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KIRISIW

Dissertaciya temasinin aktualliligi. Jilliliq 6tkeziwshenlik tenlemesi ushin
qoyilgan shegaraliq maselelerdi sheshiwdin programmaliq tdmiynatin jaratiw
metodikasi matematikaliq ham kompyuterli modellestiriwdin en ahmiyetli
tarawlarinan biri esaplanadi. Dissertaciya jumisinda Keri jilliliq otkeziwshenlik
tenlemesi ushin korrekt emes masele masele ekenligi korip shigiladi, sonday aq
Jillilliq  6tkeziwshenlik tenlemesine qoyilgan shegaraliq madseleni sheshiwge
duzilgen shekli ayirmali sxema ushin programma jaratiw metodikasi aktual masele
bolip tabiladi. Jilliliq o&tkeziwshenlik tenlemesi ushin qoyilgan shegaraliq
maselelerdi sheshiwdin programmaliq tdmiynatin jaratiw metodikasin jaratiwda
ornigliliq bahalar1 ulli r6l oynaydi. Eger orniqliliq shérti orinlansa, yagniy mésele
korrekt qoyilgan bolsa, onda berilgen maseleni sheshiw ham onin programmaliq
tamiyinleniwin jaratiw da quymshiliq bolmaydi. Eger ornigliliq sharti orinlanbasa,
yagniy masele korrekt emes qoyilgan bolsa, onda oni korrekt emes maseleler
teoriyasinan paydalanip izertlew talap etiledi. Korrekt emes maseleler teoriyasina
akademiklerden A.N.Tixonov, M.M.Lavrentev hadm V.K.Ivanovlar tiykar salgan.
Bizin Ozbekstanimizda bul mésele boymsha koplegen ilimpazlarimiz junus alip
barip atir. Olardan Q.Fayazov, A.Begmatov, A.Xaydarov ham t.b. atap otsek
boladi. Korrekt emes qoyilgan maseleler tiykarman differencial teflemeler,
funkcional analiz, funkciyalar teoriyasi, matematikaliq analiz siyaqli matematika

tarawinda ushirasadi.

Izertlew obyekti ham predmeti. Jilliliq otkeziwshenlik tenlemesi ushin
qoyilgan shegaraliq maselelerdi sheshiwdin programmaliq tdmiynatin jaratiw.
Izertlewdin maqseti ham waziypalari.
- Keri jilliliq 6tkeziwshenlik tenlemesi ushin korrekt emes maseleni sheshiw,
- Jilliliq otkeziwshenlik tenlemesine qoyilgan keri Koshi maselelasi
regulyorizatsiyasi maselelerin korip shigiw,
- Jilliliq 6tkeziwshenlik tenlemesine qoyilgan shegaraliq maseleni sheshiwge

dazilgen shekli ayirmali sxema ushin programma jaratiw.

3



Izertlewdin ilimiy janahg. Jilliliq 6tkeziwshenlik tenlemesi ushin qoyilgan
shegaraliq maselelerdi korrekt ya korrekt emeslikke izertlew, ayirmali sxema
metod1 menen juwiq sheshiw hamde on1 sheshiwdin programmaliq tdmiyinleniwin
jaratiw metodikasin tyreniw bolip tabiladi.

Izertlewdin tiykarg maseleleri ham boljawlari. Joqart oqiw orinlarinda
informatika ham xabar texnologiyalarinda sabag onimdarligin arttiriw ham joqari
natiyjege erisiw mumkin egerde:

- Jllihq 6tkeziwshenlik tenlemesin uyreniwshi talabalarga, bul temani jdnede
jagsilaw uyrenip aliwina jardem beredji;

- Illihq otkeziwshenlik tenlemesine tiyisli esaplardi jaratilgan programma
jardeminde esaplawlarina boladi;

- Sabaq barisinda bul temani uyreniwi kerek bolgan talabalarga usi
dissertaciyada keltirilgen magliwmatlar ham esaplar arqali tasintirilse janede

Jagsi natiyjelerge erisiledi.

Qorgawga ahip shigihip atirgan tiykargi jagdaylar:

Korrekt emes maseleler teoriyasinda kobinese maseleler abstrakt Gilbert
kenisliginde 1izertlenip, birden-birlik ham orniqliliq teoremalar1 dalillenedi.
Maselenin sheshimi bolsa, apriori bar dep esaplanadi. Masele sheshiminin barligi
maselenin fizikalig mazmuninan kelip shigadi. Bunda logarifmikaliq doneslik ham
Karleman turdegi bahalardan paydalanilad.

Jilliliq 6tkeziwshenlik tenlemesi ushin qoyilgan shegaraliq masele ushin
qoyilgan shegaraliq masele bolsa korrekt qoyilgan bolip tabiladi. Sonin ushin oni
juwiq sheshiw usillar1, korrekt emes maseleler teoriyasi usillari, ayirmali sxema
duziw wusili, C++ programmaliq tili imkaniyatlar1 hamde olardi sheshiwdin
programmaliq tdmiyinleniwin jaratiw metodikasi Gyreniledi.

Izertlew temasi1 boyinsha adebiyatlardi shohiw. Korrekt emes maseleler
teoriyasina akademiklerden A.N.Tixonov, M.M.Lavrentev ham V.K.Ivanovlar
tiykar salgan. Jane B.I".PomanoB, C.I1.11umarckuii, JI.51.CaBennes, B.SI.ApceHuH,
bepesun U.C. Kuakxos H.II, T'oopyxun B.H., LHuOynmun B.I' adebiyatlarinnan

paydalaildi. Bizin Ozbekstanimizda bul mésele boymsha képlegen ilimpazlarimiz
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jumis alip barip atir. Olardan Q.Fayazov, A.Begmatov, A.Xaydarov ham t.b. atap
6tsek boladi. Jane M.Isroilov, Sh.F.Madrahimov, S.M.G’aynazarov, A.O.Otarov,
J.P.Allanazarov, K.S.Fayazov adebiyatlarinan paydalanildi.

Izertlewde qollamlgan usillardin sipatlamasi. Izertlewde ilimiy-teoriyalig,
pedagogikalig-psixologiyalig, logikaliq, ilimiy-metodikaliq dereklerdi uyreniw ham
salistirmal1 analiz etiw metodlarinan paydalanild.

Izertlew natiyjelerimin teoriyallq ham Aameliy ahmiyeti. Jilliliq
Otkeziwshenlik tenlemesi ushin qoyilgan shegaraliq maseleler kop izertlengen.
Biraq olardi korrektlikke tekseriw, ayirmali sxema metodi menen juwiq sheshiw
hamde on1 sheshiwdin programmaliq tdmiyinleniwin jaratiw lazim (kerek, zarur).
Oqiwdi 6z betinshe uyreniw, 6z - 6zin bahalaw ham qadagalaw tiykarinda
sholkemlestiriliwi oqiwshilardin biliw processin o6rinlawga, bilim aliwga bolgan
qizigiwshiligin arttiradi; olar jumisin qollap quwatlaydi, oqitiwdin demokratik
principlerin rawajlandiradi.

Orinlangan jumistin tiykarg natiyjeleri. Dissertaciya jumisin orinlaw
barisinda alingan tiykargi natiyjeler boyimnsha kafedra ilimiy seminarinda bir neshe
ret bayanatlar jasaldi, Jilliliq otkeziwshenlik tenlemesin ashkar emes metod arqali
sheshiw, jilliliq otkeziwshenlik tenlemesi ushin qoyilgan shegaraliq maseleni
shekli ayirmali sxema daziw usili menen sheshiw, korrekt emes qoyilgan
maselelerge misallar atamasindagi ilimiy maqalalar jazildi hdm tezis jariyalandi.

Natiyjelerdin jaryalamiwi. lzertlew natiyjeleri bir jurnalda “Mugallim ham
Uzliksiz  bilimlendiriw”, (Nokis, 2018), eki respublikaliq ilimiy-ameliy
konferenciya materiallari toplamlarinda 6z sawleleniwin tapgan.

Jumis duzilisinin sipatlamasi. Disertatsiya kirisiw, ush bap, uliwma
juwmagq, adebiyatlar diziminen ibarat. Onm uliwma kolemi 72 betti quraydi.
Disertatsiyaga 10 keste, 11 sawret Kkiritilgen. Paydalanilgan adebiyatlar diziminde

14 derek, sol gatarda, 6 internet saytlar1 keltirilgen.



I-BAP. KERI JILLILIQ OTKEZIWSHENLIK TENLEMESI
1.1-§. Keri jilliliq 6tkeziwshenlik tenlemesi ushin korrekt emes masele

Haqiyqiy 7 >osani ushin u(x,t) temperaturani topish maselesi berilgen

bolsin:
u -u,=f(xt), 0<x<z, 0<t<T (1.1.1)
u(0,t)=u(zr,t)=0, 0<t<T (1.1.2)
u(x,T)=y(x), 0<x<nr (1.1.3)

bunda g (x), f(x,t) - berilgen funkciyalar.

Bul masele keri jilliliq 6tkeziwshenlik maselesi dep ataladi.
Bizge belgili bolgandiy ag, masele korrekt qoyilgan boliw1 ushin tomendegi
shartler orinlangan boliw1 kerek:

1. Masalenin sheshimi bar;

2. Maselenin sheshimi jeke;

3. Maselenin sheshimi turgin, yagniy maselenin sheshimi berilgenlerge
(baslangish yaki shegaraliq shartler hamde on tarepke) uzluksiz baylanista
bolsa.

Eger usi shartlerden birewi orinlanmasa, goyilgan masele korrekt emes
qoyilgan esaplanadi. Uliwma aytganda, (.1.1)-@.1.3) masele korrekt emes

qoyilgan. Bul masele ushin Adamar misali tomendegishe boladi:

n (t-1

u -u, =2e ' .sin nx (1.1.4)
u (x,1) = sin nx (1.1.5)
Maselesining sheshimi
u(x,t) = e" Y sin nx
boladi.
Hagigattanda
u = e" Y gin nx, u._ = “n%e" Y i nX, u,—u, = 26" D sin nx

t XX XX

ham
u(x,1) =sin nx

yagniy, bul funkciya (.1.4) ten



biraq,

||u(x,1)|| = Max [

0;77]
ham
n? (T -1)

o xDls.., =

c[o;x)
Demek, 1 >1 ham n > « da

||u(x,t)||—> 0 .

(1.1.6)

Bul bolsa, turginlik sherti buziliwin1 korsetedi, yagniy (t.1.4) - (1.1.5) masele,

hamde (1.1.1) - (1.1.3) masele korrekt emes qoyilganligin korsetedi.
1.1.1)-@.1.3)  maseleni regulyorlastinw ideast tomendegilerden

(1.1.1) - (1.1.3) masele ornina korrekt qoyilgan tomendegi masele alinadi:

t XX XXXX

u’ —u’ —g-u’ :Ze"s“ (T’t)fn(t)sin nx, 0<t<T,
n=1

u (0 t)y=u’(r,t)y=u, (0,t)=u, (r,t)=0, 0<t<T,

u (x,T)=9g(x), 0<t<T

Bunda  musbat parametr ham

n

f(t) = i(f(x,t),sin nx ) = 3‘[ f(x,t)sin nx dx, (.,.) —L2(0,7z) dagl
T T

0

skalyar kopeytme.
Endi, biz @¢.7) - (1.9) masele korrekt qoyilganligin isbatlaymiz.
Us1 teoremalar orinli:
Teorema 1.1.1. Meyli,
f(x,t) e L*(0,T; L*(0,7))
ham

g(x)eLl?(0,7)

ibarat

(1.1.7)

(1.1.8)

(1.1.9)

bolsin. Onda, (1.1.7) - (1.1.9) maselenin sheshimi mavjud, yagana ham turgin bolip,

u®eC(O0,TL L°(0,7)) nL*(0,T; H,(0,7z) " H *(0,7)) ham

o T
c Tt 27‘ 4 —t 27‘ 4 —t Z,‘ 4 3
ur _ e( )(n" —é&n )gn _ Je(s )n"—&n’) .e(s )n"—en) fn(S)dS sin X,

n=1 t



bunda

«

S

1]
SENEN)
o — 3

Isbati. u® funkciyasi @.1.10) formula argali aniglangan bolsin. Onda
U’ eC(O0,T] L*(0,7)) A L*(0,T; H.(0,z) A H *(0,7))
ekenligin koriw giyin emes.
Endi, u® funkciyasi (1.1.7) tenlemeni ganaatlentiriwini korsetemiz:
. :

e 2 4 (T-t)(n?-en?) (s-t)(n%-en®) —ent (T -5s) .
u, =Z[(—n + é&n )[e gn—.[e -e f (s)ds |sin nx |+

n=1 t

* 4
+> e " TYf (s)ds sin nx,
n=1

0 T
2 T- 2 4 _ 2 4 _ AT— i
up = (=n )[e( v g —je(s O ety g men S)fn(s)ds]sm nx
n=1

t

T

B L 4| T-ntoe®y (s-t)(n?-en*) —ent (T =s) .
uxxxx =Z n [e gn_J.e - € fn(s)ds Sin nx.
n=1

t

Demek,

t XX XXXX

* 4
ul —up —eug, =>e " T70f (t)sin nx
n=1

ut(x,T)=> g,sin nx = g(x),

n=1

Yagniy, (1.1.7) - (1.1.9) shartler orinlanadi.
Endi, @.1.7) - (1.1.9) maselesinin sheshimi yagana ekenligin isbatlaymiz.
Parez eteyik, maselenin eki sheshimi
u(x,t)
ham
V(X 1)
bar bolsin.
Biz

u(x,t) = v(x,t)

g (x)sin x dx (1.1.10)



ekenligin korsetiwimiz kerek.
w(x,t) = u(x,t) - v(x,t)
bolsin.
Bul jagdayda yagana
w(x,t)

us1 sistemani ganaatlentiredi:

(w,-w_ —&-w__ =0, (x,t)e (0,7)x(0,T)
JW(X,T)ZO, xe (0,7)
{W(O,t)zW(ﬂ,t):WXX(O,t)zwxx(ﬂ',t)zo

k >0 sani ushin

k(t-T)

v (X,t) = w(x,t)e
bolsin.
Bizge belgili,
y (X, 1)

funkciyasi us1 sistemani ganagatlantiradi:

(v, -w,—-¢ v, —-ky=0; (x,t)e (0,7)x(0,T)
v (x,T)=0, xe (0,7)

VOO =y ()=, O =y, (r,0) =0
(1.1.12) dagi tenlemeni

y (X,1)

kobeytirip, X boyinsha onnan » ge shekem integrallasag, onda

T T V4 r

d
J‘Ew(x,t)y/(x,t)dx —Jl//xxl// dx __[‘/’xxxx'// dx —J-kl//l// dx =0
0 0

0 0

Grin formulasina muwapiq

T k3

[V o ==[y ¥, dx = |av ],
0 0

V4 T

waxxxw dx =—J.l//mt//xdx ZJ.I//XXI//XX dx =||Al//||2
0 0 0

Demek,

(1.1.11)

(1.1.12)



d
4 R4 ] 3 I 7

Shvarts tensizligi boyinsha

ol = Jvav e =Cayarsefavf« Sy |
. de
usinday etip,

e ==l T

endi

tanlep alsaq, onda

l//('vT)z— '//(',t)22 (k——l )||1//(-,s)||2ds =0,
\ 4¢e

yagniy

w(-T)=0.
Bul jerde,

w(,t) =0
hamde

v (1) = 0.
Demek,

u(x,t) = v(xt)
ekan. Usini isbatlaw talap etilgen edi.
Nihayet, (1.1.7) - (1.1.9) maselelerdin sheshimi
geL?(0,7)
ne uzluksiz boaylanish ekenligin korsetemiz.
Meyli, v ham v funkciyalari (.1.7) - (1.1.9) maselelardin mas turde ¢ ham
h berilgenlerine mas sheshimleri bolsin.

Demek, (1.1.10) boyinsha
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0

®© T
T-t)(n’-en® ~t)(n?-gn* —ent (T -t .
U:Z[e( )(n en)gn_J‘e(S t)(n en).esn( )fn(S)dS]SIn nx

» T
T_ 24 _ 24 et (T - .
V:Z[e( nen ”)hn—.fe(S O ment) g e ‘)fn(s)ds]sm nx

0

bunda
2 . 2 )
g,=—(g,sin nx), h =—(h,sin nx).
7 V.4
bulardan
||U (,t) —v ('t)”i _ %Z ez(nz,é.nf‘)(T—t)(gn hn)
Eger
2 s 1
n —-g¢-n <—
de

tenlemelaerin alsaq, onda

”u (1) = v(~,t)||2 < %i e(T—t)/Ze‘(gn B hn)z-: %e(Tq)/u i (gn B hn)Z. _ e(T—t)/Zg g, - hn 2
n=1 n=1
Demek,
Jucty=vn]se™ g - n|.

Bul bolsa, masele sheshiminin turgmligin korsetedi. Usini isbatlaw kerek edi.
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1.2-§. Regulyorizatsiya usih, taqribiy sheshim dizimi

Tomendegi teorema orinli
Teorema 1.2.1. t(x,t)e L*(0,T; L*(0,z)) bolsin. Onda, @.2.1)- .2.3) masele
birden artiq emes sheshimge iye:
u(x,t)ec([0,T] L0, 7))~ L*(0,T; H2(0, )~ H *(0,7)).
Bizge belgili, @.2.1)-@.2.3) masele korrekt emes qoyilgan. Demek, oni
regulyorlastiriw tiyis.

)), o' f(x,t)

4

Teorema 1.2.2. f < L*(0,T; L*(0,7 e L’(0,T; L°(0,7)) ham

ox
u(x,t)e c([0,T] L*(0, 7))~ L?(0,T; H!(0,7)~ H ?(0,7)) bolsin.
Onda
Vte[0,T]

ushin

2

o Tt L*(0,T; L%(0, 7))

4
X

||U (wt)-u, (~,t)||£ e(T - t)\/%”u (‘:t)||2 g2

bunda @.1.7) - @.1.9) maselenin yagana sheshimi.

Isbati. Parez eteyik, @.2.1) - 1.2.3) maselenin anig sheshimi v (x,t) bolsin.

Onday bolsa,
Ut =3 e " u,(0)+ je“‘"”z f (s)ds |sin( nx) (1.2.1)
bunda
2
u, (0) = —(u(x,0),sin nx).
T
Demek,

12



w T w

g =u(x,T)=% e’T"zun(0)+J‘e(5’T)"z f,(s)ds [sin nx =3 ¢ sin nx,

yagniy,

n

.
g, =6 Zun(0)+'|‘e(
0

s=T)n

“f (s)ds

T
(T-t)(n?=en?) (s=T)(n’-en*) —en® (T -5s)
u, (t)y=e gn—fe e f (s)ds =
0
T T
2 (s-T)n? (s-t)(n®-en® —en®(T-s)
un(0)+J'e f (s)ds —Ie e f (s)ds =
0

0

_ e(T-t)(nz-gn“) e—Tn

t
~tn? T-t)—e(T-t)n* T-t)(n’-en’ ~T)n?
=e " TNy, (0)+J‘e( =) g GTNf () ds +
n n
0

T T
T- 27 4 T 2 T 27 4 _ AT*
+Je( Oz g (7 (s)ds—je(S nmmen) g e T (5)ds .
n n

0 t

Bul jerden,

n’ 75(T—t)n4

u (t)=e" -e un(0)+J'e(

sz)nZ e—g(T—t)n4

f (s)ds (1.2.2)

Sonday etip,

=X

l1-e "<x, Vx>0

tensizliginnen paydalanip, tomendegige iye bolamiz:

t
L@ -u, e ™ f-e T o)+ fecr (e Tt (s)ds | <

0

t
< efmZ .(1_ efgnA(Til)]un(0)|+ J»e(S—t)n2 .(1_ e—£n4(T—l)an(S)|dS Sefngn“(T —t)|Un(0) |+
0
t t
s et (1 -0t ()]ds = e () (T - Olu, @)+ (T 1[0 [t (s)]ds <
t

0 0

£ t
S—Z(T—t)|un(0)|+e(T—t)In4|fn(s)|ds. (1.2.3)
t

0

Eger
(a+b)<2(a’+b?)

ham Gyolodor tensizligin esapqa alsaq, onda
13



t

ROIETRU —t)z(jn“

0

2]
| <

|

|un —um|2 < 2|g(T -t)°
t

fn(s)|ds]

8¢’ '
< (T—t)2|un(0)|2+£2(T—t)z.tz.Jna
0

2
f,(s)| as.

t4

Sonday etip,

: 7 8&° o
u, (0 -u,, (1) S;-t—A-(T—t) >
n=1

”“("t)‘“g("t)”2=£i ux(0)|2+£-gz-(T—t)2.
20 _ 2

t 2

f,(s)| ds =8:—42«(T 0 Jueoy et - ]

t o

-tz-J'Zns

o n=1

' f(x,s)

ax—4 ds.

Usini isbatlaw talap etilgen edi.
Teorema 1.2.3. Meyli, @.1.1) - @.1.3) Maselenin sheshimi
neL”(0,T; L*(0,7))~ L*(0,T; HI(0,7))

ham vte [0,7] ushin

A*u(x, 1)< = bolsin,
Ol jagdayda,
o -u, (o)< er ~HA2u (~,t)H.
Isbati. (1.2.2) den biz tomendegige iye bolamiz:

t
o, me " hoe TN ()4 je“‘”"z (e T O)e (syds = 1-e T, (1)
0

Demek,

2
T

2

2

APu(-,t)

u,-u, | <

||u(-,t)—ug(~,t)||2=§§ n ok MU LI
n=1 n=1

teorema isbhatlandi.

Teorema 1.2.4. Meyli, 1 .2.1) - @.2.3) maselenin g ga mas aniq sheshimi

uec(o,T] L*0, 7))~ L*(0,T; H}(0,7)~ H (0, 7))

bolsin.
Vte [0,T]
ushin
w, T e (0,7 L0, ), CRIEE
ox ot
ham

14



9, -gl<e
bolsin.

Ol jagdayda, usinday u ., funkciyasi bar bolip,

e vie T,
nf 2]
Le)

&

Huﬁm (wt)-u (~,t)H <

T

Huﬂ(é_)(~,0)—u(.,0)us(1+c) LI
In i 4 In —W

Le) \e)
bul jerde,
B(e) !
8 =
4In(£)
Le)
ham
4 2
PO i||u(-,o)||2 2| 200 101 20,0y
4 t4 ax4
M = max {sup ut(x,t)H, T sup A2 U (x,T)H}.

Isbati. Meyli, g gamas @.1.7) - @.1.9) maselenin sheshimi

Vi (00,
ga mas sheshim w, ., bolsin.
Usi funkciyani
Nt Ine
h(t)= —-
t t
alayiq,
e (0,T).

Bul jerden n(t) >0 ham im n(t) = «~ hamde (o,7) degi sheshim n)-o.

t—>0

t onin en kishi sheshimi bolsin.

1
nt>--—

15



tensizligi asasinda

t T
< .
‘ In(1/¢)

u ham u_ funkciyalari ushin (o,t ) intervalda Lagranj teoremasin qollasaq:

Jlucoy —uct,)| < tgHu'(a)Hg c-t, Va e (0,t)
Teorema 1.2.5. asasinda

Vv, ) - u@)] < v, ) - uee )]+ Ju) - uee )] <

: ! -
< T —t,)a"ut t, ¢
< ple) s)H U(S)HJrC" ‘ { In(1/£)+4|n(1/5)]

Wﬁ(g)(t), 0<t<T
Uy (1) =

Wy, () t=0

dep belgilew kiritsek, onda teorema 1.2.1 nen

T-t

4p(e) H /T

Iy w0 e o —of < £
Teorema 1.2.6. ham ushmuyeshlik tensizliginnen

K

Hvﬁm("t) - “ﬁ<a>("t)H < Hvﬁ(ﬁ) (O =Wy, ("I)HJ’ Hvﬁm("'t) - u(-,t)” <

Biraq,

o), oy =uc o)< v, t - we |- vt - w,, ]+

+Hv _(~,t_)—u(-,0)”s(1+c) T +C- T
perte In(l/g) In(l/g)

usini isbatlaw kerek edi.

16
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1.3-§. Jillilliq 6tkeziwshenlik tenlemelerin maple paketi jardeminda sheshiw

Jilliliq otkeziwshenlik tenlemelerin Maple 12 paketi jardeminda sheshiw
tomendigishe amelge asiriladu:

» restart;
> heat = diff (u(x, ), 1) =k *diff (u(x, 1), x,x) =0;
%u(x,t)—k —uxt :0‘

Kiyinen orin almastiriw usulinnan paydalanamiz:

» eq = subs(u(x,t) =X(x)*7T(t), heat);

0

a T~k 5

62
(X(x) T(z))] ~0
o’
Endi, tenlemenin eki tarepinda
X () *T(t)
ga bolip jiberemiz:

» expand (eq /X (x)/T(t));

d &’
= k X
T(t) X(x)

Ozgeriwshilerdi ajratamiz:

sep = (%) + (k*diff (X (x),x,x)/X(x) =k*diff (:/X(x)); x)

>
d2
% T(t) ) k (?X(X)]
T(t) X (x)

Bul tenliktin on ham shep tareplerinde har qiyli 6zgeriwshilerdin
funkciyalari turgfnligin kériwimiz mumkin, yagniy olar gatan' shama ésaplanadi:

» lhs(sep) =C;

Endi, biz apiway1 differencial tenlemege iye boldiq.
17



Endi, tenliktin on tarepin 6zgermes mugdarga tenlestiremiz:

» rhs(sep) =C;

» X sol = dsolve (%, X (x), explicit = true);

Z Z
A el =H{xy=_C1 cosh(/\/; xJ + 2 smh(/\/; xJ

» map(subs, [ X sol], T sol, X (x)*T(t));

(el E by fEo)

» sol = map (simplify, %);

sof :={_Cf2 E(Ci) cosh(/\/gx} + Cf E(Ci) Y sinh[/\/gxﬂ

Apiwaylastiriw maqsetinde érkin 6zgermes mugdarlardin aniq ménislerdi tandap
aliwimiz mumkin:
» subs(C=k,k=1,_Cl=1,_C2=1,s0l);

[E'ij cosh(x) + E'ij sitthi x ) ]
» evalc(%);

[ef cosh(x) + e’ sinh(x)]
Bul jerden trigonometrik koriniske iye bolamiz:
» convert (%, trig);
[(coshis) + sinh(£)) cosh(x) + (coshiZ) + sinh(£)) smh(x) ]
Yagniy,
» S = evalc(%);
S=[(cosh(#) 4+ sinhiz)) cosh(x )+ (cosh(£) 4+ sinh(Z7) sinh(x 7]

