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JABOPATOPHAA PABOTA Ne 1

3HAKOMCTBO C CHCTEMOH MATLAB

1.1. HEJb PABOTBI
CdopmupoBaTh y CTYJICHTOB 3HaHHUSA, YMEHUS M HaBBIKU pabOThl ¢
marematuueckuM nakerom MATLAB.

1.2. HOPSA1OK BBIIIOJIHEHUS PABOTbI

1. V3yuuTh TEOpPETHMYECKYIO0 YacTh. BBINOMHUTH 3a/JaHHe, COOTBETCTBYIOLIEE
HoMepy Bairero BapuanTta, 1 npoJ€MOHCTPUPYIUTE €ro NpernogaBaTeo.

2. OdopmuTte OTUET MO JAOOPATOPHOI paboTe, KOTOPHIA TOKEH CONEPIKATh:
TUTYJIbHBIN JHCT (puc.1.1);
UCXOJIHBIC JTAaHHBIC BapHaHTa,
MOCJIEIOBATENBbHOCTD ACUCTBUN [T PEIICHUS 33a4K;
pe3yabTaThl PEIICHUS 3aa4H.

CEBEPO-KABKA3CKUU ®EJEPAJIbHBIM YHUBEPCUTET

Otuer no s1adoparopHoii padore Nel
”MaremaTudeckas cucrema MATLAB”

Brinonaun: @.41.0.
[TpoBepun: @.1.0.
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Puc.1.1. [Ipumep opopmieHust TUTYILHOTO JTUCTa OTYETa MO JabopaTopHOi paboTre
1.3. TEOPETHYECKAS YACTb

1.3.1. Oxna cucremst MATLAB

MATLAB (MATrix  LABoratory) —  HWHTEpakTUBHBIH  MaTPHYHO-
OPUEHTHUPOBAHHBIM TMAaKeT, TMpeAHA3HAYEHHBIN [IJI1 BBIMOJHEHUS HAYYHBIX U
WHXEHEPHBIX PACUETOB.

[To ymomyanuio mocne 3amycka maketa MATLAB Ha skpaHe mosBisieTCS
KOMOWHHPOBAaHHOE OKHO, BKJIIOYAIOIIEE YeThIpe Hambojee BaKHbIE MaHENH (puc.
1.2):

» Command Window (OkHO kKOMaHI) — camasi MCHOJb3yeMas naHelb. B Hel
HAOMpaAIOT KOMAaHMBI TOJB30BATENs, MOJUICKAIINE HEMEIJIEHHOMY HCIOIHEHHUIO.
3/1ech JKe BBIAAIOTCS PE3YJIBTAThl BBITIOJIHCHHBIX KOMAH/I.

» Command History (HMcropus komMaHI) XpaHHT BCE€ KOMAaHJbI, HaOHpaeMmble
MoJIb30BaTeIeM, OJHAKO B orTiuuue oT coaepxkumoro Command Window (Oxkuo
KOMaH/I) CIoJla He TONaJal0T COOOIIECHUS CUCTEMBI M PE3YyJIbTaThl BBIUUCICHUM.

» Workspace (PabGouee mpocTpaHCTBO) OTOOpakaeT TEKyIIMH  HaOOp
MePEMEHHBIX, 3aBEICHHBIX MT0JIH30BaTEIEM B KOMAaHIHOM OKHE.

» Current Directory (Tekymmii Kkaranor) sBISETCS aHAJIOrOM HW3BECTHOM
nporpammel [IpoBognuk, Ho umeet ais MATLAB cBoe ocoboe mpeaHazHaueHUE.
Jleno B TOM, 4TO, KpOME pabOTHl C MATEMATUYECKIUMH BBIPAKCHUSIMHU U3 KOMAHIHOTO
OKHA, TI0JIb30BaTelIb TAK)KE MOXKET padoTaTh ¢ (paitimamu.
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File Edit Wiew ‘web ‘Window Help
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Workspace Current Directory
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Using Toolbox Path Cache.

Type "help toolbox_path_cache™ for more info.

To get started, select "MATLAER Help™ from the Help menu.

>

4\ Start

Puc.1.2. O0wmuii Buj miasHoro okxHa nakera MATLAB



1.3.2. 'naBHOe MEHIO CHCTEMBI

['manoe meHro MATLAB coaepxut ciienyroiue mecTb MyHKTOB:
File (daiin) — pabora ¢ dainamu;
Edit (IlpaBka) — perakTUpOBaHHE;
View (Bun) — yrnpapieHrne OKHaMH;
Web — cBs13b ¢ dupmoii-pa3padborurkom uepe3 MHTepHET;
Window (OxHO) — CBsI3b C OKHAMH CHCTEMBIL;
Help (CrnpaBka) — cBs3b co cripaBouHoit cucremoit MATLAB.

YVVVVVY

Menro File cogepxut creayromnme KOMaH bl
New (Co3nath) npe1ocTaBIisieT BO3MOKHOCTb CO3/1aTh HOBBIN OOBEKT, @ UMEHHO:
o M-File (M-daiin) — ¢aiin ¢ pacmmperrneM M, B KOTOPBIH 3alUCHIBAIOTCS
IPOTPaMMBI;
e Figure (durypa) — cmenuaibHOe OKHO i1 BbIBOja rpaduyeckoi
uHdopmaIuy;
e Model (Mozaens) — mozens Simulink;
e GUI - rpaduueckuii natepdeiic mompzoBarens (Graphical User interface),
UCIIOJIB3YETCs JITISl CO37]aHusl COOCTBEHHBIX MPUIIOKECHHI.
o Open (OTKpbITh) MO3BOJSET BBINOJIHUTH OTKPHITUE CYIIECTBYIOIIETO OOBEKTa
MOCPEJICTBOM CTaHAAPTHOTO JUAIOrOBOTO OKHA.
o Close Current Directory (3akpbITh TEKyIIWH KaTaJor) 3aKpbhIBaeT OKHO
TEKYIIEro KaTajiora.
o Import Data (MmnoptupoBath gaHHbIE) Mpou3BoAUT uMmnopt B cpeny MATLAB
Pa3HOPOJHBIX JaHHBIX (AaHWMAITMOHHBIC POJMKH, 3BYKOBBIE (haljIbl, YHCIIOBBIC
JTaHHBIE B Pa3JIMUHbIX hopMaTax u T. 1I.)
o Save Workspace As (CoxpaHuTtb pab04yto 00JIaCTh KaK) BBITIOJHSAET COXPaHCHUE
paboueii o0nacTu.
o Set Path (3amate myTh) Opranusyet paboTy ¢ IMyTSIMH JIOCTYIIA.
o Preferences (Hacrpoiika) W3MEHSET HEKOTOpbIe CBOWCTBa pabouelt cpejbl
cuctrembel MATLAB.
o Page Setup (ITapamerpsl ctpanuisi), Print (ITeuars), Print Selection (Ileuats
BBIJICTICHHOW 00JIacTH) CIyXaT JJid BbIBOJa WMH(OpMaMu Ha TPHHTEP, SBISIOTCS
CTaHJIAPTHBIMU JIJIT MHOTHX TTAKETOB.
o Exit MATLAB (Bbixo) mo3BossieT 3aBepiuiuTh padboTy ¢ POrpaMmoii.

o

Mesnto Edit conepxut ciemyromnie KOMaH bl
o Undo (Ormenuts), Redo (ITosroputs), Cut (Bwipesats), Copy (Komuposats),
Paste (BcraButh), Select All (Bwimenmuts Bce) um Find (Haiith) momHOCTBIO
COOTBETCTBYIOT CBOEMY CTaHAAPTHOMY MPEIHA3HAYCHHUIO.
o Paste Special (CrnenunanpHast BCTaBKa) MCIOJIB3YETCS ISl OOMEHA C BHEIIHUMU
MporpaMMaMu, YUCIOBBIMU JaHHBIMU MTOCPEACTBOM Oydepa oOMeHa.
o Clear Command Window (Ouuctuth 0OkHO KoMaH 1) OUHIaeT KOMaHIHOE OKHO.
o Clear Command History (Oumctuth wucTOopuio KoMaHa) OuwMIaeT OKHO
PEIBICTOPHH.



o Clear Workspace (Ounctuth pabodyro 001acTh) OUHIIaeT pabodyro 00JacTh OT
XPaHAIIUXCS B HEHM MTEpEMEHHBIX.

Menro ViIeW COACpKUT CIICAYIONIHE KOMaHIbI:
o Desktop Layout (PasmeTrka paGodero crojia) mOMOTaeT 3aaaTh KOJUYECTBO U
pacrnoJioKeHUE OKOH MyTeM MCIOJHEHUS MyHKTOB MOAMEHIO.
o Undock (OtcThikOBaTh) MO3BOJSET CENIaTh aBTOHOMHBIM (OTACITUTH OT OKHA
CUCTEMBI) BBIJICJICHHOE B JaHHBIN MOMeHT(akTUBHOE) OKHO. [lociie BriOOpa TaHHOTO
nyHkTa Haanuch Mensiercss Ha Dock (IIpucTeikoBaTh) ¢ Ha3BaHHEM aKTHBHOTO OKHA.
MeHsieTcs Takke Ha MPOTUBOTIONOKHYIO W QYHKIIUS MTyHKTa MEHI0. Temnepp mpu ero
BBIOOpE aBTOHOMHOE OKHO CHOBA MPUKPEIUIICTCS K O0IIEMY OKHY CUCTEMBI.
o Crnenyromas rpymma MyHKTOB MEHIO C Ha3BaHUSMU OKOH SIBJISICTCS TPYIION
nepekmovarened. Kaxaplii W3 3TUX NYHKTOB MOXET CHEIaTh BUIAUMBIM HIIH
HEBHJIUMBIM COOTBETCTBYIOIIEE OKHO.
o Current Directory Filter (®uibTp TeKkylIero karajaora) HUMEET IOJMEHIO
MyHKTOB-TIepeKitoyaTesei. C moMoNIbIo 3TUX MepeKiitouaTeIeii MOKHO BBIBOJIUTH B
okHo Current Directory (Tekymuii Katajaor) onpeeieHHbIe THITBI (aiioB.
o Workspace View Options (ITapamerpsl oToOpakeHus pabodyeil 00JacTH)
MO3BOJISICT MEHATh COCTaB MH(pOpMAIMK O MEePEeMEHHBIX B criucke okHa Workspace
(Pabouasi 001acTh). 371€Ch MOXHO TakK)K€ OTCOPTHPOBATH CIHCOK IMEPEMEHHBIX IO
Pa3TUYHBIM KPUTEPHUSIM.

1.3.3. YUncaa, nepemMeHHble, QyHKIUH

Yucna B MATLAB wmoryr ObITb NOJIOKHUTENBHBIMA M OTPHUILATEIIbHBIMH,
LHEIbIMU U JPOOHBIMU, JEHCTBUTEIBHBIMU UM KOMIUIEKCHBIMA. OHH MOTYT
MPEACTABIATHCS C PUKCUPOBAHHOM U IJIABAIOIIEH TOYKOM, C MAHTHCCON U TTOPSIKOM.
Oco6ennoctu nipencrasienus uncen B MATLAB:
¢ MHHMMasi CIUHHIIA KOAUPYETCS C MMOMOIIBIO IBYX CUMBOJIOB: | WIMH |
¢ IeJast 9acTh YKCIIa OT APOOHOM OTAEISAETCS TOUKOM;
¢ OTJEJICHUE TOPSIKA YUCIa OT MAHTHCCHI OCYIIECTBIISIETCS CHUMBOJIOM €.

dopmaThl YUCEIL:
» format short — KOPOTKOE MpeCTaBIICHUE (5 3HAKOB YKCIIA);
» format short e — KOpPOTKOE TPEACTABJICHHE B JKCIOHCHIHMATbHOU (opme (5
3HAKOB MAHTHUCCHI, 3 3HAKA MOPSIKA);
» format lonq — IJIMHHOE TIpecTaBieHne yrcia (15 3HaKoB);
» format lonq e — JJIMHHOE TMPEACTABJICHHE B JKCIIOHCHIMAILHOU (opme (15
3HAKOB MAHTHCCHI, 3 3HaKa MOPSIKA).

Ilepemennvie — 3TO CHMBOJIBI, HCTOJB3yeMbIE JIsi 0003HAUYEHUS HEKOTOPBIX
XpaHUMBIX JaHHBIX. [IlepeMeHHas umeeT uMs, Ha3biBaeMoe udermuguxamopom. Umsi
MePEMEHHON HAaYMHAETCS C OYKBBI 1 MOXKET COCTOSITh U3 OYKB U ITU(P U HEKOTOPHIX
(IOMYyCTUMBIX) CUMBOJIOB.



Koncmanmet — 3TO YWCIEHHOE 3HAYCHHE YHUKAIHHOTO WMEHH, HMEIOIIETO
MaremaTudeckuii cmbicia. Hanbonee yacto B MATLAB ucnons3yroTes cienyromme
KOHCTAHTHI:

v' pi — 4HCIIO T
v inf — MalIMHHAS OECKOHEYHOCTB;
v’ ans — UM [IEPEMEHHOM, XpaHsIIEei pe3ysIbTaT BHIUMCIICHHS;
v/ NaN — HEUHCIIOBOU XapakTep JaHHBIX.
Inemenmapuvle QyHKyuU:
** abs(x) — a0COJIFOTHOE 3HAYECHUE X,
¢ exp(x) — AKCIIOHCHIIMAJIbHAS (PYHKITHUS €,
¢ log(x), 10g10(x), Tog2(x) — JIorapu(MbI YUCENI ¢ OCHOBaHUEM e, 10, 2;
% sqrt(x) — KOpeHb KBaJAPaTHBIN U3 X;
% si n(x), cos(x), tan(x), cot(x), sec(x), csc(x) — TPUTOHOMETPHUYCCKUEC
GyHkumu Sin X, oS X, tg X, Ctg X, SEC X, COSEC X;
% asin(x) , acos(x), atan(x), acot(x), asec(x), acsc(x) — 06paTHBIe

TPUTOHOMETPHUYECKUE (QYHKITUU arcsin x, arcos X, arctg x, arcctg X, arcsec X, arccosec
X;

o sinh(x), cosh(x), tanh(x), coth(x), sech(x), csch(x) — FI/IHep6OHI/I‘IeCKI/Ie
¢dbyukau sh x, ch x, th x, cth x, sch x, csch x;

o asinh(x), acosh(x), atanh(x), acoth(x), asech(x), acsch(x) — O6paTHBK3
runepooanueckue Gpyukuuu arsh x, arch x, arth x, arcth x, arsch x, arcsch x.

DyHKYUIO NoIL306amMeisi MOKHO CO3/IaTh CICIYIONIIM 00pa3oM:
1. BrI30B oKkHa pemakTopa M-daitnos myrem Haxkatus kHornku New M-File (Co3nars
m-caiin).

2. BBoj cTtpoku
function z=expxp(x)

KitoueBoe ciioBO function OOBSIBISET HOBYIO (PYHKIIHIO, UMSI KOTOPOW expxp, a €€
napametp — X. CumBou Z onpesenseT 3HauyeHue GyHKIUH MPU apryMeHTe X.
3. 3ananue HOBOM (PpyHKIMM (PyHKIMHU ToNb30Bartens). [lycts
Z=exp(x)/x
4. Coxpanenue (pyHKIIMH TOJIB30BaTEINs HA TUCKE. [[J1s1 7TOTO 1OCTATOYHO MICIKHYTh
MBIIIBIO TI0 KHOTIKE Save (CoXpaHUTh).
5. 3akphITHE OKHa peakTopa m-ghaisos.
DYHKITUS TTOJIB30BATENSI Z=exp (x) /x CO3/aHa.

Jlist Beramciiennst GyHKIMKA TIPU JAaHHOM apTyMEHTE X JOCTaTOYHO HaOpaTh UMs
GyHKIIMM ¥ 3HAYCHHE apryMeHTa B KpPYIUIBIX CKOOKax: z=expxp(1l). Ha okpane
MOJIYYMM 3HaYeHUE QYHKIIUN z = 2.7183.

1.3.4. Busyanusanusi BbIMUCICHUM
Cuctema MATLAB wumeer OoraTble  BO3MOXHOCTH  T'paduyecKoro
npeactaBieHuss nHGopmanuu. OHa MO3BOJIIET CTPOUTH JBYMEPHBIE U TPEXMEPHbIE
rpa@uku QyHKIMH, 3aJaHHBIX B aHAJIUTUYECKOM BHJIE, B BUE BEKTOPOB U MaTpHII,
JaeT BO3MOKHOCTh MOCTPOCHUSI MHOKECTBA (PYHKIIMI HA OHOM rpaduKe: MO3BOJISIET



MIPEACTABIATH TPAQUKN PA3HBIMH I[BETAMHU, TUTIAMU TOYEK W JIMHUA W B Pa3TMYHBIX
CUCTEMaxX KOOpAMHAT.
OCHOBHBIMH (PYHKIIUSIMU JBYXMEPHOMU IpaprKu SBISIOTCS:

plot(x, y)

plot(x, y, s)

plot(x1l, yl1, sl1, x2, y2, s2, .., Xxn, yn, sn)
rac.

¢ X — apryMeHT (QYyHKIINH, 33JaBa€MOi1 B BHJI€ BEKTOPA;
¢ y — dyHKIMS, OPECTaBICHHAsS B aHAIMTUYECKOM BUJE WIM B BUJEC BEKTOpA WU
MaTpPHUIIbL;
¢ S — BEKTOp CTWiell rpaduka; KOHCTaHTa, ONpeAestonias BeT JUHUN Trpaduka,
THII TOYEK ¥ THI JIUHUK;
¢ x1,x2, ..., XN —aprymeHTsl N pyHKIUH, 1300pakaeMbIX Ha OJTHOM IpaduKe;
¢ yl,y2, ..., yn — pyHKIIMHU, ©300pakaeMble Ha OJJHOM rpaduke.
B taGnuie 1.1 npuBenens! ctuiu rpadgukoB cucteMbl MATLAB.

Tabmuma 1.1. Ctunu rpaduxos

Tun Toukn IIBeT IMHUHA Tun JuHnn
: Touka Y | XKenterit - | CrutonHast
O | OkpyXHOCTh M | ®uoneroBsiii . | /IBOMHOI MyHKTHUD
x | Kpect C | Fomy0oii -. | tpux-myHKTHP
+ | [lmroc R | KpacHbrii -- | llITpuxoBas
* | BocbMmukoHeuHas G | 3enensrit
CHEXHUHKA
S | Keagpar B | Cunnii
D | Pom6 W | Benwrii
V, | TpeyronbHuk BBepX, | K | UepHnlii
A, <, | BHU3, BIIEBO, BIIPABO
>
P | IlaTukoHeuHas 3Be3aa
H | lllectukoneynas 3Be3na

PaccmoTpum nipumep noctpoeHus rpaduka GyHKIuUU y=sin X-e™.
B oxkne Command Window 3amaetcst nmporpamma:

>> X=-5:0.5:5; % 3apaHme npomexytka [-5;5] ¢ warom 0,1

>> y=sin(x).*exp(-x); % 3agaHne QyHKunmu y

>> plot(x,y,['R","*",'"-."]) %  BbiBegeHue rpaguxka kpacHoro useta (R), TOYku
rpagmuka B Buae CHexuHok (%), JMHuM WTpuxnyHKTUpHsle (-.)

>> grid on % 3agaHme CeTku

I'padux ¢pyHkumMM npuseneH Ha puc. 1.3.
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Puc.1.3. I'paduk dynkiwm y=sin x-e™,

1.4. IPUMEPHBIE BOITPOCBHI HA 3AIINUTE PABOTbBI

1. HazoBu 4eTbIpe 0CHOBHBIX OKHa. Kakue (pyHKIIMM OHU BBIOIHSAIOT?

2. AHanorom Kakoi W3BECTHOM MporpaMmbl siBisieTcs okao Current Directory?
3. lns gero npeanasHauena cucrema MATLAB?

4. Kakue CUMBOJIBI MOXKET COJIEPKATH UMSI IEPEMEHHON?

5. HazoBu Hanbonee ucnonszyemoie B MATLAB kKoHCTaHTBI?

6. Kakue snemenTapubie (GyHKIMU Thl 3Haelib? Kak oHM 0003HA4YalOTCsI B CUCTEME
MATLAB?

7. Kak co3aaTth (QyHKIMIO TOJIb30BATEsA?
8. HazoBu ocHOBHbIE (DyHKIMM IBYXMepHOU rpaduku? OObsICHU mapameTpbl 3TUX
GyHKIMA.

1.5. 3AJTAHUE
Co3nats ¢GyHKIHIO ToJb30BaTes Y=f(X), BBIYUCIUTL €€ 3HAYCHHE B TOYKE Xg U

MPOCTPOUTH rpaduK.

Bapuanmul 3a0anuii.

No BapuanTa DOyHKIUA X0
e—X
1 y=———X 55
e +1
x? -1
2 =————+X 2,75
Y= -1
3 y=shx+sinx—-1 3,1
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1

S S
4 = 1= 421
5 y:gsin2 2x—§cos2 2X 6,32
3 4
.2
6 L 4,75
cos’ x
7 y=e*3/x? —x—-1 2,35
8 y=x3/(1-x)* -1 8,29
9 y=eJ1+x+x* —x° 4,56
10 y = /X —1—c0s(0,5x) 1,23
11 y=Xx*In(1+ x*) — x 7,55
12 y=el™ _15 3,64
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JABOPATOPHAA PABOTA Ne2.
Pewienue cucmem auneiinvix ypaeuenuit 6 MAT/IIAB

2.1. HEJIb PABOTBI
ChopmupoBaTh y CTYJIEHTOB 3HAHHUS, YMEHHUA M HaBBIKU pabOTBHl C
npUOTMKEHHBIMH YHCIaMU B PEIICHUE CUCTEM JIMHEHHBIX YpaBHEHUH.

2.2. TIOPAAOK BBIIIOJIHEHUS PABOTHBI

1. M3y4uTh TEOPETHYECKYIO 4YacTh. BBINOIHUTH 3alaHHs, COOTBETCTBYIOIINE
HoMepy Bairero BapuanTta, 1 npoJ€MOHCTPUPYUTE UX PENOABATEITIO.

2. OdopmuTe OTUET IO TAOOPATOPHOI PAbOTE, KOTOPBINA TOJDKEH CONEPKATh:
TATYJIbHBIN JIUCT;
UCXOJ/IHbIEC JaHHbIC BapHAHTA;
pelIeHus 3a/1a4;
pe3yJIbTAThl PEIICHUN 3a7a4.

2.3. METOAUYECKHUE PEKOMEHJIALIUU
IIpumep 2.1.

Ompenenuts, kakoe paBeHcTBO TouHee: 9/11 =0,818; 18 = 4,24,

Pewenue.
Haiinem 3HaueHusi MaHHBIX BBIPAKEHUN C OOJBIIMM YKMCIOM JECATUYHBIX 3HAKOB.

