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FGHI.-J IKLGMM .LN L

OPMQRSTUVSWXY XZ\[]/^_``abcdefgh ai_jjbiefkl`cbmknkobcpq

ide`-rSst1\uSTU-RvWwY1pcb1xr XYyzzSY1\{k``akldcbn}|`azS]

]rSst1\uSTy~x XY�u1\uQ~�g���hl�k fk�bi�ik�`pcbo�ikb fjhcnnbp a�

i�iden}�d af�coo�T]SzS]Y wR]r uUYQS~ �

�P�]YST �Grz]WQ [X/� a�cibp|khjcokl akl`cb XS]T XWXws[Q~

Y wR]r uUYQ�R�g a�ib �geo�q {edb f_� a�nk�heibn ag abqikb��fcp aoa��

mlk fgh�d a� �mnb �`q {k �dkh a� �mnb �`g ao��` �n�`�k �mkb �`qgchc� ao�`

�ide`{bc {bpcilck �hkiefhb� �`�#�_ ma{af� ah {qfpcb�_ ma{afMuller� �
�



��ibp��eb {_cng ahkl`ckgkpdcmklnk�

�c��hqie]T XWXwsS�Rx XWw�R�t�R]R�uQr Xw�]st X�

����kcp aoa�mlk furSz�RXtQ urST�Ri �`chdqik�`�T wTWSTv�cb `|n�

k`c�

�j��kcp aoa�mlk fQTsQ uST�Ri�`chdqik�`�QTr1T uSTv�cb `|nk`c�

� {��k�hqier1\u�Ri�`chdqik�`�pog�

�PJr]T uST �-x XuyWQYt]/��dqe�hqied�`gh aikjjbidbp �`i�`chdq�

ik�`kl`cbcg ad_okincdefc`�jpefg a�_� a�nkjbci�jpkphbn_`k f

i�`chdqikb fiki�jpkphbn_`ckh�dqncdc�����g aoo_ f� ah_ f_� a�nk

de`c`�jpejbc�g aoajbin}|p�g ab a�XrSYtyRXwXWXTW1r�t] uX~g a��

�fj`�id |`�c� a�exrv�1u1~ XWXTWUr�Y1~ �QRQ [R]STWQSYuUY2

uXY�RXWXu�RYuXS¡QS ���RY wR]r uUYQ�R�d aaoapoqh�ncc�d |

ng ahkl`cne`�g aoajl�kdcb �¢



��dqec {�`cnlc�|n�f�kl`cb {�`cd |``c�kgkhci mklnk�hqiegh ai�

kjjbidbp �`g ao��` �n�`pcb_dib`cng ah_i a�nk`c�g aoajli a�nkde`

dbnqd a�aoapoeh �ncd afnk|iecphl�kbckgb m�n a�nk �£ Xxr]T uST �

]x XuyWQYt]kl`cb`cng ah a�nk`c{l {a�nkcgc`dqikb fnk�hqied�`

gh aikjjbidbp �`i�`chdqik�`ikkh�dqncdcpcb m_ncdcg a�gh aej a��

nk`c{eo�`cnkc {�`cnlc�

�bc�ooegkhlgd�iekl`cbkpkl`eu�Rx]r] u1rUYQ�RQR�~ XrSYtyRXw

Z]S RXtyRXw�|g a�ej`�iedefi�`�hdeiefg a�{b_gkbd a�cb `|nk`a

kl`cbc�dqd a�i�`|oa�gchcdehqik�`�
{xk,ϕ(xk),k=0,1,2,...,n}

ag|dkk �`m_ocnkuXr wst �tQ u]� XWU~� {eoc {qde`ϕ′(x)ikp�g ab a

ienkl ad a�{bcidqncd afgchcdehqik�`(x0,xn)g�ob�nk�hqiep�g abcf

gh aikjjbidbpqfi�`�hdeief� mcngh aa�icnkpcbg�ob`c{�i a�nkcg�`deie

id akh �dencc�d |�

¤



¥ a`d aoajqf��g�h�kbnbcgokb �{cgkhbgd �ik�`g a�e�hqiegh aikj�

jbidbp �`i�`chdqik�`ncfkl`cbg ao�dbne �

�_oaf�egch a�ilcpcb ab {�`cd |dedk fd�`ienkhb `�`^�¦�ncfkgb�

� ae ma�`c��`dcidc�|g�fmc{a�nkgchcp�d��nku1¡rUY1�S�WS X2

s1T�Ru�Rx]Ty u�RQZ]rt Xz�R�

§PJ XWw�RwtSTy~Jr XYQzzSYuSTy~LwR]r uUYQS~

^�hqieg ao��`�nbp �`i�`chdqik�`gch a�ib ��kb_`cb {bcldkh ah |�

oa�c� a�d ag ao��`�n a�fi�`�hdeiek �p aocng ahkl`caoapoeh�mkl�

`c�hk mklegch �j�j|fd a��coo�_� a�nkpb_`c�_odbid adh |g ajbc

`c�g aoajl� a�nkde`dbnqd a�jbcdbn_ fdefc`k�chdqd a�nkdc�oedqf

d a��¨pd |fc�d a���g�h�kbpb_`cfienc`dbp|fsQ�r1\uST �~W�z X~�

uXsQ�r1t]uXwWeierstrass�nkd aag al ak�ci�col�kdcbe�gch��

eg ao���n�`pcd �ooeoa��cmn a�g a�`cgh aikjjl� a�`nbci�`k�q

i�`�hdeieiª©_`cpokbid |{b �idencnkkgb m�nedqcphl�kbc�«



�b ai�jpkphbn_`c�

FQ�r1t]O¬FQ�r1t]Weierstrass%®¯°±²³´µ\¶·¸±¹º»¶·¸¼½²µ ¶µ¿¾

ϕ(x)|[a,β].

ÀÁ²±ÂÃ´ ³Ä ¼Å±ε>0·Æ¼½¹±´Ç ¸³ν=ν(ε)Ä ³´Ç ¸³ÆÈÉ·Ê¸·ËÈPν(x)Â

νÌÈ ¶²ÈÍÎ ³ÅËÈÍÂ²Ç²È´ÈÊ¶²±¸³´ ¶¹Í±´ ¾
|ϕ(x)−Pν(x)|<ε,∀x∈[a,β].

