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MOHOI'PA®UA
BA3OBbIN NMPOEKT KLT-RBD

TOM Il

V*P-®U3UKA U CTPATUOPUNLNPOBAHHOE BPEMAL:
PEAYUWPOBAHHASA NMPEAOCKA3SATEJIbHAA
NAKETHAA KOCMOJIOIrms

Pedkue nepexo0ul, boavlwiue YKAOHeHU s, Kea3unomeHuuai,
MemacmabusabHOCMb U cepmuguuuposaHHas rare-event simulation

KypnuweB NBaH bopucosuu

He3zaBucumeniii uccnemoBaTtensd - Kanuauarpan - 2026

KOHTPOJIbHASA TOYKA. T3-RARE-v0.12. TTocTpoeH pegKoCOOLITHHHEIN coi Ham StochPredRep: LDP-
carrier, action functional, quasipotential, exit-time gate, set-valued instantons u importance-sampling
certificate.

CTATYCHbIW 3AMOK. truth layer promotion=0. Rate function u KBa3unoTeHIHas SIBISIOTCS
MaTeMaTUYeCKUMHU UM MOAENbHEIMI 00beKTaMu. ACUMIITOTHKA He sBiseTcs finite-sample BeposTHOCTHIO,
HaOJIIOOeHNeM WU IPUYUHHEIM IIOATBEePKAeHUEM V*P.

Kypnuwes UsaH Bopucosud - KannHunrpag - 2026 | 1



BA30BbIV MPOEKT KLT-RBD - TOM Il - T3-RARE-v0.12

Macnopt Bbinycka T3-RARE-v0.12

ITone 3aduKcupoBaHHOE 3HAYCHHE

ABTOp Kypnumes Bar Boprucosuu
I JIOTUKA KYPITHMIIEBA 2 - Ba3ossiii npoekT KLT-
POEKT
RBD
Tom I1I - V*P-du3uka u cTpaTuGUINPOBAHHOE BPEMS
KoHTponbHas Touka T3-RARE-v0.12
IIpenpioyimas To4Ka T3-STOCH-v0.11

Large deviations, action functional, quasipotential,
metastability, exit time, importance sampling

Tom I v197 RU; Tom II T2-FREEZE-v1.0, rni. 23; T3-
STOCH-v0.11

DEF/PROP/THM-PRIOR; sBHas OBOMHAS siMa
CLOSED-MODEL

MODEL / PHY-HYP; finite-€ bridge m EMP-OBS

TIpeomet

KaHOHWYECKUYM UMIOPT

MaTtemMaTU4YeCKUl CTaTyC

QusmuecKuil cTaTtyc

OTCYTCTBYIOT
Crnepnyromas To4Ka T3-RBD-v0.13
0. PeecTp nasmeHeHuu
ID HN3MeHeHUE Craryc
o VMIopTUPOBaH TUIU3UPOBAHHEIN

T3-CS-057 LDP-carrier u nectuuia L0-L4 DEF/IMPORT

T3-CS-058 3agaH control-form Freidlin-Wentzell COND-THM
action

T3-CS-059 BBene{{H quasipotential, instanton set DEF/PROP
u barrier envelope

T3-CS-060 TTocTpoeHa siBHAsI BOMHAS siMa C CLOSED-MODEL
AV=1/4

T3-CS-061 OT:ueneHa exit-time asymptotic ot FIREWALL
finite-e bound

T3-CS-062 3apaH unbiased importance-sampling PROP
contract
BBepens! rare-event Reper certificate

T3-CS-063 u ABSTAIN gates DEF-A

T3-CS-064 Breimonaen T3-RARE-NUM-001 NUM
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1. HasHayeHUe n poKasaTesibHble rpaHuLbl

OHTOJIOIUS. Pegkoe coObITHE SIBASIETCS U3MEPUMBIM MHOXKECTBOM ITYTEH MU COCTOSTHUMN OTHOCUTEJIBHO
(uKCUpOBaHHLIX 3aKOHA, MacIiTaba, TOIOJIOTUU U 061acTu gonmycTuMocTu. OHO He OIPEHessieTCsI OOHUM
CJIOBOM «MaJIOBEPOSITHO».

FTHOCEOJIOIUA. OKCIIOHEeHIINAJILHBIM MOPSI0K U3BECTEH IT0CIe MoKa3aTenbcTBa LDP; TouHas finite-€
BEPOSITHOCTH TPEOYET OTHEIPHOTO OCTATKa JIN00 KOHEYHOBLIOOPOYHOM I'PAaHULIB; GU3NYECKUN MEXaHU3M
TpebyeT He3aBucuMoOro causal bridge.

