
MUSTAQIL ISHI 

MAVZU: Differentsial tenglamalarni taqriban yechish va dasturini tuzish 

Diffеrеnsial tеnglamalar va ularni yechish usullari haqida
umumiy ma`lumotlar
Reja:
1.  Oddiy differentsial tenglamalarni taqribiy yechish. Koshi masalasi.
2.  Birinchi tartibli oddiy differentsial tenglama uchun Koshi masalasini taqribiy yechish. Eyler usuli.

Ma`lumki, ko‘pincha amaliy masalalarni yechishda, dastlab uning matеmatik modеli fizik, mеxanik, kimyoviy va boshqa qonuniyatlar asosida tuziladi. Matеmatik modеl asosan algеbraik, diffеrеnsial, intеgral va boshqa tеnglamalardan iborat bo‘ladi. Ayniqsa, oddiy diffеrеnsial tеnglamalar juda ko‘p muhandislik masalalarini yechishda matеmatik modеl rolini o‘ynaydi. Shuning uchun, diffеrеnsial tеnglamalarning ma`lum shartlarni qanoatlantiruvchi yechimlarini topish
katta ahamiyatga ega. Diffеrеnsial tеnglamalar ikkita asosiy sinfga bo‘linadi: oddiy diffеrеnsial tеnglamalar va xususiy hosilali diffеrеnsial tеnglamalar.Xususiy hosilali diffеrеnsial 

tеnglamalarga kеyinroq batafsil to‘xtalamiz.
Oddiy diffеrеnsial tеnglamalarda faqat bir o‘zgaruvchiga bog’liq funksiya va uning hosilalari qatnashadi, ya`ni

                                  f(y, y', ......y^n)=0

 bu tеnglamada qatnashuvchi hosilalarning eng yuqori tartibi
diffеrеnsial tеnglamaning tartibi dеyiladi. Agar tеnglama izlanuvchi funksiya va uning hosilalariga nisbatan chiziqli bo‘lsa, unga chiziqli diffеrеnsial tеnglama dеyiladi.
Aytaylik bizga birinchi tartibli
     
                                  y'=f(x)

differentsial tenglama berilgan bo‘lib, [x,b] kesmada
                  x=x_0,   y=y_0.
boshlang’ich shartni qanoatlantiruvchi yechimning qiymatlarini taqribiy hisoblash masalasi qo‘yilgan bo‘lsin. Bu masala Koshi masalasi deyiladi. Bu masalani taqribiy yechishning bir nyecha usullari majud bo‘lib shulardan biri Shvetsariyalik, rus olimi, akademik Leonard Eyler usulini ko‘ramiz. Berilgan  [x0,b]  kesmani n ta teng bo‘lakka bo‘lib bo‘linish nuqtalari orasidagi qadam

                                        h=(b-x_0)/n. 
Bo'lganda nuqtalar koordinatalari  x_i =x_i+h.  i=1,2,3,.....n
 bo‘ladi. Boshlang’ich shartdagi x0 va y0 lardan foydalanib tenglama yechimining qiymatlarini,taqriban-quyidagicha 
hisoblaymiz.

                                         y_1=y_0+hf(x0,y0)
                                          y_2=y_1+hf(x1,y1)
                                          y_3=y_2+hf(x2,y2)

                                         .................................. 
                                y_n=y_(n-1)+hf(x_(n-1),y_(n-1))


natijada izlanayotgan yechimni qanotlantiruvchi  (x0,y0) ,   (x1,y1) ,    (x2,y2) ,........ ........ (xn,yn)
 nuqtalarni aniqlaymiz. Bu nuqtalarni tutashtiruvchi siniq chiziq Elyer deb ataladi. Bizga quyidagi birinchi tartibli oddiy diffеrеnsial tеnglama(Koshi masalasi) ni
                                           y'=f(x,y)

[a,b][ oraliqdagi y=y(x0)  boshlang’ich shartni qanoatlantiruvchi aniq yechimi       
                                                  y̅=y̅(x)
  ni topish lozim bo‘lsin.
Koshi masalasini Eylеr usuli yordamida yechish uchun, dastlab diffеrеnsial tеnglamaning yechimi qidiriladigan [a,b]  kеsmani x0,x1,x2.......xn.  tugun nuqtalar bilan bo‘laklarga bo‘lamiz. Tugunnuqtalarning koordinatalari  
x_(i+1)=a+(i+1)h,      i=( 0̅, 1̅, 2̅, ..., n̅)   formula orqali
aniqlanadi. Har bir tugunda  y=(xi)  yеchimning qiymatlarini chеkli ayirmalar yordamida taqribiy ( yi) qiymatlar bilan almashtiriladi.


MISOLLAR 

KOSHI MASALASINI TAQRIBAN YECHISHNING EYLER USULI

SAVOLLAR:
Quyidagi Koshi masalalarini Eyler usulida yeching (n=10; h=0.1).

1. y’=2x-e^(-x)+1,  y(0)=1 

2. y’=2xsinx+(x^2)cosx,    y(pi)=0

3. y’=(e^x)+y,      y(0)=1   
                     
4. y’=x+1-y,      y(0)=1
 
5. y’=(e^x)+y,      y(0)=0
                    
6. y’=(x+1)^2-y,    y(0)=1

7. y’=(e^x)+cosx-sinx+y,    y(0)=0    
  
8. y’=(x^(-1))-1-lnx-x+y,    y(1)=-1

9. y’=1+y+(1+x)lnx,      y(1)=0  
  
10. y’=ycosx,      y(0)=1

11. y’=1-ysinx,       y(0)=e 

12. y’=2x-(x^2)+(1-x)lnx+1+y,      y(1)=1

13. y’=y-e^(-x)        y(0)=1                    

14. y’=y+e^(-x)       y(0)=0

15. y’=2x(e^(-x))-y,    y(0)=0


JAVOBLAR:

1. y’=2x-e^(-x)+1,  y(0)=1 

x1 = x0 + h 
n=10.     h=0.1


xi = 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9

y1 = y0 + h * f(x0, y0)
y1 = 1 + 0.1 * (2*0 - e^(-0) + 1)
y1 = 1.2

y2 = y1 + h * f(x1, y1)
y2 = 1.2 + 0.1 * (2*0.1 - e^(-0.1) + 1.2)
y2 = 1.3438

y3 = y2 + h * f(x2, y2)
y3 = 1.3438 + 0.1 * (2*0.2 - e^(-0.2) + 1.3438)
y3 = 1.5325

y4 = y3 + h * f(x3, y3)

y4 = 1.5325 + 0.1 * (2*0.3 - e^(-0.3) + 1.5325)
y4 = 1.7715
y5 = y4 + h * f(x4, y4)
y5 = 1.7715 + 0.1 * (2*0.4 - e^(-0.4) + 1.7715)
y5 = 2.0667

y6 = y5 + h * f(x5, y5)
y6 = 2.0667 + 0.1 * (2*0.5 - e^(-0.5) + 2.0667)
y6 = 2.4259

y7 = y6 + h * f(x6, y6)
y7 = 2.4259 + 0.1 * (2*0.6 - e^(-0.6) + 2.4259)
y7 = 2.8578

y8 = y7 + h * f(x7, y7)
y8 = 2.8578 + 0.1 * (2*0.7 - e^(-0.7) + 2.8578)
y8 = 3.3721

y9 = y8 + h * f(x8, y8)
y9 = 3.3721 + 0.1 * (2*0.8 - e^(-0.8) + 3.3721)
y9 = 3.9803

y10 = y9 + h * f(x9, y9)
y10 = 3.9803 + 0.1 * (2*0.9 - e^(-0.9) + 3.9803)
y10 = 4.6965

|  xi  |    yi         |   h * f(xi, yi)   |
|------|---------------|---------------------|
|  0   |    1          |         .             |
| 0.1  | 1.3438 |     0.4148      |

| 0.2  | 1.5325 |     0.3607      |
| 0.3  | 1.7715 |     0.4786      |
| 0.4  | 2.0667 |     0.6955      |
| 0.5  | 2.4259 |     1.0524      |
| 0.6  | 2.8578 |     1.5936      |
| 0.7  | 3.3721 |     2.3869      |
| 0.8  | 3.9803 |     3.5305      |
| 0.9  | 4.6965 |     5.1706      |


2. y’=2xsinx+(x^2)cosx,    y(pi)=0


yi+1 = yi + h * f(xi, yi)

Bu yerda:

f(xi, yi) = 2xi*sin(xi) + x^2*cos(xi)

h = 0.1

n = 10

y(pi) = 0
x0 = pi

y0 = 0

x1 = pi + h = 3.24

y1 ni topish uchun, biz f(xi, yi) ni x0 va y0 qiymatlari bilan hisoblaymiz:

f(x0, y0) = 2*pi*sin(pi) + pi^2*cos(pi) = 0

Endi, y1 ni topish uchun, Eyler usulini quyidagi formula orqali ishlatamiz:

y1 = y0 + h * f(x0, y0)

y1 = 0 + 0.1 * 0 = 0

Shunda, biz y1 ni topdik. Keyinchalik, biz y2 ni hisoblaymiz.

x2 = x1 + h = 3.34

f(x1, y1) = 2*3.24*sin(3.24) + 3.24^2*cos(3.24) = -20.848

y2 ni topish uchun, Eyler usulini ishlatamiz:

y2 = y1 + h * f(x1, y1)
y2 = 0 + 0.1 * (-20.848) = -2.0848

Shunda, biz y2 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x3 = x2 + h = 3.44

f(x2, y2) = 2*3.34*sin(3.34) + 3.34^2*cos(3.34) = -23.989

y3 = y2 + h * f(x2, y2)

y3 = -2.0848 + 0.1 * (-23.989) = -4.4838

Shunda, biz y3 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x4 = x3 + h = 3.54

f(x3, y3) = 2*3.44*sin(3.44) + 3.44^2*cos(3.44) = -27.499

y4 = y3 + h * f(x3, y3)

y4 = -4.4838 + 0.1 * (-27.499) = -7.2338

Shunda, biz y4 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x5 = x4 + h = 3.64

f(x4, y4) = 2*3.54*sin(3.54) + 3.54^2*cos(3.54) = -31.658
y5 = y4 + h * f(x4, y4)

y5 = -7.2338 + 0.1 * (-31.658) = -10.3998

Shunda, biz y5 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x6 = x5 + h = 3.74

f(x5, y5) = 2*3.64*sin(3.64) + 3.64^2*cos(3.64) = -36.484

y6 = y5 + h * f(x5, y5)

y6 = -10.3998 + 0.1 * (-36.484) = -14.0482

Shunda, biz y6 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x7 = x6 + h = 3.84

f(x6, y6) = 2*3.74*sin(3.74) + 3.74^2*cos(3.74) = -42.005

y7 = y6 + h * f(x6, y6)

y7 = -14.0482 + 0.1 * (-42.005) = -18.2482

Shunda, biz y7 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:
x8 = x7 + h = 3.94

f(x7, y7) = 2*3.84*sin(3.84) + 3.84^2*cos(3.84) = -48.261

y8 = y7 + h * f(x7, y7)

y8 = -18.2482 + 0.1 * (-48.261) = -23.0742

Shunda, biz y8 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x9 = x8 + h = 4.04

f(x8, y8) = 2*3.94*sin(3.94) + 3.94^2*cos(3.94) = -55.301

y9 = y8 + h * f(x8, y8)

y9 = -23.0742 + 0.1 * (-55.301) = -28.6042

Shunda, biz y9 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x10 = x9 + h = 4.14

f(x9, y9) = 2*4.04*sin(4.04) + 4.04^2*cos(4.04) = -63.167

y10 = y9 + h * f(x9, y9)

y10 = -28.6042 + 0.1 * (-63.167) = -34.9208
 
| xi      | yi               |      h * f(xi, yi) |
|---------|-----------------|----------------------|
| 3.14 | 0                |  -20.848         |
| 3.24 | -2.0848    | -23.989           |
| 3.34 |  -4.4838   |  -27.499          |
| 3.44 | -7.2338    |  -31.658          |
| 3.54 | -10.3998   |  -36.484         |
| 3.64 | -14.0482   | -42.005          |
| 3.74 |  -18.2482  |  -48.261         |
| 3.84 |  -23.0742  |  -55.301         |
| 3.94 | -28.6042   |  -63.167         |

| 4.04 | -34.9208   |  -64.234         |


3. y’=(e^x)+y,      y(0)=1


yi+1 = yi + h * f(xi, yi)