Ï



ÐPJ]r] �Q [zt] u]/

]PMr]ttSTUxr XYyzzSY1/^gh aikjjl� a�ici�`�hdeiekl`cb �

�#Ñ�P1(x)=Ax+B,

pcbchp a�`{�aienklcd a�kgbg_ {a�(x0,y0)pcb(x1,y1)jbc`cgh ai�

{b ahbid a�`dcApcbBcg|db fi�_ikb f�

y0=Ax0+B

y1=Ax1+B,

g a�k �p aoc{l {a�`jbcd aApcbBdb fdbn_ f�

A=
x1y0−x0y1

x1−x0pcbB=
y1−y0

x1−x0
,

g a�|dc`c`dbpcdcidcma�`ide`�#Ñ��eP1(x)jh ��kdcb �

�#Ò�P1(x)=
x−x0

x1−x0
·y1+

x−x1

x0−x1
·y0.

Ó



J]r] u1rUYQS~/

ÔiÕ×Ö´ ¶·¸²± É± ¶²Ç »²Ø¸¶·¸³½²µ ¶´ ³ÄÊ¸²´ËÊ¸ÙÈ¸ÈË ¼ÚÈ¸²³´Ä ³´ÛÜÝÞß\àá3â

Ûãäåæ\çß\èÜåé
Λ0(x)=

x−x1

x0−x1
,Λ1(x)=

x−x0

x1−x0

Ç¹È·¸²µ¸¹ ³½ ³Ä²µ½´ ¶²´Äº´°´Á²µ²³¾

�¿ê�Λ0(x)+Λ1(x)=1.

ÔiiÕÖ´Æ³½ ¼Ã ØÃÈ´²Ø¸¶·¸³½²º ¶± Ø¸Î ¼½È· »Ù Æ³½ ³Ã ØÃ¯ÚÈ¸²³»²µ¸ëé

±¯ ¸³´ ¾
�#ì�Λ′

0(x)+Λ′
1(x)=0.

í



�PîQ wuQr X�vstS]xr XYyzzSY1/egh aikjjl� a�ici�`�hdeiekl`cb �

P2(x)=Ax
2
+Bx+Γ

pcbgh a�c`�fchp a�`dhlc�¿ê� {bcpkphbn_`cienklcd a�kgbg_ {a�cg|

dcag alc{b_h�kdcb �(x0,y0)�(x1,y1)pcb(x2,y2)�jbcd a`n a`aiqnc`d a

ahbin}|def�cg|db fi�_ikb f�

�¿ï�



















Ax2
0+Bx0+Γ=y0

Ax2
1+Bx1+Γ=y1

Ax2
2+Bx2+Γ=y2.

� ai �idenc�¿ï�_�kbg�`d adko�ie�e {kc`dbpcd �idcied�`dbn �`d�`

A�BpcbΓid aP2(x)dkobp�{l {a�`�

�¿ð�

P2(x)=
(x−x1)(x−x2)

(x0−x1)(x0−x2)
y0+

(x−x0)(x−x2)

(x1−x0)(x1−x2)
y1+

(x−x0)(x−x1)

(x2−x0)(x2−x1)
y2.

ñ



J]r] uUr1Y1/òÍÄÈÉ³ËÆÈ½ÈÍË±¸³± Æ´Î±Î ³´ Ê¶È·Ë±Ã´ ³²´ »¶·¸³½²º Ì

¶±´ »Î ¼½È· »¾

Λ0(x)=
(x−x1)(x−x2)

(x0−x1)(x0−x2)
,

Λ1(x)=
(x−x0)(x−x2)

(x1−x0)(x1−x2)
,

Λ2(x)=
(x−x0)(x−x1)

(x2−x0)(x2−x1)
,

²´ »´°´Á²µ²± »�¿ê�Ä ³´�#ì�²µ»Æ½ Ø²ÈÎ ¼ÅË´ ³»Æ±½¯ Æ²Ø¶µ»¾

Λ0(x)+Λ1(x)+Λ2(x)=1

Λ′
0(x)+Λ′

1(x)+Λ′
2(x)=0.

ó



0PMQRSTQ wtyR1õôGTZr]Y1LagrangezS]uXPν(x)

öLagrangecg_ {kb�k|dbd ag ao��`�n aν� aid a��cmn a�g a�{b_h�kdcb

cg|(ν+1){bcpkphbn_`cienklc�

�×÷�{(xk,yk),k=0,1,2,...,ν}

{l {kdcbcg|de`_p�hcie�

�¿ø�

P
(ν)
ν(x)=

(x−x1)(x−x2)···(x−xν)
(x0−x1)(x0−x2)···(x0−xν)y0+

(x−x0)(x−x2)···(x−xν)
(x1−x0)(x1−x2)···(x1−xν)y1+

+···+
(x−x1)(x−x1)(x−x2)···(x−xν−1)

(xν−x0)(xν−x1)(xν−x2)···(xν−xν−1)yν.

�ù



J]r] u1rUYQS~/

úûü²µ¸�¿ø�±¯ ¸³´± ÍÄÈÉÈ¸³³ÆÈ°±¯ýÈ·Ë±Á²´È´ ¶·¸³½²º ¶±´ »Î ¼½È· »¾

Λ
(ν)
1(x),Λ

(ν)
1(x),...,Λ

(ν)
ν(x)Â´Ä ³¸ÈÆÈ´ÈÍ¸²´ »°ÍÈÆ½È ³¸³þ±½Å±¯ ¶± »´°´Á²µ²Ì

± »�¿ê�Ä ³´�#ì� ¾

ν∑

k=0

Λ
(ν)
k(x)=1,

ν∑

k=0

Λ
(ν)′

k(x)=0.

ÿû�´ ³²´ »¶·¸³½²º ¶±´ »Î ¼½È· »ËÆÈ½ÈÍË±¸³³ÆÈ°±¯ýÈ·Ë±Ä ³´²´ »³ÄÁÉÈ· Ì

Å± »¶¹Ç ¶±´ »Ã´ ³µ=1,2,...,ν¾

����

ν∑

k=0

(xk−x)
µ
·Λ

(ν)
k(x)=0.

��



J]r] �Q [zt] u]/¬ GZ]rt XzU~u1~����Yu]P1T]SP2x XWw�Rwt]/

(i)�´ ³²´ »¶·¸³½²º ¶±´ »Î ¼½È· »Λ1(x)Ä ³´Λ2(x)²È·P1(x)µ����Ã½ ¼þ±²³´ ¾

(x0−x)·
x−x1

x0−x1
+(x1−x)·

x−x0

x1−x0
=

(x0−x)(x1−x)

x1−x0
−

(x−x1)(x−x0)

x1−x0
=0.

(ii)�´ ³²´ »¶·¸³½²º ¶±´ »Λ0(x)ÂΛ1(x)Ä ³´Λ2(x)²È·P2(x)µ����°¯°±´ ¾

(x0−x)·
(x−x1)(x−x2)

(x0−x1)(x0−x2)
+(x1−x)·

(x−x0)(x−x2)

(x1−x0)(x1−x2)
+(x2−x)·

(x−x0)(x−x1)

(x2−x0)(x2−x1)
=

(x−x0)(x−x1)(x−x2)

{

−
1

(x0−x1)(x0−x2)
+

1

(x0−x1)(x1−x2)
−

1

(x0−x2)(x1−x2)

}

=0.

