MunuctepcTBo 00pa3oBaHus U Hayku Poccuiickoit denepauun

denepanbHOE rocyJapCTBEHHOE OI0PKETHOE 00pa30BaTEIbHOE YUPEkKACHUE
BBICILIETO 00pa30BaHUs

TOMCKUM T'OCYJIAPCTBEHHBII YHUBEPCUTET
CHUCTEM YIPABJIEHUSI 1 PAIMODJIEKTPOHUKHA

Kadenpa apromaruznpoBaHHbIX cucteMm ynpasjieHus (ACY)

A. A. Muneasn, B. B. Pomanenko

BbIYHUC/TUTE/IBHAA MATEMATUKA

MeToaun4yeckne ykazaHUA Mo BbINOSIHEHUIO
KOHTPOJILHOM U NnabopaTopHbIX padoT

Tomck 2018



Koppekrop: A. H. Muponosa

Muueas A. A., Pomanenko B. B.

BrruncnurensHas MaTeMaTHKa : METOAMYECKUE YKA3aHUS TI0 BbI-
TIOJTHCHWIO KOHTPOJILHOW W JlabopatopHbIX pabdor / A. A. Murens,
B. B. Pomanenko. — Tomck : @10, TYCVYP, 2018. — 129 c.

© Muneis A. A.,
Pomanenxo B. B., 2018
© Odopmiienue.
dJ10, TYCVYP, 2018



COOEPXXAHUE

|33 1001 () & 1 (< 6
1 Pemienue ypaBHEHHUN C OTHOM TEPEMEHHOM ...ovvveieiiiiiiririiiiiieeeesesssinnnnneeeeeeas 8
1.1 OTACHEHUE KOPHEM ..ooeeeeeeeeeeeee e 8
1.2 IHTepBaJIbHBIE METOMIBI MTOMUCKA KOPHEM ...vvvvviiieeiiiiiiiiireieieeeee e e e 10
1.2.1 METOH HEPEOOPA. .. veeeeeinrrreieesiiiieieeesasiere e e s s e e e s e s e e e e 10
1.2.2 MeToa TUXOTOMHH (METO/I IOJTOBUHHOTO JCICHUS) vvvvvvvvvvvrrvvnnrnnnnnns 11
1.2.3 IMIETOT XOPT «vvtvvvveeeeeennneeennesseeesenessssssssssssssssssssssssssssssssssssssnsssssnsnnsnnnnes 14
1.2.4 METO 30JIOTOTO CEUEHI ..vnvvurrninnernsesnsensesnsesssnsesnsesneensssnsesnssnsesnsees 17

1.3 UrepalilnOHHBIE METOIBI MOUCKA KOPHEM ....vvvviiieeeiiiiiiiiiiiie e ee e 20
IR LY (5 X0 )i B 5 05 10 o) - 1 20
1.3.2 METOIT UTEPALIHM ....ovivvieeiieeeeeee e ettt e e e e e e e e s s eisbbbe e e e e e e e e e e e e nnnnnnees 23

1.4 KOMOUHUPOBAHHBIH METOL ...vvvveeeesiuitrieeessstrneeeesassnneeessannnneeessannnnneeesnns 27
1.5 3agaum 11T CAMOCTOSTEIIBHOTO PEIICHM v.vvvvveeeeesssssiviirrereeneseessssnsnnnnnns 29

2 Pemienure 3a7a9 JTUHEHHOM QIITEOPBI «..cevvvvevrvrrrerieeeeessssiiirisseeeeeeeesssssssssnseeees 31
2.1 MeTtoapl pelIeHUs] CUCTEM JTUHEUHBIX YPABHEHUM ....cvvvvvvvviiiiiiiiiiiiiineneen, 31
2.1.1 METOM TQYCCA ..uuvuiiiiiiiieii ittt e e e 31
2.1.2 MEeTO OPTOTOHATTHBAIIHH «..vvvvvvvvrreeeessssssssnsnseeseessessssssssssssseneeesssssnnnns 33
2.1.3 MeTtoa n1eKOMIO3UIHIH (CXEMA XATCITKOTO) vvvvrrrrreesssssnrrrrrrereeeeessnnnns 36
2.1.4 METO TIPOCTOM HUTEPAITHH «..vvvvvvvrreeeeesssssnsnnnrerseessesssssssssssseneeesssssnnnns 38

0 BRI\ (S £ Y1 Q1) 7 01 (=11 € (A 41
2.2 PellieHUE NEePEOTNPEICTICHHOM CUCTEMBL......ccceviiiiiiiiiiiiiieiieeieeieieeeeeaaeaeeeens 43
2.3 BBIYUCTCHHUE OMPEACTUTEIICH ..vvvvvviiiiiiiiiiiiiiiiiiiiiiitieiieieeeeeeeeeeeeeeeeeeeeeeeeeens 45
2.4 BBIYUCTICHUE OOPATHOM MATPHIIBI ..ceveeeeeeeieieiiiieieieeeeeeeeeeeeeeeeeeeeeseeeeeeeeees 49
2.5 3aga4u AJ1s1 CAMOCTOSITEBHOTO PEIICHH S ..ovvvvvvvvrerieierieeeeieeeeseeeeereeeneeeeeees 51

3 TIpUOTHMIKEHUE DYHKIIFIH ....evveeiiiiiiieeeiiiiiiee e s esiitee e e et e e s e e e s s e e 54
RIWE B (0705 ¥205 (6] 2= T V- Vi €2 1 54

3.2 AnreOpandecKoe WHTEPTIOTMUPOBAHFIC «..cceevuvvvrreeesanrrrreeesanreneeeesainneeeesanes 56



3.2.1 ®opmyna HprOTOHA 11 PABHOMEPHOM CETKH .oevneiiirrriiiiiaeenennnnes 56
3.2.2 ®opmyna HprOTOHA 111 HEPABHOMEPHOM CETKU .....vvvvvvvrriiiieeeesnnnneens 60
3.2.3 ®opmyna Jlarpanxa 1yl HEPABHOMEPHOM CETKM .....cceevvverrerereeeeneanann 61
3.2.4 ®opmyna Jlarpanxa Jjisl PABHOMEPHOM CETKH ...cevvvvvvvrrrerrrrreeeeneneneenn 63
3.3 Annpokcumarusi TPUroHOMETPUUYECKUMU PYHKITUSAMU .....ovvveeernnrneeeennnes 63
3.4 Ilpubnmxenne GyHKUUN TOTUHOMAMHU JICKAHIPA ....evvveeiririieeiiiiiieeenne 67
3.5 TTOMHHOMBI UEOBIIIICBA . .....eveieeeeesiiiiiiiitieeeee e e e e e ettt e e e e e e e e e e eeeeeeeeas 69
3.6 3amauu 1719 CAMOCTOSATEIIBHOTO PEIICHMS ... eeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e 12

4 YucneHHOE JUDPEPEHLHIPOBAHME .....eeerrnrrrereesinirreeeessasnreeeesaassnreeessannneeeesans 75
4.1 OOPMYIIBI HBEIOTOHA ...t 75
4.2 @OPMYITA JIATPAHMKA . .....vveeeeeiiieiie e st e e s et e e s st e e e e e e s e e e e 78
4.3 3agaum AJ1s1 CAMOCTOSITEBHOTO PEIICHUM S c.evvvvvereeeeereieeeeieeeeeeeereeeeeeeeeeeeens 82

5 UNCHEHHOE MHTETPHUPOBAHME ......ceeriiuuirrrreereaeeesssaaassnnnsssseeaeesssssassnnnnsseeeeeeas 84
5.1 @®opMynbl TPAMEIUU U CHUMITCOHA ......uuvvreiiiieeeeeiiaiinirnreeeeeeaesssasnnnnnneeeas 84
5.2 OOPMYITBI IPSIMOYTOITBHUKOB. ....ttiutvvirreerteseesssasssssssseeeeeseesssssssssssseeeeeeens 88
5.3 IIpaBusno PyHre OLIEHKA OCTATOUHOTO UTICHA....cceeeeeeeeeeeseeieeeeenanasaaaaaaaeens 90
5.4 DOPMYTIA [AYCCA....ciiiiiiiiiiiiiiie et 91
5.5 3amaun 11 CAMOCTOSATEIIBHOTO PEIICHMS ...evveeeeeeeeeeeeeeeeeeeeeeaeaeeeeeeeaaeeeens 94

6 3a7aHUE HA KOHTPOTBHYIO PAOOTY ..iiiuvvvrvrrerieeeeesssssisirsrnnsreeeesesssssssssssseseesses 96
6.1 Pemienne ypaBHEHHUI C OJTHOU MEPEMEHHOM ....oovvvvvvvririieeeessssiiiiinnneneeenss 96
6.2 PerreHne 3a71a4 THHEHHOM QITCOPBI....uvvvvriiiieeeesiiiiiiiiiereeeeeessssssssnsnneens 98
6.2.1 PermeHre CHCTEM JIMHEHHBIX YPABHCHMM .. .vvvvvieeeeeesiiiiiiinieineeeaeennnnnns 98
6.2.2 BBIYHCIICHUE OMPEICTUTEICH MATPHIL. . .vvvvvrrreeeseessssssnnsrnerrreneeesannnns 102
6.2.3 BBIYHCIICHHE OOPATHON MATPHIIBI ....vvvvvvvvrireeeeeessssnsssssnnnnessesssnnnsnns 102
6.3 TIPUOIIKEHUE QYHKITHH ..vvvveeeessiiiiiiiiiiiteeeeesssssiiisseeseeeeesssssssnsnneseeeees 103
6.4 HucineHHOE TUDDEPEHIIUPOBAHIE ......eveeerevrrreeeiiniieieeesassiineeeesainneeeesns 105
6.5 UHCIIEHHOE MHTETPUPOBAHHUE ....coeevivvieeeeneeeaessaanisinsneeeeeeeessaaannnnnsneeeas 106

7 3amanvie Ha 1a00PATOPHYIO PAOOTY No 1 oot 109

7.1 PemieHne 3a1a9 JTUHEHHOM AIITCOPBI...ccveiiieeieiiiiiiieieieeeeeeeeeeeeeeeeaeeeeeeeaeens 109



7.1.1 PermieHne CHCTEM JIMHEMHBIX YPABHEHMM ....ovvvvieieiiiiiiiiniiiiiiaeeeneennns 109
7.1.2 BbIUHCIICHUE ONPEICTUTEIIET MATPHLL...ccevveeiererereeeeeeeeeeeeeeeeeeeeeeeeeees 113
7.1.3 BBIYMCIIEHUE OOPATHOM MATPHLIBI «....cvvveeeseirieeeesannneeneesnnnneeee s 113

8 3amanue Ha 1a60PATOPHYIO PAOOTY NO 2 oo 115
8.1 TIpUOIMMIKEHHUE PYHKIIHIH ......vvvveesiiiieiee et 115
8.2 UucneHHOE JUDDEPEHLIUPOBAHME .....vveeernrrrereesiirreeeessasnneeeessannnneeeesnes 117
8.3 UHNCIIEHHOE MHTETPUPOBAHUE .....eevvvreeerieeeassasinnrneseeeeeeesssssnssnnnneeeessesens 118
OTBeTHI K 3aJ1a4aM JJI1 CAMOCTOSTEIBHOTO PELUEHHUS ......vvvvvvveeeieeeeeeeeeiinnnnnes 120
JITEPATYPA ..ottt ettt e e e e et e e e e e e e 127

[Tpunoxenue A l11a6i0H oTueTa MO KOHTPOJIBHOU

U JTAOOPATOPHDBIM PAOOTAM ....vvvvieeiirrreeeesiitieeeessastireeeessnnnreeeesanneeeeessannneeas 128



BBEOEHUE

[Ipu ncnonb3zoBanuu IBM uncieHHbIE METOIBI BBICTYIAIOT KAaK MOIIHOE
MAaTEMAaTHYECKOE CPEICTBO PEUICHUS MpakTUUeckux 3ajaady. CoBpEeMEHHBbIE
YCHEXU B PEIICHUU BAXKHBIX MPOOJEM B TaKUX 3HAYMMBIX 00JIACTSIX, KaK aTOM-
Has PHEpreTuka, KOCMUYeCKasi OTpaciib, S9KOHOMUKA HE ObUIH OBl BO3MOXKHBI 0€3
npuMeneHust 9BM u uncienHbsix Meto10B. [lo onenkam ydeHsix, 3¢ dexr, no-
CTUTaeMBbIi 3a CYET COBEPIICHCTBOBAHUS YMCIEHHBIX METOI0B, cocTaBisaeT 40%
ot ob6miero 3ddekra, TOCTUTaeMOro 3a CYET MOBBIIMICHUSI TPOU3BOIUTEIBHOCTH
OBM [1].

UucneHHble METOAbI — 3TO METOJIbl, MO3BOJIAIONUIAE MPU MOMOIIHU aJIro-
PUTMOB, UMEIOIIUX KOHEYHOE YMCJIO UTEpAIUi, periaTh pa3IndHble MaTeMaTH-
YeCKHe 3aJ71auu (3a/laHHbIC B AHATMTHYECKOM BHJIE).

[IpoBeneHue CIoKHBIX MaTEeMAaTHYECKUX PACUETOB TpeOyeTcs BO MHOTHUX
oTpacisiX HaykKu U TexXHukd. [Ipu 3TOM 00BEM ITHX pacueToB TAKOB, YTO BPYH-
HYIO 332 pa3yMHOE BPEMs UX BBIIIOJIHUTH HEBO3MOXHO. [IpuMepsl — pacnpenene-
HUE HArpy3Kd MEXIy MOJKIIOUEHHBIMH K 3JEKTPOCTAHIMU OO0BbEeKTaMH (OHO
JOJIKHO MPOUCXOAUTH MPAKTUYECKH MTHOBEHHO MPU U3MEHEHUU MOTpedssieMoit
MOIIIHOCTH), BBIYUCIICHHE TPACKTOPUA KOCMUYECKUX TEJI, PACUET JIBHXKEHHI 3€M-
HOM KOpBI B T€OMH(OPMAITMOHHBIX CHCTEMax (a ATO 3aJa4 HePTIHOM, ra30BoU
U IPYTHX OTpacieil) 1 MHOroe pyroe. ljist 3Toro u BHEAPAIOTCS B MIPOMBIILICH-
HOCTh M HAyKy BBIYMCIIMTENIbHBIE CUCTEMBI, CO3/Ial0TCS CHELUATU3UPOBAHHBIC
MaKeThl JIs1 NIPOBEJICHUS YHCICHHBIX pacueToB. Pacnpoctpanenue xxe OBM cra-
BHT, B CBOIO O4Y€PE]b, HOBBIE MATEMATUUYECKHUE 3a]a4H, HE CYIIIECTBOBABILMUE Pa-
Hee — pacrnpesiesieHne HHTEepHeT-Tpaduka, 00CUeT TpeXMEPHBIX MOJIEei B Ipa-
dudyecKknx pegakTopax U Uurpax u T. .

Takum 00pa3om, 3HAHWE YMCICHHBIX METOJOB HEOOXOJIMMO WHKEHEDY,
00J1aCTh JAESATEIBHOCTH KOTOPOTO CBsI3aHA C MPOTPAMMHBIM 00€CTIeYeHUEM BbI-

YUCJIUTEIHON TeXHUKU U, B OCO6GHHOCTI/I, ABTOMATHU3HUPOBAHHBIX CHUCTCM.



B npennaraemoM nmocoOum paccMOTpEHbI B IPUMEPAX W 3aJadyax OCHOB-
HbI€ YUCJICHHBIE METOJIbl PEUICHUS 3a7a4 W3 CIEAYIOIIMX Pa3/esioB BbIYHUCIIU-
TEJIbHOM MaTEMAaTUKU: PELICHUE YPAaBHEHUHN C OJHOM IIEPEMEHHON, PEIICHUE 3a-
7a4 JTMHEHHON anreOpbl (pElIeHue CUCTEM JIMHEHHBIX anredpandyeckux ypaBHe-
HUM, BBIYUCIICHUE OMpeenuTene, 00paTHO MaTpullbl), NPUOIMKEHUE PYHK-
Ui, yucieHHoe nudpepeHrpoBanue U HHTErpupoBanre GyHkuuii. B kaxaom
paszesne NmpUBEACHbl KpaTKUE CBEACHHUS M3 TEOpPUHU [2], ONMHUCAHBI aNTOPUTMBI
BBIUMCIEHUN U Pa300paHbl MPUMEPHI MO KAXKIAOMY U3 ONMUCHIBAEMBIX aJITOPUT-
MOB. B KOHIIe Kax/10r0 paszena JaHbl 3aJ1a4i U IPUMEPHI JJI1 CAMOCTOSTENbHO-
ro peuieHus. B rimaBax 6—8 npuBeaeHbl 3aaHUs HA KOHTPOJIbHYIO U J1abopaTop-
HbIe pa0bO0ThI C UHAUBUAYATbHBIMA BapUAHTAMU 33JaHUH.

Brei6op BapuaHTa 3a7aHus OCYIIECTBIISIETCS MO OOLIMM MpaBHJIaM C HUC-
MOJIb30BAHUEM ClIeTyIOIIeH (OPMYIIbI:

V = (N - K) div 100,
rae  V — UCKOMBIN HOMEp BapuaHTa,

N — ob111ee KOJIMYeCTBO BapUAHTOB,

div — meounciieHHOE JeIeHHE,
npu V = 0 BeIOMpaeTcss MaKCUMaJIbHBIN BapUaHT,

K — xox BapuaHTa.

B npunoxxennn npencraBieH madiIoH oT4eTa Mo KOHTPOJIbHOM U mabopa-
TOpHBIM paboTtaMm. OT4YeThl MOJKHBI ObITh odopmiiensl coriacHo OC TYCVYP
01-2013. PaGoTsI cTyaeHYECKHE 10 HAMPABICHUSIM MOJATOTOBKU U CIIEIHUATIBHO-
cTsM TexHudeckoro mpodusa. O6mue TpeOoBaHus W mpaBwia OGOPMIICHUS.
IIpukaz  pektopa ot  03.12.2013  Ne 14103.  Pexxum  jgoctyna:

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



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

1 PELULEHUE YPABHEHWI C OOHOWU NEPEMEHHON
1.1 OTaeneHne KopHen

Pemenne HenMHENHBIX YpaBHEHUM C OJHOM NEPEMEHHOM MPEACTABISAET
OJIHY W3 BaXKHEHIIUX 3a]ay MPUKIAJHOTO aHanu3a. B obuiem ciyyae HelnuHen-
HOE YpaBHCHHE MOYKHO 3aITUCaTh B BU/IC:
f(x)=0, (1.1)
rae f(X) ompenenena u Henpepsisaa Ha [a,b]. Beskoe uncno & e[a,b], oGpa-
matouee Gyskiuo f(X) B Hyns, 1. e. f(&)=0, HasbiBaeTCs KOpHeM ypaBHe-
aust (1.1). Yucno & naspiBaercsi KopHeM K-l KpaTHOCTH, eciid ipu X =& BMecTe
¢ dyHKIHCH f(X) obpamatorcst B HOJIb €€ mpousBogHbie 10 (K —1) mopsaka
BKJIFOUMTEIIBHO
f(g)=f'(x)=..= f*I(g)=0.

OnHOKpaTHBIN KOPEHb HA3bIBAETCS TPOCTHIM.

[lepBeiit aTan yuciaeHHoro peuieHust ypaHenus (1.1) coctout B otnere-
HUU KOpHEH, T. €. B YCTAHOBJICHUH TECHBIX MPOMEKYTKOB, COJIEPKAIIUX TOIBKO
OJIuH KOopeHb. DAaKTHUYECKU ATOT 3TAll COCTOMT B HaXOXIACHUHU IpyOOro 3Haye-

HUs KOpHs. PaccmorpuMm rpadudeckuii crioco0 otaeneHus kopHs. s storo

crpoutcs rpabuk pyHkiuu f (X) Touka mepecedyeHus: ¢ OCbI0 aOCIKCC U eCTh

VUCKOMBIN KOPEHBb.

[TocTpoenue rpaduka yacto yaa€rcst ympocTuth, ecnu ypaBHeHue (1.1)
ynaéTcs 3aMEHUTh PaBHOCHIBHBIM €My YpaBHEHUEM fl(X) = fz(X). Hampuwmep,
Ha pucynke 1.1 mokazan rpaduyueckuii Ccmoco0 pemeHus YpaBHEHHUS

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



Puc. 1.1 — I'paduueckuii Mmetos pemenus ypaaerus f(X) =Inx—sinx

JI1s1 HaXOXJIeHUs] TPUOIMKEHHOTO 3HAYEHUSI KOPHEH C MCIO0JIb30BAaHUEM
5BM MOCTYMAIOT CJICTYIOIIUM o0pazom. 3agaroTr CETKY

{x}a=x <X, <..<X,=b u Bbrancisitor 3Hayenus pynxuun f(x )= f,. Ecnn
ISl IBYX COCEHUX TOUYEK BBITTOIHICTCS HEPAaBEHCTBO

f(x)- f(x,)<0,
TO B MHTepBale [X,X.;| pacmonoxeH mo KpaiHell Mepe OIMH KOpEHb
Em €% X,1]. Hanee, ecnn monoxurs &, =1/2(x + X, ), To TOUHOCTH Ompene-
JeHHs KOpHA &, paBHa

An :]/Z(Xm =X )

IIpumeuanue. Boob1iie roBopsi, BEIOTHEHHE JJaHHOTO YCIOBHUs O3HAUAeT,

YTO HA MHTEpBANE [X;,X.;| MOXeT GbITb NPOM3BOIBHOE KOJIMYECTBO KOPHEI.
Bonee Toro, naxe ecnu f (X )- f(X,,)>0, Ha unTepBane MOryr GbITH KOPHH.

[ToaTOMYy yCHEmHOCTh pEIIeHNs TaHHOW 3a/1adyd 3aBUCUT OT YAA4HOTO BBIOOpa
1iara CeTKHU.

Ha pucynke 1.2 mpuBeneHa cxema ajiropuTMa OTIEIEHUS KOpHEW ist
PaBHOMEPHOU CETKH.

Ha BTOpOM 3Tane yTOUHSIOT 3HaUYCHUE HAWJIEHHOTO KOpHs. [l 3TOM 1e-

JIKX MOKHO HCIIOJIBb30BAaTh PA3JIMYHBIC MCTOAbI. PaCCMOTpI/IM HCKOTOPBIC U3 HUX.
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C Otnesienne KopHei )

v
BBoa a, b, h

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

W
\ 4

y2 = f(x2)

—

BoiBog X1, X2
|

v

x1 :=x2
x2:=x1+h
\ 4

yl:=y2
| ( Konen )

Puc. 1.2 — CxeMa asiropuT™Ma OT/I€JICHUS KOPHEN

1.2 UHTepBanbHble MeToAbl MOUCKA KOPHEN
1.2.1 Metoa nepeéopa

[Iycts Ha uHTEpBaNE [a,b] pacmoiokeH OANH KOopeHb. TpelyeTcs: HalTH
€ ¢ TouHOCTBIO €. Pa300béMm [a,b] Ha N paBHBIX YaCTEH:
x,=a+i-h, h=(b—a)/n, i=0,.,n,
rae N= (b —a) / €, 1 BbrucauM 3HaueHne pynkuun f, = f (Xi). 3necy h — mar

CCTKHM.
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<0,

i+l —

Ecnu i IByX COCEIHUX TOYCK BBIMONHsETCS HepaBeHCTBO - .
to momarator §=1/2(X +X,,). Horpemnocts cocraBur A=h/2=¢g/2. Cxema

aNropuTMa IpuBEIeHa Ha pUCyHKe 1.3.

