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CraTychl GUKCUPYIOTCS TaK:

* FROZEN — yxXe MOXKeT OBITh IIEpEeHECEeHO B KOpIlyc 0e3 u3MeHeHUs
JIOTUKUY;

* PROGRAM — poimkHO ObITH COOpPaHO U JOKa3aHO B TEKYIIIEM ITPOEKTE;

* OPEN — TskK€mnas 1efb CJIeayollero YpoBHS.
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ILHeHTpajIbHasA OCh [1OKTPHUHBI



I'maBa 1

HoBasa meHTpajibHasi OCh
IHOKTPHUHBI

1.1. Ctapasi u HOBasi COOpPOYHbIE TUHHUHU

Crapas HOMUHUDPYIOIIAS JIUHUS IIPOEKTa:
C@C — Rep — A-check — CGI — rebuild/prediction.
HoBas neHTpanbHas JTUHUS:

PIX@PEAKS — truth — causality —+ geometry — physics — anthropology —+ RBD/KLT.

1.2. I'maBHBIM NPHHIIMI HOBOH peJaKIIHH

Bce gonycTuMeble CTPYKTYphl JOKTPUHEL CYUTAIOTCSA COoOgepzKaTesIbHO CO-
rJIaCOBAaHHBIMU TOI'a U TOJIBKO TOTrHa, Korga oHU gonyckaioT PIX@PEAKS-
COOPKY, COBMECTUMYIO C KBAAPATUUYHBIM IPENATCTBUEM, IPOEKTUBHBIM KPHU-
TepUeM UCTUHEBI, CTpaTuGUIIMPOBAHHOM HalpaBIeHHOCThIO 1 admissible contraction-
OUHAMHKOM.

1.3. Po/I¥1 OCHOBHBLIX O0HEKTOB
i Peak — HOKaHBHBIfI YSGH COBIIQd€EHHNA, SKCTpeMYMa, CTSATUBAaHUS UIIU
MIPUYUHHON (PUKCAIINY;

* PIX-moj1e — MexaHu3M CIINBKH, IePeHOCa ¥ COTJIaCOBaHUS ITMKOB MEXK-
Oy CIIOSIMU;

* AcconuaTop — KaHOUOaT Ha TeOMeTPUYECKYI0 Mepy pacuielieHus Iu-
KOB;

* KBagpaTuyHO€ NMPensiTCTBHE — I'JI00alIbHBIA KPUTEPUM OOITYCTHUMO-
CTH;

* Reper/RBD/KLT — BBIYMCIIMMBIA IIPOU3BOOHBIN CJIOM HOBOM [IOKTpU-
HEL.
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Tom I. PIX@PEAKS axiomatic
core



I''taBa 2

PIX@PEAKS axiomatic core

2.1. CTpykTypa TOMAa

1. TTakeTHass KOHpUTypaLU.

CTpaThl, TUHUU U OOIYCTUMEBIE TPEKHU.
Peak-cTpyKTypa.

PIX-mmone.

AxcuaoMbl PIX@PEAKS-cOBMEeCTUMOCTH.

U o

MwuHUManbHasA HENIPOTUBOPEYUBOCTh.

2.2. PeJakKTOPCKHH NaT4 OJIs1 HaYajia TOMa

B HacTos1el pegakuu 6a30Boe aKCuoMaTudecKoe siapo JoKTpu-
HBI OpraHu3yeTcs BOKPYT neHTpanbHou ocu PIX@PEAKS. ITox Peak-
CTPYKTYpPOU IIOHUMaeTCs OONYCTUMOE CEMENCTBO JIOKaIbHBIX y3-
JIOB Ha CTpaTU(PUUMPOBAHHLIX TPEKaXxX IIaKeTHOI'O0 IIPOCTPaHCTBa.
ITom PIX-nosnem MOHUMAETCSI MEXaHU3M COT'JIaCOBAHHOM CHIUBKHU U
nepeHoca peak-maHHBIX MEXKOYy COBMECTUMEIMU CJI0sIMU. Bce nans-
Henmne ypoBHU — truth, causality, geometry, physics, anthropology
u derived computable layers — paccMmaTpuBaloTCsI KaK HagCTPOU-
KU HaJ 3TUM SOPOM.

2.3. CuHxpoHu3aimMoOHHasi cxeMa TOMOB I-III

Ponb Toma I B o0mes aguauu. Tom I QuUKCHpPyeT He OTHOesIbHBIE YaCT-
HBIe 00BEKTHI, a 00t admissible domain Bcelt mocnenyiomiei JOKTPHUHEL.
HWMeHHO 30€ech 3a1al0TCH:

* mpocTpaHCTBO admissible makeTHBIX KOHGUTypaIIUy;

» strata, tracks u peak-data;



* PIX-coherence;

* obstruction-compatibility;

* truth-compatibility;

* time-orientation B akcmoMaTtuueckoi ¢popme.

[Tostomy u Tom II, m Tom III gomKHEI YMTaThCSA KakK paboTa He Ha HOBBIX
HECBSI3aHHBLIX IPOCTPAaHCTBaxX, a Ha TOM x)e caMoM admissible domain, 3a-
¢uKCUpPOBAaHHOM 3[1€Ch.

Onpegenenue 2.1 (Common admissible domain). ITod common admissible
domain 6ydem noHumams Kaacc ecex admissible koH¢uaypauutl, yoose-
meopsuwux akcuomam (P1)-(P6). 9mom kaacc cayscum obuieti 6a3ot 041:

1. truth-layer Toma II;
2. associator geometry Toma I11I;

3. subsequent contraction-dynamics Toma V.

IIpenntoxkenue 2.1 (Axiomatic compatibility of later layers). Ecau koHpu-
2ypauus npuHaoaedxcum common admissible domain, mo:

1. no akcuome truth-compatibility oHa donyckaem truth-theoretic uHmep-
npemauyur Yyepe3 admissible peak-data;

2. noakcuomam peak-admissibility u PIX-coherence oHa donyckaem associator-

theoretic uHmepnpemauurw Ha mom dxce admissible o6vekme;

3. no akcuome time-orientation oHa donyckaem dasbHeuuwee 8KJAYEeHUe
8 contraction-based duHamuueckut ca0uU.

