %)

Jpyruii iHTerpan iHTerpyeMo 1o 4yacTuHaMm, BpaXxOBYIOUM 3a/laHl KpailoBl YMOBH
3a 3MiHHOI0 6 (W|g=o = 0,w|g—p = 0):
B B
d%w ow w
—31na9d9——51na9| ja— cosaf db
0

002 a0
0

= —QaW COS a@lgzo —a j w(r,8)sinad df = —a?w,(r) (5 *)
0
[TincraBnstoun (4*), (5*) no (3*), orpumaemMo BUrIsAA qudEpeHIiaIbHOTO PiB-

HSIHHSI BUXI1JTHO1 3371a4l y TpocTopi TpaHchopmaHT:

d <r dWa(T)) —a’wy(r) =0

TE dr
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3acTocyeMo 1HTerpaibHe nepeTBopeHHs (1*) 10 kpailoBuX yMOB BUX1AHOT 3a1a4i

: d d :
3a 3MIHHOIO T (% o= f (0),% = g(0)). lnst 11p0ro MOMHOKHAMO OOHIBI Yac-

r=

TUHU Ha Sin @@ Ta npoinTerpyemo mno 6 y mexax Big 0 1o f:

B B
aW . d . l;
.[ Esm af do = E_]. w(r,0) sinaf do = Wylr=a = for fa
0 r=a 0 r=a
B
= f f(@)sinab do,
0
B B
aW . d . I}
f a—rsm ab db = 5} w(r,0) sinaf do = Wylr=p = 9o Ga
0 r=b 0 r=b
B
= j g(0)sinab do

0
B pe3yabTaTi npuXxoAMMO 10 HACTYITHOI OJTHOBUMIPHOT KparoBoi 3a7aul
{r(rw&(r))’ —a’w,(r)=0,a<r<b (64)
We (@) = fa, we(b) = gq
Jpyruii eran. Po3B’s13aHHs 331241 y IpocTOpi TpaHCHOPMAHT.
Hudepentiansie piBHsHHS Y (6*) € piBHAHHIM Eitnepa Ta, 3a 10mOMOroro mijc-

TAaHOBKU T = ae’, Horo Mo»kKHa 3BECTH JI0 PiBHSAHHSA 31 CTaIUMHU KoedilicHTaMu
. r
r=ae‘, t =In—
a

v(t) = wy(ae®) = w,(r)

dr
E =r
Tomi
dv dw, dr .
&= ar @ e

d? d d d ,
d_t;] == (rwi(r) = o (rwg(r)) - d_z = r(rwg(r))

HpHrza,tzo,anrzb,t=ln§.

: b
[To3naunmo asst 3pyuHocTi | = In -

we(a) = fo =>v'(0) = af,
Wwe(b) = go =>v'(D) = bg,
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To6To, micns 1aHoi 3aMiHM KpaiioBa 3aja4a (6*) npuiiMae HaCTYITHUN BUTJISA
v —atv=0,0<t<l
: , 7
0> 2 ay ') = gy 7
OnnoBuMipHa KpaiioBa 3amada (7*) € kpalioBOIO 3a/1a4€t0 3 OTHOPITHUM PiBHSH-
HSIM, TOMY 1i pO3B’SI30K MOkHa 3anucat yepe3 OCP sk
v(t) = Cychat + Cyshat
v'(t) = aCyshat + aC;chat
a a
v'(0) =af, =>aC, = af, =>C; = Ef“ => v(t) = Cychat + Efashat,v’(t)
= aCyshat + af,chat
’ bg - af Ch(al)
v'(1) = bg, => aCysh(al) + af,ch(al) = bg, => C; = — ocsh(i(l) =
Ja — afach(al)
ash(al)
bchat N a shatsh(al) — chatch(al)
ash(al) af“ sh(al)
_ bchat  a _ ch(a(l—1))
= Ya ash(al) a’*  sh(al)
b e—a(l—t) + e—a(l+t) a e—at + e—a(Zl—t)
~Jay 1—e2al ey 1 —e2dd
[ToBepTarounck 10 Wy (1), OTPUMYEMO PO3B’SI30K Y MPOCTOPI TPaHCHOPMAHT

b e—a(lng—lng) + e—a(lngﬂng) ae alna +e” (Zlng—lng)
Wa(r) :gaa — fa=

b
v(t) =

a
chat + P faShat

= Ya

b (%)a i (Z—f«)

=Ya— — fa 2 (%)a i (%)a

-G -6

Tpertiii eran. OGepHEHHS 1HTErPATBLHOTO EPETBOPEHHS.

(8+)

3acTocoByrouu popMyiny oOepHEeHHS (2*) 10 OTPUMAHOTO PO3B’SI3KY y MPOCTOPI
TpanchopmanT (8*), oTpUMyeMO
a?
br

2 © a 2 _
W(r,9)=EkZ: 1_(_)2a —faa 1_(_ —=—|sin a0

a
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[TincTaBuMoO croau Bupasu sl TpaHCHOPMAHT fy, Jq

i p(5) + (W)

[ 8
| .
(®) do— 2a
"

«() + ()

B ]
_Jf(go) sinag d(pa T JlsmakH
0

w(r,0) =

= N

1__

Hpuxaan 7.
3amucaTyd aHTUILIOCKY 3a/1a4y y TepMiHaxX MepeMillieHb Ta PO3B’s3aTH 3a JOI0-
MOT'OI0 IHTETPaJILHOTO MEPETBOPEHHSI, BUOPAHOTO ONTUMAJIbHUM YHHOM
0/ ow\ 0%*w
( )+——0,0<a<r<b<00,0<9<,8,
ar or

W|r=a = f(g);W|r=b = g(@),O <0< ﬂ,
THZ|9=0 = OJTezlezﬁ = O,a <r< b

r

ow 10w
BpaxoBytouw, o 7,, = G — Tz = =G ~55 B AHTUIUIOCKIH 3amaui, ne w(r, 8) =

u,(r, 8), nepenuiieMo qaHy 3aaady y TepMiHax MepeMilieHb
(0 ( ow\ 0%w
r§< aT)+W—O,O<a<r<b<00,0<6?<,8,
] Wlr=q = f(0),wl—p = g(6),0 <6 <B,

dv g w
\ 0019  00lg—p

Iepummii eran. [1ix01p iHTerpaibHOTO NEPETBOPEHHS Ta 3BEJICHHS 3a1a4l 10 OJ1-

=0,a<r<b

HOBUMIPHO.
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3ayBaxuMo, 10 KpailoBi yMOBH 1O 6 € OIHOPITHUMH, TOMY 3pyUHilIe Oyze 3Be-
CTH 33/1a4y 10 OAHOBHUMIPHOT, 3aCTOCYBABIIIY 1HTErPaTbHE IEPETBOPEHHS 3a 3MIHHOIO
0.
BianoBigHo 10 TaGauIll IHTETpaIbHUX IEPETBOPEHbD, JaHy 3a7a4y MOXKHA 3BECTH
710 OJTHOBHMIPHOI, 3aCTOCYBABIIIM CKIHYCHHE KOCHHYC nepeTBopeHHs Dyp’e 3a 3MiH-
HOO 6.
B

k
w,(r) = J w(r,0) cosab db,a = %,k =1,2,..(1%)
0

dopMya 00EpHEHOTO IHTETPAILHOTO MEPETBOPEHHS Ma€ HACTYITHUNA BUTJISI

1 (0]
w(r,0) =— [WO(T) + 2 Z W, (1) cos a0 ] (2 %)
k=1

B

[ToMHOXKMMO O00M/BI YaCTUHU AUQPEPEHINATBHOTO PIBHSHHS KpailoBoi 3a/1a4il Ha

cos a6 Ta nmpoinTerpyemo 1o 6 y mexax Big 0 1o S:

B
j 6(6w>+62 0do =0
"or\"ar) T 02| ST AV =
0

P036HBa€Mo 1HTerpas, 10 CTOITh Yy JIIBif YaCTHHI JJaHOI PIBHOCTI Ha 2 TOAaHKH

j aW +az 0 do
692 cosa

= g _6 60do+ | — 6do (3

k

j ar<ra>cosa fagzcosa (3 %)
0

VY nepuiomMy iHTETpai 3MIHIOEMO TOPSIIOK IHTETPYBaHHS Ta TU(epeHIIIFOBaHHS:

B B
f a(aw> 0do = d(d)j (r,0) cos af do
37\ 3, ) cosa r\rg;) | wr0)cosa
0 0
d [ dw,(r)
= 7‘5<7’ ) (4 )
Jpyruii iHTErpan iHTErpyeEMo 1Mo 4acTHHAM, BPaXOBYIOUYH 3aJiaHi KPaloBl YMOBH
oo 6 (5| =022 =o)
3a sminmoio 8 (55| =0, op O

33



j gdg =2V 0| + Jaw' 0 do
692 cosa = 69 cCosa o (04 ae SIna

B
= aw sin a9|gzg — a? f w(r,8) cosal df = —a’w,(r) (5 *)

0
[TincraBnsroun (4%*), (5*) mo (3*), orpumaeMo Burisia AUGEPEHITIATHLHOTO PiB-

HSIHHS BUX1JTHO1 3a/1a4l y IPOCTOp1 TpaHC(HOpMaHT:
d [ dw,(r)
2 _
r—|\r —awy(r)=20
dr dr a(r)
3acTocyeMo 1HTerpaibHe nepeTBopeHHs (1*) no kpailoBux yMOB BUX1/IHOI 3a/1a4i
3a 3MIHHOWO T (W|,—q = f(0),W|,=, = g(0) ). lns 1poro moMHOXMMO OOM/BI Yac-

THUHU Ha cOs af Ta npointerpyemo 1o 0 y mexax Big 0 g0 S:

B

j w(r,0) cosab db = Wylreq = for fa = jf(@) cos af déo,
0 r=a

B B

jw(r, 0) cosab db =Wylr=p = 9o 9o = fg(@) cosab db
0 = 0

B pe3yabTaTi npuxoAMMO 0 HACTYITHOT OJTHOBUMIPHOT KpaloBoi 3a7aul
{r(rw&(r))’ —a’wy(r)=0,a<r<b (6+)
We (@) = fo, we (D) = gq
Jpyruii eran. Po3B’s13aHHs 331241 y IpoCcTOpi TpaHCHOPMAHT.
HudepenuianbHe piBHsAHHA Y (6*) € piBHsAHHIM Eilnepa Ta, 32 10OMOroro mijc-

TAaHOBKU T = ae’, Horo Mo»kKHa 3BECTH JI0 PiBHSAHHSA 31 CTaIuMHU KoedilicHTaMu
. r
r=ae‘, t =In—
a

v(t) = wy(ae®) = w,(r)

dr
E =r
Tomi
dv dw, dr )
&= @ ar s e

d?v

d d d ,
FroinieT (rwi(r) = o (rwg(r)) - d_z = r(rwg(r))

HpHrza,tzo,anrzb,t=ln§.
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: b
[To3znaunmo asns 3pyunocti | = In -

To6To, micnsg naHoi 3amMiHM KpaioBa 3aaa4a (6*) mpuiiMae HaCTYITHUIN BUTIISA
v —a*v=0,0<t<l
{ (7 %)
v(0) = fo, v(D) = ga

PosrisiHeMo Bunagok a # 0.