( Meton nepeéopa )
I
BBoa a,b.e

I
xl=a

ot

X2=x1+g
y1=f(x1)

<esh >

y2=f(x2)

X1=x2 E=(atb)/2
L ]

BoiBon &, f(§)

A 4

( Komem )

Puc. 1.3 — Cxema anroput™ma mMeToj1a epedopa

1.2.2 MeToa nuxoToMHuHu (MeTOI MOJOBHHHOIO JeJIeHHs)

[TycTh Ha [a,b] f (X) UMeeTCsl OJIMH KOpeHb . 3ajajuM TOYHOCTH €.
BbluncisieM cpeHio Touky € =1/2(a+ b) v 3HaueHue Qyukun f (C)
Ecin f(c)<e, o C — KOpeHb.
Ecmu f ( ) > g, TO pacCMaTpUBaeM JBa CIydas:
1) ecnu f (a) ( )< 0, To b =C u moBTOpsiEM mpoleCcC AeICHHS, THOO
(

2) ecm f(c)- f(b)<0, 10 a=C u noBTOpsieM mpouecc AETCHMSL
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Tak kak 3a KaXAyl WUTEpalUI0O UMHTEpBaJ, IJ€ PpaCIOJIOKEH KOPEHb,
yYMEHBIIAeTCs B Ba pa3a, TO yepe3 N uTepaluili HHTepBai OyJeT paBeH

b -a :2—];(b—a),an3T0M a, <&<b,.

1
B kadecTBe KOpHA & BO3BMEM E(bn +4a, ). Toraa NorpelHocTs Onpene-

JIEHUS KOpHsI OyJeT paBHa (bn —a, ) / 2. Ecniv BBITIOJHSIETCS YCIIOBUE
(bn—an)/2<8, (1.2)
1
TO MPOIECC TIOMCKA 3aKaHUMBACTCS U &§ = E(bn +a, )

MeTon AMXOTOMHUHU WITIOCTpUpPYET pUCyHOK 1.4. CXOoOMMOCTh MeToja

nuHelHas ¢ koapdurmuentom o =0.5.

/() A f(x) A

e
L]
\ 4

f(€)=0 f©)f (@ <0

-2
<——-| &
v

f(©)fb)<0

Puc. 1.4 — I'padmueckas nHTEpIIPETAIIS METOIa TUXOTOMHUH
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Ipumep 1. MeTogoM IOJOBMHHOTO [EIE€HUS YTOYHUTH KOPEHb
ypasrenuss  f(X)=x*+2x*-x-1=0 10 2 BepHbIX 3HAKOB, JEXKAIIUif
Ha otpeske [0,1].

Pewenue. IlocnenoBarenbHO UMEEM

f(0)=-1 f(1)=1 f(0)- f(1)<0;
c=0.5
f(0.5)=0.062+0.25-0.5-1=-1.19; f(0.5)- f(1)<0;

C y4eToM TOro, 4To KopeHb nexut B unrepsane [0.5,1], saxannas tou-

HOCTb JI0 2 BEPHBIX 3HAKOB O3HAYaeT, YTO MOTPEIIHOCTh KOPHS JOJDKHA OBITh
He 6osee 0.01 (B mupokoMm cMmeicie), T. €. € =0.01.

[Iposepsiem ycnosue (1.2) A=1/ 2(1— 0.5) =0.25>¢, cienoBareibHO,

IpOaOJDKACM IIPOIIECC IMTONCKA KOPHSIL.

f (0.75)=0.316+0.844 - 0.75-1=-0.59; f (0.75)- f (1) <0;
A=1/2(1-0.75)=0.125>¢; c =0.875;
f (0.875)=0.59+1.34-0.88 —1=0.05;
£(0.75)- f (0.875)<0;
A :]/2(0.875 — 0.75) =0.063>¢; c=0.812;
f (0.812)=0.435+1.071-0.812 —1=—0.306;
f (0.812)- f (0.875)<0; A=1/2(0.875-0.812) =0.031 > 5;
c=0.8435~0.844;
f (0.844)=0.507 +1.202 - 0.844 —1=-0.135;
f (0.844)- f (0.875)<0; A=1/2(0.875—0.844) = 0.016 > ¢;
c=0.859;
f (0.859) =0.544+1.268 — 0.859 — 1= —0.047;
f (0.859)- f (0.875) <0; A=1/2(0.875—0.859) = 0.008 <.
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Takum 00pa3oM, B KauecTBE KOPHSI MOKHO MPUHATH

£=1/2(0.859+0.875) = 0.867 ~ 0.87.

1.2.3 Metoa xopa

Merton xopn siBnsieTcs 0oiiee ObICTPBIM METOI0M MoucKa KopHs. CyTb ero

WJUTIOCTpUpPYETCs Ha pUcyHKax 1.5 u 1.6.

f”(x)>0 f”(x)<0

¥ £
I A f(xl)
: o ) LIS
: prds oo :
' f':-:l) :
A B
a O

Puc. 1.5 — I'paduueckas niumrocTpaiys MeTo1a XOp/1
(xonerr b HemoaBHIKEH)

[TycTh Ha WHTEpBase [a,b] UMECTCS KOpEeHb, T. €. f (a) f (b) <0. Haxo-

UM TOYKY X, O (opMyIie:

~| —h
I
—
—~
QD
~
—~
(e
I
jab}
~

0 b

Ecnu BeimosHseTCS YCIIOBHUC

f(x,)f(b)<0; n=12,..., (1.3)
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TO UTEPALMOHHBIN MTPOLIECC CTPOUTCH 1O (HOpMyIIe:

VR 1 €% RV
X, =X, fo)-f (Xn—l)(b X\1); X =2a. (1.4)

3necy b — HenmoaBrKHBIN KOHeIl (cM. puc. 1.5).

£7(x)<0 £7(x)>0

- |
§
b
7:}
__'_.:-:

:FX
H
o
o
i3
-
e
R
e ----d =

Puc. 1.6 — I'paduueckas nyutrocTpaIys MeTo1a XOp/1
(KOHEI[ & HETIOABHUKEH )

Ecnu BeimosHseTcs YCIIOBHC

f(x,)f(a)<0; n=12,., (1.5)

TO UTEPAIMOHHBIN MPOIIECC CTPOUTCS IO PopMmyIie:

X =a- f(a) (X, a—a); X, =h. (1.6)

f(x.)-f(a)

3nech a — HENOJBMXKHBIM KoHen (cM. puc. 1.6). Ha mpakTuke MoOXkeT

BCTPETUTHCS CUTyallMs, KOTJa TepBas WM BTOpas MPOU3BOJHAS (YHKIIUU
Ha uHTepBaje [@,b] Mensror 3Hak. B Takoi cuTyanmu mornepeMeHHO OyIyT BbI-
nonaaTeed (1.3) u (1.5). Paccmotpum 3toT ciyuait 6onee monpo6OHo. IlycTh
cHayana ObUIO BbINOIHEHO ycioBue (1.3). MrepaunoHHBI mpoliecc CTPOUM

o popmyne (1.4). Ilpeanonoxkum, 4ro mpu Hekotopom N= P ycioBue (1.3)
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He BbINIOHEHO. B 3TOoM ciywae mepexoaum k ¢opmyrne (1.6), B KoTOpoii

a=X,,, X =X,.lanee, ecinu Ipu HEKOTOPOM N =M OyzET HAPYIICHO yCIOBUE
(1.5) (B xoTOpOM Temeph @ =X, ; ), TO MEPEXOAUM OmATh K popmyie (1.4), rue
nonaraeM b=x_, X, =X, ;.

YcioBre OKOHYaHus IIpoLecca |X, — X, ;| < €, Tae & — 3a/aHHast TOYHOCTb.
3HaueHue KOpHs paBHO & = X, .

CxonmuMOCTh  MeTOJa XOpJl CymnepiauHenHas ¢ Kod3(duuueHTom

azl—%, rae m, =min|f'(x)|, M, =max|f'(x)|.
1

IIpumep 2. HaliTu MeTOAOM XOp[ MOJOKUTEIBHBINA KOPEHb C TOUHOCTBIO
10 0.002 ypaBueHus f (X) =x*-0.2x*-0.2x—1.2 Ha WHTEpBaJe [1,2] .
Pewenue. BoraucnsieMm 3HaueHUs QyHKIIUU
f (1):—0.6<O, f (2):5.6>0.
Takum o6pasom, & €[1,2]. Boruucasiem

f(a) —0.6-2
X, =a-— f(b)— f(a)(b_a): _m

f (1.194) = -0.022.

~1.194;

Tak xak f(1.194) - f(2) <0, To mis BeIYKCIICHUS TPHOIMKEHUN KOPHS
ucroiaszyeM Gopmyny (1.4):

X, =1.194— 0022 (2-1.194)=1.197.
5.6 — (~0.022)

[IpoBepsiem ycioBue ‘1.197 —1.194‘ =0.003>¢.
[Iponommkaem npouecc.
f(1.197) =-0.011;

x,=1197 - — O 5 1 197)=1.109:
5.6 —(~0.011)
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1.199-1.197|=0.002 =¢.

[Ipouecc MOKHO 3aKOHYUT.

Oteet: £=1.199.

1.2.4 MeTtoa 30J10TOr0 cCeYeHHUs

Mertopn 30510T0ro ceuenus (cMm. puc. 1.7), Tak ke Kak ¥ METOJ TUXOTOMUH,

OTHOCHUTCS K UHTCPBAJIbHBIM MCTOIaM (I/IJH/I MCTOAaM HMCKIIFOUCHMUA I/IHTepBaJ'IOB).

fi ) i

-]

Puc. 1.7 — I'padmyeckas WUTIOCTpaLUS METO/IA 30JI0TOTO CEUECHHUSI

Touku neneHus MHTEpBaja BEIOMPAIOTCS TaKMM 00pa3oM, 4TOOBI BBIOJ-

HAJIOCh COOTHOIICHUE MCXKAY HHTCPBAJIaMU .

ﬁzﬁz'“: Ak — Ak+1 :,Y
AZ AS Ak+1 Ak+2
1
rne y = \/§T+ ~1.618 — 3omotoe ceuenue, A, =b, —a, — anMHA OoTpe3Ka.

[IpencraBum anroput™ moucka HyJed B opMe MOCIeT0BATEILHOTO BhI-
MTOJIHEHUS UTEPALTU .

3amaem Touku & =a, b, =b, Homep urepanun k =1.
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[IIar 1. OnpexnensieM KOOPAUHATHI 30JI0TOT'O CEYEHUS:

d, =ak+Ak+1=ak+ﬂ; E:y—l;
Y o
A 1
C =9 +Ak+2:ak+y_§; F:(Y_l)z-

BerancnsieMm ToUky X, :%(ak +b,).
Hlar 2. Beruucnsem 3nauenus ¢yuxmmu f(a ), f(c.), f(d,), f(b,)

Y IIPOBEPSIEM YCIIOBUS:

a)ecm f(a ) -f(d,)<0,10 8, ,=4a; b ,=d,;

6) ecnu f(c)- f(b)<0,10 &,y =¢; by =by;

0 L b
BeluncnsieM HOBO€ MNpUOIMKEHHUE KOPHSA Xk+1—§(ak+1+ 1) Ecmn

1
E(bk+1 —a,,,) <€, To KoHel, nHavye K =k +1 n mepexon Ha mar 1.

CKOpOoCTh CXOAMMOCTHU JIUHENHAs ¢ Kodduimentom o =y —1.

Mpumep 3. Haiitu ayns pyukuun f (X) =e* 1 na uarepsane [0.1,0.9]
X

¢ TouyHOCTEIO € = 0.05 MeTOIOM 30JI0TOTO CEYEHUS.
A =b -a=09-0.1=0.8;

Pewenue. Brruncnsgsem WHTEPBAIBI
A1 . 2

A, =—2=0.4944; A,=A,(y—1)"=0.3055. 3agaem KOOpIAHMHATHI 30JOTOTO Ce-
Y

YEHUS:

c, =4, + A, =0.1+0.3056 = 0.4056;
d, =a,+A, =0.1+0.4944 = 0.5944,

Brruucnsem 3HadeHuUs (I)YHKI_II/II/I B TOYKax 30JI0TOIr0 CCUYCHMUA.

f(a)=-8.8948; f(c,)=-0.9655; f(d,) =0.1297; f (b)) =1.3485.
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OmnpenenseM HHTEPBAJI, B KOTOPOM PACIIOJIOKEH KOPEHb:
f(a)- f(d,) <0, nosromy a, =a, =0.1; b, =d, =0.5944.
[Tposepsiem ycnoBue octanoBa: A, /2=0.2472 > ¢, T. €. TOYHOCTH HE J10-
CTUTHYyTa. BpIuncisieM HOBbIE TOUKH 30JI0TOI'O CEYEHHUS
A, =0.3056; A, = A, (y—1)* =0.1889;

c,=a,+A, =0.1+0.1889 = 0.2889;
d,=a, +A, =0.1+0.3056 = 0.4056.

Boruncnsiem 3Hauenust GyHKIMUU B TOUKAX:
f(a,) =—-8.8948; f (c,) =-2.1271, f(d,) =—0.9655; f (b,) =0.1297.
OmnpenenseM UHTEPBAJI, B KOTOPOM PACIIOJIOKEH KOPEHb:
f(c,)- f(b,) <0, nmosTomya, =c, =0.2889; b, =b, =0.5944.
[Tposepsiem ycnoBue octaHoBa: A, /2=0.1528 > ¢. He Brimosineno. [po-
J0JKaeM BBIUHCIICHHUS.
A, =0.1889; A, = A,(y—1)* =0.1167;

C, =a, + A, =0.2889 +0.1167 = 0.4056;
d, =a,+A, =0.2889 +0.1889 = 0.4777.

f(a,) =-2.1271; f(c,) =-0.9655; f(d,) =—-0.4809; f (b,) =0.1297.
OmnpenensieM UHTEPBAJ, B KOTOPOM PACIIOIONKEH KOPEHbD:
f(c,)- f(b,) <0, mosTomya, =c, =0.4056; b, =b, =0.5944,
[TpoBepsiem ycnoBue ocranoBa: A,/2=0.0944>¢. He BbImoNHEHO.
[IpomonxkaeM BbIYUCICHUS.
A, =0.1167; A, =A,(y—-1)* =0.0721;

c, =a, +A, =0.4056 + 0.0721=0.4777;
d, =a, + A, =0.4056 +0.1167 = 0.5223.

f (a,) =—0.9655; f(c,)=-0.4809; f(d,) =-0.2288; f (b,) =0.1297.

OnpenensieM UHTEPBaJI, B KOTOPOM PAaCIOIO0KEH KOPEHb:

f(c,)- f(b,) <0, mosromya, =c, =0.4777; b, =b, = 0.5944.



20

[Tposepsiem ycnoBue octanoBa: A,/ 2=0.0584 >¢. He Brimosineno. Ipo-
JOJKAaeM BBIYHCIIECHUS.
A =0.0721 A, = A, (y —1)* = 0.0446;

C.=a, +A,=0.4777+0.0446 = 0.5223;
d, =a, +A,=0.4777+0.0721=0.5498.

f (a;) =—0.4809; f(c,) =-0.2288; f (d;) =—0.0857; f (b,) =0.1297.
OmpeznensieM HHTEPBaN, B KOTOPOM PacIlOi0XeH KOPEHB!
f(cy)- f(b,) <0, nosromy a, =c, =0.5223; by =b, = 0.5944.
[IpoBepsieM ycoBHE OCTaHOBA!

A;12=0.0361<¢; E=(b;+a,)/2=0.5584~0.56.
1.3 UTepaunoOHHbIe MeTOAbl MOMCKA KOPHEWN

1.3.1 Metox HerotTona

I/ITepaHI/IOHHHﬁ IMpOoLCCC BBITTOJIHACTCA 110 CJ'IGIIYIOHIGﬁ CXCMC:

LG
f'(X,4)

IPU 3TOM B KayecTBe X, Oepercs b0 Touka a, aubo touka b. Ecnu m3BectHa

X, =X 4 —

n

(1.7)

BTOpas npousBonHast f"(X), To Touka X, BBIOMpAETCS B COOTBETCTBHH CO CIIC-
TYIOIIUM YCIIOBHEM:

a)ecn f(a)f”(a)>0,10 X, =2a;

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

Ecmu f"(X) HeusBecTHa, TO MOCTYIMAIOT CIECAYIOIIUM 00pa3oM. 3amaroT
X, =@ M OpoBOJAT BeIUUCIEHUs X, 1o ¢popmyne (1.7). Eciu X, ynoBnerBopset
YCIIOBHUIO

c)asx<b,

TO MPOJIOJKAIOT BBIUUCIATE MPUOIMKEHUSA Xy, Xg, Xy ,.0. X,



21

Ecnu ycnoBue (c) He BBIOJIHACTCA, TO 331a10T X, =b 1 panee no Gopmy-
ae (1.7) mpoBoaaT BbluMCHeHUs X, 1=1,2,... BeluncineHus 3akaH4YMBAIOT MpPU
BBITIOJTHEHUH JABYX YCIIOBHM:

X, — %] <&, [f(x)|<e,,
IZe €,€, — 3a/laHHble uncia. B kauecTBe KopHs O6epyT & = X, .

I'eomerpuueckas uHTepnperauus Mmeroga HeroToHa MOKa3aHa Ha PpUCYH-
ke 1.8.

f(x) A J(xX)A

>
X X
/(@] ()>0 x,=b
f(x) A /(X)A
a % /.,/i > ! \ >
i b X a b

(@) () <0 x,=a
Puc. 1.8 — I'eomerpuueckas uarepnperanus meroga Herotona

OTMeTuM, YTO MNPUBEIACHHBIA alrOPUTM MOUCKA KOPHS MOXKET pacxo-

nutbest. Hampumep, mus ¢ynkmum  f(X) =sinx na wunrepsane [n/6,11n/6]
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KopeHb E=m (cMm. puc. 1.9). Onnako anroputm Mmertona HerioroHa amst sToi

¢ynkuun He mpurozeH. [leiicTBurenbHo, mycTh X, =a=mn/6. Torma mepsoe

NpUOINKEHUE PABHO:
X, == _SIn(@/6) _ 4 054,
6 cos(n/6)

T. €. MBI BBIILIM 32 TpaHulbl uatepaia [t/ 6,11n/6]. Ananorudnas cutyarus

Oyner, ecu 3a X, B34Th PaByIo rpaHuly X, =b=11n/6.

Puc. 1.9 — Ilpumep pacxoaumocTu anroputma HerotoHa
Ckopocth cxoaumocTd Metona HprloToHa KkBaapatuyHas ¢ Kod(du-

[[HEHTOM a:&, rie M, = max|f"(x)|; m = min|f’(x)|.

1

Mpumep 4. Haittu meTtogom Herorona myns ¢yakmuu f(X) = xsinx—1

Ha unarepsaie [0,/ 2] ¢ Tounocteio € =0.01.
Pewenue. T'(x)=sinX+ Xcosx. Bo3bMeM X, =7 /2 ¥ BBIYUCIUM MEPBOC

MpUOIIMKEHUE:
f(n/2) 1571

_x 12y LS egy
T A Y7

3HaueHHe X, He BBIXOAMWT 3a rpanuiipl uatepsana [0,7/ 2], mostomy mpo-

JIOJDKAEM BBIUUCIIATH MPHOIKEHMs KOpHS 1o Gopmysie (1.7). Crayana mpoBepumM
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yenosue 3aBepurenus mpouecca [0.571-1.571=1>¢. Tak kak ycnosue

HC BBIITOJIHCHO, TO ITPOAOJIZKACM ITPOLCCC BBIUMCIICHUM KOpH=.

f(O571) _ gy —0.691

X, =0.571— =0. =1.248;
f'(0.571) 1.021
[1.248-0.571=0.677 > ¢;
X, 12481 0-288) ) 5pg 0184 445,
f(1.248) 1.344
1.111-1.248/=0.137 > ¢;
X, g1 G g4, 20004 =1.114;
f'(1.112) 9

|1.114 —l.llll =0.003<¢;
[TpoBepsiemM Takke yCIOBHUE | f (1.114)| =0.0002<¢.
Otger: £=1.11.

1.3.2 Metoa urepaumii

OmuuM u3 HambOosiee A(P(PEKTUBHBIX CMOCOOOB YHCIEHHOTO PEIICHHS

ypaBHEHUM sBNIAeTCS METOJ urepannu. CyIHOCTh 3TOT0 METOAA 3aKII0YAeTCs

B 3aMCHE UCXOIHOTO ypaBHeHus f (X) =0 Ha KBUBAJICHTHOC

x=¢(X). (1.8)
HNrepaunoHHbIN TPOLIECC UMEET BU/I:
X, =0(X,,), n=12,... (1.9)
OcTaHoB Mpoliecca OCYIIECTBIISIETCS IO KPUTEPUIO
1—
X, = X| < —qs,

r7e € — 3aJaHHas TOYHOCTh, (| = max\(p'(x)\ <1.

CxomumocTh  MeTOAa WTEepalMu JMHEHHas ¢ Kod(pPUIIUEHTOM

CXOJUMOCTH QL =(] .
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['eomeTpudeckn cmoco0 UTEpalid MOXKET OBITh TMOSICHEH CIEAYIOIUM
o0pazom (cm. puc. 1.10). IToctpoum Ha mnockoctu XOY rpaduxu GyHKIUA

y=Xx u Yy=q¢(X). Kaxnaprii neiicrButensupiii kopeHsb & ypaBHeHus (1.8) sBis-

eTcst abCIMCCON TOUKH mepecedeHuss M kpuBoit Y = @(X) ¢ mpsaMoit Y = X.

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

i o o o

% Jlfl xlo ’x X1 Ié ;Cz JICO >x

Puc. 1.10 — Cxoasmmuiicss HTEpallMOHHBINA MTPOIIECC (‘(p'(x)‘ <1)

OtmpaBiisiick OT HeKOTopoil Touku A)(X,,(X,)), CTPOHM JIOMaHYIO
muauio A, B, A B, A,... («iecTHHIa»), 3BeHBsI KOTOPOW TONEPEMEHHO Iapal-
nenbHbl ocu OX u ocu OY , BepumHbl A, A, A,,... IexaT Ha KpuBoi Y = @(X),
a BepunHbl B, B,, B,,... nmexar Ha npamoit Yy =X. O0uue abciuccsl Touek A
uB, A u B,, urt 1., oueBUAHO, MPEACTABIAIOT COOONH COOTBETCTBEHHO I1O-
ClIeIoBaTENIbHbIC PUOIMKEHUS X, X,,... KOpHS .

Bo3moxxen Ttaxke npyroil Bunm somaHou A, B, A B, A,... («ctimpanby).

Jlerko COO6paBI/ITI>, 4TO peHuIiCHHC B BHIAC <JICCTHHLLD» IIOJIYYAaCTCA, CCIIH

npou3BoAHas ¢'(X) MOJIOKHUTETbHA, a PEIICHHE B BUJC «CIUPAIN», eciu @' (X)
OTpHIIATEIbHA.

Ha pucynke 1.10 kpuBas Y =@(X) B OKpeCTHOCTH KOpHS & — moJjoras,

T. €. ‘(p'(X)‘<1, U Tpolecc urepanuu cxogurcs. OJHAKO €CIH PacCMOTPETh
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cirydain |(p'(X)| >1, To mporecc utepanuu Oyaet pacxomutbes (puc. 1.11). Ilo-

9TOMY JIA IMPAKTUYCCKOro IMPMMCHCHHUA MCETOJa HUTCPAllMKM HYKXHO BBIACHHUTDH

AOCTATOYHBIC YCIOBUA CXOAUMOCTHU UTCPATMOHHOI'O ITpOoHccca.

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

>
X

S m————————— - -

—

Jw
=
o

Puc. 1.11 — Pacxonsmuiicss U”TEpalMOHHBIN MPOIIECC (|(p'(X)| >1)

Teopema. Ilycts ¢dyHKIUA (p(X) ompeneneHa u auddepeHmpyema
Ha otpeske [a,b], mpuuem Bce ee smauenms ¢(x)e[a,b], u mycrs
|¢'(X)[<q <1 mpu xe[a,b]. Torma npouecc urepamuu X, =@(X, ;) cxomures
HE3aBHCHMO OT Ha4yaJlbHOTO 3HauYeHHus X, €[a,b] u mnpenenpHOe 3HaueHuUe

E=limx, sBiusgeTcs eqUHCTBEHHBIM KOPHEM YpPaBHECHUS X=(p(X) Ha OTpE3KE

koo
[a,b].
Paccmotpum crioco6 3aganus ¢pyakiuu ¢(X) . Iepenumrem (1.8) B popme
x=x-L-f(x), (1.10)
f'(x)].

rne A=1/M,, M, =max

a<x<b

Takum o6paszom, u3 (1.10) umeem @(X) =X—A-f(x). Eciu f'(x) <0,
0 (X)=X+A- f(X).
Ipumep 5. Haiitu meromom uteparmu Hynb ¢yakmun f(X)=X+InX

Ha uarepsaie [0.1,0.7] ¢ rounocteio &= 0.01.
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Pewenue.  @(X)=X-A(X+Inx); A=1/M,;

M, = max

f'(x)| = max

1+1‘ =11.
X

B pesynbrare nonyuum

o(X)=X— X +1I1n X_ X —0.0909(x + In x).