D®EHOMEHOJIOINA. [Ins BEIYUCIUTENSA PEOKUU Iepexo MPOSABIAETCS KaK MUHMMAaIbHO-IEUCTBYIOIINNI
Iy Th, action barrier, exit-time scale u olleHKa BEpOSTHOCTU C KOHTPOJIEM OUCIEPCHUU.

®U3NYECKUNI CMBICJ. B gonyctumoit V¥P-MoneIy 9TOT ammapaT MOXKeT OMHUCHBAThH II€PECKOK MKy
MeTacTabuIbHLIMU ITAaKETHHIMU COCTOsiHuUSAMU. [Toka drift, noise u observable He omy4YeHb U3
¢u3MYEeCcKOro MocTa, 3TO Tonbko MODEL.

ONrPAHWYEHME. Manbli action He o3Ha4daeT OJIM3K0e COOBITHE; BLICOKHI barrier He o3HadaeT
HEBO3MOKHOCTh; OTCYTCTBHE COOBITHM B KOHEYHOM BHIOOPKE HE O3HAYAET BEPOSITHOCTH HOJIb.

ABTOPCKASA HOBU3HA. AsTopckuit Bknag Kypnumesa U.B. coctout B Reper/D/Dom-
ceptudumpoBanuoi kommno3unuu StochPredRep — LDP/action — set-valued instantons —
finite-sample/importance gates — nstuypoBHeBhii verdict ¢ o6ss3aTensHbIM ABSTAIN. Teopust 60IBIITHX
ykioHeHul, KpaMepc-DupuHr u importance sampling siBnsioTcs classical prior art.

1.1. I'panuua classical prior art

Y3en Ponb I'pannna
L. 9KCIIOHEHIMaIbHBIA MacIiTad Varadhan; Donsker-Varadhan;
LDP, Laplace principle s . .
BEPOSITHOCTEN Dembo-Zeitouni

reoMeTpusa MaJlbIX CquaﬁHbIX

- Freidlin-Wentzell
BO3MYIIEHUN

Small-noise action

Metastability / exit Gapbep ¥ BpeMsi BHIXO[a Freidlin-Wentzell; Kramers; Eyring

CMeHa Mephl ¥ PeIKOCOOBITUIHAS

Dupuis-Wang; classical Monte Carlo
CUMY SIS

Importance sampling

status-preserving certificate, D/Dom

Rare-event Reper 1 ABSTAIN

aBTOpCKas apxuTekTypa Kypnumesa

2. LDP-carrier u nectHmMua peaKoco6bITUMHOIO BbiBOAA

[Iycth Z & mpuHUMaeT 3HadyeHUd B xaycgopdoBoM npoctpaHcTBe 2, €10, a [:2-[0,«] monyHenpeprBHa
cHu3ly. CeMeHCTBO YOOBJIETBOPSIET IPUHIMITY OOJBINIMX YKIOHEHWH CO CKOpPOCTBIO 1/g, ecnu mns
00peJIeBCKOTO A BBHITIOJIHAIOTCSA HUXKHSS M BePXHSS OIIEHKU Yepe3 BHYTPEeHHOCTh A° U 3aMbIKaHue cl A.

—inf {x€A°} I(x) < liminf {10} €log P(Z €€A) < limsup {€l0} € log P(Z c€A) = —inf {x€cl A}
I(x).

Good rate function umeet KommakTHEIE TogypoBHU {I=c}. B path space ato TpebyeT topology ledger u
exponential tightness; orpaEnYeHHOCTs HOPMHI caMa 110 cebe He 3aMeHsIeT KOMIaKTHOCTb.

