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BBEOEHUE

[Ipu ucnonszoBanuu IBM uncieHHbIE METO/IBI BBICTYNAIOT KaK MOIIHOE
MaTEeMaTHYECKOE CPEACTBO PEIIECHUS MPAKTUYECKUX 3a/1a4. COBpEMEHHBIE YCIIEXH
B PEIICHUH Ba)XKHBIX MPOOJIEM B TAKUX 3HAYMMBIX 00JAaCTAX, KAK aTOMHAs dHEp-
reTrka, KOCMUYECKasi OTpaciib, SJKOHOMHKA HE ObLTH Obl BO3MOXKHBI 0€3 IpuMeHe-
Hust OBM 1 unciienasix MmetoaoB. 1o onieHkaM yueHsIx, 3hexT, JocTuraemplii 3a
CUET COBEPILICHCTBOBAHUS YMCIIEHHBIX METO/I0B, cocTaBiisieT 40% ot ob1iero 3¢-
dekTa, TOCTUraeMoT0 3a CUET MOBHIICHHSI TPOU3BOAUTETbHOCTH DBM [1].

YuclieHHbIE METO/IbI — 3TO METO/IbI, TO3BOJISIOIINE TPU TOMOLIU JITOPUT-
MOB, UMEIOIIMX KOHEYHOE YHUCJIO UTEpallMii, pelaTh pa3iudyHble MaTeMaTude-
CKHE€ 3a/1auu (3aJJaHHbIE B AHAIMTUYECKOM BHUJIE).

[IpoBeneHue CIOKHBIX MAaTEMATUYECKUX PacueToB TPeOyeTCsl BO MHOTHUX
OTpaciiaX HayKu U TeXHUKU. [Ipu 3T0M 00beM ITUX pacyeTOB TAKOB, YTO BPYUHYIO
3a pa3yMHO€ BpeMs UX BBINOJIHUTH HEBO3MOXHO. [Ipumepsl — pacrnpeneneHue
HArpy3Kd MEXy MOAKIIOYEHHBIMU K 3JIEKTPOCTAHIIMN 00beKTaMU (OHO JTOJIKHO
MPOUCXOUTH MPAKTUYECKH MTHOBEHHO NMPU U3MEHEHUH MOTPeOIsieMOl MOIIHO-
CTH ), BBIYMCIIEHUE TPACKTOPUHU KOCMUYECKHX TEJ, pACUET IBHKEHUN 36 MHOU KOPBI
B reoMH(GOPMAITMOHHBIX CUCTEMAX (@ 3TO 3a/1a4i He(DTSHOM, Ta30BOM U IPYTHX OT-
paciieit) 1 MHOTO€ Japyroe. [[i1st 3Toro u BHEAPSAIOTCS B IPOMBIIIIEHHOCTh U HAYKY
BBIYHUCITUTENILHBIE CUCTEMBI, CO3/IAI0TCS CIICIIMAIM3UPOBAHHBIC ITAKETHI JIs IIPOBE-
JIEHUsl YHUCIICHHBIX pacueToB. Pacnpoctpanenue xe 9BM craBuT, B CBOIO O4Ye-
pelib, HOBblE MaTeMAaTHUYECKHE 3a/1aui, HE CYILIECTBOBABIIME paHee — pachpe/e-
JieHue UHTEpHET-TpaduKa, 00CUET TPEXMEPHBIX MOJIENICH B rpadUueCKUX pelak-
TOpax U Urpax " T. II.

Takum oOpa3zoM, 3HAaHUE YUCICHHBIX METOI0B HEOOX0IMMO UHXKEHEPY, 00-
JacTh IEATEIbHOCTH KOTOPOTO CBS3aHA C MPOTPaMMHBIM 0OecTieYeHUEM BbIUKC-

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



B npenmaraemom nocoOuu paccMOTpeHbI B IpUMeEpax U 3a7jauax OCHOBHBIE
YHCJIEHHBIE METO/Ibl PELICHUS 3a7a4 U3 CIAECAYIOUIUX Pa3/IeIOB BEIUUCIUTEIBHOM
MATEMATHKH: PEIICHUE YPABHEHUH C OJHOM IEPEMEHHOM, PEIICHUE 3a/1a4 JTUHEH-
HOM asireOphl (pelIeHNe CUCTEM JIMHEWHBIX anreOpandecKux ypaBHEHU, BBIYKC-
JIEHUE ONpeeNnTeNnel, 0OpaTHOl MaTpulbl), MpUOIMKeHne QYHKIUHI, YUCIIECH-
Hoe nudepeHnmpoBanre U HHTErpupoBanne GyHKIuil. B kaxmaom pasnene npu-
BEJICHBl KPaTKUE CBEJIECHUS M3 TEOPHUH [2], OMUCAHBl aIrOPUTMBbl BBIYUCICHUIM
¥ pa300paHbl MPUMEPHI M0 KAXJIOMY U3 OMHCHIBAEMBIX alTOPUTMOB. B KoHIE
KQKJOTO paslienia JIaHbl 337a4d U MPUMEPHI ISl CAMOCTOSITEIbHOTO PEIICHUS.
B rnaBax 6—8 mpuBeneHbl 337aHKsI HA KOHTPOJIbHYIO U J1a00paToOpHbIe pabOoThI
C UHWBUyaJbHBIMUA BapHaHTAMHU 3a/IaHUH.

Bre16op BapuaHTa 3aaHusl OCYLIECTBIISETCS [0 OOIMM MpaBUjaM C HC-
[10JIb30BaHUEM CIIEYIOIIEN (POPMYIIbI:

V = (N - K) div 100,
rae  V — HCKOMBI HOMEDP BapUaHTA,

N — o6111ee KOTUYECTBO BapUAHTOB,

div — eno4ncieHHoe IeJICHHE,
npu V = 0 BeIOMpaeTcs MaKCUMaJIbHbIM BapUaHT,

K — ko BapuaHTa.

B npuiioxeHuu nmpeacTaBieH madja0oH TUTYJIbHOTO JIUCTA U OTJIABJICHUS OT-
YyeTa [0 KOHTPOJIbHOH U 1TabopaToOpHbIM paboTaM. OTUEThI JOJIKHBI OBITh 0POpPM-
nensl corntacio OC TYCYP 01-2013. PaGoTsI cTyieHUE€CKUE IO HAPABICHUSIM
MOJATOTOBKM M CHEUUATBHOCTIM TeXHUYecKoro nmpoduid. OOume TpeboBaHuUs
u ipaBuiia odpopmitenus. [Ipukaz pextopa ot 03.12.2013 Ne 14103. Pexxum mo-

cryna: https://requlations.tusur.ru/documents/70.

Buumanue! B otuere momxkHa ObITh yYkazaHa TeMa paboThl. Ee HeoOxo-
TUMO C(HOPMYITUPOBATH CAMOCTOSTEIILHO, UCXOIS U3 COJECPKAHUS TIPOICTAaHHOM

paboTHI.


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

1 PELLEHUWE YPABHEHUX C OOHOW NEPEMEHHOW
1.1 OTpeneHue KopHeun

Pemienne HEMMHENWHBIX ypaBHEHUW C OJHOM INEPEMEHHOW NPENCTABISAET

OJTHY W3 BXHEHIITNX 337124 MIPUKIAAHOTO aHanu3a. B o0meM cirydae HelmMHEHHOE
YPaBHEHHUE MOKHO 3aIllCATh B BUJIE:

f (x)=0, (1.1)

rae f(x) ompenenena u HenpepbiBHa Ha [a,b]. Beskoe uncino & e[a,b], o6pa-

maromiee pynkuuto f (x) BHynp, T. €. f(&)=0, Ha3pIBaeTCSI KOPHEM YPABHEHUS
y M Y yp

(1.1). Yucno & naszwiBaeTcst KopHeM K-ii kpaTHOCTH, ecnu mpu X =& BMecTe
¢ pyHKIIHEH f(x) oOpamarorcss B HOJb €€ mpomsBoansie 10 (K —1) mopsika

BKJIFOUUTCIIBHO.
f(g)=f'(x)=..= f*Y(g)=0.

OnHOKpaTHBIN KOPEHb HA3BIBAETCS] TPOCTHIM.

[TepBrlii aTan YUCIECHHOTO penieHus ypaBHeHus (1.1) cocToUT B OTaeneHUN
KOpPHEMH, T. €. B YCTAHOBIICHUY TE€CHBIX MTPOMEKYTKOB, COJICPHKAIINX TOJIBKO OJIUH
KopeHb. DaKTUYECKU STOT ITAall COCTOMT B HAXOXJIEHUU TIpyOOro 3HAYCHUS
KopHs. PaccMoTpum rpaduueckuil cnocod otaeneHus KopHs. s 3Toro crpo-

urcs rpapuk pyuximu f (X). Touka nepecedeH s ¢ OChIO aOCIMCC U €CTh HCKO-

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

yAagTcst 3aMEHHTh PaBHOCHIBHBIM eMy ypaBuenueM f, (X)= f,(x). Hanpumep,

Ha pucynke 1.1 mokazaH Trpaduueckuii CcmocoO pemeHus YpaBHECHUS

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



f,(x) = In(

Puc. 1.1 — I'paduueckumii Mmetos pemmenus ypapaenus f(X)=Inx—sinx

JIist HaxokAeHusT TPUOTMKEHHOTO 3HAYEHUSI KOPHEHN C MCIOJIb30BaHUEM
OBM MOCTYIAIOT CHEIYIOIINM oOpazom. 3agarT CETKY

{x}ra=x<X,<..<X,=b u BeruncnaOT 3Ha4eHus pynkuun f(x )= f;. Ecnu
IJISL IBYX COCETHUX TOUYCK BBIMOJHSICTCS HEPABEHCTBO

f(x) f(x,)<0,
TO B HHTEpBale [X,X,| PacrojoxeH Mo KpaiiHed Mepe OIMH KOpPEHb
En €[ %, %, |- Hamee, ecim monoxuts & =1/2(X + X,,, ), TO TOYHOCTH ONPEIEIE-
HUS KOpHA & paBHA

A :]/2(Xi+1 =X )

IIpumeuanue. BooO1e TOBOPS, BHITOJHEHHE TAHHOTO YCJIOBHUS O3HAYAET,

9TO HA MHTEpBANE [X,X,| MOXKET OBITH MPOM3BONBLHOE KOTHYECTBO KOPHEH.
Bornee Toro, maxe ecmn f(x)- f(x,,)>0, Ha uHTEpBANE MOTYT GBITH KOPHH.

[ToaToMy ycrnemHoCTh pelieHnus JaHHOW 3aJadyM 3aBUCUT OT YJA4HOTO BbIOOpa
11ara CeTKH.

Ha pucynke 1.2 npuBenena cxema alnroputMa OTACICHUS KOPHEN JJIsI paB-
HOMEPHOM CETKH.

Ha BTopom sTare yrouHsaroT 3HaueHUe HalIeHHOTO KOpHA. 1 3 ToM nenu

MOJKHO HCII0JIb30BaTh Ppa3JINn4HbIC MCTO/bI. PaCCMOTpI/IM HCKOTOPLBIC 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

IlycTs Ha unTepBase [a,b] pacnonoxen oxun kopenb. Tpebyercs HaliTh
& ¢ TouHOCTBIO €. Pa3o6béM [a,b] Ha N paBHBIX YacTeii:
x,=a+i-h, h=(b-a)/n, i=0,..,n,
rae n=(b—a) /g, ¥ BBIUMCIINM 3HadeHHue QpyHkimu f, = f (xi). 3mech N — mmar

CCTKMH.
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Ecim nns 1ByX coceqHMX TOYEK BbINOJHsAETCs HepaBeHCTBO f. - f. . <O,

o monaralT §=1/2(x +X,,). Iorpeumsocts cocraBur A=h/2=¢/2. Cxema

i+1

aNropuTMa IpuBeeHa Ha pUCyHKe 1.3.

( Metoa nepedopa )
[
BBoa a,b,e

|
X1=a

!

x2=x1+g
y1=f(x1)

<osh >

y2=f(x2)

x1=x2 E=(at+b)/2
L]

Boion &, f(€)

A 4

( Komem )

Puc. 1.3 — Cxema anroputMa MeToaa nepedopa

1.2.2 MeToa AuXoTOMHH (METO/I MOJTOBHHHOIO JIeJICHHSI)

Iycts Ha [a,b] f(x) umeercs oxun kopens §. 3a1a1UM TOUHOCTS & . Bbi-
YHCIISIEM CPEIHION TOUKy C=1/2(a+b) u 3nauenue pynxuwun f(c).

Ecmum f(c)=0, To ¢ — xopenb. Ectu f (c)=0, To paccmaTpuBaem aBa
p

ciyyast:

1) ecmu f (a)- f(c)<0, 10 b=C 1 noBTOpsAEM IPOLIECC NCIICHHUS;
P p

2) uHaue a =C M MOBTOPSAEM MPOIIECC JCIICHHUS.
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Tak kak 3a KaXXy10 U'TCpallvio HHTCPBAJI, I’AC PACIIOJIOKCH KOPCHb, YMCHb-

1IaeTcs B JiBa pa3a, To uepe3 N urepanuil uHTepBai OyAeT paBeH

bn—anZ%(b—a),HpI/ISTOM a <&<b.

1
B xadecTBe KOpHS & BO3bMEM E(b” +a, ). Torna HOrperHoCTh ompeerte-

HUS KOpHS OyJIeT paBHa (bn —-a, ) / 2. Eciiu BBITIOJHSIETCS YCIIOBUE

(b,—a,)/2<e, (1.2)
1
TO TIPOIIECC MOMCKA 3aKAHYMBAETCA U & = E(b” +a,).

Metoa AMXOTOMHUH WILTIOCTPUPYET pUCYHOK 1.4. CXoauMOCTh METOAA JIH-

HeltHas ¢ ko ummentom o =0.5.

/() A f(x) A

)
[
A 4
<--—----|
A 4

f€)=0 f(©)f(a)<0
f(x) A

o
=

o
=—--lo
v

/(@] (b)<0

Puc. 1.4 — I'padrueckas nHTEpIIpETALIHS 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, NeKamuii Ha otpeske [0,1].
Pewenue. IlocnenosarenbHo nmeem
£(0)=—1 f(1)=1 f(0)- f(1)<0;

¢, :ao;rbo _0+1
f(05)- f(1)<0=a,=c,=0.5b =h,=1.

=0.5; f(0.5)=-1.188;

371ech U Jajee B PEIICHUAX NPUMEPOB IPUBEICHA JIMIID YaCTh 3HAYAIIUX
uu(dp pe3yabTaTOB BEIYMCICHUN.

C yderoM TOro, 4to KopeHb jexuT B uuTepane [0.5,1], 3amanHas Tou-
HOCTB 710 2 BEPHBIX 3HAKOB O3HAYAET, YTO MOTPEIIHOCTh KOPHS JOJUKHA OBITH
He Oostee 0.01 (B mmpokom cMmeicite), T. €. € =0.01.

[IpoBepsiem ycnoBue (1.2) A=1/ 2(1— 0.5)=0.25>¢, crenoBaTENBHO,

IIPOJOJKACM IPOLECC MMOMCKA KOPHS.

_a+b  05+1
2

f(0.75)- f (1)<0=a, =¢,=0.75,b, =b, =1;

C, =0.75; f(0.75)=-0.590;

A=1/2(1-0.75)=0.125>&.
a, +b, 0.75+1
c, = =
2
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
C, = =
P2
£ (0.813)-  (0.875)<0=>a, =¢, =0.813,b, =b, = 0.875;

=0.813; f(0.813)=-0.304;

A :]/2(0.875 — 0.813) =0.031>¢.

a, +b, 0.813+0.875
G5 T 2

=0.844; f(0.844)=-0.136;
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f (0.844)- f (0.875)<0=>a; =c, =0.844, b, =b, = 0.875;
A=1/2(0.875-0.844) =0.016 > &.

a,+b, 0.844+0.875
2

f (0.859)- f (0.875)<0=>a, =, =0.859, b, =h, = 0.875;

C; = —0.859; f(0.859)=-0.045;

A=1/2(0.875-0.859) =0.008 < ¢.

Takum O6p330M, B KaUCCTBC KOPHS MOKHO IIPUHATD

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

1.2.3 Metoa xopa

Merton xopn siBisgeTcs 0osee ObICTPBIM METOAOM MoucKa KOpHA. CyTb €ro

WJUTIOCTPUpPYETCS Ha pucyHkax 1.5 u 1.6.

£7(x)>0 £7(x) <0
d f
£ A f(:.:l)
: o ) ISTSpE
| prd oo :
| f':-:) :
1
a B
a 4]

Puc. 1.5 — I'paduueckas WumrocTpaius METO1a XOPA
(koHer b HeTTOIBUKEH)

ITycts Ha nHTepBane [a,b] umeercs kopens, T.¢. f(a)f(b)<0. Haxo-

UM TOYKY X, 10 (popmyuie:



Ecnu BeimonHsieTcs ycinoBue

f(x,)f(b)<0; n=12,..,

TO UTEPALMOHHBIN MPOLECC CTPOUTCS IO PopMyIie:

f (%)

f (b) — f (anl)
3mech b — HemoaBMKHBIN KOHEI (cM. puc. 1.5).

£7(x)<0 £7(x)>0

X, =X, — (b—%,,); % =a.

-
i
&
7:}
__'_.H

\H
.
ot
=y
TR
s
Tt g
o —
e ----4 =

a 4]

Puc. 1.6 — I'paduueckas WuIrOCTpaLys METOIA XOPA

(KOHeI] & HEeMOABUKEH )

Ecau BeInONHSIECTCS YCJIIOBHC

f(x,)f(a)<0; n=12,...,

TO UTEPALUOHHBIN MPOIIECC CTPOUTCS IO PopMyIIe:

f(a)

f(x..)-f(a

X, =a- )(xnl—a);xozb.

(1.3)

(1.4)

(1.5

(1.6)

3nech @ — HENOABUKHBIN KoHell (cM. puc. 1.6). Ha npakTuke MoXeT BCTpe-

TUTBCA CHUTyallusd, KOTrJda MCpBas WK BTOpPAd IPOU3BOJHAA (bYHKLII/II/I Ha MHTCP-

Basie [a,Db] mensror 3Hak. B Takoii cuTyanuu nomnepeMeHHO OYAYT BBITOIHATHCS
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(1.3) u (1.5). Paccmotpum 3TOT cityqait 6osee mompoOHo. [lycts cHadana Obu1O
BhITIOTHEHO ycioBue (1.3). UtepanuonHbiii nporiece crpoum o gopmyie (1.4).
[Ipennonoxkum, 4To Ipu HEKOTOpoM N = P ycioBue (1.3) He BrinosiHeHO. B aTOM

ciydae nepexoauM Kk gopmyse (1.6), B koTopoit a = X X, =X, Hanee, ecnu

p-1’
pu HEKOTOpoM N =M OyzaeT HapymieHo ycioBue (1.5) (B KOTOpoM Temneph
m-1*

a =X, ), TO IEpeX0oAUM OIIsITh K hopmyue (1.4), rae monaraem b =X, X, =X

To ecTh noxyyuM cieayromuii (1axe 6os1ee mpocToi) aaropuT™: HaX0AUM TOUKY

NepeceUCHUs XOpAbl C OCBIO aGCHI/ICC

¥ PACCMATPHMBAEM JIBA CITydast:
1) ecmu f(a,)- f(x,)<0, 7o b, =X, 1 moBTOpsieM mporecc;
2) MHaue a,,, = X, U IOBTOPSEM IPOIIecC.
YcmoBie OKOHYAHHS IIponecca |X, — X, 4| <€, TAe & — 3a1aHHas TOYHOCTb.
3HaueHUe KOPHSA PABHO & = X .

m
> 1
CxoauMOoCTh METO/1a XOP/1 CyTiepianHeriHas ¢ koddduiumenrom o =1 - —,

1

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

IIpumep 2. HaliTh METOAOM XOpJI MOJIOKUTEIBHBIA KOPEHD C TOYHOCTBIO

10 0.01 ypaBuenus f (x)=x>—-1.2x* —x+0.5 Ha HHTEpBaNe [—0.5,1.5] :

Pewienue. Borancnsem 3HaueHUS GyHKITUN

f (-0.5)=0.575>0, f(1.5)=-0.325<0.

Takum obpazom, & €[-0.5,1.5]. Hanee nociaenoBaTenbHO BBIYUCIAEM
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f(a)
= _ b— =
R TCYRETEN L
~ 0.575
" -0.325-0.575

f (0.778) = -0.533;

(1.5-(-0.5))=0.778;

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

f(a)
f (bl)_ f (ai)

5090 (0.778—(-0.5))=0.163.
~0.533-0.575

X =2 - (b—a)=

Iposepsiem ycmosue |x, —X,| =|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;

f(a)
X, =a,— f(bz)—f(az)(bz_az):

=0.163 - 0-309 (0.778-0.163) = 0.389.

—0.533-0.309

IIpoBepsiem ycioBue ‘XZ — Xl‘ = ‘0.389 — 0.163‘ =0.226 > ¢. IIpomomxaem

IPOIIECC:

f (0.389) =—-0.01%;
f (0.163)- f (0.389) <0=>a, =&, =0.163, b, = X, = 0.389;

f(a)
o= 8" f(b3)—f(a3)(b3_a3):

=0.163 - 0-309 (0.389-0.163) = 0.381.

