npaKTVI‘-IeCKVIe 3aHATUA B KOMMNBbHOTEPHOM KJiaccCa

3aHssmue Ne5 «HacnedoeaHue»

Pa3zpaGoTka mnporpamMM, HCHONB3YIOIIMH OTHOLIEHHWE HACIEJOBAaHUS MEXAY KiaccaMu.
[IpumeHeHne UHTErpUpPOBaHHON cpensl mporpammupoBanus Eclipse s pa3paboTku cBOMX
KJIACCOB, UCIOJIB3YIOIINX OTHOIICHUE HACIEIOBAHUS.

3apgaHue Ne1

Pa3paborarh Kiacc, KOTOPBIH MOJENIHMPYET TOYKY Ha IIOCKOCTH. C MOMOIIBIO METOIOB
KJlacca I0JIb30BaTellb JOJDKEH HMMETh BO3MOKHOCTH pa3Meliarh TOYKY B 33JaHHOM MecTe Ha
IUIOCKOCTH, CIBUTATh €€ Ha 3aJlaHHOE PACCTOSHHUE IO OCSIM, BBIYHCISATH PACCTOSHUE MEXKITY
HayaJIbHBIM U TEKYIIUM PACHOJI0KEHUEM TOUYKHU U BBIIIOIHATH OTJIAJJOYHYIO [1€4AaTh.

[Tocne Toro, kak kimacc Oyaer pa3paboTaH M NMPOTECTHPOBAH CO3/1aTh Kiacc-HACIECIHUK,
MOJISIUPYIONINI TOUKY B IpocTpaHcTse. [IpoTecTupoBars ero padory.

C momoIpIo pa3paboTaHHBIX KJIACCOB CO3AaTh HECKOIBKO TOUYCK (KaK B IPOCTPAHCTBE, TaK U
Ha TUIOCKOCTH), MOCJE YEero KakJas TOYKa BBIMOJIHHUT HECKOJIBKO CIy4YalHbIX cMerieHuil. Haiitu
TOYKY, KOTOpas yaJniach Ha caMoe OOJIBIIOE PACCTOSHUE OT HAYaJIbHOTO TOJIOKCHHUS.

PeweHue

Kak 00pIuHO, 3arpy’xaeM HHTEIpHUPOBaHHYIO cpeny nporpamMmupoBanus Eclipse, 3akpbiBaem
CBOM CTapble IPOEKTbI M CO31aeM HOBBIA Java NPOEKT ¢ uMeHeM Theme5. B maHHOM mpoekTte
co3znaeMm naket classWork5, a B Hem OyzieM pa3menartb CBOU KJIacChl.

CrangaptHelM o0pa3oMm co3naauMm  kinacc Point. Ilpu co3maHuMm Kiacca OTKIIIOYMM
aBTOMaTHueckoe coszfgaHue GyHkuuu main(). byner aBromatnuecku co3naH U 100aBIE€H B MakKeT
¢aiin Point.java, cogepkamuii kiacc Point:

package classWork5;

public class Point {

b

I[J'IH pcann3sanuunu HYX(HOI;'I (bYHKHI/IOHaJ'IBHOCTI/I ,I[O6aBI/IM IoJjid, NpE€AHA3HAYCHHBIC JIA
XpaHCHUA HAYAJIbHBIX U TCKYIIUX KOOPAWUHAT TOYKU:

public class Point {
private int x, y; // TeKywmne KoopamHaTbl TOUKHU
private final int x0, y0; // Ha4anbHOE NONOXEHNE TOUKHN

b

3areM K Kjaccy cienyeT 100aBUTb KOHCTPYKTOPBI, KOTOPBIE HYXHBI JAJIsi KOPPEKTHOIO
co3/aHus 00BEKTOB JaHHOTO Kiacca. [|Jis co3manus KOHCTPYKTOPOB, KaK M Ha MPOILIIOM 3aHSTHH,
HY)KHO BBI3BaTh KOMaHIy MeHIO Source | Generate Constructor using Fields .... Ha sxpan Oymer
BBIBEJICHO AuanoroBoe okHo Generate Constructor using Fields, ¢ mOMOIIBIO KOTOPOTO MOXHO
yKa3aTh, Kakol KOHCTPYKTOp OyaeT co3naBaTh cuctema. J[nsi Hamiero kiacca morpeOyercs ABa
KOHCTPYKTOpPA: KOHCTPYKTOp C JIByMsl MapamMeTpaMud M KOHCTPYKTOp 1o ymonuanuio. Cucrema
CreHepHUpyeT TaKoW KOJ:

public Point(int x, int y) {
this.x = x;



this.y = y;

b
public Point() {
b
HemHoro ncnpaBuM aBTOMAaTUYE€CKH CT€HEPUPOBAHHBIE KOHCTPYKTOPbl. OHU MPUMYT TaKOH
BU:

public Point(int x, int y) {
this.x = x0 = x;
this.y = y0 = y;

b

public Point() {
this(0, 0);
b

Janee k knaccy 100aBUM METOJIbI, pEaIU3YIOLINE Pa3MellleHue TOUKU B 33/IaHHOM MeCTe Ha
mwiockoctu (Meron setPosition), caBur ee Ha 3aJaHHOE paccTosiHME MO ocsiM (Mmetox shift),
BBIYHMCIICHHE PACCTOSTHAE MEXTy HaYaJIbHBIM M TEKYIIIUM pacIoyiokeHneM Touku (metop distance)
Y BBITIOJIHEHUE OTIIaJ0OYHON TedaT (MeTof toString).

public void setPosition(int x, int y) {
this.x = x;
this.y = y;

b

public void shift(int x, int y) {
this.x += x;
this.y +=vy;

b

public String toString() {
return ll(ll + X + Il, mn + y + n II;
¥

public double distance() {
return Math.sqgrt((x - x0)*(x - x0) +

(y - y0)*(y - y0));

CaMocTosTeJbHO 100aBUTH B Kilacc PyHKIMIO Main(), B KOTOPOW OPraHW30BaTh MPOBEPKY
paboTel MeTo10B Kiacca. Co3aaTh TOUKM € TIOMOLIbIO Pa3HBIX KOHCTPYKTOPOB, IPOBEPUTH paboTy
BCEX METOJIOB KJIacca.