Bu yerda:

f(xi, yi) = e^x + y

h = 0.1

n = 10
y(0) = 1

x0 = 0

y0 = 1

x1 = h = 0.1

y1 ni topish uchun, biz f(xi, yi) ni x0 va y0 qiymatlari bilan hisoblaymiz:

f(x0, y0) = e^0 + 1 = 2

Endi, y1 ni topish uchun, Eyler usulini quyidagi formula orqali ishlatamiz:


y1 = y0 + h * f(x0, y0)

y1 = 1 + 0.1 * 2 = 1.2

Shunda, biz y1 ni topdik. Keyinchalik, biz y2 ni hisoblaymiz.

x2 = x1 + h = 0.2

f(x1, y1) = e^0.1 + 1.2 = 2.322

y2 ni topish uchun, Eyler usulini ishlatamiz:
y2 = y1 + h * f(x1, y1)

y2 = 1.2 + 0.1 * 2.322 = 1.5322

Shunda, biz y2 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x3 = x2 + h = 0.3

f(x2, y2) = e^0.2 + 1.5322 = 2.9314

y3 = y2 + h * f(x2, y2)

y3 = 1.5322 + 0.1 * 2.9314 = 1.82536

Shunda, biz y3 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x4 = x3 + h = 0.4

f(x3, y3) = e^0.3 + 1.82536 = 3.44504

y4 = y3 + h * f(x3, y3)

y4 = 1.82536 + 0.1 * 3.44504 = 2.16986

Shunda, biz y4 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x5 = x4 + h = 0.5
f(x4, y4) = e^0.4 + 2.16986 = 3.95912

y5 = y4 + h * f(x4, y4)

y5 = 2.16986 + 0.1 * 3.95912 = 2.56577

Shunda, biz y5 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x6 = x5 + h = 0.6

f(x5, y5) = e^0.5 + 2.56577 = 4.62223

y6 = y5 + h * f(x5, y5)

y6 = 2.56577 + 0.1 * 4.62223 = 3.02799

Shunda, biz y6 ni topdik. Bizning jarayonimiz quyidagicha 

davom etadi:

x7 = x6 + h = 0.7

f(x6, y6) = e^0.6 + 3.02799 = 5.3564

y7 = y6 + h * f(x6, y6)

y7 = 3.02799 + 0.1 * 5.3564 = 3.56363

Shunda, biz y7 ni topdik. Bizning jarayonimiz quyidagicha 
davom etadi:

x8 = x7 + h = 0.8

f(x7, y7) = e^0.7 + 3.56363 = 6.27228

y8 = y7 + h * f(x7, y7)

y8 = 3.56363 + 0.1 * 6.27228 = 4.19086

Shunda, biz y8 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x9 = x8 + h = 0.9

f(x8, y8) = e^0.8 + 4.19086 = 7.17553

y9 = y8 + h * f(x8, y8)

y9 = 4.19086 + 0.1 * 7.17553 = 4.90841

Shunda, biz y9 ni topdik. Bizning jarayonimiz quyidagicha davom etadi:

x10 = x9 + h = 1

f(x9, y9) = e^0.9 + 4.90841 = 8.27178

y10 = y9 + h * f(x9, y9)
y10 = 4.90841 + 0.1 * 8.27178 = 5.73559

.




| xi      | yi               |      h * f(xi, yi)  |
|---------|-----------------|-----------------------|
| 0       | 1.              |  2                      |
| 0.1    | 1.2            | 2.322               |
| 0.2.   |  1.5322    |  2.9314            |
| 0.3.   | 1.82536   |  3.44504         |
| 0.4.   | 2.16986   |  3.95912         |
| 0.5.   | 2.56577   | 4.62223          |
| 0.6.   |  3.02799  |  5.3564           |
| 0.7.   |  3.56363  |  6.27228         |
| 0.8.   | 4.19086   |  7.17553         |
| 0.9.   | 4.90841   |  8.27178         |
|1.       | 5.73559   |  9.234              |



4. y’=x+1-y,      y(0)=1

h=0.1.    x0=0
               y0=1
x1=x0+h
xi = 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9
y1 = y0 + h * f(x0, y0)
y1 = 1 + 0.1 * (0 + 1 - 1)
y1 = 1

y2 = y1 + h * f(x1, y1)
y2 = 1 + 0.1 * (0.1 + 1 - 1)
y2 = 1.1

y3 = y2 + h * f(x2, y2)
y3 = 1.1 + 0.1 * (0.2 + 1 - 1.1)
y3 = 1.19

y4 = y3 + h * f(x3, y3)
y4 = 1.19 + 0.1 * (0.3 + 1 - 1.19)
y4 = 1.267

y5 = y4 + h * f(x4, y4)
y5 = 1.267 + 0.1 * (0.4 + 1 - 1.267)
y5 = 1.3323

y6 = y5 + h * f(x5, y5)
y6 = 1.3323 + 0.1 * (0.5 + 1 - 1.3323)

y6 = 1.3869

y7 = y6 + h * f(x6, y6)
y7 = 1.3869 + 0.1 * (0.6 + 1 - 1.3869)
y7 = 1.4312

y8 = y7 + h * f(x7, y7)
y8 = 1.4312 + 0.1 * (0.7 + 1 - 1.4312)
y8 = 1.4651

y9 = y8 + h * f(x8, y8)
y9 = 1.4651 + 0.1 * (0.8 + 1 - 1.4651)
y9 = 1.4896

y10 = y9 + h * f(x9, y9)
y10 = 1.4896 + 0.1 * (0.9 + 1 - 1.4896)
y10 = 1.5057


|  xi  |    yi          |   h * f(xi, yi)   |
|------|---------------|----------------------|
|  0   |    1         |         .               |
| 0.1  |   1.1.    |       -0.09         |
| 0.2  |  1.19.   |      -0.091        |
| 0.3  | 1.267   |      -0.083        |
| 0.4  | 1.3323 |     -0.0687      |
| 0.5  | 1.3869 |     -0.0534      |
| 0.6  | 1.4312 |     -0.0396      |
| 0.7  | 1.4651 |     -0.0273      |
| 0.8  | 1.4896 |     -0.0165      |

| 0.9  | 1.5057 |     -0.0072      |

5. 
y’=(e^x)+y,      y(0)=0

    x0 = 0, y0 = 0

yi+1 = 0 + 0.1 * (e^0 + 0) = 0.1
x1 = 0.1, y1= 0.1
yi+1 = 0.1 + 0.1 * (e^0.1 + 0.1) = 0.201
x2 = 0.2, y2= 0.201
yi+1 = 0.201 + 0.1 * (e^0.2 + 0.201) = 0.304
x3= 0.3, y3= 0.304
yi+1 = 0.304 + 0.1 * (e^0.3 + 0.304) = 0.411
x4= 0.4, y4 = 0.411
yi+1 = 0.411 + 0.1 * (e^0.4 + 0.411) = 0.521
x5= 0.5, y5 = 0.521
yi+1 = 0.521 + 0.1 * (e^0.5 + 0.521) = 0.635
x6= 0.6, y6 = 0.635
yi+1 = 0.635 + 0.1 * (e^0.6 + 0.635) = 0.753
x7 = 0.7, y7= 0.753
yi+1 = 0.753 + 0.1 * (e^0.7 + 0.753) = 0.876
x8 = 0.8, y8 = 0.876
yi+1 = 0.876 + 0.1 * (e^0.8 + 0.876) = 1.004
x9= 0.9, y9 = 1.004
yi+1 = 1.004 + 0.1 * (e^0.9 + 1.004) = 1.138
y9 = 1.138


xi   |   yi   |  h * f(xi, yi)

-----------------------------------
0    |   0    |   0.01
0.1  |  0.1   |   0.0201
0.2  | 0.201  |   0.0304
0.3  | 0.304  |   0.0411
0.4  | 0.411  |   0.0521
0.5  | 0.521  |   0.0635
0.6  | 0.635  |   0.0753
0.7  | 0.753  |   0.0876
0.8  | 0.876  |   0.1004
0.9  | 1.004  |   0.1138      


6. y’=(x+1)^2-y,    y(0)=1
Berilgan Koshi masalasini Euler metodi orqali yechish uchun n=10 va h=0.1 qiymatlarni olamiz. 

1. Boshlang'ich qiymatlar: x0 = 0, y0 = 1.
2. Qadam o'lchami: h = 0.1.

Yechimlarni hisoblash uchun quyidagi formulalardan foydalanamiz:

yi+1 = yi + h * f(xi, yi)

Bu yerda f(xi, yi) berilgan differensial tenglama bo'yicha funksiya qiymatini ifodalaydi.

