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AHHOTAUMA

B paboTe npeasioxeHa moAesb MHOMOKOMMNOHEHTHON (pa30BOM CUHXPOHM3AUUU, B KOTOPOM
HesoKanbHaA CBA3b MexAy MNOACUCTEMaMU OMNUCbIBAaeTCA OonepaTopoM KOrepeHTHOCTH
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, 3aBUCAWMM OT robanbHOro napameTpa nopAgka

MokasaHo, 4YTO MNpu AOCTUXEHUW Mopora KOrepeHTHOCTHU
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V=7 3bpeKkTMBHOE B3auMOAENCTBUE MNepecTaéT 3aBUCETb OT MPOCTPAHCTBEHHOMO
paccTOAHUA
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. Mopenb AonycKaeT npAMyw YUCIeHHYH MNMpOBEPKY U MOXeT 6bITb MCNOJIb30BaHa AnA
OonncaHnA CUHXpOHU3aUun B pacnpenenéHHux ¢M3MHECKMX N XMMHUYeCKUX cCcuncrtemax.

ABSTRACT
We propose a model of multicomponent phase synchronization in which nonlocal
coupling between subsystems is described by a coherence operator
C
\%
C
\%
depending on the global order parameter

It is shown that above the coherence threshold

v XX

>7, the effective interaction becomes independent of spatial distance

SR < N



ij

. The model allows direct numerical verification and can be applied to
synchronization in distributed physical and chemical systems.

1. BBEAEHUE

Knaccuyeckvme Mogenu CUHXpPOHM3AUMM, KaK MpaBwuio, npeanonarawT, 4To cuna
B3aMMOLENCTBMA MexZAy OocuuanaTopamu ybbiBaeT C paccTtoAHuem. OgHako B paAne
PU3nYeCKUX, XUMUYECKUX M BUONOTrMYeCKUX CUCTeM HabnwaaeTcs BbiCOKAA CTeneHb
COr/lacoBaHHOCTU, He O6bACHUMAs NOKaJbHbIMU CBA3AMM.

B AaHHOM paboTe paccmaTpuBaeTCA runoTesa O CywecTBOBaHMM nopora ¢a3oBoii
KOrepeHTHOCTHU, Bbllle KOTOpPOro 3¢pdeKTUBHOE B3auMoLeicTBME NepecTaéT 3aBUCeTb OT
paccTosHuA.

1. INTRODUCTION

Classical synchronization models usually assume that interaction strength
decreases with distance. However, several physical, chemical, and biological
systems exhibit a high degree of coordination that cannot be explained by local
coupling alone.

We consider the hypothesis of a phase-coherence threshold above which the
effective interaction becomes independent of distance.

2. MOAENb
PaccmaTpuBaeTca cuctema us3

OCLUMNNATOPOB, OO6bLEAUHEHHbLIX B

noacuctem. CocToAHME Kax[oW NOACUCTEMbl XapakTepusyeTca dason
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OnepaTtop KOrepeHTHOCTWU:
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=0.7 — KpUTUYeCKoe 3HayeHue napameTpa nNopsnKa.

2. MODEL
We consider a system of

oscillators grouped into

subsystems. Each subsystem is characterized by phase
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The global order parameter is:
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The coherence operator is:
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or in logistic form:
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where
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N

=0.7 is the critical order parameter.

3. HEJIOKAIbHOE B3AMMOAEWCTBUE
3¢dekTnBHOE B3aumogencTBMe Mexay MNOoACUCTEMAMM:
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PaccTosiHMe nepecTaéT BXOAMTb B BblpaxeHue.

3. NONLOCAL INTERACTION
The effective interaction between subsystems is:

G



4

o>

N VM e S oM Sy

Coord 8~ >~

>
Y .
14
o -

)
\'4
~

N

ij

a(y)

For

>~ A

N~

>7:

-~

S~>~1T0

a(y)-o



therefore:
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Distance no longer appears in the expression.

4. YUCNEHHAA NPOBEPKA
MpepnaraeTcAa caegywwmii YUCAEHHbIN SKCMEePUMEHT :
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OueHMTb KOppenauuMuM Mexgy MoAcCMCTeMaMM B 3aBUCMMOCTUM OT pacCTOSHUA.
Oxupgaembli pe3ynbTaT:
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V<7 Koppensauuu y6biBalT C pacCTOSHUEM;
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Yy>7 KOppenAuuum COXpaHawTCA.

4. NUMERICAL VERIFICATION
The following numerical experiment is proposed:

Set

16
M=16 subsystems.

Initialize random phases.
Compute
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y=3,5,7,9.

Estimate correlations between subsystems as a function of distance.
Expected result:
for

N
<

7
y<7, correlations decay with distance;

for

Vv <

N

y=7, correlations are preserved.

5. 3AK/HYEHKUE
MpepnoxeHHaa mofesb NokKasbiBaeT, 4TO HenokanbHaa $a3oBasdA CBA3b MOXeT 6biTb onucaHa
Yyepes3 onepaTop KOrepeHTHOCTU U nopor
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Mogenb aBnaeTcA ¢anbcuduumpyemon n gonyckaeT MNPAMYH YHYUCEHHYH MNpOBEpKY.

5. CONCLUSION
The proposed model demonstrates that nonlocal phase coupling can be described
through a coherence operator and the threshold

Y

>

7

y=7.

The model is falsifiable and allows direct numerical verification.
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