[IpoBepuM ycinoBuE CXOAUMOCTH

¢'(X)| :1—0.0909(1+ 1); max|¢’(x)| = 0.78 <1,
X

CJICOOBATCIIBHO, IIPOLCCC 6yI[€T CXOaUThCs. Bpruuciaum mapamMeTp TOYHOCTH

a:l_quzo.oos.

BosbpmeM X, =0.7 ¥ BBIYHCIUM X U X, .
X, =0.7-0.0909(0.7 - 0.3567) ~ 0.6688;
X, =0.6688 —0.0909(0.6688 — 0.4023) = 0.6446.
[TpoBepuM yciIOBHE OCTaHOBA |X2 — X1| =0.024>¢.

HpO,IIOJ'I)KaGM BBIYHUCJICHUA OAJIBIIC

X, =0.6446 —0.0909(0.6446 —0.4391) = 0.6259;
X, —%,|=0.019>¢;
X, = 0.6259 — 0.0909(0.6259 — 0.4686) = 0.6116;
X, —X;|=0.014 > ¢;
X; =0.6116—-0.0909(0.6116 —0.4917) = 0.6001,
% —X,|=0.011>¢;
Xs = 0.6001—-0.0909(0.6001—-0.5106) = 0.5920;

|Xs — Xs| =0.008> ¢ ;

X, =0.5777—-0.0909(0.5777 —0.5487) = 0.5751;
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X0 —X|=0.003=¢.
Otset: € =X, =0.575.

1.4 KoMOGUHMpOBaHHbLIN MeTOoA

DTOT METOJ SIBJSIETCS KOMITO3HUIIUEH ABYX METOJ0OB — METO/a XOPJ U Me-
Tona HpiOTOHA M TO3BOJIAET 3HAYUTEIBHO YCKOPHTH MPOIECC MOUCKA KOPHS
ypaBuenuss (1.1). Ilycte Ha otpeske [a,b] pacnonoxeH oxuH KOpEHb,
T.e. f(a)- f(b)<0. [Ipeanonoxkum, uro f'(x) u f"(X) cymecrByror u coxpa-
HSIOT CBOM 3HAKd. VITEpalMOHHBIA MPOIECC BBIMOIHACTCS IO CIEAYIOIINM
dbopmynam:

a)ecimu f(b)- f"(b)>0, To

f(x,)(b, —x,)
=X, — o X =8, =a; by=b;
Xn+1 Xn f(bn)— f(Xn) XO a0 a 0
3 " " (1.11)
b, =b_ - ,( 1) mbob =b - g "_1).
f (bn—l) f (bO)
y 1 ce 1
Kpurepuii octanoBa: E(bn —X.)<¢; ﬁzE(Xn +b.);
0)ecm f(a)- f"(a) >0, To
Xppp =&, — f(an)(xn _an)v Xo :bo =b; 4 =4,
f (Xn)_ f (an)
(1.12)

f,(a”_l) nmbo a, =a, , — f (a”_l).
f'(a,,)

Kputepuii ocranosa: %(Xn —-a)<eg &= % (a, +Xx.).

B ¢opmymax (1.11) mast meToma xopa KOHEN D HemoaBrikeH M IS YCKO-
peHHUs Tpoliecca MoucKa KOpHs KoHell b aBuraem BieBo mo merony HeroToHa.
B dopmynax (1.12) curyarus oOpaTtHast — ABUTaeM KOHEI[ & BMPaBo 1mo Gopmy-

ne Herorona.
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I'eomeTpuueckass cxemMa KOMOMHMPOBAHHOTO METOJAa JaHa Ha PHUCYH-

ke 1.12.

Puc. 1.12 — 'eomeTpuyeckas uHTEpIpeTalvsi KOMOMHUPOBAHHOT'O METOAA

IMpumep 6. HaiiTh KOMOMHHPOBAHHBIM METOIAOM KOpPEHb YypaBHEHHS
f (X) =Xx*> —x—0.2=0 ua unrepsane [1,1.1] ¢ Tounoctsio £=0.0005.

Pewenue. TlpoBepum nammuue kopus. f(1)=-0.2; f(1.1)=0.3105;
f@-f(11 <0, cnemoBaTenbHO, KOPEHb  CYIIECTBYeT.  Bbumcaum
npomssomusie f'(X) =5x* -1, f"(x)=20x>. Utak, na unreppane [L,1.1] f'(x)
u f"(x) coxpamsior 3maku, mpuuem f'(X)>0 u f"(x)>0. Jlanee, Tak Kak

f(.1)- f"(1.1) >0, To BeruucIeHus mpoBoauM 1o Gopmysaam (1.11):

X,=a=1 by=b=1.1, f(b,)=6.3205;

X =, - ;(EO)(bof— Xo) 02011 ) gag97.
(by)—f (%) 6.3205
b =by - fB) 3, 03105 ) oeoer

f'(b,) = 6.3205
IIpoBepsieM ycioBHE OCTaHOBA:
(b, —x)/2=(1.05087 —1.03917) / 2 =0.00585 > ¢ .

TouHOCTh HE AOCTHUI'HYTA, IIPOAO0JIDKACM BbIYHMCIICHUS.

f(x)= f(1.03917) = -0.02736;
f (b,) = f (1.05087) =0.0307 ; f'(h,) = f'(1.05087) =5.0977;
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_, fo)(b-x) . -0.02736 )
R f(bl)—f(xl)_1 0.0307—(—0.02736)(l'05087

~1.03917) =1.04468;

b, b, — %) _; g50g7 - 00307
f'(b,) 50977

(b, — x,) / 2 = (1.04485 —1.04468) / 2 = 0.000085 < &.

=1.04485.

OrtBer: § :%(XZ +b,) =1.0448.

1.5 3agaum AnA caMoCTOATENbHOrO peLleHus

1. HaiiTu KOpeHb METOMOM IIOJIOBUHHOIO JEJIEHHS C TOYHOCTBIO 1%
ypaBHeHust f(X)=2X—COSX Ha HHTEpBaJC [O, n/ 2].

2. OnpeienTh MakCHMaJIbHOE KOJIMYECTBO HMTEpaIlldii MeToda mepedbopa
IOKMCKA KOPHS ¢ TOYHOCTBIO € Ha nHTepBase [a,b].

3. OnpeenuTh KOJAMYECTBO HTEpalnii MeToAa IOJOBHHHOTO JIETICHHUS
MIOMCKa KOPHSI ¢ TOYHOCTBIO € Ha mHTepBaie [a,b].

4, Halitu kopeHb MeTomoM Xxopj ¢ TouyHocThio 10 0.001 dyHkIun
f(x) = x* +2x> — x—1 na unrepnane [0,1].

5. Haittu wymp ¢yskiuun f(X)=X+InX ¢ TpemMs BepHBIMH 3HAKaMu
Ha u"tepsaiue (0.2, 0.9) meTonom xopa.

6. Haiittu Metomom HploTOHa KOpeHb C YETHIPhMS BEPHBIMH 3HAaKaMH
ypaBaenust f(X)=x-10sinx=0 ua unrepsane [r/2,11n/12].

7. Hatitu wynp ¢yakiuu f(X)=X+InX KOMOMHHPOBAaHHBIM METOIAOM
¢ Tpemst BepHbIMK 3Hakamu Ha uHTepBaie [0.2,0.9].

8. MeTooM 30JI0TOTO CEYEHUS HAUTH KOpPEHb ypaBHEHHs 2X—COSX =0
Ha uarepsaie [0,7/ 2] ¢ Tounoctrro &€ =0.001.

9. OnpenenTh MaKCHMaIbHOE KOJUYECTBO HUTEPAIMi METOJa 30J0TOrO

CEUYEHHs TIOMCKa KOPHsI ¢ TOYHOCTBIO € Ha mHTepBaje [a,b].
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10. Haiit myns ¢yukimum f(X)=sinXx—0.2x wa wuntepsane [n/2,7]
¢ TouHocThto € =0.001 meTogom urepanuii.
11. HaliTu MaxcUMaJIbHOE€ KOJIMYECTBO HUTEpalldid N MeToaa HUTeparui

MOMCKa KOpHs Ha uHTepBaie [a,b] ¢ TouHoCcTHIO €.
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2 PELUEHUE 3A0AY NMHENHOW ANTMEGPLI
2.1 MeToAbl pelweHnsa CUCTEM JINHEMNHbIX YPaBHEHUN

Ilycts nana cucrema

all'xl+a12'X2+""'+a1n'Xn:bl;
b

Ay s X+ Ay X+ + A, X, =0, (21)

i, B MAaTpUIHOM BUIC,

Beeziem o6o3nauenue @, ., =h .

2.1.1 Meton I'aycca

Merton IMaycca — 3TO MeTOT MOCIEIOBATEILHOTO UCKIIOUCHUSI HEU3BECT-
HbIX. CyTh €ro cocTOUT B rpeoOpa3zoBanuu (2.1) Kk cucTeme ¢ TpeyrojibHON MaT-
pulel, U3 KOTOPOIl 3aTeM MOCJeN0BaTEIbHO (0OpAaTHBIM XOAOM) MOJIYYaroTCs
3HAUEHHUs BCEX HEM3BECTHBIX. PaccMOTpUM OIHY M3 BBIUHUCIUTEIBHBIX CXEM.
OTa cxema Ha3bIBaeTCsl CXeMOW €MHCTBEHHOTO JCJICHHUS.

[Tyctp a, #0 (Bemymmii a1eMeHT).

Jran 1

[IprBOAMM CHCTEMY K TPEYTOJIBHOMY BUY:
m,=a,/a.,, 1=2,3,...,Nn
) =a,;-ma;,

b® =b —m,b,

1,]=2,3,...,n.

[Iar 1:
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RPN RPN ) P
m,=a, /32,2’ 1=3,4,...,n
(2) _ @ (1)
ai,j - ai,j - mi,2a2,j’
2 _ KO (6}
bi _bi _mi,zbz '

I, ]=3,4,..,n.

[Iar 2:

_ (n=-2) (n-2)
mn,n—l - an,n—l /an—l,n—l’

. (n-1) _ A(n-2) (n-2)
Ilar (n _1) . an,n - a‘n,n - mn,n—lan—l,n J

(n-1) _ p(n-2) (n-2)
b." =b,"" —m,_ b 7.

n,n-1-n
Otan | MOXHO IPEACTaBUTh B CIEAYIOIIEM BUJIE:

_ Ak g 4(k-1) _
mi,k _ai,k /ak,k ) k—1,2,3,4,...,n—1
(k) — q(k-1) (k-1)
Qi =a; —Myac,
K) — k-1 (k-1)
bi - bi o mi,kbk 1

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

rae K — Homep 1mara; (,Oj) =a;, b® =h.

Oran 2

BrruucnsieM HEM3BECTHBIC:

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

1 o
_ (n-i-1) (n-i-1)
Xnoi = (n—i-1) bn—i - Zan—i,n—j ) Xn—j |

an—i n—i j=0

i=12,.,n-1.

Oran 3

n
’ rI[e el :Zalkxk _bl’ i:].,...,n.
k=1

JIns IpOBEpPKU BBIYUCIIIEM HEBS3KY ||e

Ecnu pemenue BepHOE, TO HEBsI3KA Oy/I€T paBHA HYJIO WU OYCHb MAJIOW BEJIH-

YUHOM.
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Ipumep 1. Pemutk cucremy metonom ["aycca.
X, +2X, + 3%, =15;
SX, —3X, + 2X; =15;
10x, —11x, + 5X, = 36.

Pewenue. Pe3ynpTaThl IpsSMOro Xoja BbIIUIIEM B TaOJHUILY.

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 9717 5I7 102/7
7 2 3 15
A, 0 —31/7 -1/7 30/7
0 0 36/31 36/31
OOGpaTHBIN XO:
X, =1; xzz—g—gil- =1 —?—%-(—1)—%-1:2

2.1.2 MeToa OpTOroHAJIN3aANUM

B ocHoBe MeTona eKUT Teopema. Besakyro NeHCTBUTEIBHYIO HEOCOOEH-
HYI0 MaTpuily A MOXXHO MPEICTAaBUTh B BHJIC MPOU3BEICHUS MATPHIIBI C OPTO-
TOHAJBHBIMH CTONIONIaMH R ¥ BepxHE#l TpeyroibHON MaTpuilbl | C eIUHUYHOU
AT OHAJIBIO.

[MpeacraBum matpuiry cuctemsl (2.1) AX=Db B Buge npoussenenus
A=R-T, (2.2)
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rae R — marpuia ¢ opTOroHaJbHbIMHU CTOJIOLAMH; T — BEpXHSAS TPEyrojbHas
MaTpuia ¢ €AMHUYHOM JuaroHanpto. CTonOumbpl MaTtpuiel R W 31I€MEHTHI

MaTpulbl | BBIYUCISIIOTCS MO CIEAYIOMUM (popMysiam:

S _(ray)

h=a;nL=a -t,h [=4§ _Ztkirk; tij - (rr)
k=1 ili

i<, (2.3)

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

HabHOCTH MaTpuikl R umeem Tx=D'R'b umm

Tx=y, (2.4)
e D™ :diag(dl‘l,...,dn‘l); y=D"R'b; d, :Zrnf- Cucrema (2.4) numeer Tpe-
k=1

yFOHBHBIﬁ BHO M JICTKO PCIIACTCA:

X0 = Yoo
Xn1 = Yoa _tn—l,nxn; (25)

i
X”_i - yn—i B Ztn—k,n—k+lxn—k+1’| :11"-1 n-1.
k=1

Ipumep 2. Pemiuth cucteMy METO0M OPTOTOHAIM3AIUH.
X, + X, —2X, =6;
2X, +3X, = 1X;, =16;
SX, + 2X, + X, =16.
Pewenue. IlpeacraBum MaTpuily CUCTEMBI B BUJIEC
11 -2 h, N, 0 1 t12 t13
2 3 “T1|=|r, , L0 1 ¢t,|.
r31

5 2 1 , Iy)0 0 1

I[To dopmymam (2.3) Haiimem cTosOuBl MaTpuibl R # 31eMeHTHI
MaTpumbl I .

17
r:l_:(1’215), (l'lrl)=30, (r-laz):]-?! tlZZ%'
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(5-2) =18 =17

BreraucnuMm Bexktop X 1o dhopmynam (2.5):

_574_ 443 131
131 131 = 131
_u8 17, 11, 90 _,

T30 730 30 30 =

X, =-1 X, =1

30’
r,=a, _t12 a9 :(1_2’3_Z.E’Z_S.EJZ(E’S_G’_EJ;
30 30 30 30 30 30
(r-r)—3930' (r. - )__ﬂ_ _30-443 443
21 =00 2R T30 T T 3930 131
r,=a, —t,r —t,r,=(-2+11/30+13-443/3930,-7+2-11/30 +
+56-443/3930,1+5-11/30—25-443/3930)=(— 22, 0 : 2 j
131 131 131
Taxum oOpazom, st matputibl R u T nmomyuunu
, B2y (o n
30 131 30 30
aels 56 | g 443
30 131 131
%5 2| o0 1
30 131
: 131 4
11 D =R'R =diag| 30, =—, —
OJIY4YHM AJIIEMEHTHI MaTpPHIIBI g( 20 131)
u D' =diag (i,ﬂ, glj Beorancianm BekTop Y :
30 131 4
1 118
~— 0 0 -
30 12 5 /gy |30
y:D‘lRsz ﬂ 0 E % _E 116 % .
131 30 30 30 16 131
0 o0 131 22 6 2 -1
4 131 131 131
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2.1.3 MeToa aexkoMmno3uuu (cxemMa XaJjiemkoro)

Ilycts uMeem cucremy:
Ax=d, (2.6)
rae A — KBagpaTHas MaTpULA Pa3MEPHOCTH NxN;
X, d — N-MepHbIC BEKTOPBHI.
Paznoxum A Ha naBe TpeyroiabHbie Matpullbl B u C
A=B-C, (2.7)
rne C — BepxXHss TpeyrojibHash MaTpHIla C TUArOHAIBHBIMHU JJIEMEHTAMH, PaB-
HBIMU eMHUIIE; B — HIDKHSS TpeyroibHas MaTpHIIA.

Onementhl by W C; BBHIMMCIAIOTCS 10 CIEAYIOMMM hopmyam:

3, _1 3 i<
cliza, ij:b—“-(aij—kz;‘bik-ckjj,1<|<].

Baxno CO6JIIOI[3TL IMopPAAO0K BBIUNCJICHUI: CHaYyaJla BEIYMCIISIETCS HGpBBIfI

j-1
by =a, b, =a,— > b ¢, (i ]>1);
1 (2.8)

cTonber] maTpulibl B, 3atem nepsas ctpoka Matpuiisl C, nanee BTOpoii ctosdern
Mmatpuilel B, Bropas crpoka matpuisl C u T. 1.
IToncraBum (2.7) B (2.6). B pe3ynbrate UCXOHAs CUCTEMA TENEPh MOXKET
OBITH TIpE/ICTaBIICHA KaK JABE TPEYTOJIbHBIE CHCTEMbI
By=d; Cx=y,
KOTOPBIE JIETKO PEIIAIOTCS:

y=; y —i-(d —iz_l‘,b -y j i=23..n;
1 bll’ i bii i = ik k |7 Ut R A

Xn:yn; Xi :yi_ Zcik'xk; i=n—1,n—2,...,]_

k=i+1

(2.9)
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Ipumep 3. HaiiTu permieHue cucteMbl METOJOM XaJeLKOro.
SX, +8X, + X, =2;
3X, —2X, +6X, =7,
2X, + X, — X3 = 5.

Pewenue. Umeem

5 8 1 2
A=|3 -2 6 [;d=|-7]|.
2 1 -1 -5

ITo hopmynam (2.8) Beruncisgem aemMeHTsl Matpull B u C:

b11:311:5; Cllzail/bllzl;
b212321:3; C12:a12/b11:8/5;
b31:6'31:2; 013:1/5;

b,, =a,, —by, ¢, =—2—(3-8/5) =—34/5;

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

Cp=1 Cyp :]/bzz (85 =Dy, - C5) = (-5/34) - (6-3-1/5) =
=-27/34;

Cas L
b33 A3 — (b31 "Gt bsz ) Cza) =
=—1—(2-1/5+ (-11/5) - (-27/34)) = —-107/34.

Urak, monyuwmnu:

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

[To popmymnam (2.9) BerumcnsieM BEKTOp Y :

Yi :dl/bll = 2/5; Y> :]/bzz ‘(dz _b21 : yl) = (_5/34) X
x(=7-3- 2/5) =41/34;

Ys = (]/b33) -(dg =Dy, -y, — by, - y,) =(-34/107) x
x(-5—2-2/5—(-11/5) - (41/34)) = (—34/107) - (-107/34) =1.

OKoHYaTeNbHEIH pesynsTar: Y = (2/5,41/34,1) .
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Brraucnsem BCKTOP PCHICHUA X

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

X =Y, —Cpyp X, —Cy- X, =2/5-(8/5)-2-(1/5)-1=-3.
Otset: X=(-3,21)".

2.1.4 Metoa mpocToii uTepanuu

[Ipu GosblllOM umMcIe HEM3BECTHBIX cxema [aycca, maromiasi TOUHOE pe-
IIEHHE, CTAHOBUTCS BeCbMa CJIOKHOM. B 3TOM ciyuae niisi HaX0XJIeHUs KOpHeH
CUCTEMBbI UCTIONB3YIOT MPUOIMKEHHBIE MeTOAbl. OTHUM U3 MPUOIUKEHHBIX Me-
TOJIOB SIBJIIETCS METOJ MPOCTOM UTEpaIUu.

IlycTe nana nuHeitHas cucrtema (2.1), KOTOpyO 3anmuIIeM B MaTpUYHOM
BUJIE:

Ax=Db. (2.10)

[pearnonoKuM, 4TO0 AUAroHambHbIe KOd(pduimentsr a, =0, 1=1,...,N.
Pazpemnm mnepBoe ypaBHeHHE cUCTEMBI (2.1) OTHOCUTENBHO X, BTOpPOE

OTHOCHUTECIIBHO X, U T. 1. TOI’II& IMOJIYYHUM 3KBHBAJICHTHYIO CUCTEMY

X, =By + 0%, + 0 Xy + 0 X

n?

X, =B, + 00, X + 0y Xy +...+ 0Ly, X

" (2.11)
Xn = Bn + anlxl + 0(nZXZ + + OLnn 1Xn717
BBenem matpuiisl
Oy Oy Oy, B,
| Qa2 Oy Qo | o | B2
o= ) B -
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Cuctemy (2.11) MoxeM 3anucatb B MAaTpUIHOU opme:
X =+ ax. (2.12)
Cuctemy (2.12) 6ynem pematb METOJIOM TMOCJIEAOBATEIbHBIX MPUOTHKE-

HUM. 3a HyjleBOe MNPUOJMKEHUE NPUHHMAEM CTOJ0el] CBOOOJHBIX YJIEHOB
x© =B . Jlanee mocnenoBaTenbHO HAXOAUM PELTCHHS
XY =B +ax® (neproe npuGmmkenue);
x? =B+ox®" (Bropoe mpubmMKEHNE) U T. 1.
Torma (K +1)-e mpubmmkeHre BEIYUCISIETCS IO hopMyIie
x* =B +ax®; k=12,... (2.13)

Kpurepunii 3aBepmienus npouecca (14) nmeer Bua

R P Y .14

A€ € —3adaHHasi TOYHOCTD.
B MCTOAC HpOCTOﬁ HUTCpall MOXHO IIPCABAPHUTCIIBHO OLICHUTHL YHCJIIO

miaros, H€06XOI[I/IMI>IX JIIA JOCTHXKCHUA SaHaHHOﬁ TOYHOCTHU €, UCXOOd U3 CJIC-

n+1
|

nyrorieit GopmMyIbl: ——— -
1o

B <e. Orciona crenyer

lg[e- (1- -1
o< J9le- @[T~ Igp] (2.15)
1g]Jod|
IIpumep 4. MeTo10M NPOCTON UTEPALIUU PELIUTH CUCTEMY YPABHEHHUIA
10X, + X, + X, =12,
2%, +10x, + X, =13;
2%, +2X, +10x, =14

¢ Tounoctero 10 € =0.01.
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Pewenue. TlpuBenem 3Ty cuCTeMy K SKBUBAJIEHTHOMY BHIY, YAOOHOMY
IUIsL UTepalun
X, =1.2-0.1x, — 0.1x;,;
X, =1.3-0.2x, —0.1x,; (2.16)
X, =1.4-0.2x, —0.2X,.

OueHnM HOpMY MaTpPHILIBI HOLH = max Z‘aij‘ =0.4 u BeaMUUHY
I "
j

B Ka4yCCTBC HYJICBOT'O HpI/I6JII/I)KCHI/ISI pPCUICHUSA BO3bMECM

X = (2.2,1.3,1.4). OueHum KOJIMYECTBO II1aroB:

- _19[0.011-0.4)/1.4]

-1~4.
Ig0.4

Honcrasum X B (2.16), noay4nm:
xV=1.2-0.1-1.3-0.1-1.4=0.93;
xV=1.3-0.2-1.2-0.1-1.4=0.92;
xV=1.4-02-1.2-0.2-1.3=0.9.

Xm0 7] 053
1

HpOIlOJ'I}KI/IM BBIYUCJIICHUA:

(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> 4.

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

X9 —x® =|x - x{?| =0.0384 > 5.
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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.

| W@ _ @ ” _ | X — X§3>| =0.0108<3.

