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BBEOEHUE

[Ipu ucnonszoBanuu IBM uncieHHbIE METO/IBI BBICTYNAIOT KaK MOIIHOE
MaTeMaTU4ECKOE CPEJICTBO PEUICHUs MPAKTUIECKUX 3a/1a4. COBpEMEHHBIE YCTIEXH
B PCIIEHNY BaKHBIX MPOOJIEM B TAaKMX 3HAYMMBIX 00JaCTIX, KaK aTOMHAasi dHEp-
reTrka, KOCMUYECKasi OTpaciib, SJKOHOMHKA HE ObLTH Obl BO3MOXKHBI 0€3 IpuMeHe-
Hust OBM u uncnenHbix MeToqoB. [1o orneHkaM ydeHbIX, 3PQEeKT, TOCTUTaeMBbIii
3a CYET COBEPIICHCTBOBAHMUS YUCIIEHHBIX METOAOB, cocTaBisieT 40% oT oluiero
addekTa, JOCTUTAeMOTO 3a CUET MOBBIIICHUS Mpou3BoaAuTeIbHOCTH OBM [1].

YucneHHbIe METOIBI — 3TO METOBI, TO3BOJISIONINE PU TIOMOIIX aITOPUT-
MOB, UMEIOIIMX KOHEYHOE YHUCJIO UTEpallMii, pelaTh pa3iudyHble MaTeMaTude-
CKHe 3a7auu (33JJaHHbIC B AaHATUTHYECKOM BHUJIC).

[IpoBeneHne CIOKHBIX MAaTEMAaTHUYECKUX PACUETOB TPEOYeTCS BO MHOTHX
OTpaciiaX HayKd U TeXHUKU. [Ipu 3T0M 00beM 3TUX pacyeTOB TAKOB, YTO BPYUHYIO
3a pa3yMHO€ BpeMs MX BBIMOJIHUTH HEBO3MOXKHO. [Ipumepbl — pacmpenenenue
HArpy3Kd MEXy MOAKIIOYEHHBIMU K 3JIEKTPOCTAHIIMN 00beKTaMU (OHO JTOJIKHO
MIPOUCXOUTH MPAKTUICCKH MTHOBEHHO MPU M3MEHEHUH MOTPEOISIeMON MOIITHO-
CTH ), BEIYHCIICHUE TPACKTOPUH KOCMUYECKHX TEJI, pacUeT IBIKCHUN 36MHOU KOPBI
B reoMH(GOPMAITMOHHBIX CUCTEMAX (@ 3TO 3a/1a4l He(TSHOM, Ta30BOM U IPYTHUX OT-
paciieit) 1 MHOTO€ Japyroe. [[i1st 3Toro u BHEAPSAIOTCS B IPOMBIIIIEHHOCTh U HAYKY
BBIYHUCITUTENILHBIE CUCTEMBI, CO3/IAI0TCS CIICIIMAIM3UPOBAHHBIC ITAKETHI IS IIPOBE-
JIEHUsl YHUCIICHHBIX pacueToB. Pacnpoctpanenue xe 9BM craBuT, B CBOIO O4Ye-
penb, HOBBIE MaTeMaTHYECKHE 3aJjaui, HE CYIIECTBOBABIINE paHee — pacipeie-
JieHue UHTEpHET-TpaduKa, 00CUET TPEXMEPHBIX MOJIENICH B rpadUueCKUX pelak-
TOpax W UTpax u T. II.

Takum oOpa3zoM, 3HaHUE YUCICHHBIX METOI0B HEOOX0IMMO UHXKEHEPY, 00-
JaCTh JEATEILHOCTH KOTOPOTO CBsI3aHA C MPOTPAMMHBIM 00€CTICYeHUEM BBIUHC-

JIMTCJIbHOU TEXHUKHU H, B OCO6€HHOCTI/I, ABTOMATU3UPOBAHHBIX CHUCTCM.



B npenmaraemom nocoOuu paccMOTpeHbI B IpUMeEpax U 3a7jauax OCHOBHBIE
YHUCJICHHBIE METO/Ibl PEIICHHUS 3a]1a4 U3 CIACAYIOMIUX Pa3/eIOB BIUYMCIUTEIbHON
MATEMATHKH: PEIICHUE YPABHEHUH C OJHOM IEPEMEHHOM, PEIIEHNE 3a4a4 JIUHEH-
HOM asireOphl (pelIeHNe CUCTEM JIMHEWHBIX anreOpandecKux ypaBHEHU, BBIYKC-
JICHUE ompeAenuTeneii, 0OpaTHON MaTpHIIbl), MPUOIKeHHE (DYHKIMM, YUCIICH-
Hoe nudepeHnmpoBanre U HHTErpupoBanne GyHKIuil. B kaxmaom pasnene npu-
BEJICHbI KpaTKUE CBEJEHUS U3 TeOpuUH [2], omHMcaHbl aarOPUTMbl BHIYMCICHUMA
¥ pa300paHbl MPUMEPHI M0 KAXJIOMY U3 OMHCHIBAEMBIX alTOPUTMOB. B KoHIE
KaXXI0r0 paszerna JaHbl 3a7add W MPUMEPHI A CAMOCTOATEIHLHOTO PEIICHHUS.
B pa3nene 6 mpuBeneHbl 3afaHusl HA KOHTPOJIbHYIO U J1a0OpaTOpHbIE pabOThI
C UHWBUyadbHBIMUA BapUAHTAMH 3aJIaHUM. 3aJaHusI MOXKHO BBITIOJIHSITH HA JIFO-
OOM s13bIKE IpOrpaMMUpOBaHus, a Takke B nakerax MathCAD, Excel u 1. 1.

Br16op BapuaHTa 3aaHusl OCYLIECTBISETCS MO OOIIMM MpaBUjaM C HC-
M0JIb30BaHUEM CIIETYIOMEH (HOPMYIIbI:

V = (N - K) div 100,
rae V — MCKOMBIN HOMEp BapuaHTa,
N — o6111ee KOTUYECTBO BApUAHTOB,
div — menouncieHHoe IeIeHHE,
npu V = 0 BeIOMpaeTcs MaKCUMaJIbHBIM BapUaHT,
K — xox BapuaHTa.

B npuioxeHnn npeacTaBieH madioH TUTYIHHOTO JINCTA U OTJIaBJICHUS OT-
4yeTa 10 KOHTPOJILHOU U TabopaTopHbIM paboTaM. OTUeThl JOIKHBI OBITH 0(hOPM-
nensl corsiacHo OC TYCVYP 01-2021 «PaboTsl cTyeHUECKHE IO HANPABICHUAM
MOJTOTOBKM U CHEIUATBHOCTAM TeXHUYecKoro mpodwis. OOmme TpedoBaHus

u npasuiia opopmiaenus» (https://requlations.tusur.ru/documents/70).

Buumanue! B otuere momkHa ObITh ykazaHa TeMa paboThl. Ee HeoOxo-
TUMO C(HOPMYITUPOBATH CAMOCTOATEIEHO, UCXOS U3 COJIEP KAHUS TTPOIeTaHHOM

paboTHI.


https://regulations.tusur.ru/documents/70

1 PELLEHUWE YPABHEHUX C OOHOW NEPEMEHHOW
1.1 OTpeneHue KopHeun

Pemienne HENMHENWHBIX YpaBHEHHWW C OJHOW IEPEMEHHOM IPEACTABISACT
OJIHY U3 BaKHEHIIIMX 3a/1a4 IPUKIIaJHOTO aHaln3a. B o01em ciayyae HenuHenHoe
YPaBHEHHME MOKHO 3aIIMCaTh B BUJE!

f(x)=0, (1.1)
rae f(X) ompenenena u HenpepsisHa Ha [a,b]. Besikoe uncino &e[a,b], oGpa-
maromee Gyskiuro f (X) BHyas, . e. f(£)=0, HasbiBaeTCS KOPHEM ypaBHCHMs

(1.1). Yucno & HaspiBaeTcs KOpHEM K-l kpaTHocTH, ecinm npu X =& BMecTe
¢ pyHKumen f(X) oOparmiarorcss B HOJIb e€ mpou3BonHbie 10 (K —1) mopsimka

BKJIFOUUTCIIBHO:

f(g)=f'(x)=..= f*I(g)=0.

OIHOKpaTHBINA KOPEHb HA3BIBAETCSA MPOCTHIM.

[TepBbrit aTan yrcieHHOro perieHus ypasHeHus (1.1) cocTout B oTieeHuu
KOPHEW, T. €. B YCTAHOBJICHUU TECHBIX TPOMEKYTKOB, COACPKAIINUX TOJIBKO OJIUH
KopeHb. DakTUuecKu ATOT ATAll COCTOUT B HAXOXJICHUM TPyOOro 3HAUYCHUS
KopHsi. PaccMoTpum rpaduueckuii cocod otaeneHus kKopHs. st aToro crpo-

utcs rpadpuk pyHknun f (X) . Touka nepeceyeHus ¢ 0OCbrO aOCLKMCC U €CTh UCKO-

MBI KOPEHB.
[TocTpoenue rpaduka yacto ynaércs ynpocTuTh, eciu ypaBHenue (1.1)

YAaETCs 3aMEHNTh PaBHOCWIBHBIM eMy ypasHenneM f,(X)= f,(x). Hanpumep,

Ha pucynke 1.1 mokazaH Tpaduueckwii cmocoO peleHus YpaBHECHUS

f(X)=Inx—sinx.3necp f,(x)=Inx, f,(x)=sin(x).



Puc. 1.1 — I'paduueckuii meton pemenus ypasuenus f(x)=Inx—sinx

JIist Hax ok AeHHsI IPUOTMHKEHHOTO 3HAYCHUST KOPHEH C MCIOJIB30BaHUEM
OBM MOCTYHAIOT CIEAYIOIIUM o0Opazom. 3apator CETKY

{x}:a=x <X, <..<X,=b u Bbrunciusror 3uauenns Gpyuxuun f (X )= f,. Ecaun
JUISL ABYX COCETHUX TOUYEK BBIMOIHIETCS HEPABEHCTBO

f(x)-f(x.,)<0,
TO B HHTEpBAaNe [X,X,| pacrmomoxeH mo KpaiiHeii Mepe OIMH KOPCHb
Em €[ X1 %,1]. Hanee, ecnn monosxuts &, =1/2(X + X, ), TO TO4HOCTH Ompesere-

HUS KOpHS & paBHa

Am :]/Z(Xm =X )
Ipumeuanue. BooOiiie TOBOPS, BHITIOJIHEHUE JAHHOTO YCJIOBHUS O3HAYAET,

9TO Ha HUHTEpBAJIEC | X, X MOJKET OBITH MPOU3BOJBHOE KOJWYECTBO KOPHEH.
i

i+1
Boxee Toro, naxe eciu f (X )- f(x,,)>0, na unrepsane Mmoryt 6bITb KOpHH. To-

ATOMY YCIIELIIHOCTh PEIICHUS TaHHOM 3a/1aur 3aBUCHUT OT yIa4HOTO BBIOOpA 11ara
CCTKHU.

Ha pucynke 1.2 npuBenena cxema alnroputMa OTACICHUS KOPHEN JJIsI paB-
HOMEPHOU CETKHU.

Ha BTOpOM 3Tane yrouHAOT 3Ha4eHUE HAUAECHHOTO KOpHs. /{14 3ToM e

MOKHO HUCITIOJIB30BaTh PA3JIUYHBIC MCTO/bI. PaCCMOTpI/IM HCKOTOPBIC N3 HUX.



( Otnenenne KopHei )

A 4
Beox a, b, h

y
Xl:=a
x2:=x1+h
yl :=1f(x1)

»

Ll
Y

@—
A 4

y2 :=f(x2)

T

BruiBog X1, X2
|

x1 :=x2
x2:=x1+h

yl:=y2
| ( Komnen )

Puc. 1.2 — Cxema anroputma OTJI€JIE€HUS KOPHEN

1.2 AHTepBanbHble MeTOoAbl MOMCKa KOpHEN
1.2.1 Metoxa nepedopa

ITycTh Ha uHTEpBAJE [a, b] pacmoJiokeH OANH KOopeHb. Tpebyercs HalTu §
C TOYHOCTHIO €. Pa3o0ném [a,b] Ha N paBHBIX YaCTEM:
X, =a-+i-h, h=(b—a)/n, i=0,..,n,
rae n=(b—a)/e, u Boruncanm 3nauenne pynxkuun f, = f (). 3zecs h — war

CCTKHM.
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Ecnu i nByx coceqHMx Touek BbinonHsercss HepaseHcTBo f -, <0,

i+1
10 MoJtararr & =1/ 2(Xi + Xi+1). [Morpentrocts coctaBut A=h/2=¢/2. Cxema

alropuT™Ma MpuBeieHa Ha pucyHke 1.3.

( MeTtoa nepedopa )
|
BBoa a,b,e

|
x1l=a

ot

x2=x1+g
y1=f(x1)

<osh >

y2=f(x2)

X1=x2 E=(a+b)/2
I

BoiBon &, f(§)

A 4

( Komem )

Puc. 1.3 — Cxema anroputma meToj1a mepedopa
1.2.2 MeTtoa auxoToMuHu (MeTO/ MOJOBHHHOTO AeJIeHHA)

ITycTh Ha [a,b] f (X) UMeEeTCs OJIUH KOPeHb & . 3a7aiuM TOYHOCTD € . BBI-
YUCIsIeM CPEHION0 TOUKy € =1/2(a+b) u sHauenue Qpynxuun f(C).
Ecmu f(c)=0, to ¢ — xopens. Ecim f (€)#0, To paccmarpusaeM asa

ciryyvas:

1) ecm f (a)- f (C) <0, 0o b =c u noBropsiem mporiecc aeneHus;

2) uHaue & =C ¥ MOBTOPSEM IPOIIECC JICIICHHSI.
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Tak kak 3a KaXXy10 U'TCpallvio HHTCPBAJI, I’AC PACIIOJIOKCH KOPCHb, YMCHb-

1IaeTcA B JIBa pa3a, TO uepe3 N urepauuii tHTepBajia OyJeT paBeH

b, —a, =2—1n(b—a),HpI/IBTOM a, <&<hb .

1
B kauecTBe KopHs & BO3bMEM E(bn + an). Torga nmorpenHocTs onpezene-

HUS KOpHS OyJeT paBHa (bn —a, )/ 2 . Ecnu BBITIOJIHSACTCS yCTIOBHE

(b,—a,)/2<e, (12)
1
TO MPOLECC TIOMCKA 3aKaHIUBAETCA U & = E(b" +a,).

Metoa AMXOTOMHH WILTIOCTPUPYET pUCYHOK 1.4. CXxonuMOCTh MeTOAA JIH-

HelHas ¢ kodhumumertom o =0.5.

f(x) A /() A

o)
[ o) Fpp—
o

N
w

f(©)=0 /()] (a) <0
JACIY \

o
<---| o
v

(@ f(b) <0

Puc. 1.4 — I'padmueckast HTEpIIpETALIUSI METOIA TUXOTOMUHN
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Ipumep 1. MeTOo10M OJIOBUHHOTO A€JIEHUS YTOUHUTh KOPEHb YPABHEHNUS
f (X) =X*+2x> —x—1=0 10 2 BepHbIX 3HAKOB, JIexKammii Ha otpeske [0,1].
Pewenue. IlocnenosarenbHo umMeeM
£(0)=—1; f(1)=1; f(0)- f(1)<0;
a,+b, 0+1
CO = =
2
f (0.5)- f (1)<0:a1:CO =0.5b =h, =1.

=0.5; f(0.5)=-1.188;

3/1ech U anee B PENICHHSIX IPUMEPOB MPUBEICHA JIUIIh YacTh 3HAYAITAX
udp pe3yabTaTOB BEIYUCICHUN.

C yyeToMm TOro, 4TO KOpPEHb JICKUT B MHTEpBAJIC [0.5,1], 3a/laHHasl TOY-
HOCTh JI0 2 BEPHBIX 3HAKOB O3HAYACT, YTO MOTPEIIHOCTh KOPHS JODKHA OBITH
He 6omee 0.01 (B mrupokom cmeicie), T. €. € =0.01.

Iposepsiem ycnosue (1.2) A=1/2(1-0.5)=0.25>¢, cuenoBarensHo,

IIpoaoJDKacM IIpouecC IIOUCKAa KOPHA.

c, = algbl = 0'52+1 =0.75; f(0.75)=—0.590;

£(0.75)- f (1)<0=a,=c,=0.75,b, =h, =1,
A=1/2(1-0.75)=0.125>¢.

a,+b, 0.75+1
=TT T

f(0.75)- f (0.875)<0=a,=a, =0.75,b, =c, =0.875;

=0.875; f(0.875)=0.05L

A=1/2(0.875-0.75)=0.063> ¢.

a,+b, 0.75+0.875
2

f(0.813)- f (0.875)<0=a, =¢, =0.813,b, =b, =0.875;

C, =

=0.813; f(0.813)=-0.304;

A= ]/2(0.875 — 0.813) =0.031>¢.
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a,+b, 0.813+0.875
C4 = =
2
f (0.844)- f (0.875)<0=>a, =c, =0.844,b, =b, = 0.875;

= 0.844; f(0.844)=-0.136;

A :]/2(0.875 — 0.844) =0.016 > .

a,+b, 0.844+0.875
C, = =
2
f (0.859)- f (0.875)<0=a, = ¢, = 0.859, b; = b, = 0.875;

—0.859; f(0.859)=-0.045;

A=1/2(0.875—0.859) = 0.008 < c.

Takum 00pa3om, B KauecTBE KOPHS MOKHO MPUHSTh

& :]/2(0.859 + 0.875) =0.867 ~0.87.

1.2.3 MeToa xopa

Merton xopn sBisgeTcs 0osee ObICTPBIM METOAOM MoucKa KOpHs. CyTb €ro

WJUTIOCTPUpPYETCS Ha pucyHkax 1.5 u 1.6.
f"(x)>0 f"(x)<0

27

fix

s -

h&
—
113
|- -
£
=]
==
—_

/

a O
Puc. 1.5 — I'paduueckas WumrocTpaius METO1a XOPA

(koHer b HermoaBIIKEH)
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[TycTh Ha nHTEpBaIIC [a,b] UMeEeTCS KOPEHb, T. €. f (a) f (b) <0. Haxogum

TOUKY X, IO (hopMmyJIe:

Ecnu BeimonHsieTCS yCnoBue

f(x,)f(b)<0; n=12,..., (1.3)
TO I/ITepaHI/IOHHHﬁ IMpoueccC CTPOUTCA 110 (bOpMYJ'IeZ
f (%)
=X . — f b-— P X, =a. 1.4
Xn Xn—l f (b) _ f (Xn_l)( Xn—l) X0 a ( )

3nech b — HemoABKHBIN KOHEI (cM. puc. 1.5).

f"(x)<0 f"(x)>0

Iﬁ-x
s
[ny
F
of- ozt
m7
-
7Jﬁ
mE----4 o

|

a o
Puc. 1.6 — I'paduyeckas WutrOCTpanys METOIa XOP/

(KOHeI] & HEeMOABUKEH )

Eciu BeImONTHAETCS yCI0BUE

f(x,)f(a)<0; n=12,.., (1.5)
TO UTEPALUOHHBIN MPOIIECC CTPOUTCS IO PopMyIIe:
f(a
v —a-——3)

f(Xa)— T (a)(x“_a); % =b. (1.6)
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31mecy a — HeMOABMKHBIHN KoHeIl (cM. puc. 1.6). Ha mpakTuke MoKeT BCTpe-
TUTBCSl CUTYyaIUsl, KOT/Ia MepBasi WM BTopasi MpOU3BOAHAs (PyHKIIUK HA UHTEp-
Basie [a,b] Mensror 3Hak. B Takoil cuTyaruu nonepeMeHHO OYAyT BBITOIHATHCS
(1.3) u (1.5). PaccMoTpuM 3TOT ciaydaid 6osiee nmoapooHo. [lycts cHavana ObL1O
BbITIOJTHEHO ycioBwue (1.3). MtepanuonHslil nporecc ctpoum 1o ¢opmye (1.4).

[Ipeanomnoxum, 4To npu HEKOTOpoM N = P ycnoBue (1.3) He BeinonaHeHO. B aTOM

ciydae mepexoqum K ¢popmyne (1.6), B kotopoir a =X, ,, X, =X,. Hanee, eciu

IpyU HEKOTOpOM N =M Oyaer HapymeHo ycinoBue (1.5) (B KOTOpoMm Temepb

a=X,,), To mepexoaum onsth K popmyie (1.4), rae momaraem b =X, X, =X, ;.

To ecTh moyunM cieayromui (naxe 0osee mpocToi) alropuT™: HaXOAUM TOUKY

MCPCCCUCHUA XOPAbl C OCBIO a6CI_[I/ICC

H pacCMaTpHuBaAcM JIBa ClIydasd:

1) ecn f(a,)- f(x,)<0, 10 b, =X, unosropsem mpowuecc;
2) vHaue a,,, = X, ¥ MOBTOPSieM MPOIIECC.
Ycnosue OKOHUaHHs Ipouecca |X, — X, 4| <€, Iae &€ — 3a1aHHas TOYHOCTb.

3HauyeHHE KOpHS PaBHO & = X, .

- m
CxoauMocCTh METO/1a XOp/1 cyTiepauHeliHas ¢ koddpuiuentom o =1— Vl’
1

rae m, =min|f'(x)|, M, =max|f'(x)|.

IIpumep 2. Haiitu METOAOM XOp]l HOJIOKUTEIbHBIA KOPEHb C TOYHOCTHIO

10 0.01 ypaBuenus f (X) =x*-1.2x* —=x+0.5 na unTepBaNe [—0.5,1.5].

Pewienue. Boruncnsgem 3HaueHUs] QyHKIUN

f (-0.5)=0575>0, f(1.5)=-0.325<0.
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Takum obpazom, & €[—0.5,1.5]. [Janee mocaeq0BaTeIbHO BBIYHUCIISIEM

f(a,)
T T (by)- (ao)(b°_a°):
0.575 _
T YT 0325 0.575(1'5_(_0'5)) =0.178

f (0.778)=-0533
f(-0.5)- f(0.778)<0=a, =a, =—05,b, = x, = 0.778.

f(a)
f(b)-f(a)

L (0.778-(-0.5))=0.163.
~0.533-0.575

X =8~ (b-a)=

[IpoBepsiem ycnoBue ‘Xl — XO‘ = ‘0.163 — 0.778‘ =0.615>¢. IIpomomkaem

nporiecc:

f (0.163) = 0.309;

f (0.163)- f (0.778) <0=>a, = x, =0.163,b, =b, = 0.778;

X, =a, — f(az) —-a, )=
2 f(bz)—f(az)(bz 2)

—0163-— 239 (0778 0.163)=0.389.