Endi, bul shéshimdin tuwriligin tekseremiz:

> simplify (subs (u(x, t) = sol[ 1], heat));

18



Sheshimdin tuwriligin grafik jasap, isénim kamil étemiz:

» plot3d(op(S),x=-5.5,t=0.5);

P Matrix

P+ Components

[ Greek

[ Arrows

[ Relational

[ Relational Round

[+ Large Operataors

> Operataors

[ Open Face

[ Fraktur

[ Script

> Miscellaneous

\
\
\
{
[
[
| > Miegated
[
[
[
[
\
\

5= evalc(%);

k o k s
— X — X
[dx2 (X)] + sl = [dx2 (X)] + sl
X(x) X(x)
> simplify(subs(u(x, 1) =50l 1), heat)),
o=

plat3diop(5), x==5.5t=0.5),

@ Ready

1.3.1-stwret

19



11-BAP. JILLILIQ OTKEZIWSHENLIK TEN’LEMESINE QOYILG’AN
ARALAS MASELE USHIN TORLAR USILI HAM KOSHI MASELESI
2.1-§. Jilliliq 6tkeziwshenlik tenlemesine qoyilgan aralas masele ushin torlar
usih

Jilliliq 6tkeziwshenlik tenlemesi ushin aralas masele berilgen bolsin:

fut = azuxx (2.1.1)
{|u(x,0): f(x), (0<x<5s) (2.1.2)
[0(0.) = p (D). u(s.,1) = v (1) (2.1.3)

Jogaridagi (2.1.1) - (2.1.3) masele, xususan, uzinligi s bolgan bir jinsli sterjenda
jillillig targaliwi maselesin keltiriw mumkin. (2.1.1) tenlemeni . = a* almastiriw

menen

u =u,

koriniske keltiriw mumkin. Sonin ushin bunnan kiyin a =1 dep alamiz.
Yarim tegislikK t > 0, 0 < x < s te eki parallel tuwri siziglar:

x,=ih, i=0,1,2,.. t=jl, j=012,.

shanaraqlarin quramiz.

x; =ih, t; = jl, u(x;,t;) =u,

dep belgileymiz.

2.1.1-sawret

u, hasileni har bir ishki tugunde taqribiy ayirmali nisbet menen almastiramiz:

20



i+1,j i i-1,

W,), = (2.1.4)

u,  hasileni Dbolsa, tomendegi nisbetlerden biri menen almastiramiz:

(U, ~ 1 (2.1.5)

(2.1.5)

Bul jagdayda (3.1.1) tenleme ushin a -1 bolganda tomendegi eki turdegi shekli

ayirmali tenlemeni alamiz:

i j+1 i i+1,§ 2ij i-1,j (2.1.6)
I h
u_ul]fl:ui+1‘j_2uzij+uifl,j (2.1.7)
| h
Bul tenlemelerde o = 1/n? siyagli belgilep, olardi tomendegishe jazamiz:
Uy, =0-20)uy +o(u,,,+u_,) (2.1.8)
(I+20)u; —o(u;,,  +u,_, )+u, ;, =0 (2.1.9)

2.1.6) tenlemeni duziwde oshkor sxemadan:

@.j+D)
{

h h
-Lp @7 @+l

2.1.2-sawret
2.1.6) tenlemeni duziwde oshkormas sxemadan paydalanamiz:

(-1 (7)) (G+Lj7)
h h o

@.j-1)



, . 2.1.3-sawret e .
(2.1.8), (2.1.9) tenlemelerinde » saninin tenfemede eki jagdayin esapqa aliw kerak:

1. Differencial tenlemeni ayirmali tenlewimiz menen almastiriwdagi qatelik en
kishi boliwi kerek;

2. Ayirmali sxema turgin boliwi kerek;

(2.1.8) tenleme o0 < o <1/2 g€, (2.1.9) tehleme bolsa, qalegen » ga turgin boladi.

(2.1.8) tenlemenin en qolay korinisi

1
oc=— da
2
Uiy T Ui
T (2.1.10)
2
1
o == da
6
u —l-(u +4-u. +U ) (2.1.11)
ij+1 T 6 i-1, j ij i+1, j i

o<x<s o<t<T Sahadagi (2.1.9) (2.1.10), (2.1.11) tenlemelerinnen tawilgan

sheshimlerdin qateliklerin baqlaw mas tarde tomendegishe:

(TN IE A Vi (2.1.12)
3
u-al<T M LN (2.1.13)
< , 1.
135
_ [I hz]
u-T]<T | =+ —|'M, (2.1.14)
2 12

Bul jerde o (2.1.1) - (2.1.3) maselenin aniq sheshimi, o <t<71, 0 < x <s de sheshimi

M, = max {‘f W(X)‘, o (0], "(t)|}:

M, = max ([t () o ) | @)

22



Jogaridagi qateliklerdi baglawdan korinip turganinday, (2.1.11) tenleme

sheshimi (2.1.10) nin sheshiminnen aniqrag boladi.

Torlar usili menen, bir jinsli bolmagan parabolik turdegi

u =u, + F(x1t) (2.1.15)

t

tenleme ushin aralas maselenida sheshiw mumkin.

Bul jagdayda, tugunlerdin askar(oshkor) jagdaydagi sxemasinnan

paydalangan jagdayda mas ayirmali tenleme tomendegishe boladi:

U ,=0-20)u;+o(u,  +u_ )+I1-F, (2.1.16)
Bunda, eger
1
o = = bolsa,
2
onda
1
Upjog = — (U di+u ) +1-Fy (2.1.16")
, 5 ,
boladi.
Eqger,
o = = bolsa,
6
onda
== ( )+
uivj+1—g~ U, +4-u;+u_ )+ Fy (2.1.17)
boladi.

Bul jerda tomendegi gatelikti baglaw orinli:

(2.1.16") tenleme ushin
23



_ 1 1

|u—u|£— (—M3+—MJ h*

72 3 5 )
bunda
i k
u u
Mizmax—i,Mkzmax K,i=2,3;k=4,6.

OX oX

Misal-2.1.1. (2.1.10) ayirmali tenlemeden paydalanip,
u =u (2.1.18)

tenlemenin

u(x,0) =sin zx, (0 < x <1)

u(0,t) =u(,t)=0 (0<t<0.25) (2.1.19)
shartlerdi ganaatlentiruwshi tagribiy sheshim tabilsin.

Sheshiliwi: x argument ushin h = 0.1 qadem tanlaymiz,

Q
I
N |

bolganliginnan + argument ushin gadem
h2

| = —=0.005
2

tomendegi jadveldi baslangish ham shegaraliq manisler menen toldiramiz.

Eger, olardin simmetriklari itibarga alsag, onda jadveldi tekgana

x=20;0.1;0.2; 0.3; 0.4; 0.5

lar ushin toldiriwimiz mumkin.
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u(x,t)

manislerinnen ham shegaraliq shartlerden paydalanip,

formuladan paydalanip tabamiz:

Bul jagdayda

ham tagida basga u , nin i -1,2,3,4,5 lerdada manislerin tawip jadveldi toltiramiz:

funkciyanin birinshi qatlemdegi manislerin

(0.5878 + 0) = 0.2939

(0.8090 + 0.3090 ) = 0.5590

baslangish gatlemdegi

j=o bolganda (2.1.10)

J X |0 0.1 0.2 0.3 0.4 0.5

0 E) 0 0.3090 | 0.5878 | 0.8090 | 0.9511 |1

1 0.005 |0 0.2939 | 0.5590 | 0.7699 | 0.9045 | 0.9511
2 0.010 |0 0.3795 | 0.5316 | 0.7318 | 0.8602 | 0.9045
3 0.015 |0 0.2658 | 0.5056 | 0.6659 | 0.8182 | 0.8602
4 0.020 |0 0.2528 | 0.4608 | 0.6619 | 0.7780 | 0.8182
5 0.025 |0 0.2404 | 0.4574 1 0.6294 | 0.7400 | 0.7780
u(x,t) | 0.025 |0 0.2414 | 0.4593 | 0.6321 | 0.7431 | 0.7813
i -ul | 0.025 |0 0.001 |0.0019 |0.0027 | 0.0031 | 0.033

Ekinshi gatlemde ;-1 bolganda (2.1.10) formula tiykarinda
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boladi. Sogan ugsas u, manislerdi t-o0.005;0.010;0.020;0.025 ler ushinda

ésaplaymiz. Jadveldin aqirinda aniq sheshim &(x,t)=e “‘sn zx tii mAnisleri

keltirilgen.

Salistiriw ushin (2.1.12) formuladan paydalanip témendegishe baglawdi

keltiremiz:
Berilgen mésele ushin
v (t)=p)=0, f Y (x)=x""sin( 7x)

dan

Demek,

005 , , 0.05
xtn?= .97 .22 -0.01 = 0.0081 .

3 3

|J—u|£

2.2-§. Jilliliq 6tkeziwshenlik tenlemesine qoyilgan keri Koshi maselelasi

regulyorizatsiyasi

Tomendegi shegaraliq masele berilgan bolsin:

(U, (x,t) = —u_(x,t), (x,t)e Q =(0,7)x(0,T) (2.2.1)
u(x,0) = f(x), xe[0,r]
{u(O,t):u(;;,t):O, te[0,T] (2.2.2)

Birar, fiksirlengen t<[o,7] da u(x,t)y funkciyani tabiw talap gilinadi.

f. menen t(x) funkciyanin Fyure koefficiyentlerin belgileymiz:

k

f. =

§||—\

[sinCloc) F () dx, k =1,2,..

26



Eger (x) funkciyani baslangish maselenin sheshimi bar bolatawin etip

tanlasaq, onda

2 2

u(x,t) = i f, e " sin( kx)
boladi.
Endi, usi jardemshi maseleni qaraymiz:
fav 82va adva
| o -« . (x,t) e Q, a >0 (2.2.3)
ot OX
Jv (x,0) = f(x), xe[0,7]
| a°v, (0,t) v, (m,t)
{v (0,t) =v, (7.t) =0, - -0, te (0,T) (2.2.4)

OX oX

Bul jerde (2.2.3) ham (2.2.4) shartlerdi ganaatlentiriwshi jetkilikli sillig v_(x,t)

funkciyani tabiw talap gilinadi.

Ravshanki, bul maselenin sheshimi

o

v, (x.t) =3 f e (k¥ (- ak®)t)sin kx)

ekenligine (osongina)asangana isenim payda qiliw mumekin.
Bunnan korinediki,
v, (x,t) =B, f(x)

formula menen aniglangan B operatorlar toparina Koshi maselesine nisbaten

regulyorlastiritwshi topar sholkemlestiredi. Regulyorlastirtwshi topar-oila tashkil
etedi. Regulyorlastinwdin effektivlik koefficiyentin tabamiz.

2 2 1

KP(l-ak’) < —

doa

dan

27



B

a

= max exp (kz(l—akz)t)s exp (t—)
: \4a )

ekenligi kelip shigadi.

Endi, us1 shert astinda

oo, T = i f7exp( 2k°T) < ¢’

k=1

tomendegi ipadani baholaymiz:

2

v, (x.t) - u(x,t)||2 - i £.7 (exp( k *t) — exp( k* (1 - ak’)t))

Sharttin ekstremumin tabiw ushin Lagranj usulinnan paydalanamiz.
Baholanayotgan ipadanin manisi
foexp( k'T)<c
shart astinda
y(k)=c exp (-k* (T =1))-(L-exp( —ak D))
funkciyanin maksimuminnan aspaydi.

y (k) funkciyanin ekstremumin tabiw , (k) =0 trancendent tenlemege alip

keledi. Bul ekstremumdin « boyinsha tartibi ustpe-ust tusetawin bahosini tabamiz.
y(k) < ok ‘taexp (- k(T =1))= B (k)
boliwini aniglaw giyin emes.
Demek,
B (k) =ctak®(4-2k>(T —t))ep (- k°(T -t))=0.

Bunnan
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Ol jagdayda

4ct ,
T_0 a-e

max y (k) <max pg(k)=

boladi.

Misal. Tomendegi masele berilgen bolsin:

t .
ful—ux = 2e sin x (2.2.5)

X

(u(x,1) = g(x) = e-sin x (2.2.6)
Sheshiliwi. Bul maselenin sheshimi
u(x,t) = e'sin x
ekenligin aniglaw giyin emes.
Hagigatindada
u, =e'sin x, u, =-e'sin x, u —u,_ =2e"sin x
tenleme ham
u(x,1) = esin x

shart ganagatlantiriladi.

Endi,

1
g,(x)=esin x+ —sin( nx)
n

dep alsag, onda

1

t . 1-t

u (x,t) =e sin x+—e" 7Y
n

n

sin( nx)

boladi.

Biraq,
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4 2
R (S DY 3

0

un('lo)_u('lo)

z 2n? n?
e o, e 7
= I sin “(nx)dx = —.
L2 (0.7) 5 n’ n 2

Demek,

1
9, ~ g||L2(0,7r) = !]ITIE\/%: 0,

2

lim |
n—wx

) T
= lm —,[— = o,
L,(0,7) n->w© n 2

Un(',O)—U(~,0)

lim

n— o

yagniy (2.2.5) - (2.2.6) masele, korrekt emes qoyilganligin anlatadi (korrektliktin

turginlig sharti buziladi).

