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IHosicuuTeNLHAA 3aNIUCKA

Vuebnas muciumiuHa OIL10 «YucneHHble METOABD» MNPUHAMIEKUT K
obmenpodeccuonansHOMy 1HKITY, (GopMHUpyeT O0a30BbIE yMEHUS JUIsl OCBOSHUS
BBITTYCKHUKOM MPO(ECCUOHATBHBIX KOMIICTCHITUH.

Meroanueckue yka3zaHus MO BBIMOJIHEHUIO MPAKTUYECKUX PabOT COCTaBIICHBI B
COOTBETCTBUM ¢ paboueld mporpammoirt yueOHoi mucuurimabl OI1.10 «Ywucnennsie
MeTOJIbD) paccunTanbl Ha 30 4acos.

[lenpt0 METONMYECKUX YKa3aHW 110 BBIMOJHEHUIO MPAKTHUYECKUX padoT
SBJIIETCSI OpraHu3alldsg MU yIpaBieHUe padoToi OOydaroImMXCSd HAa MPAKTHYECKUX
3aHATHUAX NPU U3YUCHUH TaHHOW y4eOHON AUCIUIUIMHBI.

Meroanueckre yka3zaHHs IO BBIIIOJIHEHHIO MPaKTUYECKUX paboT comaepxkar
oOIue TMONOXKEHUsS, TEeMAaTHKy MPaKTUYECKHX paldOT, COIEp)KaHHE MPAKTUYECKHUX
paboT u TpeOoBaHUS K 0O(DOPMIICHUIO OTUYETOB.

Meroanueckne yka3zaHus K KaxJoW MPaKTUUeCKOW paboTe BKIIIOYAIOT B ceOs
CJIEIYIONTUE DJIEMEHTHI: Ha3BaHUE TEMBI, LI€Tb 3aHSITHS, X0/ PadO0ThI, TEOPETUUECKYIO
4acTh, MPAKTUYECKYIO YacTh (YKa3aHUS 1O BBHIITOJHEHHUIO) U KOHTPOJIbHBIE BOIIPOCHI.
Metoauyeckue ykazaHusl COAEp)KaT MPaKTHYECKUE PadOThl, KOTOpPhIE O0ECIeUnBaIOT
dbopmupoBaHue 0a30BBIX YMEHHM W HABBIKOB HCIOJb30BAaHWS OCHOBHBIX YHCJICHHBIX
METOJIOB pEIICHUS] MAaTEMAaTUYECKUX 3aJ1a4, BEIOOpa ONTUMAILHOTO YUCICHHOTO METO/1a
JUISL pElIeHHs] TIOCTaBJICHHOM 3ajayd, JaBaTh MaTeMaTHYECKHUE XapaKTEePUCTHKU
TOYHOCTU UCXOJHON MHGOPMAIMK U OIEHUBATh TOYHOCTH IMOJYYEHHOTO YHUCIEHHOTO
pelieHus; pa3padaTbiBaTh aIrOPUTMblI U TPOTPAMMBbl ISl PEIICHUS BBIYMCIUTEIBHBIX
3a/1a4, YYUThIBas HEOOXOIUMYIO TOUHOCTh MOJYy4aeMOT0 pe3ybTara.

B npaktuyeckux paboTax, TPUBENCHHBIX B  JIAHHBIX METOJUYECKUX
pEKOMEHJAIUAX, COAep)KaTcsid Kak 3aJaHus C TMOAPOOHBIMH YKa3aHUSIMH K
BBITIOJIHEHUIO, TaK M 3aJaHus 0€3 anropurma padoThI.

Metoauueckue peKOMEHJAMKU TMpeAHa3HAuYCHbl I OOY4YaroIIUXCsi OYHOM
dbopmbl  o0yuenus cnenuanbHoctd 09.02.07 «MHbOpMaMOHHBIE CHUCTEMBI W
IPOTrPaAaMMHUPOBAHHE.

Meroanueckie peKOMEHJAIIMM HaIlpaBieHbl HAa TOBBIIMICHUE MOTHUBAIUH
oOydaroruxcst K u3ydeHuro ydeOHou mucturauabel OIL10 «YwucrieHHbIE METOIBI,
pa3BUTHE TUOKOTO JIOTUYECKOTO W MPOCTPAHCTBEHHOTO MBIIUICHUS OOyYaromuxcs,

pazBuUTHE MPO(HECCUOHATBHBIX KOMIIETEHIIUM.



TemaTuka NpaKTHYECKUX padoT

Homep Tema npakTuveckoi padoTbl KoJu-Bo
J1adopaTopHOi 4acoB
padoThI

1 Bpruncnenne — morpemiHocTel  pe3yiabTaTOB 2
apu(METHICCKUX JEHCTBUI

2 Otpaenenre KOpHEH HEIMHEHHOTO YpaBHEHUS C 2
OJIHOW MIEPEMEHHOMN

3 YTouHeHHEe KOpHEH METOJOM IOJOBHUHHOIO 2
JETCHUS

4 Pemenne  ypaBHeHHN ~ KOMOMHHpPOBaHHBIM 2
METOJIOM

5 Brruncnenne onpenenureneid merogom ['aycca 2

6 Pemenne cucreM NUMHEHHBIX anreOpanvyecKux 2
ypaBHeHu merogoM ['aycca

7 Pemenne cucreM JMHEHHBIX anreOpanvyecKux 2
ypaBHEHUIN METOJIOM UTEPALUU

8 Pemenne cucreM JMHEHHBIX anreOpanvyecKux 2
YPaBHEHHI METOJIOM 3EUIeIIst

9 CocraBneHue HHTEPHOJSILUOHHBIX  (opMyl 2
Jlarpanxa

10 CocraBiieHne HHTEPHOJSLUOHHBIX  (opmyl 2
Hprorona

11 Brrunciaenne nHTerpagsoB METOAOM Tpareui 2

12 Brruucienne nHTerpasioB METOA0M Mapadod 2

13 Boluucnenne wuHTErpasioB MetogoM MoHTe- 2
Kapno

14 Pemenne  auddepeHunanbHbIX  ypaBHEHUI 2
METOJIOM Diljiepa

15 Pemenne  auddepeHmanbHbIX  ypaBHEHHI 2
merosioM Pynre-Kyrra

UTOroO: 30




IIpakTuuyeckas padbora Ne 1

Tema: «BblunciieHre NOrPEIHOCTEN Pe3yJIbTATOB apuPMETHYECKUX AeHCTBHID)
Heap padoTbl: (opMUpOBaHME HABHIKOB BBIUMCICHUS TOTPEHIHOCTH pPE3YJIbTaTOB
apuPMETHICCKUX TCHCTBUM

Xon padoThI:
Teopernueckas yacThb
[IycTh @ — TOYHOE YMCIOBOE 3HAYEHHE HEKOTOPOW BEIMYUHBI
a* — M3BeCTHOE NPUOIMHKEHHOE 3HAUCHHE
BelIMUrHA A (a*)=|a-a*| Ha3pIBacTCs a0COJIOTHON MOTPEMIHOCTHI0 MPUOIKEHHOTO
yucia a*

BenuunHa 8(a*)=2(@") gazpIBaeTCa OTHOCHTEILHOI OTPEIHOCTBIO NPUOIMKEHHOTO
|a|

gucia a*

ar000€ gucimo A (a¥), Takoe, 4to A(a*)< A (a*) Ha3pIBaeTCA MpeAeIbHOI a0COII0THOM

NMOTPEeIIHOCTHI0 WM TPaHuLeld a0COJTIOTHOM MOTPEeIIHOCTH

mro6oe unciio § (a*), Takoe, 4o 8(a*)< § (a*), Ha3bpIBaeTCS MpeaeabHOM

OTHOCHTEJIHLHO MOTPENIHOCTHIO UM TPAHUIIE OTHOCHTEILHOI MOTPENIHOCTH
[Tpumep

OrnpenenuTh, KaKkoe paBEHCTBO TOYHEE: 19—120,818, J18=4,24.

Pemrenmne.
Haxoim f—1z0,81818...=a1*, VI8 ~4.2426.. .= a,*

[IpenenpHbIe aOCOIIOTHBIE TOTPEITHOCTH:
A (a:*) </|0.81818-0.818|=0.00019
A (a2*) <|4.2426-4.24/=0.0027
[IpenenbHbIE OTHOCUTEIBHBIE TOTPEIIHOCTH:
5 (a1*)=12e)=0,00024=0,024%
la|
5 (a2*)=3(,) =0,00064=0,064%

la," |

Tak kak ¢ (a1*)<¢ (a*), T0 19—120,818 SBJISICTCS 00JIee TOYHBIM.

Otset: °2=0,818
11

IIpakTnyeckasi 4yacTb
1) Onpenenuth, KAKOE PAaBEHCTBO TOYHEE.
2) CocTaBuTh OJIOK-CXEMY BBIMIOJIHEHHS TIEPBOTO MPAKTHYESCKOTO 3a/IaHHS.
3) CocTaBUTh MPOrPaMMY JJIsl BBITIOJIHEHHUS TIEPBOTO MPAKTUYECKOTO 3a1aHu.
4) PesynbTaThl 0)OPMUTH B BUJIE OTUETA MO J1TaOOpaTOpHOI paboTe (Ha JIUCTE

dopmara A4).
BapuaHtsl IIepBoe paBeHCTBO Bropoe paBeHCTBO
1 1220,583 V17 =4,12
1
2 5-0.833 J15=3,87
6
3 14=0,519 J14 =374
27
4 §=0,714 J12=3,46




5 1=0917 V24 =4,90
6 %0,889 V14 =3,74
! - =0,583 V325,66
8 11 0,001 J72=8,49
d 20,286 V265,10
10 % 0,733 J13=3,61
11 % 0,765 J23=4,90
12 % ~0,364 J7=2,65

13 33 0,385 J13=3,61
14 % 0,261 J31=5,57
15 > =0,652 V335,74

KoHTpOoIBHBIE BOITPOCHI
1. OnpeneneHve  YUCIEHHBIX  METOJIOB, AaOCOJIIOTHOM M OTHOCUTEIBbHOMU
ITOIPEIIHOCTEN.
2. ®opMymbl 1Jis1 BBIYUCICHUS MOTPEUTHOCTEH MPU BBIMOJHEHUU apU(METUYECKUX
JEUCTBUM.
Omnpenenenue 3Havamx nudp yucnia.
4. OmnpeneneHue BepHOU NU(PHI ynca.

w

IIpakTuyeckas padora Ne 2
Tema:«OTtaesieHne KOPHeH HEJIMHEHHOTO YPABHEHHS € OJIHOM MepeMeHHOI)
Heap padorbi: PopMUPOBaHME HABBIKOB OTIEIEHUS KOPHEW HEJIMHEWMHOTO YpaBHEHUS
Ha yKa3aHHOM IIPOMEXKYTKE € moMoipo OBM
Xoxa padorhr:
Teopernueckast 4acTb

[TopaBnstomee OOJBUIMHCTBO HEIMHEHHBIX ypaBHEHUH C OJHOW IEPEMEHHOM Ha
IIPAKTUKE PELIAIOTCS TOJIBKO YMCJICHHBIMH METOAAMM.

PemnuTe Takoe ypaBHEHHE — 3HAUYUT, YCTAHOBUTb, HMEETJIH OHO KOPHH, CKOJIBKO
KOpPHEHN Y HAWTHU 3HAYEHHUE KOPHEW C 3aJAHHON TOYHOCTBIO.

3ajaya 4YHMCIEHHOI'O HAaxXOXJEHHS JIEWCTBUTENBHBIX M KOMIUIEKCHBIX KOpHEH
ypaBHeHHsI F(X)=0 00BIYHO COCTOMUT U3 JABYX JTAIOB:

1) otraeneHue KOPHEH;

2) YTOYHEHUE KOPHEH.

st otnenenust kopHe MOkHO 3 (exkTuBHO ucmosib3oBaTh IBM, OCHOBBIBasCch Ha
TOM, 4TO, eciiu ¢yHKuus F(X) ompenencHa, HenmpepbIBHA 1 MOHOTOHHA HA HEKOTOPOM
orpeske [A, B] u F(A)*F(B)<0, To na otpeske [A, B] coaepuTcst KOpeHb ypaBHEHHUS
F(x)=0.



[Tpumep. C nomomipio 9BM otnenuts kopuu ypaBaenust COSX=0.1X Ha otpeske [1; 2]
c mwarom 0.1.
Pemenne
I'padpuuecknii cnocod oraesieHnsi KOpHel (0€3 MPOrpaMMHOI peaTu3anuu)

[Toctpoum B 01HOM cucTeMe KOOpAUHAT rpadpuku pyHKumid y= COSX u y=0.1X.

I'padukom GyHKIMM y= COS X SIBISETCS KOCUHYCOU/IA.

Ona npoxoaut uepe3 Touku (-z/2; 0), (0; 1), (=/2; 0)

®ynkuusa y=0.1X — nuHelHas, ee rpauKoM sIBIsSETCS
npsiMasi, Ipoxosiias uepe3 Hauaio KoopAauHat u Touky (10; 1) AN

Ha pucynke Buanm, 4to ypaBHeHue CoSX=0.1X umeer
TPH I€UCTBUTEIBHBIX KOPHS.

Ho HeoOxonuMo oTAenuTh KOpHU Ha oTpeske [1; 2].

A 3TOMY OTpPE3KY NPHUHAIIEKUT TOIBKO OJTUH KOPEHb.

[lo pucyHKy OH MpUHAIIEKUT OTpe3Ky : [1.3;1.5].

AHAJIUTHYECKHI 11000 OTAe/IeHUs1 KOPHeH (C MPporpaMMHOM peaJsin3anueil)

Bocrnonb3yemcst anropuTMOM OTHAEIEHUsI KOpHEN ypaBHeHus. [IpencrtaBuM ucxomgHoe
ypaBHEHUE B APYTrOM BHUJIE: IEPEHECEM BCE B JIEBYIO CTOPOHY: COSX-0.1x=0

[Mycts F(X)= cosx-0.1x.

bynem BeramcisTh 3HaYeHUs1 F(X), HauMHAs ¢ TOUKU X=1, TBUrasCh BIPABO C IIATOM
0.1.

Kak ToNbKO OOHapyKUTCS mapa COCEAHUX 3Ha4YeHUi F(X), MMEIOIMX pa3HbIe 3HAKH
(F(A)*F(B)<0), Tax COOTBETCTBYIONIWE 3HAUCHHUSA aprymMeHTa X (Tpeaplaymiee u
nocienyomiee) Oy1eM CUnTaTh KOHLIAMH OTPE3Ka, COAEPHKAIIEro KOPEHb.

Pe3ynpTaToM pelieHHus NMOCTAaBICHHOW 3afauyd OyAyT BBIBOJMMBIE Ha JUCIUIEH B
LMKJIE 3HAYEHUS [TapaMEeTPOB X1 U X2.

