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Teylor va Makloren qatorlari. Darajali gatorning taqribiy
hisoblashlarga tatbiqi

Ma’lumki, [3,7§,95-97b] f(x) funksiya x = @ nuqta atrofida (»+1)-tartibgacha barcha
hosilalarga ega bo’lsa, bu funksiya uchun quyidagi formula o’rinli edi:
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f@) = fla)+== T 2@+t fO @) R, (1) ()

Bunda R (x) - qoldiq had bo’lib,
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Agar f(x) funksiya x = a nuqta atrofida istalgan tartibli hosilalarga ega bo’lsa, (1) tenglikda
n — oo da limitga o’tsak, lim R, (x) =0 bo’lganidan

" (a+0(x=a)), 0<0<l (2)
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Qator hosil bo’ladi va bu qatorga Teylor qatori deyiladi.
Xususiy holda a =0 bo’lsa,

1(0)+ T (O) f”p(o) X +....+%@x" + s “4)

Qator hosil bo’ladi va bu qatorga Makloren qatori deyiladi.

f(x)=

Endi ko’p uchraydigan ba’zi elementar funksiyalarning darajali qatorlarga yoyilmalarini
keltiramiz, [3, 129§, 188 b].
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I'eylor va Makloren qatorlari. Darajali qatorning taqribiy
hisoblashlarga tatbiqi

F{x) funksiva x==qa nuqta atrofida (i + 1)-tartibgacha barcha

Ma'lumki. 3,78, 93-97 b}
hosilalarga cga bo’lsa, bu funksiva uchun quyidagl formula o’rinli edi

Flay+: --i—”—f’(a)wf Jl-w’i?-lf“”(a) R {x) (1)
.

Slx) =

Bunda R (x) - goldiq had bo’lib,

{x--a) 3 f‘u,«m(a +8(x~a). 0<0<l (2)

R {x) R
(7 I}
lalarga ega bo'lsa, (1) tenglikda

a mugta atrofida istalgan tartibli hosi

Agar f(x) funksiya x =
lim R, (x)=0 bo’lganidan

7> o da limitga o'tsak.

~ I fa}
f(‘) —ay+d 2f“)(xma)’ . +Jm....§ml(r & e (3)

Fixy - flay+: (x
Qator hosil bo'ladi va bu gatorga Teylor gatori deyiladi

Xususiy holda ¢ =0 bo’lsa,

i Y ey
o 1 L O SO “

Qator hosil bo’ladi va bu qatorga Makloren qat{)ri deyiladi
valarning darajali qatorlarga vovilmalarini

Endi ko'p uchraydigan ba’zi elementar funksi
keltiramiz, |3, 1208, 188 b].
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Endi darajali gatorni tagribiy hisoblashga tatbigini o’rganamiz. Masalan, x = x, nugtada
v f{x) funksivaning qiymatini aniq hisoblab bo’lmasa, darajali qator yordamida uning
givmatini istalgancha aniglikda hisoblash mumkin. Agar /(x) funksiva x ning darajalari
bo yicha gatorga voyilgan bo’lsa, funksivaning biror x = x, nuqladagi qiymatini wpish uchun:

1y 5, L a,xt topiladi;  2) R =S-~Sn qoldiq baholanadi.

Agar absolvut hato d =

1 . . . 1 - . "
A~ c:[ < —-— bo’lsa, ¢ soni 4 ning — gacha aniglikdagi taqribiy
}‘ Ou ] G/E & "

givmati bo'ladi. Xuddi shuningdek, aniq integraln tagriban hisoblash talab gilinsa. mtegral
ostidagt funksiya darajali gatorga yvoyiladi va so'ngra integrallanadi. Differensial tenglamalami
ham darajali qator vordamida tagribiy vechishni topish mumkin bo’ladi.

MISOLLAR:
1) Inkl ni 0.0001 gacha aniglikda hisoblang.

2) " ni 0,001 gacha aniqlikda hisoblang,

3) V130 ni 0.0001 gacha aniglikda tagribiy hisoblang.



