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BBenenue
Meroauueckue yka3aHUs NPEIHA3HAYEHBI Ul BBINOJHEHUS KOHTPOJIBHOMU

pabotel no Undopmatuke.

HCHB KypcCa: BBIpa6OTaTB MPAKTUYCCKUC HABBIKU pa6OTBI C KOMIIBIOTCPOM
U €T0 OCHOBHBIM MPOrpaMMHBIM 06€CH€‘IeHI/IeM, KOTOPOC HMIHUPOKO HCIIOJIBb3YCTCA

Ha TIPAKTHUKE.

Bce pacCMaTpuBaCMbIC TCMbI 3aBCPHIAKOTCA  CIIMCKOM BallaHI/Iﬁ JJIA

CaMOCTOSITCJIbHOU pa6OTBI U KOHTPOJBbHBIMHU BOIIPOCAMH.



1)

2)

3)
4)

|. KontpoabHas paGora Nel
“YucJjieHHbIe METOAbI PellIeHUS aJredpandyecKux U TPaAHCUEHAeHTHBIX
yPaBHeHHM”
eab: HAyYUTHCS IPUMEHSITH YMCIEHHBIE METOJIBI JIJII HAXOXKESHUSI KOpHEH
TPAHCLIEHJAECHTHBIX YPABHEHHUII.
3amaHue:.
Hanucats nporpamMmy OTI€JIeHUSI JEUCTBUTEIBHBIX KOPHEW YpaBHEHUSI Ha SA3bIKE
nporpammupoBanus Pascal;
Hamucate mnporpamMMmbl yTOYHEHUS KOPHEM JBYMS CHOCOOaMH: METOJIOM
MOJIOBUHHOTO JIeJicHus, MeTooM HbioToHa (KacaTelbHbIX ) Ha s3bike Pascal.
[TocTpouTts rpaduk 3agaHHON HYHKIIUN C TIOMOIIBIO TAOIUYHOTO TIPoIIeccopa.
[TpoBepuTh MONyUYEHHBIC pE3yNbTAThI B Mporpamme Scilab.
1. OtnesieHne KOpHeil ypaBHeHUS
MeToanueckue yKazaHusl.

IlocTanoBka 3azauu.

Ilycts umeercst ypasuenne uga F(X) =0, rae F(X)- anre6panueckas

WIM TpaHCUEHIeHTHas QyHKIus .
PemmnTh Takoe ypaBHEHME — 3HAYUT YCTAHOBUTb, UMEET JIM OHO KOPHH,

CKOJIBKO KOPHEM, M HAWTU 3HAYECHUSI KOPHEN C HY?>KHOM TOYHOCTBIO.

Ecnu menpepsieuas gyuxuus F (X) Ha xonuax otpeska [A, B] npunmmaer
sHaueHust pasubix 3uaxos, T.e. 1(a)- (D) <0, 1o BuyrpH orpeska cymectsyer,

[0 KpalHEed Mepe, OJMH KOPEHb ypaBHEHUS F(x)=0. TpeOyercst oTnenuTh

! TTantuna U. B., CunuykoB A. B. BeruncnutensHas MmaremaTrka: yaeouuk / U. B. [1antuna, A.
B. CunuykoB. — M.: Mapket JIC, 2010. — 176 c. (YHHBepcUTETCKas CEpuUs).



KOpDHH YpaBHCHHMs, T.e. yKa3aThb Bce orpe3ku [a, b]c[A, B], conmepxamue mo
OJTHOMY KODHIO.
Byzem BbluuciaTh 3Hadenus F(X), maumnas ¢ toukn X = A, asurascs

BIIPABO C HEKOTOPBIM maroM N (puc.1)-

y

Q___ Y=F()

Puc. 1. Otnenenue kopHel ypaBHEHHsI

Kak Tompko 0OHApy»XUTCS IMapa COCETHUX 3HAYCHHM F(X), MMEIOIIUX

pasubie 3Haku, u Qyskuus F(X) MoHoToHHAas Ha dTOM OTpeske, Tak
COOTBETCTBYIOIIIMEC 3HAYEHHUS aprymeHTa X MOXKHO CUHTaTh KOHI[AMH OTpE3Ka,
COJIepIKaIIero KopeHs [5].

I'paguueckuti cnocob noxanuzayuu KopHeti COCTOUT B CIETYIOIIEM:

ypasrenne F(X) IPEACTABISIOT B BUJIE 00 =1,(x) . Ctposrcs rpapuku 51X
¢dbynkiuii. Torga aGcrucchl ToUeK MepecedeHus 3TUX rpadukoB U OyayT TOYHBIMU

KOPHSIMH (TOYHBIMHU PEIICHUSMH ) HCXOTHOTO YpaBHEeHHS [5].

IMpumep 1. Otaenuts rpaduuecku KOPHUA YpaBHEHHS x> —x*-3x+1=0 '

3_ 2 _
L. [TepenumieM HCXOIHOE YpaBHEHHUE B BUIE X" =X"+3X l.

Torma 11(X)= x*, f,()=x"+3x-1



2. lloctpoum rpaguku 3THUX (PYHKUMA B OJHOM cHUCTEME KOOpAMHAT U
JOKalu3yeM aOcuucchl TOYEeK UX mepecedeHus. ['papuku  PyHKIu
HepeceKaloTcs B TPEX TOUKAX, MOITOMY 3aJaHHOE YpaBHEHUE HMEET TpH
JEHUCTBUTENBHBIX KOPHA (00JIbIIe KOPHEH OHO UMETh HE MOXKET, TOCKOJIbKY

JeBas 4acTh YPAaBHEHUSI - MHOTOUJICH TPEThEH CTEICHH ):

X e[-2-1], % e[01], xe[23] .. 5

(-

-5

Puc.2. I'padmuecknii cnocod oTaeIeHUS KOPHEH ypaBHEHUS



Npumep 2. Iporabymupyem dymkmmo COS(X) =0,2Xua orpeske [-10, 10],

h=0.1,

Ii—\“ ' (3] |+
©aiin TnagHan
o™

Pemmnm

BKE

Ty 3amaqy C

IIOMOIIIBIO

Khural - Microsoft Excel (CBoil akTneaumn npogykTa)

PasmeTka cTpaHM LBl DopMyNE AaHHeie PeyeH3MDOBaHKE
o

J Calibri T AA N ==[— @v ; OEwi - ?HJYCHOBHOE hopMaTUpOBaHKWE *
o B3~ = o L'E' % 000 [ ®opmaTuposate kak TaBnuLy

Berasute 7 X KU-|E & A ESEEF @A BT (5 Crinm aueex =

Bydep 06M.. u WpngT BHIpaEHNEAHME 3| Yucno CTiam

AS6 - J | -4,50000000000002

=

Pl A [ B c [ o [ e | F G H 1 ] K

56 | -4,5 0,689204

57| _4,A4 0,572667 ~

58] -4,3 0,459201

59| 4,2 0,349739 L / \

60 | -4,1 0,245176 = \ / \

61 -4 0,146356

62| -39 o0,054088 3?@%?‘??‘@".‘7'3?‘\“”*“‘ N

63| -3,8 -0,03097 u

64 -3,7 -0,1081 g \_/ \

65 ] -3,6 -0,17676 "'jf

66 | -3,5 -0,23646 \_'
(puc.3): 2 20 207

Puc. 3. Otnencuue kopueit Gpyakimu ¢ momomiso MS Excel

Excel

I[aHHaH (I)YHKIII/IH HMCCT TpU OTPE3Ka OTACIICHHUA KOPHA C IIaromM 0,1 .

