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Vaqt Yo‘nalishlari Turlicha Bo‘lgan Parabolo-Giperbolik
Tenglama Uchun Birinchi Tur Integral Shartli Masala

Ikromova Nargisa Saidakbarovna !, Ibrohimova Dildoraxon Rasuljon gizi 2

Annotatsiya: Mazkur ishda vaqt yo‘nalishlari turlicha bo‘lgan aralash tipdagi bir tenglama
uchun qo‘yilgan birinchi tur integral shartli masala yechimining mavjudligi va yagonalini isbotlangan.

Kalit so‘zlar: Aralash tipdagi tenglama, birinchi tur integral shartli masala, integral tenglamalar
usuli.

D orgali ushbu sohani belgilaylik, D =D, uD, uD, bu yerda
DO:{(x,t):O<x<+oo,O<t<1},
D, ={(xt): =x<t<x-1,0<x<1/2}, D,={(xt):-1<x<0,0<t<1}.

Ushbu I, ={(x,t): -1<x<0, t=0}, I,
quyidagi (1) tenglamani garaymiz:

{(x1):0<t<1, x=0} belgilashlarni ~ Kiritib,

u, —u, =0, (x,t)eD,,
O=Lu=qu,-u,=0, (x,t)eD, (1)
u, +u, =0, (x,t)eD,
va (1) tenglama uchun D sohada ushbu masalani o‘rganamiz:
1-masala. Lu =0 tenglamaning
u(x,0)=g,(x), 1<x<+w; (2)
u(x,0)=e¢,(x), -1<x<0; (3)

limu, (x,t) = &,(t) lim u, (x,t) + &,(t) Db, (u(0,0)] +
+a, (1) DA [b, (Hu(0,t)] +b (), O<t<l
limu(x,t)=0, 0<t<L (5)

X—>+00

(4)

1
ju(x,t)dt:¢3(x), ~1<x<0 (6)
0

u(x,—X) =w,(x), 0<x<1/2; (7)
u(x,x-1) =w,(x), 1/2<x<1 (8)
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shartlarni  ganoatlantiruvchi  U(X,t) regulyar yechimi topilsin, bu yerda a;(t) b;(t),
@,(x), j=13 va y,(x), i =12 berilgan uzluksiz funksiyalar bo‘lib,

a, (t)eC'[0,1], a,(t)#0, te[0,1]; b;(t) eC[0,1]; ¢.(0)=¢,(0)=0, ¢,(x)eC[0,),

3¢, (x) € C(0,+0) N L(0,+) va lim ¢,(x) =0; ¢,(X), ¢,(x) e C'[-1,0];

a va [ lar esa (0,1) segmentga tegishli bo‘lgan berilgan hagigiy sonlar; Dy, va th lar kasr

tartibli differensial operatorlar.
Masalaning tadgiqgoti. Qo‘yilgan masalaning bir giymatli yechilishini isbotlaymiz. Faraz qilaylik,
u(x,t) funksiya masalaning yechimi bo‘lsin. Masala shartlariga asoslanib, quyidagi belgilashlarni
Kiritaylik:

u(x,—0)=u(x,+0)=r7,(x), 0<x<1; (9

u(-0,t)=u(+0,t)=7,(t), 0<t<l; (10)

Iingux(x,t):rs(t), O<t<l (11)

bu yerda 7,(X), 7,(t), 7,(t) - noma’lum funksiyalar.

U holda masala yechimini D, sohada U, —Uu,=0 tenglama uchun (6) va
u(x,+0)=r,(x), xe [0;1] shartlarni ganoatlantiruvchi yechimi sifatida ushbu

T e R e B

ko‘rinishda aniglashimiz mumkin [1]. (12) yechimni (8) shartga bo‘ysundirib, noma’lum z,(X)
funksiyani ushbu ko‘rinishda topamiz:

Tl(x):l//l(XTH-j"'V/z(XTH-j_V/l(%]’ 0<x<1.(13)

Endi masalani D, sohada garaylik. Ma’lumki, U
aniglangan, uzluksiz hamda (2), (5) va ushbu

u(x,0) =z,(x), 0<x<I (14

. —U, =0 tenglamaning D, sohaning yopig‘ida

X

Iirr})ux(x,t):r?J(t), O<t<l, (15)

shartlarni ganoatlantiruvchi yechimi ushbu
1
v X& X ~(x2+&2
u(x,t) :IZ—U{—SZJG VI (S)dE +
A 2t
(16)

