2. UncjieHHOe MHTErpUPOBaHHUE

K BBIYMCIEHNIO ONPEAECNEHHOTO MHTErpana CBOJAATCS MHOTHE NMPaKTUYECKHE
3a/auu, TaK1e, KaK BbIUUCACHUA nuowaneid puryp, o0bEMOB Tel, paboTbhl HEKOTOPOI
CHJTHI U 1Ip.

B cnyuasx, korna noasiHTerpanbHas Gynkuns f(x) 3anana B aHaTIMTHIECKOM
BWAE, ONPEACICHHbIM WHTETpall MOXKHO BBIYMCIUTE 10  (opmyne Herotona-
Jlelibuunua, To €CTh Yepes 3HAUEHUE NEPBOCOpasHoit /7(x)

[ 706, = (b)),

OnHako Ha MPAKTHKE 3TOT Crnocod BBLIYMCAEHUN ONPEAeNEéHHOrO WHTErpaia
MCTIONB3YETCA PEJKO, MOCKONLKY He Kakaas pyHkuua f(x) uMmeeT nepoodpasuyio,
KOTOpas BolpaxaeTcs uepes snemenTapHbie GyHkuun. Koraa ke f(x) 3anana Ta6-
JIMLEH, 3TOT METOA BOOOIIE HE MPUMEHUM. B Takux ciayuasax mpUMEHSIIOTCS METO/IbI
YHCJAEHHOrO MHTErPUPOBAHUA.

BblUUCTUTENBHBIA @JITOPUTM CTPOUTCA CEAYIOIUM 00pazoM, OTPE30K UHTET-
pupoBaHMs  |¢, b]  pasOmBaeTcs Ha s PAaBHBIX  UACTMUHBIX  OTPE3KOB

[x,_,x L i=12.n mmnHol k= P a MHTerpan J“f'(x)d_r 3aMEHSETCA CyM-

i

MOM YaCTHUHBIX HHTCFD&HOB

_[fx)dx Z_[fx)dx

.-(Jrf]

3aTeM noasiHTerpansHas Gynkuma f{x) Ha YaCTHUHOM OTpe3Ke [x;._]_, xf.] 3a-
MEHSIETCA HEKOTOPLIM MHTEPNOJIALIMOHHBIM TOJHHOMOM HEBBICOKOI CTENEHU m

£X

L,,.(x) v BBlUMCRAETCA MHTErpan J.Lm.f (-x )dx B pesynetare nonyuaerca npuonu-

X

H{eHHOG 3HAYCHUE UHTCTIpalla

If Yelx = Zcﬁ Flx.)

k=t
3Ta dbopMyna Ha3bIBAETCH KBAAPATYPHOH, TOUKU X, - Y3JlaMH, a Ydcna ¢, -

koypduunerTamu 3toil dopmymbl. [TorpelHocTh KBagpaTypHO#H (PopMyabl onpeae-
aseTca n3 Bblpa}KeHHH

R jf % )elx — ZLA (x, ).

k=0
B 3aBUCUMOCTH OT BBIOOpa HUHTCTPAUHOHHOTO TTOJIMHOMA ]‘m.r' (X) MOJIYHAKOTCA

pa3audHbBIE KBaApaTypHbIE (GOPMYIIBL.



2.1. ®opmyJia npSIMOYToJbLHUKOB
B srom metone ¢dynkumus f(x) Ha oTpeske [xf._,, xi] 3aMEHACTCA TOJIMHOMOM

HYJICBOH CTCTICHHU. [y (x)=f(&), &elx,_.x,]. B pesynerare nomywaeres npuom-

N N

JKEHHOE 3HAYEHME MHTErPaaa HAa YACTHYHOM OTPE3Ke jf(x)dx ~ J‘f(é Ylx = (&
o o

Tak kax f(& )=const, h=x,—x

[MonHOE 3HAYEHHE MHTETPANa BbIYNCISIETCS NOCPEACTBOM HHTErPaabHON CyM-

i—l-

MEI
b £
J e =3 fx .
d k=1

B 3aBucumMocTH oT BbiOOpa ToukK &, MOAYUAKOTCS pa3iuuHbie GOpMYIILI Tpsi-
MOYTOJIbBHUKOB.