OnucaHHble JEUCTBUSA NPOU3BOAATCS A0 TE€X IMOp, MOKAa HE JOCTHUTHEM KOHIA

3aJIaHHOT'O OTPE3Ka, TO €CTh, IOKA X HE OyJIeT JOJIbLIE ABYX.
?hedite a. b. h

2

0.1

4_.4030230587E-01 3.4359612142E-01
3.4359612142E-01 2 _4235775448E-01
2.4235775448E-01 1.3749882862E-01
1.3749882862E-01 2.9967142898E-D2
2.9967142898BE-02-7.9262778335E-02
x1= 1.4000000000E +00

x2= 1.5000000000E+D0
—7.9262798335E-02-1 .8919952230E-01
—1.8919952230E-01-2.7884449430E-01
—2.9884449430E—01-4.0720209470E-01
—4.0720209470E-01-5.1328956687E-01

CremoBarennbHO, KOPEHb YPaBHEHUS NMTPUHAIJIEKUT OTpe3Ky [1.4;1.5]
IIpakTHyeckast 4acTb
3amava. C nomompbio DBM oTnenuTh KOPHU YKAa3aHHOTO YpaBHEHHUS (CMOTpETh B
TabJHIle) HAa yKa3aHHOM OoTpe3ke ¢ marom 0.1
1. CocraBuTh 0J0K-CXEMY M MPOTPaMMYy JUIsl pEIICHUS] YKa3aHHOW 3a]1auu
2. [IpowstmocTpupoBaTh CXeMaTUYECKH (TOCTPOUTH TPaUKK UCTIOIB3YyEeMBbIX (YYHKITHIA)
3. Pesynbrarsl opopMuTh B BUIe OTUETA 110 JIAOOpAaTOPHOU paboTe

BapuaHTsl YpaBHeHue OTtpe3ok
1 (0,2x)3=cos x [1;2]
2 x-10 sin x=0 [2;3]
3 Jax+7 =3 cos X [0;1]
4 X sin x-1=0 [1;2]




5 8 cos x-x=0 [1;2]
6 sin x-0,2x=0 [2;3]
7 10 cos x —0,1 x>=0 [1;2]
8 2 lg(x+7)-5 sin x=0 [0;1]
9 4 cos x+0,3 x=0 [1;2]
10 5sin 2x=+1-x [0:1]
11 2 x2-5=2% [2;3]
12 2*=10-0,5 x? [4;5]
13 4 x*-6,2=cos 0,6 X [1;2]
14 2*-2 cos x=0 [0;1]
15 In (x+5)=2cos X [0;1]
KOHTpOJIBHBIGBOHpOCI:I
1. Yro 3HauuT PCHINTDH HeJIUHENHOE YpPaBHCHHC C O,HHOﬁ HepeMeHHOfI YUCJICHHbIMHU

MeTomaMu?
2. HazoBuTe 3Tarbl pemieHus 3aa4i YUCICHHOTO HAXOXKICHHS NEHCTBUTEIBHBIX U
KOMILIEKCHBIX KopHel ypaBHenus F(X)=0.
3. Kakue mosjoxeHUss MaTeMaTHUYeCKOTO aHallM3a HWCIOJB3YIOTCA ISl OTACICHUS
KOpPHEW HEJIMHEMHOTO YPABHEHHUS ?
OO6ocHyiiTe cBOM BBIOOD oreparopa IuKIIa (Kakoro) Mpy COCTABICHUH MPOrpaMMBbl JJIsI
OT/IeJICHUs] KOpHe# HenmHeiHoro ypaBaeHus F(X)=0.

IIpakTnueckast padora Ne 3

Tema: «YTO4YHeHHE KOPHE YPABHEHUS METOIOM IOJTOBHHHOIO JeJICHU»
Henab padorsi: ®opMUpOBaHKNE HABBIKOB YTOYHEHUS KOPHEW HEJIMHEMHOIO ypaBHEHUS
METO/IOM ITOJIOBUHHOI'O JICTICHUS

Xox padoThi:
Teopernueckast 4acTb
[TopaBnsitoniee OOJIBIIMHCTBO HENMHEWHBIX YPAaBHEHHM C OJHOW MEPEMEHHOM Ha
MIPaKTUKE PEIIAIOTCS TOJBKO YHCIEHHBIMHM METOIAMM.

PemnTh Takoe ypaBHEHHE — 3HAYUT, YCTAHOBUThH, HMEETJIM OHO KOPHH, CKOJIbKO
KOpPHEW U HAWNTHU 3HAYCHHUE KOPHEH C 3aJaHHON TOYHOCTBIO.
3ajaya YUCIEHHOTO HaXO0XKACHUS ACHCTBUTENBHBIX U KOMIUIEKCHBIX KOPHEH ypaBHEHUS
F(X)=0 00OBIYHO COCTOUT U3 JBYX ITAIOB:

3) otraeneHHe KOPHEH;
4) yTOYHEHHE KOPHEH.
B nanpHeiem Oyaem nojiarath, YTO KOPHU YK€ OTICIICHBI.

JUis BBIYUCIIEHUS OTAEJIEHHOTO KOpHA OyaeM HCHOib30BaTh Memoo OeleHus
nonoam, Ha3bIBAEMbBIN TaKKE MemoooM OuceKyull UiIu Memooom OUXOmoMuu.

On cocrout B ciuenytomieM. JlomycTum, 4TO yaalioch HaWTH OTpe3ok [a,b], Ha
KOTOPOM PacIoJIOKeH OJIMH KOpeHb. B kauecTBe Ha4aJlbHOTO MPUOIMIKEHUSI K KOPHIO
npuHMMaeM cepeauHy storo orpeska: xO=(a+b)/2. Jlamee wucciemyem 3HaueHMe
¢ynxuu f(x) na konnax orpeskos [a,xO] u [x@,b], To ects B Toukax a, X@, b. Tor u3
OTPE3KOB, Ha KOHIaX KOTOporo f(X) mpuHUMAaEeT 3Ha4Y€HUsI Pa3HbIX 3HAKOB, COJEPKHUT
MCKOMBIN KOPEHb; TO3TOMY €r0 MPUHUMAEM B KaU€CTBE HOBOT'O MCCIIETyEMOr0 OTpE3Ka.
Bropyto monoBuHy oTpeska [a,b] He paccmaTpuBaeMm (Tak Kak KOpHS Tam Her). B
Ka4yeCTBE MEPBOT0 NPUOIMKEHUS K KOPHIO MPUHUMAEM CEpENHY HOBOT'O OTpe3Ka U T.1.



[Tocne kaxxmoro mpuOIMKeHHs (UTEpaIi) OTPE30K, Ha KOTOPOM PACIIOI0KEH KOPEHbD,
yMEHBILAETCs BABOE, TO €CTh HocJie k-oif utepauuii on cokpamiaercs B 2X pas.
Matematruecku (OpMyIIBI METOA JIETICHUS MTOTIONIaM MPEACTABIISIOTCS

(03 | 200
(m_ (o am_ @ th
a =a.b =b.x = 5
(k) (k) (k)
(R &l ,ﬁC.ﬂHf(ﬂ )f(-x )'::0
¥ uHaue,
(k) (k) (&)
b(;;ﬂj_ b ,ﬁCﬂHf(a )f(x )EO
¥ uHaue,
[ &+ [ &+
sn_@ 0 o)
CJIeTYIOITUM 00pa3oM: 2

IIpakTH4eckas 4yacTb
1) C nmomomnipio 9BM yTOYHHTE KOPHU YpaBHEHUS U3 MPAKTUIECKOM paboThl No2
(CMOTpETH TabIIHIy) METOIOM HOJIOBUHHOTO JIEJIEHHs ¢ TOYHOCTBIO 107,
2) CoctaBuTh OJOK-CXEMY BBITIOJTHEHHUS TIEPBOTO MPAKTHYECKOTO 33 JaHHS.
3) Pesynbrarhl 0hOpMHUTH B BUJE OTUYETA 0 JJaOOPATOPHOM padoTe.

BapuanTsl YpaBHeHHE
1 (0,2x)*=cosx
2 X-10 sin x=0
3 J4x+7 =3 cos X
4 X sin x-1=0
5 8 cos x-x=0
6 Sin x-0,2x=0
7 10 cos x 0,1 x>=0
8 2 lg(x+7)-5 sin x=0
9 4 cos x+0,3 x=0
10 5 sin 2Xx=+1—x
11 2 X2-5=2%
12 27=10-0,5 x?
13 4 x*-6,2=cos 0,6 x
14 2%-2 cos x=0
15 In (x+5)=cos x

KoHTpoapHBIE BONTPOCHI
Kaxkoe emni€ Ha3BaHMe HOCUT METO/I ITIOJIOBUHHOTO ACJICHUS?
N3noxure cyTh METOAA.
OT yero 3aBUCHUT, KOTJa MPeKpaIiaTh NpoIecc MOJOBUHHOTO JICJICHUS?
KakoBbl hopMysipl HAXOXKICHHS CEPEIUHBI OTPE3Ka U TIOTPEIITHOCTH BHIYMCIICHHUS
KOpHS ypaBHEHUS?

PO

IIpakTuyeckas padora Ne 4
Tema: «PemieHue ypaBHeHUiI KOMOMHMPOBAHHBIM METOA0M))
Heab padoTbl:hopmuposanue ymenut npuMeHsms YucieHHble Memoobl 0Jis peuleHus
HeUHEUHbIX YPABHEHUT



Xoa pa6oTbi
Teopernueckast 4acTb

Unes wMeroma XopA COCTOMUT B TOM, 4YTO MOXHO C  M3BECTHBIM
NPUOIMKEHUEMIOMMYCTUTh, YTO (PYHKIMS Ha JIOCTaTOYHO MajJoM OTpe3ke [a; b]
U3MEHSETCSl MPAKTUYECKU JTMHEHHO, ToT/a KpuByI0 y = f(X) Ha 3TOM OTpe3ke MOKHO
3aMEHUTh XOPJOHW WB KauecTBe MNPUOIMKEHHOTO 3HAYECHHS] KOPHS MPUHATH TOYKY
nepeceueHust Xopasl cochbio abcuuce (pucyHok 5). [loctpoum rpaduk Gynknum y = f(X)
Ha y4JacTke [a; b].

HNctunnabiii kopeHb ypaBHeHus f(x)=0 ecTh aOciucca TOUkM A, SBISIONICHCS
TouyKoMIepeceueHus: kpuBoit MM' ¢ ocbto abcuucc. 3ameHuB kpuByto MM' xoppoii
MM',MBI TIpMEM B KauecTBE MPHUOIMKEHHOTO 3HAYEHHs] KOpHA aldciuccy Touku B, B
KOTOPOH XOp/a MEPECEKAETCS C OChIO.

Memoo Hvtomona (kacamenvhvlx)

[Tycth kKOpens ypaBHeHus f(x)=0 otaenen Ha oTpeske [a; b], mpuuem f '(X) uf "(x)
HEMPEPBIBHBI U COXPAHSIOT ONpeAeNiCHHbIC 3HAKU MPH a <X < b .

Meton HploTOHa »SKBUBaJICHTEH 3aMeHE HEOOJbIION Jyru KpuBod y=f(X)
KacaTeJIbHOM, MPOBEJACHHONW B HEKOTOPOU Touke KpuBoi. [lycTh ansa onpenenenHoctu,f
"(x) >0, npu a<x <b u f(b)>0 (pucynok 7). Betoepem, x0=b, nnsa koroporof (x0 ) f
"(x0 ) > 0. IIpoBenem kacatenbHyto kK kpuBoit y=f(x) B Touke BO(x0; f(x0)). Bkauecte
nepBoro mnpuOmbKeHus X1 KOpHA BO3bMEM aOCIMCCY TOYKH TEPECEUCHUSITON
KacarenbHOM ¢ ocbio OX.

Yepes touky BI(x1; f(x1)) cHoBa mpoBeneMm KacaTeabHYIO, aOCIUCCa TOYKH
NEepPECEUCHHs] KOTOPOM, 1acT HaM BTOpPO€ MPUONMKEHHE X2 KOpHS U T.1. O4yeBHUIHO,
yToypaBHeHUekacaTeapHoM By — f(xn ) =f'(xn )(x —xn ).

[Tonarasaf (xn )nt+1 = xn — f'(xn ) . 3ameTum, yTo ecau moyoxuTh X =a u, £ (x0 ) f
"(x0 ) <0, mpoBens kacatelbHYIO K KpuBo# y=f(X) B Touke A(a; f(a)), Mbl moTy4nu Obl
TouKyx 1, Jiexainyro BHE oTpe3ka [a; b], T.e. mpu 3TOM BBIOOpE HAYATBLHOTO 3HAYCHUS
Metos, HploTOHAa OKa3bIBaeTCs HEMPaKTUYHBIM. TakuMm o0pa3oM, B JIaHHOM Cllydae
«XOPOIINMY» HaudaJbHBIM MpuOImKeHrueM X0 sSBISETCS TO, JJII KOTOPOTO BBIMOIHEHO
paBenctBo f (x0 ) f"(x0)>0.

PaccMoTpeHHBIC BBIIIE METOJA XOPJA M METOJ| KacaTelIbHBIX JAl0T MPHUOIUKEHUE
KOpHSI C Pa3HbIX CTOPOH, MPUYEM TaKOW XapakTep MPHUOIUKEHUS UMEET MECTOBCET/a,
3HAYUT BBITOJIHO MPUMEHSITH 00a crocoba OJHOBPEMEHHO, Oiarogaps 4eMyyTOYHEHUE
KOPHSI MOXKET OBITh MOJTYy4YeHO ObICTpEE.

OrpaHnyeHus, HATOKCHHBIC Ha (DYHKITUIO M OTPE30K MHTEpPBAJa M3OJISIINH,IA0T
HaM YeTbIpe BO3MOXKHBIX CIIydasi, KOTOpbIE JIerye BCero paccMorpeTh rpaduuecku: f'(x)
>0; f"(x)>0; f'(x) > 0; f"(x) <0 (pucyHOK 8); aHAIOTMYHO MOKHOPACCMOTPETh
ciyyau f'(x) <0; f"(x)>0u f'(x) <0; f"(x)<O0.

OrpannuuMmcs paz00poM MEPBOrO Ciydyas, OCTAIbHBIE CIIy4al pPacCMaTpUBAIOTCS
aHAJIOTUYHO, TPUYEM XapaKTep BBIYMCICHHH JIETKO IOHATH W3 COOTBETCTBYIOIIHUX
YyepTexkeH, a caMu CIIydyau MOXHO CBECTH K IMEPBOMY, €CJIM 3aMEHUTh pacCMaTpUBaeMoOe
ypaBHeHue f(x)=0 paBHOcuIbHBIMU eMy ypaBHeHUsIME: —f(X)=0 wnu+ £ (—z) = 0, rae z
=—X.

Ecnmu momyctumasi abCcoOTHAsT TMOTPEITHOCTh MPUOIMKEHHOTO 3HAYEHUST KOPHS
XN 3aj7laHa 3apaHee W paBHA € , TO MPOIECC CONMKEHUS MPEKPAIIAETCs B TOT MOMEHT,
Korja Oyaetr oOHapy>KeHo, 4TO Xn — Xn< € .

IIpakTHyeckasi 4acTb



1) C momomipto DBM pemmTh ypaBHEHUS M3 TPAKTUYECKOH padoTer No2
(cMOTpeTh TabIIHIly) KOMOMHUPOBAHHBIM ¢ TOYHOCTBIO 107,

2) CocTaBHTh OJOK-CXEMY BBIIOJIHEHHS IEPBOTO MPAKTHYECKOTO 3a[aHHSI.