—0.533-0.309

IIpoBepsiem ycnoBue ‘Xz — Xl‘ = ‘0.389 — 0.163‘ =0.226 > ¢. Ilpomomxaem

IPOIIECC:

f (0.389)=—0.011;

f (0.163)- f (0.389)<0=>a, =a, =0.163, b, = x, = 0.389;

f(a)
AT ) f(ay) )T
0.309

=0.163 - (0.389-0.163) = 0.381.
—0.011-0.309
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[IpoBepsiem  ycroBue ‘X3 — Xz‘ = ‘0.381— 0.389‘ =0.008<¢. [Ilpomecc

MOJXHO 3aKOHYHTbD.

Otset: £=0.381~0.38.

1.2.4 MeToj 30J10TOT0 CeYeHUus

Mertopn 3010T0r0 ceuenus (cMm. puc. 1.7), Tak ke KaKk U METOJ AUXOTOMUH,

OTHOCHUTCA K HHTCPBAJIbHBIM MCTOaM (I/IJ'II/I MCTOAaM HUCKIIIOYCHMUA I/IHTepBaJIOB).

f(x) A

Puc. 1.7 — I'paduueckast uimrocTpanusi METoAa 30J10TOT0 CEUCHUS

Touku neneHust UHTEpBaAIA BHIOUPAIOTCS TaKUM 00pa3oM, YTOOBI BBITION-
HSJIOCh COOTHOIIIEHNE MEXy MHTEpPBaJIaMHu:

A A A Ay
AZ AS Ak+1 Ak+2

rIae y = ~1.618 — 3omoToe ceuenune, A, =b, —a, — qMHA OTpe3Ka.

\/§+1
2

[IpencraBuM aiaroput™m noucka Hyje B opMe MOCIEA0BATENBHOIO BbI-
IIOJIHEHUS UTEPALUH.

3amaem Touku &, =4a, b, =b, Homep urepanuu k=1,
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[Iar 1. OnpeaensieM KOOPAUHATHI 30JI0TOI'O CEUCHHUS:

BeruuciisieM TOUKY X, = %(ak +b,).
Hlar 2. Beruucnsem 3nauenus ¢pynxmmm f(a,), f(c), f(d,), f(b,)

U TIPOBEPSEM YCIOBHA:
a)ecmu f(a)-f(d,)<0,10 &, =4a,; b, =d,;

6) unaue f(c)- f(b)<0,10 8, =¢; b, =b,;

BeramcisieM HOBoe TNPHOMMKEHHE KOPHS X, :E(ak+1+bk+l)‘ Ecmn

1
E(bk+1 —a,,,) <&, T0 KoHel, nHaue K =K +1 u nepexon Ha miar 1.

CKOpOCTh CXOUMOCTH JIMHEHHas ¢ kodpduimentom o =7y —1.

Ipumep 3. Haiiti ayns Gyrkuuu f (x) =e* 1 Ha uHTepBaie [0.1,0.9]
X

¢ TouHOCTEIO € =0.05 MeTOHOM 30JI0TOTO CEUEHHS.

Pewenue.  BpruncisieM — UHTEpBabl A =b-a=09-0.1=0.38;

A
A, = 71 =0.494; A, =A(y —1)* =0.306. 3amaeM KOOpIWHATHI 30J0TOTO Cede-

HHA:
c,=a +A,=0.1+0.306 = 0.406;
d,=a +A,=0.1+0.494 =0.594.

Brraucnsem 3HadeHus CI)YHKLII/II/I B TOYKax 30JIOTOI'O CCUCHMH.

f (a,) =-8.895; f (c,) =—0.965; f (d,)=0.130; f (b,) =1.348.
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OmnpenernsieM HHTEPBaJ, B KOTOPOM PACIIONOKEH KOPEHB!
f(a)- f(d,) <0, nosromy a, =a, =0.1; b, =d, =0.594;
[TpoBepsiem ycioBue octaHoBa: A, /2=0.247 >¢, T. €. TOYHOCTH HE JIO-
CTUTHYTa. BbIunciisieM HOBbIE TOYKH 30JI0TOTO CEUCHUS !
A, =0.306; A, =A,(y-1)*=0.189;

c,=a,+A,=0.1+0.189=0.289;
d,=a, +A, =0.1+0.306 = 0.406.

Boeruucnsiem 3HaueHust QyHKIMHU B TOYKAX:

f(a,)=-8.895; f(c,)=-2.127; f(d,) =-0.965; f (b,) =0.130.
OmnpenesnseM HHTEPBAJ, B KOTOPOM PACIIOIOKEH KOPEHB!
f(c,)- f(b,) <0, mosromya, =c, =0.289; b, =h, =0.594.
[TpoBepsiem ycnoBue ocranoBa: A,/2=0.153>¢. He Bemonneno. Ilpo-
JTOJ>KAEM BBIYMCIIECHUSI.
A, =0.189; A, =A,(y-1)*=0.117;

C,=a, + A, =0.289+0.117 = 0.406;
d,=a,+A, =0.289+0.189 =0.478.

f(a,) =—2.127; f(c,) =—0.965; f (d,) =—0.48L; f (b,) = 0.130.

OmnpenenseM HHTEPBAJI, B KOTOPOM PACIIONIOXKEH KOPEHB!
f(c,)- f(b,) <0, nostomya, =c, =0.406; b, =b, =0.594.
[TpoBepsiem ycnosue octanoBa: A, /2=0.094>¢. He Bemonneno. I1po-
JOJIKAEM BBIYMCIICHUS.
A, =0.117; A, =A,(y-1)* =0.072;

c, =a, + A, =0.406+0.072 = 0.478;
d, =a, + A, =0.406+0.117 = 0.522.

f(a,) =-0.965; f(c,)=-0.481; f(d,)=-0.229; f (b,) = 0.130.
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OmnpenernsieM HHTEPBaJ, B KOTOPOM PACIIONOKEH KOPEHB!
f(c,)- f(b,) <0, mosromya, =c, =0.478; b, =b, =0.594.
[TpoBepsiem ycnoBue ocranoBa: A, /2=0.058>¢. He Bemonneno. Ilpo-

JOJIXKaCM BBIYHCICHUS.

Ay =0.072; A, = A,(y—1)* =0.045;
C;=a, +A, =0.478+0.045=0.522;
d. =a, + A, =0.478+0.072 = 0.550.

f (a5) =—0.481; f(c,)=—0.229; f(d)=—0.086; f (b,) =0.130.

OmnpenensieM HHTEPBaJ, B KOTOPOM PACIIOI0KECH KOPEHB:

f(cy)- f(b,) <0, mostomya, =c, =0.522; b, =b, =0.594.

[IpoBepsieM ycnoBHE OCTaHOBA:

A, 12=0.036<¢; E=(b, +a,)/2=0.558~0.56.

1.3 UTepaunoOHHble MeToAbl NOUCKA KOPHEMN

1.3.1 Metoa HeroToHna

HrtepanroHHbBIN IPOLIECC BBIMOJHAETCS N0 CIEAYIOIIEH CXEME:

f (%)
= — n , :1,2,..., 1'7
Xn Xn—l f ’(Xn_l) n ( )

IIpU ATOM B KadecTBe X, Oepercs muOo Touka a, mmbo Touka b. Ecmu m3BectHa
BTOpas npousBoaHas f”(X), To Touka X, BRIOMpAETCs B COOTBETCTBUU CO CIIEY-
IOLIUM YCJIOBUEM:

a)ecmu f(a)f"(a)>0,10 x,=a;

6) ecu f(b)f"(b)>0,10 X,=h.

Ecim f"(X) Hem3BecTHa, TO MOCTYMAIOT CICAYIONIMM 00pa3oM. 3aaaroT
X, =@ ¥ MPOBOIAT BbIUMcIeHUs X, 1mo ¢popmyne (1.7). Eciu X, ynoBineTBopsieT

YCIIOBHIO
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c)asx<b,
TO IMMPOAOJIZKAOT BBIYHUCIIATH HpI/I6HI/I)K€HI/I5{ X2, X3, X4 ,...Xn .
Ecnu ycrnoBue () He BBIMONHSIETCS, TO 33/1al0T X, =b u nmamee mo ¢op-
mye (1.7) nmpoBoasaT BeraucieHus X;, i =1,2,... BeraucieHus 3akaHIMBAIOT TIPH
BBITIOJTHCHUH JIBYX YCJIOBHI:
X, =X | <& [f(x,)] <&,

n

IZie €,&, — 3aJlaHHbIe yKcia. B kauecTBe KopHs O0epyT & = X, .

FGOMeTpI/I‘-IGCKa}I HHTCPIIPCTAllA MCTOHA HrroToHa mokazaHa Ha pHu-

cynke 1.8.
f(x) A f(x)A
- > >
i X x
f@f@)>0 x,=>b
J(x) A 7 (X)A
P : |
X a x

(@) f(©)<0 x,=a

Puc. 1.8 — I'eomeTpuueckas uatepnperanus metoia HetoroHna
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OTMeTuM, YTO NPUBENCHHBIA aJrOPUTM IOHMCKAa KOpPHS MOXET pacxo-

mutbes. Hampumep, mias ¢yukuumu f(X)=sinX ma umurepBane [rn/ 6,11t/ 6]
KopeHb =T (cm. puc. 1.9). Onrako anroputm metona HeroToHa a1 3T0# PyHK-
MU He npurojeH. JlefictBurenbHo, mycTh X, =a =/ 6. Torma nepBoe mpuoIm-

KCHHE PABHO:
n_sin(r/6)

=—————==-0.054,
6 cos(n/6)

T. €. MbI BBIIUTH 3a TpaHuilsl uHTepBana [/ 6,11n/6]. Ananorudnas cutryanus

Oyner, eciu 3a X, B3ATh MpaByIo rpanuny X, =b=11n/6.

Puc. 1.9 — Ilpumep pacxogumoctu anroputma HeroToHa

CkopocTh cxomuMocTH MeToja HploToHa KBajgpatuuHas ¢ Kod3pdu-

ITUCHTOM a:%, rae M, :max|f”(x)|; ml=min\f’(x)\.
1

I[pumep 4. Haiitu meronom Herotona Hyns dyHkmum f(X) =xsinx -1

Ha untepBaie [0,/ 2] ¢ Tounoctrio € =0.01.

Pewenue: f'(x)=sinX+ xcosx. Bo3bMmeM X, =7/2 ¥ BEIYUCIUM IIEPBOEC

pUOIIMKEHNE!

£(x,) 0.571
_x, — _pi2-2200 g
Wm0y T 1
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3HaueHe X, HE BBIXOAUT 3a rpanullbl uarepsaia [0,/ 2], nostomy npo-

JIOJKAeM BBIYMCIIATH MPUOIMKeHus KopHs 1o gopmyiie (1.7). CHavana mpoBe-

pUM YCJIOBHE 3aBEpIICHUS Iporiecca |1—1.571|=0.571>8. Tak kak ycioBue

HC BBIITOJIHCHO, TO ITPOAO0JIZKACM ITPOLCCC BBIUMCIICHUM KOPH::

) 1 —0.159

X = ~1.115;
2 =% f'(x) 1.382
1.115-1=0.115>&.
X, =%, %) _q 9500008 44

f'(x,) 1.389
1.114-1.115/=0.0006 < &.

[TpoBepsieM TaKxe yclIoBHE ‘ f (1.114)‘ =2.10%<e.

Otet: £=1.114~1.11 (pakTryecku yeTBepTas udpa TaKKe MoTyInIach

BEPHOIN).
1.3.2 MeToa urepanuii

Opnnum u3 Hanbosee 3 (HEKTUBHBIX CIOCOOOB YUCIEHHOTO PEIICHUS YpaB-
HEHUH sBsieTca MeTo nrepauuu. CyIHOCTh 3TOT0 METO/A 3aKJIF0YaeTCs B 3a-

MEHE UCXOJHOTO ypaBHeHUs f (X) =0 Ha >KBUBaJICHTHOE

X =¢(x). (1.8)
NrepaniOHHBIN MPOLECC UMEET BUL:
X, =0(X,4), N=1,2,... (1.9)
OcTaHOB npoLecca OCYECTBISAETCS 110 KPUTEPHIO

1-—
X, — X < 4

q

r7ie € — 3aJaHHas TOYHOCTh; (= Max q)'(x)| <1.
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CxoauMoCTh METO/1a UTEepAIK JTUHEHHAS ¢ KO3()PHUIMEHTOM CXOAUMOCTH

a=q.

FCOMGTpI/I‘{eCKI/I croco0 HUTCPpAIU MOXKCT OBITH TOSICHEH CICAyOInM 00-

pa3om (cM. puc. 1.10). [Toctpoum Ha mnockoctu XOY rpaduku GyHKIHU Y = X
u Y =@(X). Kaxneiii nericTBUTEbHBIN KOpeHb & ypaBHeHus (1.8) sBisieTcs abc-

IIUCCOW TOYKHM TiepeceueHuss M kpuBor Y = ((X) ¢ pssMoit Y = X .

f(xX) A y=x f(x)A y=x
_____ P(x)

L ST

% JlCl xIO ’x Xy Ii ;52 Jlfo ’x

Puc. 1.10 — Cxoasmmiicss UTEpaIlMOHHBIN TPOIECC (‘(p'(x)‘ <1)

OtnpaBnsacb OoT HEKOTOpod Touku A)(X,,P(X,)), CTPOUM JOMaHYIO
manio Ay B, A B, A,... («1ectHHIa»), 3B€HbS KOTOPOH MONEPEMEHHO Mapall-
nenbHbl ocu OX u ocu OY , Bepmunbl A, A, A,,... Jexart Ha kpuBoi Y = ¢(X),
a BepumHbl B, B,, B,,... mexar Ha npsamoii Yy =X . O0wmue abcuuccel Touek A
u B, A u B,, urt. 1., oueBUIHO, NPEACTABISAIOT COOOM COOTBETCTBEHHO IOCIIE-
JoBaTeIbHbIC MPUOIKEHUS X, , X,,... KOPHS .

Bo3mosken Takxke npyrod Bua siomanoit A, B, A B, A,... («crmpaiby).

Jlerko C006paSI/ITB, 4TO pCHICHHUC B BUJAC <«JICCTHULBD) IIOJIYYACTCsA, CCIU

npou3BoHas ¢'(X) MOJIOKHUTEIbHA, a PEIICHHE B BUAC «CIHUPAIN», eciid ¢'(X)

OTpHULAaTCIIbHA.
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Ha pucynke 1.10 xpuBast Y =@(X) B OKpECTHOCTH KOpHSI & — moioras,

T. €.

q)’(x)‘<1, U Tpolecc urepanuu cxomautcs. OJHAKO €ClIM PaccMOTPETh
ciyvau ‘(p'(x)‘ >1, To mporuecc urepanuu oyaer pacxoautbes (puc. 1.11). IMo-

9TOMY AJIA IIPAKTUYCCKOI'O IIPUMCHCHUA MCTOZd UTCPpAlIUH HYKHO BBIICHHUTE 10-

CTATOYHBIC YCJIOBHA CXOAUMOCTHU UTCPAIMOHHOTO ITpOo1ccca.

f(x) A p(x) y=x
T £

Puc. 1.11 — Pacxonsmuiicst HTeparimOHHBINA MTPOIIECC (‘q)’(x)‘ >1)

Teopema. [1ycts hyHKIIHS (p(x) onpeneneHa u auddepeHnupyema Ha oT-
peske [a,b], npuuem Bee ee 3nauenus @(X)e[a,b], u nycrs |¢'(x)|<q<1 npu
xe[a,b]. Torma mpoumecc wurepauun X, =¢(X,,) CXOZUTCS HE3aBUCHMO

OT Ha4aJIbHOTO 3HaUeHUs X, €[a,b] u nmpenensHoe 3HaueHue & = 1|<im X, SIBJISIETCS
—>0

CIMHCTBEHHBIM KODHEM ypaBHeHHs X = @(X) Ha otpeske [a,b].
Paccmotpum crioco6 3amanus pynknuu ¢(X) . [Tepermmmenm (1.8) B popme
x=x-x-f(x), (1.10)

rie A=1/M,, M, =f'(c), rme |f'(c)|=max|f'(x)

a<x<b

, T.€¢. M, — 310 3HaueHue

npousBogHoi f'(X) B Touke, rie OHA MMEET MAaKCHMAJIbHOE IO MOJIYIIIO

3HaueHue Ha otpeske [a,b]. Takum o6pazom, u3 (1.10) umeem

o(X)=x—-A-f(X).
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I[pumep 5. Haiitn meromom wmrepamun Hyiab (yskmnun f(X) =x+InXx

Ha untepsaie [0.1,0.7] ¢ rounoctrio & =0.01.
Pewenue. f'(X)=1+ 1; o(X) =x=A(x+1InXx);
X

max
[0.1,07]

f/(q)|=|f'(0.9|= M, = £(0.) =11, A =1/11.

B pesynbprare noayuum

X+ Inx
11

o(X)=x~-
[IpoBepuM ycinoBuEe CXOAUMOCTH

’ _ 1 1 . 4 _ 4 _
0 (x)\_1—1—1(1+;j, max /(0] =o' (0.7)| =0.779 <1,

CJIEOBATENIbHO, IpolLecC OyneT CXOAUTHCS. BhpUMCIMM MapameTp TOYHOCTH

. =1_Tq5 ~0.0028.

BospmeM X, =0.7 u BBIUMCINM X, H X, .
X,=0.7-(0.7-0.357) /11~ 0.669,;
X, =0.669 - (0.669 —0.402) /11=10.645.
IIpoBepuM ycaoBUE OCTaHOBA |X2 — X1| =0.024>¢.

HpOI[O.]'DKaeM BBIYMCIICHUSA JAJIBIIC:

X, =0.645—(0.645-0.439) /11=0.626;
X, —X,|=0.019 > ¢;

X, =0.626 —(0.626 —0.469) /11=0.612;
X, — X;| =0.014 > ¢;

X, =0.612 — (0.612 — 0.492) /11=0.601;
| —X,|=0.011>¢;

Xs = 0.601—(0.601-0.510) /11=0.592;
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|Xs — %;| =0.008 > ¢;

X,, = 0.578 — (0.578 — 0.548) / 11=0.575;
X, — X,| =0.0027 <&.

Otser: & =X, =0.575.

1.4 KoMGUHMpPOBaHHbLIU MeTOoA

9T1O0T MECTO ABJISACTCA KOMHOSHHHCﬁ ABYX MCTOAOB — MCTOJa XOpd U MC-
TOOAA HrroToHa — M 1O3BOJISIET 3HAYUTEIBHO YCKOPHUTL IIPOHCCC ITIONCKAa KOPHA

ypaBueruss (1.1). Ilycte Ha otpeske [a,b] pacmomoken omuH KOpeHb,
T.e. f(a)- f(b)<0. IIpeamonoxum, uto f'(x) u f"(X) cymecrByror u coxpa-

HAIOT CBOM 3HAKU. MITepalimoOHHBIN MPOIIECC BBHIMOIHAETCS MO CAeAYIoIuM Gop-
MyJIaM:

a)eciu f(b)- f"(b) >0, 10

f(x,)(b, —x,)
_ _ n n n : — : b b,
Xn+1 Xn f(bn)—f(Xn) XO a‘0 a 0
f (b f (b —
b,=b,, - ,( 1) mbo b, =b, , - g 1)
f'(b,) f'(by)
. 1 1
Kpurepwmii ocranosa: E(bn —X,) <& izE(Xn +b.);
0) eciu f(a)- f"(a) >0, o
Xoyg = &y f (an)(xn _an)’ Xy =by =Db; 8, =a;
f (Xn)_ f (an)
(1.12)

1 1
Kpurepwii ocranosa: E(Xn —a )<eg &= E(a" +X,).
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B dopmynax (1.11) mis MmeToaa Xop/1 KOHel[ b HenoiBMKeH | J1isl yCKope-
HUS Tpollecca MOWCKa KOPHsS KOHell D jaBuraeMm BiIeBO 1Mo Merony HeroToHa.

B ¢opmynax (1.12) cutyarus odpaTtHas — ABUTaeM KOHEI[ & BIIPaBo Mo hopmyie

HrroTona.
['eomeTpuyeckass cxema KOMOWHMPOBAHHOTO MeETOAa JiaHAa Ha pH-

cynke 1.12.

Puc. 1.12 — 'eoMmeTpudeckas HHTEpIpETALNs KOMOMHUPOBAHHOT'O METO/1a

IIpumep 6. HaiiTu KOMOMHUPOBAHHBIM METOJOM KOPEHb YpaBHEHUS
f (X) = x* —x—5=0 na unrepnane [1,2] ¢ Tounoctsio € =0.01.
Pewenue. TlpoBepum Hammume kopusa: f()=-5; f(2)=25;
f@@)- f(2) <0, cnemoBaTenbHO, KOPEHB CYIIECTBYET. BBIYMCINM MTPOU3BOTHBIC
f'(x)=5x*-1, f"(x)=20x>. Urak, ma wmnmteppane [L2] f'(x) u f"(x)
coxpanstot 3Haku, npudem f'(x)>0 m f"(x)>0. Tak xak f(2)-f"(2)>0, 10
BBIYHCIICHUS IPOBOAUM 110 hopmyram (1.11):
X,=a=1 b,=b=2;
b _5(9_
X, = %, — (( ;( ° (:z)) 1- 25(_2(_?) ~1.167;

f
f,(b ) 5 %5 e
fi(b,) 79

b =h, -
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IIpoBepsieMm ycinoBHE OCTaHOBA:

(b,—x)/2=(1.684-1.167)/2=0.258 > ¢.

TouHOCTH HE AOCTUTHYTA, IPOAOJIZKACM BbIYHCIICHUA:

_FO)(b-x) oo —4.005(1.684-1.167)

_ _1 ~1.358
TR T ) - f (%) 6.841— (—4.005)
b, =t~ B) 1 g BBAL ) gog
f'(by)
(b, ~x,)/ 2= (1509 —1.358) / 2= 0.076 > &

L HOBo%) o LTAT(1509-1358)
T () f(x) 1.312—(-1.747) o
b, =, — 1 (P2) 1509 1312 4 4ee
£'(b,) 24.917

(b, — x,) /2 = (1.456 —1.444) / 2 = 0.006 < &.

OtBeT: £ = %(X3 +b,)=1.450~1.45.

1.5 3apgaum ana camocToATesNIbHOro peweHuns

1. HaifTu KOpeHb METOJIOM IMOJOBHHHOIO JIEJICHUS C TOYHOCTHIO 1%

ypasHenus f (X)=2X—cosx ua untepsane [0,7/2].
2. OmnpeienuTh MaKCUMaJIbHOE KOJMYECTBO MTEpaIii MeToja mnepedopa
IIOMCKa KOPHS C TOYHOCTBIO € Ha mHTepBase [a,b].

