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AHHOTALUSA
B nanHOW  BBIMYCKHOW  KBaMU(UKAIMOHHOW padOoTe H3Y4YeH OJHO 3

OINCPAIIMOHHBIX ~METOJIOB,  WHTErpajbHOe mpeoOpasoBanue Jlammaca u ero
CBOMCTBa, NMpUMEHEHHe ero K auddepeHnnanbHbiM ypaBHeHUsIM. Kpome Toro
IPHUBEJICHBl  HCIIOJIb30BAaHUE OIEPAIlMOHHBIX METOJIOB K Ju(depeHIInaibHbIM
YpaBHEHHSIM B YACTHBIX IPOU3BOHBIX.

KawueBbie cioBa: OnepanvioHHBIH MeTox, mpeoOpazoBanus Jlamaca,
oOpaTtHast mpeoOpazoBaHus Jlammaca, OpuTrHHAN, W300paKCHHWE, YpaBHEHUE

TCILJIOIIPOBOIHOCTH.

Annotaciya

Mazkur bitiruv malakaviy ishida operatsion metodlarning biri Laplas
integral almashtirishi va uning xossalari, uning differentsial tenglamalarga
gollanilishi urganilgan.  Bundan tashgari operatsion metodlarning xususiy
hosilali differentsial tenglamalarga qo’llanilishi keltirilgan.

Kalit so’zlar: Operatsion metod, Laplas aylandirish formulasi, teskari Laplas

aylandirish formulasi, original, harorat tenglamasi.

Annotation
In the given final qualifying job is investigated one of operational methods,
integrated transformation of Laplas and his property, application it to the
differential equations. Besides are given use of operational methods in the
differential equations in private derivative.
Keywords: Operational method, Laplace transform, inverse Laplace transform,

original, heat equation.
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Kirisiw

Operaciyaliq esaplaw pan sipatinda XIX asirdin ayaqlarinda payda
boldi. Biraq operaciyaliq esaplawdin tiykarlari Leybnictin, Bernullidin, Lagranj,
Laplas, Eyler, Fur'e, Puasson, Koshilerdin klassikaliq jumislarinda ushirasip
kelgen. Opreaciyaliq esaplaw metodlari ameliy matematikanin effektiv
metodlarinan  bohip  ko'p jagdaylarda  apiwayr gagiydalar jardeminde
ilimnin har quyli tarawlarina tiyisli quramali maselelerdi sheshiwge gatnasadi.
Bul metodlar mat-fizikada, funkcional qatarlardin gosindisin, integralin
tabiwda sonday-aq sanlar teoriyasinmm  ayirim maselelerin sheshiwde ken
golaniladi.

A’sirese operaciyaliq esaplaw avtomatika, telemexanika, elektrotexnika,

radiotexnika, teleuzatiw ham t.b. maselelerdi sheshiwde gollaniladi [2].
2) (P(p)=jefp(x)f(x)dx anlatpa  Laplas tarlendiriwi  dep, al on
0

tarepindegi integral Laplas integrali dep ataladi. Bul jerde p - kompleks
0 zgeriwshili har ganday daslepki f(x) funkciya ushin Laplas integrali Rep>s,
yarimtegislikte jiynaqli ham usi yarim tegislikte o@(p) analitik funkciyan

aniglaydi.
lime(p)=0
p—o0

Bul jerde ¢(p) funkciya f(x)- tin sawlesi dep atalad:.

3) Aylaniw teoremasi.

Eger o¢(p), Rep>s, yarimtegislikte analitik funkciya bolip ham |p| > da
galegen Rep>a>s, yarimtegislikte nol'ge umtilsa ham argp ga qarata ten

o Ishemli bolsa.

a+io

[ o(pde

a—io

a+io

1 »
Absolyut jiynaglt, onda f(><)=2—7[i I e’ o(p)dp

a—io

funkciyanin sawlesi bolad [8].



Laplas tarlendiriwine tiykarlangan operaciyaligq metodlar  asimptotik
jayilmalar teoreasinda, mexanika maselelerinde, jillilig o'tkizgishlik teoreasinda,
elektr shinjirindagi  stacionar  emes qubilislardr  1zertlewde elektr ham
radiotexnikada, dinamika maselelerinde, o zgermeli koeficientli sizigh apiway:
differencial tenlemeler teoriyasinda ken gollaniliwin tapti . Bir gansha jumislar
operaciyalig  esaplawdag juwig metodlarga bagishlangan. Operaciyaliq
esaplaw  boyinsha ko pshilik izertlew jumislar: shet el alimlarina tiyisli.
Olardin operaciyalig esaplawga teoreahq tiykar salgan Pol sha matematikleri
Mikusinskiy, Rill — Nardzevskiy, Slovikovskiy, Bittner, Sikorskiy ham t.b.
Laplas integral turlendiriwi teoreasina G. Dyoch aytarligtay ules qosti [9].

Mikusinskiy E.  Titchmarsh  tarepinen  dalillengen belgili oramlar
hagqindag: teoremani 1zertlep bayitip bardh.

Pitkeriw ganigelik jumis Kirisiw, tsh bap, juwmaqlaw ham paydalangan
adebiyatlar  diziminen ibarat bolip, birinshi bapta operaciyaliq metod
haqqinda tasinik atap aytqanda 1.1 bantte Laplas ntegral tarlendirwinin
tap nusxast ham kompleks oblasttagi sawlesi, 2.1 bantte Laplas turlendirwinin
tiykargi gasiyetleri.

Ekinshi bapta operaciyalig esaplawdin differencial tenlemelerdi
sheshiwge qollaniwi atap aytganda 2.1 bantte turaghh  koefficentlik apiwayi
sizigh differencial  tenlemelerdi sheshiw. 2.2. bantinde turagh koefficentli
apiwayi s1zigh differencial tenlemeler sistemasin sheshiw maselesi garalgan.

Al ushinshi bapta dara tuwindili differencial tenlemelerge operaciyaliq
esaplawdin qollaniwi  Kkeltirilgen atap aytqanda jilliliq 6tkizgishlik tenlemesine

qoyilgan shegaraliq masele operaciyaliq metod jardeminde sheshilgen.



1. Bap. Operaciyahg metod haqgqinda tusinik.

Opreaciyaliq esaplawdm manisi sonnan ibarat yagniy differenciallaw

operatori %, algebralig shama retinde garaladi, sonligtan onimn menen gadimgi

sanlar ustindegidey ameller orinlaw muamkin. Differenciallaw operator funkciyasin
Kiritiw taza operatordin payda boliwina alip keledi [4].

Berilgen baslangish shartlerde differencial tenlemeni sheshiw magsetinde
anglichan ilimpaz1 Xevisayd (1850-1925) operaciyaliq esaplawd: yarimtuwrida

aniglangan funkciyalar ushin garadi, ham sonin jardeminde ko'p ahmiyetli

maselelerdi sheshti. Xevisayd %- differenciallaw operator1 ham usi1 operatordin

bazi-bir funkciyalari menen gatnas gilhiwdin formal gagiydasin usinad.

Birinshi marte operaciyaliq esaplawga Laplastin integral turlendiriwi
jardeminde gatan tiykarlama berildi.

Opreaciyaliq esaplawdmn differenciallaw operator1 kompleks o°zgeriwshi
funkciyalar teoriyasindag: konturliq integral metod: menen qisip shigariladi. Biraq
operator uliwma matematikaliq tusiniklerdin biri bolip tabiladi. Sizigh operatorlar
teoriyas: funkcional analizdin en rawjlangan bo legi bolip matematikahiq fizikanin

tiykarg: apparati bolip tabiladi.

1.1. Laplas integral tarlendiriwinin tap nusxast ham kompleks

oblasttagr sawlesi.

Tup nusga (orginaldmn) aniglamas.

Orginal funkciya dep to mendegi shartlerdi qanaatlandiriwshi t- haqiyqy

argumenttin f(t)- kompleks funkciyasina aytamiz [3].