—39<x,<38; —2<x,<19;:13<x;<14

Ipumep 3. Pemrenue 3amaun Ha s3bike nporpammupoBanus Pascal abc[4] (puc.

4).

Pascal ABC

+Programi.pas |

b

®ain Mpaeka Bug Mporpamma Cepeuc MoMouwk

=g = = g -

b & o L || wm XK EEE

fole ==

end;

| end.

TR |

program otdel korney;
var a,b,c,d,yl,y2,h:real; n,k:integer;
function f(x:real) :real;
begin f:=cos(x)-0.2%x;
begin writeln
read (a,b,h);
k:=0; c:=a; d:=c+h; yl:=f(c);
while d<b do begin y2:=f(d);
if y1*y2<0 then begin inc(k);
writeln(k, '-11 xopeHb

end;

c:=d;d:=c+h; yl:=y2; end;

('BRBEOMTE TpaHMUE OTpe3kKa M mar');

[",c:5:2,";",d:5:2,"]")

»

m

1-it mopess [-3.90;-3.80]
2-71 mopese [-2.00:;-1.90]
3-it mopess [ 1.30; 1.40]
Crpoka: 13 Cronbew; 2

e

— I ~— T — T w1 ———

Puc. 4. I[IporpaMmMa otesneHns KOpHEN ypaBHEHHUS

Pe3ynbTaT paboThl NpOrpamMMBI:




Jd)aﬁn MNpaeka Bug Mporpamma Cepeuc MoMows

DEEHE| B = [P D S22 E| s w X | W T H

+Program1.pas |

<

BBeViTe T'PAHMIE OTpe3Kda M mIar

0.1

1-m xopeHs [-3.90;-3.80]
2-1 kopeHs [-2.00;-1.90]
3-11 kopens [ 1.30; 1.40]

| Crpoka:7  Cronbew: 7




2 c=a
d:=c+h
Y1 = F(C)

|4 Y, = F(d)
a 5 Her
- Y1 Y, < 0
6
| Bwicoo c,d
7
c=d
d=c+h
Yi=Y,

C o D

Puc. 5. bnok — cxema ainropurMa oTJeNeHNUs KOPHEW ypaBHEHUS




Ha1&KHOCTh JAHHOTO allOPUTMA 3aBUCHT OT Xapakrtepa (yHKimn F (X) u

OT Benuuuuel mara h 2,

2. YTOouHeHHe KOpPHHA YPABHCHUA ME€TOJA10M IMOJTOBUHHOI'0 ACJICHUA
MCTOI[I/I‘-ICCKI/IG YKa3aHusl.

IloctanoBka 3ajauu.
[Tycte GyHKIMSA F (X) =0 umeer na otpeske [a, b] eaMHCTBEHHBIH KOPEHb,

npuaéM yrxums F (X) Henpepsira Ha sTOM OTpeske. Pasmenum otpesok [a, b]

(a+b)

nonoyiaM Toykou € = 5 Ecu F(C) # O(qTo HanOoyiee BEPOSATHO), TO
BO3MOJKHBI JIBa CJIyd4as: F (X) mensier 3max nu6Go Ha orpe3ke [a, €], b0 Ha
otpeske [C, b]. BeiOupast B ka)xa0M ciiydae TOT U3 OTPE3KOB, Ha KOTOPOM (DYHKIIHSI
MCHSIET 3HaK, U, IPOJOJIKAsl MyTh IMOJIOBMHHOTO JCJICHUS JAJIbIIIe, MOKHO JOUTH

710 CKOJIb YTOJIHO MAaJIOro OTpe3Ka, COAepIKaIlero KopeHb ypaBHeHus [5].

Ecnu Ha kakoM-TO 3Tarme mpoiiecca MmojydeH oTpe3ok [a, D], comepxkammii

(a+hb)
KOpEHb, TO, TpPHUHSIB TNPUOMIKEHHO X = 5 , momyunM omuoKy, He
(b—a)
IPEBBIIIAIONTYIO 3HAYCHHUS AX = 5 (morpemHocTh MeToaa) [5] (puc. 6).

2 Jlamuuk M. I1. Uncnennsle MeToasl: Yue6. mocobue s cryd. By3oB / M. I1. Jlamuuk, M. U.

Parynuna, E. K. Xennep;lloa pen. M. II. Jlanuuka. — M.: U3garenbckuii neHTp «Akaaemus,
2004. — 384 c.
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Puc. 6. ®ynknus F (X) MeHsieT 3HaK Ha oTpe3ke [a; C|; pynkuus F (X) MEHsIET 3HaK Ha OTPe3Ke

[c; b].

cos(x)—0,2x=0

Ipumep 2. peyiyry, 510 ypasnenue METOJIOM JICJIEHUS OTPE3Ka

nononam® ¢ TounocTeio 10 1-10 (puc. 7).

14/ Pascal ABC [E=N NoR <™

@aiin Mpaeka Bua Mporpammda Cepeuc MoMowe

Ded R B - @ & B T LE| e w X | ad @

+Program1_pas |

Program dihotomii;

var a, b, n, x, d, ¢, eps, f:real; function y (x:real):real;
begin y:=cos (x)-0.2%x;

end; —
begin

writeln ('Tabnuia =HadyeHM'") ;

writeln ('BBemuTe T'paHMIE MHTepBana');

write('a="); readln(a);

write('b="); readln(b);

writeln ('U4Mcio Touek Ha uMHTepmane');

write('n="); readln(n):

d:=(b-a)/n; x:=a;

< [ +

m

4 | m F

BEoa aaHHb:

Crpoka: 13 CronBew; 1 Mporpamma BeiNeAHAETCA

¢ Anamenko A.H. Pascal na nmpumepax u3 maremaruku. - CI16.: BXB-IletepOypr, 2005. — 416 c.:
WL

11



[4¥ Pascal ABC

®ain Mpaeka Bug Mporpamma Cepeuc MoMouwk

== &Y @m‘érﬁ?nzs w X EEE

+Programi.pas |

fole ==

while x<=b do begin f:=y (x);
writeln ('z=', x:6:3,' f="'",f:6:3); =x:=x+d; end; readln;

write ('a=");readln (a);

write('b="); readln(b);

write ('eps=");readln (eps);

if y(a)*y(b)<0 then begin repeat c:=(a+b)/2;

if y(c) = 0 then begin writeln ('TouHEll KOpeHbL',C:6:3);
readln; exit end else if y(a)*y(c)<0 then b:=c else a:=c;
until (b-a)<eps;

writeln ('kopeHb C TOYHOCTHLO', eps:8:6, 'paBeH', c:8:6);

writeln ('BeenomTe TpaHUIE OTpe3Ka M TOYHOCTE');writeln('(a, b, eps)');

m

end else writeln ('KopHA HeT WIM OH He eOMHCTBEHHHIT');readln end.

