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Abstract

EN: This volume establishes the formal foundations of metastable coherence regulation in
adaptive computational systems. The primary objective is to redefine stability as a dynamic
return capacity within nonlinear multi-level architectures rather than as static equilibrium.
The proposed model incorporates resonance-based stability metrics, phase thresholds, and a
meta-regulatory layer for adaptive coherence management. The model is positioned as a meta-
architectural framework for modular Al systems.

RU: Hacrosituit Tom 3akiagsiBaer (hopMajibHbIE OCHOBAHUSI METACTAOMJIBHON PeryJisiun
KOPEPEHTHOCTH B aJJATUBHBIX BBIYUCIUTEILHBIX cucTeMax. OCHOBHAS EJIh — MEPEOTPEIeTUTh
YCTONYIUBOCTD HE KAK CTATHIECKOE PABHOBECHE, & KAK CIIOCOOHOCTH CUCTEMBI K JIMHAMUIECKOMY
BO3BPAIIEHUIO B COIVIACOBAHHOE COCTOSTHUE B PAMKAX HEJIMHEITHBIX MHOTOYPOBHEBBIX ADXUTEKTYP.
[IpemioxkeHHas MOE/Ib BKJIIOYAET PE30HAHCHBIE METPHUKH YCTONYIMBOCTH, (pa30Bble HOPOTH U
MeTa-peryJIsiTOPHBIA CJION It YIPaBJIEHUsI KOT€PEHTHOCTBIO. MOJesb MO3UIMOHUPYeTCsT KaK
MeTa-apXUTEKTYPHBINA (hpeiiMBOpK Jiyist MOAYIbHBIX Al-cucrem.
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1 Introduction

EN: This volume introduces a new model of dynamic stability in multi-level computational systems,
with a focus on metastable coherence regulation. Rather than viewing stability as static equilibrium,
we conceptualize it as the system’s ability to return to a coherent configuration after perturbation.
The framework presented here draws from resonance-based theories and nonlinear systems to create
an adaptive, scalable approach to system stability.

RU: Hacrosamnuit ToM BBOJIUT HOBYIO MOJIEJb JINHAMUYECKON YCTONYMBOCTH B MHOI'OYPOBHEBBIX
BBIYUCTUTEHHBIX CHCTEMAX, COCPEIOTOUEHHYTO Ha PErYJIsSINA MeTacTabuIbHOM KorepeHTHOCTH. BMecTo
TOro 4TOOBI PACCMATPUBATH YCTOMYMBOCTDL KAK CTATUYIECKOE PAaBHOBECHE, MbI TPAKTyeM e€ Kak
CTIOCOOHOCTH CUCTEMBI BO3BPAIATHCS B COTJIACOBAHHYIO KOH(MDUTYPAIIHIO TOcIe BodMmyteHuit. [1puBoanmast
3J1eCh KOHIIETIIs OCHOBAHA Ha TEOPUSIX PE30HAHCA U HEJIMHEIHBIX CUCTEMAaX JIJIsl CO3/IaHuUsI 8 allTHBHOTO,
MacCIITabUPyeMOTo MOIX0/Ta K CTaOUIBHOCTH CHCTEMBI.

2 Problem Statement

EN: Traditional computational systems rely on static models of stability and equilibrium. However,
these models fail to account for the dynamic, evolving nature of complex systems. This volume
proposes a new approach based on metastability and resonance, where stability is not defined by
equilibrium but by the system’s capacity to return to coherence after disruptions.

RU: TpaaurinonHbie BEITUCTUTEIbHBIE CUCTEMbBI OITUPAIOTCSI HA CTATHIECKIE MOJIEN YCTONIUBOCTH
u paBHOBecust. OJTHAKO 9TU MOJE/IM HE YIUTHIBAIOT JIMHAMUYECKYTO, SBOIOIUOHUPYIONLYIO IPUPOJLY
CJIOYKHBIX CHCTEM. B 3TOM TOMe TIpejjIaraeTcst HOBBIH T0JIX0/, OCHOBAHHbII HA MEeTacTaOUIbHOCTH U
PEe30HAHCe, TJ/Ie YCTONINBOCTH OTPEIETISIETCST He PABHOBECHEM, & CITOCOOHOCTHIO CHCTEMBI BO3BPAIIATHCST
B KOPE€PEHTHOE COCTOSTHHUE ITOC/Ie BO3MYIIEHU.

3 Conceptual Shift: From Equilibrium to Metastability

EN: Stability is defined as the capacity of a system to absorb perturbations and return to a coherent
configuration without structural collapse. Metastability is characterized by threshold-dependent
transitions between attractor regions.