JUis MonenupoBaHMsS TOYKM B TPEXMEPHOM IPOCTPAHCTBE CO3AATUM KIIaCC-HACEAHUK.
HazoBem ero Point3D. Ilpu coznanuu 3toro kiacca ¢ nomoiupio Eclipse Hy:xHO Oyner nnst Hero
yka3aTb 0a30BbIi Kiacc. s atoro, B mose name (cM. Puc.) ykakeM MMs cO3aBaeéMoro Kiacca
(Point3D), a B mone Superclass cienyer yka3aTh ero 0a30BbIid Kiacc. st 7TOro HAXKMMAaeT KHOIKY
Browse, pacnonioXXeHHyI0 cpa3y cmpaBa oT 3Toro mnois. Ha skpaH OyaeT BbIBEJEHO AMATIOIOBOE
okHO Superclass Selection. B tekcroBom mone Choose a type HauMHAEM 3alKChIBaTh Ha3BaHHE
6azoBoro kiacca. Ilo mepe 3ammcu, B cmnmcke Matching items, pPacHoONOXEHHOM Cpa3y IMOJ
TEKCTOBBIM TIOJIEM ,0TOOPaKAIOTCS BCE TOXOXKHME MO HAa3BAaHHMIO KJIACCHI, M3 KOTOPBIX MOXKHO
BbIOpaTh 0a30BbI. BbIOpaB B 3TOM CHHCKE HYXKHBIM 0a30BBIH Ki1acCc MOXXHO NTMOO JBa pasa
MICJTKHYTh Ha HEM MBIIIbIO, JUOO Haxkarb KHOMKY OK. BriOpansblii 0a30BbI Kiacc Oyaer
oToOpa)kaTbCsi B TEKCTOBOM IoJe Superclass nuamoroBoro OkKHa co3faHus kiacca (cm. Puc.).
3HaueHUs] OCTAJbHBIX YIPABISIONIMX JJIEMEHTOB TaKXKe IMOKa3aHO Ha pucyHke. [locie HaxaTws
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KHOTIKU Finish cucteMa co3nact TpeOyeMblil Kilacc-HaCIIeIHUK.

package classWork5;

public class Point3D extends Point {

b

Java Class

Create anew Java class.

Saurce Folder: | Classsfsrc || mrowse... |
Package: | classworks | | Brogse |
[TlEndosing bpe: | coosior s ot I ]
Mame: | Paint30 ‘

Modifiers: (@) public @ defask O private () protected

[ abstract [“final [ static

Superclass: | classworksS Point ‘ | Browse... |
Interfaces: | Addes |

[ gemore

‘Which method stubs would you like ko create?
[ public static woid mainString[] args)

onstructors from superclass

nherited abstract methods
Do you want to add comments? (Configure templates and default value here:
|| Generate comments

@ B

|| cancel

Choose a type:

Matching items:

€] Dbject - java.lang

| £ javalang - [jret]

Choose a type:

‘ Paink

[Matching items:

[CRro
@ Point - java, avt - [jre6]

@ ¥Point - sun java?d.laops ProcessPath - [ret]
©*pointz

@ pointerinfo

| 1 dlassworks - Classsfsrc

@

cancel |




I[O6aBI/IM B KJ1acC Tpe6yeMLIe I10JIs1, KOTOPBIX HET 0a30BOM KJacce.

package classWork5;

public class Point3D extends Point {
private int z;
private final int z0;

b

J1ist KOpPEKTHOW MHUITHMATIU3AIINH SK3EMILISIPOB ATOTO KJIacca CO3IaJUM J[Ba KOHCTPYKTOpa:
KOHCTPYKTOP C TpeMs IapaMeTpaMu U KOHCTPYKTOP MO yMoIyaHHio. [t 3Toro BeIOepeM KOMaHIy
MeHIo Source | Generate Constructor using Fields .... Ha sxpan OyneT BbIBEICHO JHAIIOTOBOE OKHO
Generate Constructor using Fields, ¢ OMOIIBIO KOTOPOrO MOXXHO YKa3aTb, KaKOW KOHCTPYKTOP
Oynmet co3maBarh cucteMa. CHagasia cO3JaJuM KOHCTPYKTOpP C Tpems mapamerpamu. J{is storo, B
packpbIBarolieMcsi criucke Select super constructor to invoke BbiOepeM TpeOyeMblii KOHCTPYKTOP
0a30BOr0 KJlacca, KOTOPBI OyleT aBTOMAaTW4YeCcKH BBI3BIBATHCS B Hadayie pabOTHI CO31aBaeMOTrO
KOHCTpYyKTOpa. B Hamewm ciydae 3To koHCTpyKkTOp Point(int, int) (cM. Puc.). 3arem B ciucke Select
fields to invoke Hy)XHO yKka3aTb Te MOJIsI, KOTOPbIE HY’)KHO MHULIMAJIN3UPOBAaTh (T10JIE Z).

& Generate Constructor using Fields

Select super constructar bo invoke:

Point(int, int)
Select figlds to intialize:

a a Select All

e

Deselect All
Dravr

Insertion point:
After ‘20

Access modifier
1@ public () pratected () default () private

[] senerate constructor comments

The Format of the constructars may be configured on the Code Templates preference page.

1 10f2selected.