Ecnu npunsite & = x, | ,, TO eCTh PABHOW KOOPAUHATE CEPEIMHE OTPE3Ka
[x._,, x,], To nonyuaerca Gonee Tounas kpagparypuas GopMyna HA YACTHUHOM OT-
pe3ke

I,f'(x)dx = .f‘(xi—l 2 )h »
-1
W Ha MOJIHOM OTPE3KE [a, b]

b n=1
J._)"(x)dx = Z.f‘(xm 2)&( = ()’1 LI S T B aR PR g (] 2)'“

=0
rae y, = f{x,). O1a Gopmyna oGbiuno HasbiBaeTca GopMyNoil MeToda cpea-
HHUX.

2.2. ®opMyJia Tpaneuni

3aMeHsd B 4aCTUUHOM MHTErpajie J‘_f'(x)dx (OYHKUHIO JIMHEHHBIM TOJIMHO-

X1
MOM

X—X X—x, X—Xx_

] . X—x_ .
L]_ i =- h : / (xr—])—i_ hf ] / (x.')=_ h .}!-’—l+ h yr')

nonyvaem (popMyny Tpaneumy Ha YACTHYHOM OTPe3Ke

T CMx—x_ X—X h
.[f (x)dx = I |:7”}'} - : y:'—l}b( =_(J/'f—1 +J"f)-
Xi-l

h h 2

i1

Obwas dopMysa Tpaneuruu NoayyaeTcss CYMMHUPOBAHHUEM YaCTHUHBIX UHTE-
rpajos.
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[ F)de=) [ flxke= Z/l(y,-_. +:)= g(yn +2y1+2Y;...% ¥,).

h i=l x4 1 2

@opmMyJly Tpaneuru MOKHO MOJYUYHUTh TaK K€ M3 F€OMETPUYECKUX COOOpaKe-

HUi. B 3TOM ciywam Touku opauHAT Y, ,,...), COCAMHAEM XOpJAMH, 3aMEH:ASA Ha
Ka)KJIOM SJIEMEHTAPHOM OTPE3Ke MOJBIHTErpaibHyto GpyHkuuio f(x) nuneiinsiM no-
JMHOMOM Y = kx +d . B pe3ynbrare HenpepbiBHas kpusas y = f(x) na orpeske [a, 4]
3aMEHSIETCS JIOMAHOM JIMHUEH, COCTOALLEH U3

‘i OT/IENIbHBIX XOP/, a ONPEACIEHHbIA UHTErpall

) b
jf(x)dx 3aMeHseTCs CyMMOM  Iuiomiaiei

'\\ '
™ MOJy4YaBLIMXCA Tpaneuui (puc.7).
[Inomane oTAenbHON Tpaneuuu paBHa
MPOU3BEICHUIO MOJTYCYMMbl OCHOBAHUS HA
i Xin Xip2 X : h
, BbICOTY AS; = (¥, +y,)5_, rjae

a onpeaenéHHbIN

i—1>

i=l, 2.n, h=%,=x
Puc. 7 "
UHTEepBas Oy/ieT paBeH

a

. n A n P 7Y h
J-/ (x )ax = ZAS,. = Z)Hz g h= E(yn +2y +2y2"'+yn)
b i=1 i=l
2.3. ®opmyaa CuMriicoHa
ANNPOKCHMHPYA B YACTUUHOM HHTerpane QyHKuMIo [ (x) KBAAPATHUHBIM IIO-
manomom L., .(x), monyuaem Tax HazwiBaeMyro Gopmyiy CUMIICOHA JUTH 9aCTHYHOTO

uHTerpana. [lockonbky KBaapaTUYHbIA NOJMHOM OAHO3HAYHO ONMPEACHACTCS KOOp-

auHaTtamu Tpéx Touek (x., y, ), (k=/—1,/, /+1), To yacTUuHbI}i OTPE30K MHTEPIO-

JIMPOBAHHUA U MHTETPHPOBAHUSA NOJIKEH COCTOATH U3 JABYX 3JIEMEHTAPHBIX OTPE3KOB
h—a

A

UETHBIM

[x._.x] wn [x.x,] 1o ectb ObiTb aBoOiHBIM, a uucno k=

!

(h=x, —x,_,). Torna nonnnowm Jlarpana BTOPOi cTeNeHN UMeET BUA

lo= ﬁ [ = Mor = ) (i )= 200 = o = D G )+ O = = ) ()

4 YACTUYHBIA UHTETPAI

Fitl Vit] h
; (y:'—l + 4};.-' + .V!+I ) .