3. OHp@I[GJ'H/ITB KOJIN4YCCTBO I/ITCpaI_[I/Iﬁ METOJa ITOJJIOBUHHOI'O ACJICHUSA I10-

HCKa KOPHS ¢ TOYHOCTBIO € Ha mHTepBaie [a,b].
4. Haittu kopeHb MeTomoM xopa ¢ TodHocThio a0 0.001 ¢ynkuum
f (x)=x*+2x* —x -1 na unrepsane [0,1].
5. Haiitu nyns ¢pysakiun f (X) = X+ InX ¢ Tpems BepHbIMU 3HaKaMH Ha WH-

tepBaiie (0.2, 0.9) meTomoM Xop.
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6. Haittu metomom HproTOHa KOpeHb C YeTHIpbMS BEPHBIMU 3HAKaMU

ypaBaenus f(X)=Xx-10sinx =0 wna unrepsane [/ 2,111/12].
7. Haitt mynp ¢yskiuu f(X) =X+InX KOMOMHUPOBAaHHBIM METOIOM

C TpeMst BepHbIMH 3Hakamu Ha uHTepBaie [0.2,0.9].

8. MeTosoM 30JI0TOTO CEYEHUsI HAUTH KOPEeHb ypaBHEHUs 2X—CO0SX =0

Ha unTepBaie [0,7/ 2] ¢ Tounoctrio € =0.01.

9. Onpenenuth MakCUMalbHOE KOJMYECTBO HTEpAIil METOAa 30JI0TOTrO

CeueHHMsI ITOMCKA KOPHS C TOYHOCTBIO € Ha HHTEpBaie [a,b].
10. Haiitu nmyns ¢yskmuun  f(X)=sinx—0.2x na unrepsane [n/2,7]
¢ TouHocThio O =0.001 MeTomoM HTEpaITHIA.

11. Haiitu MakcuManabHOE KOJIMYECTBO UTEpaAllMid N METOJa UTepaluii 1o-

MCKa KOpHs Ha uHTepBaje [a,b] ¢ TouHoCThIO €.
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2 PELUEHUE 3A0AY IUHEVNHOW ANTEGPLI
2.1 MeToabl peweHnsi CUCTEM JIMHENHbIX YpaBHEHUN

IlycTe mana cucrema

X t+a, X, +....+a, X =b;

., X +a, X, +.....+a, -X ;
21 Xl 22 2 2n n (21)

.............................................

HJIK, B MAaTPUIHOM BHIC,

Baenem obo3nauenue a; ., =b,.

2.1.1 Metoa I'aycca

Meton 'aycca — 3T0 ME€TOZ MOCIEAOBATEIBHOTO MCKIIFOUEHHUS] HEU3BECT-
HbIX. CyTbh €ro COCTOUT B npeodpa3zoBanuu (2.1) k cucreme ¢ TpeyroiabHoO mat-
pHIIei, U3 KOTOpPOM 3aTeM MOCJIeA0BATEIbHO (OOPATHBIM XOJIOM) IMOJIy4arOTCs
3HAYEHHUS BCEX HEM3BECTHBIX. PACCMOTPUM OJIHY U3 BBIUUCIUTENBHBIX CXEM. JTa
CXeMa Ha3bIBAETCS CXEMOW €IMHCTBEHHOIO JCTICHUS.

[yctp a, # 0 (Bemymimii 2IEMEHT).

Oran 1

[IpuBOAMM CUCTEMY K TPEYTOJILHOMY BHUIY:
m,=a,/a;,, 1=2,3,...,n
® _

ai,j - ai,j - mi,lai,j’

bi(l) = bi - mi,lbl’

I,]=2,3...,N.

[lar 1:
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m,=a%3/a, i=34..,n
L aP-alomall
bi(Z) = bi(l) - mi,zbz(l)’
I, ]=3,4,...,N.
m, .= ar(]nn—_zl) / arErlI,i)—l’
Mar (n-1): a"?Y=a"?-m a2,
b =p"? —m, b2

Oran 1 MOXHO MIPEACTAaBUTH B CICAYIOLIECM BUC:
_ (k-1 (k-1) _
mi,k _ai,k /ak,k ' k_11213’4;---1n_1
(k) _ A(k-1) (k-1)
&J'_au —*Wkakj,
(k) _ (k-1 (k-1)
bi - bi - mi,kbk )

Lj=k+1Lk+2,..,n.

rae K — HoMep miara; (%) =a b® =h.

Ortam 2

BrerunciseM HEU3BECTHRIE:

__h(n-D)  4(n-D)
X, =b,"" la, ",

1 . i
_ (n-i-1) (n-i-1)
Xnoi = (n—i-1) bn—i _Zan—i,n—j ) Xn—j ]

a,_; n—i i=0

1=12,..,n-1.

Oran 3

n
Py r)le el :Zalkxk _bl’ i:].,...,n.
k=1

I[J'ISI IMIPOBCPKH BBIYUCIISICM HEBA3KY ”e

Ecnun pemenne BepHoe, TO HEBsI3Ka OyZ€T paBHA HYJIIO UM OYE€Hb MaJIO BEJM-

YUHOU.
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Ipumep 1. Pemuts cucremy meronom ["aycca.
X, + 2%, +3X%; =15;
5%, —3X, + 2%, =15;
10x, —11x, + 5%, = 36.

Pewienue. Pe3ynabTaThl MPSMOTO X0/1a BBIMHUIIEM B TAOTUILY.

X X, X, b
7 2 3 15
A 5 -3 2 15
10 ~11 5 36
7 2 3 15
A 0 -31/7 ~1/7 30/7
0 -97/7 5/7 102/7
7 2 3 15
A, 0 -31/7 ~1/7 30/7
0 0 36/31 36/31
OOGpaTHBIit X0/
X, =1 2:—2—3%-1——, zg-%(_l)_%l:z

2.1.2 MeToa OpTOroHAIU3AIUN

B ocHoBe MeTona nexuT TeopeMa. Beskyro 1eiCTBUTENBHYIO HEOCOOEH-
HYI0 MaTtpuily A MOXHO NPEACTABUTH B BUAE MPOU3BEICHUS MAaTPUIIBI C OPTOTrO-
HaJIbHBIMHM cTOJNIOLaMU R W BepXHeW TpeyrojbHOM MaTpulbl T C €IUHUYHOU
JIMarOHaJbIo.

[TpencraBum MaTpuiry cucteMsl (2.1) AX=Db B Buae npousBeacHUS

A=R-T, (2.2)
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rie R — marpuna ¢ opTOroHaJbHBIMHU CTOJOIAMU; T — BEPXHSSI TPEYrojbHas
MaTpulla ¢ E€AUHUYHOM auaroHajipto. CToysOupl MaTpuilbl R W 3JIEeMEHTHI

MaTpullpl T BBIYMCIISIOTCS 10 CIAEAYIOMUM (HOPMYJIIaM:
i1 o
L=a,n=a,-t,n; ri:ai_ztkirk; L = » 1< . (2.3)
o= (rr)

[MoxcraBuMm (2.2) B (2.1), monyunm RTx=Db. Orciona ¢ yuerom oproro-

1T
HaAJIBHOCTH MaTpuIlbl R umeem TXx=D"R'b nn

Tx=Yy, (2.4)
rge D™ :diag(dl‘l,...,dn‘l); y=D"R'b; d, :Zl’i,f . Cucrema (2.4) umeer Tpe-
P}

YFOHBHBIﬁ BHUO U JICTKO PCIIACTCA:

Xo = Yo
X1 = Yoa — tnfl,nxn; (25)

i
Xn_i - yn—i B Ztn—k,n—k+lxn—k+1’| :1!"'1 n-1.
k=1

IIpumep 2. Pemuth cucteMy METOIOM OPTOTOHAJIU3ALUY.
X, + X, —2X, =6;
2%, +3X, — %, =16;
SX, +2X, + X, =16.

Pewenue. IlpencraBuM MaTpuily CUCTEMBI B BUJIE
11 -2 iy N 1 t12 t13
2 3 —1|=|1, I, |10 1 t,].
5 2 1 r, I, h)\0 0 1

[To dopmynam (2.3) Haiimem cTONOIBI MaTpUIbl R W 2I€MEHTHI

MaTpuLbl T .

17
L=025); (rn-n)=30; (y-a,)=17; szﬁ-



(rl ) 3-3) =-11 t,=——

rzzaz_tlz.q:(l_£,3_2.£’ _5.EJZ(E’§’_§
30 30 30 30°30" 30
(r.r)__393o_(r. )_u_ﬂﬂ§_t _30-443 443,
2727 900V % 30 % 3930 131’

11

30
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r,=a,—t.n—t,.r,=(-2+11/30+13-443/3930, -7+2-11/30+

+56-443/3930,1+5-11/30—-25-443/3930) :(—

22

Takum o6pazom, st MmaTputibl R U T noxy4ymiu

2 j.

131" 131'131

, B2 7 u
30 131 30 30
30 131 131
s 5 2| (00 1
30 131
[Tomy4aum DJICMEHTHI MaTPHIIBI D =R'R =diag (30, g, ij
30 131
uD'= diag(i,ﬂ, EL) Berurcium BekTop Y :
30 131 4
1 18
30 12 5 1 6y |30
y= D'R'b= ﬂ 0 E @ _§ 116 % .
131 30 30 30 16 131
0 0 13111 22 6 2 -1
4 131 131 131

Boeraucium Bexktop X mo popmynam (2.5):

_ o574 443 | 131

X, ==1 X, 1= =1,
131 131 131
18 17, 11, 90 .
30 30 30 30
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2.1.3 MeToa n1eKkoMno3unuu (cxema XaJemKoro)

[TycTh uMeeM cuctemy:
Ax=d, (2.6)
rae A — KBaJpaTHas MaTpUIla pa3MEPHOCTH NxN;

X, d — Nn-mMepHBIE BEKTOPHI.
Pasznoxxum A Ha nBe TpeyroabHble MaTpuibl B u C
A=B-C, (2.7)
rae C — BepXHss TPEyroibHas MaTpulla C JUATOHAIBLHBIMHU JIEMEHTAMH, PaB-

HbIMHW CAUHUIIC, B — HKHSA TPCYIroJIbHAsA MaTpHILIA.

OneMeHTBL b W C; BHIMUCIAIOTCA 10 CleAyOmUM hopmyriam:

i1
b, =a; bij =& _Zbik "Gy (i>]>1);
k=l (2.8)

. 1 L .
C]_IZ%’ C'J:b_.(au_kzl:blkckjj’ 1<|<J
1 i =

Baxkno cobiroaaTh NOPSI0K BRIUUCICHHUN: CHauaaa BBIUYMCIACTCS TIEPBhIN

cronben MaTpulel B, 3aTeM nepas ctpoka marpuubl C, najgee BTopoii cTonbery

MaTpuIlel B, Bropas ctpoka matpuiiel C u T. 1.
[Toacrasum (2.7) B (2.6). B pe3ynbrare ucxoaHas cucteMa Terepb MOKET
OBITH TIPEICTABICHA KaK BE TPEYTOJbHBIE CUCTEMBI

By=d; Cx=Y,

KOTOPLBIC JICTKO PCIHIAIOTCA:

d, 1 El .
ylz_; yi :b_ di_zbik'yk 1 |:21311n1
" (2.9)
X0 =Yor X =Yi— X Cy X i=n-1n-2..1

k=i+1
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IIpumep 3. HaiiTu pernienre cucteMbl METOI0M XaJICIIKOTO.
5X +8X, + X, =2;
3X, — 2X, +6X; =—7;

2X, + X, — X3 =—5.
Pewenue. UmeeMm
5 8 1 2
A=3 -2 6 |;d=|-7]|.
2 1 -1 -5

ITo dhopmymnam (2.8) Beraucisiem 3meMeHTs MaTpur B u C .

b11 =, = S, Cy = ail/bll =1
b2128.21=3; C12:a12/b11:8/5;
b31:a31:2; C13:1/5;

b,, =a,,—b,, -¢,, =-2—(3-8/5) =-34/5;

b, =a;, —b; -, =1-(2-8/5) =-11/5=-2.2;

Cp=1 Cy :]/bzz (8 =y - Cy) = (_5/34) ' (6_3'1/5) =
=—27/34;

Cys =1

byy =y — (03, - Cy + 03, - C5) =

=-1-(2-1/5+(-11/5) - (—27/34)) =-107/34.

Urak, nomyuunnu:

3) 0 0 1 8/5 1/5
B=|3 -34/5 0 ,C=10 1 -27/34|
2 -11/5 -107/34 0 O 1

[To dopmymnam (2.9) Beraucisiem BEKTOp Y :

Y1 :dl/bll =2/5; Y, ::I/bzz’(dz —by, - y,) = (-5/34) x
x(—7-3-2/5)=41/34;

Y= (]/b33) ((dy—by -y, —by, - y,) = (_34/107) X
x(-5—2-2/5—(-11/5) - (41/34)) = (-34/107) - (-107/34) =1.

OKOHYATeNbHEI pe3ynsTar: Y = (2/5,41/34,1)".
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Brruncisiem BeKTOp penieHus X !

X, =VYs=1 X, =Y, —CuX =(41/34) - (-27/34-1) =
=68/34 =2;

X =Y,=Cp X, —C3- X :2/5—(8/5)'2—(1/5)-12—3.

Otser: X=(-3,2,1)".

2.1.4 MeToa npocToii nTepannu

[Tpu GosbIliOM uKcIie HEU3BECTHBIX cxeMa ['aycca, paromias TOYHOE pellie-

HHE, CTAHOBUTCA BEChbMa CIIOKHOW. B 3TOM ciydae 1Jist HaX0XKIECHHUSI KOPHEHN CH-

CTEMBI UCIOJIB3YIOT MPUOIMKEHHBIE METOABL. OTHUM U3 TPUOIMKEHHBIX METO-
JIOB SIBJISIETCSI METOJ POCTON UTEPALIUH.

[Tycth nana nuueitHast cucrema (2.1), KOTOpYIO 3anuIlieM B MATPUYHOM BUJIE:

Ax=Db. (2.10)

[Mpearnonoxum, 4To AUAroHadbHbIC KOAQuuueHTr a, =0, 1=1,...,n. Pa3-

pelmrM TMepBO€ ypaBHEHUE cucTeMbl (2.1) OTHOCHUTENBHO X;, BTOpOE

OTHOCHUTCJIBHO X, H T. I. Tor):[a IMOJIYYUM 3KBUBAJICHTHYIO CUCTEMY

X, =By 4+ 0 X, + 0y X + .o+ 04 X

X, =By 4 0y Xy + OygXs + o+ Oy X 5 (2.11)

rae B =0 /a;; oy =—a; /a;; 1+ ]; o; =0,

BBenem mMarpunib

O('11 O('12 O('1n Bl
(04 o o

o= 21 22 2n ; B _ BZ
0Lnl 0an ' O(‘nn Bn

Cucremy (2.11) Moxxem 3anucatb B MAaTpUUHOU Qopme:
X =B+ ax. (2.12)
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Cuctemy (2.12) Gyzaem pemiath METOJIOM IOCTEA0BATEIbLHBIX MPUOIIHKE-

HUil. 3a HyJeBoe NpUOMIDKEHHE MPUHUMAEM CTOJ0el CBOOOIHBIX UJICHOB

X(O) = B . I{anee MMOCJICAOBATCIIbBHO HAXOOUM PCHICHUA

x® =B+ ox® (mepsoe npubmmKeHHE);
x® =B+ ax® (Bropoe npubmmKeHne) u T. 1.
Torma (K +1) -e npubnrkeHne BIYUCISIETCS TTO0 (popmyIie
X* =B+ ax®; k=12,... (2.13)

Kpurepuii 3aBepmienus npouecca (14) umeer Bujg

[xen —xo] <1 (2.14)

rac € — 3agaHHasd TOYHOCTD.
B MCTOAC HpOCTOfI UTCPpal MOKHO IIPCABAPUTCIbHO OOCHU T YHCJIO IIa-

T'OB, H€O6XOI[I/IMBIX JJIA JOCTHIXKCHUA 33II3HHOI>1 TOYHOCTH € , UCXOOs U3 CICAYIO-

" o™
et popMyIIbl: 1——M : HBH <¢. Orcrona cienyer

I e e

(2.15)
Ig]lod

Ipumep 4. MeTonoM NMPOCTON UTEPALUU PELIUTH CUCTEMY YPaBHEHUI
10x, + X, + X, =12;
2%, +10x, + x; =13;
2%, +2X, +10x, =14
¢ TouHocThro A0 €=0.01.
Pewenue. IlpuBeaem 3Ty CUCTEMY K SKBUBAJICHTHOMY BUAY, YIOOHOMY NSt
UTEpaLuu:
X, =1.2-0.1x, —0.1x;;
X, =1.3-0.2x, —0.1x;; (2.16)
X, =1.4-0.2x, —0.2X,.
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OueHuM HOpMY MaTpPHIIbI HOLH = max Z‘aij‘ =0.4 u BeNM4MHY
| "
j

B KayecTBE  HYJIEBOIO OpUOIIMKEHNS.  PELICHHUS BO3bMEM
x© = (1.2,1.3,1.4). OuieHUM KOJIMYECTBO MIATOB:

- 19[0.01(1-04)/1.4]

—-1~4.
Ig0.4

Hoxcrapum X© B (2.16), momy4um:
x?=12-0.1-1.3-0.1-1.4=0.93;
x"=13-0.2-1.2-0.1-1.4=0.92;
xV=1.4-0.2-1.2-0.2-1.3=0.9.

e 5P 053
I

HpOI[OJ'DKI/IM BBIUHUCJIICHUA.

x? =1.2-0.1.0.92-0.1-0.9 =1.018;
Ix? =13-0.2-0.93-0.1-0.9=1.024;
x? =1.4-0.2-0.93-0.2-0.92=1.03.

x@ — x® H = ‘xéz) - x?fl)‘ =0.13> 3.

x® =1.2-0.1-1.024 - 0.1-1.03 = 0.9946;
x® =1.3-0.2-1.018-0.1-1.03=0.9934;
¥ =1.4-0.2-1.018-0.2-1.024 = 0.9916.

x® — x@ H = ‘x§3) = xéz)‘ =0.0384 > 6.

x{" =1.2-0.1-0.9934 - 0.1-0.9916 =1.0015;
ax$" =1.3-0.2-0.9946 —0.1-0.9916 =1.00192;
x¥ =1.4-0.2-0.9946 - 0.2-0.9934 =1.0024.

x@ —x® H = ‘xé“) - x§3)‘ =0.0108<3.
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B xauectse kopHs 6epem X = X ~ (1.002,1.002,1.002)" .

Tounoe pemrerne X=(1,1,1)".

2.1.5 Meton 3eiinens

Merton 3eiinens npeacTaBiasieT cOO0M HEKOTOPYIO MOAU(PHUKAIIUIO METOAA
npocTtoit urepannu. OCHOBHAS W€ 3aKJI0YAETCS B TOM, YTO MPU BBIYUCICHUU

(k +1) -ro mpuGmkeHUsI HEM3BECTHOM X, YYHTHIBAIOTCS y)KE BBIYMCIICHHBIC Pa-

Hee (K +1) -e mpuOmmkeHUsI HEM3BECTHBIX X, Xy, ... Xi ;-

IlycTh naHa npuBeAcHHAs TMHEWHAS CUCTEMA
n
X =B+ aX;;i=12..,n.
-1

3amaqMM HadallbHOE MPHUOJIMIKEHUE KOpPHEH Xl(o),xéo),...,xr(lo). [anee,
npezarnosaras uro K-¢ nmpuomKeHue Xi(k) KOpPHEW M3BECTHO, COTJIACHO 3EHIEIIO,

oyaem crpouth (K + 1) -e mpubmkenre KOpHEH Mo clieayrommM GopMyam:
(k+1) \ (k)
1) .
L Zal iXi s
1

(k+1) (k+1) \ (k)
+ ¥ .
Xy =B, +0yX +Za2jxj :

j=2

1)

i—-1 n
Xi(k+1) — Bi + Zaijxgkﬂ) + Z(x_.x(.k) : (2.17)
j=1 j=i

njj nn’*n

n
X\ =B, + Zoc X Lo x®:k=012,...
i1

I[OCTaTO‘-IHbIe YCIIOBUA CXOOUMOCTU MCTOAA 3efmenﬂ TaKH€ K€, KaK AJIsA

METO/1a MPOCTBIX UTEPALUH, T. €. ||oc|| <1. O6bruHO MeTO 3eiaens AaeT JIyUIIyro
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CXOUMOCTh, Y€M METOJI MMPOCTHIX UTEPAIINiA, HO OH MIPUBOIMT K 00JI€€ TPOMO3I-
KUM BBIYHCIICHUSIM.

Ecnu npeaBapuTeibHO PUBECTH UCXOIHYIO cucTeMy AX =D k HOpMmab-
HOMY BHY

A"Ax=A"b nmu Cx =g, (2.18)
rne C=A"A g=A"b, To mporecc 3eiinens OyaeT CXOMUTHCA A JIFOOOI

MaTpuilpl A (T. €. TI000H MaTPHUIBI 0. HE3aBHCHUMO OT BEJTMUHHBI €€ HOPMBI).

Ipumep 5. MeTonom 3elaens pemmTh CUCTEMY YPAaBHEHUN
10x, + X, + X, =12,
2%, +10x, + X, =13;
2%, +2X, +10x, =14
¢ Tou”octhio 10 € =0.01.
DTy cucTeMy Mbl YK€ pelaid METOI0M MNPOCThIX UTEpAlUidl U MPUBOIUM
3JI€Ch PELICHUE METOAOM 3eUIes Il CPaBHEHUSI CKOPOCTH CXOJIMMOCTH.
Pewenue. IIpuBeneM 3Ty cucteMy K 3KBUBAJEHTHOMY BUILY
X, =1.2-0.1x, — 0.1x;;
X=B+ax=9X,=1.3-0.2x —0.1x;;
X, =1.4-0.2x, —0.2X,.
B kadecTBe HyJI€BOTrO MPUOJIMKEHUS PELICHHS OepeM
X9 =p=(1.2,1.314)".
[Tpumensist Meto 3eitaensi, HOCIeI0BATEIbHO MOTYYUM:
xY=1.2-0.1-1.3-0.1-1.4=0.93;
X" =1.3-0.2-0.93-0.1-1.4=0.974;
xY =1.4-0.2-0.93-0.2-0.974 =1.0192.
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x? =1.2-0.1-0.974-0.1-1.0192 =1.0007;
x? =1.3-0.2-1.00068 — 0.1-1.0192 = 0.9979;
x? =1.4-0.2-1.0007 —0.2-0.9979 =1.0003.

x¥ =1.2-0.1-0.9979-0.1-1.0003 =1.0002
x¥ =1.3-0.2-1.0002 - 0.1-1.0003 = 0.9999;
x¥ =1.4-0.2-1.0002 - 0.2-0.9999 =1.0000.

N

Taxum 06pa3oM, yxe Ha TpeTbel UTepaIlui MBI MTOJTYYHIIA HCKOMOE pelie-
HUE, TaK KaK

Hx(s) _x® H _ ‘ x® — xgz)‘ =0.002 <.

