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Annotatsiya. Amaliyotda shunday masalalar uchraydiki ularni matematik modeli sifa-
tida olingan oddiy differensial tenglamalar yoki ularning sistemasi integrallash oralig ini
barcha nugtalarda emas, balki berilgan bitta yoki bir nechta nuqgtalarda yechiladi (masalan,
oraligning oxirgi nuqgtasida). Bunday turga tegishli masalalardan keng targalgani dinamik
sistemalarning attraktorlarini gidirish masalasidir (attraktor — bitta nuqtaga intilish ma’nosini
bildiruvchi inglizcha so ‘z).
Kalit so“zlar: differensial tenglamalar, rkadapt va bulstoer funksiyalarining, Oddiy
differensial tenglamala.
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TECHNOLOGY OF SOLVING ORDINARY DIFFERENTIAL EQUATIONS AND
THEIR SYSTEMS AT A GIVEN POINT. APPLICATION OF RKADAPT AND
BULSTOER FUNCTIONS IN THE MATHCAD PROGRAM

Abstract. In practice, there are such problems that the simple differential equations taken
as a mathematical model or their system of integration of the interval are solved not at all
points, but at one or several given points (for example, at the last point of the interval). One of
the most common problems of this type is the problem of searching for attractors of dynamic
systems (attractor is an English word meaning aspiration to a single point).

Keywords: differential equations, rkadapt and Bulstoer functions, ordinary differential
equation.

Kirish

Amaliyotda shunday masalalar uchraydiki ularni matematik modeli sifa-tida olingan
oddiy differensial tenglamalar yoki ularning sistemasi integrallash oralig‘ini barcha nuqtalarda
emas, balki berilgan bitta yoki bir nechta nuqgtalarda yechiladi (masalan, oraligning oxirgi
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nuqtasida). Bunday turga tegishli masalalardan keng targalgani dinamik sistemalarning
attraktorlarini qgidirish masalasidir (attraktor — bitta nuqtaga intilish ma’nosini bildiruvchi
inglizcha so‘z). Dinamik sistemalarni harakatini ifodalovchi differensial tenglamalarning turli xil
nuqtalardan chiqgan (turli xil boshlang‘ich shartlarni ganoatlantiruvchi) yechimlari, ya’ni
harakat trayektoriyalari t—c0 da aynan bitta nuqtaga (attraktorga) asimptotik yaginlashadi.
Bunday nugtalarni topish esa amaliy ahamiyatga egadir.

Mathcad dasturi tarkibida bu turdagi masalalarni yechishga mo‘ljallangan rkadapt va
bulstoer kabi standart funksiyalar mavjud. Ularning umumiy ko‘rinishi va vazifalari quyida
keltirilgan[1],[2],[3].

- rkadapt(y, x1, x2, eps, D, kmax, h) — bu funksiya oddiy differensial teng-lama yoki
ularning sistemasi uchun Koshi masalasini bitta nugtada (yoki beril-gan bir nechta nuqtalarda)
integrallash gadamini avtomatik tanlash (o‘zgaruvchi qadam) bilan Runge-Kutta usulini qo‘llab
yechadi;

- bulstoer(y, x1, x2, eps, D, kmax, h) — bu funksiya oddiy differensial tenglama yoki
ularning sistemasi uchun Koshi masalasini bitta nugtada (yoki berilgan bir nechta nugtalarda).
Bulirsh — Shter usulini qo‘llab yechadi. Bu yerda eps — integrallash gqadami o‘zgaruvchi
bo‘lganda yechim xatoligini boshqarib turuvchi parametr (agar topilgan sonli yechim xatoligi eps
dan katta bo‘lsa, integrallash gadamining giymati h — ning qiymatidan kichik bo‘lguncha
kichiklashadi); kmax — integrallash nuqgtalarining maksimal soni (yechim hosil bo‘ladigan
matrisaning satrlari soni, integrallash nugqtasi bitta bo‘lganda kmax=2 bo‘ladi); h — integrallash
gadamining mumkin bo‘lgan eng kichik qiy-mati [4],[5].

Amaliy masalalarni yechishda eps va kmax parametrlarning giymatlari ga-ralayotgan har
bir masalaning xususiyatiga garab, foydalanuvchi tomonidan be-riladi (eps = 0.001 va kmax <
1000 giymatlardan foydalanish tavsiya etiladi).

Bu funksiyalarni qo‘llash natijasida elementlari erkli o‘zgaruvchi X ning giymatlari va
ularga mos topilgan sonli yechimlardan iborat kmax ta satr va n+1 ta ustunga ega bo‘lgan ikki
o‘lchovli matrisa hosil bo‘ladi ( n — integrallash nugtalari soni).