Ins sHenpepbiBHOTO F meiicTByeT contraction principle:
J)=inf{I(x):F(x)=y}, inf =0,

B KLT-RBD kaprta F moxeT ObiTh Habmiomaemoi, hitting functional, A-koopmuHaToit unmu projection k
peniepHOMY rpady. ¥V mosnioca, pa3phiBa Uil He3akpeToro Dom contraction gate He IpoxoOuT.
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VYpoBeHb Verdict CrTporasi rpaHHIa

L0 IMPOSSIBLE-IN-MODEL target e nepecexaer
support/goCTuRUMOE MHOXKECTBO

L1 FINITE-SAMPLE-RISK-BOUND ecTb coverage bound npu KoHEeYHOU
BBIOOpKE

L2 EXPONENTIALLY-SUPPRESSED HOKA3AH TOIOKHUTEIILHEL action
barrier; finite-& probability He mana

L3 CANDIDATE-RARE-TRANSITION HanfeH minimizer/instanton;
HaCTyIIJIEHHWE He CliegyeT

L4 EMPIRICAL-EVENT COOLITHE 3aperuCcTPUPOBaHO

He3aBHUCHUMBIM Ha6J'IIOJIeHI/IeM

Large-deviation pipeline u pepkoco6eiTuiHbIN verdict

Law family P_& Topology + Good rate | - Target A - Asymptotic
+ speed 1/¢ exponential tightness + contraction barrier c_ A certificate
LO L1 L2 L4
IMPOSSIBLE FINITE-SAMPLE EXPONENTIAL LOW-ACTION EMPIRICAL
IN MODEL BOUND SUPPRESSION CANDIDATE EVENT

L2 He aBnseTcs finite-sample bound, L3 He aBnseTcs HacTynaeHneM cobeliTus, L4 TpebyeT HesasrcrMoro HabaogeHus.

PucyHox 1. LDP pipeline u necmuuua LO-L4. L2 He noOmeHsem L1, a L3 He noOmeHsem L4.
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3. ManowyMHasa guHaMumka u action functional

PaccMmotpuM manomyMmHEyI0 nuddysuio Ha Re:
dX t™e =b(X t"e)dt + Ve o(X t™e)dW t, a(x)=0(x)a(x)T.

HauGonee GesomacHasi 3anuchk rate functional ucmoms3yeT control representation. st aGCOOTHO
HEIIPEePBIBHOIO IYTHU @:

I {0T} (@)= 1/2 inf {fo” ||u_t||2dt : ¢ t=b(¢ t)+o(p tu ta.e.}.

Ecnu pgonyctumoro ympasneHus HeT, | {0T}(@)=w. [Tpu HeBHIPOXKOEHHOU a 3Ta (opMyjia CBOOUTCS K
KBaZpaTU4HOM! popMe:

I_{0TH@)=1/2f0" (¢-b(¢@), a(e)”{-1}(¢-b(p)))dt.

TeopeMHBIN cTaTyc IonHOro path-space LDP TpeGyet ycnoBuil Ha b, 0, HavyanpHEle faHHBE, topology u
exponential tightness. Hactosmiuii BEIIYCK UMIOPTUPYET KJIaCCUYECKYI0 TeOpPeMY YCIIOBHO U 3aKphIBaeT
TOJIBKO KOHEYHOMEDHBIE HIEHTUYHOCTY U SIBHYIO MOAEIb.

3.1. Quasipotential u instanton set

V A(x)=inf {T>0} inf{I {0T}(p): (0)€EA, o(T)=x}.
¢ D=inf {yeaD} V A(y), # D=argmin {y€aD,p} I {0T}(¢@).

Ecnu # D comepXUT HECKOJIBKO IIyTeH OOWHAKOBOW CTOMMOCTH, pPeOKocoOuITuiiHbIN PredRep
Bo3BparmaeT SET-PATH. CKpuITE BEIOODP OOHOI'O «Hanbojlee KpacuBOT0» instanton 3amnpemiés.

IIpu cemeiicTBe Mopenel 0€O® adm xpanHutcs action-barrier envelope c D(6), a He HCKyCcCTBEHHO
ycpenHEHHEIN 6aprep. BecoBasi cMech JOIIyCTUMA TOJIBKO IIOCJIE OTHEIbHOr0 prior contract.

TYPE GATE. Associator amplitude, CGI unu A He BNAIOTCA action aBToMaTUu4YecKu. [1JI1 UCTIOTHh30BAHUS B
I {0T} TpebyeTcs aBHasa KapTa K state variable, drift, diffusion metric u eguaUIAM.
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4. flBHas Moaenb ABOMHOM SAMblI

s mpoBepsiemoro MODEL-cekTopa 3a¢ukcupyem overdamped Langevin equation:
dX t™e = -V (X t~e)dt + V2e)dW t, V(x)=(x*—1)*/4.