2.2 PeweHue nepeonpeneneHHON CUCTEMbI

[Tpu 00paboTKe JaHHBIX SKCIEPUMEHTA YAacTO MPUXOIAUTCS UMETh JIEJIO0
C MEPEONpPENCICHHBIMU CUCTEMAMHU JIMHEWHBIX alNreOpandyecKux YpaBHEHHU,
T. €. C CHCTEMaMH, B KOTOPBIX YHCJIO YPABHEHUI OOJIbIIIE YK CIIa HEU3BECTHBIX.

IIycts nana cucrema

Ax =D, (2.19)

rae  A(nxm) —maTpuna, npudeM N>m;

X — M -MEpHBINA BEKTOP HEU3BECTHBIX;

b — n-MepHBIA BEKTOp TPaBOii YacTH.

Ecau n>m, To ecTh 4uciIO ypaBHEHHH OOJbIE 4YKMCIa HEU3BECTHBIX,
TO TOBOPAT, 4yTO cucteMa (2.19) nepeonpenenexa.

s pewmenust nepeonpeneneHHoil CJIAY ucnonb3yloT MeToJ, HauMEHb-
mux kBaaparoB (MHK). Unes ero cocTouT B MUHUMHU3ALMKU CYMMBbI KBaJpaTOB
HEBS30K

Q:Zn:(bi _iaijxjj : (2.20)

i=1 j=1
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N3 HeoOxoauMoro ycinoBus MUHUMyMa (24)

@:0, k=1...,n
OX,

MOJIyYMM CUCTEMY YpaBHEHUH C KBaJIpaTHOU MaTpulien

Z(Zaij -aikJ- X, :Zaij ‘b wm
i1 i1

k=1

> Cy X =9, j=1..m (2.21)
k=1

B matpuunoit popme cucrema (2.21) umeer Bun (2.18). Cucrema (2.21)

pemacTcAa JIFOOBIM M3BECTHBIM MECTOOOM.

IIpumep 6. HailiTu penieHrue CUCTEMBI:

X, + X, =2;
X, — X, =0.5;
1o (2.22)
3X, —4x, =-1;
5%, — 3%, =2.
Pewenue.
1 1
1 -1 1 1 3 5
A: , AT = '
3 4 1 -1 4 -3
5 -3
T 36 27
C=A A= :
27 27
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B pesynbrarte, BMecTO (2.22), MBI IOTYYHUIIA CUCTEMY
36X, —27X,=9.5;

(2.23)
—27% +27%, =-0.5.

Pemenne cuctemsi (2.23) x = (1, 0.981)".

2.3 BbluncneHue onpegenuteneu

Onpenesenue. OnpenenuTeneM Ha3bIBACTCS alreOpandeckas CyMMa Bce-
BO3MOXKHBIX MTPOU3BEACHUN JIIEMEHTOB, B3STHIX 10 OTHOMY U3 KaXJ0r0 CTOJIOA
U KaxJ0il ctpoku Matpuiibl A. Eciu B KaXkJa0oM TakoM MPOU3BEACHUU (UJICHE
OTIPENICIIUTENISI) MHOXUTEIN PACIOJIOKEHBI B TOPSAKE CISAOBAHUS CTOJIOIIOB

(T. €. BTOPbIC MHACKCHI 3JICMCHTOB aij B IIPOU3BCACHUMN PACIIOJIOKCHEBI B IIOPAIKE

BO3pacTaHus), TO CO 3HAKOM (+) OepyTcs T€ MPOU3BEAECHHUSI, Y KOTOPBIX MepecTa-

HOBKa IICPBBIX HUHIACKCOB qéTHaﬂ, a CO 3HAaKOM (—) TC, Y KOTOPBIX OHA HCUCTHA.

ay ay ;A o
detA:‘A‘: 8y 8y &n :Z(_l)[ll ..... " X8 p 8y
a‘nl a'n2 E ann

31ech [il, Lyyeny in] — YHCJI0 MHBEPCHUM B MIEPECTAHOBKE UHIEKCOB Iy, 1, ...,

1 °n "

IIpumep 7. [1ycTh naH psl U3 HaTYypaIbHBIX uncen 2, 5, 1,4, 7, 3, 6. Yucno
WHBEPCUI B 3TOM psijie paBHo [2, 5, 1,4,7,3,6]=2+0+3+1+0+1=7, 1. €. He-
YETHOE YUCJIO0, CIIEIOBATENIBHO, UMEEM HeuémHylo IEPECTAHOBKY. [l psana S, 2,

1,6,7,4,3 umeem: [5,2,1,6,7,4,3]=2+1+4+3+0+0=10, 1. e. uétHas

NnepeCTaHoOBKaA.

Ipumep 8. Onpeaenurenu 2-ro v 3-ro MOpsIKa paBHBI

A:(aﬂ alzj; detA=a,-a,, —ay &,

aZl a22



46

a; &, &y
A= Ay 8y Ay |;
Ay dp Ay

det A=a,, -8y, -8y + 8y 8y, 8y +8y 8y -85 —
8 " 8yy " Q3 — 8y gyt Ay3 — 8y &y - Ay

JlokazaTh CIeAyIoUIe CBOMCTBA ONPEICTUTENs, UCTIONb3Ys €ro onpeaese-
HUE (CaMOCTOSTEIIBHO):

Ecnu matpuily TpaHCTIOHUPOBATh, TO ONPECIUTENb HE U3MEHUTCS.

Ecnu Bce aneMeHThl CTPOKH (WJIM CTOJIONA) YMHOXKUTh Ha OAHO U TO K€
YHCII0, TO ONPEAEIUTENb YMHOKAETCS Ha 3TO YUCIIO.

Ecnu nepectaBuTh ABE CTPOKH (/1Ba CTOJIONA) ONPEACIUTENS, TO OH U3Me-
HUT CBO 3HAK; B YaCTHOCTH, €CJIM 2 CTPOKH (IBa CTOJIOIA) ONIpEeICTUTENsI PABHBI,
TO OIPEJEIUTENb PABEH HYJIIO.

Ecnu xkaxapiil 371eMEeHT HEKOTOPOU CTPOKH (CTOJIONA) ONpeAeIUTENS Ipe-
CTaBJICH B BUJE CYMMBbI JIByX CJIara€MbIX, TO ONPE/ICTUTENh PABEH CyMME JIBYX
oIpenenuTeNel, y KOTOPbIX BCE CTPOKU (CTOJOLBI) KpOME JaHHOMW, MpEXKHHE,
a B JaHHOM CTpoKe (CTOJ01Ie) B IEPBOM OMPEACIIUTENIEC CTOST MEPBBIE, a BO BTO-
POM — BTOpBIE ClIaraeMsblie.

Ecnu onna ctpoka (ctonben) siBisieTcsl JIMHEHHON KOMOWHAIMEH ocTallb-
HBIX CTPOK (CTOJIOII0B), TO ONPEIECTUTENh PABEH HYIIIO.

Onpenenurens NPOU3BEACHUS IBYX MaTpHIl paBE€H MPOU3BEICHUIO OIpe-

nenureiei stux Matpuil (det(B-C)=detB-detC).

Onpenenurens TPEYroJbHOW MaTpUIIbl pABEH MPOU3BEICHUIO AUArOHAIb-

HBIX 3JICMCHTOB.

Ipumep 9. Jlokazars ciienyroiiee TOKIeCTBO:
a + b1X & — b1x C & b1 C,
a,+b,x a,-bx c,|=-2x|a, b, c,|.
a,+hbx a,—-bx ¢, a, b, c

3
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Pewenue.
JloKka3aTenbCTBO pACCMOTPUM Ha IPUMEPE | -l CTPOKHU:
(a, +bx,a, —bx,c)=(a,8 —bx,c)+(bx,a —bx,c,) =
=(a;,a;,¢)—(a,bx,¢) +(bx,a;,¢) - (bx,bxc) =

=0—-(a,bx,c)—(a,bx,c)-0=-2-(a,bx,c,).
B pesynbrare nonyunm:
8 Xb ¢ & b ¢
det=-2la, xb, c,|=-2xja, b, c,|.
a, Xxb, c, a, b, c,

Metoa I'aycca. [Ipu peniennn cCuCTeMbl JIMHEWHBIX aJIre0OpandecKuX ypas-
HEHUM MeToA0M ['aycca maTpuiia CUCTEMbl IPUBOAUTCS K TPEYTOJIbHOMY BUIY
A" Onpenenurens TpeyronsHoii Matpuisl A" paBen npoussenenuio aua-
TOHAJIBHBIX 3JIEMEHTOB. TakuM 00pa3oM, MOITyUHM:

det A=ayap)as - ay™. rae afy) =a,.
DNEeMEHTHI MPOMEKYTOYHBIX MATPHUIL BBIYUCIISIEM TTI0 (PopMyiam:
m,=al™" /al™, k=12,34,.,n-1
ai(jk) — ai(jk -1) mlka(k 1)’
Lj=k+Lk+2,..,n

rae K — Homep mmara.

IIpumep 10. Beraucnute onpeaenurens

3 45
D=|1 2 3.
8 71

Pewenue.

m,=1/3a,=3a%=a,-m,a,=2-(1/3)-4=2/3;
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m,=8/3;a) =a,-m,a,=7-(8/3)-4=-11/3;
al) =a,, —mya,=1-(8/3)-5=-37/3;

m, =-11/2;a%, =ay -m,al) =-37/3-(-11/2)-(4/3) =

2
D:an'a;z'a323:3'§'(_5):_10-

Metoa 1eKOMIIO3UIMM OCHOBAH Ha Pa3JI0KEHUU UCXOIHOW MATpUlbl A
Ha MIpou3BeieHne TpeyroibHbIX MaTpull A= B-C,rae B — HukHsS TpeyronpHast
matpunia, C — BepxHssl TpeyrojipHasi MaTpulla C E€IWHUYHOW JHArOHAIBIO

(cm. popmyitet (2.8)). Onpenenurens MaTpuibl A OyIeT paBeH

det A=detB-detC =detB=] [b;.

i=1

IMpumep 11. Berunucauts onpeaeanTesb METOAOM JEKOMITO3ULIAN

1 2 3
D=4 5 6|
7 8 9

Pewenue. Berancnsiem anementsr Matpui B u C:
b11 =a, =1, b21 =4 b31 =1,
Cyy =1 Cp = 2; Ciz = 3
b22 =ay _b21012 =5-4.2=-3;
bsz =ay _b31C12 =8-7-2=-6;
1
C,=1C,; = b—(a23 —b,,c;)=1/(-3)-(6-4-3)=2;

22

bss :a33_b31013_b32C23 =9-7-3-(-6)-2=9-21+12=0.

Brruucnsiem onpenenurens

detA=b, -b,, b, =1-(-3)-0=0.
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2.4 BbluucrneHne o6paTHOU MaTpuLbl

JI71s1 TOCTPOCHMS YHCIICHHBIX CXEM BBIUMCIIEHUSI OOpaTHBIX MaTpHuIl OyieM
MCIONB30BaTh cooTHomieane A- Al =E, rie E — enuHnuHAs matpuna. Ilyctsb

A — HeocobenHas Matpuma (NxN) umycts X = A™. Toraa umMeem

A-X=E. (2.24)

Ecnu 0603HaunTh cTONOIBI MaTpuibsl X 32 X, X,,...,X,, @ CTOJOLBI

n?
Matpulsl E 3a e,e,,...,e,, To (2.24) MOXKHO mepenucarb B BUJI€ N CHUCTEM JIU-
HEWHBIX aireOpanyecKux ypaBHCHUM:

Ax =e, i=1...,n. (2.25)
Takum 00pazoM, MEHsSI TOJIBKO MPABYIO YacTh, MBI ITOCJIEA0BATEIBHO pe-
maeM cuctemy (2.25) 1 HaxoAUM CTOJIOLBI MaTpUIlbl X .
Bekropa mnpaBoii yacTH MPEACTAaBISAIOT COOOM €IMHUYHBIE BEKTOPa,
T.e. 6 =(0,..,0)",¢e=(01..,0)", ..., e =(0,0,..,1".

Cucremsl (2.25) pemiaeM J1t00bIM U3BECTHBIM METOOM.

Hpumep 12. Haittu A~ 11g MaTpumsl A ¢ HCTIONB30BAHHEM METOJA JIe-

KOMIIO3UIINH
1 2 -1
A=3 0 2
4 -2 5

Pewenue. Ham Hago pemnTs Tpyu CUCTEMBI YPAaBHEHUN BUIA

Ax =e, i=123. (2.26)

Bynewm pemiats (2.26) merogom nekomMio3uiiny. dakropusyeM maTpuily A

A=B:C u Beruuciaum smementsl Mmatpui B u C:

b11:a11 =1 b21:3; b31:4;
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C, = L Cp = 2; Ciz = -1
bzz =ay, _b21C12 =0-3-2=-6;
b32 =a3 — b31C12 =-2-4-2=-10;
1
Cp=1Cyp= b—(a23 -b,,c;)=1/(-6)-(2-3-(-1))=-5/6;

22

b33 =85 — b31013 - b32023 =5-4-(-1)-(-10)-(-5/6)=2/3.

Takum 006pazom, MOTYUMIH

1 O 0 1 2 -1
B=[3 6 0 [;C=0 1 -5/6]|.
4 -10 2/3 00 1

Cuctemsl (2.26) packiabplBalOTCs Ha IBE SKBUBAJICHTHBIE CUCTEMBI

By, =€, Cx; =V;, 1=12,3.
KoMmmnoHeHTEI BCKTOPOB yi u Xi BBIYUCIIAKOTCSA 110 (I)OpMyJIaM:

Vi =€ 1B Yy = (85 =0y Yy) 10y,
Yai = (e3i _bSlyli _b32y2i /b33;
Xai = Yain X5 = Yoi —CsXgin Xy = Yy — Co Xy — CigXy;.
ITonaraem 1 =1:
yl].:l; Yau :(0_3'1)/(_6):1/2;
Yy =(0-4-1-(-10)-1/2)/(2/3)=3/2,
Xy =312; X,y =(1/2)—(-5/6)-(3/2)=714;
X,=1-2-(714)-(-1)-(3/2)=-1.

[Tonaraem 1=2:
Y2 =05 Yy, =(1-3-0)/(-6)=-1/6;
Y, =(0-4-0-(-10)-(-1/6))/(2/3)=-5/2;
Xy =—512; X,, =(-1/6)—(-5/6)-(-5/2)=-9/4;
X,=0-2-(-9/4)-(-1)-(-5/2)=2.
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ITomaraem 1 =3;

Yi3=0; Y3 =(0-3-0)/(-6) =0;
You =(1-4-0-(-10)-0)/(2/3)=3/2;

X3 =3/2; X,s =0-(-5/6)-(3/2)=5/4;
X;=0-2-(5/4)-(-1)-(3/2)=-1.

Takum 006pazom, MoTyduM

-1 2 -1
At=|7/4 -9/4 5/4)|
3/2 5/2 3/2

2.5 3agauvm anAa caMoCTOATENIbHOINO pelleHus

1. Pemuts MeTomom ["aycca cucremy ypaBHEHUI:
2% + 2%, — X, + X, =4;

4X, +3X, — X; + 2X, =6;

8X, +5X, —3X, +4x, =12;

3%, + 3X, — 2X; + 2X, =6.

2. HaiiTu penienne cucTeMbl METOIOM OPTOTOHATU3AIIAHN:
5X, +8X, + X, =2;
3X, — 2X, +6X; =—7;
2X, + X, — X3 =—5.
3. Pemuth cucteMy METOIOM IEKOMIIO3UITUU:
3X, 4+ X, — X, =—=8;
5X, +8X, + X, =2;
3%, —2X, +6X; =—7.
4. Halitn 00JIacTH CXOIUMOCTH METOJIOB IIPOCTOM HMTEpalvu M 3eiaes

(x=Bx+qg):
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1)5:['0 qj;Z)B:(p qj.
q P -q p

5. Haiitu Bce MaTpuIipl, JUIs1 KOTOPBIX METOABI UTepalUi 1 3eraens Oy ayT

cxoasmumMmcs (X = BX+Q):

1) B=

o © O

q O
p q|;2)B=
qg p

o O T
O O ©T

q
0.
P
6. Pemmth cucteMy METOJIOM MPOCTOM UTEPAIIUH:
6X, — X, — X; =10;
=X, +6X, — X, =-11;
=X, — X, +6X, =17,
e=0.01.
/. Pemuth cucteMy METOJI0M 3eiaes:
6X, — X, — X; =10;
—X, +6X, — X, =-11;
—X, — X, +6X, =17;
e=0.01.

8. Beruncnuth onpenenuTesnb MaTpuipl A .

1 1 E
1 1 E?|, rme E=cos2n/3+i-sin2x/3.
E? E 1

9. Jlokasath cieayroliee TOXISCTBO:

& +bx ax+b ¢ & b ¢
a,+bx ax+h, c|=@C-x*)a, b, c,|.
a,+b,x ax+b, c, a, b, c

10. Beruucnuts onpenenutens metogom ["aycca:
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11 1 1

1 -1 2 2
D= :

1 1 -1 3

11 1 -1

11. BeIYucauTh ONpeaesIuTeN b METOIOM J€KOMIIO3UIINH .

3 45
D=1 2 3.
8 71

12. Beruncnuth o0paTHYIO MaTpuily MeTojoM ['aycca, opToroHamm3anuu

WU ACKOMIIO3UIINH.
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3 NPUBNTMXKEHUE ®YHKLIUNA
3.1 NocTaHOBKa 3agaumn

Iox npubmmwkennem Gynkuun f (X), 3anannoii Ha untepsane [a,b], 6y-
JIeM TIOHUMATh 3ameny f (X) HEKOTOPOU Ipyroi PyHKIHeH P(X) , OJIM3KOM K uc-
XOJTHOU (HYHKIIUU f(X). [Tpocreiimas 3amava, TpUBOAAIIAS K MPHOIMKEHUIO
¢yHKIM, coctouT B ciaenytomem. Ilyctb Ha ceTke {Xi} 3ajaHa TaOnuyHas
bynkius | (Xi): Y., 1=0,1,...,n. TpeOyetcs HaliTh 3HaueHnss QyHKImuU f (X)
B TOYKaX X;, HE COBMAJAIOIINX C Y3JIaMU HCXOIHON CCTKHU X; .

PaCCMOTpI/IM HCKOTOPYIO CUCTCMY I[CﬁCTBHTCHBHBIX JIMHEHO HE3aBHCH-

MbIX QyHKImii {@;(X)}, onpeneneHHbIX Ha oTpeske [a,b], u cocraBuM 0606wMIeH-

HBIU MTOJIMHOM
P(x)= Zci(Pi (X)-
i—0

Onpenenenne. Cucrema Gyakimii @,(x), ¢,(X),..., ¢,(X) Ha3pBaercs cu-
cremoii YeOnimieBa Ha oTpe3ke [@,b], ecnm m06o# OOOOIIEHHBIN MOJIUHOM
1o 3Tol cucteme QyHKIMI nMeeT Ha [a,b] He Gonee N KopHEid.

3anaya npuOAMKEHHs] COCTOUT B T0100pe KO3 (PUIIMEHTOB C, TaKUM 00-
pa3oM, 4TOOBI OTKJIOHEHUE f(X) OT P(X) OBLJI0O MUHUMAJILHBIM Ha 3aJIaHHOM
MHO)kecTBe X . llonmHOM P(X) IIPA 3TOM Ha3BIBAIOT ANMIPOKCHUMMPYOIIUM

WJTH TIPUOIIVKAFOTIIM.

Ecmu mapametpst C;, i1=0,1,...,n onpenensiroTcs U3 YCIOBHs COBIAICHHUS

snauennii f(X) u P(X) B y3max cerku X,

f(x)=P(x,)= Zn:ci(pi(xk), k=0,1,..,n,
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TO TaKOW croco0 MpHUOIMKEHNS HA3bIBAIOT HHTEPHOJIALMEH M HHTEPIOIUPO-

BAHHEM, & CETKY { X, } Ha3bIBAIOT MHTCPIIOISIIHOHHOM CeTKOM. IIpH 9ToM roara-
€TCS1, YTO 3HAYEHUS CETKU {X j} , B KOTOPOI MBI XOTHM BBIYHCIISATH P(X j ) HE BBI-
xonAT 3a mpenensl uuTepana [a,b] (a<x; <b; j=1,2,...,m). Eciu mbr xoTHM
BBIYKCIIMTH 3HAYCHHE P(X j) B TOYKaX X; & [a,b], To npuGmmKenue HasbiBaroT

IKCTPANOJISILMCIA.

Teopema. /{15 moeo umobwi 015 10601 pynkyuu f (X) € R, onpeoenennoti
Ha ompeske [a,b], u mwboco mabopa yzi06 a=X,<X <X,<---<X =b
cywecmeogan u Ovlnl eouncmeenuvim noaunom P(X) =Cyp,(X) + o (X) + ...
+C,0,(X), Heobxooumo u Odocmamouno, umobwvl cucmema @yukyut ©;(X),

1=0,1, ...,n asrarace cucmemou Yebviuesa.

Ha mpakTuke dgarmie Bcero MCHONB3YIOT CIICIYIOMINE CUCTEMBbl (DYHKITHIA
@; (%)

a) 1 x, X, X3, ..., X" nubo nMHEeHbIE KOMOMHAIIMH THX byHKIM (Hanpu-
Mep, ToJIMHOMBI JIexaHnpa, mornHoMbl YeObIIeBa);

0) 1, sin X, COS X, sin 2X, C0S 2X, ..., SINNX, COSNX ;

B) €%, e™, e®" ..., e"" nubo nuHeHHbIe KOMOMHAIMM JTHX (DYHKIIMI
(HanpuMep, OPTOTOHAJIbHBIE SKCITOHEHI[UAIbHbIE (DYHKIIMH), TNI€ O, — HEKOTOpas

MOCJIEIOBATEILHOCTD MOMAPHO PA3TUNYHBIX JCHCTBUTEIHHBIX YHCEIL.
B cinydae (a) mHTEeprionMpoBaHUE HA3BIBACTCS anreOpanvdecKuM, B CIy-
yae (0) — TPUrOHOMETPUUYECKUM, B cliydae (B) — SKCIIOHEHIIUAIbHBIM.

PaccmoTpum anrebpanyeckoe HHTEPIOIUPOBAHHE.
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3.2 Anrebpanyeckoe MHTepnonMpoBaHune
3.2.1 ®opmyaa HeoToHA 1)1si pABHOMEPHOH CeTKH

[Mycte s dynkuum Yy = f(X) 3amanel 3Hauenus Yy, = f (X)) B paBHOCTOS-
mux y31ax X, =a+i-h,1=01..,n, h=(b—-a)/n.

