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O eAkuoThHG TOU Lorenz

Ti gival eAKUOTAG;

Qg eAkuaTAG (attractor) cuvABwg opileTal "éva memepacuévo alvoAo 1o orroio éAkel Tpoxiés”. O
OPIOHUOG QUTOG TTPOEPXETAI KAl BPiOKEI UVABWG EQappoyr) aTh MEAETN OUVANIKWY CUCTNPATWY OTO
XWPO TWV QACEWY TOUG.

ZUVOTITIKA, N MEAETN QUTH, N oTToia KaBIEPWONKE KUpiwg atrd Tov Hamilton, xpnoiyoTrolgi éva Xwpo e
apIBPo SlooTACEWY IO PE TOV ApPIBUO TWV CNUAVTIKWY PeTaBANTWY Tou TTpoBAAuatog. MNa mapddeiypa
TO EKKPEPES OUVNBWG PEAETATAI O€ DIDIAOTATO XWPO PACEWV OTTOU N Pia dIACTACT QVTIOTOIXEl OTNV
TaxUTnNTa Kai n GAAn oTo Xpoévo. H eEEAIEN evdg SuvapikoU GUCTAPATOG OTO XWPO QATEWY €ival
OuvNBWG JIa ypauun, n otroia ovouddeTal Tpoxid. OTav oI TPOXIEG TTOU TTPOEPXOVTAIl OTTO DIAPOPETIKEG
APXIKEG OUVONKEG TOU SUVAUIKOU CUCTAUATOG OUYKAIVOUV TTPOG KATTOI0 0UVOAO, TO GUVOAO auTO
AéyeTal EAKUOTNG. [TPaKTIKA, 0 EAKUCTAS QVTITTPOOWITEUE! TV TEAIK) KATAOTAON TTPOS TNV orroia

00¢Uel n €€EAIEN evog duvauikoU ouaTAUATOC.

2uvnBECTEPEG HOPPEG EAKUCTWY O€ YPAPUIKA duVaUIK& CUCTHPATA €ival To onueio Kal o (oplakdg)
KUKAOG. ZT0 hN-YPAMMIKG OUVAMIKG CUCTAUATA EU@aviCovTal EAKUOTEG g "TTEPIEPYES" HOPPES KAl
TTPOKANTIKEG HABNMPATIKEG 1810TNTEG. ATTO TOUG TTPWTOUG TETOIOUG "TTEPIEPYOUG" EAKUCTEG ATAV AUTOG
Tou Lorenz.[1]

To oUoTnHa TV €§ICWOEWV

271G apX€EG TNG OekaeTiag Tou '60, o Lorenz peAeTouoe pia atrAotroinuévn améd Tov Saltzman
meplypagn dididatarng porg.[2l MetewpoAdyog oTo emmayyeAua, o Lorenz éwayve 10T TPOTTOUG
TTEPIYPAPNG TWV POWV PALAG Kal BEpUOTNTAG OTA ATUOCPAIPIKA CUCTHMATA. ATTO TO oUCTNUA TOU
Saltzman, o Lorenz atmmopdvwaoe TpEIG KPioIeS HETARANTEG, TIG €ENG:

e X, avdAoyn PE ThV évTaon TG CUVAYWYNG,

ey, avd@Aoyn Pe TN Slo@opd BepUOKPATIiag HETALU AVEPXOMEVWY KAl KATEPXOMEVWV PEUNATWY,
ez, av@Aoyn Pe TNV aTTOKAION TNG KABETNG BEPUOKPATIOKAG KATAVOUAG ATTO TN YPOUMIKOTNTA.

O OUOXETIONOG AUTWV TWV JETABANTWY d B
TTEPIYPAPETAI ATTO TO SITTAQVO EtX(t) = o (y(t) —x(1))
oloTnua:

%ty(t) = —y(1) - x() 2(t) + rx(t)

920t = x(0) y(t) - bz(t)
dt

ME OPXIKEG OUVONKEG: x(0) =y(0) =z(0) =1
oTToU: c = % 0 ap1Buog Prandtl
Ra , . .
r=— TO TTNAIKO TOU apIBuoU Rayleigh TTpog Tov

Ra, Kpioipo apiBuod Rayleigh

b YEWMETPIKOG TTApAyOVTaAG

O Lorenz Bewpnoe oI o:=10 b:= g r:=28
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NOon Twv e§ilcowoswv Lorenz