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

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

2.1.5 Metoxa 3eiigens

Merton 3eiinens npeacTaBisieT coO0i HEKOTOPYIO MOJIU(DHUKAIINIO METO1a
npoctoii urepanuu. OCHOBHAS Hes 3aKIFOYAETCS B TOM, UYTO MPHU BBIUUCICHUH

(k +1)-ro npubnKeHnss HEU3BECTHOW X, YYHUTBIBAIOTCS YK€ BBIYHCICHHBIC pa-

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

[IycTh naHa npUBENCHHAS TUHENHAsS CUCTEMA
n
X =B +Za‘ijxj ;1=12,..,n.
i1

o 0 0 0
3aauM HadadbHOE TMPHUOJIMIKEHUE KOPHEH Xl( ),Xé ),...,X,g ), Janee,
k . .
npezmnonarast urto K-¢ mpuOamKeHue Xi( ) KOpPHEH W3BECTHO, COTJIaCHO 3eiierto,

oynem ctpoutsb (K +1)-¢ mpubmkeHnue KOpHEH 0 CIEAYIONUM (hopMyIaM:

n
(k+1) _ (k) .
X _B1+Zlaljxj ;
J:

n
(k1) _ (k+1) (k) .
Xy =P, +oyX +Za2jxj :
i—2

i1 n
k+1 k+1 k) -
XY =P+ D ox Y+ D ox(Y s (2.17)
j=1 j=i
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j nn‘*n

n
X,gkﬂ) = Bn + Zanj X(-k+1) + X(k) ; k= 01112""
i1

I[OCT&TO‘IHBIG YCIIOBUA CXOOAUMOCTHU METOOA 3€I>’II[CJ'I$I TaKHUE€ KEC, KaK IJId

METOJa MPOCTBIX WTEpALUi, T. €. ||OL||<1. OObIyHO MeToA 3eiiens AaeT Jyd-

Y0 CXOJAMMOCTh, YeM METOJ[ TIPOCThIX WTEpAIMii, HO OH MPUBOIAUT K OoJjee
TPOMO3KUM BBIYUCIICHHSIM.
Ecnu npeaBapuTebHO MPUBECTH UCXOIHYIO cucTeMy AX =D K HOpMalib-
HOMY BHJY
A"Ax=A"b umu Cx=g, (2.18)
rme C=ATA g =A"b, 1O npoiecc 3eiaens OyAeT CXOAUThCA IS JH00O0H

MaTpHUlbl A (T. e. IIo0oM MaTpulbl O HE3aBUCUMO OT BCIIMYHNHLBI €C HOpMBI).

IIpumep 5. Metonom 3eliens pemuTh CUCTEMY YPaBHEHUM
10X, + X, + X, =12,
2%, +10X%, + X, =13;
2%, +2X, +10x, =14
¢ TouHocThio 10 €= 0.01.
DTy CUCTEMY MBI YK€ peIIaid METOJIOM MPOCTHIX UTEPALNI ¥ TPUBOJIUM
3J1eCh pELICHHE METOI0M 3eiieNis 1 CPaBHEHUS CKOPOCTH CXOJIUMOCTH.
Pewenue. TlpuBeaem 3Ty cucTeMy K S5KBUBAJICHTHOMY BULY
X, =1.2-0.1x, — 0.1x,;
X=B+ax=1X,=1.3-0.2x —0.1x;;
X, =1.4-0.2x, —0.2X,.
B kadecTBe Hys€BOTr0O MpUOIMKEHUS pelIeHus 6epeM

xX9=B=(1.2,1.3,1.4)".
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[Ipumenss Mmeton 3eiaens, NOoCIeI0BATENBHO IMOTYYNM:

(x® =1.2-0.1.1.3-0.1-1.4=0.93;
xV =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 06pa30M, YK€ Ha TpeTBeﬁ HUTCpaAll MbI IOJIYYUIN HCKOMOC pPC-

MICHHUEC, TaK KaK

[x® = x®| =[x - x{?| = 0.002 <.

2.2 PewieHue nepeonpenerieHHon CUCTeMbI

[Tpu 00paboOTKE JaHHBIX KCHEPUMEHTA YaCTO MPUXOJUTCS MUMETh JIEJI0
C MepeonpeICICHHBIMI CUCTEMaMH JIMHEHHBIX areOpandecKuX ypaBHEHUIA,
T. €. C CHCTEeMaMH, B KOTOPBIX YKMCIIO YPaBHEHHI OOJIBIIEC YUCIIAa HEU3BECTHBIX.

ITIycTp mana cucrema

Ax =D, (2.19)

roae  A(nxm) — matpuma, opuyemM N>M;

X — M -MEpPHBIA BEKTOP HEU3BECTHBIX;

b — n-MepHBIit BEKTOp MPAaBOI YaCTH.

Ecmu n>m, To ecTh Y4HUCIO ypaBHCHWU OOJBIIE YMCITAa HEHU3BECTHBIX,

TO TOBOPSIT, 4TO cuctema (2.19) nepeornpeneneHa.
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Hns pemenust nepeonpeaenceHuon CJIAY ucnonb3yroT METOI HaAMMEHb-
mux kBajgpatoB (MHK). Unes ero coctout B MUHUMHU3AIMKU CYMMbI KBaJpaToOB

HEBA30K

Q_i£bi K ainjJ | (2.20)

i=1

N3 Heob6xoaumoro ycinoBusi MUHUMYMa (24)

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

IMOJIy4YuM CUCTCMY ypaBHCHI/Iﬁ C KBaI[paTHOﬁ ManHLIeﬁ

m n n
Z( 3 -aikj-xk :Zaij b wm
i=1 i=1

k=1
Y Ci X =0, j=L..m. (2.21)
k=1

B marpuunoit popme cucrema (2.21) umeer Bug (2.18). Cucrema (2.21)

pemacTcsA JIFOOBIM M3BECTHBIM MCTOAOM.

IIpumep 6. Halitu penieHue CUCTEMBI:

X, + X, =2;
X — X, =0.5;
Lo (2.22)
3x, —4x, =-1,
S5X, —3X, =2.
Pewenue.
1 1
1 -1 ; (L1 3 5
A= ; A = ,
3 -4 1 -1 -4 -3
5 -3

.. ATA_( 36 —27]

27 27
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2

AT 1 1 3 5)|05| (95
9=AD= 1 4 3) T\ os)
2

B pesynbrare, BMecTo (2.22), MbI MOTYYHIIH CUCTEMY
36x, — 27X, =9.5;

(2.23)
—27x, +27x,=-0.5.

Pemrenue cuctemsl (2.23) x=(1, 0.981)".

2.3 BbluncneHue onpegenuteneu

Omnpenenenue. OrnpenenurereM Ha3blBaeTcs aiaredpanyeckas cyMma
BCEBO3MOXKHBIX MPOM3BEICHUN HJIEMEHTOB, B3STHIX IO OJHOMY M3 KaXI0TO
CTOJIONA Y KaXJI0M CTpoku MaTpuiibl A. Eciau B KaX10M TakoM MPOU3BEICHUU
(uneHe omnpeaenuTesnsi) MHOXKUTEIM PACIONOXKEHBl B TMOPSAKE CIEI0BAHUS

CTOJI6HOB (T. €. BTOPBIC MHJACKCHI 3JICMCHTOB aij B ITPOU3BCACHUU PACIIOJIOKCHDBI

B TIOPSJIKE BO3PACTaHUs), TO CO 3HAKOM (+) OepyTcs T€ MPOU3BEICHUS, Y KOTO-
PBIX MEpPECTaHOBKA MEPBBIX UHACKCOB YETHAs, a CO 3HAKOM (—) Te€, Y KOTOPBIX

OHa HCYCTHaAs.

a, Ay a, o
detA:|A|: 8y Ay An :Z(_l)[ll ..... In]Xaill'aizz 8
a‘nl anZ E a'nn

3mecs [iy,iy,...,1, | — ancno nuBepcnit B nepecTaHoBKE HHACKCOB i, ij,..., 1, .

Ipumep 7. [lycTh naH psia U3 HaTypalbHbIX umcen 2, 5, 1,4, 7, 3, 6. Uuc-
JI0O UHBEPCU B 3TOM psije paBHO [2, 5,1,4,7,3,6]=2+0+3+1+0+1=7,
T. €. HEYETHOE YMCIIO, CIENOBATEIIbHO, UMEEM HEeuEémHYI0 TNEPECTAHOBKY. [l
pana 5, 2,1,6,7,4,3 umeem: [5,2,1,6,7,4,3]=2+1+4+3+0+0=10,

T. €. 4YETHAs MEPECTAaHOBKA.
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Ipumep 8. Onpenenurenu 2-ro u 3-TO NOPSAIKA PABHBI

A= M ; detA:ail'azz —ay - q,.
ay Qy
A, &,
A= Ay Ay Ay |,
Ay Ay Ay

detA=a,,-@,, 8y + 8y 8y, 8y +8, -8y a8 —
81 8y 3 — 8y 8y By — 8yt Ay * g

Jloka3ath clienyromne CBOMCTBA OMPEACIUTEINs], UCIIOIb3Ys €ro ompeiae-
JieHne (CaMOCTOSTENIBHO):

Ecnu matpuity TpaHCTIOHHUPOBATh, TO ONIPESTUTEh HE U3MEHUTCHL.

Ecnu Bce ameMeHThI CTpOKH (MJIM CTOJIOIA) YMHOXKHUTh HAa OJTHO U TO K€
YHUCII0, TO ONMPEACIUTENL YMHOXKAETCS Ha 3TO YUCIIO.

Ecnau mepectaBuTh ABE CTpOKHU (1Ba CTONOIA) OMPEACIHUTEINSI, TO OH H3-
MEHUT CBOW 3HAK;, B YaCTHOCTH, €CIU 2 CTPOKM (1Ba CTOJIOMA) OMpPEASTUTEINSI
PaBHBI, TO ONPEICIIUTENH PABEH HYIIIO.

Ecam kaxnaplii 2JIeMEHT HEKOTOpPOH CTpokH (cTonbra) ompenenuTens
MPEJCTAaBICH B BUAE CYMMBI ABYX CJIara€MbIX, TO OMPEACIUTEIb PABEH CyMME
JIBYX ONPEACIHUTENCH, Y KOTOPBIX BCE CTPOKH (CTOJIOIBI) KpOME JTAaHHOM, TTPEXK-
HUE, a B JAaHHOW CTpOKe (CTOJIOIE) B MEPBOM OMPEACIIUTENIC CTOST IEPBBIC,
a BO BTOPOM — BTOPBIE CJIaracMblIe.

Ecnmm omHa ctpoka (cTonbern) sBIsISTCS TMHEHHONW KOMOHMHAIMEH OCTalb-
HBIX CTPOK (CTOJIOIIOB), TO OTPEEIUTENb PABEH HYIIIO.

Onpenenutens OpOU3BEICHUS ABYX MAaTPHI] PaBEH MPOU3BEACHUIO OIpe-

nenutenei >tux marpui (det(B-C)=detB-detC).

Onpenenutens TPEyrojdbHOW MaTPUIIbl paBEH MPOU3BEICHUIO THArOHAlb-

HBIX 3JICMCHTOB.
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Ipumep 9. Jlokazats ciieyromee TOXKIAECTBO:
a + b1X & — b1X C & b1 C
a,+b,x a,-bx c,|=-2Xla, b,

C,|.
a,+hbx a,—-bx ¢ a, b, c

Pewenue.
JloKa3aTeIbCTBO PACCMOTPHUM Ha TpuMepe 1 -if CTPOKU:
(a +bx,a —bx.c)=(a,a —bx.c)+((xa -bxc)=
=(&,8,,¢) — (&,bx,¢) + (b x,8,¢) — (b x,bx,¢) =
=0-(a,bxc)—-(a,bx,c)-0=-2-(a,bx,c).

B pesynbrare nosnydnm:

2, Xb ¢ a bo¢
det=-2ja, xb, c,|=-2x|a, b, cC,.
a‘3 Xb3 C3 a3 b3 CS

Meton I'aycca. Ilpu pemieHuM CHCTEMBI JIMHEHHBIX ainreOpanuecKux
ypaBHEHUW MeToJ0oM ['aycca maTpuiia CUCTEMBI MPUBOAUTCS K TPEYTOJIBHOMY
suny A" . Onpenennrens Tpeyronsroii Matpuusl A" paBen nponssenennto
JUaroHaJbHBIX JIEMEHTOB. TakuM 00pa3oMm, MOTYUUM:

det A= alPafald a0, e af? =2,
DneMEeHThI MPOMEXKYTOUHBIX MATPHUIL BEIYUCIISIEM 10 (popmyam:

m, =ay ™ /al™, k=1234,.,n-1

(k) _ o(k-1) (k-1)
aij _aij _mikakj J

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

rae K — momep 1mara.

Ipumep 10. Beruucaute onpenenurens
3 4 5

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

2
D:aﬂ-aiz-a§3:3-§-(—5):—10.

MeTtoa 1eKOMMO3UIMM OCHOBAaH Ha Pa3I0KEHUH MCXOAHOW MaTpUIlbl A
Ha npou3sBeneHue TpeyroibHbix Matpull A=B-C, rae B — HIKHSAS Tpeyrob-
Has Marpuna, C — BepXHsSs TpeyrojbHas MaTpHIla C SAUHHUYHOW JHArOHAJbIO
(cm. dhopmynel (2.8)). Onpenenutens MaTpuilkl A OyzieT paBeH

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

i=1

IIpumep 11. Beraucauth onpeaeauTeab METOA0M JEKOMITO3HITUN

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

Pewenue. Beraucisiem anementsl Matpuil B u C:

b11 =a, =1 b21 =4 b31 =17,

c,=1c,= 2, Ci3 = 3

b22 =ay, _b21C12 =5-4-2=-3,

b,, =@, —byCy, =8-7-2=-6;
1

Cp=1C,; = b—(a23 —b,,c,;)=1/(-3)-(6-4-3)=2;
22

by, = a5, —byyC 3 —by,C =9-7-3-(-6)-2=9-21+12=0.
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Brruuciisiem onpenenurens

detA=b,-b,, -b,; =1-(-3)-0=0.
2.4 BbluncneHne obpaTtHou maTpuubl

JIJIsl TIOCTPOSHUST YUCIICHHBIX CXEM BBIYUCIICHHS OOpaTHBIX MaTpHIl Oy-
-1
JeM HcrnoJib3oBaTh cooTHomienne A-A~=E, rne E — enunuunas marpuna.

Iycts A —HeocoOerHas mMaTpuma (Nxn) umycts X = A, Torna umeem
A-X=E. (2.24)

Ecmn 0003HaunTh cronbusl Marpuumbl X 32 X, X,,..,X,, @ CTOJOLBI

n

matpuusl E 3a e,e,,...,e , T0 (2.24) MOXHO nepenucatb B BUA€ N CUCTEM JIH-

HEHHBIX anredpandyecKux ypaBHEHUMN:
Ax, =g, 1=1..,n. (2.25)

Taxkum 006pa3oM, MEHSIS TOJIBKO MPABYIO YacTh, MBI TIOCIIEIOBATEIIHLHO Pe-
maeM cuctemy (2.25) 1 HaXOIUM CTOJIOIBI MaTPUIIBI X .

BekTopa mpaBoii YacTH TPEACTABISAIOT COOOH EIUHUYHBIC BEKTOPA,
. e. & =(0,..,0), ¢,=(01,..,0), ..., e =(0,0,...,.1)".

Cuctemsl (2.25) pemaeM Jr00BIM U3BECTHBIM METOJIOM.

IIpumep 12. Haiitu A s MaTpuIilbl A ¢ HCIIOJIB30BaHUEM METO/A JIe-

KOMITO3HULINH
1 2 -1
A=3 0 2
4 -2 5

Pewenue. Ham Hano pemnts Tpu CUCTEMBI YPaBHEHUM BUAA

Ax, =¢, 1=12,3. (2.26)
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bynem pemats (2.26) MeroaoM AexkoMno3uuuu. PakTopu3zyeM MaTpuily
A: A=B-C u Bbluuciaum snementsl Matpuil B u C:
b,=a,=1 b, =3 b31 =4
c,=1c,= 2; C3=—1
bzz =ay _b21C12 =0-3-2=-6;
b,, = @s, —byC, =-2-4-2=-10,
1
Cp=1Cyu= "~ (ay —b,c,)=1/(-6)-(2-3-(-1))=-5/6;

22

b33 =83~ b31C13 - b32C23 =5-4. (_1) - (_10) ’ (_5 / 6) =21/3.

Takum 00pa3zoM, Moy4dmsiu

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) packiiabIBatOTCS HA JIBE YKBUBAJICHTHBIE CHCTEMBI
By,=e, Cx. =V, 1=123.
KOMIOHEHTBI BEKTOPOB Y, M X, BBIYMCISIOTCS MO (popMyIaMm:
Yi =& /bll; Yo = (e2i _b21y1i) / bzz;
Yai = (eSi - b31yli _b32y2i / b33;
Xgi = Yain X5 = Yo —CoX5in X = Yy — Cppo Xy — CipXye
ITomaraem 1 =1:
Vi =1 ¥, =(0-3-1)/(-6)=1/2;
Yy =(0-4-1-(-10)-1/2)/(2/3)=3/2,
Xy =3/2; X,y =(1/2)-(-5/6)-(3/2)=714;
X,=1-2-(71/4)-(-1)-(3/2)=-1.
ITomaraem 1 =2:
Yi, = 0; Yo = (1-3-0)/(-6)=-1/6;
Y, =(0—-4-0-(-10)-(-1/6))/ (2/3)=-5/2;
Xy =—512; X, =(-1/6)—(-5/6)-(-5/2)=-9/4;
X,=0-2-(9/4)-(-1)-(-5/2)=2.
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[Tomaraem i =3:
Y13 =0; Y3 =(0-3-0)/(-6)=0;
y33:(1_4'0—(—10)'0)/(2/3)23/2;
X3 =3/2; X,,=0-(-5/6)-(3/2)=5/4,
X;=0-2-(5/4)-(-1)-(3/2)=-1.
Takum 00pazoM, MOIy4rM
-1 2 -1
At=|7/4 -9/4 5/4|
3/2 -5/2 3/2

2.5 3apaum Ana caMmoCTOATENIbHOroO peLueHus

1. Pemuth MmeTosioM ["aycca cucreMy ypaBHEHHMIA:
2X +2X, — X3 + X, = 4;

4X, +3X, — X, +2X, =6;

8X, + 95X, —3X, +4x, =12;

3%, +3X, —2X, +2X, =6.
2. Haiitu pemieHre CUCTEMBI METOJI0M OPTOTOHAIM3AINN
9X, +8X, + X, =2;
3X, —2X, +6X, =7,
2X, + X, — X3 = 5.
3. Pemuth cucreMy MeTOI0M JEKOMITO3HUITHHN
3X, 4+ X, — X, =—8;
SX, +8X, + X, =2;
3X, — 2X, +6X, =—7.
4, Halitu o0nacTd CXOAMMOCTH METOJOB MPOCTON UTEpaluud WU 3enens

(x=Bx+qg):

1)3:('[’ qj;z)ez(p qj.
q p -q p
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5. Haiitu Bce maTpuiibl, JUisl KOTOPBIX METOJbl UTepauuil u 3enaens O0y-

ayT cxoasmumces (X =Bx+g):

p g 0 p 0 q
1)B=/g p q;2)B=0 p 0
0 g p q 0 p
6. Pemnth cucteMy METOA0M MPOCTON UTEPALIUHU:
6X, — X, —X; =10;
=X, +6X, — X, =-11;
—X, — X, + 6%, =17;
e¢=0.01.
7. Pemmuth cucteMy MeToA0M 3eiiens:
6X, — X, —X; =10;
=X, +6X, — X, =-11;
=X, — X, + 6%, =17;
e=0.01.

8. Beruncnuth onpeneauTesas MaTpubl A

1 1 E
1 1 E?%, rme E=cos2n/3+i-sin2n/3.
E> E 1

9. JlokazaTh cieayroliee TOXIECTBO:

& +bx ax+b ¢ & b ¢
a,+b,x ax+b, c|=@1-x*)a, b, c,l.
a,+b,x ax+b, c, a, b, c

10. Beruucauts onpeaenutens Mmetonom ["aycca:

1 1 1 1
1 -1 2 2

1 1 -1 3|
1 1 1 -1
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11. BeryuciauTh onpenenuTesb METO0M JEKOMITO3UIUN :

3 4 5
D=1 2 3.
8 71

12. Beiuucnauth oOpaTHyI0 MaTpuily MeToAoM ['aycca, opToroHanu3anuu

WA JCKOMITO3UIIUH.
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3 NMPUBNTNXXEHUE ®YHKLIUA
3.1 MocTaHOBKa 3apgaum

Iox npubmmkennem dyskuun f (X), 3ananHoii Ha unTepsane [a,b], Oy-
JleM HOHMMAaTh 3aMeHy f(X) Hekoropoii mpyroii ¢yskumeii P(X), Gmuskoi
K UCXOJTHOM (PyHKIUU f(X). [Ipocreiimas 3agava, NpuBOJALIAs K MPUOIIHKe-
HUIO PYHKIMH, cocTouT B cienytoueM. [lycts Ha ceTke {Xi} 3aJlaHa TaOJIu4Has
dynkius f (Xi ) =Y., 1=01..,n. TpeOyercs HaiiTh 3HaueHust pyHkiun f (X)
B TOYKaX X;, HE COBMAJAIONIUX C Y3J1aMU UCXOIHOH CETKH X; .

PaCCMOTpI/IM HCKOTOPYIO CHUCTCMY )IeﬁCTBPITCJILHBIX JIMHEWHO HE3aBHCHU-

MbIX GyHkumi {@,(X)}, onpeneneHubix Ha otpeske [a,b], u cocraBum 0606-

IEHHBIN [TOJIMHOM
P(x)= Zciq)i (X).
i—0

Omnpenenenne. Cucrema QyHkuuit @,(x), ¢,(X),..., ,(X) HazpBaercs
cuctemoit UebbimeBa Ha otpeske [a,b], ecnu m060# 000OIIECHHBINH TOIHHOM
1o 3ToM cucTeMe GyHKIHiA uMeeT Ha [a,b] He Gonee N KopHEH.

3agaya npuOIMKEHUST COCTOUT B Io100pe KO3PPUIMEHTOB C;, TaKUM 00-
pa3om, 4yTo0bI OTKIOHEeHHEe f (X) oT P(X) OBUI0 MUHUMAJBHBIM HA 3aJaHHOM
MHOXecTBe X . [lomuHom P(X) MIPA 3TOM HA3bIBAIOT ANMPOKCUMHUPYIOIIUM

WJTU TTPUOJTHIKAFOIITUM.

Ecnu mapametpsr C,, i=0,1,...,n onpenensroTcs U3 yciaoBUs COBIAJACHUS

suauennii f (X) u P(X) B y3max cetku X,

f(x)=P(X) :iciq)i (%), k=01..,n,
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TO TaKOM crnoco® MpUOJMKEHUS HA3bIBAIOT MHTEPHOJSIUe WM UHTEPIIONIH-

pOBAaHUEM, a CETKY {Xk} HAa3bIBAIOT MHTEPHOJALMOHHON ceTKoU. [Ipu aTOM Mo-
JlaracTcs, YTO 3HAUYCHUS CETKH {xj}, B KOTOPOW MBI XOTUM BBIYHUCIISITH P(x J. ),
HE BBIXOJAT 3a Tpezenbl untepsana [a,b] (@<x; <b; j=1,2,..,m). Ecau mbl
XOTHUM BBIYHUCIIUTL 3HAYCHUE P(Xj) B TOYKAX X; g[a,b], TO TPUOIKEHUE

Ha3bIBAIOT IKCTPANOJIALMEH.

Teopema. /[niss moeo umobwl ons 1060t Gynxkyuu | (X) e R, onpeoenen-

Hoti Ha ompeske [@,b], u 06020 Habopa y3106 A =X, <X <X,<---<X,=b
cywecmeosan u Obll eOUHCMEEHHbIM NOJUHOM P(X) = Coo (X) + €1, (X) + ...

+C,0,(X), Heobxooumo u oocmamouno, umodbvl cucmema QyHKYuUll i (%),

1=0,1, ...,n asrarace cucmemon Yebwvruesa.

