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PacnpepeneHune JlopeHua

PacnpegeneHue JlopeHua: npumepbl L(y) = T 'A
e [Mpumepsbl 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)z(y)dy =
= 2(y, £ 1A)

f(2(y, £iA),y, £iA | 2(y, £ iA))=0

AkyboBuy, O duHamuKe npouyeccos 8 cpedax ¢ HEOOHOPOOHbIM yWUpeHUem
AUHUU paboyeeo sewecmsa, KITP 55, 304 (1968)
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— Wcnonb3oBaHMe Teopembl O BblYeTax

AkyboBuy, O duHamuKe npouyeccos 8 cpedax ¢ HEOOHOPOOHbIM yWUpeHUem
AUHUU paboyeeo sewecmsa, KITP 55, 304 (1968)

e Jlokannsauma AHAEpPCOHa
— Mogpaenb lnonga 8 3D (P.J1. AnA HEOAHOPOAHOCTM NOTEHLUMANA)

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)]

— T 'A 1 1—e
Wt (90) = Z 2 2 _A
ne—oo A"+ (p—, —2nm)" 27 1—e " cos(p—¢,)

+ Montbrid, Pazo, Roxin, Phys. Rev. X 5, 021028 (2015)
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“Mpobnembl” ¢ pacnpeneneHnem JlopeHua

n>1
e MoMeHTbI (M KYMYIAHTbI) pacxoaaTcs <y = > = 00

XapaKrepuctuyecKkas (IJyHKL}I/‘IFI <W> EM (ik)" Iy E<V">

In(xapakT. d-umna) = reHepupyowan e-ums I-(yMVJ'IFIHTOB

o(k) = In F(k ZK (ik)"
“KymynaHmelr”

Ko=), K=(v) (V) K =(v)- B ).<vm>f<n_m

m(m—1)(n—m

independent @,y : F (k)= <eik($+y)> = <eik$><elky> = F (k) F, (k)
mF_ (k)=WmF (k)+lF (k) => K _ =K +K
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XapaKTtepucrtmnyeckaa e-uma ana P.J1.

F(k):iMn VR E<V"> Pvf ul adV

— v)’

®(k) =ivk—a k|
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XapakTepuctmyeckasa ¢-uma u nceBAoKYMYNAHTbI

—1
7T a

P (k)=1ivk—alk| w, (V)= (Vo)

Bk)=In(e") => &(—k) =o' (k)

004) = ~{asen(l) )k, + i sgn(4) = —

3

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

W =a—-w, W =gq +ip

1
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FEON\ETpVILIECKVIﬁ CMbIC/
P = —(asign(k) — iv)k — (q, + ip, sign(k))? — (q, sign(k) + z'p3)? — .

B(k)=In(e"") => &—k)=3"(k)

a: width of the “Lorentzian” part of the distrib, for QlFs 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
qz( ) 0 — pz( )_ 0 + ... wLD(V,t)
2 OV? 2 0VOa

w(V,t) =1+
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[eoMeTpUYecKum cmbicAn:

OOblYHbIEe KYMYNAHTbI VS «NCeBAOKYMYNAHTbI»

: : L K’ : N
P = —(asign(k) — iv)k — (q, + ip, mgn(k))? — (q, sign(k) + zp3)? — .

n=0 n!
C
wV—)oo < V1+a ’
+oo
i oo to dV 1
<V > | V w(V) dV x f V1+a—n Va—n

Echm < V™ (n < o) cywecTBytoT, T0 p,,= 0 ana 4éTHbIX N,
q,= 0 Ona Heyert. n;

BCE MN1aJLINE 3N1eMeHTbl COOTBETCTBYIOT «OObIYHbIM» MOMEHTaM/KyMyIAHTaM
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KBaapaTUYHbie HEMPOHbI—NOPOroBble MHTErPaTopPbl
(quadratic integrate-and-fire neurons, QIFs)

Nonynauna N cnHanTnyeckn ceasaHHbIX QIF:

‘./j:‘/;_l_l’j, IJ:IO(t)-I—nJ+0'€J(t),

A
(t t') =26 0(t—1t"), - ’
(&(06,9) = 28,80 —8), gl = —
I(t) = I(t)+ Js(t).

0

TepmoanHammyecknim npeaen 6eckoHevnoro N: s(t) = r(t) — cpeaHaa no
aHcambnto yacToTa reHepaLum UMMNYyAbCcoB

n-nogaHcambnb:

I =1I(t)+n+ Jr(t)

n
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KBagpaTUYHble HEMPOHbI—MOPOroBblie UHTErPaTOpPbI
v 9 -
‘/J_‘/J +IJ9 IJ—IO(t)+77]+0'€J(t)
I (t)=1(t)+n+Jr(t)

F (k) — e’ik’v—a|k|, @

LD

k) =ivk—a|k| F(k) = e*™

LD(

0,® =ik|I, — 8% — (8,8) |- | k| A— ok’

oc=0: ®=tkv—alk],
7}:I0+CL2—’02, dz2av+A, ’I‘:2
T

E. Montbrio, D. Pazo, A. Roxin, Macroscopic description for
networks of spiking neurons, Phys. Rev. X 5, 021028 (2015)
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KBagpaTuyHble HEMPOHbI—MOPOroBble MHTErpaTopbl
o B
Vi,=Vit+l,, I =1(t)+n;+0&(t)
I (t)=1I(t)+mn+Jrt
8,8 = ik[I, — 8°® — (8,®) |- | k| A — o’k . (#)

b = —(asign(k) — iv)k — (q2 + 1D, 81gn(k))?
k3
— (g, sign(k) +ip,) -~ — ..