3) Pesynbrarhl 0hOpMHUTH B BUJEC OTUETA 110 Ja0OPATOPHOM padoTe.

Bapuantsl YpaBHeHHE
1 (0,2x)3=cosx
2 X-10 sin x=0
3 J4x+7 =3 cos X
4 X sin x-1=0
5 8 cos x-x=0
6 Sin x-0,2x=0
7 10 cos x 0,1 x>=0
8 2 lg(x+7)-5 sin x=0
9 4 cos x+0,3 x=0
10 5 sin 2X=+1-x
11 2 X2-5=2%
12 27*=10-0,5 x?
13 4 x*-6,2=cos 0,6 x
14 2%-2 cos x=0
15 In (x+5)=cos x

KoHTpOoIBHBIE BOITPOCHI
1. B ueM 3akmrovaeTcs uaest MeToaa XOpa?
2. Wznoxute cyTh MeTO/a KacaTeIbHBIX.
3. OT yero 3aBUCHUT, KOTrJia MpeKpaIiaTh MpoIecc HAXOXICHUS KOPHEH ypaBHEHUS
KOMOMHHPOBAHHBIM METOA0M?

IIpakTuyeckas pad6ora Ne 5
Tema: «Boruuciaenue onpeaeaureaen meroaom I'ayccay»
LHeas padoTbi:hOpMUPOBAHNWE HABBIKOB BBIYMCIICHHS OMPEISIUTENCH METOJIOM
['aycca, 3akperjieHHE€ HaBBIKOB COCTABJICHHUS OJIOK-CXEM, pabOThl C  SI3BIKOM
IpOrpaMMHUPOBAHUS

Xoa padboTbi
Teopernueckast 4acTb

Meton T'aycca BbIUMCICHHS ONpENEIUTENII OCHOBAaH Ha TOM, UTOOBI
AJIEMEHTAPHBIMU TIPEOOPa30BAHUAMU CTPOK MPHUBECTH COOTBETCTBYIOIIYIO MATPHUILy K
BEPXHETPEYTOJbHOMY  BHUJIY M BOCHOJIb30BAaTbCS  CBOWCTBOM  OINPEHCIUTENS
BEPXHETPEYTOJIBHON MaTPHUIIBL.

K snemMeHTapHBIM OTHOCSTCS CleAyIoue npeoOpa3oBaHus CTPOK:
NePECTAaHOBKA CTPOK (IIPU ITOM ONPEIETUTENb MEHSET 3HAK);
— mnpubaBiIeHUE K OJHOM CTPOKE MATPHUIIBI JPYrod CTPOKH, YMHOKEHHOW Ha YHCIIO
(Ipu 3TOM OMpEeAEAUTENb HE MEHSETCS).
IIpakTHYyeckast YacThb

1) Ucnonw3ys meton ["aycca, BBIYUCIUTE ONPEIEIIUTENb;
2) CocTaBUTh 0JIOK-CXeMY BBIUHCICHHS ONpeaeIuTes MeToaoM ['aycea;



3) CocraBuTh mporpaMMmMy Ha S3bIKE€ [POTPAMMHUPOBAHHS JJII  BBIYUCIICHHUS
onpenenurens metonoM ['aycca.
Howmep Howmep
BAPUAHT 3ananue BAPHAHT 3ananue
a a
3.21x, —4.25X, + 2.13x, = 5.06 0.71x, +0.10x, + 0.12x, = 0.29
1 7.09x, +1.17x, —2.23x, = 4.75 9 0.10x, +0.34x, —0.04x, = 0.32
0.43x, —1.4x, —0.62x, =-1.05 0.12x, —0.04x, + 0.10x, = -0.10
0.42x, —1.13x, + 7.05%, = 6.15 0.34x, —0.04x, +0.10x, = 0.33
5 1.14x, — 2.15x, —5.11x, = -4.16 10 —0.04x, +0.10x, +0.12x, = —0.09
—-0.71x, + 0.81x, — 0.02x, = -0.17 0.10x, + 0.12x, + 0.71x, = 0.28
2.5%, —3.12x, —4.03x;, = -7.5 0.12x, —0.43x, + 0.14x, = -0.17
3 0.61x, +0.71x, — 0.05x, = 0.44 11 —0.07x, +0.34x, +0.72x, = 0.62
—1.03x, —2.05x, + 0.877x, = —1.16 1.18x, —0.08x, —0.25x, =1.12
7.09x, +1.17x, — 2.23x, = —4.75 1.17x, +0.53x, —0.84x, =1.15
4 0.43x, —1.4x, — 0.62x, = -1.05 12 0.64x, —0.72x, —0.43x, = 0.15
3.21x, — 4.25x%, + 2.13x, =5.06 0.32x, +0.43x, —0.93x, = —0.48
1.14x, —2.15x, —5.11x, = —4.16 0.66x, —1.44x, —0.18x, =1.83
5 —-0.71x, + 0.81x, —0.02x, = -0.17 13 0.48x, —0.24x, + 0.37x, = —0.84
0.42x, —1.13x, + 7.05%, = 6.15 0.86x, +0.43x, + 0.64x, = 0.64
0.61x, +0.71x, — 0.05%;, = 0.44 0.82x, +0.43x, —0.57x, = 0.48
6 —1.03x, —2.05x, + 0.87x, = -1.16 14 —0.35x, +1.12x, — 0.48x, = 0.52
2.5x, —3.12x, —5.03x, = 7.5 0.48x, +0.23x, + 0.37x, =1.44
3.11x, —1.66x, —0.60x, = —0.92 1.6x, +0.12x, +0.57x, = 0.18
7 —1.65x, +3.51x, —0.78x, = 2.57 15 0.38x, +0.25x, —54x, = 0.63
0.60x, +0.78x, —1.87x, =1.65 0.28x, +0.46x, —1.12x, = 0.88
0.10x, +12x, —0.13x, = 0.10
8 0.12x, +0.71x, + 0.15x, = 0.26
—-0.13x, +0.15x, +0.63x, = 0.38
KoHTpoJibHbIE BONIPOCHI
1. Onwummute cyTh MeTOAa ["aycca /Ui BBIYUCICHUS ONPeIeIUTENs MaTPULIbI?

no

Kaxkue nmpeoOpazoBanus onpeneauTesi Ha3bIBAIOTCS AJIEMEHTAPHBIMU ?

3. OnuimurTe, 4YTO B BalleM MOHUMAHUU HA3bIBACTCS BEPXHETPEYTOJIBHBIM BUIOM
MAaTPHIIbI

IIpakTuyeckasi pa6ora Ne 6
Tema: «Pemenue cucreM JHMHEHHbIX YpaBHeHU MeToaoM I'aycca»



Heabr pabGorbl: ¢opmupoBanue HaBbikOB pemeHusi CJIAY  wmeromom [aycca,
3aKpeIJIeHWEe  HABBIKOB  COCTaBJCHMS  OJOK-cxeM, paboThl € SI3BIKOM
IPOrpPaMMHUPOBAHUS.
Xoxa paboThi:
Teoperuuyeckasi 4acThb
3aoanue. Vicnons3ys cxemy ['aycca, pemuTh cucTeMy ypaBHEHUN C TOYHOCTBIO
1o 0.0001.

0.14x, +0.24x, —0.84x, =1.11
1.07x, —0.83x, + 0.56X, = 0.48
0.64x, +0.43x, —0.38x, = —0.83

Penienue.
Bpruucnenns: npou3BoauM MO CXeME €IUHCTBEHHOTO JICJICHUS:

KoaddummenTst mpu .

HEH3BECTHBIX CB0OOOTHBIC WICHBI > > (HeBs3KHM)
X3 X7 X3

0,14 | 0,24 | -0,84 1,11 0,65 0,65 -0,00099
1,07| -0,83 | 0,56 0,48 1,28 1,28 -0,00022
0,64| 043 | -0,38 -0,83 -0,14 -0,14 -0,00106
1 ]1,7143 6,0000 7,926 4,6429 4,6429 -0,00707
5 6-643 6’_98 -8,0036 -3,6879 -3,6879 0,01180
0.6672 | 3,4600 -5,9043 -3,1115 -3,1115 0,00346
1 2 6198 3,0040 1,3842 1,3842 -0,00443
1,7121 -3,9000 -2,1880 -2,1879 0,00050
1 -2,2279 -1,2780 -1,2779 0,00029
1 1 -2,2779 -1,2780 -1,2779 0,00029
-2,9636 -1,9639 -1,9636 | -0,00367
-0,6583 0,3416 0,3417 0,00095

Cronbert Z COJIEP)KUT KOHTPOJBHBIE CYMMBI, OIpEACIsieMble TI0 OO0IIeMy

TpaBIITy, CTOJIOCL ). ' — CTPOYHBIC CyMMBI, a CTONIOCL] & — HEBSI3KHU:

£1=0,14(-0,6583)+0,24(-2,9636)-0,84(-2,2779)-1,11=-0,00099;
£2=1,07(-0,6583)-0,83(-2,9636)+0,56(-2,2779)-0,48=-0,00022;
£3=0,64(-0,6583)+0,43(-2,9636)-0,38(-2,2779)+0,83=-0,00106;
X3~-2,2779+0,0003=-2,2776;
X2~-2,9636-0,0037=-2,9673;
X1~-0,6583+0,0010=-0,6573.
OtBet: X1~-0,6573; X2~-2,9673; X3~--2,2776.

IIpakTHyeckasi 4acThb

3aganme. 1) Mcnonb3ys cxeMy ['aycca, peluuTh CUCTEMY YPaBHEHHI € TOYHOCTBIO JI0
0.0001;
2) CocraBuTh OJIOK-CXEMY PEIICHHS CUCTEMBI ypaBHEHUI MeToioM ['aycca;
3) CocraBuTh TpOrpaMMy Ha S3bIKE NPOTPAMMHPOBAHUS ISl PEIICHHUS CHCTEMbI
ypaBHeHUs MeToaoMm ['aycca.

Howmep

3ananue

Howmep

3ananue




BapHaHT BapHaHT

a a
3.21x, — 4.25x, + 2.13x, = 5.06 0.71x, +0.10x, + 0.12x, = 0.29

1 7.09x, +1.17x, —2.23x, = 4.75 9 0.10x, +0.34x, —0.04x, = 0.32
0.43x, —1.4x, —0.62x, = -1.05 0.12x, —0.04x, +0.10x, = -0.10
0.42x, —1.13x, + 7.05%; = 6.15 0.34x, —0.04x, +0.10x, = 0.33

5 1.14x, — 2.15x, —5.11x, = -4.16 10 —0.04x, +0.10x, +0.12x, = —0.09
—-0.71x, + 0.81x, — 0.02x, = -0.17 0.10x, +0.12x, + 0.71x, = 0.28
2.5%, —3.12x, —4.03x, =-7.5 0.12x, —0.43x, +0.14x, = —0.17

3 0.61x, +0.71x, —0.05x, = 0.44 11 —0.07x, +0.34x, +0.72x, = 0.62
—1.03x, —2.05x, + 0.877x, = -1.14 1.18x, —0.08x, —0.25x, =1.12
7.09x, +1.17x, —2.23%, = -4.75 1.17x,+0.53x, —0.84x, =1.15

4 0.43x, —1.4x, —0.62x, = -1.05 12 0.64x, —0.72x, —0.43%, = 0.15
3.21x, —4.25x%, + 2.13%, = 5.06 0.32x, +0.43x, — 0.93x, = -0.48
1.14x, — 2.15x, —5.11x, = -4.16 0.66x, —1.44x, —0.18x, =1.83

5 —0.71x, + 0.81x, —0.02x, = -0.17 13 0.48x, —0.24x, +0.37x, = -0.84
0.42x, —1.13x, + 7.05x, = 6.15 0.86x, +0.43x, + 0.64x; = 0.64
0.61x, +0.71x, —0.05x, = 0.44 0.82x, +0.43x, —0.57x, = 0.48

5 —1.03x, — 2.05x, +0.87x, = -1.16 14 —-0.35x, +1.12x, —0.48%, = 0.52
2.5% —3.12x, - 5.03x, = 7.5 0.48x, +0.23x, + 0.37x, =1.44
3.11x, —1.66x, —0.60x, = -0.92 1.6x, +0.12x, +0.57x, = 0.18

7 —-1.65x, +3.51x, —0.78x, = 2.57 15 0.38x, +0.25x, —54x, = 0.63
0.60x, +0.78x, —1.87X, =1.65 0.28x, +0.46x, —1.12x, = 0.88
0.10x, +12x, —0.13x, = 0.10

8 0.12x, +0.71x, + 0.15x, = 0.26

—0.13x, +0.15x, +0.63x, = 0.38

o o1

KoHTpoJsibHBIE BONIPOCHI
4. Kakue npsiMble METO/Ibl PEIICHUS CUCTEM alNreOpandecKux JTMHEHHBIX YpPaBHEHUI
BbI 3HaeTe?

Kakoe em€ Ha3Banue Hocut merof ['aycca?
Kak Ha3bIBaeTcs cxema, B KOTOPYIO JJisi yJ00CTBa BHOCATCS BCE BBHIYMCICHUS T10

paccMaTpUBa€MOMY METOY PELICHUSI CUCTEM YPaBHEHHIT?
7. OOBsicHUTE CYTh MPSIMOTO X0/1a MeToAa ["aycca.

