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KpaeBble 3agaum ana ypaBHeHUA TeNJIONPOBOAHOCTU Ha NpAMON. UH-
Terpan lNyaccoHa

3apava Kowwm gna ypaBHeHMs TEN/IONPOBOAHOCTM Ha NPSMON:
u =a’u, + f(xt), |x|<+oo, t>0,
u(x,0)=p(x), |x|<+oo,

MMeeT peLleHne, NpeacTaBUMoe C NOMOLLbIO MHTerpana MyaccoHa:

(1)

t +oo

u(x,t)=T¢(§)G(x,§,t)dg+ []fenemet-rdede, @)

roe GyHKumA
_(x=8)°
e 43t (3)

G(X,f,t) = 2a\/E

ABnAeTcA GYHAAMEHTaNbHbIM PeLeHNeM YPaBHEHMWA TeNI0NPOBOAHOCTH
Ha npamoi (dyHKuua MpuHa).

3ameTum, uTo J' G(x, & t)dé =1. (4)




3apgaual
MocTpouTb pelleHne KpaeBol 3a4ayuun AN ypaBHEHUA TENJ0NPOBOAHOCTM
Ha npsamon (3agadva Kowm):
u =4u, +8u, +3u+e(L+te”), |X|<+oo, t>0, (1.1)
u(x,0)=2e7, |x|<+o0.
PelwieHue.

1. NMpuBeaeHue KpaeBoW 3agaum K Buay (1). byaem nckaTb peweHue Kpa-

eBoW 3agaun (1.1) B BuAE:

u(x,t) =e“”*"v(x,1),

onpeaenvs Ko3boULMEHTbI o U B Tak, UTOBbI ypaBHEHUE KOTOPOMY AO/IKHA
yaoBneTBopatb GyHKumMa V(X, t), He copepykano camoi GyHKUMM V U ee
NPOM3BOAHOM V.
\ [nn onpepenenus KO3GPULMEHTOB BCe cnaraemble W3 NPaBOi YacTH
ypaBHeHuA 3agauu (1.1) nepeHecem B neByl0 YacTb. TaK KaK

-3 | u(x,t) =e“”"y(x,1),
-8 | u =" (av+v,),
1] u =e™(pv+v,),

-4 | U, =" (a’V+2av, +V, ),

To dyHKUMA V(X, ) 1 ee npon3BoAHanA Vx BXOOAT B ypPaBHEHWE C TaKUMU KO-
addpuymeHTamu:

V| e (=3-8a+ f—4a?)
Vi | € (-8—-8a)
Vi eax+,6't 1

Vix | — 4e“x+ﬁ[




Toraa, Bbibpas o 1 B Tak, 4ToObI
—-8-8a =0, a=-1,
=
—3-8a+f-4a”*=0 p=-1

NoAYYNM ypaBHEHUE, KOTOPOMY A0/KHA YAO0BNETBOPATL GyHKLMA V(X, 1):

Vv, =4v, +t+e'. (1.2)
A ana dyHKuMK U(X,t) byaem nmetb
u(x,t) =e*v(x,1). (1.3)

MoacTaBnAs BbipaxkeHue (1.3) B HayanbHOe ycnosue 3agaum (1.1), nonyumm
HavanbHoe ycnosue ana dyHKumm V(X, t):
v(x,0)=2, |x|<+oo. (1.4)

2. NocTtpoeHue pelueHUn Kpaesoii 3agaum (1.2),(1.4) c nomouwbio popmy-
Nbl (2), yunTbiBan cBOMCTBO GpyHKUMKM MpuHa (4):

t 40

v(x,1) :TZ-G(X,f,t)d§+I j (r +€)G(x,&t—7)dédr =
= ZTG(x,g,t)d§+j(r+er)TG(x,§,t —7)dédr =
=2+J:(r+e’)dr=1+§+et.

. _ t o, 12\ %t
Otset: U(X,1) _(l+e +7)e :
3apgaua 2

PewwnTb 3aga4vy Kowwu:

-t
U =u,+e, |X|<+oo, t>0, (2.1)

u(x,0)=cosx, |X|<+oo.