OnHoBuMipHa KpaiioBa 3ajaya (7*) € kpaliloBOIO 3a/1a4€t0 3 OJTHOPIAHUM PiBHSH-
HSIM, TOMY 1i pO3B’SI30K MOkHa 3anucat yepe3 OCP sk
v(t) = Cychat + Cyshat
v(0) = f, =>Cy = f, => v(t) = f,chat + C;shat
Ga — faCh(al) _

v(l) = g, => fych(al) + Cish(al) = g, => C; =

sh(al)
_ 9o — fach(al) B chatsh(al) — shatch(al) shat
v(t) = fychat + sh(aD) shat = f, shiaD) + gam
B sh(a(l — t)) shat
Y sh(al) T Ja sh(al)

-at __ e—a(zl—t) e—a(l—t) _ e—a(l+t)

e

IToBepTarouunce 0 W, (T ), OTpPUMYEMO 03B’SA30K y IPOCTOpPI TpaHCHOPMAHT
¢4

p-alnl _ —a(2ing-In7) p-a(ing-inz) _ -a(Ing+in7)
Wa'(r) = fa oD t Ja -
1—e a 1—e a
r b? b br
e—alna _ e—a(lnﬁ) e—a(ln?) _ e—a(lnﬁ)
= fa -2a + .ga -2a
1-— eln(g) 1 — eln(Z)

O -G 6 -6
OO

Posristaemo Bunajiok a = 0.

= f,

VY maHomy BUIIQJKY KpanoBa 3ajadya IIpUIMMae BUTIISAL
v =00<t<I
{ . . (9 %)
v(0) = fo,v(D) = go
OnnoBuMipHa KpaiioBa 3a1a4a (9*) € kpalloBOIO 3a/1a4€to 3 OJTHOPITHUM PIBHSH-
HSAM, TOMY il p0o3B’ 130K MOkHa 3anucaTt uepe3 PCP sk
v(t) = CO + Clt
v(0) = fo =>Co = fo =>v(t) = fo + (it
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~f
v() =go=>fo+Cil=go=>C, = i >

l—t t
v(t) = fo + fot:foT‘l'goZ

[ToBepTaruuck 10 Wy (7), OTPUMYEMO PO3B’SI30K Y MPOCTOPI TpaHcHopMaHT

=>

b r b
lna—lna ln— ln— ln—
WO(r) =Jo b + fO O b (10 *)
In—= ln— ln— In—
a a a a

Tperiii eran. O6epHeHHS IHTETPAIILHOTO MEPETBOPEHHSI.
3actocoByroun hopmysy obepHeHHS (2*) 10 oTpuMaHUX PO3B’SA3KIB y IPOCTOPI
tparcdopmant (8*), (10*), orpumyemo

b T
w(r,0) = [hm_ 8
ﬁl lna lng
- a\* _ (ar\® e a_Za
S PG e N

[lizcTaBUMO CrOJIM BUpA3H ISt TpaHC(bopMaHT for Ga

ln—

ln—
w(r,0) = ff(<p)d<p jg(w)dw b

’@ (“)“ - (52)°

+22 jf((p)coscapd(p 1_(%)2a

B e  (a%\"
&) - (&)
+ | g(p)cosapde \2a | cos ab

i - | ]

36



InrerpanbHe nepersopenns I'ankess
3acTocyBaHHS 1HTETPAIBHOTO NEPETBOPEHHS | "aHKes pO3IIITHEMO Ha MPUKIAIl
3aj1a4 TEIUIOMPOBITHOCTI, 7€ MIYKaHOW (PYHKI€0 € GYHKIlisA Temiepatypu - w(r, z).
Ha rpanuii Mmoxxe OyTH 3a7jaHa sIK caMa TeMIeparypa, Tak 1 TeIJIOBHM MOTIK (HOpMa-

JpHA moxiaHa Big w(r, z)).

Hpuxaan 1.
Po3B’s13aTu kpaitoBy 3a/1a4y TEIUIONPOBITHOCTI 3a JIOTIOMOT0I0 MIepeTBOpeHHS [ a-
HKeJIS
(19 ; ow\ 0*w
;a(rﬁ)_kﬁ: 0,0<r<1,0<z<h,
ow
3 (|W|; |5 ) o < o,wl.—; =0,
ow
k Wlemo = 05| =)

Z=

X\

f(r)

o\ 2

IHepmmii eran. [Tig0ip 1HTErpaqbHOrO NEPETBOPEHHS Ta 3BEACHHS 3a7a4i J10 OJ1-
HOBUMIPHOT.
BianoBigHo 10 TaOGIuUIll IHTETpAIbHUX IEPETBOPEHD, AaHy 3a7a4y MOXKHA 3BECTH

710 OJTHOBUMIPHO1, 3aCTOCYBABIIIM CKIHUCHHE TIEpeTBOPEeHHS ["aHKesI 32 3MIHHOIO T
1

w,(z) = jw(r, z)r],(ar)dr (1 )
0
ne ay, > 0 — kopewi piBHsuus [ (a) = 0.

dopmysia 00EpPHEHOTO IHTETPATLHOTO MIEPETBOPEHHS Ma€ HACTYITHUN BUTJIS
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wir,2) = zz @0 (2

[TomHOXHUMO O0M/IBI YaCTUHU ﬂn(bepeHulanbﬂoro PIBHSIHHS KpalOBOi 3a/1a4i Ha

PO IHTErPAILHOTO TTEPETBOPEHHS 1/, (1) Ta mpoiHTErpyeMO 1o 7 y Mexax Bix 0 10

j.;r (ra_)]o(ar)dr+ Ja_rfo(m”)dr (3 %)

0
VY apyromy iHTerpasi 3MiHIOEMO NOPSAAOK IHTErpyBaHHA Ta JU(EpPEHIIFOBAaHHS:

1 1
2

0w dr = 4 dr = d 4
’[WTIO(“T) r= @ W(T, Z)rIO(aT) r= FWO—’(Z) ( *)
0 0

[lepmmii iHTErpan IHTErpyeEMO IO YacTHMHAM, BPaxOBYIOUM KpaliOBI YMOBHU 3a

Dl

< oo, W|,—; = 0), a Takox Te, o GpyHkuii beccens 3amo-

3MIHHOIO T ((|W| =

BOJILHSIOTH PIBHSHHS
1 0
ror

(r i]O(crr)) + a?Jy(ar) =0

f raJo(ar)dr

0

X 6 w p ow
[ o (-2 sotaryir = S rptan)|
0

_ 0 =1 o af o J
= —Wrajo(ar) L +fw(r,z)§ rajo(ar) r

0

1
= jw(r zZ)r 19 ri] (ar) | £ a?J,(ar)|dr
B ’ ror\ or’° -0

0
1

= —q? j w(r, z)r]o(ar)dr = —a?wy(2) (5 *)
0
[TincraBnsroun (4%*), (5*) no (3*), orpumaeMo Burisia AudEpeHITIATHLHOTO PiB-

HSIHHSI BUXI1JTHO1 3371a4l y TpocTopi TpaHchopmaHT:
wy (z) — a’wy(z) =0
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3acTocyeMo 1HTerpaibHe nepeTBopeHHs (1*) mo kpaiioBUX yMOB BUXIJIHOI 3a/1a4l

: ] :
3a 3MIHHOIO Z (W|,—o = O,a—‘g| = f(r)). g 1pOro MOMHOKMMO OOMIBI YaCTHHU
z=h

Ha S7IPO THTErPAILHOTO MEPETBOPEHHS 1"/ (1) Ta MPOiIHTErpyeMO 1o 'y Mexkax Bijx 0

1o 1:

1

fw(r, z)r]o(ar)dr = Wy |,=0 =0,

0 z=0
2 d 1 d
ﬁgfwmm- =5 we @ =Zwl] =t
0 z=h 0 z=h

= [ rsotanar

B pe3yabTaTi npuxXoAMMO 0 HACTYITHOI OJTHOBUMIPHOT KparoBoOi 3a7aul
{wo’[’(z) —a’w,(2) =0,0<z<h 6+
we(0) = 0,wg(h) = fo
Jpyruii eran. Po3B’s13aHHs 331241 y IpocTopi TpaHCHOPMAHT.
OpHoBuMipHa KpaiioBa 3a7a4a (6*) € kpaliloBOIO 3a/1a4€t0 3 OJTHOPIAHUM PiBHSH-
HSAM, TOMY ii p0o3B’s130K MOkHa 3anucaTt uepe3 OCP sk
w,(z) = Cychaz + C;shaz
w,(z) = Coashaz + C;achaz
Crani Cy, C; 3Haii1eMO 3 KpaillOBUX yMOB
w,(0)=0=>Cy, =0=>w,(z) = C;shaz,w;,(z) = C;achaz
fa

achah
—a(h-z) _ e—a(h+z)
(7 )

WOI.’(h) = fa => ClaChah = fa => Cl =

() = shaz e
Wa(2) = fa ooy achah = Ja a(l + e—2ah)
Tpertiii eran. OGepHEHHS 1HTErPaTBLHOTO IEPETBOPEHHS.

