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PacnpegeneHue JlopeHua

PacnpepeneHue J/lopeHua: npumepbl L(y) = T 'A
e [pumepsl A'+(y—y,)
— Lamb, Theory of an Optical Maser, Phys. Rev. 134, A1429 (1964)

— Wcnonb3oBaHMe Teopembl O BblYeTax

f((y),y12)=0, Z= [ L(y)a(y)dy =
= 2(y, £ 14A)

f(#(y, £iA),y, £iA| z(y, £iA)) =0

AryboBuy, O QuHaMUKe rpoyeccos 8 cpedax ¢ HEOOHOPOOHbIM YW UPEHUEeM
AuHUU paboyeeo sewecmesa, KITP 55, 304 (1968)
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PacnpegeneHue JlopeHua

PacnpepeneHue J/lopeHua: npumepbl L(y) = T 'A
e [pumepsl A'+(y—y,)
— Lamb, Theory of an Optical Maser, Phys. Rev. 134, A1429 (1964)

— Wcnonb3oBaHMe Teopembl O BblYeTax

AryboBuy, O QuHaMUKe rpoyeccos 8 cpedax ¢ HEOOHOPOOHbIM YW UPEHUEM
AuHUU paboyezo sewecmesa, KITP 55, 304 (1968)

e JloKanusauua AHOepCOHa

— Mogenb lnonpga 8 3D (P.J1. pna HeoA4HOPOAHOCTU NOTEHUMANA)

Lloyd, Exactly solvable model of electronic states in a three-dimensional
disordered Hamiltonian: non-existence of localized states, J. Phys. C: Solid
State Phys. 2, 1717 (1969)
e Ott—Antonsen theory [Chaos 18, 037113 (2008); 19, 023117 (2009)]
+o0 —1 —2A
T A 1 1—e
IwwL(cP) = Z 2 2 = —A
e A"+ (p—p, —2nm)" 2w 1—e " cos(p—p,)
+ Montbrio, Pazo, Roxin, Phys. Rev. X 5, 021028 (2015)
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“Mpobnembl” ¢ pacnpeaeneHmnem JlopeHua

e MoMeHTbI (M KYMYAAHTbI) pacxoasaTcs <y”21> = 00
Xapakrepuctuueckaa GyHKUMA: o o \m
F(k)=(e"")=3"M GRS =(v")
—~ " nl! "
In(xapakT. d-umsa) = reHepupyowas e-umna KYyMyaaHTOB
®(k) = In F(k ZK (k)"
“KymynaHmeol”:
n—1
— — 2 2 — n\ ( _1)' m
K1_<V>’ K2_<V >_<V>’ Kn_<V > ;(m 1)!(n— m)v<V >Kn—m

independent z,y : F,, (k)= <eik(‘”+y)> = <ei"’ ><e“"y> = F (k) F (k)
In Fm+y(k:) =InF (k)+In Fy (k) => K{Hy,n = Kw,n + Ky,n
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XapaKkTepuctudeckasa ¢-uma ana P.J1.

Fk)=S "M, (i:)!n, M,=(V"') PV f "_1‘” v e

®(k) =ik —a k|
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XapaKTepuctmyeckana g-ums u NCeBAOKYMYAAHT

T a

& (k)=ivk—alk| w_ (V)= T
(k) = 1n<e““v> => &(—k) = D*(k)
d(k) = —(a sign(k) — iv)k — (q, + ip, sign(k))% _
k3

— (q, sign(k) + z'p3)? — ..
«MceBookymynaHTbl» (“pseudocumulants”) W, :

W=a—w, W =q +ip

1
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KBaapaTUyHble HEMPOHbI—NOPOTrOBblIE MHTErPaATOPbI
(quadratic integrate-and-fire neurons, QIFs)

Monynaumna N cnHantuyeckun ceasaHHbIX QIF:

‘};:Vf_l_[]? IJ:Ig(t)‘i"'?j +G€J(t)?

A
(t t') =20 o(t—t'), - ’
(&(06,() = 20,8 =), glm) =t
I(t)=1I(t)+ Js(t).

