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Fizikos fakultetas

e Seniausio ryty Europos universiteto
fakultetas.

¢ Visy pakopy studijy programos.

¢ Nuo teorinés fizikos iki medziagy
mokslo ir technologijy vadybos.

¢ \/ir§ pusés Simto laboratorijy.

e Aktyvus studenty gyvenimas:
OpenReadings, FiDi, energetiky ir
astronomy klubai.

¢ Moksleiviams: “Studentas vienai
dienai”, “Fotono” dienos stovykla.

E4) Vilniaus universitetas
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https://www.facebook.com/photo.php?fbid=1514236044036800&set=pb.100063512564710.-2207520000&type=3

Teorineés fizikos ir astronomijos institutas
Nuo labai mazy (10~18 — 10~® m) iki labai dideliy (10® — 10%! m)

() CERN, dr. Mazena Mackoit-Sinkevi¢iené, [Masys et al. (2025)], sun.org, earth.com, ESA Hubble
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https://cms.cern/physics/higgs-boson
https://www.drmazenams.com/2022/01/10/132/
https://iopscience.iop.org/article/10.1088/1402-4896/ad9555
https://www.sun.org/encyclopedia/stars
https://www.earth.com/news/does-exoplanet-k2-18-have-the-right-conditions-to-support-alien-life/
https://esahubble.org/images/potw1221a/

Kompleksiniy fiziniy ir socialiniy sistemy grupé

Socialinés sistemos Kitos temos:
Zmones yra: Atomai: e liga atmintis
e |$radingi e fantazijos trikumas ¢ Anomali difuzija
e Savanaudziai e universalls désniai e Kvantiniy grupiy
e Racionalils . jvaizdziy teorija
®_ A9 ¢ Netiesinés sistemos
4 \ /*l'
PN
padi =3V
Tikrai taip ir niekaip kitaip. Netokie jau mes kitokie. . . §

laikas

E&) KALs cartoons, ChatGPT jkvéptas “spinson” minties (K. Sznajd-Weron group)
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https://shop.kaltoons.com/products/buy-sell-print

Mano kelias j fizikg



35. Adam Mitchell (Chesterfield)

Born 26,184 (Age 17). English.

R R e [P [ [0 [ [

E) MicroProse Soft., Sausio 13-osios prog., Leidykla “Sviesa”, GT Interactive Soft., Eidos Interactive
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https://kotaku.com/games/civnet
https://sausio13progimnazija.lt/laisves-gyneju-diena/
https://kotaku.com/games/anno-1602-ad
https://kotaku.com/games/championship-manager-season-01-02
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https://winworldpc.com/product/turbo-pascal/7x
https://winworldpc.com/product/delphi/60
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https://mao.tfai.vu.lt/media/
https://ljms.lt

Rizikos fizika

sk About  Students

Boundary conditions and zealotry in the noisy voter
model

8 January 13, 2026 & Aleksejus Kononovicius  #interactive  #agent-based models  #opinion dynamics  #voter model

#boundary conditions  #zealots  #birth-death process

When writing our recent article (1], we (I and Rytis) had argued about the relationship between having stable voter
base (zealots) and imposing boundary conditions on the noisy voter model. This post explores the subtle differences
between these notions.

The noisy voter model

Let us assume that we have V' agents. Each of the agents can be in state 0 orin state 1. In general, the labeling of the
: chosen such labels to emphasize that we observe the number of agents in state 1, let

1 , it will either increase or decrease by a single unit. L., one agent will either move

all this transition "death”), or the agent will move 0 — 1 (let us call this transition
trange names for the rates to emphasize that we can use continuous time birth-death

either independently (with rate &9 or £1), or due to peer interaction (let the interaction
 birth rate of the model is given by,

AX) = (N = X) (&1 + X) (1)

ysics

Physics of risk, complexity and
sacio-economic systems.