1) Barhq t- ko'sher boyinsha, f(t) yaki ommn tuwindisi I- tar uziliske iye
nogatlardan basqa barlig jerde o'zinin jetkilikli ulken tartiptegi tuwindisi
menen uzliksiz.

2) t<0 ushin f(t)=0



3) f(t), ko rsetkishli funkciyadan tez o’speydi yagniy sonday M>0,5,>0 sanlar1 bar
bolip barlig t>0 sanlar1 ushin

| (t)] < Me™ (1)
So- san1 f(t) funkciyanin o siw ko rsetkishi dep atalad.
1, t>0
t) =
n(t) {o, (<0 (2)

Birlik funkciya apiwayi tup nusga funkciya dep ataladi. Eger funkciya o(t) 1), 3)
shartti ganaatlandirsa ham 2) ni ganaatlandirmasa onda

o), t>0

f(t) = oOn(t) = {0 (<0

Funkciya tap nusxa funkciyanin barhq shartlerin ganaatlandiradi.  @(t)7(t) -nin

ornina adette  ¢(t) dep jazamiz. (1) den ex" funkciyas: a, >0 bolganda

tgat, ti lar @3 >0 bolganda orginal funkciya bola almaydi, sebebi olar ushin
&

(1) tensizlik t>0 bolganda M ham sy din galegen manisinde orinli emes f(t) orginal
funkciyanin kompleks oblasttagi sawreti dep Laplas integralinan aniglaniwshi F(p)

kompleks o"zgeriwshi funkciyasina aytamiz

p=s+ic, s=Rep, o=Imp
F(p) = j e P f (t)dt (3)
0

f(t) ga qoyilgan shartlerde (3) integral bar boladi. Hagiygatinda da Rep=s>s,
yagniy garalip atirgan r nin manisi Rep=s, tuwridan on tarepte jaylasgan yarim

tegislikte jatadi. Onda

M

j e P f (t)dt
0

< T\e—pt i (t)\ dt<M Te‘“‘%”dt =
0 0



Bul jerden ko'rinip turganinday garalip atirgan klassta keltirilgen integral ten
o'Ishemli jiynagli, yagmy alingan bahalaw Rep>s, yarimtegislikten alingan
galegen p- ushin orninh. Laplas integrali f(t) funkciyasin (3) formula menen
aniglaniwshi basga F(p) funkciyaga tarlendiredi. f(t)- nin F(p)- ga tarleniwi Laplas
tarlendiriwi dep ataladi. f(t) funkciyasinin kompleks oblasttagr sawreti F(p), (3)
formuladan p- kompleks o°zgeriwshi Rep>s, boyinsha analitik funkciya bolip

tabiladi. Hagiygatinda da F’(p) bar boladi ham

F'(p)= —J'e*p‘tf (t)dt, Rep>s,
0

da absolyut jiynagli. (3) formuladan |F(p)|—0 , eger Rep>s—w
Misal 1. n(t)=1 birlik funkciyanin C kompleks oblastta sawleleniwin tabin.
(3) formula boyinsha

o

F(m=j€“m0mzﬁmj€“m=nm3—-=nm(1_lewﬂ
0 a—w 0 0 a—w p p

a—0 _p
Eger Rep>0, onda lime ™ =0 ,dmnek,1+%; Rep>0.

t
Misal 2. €% - funkciyasinin C kompleks oblastta  sawleleniwin tabin. (3)

formula boyinsha,

—(p-a)t

. 1 e
=lim — :
o “\p-a p-a

F(p) = [e "e“dt=—lim
0

aﬁoo(p_a

Eger

Re(p-0)>0 bolsa, lime ®* =0, e"+——; Re p > Rea. (4)

10



1.2. Laplas integral tarlendiriwinin tiykarg qasiyetleri.

Meyli f(t), g(t), ... - tap nusga funkciyalar, al F(P), G(P), ... olardin

kompleks oblasttagi sawlesi bolsin [2,8].
F(p)=[e™f@d,  G(p)=[e g(t)d,...
0 0

Onda to 'mendegi gasiyetler orinli:
1) Siziqlihiq gasiyeti.
Qalegen kompleks turagli o ham B lar ushin
af(t)+ Bg(t)+ akF(p)+ PG(p)
Dalilleniwi integraldin gasiyetinen kelip shigad:.
Sizighhg  qasiyetin ham (4) gatnastan to mendegi funkciya sawlesin

tabamiz.

Sint:i(e"—e‘")+i_ i—i ©sint = 21
21 200 p—1  p+I p°+1

2) Ugsasliq teoremasi: galegen turagli >0 ushin

f(at)+§ F(EJ

Dalillew: ot=t dep alip to'mendegige iye bolamiz.

f(at)+_[f(at)e‘ptdtzljf(r)e p dT:lF[Ej;
0 ao (04 a

3) Tup nusgan differenciyallaw.
Eger f(t) yaki f™(t) tup nusga bolsa, onda
£°(t)+=pF(p)-f(0)
yamasa
f(t) =pF(p)-p"F(0)-p™2f *(0)-....-F"D(0).
bul jerde *(0) retinde on shek manis tusiniledi.
lim £ ()

Xx—+0

11



Dalillew: kompleks oblastga o'tip ham bo’leklep integrallap to'mendegige iye

bolamiz.

f(t) +Tept fit)dt =] f(t)e™ ]:’ + pTem f (t)dt

Rep=s>s,, onda ‘ f(t)e pt‘ <Me ®*" ham t—sco da birinshi agza nolge umtilad,

al t=0de f(0) ge iye sonin ushin

£(t)+pF(p)-f(0).

Song1 formulan: paydalanip

f(t)=[f '(OI'+ pLpF (p) -  (0)]- f'(0) = p°F (p) - pf (0) - T *(0)..

Dara jagdayda eger f(0)=0 Dbolsa, onda f(t)+pF(p) ham tap nusgan

differenciyallaw p- n1 onin sawlesine ko beytiwge tuwra keledi.

4) Kompleks oblastag: sawleni differenciyallaw.

Sawleni differenciyallaw originaldi t- ga ko beytiw yamasa uliwma jagdayda
fO(p)+(=D)"t"f (t).

Dalillew.F(p), Rep>s, yarim tegislikte analitik funkciya bolganhqgtan, onda on:1 p

boyinsha differenciyallaw mamekin.

5) Tuap nusgan integrallaw.

Tup nusgan: integrallaw sawlesin p ga bo’liw argali bolad.

jf(t)dt+m
p

0

Dalillew.

t

g(t):jf(t)dt funkciya f(t) menen birlikte original bolip tabiladi, g(0)=0.

0

Differenciyallaw gasiyetine tiykarlanip

f(t)=9'1)+pG(p), f(t)+F(p), onda G(p):%

6) Sawleni integrallaw.
12



Eger jF(IO)dIO jiynagh bolsa, onda ol f(t)/t funkciyamn sawlesi bolip tabilad:
p

f(t) 7
yagniy ¥+IF(D)0‘D.
p

Sawleni integrallaw, tap nugani t ga bo"liw menen barabar.

Dalillew.
j F(p)dp = j dp j f (t)e "dt
p p 0

Integrallaw joli (p,»), Rep>a>s, yarimtegislikte jaca, ishki integraldin bahasin

alamiz.

o0

j f (t)e ™dt

0

<M Ie‘(a‘%)tdt
0

Bunnan p ga garata ten o Ishemli jiynagliligi kelip shigadi. Sonhqgtan integrallaw

tartibin o zgertip

T 2 T o f@) (D)
J;F(p)dp—{f(t)dt{e dp—{e t dt - -

7) Keshigiw teoremasi.
Qalegen t>0 ushin.
f(t-t)+-e™F(p)
Dalillew.

f(t-t)=0, t<rt, ondat-t=u dep alp
f(t-r): | € P f(t—7)dt = [e ™ f (u)du =e " F(p),
T 0

Bul teoremani bo'lekli — uzliksiz funkciyalardin sawlesin tabiwda qollangan
maqul.