+°°,/X§ (Xé‘j —(x%+&£2) 14t 1 t —12 —Xx214(t-n)
+ | =1, = e e (§)dE ——=|r5(m)(t—n) "¢ "dn
! 2t V2 2t ' Iz ! ’

ko‘rinishda aniglanadi [2], bu yerda Ip(z)—mavhum argumentli Bessel funksiyasi bo‘lib [3,4],
quyidagi ko‘rinishda aniqlanadi:
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2k-1/2

= (212)
'p(z)_ék!r(kﬂ/z)'

Endi garalayotgan tenglama va masalaning (2), (3), (6) shartlaridan foydalanib,

f0)=~= [ € e~ @, m]in te 01 @7)

va quyidagi

T, + limu, (x,)=0, 0<t<I,

1 (18)
7,(0)=0, j 7,(t)dt = ¢, (0)

munosabatlarga ega bo‘lamiz.

(11) belgilashni hamda (17) va (4) tengliklarni ¢’tiborga olsak, (18) tengliklardan 7,(t) noma’lum
funksiyaga nisbatan

7," () —a, () Dyl (t) +
+a, (t) Dy [b, (t)7, (1)] + &, (1) D/ [b, ()7, (1)] = (19)
= (1) ~ &, () Dy’ @, (t), O0<t<l

ko‘rinishdagi integro-differensial tenglama va ushbu
1
5,(0)=0, [r,(t)dt=¢,(0) (20)
0

shartlar kelib chigadi.
{(19),(20)} masala yechimining mavjudligi va yagonaligini isbotlaymiz. Avval bir jinsli masalani
garaymiz:

7, (1) -aO)D (1) + o
+a, (1) D[, (t)7, ()] + &, (t) Db, (t) 7, (t)] =0, 0<t<1;

1
7,(0) =0, j 7,(t)dt =0 (22)

0
Lemma. Agar [0,1] oraligda a,(t) >0, a,(t) <0, a,(t) <0 va b,(t) >0, b,(t) >0 tengsizliklar
bajarilib, b, (t) —kamaymaydigan funksiya, b,(t) — o‘smaydigan funksiya bo‘lsa, {(21), (22)} masala
fagat trivial yechimga ega bo‘ladi.
Isbot. (22) shartlarning ikkinchisidagi integralga o‘rta giymat hagidagi teoremani tatbiq gilsak, (0,1]
oraligda shunday t, nugta mavjudki, 7, (t,) =0 tenglik o‘rinli bo‘ladi.

Buni e’tiborga olib,
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A ORI AR
+a,(t) Dy [b, (t)7,(1)] + &, (t) D [b;(1)7, ()] =0, t, <t<1} (23)

7,(t) =0, j.rz (t)dt=0

4

masalani garaymiz.

Faraz qilaylik (23) masala 7,(t)#0, O<t<t  yechimga ega bo‘lsin. U holda
sup|z,(t) |5 7,(£) =0, £=conste[0,t;] boladi. 7,(0)=7,(t)=0 shartlarga asosan
[0.4]

&#0, &#t. Demak, &€ (0,t). Unda 7,(t) funksiya t =< nugtada musbat maksimumga yoki
manfiy minumumga erishadi. Buni hamda lemma shartlarini hamda butun hosilalarning xossalarini va
kasr tartibli differensial operatorlar uchun ekstremum prinsipini e’tiborga olsak, 7,(&)—musbat
maksimum (manfiy minimum) bo‘lganda quyidagi tengsizliklar o‘rinli bo‘ladi:

7,(£)<0(=0), a(£)Dy’r, (1) |,_.>0(<0),
a, (1) Dy [b, ()7, (1)] .. < 0(= 0),
a,(t) D(i [b;(t)z, (t)] |t:§S 0(=0).

