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Annotatsiya Ushbu maqolada tor tebranish tenglamasiga qo‘yilgan
boshlang‘ich-chegaraviy masalani yechish tadqiq gilinadi. Mazkur masalani
Furyening integral almshtirishi usuli bilan yechish masalasi ko‘rib chiqgiladi. Bunda
garalayotgan soha chegaralanmagan soha bo‘lib, integral almashtirish formulasi
yordamida masala oddiy differensial tenglamaga keltiriladi. Umumiy yechim
Furyening teskari almashtirishiga ko‘ra topiladi.

Kalit so‘zlar: Furyening integral almashtirishlari, chegaralanmagan soha,
oddiy differensial tenglama, boshlang‘ich-chegaraviy masala, umumiy yechim.

AHHoTauus B nmanHO# ctaTbe uccnenyercs 3aaadya Komm s ypaBHEHUA
KoJiebaHuii cTpyHbl. PaccMaTpuBaercs pelieHne 9TOM 3a/aud ¢ MCTIOJIb30BaHUEM
METOo/la HUHTerpajibHoro mnpeoOpa3zoBanus @Dypre. OOnacTth, B KOTOPOH
paccMaTpuBaeTcsl 3ajaya, SBIsSeTCAd HeorpaHuyeHHo. C momolbio (opMyIbl
WHTETPAILHOTO  TIpeo0pa3oBaHus  3aJada CBOAUTCS K  OOBIKHOBEHHOMY
muddepeHranbHoMy ypaBHeHUto. OO1ee pelieHre HaXOQUTCsl ¢ MPUMEHEHUEM
oOpartHoro npeobOpazoBanus Oypeoe.

Karouesbie cJIoBa: VHTErpajbHbIC npeoOpa3zoBaHus dypse,
HEOrpaHWYeHHass 00yacTb, OOBIKHOBEHHOE JU(dPepeHlnalbHOEe YpaBHEHHUE,
HavYaJIbHO-KpaeBas 3aj7a4a, 0011ee pemeHne

Annotation This article investigates the Cauchy problem for the string

vibration equation. The solution to this problem is studied using the Fourier integral
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transform method. The domain under consideration is unbounded, and by applying
the Fourier transform formula, the problem is reduced to an ordinary differential
equation. The general solution is obtained using the inverse Fourier transform.
Keywords: Fourier integral transforms, unbounded domain, ordinary
differential equation, initial-boundary value problem, general solution
Kirish

Masala. O ={(x,t) ‘0<X<+0,0<t < +oo} sohada

U,=a’U, (1)

tenglamaning quyidagi
U,(0t)=0 0<t<+oo )
U(x,0)=f(x) U/(x0)=g(x), 0<x<+w (3)

shartlarni ganoatlantiruvchi yechimi topilsin.
Masalaning yechimini Furening integral almashtirishlari usuli yordamida

topamiz. Masalaga qo‘yilgan chegaraviy shartga ko‘ra Furening kosinus

almashtirishidan foydalanamiz. Umumiy yechim U(x,t) ni mazkur almashtirish

orqali yozib olamiz. Bunda , bizga berilgan to‘lqin tenglamasi oddiy differensial

tenglama ko ‘rinishiga keladi va buning umumiy yechimini topish mumkin bo‘ladi:

U (x,t):\/%:fd/f/l,t)cos/ixd/l (4)

Yugoridagi ifodadan avval kerakli tartibda hosilalarini topamiz hamda

berilgan shartlarga ko‘ra yozib olamiz:

U,(xt)= —\/%ioflﬁ/f/‘t,t)sin Axd A (5)

Bundan, U, (0,t)=0.