Iokazamesavbcmeo. TIyHKT (1) ecTs IpsaMOe pa3BEPTHIBaHUE aKCHUOMEI (PD).
[TyHKT (2) cnemyet u3 Toro, 4To admissible peak-koudurypamus u admissible

PIX-cmmBKa y2Ke olpefesieHbl Ha TOM XKe 00beKTe U coxpaHsioTcs mog admissible

morphisms. I[TyHKT (3) ecTh pa3BEpThIBaHKE aKCUOMHI (P6), KOTOpasi OTKPHI-
BaeT IyTh K BHYTPEHHEMY BpeMeHHOMY MOPSAAKY U K contraction-flow. O

ITosicaueHrmne. 3Ta proposition He BBOOUT HOBYIO MaTeMaTUKYy, a GUKCUDPY-
eT gucuIUInHy Kopiyca: Tom IT u Towm III He JOI>KHEI BOCIPUHUMATHECA KakK
He3aBUCHUMbIe IIPUCTPOUKHU. OHU SABISIOTCS OBYMS PaA3/IMYHBIMUA YTEHUSIMU
OOHOT'0 M TOro ke admissible domain, 3agadHHOT0 3[1€Ch.

2.4. Quotient admissible structure

Onpenenenue 2.2 (Admissible quotient domain). ITycmus G — epynna admissible

symmetries, acting on the common admissible domain. Admissible quotient
domain onpedesasemcsa Kak gpakmop

Cadm/G’

20e C*I™ denotes the common admissible domain of Volume I.

5



Onpenenenue 2.3 (Reduced peak datum). /[s1a admissible configuration
C € ¢ gg reduced peak datum ecmw orbit-class

[Peak(C)] € /G
under the action of admissible symmetries.

IIpeanoxkenue 2.2 (Descent of admissible structure to the quotient). If
admissible symmetries preserve strata, admissible tracks, peak-data, PIX-
coherence and obstruction-compatibility, then the admissible axiomatic structure
descends from C3¥™ to the quotient C2™/@.

Iokazamesabcmeo. By assumption every admissible symmetry maps an admissible
configuration to another admissible configuration and preserves each structural
component appearing in axioms (P1)-(P6): strata, admissible tracks, peak-

data, PIX-coherence, obstruction-compatibility and truth-compatibility. Hence
these data are constant on admissible orbit-classes and therefore descend

to the quotient. H

Teopema 2.1 (Quotient admissible domain theorem). The common admissible
domain C*™ and its quotient C29™ /G form a compatible pair in the following
sense:

1. admissible configurations are represented on C2™;
2. intrinsic structural data descend to C?™/G;

3. later layers of the doctrine — truth, associator geometry and finite-
energy dynamics — may be read either on representatives or intrinsically
on quotient-classes.

Ilokazameabcmeo. The first point is tautological. The second point follows
from the previous proposition. The third point is a structural consequence:
once admissible data descend to orbit-classes, any later construction built
only from admissible invariant data can be interpreted both on representatives
and on the quotient. O

ITosicuenune. JOToT 60K genaeT pyHmameHT Toma I 6omee xkeéctkuMm. Te-
nepb admissible universe maH He TOJIBKO KaK IIPOCTPAHCTBO IIPeCTaBUTE-
Jiel, HO M KaK intrinsically meaningful quotient-domain. MmeHnHO 3Ta quotient-
¢popma notom ucnons3yercsa TomoM II gna descended truth-layer u Tomom
III gna zero-selection modulo symmetries.

2.5. Admissible control and barrier structures
Onpenenenue 2.4 (Admissible control functional). ITycmb C29™ — common
admissible domain. Admissible control functional ecmv omobpasiceHue

B Cadm — Rzo,

which is invariant under admissible symmetries and depends only on admissible
structural data.



Onpenenenue 2.5 (Quotient barrier datum). Ecau admissible control functional
B invariant under admissible symmetries, then its induced function on the
quotient

% : Cadm/G — ]RZO

is called a quotient barrier datum.

IIpennoxkenue 2.3 (Barrier descent to the admissible quotient). Every
admissible control functional descends canonically to a quotient barrier
datum on C3™ /@,

Hokazamesavbcmaeo. By admissible symmetry invariance, %8 is constant on
admissible orbit-classes. Hence it factors through the quotient by the universal
property of orbit spaces. N

Teopema 2.2 (Control-compatible quotient structure). The admissible quotient
domain C3%™ /G carries not only descended peak, truth and obstruction data,

but also anyinvariant barrier/control data built from the admissible structure.
Consequently, later no-escape or entry mechanisms may be formulated intrinsically
on the quotient.

Iokazamesavcmaso. Peak, truth and obstruction descent were established
previously. The same argument applies to admissible control functionals by
the previous proposition. Therefore all such invariant control data may be
read intrinsically on the quotient. O

ITosicHeHne. JTOT ciio¥ ycunuBaeT TowMm I emié riy6xke: quotient-domain
TeIllepb HECET He TOJIBKO CTaTu4ecKyio admissible structure, Ho u moTeHIU-
anbHBEIE control/barrier mechanisms. 3To BaxHo s Toma III, roe mocnen-
HHe remaining entry-bridges Teneps MoxHO ¢popmynupoBaTh already on the
intrinsic quotient level.

2.6. Barrier generator structures

Onpepenenue 2.6 (Admissible barrier generator). An admissible barrier
generator is an invariant functional

(X Cadm — RZO

constructed functorially from admissible data of Volume I and intended to
participate in a barrier/control combination on quotient sectors.

Onpenenenune 2.7 (Window-indexed generator family). A window-indexed
generator family is a collection

{Sp-}tp>p.

of admissible barrier generators, indexed by finite energy windows.