PN T 8

4 | m F )

Beoa aaHHER: |

Crpoka: 15 CronBew; 44 Mporpamma seinonHaerca Google Chrome l
—— — = T — T = T —— 1 |
Puc. 7. Ilporpamma, peanusyromiasi METOI TMXOTOMUHU

Pe3ynpTaT paboThl MPOrpaMmbi:

[A¥| Pascal ABC =S

®ain Mpaeka Bug Mporpamma Cepeuc MoMouwk

== &Y @m‘érﬁ?nzs w X EEE

+Programi.pas |

[ 71 a we—1n An acrdis Fe—xrlwr) -

x=-2.000 f=-0.01le

x= 0.000 f= 1.000

x= 2.000 f=-0.816

x= 4.000 f=-1.454

x= 6.000 £f=-0.240

x= B.000 f=-1.746

x=10.000 f=-2.839

BeenouTe TI'paHMIL OTpes3Ka M TOYUHOCTBL BEUMCIIEHMA
(a, b, eps)

a=-2

b=-1.9

eps=0.00001

xKopeHbs ¢ TouHOCTEKD.000010paren-1.977386

4| 1

Bsoa aaHHel: |

Crpoka: 15 CronBew; 44 Mporpamma BeINeAHAETCA

3.YTouHeHHe KOPHS ypaBHeHHsI MeTo10M HbloTOHA (KacaTeJbHBIX)
MeTtoauyeckue yKa3aHHsl.

IlocTaHoBKa 3aauu.

12




IlycTs ypaBHCHHE F(x) = OnMeeT CJIMHCTBEHHBI KOPCHb Ha OTpe3Ke [a,

b]. TIpeoOpa3yem ero Kk paBHOCUILHOMY YpaBHEHHUIO

x:x—(p(x)-F(x)’ (1)
rje P(x) . nro0as GyHKIus, onpeaenénHas Ha oTpeske [a, b] u He oOpamaeTcs Ha

. X
HECM B HOIJIb. OC}’H.IGCTBJIHH Pa3JIMIHbBIMHU criocoboamu BBI60p (0( ), MOKHO

HOJyYUTh, B YACTHOCTH, TaHHBIA MeTo1 [4].

()= ——

Ilyctb F'(x) - Takum oOpa3zom, UTEpaALlMOHHAS

MoCJICAOBATCIIBbHOCTD CTPOUTCA C ITOMOIIBIO PEKYPPCHTHOTI'O COOTHOIICHUA

) (n=0,12..)

Xog = Xy — m @)

X .
Bompoc o BbeIOOpe HadalbHOTO NPUOIMKEHUS " OHM TapaHTUPOBAHHOM

CXOJMMOCTH HTEpaluii perraeTcss mpocTo, eciu (QyHKIUI F(x) YIOBJIETBOPSET
CIICTYIOIIIMM YCITIOBHSIM
1) Ssnsiercs aBaxabl nuddepeniupyemoii Ha oTpeske [a, b];

2) O6c mpoM3BOHBIC - MEPBas W BTOpPas HE MEHSIOT 3HAK HA 3TOM OTpPE3Ke,

F(x)=0
T.€. QYHKIIHS ( ) MOHOTOHHAsI U HE MEHSCT XapaKTepa BBIITYKIIOCTH

(puc. 3);
B Takoii curyanum 3a %o Oepércs TOT KOHel oTpe3ka [a, D], Ha koTOpoMm

F(x .
byHKIIMSA ( )I/I €C BTOpas MpOoM3BOJHAs HMMCIOT OJMHAKOBBIC 3HAKH, T. €.

F(X)-F"(%)>0 (puc. 8).

BBIIIOJHACTCA YCIIOBHC

13



o3
Q{U
X
D
. (
X
o] k
D-x
X
~<
O
X

F(x
Puc. 8. UeTblpe BO3MOKHOCTH MOBEACHUS (DYHKIIUU (x) B OKPECTHOCTH KODHS:

a — (hyHKIUS yOBIBA€T U BBIMYKIa; O — QyHKIMS YOBIBAE€T U BOTHYTA; B — QYHKIIMSI BO3PACTAET U
BOTHYTA; I — (YHKIMSI BO3PACTAET U BBIMYKIIA.

JIaHHBIN METOJ Ha3bIBAETCS METOAOM KacaTeJIbHbIX IOTOMY, YTO TOYKa X,
onpezensiemas 1o ¢popmyie (2) npu N =0, ecTs Touka nepeceuyeHns KacaTeabHOM,
SHHOIA =F (X . X
MpoBeNERHOM K rpaduKy pyHkumm Y (X) 5 rouke ¢ abcuuccoi 0, ¢ 0ChIo

aocuucc [4] (puc. 9).

y F()

Puc. 9. FCOMeTpI/ILICCKI/Iﬁ CMBICJI METOJa KaCaTCIIbHBIX

cos(x)—0,2x=0

Hpumep .1. Pemute 310 ypaBHEHHE METOJOM KacaTeIbHbIX C

TouHocThIo 70 1-10[1] (puc. 10).