Bularga ko‘ra

7, (&) —{a (t) Dy7, (1) -
—a,(t) Dy [b, ()7, (1)] — a,(t) Dt€ [b;(t)z, ()]} |t:§ <0(>0)

bo‘ladi. Bu tengsizlik (23) munosabatlarning birinchisiga ziddir. Biz duch kelgan bu garama-garshilik
7,(t) 20, 0<t <t deb gilgan farazimiz noto‘g’ri ekanligini ko‘rsatadi. Demak, (23) masala faqat
7,(t)=0, te[0,t,] yechimga ega. Agar t, =1 bo‘lsa, lemma isbot bo‘ladi. Aks holda, (21) (22) va
7,(t) =0, t [0,t] tengliklarga asoslanib,

7, (1) - a,(t) Dz, (1) +
+8,(t) Dti [b,(t)7, ()] + a,(t) Dt/f [by(t)7,(t)]=0, t <t<1: (24)

1

7,(t,) =0, j 7,(t)dt =0

%

masalani garaymiz.
Yugoridagi usulni qo‘llab, (24) masala uchun ham (t,1] oraligda shunday t, nugta mavjudki,
7,(t) =0, t €[t,,t,] bo‘lishini topamiz.

Agar t,=1 bo‘lsa, lemma hal bo‘ladi. Aks holda, (24) va 7,(t)=0, te[t,t,] tengliklarga
asoslanib,
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7, (O -0y, (1) +
+a,(t) Dy [b, (t)7, (D] +a, () Db, (D7, (1)] =0, t <t<L

7,(t,) =0, j-rz (t)dt=0

t

masalani garaymiz.
Bu masalaga ham yugoridagi usulni qo‘llab, 3t, e(t,,1], 7,(t)=0, te[t,,t;] tenglik o‘rinli
bo‘lishini topamiz.
Agar t; =1 bo‘lsa, lemma hal bo‘ladi. Aks holda, yugoridagi jarayonni davom ettirib, sanogli
gadamdan so‘ng, yoki lemmaning tasdigiga kelamiz, yoki shunday [O,t], [t,,t,],...[t, ..t ],...
oraliglar ketma-ketligiga ega bo‘lamizki (bu yerda t, =0), bunda z,(t)=0,te[t _,,t , neN va

1
limt =1 tengliklar o‘rinli bo‘ladi. Bu tengliklardan 7, (t)+ Irz (mK(t,n)dn=0, 0<t<1
n—+o0
0
bo‘lganligi uchun 7, (t) =0, t €[0,1] tenglik kelib chigadi.
Lemma isbotlandi.
Lemmadan foydalanib quyidagi teoremaning o‘rinli ekanligini ko‘rsatish giyin emas.

1-teorema. Agar lemmaning shartlari bajarilsa, {(19),(20)} masala bittadan ortiq yechimga ega
bo‘lmaydi.

Endi {(19),(20)} masala yechimining mavjudligini isbotlaymiz. Shu magsadda (19) tenglamada t ni
Z bilan almashtirib, so‘ngra [O,t] oraligda Z bo‘yicha ikki marta ketma-ket integrallaymiz. Natijada

7,(t) =0 ekanligini hisobga olib va 7, (t) = C belgilashni kiritib,

7,(t) - Ct - [ (t - sHay(s) Dz, (5) - 8, () D5 [, (5)7, (5)] -
i (25)

~a,(5)DAIB, ()7, (s + [ (- S)[by(5) + a,(5) Db, (5)]ds =0

tenglikka ega bo‘lamiz.

C noma’lum sonni topish magsadida, (20) ning ikkinchi shartida foydalanamiz, ya’ni (25) tenglikni t
bo‘yicha [0,1] oraligda integrallab, uni ¢,(0) ga tenglaymiz. Natijada hosil bo‘lgan tenglikdan C
noma’lum son bir giymatli topiladi:

C ={2¢,(0) - [ (L-5)[a,(5) D37, () — 2, () Dy [, (8) 7, (S)]] -

—a,(5) D4 [, ()7, ()] + [ (1=5)°[y(5) + &, (5) DD, ()]s}
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C sonning bu ifodasi (25) tenglikka qo‘yib, kasr tartibli hosilalar yoyilmasidan, bo‘laklab integrallash

goidasidan va takroriy integrallarda integrallash tartibini ozgartirish qoidasidan foydalanib, , {(19),