Touku x=+1 sgBnsg0TCS MuHUMyMaMu, Xx=0 — cenmoBeIM GapkepoM. B BeIOpaHHOU HOPMHUPOBKE action
paBeH:

I {0T}H@)=1/4f0" (¢ t+V (¢ t))*dt.
[ns nBuxxenus u3 a=—1 kK cegny s=0 reverse-gradient path ¢=+4+V'(¢) umeeT CTOUMOCTE:
TLup=[{-1}"~{0} V(x)dx = V(0)-V(-1)=1/4.

IOnst downhill trajectory ¢=—V'(¢p) action paBeH Hymo. TeM caMbIM B SIBHOM MOIEJNIM 3aKphIBAeTCS
quasipotential barrier AV=1/4.

KeasunoreHuman v MetactabunbHbIN Nnepexon B A, BOWHON AMe

AV = V(0)-V(-1)=1/4

s=0
cenno / 6apeep

a=-1 b=+1
MeTacTabunbHbIN MUHUMYM BTOPOV MUHUMYM
dX = -V (X)dt + v(2e)dW E T_exit ~ (21t/v2) exp(1/(4¢€))

MNHNMabHO-AERCTBYIOWWIA MY Th ABNAETCSH BAaPUALVOHHLIM KAHAWAATOM, @ HE 38PerucTPUPOBaHHOV (MU3NYECKON NMPUYHON.

PucyHok 2. [IgotiHaa ama: MemacmabuibHblll MUHUMYM, ced10 u 6bapvep AV=1/4.
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5. MetactabuabHocTb n exit-time asymptotics

[Ipu cTaHOApTHBIX HEBBIPOXKIOEHHEIX ycnoBuax Freidlin-Wentzell Teopuss maér norapudmuueckuii
Macmtab BpeMeHH BhIxona 13 Oaccelina D:
lim {el0} elogE at D™e =c D.
[ omHOMEepHOM aBoMHON Ml Eyring-Kramers asymptotic yrounsier prefactor:
E {=1}t D~e~ [2n/V(|V'(0)|V'(—1))] exp(AV/e) = (2/V2) exp(1/(4¢)).

OrFPAHWNYEHME FINITE-¢£. CUMBOJI ~ SIBISIETCS aCUMIOTOTHUKOM. be3 ssBHOTo remainder, guara3oHa € 1
KoHTposs discretization aTta ¢popmysia He SBIIEeTCSA rapaHTUPOBAHHON BepXHEW MM HUXKHEN IpaHulled Ois
KOHKPETHOTO 3allycKa.

5.1. V*P rare-transition bridge

KoMmoHeHT 3HauyeHHue doka3aTrebHOE TpeOOBaHHE
Physical state x [3AITOJIHAEMOE ITOJIE] ffiga" Habmonaemas KOHHUrypams
KOIUPYeTCs
Small parameter € [BATIOJTHAEMOE ITOJIE] eOUHULIBL ¥ CTI0CO0 KamuOPOBKHU IITyMa
Drift b or potential V [3ATIOJIHSIEMOE IIOJIE] BBIBOZ 13 BADUAMMOHHOTO MPHHIHIA, a
He post-hoc fit
Diffusion o [3ATIOJTHAEMOE TIOJIE] noise model u covariance
Target A / exit domain D [BATIOJTHAEMOE ITOJIE] oIepalyroHaJIbHOe COOLITHE U I'PAaHUIIA
Observation adapter [BATIOJITHAEMOE IIOJIE] ST LG, WSt Sy e
u3MepeHue
Independent run [BATIOJITHAEMOE ITOJIE] EXT-RUN u blind protocol

IIo 3amonHeHHUs STUX IOJied ABOWHAaS sAMa OCTaéTcsd MaTeMaTH4YeCcKHM witness, a He (bPI3PI‘-IGCKOﬁ
MO EJIBI0O KOHKPETHOI'O IIpoI1iecca.

5.2. Hynesble Hab o geHnA

Ecim B N He3aBUCUMEBIX HCHBITAHUSX HE 3apPerdCTPUPOBAHO HU OOHOT'O COOBITHSI, OOHOCTOPOHHSIS
TOYHAasl BepXHAs I'paHUIla YPOBHA 1—a paBHa:

pU=I1-a~{1/N}.

CnemoBaTtenbHO, zero count He mokas3wiBaeT p=0. I[Ipu 3aBucumocTH, adaptive stopping unu weighted
simulation ata ¢opmysa TpebyeT OTOEILHOIO PEMOHTA.