�¢



4PFQ�r1t]� XRXYUt]RuXwuXwPν(x)

FQ�r1t]�®¯°È¸²³´²³ν+1°´ ³Ä±Ä½´ËÇ ¸³¶µË±¯ ³²È·± Æ´ ÆÇ°È· ¾

(xk,yk),k=0,1,2,...,ν.

�Æ¼½¹±´Ç ¸³Ä ³´ËÁ¸ÈÇ ¸³ÆÈÉ·Ê¸·ËÈ²ÈÆÈÉÍνÌÈ ¶²ÈÍÎ ³ÅËÈÍÆÈ·

É³ËÎ ¼¸±´ ¶²³¶µË±¯ ³xk²´ »²´ËÇ »ykû

����ãä	
��½Èþ ³¸Ê»Ç ¸³²Ç É±´ÈÆÈÉ·Ê¸·ËÈ±¯ ¸³´²ÈPν²µ»¶¹Ç ¶± Ø»

�¿ø� ûò ¶²ØÁ²´·Æ¼½¹±´Ä ³´Ç¸³¼ÉÉÈQν(x)¾Qν(xk)=ykÂk=0,1,2,...,νû

ü¹µË ³²¯Ú Ø²µ¸°´ ³þÈ½ ¼²È· »¾

�#Ñ��∆(x)=Pν(x)−Qν(x).

�½Èþ ³¸Ê»²È∆(x)±¯ ¸³´ÆÈÉ·Ê¸·ËÈ²ÈÆÈÉÍνÌÈ ¶²ÈÍÎ ³ÅËÈÍÄ ³´´Ä ³¸ÈÆÈ´±¯

²´ »¶¹Ç ¶±´ »¾

�¤



∆(x)=Pν(xk)−Qν(xk)=yk−yk=0,k=0,1,2,...,ν,

°µ É³°º²³ν+1¶µË±¯ ³xk±¯ ¸³´½¯Ú± »²È·∆(x)ÂÆÈ·Ø»ÆÈÉ·Ê¸·ËÈ

²ÈÆÈÉÍνÌÈ ¶²ÈÍÎ ³ÅËÈÍÂËÆÈ½±¯¸³Ç¹±´²ÈÆÈÉÍν½¯Ú± »Â ¼ÉÉØ»±¯ ¸³´

²È±Ä²³·²Á²µ²Ø»Ëµ°± ¸´ÄÁÆÈÉ·Ê¸·ËÈÂÁÆØ»±¯ ¸³´¶²µ¸Æ½ÈÄ±´ËÇ ¸µ

Æ±½¯ Æ²Ø¶µÂ°µ É³°º¿¾

∆(x)≡0−→Pν(x)−Qν(x)≡0−→Pν(x)≡Qν(x),

Æ½ ¼ÃË ³ÆÈ· ³ÆÈ°±´Ä¸Í±´àè�èÝèÛá�ÞÝàè²È·Æ½È ¶±ÃÃ´ ¶²´ÄÈÍÆÈÉ· Ø¸ÍÌ

ËÈ·ÙInterpolatingpolynomialéÂÆÈ·È¸ÈË ¼Ú±²³´Ä ³´�Þßã�æè�ä���è�Ü�ÝÜ â

�èû�

�«



�Pî wYT]t�\[]u1~� XrZU~Lagrange2� XrZUNewton

^n ah�q�¿ø�d a�gh aikjjbidbp a�g ao��` �n a�kl`cb_`ck` {bc�_h a`

khjcokl amk�hedbpqf_hk �`cf�_�kb|n�fnbcghcpdbpq� {�ipcn�lc��

|dc`pc`klfkhjc� |nk`afikk�chn ain_`cm_ncdc_�kbde`c`�jpe`c

nkb �`kbq`cc�� �`kbd agoq mafd�`gchcdehqik�`�cp|nejbcde`

gh ai mc�clhkiepcbnbcfpcbn}|`agchcdqheief� �WXS XSY wRuQWQYuy~

d a�g ao��` �n a�LagrangetQ u]�vWWXRu]S�gh �jncc`kgb m�ned ajbc

db fk�chn aj_ f���dqde`c {�`cnlcdefn ah�qfLagrange�de`�kgkh`�kb

en ah�qNewton�eag alckl`cbgoqh�f�Q wyWST u1�pcbdlg adk {k`

nkdc� �ookdcbcg|d a`gh aej a�nk`ap|g ancfikc`dlid ab�egkhlgd�ie�

|g�fmc{a�nkidei�`_�kbc�

�Ï



^n ah�qNewtonjbcdcl {bcienklcgchcdehqik�`�×÷� {l {kdcbcg|d a

cp|oa�mag ao��`�n aν� aid a��cmn a��

�����P
(N)
ν(x)=a0+a1(x−x0)+a2(x−x0)(x−x1)+a3(x−x0)(x−x1)(x−x2)+

+···+aν−1(x−x0)(x−x1)···(x−xν−2)+aν(x−x0)(x−x1)···(x−xν−2)(x−xν−1),

|g a�abi�`dkokid_ fa0,a1,...,aν−1,aνk �p aoc�g aoajl� a`dcbcg|de

o�ied a�p�d�dhbj�`bp a�i�idqncd af�

P
(N)
ν(xk)=yk,k=0,1,2,...,ν

g a�c`co�dbp�jh ��kdcb�|g�fk �p aoc{bcgbid �`kdcb �

�����



























P
(N)
ν(x0)=y0=a0

P
(N)
ν(x1)=y1=a0+a1(x1−x0)

P
(N)
ν(x2)=y2=a0+a1(x2−x0)+a2(x2−x0)(x2−x1)

���

P
(N)
ν(xν)=yν=a0+a1(xν−x0)+···+aν(xν−x0)(xν−x1)···(xnu−xν−1).

�Ó



^o�ied a�p�d�dhbj�`bp a�i�idqncd af�#Ñ��cg a{l {kdcbk �jo�ddcnk

�hqied�`� �S1r1tyR�R�S]Z Xr�R��

ak=y[x0,x1,x2,...,xk],

g a��fj`�id a�c`co�kdcbide`�

�#Ñê�ak=
k∑

i=0

yi
k∏

j=0
j6=i

(xi−xj)

,

J]r] �Q [zt] u]/

úû�´ ³²µ¸Æ½ Ø²ÈÎ ¼ÅË´ ³ËÈ½þºNewtonÅ ³Ç¹È·Ë± ¾

�#Ñì�P
(N)
1(x)=y[x0]+y[x0,x1](x−x0)

Ë± ¾
�#Ñï�

{

y[x0]=y0
y[x0,x1]=

y0
x0−x1+

y1
x1−x0.