3acTocoByrouu GopMyiny oOepHEHHS (2*) 10 OTPUMAHOTO PO3B’SI3KY y MPOCTOP1
TpancopmanT (7*), oTpuMmyeMo

_ e~ ¥(h=2) _ g=a(h+2) (1)
WO =2 fo oy o e

ne fo = [y FT)o(ar)dr.
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Ipuxnan 2.

Po3B’s13aTi KpaiioBy 3a7a9y TEIIOTPOBITHOCTI 3a JOTIOMOT OO TIepeTBOpeHHs [ a-
HKEJIs

(10 / ow\ 0%*w
(ra)+ > =0,0<r<1,0<z<h,

r or 0z
X (| | |6W) < ow
- 00, — =
Y ar 50 "orl—y
\ le:o = OrW|z=h = f(T’)

X\

f(r)

2

IHepmmii eran. [Tig0ip 1HTErpaqbHOrO NEPETBOPEHHS Ta 3BEACHHS 3a7a4i J10 OJ1-
HOBUMIPHOI.
BianoBigHo 10 TaOGauIll IHTETpaIbHUX IEPETBOPEHD, JaHy 3a7a4y MOXKHA 3BECTH

710 OAHOBUMIPHO1, 3aCTOCYBABILIM CKIHUEHHE MepEeTBOPEHHS ["aHKes 3a 3MIHHOIO 7
1

w,(z) = jw(r, z)r]y(ar)dr (1 )
0
ne ay, > 0 — kopewi piBasHHs [, (a) = 0.

dopmysa 06EpHEHOTO iHTerpaanoro NEPETBOPEHHS Ma€ HACTYITHUN BUTJIS

wir,2) = zz @D (2

[ToMHOXHMMO OOM/IBI YaCTUHU nn(bepeHulaanoro PIBHSIHHSI KpaiOBOi 3a71a4i Ha

PO IHTErPAIbHOTO TIEPETBOPEHHS 1] (1) Ta mpoiHTerpyeMo 1Mo 1 y Mexax Bia 0 10
1:
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or

0
VY apyromy iHTerpasi 3MiHIOEMO MOPSAOK IHTETpyBaHHs Ta AUPEPEHIIIIOBAHHS:

- [ 2 (r2) jotarar + f %Tlo(m)dr (3%)
0

d0%w d? 1 d?
fﬁrjo(ar)dr = 12 w(r, z)r],(ar)dr = @Wa(z) (4 %)
0

[lepmmii iHTErpan iHTErpyeEMO MO YacTHMHAM, BPaxOBYIOUM KpalOBI YMOBHU 3a

)

HKII1T beccens 3a10BOJbHSIIOTH PIBHSIHHS

10
ror

0
<00,_W

r—0 or

= 0), atakox Jo(r) = —J,(r) Ta Te, mo dy-

3MIHHOIO I ((|W|
r=1

ar

0
(r —]O(ar)) + a?Jo(ar) =0

j roJo(ar)dr

0

y 6 W P ow
[ 3 (r 2 sotaryar = S rptan)|
0

1

~ 0 T o( o ;
= —Wrajo(ocr) L +JW(T’Z)§ rajo(ar) r

0

g 19( 0
= j w(r, z)r [——(r ah(m’)) + azjo(ocr)] dr

ror
0

1

- _a? J w(r, Drfo(ar)dr = —a?wy(2) (5 %)

0
[TincraBnsitoun (4*), (5*) no (3*), orpumaemMo BUrIsa AudepeHIiaIbHOTO PiB-

HSIHHSI BUXI1JTHO1 3371a41 y TpocTOopi TpaHchopmaHT:
wy (z) — a’wy(z) =0
3actocyemo iHTerpaibHe neperBopeHHs (1%) mo kpailoBUX yMOB BUXIJHOT 3aa4l

3a 3MiHHOI0 Z (W|,—¢ = 0, w|,—p, = f(1)). [las 11bOro MOMHOXUMO OOU/IBI YACTHHHU Ha
PO IHTErPAIbHOTO TIEPETBOPEHHS 1] (1) Ta mpoiHTerpyeMo 1Mo 7 y Mexax Bia 0 10
1:

1

fw(r, z)r]o(ar)dr = Wy |z=0 =0,

0 z=0
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1

1
[ wrdrio@@ddr| = weloen = furfi = | £y
0 Z=h 0
B pe3ynbTaTi mpuxoauMo 10 HaCTYIMHO1 OJJHOBUMIPHOT KpailoBoi 3aaul
{W(;’(Z) —a’wy(2)=0,0<z<h 6+
we (0) = 0,we(h) = f,
Jpyruii eran. Po3B’s3aHHs 3a/1a4i y IpocTopi TpaHCcHOpMaHT.
OnnoBuMIipHa KpaiioBa 3amada (6*) € kpalioBOIO 3a/1a4€t0 3 OTHOPITHUM PiBHSH-
HSIM, TOMY ii pOo3B’A30K MOkHa 3anucaTt yepe3 PCP sk
w,(z) = Cychaz + C;shaz
Cram C,, C; 3Hali1eMO 3 KpalloBUX YMOB
w,(0)=0=>Cy =0=>w,(z) = C;shaz

f

wy(h) = f, => C;shah = f, => C, = Sh‘;h =>
shaz e—a(h—z) _ e—a(h+z)

We (2) :fawzfa 1 — e—2an (7 %)

Tperiii eran. O6epHEHHS 1HTETPaJIbHOTO MEPETBOPEHHS.
3acTocoByrouu popMyiny oOepHEeHHs (2*) 10 OTPUMAHOTO PO3B’SI3KY y MPOCTOPI
TpanchopmanT (7*), oTpuMyeMO

—a(h-z) _ e—a(h+z)]0(akr)

= e
w(r,z) =2 ;fa T~ o 2an ]g(ak)

xe fo = [ f(r)r]oar)dr.

Hpuxaan 3.
Po3B’s13aTu kpaiioBy 3a/1a4y TEIIONPOBITHOCTI 32 IOTIOMOT0I0 MepeTBOpeHHS [ a-
HKEJIs
(10 / ow\ 0%w
——(r—)+—=0,0< a<r<b<o0<z<h,
ror\ or 0z?
3 Wlr—q = 0,wl—p =0,
o= 0.2 = f()
W|,—0 = 0,— = f(r
\ z=0 0z z=h
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_\_________ -
__/___________

N
g
i
\

k/’
-

f(r)

a

Iepmmii eran. [1in6ip iHTErpaqbHOTO MEPETBOPEHHS Ta 3BEACHHS 3aj1a4i JI0 O1-
HOBUMIPHOT.
BianoBigHo 10 TaGauIll IHTETpaIbHUX IEPETBOPEHB, JaHY 3a7a4y MOXKHA 3BECTH

710 OAHOBUMIPHO1, 3aCTOCYBAaBILIM CKIHUEHHE IEPETBOPEHHS ["aHKesl 3a 3MIHHOIO 7
b

w,(z) = fw(r, z2)rX (0( g) dr (1 %)

ne X( ) ]O( )No(a) — Jo(@)N, (a 2) Jo(r), No(r) — dymxuii Beccens

. . . . b
MepIIoro Ta APYroro pojay BIAMOBIIHO, @ > 0— kopeHi piBHSHHSA X (a Z) =
b b
Jo (@2) No(@) = Jo(@)No (a2) = 0,
dopMyta 00EpHEHOTO IHTETPAIBHOTO MIEPETBOPEHHS MA€ HACTYITHUIN BUTJISIT

()

TAR

w(r,z) = Z W (2) ——2

1 nzak]o (akg)
IXull? ™ 20273 (@03 ()]

[ToMHOXMMO 00MBI YacTUHU AUQPEPEHINIATIBHOTO PIBHSHHS KpalloBoi 3a/1a4i Ha

Jc

. T . .
AJIpO 1HTErPATLHOTO NepeTBOpeHHs 17X (a Z) Ta TMPOIHTETPYEMO IO T y MeXax Bil a

1o b:
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—fa ow ~)dr + X (a<)dr (3
- 6r< 6r> 4 Jﬁr r(*)

a
v z[pymMy 1HTETpai 3MIHIOEMO TOPSAIOK IHTETPYBaHHS Ta AU(epeHITIIOBaHHS:

b
d? r d?
j—rX dr = w(r, z2)rX (a E) dr = @Wa(z) (4 %)

a
HepmHH IHTErpasl IHTErpyeEMO MO YaCTHMHAM, BPAaXOBYIOUHM KpaiOBI YMOBH 3a

3MiHHOKO T (W], =4 = 0,w|,.—;, = 0), a Takox Te, mo yHkIii beccens 3a10BOIBHIIOTH

PIBHSHHS

2 2
o (D) (D) =0 (e o) =0

a OTXKC

b

jw(r zZ)r F%(r%X (a£)> + Z—jX (ag)] dr

a

= —a—jfw(r,z)rX (az) dr = —a—ZWa(Z) (5 %)
a a a

[Tincrapnsroun (4%*), (5*) no (3*), orpumaeMo BUrisA AUGEpEeHIIaTbHOTO PiB-

HSIHHSI BUXI1JTHO1 3371a4l y TTpocTopi TpaHchopmaHT:
o2

We (2) = —we(2) =0
3acTocyemMo iHTeraJIBHe nepetBopeHHs (1*) 1o kpailoBUX yMOB BUX1IHOI 33124l