IIpennoxkenue 2.4 (Descent of barrier generators). Every window-indexed
admissible barrier generator family descends canonically to a quotient family

{p}pesm,
on the admissible quotient domain C2™/G.

Ilokazameabcmeo. Each &5 is invariant under admissible symmetries by
definition, hence constant on orbit-classes and therefore factors through
the quotient. [

Teopema 2.3 (Axiomatic availability of quotient barrier generators). Within
the admissible architecture of Volume I, every invariant control mechanism
built from admissible data admits a quotient-level realization. Consequently,
later barrier families in Volume III may be sought not on representatives,
but directly as quotient barrier generators.

Ilokazameavcmeo. This is an immediate consequence of the descent proposition
for each member of the generator family. O

ITosicuenune. JDTOT OJIOK fejlaeT miar emie rinyoxe: ternepb B Tome I ¢op-
MaJn30BaH He TOJIBKO CIIYCK T'OTOBBIX OapbepoB, HO U CIIYCK 2eHepamopos
6apvepos. ITO 0O3HAYAET, YTO MOCJIeOHsISI OCTaBIascsa npobiema Toma III
MOXKeT OBITh ITOCTaB/IeHa y2Ke B aKCMOMaTU4YeCKM KOHTPOJIUPyeMol popmMe:
He “cylnecTByeT Jiu 6apbep”, a “Kakou admissible generator produces it on
the quotient”.

2.7. Barrier synthesis structures

Onpenenenue 2.8 (Admissible synthesis operator). An admissible synthesis
operator is a rule
GE (A, @E*) — B

which assigns to the energy functional and to a window-indexed admissible
barrier generator a synthesized control functional on the admissible domain.

Onpenenenune 2.9 (Quotient-compatible synthesis). A synthesis operator
S is called quotient-compatible if for every admissible symmetry g € G and
every admissible configuration C,

B (g C) = BI(C).
Equivalently, synthesized barriers descend canonically to the quotient.

IIpennoxkenue 2.5 (Synthesis descent principle). Every quotient-compatible
synthesis operator produces a quotient synthesized family

(B pesn,

on C34m /G,



Ilokazameabcmeo. By quotient-compatibility the synthesized functional is
invariant under admissible symmetries, hence factors through the quotient
for each finite window. O

Teopema 2.4 (Axiomatic availability of barrier synthesis). Within the admissible
architecture of Volume I, the passage

generator family = synthesized quotient barrier family

is mathematically meaningful whenever a quotient-compatible synthesis
operator is specified. Therefore later global selection mechanisms may be
sought at the level of synthesized quotient barriers rather than unsynthesized
ad hoc controls.

Ioxazamesabcmso. Generators descend by the previous layer. Synthesized
barriers descend by the synthesis descent principle. Hence the entire synthesis
scheme lives intrinsically on the quotient admissible domain. O

ITosicHeHne. JDTO emlé oouH Iar B rnyouny. Temeps Tom I ¢popmanu3y-
eT He TOJIBKO generators, HO u synthesis: Teopus OOIIyCKaeT IIOCTaHOBKY
BOIIpOCAa yKe He “Kakou Oaprep B3ATH”, a “KakuM admissible operator’om
CUHTEe3UpPOoBaTh Oapbep U3 9HepTruu u generator family”.

2.8. Canonical generator ingredients

Onpenenenue 2.10 (Peak dispersion measure). Let C € C29™, A peak dispersion
measure is an invariant functional

@pk(O) 6 RZO

constructed from admissible peak-data and intended to measure how far the
current peak configuration is from an internally synchronized peak-regime.

Onpegenenue 2.11 (Truth tension measure). A truth tension measure is
an invariant functional
D7(C) € Rxo

measuring the residual mismatch between admissible peak-data and its
descended truth-compatible organization.

Onpepenenue 2.12 (Obstruction slack measure). An obstruction slack measure
is an invariant functional
@(/)B (C) - RZO

measuring the residual obstruction-compatible slack of the configuration.

Onpenenenue 2.13 (Canonical generator prototype). A canonical generator
prototype is any invariant linear combination

& (C) == a(E") Dpk(C) + B(E") D7(C) +v(E") Do, (C),
with nonnegative coefficients
a(E"), B(E"),~(E") =0,

not all zero.



IIpennoxkenue 2.6 (Canonical generators are admissible barrier generators).
Every canonical generator prototype is an admissible barrier generator in
the sense of the previous section.

Hokasamesavcmeo. Each ingredient D, D7, D0, is assumed to be invariant
under admissible symmetries and built functorially from admissible data.
Any nonnegative linear combination of such ingredients retains these properties.
Hence ®%" is an admissible barrier generator. O

Teopema 2.5 (Canonical generator availability theorem). If the admissible
architecture of Volume I carries invariant peak-dispersion, truth-tension
and obstruction-slack measures, then for every finite energy window there
exists a canonical generator prototype on the admissible quotient domain.

Ilokazameabcmeo. By the previous proposition each prototype is an admissible
barrier generator. By descent of barrier generators, it induces a quotient
barrier generator on C24™/G. O

ITosicHeHHne. JDTOT OJIOK eIé cuinbHee CTPyKTypupyet Tom I. Temnmeps mo-
cnenHsas npobieMa GopMyIUPYyeTCs He TOIBKO Kak IouckK abstract generator
family, but as selection of canonical coefficients in a prototype assembled
from three natural ingredients: peak dispersion, truth tension and obstruction
slack.

2.9. Coupled control vector and spectral control
profiles

Onpenenenue 2.14 (Canonical control vector). The canonical control vector
on the admissible domain is

ka(C)
D)= [ D7(0) | e RS,
903<C>

Onpepenenune 2.15 (Admissible coupling matrix family). A window-indexed
admissible coupling matrix family is a family of real 3 x 3 matrices

M(E*), E*>E,

interpreted as coupling profiles governing differential control of the canonical
control vector on finite energy windows.