I

B pesynbrate Oyzer co3naH KOHCTPYKTOP TaKOro BUAA:

public Point3D(int x, inty, int z) {

super(x, y);
this.z = z;

¥

HcnpaBum ero, 100aBUB HHULIUAIN3ALUIO KOHCTAHTHI Z0.

public Point3D(int x, int y, int z) {

super(x, y);
this.z = z;
this.z = z0 =z;

b



AHAJIOTUYHO CO3/1aéM KOHCTPYKTOp 0Oe3 mapaMeTpoB, KOTOPBIM B pe3yabrare, IPUMET TaKon
BUJI:

public Point3D() {
super();
this.z = z0 =0;
b

3arem 100aBUM Teperpy3uM METO/Ibl, TOJyYeHHbIE B HACIEACTBO OT Kiacca Point mis Toro,
YyTOOBI OHM MPaBUIIBHO paboTau ¢ oobekTaMu Kiacca Point3D.

public void setPosition(int x, int y, int z) {
super.setPosition(x, y);
this.z = z;

¥

public void shift(int x, inty, int z) {
super.shift(x, y);
this.z += z;

¥

3areM mepeornpeaeaTuM METO/Ib Kitacca Point it TOro, 4ToObl OHM MPABUIIBHO padOTaIH C
oObekTamu kiacca Point3D. [Jlis Toro, utoOsl cpena Eclispe momorna B pa3paboTke 3THX METOIIOB
HY)KHO BBIOpaTh KOMaH1y MeHIO Source | Iverride/Implement Methods... . Ha skpaH OyneT BBIBEICHO
JIMAJIOTOBOE OKHO C yKa3aHWeM 0a30BBIX KJIACCOB W METOIOB, KOTOPBIE MOXKHO TEPEOIPEICIIUTD.
BreiOepeM HY)XHbIE METOIBI JUISI TEPEONPEIACIICHUS] M YKakeM, IJe B KJacce OHH OyayT
pacmonararbcs (cMm. Puc).

& Override/Implement Methods

Select methods ta averride or implement: +h Select Al

= G Deselect all
@ distanced)
[7] @ setPasition(int, int)
[Tl @ shiftgint, int)
@  taStringl)
#-[@  object

Insertion point:
after PoinkaD{nt, int, int)’
[ Generate methad comments

The format of the method stubs may be configured on the Code Templates preference page.

i 2of & selected.

Y

ITocne TOIrO0, Kak 6yz[eT HaXaTa KHOIIKa OK, cpeaa pa3pa60T1<H ABTOMATHYCCKHU CO34aCT
3aroToBKM METO10B, BBI6paHHBIX AJId TICPCONPCACIICHUA

@Override

public String toString() {
// TODO Auto-generated method stub
return super.toString();

¥

@Override

public double distance() {
// TODO Auto-generated method stub
return super.distance();

¥



ﬂJ’I}I KOppCKTHOﬁ pa6OTLI HEMHOI'O KBMCHHM aBTOMATUYCCKH CO3JaHHBIC MCTOIbI:

@Override
public String toString() {
// TODO Auto-generated method stub
String str = super.toString();
return str.substring(0, str.length()-1) +
Stz + "M
b

@Override
public double distance() {
// TODO Auto-generated method stub
double tmp = super.distance();
return Math.sgrt(tmp*tmp +
(z - 20)*(z - z0));

CamocTosiTe/IbHO 100aBUTH B Kiacc PyHKIMIO main(), B KOTOpOil OpraHu30BaTh MPOBEPKY
paboTsl MeTon0B Kiacca. Co31aTh TOUYKH C MOMOIIBIO0 Pa3HBIX KOHCTPYKTOPOB, MPOBEPUTH pabOTy
BCEX METOJIOB KJIacca.

Jns nanbHeleit paboThl caMOCTOATEeNbHO co3faiite kinacc PointGame. JlaHHbIi Kiacc
OyneT comepkarb TOJIbKO MeTon main(). B aTom MeToe monp30BaTenb T0KEH COOOIUTh, CKOJIBKO
TOYEK JTOJHKHO OBITH B MaccuBe. Co3aaTh MaccuB TpeOyeMoro pasMepa, co3arh TOUKH — 3JIEMEHTHI
ATOTO MacCHBa, CMECTUTh MX HA 3aJlaHHOE KOJIMYECTBO CIIyYalHBIX IIaroB, BBIBECTH HA SKpaH
COCTOSTHHE MacCHBa M OMPEIEIUTh Ty TOUKY, KOTOpas ylaauiachk Ha caMoe OOJBIIOe pacCTOSHUE OT
Ha4aJIbHOTO TMOJIOKEHUS.

Bo03MOXHBIN BapUaHT Kilacca MOXKET BBIIISJIETh TaK:

package classWork5;

public class PointGame {

/**
* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub
// TODO Auto-generated method stub
final inta = -5, b= 5;
java.util.Scanner in = new java.util.Scanner(System.in);
System.out.print("Ckonbko Touek: ");
int num = in.nextInt();

Point pts[] = new Point[num];
intx, vy, z

for (inti = 0; i < pts.length; i++) {

System.out.print("Touka " + (i+1)+ " ");
if (i%2 == 0) {

System.out.print("x, y: ");

X = in.nextInt();

y = in.nextInt();

pts[i] = new Point(x, y);
} else {



System.out.print("x, y, z: ");
X = in.nextInt();

y = in.nextInt();

z = in.nextInt();

pts[i] = new Point3D(X, vy, z);

¥

System.out.printin("HauanbHoe nonoxenne");
for (Point pt : pts)
System.out.printin("" + pt);

for(intj=1;j<10; j++)
for (Point pt : pts) {
if (pt instanceof Point) {
X = a + (int) ((b-a)*Math.random());
y = a + (int) ((b-a)*Math.random());
pt.shift(x, y);
} else if (pt instanceof Point3D) {
X = a + (int) ((b-a)*Math.random());
y = a + (int) ((b-a)*Math.random());
z = a + (int) ((b-a)*Math.random());
((Point3D)pt).shift(x, vy, z);
b
b

System.out.printin("®unHanbHoe nonoxexHune");
for (Point pt : pts)
System.out.printin("" + pt);

intn =0;
System.out.printin("Touka: "+ n + " " + pts[n] +
" paccrtosiHue " + pts[n].distance());
for (inti =1; i < pts.length; i++) {
System.out.printin("Touka: " + i+ " " + pts[i] +
" paccrosHue " + pts[i].distance());
if (pts[i].distance() > pts[n].distance())

n=i;
b

System.out.printin("Ha makcMmanbHOe pacCcTossHMEe oTol/1a ToYKa C MHAEKCOM " + n);
System.out.printin(pts[n]);



3apaHue Ne2

C 3a1aHHOM TOYHOCTHIO HAWTH YHMCIIEHHBIE PELLIEHUS] YPaBHEHUS BUAA:

f(x)=0
METOJIOM JTUXOTOMMH.