Ha mpakTuke yamie BCEro HCIONB3YIOT CIEAYIOUIME CUCTEMBI (DYHKIIHI

@;(x):

n

2 3 v o
a) 1 x,X°, X%, ..., X nmbo JnUHEHHBIE KOMOWHAIMH O3TUX QYHKIIUH
(manpumep, noauHOMEBI JlexkaHapa, moauHoMbl YeOblleBa);

0) 1, sinx, Cos X, sin2X, C0S2X, ..., SINNX, COSNX ;
B) €%, e™, e®* .., e" nmbo nuHelHbIE KOMOMHALUM >TUX (YHKIMI
(HanpuMep, OPTOrOHAJBHBIE YKCIOHEHIMAIbHBIE (DYHKIMK), TIE O — HEKOTO-

pas Mocaeq0BaTEIbHOCTh MOMAPHO PA3TUYHBIX JEHCTBUTEIbHBIX YUCET.
B cnydae (a) uHTEpnoaupoBaHUE HA3BIBAETCA aNreOpandyecKuM, B CIIydyae
(0) — TPUTOHOMETPHUYECKHM, B CiIydae (B) — SKCIIOHEHITHATBHBIM.

Paccmotpum anredpandyeckoe MHTEPIIOIUPOBAHUE.
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3.2 Anrebpanyeckoe nHTepnonnpoBaHue
3.2.1 ®opmyJia Hbl0TOHA VI pABHOMEPHOM CeTKHU

[Tycte mns dyakumum Yy = f(X) 3amaner 3Hauenus Y, = f (X.) B paBHOCTO-
sammx y3nax X =a+i-h, 1=0,1..,n, h=(b-a)/n.

NHTepnossiunoHHslil nonuHoM HeroToHa MMeeT BUA:

R0 =y + o x4 2

R0 S B xx), 3)

rae Ay, =Y~ Yo, AZyo = (&Y, —AY), .., ATy, =(A""y, —A"Y,) — Koneunsbie
pa3HoOCTH IEPBOr0, BTOPOTO, ..., N-TO IIOPAJKA,
(=) = (x=%) s (X=%)" = (X=%)(x=%). .,

(X=X )™ = (X =%, )(X=X)...(Xx =X _,) — 06O6IIeHHbIE CTETEHH TIEPBOTO,

BTOPOIO, ..., N-TO IIOpAJKa.

X=X
Brenem nepemennyro (= . % Torma popmyna (3.1) npumer Buj

P (q) =Y, + gAY, +

q(q-1)
| (3.2)

n!

~1)..(g-n+1) ., DAy S
L 9@-1)..(q )Ayo=yo+Z i'yoH(q_
i=1 I+ j=0

ITycte n=1, Torma u3 (3.2) noayunm HopMynny JIMHEHHOTO HWHTEPIIOJH-

poBaHUA:
P.(X) = Y, + gAYs,.

[Ipu N=2 nomyunm dopmyny KBaapaTuyHOro (mapaboiaruecKoro) WH-

TEPIIOJIUPOBAHUSA :

_1
P (x) = yﬁQAVﬁ%Azyo-

[Tpu n=3 monyuum hopmyny KyOMIECKOTO HHTEPIOIUPOBAHHUS:

-1 ~1)(q-2
300y, +any, + D ey, 0O-DA-D o

A%y, +
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Ha IMPAaKTHUKEC OOBIYHO OIrpaHUYIMUBAIOTCS IMOJIMHOMAMM IICPBOI'O — TPECTHETO

nopsakoB. Ilpu 3ToM, O BO3MOXKHOCTH, B Ka4eCTBE X, OepyT Onmkaliuui cie-

Ba OT TPeOYyeMO TOUKH X Yy3€J UHTEPHOJIAIIMOHHON CETKHU.

[TorpemHocts  uHTeprnonupoBaHust (octarounslii  uneH) R (X) =

= f(x) — P,(X) Bbruncmisiercs no ¢popmysie:

C (X=X (X=X - (X = X0) ¢ (et e e
Rn(X)— (n+1)| f (E.’)1E.’ [a,b]. (33)

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

et 9@ =0 (=) ¢ iy ey, e

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

f ™D (&) o6brano ucnonpzytor M, = maX‘ f (nﬂ)(x)‘ :
X

Jlns TabnuyHON (QyHKIMU 3HaueHWe Npou3BoxHOoW (N+1)-ro mopsaka
dyukmun f(X) npubmmkenHo MoxHO monoxuts | MY (E) x —22

(3.4) npumeT BU;

_9@=1--@=n) \na
R.(@) = nipr N e (3.5)

Mpumep 1. ITycts umeem Tabnuny 3Hauennii pyuakuun f(X)=Y:

3.5 3.55 3.60 3.65 3.70
33 34.8 36.8 39.1 41.9
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CoctaBum TabNHILy pa3HOCTEH:

X y Ay A%y A’y Aty
350 | 33.0 1.8 0.2 0.1 0.1
355 | 348 2.0 0.3 0.2
360 | 368 2.3 0.5
365 | 39.1 2.8
3.70 41.9

IIpumeuanne. TaOnuila KOHEYHBIX PA3HOCTEH TMOMydYaAETCS CIEAYIOIIUM

o6paszoM: cToider; Ay — BeranTaHHeM 1udp cTonbna Y ; cronder; A’y — BbIYHTa-

areM mudp crodua Ay ; cronber; A’y — BerauTannem mudp crondua A’y uT. 1.

[To nanHO¥ TaGMMIIE MOKHO TOCTPOUTH MOJUHOM MAaKCUMAJIBLHOM CTere-
HH, paBHo# 4. [TocTtporM mosuHOM TpeTheid crenenu. 3aeck h=0.05. [us no-
CTPOCHHUS IOJIMHOMA HCIOJIb3YEM JlaHHbIE MEPBOW CTPOKU TaOMUIBL: X, =3.5,
y,=33.0 Ay,=1.8, A’y=0.2, A’y=0.1. 3nauenus x, =3.55, X,=3.60,
Ucnionwssys ¢popmyny (3.1), momydum

1.8 0.2
P(x)=33.0+ - 005 (x—3.5) +m(x—3.5) -(Xx—3.55) +
0.1
+ W(X - 3.5) N (X - 3-55) * (X - 3-60)-

[TorpemHocTh onieHnBaeM 1o dpopmye (3.5):

" (x—3.50)(x—i.l55)(x —43.60)(x—3.65) o4
1 (0.05)

R, (
Ucnonb3yst popmymy (3.2), momyuum
18 0.2 0.1
R(a)=3830+=—a+—-q(a-1)+-~a@-D(q-2),

Xx—-35
0.05

rae q=
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C nomoipio NoJay4YeHHbIX MOIMHOMOB P, (X) u P;(Qq) MOXHO BBIYHUCINUTH
3HA4YeHUEe HHTeprnonupyemMor ¢ynkmuu f(X) ams moboro X W3 MHTEpBaia
3.50<x<3.65. Eciau tpebyercs Borumcauth f(X) B mHTepBane [3.65,3.70],
TO HEOOXOAUMO MOCTPOUTh MONMMHOM P,(X) mnmm P,(q) mo maHHBIM BTOpOM
cTpoku Tabmuubl: X, =3.55, y,=34.8, Ay,=2.0, Azy:O.B, A3y:0.3.

CootBeTcTBEHHO, X, =3.60, X, =3.65.

Hpumep 2. I[lonyunts ¢opmyny s BBIYMCIECHUS CYMMBI psija

n
S, =12 +22+3%+...+n%, T. e. BOIYKCITUTE Ziz .
i1

Pewenue. Haliiem KOHEUHbIE Pa3HOCTH
AS, =S, S, =(n+1)";
A’S, =AS,,-AS, =(n+2) —(n+1) =2n+3;
A’S =A%S, ., —A’S = 2(n +1) +3- [2n + 3] = 2.
Mockonbky A’S. He 3aBMCHT OT N, To S, MOXHO aNMPOKCHMUPOBAThH

ITOJIMHOMOM CTCIICHU HC BBIIIC TpCTbefI. CocraBum Ta6JII/IIly:

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

3 14 | 16

4 30

Umeem: h=1, x,=1, x =2, X,=2, X,=3. BBemem mnepeMcHHYIO

n-1
g= T =n-1. Crpoum mnoaMHOM TO TmEpBOH CTpoke Tabmmuer (Y, =1,

AS, =4, A’S, =5, A’S, =2). B pe3ynbTate uMeeM

n—an—Zﬂn—S)
6

=1+ 4(n-1)+5" U2 o
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[ocne npeobpazoBanus moiyunm P, = % n(n+1)(2n+1). Takum o6pa-
1
30M, U1 S, MBI TOTy4rIn popmyny S = En(n +1)(2n+1).

3.2.2 ®opmy.ia Hb10TOHA U1 HEPABHOMEPHOM CETKH

Ilycte  ¢ynkmms  f(X) 3amama Ha  HepaBHOMEpHOW  CeTKe
{X}=a=x,<x<..<x,=b.
HNaTepnossiunoHHbId NoNMHOM Hbl0OTOHA HMEET BUA:
P(X) =Y + [Xo’x1](x - Xo) + [X01X1’ Xz](x - Xo)(x - Xl) +..+

n i1 3.6
NER TS CEFSCS N ENATS 3 SIS § (¢S AN

rae [X,, % ]= NoYo pa3JieNieHHast Pa3HOCTh MEPBOTO MOPSIIKA B TOUKE X, ;
A

y Xo 1 =1 %)
[Xy, %, X, ]= [, )2(] E(OO ] — paszzesreHHas pPa3HOCTh BTOPOTO IMOPSJIKa
, -
B TOYKE X, ;
T X gty X | — I X, Xyt X
[Xo,Xi,---,Xn]=[X1 I b LTRTRE Y — pasjieneHHas pa3HOCTh N -TO

X, — X
ImopAaKa B TOUKC XO .

[TorpenrHoCTh HHTEPIIOJISAINH paccUuThIBaeTCs 1Mo hopmyiie (3.3):

Rn(X) _ (X_XO)(X_Xl)'“(X_Xn) Mn+1'
(n+1)!

3naueHue npousBoanoir M ., (Nn+1)-ro mopsaka s TabnuvHON (YHK-
IIUM MOXET OBITh OICHEHO MPHOIMKEHHO Yepe3 KOHEUHYIO pa3HocTh (N +1)-ro
opsIIKa

My =max| £ OD(x)] = (1 +DF Xy, X, X,.1].
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IMpumep 3. [lana Tabnmuunas pynxmms f(X) .

X f(x) 1-it nopsgok | 2-i mopsAaoK | 3-il mopsAoK
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. Tlo popmyne (3.6) cTpouM MOJUHOM 2-TO MOPSIKA MO MEPBOM

cTpoke. 3aech X, =0. Ilonyuum

P,(X) = 0.4 —0.04x — 0.008X(X — 2.5).

I[J'ISI OOCHKHU IMOTPCHIHOCTHU HAM HOTp€6y€TC5I IMPOU3BOIHAA 3-ro nmopsaka.

[TpuOnuKeHHy0 OIEHKY MOKHO MOJYYHUTh CIEAYIOIIMM 00pa3oM. 3amuiiem

MOJIMHOM 3-TO MOPsIIKa U BO3bMEM MPOU3BOAHYIO 3-TO MOPSIIKA.

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

Bospmem abcomoTHOE 3HaueHune M, =‘f"’(X)‘:0.012. Takum oGpazom,

IOTPEIIHOCTh UHTEPIIOJIMPOBAHKS PaBHA

Rz(x)=%<x—xo)(x—x1)(x—x2) ~

0.012
6

(x=0.0)(x—2.5)(x—5.0).

3.2.3 ®@opmyJa Jlarpan:ka 151 HEPaBHOMEPHOIi ceTKH

[Tonnunowm Jlarpan:xa umeeT BUA:

(X=%p) e (X=X ) (X=X ) (X=X,)
(Xi - Xo)"'(xi - Xi—l)(xi - Xi+1)"'(xi - Xn) -

Ln(X) = Zn:y|

i=0

Sl
0 -0
J#i

0 X—Xj

Xi—Xj

(3.7)
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Ecnu BBecTn o603HaueHUE
n
1—Ii(X) :H(X_ Xj)’
j=0
J#l
TO BeIpakeHHE (3.7) MOXKHO MepenucaTh B BUJIE

I—n (X) = Zn: yi gl(())(())

[Tpu n=1 (mana cetka u3 2 y3710B X,, X,) u3 (3.7) umeem

_ L, X=X X—X,
L0 =Yos = ¥y o

[lpu N=2 (nana cetka u3 3 y31oB X,, X, X,):

(X_X1)(X_X2) + (X_Xo)(x_xz) + (X_Xo)(x_x1) .
(Xo _X1)(Xo _Xz) ' (X1_Xo)(X1_X2) ’ (Xz _Xo)(xz _Xl)

MoxxHo moka3zaTh, uto (opmyna Jlarpanxka u popmyna Heiorona — 3to

Lz(x) =Y

JIB€ pa3Hble (POPMBI 3aMMUCHU OJJHOTO U TOTO kK€ nmojduHoMa. [loaTomy uncieHHbIe
3HaueHus (QyHKUIMM, monydeHHbIX no ¢opmyse Jlarpamwxka u Heiotona, Oynyr
coBnaaarh. [1o 3Toi ke MpUUMHE MOrPEIIHOCTh HHTEPIOISIIMOHHOTO MTOJTUHOMA
Jlarpamxa Bbrumcigercs mo Tout ke dopmyne (3.3), Mo KOTOpOH BBIYUCISAETCS

IMOTrpCHIHOCTE MHTCPIIOJIILNUOHHOI'O ITOJIMHOMA HrroTona:

M n+l
Rn (X) = mnnﬂ(x)’

e Hn+1(x) = (X - Xo)(x - Xl)(x - Xz) Tt (X - Xn)'

IIpumep 4. IToctpouts nonuxom Jlarpanska nist TabnMuaHON QYHKIHH.

Y| 2| 3|12 147
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Pewenue. Ilo popmyne (3.7) umeem
I_3()():2.(x—l)(x—2)(x—5)+3'(x—0)(x—2)(x—5)+
(0-1)(0-2)(0-5) 1-00-2)1-5)
12. X=OK-D(x=5) o x-DE-H(x-2)
(2-0)(2-1)(2-5) 5-06-D(5-2)

3.2.4 ®opmyaa Jlarpan:ka isi pABHOMEPHO# CETKH

IlonuHoM Harpaana JJIsA paBHOMepHOﬁ CCTKHM UMCCT BU/ .

6-0.0-(-Da-(D- 0=
@20 g DD

Z( 1)“'|'(n I),H(q j)-

(3.8)

Ecnu BBecTH 0003HaueHME
1—Ii (q) = H(q - J)!
J#i

TO BeIpakeHHE (3.8) MOXKHO TepenucaTh B BUJIE

Y,
L, (a) = g( RITCED TR

[TorpenrHoCTh HHTEPIIOIUPOBAHKS BhIYUCsAETCS 10 popmyne (3.4):

ot Q0 =1) - (d=N) £ gy e e
R,(a)=h (1 D) f9(€); E<lab].

3.3 AnnpokcumMauusa TPUroHoMeTpNYeCKUMM (PyHKLUAMHU
[IycTh n1aH TPUrOHOMETPUUECKUN TTOJIMHOM
Q(x):%+2(ak coskx + b, sinkx), x e[-m; ] (3.9)
k=1

Tak kak TPUrOHOMETPHUYECKHE (PYHKIIMKA OPTOTOHAIBHBI, TO I (DYHKIIHH
f(X), 3aganHOl Ha MHTEpBaE [—n;n'], TOJIYYHM CJICAYIOIIHME BBIPAXKCHUS IS

k03 Punmenros a, , b, :
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a, = L I f (x) coskxdx,

T

(3.10)

b, = %j f (x)sin kxdx,

k=01,..,n.
Koadduuuentsr a,, b, , onpenensemsie popmynamu (3.10), Ha3pIBatOTCA
mpueoHomempudeckumu koagguyuenmamu Pypue.
N3 (3.10) caenyer, uro eciu f(X) — uwemmnas, t.e. f(X)=Tf(-X)

Ha UHTCPBAJIC [—TC; TC] , TO

2 T
a, =—| f(x)coskxdx,k =0,1,...,n;
“ n-([ (0 (3.11)
b, =0,k =1,...,n.
B 3TOM Cciiydae annpoKCHUMUPYIOLINANM [TOJIMHOM UMEET BUJ:
Q(X) = %+ 3 a, coskx (3.12)
k=1
st neuemnou dyuxuuu ( f(X) =—f (—X)) monyunm
a,=0k=01..,n;
f 3.13
b, :EJ'f(x)sinkxdx, (3.13)
n 0
Q(x) = b, sinkx. (3.14)
k=1

Ipumeuanue 1. Ecnu pyuxus f(y) 3agana na uarepsane [a,b], To BBe-
. . 1 b-a
JICHHEM HOBOW ITEPEMEHHOHN Y = > (b+a)+ X2— MBI ITOJTy9UM ()YHKITHIO
T

f(x)=f(xb2;na+%(b+a)j, X e[-mx].
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Ipumeuanue 2. Ecu pynkuus f(X) He o0siagaeT 4eTHOCTHIO, TO MOXKHO

€€ IPEJICTAaBUTh B BUJIE€ CYMMBI IBYX () YHKIIUNA:
F(x) = 1,(x) + F,(x),

rac
f,(x) = %[ f(x)+ f (—X)] — YeTHas;
() = %[ £(X)— f ()]~ Heuermas.

Nurterpanst B ¢popmynax (3.10), (3.11), (3.13) MOXHO BBIYUCIUTDH MPH-

OJIKEHHO 10 (hopMyJie Tparelmu:

b
b-all 1
!f(X)dX=T(§yo+y1+~~+ym_1+§ym]-

Torna koap¢unuent a, u3 (3.11) pasen

2
ak:_
T

I f (x) coskxdx ~
0

27wl 1 U 1
~——| =V coskx, + . COSkX. +—=Vy_coskx |,
nm{zyo 0 JZ:l]yJ i % Yn }

mT . .
sza-j, ]=01...,m.

Ananornyno i kod3ddurmenta b, (3.13) momyunm

m-1

2 s
b, :EZ y;sinkx;;

i

T . .
xj:E-J, 1=12,...m-1.

Hpumep S. IloCcTpoUTH TPUTOHOMETPUUECKUN MOJIMHOM JUISI YETHOMN

bYHKITNH, 3aJaHHOM CIICTYIOIINMH JTaHHBIMU:
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X 0 |n/12| n/6 | w4 | =/3 |57/12| =/2
f(x;) | 955 19.46 925|896 | 858 | 810 | 7.59
X 7r/12 | 2n/3 | 3n/4 | 5n/6 | 11n/12 | =
f(x) | 7.00 | 634|556 | 480 | 4.21 | 4.00

Pewenue. 3necy 13 y3noB, T.e. M=12; nonuHOM OyJIeM CTPOUTH IS

Nn=6. Pe3ynbTaThl 3aHeceM B TaOJIHILY.

J X Y, COSX; | COS2X; | COS3X; | COS4X; | COS5X; | 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 /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 /3 8.58 0.5 -0.5 -1 -0.5 0.5 1
5 5n/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 7rn/12 | 7.00 |-0.2588| —0.8660 | 0.7071 0.5 —0.9659 0
8 2rn/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 5r/6 | 4.80 |-0.8660| 0.5 0 -0.5 0.8660 -1
11 | 11n/12 | 4.21 |-0.9659| 0.8660 | —-0.7071 0.5 —0.2588 0
12 o 4.00 -1 1 -1 1 -1 1
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
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OTBeT:

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

ITorpemHocTh annpokcuManuy paBHa
b 2 6
S= ZJ f2(x)dx — 7{2(%) + Zaﬁ} =6.689.
0 k=1

3.4 NMpubnuxeHune pyHKUUN nonuHomamum JlexaHapa

[Tonmmuomel Jlexxanpa onpenenstorcs GopMysoi:

_ 1 dn 2 n
P (0= rmrae 1) (3.15)
n=0,12,...

P(X)=1 P(x)=X; P,(X) =%(3><2 -1);

N

P.() :%(5x3 _3x): P.(x) =%(35x4 _30x2—-3). (3.16)

R(X)= %(63x5 — 70x> —15x).
O6mas pekyppeHTHas GpopMyna s moJuHOMOB Jlexanpa:
(n+DHP_.(X) —x(2n+DP,(X)+nP,_,(x)=0, n=1,2,... (3.17)
Teopema. IlommHOMBI JlexaHapa oOpa3yrOT OpPTOTOHAJIBHYIO CHCTEMY
Ha otpeske [-11], 1. e.

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

Hopma nonmnoma Jlexannpa:

(x)[ = j P?(x)dx = (3.18)

_2n+1
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HyCTL 3a7aH 000OIIIEHHBII OJIMHOM B BUJIE
Q(x)=>_CP(x), xe[-11], (3.19)
i=0

rae {PJ. (x)} — nmonuHOMBI Jlexkanapa.

Jus ¢yakmumii f(X) Ha uaTepBane [—1, 1] koadduimeHTs pa3nokeHus

C, onpenenstorcs no popMyiam:

1

:2i+lJ‘

C.

f (x)P(x)dx, i=0,1,...,n. (3.20)

-1

HOFpeH_IHOCTB AIlllIpOKCHUMAIIMH paBHA

i \ 2 i 2 =~ o 2
S:Jl[f(x)—;CiPi(x)] dx:_jlf (x)dx—;ci =7 (3.21)

Ipumeuanue 1. Ecnin ¢ynxuus f(y) 3amana Ha umuTepBaie Y <[a,b],

2 b+a
TO, BBEIS IEPEMEHHYIO X = y— , MBI TIOJTYy4IUM (DYHKIIHIO:
b-a b-a
f(y) = f[b;ax—b+aJ; xe[-11].

Ipumeuanue 2. Ecnin ¢yuknus f(X) 3agana TabiaudHO, TO HMHTETPaIbI

(3.20), (3.21) HE0OXOAUMO BBIYHCIIATH IO KBaAPATYPHBIM (HOPMYIIaM.

Ipumep 6. Oyukuuo f (X) =|X| Ha otpe3ke [—1, 1] anmpoxcumupoBaTh

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

Pewenue. Tlomuaom Q;(X) uiiem B Buze
Q;(x) =C,R,(x) + C,R(x) + C,P,(x) + C,R,(x) + C,P,(x) + C.P,(x) .
Tak xak ¢dyakmus f(X) :|X| — vetHast U B (X) — ueTHbI pu yeTHOM K

Y HEYCTHBI IpH HedeTHOM K, To u3 popmyiisl (3.20) momyuum:



69

17 i 1
Co=—J|x|dx:jxdx:—;

2—1 0 2
C,=C,=C;=0;

5 ¢ 51 5
C, == ||x|P,(X)dx == | x(35x* =30x? +3)dx = =:
= | IR0 =2 Jdx =2

1
C,= gjx(35x4 —30x2 +3)dx = 3
89 16

B pesynbrate qg nonuHoma Qg (X) cienyeT BeIpaskeHHe

1 5 3
X)==+——(3x?*-1) - —(35x* —=30x* +3) =
Qs (x) > 16( ) 128( )
_ D Coxt1axt ),
128
CrnenoBaTenbHO,

x| :E(Jx4 +14x% +1), —1<x<1.
128

Puc. 3.1 — I'padux pyukuu f(X) = ‘X‘ Y pe3yJIbTaT UHTEPIOJISIIUN
3.5 NonuHoMmbl YebbiweBa

[TommaOMBI YUeOBbImeBa onpeaenssroTcss GopMynoun:

D 1) + (x=/x2 —1)"

2n

T (x)= (X + n=01... (3.22)
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Hns n=0,...,5 u3 (3.22) nonyuum

. . 2 1 3 3 .