NuTepnonsunonHeiil moamHoM HeroTOHA MMeeT BUA:

P(X)=y,+ %(x — X, )M + %(x — X))+ + %(x -x)™,  (3.1)

rae

— (X=x)H=(x=x,), (X =%) = (X=X, )(X=X,), .
(X=%)™ = (X=X, )(X=X)...(X=X_,) — 00OOLICHHBIE CTENEHN MEPBOro, BTO-
poro, ..., N-To MOPAAKA;

—AY, =Y, Y, A%y, =AY, —AY,, ..., A"y, =A""y, — A"y, — KOHeuHbIe
Pa3sHOCTH [IEPBOTO, BTOPOTO, ..., N-T0 MOPAAKA Ui TOYKH X, . OOmas Gopmyna
KOHEYHBIX PA3HOCTEHU:

AOyj =Y Aiyj :Ai_lyj+1—Ai_lyj’ i=12,...,n j=0,.,n-i.

X=X,

h

BBenem nepemeHHyto Q = . Torna dopmymna (3.1) mpumeT Bu:

APy, +.+

P (a) =Y, + Ay, + Q(qz,_ )

(3.2)

_1)..(q=n+1) . 0 Aly L
L9@-9 n(lq +1 Yo=Yo+ Y i?’oH(q_J)_
- i1 j=0

ITycte N=1, Toraa u3 (3.2) nonyuum Gopmyiay JUHEHHOTO UHTEPIIOIUPO-
BaHUS:
PL(X) = ¥, +QAY,.
[Tpu n =2 momyunm GopmMyIry KBaapaTUIHOTO (MTapaboIMIecKoro) HHTep-

IMOJIMPOBAHUAA:

-1
P,(X) = Y, +qAY, + elC )AZYO-
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[Ipu n =3 nonyuyum hopmyiy KyOUUECKOr0 UHTEPIOJIUPOBAHUS:

q(g-1) q(9-1)(g-2) Ay
2 6 o

P3(X) =Y+ quo +

2
A%y, +
Ha nmpakTrke 0ObIYHO OrpaHUYHMBAIOTCS MOJTMHOMAMHU IEPBOIO — TPETHETO
nopsakoB. [Ipu 3ToM, 110 BO3MOKHOCTH, B KaUeCTBE X, OepyT Oymxaiimii ciesa

OT TpeOyeMOM TOUKU X y3€1 UHTEPHOJISIIITUOHHON CETKH.

[TorpemHocTs  MHTEpHONAMpPOBaHUS  (ocTaTO4yHbI  wieH) R (X)=

= f (x) — P,(x) Bbruucmsercs no gpopmyie:

(X=X (X =X) (X =X0) ¢ i) pen e
T CTELT SECE

Beenem nepemennyto = (X—X,)/h, toraa u3 (3.3) cnenyer

et 900 =0 (@ =N) £ gy e e
R,(a)=h (e D)! f9(€); E<lab]. (3.4)

Ha mpaktuke Touka &, Kak mpaBuio, Hew3BecTHa. [loaTomy BMecTo

f ™(€) 06bran0 HcOnB3yIOT M, = maX‘ f (2 (X)‘ :
X

Jlnsg TabnuuHOW (YHKIMU 3HAUYECHHE MPOM3BOAHOHN (N+1)-ro mopsaka

dyrknun T (X) npubmmkenHo MoxHO nonoxuts T MY (E) = A VY, u (opmyia

(3.4) npumeT BU:

Rn(Q) _ q(q _1) (q _n) An+1

(n+1)! Yo (3:5)

Ipumep 1. [Tycts umeeMm Tabauiy 3HaueHuin GyHkmun f(X) =Y

3.5 3.55 3.60 3.65 3.70
33 34.8 36.8 39.1 41.9
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CocraBuM TabnHIy pa3HOCTEH:

X y Ay A’y A’y A'y
350 | 33.0 1.8 0.2 0.1 0.1
355 | 34.8 2.0 0.3 0.2
360 | 36.8 2.3 05
365 | 39.1 2.8
370 | 419

Ipumeuanue. Tabmuia KOHEYHBIX PA3HOCTEH MOTyJACTCS CICTYIOIIAM 00-
pasoM: cToiber] Ay — BEIYUTaHHEM UM cTooma Y ; cronber; A’y — BHIYUTAHUEM
mudp cronbdua Ay ; cronder; A’y — BerauTaHmeM UM cToaomna A’y U T. 1.

[To manHOM TaOGMHIIE MOYKHO MOCTPOUTH MOJMHOM MaKCUMAaJIbHON CTEIIEHH,
paBHo# 4. [Toctporm mosmHOM TpeTheit crenenn. 3meck h=0.05. s nmoctpoe-
HUSL TOJMHOMA MCIIOJIb3YeM JaHHbIE IEPBOM CTPOKUM TaOmuIpl: X, =3.5,
Y, =33.0 Ay,=1.8, A*’y=02, A’y=0.1. 3nauenus x =3.55, X,=3.60,

Ucnonb3ys popmyany (3.1), momyunm

1.8 0.2
P3(X) =33.0+ 1. (005) (X — 35) + W(X — 35) . (X — 355) +
0.1
+W(x—3.5) -(x=3.55) - (x—3.60).

[TorpemHocTh orieHrBaeM 1o dopmysie (3.5):

- (x=3:50)(x ~3.55)(x ~3.60)(x ~3.65)
- 41.(0.05)*

Ry( 0.1

Ucnons3ys dopmyny (3.2), noryuum

0.2

1.8 0.1
P,(q) =33-0+Tq +7q(q -1) +?q(q -1)(q-2),

re 0= X—3.5
A 0.05
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C nomolIbio NoJTydyeHHbIX NOAMHOMOB P (X) um P;(q) MOXHO BBIYMCIUTH
3HaueHue WHTeprnommpyemon ¢yakmum f(X) mis moboro X w3 mHTEpBaia
3.50<x<3.65. Ecimu tpebyercs Beramciuth f(X) B mHTepBane [3.65, 3.70],
TO HEOOXOAUMO MOCTPOUTH MoJuHOM P,(X) mmm P,(q) mo naHHBIM BTOpOM
CTpoKM TaOmuupl: X, =3.55, Y,=34.8, Ay,=2.0, Azy:O.S, A3y:O.3.

CootBercTBeHHO, X =3.60, X, =3.65.

Ipumep 2. I[lonyuuts Gopmyny A BBIYUCICHUS CYMMBI psijia

n
S, =1 +2°+3 +...+Nn°, T. €. BLIYKCIIUT Ziz :
=

Pewenue. Haliiem KOHEUHBIE pA3HOCTU
ASn = Sn+l - Sn = (n +l)2 ;
A’S,=AS,,—AS,=(n+2)" —(n+1)=2n+3
A’S =A’S  —A’S = 2(n +1) +3- [Zn +3] =2.
[ockosbky A°S_ He 3aBHCHT OT N, TO S, MOKHO amMpPOKCUMUPOBATH T10-

JMHOMOM CTEII€HU He Bbllle TpeTbel. CoCcTaBUM TaONHILY:

n S, AS, | A%S, | A’S
1 1 4 5 2
2 5 9 7

3 14 16

4 30

Nmeem: h=1, x,=1, x,=2, X,=2, X,=3. BBemeM mnepeMeHHYIO

n-1
g= E =N —1. Crpoum NoIMHOM 110 TIepBO# cTpoke Tadbmuiml (Y, =1, AS, =4,

A’S, =5, A’S, =2). B pesysbrate umeeM
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n—2)(n—3).
6

P,(n) =1+ 4(n—1)+5(n_1)2(n_2) 2=
Iocse mpeoGpazosanus noaydum P, = %n(n +1)(2n+1). Takum o6pasom,
1
Wit S, MBI OMyYHyId popmyy S = gn(n +1)(2n+1).

3.2.2 ®opmy.ia Hb10TOHA 1UII HEPABHOMEPHOM CeTKHU

IIycte  dyHKIUA f (X) 3aJlaHa  HAa  HEPABHOMEPHOW  CETKE
{X}=a=x<x<..<xX,=b.
NuTepnonsunonHsiil moauHoM HeroToHA MMeeT BUA:

P(X) =Yo +[X0’ Xl](x o Xo)[l] +[X0’ X Xz](x o Xo)[2] +...t

HXgs Xyeees X, J(X = %)M = Y, +Zn:[x0,...,xi]ﬁ(x— X;), (3:6)

e

— [X, % 1= Nz pasneneHHast pa3HOCTh IIEPBOTO MOPS/IKA B TOUKE X,;

X =%
y Xo 1 =1 %05
— [X, X, %, ] = De, %1 =D, %] — pa3zeneHHas pa3HoCTb BTOPOro NOPsIKA B
X, = %o
TOYKE X, ;
Xy ey X ] =Xy Xy gevey X
— [XO,Xl,...,Xn]:[X1 g Xl 2D X Xl paszeneHHasi pPasHOCTb

Xh = X%
N-ro IMopsAaKa B TOUKEC XO .

O6mrast popMyia pas3ieICHHBIX PA3HOCTEH:

[Xj+1;---lXj+i]_[xj"“’xj+i—1]
1=V, [XieonXii]= )
1= Y,0 [0 %] P

1=12,..,n, j=0,...,n—1.
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[TorpemHoCcTh UHTEPHIOISINK pacCUnuThIBaeTcs 1o gopmyie (3.3):

Rn(x): (X_XO)(X_Xi)”'(X_Xn) Mn+1'
(n+1)!

3HaveHue npousBogHod M., (n+1)-ro mopsaka ans TabaMYHON (YyHK-

n+1
UM MOKET OBITh OIICHEHO MPHUOIMKEHHO Yepe3 KOHEUYHYIO pa3HOCcTh (N +1)-ro
nopsiiKa

I\/InJrl = mxax‘ f (n+1)(x)‘ = (n+1)!.[X0’X1""’Xn+1]'

Mpumep 3. [lana Tabmuunas Gyaxmus f(X).

X f(x) 1-it mopsimok | 2-¥ mopsAAoOK | 3-i MOPSIOK
0.0 0.4 0.04 0.008 0.002
2.5 0.5 0.08 0.02
5.0 0.7 0.2
6.0 0.9

Pewenue. ITo popmyine (3.6) cTpouM NMoJIMHOM 2-TO MOPSAJIKA MO NEPBOM
cTpoke. 3aech X, = 0. [Toayuum
P,(x) =0.4 - 0.04x —0.008x(x — 2.5).
JUJ1s OLIEHKM MOTPENTHOCTA HaM MOTpedyeTcs NPOU3BOIHAs 3-T0 NOPSIAKA.

[Tpubnr>keHHYIO OIIEHKY MOKHO TIOJIYYHUTh CIEAYIOIIMM 00pa3oM. 3aruiieM mo-

JIMHOM 3-TO TOpsiIKAa ¥ BO3bMEM MPOU3BOAHYIO 3-TO MOPSIKA.

Py(X) =6-[X,, X, X,, X, ] =6-(0.002) =0.012 = f"(x).

Bossmem abcomrotHoe 3HaueHne M, = f”’(x)|=0.012. Takum oOpazom,

MOTPEIIHOCTh HHTEPIIOJIUPOBAHNS paBHA

0.012
6

Ra(X) = 232 (X = X)X = X)(X = X,) = 2 (X~ 0.0)(x ~ 25)(x~5.0).
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3.2.3 ®opmy.ia Jlarpan:xa 1Jisi HepaBHOMEPHOI CeTKH

[Tonmmuaowm Jlarpanxa uMeeT BUI:

(K= 5 (X=X X X)X %)
RN o v )50 -

Zy.H

i=0 OX_X

j:;tl

(3.7)

Ecnu BBecT 0003HaUECHHE
n
Hi(x) :H(X - Xj)!
j#i
TO BbIpakeHue (3.7) MOXKHO MepenucaTh B BUIC

L(x) = iy.g ((X’)

[Tpu n=1 (mana cetka u3 2 y3I0B X,, X, ) u3 (3.7) umeem

— X X~ X%
L0 =Yos =¥ T

[Tpu N =2 (mana cetka u3 3 y310B X,, X, X,):

LZ(X)Z Yo (X_X1)(X_X2) 4 (X Xo)(x Xz) , (X_Xo)(X_X1) .
(Xo o X1)(Xo o Xz) (X1 Xo)(x1 X ) (Xz - Xo)(Xz - X1)

MoskHO noka3zatb, uto hopmyna Jlarpanxka u hopmyna HeroTona — 3To aBe
pas3Hbie (POPMBI 3aMKCU OJHOTO U TOTO ke nojJuHoMa. [loaTomy uncieHHbIe 3Haue-
HUs (PyHKIU, TOTy4eHHbIX 10 popmysie Jlarpanxka u HetoToHa, OynyT coBmaaTh.
[To 3TOM K€ MpUYMHE MOIPEITHOCTh MHTEPHOJSIMOHHOTO noimHOMa Jlarpanxka
BBIYHUCTISICTCS 110 TOM ke hopmyiie (3.3), o KOTOPOH BBEIYHUCIISIETCS TOTPEITHOCTD

HHTCPIOJLAONMOHHOIO ITIOJIMHOMA HrroTona:

(X) = (—rv:rl-l)' n+1(X)1

rae T1,,,(x) = (X X%)(X = X)(X = %,) -+ (X~ X,).
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Ipumep 4. [loctpouts nonuHom Jlarpamxka i TaOIUIHON (QYHKITHH.

y | 2 | 3 |12 | 147

Pewenue. T1o popmyne (3.7) nmeem
I_3()():2.(x—l)(x—2)(x—5)+3.(x—0)(x—2)(x—5)+
(0-1)(0-2)(0-5) (1-0)1-2)1-5)
12-(x—0)(x—1)(x—5)+14 (X=D(x-D(x-2)
(2-0)(2-1)(2-9) 5-0(G-1)(5-2)

3.2.4 ®@opmyaa Jlarpan:ka 1j1s1 pABHOMEPHOI CETKH

[TonuHOM HarpaHX(a JJI paBHOMepHOﬁ CCTKH UMCCT BU:

(@-0)-.(a-(-D)q-(+1)..(q-n) _
()= Zy' -0). (. (-D)i—(+1)..(i-n)

(3.8)

Z( " '|'(n |)IH(q_ 4

Ecnu BBecTit 0003Ha4YeHNE
1_[i (q) = H(q - J)1
j#i

TO BeIpakeHue (3.8) MOXKHO mepenucarh B BUJIE

yl
L, (a) = ;( RTINS

[TorpenrHoCTh MHTEPIOIUPOBAHMS BBIUUCIIAETCS 110 hopmyte (3.4):

w1 9(g=1)---(q—n) f (n+D)
R (@)= 4D (©): <[]
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3.3 Annpokcumaumsi TPMroHoMeTpnYeCKUMU PyHKLUAMMU

[TycTh JaH TPUTOHOMETPUUECKHUI TOJTMHOM
Q(x):%+2(ak coskx + I, sink), x e [-m;x]. (3.9)
k=1

Tak kak TpuroHomerpuueckue GyHKIIMU OPTOTOHAIBHBI, TO IS PYHKIIUU

f (X), 3amaHHO# Ha MHTEpBaJC [—n;n], MOJIYYUM CIISTYIONINE BBIPAKCHUS IS

k03 dunreHToB a, , b, :

1
ak:_
T

j f (X) cos kxdx,

(3.10)

b, = % [ f(siniox,

k=0,1...,n.
Koaddummentst a,, b, , onpenensemsie hopmymnamu (3.10), Ha3pIBarOTCS

mpueoHomMempuyeckumu kodppuyuenmamu Dypoe.

N3 (3.10) caemyer, uro ecmu f(X) — uwemnas, 1.e. f(X)="Tf(-X)

Ha MHTepBae [—; 7], To

2 g
a =—| f(x)coskxdx,k =0,1,...,n;
“ n{ ) (3.11)
b,=0k=1..,n
B 3TOM citydae anmmpoKCUMUPYIOIIUI TOJTMHOM UMEET BHUI:
Q(x) :%+Zak coskx. (3.12)
k=1
st neuemnou Gyukuuu (f(X) =—f (—x)) monyunm
a, =0k=01...,n;
(3.13)

b, =3jf(x)sin kxdx,
TEO

Q(x)= Zn:bksin kx. (3.14)
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Ipumeuanue 1. Ecim dynkuus f(y) 3agana vHa uaTepBaie [a,b], To BBe-
. y 1 b—a
JICHEM HOBOU MepeMeHHON Y = > (b+a)+ X2— MBI MTOJIYy9UM (DYHKIIUIO
T

F(x) = f(xbz_—na+%(b+a)j, x e[-mn].

Ipumeuanue 2. Ecnmu pynkuust f (X) He o0iiagaeT 4eTHOCTBIO, TO MOYKHO

ee MPEACTaBUTh B BUJIE CYMMBI IBYX (DyHKIIHIA:
F(x) = 1,(x) + 1,(x),

rac

f.(x)= %[ f(x)+ f (—X)] — YeTHas;
f,(x) = %[ f(x)—f (—X)] — HEYeTHasl.

Nurerpanst B popmynax (3.10), (3.11), (3.13) MOXHO BEIYUCIUTH TPUOITHU-

JKCHHO I10 (I)OpMYJIe TpalCuumn:
b
b-a(1l 1
! f(X)dX=T(EYO +Y, +et ym_1+§ymj-

Torna kosdpunment a, u3 (3.11) pasen
2 T
a, :—j f (x)coskxdx ~
n 0

m-1
zEEEyO coskx, + Yy, coskx, +%ym COSka},

mTm j=1
T . .
xj:E-J, ]=01..,m.

Amnanornuno it ko durpenrta b, (3.13) nmomyuum

m-1
b, :EZyj sinkx;;
m

=

T ..
XJ:E-J, ]=12,...,.m-1.
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IIpumep 5. IlocTpouTs TPUrOHOMETPUUECKUN TTOJTMHOM I YETHOU (PyHK-

1MUY, 3aJJaHHOM CJIEAYIOIIMMHU JaHHBIMU:

X 0 |n/l12| n/6 | /4 | w/3 |5n/12| =/2
f(x;) | 9.55 |9.469.25/8.96 | 858 | 8.10 | 7.59
X; | 7n/12 | 27/3 | 3n/4 | 5n/6 | 11n/12| =
f(x;) | 7.00 | 6.34 556|480 | 421 | 4.00

Pewenue. 3necy 13 y3noB, T.¢. M=12; noauHom OyaeM CTPOUTH IS

N =6. Pe3ynbTaThl 3aHeceM B TaOIHILY.

J X; Y; COSX; | COS2X; | COS3X; | COS4X; | COSSX; | COS6X;
0 0 9.55 1 1 1 1 1 1
1 n/12 | 9.46 | 0.9659 | 0.8660 | 0.7071 0.5 0.2588 0
2 n/6 | 9.25 |0.8660| 0.5 0 -05 |-0.8660| -1
3 /4 8.96 | 0.7071 0 -0.7071 -1 -0.7071 0
4 /3 8.58 0.5 -0.5 -1 -05 0.5 1
5 | 5n/12 | 8.10 | 0.2588 | —0.8660 | —-0.7071 | 0.5 0.9659 0
6 /2 7.99 0 -1 0 1 0 -1
7 | 7m/12 | 7.00 |-0.2588| —0.8660 | 0.7071 05 | -0.9659 0
8 2n/3 | 6.34 | 0.5 -05 1 -05 -0.5 1
9 3n/4 | 5.56 |-0.7071 0 0.7071 -1 0.7071 0
10 | 5n/6 | 4.80 |-0.8660, 0.5 0 -0.5 0.8660 -1
11 |11n/12| 4.21 |-0.9659| 0.8660 | —-0.7071 0.5 —0.2588 0
12 o 4.00 -1 1 -1 1 -1 1
2 86.63| 1552 | —248 | 106 | -025 | O 0.06
a, 144 | 2.25 -0.41 0.18 —0.04 0 0.01
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OrtBer:

Q(x)=7.22+2.25c0osx —0.41cos2x +0.18c0s3x —
—0.04cos4x+0.01cos6x.

[TorpemHocTh anmpoKCHMAaIMK PaBHa
b a 2 6
S= 2_[ f2(x)dx — 7{2(?"} + Zaf} =6.689.
0 k=1

3.4 NMpubnunxeHune cpyHKUUN nonuHomamum JlexxaHgpa

[Toaunomel Jlexxanapa onpeaenstorcs GopMyIon:

1 d" o, n
P(X)= g (1) (3.15)
n=012,..

(Po(x) =1 P(x)=x; P,(x) =%(3X2 -1);

P.(x) = %(5x3 _3%); P,(X) = %(35x4 _30x2 - 3): (3.16)

R.(x)= %(63X5 —70x% —15X).

O6mas pexyppeHTHas GpopmMyra aJisi TOJMHOMOB Jlexkanpa:

(n+1)P._(X) - x(2n+1)P.(x) + nP. (x) =0, n=1,2,... (3.17)

n+l

Teopema. [lonuHombl Jlexxanapa oOpa3yrOT OPTOTOHAIBHYIO CHUCTEMY
Ha oTpe3ke [-1,1], T. e.

1

IP (X)P,(x)dx=0 mpu m#=n (mn=0,12,..).

n
-1

Hopwma nommuoma Jlexangpa:

(3.18)

H _IP OIX_2n+1
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[TycTh 3aman 0000IICHHBIN TTOJIMHOM B BHJIE
Q) =YCP(x), xe[-11], (3.19)
i—0

rIe {PJ- (X)} — monuHOMEI JIeskauapa.

st pysaxnuit f (x) Ha maTepBane [—1, 1] koadduuments! paznoxenus C,

OTpeNENIOTCA 10 hopMyam:

1

:2i+1J‘

C.

f(x)P(x)dx, i=0,4,...,n. (3.20)

-1

[TorpemHoCTh aNIPOKCUMALIMU PABHA
1 n 1 n 2
S=|[f(xX)=Y CP(X)Pdx=| f?2(x)dx-> C*?——. 3.21
_Jl[()g..()] _j1(> ;.M (3.21)

Ilpumeuanue 1. Ecom pynxkums f(y) 3amana ma wmHTepBaie Y e[a,b],

2 b+a
TO, BBEJS IEPEMEHHYI0 X = y— , MBI TIOJYYIUM ()YHKITHIO:
b—a b—a
f(y) = f(b;ax—b“"j; xe[-1,1].

Ipumeuanue 2. Ecin dynkuus f(X) 3amaHa TaOaWMYHO, TO HMHTETPabl

(3.20), (3.21) HEOOXOUMO BBIYUCIIATH 11O KBAAPATYPHBIM QOpMYIIaM.

Mpumep 6. Oynkmuro T (X) :|X| Ha otpe3ke [—1, 1] ammpokcumupoBaTh

noiuHoMoM Jlexxanapa 5-i crenenu (puc. 3.1).