Yechimlarni hisoblash uchun quyidagi tartibda amalga oshiriladi:

 1:
x1 = x0 + h = 0 + 0.1 = 0.1
y1 = y0 + h * f(x0, y0) = 1 + 0.1 * [(x0+1)^2 - y0] = 1 + 0.1 * [(0+1)^2 - 1] = 1 + 0.1 * (1^2 - 1) = 1 + 0.1 * 0 = 1

2:
x2 = x1 + h = 0.1 + 0.1 = 0.2
y2 = y1 + h * f(x1, y1) = 1 + 0.1 * [(x1+1)^2 - y1] = 1 + 0.1 * [(0.1+1)^2 - 1] = 1 + 0.1 * (1.1^2 - 1) = 1 + 0.1 * (1.21 - 1) = 1 + 0.1 * 0.21 = 1.021

3:
x3 = x2 + h = 0.2 + 0.1 = 0.3
y3 = y2 + h * f(x2, y2) = 1.021 + 0.1 * [(x2+1)^2 - y2] = 1.021 + 0.1 * [(0.2+1)^2 - 1.021] = 1.021 + 0.1 * (1.2^2 - 1.021) = 1.021 + 0.1 * (1.44 - 1.021) = 1.021 + 0.1 * 0.419 = 1.0639

4:
x4 = x3 + h = 0.3 + 0.1 = 0.4
y4 = y3 + h * f(x3, y3) = 1.0639 + 0.1 * [(x3+1)^2 - y3] = 1.0639 + 0.1 * [(0.3+1)^2 - 1.0639] = 1.0639 + 0.1 * (1.3^2 - 1.0639) = 1.0639 + 0.1 * (1.69 - 1.0639) = 1.0639 + 0.1 * 0.6261 = 1.1265

5:
x5 = x4 + h = 0.4 + 0.1 = 0.5
y5 = y4 + h * f(x4, y4) = 1.1265 + 0.1 * [(x4+1)^2 - y4] = 1.1265 + 0.1 * [(0.4+1)^2 - 1.1265] = 1.1265 + 0.1 * (1.4^2 - 1.1265) = 1.1265 + 0.1 * (1.96 - 1.1265) = 1.1265 + 0.1 * 0.8335 = 1.2098



6 
x6 = x5 + h = 0.5 + 0.1 = 0.6
y6 = y5 + h * f(x5, y5) = 1.2098 + 0.1 * [(x5+1)^2 - y5] = 1.2098 + 0.1 * [(0.5+1)^2 - 1.2098] = 1.2098 + 0.1 * (1.5^2 - 1.2098) = 1.2098 + 0.1 * (2.25 - 1.2098) = 1.2098 + 0.1 * 1.0402 = 1.3138

7:
x7 = x6 + h = 0.6 + 0.1 = 0.7
y7 = y6 + h * f(x6, y6) = 1.3138 + 0.1 * [(x6+1)^2 - y6] = 1.3138 + 0.1 * [(0.6+1)^2 - 1.3138] = 1.3138 + 0.1 * (1.6^2 - 1.3138) = 1.3138 + 0.1 * (2.56 - 1.3138) = 1.3138 + 0.1 * 1.2462 = 1.4384

8:
x8 = x7 + h = 0.7 + 0.1 = 0.8
y8 = y7 + h * f(x7, y7) = 1.4384 + 0.1 * [(x7+1)^2 - y7] = 1.4384 + 0.1 * [(0.7+1)^2 - 1.4384] = 1.4384 + 0.1 * (1.7^2 - 1.4384) = 1.4384 + 0.1 * (2.89 - 1.4384) = 1.4384 + 0.1 * 1.4516 = 1.5836

9:
x9 = x8 + h = 0.8 + 0.1 = 0.9
y9 = y8 + h * f(x8, y8) = 1.5836 + 0.1 * [(x8+1)^2 - y8] = 1.5836 + 0.1 * [(0.8+1)^2 - 1.5836] = 1.5836 + 0.1 * (1.8^2 - 1.5836) = 1.5836 + 0.1 * (3.24 - 1.5836) = 1.5836 + 0.1 * 1.6564 = 1.7492

10:
x10 = x9 + h = 0.9 + 0.1 = 1.0
y10 = y9 + h * f(x9, y9) = 1.7492 + 0.1 * [(x9+1)^2 - y9] = 1.7492 + 0.1 * [(0.9+1)^2 - 1.7492] = 1.7492 + 0.1 * (1.9^2 - 1.7492) = 1.7492 + 0.1 * (3.61 - 1.7492) = 1.7492 + 0.1 * 1.8608 = 1.9353

|  xi  |  yi  |  h * f(xi, yi)  |
|------|------|----------------|
|  0.0 |  1.0 |   -0.100000    |
|  0.1 |  1.0 |   -0.099000    |
|  0.2 | 1.021|   -0.097905    |
|  0.3 |1.0639|   -0.096716    |
|  0.4 |1.1265|   -0.095431    |
|  0.5 |1.2098|   -0.094050    |
|  0.6 |1.3138|   -0.092573    |
|  0.7 |1.4384|   -0.091000    |
|  0.8 |1.5836|   -0.089331    |
|  0.9 |1.7492|   -0.087566    |
|  1.0 |1.9353|   -0.085705    |


7. y’=(e^x)+cosx-sinx+y,    y(0)=0    



x1 = 0.1, y1 = 1 + 0.1 * (0 + 1)^2 - 0.1 * 1 = 0.99

x2 = 0.2, y2 = 0.99 + 0.1 * (0.1 + 1)^2 - 0.1 * 0.99 = 0.9701

x3 = 0.3, y3 = 0.9701 + 0.1 * (0.2 + 1)^2 - 0.1 * 0.9701 = 0.9403

x4 = 0.4, y4 = 0.9403 + 0.1 * (0.3 + 1)^2 - 0.1 * 0.9403 = 0.9006

x5 = 0.5, y5 = 0.9006 + 0.1 * (0.4 + 1)^2 - 0.1 * 0.9006 = 0.851

x6 = 0.6, y6 = 0.851 + 0.1 * (0.5 + 1)^2 - 0.1 * 0.851 = 0.7917

x7 = 0.7, y7 = 0.7917 + 0.1 * (0.6 + 1)^2 - 0.1 * 0.7917 = 0.7225

x8 = 0.8, y8 = 0.7225 + 0.1 * (0.7 + 1)^2 - 0.1 * 0.7225 = 0.6436

x9 = 0.9, y9 = 0.6436 + 0.1 * (0.8 + 1)^2 - 0.1 * 0.6436 = 0.555

x10 = 1.0, y10 = 0.555 + 0.1 * (0.9 + 1)^2 - 0.1 * 0.555 = 0.4565


|  xi  |        yi         | h * f(xi, yi)        |
|------|------------------|----------------------|
|  0.0 |       0.0        |       0.1            |
|  0.1 |    0.098598    |    0.0998931      |
|  0.2 |    0.291095    |    0.292623       |
|  0.3 |    0.576656    |    0.579147       |
|  0.4 |    0.953203    |    0.957612       |
|  0.5 |    1.41782      |    1.42432         |

|  0.6 |    1.96662      |    1.97553         |
|  0.7 |    2.59567      |    2.60742         |
|  0.8 |    3.30002      |    3.31519         |
|  0.9 |    4.07472      |    4.09393         |
|  1.0 |    4.91481      |    4.93879         |

8 

y’=(x^(-1))-1-lnx-x+y,    y(1)=-1

x1 = 1.1, y1 = -1 + 0.1 * (1)^(-1) - 0.1 * 1 - 0.1 * ln(1) - 0.1 * 1 + 0.1 = -0.7908333333333

x2 = 1.2, y2 = -0.7908333333333 + 0.1 * (1.1)^(-1) - 0.1 * 1.1 - 0.1 * ln(1.1) - 0.1 * 1.1 + 0.1 = -0.611305787037

x3 = 1.3, y3 = -0.611305787037 + 0.1 * (1.2)^(-1) - 0.1 * 1.2 - 0.1 * ln(1.2) - 0.1 * 1.2 + 0.1 = -0.45127807097

x4 = 1.4, y4 = -0.45127807097 + 0.1 * (1.3)^(-1) - 0.1 * 1.3 - 0.1 * ln(1.3) - 0.1 * 1.3 + 0.1 = -0.303722989538

x5 = 1.5, y5 = -0.303722989538 + 0.1 * (1.4)^(-1) - 0.1 * 1.4 - 0.1 * ln(1.4) - 0.1 * 1.4 + 0.1 = -0.163156844379

x6 = 1.6, y6 = -0.163156844379 + 0.1 * (1.5)^(-1) - 0.1 * 1.5 - 0.1 * ln(1.5) - 0.1 * 1.5 + 0.1 = -0.025476194754

x7 = 1.7, y7 = -0.025476194754 + 0.1 * (1.6)^(-1) - 0.1 * 1.6 - 0.1 * ln(1.6) - 0.1 * 1.6 + 0.1 = 0.109083976279


x8 = 1.8, y8 = 0.109083976279 + 0.1 * (1.7)^(-1) - 0.1 * 1.7 - 0.1 * ln(1.7) - 0.1 * 1.7 + 0.1 = 0.240406100065

x9 = 1.9, y9 = 0.240406100065 + 0.1 * (1.8)^(-1) - 0.1 * 1.8 - 0.1 * ln(1.8) - 0.1 * 1.8 + 0.1 = 0.367883514821

x10 = 2.0, y10 = 0.367883514821 + 0.1 * (1.9)^(-1) - 0.1 * 1.9 - 0.1 * ln(1.9) - 0.1 * 1.9 + 0.1 = 0.491791227037

|  xi  |         yi                         |   h * f(xi, yi)    |
|------|--------------------------|-------------------|
|  1.0 |        -1.0                    |                                  |
|  1.1 | -0.7908333333333 | -0.2802267573692  |
|  1.2 | -0.611305787037  | -0.2424388315695  |
|  1.3 | -0.45127807097   | -0.2060218479923  |
|  1.4 | -0.303722989538  | -0.1702027188732  |
|  1.5 | -0.163156844379  | -0.1347140980201  |
|  1.6 | -0.025476194754  | -0.09995775814199 |
|  1.7 | 0.109083976279   | -0.06626989224459 |
|  1.8 | 0.240406100065   | -0.03397941822061 |
|  1.9 | 0.367883514821   | -0.00340815544767 |
|  2.0 | 0.491791227037   | 0.02510301465556  |

Qiymatlarni hisoblash formulalari:

f(xi, yi) = xi^(-1) - 1 - ln(xi) - xi + yi

h * f(xi, yi) = h * (xi^(-1) - 1 - ln(xi) - xi + yi)

Qiymatlarni hisoblash:

h * f(1.0, -1.0) = 0.1 * (1.0^(-1) - 1 - ln(1.0) - 1.0 + (-1.0)) = 0

h * f(1.1, -0.7908333333333) = 0.1 * (1.1^(-1) - 1 - ln(1.1) - 1.1 + (-0.7908333333333)) = -0.2802267573692

h * f(1.2, -0.611305787037) = 0.1 * (1.2^(-1) - 1 - ln(1.2) - 1.2 + (-0.611305787037)) = -0.2424388315695

h * f(1.3, -0.45127807097) = 0.1 * (1.3^(-1) - 1 - ln(1.3) - 1.3 + (-0.45127807097)) = -0.2060218479923

h * f(1.4, -0.303722989538) = 0.1 * (1.4^(-1) - 1 - ln(1.4) - 1.4 + (-0.303722989538)) = -0.1702027188732

h * f(1.5, -0.163156844379) = 0.1 * (1.5^(-1) - 1 - ln(1.5) - 1.5 + (-0.163156844379)) = -0.1347140980201

h * f(1.6, -0.025476194754) = 0.1 * (1.6^(-1) - 1 - ln(1.6) - 1.6 + (-0.025476194754)) = -0.09995775814199

h * f(1.7, 0.109083976279) = 0.1 * (1.7^(-1) - 1 - ln(1.7) - 1.7 + (0.109083976279)) = -0.06626989224459

h * f(1.8, 0.240406100065) = 0.1 * (1.8^(-1) - 1 - ln(1.8) - 1.8 + (0.240406100065)) = -0.03397941822061

9. y’=1+y+(1+x)lnx,      y(1)=0  

Eyler usulida Koshi masalasini yechish uchun, berilgan qadam hajmini (h = 0.1) va yechimlar sonini (n = 10) qabul qilamiz. Boshlang'ich shartlarni hisoblash uchun xi = 1 va yi = 0 ni olib, formulalardan foydalanamiz.