14



Pascal ABC fedie ==

Jd)aﬁn MNpaeka Bug Mporpamma Cepeuc MoMows
DEEE| fEeo = [ )@ s E|s0wX | WTH
~Progiam.pas |
program method kasatelnyx;
const delta=0.001; eps=0.00001;
var a,b,x1,x0:real;
function f(x:real):real;
begin f:=cos(x)-0.2%x;

| »

m

end;
function df (x:real) :real;
begin
df:=(f (x+delta)-f(x)) /delta;
end;

function Newton (xl:real) :real;
var n:integer; x0:real;

begin n:=0;

|

4 | 1 G

Beoa aaHHEL: I

|CTpoKa:14 Cronbew; 5 |I'IporpaMMa BLINOAHAETCA v
- — - i e T — T e T 1 T

Pascal ABC fedie ==

Jd)aﬁn MNpaeka Bug Mporpamma Cepeuc MoMows

DEEE| fEeo = [ )@ s E|s0wX | WTH

+Program1.pas |

repeat x0:=x1; il
x1:=x0-f (x0) /df (x0) ;
writeln ('x',n,'='",x1:7:5," f(x",n,")=",£(x1):7:5);
n:=nt+l;

until abs (x0-x1)<=eps;
writeln ('Uucryio wurepaunmii',n);
Newton:=x1; F
end;
begin
write ('BeemuTe nmpubmmrenmne x1='"); readln(xl);
x0:=Newton (x1) ;
writeln ('3HayveHue KOpPHA C TOYHOCTER',eps:7:5);
writeln('x="',x0:7:5); readln bnd.

4 | 1 G

m

Beoa aaHHEL: I

|CTpoKa:27 Cronbew; 38 |I'IporpaMMa BLINOAHAETCA v
= — - e ol o el ———1 ¥ .

Puc.10. IIporpamma, peanusyromas METO KacaTeJIbHbIX

PesynpTaT paboThl IPOrpaMMBbI:

15




14/ Pascal ABC [E=N NoR <™

®aiin MNpaeka Bug Mporpamma Cepeuc MomMowe

== &Y @m‘érﬁ?nzs w X EEE

+Programi.pas |

4 1 3

Beemure npubmokeHue x1=3
x0=-1.66787 f(x0)=0.23665
x1=-1.96542 f(x1)=0.00862
X2=-1.97734 f(x2)=0.00003
X3=-1.97738 £(x3)=0.00000
x4=-1.97738 f(x4)=0.00000

JUCII0 UTepallid

3HayeHMe KOpHA C TodYHOoCThOO0.00001
x=-1.97738

Beoa aaHHE:

Crpoka: 27 Cronbew; 38 Mporpamma BeiNeAHAETCA

4. TlocTpoenue rpaguka GpyHKIUH

MeToanuyeckue yKa3zaHusl.

IlepeMenHbIe CX, CYy ONpPENEsAOT UEHTP CUCTEMBI KOOPIUHAT.

Oynkuuu getmaxx u getmaxy onpenensroT AJisl JaAHHOTO BUIEOPEKUMA
HanOoJIbIIIEE SKPaHHOE 3HaUCHHE 10 OCH X M 10 ocH Y. [IoCKOIbKY KOOTUHATHI
TOYKH DKPaHA JIOJDKHBI OBITh IIEJIOYUCICHHBIMU, TO UCTIOIB3YETCS () YHKIIHS
OKpPYTJIEHUS 10 UEJI0UYUCIEHHOrO trunc.

IToctpoenue oceit koopaunart: line (10, cy, getmaxx - 50, cy). Pucyercs
npsiMasi JIMHUS, HA4uHas OT TOYKH 3kpaHa (10, cy) mo Toukm skpana (getmaxx - 50,
Cy), T.e. mocepeAnHE dKpaHa ¢ oTcTyrnoM 10 mo3unwmii ciaeBa u S0 MO3UIHIA cripaBa.

IlepeMennbie MX, My onpeaessitoT MaciiTad BbIBOJA HA SKPAH.

Jlyist BBIBOJIAa 3HAUEHUH HAWACHHBIXKOPHEH QYHKIIUU B TpadidecKOM
pexuMe He0OX0IUMO MPe0OpPa30BaTh 3HAUECHHUE BEIIECTBEHHOU MEPEMEHHOM B
CTpOKOBYIO repemennyto: Str (root ( x - 0.1, x + 0.1, 0.0001 ) : 7 : 4, strx ). 3mech
root (x-0.1,x+0.1,0.0001) : 7 : 4 — 3HaueHUE HAWICHHOTO KOPHS HA OTPE3Ke X
- 0.1 1o X + 0.1 ¢ TOYHOCTHIO A0 OAHOU JECATUTHICIIHOMN B hopmare

BeliecTBeHHOTo uncia 7:4 [1].

16



Ipumep. 1. IToctpouts rpapuk GyHKIIUN
10], h=01

U BBIBECTH KOpHU [1]
Program graphic;
uses crt, graph;
const n = 10000;
var X, y:real;
driver, mode : integer;
CX, CY, mx, my, ex, ey : integer;
a, b, s :real;
strx, stry : string;
function f ( x : real) : real;
begin
f:=cos(x)-0.2*x;
end;
function root ( a, b, e : real ) : real;
var c : real;
begin
repeat
c:=(a+b)/2;
iff(a)*f(c)<=0thenb:=celsea:=c
until abs (f(c)) <e;
root:=c
end;
function maxabsy (a, b : real) : real;
var m,x:real;
begin
m:=abs(f(a));x:=a+(b-a)/n;

repeat

17
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ifabs (f(x))>mthenm:=abs (f(x));
X:=x+(b-a)/n;
until x > b;
maxabsy : = m;
end;
procedure grafik (a, b : real );

var p : integer;

sw : real;
strx : string;

begin

cx : =trunk ( getmaxx/2);

cy : =trunk (getmaxy/2);

line (110, cy, 630, cy); line (620, cy - 5, 630, cy ); line ( 620, cy + 5, 630, cy );

line (cx - 5, 20, cx, 10); line (cx + 5, 20, cx, 10); line (cx, 10, cx, 470 );
settextstyle ( 0, 0, 2 ); outtextxy (cx + 10, 10, 'y ');

outtextxy ( getmaxx - 20, cy + 10, ' x '); settextstyle (0, 0, 0);
outtextxy (400, 10, ' I'paduk u kopuu GyHKIUH ' );

s:=(b-a)/n;

mx : = trunk ( (getmaxx—-50)/(b-a));

my : = trunk ( ( getmaxy —50) /(2 * maxabsy (a, b)) );
X:=a; y:=f(x);

p:=-40;
sw:=a-0.3;
repeat

ex:=trunk (cx+x*mx);ey:=trunk (cy—y *my);
if (abs (f(x))<=0.01)and (abs (sw—x)>0.3) then
begin

settextstyle (0, 0,0);

str (root (x-0.1,x+0.1,0.0001 ) :7:4,strx);

18



outtextxy (ex - 10, ey + p, strx); p:=p + 10;
SW : = X;

end;

putpixel ( ex, ey, green);

X:=x+s; y:=f(x);

until x > b;

settextstyle (0, 0, 1);

end;

begin

clrscr;

write (' neBast rpanuma a ="'); readln (a);
write (' mpaBas rpanuna b ="); readln (b);
driver : =detect; initgraph (driver, mode, ‘¢ : \tp \ bgi ');
setcolor ( blue ); setbkcolor ( yellow );

grafik (a, b);

readin

end.