Onpenenenue 2.16 (Positive left spectral data). We say that M (E*) admits
positive left spectral data if there exist

w(E*) € R2,, AME*) >0,

such that
M(E*) w(E*) > \(E*) w(E")

componentwise.

10



IIpenmtoxkenue 2.7 (Quotient descent of the control vector). Since each
component of D(C) is invariant under admissible symmetries, the canonical
control vector descends to a quotient-valued control vector on C3™/@.

Ilokazameavcmeo. Each component is already assumed invariant under admissible
symmetries. Therefore each factors through the quotient, and hence so does
the whole vector. O

TeopeMma 2.6 (Spectral control profile availability theorem). If an admissible
coupling matrix family M(E*) with positive left spectral data is specified,
then the quotient admissible domain carries a canonical spectral control

profile o
(D, M(E"), w(E"), \(E"))

on every finite energy window.

Ilokazameabcmeo. The quotient control vector exists by the previous proposition.
The remaining objects M (E*), w(E*), \(E*) are numerical window data. Therefore
the whole spectral control profile is well defined on the quotient admissible
domain. O

IlosicHeHnne. OJOTOT CJIOM AejlaeT LIar K peajibHOU OOKa3aTeIbHOU T'eHe-
panu 6aprepoB. Ternmeps BMECTO HeompeaeneHHoro “mombopa Koaghhuim-
eHTOB” theory can ask for positive left spectral data of a coupling matrix
controlling the canonical vector D. IMeHHO 13 9TOT0 M033Ke OyaeT u3Bie-
YE€H KaHOHUYECKUM CUHTEe3 ODaphepa.

2.10. Admissible reper structures and )-truth
seeds

Onpenenenue 2.17 (Admissible reper datum). An admissible reper datum
IS an invariant assignment
R(C)eR

from the common admissible domain to a fixed reper space R, constructed
functorially from admissible peak, truth and obstruction data.

Onpenenenne 2.18 (\-truth seed). A M\-truth seed is an invariant functional
AO : Cadm — RZO

intended to measure the preliminary truth-intensity of an admissible configuration
before asymptotic selection.

Onpenenenune 2.19 (Predictive admissible seed). The pair
(R(C), 10(C))

is called the predictive admissible seed of the configuration C.

11



IIpennoxkenue 2.8 (Descent of reper and A-truth seeds). If the admissible
reper datum and the \-truth seed are invariant under admissible symmetries,
then both descend canonically to the quotient admissible domain:

R:CM /G SR, Ny:CR/G = Rsy.

Iokazamesabcmaeo. Both maps are constant on admissible orbit-classes by
invariance, hence factor through the quotient. O

TeopeMma 2.7 (Axiomatic availability of predictive seed data). Within the
admissible architecture of Volume I, reper data and M-truth seed data may be
incorporated into the quotient admissible structure. Therefore the predictive
layer of the doctrine can be posed intrinsically already at the axiomatic
level.

Iokazamesavcmso. Peak, truth, obstruction and control data already descend
to the quotient. By the previous proposition the same is true for reper
data and M-truth seeds. Hence the predictive seed data are available on
the quotient admissible domain. ]

ITosicHenne. JTOoT O6JIOK BBOOUT IeJIeBOM S3LIK ITpoeKTa: admissible universe
now carries not only structural and control data, but also the primitive
objects of the future predictive method — repers and A-truth seeds. Tem
cameIM Lienib KLT 2 HauvHaeT BXOOUTH B MaTeMaTUKy He KaK BHEIIHASI MO-
THBaILU, & KaK BHYTPEHHUU CJIOU CTPYKTYPHL.

2.11. Predictive defect vector and reper-) structural
dissipation

Onpenenenue 2.20 (Reper transition defect). A reper transition defect is
an invariant functional
@R(C) S RZO

measuring the residual incompatibility between the current admissible reper
datum and its asymptotically rigid zero-reper organization.

Onpenenenune 2.21 (\-consistency defect). A A-consistency defect is an
invariant functional
@A(C) S Rzo

measuring the residual mismatch between the current \-truth seed and its
asymptotic rigid zero-sector value.

Onpenenenue 2.22 (Predictive defect vector). The predictive defect vector
is the quotient-compatible vector



Onpenenenune 2.23 (Structural dissipativity profile). A window-indexed
structural dissipativity profile is a family of matrices

AEY),  E*>E,

intended to govern differential decay of the predictive defect vector on finite
energy windows.

IIpenntoxenue 2.9 (Quotient descent of the predictive defect vector). If
Dr,Da, D7 are invariant under admissible symmetries, then the predictive
defect vector descends canonically to the admissible quotient domain.

Ilokazameabcmeo. Each component is constant on admissible orbit-classes.
Hence the vector-valued map factors through the quotient. N

Teopema 2.8 (Axiomatic availability of predictive dissipative data). Within
the admissible architecture of Volume I, the quotient admissible domain
carries not only predictive seed data but also predictive defect data

(P, A(E")).

Consequently, later predictive selection may be reduced to a structural
dissipativity problem for the reper-\ defect channels.

ILlokazameavcmeo. The quotient predictive defect vector exists by the previous
proposition. The matrices A(E*) are window data. Therefore the pair (P, A(E*))
is available on the quotient admissible domain. O

ITosicHeHHMe. JDTOT CJIOM fejlaeT elle OOWH IIar K I[eJIeBOM MaTeMaTHKe
KLT 2. Teneps predictive method can be formulated through a defect vector
whose channels correspond to repers, M-truth and truth-stability itself. Cie-
OVIOUIXUM IIIar COCTOUT B TOM, YTOOBI 3aCTaBUTh 3TOT BEKTOP YAOBIETBOPSATH
CTPYKTYPHOHU OMCCUIAaTUBHOCTH.