1. Qiymatlar:
xi = 1
yi = 0

Yechimlar soni (n = 10) va qadam hajmi (h = 0.1) bo'yicha Koshi masalasini yechish uchun tartiblangan formulalarga ko'ra quyidagi qadam-qadam javoblar olish mumkin:

1. Qiymatni hisoblash:
f(xi, yi) = 1 + yi + (1 + xi) * ln(xi)
f(1, 0) = 1 + 0 + (1 + 1) * ln(1) = 1 + 0 + 2 * 0 = 1

h * f(xi, yi) = 0.1 * 1 = 0.1

2. Qiymatni hisoblash:
xi+1 = xi + h = 1 + 0.1 = 1.1
yi+1 = yi + K1 = 0 + 0.1 = 0.1

Natijada, x1 = 1.1 uchun y1 = 0.1.

3. Qiymatni hisoblash:
f(xi+1, yi+1) = 1 + yi+1 + (1 + xi+1) * ln(xi+1)
f(1.1, 0.1) = 1 + 0.1 + (1 + 1.1) * ln(1.1) ≈ 1.2634

h * f(xi+1, yi+1) = 0.1 * 1.2634 ≈ 0.1263


4. Qiymatni hisoblash:
xi+2 = xi+1 + h = 1.1 + 0.1 = 1.2
yi+2 = yi+1 + K2 = 0.1 + 0.1263 ≈ 0.2263

Natijada, x2 = 1.2 uchun y2 ≈ 0.2263.

5. Qiymatni hisoblash:
f(xi+2, yi+2) = 1 + yi+2 + (1 + xi+2) * ln(xi+2)
f(1.2, 0.2263) = 1 + 0.2263 + (1 + 1.2) * ln(1.2) ≈ 1.6476

h * f(xi+2, yi+2) = 0.1 * 1.6476 ≈ 0.1648

6. Qiymatni hisoblash:
xi+3 = xi+2 + h = 1.2 + 0.1 = 1.3
yi+3 = yi+2 + K3 = 0.2263 + 0.1648 ≈ 0.3911

Natijada, x3 = 1.3 uchun y3 ≈ 0.3911.

7. Qiymatni hisoblash:
f(xi+3, yi+3) = 1 + yi+3 + (1 + xi+3) * ln(xi+3)
f(1.3, 0.3911) = 1 + 0.3911 + (1 + 1.3) * ln(1.3) ≈ 2.0632

h * f(xi+3, yi+3) = 0.1 * 2.0632 ≈ 0.2063

8. Qiymatni hisoblash:
xi+4 = xi+3 + h = 1.3 + 0.1 = 1.4
yi+4 = yi+3 + K4 = 0.3911 + 0.2063 ≈ 0.5974

Natijada, x4 = 1.4 uchun y4 ≈ 0.5974.



9. Qiymatni hisoblash:
f(xi+4, yi+4) = 1 + yi+4 + (1 + xi+4) * ln(xi+4)
f(1.4, 0.5974) = 1 + 0.5974 + (1 + 1.4) * ln(1.4) ≈ 2.6261

h * f(xi+4, yi+4) = 0.1 * 2.6261 ≈ 0.2626

10. Qiymatni hisoblash:
xi+5 = xi+4 + h = 1.4 + 0.1 = 1.5
yi+5 = yi+4 + K5 = 0.5974 + 0.2626 ≈ 0.8600

Natijada, x5 = 1.5 uchun y5 ≈ 0.8600.

11. Qiymatni hisoblash:
f(xi+5, yi+5) = 1 + yi+5 + (1 + xi+5) * ln(xi+5)
f(1.5, 0.8600) = 1 + 0.8600 + (1 + 1.5) * ln(1.5) ≈ 3.2885

h * f(xi+5, yi+5) = 0.1 * 3.2885 ≈ 0.3289

12. Qiymatni hisoblash:
xi+6 = xi+5 + h = 1.5 + 0.1 = 1.6
yi+6 = yi+5 + K6 = 0.8600 + 0.3289 ≈ 1.1889

Natijada, x6 = 1.6 uchun y6 ≈ 1.1889.

13. Qiymatni hisoblash:
f(xi+6, yi+6) = 1 + yi+6 + (1 + xi+6) * ln(xi+6)
f(1.6, 1.1889) = 1 + 1.1889 + (1 + 1.6) * ln(1.6) ≈ 4.0895

h * f(xi+6, yi+6) = 0.1 * 4.0895 ≈ 0.4089

14. Qiymatni hisoblash:
xi+7 = xi+6 + h = 1.6 + 0.1 = 1.7
yi+7 = yi+6 + K7 = 1.1889 + 0.4089 ≈ 1.5978

Natijada, x7 = 1.7 uchun y7 ≈ 1.5978.

15. Qiymatni hisoblash:
f(xi+7, yi+7) = 1 + yi+7 + (1 + xi+7) * ln(xi+7)
f(1.7, 1.5978) = 1 + 1.5978 + (1 + 1.7) * ln(1.7) ≈ 5.5135

h * f(xi+7, yi+7) = 0.1 * 5.5135 ≈ 0.5514

16. Qiymatni hisoblash:
xi+8 = xi+7 + h = 1.7 + 0.1 = 1.8
yi+8 = yi+7 + K8 = 1.5978 + 0.5514 ≈ 2.1492

Natijada, x8 = 1.8 uchun y8 ≈ 2.1492.

17. Qiymatni hisoblash:
f(xi+8, yi+8) = 1 + yi+8 + (1 + xi+8) * ln(xi+8)
f(1.8, 2.1492) = 1 + 2.1492 + (1 + 1.8) * ln(1.8) ≈ 7.0558

 h * f(xi+8, yi+8) = 0.1 * 7.0558
18. Qiymatni hisoblash:
xi+9 = xi+8 + h = 1.8 + 0.1 = 1.9
yi+9 = yi+8 + K9 = 2.1492 + 0.7056 ≈ 2.8548

Natijada, x9 = 1.9 uchun y9 ≈ 2.8548.


19. Qiymatni hisoblash:
f(xi+9, yi+9) = 1 + yi+9 + (1 + xi+9) * ln(xi+9)
f(1.9, 2.8548) = 1 + 2.8548 + (1 + 1.9) * ln(1.9) ≈ 9.2930

h * f(xi+9, yi+9) = 0.1 * 9.2930 ≈ 0.9293

Natijada, x10 = 1.9 uchun y10 ≈ 2.8548.



|   xi  |   yi   |  h * f(xi, yi) |
|-------|--------|----------------|
|  1.0  |  0.00  |     0.2000     |
|  1.1  |  0.20  |     0.4126     |
|  1.2  |  0.41  |     0.6429     |
|  1.3  |  0.65  |     0.8930     |
|  1.4  |  0.94  |     1.1655     |
|  1.5  |  1.28  |     1.4638     |
|  1.6  |  1.65  |     1.7913     |
|  1.7  |  2.04  |     2.1516     |
|  1.8  |  2.46  |     2.5486     |
|  1.9  |  2.91  |     2.9862     |
|  2.0  |  3.39  |     3.4684     |

10.
y’=ycosx,      y(0)=1

Formulalar orqali har bir xi va yi ning qiymatini hisoblaymiz. Berilgan masalada:


y' = y * cos(x)
y(0) = 1

Jadvalni tuzish uchun quyidagi formulalardan foydalanamiz:

xi = i * h

yi+1 = yi + h * (yi * cos(xi))

x0= 0.0, y0 = 1.00
x1= 0.1, y1 = y0 + h * (yi * cos(xi)) = 1.00 + 0.1 * (1.00 * cos(0.1)) = 1.01
x2 = 0.2, y2 = y1 + h * (yi * cos(xi)) = 1.01 + 0.1 * (1.01 * cos(0.2)) = 1.01
x3 = 0.3, y3 = y2 + h * (yi * cos(xi)) = 1.01 + 0.1 * (1.01 * cos(0.3)) = 1.02
x4 = 0.4, y4= y3 + h * (yi * cos(xi)) = 1.02 + 0.1 * (1.02 * cos(0.4)) = 1.02
x5= 0.5, y5 = y4 + h * (yi * cos(xi)) = 1.02 + 0.1 * (1.02 * cos(0.5)) = 1.03
x6 = 0.6, y6 = y5 + h * (yi * cos(xi)) = 1.03 + 0.1 * (1.03 * cos(0.6)) = 1.03
x7 = 0.7, y7 = y6 + h * (yi * cos(xi)) = 1.03 + 0.1 * (1.03 * cos(0.7)) = 1.04
x8= 0.8, y8= y7 + h * (yi * cos(xi)) = 1.04 + 0.1 * (1.04 * cos(0.8)) = 1.05
x9 = 0.9, y9= y8 + h * (yi * cos(xi)) = 1.05 + 0.1 * (1.05 * cos(0.9)) = 1.05
x10 = 1.0, y10= y9 + h * (yi * cos(xi)) = 1.05 + 0.1 * (1.05 * 

cos(1.0)) = 1.06

|   xi  |   yi   |  h * f(xi, yi) |
|-------|--------|----------------|
|  0.0  |  1.00  |     0.1000     |
|  0.1  |  1.01  |     0.1005     |
|  0.2  |  1.01  |     0.1005     |
|  0.3  |  1.02  |     0.1010     |
|  0.4  |  1.02  |     0.1010     |
|  0.5  |  1.03  |     0.1015     |
|  0.6  |  1.03  |     0.1015     |
|  0.7  |  1.04  |     0.1020     |
|  0.8  |  1.05  |     0.1025     |
|  0.9  |  1.05  |     0.1025     |
|  1.0  |  1.06  |     0.1030     |


11. y’=1-ysinx,       y(0)=e

Agar n=10 va h=0.1 bo'lsa, xi qiymatlarni quyidagi formuladan hisoblaymiz:

xi = i* h
xi = 0 * 0.1 = 0.0
xi = 1 * 0.1 = 0.1
xi = 2 * 0.1 = 0.2
xi = 3 * 0.1 = 0.3
xi = 4 * 0.1 = 0.4
xi = 5 * 0.1 = 0.5
xi = 6 * 0.1 = 0.6

xi = 7 * 0.1 = 0.7
xi = 8 * 0.1 = 0.8
xi = 9 * 0.1 = 0.9
xi = 10 * 0.1 = 1.0


xi = [0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0]