RU: VcroitauBocTs onpeiesisieTcst Kak ClIOCOOHOCTH CHCTEMBI TIOTJIOIIATH BOZMYIIICHUS ¥ BO3BPAIIATHCS
K KOT€PEHTHON KoHpUryparmn 6€3 CTpyKTYPHOTO pa3pyiieHus. MeTacTabnIbHOCTD XapaKTepPI3yeTcst
ITOPOr'OBO-3aBUCUMbBIME [TEPEXOIAMU MEXK Iy OOJIACTSIMEU aTTPAKTOPOB.

4 Potential Landscape Model

EN: The system’s state is modeled as a trajectory within a nonlinear potential landscape. The
system evolves along the gradient of a potential function, with attractors representing stable states.
The potential function V' (a) is defined as:

V(a) :R" =R
The system’s evolution follows gradient dynamics:

= YV (@) + (1)

where VV (a) is the gradient field and n(t) is a perturbation term.



RU: Cocrosinus cucreMbl MOJEIUPYIOTCS KAK TPAEKTOPUHU B HEJIMHEHOM ITOTEHITUAILHOM JIaH TIIadTe.
Cucrema 9BOJIIONUOHUPYET BIOJIb MPAJINEHTA IOTEHIINAILHON (DYHKIMH, C ATTPAKTOPAMHU, IIPEICTABIISIOIIIMU
ycroitunBble cocrosnus. [lorenmmanbnas dynkmus V (a) omnpeensiercss Kak:

V(a):R" >R
SBOJHOHI/IH CUCTEMBI OIIMChIBaeTCdA Fpa,ILI/IeHTHOfI ,ILI/IHaMI/IKOfII

= —YV(a) + (1)

riae VV(a) — rpajauent nous, a 7(t) — BO3MYIIAOIIMI 4JI€H.

5 Resonance Index

EN: A resonance index Ry(t) is introduced to quantify phase-sensitive coherence:

Ry(t) = f(Hg, Ck, Dy, Ly)
Where:
e H; — entropy distribution,
e (), — inter-vector coherence,
e D; — dynamic drift,
e L; — load parameter.

RU: Beomurcst nnyiekc pesonanca Ry (t) /st KogndecTBeHHOI O1eHKH (ha30BO-1yBCTBUTEIHHOMN
KOME€PEHTHOCTH:

Ry (t) = f(Hy, C, Dy, L)
rje:
e H; — pacmpeeneHne SHTPOIINH,
o () — MEeXBEKTOpHAasi KOTePEeHTHOCTb,
e D) — nuHaAMUYeCKHii npeiid,

e [ — mapaMeTp Harpy3KH.

6 Phase Thresholds

EN: Critical thresholds @, . define transitions between metastable regimes. Crossing a threshold
initiates controlled structural reconfiguration rather than collapse.

RU: Kpuruueckue noporu ®.,.;; j OIpeJe/IsiorT Iepexo/ibl MexK/ly MeTacTabUIbHBIMU PeXKUMaMHU.
[TpeBbimenne mopora THUIUUPYET YIIPABIIEMYIO CTPYKTYPHYIO PEKOH(MUTYPAIIUIO, & He Pa3pyIIeHHEe
CUCTEMBI.



7 Meta-Regulatory Layer

EN: A reflective meta-layer monitors resonance levels and modulates system parameters to maintain
soft stabilization without suppressing adaptive variability.

RU: Orpakatommuii MeTa-cj10ii 0TC/IeXKMBaET YPOBHU PE30HAHCA U MOJLYJINPYET ITapaMeTPhl CUCTEMBI
JUIST TIOJIIepYKaHUs MSTKOM crabuin3anun 6e3 MOoJaBJIeHNsT aJallTHBHON BapUATHBHOCTH.

8 Architectural Implications

EN: The framework functions as a meta-architectural layer applicable to modular Al systems,
enabling coherence-aware regulation without architectural replacement.

RU: OpeiiMBopk DYHKITMOHUPYET KAK METa-apXUTEKTYPHBIH CJI0M, IPUMEHUMBII K MOJLYTbHBIM
Al-cucremam, obecrieanBasi KOTepEHTHO-OPUEHTHPOBAHHYIO PETYJISIINIO 0€3 3aMEHBI CYIIEeCTBY O
APXUTEKTYPHI.

9 Conclusion

EN: Metastable regulation provides a formal foundation for adaptive system design beyond static
equilibrium paradigms. The proposed model establishes a scalable coherence-driven architectural
principle.

RU: MeracrabunbHast peryJsius (popMupyer (popMabHOE OCHOBAHUE TPOEKTUPOBAHUS A IANTHBHBIX
CHCTEM 34 IIPEeJeJIAME HapPAJIUTMbl CTATHIECKOTO PABHOBECHA. [IpeIokKeHHass MOJIEb 331a6T MacITabupyeMbIit
ApXUTEKTYPHBIN MTPUHITUI, OCHOBAHHBIN HA YIPABIECHUN KOT€PEHTHOCTDHIO.