3auacTylo BbIYMCNEHMs, CBA3aHHble C WMHTerpanom [lyaccoHa, ABAAKOTCA
rpomosgkumu. Ons wupokoro knacca dyHkumin f(X,t) n @(X) moskHo
NPUMEHWUTL METOZ, YaCTHbIX PeLleHunit. 115 3Toro 3ameTum, 4To onepaTop
TennonposogHoctn LU =U, —azuXX nepesoauT (oTobBparkaeT), Hanpumep,
dyHkummn Buaa g(t)sinAx wn g(t)cosAX B dyHKuMM Toro ke BuAaa
h(t)sin Ax n h(t) cos AX cootsetcTBeHHO.

Pasobbem 3agauy (2.1) Ha gBe:
—t
1) V=V, +e, |X|<+o,o, t>0, (2.2)
v(x,0)=0, |X|<+oo,

W, =W,,, X|< 400, t>0,
t XX

2) (2.3)

W(x,0)=cosX, |X|<+oo.

PeweHure nepBoii 3agaun (2.2) Hallgem ¢ nomolubio ¢popmynbl MyaccoHa

(2):

t +oo t

v(x,t)=[ [ e7G(x & t-r)dédr = [edr=1-e™.

PelweHune BTOpoi 3amaum (2.3) 6yaem uckatb B Buge W(X,t) =g(t)cosx,
rae dyHkuma g(t) noanexut onpegenenmio. MoacTaBAsa 3TO BbipakeHWe B
ypaBHeHMe 1 HadYanbHoe ycnosue 3agaum (2.3), byaem nmeTsb

g'(t)cosx=—g(t)cosx, g(0)cosx =cosX.
Otcroaa nonydaem 3agady Kowm

{gﬂ)z—ga)
g(0) =1.

Ee peweHnem asnsetca ¢yHkuma  g(t)=e'.  CneposatensHo,

W(X,t) =e ' COSX. Cymmupya pelenuns 3agay (2.2) u (2.3), noayumum pe-
weHue 3agaum (2.1):
u(x,t) =v(x,t) +w(x,t) =1-e" +e "' cosx.




3apaua 3
PewwnTb 3aga4y Kowwu:
u, =4u, +sint-cosx, |X|<+oo, t>0,
u(x,0) =cosx+sinx, |Xx|<+oo.
PelleHne MOXHO NocTpouTb, pasbus 3agauy (3.1) Ha age:
1) =4v, +sint-cosx, |X|<+oo, t>0,

w(x,0) =cosX, |X|<+oo.
2) W, =4w,,, |X|<+oo, t>0,
w(x,0)=sinx, |x]<+oo.

Toraa peweHue 3agaun (3.1) Hallaem B BUAE CYMMb:
u(x,t) =v(x,t) +w(x,t).

(3.1)

(3.2)

(3.3)

(3.4)

Ob6e 3azaun (3.2) 1 (3.3) MOXKHO peLnTb, MPUMEHMB METOA, YaCTHbIX peLle-
HWi1. PeleHne nepsol 3agaum nwem B suge V(X,t) = g(t) cos X, a sTopoli

- w(X,t) =h(t)sin x..

ayrowmx 3agady Kowwm:

9(0) =1,

COOTBETCTBEHHO. HaﬁAMTe nx pewieHuaA.

h(0) =1,

{g '(t) = —4g(t) +sint, ’ {h'(t) =—4h(t),

MokaxuTe, uto dpyHKumn g(t) n h(t) asnaotca pewenmamm cne-

4t

1 . :
Otser: U(X,t)= ﬁ(e —cost+4sint)cos x+e * sin x.



==| [lomawHee 3apaHue

== Pewwute (1.2), (1.4) (cm 3aga4y 1) METOAOM YaCTHbIX peLle-
HUNA.
Crp. 174, N2 72 (2).
PewwnTe 3agavy Kowwu:
U =u, +e 'sint+costcos3x, |Xx|<+o, t>0,
u(x,0)=1+2cos3x, |X|<+oo0.

17.03.2025 —]

3aHatue Ne 7. KpaesBble 3agauum Ana ypaBHeHUA TENIONPOBOAHOCTM.
UuTerpan NyaccoHa

CsoiictBo unTerpana MyaccoHa. [Myctb dyHkuma D(X) onpegeneHa u He-
npepbIBHa Ha NPAMOM, ABNAETCA HEYETHOM OTHOCUTENbHO TOUKM X = 0 1 2|-
nepuoguuHoi. Jokaxute, uto dyHKuma U(X,t), onpesensemas uHTerpa-
nom MMyaccoHa, yaosnetsopset ycnosuam: U(0,t) =u(l,t) =0.