JI7151 3TOrO BBITIOJIHUM CIEAYIOIINAE NCHCTBUSA:
>> format Tong

>> al=9/11
al =
0.81818181818182
>> a2=sqrt(18)
a2 =
4.24264068711928
SaTeM BBIYUCIIUM IIPCACIIBHBIC a6COJ'IIOTHI>Ie IMOTPCIIHOCTHU:
>> abs(al-0.818)
ans =
1.818181818182829e-004
>> abs(a2-4.24)
ans =
0.00264068711928

OKpyriuM UX C U30BITKOM:
Aa, =0,00019, Aa, =0,0027.

Beruuciaum npeaenbHble OTHOCUTENBHBIE TOTPEITHOCTH
>> 0.00019/0.818
ans =

2.322738386308069e-004
>> 0.0027/4.24
ans =

6.367924528301887e-004
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Takum o6pazom,

sa, = 8% _ 000019 _ 4 556504 — 0,024%:
a, 0818

sa, = 8% _ 00027 _ 4 50064 — 0,064%.
a, 4,24

Tak kak oa, < da,, 0 paBeHcTBO 9/11 = 0,818 siBnsiercst Gosiee TOYHBIM.

Ipumep 2.2.
OKpyTIuTh COMHUTENBbHBIC ITU(PHI UKcia, OCTaBUB BepHBIC 3HAKU: 2,3544;6 =0,2%.

Pewenue.
Ilycte a =2,3544;6a =0,2%; Ttorna Aa=a-oa=0,00471. B panHoMm uucie
BEPHBIMH SBJISIOTCS TPU ITUGPHI, TOATOMY OKPYTJISIEM €T0, COXPAaHSS ATH [MUQPHI:

a, =2,35 Aa,=Aa+A,, =0,0044+0,00471=0,00911<0,01.

3HAuUT, U B OKPYIJICHHOM uucie 2,35 Bce Tpu UG PbI BEPHBI.

IIpumep 2.3.
Haiitu npenenbHyto aOCONIOTHYIO U OTHOCHUTENBHYIO MOTpenrHocTy uncna 12,384,
€CJIM OHO UMEET TOJIBKO BEPHBIE LIUPPHI.

Pewienue.
Tak Kak BCE IIATh uudp yucia a=12,384 BEPHBI, TO
Aa=0,00;, o= 0,001 =0,0001=0,01%.
12,384
IIpumep 2.4.
(n=1)(m+n)
Bbluncnuts M omnpenenauTh NOrpemHocTd pesynbrata N = ( )2 ne
m-n
n=3,0567(+£0,0001), m=5,72(+0,02).
Pewenue.
Nmeem:

n—1=2,0567(0,0001),
m+n = 3,0567(0,0001) + 5,72(+0,02) = 8,7767(=0,0201),
m—n = 5,72(+0,02) — 3,0567(+0,0001) = 2,6633(£0,0201),
\ _ 20567 -8,7767
2,6633°
_ 00001 00201, 0,201
2,0567 87767  2,6633
AN = 2,55-0,0175 = 0,045.
Otser: N ~ 2,55(x0,045); N =1,75%.

= 2,545 = 2,55,

=0,0175=1,75%,
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2.4. IPUMEPHBIE BOITPOCHI HA 3AIIIUTE PABOTbI
1. Yto Takoe abCOMOTHAS U OTHOCUTEIbHAS TOTPEUTHOCTH?
2. Kak ximaccupuiupyroTcst HorpenrHocTh?
3. Uto 3HauuT BepHas nudpa’?
4. Kak pacrnpocTpaHsioTcsi aOCOJIOTHAasE M OTHOCUTENIbHAas MOTPEIIHOCTU B
apu(pMETUYECKUX TEUCTBUIX?

5. Kak ocyniecTBUTh OLIEHKY HOTPEMIHOCTH 3HAYEHUI AIIEMEHTAPHBIX (PYHKIHIA?

2.5. 3AJAHUE
1. Onpenennuth, KAKOE paBEHCTBO TOUYHEE.
2. OKpyTauTh COMHUTENbHBIE HU(PHI YMCIIa, OCTABUB BEPHBIC 3HAKH.
3. HaliTu npenenbHyt0 aOCOMIOTHYIO U OTHOCUTENBHYIO MOTPEUIHOCTH YHCIIA, €CIIU
OHU UMEIOT TOJIBKO BEPHBIE LIUPPHI.
4. BpIUNCIUTH U ONPEACIIUTD IIOIPEIIHOCTH pe3yibTaTa.

Bapuanmui 3a0anuii.

Ne papuanTa 3ajanue

1)-/44 =6,63; 19/41=0,463.
2)2,8546; & = 0,3%.

) 3)42,884.

2

4)X = [(T; bzc} 1 a=4,3(+0,05), b =17,21(+0,02),
¢ =8,2(+0,05),m =12,417(+0,003), n = 8,37(0,005).
1)-/30 =5,48; 7/15=0,467.
2)6,4257(+0,0024).
3)0,537.

2 -
gyx =M @FD) o 135(4002). b =37(20,02),
¢ = 34,5(0,02), m = 4,22(+0,004), d = 23,725(0,005).
1)./10,5 = 3,24; 4/17 =0,235.
2)0,5748(+0,0034).

; 3)2,043.
4)X = m rie a = 2,754(0,001), b =11,7(+0,04),
¢ =10,536(+0,002), m = 0,56(+0,005), d = 6,32(+0,008).
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1)-/10 =316; 15/7 =2,14.
2)0,34484; 6 =0,4%.

3)0,745.
(a+b)m
X = : a=2316(%0,02), b =8,23(+0,005),
) Toq e (+0,02) ( )

¢ =145,5(+0,08), m = 0,28(0,006), d = 28,6(=0,1).

1)./48 =219; 6/7=0,857.
2)10,8441; & = 0,5%.

3)0,288.
ayx = @=P)C e 4= 2716(20,006), b =5,03(+0,01)
Jm+n’ U

¢ =3,6(20,02),m =12,375(0,004), n = 86,2(+0,05).

1)./6,8=2,61 12/11=1,091.
2)0,12356(+0,00036).
3)3,4453.

a+b
Je-dm

¢ =38,17(+0,002),m = 3,6(+0,04), d =9,14(+0,005).

4HX = e a=16,342(+0,001), b = 2,5(x0,03),

1)-/22 = 4,69; 2/21=0,095.
2)24,5643; 5 =0,1%.
3)4,348.

1) = Gilﬂm e D =36,5(+0,1), d = 26,35(+0,005),

T =314.

1)./9,8=313; 23/15=1,53.

2)8,3445(+0,0022).

3)0,576.

4)x =mva g b e a=9,542(+0,001), b = 3128(20,002),
C+

¢ =0,172(0,001),m = 2,8(+0,03), d =5,4(+0,02).
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1)-/83=911; 6/11=0,545.
2)3,7834(+0,0041).
3)0,678.

3/q —
4)y = mﬂ) , tne a=10,82(£0,03), b = 2,786(+0,0006),

m = 0,28(+0,006), n =14,7(0,06).

10

1)-/52 =7,21; 17/19=0,895.
2)7,521;6 = 0,12%.
3)0,0748.

2
)0 = =D (X*Y) e n=20435(£0,0001), x = 4,2(+0,05),
X—y

y =0,82(+0,01).

11

1)-/44 = 6,63; 21/29=0,723.
2)13,6253(+0,0021).

3)2.16.

4y = [(a +b)c
m-n

¢ = 7,5(0,05), m = 21,823(+0,002), n = 7,56(+0,003).

2
} e a=5,2(x0,04), b =15,32(+0,01),

12

1)-/27 =519; 50/19 = 2,63.
2)0,85637;6 = 0,21%.
3) 236,58.

3
gyx =™ @+D) o a-185(20,03), b=56(£0,02),

¢ = 26,3(x0,01),m = 3,42(+0,003), d =14,782(0,006).
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JABOPATOPHAA PABOTA Ne 3

METO/IbI OTAEJIEHHA KOPHEH
YPABHEHHWH C OTHOH IIEPEMEHHOH

3.1. HEJIb PABOTbBI
CdopmupoBaTh y CTyI€HTOB 3HaHHSI 00 OCHOBHBIX METOJaX OTAECICHUS KOpHEU
YpaBHEHUI C OJHON NMEPEMEHHOW, BhIPAOOTAaTh YMEHHUS M HABBIKU HMCIOJIb30BAaHMS
ATUX METOAOB MPU PEIICHUN KOHKPETHBIX YPaBHEHUM.

3.2. HOPAAOK BBIIIOJIHEHUSA PABOTbI

1. V3y4uTh TEOPETHYECKYIO YacTh. BBIMOTHUTH 3aMaHUsI, COOTBETCTBYIOIINE
HOMepy Baiilero BapuaHTa, v poAeMOHCTPUPYHUTE UX MIPEIOAaBaTEIIO.

2. Odopmute OTYET MO JAOOPATOPHOI padoTe, KOTOPBIM JTOKEH COIEPIKATh:
TUTYJBHBIN JIUCT;,
WCXOJIHBIC JTAaHHBIC BapHaHTA,;
peIIcHHE 3a1a49H;
PE3yIbTAThI PEIICHUS 3aaUH.

3.3. METOAUYECKHUE PEKOMEH/JALIMN
IIpumep 3.1.
OTenuTh KOPHU TPAHCLEHEHTHOTO ypaBHeHus X —Sin X —1=0 rpaduuecku.
Pemenue.
1. Cozpaiite @aitn Func.m (muctunr 3.1), comepkamuii omnucaHue QYyHKUUAU
y=x*—sinx—1.

Juctuur 3.1. ®Paiia Func.m.
function z=Func(x)

z=X.A2-sin(x)-1;
2. Moctpoiite rpaduk dyukmuu Yy =X> —sin X —1 B npomexytke [-2; 2] (puc.3.1),

BBINIOJIHUB B koMaHHOM okHe naketa MATLAB crenyroniyro nocnenoBaTebHOCTh

OTNIEpPaTOPOB:
>> x=-2:0.1:2;

>> plot(x, Func(x)); grid on

2 : | :
-2 -1 o 1 2

Puc. 3.1. I'paduk dynxumm y = x> —sin x —1
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W3 pucynka BuIHO, 9TO (DYHKITUS UMeeT Ba KopHs: x1€[-1; 0] u x2€ [1; 2].

IIpumep 3.2.

MeTo0oM YHCIIEHHOTO OTACICHUS YMEHBIIUTH MPOMEKYTOK H3OSAIUH KOPHS X2€
[1; 2] ypaBHeHHs X —sin X —1=0 mo0 mpomexyTKa JumHHOi 0,1.

Pemenue.

1. Co3naiite ¢aiin ChislOtd.m (nmuctunr 3.2), comepkamuii onucanue (GyHKIUH,

YMCHI)IHaI-OHII/Iﬁ IMPOMCIKYTOK HU30JIAIHUH KOPHA MCTOAOM YHCJIICHHOI'O OTACIICHU:.

Juctunr 3.2. @aiia ChislOtd.m.
function chislotd(f,x1,x2,h);

a=x1;
b=x1+h;
while b<=x2
if feval(f,a)*feval(f,b)<=0
a
b
end;
a=b;
b=b+h;
end;
2. HalinuTe HOBBIM TPOMEKYTOK U30JSLHUHA KOPHSI:
>> Chislotd('Func',1,2,0.1)
a =
1.4000
b =
1.5000

Takum 00pa3oM, Mbl MMOJYYHIIA MPOMEXKYTOK H30Jsuu KopHs [1,4; 1,5], koTtopsrii
umeet guny 0,1.

3.4. MIPUMEPHBIE BOITPOCHI HA 3AINUTE PABOTbI
. UTO Ha3pIBaETCSI KOPHEM YpABHEHHUS?
. UTO 3HAYUT pemInTh YpaBHEHUE?
. UTO 3HAYUT OTIEIUTH KOPEHB?
. Kakue cymectBytoT METOAbI OTACIEHUS KOPHEN?
. Kak HaxoJsT rpaHulLibl pacnoiaoKeHus KOpHEH anredopandyeckoro ypaBHeHUs?
. CyTb rpaduueckoro oTaeneHus: KOpHe ypaBHEHUS.
. CyTb YHCIIEHHOTO OTJEJICHUS] KOPHEN YpaBHEHUS.

NN N RN

3.5. 3BAIAHUE
. OTnenuTh KOPHU TPAHCIICHACHTHOTO YPaBHEHUS IpapUIecKu.
. [IpoBecTH YHCIIEHHOE OTAEIEHUE KOPHEN.

N —
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Bapuanmu 3a0anuii.

No BapuanTa 3aganue No Bapuanrta 3aganue
1 X -3 7 X 10
In(x-1) 41+ x
2
2 €5 X1 8 2Inx— 1 405=0
SIn ™ X X
3| P g o | X-2=0
1-sin X tgx
X
4 +05=0 10 LoV
laxt x27 =3
5 X _ _1-0 11 1-x +1=0
41+ x* |I’liX2 —1i
6 31—x® =x 12 e =0,01+/x
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JABOPATOPHAA PABOTA Ne 4

OITPEJJEJIEHUE KOPHEH
YPABHEHHWH C OTHOH IIEPEMEHHOH

4.1. HEJIb PABOTDbI
CdopmupoBaTh y CTYJIEHTOB IMpEACTaBICHUE O NPUMEHEHUH YypaBHEHUH B
pa3IMYHBIX 00JACTIX ACSTENbHOCTH, TPUBUTH 3HAHUS 00 OCHOBHBIX 3Talax perieHUs
ypaBHEHHUS, BbIPa0OTaTh HABBIKA HCIOJIB30BAHUS PA3NIUYHBIX METOAOB IS
YTOUYHEHUSI KOPHS YPABHEHUS.

4.2. MIOPAJOK BBINTOJIHEHUSA PABOTbBI

1. M3yuuTh TEOPETUYECKYIO 4YacTb. BBINMOTHUTE 3a/aHUs, COOTBETCTBYIOLIUE
HOMepy Bairero BapuanTa, v IpOAEMOHCTPUPYUTE UX IIPENIOAABATEIIO.

2. Odopmure oTyeT 1o 1abopaTOpHOM paboTe, KOTOPBIM JOJIKEH COAECPKATD:
TUTYJIbHBIN JIUCT;
UCXOJIHbIC JaHHbIC BAPUAHTA,;
peLIcHue 3a1a4y;
pe3yJbTaThl PELICHUS 3a4a4H.

4.3. METOANYECKUE PEKOMEH/JIAIIUN
IIpumep 4.1.
Penuth ypaBHeHHe X° —SiN X —1=0 MeTOMOM IOJOBMHHOTO JENEHUs C TOUHOCTHIO
0,001 (mpomexyTok mzosnsmuu kopHs [1,4; 1,5]).
Pemenue.
1. Cozpaiite @aitn Func.m (muctunr 4.1), comepxamuii omnucaHue QYyHKUUU
y=x*-sinx—1.
JIucrunr 4.1. @aiia Func.m.
function z=Func(x)
z=X.A2-sin(x)-1;

2. Cospmaiite daitn Div2.m (muctunr 4.2), coiepamyii omnvcaHue (QYHKINH,
BO3BpAIIAIOIIIEH 3HAYCHUE KOPHS YPaBHEHHUSI METOJIOM TTOJIOBUHHOTO JICJICHHUS.

Jluctunr 4.1. daiia Div2.m.
function Div2(f,x1,x2,esp);

% f - Wma m-danna, copaepxawero onvcaHue ¢yHKUMU
% x1 - JNleBad rpaHuua OoTpe3Ka, Ha KOTOPOM MNPOU3BOAMTCA MOUCK peweHus
% x2 - JleBadA rpaHuua oTpe3ka, Ha KOTOPOM NPOU3BOAMTCA MOUCK pelweHus
% eps - TOYHOCTb peleHus
L=x2-x1;
k=0;
% k - cyeTumk KonmMyecTBa UTepauumn
while L>esp
c=(x2+x1)/2;
k=k+1;
if feval(f,c)*feval(f,x1)<0
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% feval(f,c) - onepaTop BbMUCNEHUS B TOYKE X=C 3HAYEHUSA
% QYHKUMM, OMMCAHME KOTOPOM HAXOAUTCA B COOTBETCTBYweMm danne.
% WMms hanmna XpaHUTCHA B CTPOKOBOM nepemeHHon f
X2=C;
else
x1=c;
end;
L=x2-x1;
end;
X=C
k
fx=feval (f,c)
% X - 3HauyeHWe HeBA3KMU
3. Beruncinre 3Ha4€HUE KOPHS YpaBHEHUS
>> Div2('Func',1.4,1.5,0.001)
X =
1.4102
k =

fx =
0.0014

OtBet: pemenne x=1,4102 w™bl nomyurin ¢ TouHocteio 0,001 3a cempb uteparuii.
[Tpu sTom 3Hauenue Hepszku fX = 0,0014.

IIpumep 4.2.

Pemmuts ypaBHeHHMe X’ —SinX—1=0 weromoM wureparmii ¢ TouyHOcThIO 0,001
(mpomexxyTok m3oJsiiuu kopHs [1,4; 1,5]).

Pemenue.

1. Cozpaiite @aitn Func.m (muctunr 4.3), coaepxamuid omnucaHue QYyHKUUAU
y=x*-sinx—1.

Jluctunr 4.3. @aiin Func.m.

function z=Func(x)

z=X.A2-sin(x)-1;

2. Cozmaiire ¢aitn Funcl.m (muctunr 4.4), copepskanuii onucanue (QYHKIHH
fi(x,m, f)=x—-m- f(x).

Jluctunr 4.4. ®daiia Funcl.m.

function z=Funcl(x,m,f)

z=x-m*feval (f,x);

3. Cozpaiite ¢aiin Func2.m (muctunr 4.5), copepxamuii onucaHue QGyHKUUU
f2=1-m- f'(x).

Jluctunr 4.4. ®ain Func2.m.

function z=Func2(x,m,f)

dx=10A-7;

x1=x+dx;

tmpl=x-m*feval(f,x);

tmp2=x1-m*feval (f,x1);
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z=abs ((tmp2-tmpl) /dx);

4, HOCTpOI/ITe rpa(bHKH dbynkwmii f1, 2 (puc. 4.1).
>> x=1.4:0.001:1.

>> m=0.1;

>> plot(x,Funcl(x,m, 'Func'));

>> hold on

>> plot(x,Func2(x,m, 'Func'),'--"); grid on

SRS TSN S SRS S—
. N SO W S—
1) IS N S S S
L
FINNE SN S —
08l
S I T T
1.4 1.L2 1.&4 1.AE 1.AB ETE

Puc. 4.1. I'paduku pynkunii f(x)=x-mF(x) -1u f'(x)=1-mF'(x) - 2.

W3 puc. 4.1 Buano, uto B mpomexytke [1,4; 1,5] dyHKIMS yIOBIETBOPSIET YCIOBHUIM
TEOPEMBI:

[Tycts ypaBHenue X = f(X) umeeT eaMHCTBEHHBIH KOpPeHb Ha oTpe3ke [a@; D] u
BBITIOJTHEHBI YCIIOBHSL:

1. f(x) onpenencua u nudpdepenuupyema Ha [a; b].

2. f(x) €[a; b] nns Bcex xe[a; b.

3. CymiectByer Takoe jeiicrurensHoe g, uro | f'(x) < q <1 mis Bcex xe[a; b].

Tornma urepanMoHHAs MOCIENOBATENBHOCTE Xn = f(Xp1) (N=1, 2, ...) cxomuTcs mipu
JTr000M HaYalIbHOM NPUOJIMKEeHNU Xo€[a; b].

5. Cospmaiite ¢aitn lter.m (muctunr 4.5), copepxkamuii onucaHue (YHKIIHH,
BO3BPAIAIOLICH 3HAUEHNUE KOPHS YPABHEHHUSI METOJIOM UTEPALIUU.

Jluctunur 4.5. ®daiia lter.m.
function Iter(f,x0,esp,m)

x1=Funcl(x0,m,f);

k=1;

while abs(x1-x0)>esp
x0=x1;
x1=Funcl(x0,m,f);
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k=k+1;
end;
x=x1
k
fx=feval (f,x1)

6. Briuucnure 3HayeHme KOPHA YPABHCHUA:
>> Iter('Func',1.4,0.001,0.1)

X =
1.4076
k=

fx =
-0.0055

OTtBeT: pemieHneM ypaBHeHHs Oyxaer uucio x=1,4076, monaydeHHoe Ha 5 1mare.
3naucuue Heps3ku X = -0.0055.

IIpumep 4.3.

Pemmth ypaBHeHHE X° —SiNX—1=0 MeTOZOM KacaTelbHBIX ¢ To4HOCTHIO 0,001
(mpomexxyToK m3oJsiuu kopHs [1,4; 1,5]).

Pemenue.

1. Cozpaiite @¢aitn Func.m (muctunr 4.6), coxepxamuii omnucaHue (QYHKIUH
y=x*—-sinx—1.

JIucrunr 4.6. @aiia Func.m.

function z=Func(x)

z=X.A2-sin(x)-1;

2. Cospmaitte ¢aitn Funcl.m (muctunr 4.7), comepXaluii oOmucaHue TepBOM
npousBogHoi GpyHkimu f'(X) =2X —CcosX.

Jluctunr 4.7. ®daiia Funcl.m.

function z=Funcl(x)

z=2%x-cos(x);

3. Cosmaiitre ¢aitm Func2.m (muctunar 4.8), coaepraluii ONMHWCAaHUE BTOPOU
npousBogHoi ¢pyrkimu f"(X)=2+sin x.

Jluctunr 4.8. @aiia Func2.m.

function z=Func2(x)

z=2+sin(x);

4. Cozpaiite ¢aitn Nuton.m (suctunr 4.9), copepxkaumii onucaHue (QyHKIHUH,
BO3BpaIIaroIIel 3HaYeHNe KOPHS YpaBHEHHS METOJOM KacaTeIbHBIX.

Jluctunr 4.9. ®aira Nuton.m.
function Nuton(f,fl,f2,a,b,esp)

if feval(f,a)*feval(f2,a)>0
x0=a;
else
x0=b;
end;
x1=x0-feval(f,x0)/feval (f1l,x0);
k=1;
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while abs(x1-x0)>esp
x0=x1;
x1=x0-feval (f,x0)/feval(fl,x0);
k=k+1;

end;

x=x1

k

fx=feval (f,x1)

5. Beruucnure 3Ha4eHUE KOPHS YPABHECHUS:

>> Nuton('Func', 'Funcl', 'Func2', 1.4,1.5,0.001)
X =

1.4096
k =

fx =
1.4191e-010

OtBet: pemienue x=1,4096 bl nonyunnu ¢ ToudHoctsio 0,001 3a 3 urepanuii. [Ipu
9TOM 3HaueHue HeBs3ku fX =1.4191e-010.

IIpumep 4.4.

Pemmuts ypaBHennme X° —sinX—1=0 wmeromoM cekymmx c¢ TouHocThio 0,001
(mpomexyTok m3oJsiuu kopHs [1,4; 1,5]).

Pewenue.