Yuqoridagi formulalar orqali, y1 dan y10 gacha yi qiymatlarini hisoblaymiz:

y1 = 2.71828182845905 + 0.1 * (1 - 2.71828182845905 * sin(0.1)) = 2.69264475205702
y2 = 2.69264475205702 + 0.1 * (1 - 2.69264475205702 * sin(0.2)) = 2.64244761813139
y3 = 2.64244761813139 + 0.1 * (1 - 2.64244761813139 * sin(0.3)) = 2.56940734774568
y4 = 2.56940734774568 + 0.1 * (1 - 2.56940734774568 * sin(0.4)) = 2.47588319031968
y5 = 2.47588319031968 + 0.1 * (1 - 2.47588319031968 * sin(0.5)) = 2.36484960627717
y6 = 2.36484960627717 + 0.1 * (1 - 2.36484960627717 * sin(0.6)) = 2.23903304019685
y7 = 2.23903304019685 + 0.1 * (1 - 2.23903304019685 * sin(0.7)) = 2.10040415420279
y8 = 2.10040415420279 + 0.1 * (1 - 2.10040415420279 * sin(0.8)) = 1.95072751311080
y9 = 1.95072751311080 + 0.1 * (1 - 1.95072751311080 * sin(0.9)) = 1.79171858496046
y10 = 1.79171858496046 + 0.1 * (1 - 1.79171858496046 * 

sin(1.0)) = 1.62500414850824

Natijada, y1 dan y10 gacha yi qiymatlari quyidagicha bo'lishi kerak:

y1 = 2.69264475205702
y2 = 2.64244761813139
y3 = 2.56940734774568
y4 = 2.47588319031968
y5 = 2.36484960627717
y6 = 2.23903304019685
y7 = 2.10040415420279
y8 = 1.95072751311080
y9 = 1.79171858496046
y10 = 1.62500414850824

Shundaylikda, y1 dan y10 gacha yi qiymatlarni topdik.


|   xi    |           yi           |   h * f(xi, yi)                           |
|-------|-------------------|------------------------------------|
|  0.0  |  2.71828182845905 |  -0.1000000000000 |
|  0.1  |  2.64828182845905 |  -0.0975488383546 |
|  0.2  |  2.57828182845905 |  -0.0952182106421 |
|  0.3  |  2.50828182845905 |  -0.0929952782651 |
|  0.4  |  2.43828182845905 |  -0.0908664647992 |
|  0.5  |  2.36828182845905 |  -0.0888184132633 |
|  0.6  |  2.29828182845905 |  -0.0868389682267 |
|  0.7  |  2.22828182845905 |  -0.0849151652046 |
|  0.8  |  1.95072751311080|  -0.0830342229046 |

|  0.9  |  1.79171858496046|  -0.0811835006465 |
|  1.0  | 1.62500414850824 |  -0.0793504819900 |


12. y’=2x-(x^2)+(1-x)lnx+1+y,      y(1)=1


Agar n=10 va h=0.1 bo'lsa, xi qiymatlarni quyidagi formuladan hisoblaymiz:

xi = i * h

Bu formuladan foydalanib xi larni hisoblaymiz:

xi = 0 * 0.1 = 0.0
xi = 1 * 0.1 = 0.1
xi = 2 * 0.1 = 0.2
xi = 3 * 0.1 = 0.3
xi = 4 * 0.1 = 0.4
xi = 5 * 0.1 = 0.5
xi = 6 * 0.1 = 0.6
xi = 7 * 0.1 = 0.7
xi = 8 * 0.1 = 0.8
xi = 9 * 0.1 = 0.9
xi = 10 * 0.1 = 1.0


xi = [0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0]

Yuqoridagi formulalardan foydalanib, y1 dan y10 gacha yi 

qiymatlarni hisoblaymiz:

y1 = y(1) = 1
y2 = y1 + h * f(x1, y1)
y3 = y2 + h * f(x2, y2)
y4 = y3 + h * f(x3, y3)
y5 = y4 + h * f(x4, y4)
y6 = y5 + h * f(x5, y5)
y7 = y6 + h * f(x6, y6)
y8 = y7 + h * f(x7, y7)
y9 = y8 + h * f(x8, y8)
y10 = y9 + h * f(x9, y9)

f(xi, yi) qiymatlarini hisoblash uchun berilgan Koshi masalasidagi funksiya qiymatini f(xi, yi) = 2xi - (xi^2) + (1 - xi)ln(xi) + 1 + yi formula orqali topamiz.

Yuqoridagi formulalardan foydalanib yi qiymatlarni hisoblaymiz:

y1 = 1
y2 = 1 + 0.1 * (2 * 0.1 - (0.1^2) + (1 - 0.1) * ln(0.1) + 1 + 1) = 1.037849238
y3 = 1.037849238 + 0.1 * (2 * 0.2 - (0.2^2) + (1 - 0.2) * ln(0.2) + 1 + 1.037849238) = 1.076971841
y4 = 1.076971841 + 0.1 * (2 * 0.3 - (0.3^2) + (1 - 0.3) * ln(0.3) + 1 + 1.076971841) = 1.117358391
y5 = 1.117358391 + 0.1 * (2 * 0.4 - (0.4^2) + (1 - 0.4) * ln(0.4) + 1 + 1.117358391) = 1.158999196
y6 = 1.158999196 + 0.1 * (2 * 0.5 - (0.5^2) + (1 - 0.5) * ln(0.5) 

+ 1 + 1.158999196) = 1.201884558
y7 = 1.201884558 + 0.1 * (2 * 0.6 - (0.6^2) + (1 - 0.6) * ln(0.6) + 1 + 1.201884558) = 1.245992959
y8 = 1.245992959 + 0.1 * (2 * 0.7 - (0.7^2) + (1 - 0.7) * ln(0.7) + 1 + 1.245992959) = 1.291300040
y9 = 1.291300040 + 0.1 * (2 * 0.8 - (0.8^2) + (1 - 0.8) * ln(0.8) + 1 + 1.291300040) = 1.337779717
y10 = 1.337779717 + 0.1 * (2 * 0.9 - (0.9^2) + (1 - 0.9) * ln(0.9) + 1 + 1.337779717) = 1.385413187

Natijada y1 dan y10 gacha yi qiymatlari quyidagicha bo'lishi kerak:

y1 = 1.000000000
y2 = 1.037849238
y3 = 1.076971841
y4 = 1.117358391
y5 = 1.158999196
y6 = 1.201884558
y7 = 1.245992959
y8 = 1.291300040
y9 = 1.337779717
y10 = 1.385413187

|   xi   |    yi     |   h * f(xi, yi)    |
|--------|----------|-------------------|
|  1.0   | 1.000000 |  0.000000         |
|  1.1   | 1.100000 |  0.304098         |
|  1.2   | 1.204098 |  0.595963         |
|  1.3   | 1.299061 |  0.875213         |

|  1.4   | 1.374274 |  1.141943         |
|  1.5   | 1.516217 |  1.396056         |
|  1.6   | 1.657273 |  1.637438         |
|  1.7   | 1.794711 |  1.866997         |
|  1.8   | 1.927708 |  2.085649         |
|  1.9   | 2.054358 |  2.294334         |
|  2.0   | 2.176692 |  2.494017         |

13. y’=y-e^(-x)        y(0)=1   


y' = y - e^(-x)

y(0) = 1

n = 10 (berilgan)
h = 0.1 (berilgan)

Bu bilan boshlash uchun, xi = 0 va yi = 1 berilgan.

Natijada, har bir xi va yi ning qiymatini hisoblaymiz:

1. xi = 0, yi = 1

2. xi = 0.1, yi = yi + h * (yi - e^(-xi))
   yi = 1 + 0.1 * (1 - e^(-0.1)) ≈ 1.095170

3. xi = 0.2, yi = yi + h * (yi - e^(-xi))
   yi = 1.095170 + 0.1 * (1.095170 - e^(-0.2)) ≈ 1.191299

4. xi = 0.3, yi = yi + h * (yi - e^(-xi))
   yi = 1.191299 + 0.1 * (1.191299 - e^(-0.3)) ≈ 1.289084

5. xi = 0.4, yi = yi + h * (yi - e^(-xi))
   yi = 1.289084 + 0.1 * (1.289084 - e^(-0.4)) ≈ 1.388451

6. xi = 0.5, yi = yi + h * (yi - e^(-xi))
   yi = 1.388451 + 0.1 * (1.388451 - e^(-0.5)) ≈ 1.489334

7. xi = 0.6, yi = yi + h * (yi - e^(-xi))
   yi = 1.489334 + 0.1 * (1.489334 - e^(-0.6)) ≈ 1.591661

8. xi = 0.7, yi = yi + h * (yi - e^(-xi))
   yi = 1.591661 + 0.1 * (1.591661 - e^(-0.7)) ≈ 1.695364

9. xi = 0.8, yi = yi + h * (yi - e^(-xi))
   yi = 1.695364 + 0.1 * (1.695364 - e^(-0.8)) ≈ 1.800370

10. xi = 0.9, yi = yi + h * (yi - e^(-xi))
    yi = 1.800370 + 0.1 * (1.800370 - e^(-0.9)) ≈ 1.906608

11. xi = 1.0, yi = yi + h * (yi - e^(-xi))
    yi = 1.906608 + 0.1 * (1.906608 - e^(-1.0)) ≈ 2.014006

Koshi masalasining differensial tenglamasi: y' = y - e^(-x)

Berilgan Koshi sharti: y(0) = 1

n = 10 (berilgan)
h = 0.1 (berilgan)


Bu bilan boshlash uchun, xi = 0 va yi = 1 berilgan.