62
e 4t genaetcs

1
DokasatenbctBo. Tak kak ¢oyHkuma G(0,¢&,1) =
2a-/nt

yeTHoM oTHocuTenbHo Toukn E=0, To npomsseaseHne D(E)G(0,E,t) -
dYHKUMA HeveTHas oTHOCUTebHO ToukK £=0. Torga

u(0,) = [ ®(&)G(0,£,1)dE =0

KaK MHTerpan oT HeYeTHOM GYHKLMM Ha CUMMETPUYHOM MPOMEXYTKe.
Ons u(l,t) cnpaseanmebl cneaytowme npeobpasoBaHus:

+o0 | +00
u(lt) = [ @(&)G(,EdE = [ @(E)G(LEDdE+ [ DE)G,E dE.
—o —0 |



1 _(|—§2)2 1 _(()—(ffz—|))2
TakKak G(I,&,t) =———e 4at :me 4t =G(0,&-1,t), T
a

Za\/E

| +00
u(lt) = [ (&G0, -1,t)dé + jcp(g)G(o,g—l,t)dg. (*)
el |
BbinosHMM NpeobpasoBaHMe NepBOro NHTerpana B paseHcrae (*):

[ (&)G(0.£-1tydg =[¢=-n]= [ D(-n)G(0,-7-1.t)dnE©

Takkak D(-n)=-D(n), G(0,—n-1,t)=G(0,7+1,t), 1o

e | @(n)e(o,nﬂ,t)d,,{
-1

makK KakK }_
D) =d(+2l)|

=_Tq>(77+2|)e(o,n+l,t)dn=[§=77+2']=

=—[ ®(£)G(0,¢-1,t)de.
I
MepBbIit UHTErpan B (*) 3amMeHMM NoNyYeHHbIM BbiparkeHUeM:
udl,t) =—j D(E)G(0,£ —1,1)dE + Id)(f)G(O,é—l,t)dg‘:O.
| |

Yyr.ao.o b



Pas6bop gomaluHero 3agaHus
C. 174,86, Ne 72 (2). PewuTb 3agady Kowuu:
U, =u, +sint, |x[|<+oo, t>0,

u(x,0)=e>, |xJ<-o.

PeweHue 3agaum gaerca dopmynohi (2) nppua = 1:

t 40

u(xt) =Te‘fZG(x,§,t)d§+j [ sinzG(x,&,t-7)dédr, (72.1)

_(x=¢)° +00

e 4 . Takkak IG(X,f,t)de:l, TO

—00

rae G(X,&,1) = ZJE

ANnA BTOPOro nHTerpana 6yLI,EM MMeTb:
t +00 t
jsinrj G(x,é,t—r)dédr = Isin rdr =1-cost.
0 —0 0

Bbluncnmm nepsblii MHTerpan B (72.1). Tak Kak

(x=&? . | f=a, x| %
x ° _{ T «/4t(1+4t)}+1+4t'

TO NONy4Ynm
+00 , l +o0 —SZ—M 1 _Xiz
& _ _
e G(X,Et)déE=—— | e a4 dE=——+e 4l x
Iw (.é.t)de 2t L g ont



1+ 4t X

X_Lex'o_ a ° Jmaea | [

3amena:
1+ 4t po X _,
4 7 Jat(L+4t)
- e‘éﬂT s o Lo w,
JrJat+1 Jat+1

Takum 0bpa3om, OKOHYaATE/IbHO MoJlyYaem

X2

u(x,t) = e 4+ 4+1—cost. b

1
Jat+1
KpaeBble 3agaum gna ypaBHeHUA TeN/I0NPOBOAHOCTU HA NOAYNPAMOiA

Cm. NEeKUMN Ha Temy «KpaeBble 334344 AnA YpaBHEHMA TeNA0NpPOBOAHOCTU Ha
noaynpamon. MeTtoa NpoAoKeHNA»

3apaual
u =au,, x>0, t>0, (1)
u(0,t) = u(t), t=0, (2)
u(x,0)=0, x>0, (3)

