ELMi TODQIQAT Beynolxalqg onlayn elmi jurnal. impakt Faktor: 0.864. 2023 / Cild: 3 Say1: 8 / 23-28
SCIENTIFIC RESEARCH International online scientific journal. Impact Factor: 0.864. 2023 / VVolume: 3 Issue: 8 / 23-28 e-1SSN: 2789-6919

RIYAZIYYAT VO MEXANIKA ELMLORI
MATHEMATICS AND MECHANICAL SCIENCES

DOI: https://doi.org/10.36719/2789-6919/24/23-28
Zafar Abbasov
Goancoa Dovlat Universiteti
Riyaziyyat tizra falsofo doktoru
dumanli.zefer@mail.ru

N OLCULU DALGA TONLIiYi UCUN BiR QARISIQ SORHOD MOSOLOSI

Xiilasa

Coxolgilii (n>3) dalga proseslarinin praktiki shomiyyati ¢otin goériinsa do nazoari vo riyazi
olaraq bu kimi masalalorin halli riyazi fizika tonliklari kursunun nozari fizika vo mexanikanin bir
¢ox masalalorinin dyranilmasinds bdyiik rol oynayir. Bu baximdan klassik riyazi fizika mosalalorin
coxOlgllii  oblastlara analogiyasi belo tip masalalorin  timumilogsmis hallinin  qurulmasini
gercoklosdirir. Istor riyazi fizika tonliklorinda, istorss do nazori fizikanm vo mexanikanin {i¢dlciilii
oblastlarda baxilmig oksar masalalarinin hoalli bir qayda olaraq birdlgiilii vo ikidl¢iilii masalalorin
klassikadan malum olan hallina uygun aparilir. Lakin mahiyyat eyni olsa da qoyulmus masalalarin
halli zaman1 birqiymatli hallin tapilmasinda ikinci tortib xiisusi toromali diferensial tonliys daxil
olan axtarilan funksiyanin sorbast doyisonlorinin baslangic vo Sarhod sortlorini 6domasi zarurati
yaranir. Bu baximdan qoyulmus masalonin sorhod sortlorini 6dayan trivial olmayan hallinin
qurulmasi zamani moXsusi adadlorin vo moxsusi funksiyalarin toyini boyiik shamiyyato mailk olur
(Abbasov, 2018: 47, 52, 78, 80).
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A mixed boundary value problem for the n-dimensional wave equation

Abstract

Although the practical importance of multidimensional wave processes seems difficult, solving
such problems theoretically and mathematically plays a big role in the study of many problems of
physics and mechanics. From this point of view, the analogy of classical mathematical physics
problems in multidimensional areas makes the construction of a generalized solution of such type of
problems a reality. As a rule, the solution of most of the problems considered in the mathematical
physics equations and the dimensional areas of theoretical physics and mechanics is carried out
according to the solution of one-dimensional and two dimensional problems known from the
classics (Abbasov, 2018: 47, 52, 78, 80).

Keywords: equation, border, region, limited, beginning, Fourier method, special solution, non-
trivial

Giris
Baxilan isdo n o6lgiilii dalga hadisalorinin birgiymotli hollinin &yronilmasi ii¢iin bir qarisiq

sarhad masalasinin hallina baxilmisdir. Belo ki, bu ciir riyazi fizika masalalari {i¢6l¢iilii oblastlar
ticiin aragdirilmisdir (Koslyakov, 1996: 126; Abbasov, 2018: 172; Tixonov, Samarskiy, 2007: 150;

23


mailto:dumanlı.zefer@mail.ru
mailto:dumanli.zefer@mail.ru

ELMi TODQIQAT Beynolxalqg onlayn elmi jurnal. impakt Faktor: 0.864. 2023 / Cild: 3 Say1: 8 / 23-28

SCIENTIFIC RESEARCH International online scientific journal. Impact Factor: 0.864. 2023 / VVolume: 3 Issue: 8 / 23-28 e-1SSN: 2789-6919

Sankov, 2017: 26; Trikomi, 2007: 240; Abbasov, 2019: 40). n>3 olduqda islor hiperbolik tipli,
istorsa do parabolik tipli masalalarin sorhad sortlori daxilinds hallorini 6yranilmasi demok olar
arasdirilmisdir (Kolesnikova, 2015: 42; Abbasov, 2019: 40; Abbasov, 2022: 6; Abbasov, 2023: 26).
Molumdur ki, ¢coxolgiilii oblastlarda bu tipli masalslorin halli Furye metodunun tatbiqi ilo slverisli
olur.