[ FChie= [ 1, (x)ee =



9710 popmyna Cumncona wnu gopmyia napadonsl Ui TBOHHOTO OTpe3ka
[xr'—la x:'+1]-

O6wwas popmyna CUMIICOHA 118 MHTEMPUPOBAHUA NO BCEMY OTPE3KY [a, »] nme-
€T BUJ

: =4 h
.‘.]n(‘x)dx = Z 5 (.yr'—l + 4‘1}." + ‘v.f+] ) = 5 [.yl) + 4(}}1 + y3 +oF .};n—l )+ 2(\.}}2 + .y-l +..+ J':n—l ) + .})n ] *
o i=L3.3

[IpuBeném OLIEHKU NOrPEUIHOCTEN KBAAPATYPHBIX (POPMYJT B TOM Cilydae, Ko-
rAa NoAbIHTErpaibHas (PYHKLHA UMEET HEMPEPBLIBHYIO MPOHU3BOIHYIO BTOPOTO 0-
paaka:

JU1S1 (hOPMYIIBI MPAMOYTOJEHHKOB

R(I?):@ max | /7(x)

24;7 dsxsh

Ju1sl hOPMYIIBI Tpaneuu

R(h)= (b=a) max | f”(x)

12;'?2 a<xysh’
Ans opmynsl CumncoHa

5
B=a) o

R(h)=
) 2880;74 asrsh

)

L2
[pusiep. HaliTn npuOnMKEHHbIE 3HAYEHUA UHTErpana | ¢ dx ¢ TTIOMOLLBIO
0
KBaAPaTUUHbLIX (POPMYN MPAMOYTOLHUKOB, Tpaneunu u CUMICOHA, €CTH OTPE30K
unterpuposanns |0,1] pasdur na 7 =2, 4, 10 pasHbix uacteit, OUEHUTb BETUHHY

MOrPEeNIHOCTU MONYUEHHBIX PE3YILTATOR B KAKAOM CayUae.
Pewenue. OBO3HAUNM UEpE3 £ MOTPEIIHOCTD PE3YbTaTa UHTErPUPOBAHUSA 11O

Z

[N g X .
KBaapaTypHbeIM dopmynam. Haiiném npoussoansie f{x)=¢ a0 uerséproro nopsi-
Ka BKJIKOUUTELHO U MAKCHMAITbHBIE a0CONIOTHBIE 3HAYEHUS POMU3BOHBIX BTOPOro U
4eTBEPTOro NOPsAKOB Ha oTpeske [0.1]:

2

(x)=2xe" |,  f(x)= ZcX2 (l +2x ), f7(x)= ﬁlxex2 (3 +2x° )

2 !
.f“(4)(x):4ex (3+12x2 +4x4), max

x|

S(x)=6e,



max
(< x=]

) =76e.

[Tpyu # =4 monyuyuM cAeAyOLLNE OUEHKH BEJIMUMHBI MOTPELIHOCTH Pe3yJibTa-
TOB:
(b=a)f
= S—max
244 R |

KO E é ~0,0425

lnprear

76¢
gnap;yi =
2880-256
PesynbTar BbIUMCACHUH MO KBajapaTypHbIM ¢GoOpMySiaM NOPAMOYTOIbHUKOB,
Tpaneuun u CUMNCOHA ANA Pa3fIMUHBIX YKcen Pa30ueHuil U NOrpewHOCTH 3TUX Pe-
3yNALTATOB CBEJICHBI B TAONUILY

=2¢,..~ 0,085

’ mpean HpPEN

~0,00056

n=2 n=4 n=10
KsaznparypHas
bopmyna r(2) P y(4) . ¥(10) ¢
[Mpsamoyroabuukosr | 1,40977 | 0,1699 | 1,44875 |0,0425 | 1,46039 |0,8068
Tpaneuwii 1,57158 |0,3398 | 1,49058 |0,085 1,46717 | 0,0136
Cumrncona 1,46371 10,0045 |1,46272 |0,0003 |1,46265 | 1o~

3agaHus 1J1si KOHTPOJbLHOM PadoThI

BeruucnnTe 3a1aHHBIE MHTETPAITB MO (GOpMYJIaM IIPAMOYTOJIBHUKOB, Tpaneuu
U CUMNCOHA, €C/TM OTPE30K MHTErPUPOBAHHA Pa30OMT HA # =2 W 7 =4 paBHBIC Yac-
TH. OLEHNTb MOTPELIHOCTL PE3Y/IbTATAa U CPaBHUTL NPUONIMIKEHHBIEC 3HAYEHUA UHTE-
rpana ¢ TOUHBIMH.
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