—0.011-0.309

IIpoBepsieM ycIoBHE | X, — X,| =[0.381—0.389| = 0.008 < ¢. TTporece MOXKHO

3aKOHYUTH.
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Otser: £=0.381~0.38.

1.2.4 MeToj 30J10TOT0 CeYeHUus

Merton 30510T0r0 ceuenus (cMm. puc. 1.7), Tak ke KaKk U METOJI TMXOTOMHH,

OTHOCHUTCA K MHTCPBAJIIbHBIM MCTO/JaM (I/IJ'H/I METOAAaM HUCKIIIOYCHHUA I/IHTCpBaJ'IOB).

fx) &)

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

Touku neneHus HTEpBaia BHIOUPAIOTCS TaKUM 00pa3oM, YTOOBI BBIMOJI-

HAJIOCHh COOTHOIICHUE MEXXAY HHTCPBaJIaMU.

ﬁzﬁzz Ak :—Ak+1 :’Y
AZ AB Ak+1 Ak+2
5+1
rae y = \/_T ~1.618 — 30omoToe ceuenue, A, =b, —a, — JUIMHA OTpe3Ka.

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

3amaem Touku & =a, b =b, Homep urepanuu Kk =1.

[Iar 1. OnpexaensieM KOOPAUHATHI 30JI0TOTO CEUCHHUS:
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A, 1

d =a +A,,=a +— ==y-1
YoV
A1

G=a +A,=a,+—; 5 =(-1)
Y

BrruucnseM Touky X, = %(ak +b,).
Hlar 2. Beruucnsem 3nauenus ¢pynkuuum f(a ), f(c), f(d,), f(b)

¥ TIPOBEPSIEM YCIIOBHSL:
a)ecmn f(a)-f(d,)<0,10 8, ,=4a,; b,=d,;

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

B 0 X —l(a +b._,). E
BIYUCIIIEM HOBOE IPHUOIMKEHUE KOPHA X, = 5 @ ¥ B CIIn

1
E(bm —a,,,) <&, To KoHen, nHaue K =K +1 u nepexox Ha mar 1.

CKOpOCTh CXOAMMOCTH JIMHEHHAs ¢ Kodpdurmentom o =7 —1.
. . 1
Mpumep 3. Haiitu nyns pyaxuun f (X) =e* — = na narepsane [0.1,0.9]
X

¢ ToyHocThio € =0.05 MeTogOM 30710TOTO CEYEHUS.
A, =b-a=09-0.1=0.8;

Pewenue.  Bpluncimssem  WMHTEpBabl
Ay : 2

A, =—==0.494; A; =A,(y-1)" =0.306. 3anacm KOOpAHHATBHI 30JI0TOTO CeYe-
Y

HUSL:

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

Boruucnsiem 3HaueHust QyHKIMHM B TOYKAX 30JI0TOTO CEUCHMUSI:

f(a,) =-8.895; f(c,)=-0.965; f(d,)=0.130; f (b,) =1.348.

OnpenensieM UHTEPBa, B KOTOPOM PACIIOI0KEH KOPEHB:
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f(a)- f(d,) <0, mosromy a, =a, =0.1, b, =d, =0.594;
[TpoBepsieM ycnoBue octaHoBa: A,/2=0.247 >¢, T. €. TOYHOCTb HE JI0-
CTUTHYTa. BbIYKCIs€M HOBBIE TOUYKH 30JI0TOIO CEYECHHS
A, =0.306; A, = A, (y—1)* =0.189;
c,=a,+A,=01+0.189=0.289;
d, =a, +A; =0.1+0.306 = 0.406.
BoruncinsieM 3HaueHHs (pyHKUIMU B TOUKAX:
f(a,) =-8.895; f(c,) =-2.127; f(d,) =-0.965; f (b,) =0.130.
OmnpenenseM HHTEPBAJI, B KOTOPOM PACIIONIOXKEH KOPEHb!
f(c,)- f(b,) <0, mosromya, =c, =0.289; b, =b, =0.594.

ITposepseM ycnosue octaHoBa: A, /2 =0.153 > ¢. He Bemonneno. Ilpo-

J0JIPKa€M BBIYHNCIICHUS.
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,) =-0.481; f (b,) =0.130.
OnpenensieM HHTEPBa, B KOTOPOM PaCIIOiI0KEH KOPEHB:
f(c,)- f(b,) <0, mostomya, =c, =0.406; b, =b, =0.594.
ITpoBepsiem ycnoBue octanoBa: A, /2=0.094 >¢. He Boimonneno. Ilpo-
JTOJKAEM BBIYMCIICHUS.
A, =0.117; A, =A,(y-1)? =0.072;

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

f(a,) =-0.965; f(c,) =-0.481; f(d,) =-0.229; f (b,) = 0.130.

OrnpenensieM UHTEPBa, B KOTOPOM PACIIOI0KEH KOPEHB:

f(c,)- f(b,) <0, moaromya, =c, =0.478; b, =b, =0.594.
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[TposepseM ycnoBue ocranoBa: A, /2=0.058 >¢. He Bemonneno. Ilpo-

J0JPKa€M BBIYHNCIICHUS.
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(a;) =—-0.48L f(c,) =—0.229; f(d;)=-0.086; f (b;) =0.130.
OnpenensieM UHTEPBa, B KOTOPOM PACIOI0KEH KOPEHB:
f(c;)- f(b) <0, mosromya, =c, =0.522; b, =b, =0.594.
IIpoBepsieM yciioBUE OCTaHOBA:!
Ay 12=0.036<¢; E=(b,+a,)/2=0.558~0.56.
1.3 UTepaumnoHHble meToabl MOUCKA KOPHEWN

1.3.1 Metox HeroTona

I/ITepaI_[I/IOHHHﬁ IIPOLCCC BBIIOIHACTCA 110 CJIGIIYI'OHICﬁ CXCMC:

). n=12,.., (1.7)

X =X ,—
n n-1 f ] ( Xn_l) ’
IIPH 9TOM B KauecTBe X, Oepercs nmbo Touka a, nmbo Touka . Eciu u3BecTHa
BTOpas npoussoaHas f”(X), To Touka X, BEIOMpAeTCs B COOTBETCTBUU CO CIELY-
IOIIUM YCIIOBUEM:
a)ecrn f(a)f"(a)>0,10 x,=a;

6) ecm f (b) f"(b)>0, 10 X, =b.
Ecim f"(X) HeusBecTHa, TO TOCTYMAIOT CICAYIONIMM 00pa3oM. 3ajaroT

X, =@ ¥ IPOBOJAT BbIUUCIEHUS X, 10 Gopmyine (1.7). Ecau X, yaosiaerBopsier

YCJIOBUIO
c)asx<b,

TO MPOAOIIKAIOT BBIYUCIIAT IPUOTHAKEHUS X, , Xz, Xy, X,
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Ecnu ycnosue (¢) He BBIIOIHAETCS, TO 3a1a10T X, = b u nanee no gopmyne
(1.7) npoBoaaT BeluMCcneHUs X, 1 =1,2,... Beruncnenus 3akaH4MBarOT MIPU BbI-

IIOJIHCHUU ABYX YCJIOBI/IfIi

\xn — xn_l\ <g, \ f (xn)\ <g,
T1e €€, — 3aJaHHble yncna. B kadecTBe KopHS OepyT & =X, .

I'eomerpruueckas uHTEpnperanuss meroaa HprooToHa mnokazaHa Ha pu-

cynke 1.8.
f(x) A F(xX)A
T > >
i X X
J@f@©)>0 x,=b
f(x)A F(x)A
> : “‘ >
X a x x

@) () <0 xy=a
Puc. 1.8 — I'eomeTpuueckas uarepnperanus metoia HeroroHna

OTMCTI/IM, qTo HpHBClICHHBIfI AJITrOPUTM IIOMCKAa KOPHA MOXKET pacxo-

autbes. Hanpumep, mns gyakuuu  f(X)=SinX na unrtepsane [n/6,11r/6]
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KopeHb & =T (cM. puc. 1.9). OnHako anroput™ Merona HeroToHa 11 3101 PyHK-

LUK He pUrofeH. JlelicTBuTenbHO, MycTh X, =a =7/ 6. Torna nepsoe npudiu-

KCHHUC PABHO:
n_ sin(r/6) — 0.054,
6 cos(n/6)

T. €. MBI BBIILIM 32 rpaHubl nHTepBana [t/ 6,11n/6]. Ananornunas curyanus

Oyner, ecau 3a X, B34Tb IPaBYyIO rpaHuny X, =b=11n/6.

Puc. 1.9 — Ilpumep pacxoaumoctu anroputma Herotona

CkopocTh cxomuMocTH MeToja HproToHa kBagpatuuHas ¢ kod(du-

£7(x)|; m, =min| £'(x)).

MZ
HUEHTOM o, = —=, T1e M, =max
ml

IMpumep 4. Haiitu meronom Hetorona ayns ¢ymkmun f(X)=Xsinx—1

Ha untepBaie [0,7/ 2] ¢ Tounocteio € =0.01.

Pewenue: f'(x)=sinx+xcosx.Bo3pmeM X, = /2 U BeIYUCIUM IIEPBOE

NpUOJINKEHUE:
xizxo—ﬁ:nm—@:l.
(%)
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3HayeHue X, He BBIXOJIUT 3a rpaHullbl nHTepBaia [0,7t/ 2], moatomy npo-

JI0JKaeM BBIYHCIATH MpuOIMxeHus: kopHs no ¢opmyne (1.7). Cravana npose-

pUM YCIIOBUE 3aBEPIICHU IMpolecca |1—1.57]J =0.571>¢. Tak kak ycimoBue He

BBIIIOJIHCHO, TO ITPOAOJIZKACM ITPOLCCC BBIYHCJICHUM KOpH:I:

f(x) 1 —0.159

, =1.115;
fl(x) = 1.382

X, =%~

1.115-1 =0.115>«.

_f(%) 449500008 _,
£(%,) 9 |

|1.114 —1.115| =0.0006 < &.

X; =X,

[TpoBepsieM TaKke ycloBHE ‘ f (1.114)‘ =2.10"% <s.

Otset: {=1.114~1.11 (pakTuyecku yeTBepTas HUPpa TAKKE NOTYyUUIACh

BEPHOIN).
1.3.2 MeToa urepanuii

Onnum u3 Hanboee 3 (HEKTUBHBIX CITOCOOOB YNCIEHHOTO PEIICHUS YpaB-
HEHUM sBIseTCa MeTo uTtepaunn. CyIHOCTh 3TOr0 METOA 3aKJII0YaAETCs B 3a-

MEHE UCXOJIHOTO ypaBHEeHUs f (X) =0 Ha YKBUBAJICHTHOE

X =@(X). (1.8)
HrepannoHHbIN IPOLECC UMEET BUL:
X, :(P(anl)’ n=L12,.. (1.9
OcTaHOB nporecca OCYECTBISAETCS 110 KPUTEPHIO
X, = X,4| < 1—_q8’
q

rje € — 3aJaHHas TOYHOCTh; (= MmaxX

!/
[0) (X)‘ <1.
CX0MMOCTh METO/1a UTEPAIMH JIMHEHHAS ¢ KOA(PPHUIIUSHTOM CXOIUMOCTH

a=(.



24

['eomeTpuuecku cnocod Uurepauu MOXKET OBbITh OSICHEH CIEIYIOIINM 00-

paszoM (cm. puc. 1.10). IToctporm Ha mmockocT XOY rpaduku QyHKIUU Y = X
u Y =¢(X). Kaxnaplit nefictBuTesbHbIN KOpeHb & ypaBHenus (1.8) sBisiercs adc-

IIICCOM TOUKM IepecedeHuss M kpuBoit Y = ((X) ¢ mpsiMoit Yy = X.

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

L ST

% ;Cl ‘X:0 >x X IE_; J:’-Z ;0 >JC

Puc. 1.10 — Cxomsimmiicst nreparmonssiit mpouece (|¢'(x)| <1)

OtmpaBisisick OT HEKOTOpoM Touku  Aj(X,,P(X,)), CTPOMM JIOMaHYIO
manio Ay B, A B, A,... («1ecTHHIa»), 3BE€HbS KOTOPOH HMONEPEMEHHO Mapail-
nenbHbl ocu OX u ocu OY , Bepinnsl A, A, A,,... Iexar Ha KpuBoi Y = @(X),
a BepiiuHbl B, B,, B,,... exar Ha npsmoit Y = X. O6mue aOcuuccsl Touek A
u B, A n B,,urt. 1., o4eBunHO, IPEACTABIAIOT COOOK COOTBETCTBEHHO MOCIIE-
J0BaTeIIbHbIE NPUOIIKEHUS X, X,,... KOPHA &.

Bo3mosken takxe npyroit Bum somaHoit A, B, A B, A,... («cmupanby).

JIerko COO6paSI/ITB, 4yTO PpC€HICHHUC B BHUAC <«JICCTHHUOLD) IIOJIYYACTCA, CCIU

npou3BoaHAs ¢'(X) TOJIOKHUTENIbHA, & PEIICHUE B BUJIC «CIUPATIN», eciu ¢'(X)

OTpHLATEbHA.

Ha pucynke 1.10 kpuBas Y =@(X) B OKpecTHOCTH KOpHs & — moJjioras,

T.e. |¢'(X)|<1, u mpomecc ureparmu cxomurces. OJHAKO €CIH PAacCMOTPETh
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ciyvau ‘(p’(x)‘ >1, To npouecc urepauuu Oyaer pacxoauthbes (puc. 1.11). Ilo-

9TOMY AJIA IIPAKTUYCCKOI'O ITIPUMCHCHUA METOa UTCPAIINN HYKHO BBIICHUTB 10-

CTATOYHBIC YCJIOBHA CXOAUMOCTHU UTCPAIMOHHOTO ITpOo1ccca.

f(x) A (x) y=x

£ xo X X

Puc. 1.11 — Pacxomsmuiicss UTEparmOHHBIN TPOIIece (‘(p'(x)‘ >1)

Teopema. [Tycts pyHKIIMS (p(x) onpenenieHa u nuddepeHnrpyemMa Ha oT-
peske [a,b], npuuem Bee ee 3Hauenus ¢(x) €[a,b], unycrs | @' (X)[<q <1 npu
xe[a,b]. Torma mpoumecc wurepammm X, =¢(X,_,) CXOZMTCS HE3ABHCHMO

OT HayaJIbHOr'0 3HaUeHUs X, €[a,b] u npenensHOe 3HaueHue & =limx, sBusgercs

k—o0

C/IMHCTBEHHBIM KOPHEM ypaBHeHHs X = @(X) Ha oTpe3ke [a,b].
Paccmotpum cnioco6 3ananust hyuakuun @(X) . [epenumem (1.8) B popme
x=x—a-f(x), (1.10)

rae A=1/M;, M, = f'(c), rae | f'(c)| = max|f'(x)

a<x<b

, T.€. M, — 5TO 3HauyeHue

npousBogHoi f'(X) B TodYke, Iie OHa HMMEET MaKCHMaJIbHOE IO MOJIYIIO
3Ha4yeHue Ha orpeske [a,b]. Takum obpazom, u3 (1.10) umeem
o(X) =x—A- f(X).
Ilpumep 5. Haiitu metogom urepauun Hyab Gyakouu f (X) =X+ InX

na uarepsaie [0.1,0.7] ¢ Tounocteio 6 = 0.01.
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Pewenue. f’(x):1+1; o(X) =x=A(X+InXx);
X

max | f'(x)| =| f'(0.)] = M, = £'(0.)) =11, A =1/11.

[0.1,0.7]

B pesynbprare nonyuum

X+ 1Inx
X) = X—
P(x) T
[IpoBepuM yciioBuE CXOAUMOCTH
1 1
'X)=1-—|1+=|; max|p'(X)|=|0'(0.7)|=0.779 <1,
¢'(x)] 11( Xj max [o'(x)| =|¢'(0.7)

CJIEOBATENIbHO, IpolLiecC OyneT CXOAUTHCS. BbpUMCIMM NapameTp TOYHOCTH

e=27950.0028.
q

BosbpmeMm X, = 0.7 ¥ BBIYMCIUM X, H X, .
x, =0.7—(0.7—0.357) /11~ 0.669;
X, = 0.669 — (0.669—0.402) /11 = 0.645.
IIpoBepyM ycioBHe OCTaHOBA |X, — X, | = 0.024 > €.

HpOI[OJ'DKaCM BBIYMCIICHUA OAJIBIIIC:

X, = 0.645 — (0.645 — 0.439) /11 = 0.626;
|, —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;
|5 —X,| =0.011> ¢;

Xs =0.601-(0.601-0.510) /11 =0.592;

|5 — X5| =0.008 > ¢;

X, =0.578—(0.578—0.548) /11 = 0.575;
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|X,0 — Xo| =0.0027 < &.
Otser: & = X, =0.575.

1.4 KoMGUMHMpPOBaHHbLIU MeTOoA

OToT MECTO ABJIACTCA KOMHOSI/II_[I/Ieﬁ ABYX METOAOB — MCTO/Ja XOpd U MC-
TOAA HrroToHa — M 1O3BOJISIET 3HAYUTEIBHO YCKOPUTH IIPOHCCC ITOUCKAa KOPHA

ypaBuenust (1.1). Ilycte Ha otpeske [a,b] pacmonoxen oauH KopeHs,
T.e. f(a)- f(b) <0. IIpeamonoxkum, uro f'(x) u f"(X) cymecTByroT U coxpa-

HAIOT CBOM 3HAKU. MITepalimOHHBIN MPOIIECC BBIMOIHAETCS O CAeAyouM Gop-
MyJIaM:

a)ecmu f(b)- f"(b) >0, 1o

Xoor =Xy — f(Xn)(bn_Xn); Xo =8y =2; by =b;
f (bn)_ f (Xn)
‘(b £ b (1.11)
b,=b,_, - ,( 1) mmbo b, =b,_, — g ”_1).
f (bn—l) f (bO)
y ! . 1 .
KpuTtepnii ocTanoBa: E(b" -x)<g E= E(X” +b.);
0) ecmu f(a)- f"(a) >0, 10
f(a,)(x,-2a,)
n n n ’ :b :b; — X
Xn+1 an f(Xn)—f(an) XO 0 a0 a
(1.12)

f(a,,

f'(ans)

Kputepuii ocranosa: %(Xn —a,)<eg; &= %(an +X,).

~—
—h
—~
QD
>
iR
N—"

B dopmynax (1.11) mist MeToa XOpa KOHEI[ b HEMOABIIKEH M IS YCKOpe-
HHUS TIpoliecca MOMCKa KOPHS KoHell D mBuraem BieBo mo merony HeroToHa.

B popmynax (1.12) cutyarust oOpatHasi — IBUraeM KOHeEI[ a BIIPaBo Mo Gpopmyiie

HrroTona.
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['eomeTrpuueckass cxemMa KOMOWHHPOBAaHHOTO METO/AAa JaHa Ha pu-

cynke 1.12.

Puc. 1.12 — 'eomeTpuueckas uHTEpIpeTalus KOMOMHUPOBAHHOTO METO/1a

IIpumep 6. HaiiTu KOMOMHMPOBAHHBIM METOJAOM KOPEHb YpaBHEHUS
f(X) = x> —Xx—5=0 na nnrepsane [1,2] ¢ roanoctsio € = 0.01.

Pewenue. Tlposepum namuume kopus: f(1)=-5; f(2)=25;
f(1)-f(2)<0, cnenoarenbHo,  KOpPeHb  CyHIECTBYET.  Bblumciaum
npomssommbie  T'(X)=5x*—1, f"(x)=20x3. Urax, na unrepsane [1,2]
f'(x) u T"(X) coxpansror 3naku, npuuem f'(X) >0 u f"(X) > 0. Tak xax
f(2)- 1"(2) > 0, ro BeuKCIEHUS IPOBOAUM 110 (hopmyJaam (1.11):

Xo=a=1 by=b=2;

f (%) (0o — %) 1 —95(2-1)

=X — = =1.167;
n f(bo)— (%) 25—(-9)
f
b, =by — 5) 5 _25_1 6a.
t'(by) 79

[TpoBepsieM ycnoBU€ OCTaHOBA:

(b,—x)/2=(1.684-1.167)/2=0.258 > ¢.
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TouHOCTH HE AOCTUTHYTA, IPOAOJIZKACM BbIYMHCJIICHUA:

N fO)(B=%) ) or —4005(1.684-1167) o
’ f(b)-f(x) 6.841— (~4.005) ’
b, =b, _B) g ggs 6841 ) cog
f'(b,) 39.167
(b, —x,)/ 2 = (1.509-1.358) / 2 = 0.076 > .

o 00 =%) o -17AT(1509-1.358) )

P ()= F(x,) 1.312 - (~1.747) ’

b,=b, - f(b,) _1.509- 312 _ 1 456
'(b,)

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

Orteer: g:%(x?, +b,) =1.450 ~1.45.

1.5 3agaum ANA caMoOCTOATENbHOro peLleHus

1. HaifTu KOpeHb METOJIOM IMOJOBHHHOIO JIE€JICHHS C TOYHOCTHIO 1%

ypasuenust f(X)=2X—C0SX na unrepsane [0,7/2].

2. OnpeenuTh MaKCUMaIbHOE KOJMYECTBO WTEpaIMii MeToaa mepebdopa
IIOMCKa KOPHS C TOYHOCTBIO € Ha UHTepBaje [a,b].

3. Onpenenuth KOJMYECTBO UTEPAIIUA METO/1a TTOJIOBUHHOTO JIEJICHUS T10-
YICKa KOPHSI C TOYHOCTBIO € Ha mHTepBaie [a,b].

4. Haitftu kopeHb MeToaoM xopa ¢ To4yHocThio g0 0.001 dyskuum

f (X) = x* +2x® —x—1 na unrepsane [0,1].