2.12. Internal geometry of admissible repers

Onpenenenune 2.24 (Reper metric package). An admissible reper metric
package consists of:

1. a quotient-compatible reper space R,

2. for each admissible configuration C, a positive semidefinite quadratic
form

gr.c

on the local tangent model of reper variations,

3. an invariant notion of reper transport along admissible trajectories.

13



Onpenenenune 2.25 (Reper transport dissipation form). A reper transport
dissipation form is an invariant quadratic functional

Or(C) € Rxg

measuring the local dissipative cost of transporting the reper datum toward
its rigid zero-sector representative.

Onpenenenue 2.26 (\-reper coupling tensor). A A\-reper coupling tensor is
an invariant bilinear coupling rule

Kar(C)

encoding how deviations in the A-truth channel and in the reper channel
influence one another.

Onpenenenue 2.27 (Reper-geometric control package). The tuple

(DR, Da, D7, 9%, Qr, Kar)

is called a reper-geometric control package if all its components are invariant
under admissible symmetries and descend to the quotient admissible domain.

IIpennoxkenue 2.10 (Quotient descent of reper-geometric control packages).
Everyreper-geometric control package descends canonically to the quotient
admissible domain C3%™ /@,

Ilokazameabcmeo. Each component is assumed invariant under admissible
symmetries. Therefore each factors through the quotient, and hence so does
the whole package. O

TeopeMma 2.9 (Axiomatic availability of reper geometry). If the admissible
architecture of Volume I carries a reper-geometric control package, then
later predictive dissipation theory may be posed intrinsically on the quotient
sector in terms of reper transport dissipation and \-reper coupling.

Lokazameabcmaeo. By the previous proposition the whole reper-geometric
control package descends to the quotient admissible domain. Hence all
later arguments using these data can be formulated intrinsically on quotient
classes. O

ITosicuenune. JOTOT OJIOK [ejlaeT CIEeOyIOIIuU IIar K Impenesny. Temeps pe-
Iephl BCTPpanuBalOTCA He TOJIBKO KaK CTaTU4YeCKUe JaHHbIe, HO KaK HOCUTEJU
CcOOCTBEHHOM BHYTPEHHEMN Ir'eOMEeTPUH U OUCCUITTaTUBHOCTHU. IMEeHHO U3 3ToM
CTPYKTYPHI 3aT€M MOXKHO IBITaThbCA BeIBeCcTH predictive differential control
instead of postulating it.

14



2.13. Dominance-ready reper coefficient packages

Onpegenenue 2.28 (Window coefficient package). Fora finite energy window
[E., E*], a window coefficient package is a collection of nonnegative coefficients

aR(E*)? aA(E*)7 CLT(E*), bl](E*) Z 07 27&]7 27.7 S {R7A>T}7

interpreted as diagonal damping and cross-channel coupling data for the
predictive defect channels.

Onpenenenne 2.29 (Dominance-ready package). A window coefficient package
is called dominance-ready if the strict inequalities

ar(E") > bra(E") + br7(E7),

ar(E”) > bar(E") + bar(E"),

ar(E") > brr(E") + bra(E")
hold.

Onpenenenune 2.30 (Associated control matrix). The associated control
matrix of a window coefficient package is

ar  —bra —brT
A(E*) = _bAR aa _bAT .
—brr  —bra  ar

IIpennoxkenue 2.11 (Dominance-ready packages descend intrinsically). If
the window coefficient package is built functorially from admissible reper-
geometric data, then its associated control matrix is an intrinsic quotient
object on each finite energy window.

Ilokazameavcmeo. The coefficients are scalar window data extracted from
invariant reper-geometric control data. Hence they are independent of the
choice of admissible representative and define the same control matrix on
the quotient sector. O

Teopema 2.10 (Axiomatic availability of dominance-ready control data). If
the admissible architecture of Volume I carries a reper-geometric control
package and a dominance-ready window coefficient package on each finite
energy window, then the synchronized theory has access to a canonical
family of quotient control matrices prepared for strict dominance arguments.

Ilokazameavcmeo. The reper-geometric control package descends to the
quotient by the previous layer. The dominance-ready coefficient package
determines the associated control matrix on each finite window by the preceding
proposition. Therefore the quotient theory carries a canonical family of
dominance-ready control matrices. O

ITosicHenne. OTOT OJIOK fenaeT GUHAIbHBIA MOCT 00Jjiee TPOBEPSIEMBIM.
BmecTo ob6miero TpeboBaHus “strict dominance” Teopust Teneps GUKCUPYyET
KoHKpeTHHIN TUl coefficient package, whose row-wise diagonal dominance
can later be checked directly. 9To mar ot abCcTpakKTHOM CXeMBI K KOHTPOJIH-
pyeMoMy KPUTEPUIO.
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2.14. Canonical construction of dominance-ready
coefficient packages

Onpenenenue 2.31 (Reper damping bounds). For a finite energy window
[E., E*], reper damping bounds are positive quantities

or(E"),  oa(E"),  or(E")

extracted from the reper-geometric control package and interpreted as intrinsic
lower bounds for dissipation in the reper, A\-truth and truth-stability channels.

Onpenenenue 2.32 (Cross-channel transfer bounds). For i # j, a cross-
channel transfer bound
’fij(E*) Z 0

is an upper bound on the influence of defect channel j on the differential
evolution of defect channel i inside the finite energy window.

Onpegenenue 2.33 (Canonical dominance margin). The canonical dominance
margin of the i-th channel is

mi(E") == 6i(E") = Y kij(E").
i
The window is called canonically dominant if
mi(E*) >0  foreveryic {R,A\, T}

Onpenenenue 2.34 (Canonical coefficient package). On a canonically dominant
finite energy window define

CLZ(E*) = 5Z(E*), bZJ<E*) = IQZJ(E*)
This package is called the canonical reper-geometric coefficient package.

IIpennoxkenue 2.12 (Canonical dominance implies dominance-ready package).
If a finite energy window is canonically dominant, then the canonical reper-
geometric coefficient package is dominance-ready.

