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Annotatsiya

Nyuton-Rafson metodi, odatda bir o‘lchovli funktsiyaning ildizini topish uchun
ishlatiladi. Ammo, ba'zi hollarda funktsiyaning ildizlari bir necha marta takrorlanadi
(karrali ildizlar). Karrali ildizlar uchun Nyuton metodini ishlatishda, ildizning ko‘pligi
(ya'ni ildizning marta takrorlanishi) hisobga olinadi, chunki bu holatda funktsiyaning
o‘zgarishi va hosilasi normaldan farq qiladi.
Karrali ildizlar uchun Nyuton metodining asosiy farqi, ildizni hisoblash formulasi
bo‘yicha hosila va funktsiyaning o‘zgarishini karrali ildizning ko‘pligiga nisbatan

moslashtirishda yotadi.
Annotation

The Newton-Raphson method is typically used to find the roots of a single-
variable function. However, in some cases, the function's roots are repeated (multiple
roots). When using the Newton method for multiple roots, the multiplicity of the root
(i.e., how many times the root is repeated) must be taken into account, as in this case,

the behavior of the function and its derivatives differs from the usual case.
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The main difference for the Newton method when applied to multiple roots lies in
adjusting the formula for calculating the root by taking into account the multiplicity of
the root. Specifically, the function and its derivative are modified in relation to the

root's multiplicity.
AHHOTAIIUA

Meroa Hetotona-Padcona 0ObIMHO UCTIONB3YETCS AJI1 HAXOXKECHUSI KOPHEH
byHKIIMN ¢ ofgHOW mepeMeHHOW. OJHAKO B HEKOTOPBIX CIIydasx KOpPHH (yHKIUU
MOTYT OBITh KpaTHbIMU (TIOBTOpsitomMMucs). [lpu ucnonb3zoBanuu metona Herotona
JUTSI KPATHBIX KOPHEW HEOOXOIMMO YUUTBIBATh KPATHOCTh KOPHSI (TO €CTh, CKOJIBKO pa3
KOpPEHb MOBTOPSAETCS), IMOCKOJIBKY B 3TOM CiIy4yae NOBeAeHHE (QYHKUUU U €€
IIPOU3BOIHBIX OTIINYAETCS oT OOBIYHOTO ciryyvasi.
OcHoBHOE oTianuMe Meroda HbplOTOHA 11 KpaTHBIX KOPHEH 3akitoyaercs B
U3MEHEHUU (GOpMYJIbl ISl BBIYUCIEHHS KOPHS C YY€TOM KpPaTHOCTH KOPHSL.
KonkpeTHo, pyHKIMS U €€ TpOU3BOJHAS U3MEHSIOTCS B 3aBUCUMOCTH OT KpPaTHOCTHU

KOPHS.

Kalit so’zlar: Nyuton-Rafson Metodi,Karrali ildizlar,Funktsiya ildizi,Ko‘p

karra ildiz,Hosila

Keywords:  Newton-Raphson  method,Multiple  roots,Root of a

function,Multiple (repeated) root,Derivative

KiaroueBue caoBa: Meton Herotona-Padgcona,Kparusie kopau,Kopenb

GyHKIMH,MHOXECTBEHHBIN (MIOBTOPSIIOLIUICS) KOpEeHb,l [pon3BogHas

Dastlabki tushunchalar. Ushbu
f '(X) =0 (1)

chizigli bo’lmagan tenglamaning ildizi (ildizlarini) topish talab etiladi.
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Agar f (X) funksiya ko’phad bo’lsa, u holda (1) tenglama n-darajali algebraik

tenglama deb ataladi, ya’ni

f(x)=P(x)=a,x"+ax" " +..+a_,x+a =0 )

bunda Q5 &, 8y, 8, 4,8, berilgan  berilgan  P(X)  ko’phadning

koeffisiyentlari.

Nyuton teoremasi.

Agar X =C >0 uchun f (X) ko’phad va unung barcha hosilalari nomanfiy bo’lsa,
ya’'ni P00, 1709, 1709 u holda R =Cni (2) tenglamaning musbat ildizlari
uchun yugori chegara deb hisoblash mumkin.

Isbot: Teylor formulasiga ko’ra

F(x)= f(C)+ F(C)(C—X)+...t

f”(C)(X_C)n
n!

Teorema shartiga ko’ra X>C bolganda bu tenglikning 0’ng tomoni musbatdir. Demak,
(2) tenglamalarning barcha x*musbat ildizlari X < R Tengsizlikni

ganoatlantiradi.

Bu teoremalar fagat musbat ildizlarning yugori chegarasini aniglaydi.

Quyidagi

f(X)= (=) f(-x)=ax"-ax" +ax"* -..+(-1)"a

n
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X

fz(x):x“f(

n n-1
j: ax +a X +.+ax+a,

f(X)= (-X)" (-Ej —ax—a X+ (-1)a,
X
Ko’phadlarga yuqoridagi teoremalarni qo’llab, f(X), fl(X), fz (X)’ f3 (X) lar

musbat ildizlarning yugori chegaralari Ry, R, R, , R5 larni mos ravishda

topgan bo’lsak, u vaqtda (2) tenglamaning hamma x* musbat ildizlari v

1

. B )
Rz =X = R hamma X~ manfiy ildizlari esa —Fu =X =——-
3

tengsizlikni ganoatlantirar ekan.