5. Haiitu nyns dynaknun f (X) =X+ INX ¢ Tpemst BepHBIME 3HaKaMH Ha WH-

tepBaiie (0.2, 0.9) meTomoM Xop.

6. Hailitu metomom HbIOTOHAa KOpEeHb C YETHIPbMsI BEPHBIMH 3HAKaMU

ypaBuenus f(X)=X—-10sinXx=0 wua unrepsane [r/2,11r/12].
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7. Haiitn mynp ¢yukmun f(X)=X+InX KoMOMHHpOBaHHBIM METOIOM
¢ TpeMs BepHbIMH 3HaKamu Ha uHTepBae [0.2,0.9].

8. MeTo1oM 30JI0TOTO CEUeHUsS] HAaWTH KOPEHb ypaBHEHHUs 2X—COSX =0
Ha uaTepBaiie [0,/ 2] ¢ Tounoctrio € =0.01.

9. OHpCI[eJII/ITB MAaKCUMAJIbHOC KOJIHNYCCTBO I/ITepaHI/Iﬁ MCTOJa 30JIOTOIO

CedeHUsI IOMCKa KOPHS C TOYHOCTBIO € Ha MHTepBaje [a,b].
10. Haiit myms dyskmun  f(X) =SinXx—0.2X wa wunrtepBane [n/2,m|
¢ rounocteio O = 0.001 meTomom urepanmii.

11. Haiitu MakcuManbHOE KOJIMYECTBO UTEpaIdii N MeToj1a uTepalui 1mo-

YICKa KOpHs Ha MHTepBaie [a,b] ¢ TouyHOCThIO €.
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2 PELUEHUE 3A0AY IUHEVNHOW ANTEGPLI
2.1 MeToabl peweHnsi CUCTEM JIMHENHbIX YpaBHEHUN

IlycTe mana cucrema

all'xl+a12'x2+“"'+a1nlxn: 1;

By X+ 8y Xy +.o Ay, - X, =D,; 2.1)

HJIK, B MAaTPUIHOM BHIC,

BBenem o0o3Hauenue a

b.

i,n+l =
2.1.1 Metoa I'aycca

Meron I'aycca — 3T0 METOJ ITOCIIEIOBATENBHOTO UCKIIOYEHUSI HEU3BECT-
HbIX. CyTh €ro COCTOUT B npeoOpa3oBaHuu (2.1) k cucteMe ¢ TpeyroiabHOM MaT-
pHIIei, U3 KOTOpPOM 3aTeM MOCJeA0BATEIbHO (OOPATHBIM XOJIOM) IMOJIy4arOTCs
3HAYEHHUS BCEX HEM3BECTHBIX. PACCMOTPUM OJIHY U3 BBIUMCIUTENBHBIX CXEM. JTa
cXeMa Ha3bIBAETCsl CXEMOW €IMHCTBEHHOIO JICTICHHUS.

[Iycts a,, # 0 (Bemymmii 21eMeHT).

Oran 1

[IpuBOAMM CUCTEMY K TPEYTOJILHOMY BHUIY:
m,=a,/a;, 1=23,..,n
@ _

ai,j - ai,j - mi,lal,j’

bi(l) = bi —m; ,1b1’

,j=2,3,..,n

[lar 1:



32

—a® /O -
m,=a,/a;,  1=34,.,n

al) =al -m,,af’,

[lar 2: s o o
2 1 1
bi :bi _mi,2b2 1
I,]=3,4,...,n
(n-2) (n-2)
mn annllanlnl’

. (n-1) _ A(n-2) (n-2)
[Ilar (n _1) . an,n - an,n n & -1,n
b(” 2),

brgn—l) _ brgn—Z) m, .,
Otan 1 MOXXHO IPEACTaBUTH B CICAYIOIIEM BUJIE:
m,=a\?/a%?, k=1234,..,n-1
a% =a? —m al?,
bi(k) _ bi(k—l) . mi’kbék—l)’

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

rae K — nomep mara; (g) =a,;,b” =h.

Ortam 2

BrerunciseM HEU3BECTHRIE:

_h(D 40D
X, =b"" la, ",

1 .
_ (n-i-1) (n— |—1)
Xnsi = a(n__|_1) bn—i Zan in—j n !

n—,n

1=12,..,n-1.

Oran 3

n
, TIe € :Z:aikxk —-b, 1=1..,n.
k=1

JIns1 IpOBEPKU BBIYMCIISIEM HEBSI3KY ||e

Ecnu pemenne BepHoe, TO HEBsI3Ka OyZeT paBHA HYJIIO UM OYE€Hb MaJlOi BeJH-

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

Pewenue. Pe3ynbrarsl NPSMOro X0/a BBIUIIEM B TaOJIHUILY.

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
OOGpaTHbIi1 X0/
T PR

2.1.2 MeToa OpTOroHAIU3AIUN

B ocHoBe mMeTona nexuT TeopeMa. Beskyro 1€iCTBUTENBHYIO HEOCOOEH-
HyIO MaTpuity A MOKHO TPEICTABUTD B BUJIE TPOM3BEICHHUS MATPHILBI C OPTOTO-
HaJBHBIMHU CTONOIAMH R W BepxHe# TpeyrojpHOW MATpPHIBI | C €IWHUYHOM
JIMarOHaJbIo.

IpeacraBum Matpuily cucteMsl (2.1) AX=D B Buze npousseneHus

A=R-T, 2.2)
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rae R — marpuia ¢ oproroHanbHBIMM CTOIOLAMM, | — BEPXHSS TPEYroJibHAs
MaTpMla C €IMHUYHON AuaroHanbio. CTonOumbl MaTpumbl R M 3JIeMeHTHI

MaTpHUIbl | BBIYUCISIOTCS IO CIIEAYIOMMM (GOpPMYJIaM:

o (@)

n=a;r=a,-t,n; i =4a _Ztkirk; tij = (rr)
k=1 il

p <. (2.3)

[MoacraBum (2.2) B (2.1), monyuum RTx=Db. Orcioga ¢ yuerom oproro-

HaTBHOCTH MaTpunsl R mmeem Tx = D™'R'b nim

Tx=Yy, (2.4)

rne D! :diag(dl_l,...,dn_l); y=D"R'b; d, =) ri. Cucrema (2.4) umeer tpe-

k=1
YFOHBHBIﬁ BHUO U JICTKO PCIIACTCA:

X0 = Yo
Xnaa = Yo — tnfl,nxn; (25)

i
Xoi = Yo ~ Ztn—k,n—k+lxn—k+17I =1..,n-1.
k=1

IIpumep 2. Peiuth CUCTEMY METOJIOM OPTOTOHATU3AIINH.
X, + X, —2X; =6;
2%, +3X, — X, =16;
SX, + 2X, + X, =16.
Pewenue. IlpencraBuM MaTpuily CUCTEMBI B BUJIE
11 -2 hy Ty N 1 t12 t13
2 3 —(|=|ry, I, Is|-10 1 t,]|
5 2 1 , L, r,)\0 0 1

IMIo ¢opmynam (2.3) Haiimem cToiOIBl Marpuibl R W 2JIeMEHTHI

MaTpuip 1 .

17
[ =25 (6-h) =30 (-2,)=17; t, =2 .
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11
(rl : ae) =-11; t,= _%;

17

nL=a —-t, - n=1-—3-2-—,
2 2 l.12 1 ( 30 30

17

443
a)=———; ty=

3930 -
30 % 3930

r-r)=—;
(2 2) 900

30.443 443,

(rz )

131

=2,

s ) (B B
30 30 30

)i

—t,r —t,r, =(—2+11/30+13-443/3930, - 7 +2-11/30 +
22

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

Takum o6pasom, it matpunbl R u T momyuwim

2
131’131’131}'

, B2 7ou
30 131 30 30
|, 58 6 | L. a3
30 131 131
5 2| |oo 1
30 131
. 131 4
[Honyunm DJIEMEHTEI MAaTpPHUIIBI D=R'R =diag| 30, —, —
Y PR g( 30 131
u D= diag(i,ﬂ, glJ BhbIumcaum BEKTOp Y
30 131 4
1 118
~ 0 0 -°
30 12 5 | 6y |30
Db 0 0 o || B 86 25| | 54
131 30 30 30 16 131
0 0 131 _22 6 2 -1
4 131 131 131

Brraucnum Bektop X mo ¢popmyinam (2.5):

_574_ 443, 131

X, =-1 X,= =1
131 131 131
18 17, 1 %0
30 30 30 30

J
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2.1.3 MeToa n1eKkoMno3unuu (cxema XaJemKoro)

[TycTh nMeeM cucremy:
Ax=d, (2.6)
rae A — KBaapaTHas MaTpHIA pa3MEPHOCTH N XN ;

X, d — N -MepHbBIC BEKTOPHI.
Paszmoxxum A Ha aBe TpeyrosbHbie Matpuibl B u C
A=B-C, (2.7)
rae C — BepxXHss TpEeyrojbHas MaTpPHIlA C TUATOHATBHBIMHU JIEMCHTAMH, PaB-

HBIMHM CAUHUIIC, B — mmxuas TPCYIroJIbHAsA MaTpHIIaA.

OnNeMeHTHI by, ¥ C; BBIYHCILIIOTCS IO CICAYIOMMM (GOpMyIaMm:

j-1
b, =a; bij =a; — by, "Gy (i>]>1);
k=L

. 1 S L
o :%; C; :b—-(aij —kzllbik -cij, 1<i< ).
1 =

(2.8)

Baxkno cobiroaaTh NOPSI0K BRIUUCICHHUN: CHavaaa BBIUYMCIAETCS TIEPBhIN
cronOen marpuisl B, 3aTem nepsas crpoka matpuiel C, nanee BTopoii cTonGeln
marpuibl B, Bropas ctpoka matpunsl C u T. 1.

[Toacrasum (2.7) B (2.6). B pe3ynbrare ucxoaHas cucteMa Terepb MOKET

OBITH NpcacTaBjiCHa KaK IBC TPCYT'OJIbHBIC CHCTCMbI

By=d; Cx=Yy,
KOTOPBIC JICTKO pCIIarOTCA:
d 1 L .
y=4ﬁm=—(¢— h-y}l=2&wm
LY by ; .

(2.9)

X = Yo X% =Yi— D G- Xo i=n-1n-2..1

k=i+1
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IIpumep 3. HaiiTu pemienne cucteMbl METOJOM XaJIEeIKOTO.
SX, +8X, + X, =2;
3X, —2X, +6X; =7,

2%, 4+ X, — Xy =—0.
Pewenue. Umeem
5 8 1 2
A={3 -2 6 |,d=|-7]|.
2 1 -1 -5

ITo dhopmynam (2.8) BeramcsieM 3aeMenTs Matpull B u C:

b11 =, = =) C,= all/bll =1
b21:a21:3; C12:a12/b11:8/5;
by =2y =2, Ciy =1/5;

b,, =a,, —b,, - ¢, =—2-(3-8/5) =—-34/5;

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

Cpp =1 Cpy =1/by, (8,3 =y - C;3) = (-5/34) - (6 -3-1/5) =
=—27/34;

Cyy =1;
b33 =85 — (b31 Gy + b32 'Czs) =
=-1-(2 -]/5 + (—11/5) (- 27/34)) = —107/34.

Urak, nomyuunnu:

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

ITo dbopmynam (2.9) BeraucisieM BEKTOp Y :

Y1 :dl/bll = 2/5; Y, :]-/bzz ) (dz _b21 ) yl) :(_5/34)X
x(=7-3- 2/5) = 4]/34;

Y; = (1/b33) (dy =0y -y, =Dy y,) = (—34/107) x
x(-5—2-2/5—(-11/5) - (41/34)) = (—34/107) - (-107/34) =1.

OKoOHuaTeNbHBIN pe3ynbrat: Y = (2/5,41/34,1)".



38

Breraucngsem BCKTOp PCIICHUA X

X =Y, =1 X, =Y, —CyuX =(41/34) - (-27/34-1) =
= 68/34 =2

X =Y, =Cyp X, =Cz- X :2/5_(8/5)‘2_(]7/5)‘1:—3-

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

2.1.4 MeToa npocToii nTepannu

[Tpu GosbiioM uKciie HEU3BECTHBIX cxeMa ['aycca, Aaroiasi TOUHOE pellie-

HHUC, CTAHOBUTCs BCCbMa ClIO’)KHOH. B aTOM ClIydac OJIi1 HaXOXKICHUA KOpHeﬁ CH-

CTCMBI UCIIOJIB3YIOT HpI/I6J'II/I)KCHHI)Ie MCTOBI. OI[HI/IM u3 HpH6JII/DKeHHI>IX MCTO-

JIOB SIBJISIETCS METOJ IPOCTOM UTEPALIHH.

[TycTb nana nuHelHas cucreMa (2.1), KoTopyro 3aluiieM B MAaTpPUYHOM BUJIE:

Ax=b.
[pennonoxum, 4To AUaroHabHbIe KOdpuIrenTs a;, =0, i =1,
pellMM IEpBOE ypaBHEHUE CHUCTEMBI (2.1) OTHOCUTENBHO X,
OTHOCHUTEIIBHO X, U T. . Torna nosy4yum 3KBUBAJICHTHYIO CUCTEMY

X, =B+ a,X, + o X o+ oy X
X, =By + 00y X + 0ygXg .+ 0Ly X

n?

Xn _Bn +0'nlxl+0('n2X2 + +O('nnflxn—1’
rae B, =b /a; o =—8; lag; 1= J; a; =0
Beenem Marpuirs
Oy Oyp Oy, Bl
Oy Uy Oy, |, B,
o= ) B =
O(‘nl O('nz a’nn Bn

Cucremy (2.11) Mmoxem 3amucatb B MATpUIHOU Popme:

X =B+ ax.

(2.10)

...,N. Pa3-

BTOPOE

(2.11)

(2.12)
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Cucremy (2.12) Oynem pemiatb METOAOM IOCIIEIOBATEIBHBIX MTPUOIHKE-

HUM. 3a HyJeBOE MNPUOMIKEHHE TPUHUMAEM CTOJ0el] CBOOOJHBIX YJICHOB

0
X( ) = B . I{anee MMOCJICAOBATCIIbBHO HAXOOUM PCHICHUA

x® =B + ax® (mepBoE MPUOINKCHHE);

x® =B+ ax" (sropoe mpuGmIIKEHIE) U T. 1.
Torma (K +1)-e mpubnmkenue BeIYucaseTcs o GopMmyJie
X D =B+ ax®; k=12,... (2.13)

Kpurepuii 3aBepiienus mpouecca (14) umeet Buj

s — x| <1 (2.14)

rae € — 3aJgaHHasi TOYHOCTb.
B mertoie npocToi urepanuu MOKHO MPEABAPUTEIIBHO OLIEHUTD YUCJIO I11a-

Ir'oB, HCO6XOIII/IMI>IX JUUISL TOCTHIKEHUS 3aJaHHOM TOYHOCTH €, UCXOs U3 CICaAyIO-

n+l
et hopmyIIbL: M : ||B|| <¢. Orcrona cneayer

L=]of

_lofe-0-Joi-tolB]
o]

(2.15)
IMpumep 4. MeToaoM NpOCTON UTEPALIMH PEIINTH CUCTEMY YPaBHEHUN
10x, + X, + X, =12,
2X, +10x, + x; =13;
2%, +2X, +10x, =14

¢ Toynocteio 10 £€=0.01.

Pewenue. IlpuBeaem 3Ty CUCTEMY K SKBUBAJICHTHOMY BUAY, yIOOHOMY JJIst

UTEpALUU:
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X, =1.2-0.1x, — 0.1x;;
X, =1.3-0.2x, —0.1x;;
X; =1.4-0.2x, - 0.2x,.

OneHuM HOpMY MaTpPHIIBI HOLH = maXZ‘ocij‘ =0.4 u BeNMYUHY
1 "
j

B Ka4yCCTBC HYJICBOI'O HpI/I6JII/I}KeHI/IH PCIICHUA

(1.2,1.3,1.4). OueHuM KOJIAYECTBO IIAroB:

. 19[0.01(1-0.4) /1.4]
Ig0.4

-1~4.

x(©

[ToncraBum B (2.16), monyyum:

x¥=12-01-1.3-0.1.1.4=0.93;
xV =1.3-0.2:1.2-0.1-1.4=0.92;
xV=1.4-0.2.1.2-0.2-1.3=0.9.

[x© = x] = max|x® - x®| =[x — x| =0.5> 5.
1

HpO,Z[OJ'DKI/IM BBIYNCJIICHUA.

x? =1.2-0.1-0.92-0.1-0.9=1.018,
x? =1.3-0.2-0.93-0.1-0.9=1.024;
x? =1.4-0.2-0.93-0.2-0.92 =1.03,

x® —x® H = ‘xéz) . xél)‘ =0.13> 3.

¥ =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;
X =1.4-0.2-1.018-0.2-1.024 = 0.9916.

x® —x@ H = ‘x§3) —~ xéz)‘ =0.0384 > .

(2.16)

BO3bMCM
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x* =1.2-0.1-0.9934-0.1-0.9916 =1.0015;
x{¥ =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 = x{?| = 0.0108 < 5.

B xauecTse kopHs 6epem X = X = (1.002, 1.002, 1.002)".

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

2.1.5 Mertona 3eiigeas

Meron 3eiinens npeacTaBisieT OO0 HEKOTOPYIO MOJU(PUKALIUIO METOAA
npocToit urepannu. OCHOBHAS W€ 3aKIIOYAETCS B TOM, YTO MPU BBIYUCICHUU

(k +1)-ro mpuGIKEHNS HEM3BECTHOM X, YUHTBIBAIOTCS YK€ BBHIUMCIICHHBIC pa-
Hee (K +1)-e mpubimkeHns HEM3BECTHBIX X, Xy, ... X ; -

IlycTh naHa npuBeAcHHAs TMHEWHAS CUCTEMA
n
X =B+ > oX; ;=12 ...,n.
j=1

3aganum HavanbHoe npubmwkenne kopued XV, x{V,..,x?.  Ianee,

()

npezmnonaras 4to K-e npuOmmkeHne X, KOpHEH M3BECTHO, COIacHo 3elpento,

oynem crpouts (K +1)-e mpubimkeHre KOpHEH 10 CAeAYIOMUM (HOopMyIIam:

n

(k+1) _ (k) .

X1 _B1+Zlaljxj y
J:

n
(k+1) _ (k+1) (K) .
X =By ayX +Za2jxj ,
i—2

i-1 n
k k k) .
X =B+ D o X{ P+ D o X(; (2.17)
j=1 j=i
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nn-n !

n
X\ =B +> a X +a,x; k=012,
j=1

]_IOCTaTO‘-IHLIe YCI0OBHUA CXOOUMOCTHU MCTOOA 3eﬁﬂeﬂﬂ TaKHUC KC, KaK AJIsA

METO/JIa TPOCTHIX UTEPALIUi, T. €. Hoc” <1. O6bryHO MeTON 3eiaes AaeT JIyUIITyro

CXOAMMOCTb, YEM METOJ] POCTHIX UTEPALNNA, HO OH MPUBOJUT K O0JI€e rpOMO3 /-
KUM BBIYMCIICHUSIM.

Ecnu nmpenBapuTebHO MPUBECTH UCXOHYIO cucteMy AX=D k HOpmasb-
HOMY BUIY

A"Ax=A'b um Cx=g, (2.18)
rne C=ATA g=A"b, To npouecc 3eiifens OyaeT CXOAMUTHCA M JOOOI

matpuisl A (T. . 11000¥ MaTPHIIBI 0. HE3aBUCHMO OT BEJIMYMHBI €€ HOPMBI).

IIpumep 5. Metonom 3eliiens peluTh CUCTEMY YPaBHEHUIN
10x, + X, + X, =12,
2%, +10x, + x; =13;
2X, +2X, +10x, =14
¢ Tounocthio 10 €= 0.01.
DTy cUCTEMY MBI YK€ pelaid METOI0M MPOCThIX UTEpAlUi U TPUBOIUM
3J1€Ch PELICHUE METOAOM 3eUIes I CPAaBHEHUSI CKOPOCTH CXOJIMMOCTH.
Pewenue. IIpuBeneM 3Ty cucTeMy K 3KBUBAaJEHTHOMY BUILY
X, =1.2-0.1x, — 0.1x,;
X=B+ax=4X,=13-0.2x —0.1x;;
X, =1.4-0.2x, —0.2X,.
B xadecTBe Hyne€BOr0O MPUOIMKEHUS PEIICHHS OepeM

x© =p=(12,1314)".
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[Ipumensia meton 3eiaens, MocaeA0BATEIbHO OTYyYUM:
x?=12-0.1-1.3-0.1-1.4=0.93;
x\"=1.3-0.2-0.93-0.1-1.4=0.974;

xV =1.4-0.2-0.93-0.2-0.974=1.0192.

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.

Takum o6pa30M, YKC Ha TpeTBeﬁ HUTCpal MBI ITIOJIYYHUJIN HCKOMOC PCHIC-

HME, TaK KaK

[x© —x?| =[x —x{?|=0.002<38.