8) Jilistiriw teoremasi.
Qalegen po kompleks san ushin €™ f (t)+F(p—p,)

Dalillew.

13



Haqygatinda da e f (t)+ [e ®™" f (t)dt = F(p- p,)
0

9) Periodli funkciyanin sawlesi.

Eger f(t), period1 T ga ten bolgan periodli funkciya bolsa, onda onin sawlesi

1

F(p)= - j e P f (t)dt (5)

Dalillew.

T

F(p)=[e™ f(Bdt=[e™f (t)dt+ [e ™1 @yt

0
Integralda T dan oo araligti, t=t+T menen almastirsag ham f(t+T)=f(t) ekenligin

esapqa alsaq
T

F(p) = je_pt f(t)dt+e™F(p) , bunnan (5) formula kelip shigad:.
0

10) Ko beytiw teoremasi.
Eger f(t)+F(p) ham g(t)=G(p) bolsa, onda

F(P)G(p)+ | f()g(t-r)dz (6)

Dalillew.

t

_f f(r)g(t—-7)dz, f(t) ham g(t), O<t<o funkciyalarinia oram dep ataladi ham

0
f+xg dep belgilenedi.

1) fxg=gxf,  2) (fxg)x@=f*(g*9) 3) fx(gte)=fxg+fxp
Endi (6) integraldin sawlesin garaymiz.

[ f@t-edr = [eat] 1 (gt )

Rep>s, bolganda s, f(t) ham g(t) nin en ulken o'sim ko rsetkishine iye, (7)
formuladag: eki eseli integral absolyut jiynagl boladi, onda ol jerde integrallaw

tartibin 0" zgertiw mumkin.

14



t e} © 0 ©
[f(@gt-0)dr+[ f(r)dr[ePg(t-r)dt =] f(z)e ™ dr[g(t)e ™ dt = F(p)G(p).
0 0 T 0 0

t,=t-7)

dalillew talap etilgen usi edi.

Tup nusgan differenciyallaw ham ko beytiw teoremasinan paydalanip to"mendegi

Dyuamel integralin aliw mamkin.
PF(P)G(p) = F(0)G(p)+{pPF(p) - f(O)}G(p)+f(0)g(t)+I f'(r)g(t-7)dz

Oramnin simmetriyalhiq gasiyetine tiykarlanip bull integral to'mendegi ko riniste

ham jaziladi.
PF(P)G(p)+ T (0)g(t) +Ig(r) f'(t-7)dr,
F(p) ham G(p) funkciyalarinm ormin almastiriw to"mendegi formulaga alip keledi
PF(P)G(p)+9(0) f (t)+i9 (r)f(t-7)dz=g(0)f (t)+i f(r)g'(t-7)dr

I1. Efrostin uliwmalasgan ko beyme teoremas.

Meyli F(p)+f(t) sawle berilsin al G(p) ham q(p) analitik funkciyalar:

G(p)e " +q(t,7) (8)
Onda
FLaEIG()+ o 7o fat Ao ©)
Dalillew.
]O f(f)g(t,r)dr+Te‘p‘dtT f(r)g(t,7)dr :T f (T)drTg(t,r)e‘ptdt
Onda (8) ge tiykarlanip

[ £()dr] g(t, e "dt = [ (e PG (p)dz =G(p)] f (r)e ™ Pdr = G(p)Fla(p)]

Teorema dalillendi.

Eger q(p)=p, dep alsag g(t,z)+e ""G(p) ham keshigiw teoremasi boyinsha

15



g(t, ©)=g(t-t). Bul jagdayda Boreldin ko beytiw teoremasin alamiz.
F(P)G(p)+[ f(r)g(t-7)dr =[ f ()g(t-7)dz
0 0

Endi laplas integral tarlendiriwinin bir gatar gasiyetlerin dalillewsiz keltiremiz.
12)Jayilmanin birinshi teoremasi.
Eger F(p) sheksiz uzaglasgan tochkada duris ham onin do'gereginde Loran
jayilmasina iye bolsa
F(p)=Y %,
ke P
Onda F(p) nin original bolip

fH=>Y (kckl)l “ holach ham f(t) pitin funkciya bolads.
k=1

13) Jayilmanin ekinshi teoremas.

Meyli F(p) funkciyasi

a) meramorf ham bazibir Rep>s, yarimtegislikte duris.

b) cn: |p|=Rn, Ri<R.<....<R,— shenberler sistemas: bar bolsin ham onda argp

ga garata F(p) >0 bolsin.

v) Qalegen a>sy ushin I f(p)dp absolyut jiynagh. Onda F(p) mn originah

a—ioo

bolip f(t)=)_resF(p)e™ funkciya xizmet etedi.

(p) P
Bul jerde vichetlar summasi barliq py ayrigsha tochkalar boyinsha alinad.
Saldar. Eger F(p)=A(p)/B(p) funkciyas: bo’lshek racional bolsa, A(p) nin

darejesi B(p) dan kishi bolsa, onda onin originali bolip

n -1

0= X g im e (PP b e (10)

k=1

funkciya xizmet etedi. Bunda Fy- lar F(p) nin polyusi, al ny- onin eseligi ham
qosindi barliq polyuslar boyinsha alinadi.
Dara jagdayda, eger F(p) nin barliq polyusleri apiway: bolsa onda (10)

formula apiwayilasadi.
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AP) . 5 AP e
TOREON (1)

Eger sawle F(p)=A(p)/pB(p) koriniste bolsa, bul jerde A(p) nindarejesi B(p)
dan acip ketpeydi ham B(p) nolden o°zgeshe apiway: korenlerge iye. Bul jagdayda

(11) din ornina

A(p) , AO) , 'Z AR o
pB(p) B(O) & PB(R)

boladi. Bul jerde gosind1 B(p) nin barliqg tabirleri boyinsha alinad.

(12)

Eskertiw. Laplastin keri tarlendiriwin aliw ushin to"mendegi teorema xizmet eted:.
Eger f(t) funkciyas: original bolsa, al F(p) onin sawlesi bolsa onda o°zinin

galegen uzliksiz tochkalarinda

a-+ioo

(=5 [ eF(pan (13)

Bul jerde integral galegen Rep=sy tuwri boyinsha alinadi. (13) formula Laplastin

keri turlendiriwi dep atalad:.
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2. Bap. Operaciyahq esaplawdn differencial tenlemelerdi sheshiwge
golanmhwi

2.1. Turagh koefficentli apiwayr sizigh differencial tenlemelerdi sheshiw.

Meyli bizge n — tartipli turagh koefficientli sizigl differencial tenleme berilgen
bolsin [7].

xO)+a _x D) +...ax'{t)+axt) = f(t) (14)
Bul jerde baslangish shart
X(0) =%, X'(0)=%,..x"(0)=x, , (15)
Ogan to mendegi formulani qollaymiz
X" (t) = px(t) - px(0) - p* *x'(0) —....— px“*(0) (16)
Onda (14) tenlemeni gayta jaziw mamkin.
X, b,
L(p){x(t)—xo—%—....—ﬁ}: f(t)—bo—%—....— pkkll
Bul jerde
L(p)=p"+a_,p"" +....+4,,
n-1
b =D _Xa,,, (k=0,1,...,n-1)
s=k
Bul jerden
1 1 &h X, X
Xt)=——ft)——= ) S+ X+ +..+ 2% 17
L(p) L& o p p™ o

(17) formula (14) tenlemenin sheshimin beredi.
(17) nin on jag1 n-marte differenciyallawshi funkciya ekenligi ko rinip tur ham ol

baslangish shartlerdi ganaatlandiradi. (17) on jag

f(t)
t)=—2
X, (t) L(p) (18)

Nollik baslangish shartlerde (14) bir tekli emes tenleme sheshimin beredi.
Al ekinshi bo'legi

n-1
xz(t):—L b—'j(+xo+ﬁ+....+£ (19)

L(p) = p p p™
18



Erikli baslangish (15) shartlerdegi saykes bir tekli tenlemenin sheshimin beredi.