1. Cozpaiite ¢aiin Func.m (auctunr 4.10), comepxammii onucaHue QyHKUUAU
y=x*—-sinx—1.

JIuerunr 4.10. ®daiia Func.m.

function z=Func(x)

z=X.A2-sin(x)-1;

2. Cozpanite ¢aitn Func2.m (muctunr 4.11), conmepkamuii ONUCaHUE BTOPOM
npousBogHon ¢pyrkimu f"(X)=2+sin x.

Jluctunr 4.11. ®daiin Func2.m.

function z=Func2(x)

z=2+sin(x);

3. Cozpaiitre ¢aitn Hord.m (suctunr 4.12), comepkamuii onucaHue (QYyHKIUH,
BO3Bpallalollel 3HaueHNe KOPHS YpaBHEHUSI METOJOM XOP/I.

Jluctunr 4.12. ®@aiian Hord.m.
function Hord(f,f2,a,b,esp)

if feval(f,a)*feval(f2,a)>0
xf=a;
x0=b;
else
xf=b;
x0=a;
end;
x1=x0-feval (f,x0) *(x0-xf)/(feval (f,x0)-feval (f,xf));
k=1;
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while abs(x1-x0)>esp
x0=x1;
x1=x0-feval (f,x0)*(x0-xf)/(feval (f,x0)-feval (f,xf));
k=k+1;
end;
x=x1
k
fx=feval (f,x1)
5. Beiuucaure 3HaueHe KOpPHS YpaBHEHUS:
>> Hord('Func','Func2',1.4,1.5,0.001)
X =
1.4096
k =

fx =
-6.0203e-005

OTBer: KOpeHb ypaBHeHHs mno meroay xopx paseH 1,4096 ¢ tounoctero 0,001,
HaliieHHbIN Ha BTopoM Tiare. [Tpu 3ToM 3HaueHue HeBszku fX =-6.0203e-005.

Pemenne anreOpamyeckux W TpaHCIEHACHTHbIX ypaBHeHuii B cpene MATLAB
OCYUIECTBJISIETCS C TOMOILBIO CIEAYIOIIMX BCTPOCHHBIX QYHKUIHUMN: solve(), fzero().

OyHKIMSA solve( ) MPEACTABISIETCS B CIEAYIONIUM BUJE:
solve('"f(x) ', x)

rue:
v’ 'f(x)' — pelaeMoe ypaBHCHHUE, 3alIMCAHHOE B OTMHOYHBIX KaBbIUKaX;
v’ x — HCKOMOE HEHU3BECTHOE.

IIpumep 4.5.
[TycTh HEOOXOIUMO PELIUTE CIIEAYIONIEE YPABHEHHE:
x? —sinx—1=0.

[IporpamMmma pemieHusi ypaBHEHUSI UMEET BUL:
>> solve('xA2-sin(x)-1=0")

[Tocne naxkaTus kinaBuu <ENter> momxyyuM cieayromiee perieHue:
ans =

1.409624

OyHKIUA fzero( ) UMEET CIEAYIOIIYIO peaTnu3aluIo:
[x, f, e_flag, inform] = fzero('f(x) ', x0)

rje:

v' X — ICKOMOE HEU3BECTHOE;

v f — 3HaYEHUE HEBSA3KH,

v e_flag — nepeMeHHas, 3HaK KOTOPOH CBHIETENLCTBYET O HAJIMYHMU KOPHS Ha
JTAHHOM HHTepBaJie ( Harpumep, e_flag=1 — KOPEHb CYILIECTBYET);

v inform — COJCPKHUT TPH TOJS C MUMEHAMH iterations (KOJIMYECTBO HTEpAIlHii),
funcCount (KOJIMYECTBO OOpaiieHuit K (PYHKIUU f(x)), U algorithm (HAMMEHOBaHUE
aJArOpUTMA, UCTIOJIBb30BAHHOTO JIJIsl HAX0XKIEHUSI KOPHS,

v’ 'f(x)' — pelaeMoe ypaBHEHHUE, 3alIMCAHHOE B OJJMHOYHBIX KaBbIUKaX;
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v' x0 — HaYaJbHOE MPUOJIMKEHNE UITH HHTEPBAJI TIOMCKA PEIICHHUS.

IIpumep 4.6.
Heo0xoaumo HaliTH KOPHU ypaBHCHUS
y=x>-sinx—-1,

€CJIM U3BECTHO, YTO KOPHH HaxXoJATCs B ipoMexkyTkax [-1, 0] m [1, 2].
Pemenue:
>> [x,f,e_flag,inform]=fzero('xA2-sin(x)-1"',[-1, 0])
X =

-0.6367
f =

0
e_flag =
1
inform =
iterations: 8
funcCount: 8
algorithm: 'bisection, interpolation'

>> [x,f,e_flag,inform]=fzero('xA2-sin(x)-1"',[1, 21)
X =
1.4096

f =
-1.1102e-016
e_flag =
1

inform =
iterations: 10
funcCount: 10
algorithm: 'bisection, interpolation'

4.4. TIPUMEPHBIE BOITPOCHI HA 3ALIUTE PABOTDI

1. YUto Ha3pIBaeTCs KOPHEM YpaBHEHUS?

2. YTo 3HAYNT pElIUTh ypABHEHHE?

3. KakoBslI 3Tansl penieHus ypaBHEHUS ¢ OJTHOW ITEPEMEHHOM?

4. Kakue CymecTByIOT METOIBI PEMIEHUSI YPABHEHHS C OJTHOW ITEPEMEHHON?

5. CyTbh Me€TOa TTIOJIOBUHHOTO JICIICHMUSL.

6. Cyts MmeToaa xopa. I'paduueckas uHTepnperanus MeToja.

7. CyTh MeTOA KacaTenbHbIX. ['paduueckas nHTEpIpeTalys METOAA.

8. CyTb M€TO/1a UTEPALIIH.

9. KakoBbl JOCTaTOYHBIE YCIOBHUS CXOJMMOCTHM MTEPALMOHHOTO MpoLecca MpHU
pemennn ypaBHeHus X=f(X) mHa otpeske [a, b], comepxkaiiero kKopeHb, METOIOM
MPOCTOM UTepanuu?

10. Kakoe ycnoBue SBISIETCS KPUTEpUEM JOCTHMKEHUS 3aJaHHOM TOYHOCTH IpHU
pemeHnn ypaBHeHus X=f(X) MeTo10M XOpI, KacaTeIbHbIX, UTepPAIUii?

11. 3anucate GopMyily HaXOXKICHUSI 3HAYCHUH TMOCIIEI0BATEILHOCTH MPU PEIICHUH
YpPaBHEHUSI METOJOM: XOp/[, KaCATENbHBIX.

12. Kak cTpouTCcs HWTEpallMOHHAs TMOCIEA0BATEIbHOCTh TOYEK IPU PELICHHUU
YpaBHEHUSI METOIOM ITPOCTOM UTEpALIMU?
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4.5. 3AJAHME

Hcnone3yss BapuaHThl U pe3yibTaThl JJaOopaTOpHOW paboThl Ne3 BHINOIHUTH
CJIEYIOIINE 3aJaHUs:
1. Pemmuth ypaBHEHME METOJaMH MOJOBUHHOIO JAEJIEHUS, UTEpaluil, CEKyUIUX U
KacaTeJbHBIX ¢ TOYHOCTRIO 0,001.
2. BeiBecTn Ha medarb NPUOJMIKEHHOE 3HAYEHHE KOpHS, KOJIWYECTBO HTEpalMid,
3HaYEHUE HEBSI3KU.
3. IIpoBecTH CpaBHUTEIBHYIO XapAKTEPUCTUKY METOJIOB.
4. Pemuts ypaBHenue B cpene MATLAB ¢ moMoibio BCTpOCHHBIX (QYHKITUH.
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JABOPATOPHAA PABOTA Ne5

PEIIIEHHE CUCTEM JIHHEHHBIX
AJITEEPAHYECKHUX YPABHEHHH

5.1. IEJIb PABOTbI
CdopmupoBaTh y CTYJEHTOB IIPEJICTaBICHHE O NPSAMBIX U HUTEPALMOHHBIX
METOJIaX PEUICHHs CUCTEM JTUHEHHBIX YpaBHEHUI, BRIpaOOTaTh YMEHHUS COCTABIATH U
IIPUMEHATh QAJITOPUTMBI KW NIPOTPaMMBl Ul PEIICHUS CUCTEM YpPAaBHEHUMW, IaTh
HAaBBIKM B HCNOJIb30BAHUH IIPOIPAMMHBIX CPEJCTB I PELIEHUS CUCTEM YPaBHEHUM.

5.2. HOPAAOK BBIIIOJIHEHUSA PABOTbBI
1. 3yunuth TEOPETUYECKYIO YaCTh. BBINIOTHUTE 3aJaHUsi, COOTBETCTBYIOIIUE
HOMepy Baiilero BapuanTa, v poA€MOHCTPUPYUTE UX MPENOAABATEIIO.
2. OdopmuTe OTUET IO JTAOOPATOPHOM PabOTE, KOTOPHINA TOJKEH CONEePKATh:

o TUTYJIbHBIN JIUCT;
o UCXOJIHBIC JIAaHHbIC BAPUAHTA;
o peleHue 3a1auu;
o PE3yNbTATHl PEIICHUS 3aJa9H.
5.3. METOANYECKUE PEKOMEH AU
IIpumep 5.1.

Haiitu pemienne cucremsl Metogom [ aycca:
1,23x, —3,25x, —8,69x, =10,33,
7,03x, +4,81x, +0,27x, = —6,43,
4,49x, —7,55x, +12,51x, = 41,53.

Pemenne:

Cosznare ¢aitn Exchange.m (muctunr 5.1), comepkamimii onucaHue (QYHKIHH,
OCYIIECTBJISIONIEH TEPECTaHOBKY CTPOK MpPH OOHApYKEHUU B TEKYIEH CTpOKE
HYJIEBOT'O JIEMEHTA Ha TJIABHOMW JHArOHaH.

Jlucrunr 5.1. daiin Exchange.m.
function z=Exchange(C,i)

k=1+1;

while c(k,i)==0
k=k+1;

end;

for j=1l:size(cC,1)
s=C(i,3);
c(i,j)=cCk,3);
C(k,j)=s;

end;

z=C,;

2. Coszmare aitn Simplex.m (muctunr 5.2), comepamuii onucaHue (QyHKIUH,
BO3BpaIlaloIIel paCIIMPSHHYIO MATPHILY CUCTEMbI K JIMarOHAJIbHOMY BHLY.
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JlucTuHr 5.2, @aiia Simplex.m.
function z=Simplex(A,b)

N=size(A,1); % OnpeaeneHve 4ymcna ypaBHEHUA CUCTEMbI
C=cat(2,A,b); % Co3aaHMe paCWMPEHHOMW MATpPULbl CUCTEMDI
for i=1:N-1
if c(i,i)==0
C=Exchange(C,1);
end;
for j=0:N
C(i,N+1-j)=Cc(i,N+1-j)/c(i,i);
end;
for m=i+1:N
alpha=C(m,1i);
for j=i:N+1
c(m,j)=C(m,j)-alpha*c(i,j);
end;
end;
end;
C(N,N+1)=C(N,N+1)/C(N,N);
C(N,N)=1;
z=C;

3. Cosmate ¢aiin Gauss.m (mauctuHr 5.3), coxepkamui omucaHue (QyHKIHH,
BO3BpAILIAIOIIEH PEIICHUE CUCTEMbI JJMHEHHBIX YpaBHEHHM MeTo10M ["aycca.

Jluctunr 5.3. @aia Gauss.m.
function z=Gauss(A,b)

C=Simplex(A,b);
N=size(A,1);
V(N)=C(N,N+1);
for j=1:N-1

s=0;

for k=0:j-1

s=s+C(N-j,N-k)*v(N-Kk);

end;

V(N-3)=(C(N-J,N+1)-s)/C(N-J,N-3);
end;
z=Vv';
4. 3amaTth MaTpUILy CUCTEMBI JIMHENHBIX YPaBHEHUI:
>> A=[1.23,-3.25,-8.69;7.03,4.81,0.27;4.49,-7.55,12.51]
A =

1.2300 -3.6900 -8.6900
7.0300 4.8100 0.2700
4.4900 -7.5500 12.5100

5. 3agaTh BEKTOP-CTOJOEIT CBOOOIHBIX YJICHOB:
>> b=[10.33;-6.43;41.53]

b =
10.3300

-6.4300
41.5300
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6. Pemuth cucteMy ypaBHEHUMN, UCTIOIB3YIO QYHKITUIO Gauss( ):
>> x=Gauss(A,b)

X =

1.6468
-3.7694
0.4540

7. IIpoBepUTh NPABUIBHOCTD PELIEHUS CUCTEMBI JIMHENHBIX YPAaBHEHUM:
>> A¥*X

ans =

10.3300
-6.4300
41.5300

OtBer: pemeHueM cucteMbl MeTonoM [aycca sABisieTCs  BEKTOp-CTOJOEL
16467

x=|—3,76%4
0,4540

IIpumep 5.2.
Pemmte cucreMy JIMHEHWHBIX anreOpanyecKux YypaBHEHHUH METOJIOM HTEpalUH C
TouHOCTHIO 0,001

1,23x, —3,25x, —8,69x, =10,33,

7,03x, +4,8Lx, +0,27x, = 6,43,

4,49x, —7,55x, +12,51x, = 41,53.

Pemenne:
Jlns Havana mpeodpaszyeM JaHHYI0 CHCTEMY K BUAY IPUTOJIHOMY UIS UTEPAIIMOHHOTO
npoiecca:
1. Bo3pMeM MepBBIM ypaBHEHHEM BTOPOE, TPETBUM - TPEThE, @ BTOPBIM CYMMY
IIEPBOTO U TPETHETO YPABHEHNN:
7,03x, +4,81x, + 0,27 x, = 6,43,
5,72x, —10,8x, +3,82x, = 51,86,
4,49x, —7,55x, +12,51x, = 41,53.
2. Paznmenum Kakoe ypaBHEHHE HA JMArOHANBHBIA KOA(PGUIMEHT W BBIPa3uM W3
KQKJIOTO YPAaBHEHHsI TMarOHAIbHOE HEU3BECTHOE:
x, =—0,6842 x, —0,0384 x, —0,9146,
x, =0,5296 x, +0,3537 x, — 4,8018,
x, =—0,3589 x, +0,6035x, +3,3197 .

3. Cospaiite ¢aitn Iterac.m (muctunr 5.4), comepkanmii onucanue (QyHKIUH,
BO3BpAILAIOLIEN pPELICHUE CHUCTEMbl JIMHEHWHBIX YPAaBHEHUM METOJOM IPOCTOU
UTEPALUU.

Jluctuur 5.4. ®aiia lterac.m.
function Iterac(cCl,dl,eps)

N=size(Cl,1);
R1=d1;

ql=R1;
g2=(Cl*gl)+R1;
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p=0;
s=0;
for i=1:N
if abs(gq2(i)-q1(i))>s
s=abs(q2(i)-ql1(i));
end;
end;
while s>eps
p=p+1;
ql=q2;
g2=(Cl*ql)+R1;
s=0;
for i=1:N
if abs(gq2(i)-q1l(i))>s
s=abs(q2(i)-ql(i));
end;
end;
end;
q2
(C1*g2)+R1-g2
p
abs(g2-ql1)

4. 3agaiiTe MaTpUIly CHUCTEMBI, NPUBEACHHOW K BHUIYy, IPUTOJHOMY Ui METOAA

MIPOCTON UTEPALINU:
>> A=[0,-0.6842,-0.0384;0.5296,0,0.3537;-0.3589,0.6035,0]

A =
0 -0.6842 -0.0384

0.5296 0 0.3537
-0.3589 0.6035 0

5. 3agaiiTe BEKTOP-CTOIOEI] CBOOOHBIX YJICHOB:
>> b=[-0.9146;-4.8018;3.3197]

b =

-0.9146
-4.8018
3.3197

6. Halinnte penieHne CUCTEMbI JIMHEWHBIX YPABHEHUM:
>> Iterac(A,b,0.001)

g2 =
1.6469
-3.7688
0.4537

ans =
1.0e-003 *

-0.3175

-0.3475
0.4688

p:
11

ans =
1.0e-003 *
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0.5043

0.4768
0.2273
1,6469
OTBeT: pEIICHHEM CUCTEMBI SBIISIETCS BEKTOP-CTOJIOEN x =| —3,7688 |, MOJIYYEHHBIH
0,4537

Ha 11 mare urepauum.

IIpumep 5.3.
Pemmmte cucteMy JMHEHHBIX anreOpandecKuxX YpaBHEHUH MeTOoJoM 3eiaens c
ToyHOCTRIO 0,001:

1,23x, —3,25x, —8,69x, =10,33,

7,03x, +4,8lx, +0,27x, = —6,43,

4,49x, —7,55x, +12,51x, = 41,53.

Pemenne:

1. Co3mare daitn Zeidel.m (mmctunr 5.5), comepkammii omucaHue (QYHKIHUH,
BBINIOJIHSIFOIIEH MOCIE0BATENbHO: a) IPUBEACHUE CUCTEMBI K HOPMAJIbHOMY BHY; 0)
NpUBEICHNE HOPMAIBbHON CHCTEMBl K BHUAY, MNPUTOJHOMY I HTEPAMOHHOTO
nporiecca 3eiens; B) peaanu3aiuio UTEPallMOHHOTO Ipoliecca 3eiaers.

JIuctunr 5.5 ®@aiia Zeidel.m.
function zeidel(A,b,eps);

N=size(A,1);
% MNpuBeAeHMEe CUCTEMbl K HOpMasibHOMY BUAY
C=A"*A;
D=A"'*b;
% MNpuBeAeHMEe CUCTEeMbl K BUAY, MPUIrOAHOMY ANA UTEpPaLMOHHOro npouecca
for i=1:N
D1(i)=D(i)/C(i,i);
end;
D1=D1'; % TpaHCNOHWPOBAHME MATPWULLbI
d1=D1;
for i=1:N
for j=1:N
if i==j
Cc1(i,j)=0;
else
C1(i,j)=-c(i,jd)/cCi,i);
end;
end;
end;
% PeweHne CJIAY MeToAOM 3enpens
R1=d1;
ql=R1;
% Co3AaHMe MaTpuupl AN XpPaHEHUs MPOMEXYTOYHbIX AaHHbIX
t=size(Cl);
N=t(1,1);
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g2=zeros(t(1,1),1);
% LMKN BblYUCIIEHUN
p=0;
s=0;
for i=1:N
if abs(gq2(i)-q1(i))>s
s=abs(q2(i)-ql1(i));
end;
end;
while s>eps
q2=ql;
p=p+1;
for f=1:N
v=(Cl*ql)+R1;
x(f,D=v(f,1);
ql(f,D=x(f,1);
end;
s=0;
for i=1:N
if abs(g2(i)-ql(i))>s
s=abs(q2(i)-ql(i));
end;
end;
ql=x;
end;
'oTBETHI: '
q2
'MpoBepka: '
A*q2
'yncno npoxopos: '

p
abs(g2-ql)

2. 3apmate 3HauYeHHS KOA()(PUIMEHTOB NpPH HEU3BECTHBIX HCXOJHOM CHCTEMBI

JUHENHBIX YpaBHEHUH U CTOJI0€1] CBOOOHBIX YJICHOB:
>> A=[1.23,-3.25,-8.69;7.03,4.81,0.27;4.49,-7.55,12.51];
>> b=[10.33;-6.43;41.53];

3. BbuuciouTh pelieHue CHUCTeMbl JUHEHHBIX ypaBHEHWH, HCHONB3YysS (DYHKIHIO

Zeidel ().

>> zZeidel(A,b,0.001)

ans =

OTBEeThI:

q2 =
1.6461
-3.7683
0.4543

ans =

MpoBepka:

ans =
10.3235
-6.4304
41.5255

ans =

4YnCcno NpoxXoAoB:

p =
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8
ans =
1.0e-003 *
0.4400
0.5685
0.2488

OTBer: pelmeHneM CHCTEMBI TPeX JIMHEHMHBIX YPAaBHEHHUW SBIAETCS BEKTOP
1,6461

x=|—3,7683 |, HAUJCHHbBIA HA BOCbMOM II1are UTECPALUH.
0,4543

PaccMoTpuM pelieHHe CUCTeM JIMHEWHBIX YPAaBHEHUH C IOMOUIbIO BCTPOCHHOMU
byHKIUH solve():

solve (' f1', 'f2 ', .., 'fn', X1, X2, .., Xn)
rie:

v\ 'fi ' —i-e ypaBHEHHE CUCTEMEL, I=1,2, ..., N;
v’ xi — i-e Heu3BecTHOE, I=1, 2, ..., N.

Ilepen ¢yHkumeir solve() HEOOXOAMMO C MOMOIIBIO (DYHKIHMH syms ONPEIEIUTH
CUMBOJIbHBIE IIEPEMEHHBIE.
IMpumep 5.4.
[TycTh HEOOXOIUMO PEIIUTh CAEAYIONIYIO CUCTEMY YPaBHEHUI:
1,23x, —3,25x, —8,69x, =10,33,
7,03x, +4,81x, + 0,27 x, = 6,43,
4,49x, —7,55x, +12,51x, = 41,53.

IIporpamma penieHust CUCTEMbI YPABHEHUN UMEET BUJ:
>> syms X1 x2 x3;

>>  Y=solve('l.23*x1-3.25*x2-8.69*x3=10.33", '7.03*x1+4.81%x2+0.27%x3=-6.43",
'4.49%x1-7.55*x2+12.51*x3=41.53")

[Tocne naxatus kinaBuid <ENter> moiayyum OTBET B CIEAYIOIIEM BUJIE:
Y =

x1: [1x1 sym]

x2: [1x1 sym]

x3: [1x1 sym]

[Iporpamma 3agauy pemuia, HO HE BblJana 3HAYEHHUSI HEU3BECTHBIX X1, X2, X3. Jld nx

MOJIy4YeHUs] HEOOXOAMMO BOCIOJIB30BaThCS KOMAHAOW Y.k, Tae k — uUMA
HEU3BeCTHOro. B Hamem citydae penieHue OyAeT UMETh BU:

>> Y.x1

ans =

1.6467696870844978837212332256586
>> Y.X2

ans =
-3.7690989344414828576791743237764

>> Y.x3
ans =
.45398138688708304769095896660916

5.4. IIPUMEPHBIE BOITPOCBHI HA 3AHIUTE PABOTBI

1. Kakue BbI 3HaeTe rpymniibl METOIOB PEIICHHS] CUCTEM JIMHEHUHBIX YPaBHEHHI?
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2. Kakpe Mmeronbl OTHOCATCS K OPSIMbIM METOAAM PEUIEHUS CHCTEM JIMHEWHBIX
ypaBHEHUI?