3a 3MIHHOKO Z (W|,—o = O, E = f(r)). g 1poro MoOMHOXHMO OOHIBI YaCTUHHU
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. T . .
Ha JIpO 1HTErpajIbHOro NEPETBOPEHHS 17X (a Z) Ta MPOIHTETPYEMO I10 7'y MEXaxX B[

a 1o b:
b
r
jw(r, z)rX (a E) dr = Wy |,=0 =0,
a z=0
ba d ‘ d
w r r
erX (a E) dr = Ef w(r, z)rX (a E) dr =7 Wa . = for fa
a z=h a z=h
b
= ff(r)rX (a I) dr
a
a

B pe3yabTaTi mpuxoAuMo 10 HACTYITHOT OJTHOBUMIPHOT KpaloBoi 3a1a4i
o2
(z)— >We(2) =0,0<z<h (6 %)

Wa(O) =0,we(h) = fo
JApyruii eran. Po3B’s13aHHs 337a4l y IpOCTOP1 TpaHC(HOPMAHT.
OpnoBuMipHa KpaiioBa 3aa4a (6*) € kpalioBOIO 3a/1a4€t0 3 OJTHOPIAHUM PiBHSH-
HSAM, TOMY ii p0o3B’s130K MOkHa 3anucaTt uepe3 OCP sk

a a
w,(z) = Coch—z + Clsh—z
w,(z) = CO sh z+ Cl—ch z
Cram C,, C; 3Hali1eMO 3 KpallOBUX YMOB

a a  «a
w,(0)=0=>Cy=0=>w,(2) = Clshaz,wc’z(z) = ClEChEZ

: a _ a fe
Wa(h) = fo => Ci—ch—h = fo =>C, = ﬁchaﬁh =>
aa
sh% 7 o~ a(h=2) _ ,=g(h+2)
wq (2) :faWZ afy 2ah (7 %)
2Chgh a<1+e_7>

Tpertiii eran. OGepHEHHS 1HTErPATBLHOTO EPETBOPEHHS.

3acTocoByrouu popMyiny oOepHEeHHS (2*) 10 OTPUMAHOTO PO3B’SI3KY y MPOCTOPI
tpanchopmanT (7*), oTpuMyemMo
oo r
o—ah=2) _ ,—a(h+D) X (ak a)
wr2) = ) ofy 2ahy  [[X,|I?
k=1 a (1 +e a ) k
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ne f, = f:f(r)rX (a 2) dr.

Ipuxnan 4.
Po3B’s13aTi KpaiioBy 3a7a9y TEIIOTPOBITHOCTI 3a JOTIOMOT OO TIepeTBOpeHHs [ a-
HKEJA
(10 / ow\ 0*w
——(r—)+—=0,0< a<r<b<ow0<z<h,

ror\ or 072

X ow 0w _ 0

or r=a_ ,67‘ r=b_ ’

\ W= = 0,wl,=p = f(7)

b

>

o X
/ ' |
1 I
I :
y I |
I :
1 I

P R
I’ - - o I
f(r)
a4

Hepmmii eran. [Tig0ip 1HTErpabHOrO NEPETBOPEHHS Ta 3BEACHHS 3a7a4i J10 OJ1-
HOBUMIPHOI.
BianoBigHo 10 TaGauIll IHTETpaIbHUX IEPETBOPEHB, AaHY 3a7a4y MOXKHA 3BECTH

710 OAHOBUMIPHO1, 3aCTOCYBaBILIY CKIHUEHHE NepEeTBOPEHHS ["aHKes 32 3MIHHOIO 7
b

W (2) = j w(r,2)rX (a g) dr (1 %)

ne X (a 2) =4 (a 2) N, (@) — J;(a@)N, (a g) Jo(r), No(r) — dbynxiii Beccens

. : . b
MIEPIIOTO Ta APYroro poay BiAMOBiIHO, o) > 0 — KOpeHi piBHIHHS J; (a ;) N, (a) —

J1(a)N, (a Z) = 0.

dopmysia 00EpPHEHOTO IHTETPATBLHOTO TIEPETBOPEHHS Ma€ HACTYITHUN BUTJIS
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()

TA

w(r,z) = Z wy(z2) ———=

T akjl(akg)

b
e ||X1||2 — 2a2[1%(ak)2—1%(ak5)]
k=0

b2—q2’

k>0,

[TomHOXMMO 00MABI YacTUHU NU(DEPEHIIATIEHOTO PIBHSAHHS KpaloBOi 3a1a4i Ha
. T . .
AP0 IHTETPATLHOTO MEPETBOPEHHS 17X (a Z) Ta MPOIHTETPYEMO TIO 7' 'y MeXax BiJ a

o b:
b
jla ow +62W X( r)d
rar(rar) azzr aa r
a

b
ja ow d+f—X dr (3 %)
= *
6r< 6r> r azzr r(

a
VY apyromy iHTerpasi 3MiHIOEMO MOPSAOK IHTETpyBaHHs Ta AUPEPEHITIIOBAHHS:

0w T d? r d?
WTX( a) dr = P w(r, z)rX (aa) dr = Fwa(z) (4 %)

a a
[lepmmii iHTErpan IHTETPyeEMO MO YaCTHHAM, BPaXOBYIOUM KpaloOBI YMOBHU 3a

= 0), a takox Jo(r) = —=J1(r) ,No(r) = =N, (7)),

b )
100T0 X' (¢ =) = 0 1a Te, mo dyukLii beccens 3a10BONIBHAOTH DIBHAHHS
a i y

2 2
(i oD) e g (o) om0

a OTKC

10 0 2
WQW(“%))%X(“%) o
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2

= —Z—jj w(r, 2)rX (“2) dr = _%Wa(z) (5 %)

[TincraBnsroun (4%*), (5*) no (3*), orpumaeMo BuUrisiA AudEpeHITiaTbLHOTO PiB-

HSIHHSI BUXI1JTHO1 33]1a4l y TpocTOpi TpaHcHopMaHT:
II az — O
We (2) = — We(2) =

3acTocyeMo 1HTerpaibHe nepeTBopeHHs (1*) 10 kpailoBUX yMOB BUX1JIHOI 3a/1a4l

3a 3MIHHOIO Z (W|,—o = 0, w|,—, = f(r)). 115 11bOr0 MOMHOXMMO OOHU/IBI YACTUHH HA

. T . .
AP0 IHTETPATBHOTO MEPETBOPEHHS X (a Z) Ta IMPOIHTErPYEMO IO 7'y ME¥kKax BII A

1o b:
b
w(r, z)rX (az) dr = Wylz=0 =0
’ a alz=0 ’
¢ z=0
b b
[ warax (al)ar|  =weloon = fufe = [ FOIX (al)ar
a z=h a

B pe3yabTaTi npuxoAMMO 0 HACTYITHO1 OJTHOBUMIPHOT KpaloBoi 3a7aul
o2
(Z)— Wa(Z)_00<Z<h(6*)
Wa(o) = 0,we(h) = fo
Jpyruii eran. Po3B’s13aHHs 331241 y IpOCTOpi TpaHCHOPMAHT.

Posriissaemo Bumnayiok @ # 0.

OnnoBuMipHa KpaiioBa 3amada (6*) € kpalioBOIO 3a/1a4€t0 3 OJTHOPITHUM PiBHSH-

HAM, TOMY ii p0o3B’s130K MOkHa 3anucaTt uepe3 OCP sk
a a
w,(z) = Cochaz + Clshaz

Crami C,, C; 3HaliIeMO 3 KpallOBUX YMOB

48



a
w,(0)=0=>Cy=0=>w,(2) = Clshaz

ah 1.
Wa(h) = fo => Cish— = fo => (1 = — 7 =>
sh—
a
a
Shaz e—a(h—z) —(h+2)
we(2) = fo ah = Ja 2ah (7 %)
h— 1—e a

Posristaemo Bunagiok a = 0.

V¥ nanomy BuMajKy KpaioBa 3aiayda (6*) npuiiMae HaCTyITHUNA BUTJISA]T
wy(z) =0,0<z<h
wo(0) = 0,wy(h) = fo

OnnoBuMipHa KpaiioBa 3amada (8*) € kpalioBOIO 3a/1a4€t0 3 OTHOPITHUM PiBHSH-

HSIM, TOMY ii p0o3B 30K MOHa 3anucatu yepe3 OCP sk
wo(z) = Cy + Cyz
Cram C,, C; 3Hali1eMO 3 KpalloBUX YMOB
we(0) =0=>C, =0=>w,(z) =C;z
fo
wo(h) = fo => Cih = fo => (=7 =>

h
Z

wo(z) = foE (9 %)
Tpertiii eran. OGepHEHHS 1HTErPaTBLHOTO IEPETBOPEHHS.
3actocoByroun hopmyily o0epHeHHs (2*) 10 OTpUMaHUX PO3B’SA3KIB Yy MPOCTOPI
tpanchopmant (7*), (9%), orpumyemo

X (ao g) a2 _ g=gh+n) X (“k g)
2

Z e
w(r,z) = fo-————-+
(O A ERA AR e P AE

ne f, = f:f(r)rX (a 2) dr.
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IHoO0ynoBa pynaamenranbHol PpyHKuil Ta ¢pynkuii I'pina

Ipuxnan 1.