Endi, berilgen masele ornina tomendegi qosimsha maseleni garaymiz:

ul —ul —eul :ze*é‘"z”")fn(t)sin( nx), 0<x<rz, 0<t<T (2.2.7)
k=1
u’(0,T)=u’(z,T)=u, (0, T)=u, (#,T)=0, 0<x<7z, 0<t<T (2.2.8)
U (x,T)=g9g(x), 0<x<r, (2.2.9)
bunda

V4

2 )
fn(t):—j f -sin( nx)dx.
T 0
Bul maselenin sheshimi

1-t)(1-g)+1 _. ( —t)(1- —z(l-s)+1 W 1 gmieamty
u’(x,t) = e gin x — 2 J‘e(S e g 7o s Hgin x + —e U7 T ) gin( nx)

L Joon
ekenligin tekseriw giyin emes.

Eger,
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u(x,1/2) = \/gsin X

bolsa, onda

3-¢

( — ! 2s——— ) 1 7(n27 nty
u’(x,1/2)y=le? —2fe 2 ds!lsin x+—e? sin( nx)

L /2 J n

1-¢

boladi.

Aniq ham regulyorlastirilgan sheshim arasindagi pariq tomendegi jadvelde

keltirilgen:
. u, u-u
1072 |Z
2 1.643563444  sin x + 0.8243606355  sin( 200 x) 0.1462051256

—4 T

10 L— _ a4
2 1.648617955 sin x + 0.164872127  sin( 10 X) 0.0206639150 6

10 |7

10 - , ~10 . . 10
2 1.648721271 sin x + 10 -sin( 10 X) 0.0002066365 678

Bundan korinip turgandiyaq, « » o da Ju-u, |- o, yagniy u, > u.
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I11-BAP. JILLILIQ OTKEZIWSHILIK TENLEMESI USHIN QOYILGAN
SHEGARALIQ MASELENI SHESHIWDIN PROGRAMMALIQ
TAMIYINLENIWIN JARATIW METODIKASI
3.1-§. C++ programmalastiriw tilinin tiykarg tasinikleri

C++ programmalastiniw tili C tiline tiykarlangan. C bolsa 6z nawbetinde B
ham BCPL tillerinen kelip shiggan. BCPL 1967 jilda Martin Richards tarepinen
jaratilgan ham operacion sistemalard: jaziw ushin arnalgan edi. Ken Thompson
6zinin B tilinde BCPL din koép gasiyetlerin kiritken B da UNIX operacion
sistemasinin birinshi versiyalarin jazgan. C tilin Dennis Rittshie B dan keltirip
shigaradi ham oni 1972 jili birinshi marte Bell Laboratoriyasinda, DEC PDP-11
kompyuterinde qolladi. C 6zinen alding1 B ham BCPL tillerinin jada kop ahmiyetli
tareplerin 0z ishine aliw menen bir qatarda 6zgeriwshilerdi tiplestirdi ham bir qatar
basqa janaliglardi kiritti. Baslamwinda C tiykarman UNIX sistemalarinda ken
tarqaldi. Hazirde operacion sistemalardin tiykargr bolegi C/C++ da jazilmagqta.
1983 jilda, C tili ken tarqalganlig1 sebepli, on1 standartlastiriw hareketi baslandi.
Bunin ushin Amerika Milliy Standartlastirrw Komiteti (ANSI) qasinda X3J11
texnik komitet dizildi ham 1989 jilda usi standart gabil qilindi. Standartti dinya
boyinsha ken tarqatiw magsetinde 1990 jilda ANSI ham Dunya Standartlar
Sholkemi (ISO) sherikliginde C din ANSI/ISO 9899:1990 standartin gabil etti. Sol
sebepli C da jazilgan programmalar az mugdarda ozgerisler yaki uliwma
Ozgerislersiz juda kop kompyuter platformalarinda isleydi. C++ 1980 jillar basinda
Bjarne Stroustrup tarepinen C ga tiykarlangan halda dozildi. C++ jada kop
qosimshalardi 6z ishine algan, biraq en tiykargist ol obektler menen
programmalastiriwga imkaniyat beredi. Onda C ga ugsas strukturali yaki obektler
menen programmalastirtw mumkin. C++ funkciya ham obektlerdin juda bay
bibliotekasina iye. Yagmy C++ ta programmalastinwdi uyreniw eki bolekke
boélinedi. Birinshisi bul C++ din 6zin Uyreniw, ekinshisi bolsa C++ din standart
bibliotekasindagi tayyar obekt/funkciyalardi qollawdi uyreniw.

C++ alfavitine tomendegi simvollar kiredi:
o Ulken ham kishi latin alfaviti haripleri (A,B,..,Z,a,b,...,z)

o Cifrlar: 0,1,2,3,4,5,6,7,8,9
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e Arnawli simvollar: “, {} [[]O+-/ % \ ; .. ?2<=> 1 &*#~"

e Korinbeytugin simvollar (“uliwmalasqan bosliq simvollar1”). Leksemalardi

6zara ajratiw ushin isletiletugin simvollar (misal ushin bosliq, tabulyaciya,

taza qatarga otiw belgileri).

Kommentariyalarda, qatarlarda hdm konstantalarda basqa literalar, maselen rus

hariplerin isletiw mimkin

Xizmetshi sozler. Tilde isletiliwshi yagniy programmamist tarepinen

6zgeriwshi atlar1 sipatinda isletiliw mumkin bolmagan identifikatorlar xizmetshi

sozler delinedi. C++ tilinde tdmendegi xizmetshi sézler bar:

int
char
float
double
struct
union
long
short
unsigned

auto

extern else

register for

typedef do

static while

goto switch
return case

sizeof default
break entry
continue

if

Ozgeriwshiler. Ozgeriwshi manisine at1 arqali murajat qiiw mamkin, yad

bolegine bolsa tek gana adresi arqali murajat qilmadi. Ozgeriwshi at1 bul erkin

kiritiletugin identifikator. Ozgeriwshi ati sipatinda xizmetshi sézlerdi isletiw

mumkin emes.

Ozgeriwshi tipleri Ménisi

char bir simvol:
long char uzin simvol;
int putin san;

short yaki short int

qisqa putin san;

long yéki long int

uzin putin san;
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float haqiyqiy san;

long float yaki double ekilengan haqiyquy san;

long double uzin ekilengan haqiyquy san;

Konstantalar. Tomendegi kestede konstantalar shegaralari ham saykes tipleri

korsetilgen:
Magliwmatlar | Kélem, . ]
. ) Ménisler shegaras1 | Tip waziypasi
tari bit
] Kishi putin sanlar ham simvollar
Unsigned char | 8 0...255
kodlar
Char 8 -128...127 Kishi pttin sanlar ham ASII kodlar
Enum 16 -32768...32767 Putin sanlar tartiplengen qatari
Unsigned int | 16 0...65535 Ulken putin sanlar
] Kishi patin  sanlar, cikllard:
Short int 16 -32768...32767
basgariw
Kishi puatin  sanlar, cikllard:
Int 16 -32768...32767
basgariw
Unsigned long | 32 0...4294967295 Astronomik araliglar
-147483648... ,
Long 32 Ulken sanlar
...2147483647
Float 32 3.4E-32...3.4E+38 | llimiy esaplar (7 cifr)
L.7E- N |
Double 64 Ilimiy esaplar (15 cifr)
308...1.7E+308
Long double | 80 344932 Qarj1 esaplar (19 cifr)
ong double arj1 esaplar (19 cifr
: 1.1E+4932 ! P
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C++ ta arifmetikalig dmeller. Ameller kestesi

shartli ameller

Arifmetikaliq

sellor Razryadli &meller | Qatnas ameller Logikaliq ameller
+ qosiw &  ham == ten && ham
- boliw | yaki I=  ten emes I yaki
* kobeytiw A biykar > ulken ! biykar
/ boliw << shepke sturiw | >= 1lken yaki ten

% modul boliw | >> ongasariw | <  Kishi

- unar minus |~  biykar <= kishi yaki ten

+ unar plyus

++ asirw

-- kemeytiriw

Imla ameller Mamis beriwham Tipli &meller Adresli ameller

() — dongelek qawis

= - dpiwayl manis

(tip) — tipti 6zgertiw

& - adresti aniglaw

beriw
[] — khamdrat gawis | op= - quramali | sizeof- kolemin | * - adres boyinsha
manis beriw esaplaw manis amglaw yaki

jaylastiriw

, - atir

? — shartli amel

Tanlaw operatorlari. Shartli operator eki koriniste isletiliwi mamkin:

If (anlatpa) 1- operator

Else 2- operator
yaki

If (anlatpa)  1-operator

Shartli operator orinlanganda aldin anlatpa esaplanadi; eger manis rast yagniy

nélden pariqlt bolsa 1- operator orinlanadi. Eger manis jalgan yagniy ndl bolsa
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ham else isletilse 2-operator ormlanadi. Else bolegi har dayim en jaqin if ga saykes

qoyiladi.

If (n>0)

if (a>b) Z=3,

else Z=b;
Eger else bolegin jogarn if ga saykes qoyiw lazim bolsa, figurali gawislar isletiw
lazim.

If(n>0) {

if(a>b) z=a;}

else z=b;

Cikl operatorlari. While operator1 tomendegi uliwmaliq koriniske iye.:
While(anlatpa)
Operator
Bul operator orinlanganda aldin anlatpa esaplanadi. Eger onin manisi 0 den parigh
bolsa jane orinlanadi ham anlatpa qayta esaplanadi. Anlatpa manisi 0 bolaman
degenshe cikl qaytariladi. Eger programmada while (1); qatar qoyilsa bul
programma hesh qashan toqtamaydi. Misal. Berilgen n ge shekemgi sanlar
qosindist
void main()
{ long n,i=1,s=0;
cin >>n;
while (i<=n)
S+=i++;
cout<<’\n s="<<s; };
Do-While operatort uliwmaliq korinisi tomendegishe:
do
Operator
While(anlatpa)
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Cikl operatormin bul korinisinde aldin operator ormlanadi keyin anlatpa
esaplanadi. Eger onin manisi 0 den pariqli bolsa jane orinlanadi. Anlatpa manisi 0
bolaman degenshe cikl qaytariladi. Misal. Berilgen n ge shekemgi sanlar qosindisi.
void main()
{ long n,i=1,s=0;
cin >>n;
do
S+=i++;
while (i<=n);
cout<<’\n s="<<s; };
For operatori. Méselen, bizge 0 den 100 ge deyingi barliq patin sanlardin
qosindisin esaplaw kerek bolsin. Bunin ushin biz for cikl operatorin paydalanamiz:
int sum = 0; inti;
for (1=1;1<=100;i=1i+ 1)// cikl atamasi
sum = sum + i; /1 cikl denesi
Cikl operator1 cikl atamas1 ham cikl denesinen turadi. Cikl denesi — bul
berilgen parametr boyinsha gqaytalawdi orinlaytugin operatorlar blogi. (bizin
jagdayimizda, sum 6zgeriwshisinin manisi i 6zgeriwshinin manisine 6sip baradi).
Atama — bul for xizmechi s6zi ham onnan keyingi qawis ishindegi toshkali utir
menen ajiratip jazilgan ush anlatpa. Birinshi anlatpa cikl baslanganda daslep bir
marte gana esaplaniladi. Ekinshisi-bul cikl sharti. Ust shart orinlansa, cikl denesi
qaytalana beredi. Ushinshi anlatpa cikl denesinifi har qaytalaniwinda ormlanip
baradi. for operator1 programmadag iteraciyanin esaplaniwin amelge asiradi.
Funkciyalar. C++ ta programmalastiriwdin tiykargi bloklarinan biri funkciya
esaplanadi Funkciyalardin paydasi, ulken madsele bir neshe kishi boleklerge
bolinip, har birine 6z aldina funkciya jazilganda, moésele sheshiw algoritmi
apiwayilasadi. Kopshilik jagdaylarda programmada takiraran orinlanatugin ameldi
finkciya sipatinda jaziw ham kerekli jerde usi funkciyani shaqirnw mimkin.

Funkciyan1 programma denesinde isletiw ushin ol shaqiriladi, yagniy onin ati
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jaziladi ham ogan argumentler beriledi. () qawislar usi funkciya shaqiriliwin
anlatadi.

Maselen: foo(); k = square(l);
Demek, eger funkciya argumentler bolsa, olar () qawis ishinde jazilad.
Argumenciz funkciyadan keyin bolsa () gawislardin 6zi qoyiladi.
Tomendegi matematikaliq funkciyalar bibliotekesinih bazi bir agzalar1 berilgen. x

ham y 4zgeriwshileri double tipine iye.