�í



�³¸²´Ä ³² ¼¶²³¶µ²Ø¸�#Ñï� ¶²µ¸�#Ñì�Ä ³´±Ä²Ç É± ¶µ²Ø¸Æ½ ¼ý± Ø¸Ë ³»

°¯°±´²µ¸�#Ò� ûÿû�´ ³²µ°±·²±½ÈÎ ¼ÅË´ ³Æ±½¯ Æ²Ø¶µÅ ³Ç¹È·Ë±

�#Ñð�P
(N)
2(x)=y[x0]+y[x0,x1](x−x0)+y[x0,x1,x2](x−x0)(x−x1)

Ë± ¾
�#Ñ÷�























y[x0]=y0

y[x0,x1]=
y0

x0−x1+
y1

x1−x0

y[x0,x1,x2]=
y0

(x0−x1)(x0−x2)+
y1

(x1−x0)(x1−x2)+
y2

(x2−x0)(x2−x1).

�³¸²´Ä ³² ¼¶²³¶µ²Ø¸�#Ñ÷� ¶²µ¸�#Ñð�°¯°±´ ¾

P
(N)
2(x)=y0+

(

y0
x0−x1+

y1
x1−x0

)

(x−x0)+

+
{

y0
(x0−x1)(x0−x2)+

y1
(x1−x0)(x1−x2)+

y2
(x2−x0)(x2−x1)

}

(x−x0)(x−x1),

ÆÈ·Ë± ³¸³Ã ØÃº²Ø¸ÈËÈ¯ Ø¸Á½ Ø¸Ã½ ¼þ±²³´ ¾

�ñ



P
(N)
2(x)=

{

1+
x−x0

x0−x1
+

(x−x0)(x−x1)

(x0−x1)(x0−x2)

}

y0+

+

{

x−x0

x1−x0
+

(x−x0)(x−x1)

(x1−x0)(x1−x2)

}

y2+
(x−x0)(x−x1)

(x2−x0)(x2−x1)
=

=
(x0−x1)(x0−x2)+(x−x0)(x0−x2)+(x−x0)(x−x1)

(x0−x1)(x0−x2)
y0+

+
(x1−x2)(x−x0)+(x−x0)(x−x1)

(x1−x0)(x1−x2)
y1+

(x−x0)(x−x1)

(x2−x0)(x2−x1)
y2,

ÀÇ ÉÈ»ÂÈ´Æ½ ¼ý±´ »¶²È· »³½´ÅËµ²Ç »²Ø¸ÿÆ½Ê²Ø¸Á½ Ø¸°¯°È·¸¾

P
(N)
ν(x)=

(x−x1)(x−x2)

(x0−x1)(x0−x2)
y0+

(x−x0)(x−x2)

(x1−x0)(x1−x2)
y1+

(x−x0)(x−x1)

(x2−x0)(x2−x1)
y2,

ÆÈ·±¯ ¸³´ ³Ä½´ÎÊ»µ�¿ð�²µ»ËÈ½þº»LagrangeÂÆ½ ¼ÃË ³ÆÈ·± Æ³ÉµÅ± Í±´

²µ¸ËÈ¸³°´ÄÁ²µ²³²È·Æ±°¯È· û

�ó



 PJ]r] u1rUYQS~

]P�g|de`n ah�qd a�g ao��` �n a�Newton�����kl`cbic�_ f�|dbe

gh |i mkiek`|fkglgo_ a`ienkl a�gchcdehqik�`(xν+1,yν+1)kpkl`ad a

ag al amccgcbdqikbkl`cbegh |i mkiek`|fkglgo_ a`|h a�ide`n ah�q

����d a��

aν+1(x−x0)(x−x1)···(x−xν−1)(x−xν),

k`�|oab abgh aej a�nk`ab|h ab mcgchcnkl`a�`abl {b ab�¡�r [~T]t []

]WW]zU�

!ön abcec�clhkiek`|fienkl a�gchcdehqik�`�g���d a�(xν,yν)cg|dc

ienklc�×÷��kpkl`ad aag al amcgh apco_ikbide`����kl`cbegch �oe�e

d a�dkok �dcl a�|h a�d a�P
(N)
ν(x)� {eoc {qd a��

aν(x−x0)(x−x1)···(x−xν−1),

pcbd a�g|oabg amckl`cbcphb� �fd akgb m�ned |g ao��`�n a(ν−1)

�cmn a��¢ù



�P^ghcpdbpqk�chn ajqd a�g ao��` �n a�Newton{bk �p ao�`kdcbnk

de`gchcj�jqk`|fpcd �ooeoa�gl`cpc�g a�gh ap �gdkbk �`p�`a�nk

�hqied a�c`cj�jbp a�d �g a�g a�bi� �kbjbcdb f{behen_`k f{bc� ah_ f

pcb� �ikb ag al a�e {behen_`e {bc� ah �ν� aidqfd ��k�fkp�h ��kdcbnk

de`� aq mkbcd�`{behen_`�`{bc� ah �`(ν−1)d ��k�f� `ccg a{kb� mkl� �

�#Ñø�y[x0,x1,x2,...,xν]=
y[x1,x2,...,xν]−y[x0,x1,...,xν−1]

xν−x0
.

zP� agchcp�d�gch �{kbjnc�hqiefgb `�p�`{behen_`�`{bc� ah �`

jbcg ao��`�ncn_�hbpcbdkd �hd a��cmn a�kl`cb� ae medbp|jbcde`k`

j_`kbi �ooe�e �

¥cd ©ch�qcfk�chn}|i a�nkd a`�#Ñø�jbcd a`�g aoajbin}|d�`gh �d�`

pcb {k �dkh�`"�"��

¢�



_dib_� a�nk�
ϕ[x0,x1]=

ϕ(x1)−ϕ(x0)
x1−x0[epoliedefϕ(x)id a{b �idenc(x0,x1)]

ϕ[x1,x2]=
ϕ(x2)−ϕ(x1)

x2−x1

ϕ[x0,x1,x2]=
ϕ[x1,x2]−ϕ[x0,x1]

x2−x0

ϕ[x1,x2,x3]=
ϕ[x2,x3]−ϕ[x1,x2]

x3−x1,

pcbk �p aoci�ngkhcl`a�nk|dbp�mk"�"�kl`cbi�`�hdeien}|`ad�`Ò

gh aej a�nk`�`�g a�de`gkhb_� a�`�pcb_dib agchcp�d�gl`cpcfkl`cb

k �p aoa`ci�`dc� mkl�

¢¢



J[R]T]~îPîPzS]ÐY1tQ []xr XYyzzSY1~¬ty¡rS§ Xw�]st X�

xkϕ(xk)Ñe"�"�Òe"�"�êe"�"�ìe"�"�

x0ϕ(x0)=ϕ[x0]