PesynpTaT paboThl IPOrpaMMBbl:
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B 'l Graph window application

l
s
i

5. HaxokaeHne KOpHel ypPaBHEHHUS € MOMOIIbIO POrPaMMbl
SCILAB:
MeTtoanyeckue yKa3zaHus.
JIJ1st pereHust TpPaHCIICHICHTHRIX ypaBHeHUH B Scilab mpumMensroT ¢yHKIHIO

fsolve( x0, f ), rne x0 - HavanpbHOE TpHOIMKeHUE, T — QyHKIMA, onmUChHIBaroIas

JIEBYIO YaCTh YPaBHECHUS y(x)=0 .

IIpumep 1. Iloctpouts rpaduk W HAWTH pEIICHUE YPAaBHCHHUS

cos(x)-0,2x=0 (puc. 11) u (puc.12).

n KomanaHoe okro

Daiin Npaeka Ynpaenenue Wucrpymenter Cnpaexa

sBlaD0E 2 2K %@

——>x=[-10:0.1:10];
-—>y=cos (x)-0.2%x;

-->plot2d(x,y"',style=[color("red") ], axesflag=5);

20



< [padmqeckoe okHo 0 Sk

Dakn  MHCTEYMEHTE! [(paEka  Crpsexa

E @y

%

o | @

o}

(5]
N T O T B |

(
L

=]

&0 -
& -
=
y'\3<
ta
=
o
=]

fa

L
TN T T N T T T B B = 1

A

Puc. 11. IToctpoenue rpaduka pynkuuu B cucreme Scilab
B Kousruwoe owio EET=s

Daiin [pasxa Ynpasnesue Wncrpyments Cnpaexa

ZEIX00 S S B &0

——>deff (' [y]=£f(x)"', "y=cos(x)-0.2%x")

-->x(1l)=fsolve(-4,L);

-->x(2)=fsolve(-2,L);

-—>x (3)=fsolve(1,f);

-—>X W

x =

column 1 to 5

- 3.8374671 - 1.977383 1.30644 - 9.1858669 - 9.1618866 .

Puc. 12. HaxoxeHue kopHell ypaBHeHust B cucteme Scilab

IIpumep 2. [ToctpouTts rpaduk GyHKIIUU U BEIBECTH HA IKpaH KOPHU YpaBHEHUS

cos(x) —0,2x=0 (puc. 13) u (puc.14) .
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KomargHoe okHo [

Daiin Npaeka Ynpaenenwe WHctpymentel Cnpaeka

ZEADOS B 2 X &

-—>function y1=f1(x);yl=cos (x);endfunction
-—>function y2=£f2(x);y2=0.2*x;endfunction
-—>function y3=£f3(x);y3=fl(x)-f2(x);endfunction
-->x=-10:0.1:10;

——>plot(x,fl(x),x,f2(x)); xgrid;
—-—>x0=-4;xl1=fsolve (x0, £3)
-—>x0=-2;x2=fsolve (x0, £3)

-->x0=1;x3=fsolve (x0,1£3)

-—>rezult="xl = "+string(xl)+' x2= '"+string(x2)+'x3= "+string(x3);
—-—>title(rezult);
—_—"

Puc. 13. HaxoxeHue kopHel ypaBHeHus B cucteme Scilab

& [padmueckoe okHO 0 - o] x|

MaiAn  MHCTRYMEHTEl [psEka Chpseks

% & e o @

Madidecko

x1=-3 837467 1x2=-1.977383x3=1.30G44

20
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Puc. 14. HaxoxeHue U BBIBOJI KOpHEW ypaBHeHHs B cucteme Scilab
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6. BapuaHThl 3aJaHMii 1J151 CAMOCTOSITEILHOI padoThI:

3ananue 1. OTnenure KOpHU ypaBHEHUS F(x)=0 rpa@uuecKy U YTOUHUTE
OJIMH KOPEHb METOIOM MOJIOBUHHOTO JieeHus [5].

1 € +x°-3=0

In(x-1)+2x-1=0

2.

3 X—sin(x)-4=0
2

4 In(x—3)—;:O

5 In(x+2)—~/x =0
5 VX+2+x*-2=0
X—sin(x)—4=0

8. Jx —cos(x)-1=0

g X' —sin(x)-1=0

JX——2 110

10. X—3

3ananue 2. OTennTe KOPHHU ypaBHeHus (x)=0 . VTOUHUTE 1Ba KOPHS

¢ =0,001 [5].

MetooM HproTOHA (KacaTelbHbIX) C TOUHOCTBIO 10
1. x*-3x*+9x-8=0

x®+2x* —=5x+1=0
x®-3x+1=0
x*—-18x*+6=0

X} —4x* -3x=0

3x* +4x% -12x* -5=0
x®—0,2x* +0,3x—3=0
3x* +8x* +6x*-5=0
X3 +4x+2=0

10.x® =3x* +9x-8=0

© ® N o UAwWN
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/. KoHTpO/IBbHBIE BONPOCHI:

1. Yto 03HayaeT «peunTh ypaBHEHUE aHATTUTUUECKU» U «PEIIUTh YPAaBHEHUE

YHUCIIEHHO»?

B uém 3aknrouaercs 3agada OTAeNICHUs KOpHEH?

B uém cyTh rpaduyeckoro Meroaa OTAeNIeHUs KOpHEn?

Kaxkue cBoiicTBa (hyHKIIMM OAHON MEPEMEHHON UCTIOIB3YIOTCS IS

IPOBEPKH MPABUIBHOCTH OTJEICHUS KOPHS M €r0 €AMHCTBEHHOCTH Ha

oTpeske?

B uém cocTouT OCHOBHAs HI€sl METO/a TTOJIOBUHHOTO JIeJIeHUs?

6. Moer 11 MEeTOJ] IOJIOBUHHOTO JICJIEHUS JaTh TOYHOE 3HAYeHHE KOPHS
ypaBHEHHUS ?

7. Tlo kakuM MPUYMHAM METO/]] KacaTeIbHbIX MPEANOUYTUTENbHEN METO1a
IPOCTOM UTepanuu?

B own

o

I1. PacuéTHo — rpadpuueckoe 3axanmne Ne2

“YucjieHHOe HHTErPUPOBaHue”

He.]'lb: HAayY4YUTBCA TIPUMCHATL YHCICHHBIC MCTOABI [JII HAXOXKIACHUA

OHpG,IIGJIéHHOFO HHTCTpalia.

3amanue:

1) Hammcate mporpammy pacuyéTa OMNpPEACIEHHOIO MHTErpajga METOI0M

npsIMOYTrofibHUKa, Tpameuuii W Cumncona (mapaboii) Ha  SI3bIKE

nporpammupoBanus Pascal;

2) BpImoaHuTth pacuér onpeaeaéHHoro nuTerpaa B cpeae Scilab.