T,(X) =L T,(x)=x; T,(x)=X _E’ T,(X) =X _ZX’

1 5 5
T(X)=x*—x*+=: T.(X)=x"-=x*+—x.
5(X) 3 5(X) T
Jlns monuHOMOB YeObIlieBa CIpaBeUIMBa CJCIyMOMas pPEeKypCUBHAs
dbopmyna:

Tn+1(X)=XTn(X)—%Tn_1(x), n=23,.. (3.23)

Teopema. IlonmuHomb! YeObimesa T, (X) o0Opa3yroT Ha otpeske [—1,1] op-

TOrOHAJIBHYIO CHCTEMY C BecoM p(X) = 1 =, T.¢
1-x
1
ka (X)Tm(X)L =0, npu m=k,
! V1-x?°
m=12,..,

JT \/_7)(2 22m—1 ’
:[TOZ( J ﬂ

[TepetineMm k 3amade anmpokcuMaiuy GyHKIUM moauHoMaMu YeOrbiiena.

O06001IICHHBIN MMOJUHOM IMPEJCTABIIACTCS B BUJIC

P, = icm (%), (3.24)
[ POO T 00T, (x)dx
rie Ci==5 (3.25)
[ POOT? (x)dx

3nech f(X) — anmpokcumupyemast GyHKIHSA, T. €.

f(x)=Y.CT.00 =P (x).
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[lorpemHOCTh anNpOKCUMALUK paBHA

S = [POOLT (00~ Y CTFdx=[ p(x) (0 -
* . * (3.26)

-3¢ [ pOOT(X)dx,

Hpumep 7. Mycts f(X) =+1-x*, X e[-1,1]. Heo6XoammMo anmpoKCHMH-
poBath nmoauHOMOM YeOsiiieBa 5-if creneHn P,(X) ¥ BBIYUCIUTD OMINOKY.

Pewenue. Tak kak f(X) — dYerHas, TO OTIMYHBIMU OT HyJs OyayT
ko3 duieHTsl C, ¢ YeTHPIMU HOMEPaMH, a C HEYCTHBIMU PABHBI HYJIIO.

ITo dhopmyne (3.25) monyuum

CO ziX ii:g’
T I8
1 3
C, =§j(x2 _1/2)dx=-21__8.
(e} nt3 31

71 7 +1
C4:2—J(x4—x2+1/8)dx=2—[£x5—1x3+1x} =
T 7, n|5 3 8 |,

B pesynbrare nonyuum

1-x° zg—i(xz —lj—g(x“ — X +1j
T 3n 2) 15¢n 8

NN 1—X2:———X -——X.

15t 15x 157

[TorpemHocTh paBHa:
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S = [P0 20dx =3 C¢ [ pO)T () =

1
:j\/1—x2dx—{c§n+cjg+cji}—
-1

27 |

+1
:Fxxll—xﬂlarcsinx} —[EJFEJF 8 }:
2 2 On

PR 225

- g —1.5675=0.0033.

3.6 3agaum Ansi caMoCTOATENIbHOrO peLueHus

n
1. TTocTponTh MONKMHOM JJIsl BBIYUCIEHUS CYMMBI S, = Z i%.
=

2. [IpocymmupoBats pag S, = Z(Zj ~1)%.

i1
3. Ilokazarp, 4ro cucremMa ¢yHKIUI {(pi(x)} =1,X,%%,...,X" Ha HHTepBaNCc
[a,b] sBasieTcst UeObImeBCKO.
4. Iloka3zath, 4To  cHcTeMa  (DYHKIIHI {(pi(X)} =1,5in X,C0S X,...,
sinnx,cosnx ua uatepsaie [0,27] sBisercs YeObImeBCKOM.

5. B nsaTtu3HayHBIX TabnuIax jorapu@MoOB JAOTCS JIOTapU(PMBI IEITBIX

gucen or X=1000 mo Xx=10000 c mpenenpHON abCOMOTHON MOTPEUTHOCTHIO

£=0.5-10". Bo3MOXHO /1 IMHEHHOe MHTEPIOIMPOBAHKE C TOMOIIBIO (POPMY-

1161 HprOTOHA € TOM K€ CTENEHBIO TOYHOCTH?

6. C KaKoii MOTPENIHOCTHI0 MOKHO BBIYMCIHTE +/2 C IMOMOIIBIO TOJIHHO-

MOB 1-T0 U 2-TO mopsaKa, MOCTPOSHHBIX s oTpe3ka [1.69,2.25]. V3nsr unTep-
MOJIALIMM B3ATh caeayoomue: X, =1.69; x, =1.96; x, =2.25.

7. TpeOyeTcsi  COCTaBUTh  YETHIpEX3HAUHYIO  Tabmuiyy  GyHKIAA

f (X) =sinx na unrepBane 0<x<7/2. Kakoil BenmuunHbI JODKEH OBITH IIar

Tabmuiel N, 9TOOBI MOrPEIIHOCTS HHTEPIIONSIUHN OblUIa He OOJIBIIE MOIPEITHOCTH
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TaOIMIBL: a) NpHU JTUHEHHON MHTEPNOIAUUU; O) MPU KBAJPATUYHON HHTEPIIO-
JSILUUH.
8. IlocTpouTh MHTEPHOJALUOHHBIE TOJUHOMBI HbtoTOHA 1-r0 M 2-TO MO-

psnka it dpyaknun T (X), 3amanHON TaOIMYHO HA PABHOMEPHOU CETKE.

X 0 1 2 3 4 5
y 52180 104|124 | 140 152

BBI4KcaMTh 3HAYEHUS TOJIMHOMA M IOIPEIIHOCTH B TOUKAX:
a) x=0.5;
0) x=3.5.

9 Oyukuusa f(X) 3amana tabnuiei

X 0 2 4
f(x) |[15]|25]| 45

[TocTpouTh MHTEPIIONAIMOHHBIE CIUIAMHBI: 1) TUHEHHBIN; 2) mapaboanye-

CKUH.
10. AnmpokcumupoBaTh moauHOMOM Jlexkanapa 5-if cterneHu ()YHKITUIO
f (X) = X na unrepsaine [0,1].

11. AnnpokcumupoBaTh monuHOMOM Jlexxanapa 5-if cteneHu (QyHKIIHIO

f(X)=sinx, xe[-n/2,mt/2]. Berauciauts MOrpemHoCTb.
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Cnpasxka

[ xsin xdx = sin x — xcos X;

:xz sin xdx = 2xsin x — (x> — 2)cos X;

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

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

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

12. AnnpokcuMupoBaTh NMOJIMHOMOM YeObleBa 5-i CTENeHU HAa MHTEp-

3/2

Bane X €[-1,1] ¢pyrxumo f(X) = (1—x*)*? u BerumCIUTE MOrpemHOCTS S .
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4 YUCNEHHOE AND®PEPEHLUMNPOBAHUE

®opmyibl yuciaeHHoro AuddepeHurnpoBaHusa MOJydaroTcs MyTeM Iudg-
(depeHIpoBaHUs UHTEPHOIAUMOHHBIX (popmyn. Haumbonee mmupokoe pacmpo-

cTpaHeHnue nonyyuwnu Gopmyisl Hetotona u Jlarpamxa.
4.1 ®opmynbl HeloTOHaA

[Mycte 3amana tabnuunas ¢ysknus f(X) Ha paBHOMEpHOW CeTKe
X.=a+i-h, 1=0,..,n, h — mar cerku. Auddepenuupys noaunom HeroToHa,
JUIsl IEPBOM MTPOU3BOIHOM MOJTYUHM:

29 -1

2_
A%y +—3q 6q+2A3y0 +

0

|
RI(@) =14, +

3 2
+2q -9q +11q—3A4y

> ] = (4.1)

1 n Ai i-1 i-1 1 n Ai i-1
=LAy, + XSS [ @k =Clay, + > =0 > T @)
h = 1! 3 -0 h - 1 T
#]
_ X— Xo A 2 3
rae = T, X, =a; AY,, A%Y,, A”Y,, ... — KOHEUYHBIE PA3HOCTH,

i-1
I1;(a) =] [(a-k).
o
[TorpemHocTh nudhepeHIpoBaHNs paBHA
f(n+1)(§) d
R/(q)=h"" —22 — -1---(q—n)], a,b|,
2(0) (Dt dg @D @-nl gela,b]
17001

An+l yo i

Ru(a) = (n+1)'h dq

[a(@-D)---(a-n)]. (4.2)
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B wactHOCTH, IIpH X = X,

Py(0) = {Ayo ;Azyo +%A3yo —%A“yo +}
(4.3)

R(0)= DA™Y

h n+l
Jljist BTOpOo MPOU3BOAHON MOJIYYHM cleAytomue Gpopmyisl (myTem aud-

dbepennupoBanus (4.1) u (4.2)):

) 602 —18q +11
P(Q)——{AZYOJF(Q _1)A%y, + d A“yo+--1:

12
1 n AI yO i-1 i-1 i-1
SIS R DR CRIIE (@4
h I! J Ot (J) : 2

1#])

i-1 i-1

A%Ys +Z y°ZZHJk(q)
- j=0 k=0
k#]j

rae H,-k(q>=f[(q—l);

I#j
1=k

[Torpemnocts

Rn(q) — hn+1 f () (E.s) d ?
" (n+1)'h? dg?

[a(g-D)---(@-n)], &<[a,b],

NN

, B An+ly0 d2 - ~
R(Q)—(n+1)!h2 dqz[q(q 1)---(q—n)]. (4.5)

B wactHocTH, TpH X =X, OylIeM UMETh:

P(0) —_|:A2yo A +EA“yo —§A5yo +--};
12 6 @)
2(_1)n+lAn+ly '
R"(0) = 0
©) (n +1)h? Z

=i
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Ipumeuanue 1. Ilpy HaX0XIEHUU TPOU3BOAHBIX Y',Y",... B (DUKCHPOBAH-
HOU TOYKE X B KauecTBE X, cleayeT OpaTh OiKaiiiee ciaeBa OT X TaOau4HOE

3Ha4YCHHUE apryMEHTA.

Ilpumeuanue 2. B xauecTBe TOUKU X, MOXKET OBITh UCIIOJB30BaHA JI00as

y3i0Bas Touka. [loatomy popmyinsl (4.3) u (4.6) MOryT OBITH MPUMEHEHBI IS

1000 TOYKH X;, €CIIU OHA YIOBICTBOPSET YCIOBHIO X: < X ., TIe ] — MOPSIIOK

n—j°

ITOJIMHOMA.

J11s1 HepaBHOMEPHOM CETKH

P10 =D %]+ DDt X T ),

i-1 i-1

P00 =Dt %12+ D X X I DT, (),

j=0 k=0
k+# j

rIe Hj(x)zli_l[(x—xk), ij(x):li;l[(x—x,).

n ( ) 0 Xl n y

Mn+l - mxax‘ f (n+1)(x)‘ = (n +1)!.[X0’ Xl""’xn+1]'
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Ipumep 1. Haittu y'(0) u y"'(0) dpynkium y = f(X), 3ananHoi TabnuyHO:

X y Ay A%y A’y A'y

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

3/1€ech 1Iar paBeH J.
Pewenue. Tlo popmynam (4.3), (4.6) mosryuyuM (UCTIOJIB3YSI UHTEPIIOJISIIH-
OHHBIN TIOJIMHOM 3-T0 MOPSIIKA):

y'(0) = [o 411+ ; 0. 028—%0 007} 0.0845;

R'(0) = (2A4y0 ~8.5.10*.

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

R'(0) =2 A4y°£1+3 1) 6.2-10*,
4.25 |1 2 3

Pe3ynprarsl 3TOr0 nprmepa nokasplBarOT, YTO NOTPEIIHOCTH BTOPOU IIPO-

W3BOJIHOM CpaBHHMA C BEIIMYMHOW BTOPOU MPOU3BOIHOM.
4.2 dopmyna JlarpaHxa

3anumiem nonuHoM Jlarpanxa.

Lo T (X)

L (x)= Zyln( o (4.7)

I9I( Hi(x):ﬁ(x—xj).

J#
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JIns mepBoil IPOU3BOAHOM IIOYYUM BBIPAKECHUE

L0 =3 ;0 =T,

= IT;(x;) dx dx oo X — X,
NJiin
L (x) = iy,gg))zx " (4.8)

k=]

Bropas npousBoaHas Beraucisiercs mno popmyie:

L7(x) = ;ﬁd—ni(x),

KOTOpasi IocJie MpeoOpa3oBaHus IPUMET BH/T

") || & 1 g
L'(x) =23y, B S | (4.9)
2 00)|| 6w | kY
#] #]j
I[aHHBIG (1)OpMy.HI>I HC TIIOAXOOAT MJIsA HCIIOJIB30BAHUA Ha IIPAKTUKE,

T. K. IpU X=X, (T. €. B y3JIaX UCXOIHOMU ceTkn) natoT nenenue Ha 0. [TosTomy

BMeECTO BbIpakeHui (4.8) u (4.9) cinenyet UCIONIb30BaTh IPYTUE BHIPAKCHHUS:

n n

L=y LT[ x-x) ZH( )ZH.,(x) (4.10)
IOH(X_X)iqt?E;:? =0 j=i

j:tl

= H(xi —X;)

i=0 k=] 1#]
= Ik (4.11)
n
= |]k(X)
i=0 j =0 k=0
J#i k=i

k= j

ee T, (0 = [ T (= %), T, (00 = [ [ (x~x,).

ki 1#i
k#j 1]
1k
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BeraucnuM norpemHocTs NEPBOM U BTOPOU IIPOU3BOLHOM.

M d M d?

R0 = T (0 RI = e

1_[n+1(x) = (X - XO)(X - Xl) e (X - Xn)'

n+1(X)’

Tak xak

n+1(X) H”+1(X)Z(X X)

g2 \ 1 3 -
WHn+l(X) =Hn+1(X)[[JZ(; (X — XJ)J _jZ=C;(X_ Xi)2 ]’

TO IMOJIYYUM

n+1 \ 1
(X) - W n+1(X)jZO X — Xj ‘l (412)
"y — M . 1 2_ . 1
R“(X)_(n+1)!H“+1(X)[(jZ;x—X,) jzé(x-x,-)zl' @139
JI711 paBHOMEpPHOW CETKHM NUMEEM
SO L0 9
e (4.14)
1 n n
2 1)”'|l(n .)|§H'J(q)
L(@)=2 .,,(n ;;H(q—l)—
i (4.15)
= . ( n '|I(n JZ(;kZ(; Ijk(q)

e 1@ = [ [(@-K), Huk(q)=1_”1(q—l).

ki 1#i
k#j I#]
1k
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HOFpGH_IHOCTB B 3TOM CJIy4ac COCTaBUT

IIpumep 2. PaccmoTrpum mnpenpiaymuii npuMep. BurumciauThb

Rr (q) — hn+1 f () (E;) i
" (n+1)'h dq
R”(q) — hn+1 f () (E.a) d2

[a(@-1)---(a-n)],

(n+1)'h? dg?

e";e[a,b].

1 y"(0) ¢ momoIIpo MoJuHOMA 3-TO MOPS/IKA.

[a(@-1)---(q-n)],

0.0

5.0

10

15

20

16.991

17.402

17.785

18.133

18.456

Pewenue. Tlo popmyie (4.10) momyunm:

Y'(Xo) =Y |:

x(Xy = X, ) (X — X3)|:y1 ” L

1

1

1

Xo =X X =%

1

+

+

X_

0

1

:|+(Xo — %) %
X,

1

+Y,

1

1

Ty
3X0

— X (X3 - Xo)(x3 - X1)(X3 B Xz)

IToncTtaBuM HaHHBIE TAOJIUIIB:

)= v [ 4 (- Y . .
y(x‘))_y‘)( 3oj+( 750){(—5) 250 (-10) (—250)+(—15) 750

{

11

30

J

-16.991+—-17.402 — —-17.785+ — -18.133 = 0.0845.
3) 10 15

3

1

Y2

1

. +
Xo =%, (Xz - Xo)(xz - Xl)(xz - X3)

}

% () — %)% — %)

Ys

1

3

1

y'(0)

}:
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ITo popmyne (4.11) umeem:

Y'(X,)=24Y 1 ( 1 + L j+ L +
i i Xo =%\ % =X X =X (Xo_xz)(xo_x3)

+ (Xo - X1)(Xo - Xz)(xo - Xs) ’ {yl

0

1 ( 1 1 j
x + +
(X = %)% = %) 04 =X )\ X =X, X5 — X

1 1 1 1
+Y, . + +
Xo =%, (Xz - Xo)(xz - X1)(X2 - X3) Xo =X Xp =X

1 1 1 1
+Y, . + :| .
Xy — X3 (Xs B Xo)(xs B Xl)(XB B Xz) Xo =X X=X

HO,HCTaBI/IM TaOIUYHEBIE JaHHBIC, ITOJIYUUM:

Y'(X,) =24, i( L + L j+ . +
° °l -5\ -10 -15) (~10)(-15)

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

1 1 1
+Y2(=750) | (~10)10-5(-5) S —_15)} ’

1 11
Y00 s 105 s —_10)}} -

1 1 2 1
=20y, ——Vy,—+Y,——Vy,— r=-8.4-10"".
{yo 25 n 10 2 25 & 50}

4.3 3apaum onsa caMmoCTOATENIbLHOrO peLleHuns

1. Ucxons u3 popmyn Jlarpamxka (4.8), (4.9) nonyunts Gpopmyinsl (4.10),
(4.11) nns mepBOM U BTOPOIl MPOU3BOJHOM B y3JaX CETKH.
2. [lyctp nana paBHOMepHasi ceTka. Ha mpumepe mommuHoma Jlarpamka

TpPEeThero mopsiaka monyuuts u3 dopmyn (4.10), (4.11) dopmynsr HeroTona

(4.3), (4.6) nns mpomsBogHbIX Y'(X.), Y'(X) .
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3. MarepuanbHasi TOYKa JBHXKETCS NPSIMOJUHEHHO. 3aKOH JIBHXKEHHS

S = f (t) npencrapiieH B BUjIC TaOJIHIIBI.

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

Haiitu ckopocts V 1 yckopeHre W TOYKH B MOMEHT t = 3.5 cek.
4. lana dymxmus Y(X) =e ?, x€[0,1]. IMonyunrs Tabmuuy 3HaYCHHI
cmrarom h=0.2. C momomurpto nojumHOMa HproToHa 3-TO MOpsIKa BBIYMCIHTH

3HAaueHUs] MepBOM W BTOpoi mpou3BoaHoM B Touke X =0.1. Ouenuts norperui-

HOCTB.

2, xe[0,1]. Tomyunrs TabnuIy 3HAYCHHIL

—x/

5. lana ¢yukuus Y(X)=e "
c miaroMm h=0.2. C nomomnipto nonuHoMa Jlarpamxka 3-ro mopsijka BBIYHCIHTH
3HAueHUs MEepBOM W BTOpoi mpou3BonHoM B Touke X =0.1. Ouenuts morperui-

HOCTb.
2
6. lana ¢yukuus Y(X)=e *, xe[0,1]. Toxyuurs Tabuuiy 3HAYECHUIA
c marom h=0.2. C nomorsio mosrHoMa HeloToHA 3-T0 MOpsiKa BEIYMCIIATD 3HA-
YeHUs TIEPBOM 1 BTOPOil Tipon3BoHOM B Touke X = 0.1. OneHnuTh MorpentHocTs.
2
7. lana ¢yuxuus Y(X)=e *, xe[0,1]. Toayuurs Tabuuiy 3HAYECHUI

c miaroMm h=0.2. C nomormnipio nonuHoMa Jlarpamka 3-ro mopsiaka BBIYHCIHTH
3HAUEHUS TMEePBON W BTOpoi mpou3BomHOoW B Touke X =0.1. Ouenuts morperi-

HOCTB.
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5 YACJNIEHHOE MHTETPUPOBAHUE

@opMyJIbl YUCIEHHOTO MHTETPUPOBAHMS B OOIIEM CIy4yae MOJIYy4aroTCs
yTEM HHTETPUPOBAHMS WHTEPHOJSALUOHHBIX IMOJTUHOMOB, MOCTPOECHHBIX IS

MOJBIHTErPAIbHON QPYHKIUU.
5.1 dopmynbl Tpaneuumn n CumncoHa

3anuiiem HHTCpHOHHLIHOHHBIfI IIOJIMHOM HarpaHma JIIA paBHOMepHOﬁ

CETKU:
n y
L = — IT.(q), 5.1
rne I1.(Q) =H(q -j), q= X_hxo , h =b_Ta — mar ceTku. Eciau mojbIHTe-
i=0

J#i
rpaibHyto pyukuuto f(X) Ha mHTepBane [a,b] anmpokcumupoBaTh momMHOMOM

Jlarpamxka (5.1), To s uaterpana ot f(X) momydnm

b n
[ f9dx=(b-a)) H,y, (5.2)
a i=0
rae H, — xoapduunentsl Herorona — Koreca:
izl_(_l) : IHi(q_) dg, i=0,...,n. (5.3)
nil(n—i)ly q-i

®opmynsl Buaa (5.2) Ha3BIBAIOT Keadpamypamu WIM KBaJAPaTypHBIMHU
dbopmymamu.

1. Tlpu n=1 (1.e. umeercs aBa y3na Ha uHTepBane [a,b]) momyumm
1
m3 (5.3) H,=H, = > B stom ciiydae popmyna (5.2) mpumer Bun:

J 100 =Z v, +h).

Xo
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[Tpumensis 3ty popMyiTy KO BCeM MOAbIHTEpBAIAM X, , — X, = N, moixydnm
’ h
[ 109X =Ty + 20y, + ¥, o+ Y1) + ¥, (5.4)
JIJ1s1 ocTaTOYHOTO WieHa
; h
R=[ 00—y + 20y + Yo 0+ Yo 1) + %,

MOJKHO IMOJYYUTH CICAYIOUICC BBIPAKCHUC!

_(b-a)

R:
T 12

h*y"(©), (5.5)

rie a<§<Db.
®opmyny (5.4) Ha3wIBalOT KBaApaTypHOU opmynon mpaneyuii. I'eomer-
puuecku popmyia (5.4) o3Havaer 3aMmeHy rpaduka Gynkmun Y = f (X) Ha JIO-

MaHyto JuHuto (puc. 5.1).

m
0
=1
e
1
[

Puc. 5.1 — 'eomeTpuueckast uHTEpIpeTaIis GOpMysIbl Tpaneuit

U3 dpopmyn (5.5) Buano, uro eciu y' >0, to dopmyna tpaneuuun (5.4)

JacT 3HaYCHUE MHTErpaia ¢ uzovimkom, ecima Y" <0, 10 — ¢ Hedocmamkom.
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Jli1st HepaBHOMEpHOM ceTku GopMyia Tpaneuui (5.4) npuHUMaeT BU:

J £ 090K =2 R (v + ).

(5.6)

1 " . .

Ry = _EzhiSy (&):& e xial.
2. IIpu n=2 kosdppunuentsl HotoTona — Koreca paBHbI
1 4 1
HO :E, leg; H2 :E
u ¢popmyna (5.2) npuMeT BUA:
¢ 2h

J £ 09dx=""1y, + 4y + v, (5.7)

X

YroObI MOJYyYHTh KBAJAPATYpy JJIs IPOM3BOJILHOIO MHTEpBaia [a,b], pac-

CMOTPHUM CCTKY C n=2m Y3J1aMH. 3}1€CI) M — KOJHWYECTBO INOABIHTCPBAJIOB

amuHou 2h . Tlpumensis popmyiny (7.7) K KaXI0MY MOABIHTEPBAITY, MOIYYUM

b
2h
! FO)ax =200 + Yon) + A0V + Y5 + Yoo+ Yoma) + (5.8)

+ 2(y2 +Y,+t Y2m—2)]-

Ota opmyna mojydnsia Ha3BaHUe KBaapaTypHoil popmynbl CumncoHa.

3mece h=——=——; N — KOJWYECTBO HHTEPBAJOB, YCTHOE UHCJIO

(N+1 — KOJIHMYECTBO Y3JI0B CETKH).

OcTaTro4YHbIN WICH

b
2h
R =1 (A= ==[(Yo + Yan) + A0+ Ya + Y54+ Yo y) +

+ 2(y2 +Y, ot y2m—2)]

BbIpakaeTcsi (popMyoii:

b—a
R.=———h*y®(¥). 5.9
c 180 y(€) (5.9)
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3nech BolLIa MPou3BOAHAs 4-ro mopsaka, nmodtoMmy Gopmyna CumncoHna
(5.8) Oyner TouHa AJI MOABIHTETPAIBHBIX (PYHKIMH, 3a/IaHHBIX OJIMHOMAMH HE
TOJIBKO 2-T0 MOPAJIKa, HO U 3-T0 MOpsIKa.

