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eanb sabopaTopHoii padoTHI:

1) MO3HAKOMUTBCS C MPUOIUAKEHHBIM YHCJICHHBIM METOJIOM BBbI-
YUCIICHHS MHTETpaja ¢ IOMOLIBIO Pa3IOKEHUS B PAI;

2) U3y4HUTh AITOPUTM NPUOIMKEHHOTO BHIYMCICHUSI HHTErPAIIa;

3) IPUMEHUTH AITOPUTM JI BHINIOJTHEHUS 3aJaHNUS;

4) HayuyuThCs NPUMEHATH nporpammubiil npoaykt MATHCAD
JUI pEUICHUS 9TOW 3a/1a4H.

1. OcHOBHBIE TeOpeTHYECKHUE MOJIOKEHUS

3aauya HaXOXJICHUS OMPEICICHHOTO WHTErpajia MOJHOCTHIO pe-
maercss npuMmeneHueM (opmynsl HeroTona-JlelOnuma. OpHako 3Ty
dbopMyITy HE BCEr/la BO3MOXKHO WM YJI00HO MPUMEHSTh, TaK KakK IMOJy-
YEHHBIC BBIPAKEHUS JJISI IEPBOOOPA3ZHBIX MOTYT OBITh OUYE€HB I'POMO3/I-
KM WKW TEPBOOOpa3Hasi MOXKET HE BBIPAXATbCS 4Yepe3 AJIEMEHTApHBIC
dbyukuu. s npuOIMKEeHHOTO0 BBIYUCIICHUS ONPEASIEHHOI0 HHTErpa-
Jla WCTOJIB3YIOTCSl pa3judHble MPUOIMAKEHHbIE METOAbl. PaccmoTpum
MCTIOJIb30BAHUE PA3JIOKEHUN B CTEIIEHHOW Psi JJIsl PEUICHUs 3TOM 3a-
naun. CTeneHHbIe Pa3I0KeHUs yI00HbI ISl 3TOM 1€, TaK KaK MepBO-
00pa3HbIe OT CTENEHHBIX (PYHKIIMN BBIPAXKAIOTCS MPOCTO U BHIYUCIICHUS
CBOJISITCS K CYMMHPOBAHUIO WIECHOB MOJIYy4EHHOTO psiaa. OCHOBOM MJis
TaKUX MPUIIOKEHUM CITy>)KaT CBOMCTBA (PYHKIIMOHAJIBHBIX PSIIOB, OTpa-
YKEHHBIE B CJIIEAYIOIIEH TEOpEME.

Teopema
Ecmu gynkuuum uy(x); n = 1, 2, ..., n, ... HEOPEPHIBHBI HA OTPE3KE
[a; b] u psn
U, (X)+u,(X)+u(x)+..+u (X)+..= D u (X) (1.1)
n=l

PaBHOMEPHO CXOJIUTCS Ha oTpeske [a;b], To psax (1.1) MOXXKHO UHTETpH-

pOBaTh MOYIEHHO B Mpejaenax oT a A0 X€[a;b] u BhINOIHAETCS paBEH-
CTBO

T(ul(t) +u, (D) +uy(t) +...+u (H)+..)dt =

a

= Tul(t)dt + juz(t)dt +..+ Tun (t)dt +...



HNJIN

Tiun(t)dt = i}un(t)dt- (1.2)

a n=1 n=1 a
ITpuuem psana (1.2) cxoautcs paBHOMEpHO Ha oTpe3ke [a;b]. Paz-
noxxeHue B psia (1.2) mo3BoisIeT BRIYUCIUTL NPUOIMKEHHOE 3HAUYCHUE
UHTETrpala.

2. 3ananus K saboparopHou padore

1. 3anucath 3aaHue K jgabopaTopHOU padboTe (3ajaHue BbIOMpaA-
€TCA M0 YKA3aHUIO MPENOJABATENS C NCHOJIB30BAHUEM HOMEPA CTYJICH-
Ta N B CIIMCKE TPyl U HOMepa rpymnibl N).