[To6ynyBatu ¢ynkiito ['pina kpaitoBoi 3agaui
u'(x) —a?u(x) = f(x),0<x<a
{ u'(0)=0,u'"(a)=0
3a JIONOMOT 010 (DyHJIaMEeHTaIbHOT (YHKIII1.

dyHnaMeHTambHa (YHKITIO, 10 BiATIOBIa€ JaHOMY PIBHSHHIO, Ma€ HACTYITHHMA
BHTJISA]T
0d sign(x — &)
ox 2 ¢
[TincraBumo pyHAaMEHTaNbHY (DYHKIIIO y KpailoBi ()yHKIIOHATIH 3a/a4i

od 1
UO[CD(xi 6)] = E(O,f) = —Ee_as;

1
(x,§) = —5—e e —alx=£1 (1 x)

09 1
U, [@(x,8)] = E(a’ §) =5e a(a—§)

Ak 6aunmo, pyHaameHnTanbHa QyHkiis (1%) He 3a10BONIBHSIE KOIHIH 3 KpalOBHUX
YMOB BHUXIJHO1 3a71a4l, TOOTO MOTPiOHO Oyjie 2 pa3su CKOPUCTATUCS TEOPEMOIO, Oy 1y-
toun Qyskiito ['pina 3a popmynoro

U [@]U,, [@]
G(x,8) =P(x, &) — —
Up | O]
ne

1. 3acTocyemo Teopemy 3a nepuio KpaioBow yMOBOIO
[MigcraBumo dynmamentaapay pyukiito P (x, &) (1*) y kpaiioBuii QyHKIIOHAT

U,[®], To6TO 3acToCcyeMo 110 Hei mepiTy KpalioBy YMOBY BHXiIHOI 3a1aui, aje 3a 3MiH-
HOIO ¢, BpaxOBYIOUH, 110
od sign(é —x)

—alx—¢]
o9& 2 ¢

e—ax

2 o 1
Uo[d)(x, f)] = a—f(x, 0) = _E
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O6uucmumo Bupas U, [170 CID]]:

dU, P

U() [Uo[q)]] O[aix f)] _ —ax 0 :%

x=0 xX=
Tomi
1 —-ax 1 —af
(U, | D 1 —=e —=e
Go(x, &) = D(x, &) — M — _Z_e—a|x—g| . ( 2 )a( 2 )
U [Dole]] 2@ g
= _ie—alx =&l ie—a(x+$) (e—“|x—5| N e—a(x+f)) 2%

2a 2a

2. 3acTOCy€EMO Teopemy 3a APYyroro RpaﬁOBom YMOBOIO
[MincraBumo ¢yHmamentanbay QyHkiio Gy(x, &) (2*) y npyry kpaiioBy yMOBY

3a/1a41, BpaXOBYIOYH, 1110

0G, 1
a_xo = = (sign(x — §)e~ =8l 4 galx+d))
U,[G,] = %(a &) = _(e—a(a—f) + e—a(a+€))

[TincraBumMo pyHAaMeHTaNbHY GYHKIIO Go(x, &) (2*) y xpaiioBuii QyHKITIOHAT
U,[G,], T06T0 3acTOCyeMO /10 Hel mepiny KpaifoBy yMOBY BUXiIHOI 3a/1adi, ajle 3a 3MiH-

HOIO ¢, BpaxoBYIOYH, 1110

[GO(x f)] = i(x a) = (e—a(a—x) + e—a(a+x))

a
Oo6uucmumo Bupas U [ﬁl GO]]:

] 6U1[Go(x )]
B 0x

_Z (e—a(a—X) —e

2 xX=a

U, |04[6o]

a -2aa
=§(1—€ )

x=a

Tom

o1



U,[Go]U,[G,]
U, |0416o]]
_ _Zi(e—odx—ﬂ + el )
a
[% (e—a(a—x) + e—a(a+x))] [% (e—a(a—f) + e—a(a+f))]

% (1 — e—Zaa)

G(x, 6) = GO('X! 6) -

1 (e—a(a—x) +e—a(a+x))(e—a(a—$) _|_e—a(a+f))

2a 1—e2aa

_ _Zi (e~ @81 4 =a(+)) —
a

_ zi (e=h=81 4 gmalr+d)
a

1 e—a(Za—x—E) +e—a(2a+x—€) +e—a(2a—x+€) +e—a(2a+x+€)

o E 1— e—Zaa
= —ie_alx_s;l

2a

1 e—a(Za—x—f) + e—a(2a+x—f) + e—a(Za—x+E) 4+ e—a(2a+x+f) 4+ e—a(x+€)(1 _ e—Zaa)

o ﬂ 1 — e—2aa

1 - 1 e—a(Za—x—E) + e—a(2a+x—f) 4+ e—a(Za—x+E) + e—a(x+€)
e — e_a X=G| —

2a 2a 1 — e2aa

Jlana QyHKIis 1A€HTUYHA TiH, o OyJsia moOy10BaHa paHille 1l KpalioBoi 3a1a4i
TaKoi CTPYKTYpH, aJI€ 1HIIIUM CIIOCOOOM.

Bigmitumo, 1m0 1anmii ciocid Kpaie BUKOPHUCTOBYBATH, SIKIIO (GyHIaMEHTaIbHA
GyHKIIIs 337]0BOJIbHSAE OJIHY 3 KpaOBUX YMOB. Y 1HIIOMY BHUIIQJKy IPOCTIIIE OyIy-

Batu (pyHKIito ['piHa 3a 1pyrum crnocoOoMm.

Ipuxaan 2.

Jlns kpalioBoi 3aiayi
{u”(x) —2u(x)=f(x),0<x<a
u'(0)=0,u'(a) =0
3a JOTIOMOT'OI0 METOJy 1HTErpalibHUX MEepeTBOpPEHb NoOynyBatu (yHAaMeHTa-
TpHY (QYHKINIO, IO 3aJ0BOJIBHSE AudepeHIliaibHe PIBHSHHSA Ta TMEpUIy KpailoBy
yMOBY. A MOTiM 3 ii gonomororo nodyaysatu ¢pyHkiito ['pina.

1. IoOynoBa pyHIaMEHTAIBHOI (PYHKILII.
s moOynoBu GyHIaMeHTalnbHO1 (PyHKIII, sika 6 3a10BOJIbHSIA TepLIiil Kpaiio-

Biil yMOBI1, CKOPHCTAEMOCH IMIBHECKIHUEHHUM KOCHHYC-TIepeTBOpEeHHIM Dyp’e:
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(0]

Uy, = J u(x) cos ax dx
0
dopmyiia 06epHEHOTr0 IHTErPAaIBLHOIO IIEPETBOPEHHS MA€ HACTYITHHIA BUTIIS

(0]

2
u(x) = —J u, cosax da (1 *)
([
0
[TomHOXMMO 00MAB]I YacTUHU NU(EPEHIIATIEHOTO PIBHAHHA KpailoBOi 3a/1a4i Ha

COS X Ta MPOIHTETPYEMO TI0 Y Y Mexkax Bij 0 o0 oo:

(0]
j (' (x) — 2*u(x)) cos ax dx = J u'" (x) cosax dx — Vu, = f,
0
a
ne fo = [, f(x) cos ax dx.
[lepumnii iHTErpan IHTETPYEMO IO YacTHUHAM, BPAaXOBYIOUM 3aJaHy KpahoBy
ymoBy (u'(0) = 0) Ta 101aTKOBO BBaXKarouu, 1o GyHKIis u(x) Ta ii moxigHa npsamy-

I0Th JIO HYJIS Ha HECKIHYCHHOCTI (U, U' |4 00 = 0):

(e o] (0]
j u''(x) cosax dx = u'(x) cosax|3Zy" + ocf u'(x) sinax dx
0 0
(0]
= au(x) sin ax|¥2° — azj u(x) cos ax dx = —a?u,

0

Takum YUHOM OTPUMAIM HACTYITHE ajreOpaiyHe piBHSIHHS BITHOCHO U,
—(a® + Az)ua = fa

3BIJICH OTPUMYEMO

fa
b =gz z 20
3actocyemo popmyny odepuenns (1*) mo (2%*):
() = ZJ cos ax P
W= f“a2+12 ¢
0

[lizcTaBUMO CrO/IM BUpa3 IS TpaHC(bopMaHTH fa

cos ax

u(x)———Hf@)cosafdf 7 d

3MIHUMO MOPSAOK IHTErpyBaHHS

w(x) = —%jf(f)dfj cosa(x —&)+cosa(x+¢) .

a? + A2
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o cosaz

Jlist oOuncneHHsT 1HTETpaIiB BUTIISATY f da cxopucTaeMoch (HOpMYIIO0

2+AZ
I.P.3.723(2)
cos(az) _
2. S Fldz =5z e®  [a>0, Ref > 0],

[Ipu pomy 6yniemo BanOByBaTH YMOBY JIOJIATHOCTI apIyMEHTIB

u(x) = ff(f)(e"’”'x £l 4 eI+ g

202]

Takum unHOM (I)YH,ZIaMeHTaJIBHa GyHKIIiS BUX1THOT KpalioBOi 3a/1a4i, 110 3a]10BO-
JILHSIE TIEPIIA KpailoBii yMOB1 Mae HaCTyHHI/II?I BUTJIST

) = -5 (e

2. MlodynoBa pynkuii I'pina.
[ToOynyemo ¢ynkuito I'pina 3a CbOpMy.JIOIO

“llx=§1 4 o=+ (3 x)

g, [®]U,,[®
G(x,&) = D(x, &) — [[3 [ ]]
Je
n-1 .
0’/ d 0’/ d
Unl®] = z [“m; ) ﬁm,jw ]
j= = xX=b
n-1 .
- 0’/ d d’d
Um[q)] = [“m + .Bm_

ITpu boMmy Oyaemo BpaxoByBaTH, 10 ¢pyHAaMeHTanbHa QyHKIig (3*) He 3a710-
BOJIBHSIE JIUIIIE APYTii KpailoBiil yMOBI.