Misol. Berilgan Koshi masalasini integrallash oralig‘ini oxirgi nuqtasidagi yechimini
rkadapt va bulstoer funksiyalari yordamida toping

y'(x) + y(x) =3-sin(y(x) - x/3), y(0) = 2, x €[0; 50]

Yechish. ORIGIN : =1 kmax:=2 a:=0 b:=50 eps:=0.001 h:=0.01

y=2 D(x,y):= -y+3sin(x-y/3)

0 2
rkadapt(y, a, b, eps, D, kmax, h) =
ptCy P ) (50 0.185]

0
bulstoer(2, 0, 50, 0.0001, D, 2, 0.001) =( yoKi

50 0.185j

Y:=rkadapt(2, 0, 50, 0.001, D, 2, 0.01)
Z:=bulstoer(2, 0, 50, 0.0001, D, 2, 0.01)

y_(0 2 vy 50
50 0.185 0.185
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Yugoridagi masalani  [0;100] oraligiga tegishli butun nuqtalardagi yechim-larini
quyidagicha topish mumkin:

ORIGIN: =1

H :=1 (integrallash gadami); a:=0 (integrallash orarlig‘ining boshlang‘ich qiymati); N :=
100 (integrallash nugtalarining soni) eps := 0.0001 (integrallash anigligi); h := 0.01 (integrallash
gadamini mumkin bo‘lgan eng kichik qiy-mati); y:= 2 (berilgan boshlang‘ich shart); D(X,y):= -
y+3-sin(x-y/3) (berilgan tenglamaning o‘ng tomonida turgan funksiya); i:=1..N; ti:= i-H
(elementlari berilgan oraliqga tegishli butun sonlardan iborat massiv); kmax:=100 (integrallash
nugtalarining maksimal soni) [6].

y, =rkadapt (y, 0, t, 0.0001, D, 100, 0.01),,

z; =bulstoer (2, a, t, eps, D, kmax, h),,

Olingan natijalardan ko‘rinib turibdiki (2.15, 2.16 — rasmlar) rkadapt funksiyasi bulstoer
funksiyasiga qaraganda qo‘yilgan masalani aniqroq yechar ekan.
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1-rasm. rkadant funksivasi vordamida olinaan vechim arafiai.

Berilgan masalaning [0;80] kesmaning butun nugtalarida Odesolve, rkadapt va rkfixed
funksiyalari yordamida olingan yechimlar grafiklari 3-, 4- rasmlarda tasvirlangan. Natijalardan
ko‘rinib turibdiki, rkadapt funksiyasi qaralayotgan hol uchun yechimni to‘g*ri topgan [7],[8].

Given  y'(X)+y(x)—3-sin(x-y(x)/3)=0 y(0)=2
y := Odesolve(x,80, 80)
ORIGIN:=1
D(X,y)=-y+3-sin(x-y/3)
Y = rkadapt(2, 0, 80, 0.0001, D, 80, 0.01)
Z = rkfixed(2, 0, 80, 80, D)
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2-rasm. Bulstoer funksiyasi yordamida 3-rasm. Olingan sonli yechimlarning
olingan yechim grafigi. giymatlari
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4-rasm. Qo’yilgan masalaning rkadapt funksiyasi yordamida olingan
turg’un va Odesolve funksiyasi yordamida olingan turg’un bo’lmagan
yechimlari grafiklari.

2.241,

0 70 80

5-rasm. Odesolve va rkfixed funksiyalar yordamida olingan turg’un bo’lmagan
(katta xatoliklar bilan olingan) yechimlari grafiklari.
Odesolve va rkrixed tunksiyalari yordamida qo*yilgan masalani berilgan aniqlikdagi sonli
(turg‘un) yechimini [0; 80] oraliqda topish uchun integrallash oralig‘ini 2000 ta bo‘lakka bo‘lish
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zarur, rkadapt yoki bulstoer funksiyasi yordamida esa 80 ta nuqtada integrallash kifoya.

Quyida ana shu algoritm va olingan natijalar keltirilgan (6-, 7 — rasmlar).

Given
y'(X) + y(x) —3-sin(x- y(x)/3)=0

y :=Odesolve (x, 80, 2000)
ORIGIN:=1
D(Xx,z)=—z+3-sin(x-z/3)

Y :=rkadapt (2,0, 80,0.0001, D, 80,0.01)

Z :=rkfixed(2, 0, 80, 2000, D)
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6-pacm. Odesolve va rkadapt funksiyalari yordamida olingan sonli
yechimlar grafiklari.
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7-rasm. Odesolve va rkfixed funksiyalari yordamida olingan sonli
yechimlar grafiklari.

y(0) = 2

Olingan naujaiar tasviriangan b- Yokl /-rasmiaraan Ko rinip twrinaikl, rkagapt tunksiyasi
differensial tenglama sonli yechimini berilgan kesmada yugori aniglik bilan topsada, amaliyotda
rkadapt va bulstoer funksiyalardan differensial tenglama yechimini integrallash oralig‘iga
tegishli fagat bitta yoki bir nechta nugtalarda topish zaruriyati tug‘ilgandagina foydalanish

tavsiya etiladi.
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