Lokazamesabcmeo. By definition,
mi(E*) = 6i(E*) = Y kij(E*) > 0.
i
SUbStituting a; = 9; and bij = Kij, W€ obtain
j#i

for every channel i. This is precisely the dominance-ready condition. H
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Teopema 2.11 (Canonical coefficient construction theorem). If the internal
reper geometry supplies reper damping bounds and cross-channel transfer
bounds with positive canonical dominance margins on every finite energy
window, then the synchronized theory carries a window-indexed family of
dominance-ready reper-geometric coefficient packages.

Ilokazamesabcmeo. On each finite window define the coefficient package by
a; = (Si, bij = Rij-

Positive canonical dominance margins imply dominance-ready inequalities
by the previous proposition. Hence these packages form the required window-
indexed family. [

ITosicHenne. OTOT GJIOK [ejlaeT KOHCTPYKLMUIO NPaKTUYECKU IIpOBepsie-
moii. Teneps dominance-ready package is not simply assumed: it is produced
from damping bounds and cross-channel transfer bounds. The remaining
mathematical task becomes the estimation of these intrinsic quantities from
reper geometry.

2.15. ba3oBbIe onpeneIeHUus1

Onpenenenue 2.35 ([TaketHas KoHpurypamus). ITakemHol KoHepuz2ypa-
uueu Hasvleaemcs nAMepka

<P7 F7 {Es}sel"u Peak7 H)a

20e P — 6a3os80e nakemHoe npocmpaHcmeo, I' — cmpamuguuuposaHHbIll
uHoekc, L, — cemelcmso donycmumbix mpekos Ha caoe s, Peak — peak-
OaHHble Ha mpekax, a Il — donycmumas cxema mMedHcCA0UHOU CWUBKU.

Onpenenenue 2.36 (Peak-xkorndurypanus). [Iaa Kaxodozo s € I'u L € L,
MHodcecmao Peak(L) C L Ha3vieaemca mHodcecmaom admissible nukos Ha
L. CogoKynHoCcmb 8cex makux MHoJcecma Ha3vieaemcs peak-koHnguzypauueti.

Onpenenenne 2.37 (PIX-nmone). IToo PIX-noaem noHumaemcsa cemeucmaeo
omobpadiceHull uau coomsemcmautl

II;, : Peak, ~~ Peak;,

3a0aHHbIX 0418 coBMecmuMblx ca0€8 s,t € I' u y0osnemeopsaru,ux akcuo-
Mam donycmumocmu, COBMeCmuMoCmu CoO Cmpamamu U c02/1aco8aHHOCMU
c obstruction-layer.

2.16. AKkcmHoMBbI PIX@PEAKS

(P1) Layered existence. [I1 KaXXgoro s € I' ceMelCTBO TPEKOB L, HEILy-
CTO.
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(P2) Local peak admissibility. [1ns kaxxporo L € £, MmEOX)keCTBO Peak(L)
60 MyCcTo, T00 JTOKAIhbHO KOHEYHO.

(P3) PIX-coherence. ][55I COBMECTUMBIX CJIOEB s,t 0OTOOpaxeHus Il , mepe-
BoasaT admissible peaks B admissible peaks.

(P4) Obstruction compatibility. Bcskas admissible PIX-cimuBka gonxkHa
OBITH COBMECTHMaA C TJI00aIbHEIM IIpensaTcTBueM Op.

(P5) Truth compatibility. [JonycTuMas HICTUHHOCTHAas MHTEPIPETaLUs JOIXK-
Ha pakTopu3oBaThCs depe3 admissible peak-koudurypammn.

(P6) Time orientation. [JomycTuMasi 3BOIIOIUS OIIPEOEIsi€eTCS BHYTPEH-
HUM contraction-npuHIIUIIOM U He TpeOyeT BHEIITHEero BpeMeH! KakK I1ep-
BUYHOTO MapaMeTpa.

2.17. IlepBble 1eMMBbI aAKCUOMAaTHYECKOI' O CJI051

JIemMa 2.1 (JIokanbHast KOHeYHOCTh admissible nukoB). Ecau 045 Kaxcoo-
20 mpeka L peak-mHOdcecmaeo 3a0aémcs Kak MHOM#Cecmeo KpumuuyecKux
V3108 10KA/1bHO KOIPUUMUBHO20 pyHKUUOHAAA Ha L, mo Peak(L) ns0kaavHO
KOHEeYHO.

IHokazameabcmeo. Ha BCAIKOM KOMIaKTHOM KYCKe TpeKa [ KOSPLUTHUBHEIN
(pyHKIIMOHATT UMeEeT JIUIbL KOHEYHOE YMCJIO U30JIMPOBAHHBIX KPUTHUYECKUX
y3110B. CriemoBaTebHO, epecedeHue Peak(L) ¢ 1100bIM KOMIIaKTHBIM Y4acCT-
KOM KOHEYHO. JTO U JaeT JIOKaJIbHYI0 KOHEYHOCTh. O

JIlemMma 2.2 (Coxpanenue admissibility mog PIX-cmuskou). ITycme 11, —
admissible PIX-cwuska. To20a obpa3 arwboll admissible nokanvHou peak-
KoH¢uz2ypauuu Ha caoe s aeasemcsa admissible peak-koHguaypauuet Ha
csoe t.

Ilokazamesabcmeo. Ito Bxogut B akcuomy (P3): admissible PIX-cimBKa co-
XpaHsieT OOIIyCTUMOCTDL peak-maHHBIX U HEe MOXKET IlepeBonuTh admissible
peak B HE[IOIIyCTUMBIN y3€7l. O

2.18. IlepBoe proposition-siapo

IIpennoxenue 2.13 (MuHuManbHasA BHYTPEHHSS COTJIaCOBaHHOCTH). Ec-
AU 8binoaHeHbl akcuombl (P1)-(P4), mo kamezopus aA0KaabHbiX admissible
peak-0aHHbIX 3aMKHYmMa omHOCcume/1bHO Komno3uuuu coemecmumbix PIX-
CWUBOK.