6. Importance sampling u rare-event simulation

IIycty Tpebyercss p=P(A), a Q — proposal law, oTHOcuTenpbHO KOTOpOoro P Ha coOwbiTHM A abGCOJIOTHO
HenpepeiBeH. [Ipu L=dP/dQ estimator

pN=(1/N)X {i=1}*N1 A®Y DL(Y i), Y i~Q,

sIBJITeTCST HecMmelleHHBIM, ecnu likelihood ratio KoppekTeH um mHTerpupyeM. Zero-variance proposal
Q*=P(:|A) oOBIYHO HEW3BECTEH; MMPAKTWYEeCKas 3agada COCTOUT B CHUIKEHWU BTOPOTO MOMeEHTa 0Oe3
moTepu support.

6.1. Gaussian tail witness
IOnst P=N(0,1), A={Z=b}, Q=N(a,1):
L(y)=exp(—ay+a?/2), E Q[1 {Y=b}L(Y)]=D(b).
E Q[(1 {Y=b}L(Y))?]=exp(a?) ®(b+a).

Bribop a=b ymMeHbIIaeT BTOPOM MOMEHT [Jisi b=2 B YncneHHOM cepTu(dUKaTe. DTOT IPUMEP MOKA3EIBAET
KOPPEKTHOCTh cXeMHl B Gaussian witness, Ho He 3ppeKTUBHOCTE OJis Mpou3BoiIbHOTO V*P target.
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Importance sampling: peakoe co6biTUe 6e3 NoAMEeHbl 3aKOHa

TARGET P PROPOSAL Q WEIGHT
penkoe A —_— A BcTpeyaeTcs Yalle —_— L=dP/dQ
p=P(A) PIA K Q Z=1 AL
EFFICIENCY FAILURE GATE
UII\EIBCI)II-:\ZS]E=DPI\(I§)SS second moment post-hoc tilt / bad support
= + ESS + stability - ABSTAIN

N3meHeHUe Mepkl ycKopseT BeldMceHUe. OHO He MeHSAET LieNeBYyo BEPOATHOCTE TONBKO MpU KoppekTHOM likelihood ratio.
PucyHok 3. CmeHa mepul, likelihood ratio u mpu o6s3ameabHbIX WH03d.

6.2. Efficiency contract

e proposal u target event 3amopazxkuaiorcsi o confirmatory run;

likelihood ratio Berunucnsercs B log-domain u mpoBepsieTcs Ha support;

xpaHaTcsa variance, second moment, effective sample size u weight diagnostics;

adaptive tilt ucrone3yeT oTmenpHEBH pilot b0 coxpaHsieT KOPpeKTHYIO sequential validity;
HeeIUHCTBeHHEIE instantons TpebyioT mixture unu dynamic scheme ¢ mokaszaHHEIMU BecaMy;
ycrenrHast cuMmynsinus octaércst NUM, noka HeT He3aBucumoro EMP-OBS.
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7. Asymptotic, finite-sample u empirical firewall

Rare-event asymptotic # HabnopaéHHana pepkaa pusnyeckas NnpuyYMHa

MATEMATUYECKWUI CJION SMMUPUKO-NMPUYHUHHbIN CNON
e LDP un rate function
¢ action functional
* quasipotential
* exit-time asymptotic
¢ instanton set
¢ importance sampling

* usmepumsbin target event
* calibrated sensor
¢ finite-sample coverage
e independent run
e causal alternatives
* replication

PHYSICAL

BRIDGE
[OPEN]

Maneln action He o3Ha4aeT «cobbITVE CKOPO NMPON30MAET»; OTCYTCTBUE HabnoaeHWin He o3HaYaeT probability=0.

PucyHok 4. MeacOy mamemamuueckou asymptotic u ¢pusduueckum cobbimuem mpebyemcsi omoenbHbulll MOCM.