Eger A,4,,...4, ler L(p) nin apiway: korenleri bolsa onda

L(P) = (P=A)(P o). (P—4) = ] [ (P=2,)

ham Z(p)= ﬁ funkciya apiwayi bo’Isheklerge jiklenedi.
1 N C
z(p) = = - 20
() &p-4 0
Keyingi tenlikti (p-A,), ga ko beytip
p_
2,)
L(p) Z
p—A, ge umtilganda shekke o cek
Cc I|m P—4, = lim ! = !
Tl e s L)L) T L)
P-4,

Sonhqgtan Z(P) nin apiway: bo'Isheklerge jayilmast
1 4 1

)= o) " & (- AL )

pLzeﬂt -1 (*) formuladan paydalansag
- U

e

20)= Zu(z

Sonhgtan R(p)f(t) = %jgo(t —7)f(7)dr, o(t)e M

formulasi boyinsha

t

(t)_z(p)f(t)_%jz(t ) f(r)dr =)

0

T j " f(r)dr (21)

Eger L(p) eseli korenlerge iye bolsa 4 =4,=..4, =4,,,=..4,. onda
L(A) =(p—4) (P— 4. )(P—4.2)--(P—4) =(P—4) L(P)
bUI Jerde Lr(p):(p_ﬂ“rﬂ)(p_ﬂ’r-*—z)(p_/ln)
19



ham z(p) to 'mendegi apiway1 bo Ishekler gosindis: ko rinisinde bolad.

Z(p)= 1 S G ST T " ,
L(p) p- A (p &) (p A P—Ay P-4,
yamasa
4 C
7(p) = > 22
7(p)= L(p) Z(|o 4)" Vzlp—ﬁv (22)

(22) nt (p-A4)" ge ko beytip

(P-4) _ 1 _ Z rv Z 23
L(p) Lr(p) Cll’ _lclv(p ﬂ'l) +(p Al)vr+l V’ ( )
Bul jerden p—A; ge umtilganda shekke o cek
1
= = 24
¢, =5(4) L) (24)

ge iye bolamiz.
Tap sol jol menen (23) ti (r-u) marte differenciallagannan son (u=1,2,..r-1)

ham p—A; ge umtilganda shekke o cek

clﬂz%, (t=12,..r-1) (25)
Bul jerde sr(p)=Lr2p) (24) ham (25) ten
(r-v)
1V:s(r——1(//;1!) (v=12,..r) (26)
kelip shigad:.
Ust jol menen s, - Kkoeficentleri amglamw muamkin. (22) m  p-A, ,

(u=r+1,r+2,....n) ge ko beytkennen son.

p-4, c1
L(p) )Z v= r+1
P=A, depalip
¢ = lim 2=% _ jim ! !
“ e L(p) sy L(p) L(Z,) L'(2,)
P-4,
Bunnan
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c - 1 _ 1
L) (A -A)LA)

p B tne,ut

)n+l -

(v=r+1r+2,..n)

P _ g formuladan ham

dan paydalansa
p—u (p—u bey “

2(p)=2() = jeﬂﬂz% 0 (27
Soninda
R(p)f(t) Z%ifp(t—f) f(r)dz, o(t)eM
formulasi jardeminde
X, (t) =Z(p) f(t) ZEfZ(t—T) f(z)dr =
(28)

t

_emzz( _lea 7)"te” A (r)dr

Dara jagdayda, eger A; , L(p)- nin apiwayi koreni bolsa yagniy r=1, onda
_1
L'(4)

birtekli differencial tenlemeni (15) shartlerde to mendegishe alamiz.

v= r+l 0

C, = den ham (28) den (21) kelip shigadi. Endi (14) ke saykes keliwshi

Xo= X1=Xo=.... Xn_2:0, Xn_1:1.
Al (19) dan

X, (t) = ﬁ —~7(p) (29)

n1tabamiz. w(p)=w(t) funkciyan: tabiw ushin

P _oa p t'e
— =€, Nl
p—u (p—4) n!
(20) , (22) ler boyinsha

w(t) = Z

eﬂvt

(30)

yamasa

tv—l n e/’lvt

G
R W7y ey
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boladi. y(t)- funkciyas: to mendegi shartlerdi ganaatlandiradi.
y(0)= v (0)=y”(0)=....= y"(0)=0 ,

y"(0)=1 (32)
(19) anlatpan: to"mendegi ko'riniste jazip alamiz.

n-
nk1 n—-k-2

X,(t) = T )Zxk(p +a,p a,p" *+..+a,,p) (3,=0)

Endi (16) ham (32) shartlerdi paydalanip erikli baslangish shartlerdi

ganaatlandiriwshi birtekli tenlemenin sheshimin tabamiz. [5, 6]

X0 = %[y D) +ay D Q)+t a, O]

k=0

2.2. Turagh koefficientli apiwayi s1izigh differencial tenlemeler sistemasin
sheshiw.
To'mendegi  ko'riniste r — sizigh birtekli emes apiway: differencial

tenlemeler sistemasin garayiq [7].

jxl(t)+a12[ tjx(t)+ au( t]x(t) f,)

Juts o[ 5 § 5 0= 1.0
(33)

a(%) X ()+a, (%j K0+, (%j x(O=f,0

(O<t<x)

Bul jerde differencial operator a, (%)

( d j ik d " ik d " ik d ik

alk — :an y n +an_l n_1+---.+a1 _+a0

dt dt dt dt (34)
(i=12,..r k=12,...r)

a:]k - turagh koeficientler.

Jaziw qolaylh boliwt ushin A, argali r — shi tartipli kvadrat matricam

belgileymiz.
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ata’...a
A AR 612 ) (35)

at a’..a"

Ham to mendegishe matrican: Kiritemiz.
A =AL" +A L+ ASHA (36)

Onn elementleri bolip to"mendegi ko pagzalilar xizmet etedi

a¥e+ak M rrafE+ray; (L,k=L12..r)

ham bir baganal: matricalar

%) )
TRAC T -
% f.)

Ko riniste boladi. Onda (33) differencial tenlemeler sistemas: matricaliq formada

to 'mendegi ko riniste jaziladi.
d
Al — [x(t) = f(t
[dJX() (t) (38)

Yamasa anigirag ko riniste
AXO )+ A XD )+ AX(E) + AX(E) = f () (39)

bunda, A, - nollik emes matrica.
(16) formula jardeminde (39) differencial tenlemeler sistemasin to mendegi
ko rinistegi algebralig tenlemeler sistemasina alip kelemiz.

AP -[p"X(0) + P X' (0) ... pX" 2 (0) + px" P (O)]} +

+A, 1 {PXW) ~[p"X(0) + p" X '(0) +....+ p XD (0)]} + (40)

Foeennnt A L PPX(A) = [P7X(0) + P X'(O)]} + A { pX(t) ~[ PX(O)]} + A, {x(1)} = (1)

To mendegishe belgilew kiritemiz.
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A= A0 = AL +ALE 4 AL+ AS+A
AP(E)= A&+ A AL + A
AP ()= AL AL et A (41)

A =AEA,,
AV ()= A

(41) tenlik jardeminde (40) tenleme to ' mendegi ko riniske keledi.

