11. ISEORGANISEERITUS

11.1 Sissejuhatus

Tanapéeva intrigeerivaim modelleerimisiilesanne

- pole seotud ainult matemaatiliste mudelite koostamine
ja lahendamisega;

- nouab tunnetusliku kiilje Idbitootamist.

Illya Prigogine —  Nobel 1977
Briissel, dissipatiivsed struktuurid
Herman Haken Stuttgart, siinergeetika
siinergeettka ~ —  avatud siisteemide teooria
dissipatiivsed
struktuurid —  tasakaalust eemal tekkinud struktuurid;
“dissipatiivsed” — margib

dissipatiivsete
protsesside osa
ka: hajusstruktuurid

Analiitis pohineb termodiinaamikal

Madisted:
entroopia =  oleku muutuja S, mis médrab
stisteemi oleku
g —  soojusvoog
T —  temperatuur

entroopia saab ainult kasvada

poOoratava oleku jaoks



Statistiline termodiinaamika

entroopia on mikroolekute arvu moot
informatsiooniteooria:

entroopia on informatsiooni moot

Seadused:
0. formaliseerib temperatuuri T
1.  madirab siseenergia
2.  madirab entroopia kasvu
3. mdidrab entroopia ja siseenergia kui absoluutne

temperatuur laheneb nullile

Siisteemid:
avatud - massi, soojuse ja to0 vahetus
suletud - soojuse ja t00 vahetus massi ei vahetata
isoleeritud - mingit vahetust ei toimu

Temperatuur:

S00jusvoo moot

nullpunkt (°K) - ei anna mingit soojust
madalaim teada olev 9-10°K

korgem (Maal) ~10"K



11.2 Termodiinaamilised stisteemid
Stisteemide kolm arengufaasi:

1.  Tasakaal
entroopia toodang
vood

joud

Il
o

2.  Tasakaalu imbrus

termodiinaamilised *“joud” on ndrgad muutused
valjendatud lineaarsete funktsioonidena

3.  Kaugel tasakaalust

muutused mittelineaarsed

P isoleeritud siisteem

Viljaspool tasakaalu

P « R R reservuaar
millel fikseeritud
temperatuur T

Niide
Piike Maa Uni-
Versum
R1 P R>
10pmatu 16plik 16pmatu
reservuaar energia reservuaar

T1 v0og T,



S
s
. g —  entroopia toodang siisteemis
( P 40 i - internal
4,50 .
< dS —  entroopia juurdevoog
\,___,/ e
\ e —external
1.  Tasakaal

Elastsusteooria on termodiinaamiliselt tasakaalus

dS=0

2.  Tasakaalu imbrus
lineaarne termodiinaamika

2.1 Vastastikuse moju seadused (reciprocity)

Joud “1” (temperatuuri gradient) mdjutab
voogu “2” (difusioon)

Joud “2” (kontsentratsiooni gradient) mdjutab
voogu “1” (soojusvoog)

2.2 Siisteem piirgib tasakaalu poole, miinimum
entroopia kasv

—  stabiilne, determineeritud kditumine

3.  Mittelineaarne termodiinaamika
Olekute stabiilsus?
Tasakaalu olekute arv?
Fluktuatsioonid? Kuidas? Miks?

—  Uus diinaamiline olek
dissipatiivne struktuur (hajusstruktuur)



11.3 Formalism

Olgu siisteem P ja reservuaarid R.

Hamiltoniaan:
H=T+U
Kineetiline potentsiaalne
energiad
H= H(q, p) g - ldistatud koordinaat
P - tldistatud kiirus
oL
p=—, L=T-U
aq;

H=H,+H, +H; +..+Hy +Hpp +...

susteem reservuaarid seostatus

Klassikaline (analiiiitiline) mehaanika

D = _(l_l (vt. loeng 6)
J qu
oH
qj _8pj

meetodid lihtsustamiseks,

reservuaaride moju viimine iihtsetele muutujatele

Lopptulemus:

8H+ sumbuvus + fluktuatsioonid



d=19;}, 1=12,..,n

N — voib olla viga suur
Esialgne hinnang —  tasakaalu timber, ],
q =4, +W (X, t)
G=M(.)>W=L(@G,)W
lineaarne

Lineaarse vorrandi lahend
W (X, 1) =e" v (X)
Re\ >0 lahend kasvab  €xp(%, t)v, (X)
ReA <0 lahend kahaneb €XP(A, t)v, (X)

q=d, +§§u(t)\7u +§§S (t)v,
., &, - amplituudid

Asendades esialgsesse vorrandisse q =M ( : )
Saame:

é)u :}\‘uiu + Mu(iuias) + FU (t)
éS :7\15 gS + Ms(gu’ gS) + |:S(t)

1 fluktuatsioonid
Allutusprintsiip (slaving principle)

gs — fs (gu (t)7 t)
vabadusastmete (vOrrandite) arv viheneb oluliselt
&, =08, +M,'(E)+F (1)

EJU — makroskoopilise korra parameetrid
(order parameters)



q;

molekulide tihedus
kiirusvali

temperatuuri vali
elektromagnetiline vili
polarisatsioon

loomade arv

rakkude arv

neuronite aktitvsuse moot

finantside voog

kasutusala

keemilised reaktsioonid
hiidrodiinaamika
faasimuutused (tardumine)
plasmafiiiisika
vOonkumised
populatsioonidiinaamika
morfogenees

narvivorgud

majandus



) _[' e dX ] ai ] X, t
0 integral  kontroll-
ruumis  parameetrid

mittelineaarne funktsioon

+... mittelinea arsus
dissipatsioon

ruumiline muutus
difusioon

konvektsioon

[ (X, X)q, (X)dX'  mittelokaalsus

o.— kontrollparameter
(Juhtimine)
mittehomogeensus



Niide: Iseorganiseeritus

1. Konvektsiooni mustrid
2. Minimagnetite kditumine
3. Liblikate titvamustrid

4. Qiesiidamikud

5. M. Escheri transformatsioonid

Viited:

1. P. Ball The self-made tapestry. Pattern formation in nature.
Oxford University Press, Oxford, 1999



1. Konvektsiooni mustrid

Fig. 2: Schematic drawing of the Bénard experiment and a typical
flow pattern.

Fig. 9: The emergence of convective patterns in the Bénard experiment.
(after [20]). ‘

— e —

(a) Epsilon = 0.1 Delta = 0.0 (b) Epsilon = 0.1 Delta = 0.0
L~ 0.0 T = 0.0 L~ -0.7 T = 18.3

(e) €psilon = 0.4 Delts = 0,0 : ld) Epsilen =~ 0.1 Delta = 0.0
L =~ 0.2 T = 49.6 L= -4.8 T = 7B.4




Fig. 7.2 Wher: heated umfaemly from Belaw 3 fsger ot fuid wik
develap consecion cells, within which werm, 298 dang bud niet and
coal, denser Nuid snks. Petd: Maneel Velarde, Javemidad

Coma rtense, Maoid b

¥

T
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Fig. 7.4 The complesity of convention pacains increases 35 the drving
force—the temperature jradient from the bordom to the Lep of the
wessel, megsured as & quanity called 1he Rapegh numier—s
irkegzed, The comvection cells Wnar st appear are ol Cedls Gk ac
fighe Rayleigh numbers, i3 davelag in the sefnendiculsr diredtion
06, 8nd the pEern Lomsists of ughty sqoare calls (4} This is called
timedsl Now. At still higher Raylegh numbers, the pamem becomes
irragular and changes with cime i2h This ‘spoke pazem i orpulen:,

3 {From; Tremon 1588.]




Fig. 7.3 Coavecticn roll salis sl 3ggddin g flwd cofined Lenween
& not hagom oiate and 2 seqler oo giate Tnz reils 212 raughly square
i eres-sacrion, and adjacsrt telit 12030 ik ORDOSIE AURLONS

mantle - - GEC km
Lower
maritle

Fig. 7.16 Canvedtion in the Easth's mantlz may oteur either in one laver orin ke In the fommer cse, conwsction ceils rmtete sirughout te whole
mantle {34 in the famer 1hars are o 3 of independent ceils separased 212 depth o shout G50 km (59,

Fig. 2.15 Marangoni coneedtion T2kes place in Bquids that have a fres
rap surface. Althaugh mgiees ise 10 henagonal cells ke 1hose that can
ke seet in Rayleigh-B8nand convecvan dwhaie the fuid 5 coniined
[aterean Twd piates), tno origin of the pamemn o different L1 maulis from
imbalances in surians enson, cwing o varigtiong in Emgeye a1 the
Wipyid surlace, This causes the susface to pudker ug inte hexagonal calis,
in which 1he liquid is pulled from the centre to the edges at the surface.