HeoOxonumo Hamucarh «yHUBEpPCAIbHYIO» HPOrpaMMy, KOTOpas Moria Obl HaXOAWUTh
pelleHys ypaBHEHHs JUIS PasHBIX (yHKIMOHAIBHBIX 3aBUCHMMOCTEH f (X), onpenensomux jeByo
4acTb yPaBHEHU.

Jlns TecTupoBaHys 3a1a4M HATU KOPHU YPABHEHUS:

x> +2cos =3x—-2

L1
X+—
6

Ha MHTEpBaJax:
v [0.5,1.5] (mpumepnoe 3nauenme 1.0318);
v [2.5,3.5] (npumeproe 3Hauenne 2.96071 ).

Mamemamuy4yeckulii Memod

[IpennonoxumM, 4YTO NPOBEACHO OTICICHUE KOPHEW YypaBHEHHUsA, T. €. HAWACHBI Takue
HHTEPBAJIbI [a , b] JUISL IEPEMEHHOM X , UTO HA Ka)JOM OTPE3KE PACIOJI0KEH TOJIBKO OJIUH KOPEHb,
KOTOPBIA HEOOXOAMMO YTOYHHTH C 33JIaHHOW IMOTPENTHOCTBIO €. MeToa TUXOTOMHUHU, WM METOJ
IIOJIOBUHHOTO JEJICHHUS, 3aKIIIOYACTCSA B CICAYIOLIEM: OIIPEACIIIEM CEPEAUHY OTPE3Ka [a , b]

_ (b—a)

xX=a+——

2

U BBIUUCISIEM (DYHKITUIO f ()_c) . anee nemaem BBIOOp, KaKyrO U3 JABYX YacTEH OTpe3Ka B3STH IS
JlallbHEHIIero yroyHeHuss KopHsA. Eciu jeBas yacTh ypaBHEHUS f (x) SIBJISIETCSI HEMPEPBIBHOM
(GYHKIHSI apryMeHTa X , TO KOPEHb OYyJIeT HAXOAUTHCS B TOU MOJIOBUHE OTPE3Ka, Ha KOHIIAX KOTOPO
f (x) UMeeT pa3Hble 3HAKW. MTepalMOHHBIN (TMTOBTOPSIOIMIUICS) TIpoliece OyeM MpoaAoKaTh 10
TeX 0P, II0Ka UHTEPBAT [a , b] HE CTaHET MEHbIIIE 3aJaHHON MOTPEIIHOCTH € .

PeweHue

[TonnpoOyeM HamucaTh MPOrpaMMy, KOTOpasi MOKET peliaTh ¢ MOMOIIbI0 METOa JUXOTOMUU
pasnuyHble ypaBHeHUs. llompoOyeMm co3nmarh mporpammy, KOTOpas OCHOBaHa Ha HMCIIOJIb30BaHUHU
a0cTpakTHeIX KimaccoB. Co3maaumMm TepBBIM  kiacc AbstrcatEquation, KoTophlii  comepkuT
abCTpakTHYIO (YHKIHIO, TPEICTABISIONIYIO JIEBYIO YacThb YpaBHEHUS M (YHKIHUIO PEIICHHS
YpaBHEHHS.

AOCTpaKTHBIN KJIACC CO3/TAETCS CTAHIAPTHBIM 00Pa30M, TOIHKO JTUAIOTOBOM OKHE CO3IAHHSI
KJIacca HY)KHO yCTaHOBUTH (hrakok abstract (cm. Puc.).

ITosmyuyuTcs Kmacc Takoro BUAa:

package classWork5;

public abstract class AbstractEquation {

¥

Hammumewm tpedyembie Metosbl. Kimace mpumMet Takoit BUL

package classWork5;



public abstract class AbstractEquation {
abstract double f(double x);

double solve(double a, double b, double eps) {
if (f(a)*f(b) > 0) {
System.out.printin("HeBepHo 3agaH MHTepBan Noncka KopHa");
System.exit(-1);

}
double x =a + 0.5 * (b - a);

while (Math.abs(b - a) > eps) {
if (f(a)*f(x) > 0)

a=x;
b=x;
— b 3 ( - ) .
x=a+ 0.5 b -a);
return x;
& New Java Class el
Java Class —
Create anew Java dass, (&J
Source folder: ClassSfsrc Browse...
Package: ClassWorks Browse...
[] Enclosing kype: [:]
Mame: AbstrackEquation|
Modifiers: @) public O default () Q
[¥] abstract [“final
Superclass: java.lang, Object Browse, ..
Interfaces: add...
Which method stubs would vou like ko create?
[ public static woid main(Stringl] args)
[ Constructars fram superclass
[¥]Inherited abstract methods
Do you wank o add comments? (Configure templakes and default value here)
[ Generate comments
Y

Tenepp MOXHO cO371aTh KJacc-HAcleIHUK ¢ KoHKpeTHou (ynkmmeit f(). Co3zgaaum ero
CTaHJApTHBIM 00pa3zoM, BKIIOUMB cozfnaHue ¢yHkmuu main(). Jms sToro, kak u paHblie, B TOJe
Superclass nyxHO yka3aTh 0a30BbIi Kinacc (AbstractEquation) (kak caenarb — cM. mpeabIayIee