Tonliys daxil olan axtarilan (n+1) doyisenli funksiyanin Kosi sorti {i¢iin 6ziiniin vo zamana
gora birinci tortib t=0 x,) dayisenlarinin har birina
nozoron sorhad sortlorinin mimkiinlityi, n 6l¢iili dalga proseslori ii¢lin bir garisiq sarhad
masalasinin hallini zaruri edir (Abbasov, 2018: 48).

Bu baximdan n 6lgiilii dalga proseslorini ifade edon u=u(x,X,,

aninda qeyd olunmasi, funksiyanin (X, X,,...,

.+ X,,,t) funksiyasmna meyl

funksiyasi deyacayik. Riyazi olarag masalonin qoyulusu asagidaki kimidlr.
Masalanin qoyulusu:

1 o°u
=2 =AU, 1
a’ ot’ @)
2 2 2

burada a“ = Tk , X=Xy, Xy e Xn)eR”,t>0,A=62 62+...+a2

p(x)’ Xt ox: X
Laplas operatoru,
u(x,0)=u,(x)eC?, xeR", @
u,(x,0)=u,(x) eC', xeR",
Kosi sortlorini,
U(O,Xz, " n’t) u(€11x2’ ) nlt) O
u(x,,0,....X,,t) =u(x,, 4,...,X,,t) =0, @)
u(Xy, X,,..,0,t) =u(X, X5 .., £, 1) =0,
bircins sarhad sartlorini 6dayan
D={(x,t):0<x, </, t>0}, i=Ln
qapali oblastda kasilmaz mahdud hallini tapmali. Burada
D={(xt):0<x, </¢,,t>0}, i=1n, X=(X;, Xy, X,) €R"

u,(x) eC*(R"), u,(x)eC*'(R"), u(xt)eR"(D),

u(x,t) e C2?(D)C(D)

Masalanin halli: Furye metodunun vo ya dayigonlorine ayirma {islunun totbiqi ilo axtarilan
u(x,t) funksiyasini uygun olaraq

u(x,t) = (Acos ot + Bsin wt) X (X, X, ..., X, ),

soklinda segmok alverisli olur (Abbasov, 2015).
(4) hallina (1) tenliyinin xtisusi halli do deyacayik. (4)-ii (1)-ds nozars alsaq:

4)

%(—wz)(AcostBsina)t)X(xl,xz,...,xn)=
2 2 ()
= (Acos ot + Bsin ot) X +a )2< +% <:>—a)—2X(x)=AX,
oxZ o5 OX;, a

2

(5) tonliyin o6lgiilii Helmohols tonliyi adlanir. % = k? oldugunu gobul etsok, Helmohols tonliyi

AX +k*X =0 (51)

formasina diigar.
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(51) tonliyinin dayisonlarina ayirma tisulunun komayi ilon sayda birdoyisonli funksiyanin
hasili soklinds xiisusi holl olaraq segsok:

X (X Xy %) = X3 (%) - X () s X, (%) = [ [ X, (%), (6)

(6)-n1 (51)-do yazsaq:
xln(xl)xz(xz)---xn (Xn) + Xl(Xl) ’ Xg(xz)---xn(xn) tot

-
+ X, (%) - X5 (%) X (X, )+ KZX (X, Xgyery X, ) =0 )
(7) tenliyinin hor torofini [ X;(x)#0 bélsak,

i=1
Xl(xl) + XZ(XZ) + + >(n(Xn) =—k2, (8)

Xl(Xl) XZ(XZ) Xn(Xn)
borabarliyindon goriindiiyti kimi hor bir toplanana daxil olan nisbot 6z arqumentinin
funksiyasidir. Onda buradan n sayda asili olmayan nisbatlor alariq. Yoni:

Xi(x) __ X5(%,) _ Xo(X0) _ 2

= =—. =t =k (81)
Xi(x)  Xy(x) X, (%)
Xi00) ~Z» Xz (%) _ — oo Xal) _ —Z;  oldugunu qgobul etsok, asagidaki sokildo
Xy (%) X,(X,) Xal%,)

verilmis n sayda ikitortibli sabit omsall1 adi diferensial tonliklori alariq.
X{(%)+ ﬁil X1(x) =0, (ﬂ'il = kz)

X7(%)+ A X, (%) =0, (A =k*-27)
Xé’(X3)+ﬂ,ﬁ3X3(X3)=O, (ﬂ“i:kz_ﬂ*il_iiz) 9)