I'eomerpuuecku ¢dopmyna CuMIcoHa O3HAYAET, YTO KPUBYIO Y = f(x)

Mbl 3ameHsieM mnapalonoi Y= LZ(X), NPOXOASAIIEH Yepe3 TpPU TOUKHU:

Mo (%o, Yo ), My (%, Y1) M, (%5, Y, ) (puc. 5.2).

S
7

Puc. 5.2 — 'eomeTpuueckas unrepnpetanus hopmyinsl CUMIICOHA

st HepaBHOMepHOH cetkn (h =X —X ;) dopmyna Cummcona umeer

CIEIYIOIINMN BU:

h, ,+h
j f (x)dx = j ydx = le F]lk 1h22kk{ Vo2 (21 =Py Yy + 6.10

+y2k—1(h2k—1 +hy, )2 + Yo (2h2k - h2k—l)h2k—1}7

m
k=

roe m=n/2.
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5.2 ®opmMynbl NPAMOYrofibHUKOB

N3 reomeTpruyeckux COOOPAKEHUM MOMXHO MOIYYUTh (HOPMYJIIbI MPSMO-

YTOJIbHUKOB'

b n-1

I f (x)dx = Z y:.h,, h =X, — X — 1eBOCTOpPOHHSIS; (5.11)
a i—0

b n-1

J f(x)dx = Z Y...N, h =X, — X, — IpaBOCTOpOHHSI; (5.12)
a i—0

; S X, + X

J f(x)dx = Z fE)h, &= % — LEHTpaJIbHAas. (5.13)
a i—0

[Morpemnoctu kBagparypusix dopmyn (5.11), (5.12) u (5.13) (mns
h =const ) paBHbI
b-a

R, =——hy'(§) — neBocTOpOHHSISI M TPABOCTOPOHHSIS; (5.14)

2

b aZrI
24

CpasnauBas ¢hopmyiibl orpemHocteit (5.5) u (5.15), aemaem 3akitodeHue,

R, = y"(€) — neHTpanbHasi. (5.15)

YTO HEHTpaJIbHAsE popMyIia MPSIMOYTOJIHHUKOB B 2 pa3a TouHee (HopMysibl Tpa-

TICIINN.

Ipumep 1. Haiitu In2 ¢ Ttounocteio mo 10™* wu3 cooTHOmEHHs

In2= J — , BBIYUCJIMB UHTErpai TpeMs METOAAMH:

1) mo popmyne Cumrcona;

2) mo ¢opMyIie Tpanenui;

3) 1o ueHTpanbHOU popMyJsie NPSIMOYTOJIbHUKOB.

Pewenue. OnieHum TpedyemMoe KOJIMYECTBO Y3JI0B JUIsi oOecreueHus 3a-
JAHHOW TOYHOCTH KBaApaTypHBIX (popmyir. JIJist 3TOTO BEIYUCIUM TTPOU3BOIHBIE.

f(X)—— f"(X)_g f(4)(X)_24

3
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Ha otpeske [1/ 2, 1] umeem

f"(x) < =16=M,; f®(x)=24.2°=768=M,,.

_2
@/2)°
JIns merona CUMIICOHA IOTPELIHOCTh PaBHA

(b-a) ~b-a 1 1

h*; h —; b-a==

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

HOBTOMY MNOTPCIIHOCTL BBIPAKACTCA 4YCPC3 KOJINYCCTBO Y3JIOB CJIICAYIO-

UM 00pa3oMm:

1 (1Y
—768———| — | <10
IR | 2-180(4mj

Orcrona (4m)4 >2.13-10° wmm m=4, n=2m=8, T. e. momy4nuM 9 y3I10B.

3aHeceM JTaHHbBIC B TaOJIHUILY.

X A A, A,

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

X; =1.0 f(x)=1
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[Tonyunm npomexyTouHble pe3ynbTaTbl. CIOXKUM LHUPPBI IO CTOIOIAM

A =3; A, =5.52976; A,=4.07619. B pesynpraTe MOIYy4YUM HCKOMBII
pesyabTat INn2 = g[A1 +4A, + 2,%] =0.6931.

PaccmoTpum GpopMyiy npsMOYTroJIbHUKOB:

R<Eh2M2; h:b_—a:i; b-a=
24

1
n 2n 2

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

Orciona n® >10* /12 umm n=29.
Ecau wucnmons3oBath (opmysy Tpamerwii, TO i HaxoxiacHus In2
¢ TounocThio 107 moTpebyeTcs 58 y310B ceTKU MOABIHTErpaIbHOM GYHKIHN.

3ameTuMm, 4TO ecnu sl PopMyIibl MPSIMOYTOIBHUKOB B35Th N =8, TO mo-

1

dx _
IPEIIHOCTh BBIYUCIIEHUS nHTerpana In2 = '[ — Oyaet npeBocxoauTh 10 3
X
0.5

5.3 MNpaBuno PyHre oueHKN OCTaTOYHOrO YsieHa

Ha npakTtuke yacTo uCnons3yroT nmpaBuio PyHre Ui OLEHKH NOrpenIHo-
CTU UHTETPUPOBAHUS

Sn2 _Snl
(n2/n1)" -1’

_Tf(x)dx—Sn -

rne S,,, S,, — 3HaUeHUs MHTErpaia, BbIYMCICHHbIE 110 KaKoW-1100 KBaaparTyp-

HOM (hopMyse ¢ KOJMYECTBOM y310B N1 U N2 COOTBETCTBEHHO, M — MOPSIOK
TOYHOCTH METOJIA:

— m=1 ana GopMyIbl JEBOCTOPOHHUX U MPABOCTOPOHHUX TPSIMOYTOIIb-
HUKOB;

— M =2 st GOpMYIIBI IIEHTPATBHBIX MPSMOYTOJIBHUKOB U TPATICIINH;

— m=4 ngus popmynbl CuUMIICOHA.
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YBenuuuBas 4ucio Y3JI0B, MOXHO YBCIIMYUTHb TOYHOCTb HHTCTPUPOBAHUA.

Ecnu 3a1aTh TOYHOCTH €, TO, UCIOJIB3YSI KPUTEPUI

(5.16)

Snz — Sn1 <eg
(n2/n)" -1
MOXHO O0ecCIeunTh TpeOyemMylo MOTrpelIHOCTh MHTerpupoBaHus. B kauecTBe

3HaueHus uHTerpana o6epyt S ,. [Ipu aTom 00bvHO N2=2-Nl, T. €. KOJIMYECTBO
y3JI0B YJIBauBaETCS.

Ecnu 3amana oTHOcHTENbHAS MOTPENIHOCTh O, TO HCIOJB3YIOT CIIEIYIO-
LUH KPUTEPUN:

Sn2 — Snl

<38, 5.17
S (5.17)

5.4 ®opmyna Naycca

KBagparypuas ¢opmyna ['aycca ocHOBaHa Ha MCMOJIb30BAHUU TOJIHHO-

MoOB Jlexanmgpa:

if(x)dx:b_TaZn:A f(x), (5.18)
y —b+a b-a. (5.19)
2 2

rae t. — Hynu noamHoMoB Jlexxanapa crenesu n.
Koadpounuentsr A onpenenstorcss Kak pelieHue CUCTEMbl JTUHEHHBIX

ypaBHEHUU

2
n k .
At =dkrr D Y _0, -1,

= 0  npu k HeuerHOM.
dopmyna [Naycca (5.18) sBasieTcst TOYHOM mis BCeX MOMMHOMOB T (X)

creneHd 10 2N —1 BKIIIOUUTEIBHO.

3nauyenus kodpduuuentoB At npuseaensl B Tabmuie S.1.
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Tabnuma 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 | 14 | +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 yBenuueHHEM KOJMYECTBA Y3JI0B (T. €. C YBEJIMYCHUEM TOPSIKa KBaJl-
paTypHOl (OpMYJIbl) TOYHOCTh KBaaApaTypHOil hopmyisl (5.18) yBenuuuBaeTcs.
[MpuBencHHas TaOJMIa MMO3BOJSCT HKCIIOJIB30BaTh MAaKCUMAJBHBIA IOPSIOK
dbopMyIIbI, paBHBIH 5.

Ecnu KoJIM4YecTBO Y3JI0B HEAOCTATOYHO I JOCTHXKCHHUS 3aJaHHOM
TOYHOCTH, TO TMOCTYIAIOT CICAYIONMM o00pa3oM: neisaT uHTepBan [a,b]
0IT0JIaM, BBIYHCIISIIOT MHTETPal B Ka)JOM MOJBIHTEPBAIC U CYMMHUPYIOT. DTO
SKBUBAJICHTHO yIBaWBaHUIO YKcia y3710B. Eciin )kemaemast TOUHOCTh HE JTOCTHT -
HyTa, TO HHTepBan [a,b] mensT wa Tpu moabIHTEpBaNa M T. 1., MOKa HE OymeT

JOCTUTHYTA 3aJlaHHas TOYHOCTh. lIpuBenem kBagpatypHyr QopMyiy ais me-

PEMCHHOI'O KOJIMYCCTBA Y3JIOB.
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[TycTts mopsimok popmyinbel N pukcuposa (Hanpumep, N=>5). Torna

SO:b_Taanl“Akf(xf);

: ppb-any L
Sj:2(j+1)k Zﬂf(xk+mlj), j=0,1,... (5.20)

b+a(2j+1)+ b-a .
2(j+1) 2(j+1) ¢

rae j+1 — 4ucio mogbIHTepBAIoB; X, =

Kpurepuii octaHoBa

S..—S

]+

S

j

<5, (5.21)

j+l

Ipumep 2. Beraucnuts o popmynam ['aycca mpu N =3 uHTErpal
1
| = j\/1+ 2Xdx.
0

Brruncnenus mpoBecTH ¢ 5 3HaYaUMU U pamu.
Pewenue.

Ucnonb3ys Tabmuiy 1, momydaum

NI % n %(_0.774597) - 0.11270;

+_
2 2
x2:1+lt2:l+£0:0.5;
2 2° 2 2
X; = 1 + lt3 1 + S 0.774597 = 0.88730;
2 2 2

f(x)=1.10698; f(x,)=1.41421; f(x,)=1.39870.

115 8 5
SO :E|:§ fl +§ f2 +§ fg:l 213987
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5.5 3agaum ans caMoCTOATESNIbHOro peLueHus

1. ITonyuure popmyiy At OCTATOYHOTO YJI€HA KBAJApaTyphl TpaNeLuu.

2. [lonyunte GpopMyity AJig OCTATOYHOrO 4jieHa KBaapaTypbl CHUMIICOHA.

3. I[lomyuute Gopmyny s OCTATOYHOrO 4j€HA KBAApaTypbl LIEHTpaJlb-
HBIX MIPSAMOYTOJIbHUKOB.

4. Tlonyuute ¢Gopmyay ajsi OCTATOYHOTO WIEHA KBaJapaTyphl JIEBOCTO-

POHHHUX HPAMOYT'OJIbLHUKOB.

1
dx
5.1lo Qopmyne CumrcoHa BBIUYHUCIUTh HWHTErPajl I Trx’ [IpUHSB
+ X
0

N=10. Be4uCANTH NOTPEIIHOCTb.

1

o X
6. [lo ¢dopmyne Ttpaneuuid BBIYUCIUTH HWHTETpAI j Tox’ IIPUHSB
+ X
0

N=10. Be4UCANTH NOTPEIIHOCTb.

7. Ilo dopmyne HeHTpadbHBIX MPSIMOYTOJBHUKOB BBIYMUCIUTH HHTETpal

¢ dx

I P N=10. BEIMUCINTE IIOrPENIHOCT.
+ X

0

1
dx
8. ITo ¢opmyne ["aycca BHIUUCTUTH UHTETPAT J oy’ npuHsiB N=5. BeI-
o1+ X

YUCJIUTD IIOI'PCINHOCTD.

2
dx
9.1lo ¢opmyne CumrcoHa BBIYUCIUTH WHTETPAI , TIPHHSB
4+ x?
0
N =10. BeaucaInTh NOTrPEeIIHOCTb.
2
. dx
10. Tlo dopmyne Tpamenuii BBIYUCIUTH HHTETPAI J PR TIPUHSB

0
N =10. BeraucanTs NOrpemHoOCTb.

11. Tlo gopmyre TEHTPATBHBIX MPSIMOYTOJBHUKOB BBIYMCIUTh WHTETPAIl

2

dx

J PR npuHsaB N =10. Beraucauts morpenrHocTs.
+ X

0
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2
12. Tlo dopmyne I'aycca BBIUMCIUTH MHTETpal J
0

>, IPUHAB N=5.

Bprauciute norpemHocTsb.
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6 SAJAHUE HA KOHTPOJIbHYIO PABOTY
6.1 PewieHne ypaBHeHUN C OAHOU NepeMeHHOMN

3ananue

Hanucats nporpamMmy OTAEIEHUS KOPHEH.

Hanucate mporpamMmy moucka KOpHSI YpaBHEHHMSI OJIHUM M3 HUXKEIEpe-
YUCJICHHBIX METO/IOB:

a) METOJIOM JINXOTOMHH;

0) METOJIOM XOPJI;

B) METOJOM 30JIOTOT'O CEUCHHS;

r) merogoM HproToHa;

1) METOJIOM UTEpalii;

e) KOM6I/IHI/IpOBaHHBIM MCTOAOM.

BxoaHble 1aHHBIE:

o ¢ynkuusa f(X) m ee mepBas M BTOpas MPOU3BOJAHBIC (I METOIA
HreroTona, ureparuii 1 KOMOMHUPOBAHHOTO METO/1);

e wuHTepBan [a,b];

® TOYHOCTb 10 APTYMEHTY U MO0 QYHKLUH €, €, .

BbIxoaHbIe 1aHHBIE:

® KOpHH &;, TOYHOCTB;
e 3HaueHus pynkuuu f(&,);

® KOJIMYECTBO UTEpalMil N;

e KoMM4ecTBO Bhruncienuit pynkuuu f(X);

® BpPCMA CUCTAQ,
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® [apaMeTp CXOJAUMOCTHU

X — %o |

n-+1

o= , TI€ N — IMOPAJOK CXOOAUMOCTH.

|Xn - Xn—1|n

BapuauTtbl 3agaHui

1. f(x)=(0.2x)° —cosx.

2. f(x)=x-10sinx.

3. f(xX)=2"-sinx; x<10.

4. f(x)=2"-2cosx; x>-10.
5 f(x)=lg(x+5)—cosx; x<5.
f(x):\/W—Bcosx.
f(X)=xsinx-1.

f(x)=8cosx—x—6.

© «© N o

f(x)=sinx—0.2x.

10. f(x)=10cosx—0.1x".

11. f(xX)=2-lg(x+7)-5sinx.

12. f(x)=4cosx+0.3x.

13. f(X)=5sin2x—+/1—x.

14. f(x)=1.2x" +2x> —24.1-13x* —14.2x.
15. f(x)=2x*-5-2%.

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

17. f(x)=4x*-6.2—c0s0.6X.

18. f(x)=3sin8x—0.7x+0.9.

19. f(x)=1.2—Inx—4cos2x.

20. f(x)=In(x+6.1)—2sin(x—1.4).
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6.2 PeweHune 3apay NIMHENHON anredpbl
6.2.1 Pemienue cucreM JIMHEHHBIX YPABHEHU M

3ananue

Hamucate mporpammy pelieHus: CUCTEMbI JIMHEHHBIX alreOpandecKux
ypaBHEHUM OJTHUM U3 CIEAYIONIUX METOJIOB:

a) metojaoMm [aycca;

0) METOJIOM OPTOrOHATN3AIINH;

B) METOJIOM XaJIeLKOTO;

') METOJIOM MPOCTOMN UTEPAIUH;

1) METOAO0M 3euaers.

BxoaHble 1aHHBIE:

® TOPSAAOK CUCTEMBI N ;

e MaTpuIla CUCTEMBbI A;

e [IpaBasi 4aCTh CHCTEMBI D ;

® TOYHOCTH € (I[J'IH HNTCPALMOHHBIX MGTOI[OB).

BbIxoaHble JaHHBIE:
® IIPOMEKYTOYHBIE BEKTOPHI U MATPUIIBI;
® DCIICHUE CUCTEMBI;

® HCBA3KA.

BapuanTbl 3aganmii

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%, =1,

(X, + X =2.

AX, +3X, + 2%, + X, =3;
3%, +6X, +4X, +2X, =6;
2X, +4X, +6Xx;, + 3%, = 4;

X, +2X, +3X, +4X, =7.

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

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% +10.4Xx,+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;

|1.2%, +0.4x, —0.8x, —0.8x, = 0.4;

4.7% +10.4x, +9.7%, +9.7X, = 30.4.

6X, — X, — X, =—-11.33;
=X, +6X, — X; =32;
=X, — X, + 6%, =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,
0.1968x, +0.2071x, +1.2168x, + 0.2271x, =1.7471,
0.2368x, + 0.2471x, + 0.2568x, +1.2671x, =1.8471.

2.67X, +5.1X, +3.31X, + 5.64X, +4.76X, = 6.19;
444X +7.5X, +4.67X, +5.7X, +6.14x, = 6.95;

9. ¢5.33x, +9.8X, +8.67X, +4.8X, +7.33x, =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, +5.7%, — 7.2X, = 6.68;
8.9X, —4.8X, +0.8x, +3.5X, =9.95;
4.3, +4.2X, —3.2%, +9.3X, =8.6;
3.2x, —1.4x, —8.9%, + 3.3x, =1.

10.

4x, +0.24x, —0.08x, =8§;
11. 10.09x, +3x, —0.15%, =9;
0.04x, —0.08x, + 4x, = 20.

2%, —0.24X, + X, =-3;
12. 13X +5X, = 2%, =1,
X, —4X, +10x, =0.

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



14.

15.

16.

17.

18.

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

10x, + 2%, — X3 +2x, =—4.

2.7% +3.3X, +1.3%, =2.1;
3.5x, —1.7x, + 2.8x, =1.7,
4.1x, +5.8x, -1.7%, =0.8.

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

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

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

3.8, +6.7X, —=1.2X, =5.2;
6.4x, +1.3X, —2.7%, =3.5;
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;
2.5x, +0.1x, + 0.2x, +0.3x, + 0.4x, = 6.63.

6.2.2 BoruucieHnue onpeaeauTes el MaTpuIl

3aganue

Hanucats nporpaMmy BBIUKMCIIEHUS OMPENEIUTENS] MATPULBl OJHUM U3
CIEIYIOLUX METO/IOB:

a) meroqoM ["aycca;

0) METOJIOM JICKOMITO3HUIIHH.

BxoaHble 1aHHBIC:
® TOPSAAOK CUCTEMBI N ;

¢ MaTpuna CUCTEMBI A.

BbIxoaHbIe 1aHHBIE:
® TIPOMEKYTOYHBIE MATPUIIBI;

® 3HAUYCHHC OIIPCACIUTCIIA.

BapuanTbl 3aganmii

B kadecTBe BapMaHTOB 3aIaHUIA UCTIOIH30BATh MATPUILHI U3 TII. 6.2.1.
6.2.3 Boiuucienne oOpaTHOl MATPHUIIbI

3ananue
HarmmcaTts mporpaMmy BBIYHCICHUS OOpaTHON MaTPHII OJHHM W3 Clie-

TYIOIIUX METOJOB:

a) metoaom [aycca;
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0) METOJIOM OPTOTrOHATU3AIINH;

B) METOA0M XaJeIKoro.

Bxoanble 1aHHBIC:
® TOPAAOK CUCTEMBI N ;

e Marpula cucteMbl A,

BrnixoaHble 1aHHBIC:
® TIPOMEKYTOUYHBIE BEKTOPHI U MATPUIIBI;
e oOpaTHas MaTpUIIA;

® HCBJA3KA.

BapuanTsl 3axanuii

B xaugectBe BAPHAHTOB 3a,Z[aHI/Iﬁ HCIIOJIB30BATh MATPHIIBI U3 IIII. 6.2.1.
6.3 NMNpubnuxeHne pyHKLUN

3aganue
Harmmcates mporpaMmy HMHTEPHOISIHMM TaONMMYHO 3adaHHON (YHKITUH

C MOMOUIbI0 TOJTUHOMOB HbroTOHA mutn Jlarpanixa.

Bxoanble 1aHHBIE:

® HCXOJIHAas CETKa y3JIOB HHTEPIIOJISIIINM;

e 3HAYCHUS MHTEPHOJUPYEMOH ()YHKITUU;

® HOBas CETKa y3J0B, HA KOTOPOW HEOOXOJMMO BBIYUCIIUTH 3HAUYCHHUS
dynximy;

¢ JIOPpAOOK IIOJIMHOMA.
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BrnixoaHsble 1aHHBIE:
® HOBas CETKA;
e 3HAYCHMS MOJIMHOMA HA HOBOM CETKE;

® JTIOI'PpCITHOCTL MHTCPIIOJIUPOBAHMA.

BapuanTsl 3a1aHuni
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+jg; j=0,...,20.

y=e ¥ 19 ye[2,6], h=0.2;

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

2

2 .h .
5.y=¢e", xe[-1,1], h=01, Xj=—1+j§, 1=0,...,40.

6. y=xInx, xe[4,2],h=0.1L x, =1+ jg,j:O,...,ZO.

7. yzl ! =, X€[2,4],h=0.2; x, :2+jg, j=0,...,30.
8. y:In(x—l),XE[Z,B],h:O.l;x.:2+jgj,j:0,...,20.

9. y=Xx+1xe[L,2],h=01L x, =1+ jg, j=0,...,20.

T

) .h .

10. y=sin®x+1,x O,E,h: “X. =j—,j=0,...,20.
y e[ 2] 20" X 1501
.h .

11. y=1-cos? X, X O,E,hzi;x.: —,j=0,...,20
y e[ 2] 200 S 151

12. y=

,X€[0,100], h=2; x, =1+ jh, j=0,...,100.
1+Igx 2
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1 T 7 n .h .
13. y=—— e[ Fpn="x =%+ i_0,... 20.
Y=ginx' XElz Rk h=gyXi=3 15

14. y=2-1gx, x€[0, 0.2n],h =0.02x; x; = jg, ]=0,...,20.
15. y=3-ctgx, xe[0.3x, 0.5x], h=0.02x; x; =0.37 + jg, 1=0,...,20.

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

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

y:_;; X; :—1n+0.17c-i; 1=12,..9;
17 Sin X + Cos X 4

X =—%7€+0.05n- J; 1=1...,18.

]

y =SinX+CoSX; X :—§Tc+0.ln-i; 1=0,12,...,20;
4

18. 3

X =—Zn+0.15n- J; 1=1...,10.

J

19 y=sinx; x,=0.1x-i; 1=0,12,...,10;
' x;=0.05%- j; j=0,...,20.

Yy =COSX; X; =0.1n-i-=;i=012,..10;
20. 2
Xj:0.057'c-j—g; j=0,...,20.

6.4 YncneHHoe andcepeHunpoBaHue

3ananue
Hamucate mporpammy BBIYUCIICHHS TIEPBOM U BTOPOW MPOU3BOJAHON Ta0-

TUYHON (QYHKIMH C TTIOMOIIbI0 omHOMa HeroToHa nnm Jlarpanxka.

BxoaHble JaHHBIE:

® 1CXOJHAs CETKa y3JI0B (PYHKIINU;
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e 3HaueHMs AU PepeHIupyeMOil PyHKIUY;
e HOBasg CETKa Y3JIOB, HA KOTOPOH HEOOXOJUMO BBIYHMCIUTH 3HAUCHUS
MPOU3BOIHBIX (PYHKIUU;

® TIOPAJOK IMOJIMHOMA.

BrnixoaHble 1aHHBIE:
® HOBas CETKA;
® 3HA4YCHU NPOU3BOJHBIX OJIMHOMA HA HOBOM CETKE;

® [IOrPElIHOCTh AU PepeHIIPOBAHUS.