0

TepmognHammndeckni npeaen beckoHevnoro N: s(t) = r(t) — cpegHaa no
aHcamb1t0 YacToTa reHepaLum UMNYNbCOB

YpaBHeHme CDOKKepa—I'InaHKa ANA NNOTHOCTU BEPOATHOCTU f]-I'IO,EI,chaM6I'IﬂZ

, °w(V,t | n)
A%

dw(V,t|n) N 0,
ot oV

(V2 + 1) w(V,t|n)|=0

9

I =1(t)+n+Jr(t)
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KBaapaTU4YHble HEMPOHbI—MOPOroBble MHTErPaTopPbl
V.=V +I, I =1I(t)+n, +0Ei(t)

0na n-noaaHcambna: I (t)=I(t)+mn+Jr(t)

F (k) = <’“"> Pvf oVt | ) dV

thn)

9, (k)=P.V. f v dv
dw(V,t|n) 0 ) , 0°w(V,t|n)
=———|(V’ +1)w(V,t|n)|+
ot v ) ulVstIn)]+o aV?

9, F, =ik|I F, — 0. F, |- o’k F,

Ana Bcero aHcambna: F(k,t) = fj—"n(k, t)g(n)dn

8 F = ik

I,F—8F|—|k|AF - c'K'F
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KBaapaTUUYHbIEe HEUPOHbI—MOPOroBble MHTErpaTopbl
o B
V.=V'+I , I =1I(t)+n, +0E(t)

I (t)=I(t)+n+Jr(t)
,F = ik|[.F —8'F|— |k|AF — o’k'F !

FD(k) — eikv—a|k|’ (I) (k) = Z'UI{; —a | k | F(IC) — 6<I>(lc)

L LD

0, =ik|I, — 9% —(8,®)|— | k| A — 'K’

oc=0: ®=tkv—alk]|,
T}:IO‘Faz—’UZ, a = 2av+ A, ’r‘:2
I

E. Montbrio, D. Pazo, A. Roxin, Macroscopic description for
networks of spiking neurons, Phys. Rev. X 5, 021028 (2015)
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KBaapaTUUYHbIEe HEUPOHbI—MOPOroBble MHTErpaTopbl
o B
V.=V +I, I =I(t)+n,+0&|t)

I (t) = I(t)+mn+ Jr(t)
0,8 =ik|I, — 0% —(3,®) |- | k| A— 'K’ !

P = —(asign(k) — w)k —(q, + ip, sign(lc))k?2
— (q, sign(k) + z'pg)l%3 — e
® (k) =1ivk—a|k|
B(k) =l (™) => &—k)=2"(k) iy
M) vy

«[ceBgokymynaHTbI» (“pseudocumulants”) W :

W=a—w, W =q +ip

1

Wm = (A — o, )5lm + 20'2(52m + 2m (—m Werl + 2:21 WnWmH_n
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[eomeTprnyeCcKnm CMbIC

Kk’ k*

P = —(asign(k) — iv)k — (q, + ip, sign(k))? — (q, sign(k) + ipg)? — ..

B(k) = (") => &(—k)="(k)

a: width of the “Lorentzian” part of the distrib, for QIFs is always firing rate;

v: always “PV. mean” of the distribution;
q,: an analogue of kurtosis for Gaussian; .

p,: an analogue of skewness for Gaussian. w

t 2 t 2
o) &7 _pW_ 8 1, (v,
2 av’ 2 9Voa

w(V,t) =1+
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[eomeTprUyYecKknumn CMbICA:

0bOblYHbIE KYMYIAAHTbI VS «I'ICEB,LI,OKVMVHFIHTbI»
k2
® = —(asign(k) — i)k — (q, + ip, SIgn(k))——(q3 SIgn(k)+zp3)——

(v*): [Tvrewyave [ V?X—" oc Vi‘"

Echn <V™ (n < a) cywectsytoT, T0 p,,= 0 ana 4éTHbIX n,
q,— 0 Ana HeyéT. n;

BCE M1agLne anemeHTbl COOTBETCTBYIOT «ODObIYHbIM» MOMEHTaM/KyMyJ'IFI HTam

=q +1p = —v K :—nM
= K " (n=1! " dk |
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[MceBaoKyMynAHTbI & npeobpa3oBaHune PeHxens
(Legendre—Fenchel transform)

Mopaenb U3nHra B marHMTHOM none H:
F(k) = <eikv> F(H) = <eSzH>
d / d /s
W)=aile) )l

F (k)= e Fv—alkl Huxe Temnepatypbl Kiopu (peppomar.)