Nyuton metodi Tenglamalarni yechish metodlari orasida eng
dastlabkilaridan biridir. Shuning uchun ham vyaginlashish tezligini ortirish yoki
hisoblashlarni soddalashtirish maqsadida bu metodni o’zgartirish yo’lida juda ko’p

urinishlar bo’lgan. Shularning ayrimlariga to’htalib o’tamiz .

Shu vagtgacha X, ketma-ket vyaginlashishlar yotgan oraliqda

f ’(X) # 0 deb faraz gilingan edi, bundan tashqari f '(f) #0 yani & tub ildiz
bo’lgan xol karrali edi. 1870-yilda E.Shredir & ildiz P - karrali bo’lgan holni

tekshirib chiqdi. Biz hozir anashu hilni ko’rib chigamiz . Biz avval P > 1bo’lganda

Nyuton ketma-ketligikerakli ravishda o’zgartirilganda uning tez yaginlashishini
ko’rsatamiz . < yechim f (x) ning P -karrali ildizi bo’lgani uchun , 5 yechim
atrofidagi f (X) ning Teylor qatoridagi yoyilmasi quyidagicha bo’ladi:

F(x)=C, (x=¢)"+C,s(x=¢)

p+1

+a+C, (=€) 4R, (X)
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- f(k)(f)

C,

ki (k: P, p+1""’m) (6.28)

Faraz gilaylik, X" lar & ga yagin bo’lsin, u holda én = 5 — X, kichik

miqgdor bo’ladi.Nyuton goydasidan $n bilan Snia orasidagi munosabatni

chigaramiz:

f (5 _gn)
fi(&—¢,) (6:29

(6.28) yoyilmada faqgat ikkita bosh hadlarni saglab, quyidagilarni hosil gilamiz:

f(g_gn)

§n+1 — gn +

(-1)" [Cpgnp ~C, 6"+ ]
f'(&-¢,)= (—1)p_1[pC|Ogn'°‘l —( p+1)C|O+15np +}

L@ (e
fl(g_‘c"n) pCp‘c"np_1 pCp

P
Coaéy o

f(é-a) 5 1+£gIO

f'(&-¢,) D C,

+...

Oxirgi tenglikka olib borib (6.29) qo’yamiz:

—
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C
By, — -1 £y ——— &L + ...
P pC

P

Bunda faqat bitta bosh hadini goldirib,quyidagi taqribiy tenglikka ega bolamiz:

1
En = 1-— &

p

n

Bu tenglik shuni ko’rsatadiki &, tagriban mahraji d= 1—Bga teng bo’lgan
geometrik progressiya bo’yicha kamayadi. Buni f'(&) #0 bo’Igan hol bilan solishtirib

ko’rsak, P > 1 bo’lganda yaqinlashish tezligini sustlashishini ko’ramiz.

Hagigatan ham,

2
&

0=f (&)= f(f—gn)+gnf’(§—gn)+?” f"(&-oe,)
(O<0<1)

tenglikdan va (6.29) dan

1 f"(&-o%,) ,
gn+1__E £ &y (6.30)
(5_‘9n) '

ni hosil gilamiz,bunda €n ni yetarlicha kichik deb olib €1 bilan £, orasidagi

I L )
n+1 2 f”(é) n (6.31)
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munosanatni hosil gilamiz. Bu yerda &,, kvadratik qonun bilan kamayadi. P > 1
bo’lganda yaqinlashish tezligini ortirish uchun Nyuton qgoidasini
f (%)

=X, — P

X f'(x,) (6.32)

n—+1

ga almashtiramiz. U holda (6.30) dan €n+1 bilan €, orasidagi quyidagi munosabatga

ega bo’lamiz:

(ORGP

@ (P ()" e

Bundan ko’ramizki, & ildiz P karrali bo’lganda (6.32) qoida uchun yaginlashish

tagriban Nyuton goidasining yaginlashishiga teng.

Xulosa
Karrali ildizlar uchun Nyuton metodining standart ko‘rinishi sekin konvergensiyaga
olib kelishi mumkin, chunki ildizning ko“paytmaliligi hisobga olinmaydi. Shu sababli,
modifikatsiyalangan Nyuton metodi, ya’ni ildizning ko‘paytmaliligi ni hisobga olgan
holda formulasidan foydalanish, yaqginlashuv tezligini sezilarli oshiradi. Ushbu usul,
ayniqgsa, karrali ildizlarni aniqlashda yuqori samaradorlikka ega bo‘lib, hisoblashlar
sonini kamaytiradi va aniglikni oshiradi. Shu bois, karrali ildizlarni topishda

modifikatsiyalangan Nyuton metodidan foydalanish magbul yechim hisoblanadi.
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