2. Halith 3HaYy€HHSI MHTETPAJOB C NPUMEHEHUEM IMPOrPAMMHOIO
npoaykta MATHCAD npu nomomu pasiiokKeHUsT NOABIHTETPATBHOU
(GyHKIMU B cTENEHHOM psij ¢ TouHOCThI0 € = 0,00001.

3. 3amnucaTh MOCIEI0BATEILHOCTh ACHMCTBUM W PE3yJbTAT peElIe-
HUSL.

4. OdhopMHUTH OTUET.

Pexomenoyemas cmpykmypa omuema.

1. 3amanne.

2. Onucanue xojaa J1abopaTOpHOM pabOThI U 3aMKUCh MOJTYYEHHBIX
pPE3yJIbTATOB.

3. KoHTponbHBIE BOIIPOCHI.

4. OTBETHI HA KOHTPOJIBHBIE BOIPOCHL.

5. bubnuorpaduyeckuii CUCOK.
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3. UnauBuayaJbHbIE 321aHUS
3amanue 1. BeryuciauTe onpeeneHHbli HHTErpal
. ( Nx j
a SIn| ——
n+1
7 X

¢ ToyHocthio € = 0,00001, rne a = n+N

5 C IIOMOIIBIO PA3JIOKCHHUA
n

(YHKIIMU B CTENIEHHOMU PSI.
3amanue 2. BEIYuCIuTh ONpeeIeHHbIM HHTErpal

n+ N

¢ TtouHocThIO € = 0,0001, rme a =
2n+ N

, C IOMOIIIBIO PA3JIOKCHUS

(YHKIIMU B CTENIEHHOMU PSI.

3aganme 3. BpUMCIUTH ONpEACTEHHBIM HHTErpall C 3aJaHHOU
To4HOCTBIO € = 0.00001, ucnons3ys paznoxeHrue PyHKIIUN B CTEIICHHOM
psan ¢ nomotnisio MATHCAD. Homep 3aganus k onpenenuts mo ¢op-
MyJie

k =n mod 6+1,

rje mod - OCTaTOK OT OIepaluu JASJICHUS B IIEIbIX YHUCIaX.
Hanpumep, 27 mod 6 = 3.

b

1. jln(”—o‘x)dx, rea=0,b=0.1n o= 0 |
" X n+1
b

o, [BXoartePX G rea=0,b=0.1n102, p=
" X n+4
b

3. I%);_ldx, rniea=0,b=0.1-n+0.3, y = 10 :

X n+2

b
4. j—‘V”Bdex, rnea=0,b=0.1-n+0.2, p = 0
" X Il+0.5



b —ax
5. [Ty mrea=0,b=0.1n40,5, 0= —
" X n+2.5
b
- 1
6. [F%Tdx,  rmea=0,b=0.1nt03, y=— 0.
X n+1.5

a
4. O0pa3sen BbINOJHEHUSA PA0OThHI

[IpumMep BBITIOTHEHUS PAOOTHI:
Breimmonnum 3aganue 11t N =5, n = 27.
3aganue 1. BeraucinTe onpenesieHHbId HHTETpall

) (NX)
4 SIn —1
n+
— 2 dx
I—x

¢ Tounocteio € = 0,00001, rone a:= n+N

, C IIOMOIIBIO PA3JIOKCHUA

X Nx
sin| ———
n+1
Jx
omnpezeieHa B Touke x = 0, To J0OIpPEaeIuM €€ CICAYIOIUM 00pa3oMm:

[ (NX)

sin T
f :JL, opu X #0
(x) \/; P

2n
(YHKIIMU B CTENIEHHOMU PSI.