ϕ[x0,x1]

x1ϕ(x1)ϕ[x0,x1,x2]

ϕ[x1,x2]ϕ[x0,x1,x2,x3]

x2ϕ(x2)ϕ[x1,x2,x3]ϕ[x0,x1,x2,x3,x4]

ϕ[x2,x3]ϕ[x1,x2,x3,x4]
x3ϕ(x3)ϕ[x2,x3,x4]

ϕ[x1,x2]
x4ϕ(x4)

�_oaf� XSY wRuQWQYuy~u�Rx XWw�R�t�RNewtonQ [R]S]TrS��~u]

YuXS¡Q []u1~xr�u1~ �S]z�R[Xwx XwT] uyr¡Q u]Spcb_� a�`�g aie�

nkb �mkl�

¢¤



J]rv �QSzt]/#»Æ³½ ¼°±´ÃË ³³»Ä ³²³¶Ä±· ¼¶È·Ë±²ÈÆÈÉ·Ê¸·ËÈP
(N)
4(x)

Ã´ ³²³¶µË±¯ ³Æ³½ ³²µ½º ¶± Ø¸¾

{(−4,1245),(−1,33),(0,5),(2,5),Ä ³´(5,1335)}

ÖÆ³½ ³Ä ¼²ØÆ¯ ¸³Ä ³»²Ø¸®û ®û±¯ ¸³´± ÍÄÈÉ³Ä ³²³¶Ä±· ¼¶´ËÈ»Ë±²È· » °´ ³°È¹´ÄÈÍ»·ÆÈÉÈÃ´ ¶ËÈÍ»²Ø¸°´ ³þÁ½ Ø¸² ¼ý± Ø¸®û ®û¾

xkyk$%'&( &()%&( &(*%'&( &(+%'&( &( −41245
33−1245
−1−(−4)=−404

−133
−28−(−404)

0−(−4)=94

5−33
0−(−1)=−28

10−94
2−(−4)=−14

05
2−(−28)
2−(−1)=10

13−(−14)
5−(−4)=3

9−5
2−0=2

88−10
5−(−1)=13

29
442−2
5−0=88

1335−9
5−2=442

51335

¢«



ò²¶´ÂË±¹½º ¶µ²Ø¸¶²È´¹±¯ Ø¸²µ»Æ½Ê²µ»Ä ³²±½¹ÁË± ¸µ»°´ ³Ã Ø¸¯È·

Å ³Ç¹È·Ë±²ÈÆÈÉ·Ê¸·ËÈ¾

P
(N)
4(x)=

=1245−404(x+4)+94(x+4)(x+1)−14(x+4)(x+1)x+3(x+4)(x+1)x(x−2)=

=3x
4
−5x

3
+6x

2
−14x+5.

�Pögh aej a�nk`afgl`cpcfd�`{behen_`�`{bc� ah �`gch �de`cgo|de�

dcd a�gch a�ib ��kbnbc{�ip aolcpcbc�dqkl`cbe {bclhkieg a�kngk�

hb_�kbikp�mk�g aoajbin}|def"�"��gh �jncg a�{k`kl`cbkgb m�ned |�

¨gbgh |i mkdc�g aoo_ f� ah_ f� XSx]r] u1rUYQS~u�RZ]S RXtyR�Rz [2

RXRu]SYQu]T uv¡r XRSTv�S]YuUt] u]�gh �jncg a��g a{eo�`kb|db

abi�`dkdcjn_`k fxkgch a�ib �� a�`de`c�b aienkl�deb {b |dedcXS �S] 2

�X¡STy~x]r] u1rUYQS~R]SY]xy¡ XwR� {eoc {q`cbi� �kb �xk=x0+

kn�|g a�nkl`cbnbcidcmkhqg ai|dedc�� ak` {bc�_h a`kl`cb|dbiª©

c�d_ fdb fgkhbgd �ikb fng ahklpc`klf`ccg a{kl�kb �� X¡]r]T u1rSYuS 2

Ty~SY�u1\uQ~g a�cgoag ab a�`d a�f�g aoajbin a�fgh ai {b ahbin a�d a�

gchkn� aobp a�g ao��` �n a��¢Ï



öbbi|dedk fc�d_ fkl`cb � 





























{

ν−1∏

k=0
(x−xk)

}

·ϕ[x0,x1,x2,...,xν]=

(

ξ

ν

)

∆νϕ
0,

{

ν−µ+1 ∏

k=ν
(x−xk)

}

·ϕ[xν,xν−1,...,xν−µ+1]=(−1)µ
(

−ξ
ν

)

∇µϕ
ν,

nkx=x0+ξn�

�kde`� aq mkbcd�`gh aej a�nk`�`bi adqd�`�en ah�qNewtongclh`kb db fcp|oa�mk fn ah�_ fnkQtxr �YsSQ~pcb Xx [YsSQ~ {bc� ah_ f�jbck`�

{k {kbjn_`k fgh aikjjlikb fide`]r¡Upcbd auyWX~d a�gk {l a�ahbin a�� �

���,�Pν(x)=Pν(x0+ξn)=ϕ0+

(

ξ
1

)

∆ϕ0+

(

ξ
2

)

∆
2
ϕ0+···++

(

ξ
n

)

∆
n
ϕ0,-.ξ>0,

pcb
� �/�

Pν(x)=Pν(xν+ξn)=ϕn−

(

−ξ
1

)

∇ϕn+

(

−ξ
2

)

∇
2
ϕn−···+(−1)

ν

(

−ξ
ν

)

∇
ν
ϕn-.ξ<0.

¢Ó



öbgchcg�`�d �g ab�_h a�`d a|`ancu�RNewton-Gregorypcbcgoag ab a�`

de`n ah�qd a�gchkn� aobp a�g ao��` �n a�Yu1RxQr [x u�Y1�x XwXS

x]r] u1rUYQS~Q [R]SSY]xy¡ XwYQ~�kgkb {q {kkngkhb_� a�`Qtxr �YsSQ~

pcb Xx [YsSQ~ {bc� ah_ fnkde`j`�idqcgoq {anqd a�f�kl`cbic��f

cgoa�idkhk fide`k�chn ajqcg|de`n ah�q���� �

O0P£QWQYuy~îS]Z Xr�R

1knbci�`k�qi�`�hdeieϕ(x)|Rpcbjbcp�g ab an∈R�_� a�nkd a�f

cp|oa�ma�fahbin a�f�

c�^xr X~u]Qtxr �~ �S]Z Xrvu1~ϕ(x)YuXx� ahl�kdcbcg|de`�

�#ÒÑ�∆ϕ(x)=ϕ(x+n)−ϕ(x).