3. Kakue Meroabl OTHOCATCS K MNPUOJIMKEHHBIM METOJaM pEUIEHHUs] CHUCTEM
JIMHEHHBIX YpaBHEHUI?

4. YTO 3HAUNT PEIIUTH CUCTEMY YPAaBHEHUI?

5. B uem 3akmrouaercs CyThb Mertoja l'aycca Uil pelieHuss CHUCTEM JIMHEHMHBIX
ypaBHEHU?

6. B uwem 3axmouaercs cyrb Meroga JKopaaHa-I'aycca naisi pelIeHHs] CHCTEM
JMHENUHBIX YpaBHEHUI?

7. B 4em 3akiroyaercs CyThb METOJA MPOCTOM HTEpalWy JJI1 PEIICHHUS CUCTEM
ypaBHEHUI?

8. Kak mpuBectm cucrtemy K BHIYy C HOpeoOJaarOUIMMU JIHAaroOHAJIbHBIMU
ko3 purmentamu?

9. B ueM 3akiroyaeTcs CyTh METOAA 3€U e I PEILICHHS CUCTEM YPaBHEHUN?

5.5. 3AJIAHUE
1. Pemmute CJIAY merogom I"aycca ¢ Tounoctsro 0,001.
2. Pemute CJIAY Meronom npoctoit utepanuu ¢ TouHoctbio 0,001.
3. Pemute CJIAY meronom 3emaens ¢ Toudoctsio 0,001.
4. ITpoBeCTH CPaBHUTEIIBHYIO XapPAKTEPUCTUKY METOJIOB.
5. Pemute CJIAY B cucreme MATLAB ¢ nomonisto BCTpoeHHOM QPyHKIUY.

Bapuanmu 3a0anuii.

No 3anmanue
BapHaHTa
4,4x, —2,5x, +19,2x, —10,8x, =43,
5,5x, —9,3x, —14,2x, +13,2x, = 6,8,

1 71x, —115x, + 5,3x, —6,7x, =18,
14,2x, +23,4x, —8,8x, +53x, =7,2.
(8,2x1 -3,2x, +14,2x, +14,8x, =-8,4,
5,6x, —12x, +15x, —6,4x, =45,

2 57x, +3,6x, —12,4x, — 2,3x, =3,3,
6,8x, +13,2x, —6,3x; —8,7x, =14,3.
5,7x, —1,8x, —5,6x, —8,3x, =2,7,
6,6x, +131x, — 6,3x; +4,3x, =-5,5,

3 14,7x, — 2,8x, +5,6x, —12,1x, =8,6,
8,5x, +12,7x, —23,7x, +5,7x, =14,7.
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3,8x, +14,2x, +6,3x, —15,5x, = 2,8,

4 8,3x, —6,6x, +5,8x, +12,2x, =—-4,7,

6,4x, —8,5x, —4,3x, +88x, =7,7,

17,1x, —8,3x, +14,4x, — 7,2x, =135.

r15,7x1 +6,6x, —5,7x; +11,5x, =-2,4,
8,8x, —6,7x, +5,5x; —4,5x, = 5,6,
6,3x, —5,7x, —23,4x, + 6,6x, =7,7,
14,3x, +8,7x, —15,7x, —5,8x, =23,4.

4,3x, —121x, + 23,2x, —14,1x, =15,5,
2,4x, —4,4x, + 3,5x, + 5,5x, =2,5,
54x, +8,3x, —7,4x, -12,7x, =8,6,
6,3x, — 7,6x, +1,34x, +3,7x, =121

14,4x, —5,3x, +14,3x, —12,7x, =-14 4,
23,4x, —14,2x, —5,4x, + 2,1x, =6,6,
6,3x, —13,2x, — 6,5x, +14,3x, =9,4,
5,6x, +8,8x, —6,7x, —23,8x, =7,3.

17x, +10x, —1,3x; + 2,1x, =31,
31x, +1,7x, —21x, +5,4x, =21,
3,3x, —7,7x, +4,4x, —51x, =19,
10x, —20,1x, +20,4x; +1,7x, =18.

17x, —18x, +19x, —57,4x, =10,

i, —4.3x, +15x; ~17x, =19,

1,2x, +1,4x, +1,6x; +1,8x, = 20,
| 71x, —13x, - 4,1x, +5,2x, =10.

10

6,Lx, +6,2x, — 6,3x, + 6,4x, =6,5,
11x, —15x, +2,2x, — 3,8x, =4,2,
51x, —5,0x, +49x, —4,8x, =47,
18x, +19x, + 2,0x, — 2,1x, = 2,2.

11

2,2x, —31x, +4,2x, —51x, = 6,01,
13x, +2,2x, —1,4x, +1,5x, =10,
6,2x, — 7,4x, +8,5x, —9,6x, =11,
1,2x, +1,3x, +1,4x, + 4,5x, =1,6.
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12

35,8x, + 2,1x, —34,5x, —11,8x, =0,5,

| 2716~ 75x, +11.7x; - 235x, =128,

11,7x, +18x, — 6,5x, + 7,1x, =17,

16,3x, +10x, +7,1x; +3,4x, = 20,8.

37




JABOPATOPHAA PABOTA N6
PEIIIEHHE CUCTEM HEJIUHEHHBIX YPABHEHHUH

6.1. HEJIb PABOTBI
CdopmupoBaTh y CTYAEHTOB NPEICTABICHHE O METOJaX PEIICHUS CHUCTEM
HEJIMHEWHBIX YPABHEHU, IPUBUTh YMEHHUS COCTABIISATh U IPUMEHATH AITOPUTMBI JJIS
pEelIeHUs] TaKUX CHCTEM YpaBHEHHWI, BbIpaOOTaTh HABBIKM B HCIOJIb30BAaHUU
MPOTrPaMMHBIX CPEICTB JIJISl PEIICHUS CUCTEM YPABHEHUM.

6.2. IOPAAOK BBIIIOJIHEHUS PABOTbBI
1. U3y4nTh TEOPETHUYECKYIO YacTh. BBINOJHUTE 3aJaHusi, COOTBETCTBYIOIIWE
HOMepy Baiilero BapuanTa, v NpoAeMOHCTPUPYHUTE UX MPENOAABATEIIO.
2. OdopmuTe OTUET IO JTAOOPATOPHOM PabOTE, KOTOPBIMA TOJKEH CONEPKATh:
® TUTYJIbHBIN JUCT;
® CXOJHBIEC JaHHBIC BAPUAHTA;
® peIlICHUE 33/a4H,;
® pe3yJIbTaThl PEUICHUS 3a]]a4u.

6.3. METOAUYECKHUE PEKOMEH/JALIMN

IIpumep 6.1.
Pemmnts cucteMy HETMHEWHBIX ypaBHEHU MeTo10M HbtoToHa ¢ TouHocThio 0,001:
sin(x —0,6) — y =1,6,
3x—cosy=0,9.
Pemenne:
IIepenuiem n1aHHYO CUCTEMY B BUJE
y = S|n(X - 016) _1:61
o 0,9+ cosy .
3

Otaenenue KopHel mpousBeaeM rpaduuecku:
>> x1=-2:0.1:2;

>> yl=sin(x1-0.6)-1.6;

>> y2=-3:0.1:3;

>> Xx2=(0.9+cos(y2))/3;

>> plot(xl, yl, 'R', x2, y2)
>> grid on

[Tomyuyum crnenytromnue rpaduku:
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Puc. 6.1. I'paduxu dynxnuii: sin(x —0,6) -y =1,6 (KkpacHas TUHHS)
u 3x—cosy=0,9 (cuHAA IUHKA)

N3 rpaduka BUIHO, YTO CUCTEMA UMEET OJIHO PEIICHHE, 3aKiItoueHHoe B obactu D:
0<x<0,5, -2,5<y<-1,5.
[lepenuiiem cucteMy B CIIEAYIONIEM BUIE:
F(x,y)=sin(x-0,6)—y—-16=0,
G(x,y)=3x—cosy—0,9=0.
Haitnem yacTHble TPOU3BOIHEIE:
F!/(x,y) =cos(x —0,6), Fo(x,y)=-1
G, (x,y)=3, G, (x,y)=siny.
Bo3bmem HavaneHOe npubmmxkenue X, =01, y, =-2.
1. Cozpmaiite aitn F_6.m (auctuar 6.1), comepkamuii onucanue (QyHKIUN
F(x,y)=sin(x-0,6)—y-16=0.

Jluctuur 6.1. ®aiia F_6.m.
function z=F_6(x,Yy)

z=sin(x-0.6)-y-1.6;

2. Cozpaiite ¢aiin G_6.m (muctuar 6.2), copep)ammii omnucaHue QyHKIHH
G(Xx,y)=3x—-cosy—-0,9=0.

Jluctuur 6.2. @aiin G_6.m.

function z=G_6(x,Yy)

z=3*x-cos(y)-0.9;

3. Cozpaiite ¢aitn Fx_6.m (auctunr 6.3), comepxkammii onucanue QGyHKIUN
F,(X,y)=cos(x—-0,6).

Jluctunr 6.3. @aiia Fx_6.m.

function z=Fx_6(x,Yy)

z=cos(x-0.6);

4. Cozpanite ¢aiin Fy 6.m (nmuctunr 6.4), coaepkamuii omnucaHue GYHKIUU
F (x,y)=-1.
y

Jluctunr 6.4. @aiin Fy_6.m.
function z=Fy_6(x,Yy)

39



z=-1;

5. Cospaiite daiin Gx 6.m (quctuHr 6.5), coaepKalluid onucaHue (QyHKIUU
G;(x,y)=3.

Jluctuur 6.5. ®aiia Gx_6.m.

function z=Gx_6(x,Yy)

z=3;

6. Cozpmaiite daiin Gy 6.m (quctunr 6.6), copepkaumii onucaHue Q(yHKIUA
G, (x,y)=siny.

Jluctunr 6.6. Paiia Gy _6.m.

function z=Gy_6(x,Yy)

z=sin(y);

7. Cosznanite aitn SysNuton.m (suctunr 6.7), copepxauuii onucaHue (QyHKIIHH,
BO3BPAILAIOIIEH PEIICHUE CUCTEMbI HEJTMHEHHBIX ypaBHEHUI MeTo1oM HbioToHA.

Jluctunr 6.7. @aiia SysNuton.m.
function SysNuton(f,g, fx,fy,gx,gy,x0,y0,esp)

x1=x0+(feval(g,x0,y0)*feval (fy,x0,y0)-
feval (f,x0,y0)*feval(gy,x0,y0))/(feval (fx,x0,y0)*feval(gy,x0,y0)-
feval (fy,x0,y0)*feval (gx,x0,y0));
y1l=y0+(feval (f,x0,y0)*feval(gx,x0,y0)-
feval(g,x0,y0)*feval (fx,x0,y0))/(feval (fx,x0,y0)*feval(gy,x0,y0)-
feval (fy,x0,y0)*feval (gx,x0,y0));
k=1;
while abs(x1-x0)>esp & abs(yl-y0)>esp
x0=x1;
yO=y1;
x1=x0+(feval (g, x0,y0)*feval (fy,x0,y0) -
feval (f,x0,y0)*feval(gy,x0,y0))/(feval (fx,x0,y0)*feval(gy,x0,y0)-
feval (fy,x0,y0)*feval(gx,x0,y0));
y1l=y0+(feval (f,x0,y0)*feval (gx,x0,y0)-
feval(g,x0,y0)*feval (fx,x0,y0))/(feval (fx,x0,y0)*feval(gy,x0,y0)-
feval (fy,x0,y0)*feval(gx,x0,y0));
k=k+1;
end;
x=x1
y=yl
k

8. HaiiquTe pellieHue CUCTEMBI:
>> SysNuton('F_6','G_6"',"'Fx_6',"'Fy_6','Gx_6"','Gy_6',0.1,-2,0.001)

X =
0.1511
y =
-2.0340
S 2
Takum o6pazom, mbl monyuwinn pemenne cuctembl X =0.1511, y =-2.0340 3a nBe
uTepaIuu.

Pemenue cuctem HenuHeinbix ypaBuenuid B MATLAB ocymectBisieTcss pyHKImen
fsolve(), KOTOpast UMEET BUJ:
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fsolve(‘file’, x0)

riae file — cucTemMa ypaBHEHMM, COXpaHEHHas: B M-daiiie.
IIpumep 6.2.

[IycTb conepxxumoe (aitiia UMeeT BUI:
function F=myfun(x)

F=[sin(x(1)-0.6)-x(2)-1.6; 3*x(1)-cos(x(2))-0.9]
[IporpamMma u pe3yabTaThl pEIIEHNS] UMEIOT BU:
>> x0=[0.1;-27;
>> X=fsolve('myfun',x0)
X =
0.1511
-2.0340

6.4. IPUMEPHBIE BOITPOCHI HA 3AILIUTE PABOTbI
1. Kakwue BbI 3HaeT€ METOJIbI PEIICHUSI CUCTEM HEJIMHEHHBIX YPaBHEHUMN?
2. B dem 3akimtouaeTcsi CyTh MeToja HproToHa [JIs1 pelieHus CUCTeM HeMHEHHBIX
ypaBHEHUI?
3. B yem 3axmouaercss CyTh METOAAa TPOCTOW HUTEpPAlUU ISl PEIICHUS CHCTEM
ypaBHEHUI?
4. B yeMm 3aKiI04aeTcsi CyTh METOJIOB CITyCKa I PEIICHUS CUCTEM HETWHEHWHBIX
ypaBHeHH? Kakue BUIbI METOJOB CITyCKA BbI 3HaeTE?

6.5. 3AJAHUE
1. OTaenuTh peneHne CUCTEMbI TPapUUISCKH.
2. Pemuth cucremy metonoM Herorona ¢ Tounoctsro 0,001.

Bapuanumut 3a0anuii.

No Bapuanrta 3amanue

. {tg(xy +0,4) = x%;

0,6x* +2y* =1, x>0, y>0.

sin(x+y)—1,6x=0;
x> +y*=1x>0,y>0.

X +2y% =1.

sin(x+y)—-12x=0,2;
x> +y?=1.

3 {tg(xy+01) X’
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; {tg(xy +0,3) = x%;
0,9x% +2y* =1.
sin(x+y)—1,3x=0;

° {xz +y?=1.

. {tg Xy = X°;
0,8x* +2y* =1.
sin(x+Yy)—-15x=01;

| {xz +y?=1.

9 {tg Xy = X%;
0,7x* +2y* =1.

0 {ST(XJ;y) -12x=0,1;
X“+y =1

1 {tg(xy+0,2)=x2;
0,6x° +2y* =1.

12

sin(x+y)=15x-0,;
x> +y?=1.

42




JABOPATOPHAA PABOTA Ne7
HUHTEPITIOJIUPOBAHUE ®YHKIIHH

7.1. HEJIb PABOTDI
CdopmupoBatsb y CTYJEHTOB IIPEICTABIICHHUS 0 IPUMEHEHUHU
MHTEPIOJMPOBAHUS (YHKIUN JJIs1 pElIeHMs KU3HEHHBIX 3a/1ay, NMPUBUTH YMEHUS
COCTaBIISITh U MPUMEHATh MHTEPHOJSAIMOHHBIE (popmyssl Jlarpanixka, MHOTOUJICHBI
HproTona, crimaiiHbl M OLIECHUBATH UX IMOIPEIIHOCTH, JaTh HABBIKA B MCIOJIb30BAHUU
IIPOTPAMMHBIX CPEACTB ISl IPOBEPKHU IMOJIYUYECHHBIX PE3YIBTATOB.

7.2. HOPAAOK BBIITIOJIHEHUSA PABOTbI

1. M3y4uTh TEOPETUYECKYIO YaCTh. BBINOIHUTE 3a/laHus, COOTBETCTBYIOLIUE
HOMepy Baiilero BapuaHTa, v IpoAEMOHCTPUPYHUTE UX MPEMOAABATEIIO.

2. Odopmure oTyeT 1o J1abopaTOpHOU paboTe, KOTOPBIM JOHKEH COAEPKATD:
TUTYJbHBIN JIUCT;
UCXOJ/IHbIC JAHHBIC BAPUAHTA;
penieHune 3a1auu;
pe3yNbTaThl PEIICHUS 3aJaUH.

7.3. METOAUYECKHUE PEKOMEH/JALIMN

IIpumep 7.1.
Paccmotpum ¢yukmuto f(X), 3a1aHHy0 TaOIUYIHO:
x y
0,43 1,6359
0,48 1,7323
0,55 1,8768
0,62 2,0304
0,7 2,2284
0,75 2,3597

[TocTpouTs  WHTEPHONSAIMOHHBIA  MHOTOWIEH  METOJOM  HEOIPEACIICHHBIX
K02 PUITMEHTOB ¥ BBIYUCIUTH NPUOTIKEHHOE 3HaUeHne PpyHkiuu B Touke x=0,53.
Pemenne:

1. Cospmaiite ¢aiin Pol.m (muctunr 7.1), coxepkamuii omucaHue (QyHKIHH,

n
BO3Bpallaroniel 3HaueHus noimmHoma P, (X) = Z:akxn‘k :
k=0

Jluctunr 7.1. ®aiin Pol.m.
function z=pPol(a,xl)

Ml=Tength(a);
s=0;
for i=1:m1
s=s+a(i)*x1.AM1-1);
end;
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2. Cozpnaiite ¢aitn Vandermond.m (siuctusr 7.2), copaep Kaiii onucanue QyHKINH,
BO3BpalllaoIIeii 3HaYCHHsI SJICMEHTOB MaTpUIlbl Banaepmona.

Jluctunr 7.2. ®aiia Vandermond.m.
function z=VvVandermond(x)

N=Tlength(x);
z=ones(N,N);
for i=1:N
for j=1:N
z(i,3)=x(1).A(N-J);
end;
end;

3. 3az:a1”4Te SHAYCHU SKCIICPUMCHTAJIbHBIX JAHHBIX.

>> x=[0.43;0.48;0.55;0.62;0.70;0.75]
X =
.4300
.4800
.5500
.6200
.7000
0.7500
>> y=[1.6359;1.7323;1.8768;2.0304;2.2284;2.3597]
y=

o O O © O

.6359
.7323
.8768
.0304
.2284
2.3597

NN R R R

4. BelunCcIUTE 3HAYEHUS JJIEMEHTOB MaTpullbl Banaepmona.
>> M=Vandermond(x)

M =
0.0147 0.0342 0.0795 0.1849 0.4300 1.0000
0.0255 0.0531 0.1106 0.2304 0.4800 1.0000
0.0503 0.0915 0.1664 0.3025 0.5500 1.0000
0.0916 0.1478 0.2383 0.3844 0.6200 1.0000
0.1681 0.2401 0.3430 0.4900 0.7000 1.0000
0.2373 0.3164 0.4219 0.5625 0.7500 1.0000

5. Beruucnure 3HaueHHs KO3 GUIIMESHTOB TTOJIMHOMA.

>> a=MA-1%*y
a =
-152.9063
444 .9904
-511.6367
291.7494
-80.6863
10.0997
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Taxum 06pa3omM, TOTUHOM UMEET BU:
P, (X) =—152,9063x° + 444,9904x" —511,6367x> + 291,7494x° —80,6863x + 10,0997

6. Beraucimth 3HaYCHNE MOTMHOMA B 33JJaHHONM MPOMEXKYTOUHON Touke x=0,53.

>> x1=0.53;

>> yl=pPol(a,x1)

yl =
1.8349

7. IloctpoiiTe rpaduk HaAHJEHHOTO MMOJIUHOMA.

>> x1=0.43:0.01:0.75;

>> yl=pPol(a,xl);

>> plot(x1l,yl)

2.5

24

2.2

1.8+ .

15 1 1 1 1
0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75

Puc. 7.1. I'padux pynkumn
y =—152,9063x° + 444,9904x"* —511,6367x° + 291,7494x* —80,6863x +10,0997

Amnmnpoxcumanus nonuHomamu B cpene MATLAB ocymiecTBisieTcss ¢ MOMOIIBIO

(GyHKIHN polyfit(), KOTOpas UMEET BUA:
polyfit(x, y, n)

rje:
v\ X — BEKTOp Y3JIOB HHTEPIIOJISIIUH;
v\ Y — BeKTOp 3Ha4YCHHUH (QYHKIIMHU B Y3JIaX HHTEPIIOJISIINH;
v' N - CTeneHb NOJMHOMA.
OTKIMKOM TpH peanu3aluuu PyHKUUU polyfit() SBIAETCS BEKTOpP KOA(P(UIIMEHTOB
MOJIMHOMA.
Ipumep 7.2.

Brinonnute crnenyronme 1eMCcTBUS:
>> x=[0.43;0.48;0.55;0.62;0.70;0.75];

>> y=[1.6359;1.7323;1.8768;2.0304;2.2284;2.3597];
>> polyfit(x,y,5)

ITocne HaxkaTus KiIaBuiIK <ENter> oTeeT Moyry4rm B CIEIYIOLIEM BHJIE:
ans =

-152.9063 444.9904 -511.6367 291.7494 -80.6863 10.0997

Torna pyHkumen HHTEPNONALUY OYAET CACIYIOINMA TOJUHOM ISITON CTETEeHU:
P, (X) = —152,9063x° + 444,9904x"* —511,6367x° + 291,7494x* —80,6863x +10,0997.
Pemenue coBnagaer ¢ Moay4YeHHbIM B IPEABIAYIIEM IIPUMEPE.
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Wutepnonauus kyOuueckumu cruiaitHamu B cpene MATLAB ocymecTBisiercs ¢

OMOIIBI0 PYHKIIUM spline(). DYHKIMS UMEET BU/:
yi=spline(x, y, Xxi)

rae:
v X — BEKTOP Yy3JIOB UHTEPIIOJISIIHH;
v\ Y — BeKTOp 3HaYeHUH (PYHKIMH B y3J1aX HHTEPIIOJISIINH;
v' Xi — BekTop aprymenToB ¢yHkmmu Yy=f(X) u3 obmactu ee ompemeneHwus,
3a/laBacMbIl MOJIb30BATEIICM.
IMpumep 7.3.
Haitnem 3nauenune ¢ynkuuu npu x=0,53, BBIMNOJHUB JJI1 A3TOTO CJEAYIOIIUE
JICHUCTBUSA:

>> x=[0.43;0.48;0.55;0.62;0.70;0.75];
>> y=[1.6359;1.7323;1.8768;2.0304;2.2284;2.3597];
>> Xxi1=0.53;
>> yi=spline(x, y, xi)
yi =
1.8347
[Toctpoum rpaduk GyHKIHM:
>> x1=0.43:0.01:0.75;
>> yi=spline(x, y, Xi);
>> plot(xi,yi)

2B

2.4

22

1.8} .

1-5 1 1 1
0.4 0.45 0.5 0.5 0.E 0.65 0.7 0.75

Puc. 7.2. I'paduk pyHKUMH, 3HAUEHHS] KOTOPOI HalIEHBI C TOMOIIbIO KyOUYeCcKOro CIlIaiiHa.

7.4. TIPUMEPHBIE BOITPOCBHI HA 3ALIIUTE PABOTBI
Uto Takoe MHTEPHOJISIUS?
Yo Takoe y3/1bl MHTEPIOJIALUNA?
B ueM 3axmrouyaeTcs 3ajja4a OThICKaHUS UHTEPIOJIUPYIOIIEr0 MHOTOUJIeHa?
Kak nmoctpouTs MHTEpNIOASAUMOHHBIA MHOTOUIEH Jlarpanxa?
. Kak onpenenuTs morpemHocTs METOAa WHTEPHOJALHMHU C MOMOIIBIO (POPMYIIbI
Jlarpanxa?
6. Kak oOpa3yrorcs pa3jiesieHHbIe pa3HOCTH?

bW E
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7. Kax cBsi3aHbI pa3ielieHHbIE PA3HOCTH U TIPOU3BOTHAS?