& Subscribe via RSS feed
& Follow on Facebook
& Content @ GitHub

& Theme @ GitHub

£ Vilnius University

1 Faculty of Physics

1= Institute of Theoretical Physics
and Astronomy

& COST P10 meeting in Vilnius
(2006)

& DPG Physics of Socio-

& https:/rf.mokslasplius.lt
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https://rf.mokslasplius.lt

@ Mano kelias | fizikg
® Mastelio klausimas
© Laipsniniai skirstiniai

@ Rinktiniai modeliai

FOUNDATION

FOUNDATION

(&) Bantam Books, Apple TV+

10/36


https://www.goodreads.com/book/show/29579.Foundation
https://www.imdb.com/title/tt0804484/mediaviewer/rm4089624578/

Mastelio klausimas



“Paprastos” sistemos

2 CERN, dr. MaZzena Mackoit-Sinkevi¢iené, [Masys et al. (2025)], sun.org, earth.com, ESA Hubble

12/36


https://cms.cern/physics/higgs-boson
https://www.drmazenams.com/2022/01/10/132/
https://iopscience.iop.org/article/10.1088/1402-4896/ad9555
https://www.sun.org/encyclopedia/stars
https://www.earth.com/news/does-exoplanet-k2-18-have-the-right-conditions-to-support-alien-life/
https://esahubble.org/images/potw1221a/

Sudétingos sistemos

IST A NORMAL DAY AT THE NATIONS MOST IMPORTANT nmncm.

“Visuma yra 8is tas daugiau nei atskiry daliy suma” (Kurtas Kofka*)

() Robina Weermeijer, KALs cartoons
nors daznai sakoma, kad Aristotelis ar Euklidas
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https://unsplash.com/photos/NIuGLCC7q54
https://shop.kaltoons.com/products/buy-sell-print

Kritinio tasko keistenybeés

© flaticon.com; @8 Physics of Risk
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https://www.flaticon.com/authors/prashanth-rapolu-15
https://rf.mokslasplius.lt/ising-model/

Kaip suvokti “mastelj”?

Kokio ugio yra
“tipinis” Zmogus?

Figure 7. Living histegram of 143 student heights at University of Connecticut.

High

Kokio ploto yra
“tipinis” eZzeras?

e et

Lake Tanganyika —~08
Lake Sipericr

Log
quer\cy

Fre

Large
E4) [Schilling et al.(2012)], ChatGPT remiantis [Cael and Seekell (2016)]
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https://doi.org/10.1198/00031300265
https://doi.org/10.1038/srep29633

Pakrantés ilgio paradoksas

e Liniuoté — 200 km.
llgis — 2400 km.

e Liniuoté — 100 km.
llgis — 2800 km.

e Liniuoté — 50 km.
llgis — 3450 km.

Ea ChatGPT remiantis Avsa paveiksléliu i§ Wikipedia
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https://commons.wikimedia.org/wiki/File:Britain-fractal-coastline-combined.jpg
https://en.wikipedia.org/wiki/Coastline_paradox

Kiekviename zingsnyje kiekvienai tiesei:
@ Padalijame j tris dalis.
® |terpiame lygiakrast] trikampj.
@ Pasaliname trikampio pagrinda.

/\ /\

1 2 3

Mano senas bandymas kurti
kompiuterinj Zaidima.

@® Rob Lockhart (Wolfram Demonstrations)


https://demonstrations.wolfram.com/FunWithKochSnowflakes

Ka reiSkia neturéti mastelio?

Matematiskai funkcija f (z) neturi
mastelio, jei kiekvienam b > 0 ir z > 0
galioja

f(bx) =g () f(x).

Kitaip tariant, artinant ar tolinant
e f(z) forma nekinta,
¢ kinta tik amplitudé.

Mandelbroto aibés fragmentai

@® David J. Eck
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https://math.hws.edu/eck/js/mandelbrot/MB.html

Laipsniniai skirstiniai



Kam fizikams statistika?

(&) gstc.com
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https://www.gstc.com/product/inclined-plane/

Daugiau matavimy — tikslesnis rezultatas

fiao € [0.438,0.497]

61 [

0.2 0.4 0.6

fin000 € [0.500,0.512]

0.8

fit00 € [0.477,0.517)
1
1
1

0.2 0.4 0.6

fir0000 € [0.497,0.501]

i

Stulpeliai —

0.8

atlikty matavimy tankio histograma.

Punktyru — jvercio pasikliauties intervalo ribos.