2.2 PeweHue nepeonpeaeneHHON CUCTEMbI

IIpu 00paboTKe NAaHHBIX AKCIEPUMEHTA YacTO MPUXOJUTCS UMEThH AENO
C MepeonpeieieHHbIMA CUCTEMAMH JIMHEWHBIX alireOpandyeckux ypaBHEHU,
T. €. C CHCTEMaMH, B KOTOPBIX YHCJIO YPABHEHUI OOJIbIIIE YHMCIIa HEU3BECTHBIX.
IlycTe mana cucrema

Ax =D, (2.19)
rae  A(nxm) — marpuna, npuyem N> M;
X — M -MepHBII BEKTOP HEN3BECTHBIX;
b — N -MepHBIi BEKTOP MPaBOii YaCTH.

Eciu Nn>mM, To ecThb 4ucio ypaBHEHHI OoJiblle YKClia HEU3BECTHBIX,

TO TOBOPAT, uyTO cucteMa (2.19) nepeonpeneneHa.
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s pewenust nepeonpeneneHHon CJIAY ncnonas3yroT METO HaMMEHb-
mux kBagparoB (MHK). Mnes ero cocTouT B MUHUMHU3aLMU CyMMBbI KBaJIpaTOB

HEBA30K
n m 2
i1 =t

N3 HeoOxoauMoro ycinoBus MUHUMYyMa (24)

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

IIOJIyYMM CUCTEMY YPABHEHUH C KBaAPaTHOM MaTpULEH

(Zn:aij -aikj- X, :iaij -b. nnm
i=1

i=1

2.

m
k=1

Y ey % =0; j=L..m (2.21)
k=1

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

pemacTcAa JIFOOBIM M3BECTHBIM MECTOOJOM.

IIpumep 6. HaiiTu pemieHrue CUCTEMBI:

X, + X, =2;
X, — X, =0.5;
v (2.22)
3X, —4x, =-1;
5%, — 3%, =2.
Pewenue.
1 1
1 -1 1 1 3 5
A= : A" = :
3 4 1 -1 4 -3
5 -3
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2

ATh_ 1 1 3 5)|05| (95
9=AD=11 1 4 3"l o5/
2

B pesynbrate, BMecTO (2.22), MBI IOTYYHIIH CUCTEMY
36X, — 27X, =9.5;

(2.23)
—27% +27x,=-0.5.

Pemenue cucremsl (2.23) x = (1, 0.981)".

2.3 BbluncneHue onpegenurteneun

OnpeneHeHne. Onpez[enHTeneM Ha3bIBACTCA aJIF€6paI/I‘-I€CKaH CyMMa BCC-
BO3MOXKHBIX HpOPI3BGI[€HPII>i 9JICMCHTOB, B3A4ThBIX II0 OJHOMY U3 KAXKIO0T'O CTOH6I_[21
)51 KEDK,ZIOﬁ CTPOKH MaTpHIIbI A. Eciu B Ka>XIO0OM TaKOM IIPOHU3BCIACHHUU (‘JHGHG
OHpeI[eJ'H/ITeJ'IH) MHOKHUTCIIM PACIIOJIOKCHBI B ITOPAAKE CICOTOBAHUA CTOJ'I6I_IOB

(T. €. BTOPBIC HHACKCHI 3JICMCHTOB aij B IIPOU3BCACHHNH PACIIOJIOKCHBI B IIOPAIKC

BO3pACTaHus), TO CO 3HaKOM (+) OepyTcs Te MPOU3BEEHUs, Y KOTOPBIX MepecTa-

HOBKA MEPBBIX UHJIEKCOB YETHAA, a CO 3HAKOM (—) T€, Y KOTOPBIX OHA HEYETHasl.

a, a, &, o
detA=|Al=la,, a, | a, :Z(—l)['l “““ '"]><aill-ai22 ey,
anl an2 E ann

3neck [i,,,...,I, | — UMCI0 MHBEPCHIT B TIEPECTAHOBKE MHACKCOB iy,iy,..., i, .

Ipumep 7. [lycTh naH psAx U3 HaTypalIbHBIX uKcen 2, 5, 1,4, 7, 3, 6. Uncmo
WHBEPCUI B 3TOM psijie paBHo [2,5,1,4,7,3,6]=2+0+3+1+0+1=7, 1. €. He-
YETHOE YMCJII0, CIEA0BATEILHO, UMEEM HeuémHuyro IepecTaHoBKy. Jns psaa S, 2,
1,6,7,4,3 umeem: [5,2,1,6,7,4,3]=2+1+4+3+0+0=10, T. e. uétHas

IIEpeCTaHOBKA.
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Ipumep 8. Onpenenurenu 2-ro u 3-ro NOpsAKa paBHbI

a, 4|,
A= , detA=a,-a,,—a,-a,.
Ay dy
a; &, a;
A= Ay 8y By |
dy Ay Ay

det A=a, -8y, -8y + 8y -8y, By T8y 8y 8y3 —
83 1 8yp "By — 8y gy " 8yz — 8y * Ay " A

Jlokazathb ciaeAyrolre CBOMCTBA ONPEIETUTEINS, UCIIONb3YsI €0 OIpeaeIie-
HUE (CaMOCTOSTENbHO):

Ecnu matpuily TpaHCTIOHUPOBATh, TO ONPEACIUTENb HE U3MEHUTCS.

Ecnu Bce nneMeHThl CTPOKH (WJIM CTOJIONA) YMHOKUTh Ha OAHO U TO XKe
YHCII0, TO ONPEACIUTENb YMHOKAETCS Ha 3TO YUCIIO.

Ecnu nepectaBuTh ABE CTPOKH (/1Ba CTOJIONA) ONPEAEIUTENS, TO OH U3Me-
HUT CBOM 3HAK; B YaCTHOCTH, €CJIM 2 CTPOKH (IBa CTOJIOIA) ONIPEeACTUTENSI PABHBI,
TO ONPEJEIUTENh PABEH HYJIIO.

Ecnu xaxxapiil 371IeMEeHT HEKOTOPOU CTpOKH (CToJI011a) OnpeneIuTeNs pe-
CTaBJICH B BUJE CYMMBI JIByX CJIaraeMbIX, TO ONPENIETUTENh PABEH CyMME JIBYX
ompeeNuTeNield, y KOTOPbIX BCE CTPOKU (CTOOIBI) KpOME JaHHOM, MpEKHUE,
a B JaHHOM CTpoKe (CTOJ01Ie) B IEPBOM OMPEACIIUTENIEC CTOST MEPBBIE, a BO BTO-
POM — BTOpBIE ClIaraeMsble.

Ecnu onna ctpoka (ctonben) siBasieTcsl IMHEHHON KOMOWHAIIMEH ocTallb-
HBIX CTPOK (CTOJIOII0B), TO ONIPEIETUTENh PABEH HYIIIO.

Onpenenurens MPOU3BEACHUS IBYX MATPHI] PaBEH MPOU3BEICHUIO OIpe-

nenureneii atux marpui (det(B-C)=detB-detC).

Onpenenutens TPEyroJbHOM MAaTPUIIbl PABEH MPOU3BEICHHUIO THArOHAIb-

HBIX 3JICMCHTOB.
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IMpumep 9. JlokazaTs cieayromee TOXIAECTBO:

ai + b1X al - b1X Cl a1 b1 Cl
a,+b,x a,—-bx c,|=-2xja, b, c,|.
a,+bx a,—bx c, a, b, ¢

Pewenue.
JloKa3aTenbCTBO PACCMOTPHUM Ha IPUMEPE | i CTPOKH:
(a +bx,a —bxc)=(a,a —bx.c)+(bxa —bxc)=
=(a,a,¢)—(a,bx,c)+(bxa,c)—(bxbxc)=
=0-(a,bx,c)—(a,bx,c)-0=-2-(a,bx,c).

B pesynprare nonyuum:
& Xb ¢ a b ¢

det=-2la, xb, c,|=-2x|a, b, c,|.

a’3 Xb3 C3 a3 b3 C3

Metoa I'aycca. [Ipu periennn cuCTeMbI JIMHEWHBIX aJIre0OpandecKux ypas-

HEHUM MeToA0M ['aycca maTpuiia CUCTEMbI IPUBOJAUTCS K TPEYTOJIbHOMY BUIY

A" Onpenenurens Tpeyromsaoit Matpuisr A" paen npousseneHmIo qua-

TOHAJIBHBIX JIEMEHTOB. TakuM 00pa3oM, MOTYUUM:

PN () PN (Y PN ) (n-1) 0) _
det A= 185585 -8y, 7, TAC &;" =4, .

DneMEeHThI MPOMEXYTOUHBIX MATPHIL BBIYUCISIEM IO (pOpMyIiaMm:

m, =af? /al?, k=1234,.,n-1

(k) _ A(k-1) (k-1)
aij _aij _mikakj 1

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

rae K — nomep mara.
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IIpumep 10. BeruncauTe onpenenuresns

3 45
D=1 2 3.
8 71

Pewenue.
m,=1/3,a,=3a) =a,,-m,a,=2—-(/3)-4=2/3;
m, =8/3;a3 =a,-m,a,=7-(8/3)-4=-11/3;
al) =a, —m,a,=1-(8/3)-5=-37/3,
m, =-11/2; a2 =a% -m,al) =-37/3-(-11/2)-(4/3) =
=-15/3=-5.

2
D:aﬂ-aéz-a323:3-§-(—5):—10.

MeToa 1eKOMIO3UIMH OCHOBAH HA Pa3JIOKECHUH MCXOMHOM MaTpuisl A
Ha npou3sBeieHue TpeyroiabHbix Matpull A= B-C, rae B — HokuHss TpeyrosbHast
matpunia, C — BepxHssl TpeyrojibHas MaTpulla C CIUHUIHOW JHArOHAIBIO

(cM. popmystel (2.8)). Onpenenurens MaTpuiisl A Oyaer paBeH

det A=detB-detC =detB =] b
i=1

IMpumep 11. Beruucauts onpeaeanTesb METOAOM JEKOMITO3ULIAN

1 2 3
D=|4 5 6.
7 8 9
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Pewenue. Beruncisem snementsl Matpull B u C:

bn:an:l; b21:4; b31:7;
¢, =1 012:2; 013:3;
b22:a22_b21012:5_4'2:_3;
by, =@, —byCp, =8-7-2=-6;
1
C =1 Cs :b_(azs _b21C13) =1/(-3)-(6-4-3)=2,
22

b33 :a'33_b31C13_b32C23 =9-7-3-(-6)-2=9-21+12=0.

Brruucnsiem onpenenurens

detA=b, -b,, -b,; =1-(-3)-0=0.
2.4 BbluncneHme obpaTHOM maTpuLbl

J1J1st MTOCTPOEHUSI YUCICHHBIX CXEM BBIUYMCIICHUSI OOpaTHBIX MaTpHIl OyaeM
Hcronb30BaTh cooTHomenune A- A =E , rne E — enuanunas marpuna. [Tycts A

— HeocobenHas Matpuia (NxN) unycts X = A, Torza uMeem

A-X =E. (2.24)

Ecmu 0603HaunTh CTOJOLBI MAaTpuibl X 338 X, X,,...,X,, & CTOJOLBI

" n ]
marpunsl E 3a €,€,,...,€,, TO (2.24) MOXHO niepenucaTs B BUAC N CUCTEM JIMHEH-

HBIX aJIreOpanvyecKux YpaBHECHUIA:

Ax =e, i=1..,n. (2.25)

Takum 0OpazoM, MEHsISI TOJIBKO MPABYIO YacTh, MBI MOCJIEI0BATEIHHO pe-
maeM cucremy (2.25) ¥ HaXOIUM CTOJIOIBI MATPUIBL X .
Bekropa mpaBoii yacTH MPEACTABISIOT COOOW €IMHUYHBIE BEKTOPA,

r.e.=(10,..,0", e=(01..0",..., e =(00,..1".

Cucrtemsl (2.25) pemiaem J1t00bIM U3BECTHBIM METOOM.
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Ipumep 12. Haiitu A s MaTtpuibl A ¢ HCIIOIL30BAHUEM METOJA Je-

KOMIIO3ULIUH
1 2 -1
A=3 0 2
4 -2 5

Pewenue. Ham Hato pemnTs Tpu CUCTEMBI YPaBHEHUN BUAA

Ax, =e, 1=12,3. (2.26)

Bynem pemats (2.26) Metog0M jaekommo3uimn. PakropuzyeM matpuiry A

A=B-C u Beruncianm snementsl Matpui B u C:

b11 =a, =1 b21 =3 b31 =4

c,=1c,= 2, C3=-1

bzz =ay _bzlclz =0-3-2=-6;

b,, =a,, —b,c, =-2-4-2=-10;
1

Cp=10Cp= b—(a23 —b,,c;)=1/(-6)-(2-3-(-1))=-5/6;
22

b,, =a,, —b,c,-b,Ccy=5-4-(-1)-(-10)-(-5/6)=2/3.

Takum 006pazom, MOTYIHIH

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

Cuctemsl (2.26) packiaapIBalOTCs Ha IBE SKBUBAJICHTHBIC CHCTEMBI

By, =e, Cx. =V, 1=12,3.
KOMMNOHEHTHI BEKTOPOB Y, U X, BBIYUCISAIOTCS 110 GOpMyJIaM:

Yo =€ 105 Yo = (85 — by i) /by
Yai = (e3i _b31Y1i _b32y2i /b33;

Xoi = Yais Xoi = Yoi = CoaXais X = Yy = CoXy = CaXy;
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ITomaraem 1 =1;
Y =1 y21:(0_3'1)/(_6):1/2;
Yoy =(0-4-1-(-10)-(1/2)/(2/3)=3/2;
Xy =312; X,y =(1/2)—(-5/6)-(3/2)=714;
X,=1-2-(7/14)—(-1)-(3/2)=-1.
ITomaraem 1 =2
Y1 =0; Y2 =(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.
[Tomaraem 1 =3:
y13:O; y232(0_3'0)/(_6)20;
y33:(1_40—(—10)O)/(2/3)=3/2,
X3 =312; X3 =0-(-5/6)-(3/2)=5/4;
X;=0-2-(5/4)-(-1)-(3/2)=-1.
Takum 00pa3om, MOITyIUM
-1 2 -1

A't=|7/4 -9/4 5/4)|
3/2 -5/2 3/2

2.5 3agaum onAa caMoCTOATENIbHOro peLwlieHus

1. Pemuts MmeTomom ["aycca cucremy ypaBHEHUI:
2X, +2X, — X3 + X, =4,

4X, +3X, — X, + 2X, =6;

8X, +5X, —3X, +4X, =12;

13X, +3X, —2X; + 2%, =6.
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2. HaiiTu penienne CUCTeMbl METOJIOM OPTOTOHAIM3ALINU:
SX, +8X, + X, =2;
3X, —2X, +6X; =7,
2%, 4+ X, — Xy =—0.
3. Pemuth cucteMy METOJIOM JEKOMITO3UIIHN:
3X, + X, — Xy, ==8;
SX, +8X, + X, =2;
3X, — 2X, +6X, =—T.
4. Halitn 00JIacTH CXOJUMOCTH METOJIOB IIPOCTOM MTEpalviv M 3eiaes

(x=Bx+g):

1)5:('0 qj;aa:[p q).
q P -q P

5. Haiitu Bce Matpuipl, Juist KOTOPBIX METOJIbI UTepaluuid U 3eiiens OyayT

cxomsammmes (X =Bx+g):

p g 0 p 0 ¢
1)B={q p q|;2)B=/0 p O
0 g p q 0 p

6. PemmTh cucteMy METOI0M ITPOCTON UTEPALIHH:

6X, — X, — X; =10;

—X, +6X, — X, =-11,

—X, — X, +6X, =17,
¢=0.01.

/. Pemuth cucteMy MeTo10M 3eiaes:
6X, — X, — X, =10;
=X, +6X, =X, =-11;
—X, — X, + 6%, =17;

¢=0.01.
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8. BBIUUCIIUTE ONpeAeTuTelh MAaTPUIBL A

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

9. Jloka3aTh clemyrolee TOXIECTBO:

a+bx ax+b ¢ a b ¢
a,+hbx ax+b, c|=0-x)la, b, c,l.
a,+bx ax+b, c, a, b, c,

10. Beruncnuts onpenenutens Mmetoaom ["aycca:

1 1 1 1

1 -1 2 2
D= :

1 1 -1 3

1 1 1 -1

11. BEIYUCIUTh ONPEACIIUTENh METOIOM JEKOMIIO3UIINH .

3 45
D=]1 2 3.
8 7 1

12. Beruncnuth 00paTHYIO MaTpHUIly METOJ0M ['aycca, opToroHanu3auu

WJIN ACKOMITIO3UILIU.
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3 NPUBNTMXKEHUE ®YHKLIUNA
3.1 NocTaHOBKa 3apgaumn

[Tox npubmmxeHnem pyukuu f (X), 3aJjaHHOM Ha uHTepBaie [a,b], Oy-
neM noHuMmath 3amery f(x) HexoTopoit apyroit dymkimeit P(x), 6mu3koit
K ucxonHoit ¢pynximu f (x). Ipocteiimas 3anaua, mpUBOAAIIAs K IPUOIHAKe-
HUIO (DyHKIWIA, cocToMT B criemytomeM. ITycTs Ha ceTke {X;} 3a1aHa TaGnudHas
dyukmusa f(x)=y;, i=01..,n. Tpebyercs Haiitn 3uauenns ¢pynximn f (X)
B TOUKAX X;, HE COBNAJAIOIINX C Y3/IaMH UCXO/IHOH CETKH X; .

PaccmoTpuM HEKOTOPYIO CHCTEMY NEUCTBUTEIBHBIX JIMHEWHO HE3aBHCH-

MBIX GyHKumit {@;(X)}, onpenenenHbIx Ha otpeske [a,b], u cocTaBum 0606IEH-

HBIU MTOJIMHOM
P(x) = Zci(Pi (X).
i=0

Onpegenenne. Cucrtema GpyHkuui @, (x), @,(X),..., ¢,(X) HasbBaeTcs cu-
cremoii YeOwimieBa Ha oTpeske [a,b], ecnm moGol 0OOONICHHBINM MOIHMHOM
1o 310 cucrteme (yHKuui umeet Ha [a,b] He Gonee N kopHei.

3ama4ya IpUOIMIKEHUST COCTOUT B Io0ope K03(pPUIMEHTOB C, TaKuM 00-
pasom, 4ToObI otkinoHeHre f(X) or P(X) ObUIO MHUHHMATBHBIM Ha 331aHHOM
mHoxecTBe X . ITomusoM P(X) mpu 5TOM Ha3bIBAIOT ANNPOKCHMHPYHOIIHM

WJTH TIPUOITVKAFOTIIAM.

Ecnu nmapamerpsl C;, 1=0,1,...,n OmpenenstoTcss U3 yCIOBHs COBIAACHHUS

sHauenuii f(X) u P(X) B y3nax cetku X,

f (%) =P(x,) :iciq)i(xk)v k=01,..,n,

i=0
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TO TaKOW croco0 MpHUOIMKEHNS HA3bIBAIOT HHTEPHOJIALMEH M HHTEPIOIUPO-

BAHUEM, A CETKY {xk} HAa3bIBAIOT MHTEPHOJALMOHHON ceTkou. [Ipu aToM nmonara-
€TCSI, UTO 3HAYCHUSI CETKU {X j} , B KOTOPO# MBI XOTHM BBIYUCIISITH P(X J. ) , HE BBI-
x0T 3a npenensl untepsana [a,b] (a<x; <b; j=12,..,m). Ecnmu Mbl x0THM
BBIYHCIIUTD 3HAUCHHUE P(Xj) B Toukax X; ¢[a,b], To npubmmkenue HaspBaoT

IKCTPANOJISIIIHECH.

Teopema. /[na mozo umobwi 0115 110601 pynkyuu f (X) € R, onpedenennoii

na ompeske [a,b], u moboco nabopa y3n0e a=X, <X <X, <---<X, =b

cywecmeosanl u Ovll eOUHCMBEHHbIM NOJAUHOM P(X) =€y, (X) + €0, (X) + ...

+C,0,(X), Heobxo0umo u Oocmamouno, umobwvl cucmema @yHKYuUl ; (%),

1=0,1, ...,n agrarace cucmemoui Yebviwesa.

Ha mpakTuke dyarie Bcero MCHOJB3YIOT CIICIYIOIMINE CUCTEMBl (DYHKITHIA
@ (X):

a) 1 X, X%, X%, ..., X" aubo nuHelHble KOMOMHALMH 2THX QyHKIMIT (HarpH-
Mep, ToJIMHOMBI JIexaHnpa, mornHoMbl YeObIIeBa);

0) 1, sinx, cosX, sin2Xx, cos2X, ..., Sinnx, COSNX ;

B) €% e™, e** .., e" nmmbo JuHelHble KOMOMHAIMHM JTHX (YHKIIMIA
(HampuMmep, OPTOrOHAIbHBIE SKCIIOHEHIIMANIbHBIE (PYHKLNN), TA€ O, — HEKOTOPasl

MOCJIEA0BATEILHOCTD MOMAPHO PA3TUYHBIX JEHCTBUTEIBHBIX YHCEI.
B cinydae (a) mHTEepronMpoBaHWE HA3BIBACTCS aNreOpanvecKuM, B CITy-
yae (0) — TPUTOHOMETPUYECKUM, B CiTydae (B) — IKCIIOHEHITUATBLHBIM.