¢í



� �^xr X~u]x [Y��S]Z Xrvu1~ϕ(x)YuXx� ahl�kdcbcg|de`�

�#ÒÒ�∇ϕ(x)=ϕ(x)−ϕ(x−n).

j�^TQRurSTU�S]Z Xrvu1~ϕ(x)YuXx� ahl�kdcbcg|de`�

�#Òê�δϕ(x)=ϕ(x+
n

2
)−ϕ(x−

n

2
).

öbd �g ab�#ÒÑ���#ÒÒ�pcb�#Òê�jk`bpk �a`dcbjbc{bc� ah_ f{k �d_hcf�dhldef

pog��d ��k�fnkkgc`kb ooen_`k fk�chn aj_ fd�`gchcg�`�d �g�`�!¨dib�

_� a�nk�

∆
2
ϕ(x)=∆(∆ϕ(x))=∆(ϕ(x+n)−ϕ(x))=ϕ(x+2n)−2ϕ(x+n)+ϕ(x)

∇
2
ϕ(x)=∇(∇ϕ(x))=∇(ϕ(x)−ϕ(x−n))=ϕ(x)−2ϕ(x−n)+ϕ(x−2n)

δ
2
ϕ(x)=δ(δϕ(x))=δ(ϕ(x+

n
2)−ϕ(x−

n
2))=ϕ(x+n)−2ϕ(x)+ϕ(x−n)

pcbjk`bp|dkhcjbcdcienklcxk=x0+kn�k=1,2,3,...nkϕk=ϕ(xk)�
¢ñ



�#Òì�























































∆kϕ
µ=

k∑

λ=0
(−1)λ

(

k

λ

)

ϕµ+k−λ,

∇kϕ
µ=

k∑

λ=0
(−1)λ

(

k

λ

)

ϕµ−λ,

δ2kϕ
µ=

2k∑

λ=0
(−1)λ

(

2k
λ

)

ϕµ+k−λ.

J]r] �Q [zt] u]/À ³³ÄÁÉÈ·Å ³¶µË±¯ ³{(0,5),(1,3),(2,7),(3,23),(4,57)}

Ç¹È·¸ÉµþÅ±¯ ³ÆÁ²µ¸ÆÈÉ· Ø¸·Ë´Äº ¶·¸¼½²µ ¶µ¿¾ϕ(x)=x3−3x+5ÂÄ ³´Ë32

³·² ¼¶³¸Î ¼¶µ ³»°µË´È·½Ãº ¶È·Ë±²È· »²½±´ »Æ¯ ¸³Ä± »²Ø¸³¸²¯ ¶²È´¹ Ø¸

°´ ³þÈ½Ê¸û

¢ó



45678494:;<8=>?@BA:CD4EGF@BH8I∆JLK

xkyk$%'&MNOGPQBR)%'&MNOGPQBR*%&MNOGPQBR+%&MNOGPQBR 05
∆ϕ0=−2

13∆
2
ϕ0=6

∆ϕ1=4∆
3
ϕ0=6

27∆
2
ϕ1=12∆

4
ϕ0=0

∆ϕ2=16∆
2
ϕ1=6

323∆
2
ϕ2=18

∆ϕ3=34
457

S5678494: ;<8?@BA: ;4?7T<CD4EGF@BH8I∇JLK

xkyk$%'&MNOGPQBR)%'&MNOGPQBR*%&MNOGPQBR+%&MNOGPQBR 05
∇ϕ1=−2

13∇
2
ϕ2=6

∇ϕ2=4∇
3
ϕ3=6

27∇
2
ϕ3=12∇

4
ϕ4=0

∇ϕ3=16∇
2
ϕ4=6

323∇
2
ϕ4=18

∇ϕ4=34
457

¤ù



U5678494:9=8 ;@D9H8CD4EGF@BH8IδJLK

xkyk$%'&MNOGPQBR)%'&MNOGPQBR*%&MNOGPQBR+%&MNOGPQBR 05
δϕ1

2

=−2

13δ
2
ϕ1=6

δϕ3

2

=4δ
3
ϕ3

2

=6

27δ
2
ϕ2=12δ

4
ϕ2=0

δϕ5

2

=16δ
2
ϕ5

2

=6

323δ
2
ϕ3=18

δϕ7

2

=34

457

J]r] u1rUYQS~/

(i)�ßäV�
àä�çWèäàßãäå�XÝÞ�ãåÛÜ��X�àèÜÝÙÄ ³² ¼¶·¸Ç Æ±´ ³·Æ¼½ Ì

¹±´Ç ¸³»Ä ³´ËÁ¸ÈÆ¯ ¸³Ä ³»°´ ³þÈ½Ê¸é¶²³¶²È´¹±¯ ³°± ³·²ÈÍ²È·

ÄÈ´ ¸ÈÍÆ¯ ¸³Ä ³°¯°È·Ë±°´ ¼þÈ½± »È¸ÈË ³¶¯± »³¸¼ÉÈÃ ³Ë±²µ¸Ä ³²± ÍÌ

Å·¸¶µ û¤�



(ii)Yä�äÞZèßL[åÛÜ��ãßäZ[ß\èÝàÞä��èäÞ�ãàäå�ÞßÞ\�\èÜå^]Ç Ì

²¶´È´²½¯ ²± »°´ ³þÈ½Ç »²Ø¸²´ËÊ¸± ¸Á»²½´ ²ÈÎ ¼ÅË´È·ÆÈÉ· Ø¸ÍËÈ·

º²³¸¶²³Å±½Ç »± ¸Êµ²Ç²³½²µ°´ ³þÈ½ ¼º²³¸Ëµ°±¸´ÄºÂÁÆØ»³¸³ËÇ ¸± Ì

²Èû

(iii)òÍÄÈÉ³³ÆÈ°±´Ä¸Í±²³´Á²´èäàã�ã Ûà[å�äÞZèß�Ýä�ÞÝè�èäè_Ý

àäåÛ`[ÛãäåÙÃ´ ¸ÁË± ¸ÈÄ ³´Æµ É¯ÄÈé ¾

∆(ϕk·yk)=ϕk+1∆yk+∆ϕk·yk=yk+1∆ϕk+ϕk∆yk,

∆(ϕk

/

yk)=(yk∆ϕk−ϕk∆yk)
/(

yk+1·yk
)

,

∆k(axk)=a·k!nk.

(iv)òÆ¯ ¶µ»± ÍÄÈÉ³³ÆÈ°±´Ä¸Í±²³´Á²´ÙË±± Æ³Ã ØÃºé ¾

ϕ[x0,x1,x2,...,xν]=
∆νϕ

0
ν!nν

ϕ[xν,xν−1,...,x2,x1,x0]=
∇νϕ

ν
ν!nν.