Pewenue. ITommaom Q;(X) uinem B Buze
Q;(x) =C,R,(x) + C,R(x) + C,P,(x) + C,R,(x) + C,P,(x) + C,P,(x) .
Tak kak ¢ynkmus f(X) :|X| — vetHast U P (X) — yeTHBI nipu yeTHOM K

Y HEUYCTHBI MPH HeueTHOM K , To u3 dopmysl (3.20) moaydmm:

17 I 1
C0=—I|x|dx:jxdx:—;
2° ’ 2
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C,=C,=C,=0;

5% 51 5
C, ==||x|P,(X)dx == x(35x* —30x* +3)dx ==;
=7 | IR =2 Jox =2

97 3
C, :—jx(35x4 —30x2 +3)dx =——.
84 16

B pesynbrare nas nonuHoMa Q;(X) ciexyer BrIpakeHUE
1 5 3
X) ==+-—(3x* —1) ———(35x* —30x* +3) =
Q) =2+ 75 )~ 125! )
= E(—7x4 +14%% +1).
128
CrnenoBartesbHO,

x| :E(Jx4 +14x%+1), —1<x<1.
128

Puc. 3.1 — I'paduk pynkmuu f(X) = |X| U pe3yIbTaT WHTEPIIONSIINN
3.5 NonnHombl YebbiweBa

[Tomunomer YeOkImieBa onpeaessitorest GopmyJio:

)= (X+VX2=1)" +(x—v/x* =1)"
2" ’

T, (X n=0.1,... (3.22)

Jst n=0,...,5 u3 (3.22) nomyunm

T,(X) =L T,(x) =X; TZ(X):)(2 _%; T3(X)=X3—%X;

1 5 5
T.(X)=x"—x*+=: T.(X)=x-=x*+—x.
5(X) 3 5(X) 2 16



Jlnst momaOMOB YeOnbIieBa cripaBeiyinBa Caeayromias peKypcuBHas Gopmyia:

TM(X):xTn(x)—%Tnl(x), n=23,.. (3.23)

Teopema. [TonmmHOMEI YeObmmena T, ( ) oOpasyroT Ha oTpeske [—1,1] op-
1

TOTOHAJIBHYIO CHCTEMY C BeCOM p(X) = ,T. €.

1-x°
h dx
JTK(X)Tm(X) =0, mpu m =K,
b 1-x?
h dx T
2 _ . _
[T2(x) 1—x2_22”"1’ m=12,..,

1
JT () I "
e 1-x
[lepeiinem k 3aaye annpokcuMalui GyHKIUNA monHoMaMu YeObIena.

O0600111eHHBIN MOJMHOM MPEJICTABISAETCS B BUJIE

P, =Y CT.(9), (3.24)
J PO TOIT (x)dx
rIe C = = T (3.25)
[ POOT (X)dlx

3nech f(X) — anmmpokcumupyemast QyHKIHS, T. €.

F(X)=YCT.(x) =P,(x).
i—0
[TorpemHoCTh annmpoKCUMALMK PABHA

S = [ POOLF (0~ Y CT T ek =] p00) F2 () -
* . * (3.26)

-3 CE 00T (K.
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Hpumep 7. Iycts f(X)=+1-x*, xe[-1,1]. Heo6Xomumo anmpoKcHMH-

poBath nonrHoMoM YeOrimeBa 5-i crenenn P,(X) 1 BBIYUCIUTH OLINOKY.

Pewenue. Tax xak f(X) — dYeTHas, TO OTIMYHBIMU OT HyJs OymyT
k03 dunuenTs! C, ¢ YeTHBIMU HOMEPAMHU, & C HEYCTHBIMU PABHBI HYJITIO

ITo bopmyie (3.25) noayuum

1 2
Co= 1=
n T
1 3
C2=Ej(x2—1/2)dx:_2_1:_£;
(e 3 3
" 7 +1
C :2_j(x4_X2+1/8)dx—2—|:1X5—1x3+1x:| _
me n|b 3 8 |,
_Z1__ 32
t 60 157

B pesynbrare noayuum
TR TR

1-xr 2o

T 3

46 8 o, 32 .

wim \J1—x? =
15t 15=n 157

[TorpemHocTs paBHa:

1 1
S= j POO F*(0dk =3 C j P(X)TY (x)dx =
_J\/l x? dx — [C 7:+CZTC+CZTE7}
8 2
1 1. 7" [4 8 8
=| =xy1-x* + Zarcsinx | —| —+—+
[2 2 } L’E On 22575:|

-1

=g—1.5675= 0.0033.
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3.6 3apaum Ans caMocToATESNIbHOMO peLUueHus

n
1. ITocTpouTh MOMMHOM U1l BEIYUCIIEHUS CYMMBI S = Z i°.
=

2. IIpocymmupoBats pag S, = Zn:(Zj ~1)°.
-1
3. Ilokasath, uto cucrema GyHKIIUI {(pi (X)} =1,X,X°,..., X" Ha UHTepBaie
[a,b] sBisieTcst UeObImeBCKoiA.
4. Tloka3atb, 4YTO cHCTeMa  (YHKIUH {q)i (X)} =1,sin X,C0S X, ...,
sinnx,cosnx ua uaTepsane [0,2mn] sBusercs UeObImeBCKOH.
5. B maTu3HaYHBIX TaOIHIIaX JJOTapruMOB JAIOTCS JIOTAPUPMBI IIEIBIX YH-

cen or X=1000 mo Xx=10000 c¢ mpenenbHOM aOCOJIIOTHOM IMOTPEITHOCTHIO
£=0.5-10". Bo3MOKHO JU JIHHEHHOE MHTEPHOIUPOBAHKE C MOMOIIBIO (Op-
Myl HpI0TOHA ¢ TOH e CTeleHbI0 TOYHOCTH?

6. C KaKoi MOTrPeIrHOCThI0 MOKHO BBIYUCIIUTH \/E C TIOMOIILIO TTOJIMHO-

MOB 1-TO U 2-T0 mopsiKa, MOCTPOCHHBIX i oTpe3ka [1.69,2.25]. V3ibl unTep-
NOJISILIMY B34Th cienyromue: X, =1.69; x, =1.96; x, =2.25.
7. TpeOyercst coCTaBUTh YeThIpeXx3HauHyto Tadmiy pyaknuu f (X) =sin X

Ha uHTepBasie 0<X<7/2. Kakoi BeauuuHbl JOKEH OBITH mIar TaOaumbl N,
YTOOBI MOTPEITHOCTh MHTEPIOJIAIUUA Oblj1a HE OOJNbIIE MOTPEIIHOCTH TaOJIUIIbL:
a) IpH JJMHEUHOW UHTEPNOAUNU; O) NPU KBAAPATUYHOW UHTEPIIOISLHUH.

8. IlocTponTh MHTEPNOJAIMOHHBIC MOJUHOMBI HpfoTOHA 1-TO M 2-r0 MOo-

paaka g pyakiuu f(X), 3agaHHON TaOIMYHO HA PABHOMEPHOU CETKE.

y 52 | 80 [104 | 124 | 140 | 152
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BoerauciauTe 3Ha4ueHUs IMOJIMHOMA U INOrp€HOCTU B TOYKAX:

a) x=0.5;

0) x=3.5.

9 dyukuusa f(X) 3amana Tabmueit

X 0| 2 4

f(x) |15|25]| 45

[TocTpouTh MHTEPIIOJIALIMOHHBIE CIUIAHBL: 1) TUHENHBIHN; 2) napabonnye-
CKUH.

10. AnnpokcumupoBath moauHOMOM JlexaHapa 5-i cTreneHu (yHKIUIO
f (X) = X na maTepnane [0,1].

11. AnnpokcumupoBath moauHOMOM JlexaHapa 5-i cTerneHu (yHKIUIO
f(x)=sinx, xe[-n/2,n/2]. BEIYUCIUTH TOTPELUIHOCTb.

Cnpaska
:xsin XdX =sin X — XCos X;
:xz sin xdx = 2xsin x — (x> — 2)CoS X;
: x> sin xdx = (3x* —6)sin x — (x> —6x)cos X;

[ x*sin xdx = (4% — 24x)sin X — (x* —12X* + 24) COS X;

[ X® sin xdx = (5x* — 60x? +120)sin x — (x> — 20x* +120X) COS X.

12. AnnpokcumupoBath nojJuHOMOM YeObIeBa 5-i1 cTereHn Ha UHTEp-

312

Bane X €[-1,1] dynkumo f(X)=(1—x*)¥* u BeruMCINTH TOrpeIHOCTS S .
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4 YUCNNEHHOE JU®PEPEHLIMPOBAHUE

dopmyibl YUCICHHOTO auddepeHIIupoBaHus TTOTyYaroTes myTteM audde-
PEHIIMPOBAHUS UHTEPHOJSIHOHHBIX dopmyn. Hanbonee mmpokoe pacmnpoctpa-

HeHue noxyuniu ¢popmyinsl HetoTona u Jlarpanxa.
4.1 dopmynbl HeloTOHA

[Tyctp 3amana TtabmmuHas ¢yHkmuws f(X) Ha paBHOMEpHOH ceTke
X.=a-+i-h, 1=0,...,n, h — mar cerku. Auddepenumpys nmonmmuom HreroToHa,

JJI1 HCpBOfI HpOH3BOI[HOfI IMOJIy4YHuM:

1 20 -1
P =1y, + ==
+2q —-9q° +11q - 3
12
1 n Aly i-1 i-1 Ay
2SS a0 =3 250k,

j=0 k=0 -
k#j

30°—6q+2
%ASOJF

Aty +o]= (4.1)

AZYO

rae (= TO, X, =a; Ay,, Azyo, Asyo, ... — KOHEYHbIE PA3HOCTH,

m@=[ @

k#j

[TorpemHocts nuddepeHirpoBanus paBHa

, a0 (E) d
R(q)=h (T Dh dg —[a(g-1)---(q-n)], £€a,b],
NI
Ri(q) = AT, i[q(q ~1)---(q-n)]. (4.2)

(n+1)th dg
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B yactHOCTH, IIpH X = X,

1 1 1 1
P,(0) =E[Ayo —S AN AN, — A%, +}

n n+1
Rr(o) — (_1) A yO .
h n+1

(4.3)

J7ist BTOpOi MPOU3BOAHOM MOIY4YHM cliienytonue Gopmynbl (myreM aud-

dbepenrupoBanus (4.1) u (4.2)):

w1 6q° —18q +11
RIA) = 5 A%, + (a =DA%y + Aty 4]

1 & Aly i1 i-1 i-1 1 & i -1 i-1 (44)
:F'z i!O. ZH(q_I _2_ . Zo jk(q)s

- H,-k(q):l'j(q—l);

1+ ]
12k

[TorpemHocTh

n+1 f(n+1)(E_v) dz

R” :h
(4) (n+1)h? do

[a(@-1)---(q-n)], &e[a,b],

0)0%1

2

) n+1yo
R(Q)—(n DINE de? z[a(q-1)---(q-n)]. (4.5)

B yactHOCTH, IpU X =X, OyJIeM UMETh:

, 11 5
P/(0) = [Azyo A%y, +—A“yo ——A5yo }
(4.6)

) 2(_1)n+1An+1y
R"(0) = 0y,
©) (n+1)h? ;i

Ipumeuanue 1. Ilpu HAXOXKACHUH POM3BOAHBIX V', Y",... B (QUKCHPOBaH-
HOM TOYKE X B Ka4ecTBE X, cleAyeT Oparh OiMkaiillee cieBa OT X TaOIM4YHOE

3HAYCHUC apryMCHTA.
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HpuMeanue 2. B xauecTBe TOUKHU X, MOXET OBITH MCIIOJIB30BaHa JII00as

y3noBast Touka. [Toatomy dopmynsl (4.3) u (4.6) MOTYT OBITH IPUMEHEHBI JIJIs

OO0 TOYKH X;, €CIIH OHA yJOBJIETBOPSIET YCIOBHIO X, < X, ., IJIe | — HOPSIOK

n—j>

IIOJINHOMaA.

JI711 HEepaBHOMEPHOU CETKHU

P = XD XIX T, (4,

i-1 i-1

AORD Y FaE)3) 3 e

j=0 k=0
K+ j

o 1,0 = [ 0= %), 11,0 = [ T(x-%).

k#j %]
1k

[TorpemHocTs:
0= Maa Y x) e (e
R = S TX ) (X)),
R0 = m D)) (e

(n+1)!dx®

Mo =max| f O (0] = N+ DXy, Xy X,

Ipumep 1. Haittu y'(0) u y"(0) dpynkuu y = f(X), 3amanHoi TabnmdHO:

X y Ay A%y A%y Aty
00| 16991 | 0.411 | -0.028 -0.007 | 0.017
50| 17.402 | 0.383 | —0.035 0.010
10 | 17.785 | 0.348 | —-0.025
15 | 18.133 | 0.323
20 | 18.456
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3n1ech 1miar paBeH 5.
Pewenue. Ilo popmynam (4.3), (4.6) noayuum (UCTIONB3YST HHTEPIIOJISIIHU-
OHHBIN MOJMHOM 3-TO MOPSIKA):

y'(0) = %[0.41“ %0.028—%0.007} ~0.0845;

R'(0) = (1) A'y,=-85-10"*,

" 1 1 vy
y"(0) :g[Azyo ~A%, | :E[—O.028+0.007] =-8.4-107";

RH(O)_Z ( 1) A y0 (1 1 1) —62 10—4
4.25 1 2 3

PGBYJ'IBTaTI)I 9TOr0 NnMpuMcepa IoKa3bIBarOT, YTO IIOTPCHIHOCTD BTOpOﬁ IIpo-

M3BOJIHOM CPAaBHHUMA C BEJIMYMHOW BTOPOW MPOU3BOIHOM.
4.2 dopmyna JlarpaHxa

3anuireM NoJIuHOM HarpaHH(a.

_vy Hi(x)
L (x) = ZO] Y, (o)’ (4.7)
rae Hi(x):ﬁ(x—xj).
Jlna mepBou np0H3Boz[H0171 MOJIyYUM BBIPAXKEHUE
' -y d o
00 =20 G h00: g 00- n<x>z -
L0 =2 S S 48)

H(x)kox xk
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Bropas npousBoHas BeraucisieTcs mo popmyie:

2

L(x) = ZH( <) 0 IT;(x),

KOTOpas Mocje Npeodpa3oBaHusl IPUMET BU

oo ne 1 ] a1
L0=22 ol | &y | & Gex) | 49)

I[aHHLIC (I)OpMYJII)I HC IIOAXOIAT AJI1 HMCIIOJIIB30BAHHA Ha IIPAKTUKCE,

T. K. Ipa X =X, (T. €. B y3/1ax UCXOJHOU ceTkn) AaroT nenenue Ha 0. [Toaromy

BMeCTO BbIpakeHui (4.8) u (4.9) cienyeT UCHONB30BaTh IPYTUE BHIPAKECHUS

L0 = 3 [ow) =SS 2,0, (410
IOH(X_X)};t?E::? =0 j=#i

j¢|

00 =3 3 > Tx-x)=

=0 H(XI — X ) }¢? Ezfj iifj)
10 2k
® (4.11)
- Y
= ' I (%),
$ssEn,
j#i ki

k= j

rae IT; () :ﬁ(x_ %) I (x) :ﬁ(x_ %)

k=i 11
k] I
1k

Beruuciaum norpenHocTs nepBo U BTOPOM MIPOU3BOIHOM:

! I\/In+1 d " Mn+1 d2
Rn(X) md n+1( ) R (X)_( 1)|dX n+1( )

n+1(X) = (X - XO)(X - Xl) Tt (X - Xn)'
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Tak xak

d L1
1_In+1(x) = Hn+1(x)§ (X .

d® o1
anl(x) = Hn+1(x) [(Z (X . XJ)

j=0

TO TOJIyYUM

(X) - (n ni)l n+1( )g X — X
" _ Mn+1 1 2— n L
R0 =Ty [ o )[[JZ(;X X ] J.Z:(;(x—xj

J1n1s1 paBHOMEpPHOU CETKU UMEEM

(q)__Z( 1)n|||(n ZH q- k

i=0 * j=0 k=0
J# k=i
k=]

n

- Z( 1)”'|l(n |)|ZH‘j(q)’

j=0
J#i

n

HOEE e | (CRIE

i=0 j=0 k=0 1=0
J# k= 2

k=j 1#]

1=k

hZZ( 1)n|||(n |)|Zz Ijk(q)

j=0 k=0
J#i k=i
k]

e 1@ = [ [@-K), T, @ =T (a-1).

k=i I#i
k=] I#]
12k

HOFpeHIHOCTI) B 9TOM CJIy4ac COCTaBHUT

n+1 f(n+1) (&) d

(" Dh dg —1a(@-1---(q-n)],

R:(q) =

].

(4.12)

(4.13)

(4.14)

(4.15)
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" f(n+1) (&_,) d2
(n+1)'h? dg®

&e[a,b].

Ri(@)=h [a(g-1)---(g-n)],

Ipumep 2. PaccmoTrpum mpeapinymuii  npumep. Boraucauts  Y'(0)

u Y"(0) c momoursto MoarMHOMa 3-TO TOpsJIKA.

X 0.0 5.0 10 15 20
y 16.991 | 17.402 | 17.785 | 18.133 | 18.456

Pewenue. 1o popmyie (4.10) momydmm:

y'(xo>=y{ L 1 }(xo—xl)x

XO_Xl Xo_Xz Xo_Xz

1 1 N
Xo =X (X = X) (X = X, ) (X, — X;)

X(Xy =X, ) (% — X3)|:y1

1 _ 1 N
Xo =%, (Xz - Xo)(xz - X1)(X2 - X3)

1 1
it ]
Xo = X3 (X3 = Xo) (X3 — X )(X; — X,)

tY,

[ToacraBuM maHHbBIE TAOIUIIBL:

y((Xo):yO(_%j+(—75O)|: i, 1 + Ya . 1 + Y . 1 :|:

(-5) 250 (-10) (-250) (~15) 750

:(_Ej-1e.991+§.17.4oz—3-17.785+i-18.133= 0.0845.
5 10 15

30
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[To popmyne (4.11) umeem:

y' (%) =2 y{ 1 ( 1 + 1 }+ L }+
" ’ Xo =%\ X=X X=X (Xo_xz)(xo_xs)

+ (X = X) (% = %) (% — X5) - |:V1L X

0 X

1 ( 1 1 j
X + +
(Xl_XO)(Xl_XZ)(Xl_X3) Xo =X X=X

1 1 1 1
Y, '
Xo =X (% = X)X = X)Xy = Xg) ( Xg =X X=X

1 1 1 1
+Y, . + } :
Xy — X3 (X3 - Xo)(Xa - X1)(X3 - Xz) Xo =X X =%

HOI[CTaBI/IM TaOJIMYHBIE JaHHBIC, ITIOJIYUHNM:

y'(X,) =21y i( L + L )+ L +
° °| -5\ -10 -15) (-10)(-15)

1 11
+y1(_750){(—5)5(—5)(—10) ST —15)} ’

1 1 1
+Y2(=750) { (~10)10-5(-5) Tt —_15)} "

1 1 1
+Y,(=750 —+—) ;=
¥l ){(—15)15-10-5(—5 —10)}

1 1 2 1
=2 Y=Y, =+ Y, —— Y, — +=—8.4-107*
{yozs TR y350}

4.3 3agauv Ana caMoCTOATENbHOroO peLleHus

1. Ucxons u3 popmyn Jlarpanmxka (4.8), (4.9) nonyuuts dhopmyinsl (4.10),
(4.11) nns mepBOM U BTOPOM MPOU3BOIHOM B y3JIaX CETKH.
2. [lyctb nana paBHoMepHas cetka. Ha mpumepe nonunoma Jlarpanxka tpe-

ThEro Mopska nonydutsh u3 dpopmyn (4.10), (4.11) dopmynsr Herotona (4.3),
(4.6) st mpomsBoaHbIX Y'(X:), Y'(X) .
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3. MarepuanpHasi TOYKA JBIDKETCS NPSIMOJMHEHHO. 3aKOH JIBUKCHUS

S = f (t) mpencraBieH B Buje TaOJIUIIBIL.

t,c | S,m | AS | A’S | A’S | A’S
0 0 2 6 6 0
1 2 8 | 12 6 0
2 10 | 20 | 18 6 0
3 30 | 38 | 24 6
4 68 | 62 | 30
5 | 130 | 92
6 | 222

Haiitu ckopocth V 1 yckopeHue W TOUkd B MOMEHT t =3.5 cek.

?, xe[0,1]. Tonyuurs Tabmuiy 3HAYEHHIl

4. Jlana oynxmms y(x)=e
¢ miaroM h =0.2. C nomorso noauaomMa HeroToHa 3-ro mopsijika BEIYUCIUTD 3HA-
YEeHHUsI IEPBOM U BTOPOil mpoun3BoaHOM B Touke X = 0.1. O1leHUTh MOTpenHOCTb.

?, xe[0,1]. Homyunts TabOMIy 3HAYCHMI

5. Jana ¢yskups y(X)=e
cmaroM h=0.2. C momomipto nonmuHoMa Jlarpamka 3-ro mopsiika BBIYHCIHTH

3HAYEeHUs TIEPBOM M BTOpOH mpom3BoAHOi B Touke X =0.1. Ouenuts morper-

HOCTb.

6. lana ¢yukmus Y(X) = e, xe [0,1]. TMomyuwuts TabmUIly 3HAYEHHI
c marom h=0.2. C nomoristo mommaomMa HerotoHa 3-ro mopsiaka BHYKHCIHTH 3Ha-
YeHUs TIEPBOI 1 BTOpO# Mpomn3BoaHOM B Touke X = 0.1. OueHnuTh MorpenHocTs.

7. Nana dysakaus Y(X) = e, xe [0,1]. TTonyuuts TabMHIy 3HAYECHHA C
marom h=0.2. C momomursto monmaoMa Jlarpamska 3-To HOpsIKa BEIYMCIIUTE 3Ha-

YeHUs TIEpBOI U BTOpO# mpon3BogHOU B Touke X = 0.1. OueHuTh MorpenrHocTs.
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5 YACNNEHHOE MHTETPUPOBAHUE

DopMyIIbl YUCICHHOTO HHTETPUPOBAHUS B 00ILIEM CITydae MOTydaroTcs my-
TEM HWHTETPUPOBAHUS UHTEPIOISIUOHHBIX TOJMHOMOB, TOCTPOCHHBIX JIJIf

MOJIBIHTETPATFHON (DYHKITUH.
5.1 ®opmynbl Tpaneuun n CumncoHa

3anuiieM HHTEPIOJSIUOHHBIA MOAMHOM JlarpaHka mJii paBHOMEPHOM

CCTKMH.

N Yi
L@=3 e L@ 5.1

X—X b—a
n 0 h=—— — mar cerku. Ecin moasiaTerpain-
n

rae Hi(q)=f[(q—j), q=

J#
nyto ¢pyaknuo f(X) Ha maTepBane [a,b] anmpokcuMupoBaTh mosmHOMOM Jla-

rpamka (5.1), To s uaTerpana ot f(X) moayunm

b n
[ fo0dx=(b-2a)> Hyy,, (5.2)
a i=0
rae H, — koadpdunuenter Hetotona — Koreca:
-1)"
i=1.( ) JH'(q_)dq, i1=0,...,n. (5.3)
nil(n—i)ly q-i

®opmynbl Buna (5.2) Ha3bIBAIOT K@aodpamypamu WIA KBaapaTypHBIMH
dbopmynamu.