IIpakTnueckasi padora Ne 7
Tema: «PenieHne CUCTEM JIMHEHHBIX AJIre0pandecKuxX ypaBHeHUd MeTOI0M
UTepaALUuN»



Heanr pa6orsi: ¢GopmupoBanue HaBeIKOB pemieHuss CJIAY wmetomom wurteparui,
3aKpeIJIEHHEe  HABBIKOB ~ COCTaBJICHHS  OJOK-CXeM,  pabOThl € SI3BIKOM
IPOrpaMMHUPOBAHUSL.
Xoxa paboThi:
Teoperuuyeckasi 4acThb
3amanue. MeTo10M UTEpALMI PEIINTH CUCTEMY JIMHEUHBIX YPABHEHHUM C TOUHOCTBIO 10
0,0001, mpeaBapUTEIbHO OIEHUB YUCIIO HEOOXOIUMBIX JIJISI 3TOTO I1aroB
X, = 0.32x, —0.05x, + 0.11x, — 0.08x, + 2.15
X, = 0.11x, + 0.16x, — 0.28x, — 0.06x, —0.83
X, = 0.08x, —0.15x, + 0.12x, + 0.16
X, = —0.21x, +0.13X, —0.27x, + 0.44

Pemennue.
Uucno maros, JaOMKUX HABEpHSAKA OTBET ¢ TOYHOCTBHIO 10 0,001, ompenmennm c
MTOMOILBIO COOTHOILIEHHUS

k+1
x=x¥ < A 1e <0001
1-[Al

3nech A, =max{0.56; 0.61; 0.35; 0.61}<1; 3HAYUT, UTEPALOHHBIN POLIECC CXOIUTCSL.
|F|,=2,15. Nmeem
0.61

2,15<0.001
0.001-0.39
0.61k+1< 215

(k+1) 1g 0.61<-3+1g 0.39-1g 2.15
S -3+1.5911-0.3324 3.7413

K+1 = =175
1.7853 0.2147

k>17

Briuncnenus pacnosiaraeM B Ta0JuIIe:
k X1 X X3 X4
0 2.15 -0.83 1.16 0.44
1 2.9719 -1.0775 1.5093 -0.4326
2 3.3555 -1.0721 1.5075 -0.7317
3 3.5017 -1.0106 1.515 -0.8111
4 3.5511 -0.9277 1.4944 -0.8321
5 3.5637 -0.9563 1.4834 -0.8298
6 3.5678 -0.9566 1.4890 -0.8332
7 3.5700 -0.9575 1.4889 -0.8356
8 3.5709 -0.9573 1.4890 -0.8362
9 3.5712 -0.9571 1.4889 -0.8364
10 3.5713 -0.9570 1.4890 -0.8364S

CX0oauMOCTb B TBHICSYHBIX JIOJISIX UMEET MECTO YKe Ha JECATOM Iare.
OtBeT: X1~3,571; X2~-0.957; X3~1.489; X4~-0.836.
IIpakTHyeckasi 4acTb
1. Peminth 3a1a4y:
3amaya. Metoqom uTepanuii pelnTh CUCTEMY JIMHEUHBIX YPABHEHUN C TOYHOCTHIO 10
0.001, mpeaBapuTEIbHO OLIEHUB YHCIO HEOOXOIWMBIX IJisg 3TOro maroB. CocTaBbTe




mporpaMmMy Ha HM3BECTHOM BaM S3bIke mporpammupoBanus s pemeHust CJIIAY
yKa3aHHBIM METOJIOM.
2. CocTaBuTbh 0JI0K-CXEMY
3. OpopmuTh oTHUET
Kpamxkuii arcopumm pewenus 3adauu

1. BBox (Wiau nprcBavBaHUE) SIIEMEHTOB MaTPHUIIBI A — BIOKCHHBIN UK fOr..

2. BBoj (uiu nmpucBanBaHKE) 3JEMEHTOB CTOJ0IA CBOOOHBIX YICHOB — IMKII fOr..

3. Haxoxnaenue HOpMbI MaTpulibl A (eciu HOpMa IiepBas, TO CYMMHPOBaHUE
AJIIEMEHTOB CTPOK U 3aT€M HaXOXKJIEHHE OOJIBIIETO U3 YEThIPEX Yncen)

4. IlpoBepka Ha CXOAMMOCTb MUTEpAaLMOHHOrO Ipouecca (Hopma A<l), eciim A>1,
BBIBECTH Ha dKpaH «IIpormecc ureparum pacXoauTcs» U 3aKOHYUTH padOTy MPOTPaMMBbI
(151 3TOTO MOXKHO MCTOJIb30BaTh MeTKy 1 GOTO)

5.  Haxoxpaenue HOpMBI CTOI0Ia CBOOOTHBIX WICHOB (OOIbIIIEE U3 YETHIPEX YHCEI)

6. Iloxmcuer K (umcna urepanuii A TOCTHKCHUS TIOCTABJICHHONW TOYHOCTH, TO €CTh
KOJIMYECTBO IIAroB B IHUKJIE) IO GopMyIIe

K=(In(0.001) + In(1-nopma mampuysr A ) -

In ( Hopma_cmonbya_ceo600nvix_unenos ) ) /In (nopma _mampuyer A ) - 1

7. BpiObop nyneBoro npuOIMmKeHUs: (HAIOMUHAIO, YTO B METOJIE UTEpAIUU YAOOHO
3a HyJIEBOE MPUOJIMKEHUE BBIOUPATh CTOJIOEI] CBOOOIHBIX YJICHOB), TO €CTh, HAIPUMED,
x[i]=Db[i]

8.  BrbruuciieHue nepBoro NpuOINKEHUs MyTEM MMOJICTAHOBKU B CUCTEMY HYJIEBBIX
NpUOIMKEHUH, HalTpUMeEp,

y [1]:=a[1,1]*x[1]+a[1,2]*x[2]+a[1,3]*x[3]+a[1,4]*X[4]+b[1];

y [2]:=a[2,1]*x[1]+a[2,2]*x[2]+a[2,3]*x[3]+a[2,4]*Xx[4]+b[2];

y [3]:=a[3,1]*x[1]+a[3,2]*x[2]+a[3,3]*x[3]+a[3,4]*x[4]+b[3];

y [4]:=a[4,1]*x[1]+a[4,2]*x[2]+a[4,3]*x[3]+a[4,4]*Xx[4]+b[4];

9. 3amoMuHaHWE TEPBOTO MPHUONIKEHUS IS TIOJCTAHOBKH IIPU BBIYMCICHUHU
BTOPOTO, JIJISl 3TOTO UCTIOIB3YHTE MepenpucBanBanue, Harpumep X [1] =y [ 1]

10. eticTBus 8, 9 3aKIIOYNUTH B TEJIO IIUKJIA

11. Coo6mmTh pe3yabTaT MOJb30BaTEIIO

Bapuanr | 3aganue Bapuanr | 3aganue

1 9
X, = 0.23x, -0.04x, +0.21x, -0.18x, +1.24 x, = 0.19x, -0.07x, +0.38x, - 0.21x, - 0.81
X, = 0.45x, - 0.23x, +0.06x, —0.88 X, =-0.22x, +0.08x, +0.11x, + 0.33x, - 0.64
X, = 0.26X, +0.34x, -0.11x, +0.62 X, =0.51x, -0.07x, +0.09x, -0.11x, +1.71
X, = 0.05x, -0.26x, +0.34x, -0.12x, -1.17 X, = 0.33x, -0.41x, -0.21

2 10
X, = 0.21x, +0.12x, - 0.34x, - 0.16x, - 0.64 X, = 0.22x, -0.11x, +0.31x, + 2.7
X, = 0.34x, -0.08x, +0.17x, -0.18x,+1.42 X, = 0.38x, -0.12x, +0.22x, -1.5
X, = 0.16x, +0.34x, +0.15%, - 0.31x, - 0.42 X, = 0.11x, +0.23x, -0.51x, +1.2
X, = 0.12x, -0.26x, - 0.08x, +0.25x, +0.83 X, =0.17x, -0.21x, +0.31x, - 0.17

3 11
x, = 0.32x, -0.18x, +0.02x, +0.21x, +1.83 x, =0.07x, -0.08x, +0.11x, - 0.18x, - 0.51
X, =0.16x, +0.12x, +0.14x, +0.27x, - 0.65 X, = 0.18x, +0.52x, +0.21x, +1.17
X, = 0.37x, +0.27x, - 0.02x, - 0.24x, +2.23 X, = 0.13x, +0.31x, -0.21x, -1.02
X, = 0.12x, +0.21x, - 0.18x, +0.25x, -1.13 X, = 0.08x, -0.33x, +0.28x, -0.28




4 12
X, = 0.42x, —0.52x, +0.03x, +0.44 x, = 0.05x, —0.06x, - 0.12x, + 0.14x, - 2.17
X, = 0.31x, - 0.26x, - 0.36x, +1.42 X, = 0.04x, - 0.12x, + 0.68x, + 0.11x, +1.4
X, = 0.12x, +0.08x, - 0.14x, - 0.24x, —0.83 X, = 0.34x, +0.08x, — 0.06x, +0.44x, - 2.1
X, = 0.15x, -0.35x, - 0.18x, -1.42 X, = 0.11x, +0.12x, -0.03x, - 0.8

5 13
x, = 0.18x, -0.34x, -0.12x, + 0.15x, -1.33 x, = 0.08x, -0.03x, -0.04x, -1.2
X, = 0.11x, +0.23x, - 0.45x, + 0.32x, +0.84 X, = 0.51x, +0.27x, -0.08x, +0.81
X, = 0.05x, -0.12x, +0.14x, - 0.18x, -1.16 X, =0.33x, -0.37x, +0.21x, - 0.92
X, = 0.12x, +0.08x, +0.06x, +0.57 X, = 0.11x, +0.03x, +0.58x, +0.17

6 14
X, = 0.13x, +0.23x, - 0.44x, - 0.05x, +2.13 X, = 0.12x, —0.23x, +0.25x, - 0.16x, +1.24
X, = 0.24x, -0.31x, +0.15x, -0.18 X, = 0.14x, +0.34x, - 0.18x, +0.24x, - 0.89
X, = 0.06x, +0.15x, -0.23x, +1.44 X, = 0.33x, +0.03x, +0.46x, - 0.32x, +1.15
X, =0.72x,—0.08x, - 0.05x, + 2.42 X, = 0.12x, -0.05x, +0.15x, - 0.57

7 15
x, =0.17x, +0.31x, - 0.18x, + 0.22x, -1.71 X, = 0.23x, -0.14x, +0.06x, - 0.12x, +1.21
X, =-0.21x, +0.33x, +0.22x, + 0.62 X, = 0.12x, +0.32x, -0.18x, -0.72
X, =0.32x, -0.18x, +0.05%, - 0.19x, - 0.89 X, = 0.08x, —0.12x, +0.23x, +0.32x, - 0.58
X, = 0.12x, +0.28x, - 0.14x,+0.94 X, = 0.25x, +0.22x, +0.14x; +1.56

8
X, = 0.13x, +0.27x, - 0.22x, - 0.18x, +1.21
X, =-0.21x, -0.45x, +0.18x, -0.33
X, = 0.12x, +0.13x, - 0.33x; +0.18x, —0.48
X, = 0.33x, —0.05x, +0.06x, - 0.28x, - 0.17

KoHTpobHbIE BONPOCHI
1. Kakue HenpsiMble METOAbl PEIIEHUS CHCTEM alreOpanyeckux JIMHEHHBIX
YPaBHEHUH BbI 3HAETE?
UTo 03HAYAET CIOBO «UTEPALIUS»?
Yro BbIOMpaeM 3a HyJIeBOE MPUOIMKEHUE PELIEHUSI CUCTEMBI?
KakoBo ycnoBue CXOIMMOCTHM HWTEPAIMOHHOIO MPOLECCa PEIICHHsS] CUCTEMBI
ypaBHEHUI?

W

IIpakTunyeckas padora Ne 8
Tema: «PemieHue cucTeM JIMHEHHBIX AJIre0pan4ecKuX ypaBHeHHH MeTOI0M
3eiigens
Hear padorbi: dopmupoBanue HaBbikoB pemieHuss CJIAY wmeromom 3eitaens,
3aKperieHne  HaBBIKOB ~ COCTaBJICHMS  OJIOK-CXeM,  pabOThl € SI3BIKOM
pOTrpaMMHUPOBAHUSL.
Xox paboThi:

Teopernuyeckasi 4acTh
3amanue. MetosioM 3eienst peliuTh CUCTEMY JTMHEUHBIX YPABHEHUN C TOYHOCTBIO JI0
10, I[IpeaBapuTENLHO IPOBEPUTE, CXOAUTCS JIM HTEPALUOHHBIN IIPOLIECC, U OLCHUTD
HEO0OXOMMOE TS IOCTHUKEHUS 3aTaHHON TOYHOCTH KOJIMYECTBO UTEPAIIUN

2y == 0,012 -0, 1525 —0, 2643,

%4=0,41—0,02x;-}-0,32x3 40,2113,
x3=e —0, 130,072 —0,04x5 - 0,20xa,




Pewmenue.

1. ITpoBeprM cHavana, CXOAUTCA JIM UTEPALMOHHBIN NPOLECC AJIS 3aJaHHOU
cucTeMsl. Jl1s 9Toro HalijeM nepByro HOpMY MaTpHIBI ||Al,

[ 0,00 0,15 —0,2
o=

Marpuna -
HEHM3BECTHBIX.

Ee nepeast Hopma |[A], <1, Tax Kax % I1 == max (0,42} 0,55 0,40) = 0,66

~0,02 0,32 0,21

L =007 —0.04 0'2_9]_ cocTaBieHa U3 KO3 PUIMEHTOB IPH

3HAYUT, polecc 3eiens cxoauTes.
2. Vicnionb3ys (popMyJTy JUIsl OLEHKH IIOIPEIHOCTH MeToAa 3eiiens
(X=xop < 28 xar_ xoy,
i—lah

OLICHUM HGO6XOIII/IMO€ JJI1 JOCTUXKCHU S 3aﬂaHHOﬁ TOYHOCTH KOJINYCCTBO I/ITepaHI/II?'I.

]_IJ-IH 9TOTI'0 3aa UM HYJICBOC HpI/I6JII/I>K€HI/I€ N BBIYHUCIIUM IICPBOC HpI/I6JII/I>KeHI/Ie, a
nepBas HOpMa MaTpULBl A yKe BBIUKMCIICHA.

3a HYJICBOC HpI/I6JII/I>KeHI/Ie IIpUMEM CTOH6€H CBO6OI[HBIX YJICHOB:

0
xl°’-[ : _o.'u]
—0,13

A nepBoe NpuOIMKEHHNE HAMIEM, UCTIONIBb3YsI HYJIEBOE U METOJ 3eiIens:
() =0.01.04-0,15+0,41 0,28 (=0, 13) =0, 0063,

o) 0,48 —0,02+0,0963 1-0,52.0,41 0,21 (=0, 13) = 0,5120,

A1) e, 130,074, 0953 0,04, 0, 512040, 29 ( ~0,}3) = —0, 1948

To ecTs,
f 0,053
x‘"=‘[- , 0.5120']
- L =0,1948
x‘“-x"”.—_-[ o.um] : -
VMeen L—oo0e8] 5 eery EXM X0, = 0,1120
ITo dbopmysie morpentHoCT METoAa ONpeeIsieM KOJIMYECTBO HEOOXOAUMBIX
utepanui K:
_, 0,55
_‘ g
0 <
10~4.0,45 < 0,55%.0,1120
—4 1g 104 180,45 < £ 18 0,556 1g 0, 1120,
'—4-0,3468 < & (0,259~ 0,9508)
4,3468
1,2104

To ecTh, JUTSl TOCTHIKEHUSI TOYHOCTH BhIUUCIeHU 107 1ocTaTOYHO HANTH
2

.0, 1120

k> =3,50

Xy @, 0121 40, E5xs—~0, 2613,
Xy=0, 41 "7‘0"02_31 -+0,32x4~-0,21x3,

3. Ucnonb3ys Gpopmyinpr ¥a=—0:13—0,07—0,04x+0.29%. pp1ypiciiieM BTOPOE, TPETHE
¥ YETBEPTOE IPUOIKEHHUS TI0 METOY ek aens
OtBeT: x1~0,1397; X,~0.5288; X3~-0.2267.
IIpakTHyeckas 4acrb
1. Pemuurh 3agauy:



3apauya. Metogom 3eliiens peluTh CUCTEMY JIMHEWHBIX YPABHEHUH C TOYHOCTBIO 10
0,001. TlpenBapuTenbHO MPOBEPUTH, CXOAUTCS JIU UTEPALMOHHBIN TPOLIECC, U OLIEHUTh
HE00X0AUMOE ISl IOCTHUKEHUS 3aJJaHHON TOYHOCTH KOJIMYECTBO UTEpaLlUi
2. CocTaBuTbh 0JI0K-CXEMY
3. OdopmuTs oTHUET