Pemienne. Tak kak mojabIHTErpaibHas (QyHKIUA HE

0, mpum x=0.
Pa3noxum QyHKIHIO y = Sin X B CTENEHHOM P,

X3 X5 2n-1 0 2n-1

SINX =X - by e X
315! =D (2n-1)! Z( )

Torga noabiHTErpanbHas PyHKIUA PA3I0XKUTCS B CTETICHHOW Al



1 Sm(sx)_1 5x_57.x7 57 x> 5Tex”
Jx 28) x| 28 3128%  s28° 71287 )

1 > 9 13
1 Sin(SXj_ 5.x2 _5%.x2 5°.x2 5T.x?
Vx 28 3128 5128° 7287
Beruucnum
2745
2-27
a=0.592593
IIpounTErpHUpyeEM CTEIIEHHOM Pl
1 5 9 13

5-X5 53-X5 59.x2 57.x2
I— sin dX I — + — +...|dx
28  3128%  5128° 71287

Torna
3 7 11 15
2.5.x2 2.5%7.x2 2.5%.x2 2.57.x2
I— sin dx— — 3 + 5 — - +...
28-3 31287 -7 51287 .11 71287 -15

Beruncium onpeiesieHHbIN HHTErPal
3 7 11 15

2-5-a2 2.5°.a2 2.5%.32 2.57.52

I— sin dX = — T+ 5 — -
28-3 3128 -7 51287 -11  71-28" -15
Hamr psg sABigercss 3HaKOYEPEAYIOIIMMCA. Y CIOBUS TEOPEMBI
JletitOnuma BoInoaHAOTCS. [ToaTOMY OIIMOKa BBIYUCIICHUSI CYMMBI psijia

HE MPEBOCXOJIUT aOCOJIFOTHOM BEJIMYMHBI IIEPBOr0 OTOPOIIEHHOTO YJie-
Ha.

+...

Haiinem nepBbie ciiaraembie, KOTOPOE MO a0CONMIOTHOW BEJIMYMHE

HE MPEBOCXOUT 3alaHHOU ToUuHOCTH € = (0,0001
3

2.5.32

u1 .
28-3
u, =0,054307  u,|>&
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L 25
>0 3128% .7
u, =-4.343736-107  |u,|>&;
E
_2.5%.a2
T 512811
u, =1.547658-10°  |u,|<&;

B Hamem nmpumepe 10CTaTO4YHO B3STh JIBa CllaraeMbix. Toraa
3 7
]‘- (SX) - 2-5-212_2-53-212
0
3
2.5.22 2 5°.a
28-3  3108%.7

28 283  31283.7°
JI71s1 TpOBEPKU BBIUMCIUM MPUOTUKEHHOE 3HAUEHUE MHTErpaia C
nomoinbro MATCHCAD:

I:= J.— sm( jdx 1=0.054,

®, ﬂ

=0.054263.

3HaquHsI MPUOINKEHHO COBIAIAIOT.

3amanue 2. BEIYuCIuTh ONpeeIeHHbIM HHTErpal

j‘.exz -1 dx
0

n+ N

, C TIOMOIIBIO PA3JIOKECHUS
2n+ N

¢ Tounocteio € = 0,0001, roe a:=

(YHKIIMU B CTENIEHHOMU PSI.

XZ

e
Pemienne. Tak kak nmoabIHTErpaibHas (PYHKIUS ﬁ HE oIpe-
X

aeneHa B Touke x = 0, TO JTOOMpEeIeIIMM €€ CACAYIOINUM 00pa3oM:



10

2
¢ -1 npu x # 0
f(x)=9 JxN
0, mpum x=0.
Pa3zoxum QyHKIUIO € B CTEIIEHHOM PSI:
. X X2 X3 00 Xn
e =l+—+—+—+..= ) —.
20 3 1!
Torga noablHTErpanbHas PyHKIUA PA3I0XKUTCS B CTETICHHOW Al
! (eXZ 1) = L [x° +X4 +X6 +
Vx3 Jxeoaoo2t 3t
Beruucium
27+5
a=——
2-27+5
a=0.542
IIpounTErpHUpyeEM CTENIEHHOM Pl
1 3 7 11