PaccMoTpuM anrebpanueckoe HHTEPIOIHPOBAHHE.
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3.2 Anrebpanyeckoe MHTepnonMpoBaHune
3.2.1 ®opmysa HplOTOHA 1J151 PABHOMEPHOM CETKH

Iycts qust pynkipn Y = f(X) 3amanst 3Havenus y, = f (x;) B paBHOCTOSI-
mux y3nax x, =a+i-h, i=01..,n, h=(b—-a)/n.

NuaTepnonsunonHbid noauHOM Hbpr0TOHA MMEET BUAL:

oy Dy A e Ao (o g\
P(X)=y,+ Tih (X=Xg)™ + TS (X=Xg) " +...+ T (X=x)", (3.1)
rae
= (X=%)" = (x=%,), (X=%)"" = (X=%)(X=X,),
(X=X )™ = (X=X, )(X—%)...(Xx—X__,) — 006OOIIEHHBIE CTENEHN TIEPBOTO, BTO-
poro, ..., N-ro nopsiaka,
— AY, =Y, — Yo, A%y, =AY, —AY,, ..., A"y, =AYy, — A"y, — KOHEUHbIE
Pa3sHOCTH MEPBOTrO, BTOPOTO, ..., N-ro NopsakKa Al TOYKu X, . O0mas Gpopmyna

KOHEUYHBIX PA3HOCTEHU:

Aoyj =y, A‘y,— :Ai—lyHl_Ai—lyj’ i=12,...,n, j=0,...,n—li.

_XO

BBenem nepemennyto (= X . Torga ¢popmymna (3.1) npumet BUA:

-1
@)=y, +aay,+ LD ary oo
L (32)
~1)..(q-n+1) ., 0 Aly
PADLZ0 oy 1+ 3o (g - ),
. i=1 H j=0

[Tycts N =1, Toraa u3 (3.2) nomyuum ¢HopmMyIty JIMHEHHOTO UHTEPIOIUPO-
BaHUS:
P(X) = Yo +AY,.
[Tpu N =2 nonydum GopmyIty KBaApaTHIHOTO (MTapadoInIecKoro) HHTep-

IMOJIMPOBAHUAA:
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—1
%U%=%+qA%+q«1 bfm-

[Tpu n =3 nonyynm GopMyTy KyOHUECKOTO HHTEPIIOTUPOBAHHUS:

-1 -1(g-2
000 iy, I9DAD) o,

P3(X) =Y+ quo +

Ha IMIPaKTHKC OOBIYHO OI'paHUYIUBAIOTCA MMOJIMHOMAMM IICPBOTO — TPCTHETO

nopsakoB. [Ipu 3ToM, 10 BO3MOXKHOCTH, B Ka4ecTBE X, OepyT Oymxkallmii cieBa

OT TpeOyeMOM TOUKU X y3e]l UHTEPIOISIMOHHON CETKHU.

[TorpemHocTs  MHTEpHONMpOBaHUSA  (ocTaTO4yHbIE  wieH) R (X)=

= f (x) — P,(X) Bbruncmusercs no popmyie:

(X=X ) (X =X) (X = X) « ) pen e
R, (0= ) o9e); tefab) @I

Beenem nepemennyro g =(X—X,)/h, torna us (3.3) caexyer

ot 4@ =D (g =) ey gy e
R,(@)=h (D) (), gela,b]. (3.4)

Ha npaktuke Touka &, kKak mnpaBuio, HeusBecTHa. I[loatomy BMmecTo

f ("D (&) 06bruHO HcONB3YIOT M, = max‘ f "D (X)‘-
X

Jlns TabnuuHOM (GyHKIMH 3HaueHWe mpomsBoanoi (N+1)-ro mopsaxa

n+1

dynxumm f (X) npubmmxenno moxno mosoxkuts M (E) x —=2

o u dopmyna

(3.4) mpumer Bu:

~q(q=1)---(@=n)  nn
R, (@)= (D) AT, (3.5)
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Ipumep 1. ITycts umeem Tabnuily 3Hadenuii pyukimu f(X)=Yy:

X 3.5 3.55 3.60 3.65 3.70
y 33 34.8 36.8 39.1 41.9

CocraBuM TaOIHIy pa3HOCTEH:

X y Ay A%y A’y A'y
350 | 33.0 1.8 0.2 0.1 0.1
355 | 348 2.0 0.3 0.2
360 | 368 2.3 05
365 | 39.1 2.8
370 | 419

Ipumeuanue. Tabmuia KOHEYHBIX PA3HOCTEH MOTyJACTCS CIICTYIOIIAM 00-
pasoM: cTonber Ay — BerunTanueM Hudp croaoua Y ; cronden A’y — BEMUTaHHEM
uudp cronbua Ay ; cronber; A’y — BeluMTaHHEM HUPP cTONIONA A°Y U T. 1.

ITo marHO# TabIMIIe MOKHO IMTOCTPOUTH TIOTMHOM MaKCUMAJILHOM CTETICHH,
paBHoii 4. [Toctpoum mosimHOM TpeTheit crenenu. 3aecs h=0.05. /Ins noctpoe-
HUS IIOJMHOMA MHCIOJNb3yeM JaHHblE IIEpBOM CTPOKM TaOmMUbL: X, =3.5,
Yo=33.0 Ay,=18, A’y=0.2, A’y=01. 3navenns x =3.55, x,=3.60.

Ucnons3ys popmyany (3.1), nomyuum

1.8 0.2
P3(X) =33.0+ 1. (005) (X — 35) + W(X — 35) . (X — 355) +
0.1
+ W(X — 35) . (X — 355) . (X — 360)

[TorpemntHocTh oreHnBaeM 1o dopmyse (3.5):

X) = (x—=3.50)(x —3.55)(x —3.60)(x — 3.65)
- 41.(0.05)*

Ry( 0.1
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Hcnone3ys popmyiny (3.2), noayuyum

R (a) =33-0+¥q +0—fq(q —1)+%'lq(q -1(a-2),

e q=2—>2
0.05

C nomonipio NOIy4YeHHBIX MOJMHOMOB Py (X) 1 P,(Q) MOXHO BBIYHCIHMTH
3HaYeHHEe WHTEpnojupyemoir ¢Gyukmmu f(X) mis moboro X w3 wHTEepBaia
3.50<x<3.65. Eciu tpebyercst Beruuciuth f(X) B muTepBane [3.65, 3.70],
TO HEOOXOAMMO IMOCTPOUTh NONMHOM P,(X) mium P;(Q) mo naHHBIM BTOpOM
cTpoku Tabmuusl: X, =3.55, y,=34.8, Ay,=20, A’y=03, A’y=0.3.

CootBercTBeHHO, X, =3.60, X, =3.65.

Ipumep 2. I[lonyuuts Gopmyny A BBIYUCICHUS CYMMBI psijia

n
S, =1 +2°+3 +..+Nn°, T. €. BBIYUCIHUTD Z:i2 :
i=1

Pewenue. Haliiem kOHeUHbIE pA3HOCTU
ASn = Sn+1 o Sn = (n +1)2 ’
A’S, =AS,.,—AS, =(n+2)" —(n+1)" =2n+3;
A’S, =A%S, —A’S, =2(n+1)+3-[2n+3]=2.
[ockonbKy A’S. He 3aBUCHT OT N, TO S, MOMKHO arNPOKCUMHUPOBATH 10~

JMHOMOM CTETIEHU He BbllIe TpeTbeld. CocTaBUM TaOIHUILY:

n S, AS, A’S, | A’S
1 1 4 5 2
2 5 9 7

3 14 16

4 30
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Umeem: h=1, x,=1, x =2, x,=2, x,=3. BBenem nepemeHHyI0
q= nT_l =n—1. CTpoum nOJIMHOM I10 IEpBOI cTpoke Tadbmuuel (Y, =1, AS, =4,

A’S, =5, A’S, =2). B pesynbrare umeem

n-1)(n-2) 2(n—l)(n—Z)(n -3)
2

+ .

P3(n)=1+4(n—1)+5( ;

[ociie npeoGpasoBanus monyuum P, = % n(n+1)(2n+1). Takum oGpazom,
1
I S, MBI HOMy4nnn GopMmyity S, = 5 n(n +1)(2n +1) :

3.2.2 ®opmy.ia Hb10TOHA 1)1 HEPABHOMEPHOM CEeTKH

Iycts  ¢ynkums  f(X) 3amama  Ha  HEpAaBHOMEHOM  ceTke
{X}=a=x<x<..<x, =b.
NuTepnonsunonHsiil moamHoM HeroToHA MMeeT BUA:
P(X) = yo + [Xo’ X:I.](X - Xo)[l] + [Xo’ X1' Xz](x - Xo)[Z] +...t

HXg s Xy X, J(X= %)M =y, +Zn:[x0,..., xi]ﬁ(x—xj), (3:6)

rae
[X _ Yi— Yo .
— [%,, X, ] ==—— — pa3neneHHas pa3HOCTb IIEPBOTO MOPSIIKA B TOUKE X,;
A
1X — X )
— [Xy, X, X, ] = TR bl LR pasziesieHHasl pa3HOCTh BTOPOTO MOPsAKa
X, = %o
B TOUKE XO;
XKooy X =X, Xy ey X
— [X: Xsen X, 1 = Do, %, J =D, % wal pasJielleHHas Pa3HOCTh

Xy = %o

N-ro NopsiAKa B TOUYKE X .
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O6mrast popMyIa pa3eIeHHbIX PA3HOCTEH:
Xigyeon Xipi ] = [Xoyeens X
1= Y Dty ] = el TP Xl
Xisi =X

1=12,..,n, j=0,.,n—1

[TorpenHoCTh MHTEPIOJIALIMK pacCUUTBIBaETCs 10 hopmysie (3.3):

Rn(X): (X—XO)(X—Xl)"'(X—Xn) Mm.l-
(n+1)!

3uavenue npomsBonHoit M, (N+1)-ro mopsaka mis TabauvHON (QyHK-
LMK MOKET OBITH OLEHEHO MPUOIMKEHHO Yepe3 KoHeunyro pasHocTh (N+1)-ro
nopsiJika

M, = mgx‘ f (”“)(x)‘ ~ (N +D)[Xgs X X ]

Ipumep 3. [lana tabnmuunas pyukius f(X).

X f(x) 1-i mopsimox | 2-¥ mopsAAoK | 3-# 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. 11lo popmyne (3.6) cTporm MOJMHOM 2-T0 HOpAJIKA MO MEPBOI
cTpoke. 31ech X, =0. [Tomyuum
P,(x) =0.4 —0.04x —0.008x(x — 2.5).

J1J1s OLIEHKU MOTPENTHOCTA HaM MOoTpedyeTcs NMPOU3BOIHAS 3-T0 MOPSIKA.
[TpubIMKEHHYIO OLIEHKY MOKHO MOJYYUTh CIAEAYIOIIHUM 00pa3oM. 3anuileM Mo-

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

Py(X) =6-[X,, X, X,,%X;] =6-(0.002) =0.012 = f"(x).
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BospmeM abcomroTHOE 3HaueHne M, :‘f”’(x)‘:0.0lZ. Taxum oOpaszom,

IMOTrPCIIHOCTb MHTCPIIOJIMPOBAHUA PABHA

0.012

Rz(x)=%(x—xo)(x—x1xx—xz)~ (x—0.0)(x — 2.5)(X ~5.0).

3.2.3 ®opmy.ia Jlarpan:xka 1Jisi HepaBHOMEPHOI CeTKH

ITonuuoM Jlarpanka umeer BHUL:

(X=Xg)ee (X=X )X =X, 1) (X=X,)
L= 3 X050 -

Sy —

i=0 jOX_X

J?il

(3.7)

Ecnu BBecTn 0603HaueHUE
n
1_Ii(x) = H(X_ Xj)’
ji
TO BbIpaxkeHue (3.7) MOXKHO mepenucaTh B BUE

L(x)= iy.g ((X))

IIpn n=1 (mana cetka u3 2 y310B X,, X, ) u3 (3.7) umeem

X% XX
L(x) = yox T Tk

[Ipu N =2 (nana cetka u3 3 y310B X,, X;, X,):

L ( ) Yo (X X1)(X Xz) (X_Xo)(x_xz) +Y, (X_Xo)(x_x1) .
( X1)(X - Xz) (X1 - Xo)(x1 - Xz) (Xz B Xo)(xz - X1)

MoxHo noka3athb, 4to opmyia Jlarpanxka u popmysna Herorona — 310 11BE
pasHble (JOpMBI 3aITCH OJJHOTO U TOTO k€ oanHOMa. [1o3ToMy YnCiieHHbIe 3Haue-
HUs PyHKIUH, TOTy4eHHbIX 1o popmysie Jlarpanxka u HetotoHa, OyyT coBnanars.

ITo 3TOM K€ MpUYMHE NMOIPEIIHOCTh MHTEPHOJISIMOHHOIO nojJimHoMa Jlarpanxka
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BBIUUCIISIETCS 1O TOM xe popmyre (3.3), Mo KOTOPOii BEIUUCISETCS MOTPEIIHOCTD

HHTCPIIOJIIOUOHHOI'O ITIOJIMHOMA HrroTona:

M n+l
Rn (X) = mnnﬂ(x)’

rac 1_In+1(x) = (X - XO)(X - Xi)(x - X2) U (X - Xn) .

Ipumep 4. [loctpouts nonuHoM Jlarpamxa i TaOMUIHON (YHKITHH.

Y| 2| 3|12 147

Pewenue. I1o popmyne (3.7) umeem
L(x) = 2. (Xx=1)(x—-2)(x—5) 3. (x-0)(x—-2)(x—-5) N
(0-1)(0-2)(0-5) 1-0)1-2)(@2-5)
12. (x=0)(x-1)(x—-5) 147 (x—1)(x—1)(x—2).
(2-0)(2-1(2-5) 5-0)(5-1(5-2)

3.2.4 ®@opmyaa Jlarpan:ka /151 pABHOMEPHOI CETKH

[Tommaom Jlarpan»xa 11 paBHOMEPHOW CETKA UMEET BU/L:

L (-0)..a-(0-1)(q-(+2)..(a=n) _
@)= Zy, (i=0).. (l—(l—l))(l (i+1)..00=n)

Z( 1)n,|,(n I),1_[(q j).

(3.8)

Ecau BBecTn 0003HaUYeHUE

m@=@-

j#i
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TO BbIpaxkeHue (3.8) MOKHO mepenucaTh B BUIE

N Yi
Ln (Q) - ; (_1)n7i | |(n _ I)|H| (q)

[TorpemHOCTh MHTEPIOIUPOBAHUS BRIYUCIIsAETCS IO hopmyte (3.4):

_prr4@=D) (G0 ¢y gy g
Ri(@)=h napl o ©hs [a.b].

3.3 Annpokcumauusi TPUroHOMeTPUYECKUMU (PYHKLMAMUN

IlycTp maH TPUTOHOMETPUYECKHAN MTOJIUHOM

Q(x) =%+§n:(ak coskx + b, sinkx), x e [-m; 7). (3.9)

k=1
Tak kak TpuroHomeTpudeckue GyHKIIMU OPTOTOHAIBHBI, TO ISl (PYHKITUU

f (), samanHoii Ha uHTEpBaNE [T, 7|, MOTYYNM CIEYIONINE BHIPAKCHUS JIST
ko3 duureHTos a, , b, :

1 T
a, = —j f (x) coskxdx,

Tc —T

(3.10)

b, = % j f () sin kxdx,

k=0,1...,n.
Koapduuuents! a,, b, , onpenensgemeie popmynamu (3.10), HazpiBaroTCA

mpu2oHomempuieckumu Kodgppuyuenmamu Pypue.
N3 (3.10) cnenyer, uro ecou f(X) — uwemmnasn, t.e. f(X)=f(—X)
Ha MHTepBase [—m; |, T
2
a =—
T

b, =0,k=1..,n.

_[ f (x)coskxdx,k =0,1,...,n;
0 (3.11)
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B 3TOM citydae anipOoKCUMUPYIOIIUI TOJIMHOM UMEET BHUJL:

Q(x) =%+Zn:ak coskx. (3.12)

s newemnou pyukuuu (T (X)=—1(=X)) nomyunm

a, =0k=01,...,n;

b, = gj f (x)sinkxdx, (3.13)
T 0
Q(x) = Zn:bksin kx. (3.14)

IIpumeuanue 1. Eciu dyuxius f(y) 3amana na narepsane [a,b], To BBe-

. . 1 b—-a
JIEHUEM HOBOM MEpEeMEHHON Y = > (b+a)+ x2— MBI IOJYyYUM (DYHKITHIO
T

b-a
f(x)=f(x 5

+l(b + a)j, X e[-m;m].
T 2
IIpumeuanue 2. Eciu pyukuus f(X) He o6namaeT 4eTHOCTBIO, TO MOXKHO
€€ IPEICTaBUThL B BUIE CYMMbI ABYX (DYHKLIUIA:
f(x)= fl(x) + fZ(X),

rac
f(x) = %[ £(x) + f(-X)] - vernas:
£(x) = %[ f(x) — f (-%)] - Hewernas.

Wurerpanet B popmynax (3.10), (3.11), (3.13) MOXHO BBIYUCIUTH TPUOIIHU-

KEHHO 10 (hOpPMYJIE TPATICIINH:

b

b-a(l 1
jf(x)dx=7[5yo+y1+---+ym_1+5ymj-

a
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Torna ko3 dunment a, u3 (3.11) pasen

a, = gj' f (x)coskxdx ~
T

27r

yocoskx +Zyjcoskx += ymcoskx
Tam

=1

X _T. J, 1=0,1,...m
m

AnanornuHo 1yt kodpdumuenta b, (3.13) momydanm

m-1
:EZ y;sinkx;;
m*43

T . .
XJ:E-L ]=12,...m-1.

IIpumep S. ITocTpouTh TPUrOHOMETPUYECKHI TTOJTMHOM ISl YHETHOU (PYHK-

[IUH, 38JITAHHOM CIEAYIOINMHA TAHHBIMU:

X 0 /12 | n/6 | w/4 n/3 |5n/12 | w/2

f(x;) | 9.55 |9.46|9.25|896| 858 | 8.10 | 7.59

X /12 | 21t/3 | 3n/4 | 51/6 | 11r/12 T

]

f(x;) | 7.00 |6.34|556|4.80| 421 | 4.00

Pewenue. 3necy 13 y3n0B, T.¢. M=12; nomuHoM OyaeM CTPOWTH IS

N =6. Pe3ynbTaTel 3aHECEM B TAOJHITY.
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J X Y COSX; | COS2X; | COS3X; | COS4X; | COSOX; | COS6X;
0 0 9.55 1 1 1 1 1 1
1 /12 | 9.46 | 0.9659 | 0.8660 | 0.7071 0.5 0.2588 0
2 n/6 | 9.25 | 0.8660 | 0.5 0 -0.5 | -0.8660 -1
3 /4 | 8.96 | 0.7071 0 -0.7071 —1 —-0.7071 0
4 n/3 | 858 | 0.5 05 -1 —05 0.5 1
5 | 5¢/12 | 8.10 | 0.2588 | —0.8660 | —0.7071| 0.5 0.9659 0
6 /2 | 7.59 0 -1 0 1 0 -1
7 | 7m/12 | 7.00 |-0.2588| —0.8660 | 0.7071 0.5 | -0.9659 0
8 2n/3 | 6.34 | 0.5 0.5 1 —0.5 -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 T 400 | -1 1 -1 1 -1 1
Zk: 86.63 | 1552 | -2.48 1.06 —0.25 0 0.06
a, 144 | 2.25 -0.41 0.18 -0.04 0 0.01

Otser:

—0.04cos4x+0.01cos6x.

[TorpemHocTs anmpoKCUMAaIMy paBHA

n 2 6
S= 2! f 2(x)dx—7{2(%j ; kzl“af} — 6.689.

Q(x) =7.22+2.25c0s x —0.41cos 2x +0.18c0s 3x —
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3.4 NMpubnumxeHune cpyHKUUN nonmHomMmamum Jlexxangpa

[Tomunomel Jlexxanapa onpeaenstorcs GopMyIon:

. 1 dn 2 n
n=0,12,...

RX)=L R(X)=x; PZ(X)=%(3XZ—1);
0 %(SXB IR0 %(35"4 ~30x" -3), (3.16)

P.(X)= %(63x5 —70x% —15X).

O6mas pekyppeHTHasi popMyia Jj1s moJmHOMOB JlexkaHpa:

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

Teopema. IlonmuHombl Jlexxanapa 00pa3ylOT OPTOTOHAIBHYIO CHUCTEMY

Ha orpeske [-11], 1. €.
IP x)dx=0 mpu m=n (m,n=0,12,...).

Hopwma nonunoma Jlexxanapa:

P2 3.18
jl " T ol (3.18)
[TycTh 3aaH 0000IIIEHHBIN TTOJIMHOM B BU/JIE
Q(X)=Y.CR(X), xe[-L1], (3.19)
i~0

rae {Pj (X)} — OJIMHOMBI JIexxanpa.

st pyukrmii f(X) va uarepsane [1, 1] xosddurments pasznoxenus C.

OTpeNIeIA0TCA 10 (hopMyIam:
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C = 2';11f( X)P(x)dx, i =0,1.. (3.20)

i
-1

HOFpeHIHOCTI) aHHpOKCI/IMaHI/II/I paBHa
1 n
S = j [f(x)- > CP(X)]dx= j f2(x)dx — Zc? e (3.21)
-1 i=0 i=0

IIpumeuanue 1.Ecmm ¢yukuus f(y) 3amanma na murepsane Y <[a,b],

2 b+a
TO, BBEJIS [IEPEMEHHYIO X = y— , MBI TIOJTyYUM (DYHKITHIO:

b-a b-a

b-a b+a
f(y)=f(2>< zj e[-1,1].