A. Vasiliev, Functional Methods in Quantum Field Theory and
Statistical Physics, (London: Gordon and Breach, 1998)

Tobias Kiihn, Moritz Helias, Expansion of the effective action around
non-Gaussian theories, J. Phys. A: Math. Theor. 51, 459502 (2018)

Moritz Helias, David Dahmen, Statistical Field Theory for Neural
Networks, Lecture Notes in Physics, vol. 970 (2020)
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. B
V.=Vi+I,, I, =I,(t)+n,+0E(t)

Moumeps () = I(t) +n+ Jr(t)

E. Montbrio, D. Pazo, A. Roxin, Macroscopic description for networks of spiking neurons,
Phys. Rev. X 5, 021028 (2015) + BHYTpEHHUI WYyM o

r=A/m+2rv+p, [, ilnr—£+2fv—|—p2

b=1 — ' + o' +q, R
g, = —4(—v)q, — Amrp, + 20" + ...,
D, = +4nrq, — 4(—v)p, +....

d p ro’ —v)o
—=0: == 2 2 2 Ty g, = (2 )22 T
dt ™ 20 4+ 7wr?) 2(v" +7r’)
|. Ratas, K. Pyragas, Noise-induced macroscopic oscillations in a network of synaptically
coupled quadratic integrate-and-fire neurons, Phys. Rev. E 100, 052211 (2019)

g, = 20° + 4(p, + q,v—7p,T),
1.)2 — 4(_q3 + Trqzr + p2v)°

MPR mogenb + WwWym + KOHeYHaA NPOAO/IKUTENbHOCTb CUMHANT. MMMY/1bCa

wat )dV =V, l_larctan‘/th_v+q2a(‘/th_'U)+p2[(‘/th—’v)2—a2]/2
2o a mla® +(V,, — o)’

th
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V,=Vi 4T, I, =1,(t)+n, +0(t)
MpUmepb! I (t)=1I(t) +n+Jr(t)

M. di Volo, A. Torcini, Transition from Asynchronous to Oscillatory Dynamics in Balanced
Spiking Networks with Instantaneous Synapses, Phys. Rev. Lett. 121, 128301 (2018)

A
r = Jo + 2v 'r—l—&,
T T
. / 2,.2 2
V=K, —gr)—7mr +v +gq,,
q, =g§""+4(qzv—7fp2"“)a 100 _(a)a:%zl V=100
2
: g,A
p, = — 0 °r+4(7'rq2'r'+p2'v). =~ O J}f
\/ K -100 + 1---._____I_I/; — 100
0 40 30
. s . . (b) a=14
E. Montbrid, D. Pazo, Exact Mean-Field Theory V=100

Collective Synchronization, Phys. Rev. Lett. 125, 0 p—

Explains the Dual Role of Electrical Synapses in . J{f

248101 (2020) + wym ,

time (ms)

NCceBAOKYMYNAHTbI & HENOPEHLEBO pacnpeaeneHune 15



V.=V +I, I =1I(t)+n,+0E(t)

CX0AMMOCTb M 0BpbIBaHMeE 1(6)= 1)+ 7+ It

Ijfm — (A T zIO )51m + 20252m + Zm (_m Wm-l—l + 2:;1 WnWm—i—l—n

[Mpn HEHYNIEBOM reTepoOreHHOCTU U _
“B0aM3N” CTaLMOHAPHbIX COCTOAHUK: |

\

W ~ 0_2(m—1)

1072
Teopema MapuunHKkeBuya:

J. Marcinkiewicz, Sur une peropriété de la loi de
Gauss, Mathematische Zeitschrift 44, 612-618 107

(1939) 10 107 107

'10_16: 5 .7
’
O

I[) :ﬂ.L o — —l, J{] =1. ._"'\q =0.1 and ﬂ‘.J =0.1.
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AHanor Teopembl MapuMHKeBKMYa

J. Marcinkiewicz, Sur une peropriété de la loi de Gauss, Mathematische
Zeitschrift 44, 612—618 (1939) Dezember 1939

<ei’“”> _ ez’Klk—%szZ
Sur une propriété de la loi de Gaus.