1. IIpu n=1 (r.e. uMeercs aBa y3jia Ha uHTepBaie [a,b]) momydwmm
1
u3 (5.3) H,=H, = > B sTom ciyuae ¢popmyna (5.2) mpuMeT BU:
X

[ £090x=2 05, +h)

X
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[Tpumensist 3Ty popmyiy KO BCEM MOABIHTEPBAIAM X, — X; = N, moIydum

b
h
J FO0dX=TTo +2(y,+ Yy 00 Yo )+ Yo, (5.4)
JI71s ocTaTOYHOTO YiieHa
; h
R=[ F000X =Dy +2(ys+ Yo+ Yo ) + V]

MOJHO IIOJY4YHUTh CICAYIOIMICC BLIPAKCHHUC!:

__(b-a),, ,
e R {C) 55)

rae a<g<b.

®opmyiny (5.4) Ha3BIBAIOT KBaJpaTypHOU hopmymnoit mpaneyui. I'eomert-

puuecku Gopmyia (5.4) o3Havaet 3ameHy rpaduka pyakiun Yy = f (X) Ha JIoMa-

Hy10 JuHUIO (puc. 5.1).

8=x, x.=h

Puc. 5.1 — T'eomeTpuueckast uaTepripeTarus GopMysIbl Tpaneui

N3 popmyin (5.5) BuaHo, uto ecimm ' > 0, o hopmyna tpaneruu (5.4) mact

3HaYCHHUE MHTETpaia ¢ uzdovimkom, eciu y" <0, 1o — ¢ nedocmamkom.
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Jl111 HepaBHOMEpHOU ceTKu ¢opMmyiia Tpamnenuit (5.4) npuHUMaeT BUA:

b 1 0
[ 109dx=22 h(yia+ %)
a i=0

(5.6)

1 " . .

Ry = _Ezhigy (&):& ex: %4l
2. [Ipu n =2 xoaddunuents HeroToHa — KoTeca paBHBI
1 4 1
HO Zg, leg; H2 :g
u ¢hopmyna (5.2) mpuMeT BUJL:
K 2h

J F09dx ="y, + 4y, + v, (57)

X

YroObl MOMYYHUTh KBAJIPATYpy JJIs IPOU3BOJILHOTO MHTEpBaia [a,b], pac-

CMOTPUM CETKYy ¢ N=2M y3namu. 31eCb M — KOJMYECTBO MOABIHTEPBAIOB

mmHou 2h . [pumenss hopmyny (7.7) K Kax10My TOJBIHTEPBAIY, MTOTYIAM

p 2h
!fwyu=?;K%+YM)+MW+Yy+%+”“+ﬁwﬂ+ (5.8)

+2(Y, + Y, + o+ Yon o)l

Ota hopmyna mosydnia Ha3BaHUE KBapaTypHoi dhopmyibl Cumncona.

3nech h=——=——; N — KOJMYECTBO HHTEPBAJOB, YETHOE YHCJIO

(N +1 — KOJTMYECTBO Y3JIOB CETKH).

OcTaToYHBIN YWICH

b
2h
RC :,[ f (X)dX _E[(yo + Y2m) + 4(y1 +Y;tYs+ooot y2m—1) +

+ 2(y2 +Y, et y2m—2)]

BbIpaxaeTcs GopmyJioil:

b—a
R.=———h*y®¥ (). 5.9
=" 150 Yy (€) (5.9)
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3neck BolLIa Mpou3BoAHAaA 4-ro mopsaka, moaromy popmyna Cummcona
(5.8) Oyner TouyHa JUIsl MOJBIHTErPajIbHBIX (PYHKIMM, 3alaHHBIX MOJUHOMAMHU
HE TOJIBKO 2-T0 OPSIAKA, HO U 3-T0 NOPsIKA.

I'eomeTrpruuecku Gpopmyina CUMIICOHA O3HAYAET, YTO KpuByto Y = f (X) MBI

3aMeHsieM — mnapabosion y=L2(X), OpoXoAsiiied 4Yepe3 TpU  TOUKH:

MO(XO’ yo)’ Ml(xl’ Y1)’ Mz(xzvyz) (puc. 5.2).

S
7

Puc. 5.2 — 'eomeTpuueckas uareprpetanus Gopmyiasl CuMIcoHa

Jlnst HepaBHOMEpHOM ceTkH (h, = X, — X. ;) hopmyna CuMIICOHAa UMEET clie-

JTYFOITAN BUL:
b X
¢ & h, ,+h
f(x)dx=| ydx=) -2t 2 2h, ., —h, )h, +
}!: (X) X{y Z6h { Yar- z( hk-1 2k) bk (5.10)

2

+YZk71(h2k71 + h2k) + Yo (2h2k - h2k—1)h2k—1}’

rme m=n/2.
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5.2 ®opMynbl NPAMOYroNbHUKOB

N3 reomeTpuueckux cOOOpakKeHUIl MOXKHO MOJIYYUTh (HOPMYJIIBI MPSMO-

YTOJIbHUKOB!

b n-1

j f(x)dx = Z yih, h =X,, — X — neBocTopoHHss; (5.11)
a i=0

b n-1

j f(x)dx = Z Yi..N, h =X, — X — npaBocTOpOHHSIS; (5.12)
a i~0

" IS X, + X

[ Toodx=)" fEh, &= 1T — LeHTpabHas. (5.13)
2 i=0

[Torpemoctu kBajpatypubix (opmyn (5.11), (5.12) u (5.13) (mns
h =const ) paBHbI
b-a, ,
R = - hy'(§) — aeBOCTOPOHHSS U IPABOCTOPOHHSIS; (5.14)

R, = % h?y"(€) — uenTpanbHas. (5.15)

CpaBuuBas hopmyiiel orperHocrtei (5.5) u (5.15), nenaem 3akiaroducHuUE,
4TO LIEHTpajbHas (GopMyJa MPSIMOYTOJLHUKOB B 2 pa3a TouHee (hOpMyJIbI Tparie-

UN.

dx

1
Ipumep 1. Haiitu In 2 ¢ Tounoctsio 10 1074 u3 cootnomenus In2 = _[
X

0.5
, BRIYHCIIUB UHTETPAJI TPEMSI METO/IAMH:
1) mo popmyne CumricoHa;
2) no ¢hopmyIe Tparnemii;
3) 1o HeHTpaIbHOM (hopMyIie MPSIMOYTOIHLHUKOB.
Pewenue. Ouiennm TpeOyemMoe KOJIUYECTBO Y3JI0B JIJIsl 00ECIIEYeHM S 3a/1aH-

HOM TOYHOCTH KBaApaTypHBIX hopmyd. [ 3TOro BEIYUCINM MPOU3BOTHBIE.
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2 24
= F900 =5

f(x):%; f”(x):x 5

Ha otpeske [1/ 2, 1] umeem

2
f"(x) < =16=M_;: @ (x)=24-2°=768=M,,.

Jlist metoga CuMIICOHA TOTPENTHOCTh PaBHA

(b-2).. _b-a_1.

R.|=M =
IRe =M, 180 2m  4m

b—azl.
2

[To3TOMY NOTpEeNIHOCTh BBIPAKAETCS Yepe3 KOJIMYECTBO Y3JOB CIIEIYIO-

UM 00pa3oM:

4
IR, = 768L(ij <10
2-180\ 4m

Orcrona (4m)4 >2.13-10* umu m=4, n=2m=8, 1. e. noxyuuM 9 y310B.

3aHeceM JaHHBIC B Ta6J'II/ILIy.

X A A, Ay

X, = 0.5000 f(X,)=2
X, =0.5625 f(x)=1.77777
X, =0.6250 f(x,)=1.60
X, = 0.6875 f(x;) =1.45454
X, =0.7500 f(x,)=1.33333
X; =0.8125 f(x;) =1.23077
X; = 0.8750 f(x;) =1.14286
X, =0.9375 f(x,) =1.06666

X; =1.0 f(x3)=1
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[TomyunM mpomexyTouHble pe3ynbTaThl. CrnokuM udpbl IO CTOIOIAM

A =3; A =5.52976; A, =4.07619. B pe3ynbTare NOIy4YUM HCKOMBIN PE3yJIbTaT
In2 :g[Ai +4A, + 2A3] =0.6931.

Paccmotpum dopmyiry npsMOYTOIbHUKOB:

R<b__ah2|\/|2; hzﬂzi; b_azl_
24 n 2n 2

1 1Y
[Monyuum R < 16| — | <10™".
2-24 \2n

Orcroga n? >10%/12 wmu n=29.
Eciu wucnons3oBath (opmyily Tpameuuid, TO i HaxoxxiaeHus In2

¢ TounocThio 107 moTpedyercs 58 y3710B CETKH MOABIHTErPANTBHON QYHKIIHH.

3aMeTuM, 4TO eciu Juisd GOpMYIIbl IPSIMOYTOJIBHUKOB B3SITh N =8, TO mo-

1

X ~
IPELIHOCTH BBIYKMCIIEHHS HHTErpaia In2 = I — 6yzer npesocxoauts 107°.
X
0.5

5.3 NpaBuno PyHre oueHKN OCTaTOYHOrO YsrieHa

Ha mpaktuke 4acTo MCnonab3yroT npaBuio PyHre mis OLEHKH MOrpeniHo-
CTHA UHTETPUPOBAHUS

Snz _Snl
(n2/n)" -1’

j)' f(x)dx-S, =

rae S,;, S,, —3HaueHUs MHTErpaJla, BHIYUCICHHBIE IT0 KAKON-IN00 KBapaTypHOM

dbopmyIie ¢ KOIMIecTBOM y3710B N1 1 N2 COOTBETCTBEHHO, M — MOPSAAOK TOYHO-
CTH METOJIa:

— m =1 ns1 GopMyJIbI ICBOCTOPOHHHUX U MPABOCTOPOHHUX TIPSIMOYTOJILHHU-
KOB;

— M =2 st GopMyJIbI IIEHTPATBHBIX MPSIMOYTOJIHPHUKOB U TPATICIIHH;
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— m=4 nas popmynsl CUMIICOHA.
VYBeauunBas YUCIIO Y3JI0B, MOXKHO YBEJIMYUTh TOYHOCTh UHTETPUPOBAHUS.

Ecnun 3a1aTb TOYHOCTb €, TO, UCIIOJIb3Y:1 KpI/ITepI/IfI

(5.16)

Sn2 — Snl <g,
(n2/n)" -1

MO>KHO 00€CIICUHTh Tp€6yeMy10 IMOTPCITHOCTDb UHTCTPHUPOBAHUA. B xauecTtBe 3Ha-

yeHus uurerpana oepyt S, ,. [Ipu 3Tom 06p1yHO N2 =2-Nl, T. €. KOJIUYECTBO y3-

JIOB YJIBaUBaeTCsl.
Ecnu 3amana oTHOCUTENbHAs MOTPEIIHOCTh O, TO HCIOJB3YIOT CIEIYIO-

M KPUTEPUNA:

Zn2 " Oui < § (5.17)

5.4 dopmyna Naycca

KBagparypuas ¢popmyina ["aycca ocHOBaHa Ha UCIIOJIb30BAHUU TIOJTUHOMOB

Jlexxanppa:
p b—ay
j f (x)dx :TZA f(x), (5.18)
a i=1
y-bra b-a. (5.19)
2 2

rae t — Hynu noamHoMoB Jlexanapa crernenu N .
Koadduimentsr A omnpenenstorcs Kak peUieHUe CUCTEMbl JTHMHEHMHBIX

YpaBHEHUU

2
n k .
ZAtik _ k 1 IIpH YCTHOM, k :0’1’“"n_1.

= 0  npuk HeueTHOM.
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dopmyna [Maycca (5.18) sBiseTcss TOUHOM ais BceX MOIMHOMOB f (X)

CTCIICHHU 00 2N —1 BKIIIOYHUTEILHO.

3HaueHus ko3pduirentoB A,t. npuseneHsl B Tadbauue S.1.

Tabmuma 5.1
n i t A
1 1 0 2
2 1;2 +0.57735027 1
3 1,3 +0.77459667 5/9
2 0 8/9

1,4 +0.86113631 | 0.34785484
2;3 +0.33998104 | 0.65214516

1,5 +0.90617985 | 0.23692688
3) 2,4 +0.53846931 | 0.47862868
3 0 0.56888889

1;6 | £0.932469515 | 0.17132450
6 2,5 +0.66120939 | 0.3607/6158
34 +0.23861919 | 0.4679139%4

C yBenMYEeHHEM KOJIMYECTBA y3J0B (T. €. C YBEIMUYECHHUEM MOPSAKA KBaapa-
TypHOH (HOPMYJIBI) TOYHOCTH KBaApaTypHoi dopmynsl (5.18) yBenuuuBaercs.
[IpuBeneHHast TabuIIa MO3BOJISET UCIIOJIB30BATh MAKCUMAJIbHBIN MOPSIOK (op-
MYJIbl, PABHBIN 3.

Ecnu konnuecTBO y3710B HEIOCTATOYHO JJIsI TOCTHXKEHUS 3a1aHHOM TOY-

HOCTH, TO TOCTYMAIOT CICAYIONUM 00pa3oM: aAensT uHTepBan [a,b] momomam,

BBIYHUCIIAIOT HHTCTPAJI B KAXKXAOM IMOABIHTCPBAJIC MU CYMMHPYIOT. ODTO PKBUBa-

JICHTHO YJIBAMBAHHWIO YHCJIa Y3JIOB. Ecan xenaemasi TOUHOCTb HE AOCTUT'HYTA,
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TO MHTEpBaN [a,b] mensT Ha Tpu MoAbIHTEpBaJA U T. 1., TOKA HE OYyAET TOCTHUT-

HyTa 3aJlaHHasi TOYHOCTh. [IpuBeaeM KkBaapaTypHyto popMyity JiJisi HIEPEMEHHOTO

KOJIMYCCTBA Y3JIOB.

[TycTts mopsimox dopmybl N GukcupoBan (Hanpumep, N =5). Torga

S, =250 AT ()

_ n 1
81:H A(f(xﬁJr—lj,
2. k=1 i=0
b—a & . b-a.
S =— fix]+——i)), j=0,1,.., (5.20)
bo2(j+D) k_lgA“ (k J+1j

b+a(2j+1)+ b-a
2(j+1) 2(j+1)

rae j+1 — 9ucno noAbIHTEPBAJIOB; X, =

Kputepnii ocranoBa

<. (5.21)

Ipumep 2. Berurcnuts 1o ¢popmynam ['aycca nmpu N =3 uHTErpan
1
| = I\/1+ 2xdx.
0

Brraucnenus mpoBecTy ¢ 5 3HaYanuMy U pamu.
Pewenue.

Hcnone3ys Tabmuiy 1, momyunm

X, = 1 + 1tl 1 + l(—0.774597) =0.11270;
2 27 2 2

x2:£+lt2:1+1-0=0.5;
2 2 2

X3 = 1+lt3 = E+ S 0.774597 = 0.88730;
2 27 2 2
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f(x)=1.10698; f(x,)=1.41421; f(x,)=1.66571.

So _1s f1+§ f2+E f3}:1.3987.
219 " 9 9

5.5 3agaum AN caMOCTOATENbLHOro peLleHus

1. IToxyuute Gopmyiy Ui OCTATOYHOTO WiCHA KBAaPaTyphl TPATICIIHH.

2. Ilonmyuute Gpopmymny sl OCTATOYHOTO WieHa KBaapaTypbl CHUMIICOHA.

3. Iomyuure Gpopmyity Ui OCTATOUHOTO WieHa KBaJpaTyphl LIEHTPATIbHBIX
IPSIMOYTOJTbHUKOB.

4. [lonyuure popmyiay JUisl OCTATOUYHOTO YJIeHAa KBaJpaTyphl JI€BOCTOPOH-

HHUX IIPAMOYT'OJIBHHUKOB.

X
5. Ilo dopmyne CumIcoHa BBIYUCIUTH HUHTETPAI Il—, npussBs N =10,
+ X
0

Breraucnurts IMOTPCIIHOCTD.

dx
6. [To dbopmyne Tpamenuii BEIYUCIUTh UHTETPAIT jl—, npuasaB N =10.
+ X

BpI4ucanTh NOrpenHoCTb.

7.Tlo dopmyne IEeHTpATbHBIX MPSMOYTOJIbHUKOB BBIYUCIUTH HHTETPA

Jl— npussiB N =10. Beraucante morpenrHocTs.
+ X

8. [To ¢popmyne ["aycca BEIYMCIUTD UHTETPAI I— npuHsB N=5. Bei-

YUCJIMNTh NOTPCHIHOCTD.

dx

9. ITo popmyne CumnicoHa BEIYUCTUTh UHTETPAT I >, ipunsB N=10.

BpancianTh NOrpemHoCTs.
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dx
44 %2’

2
10. ITo dhopmyne Tpamnenuii BEIMUCIUTD HHTETPal J npunsB N =10.
0

Bperaucnurts IMOTPCIIHOCTD.

11. [To dopmyne HEeHTpaTbHBIX MPSIMOYTOJIBHUKOB BBIUMCIUTH WHTETpall

2 dx

j 2+ TIPHEB n=10. BEIYUCIHUTH HOTPEIIHOCTb.
X

0

2

12. Tlo dopmyne I'aycca BBIYMCIUTH UHTETpas J —

>, IIpUHAB N=5.
0

BpI4rcanuTh NOrpenHoCTb.
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6 3SAOAHUA ONA KOHTPOJIbHOM N NABOPATOPHbIX PABOT

6.1 PewweHne ypaBHEeHUN € OAHON NepeMeHHOMN

3aoanue

Harmcatp mporpaMMy oTieJieHUsI KOPHEH UX YTOYHEHUS OJHHM U3 HUKE-
MIEPEUYHUCICHHBIX METOIOB:

a) METOJIOM JINXOTOMMUH;

0) METOJIOM XOP/I;

B) METOJIOM 30JI0TOT'O CCUCHUS;

r) MmeToioM HpioTOHA;

1) METOJIOM UTEPALIHiA;

€) KOMOMHHPOBAHHBIM METOJIOM.

BxoaHble 1aHHBIE:

o ¢yukuus f(X) u ee nepBas u Bropas npou3BogHbIC (11 MeToaa Hbto-
TOHA, UTEPALUH 1 KOMOMHUPOBAHHOTO METO/IA);

e wunTepnain [a,b];

® TOYHOCTb [0 APIYMEHTY U N0 (PYHKILIUU €, €, .

BbIxoaHbIE JaHHBIE:

® KOpHHU &, TOUHOCTh PEIICHNUS;
e 3naveHus pynkuuu f(§,);

® KOJMYECTBO UTEpaLUu N ;

e koyindecTBO BhrunciacHu pynkuuu f(X) u ee mponu3BOAHBIX;

® BpEMs CUETa;
® [apaMeTp CXOAUMOCTH

X=X
o=—-—
k ]

X1 = X |
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rae K — mopsiok cxomuMocTi, N — HOMEP MOCIETHETO MPUOIMKEHHSI KOPHS.

Bapuanmeul 3a0anuii
1. f(x)=(0.2x)° —cosx.
2. f(x)=x-10sinX.
3. f(x)=2"-sinx; x<10.
4. f(x)=2"-2cosx; x>-10.
5 f(x)=lg(x+5)—cosx; x<5.
6. f(x):\/m—:%cosx.
7. T(x)=xsinx-1.
8. f(x)=8cosx—x—6.
9. f(x)=sinx—0.2x.
10. f(x)=10cosx—0.1x".
11. f(x)=2-lg(x+7)—5sinXx.
12. f(x)=4cosx+0.3X.
13. f(X)=5sin2x —+/1-Xx.
14. f(x)=1.2x" +2x* —24.1-13x* —14.2x.
15. f(x)=2x*-5-2.
16. f(x)=0.5x"-10+27.
17. f(x)=4x*-6.2-c0s0.6x.
18. f(x)=3sin8x—-0.7x+0.9.
19. f(x)=1.2—Inx—4cos2x.
20. f(X)=In(x+6.1)—2sin(x—1.4).
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6.2 PeweHune 3agay NMHeNMHON anrebpbl
6.2.1 Pemmienue cucreM JIMHEHHbIX YPAaBHEHU I

3aoanue
Hammcate mporpamMmy peIIeHHS CHCTEMBl JIMHCHHBIX allreOpandecKux
ypaBHEHUH OJTHUM U3 CIEAYIOIINX METOOB:
a) meroaom ["aycca;
0) METOJIOM OPTOTOHATU3AIINH;
B) METOI0M XaJIEKOI'0;
') METOJIOM IPOCTOMN UTEpaIUH;

1) METOI0M e Iersl.

Bxoanble JaHHBIE:

® [IOPSIOK CHCTEMBI N ;

® MaTpHIIa CUCTEMBI A;

e [IpaBas 4aCTh CUCTEMBI D ;

® TOYHOCTH & (JIJI1 UTEPAIMOHHBIX METOJIOB).

BbIxoaHbIE JaHHBIE:
® [IPOMEXYTOUYHBIE BEKTOPHI U MATPHLIBI;
® DEUICHHE CUCTEMBI;

® HCBJ3KA.

Bapuanmut 3a0anuii

2.74x, —1.18x, +3.17%, = 2.18;
1. <1.12x, + 0.83x, — 2.16x%, =1.15;
0.81x, +1.27x, + 0.76x, = 3.23.
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X, +2X, +3X; +4X, =7,
X, +2X%, + X, =1,

—X —2X, + 2%, =1,

X, + X3 = 2.

4%, +3X, + 2%, + X, =3;
3X, +6X, +4X, +2X, =6;
2X, +4X, +6X, +3X, =4,
X, +2X, + 3%, + 4%, =1.

SX, +8X, + X, =2;
3X, —2X, +6X, =—7;
2%, + X, — X3 =—H.

3.2X, +5.4X, +4.2X, + 2.2X, = 2.6;
2.1x, +3.2X, +3.1%, +1.1x, = 4.8;
1.2x, +0.4x, —0.8x, — 0.8x, =3.6;
4.7x, +10.4x, +9.7x, +9.7x, = -8.4.

3.2X +5.4X, +4.2X, + 2.2X, =11.4;
2.1x, +3.2X, + 3.1x, +1.1x, =9.2;
1.2x, +0.4x, —0.8x, —0.8x, =0.4;
4.7x +10.4x, +9.7%,+9.7x, =30.4.

6X, — X, — X, =-11.33;
—X, +6X, — X, =32;
—X, — X, +6X, = 42.
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11.

12.