1. Ync/jieHHOEe MHTETPUPOBaHUE
Memoouueckue ykazanus
IToctanoBka 3amadu.

Jlaneko He Bce MHTETpaibl MOKHO BBIYMCIUTH 110 (hopmyiie HeroToHa-
JlertOHMNA:

| :J f (x)dx = F(x) |3 F(b)-F(a), 1)

rane F(X) - nepsoo6pasnas ¢pynxuwun (X).

24



b
e ¥ dx
Hanpumep, B anieMeHTapHBIX (QYHKIUSX HE BbIpAXKaeTCs HHTErpal :
0
TouHnoe 3HaueHue wuHTerpana mo ¢opmyne HproTroHa-JleiOHMIIa HeETb3s

MOJYyYUTh, €clu (QYHKIUSL f(X)samaéres Tabmmmei. B ormx Cy4dasix

OPUMEHSAIOTCS METOABl YHCIEHHOTO WHTETPUPOBAHMs, a B YAaCTHOCTH, METOJ
NPsIMOYT'OJIbHUKOB, METOJ Tpaneuuii u Meroa CumiicoHa (mapadod).
CyThb  UYHCIEHHOTO UWHTETPHPOBAHHS  3aK/IOYaeTcss B TOM, 4TO

HNOJIBIHTETPANbHYIO  (DYHKIMIO f(X) samemsror Apyrou, npUOIMKEHHOM

dbyHKIMEeN Tak, 4yTOOBI, BO-TEPBBIX, OHa OblIa OJHM3Ka K f(x) Y, BO-BTOPBIX,

UHTErpaJl OT HeE JIerKo BbIYMCHAICA. Hampumep, MOXHO  3aMEHHUTH
NOJIBIHTETPAbHYI0 (PYHKIUIO HWHTEPHOJALUOHHBIM MHOTOUYJICHOM. Taxxke
IIMPOKO UCTIOIB3YIOTCS KBapaTypHbIe POPMYIIBI:

j f (x)dx zZA (%), )

a

rne  Xj- HeKoTopele TOYKM Ha oTpe3ke [a, D], HaspBaemble y3nmamwu
KBaJIpaTypHOIl (GOPMYIIHI;

A- uucnoBsie KOX(QHUIMEHTHI, Ha3bIBAGMble BECAMH KBaJpaTypHOIR

dbopmyIIsI,
N> 0 - nenoe uucno [5].

1.1. Metoa Tpaneuni

Meton Tpanenui Tak XK€, KaK W METOJ MPSIMOYTOJIbHUKOB, OMUPACTCS
r€OMETPUYECKUI CMBICI UHTErpaa. 3ameHuM rpadux byHKIIUN

y = f(X) nomanoit mmameit (Puc. 3). U3 touex @ = Xg, Xy Xpyeeey X = b

npoBenéM opauHaThl 10 mepecedenus ¢ xpusoit Y = T(X). Konusl opmunar
COCTMHUM MPSMOJIMHEHHBIMU oTpe3kamu (puc. 18)[5].
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)

c\

a=X, X;X, X, =D X
Puc. 18. Meron Tpanennii

[Tnomank KpUBOJWHEHMHOW Tpamenuu NPUOIMKEHHO MOXKHO CYHTATh
paBHOW IUIOMAAN (UTYpPHI, COCTaBIEHHOW W3 Tpamneruid. Tak Kak IUIOMaIb
h b-a

Tpamneuuv, MOCTPOCHHOM Ha OTpPE3Ke [X X.+1] JIIUHBI = n_

f(x)+ f(X,)

2 9

MOJTYYUM KBaJIpaTypHYIO (hOPMYITY TpameIuid:

b

f(x,)+ f(x f(x)+ f(x f(x )+ f(x

IZIf(X)dth (O) (1)+ (1) (2)+ + (n—l) (n)
a

paBHa

TO, TOJB3YSICh OTOW dopMynIon s i=0,2..,n-1,

2 2 h 2

b-a f(x)4—f(x)
= f(x)
- Z
(7)
Teopema. Ilycth QyHKITUSA f HenpepbiBHO auddepeHimpyeMa Ha OTpe3Ke
[a,b]. Torma mis dopmynsl Tpamewmit crpaBemIMBa ClEQyIOLAs OLCHKA

MOTPEIIHOCTH :

) M,(b—a) , -
I |m,ﬁ-——15——-h X = b. 8)

N

CymiecTByeT Apyrod crnoco0 OIEHKH TOTPEIIHOCTH Ha OCHOBE YK€
CIENaHHBIX BBIYMUCICHUM, IMOITOMY OTOT CHOCO0 Ha3BIBAIOT AaNOCTEPHUOPHOM
OIICHKOM.
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R2n=(|2n_|n)/3 9)
®opmyna (9) HazeIBaeTcs npasuiom Pynee pakTUUECKOH (alOCTEPUOPHOM)
OLICHKH MOTPEITHOCTH METOJIOB TPAIEIIUi 1 MPSAMOYTOJIBHUKOB [5].

IIpumep.1. Hanucars [IpOrpamMMmy BBIYNCIICHUSA ONPENEIEHHOIO

1
UHTErpaa J. e dx

0 (puc. 19) [1]
(1] Pascal ABC [E=E E=E(E
®ain Mpaeka Bug Mporpamma Cepeuc MoMouwk
DEeE® “© @ 3 E D wm X W WHE
Program?. pas 'method_trapecii.pas.‘
program method trapecii; m

var a,b,eps,s,x,aper:real;
function f(x:real) :real;
begin f:=exp(-sqr(x)); end;
function Trap(a,b:real) :real;
var n,i:longint; z1,z2,h,v:real;
begin
writeln ('Beemure sHauvenmd a,b');
writeln ('BeenouTe TOYHOCTE BHYKUCIEHWS') ;
read(a,b,eps);
n:=2;h:=(b-a)/n;

m

<[ I

Beoa aaHHE:

Crpoka: 13 CronBew; 7 Mporpamma BeiNeAHAETCA

[A¥ Pascal ABC ===

®aiAn Mpaeka Bug MporpaMMa Cepeuc MoMOWs

=g = = g @ b T T e wm X2 d

Program2.pas  *method_trapecii pas ‘

z2:=0; 0

writeln ('llpoMexyTOYHEE 3HAYeHMS MHTeTpamna');

repeat
z1:=0;

for i:=1 to n-1 do zl:=zl+f(a+i*h);zl:=(zl+f(a)/2+£(b)/2)*h;
n:=2*n;v:=z2;z2:=z1;z1:=v;h:=(b-a) /n;aper:=abs(z2-z1)/3;
writeln('llpu n=',n, 'Ombra=",aper:10:8,"',I=",22:9:7);
until (abs(zZ2-zl)<eps) and (aper<eps);

Trap:=z2; end;

begin s:=Trap(a,b);
writeln ('3HadyeHue uHTeTpana=', s:9:5,'c TOUHCTEL',eps:7:4);
readln;end.

m

1

1 [ I

BEoa aaHHb:

Crpoka: 19 CronBew; 50 Mporpamma BeiNeAHAETCA
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Puc. 19. Ilporpamma peanu3zanuu MeToa Tpareuui

Pe3ynpTaT paboThl IPOrpaMMBbl !