3ananue). [nst ynoGctBa paboThl yctaHOBUM (Gnaxkok Inherited abstract methods. byner co3man
KJIacC TaKoro BUjA:

package classWork5;

public class MyEquation extends AbstractEquation {

@Override
double f(double x) {



// TODO Auto-generated method stub
return O;
)

/**

* @param args

*/

public static void main(String[] args) {
// TODO Auto-generated method stub

Harmmmmem TekeT 3Tux METOOOB. Knacc MOXXET OBITH TAKHM:

package classWorkS5;
public class MyEquation extends AbstractEquation {

@Override
double f(double x) {
// TODO Auto-generated method stub
return x*x + 2 * Math.cos(x + Math.PI/6) - 3 * x + 2;

b

/**

* @param args

*/

public static void main(String[] args) {
// TODO Auto-generated method stub
AbstractEquation me = new MyEquation();

java.util.Scanner in = new java.util.Scanner(System.in);
System.out.printin("MHTepBan nokanusauum KopHa [a, b]");
System.out.print("a: ");

double a = in.nextDouble();

System.out.print("b: ");

double b = in.nextDouble();

double eps;

do {

System.out.printin("TouyHocTb pacuetoB (0 < eps <= 0.1):

eps = in.nextDouble();
} while ((eps <= 0) || (eps > 0.1));

double res = me.solve(a, b, eps);

System.out.printin("KopeHb x: " + res);
System.out.printin("Abs(f(x): " + Math.abs(me.f(res)));

[TpoBepuTh paboTy MporpaMMbl Ha TECTOBBIX MpUMeEpax.

10—
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3agaHue Ne3

Jns t€[0,5] mHaiiTu yucaeHHOE pelleHHe CHCTEMbl OOBIKHOBEHHBIX Iu((epeHIIHanbHbIX
YpaBHEHUN:

x'" = Ax—-Bxy,
y' = Cxy—-Dy.

¢ ko3 dunmeHTamu:
A=2, B=0.02, C=0.0002 , D=0.8

YZ[OBJ'ICTBOpflIOHIee TaKUM Ha4YaJIbHBIM YCJ'IOBI/DIM:
1) x(0)=3000, »(0)=120,
2) x(0)=5000, (0)=100.

PesynbraThl pacueToB (3HaUeHHUS QYHKIUHA X W Y IS Pa3IMYHBIX MOMEHTOB BPEMEHHU ! )
coxpaHuth B (paitne. C MOMOIIBIO KaKOH-THOO MpOrpamMMbl MOCTPOCHHUS TpapUKOB HApPUCOBATH
rpaduKu perieHui.

Mamemamuyeckue MemoOsbl

Ecnu 3amauy o0 OThICKaHMM BCeX pemeHui audQepeHnnanbHoro ypaBHEHHS YIAeTCs
CBECTH K KOHEYHOMY WYHCIYy anreOpanyecKux OIepanuid, omnepanuii HWHTETPUPOBAHUS U
muQQepeHIMPOBaHUs W3BECTHBIX (YHKUUH, TO TOBOPST, YTO YPaBHEHHE HWHTETPUPYETCS B
KBa/IpaTypax. B peasbHBIX MPHUIOKEHUAX KpaiiHEe PeIKO BCTPEUYAIOTCS yPaBHEHHS, HHTETPUPYEMbIe
B KkBagparypax. Ilostomy mans wuccinenoBanusi AudQepeHIranbHbIX yYpaBHEHHHA  IIHPOKO
UCTIONB3YIOTCS NPUOIKEHHBIE, YNCIICHHBIE METOBI X PELICHUS.

[Tyctps nana cuctema 0oOBIKHOBEHHBIX AU((epeHIInanbHbIX YpaBHEHUH:

dy
dt_l = Sty vy

yl(t()) = Ji>
dy, -
dT - fi(t,yh...,yp...,ij>’ , C HAYaJIbHBIMH YCJIOBUSIMHA yi(to) - o
dyN yN(l‘O) = Yno-
dt - fN(t:yl,""yi"”’yN)'

UuncneHHOE peleHne Ha oTpeske |a,b] 3amaun Komm cOCTOMT B HMOCTPOEHHH TaGIHITEI
NpUOMKEHHBIX — 3HAuUeHWH  (yHKUUH Vi pelieHus y(t) B y3l1ax  CETKHU
a=t,<t,<...<t;<..<ty=b.

[IpocTeiimiiM METOOM MOCTPOCHHS YUCICHHOTO PEIICHHS ISl CUCTEM OOBIKHOBEHHBIX
mudQepeHIMaIbHbIX YpaBHEHUH sBisgeTcss Meton Juiepa. OH peanu3yeTcsl Takol PeKKYpEeHTHOU
dhopmyIon:

yi(j+1):yi(j)+hfi(tj’yl(j)’""yi(j)""’yN(j)) )

s3nech i=1,..., N, h — mar WHTETpUPOBaHUSA. DTOT METOA IMPOCT, HO 00JAJaET JOCTATOYHO
OOJBIIION MOTPEIIHOCTHIO, U UIMEET CUCTEMATUYECKOE HAKOIIJICHHE OIIMOOK.