8. Uto Takoe cruiaitH? Kak mpoucxoauT Iporecc HHTEPIOINPOBaHUS CIUTAHHAME?

9. UYro Takoe KOHEYHAas Pa3HOCTh NepBoro nmopsaaka? Kak ona Haxoaurcs?

10.Yto Takoe KOHEYHAS pa3HOCTh BTOpOro nopsaka? Kak oHa HaxoauTcs?

11.Yto Takoe KOHEYHAs pa3HOCTH N-To mopsaka? Kak ona HaxoauTcs?

12.IlepBas naTepnosauuonHas Gopmyia HeroToHA U1s1 paBHOOTCTOSIINX Y3JIOB.
13.Bropas unTepnosimonHas ¢popmyna HeroToHa 111 paBHOOTCTOSIIINX Y3JI0B.

14 Kak HaxoAuTCs MOTPEIIHOCTh METOJa MHTEPIIOINPOBAHUS C TIOMOIILI0 (HOpMyI
Hrrorona?

15. YTo 3HAYUT «MHTEPIOJIUPOBAHUE BIIEPE», KMHTEPIIOTMPOBAHNEC HA3a1»?

7.5.3AJIAHUE
1. TlocTpouTs HHTEPIOJANHUOHHBIA MHOTOWIEH METOJIOM  HEOMPEISICHHBIX
K03 PUITEHTOB.
2. IlocTpouthb rpaduk MHTEPHOIALUOHHON QYHKITUU.
3. Haitftu npubmxkeHHble 3HaueHUsT (QYHKIUM TPUA JaHHBIX TPOMEKYTOUYHBIX
3HAYCHUSX apTyMEHTa.
4. Haittu npuOmmKeHHbIE 3HAYCHUS (DYHKIIMUM TpU JAHHBIX MTPOMEKYTOUHBIX
3HAUEHUSX AapryMEHTa C TIOMOIIBI0 KyOMYECKOTO CIUIaiiHa W BU3YyaIM3UPYUTE
PE3yNbTaThl CIIAH-UHTEPIIOSAIUY.

Bapuanmu 3a0anuii.

1 2 3
X y X y X y
1,415 0,8886 0,101 1,2618 0,15 0,8607
1,420 0,8900 0,106 1,2764 0,20 0,8187
1,425 0,8906 0,111 1,2912 0,25 0,7788
1,430 0,8917 0,116 1,3061 0,30 0,7408
1,435 0,8927 0,121 0,3213 0,35 0,7046
1,440 0,8940 0,126 1,3366 0,40 0,6703
1,445 0,8947 0,131 1,3521 0,45 0,6376
1,450 0,8957 0,136 1,3677 0,50 0,6065
1,455 0,8967 0,141 1,3836 0,55 0,5769
1,460 0,8977 0,146 1,3995 0,60 0,5488
1,465 0,8986 0,151 1,4157 0,65 0,5220
B Touke X=1,4161 B Touke X=0,1026 B Touke X=0,7250
4 5 6
X y X y X y
0,180 5,6154 3,50 33,115 0,115 8,6572
0,185 5,4669 3,55 34,813 0,120 8,2932
0,190 5,3263 3,60 36,598 0,125 7,9582
0,195 5,1930 3,65 38,474 0,130 7,6489
0,200 5,0664 3,70 40,447 0,135 7,3623
0,205 4,9461 3,75 42,521 0,140 7,0961
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0,210 4,8317 3,80 44,701 0,145 6,8481
0,215 4,7226 3,85 46,993 0,150 6,6165
0,220 4,6185 3,90 49,402 0,155 6,3998
0,225 4,5191 3,95 51,935 0,160 6,1965
0,230 4,4242 4,00 54,598 0,165 6,0055
B Touke X=0,175 B Touke X=3,475 B Touke X=0,1745
7 8 9
X y X y X y
1,340 4,2556 0,01 0,9918 0,15 4,481
1,345 4,3532 0,06 0,9519 0,16 4,953
1,350 4,4552 0,11 0,9136 0,17 5,473
1,355 4,5618 0,16 0,8769 0,18 6,049
1,360 4,6734 0,21 0,8416 0,19 6,685
1,365 4,7903 0,26 0,8077 0,20 7,389
1,370 4,9130 0,31 0,7753 0,21 8,166
1,375 5,0419 0,36 0,7441 0,22 9,025
1,380 51774 0,41 0,7141 0,23 9,974
1,385 5,3201 0,46 0,6854 0,24 11,023
1,390 5,4706 0,51 0,6579 0,25 12,182
B Touke X=1,3921 B Touke X=0,492 B Touke X=0,2444
10 11 12
X y X y X y
0,45 20,194 1,345 4,3532 0,130 7,6489
0,46 19,613 1,350 4,4552 0,135 7,3623
0,47 18,942 1,355 4,5618 0,140 7,0961
0,48 18,174 1,360 4,6734 0,145 6,8481
0,49 17,301 1,365 4,7903 0,150 6,6165
0,50 16,312 1,370 4,9130 0,155 6,3998
0,51 15,198 1,375 5,0419 0,160 6,1965
0,52 13,948 1,380 51774 0,165 6,0055
0,53 12,550 1,385 5,3201 0,170 5,8255
0,54 10,993 1,390 5,4706 0,175 5,6558
0,55 0,264 1,395 5,6296 0,180 5,4954

B Touke X=0,445

B Touke X=1,374

B Touke X=0,158
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JABOPATOPHAA PABOTA Ne8
YHCJIEHHOE IH®®EPEHIIHPOBAHUE

8.1. HEJIb PABOTBI
CdopmupoBats y CTyZICHTOB pEACTaBICHUSA 0 YUCJIICHHOM
muddepeHMpoBaHUYN, TPUBUTH YMEHUS COCTABJISITH U MPUMEHATH (HOPMYIIbI
YUCJICHHOTO I PepeHITMpPOBaHNs, OIEHWBATh WX IMOTPEITHOCTH, JaTh HABBIKU B
WCIIOJb30BaHUU MPOTPAMMHBIX CPEJICTB JIJIsi MPOBEPKU MOJYYEHHBIX PE3yJIbTAaTOB.

8.2. HOPAAOK BBIIIOJIHEHUS PABOTbI
1. U3yunuTh TEOPETUYECKYIO YacTh. BBINOIHUTE 3a7aHUs, COOTBETCTBYIOLIUE
HoMepy Baiiero BapuanTta, u npoJeMOHCTPUPYUTE X MPENOABATEIIO.
2. Odopmure oTyeT 1o 1adopaTOpHON pabOTe, KOTOPBIN JOHKEH CONEPKATh:

® THUTYJbHBIN JIUCT;
® JCXOJHBIC IAaHHBIC BApUAHTA;
® pellicHHE 3a/1a4H;
e pe3yNbTaThl PEIICHUS 3a1a4H.
8.3. METOANYECKHUE PEKOMEHIAIIUN
IIpumep 8.1.
Paccmotpum ¢yukmuto f(X), 3a1aHHyO TaOIUYHO:
X y
0,43 1,6359
0,48 1,7323
0,55 1,8768
0,62 2,0304
0,7 2,2284
0,75 2,3597

NHTEpnonssinOHHBIN MHOTOWIEH UMEET BU:

P (X)= —154,9063x° + 444,9904x"* —511,6367x° + 291,7494x* —80,6863x +10,0997.
Bbrurcium 3Ha4eHHs TPOU3BOIHOM Toi (hyHKIMK Ha otpeske [0,43; 0,75]:

>> dx=0.01;

>> x=0.43:dx:0.75;

>> yf=-154.9063*x.A5+444.9904*x.A4-511.6367%x.A3+291.7494%x . A2~
80.6863*x+10.099;

>> N=Tength(x);

>> m=1:N-1;

>> df(m)=Cyf(m+1)-yf(m))/dx;

>> plot(df)
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Puc. 8.1. I'padux npouzBogHON DYHKITHH.

8.4. IPUMEPHBIE BOITPOCHI HA 3ALIIUTE PABOTbI

JlaliTe onpeaeneHrue Mpou3BOIHON (DYHKITUU.

Kax BeirnaauT npubamxkeHHas GopMynna YuCcIeHHOTo AuddepeHuupoBaHms?

Uro Takoe anmpoxkcuMarus’?

Nurepnonsiunonnas ¢hopmyna Jlarpanxa ajisi paBHOOTCTOSIIHNX Y3JI0B.

5. ®opmyna uyucieHHoro auddepeHIMpoBaHusl HAa OCHOBE HWHTEPIOISIIMOHHON
dbopmynsl Jlarpanxa.

6. ®opMyna 1 OLEHKH TOTPEUTHOCTH YHMCICHHOro IuddepeHInpoOBaHus 10
dbopmyne Jlarpanxa.

/. ®opmyna uucieHHOTO AuddepeHIIupPOBaHUS Ha OCHOBE HWHTEPHOJSIIMOHHBIX
dbopmyn Herotona.

8. ®opmyna s ONEHKH TOTPENIHOCTH YHCIEHHOTO auddepeHnupoBaHus 1o
dhopmyne HerotoHa.

9. Kak BiusieT Ha TOYHOCTh YHCIICHHOTO TU(GEepeHIIMPOBaHNS BeTMYNHA iara h?

W

8.5. 3AIAHUE
1. TlocTpouTh UHTEPHNOISAIMOHHBIA MHOrowieH. Mcrnonp30BaTh BapuaHThl U
pe3ynbTaThl JabopatopHoit No 7.
2. Haiitu mpubnuxeHHbIE 3HAUYCHUS MPOU3BOAHONW (YHKIIMM HA HHTEpBAJES
MHTEPIIOJIMPOBAHUS.
3. Tloctpouts rpaduk NponU3BOIHON PYHKITUH.
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JABOPATOPHAA PABOTA Ne 9

IIPUB/IN’KEHHOE BbIYUC/IEHUE OIIPE/IEJIEHHBIX
HHTET'PAJIOB

9.1. HEJIb PABOTBI
O3HAaKOMHUTCS C YHUCICHHBIMM METOAAMHM BBIYMCIICHUS OIPEACIICHHBIX
MHTETPAJIIOB, HAYyYUTCS peliaTh 3aJadd ¢ HUCHoib30BaHuEeM (GopMysbl CHMIICOHA,
Tpareumiu, NpaBbIX U JEBBIX NPIMOYTOJIBHUKOB, MeTog MonTe-Kapio.

9.2. HOPAAOK BBIIIOJIHEHUS PABOTbI
1. V3y4uTh TEOPETUYECKYIO 4YacTh. BBINONHHUTE 3a7aHUsl, COOTBETCTBYIOIINE
HoMepy Baiiero Bapuanrta, 1 npoJ€MOHCTPUPYUTE X MTPENOABATEITIO.
2. Odopmure oTyeT 1o 1abopaTOpHOU paboTe, KOTOPBINA TOJIKEH COAECPKATh:

o TUTYJIbHBIN JIUCT;
o WCXOJ/IHBIE TaHHbIC BAPUAHTA;
o pelIeHue 3aa4uH;
o pe3yabTaThl PEIICHUS 3a/1a4H.
9.3. METOAUYECKHUE PEKOMEH AU
IIpumep 9.1.

5

Beruncnuth uHTErpa jln XdX MeTOJOM JIEBBIX M IPaBBIX NPSIMOYTOJLHUKOB,
3

Tpaneunii 1 CUMIICOHA.

Pemenne:

B koMaHaHOM  OKHE nporpammbl MATLAB  wabepem  ciaemyromyro
IMOCJICA0BATCIbHOCTD OIICPATOPOB:

>> f=inline('reallog(x)'); % 3ajaHue noApIHTerpasbHOU (YHKUMU

>> a=3;

>> b=5;

>> N=100;

>> 1=1:N;

>> dx=(b-a)/(N-1); % war MHTerpupoBaHuUsA

>> x=a:dx:b; % BblYMCIEHWE KOOPAMHAT Y3/I0B CETKMU

>> y=feval (f,x); % BblMMCNIEHME 3HAYEHUN (YHKUUU B y3Nnax CeTKMU
% BbIYUCIEHME WHTerpana MeToAOoM MpPaBbliX MPSAMOYIOJIbHUKOB

>> m=2:N;

>> yl(m-1D=y(m);
>> Fr=sum(yl)*dx

r =
2.7565
% BblMMC/IEHME WHTerpasia MeTOJOM JIeBbIX NPAMOYIrO/bHUKOB
>> m=1:N-1;
>> yl(m)=y(m);
>> Fl=sum(yl)*dx

F1 =

2.7462
% BblUMC/IEHME MHTerpana MeToAoM Tpaneuun
>> s=0;
>> for i=2:N-1

s=s+y(i);

end;
>> Ft=(0.5*y(1)+s+0.5*y(N))*dx
Ft =

2.7513
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% BblUMCNEeHMe MHTerpasa MeToaoM CUMMCOHA
>> s=0;
>> for i=2:N-1

if i-2*ceil(i/2)==0

else
k=2;

end;

s=s+k*y(i);

end;
>> Fs=(y(1)+s+y(N))*dx/3
Fs =

2.7405

IIpumep 9.2.

5
Boruncnuts uHTETpa Iln xdx meromom MonTte-Kapio.
3

Pewenue:
3Ha4YeHUE MHTErPaia MOKHO BBIYUCIIUTH 110 POpMyIIe:
n
FM_[{ = S ! (9.1)
N
rme N — 4YHCiIO0 TOYeK, yaomieTBopsitomux ycimoBuio Y, < f(x,), N — momHoe
KOJIMYECTBO TOYEK, S — IJIOMNIA b MPSMOYTOJIbHUKA;
WIIH:
1 N
Fux=0-a)=> f(x), (9.2)
N i3
rne Xi — TOCJIEeIOBATEIbHOCTh CIYYalHBIX YHCET C PAaBHOMEPHBIM 3aKOHOM

pacnpejeiienus Ha otpeske [a, b].

B xomannHoMm okHe mporpammel MATLAB BBegeMm cnemyroniee:
>> f=inline('reallog(x)"');

>> a=3; % 3apaHue KOOpAWHAT BepWWMH MPAMOYIroOJibHUKA
>> b=5;

>> Ymin=0;

>> Ymax=feval (f,b);

>> N=1000; % reHepauusa C/y4vyanHbIX KOOpAWHAT

>> x=a+(b-a)*rand(N,1);
>> y=Ymin+(Ymax-ymin)*rand(N,1);
>> s=0; % MnoAcYeT 4Yucsa To4vyek, nonaBwmx nogd rpaduk GyHKUUK
>> for i=1:N
if y(@i)<=feval(f,x(i))
s=s+1;
end;
end;
>>kak=s*(b—a)*(Ymax—Ymin)/N % BblMMCIEHME 3HA4YeHUa UHTerpana
Fmk =
2.7425
% BblUMCNEeHWe UHTerpasna B cooTBeTcTBUMM C (9.2)
>> F=feval(f,x);
>> Fmk=(b-a)*sum(F) /N

Breruucnenne wunterpasia B cucreme MATLAB ocymecTtBiasiercss ¢ mOMOIIbIO
CIeAYIOMMX (PyHKIIMM:
v quad('fun’, a, b, tol) — BO3BpAILlA€T 3HAYEHUE UHTErpajia oT QyHKUUU
fun Ha uHTepBaie [a, D] ¢ 3amaHHON OTHOCHTENLHOW MOTPENIHOCTHIO tol ( TI0
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yMomuaHuio to1=1073), mpu BBIMMCIIEHUM MCHONBL3YETCA aJalTHBHBIA METOJ
CumMricona;
v int(y(x), a, b) —BO3BpallaeT 3HaUCHHUE HHTETpajia OT PYHKIHUH y(x) Ha
uHTepBaie [a, b] ananuTryeckumMu MeTomaMu (€CIIM TPaHMIIBI HE 3a/1aBaTh, TO
BBIYHUCIISICT HEOIPEACIICHHBIN HHTErpal).

Ipumep 9.3.

[TycTh HEOOXOAMMO BBIUMCIIUTH OTNPE/ICICHHBIA HHTETPa

5
Ih]de.

[Iporpamma pernieHust UHTErpaia ¢ MOMOIIbI0 (YHKIIUU quad UMEET BUI:
>> y="log(x)';
>> quad(y,3,5)

[Tocne naxatus knaBuiyd <ENnter> monxyuyum creayroiiee peuieHue:
ans =

2.7514
PaCCMOTpI/IM PCHICHUC MHTCI'paJia C IIOMOIIbIO (bYHKHI/IH int.
>> Syms X; %onpeneneHne CUMBObHbLIX NepemMeHHbIX
>> y=log(x); % BBOA, MOAbIHTErPaNbHOMO BblpaXeHUA

>> int(y,3,5)
ans =

5*Tog(5)-2-3*10g(3)

9.4. IPUMEPHBIE BOITPOCHI HA 3ALLIUTE PABOTbI
B xakom ciyyae ucnosb3yercsi YUCIEHHOE HHTErpUpOBaHue?
[TocTaHOBKa 3a1a4¥ YUCIEHHOTO UHTETPUPOBAHMSL.
Kaxkwue cymiecTBytOT METOIbI UHTETPUPOBAHUS (PYHKITU?
['paduueckas uaTEpIpETALIUg METOIA TPATICIIUA.
Kak onleHuTh NOrpenIHoCcTs METOAa Tpaneuu?
['paduueckas uaTepnperaius Mmeroga CuMIICOHA.
Kak onenuts norpemnocts MeTona Cumricona?
I'paduueckas unTEpIpeTaLIUsS METOIA MPSIMOYTOJIBHUKOB.
. Kak oneHuTps NorpemHocTs METo1a NPSIMOYTOJIbHUKOB?
10 Yem ornmuarotcst GopMyssl MeToa Tparneuuid u Mmeroaa Cummncona?
11.Kak BIUseT Ha TOYHOCTh YUCJIICHHOTO MHTETPUPOBAHMSI BeJIMYKMHA Iiara h?
12.Yem oTiMdaeTcs BIYUCIICHHUE TIOTPEITHOCTH MeTo1a Tpaneruii 1 CumricoHa?
13.OcHoBHas unes metoaa Monre-Kapio?
14. T'padmueckas uarepnperamus metoga Monte-Kapio.

CoNoaRrLDE

9.5.3AJAHHUE
Haiitu nmpubimmkeHHOE 3HaUeHUEe MHTErpaa 3aaaHHoi ¢pynkuuu f(X) Ha oTpeske
[a, b] mo dopmynam mpsiMoyroiabHHKOB, Tpanenuu, Cumicona, Monre-Kapio npu
nenenun otpeska Ha 2000 paBHBIX 4YacTed, MPOU3ZBECTH OILIEHKY MOTPEUIHOCTH
METOJIOB MHTETPUPOBAHMS W CPaBHUTh TOYHOCTh IIOJYUYCHHBIX pe3yJbTaTOB:
COCTaBUTh (PYHKIMIO, BO3BpALIAOUIYI0 3HAYEHHE WHTErpaja Ha OCHOBE (OPMYJIbI
Metosa MonTe-Kapio. CpaBHUTB pe3yibTaThl, MOJyYEHHbIE PA3HBIMU METOIAMH.
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Bapuanmu 3a0anuii.

No Ne

sapuanta f(x) [a, b] S f(x) [a, b]
C | s oo | 7 | () |ases
2 sin(2x? +1) [0; 1] 8 i [1; 7]

X
3 (x+1 9)sin(xj [1; 2] 9 L [0; 1]
' 3 ’ x* +1 ’

4 )1(In(x+2) 2: 3] 10 4ix [0; 3]
5 X? COS(Z) [2; 3] 11 v1+cos? x [0; = ]
6 3x+In x [1; 2] 12 e sin(x?) [0; 5]
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JABOPATOPHAA PABOTA Ne 10
BBIYUC/IEHHUHE KPATHBIX HHTEI'PA/IOB

10.1. ILEJIb PABOTbI
O3HAaKOMHUTCSI C YMCICHHBIMM METOJAMH BBIUMCIEHUS KPaTHBIX WHTErPAJIOB,
HAy4uTCs pelIaTh 3a7aqy ¢ UCIoNIb30BaHueM Meroaa Monre-Kapio.

10.2. MOPAJOK BBIITOJIHEHUS PABOTHBI
1. U3yunTh TEOPETHUYECKYIO YacTh. BBINOJHHUTE 3aJaHusl, COOTBETCTBYIOIIWE
HOMepy Baiilero BapuanTa, v poAeMOHCTPUPYHUTE UX MPENOAABATEIIO.
2. OdopmuTe OTUET IO TAOOPATOPHOI PAbOTE, KOTOPBINA TOJDKEH CONEPKATh:
® THUTYJIbHBIN JIUCT;
® CXOJHBIC JaHHBIC BAPUAHTA;
® pEIICHHE 33]a4H;
® pe3yJIbTAaThl PEUICHUS 3a]]a4H.
10.3. METOANYECKHUE PEKOMEHJALIUN
IMpumep 10.1.
Berunciaute Metonom MonTte-Kapiio 7BOMHON HHTErpat ” A X+ ydxdy , rae o6nacth
D
D orpannuena muamsmu X =0,X=4, y=3X, y=8Xx (puc. 10.1).

¥
y=&x
y=3x
0 4 x

Puc. 10.1. O6nacts D.

Pemenue:
4 8x

3anucaB JaHHBIN ABOMHOW MHTErpall B BUJIE IOBTOPHOTO, uMeeM | = de j X+ ydy.
0 3x

3neck a=0, b=4, ¢,(X) =3X, ¢,(X)=8X; nanee, ¢,(X) >0, ¢,(X)=<32, nostomy c=0,

d=32.

1. Coznaiite ¢aiin F_10.m (muctunr 10.1), comepxkamuii omucanue GyHKIAA

F(X,y)=-/x+VY.

Jluctuur 10.1. @aijin F_10.m.
function z=F_10(x,y)

z=sqrt(x+y);
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2. Cozpaiite ¢aiin G1_10.m (muctunr 10.2), coxepkammii onucaHue QyHKIUU
@, (X) = 3X.