Kpamxkuii arcopumm pewenus 3adauu

1. BBox (Wiu nprcBavBaHUE) FIIEMEHTOB MaTPHUIIBI A — BIOKCHHBIN 1IHKIT fOr..

2. BBoj (uiu nmpucBanBaHKE) 3JIEMEHTOB CTOJ0IA CBOOOHBIX YICHOB — IMKII fOr..

3. Haxoxnaenue HOpMbl MaTpullbl A (eclid HOpMa IiepBas, TO CYMMHUPOBaHHUE
AJIIEMEHTOB CTPOK M 3aTE€M HaXOKJIECHUE OOJBIIEr0 U3 YEThIPEX YHCEN)

4. IlpoBepka Ha CXOAMMOCTb MUTEpAlMOHHOrO Ipouecca (Hopma A<l), eciim A>1,
BBIBECTH Ha dKpaH «IIpormecc ureparum pacXxoauTcs» U 3aKOHYUTH padOTy MPOTPaMMBbI
(11 3TOTO MOXKHO HCTOJIb30BaTh MeTKy 1 GOTO)

5. BpI0op HyneBoro npuOIMxKeHus (HamOMHHAKO, YTO B MeTozie 3eiiiens yaqoOHo 3a
HYJIEBOE MTPUOIMKEHNE BRIOMPATH CTOJI0EI] CBOOOIHBIX YJICHOB), TO €CTh, HAPUMED, X |
i]=b[i]

6. Brpiuncnenue nepBoro npuOMKEeHHUs MO GopMysaM, OINPEACISIONINM Ballly
cucTemy (omeparop NprucBavBaHusl, TOUHEE — YETHIPE ONepaTopa NpucBanuBaHuUs)

/. Bpluucnenue HOpMBI CTOJIONA, KOTOPBIM TOJIy4aeM Kak pa3sHOCTh MEXIY
HYJIEBBIM M TEPBBIM MPUOIMKEHUEM, TO €CTh CHayala B IMKJIE BBIYHCIIEM Pa3HOCTh
MEXy UTepalusiMu, a 3aTeM HaXO0JIMM HauOOJIbIlIee U3 YEThIPEX MOTyUYECHHBIX YUCENT:

fori=1to 4 do begin

e[i]:=x1[i] — xO[i];
If max< e[i] then max:= e[i]:
end;

8. Ioxacuer K (uuciia ureparuii 111 JOCTHKCHUS TIOCTABJICHHONW TOYHOCTH, TO €CTh
KOJIMYECTBO IIArOB B IIUKIIE) 1O (popMyie

K=(In(0.001) +In(1-rnopmal mampuywvr A ) -

In ( Hopma _cmonbya_pasznocmu_nepsozco _u_mnynesoeo npubauscenuti ) )/ In (
Hopmal mampuysl A )

9. Beruucienue K-x mpuOImKeHuit myreM nocTaHoBKU B cuctemy (K-1)-x
npUOIMKEHUH, HATIPUMED,

y [1]:=a[1,1]*x[1]+a[1,2]*x[2]+a[1,3]*X[3]+a[1,4]*x[4]+b[1];

y [2]:=a[2,1]*x[1]+a[2,2]*x[2]+a[2,3]*X[3]+a[2,4]*x[4]+b[2];

y [3]:=a[3,1]*x[1]+a[3,2]*x[2]+a[3,3]*x[3]+a[3,4]*x[4]+b[3];

y [4]:=a[4,1]*x[1]+a[4,2]*x[2]+a[4,3]*x[3]+a[4,4]*x[4]+b[4];

10. JeiicTBHEe 9 3aKIIOUNTH B TEJIO LIMKJIA

11. CoolumTh pe3yapTaT NOJb30BATEIIO

Bapuanr | 3aganue Bapuanr | 3ananue

1 9
X, = 0.23x, -0.04x, +0.21x, -0.18x, +1.24 x, = 0.19x, -0.07x, +0.38x, - 0.21x, - 0.81
X, = 0.45x, -0.23x, +0.06x, —0.88 X, = -0.22x, +0.08x, +0.11x, + 0.33x, - 0.64
X, = 0.26x, +0.34x, -0.11x, + 0.62 X, = 0.51x, -0.07x, +0.09x, -0.11x, +1.71
X, = 0.05x, -0.26x, +0.34x, - 0.12x, -1.17 X, =0.33x, -0.41x,-0.21




2 10
X, = 0.21x, +0.12x, - 0.34x, - 0.16x, - 0.64 X, = 0.22x, -0.11x, +0.31x, + 2.7
X, = 0.34x, -0.08x, +0.17x, -0.18x,+1.42 X, = 0.38x, -0.12x, +0.22x, -1.5
X, = 0.16x, +0.34x, +0.15%, - 0.31x, - 0.42 X, = 0.11x, +0.23x, -0.51x, +1.2
x, = 0.12x, -0.26x, - 0.08x, +0.25x, +0.83 X, =0.17x, -0.21x, +0.31x, -0.17

3 11
x, = 0.32x, -0.18x, +0.02x, +0.21x, +1.83 x, =0.07x, -0.08x, +0.11x, - 0.18x, -0.51
X, =0.16x, +0.12x, +0.14x, +0.27x, - 0.65 X, = 0.18x, +0.52x, +0.21x, +1.17
X, = 0.37x, +0.27x, -0.02x;, - 0.24x, +2.23 X, = 0.13x, +0.31x, - 0.21x, -1.02
X, = 0.12x, +0.21x, - 0.18x, +0.25x, -1.13 X, = 0.08x, —0.33x, +0.28x, -0.28

4 12
X, = 0.42x, —0.52x, +0.03x, +0.44 X, = 0.05x, —0.06x, —0.12x, + 0.14x, - 2.17
X, = 0.31x, - 0.26x, - 0.36x, +1.42 X, = 0.04x, -0.12x, + 0.68x, + 0.11x, +1.4
X, = 0.12x, +0.08x, - 0.14x, - 0.24x, —0.83 X, = 0.34x, +0.08x, —0.06x, +0.44x, - 2.1
X, = 0.15x, -0.35x, - 0.18x, -1.42 X, = 0.11x, +0.12x, -0.03x, - 0.8

5 13
x, = 0.18x, -0.34x, -0.12x, + 0.15x, -1.33 x, = 0.08x, -0.03x, -0.04x, -1.2
X, = 0.11x, +0.23x, - 0.45x, + 0.32x, +0.84 X, = 0.51x, +0.27x, -0.08x, +0.81
X, = 0.05x, -0.12x, +0.14x, - 0.18x, -1.16 X, =0.33x, -0.37x, +0.21x, - 0.92
X, = 0.12x, +0.08x, +0.06x, +0.57 X, = 0.11x, +0.03x, +0.58x, +0.17

6 14
X, = 0.13x, +0.23x, - 0.44x, - 0.05x, +2.13 x, = 0.12x, -0.23x, +0.25x, - 0.16x, +1.24
X, = 0.24x, -0.31x, +0.15x, -0.18 X, = 0.14x, +0.34x, - 0.18x, +0.24x, - 0.89
X, = 0.06x, +0.15x, -0.23x, +1.44 X, = 0.33x, +0.03x, +0.46x, - 0.32x, +1.15
X, =0.72x,—0.08x, - 0.05x, + 2.42 X, = 0.12x, -0.05x, +0.15x, - 0.57

7 15
x, =0.17x, +0.31x, - 0.18x, + 0.22x, -1.71 X, = 0.23x, -0.14x, +0.06x, - 0.12x, +1.21
X, =-0.21x, +0.33x, +0.22x, + 0.62 X, = 0.12x, +0.32x, -0.18x, -0.72
X, = 0.32x, -0.18x, +0.05x, - 0.19x, - 0.89 X, = 0.08x, —0.12x, +0.23x; +0.32x, —0.58
X, = 0.12x, +0.28x, - 0.14x,+0.94 X, = 0.25x, +0.22x, +0.14x; +1.56

8
X, =0.13x, +0.27x, -0.22x, - 0.18x, +1.21
X, =—-0.21x, -0.45x, +0.18x, -0.33
X, = 0.12x, +0.13x, - 0.33x; +0.18x, —0.48
X, = 0.33x, -0.05x, +0.06x, - 0.28x, - 0.17

KoHTpoJibHBIE BONIPOCHI

1

. Moaudukanueit Kakoro MeTojia sBJISICTCS MeTo I 3eiaes?

2. Kaxk BriOMpaem HyseBOe MPUOTIKEHHUE PEIICHUSI CUCTEMBI?

3. Korna 3akaH4unBaeTCsi HOCTPOSHUE UTEPALTUH?

4. KakoBoO ycIIOBHE CXOJMMOCTH TIpoliecca 3eiIerns peiieHus] CHCTEMbl YpPaBHCHUI ?

IIpakTuyeckas padora Ne 9
Tema: «CocraBiieHHe HHTEPNOJASIHUOHHBIX Gopmy.a Jlarpanxka»

Heanb padoTei: popMHUpOBaHNE HABBIKOB HAXOXKIEHUS MPUOTUAKEHHOTO 3HAUCHUS
(GYHKIIMM TpU JaHHOM 3HAYEHWU AapryMeHTa ¢ TOMOUIbI0 HHTEPHOJISLIUOHHOTO
MHorouseHa JlarpaHnxa, 3aKpeIuieHHe HaBBIKOB COCTaBJIEHUSI OJIOK-CXeM, paboOThI C
A3BIKOM MPOTPAMMHUPOBAHUS.

Xox padoThi:



Teopernueckasi 4acTb
3apnanmne. Haiith npuOmmkéHHOE 3HAYeHHWE (PYHKIMU TPU JaHHOM 3HAYEHUU
aprymMeHTa C MOMOIIbI0 MHTEPHOJSALUUOHHOrO MHorouieHa Jlarpanxka, ecnu QyHKIUS
3aJlaHa B HEPABHOOTCTOAIIUX Yy3JIaX TaOJUIIbI.

X y
0.05 0.050042
0.10 0.100335
0.17 0.171657
0.25 0.255342
0.30 0.309336
0.36 0.376403
Breranciutb 3HA4YCHUEC
dbynkimu f(X)=y(X) npu x=0.263.

Pemenne.MHuorousien Jlarpanxa uMeeT BUI:
L()=Y, (X=X%)..(x=x,) Y, (X=X )(X=X,)...(Xx=X,) i (X=X )(X=X;)-..(X =X, 1)
(Xo _Xl)"'(XO _Xn) (Xl_XO)(Xl_XZ)"'(Xl_Xn) (Xn _Xo)(xn _Xl)"'(xn _Xn—l)
Nnu cokpatieHHo:
n (X—XO)...(X—XH)(X—XM)...(X—Xn)

(0= iZ:O: g (% = %g)-- (6 = Xi_ ) (% = Xig)-- (X = X;)

Jlns co3manus mporpamMMBbl yI00HO MCIIOJIB30BaTh CIICAYIOIMIMI BU (DOPMYIIBI
Jlarpanxa:

n n
L, (x)= L » 11
n i=0 Ij=0 X“— X"
j#i
To ecTh HY’KHO HAUTH CYMMY MHOKHUTEJICH BUA
n

x-x,-

X =Xj
" I

Ifj-_—o X,'- X!'
j# i
X -Xj
U xaxxoe 3HaueHUE yi yMHOXKAETCS Ha MPOU3BEICHUE IPpOo0eH BUa X=X , IprUIeM
| HE TOJKHO PaBHATHCS |, TAK KaK B IPOTUBHOM CJIydae B 3HaMeHaTesIe JpOoOU MOTyIrM

JCJICHUEC HA HOJIb.
L, (0.263) = 0.050042

(0.263-0.10)(0.263 - 0.17)(0.263 - 0.25)(0.263 - 0.30)(0.263 - 0.36)
(0.05—0.10)(0.05 — 0.17)(0.05 — 0.25)(0.05 — 0.30)(0.05 — 0.36)
(0.263—0.05)(0.263 — 0.17)(0.263 — 0.25)(0.263 — 0.30)(0.263 — 0.36)
(0.10 - 0.05)(0.10 — 0.17)(0.10 — 0.25)(0.10 — 0.30)(0.10 — 0.36)
(0.263-0.05)(0.263 - 0.10)(0.263 - 0.25)(0.263 - 0.30)(0.263-0.36)
(0.17 —0.05)(0.17 — 0.10)(0.17 — 0.25)(0.17 — 0.30)(0.17 — 0.36)
(0.263-0.05)(0.263 - 0.10)(0.263 - 0.17)(0.263 - 0.30)(0.263 - 0.36)
(0.25—0.05)(0.25 —0.10)(0.25 — 0.17)(0.25 — 0.30)(0.25 — 0.36)
(0.263 — 0.05)(0.263 — 0.10)(0.263 — 0.17)(0.263 — 0.25)(0.263 — 0.36)
(0.30 — 0.05)(0.30 — 0.10)(0.30 — 0.17)(0.30 — 0.25)(0.30 — 0.36)
(0.263—0.05)(0.263—0.10)(0.263— 0.17)(0.263 — 0.25)(0.263 — 0.30)
(0.36 —0.05)(0.36 — 0.10)(0.36 — 0.17)(0.36 — 0.25)(0.36 — 0.30)
CnenosarenbHo, f(0.263)~ 0.269678.
Ortger: f(0.263)~ 0.269678.
IIpakTHyeckasi 4acTb
3ananme. Haittu npubmmkEHHOE 3HaYeHNE (DYHKITUU TIPH TAHHOM 3HAY€HUW apTyMEeHTa
C TOMOIIBI0 WHTEPHOAIUOHHOTO MHoroujieHa Jlarpamxka, ecnum (QyHKIMS 3a/JaHa B
HEPABHOOTCTOSIIUX y3/1aX HHTEPHOJIALINH.