[A¥ Pascal ABC =mE=m==
©aiAn Mpaeka Bug MporpamMa Cepeuc MMoMouws
D d® o5 D &2 Er Tw X PELE
Program?2. pas 'method_trapecii.pas.
|< m - - b
Beenure =BHaueHMA a,b [
BeemmMTe TOUHOCTB BHUMCIICHIMA
0
1
0.0001

[IpoMexXyTOUHEIE SHAUEHMUA MHTeTpana

Ipy n=40mBbra=0.24379008,I=0.7313703

Ipu n=80mmbra=0.00387128,1=0.7429841

Ipu n=160mbxra=0.00096051,1I=0.7458656

Ipu n=320m6xa=0.00023966,1=0.7465846

Ipu n=640m6xa=0.00005989,1=0.7467643

Ipu n=1280mm6xa=0.00001497, 1=0.7468092
SHaueHMe MHTerpana= 0.74681c TouHcTe 0.0001

4 1 b

Bsoa aaHHel: |

Crpoka: 19 CronBew; 50 Mporpamma BeINeAHAETCA

1.2. Metoa Cumncona (mapado.)

IMpu wcnons3oBanud Meroga CHMIICOHA 3aMeHHM Tpaduk  (PYHKIHH
y=f(X)na OTpE3Ke [Xi, Xi+1], 1=0,2,..,n-1 napa0oion, MPOBEAEHHOM
yepe3 TOUKH

(%, f(x)) (X. FO0)) (% F(%0)), tae % -  cepemmma  orpeska
[Xi, X”l]. Dta mapaboia ecTh MHTEPIOSALMOHHBI MHOTOWIEH BTOPOH CTENEHH

L, (X) ¢ ysmamn X, X, X,y .
KBaaparypuas ¢popmyna CumiicoHa UMeeT CIETYIOIMNI BUI:
b n-1 n-1
| :J f (x)dx ~ Icg f %)+ F(x)+4D f(x)+2> f(x) | )
" i=0 i=1

Teopema. Ilycth GyHKIHS f umeer ma OTpE3KE [a, b] HETPEPHIBHYIO

, 4
MPOU3BOAHYI0 YETBEPTOTO TMOPSIKA f )(X). Torma mist popmyssl CumiicoHa
(7) cipaBeIMBa ClieyroMIas OIIEHKA MOTPEITHOCTH
Iv|4(b__a)h4

= te[ s =ees " e My = max|f “(x)] (10)

[a,b]
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3amMeTuM, 4TO €CIM YMCJIO JJIEMEHTAPHBIX OTPE3KOB, HA KOTOPBIE IEIUTCA
OTPE30K [a, b] , 4€THO, T.e. N =2M, To MapaGoJIBI MOKHO IIPOBOIUTE YEPE3 Y3IIbI

C UEJbIMH HMHIAEKCAMH M BMECTO 3JJIEMEHTAPHOTO OTpE3Ka [Xi, Xi+1] JUTUHBI

h paccmarpuBath oTpesox [Xzi, X2i+2] mmuael 2N . Torma ¢opmyna Cummncona
TIPUMET BUJ:

h m m-1
| = 3 f (%) + F (X)) + 42 F(X54) + 22 F(Xz) |, (11)
i=1 i=1
[TorpemHocTh BeIYUCISIETCS IO PopMyIie:
“ — |C‘ < M h*
180 '
R2n=(|2n_|n)/15 (12)
@®opmyna  (12) Ha3bIBaeTcs  npasuiom Pynee  npaxtuueckon

(amoctepuopHoii) omneHKkH TmorpemHocty Metojga Cumrcona. C  MOMONIBIO
npaBuiaa PyHre MOXXHO TPUOIMKEHHO BBIYUCIUThL MHTETpPal C 3aJaHHOMN
TOYHOCTBIO €. Hy’kHO HauaTh ¢ HekoTOporo 3HaueHus mara N u mocnenoBaTenBEHO
YMEHBIIIATh 3TO 3HAYEHUE B JIBa pasza, KaXIbId pa3 BBIUUCIAS MPHUOIMKEHHOE
3HaueHue wuHTerpaia. [lpomenypa mnpekpamaercsi, KOrja pe3yJabTaThl JIBYX
TIOCJICTYFOIIMI BEIYMCIICHUH OyIyT pa3indaThCsl MEHBIIIE, YeM Ha € [5].

Ipumep 1. Hanucatp [porpammy BBIYHCJICHUSA OIPEAEIIEHHOTO
1
2
e " dx
UHTETpajia metoaoMm Cumrcona [1] (puc. 20).
0
%" Pascal ABC =n =R =
®aiin MNpaeka Bug Mporpamma Cepeuc MomMowe
DEeE® “© @ 3 E D wm X W WHE

Simpson.pazs | Pragram2. pas |
program method Simpsona; i
var a,b,k,x,z1,z2,s,eps,aper:real;
function f(x:real) :real;
begin
f:=exp(-sgr(x)):
end;
function Simpson(a,b,eps:real) :real;
var n,i,k:longint;
zl,z2,h,s,aper:real;
begin
writeln ('Beemure 3Hauenmd a,b');
writeln ('BeenuTe TOYHOCTE BHYUCIeHWUS') ;

m

4 T 3

Beoa aaHHE:

Crpoka: 13 CronBew; 5 Mporpamma BeiNeAHAETCA
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14/ Pascal ABC [E=N NoR <™

®aziAn Mpaeka Bug Mporpavma Cepeuc MoMowe
== =] © D s EH T X | W E
Simpson.pazs | Pragram2. pas |
read(a,b,eps); i
k:=1; n:=2%%k; h:=(b-a)/n; z2:=(f(a)+f(b))*(h/3);
repeat zl:=z2; k:=2*k;h:=(b-a)/(2*k); z2:=f(a)+f(b);
for 1:=1 to k do s:=s+f(a+(2*1-1)*h);
z2:=z2+4%s; s5:=0;
for 1:=1 to k-1 do s:=s+f(a+2*i*h);z2:=2z2+2%s; z2:=z2*h/3;
aper:=abs (z2-z1) /15;
writeln('npu n=',2%k:3," ', 'omubra="',"'',aper:10:8,"',I=",2z2:10:8);
until (abs(z2-zl)<eps)and (aper<eps);
Simpson:=z2; end; begin s:=Simpson (a,b,eps);
writeln ('3HadyeHue uHTeTpana=', s:9:5,' ','c TOYHCTBL',eps:13:10);
readln; end.