8 : X =X %,\”S -X XA
Ty
: 1 x' 13.x7 1:3.5.x0
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Endi darajali gatorni tagribiy hisoblashga tatbigini o’rganamiz. Masalan, x = x, nuqgtada
¥ = f{x) (unksivaning giymatini aniq hisoblab bo’Imasa. darajali qator yordamida uning
glvmatini istalgancha aniglikda hisoblash mumkin. Agar f(x) funksiva x ning darajalan

bo’vicha gatorga yovilgan bo'lsa. funksivaning biror x = x, nugtadagi giymatint topish uchun:

1y S, Z a xi topiladi; 2y R, =S- Sk goldiq baholanadi.
i

. 1 . . . 1 . . o
Agar absolvut hato ¢ = IA-.:J\ < T bo'lsa, asoni A ning ——- gacha anighkdagi tagribiy

¢iymati bo'ladi. Xuddi shuningdek, aniq integralni tagriban hisoblash talab qilinsa. integral
ostidagi funksiva darajali qatorga voyiladi va so'ngra integrallanadi. Differensial tenglamalarni
ham darajali qator yordamida tagribly yechishni topish mumkin bo’ladi.
MISOLLAR:
D) Intl ni 0.0001 gacha aniglikda husoblang.
2) ¢! ni 0.001 gacha aniglikda hisoblang.
3y Y130 pi 0.0001 gacha aniglikda tagribiy hisoblang.



4} e ni 0.00001 gacha aniglikda hisoblang.

5) - ni 0.00001 gacha apiglikda hisoblang.
Ve
6) cosi8" ni 0,0001 gacha aniglikda hisoblang.
7y In1.04 ni 0. 0001 gacha aniglikda hisoblang.
8) To'g'ri burchakli uchburchakni katetlari 1 sm va 5 sm. ga teng. Kichik katet qarshisidagi

burdﬂkni (1,001 radian aniglikda hisoblang.

N j Lot integralni 0,0001 aniglikgacha hisoblang,

{1

103 f (},', \ dx integralni 0,001 aniglikgacha hisoblang,

Yechish: 1) 168 dagi 6) formulaga asosan

3 I

g+ x)cx - X - X - (=) b —~1€xgl
2 3 n
v e (0,1 desak

Mt I+ 0. = 0,1 - (07”_ SO ey O

4 2 1

0.1y 0.0001
Hosil bo'lgan sonli gator ishorasi navhatanuvchi gator bo’lib. { 4) 1—7—4 - (0,000

bo’lganidan

(
ntdl=01 001 0 001

2 3

= (0,953, ya'ni Inll=0,0953

2)e¢” ni 0,001 aniglikda hisoblaymiz; 17 § dagi 1) formulaga asosan

2 Lt U

. R X x' ,
et b T e ke RE{x), RR(x) =8 O < x
2 (;f~ ! a7

0.t

v (L deb olsak, ef <e’ <e <3 bo’lganidan

R, (x)- i(;’N o< 0.001 tengsizlik » = 3 bo’lganda bajariladi, ya'ni e* funksivaning Maklaren
#!

formulasiga yovilmasiga uchta hadnt olish kifoya. va'ni

((m U

SN IR bot

2

=114 = 1,005; e % 1,103

3) 4130 ni 0,0001 aniglikda taqriban hisoblaymiz.
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4y e ni 0.00001 gacha aniglikda hisoblang.

53 P
N

6) cos18” ni 0,0001 gacha aniglikda hisoblang.

7y InL04 m @, 0001 gacha aniglikda hisoblang.

8) To'o'ri burchakii uchburchakni katetlari 1 sm va 3 sm. ga teng. Kichik katet garshisidagl
burdmi\ni (.001 radian aniqlikda hisoblang.

ni 0.00001 gacha aniglikda hisoblang.

9) _l. il integralni 0,0001 aniglikgacha hisoblang.

0.

10} J d\ mtegralni 0,001 aniglikgacha hisoblang.