AP (p)x(t) - pIA® (p)x(0) + A? (p)x'(0) +....+ A (p)x" P (0)] = f (1)

yamasa

A9 (p)x(t) = (1) + p> A (p)x (0) (42)

i=1

A(p) = A®(p) matricas: ayrigsha emes bolgan jagday menen sheklenemiz, yagniy

det A(p) =l A(p) [0 (43)

Onda sonday
A™(p)=B(p) (44)
A(p)B(p)=B(p)A(p)=E (45)

matricasi bar bolip, bunda E- birlik matrica, B(p) matricasinin elementleri

h A1k(p)
b (p) = ,

Ko'rinisine iye, bul jerde |A(p)| - determinantinda A(p), a;(P) elementinin

algebraliq tohigtiriwshilari.  (42) ham (44) ten

x(®)=B(p) f(t)+ pzn: B(p)A”(p)x"7(0) (46)

Bir tenleme jagdayindagi siyagl (46) tenlemenin on jagindag: birinshi gosiliwshi
B(p)f(t) (47)
(39) birtekli emes tenlemeler sistemasinin nollik baslangish shartlerdegi sheshimi
bolip tabiladh.
x(0)=x’(0)=....x*D(0)=0 (48)

(46) tenlemenin on jagindag: anlatpa
P> B(p)A” (p)x"?(0) (49)
i=1
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x"D(0) erikli baslangish shartlerdegi saykes birtekli sistemania sheshimi dep
atalad.
Uliwma jagdayda (48) nollik baslangish shartlerde x(t) funkciyas: esaplawlardan

son (46) tenlemede to mendegi ko rinisine keliwi mumkin.

b, (t) by (D).....b, ()] |£,(®
D1 (€) b (B, ) [ £,0)]_

r

;blv (t)x f, (1) (50)

Bul jerde b, (t)*f,(t), m(s) ko pligindegi ko beymeni anlatad:.
Misal retinde eki apiway: sizigh differencial tenlemeler sistemasin garap o temiz.

X, (1) + X, (8) + X, (£) + X, (£) = f,(1)
2%, (£) + X, (£) + 2%, (1) — X, (£) = f, (1) (51)
(0<t <o)

Bul jerde baslangish shartler to'mendegishe

x0)=(x)% x0)=x; %0)=(x)" % 0)=Xx. (52)
(51) tenleme matricaliq ko riniste to'mendegishe jazilad:.
AX"() + AX'() + Ax(t) = f (1) (53)
Bul jerde
_x® .0 rof o ol o ro1
ol "ol %-LJN“—%J'“‘Lli' 4

(46) tenlemede 1=2 dep alip (53) tin sheshimin

x(t) =B(p) f (1) + pY_B(P)A” (p)x"(0) (55)

i=1

(41) formula boyinsha n=2 bolganda

241
A(p) = AV (p)=Ap*+Ap+A = §p2++p_1 p2+j, (56)
®(p) = _|P 1
R | 57)
@ n _|L 0
SECRS (58)

(56) dan
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det A(p) = A(p) = ~3p° +2p+1——3[p+ ](p 1, (59)

2p “p-1 2p -p-1| (0 O
A (p)|=IB(P) lF ‘ —7p+1 2p+4|+|2 (60)
‘ ‘ |A( )| —2p*—p+ p*+ |A(p)| p+ p3+ | 3 3
(57) ham (58) matricalapd: (60) ga ko beytip
-3p-1 -2
B(p)A® (p) = —— ; 61
(P)A”(p) |A(p)|‘3p+l 043 (61)
2 0
B(p)A? (p) = 62
(p)A?(p) = TAD|-p+3 0‘ (62)
(60) t1 (61), (62) n1 (55) ke goyip to mendegige iye bolamiz.
2p -p-1 N -3p-1 -2 -2
X(t) = | A(P) | A(p) f0+l2 1l fo+ [A(P)[ [A(P)| O + | A(P) | (x)°
—7p+1 2p+4 3 73 3p+1 -p+3 -p+3
3IA(R) 3IAD) | AP TAI TA()]
(63)
(63) matricanin elementlerin apiwayi bo"Isheklerge jaygannan son
2 2
1)73P -2p 1]73P 2p
4 P+3 p-1 4 p+3 p-1 0 0
== f(t f(t
x(t) 10 10 O+2 1O+
19" 2p 1) 9P -2p 303
4 p+; p-1 4 p+é p-1
(64)
p 1)-2p  2p 1]=2p  2p 0
p_l 4 p+1 p_l 4 p+1 p-
3 0 l 3 n0
+= X +—= (x)
p 10 pl (10
_p 1] 3P -2p 1)3P 2|
p-1 4 p+:13 p-1 p+; p-
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P _en formuladan paydalanip ham matricanin operatorliq sawleleniw
P—u

elementlerinen funkciyalarga o'tip

t t
1 —ge 3 —2¢ 1 —ze 3 +2¢ 0 0
41 3 40 3 f, () f,(t)
X(t):— X f(t)+ 2 X f(t)+
Ee_3 2¢' Ee_3 2¢! ? 3 ?
4 9 4 9
(65)
1 _t 1 _t
etz{—Ze 3+2e‘} ) Z{—Ze 3+2et} 0 o
+% X Xt) +E . X (X]:)O
X _t
_e 1 10 29 2 1 Ee 3 zet 0 (XZ)
4 3 4 3

Matricalardi ko'beytip ham integrallaw operator1 1/p i ashgannan son

to 'mendegi sheshimge iye bolamz.

xl(t)=t{—%etsﬂ }f(r)dz’+ J.{—let;jte”}f (r)d7+
(66)

+e X! +%{—e_3 +e‘}><{x;J +(x)°},

X, (t) = j;{:et:+etT}fl(r)dwrj%{ge_:r—etT}fz(r)dwr
. (67)
—f(t) f(t) e'x) += {3 —e‘}x{ngr(xl')O}.
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3.BAP. DARA TUWINDILI DIFFERENTSIAL TEN LEMELERGE
OPERATSIYALIQ ESAPLAWDIN™ QOLLANILIWI.

3.1. Parabolahq tiptegi ten’lemege operaciyaliq metodlard: gollaw
Koeficientleri x - 0’zgeriwshinin sanli &, (X) funkciyas: bolgan dara tuwindil

differencial tenlemeni garap o temiz.

o"u(x,t)
a, (X)— = f(x1) 65
;; H axﬂat ( )
Ogan to ' mendegi formulan1 gollanip
Mu(xt) L oMu(xt) o, 8Mu(x,0) 5 0"u(x,0) 0" u(x,0)
ox“ot” -P ox* P ox* P ox*“ot ox“ot"

(65) tenlemeni

au(x t) S ek 0477U(x,0)
Za( ——f(xt)+§;kz(;p o

ko riniske keltiremiz. Bul jerde

a,=a,(x,p)= Z a,, (x)p”

Bul tenlemenin on tarepin F(x,p) argal belgilep ham u(x,t) ni1 x - parametrden
garezli operatorhig funkciya retinde garap
u(x,t) =u(x, p)=0(x)
To mendegige iye bolamiz
a 0™ (x)+a_ ad"?(X)+...ad(x) =0 (x, p) (66)

Bul jerde a, - koeficientleri x —tan garezli operatorliq funkciya bolip tabiladi.

Solay etip  (65) tenlemeni integrallaw maselesi siziglh operatorliq
differencial tenlemeni integrallawga keltiriledi. (66) tenleme (65) tenlemenin
operatorlig suwretleniwi bolip tabiladi ham operatorlig yamasa tarlendirilgen

tenleme dep ataladi. (66) tenlemeni sheshiwde mM(S) ham M(S) maydanlarinii

izomorfizminen paydalaniwga tuwra keledi. M(S) maydaninda (66) tenleme n —
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tartipli apiwayi siziqh differencial tenlemege keledi, onin koeficientleri ham on
tarepi p — kompleks parametrden garezli.
Bunday tenlemeler jags: uyrenilgen. Meyli U(X, p) - tenlemenin ganday da bir
sheshimi bolsin. Eger T(X, p) berilgen X, a<x<p manislerinde, M(S) maydanga
tiyisli bolsa, onda bul (65) tenleme M(S) maydanda U(X, p) sheshimge iye. Bul
jerde p=1/t operator retinde garalad:.
Operaciyaliq esaplawdin dara tuwindiliq differencial tenlemelerdi sheshiwge
qgollaniliwi to mendegilerden ibarat.
1) Berilgen tenlemeni tarlendirilgen tenleme menen almastiriw,
saykes turde berilgen maselenin shegaraliq shartleri tarlendirilgen shegaraliq
shartler menen almastiriladi. Ol (66) tarlengen tenlemenin U(X, P) sheshiminin
shegaraliq shartleri bolip tabiladi.
2) Turlendirilgen tenlemenin sheshimi T(X, p) ni1 berilgen tarlengen
shegaraliq shartlerde tabiw.
3) Tabilgan U(X, p) sheshiminin M(S) maydanga tiyisliligin izertlew. Eger
u(x,p) sheshim m(s)ke tiyisli bolsa onda sheshim

u(x,t) =U(x, p) uhwma sheshim bolama yamasa ol x ham t 0zgeriwshileri
0" u(x,t)
ox"ot"