Natijada, h * f(xi, yi) ning qiymatlarini hisoblaymiz:

1. xi = 0, yi = 1
   h * f(xi, yi) = 0.1 * (1 - e^(0)) = 0.1 * (1 - 1) = 0

2. xi = 0.1, yi = yi + h * (yi - e^(-xi))
   h * f(xi, yi) = 0.1 * (1.095170 - e^(-0.1))

3. xi = 0.2, yi = yi + h * (yi - e^(-xi))
   h * f(xi, yi) = 0.1 * (1.191299 - e^(-0.2))

4. xi = 0.3, yi = yi + h * (yi - e^(-xi))
   h * f(xi, yi) = 0.1 * (1.289084 - e^(-0.3))

5. xi = 0.4, yi = yi + h * (yi - e^(-xi))
   h * f(xi, yi) = 0.1 * (1.388451 - e^(-0.4))

6. xi = 0.5, yi = yi + h * (yi - e^(-xi))
   h * f(xi, yi) = 0.1 * (1.489334 - e^(-0.5))

7. xi = 0.6, yi = yi + h * (yi - e^(-xi))
   h * f(xi, yi) = 0.1 * (1.591661 - e^(-0.6))

8. xi = 0.7, yi = yi + h * (yi - e^(-xi))
   h * f(xi, yi) = 0.1 * (1.695364 - e^(-0.7))

9. xi = 0.8, yi = yi + h * (yi - e^(-xi))

   h * f(xi, yi) = 0.1 * (1.800370 - e^(-0.8))

10. xi = 0.9, yi = yi + h * (yi - e^(-xi))
    h * f(xi, yi) = 0.1 * (1.906608 - e^(-0.9))

11. xi = 1.0, yi = yi + h * (yi - e^(-xi))
    h * f(xi, yi) = 0.1 * (2.014006 - e^(-1.0))


|   xi   |       yi       |   h * f(xi, yi)    |
|--------|----------------|-------------------|
|  0.0   |      1.000000  |        0.000000   |
|  0.1   |   1.095170     |   0.000955        |
|  0.2   |   1.191299     |   0.008674        |
|  0.3   |   1.289084     |   0.028846        |
|  0.4   |   1.388451     |   0.062196        |
|  0.5   |   1.489334     |   0.110197        |
|  0.6   |   1.591661     |   0.174819        |
|  0.7   |   1.695364     |   0.258598        |
|  0.8   |   1.800370     |   0.364776        |
|  0.9   |   1.906608     |   0.497469        |
|  1.0   |   2.014006     |   0.661787        |




14. y’=y+e^(-x)       y(0)=0

Berilgan Koshi masalasi:

y' = y + e^(-x)
y(0) = 0

n = 10 (berilgan)
h = 0.1 (berilgan)

Bu bilan boshlash uchun, xi = 0 va yi = 0 berilgan.

Eyler usuli ni quyidagi formulalar orqali ishlatamiz:

yi+1 = yi + h * f(xi, yi)

f(xi, yi) ni hisoblash uchun, f(x, y) = y + e^(-x) tenglamasini f(xi, yi) ga o'tkazamiz.

Natijada, har bir xi va yi ning qiymatini hisoblaymiz:

1. x0 = 0, y0 = 0
   y1 = 0 + 0.1 * (0 + e^(-0)) = 0 + 0.1 * (0 + 1) = 0.1

2. x1 = 0.1, yi = yi + 0.1 * (yi + e^(-xi))
   Y2 = 0.1 + 0.1 * (0.1 + e^(-0.1))

3. x2= 0.2, yi = yi + 0.1 * (yi + e^(-xi))
   Y3= 0.2 + 0.1 * (yi + e^(-0.2))

4. x3= 0.3, yi = yi + 0.1 * (yi + e^(-xi))
   Y4= 0.3 + 0.1 * (yi + e^(-0.3))

5. x5= 0.4, yi = yi + 0.1 * (yi + e^(-xi))

   Y6 = 0.4 + 0.1 * (yi + e^(-0.4))

6. x6 = 0.5, yi = yi + 0.1 * (yi + e^(-xi))
   Y7 = 0.5 + 0.1 * (yi + e^(-0.5))

7. x7 = 0.6, yi = yi + 0.1 * (yi + e^(-xi))
   Y8= 0.6 + 0.1 * (yi + e^(-0.6))

8. x8 = 0.7, yi = yi + 0.1 * (yi + e^(-xi))
   Y9 = 0.7 + 0.1 * (yi + e^(-0.7))

9. x9 = 0.8, yi = yi + 0.1 * (yi + e^(-xi))
   Y10= 0.8 + 0.1 * (yi + e^(-0.8))

10. x10= 0.9, yi = yi + 0.1 * (yi + e^(-xi))
    yi+1 = 0.9 + 0.1 * (yi + e^(-0.9))

11. xi = 1.0, yi = yi + 0.1 * (yi + e^(-xi))
    yi+1 = 1.0 + 0.1 * (yi + e^(-1.0))


|   xi   |       yi             |  h * f(xi, yi)  |
|--------|----------------|-----------------|
|  0.0   |    0.000000    |   0.1000000000  |
|  0.1   |    0.100000    |   0.1090483742  |
|  0.2   |    0.209049    |   0.1182968071  |
|  0.3   |    0.328245    |   0.1277489607  |
|  0.4   |    0.458858    |   0.1374081602  |
|  0.5   |    0.602261    |   0.1472771080  |
|  0.6   |    0.760964    |   0.1573587297  |

|  0.7   |    0.937638    |   0.1676550224  |
|  0.8   |    1.136120   |   0.1781671032  |
|  0.9   |    1.360429   |   0.1888941717  |
|  1.0   |    1.615797   |   0.1998355294  |

15. y’=2x(e^(-x))-y,    y(0)=0
Aniq hisoblash uchun, xi qiymatlarini h = 0.1 va n = 10 orqali topishimiz mumkin:

xi = 0 + (i * h)

Bu formuladan foydalanib, har bir xi qiymatini topamiz:

X1= 0 + (1 * 0.1) = 0.1
X2 = 0 + (2 * 0.1) = 0.2
X3 = 0 + (3 * 0.1) = 0.3
X4 = 0 + (4 * 0.1) = 0.4
X5 = 0 + (5 * 0.1) = 0.5
X6 = 0 + (6 * 0.1) = 0.6
X7 = 0 + (7 * 0.1) = 0.7
X8 = 0 + (8 * 0.1) = 0.8
X9= 0 + (9 * 0.1) = 0.9
X10 = 0 + (10 * 0.1) = 1.0

Natijada xi qiymatlari quyidagi bo'lishi kerak:

xi = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0


1. x0= 0.0, y0= 0.000000

2. x1= 0.1, y1= y0+ 0.1 * (2 * 0.1 * (e^(-0.1)) - yi)
3. x2 = 0.2, y2= y1+ 0.1 * (2 * 0.2 * (e^(-0.2)) - yi)
4. x3 = 0.3, y3 = y2 + 0.1 * (2 * 0.3 * (e^(-0.3)) - yi)
5. x4= 0.4, y4 = y3 + 0.1 * (2 * 0.4 * (e^(-0.4)) - yi)
6. x5 = 0.5, y5 = y4 + 0.1 * (2 * 0.5 * (e^(-0.5)) - yi)
7. x6= 0.6, y6= y5 + 0.1 * (2 * 0.6 * (e^(-0.6)) - yi)
8. x7= 0.7, y7= y6+ 0.1 * (2 * 0.7 * (e^(-0.7)) - yi)
9. x8 = 0.8, y8 = y7 + 0.1 * (2 * 0.8 * (e^(-0.8)) - yi)
10. x9= 0.9, y9 = y8 + 0.1 * (2 * 0.9 * (e^(-0.9)) - yi)
11. x10 = 1.0, y10 = y9 + 0.1 * (2 * 1.0 * (e^(-1.0)) - yi)


yi = 0.000000, 0.020000, 0.057200, 0.111368, 0.181207, 0.264531, 0.359233, 0.462315, 0.570897, 0.681200, 0.789649


|   xi   |       yi       |  h * f(xi, yi)  |
|--------|----------------|----------------|
|  0.0   |    0.000000    |    0.000000    |
|  0.1   |    0.020000    |   -0.002000    |
|  0.2   |    0.057200    |   -0.005894    |
|  0.3   |    0.111368    |   -0.011146    |
|  0.4   |    0.181207    |   -0.018289    |
|  0.5   |    0.264531    |   -0.028507    |
|  0.6   |    0.359233    |   -0.043323    |
|  0.7   |    0.462315    |   -0.064267    |
|  0.8   |    0.570897    |   -0.093871    |
|  0.9   |    0.681200    |   -0.135276    |
|  1.0   |    0.789649    |   -0.193877    |

16
Quyidagi Koshi masalalarini Eyler usulida yeching(n=10; h=0.1).

{y_1=y_1-2y_2-1.       {y1(0)=1
{y_2=y_1+y_2-3x+1.  {y2(0)=-1




Namuna: ushbu formulalardan foydalanamiz

{y'=f_1(x,y,z)    y(x_0)=y_0
{z'=f_2(x,y,z)    z(x_0)=z_0

{y_(i+1)=y_i+Δy_i,   Δy_i=hf(xi,yi,zi)}
{z_(i+1)=z_i+Δz_i,   Δz_i=hf(xi,yi,zi)}

y1=y0+hf(x0,y0,z0)
z1=z0+hf(x0,y0,z0)
y2=y1+hf(x0,y0,z0)        


----------------------------------‐----------------------------------------------------------

x0 = 0
y1(0) = 1
y2(0) = -1
h = 0.1

x1 = x0 + 1 * h = 0 + 1 * 0.1 = 0.1
x2 = x0 + 2 * h = 0 + 2 * 0.1 = 0.2
x3 = x0 + 3 * h = 0 + 3 * 0.1 = 0.3
x4 = x0 + 4 * h = 0 + 4 * 0.1 = 0.4
x5 = x0 + 5 * h = 0 + 5 * 0.1 = 0.5
x6 = x0 + 6 * h = 0 + 6 * 0.1 = 0.6
x7 = x0 + 7 * h = 0 + 7 * 0.1 = 0.7
x8 = x0 + 8 * h = 0 + 8 * 0.1 = 0.8
x9 = x0 + 9 * h = 0 + 9 * 0.1 = 0.9
x10 = x0 + 10 * h = 0 + 10 * 0.1 = 1.0

x1 = 0.1
x2 = 0.2
x3 = 0.3
x4 = 0.4
x5 = 0.5
x6 = 0.6
x7 = 0.7
x8 = 0.8
x9 = 0.9
x10 = 1.0    


1. qadam:
x_0 = 0
y_0 = 1
z_0 = -1

y_1 = y_0 + h * f_1(x_0, y_0, z_0)
z_1 = z_0 + h * f_2(x_0, y_0, z_0)



y_1 = y_0 + h * (y_0 - 2 * z_0 - 1)
z_1 = z_0 + h * (y_0 + z_0 - 3 * x_0 + 1)

y_1 = 1 + 0.1 * (1 - 2 * (-1) - 1) = 1 + 0.1 * (1 + 2 - 1) = 1 + 0.1 * 2 = 1.2
z_1 = -1 + 0.1 * (1 + (-1) - 3 * 0 + 1) = -1 + 0.1 * (1 - 1) = -1

2. qadam:
x_1 = x_0 + h = 0 + 0.1 = 0.1
y_1 = 1.2
z_1 = -1

y_2 = y_1 + h * f_1(x_1, y_1, z_1)
z_2 = z_1 + h * f_2(x_1, y_1, z_1)

y_2 = 1.2 + 0.1 * (1.2 - 2 * (-1) - 1) = 1.2 + 0.1 * (1.2 + 2 - 1) = 1.2 + 0.1 * 2.2 = 1.42
z_2 = -1 + 0.1 * (1.2 + (-1) - 3 * 0.1 + 1) = -1 + 0.1 * (1.2 - 1.3) = -1 + 0.1 * (-0.1) = -1 - 0.01 = -1.01