¤¢



(v)ü·ËÆÉµ½ ØË ³²´ÄÈ»²ÍÆÈ»Æ³½±ËÎÈÉ´ÄÈÍÆÈÉ· Ø¸ÍËÈ·¶²´ »ËÈ½þÇ »

�#Ñ��Ä ³´�#Ò��±¯ ¸³´È ³ÄÁÉÈ·ÅÈ»²ÍÆÈ»²È·EverettÂ �È·±¯ ¸³´Ä ³² ¼ÉÉµ Ì

ÉÈ»Ã´ ³Æ½È ¶±ÃÃ¯ ¶±´ »¶²ÈÄÇ ¸²½È²È·Æ±°¯È·± ¸°´ ³þÇ½È¸²È»(x0,xν)Â ÁÆÈ·Å ³Å± Ø½º ¶È·Ë±Á²´±¯ ¸³´²³¶µË±¯ ³x0Ä ³´x1]± ¸Ê²Èµ=1−ξ>
0¾

� �a�

Pν(x)=Pν(x0+µn)=µϕ1+
µ(µ

2
−1)

3!δ
2
ϕ1+···+

µ(µ
2
−1)(µ

2
−4)···(µ

2
−λ

2
)

(2λ+1)!δ
2λ
ϕ1+

ξϕ0+
ξ(ξ

2
−1)

3!δ
2
ϕ0+···+

ξ(ξ
2
−1)(ξ

2
−4)···(ξ

2
−λ

2
)

(2λ+1)!δ
2λ
ϕ0.

�½Èþ ³¸Ê»²ÈÆÉºÅÈ»²Ø¸¶µË±¯ Ø¸Æ³½±ËÎÈÉº»Æ½Ç Æ±´¸³±¯ ¸³´Ç ¸³»

¼½²´È»³½´ÅËÁ»ÂÃ´ ³¸³·Æ¼½¹±´Ä± ¸²½´ÄÁ°´ ¼¶²µË ³(x0,x1)û

¤¤



OOPJ]rv �QSzt]

1d a`gchcp�d�gl`cpcpk`dhbp �`{bc� ah �`�k �hcdkide`n ah�qd a�

g ao��` �n a�Everett� �fgh afµ�jbcd aTQRurST ��SvYu1t]¬�b�d a�

gk {l a�ahbin a��_`cg ao��`�n aï a��cmn a�� �

xkykδδ2δ3δ4

00
−1

1−110
9108 









Ò
ê

øÑÑøÒÑð

127324

ÑêïììÒêêð

569660
47041102

1671
52375

¤«



� ag ao��`�n aEverettid apk`dhbp|{b �idenc�#Ò� ê�jh ��kdcb �

{x0=2,x1=3}�
Pν(x)=µϕ1+

µ(µ2−1)

3!
δ
2
ϕ1+

µ(µ2−1)(µ2−4)

5!
δ
4
ϕ1+

+ξϕ0+
ξ(ξ2−1)

3!
δ
2
ϕ0+

ξ(ξ2−1)(ξ2−4)

5!
δ
4
ϕ0,

nkdb fp �po�n_`k fdbn_ f`ckl`cbkpkl`k fg a�ocn� �`a`dcbpcbc`dbpc�

mbid �`dcfd aξ=1−µ�dkobp�ocn� �`a�nk�

Pν(x)=µ
5
−µ

4
−µ

3
|µ∈[2,3]

��o_gkdkpcbk�chn ajq�b�ol a�ideikol {cÑ÷÷� �

O�Pcx XWXzSYt X[LZvWt] uX~J]rQt� XWST X�J XWw�R�t Xw

dbcd ai��oncdefgh ai_jjbiefd a�gchkn� aobp a�g ao��` �n a�bi� �kb

d agchcp�d�mk �hencê�¤Ï



FQ�r1t]�®¯°È¸²³´²³³ÄÁÉÈ·Å ³ν+1¶µË±¯ ³Æ³½±ËÎÈÉº»²È·[a,β]:

[xk,ϕ(xk)]Âk=0,1,2,...,νÄ ³´·ÆÈÅÇ²È·Ë±Á²´·Æe½¹È·¸È´ν+1Æ³½e Ì

Ã ØÃÈ´ÆÈ·±¯ ¸³´ ¶·¸±¹±¯ »ûÀÇ ÉÈ»Â°¯°±²³´Á²´·Æe½¹±´Ä ³´µϕ(ν+1)(x)|(a,β)û

ÀÁ²±ÂÃ´ ³ÄeÅ±x∈[a,β]·Æe½¹±´Ç ¸³ξx∈(a,β)²Ç²È´ÈÊ¶²±¸³´ ¶¹Í±´ ¾

ϕ(x)−Pν(x)=
(x−x0)(x−x1)···(x−xν)

(ν+1)!
·ϕ

(ν+1)
(ξx). �#Òð�

����ãä	
�Ù�´ ³²µ¸³ÆÁ°±´fµÎÉÇ Æ± ¶± É¯° ³úgh²È·Î´ÎÉ¯È· ¶³»éÂ�

J]rv �QSzt]/i»· ÆÈÅÇ ¶È·Ë±Á²´Ç¹È·Ë±Ã½ ³ËË´ÄºÆ½È ¶ÇÃÃ´ ¶µ ¶±°ÍÈ

¶µË±¯ ³x0Ä ³´x1Ä ³´ ³»·ÆÈÅÇ ¶È·Ë±Á²´µÆ½È ¶±ÃÃ´ÚÁË± ¸µ\¶·¸e½²µ ¶µ

´Ä ³¸ÈÆÈ´±¯²µ ¶¹Ç ¶µ¿¾

|ϕ′′(x)|≤M,Ë±M>0∀x∈(x0,x1).