Mis juhtub konvektsioonis

. i fary ] i the lake bed.
Flate 16 Freezedthaw cydies of groandvater an the ege of & ishe in horway oriae oovartan 42105 Miat &t Taed out by 51005 60 ¢
Fhygr il Krenig Unkeersity of Coloracn}

Fig. 7.24 The heezrig and Uhavieg of water in e 20ifs af ngriher
tunded sels 1 esnective cimudation wi1g I Lhe urigue density
changes it water underases cloe mo s freauing paint. The imgent ol
1N's circulation can be sepn as podygonal cells of slones a1 the gound
surfaca, Shown here are stane Polygans an the Egqethasoga
pannula in westesn Spilsiergen, Marday, Phato: 8il Franiz, Lnnversity
ol Coterado



2. Minimagnetite kiitumine

Seif-organizing,
cylindrical, supra-
molecular conglom-
crate. Areas with
an optoelectrical
function are cen-
trally-located.

At the very top,
'pieces of cake’
combinc with cach
other to form a
disc. Stacked up,
these discs form

a cylinder.




Magnctic

bits from self-orga-

nized growth: the scanning
electron micrograph shows cobalt islands

with edges of ten nanometers in length (thousand

millionth of a meter) on a copper surface.

The islands contain some hundreds of atoms.

Scanning electron microscope image
of chains of single cobalt atoms,
lying on the steps of a platinum
surface. The distance between the
cobalt chains is only two nanometers.



Scanning clectron micrograph of ferroelectric test structures composed
of lead zirconate-titanate (um: micrometer, millionth of a meter).
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The ultimate limit to miniaturization
“Store” of individual magnetic iron atoms (red) in 2 grid
formed by the spontaneous organization of organic
complexes (green) on a copper surface.

Scanning electron micrograph of four individual magnetic cobalt atoms,
which were deposited on the gold surface with another technique.



o2 AR ICE B R0,
Spherical composite aggregates composed of calcium phosphate and gelatin
grow via self-organization. The surface structure changes with increasing
amounts of fluoride (from top to bottom); notched sphere aggregates form
from fluoroapatite. (Top panel: octa-calciumphosphate, middle panel:
apatite with increasing amounts of fluoride, below: fluorapatite).



3. Liblikate titvamustrid

Fig. 425 The nymghalid ground gizng i |2) Schwanwitszh and (5 Suffen regresent the Flatonic ideal of all bunerlly and math wing panens. Taey
bonh conzain feaiures fam which almost 2l observed patiams cen be derved. An upciaed vaezion of the ground plan (o) 1zkes more auplicil sCoount

of the elfam af wing veins, (images: H. Frederik Hijnout, Dule Universing}

Hale Holg

Fig. 4.28 i2| The moth Fnfiessia kufiniells bas & cantral symmetry system defned by teo ight hands. {9 kohn and von Engelnacdt inuastigated th
farmaton medaniam of these bands by cauterzing holes In pupai wings &nd ohigning the effac on the panen. (9 They nypoihesized thar the
disniptions of the pamein ean be explained by invking ‘detemminatian streams’ of same chemical morphogen issuing iram centes located on the
anterior {4) arct posierion {F] edges of e wing, (o) Thers is some cormespandence hetween the pattern bownderies in these sxpesments and those
generated in an idezlized model in which & reaciion-diffusion systm swiiches on ganes that s the parem. (Afer; Muray 15901
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Fig. 4,29 & szt of sourres and
siriks of marphagen [l inen
deafzed wirg cell fhere shown
a5 3 rectangular weit with vains 21
% the edges and Lhe wing edge
z along the bemom) can ke
cominngd 1o generate many of
. the pamern features ohserved in
B —— nature (6], (&fer: Njhout 1398}
3
" . . - .
ﬁ " = regrgarization in the doesal and
™ " ventral resians 3f Pamacaamos
# d: A imperacor (b, 18 also captumed by
B ﬂ P s L e the model (5. (Fhatos:

Shigery Knngda |



4. Oiesiitdamikud

Primargium

Fig. 4.39 The pattern of spirel phyllotasis in the mankey puzzle tree, Fg. 4.38 The parem of phyllatans is derermined 40 the tip of the
Fiere | shiw the proserion of the palern oMo 2 wo-timensioral plane, rowing stem [the menszm], whete the leal buds (rinardis] s
Ik N dawn te 3 of tne brangh, Lezves e aumbeisd indtiated. (AT Roch and Meinhardt 1994)

canseqadively fror the youngess, and the wo systems of spiraks (selid -

and dashed lines) wdicare leass thar ane in contam wiid one anodher

(Aher Goodwein 1594

b

Flg. 4.40 Tz asudle spiral paner o° phallgnses s
tha arargement of foms i 3 Somed hegg i@ eo o )
ceng i) st Soeti Camarne, RBeanivivana dipe Univt

camuiacly dear 0




5. M. Escheri transformatsioonid




6. Galaktikad

Quasars are among the most intensely radiating objects in the universe, Within a
distance of only a few light years, they produce a thousand to some hundreds of
thousand times more electromagnetic energy than whole star systems. Quasars lie in
the centers of large galaxies and are evidently “driven” by supermassive black holes.
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{ﬂsa Sc