[Moxanyit, wmeton  Pywee — Kymma  uemeepmoco  nopsoxa  sBAsieTcss — HauOoliee
pacipoCTPaHEHHBIM METOJIOM PEIICHHs] CUCTEM OOBIKHOBEHHBIX Au(depeHInanbHbIX ypaBHEHUN
IpU TIOCTOSSHHOM Illare WHTerpupoBaHust /. Ero MOCTOMHCTBOM SIBJISIETCS BBICOKAs TOYHOCTH M
MEHbIIasg CKJIOHHOCTb K BOBHUKHOBEHHIO HEYCTOMUMBOTO pelIeHUsl. AJTOPUTM peaiu3alii METo/1a



Pynre — KyTTa ueTBepToro nopsjika 3aKkjrouacTcsi B IMKIMYECKUX BBIUUCICHUAX V;(;+1) HA KaXKI0M
(j+1) mare mo popmynam:

kv =h S 3100 i Ywi)
by =h [t AhI2, 0k 12,y k2, v Ty 2)
ks =h fi(t Ah12, )04k 12,0 v kgl 2,0 Tk 2)
ky=h ft,+h,yF kv gtk gy
Vitjy =Yk 2k 42k 4k, )6

[Ipu mepexome oOT OAHOM QOpPMYIBI K JAPYroil 3aJaloTCsl WM BBIYUCIAIOTCS

COOTBETCTBYIOIIUEC  3HAYCHUS t u Y U HAaxXoIATCS  3Ha4YeHWs:  (PyHKIHiA
Tty Vi Vo) -
PeweHue

Jannyto cucteMy OOBIKHOBEHHBIX NH((epeHInalIbHbIX YPAaBHEHUNH MOYKHO PEIIUTh KaKUM
a100 YHUCIEHHBIM METOJOM 3a CYET TOro, YTO YMCJICHHBIH aJropuTM BHEAPUTH B TOT KJAcc,
KOTOpBIM omuchiBaeT cuctemy. Ho 3TO He oOdeHb yAOOHBIM MOIXON, TaK Kak JMOO H3MEHEHUe
QIropuT™Ma pelIeHHs ypaBHEHUs, JIMOO H3MEHEHHME XapaKTepUCTHK CaMOH  CHUCTEMBI
muddepeHIMaTbHBIX YpaBHEHUI MOTpeOyeT MOIHOT0 WM YaCTUYHOTO TIepeNuChIBAHNS Kilacca.

Cucrema nuddepeHnIMaIbHbIX ypaBHEHHH ((U3MKa) M aJTOPUTM YHCICHHOTO pEIleHUs
muddepeHIMaNbHBIX YPAaBHEHUH — 3TO COBCEM pa3Hble KOHIIEMIHH, KOTOpBIE JIOJIKHBI
paccMaTpuBaThCsi Kak pasHble Kinaccel. Co3maauM jBa aOCTpaKTHBIX Kilacca, OIMH Oyaer
MIPEJCTAaBIATh CUCTEMY OOBIKHOBEHHBIX U depeHIalbHbIX YPaBHEHUHN, a JPYTroll — «pemiareiby
CHCTEMBI OOBIKHOBEHHBIX U (EepeHIHATBHBIX YPAaBHEHUH, B KOTOPBIX OyIyT HAaXOIUTCS CaMble
obmue GyHKIHMH, peaTu3yroniue GyHKIIMOHATHPHOCTh COOTBETCTBYIOITUX OOBEKTOB.

B co3maHHOM A TaHHOTO 3aHATUA NMPO Java NPOEKTe ¢ UMEHEM Theme co3gaeM HakeT
ode, B KOTOPOM CO3/a/IUM aOCTPAKTHBIE KJIACChI KIIACCHI.

CranmapTHeIM 00pa3oM co3naauM abcTpakTHbIM kinacc ODE, mpeacTaBisiomuil cucremy
0ObIKHOBEHHBIX U depeHranbubix ypaBHeHuil. (IlogpoOHoCcTH mpo co3gaHue — Mpeablayine
PUMEDPHI).

package ode;

public abstract class ODE {
// TlonyunTb COCTOSAHWE CUCTEMBI
abstract public double[] getState();
// TI0 COCTOSIHMIO CUCTEMbI BbIYNC/TNTL NPOM3BOAHbIE
abstract public void getRate(double t, double[] state, double[] rate);

AHanOrM4YHO co3JaeM BTOpoi abOcTpakTHbli  kiacc ODESolver, mnpencraBnsromuit
«pelIaTesb» CUCTEMbI OOBIKHOBEHHBIX AP PepeHInanbHbIX YPABHEHUH.

package ode;

public abstract class ODESolver {
abstract public void initialize(double stepSize);
abstract public double step(double t);
abstract public void setStepSize(double stepSize);
abstract public double getStepSize();

— 12—



B nmanHoM makeTe co3gaguM Kiacc-HaciedHWK kiacca ODESolver, npencraBistommit
«pemiarenby CUCTEeMbl OOBIKHOBEHHBIX JU(p(epeHIMaTbHBIX ypaBHEHUH MeToioM OJiepa.
CranmapTHBIM 00pa30M CO3/1aéM ATOT KJIacC U CO37aeM HYXKHBIE TIEPEOIPEICIICHHBIE METOIBI.

package ode;
public class Euler extends ODESolver {

private double stepSize = 0.1;
private int numberOfEquations = 0;
private double[] rate = null;
private ODE ode;

public Euler(ODE ode) {
// TODO Auto-generated constructor stub
this.ode = ode;
numberOfEquations = ode.getState().length;
rate = new double[numberOfEquations];

¥

@Override

public void initialize(double stepSize) {
// TODO Auto-generated method stub
setStepSize(stepSize);

)

@Override

public double step(double t) {
// TODO Auto-generated method stub
double[] state = ode.getState();
ode.getRate(t, state, rate);
for (inti = 0; i < numberOfEquations; i++) {

state[i] = state[i] + stepSize*rate[i];

b

return stepSize;

¥

@Override

public void setStepSize(double stepSize) {
// TODO Auto-generated method stub
this.stepSize = stepSize;

b

@Override

public double getStepSize() {
// TODO Auto-generated method stub
return stepSize;

by

B co3manHoM 11t JaHHOTO 3aHATUA TPO Java MpOEKTe ¢ UMEHeM Theme co3gaeM HakeT
odeSystem, B KOTOpOM CO3[aJMM Ha OCHOBe aOcTpakTHOro kimacca ODE xkiacc-HacneqHUK,
MIPEICTABIIAIONINI PEIIaEMyI0 CUCTEMY YPaBHEHUI. BO3MOKHBIN BUJ 3TOTO KJlacca:
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package odeSystem;
import ode.ODE;
public class OdeSystem extends ODE {

private double a, b, ¢, d;
private double[] state = null; //state[0] => x[t], state[1] => y[t]

public OdeSystem(double[] params, double[] state) {
super();
this.a = params|[0];
this.b = params[1];
this.c = params[2];
this.d = params[3];
this.state = state;