:=0;

w

1

4 1 2

Beoa aaHHE:

Crpoka: 24 CronBew 7 Mporpamma BeiNeAHAETCA

Puc. 20. IIporpamma peanuszannu Meroga CuMImcoHa

PesynpTaT paboThl MPOrpaMMBbl

[A¥) Pascal ABC == E=m==
@ain Mpaeka Bua Mporpamma Cepeuc TMomowe

== =] © D s EH T X | W E

+Simpson. paz | Pragram2. pas |

[ Tre—T 2 me—T%klres The—fl b lne =Te—(Fiat 1 FIAVVE T /2) -

BBenure =BHaueHMA a,b 0
BeeOgmMTe TOUHOCTB BHUMCIICHIA

0

1

0.0000000001

opr n= 4 ommbra=0.03459170,I=0.74685538

opr n= 8 ommbxa=0.00000195,1=0.74682612

opu n= 16 ommbra=0.00000012,T=0.7468242¢6

npr n= 32 ommbra=0.00000001,T=0.74682414

oprn n= 64 ommbra=0.00000000,I=0.74682413

opr n=128 ommbra=0.00000000,I=0.74682413

npr n=256 ommbra=0.00000000,I=0.74682413

SHadveHMe MHTeTpamna= 0.74682 c TouncTer 0.0000000000

4 1 2

Beoa aaHHEL: ||

Crpoka: 24 CronBew; 7 Mporpamma BeiNeAHAETCA

2. Bbluncienue onpeaejéHHOro nurerpaja B nporpamme SCILAB

Haubonee yHuBepcanbHas KOMaHJa BBIYUCIICHHS HHTETpasa OT (DYHKIIHUH

y=1(x) spisgercs: [ |, er J=intg(a, b, ).
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IIpumep 1. Berancnuth onpenenéHHblid HHTETPa

E KomaHaHoe okHo

Daiin Mpaeka Ynpaenenne WHerpymenter Cnpasxa

EEA00E 22X %@

-—>function y=£f(x), y=exp(-x~2), endfunction;

-->[I,er]=intg (0,1, f)
er =

8.291D-15

0.7468241

Puc. 21.Borunciienue onpeneaéHHOro uaTerpaia B cucreme Scilab

1
§ e dx
HMpumep 2. pyruycmurs ONpeNeNEHHBI HHTErpal -([ , Pa3sOMB OTpE30K

uHTerpupoBanus Ha 5 u 20 yacteit (puc. 22)

B KomanaHoe okHo

Daiin [paeka Ynpaenenwe WucTpymentel Cnpaska

FEl4E0 &2 B X ®O

—-->n=5; h=(b-a)/n;x=a:h:b;

—-—>y=exp (-x"2); Il=inttrap(x,V)
11 =

0.7443683

-—>n=20;h=(b-a) /n;x=a:h:b;y=exp (-x~2) ; I2=inttrap(x,y)
I2 =

0.7466708

Puc. 22 .Beruucnenue onpenenéHHoro nHTerpaia B cucreme Scilab
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Hpumep 3. Byyycnnre onpenenénHbil MHTerpan

TaOuIe! o opmysie Tpanenwmii [5](puc.23).

3aJlaHHBIA B BHUJE

X e—x2 X e—x2 X e—x2
e ¥ 1,000000 0,35 1]0,8847059 | 0,70 |0,6126264
o ¥ 0,99/5031| 0,40 |0,8521438| 0,75 |0,5697828
e ¥ 0,9900498 | 0,45 |0,8166865| 0,80 |0,5272924
e ¥ 09777512 0,50 |0,7788008 | 0,85 |0,4855369
I 0,9607894 | 0,55 |0,7389685| 0,90 |0,4448581
e ¥ 0,9394131| 0,60 |0,6976763| 0,95 |0,4055545
o ¥ 0,9139312| 0,65 |0,6554063| 1,00 |0,3678794

E KomanaHoe okHo

Paiin [paska Ynpae

EA=TENENE == -IFS

nerne  MHCTpymMeHTEl

Cn
| &

ans =

-—>inttrap(x,Vy)

0.7466708

-—>x=[0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55

-->y=[1 0.9975031 0.9900498 0.9777512 0.9607894 0.9394131

Puc. 23.Berunciienue onpeaeaéHHOro HHTErpaia, 3aJaHHoro B B e TaOmuIs! B cucreme Scilab

3. BapuaHTbI 3a1aHUIi 1)1l CAMOCTOSITEJILHON padoThI

3aganue 1. Beraucauts onpenenéHubiil maTErpai [5):

-2 .
a) mo GopMyse IPSIMOYTrOILHUKOB C TOYHOCTBIO & = 10~;

" -3
6) o opmyite Tpanemuii ¢ Tounoctsio € =1077;

-4
B) 10 opmyie Crumricona ¢ Tounocteio & =107,

1

X

——dx
L o 1+ X

2
8. Iln X - (1+ x)dx
1
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¢ X i j\&Jrldx
2. .SInZX 9. ] X2

4 x 15

- e X
3. )z 0 10. dx

3 X '([(1"‘)()3

1 1

s X X

—= dx ——dx
4 7 1+X 11! + X

2,5 x 1,5 X

€

S. 12 | ——dx

!(1+ X)* -[ + X

4. KoHTpoOJBbHBIE BONPOCHI

1. MOXHO ]I METOJAaMH TpaIelui W TMPSIMOYTOJIbHUKOB IOJTYYUTh TOYHOE
3HAYCHWE WHTETpaja?

2. O0s3aTeIbHO JIM yYacTOK HMHTETPHPOBAHUS pa3OMBaTh NMPU pead3aliiu
MeToza Ha 0oJiee MEJIKUE yJaCcTKHU ?

3. Iouemy dopmyna HbFOTOHAOICHOHHUIIA MOKET OKa3aThCsl HEPUTOTHOM IS

peaNbHOTO BBIYUCIICHHSI ONIPEACIIEHHOTO HHTErpajia?

Kak cBsi3aHbI 3a1a4M YUCIICHHOT'O HHTETPUPOBAHUS U HHTEPIIOJUPOBAHMS ?

B uém BeIpakaroTcst mpenmytnecTBa Gopmyiel Cumriicona mepes Gopmyioi

Tpanenui?

A
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