3. qadam:
x_2 = x_1 + h = 0.1 + 0.1 = 0.2
y_2 = 1.42
z_2 = -1.01

y_3 = y_2 + h * f_1(x_2, y_2, z_2)
z_3 = z_2 + h * f_2(x_2, y_2, z_2)

3. qadam:
x_2 = 0.2
y_2 = 1.42
z_2 = -1.01

y_3 = y_2 + h * f_1(x_2, y_2, z_2)
z_3 = z_2 + h * f_2(x_2, y_2, z_2)

y_3 = 1.42 + 0.1 * (1.42 - 2 * (-1.01) - 1) = 1.42 + 0.1 * (1.42 + 2.02 - 1) = 1.42 + 0.1 * 2.44 = 1.664
z_3 = -1.01 + 0.1 * (1.42 + (-1.01) - 3 * 0.2 + 1) = -1.01 + 0.1 * (1.42 - 1.81) = -1.01 + 0.1 * (-0.39) = -1.01 - 0.039 = -1.049

4. qadam:
x_3 = 0.3
y_3 = 1.664
z_3 = -1.049

y_4 = y_3 + h * f_1(x_3, y_3, z_3)
z_4 = z_3 + h * f_2(x_3, y_3, z_3)

y_4 = 1.664 + 0.1 * (1.664 - 2 * (-1.049) - 1) = 1.664 + 0.1 * 

(1.664 + 2.098 - 1) = 1.664 + 0.1 * 2.762 = 1.94
z_4 = -1.049 + 0.1 * (1.664 + (-1.049) - 3 * 0.3 + 1) = -1.049 + 0.1 * (1.664 - 1.949) = -1.049 + 0.1 * (-0.285) = -1.049 - 0.0285 = -1.0775

5. qadam:
x_4 = 0.4

y_4 = 1.94
z_4 = -1.0775

y_5 = y_4 + h * f_1(x_4, y_4, z_4)
z_5 = z_4 + h * f_2(x_4, y_4, z_4)

y_5 = 1.94 + 0.1 * (1.94 - 2 * (-1.0775) - 1) = 1.94 + 0.1 * (1.94 + 2.155 - 1) = 1.94 + 0.1 * 3.095 = 2.2495
z_5 = -1.0775 + 0.1 * (1.94 + (-1.0775) - 3 * 0.4 + 1) = -1.0775 + 0.1 * (1.94 - 1.6775) = -1.0775 + 0.1 * 0.2625 = -1.0775 + 0.02625 = -1.05125

6. qadam:
x_5 = 0.5
y_5 = 2.2495
z_5 = -1.05125

y_6 = y_5 + h * f_1(x_5, y_5, z_5)
z_6 = z_5 + h * f_2(x_5, y_5, z_5)

y_6 = 2.2495 + 0.1 * (2.2495 - 2 * (-1.05125) - 1) = 2.2495 + 0.1 * (2.2495 + 2.1025 - 1) = 2.2495 + 0.1 * 3.3525 = 2.58475
z_6 = -1.05125 + 0.1 * (2.2495 + (-1.05125) - 3 * 0.5 + 1) = 

-1.05125 + 0.1 * (2.2495 - 2.05125) = -1.05125 + 0.1 * 0.19825 = -1.05125 + 0.019825 = -1.031425

7. qadam:
x_6 = 0.6
y_6 = 2.58475

z_6 = -1.031425

y_7 = y_6 + h * f_1(x_6, y_6, z_6)
z_7 = z_6 + h * f_2(x_6, y_6, z_6)

y_7 = 2.58475 + 0.1 * (2.58475 - 2 * (-1.031425) - 1) = 2.58475 + 0.1 * (2.58475 + 2.06285 - 1) = 2.58475 + 0.1 * 3.6476 = 2.949215
z_7 = -1.031425 + 0.1 * (2.58475 + (-1.031425) - 3 * 0.6 + 1) = -1.031425 + 0.1 * (2.58475 - 2.431425) = -1.031425 + 0.1 * 0.153325 = -1.031425 + 0.0153325 = -1.0160925

8. qadam:
x_7 = 0.7
y_7 = 2.949215
z_7 = -1.0160925

y_8 = y_7 + h * f_1(x_7, y_7, z_7)
z_8 = z_7 + h * f_2(x_7, y_7, z_7)

y_8 = 2.949215 + 0.1 * (2.949215 - 2 * (-1.0160925) - 1) = 2.949215 + 0.1 * (2.949215 + 2.032185 - 1) = 2.949215 + 0.1 * 4.9814 = 3.447355
z_8 = -1.0160925 + 0.1 * (2.949215 + (-1.0160925) - 3 * 0.7 + 

1) = -1.0160925 + 0.1 * (2.949215 - 2.7160925) = -1.0160925 + 0.1 * 0.2331225 = -1.0160925 + 0.02331225 = -0.99278025

9. qadam:
x_8 = 0.8

y_8 = 3.447355
z_8 = -0.99278025

y_9 = y_8 + h * f_1(x_8, y_8, z_8)
z_9 = z_8 + h * f_2(x_8, y_8, z_8)

y_9 = 3.447355 + 0.1 * (3.447355 - 2 * (-0.99278025) - 1) = 3.447355 + 0.1 * (3.447355 + 1.9855605 - 1) = 3.447355 + 0.1 * 4.432


   
| i  |   xi  |   yi      |   zi           |   h * f(xi, yi, zi)   |
| 0 | 0    | 1         | -1            | -0.1                     |
| 1 | 0.1| 0.9      | -0.8         | -0.175                 |
| 2 | 0.2| 0.725  | -0.625    | -0.2475               |
| 3 | 0.3| 0.5005 | -0.378   | -0.31785            |
| 4 | 0.4| 0.2235 | -0.0785 | -0.380175          |
| 5 | 0.5|-0.1545 | 0.3945  | -0.429975          |
| 6 | 0.6|-0.6955 | 1.0865.  | -0.458775          |
| 7 | 0.7|-1.3905 | 1.9815.  | -0.453525          |
| 8 | 0.8|-2.243  | 3.1115.   | -0.392025          |
| 9 | 0.9|-3.2565 | 4.5115.  | -0.242925          |
|10 | 1.0|-4.4375 | 6.2215  | -0.0                     |

Quyidagi Koshi masalalarini Eyler usulida yeching(n=10; h=0.1).

{ y_1=2(y_2-1)         {y_1(0)=0
{y_2=-y_1+xy_2+1     {y_2(0)=2
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Namuna: ushbu formulalardan foydalaning

{y'=f_1(x,y,z)    y(x_0)=y_0
{z'=f_2(x,y,z)    z(x_0)=z_0

{y_(i+1)=y_i+Δy_i,   Δy_i=hf(xi,yi,zi)}
{z_(i+1)=z_i+Δz_i,   Δz_i=hf(xi,yi,zi)}

y1=y0+hf(x0,y0,z0)
z1=z0+hf(x0,y0,z0)


y2=y1+hf(x0,y0,z0)             
------------------------------------------------------------------



Qadam 1:
x₁ = x₀ + h = 0 + 0.1 = 0.1
y₁ = y₀ + h * f₁(x₀, y₀, z₀) = 0 + 0.1 * (0 - 2*0 + 2*0 + 1) = 0 + 0.1 * 1 = 0.1
z₁ = z₀ + h * f₂(x₀, y₀, z₀) = 0 + 0.1 * (-2*0 + 0 - 0 - 1) = 0 + 0.1 * (-1) = -0.1

Qadam 2:
x₂ = x₁ + h = 0.1 + 0.1 = 0.2

y₂ = y₁ + h * f₁(x₁, y₁, z₁) = 0.1 + 0.1 * (0.1 - 2*(-0.1) + 2*0.1 + 1) = 0.1 + 0.1 * (0.1 + 0.2 + 0.2 + 1) = 0.1 + 0.1 * 1.5 = 0.25
z₂ = z₁ + h * f₂(x₁, y₁, z₁) = -0.1 + 0.1 * (-2*0.1 + (-0.1) - 0.1 - 1) = -0.1 + 0.1 * (-0.2 - 0.1 - 0.1 - 1) = -0.1 + 0.1 * (-1.4) = -0.24

Qadam 3:
x₃ = x₂ + h = 0.2 + 0.1 = 0.3
y₃ = y₂ + h * f₁(x₂, y₂, z₂) = 0.25 + 0.1 * (0.2 - 2*(-0.24) + 2*0.2 + 1) = 0.25 + 0.1 * (0.2 + 0.48 + 0.4 + 1) = 0.25 + 0.1 * 2.08 = 0.458
z₃ = z₂ + h * f₂(x₂, y₂, z₂) = -0.24 + 0.1 * (-2*0.25 + (-0.24) - 0.2 - 1) = -0.24 + 0.1 * (-0.5 - 0.24 - 0.2 - 1) = -0.24 + 0.1 * (-1.94) = -0.434

Qadam 4:

x₄ = x₃ + h = 0.3 + 0.1 = 0.4
y₄ = y₃ + h * f₁(x₃, y₃, z₃) = 0.458 + 0.1 * (0.3 - 2*(-0.434) + 2*0.3 + 1) = 0.458 + 0.1 * (0.3 + 0.868 + 0.6 + 1) = 0.458 + 0.1 * 2.768 = 0.7358
z₄ = z₃ + h * f₂(x₃, y₃, z₃) = -0.434 + 0.1 * (-2*0.458 + (-0.434) - 0.3 - 1) = -0.434 + 0.1 * (-0.916 - 0.434 - 0.3 - 1) = -0.434 + 0.1 * (-2.65)

Qadam 5:
x₅ = x₄ + h = 0.4 + 0.1 = 0.5
y₅ = y₄ + h * f₁(x₄, y₄, z₄) = 0.7358 + 0.1 * (0.4 - 2*(-0.434) + 2*0.4 + 1) = 0.7358 + 0.1 * (0.4 + 0.868 + 0.8 + 1) = 0.7358 + 0.1 * 3.068 = 1.0428
z₅ = z₄ + h * f₂(x₄, y₄, z₄) = -0.434 + 0.1 * (-2*0.7358 + (-0.434) 

- 0.4 - 1) = -0.434 + 0.1 * (-1.4716 - 0.434 - 0.4 - 1) = -0.434 + 0.1 * (-3.3056) = -0.7644

Qadam 6:
x₆ = x₅ + h = 0.5 + 0.1 = 0.6
y₆ = y₅ + h * f₁(x₅, y₅, z₅) = 1.0428 + 0.1 * (0.5 - 2*(-0.7644) + 2*0.5 + 1) = 1.0428 + 0.1 * (0.5 + 1.5288 + 1 + 1) = 1.0428 + 0.1 * 4.0288 = 1.4458
z₆ = z₅ + h * f₂(x₅, y₅, z₅) = -0.7644 + 0.1 * (-2*1.0428 + (-0.7644) - 0.5 - 1) = -0.7644 + 0.1 * (-2.0856 - 0.7644 - 0.5 - 1) = -0.7644 + 0.1 * (-4.3496) = -1.1994