+0.100335

+0.171657

+0.255342

+0.309336

+0.309336




1) coctaBUTh OJIOK-CXEMY IUIsl pEIIEHUsI IOCTABIICHHOM 3a/1a4un

2) HamMcaTh MPOTPaMMy JUIS PEIISHHs IMOCTABICHHON 3a/Ja4yil Ha W3BECTHOM BaM
A3BIKE IPOIPAMMUPOBAHUS

3) cocTaBUTH OTUET

4) OTBETUTHh Ha KOHTPOJIbHBIC BOIIPOCHI
BapuaHTbl K 3a1aHUIO BapuaHThl K 3a1aHUIO0
Bapuant 3ajanne BapuanTt 3ajanne
X Vi X X Vi X
0,43 | 1,63597 | 0,702 0,35 | 2,73951 | 0,453
0,48 |1,73234 0,41 |2,30080
1 0,55 | 1,87686 9 0,47 |1,96864
0,62 | 2,03345 0,51 |1,78776
0,70 | 2,22846 0,56 | 1,59502
0,75 | 2,35973 0,64 |1,34310
0,02 |1,02316 | 0,102 0,41 | 2,57418 | 0,478
0,08 | 1,09590 0,46 | 2,32513
2 0,12 |1,14725 10 0,52 |2,09336
0,17 |1,21483 0,60 |1,86203
0,23 | 1,30120 0,65 |1,74926
0,30 | 1,40976 0,72 |1,62098
0,35 | 2,73951 | 0,526 0,68 |0,80866 | 0,812
0,41 | 2,30080 0,73 | 0,89492
3 0,47 |1,96864 11 0,80 | 1,02964
0,51 |1,78776 0,88 | 1,20966
0,56 |1,59502 0,93 | 1,34087
0,64 |1,34310 0,99 | 1,52368
0,41 |2,57418| 0,616 0,11 | 9,05421 | 0,235
0,46 |2,32513 0,15 |6,61659
4 0,52 |2,09336 12 0,21 |4,69170
0,60 |1,86203 0,29 |3,35106
0,65 | 1,74926 0,35 | 2,73951
0,72 | 1,62098 0,40 |2,36522
0,68 | 0,80866 | 0,896 0,43 | 1,63597 | 0,645
0,73 | 0,89492 0,48 |1,73234
5 0,80 |1,02964 13 0,55 | 1,87686
0,88 | 1,20966 0,62 | 2,03345
0,93 | 1,34087 0,70 | 2,22846
0,99 |1,52368 0,75 | 2,35973
0,11 |9,05421 | 0,314 0,02 |1,02316 | 0,125
0,15 | 6,61659 0,08 | 1,09590
6 0,21 |4,69170 14 0,12 |1,14725
0,29 | 3,35106 0,17 |1,21483
0,35 | 2,73951 0,23 |1,30120
0,40 | 2,36522 0,30 | 1,40976
0,43 |1,63597 | 0,512 0,35 | 2,73951 | 0,482
7 0,48 |1,73234 15 0,41 |2,30080
0,55 | 1,87686 0,47 |1,96864
0,62 |2,03345 0,51 |1,78776




0,70 | 2,22846 0,56 | 1,59502
0,75 |2,35973 0,64 |1,34310
0,02 |1,02316 | 0,114
0,08 |1,09590
8 0,12 | 1,14725
0,17 |1,21483
0,23 |1,30120
0,30 |1,40976

KoHTpoJibHbIE BOPOCHI

1. Kakue cniocoOsI 3aganus GyHKITUN BBl 3HaeTe?

2. ChopmynupyiiTe MaTeMaTHUYECKyI0 IOCTAHOBKY 3a/ladyll HMHTEPHOIUPOBAHUS
byHKIUH.

3. B uém ornumume MexAy 3amadel HWHTEPIOJUPOBAHUS B Y3KOM CMBICIE U
IKCTPATIOTUPOBAHHSL.

4. Yto Takoe KOHEYHAs Pa3HOCTh IMEPBOTO TMOpPsAKA, KaKOBO €€ 0003HAaYCHHE C
MOMOIIbI0 MATEMATUYECKON CUMBOJIUKH?

IIpakTuyeckas pa6ora Ne 10
Tema: «CocraB/ieHue MHTEPNOJAUMOHHBIX (popmy.a HeroToHa))
Heab padoTbi: QopMHUpOBaHUE HABBIKOB HAXOXJICHUS MNPUOIMKEHHOTO 3HAYCHUS
(GYHKUMM OpU TAaHHOM 3HAYEHUW apryMEHTa C MOMOIIBI0 MHTEPHOJISUUOHHBIX (popMy
HploTOHa, 3aKkpemyieHHe HaBBIKOB COCTaBJIEHHUS OJIOK-CXeM, pabOThl C SI3bIKOM
IPOrpaMMUPOBAHMUS.
Xoxa padoThi:
Teopernueckast 4acTb
Tpebyercst onpenenutsh 3HaYeHUE (PYHKUMU MpPU 33JaHHOM 3HAUYEHUU apryMeHTa

x=1.2173

X y
1.215 0.106044
1.220 0.106491
1.225 0.106935
1.230 0.107377
1.235 0.107818
1.240 0.108257
1.245 0.108696
1.250 0.109134
1.255 0.109571
1.260 0.110008

CocTtaBuM TaOJIMIly KOHEYHBIX pa3HOCTEH. (151 KOHTpOJISI BBIYUCIICHUI 10OABUM K HEH
JIBE CTPOKH; B CTPOKE Y 3alMIIEM CyMMBI JIEMEHTOB CTONOLOB Ay, M A’y;, @ B CTPOKE

P — pa3HocTu KpallHUX 3HAYEHUN CTOJIOLIOB Yi U Ay, .

i Xi Yi Ay; Ay,

1 1.215 0.106044 0.000447 -0.000003
2 1.220 0.106491 0.000444 -0.000002
3 1.225 0.106935 0.0004442 -0.000001
4 1.230 0.107377 0.000441 -0.000002
5 1.235 0.107818 0.000439 0




6 1.240 0.108257 0.000439 -0.000001
7 1.245 0.108696 0.000438 -0.000001
8 1.250 0.109134 0.000437 0
9 1.255 0.109571 0.000437 —

10 1.260 0.110008 — —

> — — 0.003964 -0.000010
P — 0.003964 -0.000010 —

[Ipy BBIYKMCIEHUHM PA3HOCTEH OIrPAHUYMMCS BBIYUCICHUSIMHU PA3HOCTSIMU BTOPOTO
nopsiJiKa, TaK KaKk OHU TIpakTudecku noctostHHbL. [Ipu X=1.2173 nons3zyemcs popmynoi
HproTOHA 17151 THTEPIIOAMPOBAHUS BIEPE:

Py, 90D ey, 4 90002

0=(1.2173-1.215)/0.005=0.46
f(2.2173)~0.106044+0.46*0.000447+0.46*(-0.54)/2*(-0.000003)=0.106250.
Ortger: f(2.2173)~ 0.106250

ANy, *+..., tae g=(X-Xo)/h.

IIpakTnyeckasi 4acTb
1. BpruucauTe 3HaueHWe (QYHKUMM TpU  33JaHHOM 3HAYEHUU apryMEHTa,
UCITOJIb3YsI HHTEPIIOJISIUOHHYIO0 popMyiry HeroToHa

F(X)=yo+q Ay, + q(qz—l) Ny, + q(q—lgl(q—Z)

2. CocTtaBuUTh OTYET O MPOJCIAHHOW paboTe, BKIIOYAIOIIMN OJOK-CXeMy U
pOrpaMmy

3. IloaAroToBUTH OTBETHI K KOHTPOJIBHBIM BOIIPOCaM
Bapuanmei k 3a0anuro:

Ay, ..., tae g=(X-Xo)/h.

Tab6mauma Ne 1

X y Ne BapnanTa X
0.298 3.25578 1 0.302
0.303 3.17639 6 0.314
0.308 3.12180 11 0.325
0.313 3.04819 16 0.312
0.318 2.98755 21 0.321
0.323 2.91950
0.328 2.83598

Tab6mumia No 2

X y Ne BapuanTa X
0.593 0.532050 2 0.602
0.598 0.535625 7 0.615
0.603 0.540598 12 0.622
0.608 0.546235 17 0.601
0.613 0.550431 22 0.610
0.618 0.555983
0.623 0.559428

Tabmauna Ne 3

X y No Bapuanra X
0.698 2.22336 3 0.720
0.706 2.24382 8 0.740
0.714 2.26446 13 0.750
0.722 2.29841 18 0.761



0.730 2.32221 23 0.755
0.738 2.35164
0.746 2.38690
0.754 2.41162
0.762 244777
Tab6mauma Ne 4
X y Neo BapuanTa X
0.100 1.12128 4 0.115
0.108 1.13160 9 0.123
0.116 1.14594 14 0.130
0.124 1.15648 19 0.143
0.132 1.16712 24 0.150
0.140 1.18191
0.148 1.19689
0.156 1.21344
Ta6muma Ne 5
X y Ne Bapuanra X
0.235 1.20800 5 0.238
0.240 1.21256 10 0.261
0.245 1.22169 15 0.244
0.250 1.22628 20 0.272
0.255 1.23547 25 0.268
0.260 1.24933
0.265 1.26328
0.270 1.26795
0.275 1.27263
KoHTpoabHBIE BOITPOCHI
Kaxk Ha3bIBatOTCS TOUKHU Xo, X1, ..., Xn JUIS TAOYIHUpyeMOit (hyHKITUN?

Omuimre CBOMCTBA MATEMATUUYECKON TaOIUIIEL.

Kak monyuaercs opmyna p(X)=y+qA Yo ¥ Kak OHA Ha3bIBACTCS?

CkoNbKO BBl  3HAETE  MHTEPHOJALMOHHBIX  Qopmyn  Herootona s
PABHOOTCTOSIIIUX y3JI0B UHTEPIOJISIITUN ?

W

IIpakTuyeckas pa6ora Ne 11
Tema: «Bbluuc/IeHHEe HHTETPAJIOB METOI0M TPanenuin)
Hear paboTbi:popMUpOBaHNE HABBIKOB BBIYMCIICHUS WHTErpajioB M0 (opmysie
Tpamneuuii, 3aKperyieHWEe HaBBIKOB COCTAaBJICHHUSI OJIOK-CXeM, paboOThl C S3BIKOM
MPOrPaMMHPOBAHUS.
Xoxa padoThr:

Teoperuyeckas 4acThb
1.3

3axaua. Beruncnuts unrerpan I= I __ W
67V2x% +0.3
Pemienue. Brruncienne nHTErpanga npou3BoauM 1mo oomen Gopmyne tpanernuit |

< D o2y 2yt #2yistyo), e h=""2 =(1.3-0.7)/20=0.003

no ¢popmyie tpaneuuit npu N=20.

1

i—Y\Xi)J= —F—
Y=y V2% +0.3



xi=0.7+h (1=0, 1, 2, 3, ..., 20)
Bce pacuéTel mpuBeeHbI B Ta0IHIIE:

[ Xi X? 2x2+0.3 \2x2+0,3 Yo, Y20 Y illz, Y
19
0 0.7 0.49 1.28 1.1314 0.88386
1 0.73 0.5329 1.3658 1.1686 0.85572
2 0.76 0.5776 1.4552 1.2063 0.82898
3 0.79 0.6241 1.5482 1.2443 0.80366
4 0.82 0.6724 1.6448 1.2825 0.77973
5 0.85 0.7225 1.7450 1.3210 0.75700
6 0.88 0.7744 1.8488 1.3597 0.73546
7 0.91 0.8281 1.9562 1.3986 0.71501
8 0.94 0.8836 2.0672 1.4378 0.69551
9 0.97 0.9409 2.1818 14771 0.67700
10 1.00 1.0000 2.3000 1.5166 0.65937
11 1.03 1.0609 2.4218 1.5562 0.64259
12 1.06 1.1236 2.5472 1.5960 0.62657
13 1.09 1.1881 2.6762 1.6356 0.61140
14 1.12 1.2544 2.8088 1.6759 0.59669
15 1.15 1.3225 2.9450 1.7161 0.58272
16 1.18 1.3924 3.0848 1.7564 0.56935
17 1.21 1.4641 3.2282 1.7967 0.55658
18 1.24 1.5376 3.3752 1.8372 0.54431
19 1.27 1.6129 3.5258 1.8777 0.53253
20 1.30 1.6900 3.6800 1.9187 0.52129
> 1.40515 | 12.77022
Taxum obpaszom, 1=0.03/2(1.40515+12.77022)=0.40418 ~0.404
Otget:1~ 0.404

IIpakTHyeckast 4acThb
3aganue. Boruncaurs uHTEerpasa no popmyae rpaneunii npu n=20.
1. CocraButh 0J0K-CXEMY JJIS PEIICHUS TOCTABJICHHON 3a/1a4u
2. Hammcarp mnporpaMmy Ha  s3bIKE NPOTPAMMHUPOBAHMS I PEHICHUS
MMOCTABJICHHOH 3aJ1a4n
3. OdopmuTh OTUET O TIPOAEIAHHO JabopaToOpHOil paboTe
4. OTBETUTH HA KOHTPOJIbHBIE BOMPOCHI (YCTHO)

Bapuanrt 3amanue Bapuant 3amanue
L ¥ o 9 o
ojs 2x% +1 o'!.4 \m
2 2,7 dX 10 15 dX
J‘z x? +3,2 os V1+ 2x?
3 j dx 11 T dx
142X +1,3 X2 —1
4 12 gx 12 Y
o2 VX:+1 o'[—, X2 +2
5 Hodx 13 26 4x
0sV2X% +3 212\/x2+0,6




6 2 dx 14 22 g
OJ; 2+0,5x%° a3t +1
7 % dx 15 odx
1{1 3x? -1 osV X2 +4
8 2 dx 16 22 4
72 4/0,5+ x? JsX2+25

KoHTpOoIBpHBIE BOITPOCHI
CdopmynupyiiTe MOCTAaHOBKY 3a7ja4i YMCJIEHHOTO HHTErPUPOBAHUS
2. ONMILUTE METOJ MPaBbIX NPSIMOYTOJIBHUKOB Ul BBIYMCIECHUS IPUOINKEHHOTO
3HAYEHMsI OIIPEACIICHHOTIO HHTErpasa
3anuumute GOopMyiIy Tpaneuui Juis NpuOIMKEHHOTO BRIUYMCIICHUS HHTETpaa.
4. Onuumre aaropuTM METoJa Tpaneuuil 1j1sl BBIYUCIECHUS TPUOIMKEHHOTO
3HAYEHHUs OIIPEEIICHHOTO UHTErpaa.

=

w

IIpakTuyeckas padora Ne 12
Tema: «BbluucjieHre HHTEIPAJIOB METOAOM napadoJn»
Ilenv pabomwi: Gopmuposanue HABLIKOG GLIYUCTIEHUS UHMESPANIO8 NOo Qopmyne
Cumncona, 3akpenieHue HABLIKOG COCMABAEHUS ONOK-CXem, pabomvl C A3bIKOM
npoOZpamMMUupOBaHUsL.
Xoxa padoThi:
Teoperuyeckasi 4acThb

16 .-

| 2x—-21

3agayva. Berancauts unTerpain |= J-—sm( ZX 1 £
o X0+

OIIEHUTH MOTPEIIHOCTh PE3yJIbTaTa, COCTABUB TAOIHMIly KOHCUHBIX Pa3HOCTEH.
Penienue.
CornachHo yciosuio N=8, mostomy h=(b-a)/n=(1,6-1,2)/8=0,005. BeraucaurenpHas
dbopmyra umeeT BUJ

= 2 (Yot+dy1+2y,+4ys+2ys+4ys+2ystayrtys),

—u(y. :sin(2xi =21
raeyi=y(Xi) —Xi2+1
xi=1,2+ih (i=0, 1, 2, 3, ..., 8)

Boruucnenne 3HaueHuit (QYHKIMH, a TaKXKe CIOKEHHE 3HAuYeHUU (YHKIIUH,

dxmo ¢opmyne Cumncona npu N=8;

MMEIOIINX OJIMHAKOBBIE KO PUITMEHTHI B (popMmyIie, TPOU3BOANM B TaOIHUIIE:

I Xi Yo, Ys Y1, Y3, Y5, Y7 Y2, Y4, Yo
0 1,20 0.1211

1 1,25 0.1520

2 1,30 0.1782
3 1,35 0.2000

4 1,40 0.2176
5 1,45 0.2312

6 1,50 0.2410
7 1,55 0.2473

8 1,60 0.2503
> 0.3713 0.8305 0.6368




Crenosarensso, |~ 222 (o 3714+4*0.8305+2*0.6368)= %*4 9670~0.88278.