IIpumeuanue 2. Ecmu ¢ynkius f(X) 3amana TaGIuuHO, TO HHTErpajbl

(3.20), (3.21) HEOOXOUMO BBIYUCIIATH 1O KBAAPATYPHBIM (hopMyIiam.

IIpumep 6. Oynkuuro f(x) :|x| Ha orpe3ke [—1,1] ammpoxcumupoBarh

normHOMOM Jlexxanapa 5-# crenenu (puc. 3.1).

Pewenue. Ilonmmaom Q(X) uiLeM B BUIE
Q. (x) =C,PR,(x) + C,R(x) + C,P,(x) + C,R,(x) + C,P,(x) + C.R,(X) .
Tak xak Qyskmmst f(x)=|x| — dernas u P (X) — geTHs! npu getHOM K

¥ HedyeTHBI pyu HeyeTHoM K , To 13 gpopmyssl (3.20) momydnm:
CO:%DXMK:EMR:%;
C,=C,=C,=0;
57 5 5
C,= E:[l| X | P,(x)dx = E!x(35x4 —30x* +3)dx = g

97 3
C,= gjx(35x4 ~30x2 +3)dx = —
0
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B pesynbrare nis nonmmHoMa Q,(X) ciemyeT BIpaKeHHE

1 5 3
X)==+—(3x* =1) — —(35x* =30x%* +3) =
Q;(x) > 16( ) 128( )

= %(—7%‘ +14x% +1).

CnengoBaTenbHO,

x| :E(—7x4 +14%° +1), —1<x<1.
128

Puc. 3.1 — I'padux Qpynkuun f (x) =|x| ¥ pe3ynbTaT HHTEPIONAUMH
3.5 NonuHombl YebObiwweBa
[Tomunomer YeOkImieBa onpeaesitorest GopmyJion:

21 4 (x— X2 —1)"
2" ’

n=0,1,.. (3.22)

T,00=%4
Jus n=0,...,5 u3 (3.22) nony4aum
1 3
T,() =L T.(x) =X Tz(x):XZ_E; T3(X):X3_ZX;
1 5 5
T.(X)=x*—X"+=; T.(X)=X"-=x*+=x.
5( ) 8 5( ) 4 16

Jlns monmmHOMOB YeObliieBa cripaBeyiuBa ciaeayoias pekypcuBHas Gop-

Mya:

Tn+1(x)=xTn(x)—%Tn_1(x), n=2.3,.. (3.23)



Teopema. [Tomuomer YelOpimena T, (x) 00pasyroT Ha orpeske [—1,1] op-

1
1—x?

TOTOHAJIbHYIO CUCTEMY C BECOM p(X) = , T. €.

1
[T ()T ()2 =0, mpu m=k,

J1- X2

T
jT \/1 x2 = M=12,..

_[TOZ ( J. \/]T

[lepeiinem k 3aaye annpokcumanuu GyHKIUNA monHoMaMu YeObImiena.

O0600UIEHHBIN MOIMHOM MPEACTABISAETCS B BUE

P,=3.CT(9, (3.24)
[ PO OOT, (x)dx
rie C =" : (3.25)
[ POOT (x)dx

3nech f(X) —ammpokcumupyemast GyHKIHS, T. €.

n
f(x)=> CT.(x) =P, (x).
i~0
[TorpenrHoCTh anMmpoKCUMAIIMK PaBHA

= [P0OLF (9 - X CT.Fdx=[ p(x) F* (k-
T B (3.26)
= Y°C? [ ()T (X)dx

Ipumep 7. [ycts f(X)=+1-x*, xe[-11]. HeobXoauMo anmpoKCHMH-

poBath nonuHoMoM YeOrsimesa 5-if crenenn P,(X) ¥ BBIYMCIUTH OLIMOKY.
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Pewenue. Tak kak f(X) — deTHas, TO OTJIMYHBIMU OT HYJIS OyIyT
ko3 dunments C, ¢ YUSTHBIMU HOMEpPAMH, a C HEUYSTHBIMU PaBHBI HYJIIO.

ITo bopmyie (3.25) noayuum

I 7T
1 3
szgj(xz—l/z)dx?z—l:—ﬁ;
T, T3 3n
71 7 +1
C4:Z—J(x“—xz+1/8)dx:2—{1x5—1x3+1x} =
T °, n|5 3 8 1,
_ 2’1 32
m 60 157

B pesynbrare noayuum

o2 8l 1) 32w 1
T 3n 2) 15¢ 8

;_46 8 , 32 .

i \J1-X° = -
15t 15n 157

[lorpemnocTs paBHa:

1 1
S = [p(x) f*(x)dx— > C [ p(x)T (X)dx =

-1 k=0 -1

1

:j\/l—ixzdx—[cgmc;gwj%}:

-1

1 -1 . 1" 74 8 8
=| =xy1-x* + Zarcsinx | —| —+—+ =

[2 2 } [n On 22575}

-1

= g —1.5675=0.0033.
3.6 3apgaum Ansa caMoCcTOATENIbHOro peLueHus

n
3
1. [TocTpouTh MONWHOM TSI BEIYMCIICHUSI CYMMBI S, = ZI .
i=1
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2. [IpocymmupoBaTts psig S, = Z(ZJ ~1)°.

j=L
3. Ilokasatk, 4Tto cucrema (QyHKIHI {(pi(X)} =1,X,X°,...,X" Ha HHTepBaJC
[a,b] sBasiercs UeOblmeBcKoi.
4.Tokasate, uro cuctema ¢ynkumii  {@(X)} =1,sinX,cosX,...,
sinnx,cosnx ua uarepsaie [0,27] sBnsercs YeObIEeBCKOiA.

5. B nstr3HaYHbIX TaOIMIIAX JOrapru(MOB JAFOTCS JTOTapU(PMBI IETBIX YH-
cen or X=1000 mo x=10000 ¢ npenmenpHON aGCOMIOTHOM MOrPENIHOCTHIO
-5 o
€=0.5-10". Bo3MOXHO ¥ JIMHEHHOE HHTEPIOJMPOBAHUE C MOMOIIBIO (Hop-
MyJsbl HpIOTOHA € TOM e CTENEeHbI0 TOYHOCTH?
6. C KaKoil MOTPEIIHOCTHI0 MOXKHO BBIYHCIATD /2 C HOMOIIBIO TIOHHO-

MOB 1-T0 ¥ 2-T0 MOpsIIKa, MOCTPOEHHBIX st oTpe3ka [1.69,2.25]. Y3ib1 untep-
NOJIALMHM B34Th crenyromue: X, =1.69; x, =1.96; X, =2.25.
7. TpebyeTcst COCTaBHUTh YeThIpeX3HauHyk0 Tabuiy ¢pyukun f (X) =sinX

na uarepsane 0<X<7n/2. Kakoii BeIM4YMHBI JHOJDKEH OBITH mar Tabmmusl N,
YTOOBI MOTPETHOCTh UHTEPHOJISLMU Obl1a HE OOJIbIIE MOTPEIIHOCTU TAOIULIBI: a)
pU JTMHEHHON MHTEPNOJISLUY; 0) NpHU KBAAPATUYHOW UHTEPIIOISALUU.

8. [loctpouts MHTEPNONSILMOHHBIE TOJMHOMBI HbloTOHA 1-TO M 2-TO TO-

psiaka i Gyaknuu (X), 3amaHHO# TaOIMYHO Ha PABHOMEPHOM CETKE.

0 1 2 3 4 5
y 52 180|104 124|140 | 152

Boruncnute 3HaueHMs ITOJIWMHOMA U IMOrp€IHOCTH B TOYKAX:

a) X=0.5;
0) X=3.5.
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9 ®yukius f(X) 3amana rabiumeit

X 027 4
f(x) |15]25] 45

[TocTpouTh UHTEPIOISAIMOHHBIC CIUTANHBL: 1) JIMHEHHBIN; 2) mapaboynye-

CKUHU.
10. AnnpokcumupoBath MoauHOMOM JlexaHapa 5-i cTeneHu (QyHKIUIO

f (X) = X ma unrepsane [0,1].
11. AnnpokcumMupoBaTh MOJUHOMOM JlexaHnpa 5-i creneHu (PYHKIIUIO

f(X)=sinx, Xxe[-n/2,n/2]. BeIYUCIUTH TOTPEITHOCTb.

Cnpasxa

[ xsin xdx = sin x — xcos X;

[ X% sin xdx = 2xsin x — (x — 2)cOsS X;

[ %% sin xdx = (3x% — 6)sin x — (x* — 6X) COS X;

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

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

12. AnnpokcumupoBath nojJuHOoMOM YeObIeBa 5-i1 cTereHn Ha WHTEp-

Bane X €[-11] pynxmmio f(X)=(1—x*)*? u BIYMCIUTH MOrPENIHOCTD S .
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4 YUCNNEHHOE JU®PEPEHLIMPOBAHUE

dopMysibl YUCICHHOTO U epeHIIupoBaHMs TTOTydaroTcs myTeM audde-
PEHIIMPOBAHUS UHTEPHOJSIHOHHBIX dopmyn. Hanbonee mmpokoe pacmnpoctpa-

HeHue noxyuniu ¢popmyinsl HetoTona u Jlarpanxa.
4.1 dopmynbl HeloTOHA

ITycte 3amana TabmuuHas ¢yskous f(X) Ha paBHOMEpHO#H ceTke
x =a+i-h, 1=0,..,n, h — mar cerkun. Juddepenimpyst moauaom HeroToHa,

JJI1 HCpBOfI HpOH3BOI[HOfI IMOJIy4YHuM:

2q-1

Ay +3q2—6q+2A3

, 1
Pn(q)=H[Ayo+ ot =% AV
3 2
+2q -9q +11q—3A4 0
12

——[AyO+Z _y02ﬁ(q k)]——[AyO+Z _V°Z (@]

j=0 k=0
K]

Lo ]= (4.1)

X — X
rae (= - 0 X, =a; Ay,, A’Y,, A%Y,, ... — KOHEUHbIE PA3HOCTH,

H,-(q)=f[<q—k).

ks j

[TorpemHocts nudpepeHrpoBanms paBHa

(n+1)
il 2 qq-1)--a-m, ge[ab]

R (@ =h D dg

500041

)= Ao
R0 = g la@-D@-m) (4.2)
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B yactHOCTH, IIpH X = X,

1 1 1
P/(0)== [AyO 2A2y0+§A3yO—ZA4yO+--1,
[y Am (4.3)
R (O) — ( ) yO
h n+1

J7i BTOpOil MPOU3BOIHON MOMYydUM clieayromue GopMyisl (myTeM aud-

dbepenunpoBanus (4.1) u (4.2)):

. 60> —18q +11
P(@)==5 {Ayw(q DA%y, + d A“yo+--}

12
1 n Iy0 i-1 i-1 i-1
=17 y0+z o | (CEUIE (4.4)
: j=0 k=0 I1=0
k#j 12k
B I1#] i
1 n Ai i-1 i-1
~— 12 AZyo"' -?/0 ij(q) 1
h is I° oo

tre H,-k(q>=1'j(q—l>;

%]
12k

[TorpemHocTh
" _ hnh+l f(n+l)(E_;) d2 _ _ c
Ri(@)=h D OIOIZ[q(q D---(@-n)], &ela,b],
NJiIn
(@) =2 Yo 9t (4.5)

( )|h2 d 2
B yactHOCTH, IpH X = X, OyJeM UMETh:
., 1 11 5 _
P(0) :F|:A2yo — A+ DAY gAY+ }
(4.6)
R"(0) =

2(_1)n+1An+1y0 Z
(n+DHh* <'i
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Ipumeuanue 1. Ilpu HAXOXKACHUU MPOU3BOAHBIX Y',Y",... B (PUKCHUpOBaH-

HOM TOYKE X B Ka4€CTBE X0 CacayceT 6paTI> OmmKkaiiiee cieBa OT X TaOJIMIHOE

3HA4YCHUE apTyMEHTA.

IIpumeuanue 2. B xauecTBe TOUKH X, MOXET OBITh UCIIOJIb30BAHA JTH00As
y3n0Basi Touka. [loatomy dopmynsr (4.3) u (4.6) MOTYT OBITH PUMEHEHBI IS

OO0 TOYKHU X;, €CIIN OHA yJOBJIETBOPSET YCIOBUIO X, <X ., TJ€ | — MOPSIOK

n—j°

IIOJINHOMaA.

J11s1 HepaBHOMEPHOU CETKHU

P/(X) =X, X, ]+ i[xo,..., xi]ZHJ. (x),

Pn”(x):[xo,xl,xz]-2+zn:[xo,...,xi]. IT, (),

e 11,00 = [T (=%, 11,00 = [Ttx=x).

[TorpemHocTs:

n+1 d f— — “ee J—
F4()—( 1)1 dx L =x) (X =) - (X =%;)],

Mos 8 1k )x=x) - (x=X)].

R0 = o

Mo = max| £ 9 ()| = (0 +DF [, X, X, 1]
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Ipumep 1. Haittu y'(0) u y”(0) dyskpn Yy = f(X), 3amannoii TabimdaHo:

X y Ay A%y A%y Ay
0.0 16.991 | 0.411 | -0.028 —-0.007 | 0.017
5.0 17.402 | 0.383 | -0.035 0.010
10 | 17.785 | 0.348 | —0.025
15 | 18.133 | 0.323
20 | 18.456

3/€eCh IIar paBeH J.
Pewenue. 1o popmynam (4.3), (4.6) noxyuum (UCTIONB3YsT UHTEPIIOJISIIU-
OHHBIN MOJIMHOM 3-T0 MOPSIKA):

y'(0) = %[0.41“ 20.028— %0.007} ~0.0845;

R(0)= & BA y, =—8.5-10*.

y"(0) = [Azyo A%, |= —[—0.028 +0.007]=-8.4-10;

4
R"(0) = 2D A, (1 i1y 1j=—62 107,

4.25 1 2 3

Pe3ynbTaThl 3TOr0 NprMepa NOKa3bIBaOT, YTO IMOTPEMIHOCTH BTOPOU ITPO-

V3BOJHOW CPABHHUMA C BEJIMYMHON BTOPOU MPOU3BOJIHOM.
4.2 ®opmyna JlarpaHxa

3anueM noianHoM Jlarpanxa.

-y ()

LOO=2 Ve (4.7)

rae IT,(x) :f[(x—xj).

J#i
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Jlns nepBon np0H3Boz[H0171 [IOJIy4YUM BBIPAKECHUE

L/ (x) = ZHV( o —n(x) H(x)Z .

k:tj

N

L/ (x) = iy.g (‘XX))ZX - (4.8)

K j

Btopas npousBogHas BeIaucisercs mno Gopmyie:
n d 2
L3 =Y =211, (%)

KOTOpasi 1ocJje npeoOpa3oBaHus MPUMET BUJT

" S L) 1 - 1
L0922y ool 2 | &R | (49)

I[aHHBIC CI)OpMyJIBI HC MOAXOIAT i1 MCIIOJIB30BaHUSA Ha IIPAKTHKCE,

T. K. IpH X=X, (T. €. B y3Jax HCXOIHOH ceTkn) narot aeienue Ha 0. [Toaromy

BMeCTO BbIpakeHui (4.8) u (4.9) cinenyeT UCIOJIb30BATh APYTHUE BHIPAKCHUS:

n

L=y 2T x-x) =Y 2 e )ZH.,(x) (4.10)
IOH(X_X)};t?E;:? =0 j=i

n

Ly(x) = ZZH(X X) =
=0 H(X — X ) j:&?t:&? :;t?

k=j I1=j
ii? 1 (4.11)
H X),
]¢| #i

k+# j

rae IT; (x) :ﬁ(x_ %) s Ty (%) :ﬁ(x_ X)-

k=i i
k] I#j
1=k
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Bpruncium norpemHocTs nepBor U BTOPOU MIPOU3BOIHOM:

4 — Mn+l d " Mn+1 d2
R = T 003 RIO) = P

I (%) = (X=X) (X = X)) -+ (X = X;).

n+1(x)’

Tak kak

d n 1
I, (x) =11, ,(X) E
j=0 (X

_XJ_)’

d? o1
Wnn+1(x)znn+1(x)|:{zc; )J JZ(;(X_XJ-)Z]’

TO TOJIyYUM

n+1 n 1
” n+1 1 2 _ C 1

JIns1 paBHOMEpPHOU CETKU UMEEM

O Y ezl 16

J# k=i
K+ j

n

__Z( 1)n |||(n |)|2Hij(q)’

j=0
J#i

" 1 .
Ln(q) hzg( 1)n|||(n |)'§kzc;:!;)[(q_l)_

JECIN S I B
k=j 1]
1=k

1 n
R Y= e PR

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

].

(4.12)

(4.13)

(4.14)

(4.15)
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e 1,(@) = [[@-K), M, @=] [@-1).

ki 1i
k#]j 1#]
12k

HOFpGHIHOCTI) B OTOM CJIy4dac COCTaBHUT

) d

Ri(q)=h"™ ma[q(q—l)---(q—n)],
" _ wntl f(nﬂ)(a) d2 _ _
R:(q)=h (DI dqz[q(q D--(q-n),

ée[a,b].

Ipumep 2. Paccmorpum mnpenpyaymmii npumep. Beramenuts  Y'(0)

u Y'(0) c momoIpto moauHOMa 3-TO TIOPSIKA.

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

Pewenue. TTo popmyne (4.10) momyunm:

(%) = t .1 +(Xp = X;) %
y 0 _yO XO—X1 XO—X2 XO—X2 0 Xl
1
(X, — X, )(X —X){y ' ’
AP ANA 1>(O_x1 (% = Xo) (X = %, ) (X, = X5)
1 1

Y, ) +
Xo =%, (Xz - Xo)(Xz - X1)(X2 - X3)

1 1 }
+y3 : .
Xo = %; (Xs - XO)(X3 - X1)(X3 - Xz)
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IToxcTaBuM naHHBIEC TAOJIHUIIGL:

' _ _E _ yl . 1 y2 . 1 y3 : ! =
y(xo)—yo( 30j+( 750){(_5) 250+(—10) (_250)+(—15) 750}

(1) 16901+ 2.17.402— 2 .17.785+ L .18.133=0.0845.
30 5 10 15

[To popmyne (4.11) umeem:

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

+ (Xo o Xl)(XO o Xz)(Xo - X3) ’ {yl

0

1 [ 1 1 j
X + +
(Xl_xo)(x1_xz)(X1_X3) Xo =X Xg =X

1 1 ( 1 1
+Y, . + +
Xy — X, (Xz - Xo)(xz - Xl)(XZ - Xs) Xo =X X=X

1 1 1 1
+Y, : ( + } :
Xo = X5 (Xs —XO)(X3—X1)(X3—X2) Xo =X X=X

HOI[CTaBI/IM TaOJIMYHEIC JaHHBIC, ITIOJIYYHUM:

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

1 1 1
+y1(_750){(—5)5(—5)(—10) T —15)} ’

1 11
HY2(5750) { (C10)10.5(5) 5 ' —_15)} ’

1 11
+¥5(=750) { (15151055 —_10)}} )

1 1 2 1
=2{y,——Vy,—+Y,——y,—'=-8.4-10"



83

4.3 3apaym Ansa camoCToATENIbHOroO pelueHus

1. Ucxons u3 popmyn Jlarpanxka (4.8), (4.9) nonyuuts hopmyinsl (4.10),
(4.11) nyia mepBOM ¥ BTOPOM NPOU3BOIHOM B y3/1aX CETKH.

2. [Tycth nana paBHomMepHas ceTka. Ha mpumepe nommaoma Jlarpanxa tpe-
ThETO Mopsaka Mmoaydutsh u3 Gopmyn (4.10), (4.11) popmynsl Herorona (4.3),

(4.6) st mpomsBoAHBIX Y'(X;), Y'(X) .

3. MatepuanbpHass TOYKa JBIKETCS MPSMOJUHEHHO. 3aKOH JBUKCHHS

S = f(t) npencrasien B Buae TaOIMIILL.

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

Hatitu ckopocth V 1 yckopeHue W Touku B MOMeHT = 3.5 cek.

2

4, Jlana ¢ynxmus y(x) =e?, xe[0,1]. Tomydurs Tabnuiy 3HaYEHHii

¢ marom h=0.2. C nomorikio nonrHoma HeroToHa 3-ro mopsiika BEIYUCIIUTD 3Ha-
YeHUs TIEpBOM U BTOpO# mpon3BogHOM B Touke X =0.1. O1eHuTh NorpentHocTh.