Funkciya Aniglaniwi Misal
) X t1 X tan ulken yéki ogan _
ceil(x) ceil(12.6) = 13.0
ten

en kishi puatin sanga|
. . ceil(-2.4) =-2.0
deyin dongelekleydi

X tin  trigonometriyaliq
cos(X) o ) cos(0.0) =1.0
kosinusi (x radianda)

e nih x shi darejesi
exp(X) _ _ exp(1.0) = 2.71828
(eskponecial funkciya)

fabs(x X tin absolyut manisi x>0 => abs(x) = X
X t1 X tan kishi bolgan en

floor(x) floor(4.8) = 4.0
ulken

utin sanga deyin
P s Y floor(-15.9) =-16.0
dongelekleydi

x/y din qaldigin boélshek
fmod(x,y) o _ fmod(7.3,1.7) = 0.5
san tipinde beredi

x tin natural logarifmi (e

log(x log(2.718282) = 1.0
9% tiykarga kore) 9 )
x tinh 10 tiykarma kore
log10(x) o log10(1000.0) = 3.0
logarifmi
pow(X,y) x tm y shi darejesin | pow(3,4) =81.0
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beredi

] X tn trigonometriyaliq |
sin(x) o _ sin(0.0) =0.0
sinusi (X radianda)

sgrt(x) x tin khamdrat koreni sqrt(625.0) = 25.0

X tin  trigonometriyaliq
tan(x) _ ) tan(0.0) =0
tangensi (x radianda)

Massivler. Massiv bul bir tipli nomerlengen magliwmatlar jiynagi
esaplanadi. Massiv indeksli o6zgeriwshi tlsinigine saykes keledi. Massiv
tariplengende tipi, ati ham indeksler shegaras1 korsetiledi. Misalt ushin long int
a[5]; char w[200]; double f[4][5][7]; char[7][200]. Massiv indeksleri har dayim 0
den baslanadi. C ++ tili standart1 boyinsha indekslar san1 31 ge shekem boliw1
mumkin, biraq amelde bir 6lshewli ham eki 6lshemli massivler qollaniladi. Bir
6lshewli massivlerde matematikada vektor tisinigi saykes keledi. Massivtin int
z[3] formasindag taripleniwi, int tipine tiyisli z[0],z[1],z[2] elementlerden ibarat
massivti aniqlaydi. Massivler tariplengende inicializaciya qiliniwi, yagniy
baslangish manisleri karsetiliwi mumkin.

Misal ushin:

float C[]={1,-1,2,10,-12.5};
Bul misalda massiv shegarasi avtomatik aniqlanadi. Eger massiv inicializaciya
qilinganda elementler shegarasi korsetilgen bolsa , dizimdegi elementler sani bul
shegaradan kem boliw1 miimkin, biraq artiq boliw1 mumkin emes. Misal ushin int
A[5]={2,-2}. Bul jagdayda a[0] ham a[ 1] manisleri anuglangan bolip, siykes halda
2 ham -2 ge ten.

Eki olshemli massivler matematikada matrica yaki keste tusinigine saykes
keledi. Kestelerdin inicializaciya qiliw gqagiydasi, eki Olshemli massivtin
elementleri massivlerden ibarat bolgan bir o6lshemli massiv aniqlamasina
tiykarlangan. Misal ushin eki gatar ham ush baganadan ibarat bolgan haqiyqy
tipke tiyisli d massiv baslangish manisleri tomendegishe korsetiliwi mumkin:

float d[2][3]={(1,-2.5,10),(-5.3,2,14)};
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Bul jaziw tdmendegi manis beriw operatorlarina saykes:
d[0][0]=1;d[0][1]=-2.5;d[0][2]=10;d[1][0]=-5.3;d[1][1]=2;d[1][2]=14;

Bul ménislerdi bir dizim menen payda etiw mumkin:

float d[2][3]={1,-2.5,10,-5.3,2,14};
Inicializaciya jardeminde baslangish manisler aniglanganda massivtin barliq
elementlerine manis beriw shart emes. Misal ushin:

int X[3][3]={(1,-2,3),(1,2),(-4)}.
Inicializaciya jardeminde baslangish manisler aniglanganda massivtin birinshi
indeksi shegaras1 korsetiliwi shart emes, biraq gqalgan indeksler shegaralari
korsetiliwi shart. Misal ushin:

Double x[][2]={(1.1,1.5),(-1.6,2.5),(3,-4)}

Dagaza fayllari. Standart biblioteka ishindegi funkciyalardi isletiw ushin
olardin prototipleri jaylasqan dagaza fayllarin include preprosessor buyrigr mene
programma ishine kirgiziw kerek. Tomende biz baz1 bir ken qollanilatugin dagaza
fayllarin keltirip 6temiz.
<assert.h> Programma islewin diagnostika qiliw ushin kerekli makrolar ham
magliwmatlardi dagaza qiladi. Jana at1 <cassert>.
<ctype.h> Simvollard1 test qiliwda hdm haripler registorin ulkennen kishisine ham
kerisinshe o6zgertiriwde qollanilatugin funkciyalar dagazalarin 6z ishine aladi. Jana
at1 <cctype.h>
<float.h> Bolshekli (haqiyqiy) sanlardin sistemaga baylanish limitleri aniglangan.
Jana at1 <cfloat.h>
<limic.h> Putin sanlardin sistemaga baylanisli limitleri berilgen.

Jana at1 <climic>.

<math.h> Matematikaliq funkciyalar bibliotekasin dagaza qiladu.

Jana at1 <cmath>.

<stdio.h> Standart kiritiw/shigariw funkciyalarinin dagazalar1 berilgen.

Jana at1 <cstdio>.

40



<stdlib.h> Sanlard1 tekstke, tekstti sanga aylandirtwshi funkciyalar, yad penen
isleytugin funkciyalar, tosmarli sanlardi generaciya qiliwshi funkciyalardi ham
basqa jardemshi funkciyalar dagazalarin 6z ishine aladi. Jana at1 <cstdlib>.
<string.h> C usilindag1 qatarlar menen islesiwshi funkciyalar dagazasi berilgen.
Jana at1 <cstring>.
<time.h> Waqit ham sane menen isleytugin funkciyalar dagazalar1 berilgen.
Jana at1 <ctime>.
<iostream.h>Standart kiriw/shigariw agimi menen islesiwshi funkciyalar dagazasi
kiritilgen. Jana at1 <iostream>.
<iomanip.h> Agim manipulyatorlar1 berilgen. Jana at1 <iomanip>.
<fstream.h> Diskte jaylasqan fayllar menen kiritiw/shigariw amellerin ormlawshi
dagazalari berilgen. Jana at1 <fstream>.

Toémendegi dagaza fayllarinin tek gana bir at1 bar.
<utility> Basqa bibliotekalar tarepinen qollanilatugin jardemshi finkciyalar hdm
klaslardin dagazalar1 kiritilgen <vector>, <list>, <deque>, <queue>, <stack>,
<map>, <set>, <bicet> standart biblioteka konteyner klaslarmin dagazalarin 6z
ishine algannar.
<functional> Standart biblioteka algoritmleri tarepinen qollanilatugin klass ham
funkciyalarin dagaza qiladi..
<memory> Standart biblioteka konteynerleri ushin yad ajratiwda qollanilatugin
funkciya ham klaslar dagazalar1 berilgen.
<iterator> Konteynerler ishindegi magliwmatlar manipulyaciyasinda qollanilatugin
iterator klaslar1 dagazalar berilgen.
<algorithm> Konteynerlerdegi maglhiwmatlardi gayta islewde qollanilatugin
funkciya ham klaslar dagazalar1 berilgen.
<exception>, <stdexcept> Ayrigsha jagdaylar mexanizmin orinlawshi klaslar
berilgen.
<string> Standart bibliotekanin string klas1 dagaza berilgen.
<sstream> Yadtagi qatarlarga kiriw/shigiwdi orinlaytutun funkciyalar prototipi
berilgen.
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<locale> Jergilikli sharayitqa iykemlesken birlikler (pul, waqit, sanlardin turli
korinisleri) menen isleytugin funkciyalar dagazalar berilgen.

<limic> Esaplaw sistemalarinda sanli magliwmat tiplerinin shegaralarin
belgilewde isletiletugin klass dagazalar1 berilgen.

<typeinfo> Islew waqtinda tip identefikaciyasi ushin qollanilatugin klaslar
dagazasi kiritilgen. Paydalamiwshi jazgan dagaza fayllar1 .h penen tamamlansa
magqsetke muwapiq boladi. Bunday fayllar qostirnaqqa alingan halda programmaga
Kiritiledi, yagniy maselen:

# include "my_file.h",

3.2-§. Jilliliq 6tkeziwshenlik tenlemesine qoyilgan shegaraliq maseleni
sheshiwge duzilgen shekli ayirmali sxema ushin programma jaratiw
metodikasi

Jillilliq o6tkeziwshenlik tenlemesine qoyilgan shegaraliq mdaseleni sheshiw
ushin duazilgen ayirmali sxemani programmalastiriw ushin en daslep ayirmali
sxema usili hagqinda magliwmatqa iye boliwimiz kerek.

Apiwayliq ushimn elliptikaliq tiptegi dara tuwindili differencial tenlemeler
toparina jatatugin jilliliq oOtkeziwshenlik teflemesi ushin qoyilgan shegaraliq
maseleni qarastiramiz.

Jilliliq 6tkeziwshenlik tenlemesi

2

@ LY (3.2.1)

ox’ ot

ushin shegaraliq masele tomendegishe qoyiladi: G oblasttin ishki noqgatlarinda
(3.2.1) tenlemeni ham r -shegarasinda bolsa

u( )|, = e(xt) (3.2.2)

shartin ganaatlandirtwshi

u=u(x,t)
funkciya tabilsin. Bul jerde »(x,t) — G oblasttin r — shegarasinda aniglangan
uzliksiz funkciya. Saykes tirde x ham 1 ko&sherlerinde h, ham n adimlarin

tanlap,
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Ta
hy
4—Pp
ti+ht —_—
L
ti -
ti-ht

Xy

Xi-hy Xj Xi+hy

3.2.1-sawret

tuwr s1ziglar jdrdeminde tor jasaymiz. G oblasttif ishki tiyinlerinde

2 . - 2u,
e o)),

ou Ui — Uy
= M+o(ht)
ot h

t

tuwindilarin shekli ayirmali gatnaslar menen almastirip (3.2.1) tenlemege qoyamiz

u. - 2U., + U, u - u.

e (3.2.3)

X t

al (3.2.2) shegaraliq shartlerin shekli ayirma tenlemeleri menen almastiriw ushin
shegaraliq shartti tikkeley koshiriw usillarinan paydalanamiz

u(x;,t,) = o(x;,t,)

(X, t)erl, (3.2.4)

Usinday usil menen kelip shiggan (3.2.3), (3.2.4) shekli ayirma tenlemeler

sistemast SATS lardin toliq sistemasin, yagniy belgisizler san1 tenlemeler sanina
ten bolgan SATS lardi quraydi. Bul (3.2.3), (3.2.4) sistemani dal yamasa juwiq
usillardin birewi menen sheship qoyilgan (3.2.1), (3.2.2) shegaraliq maselenin
torlar usilt menen tabilgan juwiq sheshimine iye bolamiz.

Dara jagdayda G tuwrimuyeshli oblast bolsa, r, e r tordin shegara tyinleri

G oblasttin r shegarasinin dal ustinde jatadi. Sonligtan bul jagdayda (3.2.4) juwiq

tenligi dal tenlik penen almastiriladi
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U(Xivtk) = (p(xi’tk)’
(x,t)e ', c Il
Bul sistema tuwrimuyeshli oblastta ham n =n? bolganda en apiwayi

koriniske keledi. Bul jagdayda (3.2.3) tenlemeler tdmendegishe jaziladi:

U, —2U, +U,  =U._ —Uu (325)

(3.2.6)

(3.2.5) ham (3.2.6) tenlemelerin diziwde 3.2.2-suwrettegi tuyinler sxemasinan

paydalaniladi. Bunnan bilay sawretlerde (x,t,) tiyinlerdi olardin indeksleri menen,

yagniy (i,k) styaql

(i, k+1) (i, k+1)
ho ho
(IR~ AR
h / h \
(i, k-1) (i-1, k-1) (i, k-1) (i+1, k-1)
3.2.2-sawret 3.2.3-suwret

almastirtp jazamiz. Bazi waqitlar1 3.2.3-sawrettegi siyaqli tiyinler sxemasinan
paydalanmiw qolayli boladi. Bul jagdayda Laplas tenlemesi ushin shekli ayirmali

tenlemeler tdmendegishe jaziladi
u. =Uu. + U —u (327)

Egerde tordin tayinlerinin san1 kop bolsa, onda (3.2.6) shekli ayirmali
tenlemeler sistemasi tenlemeler sanida kop boladi, yagniy ulken sistemaga iye
bolamiz. Tordih har bir tuyinine bir teleme saykes keledi. Bul sisteman1 sheshiw

ushin dél usildan paydalaniw mamkin bolmay qaladi.
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Kobinese bul sistemani sheshiw ushin &piwayi iteraciyaliq usildan paydalansa

boladi. (3.2.6) tenlemesi ushin apiway1 iteraciyaliq usili tdmendegishe boladi:

u

(k) (k-1) (k-1) (k-1)
ik Ui T U k-1

Differencial tenlemelerdi ayirmali tenlemeler menen almastiriw qateligi,

yagniy (3.2.6) tenleme ushin qaldiq agza r,, tomendegishe bahalanadi:

h2
‘Ri,k S?MA,
bul jerde
[64u 62u]
M, = max { b o
G Lax ot J

Ayirmalar usili menen tabilgan juwiq sheshim gateligi tomendegi tsh gatelikten
kelip shigadi:
1) Differencial tenlemelerdi shekli ayirmali tenlemeler menen almastiriwdan;
2) Shegaraliq shartlerdi approksimaciya qiliwdan;
3) Payda bolgan shekli ayirmali tenlemelerdi juwiq usillar menen sheshiwden.
Konkret shegaraliq shartler ushin C++ tilinde programmalar duzilip, Laplas
tenlemesi ushin qoyilgan shegaraliq maselenin juwiq sheshimleri alindi. (2-
qosimsha) Berilgen teoriyan1 bekkemlew magsetinde tdmendegi misaldi qaraymiz.