¥

public OdeSystem() {
super();

b

public void setParams(double[] params) {
this.a = params[0];
this.b = params[1];
this.c = params[2];
this.d = params[3];
b

public void setState(double[] state) {
this.state = state;

¥

@Override

public double[] getState() {
// TODO Auto-generated method stub
return state;

b

@Override
public void getRate(double t, double[] state, double[] rate) {
// TODO Auto-generated method stub
rate[0] = a*state[0] - b*state[0]*state[1]; // x'[t] = a*x[t] - b*x[t]*y[t]
rate[1] = c*state[0]*state[1] - d*state[1]; // y'[t] = c*x[t]*y[t] - d*y[t]
)

3areM B 3TOM MaKeTe COo3JaiuM KIIACC-IIPUIIOKCHUE, T. €. 3anyc1<a}01um71 KJ1acC OJid 9TOro
MMPUITOKCHHA.

package odeSystem;

import java.io.*;
import ode.*;

14—



public class OdeSystApp {

/**
* @param args
*/
public static void main(String[] args) throws IOException {
// TODO Auto-generated method stub
OdeSystem syst = new OdeSystem();
syst.setParams(new double[] {2.0, 0.02, 0.0002, 0.8});
syst.setState(new double[] {3000, 1203});
ODESolver odeSolver = new Euler(syst);
//ODESolver odeSolver = new RK4(syst);
PrintWriter out = new PrintWriter(new FileWriter("Result.dat"));

double t = 0, tEnd = 5.0, tStep = 0.001;
System.out.printin("t: " + t + " x: " + syst.getState()[0] +
" y: " + syst.getState()[1]);
out.printf("%14.6e%14.6e%14.6e\n", t,
syst.getState()[0], syst.getState()[1]);

odeSolver.setStepSize(tStep);
while (t <= tEnd) {
odeSolver.step(t);
t += tStep;
System.out.printin("t: " + t + " x: " + syst.getState()[0] +
" y: " + syst.getState()[1]);
out.printf("%14.6e%14.6e%14.6e\n", t,
syst.getState()[0], syst.getState()[1]);
b

out.close();

B nanHOoM Kitacce HY>KHO 0cO00 OOpaTHTh BHUMAHHE HA BBIJCICHHBIC KUPHBIM HIpU(TOM
CTPOKH — pean3allrio 3auCcH TEKCTOBOW MH(POpMAITUU B (paii.

C nmomonipro 3TOM MporpamMmsl CIEAYET PELINTh CUCTEMY YPAaBHEHHMH C pa3HON BEIMUYMHOU
mara: 0.1, 0.01, 0.001, ... m T n Ilo momydeHHBIM (aiiyiaM JaHHBIX MMOCTPOUTH TPaPUKHA U
MOCMOTPETh, KaK MEHSIETCS BUJ PEIICHUS B 3aBUCHUMOCTH OT BeNMMYUHBI mara. [logoOparts Takoii
1ar, YTo0bl MOYKHO OBLIIO MOJIYYUTh JOCTATOYHO TOYHOE PEIICHHE.

B nakere ode peann3oBaTh €HI€ OAWH METOA YMCIEHHOIO PpELIEHUS CHUCTEMBI
OOBIKHOBEHHBIX JU(]epeHnanbHbIX ypaBHeHHH — RK4, mpencTapisionil peaan3anuo MeTo1a
Pynre — Kyrra 4 nopsinka ¢ mocTossHHbIM marom. C €ro mnomoiibio MOJYy4YUTh PEIIEHUE JAaHHOMN
cuctembl. [l peann3oBaHHBIX METOJOB CpPaBHUTh BEJIWYMHY IIara, MpU KOTOPOM MOJYy4YEHO
«JI0CTaTOYHO TOYHOE) PEILIEHUE.
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locmpoeHue epaghukoe mabriu4Ho 3adaHHbIX PyHKUUU

Jns moctpoeHus: rpaduKkoB (PyHKIMIA MOXKHO HMCHOJIB30BaTh nporpammy GnuPlot. JlanHas
mporpamMma OTHOCHTCSI K (DOHIy O€CIUTaTHOTO MPOTPaMMHOTO OOECTICUCHUS W peaau30BaHa s
pasHBIX ONEPAlMOHHBIX CHCTEM W THUIOB KOMIbIOTepoB. llocienHue Bepcuu mporpaMmbl MOXKHO
CBOOOJTHO TOTYYUTh U3 MHmeprem C caiiTa pa3paboTUnKa.

C nporpamMmoii 00b19HO pabOTAIOT B OTHOM U3 JIByX PEKHMOB:

®  uHmMepaKkmueHoM — IOJIb30BATENIb BBOJUT KOMaH bl OCTPOEHUS M 0popMiIeHUs rpaduKoB

B KOMaHIHOW CTPOKE TMporpamMmbl (3TH KOMaHAbI MOXHO BbIOparh JubO U3

COOTBETCTBYIOIIMX ITYHKTOB MEHIO INIABHOTO OKHA MPOrPaMMBl, JIMOO ¢ IOMOLIbIO MaHeNIeH

UHCTPYMEHTOB);

& naxemHoM — TIOJB30BATENb TOTOBUT CIEMATBHBIN MAKEeTHBIN (aiii ¢ KOMaHAaMH, KOTOPBIN
nepeaeTcs Kak napaMmerp nporpaMme B MOMEHT €€ BbI30oBa. [Ipu aTom nporpamma paboraer

B ()OHOBOM peXHME, a IOCTPOCHHE, OOpPMIICHIE U IKCIOPT Tpaduka B HYKHBIH (opmar

IPOMCXOIUT aBTOMaTHYECKH.