JIJist OILIEHKH TOYHOCTH MOJIYYEHHOTO PE3yJIbTaTa COCTABUM TaOJIUIy KOHEUYHBIX
Pa3HOCTEN YETBEPTOIO MOPAIKA:

i i AYi A%y A%y; Ay
0 0.1211 0.0309 -0.0047 0.0003 -0.0001
1 0.1520 0.0262 -0.0044 0.0002 0.0000
2 0.1782 0.0218 -0.0042 0.0002 0.0000
3 0.2000 0.0176 -0.0040 0.0002 0.0001
4 0.2176 0.0136 -0.0038 0.0003 -0.0001
9) 0.2312 0.0098 -0.0035 0.0002
6 0.2410 0.0063 -0.0033
7 0.2473 0.0030
8 0.2503
Tax kax max| A 4yi|=0.0001, To ocTaTO4HBIA YIeH (OPMYJIbI
Roor< 2= max| 4 4y; = 24700001 5 6000003
0 180

Boluucnenuss mpou3BOJIMUIUCH, C YETHIPbMSI 3HAYalUMU IUdpamMu, a MOTOMY
BEJIMYMHA OCTATOYHOIO YJICHA HA MOTPEITHOCTh HE BIIHSIET.

[TorpemHoCTh BBHIYUCICHUN MOYKHO OIICHUTH U3 COOTHOIIICHUS
Al=(b-a) max|a4y;|<0.4*0.0001<0.00005.

3HAYUT, TIOJTYICHHBIC YETHIPE ACCATUIHBIX 3HAKA BEPHEI.
Ortset: 120,0828.

IIpakTH4yeckas 4acThb

3aganue.Borunciute uHTerpan mo Qopmyne Cumicona mnpu N=8; OIEHUTH
MOTPEIIHOCTh PEe3yIbTaTa, COCTABUB TAaOIUITy KOHEYHBIX Pa3HOCTEH.

1. CoctaBuTth OJOK-CXEMY ISl pEIICHUS TTOCTaBICHHOM 3a/1a4n

2. Hammucarp mporpaMMmy Ha  sI3bIK€  MPOTPAMMHUPOBAHUSL  JUJIST  PEIICHHUS
IIOCTaBJICHHOM 3aJlauH

3. OdopMUTH OTYET O TIPOJIETAHHON JabopaTOpHOIl paboTe

4. OTBETUTH HA KOHTPOJIbHBIE BOMPOCHI

Bapuant 3amanue Bapuant 3amanue
1 2 9 12 _
j 9(x+2) 4x j(2x +0,5) sinxdx
1,2 X
2 2.4 10
[ (x+1) sinx dx J'Md
da 1+2x°
3 1 2 11 0,98
[190) gy S X g
g X" +1 os X+1
4 1,4 12 0,18
| COS X ix [Vx+1cos(x?)dx
0,6 X+ 1 0,2
5 1,2 13 3
Iﬁcos(xz)dx Ixz Ig x dx
0,4 1,4
6 1,2 - 14 2,2 2
.[ sin( 22x) dx .[ I9(X" +2) 40
os X s X+ 1




7 lj‘e lg(x* +1) dx 15 1‘fcos(xz) dx

038 X o4 X+1

8 1,2 16 16
[ 2% dx [ (x? +1) sin(x-0,5)dx

O]4x+2 o8

KoHTposbHbIE BOTPOCH

1. Omnummre Metoxa napados s HaX0XKICHUS TPUOIMKEHHOTO 3HAYCHHUS
OIpEICIEHHOT0 UHTErpaia

2. Yto ucmonb3yeTcs B Ka4eCTBE HHTEPIOJSIIMOHHOTO MHOTOUJICHA TIPH BBIBOJIE
dopmyner Cumncona?

3. Kaxkosa opmyna mapado: st HaXOKASHUS TPUOINKEHHOTO 3HAYCHUS
OIpEJICIICHHOTO WHTErpaja, YeMy paBHO h B hopmyie?

4. 3anummute o0mIyio (GopMyIity Tpamenui, Kak OHa Moxy4aercs?

IIpakTnueckas padora Ne 13
Tema: «Bbruucienue uaTerpagos meroaom Mounre-Kapiio»
Ilenv pabomwr: GopMHpOBaHNWE HABBIKOB BBIYMCIICHHS] MHTETPAIIOB MeTOIO0M MoHTe-
Kapno, 3akperieHue HaBBIKOB COCTaBJE€HUSI OJIOK-CXeM, pabOThl C  SI3BIKOM
IPOTrPaMMHUPOBAHUSL.
Xox padoThI:
Teoperuyeckasi 4acThb

[IporpammHas peanuzanys METOJ0B YUCJIEHHOT'O UHTETPUPOBAHUSA
[IpeAyCMaTPUBACT  IIOJy4YEHUE CYMMBI, KOJIMYECTBO CJIaraéMblX B  KOTOPOU
OIIPENIENSAETCS YNCIOM TOUEK pa30MEeHUs HHTEpBaJla UHTETPUPOBAHUS.

B mpakTHYecKMX DOPWIOKEHUSAX 4YacTO IPUXOJUTCS BBIUHUCIATH 3HAYCHHE
Kpamublx WHTErpasnoB. KpaTHbII MHTErpan BbUUCHSAETCS A8 (YHKIUUM MHOTHUX
NEPEMEHHBIX 10 3aMKHYTOW OrpaHMYEHHOW MHOTOMEpPHOM o0siacTd. BrruucnurenbHas
CXEeMa IIPXU ATOM B OCHOBHOM COXPAHSETCS: MHTEPBaJl, COOTBETCTBYIOIINN HU3MEHEHUIO
KOKJIOM  MepeMEHHOW BHYTPU  00JIaCTH  MHTErpUPOBaHUs, pa30uBaeTcs Ha
(bUKCHPOBAHHOE YMCJIO OTpe3koB. Takum 00pa3oMm, 3amaercs pazOueHue o0JacTu
WHTETPUPOBAHUSL HA ONPENEIEHHOE YHUCIO 3JIEMEHTAPHBIX MHOTOMEPHBIX OOBEMOB.
Bbluncnstorcss 3HaueHUsl MOABIHTETPAIbHOM (PYHKUMHU JUJISl TOYEK, B3ATHIX MO OJHOMU
BHYTPH KaX/10T0 3JIEMEHTAapHOTr0 00beMa, U OJyYEeHHbIE 3HAUYEHUSI CYMMUPYIOTCS.

JIerko MOHATH, YTO NPU YBEIUYEHUM KPATHOCTH HMHTETpalia YUCJIO CIAraéMbIX
oueHb ObIcTpo Bo3pactaer. [lycThb, Hampumep, Mbl pa3dUBaeM HHTEPBAJ HU3MEPEHUs
KaXJO0M MEpEMEHHON Ha JECITh YacTed. Toraa s BBIYMCICHUS TPOMHOIO MHTETpasa
IPUAETCS BBIUUCIATH CYMMY NPHUMEPHO ThICSYM ciaraemsbIX. s Beraucienus xe 10-
KpaTHOIO MHTerpaja MoTpedyeTcs CyMMa, KOJMYECTBO CllaraéMblX B KOTOPOH
ompenensgerca uucnom 10, Berumcnenne Takoil CymMMBI 3aTPYIHUTENBHO IaXe Ha
OBICTPOJCHCTBYIOIIMX cOBpeMeHHbIX OBM. B Ttakux cutyauusx s MOJydeHUs
3HAQYEHUSI MHTErpajia MpPEeANoOYTUTENIbHEE HCIOIb30BaTh MmeTon Monte-Kapio. Otot
METOJ TMpU HAXOXKIACHUU PEIICHHUS 3aJa4d MCIOJIb3YET CJAy4YalHble BeJHMYHHBI.
3HaueHHe MCKOMOM BEJIMYUHBI OMpENENsieTCs B pe3yJibTare CTaTUYECKOl 00paboTKu
JAHHBIX, TIOJIYYEHHBIX MPU 3TUX UCTIBITAHUSX.

B ocHOBe OILIGHKM HCKOMOIO 3HayeHusi HHTerpana |nexuT u3BecTHoOe
COOTHOILEHHUE:

I:ycp'a,




re Y., —3HaueHue MOABIHTETPaIbHON (YHKLIHUU B HEKOTOPOM «CpeaHel» TOuKe
00JIaCTH MHTETPUPOBaHUS, a 0 — (MHOTOMEpHBIN) 00beM O00JIACTH HHTETPUPOBAHMSL.
[Ipu 3TOM, KOHEUHO, MPEANOIAraeTcs, YTo NoAbIHTerpagbHas GyHKuus (0003HaUuM e
F) menpepsiBHa B oOjacTu MHTErprpoBaHus. Beibepem B 3Toi obOjacTtu N ciaydaHBIX
touek M; . IIpu nocratouno 00bIIOMN TPUOTMHKEHHO MOKHO CUUTATH:

1 n
yCP = HZF(Mi)'

To4HOCTB OLICHKH 3HAYECHUS MHTErpaia METOJ0M Momnte-Kapno
MPONOPLUHMOHAJIBHA KBAJIPAaTHOMY KOPHIO M3 4YHUCJIAa CIy4alHbIX MCOBITAHUM U HE
3aBUCUT OT KpaTHOCTM UHTerpaia. LIMEHHO mMO3TOMYy MpPUMEHEHUE METOoJia
1eJeCO00pa3HO Ji BBIUMCIEHUS HMHTETPajioB BBICOKOM  KpaTHOCTH. PaccMmoTpum

b
MPOCTEUIINM CIIy4ald WHTErpalia: | :I f(x)dX. B srom ciiydae 0 = b-a ¥ paBEHCTBO
a

MPUHUMAET BU/I;
b-—ag

= — Z F (Xi )
L

r7ie Xi— cJaydaifHble TOUKH, JIexaiue B uHTepBaie [a;b]. Jlns nomydeHus takux
TOYEK Ha OCHOBE IIOCIIEOBAaTEIbHOCTA CIy4YaWHbIX TOYEK X; , PABHOMEPHO
pactipeneneHHbIx B uHTepBaie [0;1], J0cTaTOUHO BHITIOTHUTH IPEOOpPa30BAHUE:
Xi=a+{m-2a)-Xi
IIpakTnyeckasi 4acThb
3aganue. Ha ocHOBE HaHHBIX TEOPETUYECKUX CBENEHUN COCTABUTH IPOTrPaMMy
HAaXOXJICHUSI MHTErpasia merogoM Monte-Kapno, BKOTOpON HMCXOIHBIMU 3HAYEHUSIMU
ABJISIIOTCSL  TIPEACNIBl  MHTETPUPOBAHUA, KOJHWYECTBO CIYYalHBIX HCOBITAHUN I
koHkpeTHo# dyHkuuu N=10, 20, 30. CpaBHUTE MOTyYEHHbIC 3HAYCHUSI HHTErpaja.
1. CocraButhb 0J0K-CXEMY JJIS PEIICHUS TOCTABJICHHON 3a/1a4u
2. Hammcarp mnporpaMmy Ha  s3bIK€ NPOTPAMMHUPOBAHMS  JUIL  PEHICHUS
IIOCTaBJICHHOM 3aJlauH
3. IlpoTtectupoBarh mporpamMmy W HaWTH 3HaueHue mHTerpana mis n=10, 20, 30.
3anucatrh MOJTYyYEHHBIE PE3YyJIbTAThI
4. OpopMHUTH OTYET O POJETAHHON JaOOPATOPHOI paboTe
5. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI (YCTHO)

Bapuant 3amanue Bapuant 3amanue
1 2 9 L2 )
jwdx j(2x+o,5)smxdx
1,2 X 0,4
2 2,4 ) 10 0,8 2
j(x+1)smxdx jwdx
6 ga 1+2X
3 1 2 11 0,98 -
[190) gy [ % dx
g X" +1 os X+1
4 1,4 12 0,18
[ COS X ix [Vx+1cos(x?)dx
0,6 X+ 1 0,2
5 12 13 3
[Vx cos(x*) dx [ x*1g x dx
0,4 1,4




6 Tsin(Zx) d 14 Tlg(xz +2) 4x
0.8 X’ 4 X+1
7 1,6 2 15 1,2 2
J-Ig(x +1) dx cos(x )dx
o8 X oa X+1
8 1,2 16 16 .
j%dx [ ¢ +1) sin(x-0,5)dx
0,4X+2 0,8

KoHTpoJbHBIE BOIPOCHI
1. Omnpenenenue meto10B MonTte-Kapio
2. Onumure anroput™ Metos1a MonTte-Kapiio s BeIauciaeHus NpuoInKeHHOTO
3HAYCHUS ONPECIICHHOTO HHTerpaia
3. Omnwumute crocod BrIOOpa y3710B HHTEPIIOJSIIIMN ITPU UCIIOIB30BAaHUN METO/ 1A
Momnrte-Kapiio
4., Kak oIleHHBaeTCs MOTPEIIHOCTh METOJI U OT YETO OHA 3aBUCUT

IIpakTuyeckas padora Ne 14
Tema: «Pewmenue nugdepeHuuaIbHBIX yPABHEHUH METOA0M Jiljiepay
Ilenv pabomul: dbopmupoBaHue HAaBBIKOB peLIeHUs OOBIKHOBEHHBIX
mupdepeHInanbHbIX  YpaBHEHUA  METOJAOM  OJWjepa, 3akKpeIuieHHEe  HaBBIKOB
COCTAaBJICHHSI OJIOK-CXEM, PaOOTHI C SI3bIKOM MPOrPaMMHPOBAHUS.
Xox padoThi:
Teoperuyeckasi 4acThb
3aganue

[IpounTterpupoBats MetofoM Jiiepa nuddepeHnuaibHoe ypaBHeHue p' = Y-
XcHavalnbHbIM yciaoBueM xo = 0, yo= 1,5 Ha otpeske [0; 1,5], npuase h = 0,25.
Bblunciienrst BECTH C YEThIPbMs 3HaKaMH I10CJIE 3aIIATOM.

Pemienne
JI1st ynoOCcTBa BRIUMCICHUM M HATJISTHOCTA COCTaBUM CIIEAYIONTYIO TaOIUILy

k Xk Yk y'szzf(Xk, yk) hfk
1) (2) 3) (4) (5)

0 0 1.5000 1.5000 0.3750

1 0.25 1.8750 1.6250 0.4062

2 0.50 2.2812 1.7812 0.4453

3 0.75 2.7265 1.9765 0.4941

4 1.00 3.2206 2.2206 0.5552

5 1.25 3.7758 2.5258 0.6314

6 1.50 4.4072

1 miar. [To HaYanbHBIM JAaHHBIM 3aMOJHIEM MEPBYIO CTPOKY B cTosbmax (2) u (3),

2 mar. U3 ypaBaenus y' = y- x. Beruncisiem Y'=fi=f(xy, y«) (i = 0,1,...,5) B cronoie
(4), TO ecTh TONCTaBIsieM 3HAYEHUS Xo M Yo B TMPaBYK YacTh 3aJaHHOTO
nudpepeHInanbHOTO YpaBHEHMS.