(20)} masalaga ekvivalent bo‘lgan quyidagi ikkinchi tur Fredgolm integral tenglamasini hosil gilamiz:
1
7,(t) + Irz (7) Ky (t,7)dn =D (t), 0<t<1, (26)
0

bu yerda
Dy (t) ={20,(0) +t j (L-5)*[by(s) + &,(s5) D37 (s)] ds}+

* j (t - ) [by(s) + &, (5) Dy, ()]ds,

_ Ke(t,77), t>1;
Ks(tsﬂ)—{ K. (t,7), t<n

{[20-9)8,6) - (- 972 )] _
=

_rt(bf—fn))f (s-1)"[2A-5)a,(5) - (1~ 9)*a, ()] ds +

rt(ti(nﬁ)’)I (7 =3) " [201-5)ay(s) - (L -s)"a; ()] ds -

_j(s — ) ¥[a,(s) - (t—s)a,'(s)]ds +
F(;(j?)).[( —-n) “[a,(s)—(t—s)a, (S)]dS+

_%Q (7= "[ay(s) = (t=s)a; (5],

t j-[2(1—s)a1(s)—(1—3)231'(3)]_
(s—n)"ds

K;(t,7) =
tb2(77) t o\ _ _(1—_<c)2q '
_m'[ (s—n)“[2(L-s)a,(s) — (1-s)’a, (s)]ds +

Ft(t:)L (77,;) I (n—9s)"[2(1-s)ay(s) - (1—s)*a, (s)]ds -

_ %:{(n —s)” [a,(s)—(t— s)a3' (s)]ds.
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Berilgan funksiyalarga go‘yilgan shartlardan foydalanib ko‘rsatish mumkinki,
®,(t) e C[0,1]; K,(t,77) funksiya esa {(t,77):0<t,n7 <1} kvadratning t #7 bo‘lgan nuqtalarida
uzluksiz bo‘lib, t =7 diogonalida birinchi tur sakrashga ega.

1
rz(t)+jrz(77) K (t,7)dp =0, 0<t<1 (27)
0

bir jinsli integral tenglama {(21), (22)} bir jinsli masalaga mos keladi. Bu bir jinsli masala fagat trivial
yechimga ega bo‘lganligi uchun, (27) bir jinsli integral tenglama ham faqat trivial yechimga ega. U
holda Fredgolm alternativasiga asosan (26) bir jinslimas integral tenglamaning yechimi mavjud va
yagonadir.

7, (t) funksiya (26) integral tenglamadan topilgandan so‘ng, 7,(t) funksiya

73(t) = ———j(t 7) ¥ [z,(7) —@,()]dn, te (01) (28)

(28) tenglik yordamida aniglanadi. Shundan so‘ng, masalaning yechimi D, sohada (16) formula orgali
topiladi, D, sohada esa u, +Uu, =0 tenglamaning (3), (6), u(0,t)=7,(t), 0<t<1 shartlarni
ganoatlantiruvchi yechimi sifatida aniglanadi. Shuning uchun oxirigi masalani J, bilan belgilaymiz va
o‘rganamiz.

J, masala yechimini
u(x,t) = ifz(ﬂ)Gl(X,t;O,n)dn +T¢2(§)Gm(x,t;§,0)d§ —T(p(é)Gm(X,t;é,l)dé (29)
(29) korinishda izlaymiz, bu yerda ¢(X)X: u(x,1) — noma’lum funkxsiya. (29) funksiyani integrallab,
j;u(x,t) dt = —j‘gp@) {:[Gln(x,t; &) dt}dg +®d,(x). (30)

1

'!Gln(x,t;ﬁ,l) dt - —m - K4(X,§), (31)

bu yerda

x2S ] 2]

(30) va (31) tengliklarga asosan quyidagi tenglikka ega bo‘lamiz:

Juttydt=| [ﬁJr K4(x,§)}¢(§)d§+®4(x).

X

Buni (5) shartga qo‘yib,

J % = 0,(0) - ©, (0~ [P(OK, (x.£)dE (32)
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ko‘rinishdagi integral tenglamaga kelamiz, bu yerdagi K, (x,<&) quyidagi (32) tenglik bilan aniglanib,
bu funksiya va uning ixtiyoriy tartibli hosilalari X < & bo‘lganda uzluksiz, X — & da nolga intiladi.