IIporpaMMa mnocCTaBIs€TCS C XOpOLIEH CIPAaBOYHOM cuUCTEMOM, rne ykasana BCSH
HeoOxoaumast u1st paboTsl nHpopManusi. Kparko paccMoTpuM O0CHOBBI PaOOTHI C IPOrPaMMOH.

[Tocne 3amycka mporpaMMmsbl B IJITaBHOM OKHE HY)KHO YKa3aTh pabouyro Marky W 3arpy3uThb
nakeTHpId ¢ain ¢ komanaamu. [[ns storo cienyer BoiOpate TyHKT File | Change directory
[JJABHOTO OKHA MPOrpaMMBbl WM HaxaTh KHONKY ChDir manenu uHctpymeHToB. Ha skpan Oyzmer
BBIBEJICHO CTAaHJApHOE AMAIOrOBOE OKHO BbIOOpa mamku. Ilocie BeiOOpa HyXHOW manku (B HEH
JIOJDKHBI HAXOOUThCs (paiiil ¢ JaHHBIMU, IO KOTOPBIM HYXHO MOCTPOUTH I'paduK, U MAKETHBIH (aiin
¢ xomannamu GnuPlot) n noaTBepKEeHUsI BbIOOpa B CTPOKE BBOJA MpPOrpaMMbl OyJeT BBEAECHA U
BBINOJIHEHA HYXHas KoMaHja nepexona (cMm. Puc).

[Tocne aToro cnenyer 3arpy3uth KoMaHAHbIN Qaitn GnuPlot (TEKCTOBBIN (ailyl ¢ HY>)KHBIMHU
komaHamu). OObIYHO, KOMaHHbIEe Qailnsl GnuPlot umeromui pacmupenue umeHu ¢aiina PLT.
Jlis 3arpy3ku ¥ BBINOJHEHHs HY)KHOTO KOMaHAHOTO ¢aiina cienyer aub0 BbIOpaTh IMYHKT MEHIO
File | Open tmaBHOTO OKHa MPOTPaMMBI, JTHO0O0 HaxaTh KHONKY Open manenu 3anad. Ha sxpan Oyzner
BBIBEJICHO CTAHJAPTHOE OKHO BBIOOpA (haila, B KOTOPOM HYXHO yKa3aTb TpeOyeMbli MaKeTHBIH
¢aiin. [Tocne noarBepxeHus BoiOopa nporpamma GnuPlot BHIIOTHUAT BCe KOMaH 1bl, HAXOASIINECS B
¢aiine. Ilpu 3TOM B cTpoKe BBOJA INIABHOTO OKHA IpOrpamMMbl OyleT yKa3aHa BBINOJHEHHas
KOMaH/1a 3arpy3KH MMakeTHOTO (haiina.

I [ 3]

File Plot Expressions Functions Genmeral Axes Chart Styles 3D Help

Replotl Open | Save | ChDirl Print | PriSc | Prev | Next !

GHUPLOT

Yerzion 4.2 patchlevel 2
last nodif ied 31 Aug 2007
Systen: Hi-Hindows 32 bit

Copyright (C) 1986 - 1993, 1998, 2004, 2007
Thonas Hillians, Colin Kelley and nany others

Type ‘help® to access the on-line veference nanual.
The gruplot FAQ iz awailable fron http:/fuud.gnuplot. inforfags

Send bug reports and suggest ions to <htip:sdssourceforge.nets/projects/gnu
plot>

Terninal tupe set to “windods®
gruploty cd 'Dr%Alex’
gnuplot> pud

[:%Alex

gruploty load ‘data.plt’
Exanpla of Plat

gnuplat>

[
Pucynoxk 3.1. I'naBHoe okHo nporpammsl GnuPlot

[Tpumep makeTHOrO (haiima Il TOCTPOCHHS JByMepHOro rpaduka mo HaboOpy TOUEK,
XpaHsmuxcs B (aiie mpuBeneH HWke. B makeTHoOM (aiine yka3aHbl KpaTKHe KOMMEHTapHU K
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OCHOBHBIM KoMaH1aM. [Ipy HE0OXOAMMOCTH Bce 0 KOMaHAaX MOXKHO Y3HaTh B CIIPABOYHOM cUCTEMe
IIPOTrpaMMBI.

print "Example of Plot" # BEIBOO TekcTa B OKHO pemakTopa
reset
set nogrid # ©6e3 ceTku Ha Tpaduxe

set nokey # 0e3 aBTOMATUUECKOWV JI€TeHIE

set xrange [0.5:5.5] # ImanasoH o4 X Ha Tpaduxe
set yrange [0.0:1.7] # mranasoH mjg y Ha Tpaduke
set tics out # WTPUXM Yy OCeM HApyXy

set xtics border nomirror norotate 0.0, 1, 5.5 # umoépua y ocu x
set ytics border nomirror norotate 0.0, 0.5, 1.6 # uMdpel y ocCcu y
# xoymuecTBO paszbueHuM OOJIBWIOTO MHTEpBAaJia IO OCK X

set mxtics 10

# KoOJIMUeCcTBO pasbueHuyrt OOJBUOIO MHTEepBajia IO OCU Y

set mytics 5

# TexcToBa MeTka Ha Ipaduke

# (»To omHa cTpoka daina. ¢ — CHMMBOJ NPOIOJIKEHMA CTPOKM)

set label 1 "Title" at 0.7, 1.55 left norotate font < "Arial
Italic, 24"

# nmocTpoeHuMe Tpaduka B OKHE

plot 'Datal.dat' using 1:2 with lines linetype 1 linewidth 3
pause -1 "Press OK to make emf file or Exit to stop..."

# oskxcnopT Tpadtmka B emf dopmar

set terminal emf color solid linewidth 5 "Times Italic" 24

set output 'Figl.emf'

replot

# BOCCTAHOBJIEHME BHBOIHOTO YCTPOMCTBA

set terminal windows

set output
pause -1 "Press any key to continue..."
reset
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