Elliptical nebulae

Figure 6.6 Hubble's picture of his sequence

(a)

t=4.38 t=6.4 t =8.0

(b)

t=29.5 t =10.0 t =10.5

Figure 6.7 Computer simulation of the dynamics of a circular disc of stars. (a)
Requiring symmetry to be preserved. (b) Allowing it to break



Niaide:  Liivakuhikud ja liivadiiiinid
1. Diitinid looduses
2. Lihtne litvakuhiku mudel

3. Téapsustatud liivakuhiku mudel

4. Osakeste kuju mojutab varinguid



1. Diitinid looduses

ol
Trajectories of Ia
a wing-alewn graing /
P T e

Ry ...'ii_..lm-l T i U Al 1-‘ = S e
= i o o e gy
; S

Fig. B.23 Taa foernabon of sand npples invobies 3 propagating
instabliy, wind-borne saead gredna rain down on the desert surface at
an chilque anole Where the suriace slepes, mom «raing impact the
winghward (stoss) side of tre slope than the (esward sde (@), Bach grain
scallers athed frary the surkace ag it wikes, and travals in the
comevind direcion far 2 few shont hops (3 process called saliaton]
melnte eaming to tesi. The accumulation of saliahng grains at e slops
oregt mears that 1he leewand Toot of the slope receives fewer new
siaing than othes regiors, and so it Begins 1o be excarated intc a
depecsan (b This depressinn dewelops int @ new, dowrving stoss.
slope, and a newe rigple is fonmed,

Fig, 8.24 Sellarganized rigples appear ina celldarautamaton modd
al wind-blevun sand deposition, The tpples devalop on & fat susface 26
the groweh instabiliy ampliies smell ireguianies (3), These ripples
meve fiom lefl to nght owing to sshavor, Beczuse of the difererce I
speed belween smaller fater rippies anc kirgey, slower oras, they
exchange mass wnth 1heir size. speed and SPALIng & moee o (ess
unifarm L "Stined grains injeced reqular intervals reveal the
panerns af layer deposition for difierent depesition ratas (5, o), {Images.
Peter Hafl, Oura Univarsity, Manh Carding, Repreduccd from Fonest and
Hali [1992). Soience 255, 1240}

Fi 8.26 & celubsr-zutematan model of dune formzrign generazes many of the majo: dune pes,. induding vangwerse @nd longiuding fppla
dunes (2, Bl and harchan dunes [o Hare [shaw the consows of te deposaed matenal, The shapes depend an the wind deeman and vatakdiy
(indiatad by 2reaws). mages: fram BT Wermr (19951, Gonlogy 23, 1107 |



Plate 23 Sanid dunes ars an exarnle of a sel-arpanized pattern on e grand scale. (Phom: Jatkie Cohea.|

b

Fig. B25 lare-scale sand teanspon can creale dunes of several characenstic shages, inguding the oescent-shaped barchan dunes (3) and the
manp-armeg siar dunes (b, (Photos: Wick Lancaster, Desert Resesrch Instiute, Nevada.)
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2. Lihtne litvakuhiku mudel

1izlol2|3| |1]z]olz[3| f{1)2]ol2]3 1]210(2]3
2lslelso| [2lslzlslo; lz2's|s|s]al |zl3]|3]4%0
il2(3l3la| |[1]2falz 2} |1]3lolMiz} |113]|2]0]3
slafsf2la| (sl+dstal1| |slslalair| [3l2]o0l@l4
ofl2(2]1(2} tlolzf2lt1i2] loj2]2i1]2] lol2l3j1}2
102jol3 (3| [1lz2{1]3]3 1033 113(1]3]3
2|30+ 2tafof1]1 11 ]1 31101111
103]2f2a| |[1i3f3:2]3 d3i2(3| [2jo0:4l2]3
3.20100l2] {z|z2]1]o]", 1]c 2 3(31]ol2
9i213i212) {oj2(3]2]2 31242 lof2l3la2{2
113]1]3]3 1lal1la]s
3f12(1]4 E 1
2|+ lo]3|3 2 3
31312102 313 2
ol2]312]2 olz2(zj2l2

Fig:are 12, Tllustration of tapp.‘ing avelanche in a small samlp;le. A
grain falling af tive’sTte with ]'w.igl'lt 3 at the center of the gri&’ leads to-an -
avalanche compnsen? of nine topplin.g events, with a duratzon of sev 1
update steps. 'T'he avelanche las a size s = 9. The black squares 1nd1eate
the eight. ~ es thac toppled. One sit. topi led twice.