BapuanTsl 3axanuni
B kauecTtBe BapmaHTOB 3aJaHUN HCIMOJB30BaTh (YHKIIMA W CETKHU

u3 . 6.3.
6.5 YUucneHHoe UHTerpupoBaHue

3aganue
1. Hammucath mporpamMmy BBIYHCIICHUSI MHTETpajia 1Mo OJHOW M3 KBajpa-
TypHBIX (hopmyir: Tpaneruu, CUMIICOHA WA MPSIMOYTOJBHUKOB ¢ aBTOMaTHYe-

CKHUM BBIOOpPOM Il1ara HHTETPUPOBAHUS.

Bxoanble 1aHHBIE:

® HAYaJIbHOC KOJUYCCTBO Y3JIOB N,

® CETKa y3JI0B (WJIM 1Iar CeTKU U TPaHULIbl UHTEpBaja);
e 3HaueHMs PYHKIUU MO0 aHATUTHYECKAS] (PYyHKITUS;

® OTHOCHTCJ/IbHAA TOYHOCTbD.

BLIXOIIHI)IC JAAHHbIC:
¢ 3HAUYCHHC MHTCIPAJia,

® KOJMYCCTBO Y3J0B.
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2. Hanucath nporpaMmy BeIUHMCIICHHS UHTErpaia no gopmyne ["aycca.
Bxoanble 1aHHBIE:
® TOPSIAOK (POPMYIIBI;

® T'paHUIbI HHTCpBAJIA,

® T[OJBIHTErpAJIbHAS PYHKIIHS.

BrnixoaHble 1aHHBIC:

® 3HAUYUCHHC MHTCTpAJIA.

BapuanTsl 3axanuni

2 2
dx dx
1. | —————, n=6. 2. | ———, n=4.
! (L+ X)W I Ixgf@-xy
3 2
dx dx
3. | ———, n=4. 4, | ———, N=4.
e [
2 2 4
x“dx xdx
5. , h=4. 6. , h=4,
‘([ x* +1 'c[ x*+1
2 3 1
7. | Xdx a4 8. [InxIn(L+x)dx, n=4,
0 X2+1 0
9. =8. 10. [e™ cos xdx, n=6.
le sz/l+X i
11. [ dx, n=10. 12. [esin xdx, n=6.
) 2+ X bt
1 35
" dx 3 dx
13. . n=6. 14. | ——, n=6.
IR 2 5+ 4x—X?
2 10
dx dx
15. , N=6 16. , N=6.
TX2+4 !»\/1+ x*
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2

17. [\1+x3dx, n=6. 18. ﬂ, n=6.
J 8
0

4 2
19, j“;&dx, n=6. 20. [V1+x°dx, n=6.
0

1 X
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7 3AOAHUE HA JTIABOPATOPHYHO PABOTY Ne 1
7.1 PeweHue 3apay NIMHENHON anrebpbl
7.1.1 PemieHue cucTeM JIMHEHHBIX YPABHEHU

3ananue

Hamucate mporpamMmy pelieHus: CUCTEMbl JIMHEHHBIX alreOpandecKux
ypaBHEHUM OJTHUM M3 CIEAYIONIUX METOJIOB:

a) metojaoMm ["aycca;

0) METOJIOM OPTOTOHATU3AIINH;

B) METOJIOM XaJICI[KOTO;

') METOJIOM MPOCTOM UTEPAITNH;

1) METOAO0M 3euaers.

BxoaHble 1aHHBIE:
® TIOPSJ0K CUCTEMBI N ;
e MaTpuIla CUCTEMBbI A;

¢ [IIpaBas 4aCTb CUCTCMbI b ;

TOYHOCTD € (/IS UTEPAI[HOHHBIX METOIOB).

BbIxoaHbIe 1JaHHBIE:
® [IPOMEXYTOUYHBIC BEKTOPBI U MATPHIIBIL;
® pCIICHUE CUCTEMBI;

® HCBA3KA.

BapuanThl 3axanmii

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.



4.

~
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X, +2X, +3X; +4X, =7,
X, +2X, + X, =1,
=X, —2X, + 2%, =1,

(X, + X =2.

AX, +3X, + 2%, + X, =3;
3%, +6X, +4X, +2X, =6;
2X, +4X, +6Xx;, + 3%, = 4;

X, +2X, +3X, +4X, =7.

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

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% +10.4Xx,+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;

|1.2%, +0.4x, —0.8x, —0.8x, = 0.4;

4.7% +10.4x, +9.7%, +9.7X, = 30.4.

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



111

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

2.67X, +5.1X, +3.31X, + 5.64X, +4.76X, = 6.19;
444X +7.5X, +4.67X, +5.7X, +6.14x, = 6.95;

9. ¢5.33x, +9.8X, +8.67X, +4.8X, +7.33x, =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, +5.7%, — 7.2X, = 6.68;
8.9X, —4.8X, +0.8x, +3.5X, =9.95;
4.3, +4.2X, —3.2%, +9.3X, =8.6;
3.2x, —1.4x, —8.9%, + 3.3x, =1.

10.

4x, +0.24x, —0.08x, =8§;
11. 10.09x, +3x, —0.15%, =9;
0.04x, —0.08x, + 4x, = 20.

2%, —0.24X, + X, =-3;
12. 13X +5X, = 2%, =1,
X, —4X, +10x, =0.

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



14.

15.

16.

17.

18.

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

10x, + 2%, — X3 +2x, =—4.

2.7% +3.3X, +1.3%, =2.1;
3.5x, —1.7x, + 2.8x, =1.7,
4.1x, +5.8x, -1.7%, =0.8.

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

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

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

3.8, +6.7X, —=1.2X, =5.2;
6.4x, +1.3X, —2.7%, =3.5;
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;
2.5x, +0.1x, + 0.2x, +0.3x, + 0.4x, = 6.63.

7.1.2 BoluuciieHue onpeaeauTesieid MaTpuil

3aganue

Hanucats nporpaMmy BBIUKMCIIEHUS OMPENEIUTENS] MATPULBl OJHUM U3
CIEIYIOLUX METO/IOB:

a) meroqoM ["aycca;

0) METOJIOM JICKOMITO3HUIIHH.

BxoaHble 1aHHBIC:
® TOPSAAOK CUCTEMBI N ;

¢ MaTpuna CUCTEMBI A.

BbIxoaHbIe 1aHHBIE:
® TIPOMEKYTOYHBIE MATPUIIBI;

® 3HAUYCHHC OIIPCACIUTCIIA.

BapuanTbl 3aganmii

B xadecTBe BapuaHTOB 33/laHUN UCTIOJIBL30BAaTh MaTpullbl U3 . 7.1.1.
7.1.3 Bprunciienne 00paTHO MaTPHLbI

3ananue
HarmmcaTts mporpaMmy BBIUMCIICHHS OOpaTHOM MATPHIIBI OJHUM U3 ClIe-

TYIOIIUX METOJOB:

a) metoaom ["aycca;
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0) METOJIOM OPTOTrOHATU3AIINH;

B) METOA0M XaJeIKoro.

Bxoanble 1aHHBIC:
® TOPAAOK CUCTEMBI N ;

e Marpula cucteMbl A,

BrnixoaHble 1aHHBIC:
® TIPOMEKYTOUYHBIE BEKTOPHI U MATPUIIBI;
e oOpaTHas MaTpUIIA;

® HCBJA3KA.

BapuanThl 3axanmni

B kauecTBe BAPHAHTOB 3a,Z[aHI/Iﬁ HCIIOJIB30BATh MATPHIIBI U3 IIII. 7.1.1.
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8 SAOAHUE HA NABOPATOPHYIO PABOTY Ne 2
8.1 NMNpubnuxeHune hyHKUUN

3aganue
Hamucate mporpaMmy HHTEPHOISIMM TaOIUYHO 3aJaHHOM (DYHKIUU

C IIOMOIIBIO ITOTMHOMOB HprotoHa wim Jlarpanxa.

BxoaHble 1aHHBIE:

® UCXOJIHas CETKA Y3JIOB UHTEPIIOJISILINM;

® 3HAYCHUSI HHTEPHOJIUPYEMOH (HYHKIUU;

® HOBas CETKa y3JI0B, HA KOTOPOW HEOOXOJMMO BBIYUCIIUTH 3HAUCHUS
dyHKUIMM;

¢ TIOpAOOK ITOJIMHOMA.

BbIXoaHBIE JaHHBIE:
e HOBas CETKa;
e 3HAYcHHS ITOJIMHOMA Ha HOBOM CETKE;

® JIOIPEIIHOCTh UHTEPIOJIUPOBAHUS.

BapuanTsl 3axanmnii

1.y=e 2, xe[0,1], h:O.l;xj:jg, j=0,...,20.

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

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

y=e 19 ye[2,6], h=0.2;
4, h
X =2+jz, j=0...40.
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5.y=e", xe[-1,1], h=0.1 Xj=—1+j§, ]=0,...,40.

6. y=xInx, xe[l,2],h=0.1 x; =1+ jg,j:O,...,ZO.

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

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

9. y=vx+1Lxe[L,2],h=01L x, =1+ jg, j=0,...,20.

) .h .

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

11. y=1-cos? X, X O,E,hzi;x: —,j=0,...,20.
y e[ 2] 20" S 151

12. y= ,X€[0,100], h=2; x.:1+jh, j=0,...,100.
1+Igx 2
1 T T T t .h .
13. y=—— xe[—=, =], h=—: Xx. ==+ |j—, ] =0,..., 20.
Y=gnx X3l h=ggr Xi=3 i3]

14. y=2-tgx, x€][0,0.2n],h=0.027; x. = jg, ]=0,...,20.

15. y=3-ctgx, x€[0.3x, 0.5x], h=0.02x; x; =0.37 + jg, ]1=0,..

y=¢e" —1, x =0.2+05-i;i=0,1,...,10;
16. X

X; =0.2+0.25- J;1=01,...,20
y:_;; Xi =—1ﬂ:+0.ln-i;i:1,2,...,9;
17. SIN X + COS X 4

X =—%7€+0.05n- J; 1=1...,18.

]

. 20.
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y =SIn X+ COSX; X; :—§Tc+0.ln-i; 1=0,12,..,20;
4
18. 3
X;=——mn+0.157- j; 1=1,...,10.
4
19 y=sinx; x,=0.1x-i; 1=0,12,...,10;
' x;=0.05%- j; j=0,...,20.
. T .
y=cosx; X, =0.1n-i——;1=0,12,...,10;
20. 2
. T,
X; :0.05n-J—E, ]1=0,...,20.
8.2 UncneHHoe andgcepeHuynpoBaHume
3aganue

Hanucate mporpammy BBIYUCIIEHHS TIEPBOM U BTOPOW MPOU3BOAHON Ta0-

JTUYHON (QYHKIMH C TOMOIIbI0 TosinHOMa HeroToHa mnu Jlarpanxka.

BxoaHble 1aHHBIE:

® HCXOJIHAs CeTKAa y3JI0B (PYHKIINU;

e 3HaueHus auddepeHnupyeMon QPyHKINH;

® HOBas CETKa Y3JIOB, HA KOTOPOW HEOOXOIMMO BBIYHCIUTH 3HAYCHUS
TPOU3BOIHBIX (PYHKIINU;

¢ JTIOpAOOK ITOJIMHOMA.

BuixoaHble JaHHBIE:
e HOBas CETKA;
® 3HA4YCHUA NPOU3BOJHBIX MOJIMHOMA HA HOBOM CETKE;

e orpenHocTh AudPepeHupoBaHusl.
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Bapuantsl 3axaHmni

B kadecTBe BapuaHTOB 3a/laHMIl HCMOJAB30BaTh (YHKIIMU M CETKU U3

mm. 8.1.
8.3 YUncneHHoe nHTerpupoBaHue

3aganue
1. Hanucath mporpamMmy BBIYHCIICHUSI MHTETpajia Mo OJHOW U3 KBajpa-
TypHbIX (hopmyi: Tpaneruu, CUMIICOHA WK MPSMOYTOJBHUKOB C aBTOMaTHYe-

CKHMM BBI60pOM mara MTHTCTpUupOBaAHUS.

BxoaHble 1aHHbBIC:

® HAYaJIbHOC KOJUYCCTBO Y3JIOB N,

® ceTKa y3JI0B (WM 1Iar CeTKU U TPaHUIbl MHTEPBaja);
e 3HaueHMs PYHKIUU JUO0 aHATUTUYECKAS] (PYHKITUS;

® OTHOCHTCJIbHAA TOYHOCTD.

BbIxoaHbIe JaHHBIE:
® 3HAYCHUE MHTErpasa;

¢ KOJHMYCCTBO Y3JIOB.

2. Hammucatp mporpamMmy BBIYUCIIEHHS HHTETpata no popmyne ["aycca.

BxoaHble JaHHBIE:
® TOPSIA0K (POPMYIIBI;
® TpaHUIIbl UHTEPBAIA;

® [OJbIHTErpasibHast (PYHKIUS.
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BrnixoaHsble 1aHHBIE:

¢ 3HAUCHUC MHTCIrpalia.

BapuanTsl 3a1aHuni

2 2
dx dx
1. | ———, n=6. 2. | ———, n=4.
!(1+ X)X !x/X“(l—X)3
3 2
dx dx
3. | ———, n=4. 4, | ——, n=4.
'c[\/;(eﬂ2 +3) 'c[x»\/xz -1
2 2 4
x“dx xdx
5. , h=4. 6. , =4,
! x2 +1 ! x*+1
2 3 1
7. | Xdx a4 8. [InxIn(L+x)dx, n=4,
0 X2+1 0
Q. =8. 10. [e™ cos xdx, n=6.
le sz/l+X ‘[
11. J ] dx, n=10. 12. _[e‘xz sin xdx, n=6.
O2+x bt
1 35
- dx dx
13. , n=6. 14. ., nN=06.
IR '2[ 5+ 4% — X2
2 10
dx ¢ dx
15. , N=6 16. , N=6.
on_'_4 '2’\/1+ X4
2 © x3dx
17. {1+ x%dx, n=6 18. | 51 n=6.
. X° +
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OTBETbI K 3BA0AYAM AJ14 CAMOCTOATEJIbHOIO PELUEHUA

Penrenue ypaBHeHUil ¢ 0HOI MepeMeHHOM

1. OtBeT: X=0.450.

2. Pewwenue. MakcuMalibHOE KOJIMUECTBO UTEpallMii B MeTo/€ mepedopa
PaBHO KOJIMUECTBY MOJBIHTEPBAJIOB, HAa KOTOpPhIE MBI pa30HUBacM HHTEpPBA
—a
—

[a,b]. OTBet: N= b

3. Pewenue. Kputepuii 3aBeplICHUs] UTEPAIMOHHOTO MpoIecca onpejie-
y b-a
asieTcst popmyIoin (bn — an)/ 2 <g. Orcropa momyunm N> log,| —— |-1.
€

4. Oteet: X =0.867.
5. OtBer: Xx=0.567 .
6. OtBer: X =2.852.
7. OtBetr: x=0.567 .
8. OtBetr: x=0.450.

o 2
9. MakcuManbHBII OTPE30K 30J0TOro cedeHus: paBeH A, =A,/y°, rae
o v 2
A, — ucxomubiii uarepBan [a,b]. Yepes n wurepammii momyunm A, =A,/y™".

CraemoBaTellbHO, €CIIM TOYHOCTh IOMCKAa KOPHS paBHA &, TO M3 HEPABEHCTBA
In(A, / €)

2Iny
10. OtBer: X=2.595.

0
>y < € TOoJIy4uM N 2

11. Pewenue. ITorpemtHocTh KOpHS paBHA
g
—X [ < X =X 4|
|(t: n| 1_ q| n n—1|

Pa3nocts ‘Xn - Xn_l‘ MO’KHO IIPEICTaBUTh KaK

|Xn - Xn—1| < qn_l|X1 - XO|'
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Mostomy |€—X,|< %

G| — x| < 1q—q|b —al<e. Orcroma cuenyer

1 lole-A-0q)]-lglb-a)
lgq

Pemenue 3a1a4 JJMHeiiHOM anredpbl

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

N

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

w

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

4. Otsert: 1) |p| + |q| <1 (st mopmst LIT); 2) p*+0° <0.5 (s Hopmsi 11I).
. Otger: 1) ‘p‘ + Z\q\ <1 (s mopmsl LIT); 2) 3p” +4q° <1 (s Hopwmsl I1I).
. OtBer: X, =1.995; x, =-1.006; X, =2.995 .

5
6
7. OtBet: X =1.998; x, =-1.001; X,=2.999 .
8. OtBer: det A=-3.

9

. I[OKEB&TGHBCTBO:

(a; +bx,ax+b,c)=(a,ax+b,c)+(,x,ax+b,c)=
=(a,8,x,¢;) +(a;,b,¢) + (b x,ax,¢) + (b x,b;,¢) =
=x(a,a,c)+(a,b,c)+x*(b,a,c)+x(,b,c)=

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

10. OtBet: D =-8.
11. OtBet: D =-10.
8 29 11
12. OtBer: A =| -5 18 -7
1 3 1
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IHpubau:kenune GpyHKuui

n
1. Pewenue. JIns cyMMBI f(n):Z:k3 HOCTPOMM TaOJIHIy KOHEYHBIX
k=1

Pa3HOCTEMN.
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 IIOJIMHOM MaKCHMAaJbHOM CTEIICHH (MaKCI/IMaJILHaH CTCIICHD

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

2. P(N)=1+9-(n-1)+8-(n-H(n—-2)+(4/3)-(n—-1)(n—2)(n-3).
3. 3anumieM ONpenenuTeNb, COCTABICHHBIA M3 CHCTEMBbl (DYHKIIHI

{0;(0)} =1,%,%%,...,x" Ha ceTke {X } =Xg, X,..., X, 13 [a,b]

2
X, Xg oo X

O S

<
25
25

A=1 x, X .. X :H(Xi_xk)'

i>k

1 x X X"
Oto onpenenurens Bannepmonaa. Eciin Bce X, MOMapHO pasiuyHbL, TO A

ornmuyeH oT Hysa. Otcroma ciemyer, 4to: 1) cucrema (QyHKIuH {(pi(x)}
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n
JAMHEWHO HEe 3aBUCHMa; 2) TI000H OOOOIICHHBIN MOIMHOM Pn(x):Z:Ci X'
i=0

uMeeT He Oojiee N KopHei Ha [a,b].

JleficTBUTENbHO, eciii Obl onpeaenuTeab A ObLI paBeH HYIIO, TO Mbl ObI
MMEJH JUHEIHO 3aBUCUMbIE CTOJIOLBI ONPEACIIUTENS, YTO PABHOCUIILHO BBINOJI-

HEHUIO PAaBEHCTB
2 n__ _
Co-1+cC X +C- X +...+C, X =0, k=0,1...,n.
A 3TO 03HayaeT, 4To Mbl ObI UMed N+1 KOpHEH.

6. I[J'ISI roJinHoMa 1-ro nopsAaKa nmorpeurHoCTb paBHa:

R (%) S%\(x—l.%)(x— 2.25);
M, = Xe[m%ZS]\ f"(x)|=|f "(1.96)|=0.0911;

R,(2) < 0.00046.

]_—[HH ITIOJIMHOMA 2-1‘0 mopAaaka:
R (X) < % M, |(x ~1.69)(x ~1.96)(x — 2.25)];
M, = max_|f"(x)|=|f"(1.69)|=0.101;

xe[1.69,2.25]

R,(2) = %0.101‘(2 -1.69)(2-1.96)(2— 2.25)‘ =0.000052.
7. Ilpu TMHEHHOW MHTEPIIOALINU

R (0 < 22h"-max(q-(q-D):
M, = XEB%]“ "(x)|=[sin(x)| =1,

2
R(2) = % <0,0001. h=2,8-1072
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IIpy KBanpaTUYHON MHTEPHOJIALMH:

Rz(x>s%h3-max(q-(q—l)-(q—2>);

M, = XLB%]\ f"(x)|=|cos(x)|=1

d,=0,423 f(q,)=49,-(q,-1-(q, —2)=0,385

3
R (2) = @ <0,0001. h=12-10"

11. sinx =1.5704(2x / &) —0.6427(2x / 7)* +0.0724(2x / m)°.

64 1
x2)¥2 ~ & _ )1 2% ety .
) 37: 5 ( ) 3571:( 8

£ ORUREOH

Yuciaennoe nudpepeHuupoBanue

12. (1-

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

4. TIpousBoaHas PB,'(O.l) =—0.4756. IlorpenrHocTh, BEIYUCIICHHAS 110 (hop-

-4
myite (4.2) R;(0.1)=4.37-10". Dro camas Gobluasi BO3MOKHAS IOIPELIHOCTb.
Ecin ucrionp3oBaTh MaKCHUMaJbHOE 3HAYCHUE YETBEPTOU MPOU3BOIHOU

na wuntepsane max| f @ (x)|=0.0625, mnonyunm Gonee TOUHYIO OLCHKY
norpemnoctn R;(0.1)=2.083-10.

Tounas pasuocts | f'(0.1) - P/(0.1)|=1.866-107°.

Bropass npoussoxnast P;(0.1)=0.2372. IlorpeuHocts, BBIYUCICHHAS

o popmyne (4.5) Ré’(O.l):1.53-10’2. Orto camas Oojblmas BO3MOXKHAs

IOIPpCIIHOCTD.
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Ecnu ucnonb3oBaTh MakCUMaldbHOE 3HAYEHUE YETBEPTOM MPOM3BOAHOU

na wunTepBane max | f®(x)|=0.0625, nonyunM Gomee TOUHYIO OILIEHKY

norpemsoctu Ry(0.1)=7.29-107*.

Tounas paszuocts | f”(0.1) - P(0.1) |=6.37-107.

5. Tlpomssognast  L;(0.1)=—-0.4756.  IlorpemiHocTs  BBIYMCICHHS
pou3BoIHON L (0.1) =2.083:10°. TouHOe 3HAuYEHHE PA3HOCTU COCTABIAET
| £(0.1) - L,(0.1) |=1.866-10.

Bropas mnpousBogHas Lé’(O.l) =0.2372. TlorpemHocTs BBIYUCICHHS
L;(0.1)=7.29-107". Tounoe 3HAYEHHE pasHocTH COCTABIISIET
| £7(0.1) - L}(0.1) |=6.37-10°".

6. [IpousBoaHas P3'(O.1) =—0.201. ITorpemHOCTH, BEIYHCICHHAS TIO GOp-

myiie (4.2) R.(0.1)=0.0341. Oto camas 6oablnas BO3MOKHAS OTPEIIHOCTD.
3
Ecnu wcmonb30BaTh MakCHMallbHOE 3HAYEHHE YETBEPTOM IPOM3BOIHOM

na wmmtepBate max| f®(x)|=12, mnonyunmM Gomee TOUHYIO  OIEHKY
X

norpewnoctr R;(0.1)=0.004.

Tounas pazuocts | f'(0.1) — R/(0.1) |=0.003.

Bropas npoussoanas P;(0.1)=—2.031. TlorpeuHocTs, BEIYUCICHHAS 110
bopmyne (4.5) R;(0.1)=1.195. Do camast GonbIIas BO3MOXKHAS OTPELIHOCTb.

Ecnu ncnonp3oBaTh MakCMMalbHOE 3HAYEHHE YETBEPTOM IMPOU3BOIHOMU

na wuaTepBane max| f@(x)|=12, mnomyuumm Gonee TOYHYIO  OIEHKY
X

norpewsocta Ry(0.1)=0.14.
Tounast pazuocts | f”(0.1) — P(0.1) |=0.0905.
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7. IIponsBoanas L;(0.1)=—0.201.  TlorpemHocts  BBIYUCICHHS
npousonuoil  L;(0.1)=0.004. TouHoe 3HAYCHHE pPAasHOCTH COCTABISCT
| '(0.1) - L;(0.1) |=0.003.

Bropas mnpousBogHast Lé’(O.l) =-2.031. TlorpeurHocTh BBIYHUCICHHUS

L;(0.1)=0.14. Tounoe 3HAYCHHE pa3HOCTH COCTABJIAET

| £”(0.1) — L;(0.1) |=0.0905.
YucjieHHOe HHTETPUPOBAHUE

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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