Y CLhiSh. 1) 168§ dagi 6) formulaga asosan

2 3

IR0 X) = X e (1) x + -lsx<]
2 3 n
x:: 01 desak
Inll e gl + 0,1) = (Oml)“g Q.D_Um -+ (yml)”’i “(MOWIM)W i
2 3 n

" . . : . e (00700001
Hosil bo’lgan sonlt gator ishorasi navbatlanuvchi qgator bo’lib, W0

~ 0,0001
bo'lganidan

0.
Il =00 )70} --nguol 0,933, va'nt Inll=0,0953
2 3

2)e™' ni 0,001 aniglikda hisoblaymiz; 17 § dagi 1) formulaga asosan

. X X
e T o b e b Ri2(X Ru(x) =I5 0<F<x
no Gy R0 Rno =l 0

x - 0.1 debolsak. e <e® <e <3 bo'lganidan

~

R(x} - 10?‘ : < 0.001 tengsizlik n =3 bo’lganda bajariladi, va'ni e* funksivaning Maklaren
10" n!

formalasiga yoyilmasiga uchia hadni olish kifoya, ya'ni

2

01+ L 99 s et a0
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o8 L

3) 4130 ni 0,0001 aniglikda tagriban hisoblaymiz.
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n 1 ~deb Y130 ni quyidagicha ifodalaymiz;
2

130 V12505 = 3125014 -2y = 5(] 4 )3
A J \/ i g5 =20+ 5)

13u xolda

T | ‘
S CRL IETC)
Gt x) (Lrx)? =l sy 2Py 2 2 i yoki
3 2! 3!
: ) 2.5
0+ I‘;)KWH 1»“ 1-2 4 112
25 3-25 372125y 37.3125)°

Bu sonli gatorning to'rtinchi hadi
ni 0,0001 aniglikda hisoblash uchun

1.2.5 _ R
LT _} < 0,0001 bo’lganidan \/1 T
31.31(25)° 81625 25

gatorning uchta hadini olish kifova ekan.

Hagiqatdan

e (. 1.2
V130 = 5(1 4 -2 =501+ L ez T Y 2 5 40,0667 — 0,0009 = 5.0658:
25 3.25 3%.2105°

ya'ni 4130 =5.0658

4)  Je 0,00001 aniglikda hisoblaymiz:

X
e 00 <X < oo

+
.....

12 1 1

]
vooo-desak, Ro<ooe
2 n2n 1 al2n 2n+d

n ni tanlash orgali £, < 0,00001 tengsizlik bajarilishini aniglaymiz. Masalan » == 3 bo’lsa.

t va 1 =06 bo'lsa

. 1 !
R, < e Agar pe= 5 bo'lsa R, <o
T 6-8-7 336 T 42240
i - - . ,
L . Demak, ve ni 0.00001 aniglikda hisoblash uchun » = 6 ta had

R() S e o T e -
64-720-13 100000
olish kerak eakn. ya™ni



e deb 130 ni quyidagicha ifodalaymiz:
b

1.1 11
! ;G- G2
(T ) (F1rx)? w1 oy b 2o x 4 2o eyt e yoki
2! 3
% - 2.5
S LIS P b .
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Bu sonli gatorning to'rtinchi hadi

2.5 1
,--1- “;? Lo ] - = 0.0001 bo lganidan Jl + "1":: ni .0001 aniglikda hisoblash uchun
3U31(25)° 81-625 V25
gatorning uchta hadini olish kifoya ekan.

Haqigatdan

L .2
150 = 501 4-3;1;)3 =501+ “?“]“5“5“ _,_N_;,_l_’;'_;_,___v_) 5+ 0,0667 - 0,0009 == 5.0658:
Fie d L 3” N ..-.m5

-

vani A/130 -35.0658

4)  Je 0,00001 aniglikda hisoblaymiz:
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T B e O e Tt ~0 <Y <D

] ‘ 1 1/2 1 1
x oo desak, R <o bl :
2 n2n - I n2n 2n+1

:’E

n ni tanlash orgqalil B, < 0,00001 tengsizlik bajarilishini aniglaymiz. Masalan »n - 3 bo'lsa.

S oo b .Agar n=5 bo’lsa R, <m,}mw va n =06 bo’lsa
6-8:-7 336 7 C 42240
1 |
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olish kerak cakn, ya'ni



f i 1 ] |
N T T . oo = L4 0,5 4+ 0,125+ 0,020833 + 0.002604
22t 32 4t st et

= 0,00026 + 0,000022 = 1,648719

Demak. e ning 0.00001 aniglik bilan hisoblangan qiymati Je = 1.64872.