Misal 3.2.1. n=1-0,2 dep alip torlar usilinan paydalanip tobeleri A(0,0),
B(0,1), C(1,1), D(1,0) noqatlarinda bolgan ABCD kvadratinda jilliliq

Otkeziwshenlik tenlemesi ushin qoyilgan shegaraliq maseleni sheshin.

2

YT L (x,t)e D (1)

ax? ot

u|CD =25, uj,, = 25 xsin {Z—XJ (2)



Sheshiliwi: Maselenin sheshimi izlenip atirgan ABCD kvadrat n-1-0.2 tor
jasaymiz. Berilgen (2) shegaraliq shartlerinen paydalanip izlenip atirgan u(x,t)
funkciyanin tordin shegara tiyinler manislerin esaplaymiz.
a) u(x,y) funkciyasinin kvadrattin AB tarepinin ustindegi shegara noqattagi
manislerin
u(x,t)=45t(1-t)
formulasi boyinsha esaplaymiz.
u(0;0)=45-0-(1-0)=0
u(0;0,2)=145-0,2-(1-0,2)=45.0,2-08=7,2
u(0;0,4)=145-0,4-(1-0,4)=45-.0,4-0,6 =108
u(0;0,6)=45-0,6-(1-0,6)=45-0,6-0,4=10,8
u(0;0,8)=45-0,8-(1-0,8)=45-0,8-0,2=7,2
u(0;1)=45-1-(1-1)=0
b) u(x,t)= 25 x BC tarepinin manisleri.
u(01)=25-0=0
u(0,21)=25-0,2=5
u(0,4:1)= 25 .0,4 = 10
u(0,6:1)= 25 -0,6 =15
u(0,8;1)=25-0,8 = 20
u(1)=25-1=25
V) u(x,t)= 25 CD tarepinin manisleri.

u(1;0,2) = u(1;0,4) = u(1;0,6) = u(1;0,8) = u(1;1)= 25

g) u(x,t)= 25 xsin {ﬁ} AD tarepinin manisleri.
2

. (0,27[)

u(0,2;0) =25 -0,2 -sin =1,5451
L2 )
. (0,471'}

u(0,4;0)= 25 -0,4 -sin = 5,8779
L2 )



u(0,6;0) =25 -0,6 -sin (0’6” ) = 12 1353
L2 )
u(0,8;0)= 25 -0,8 -sin (0’8” W =19 ,0211
L2 )
u(,0)=25 1. sm( )
L2)
t A
B 5 10 15 20 C
0 25
7,2 25
U13 Ul4 U15 UlG
B(0,1) C(1,1) 10,8 25
U |Up [Uun |Up
10,8
Us (U, (U, U, | ®
7,2 25
U, U, Us U,
A(0,0) D(1,0) 0 25
X A 155 588 12,14 19,02 D
3.2.4-stwret 3.2.5-suwret

1. Tordin ishki tayinlerinde u(x,t) funkciyanmin juwiq manislerin aniglaymiz.

Onin ushin tordin har bir ishki tiyini ushin saykes shekli ayirma tenlemesin

jazamiz.
1
U,=—(7,2+15451 +U,+U,)
4
1
U,=—(58779 +U,+U,+U )
4
1
U,=—(12133 +U,+U,+U,)
4
1
U,=—(19,0211 +25 +U, +U,)
4
1
U,=—(0,8+U,+U +U,)
4
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1
. Z(U2+U5+U7+Um)

c
Il

C
Il

1
Z(U3+U6+U8+Un)

1
U,=—(5+U,+U,+U,)

4
1

U9=Z(10,8+U5+U10+U13)
1

U, =Z(U6+U9+U11+UM)
1

Uuzz(u7+um+um+uﬁ)
1

u, :Z(ZS +U,+U, +U,)
1

U, =Z(7,2+5+U9+u14)
1

U, =Z(10 +U, +U,+U,)
1

U, =Z(15 +U,+U, +U,)
1

U, ZZ(20+25 +U, +U,)

2. Bul gatardi tomendegishe jazamiz:

1
UM = =(7,2+15451 +U Y 4ul?)

5

4
1
U= =879 +U* Y +u YUY
4
1
U ==@2133 +U P suP U M)
4
1 _ _
ul = 2(19 0211 +25 +U Y U )
1
(k) (k-1) (k-1) (k-1)
u | =Z(1o,8+u1 +U YL )
u (k) _ i(U (k-1) U (k-1) U (k-1) U (k71))
6 - 4 2 + 5 + 7 + 10
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(k) _ (k-1) (k-1) (k-1) (k-1)
T (T VU L A TR

S|P

1
(k) (k-1) (k-1) (k-1)
U =Z(25+U4 +U Sy )

1 ] ] :
U ==@08+u* MUyl iuyl?)
4
(k) 1 ( (k-1) (k-1) (k-1) (kfl))
U, :ZUG +U, +U, T +U,

1
(k) _ = (k-1) (k-1) (k-1) (k-1)
U - (U7 +U10 JrU12 +U15 )

1
(k-1) (k-1) (k-1)
2(25+U8 +U Sy )

C
Il

1 ] ]
Ul ==(2+5+0 P +ul?)
4

1
(k) (k-1) (k-1) (k-1)
UM = =10 +u syl oy ln)

4
U (k) _ 1(15 U (k-1) U (k-1) U (k—l))
5 4 +Uy UL +U
U = (0425 +U DUl ) (k=123.)
6 4 + +Up +U T eIy

Bul formula menen esaplawdi orimlaw ushin daslep
U (i=11)

baslangish juwiqglasiwin gandayda bir usil menen saylap aliw kerek.

3. Maselenin sheshimine u ” saylap aliw ushin  u(x,t) funkciya t, (i=14)
tuwrilar boyinda tef 6lshemli bolistirilgen dep uygaramiz.

a) (0;0,2) ham (1;0.2) nogatlarda berilgen y, kesindisin qaraymiz.

"My E
T T
(0;0,2) (1;0,2)

u(x,y) funkciyasinin bul kesindisinif ishki tuyinindegi manisine saykes

0) (0)

( (0) (0)
U1 ’Uz ’U3 ’U4

kesindi 6z ara ten bes uleske bolingen. Sonligtan funkciyanih ménisi 6zgeriwi

adimiu.
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25 7,2
a) S, =——— =356
5

U®=72+5=7,2+35 =10,76

U =10,76 +S, =10,76 + 3,5 = 14,32
Ul =14,32 +5 =14,32 +3,56 =17,88
U =17,8 +5,=17,88 + 3,56 = 21,44

25 -10 8
b)s, - =——" -2
5

2

Ul =10,8+5,=10,8+2,84 =13 ,64
U'l”=13,64 +5,=13,64 + 2,84 =16,48
U =16,48 +S, =16,48 + 2,84 = 19,32
U =19,32 +5,=19,32 +2,84 = 22,16
VIu®=u®-1364; uUL=U0UP=1648;,00=0"=19,32; UL =U =216
U =u®-107; U=U"=142;,uP-UuP-178; U=-Ul"=21,4
4. Endi ust baslangish juwiqlasiwinan paydalanip esaplawlardi E=0,01 dalligi

menen ormlaymiz.

K=1de
w _ 1 (0) oy_ 1
U®==(87451 +U”+uU”)= =(8,7451 +14,32 +13,64 )= 9,1763
4 4
w _ 1 (0) (0) oy 1
U®==(58m79 +U”+U”+U®)=—(58779 +10,76 +17 ,88 + 16,48 ) = 12 7495
4 4
w _ 1 (0) (0) oy)_ 1
UM ==@12133 +U”+U”+U @)= (12,1353 +14,32 + 21,44 +19 ,32 ) = 16 ,8038
4 4
w 1 (0) oy_ 1
U® = =(44,001 +U” +U )= (44,0211 +17 88 + 22,16 ) = 21,0153
4 4
w 1 (0) (0) oy 1
U ==(10,8+U”+U®+U)==(10,8+10,76 +16 ,48 +13,64 ) = 12,92
4 4
w_ L o (0) (0) oy 1
UP =ZUP+Uu2+U0 @ +U )= (14,32 +13,64 +19,32 +16 ,48 ) = 15,94
4 4
w_Li o (0) (0) oy_ 1
UP =ZU2+Uu@+U0”+U )= =(17,88 +16 48 + 22 16 + 19,32 ) = 18,96
4 4
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1 1
UP == +0 P +u @ +u D)= = (25 +21,44 +19,32 + 22,16 ) = 21,98
4 4
1 1
U ==0,8+u”+Uu+u”)==(10,8+13,64 +16,48 +10,76 ) = 12,92
9 4 5 10 13 4
1 1
UD ==UP+Uu2+U02+U )= ~(16,48 +13,64 +19,32 + 14,32 ) = 15,94
4 4
® 1( (0) (0) (0) <0)) 1
U, =ZU7 +U +U L +U )= 2(19 ,32 +16,48 + 22,16 + 17,88 ) = 18 ,96
1 1
UP = =(5+0P 0P +u D)= (25 +22,16 +19,32 + 21,44 )= 21,98
4 4
1 1
U ==012,2+0+u0)="(12,2+13,64 +14,32 ) =10 ,04
13 4 9 14 4
1 1
U == +u”+u”+u”)==(10 +16 48 +10,76 +17 ,88 )= 13,78
4 4
1 1
UP == +u0 P +u P +u D)= (15 +19,32 +14 32 + 21,44 )= 17 |52
4 4
1 1
UL =45 +U0+u”)=—(45 + 22,16 +17,88 )= 21,26
16 4 12 15 4
K=2 de
1 1
U®==(8751 +U®+U)==(8,7451 +12,7495 +12,92 )= 8,6037
4 4
1 1
U ==(5879 +U®+U®+U?)= (58779 +9,1763 +16,8038 +15,94 )= 11,9495
4 4
1 1
U ==@12133 +UP+U®P+U )= =(12,1353 +12,7495 + 21,0403 +18,9 )= 16,2213
4 4
1
U® =—(aa,0011 +U® +U?)==(44,0211 +16,8038 + 21,98 )= 20,7012
4 4
1
UP ==08+u®+u®+u®)==10,8+91763 +15,94 +12,92 ) =12,2091
4 4
1 1
UP=UP+uP+uP+u )= —(12,7495 +12,92 +18,9 +15,94 ) = 15 1424
4 4
1 1
UP==UP+uP+u®+U)= ~(16 8038 +15,94 + 21,98 + 18,9 ) = 18,4209
4
1
UP ==(5+UP+U ¥ +U )= (25 +21,0403 +18,96 + 21,98 )= 21,7451
4
1 1
U ==@w8+uP+u+uP)==(10,8+12,92 +15,94 +10,04 ) = 12,425
4 4
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1 1
UP==UP+uP+uP+uP)==(15,94 +12,92 +18,96 +13,78 ) = 15 ,4
4 4
(2) 1( (1) 1) (1) (1)) 1
u,”’ = ZU7 +U S +U L +U L )= 2(18,96 +15,94 + 21,98 +17 ,52 ) =18 ,6
@ _ 1 &) ) wy_ 1
U2 ==(5+uP+uP+uP)= (25 +21,98 +18,96 + 21,26 ) = 21,8
4 4
(2) 1( 1) (1)) 1
U, =112,2+U9 +U =Z(12,2+12,92+13,78)=9,725
@ _ 1 (1) (1) w)_ 1
UP == +uP+u®+u%)==(10 +15,94 +10,04 +17 ,52 ) = 13,375
4 4
@ _ 1 6 o wy_ 1
UP == +uP+uP+u V)= =(15 +18,96 +13,78 + 21,26 ) = 17,25
4 4
@ _ 1 &) wy_ 1
UP == +U+uU)==(45 + 21,98 +17 52 ) = 21,125
4 4

Esaplawlardi usi tdrizde max u® -u®™|, i=116 shirti ormnlangansha dawam

ettiremiz. Solay etip K=22 bolganda berilgen dallikke jetedi.