[MincraBumo dynaamentanbay dyukiiro P (x, &) (3*) y kpaiioBuit pyHKIiOHAT
U, [®], To6TO 3acTOCyeMO 110 Hel Ipyry KpaioBy YMOBY BUXiTHOI 3a/1a4i, BpaXOBYIOUH,
110

0P
—ax = E [sign(x — f)e_M”x_ﬂ + e_|)l|(x+f)]
0P
U,[®] = —(a &) = _[e—|71|(a $) 4+ e—|71|(a+f)]

[Mincraumo dynnamentanbay dynkiiro P (x, &) (3*) y kpaiioBuit GpyHKIiOHAT
U, [®], To6To 3acTocyeMo 10 Hel APyTy KpaioBy YMOBY BUXiqHOI 3a1adi, aje 3a 3MiH-

HOIO &, BpaxOBYIOYH, 110

aa_c; - %[sign(g — x)eMI=€l 4 g=IAlG+O)]
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~ P
U [@] = 3z

Oo0uuciumo Bupas Uy [Ul CD]]:

—(x,a) = _[e—lx‘ll(a ) 4 g~ M+a)]

U, [0, [@]] = aU{;[@]‘ :|;_|[e—w<a—x) _ M) W(l e-2al1l)
x |, -
Tomi
DU, [
G0 8) = d(x,£) M

U |1

— =lAllx=$1 1 o =14 (x+8)

2| T — (e e )

; [e—wa—x) + e ME+a)] % [e~1M1@=6) 4 g=1I@+D)]
m (1 _ e—ZaI)LI)

— =lAllx=¢l 4 o =14 (x+$)

2| T — (e e )

1 e-W@a-x-§) 1 p-IQa+x-§) | p-IIQ2a-x+§) | ,-IAQa+x+E)
24 1 —e—2all
_ L e

24|

1 e MGax-) 4 o= IAI@a+x=§) | o-IQa-x+8) | - MQa+x+d) 4 o= G+ (1 — g2l
214 1 —e~2alAl

1 g1 eTMCaD 4 oo Gasa=d) 4 oo iGa=x4d) 4 o=+

= ——0e X=¢l —

2[4 2[A] 1 — e~2all

Hana ¢yHkiis iqeHTuyHa Tii, 1o Oyna moOyoBaHa y MONEpeIHbOMY TPUKIaIi

3 TOYHICTIO JI0 3aMI1HU 3MIHHUX.

Ipuxnan 3.
[TobynyBaTu ¢ynkuito I'pina camocnpskeHo1 KpaioBoi 3a1aui
{u”(x) —atu(x)=f(x),0<x<a
u'(0)=0,u'(a) =0
3ayBa)xuMo, 1110 JIaHA 33/1a4a € YaCTKOBUM BUTIAJAKOM KpaioBoi 3amayi (ipu p =
—1,q = —a?)
{Lz)’(x) =—y) +qy=fx),a <x<a,
Uily] = ayoy(a) + a1y’ (a)) =0,i = 0,1
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sJgKa, K Bi,Z[OMO, € CaMOCIIPAKCHOILO.

Tomy s moOGynosu ¢yHkKiii ['pina ckopucTaeMoch (popMynoro

_ (Coo (O (x),x <&,
68 = {Cowo(x)¢1(f)»f <X

[Tobynyemo ¢dynaamenTtanbHy OaszucHy cuctemy po3s’sizkiB (PBCP). Biarmo-
BigHO BusHaueHHio, DBCP kpaiioBoi 3amadi ckiaamaTs GyHKIii Yo (x), Y, (x) Taki,
110

{ o — a’ho =0, { 1 —a*P; =0,
Yo(0) =Lyp(a) =0" @1(0) =0,9i(a) =1
Yo(x) = Cyosha(a — x) + Cy;chala — x), Y, (x) = Cypshax + Cy,chax
Yo(x) = —Cyoacha(a — x) — Cyasha(a — x),
Y (x) = Cpachax + C;;ashax
Yo(a) = 0=> (oo =0, P1(0) =0=> (=0
Yy(0) =1 =>—Cy,ashaa = 1, Yi1(a) =1=>C;ashaa =1

1 1
Co1 = — , Ciy =
01 ashaa 1™ ashaa
() = cha(a — x) () = chax
Yolx) = ashaa ' Yalx) = ashaa
e ax 4 e—a(Za—x) e—a(a—x) 4+ e—a(a+x)
l/)o(x) = - a(l _ e_2aa) ) lpl(x) = a(]_ _ e_Zaa)
Otpumyemo
e—af + e—a(Za—E) e—a(a—x) 4+ e—a(a+x)
—C ,x < é,
G| | ad—e @ Ta(l— e X<
x,§) = e~ X 4 p—a(2a—x) p—a(a—§) 4 p-ala+s)
—C , €<
0O (i e2aa)  a(l_eeqy 5<%

e—a(a—x+$) + e—a(3a—x—f) + e—a(a+x+€) 4+ e—a(3a+x—§)
aZ(l — e—Zaa)Z
e—a(a+x—$) + e—a(3a—x—f) + e—a(a+x+€) 4+ e—a(Ba—x+§)
k_CO aZ(1 — e—2aa)2
_e—(x(a—x+f) _ e—a(3a—x—€) + e—a(a+x+€) + e—a(3a+x—f)
aG(x, f) _ a(l — e—2aa)2
0x e—(x(a+x—€) _ e—a(3a—x—€) + e—a(a+x+€) _ e—a(3a—x+f)
Co a(1 — e—2aa)2
Jtst 3HaX0KEHHS cTanoi Cy CKOPUCTAEMOCH YMOBOIO
G (x,§) dG(x,§) 1
ax 0x |,ey PG

_CO

,x <€,

,E<«x

Co

,x <€,

,E<x

1

x=£+0 x
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Tob6T0
e—aa _ e—a(3a—2€) + e—a(a+2€) — g~ 3aa
C
0 ( a(l — e—2aa)2
—e—a _ e—a(3a—2€) + e—a(a+2€) + e—3aa
0[(1 — e—Zaa)Z )

Ze—aa _ Ze—3aa
CO( 0[(1 _ e—Zaa)Z ) =1=>

2e~9a a(l — e29a)
Co( ) == 1 => CO ==

a(l — e—2ea) 2e~%a
Toni
( e—a(—x+f) + e—a(Za—x—E) 4+ e—a(x+€) 4+ e—a(2a+x—€)
_ X <G,
G(x, &) = 2a(1 — e~29a) d
x,$) = o~a(=§) 4 o—a(2a-x-§) | o—a(x+f) | p-a(2a—x+f)
— ¢ < X
L 2a(1 — e~2aa) d
p-al=§l 4 p-aa-x-8) 4 p-a(x+§) 4 p-a(2a-lx—))
T 2a(1 — e~2aa)

Bona € exBiBaneHTHoOw0 QyHkuii ['pina, mo Oyia mnoOygoBaHa HIIMM CIIOCOOOM.
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Po3B’si3aHHSA PO3PUBHHUX KPAHOBHX 32124 32 J0MIOMOI0K0

po3puBHUX BiaacTtuBocTe Gpynkiuii I'pina

Hpuxaan 1.

Posrnspaerbes mpykHa mBIUIONMHA —00 < x < +00,0 < y < 0o, M0 3HAXO-
IUTHCSI B YMOBaX aHTHILIOCKOT gedopmarii. I'pans y = 0 BijbHA BiJl HABAaHTaXCHHS.
Ycepenuni mMiBIUIOMIMHY HA BIAPI3KY Y = b, —a < x < a po3TalioBaHa TpilllMHA, HA
Oeperax sIKOi 3a/1aHO 3CyBHE HaBaHTAXKCHHS iHTEHCUBHOCTI p (X).

3anucaTy MaTeMaTuyHe GOpMYIIIOBaHHS KpaloBOi 3a/1a4l. 3a 1I0MOMOT0I0 pO3pH-
BHUX BiacTuBocTed PpyHKii ['piHa 3HANTH BUpa3u IS MOJIA TIEpEeMillieHb Ta HaIpy-
’KEHb, 110 3aJIeKaTh BiJ] HEBIIOMOI (QYHKIIIT CTpUOKa, Ta 3aITUCATH CUHTYJISIPHE 1HTET-

pajibHE PIBHSHHS JJIA ii BIAIIYKaHHS.

V4

| A\ %
1. 3anumemo maremaTtuyHe GopMYyJIIOBAHHS KPailoBOi 3a1a4i.
KparioBy 3agauy MoxkHa 3anucaTtv HACTYITHUM YUHOM:
( w'l,y)+wi(x,y) =0,—0<x<4+0,0<y<o,y#0,
Ty,2(%,0) = 0,—00 < x < +0o,
(w(x,b)) =w(x,b—0)—w(x,b+0)=y(y)#0,—a<x<a,
(Tyz(x, b)) =Ty, (x,b—0) —7,(x,b+0) =0,—a<x <aq,
. 7,,(6,b—0) =p(x),—a<x<a

-

a00 y TepMiHaX MepeMillieHb
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r wily)+wi(x,y) =0,—0<x<+0,0<y<o,y*0,
w(x,0)=0,—0 < x < 400,

(w(x,b)) =w(x,b—0)—w(x,b+0)=y(y) #0,—a<x <a,(1x*)
w(,b)=w(xb—-0)—-w(xb+0)=0-a<x<a,

\ w(x,b—-0)=px)/G,—a<x<a

2. Bubip iHTerpajJbHOro nepeTBOpeHHs Ta 3BeJAeHHs 3a/71a4i 10 0OJHOBUMIi-

PHOI po3pHUBHOI KPaiioBoI 3a/1a4i.