" | exp| _2N-D°
)= 7 ( nl{ { X} exp{ 4(5_")}} (33)

(32) tenglamaning o‘ng tomonini vagtincha ma’lum funksiya desak, u noma’lum funksiyaga
nisbatan Abel integral tenglamasi bo‘ladi. U holda (32) tenglamadan, Abel integral tenglamasi
yechimining formulasiga ko‘ra,

p(x) = J { 0,(2)-®,(2) - | (p(ém(x,f)d«f} (34)

tenglik kelib chigadi. Bu yerda avval integrallash tartibini o‘zgartirib, so‘ngra hosila olish amalini
bajarsak,

P(X) ~ [ P(£) Ky(x,£)dE = De(x), xe(-10) (35)

ko‘rinishdagi integral tenglama hosil bo‘ladi, bunda
Ky(%,€)= f jK(zs)(z X)¥?dz,

0,00 == [0, - @, @l Ve

(35) integral tenglamaning yadrosini va o‘ng tomonini o‘rganamiz. Awval K;(X,&) yadroni
garaymiz. Bu funksiyaning tarkibidagi integralni bo‘laklab va K;.(X,&) e C(-1<x<£<0),

!(I_rjg K,(x,&)=0, !(l_r)T; K4z (X&) =0 munosabatlarni hisobga olib, ishonch hosil gilish mumkinki,
Ky(%, &) eC(-1<x < £<0) va Ky(x,&) = (£ —x)?0().
Endi ®,(X) funksiyani tekshiraylik. Buning uchun @®,(X) funksiyani @ (X)ga qo‘yib, uni
quyidagicha yozib olamiz:

D (X) = Dg; (X) — D, (X) — D (X), (36)
bu yerda
(2)(z - x)™?dz,

1 d 7}
®61(X):_ﬁ&_)‘:¢3

gy () = —%i [@-x"dz[p()de [, @, 6:E 0t

CD(S::’(X) = _%ij‘ Z - X)]/Zde‘TZ (n)dnj‘Gl(Z!t’OJ?) dt.
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D, (%), ] =1,3 funksiyalarni alohida-alohida o‘rganamiz.

Bo‘laklab integrallash formulasini qo‘llasak, @, (X) funksiya quyidagicha yoziladi:

@)= -2 - Iwg(z)(z 0 ¥2dz. (37)

Py () = f = j [©de] 2% "7dz CHATDE

X

t _ N 1 a3 (t-p-2nT)* | t+n-2nT)" || .
_([Gln(x,t,f,n)dt_j2 ) 877nzgo{exp_ 4G ) } exp{ 4G }dt_
—n—-2nT)? B (t+17—-2nT)° B
2«/7(5 j Z{ { TE }exp{ T }}dt_
Z{ { —n—-2nT)? }_exp{(twy—ZnT) }H N T
2w/7z(<§ —4(&-x) —4(& —x) =0 2m(E-X)

> (2nT +71)° (2nT —7)? (t—n—-2nT)? (t+7-2nT)?
ani{exp{ 4 ]+exp[ 4 }exp{ 4(Ex) ]_exp[ 4(E¥) ” )

Yugoridagi (38) tenglikdan osongina kelib chiquvchi

1 1
G, (x,t;0, dtz———K4 &),
! L (x,50,77) = (z,%)

7(&—-12)

tenglikni e’tiborga olsak, @, (X) funksiya

g
Py () = —%di 0,(£)dE [ - X L(E—2) ¥ dz + 7K, (2, )]z

ko‘rinishda yoziladi. Ichki integralda z = X+ (£ — X)S formula bilan almashtirish bajaramiz:

009~ 3 (] 05) s s

fd  [oere- )“déjs ”Zdéjs VK [x+ (£ =205, £]ds =
Z(Pz(x)+ﬁj%(§)(§-X)_Mzdfjs_V2K4[x+(fj—x)s,f]ds—

—%im)@—x)”dﬁis”2§K4[x+<é—x>s,5]ds-
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K,(X,&) funksiyaning xossalarini va ¢,(X) € C[-1,0] ekanligini inobatga olsak, oxirgi tenglikdan
@, (X) funksiyaning [-1,0] segmentda uzluksiziligi kelib chigadi.