2, xe[0,1]. Tonyuuts TabmuIy 3HAYECHHMI

5. Mana dynkmus y(x)=e ¥
c marom h=0.2. C nomoripto mosuaOoMa Jlarpanxa 3-ro mopsiika BBIYHCIUTD

3HAYCHUsI TIEPBOM M BTOPOM Mpou3BoaHON B Touke X=0.1. OneHuth morpermi-

HOCTb.
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_y2 o
6. lana ¢yukuus Y(X)=e *, xe[0,1]. IMonyunts Tabuuiy 3HAYEHUI
c marom h=0.2. C momoripo moarHoMa HeioToHa 3-r0 mopsiaKa BHIYMCIUTD 3Ha-
YeHUsI IepBOM 1 BTOpo# mpon3BoaHoN B Touke X =0.1. OueHnuTh NorpenHocTs.
2
7. Jana ¢yuxmus y(X)=e *, xe[0,1]. IMonyuurs Tabuuiy 3HAYEHUI
cmiarom h=0.2. C momornpro monuaoMa Jlarpamka 3-ro mopsiaka BBIYMCIMTH

3HAYCHUs TIEPBON W BTOpOH mpousBoaHOi B Touke X=0.1. Ouenuth morper-

HOCTb.
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5 YACNNEHHOE MHTETPUPOBAHUE

DopMyIIbl YUCICHHOTO HHTETPUPOBAHUS B 00ILIEM CITydae MOTydaroTcs my-
TEM HWHTETPUPOBAHUS HWHTEPIOISIUOHHBIX IMOJIUHOMOB, TOCTPOCHHBIX IS

MOJIBIHTETPATFHON (DYHKITUH.
5.1 ®opmynbl Tpaneuun n CumncoHa

3anuiueM HHTEPIOJSIUOHHBIA MOAMHOM JlarpaHka mJis paBHOMEPHOMN

CETKH:
n y
L (q) = = IT.(q), 51
(@) g(—l)”"i!(n—i)! (@) (5.1)
L : X=X, b-a
rae I1.(q) = H(q -1), 0= — h= B mrar cetku. Eciu mogpIHTerpaib-
j=0

J#i
ayto ¢pyukiuio f(X) ma maTepBane [a,b] anmpoxcumupoBaTh monmmHOMOM Jla-

rpamxa (5.1), To aist materpaia or f(X) momyqmm

b n
[ fdx=(b-a)Y H,y, (5.2)
a i=0
rae H, — koapduumentst HeroTona — Koteca:
izé.(_l) . J.Hl(q)dql i:O,...,n. (53)
nil(n—i)ly q—i

®opmynbl Buaa (5.2) Ha3bIBAIOT K8aodpamypamu WIA KBaapaTypHBIMH
dbopmynamu.

I. Ipu n=1 (t.e. umeercss nBa y3na Ha umHTepBase [a,b]) momyuwmm
3 (5.3) Hy=H, = % B sTom ciyuae dpopmyna (5.2) npuMeT BU:

[ 09x=22 (5, +h),

Xo
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[Tpumenss 3Ty popMyily KO BCEM MOABIHTEPBAJIAM X, — X = h, moxyuum

b
h
J OO0 =10 + 20+ Y4+ Yo ) + ¥, (5.4)
JI71s ocTaTOYHOTO YiieHa
b
h
R=[ (K= Yo + 20+ Yo+ + Vo) + Vo]

MOJKHO ITOJIYUIHUTH CJIICAYIOIICC BLIPAKCHHUC!

__(b-2a),,.,
R, =— 20y (@), (5.5)

roe a<&<Db.

®opmyny (5.4) Ha3bIBaIOT KBajipaTypHoil popmynoit mpaneyuii. I'eomer-

pudecku ¢popmyna (5.4) o3HaugaeT 3aMeHy rpaduka ¢pyaknun y = f (x) Ha JoMa-

Hy10 JuHUIo (puc. 5.1).

a=x; x.=h

Puc. 5.1 — T'eomeTpuueckas uateprpeTanus GopMyJibl Tpaneuun

N3 dbopmyn (5.5) Buano, uto ecau y' >0, To dopmyna tpaneruu (5.4)
JIACT 3HAYEHUE UHTETpaia ¢ uzosimkom, ecnu y" <0, To — ¢ Hedocmamkom.

Jy1st HepaBHOMEpHO# ceTku dopmyria Tpanennii (5.4) IpUHUMAET BU:
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[ £ 090K =2 R (v + 1),

(5.6)

1 n . .

R :_Ezhisy (&):6 elxi x4
2. ITpu n =2 kos3ddurnmentsl Herorona — Koreca paBHBI
1 4 1
HO :E, leg; H2 :6
u hopmyna (5.2) npuMeT BU/L;
¢ 2h

[ 109dx=""lyo + 4y, + ¥, (5.7)

Xo
YT0o0ObI MOMYINTh KBAAPATypy [UI POU3BOJIBHOTO MHTEpBaia [a,h], pac-

CMOTPUM CETKYy ¢ N=2mM y3i1amu. 31ech M — KOJUYECTBO TOABIHTCPBAIOB

amuroit 2h . Ipumenss popmyiy (7.7) K KaKAOMY TOABIHTEPBATY, MOJYIHM

b
2h
J 1090 =TT+ ¥on) + 40+ Yo+ Yo+ V) b o
+2(Y, + Yy Vo)l
Ota hopmyna nosydnsia Ha3BaHUE KBapaTypHoi dhopmyibl Cumncona.

b—-a b-a
31ecn h:—:z—; N — KOJWYECTBO HMHTEPBAJIOB, UECTHOEC YHCIIO
n m

(n+1 — KOMUYECTBO y3JI0B CETKH).

OcTaToYHbBIN YWICH

p 2h
R =1 (K)o == [(Yo + Yan) + 40N+ Y+ Vs b0+ Yopa) +

+ 2(Y2 Tyt y2m—2)]
BbIpakaeTcs popmyIoit:
_b-a

_ 4y/(4)
Re=—"Tgo "V ©- (5.9)
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3neck BolLIa Mpou3BoAHAaA 4-ro mopsaka, moaromy popmyna Cummcona
(5.8) Oyner TouHa JUIsl MOABIHTErPAIbHBIX (PYHKIMH, 3aaHHBIX MOJUHOMAMHU
HE TOJIBKO 2-T0 OPSIAKA, HO U 3-T0 NOPsIKA.

I'eomerpuuecku popmyna CUMIICOHA O3HAYAET, UTO KPUBYIO Y = f (x) MBI

3aMeHsieM  mapabosioin y:Lz(X), MPOXOJsIIEd  4Yepe3 TpU  TOYKHU:

Mo (%o, Yo ) My (%, Y1), M, (X, Y, ) (prc. 5.2).

S
7

Puc. 5.2 — I'eomeTtpuueckas uateprpetaius Gopmyiasl Cumncona

Jlnst HepaBHOMeEpHOM ceTkH (h, = X. — X._,) hopmyna CUMIICOHA UMEET clie-

YOI BU:

2kl 2k 2h,, ,—h, )h, +
a X a 6h,hy, {yZK_Z( - Zk) " (5.10)

+y2k—1(h2k—l + 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-

YTOJIbHHUKOB!
b n-1
I f (x)dx= Z yih, h =X, — X — neBocTopoHHss; (5.11)
a i—0
b n-1
f(x)dx = Z Yi.N, h =X, — X — IpaBOCTOPOHHIS; (5.12)
P X1 tX
f(x)dx = Z f(€)h, &=—"1—1 —uenrpanbHas. (5.13)

a

[Torpemnoctn kBagpatypHbix (opmyn (5.11), (5.12) u (5.13) (mns

h =const ) paBubI

R, = b-a hy'(§) — IeBOCTOPOHHSS M IPABOCTOPOHHSIS; (5.14)

2

b-a

R
27" "o

h?y"(€) — meHTpanbHas. (5.15)

CpaBnuBas hopmyibsl norpentHocTedt (5.5) u (5.15), nenaem 3akiiroyeHue,
YTO IEHTpaIbHAS (OopMYyJIa MPSIMOYTOJBEHUKOB B 2 pa3a TouHee GOopMYyIIbl Tpare-

UH.

o X
Ipumep 1. Haiitu IN2 ¢ Tounoctsio g0 10 u3 cootnomenus In2 = I—,
X
05

BBIUHCIIMB UHTETPAJ TPEMSI METOJaMU:
1) mo popmyne CumricoHa;
2) no ¢hopmyIe Tparnemii;
3) 1o HeHTpaIbHOM (hopMyIie MPSIMOYTOIHLHUKOB.
Pewenue. Ouenum TpedyeMoe KOJIMYECTBO Y3JI0B Uit OOeCrieueHus 3a/1aH-

HOM TOYHOCTH KBaApaTypHbIX (Gopmy. s 3TOro BHIMUCIUM MPOU3BOIHBIE.
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) =1: 17(x) =2

£ (x) =2—f.
X X X

Ha orpeske [1/ 2, 1] umeem

f"(x) <

=16=M,; f¥(x)=24-2°=768=M,.
12y 2 (x) 4

I[J'ISI MCTOJa Cumricona IMOTPCHIHOCTL PpaBHA

b-a)p.p_b-a_1., ;1

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

HOI)TOMy IOTPCIIHOCTb BBIPAXKACTCA YCPE3 KOJIHMYCCTBO Y3JIOB CIICAYIO-

UM 00pa3oM:

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

Orcrona (4m)4 >2.13-10" wmu m=4, n=2m=8, 1. e. nosy4um 9 y3I10B.

3aHeceM J1aHHbIC B TAOJIUILY.

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 (%) =1.23077
X, =0.8750 f(xs) =1.14286
X, =0.9375 f(x,) =1.06666

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

A =3; A =5.52976; A, =4.07619. B pe3ynbrare oIy4YuM UCKOMBIM PE3yIbTAT
In2 :g[Al +4A, + 2A3] =0.6931.

Paccmotpum dhopmysty npsMOyroibHUKOB:

R<Eh2M2; hzﬁzi; b—azi.
24 n 2n 2
2
[Tonyuum R < 1 16(i) <107,
24\ 2n

Orcroga n® >10* /12 wmm n = 29.
Ecnmu ucnons3oBaTe (GopMyiy Tpamenmi, To Uil HaxoxaeHus In2
¢ TounocTeio 107 OTpeOyeTCs 58 y3/I0B CETKH MOABIHTErPAILHOM (DYHKIIHH.

3aMeTuM, 9TO €ciu JUIs GOPMYJIIbI IPSIMOYTOJIBHUKOB B3sITh N =8, TO T0-

1

X ~
IPEUIHOCTh BBIYMCICHUS HHTErpaia In2 = _[ — Gyner npeBocxoauTh 107,
X
0.5

5.3 NpaBuno PyHre oueHKU OCTaTOYHOrO YsrieHa

Ha mpaktuke 4acTo MCnonap3yroT npaBuio PyHre M OLEHKH MOrpEIHO-
CTU MUHTETPUPOBAHUSA

Sn2 _Snl
(n2/n)™ -1’

Tf(x)olx—sn =

rne S, S,, — 3Hau€HUs MHTErpasa, BHIYMCIIEHHBIE TI0 KaKOH-Inbo KBaapaTyp-
HOW (popmyJsie ¢ KomdecTBOM y3i10B N1 m N2 coOTBETCTBEHHO, M — TMOPSAIOK
TOYHOCTH METOJA:

— m=1 gus popMynbl TEBOCTOPOHHUX M MPABOCTOPOHHUX MPSMOYTOJIb-

HHKOB;

— M =2 s GopMyJIbl IEHTPAIBHBIX MPSMOYTOJLHUKOB M TPATICIHH;
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— mM=4 nns hpopmysbl CUMIICOHA.
YBenuuuBas 4ucio y3J0B, MOKHO YBEIMYUTh TOYHOCTh HHTETPUPOBAHUS.

Ecnu 3a1ate TOYHOCTH €, TO, UCITONB3YSI KPUTEPUI

(5.16)

Sn2 — Snl
<g,
(n2/n)" -1

MO>KHO 00€CTIEUUTh TPeOyeMyI0 OTPEITHOCTh HHTETpUpoBanus. B kauecTBe 3Ha-
4yeHus uHTerpana o6epyt S, ,. IIpu aToM 00b14HO N2=2-Nl, T. €. KOJIUYECTBO y3-

JIOB y/IBAaUBAETCHl.
Ecnu 3amana oTHOCHTENTbHASI TOTPENTHOCTD 0, TO HCTIONB3YIOT CIIC YOI

KpUTEPUN:

Sz Sl <5, (5.17)

5.4 ®opmyna Naycca

KBagparypnas ¢popmyia ["aycca ocHOBaHa Ha UCIIOJIb30BAaHUU MOJTMHOMOB

Jlexxannpa:
p b—a{
j f(x)dx:TZA f(x), (5.18)
a i=1
x—p+a b-a, (5.19)
2 2

rae t. — Hynu noauHoMoB Jlesxanapa crenenu N.
Koapouuumentsl A  onpenenstoTcss Kak pelieHHe CHUCTEMBbl JIMHEHHBIX

YpPaBHEHUHN

2
n k .
At ={k1 P TN _0, -1,

=1 0  npuk HeuerHOM.
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®opmyna T'aycca (5.18) sBasiercst TouHOM s Beex mosmHOMOB T (X)

CTCIICHHU 00 2N —1 BKIIOYHUTEILHO.

3HadeHus ko3pduuuentos At mpuseneHsl B Tadauie S.1.

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

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

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

6 1,6 +0.932469515 | 0.17132450
2:5 +0.66120939 0.36076158
3:4 +0.23861919 0.46791394

C yBennyeHHEeM KOJIMYECTBA y3JI0B (T. €. C yBEIIMYCHUEM MOPSIKA KBaApa-
TypHOH (HOPMYJIBI) TOYHOCTh KBaapaTypHoi (opmynsl (5.18) yBenmuuuBaercs.
[TpuBenenHas TabyuMIa MO3BOJISIET UCIIOJIB30BATh MAKCHMAIIbHBIN MOPSIIOK (op-
MYJIBI, PaBHBIN .

Ecnu konudecTBo y3710B HEAOCTATOYHO TSI TOCTHIKEHUS 3a1aHHOM TOY-

HOCTH, TO MOCTYIAIOT CIEAYIOMIMM 00pa3oM: eyt uHTepBan [a,b] momomam,

BBIYHUCIIAIOT HHTCTPATI B KAXAOM IMOALIHTCPBAJIC MU CYMMHPYIOT. OTO SKBUBa-

JICHTHO YJBaWBaHHIO 4YHCJia Y3JIOB. Ecnu xenaemass TOUHOCTh HE AOCTUT'HYTA,
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TO UHTEpBaji [@,b] messT Ha TpU moABIHTEpPBANA U T. J., TOKAa HE OYIET JTOCTHUI-

HyTa 3aJlaHHasi TOYHOCTh. [IpuBeaeM KkBaapaTypHyto popMyity JiJisi HIEPEMEHHOTO

KOJIMYCCTBA Y3JIOB.

[Tycth mopsmok ¢hopmyiiel N ¢ukcupoBad (Hampumep, N=5). Toraa

_ j p b-a ) .
sj_z(jH) HZAJ(XK+ _ 1|j), j=0,1,..., (5.20)

. ; b+a(2j+1) b-a
rac j +1 — yucno IMIOABIHTCPBAJIOB, Xk = 2(] +1) + 2(] +1) K

Kpurepnit ocranosa

S.,,—S

i+ i

<. (5.21)

j+1

Ipumep 2. Beraucnuts o ¢popmynam ["aycca nmpu N =3 uHTErpal
1
| = J\/l+ 2xdx.
0

Brraucnenns mpoBecTy ¢ 5 3HaYanuMy g pamu.

Pewenue.

Ucnions3ys Tabnuity 1, momydum

1 1 1 1

—+—t, =—+—(-0.774597) = 0.11270;
= 2 2% 2 2( )=
x2—1+1t —1+1 0=0.5

2 2° 2 2
x3—l+lt _£+l 0.774597 = 0.88730;

2 2° 2 2

f(x)=1.10698; f(x,)=1.41421, f(x,)=1.39870.
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S =EB f, +g f, +g f3} =1.3987.

5.5 3apaum ansa caMocToATeNIbLHOro peLueHus

1. IMonyuute GpopMyity AJisE OCTATOUHOTO WICHA KBAJAPATYPhl TPareIUu.

2. Ilomyuute GpopMyiy sl OCTATOYHOIO WieHa KBaapaTypsl CHUMIICOHA.

3. [lomyuute popmMyiry 711 OCTATOYHOTO WICHA KBaIpaTyphl IEHTPATHHBIX
PSIMOYTOJIbHUKOB.

4. Tlonyuyute popMyily AJis OCTATOYHOTO YJIEHA KBAaPATypPhl JIEBOCTOPOH-

HUX IPSAMOYTOJIBHHUKOB.

1
X
5. Ilo popmyne CumriicoHa BEIYUCITUTH UHTETPal Il—, npuHsaB N=10. BeI-
+ X
0

YUCJIUTD IIOI'PCHIHOCTD.

1
dx
6. [To hopmyne Tpamernuii BEIYUCIATh WHTETPAT Il—, npuasiB N=10.
+ X
0

BpI4uCanTh NOrpemHoOCTb.

7.Ilo (opmysie HEHTpAIbHBIX MPSAMOYTOJbHUKOB BBIYUCIUTH HHTETpal

dx

1

jl—, npussiB N =10. Beraucnuth morpenrHocTs.
X

0

1
dx
8. [To ¢opmyine ["'aycca BEIYMCIUTD UHTETPAT _[1—, npuHsB N=5. Bel-
+ X
0

YHUCJIINTH IMOTIPCIIHOCTD.

2
9. [To popmysne CumricoHa BBIUUCIUTh UHTETpa I npunse N =10

0

44+ x*’

. BeruucauTh norpemHocTs.

2
10. TTo popmyre Tpanenuii BEBIYUCIUTh HHTETPa I npunse N =10

0

44 %’

. Beruucnuth norpemHocTs.
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11. [To dopmyne HEeHTpaIbHBIX MPSIMOYTOJIBHUKOB BBIUMCIUTH MHTETpall

2 dx

I4 >, ipuHsB N =10. Beranciuts NOrpenHocTs.
+X

0

dx

2
12. [lo ¢popmyne 'aycca BBIYHCINUTH UHTETpal I 1o npuHSIB N=5.
0

x2’

Bp4ucanTh NOrpenHoCTs.
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6 SA0AHNA ONA KOHTPOJIbHOW U NABOPATOPHbBLIX PAEOT
6.1 PewweHne ypaBHEeHUN C OAHON NepeMeHHOMN

3aoanue

Hammcats mporpaMmy oTnenieHus KOpHEH WX YTOYHEHUS OJHUM U3 HUKE-
TIEPCUYHCIICHHBIX METOIOB!

a) METOJIOM JINXOTOMMH;

0) METOJIOM XOP/I;

B) METOJIOM 30JI0TOTO CEUEHUS,

r) MmetonoM HeioToOHa;

1) METOJIOM UTEPAIHiA;

€) KOMOMHHPOBAHHBIM METOJIOM.

BxoaHble 1aHHBIE:

e (yukuus f(X) u ee mepsas u Bropas npousBoansie (st MeToma Hero-

TOHA, UTEepalii U KOMOMHUPOBAHHOTO METO/1a);

e wuntepsan [a,b];

® TOYHOCTb 10 APTYMEHTY U MO (QYHKIMH &, €,.

BreIxoaHbIe JaHHBIE:

® KOpHU &, TOYHOCTD;
o 3nauenus pynkimu f(€);

® KOJMYECTBO UTEpanuu N;

® KOJWYECTBO BbrumcieHuii pyukimu f(X);

® BpEMs CUETa;



o

© ®© N o

10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
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napamMeTp CXoanuMOCTH

X = X,

T 7A€ N — MOPpSIIOK CXOAUMOCTH.

n+1

a:
X, = X, 4]

n

Bapuanmul 3a0anuii

f () =(0.2x)> —cosXx.
f (x) =x-10sinx.
f(x)=2"-sinx; x<10.
f(x)=2"—-2cosx; x>-10.
f(x)=lg(x+5)—cosx; x<5.
f (X) =/4x+7 —3c0osX.
f(x)=xsinx-1.
f(X)=8cosx—x—6.
f(xX)=sinx—0.2x.

f (x) =10cos x —0.1x°.

f(x)=2-1g(x+7)—-5sinx.

f (X) =4cosx+0.3x.

f (x) =5sin2x —/1-X.

f(x)=1.2x*+2x® —24.1-13x* —14.2x.

f(x)=2x*-5-2%.

f(x)=0.5x*-10+27".

f (X) =4x* —6.2—c0s0.6x.

f(x)=3sin8x—-0.7x+0.9.

f(X)=1.2—Inx—4cos2x.

f(X) =In(x+6.1) — 2sin(x—1.4).
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6.2 PeweHune 3agay NMHeNMHON anrebpbl
6.2.1 Pemienue cucreM JIMHEHHBIX YPAaBHEHU

3aoanue
Hammcate mporpammy pemieHus CHCTEMbl JIMHCWHBIX alreOpandecKux
YpaBHEHHH OJTHUM U3 CIACAYIOITUX METOOB:
a) metoaom ["aycca;
0) METOJIOM OPTOTOHATU3AIINH;
B) METOI0M XaJIEKOI'0;
I') METOJOM MPOCTON UTEPALUY;

1) METOJIOM 3eHens.

BxoaHble JaHHBIE:

e TIOPSIOK CHCTEMBI N ;

e MarpuIia CUCTEMBI A

e 1IpaBas 4acTh CHCTEMBI D;

® TOYHOCTH € (IJI1 UTEPALIMOHHBIX METOJIOB).

BreIxoaHbIe JaHHBIE:
® TIPOMEKYTOUYHBIC BEKTOPHI U MATPUIIBI;
® DEUICHHE CUCTEMBI;

® HCBJ3KA.

Bapuanmu 3a0anuii

2.74x, —1.18x, +3.17x, = 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%X; =1,

X, + X, = 2.

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

SX, +8X, + X, =2;
3X, —2X, +6X;, =—7,;
2X, + X, — X3 =—5.