Xr,;(xn) +ﬂ“in Xn(Xn) =0, (ﬂ’in =k’ _ﬁ’il _"'_ﬂ’in,l)’
(_9) tonliklorinin imumi inteqral hallorini yazsaq:
[ X,(%) = e cOS A4, X, + f3;sin A, X,

X, (%) = @, COs A X, + B, sin 4, X,

(10)
X, (X,) =a, cos 4, X, + f3,sin 4 X,
(3) bircins sarhad sartlori (4)-da nazoars alsag;
Xl(o) = Xl(gl) =0,
X,(0)=X,(¢,)=0,
:(0)=X,(,) 1

| X, (0) =X, (¢,)=0,

sorhad sortlorini 6doyan (10) hoallori {igiin moxsusi giymot vo moxsusi funksiyalarin qurulmasi
haqqinda masaloya goalarik.

(11)-(10)= X,(0) =, =0, X,(¢,)=psin4 ¢, =0,

f, 0= 2, = ’;k k ez

1
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X,(0)=a, =0, X,(£,)=f,8nA4 £, =0, B, #0=> 1 :”T“Z, k, €Z

X,(0)=a,=0, X,(¢,)=p,sin4 ¢, =0, 20= 4 :”Tk“, k ez

Demoali (10)-(11) sarhod masalasinin trivial olmayan halli tigiin moxsusi adadlor

s et s (K Ky k) €2

soklindoa, bu adadlars uygun moxsusi funksiyalar ¢oxlugu

7k, k
X, (X sin—=1x, X,(x SiN—=X,,..., X, (X,) =5,
(X)) =5 ‘, (%) =5, ﬂz 2
soklinds olar. Sadslik tigiin g, =1, 3, =1,..., B, =1 gebul etsak, maxsusi giymatlori va moxsusi

funksiyalar1 imumi formada yaza bilorik.
Natica 1: (10)-(11) sarhad masalasinin trivial olmayan halli ti¢iin maxsusi adadlor

jvk. :{ﬂ.—ki}’ i :1;_
i gi

moxsusi funksiyalar coxlugu iso

Xi(xi)={sin”€—k‘xi}, i=1n soklindadir. 9)
barabarliklorinds maxsusi A, :ﬁ adadlarindon asili tayin olunan k? ododini timumi

sokilds asagidaki kimi yazmagq olar.
K oo = + A+t A Zz

--------

2
n n k
2 21,2 2 2 2 2 i
O x, =K p g =D A=Aty (j)
i=1 i=1 i

Buradan (1) tonliyinin (4) xiisusi hallorinin uygun sokildo
. (x,t) = (Acoswt +Bsin a)t)H X (%)=

i=1

2 \1/2 ,
=| At C“”[Z@—'H t+By, 4, sinaﬂ{z(:_ln
! i=1 i

1/2

t Hsm;{?—jx (12)

i=1
Vo ya daha sado formada yazsaq:
. L k,
uk1 Ky, K (th) = (Akl,kz,....kn cos a)kl,kz,...knt + Bkl,kz ..... Kn sin Oy, kg, knt)Hsm ”[E_I] X (121)
i=1 i

(1) tonliyi xatti vo bircinsli oldugundan onun xiisusi hallorinin diizoldilmis

u(x,t) = ZZ zuklkz ..... K, (x,1)

k=lk,=1 k,=1
sirast da onun halli olur. Bu siranin yigilmasindan asili olmayaraq onun hor bir hoddi (1)

(13)

tonliyinin (3) sarhad sartlorini 6dayan hallidir.
Indi (2) Kosi sortlorindon istifado edorak, (12) hallindon A k,..x, Vo B\ , omsallarini tapa

bilarik. (2)-ni (12)-ds nazors alsaq,

Zz ZAk ok, Hsmﬂ( Jx =Uy(X),  X=(X, Xpseerr X,)

k=lk,=1 k,=1
26
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ZZ Za)kl N = I |S|n72' Xp =Uy(X), X=(X, X500, X;) (15)
ki=lk,=1 k,=

(14) va (15) miinasibatlorindon gorundiiyii kimi baslangic sortlorin ifads olundugu u,(x) Vo
u,(x) funksiyas1 R" fazasinda birinci va ikinci tortibdon kasilmoaz olmasi ilo yanasi, slavo olaraq t
-nin qgeyd olunmus qiymatlorinds x = (X, X,,...,X,)-in  [0,4,1,[0,¢,],...,[0,¢,] parcalarindan

gotiirtilmiis hor bir sabit giymatlorinds moxsusi X, (x;), i= 1, n funksiyalarina nozoron n qgat Furye
sirasina ayrila bilon olmalidir. Yani:

)= 335 St O] Tsina{ |,

kolig=L ko
(151)
u; (x) = ZZ Zulklkz,..,k (X)Hsmﬂ( j
k=lk,=1 k,=1
on 00, 0
(15) = Ug i, i =mH...ju0(x)Hsmn( jx dx;,
1 noo 0 =1
00, o, n L
Aok :g o, ” ju (x)Hsmyz[ ]x dx,, i=1n (16)
noo
6142 n
Bklvkzv-..kn:a) 1 o J‘I Iu (x)Hsm;{ Jx dx;, (17)
ki koo ky T10 noo

(16) vo (17) amsallarinin (12)-(13)-d9 yerino yazsad:

u(x,t) = ZZ Z {fl.ﬁ ﬁ] TU (X)HS'M[ dex cosaﬂ[i[;—j}l/:

k=lk,=1 k,=1 00 T\ L
byl Ly (18)
+ — ” J'u (X)HSIFU{ Jx dx; :|HSII'\72’( J
an(z k‘] }
T\ L
Qeyd 1. ©gor k, =k, =...k, =1 olarsa (12) hallini xiisusi halda
U, (Xt)=(A, ;cose,; t+B; ;sin a)ll,...,lt)HSIn 7;_)( [ Zﬁ

i=1 i

ks - ky : : .
Qeyd 2. sin—2L 7 x,. . sin—2 7 x,, (tok v ciit indekslorin diiziimiino gors yazilmig funksiyalar
2i+1 2i

sistemi D:={(x,t):0<x, </,, t>0}paralelpipedindo asagidaki boraborlikls ifado olunur.

/1 L2 <n k k
kT . ko . ko
” Ism—xsm—x Sin—2"L 7 x. 2 47 X... n
€2n+1 2 4 2n tek sayda cit sayda
0, Ky =Ky =% Ky, Ky 2K, ## Ky,
=3 0,0,..0

¢’ kl = k3 ="'k2n+1’ k2 = k4 =.. = an

27



ELMi TODQIQAT Beynolxalqg onlayn elmi jurnal. impakt Faktor: 0.864. 2023 / Cild: 3 Say1: 8 / 23-28
SCIENTIFIC RESEARCH International online scientific journal. Impact Factor: 0.864. 2023 / VVolume: 3 Issue: 8 / 23-28 e-1SSN: 2789-6919

N

o kAW

10.

9dabiyyat
Abbasov, Z.D. (2018). Riyazi fizika tonliklori. Baki, 380 s.
Koslyakov, N.S. (1996). Osnovanie diferensialnie uravneniya matematicheskoy fiziki.
Moskva, 768 s.
Tixonov, A.N., Samarskiy, A.A. (2007). Uravneniya matematicheskoy fiziki. Moskva, 786 s.
Sankov, V.V. (2017). Volnovie uravneniya u uravneniya teploprovodnosti. Moskva, 44 s.
Trikomi, F.Dj. (2007). Lekchii po uravneniyam v chastnix proizvodnix. Moskva, 440 s.
Abbasov, Z.D. (2019). Primenenie metoda Furye k smeshanno qranichnoy zadachi.
DO0I:10,3618, ESU. 2413-9335, Ne3 (60). 4 ¢ast, 5.42-45.
Kolesnikova, S.J. (2015). Metodi reshenie osnovnix zadach uravneniy matematicheskoy
fiziki. Moskva, 80 s.
Abbasov, Z.D. (2022) Determining of displacement of a string stretched from infinitely many
points under the action of centralized force. Baku State University, “Actual problems of
mathematics and mechanics” dedicated to the 99th birthday of the national leader of
Azerbaijan Heydar Aliyev, May 11-13, Baku, p.6-7.
Abbasov, Z.D. (2023). Displacement of a string from finitely many points under the action of
centralized forces in stationary mode., Modern Problems of Mathematics and Mechanics
PROCEEDINGS of the International Conference dedicated to the 100-th anniversary of the
National Leander Heydar Aliyev. Baku, 26-28 Aprel p.26-28.
Abbasov, Z.D. (2015). Change of a string tightly teed at the ends in a medium whose
reistance of vibrations is proportional to the speed. EImi Xabarlar, 1, Ganja, p.34-36.

Gondorilib: 25.06.2023 Qabul edilib: 18.08.2023

28