Endi @, (X) funksiyani garaymiz. Bu funksiya tarkibidagi [X, 0] oraliq bo‘yicha integralga bo*laklab
integrallash formulasini qo‘llab, so‘ngra t bo‘yicha hosila olish amalini bajarib,

1 1 Lt .
®63(X)_ﬁ{ﬁIzll’)g'(').dt_([rz(n)c'l(zlt’o!n)dn+

0 ) 1 1 8
+[(z-%) ’/zdz_([dt.([rz(n)aGl(z,t;O,n)dn} (39)

tenglikni hosil gilamiz.
Ma’lumki, quyidagi tengliklar o‘rinli:

Uﬂgjfz(n)Gl(Z,t:O,n) di7 =17,(0),

2

0 0
561(2,'[; 0,77) = —?Gl(Z,I;O, 77)
Bularni hisobga olsak, (38) tenglik

1 1 0
7, (t)dt + 1(z)(z — x)™?dz (40)

1
q)ea(x):ﬁ_([ ﬁ;[

ko‘rinishni oladi, bu yerda
1

@) =m0y | 256, @0t

Ushbu funksiyani Kiritaylik:

2n)* (t+r—2n)°
N(z,t;7) = ,_Z{ { —( 2 }rexp{——(_h) }}

U holda quyidagi tengliklar o‘rinli bo‘ladi:

0 0
—G,(z,1;0,n) =——N(z,t;n),
p \ ( n) on (z,t;77)

N(z,1;1) =N(z,0;0) = \/_17{1+ Zzlexp£ . H

_(@2n-1)" 1)?
) (-4z2)

N(z,1;,0)=N(z,0;1) =

Bu tengliklardan foydalanib, 1(z) funksiyani
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h 0 h 0
@) =[G t0.m 5 dn =] £ ) 5 IN(2 L) = N(2,0i)dn =

0 0

7, MIN(2,0;7) = N(z,Lm)]dn +[z,(1) + 7,(0)][N(2,0;0) — N(z,0;1)]

I
O e

ko‘rinishida yozish mumkin.
Kiritilgan N (z,t;77) funksiya tuzilishidan kelib chigadiki,

T

N(z,57)= \/_1?
eom=— vl | ke

bu yerda Kq(z,77) va K,(z,77) —{(z,17):—=1<z <0, 0<7 <1} sohada ixtiyoriy tartibli uzluksiz
va chegaralangan hosilalarga ega bo‘lgan funksiyalar.
Buni hisobga olsak, 1(z) funksiya quyidagicha yoziladi:

1(2) = [ 7, (0)[ Ky (2,1) = Ky (2,17) Jdrp -

0

1 jr'( )exp a-n)" | +Ljr'( )exp(n—z)d =
2 \17 47 n \/Eo > \7] 47 n
+[7,() +7,(0)][N(z,0;0) - N(z,0;1)].
Bu yerdagi ikkinchi va uchinchi integrallar o‘zgaruvchilarini mos ravishda 7=1—2Sv—Z va

1 = 2S</—Z tengliklar yordamida almashtiramiz:

1(2) = | 7, (M[Kyo(z,1) - Ky (z,m)1d7 -

I
O'—;I—‘

2+/-12

y
% [rz' (1—2=z25)— 72'(2\/33)}e‘52ds ;
T

+[7,(1) + 7,(0)][N(z,0;0) — N(z,0;1)].
N(z,0;0) va N(z,0;1) funksiyalarning tuzilishiga asosan bu tenglikdan kelib chigadiki, agar
7,(t) € C(0,1) N L(0,1) bo‘lsa,
1(2) eC(-1,0], 1(z)=Iz[° OQ) (41)

O'—'W

munosabatlar o‘rinli boladi, bu yerda & €[0,1/2].
(41) munosabatlarga ko‘ra, (40) tenglikning ikkinchi qo*shiluvchisi C[—1,0] sinfga tegishli ekanligi
kelib chigadi.
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1
(3), (6), (40) tengliklarni va jrz(t) dt = ,(0) shartni inobatga olsak, yuqorida isbotlanganlardan
0
quyidagi teorema kelib chigadi:
2-teorema. Agar 7,(t) e C[0,1] nC*(0,1), 7, (t) e L(0,), »,(x) e C[-1,0],
¢,(X) e C[-1,0]nC*(0,1), ¢, (X) € L,(~1,0) shartlar bajarilsa, ®(x) € C[~1,0] bo‘ladi.
Demak, (35) — sust maxsuslikka ega bo‘lgan yadroli Volterra integral tenglamasi, bo‘lib, uning o‘ng
tomoni C [—1,0] sinfga tegishli. Shuning uchun u uzluksiz funksiyalar sinfida yagona yechimga ega.
Undan topilgan ¢(x) funksiyani (29) formulaga qo‘yib, J, masalaning yechimiga ega bo‘lamiz.
Shu bilan masala to‘la hal etildi.
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