Jnsa Toro, mo6 3BeCTH BUXIJHY 3a7a4y A0 OAHOBHUMIPHOI pO3PUBHOI KpailoBOT

-

3aja4i, oro moTpiOHO 3aCTOCYBATH MO TiMl 3MIHHIN, MO SKi HETEPEPBHI 1 MepeMmi-
IIEHHS, 1 HANPY>KEHHs, TOOTO B JaHOMY BHUIAJKy — 10 X. 3@ JaHOIO 3MIHHOK MO>KHA
3aCTOCYBaTH MOBHE NiepeTBOpeHHS Dyp’e

0

we(y) = J w(x, y)e'*dx

— 00

(DOpMYJIa O6epH€HOFO iHTel"paHLHOF O IICPCTBOPCHHA Ma€ HaCTYHHI/Iﬁ BUTJIAA

1 [ .
wey) = o [ waeda 29

[ToMHOXKMMO O00M/BI YaCTUHU AUQPEPEHINATIBHOTO PIBHSHHS KpailoBoi 3a/1a4i Ha
iax

e'™* 13 IPOIHTErPyEMO 110 X y MEXaX BiJ] —00 j10 00:
j W' (x,y) + w(x,y)]e**dx = j w' (x, y)e'**dx + f w(x,y)e**dx

0o
2

. d
= [ Wi pedr + () =0

[Tepmmii iHTETpa IHTErPYEMO MO YACTHHAM, BPAXOBYIOUH, 110 HA HECKIHUEHHO-

CTI TepeMillleHHs Ta HaNpYXEHHS IIOBHHHI NPSAMYBaTH J0 HYIA (W|y,ie =

0, Wle—»ioo = 0):

j w' (x,y)e'*dx = [w'(x, y)ei"‘x“i:i: —ia f w'(x,y)e'**dx
= —iq [W(x,y)ei"‘x“i:i: —ia fw(x,y)ei“xdx = —a’w,(y)

— 00

Takum YMHOM PIBHSIHHS y POCTOP1 TPAHCPOPMAHT MPUITMAE BUTIIAL

" 2 —
we (¥) — a*we(y) = 0
3actocoByrouM 1HTErpasibHe niepeTBopeHHss Dyp’e 10 kpailoBoi yMOBH BUX1JHOI

3amauyi 3a 3MinHO0 ¥ (W'(x,0) = 0), oTpuMyeMO
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we(0) =0
3acToCOBYIOUH 1HTETpasibHE IepeTBOpeHHs Dyp’e 10 yMOB Ha AePEKTI BUXITHOT
samaui ((w(x, b)) = x(y) # 0,{w'(x, b)) = 0), orpumMyemo0
(Wa (D)) = we(b —0) —we(b +0) = xq
(Wa (D)) = wg(b —0) —wg(b+0) =0,
e xq = J_. x(x)edx = f_aa)((x)ei“xdx
B pe3ynbTrari npuxoauMo 10 HaCTYIMHOI OJHOBHUMIPHOI PO3PUBHOI KpailoBoOi 3a-
nadi y mpoctopi TpaHchopMaHT
wy () — a?wa(y) = 0,0 <y < oo,
wq(0) =0, (3 %)
(Wa (D)) = Xa»(Wa(b)) =0

3. Po3p’si3aHHs KpaiioBoi 3a1a4i y npocTtopi TpancopmaHT
Po3B’s130Kk po3pHBHOI KpaiioBoi 3aaaul (3*) Oyaemo po3myKyBaTH 3a (hOpMyJIor0

b n—-1 n-—1
We(y) = j FaDG(y,mdn + ;Aﬂﬁj(}’) ¥ ;x,-wj@) a<y<b

sKa B IaHOMY BHUTIAKy MPUHAMAE BUTIIS
We(¥) = XaWo(y) + 0 - W, (¥)
DynnameHTanbHy 0a3HCHY CMCTeMy po3puBHHMX po3B’sskiB (DPBCPP) w;(y)

3HaiIeMo 3a GopmyIoro

m
Py(b)GO™(y, b) + 2 C,.;G"™(y, b)

1”T/n—l—m(y) = (_1)m+1 ,m
=1
=0,n—-1,C,; = const
Jc
k-1
(_1)m—kakP0—1(b) — Cmi<G;z—1—m+k,m—l> + Po(b)<G£z—1—m+k,m>’

=1
k=2m,
(—1)™*1C,q = PE(D)(G,™™), m=1n-1
Tyrn=2,m=0,1,P,(y) =1, T06T0

~ 0,1 0,0 aG
m=1:Wy(y) =G" (y,b) + C1,G”°(y,b) = %(}’; b) + C11G(y, b),

m = 0: Wy (y) = —=G*°(y,b) = —G(y,b)
I (S
Ci1 = (G;'l)

[Ipu npomy Ju1st caMoCTIps>KEHO1 KpaloBoi 3a1aui
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(G;n'm) =0m=0n—-1

TOOTO
Ci1 = (Gg’l) =0
Tomi
0G
wo(y) = 7 (v, b)

CkopuctaeMoch o0y 10BaHO0 paHimie ¢pyHkiiero ['pina kpaioBoi 3agadi (3%)
e-lally-nl 4 o-lal(y+n)

2|a|

G(}’J?) = -

Tomi

sgn(b — y)e—lally—bl + e~ lal(y+b)
2

TakuMm YMHOM OTpUMAaJIK PO3B’ 30K PO3PUBHOI KpaioBoi 3agadi (3%)

sgn(b — y)e—lally—bl + e~ lal(y+b)
2

4. OOepHeHHS iHTerpajbLHOIO NMePeTBOPEHHS
3actocyemo Gopmyiny oOepHEHHS (2*) 10 po3B 3Ky y MPOCTOP1 TpaHCHOPMAHT

(4%):

wo(y) =

Wo (¥) = Xa (4 =)

1 [ |
w(x,y) = - f )(a(sgn(b — y)e—lally—bl + e—lal(y+b))e—uxxda

[TimcTaBUMO crosii BUpa3 JjIst TPAaHCPOPMAHTH X

© a
1 , '
w(x,y) = pym j j)((f)ew‘fdf (sgn(b — y)elally=bl  g-laly+b))o—iax gq

—00 —qa

3MIHUMO MOPSAOK IHTETPyBaHHS

a (o]
1 .
wx,y) = — fx(f)df j e~l=9 (sgn(b — y)e 1@Ily=bl 4 g-lalG+b))gq
-a —00

= [ 1O [ (sens = y)em W2l 4 10 cos ez — )

—isina(x —&)]da

_ % f x(©)de f (sgn(b = y)e™ =Pl + e~ O+ D) cos a(x — §) da
Za 0
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JIyist OOYMCIIEHHS 1HTETPaJiB BUTIISTY fo e~ % cos ax da ckopucTaeMoch ¢op-
myioro I".P. 3.893(2)

(e o]

2 S e P cos{gz+ A) dx=ﬁ—2~(pcosl--qsin3\.)
0

[p> 0]
Tomi

1 ; b—y b+y
W) ‘ﬁ_fﬂf) (= vo—p e % ©9

OTpumyemo q)opMyJII/I JUTSI HATIPY>KEHb

B b—y b+y

o = GGy = _Jmax TGP B o) &
_ G (b= =9) (b+y)(x =)
-z | x© (((y —B?+ (= 9D7 " (B + )+ G- 5)2)2>df

—-a

B _G b—y b+y
=G6w(x,y) f)((f)ay &y — b)z+(x_€)z+(b+y)2+(x—§)2)d€

G [ [ -9’ -b)

) O(-Grrra—p
(x —&)? — (b +y)?

P+ (- 5)2)2> “

5. CuHryJsipHe iHTerpajibHe piBHSIHHS VIl BiIIIYKAHHS HeBioMol QyHK-
nii crpudka
BiamiTumo, 1o oTpuMaHi BUpas3H JJisl HAMPY>KEHb HE € OCTAaTOYHUM pe3yibTa-

TOM, TaK sIK BOHH MICTSATh HeBiioMy (yHKIit0 cTpubka y(&). s i 3HaXOMKESHHS M0-
Tp1OHO peani3yBaTH YMOBY Ha TPIllIHHI
7,,(6,b—0) =px),—a<x<a
110 TPUBEJIE 0 CUHTYJISIPHOTO 1HTETPAIBLHOTO PIBHSHHS

G [ 1 (k=P —ab? \
%_f)(@<‘<x—f)2+<4b2+<x—f)2)2> Fopascx<a

JlaHe piBHSHHS MO>KHA PO3B’S13aTH METOJIOM OPTOTOHAIBHUX MOJIHOMIB.
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Hpuxaan 2.

Posrnsimaersest mpykHa uBepThIiuionHa 0 < x < 00,0 <y < 00, 1m0 3HAXO-
IUTHCSI B yMOBax aHTUIUIOCKOI nedopmarii. Ha rpani y = 0 3agaHo mepeMilieHHs
g(x). Tpanb x = 0 BibHA Bijl IPUKIIAJCHOTO HABAHTAXCHHs. Y CEpeIMHI YBEPTHILIO-
IIMHY Ha BIAPI3KY X = a, by < y < b; pO3TalIoBaHO HEPYXOME KOPCTKE BKIFOUCHHS.

3anucatu MaTeMaTH4HEe (OPMYITIOBaHHS KpailoBOi 3a/1a4i. 3a JOIOMOTO0 PO3pH-
BHUX BlacTUBOCTeW QyHKIi ['piHa 3HAWTH BUpa3u s MO NEPEMIIEHb Ta HATpPy-
’KE€Hb, 1110 3aJIeKaTh B1JI HEB1IOMOI (PYHKIIIT CTpHOKa, Ta 3aMucaTy CUHTYJISIpPHE 1HTET-

pajbHEe PIBHSHHSA [ i1 BIAITYKAHHS.