3 mar. Conepxxumoe ctosbua (4) ymHoxkaem Ha h(Beramcisiem Ay; = hyy) (i = 0,
1,...,5) u 3anuceiBaeM B ctoberr (5) 9Toil ke CTPOKH.

4 mar. K cogepxumomy ctosnbia (3) mpubasisieM coaepKuUMoe cToioma (5) aToit xe
CTpoKH (BbraucisieM Yix= Yi+ Ayi;i = 0, 1,...,5) u pe3ynbrat 3amuceiBaeM B crooerr (3)
CHEAYIOLIEN CTPOKH.

OmnpenensieMm Xi+1 =Xi+ hu 3aTem maru 2, 3, 4 moBTOpsSieM 10 TeX IMOp, NOKa He OyaeT
npoiIeH Bech oTpe3ok [0; 1,5].




OTBETOM SIBIIAIOTCS 3HaUYeHUs Yi(X), mogydeHHbIe B Tabmiie 1.
Ortsert: 1.5000, 1.8750, 2.2812, 2.7265, 3.2206, 3.7758, 4.4072
IIpakTH4eckas 4acTb
3aoanue:TIpounrerpupoBath MeToI0M Ditiiepa nuddepeHnnanbHOe ypaBHEHHE
y' = f(X, y)cHauaapHBIM ycioBrueM Y(Xo)=Yo Ha oTpe3ke [a,b]; mar h = 0,1. Beraucnenus

BCCTH C YCTBIPbMSA 3HAKAMHU IIOCJIC 3amsToM.

1. CocTraBuTh 6JIOK-CXCMy JJIs1 pCIICHUA IIOCTAaBJICHHOM 3agadu

2. Hanucarp mporpamMmy Ha sI3bIKE€ MPOTPAMMHUPOBAHUS JIJIS PEIICHHUS MOCTaBJICHHON
3aJ1auu
3. OdopMuth OTUET O IPOAEIAaHHON JabopaTopHOil paboTe
4. OTBETUTH HA KOHTPOJIBbHBIE BOIIPOCHI
= .
3 2 3amaHue 3 2 3amaHue
aal aa)
1 y/ = X+C05%s yO (118) = 256 y X€[1,8, 16 y/ =x+sin%, yO (157) = 5’3 ’ X€[1571
2,8] 2,7]
2 y/=X+COS%1 yO (1’6) = 416 y X€[1,6, 17 y/=x+sinl, yO (114) = 215 ) X€[1!4l
2,6] 2,4]
= 0,8, xe[0,6;
3 18
1,6] 1,8]
4 y/ = X+ COS y7 ) yO (015) = 056 ) XE[O,S, 19 y/ = X +Ssin %1 yO (151) = 1s5 ’ Xe[llll
1,5] 2,1]
4, 6) = 1,2 , xe[0,6;
5 20
2,4] 1,6]
- y, 1,7) = 53, xe[1,7; , Xe[0,5;
6 y' =x+cos— Yo (1,7) e[ 21 [
2,7] 1,5]
7 y’=x+cos%, Yo (1,4) = 25, xe[l1,4; 99 y _x+S|n\/i,75 Yo (0,2) = 1,1, xe€[0,2;
2,4] 1,2]
8 y/ = X+ CO0S y2 y yO (018) = 114 ’ X€[0181 23 y = X+sin \/])-/73 yO (0 1) = 0 8 ) XE[O,l,
1,8] 1,1]
9 y/ =X+COS%1 yO (112) = 211 ' X€[1121 24 y —X-f-SII'l\/())li3 yO (0 5) = 06 ' XE[O,S,
2,2] 1,5]
4 y' = x+sin == » Yo (1 2) =14, XE[:L’Z;
10 25
3.1] 2,2]
1 y' = Xx+sin \/_, Yo (1,8) = 2,6 , xe[1,8; op | ¥ rres , Yo (0,4) = , Xe[0,4;
2,8] 1,4]




oy - - cos Y 0,3) = 0,9, xe[0,3;
L | ¥ xSy Yo (1,6) = 4,6 , xe[1,6; 57 | ¥ =rreos Lo Yo (0,3) S|
2,6] 1,3]
' _wasinY_, Yo (0,6) = 0,8, x<[0,6; x4 cosY 1,2) = 1,8, xe[l,2
13 y _x+5|n\/r0 Yo (0,6) el 28 y =x COSJE Yo (1,2) [
1,6] 2,2]
_ 0,5) = 0,6 , xe[0,5; oY Yo (0,7) = 2,1, xe[0,7;
14 y' = x+sin == f » Yo ( ) [ 29 y = cosm Yo ( ) [
1,5] 1,7]
o |V oL Yo (LA) =22 Xl ey 0 09) = 17, xe[00
2,4] 1,9]

KoHTpoJibHbIe BOPOCHI
Chopmymupyiite onpeaenenne qudGepeHnnaaTbHOTO ypaBHEHUS.
Yro sBisieTcs pemieHneM AU PepeHnanbHOro ypaBHEHuUs ?
3. Ilepeuncnure n3BECTHBIE BAM METObI MPUOIMKEHHOTO PEIICHUS
i pepeHInanbHbIX YpaBHEHUH.
4. Benuka 1 NOTPENTHOCTh MeToa Didsiepa’?

A -

IIpakTuyeckas padora Ne 15
Tema: «Pemenue nuddepeHunaabubix ypasHeHuii MeToaoM Pynre-Kyrray»
Ilenv paoomwi:llens padoTbl: (GOpMUPOBAHHWE HABBIKOB PEIICHUS OOBIKHOBEHHBIX
muddepeHnnanbHbIX  ypaBHeHH MeTonoM Pynre-Kyrra, 3akperuieHue HaBBIKOB
COCTaBJICHUSI OJIOK-CXEM, pabOTHI C SI3BIKOM MPOrPAaMMHUPOBAHUS.
Xoa pab6oThi:
Teopernueckast 4acTb
Meron Pynre-KyTrra nMmeeT cinenyromyro CTpyKTypy:
JIJIst HaXOXICHUS KKIOU CIIeIyroIIe Touke (Xi+1, Yi+1) = (Xi+h, yi +AY),
UCIIOJIB3YIOT (POPMYJIBIL:
ki =hf(x,y)

ko= h f(x+2, y+i2)

a=h f(ctD y+52)
ke = h f(x+h, y+ ks)
Ay = %(k1+2 ko + 2 Kk + ka)

[lorpemHocTh Ha MmIare nPONOPLUMOHAIbHA NATOM creneHu mara. OTcrona
CIIEAYET, YTO MPHU JOCTATOYHO MAIOMN M MaJbIX TOTPEIIHOCTSIX BBIYMCIICHUH pelIcHHe
ypaBaenus Y' = f(X, y), noiaydenHoe meromom Pynre-KyTTa 1O NpHBEJICHHBIM BBIIIC
dopmynam, OyaeT OJIU3KUM K TOUHOMY.

I'eomeTpuuecknii cmbIci nenoab3oBanusa Metona Pynre-Kyrra ¢ npuBeneHHbIMU
BBIIIIE PacUeTHBIMU (POPMYJIaMU COCTOUT B cieayrouieM. M3 Touku (X, Vi) CABUTAOTCS
B HAIPaBJICHUH, ONPEICIISIEMOM YIJIOM a1, Uit Kotoporo tgeoy =f(Xi , yi). Ha aTom

h k
HampaBJICHUU BBIOMPACTCS TOYKA C KOOpAMHATAaMH (X+ o y+ ?1 ). 3areM u3 TOYKH (X; ,

h
Yi) CAIBUTAIOTCS B HAIIPABIICHUH OMPEACIICMOM YIJIOM 2, JUTs KOTOpOoro tga, =f(x+ o




K,
2
).Hakower, u3 Touku (X; , Yi) CIBHTAIOTCS B HAPaBJICHUH, OTIPEICIIIEMOM YIJIOM (3,

k h
y+ ?1 ), ¥ Ha 9TOM HalpaBJICHUHN BBIOMPACTCS TOUYKA C KOOPAUHATAMHU (X+§ Y+

h k
1 Kotoporo tgos =f (x+ o> y+ 72), Y Ha ATOM HaIpaBJIEHUU BEIOMPACTCS TOYKA C

koopauHatamu (X+h, y+ Ks). DTuM 3aaercs eie oJIHO HallpaBJICHHUE, ONIPEACIIIEMOe
yIIIOM Qa, 101t KoToporo tgas= f(x+h, y+ k3). UeTsipe momryueHHbIE HaITpaBICHS
YCPEIHSIOTCS B COOTBETCTBHUH € MocheaHe u3 gpopmyn. Ha 3Tom okoHuaTenbHOM
HaIpPaBJICHUU M BEIOMpAETCS ouepeaHas Touka (Xi1, Yir1) = (Xith, yi +AY).
IIpakTHyeckas 4acTh
3aoanue:Vicnons3ys wmeron Pynre-Kyrra, cocTaBuTh mporpaMMmy HaXOXICHHS
npubrKeHHoro perienns auddepennuansHoro ypasuenus Yy = f(X, ),
yJIOBJICTBOPSIIONIETO HAYAIBHBIM YCIOBHIMY(Xo)=YoHa oTpe3ke [a,b]; mrar h =
0,1. TlomyueHHbIe pe3ydbTaTHl CPAaBHUTH C pe3yibTaTaMu JIaOOpPATOPHOMU
paboTel Nel2, cnenath BBIBOJIBI.
5. CoctaBuTh OJIOK-CXEMY JUIsl pEUICHUs TOCTaBICHHOM 3a/1a4u.
6. HanucaTs nporpammy, COOTBETCTBYIOILYIO OJIOK-CXEME.
7. OdgopMUTH OTYET O MPOCIAHHOMN JTabOpaTOpHOI padoTe.
8. OTBEeTUTH Ha KOHTPOJIbHBIE BOMIPOCHI (YCTHO).
Pexomennanuu
1. BBoasarcs 3Ha4eHHS Xo, Yo, 4, D.

b-a
2. Yucno n Haxoautcs u3 popmMyisl h=——
n

3. Jlyume BBecTH (YHKIHMIO TIOMB30BATENsA, 3aJAalONIyl0 TPaBYI0 YacTh
mu(ppepeHInanbHOTO ypaBHEHMs, a 3aTeM oOpamiarbcs K HEH, BBIYUCISA
3HAYEHMSI B pa3IMuHbIX Toukax. Hampumep, B 6J10ke onucaHuit —
functionF(x,y: real): real; {mpaBas yacte aAuddepeHraILHOTO
ypaBHEHUS }
A 3areMm B Telie IporpamMMbl 331aTh (PYHKITHIO.
B 1ukie BeIYMCINTG YeThIpe uncia ki, Kz, K3 u ks, ucnons3ys ¢popmyisl MeToaa
Pynre-Kytrta. Tonbko oOpaiatbes K 3JieMEHTaM MacCHUBa: Xi, Yi.
6. Boerauciauts A
7. Bpraucauts yi no popmyine Yi1=Yikt+AYi
8. CooOumTh pe3ynbrar
OpHako MOKHO PEIIMTh 3a7ady 0e3 MCIOJb30BaHWs (YHKIIUH TOJIH30BATEIs.
Torma B Tene 1ukia mpu BeUKCICHUH ki, Ko, K3 1 ks HeoOXoauMoO 3amucarh NpaBylo
4yacTh AU dhepeHInanbHOr0 ypaBHEHHUS.
Bri6epute nHAMBUyaTbHBIC 3a/IaHASI, HOMEP COBITaJIaeT C BAIllMM HOMEPOM TIO
CITUCKY B )KypHaJe.

o b

3amanue 3amanue

Bapuant
Bapuanr

1 y/ = X+COS%1 yO (1’8) = 2’6 ’ X€[1’81 16 y/ =x+sin%; yO (117) = 513 ’ X€[1171

2,8] 2,7]




2 y/=X+COS%s yO (116) = 416 ’ X€[116’ 17 y/=x+sinl; yO (1!4) = 25 ) X€[154’
2,6] 2,4]
3 y' = x+cos y01 Yo (0,6) = 0,8 , x€[0,6; 18 (0,8) = 1,3, x€[0,8;
1,6] 1,8]
4 y/ = X+ CO0S y7 ’ yO (0’5) = 016 ’ X€[0’51 19 y/ = X+Ssin %l yO (111) = 115 y XE[l,l,
1,5] 2,1]
. (1,4) =22, xe[1,4; 20 y =x+sin—L, Y0 (0,6) = 1,2, xe[0,6;
2,4] 1,6]
6 y' =x+cosY, Yo (1,7) = 53, xe[1,7; 91 (0,5) = 1,8, x€[0,5;
2,7] 1,5]
2 y' =x+cosY, Yo (1,4) = 2,5, xe[1,4; 29 y’ = x+sin i’ , Yo (0,2) = 1,1, x€]0,2;
2,4] 1,2]
8 y/ = X+ CO0S y2 ’ yO (018) = 114 y XE[O,B, 23 y = X+sin ])-l yO (O 1) = 0 8 ’ XE[O,l,
1,8] 1,1]
9 y' =X+COS%1 Yo (1,2) = 2,1, xe[1,2; oy | VX (3)’3 Yo (0,5) = 0,6 , x€[0,5;
2,2] 1,5]
10 y = X 4+ COS —=— y() (2 1) 2,5 y X€[2,1, 25 y =X +Sin —2— yO (1 2) = 14 y X€[1,2,
3,1] 2,2]
Tk —x+5|n\/_,yo(l8)—26 , Xe[1,8; o | ¥ s , Yo (0,4) = 0,8 , xe[0,4;
2,8] 1,4]
1o |V =xesind, Yo (LB) = 46, XE[LB || v =xcoston Vo (0,3) = 0,9, xe[0,3;
2,6] 1,3]
y_, 0,6) = 0,8, xe]0,6; x4 cosY 1,2) = 1,8, xe[l1,2;
13 o yO( ) [ 28 y' CoS—— e yO( ) [
1,6] 2,2]
| v ¥ 08) =08 x0Ty i Y Y0 (0) = 21, xe[07;
1,5] 1,7]
—x+cos—2_1 Y (O 9) =17, XE[O;Q;
15 30| ’
2,4] 1,9]

KoHTpoabpHBIE BONTPOCHI

Kyrra? Kakue ananutrudeckue v YuCICHHBIE METOIbI PEIICHUS
nudepeHnnanbHbIX YpaBHEHUH BaM U3BECTHBI?

AHAJIMTHYCCKUMHU MCTOI[aMI/I?

YU CJICHHBIMHA MCTOIIaMI/I?

1. K kakum METOdaM: aHAJIMTUYCCKHUM HNJIN YHCICHHBIM OTHOCUTCA MCTO PYHFG-

. B xakoM Bujie osryqaem OTBET Ipu penieHun qudGepeHnnanbHbIX ypaBHEHUH

. B xakoMm BuJie osryqaem OTBET Npu pemieHun qudpepeHnnanbHbIX ypaBHEHUH
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