Jluctunr 10.2. @aiia G1_10.m.

function z=G1_10(x)

z=3%X;

3. Cosmaiite ¢aitn  G2_10.m (muctuar 10.3), coxepkamuii  ONMHMCaHHE
byHKIHU O, (X) = 8X.

JIuctunr 10.3. ®aiia G2_10.m.

function z=G2_10(x)

z=8%X;

4. Cozpanite ¢aiin Krint.m (muctunr 10.4), conmepxkamumii onucaHue (QyHKIUH,
BBIYUCIISAIONICH  JBOMHOM wuHTerpanm MetogoM Monte-Kapno mno dopmyne

[] £ (x, y)dxdy ~ (b_a)l\(ld _C)if(xi,yi)-

Juctunr 10.4. ®aiia Krint.m.
function z=kriInt(f,a,b,c,d,gl,g2,N)
S=0;
for i=1:N
x=a+(b-a)*rand(1);
y=c+(d-c)*rand(1);
ng=feval(gl,x);
vg=Ffeval(g2,x);
if (y<=vg) & (y>=ng)
S=S+feval (f,x,y);
end
end
z=(b-a)*(d-c)*S/N;

5. Beruucnure uHTErpa:

>> I=KrInt('F_10',0,4,0,32,'G1_10','G2_10"',1000)
I =
163.4583

4 8x
Taxum o6pasom, | = [dx [ /x + ydy ~163,4583.
0 3x

10.4. IPUMEPHBIE BOITPOCHI HA 3AILIIUTE PABOTbI
1. B kakoMm ciy4yae UCIOJb3yeTCsl YUCIEHHOE HHTErPUPOBaHUE?
2. IlocTaHoBKa 3aja4l YUCIEHHOTO UHTEIPUPOBAHUSI.
3. Kakue cymecTByOT METO/IbI BBIYUCICHHS KPATHBIX HHTETPAJIOB?
4. OcHoBHas uaes meroaa Mounte-Kapio.
5. Anasnor ¢GopmyI npsSMOYTrOJIbHUKOB.
6. AHanor (GopmyJibl Tpareuuu.
7. Ananor ¢popmyn CumrncoHa.
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10.5. 3AJIAHUE

Breraucnuts npoiiHoM uaTerpan | mo o6xactu D Mmerogom Monte-Kapio.

Bapuanmui 3a0anuil.

Ne Bapnanrta I 3ajanus D
1 '[J(x+y)2dxdy Xx=1x=3, y=x?, y=x+x?
2 Lf(x2+y2)dxdy x=0,x=4, y=1, y=5
3 IDI(XVHW)O'XO'Y x=0,x=2, y=1, y=9
4 LI(;+deXdy Xx=2,x=4, y:);z, y = 2X
5 gxmdxdy x=0,x=4, y=1 y=7
6 J;I(m)f)/dxdy x=0.2,x=1 y=0, y=x
7 _g(x—y)dxdy y=2-x% y=2x-1
8 _[J(x+2y)dxdy X=2,X=3, y=X, y=2X
9 g(XZJ’yz)dXdy X=y,x=0, y=1 y=2
10 IDI(3x2—2xy+ y)dxdy X=0, X=y?, y=2
11 _g(x+y+3)dxdy X+y=2,x=0, y=0
12 '[J(x2+y)dxdy y=x2, y? =X
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JJABOPATOPHAA PABOTA Ne 11
METO/IbI OBPABOTKH 3KCIIEPUMEHTA/IBHbBIX /[AHHBIX.

11.1. IEJIb PABOTbI
CdopmupoBaTh y CTyI€HTOB IMPEACTABICHUE O MOAXOJE K PELICHUIO 337aud O
CPEIHEKBAIPATUYHOM MPUOIMKEHUH (DYHKLIHUH, 3aJaHHOW TaOJIWYHO; IPUBUTH
3HaHHA O METOJaX AaNNpPOKCHMAIlUU 3JIEMEHTApHBIMU (YHKIUSMHU; BBIPaOOTAThH
HaBBIKH padoThI B cpene nmporpammel MATLAB.

11.2. MOPAJOK BBITIOJIHEHUSA PABOTDI
1. U3y4nTh TEOPETHUYECKYIO YacTh. BBINOJHUTE 3aJaHusi, COOTBETCTBYIOIIWE
HOMepy Barrero BapuaHTa, U MpOJIEMOHCTPUPYITE UX MPETOIABATEIIIO.
2. OdopmuTe OTUET IO JTAOOPATOPHOM PabOTE, KOTOPHINA TOJKEH CONEePKATh:
® TUTYJIbHBIN JUCT;
® UCXOJHbBIEC JAHHbIC BAPUAHTA,;
® pCIICHHE 33]a4H;
® PpE3yIbTaThl PEIICHUS 3aa4H.
11.3. METOANYECKHUE PEKOMEHJALIUN
I[pumep 11.1.
Halitu ypaBHeHuE JNHMHEHHOW M TUNEPOOIMYECKON perpeccuil mins (QyHKIMH,
3aJIaHHOM TaOJIUYHO:
X 1 2 3 4 5
y 4 5 3,5 1,5 2

Pemenue:
a) Borumcauth kod(GUIMEHTHI @ U D ypaBHCHHS JTUHEHHOW PErpeccHd MOXKHO,
BOCTIOJIb30BAaBIIUCH CUCTEMOW:

M, ==>x’
X nZI
M 1
M,-a+M,-b=M,, = 2%
” (11.1) Tme (11.2)
M, -a+b=M_; 1
Mxyzﬁzxiyi’
1
Myzﬁzyi;
i GopMyIIaMHu:
M, -M, -M M.,M -M_-M
a=—2>2 * Y p=—2" Y. (11.3)

MXZ_MXZ MXZ—MXZ

B  komangHom  okHe  mnporpammbl MATLAB  naGepem  criepyromiyro

IMOCJICAOBATCIIbHOCTL OIIECPATOPOB!
>> x=[1;2;3;4;5]; % 3ajaHue UCXOAHbIX AaHHbIX
>> y=[4;5;3.5;1.5;2];
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>> X2=[X. A2],
>> xy=[x."
>> Mx=1/6%* sum(x), % BblUMCIEHWEe 3/1IeMeHTOB MaTpuu M un d
>> My=1/6%*sum(y);
>> Mx2=1/6*sum(x2);
>> Mxy=1/6*sum(xy) ;
>> M(1,1)=Mx2; % 3ajaHue MaTpuubl M
>> M(1,2)=Mx;
>> M(2,1)=Mx;
>> M(2,2)=1;
>> d(1,1)=Mxy; % 3apaHue maTpuupl d
>> d(2,1)=My;
>> Coeff=MA-1%*d % pelwleHne cucTembl NIMHEeWHbIX ypaBHeHun (11.1)
Coeff =
0.0286
2.5952
?> %3(Mxy—Mx*My)/(Mx2—MxA2) % BblUMCNeHne Ko3(ppuuMeHTOB C nomMowbilo Gopmyn
11.

a =

0.0286
>> b=(Mx2*My-Mx*Mxy) / (Mx2-MxA2)
b =

2.5952

% BblMUC/IEHME CYMMbl KBAApPaTOB OTKJIOHEHUMN
>> yl=a*x+b;
>> e2=(y-yl) .A2;
>> S=sum(e2)
S =
10.0840
% nocTpoeHue rpa¢MKa NONYYEHHON (QYHKLUUM U UCXOAHBIX JaHHbIX
>> plot(x,yl,x,y,

[Tonyunmnmm ypaBHeHHe JmHEHHOU perpeccun  y=0,0286x+2,5952, cymmy KBazmpaToB
orkionenuit S=10,084 u rpaduk (puc 11.1).

5 1 * 1 1 T 1 1

4.5

3.5

+
1

25

15 | | | | 1 * |
1 15 2 25 3 3.5 4 4.5 g

Puc. 11.1. Ucxonuble ganHble ¥ rpaduk A1 JIMHEHHON QyHKIIH

0) Jlnsa HaxoxkaeHHs TUIEPOOTHMUECKOM PErpecCHi BOCIIOIB3yEeMCs 3aMEHOM U = — |
X

paccMOTpUM TaOJIUILy
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Ulug (U | ... | Uy

Y IY1 Y2 |... [¥n
s pysxmuu F(u,a,b) =au +b.

B xomananoM okHe nporpammbl MATLAB BBezneMm ciienyroniee:
>> x=[1;2;3;4;5];
>> u=(1./x);
>> y=[4;5;3.5;1.5;2];
>> u2=[u.A2];
>> uy=[u.*y];
>> Mu=1/6*sum(u);
>> My=1/6*sum(y);
>> Mu2=1/6*sum(u2);
>> Muy=1/6*sum(uy) ;
>> M(1,1)=Mu2;
>> M(1,2)=Mu;
>> M(2,1)=Mu;
>> M(2,2)=1;
>> d(1,1)=Muy;
>> d(2,1)=My;
>> Coeff=MA-1%*d
Coeff =
3.9564
1.1610
>> a=(Muy-Mu*My) /(Mu2-MuA2)
a =
3.9564
E> b=(Mu2*My-Mu*Muy) / (Mu2-MuA2)

1.1610
>> y2=al./x+bl
>> e2=(y-y2).A2
>> S=sum(e2)
S =
6.1769
>> plot(x,y2,x,y,"*")

[Tonyunnau ypaBHeHHe THnepOoandeckor perpeccun  y=3,9564/x+1,1610, cymmy
KBaJ[paToB OTKJIOHeHUN S=6,1769 u rpaduk (puc 11.2.).

% BBeAEHMEe 3aMeHbl NepeMeHHOM X

55 T T T T T T T

15 | | 1 | | * |
1 1.5 2 25 3 3.5 4 4.5 )

11.2.Ucxonubie qaHHbIe U TpaUK AJs TUIIEPOOTHYECKON PYHKIIMU
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11.4. MIPUMEPHBIE BOITPOCbHI HA 3ALHIUTE PABOTHBI
1. OOmast mocTaHOBKA 3a7a4l HAXOXKICHUs MPHUOIKaroiel yHKIUH.
2. B yem cyTh npuOMMmKeHUS TaOIMYHO 3adaHHONW (QYHKIIMH TI0 METOdY
HAaUMEHBIIUX KBapaToB?
3. Kakue ¢(yHKIMM MOTYT OBITh HCIIOJIB30BaHbI B KQUE€CTBE MPUOIMKAIOIIHNX ?
4. Kak HaxoAsTCcsi OTKJIOHEHHUS H3MEPEHHBIX 3HAYeHUH Y OT BBIUMCICHHBIX IO
dhopmyie mpubaKaromeit GyHKIum?
5. Kak maiith mnpubmmkaromnryro (yHKIMIO B BHAE JUHEHHONW (yHKUIUM
F(x,a,b)=ax+b?
6. Kak Haiitu mnpubmmkammyro QyHKIMIO B BUAC KBaJApaTHUYHON (YHKIUHU
F(x,a,b,c)=ax?+bx+c?
7. Kak mpuBecTH TMOKa3aTeNbHYI0, CTEMEHHYIO, JIOTapu(PMUIecKyro (QyHKIUU K
JIMHENHOW?
8. Kak yHkIms Tpex nepeMeHHbIX MOKET MPUHUMATh HAaUMEHbIIIee 3HaueHue?
9. Uro Ttakoe k03D PUITMEHT KOPPEIAIUU U KaK OH HAXOUTCs?
10.KakoBbI rpaHuIlsl 3HaU€HUS KOYPDUITMEHTA KOPPEISIUUA U YTO OHU MOKA3bIBAIOT?
11.YT0 Takoe oTKJIOHEHHE?
12.Kak MOXXHO ONpeIeIUTh MPaBIIIBHOCTD BHJ1a BHIOPAHHON (DYHKIIUH.

11.5. BAJAHHUE
1. Vcmonw3yst MaHHBIE TAONWIBI W TPUMEHSS CTaHIAPTHBIC 3aMEHBI MEPEMEHHBIX,
HaWTH YpaBHEHHMS CIICTYIOIINX BHIOB PETPECCHUIA:
JINHEMHOM,
rUnepOoTMUeCKOM,
CTCIICHHOM,
MOKa3aTeIbHOM,
J0TapuPMUYECKOM.
2. CpaBHUTh KaueCTBO TMOJYYCHHBIX MPHUOIMKEHUH TMyTEeM CpaBHEHUS UX
OTKJIOHCHUH.
3. Iloctpouts TpaguKU TMMOTYYUBIIUXCS 3aBUCHUMOCTECH W TAOJUYHBIX 3HAYCHHM
apryMEHTOB U (PyHKITUH.

Bapuanmui 3a0anuil.

Ne 3amanue

1 X 1,20 1,57 1,94 2,31 2,68 3,05 3,42 3,79
y |2,56 2,06 1,58 1,25 0,91 0,66 0,38 0,21

o |X 1,73 2,56 3,39 4,22 5,05 5,89 6,70 7,53
y 10,63 1,11 1,42 1,96 2,30 2,89 3,29 3,87

3 x |-4,38 -3,84 -3,23 -2,76 -2,22 -1,67 -1,13 -0,60
y 12,25 2,83 3,44 4,51 5,29 6,55 8,01 10,04

41X 1,00 1,64 2,28 2,91 3,56 4,29 4,84 5,48
y 10,28 0,19 0,15 0,11 0,09 0,08 0,07 0,06

5 |x 5,89 3,84 6,19 9,22 7,87 6,29 4,43 8,91

61



y 7931 |5743 |6066 90,55 (92,12 |/130 |70,50 |91.25
6 x (291 2,94 6,35 6,58 3,80 6,43 0,57 5,96
y 18216 |61,02 |4456 8252 [99,19 |70,24 |63,23 |66,48
. x (1,23 1,79 2,24 2,76 3,20 3,68 4,16 4,64
y 12,0 2,84 3,21 3,96 4,86 6,06 7,47 9,25
8 x |-438 |-384 |-323 |-2,76 |-222 |-167 |-1,13 |-0,60
y 11,73 2,56 3,39 4,22 5,05 5,89 6,70 7,93
9 x |2,56 2,06 1,58 1,25 0,91 0,66 0,38 0,21
y 10,63 1,11 1,42 1,96 2,30 2,89 3,29 3,87
10 x [7931 |5743 |6066 |9055 |92,12 |7130 |7050 |91,25
y 15,89 3,84 6,19 9,22 7,87 6,29 4,43 8,91
1 x (210 2,84 3,21 3,96 4,86 6,06 7,47 9,25
y 11,00 1,64 2,28 2,91 3,56 4,29 4,84 5,48
19 x (0,28 0,19 0,15 0,11 0,09 0,08 0,07 0,06
y 18216 [61,02 4456 (8252 ]99,19 |70,24 [63,23 |66,48
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JABOPATOPHAA PABOTA Ne 12
IIPEOBPA3OBAHHUE ®YPBE.

12.1. HEJIb PABOTbI
[ToBTOPUTH TEOPETUICCKHUI MaTepHal 1Mo TeME M CaMOCTOATEIHHO PACCMOTPETh
Cpe/ACTBa peaau3aliu ClieKTpalbHOro ananu3a B nakere MATLAB.

12.2. MOPAJOK BBIIIOJIHEHUS PABOTHBI
1. U3y4nTh TEOPETHUYECKYIO YacTh. BBINOIHUTE 3aJaHusl, COOTBETCTBYIOIIWE
HOoMepy Bairero BapuanTta, u IpoJEMOHCTPUPYITE UX MPENOJABATEIIO.
2. OdopmuTe OTUET IO TAOOPATOPHOI PAbOTE, KOTOPBINA TOJDKEH CONEPKATh:
® THUTYJIbHBIN JIUCT;
® CXOJHBIC JaHHBIC BAPUAHTA;
® pCEUICHUE 33]a4H;
® pE3yNbTaThl PEIICHUS 3aJa4H.
12.3. NIPUMEPHBIE BOITPOCBHI HA 3AHIUTE PABOTbI
1. Paznoxxenue nepuoandeckux GpyHkiwmii B psig Oypobe.
2. Dddext 'nbdOCa.
3. CnexTpanbHbI aHATU3 JUCKPETHBIX (DYHKIMI KOHEUHOHN JIIUTEIbHOCTH.
4. beictpoe npeodpazoBanue Oypne (BI1D).

12.4. 3SAJAHUE
Ucnonwsiys dyukiuu nakera MATLAB nns Beruncienus: BII®, HailTu criekTp
byHKIMi, 3amaHHOM HabopoMm mUCKpeTHbIX 3HaueHnd B N=8192 Toukax Ha
uatepBaie [0, 2]. [JlanHas QyHKIUS SIBISETCS CYMMOW JABYX IEPHOIMYECKUX
byHKIUH
s(t) = A sin(2xf,t) + A, sin(2f,t).

Bapuanmui 3a0anuil.

Ne BapuanTa Aq f1 A f,
1 0,7 40 0,4 90
2 0,6 50 0,3 100
3 0,8 60 0,5 110
4 0,9 30 0,2 80
5 0,7 50 0,3 90
6 0,6 40 0,4 70
7 0,8 60 0,5 80
8 0,7 30 0,3 90
9 0,6 50 0,2 100
10 0,6 60 0,4 110
11 0,7 40 0,5 90
12 0,9 50 0,3 80
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JABOPATOPHAA PABOTA Ne 13

YHC/IEHHBIE METO/IbI PEHHIEHHA OBBIKHOBEHHbBIX
JIHODEPEHIIUA/IBHBIX YPABHEHHH IIEPBOI'O IIOPA/IKA

13.1. HEJIb PABOTbI
CdhopmupoBaTh y  CTYOCHTOB  TPEACTaBICHUS O  TPUMEHEHUU
nuddepeHIraIbHbIX YPaBHEHUH B Pa3IHMYHBIX OOJNACTSIX; MPUBUTH YMEHUS pelIaTh
3anauy Komm ms nuddepennmanpapix ypasaenuit y =f(X, y) Ha otpeske [, b] mpu
3aJ]aHHOM HadaibHOM ycloBuHU Vo=f(Xo) MeTomom Diinepa, Pynre-KyrTel, Anamca;
Pa3BUTh HABBIKA MPOBEPKU TOIYYEHHBIX PE3YJIBTATOB C TOMOIIBIO TMPHKIIAJIHBIX
TIPOTPaMM.

13.2. HOPAJOK BBIITOJIHEHUSA PABOTHBI

1. U3yunTh TEOpPETHUECKYI0 4YacTb. BBINOIHHUTE 3aJaHUs, COOTBETCTBYIOIIME
HOoMepy Barero BapuanTa, u mpoAeMOHCTPUPYHTE HX MPEIOIaBATEIO.

2. OdopmuTte OTHET MO JA0OPATOPHOI paboTe, KOTOPHIA TOIKEH CONIEPIKATh:
THUTYJIbHBIN JUCT;
MCXOJHBIC TaHHbIC BApUAHTA,
pellIeHne 3a]a4u;
pe3yJIbTaThl PEIICHUS 3aJauH.

13.3. METOAUYECKHUE PEKOMEHJALIUNA
Ipumep 13.1.
Meronom  Diliepa  HaWTM  3HauYeHUd  JUPPEpPeHLHATBHOIO  YpaBHEHHS
y' =X+ cos(y/ ) na orpeske [1,7; 2,7], nis kotoporo y(1,7)=5,3, npunss h=0,1.
Pemenne:
1. Coznaiire ¢aiin Eiler_13.m (muctunr 13.1), comepxamuii onvcanue (QyHKIUH,

BO3BpAILAOIIEH perieHune TupPpepeHnalbHOro ypaBHEHUSI METOI0M Disiepa.

JIncrunr 13.1. daiin Eiler_13.m
function [X,Y]=Eiler_13(y0,x0,x1,h)

N=(x1-x0)/h;

x(1)=x0;

y(D=yO0;

for i=1:N
x(i+1)=x(1)+h*7;
yGi+D=y()+h*F13(x(),y());

end;

X=X;

Y=y;

function z=F13(x,y)

z=x+cos(y./pi);

2. BBITIOJIHUTD CIEAYIONIYIO MOCIEA0BATEILHOCTh KOMaH/I:

>> h=0.1; % war
>> x0=1.7; % neBasa rpaHuua oTpe3Ka MHTErpupoBaHMUA
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>> x1=2.7; % npaBas rpaHuua oTpe3Ka MHTerpupoBaHus

>> y0=5.3; % HayanbHOe ycroBue

% HAXOXAEHMe UYMCNEHHOrOo peweHus 3azayun Kowwu

>> [X,Y]=Eiler_13(y0,x0,x1,h);

>> i=1l:length(X);

% BblMMCIEHME 3HAYEHUA TOYHOIr0 peweHus

>> Z(1)=y0+1/2*X(1) . A2+pi*sin(y(i)/pi);

% BM3yanusaumsa TOYHOIMO, YUCAEHHOIrO peweHUs U Pa3HOCTU Mexay
% YNCNEHHbIM WU TOYHbIM peweHuamn (puc. 13.1)

>> plot(X,z,X,Y,"'*", X,abs(z-Y),'.")

1 2 T T T T T T

11

10

4 | | | | |
1.6 1.8 2 22 2.4 2B 28 3

Puc. 13.1. Buzyanuzanusi TO4HOTO(-), YUCIACHHOTO (*) pereHust 1 pa3HOCTH(.) MEXAY TOYHBIM U
YHUCIICHHBIM PEIICHUEM, TIOTYYCHHBIM METOJIOM Diiiiepa

IIpumep 13.2.
Haiigute pemenne nuddepeHinaibsHoro ypaBHEHHS MIEPBOTO MOPSAAKA ¢ YKa3aHHBIM

HAaYaJIbHBIM YCJIOBHEM Ha 3aJJaHHOM OoTpe3ke Pynre-Kyrra:
y'=x+cos(x/x), y@.7)=5.3,[1.7;2.7], h=0.1.

Pemenue:

1. Coznaiite daiin RungeKutt_13.m (mctunar 13.2), comepkamuii ONHUCAaHHE
GyHKIMMA, BO3BpamaIiei pemnieHne auddepeHnalbHOr0 ypaBHEHUS METOJI0M
Pynre-Kyrra yerBeproro nopsuaka.

Jluctunr 13.2. ®aiin RungeKutt_13.m
function [X,Y]= RungeKutt(y0,x0,x1,h)

N=(x1-x0)/h;

x(1)=x0;

y(L=yO0;

for i=2:N+1
x(1)=x(1)+h*(i-1);
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kl=h*F(x(i-1),y(i-1));
k2=h*F(x(i-1)+h/2,y(i-1)+k1/2);
k3=h*F(x(i-1)+h/2,y(i-1)+k2/2);
kd4=h*F(x(i-1)+h,y(i-1)+k3);
y(i)=y(i-1)+1/6%(k1l+2*k2+2*k3+k4);

end;

X=X;

Y=Y;

function z=F(x,y)

z=x+cos(y./pi);

2. BBIMOTHUTD CIAEAYIOUIYIO MOCIEI0BATEIbHOCTh KOMaH/T;

>> h=0.1; % war

>> x0=1.7; % neBas rpaHuua oTpe3kKa MHTErpupoBaHUSA
>> x1=2.7; % npaBas rpaHuua OTpe3Ka MHTerpupoBaHus
>> y0=5.3; % HayanbHOoe ycC/lOBUe

% HaxoxAeHue UYUCNEHHOro peleHUsa 3aaayn Kouwu

>> [X,Y]=RungeKutt_13(y0,x0,x1,h);

>> i=1l:length(X);

% BblMMC/IEHME 3HAYEHUN TOYHOrO peleHus

>> Z(1)=y0+1/2*x (i) . A2+pi*sin(y(i)/pi);

% BU3yanusaumMsi TOYHOrO, UYMC/IEHHOrO peleHUs U Pa3HOCTU MexAy
% UYNCNEHHbIM WU TOYHbLIM peweHuamn (puc. 13.2)

>> plot(X,z,X,Y,"'*',X,abs(z-Y),"'.")

1 2 T T T T T T

1 .

10 .