Z
0 a 9(x) X
| 7
ba. """"""" :
bl
y\v

1. 3anumemo marematuuHe GopMyJIIOBAHHS KPailoBoi 3a1a4i.
KparioBy 3agauy MoXkHa 3anucaTyv HACTyITHUM YUHOM:
( w'(x,y)+wi(x,y)=0,0<x<o,x#a0<y< oo,
w(x,0) = g(x),0 <x < oo,
Txz(0,¥) = 0,0 <y < oo,

(w(a,y)) =w(a—-0,y) —w(a+0,y) =0,by <y < by,
(Txz(@,¥)) = oz (@ — 0,y) —74,(a+ 0,y) = x(¥) # 0,by <y < by,
\ w(a—0,y) =0,by, <y <b;
a00 y TepMiHaX MepeMilieHb
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( w'(x,y)+w(x,y) =00<x<owx#a0<y<oo,
w(x,0) =g(x),0 < x < oo,
w'(0,y) =0,0 <y < oo,
(W(a,y)) = W(a - O,y) - W(Cl + O,y) = OibO <y< bll
w'(a,y))=w'(a=0,y) —w'(a+0,y) = x(y)/G # 0,by <y < by,
\ w(a—0,y)=0,by <y < by
2. Bubip inTerpajJibHOro nepeTBOPeHHs Ta 3BeJAeHHS 3a/1a4i 10 0/JHOBH-
MipHOI pO3pPUBHOI KPaioBoi 3a/1a4i.
Jlns Toro, 1mo6 3BeCTH BUXIAHY 3ajlady J0 OJHOBHUMIPHOI PO3PHMBHOI KpanloBOi

(1)

-

3a/1a4i, HOro MOTPIOHO 3aCTOCYBaTH MO TiM 3MIHHIH, MO SIKIM HEMEepepBHi 1 Mepemi-
IICHHS, 1 HAMPY>KEeHHsI, TOOTO B IAHOMY BHITQJIKy — 10 Y. 3a JIaHOIO0 3MIHHOIO MO>KHA

3aCTOCYyBaTu BHECKIHYCHHE CHUHYC IICPCTBOPCHHA <Dyp’e

w,(x) = f w(x,y)sinaydy

0
®opMyia 00EpPHEHOTO IHTETPAIBHOTO MIEPETBOPEHHS MA€ HACTYITHUI BUTJISI

(00]

2
w(x,y) = —j w,(x)sinay da (2 *)
/[
0
[ToMHOXHMMO O00M/BI YaCTUHU AUQPEPEHIIATIBHOTO PIBHSHHS KpailloBoi 3a/1a4i Ha

sin ay Ta npoiHTerpyemo no y y mexax Bijg 0 o oo:

j W' (x,y) + w-(x,y)] sinaydy = mwa(x) + f w-(x,y) sinay dy
0 0

Hpyruil iHTErpan IHTErpyeMO IO YacTHMHAM, BPaXOBYIOUM KpailoBy YMOBY 3a
sminHo0 Y (W(x,0) = g(x)) Ta Te, 10 HA HECKIHYEHHOCTI TEPEMIIEHHS Ta HAIpYy-
’KEHHs TIOBUHHI NPAMYBATH 110 HYJS (W, W], 00 = 0):

(0]
: w
w(x,y)sinaydy = 5, Sinay
y

0

—a | =—cosaydy

(0]

— y—oo 2 - _ 2
= —aWw CoS ayly=0 —a f w(x,y)sinaydy = ag(x) — a“w,(x)
0
Takum yuHOM PIBHSHHS y POCTOP1 TPAHCPOPMAHT MIPUITMAE BUTIIST

wy (x) — a?we(x) = —ag(x)
3aCTOCOBYIOYM IHTETpajibHE TiepeTBOpeHHsI Dyp’e 10 KpailoBOT yMOBH BUXIIHOI
3amaui 3a 3minHo0 X (W' (0,y) = 0), orpuMyeMo
w,(0) =0
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3aCTOCOBYIOYM 1HTETpaibHe nepeTBopeHHs Dyp’e 10 yMOB Ha jaedeKTi BUXITHOT

sanadi ((w(a,y)) = 0,(w’(a,y)) = x(y)/G), orpumyemo
(wWe(a)) =wg(a—0)—wy(a+0) =0,
(we(a)) =wg(a—0) —wg(a+0) =x,/G,

ne xa = Jy x)sinaydy = [, x(y) sinay dy

B pe3ynbTrari npuxoauMo 10 HaCTYIMHOI OJHOBHUMIPHOI PO3PUBHOI KpaioBOi 3a-
Jadl y IpocTopi TpaHchopMaHT

wy (%) — a’wy(x) = —ag(x),0 < x < oo,
we(0) =0, (3 %)
(Wa(@)) = 0,(wg(a)) = xo/G

3. Po3p’si3aHHA KpaiioBoi 3a/1a4i y npocTopi Tpancdopmant
Po3B’s130K po3puBHOI KpaitoBoi 3a/1aui (3*) OynemMo po3iIyKyBaTu 3a GOpMyJI0t0

n-1 n-—1
we@) = [ FOCOIE+ Y A+ Y 10,0 <x <b
a j=0 j=0
sJgKa B JaHOMY BI/IHaI[Ky HpHﬁMae BUI'JIS

Xa
e () = j FEOGCEE +0-Wy(x) +2%,(0)
®dyHmaMeHTATBEHY 63,31/ICHy cucTeMy pospuBHUX po3B’saskiB (PBCPP) w;(x)

3HaleMo 3a popMyor0

m
Wy 1m (%) = (~1)"* [Po (6™ (x,0) + ) CuiGO™ a)] m

i=1

=0,n—1,C,,; = const
Tyrn=2,m=0,1,P,(y) =1, To6T0
G
m=1:Wy(x) = G (x,a) + C;;G*°(x,a) = 5
m=0:w;(x) = —-6G"°(x,a) = —G(x,a)
CxopuctaeMoch 1o0y10BaHoO0 paHimie ¢pyHkiieo ['pina kpaiioBoi 3agaui (3*)
p-tX=E| 4 p-alx+E)

2a

(x,a) + C;1G(x,a),

G(x, f) = -

Tomi
e—aw—a|+_e—a@+a)

2a
Takum YMHOM OTpUMAaH PO3B’A30K PO3PUBHOI KpailoBoi 3anaui (3*)

wi(x) = =G(x,a) =
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(00]

1 Yo € —a(a-x) 4 p-al(x+a)
we() =5 [ 9O (el 4 emeexsD)as 4 £ - (49)

0
4. OOepHeHHS iHTErpajbLHOrO NMepeTBOPEeHHs
3actocyemo dopmyiny oOepHeHHSs (2*) 10 po3B’s3KY y MPOCTOpl TpacHPOPMAHT

(4%):

20(1¢
L P

0
X € —alx—al| +e—a(x+a)

+ﬁ = }smayda

1 cO ©O
;f f g(&) (e~ *x=¢l 4 e=¢*+)d¢ sinay da
0 0

sinay da

G a

;\

1 Oo —alx al _|_e—a(x+a)
2 j ¥
0

[TimcTaBUMO cro/id BUpa3 JJist TPAaHCPOPMAHTH X

w(x,y) = %j j g(f)(e‘o"x‘f| + e‘“(“f))d(f sin ay da

o by
e—alx—al + e—a(x+a)

1
+ %j j x(m) sinan dn sinay da
0

a

3MIHUMO MOPSAAOK IHTErpyBaHHS
(00]

w(x,y) = %j g({)d{}(e“)""‘f| + e~ ) sinay da

0
by

x(m)dn
—cosa(y +n)lda
JIyist oOYuCHeHHS 1HTErPaliB BUTIISTY fooo e~ % sinaX da ckopucraemoch Gop-

myoro I'.P. 3.893(1)
3.893

[cosa(y —n)

b e~ alx-al + e~ a(x+a)
g | 20 |

(qcnsl—l—psnl A)
[p > 0].

1. Se'msin(qx-l-?\.)dx_- o
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— cos ay,)da ckopuc-

taemoch opmyiioro I'.P. 3.948(2)

<o

2. S e~Bx(cos ax — cos Z:-.',es)—%"’i - 1n 2:12:
0

[Rep > 0], (cpapEm 3.951 3.).

Tom

(00]

1 y y
w(x.y) _on g(f)((x—f)2 RN CEYSE +y2)d*z

b4y

< (1 potmit@-0® | O+mnt+ @+’
"G "GP @-07 " G-+ (@t 0)?
Otpumyemo cpopMyJII/I IUIS1 HAIPYKEHb

Txz = Gw'(x, y)

0]

G d y y
_;oj g(f)a<(x—€)2 + y? T (x + )2 +y2)df

1 O +m2+ (@—x)?
+Efm)_< O + (a—x7

(y+77)2+(a+x) )

Ry ra e

26 y(x — &) y(x+6)
R R <((x—¢’)2 vy PN (CEWSE +y2>2>d5

by

zln x(m) (

by

a—Xx a—X
G-m*+@—-22 @+n?+(a-x)?
a+x a+x
I R R e ol ey e e o
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Ty, = Gw'(x,y)

G r 0 y y
_Fojg(f)@<(x—f)2+y2 +(x+€)2+y2)d€

L1 L <<y+n)2+<a—x>2
4n A (-2 + (a—x)?

+ln(y+n)2+(a+x)2
-2+ @+x02) "

GOO _ 22 _ 2 2 _ 2
=;J9(5)< (-8 —y* | Gty >d$
0

((x =82 +y?)?  ((x+8)?*+y?)?

by
L ()( y+n _ y—1n
T | X\ Tt (@a—202 G —mE+ (a-x)?
y+n y—n
+(y+n)2+(a+x)2‘<y—n)2+<a+x)2)d"

5. CuHryJsipHe iHTerpajibHe piBHSHHA JJIs1 BiIIIYKAHHS HeBiAoMOI (py-
HKIII cTpUOKa
BinMiTuMo, 110 OTpUMaH1 BUpa3u Ui HallPYXEHb HE € OCTAaTOYHUM pE3yJIbTa-

TOM, TaK sIK BOHH MiCTATh HeBioMy (yHKIIirO cTpuOKa y (7). s ii 3HaX0KeHHS 1o-
TpiOHO peani3yBaTh yMOBY Ha BKIIOYEHHI]
w(a—0,y)=0,by <y < b
10 TIPUBEJIE 10 CUHTYJISIPHOTO 1HTETPAIBHOTO PIBHSIHHS

by
1 (y +1)? + 4a?
ac | x (—21nly—n|+21n(y+n)+ln(y_n)2+4a2

bo

(0]

0O (Rt ) b <y <hy
0

§2+y? (a+d?+y

JlaHe piBHSHHS MO’KHA PO3B’sI3aTH METOJIOM OPTOTOHAJIBLHUX MOJIIHOMIB.
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