2 2 2
J' : (exz—l)dx:J' I . L S

%3 ! 2! 3! 4!
Torna
1 5 9 13
.x 2 .x 2 Lx 2 )
I 1 (exz—l)dX:zx +2X +2X +2X N
x° 1! 2.5 31.9 4.13!
Beruncium onpeiesieHHbIN HHTErPal
1 5 9 13
I 2-a2 2.a2 2.a2 2.a?2
I —_(e¥ —1)dx = St ot s
) /%3 ! 215 31.9 4.13!

Ham psg aBusiercst mosoKuTenbHbIM, Tak Kak 0 < a < 1, 3anumem
psl B BUJE:

a 1 2 4 6
j 1 (eX2 —l)dx:2-az(l a a a J:
0

+—t— +
%3 I 25 319 4113

l o0 2n
=2.22. % 4 _
mo(n+D(4n +1)




11

Tak kak AJI1 9JICHOB psia B CKOOKaXx BBITIOIHSIETCS HCPABCHCTBO

2n
a 2n

<a
(n+1)4n+1)
TO BOCHOJIB3YE€MCS JIJIsI OLIEHKM OCTATOYHOI'O WICHa psjia T€oOMEeTpuye-
CKOM mporpeccueil ¢ HadaJdbHbIM 4YJE€HOM | M 3HameHaTtelieM a’. Ocra-
TOK psiJia OLICHUBAETCS BEIMYMHOMN

2n
‘rn (X)‘ <

a
’
1—a?
I7I€ N — YUCJIO YWICHOB Psija.
Beranciaum oneHky s n = 6

9

12

r. = a
6 ° l_az
r, =9.180672-107*
r.(x) > g
miin="7
_ a14
1‘7 = 1_a2
r, =2.700663-107*
r,(X) > &
mian =8
B a0
1‘8 = 1_a2
r, =7.9444496-107
r,(x) <g

BUJIMM, YTO JOCTATOYHO B3ATh N = 8. Clie0BaTEeNbHO, MTPUOIHNKEHHOE
3HAYCHUE UHTErpaja PaBHO:
1
7.92. 8 a”" =
Zo(m+D4n+1)
st mpoBepkHu HaieM NpUOJIMKEHHOE 3HAYEHUE HMHTErpajia C
rmoMombio MateMaTudeckoro nmakera MATCHCAD:

1.519
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1

\/)TS

3HaueHUs COBITAIAIOT.
3aganme 3. BpUMCIUTH ONpEACTEHHBIM HHTErpall C 3aJaHHOU

TouHOCTHIO € = 0,00001, ncnonk3ys pasznoxeHrue PyHKIUHA B CTENEHHON
psan npu nomom MATCHCAD.

b oax

jidx, rme a=0, b=2,a=0,5.
X

I = @ —1)dx, 1=1519

O ey

a
Pemenue. Benem 3HaueHus napameTpoB a, b, o.. Hanpumep:
a=0 b:=2 o:=0,5.

Beenem dyHkimto:

1 _ e—OLX

X

3aTeM BBIJICJIUM C TTOMOIIBIO «MBIIIN MEPEMEHHYIO, IO KOTOPOM
MPOU3BOAUTCS pas3jokeHue. {1 3Toro HyHO IMEPEBECTU Kypcop Ha
ATy MEPEMEHHYIO0, HaKaTh Ha JIEBYIO KJIABUINY W, YAEp)KUBas €€, Mpo-
BECTU Kypcop IO nepeMeHHou. [lepeMeHHast BbIAEIUTCS YEpHBIM LBE-
TOM. 3aTeM WICIKHYTh «MBbIIIbIO» Ha KHOINKEe «symbolicy. IlosBurcs
MEHIO, B KOTOPOM HYKHO BbIOpaTh MYyHKT «variable» u yka3atb Ha
nyHKT «expand series...». Ha skpaHe mosiBUTCS 3ampoc, B KOTOPOM Tpe-
OyeTcs ykazaTh YMCJIO WICHOB paziiokeHus. Hanmpumep, 8. 1 Haxath ¢
noMoibio Meimu kinaBuiny Ok. Ilocne storo BBoga 9BM Beigaer Ha
AKpaH TpeOdyeMoe YHUCIIO YIECHOB paszioxeHus. Hanpumep:

o+ —_laz X + loc3 x% 4+ —_1a4 x>+ Loc5 x*
2 6 24 120

+ _—loc6 x> + Loﬂ x°+0(x").
720 5040

3aTeM HY)KHO HIECIKHYTh «MBIIIbIOY» 110 PUCYHKY C U300pakeHHEM
uHterpaina. [losBUTCS MEHIO, B KOTOPOM HY>KHO BBIOpATh BBIYMCIICHUE
onpeaeieHHOTro nHrerpana. [locraBuM gaHHbIe Tipeaensl a u b. Ckomnu-
PYEM pa3I0KEHUE B PSAJ U BHECEM €TI0 MOJI 3HAK MHTETpaJia. 3aTEM BbI-
YHCJIUM 3HAYEHHUE MHTErpaja. Tak Kak JaHHbIC PNl CXOASATCS Ha BCEU
YUCJIOBOM OCH, TO PE3YJIbTaT JaeT HaM MPUOJIMKEHHOE 3HAUYCHUE UHTE-
rpasa.
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s onpeneneHuss TOYHOCTU BBIYMCICHUN HYKHO HAWTU Pasiio-
KEHUE ¢ OOJIBIIUM YUCIIOM YWICHOB U HAWTU CIEAYIOUUN IO TMOPSIKY
YJIEH Pa3JIOKEHUsA, OTJIMYHBIA OT HyJid. [IpouHTErprpyeM 3TOT 4JIEH B
3aJJaHHBIX Ipeneax. Tak Kak Halluy psiAbl 3HaKOYEPEAYIOLIUeECs, TO MO-
IPEIIHOCTh HE 0OJIbllIe 3HAUEHUS] MHTErpajia OT 3TOro wieHa. B Hamem
npumepe

b
j(_—lagjx7dx:—3.l-10_6.
- 140320

3aJaHHas TOYHOCTh JJOCTUTHYTA.

VYkazanue. [{1s KOHTPOJIA CIEAYET BBIYUCIUTH MPUOIMKEHHOE
3HQYEHWE MHTETPajOB  HEMOCPEACTBEHHO, MCIIONB3Yys CPEACTBA
MATHCAD.

KonTpoJibHbIe BONIPOCHI

1. TTonaTre GyHKIMOHAIBHOIO pAJA.

2. CxoguMocTh GyHKIIMOHAIBHOTO psifa. O01acTh CXOAUMOCTH.

3. Pan Teitnopa g pyukuuu f(x).

4. O0sacTh CXOAUMOCTH CTEIIEHHOTO psijia, Teopema Abers.

5. OueHka octaTka (yHKIMOHAILHOIO PAJIA.

6. OueHka ocTtaTka CTENEHHOro psiaa, a) B ¢opme Jlarpanxa,
0) B popme Kormu.

7. OneHka ocTaTKa JIJisi 3HAKOUEPEAYIOUIUXCS U MOJOXKUTEIbHBIX
PAIIOB.

8. IIpuMeHeHNEe CTENEeHHBIX PSIIOB JJIsl TPUOJIMKEHHBIX BhIUYHCIIE-
HUW (PYHKIUN U ONPENIEICHHBIX NHTErPAJIOB.

9. PaznoxeHuss B CTENEHHOW PAJ  OCHOBHBIX  (DYHKUUI

e”,sinx,cos x,(1+x)*,In(1+X) u 06IaCTH UX CXOJUMOCTH.
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