5) 1, ning giymatini 0,00001 aniglikda tagriban hisoblaymiz;

e

P 1
ERPE ¢ o I o T v
o s sl

Hosil bo'lgan sonli gator ishorasi navbatlashuvehi gator bo’lib,
! 1 | . 1. : R i
R, e o - < 0.00001 bo'lganidan - ;= ning qivmatini 0.00001 aniglikda
S50 120-3125 375000 Ve
hisoblash uchun ishorasi navbatlashuvehi gatorning dastlabki beshta hadini olish kifoya ckan,
yvani

10,2 +0.02~-0,00133 +0,000067 = 0818734 .

6) cos]8’ ni 0,0001 aniglikda hisoblaymiz;

cosxy ] I S bo'lganidan x = 18" = ﬁ( 18" - bo’lganmdan
2046l 180°
; W 2 s \4 1 6
PO S A NS EA NS TE B
10 10 4010 6! 10
L 0.0009584 = 0.0000013 < 0.0001 bo’lganidan

ol L 10, 720

| 17 . . > > - - . - - n
cosl8” - 005»]6 ning qiymatini hisoblash uchun gator yoyilmasidan uch hadni olsak kifoyva

ckan.
T 7Y (Y ,
03142, (~) = {),0987, ;«-‘—«-J = (,0097 bo’lganidan
10 10 L 10
. jie
cos18" = 1 00;87 20 0097 = 09511, ya'ni cosI8" =0.9511]

7) In1.04ni 0,0001 aniglikda hisoblaymiz.,

- misolda Inl.l nitagriban hisoblagan edik.
In(1 + x) ni darajali qatorga yoyilmasini qo’lisak,
004) (0.04)  (0.04

INLO4 - IO+ 0.04 5 0,04 — == —+..voki
2 3 4



Lt L 4 054012540.020833 + 0.002604 ¢

Y 5 s e
- 0.00026 +0,000022 = 1.648719

Demak. e ning 0.00001 aniglik bilan hisoblangan givmat Ve = 1.64872.

5) jc ning giymatini 0,00001 aniglikda tagriban hisoblaymiz;
3 e N ai] -
Ae

Hosil bo lgan sonli gator ishorasi navbatlashuvehi gator bo lib,
I .
TR S Y < 0,00001 bo’lganidan \/ -ning qiymatng 0.00001 anighkda
¢

$5° 12003125 375000

R, oo
sh uchun ishorasi navbatlashuvchi gatorning dastlabki beshta hadini olish kifoya ekan

0

hisoblas
va'ni

} : ! =1 =02 +0,02--0.00133+0,000067 - 0.818734 .

1
. B P .f, . »'9 [N {
Ve 502650 35 4nst

6) cos18" ni 0,0001 aniglikda hisoblaymiz;
| 1\Jr bo’lganidan x=18" = . = ho lganidan
18() 10

2 \-i [}
10 2010/ 4010 &t 10

{ 6]
]} HW : 1 -0.0009584 = 0,0000013 < 0.0001 bo’lganidan
o 10 ) 720

T .
cos18" - cos--—ning qivmatini hisoblash uchun gator yoyilmasidan uch hadni olsak kifova

skan.
32 4

/ ()
Z03142. [’ﬂ = 0.0987 . wam
10, 1

C
00987, % 0.0097 = 0.9511, ya'ni

‘ = 0,0097 bo’lganidan

Y/
cos18” ~ 0,9511

cos 18" = [ ol

inl.04ni 0,0001 aniglikda hisoblaymiz.
I- misolda Inl.] ni tagriban hisoblagan edik.
in(l + x) m darajali gatorga voyvilmasini gqo’llsak.

3 4
L0 In()+ 0,04 = 0.04 - (. (14) (0"«?4),“-‘(0'(?) b . yoki

o)

7)

A



In1.04 =~ 0.04 ~0,0008 + 0,000021 - 0.00000064 +- ..

Bu verda gatorning uchinehi hadi 0.000021 <0.0001 bo’lganidan qatorni dastlabki ikki hadi
bilan chegaralanishi kifoya, va'ni

104 = 0,04 - 0,0008 = 0,0392 .

8) To'g'ri uchburchakning katetlari 1 smva 5 sm. ga teng. Kichik katet
qarshisidagi burchakni 0,001 radian aniglikda hisoblang.

