YACTB 3. YHCJIEHHBIE METO/JbI AHATH3A

Maea 1. Annpokcumauusa pyHKUUA

: " (a.b) - g JER
g(r) ~ f(Y)YEQ Q—{ s z=ﬁ g(X) ~ f(x).x—(xl,...,x;)eQ, Q—{xi=(xﬂ;...;xc),i=ﬁ’
— 3aJava NpHOTKeHHS 1 T l |

— 3aJa4a BOCCTaHOBIEHHA
— CIriIakHBaHHe SKCIIepHMeHTaIbHBIX JaHHBIX
— gHcaeHHoe AH(depeHIIpOBaHHE

— YHCIeHHOe HHTeTPHpOBaHHe

ATMTPORCHMAL(HA

- CITIAE HBAa HHe

L_ IKCTPa-

TOULALA

1.1. UHTepnonupoBanue hyHKUUIA OQHOW NEPEMEHHON

1.1.1. ITocTaHOBKA 3aJauH By31ax 3aJaHbl 3HAUeHUI

xO,I:"':xo:;'e i f(x01)~ i=1;_lo

xltl;...:xlzl‘. T f'(x“): i=1=ll

f(x), xe(a,b):

f(x)eF ={o(x) cocoiicteom 4} < {g,(x)=g,(xa,.....a,)} - cemeiicTBo yHKIMiT

g¥ (x;;:ay.000.0,) = ¥ (x;:)> i=flj: J =0,m HHTepIIOISIHOHHBIE YPaBHeHHA
Bomnpocsr:
1. g,(x.a,...,a,) odbnaxarot cBoficTBOM A 2 [T p—
2. g,(x.a,...,a,) usecTHBI A1g Vn = 0,00 1 onpeaenensiHa (a,b) a1a Va,, i=1n
3. g.(xa,..a)=g.(xa....a,.d.,)
4. Ve = In=n(s): gn(x;al'=...,a;)—f(x)|<5: xe(a,b)
5. r(x f)= gn(x:a{,...=a;)—f(x)|—?‘?‘? ; -




1.12. MeTtoa HeonpeaeleHHbIX KO3QPHIHEHTOB

TOIBKO O 3HAYEHHAM QYHKIFH | Xp,..., X,. [ (X)...., f(x,) | = | glx;ay.....a,)=f(x,). i=0,n

{0.(X)}. k=0, | cncTema 6asHCHBIX (THHEHHO HesaBHCHMBIX) QyHKImHE = g(X;dy.....a,) = Zak @, (x)

k=0
U . \ ‘/:'v \ =
P(%) - @) [ a | | f(%) » - ™ % /1
el | o Pa=f | 2 ae(x)=f(x).i=0n | . %
=0 '-\ /
‘Po (xn ) pa q)rz (xn) aO f (xrz ) ' \
CHCTeMA IHHeHHBIX ypaBHeHHH | . . . ./
{0, (x)} —mocenoBaTeBHOCTE YebBmmeBa: ® = {o. (x,)} — HeBBIPOKIeHHAT MATPHIIA

n I
a) Anzebpaudecroe unmepnonuposanue | @, (x)=x Yaxi=f(x),i=0n ®= {rf }: |®|—onpeaenutes Banaepmoraa
k=0

0) TpuzonomempudaecKkoe UHMEPNOTUPOEAHUE = o s 27x . 27mkx -
f(’f) — IepHOANYECcKad (nepno:l 2{) g(x) = Tn (T) =4a; +,tz-1 (a.t COS'Z_+ b.t SmT): f(xi), L= 0:2n
f(x) — 9eTHag% nepHOAMYECKAS gx)=a;, + Zn“ a, coskx, f(x,), i=0,n
F-l
f(x) — HeueTHaq MepHOAMIECKAT glx)= ibk sinkx, f(x,). i=1n
f-l
0) IKCNOHEHUUATEHOE UHMEPNOTUPOGAH UL gX)=E, (x)=q, + Z”: (a.chiox + b, shkx)
k=0 - N
B R f(x),i=02n
f(x) — oplcTpOpacTymas gX)=E, (x)=a,+Y (a,e* +be™)
f-l




1.13. HuaTepnoasnHoHHasa popmy.a Jarpamka

n 1 i=k -
gBHOe HHTepnoadposanue: g,(x)=Y f,®.(x), f, = f(x,). ®.(x;,)=3; ={0 l r =y (xi= i) a=0n
i R

a) Arzebpauecroe unmepnoaupoéanue | O, (x)= }1 ::_ijj = = ff)z, ) o(x)= ﬁ[o(x -X;), @'(x)= g(xk - X;)
@(x)
P
(X)) = gg — .f( X,)= tZ_‘,‘)(’C_ ST )f(’f)
— paBHOOTCTOSMmAA X, =X, +ih, i=0,7 18 il 2 I)H(n) T« "
A — g B +th)=t([ 1)...n('z n+1)§ — f(x) ™ =tt-1)...t—n+1)
— cxema - X, — X
OHTKeHa Pn()= 'J/} ro g
1 =1 = axs, POl(x) xO —
g M ol TEO=lp e o -j Pa(®) % -
P,(x)= 12 2 B _[fon Xy
12 2 Fyas(2)
3 t(’c) fr x-x s Po(x) x—x Bi(x) % r
Ba)=— Bu(0)= P %
X =X B 3 fr x-X P() x;— P, .(x) x, -
(%)= e ey P (x)=""-" &
3 3 X, — X
~ . AE SR
PH—L’! (r) B fn Xy — xr‘
6) Tpuzornomempuuecxoe _ sin((x - x;)/2) i B(x) X =%;
UHMEPNOTUPOEaAHUe ®:() }1 sin(.(xk -X; ) / 2) ZSin(_(vat - X; ) / 2)B'(xk) S gsm 2 it :l;! B 2
6) IKCNOHEHUUATHHOE shi(x - x;)/ 2) F(x) —-X;
UHMEPNOTUPOEAH e Pe)= }1 sh((r - X. )/2) 2sh -X, )/2)F ) F= E,Sh 2 > Fle) = :g Sh 2




1.14. Pa3sgeneHHble pa3HOCTH (Pa3HOCTHBIE OTHOIIEHHS)

X;- f(xi) i=():_’7

1-ro nopgaka 2-ro nopaaka n-ro nopgakKa

f(xo) f(xl=x0)= f(XI)_f(XO) f(x2=x1=xo)= f(XhXI)_f(XI:XO) f(xmxn—l:"':xl:xo): f(xm-“:XI)_f(xml:-“:XO)
X X X—% Xn — X
CeoiicTBa
1. f(=0(x)+y(x) = ...; 2. f(X)=ap(x) = ... %)
3. fOE®, = fxpi X )Py (f(x,;-:,xp) =const) o) S (x0.%) f(%.%.%,)
2 M b A A L T
4 f(xm"‘:x()):z& 5 f(xh---;xo):f(xo;...;x_,:) f(‘cl) f(xl:;xl)
=@ (X;) : : G o 2]
6. f(x)=f(xp)+ (xp —x5)f (xp,%) + (3 — X)X — X ) f (X0, %1, %, ) + f(x‘ 5 : -
Foet (6 —x)06G —X))en (6 — X ) (Xgaeenn Xy ) f(x:) F . %:%) g s )

7. f(x)eC"[a,b] = f(xo;...,xn)zf\t;(f): £ela.b] (1.Pomng) | f(x,) I 1 %)
1.15. KoHeuHble pa3HOCTH x, =% +ih, f,=f(x,), i=0,n

1-ro mopsaka 2-To mopsaKa 1-To IopAaKa

Jo M=AL-F Alﬁ) =4 - Anfo = An_lfl = An_lfo
CeoiicTBa fo A
S o A
1. f()=0(x)+y(x) = ...; 2. f()=ap(x) = ... : Af, f°
3 f(0e®, = A fyed,, (0= f(c+ 7 /s 5 : X,
. . : 2 Jo

4&A=w—mﬁ=ﬂ—ﬁy@+gy@—memﬁ, ?4 AL A§

z D e ; n-1 A i n-2
5. f.t=fo+G}3ﬂ> +(§)-A‘fo+...+¢xﬁ,=(l+.-ﬁ)"fo f Vi

. f(x°=x1 =%= f(xo=x1=x2)=

A'f,
20

_A

AN & . ool ol I
P, 2 T

7. f(0)eCab] = A'fo=1"f*(&), £e[a.b]

8. fi=fi+e.lglce =
A% 7o — A fy| = |Aeo | =[(E - 1 &< 26

JocTIKEMA TIpH &, =(—1)'¢




1.1.6. HaTepnoasnuoHHas popmy.ia HeroToHa. OCcTaTOo4HDIM 41€H B popme Jlarpan:ka

SBHOE HHTEPIIOIHPOBAHHE Yo EEY. 1P| =5 | 0G5 SO Y e )
P ()= f(x) + (x —x ) (X, X))+ -.. + (X =X Hx—=%,)- .. =% ) (g 50 -5 %,) :6> P(x)=f(x).i=0n
F)eC™ab], x elabl, i=0n | = | Yxelabl, 3= £ elabl: R,(cf)= f()-P,()= (;’(T"‘l)),f{’*“@)
£
ITo cBOHCTBY 6 4114 Y31I0B X.....X,.X U {1 m3 cBoficTBa i 5. e M e 1)"
PRI n+1)!
fX)=f(x)+ x=x)f (g, %)+ e + (X=X XX = X)) .. (X=X, ) (3 5o %) + (X =X )X = X;). .. (X = X,)) f (3 503X, X)
1.1.7. MuHHMH3aOHA 0CTATOYHOIO Y.J1eHa
R,(5f)= “’(xl))' [P | = | |f Q<M. | = | R )= Iw(xl)i’ s | = | min|R, (5 f)| < minjo(x)
a) Ha 6cem unmepeéa.e [a.b] npu 603MOHCHOCMU 66100 A V3106 UHMEPNO.TUP 06 AHUA min_|@(x)]
XgwenXn
‘ Tigx ¥ y S
[a.b]=[-1.1] \: G N ’..“ ] t,;=cos Lol 1)7 = 0,7 — KOpHH
AT R i 2(n+1)°
o(t)=T,(t)=cos[(n+ )arcco¥] ‘1‘ / \
— nouHOM YeoOsmmesa I poaa: v /R
L,@0)=1 L=t L NN
Toa @) =2T.()+ T, () /\/:_\ b—a a+h —
[a.0]=[-1.1] =F i X, = 5 L+ 5 1=0,n — y31BI
@) HA 6CeM 6 OKPECMHOCMU MOYKU X. NP U 3A0AHHBLX Y31AX UHMEPNOTUP 06 AHUA " .
o e -x|=min ke -%] | = | % P‘*‘x1|—}r§£h X || % |x°‘x2—f:£§£} =3




1.1.8. HHTepnoassiniHOHHBIE ()OPMY.IbI 11 PABHOOTCTOAIINX V3108

x, =X, +ih, f(x;), i=O,N

n+l] 7, n+l
a) popmyna Heromona 6 nagaie madauysi( x, < x. < Xx,) R, (x, +th f )— h f =0)
t t-1) tt-DE-2) .5 LHE=D...G-n+) .
B(x+)=fy+Eaf 4 H Dy R D gy (MLt D e,
[n+1] g+l
0) popmyna Heromona 6 Konye madauyst (X <X, <X,) R, (xy +th )= (t+n(+_131>. : i 5
n+1)!
P =1, +%Af.1 +t(z; l)Agf_2 +t(t+1;?+2)a3f_3 5 +t(t+l)...('t+n—l)A,,f_n
! 2 ! nl
2_1.“ 2 _rn\2 hn«»l
6) popmyaa Cmupnunza 6 cepeoune mabauyst  (|x, — X |<:— n=2k) R,(x,+th f)= L ((:_ 1)'(1) ) Y Add (5
n+1)!
IR £, HE=Y.5 1@ -D...¢* - (k-10) 2@ -D...(2 -(k-1)?") AR
P(x +thh=F +1!Af_%+2!.3f_1+ 3 Af_%+ + k=11 A f_h%+ 20! . )
“-1 ‘- i
2) popmyaa Beccerné cepeduﬂemad’zuubt(} =X+ — a <§ n=2k+1) R (x, +th, f) = =D ((t 1)(' ) £
n+1)!
t—3 z(r 1) b C-Hee-1) 1(t* -DE-2) (=P =0).. .= E=1Wt=K) o
P +ih) = fy+ TR + EE Ay 4 TEE R+ RN s S A S,
3
a) 0) 6 2
Jo [z
> Y . [ AL I
h ,_0 XSy A3 A5 fa A Af, A3 : . -
Aﬁ 2L M f-2 ; 'f_s A3 é A2 'f-: Ad f;) ﬁl A3
f: ; Afl ‘Af-: 2 "-\f-s fo 7 Af-l A3 Af-: T Afo 2 ‘-\f-l
Af, fa A S, P A_ﬁ) A2 Nf, S A S
j Afy == h R A f, ool b | 2
o — 7 M, /s




1.19. HHTepnoIHpOBaHHE C KPAaTHBIMH V3J1aMH

HaTepnossnHoHHas popMy.ia DpMHTA ] W o R i ] v B IR
ABHOE HHTepIOIAPOBaHHe Bz | e )= d =01, 1= 0m . %k :
=i 00 1 et g gt 00
H, (x X, x)=]](x-x,)" R0 ) =—— (&)
W=22 % e n,{ S0y, 10| | =l e T
: ; - - o O(2) s N
1o Teopeme Pona ana F(2)= f(z) - P,(2) m[f(x) P(0) 1T (x=x)
X
a) npocmste y3ast (k,=1.i=0.n) H @)=P(x)= Z% f(x;) —B popme Jlarpamxa v :
f. i*1
f(J)( ) P \m,
0) ooun kpamnstiyser (m=04,k,=n+1) H, (x)= Z (x— x;) —gacTHag cymma pgaa Teimopa  |™ !
=0 é '
o i X1 X
0) UHMEPNOTUPOE6aAHUE CONPUKOCHOECHULM NEPE0Z0 nopﬂol\a (k, = =0,m, n=2m-1) HOMHHOM DpMHTA
[ o T @"(x,) ' B @W=TTe-x) |2X_5_2
H=>|—2____ 11— =)t =X (X)) =TT(x-x.) |@X; [1Gi—x : =
”“)Ziw—nwﬂnj{ﬁ{ T “4 e n% Ul N
o m=2 HX)=fo+(x=x 1[0 + |:f+f1 ﬁ)+r X [ﬂ_2M+fl')]
X = =X X—% X —Xo
2i+ 1w S
X, = ,i=0,m — "
R g H,()=— 3 ’*'1(”) {f(l x%)— 1= 30— x)}
— ( +1) =0 ~
KOPHH no;THHOMa YeObImesa
28 o ¥ix | X—X;
° %= ,i=0,n — sin(n+1) £ . 2sin(n+1) £ B
n+1 H,(x)= Zf 2 i3S AT +sm(n+1)rzf
TPHTOHOMETPHYECKOe 2|+ l)sinx —X; 2 (4 1) gin 2 (n+1)"
HHTepIOIHPOBaHHe 2 2

I/Iﬂ'repno.lmposalme nociieJ0BaTeIbHBIMH IPOH3BOJHBIMH:

PO(x)=fOk).i=0n




1.1.10. He1nHeliHOe H KBa3H./IHHelHOe HHTEPNOIHPOBaHHE

y=F0) | | x=0). n=y®) | = | 1= | | x=¢" (D). y=y ')
X, Vi = f(x). i=(),_i'2 = | g0~ fX) | = | . 1:=5(x). i=0:_I'Z = | H~{() | = | gk)=
H__L__m[eg f(’f) ~ e =) =1n(v) |= i ln(yi) =l 9 = % 1 =X nwv |= ) f-"v" tny+— tay,
%, Yi=Fx), i=01 n=In(y) =01 (x)= — ny + -’Cl o 0 Vo gx)=€® =g

1.1.11. TpodHO-panHoHATbHOE HHTEPIO.IHPOBaHHE

a) Memoo neonpeodereHnsix Ko3Ppuyuenmos

(1o cucTeme 6asucHX dyHkIHit {@, (x)},k=0,x)

R,,(x)=f(x;).i=0,n+m (b, =1)

2. & (x)- ()X b (x)=0,i=0n+m
=0 =0

ia.t% (x)
g)=R,,(x)= Ly ((x) -
0, (x) % bo (x)

0) Asnoe unmepnoaupoeanue

B BHJIe LIeITHOH Z[p06H gepes 00OpaTHEIE pa3aeleHHbIe PA3HOCTH

1-ro nopgaka

2-ro nopgaka

1-TO NOPIAKA

- ___n-% B I e i : X Xg) =
e T i T v e il 7T = oW
&
~ X — X, J (%) >
R(x)= f(x)+ . X — % F(x) M f (xsx e
if (xo:-’ﬁ)'*'f-(ro 5. %)+ ; S (xa,x,) :
X, X f(x;) : Fis )
X~ Xnl £
f-(x0=rl r”) f(r ) f (r y\—l)f (x. MR x-)

deg P(x)= l%_‘—ll deg O(x)= 4

f(xn) f (rn—l rn)




1.1.12. O6paTHoe HHTepnOaHpoBaHHe X, V,= f(x) i=0,n; y.=f(x) -2

1 &

a) Cyuwecméoe6anue 6 okpecmuocmu moqxu (x.,y.) odpamnotzasucumocmu  x= @(y)

® TOJBKO IO 3HAaYeHHAM (QYHKIIHH Vo X =@,) i=0,n; x.=@(3)-2
n Ye—Y;
L=ZTI—=% | | %=2+ (0= Yol f Qo )+ oot e = ¥o)On = 31D = V) (oo es )
2=0j=t Vi — V;
® IIPH HHTEPNOIHPOBAHHH C KPATHBIMH Y31aMH o= i, , Xy =— (} ,’“) =
| Yx g Yx
0) Peuterue HeTUHEUHOZ0 VP AGHEHUA y=g(x), gx)~ f(x)
e oOmasg popmyaa HeroToHa Yo =f0)+(x=x)f(x, %) +...+ (x= ) x=%)...(x = x,,) [ (Xp,---,%,)
® (HOpMYyIBI IO PABHOOTCTOSIITHM Y3JIaM: X=Xy kbR A1 CXOAUMOCTH [, =y(f,) AOCTaTOYHO:
r—1 tE—-1)( -1)...¢—n+1 2 , AR
[(J _fo)_[( )A‘fo L A fy—i Dl ) " fo] AR AN ARSCR
Afo 3 nl
[(J —fo)-[(HDA‘f _t(t+1)(t+;.)A3f_3_. . t¢+1)...0+n- I)Af ] esinie
Afo 3! n!
1 s t(t? ) o e | - —3)
f=—— A s RN , — Af.—...
Afl[ WrEE w S @m e i
A Al tt-1) ., (t—3x@-1) , DE-2) .
t—§+a[(}o‘—fé)— 2! Afl —.Afl TA'f_:—”'
1.1.13. CX0AHMOCTb HHTEPIOIANHOHHBIX POPMYT (o T Ya
Teopema Befiepmrpacca P 1 .
Y (x)eCla,b] 3, i=1nf: f—p—(x)=| X~ .00 £ 1=
PABHOMEPHO " 05 i
P.(x) > f(x) Oxnnako pacxoauTes v g
f)=4x -3x"* +14¢° -22x* - x+5 Be3ze, KpoMe T b®
x€&[-1.1.5] max|f(x)— P,(x). n=2,100 1.0




1.2. Untepnonuposanue hyHKLUWA MHOTUX NEPEeMEHHLIX

g(x)

ki

@) =)0 0

z= f(x)

(R

=th,- =T e

:xi;):i=]7‘?v

1.2.1. IlocTaHOBKA 3aJa4H; MeTOJ HeonpeJeleHHbIX KO3)PHIHEHTOB

10 3Ha9eHUAM QYHKIIHH

X f(xi):i=ﬁ

ﬂﬂ=é%%@)

=4

é%%@J?ﬂ&Lhﬁ]

a) Arzebpauqecroe unmepnoauposanue (s=2)

CHCTeMa JHHeHHBIX YpaBHeHHH

F+l=0

n
P(x))= Y agx"y'

f(xi:./vl'): i= O:(il)z(m_z)

Z k=
+l=0

1.22. HuaTepnoasinHoHHasa Gopmy.aa Jarpamwka

n 1 i=k S
gBHOe HHTepnoadposanue: g£,(x)=Y f,®.(x), f, = f(x;). ®,(x,)=6; ={0 l X = g,(x,)=f(&x,), i=0,n
i=0 1#

- ; — Lo - < xEf n m
a) Arzebpaudecrkoe unmepnoauposanue (s=2) | P, (x.y) g‘s g, a,x'y o) =1C-x). BO)=TT-¥,)
=0 J=0
® peryiagapHas . - e e
mpaeopomms, . SR =D RITHES ol s SO
ceTKa y3710B i=0,nj=0,m k010 ixt ju Xz —X; V; — (n+D!m+1)!
*PIIOMCPAL . _y 4ih, i<, wwuﬂmwﬁmﬂ
. yy=Yo+jd.j=0m | BGat+Phyy+ad)="—0 - 2 e = e )
! ! im0
- . (x':'\,v.) n k-110-1 D s } -)j
TpeyroIbHasd 02750 P (=7 TIII i f()ct )
CeTKa y3J10B i+j=0,n B+1-020 j0 Xp — X; V,
® paBHOMepHas (p::9;) s -
ceTKa y3710B i=0,nj=0,m 2=1n0) = Eulo.9)=..



1.23. HuaTtepnoasinHoHHas popmy.ia HeroToHa (s=2, 119 paBHOMEPHOH CETKH y3710B)

JaCTHBIE KOHEYHBIE Pa3HOCTH ;=X +ih,y; =y, +jd. f;=f(x.y;)- i=0,n, j=0,n

20 10 10
AT S =A"Sa ;= AT S

A, 'fv - A1+o fc‘;‘ 3 ./;+1J 3 f,-,- A0+2 fg;‘ kS Ao+1 fi.j+1 _ A<>+1 j; Ak‘;f' ) { A1+o( A(.t-1)+1 fii )= = A.:u-o ( AM fg)
4 % 0+1( 4 k+(i-1 0+ [ A £+0
Afy=Afy= fron— Sy | A =8 A - I AR £ )= =AM (A )
= Abof‘.-‘ﬁ,l _AI*-Ofv

SO = P(x,¥)=Cop + €15 (X — X)) + €1 (3 — Yo ) + Cao (X — X )(x — X)) + €1, (X = X )Y — Vo) + Cou (¥ = Yo )= W) +-..

P(x,y,)=f;.i=0n, j=0n| = AP = A £V, j K,

Al+0
AP, =P+ hY)— P(LY)=Cohi+ 2pMx— %)+ G =Yg) £.... APBp=A"fy= Cio= = hfoo
AD+1 Nend . N . 3 ) - g A O+1 _ A+ _Amlfoo
ATP(x,y)=P(x,y+d)-P(x,y)=cud +¢;;d(¥y— ¥y )+ 2,d(y = Yy )+ ... AT Py=A" f(u = Cop = 2
2+0 N _ Al+0 N Al s 2 A0 p  _ A2+0 _ Ahofoo
ATP(x,y)=A"P(x+hy)-A" P(x,y)=2¢c;,h" +... KB =R foa=> cm_7
A0+ P(x.y)= 0+ : 041 s 2 A0+2 p  _ AD+2 o A Joo
/ X, W=ATP(x,y+d)-ATP(x,y)=2,d" +... B P = = Cpp = ¥
AR P(x,y)= 140 : Al+0 e Alsly Akl i AHfoo
x,W=ATP(x,y+d)- A7 P(x,y)=c,hd +... AP =R =5 € = nd
AR =A" f = Cy = o f |
) TDEYTONBHAS CETKa Y3708 ”ith*d

1 1 o N i
B(x + Phyo +qd)=foo + 5 [PA o + a2 0|+ > [P(2 — DA £ + 2PgA™ fi + g(g - DA™ £ | +

+ %[p(p —1D)(p- DA fo + 3P p— DA fop +3pg(g — DA™ £y + q(g —1(g — A fip]+ ...




1.24. MeToa noc.1eJ0BaTe.IbHOTO HHTEPNOIHPOBaHAA  (5=2. 1714 paBHOMEpPHOH CeTKH y3II10B)

[y x=x+ih, y, =y, +jd, fy=[f(x,y). i=0n, j=0n

a) nocmpoerue UHMepPROIAYUOHHO U PYHKYUU

— HHTepTIOTHPOBaHHe 110 OIHOH U3 MepeMeHHbX (Hanpuvep, ox) (Vi =0,7)

[0 x=x+ih, fi(x)=f.p).i=0n D fix)mg(x)

— HHTepIIOJIHpPOBaHHe 110 APYToH NepeMeHHOH (110 V)

g0):  y=y+jd.g.()=g,. j=0n =  g.(~h(xy)

0) 6vi4ucIeH e 3HAYCHUA PYHK YU f(x.,y.)

— HHTepIOTHPOBAaHHe 110 OIHOH H3 MepeMeHHbX (Hanpuvep,mox)  (Vj=0,7)

Ji(x): X, =% tih, f;(x)=f(x.y;).i=0,n = fix)=g;(x)

— HHTepIIOJIHPOBaHHe 110 APYToH NepeMeHHOH (110 V)

g.(): yi=Yo+jd, g.(¥)=g;(x). j=0n =  g(n)=hy.)

1.25. KycouHo-THHeiiHasi HHTePHo/IsANHs B TPeYTo/IbHOi 001acTH (s=2)

(. 3. 2= f(x,0:), i=1.23. 5,. 5,. 55, §=5, +5, +5; #0 — II0mManH TpeyTOILHAKOB a (xy) (=)
(x,¥) € TpeyroabHHKY z=f(x,¥)=? (
6apHueHTpHIecK e KOOPIHHATH TOUKH (X, )
a+pB+y=1 (x5
az%"gz%’}’:%: i ik il z=0z, + [z, + 25 (53
+ Bt s =y .

><V
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1.3.1. IlocTaHOBKA 3aJa9H HAWIY4IIero Nnpud.ImwKeHns QYHKIHA

O Lol i

If»

[Lp (Q) Ilq)”Lp = [£p(x)|¢(x)|pdr)

N iy
i »
f()eL©). L(Q)zi el "(g" ) )  0={x,i=0M

c©) el = mgxloto) lol = maxjot)

= {Z a. o, (x)} C L(Q) — deOpmIeBCcKOe MOANPOCTPAaHCTBO P, (X) = ﬁ‘ia‘t @, (x)
k

=0

EIF igf'lf- F,

P, (x; f)=3 a.¢. (x) — moauHOM Hamny4mero npuoamwkeHns: E(f) = " f-P, , ~ Hamaydmee NpHOIHKeHHe
E=0

Bomnpocsr: 1.3P (x)| [2.P )| |3-|E(f)<?| |4.aaropurm—? | |5. B (x;f) — paBHOMepHAS HeNPEPHIBHOCTD OT

1. m3Teopembl boabpnaHo-BefepmTpacce: {Z a.@, (x)} — THHeiHO HesaBHCHMEBIe = Vf(x)e L(Q) 3P, (x, f)
£

2. Yf()eLl,(Q) = P (x, ! Vf(x)e C(Q), {Z a.@, (x)}— BBINIOJTHEHO yca0BHe Xaapa = P, (x, f)!
i

VP, (x)= iak @, (x) nmeeTHa O 1 KOpHe#
=0

{l,x,xz,...=x"}, O=[a.b]. Q={x,.,z'=0,_f\-f}; {1 sinx, cosx,... sinnx,cosnx}, Q=[-m, 1), O={-7<x, <x,i=0,N}
L0000}, 07 (0>0, o(x), 0=[ab], Q={x,i=0.N}; {Leosx,....cosmx}, Q=[0,7], 0={0<x, <7,i=0N}

5. L(Q) —4eOpmmeBCKOe MOANPOCTPAHCTBO =>

lP,:(x; N-P(x 7)“ 70 0 + ycaosne Xaapa 111 C(Q)

VBenudyeHHe YHCIIa HE3aBHCHUMBIX TIEPEMEHHBIX YUIOKHACT dllllapaT I'lpH6..'IIDKeHHSI



1.32. Hanayulnee cpeJHeKBaJpaTH4YecKoe NpHO.IH:KeHHe

(

iml

b
y [ PReCIW(x)dx Q0 =[a,b]
e ~e0% & Gw)=13

H(Q)= L(Q)— ru1p0epTOBO IPOCTPAHCTBO

P, (x, f) — HamTyullee cpeIHeKBAIPaTHIHOE MPHO THKEHHe

[Z po()w(x) QO={x.i=0.N}

Bl =2alp(x) - V u):

P, - f.9.)=0

L k=0.n

o> a(@,0)=(f.9,).i=0,n
=0

min
a,

-

-

(n—i@@ui
H

k=0

a

éat [ )@, ()@, (x)dx = [ p(x) £ (X)@; (x)dx

a; = Tp(x)f (), (x)dx, i=0,n

Da-1 ®-0.0)]

i=0.n

f=l

gat 2%’:’9’.& (x)e(x;)= %: P f(x))o(x;)

if
{(pk (x )}

a;= %:pif(xf)(pi(xf): i=(),_}’1

OpPTOHOPMHpPOBAHHAA CHCTEMa

,P,1 () =(B,x —C,)P,(x) ~d, P, ()

1.33. OproroHaibHble MHOTOYWIEHBI

Fﬂa-

ITonHOM Obo3rauerns, n = 0,1 0 p(x) a, b, C; d, HopMHpYIOmHE MHOKHTENS 1,
JexaHapa L) 1.x [-1. 1] 1 n+l | 2n+1 0 2 J“_Ti;r_f
YeoOpmuesa I ST 3 Ex [-1. 1] m 1 2 0 1 u, = \E (o = ,f%)
Yeopmresall | U, (x): % L1 | fi—2 1 2 0 1 Tz
Y-Jareppa | Li(x): 1, (a+1)—x| [0.[ ' 1 2 0 2n 1/ 2 ulr

Y. - OpMmuTa H, (x): 1,2x ]—o. o[ ex 1 1 mra+l | nn+c) (_1)”m
R0 113 LR | 4[]0 | [T E
YacTHA CyMMa [-. 1] % %sin R, % cos™E

ppadypoe L =k.k=0.N ! :}\_ J_%_,sin%, J_i:.cos%




1.34. MeTog HaHMEHBIIHX KBaJPaToB

II0 3HdAYEeHHIM

xj,f(xj):j=0;w = Zakq)k(xj):f(xj):jzﬁ Pa=1
GyHKIIH s

N >n (N >>n), MOKHO y4ecTb Beca P;

— pelIeHHe CHCTEMBI da=fc MaTpHue# | pama: o= D f=®’f

t_;-O

mmZ(f(x )— Zat%(’f )) = é %q).t(xj)q)i(xj))ak =j§f(xj)¢’i(xj): i=0,n

—0000meHHOe pemeHHe HecOBMeCTHOH cucTeMbl Pa=f Lt : -

1.35. Hanayumee paBHOMepHOe NpHOIHKeHHe L(O)=C(0): igf méx[f A ; / 7N

a) memoo umepuposannozo 6eca  |o|. = }gnx“q’" e BHemmHui muKT: p, =2°, k=12.... ao’=ﬁ%z (7

BHyTperHH |05 () =[f(x) - A, no<x_1)]p,-.--2 " bHa . 1:,;“ -~ =0 N |

IHKT T3 A _ prED P2 ED [ H® o.(x)dc=| 20 F()@.(; ) e
PP=11) - EEP | 2] o2 (e (g = piP (S ()i x)dx 7;/:}%{

6) npocmeiiuiue cayqau: 0=[a,b], p.(x)=x" ., n=0un=1(f"(x)>0 Vv f"(x)>0) ) ;///4:/1 ;

P (0)=m;>a,= %[fflg’ff fx)+ t[rgjbt]lf (x)] B (x)=a,+ax:a = e (b; af (@) a, = - [r[ng:}i(f(r) a r + mm(f(r) a r)]

6) AnNNPoOKCUMAYUUA AT2eOPAULLCKO20 NOTUHOMA v . b-ay 2x+(a+b)
R = A ="y ax )= x)—a,, —
(MHTepIOIHPOBaHHE IO y31aM 1. YeObmmesa I) J)=Fa(0) ?-5 X = BE0=Fa(0)-a,, i L b—a

MHHHMYM OCTaTKa
2) meaecKkonudecKuii Memoo

6) 6)
f(xX)~ Py(x)= Zar — pasaoxenne B paa Tefttopa = Py(x) = Py, (x) = Py, (%) :> ("Pm1




1.3.6. ITage-annmpoKcHMaIHs

®©
ks " @ — 1 m
=Y c.x +ax+...+ax d;=c.. Wy, I !
AL g % [m/n], =2 o - =2d X L —— || Zax = ZTex b
o by+bx+...+bx" o i=0,m+n =0 D jD
Pa3I0REHHE B pAO Temopa
Up, =1
[ a,=c,h, [ ¢ G B e Wkl [éss
[0 0] [1 0] [2 0] 0 0 m—n+1 m-n+2 m-1 m n m+l
S ad | 0 m-n+2 m+l n-1 m+2
01 = by Bzgy| AT G g Cna || B g
b  IERAAA . . . . .
. C —
[0.2] [Q=O,Z>nj
. Ay =C»t-1b0 +Cm-1bl Tt Cobm-l Co1 Comen-2 bl Comen-1
_am =Cmb0 +Cm-1b1 +...+ Cobm - Cm Cm+1 Cm«-n-l Cmn-l_ bl £ i I Cmm =
CsoficTBa

1. [m/n]f —3Jm! 2. f(x) Moxer HMeT HOMOCH

3. [n+ kfn] , — 3 AocTaToO4HSBIE YCIOBHA CXOMHMOCTH

4. HexocTatok: [m/n] » MOJKeT HMeTb 0COOSHHOCTH, OTIHYHBIE OT 0COOEHHOCTeH f(X) => HCIOIB30BaHHe [n/n) P

5. 9¢deKxTHBHOCTD 2714 QYHKIIHI, HMEIOITHX NOII0Ca Ha KOMILTEKCHOH ITOCKOCTH B OKPeCTHOCTIX TOYKH PasIoKe HHAL

" i i P e

- OpumHan
— CTeneHHOM pag
— Mape

A 0 1

, ITpumep 1

1
X)=——
S &) 1+sinx”

P,(x) — cTeneHHOH paa
[4/ 2] , — Tlaze-annpoKcHMaHT

IIpumep 2
1+1ix
X)= =
A 1+ 2x
TIpumep 3

f(x)=In(1+x)
pacxoadIuica paa

10

a9

Qs

07

s

00

Anmpowcumauen Nage [1/1]




1.4.CnnaiH-annpokcMmaLmus CILTa#H COCTOHT U3 parMeHTOB PYHKIHIH Tr000r0 KiI1acca

1. Anbepr Ix.. Hunscon 3., Yoam k. Teopua cniaiinoé u ee npuiodxcerua.— M. Mup, 1972.
2.Creuxun Cb., Cyoootun IO H. Cnaaiinsl 6 ebluuciumenvrol mamemamuxe. — M.: Hayka, 1976.
3.3aspanos FO.C, KBacos b.M1., Mupomundenko B.JI. Memoow: cnaaiin @yrHxyuii. — M.- Hayka, 1980.

4. 1e bop K. IlpakTHdecKoe pyKOBOACTBO IO CIuTaiHaM. — M. Paauo u cB43b, 1985. THOKOE JeKaT0

5.3aspanoB 0. C.. Jleyc B. A.. Ckopocnenos B. A. Crnaaiitbl 6 utixcenepHoti ceomempuu. — M. MamuHocTpoeHHe, 1985.

6. Bepmmnua B B, 3aspa0B FO.C ITasaos H.H. Sxcmpemanvtble c601icmea CRIALHOE U 3A0a4a C2IANCUBAHUA. —
Hosocuonpcek: Hayka, 1988. http://semam rwbook_mm3d.php U

7.Pomxxepe 1., Anamc JIx. MaTeMaTHYeCcKHe OCHOBBI MaIMHHHOHA rpaduxu. — (M.: MammHOcTpoerne,1980) M.: Mup, 2001.

1.4.1. ITo1aHOMHAIbHbIE CIJIAHBI: ONIpeeleHHe, GopMbl IpeJCTaBJIeHHS

S, (X)e®,, xe[x_,x], i=1,n— noauHOM CTemeH: < m

S, (x)=S,,(xA,) — I0OIHHOMHAIBHBIHA CIUIaHH CTeIIeHH < M

nedexTa k Ha ceTke y310B A" a=X, <X; <...<X,=b S, (0)eC™ a,ble SV(x, -0)=SY(x,+0).I=0,m -k, i=1,n-1
a) IIpedcmaénenue cnradna na [x_,,x;]: s, =S,(x), m;=S,(x). M,=S,(x;), h=x.,—-X, .
"r o) b 2 2 . 0
/ | (X)) =1-3)"1+2X).0,(X)=%"(3-2X),9;(X)=X(1-X)",¢;(X)=—X"(1-X) ‘ \
{1 ! I \ 4 :
. .// I . S S1(x) = Lol xs,- 2% 5.,=5(1-X)+s ,X=5y, &)+ sy, (%) 3 "
X5 Xs X3 X2 Xes X h; h, ng
S;(x) =50 (X) + 5,0 (X) + Am @ (%) + m,,9, (%)) S5(xX) = 534, (X) + 5,0, () + I J6[ My (R) + My, ()]
) ) i |Zz20 . :
S,(xX)=s, +m(x—x)+c,(x-x,) +d(x—1t.). Z, = N S, (xX)= 5, +my(x— %)+ 123 M (x; - 1,);
3 i=0
3_\.-,,1:a=t0=xo <h <X <t <...<t, <x, =t,, =b, t;, i=0,n+1 —y3abI cru1aiiHa S, (x) A (N S Lt
0) IIpeocmaénenue B-cnuaiina el
¥ S ()= ZBN e ()
i1 {Sx‘ bi—l]
X—X, X,i—X 1 if xe[x.,x,) \ {m &b ¢
AT‘. (Y) = —[‘:Vi. % (’() + J—‘:Vi. 3 (Y) ‘:Vi (Y) ={ . izl (o/o . o) } g
g Xivja =% e Xivj — X G . 0 if xe[x,xy) M, tbm,'




1.42. HaTepno IS0 HOHHbIH THHEHHbIH CIIalH

fx)=f.i=0n = s5,=f,.i=0,n
f()eC’lab] = |R|=max|f () - S;<K | 7]

1.4.3. MTepnoISnHOHHBII KBapaTHYecKHii cutaitn S. (7, —

xi-(-
Sl(x) = .

=X

x_
-+
R

T

X

= fu1s X€[x5,%], i=0,n-1

.
’ B
’
»
‘/

K =12, K, =1/8, h=maxh,

0)= S§ ) (;+0), i=1n—1 — HHTepNOIAITHOHHbIE YDAaBHEHHU]

-

- - _ _ = aiM — A i -

Ay +(2+ A4 + E)m; + gmg, = 4 ﬁ T4 Tf AM  + (=4, - BIM, + M, =2f(X,,%X;,%..;)

i1 i1 i
l i 2 T hl(hl-l }11—1) /u hi—lhi Z ] 1 ' ( -1 1-1) ﬁ = hil
: hx—l (hx- 33 hx) (A SN hi )(hi-l + hi) - t hi-l (hx'—l -+ h,) l (hr‘-l + h'i)hx'
3 h.
Ay +3m + pm =42 f (o, x)+ p f(.x0)] | A= h_zl:’?'i = m =14 pM_ +3M; + AM, =8f(x_,,x;,X,;)
i1 T

hi=h m,-_1+6m,»+mi?1=8f‘*+hf"l M, +6M,+ M, I_Sﬁ*l';f:*f b, +6b +b, =8f,. i=0,n (I1=0)

TpaHHYIHBIE YCIOBHA

a) nepuooudecKue 0) 3a0ansl nepesie NPOU3IEO0HBIE |6) 3A0AHbL 6MOPHIE NPOU3E00HBLE| 2) NPONYUICHHbLE V3161
1= Fyons By =Py SiC)=f'C)=fl. j=0n | SI)=f'C)=f j=0n | Si¢;-0)=5i;+0)
A= j=-101 2h=h=h 2h=h=h J=Ln
1=0.n my = fs . 3my +my =21 (%, %) —(h/2) f5 My +my=21(%.x)
mj = mj‘-'” m, = fr: m, + 3mn = 2f(xn-l=xrz) F: (h/z)fn m,, +m,= 2f(xn—1:xn)
i=0.n M, =ML, - f(x%,x)] My =f0. M = My=M, M, =M, ,
M.=M, ” = Do = 2)M Xgs3
J Jjen S M=ty = mg=f my =y [2) fo + f(%.%) my =(hy [2)M, + f(x5,%)
=0
b,=b,+b,,-b, b,=b +h2)f; b,=2b,—b +hf b,=3b,-3b +b,
bm-l B '“bo * bl i brz bm-l = bn—l + (h/?').fn' bm-l = 2brz = br.'-l + hzf;: bm-l = 3bn - 3bn-1 i bn-l

peImIeHHE TPEXIHATOHAJIBHBIX CHCTEM (I'IpOCTbIX, IDHKTHYEeCKHX, C oxaﬁ.\memle‘.\{)

f0eClab] = RP|=[sP - 1@ | k2| 7|

K; =7/8, K; =172




1.44. HaTepnoISsNHOHHBII KyOHYeCKHil CI1aiiH

S¥P(x, —0)=5"(x, +0), i=1,7n— 1 — HHTePIOIITHOHHEI® YPABHEHAS

Ay + 2m; + pmy = 3[4 f (x5 ,x) + g f (6, x00)) A= Y ):/‘r‘ =1-4 MM +2M + AM =6 (X, %, %)
1t A
R ez L o o
h=h m_, +4m, +m,, = 6f"1,>—hf"1 M_+4M .+ M, = 6f'*1 h{l Je b,+4b.+b,=6f., i=0,n

TpPaHHUYHBIE YCIOBHA

a) nepuooudecKue
fj =f}+m h; =h.,

0) 3a0anst nepésvie NPoOU3600HsLE
S;(x)=f'(x)=Ff. j=0n

6) 3a0ansl 6MOpPsIe NPOU3EOOHbLE
S3(x)=f"(x)=fi. j=0n

2) nponyuiennsie y3.1sl

S;(t;—0)=S5(;+0), j=Ln

hi=h hi=h h=h
1=0.n my = fs. 2my +my =3f(x,%) —(R/2) fy my —imy =2 f(%.%)— f(x0,%)]
nz.l' =mj“'” m, =f); M, +2mn=3f(xn—1=xn)+(h/2)f): m,_, _mnzz[f(xn—lzxn)—f(x 23 rz—l)]
i=0.n 2My + M, =(6/Wfy - f(x0.X)] | My =1 M, —2M,+ M, =0
M;=M,, M, +2M,=6f - fC x| M,=f" M,_,-2M, +M,=0
b,=b,, b, =b +(hf2)f; b,=2b,—b +hf b, =3b,-3b +b,
bm-l = bl bn«-l = brz—l + (h/?').fr: bn'—l = 2bn o bn—l + hlf;: br.w-l = 3bn = 3bn-l 2 bn-2
% pemeHHe TPeXIHATOHAJIbHBIX CHCTEM (l'IpOC'H)lX, MHKIHYEeCKHX, C oxafmmemaem)

— TOYHOCTH anmpokcumamun:  f(x)e C'[a,b]

— CXO0IHMOCTB:

IRgp)
S

lgs(p) (x)- [P (x)" < K;Dhr-puf(,.)

K =13/48 K, = 0.8623, K, =5/384, K, =1/24

f(x)eC’[a,b]

S1#(x)—=— f ¥ (x) co cKopocTeio /"7

— MHHHMAJIbHOCTb KpHBH3HBL G(X)= {g(x) lg"(x) eClab), glx)=f.i= O_n}

minf|g"COf e = I3 de

6




n+l o

1.45. TokanbpHas (ABHAS) aNNPOKCHAMAaNHs KyOH4ecKHMH B-cnnaiinamna S D= BN; i, hs=h;=FK. hi=h=h;
i=l ’

a) no snaqenuam f(x)=f,.i=0.n

b =f.,i=0n, b;=b = .)”Sml_ax|l;i—b§ - 0(h)
6) no snaqenuan f(x)=f.. f'(x)=f/.i=0n, f(x)eC[a,b]
= fo=hfi b= fo b= i AT f =TT b= £ b= £ - B B
h—

=fi-hfs. b=fy. b=fi+= h"l[/tf(’fx.l %)+ i f (% %) i=Ln=1, b,= f,. by = f, - hif,
6) no snavenuam f(x)=f,. f'c)=1f . f'&x)=f. i=0.n, f(x)eC*[a,b]
~hfi R f b= fe AR - g i Gn b= f =Sl P g || - s <0408

Fr 2 LN 1 2 T R T Fr : Pl
—hfo+ %fo b= +§[hi’1’if(xi—l=xi)+hi—lﬂif(xx':xi-o-l)]: i=0,n. b =f-h_f, +%fn

1.4.6. CrnaknBaHHEe H HAHTy4IIee npnﬁnmkeﬂne cnafiHaMH

a) czraxcusanue: mm {pr[f g +pj|g 9 dr} W{"[a,b]:{f(x) |f(x) e C™[a.b]. f(x)eLz[a,b]}

- Sj(x) Lsi_ 5 O A & F P S0 fiorebasl nesnie seg
; pihx : ( pzh'z pthx pthx-l ; f : A §
= 55(x) Za M= LAY, M, S MU, =M 20, s B S

J'_

@) HAWIyauiee CPeoHeKe6aop amudnoe np ubauxcenue: Z a;b=p.i=- —In+l

Ay Ay o
- 5,(x) Oy =—2—, @, =2, @, =— ’Ig_zjzv.‘l(x)f(x)dx, i=Ln-1, 0, ,=0.a,.,=0
Sl R Sl ' e



1.4.7. IByMepHBbIe N0 THHOMHA.IbHbIE CIJ1aiiHbI H HHTEPNOIHPOBaHHE HMH

2 -~ ~
S, (=S, (x,y;A, . A) — MOTHHOMHATEHBIH CILTAHH CTENeHH < M H < 71

aedexra k Ha cetke (Q=[a.b] x[c.d]. @, =[x_,,x;]x[¥ ) Y310B
@ v [ ] [ J-1: yj] y Sm(x;;v)ecm—k:rhl[Q]

S (X, 3) EByy. (X, ¥) € @0

i=1M, j

Ayt a=x,<x <...<x,, =b,

a) Ilpedcmaé.nenue 4epes 00HOMEPHbLE CILTAUHBL:

0) IlIpeocmaénenue cniaina Ha @y Sy

Az_\r: C=}/'° <J"1 <...<}/‘_\r=d

MN ; . <
Swn(6.3)= T Su (S, )55 . Sy(Xe)= 0. S5 (3) =8,

i=0 j=0

=S, ¥,), my? =882 (x,3), kI1=01, M{ =58P (x,,y ), I61=02

Sy Spa 1=y
Suxp=f-x x] ° ¥ [ b ] SnCey) =s; +m O (x=x) +mg Y v =y )+ mg (x=x )Xy - ¥))
Sl Swrga |l Y
o VT 10 1.9 T Z5 7 B = Fr 2.0 2.0
Q)l (x) SU' Sf:j+1 m; ) ml(Jd-{ q)l (}”) Wl (x) SU St',jd,-l "LI( o ‘/[l(,}‘i-l)
= (1.0) (1.0) 5 b4 (2 0 (2.0
S, x.y)=| &) || Sy Siaga Miiy Miija| P0) S ()= h‘f/’ @ || Sy 5f+u+1 M; i, J) M x+1,;)+1
BN/ = (051) (0.1) (1:1) (1.D ) 33 -‘ X 0.2
= 01 01 11 11 = Iz2 - 02 (2.2 22
hiq)4 (x ) ml(+13 m l(+l 34-1 m x(+1 )_; mr(+1 ?;*1_ dj @y 0' )_ _75' ¥, (x )_ M r(-o-l,;) "I i1, _;-wl "[ i, S "[ i+1 J)+1
M+N+1
6) IIpeocmasienue 06ymeprozo B-cnaadna S () =22 b; N} (N3 ()
=1 jal

2) Humepnoaupo6anue 06YMepHsIMU CRIAHHAMU

Toc1e10BaTeTbHO O THOMEPHOR HHTepPIIOTHPOBaHHE:
o X: s, = ml), mi; moy: s, .S

Lj+l?

(1 0)

moy: m'”, m)

i j+l

(0.1).-

A+L 2

(.1
ij> Sislj ,J+1:>m . m;

TPaHHUYIHBIE YC/IOBHA:
S0y )=f,i=0M, j=0N
S0y )=/, i=0M, j=0N

SEO(x.y )=, i=0.M , j=0N
SO0 y)= 1D, i=0M, j=0N

u)(x‘,yJ) f;u), i=0,M, j=0ON S&z)(x‘.-,yj)=j;2'2): i=0,M , j=ON

+ HHTepIIOIHPOBaHHe IPaHHYHBIX YCI0BHH

g) Jdoxkansnan annporcumayua, caiaxcusanue, ...

(L1

=LN

[ v, (3) ]
sz (»
‘51 v (3)
Ly

S804 -0.y)=8%206+0.5,), S8 0.3, — 0 =8E (.3, +0)

(1) .

m.,J+1 ? mg./*l ?




Maea 2. YucneHHoe audcpepeHUnpoBaHmue

2.1. OudbepeHunpoBaHue UHTEPNONALMOHHLIX hopMyn

f()=g@)+RM@. [Rx)|<s = fP)=g"@)+RY @), [R® @)= () -2

2.11. JdnddepennupoBaHHe HHTEPHO.IIIHOHHOIH popmyasl Iarparmka P,(x)=

2 o(x)f(x,)

o (x—x)e'(x;)” k()= (n+

a(x)

@(x) R . LEN
Pl(x)= g;u e -1)0 G )f(x) R (x)= G 2),f ()( +1),f &, Pl(x)=..., RI(x)=...
a)éysrax Pl(x)=2 o) f(x)  10°C )f(x.t): P'(x)=3 @"(x)f(x) 0'(x)f(x) | 107(x)

= (5 —x,)o' (r) 2 o'(x;)

= (X, —x,)0'(x;)

( l)n -t n (_l)n—t n
6) x, =x, +ih Pl(x, +th) = ;‘5 = ( )f( %) |:t(t l)t (;C n+1)] rifa )= Tphnf(ml)(;)
6) 6 y31ax n=1 | n=2 n=3
] fi fo h n ' 1 hl L] 3
=% §f° Jo= T ML fre o C11f, +18S,- 9, +2)- 2 1
ﬁ fl f;) _fn

-
~

2 el i
fo f'1+—f" f1=E(‘fo"‘fz)"?f:

2 2

fo= !
fim o= afi 3 )+
f;)..:fo 2h.{i+f hf
w_f;)—zfi + /3 _h_2 w
1= h? T
f fO "fi'*'f f

p il -
=2 =34 6f = )

. | I8 m
s=—If,—6f, +3f,+2f.)+—
fa 6h(fo f+3f,+2f;) i

. 1
fil= 2fo—30f1+24f2—6f3)+—12 f o

i 1 W
fl =W(6f° ”12f1 ""Gf:)‘ﬁfo

] 1 h3 s
fi= oz (6f,-12, +6£) - T 1

s -x)0'(x) 30'(x)




2.12.

(x-x)=a,,i=0,n-1 = P/(x)=f(xy, %)+ (@ + &) [ (X, %, %, )+ ...+ (2 ...

PlxX)=2Af (x5, %,%,)+ (@ + & + &) [ (X, X, %5, X3 )+ ... + (@

AnddepennHpoBaHHe HHTEPHOIANHOHHOH popmyasl HbroToOHA

P(x)=f(xp)+...+(x—xp)...(x—x,.,) f(x55-- 5%
an—l)f(xoz“':xyz)
an-l)f(xoz“‘:xyz)]

Qo+t Oy, ...

O, M L Y, A, A

x=xrih:  Blori=fo+oaf+ EDwf M D gy (JED UM D e, o,
P,:(xo+th)=l(Ayo 2t-1 NS+ —6t+"Afo 43 —18t4'+2 6A4fo+
Pn"(xo+th)_ (A'fo 6t — 6_\’fo i'6t+b2A4fo+ 20¢° —120t;+ ZIQ_IOOASfO e
IIo HeroTOHY B Hadaie 'ra6:mub1 . ITo Hmorony B Koﬁue Ta0IHLIBI
fi =2 Oy =3 By + 28 f =+ (DN D A T
fim s Efo= B DA S =28+ fim o B S+ B f+ DN L+ 28+

o o 3 2
fo= s O f =N f 42 8,

4 1 5 7 1 5 5
0 =h_4(‘yfo_mfo+'“) fe =F(A fo_;Aé-ﬁ’+"')

1 3 3 T
Pl g T i S A, 2 T
It h,( j 5 3 1 LisEid

1 . 1 ., 5
o = A 2+ fY =F(Af_5+§A6f_6+...)

h
ITo CTHpIHHTY B cepeaHHe TaOIHIbL: ITo Beccero B cepeuHe TaOIHIBL
1 1.; ¥ % 2
=—(Af =N L+ —=Nf, - VL Y
Jo= Wy =P 5 iy f/ Wo- 8 it gt /-

1 : 1 1
"=—.,A‘ ——A4 1+—A6 _
fo h‘( fa = fa = iy

w_ 1 .43 34
fo-ﬁ(h\f_% 4.f_\f_%+...)

f% = hil(&f_% —%A“f_% +..)

f/-h’( fl__AJf i)




2.13. OneHKa 0CTATOYHOIO Y.JI€HA

fec™

o (x)

[a.b], x,e[a,b], i=0,n | = | Vxe[c.d]\[a.B] I&=<4(x)elab]: r,,:_t(x)— ey

T

Teopema Pomis ana F(z) = f(z)-P,(z2)— Ka(z): B O @-p*» (r) f‘”") 3

KOpHH X,, i= 0,1 ¥ z=x€ [c.d] \[a.B] o (x) ? (n+1)
2.2. MeToa HeonpeAeneHHkIX KO3 (ULNEHTOB O0x)= Zc fi + 7., [f]. knl - duxcnpopanbr
H3 ycn;osm 10, =ich [icixij =0 j=0k-1 n=2: o= %
Nlx'1=0 = s =5 4‘;" . . - Xo - TR T
j=0n j=0n Sl =jG-DG-ksDet joEn | mrh bl
Onpeaenutens BaHaepMoHa
2.3. Metoaki PyHre-Pombepra
2.31. IIpasnio Pysre II0 H3BECTHO [TIaBHOM YacTH ocTaTka z(x) = ¢(x, 1) + W w(x) + O(h™ D)
h x) - h?y (x) = ¢(x, h) + O(h*" - —
z(x) w(x) = ¢(x,h)+ O( ) 1 —y Z(X):r ¢(x,h) :(x:rh)+0(hp~rl)
rh| |z(x)- (rh)?y(x) = c(x,rh)+ O(h?") rf -1
. = gy — .
)= flx+h) f(x)+lf"(x)h+0(h2), 2 _1 = f'(x)= 3f()+4f(x+2) - f(x+ h)+0(h‘)
h 2 2 2%
k-1 : ’
2.32. dopmynaPombepra no HecKOIBKHM ciaraeMbIM I[NTaBHOH YaCTH OCTaTKa 2(x)=c(x.h)+ T y;(x)+ O(h*™)

2(x) - Zh*"‘“ ;) =¢(x,h)+O0(h7), i=0k | h=maxh = z(x)=%‘+0(h”**)

J=0

OmnpeaenuTes THNA BaHaepMOHIa



2.4. Perynapuzauusa 2agadm yucnedHoro auddepeHumposaHns

2.41. HeKOppeKTHOCTb 3aJa4H YHC.IeHHOro JH( (epeHnHpoBaHHSA (HIIIOCTPAlHI Ha 9aCTHOM IIpHMepe)

= f”lh /i +7, r, e B f." — IOTPEIHOCTh MeToAa = | [l ik M, _ﬁaﬁl 1)
fi=f,+8. |5|<J — norpemmHOCTs BXOAHBIX TAHHBIX
Sty _Juti, R | Ry= L HeyCTpaHHMad MOTPeIIHOCTh —=> IR.|< 20
h h ) h h
ril—=0—0 | | R|—=0—>=
2.42. PeryaspH3anus no mary
a) Yacmusti npumep [, = %H‘n 7 =—gf~”: fi=fi+6.l5|<o
26 _M,h M, 2 o
1= (r — s —= > chAl 4 hz =2
Rlskl| = Zr2=5= =|os=2—=o’) | =>|h2h k ™
6) O6wuii cayqad fPMx)= itz C.)fi+1 (), r.(x)~ CQOR?. |, ()| 2|c,]. e\ 2le). f=fi+8.16|<68

l"k' < |C|hp

1

o
Ry = xR | S o TC I + (R < [CP" + tZICI

14

ﬂgn(]rkl“' |'Rk |):>

7 ]
)= _ Pk 0(
pl |

5}‘;#(\

/

2.43. dnd¢epeHnHpoBaHHE CTIAKEHHOH KPHBOH

20

ATNNpoKCHMAIHI MeTOAOM HaHMeHbBIIHX KBaJpaToB = ‘7 — MapaMeTp peryIgpH3alHu

2.5. OudhepeHumnpoBaHue cnnanHos

CM. OIeHKH ANMNPOKCHMAIIHH ITIPOH3BOIHBIX cILUTafHaMH



2.6. BeluncneHne YacTHLIX NPOUIBOAHLIX

[y =g MN+R(x,Y). Rx,y) = fx,1)=g"(x3)+R(x,3), [R*? @)= |r, )] - ?

8.h
2.6.1. JdnddepeHnnapoBanne HHTEPNOIANHOHHOI Gopmyasl HoroToHa T FOP(x,+0,hy, +6.h)

P0G +phy, +gd)= fo +

1 : 1 W + 2
S (PO foo + g0 o+ S~ DN fog + 2paN" fio + 4(q - DAV ]+

% %[p(p— 1)(p— DA% fi, +3p(p—DgA> fy +3pg(q - DA fio + (g -1 - DA fip] ...

. : P )= il[AMfoo +(p-DA* £, + A" [y +]
PO )= Z[AM Joo +(P=2A foo +qA7 f +]

; 2 : PY(..,..)= hd [Al’l fot+(p- —)A‘*‘foo +(g -—)Al“foo ]
POY(.....)= —[AM Joo + PA” foo + (@ =2)A fog +]

d 2 POD(.. )= [A°“ Joo+ DA™ foo + (g =DA% £ +...]

2.6.2. IlocienoBaTebHOe JH(](epeHIHPOBAHHE

Ha puMepe BbraHcIeHn [ (x, V)

©D _ fx‘+L;+1 ’f;‘+1\;‘ R o : : Attt Al 2 Bnpi—Lig— FagmThy
L A el I i A e~
fi j+ _fi._," h h 2 h 5
L= %-5 [OP(x,y; +0;h) . FO(x, + 0, yj)-E [P (x,+0,hy; +0,h)
[OP (%, y; +0,0)— fOP(x,,y,+6,h) = f‘l’z)(xi +0,h,y,+6,h)
(01) f:’+1. J+l —.f:'+1J iz (0.2) : .f:q(-(l) 7 z(('):l) h 2 fi+1, j+1 ‘fi+1 i 'f ij TJija 2
g0 < Jmm ley 2 penie,y von | poo eI 2 FOP (x40, y) = TSR S T pe
o _ fz'.j _fiJ-l (0.2) . b h e L§ (1.2) . 6.h (0.3)
fi; _-——h———+;f (x..¥;,—65h) ;f (x;+6,1.y;) —f (x; +6,hy; +6 h) —f (x;+9,h,y;+6,h)

SO (%, ¥,+0,0)+ O (x,, ¥, -8,h) = O (x, f'j)+§f“=2’(x‘.+91hyj+94h)+

8,—-0,
(«TJf(O,:) (xi +95h:}"_,' +96h)




Masa 3. YucneHHoe UHTEerpupoBaHue

J P00 (x)ce= > AP f(xP)+ R, /] RIf1-? [P()f@)dx = 3,CP f(x7)+ R, [f]
=1 a k=1
KBaapatypHag popmyaa: Qc R Ky0aTypHag q)opuyna: e R
AP xR R K03()DHIHEHTHI H Y3715 R xMeR!

3.1. WHTepnonsuMoHHLIE KBaapaTypHbie hopMynbl
f(x)=g,)+R,(x ) = [ pex)f(x)dx=[ p(x)g,(x)dx+ [ p()R,(x; NHdx
Q (9] (9]

3.11. HaTepno.ISIHOHHAA KBaJpaTypHas popmynaa

0= 10,0+ R, ) | = | £ Z[Lp s st il
E-l /i’t R’”
B @(x) e , - ¥
a) a1zedpaudecKoe UHMePnoIUp 06anue Q. (x)= e @(x) = [[1 (x-x;), @ (x)= g (x; — x;)
2 pxe) o) upy _ . P®e)
d: a Edx | | 4z = -
e i ZI[L( ~ )0’ ry(r‘) sl | e e ey
3.12. A.nreﬁpanqecmm CTeneHb TOYHOCTH KBaAPaTypHOil hopMy.IbI Q=[a.b]

Teopema I p(x) f(x)dx ~ ZAt f(x,) — uHTepnONAIIHOHHAS KBaApaTypHad opmyna < R [f]=0.if f(x)e®,

fal
]

o p(X)w(x) o(x) [ PXe()
=>Ak—a(x_xk)w,(x‘t)dr,f(x)e@ = f()= é(r— G )f( i)i=3 J'p(r)f(r)dx Z_‘i[j; o )_/(rt)
SR[f1=0,if [P, = f()=0,©0=—2D - [p(0®, (=3 4,8 (x)= 4,

(x—xj)co (xj) o -1

n n
m— aareOpaudecKas cTeleHb TOYHOCTH KB. popmynsl 3 A, f(x;):| 3 A4, f(x, ) — HHTepnoIIUHOHHAS KB. POpMYyIa ¢ 1 y3IaMH
k=l f-l

if R[x*]1=0.k=0m uIf(x)e®,.,: R[f]=0 =| m2n-1




3.13. IlocTpoenHe anreGpanyecKHX HHTePHOIAIHOHHBIX KBAaAPATYPHBIX POopMYT  3amamsl [a.b], p(x).n, x,. k=1n

a) no onpedenenuso 6) u3 yeno6un mounocmu
I(xp(;))mw(?ct)dx’ k=in| g, =Ip(x)xjdx=éz1kx;, 0-Tn=1 = | Zaxi=p.0=Tn-1 | T4 =um/n
3.14. KBaJpaTypHble OPMYTbIIPAMOYTOMbHEKOB  p(x)=1 n=1,x=c = A = de: b-a
a) popmyraaesozo npanoyzorsnuka  c=a. ()= f(@+(x-a)f'(&), a<é <x
[ £ )= B-a)f(@)+ RLAL if f()eClab] = Rom=f<x—a>f'<g:>dx- G-l 2k & ") £
6) qbop:ty.aa:teaozonpﬂ.noyzo:tbnw\'a c=b, f(x)= f(b)+(x—2) (&), x<& <b
[ £ = B-a)f @+ RIS f(9eClat] = LGS . 2") £
o) popuyaa cpeomezo npanopeorsnuxa ¢ =552 f(x)= f(%5)+ (x50 f <a-b>+7<x a-b> f1(&). as& <b
[ F@de= -7 @D +RYILiE S Clab] = RYA=] 201" )tv= j‘b) re =82 re
L T N VS 4
@) POPMYIA 1e66IX NPAMOYZOTBHUKOS  ©) qbop M1 16X NPAMOYZOTBHUKOE  6) ¢op.uy.:a CPEOHIX NPAMOYZOT6HUKO6
[ £ K515 [+ Rl [ Fede= RS £ (5. [+ Rl [ Fde= S £+ 1) [ R
R N1=30 €= 1) RoN=-SE G- ) Ry N=FE T )

Rl <2520 | My =gl | R |< =2an | M=yl |[R, in|<==far

M, =?§fﬁ|f"(x)l
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3.1.6. Ksagpatypable popmy.ibl HeroTona-KoTeca »—umncio pasouennii [a.b]: h= -a X, =a+kh, k=0,n

n n-t
FG)=P.(xy + th)+ R, (% ), P. (g + ey = D= ”“)Z( D — [ (%), R,(x f)-ﬂ £ (g

kl(n-k)! 7 o +1)!
b n-t n
(b R D t-1)...(t- n+1) Tt — 1) (-n) oy
| FO)de= B-a2 B fC)+ R B = [ =t R 1= A= = 0
a) popmyaa mpaneyuu n=1h=b-a, B =B, =% if f(x)eC’[a,b]
» 24 = by N
[ reote= 22 [r@+ 1N +RI = RLN=[EEDED - CoD o
0) popmyaa Cumncona n==2 = b-Ta: By, =B, é B =B,== 1f f(x) eC*lab] ¢ ygeToM f'(aT':b)
j fede= 2l r@rar@y+ fO)+ RIS = RS- f(r il :b) 0 e i gg ¢
y=£(x) Ay S
ﬁ — é
F (i) = ,]‘_ql‘_‘i
ﬂ;) %;,7 fh)
0 ; g f .-‘."V‘ 4 = o
0) popmyaa Heromona (%-39 n=3,h=b-Ta, B =:B, =é. Bl=% if f(x)eC*[a,b]
b 3
[ roaes 220 @+37@5 D +37@ + SO RN = RIN=[22 57 pax=- LoD g7 g
2) popmyaa Y3001a n=6, h_bTa B, =B, B4_B¢5=2i B_Bs=i B, = if f(x)e C*[a,b]

i
ershiefirehs fixsin sl = Rifll2 g ( e ]

[ Gds 228
: 20 391910406




3.1.7. Boabmmue (o6mue) popmyanl HoroTona-Koreca  »—49HciIo pasonenHii [a.b]: h= b-a X, =a+kh k=0n

a) popmyaa mpaneyui 0) popmyaa Cumncona (napabo:) 6) popmyaa Heromona ( % x)

n-1 b

b : h m m-1 5 s " m=1
[r@acs 2254 10 | |[renl( £y 445 £ua 423 fut fin )| [[ 702 o435 hr + £+ 2T fu i
a 2 f=l 3 \ =l =l a 8 ‘\ =l iml

a

b b= b b_ a b— a
1 ;M:h‘ n R, Lf] < 22 MLH n=2m Lyy B T n=3m

|Rn.1[.f]| <

800 y=f(x)

600

400

200

; : . e | | |
o ey & % g, 597 -

F X, h X

OXFaX) X3 X3 X4 XsXn=b x

OCHOBHOH IPHHIIHI KBaJpaTypHEX Gopnya Iayceca:
He0OXO0ZHMO TaK Pa3MeCTHTh TOYKH Xg H X1 BEVIPH 0Tpe3Ka [4:5].
9TOORI IIIOIATH "TPeYTOJEHHEKOE" B CYMMe OBLTH PaBHEI IJIOIATH "cerMeHTa".

yf ) i | ;

4




3.18. Ksagpatypuble opmyasi THna l'aycca A4, f(x, ) — HHTepnoIAUHOHHAA KB. OpMYyIa ¢ 17 y3aaMu: m = n—1
fal

?
3agansl [a.b], p(x).n, x, =2, k=1n = m=m-1)+n

Teopema i‘,Akf(x't )L.R[f1=0.Yf(x)e®, )& Zn“./ikf(x.t )—uHTepnoasuHoHHad, @(x) L ¢(x).w(x) = f[ (x-x;).VYg(x)e®,,

=1 =1 el

= i/it f(x).R[f]=0.Yf(x)e®P,, ) = HHTepNOIALHOHHOCTb i A, f(x,) caegyerns Teopemein. 3.1.2

k=1 f=l
g(x)e®,,, f(x)=w(x)g(x)e®,,, Ip(r)m(r)q(x)dx tZ;A 0(x.)g(x;)=0, Te. @(x) Lg(x)
s okx)Llgx), Vg(x)e®,, = f(X)e®,, ., f(x)=w(x)g(x)+r(x), r(x) P

j () f (xX)dx = j p(r)w(x)q(x)dHI P (O (x)dx = ZA r(x,) = ZA f(x.) = R[f]=0 (R,[r]=0)

fal

CymecTBoBaHHeE (KOHCTPYKTHBHO) j'p(x)w(x)x‘dx 0.k=0n-1, @(x)=x" +Zax = J'p(x)[x +Zax]x d&i=0=>

=0

n-1

j'p(x)x’dx<oc j=02n-1 D Qi =My, K=0,n-1 Za!tZa,,uM 0 = Ip(r)[z:ar]dr 0= Va, =0
=0 =

3.19. CpoiicTBa KBagpaTypHbIX popmyaTuna I'aycca

20 4 =0 »
1. Vx, €[a,b] c R —OpoCThIe KOPHH: a)(x)q(x)< g Ha [a.0] = I p(x)w(x)q(x)dr< ol HOif [<nm I PXe(x)gx)dx=0 =I=n

% e[a.b], i=1] meuerHoi KPaTHOCTH, ¢(X) = f[(x- %), @(x)g(x) e @, uMeeTKOpHH X, €[a, b] 4eTHOH KpaTHOCTH ]

=1
2.m=2n-1 f(X)=0’(x),degf=2n = Ip(x)w (x)dx>0, HO ZA ®*(x,)=0 4. f(x)eClab] =>b
lim > A" f() = [ () f )l
a1 6

I @(x) i @(x) .
3.4, >0 f(x)= [—(x “x, )a)'(x‘-)] IP( )[(r x,)@'(x, )] A=Ayl (o Teopeme Befiepmrpacce)




3

3.1.10. YacTHble BHABI KBaJpaTypHbIX popmya THna I'aycca

a) Kaaccudeckue K6aopamypsie opmyist

Q <L 1] L 1] | -1 1] | L1 [0. oo ]—o,%[
) { ¢ Becooi dyrxmmeit Axodn (1-x)° (1 + x)'s o 2
P — - x‘e e
Ja-x)7" 1= |Ja-x)/1+x)
@(x) L (x) T.(x) U,(x) L (x) H (x)
KBagpaTtypHad opmviaa laycca YeOrnuerpa-Menepa =05 | YeOrnuepa-Jlareppa | YeOrnuerpa- 3pMHTa
Xy, =% .57735027 X,=1.5 x,=0.0
n=2 n=1 sy
4,,=1 Ay,=.88662692 Ay=1.77245385
X,, =% .7745966692 X,=.91886117
n=3 4,,=59 Ay=.72336302 X,,=%.70710678
.2 n=
=0 4,=8/9 x,=4.0811388 A4,,=0.88622692
X,;=%.8611363116 A,=.16286390
4, ;= 0.34785485 X, = coszk_ 1 T| X = COSE}T X; = cos e T Xp=:00652501
- x,, = 3399810436 2n | 3 i Ay=.56718628 Z’ = ?'(:8163,90
; ) . £ " = 5
4,,=0.6521451549 A=Z M= o | M= n=3 | %=2.8007750 1
s ; n ; n+1 - 2n+1 4= 30537111 X°:=i122474487
X, , =1 .9061798450 L o
04 I
' x,=7.0328990 ST R
A4,,= 02869268851 0
x,, =% 5384693101 4,=.01366888 | % 50464762
= 4, ,=0.4786286705 4, .,=0.80491409
n=

x,=0
4,=10.568888899

X, ,=+1.65068012
A,,=0.08131284

0) 3amena nepemennsix 17159 IPYTHX HHTepBal1os [a.b]

6) Céederue Opyzux UHMEZPA.106 K (KA1ACCULECKUM)

R
j;rkF(r)dr = |r = RI‘TX

=(2

i
" Ja-0t fod




3.1.11. ®opmyaa npAMOYTOIbHHKOB 11 BBIYHC./IeHHS HHTETPaJIoB 0T NePHOJHYECKHX (Y HKI Hii

If(x)dx ZA,:f(xt)+R[f] f)=f(x+27) = f(xX)=T,(x)= at+Z(atcoslcr+b sin kx)
oty FO-Tlw{(352] Trwdeo Fase-o Xk

= —(1 —COSX; COSX —sinx, sinx)
t=1 2 ' '

= 27 7Zk 27
Teopema If(x)dr~ ZAtf( + ae[ —] m=n-1
0 n S
4 m\ 15 ';‘uﬂ
2 Al der] L3 i— 1-e
Ie’kdx——e‘kr:o e" "= e = <
=0 il o e“';

b n
3.1.12. Ksagpatypsble popmy.isl THOa Mapkosa (JIodaTT0) I p(x) f(x)dx = ib’ f@)+ 24, f(x)+R,[f]
a J=l kel

?
3azasnsl [a.b], p(x). 1, aﬁj:ﬂ:n, xt—?,k=1,_n = m=((+n-1+n

Teopema

R.,[f1=0.Y(x) € Bppyy)

(moxazeBaeTcA aHATOrHYHO Teopeme m. 3.1.10)

2B fla;)+ i A, f(x,)—uHTeprOIIUHOHHASL, @(X)= f[ (x=x
P J=1 k=1

f-l
Vg(x)e®,,: @(x) Lg(x) c Becom p(x)=p(x)o(x). o(x)= H(r a;)

el

. f pex)o) ST A f PR . i I o )w * () (x)
s-x)oC)o'(x) T T T amx)e' (e )o(s) +0)!
Yacmmnsie 6 U0t U noCmpoenue

p(x)>0(<0) =
3
7=1 1) [04]. p(x)=1
&=aoa=>b Zai(/‘i+.t+1 — i )= (Mpern — Ol y) k=0n-1 ) [, p()
] — 1 n:o 2) [0.of, p(x)=x%*
a=a,a=b Zoai(ﬂiéthl (g +a))p i+, ) =—(lpo —( + ) Y1, )| [3) -1 1], p(x)=1




9

3.1.13. KBagpaTtypuble opMy.ibl THHA Yedblmena Ip(r)f(r)dr CZf(rt)+R [fl: C, x-2,k=1n = m=n

k=1

3 —_— 7 N —_— . n N —
R[x']=0,1=0n | = p,ejp(x)x'dx:CZx;, I=0n| = | c=t Sl =2 joTn
a -l n =1 My

n " n
o()=[]x-x;)=x" PR e PR D=5, k=5 — S~ —PeS k=1l2n | & S, =2% = M

E I
-1 i=1 Ko

YacTHBIE IPHMEPEI

) L1, p(x)=1 C=3%,n=17un=9(n=8,n210:x,€C) 3 0., p(x)=¢* Cc=L.n=12m=23x¢e0C)
= 2k - 1 %

2) [-L 1. p(x)=+(1- x)l C——,xt—cos ce=Lk n 4) J-o.x[, p(x)=e* n=123(n=4 x,€C)

2n
3.1.14. IloBbImenHe TOYHOCTH KBaJApaTypHbIX popmya R [f]= I plx )co(x) f‘”) (&)dx R[f]= J‘ ele )a(),,(;) f“”) (&)dx
1) VaydmeHHe I'TaaKoCTH (A714 HeCOOCTBEHHBIX HHIETPAIOB) Rif]= J,f PO, ()t
2) BblaeseHHe I'TaBHOH YacTH OCTATOYHOIO WiIeHa =
m=-1 i m-1 1 x>t m=1 i m-1
O e O E(x—r)={>o< 2-EED 0@ | 1o 0Ex-05
m-1 n _am-l
R f]= j p(x) f(x)dx - ZAk flx)=...= j ™K, @0de K, ()= j POE(x - r)( O i S A E(x, —1) (5 1)
il G (m-=-1)! i (m-1)!

C, = bLfK(r)dt, K@) =C, +[K(t)-C,] = R(f]= cof F(0)dr+ I SO OK@) - Coldt = Col f7 7 (B) - f ™ (@)]+ R,[ f]

5 t
RIf1=[ "L @)de, L) = [ £ @K@ - C,ldt

[P0 f()dx = iAkf(x.t)+ CLf ™ @) - ™ (@)...+ C [ f ™2 (B)- ™ @)+ R,[f]

ﬁ%f L@)dr, L, (0) = I S OIL () - C;Jdx, R [f1= If "L Ot



3.1.15. KBagpaTtypHuble popMyJIbl THIA Diigepa I p(x)f(x)dx ~ ZA flx)+ ZC LA™Y - ™2 (a))

l=l
a) ¢popmyaa Iinepa-Marropena

[ roae= 222 1@+ 10l OBl - £ @ Rl Rk 7= D 1P 0L .

0) 6oavwman gopmyaa Jitrepa-Maxiopena B,, - yncna bepHyH

z e P 2 ] T 7. h4 " _m Al (&) (5)
J; fx)dx=T, —[f @=f (a)]+7—20[f (b)-f"(a)] 30240f ®O)- 7 (@]+ R4 f]

6) popmynalIpezopu fy~,fo~, ... fi~.fi~,..
19k 863h

; . h 2 ;2’ — s i e it _——
{f(x)dmTH—E[AfH—Am—z—Lt[AfH—Afo] N = B A o — A - SN )

2) o1a boasuiod gpopmyast Cumncona

{ - _ﬂ MON_ M Ny ) (9
{f(x)dr—r/; k) O=6 4O[f b) - O (@)]+ Rs[ ]

0) oaa gpopmyast I'aycca

Jf(r)dr A4S0+ 11),[2:;’;’“'){} OBV EIS)
-l L L

3.1.16. Cni1aliH-HHTEPHOOIANHOHHbIE KBaApaTYpPHBIE (POPMY.IbI

b 5 :
F)= S0+ R05 f) = | p00S 0)dbx= [ (IS, (e + [ ORCE fdbe
a) m =1 — gpopmyra mpaneyui . E a

0) m =3 — unmepnoauUpoeanue KyoudecKkum CniaiuHom
Ha paBHOMEpHOH CeTKe Y3/I0B ¢ 3aJaHHeM IPaHHYHbIX YCIOBHH f, ~ H f & ;IaeT dopmyay I'peropu
19k 863h

: , h h oo A2pq1 19R B _3h _ 863n
| fG)den T, = DA s~ 31— U8 oy = 8 o) = DK = 8] 2N N ) L, )



3.1.17. BeluHC/IeHHe HeoNpeJeleHHbIX HHTEIPaIoB W(x) = y(a)+ I p()f(@)dt = y, ~ W(x,). x, =a+kh, k=0,n

) o 6: 0 i gy ® I 3 5
a) 01A mabaudno 3a aljnoumﬂkuuuf y(x1)=y(x0)+h-f}{ —FA‘ﬁ, Afo o= —Afo ]
Y(Xa) = Y%+ xjp(t)f(r)dn )=y +h £y _F A f% A fom— A £+ m‘w INA -]
~Fn)+ ZI‘,A,.f(x,) y5) = y() + A f A 1 S ¥ sy % A f% 60480 S At _]

s aall oG h[f"*% g E‘ff*‘% & qu s ¥ soas0 prem Syt 120960 T f ]

y(x"‘l)z}"(x”‘3)+h|:fn-/{—_‘yf;z-/{ = f A Jns+ A?fn-.* =

720 ‘7% 604s0

12

Af, s w5yt A o i, e B ]

1440 60480

V() = y(xH) + h|:fn-3/§ 2 i

12

4 Jhie 19
}"(xn)=}*‘(xn.1)+h[fn_y 12A 2 aAfmS_%A4fn—4+ﬁ)Asf;z-s_---]

Femt q r
0) 027 anarumugecku 3a0annod gynxyuu f (1) Ip(t)f(t)dt ~ Z A fla+uyh)+ 2B, f(B+v)+...+ 2ZC f(y +wh)
X i=0 J=0 k=0
KE. opMy.1a HAHEBICHIEH AIreOpaHIecKoll CTelleHH TOYHOCTH C VNIaMH X; £ & < < ... < ¥ £ X,,, ¥ CXOACTEEHHBIMH C HUMH Y31aMH

h sl 1 .2 17,45 367 a=Xx, +h, 5=233338
m=1,a=x+> ,v(xm)-,»(xk>+h[f<a)+;af(a—h)—%Aﬂa—zmntﬁg Kf(a~3h)-. ] B )

a, = 4869023179 IO ABa
m=2 y6.) =)+ Ha(f @+ F(B)+ alf@+ W+ fB-D)+ a(fla-m+fB+)+.] o= onorer T
6) HCNOIB306AHUE NPEOUECMEVIOUHX 3HAYEHUT UCKOMOTL 3A0aHAO T Y HKYUL
r=0,s=1
—A+_+hB“_+hB &)+ R, .
Yia Z i Vsl Z fl Z f( ) st r=1,S=1—¢>0pMynaMapK03ac t=1y3n0M
4;,B;,C, & r+2s+ ZZ 2- a.nre6panqecxax CTeNeHb TOUHOCTH () 5= 2




3.2. BelMucCneHUe UHTerpanos oT OCLUMTMPYIOWMX U ObICTpopacTyLUMX (hYHKUMA M HeCOOCTBEHHLIX UHTErpanos
RLf1=[ P00 299 poo gy

3.2.1. Bplunc/IeHHe HHTerpaJioB OT OCHH/IHPYOMHX QyHKIHI f(x) ~ cos(@x), sin(wx), e

2 : iex s |
@) UHMEPNOIAUUOHHBIE KéaopamypHsie opmyast ¢ 6ecom p(x) ~ cos(wx), sin(wx), e 0e TR

04 10 .3| K-k

b-a — ox N[
— K6adpamypHsie hopymyast Puiona h= x,=a+kh, k=0,n o AL R AM LA AR
aHanoru dopmyn Tpanenuii, Cancorna u 3/8-x 114 p(x) = cos(@x) u p(x) = sin(wx) s W AR 4
$i
— Kéaopamyprsie Gopmyasl ¢ KPAMHSIMUY3TAMU o IR

— KéaopamypHste GopMy.ist C KPAMHBLMUY3TAMU HAUSBICHLIEH A12eDp. Cm. MOYHOCMU
0) MHOZOKDAMHOE UHMEZP UPO6AHUE 1O 4ACMAM

1 1
I f(x)sin(2 HWx)E) - I f'(x)cos2aVx)dx = .. _fi € l)d 1[f( ")-f (“)(O)]+ ,k I 29 (x)sin(27aVx)dx
0 0

i=0 (22N)

3.22. BoruHcIeHHe HHTeIPaJioB OT ObICTpPopacTYMHX QYHKUHIH
a) UHMEPNOIAYUOHHbIE KE6AOPaAMYPHbIE POPMYIbL C Dstcmpopacmyuium 6ecom p(x)

0) ucno16306anue HETUHEHHOZ0 UHMEPNOTUD 06 AHUA

2 < X =4 3 s xi.fx lnf_..-_-v-::‘:_: ‘ (f. f—l f;
Ipuvep f()~ €', n=In(y). gx)=e =/ If(r)dr~2( )
i=0 1 (f;-rl /f )
3.23. BoruncIeHHe HeCOOCTBeHHBIX HHTerpa.os I poga I f)dx
@ b @
@) 3aMeHa Ha ONnpede1eHHbLI URMeZPal j. f)dx= I f()dx + I f(x)dx, F f (x)dr{ <&
a a b b
0) c6ederue Kk K6aopamyprou gpopmyre muna I'aycca
@ -r e—(x«r) =t
Ipumep Ei(x dt= dt=¢e”
W= [Tl

6) 3amena nepe.neuubtx u céeoenue Kk Hecobcmeernnomy unmezpaiy Il pooa
2) HCNO1B306aHUC HETUHEHHOZ0 UHMEPNOTUD 06 AHUA



b
3.24. BoiuncieHHe HecOoOCTBeHHBIX HHTerpa.ios Il poga If(x)dr, f(x) D®. ce [a.b]
c+d

a) yoanenue ocobou mouxu I f(x)dx= I f(x)dx I f)dx+ I f(x)dx, [j' f (r)dr{ <g

c+d
0) myasmuniukamususti cnocod  f(x)= p(x)o(x), o(x) e C” [a.b] uorpannueHa, p(x) —BecoBas QyHKUIHS
HTH CBeJeHHe K KBaJApaTypHOH GopMye THna 'aycca ¢ 0cOOEHHOCTBIO B TOUKE ¢

0) myasmunaukamususticnocod  f(x)=o(x)+ w(x), @(x) He HMeeT 0COOEHHOCTH, Jéy/(x)dr BBIYHCIAETCS TOYHO
Tpmiep f(x)=(x—c)*Ox). @>-1 = Y(x)=(x-c)*[0)+ (x - )F(C) +...+ L8P ()]
o(x) = (x—¢)*[6(x) - 6(c) - (x - )F'(c) —...— EZL 6% (©)]
3.3. BbluMCneHUe KpaTHbIX MHTErpanos [ p(x)f (x)dx = ic;{") &™) +R[f]. Qc R®
o k-l

3.31. HHTepnosnHOHHBIE Ky0aTypHbIe GopMY.IbI

f(x)___ifq, ) +R,(x.f) | = Ip(x)f(x)dx Z[IP(X)Q (I)dx)f(x )+Ip(X)R (x; f)dx

E-l ~

G, RIT]

- 2
@) Memoo Heonpeoe1eHHbIX KOIPPuuuenmos arzedpaudeckoi cmenenumona QA R

(e, ¥:). k=in, n=200 " £(x )~ B, (x,¥): R[X')/1=0, 0<i+ j<m ﬂp(n)r y’dxdy= ZCm\:,Oéi+jém
0) arzebpaudeckoe unmepnoauposanue 01a QQ R*:a<x<bh, e(Xazy<e,(x), x;, Vii» j=1:_,-, i=1n
S b #:(x,) ~ m,
px)a(x) 15 @;(y) o 2
dx (Y 1)d\ a>'b ( i) a;= —,d’(: b. = — d\ a)(r e (y): (y_} )
“ [SEpTazhs oy | a=[GE TS = | o oY e@=T16 Ho=
b L B ) 50')
B9acTHOCTH, Q=[a,b]x[c.d] X, i=Ln, y;, j=Lm = J'drj'f(x V)dy = Za Zb fx., b= A}
i=l el ¢ (.} = }‘, )a’ (}J)




3.32. HHTepnoasIHOHHBIE Ky0aTypHBIe (OPMY.IbI 17151 CHMMETPHYHBIX o01acTeii HHTerpupoBanns Q C R°
CanvmeTprusble y31bl (0,0.....0) ¢ KoaddummeHTOM @, Vif= Z L VR L VAV
il
u; onpeaenget 2s y3aosBHaa (u,.0,...,0) ¢ koapduIHeHTAMH @, B ZZ
v, ompexenget 2s(s —1) y3aos Buaa (1v,,1v,,0....,0) ¢ koadpdumenTamu b,
w; onpejengeT M y3a10B BHAA (Ew, tw, tw,.0.,....0) c Ko3ddHIHEeHTaMH C,
Ne | Koopaurate! }Enal Koati)q)mmenml n | m | T’ 9acTe ocTaTKa Ne (Koopaurate! _vsnal Koacpzpunnenml n | m | T'71. 9acTe OCTaTKa
5 -MepHbIil Ky0 ¢ BepmuHaMH (t1+1... +1) 5 -MepHBbIii map pagnayca 1 ¢ nearpom (0.0.....0)
1 | 4,=.8164965809 |a,=1 4|3 1|vw=1/2 a, =7/4 4 |3
D) v1=1/,\f§ b=1 4 |3 2 (n=35 =/“Z'/4 4+ |3
a,=4/3 ; :;15(V4f -7D*f) u=1/~2 a,=a, = {6 f
3 | gima ; 513 3 o 9 (5
2 1 a,=2/3 v =1/+2 b1=,/ G
U, = =43 L (V*f +8D* u=1 ay=a, =7{6
4| 1 , g |3 3-5( f f ) 4| ' o / o |5
V= b=-13 V=172 = 71'/‘4
=7/15 = 40/49 1(v°r+8D*f) 1 | 1= 7745966692 | @, = 27/9 6 |3
5 , 8 |5 '
V=709 b =9/49 3 = 6822501268 | @,=.55236118 i | 2
4|5
1 |y=1 =4/3 6 |3 =.6082048823  ¢,=.10932789
NEIS /3 =1 8 |3 j |1= 1238758444 | 4, =508246007 | |
s S 4|5
5 % =.7058224258 | @, =.88642659 4|3 =.4180765704 | ¢, = 485480318
. p)
w;=.75878691 €,=.33518006 1/ 5
1 [w=Jnf3 a=2""/n 2n |3
nl1|w=nf3 a=2""/n 2n |3 : / '
5 -MepHbIil caMIIekc ¢ BepmaraMu (0.0.....0), (10.....0), (0.1.....0), ..., (0,0.....1)
1 [(1/6.1/6). (1/6.4/6). (4/6.1/6)] 16 | 3 |2 (1/4.1/4.1/4) -16/120
21, (1/3,1/3), 2796 4 |4 1 {(1/6,1/6,1/6), (1/6,1/6,3/6).| g/120 | 5 |3
(1/5,1/5), (1/5,3/5), (3/5.1/5) 25/96 (1/6,3/6.1/6), (3/6,1/6.1/6)




3.33. IlocienoBaTelbHOE HHTerpHpoBaHHe (Ha mpmMepe QC RY)
a) no obaacmu Q=[a, bl x[c.d]

bd b d b d

00IIHi moaxoa I f [, y)dxdy= _[ dxj. flx, »)dy= J.F (x)dx., F(x)= I f(x.y)dy
b n d m
I o()dc =2 40(x)+ Rlg. I yO)e= 2By () + Ryl

I ff(r y)dxdy= ZAF(r)+R[F] > 43 B,f(x,y, )+R[F]+ZA£ [f .y

=l J=l
Cumncos x CHMIICOH (I‘avcc x T"avee)

bd
“f(ny)dmﬁ:%b@m)—:f(b,6)+f(a=d)?f(b,d)]+4[f(a—+b,0)+f(g+—b=d)+f(a,c—+g)+f(b,c+ ] 167@Lk 224 )}+R
(b-a)(d- c)6“f (b-ay’d-cy &f .

(b-a)d-c) &8'f,,

R=- s Lo -
2 45 ( ) 2 45 a_‘/4 22> r]..) .,45., 6 48‘/4 3,”3)
001pmoH CHMIICOHX 0OIbIIOH Cmmcon 1 4 2 ..« 4 1] J4
h— , X, =a+ih, i=02n; 4 16 8 ... 16 4 2t
d 2
I=4X.y,=a+jl, j=02m Co ” § 4.1 _ § 2 il
2n 2m - & o .
i=0 j=0 3. 3 2 e & a x b
b @ (x) b @(x) @(x)
6) no obracmu Q: a<x<b. g(x)agy<e,(x) [ [ feyaxdy= Idx If(x Ydy= .[F(x)dx F(x)= J’f(x V)dy
a @(x) a @ (%)
@ (x) m,
TPHBHAIBHBIH HOIX0T I F(x)dx~ ZA,F (x), j SO, e~ B, f(x,.y;)
é o(x) J-1
F(x) @(x)
C YYeTOM BHIa 007JacTH IF(r)dx Ip(x)@(r)dx~ ZA@(’C) D(x )-(—x), J'f( . V)dx ~ ZB )
=l (x) J-1

)=, - (x) = a.B: (X)) - (X))~ (x-a)*b-x°



3.34. MeTtoa siueek (Ha npumepe QC R

n-1m-1

bd
Ananor GopMyIel cpe JHHX NPSIMOYTOIEHHKOB ” e y)axdy~n2 3 f., ey ¥ o(n* +1%)
ac i=0 j=0 77

\'4 14
F' N A
A S
Vil -+
d .....
a X: b a X: b

i

3.35. Cnoco0bl nepeHeceHHs NPpaBHI HHTerPHPOBAaHHS Ha ApyrHe 00;1acTH

H3pecTHa KyOaTypHaq popmyaa j' p(x)f(x)dx ~ ick f(x,) mo obmactn ) c R
[0} k-l

J: -0, | > y=k, dy=|Jdk, py)=px). g¥)=f® = | [pT)eG)dy *‘ﬁ;D;gQ’z) D;
(oY f-

3.4. CtoxacTuyeckninnoaxon K EbIMUCIEHNIO MHTErpanos 60Nk WOoN KPaTHOCTH

OrpaHuEguM QYHKIHIO IPIMOYTOIBHHKOM (72-MepHBIM NapailieIelHne J0M B CIydae MHOTHX 100
H3MepeHHil), I101manb (00beM) KOTOporo S, MOKHO J1€TKO BBIIHCIHTD.

«Habpocaewm» B 3TOT NpAMOYTOIBHEK (TTapaslleleNHIle 1) HEKOTOpOoe KOIHdecTBO Todek (N ITyK),
KOOpIHHATHI KOTOPBIX OyAeM BHIOHPATh CIydaiHbIM 00pa3oM.
Onpezaenny gHc10 Todek (K MTyK), KOTOpBIe ONAAyT NOA rpadHK QyHKITHH.

2|

Il10mazs 001acTH, OTPaHHYEeHHOH QYHKIHeH H OCIMH KOOPHUHAT, S Aa€TCA BbIpakeHHeM S =S,

Kpsuos B. .. Illyasruna JI. T. Cnpacoysan kHuza no yuciesHoMy utimezpuposaruro. M., 1966.