Songi jagday u(x,t) sheshim dara tuwindilardag: berilgen tenlemeni

boyinsha dara tuwindilarga iye bolgan funkciyaga keltirileme?

klassikalig maganada ganaatlandiradi.
4) u(x,t) =U(x, p) sheshimdi tabiwda 3° punktt: izertlew bir gansha

ansatlasadi, eger 4° punkt orinli bolsa u(x,t)- sheshim berilgen maselenin
baslangish ham shegaraliq shartlerin ganaatlandiriwsh: dalillewde. Misal retinde

to'mendegi tenlemeni 0<x<I, t>0 oblastta garap o temiz.
P, = 0y (XU, + 2 (XU, + 0, (X)U (67)

P(X)U, = po (XU, + o (X)u, + o, (XU (68)
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Bul jerde p(x), po(X), p1(X), p2(X), lar 0<x<I ham p(x)>0 oblasta berilgen uzliksiz
funkciyalar.

u(x,t) sheshim 0<x<I| , t>0 oblasta ekinshi tartipke shekemgi uziliksiz dara
tuwindilarga iye bolip

tIirﬂ)u(x,t):go(x), 0<x<lI (67)

Baslangish shartti (67) tenleme ushin ganaatlandiriwi kerek ham

t|irr2Ju(x,t)=go(x), tlimout(x,t)zw(x), O<x<lI (68”)

Shartti (68) tenleme ushin ganaatlandiriwi kerek. Qosimsha

)!Lrpou(x,t) =f (), au (I,t)+bu.(l,t)=cu(l,t) (69)

Shegaraliq shartti t>0 ushin ganaatlandiriwi kerek. Bul jerde o(X),w(x) berilgen
bo’lekli —uzliksiz funkciyalar f(t)es ham t>0 de uzliksiz; a,b,c-

berilgen turaghilar.

Tenleme sheshimin u(x,t) =u(x, p) ko'riniste izleymiz. (67) ham (68)

tenlemeler ushin

2_

po(X) +p1(><) +[p2(X) PL(X)]T =—p(X) pp(x) (70)
d’u

po(X) +p1(><) +[p2(><) p°p(X)]T =—p(x) p*e(X) - P ()W (X) (71)

Maselenin shegaraliq shartinen sheshim ushin shegaraliq shart alamiz.

u(+0, p) = f(p), a0k & 8044 f(p) = f(t),
at, (1, p) +bp[(l, p) - ()] = cu(l, p) (72)
Teorema: Meyli u( x, | -ham (70) ham (71) tenlemenin (72) sharttegi

sheshimleri bolsin. Bunnan basga
1) U(x, p),0, (X, p) ham U,(X,p) operatorlari 0<x<t ushin funkciyaga
keltiriledi.
2) Sonday oo san1 bar bolip, t—o0 bolganda
u(x, p)=0(™), T,(x, p)=0(™), U, (x, p)=0("™)
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sharti €<x<1 da ten o'Ishemli orinl.

3) Sonday k>0 patin  sam  bar  bolip, m(s) maydanda
‘p_kU(X, p)\ <Q=const barliq 0<x<e<i, Rep>c;>cy;
4) tliqBU(X, P)=g(t), t>0 shek bar bolip, g(t), t>0 de uzliksiz funkciya

ham t—0 da shegaralangan. Onda u(x,t)=0U(x,p) (67) ham (68)

differencial tenlemenin sheshimi bolip berilgen shegaralig ham baslangish

shartti qanaatlandiradi.
Dalillew. En daslep teorema shartinen U, (X,t) ham U, (Xt) tuwindilarinin
O<x<u de bar boliwin dalilleymiz.

Haquygatinda da meyli U, (X, p) = 8(x,t) onda

ax,p) = Iu(x,t)e‘ptdt (72)

o .(x, p)= pj&(x,t)e"”dt (73)

bolad.
2) shart boyinsha Rep>c, de integrallar e<x<1 arahqta absolyut ham ten

o Ishemli jiynaqgli. Sonhgtan ekinshi integraldi e- nan 1- arahgta x — 0" zgeriwshi

boyinsha integrallaw mamkin. Onda to mendegige iye bolamiz.
a(x, p)-u(e, p) = pTU&(y,t)dy]eptdt, Re p > oy,
yi ana o
a(x, p)= pT{u(s,t) +I.9(y,t)dy}ep‘dt, Rep>o,
0 £
Song1 integraldi (72) menen salistirip to-mendegige iye bolamiz.

u(x,t) =u(e,t) +j8(y,t)dy

Bunnan u(x,t) sheshim x — boyinsha differenciallaniwshi ham
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u (x,t)=9(x,t) =0, (x,t), O0<x<I (74)
Eger U, (X, p)=a(X1) den belgilesek ham teoremanif 2) shartin esapga
alsag  (73) ham  (74) tealemelerdegi  U( X, t) J O ga al
9(x,t) 10 a(X,t) ga o'zgercek

u,(x,t)=ao(x,t)=u_(x,p), O0<x<I (75)
ke iye bolamiz. Solay etip U, (X,t), U, (X,t) tuwindilarinii bar boliwi dalillendi.
(74) ham (75) ten

Pl (X, 1) + o (X)U, (X, 1) + o, (X)U(X, 1) =
Pl (X, )+ o, (XU (X, P) + o, (X)U(X, P)

Kelip shigadi yamasa (71) tenlemeni tarlendirip to-mendegige iye bolamiz.

Po (XU (X, 1) + o (XU, (X, 1) + o, (Ju(X, 1) =

p(X)p° {U(x, p)~ p(x) —%w(x)} = p(OP[u(x ) —p(x) -ty (x)] (7O

(75) ham (74) ten teoremanin ekinshi shartinen
Po (XU, (X, 1) + oy (X)u, (X, 1) + p, (X)u (X, 1)
gosindi  0<x<u arahqta s ko plikke tiyisli, sonhqtan
p(X)p* [u(x,t) —p(x) ~ty (x)]
s- ko plikke tiyisli, biraq p(x)>0, 0<x<1 onda 0<x<u de operator
P [u(x ) —p(x) -ty ()]
s - ko plikke tiyisli funkciyaga keltiriledi. Belgilew Kiriteyik.
p*[u(x,t) —p(x) -ty ()] =a(x,t) e s
Onda

U(x,1) —p(X) ~t(X) = #q(x,t) = [t-ax H)de

kelip shigad.
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Onda 0<x<i1  de u(xt) funkciya t -o'zgeriwshi boyinsha eki marte

differencialawshi
u(x,0) =e(x); u(x,0)=w(x), 0<x<lI
(76) dan t>0, O<x<t ushin
2o () (%) + 2, (XU, (X, 1) + 2, (YU(X, 1) = p(X)U,
Solay etip
u(x,t) =u(x, p) (77)
(68) tenleme sheshilip bolip tabiladi. Ol (68”) baslangish shartti ganaatlandirad.
at, (I, p)+bp[u(l, p) - ()] =cu(l, p)
Shartinen ham (74), (75) tenliklerden x=1 de
au, (I,t)+bu, (I, t) =cu(l,t)

yagniy X=t de shegaraliq shartler orinli. Endi tek x—0 da sheshiminin gasiyetin

tekserip ko remiz.
Iirr})u(x,t) =g(t)

dep belgilep alamiz. Teoremanin to rtinshi shartinen bul shek bar boladi ham
t>0 da funkciya uzliksiz, g(t), t—0 da shegaralangan. Tek gana g(t)=f(t), t>0
ekenligin dalillew galdi. Bul biraq T(+0, p) = f(p) shartinen ham teoremanin 3)
shartinen kelip shigadi.