-"-1 | | | |
1.6 1.8 2 2.2 2.4 26 2.8 3

Puc. 13.2. Buzyanuzamus TO4HOTO(-), YucaeHHOro (*) pemeHus 1 pa3HOCTH(.) MeXKAY TOUYHBIM U
YUCJICHHBIM pPEIICHUEM, TTOJyIeHHBIM MeTooM PyHre-Kyrra

IMpumep 13.3.
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Metogom  Amamca  HaiitTh  3HaveHus — auddepeHIHanbHOrO  ypaBHEHHS
y'=Xx+cos(y/ ) na orpeske [1,7; 2,7], nnsa xotoporo y(1,7)=5,3, npunss h=0,1.
Pemienue:

1. Co3maiite ¢aitn RungeKutt 13 3.m (muctunr 13.3), comeprkamiuii ONucaHue
(bYHKIHMH, BRIYMCISIONIEH TIEpBbIe TPU 3HAUYECHUS (GYHKIIUN MeTOI0M PyHre-KyTThI.

Jlucrunr 13.3. @aiia RungeKutt_13 3.m
function [X,Y]= RungeKutt_13_3(y0,x0,h,N)

x(1)=x0;

y(1)=y0;

for i=2:N
x(1)=x(1)+h*(i-1);
kl=h*F(x(i-1),y(i-1));
k2=h*F(x(i-1)+h/2,y(i-1)+k1/2);
k3=h*F(x(i-1)+h/2,y(i-1)+k2/2);
kd=h*F(x(i-1)+h,y(i-1)+k3);
y(i)=y(i-1)+1/6*(k1+2*k2+2*k3+k4);

end;

X=X

Y=y,

function z=F(x,y)

z=x+cos(y./pi);

2. Coznaiitre ¢aitn Adams_13.m (nuctunr 13.4), coaepkaniuii onrcanue QyHKINH,
BO3Bpalamlei pemenue nuddepeHmaisHoro ypaBHEHHS METOI0M A1amMca.

JIncrunr 13.4. ®aiin Adams_13.m

function [y,X,Y]= Adams_13(X,Y,h,N)
b=N-1; %4
c=N-2; %3
d=N-3; %2
a=N-4; %1
for i=a:b

qCi)=h*y(i);
end;
for i=a:c

dg(i)=qi+1)-q(i);
end;
d2q(a)=dq(d)-dq(a);
d2q(d)=dq(c)-dq(d);
d3q(a)=dq(d)-d2q(a);
dy=q(b)+1/2*dq(c)+5/12*d2q(d)+3/8*d3q(a);
y=Y(b)+dy;
X(N)=X(1)+h*(N-1);
Y(N)=y;

3. B xomanmnom oxne mporpammel MATLAB nabepem cremyromryio
MOCJIEIOBATEILHOCTh  OTMIEPATOPOB JUISI BBIYMCICHUS TIEPBBIX TpPEX 3HAUYCHUU
byHKIUM:

>> h=0.1; % war
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>> X0=1.7; % HadanbHble YyCNOBMUA

>> y0=5.3;

>> N=4; % ANVHA MaTpuubl

>> [X,Y]=RungeKutt_13_3(y0,x0,h,N);
>> X

X =

1.7000 1.8000 1.9000

5.3000 5.4609 5.6266

2.0000

5.7972

4. Jlnst BRIYUCIICHHS 3HAYCHUH (PYHKITUMU METOIOM AaMca BBIOJIHUTH CICAYIONIYIO

MMOCJICAOBATCIFHOCTh KOMAH/I.
>> [y,X,Y]=Adams_13(X,Y,h,5)

y=
6.3916
X =
1.7000 1.8000 1.9000

5.3000 5.4609 5.6266
>> [y,X,Y]=Adams_13(X,Y,h,6)
y=

7.0844
X =

1.7000 1.8000 1.9000

5.3000 5.4609 5.6266
>> [y,X,Y]=Adams_13(X,Y,h,7)
y=

7.8380
X =

1.7000 1.8000 1.9000

5.3000 5.4609 5.6266

2.0000

5.7972

2.0000

5.7972

2.0000

5.7972

2.1000

6.3916

2.1000 2.2000

6.3916 7.0844

2.1000 2.2000 2.3000

6.3916 7.0844 7.8380

[TocteneHHO yBennuuBas JJMHY MATPULbI, TOJTYUYHUM:

>> [y,X,Y]=Adams_13(X,Y,h,11) % uToroBble 3HauyeHUs (QYHKUUMU

y:
11.8213
X =
Columns 1 through 7
1.7000 1.8000 1.9000
Columns 8 through 11
2.4000 2.5000 2.6000
Y =
columns 1 through 7

2.0000

2.7000

2.1000 2.2000 2.3000
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5.3000 5.4609 5.6266 5.7972 6.3916 7.0844 7.8380
Columns 8 through 11
8.6843 9.6249 10.6666 11.8213

5. Jns nonydenus rpaduueckoro peuieHus 3agaud Koy BBIMOIHUTE CIETYIOUTYIO

OCJIENOBATEIILHOCTD NEUCTBUN:
>> i=1l:length(X);

>> Z(1)=y0+1/2*X(i) . A2+pi*sin(y(i)/pi);

% BWU3yannsaums TOYHOrO, YMCJIEHHOIO pEWeHMs U PA3HOCTU MeXAy
% UUCNEeHHbIM U TOYHbIM peweHusmu (puc. 13.3)

>> plot(X,z,X,Y,"'*"',X,abs(z-Y),"'.")

1 2 T T T T T _*_ T

10 .

I:l | | 1 | |
16 1.8 2 22 24 2B 28 3

Puc. 13.3. Busyanuzanusi TO4HOTO(-), YUCIACHHOTO (*) pereHust 1 pa3HoCTHU(.) MEXAy TOUYHBIM U
YHUCIICHHBIM PEIICHUEM, TIOTYYCHHBIM METOJIOM A amca

13.4. MTIPUMEPHBIE BOITPOCHI HA 3ALIUTE PABOTbI

1. Uro 3Hauut — pemuth 3amauy Kommwm s nuddepeHnmanbHbpIX ypaBHEHUN
MEepBOro Mopsaka?

2. ['padmueckass wHTEpHpeTanus 4YUCICHHOTO pemieHus auddepeHnnarILHoro
ypaBHEHUS.

3. Kakue cymecTByloT MeTonsl pemieHus AuQQEpeHInaIbHOr0 ypaBHEHUS B
3aBHCHMOCTH OT ()OPMBI MIPEACTABICHUS PEIICHUS?

4, B ueM 3aknroyaeTcsi CyTh NPUHIMUIIA CKUMAIOIIUX OTOOpaKEHUN?

5. B dem 3akirouaercs CyTh METO/1a JIOMaHHBIX Jiliepa?

6. [Ipumenenne kakux (QOpMya TMO3BOJISET TMOJYYUTh 3HAYCHUS HCKOMOU
byHKIMH 110 MeToTy Diiepa?

7. ['paduueckass wHTEepmperamust MeTojna Jiiepa U YCOBEPIICHCTBOBAHHOTO

MeTo1a Disiepa. B yeM otiuuune?
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8. B uem 3aknrouaercs cytb Meroaa Pynre-KyTTei?

9. Kak onpenennTs KOJIUYECTBO BEPHBIX LU(DP B YHUCIIE, ABISIOMIEMCS PEIIEHUEM
auQdepeHInaIbHOr0 YpaBHEHUST METoAaM Dijiepa, yCOBEPLUIEHCTBOBAHHOTO METO/1a
Oiinepa, Pynre-Kyrttb1?

13.5. BAJAHUE

1. Haitnure pemenns audQepeHINaAIBHOTO  ypaBHEHUS TIEPBOTO  MOPSIKA
F(x,y,y") =0, y10BIeTBOPSIONIETO HAYAIbHBIM YCIOBHSM )(Xo)=)o Ha MPOMEKYTKE
[a, b] ¢ trarom h=0,1:

a) METoJI0M Diepa;

0) metosioM Pynre-Kyrra;

B) METOJIOM Ajamca.
2. Iloctpouts rpaduku PyHKIUY.
3. CpaBHUTH pe3yJabTaThl U CIIEJIaTh BHIBO/I.

Bapuanmui 3a0anuii.

Ne BapuanTa F(x,y,y)=0 y(X0)=yo [a, b]
1 y'= Xx+c0s L Vo(1,8)=2,6 [1.8; 2,8]
N
1 - y
2 = X+SsIn 0,6)=0,8 0,6; 1,6
y x/ﬁ yO( ) [ ]
: y
3 =X+C0S—— 2,1)=25 2,1;3,1
4 y'= X +sin y7 v0(0,5)=0,6 [0,5; 1,5]
N
: y
= X+C0S—>— = .
5 y 2’25 YO(1,4) 212 [1141 214]
6 y'= X+Ssin Y Yo(1,7)=5,3 [1,7;2,7]
T
7 y'= X+ C0S y yo(1,4)=2,5 [1,4; 2,4]
e
8 y'= x+cosg Vo(1,6)=4,6 [1,6; 2,6]
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y

9 y|: X+S|n = y0(118):216 [1181 218]
\
10 y'= x+cosX yo(1,7)=5,3 [1,7; 2,7]
T
: y
= X + COS = :
11 y + 125 y0(0,4)=0,8 [0,4; 1,4]
1 H y
= X+SIn = X
12 y \m yo(1,2)=1,4 [1,2; 2,2]
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JABOPATOPHAA PABOTA Ne 14
PEIIIEHHE CUHCTEM JJU®®EPEHIIUA/TbHBIX YPABHEHUH

14.1. IIEJIb PABOTbI
ChopmupoBaTh y CTYIEHTOB NpPEICTaBICHUS O MPUMEHEHHUU CHUCTEM
auQepeHInaIbHbIX YPaBHEHUN B Pa3iIMUYHBIX 00JIACTSAX; IPUBUTh YMEHHUS pelIaTh
3agauy Komm mnsa cuctem auddepeHIHaNbHBIX YpaBHEHHH MeroaoMm — Diinepa,
PyHnre-KyTTbl; pa3BUTh HaBBIKM NPOBEPKHU IOJYYEHHBIX PE3YJIbTATOB C IOMOILIBIO
MIPUKJIATHBIX IPOTPAMM.

14.2. MOPAJOK BBIIIOJIHEHUSA PABOTbBI

1. U3yunTh TEOPETUYECKYIO YacTh. BhINOIHUTE 3a7aHusi, COOTBETCTBYIOIIWE
HOMepy Bairero BapuanTa, v IpOAEMOHCTPUPYUTE UX IIPENIOAABATEIIO.

2. Odopmure oTyeT 1o 1adbopaTOpHON pabOTe, KOTOPBIN JOHKEH CONEPKATh:
TUTYJIbHBIN JIUCT;
UCXOJIHbIC JaHHbIC BAPUAHTA,;
peLIcHue 3a1a4y;
pe3yJbTaThl PELICHUS 3a4a4H.

14.3. METOANYECKHUE PEKOMEHJALIUN

I[Mpumep 14.1.
X! + yr _ y — et’

Pemmith CUCTEMY IIpn JaHHBIX HAYaJIbHBIX YCJIIOBUAX
2x'+y'+ 2y =cost

t, =0, X __3 y _4 MeToZ0M Diiiepa

R T AT pa.

Pemrenue:

CHavasia mpuBeEM CUCTEMY K HOPMallbHOMY BHY, T.€. K BHUIY, pa3pelICHHOMY
OTHOCHUTEIJIbHO TPOU3BOIHBIX

X'=-3y +cost —e',
y' =4y —cost + 2¢".
1. Co3naiite ¢aitn Eiler_14.m (nuctunr 14.1), comepxaiuii onucanue (yHKIIHH,
BO3BpalllalolIell pelieHHe CHCTeMbl TU(QepeHIIMaTbHBIX YPaBHEHUH METOI0M
Ditnepa.
Jiucrunr 14.1. ®aiia Eiler_14.m
function [T,X,Y]=Eiler_14(t0,t1,x0,y0,N)
dt=(t1-t0)/N;
t(1)=t0;
x(1)=x0;
y(1)=y0;
for i=1:N
t(i+1D)=t (D) +dt*i;
X(I+L)=xi)+dt*F1_14(t i) ,x(),y());
y(+L)=y()+dt*F2_14(t (i), x(1),y(i));
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end;

T=t;

X=X;

Y=Y;

function z=F1_14(t,x,y)
z=-3*y+cos(t)-exp(t);

function z=F2_14(t,x,Yy)
z=4*y-cos(t)+2%exp(t);

2. BBIMOTHUTD CIAEAYIOUIYIO MOCIEI0BATEIEHOCTh KOMAH/;
>> [T,X,Y]=Eiler_14(0,5,-3/17,4/17,50);
>> plot(T,X,['R","*'],T,Y,['B","'>"'])

15 T T T T T T T T T

_15 | 1 | 1 1 1 | 1 1
a 0.5 1 1.5 2 245 3 3/5 4 4.5 5

Puc. 14.1. Buzyanusanus 4ucI€HHOTO PELICHMS], TIOJIy4YEHHOTO METOAOM DHiepa

IIpumep 14.2.

X' =-3y +cost —e',
Pemmith CUCTEMY ¢ IIpU  JaHHBIX Ha4YaJbHBIX YCJIIOBUAX
y' =4y —cost + 2e".
3

4
t, =0, X, = 17 Yo = 7 metogoM Pynre-Kyrra.

Pemenne:

1. Cozpaiitre ¢aitn RungeKutta_14.m (muctunr 14.2), copepauuii onucaHue
¢GbyHKUMH, BO3Bpamlarouledl perieHre cucteMbl AuddepeHInaTbHbIX YpaBHEHUN
MetoaoM PyHre-KyTThl.

Jluctunr 14.2. ®aiin RungeKutta_14.m
function [T,X,Y]=Rungekutta_14(t0,tl,x0,y0,N)

dt=(t1-t0)/N;
t(1)=t0;
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x(1)=x0;

y(L=yO0;

for i=1:N
t(i+1D)=t(1)+dt*i;
kx1=dt*F1_14(t(i),x(),y());
kyl=dt*F2_14(t(i),x(),y(i));
kx2=dt*F1_14(t(i)+dt/2,x(i)+kx1/2,y(i)+kyl/2);
ky2=dt*F2_14(t(i)+dt/2,x(i)+kx1/2,y(i)+kyl/2);
kx3=dt*F1_14(t(i)+dt/2,x(i)+kx2/2,y(i)+ky2/2);
ky3=dt*F2_14(t(i)+dt/2,x(i)+kx2/2,y(i)+ky2/2);
kx4=dt*F1_14(t(i)+dt,x(i)+kx3,y(i)+ky3);
kyd=dt*F2_14(t (i) +dt,x(i)+kx3,y(i)+ky3);
X(I+1)=x(1)+1/6* (kx1+2*kx2+2*kx3+kx4) ;
y(i+1)=y(i)+1/6%* (kyl+2*ky2+2*ky3+ky4) ;

function z=F1_14(t,x,Yy)
z=-3*y+cos (t)-exp(t);
function z=F2_14(t,x,Yy)
z=4*y-cos(t)+2*exp(t);

2. BBIMOTHUTH CIAEAYIOUIYIO MOCIEI0BATEIEHOCTh KOMaH/T;

>> [T,X,Y]=RungeKkutta_14(0,5,-3/17,4/17,50);
>> plot(T,X,['R","*"'],T,Y,['B','>"'])

Puc. 14.2. Busyanuzanus 4ACIEHHOTO PELICHHUS], TIOTYy4YEeHHOTO MeTo1oM PyHre-KyTTh
Ipumep 14.3.
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X'=-3y +cost —e',
Pemuth CUCTEMY ¢ Ipn JaHHBIX HAYAJIbHBIX YCIIOBHAX
y'=4y —cost + 2e".

3 4
t,=0, X, =—-—, ¥, = = C UCIOJb30BaHUEM (YHKINHU ode().
17 17
Pemenne:
1. Co3mate M-aitn (GyHKIMK BBIYKUCICHHS MPaBbIX yacTedl nuddepeHImanibHbIX
YpPaBHECHUM.

[Tycts nmst aiina — sisdu.m, Toraa GyHKIHS MOKET UMETh CIICAYIONIHNA BU:
function z=sisdu(t,y)

z1=-3*y(2)+cos (t)-exp(t);
z2=4%y(2)-cos(t)+2*%exp(t);
z=[z1;z2];

2. BBINOJHUTG CIAEAYIONINE JCUCTBUS:

>> t0=0;tf=5;y0=[-3/17,4/17];
>> [t,y]=ode23('sisdu',t0,tf,y0);
>> plot(t,y)

—
T
|

'
—
T
|

Puc. 14.3. Busyanu3anus 4MCICHHOTO PEIISHHS, TTOJyYCHHOTO C oMoIIbio (pyHKIuu 0de23.

14.4. MIPUMEPHBIE BOITPOCBHI HA 3ALHIUTE PABOTHBI
1. Yro 3Hauut — pemmmTh 3amayy Komm 11 cucremsl auddepeHIHanIbHbIX
YpaBHEHUIA?
2. Kaxkue cymecTByrOT METOIbI perieHus: cucteM auddepeHImanbHbIX ypaBHEHUH
3. Ilpumenenne kakux (GOpMyNl TMO3BOJSET TOJYYUTh PEIICHUE CUCTEMBI
muddepeHuranbHbIX ypaBHEHUHN 0 MeTOy Ditnepa?
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4. Tlpumenenne Kakux (OpPMyYNT TO3BOJSET TMOJYYUTh PEIICHHE CHCTEMBI
muddepeHManbHbIX ypaBHeHUH 110 Metoy Pynre-KyTThi?

14.5. BAJAHUE
1. Haiinure pemienue cucreMsl 1uddepeHInanbHbIX YpaBHEHUN

dR(t) _

s aP,(t) + mP, (t),
dF:;t(t) =aPR (t) - (a - m)PR,(t) + 2mP; (),
dpét(t) =aP, (t) — (a—m)R,(t) + 3mP, (t),
Pa®) _ ap (1) - 3mp, 1),

ynoBieTBopsitoriee HadanbHbiM ycnoBusim  P1(0) =1, P,(0) =P, (0)=P,(0)=0 Ha
npomexytke [0, 1] ¢ marom h=0,01:
a) METoIoM Diepa;
0) merogom Pynre-Kyrra;
2. Iloctpouts rpaduku GyHKIUH.
3. CpaBHUTH pe3yJbTaThl M ClICJaTh BBIBO/I.

Bapuanmui 3a0anuil.

3aganus
Ne BapnanTa

a m
1 0,1 1,2
2 0,2 15
3 0,3 1,7
4 0,4 1,9
5 0,5 2
6 0,6 1,9
7 0,7 2,3
8 0,8 2,7
9 0,9 3
10 0,1 15
11 0,2 1,1
12 0,3 2
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JABOPATOPHAA PABOTA Ne 15

YHC/IEHHBIE METO/IbI PEHHIEHHA OBBIKHOBEHHbBIX
JIHODPEPEHIIUA/IBHBIX YPABHEHHUH BBICIIIHX IIOPA/IKOB

15.1. IIEJIb PABOTbI
CdopmupoBaTh y CTYJIEHTOB IIpEACTaBICHNS 0 IIPUMEHEHUHN
auddepeHnanbHbIX ypaBHEHUH BBICHIMX MOPAIKOB B pPa3jMYHBIX O00JIACTSX;
OpUBUTH yYMeEHHUs pemats 3anady Komm ana nuddepeHmanbHbIX  ypaBHEHHUN
BBICILIX MOPSAIKOB C MOMOIIBIO NPUKIAJHBIX POrPaMM; Pa3BUTh HABBIKK IPOBEPKU
ITOJIyYEHHBIX PE3YJIbTATOB.

15.2. MOPAJOK BBIIIOJIHEHUS PABOTbBI

1. UByuuTh TEOpPETUYECKYI0 YacTh. BBIMOTHUTE 3a7aHUsl, COOTBETCTBYIOIIUE
HOMepy Baiilero BapuaHTa, v IpoAEMOHCTPUPYHUTE UX MPEMOAABATEIIO.

2. OdopmuTe OTUET IO JTAOOPATOPHOM PabOTE, KOTOPBINA TOJKEH CONEePKATh:
TUTYJIbHBIN JIUCT;
WCXO/HBIC IaHHBIC BapHaHTA,;
pelieHue 3a1a4u,
pe3ybTaThl PEIICHUS 3aJa4H.

15.3. METOANYECKHUE PEKOMEH/JAIIUU
IMpumep 1.1.

Pemuth auddepeHimanbHoe ypaBHEHHE BTOPOro mopsaka y' —2y' —y =6xe* mpu
HaHHBIX HavanbHbIX yeaoBusax Y(0) = y'(0) =1.

Pemenue:
CHauana npuseneM qud@epeHinaibHoe ypaBHEHHE K CUCTEME:

y’::yw
y, =6xe* +2y, + Y.
1. Co3nate M-daitn GyHKIMKM BBIYUCICHHUS TPaBbIX yacTed auddepeHnmaribHbIX

YpPaBHECHUH.

[Tycts ums daiiza — sisdu.m, Toraa GyHKIUS MOXKET UMETh CIICAYIOIIMNA BU/:
function z=sisdu_15(x,y)

z1=y(2);

z2=6*x*exp(xX)+2*y(2)+y(1);
z=[z1;z2];

2. BpINOIHUTE ClIEyIOIUE ACUCTBUS:
>> plot(x,y(:,1))

>> x0=0;xf=10;y0=[0,0];

>> [x,y]=0de23('sisdu_15"',x0,xf,y0);
>> plot(x,y(:,1))
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251

0.5

Puc. 15.1. Busyanuzaisi Y4MCI€HHOTrO PEIICHNUS, TOIYIEHHOTO ¢ TIOMOIIIbI0 GyHKIHH 00e23.

15.4. MIPUMEPHBIE BOITPOCBHI HA 3ALHIUTE PABOTHBI
1. Yrto 3HaumuT — pemmth 3aaaqy Komm ans quddepeHnmanbHbIX ypaBHEHUH BBICIIHX
MTOPSIKOB?
2. Kak npuBectu nuddepeHimanbHoe ypaBHEHHE M-TO TIOpsAIKa K cucteme?

15.5. 3BAJAHUE
1. Haliqute pemenne aud@epeHIManbHOro  ypaBHEHMs,  YJOBJIETBOPAIOIICE
HavaJ bHBIM yclioBUsAM Ha ipomexyTke [0, 10] ¢ marom h=0,01.
2. Iloctpouts rpapuku QPyHKIUIA.

Bapuanmui 3a0anuil.

3amaHus
No BapuanTa
YpaBHeHUs HauanbHble ycnoBus
1 y'+y=4xe’ y(0)=-2,y'(0)=0
2 y"+y=4sinx y(0)=1, y'(0)=2
y , . 26 39
3 y"—2y' -3y =¢’ yO) ="y (O ="1

78



w

4 y" -2y’ -3y =48x’e* y(0) =1, y'(0) ==
5 y"+4y' + 4y =32xe* y(0)=-1, y'(0) =1
6 y' —y=2e*-x° y(0)=2, y'(0)=1
7 y" +3y'+ 2y =4sin 3x + 2c0s3X y(0)=y'(0)=0
8 y" +9y =6C0s3x y(0)=1 y'(0)=3
9 y' -y =" y(0)=1 y'(0)=2
l+e
" X , 1
10 ay'+y=clg, y(m)=2,y(7)=
11 y" —4y' +5y =2x%" y(0)=2, y'(0)=3
12 "—6y' +9y=x"—x+3 YO)= 2. YO =
y —oy +9y= 3’ T
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JABOPATOPHAA PABOTA Ne 16

YHC/IEHHBIE METO/IbI PEHIIEHHUA JIH®DEPEHITUA/IBHBIX
YPABHEHHH B YACTHBIX ITPOH3BO/IHBIX.