IpaHuuHan dyHKUMA L(t) ABNAETCA HeNpepbIBHOW, OrpaHUYeHHOM 1

1(0) =0. (4)


https://math-it.petrsu.ru/users/semenova/UMF/Lections/UPP_Lections-DO-3.pdf
https://math-it.petrsu.ru/users/semenova/UMF/Lections/UPP_Lections-DO-3.pdf

PeweHwue:
Byaem mnckatb peweHune (1)—(3) 3agaum B Buge

u(x,t) = w(t) + w(x,t), (5)
roe GyHKuma W(X,t) senseTca peweHnem KpaeBon 3a4aum:

w, =a’w, —#'(t), x>0, t>0,
w(0,t)=0, t>0, (6)
w(x,0)=0, x>0.

Tak Kak dyHAaMeHTa/bHbIM pPeLleHNEM YpaBHEHWS TENNONPOBOAHOCTM Ha
nonynpsamoi (GpyHkumen FpuHa) ¢ rpaHUYHbIM ycaoBmem 1-ro poaa asaaeT-
ca GyHKumal:

1 _(x-9)? 1 _(x+)?

422t 422t

- e —_ ,
2at 2a/nt

G, (x,&,1) =G(x,&,1) -G(x,~¢,1) =

TO ANA pelleHus 3agaun (6) umeem

w(x,t) = —j jﬂ'(r)el(x,g,t —7)d&dr = —I,u'(z') J.Gl(x, Et—r)dédr.
(7)

MNpeobpasyem BHYTPEHHUIN UHTErPan:

+o 1 __)?

4a2(H)d .
'([ 2a/7z(t—71) ° ¢

+00 +0 1 _ (xz,;)z
G(x & t-7)df = | ——=——=e ""d{-
'([ ' '([ 2a\z(t-7)

1 Cm. NEeKUMNKo Ha Temy «KpaeBble 33341 414 YpaBHEHUA TenJonpoBOAHOCTU Ha

noaynpamon. MeTtoa NpoAoaKeHUA»



https://math-it.petrsu.ru/users/semenova/UMF/Lections/UPP_Lections-DO-3.pdf
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BbiNoAHMB Agna 1-ro uHTerpana sameHy Z = a Ana BTOPOro —

_X=¢

20t —1 '
X +

= —é:, noayymm

2aVt—1

IGl(x,g,t—r)déz% _[ e dz— I e?dz |=
0 d _%a\/t—_r %a\/t—_r
1 %aﬂ 2 %a\/t—_r
I eldz=—2 J. e dz.
“Ir N
Aatr

Torpa

=
ju(f) 2 jr e dzdr.
T

0

w(x,t) =—

S

MpumeHnB NPaBMAO MHTEIPUPOBAHMA NO YACTAM, NOJYYUM

=t

Aaj/ﬁ , j 0 %aj/ﬁ ,
W(X,t) =——=| u(7) e dz|l —|u(r)— e dz |dr |=
J_ 0 0 aT 0

7=0

YR 0 Vg |-
NS /J(t)je dz - I\/(tT [ P T)jd}

_ X,u(r) X2
- ﬂ(t)+2afj,/(t ) [ 4a2(t—r)]dr

MoacTaBus NocTpoeHHoe ans W(X,t) BbiparkeHue B (5), nonyunm pelueHune
3agaun (1)-(3):



u(x,t) =

I X,u(r) ( x° j
Za\/_ V-7 4a’(t-7)

Mokaem, 4To IirElu(X,t) = u(t).
X—>

B nHTerpane (8) BbINOAHMM 3aMeHy Z =

X
2a\/t—r.
Tak Kak
2
X X
dz=——dr u 7=t—-——
4a,/(t-1)°

To byaem nmeTb

4a’z?

u(x,t) = % X/Zﬁ y[ Jexp( )dz.
Torpa

le_r)gu(xt)— T (t)exp(- )dz—y(t) jexp 2% Yz, = u(t).

il

AdomalwiHee 3apaHue

PewnTe Kpaesyto 3aaauy:

u, =a’u x>0, t>0,

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

MpaHnyHan dyHKLMA L(t) ABNAETCA HenpepbIBHOM, OrPaHUYEHHON 1
#(0) =0.