«McesgokymynaHTbl» (“pseudocumulants”) W :

W=a—w, W =gq +ip,

1
Wm — (A T ZI(] )(slm + 20-252m + zm (—m Wm+1 + Z:=1 WnWm+1—n
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[MceBAOKYMYNAHTbI & npeobpa3oBaHue PeHxens
(Legendre—Fenchel transform)

F(k) = (™) F(H) = (™)

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

Tobias Kuhn, 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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VJ’ - Vf +1., I .=1(t)+n,+0cE(t)
[Mpumepbl I (t)=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 LLYM

r=A/m+2rv+p, |,

o 2 2 2

v=I1 —7w"r" +v +gq,,
q2:20'2+4(p3+qzv—7rp2'r),
pz — 4(_q3 + Trqzr + pg,v)°

|. Ratas, K. Pyragas, Noise-induced macroscopic oscillations in a network of synaptically
coupled quadratic integrate-and-fire neurons, Phys. Rev. E 100, 052211 (2019)

MPR moaens + Wym + KOHeYHaa NPoAO/IKUTEIbHOCTb CUHAMNT. MMMY/1bCa

400 V B V B V B . 2
S:Vthfw(v,t)dV:Vth l—larctan th v+q2a( th ’U)—I—p2[( th v) a’]/
2w a wla’ +(V,, — o' T

Vin
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V,=Vi+I, I, =1,()+n,+0€(t)
I (t)=I(t)+n+ Jr(t)

[lpumepbl

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
= o * + 20 'r—l—&,
70 0y
ﬁ:\/K(IO—gOT)—W2T2+vz+q27
qz :g§r+4(q2'v—ﬂ'p2r), 100 _(a)az%:l V=100
2
. g,A I
p,=———r+4rq,r+pv). = "I +
VK -100 | ¥, = —100 |
0 10 80
(b) a=4

E. Montbrio, D. Pazo, Exact Mean-Field Theory 100 L i
Explains the Dual Role of Electrical Synapses in .
Collective Synchronization, Phys. Rev. Lett. 125, 0L

1. =-25

248101 (2020) + wym V= .
0 40 80
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v, = 100

NCeBAOKYMYNAHTbI & HEIOPEHLEBO pacnpeaeneHne 14



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

CXoAMMOCTb 1 06pbiBaHMe L,(0) = 1)+ + ()

m n m+1l—n

W =(A—il)§ +20%, +im (—m W+ Ww

[pn HEHyNEeBOM reTeporeHHOCTU 1 “B6aM3N” cTauMOHAPHbIX COCTOSHUN:

1

W ~ a_2(’rn—1)

4T TILLTT
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..r[:. ZD.I, o = —1_. J{] =1. ._\q =10.1 and &j =0.1.
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v 9 -
‘/j _‘/j +IJ p) Ij —Ig(t)+773+0'53(t)

MoaennpoBaHue 60nblLUNX (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)
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DSG, MV, AT, Reduction Methodology for Fluctuation
33 KJOKYeHnne Driven Population Dynamics, PRL 127, 038301 (2021)

o dopmanusm “ncesOOKymynaHmos” (Ha oCHoBe XapaKTepUCTUUYECKUX b-Lini)
MOKeT bbITb BBeAeH AnA paboTbl C BO3MYyLLEHHbIM p. JlopeHua

e dopmannsm paet (B 0bLiem cnydae) bECKOHEUYHYIO CXOAALLYHOCA LEMNOYKY
cpeAHenoneBbIX ypaBHEHUN, KOTOpasA MoXKeT bbiTb 06opBaHa

e Manomopnosble cpegHenonesble MOAENN MOTYT BbITb NONyYEHbI ANA
MaKPOCKOMUYECKON AMHAMUNKK aHcambnen QIFs

e BuyacTtHOCTH, ycTOMYMBOCTb MHOroobpasum Ott-Antonsen nnn Montbrio-Pazo-
Roxin moxeT bbITb MCCAeA0BaHA B paMKax MaJloMOLOBbIX Moaenen

o MafIOMO,EI,OBbIe Mmoaesin Xxopowo BoCnponssoaatT AMHaMURY KOHe‘-IHbIX ceTeM

All science . .. has a twofold value.... There is
its value as sczence, which ts 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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