3. MUDELITE TUUBID

Kommentaare:
Reduktsionistlik tee —  vt. eespool alamsiisteemid
Identifitseerimine —  sisend - valjund signaalide

analtiiisis mudeli konstrueerimine

Uldnouded mudelitele:

1. Paindlikkus (flexibility)

2. Kokkuhoidlikkus (parsimony)
nn. Occhami printsiip
miinimum arv vabu parameetreid/muutujaid

3. Vordesindatus (equipresence)
sOltuvad muutujad peaksid s6ltuma
koigist sOltumatutest muutujatest (parameetritest)

4. Invariantsus (invariance)
mudel e1 tohi soltuda koordinaatsiisteemi muutustest

5. POhjus ja tagajarg (causality)



Pohititiibid:

1.

Intuitiivsed ehk mottelised
naiteks maailmavaade

Graafilised
merevee soolsus (ndide)
peegelduskoefitsiendid (ndide)
sumbuvuskoefitsiendid (ndide)

Funktsionaalsed
DNA kaksikspiraal (ndide)
membraan (ndide)

Analuttilised



2. Graafilised

15501

/20/00

/ Eoolsus

15001
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| { \ 1 1 J

5 10 \S 20 25 3o
T *°C

C = 1448,96 + 4,591 — 5,304*10°2T2 + 2,37*10°T? + 1,3*4(S-35) + 1,63*102D +
+1,675*107D? - 1,025*102T(S-35) — 7,139*10°3T*D?

T — temperatuur, °C

S —soolsus, %

D — siigavus, m

¢ — akustiliste lainete kiirus, m/s



3. Funktsionaalsed

Schematische Darsteflung der DNA-D Ihedixstrukiur (Typ ) ekt antiparalidem Verhof der komplementiren ¥-P.5-
Feiort o a "m..‘v:, ik pe- (b) Koloun-’hpddd der -Struktur {Typ B) [nach Feugelman, M. etal:
Nature, Lond 175, 84 (1955]]

Abb. 13,15, Skizze des molekularen Aufboues der Thyltakcidesembean, (Nach Wit u. Mizarh, 1975



4. Analuiitilised

4.1. Staatilised —  algebralised vorrandid
diinaamilised —  diferents— voi diferentsiaal-
vorrandid
At, {
“malu” arvestamine
4.2. diskreetne aeg At
pidev aeg t
. + *mootmistulem voi
x * * arvutuslikud
> tulemused




mdotmised — diskreetselt
interpoleerimine?

diskreetne ruum AX
pidev ruum X
vt. naide

diskreetne ruum + diskreetne aeg?
vt. rakuautomaadid

diskreetne ruum
kristallstruktuur
dislokatsioonid



Born-Karmani mudel

“— d —=
P P S - m — mass
n-i n  ntl % k — vedru jiikus

algasend Xn = na
deformeerunud X, =na+ U,, U,-—siire

litkumisvorrand
d’U,
T dt2 = k(am—l_an )’ E.m :Un_Un—l
= k(Un+1 _2Un+Un+1)
Taylori ritta:
oU 10°U
U =U(x tayU(x H—1 a+- a’+
n+l ( n )~ ( n)—|78X Xn 28)(2 Xn
asendades saame:
U,—-ciU,_ =0 hiiperboolne 2. jarku vorrand
lainevorrand
, ka* E
CL = = —
m p,
E = V elastsusmoodul

a
P, = r%3 tihedus



4.3. Sisend-viljund mudel

sisend valjund input — output
“must” kast model
midagi
sisend onteada véljund
hall
kast

Viljendus vorm:
diferents- voi diferentsiaalvorrand

Triikraud

Lale ?ﬁm 2
w ‘_’i——'\ X
iy

wp
Vtﬂ

Relee

X — reguleeritav signaal, s.o0. temperatuur
W — soovitud temperatuur
Z — mira signaal, s.0. keskkonna temperatuuri erinevus

x=f(w,z)



44, Lineaarsed,‘

mittelineaarsed
a ., Loat b
” Yvaljund
sisend
—
X X
C , .
Y Jvéljund d Y} véljund
Nt ——=
NA % Y2
A
| ' I Y11 .
5 | |_sisend ‘ y__sisend
X X3 x X, %

Sisendid ja valjundid lineaarsete ja mittelineaarsete
funktsioonide puhul.



4.5. deterministlikud (méadratud)
stohastilised (juhuslikud)

Koik parameetrid maaratud — deterministlik

juhuslikud suurused (parameetrid) — stohastiline

Kui oluline isedrasus

Mittelineaarne

mudel Determineeritud Stohastiline

Tulemus determi- kaootiline stohastiline
neeritud

Erinevus: K=0 K-=1dplikarv K=o

K — Kolmogorovi entroopia

Tapsemalt kursuses “Mittelineaarne diinaamika ja kaos”

4.6. Jaotatud parameetritega mudel
koondatud parameetritega mudel

Koondatud —  10plik arv diferents — voi harilikke
diferentsiaal vorrandeid

M - mass
K - vedru jiikus
5 m’] mx = mg — K (Xo + X)
mg = KXo
lx mx + kx =0



Jaotatud — osatuletistega diferentsiaalvorrandid

i % keel / string
T
““i—f’—’ To— tdmme
p — tihedus
poikisiire — U
o°u _p82 u
“ox? T ot?
U, —c°u " =0 hiiperboolne
laine vorrand
T
P
Tanapideval oluline ka hiibriidmudel jaotatud + koondatud parameetrid
coouda s’
e—

=

multi — body dynamics
susteemidiinaamika

Niide: kristallstruktuur

/'M da fwd

tileminek diskreetselt pidevale



4.7 aeg - invariantsed mudelid
ajast soltuvad mudelid

time — invariant
time — varying

4.8 loogilis — hierarhilised mudelid

Vt. A. Merilai Kdneaktide teooria
Akadeemia, 1998, 10, N 11, 2263-2298
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Lainete peegeldus