(5) tenglikdan ikkinchi marta hosila olamiz :

Uxx(x,t)z—\/% leﬂ/U,,t)cosﬂ,xd/l
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Xuddi shu kabi t argument bo‘yicha birinchi va ikkinchi tartibli hosilalarini

yozamiz :

U, (x,t)= \/%Tl%’(ﬂ,,t)cosﬂxdﬂ

va

U, (x.t)= \/%_[L%O(/I,t)cosﬂxd/l :
0

Yuqoridagi  ifodalardan  tenglamaning umumiy  yechimini  Fure
almashtirishidan hosil bo‘lgan oddiy differensial tenglamaga ko‘rinishiga olib

kelamiz:

EJ‘L%?(&,t)cos/de/i = —\/%ﬂzazjlﬁ/m,t)cos/lxd/i
0

4 0
Bundan,
Uo(A,t)=-222°0f 4 1)

Chegaraviy shartlarni quyidagicha hosil gilamiz:

U (x,0) :\/%IU/U,O)COS;LXdﬂ
gako‘ra,

U, (x,0) =\EIWM,0)coszxdz

ni yozish mumkin.

Berilganlarga ko‘ra ular mos ravishda

f(x):\/%o_oflﬂ/(ﬂ,o)cosﬂxd/l

va

g(x):\/gzlﬂ/{/l,o)cosﬂxd/’t

ga teng bo‘ladi. Furening teskari almashtirishiga binoan :
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Lﬂ/(ﬂ,o):\/zj'f(x)cosﬂ,xd/l; U§4,0)=f(2)
4 0

d@(z,O):\/%Tg(x)coszxdz; 96(1,0)=g(4)

Endi tenglamaning umumiy ko‘rinishini quyidagicha yozish mumkin:
Uo(2,t)+ 2%a®Jf2,t)=0
{Wm: f(4), 9¥(4.0)=g(2)
Berilgan tenglamani yechish uchun uning xarakteristik tenglamasini tuzamiz:
Uga,t)=e";  UYAt)=ke™; Uf(4,t)=k%"
k’e* + 1%a’%" =0; k?+4%*=0;  k, =i
Umumiy yechim ko‘rinishini topamiz:
U§4,t) =C, cosalt +C,sinait

Chegaraviy shartlardan, C, va C, ni topamiz:

Bundan,

1) .
Ufat)=f (/I)cosa/1t+£l)sm ait
a
Kerakli funksiya U (x,t) ni teskari Fure almashtirishi yordamida topamiz:

U(x,t)= \/%Tlﬁ/m,t)coslxdl =

0

\/Zj( f (1)cosadt — Msin aﬂt}cosﬂ,xdﬂ =
Ty A

a

27 27 sinaAt
—| f(4 AtcosAxdA+,[—|g(4 AxdA
J”! (4)cosattcosAxdA + ”'([g( ) ;. CosAX

Umumiy yechim uchun ikki holatni ko‘rib chigamiz:

1) x—at>0
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U(xt)= \/%%I f(2)(cosA(x+at)+cosA(x—at))dA+
+i\/ZT9(/1)(Sin A(x+at)-sinA(x—at))dA _

) A
:f(x+at)J2ff(x—at \/7D-g X]:tcos (As ds}d -
xiat
:f(x+at)zf (x—at) Xjatg
2) x—at<0

U(x,t):\/g-%J (4)[ cosA(x+at)+cosA(at—x)]dA+

A

_ oo X+ at
_ f(x+at)+ f(at X)+i\/z.|.g(l)[ I Cosﬂsdsld/{
2 2a\ s

X—at

g(x)funksiya fagat musbat giymatlardagi x lar uchun aniglangan. Shuning

uchun so‘nggi integralni o‘zgartiramiz :

X+at 0 x—at

jcos(ls)ds_ j cos(As)ds + Jcos As)ds =

o 0 o X+at at—x X+at

—j cos(As)ds + j cos(As)ds = j cos(As)ds + I cos(As)ds
at—x 0 0 0

Endi:

%Ig(ﬂ,)(j:cos(ﬂ,s)dsjdi— jds(f o cos(ﬂs)di}+

+at.[xds[\/§j2 g (ﬂ)cos(/is)di] = X]at g(s)ds+ atjx g(s)ds.

0 0

Bundan umumiy yechimni quyidagicha bo‘ladi:

e
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_ x+at [x—a
f(x at);f(x+at)+2_la [ g(s)ds—sgn(x-at) [ g(s)ds |,

0 0

U(x,t)=
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