Haqiygatinda da 3) shartten  U(X, p) operatorliq funkciyanin 0<x<u oblasta

uzliksiz ekenligi kelip shigad.
Bunnan limu(x, p) =0U(0, p) = f(p) = f(t), bunnan g(t)=f(t).

Eskertiw. Song1 faktti dalillewde operator funkciyanmn uzliksizligin paydalanbaca
da boladi, al teoremanin 3) ham 4) shartlerinen f(t)=g(t) ekenligin tuwridan tuwri

dalillew mumkin. Hagiygatinda da jetkilikli ulken n- de

o+io —

0% p) oo .
ZmGL e (_1),j<t &) u(x )dé (78)
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boladi. Tenliktin sol jagindag:i integral x—0 da absolyut ham ten o'Ishemli
jiynagl. Sonhqtan (78) de x—0 da shekke o tiw mumkin ham sonda

o+ioo f( ) pt
dp
27i UJ..OO pn+l ( —1)I

j (t-&)"g(&)dé,

yamasa | =& F()dé = [(t-&)g(£)dé,

Bunnan barlig t>0 ushin f(t)=g(t) boladi.

Operaciyaliq esaplaw usilinan paydalanip, to'mendegi maseleni sheshemiz.
Masele.

Yarim shegaralangan 0<x<oo sterjende temperaturanin bo listiriliwin tabin, eger
omin shep jaginda turagl temperatura saglanip ol nol'ge ten, al sterjennin
baslangish temperaturasi birge ten bolsa.

Jillilig o'tkizgishlik tenlemesinin sheshimin to'mendegi shartlerde tabiwga tuwri
keledi.

ou o

—=—, x>0; t>0

ot ox? ( ) (79)

u(0,t) =0, t>0 (80)

u(x,0) =1, x>0 (81)
(79) tenlemenin operatorliq sawlesi to mendegi ko riniske iye bolad:.

du

— = pu-—p, x>0

5z - Pu—p (x>0) (82)

Shartler
a0, p)=0 (83)
(82) tenlemenin uliwma sheshimi
u(x, p)=1+ Ae*VP 4 Be P (84)
ko'riniste bolip A ham B turaghlar P dan garezli ham shegaraliq shartlerden

aniglanadi. Sheshiminin shegaralanganliginan x—oo da A=0. (83) ten, 0=1+B
onda B=-1
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Onda T(x, p)=1-e™P
Bul jagdayda keri o'tiw teoremasi boyinsha

) l o+it 1 e—X\/E
u(x,t) = lim— — = ledp, 0

1 1
B keri o'tiw f(t)=1 di beredi. Onda Be " n1 keri 0" tkeremiz, demek

o+HiT —x\/F
J= 1_ j © _efdp, o >0
2zt Y p

o-—It

Be_xﬁ- funkciya barliq p - kompleks tegislikte koordinata basinan basqa jerde

le_x\ﬁ

analitik, sonligtan bir manisli ham haqiyqiy ko sherdin teris bo’leginde

analitik.
Koshi teoremasina muwapiq (o-it,c+it) tuwrt boyinsha integrallaw, o+it
tochka menen tawsiliwshi galegen 1ymeklik penen almastiriliwi mamekin.

Dara jagdayda, 1-suwrette ko rsetilgen sizilma menen paydalanamiz.
*‘ t

.E"

Yz
AN

Ai

Suwret — 1.
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o+it

J=]+l+l+]+] )

o-ir AC CD DE EF FB

_[ ham J integrallar 1—o0 da nol” ekenligin ko’rsetemiz.
AC FB
efx\/ﬁ efoe\/E P T
= , (-m<argp<n)  onda ——=<arg \/F <—  sonhgtan
P | P 2 2
ReVp>0 ham x>0 bolganda
—xJp
el 1
P | [Pl

e—x\/?ert

Jordan lemmasina tiykarlanip t>0 ham R—oo da funkciyalar AS ham

FB dogalar1 boyinda nol ge umtiladi.

SD ham EF tuwrilart boyinda integrallard: esaplawga o'temiz. Bul tuwrlar

1 1. oL
boyinda PZ?,i|p|2 8al —i|p|2 ge ten. p=|p| den alip
R2 -
[+]= ‘Z'IP S'H(Xp ] ‘tpdp=—4if¥6‘t§2d§ (87)
CD EF %
Demek
: 1 oo ) o oSINXE o
!L“Q{FI }(ge ”e"]dp——“'ITe ds (88)
Ro>w (CD EF %
En soninda
—x\/_ +pt 7 —xfe +ee? g r ip "
J‘ j dp j |¢ge |d¢: v"e—x\/«;ezme Id(D
DE DE ee -
Onda
lim | =lim|e i s idp =27i (89)

r—0 &—0
DE -
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Solay etip (86), (87), (88), (89) lard: biriktirip

o+ir

1 o0 -
lim-—L I lexp[—xp2 +tp}dp :l—EIMe—t@df
p p S

o 27[' o-ir 0
(85) boyinsha bizin maselemizdin agirg: sheshimi
sin x&

_27
u(x,t) = p! :

e & (90)

Ko riniske iye bolad:.

Bul sheshimdi basga ko riniske keltiremiz, (90) di x boyinsha differenciallap

aU 2 < 7t§2
—=—|e" cosxtd<& 91
OX 7['([ (91)

Bul integrald: esaplaw vichetlar teoreas: boyinsha amelge asiriladi.
ft)=e®

Funkciyani garap o temiz. Haqiyqiy ko sher boyinsha integral, puasson integral

boyinsha esaplanad:.

Jz

-([e_u du = 7 (92)

t=h tuwrida
g te*” = gh’e~ (cos 2tho — i sin 2tho)
Aqirgr anlatpanin haqiyqiy bo'legi  h=x/2t bolganda integral asti funkciyadan

turagh ko beytiwshige parg qiladi. Usigan say 2 — suwrettegi integrallaw

konturinan paydalanamiz.
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A

i %2t

0|——A
=
20 |

Suwret — 2.

Koshi teoremasi boyinsha

JI‘+IJI.+J'+I:O (93)

mn v

Bul jerde

R 2

\/t_ 0 -R

| -R 1

Il ham IV kesimde, x==R bolganda

X2
—tz? e—t(RZ—rz) < eﬂe—tR2

e

Sonhgtan, t>0 dep alip _[ —0 eger R—o bolsa (93) te R— da shekke

I, 1v
0 cek ham (92) n1 paydalansaq

Jr _
N

Haqgiyqiy bo’leklerin salistirip

. 1 K
e cosxcdE== |=e 4, t>0
! £d¢ 2«/t (t>0) (94)

X2 o
K .
e 4 _[e“§ e d&é=0

Solay etip (94) tenlik boyinsha (91) shi tenleme to ' mendegishe ko riniske keledi.
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— =(nt)ze * (95)

u(0,t)=0 ekenligin esapga alip ham (95) ti integrallap

y2

1 Xy
u(x,t) :(ﬂt)_ZIe “tdy
0
ke iye bolamiz.

y
egzﬁ dep o zgeriwshini almastirip keyingi tenlikti to'mendegi ko riniske

keltiremiz.

u(x,t) =1-e P = \fj e 2d¢= \/—j e ¥dé (96)

Bunnan u(0,t)=0, u(x,0)=1 ekenligi ko rinip tur.

Operaciyaliq esaplaw jardeminde (96) tenlik to mendegishe apiwayi esaplaniwi

mumkin.
1 A
e P — e 4
p \/E
Formula jardeminde
r: 1
etPge =g AP
Jetas-75
bunnan
['s) 52 o0 0
/1\/_ e 5\/_d - 4td§:2_\/f e_uzdu :i e_uzdu
J\/_ »\/_‘[ 7[’[! 72!
24t 2.t
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3.2. Jilhhq o’tkizgishlik tenlemesine operaciyaliq metodti  gollaw
usil.