CueHapuu OHIMOOYHEIN BBEIBO]I, KOppeKTHBIN BBIXO[I,

ITonmokuTenbHEIN barrier

COOBITHE OOBSIBIIEHO HEBO3MOXKHEIM

paspetiés Tonpko EXPONENTIALLY-
SUPPRESSED-IN-MODEL

HatigeHn instanton

TpPaeKTOPHUs Ha3BaHa Oymylen
OPUYUHOU

CANDIDATE-RARE-TRANSITION

Opna TpaekTtopus Monte Carlo

cumynanusa Ha3saHa EMP-OBS

NUM, He HabmOOeHuE

HeT coOnITHiI B BEIOOPKE

p=0

HMCIIONIb30BaTh exact upper bound

LDP 6e3 exponential tightness

mosTHas upper bound 3asBneHa

ABSTAIN-LDP

PazpeiBHEBIN observable

contraction mpuMeHEH MOJTYa

ABSTAIN-CONTRACTION

Post-hoc proposal

weight tuning nocne pe3ynsrata

HeaBTOpI/ISOBaHHbII;I aHalu3

IIBa equal-cost instanton

OOvH BEIOpAH II0 yOOOCTBY

SET-PATH

Mamnsi#t action

oObsiBeHa Oonbiras finite-
probability

HyxkHHI prefactor/remainder

Xopomras variance reduction

MMOATBEPKAEH GU3NUECKUN MEXaHU3M

simulation efficiency # causality

7.1. Rare-event Reper certificate

Cert RARE=(Z,1,e,P ¢, 1,A,c A, . #A,R £,Q,L,FS,D,Dom,src,code,hash,status).

3mech T — topology, R € — finite-€ remainder unu ssBHOe OTCyTCTBUE Takoro remainder, Q/L — proposal
u likelihood ratio, FS — finite-sample certificate. OTcyTcTBHE 0043aTEIBHOTO MO HE 3aMEHSETCS

HynéMm: BeiBOm nmonydaeT ABSTAIN u blocker list.

Verdict Pa3peiméHHbLIN CMbICIT

IMPOSSIBLE-IN-MODEL

OOKa3aHa HeJOCTHUKUMOCTh BHYTPH carrier

FINITE-SAMPLE-RISK-BOUND

ecThb coverage-valid bound

EXPONENTIALLY-SUPPRESSED-IN-MODEL

ectb LDP u ¢ A>0, "o Her finite-e bound

CANDIDATE-RARE-TRANSITION

ecThb low-action path/instanton set

ABSTAIN HEe3aKpHIT 00513aTeIbHbIN HHTEepdetic

8. BoluncautenobHbin ceptudukat T3-RARE-NUM-001

CepTudukaTr BBHIIOJIHEH Ha CHUHTETHUYECKUX KOHEYHOMEPHHIX MoAensax C ¢GUKcupoBaHHEIM seed. OH
npoBepsieT Gaussian LDP scaling, contraction, action/control identities, nBoiinyio simy, Eyring-Kramers
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logarithmic scale, Gaussian importance sampling, set-valued instantons u blocker-safe status logic.
du3nyUecKue JaHHBIE HE NCIIOIb30BAJIUCH.

IIpoBepka Pe3ynbTaT KoHTpoIb
HeOTpHuaTenfLHoc_Tb Gaussian rate 2000/2000 )
unction
CxomuMocTh Gaussian tail exponent 2000/2000 gap 8.570e-02
JIunenHEIM contraction principle 2000/2000 7.105e-15
Hynesoi action ,Ell_le};l‘flfMI/IHI/IDOBaHHOTO 2000/2000 0.000e+00
TTonmoKUTEeNbHBINA :}(I:;i;n BO3MYIIEHHOI'O 2000/2000 }
Control/action equivalence 2000/2000 0.000e+00
Baprep nBoiHOM siMBl AV=1/4 2000/2000 0.250
Reverse-gradient action = barrier 2000/2000 2.500e-05
Downhill path umeet HyneBo# action 2000/2000 0.000e+00
Eyring-Kramers log-scale 2000/2000 gap 5.963e-02
Hopwmuposka likelihood ratio 2000/2000 2.220e-16
Hecmeménuocts Gaussian IS 2000/2000 0.000e+00
CHuXKeHUe BTOPOTro MOMeHTa IS 2000/2000 log gain = 2.577
Finite-¢ status firewall 2000/2000 -
Equal-cost instantons - SET-PATH 2000/2000 -
Rare-event ABSTAIN gate 2000/2000 -
Weakest-link status 2000/2000 -
Hash-linked provenance 2000/2000 -

Htoro: 36000/36000; families=18; status=NUM; EMP-OBS oTcyTcTByeT.

YTO OOKA3BbIBAET CEPTUPUKAT. KoppeKTHOCTb peanu30BaHHLIX GOPMYI U gate-TOTUKU B IBHO
3amaHHbIX Gaussian, linear-control u double-well witnesses npu dukcupoBanHOM Kofe, seed U ImapaMeTpax.