To Mathcad, oTig vedTEpPEG EKBOTEIG TOU,
TTPOo@EPEl TN duvaTodTNTA ETTIAUCNG
OUOTNUATWY BIAPOPIKWY ECICWOEWV PETW
OUNBOANICUOU TTOPATTANCIOU UE TOV
QAVaAUTIKO Kal TTAPOPOIoU JE aUuTOV TTOU
XPNoIJoTToIEiTal yia TNV €TTiIAUCT d
aAyeBpikwy cuoaTtnuaTtwy. Eav n £ékdoan —x(t) = o-(y(t) — x(1)) x(start) = 1
TTOU XpnolhoTToIEiTal &V avayvwpilel Thv t

Odesolve, 010 TEAOG TOU £yYphPOU d

Taparti@etal n €mMiAucn Pe TV —y(t) = —y(t) — x(t) z(t) +rx(t) y(start) = 1
(oupBatdrepn) rkfixed. dt

start := 0 end := 50 steps := 6000

Given

%z(t) =x(t) y(t) —bz(t) z(start) = 1
t

x) x)

y = Odesolve|| vy ,t,end, steps

z) z)

21NV €mopevn oeAida, TTapouaIAZeTal N yPaQIKA ATTEIKOVION TNG TPIAdAG (X,Y,Z) KaBWG Kail n eEENIEN

TNG KABE PIOG aTTd AUTEG TIG TTOOOTNTEG ME TO XPOVO. Evw n €€€NIEN TnNG KABE TTo0dTNTAG €ival

ATTPORAETTTN KAl OV TTAPOUTIALEl AVAYVWPICIUES HOPPEG, N TUVOAIKN €EEAIEN TNG TPIADOG OXNUATICE!

TOV €AKUCTA Tou Lorenz, dnAadn pia cagn, avayvwpioiun Joper.

To xapakTnpIoTIKG TTou TPARNEE TO evdla@Epov aTn PEAETN TNG AUONG €ival TO €EAG: EVW yIa LIKPES

HETABOAES TWV QPXIKWY TUVONKWY 1 TwV TTAPAUETPWY O, b Kal r n €€€AIEN KGBe peTaBANTAS ue TO

XPOVo aAAdlel dpauartikd, n HoOPQH TOU EAKUCTH TTAPAIEVE! WS EXEI.

Ta ypagruata tng emopevng oeAidag ummopolv va peTatpatmolv o€ Kivouueva (animation), woTe va

KATAOTEN TTI0 TTApACTATIKA N €EEAIEN TWV TTOCOTATWY X,Y,Z CUVOPTACEI TOU Xpovou. IMNa Tn dnuioupyia

Tou animation Ba TTp£TTeEl va yivouv Ta €€AG BAuATA:

1. A6 10 pevou Tools, emAEETE Animation -> Record.

2. EmA&ETE OAN TNV TTEPIOXA TWV YPAPNUATWY PE TO TTOVTIKI, KAVOVTAG KAIK TNV TTAVW OPIOTEPN
TTAEUPd TOU TTPWTOU YPAPRHUATOGS KAl JETAKIVWVTAG TO OEIKTN, PE TTATNHEVO TO APIOTEPS TTANKTPO
TOU TTOVTIKIOU, PEXPI TNV KATW OEEIG TTAEUPA TOU TEAEUTAIOU YPAPAUATOG.

3.  Z10 TapdBupo diaAdyou TTou Avolge PETA TNV €vTOAr] Animation -> Record, dwaoTe otn petaBAnTh
FRAME mipég amd 1 €wg 300, ue Bripa 20 frames/sec kai TTatrioTe To Animate.

4. To video 1mou Ba dnuioupynBei ptTopei va ocwBei kKal va avatrapayBei aveEdptnTta amd 1o Mathcad.

[¥] YTToAoyiopoi animation
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2710 TTPWTO YpAPnua TTapoudidleTal N TPoxId Tou CUCTAUATOG Lorenz oTo XWpo ¢Aacewy [X,Y,z]. ZT1a
ETTOUEVA TPIO YPOAPAUATA TTAPOUCIAZETAI N JETABOAN TOU X, TOU Y KAI TOU Z QVTIOTOIXO, GUVOPTACEI TOU
Xpovou t.

O glxvotg Tov Lorenz
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Avag@opég

1. Lorenz, Edward N., "Deterministic nonperiodic flow". Journal of Atmosph.Sci. 20:130. 1963

2. Mia TToAU KoAA TTEPIYPaQr] TwV £§I0WaewWV dIBIACTATNG POAG TTOU 00 YNCaV OTIG £EI0WOEIG TOU
Lorenz divetal atn d1e0Buvon http://mathworld.wolfram.com/LorenzAttractor.html

[¥] AUon pe T péBodo rkfixed
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