Jags1 otkizgish eki qatlamli ortaliq ushin tomendegi shegaraliq shart

orinli.
16h 0°h Kk
aot o mr Y &
h(x,0)=H=const, (3.2)
h(0,t)=h(t), (3.3)
h(L,t)=h,(t). (3.4)

Qatlam shegerasinda t- o'aqittin ~ funkciyas: retinde bazibir hy(t), ham
ho(t) funkciyalar1 berilgen.

Taza funkciya Kiritemiz

s(x,t)=H-h(x,t) (3.5)
Onda joqaridagi (3.1)-(3.4) shegaraliq shart tomendegi koriniste jaziladi

1o _0%s Kk ¢ (3.6)

aot ox° mT

s(x,0)=0 (3.7)

s(0,)=4(t), (3.8)

s(L.)=o(t), (3.9)

bunda
@1()=H-hy(t); @a(t)=H-h,(t)- lar t- boyinsha birinshi tartipli tuo'indiga iye
funkciyalar. Tomendegishe belgileo™ kiritip 6lshemsiz koordinatalarga 6temiz.

X

t
’Z’:—’ = —
t. > L

Onda (3.6)-(3.9) anlatpa tomendegi shegaraliq maseleni aniglaydi.
Os _at. 0’s kat.

— = S, (3.10)
or L*o& mT

s(¢,0)=0 (3.11)
s(0,7) =@ (ttv), (3.12)
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s(1, 7)=a(tt).

(3.13)

t- m sonday saylap alamiz ekinshi tuo'ind: aldindag: koefficient nol™ bolsin.

2

t. :L—. Onda (3.10) tenleme
a

s _o's
or  0&? ’
Koriniske iye bolip ol (3.11)-(3.13) shartke boysinadi.
Bunda
2
A= L :
mT

n

(3.14) tenlemege Fur'enin sinus turlendirio’in & koordinata boyinsha

gollaymiz.

1

5= [s(£,1)sin(m)de,

0

Onda (3.12) ham (3.13) t1 esapqga alsaq

$+ (z°n* + s =m|(-)" g, (r 1)+ ¢,(7 1.)]

Ke iye bolamiz. Anigliq ushin tomendegishe belgileo™ kiritemiz.
p(r-t.)=B(l-e“) ¢, (r-t.)=B,[L-e")

Bunda «,, a,,B,,B, —bazibir on aniglangan turaghlar.

(3.14)

(3.15)

Bul tenlemege t-0"agit boyinsha Laplas integral turlendirio’in gollaymz.

s=[e*s(nr)dr

O =y 8

Onda (3.11) baslangish shartti esapga alsaq (3.16) kelip shigadi.

(_1)n+1 Bzaz + Blal
p(p+a,)(p+7°n*+A) p(p+a)(p+z’n*+A) ]

w
Il

(3.16) (gatnasta original bolip
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1 e—azf
a,(7’n* +A)  a,(z°n’ +A-a,)

s=m{-n™ Bzaz[

_(ﬂ2n2+A)‘[ 1 e_alz_
+ + B, — n
(ﬂznz +A)(7Z_2n2 +A_a2)} 1 1|:a1(7z_2n2 +A) al(ﬁZnZ +A—a1) (3.17)

—(72n%+A)T
+(7rzn2+A)(7r2n2+Aa1)}
tabiladi. Son (3.17) ge Fur'enin sinustin Keri turlendiriw formulasin qollap

tomendegi natiyjege iye bolamiz.

l e*azf
a, (722 +A) a, (7’ +A—a )+
L2 2 2

s(£,7) =27y n{(-1)"B,a,
n=1
e—(lzzn2 +A)T

+
(zn® + A)(z*n* + A-a,) |

e " }}sin(nﬂé)

+
(z°n®* + A)(z’n* + A—a,)

1 e
a,(7’n*+A) o (7°n* +A-a,)

(3.18)

+ Blal{
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Juwmaglaw
Juwmaglastirnnp aytganda operaciyaliq esaplawda X — hagqyqy
0 zgeriwshinin f(x) funkciyasi to"mendegi shartlerde garaladi.
a) (0, «) sheksiz yarim intervalda f(x) — bir manisli bo’lekli — uzliksiz funkciya
garalads, ol birinshi tar sanagl uzilis tochkalarina iye boliwi mumkin.
b) Eger x<0 bolsa f(x) =0

v) f(x) eksponencial funkciyadan tez o'speydi, yagniy sonday A>0 ham s,>0
turaghs:  bar bolip barhg x>0 ushin  |f(X)|< Ae® tensizligi ornl. s, san,

funkciyanin o' siw ko rsetkishi dep atalad.
a), b), v) shartlerdi ganaatlandiriwshi funkciya original yamasa daslepki funkciya
dep ataladi. Bul funkciyalar kompleks manisli boliwi mamkin.

Pitkeriw ganigelik jumis Kirisiw, ash bap, juwmaglaw ham paydalangan
adebiyatlar diziminen ibarat bolip, birinshi bapta operaciyalig metod haqqinda
tusinik atap aytganda 1.1 bantte Laplas integral turlendiriwinin tap nusxasi
ham kompleks oblasttagi sawlesi, 2.1 bantte Laplas tarlendiriwinin tiykargi
gasiyetleri.

Ekinshi bapta operaciyaliq esaplawdin differencial tenlemelerdi sheshiwge
gollaniwi atap aytganda 2.1 bantte turaqli koefficentlik apiway: sizigh differencial
tenlemelerdi sheshiw. 2.2. bantinde turaql: koefficentli apiway: sizigh differencial
tenlemeler sistemasin sheshiw maselesi garalgan.

Al ushinshi  bapta  dara tuwindili differencial tenlemelerge operaciyaliq
esaplawdin qollaniwi  Keltirilgen atap aytganda jilliliq 6tkizgishlik tenlemesine

qoyilgan shegaraliqg masele operaciyaliq metod jardeminde sheshilgen.
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Texnika qawipsizligi qagiydalan
1.Informatika bolmesinin beton polli bolmelerde yamasa binanin jertolelerinde
jaylastinw  qatan gadagalanadi  ham klass bdlmesinin pol1 elektr togin
Otkizbeytugin etip (musali taxtaydan) jasaliwi ham barliq kompyuterlerdin
korpuslar jerge jalgamiw (yamasa elektr tdminatinin yevrostandartlarina saykes
jalgaw) talap etiledi.
2. Jogar1 kernew (220 Volt) otetugin Simlardin barligi, sonmn ishinde
uzayttirgishlardin, kompyuter ham basqa elektr qurilmalarinin elektr taminotina
jalgamiw simlarinin eki marta izolyaciya qilinganligi talap etiledi.
3. Bolmedegi kompyuterlerdi diywal bdylab yamasa bolmenin ortasina eki
gatar etip qoyiliw1 kerek
4. Bolmedegi barliq kompyuterlerdi elektr tarmaginan uziwshi jalgiz uzgish
boliw1 kerek.
5. Kompyuter monitor1 otirgan oqiwshilardin  kézleri darejesinde  bolip,
oqiwshilar onnan 40 sm den 80 sm ge shekemgi araligta otiriw imkaniyatina iye
boliw1 kerek.
6. Kompyuterdin klaviaturasi otirgan oqiwshilardin bugilgen tirsekleri darejesinde
boliw1 kerek. Tishgan ushin klaviaturanin eki tarepinen jetkilikli  orin qaldinw
ham olar birdey biyiklikte boliwlar1 kerek.
7. Kompyuterde toliq islew waqiti oqiwshilar ushin 60 minuttan artpaw1 kerek.
8. Kompyuter bolmesinin kvadrat  metrlerdegi biyikligi ogan jaylasqan
kompyuterler saninan keminde 6 marte kop boliwi kerek.
9. Kompyuter bolmeleri jetkilikli quwatligga iye ventilyaciya Sistemasina iye
boliw1 kerek.
10. Klaviaturanin kompyuter islemegen jagdayda uzaq muddet ashiq

jagdayda qaliwi hdm onda shan jiynalip qaliwinin aldin aliw lazim.
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