LINEAR N NONLINEAR
tdpsustamine
perturbations

NONLINEAR N LINEAR
lihtsustamine
approximations

sisend > | viljund
lineaarne
perioodiline | —* siisteem | — " | perioodiline
mitte- perioodiline
perioodiline | — 5 lineaarne | — 5 | kvaasiperioodiline
siisteem kaootiline




Mittelineaarsus

sisend . véljund

/\ N\ /, lireaarne | /\ /\ .
\J \J |sisteem vV \

DN pmoodiine‘

mitte- | ~\/ ' »
/\\//\V/\‘ 23:&?‘:‘ -mcvé\(’—\f—whharmoanitihe
. % kaoatiine

Lineaarse ja mittelineaarse siisteemi valjundite erinevus.

Moon,1987.

Duffingi vorrand

T+ at + by +czd = f cos wt

Mittelineaarse sumbuva sundvéonkumise graafik:

(a) oy = A, @9 = 0;

(b) zoe = B, &gy = 0, A < B; viiksem algamplituud
tekitab suurema amplituudiga vonkumise.

Thompson, Stewart, 1986.



Niide 1. Rakuenergeetika

Cytosol
% ATP
H ATP synthase
ADP
HO
H-O
H+ 02 mpim
] NAD chain
H
: NADH
porin (VDAC) .
- : PCr —= ADP 'adcnine nucleotide
ATP“""::'(" ATP translocase (ANT)
- O creatine kinase (MiCK)
ADP - - - A3} =
: s proton leak
Pi_ Shosphate carrier

H‘



Danger No. 1: Calcium Overload
and Mitochondrial Permeability
Transition

mo c‘!r




Niide 2. Rakuautomaadid (Cellular automata)

Rakuautomaat: elementide (rakkude) kogum, mille omaduste
muutmiseks rakendatakse teatud reeglite kogum

Ruum: diskreetne (1D, 2D, 3D)

Aeg: diskreetne

Olulised viited:

1. Stephen Wolfram A New Kind of Science. Wolfram Media,
Champaigne (lllinois), 2002
(S. Wolfram is the author of Mathematica,
www.stephenwolfram.com)

2. Daniel T. Kaplan. Nonlinear Dynamics in Cardiac
Conduction, In A.S. Perelson et al (eds.), Nonlinearity in
Biology and Medicine. Elsevier, New York, 1988, 19-49

Joonised:
1. Kristallstruktuurid
2. Rakuautomaatide idee S.Wolframi naidetest
3. 3. Erutusfrondi levi siidamelihases D.Kaplani jt. ndidetes


http://www.stephenwolfram.com/
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| object
formed by stacking the two-dimensional

nsiona
pictures are the analogs for two-dimensional cellular automata of the

two-dimensional pictures that | often generate for one-dimensional cellular automata

patterns from the bottom of the previous page. Such

A three-dime!



Naide 3. Erutusfrondi levi siidamelihases D.Kaplani jt.
niidetes
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Fic 4 The 1opology of meghbor-to-neighbor conncctions: (5) Each cloment has 4
ncighba\oancyﬁnda.mmmhs(m A cylimdrical venion o this
topalogy It used o the model which gemerased the Boasirations for this paper () A
trec-dimensional opology. Each clement bas 6 osghion Topokigies with up t) 26
nesghborns per element have ocen uwsed.
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Fic. 5. The response to a single stimulus. Black: depolarizing (i.e. on the wavefront of
activation). White: repolarized. Gray: depolarized (refractory): lighter elc.oents arc near
e end of their refractory periods. (2) The wavefront spreads out from the site of
1;mulation (the center of the array). (b) The wave somewhat later than in a); elc-.ents
near the center have repolarized.
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FiG. 6 (a) Two elements are stimulated in close succession, causing waves tq spread
out from the points-of stimulation. (b) The wavefronts annihilate each other when they
collide. ) )
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Fi16. 6 (Continued)
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F16. 7. The response to train of stimuli. (a) The elements near the utside of the array
are refractory from the previous stimulation. The wavefront_in thc center propagates
without running into refractory- elements. (b) Stimuli were given in more rapid succession
than in (a). The second wavefront runs into refractory elements.

(b)

F1G. 7 (Continued)
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Fic. 12. A rotor in an inhomogeneous medium. The rotor’s wavefront begins to
fractionate. If inhomogeneities are large enough, further reentry may develop as in Figure
8. Although the mean refractory period is the same as in Figure 11, the rotor has slowed.

This is evidenced by the appearance of greater numbers of repolarized élements than in
Figure 11.

ENETIT @ BEote

2a o 0g8eW BeWe® . it

Gra o o990 0g@:T Tl ta ity
Celeiatetaataletatate o of

ePetalaly & celo o
areta®eiate®s e faletatad tar &

FiG. 13.  The pattern which develops when the dispersion of refractoriness is removed
o the fibrillating array shown in Figure 9. The simplified pattern that results can most
aily be characterized as a pair of rotors.



Naiide 4. Keemia

Fig. 1. Transition from order to disorder, and back to order for a
spiral of the Belousov-Zhabotinskii reaction in a thin
liquid layer.



Naiide 5. Kolloidsed osakesed

o @

Figure 47. Colloldal a-FeyOy particles with varions morphologies: (a) spheses; (b) spindie:
(¢) cubes; (d) bexagons! disks. Each bar indicales 2 pm. [From M. Ozaki, Mater. Res. Son
Budl, (12), 35 (1989}]



Niide 6. Kristallid




Niide 7. Taimed
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