16.1. IIEJIb PABOTbI
CdopmupoBatsb y CTYJICHTOB IPEJICTaBIICHNE 0 IIPUMEHEHUU
auddepeHInaIbHbIX YPaBHEHUM B YaCTHBIX MPOU3BOJHBIX B PA3IMYHBIX 00JACTIX
GU3MKM W TEXHUKU; BHIPAOOTATh HABBIKM pEIICHUS CMEIIAaHHOW 3a7aud s
YPaBHEHUS TEIIONPOBOIHOCTH METOJIOM CETOK.

16.2. MOPAJOK BBIIIOJIHEHUS PABOTHBI

1. U3y4nTh TEOPETHUYECKYIO YacTh. BBINOJHHUTE 3aJaHusi, COOTBETCTBYIOIIWE
HOMepy Baiilero BapuaHTa, v IpoAEMOHCTPUPYHUTE UX MPEMOAABATEIIO.

2. OdopmuTe OTUET IO JTAOOPATOPHOM PabOTE, KOTOPBINA OJKEH COACPKATH:
TUTYJbHBIN JIUCT;
UCXO/IHbIEC JaHHbIC BapHAHTA;
pelieHue 3a1a4u,
pe3yabTaThl PEIICHUS 3aa4H.

16.3. METOANYECKHUE PEKOMEHJALIUN

Ipumep 16.1.
Hcrnonb3yss METONl CETOK, PEelIUTh YpaBHEHHE TEIUIONMPOBOAHOCTU (ypaBHEHHE
du d°u
napaboIU4YeCcKOTO THUIIA): E: > OpU  3aJaHHBIX HAYalbHBIX YCJIOBUSX:
X

u(x;0)=3x(1-x)+0.12; u(0; t)=2(t+0.06); u(0.6; t1)=0.84, roe x<[0; 0.6]. Pemenne
Havitu npu h=0,1 misa te[0; 0.01] C 4yeThIppMsA AECATUYHBIMH 3HAKAMH, CUUTAS
0=1/6.
Pemenne:
1. B komaHIHOM OKHE nporpammel  MATLAB wabepem ciemyromiyro

IMOCJICA0BATCIbHOCTD OIICPATOPOB!:
>> h=0.1; s=1/6;
>> k=hA2%*s
k =
0.0017
>> Nx=0.6/h+1 % 4nMCno y3N10B KOOPAMHATHOM CeTKMU

NX =
7.0000
>> Nt=0.01/k+1 % 4nuCno WaroB Mo BpeMeHU

Nt =
7.0000
>> for i=1:Nx+1 % 3amaHue NPOCTPAHCTBEHHO-BPEMEHHOW CETKU
X(1)=(i-1)*h;
end;
>> X
X =
0 0.1000 0.2000 0.3000 0.4000 0.5000 0.6000
>> for i=1:Nt+1
t(1)=Ci-1)*k;
end;
>> t
t —
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0 0.0017 0.0033 0.0050 0.0067 0.0083 0.0100
% 3ajaHWe HayaNbHbIX U FPAHUYHBIX YCJIOBUN
>> for i=1:Nx+1

Eab(l,1)=(3*x(i)*(1—x(i)))+0.12;

end;

>> for j=1l:Nt+1

tab(j,1)=2*(t(j)+0.06);

tab(j,7)=0.84;

end;
% MaTpuLa KpaeBblX YCJIOBUN
>> tab
tab =
0.1200 0.3900 0.6000 0.7500 0.8400 0.8700 0.8400
0.1233 0 0 0 0 0 0.8400
0.1267 0 0 0 0 0 0.8400
0.1300 0 0 0 0 0 0.8400
0.1333 0 0 0 0 0 0.8400
0.1367 0 0 0 0 0 0.8400
0.1400 0 0 0 0 0 0.8400
% 3anoJIHeHMe OCTaBIIENCA YaCTU MaTpPWULLbI
>> for j=2:Nt+l
for i=2:Nx
Eab(j,1)=1/6*(tab(j—1,1—1)+4*tab(j—1,1)+tab(j—1,1+1));
end;
end;
>> tab
tab =
0.1200 0.3900 0.6000 0.7500 0.8400 0.8700 0.8400
0.1233 0.3800 0.5900 0.7400 0.8300 0.8600 0.8400
0.1267 0.3722 0.5800 0.7300 0.8200 0.8517 0.8400
0.1300 0.3659 0.5704 0.7200 0.8103 0.8444 0.8400
0.1333 0.3607 0.5612 0.7101 0.8009 0.8380 0.8400
0.1367 0.3562 0.5526 0.7004 0.7920 0.8322 0.8400
0.1400 0.3524 0.5445 0.6911 0.7834 0.8268 0.8400

% BU3yanusaums vucineHHoro pewenus (puc 16.1)
>> surf(tab)

Puc. 16.1. I'paduueckoe pelieHre ypaBHEHUs TEIUIONPOBOAHOCTH

16.4. MIPUMEPHBIE BOITPOCbHI HA 3ALIUTE PABOTHBI
1. YpaBHeHus Kakoro BHAa Ha3bIBAIOTCS nu(PdepeHIInaTbHBIMA yYPABHCHUSIMU B
yacTHbIX Npon3BoAHBIX (YUII), u uto siBisercs pemenueM Y Ul1?
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2. Kakoe YUII na3wiBaeTcst TUHEHHBIM?

3. HazoBurte ocHOBHBIE TUIIBI JIMHEUHBIX Y ¢ TOCTOSHHBIMU KO3PIUIIUEHTaMHU, U
yCIJIOBUE, B 3aBUCUMOCTH OT KOTOPOT'O MPOUCXOIUT 3Ta KIacCUpUKaIIHS.

4, HazoBure wu 3ammmmre npumepbl npocredmmx YUII smmnTudeckoro u
napaboaM4ecKoro TUIOB.

5. Yro 3HauuT pemutsh 3anauy Komm ais YUII?

6. Urto ABisieTcs HAYANbHBIMU U KpaeBbIMU ycinoBusiMu Jyutst Y UIT?

/. UTO 3HAUMT PEIINTH KPAEBYIO U CMEIIaHHYIO 3afaun Jis Y UI1?

8. Kakas 3amaua HocuT Ha3BaHue «3amaun [lupuxmiey nis ypaBHeHus Jlamaca, u
YTO 3HAYUT PEIIUTH ATy 3a7a4y?

9. Kakue ¢pyHKIIMM Ha3bIBAIOTCS TAPMOHUYECKUMH B Teopuu Y YUII?

10. Kakwme metoas! yncienroro pemenus Y UI1?

11. B yeM coCTOUT CyTh METOAa KOHEUHBIX pa3HOCTEH (CETOK)?

12. Kakue TOUKM Ha3bIBalOTCA BHYTpeHHUMH, rpanudydsiMu | u |l poma mnpu
petienuu JIY MeTO10M CETOK?

13. B dewm 3akirouaercs CyTh pelieHus 3aj1auu Jupuxie MeToaoM ceTok?

14. Tlo xakoi ¢opMyie HaxoIATcs 3HauYeHUs (YHKIUU BO BHYTPEHHUX y3JaX M
BHEIIIHUX (TPAaHUYHBIX ) MPHU PEIICHUH 3a/1auu JIUprxjie METOJ0M CETOK?

15. 3a cyer 4Hero MPOUCXOIUT TPyOOe MNPUOIMIKEHUE HCKOMBIX 3HAYEHUU MpHU
peueHnu 3agaum Jupuxiie METoI0M CETOK?

16. B uem 3akmouaercsi CyThb mpoliecca ycpeaHeHus JluOmana, u 111 4ero OH
IIpUMEHSIETCA?

17. Kak cTtpourcs peuieHus 3agauu Jupuxiie METo10M CETOK?

18. Yto 3HAUMT peUINTh YPaBHEHHUE TEIUIOMPOBOTHOCTH METOOM CETOK?

19. [lo kako¥l ¢opMyne pacCUUTHLIBACTCS 3HAUYCHHE WCKOMOW (YHKIIMH BO
BHYTPEHHHX y3JIaX CETKH, MPU PELICHUHN YPAaBHEHUS TEIJIOMPOBOIHOCTU?

20. AnropuT™ pelieHus ypaBHEHUS TETIONPOBOAHOCTA METOJOM CETOK.

16.5. BAJAHUE
Hcrnonb3yst METON CETOK, COCTaBUTh (DYHKIMIO, PEATU3YIONIyI0 pEIICHHE
cMelIaHHoOM 3amaun st qudPepeHInanibHOr0 ypaBHEHUS MapaboIMyecKoro THIIA:

2
((:;Ltj = 32 npH 3a7aHHBIX HadaabHBIX yermoBusax: U(X; 0)=f(x), u(0; t)=¢(t) u u(0.6;
X
t)=w(t), rme x<[0; 0.6]. Pemrenne waiitn npu h=0,1 mns te[0; 0.01] ¢ yeTbpbMs
JNECATUYHBIMM 3HaKaMH, cuurtas o =1/6.

Bapuanmul 3a0anuii:

Ne Bapuanra f(x) Q(t) w(t)
1 c0s(2x) 1-6t 0,3624
2 X(x+1) 2t+0,96 0,9600
3 1,3+In(x+0,4) 0,8+t 1,2
4 sin(2x) 2t 0,932
5 3X(2-X) t+2,52 2,52
6 sin(0,55x+0,33) t+0,33 0,354
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7 2X(1-x)+0,22 0,2+t 0,68
8 2X(x+0,2)+0,4 2t+0,4 1,36
9 In(x+0,26)+1 0,415+t 0,9345
10 (x-0,2)(x+1)+0,2 6t 0,84
11 sin(x+0,02) 3t+0,02 0,581
12 2¢0s(x+0,55) 0,8179+3t 1,705
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JABOPATOPHAA PABOTA Nel7

YHC/IEHHBIE METO/IbI PELIIEHHA
HHTEIPAJIbHBIX YPABHEHHH

17.1. IIEJIb PABOTbI
CdopmupoBaTh y CTYJIEHTOB IMpEACTaBICHUE 00 MHTETPAJIbHBIX YPABHEHMSX,
BbIpa0OTaTh YMEHUS MPHUMEHSITh KBaJApaTypHbIE METOJbI PEIICHUS HHTETPaTbHBIX
ypaBHeHu @penronbma u BonbTeppa, COCTaBIATH U NPUMEHATH AJITOPUTMBI U
IIPOTPaMMBbl JUJII WX PELICHMS, JaThb HABBIKM B KCIOJIB30BAHMM NPOTrPAMMHBIX
CPEACTB U1 PELICHUS UHTETPAIIbHBIX YPABHEHUM.

17.2. MOPAJOK BBIIIOJIHEHUSA PABOTHBI
1. V3y4uTh TEOPETUYECKYIO 4YacTh. BhIMONHUTE 3a7aHUsl, COOTBETCTBYIOIINE
HOMepy Baiilero BapuaHTa, v IpoJAEMOHCTPUPYHUTE UX MPENOJABATEIIO.
2. OdopmuTe OTUET IO JTAOOPATOPHOM PabOTE, KOTOPBINA TOJKEH CONEePKATh:

o TUTYJIBHBIN JIUCT;
o UCXOJIHbIE IaHHbIEC BAPUAHTA;
o pellIeHue 3aa4y;
o pe3ynbTaThl PEIICHUS 3aJa4H.
17.3. METOAUNYECKHUE PEKOMEHJALIUN
Ipumep 17.1.

Haiitu B makete MATLAB pemenue unrerpansHoro ypaBueHust @pearoiabma:

x(t)=j\)/(%+\/mﬂ/t+9+t.

Pemenne:

1. Cozpaiitre ¢aitn Ql7.m (muctunr 17.1), coxepkamuii onucanue (QyHKIHH,
BO3Bpararorie 3nauenus pynkuuu Q(t, s).

Jluctuur 17.1. @aiin Q17.m

function z=Q17(t,s)
z=1./sqrt(t+s.A2);

2. Cozpaitte daiitn F17.m (mictunr 17.2), conmepxauuii onucanve (yHKIUH,
BO3Bpamarolie 3naueHus pyukuuu f(t).

Jluctunr 17.2. @aiia F17.m
function z=F17(t)
z=sqrt(t+1)-sqrt(t+9)+t;

3. Cosnaiite daiin Solve_Q17.m (muctunr 17.3), comeprkaiiei onucanue QyHKIUH,
BO3BPAIIAIOIICH PEIICHIE HHTETPAIIBHOTO YPABHEHUS.

JIncTunr 17.3. daiin Solve_Q17.m
function [X,Y]=Solve_Ql7(al,bl,N,Lambda)
% 3ajaHne BPEMEHHON CeTKMU
h=(bl-al)/(N-1);

i=1:N;

t(i)=al+h*(i-1);
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s=t;
%%agagwe Ko3(ppMUMEeHTOB KBaApaTypHOM (OpMy/bl METOAOM Tpaneuun
A(1)=0.5;
m=2:N-1;
A(m)=1;
A(N)=0.5;
%BbluMCIEHMEe 3HavYeHun GyHkuum Q(t,s) B y3/nax CeTKMU
for i=1:N

for j=1:N o
q(i,3)=Q17(t(i),s(3));
end;
end;
%BbluMCIeHNe 3HavyeHun tyHkumm F(t)B y3nax BpeMeHHOW CeTKu
F=F17(t);
for i=1:N

for j=1:N

1t i==]

M(i,j)=1-Lambda*A(i)*q(i,j)*h;

else
M(i,j)=-Lambda*A(i)*q(i,j)*h;
end;
end;
end;
%HaxoxieHue pelleHUss UHTEerpasbHOro ypaBHeEHUS
X=t;
Y=MA-1*F';

4. BBITTOJHUTH CICAYIOIIYIO ITIOCIACIOBATCIbHOCTD KOMAHI!
>> al=1;

>> bl=2;

>> N=300;

>> Lambda=1;

>> [X,Y]=Solve_Ql7(al,bl,N,Lambda);

>> plot(X,Y)

[Tonyuyum crnenyronuit rpaduk:
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Puc. 17.1. UucnenHoe pelieHre HHTErPaIbHOTO
3
ypaBHCHHH(Dp€HFOHHMaXa)zjf§E§+_&+L_&+9+t

1Vt+s?
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pumep 17.2.
Haiitu B makete MATLAB pemenue uarerpansHoro ypaBHeHus Bonsreppa:

0 s 203 2 1 4
x(t):!tsm (1s")x(s)ds +* =t (t*)..

Pewmenne:
1. Cozpaiite ¢aiin Q17_2.m (muctunr 17.4), comepxamuii omucaHue (QyHKIIHH,
BO3BpAIIAlOIIel 3HAYCHHS MOABIHTETPATbHON (QYHKITHH.

Jluctunr 17.4. ®@aiin Q17_2.m
function z=Q17_2(t,s)
Zz=t*sin(t*s.A3).A2;

2. Cozpaiite ¢aiin F17_2.m (muctunr 17.5), comepkamuii onucanue (QyHKIIUH,
BO3Bpalaromei 3naueHus Gyuxuun f(t).

Jluctuur 17.5. @aiin F17_2.m
function z=F17_2(t)
z=t.A2-1/4*tan(t.A4);

3. Coznaiite (aiin Solve2_Q17.m (muctunr 17.6), conepxareii onucanue GyHKINH,
BO3BpaIllaloNIel pelICHNE HHTETPATBHOTO YPaBHEHUS.

JIncTunr 17.6. daiin Solve2 Q17.m
function [T,Y]=Solve2_Q17(tl,t2,N)
% 3ajaHne BPEMEHHOM CeTKMU
h=(t2-t1)/(N-1);
i=1:N;
t(i)=tl+h*(i-1);
s=t;
%3apaHne Ko3(phUUMEeHTOB KBaapaTypHOW (OpMysibl METOAOM TpaneLuun
A(1)=0.5;
m=2:N-1;
A(m)=1;
A(N)=0.5;
%BbluMCIeHMe 3HavyeHuh dyHkumm Q(t,s) B y3nax CeTKM
for i=1:N
for j=1: o
q(i,3)=Q17_2(t(1),s(3));
end;
end;
%BbluMCIeHNne 3HavyeHun dyHkumm F(t)B y3nax BpeMeHHOW CeTKu
F=F17_2(t);
%BbIYUCIEHNE PELEeHUA WMHTEerpasbHOr0 ypaBHEHWUS

x(D=F(1)./(1-A(D*aq(1,1));

for m=2:N
S=0;
for j=1lim-1 ] ]
g S=S+h.*A(3).*q(m,j) .*x(3);
end;
x(m)=F(m)+S./(1-h.*A(m) .*q(m,m)) ;
end;
T=t
Y=X;

4. BI)IHOJ'IHI/ITB CJ'IGI[YIOH_IYIO IIOoCJICA0BATCIIBHOCTh KOMAH/I:
>> t1=0;

>> t2=5;

>> N=300;

>> [X Y]=Solve2_Q17(tl1l,t2,N);

>> plot(X, Y)

[Tonyuum crnenyromuii rpaduk:
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Puc. 17.2. YucnenHnoe pemieHrne HHTETpabHOTO

t
ypaBHeHUs BoabTeppa x(t) = J'tsin ?(ts®)x(s)ds + t* —%tg t".
0

17.4. MIPUMEPHBIE BOITPOCBHI HA 3AIIUTE PABOTHBI

1. Uto Ha3bIBACTCA UHTETPATBHBIM YPABHEHUEM ?

2. Haz0BUTE OCHOBHBIE TUIIBI HHTETPAJIbHBIX YPABHEHUM.

3. YpaBHEHHME KaKOro BHJA HA3bIBAOT MHTEIPAJIIBHBIM YPAaBHEHHWEM BTOPOTO poAa
®penarosnbma’?

4. YpaBHEHHE KAaKOro BHJIA HA3bIBAIOT MHTEIPAIBHBIM YPAaBHEHHEM BTOPOTO poAa
Bosnbereppa?

5. B 4YemM COCTOMT OTIMYME HHTETPAIBHOIO YypaBHeHus PpearoiapbMa oOT
MHTErPAJILHOTO ypaBHEHUS! BonbTepprl?

6. B 4emM coCTOUT CyTh KBaJpaTypHOIO METO/A PEIICHHS] HHTETPAIbHBIX YPaBHEHUI
®pearonapma’?

7. B 4eM cOCTOUT CyTh KBaAPATYPHOI'O METOJA PELICHUS UHTErPAIbHBIX YPABHEHUU
Bosereppsr?

17.5. BAJAHUE
1. Tloctpouth Kapkac MPHUOJMKEHHOTO PEIICHUS MHTETPAJbHOIO YpaBHEHUS

2
®penrompma X(t) = I K(t,s)x(s)ds + f(t) ma ceTke Touek tj orpeska [ai; bi] ¢ marom
0
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hi, monp3ysch KakoW-MMOO KBaapaTypHOU Qopmynoil. Ha ocHoBe moIy4eHHOTO
KapKaca 3amucaTh MNPHOMIKEHHOE pelIeHHe B BHIE HENPEPhIBHON (YHKIUU
(McTionB3ysl MHTEPHOJAIMOHHBIE (QOPMYNIBI) M € €€ TOMOIIbIO0 BBIYHUCIHUTH
npuOmKeHHbIe 3HaueHUs X(C1) 1 X(dy).

2. TlpumeHsisi KBaJpaTypHYIO (GOpMyIy MpPSIMOYTOJIBHHKOB Ha oTpe3ke [ap; D] c
marom hp, HalWTH Kapakac MPUOJIMKEHHOTO PEIICHHsS WHTErPAbHOTO YPaBHEHHS

Boabreppa  X(t) = I Q(t,s)x(s)ds + F(t). IIpencraBuTh IOJyYEHHOE JIHCKPETHOEC

pelicHHEe HWHTEPIOIAIUOHHBIM MHOTOYJICHOM TPEThEH CTEMEHH, MOCTPOCHHBIM II0
IICPBBIM YETHIPEM y3JIaM 3aJaHHOM CETKH, U BBIYUCIIUTH IPHOIKeHHO X(C2) 1 X(dy).

Hcxoonvie napamempuol 0ns ypasnenuu @pedconvma u Bonmeppoi.

Ne 3amanune
BapHaHTa Q(t, s) K(t, s) f(t) F(t)
1+s
1 2In =~ t+-/s t? —t+1 2t t -t -1
1+t
. 2
2 t+In(1+59) s -1 1- t gt—2-t —
S t+1
1+s
3 2In —— t+-/s 2t —t+1 tft-t-1
1+t
t Js -1 , t 7
4 "+ ——— — —
s2-1 s 6 3 t-2:t
1+ 2s
5 2|n1th2 t+-/s t? —t+1 2t t =3t -1
. 2
6 t+2In(1+5s) Js-1 1— t 3t— -/t —
S t+1
1+ 2s
7 2 t+-/s 2t2 —t+1 2t —t =2
2t Js =1 , t 7
8 t"+ - -2t —
s? -1 S 6 3 3t-24t
1+3s
9 In>—> t+-/s t? —t+1 tft—t-2
1+t
t . 2
10 —+In(1+59) Js-1 1— t t—Jt—1
3 S t+1
1+3s
11 In e t+-/s 2t —t+1 3tt —t—3
3t Js -1 , t 7
12 "+ ——— —Jt -
s2-1 s 6 3 t-+t

Hcxoonvle napamempuol 015 3a0aHuUll.
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Ne 3amanue
BapuaHTa [8.1; b1] h1 C1 d1 [az; bg] h2 Co d2
1 2 2
1 [0:2] | 05 = T ol o2 | S | T
e 2 5 9
1 2 2
2 [1;3] | 05 - T ol 2| 02 e | =
e 2 5 9
1 2 2
3 [2:4] | 05 - Tl 3| o2 & T
e 2 5 9
1 2 2
4 [0:3] | 06 - o2 | o4 & T
e 2 5 9
1 2 2
5 [1:4] | 06 - r [1:3] | 04 e i
e 2 5 9
1 2 2
6 [2:5] | 06 - Tl 4| o4 c .
e 2 5 9
1 2 2
7 [0:2] | 04 - T 121 05 | S| E
e 2 5 9
1 2 2
8 [1:3] | 04 = T ol 3| o5 A
e 2 5 9
1 2 2
9 [2:4] | 04 - T ol 4| o5 & .
e 2 5 9
1 2 2
10 | [0:3] | 05 = T ol o2 | &£ ] &
e 2 5 9
1 2 2
11 [1:4] | 05 - ol | o2 & T
e 2 5 9
1 2 2
12 [2: 5] 0,5 - a [2; 3] 0,2 € T
e 2 5 9
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