3.2X, +5.4X, +4.2X;, + 2.2X, = 2.6;
2.1x +3.2X, + 3.1x, +1.1x, =4.8;
1.2x, +0.4x, — 0.8x, — 0.8x, = 3.6;
(4.7% +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, +9.7x, +9.7x, = 30.4.

6X, — X, — X, =-11.33;
—X, +6X, — X; =32;
—X, — X, +6X; =42,
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1.1161x, +0.1254x, +0.1397x, +0.1490x, =1.5471;
0.1582x, +1.1675X, +0.1768X, +0.1871x, =1.6471;
0.1968, +0.2071x, +1.2168x, +0.2271x, =1.7471;
0.2368X, +0.2471X, +0.2568x, +1.2671x, =1.8471.

2.67% +5.1x, +3.31X, + 5.64x, + 4.76x, =6.19;
4.44% +7.5X, +4.67X, +5.7X, + 6.14x, = 6.95;

9. <5.33x, +9.8x, +8.67x, + 4.8x, + 7.33%x, =12.2;
3.56X, +5.3X, + 4.15x, +3.69X, +3.25%, =5.97;
1.78x, +4.17X, + 2.67X, + 4.69X, + 3.75X, = 4.42.

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

10.

4x, +0.24x, —0.08x, =8;
11. 40.09x, +3x, —0.15x, =9;
0.04x, —0.08x, + 4x, = 20.

2%, —0.24x, + X, =-3;
12. $3%, +5x%, — 2%, =1;
X, —4xX, +10x; =0.

10X, + X, + X, =12;
13. 3 2%, +10x, + X, =13;
2X, + 2X, +10x, =14.



14.

16.

17.

18.

19.
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2X, +3X, —4X; + X, =3;
X, —2X, —=9%X; + X, = 2;
OX, —3X, + X, —4X; =1,

10x, +2X, — X; + 2%, = —4.

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

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

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

3.8x, +6.7x, —1.2x, =5.2;
6.4x, +1.3x, —2.7%X, =3.8;
2.4x, —4.5X, +3.5%, =-0.6.

|
|
|
|
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2.4x, +0.2x, —0.3x, —1.1x, + 5.86X, = 23.84;
0.3x, +0.1x, +1.1x; +10.2X, + X, = 38.85;
20. 10.5x, —6.2x, +0.1x, +1.5x, —1.2x, =17.23,
0.1x, + 2.1x, + 5.1, + 0.2x, — 0.3X, = 6.56;
2.5%, +0.1x, + 0.2x; + 0.3x, + 0.4X, = 6.63.

6.2.2 BoluncjieHne onpeaeauTeaeil MAaTpUIl

3aoanue
Hanucars nporpamMmy BBIYMCICHUS ONPEACIUTENST MATPUIBl OJHUM W3
CJEIYIOIINX METOIOB:
a) metoaoMm ["aycca;

0) METOJIOM JICKOMITO3UIIHH.

BxoaHble JaHHBIE:
® TOPSIOK CUCTEMBI N;

e MaTpuIla CHCTEMBI A.

BreIxoaHbIe JaHHBIE:
® TIPOMEKYTOUYHBIC MATPUILIBI;

¢ 3HAYCHHC OIIPCACIINTCIIA.

Bapuanmut 3a0anuii

B xauecTBe BapuaHTOB 3aJaHUN UCIIOIB30BaTh MATPHUIIBI K3 Til. 6.2.1.
6.2.3 Boiuuncienne o0paTHOil MATPHULIBI

3aoanue
Harmcats mporpaMMy BBIYUCIICHHSI 0OpaTHOW MaTPHIIBI OJJHUM U3 CICTY-
FOLLIUX METOJIOB:

a) meroaoMm ["aycca;
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0) METOZIOM OPTOTOHATTU3AIIHH;

B) METOJIOM XaJIeIKOrO.

BXOI{HLIe HAHHbIC:
¢ TIOPAJAO0OK CUCTCMBbI n,

e Marpuia cucteMsl A.

BbixoaHble 1aHHbIE:
® [IPOMEXYTOYHBIC BEKTOPHI U MAaTPHIIbI;
e o0parHas MaTpuULa;

® HCBJ3KA.

Bapuanmeut 3a0anuii

B kauecTBe BapraHTOB 3aJaHHI UCIIOJIB30BATh MATPHIIbI U3 . 6.2.1.
6.3 NMNpubnumxeHune cpyHKLUN

3aoanue
Hammmcats mporpamMmy WHTEPIIOJISIIMH Ta0IHYHO 33 JaHHOW (PYHKITUH C TI0-

MOIIBIO MOJMHOMOB HeroToHa nnu Jlarpanxa.

BxoaHblie JaHHBIE:

® JCXOJHAs CETKa y3J0B UHTEPIOISALINH;

® 3HAYCHMS MHTEPHOJIUPYEMON (DYHKINU;

® HOBas CETKa Yy3JIOB, HA KOTOPOW HEOOXOIWMO BBIYUCIIHTH 3HAUCHUS
dynxumy;

® TIOPAJOK ITOJIMHOMA.
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BbixoaHble JaHHDBIE:
e HOBas CETKa;
e 3HAYCHUS ITOJIMHOMA Ha HOBOM CETKE;

¢ JTIOTPCHIHOCTH MHTCPIIOJIIMPOBAHUA.

Bapuanmeul 3a0anuii

1.y=e2, xel0,1], h:O.l;xj:jg, j=0,...,20.

2. y=%x, xe[l,2], h=0.1 xj:1+jg, j=0,...,30.

3. y=e"% xe[4,6],h=0.2; xj=4+j2; j=0,...,20.

y=e 0¥ 1 g9 ye[2,6], h=0.2;

xj:2+jn, ]=0,...,40.

2

2 .h .
5.y=e", xe[-1,1], h=0.1 Xj=—l+j§, j=0,...,40.

6. y=xInx, xe[L,2],h=01 x; =1+ jg,j:O,...,ZO.

1 .h .
7. y:1 5, X€[2,4], h=0.2; Xj=2+j§, j=0,...,30.
8. y:In(x—l),XG[2,3],h:0.1;xj:2+j%j,j:O,...,ZO.

9. y=Vx+1xe[L,2],h=0.1 x; =1+ jg, j=0,...,20.

) .h .

10. y=sin®x+1xe[0, X,h="-: x. = j=, j =0, ..., 20.
y e[ 2] 20 X150
.h .

11. y=1-cos?x.xe[0, X1 h=":x. = j—. j=0..... 20.
y e[ 2] o XT3
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12. y= ,X€[1,51], h=2; xj=1+jh,j:0,...,50.
1+Igx 2
1 T T T n .h .
13. y=—— xe[=,=],h=—;x. ==+ j—, | =0,...,20.
Y=gnx X3 b =g Xi=3 13

14. y=2-tgx, x€[0,0.2%],h =0.02; X; = jg, j=0,...,20.
15. y=3-ctgx, x €[0.3r, 0.5x], h=0.027; x; =0.3n + jg, j=0,...,20.

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

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

Y= = O 40 =08
17. SIN X+ COS X

X; :—%n+0.05n-(j +2); 1=0,1,...,16.

Yy =SiNX+COSX; X; :—§n+0.17t-i; 1=0,1...,10;
18, 4
X; =—%n‘+0.05n- J; 1=0,1,...,20.
19 y=sinx; x, =0.1n-i; i=0,1...,10;
' X; =0.057- j; j=0,1...,20.
y=cosx; X =0.1n-i——; i=0,1,..,10;
20. 2

X; = 0.057- ] —g; j=0,1...,20.

6.4 YucneHHoe audhcdepeHumnpoBaHme

3aoanue
Hamucatp mporpamMmmy BBIYHCIICHUSI TIEPBOM U BTOPO MPOU3BOAHOM Tad-

JUYHOU (QYHKIMH C TOMOIIIbI0 osinHoMa HetotoHa mim Jlarpanka.
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BxoaHble 1aHHBIE:

® HCXOJHAas CeTKa y3J0B (PYHKIINH;

e 3HaueHUs AudPepeHupyeMoit PyHKINU;

® HOBas CETKa Y3JI0OB, HA KOTOPOM HEOOXOAMMO BBIYMCIIUTH 3HAYCHUS
POU3BOIAHBIX (PYHKIINH;

¢ TIOPSAJOK ITOJIMHOMA.

BBIXOIIHLIC HAHHBbIC:
® HOBasda CCTKaA,
¢ 3HAYCHM:A IIPOU3BOJHBIX ITOJIMHOMA Ha HOBOM CCTKC,

® [IOrPEHOCTh AUPPEPEHIIMPOBAHHUS.

Bapuanmut 3a0anuii

B kauecTBe BapuaHTOB 3aJaHUI UCIIOIB30BATh GYHKIIUU U CETKH U3 1. 6.3.

6.5 YncneHHoe nHTerpupoBaHue

3aoanue
1. HanmucaTh mporpaMMy BBIYHUCIICHUS WHTErpajia 1o OJHON U3 KBaApaTyp-
HBIX opmy: Tpaneruu, CUMIICOHA WU TIPSMOYTOJIBHIKOB ¢ aBTOMAaTHYCCKUM

BBIOOPOM I11ara HHTETPUPOBAHMUSI.

BxoaHble 1aHHBIE:

® HAYaJIbHOC KOJIUYECTBO Y3JIOB N, ;

® CeTKa y3JI0B (WJIM IIar CETKU U T'PaHULIbl THTEPBAA);
e 3HayeHUs QYyHKUUU JUO0 aHATUTHYECKash QYyHKIINS;

® OTHOCHUTCIbHAsA TOYHOCTB.
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BbIXoaHBbIE JaHHBIE:
¢ 3HAYCHHC MHTCTpAJIA,
¢ KOHCYHOC KOJMYCCTBO Y3JIOB,

® TOYHOCTb HHTCTPHUPOBAHUAI.

2. Hanucats nporpaMmy BbIYMCIIEHUS UHTETpasia 1o ¢popmyie ['aycca.

BxonHble 1aHHBbIC:

® MOPSAOK (GOPMYIIBL;

® TpaHUILBl NHTEPBAJIA;

® [OJBIHTErpasibHasl (YyHKIUS;

® OTHOCHUTCIbHAs] TOYHOCTD.

BI)IXOIIH])IC JAaHHBbIC:
¢ 3HAUCHHC MHTCTpaAlia,

® TOYHOCTb MHTCIPHUPOBAHUSI.

Bapuanmut 3a0anuii

1 TL n=6 2 } ax n=4
0(1+ X)\/;’ 1,5\/;\4/(X—1)3’
3 dx 1 dx
{\/;(QX/2 +3) £ X\ X% -1
1 .2
x“dx 4 xdx
5 | —, n=4. 6. | ——, n=4.
g X2 +1 £VX2+1

1
8. [ InxIn(l+x)dx, n=4.

.on2+1 ' 0.1

\l
S
Il
N



0.75 dx

9.

-0.75 \/1— X2 \/1+ X2

—X

dx, n=10.

3
e
t ;[12+x

13.

15.

17.

fee
£
i
o

1+ X dx n=~6.

. n=8.

109

2
2
10. je‘x cos xdx, n=6.
0

2
12. je‘xz sin xdx, n =6.

© dx
£d5+ 4x — X2
2

16. J
0
2

18.

o

2o.j 1+ x*dx, n=6.
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OTBETbI U PELUEHUA K 3A0AYAM
AnA CAMOCTOATEJNIbHOIO BbINOJIHEHUA

Pemienue ypaBHeHuUil ¢ OHOM NepeMEHHOM

1. OrBer: Xx=0.451.

2. Pewenue. MakcumManbHOE KOJMYECTBO WUTEpaIlMii B METOJEe mepedopa

PaBHO KOJIMYECTBY MOJIBIHTEPBAJIOB, HA KOTOPbIC MbI pa30ouBaeM uHTepBa [a,b]

b—a
. OtBeT: Nn= )
€

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

ercs popmyaoii (b, —a,)/ 2 <e. Orciona nomydanm n > log, (b_—aj ~1.
€

4. Oteet: X=0.867.

5. Oteet: Xx=0.567.

6. OTBeT: X =2.852.

7. OtBet: Xx=0.567.

8. OtBet: Xx=0.448.

9. MakcuManbHbI OTPE30K 30JI0TOrO CedeHusi paBeH A, =A,/y’, rie
A, — ucxonubiii uurepsan [a,b]. Uepes N wurepaunmit momyaum A, =A,/y>".
CrnemoBarenbHO, €CIIM TOYHOCTh IOMCKA KOpPHS paBHAa €, TO W3 HEPAaBEHCTBA

A In(A, /
—% < € HOJTy4HM nZM.
2Iny

10. OtBer: X =2.596.

11. Pewenue. I1orpeniHOCTh KOPHS paBHA

\g—xn\sﬁ\xn — %,
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PasHocTk |X, — X, ;| MOXKHO IpeJCTaBUTH KaK
‘Xn - Xn—l‘ < qnil‘xl - XO‘

Iostomy  |€—X,| Siq"_l‘x1 — X[ <

1-¢

hlole-A-q)-lg(b-a)
lgqg

n
g ‘b - a\ <g. Orcroga cuemyer
—q

1

Pemienue 3a1a4 JJMUHEHHON aJredpbl

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

2. OtBeT: X, =—3; X, =2; X, =1.

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

4. Otser: 1) |p|+|q| <1 (wrst Hopmer LIT); 2) p? +q° <0.5 (s mHopwmst I1D).
5. OtBet: 1) ‘p‘ + Z‘q‘ <1 (uns vopmsl LIT); 2) 3p® +4q° <1 (a1 Hopwmst 11I).
6. Oteet: X, =1.995; X, =—1.006; X, =2.995.

7. OtBet: X, =1.998; x, =-1.001; x,=2.999.

8. OtseT: det A=-3.

9. Jloka3aTenbCTBO:
(a, +bx,ax+hb,c)=(a,ax+b,c)+{Ox,ax+b,c)=

=(a,ax,c)+(a,b,c)+(bxaxc)+(bxb,c)=

:X(aiiai’ci)—i_(ai’bi’ci)+X2(bi’ai’ci)+X(bi’bi’ci):
=x-0+(a,b,c;) - x*(a,b;,¢;) + x-0=(1-x*)(a;,b,,c,).

10. OtBer: D =-8.
11. OrBer: D =-10.

-8 29 -11
12.OtBer: A*=|-5 18 -7
1 -3 1

Hpuoauxenue pyHKuumi



n
1. Pewsenue. [ns cymmsl f(n) = Z k® mocTpouM TabiuIly KOHEYHBIX Pa3-

HOCTEM.
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

HOCTpOI/IM MOJIMHOM MAaKCHUMaJIbHOM CTCIICHU (MaKCI/IMaJII)HaSI CTCIICHB I10-

JUHOMA paBHa 4):
P(n)=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(M)=1+9-(n-)+8-(n-)(n—-2)+(4/3)-(n-1)(n—2)(n-3).
3. 3anumieM OmpenenuTeNb, COCTABICHHBIM U3 CHUCTEMBI (DYHKIUI

{@.(X)} =1,x,%*,...,X" Ha ceTke {X } =X;,X,,..., X, 13 [a,b]

X X X
2 n
XX X
A=1 x, X xg| =] T (% —%)-
i>k
1 x X X"

310 onpenenurens Banaepmonna. Ecim Bce X, momapHO pa3nuyHbl, TO A

oTan4eH oT Hys. OTcroza cieayer, uto: 1) cucrema QyHKIIHi {(pi (X)} JIMHENHO
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n
HE 3aBUCHMA; 2) 110001 00001IeHHBII IOIMHOM P, (X) = Zci -X' umeer He Ooiee
i=0

N kopueii Ha [a,b].

JlelicTBUTENBHO, ecii OBl onpenenuTeb A ObUT paBeH HYIO, TO MBI ObI
VMEJH JIMHEHHO 3aBUCHMBIC CTOJIOIBI OTIPEIEIUTENS, YTO PABHOCHIIBHO BBITION-
HCHHIO PABCHCTB

Co-1+C X, +Cp-XF +..+C - X =0, k=0,1,...,n.

A 5TO 03HauaerT, 4To Mbl ObI UMeNu N +1 KopHEei.

6. Iyt momHOMa 1-TO TIOpSAIKA MOTPEITHOCTh paBHA:
R (x) < %Kx ~1.96)(x— 2.25)|;

M,= max |f"(x)|=|f"(1.96)|=0.091L

xe[1.96,2.25]

R,(2) < 0.00046.

J{nst monrHOMa 2-T0 TopsiIKa:

R, (X) S%Mg\(x—1.69)(x—1.96)(x—2.25)\;

M,= max |f"(x)|=|f"(L69)=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

R,() < 217 -max(9-(a-D);
M, = max | f"(x)|=[sin(x)| =1

xe[0,n/2]
2

Ri(2)="5-<0,0001 h=28 102
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[Tpu KBaszaTHquﬁ WUHTEPHOJSAIUU:

R(x)< £h*-max(q-(q-1)-(4-2));
M, = Xn[‘(nja>/<2]\ f"(x)|=|cos(x)| =1

qm = 014231 1:(qm) = qm ) (qm _1) : (qm - 2) = 01385;

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

11. sinx =1.5704(2x / ) —0.6427(2x / 1) +0.0724(2x / )°.

1 1
12, 1-X2)P = = — 2 (2 = D)+ — (X = X2+ 2);
A=x)T = 5( 2t 35n( Xty

£ ORUHEOH

Yucaennoe nudgepeHupoBaHue

3. Cxopocts V =37.75 m/c, yckopenne W= 21 m/c?,

4. TpoussozHast P;(0.1) =—0.4756. IlorpeuHocTs, BeIYHUCICHHAs IO (HOp-

myie (4.2) R;(O.l) =4.37-10™. D10 camas GOINBIIAS BO3MOXKHAS MOIPEIIHOCTb.

Ecnu ncnonb30BaTh MAaKCUMAIIBHOE 3HAYEHUE YETBEPTOU IPOU3BOIHOMN HA
HUHTEpBAJIC mexl f@(x)|=0.0625, momyunm Gomee TOYHYIO OLEHKY
norpewmroctu R;(0.1)=2.083-10.

Tounas pasuocts | f'(0.1) — P(0.1) |=1.866-10.

Bropas mnpoussonnas P;(0.1)=0.2372. IlorpemHocTs, BBIYHCICHHAS
no ¢popmyne (4.5) R;(0.1) =1.53-10°. Dr0 camas OGoNbIIAs BO3MOKHAS

MOTPEIIHOCTb.
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Ecnu mcnonb3oBaTh MakCHMMajabHOE 3HAYEHHE YETBEPTOM MPOU3BOAHOMU

na uareppate  Max | f “(x)|=0.0625, momyunM Gonee TOYHYIO OLCHKY

norpemoctn R;(0.1)=7.29-10".

Tounas pasuocrs | f”(0.1) — PJ(0.1) |=6.37-107".

5. [IpousBognas L (O.l) =—-0.4756.  IlorpemHOCT,  BBIYUCIICHHUS
nponssonuoit  L;(0.1)=2.083-10". Tounoe 3HAYCHHE DPA3HOCTH COCTABILIET
| £(0.1) - L;(0.1) |=1.866-10™°.

Bropas mpomssognas Lj(0.1)=0.2372. IlorpemHocTs BBIYHCICHHS
L}(0.1)=7.29-10"*. Tounoe 3HAYEHHE pasHOCTH COCTABIIAET
| £"(0.1) - LJ(0.1) |=6.37-10*.

6. [Ipon3BogHas P3’(0.1) =—0.201. TlorpemHOCTH, BBIUUCICHHAS TIO (Op-
myie (4.2) R;(O.l) =0.0341. OT0 camas 0oJibllIas BO3MOKHAS MMOTPEUTHOCTD.

Ecnmu ucnosnp3oBaTh MakCHMMalbHOE 3HAYEHUE YETBEPTON MPOM3BOIHOMN
Ha HHTEpBate MaX | f @ (X)|=12, moxyunm Gostee TOUHYO OLICHKY TOTPELIHOCTH
R:(0.1)=0.004.

Tounas pasnocts | f'(0.1) — P(0.1) |=0.003.

Bropas mnpoussoxnas P;(0.1)=—2.031. IlorpemHocts, BBIYHCICHHAS
mo popmyne (4.5) R;(0.1)=1.195. Dto camas OGomblias BO3MOXKHAs

MOTPEIIHOCTb.

Ecau Mcmons3oBaTh MakCHMMaJIbHOE 3HAYEHUE YETBEPTOM IPOU3BOIHOM
f@(x)|=12 6
na untepsane Max| f ™ (x) |=12, noxyunm Gosee TOUHYIO OLEHKY TOTPEIIHOCTH
X
R:(0.1)=0.14.

Tounas pasnocts | f”(0.1) — P(0.1) |=0.0905.
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7. [IpousBoaHas L (0.1) =-0.201. ITorpemHocts BBIUHCIICHUS
npom3sogHoii  L;(0.1)=0.004. TouHoe 3HAYEHHE PA3HOCTH COCTAaBIISIET
| £'(0.1) - L;(0.1) |=0.003.

Bropas mpoussognas Lj(0.1)=-2.031. IlorpemHocTs BBIYHCICHHS

L;(0.1)=0.14. Tounoe 3Ha4YEeHHE pasHOCTU COCTaBIISIET

| £7(0.1) — L(0.1) |=0.0905.
YuciaeHHoOe HHTEIPUPOBAHUE

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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