Par

J. Marcinkiewicz (Wilno). < eikm > — ef (k)

1. Le but principal de cette note est de démontrer le
Théoréme 1. Soient 2,, Ty, .., Zn, ... UNE Suile finie ou infinie

de variables aléatoires indépendantes ayant la méme loi de probabilité V (z) tkx \ __ tkx

qui satisfait 6 la condition suivante < € > f w(z)e™ dx
+ oo

(1.1) [l2rdV (@) < o (r ==1,2,3,...). —0o0

Supposons que les deux sommes

(1.2) La,z,, Zba,

existent et sont égales, c’est d dire qu’elles ont la méme fonction de distri- < QZkV > p— eivk_alkl
bution. Sous ces hypothéses ou bien les suites {|a,|} et {|b,|} ne différent

que par Uordre des termes ou bieii V (z) est la loi de Gaupf c’'est a dire que

(1.3) V(z) = @ (az+ b); ¢(n:)=v—;_: j e—?i-du <62kw > — eq)(k)

—_ o

o 6 e b sont deux constantes qui peuvent éire finies ou infiniest).
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V,=VI+I, I =1I()+n,+0€t)

MoaennpoBaHume 60ablLINX (KOHEYHbIX) ceTen

M. di Volo, A. Torcini, Transition from Asynchronous to Oscillatory Dynamics in
Balanced Spiking Networks with Instantaneous Synapses, Phys. Rev. Lett. 121,
128301 (2018)

0.008 10 —
- f) ‘*"4"‘*"-—‘*#‘ r‘i’_
I 0,004 z, J s N
< R >
a
>
»Fo
107 | l
A p, 10 > | |
o _ | 902 ) ) /A . . . 0 0002 0004 0006
r= +2v|r+ — )
=
5 — 4/ 2.2, .2 10° ' ' ' hB
v= K(Iﬂ—gﬂr)—ﬂ'r+v—|—q2 c;%o 0 0 0 0O o §
. 2 2 Nl
q4,=g,7+20+4(qv—7p,r) W g moooo
w| = o
_aa, S
p,=— T r+4(mq,r+ p,v) A
kK 1074 | | |

|
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3aKn4vYeHue

D.S. Goldobin, M. di Volo, A. Torcini, Reduction Methodology for Fluctuation
Driven Population Dynamics, Phys. Rev. Lett. 127, 038301 (2021)

dopmannsm “ncesdoKkymynaHmos” (Ha OCHoBe XapaKTePUCTUYECKUX d-LNIA)
MOKeT bbITb BBeAeH A1a paboTbl ¢ BO3MYLEHHbIM p. JTopeHLa

dopmannsm gaet (B 0bwem cnydyae) 6eCKOHEYHYHO CXO4ALLYHOCS LLENOYKY
cpeAHenosieBblX YpaBHEHMIN, KOTOPaA MoXeT bbiTb 0bopBaHa

ManomopaoBsble cpeaHenoneBbie MOAENN MOTYT ObITb NOAYYEHbI ANA
MaKpPOCKOMNMUYECKOM AnHaMMNKK aHcambnen QIFs

B yacTHOCTH, ycTOMYMBOCTb MHOTroobpa3um Ott-Antonsen nam Montbrio-
Pazo-Roxin mokeT 6bITb ncciegoBaHa B paMKax MalOMOA0BbIX MOAENEN

Manomoa0Bblie MOZEeNN XOPOLIO BOCNPOU3BOAAT AMHAMMKY KOHEYHbIX ceTel
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D.S. Goldobin, M. di Volo, A. Torcini, Reduction Methodology for Fluctuation
Driven Population Dynamics, Phys. Rev. Lett. 127, 038301 (2021)

Cnacubo 33 BHMMaHue!

Moamuna C. KnumeHKo, Matteo di Volo, Alessandro Torcini

All science ... has a twofold value.... There 1s
its value as science, which is generally deemed to be its
intrinsic, main worth, but which is, however, only of
secondary importance ; and there is its value as a kind
of moral and intellectual gymnastics . .. and this is its
primary importance.

Christian Morgenstern, 1910, Aphorismen, Spriiche

und andere Aufzeichnungen (Munich and Zurich
1979 : R. Piper & Co.).
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