YEFOo OH HE OOKA3BbIBAET. CyuiecTBoBaHUEe (hU3UUECKOT0 MajIoro napamMerpa V*¥P, HCTUHHOCTh
KOHKpeTHOTo potential/noise model, finite-€ TouHoCTs 6€3 remainder, MPUYUHHYIO TPUPOAY IIEPEXOMa,
He3aBUCUMYIO KanubpoBKy unu EMP-OBS.
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9. O6bHoBANEeHUe MaTpuubl T3-PO

00s13aTEe/ILCTBO T'panuna
PeIKie TeDeXObl i MartemaTudeckui carrier
T3-PO-020 A pexon PARTIAL-CLOSED / COND noctpoes; physical bridge
MeTacTabHUIbHOCTh
OPEN
: Css3as co StochPredRep u
T3-PO-122 Rare-event interface PARTIAL-CLOSED ekt lkehe?
T3-PO-123 LDP carrier, speed, topology CLOSED-DEF Konkpernas V*P topology
OTCYTCTBYyeET
T3-PO-124 Contraction principle CLOSED-THM-IMPORT zgggg’:rw* TG IEF OTO
T3-PO-125 Freidlin-Wentzell action CLOSED-COND Ipu cranpaprrex SDE-
TUIIOTEe3aXx
T3-PO-126 Quasipotential/instanton set CLOSED-DEF f}’)‘é’sctgé"e/ Eompacinesina tE
T3-PO-127 Double-well barrier CLOSED-MODEL AV=1/4 B GuKCupOBAHHOH
MOIeJTH
T3-PO-128 Exit-time asymptotic CLOSED-PRIOR / COND He finite-e bound
T3-PO-129 Nonunique instantons CLOSED-PROP Bosspamaercs SET-PATH
AL Importance-sampling K
T3-PO-130 i Wi CLOSED-PROP TIpu P|A<Q u KoppekTHOM L
T3-PO-131 Importance efficiency PARTIAL-CLOSED Saussian witness; o6mui V*P
T3-PO-132 Finite-sample firewall CLOSED-PROP Zero count # zero probability
T3-PO-133 Finite-¢ remainder OPEN Hyaxcrer sharp model-specific
bounds
T3-PO-134 Physical V*P rare-event bridge | OPEN SIS, B, 10, @, 2, Ol
OTCYTCTBYIOT
T3-PO-135 Independent rare-event OPEN Her external executor/data
benchmark
T3-PO-136 RBD rare-event certificate NEXT Cnepyromas Touka T3-RBD-
schema v0.13
10. Peectp 6510KepoOB
ID Bokep Craryc
B-RARE-01 OU3UYECKUH MaJIbli TapaMeTp &, OPEN
eOUHUITEL ¥ OUATa30H
B-RARE-02 Drlft*b unu potential V, BriBeieHHEBIE OPEN
u3 V*pP
B-RARE-03 lefuslon/n01se operator o u OPEN
covariance
State/path topology u exponential
B-RARE-04 tightness OPEN
B-RARE-05 OnepanuoHanbHBM target A, domain D OPEN
u boundary
B-RARE-06 Existence/compactness minimizers u OPEN
instanton multiplicity
B-RARE-07 Finite-e remainder u validity range OPEN
B-RARE-08 P.roposal.Q, likelihood ratio u weight OPEN
diagnostics
B-RARE-09 Frozep pllpt/conﬁrmatory split gns OPEN
adaptive simulation
B-RARE-10 Observation adapter u sensor OPEN
calibration
B-RARE-11 Causal alternatives u MexaHu3M OPEN
nepexoga
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B-RARE-12