13.
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1.1161x, +0.1254x, +0.1397x, + 0.1490x, =1.5471;
0.1582x, +1.1675x, +0.1768x, + 0.1871x, =1.6471,
0.1968x, +0.2071x, +1.2168x, +0.2271x, =1.7471;
0.2368x, +0.2471x, +0.2568x, +1.2671x, =1.8471.

2.67X +5.1x, +3.31x; + 5.64X%, +4.76X, =6.19;
4.44%, +7.5X, +4.67X, +5.7X, +6.14x, = 6.95;
5.33x, +9.8x, +8.67X; +4.8X, + 7.33%;, =12.2;
3.56x, +5.3%, + 4.15x, + 3.69x, + 3.25%X, =5.97;
1.78x, +4.17X, + 2.67X, +4.69X%, + 3.75X, = 4.42.

7.9%, +5.6X, +5.7X, — 7.2X, = 6.68;
8.5x, —4.8X, + 0.8x, +3.5x, =9.95;
4.3, +4.2X, —3.2%, +9.3x, =8.6;
3.2%, —1.4x, —8.9x, + 3.3, =1.

4x, +0.24x, —0.08x, =8;
0.09x, +3x, —0.15%, =9;
0.04x, —0.08x, + 4x, = 20.

2%, —0.24X, + X, =-3;
3%, +5X, —2X%; =1,
X, —4X, +10x, =0.

10X, + X, + X, =12;
2%, +10x, + X, =13;
2%, + 2X, +10x, =14.



14.

15.

16.

17.

18.

19.

20.
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(2%, +3X, — 4%, + X, =3;
X, —2X, —=9X; + X, =2;
5% —3X, + X, —4X; =1,

10x, + 2X, — X, + 2x, =—4.

2.7 +3.3X, +1.3x, =2.1;
3.9% —1.7X, +2.8%, =1.7;
4.1x, +5.8x, —=1.7x,=0.8.

3.1x, +2.8x, +1.9x, =0.2;
1.9x +3.1x, + 2.1, = 2.1;
7.5% +3.8X, +4.8X, =5.6.

2.7% —3.6X, +1.9x, =0.4;
1.5x, +4.5x, +3.3x, =—-1.6.

2.7% +0.9x, =1.5%, =3.5;
4.5X, —2.8X, +6.7X;, = 2.6;
5.1x, +3.7x, —1.4x, =-0.14.

r.le +1.8x, —4.7%, =3.8;
3.8x, +6.7x, —=1.2x, =5.2;

6.4x, +1.3X, —2.7X, =3.5;

2.4x, —4.5X, +3.5%, =—0.6.

2.4x, +0.2x, — 0.3x, —1.1x, + 5.86%; = 23.84;
0.3x, +0.1x, +1.1x, +10.2X, + X, = 38.85;
0.5, —6.2x, +0.1x; +1.5x, —1.2%x, =17.23;
0.1x, + 2.1x, + 5.1x, + 0.2x, — 0.3X, = 6.56;
2.5%, +0.1x, + 0.2x, + 0.3%x, + 0.4X, = 6.63.
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6.2.2 Boruuciaenue onpeaeauTeieil MAaTpUIl

3aoanue
Hanucate nporpamMMy BBIUHUCIICHHS ONPEACTUTENS MATPUIbl OJHUM U3
CJIEAYIOIINX METOJIOB:
a) meroaoMm ["aycca;

0) METOIOM JICKOMIIO3UIIHH.

BXOI{HLIe JAHHbIC:
® TIOPsIIOK CUCTEMBI N,

¢ MaTpula CUCTCMBI A.

BbIxoaHble JaHHDBIE:
® [IPOMEXKYTOUYHBIE MATPULIBI,

¢ 3HAUCHHUC OIIPCACIUTCIIA.

Bapuanmut 3a0anui

B kauecTBe BapraHTOB 3aJaHHI UCIIOJIB30BATh MATPHIIBI U3 1. 6.2.1.

6.2.3 Boruucienue o0OpaTHOil MATPHULIBI

3aoanue
Hamnucats nporpamMMmy BBIYUCIICHHUS 0OpAaTHON MaTPHIIbI OJJHUM U3 CIEIy-
IOLUX METOJIOB:
a) metogoM [aycca;
0) METOJIOM OPTOTOHATU3ALINY;

B) METOJIOM XaJIEIKOTO.
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BxoaHble 1aHHBIE:
® TIOPSOK CUCTEMBI N ;

e MaTpuIla CUCTeMBI A.

BbixoaHble 1aHHbIE:
® [IPOMEXYTOYHBIEC BEKTOPHI U MAaTPHIIbI,
e o0OparHas MaTpuLa;

® HCBJA3KA.

Bapuanmut 3a0anuii

B kauectBe BApPpHUAHTOB 3aIIaHI/Iﬁ HCII0JIB30BAaTh MaTpUIbI U3 IIII. 621
6.3 NMpubnuxeHune chyHKUUN

3aoanue
Hammcats mporpamMmy WHTEPIIOJISIIAH Ta0THYHO 33 JaHHOW (PYHKITUH C TI0-

MOIIBI0 TOoJIMHOMOB HeioToHa unu Jlarpanxa.

BxoaHblie JaHHbBIE:

® JCXOJHAs CETKa y3J0B UHTEPIOISAIINH;

® 3HAYCHMS MHTEPHOJIUPYEMON (DYHKIUU;

® HOBas CETKa y3JI0B, HA KOTOPOH HEOOXOAMMO BBIYUCIUTH 3HAYCHUS
dyHKuMY;

® TIOPAJOK ITOJIMHOMA.

BbIxoaHble JaHHDBIE:
® HOBas CCTKa;
e 3HAYCHUS MOJIMHOMA Ha HOBOM CETKE;

® JTIOIpCHIHOCTHh MHTCPIIOJIHUPOBAHMA.



103

Bapuanmul 3a0anui

1.y=e2, xe[0,1], h:O.l;xj:jg, j=0,...,20.

2. y=3x, xe[1,2], h=01 xj=1+jg, j=0,...,30.

3_ y:e_(X—5)2’ X€[4,6]1 h:OZ, XJ:4+j2’ j:O,...,ZO.

y=e 0¥ 1o ye[2,6], h=0.2;

4. h .
X; =2+ jE, 1=0,...,40.

5 y=e“, xe[-1,1], h=01%; xj=—1+jg, j=0,...,40.

6. y=xInx, xe[4,2],h=0.1 x, =1+jg,j:0,...,20.

7. y:1 ! = X€[2,4], h=0.2;x.:2+j%, j=0,...,30.

8. y=In(x-1),xe[2,3],h=0Lx =2+ jgj,j:O,...,ZO.

9. y=/x+1xe[L 2],h=0.1 x. =1+j2, j=0,...,20.

) .h .

10. y=sin®x+1,x O,E,hzl;x.: —,j=0,...,20.
y €[ 2] 20" X 151
.h .

11. y=1—-cos?x.xe[0. X1 h="":x = j—. j=0,.... 20.
y e[ 2] o X150
1 .h .

12. y= ,Xe[1,51],h=2;x. =1+ j—, j=0,...,50.

1+Igx 2

1 T T T nt .h .

13. y=— xe[=,=],h=—:Xx. ==+ ]—, | =0,...,20.
Y=Ginx XEl3 o =g xi=3 %15

14. y=2-tgx, xe[0,0.2r],h=0.02x; x; = jg, j=0,...,20.
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15. y=3-ctgx, xe[0.3x, 0.5n], h=0.02x; x; =0.37 + jg, ]=0,...,20.

y=¢e" —1, x =0.2+0.5-i;i=0,1,...,10;
16. X

X, =0.2+0.25- j; j=0,1,...,20

y :_;; X. :—£n+0.1n- (i+1);i=0,1...,8;
17 sin X 4+ cos X 4

1 o
Xy ==, m+0.05m(j+2); j=01...16

y =SiNX+COSX; X :—§n+0.17r'i; 1=0,1,...,10;
4

18. 3

x.:—zn+0.05n-j; j=0,1,...,20.

]

19 y=sinx; x,=0.1n-i; i=0,1,...,10;
" x;=0.05n- j; j=0.1,...,20.

y =COSX; X, =0.dn-i—=; i=0,1,...10;

20. 2

X, =0.05m- j—=; j=01,..,20.
2

6.4 YncneHHoe anccdepeHumnpoBaHue

3aoanue
Hamnucats nporpamMmy BBIYMCIICHUSI TIEPBOM U BTOPOM MPOU3BOIHOM Tald-

JUYHOU (DYHKLMH € TOMOIIIbI0 osinHoMa HerotoHa mnm Jlarpanxka.

BxoaHble 1aHHBIE:

® CXOJ/HAs CeTKa y3JI0B (PYHKIUY;

e 3HaueHus AuddepeHupyeMoi QyHKINH;

® HOBas CETKa Y3JIOB, HA KOTOPOM HEOOXOAMMO BBIYUCIUTH 3HAUCHUS
MPOU3BOAHBIX (PYHKIIUU;

® TIOPAJOK ITOJIMHOMA.
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BeIxoaHble JaHHBIE:
® HOBAas CETKa,
® 3HAYCHMS MPOU3BOJHBIX MOJMHOMA Ha HOBOU CETKE;

® [IOrPeHOCTh AU hepeHIIPOBAHUS.

Bapuanmeul 3a0anuii

B xauecTBe BapHaHTOB 3aJaHHI UCTIOIB30BATh (PYHKIIMU U CETKHU U3 1. 6.3.

6.5 YncneHHoe nHTerpupoBaHue

3aoanue
1. HanmucaTs mporpaMMy BBIYHUCIICHUS WHTErpajia 1o OJHON U3 KBaApaTyp-
HbIX (hopMyi: Tparnenuu, CUMIICOHA WU MPSIMOYTOJIBHUKOB C aBTOMAaTHYECKUM

BBIOOPOM I11ara MHTETPUPOBAHMUSI.

BxoaHble JaHHBIE:

¢ Ha4YaJIbHOC KOJMYCCTBO MHTCPBAJIOB no ;

® ceTKa y3JI0B (WJIM IIar CETKU U TPaHUIIBI HTHTEpBAJIa);
e 3HavyeHHUS QYHKIUU JTUO0 aHATUTHYECKash QYyHKIINS,

® OTHOCHUTCIBbHAsA TOYHOCTS.

BreIxoaHbIe JaHHBIE:
® 3HAYCHUE MHTETpaa;
® KOHEYHOE KOJUYECTBO MHTEPBAJIOB;

® TOYHOCTb MHTCIPHUPOBAHUSI.



2. Hammmcats mporpaMMy BBIMHCIICHUS HHTETpasia 1o ¢popmyne ["aycca.

BxoaHble naHHbIE:
® MOPSAOK GOPMYIIBL;

¢ T'paHHIIbI HHTCPBAJIA,

® TOJABIHTErpasibHasl (yHKIHUS;

® OTHOCHUTCIbHAs] TOYHOCTD.

BbIxoaHble JaHHDBIE:

¢ 3HAUCHHC MHTCTpAlia,

¢ TOYHOCTb HHTCTPHUPOBAHUA.

Bapuanmeut 3a0anuii

FENTENCN I

3 X

1. [

dx, n=10.
J2+X

2. | =—7=—=, n=4.

1
8. j InxIn(1+ x)dx, n=4.
0.1

10. [e™ cos xdx, n=6.

O'-—;I\J

12. [e™sin xdx, n=6.

O ey NV

dx

5+ 4x—x?

14. n=~o.

N
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2 2
. dx ¢ dx

15. , N=6. 16. , N=6.
'0X2+4 '04/14_ X4
2 2 3

17. [\1+x%dx, n=6. 18 [ X% -6
s o X +1

4 2
19. j“x—;/;dx n=6. 20. j\/1+ x*dx, n=86.
1 -1
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OTBETbI U PELUEHUA K 3A0AYAM
AnA CAMOCTOATEJNIbHOIO BbINOJIHEHUA

Pemienue ypaBHeHuUil ¢ OHOM NepeMEHHOM

1. OrBet: Xx=0.451.

2. Pewenue. MakcumManbHOE KOJMYECTBO WUTEpaIlMii B METOJEe mepedopa

PaBHO KOJIMYECTBY MOJIBIHTEPBAJIOB, HA KOTOPBIC MbI pa30rBaeM uHTEpBa [a,b].

b-a
—

OtBeT: N=

3. Pewenue. Kputepuii 3aBeplieHHs] UTEPAIMOHHOTO TIpoliecca ompeies-

ercst popmyaoit (b, —a,)/ 2 <e. Orcrona nonyuum n > log, (b_—aj ~1.
€

4. OtBet: x=0.867.
5. OtBer: Xx=0.567.
6. OtBeT. X =2.852.
7. OtBet. X=0.567.
8. OtBer: x=0.448.

9. MakcuManbHBIM OTPE30K 30J0TOTO CEUeHHUs paBeH A, :Aolyz, rae
A, — vicxomublii uHTepBan [a,b]. Uepes n wurepaumii momyuum A, =A,/y"".

CJ'IeI[OBaTeJ'IBHO, CCJIM TOYHOCTBH IIOMCKa KOPHA paBHA €, TO M3 HCPABCHCTBA

In(A, / €)
2lny

A0
2n

< & MoJIy4ynM N 2

10. OtBer: X =2.596.

11. Pewenue. IlorpeniHOCTh KOPHS paBHA

E—X,| Sﬁ\xn —Xo4|-
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PasHOCTB |X, — X, ;| MOXKHO TPE/ICTABATH KAk
|Xn - Xn—1| < qn_l|X1 - X0|'

n
g ‘b — a\ <g. Orcroma caeayer
—q

a4
1-q

n-lole-A-g)-lgb-a)
lgq

Mostomy  [§—X,|< 9" X — %] <

1

Pemienue 3a1a4 JIMHEHHON aJredpbl

1. OtBet: X, =1L X, =1, X, =1, x, =-1.

2. OtBeT: X, =—3; X, =2; X;=1.

3. OtBeT: X, =-3; X, =2; X;=1.

4. Otger: 1) |p| +|q| <1 (mrs Hopmet LII); 2) p® +q° <0.5 (st mopmsr 11I).
5. OtBert: 1) ‘p‘ + Z\q\ <1 (mms mopmsl LIT); 2) 3p® +49° <1 (s Hopwmst 111).
6. OtBet: X, =1.995; X, =-1.006; X, =2.995.

7. OtBet: X, =1.998; x, =-1.00L; x, =2.999.

8. Oter: det A=-3.

9. Jloka3aTenbCTBO:

(@ +bx,ax+b,c)=(a,ax+b,c)+({x,ax+b,c)=
=(a,ax,¢)+(a,b,c) + (bx,ax,.c) +(bx,b,c) =
=x(a,a,¢) +(a,b,c) +x*(b,a,c) +x(b,b,c) =

=x-0+(a,b,c)—x*(a,b,c)+x-0=(1-x*)(a,hb,c,).

10. OtBer: D =-8.

11. OtBer: D =-10.

-8 29 -11
12. OtBer; A'=| -5 18 -7
1 -3 1
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[Ipubanxenune pyHKumit

n
1. Pewsenue. {ns cymmer f(n) = Z k® mocTporM TabIMIy KOHEUHBIX pas3-
k=1

HOCTEH.
n f(n) Af A?f A®f A*f
1 1 8 19 18 6
2 9 27 37 24 6
3 36 64 61 30
4 100 125 91
5 225 216
6 441

[TocTponM MOJMHOM MaKCUMAJIbHOW CTENEeHH (MaKCUMaJIbHAs CTETIEHb M0-

JMHOMA paBHa 4):
P(nN)=1+8-(n-1)+9,5-(n-)(n—-2)+3-(n-)(n-2)(n-3) +
+0,25-(n=-1)(n—-2)(n-3)(n—4).

2. P(N)=1+9-(n-)+8-(n-)(n-2)+(4/3)- (n=-1)(n—2)(n-3).
3. 3anumieM OmpenenuTeNb, COCTABICHHBIM W3 CHUCTEMBI (DYHKIUI
{(pi(x)} =1x,X%,...,X" Ha ceTke {Xk} = Xy, X,y X, W3 [@,0]

n

2
Xo Xo o X

A=1 %, XX .. =] =%).

i>k
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Jto onpenenutens Banaepmonaa. Eciiv Bce X, monmapHO pa3iauyHbl, TO A

oTimdeH ot Hyis. OTcrona ciezyet, 4to: 1) cucrema GyHkuuit {@,(x)} muueiino
n .
He 3aBUCHMa; 2) T000i1 00001meHHbIH momHOM P, (X) = Zci -X' umeeT He boee
i=0
N kopuei Ha [a,b].
JleicTBUTEIBHO, eClii OBl OMpeeInTeIb A ObUI paBeH HYIIO, TO MbI ObI

UMEJIN JIMHEUHO 3aBUCHUMBIC CTOJ'I6I_[BI OIIPCACIIUTCIIA, YTO PABHOCHUJIBHO BBIITOJI-

HEHUIO PAaBEHCTB
Co-l+C X +C X +..+C X =0, k=0,1,...,n.
A 3T0 03HayaeT, 4To MbI ObI UMETU N +1 KOpHE.
6. Jlyist mommHOMa 1-TO TIOpsAIKA MOTPEITHOCTh paBHA!
R (x) < %\(x —1.96)(x — 2.25)|;
M, = Xe[m%ZS]‘f (X)‘ = ‘f (1.96)‘ =0.0911,

R,(2) <0.00046.

J{nst monyrHOMa 2-T0 TopsiIKa:
R (X) < % M, |(X ~1.69)(x ~1.96)(x — 2.25);

M, = max_|f"()|=|f"(1.69)=0.10%;

xe[1.69,2.25]

R,(2) :%0.101\(2—1.69)(2—1.96)(2— 2.25)| = 0.000052.

7. I1pu TUHEWHON UHTEPIOISAIUN

&(X)S%hz-maX(q-(q—l));
M, = Xig%]\f ()| =[sin(x)| =1

2
R(2) = % <0,0001. h=2,8-10"
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IIpn KkBagpaTUYHON MHTEPIOJIALUN:
M
R,(x) < rh*-max(q-(a-1)- (4 -2));
M, = max. f"(x)| =|cos(x)| =1
a, = 01423’ f (qm) =0y - (qm _1) ’ (qm - 2) = 0’385,

3
R,(2) =@ <0,0001. h=1,2-10"

11. sinx=1.5704(2x / 1) —0.6427(2x / m)* +0.0724(2x / m)°.

12. (1—x2)3’2_§—5—( ——) —(x — X2+ )

= ERGCH

Yucaennoe nuddepeHuupoBaHue

3. Cxopocts V =37.75 M/c, yckoperue W= 21 m/c?.

4. TTpousBoHast P3'(0.1) =—0.4756. IlorpenHoCTh, BEIUMCIICHHAS IO (HOp-
myse (4.2) R;(0.1)=1.709-10"°.

Ecnu ncnonb30BaTh MAaKCUMAIIBHOE 3HAYEHUE YETBEPTOU IPOU3BOIHOMN HA
uHTepBaNe  Max | f(x)|=0.0625, monayuMM  OLEHKY  MOIrPEIHOCTH
R; (0.1) =2.083-107°.

Tounas pasnocts | f'(0.1) — P/(0.1) |=1.866-107°.

Bropast npomssognas P(0.1)=0.2372. IlorpemHocTs, BbIYHUCICHHAS

o popmyne (4.5) Ry(0.1)=5.980-10"*.
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Ecnu mcnonb3oBaTh MakCHMMajabHOE 3HAYEHHE YETBEPTOM MPOU3BOAHOMU

Ha HHTEpBANC  Max | f(x)|=0.0625, momyduM OLEHKY [OTPELIHOCTH
R;(0.1)=7.292 107,

Tounas pasnocts | f”(0.1) — PJ(0.1) |=6.371-10.

5. [lpomsBomnast L (0.1) =—-0.4756. IlorpemHocTb  BBIYUCIEHUS
nponzsoauoil L;(0.1)=2.083-10". Tounoe 3HaYeHHE DPA3HOCTH COCTABIAET
| f'(0.1) - L,(0.1)|=1.866-10".

Bropas mpownsBogHas Lé’(O.l) =0.2372. TlorpemHoCcTh BBIYHCICHHS
L}(0.1)=7.292-10"*. Tounoe 3HaYCHUE pa3HOCTH COCTaBJISICT
| f"(0.1) - L}(0.1)|=6.371-10"".

6. [IpousBogHas |33'(0.1) =—0.2010. IlorpemHocTh, BEIUKCICHHAS TIO (HOP-
myse (4.2) R;(0.1)=1.311-10"°.

Eciu ucnosib30BaTh MakCUMAJIBHOE 3HAYEHWE YE€TBEPTOM IPOM3BOJIHOM

Ha MHTEPBaJIC max | f@(X)|=12, momydum  OIEHKy  HOIpEIHOCTH
R;(0.1)=4.000-10"°.

Tounas pasnocts | f'(0.1) — PJ(0.1) |=2.962-10°°.

Bropast npomssognas P)(0.1)=-2.031. IorpemHocTs, BbIMHUCICHHAS
no popmyne (4.5) Ry(0.1)=4.588-107%.

Ecnu ucnonb3oBaTh MakCUMallbHOE 3HAUYEHHE YETBEPTOM MPOU3BOJIHOMN

Ha MHTEPBAJIE max| f(x)|=12, momyunM  OIEHKY  IOIPEIIHOCTH
R;(0.1)=1.400 107,

Tounas pasnocts | f”(0.1) — PJ(0.1) |=9.055-107.
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7. IIpousBogHas L (O.l) =-0.2010. TIlorpemrHocTh  BBIYKCICHHS
npousBoaHON L (0.1) =4.000-10"°, Tounoe 3HAYCHHE PAZHOCTU COCTABIIICT
| f'(0.1) - L\(0.1) |=2.962-10°°.

Btopas mnpousBogHas L;’(O.l) =—-2.031. IlorpemHocTh BBIYUCICHUS

L;(0.1)=1.400-107". Tounoe 3Ha4YCHHE pazHOCTH COCTaBJISIET

| £"(0.1) — L/(0.1) |=9.055-10°2.
YuciaeHHoe HHTECTPUPOBAHUE

5. 1 =0.69315+ 0.00001.

6. 1 =0.693+0.002.

7. 1=0.6928+0.0008.

8. 1 =0.693147 +0.000001 .

9. 1 =0.392799 £ 0.000007 .
10. 1 =0.3925+0.0008.

11. 1 =0.3928+0.0004.

12. 1 =0.3926991+ 0.0000007 .
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MuHHCTEPCTBO HAyKU U BhIcIIero odpazoBanus Poccuiickoit denepannu

CDCI[CpaJII)HOG rocyaapCTBECHHOC aBTOHOMHOC 06p330BaTeJ'II>HOC YUpPCKIACHUC
BBICHICTO 06pa3013aH1/151

TOMCKHWM TOCYJIAPCTBEHHBII YHUBEPCUTET
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(TYCVP)
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