Z(x,y)— Z(x,y)+1

Z(x,y)— Z(x,y)-4

Z(x+1,y)—> Z(x+1y)+1

Z(x,y+1)— Z(x,y +1)+1



3. Tapsustatud liivakuhiku mudel
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Fig. 8.0 A plle of grains will undergo en awslzneche At meritrai anghe Fig, &.11 Fhe siratificatan that taket place when miwed grains ars
B, e Angle o masmum sl iy e dvglanche will cavse g slope poured <an be mimicked ie & simpls thearsticad mode! in which the fwo
13 ez 102 sizbie angle ¢, the anale of repose. Thess angles wid grains hiawe different shapes: squace and rectsngular The mode|
generaliy differ for grains of different shages. avsuimes that s they are poured, the graing stk ug Inig celemns, with

atl of the renianguar graing uoright ). Alhaugh this i & highty
arficial assumprior, it t2peaduces dhe effzct of difmren grain shapes,
welieh it 12 causg of the meatlicabon. The angls of masimum sshilioy
fig 15 sh 1han e cliffzrence 1n height Dervaen ane ealumn and the
N CannQn exceed Mied Gmes the width of tha square geaing; 2ng the
AeE 0 reose 83 equivalant 10 3 heighs diference of nac p). 1f 2
nene grein udded 1o the op of the slope ooyted 2 slepe greater than
&, it tumnglzs from cofurnn o column urcl 3 Srds a wable positicn {d.
B if the grain hes 1o o alf he iy ta the Togt of iz pile fas in o, s
impies 1Mei e shape v egual to £ euerevhere The @iz then
undgigoes & landsliok W reduee the sope sueryanee o €01 less ).
[Afier Mavea ev gl 19873

01

0.0t

2.001

Fraquency of svalanchas

0.0001

1 it 100 1000
Awvglanche size

Fig. 8.7 The feguency of an avalanche of a cectain siza that ls,
1uetving 4 cepau rumoer of grains] decrsasss in nvesa propartan by
55 gz, B0 & simple model of sand-phie 2valandies. On 2 plov el the
ingasthm of irequendy against the logasithm of size, ifis rdadonship
defines an aopradmately straignt [ime with 8 dope of around minus one
idepicied by the deshed Sne). (Afier Bak 1997



4. Osakeste kuju mojutab varinguid

L

Fig. 8.16 The slope of @ cranular heag wares lgcaiy o= ol

pece g} inhs e of matand seeds, small vanaiions = slams gan b
S350 RZENMECesd 40 3 COTEE AT VIR0 CrEiens. (VhaT Tha slope

aopogches the angf of masimum additizr of 5 sing's
SEST BN (hgger an 3valancha () Thi 303 'a9che ¢z it
nur0sr BF gramg, fram just 2 few 50 The emnire slepe. T
G808 within the s feo laysrs mowe dhizre the gt motion s

=

olastzd), {Pharns; hdney Negel, Unvemsey of Cf

Fig. &2 & seaion of @ nos pis
manfined between tid glass
platss. Monae haw unsven the
dpe s an s ine scale {Pham:
K Chrgtensen, Unmersiy gb
Cale,)
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Fig. &2 Garzins in & @l calumn undege converion-lika circul &g motions: the grein i ihe cenirs rise upwards, ang (hoss a1 ke edges crawal

doven o the borem in @ namow bangd. The mages shown hew are (EConsirumans of &0 sgpeimant it which some §lass beads weie dyed to myesl
their mancns. An iniizlly fat layer naar the bormam of the caluma (g separates ints dewn-gaing beads at the edges and risng beads 2t the centre

|b), The latter move oubwards at the tep and then dowrrevands al she waalk (o), the fomer move uovaeds acche cenire when they reach the bomom

[, d). A& sng's large bead gets rrapped at the tap because it is ton lange to fitin the rempw down-wglling band 2 the sdgas. 50 e oeneedive

matian CIUsEs SiZe segreqarion. {|mages: Sidney Magel, University of Chicaga.)