[rigonometrik funksivaning w@'sifiga asosan /g = -

P

T4

: 1
voki o = arctg-- = arelg0.2.
3

X oox ]
FEIGX @3 X oo oo o o= -- = 02 0 desak,
5

43 S0y
arete,? = 0.2 - (O’:) 4 (O,_‘2) _0.2) 4

")
u
-~

n9 N
(Oﬂ) C0.000064 < 0,001 bo'lganidan, arcrg0,2 ni giymatini 0,001 aniglikda hisoblash
3

uchun qator yoyilmasida dastlabki ikki hadni olish kifoya gilar ekan, ya'ni

o aretg 0,2 = 0,2 - 90;9§ = (0,2 - 0.0026(6) = 0,197, «=0197
]
1,;"
-l/ 1 B COS X 0 N . - - » -
9) “""”"‘"\“”T‘““‘““ integrali 0,0001 aniglik bilan hisoblaymiz;
] :

2 1 6 1T ox oyt )
xT X X i .
Pl e e e (,T, ey e )
f-cosx N4 6l 24 o 1 x

o o
) D el e S bO ganidan
X X" x° 20400
'_E»Q |4 3 1 \ [ 3 h] BIE
l-cosx 1 x X | 1 by X . 1 1 1
[ 7 Ay j T e 1 e B e T | B bl s e
- X S 2t 4ot | 2! 3.4 5.6 220 275340 2754

=~ 0,25 0.0017 =0,2483.

Izoh, - . L s N m - L = (,0000086 < 0,0001 bo’lganidan hosil bo’lgan sonli
27.5.00 32.5-7200 115200 "
gatorni dastlabki ikki hadi bilan chegaralandik, bundan tashqari darajali gatorni integrallashda
darajali gatorni vaginlashish oralig’ida integrallash mumkinligi hagidagi teoremadan
foyvdalaniladi.

i



In1.04 = 0,04 - 0,0008 -+ 0,000021 - 0,00000064 +- ...
Bu verda gatorning uchinchi hadi 0,000021 <0.0001 bo’lganidan gatorni dastlabki ikki hadi
bilan chegaralanishi kifoya, ya'ni
11,04 = 0.04 - 0,0008 = 0,0392.

8)  To'g'ri uchburchakning katetlari 1 sm va 5 sm. ga teng. Kichik katet

garshisidagi burchakni 0,001 radian aniglikda hisoblang.
Frigonometrik funksivaning ta’rifiga asosan {go = -
5

. l
voki a = arclg - = arctg0,2 |
5

¥ oox x 1
areiex = x - L + \ﬂ Ll +o x == 02 desak,
3 5 7 5
0.2y (0.2 (0.2
arete 0\2 - 0‘2 (Q L,.}_‘_. +- (_Q;).m gO m2 4+
' 3 5 7

/) )
©2° 0,000064 < 0,001 bo’lganidan, arcig0,2 ni giymatini 0,007 aniglikda hisoblash

uchun gator vovilmasida dastlabki ikki hadni olish kifoya gilar ekan, ya'ni

@ arcig02 = 0,2 - »91295 = 0,2 0,0026(6) = 0,197, & =~ 0,197

2
i
’ ] ” COS x . - - . - a »
9) 3 integrali 0,0001 aniqlik bilan hisoblaymiz;
{
. xooxt A(E X " x J
e v L e “T.wm“"' 2[ 4; 6! " l,_z 3 4
lw A S, S < SO : LI S bo'lganidan
X X x° 204 4
1/ 1/ ) .
- 1-cosx 1 xl Xt S 1 1 1
Ay I ST TR £ )t E S R T e—— = . i
¥ R P TI U3 see | 2Tsea 275
= (12500017 - 0.2485.
! 1 ] . . . . .
Izoh. = w2 (0,0000086 < 00001 bo’lganidan hosil bo lgan sonli

2°.5.60 32-5.720 115200
gatorni dastlabki ikki hadi bilan chegaralandik, bundan tashqari darajali qatorni integrallashda
darajali qatorni vaginlashish oralig’ida integrallash mumkinligi haqgidagi teoremadan

fovdalanilaci.
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10) j -")i;i}-dx integralni 0,001 aniglikda hisoblaymiz.

bo lganidan

1 kS 2 3 2 3
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