Hokaszamesavcmeo. Ilycte 1I,; u 1I;, — OBe coBMecTuMble admissible PIX-
cmmBKU. [To meMMe o coxpaHeHuu admissibility mepBast nepeBogut admissible
KoH(puUrypaimm Ha s B admissible koudurypamuu Ha ¢, a BTopass — C t Ha u.
CnepoBaTtenbHO, KoMmno3uuus 11, , oIl , CHoBa nnepeBoguT admissible koudu-
rypaumuu B admissible koudurypamnuu. 3aMKHYTOCTh IOJIy4Y€eHa. O
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Teopema 2.12 (TeopemMa MUHUMAaIbHOU HEIIPOTHUBOPEYUBOCTH). Ecau cy-
wecmayem xoms: 6bl 00UH ca0U sy € I', xomsa 66l 00uUH mpek Ly € L,, U Xoms
6l o0uH admissible nuk p, € Peak(L,), a cucmema PIX-cwuegok yoossiemeo-
psaem (P3)-(P4), mo akcuomamuueckoe a0po donyckaem Hempueud/bHYH
/I0KANbHYI0 MOOeb.

Ilokazamesabcmaeo. BepéM MogKaTeropuio, COCTOSIIYIO TOIBKO U3 CJIOS Sg,
TpeKa Ly, ero admissible peak-MmHOXecTBa u ToxkgecTBeHHOU PIX-cmimBKu
Ha 3ToM cjioe. Bce akcuomnl (P1)-(P4) Ha TakOM IOOKOPHIyCEe BHIIIOJIHEHEI
aBTOMaTudecku. CremoBaTebHO, CYIIEeCTBYEeT HETPHUBUAJIbHASA JIOKaJIbHAs
MOJ€eJb. [

3ameuanue 2.1. Teopema MUHUMAAbLHOU Henpomusopevdusocmu noka oa-
€m Mo/1bKo 10KA/AbHYI0 Mooeb. [Iepexold kK 2106a1bHOU Modeau IIoOKMpuHbl
mpebyem omoeabHol obstruction-theory u gluing-theory, komopbvie 8viHe-
ceHbl 8 Tom 1V.
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Yacts 111

Towm II. Projective truth and
logical admissibility
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I''maBsa 3

Projective truth and logical
admissibility

3.1. CTpyKTypa TOMa

1. IIpOEKTHUBHBIM KPUTEPUU UCTUHHEIL.
Cross-ratio cmou.
Correspondence truth-peak.

PIX-coBMecTuMast UCTUHHOCTD.

o & W N

WMHBapuaHTHOCTh UCTUHHI IIPU JOIIYCTUMBIX MOpdU3Max.

3.2. PedakKTOpCKHH IIaT4 OJIsA Hadala TOMa

[IpOEeKTUBHEBEINM KPUTEPUU UCTUHHL B HOBOU pPeJaKLUy He CUuTaeT-

Csl BHEIIIHEM JIOTUYECKOM HaANuChIo Hag reomeTrpuer. OH OOIKeH
OBITH PEKOHCTPYUPOBAH 13 motycTuMbIX PIX@PEAKS-koHpUTrypaIui.
TeMm cambeiM truth-layer cTaHOBUTCS HE COCEOHUM, a IIPOU3BOOHBIM

oT peak-reometpun 1 PIX-CIIMBKYM CIIOEM.

3.3. Cuaxponuzanusa ¢ Tomamu I u 111

Ponb Toma Il B 00mies muauu. Ecnu ToMm I pukcupyet admissible domain,
a Towm III ctpout associator geometry Ha sTom domain, To Tom Il monxen
IMoKa3aTh, 4To truth-layer Takke XKHUBET Ha TOM K€ IPOCTPAaHCTBE U COBMeE-
cTtuM c quotient by admissible symmetries.

Onpenenenue 3.1 (Admissible truth domain). ITod admissible truth domain
noHumaemcs admissible subclass npocmpaHcmea peak-koH¢puzypayuti, coming
from the common admissible domain of Volume I and admitting realization
map

0:—T.

21



IIpennoxkenue 3.1 (Truth descends modulo admissible symmetries). ITycmb
G — epynna admissible symmetries, acting on admissible peak-configurations.
Ecau C u C' npuHadaescam o0Homy orbit-class modulo admissible symmetries,
mo

o(C) =0(C").

CaedosamenvHo, truth-layer descends to the quotient
0:/G-T.

Ioxkazamesavcmeo. Ecnu C’' nonydeHa u3 C' admissible symmetry morphism,

To 110 already established invariance lemma truth-state coxpausiercs. ITo-

aToMy O constant on admissible orbits and hence factors through the quotient.
[

Ilosicaenune. OTOT 1ar KputudeH s cBsa3u ¢ TomoMm III. ITocne Hero
truth-layer MoXHO cpaBHUBaTh He C OTOEIbHBIMU representatives admissible
KoH(purypaiui, a ¢ ux orbit-classes modulo symmetries. UMeHHO Ha TaKux
reduced classes 3aTeMm paboTtaeT local rigidity u zero-stratum theory Toma
I1I.

3.4. Truth-Peak correspondence

Onpepenenue 3.2 (Truth-layer). IToo truth-layer noHumaemcs npocmpat-
cmeo T donycmumMblX UCMUHHOCMHbIX COCMOAHUU 8mecme ¢ omobpadice-
HueM peaau3ayuu

0:—T,

20e — kaacc admissible peak-kKoHpuaypauutl.
Onpengenenue 3.3 (PIX-coBmMecTuMasi UCTUHHOCTL). MMICMuUHHOCMHOE CO-
cmosHue T € T Ha3vlieaemcA PIX-coBMeCTUMEIM, ecu cyuiecmsyem admissible

peak-koH¢uezypayus C €, makasa uymo ©(C) = 1, a 8ce aokaavHbvle data C cos-
Mmecmumbl ¢ PIX-cwuskamu u obstruction-discipline.