K=21 de

U =723 U =9,9031 u® - 14 3611 U =19,6516
U =109 U =12 1366 u =15 ,7311 U = 20,2007
u ™) - 105868 U™ 12 6843 U =16 1789 U = 20,4329
u 2 - 8,6495 U = 11,7967 u % - 15 8206 u® = 20,3102

K=22 bolganda

1 1
U™ = =(8,7451 +U ™ +u ™ )= ~(8,7451 +9,9031 +10,19 )= 7,2096
4 4
22y 1 (21) (21) (1) 1
U™ =—(5,8779 +U ™ +u™ +u )= =(58779 +7,2132 +14,3611 +12 1366 )= 9,8972
4 4
22y 1 (21) (21) (21) 1
U = =(121353 +u ™ +u® U0 ®)= =12 1353 +9,9031 +19,6516 +15,7311 )= 14,3553
4 4
22y 1 (21) (21) 1
U = —(44,0211 +U ™ +u )= —(44,0211 +14,3611 + 20,2097 ) =19 ,648
4 4
2y 1 (21) (21) (21) 1
U = ~@0,8+u™ +u +ulf)==(10,8+7,2132 +12 1366 +10,5868 )= 10,1841
4 4
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ayirmali sxema usili menen sheshiw ushin berilgen teoriyaliqg magliwmat ham
misaldan paydalanip “AutoPlay Media Studio” programmasi ortaliginda “Jilliliq

Otkeziwshenlik tenlemesine qoyilgan shegaraliq maseleni shekli ayirmali sxema

1
“UP® iU ey U )= 2(9,9031 +10,19 +15,7311 + 12,6843 ) =12 1271
4

&~ |-

1 1
—UP s u® U U )= = (14,3611 +12 1366 + 20,2097 + 16,1789 ) = 15,7216
4 4

1 (21) (21) (21) 1

—(25+U ™ +u ) wu V)= =(25 +19,6516 +15,7311 + 20,4329 )= 20,2039

4 4

1 1
~(0,8+U™ +ul+u )= 2(10,8+10,19 + 12,6843 +8,6495 )= 10,5809
4 4

1
(21) (21) (21) (21) ) _
4(U6 +Ug JrU11 +U14 )_

S|P

1
(21) (21) (21) (21) ) _
4(U7 +UJ.O +U12 +U15 )_

S|P

%(25 +UM sy ey )= %(25 +20,2097 +16 1789 + 20,3192 )= 20,427
%(12 24U u @)= %(12 2 +10 ,5868 + 11,7967 )= 8,6459

%(10 +U Ly Py ) %(10 +12,6843 +8,6495 + 15,8296 )= 11,7909

%(15 +U By By ) %(15 +16,1789 + 11,7967 + 20,3192 )= 15,8237
%(45 +U U ) %(45 +20,4329 +15,8296 )= 20,3156

Jilliliq otkeziwshenlik tenlemesine qoyilgan shegaraliq maseleni shekli

metodi menen sheshiw” atamasindagi programmaliq 6nim islep shigildi.
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3.3-§. Eyler usulimin 1sshi algaritm islep shigiw

Bizgetomendegi birinshi tartipli differencial tenleme (Koshi maselesi)n
y'=fxy) (3.3.1)
[a,b] araligtagi Yo=Y(Xo), Xo=a baslangish shartti qanagatlantiriwshi sheshimin
tabiw kerel bolsin.

Koshi maselesin Eyler usuli jardeminde sheshiw ushin, dastlep differencial
tenlemenin sheshimi qidirilatawin [a,b] araliq X;,Xp,...X, tuyin nugtalar menen
boleklerge bolemiz. Tuyin noqtalardin koordinatalari Xj.;=a+(i+1)h (i=0..n-1)
formula menen aniglanadi. Har bir tuyinde y(X;) sheshimdin manislerin shekli
ayirmalar jardeminde tagribiy y; manisler menen almastiriladi.

(2) differencial tenlemeni X; noqat ushin jazip y’(x;) = f(X;, y(X;)) alip, shekli
ayirmali formuladan paydalanamiz ham natijede tomendegi Eyler formulasina iye
bolamiz:

{yum)=yun+h*fuwyun)

X;,, =X +h,i=0,1,2,3....n

i+l

vy = yix

p X1 Kl X X+l

Bizge belgi bolganday aq, y=f(x) funkciyanin X=X, nogat atrapindag: Teylor
qatarma jayilmasi tomendegi turde jaztw mumkin:

Ust sheksiz qatardin basindagi eki gadam menen shegaralanip, birinsi
tartiptegi tuwindi gatnasgan hadin aniglaw natiyjesinde tdmendegi shekli ayirmali

formulani hasil etemiz:

, y(Xi+1)_ y(xi)
y'(x;) = - (3)

Us1 almastiriwdin geometrik ménisi tomendegi turde boladi:
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Tuwindining geometrik ménisine qaray

ED ED

y'(x;)=tgpB = E: T
/ Vi1 Vi BD ED BE ’ BE
) —_—t—_—— =4t — = ) 4+ —

Demek, shekli ayirmalar formulasi tuwindinin asil giymetinen BE / h ge

pariq etedi, yagniy BE gansha kishi bolsa, shekli ayirma y' tuwindida sonsha jaqin

boladi. Suwretten h — 0 de BE — 0 ekenin

!

Yia ® Vi + D 10x,y)) 4)
koriwimiz mumkin. (2) va (3) den y; ., = f (i, yi ) ekenin esapga alip, tomendegini
payda etemiz:

Payda bolingan (4) formula Eyler usilinin tiykargi formulasi bolip, onin
jardeminde tuyin noqtalarga mas bolgan differencial tenlamenin y; jeke
sheshimlerin tabiw mumkin. Joqaridagi formuladan Kkorinip turganinday, y;+1
sheshimdi tabiw ushin y; tek usi sheshimdi biliw jetkilikli. Demek, Eyler usuli bir
qademli usillar jumlesine kiredi.

Eyler usulinin geometrik manisi qtomendegishe:

’ T A nogat x=X; noqatqga mas keletawin
sheshim bolsin. Bu noqatdan integral siziqgqa

otkerilgen urinma x;=1 nogattada basga

integral s1ziqda Y. shechimdi aniglaydi.

Urinmanin agmali  B*y; = ( X;, yi ) tuwindi menen aniglanadi. Demek, Eyler
usilindagi jol qoyilgan tiykargi gatelik sheshimdi bir integral siziginnan basqasina

otkerip jiberiw1 menen xarakterlenedi.
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Eyler usulining blok-sxemasi

< Boshlanishi )
/ NEAY /
/ vo, h, a,b /

!

Xg=a, V=yo. X=xXg

ol
¥

y=y+h- f(x.y)

k §

x=x+h

¥

( Tamom )
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Bir gademli ashkar usullardin basqa bir neshe tiplerida bar bolip, olardin
ishinde amelde en kop isletiletawini Runge-Kutta usili esaplanadi. Usil shartine
kore shar bir jana X;.; tuyin nogatdag: yi.; sheshimdi tabiw ushin f(x,y) funkciyani
4 marte har qiyli argumentler ushin esaplaw kerek. Bul tarepten Runge-Kutta
usulin esaplaw ushin garaganda kop waqit talap etiledi. Biraq Eyler usulina kore

aniqlig1 joqar1 bolganlig1 ushin, onnan amelde ken paydalaniladi.
Usuldin isshi formulas1 tomendegishe jaziladi:
yi+l—yi+§(K0+2Kl+2K2+K3) i:0,1 ........ n,

bul jerde Ko =f(xi, Vi );
Demek, formulalardan korinip turganinday, Eyler usili birinshi tartipli
Runge-Kutta usulina mas keledi.

Runge-Kutta usulinin blok-sxemasi

C 1 D
/ ﬁﬁi.l-'} /
abvh S

!
X =u; "L.- =J_'|:']
|
x<h
Ha

Yo'g

kp = flx.y):

r - h Frj_ _
l—f(1+2.}—2-[}]~

h h
ky =flx+—.y+— -k
2 p -

ky=rf(x+hy+h-ky)
v=y+(ky,+..)%(h/6):

x=x+/ i ::
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Endi biz jogarida keltirilgen algoritmlar tiykarinda duzilgen dasturlerdin
tuwriligin ham usillarmin aniqliq darejesin tekseriw ushin bir galegen tenleme

alamiz.

Maselen, y'-x+cos~ tenlemeni [1.7 ;2.7] araligta h=0.1 gadem menen

y(0) = 5.3 baslangish shartin ganagatlantirtwshi sheshimdi tabiw kerek.

Jogandag differencial tenleme ushin Koshi maselesin sheshiwdi Eyler
usilinan paydalangan jagdayda C++ programmalastiriw tilinde tomendegi dastur
kodlard1 kiritiwdi taklif etemiz:

#include<iostream>

#include<math.h>

#include<conio.h>

#include<iomanip>

using namespace std;

main()

{

float x[100],f[100][3],y[100],n;

float h,a,b;

inti,j;

cout<<"a=";cin>>a,

cout<<"b=";cin>>b;

cout<<"h=";cin>>h;

cout<<"x(0)=";cin>>x[0];cout<<"y(0)=";cin>>y[0];

n=(b-a)/h;

for(i=0;i<=n;i++)x[i]=a+i*h;

for(i=0;i<=n;i++)
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on

{1 [0]=x[i]+cos((y([1]1))/3,14);
fOI[1]1=h*f0i1 [O];
y[i+1]=y[I]+f[[1];

}
cout<<" EYLER USILI MENEN \n";
cout<<" KOSHIY MASELESIN SHESHIW  \n";

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

cout<<"ENTENTENTHITHTITENTHITHITTETITTI Y "< <endl;
cout<<"°i % xi ° yi ° fli][0] ° h¥[i][0] *"<<endl;
cout<<"LHITHITHITTTTH TP TN "< < endl;
for(i=0;i<=n;i++)

{cout<<"°"<<j<<" 0"

cout<<setprecision(2)<<setiosflags(ios: :fixed|ios: :showpoint) <<x[i] <<"°
cout<<setprecision(8)<<setiosflags(ios::fixed|ios::showpoint)<<y[i]<<"

for(j=0;j<=1;j++)

cout<<setprecision(8)<<setiosflags(ios::fixed|ios::showpoint)<<f[i] [j]<<"

cout<<endl;

}
cout<<"EIIEMHIENTTTTTHHHENTTTTTTIENIIITITT "< <endl,

getch();

return O;

}
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ham tomendegi natiyjge iye bolamiz:

EYLER USULI BILAN
KOSHIY MASALASINI YECHISH

friliml | h*f[i][ﬂ]l
. ———  —— ——1

58316565 15831657
-63326132 -16332613
68222344 16822235
73027265 17302726

- 30000012 |0}

|0}

|0}

|0}
SPPe4726 0.17776473

|0}

|0}

|0}

|0}

.

-45831680
-62164307
- 789865497
76289253
-14065742
-32311773

82460117 18246011
87140644 18714064
71835201 17183521
76574318

-0132@457

17657432
20137046

bl L T
i
B R

51 25820
- 02360
0] 89
Il 7.10005808 Il 2.06317854 |l0.20631786 ||

66781

Berilgen differencial tenleme ushin qoyilgan Koshi masalasini Runge-Kutta
usilt jardeminda C++ programmalastiriw tilinde sheshemiz ham tomendegi
kodlardi kiritemiz:

#include<iostream>

#include<math.h>

#include<iomanip>

#include<conio.h>

float funksiya(float,float);

using namespace std;

int main()

{

int i,n=10;

float x[100],y[100],dy[100],h=0.1,k1,k2,k3,k4;

x[0]=1.7; y[0]=5.3;

cout<<"\n\n *** |- TARTIBLI O.D.T LAR UCHUN QO'YILGAN'
***\n";

cout<<" *** KOSHI MASELESIN RUNGE-KUTTA USILI MENEN
SHESHIW ***\n\n";

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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cout<<” °i°xi ° yi °k=h*i ° "Ni ° QO An";

for(i=0;i<=n;i++)

{

if(i'=n)
{
cout<<" °"; if(i<l0) cout<<"";
cout<<i<<setprecision(2)<<setiosflags(ios::fixed|ios::showpoint);
cout<<"?"<<x[i]; klI=h*funksiya(x[i],y[i]));
cout<<" ? "<<gsetprecision(6)<<y[i]; if(y[i]<10) cout<<"";
cout<<"°": cout<<kl; if(kl>0) cout<<™"",
cout<<""<<" ? An 22"
k2=h*(funksiya(x[i]+h/2,y[i]+k1/2));
cout<<setprecision(2)<<x[i] +h/2<<setprecision(6)<<" ° ";
cout<<y[i]+kl/2; if[i] +k1/2<10) cout<<"":cout<<"°"<<k2;
if(k2>0) cout<<""; cout<<"’ ¢ An "
k3=h*(funksiya(x[i]+h/2,y[i] +k2/2));
cout<<setprecision(2)<<x[i] +h/2<<setprecision(6)<<" ° ";
cout<<y[i]+k2/2; if(y[i]+k2/2<10) cout<<""; cout<<"®"<<k3;
if(k3>0) cout<<""; cout<<"° ° An 22"
kd=h*(funksiya(x[i]+h,y[i]+k3));
dy[i]=(k1+2*k2+2*k3+k4)/6;
cout<<setprecision(2)<<x[i] +h<<"

"<<setprecision(6)<<y[i]+k3;
if[i] +hk3<10) cout<<""; cout<<"°"<<k4,
if(k4>0) cout<<""; cout<<"°"<<dy[i],; if(dy[i]>0) cout<<"";
cout<<"°"<<fabs((k2-k3)/(k1-k2))<<" An ";
y[i+1]=y[i]+dy[i]; x[i+1]=x[i]+h;

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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}

else

{
cout<<" ": if(i<l10) cout<<"";
cout<<i<<"?"<<getprecision(2)<<x[i]<<" °";
cout<<setprecision(6)<<y[i];
cout<<"?’ ° © An ";
}
}
cout<<"EINENITHENTHITENTHITENTTHTTHTENITTIT A"
getch();
return O;

float funksiya(float x1,float y1)

{

float y2;
Ily2=sin(x1)+1;
y2=(x1)+(cos(y1/3.14));

return yz;
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Dastur iske tusirilse tomendegi natiyjege iye bolamiz:

=xx |- TARTIBLI 0O.D.T LAR UCHUN QO'YILGAM' e
= HOSHI MASALASINI RUNGE-KUTTA USULI BILAN YECHISH e

5. 300000 0.15%8317
5.379158 0.160817
5.38040% 0.160777
5.460778 0.163249 0.160792 0.015758