¤Ó



iÆÁ²µ¸�#Òð�± ÍÄÈÉ³É³ËÎe¸È·Ë±²Èþ½eÃË ³Æ½È ¶ÇÃÃ´ ¶µ»¾

|ϕ(x)−P1(x)|≤
M

2
max

x∈(x0,x1)
|(x−x0)(x−x1)|. �#Ò÷�
#»Ã¸Ø¶²Á¸ÂÁË Ø»Â´ ¶¹Í±´Ù ¸³³ÆÈ°±´¹Å±¯é ¾

max
x∈(x0,x1)

|(x−x0)(x−x1)|=
1

4
(x0−x1)

2
,

ÈÆÁ²±µ�#Ò÷�Ã¯ ¸±²³´²± É´Äe¾

|ϕ(x)−P1(x)|≤
M

8
(x0−x1)

2
. �#Òø�

��#Òø�Ç¹±´±þ ³½ËÈÃº¶²´ »°´eþÈ½± »Æ´ ¸³ÄÈÆÈ´º ¶±´ »²½´Ã Ø¸ÈË±²½´ÄÊ¸

¶·¸³½²º ¶± Ø¸ÂÁÆØ»Æû¹û²µ»
�xÂ²µ»ÈÆÈ¯ ³»µ°± Í²±½µÆ³½eÃ ØÃÈ»

þ½e ¶¶±²³´ ³ÆÈÉÍ²Ø»³ÆÁ²µ¸ËÈ¸e° ³Â± ¸ÊÈ´Æ¯ ¸³Ä± »¶·¸²e ¶¶È¸²³´Ë±

ÎºË ³jûjúÂÈÆÁ²± ³ÆÁ²µ¸�#Òø�± ÍÄÈÉ³Æ½ÈÄÍÆ²±´µ²efµ²µ»Æ½È ¶ÇÃ Ì

Ã´ ¶µ»¾

|ϕ(x)−P1(x)|≤0.125·10−4
, �#Ò��

°µ É³°ºÆ±½¯ ÆÈ·k�ã�Þ�ä�çl
ZXÞmnop�qrLst nuvwxtweovwyz{



|}~}��~����i x��stow�su nt�ut�L�o�p n��u����e�� nu��u�� x����

vw ��to��xp�� ���t���E(x)�q�su nt� su�r����st nuvw�y �ynx�u�w

no ������u�x��
E(x)=ϕ(x)−Pν(x)=

ν∏

k=0

(x−xk)·ϕ[x0,x1,x2,...,xν,x] �����
���t nu�wnx��stf�u�������r��xsrtr�q�m�s�y����y

 ¡¢£¤}¥L¦��§¨§©����§ª«¬�¤®}�§¯��¯|~§�°±±¦��¯

²³´µ¶·¸µ´¹º»¼½¾ ¸µ¿ÀÁ¶Á´Â¾Ã¹µº¸Ã¹·´Ã»¹Ä ¸·¶·¹ÀÁ¶Å�ÆÇ¸µ¹ÀÈ

¹ÀÁ¿µÉÃ¸Ê ÀÇº»ÀË¿ÀÇÁÌ´Ë ¸ÀÁÍÃÄ´µºµÁ¹¼��¯GÎ¤}¥¦��§¨§©���¯¹ÀÁÍ

Ïº µ¹·´Ê¾Ç¹º¶¹·¿É À¶¾ÏÏº¶·�Ð

zÑ



Ò¿¼¹À´¹Ë¿À��ÓÔ�ÃÄ´µº¿É ÀÅµ´¾È¼¹º·ÃÇµÕº¶¹À¿ÀÄ·¶·¸¿ÀÉÃÄ´µ

Ã¿º ¹ÃÁÕ½ÃÄ¸Ã»µ¹ÆÇÇ·Ç·Ã¿ºÇ ÀÏÖ¹Ì´¶·¸ÃÄ Ì´¿É À¶¾ÏÏº¶·ÈL×

x0,x1,x2,...,xν,

¾ ¹¶ºØ¶¹ÃÙ}Î¤}¥¦��§¨§ ¦��§ª® Î¹·´¿À¶¼¹·¹µ×

max
a≤x≤β





ν∏

k=0

(x−xk)





, ���Ú�
¿É ÆÏ¸µ¿ÀÁ½µÃÇµÕº¶¹À¿ÀºÖ¶Ãº»µº¹Àµ¿¼ÇÁ¹À¶Å�ÆÇ¸µ¹·È¼Ç·È¿É À¶¾ÏÜÛ

Ïº¶·ÈÍ¼¿ÌÈÃË»ÀÇµÅµÄ´Ã¹µº¶¹·´��ÓÔ� Ð

ÝÃÇµÕº¶¹À¿ÀÄ·¶·¹·È���Ú�µ¿À¹ÃÇÃÄ�§¨Î~ ©¬�®§Þ¤}��¦Þß¨~ ßà¤�á

®}�§ªÎ¤}¥¦��§®°±¦��§ªâminimaxproblemãÍ¿ÀÁ·ÇË¶·¹ÀÁÂ¼Û

½·»Ã¹ÀÚäåæµ¿¼¹À´ChebysevÍ¿ÀÁµ¿¾ ÂÃºçÃ¼¹ºµÁ¹¼Ã¿º ¹ÁÏÕ Æ´Ã¹µº

ÃÆ´ÌÈ¶·¸ÃÄ µ¿µÉ�µ¹·ÉÖ¶ÃÌ´Ç·Å½ÀË´¼Õºº¶µ¿¾ÕÀ´¹µ¶·¸ÃÄ µ¹ÀÁÂº Û

µ¶¹Ö¸µ¹ÀÈ[a,β]ÍµÇÇ Æ¹µÃçÖÈL×

xk=
1

2

{

β+a−(β−a)συν
(2k+1)π

2(ν+1)

}

,k=0,1,2,...,ν ���Ó�

zè



¿ÀÁ¶Á´Â¾Ã¹µºÆ¸Ã¶µ¸Ã�¦¯ν+1~ ©é Î¯�§ª¨§¤ ªêÙë®§ªChebysev

Tν+1(x)ÍÀ¿¼¹Ã¹¼¹Ã½µ¾ÕÀÁ ¸Ã×

�����min
xk

{

max
a≤x≤β

|ϕ(x)−Pν(x)|

}

≤
2M

(ν+1)!

(

β−a

4

)

ν+1

,

¼¿ÀÁMÃÄ´µº¹ÀÆ´ ÌÅÉ ÆÏ¸µ¹·Èϕ(ν+1)(x)|[a,β]Ð

«�® Î©ê���ìnx���íw �� nChebysev�p�qî�wu nt�u��tï�u�� n[−1,1]

�u n�sðxpíu n�q�twu nt�u�ñnpïpu�� n�u��rtr�t��� n�m�u��s�q�n

òðó�m �ô��wu�ôLnp nou�pt�uto�t �t �u�u nw nto nw� x�t��wu�wupt� s��

nw n�p��to��ô ����t nν=2,3,...

Tν(x)=2xTν−1(x)−Tν−2(x)� sT0(x)=1,T1(x)=x,

�ô��w��s�ut�p�qî s�u����u��tï�u�� nõ��m�öo nt xnp���tïî��wu�ws÷�

ntp suto�t �t �u�u nw nøùLúûüýþÿ���ý�ýψkø üý�����ø úü� úû�ý�	 ú


��ümu n�

ψk=συν

(

kπ

ν

)

,k=0,1,2,...,ν−1,ν.

�


