§ 11.1. NocraHoBka 3apauyn NPUOAMXEHUA DYHKUWA

Beryucnenue 3HaueHus QyHKUMH y = f(X) — OaHA U3 TeX 3aJa4, ¢ KOTOPOi
Ha TIPaKTHKE MOCTOAHHO TMPHUXONUTCA CTANKHUBAThCSA. EcTecTBeHHO, uTO npH
PElICHHH Ha KOMMBIOTEPE CEPbE3HbIX 3ajJay >KEeJaTenbHO HMeThb ObICTphIC
W HafleXXHbI€ AJrOPUTMBI BBIYHCIEHHS 3HAYEHHI MCMNOAb3yeMbIX GYHKUMH.
JUis 37eMEeHTapHbIX, a TAaloKe LI OCHOBHBIX CEeUHaNbHbIX QYHKUHH Takue
alropuTmel paspaGoTaHbl, peaql30BaHbl B BHJAE CTaHAAPTHbHIX MpPOrpamMMm
H BKJIIOYEHBI B MaTeMaTHyeckoe obecrnedeHue KommnbioTepa. OnHaKko B pac-
4eTax HepeKO HCIMONB3VIOTCA H Apyrue QYHKUHH, HeNocpeACTBEHHOE BBIYHC-
JIEHHE KOTOPBIX 3aTPYAHEHO JMD0 NPHBOAMT K CAHMIIKOM DOIBLIMM 3aTparam
MalIHHHOTO BPEMEHH. YKaXeM Ha HEKOTOpble THIHYHbIE CHTYAUHH .

1. ®yHkuus f3anaHa Tabauued CBOMX 3HAYEHHH :

;i =Jfx), i=0,1,2,. . ,n (11 1)

a BBIYHCJIEHHA TIPON3BOAATCA B TOYKAX X, HE COBNANAIOLIHX C TAONHYHBIMH .

2. HenocpencTBeHHOE BBIYHCIIEHHE 3HAYEHHA ¥ = f(x) CBA3aHO C MpoBe-
NEHHEM CJIOKHBIX PacyeTOB M MNPHBOAMT K 3HAYMTEJBHBIM 3aTpaTaM
MaLIHHHOTO BPEMEHH, KOTOpble MOTYT OKa3aThC HemnpHeMJeMbIMH, eCIH
GyHKUHSA f BBIYHC/IAETCH MHOTMOKPATHO.

§ 11.8. Paanenennbie pasHocTu

1. Tabanna pasgenennbix pasHoctel. Ilycte ¢ynkuus f 3amaHa Ha
Tabauue x,, x;, ..., X, 3Ha4eHUi apryMeHTa c MPOU3BONBHBIM (He 00sA3a-

TECJIBHO l'lOCTOFlHHblM) liaroM, mnpu4YeM TOYKH TabIH LB 3aHyME€pOBaHbl B

NpoM3BOJILHOM (He 06s3aTeNIbHO BO3pacTalouleM) nopsake. BenuunHsl

f(x,'+ |)_f(x,')

Xiv1 X

f(x,-;x,-ﬂ):

NPUHATO HA3bIBATh PA30eNeHHbIMU PAZHOCMAMU NEPB020 NOPAOKA GYHKIHH f.
Pa3denennvie paznocmu émopozo nopsadka onpenensiorcsa popmynoi

f(x,'+ 1 x,-+2) —-f(x,-; Xy 1)

Yiv2 ™%

S5 X5 %40) =

AHaJoOrH4HO OMpEAENAIOTCA pa3leneHHble Pa3HOCTH TpeThero H Gonee
BBICOKHX nopsiakoB. Obluee onpeneneHne pazdereHHoU pasHocmu nopaoka

k > 2 Takoso:
FACTVUTIEE R oy 1 € SV A

Xivk %

SO Xisps e Xiip) =

Tabnuyy pasdenennvix paswocmed OOBIYHO PacNoNaraioT CHERAYHOLIHM

obpaszom (Taba. 11.6).
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masa 11. Mpubnuxenue GyHKUMIA U CMEXHbIE BONPOCHI

v Ta6bnuua 11.6

Pasnenennvie Pa3HOCTH nopsaka
x Ax)
nepsoro BTOpOro as= n-ro
X0 f(xo)
f(xrﬁ X|)
x, fx) Sxg; x5 x7)
Sxiixy) :
X fxy) . - ] S x5 %)
. . . f(x"_z;x”_,;x,,)."'
. . S, _y5x,)
x, Sf(x,)

2. CeoiicTBa pa3jgejeHHbIX pa3HocTed. PasjgeneHHblie pasHocTH
obnagaloT panoM 3amedartenbHbIX CcBOHCTB. [lepeuncnum 6e3 mokasa-
TeNbCTBa HEKOTOpbIE H3 HHX.

1°. Pasdenennan pasnocms f(x;; X; o 15 -..; X; 4 ;) R6NAEMCA CUMMem-
PDUYHOU @YHKYUEl CEOUX ADZYMERMOB X}, X; |, ---, X; 4  (M.e. ee 3HaueHue ne
MeHsemca npu 11060u ux nepecmanoske).

2°. IIycmbv gpynkyus f umeem na ompeske [a, b), codepicawem mouxu

Xi, X; 4 |» -++» Xj 4 y» MPOU380OHYI0 nopsaoka k. Toz0a cnpasednuéo pagencmeo

(k)
f(x;;xi+l;...;xi+k)=fk—!(é), (11.50)

rae § — Hexkomopas mouka, pacnonoxcenrnas Ha unmepéane (a, b).
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§ 11.8. PaapeneHHbie pasHoCTH

HNpumep 11.3. IlycTs 3agaHa Tabnuua 3HayeHH#t QyHKUHH y = Inx
(tabn. 11.1).

Tabaunua 11.1
x 1.0 1.1 1.2 1.3 1.4
y 0.000000 | 0.095310 | 0.182322 | 0.262364 | 0.336472

Mpumep 11.7. TlpuBenem Ttabauuy (tabn. 11.7) pasaeneHnHuix pas-
HOCTEH Ana pyHKuMH, 3aaaHHON Ta6n. 11.1. BeiyucneHus npousBeaeHbl
Ha 6-pa3pAfHOM JECATHYHOM KOMIIbIOTEpE.

Tabauua 11.7

Pa3neneHHbie pa3sHOCTH NOpsaKa
x S(x)
nepsoro BTOpPOIO TPeTbero 4eTBepToro
1.0 0.000000
0.953100
1.1 0.095310 -0.414900
0.870120 0.221333
1.2 0.182322 -0.348500 =0.121665
0.800420 0.172667
1.3 0.262364 -0.296700
0.741080
1.4 0.336472

Ilepenymepyem Tenepb y3nei, nonoxus xy = 1.2, x; = 1.3, x, = 1.1, x5 =

=14, x, = 1.0. Torna Tabnuua pasgeNeHHbLIX pa3HOCTEH NpPHUMET cClie-
Ayromud Bua (Tabn. 11.8).

Ta6bnanua 11.8

PasneneHHble pasHOCTH NOpsAKa
* S nepBoro BTOPOTo TpeTbero 4eTBEpTOro
1.2 0.182322
0.800420
1.3 0.262364 -0.348500
0.835270 0.172650
1.1 0.095310 -0.313970 =0.121750
0.803873 0.197000
1.4 0.336472 -0.373070
0.841180
1.0 0.000000
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nasa 11. Mpubnnxenne GyHKLMA U CMEXHbIE BONPOCH!

B Ta6n. 11.8 noayepkHyTHl pa3feneHHbIE Pa3HOCTH, KOTOPHE COBMANAIOT
(KaK ¥ JOMKHO ObITH B CHIIy CBOHCTBA 1°) C TOUHOCTBIO JO BHYHCIUTENbHOH
MOTrPEeIIHOCTH C COOTBETCTBYIOLIHMH pa3ZieJieHHbIMH Pa3sHOCTAMH H3
Tabn. 11.7 (OHH Takxe MoAYEpKHYTH). A

§ 11.9. UntepnonsunonHbii MHOrounexd Holotona.

1. UHTepnonsuHoHHbii MHoOro4yjeH HbIoTOHa ¢ pa3fe/leHHbIMH
pa3HocTAMH. Hcnone3oBaB pasfeneHHble Pa3sHOCTH, HHTEPMONALHOHHBIH
MHOTOUJIEH MOXXHO 3afucaTh B CICAYIOIIEM BHIE:

P,.(x) =f(xo) +f(xo§ xl)(x - Xp) +f(x0; Xp5 X)X = Xlx — x;) + ...

A S Xp5 e X)X = X)X = X)) (X=X, ) =

zn: S(xgs X5 oo X)@4(x) . (11.52)
k=0

3nech wy(x) = 1, @ (x) = (x — xp)(x — x;)...(x — x, _ ) npn k > 1.
3anucaHHbIii B TakoM BHIE HHTEPMONALHOHHBI MHOTOYJIEH Ha3bIBAIOT
UHmMepnonAYuoHHLIM MHozounenom Helomona ¢ pazdenennoimu paznocmamu.

*

3ameyanue . Qopmyny (11.25) ans norpewHOCTH HHTEPNONA-

LHH B TOYKE X, HE ABJAIOILEHCA Y3/0BOi, MOXKHO YTOYHHTb CIELYIO-
KM obpa3som:

S&x) = P,(x) = fxg; -.; x5 ) @, 4 (%) (11.53)

Mbi He MPHUBOAMM [OKA3aTeNbCTBA ITOH 3aMeyaTenbHOW GOpMyIb.
OTMeTHM JIHIIb, YTO €CIH BOCMOJB30BAaThCA CBOMCTBOM 2° pa3feneH-
HBIX Pa3HOCTEH, TO M3 Hee HEMEMJeHHO nonyyaercs ¢popmyna (11.25).

B npaktnyeckoM naaHe popmyina (11.52) obnanaer panom npeuMyLiecTs
nepen ¢opmynoi Jlarpanxka. [lycts, HanpuMep, N0 KaKHM-IHO60 NMPHYHHAM
HEOOXOMHMO YBENHYHTh CTENEeHb HHTEPNOJALHOHHOINO MHOrOYJeHa Ha
enuHuuy, no6asuB B Tabnuuy eme oaMH y3en x, . . [Ipy ucnoab3oBanuH
¢dopmynsl Jlarpanxa (11 .22)* ¥ 3TO IDHBOAHT HE TOJIBKO K YBETHYEHHIO YHCa
cnaraeMbiX, HO H K HEOOGXOAHMOCTH BBIYHCIATh KaxX[0€ M3 HHX 3aHOBO.
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§ 11.9. NHTEPNONRLMOHHBIA MHOTO4NEH HbIOTOHA.

B 10 e BpemA n1a BblYHMCAeHuA P, (x) mo ¢opmyne Herotona (11.52)
A0CTaTOYHO N06aBHTh K P,(x) NHLIL ONHO OYEPENHOE CAaraeMoe, TaK Kak

Py @) = Pyx) = S5 -3 %55 Xy 4 )@y 4 4 () (11.54)

Mpumep 11.8. Mo Tabn. 11.1 3HayeHuid ¢yHkuuH y = Inx u3
npuMepa 11.3 naiinem npuGnukeHHoe 3HaYeHue Inx npu x = 1.23, ucnons-
30BaB HHTEPNONALHOHHBIE MHOrOWwIeHb! HbIOTOHA C pa3elieHHbIMH pa3HoO-
cramu Py (x) ma k=0, 1, ..., 4.

3aHymepyeM y3nul Tabnuuel B cienyiowmem nopaake: x, = 1.2, x; = 1.3,
x, = 1.1, x;= 1.4, x, = 1.0, T.e. B nopsnke BO3paCTaHHUA PaCCTOAHHA 1O TOYKH

x = 1.23. CooTBeTCTBYyIOIUHE ITOH HYMEPAaLMK pa3/ie/ieHHble PA3HOCTH TpH-
BeZleHbl B Tab. 11.8 (MBI HCNONb3yeM TOJNBKO MOAYEPKHYTHE Pa3HOCTH).

Bbiuncnenns Ha 6-pa3spsnHOM NeCATHYHOM KOMIBIOTEpE HAlOT clie-
LYIOlHE 3HaYEHHS:

Py(x) = 0.182322, P (x) = Py(x) + f(xq; x))0,(x) =~ 0.182322 +
+0.80042 - (1.23 - 1.2) = 0.206335,
Py(x) = Pi(x) + fxg; x|; X)m,(x) = 0.206335 - 0.3485(1.23 - 1.2)(1.23 - 1.3) =
~ 0.207067 .

AHalOrHYHO MOYy4alTCsA 3HaueHHs P;(x) = 0.207020;
Py(x) = 0.207014. A
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% [orpewHoCT MHTEPNONSLMUM

lpueenem Oe3 nokasatenbcTBa HaWGonee H3BECTHYIO TEOpEMY O
NOrPEeLIHOCTH HHTEPMNONALHH.

Teopema 11.4. Ilycme ynkyun f ougphepenyupyema n + 1 pas wa
ompesxe [a, b, codepxcawem yanvl unmepnonayuu x,, i =0, 1, ..., n. Tozda

OnR noepewtHocmu  uHmepnoiayuu € mouke x € [a, b] cnpasednuso
pasescmeo

(n+1)
f(r)—P,,(x)=an—H% ©,,(x), (11.25)

6 komopom ©, , (¥) = (x = xg)(x — x) ... (x - x,), 8 § — nexomopas mouxa,
npunadnexcawas unmepsany (a, b). B

% % Mnuorounen Jarpanxa. [lpusesem oy 13 GOpM 3aNKCH HHTEPTIO-
JAUHOHHOIO MHOTOUYNIEHA — MHO204N1eH ﬂazpaualca

n
L(x)= Z Pily(x). (11.22)
=0
Jnech
| ()= = (x=x)(x—x;)...0x~x l)(x—-xjﬂ)‘..(x—xn)
] ‘l_lo X=X (x xo)(x x)).. (x _I)(xj—xj,rl)...(x}-—xn)'
k#j
Kak netpyaro suzets, [,
YAOBJIETBOPAIOLIKMH YCIOBHIO

I,,_,'(x,‘) ={

Taxum obpasom, crenenr MHorO4JeHa L, paBHa n H NpPH X = X; B CYMMe

(11.22) obpaiuatorca B HOMb BCE CAaraembie, KPOME CIaragMoro ¢ HOMepoM
J = i, pasHoro y;. TlootoMy muorounen Jlarpanxa (11.22) neiicreurensHo
ABJIAETCA HHTEPTIOIALHOHHBIM.

.(x) npeacrasnser coGoil MHOTOWIEH CTEMEHH M,

1 npu i=j
0 npu i#j'
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