Jvertis:

Matematiné viltis:

N
N OE i
E [fin] = w =E[y].
Jvercio dispersija*:
Var /]
Var [fiy] = N2 E Var [1;] =~

— iSraiSka galioja tik nepriklausomiems eksperimentams.
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O jei néra mastelio*?

fua0 € [0.472,0.720]
6

PaprascCiausiu atveju (zo = 0, v = 1),

Kosi (angl. Cauchy) skirstinio
tikimybés tankio funkcija,

fi100 € [0.525,0.651]
T

1 .
p(%‘)Z—W(sz)-

Sio skirstinio statistiniai momentai
yra neapibrézti.

Stulpeliai — atlikty matavimy tankio histograma.
Punktyru — jver€io pasikliauties intervalo ribos.

* — Kosi skirstinys turi parametrg vadinama masteliu, bet neturi dispersijos.
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Sankt Peterburgo paradoksas

i
i
S 0 200 400 600 800 1000
H 0
4 € 0.44
S 5 .
=024
.
" Q .
.
.
.

Kiek tikétumétés laiméti tokiame zaidime? Kaip pavaizduotuméte tikimybes laiméti
tam tikras sumas?

@® Physics of Risk
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https://rf.mokslasplius.lt/the-saint-petersburg-paradox/

Pareto skirstinys

Pareto skirstinio, vertéms x € [1, 00), tikimybés

100 m
tankio funkcija i ]
a1 E e
P (I) = axr %, ] 107° 4
10712 4
Kosi skirstinys turi uodegas panasias j Pareto N N R . .~
skirstinj su a = 1. 100 102 10* 105 108 100

T

Pareto skirstinio £-tasis momentas,

E [2*] :/ a¥p (v) dv = a/ ghedy = kfawk_“ :
0 1 1

Kad k-tasis momentas buty baigtinis, turime reikalauti, kad o > k.
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Pareto (80—20) principas neturi mastelio

Vilfredo Pareto (1848—-1923)

Viso turto dalis

Likusio turto dalis

0.2 4

0.0 4
T

Zmoniy dalis

1.0 1

0.2 4

0.0 1

F 0.36

T
0.960

Zmoniy dalis

T
0.992

T
1.000

Likusio turto dalis

Likusio turto dalis

v
L

0.0 1
T
0.80

Zmoniy dalis

T T
0.96 1.00

1.0 4

0.2 q

0.0

T
0.9920

Zmoniy dalis

T T
0.9984  1.0000

Principo atkdrimas (o = 1.16): 1% turtingiausiy valdo 50% turto

&= Wikimedia
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https://commons.wikimedia.org/wiki/File:Vilfredo_Pareto_1870s2.jpg

Laipsniniai skirstiniai yra visur
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B @ [Newman (2005)], Physics of Risk
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https://doi.org/10.1080/00107510500052444
https://rf.mokslasplius.lt/401st-post/

Rinktiniai modeliai



Stebimo dydzio transformacijos

Tegu:

® y nestebimas ir yra pasiskirstes

py (y) = Xexp (—Ay) .

¢ 1 yra stebimas ir priklauso nuo y,

= exp(y).

Tuomet, x bus pasiskirstes

pa (@) =y (1 (2)) |5

dy
Xr

=\~ N

, make_log_pdf

= np.randon. exponential (scale=1/la, size=n_points)
X = np.exply)

pdf_y = make_pdf(y) # mar
pdf_x = make_Log_pdf(x)

B [Newman (2005)]; Apie eksponentinj (Physics of Risk)
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https://doi.org/10.1080/00107510500052444
https://rf.mokslasplius.lt/poisson-process-interarrival-times/

Finansiniai svyravimai = ...

Tegu yra du prekiautojy tipai:
¢ Dalis prekiauja pagal savo nuotaika:

D.(t) = —roX.(t)E(t).
¢ Dalis pagal tikrgjg verte, P;:

Dy () = X; () In [Pi(ft)} |

5 pkernomasimim o

Nesunku parodyti, kad log-pokyciai
finansy rinkose, |r| o« X./X;.

B [Kononovicius and Gontis (2012)]; & Jeff Parker (cagle.com)
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https://doi.org/10.1016/j.physa.2011.08.061
https://cagle.com/cartoonist/jeff-parker/2011/08/04/1899/wall-street-roller-coaster

..= huomoniy svyravimai

@ * Prekeiviai gali bati “c” ir “” bUsenose.
/¢\ [ e Prekeiviai gali patys keisti busena.

\ - ¢ Prekeiviai gali kopijuoti kitus prekeivius.
i | : :
o O -

/ 0.0 .
— ¢ 00 02 04 06 08 10 2107t 100 10t 102 10% 10t

10
Xe/N Transformacija Xo/(N - Xo)

p(Xe/(N = X)

(&) ChatGPT jkvéptas “spinson” minties (K. Sznajd-Weron group)
B [Kononovicius and Gontis (2012)]; @® Lithuanian elections, Financial markets (Physics of Risk)
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https://doi.org/10.1016/j.physa.2011.08.061
https://rf.mokslasplius.lt/many-state-herd-model-and-its-application-to-lithuanian-parliamentary-elections/
https://rf.mokslasplius.lt/agent-based-herding-model-financial-markets/

“Persiklojantys” procesai

Pabégimo laikas i§ pagavos centro,

E 6; Oi On >
p(7) = yexp (—97). I
Tegu v yra unikalis, o tam tikrame intervale, - -
Ymin < Y < Ymax
() ox —
p —.
fya
Apjungus: =
“Ymax 1
pr) = [ ppe iy o
Ymin

T

B [Kononovicius and Kaulakys (2024)]; @® Physics of Risk
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https://doi.org/10.1088/1742-5468/ad890b
https://rf.mokslasplius.lt/power-law-distribution-from-superposition-of-exponential-distributions/

“Money is a gas” (Pink Floyd)

Modeliuokime turtg lyg idealias dujas:
@ Pasirenkame dvi daleles i ir ;.
P ® Kiek energijos bus perduota:

Grab that cash with both hands and make a stash

= O a

There are multiple-Tieanings here: “It’s a'gas,”is.a AUJU = (1 — 8) w; — 5wj,
way.efsaying that something is funny or a lot of fun,
but there’s also a metaphor here, in saying that money ..
is a fuel. Ciae~U (O’ ]_)
Money ® Atnaujiname energijas:
¥ Gx(g B 0 w; (t—}—l):wz (t)—Aw”,
g wWj (t—l—l):wj (t)—i—Aww

(4 Pink Floyd / CasTV Music @ Physics of Risk
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https://www.youtube.com/watch?v=Sg7zp5GuAIQ
https://rf.mokslasplius.lt/elementary-kinetic-exchange-models/

Jvairové sukuria laipsninj skirstin;

Tegu agentai pasizymi savitu taupumu «;:

Awij _ (1 B 8) (1 . ’ii) w; — € (1 i ffj) w, Jeigu ki ~U (O, 1), tai...

Jeik; =k, tai...

1gIN(W)]

Heterogeneous saving kinetic model (t=144k)

Iglp(w)]

lgw]

Physics of Risk
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https://rf.mokslasplius.lt/modeling-wealth-distribution-using-kinetic-exchange-models/

Saviorganizuoto kritiSkumo modeliai

T T gls]

a® Forest fire, Sandpile, Earthquake (Physics of Risk)
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https://rf.mokslasplius.lt/forest-fire-model/
https://rf.mokslasplius.lt/sandpile-model/
https://rf.mokslasplius.lt/earthquake-model/

Patys rysiai gali bati “laipsniski”

Briaunos nukreipimas

Barabasi-Albert Sékmeés ir priezasties

@® Barabasi-Albert, Edge redirection, Luck-and-reason (Physics of Risk)
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https://rf.mokslasplius.lt/barabasi-albert-model/
https://rf.mokslasplius.lt/edge-redirection-network-formation-models/
https://rf.mokslasplius.lt/scale-free-behavior-as-a-result-of-luck-and-reason/

Dékui uz démesj!

&9 aleksejus.kononovicius@tfai.vu.lt
& kononovicius.lt & rf.mokslasplius.lt
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