Independent EXT-RUN / empirical
rare event

OPEN

11. Source-cards u 6ubaunorpadpus

HUpentudukarop /

Ha3Banue
. D/Dom, PredRep, . .
Kypnumes 1.B. Tom I v197 RU 2026 BHYTpeHHUH freeze status firewall canonical import
Towm II T2-FREEZE- . LDP ladder, Cert LD, I
Kypnumes U.B. v1.0, rL. 23 2026 BHYTpeHHU# freeze (iRt sl canonical import
. . BHYTPEHHUH family of path laws, L
Kypnumes U.B. T3-STOCH-v0.11 2026 checkpoint martingale/filter gates canonical import
Asymptotic DOI e —
S.R.S. Varadhan Probabilities and 1966 10.1002/cpa.3160190 aCEMHI;OTHKa prior art
Differential Equations 303
Asymptotic Evaluation DOI
M.D. Donsker; S.R.S. | of Certain Markoy 1975 10.1002/cpa.3160280 MankQV large prior art
Varadhan Process Expectations 102 deviations
I
ML Freidlin; AD. | Random Perturbations | ' DOI 10.1007/978-3- | action, quasipotential, | .
Wentzell Yy ¥ J 642-25847-3; Ch.2-6 | exit p
3rd ed.
Large Deviations DOI 10.1007/978-3- | LDP, contraction, path
A. Dembo; O. Zeitouni | Techniques and 2010 . g ’ prior art
L 642-03311-7 LDP
Applications, 2nd ed.
Brownian Motion in a DOI 10.1016/S0031- . . .
H.A. Kramers Field of Force... 1940 8914(40)90098-2 barrier crossing prior art
The Activated DOI
H. Eyring Complex in Chemical 1935 10.1063/1.1749604 transition-state rate prior art
Reactions . .
Subsolutions of an
Isaacs Equation and DOI efficient dynamic
P. Dupuis; H. Wang N 2007 10.1287/moor.1070.0 ) 4 . prior art
Efficient Schemes for 266 importance sampling
Importance Sampling

12. Release gate n chepyrowasn Touka

firewall.

OOKA3AHO. B zasBneHHbIX cekTopax: LDP/contraction definitions, action-control identities, explicit
quasipotential barrier, set-valued instanton rule, unbiased importance estimator u finite-sample status

HE DOKA3AHO. du3nueckuii rare-event carrier V*P, finite-€ remainder, calibrated drift/noise,
HabITIomaeMbll target, TPUYMHHBIN MeXaHW3M, He3aBHUCHUMas rare-event pennukanus u EXT-RUN.

IMone Cnenyroiiasi cOOpkKa

T3-RBD-v0.13

KLT-RBD/RPD Kak BHIYUCIIUTENbHAS MaMsITh GUIUKU

OcHOBHas LieTToYKa

source-card — Reper — law/action — proof object —

blocker — forecast candidate

CxeMma

machine-readable Cert RARE, versioning, immutable

provenance u no-loss ingest

Brruucnenue

cornacoBanue ceptudurkatoB v0.3-v0.12 u rmobanbHBIN

hash manifest

KrnroueBas rpaHuna

database registration / stored record # scientific truth

CTaTyCHEBIM 3aMOK truth layer promotion=0; EMP-OBS absent

KoHTpoibHEIE IPU3HAKU BHUUCIIUTEILHOTO CIIOM:
t3_v12_checks.py - SHA-256 ff2de05df4f906afea69c4al7641c6690f6fed5e62ad92a6632cf5378e556b92
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t3 v12 results.json - SHA-256 daf6ec65657b68bc81298e2albb6eea08c697cf09cfbcIba00f6bbdc7feedfch

SHA-256 ¢unanbabix DOCX/PDF ¢ukcupyeTcss mocje 3KCIoOpTa BO BHelrHeM release manifest.
CaMoxemmpoBaHue MOOKYMEHTAa BHYTPU COOCTBEHHOTO COMEPXKHUMOIO HEe SBJISIETCSI YCTOMYUBOM
ornepalnuen.

13. Pabouue naketbl cneayrouLen ToOHKu

WP ¥Y3en Doka3aTrebHOE TPeOOBaHHE

TunusuposaTs source, formula, model,

Wp-23 Schema observable, certificate u blocker nodes

WP-24 No-loss ingest Paznuuathb KOIHIO, BEPCHUIO, export u
KaHOHMYeCKui master

WP-25 Certificate graph Cssazats T3-PO, NUM, COND, OPEN u
external source-cards

WP-26 Provenance 3aMppoaHTb hashes, timestamps,
environments u parent checkpoints

. 3amnpocsl Kk RBD BosspamaroT result +

We-27 Query contract evidence + blockers + status
Peructparus 6a3kl He OBBIIAET

WP-28 Legal firewall MaTeMaTU4YeCKUHN WU GU3UYEeCKUN
crartyc

CNIEOVIOLLLNIA RELEASE GATE. T3-RBD-v0.13 pa3speméH Kak BLIYACIMTENbHAs HHTEerpalus yxKe
CO3[aHHBIX KOHTPOJIBHEIX To4YeK. [Jo 3akpriTus schema/provenance gate 6a3a He CUUTaETCS KAHOHUYECKOU
namaATeio Toma III.
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