Qadam 7:
x₇ = x₆ + h = 0.6 + 0.1 = 0.7
y₇ = y₆ + h * f₁(x₆, y₆, z₆) = 1.4458 + 0.1 * (0.6 - 2*(-1.1994) + 2*0.6 + 1) = 1.4458 + 0.1 * (0.6 + 2.3988 + 1.2 + 1) = 1.4458 + 

0.1 * 5.1988 = 1.9658
z₇ = z₆ + h * f₂(x₆, y₆, z₆) = -1.1994 + 0.1 * (-2*1.4458 + (-1.1994) - 0.6 - 1) = -1.1994 + 0.1 * (-2.8916 - 1.1994 - 0.6 - 1) = -1.1994 + 0.1 * (-5.6916) = -1.7684

Qadam 8:
x₈ = x₇ + h = 0.7 + 0.1 = 0.8
y₈ = y₇ + h * f₁(x₇, y₇, z₇) = 1.9658 + 0.1 * (0.7 - 2*(-1.7684) + 2*0.7 + 1) = 1.9658 + 0.1 * (0.7 + 3.5368 + 1.4 + 1) = 1.9658 + 0.1 * 6.6368 = 2.6294
z₈ = z₇ + h * f₂(x₇, y₇, z₇) = -1.7684 + 0.1 * (-2*1)

|i  | xi  | yi        | zi         | h * f₁(xi, yi, zi)      | h * f₂(xi, yi, zi) |
------------------------------------------------------------------------
|0 | 0  | 0           | 1            |         -2              |        -1             |
|1 | 0.1| -0.2      | 0.8        |        -0.56         |       -0.9            |
|2 | 0.2| -0.68    | 0.42       |       -0.504       |      -0.616         |
|3 | 0.3| -1.208   | 0.128    |       -0.3436.     |      -0.5728      |
|4 | 0.4| -1.7392  | -0.24    |       -0.4188     |      -0.4008       |
|5 | 0.5| -2.2792  | -0.76    |       -0.4452     |      -0.3272       |
|6 | 0.6| -2.8112  | -1.304   |       -0.406      |      -0.2996       |
|7 | 0.7| -3.3276  | -1.876   |       -0.3616     |      -0.2828       |
|8 | 0.8| -3.8212  | -2.4784  |       -0.3208     |      -0.2692       |
|9 | 0.9| -4.2856  | -3.1136  |       -0.2832     |      -0.2568       |
|10| 1  | -4.7152  | -3.784   |       -0.23456.   |     - 0.3442.      |



Quyidagi Koshi masalalarini Eyler usulida yeching(n=10; h=0.1).

{ y_1=2(y_2-1)         {y_1(0)=0
{y_2=-y_1+xy_2+1     {y_2(0)=2
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Namuna: ushbu formulalardan foydalaning

{y'=f_1(x,y,z)    y(x_0)=y_0
{z'=f_2(x,y,z)    z(x_0)=z_0

{y_(i+1)=y_i+Δy_i,   Δy_i=hf(xi,yi,zi)}
{z_(i+1)=z_i+Δz_i,   Δz_i=hf(xi,yi,zi)}

y1=y0+hf(x0,y0,z0)
z1=z0+hf(x0,y0,z0)

y2=y1+hf(x0,y0,z0)

--------------------------------------------------------------

Boshlang'ich qiymatlar: y_0 = 0, z_0 = 2
Interval: h = 0.1
 soni: n = 10

Natijalarni hisoblash uchun formulalarni foydalanamiz:

1. y_1 ni hisoblash:
   Δy_0 = h * f_1(x_0, y_0, z_0) = 0.1 * 2(0 - 1) = -0.2
   y_1 = y_0 + Δy_0 = 0 + (-0.2) = -0.2

   Δz_0 = h * f_2(x_0, y_0, z_0) = 0.1 * (-0 - 0 * 0 + 1) = 0.1
   z_1 = z_0 + Δz_0 = 2 + 0.1 = 2.1

2. y_2 ni hisoblash:
   Δy_1 = h * f_1(x_1, y_1, z_1) = 0.1 * 2(-0.2 - 1) = -0.44
   y_2 = y_1 + Δy_1 = -0.2 + (-0.44) = -0.64

   Δz_1 = h * f_2(x_1, y_1, z_1) = 0.1 * (-(-0.2) + 0.1 * (-0.2) + 1) = 0.118
   z_2 = z_1 + Δz_1 = 2.1 + 0.118 = 2.218


3. y_3 ni hisoblash:
   Δy_2 = h * f_1(x_2, y_2, z_2) = 0.1 * 2(-0.64 - 1) = -0.328
   y_3 = y_2 + Δy_2 = -0.64 + (-0.328) = -0.968

   Δz_2 = h * f_2(x_2, y_2, z_2) = 0.1 * (-(-0.64) + 0.2 * (-0.64) + 

1) = 0.2432
   z_3 = z_2 + Δz_2 = 2.218 + 0.2432 = 2.4612

4. y_4 ni hisoblash:
   Δy_3 = h * f_1(x_3, y_3, z_3) = 0.1 * 2(-0.968 - 1) = -0.3936
   y_4 = y_3 + Δy_3 = -0.968 + (-0.3936) = -1.3616

   Δz_3 = h * f_2(x_3, y_3, z_3) = 0.1 * (-(-0.968) + 0.3 * (-0.968) + 1) = 0.2808
   z_4 = z_3 + Δz_3 = 2.4612 + 0.2808 = 2.742

5. y_5 ni hisoblash:
   Δy_4 = h * f_1(x_4, y_4, z_4) = 0.1 * 2(-1.3616 - 1) = -0.67232
   y_5 = y_4 + Δy_4 = -1.3616 + (-0.67232) = -2.03392

   Δz_4 = h * f_2(x_4, y_4, z_4) = 0.1 * (-(-1.3616) + 0.4 * (-1.3616) + 1) = 0.64416
   z_5 = z_4 + Δz_4 = 2.742 + 0


6. y_6 ni hisoblash:
   Δy_5 = h * f_1(x_5, y_5, z_5) = 0.1 * 2(-2.03392 - 1) = -0.606784

   y_6 = y_5 + Δy_5 = -2.03392 + (-0.606784) = -2.640704

   Δz_5 = h * f_2(x_5, y_5, z_5) = 0.1 * (-(-2.03392) + 0.5 * (-2.03392) + 1) = 0.81696
   z_6 = z_5 + Δz_5 = 2.742 + 0.81696 = 3.55896

7. y_7 ni hisoblash:

   Δy_6 = h * f_1(x_6, y_6, z_6) = 0.1 * 2(-2.640704 - 1) = -0.7281408
   y_7 = y_6 + Δy_6 = -2.640704 + (-0.7281408) = -3.3688448

   Δz_6 = h * f_2(x_6, y_6, z_6) = 0.1 * (-(-2.640704) + 0.6 * (-2.640704) + 1) = 0.9084224
   z_7 = z_6 + Δz_6 = 3.55896 + 0.9084224 = 4.4673824

8. y_8 ni hisoblash:
   Δy_7 = h * f_1(x_7, y_7, z_7) = 0.1 * 2(-3.3688448 - 1) = -0.87376896
   y_8 = y_7 + Δy_7 = -3.3688448 + (-0.87376896) = -4.24261376

   Δz_7 = h * f_2(x_7, y_7, z_7) = 0.1 * (-(-3.3688448) + 0.7 * (-3.3688448) + 1) = 0.99339168
   z_8 = z_7 + Δz_7 = 4.4673824 + 0.99339168 = 5.46077408

9. y_9 ni hisoblash:
   Δy_8 = h * f_1(x_8, y_8, z_8) = 0.1 * 2(-4.24261376 - 1) = -1.048522752
   y_9 = y_8 + Δy_8 = -4.24261376 + (-1.048522752) = 

-5.291136512

   Δz_8 = h * f_2(x_8, y_8, z_8) = 0.1 * (-(-4.24261376) + 0.8 * (-4.24261376) + 1) = 1.061019904
   z_9 = z_8 + Δz_8 = 5.46077408 + 1.061019904 = 6.521794984

10. y_10 ni hisoblash:

    Δy_9 = h * f_1(x_9, y_9, z_9) = 0.1 * 2(-5.291136512 - 1) = -1.0582273024
    y_10 = y_9 + Δy_9 = -5.291136512 + (-1.0582273024) = -6.3493638144

    Δz_9 = h * f_2(x_9, y_9, z_9) = 0.1 * (-(-5.291136512) + 0.9 * (-5.291136512) + 1) = 1.1169720096
    z_10 = z_9 + Δz_9 = 6.521794984 + 1.1169720096 = 7.6387669936


|i |   xi     |   yi                |   zi        |   f(xi, yi, zi)                            |
--------------------------------------------------------------------------------------------
|0 |   0    |   0               |   2              |   2                                     |
|1 |   0.1  |   0.4          |   2.3             |   1.76                                |
|2 |   0.2  |   0.92        |   2.56            |   1.3424                            |
|3 |   0.3  |   1.448      |   2.808          |   0.933312                         |
|4 |   0.4  |   1.9928    |   3.0616       |   0.59443264                     |
|5 |   0.5  |   2.56304   |   3.32576.   |   0.3046055424                   |
|6 |   0.6  |   3.167536  |   3.607136 |   0.047820154624             |
|7 |   0.7  |   3.8148848 |   3.9118496|  -0.1264233140736        |

|8 |   0.8  |   4.5158672 |   4.2460344|  -0.283519129289472   |
|9 |   0.9  |   5.2822032 |   4.6166376|  -0.422821225475072   |
|10|   1.0  |   6.1278432 |   5.0313016|  -0.547023635107328   |


DASTURINI TUZISH

Quyidagi Koshi masalalarini Eyler usulida yeching (n=10; h=0.1).


y’=x+1-y,      y(0)=1

-----------------------------------------------------------
import numpy as np
import matplotlib.pyplot as plt

def euler_method(f, x0, y0, h, n):
    x = np.zeros(n+1)
    y = np.zeros(n+1)

    x[0] = x0
    y[0] = y0

    for i in range(n):
        y[i+1] = y[i] + h * f(x[i], y[i])
        x[i+1] = x[i] + h

    return x, y

# Differensial tenglama: y' = x + 1 - y
def f(x, y):
    return x + 1 - y

# Boshlang'ich qiymatlar
x0 = 0
y0 = 1

# Chegaralar

h = 0.1  # Qadam hajmi
n = 10   # Umumiy qadamlar soni

# Euler metodi orqali yechish
x, y = euler_method(f, x0, y0, h, n)

# Natijalarni chizish
plt.plot(x, y, 'r-o')
plt.xlabel('x')
plt.ylabel('y')
plt.title("Koshi masalasining Euler metodi orqali yechilishi")
plt.grid(True)
plt.show()

-----------------------------------------------------------
[image: image1701275511214.png]
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