5.460793 0.163248
5.542417 0.165692
5.543638 0.165653
5.626446 0.168073 0.165669

5.626461 0.168073
5.710427 0.170470
5.7116%6 0.170433
5.7768%4 m.172812 0.170448

0.015632

0.015436

5.726707 m.172811
5.883315 0.175174
5.8844%96 m.175138
5.972047 o.17748%9 0.175154

0.015201

I ) m.17*7488
6.060807 m.177829
6.061777 0.177794
6.151857 0.182130 0.177811

6.1518%74 m.182129
6.242938 0.184461
6.244104 0.184427
6.336301 0.186762 0.184445

0.014704

0.@014555

6.336318
6.429699
6.430868
6.525384

0.182084 0.014143
6.525403 0.191413
6.62110% m.193772
6.6222897 0.193740
6.719142 0.196116 0.19375%9 0.013682
6.717162 0.196116
6.81721% m.198512
6.818417 0.198480
6.717642 0.200702 0.198500

6.717662 0. 200701
7.018112 0.203351
7.019337 m.203321
7.120982 o. 205805 0.2m3342

7.121004 ||

0.013135

0.012535

Bl o[ o S ol a o[ o[ [ w[ slf]
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Eyler va Runge-Kutta usillarin giyasiy taqgqaslaw metodikasi.
y'= cosx defferencial tenlemesi ushin qoyilgan Koshi maselesi [0,1] araligta
h=0.1 gadem menen y(0)=1 baslangish shartti qanagatlantirrwshi sheshimdi tabiw
kerek.
Joqaridagi dasturlerge kerekli qiymetlerni kiritemiz. x, = 0; y, = 1; f(X)=cosX;
a=0; b=1; h=0,1
Ol jagdayda
y'= cosx
y’=3—z: COSX
dy=cosdx
[ dy= [ cosxdx
y=sinx+C
Berilgenlerge kore
[0;1] ; y(0)=1; a=0; b=1; X, =0; yo=1
Yo=Sin Xo +C
1=sin 0+C
C=1
Yagniy

y=sinx+1

y'= cosx ushin aniq sheshim sipatinda y=sinx+C di alamiz. Baslangish shartlerdi
goysag, 1=sin0+C=1 demek, y=sinx+1.

Berilgenlerge kore y=sinx+1 funkciyasimnin gqiymetlerin aniqlaymiz:

1-gatar:

1=0; a=0; b=1; X, =0; yo=1; h=0,1.

Yo=sin(0)+1

yi=1.

2-gatar:

i=1; a=0; b=1; x1=0,1;
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y;=sin(0,1)+1
y1=1,0998334166;
3-gatar:

i=2; a=0; b=1; x1=0,2;
y»,=sin(0,2)+1
y»,=1,1986693308;
4-qatar:

1=3; a=0; b=1; x1 =0,3;
y3=sin(0,3)+1
y3=1,2955202067;
5-gatar:

I=4; a=0; b=1; x1=0,4;
y4=sin(0,4)+1
y4=1,38941834223;
6-gatar:

iI=5; a=0; b=1; x1 =0,5;
ys=sin(0,5)+1
ys=1,4794255386;
7-gatar:

I=6; a=0; b=1; x1 =0,6;
ye=sin(0,6)+1
Ye=1,564424734;
8-gatar:

I=7; a=0; b=1; x1 =0,7;
y;=sin(0,7)+1
y;=1,6442176872;
9-gatar:

1=8; a=0; b=1; x1 =0,8;
yg=sin(0,8)+1
ys=1,71735609009;
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10-gatar:

I=9; a=0; b=1; x1=0,9;
Yo=sin(0,9)+1
Yo=1,7833269096;
11-qatar:

iI=10; a=0; b=1; x1 =1,
y10=Sin(1)+1
¥10=1,8414709848;

Jogarida berilgen differencial tenglama uchun Koshi maselesin Eyler usili
jardeminde sheshiliwin korip otemiz. Yagniy, y'= cosx tenlemeni [0,1] araliqta
h=0.1 gadem menen y(0)=1 baslangish shartti qangatlantirtwsh1 sheshimdi tabiw
kerek.

1- gatar

1I=0, x, =0, yo =1,

f(xo s ¥0) =cos(xy ) =1

Ay; =hf(xg ;v ) =0.1*1=0,1

Yir1 =Yi Ay 1205 Yor1 = Yo + Aye = 1+0.1=1.1;

2- qatar
i=1,x,=0+0,1, y, = 1.1;
f(x, ; 1) =cos(x; ) =cos(0.1)= 0,9950041653
Ay, = hf(x; ; y; ) =0.1 *0.9950041653= 0.09950041653
Yiv1 = ¥i T Ay; 1=l y, = y; + Ay; = 1.1+40.09950041653= 1.10000002;

3- qatar
i=2, x, = 0.1+ 0.1, y, = 1.10000002;
f(x, , vy, ) = cos(x, ) =co0s(0.2)=0.9800665778
Ay, =hf(x, , y, ) =0.1*0.9800665778= 0.0980066577811
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8-

Vier = Vi + Ay, =20 ys = y, + Ay, = 1.0995004153+0.09800665778=

1.19950044;

qatar

i=3, x; = 0.2+ 0.1, y; = 1.19950044;

f(x3 ; y3 ) =cos( x5 ) =cos(0.3)= 0.9553364891

Ay, = hf(x, ; y, ) = 0.1 *0.9553364891= 0.09553364891
Yiser = ¥ ot Ay, 153 Yo = Y3
1.197507073+0.09553364891=1.29750705;

qatar

i=4, x, = 0.3+ 0.1, y, = 1.29750705;

f(x4 ; y4 ) = cos(x, ) =cos(0.4)=0.921060994

Ay, =hf(x, ; v, ) =0.1*0.921060994= 0.0921060994

+ Ay =

Yiv1 = Vi T Ay, 174, ys = yo + Ay = 1.2930407219+ 0.0921060994=

1.39304066;

qatar

i=5, xs = 0.4+ 0.1, ys = 1.39304066;

f(xs ; ys ) =cos(xs ) = cos(0.5)= 0.8775825619

Ays = hf(xs , ys ) = 0.1 *0.8775825619= 0.08775825619
Yier = ¥t Ay, iS5 Yo = Vs
1.3851468213+0.08775825619=1.48514676;

qatar

i=6, x = 0.5+ 0.1, y, = 1.48514676;

f(xg ; vg ) = coS( x¢ ) = c0s(0.6)=0.8253356149

Ay, = hf(xg ; v¢ ) = 0.1 *0.8253356149= 0.08253356149
Yier = ¥t Ay, 156 Y7 = Ve
1.4729050774+0.08253356149=1.57290506;

gatar
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i=7, x, = 0.6+ 0.1, y, = 1.57290506;

f(x, ; y; ) =cos(x, ) =cos(0.7)= 0.76484421873

Ay, = hf(x, ; y, ) = 0.1 *0.76484421873= 0.076484421873

Yier = ¥i t Ay, =T Yo = y; t+ Ay, =
1.5554386388+0.76484421873=1.65543866;

9- gatar

i=8, xg = 0.7+ 0.1, yg = 1.65543866;
f(xg , vg ) = cos( xg ) = c0s(0.8)=0.6967067093
Ayg = hf(xg , yg ) = 0.1 *0.6967067093=0.06967067093
Yis1 = Vi T Ay; , 1=8; y9 = yg + Ayg = 1.6319230606+0.06967067093=
1.73192286;

10-qatar
iI=9, xo = 0.8+ 0.1, y, = 1.73192286;
f(xg9 , ¥9 ) = cOS( xq ) = c0s(0.9)= 0.6216099683
Ayq = hf(xg , y9 ) = 0.1 *0.6216099683= 0.062160996830
Yis1 = V; T Ay; ,i=8; 10 = yg + Ay, = 1.7015937315+ 0.06216099683=
1.80159354;

11-qatar
i=10, x;0 = 0.9+ 0.1, y,, = 1.80159354;
f(x10 » Y10 ) = €0S( x1o ) = c0s(1.0)=0.5403023059
Ayq = hf(xg , y9 ) = 0.1 * 0.5403023059= 0.05403023059
Yis1 = Vi T Ay; , 1=8; 10 = yg + Ay, = 1.7637547283+ 0.05403023059=
11.86375451.

Endi, differencial tenleme ushin Koshi maselesin Runge-Kutta usili
jardeminde sheshiliwin korip 6temiz.
1-qatar
f(x ,y)=cosx; x, =0; y =1,
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h= Ola—Oblh— 2=0.1; n=10;
I=0;x,=0;y,=1
KI(O) = hf (xo, yo,) = 0.1 * c0s(X0)=0.1;

(0)
KO = iy (xo + 2y + 8 ) 0,1*f(0.05;1.05) =0.09999 :

© _ n Kz(O) N .
K = hf (xo+ 2,y + “)=0,1%f(0.05;1.49999) = 0.09999;
K = hf (x0+h,yo + K{¥)=0,1%1(0.1;0.09999) =0.09999 ;

V=Y + % K + 2K + k{”]=1.099833;

2-gatar
i=1; x;, =0.1; y, = 1.099833;
K = hf (x;, y;) = 0.1 %c0s( Xp)=0.99500;

(0)
K9 = nf (xl Y, + %)zO,l*f(O.15;1.59733) =0.09887 ;
© n K2\ 1560 15- _ :
K{® = nf (xl + 2+ T)_0,1 f(0.15;1.59421) =0.09887 ;
K9 = nf (x1 +h,y, + K“’)) = 0,1 * f(0.2:2.69405) = 0.09800;
y, =y, + % K + 2k + K{”]=1.198669;
3-gatar
i=2; x, =02 y, = 1.198669;
K = hf (x, y,) = 0.1 %C05(Xo)=0.980066;

(0)

K = hf (x,+ %y, + “-)=0.1*1(0.25:1.688702) =0.0968912 ;

(0)

KO = nf (xz 2y, + KZT>=O,1*f(0.25;1.2471114) ~0.0968912;;
K = hf (x2 +h,y, + K§°)) = 0,1 * f(0.3;1.2955602) = 0.095533;

ys =y, + 2 [k + 2K + k{¥1=1.205220

Usi tartipte y1o—qiymet esaplanganga diyin dawam ettiriledi.
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Jogaridagilardan kelip shiqgan jagdayda tomendegi qiyasiy taqgaslaw

tablicasin duzemiz:

No | X Eyler usili Runge-Kutta usili Aniq sheshim
0 0 1.00000000 1.00000000 1.00000000
1 0.1 1.10000002 1.09983333 1.09983341
2 0.2 1.19950044 1.19866933 1.19866933
3 0.3 1.29750705 1.29552002 1.29552020
4 0.4 1.39304066 1.38941834 1.38941834
5 0.5 1.48514676 1.47982553 1.47942553
6 0.6 1.57290506 1.56442473 1.56442473
7 0.7 1.65543866 1.64421768 1.64421768
8 0.8 1.73192286 1.71735609 1.71735609
9 0.9 1.80159354 1.78332768 1,78332690
10 |1.0 1.86375451 1.84147108 1,84147098

Demek, tablicadan korinip turganinday Runge-Kutta usilinnan alingan

natiyjeler Eyler usilinan alingan natiyjelerge kore aniq sheshimge jaqinlaw eken.
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JUWMAQLAW

Nilliliq otkeziwshenlik tenlemesi ushin qoyilgan shegaraliq maselelerdi
sheshiwdin programmaliq tamiynatin jaratiw metodikasinda ornigliliq bahalar1 ulli
6l oynaydi. Eger ornigliliq sharti orinlansa. Yagniy masele korrekt qoyilgan bolsa
onda berilgen maseleni sheshiw ham onin programmaliq tAmiyinleniwin jaratiw da
qiyinshiliq bolmaydi. Eger ormiqliliq sharti orinlanbasa, yagniy masele korrekt
emes goyilgan bolsad onda onm1 korrekt emes maseleler teoriyasinan paydalanip
izertlew talap etiledi.

Dissertaciyanin birinshi babinda Keri jilliliq 6tkeziwshenlik tenlemesi ushin
korrekt emes maselesi, Regulyorizatsiya usili, taqribiy sheshim dizimi, jilliliq
Otkeziwshenlik tenlemelerin  maple paketi jardeminda sheshiw haqinda
magliwmatlar keltiriledi.

Jumistin ekinshi babi C++ programmalastiriw tilinin tiykargi tusinikleri,
Jillilliq 6tkeziwshenlik tenlemesine qoyilgan shegaraliq madseleni sheshiwge
duzilgen shekli ayirmali sxema ushin programma jaratiw metodikasi tasinikleri
keltirilgen.

Ushinshi bap programmaliq tamiynleniwin jaratiw metodikasi dep atalip,
onda C++ programmalastiriw tili haqginda gisgasha magliwmat beriledi hamde
berlgen funkciyanin logarifmikaliq oyis funkciya ekenligin aniglawshi
programmaliq tamiyinleniwi C++ programmalastiriw ortaliginda islep shigilgan.
sonin menen birge jilliliq otkeziwshenlik tenlemesi ushin qoyilgan shegaraliq
maselelerdi sheshiwdin programmaliq tamiynatin jaratiw metodikasi ushin

arnalgan programmaliq 6nim jaratiw metodikasi islep shigilgan.
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