Appendix A: Mathematical Formalization of Metastable Coherence
Dynamics
A1l. State Space

EN: Let the system state be represented as a vector:

a(t) e R™
where n denotes the dimensionality of the configuration space.
RU: IlycTo cocTostHre cUCTEMBI MIPEJCTABIEHO BEKTOPOM:

a(t) e R"

r7e N — Pa3MepPHOCTb KOH(MUTYPAIMOHHOTO TPOCTPAHCTBA.

A2. Potential Landscape

EN: We define a smooth potential function:

V:R" >R
System evolution follows gradient dynamics:

% — YV (a) + ()

where:

- VV (a) is the gradient field - n(t) is a bounded perturbation term

RU mnosicHeHme: DBOJIIONHUST CUCTEMbI OIUCHIBACTCS TPAJMEHTHOl JMHAMIKOMN ¢ OrpAHUYEHHBIM
BO3MYIIAOIUM wieHOM 7)(t).



A3. Resonance Index Functional

EN: Define:

Ry (t) = aHg(t) + BCk(t) + vDg(t) + Lk (t)

where coefficients «, 3,7, § are weighting parameters.
RU: Broanwm:

Ry(t) = aHy(t) + BC(t) + Dy (t) + 0 Li(2)

rae K03 UIUEHTH «, 3,7y, § — mapaMeTphl Beca.

A4. Phase Threshold Condition

EN: A metastable regime exists if:

Ri(t) < @eriti
Phase transition is triggered when:

Rk(t) > q)crit,k
RU: MeracrabuibHbBIN pEsKUM CYIIECTBYET, €CJIN:

Rk (t) < (I)cm't,k

Ilepexon dasz npoucxonuT, Koraa:
Rk(t) > (I)crit,k:

Ab5. Soft Stabilization Constraint
EN:

To ensure dynamic stability within the system, we introduce a soft stabilization constraint, which
modifies the system’s trajectory as it nears a metastable state while avoiding hard constraints or
collapse. The regulatory mechanism is defined as:

da
= = ~VV(@) = Ak OBk — Dorir )

where:

e VV(a) is the gradient of the potential function,
e O is a smooth transition function,

e ) is the regulatory gain.

The transition function © may be selected depending on system characteristics. For example, a
logistic form



provides smooth saturation, while an exponential form

O(x) =e

can be used for faster adaptive correction. The choice of © determines the softness and respon-
siveness of metastable regulation.
This formulation ensures controlled structural adaptation near critical thresholds without abrupt

phase collapse.

RU:

st obecrieuenns [UHAMUYIECKON YCTONIMBOCTH CUCTEMbBI BBOLUTCS OrPAHIMICHIE MATKON CTaOUIN3alIIT,
KOTOPOE U3MEHSAET TPACKTOPUIO CUCTEMBI IIPU NPUOJINKEHNN K METACTAOMILHOMY COCTOSTHHIO, N36erast
JKECTKUX OIPAHUYEHUN U KOJUIAIICOB. PeryygaTopHbIil MeXaHu3M 3aaéTcs CICLYIOIIM 00pa30M:

da
E = —VV(CL) — )\k : @(Rk - (I)crit,k)

rie:
e VV(a) — rpasmenT MOTEHIMAIBHON QyHKINN,
e O — crytaxkeHHasi (DYHKIUSI [TEPEX0/IA,

o )\ — K03 PUITHEHT PEryJIMPOBKH.

Oyukims © MOXKeT BLIOHPATHCS B 3aBUCHMOCTH OT XapaKTePUCTUK cucteMbl. Hampumep, norucruaeckast
dopma
1
1+ e ke

obecreunBaeT IIaBHOe HacCblllleHue, Tor'la KakK 3KCIIOHEHIIaJIbHasd cbopMa

O(x)

O(z) =e

MOXKET UCIIOJIb30BaThCsI J1JIst 60Jtee OBICTPOi aIalTUBHON KOppeKInu. Buibop ¢pyHKInn O onpeessier
MSTKOCTh M 9YBCTBUTEJIHLHOCTH METACTAOMILHON PEryJIsIIM.

Takast popMmyupoBKa 00ECIEINBAET KOHTPOJUPYEMYIO CTPYKTYPHYIO aIalITaIlnio BOJIN3U KPUTHIECKUX
IIOPOTOB 6e3 Pe3KOro ha30BOTO KOJLIAIICA.



Why This Matters

EN: This step is fundamental because:

1. **Without hard stabilization:** we maintain the possibility for adaptive changes without
strict limitations, which is crucial for the system’s flexibility in response to external and internal
changes. 2. **Flexibility in transitions:** thanks to the © function, the system can stabilize
smoothly, without losing flexibility and continuing to move through the landscape of possibilities.
3. **Stability in unstable transitions:** as the system nears critical stability thresholds, it won’t
"break" but will smoothly reconfigure, making it more resilient.

This model now allows us to confidently state that we control transitions into metastable states,
ensuring both stability and flexibility at the same time. And all of this without "hard" decisions,
which is important for a more dynamic, adaptive structure.
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