3.5. Cross-ratio Kak IpoOMezKyTOYHBIH CJIOH

[TpOeKTUBHBINM MHBApPUAHT [AOJI2KEH BXOOWUTh HE HANPSIMYI0 B UCTHHY, a
yepe3 admissibility-cxemy:

eak admissibilit;
(A,B;C,D) 2 ¥

o(C).

IIpenmoxenue 3.2 (Truth peanusdyetrcs yepe3 admissible peak-data). Ec-
au truth-state + € T aeaaemcsa PIX-coemecmumbiM, MO 7 peaau3yemcs
yepe3 admissible peak-koH¢uz2ypauyuro u, caedosamenvHo, He s18/151emcs
8HewHel Haonucwvio Haod 2eomempuell.
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Lokazameavcmeo. Ilo onpenenenuio PIX-coBMeCTUMOM UCTUHHOCTHU CYyliie-
ctByeT admissible peak-xkoudurypanus C, giasg koropou ©(C) = 7. CriemoBa-
TEbHO, T peanu3yeTCcs BHYTPU reOMeTPUHU peak-TaHHBIX. O

JIemma 3.1 (MuBapuaHTHOCTh UCTUHH npu admissible PIX-mopdusmax).
ITycmob f : C — C' — admissible mopgu3m peak-KoHpuaypauuill, COXPaHsi-
rowut cross-ratio-kaacc. To20a

Ilokazamesabcmaeo. Tak Kak f coxpaHsgeT admissibility u mpoeKTuBHBIN HUH-
BapuaHT, truth-state, mocTpoeHHEBI Yepe3 O, He U3MeEHAETCs. B IpoTUBHOM
cllydae © 3aBuceJio OBl He OT IIPOEKTUBHOTO KJjlacca, a OT BHEUIHEU Ipef-
CTaBUMOCTH, YTO IIPOTUBOPEYUT IIPUHATHIM axioms truth-layer. O

Teopema 3.1 (Teopema peanusallMOHHON UCTUHHOCTH). [Jonycmumoe uc-
MUHHOCMHOEe COCMOsIHUe 803HUKAem moz20d u mo/abKo moz2da, Koz20a Cy-
wecmasyem PIX-coemecmumas admissible peak-koHpuaypauus, peasusyro-
w,asi 3mo cocmosiHue.

Iokazamesabcmaeo. Heob6xoouMoCTh BKIIOUEeHa B onpepenenue PIX-coBMecTumMon
UCTUHHOCTH. [I7151 mocTaTOYHOCTU OepéeéM mo0yio admissible peak-korpurypaiuio
C, peanusyomy!o truth-state 7. Torga 7 = ©(C'), a 3HAYUT T NIPUHAAJIEKUT
admissible truth-layer. OkxBuBaieHTHOCTH JOKa3aHa. O

CnencrBue 3.1 (HeBo3MOXKHOCTE BHeIlIHeM UCTUHEBI). Ecau truth-state He
peaaudyemcsa Hukakou admissible peak-koHpuz2ypayuetu, mo OH He npuHao-
nedcum donycmumomy truth-layer JlokmpuHbol.

Llokazameabcmao. ITO HEIOCPEOCTBEHHOE OTPUILlaHUE NPEOBIAyIlel Teo-
PEMEI. 0

3ameuanue 3.1. Caedyrouwuli maxcéavilli was cocmoum 8 mom, 4mobul
cssa3amo truth-layer He moavko ¢ cywecmeosaHuem admissible peak-koHpuz2ypauuu,
HO U C eé e0UHCMBEeHHOCMbK C MOYHOCMbIO 00 admissible PIX-mopgusmos.

3.6. Bridge to finite-energy dynamics of Volume
IT1

CmMmbIica 3TOrO0 padgena. Ilocne cuaxpoHuzanuu TomoB I-III truth-layer
OOJI2KeH OLITH COBMECTUM He TOJILKO ¢ admissible morphisms, Ho u ¢ asymptotic
selection theory Toma III. [ToaToMy HEOOXOAMMO SIBHO 3a(pUKCHUPOBATH, YTO
descended truth-state survives passage to rigid zero-classes and to their
asymptotic limits.

Onpenenenue 3.4 (Asymptotic truth state). I[ITycmu reduced gradient trajectory
C(t) on the common admissible domain converges modulo admissible symmetries
to a class

Z.) € Z/G.
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To20a acumniToTudeckuMm truth-state mpaekmopuu Hasvieaemcs 3HaueHue
Too(C) = @([ZOOD7
20e © — descended truth-layer on the quotient by admissible symmetries.

IIpennoxkenue 3.3 (Well-definedness of the asymptotic truth state). Ecau
0sa admissible representatives of the same asymptotic limit class [Z..] € Z /G
are chosen, then they define one and the same asymptotic truth-state.

Lokazameabcmao. By the quotient-descent proposition already established
in this volume, truth-layer is constant on admissible orbit-classes. Therefore
©([Z]) does not depend on the chosen representative. O

IIpennoxkenue 3.4 (Truth stabilization on locally rigid zero-strata). ITycmuo
Z/G is a locally rigid zero-stratum in the sense of Volume III, and let C(t) be
an admissible reduced gradient trajectory converging modulo admissible
symmetries to some class [Z,,] € Z/G. Then the asymptotic truth-state

Toe(C) = O([Z])

is locally stable under sufficiently small zero-layer perturbations of the limiting
class.

Iokazameabcmaeo. By the truth-rigidity theorem of Volume III, sufficiently
small zero-layer deformations inside a locally rigid zero-class do not change
the descended truth-state. Hence the limit truth-state is locally stable. [

ITosicuenune. OTOT O/IOK 3aBeplllaeT BHYTPeHHIOI paboty Toma II: truth-
layer now not only factors through admissible symmetries, but is also compatible
with the asymptotic zero-class selected by the finite-energy dynamics of
Volume III.

3.7. Truth-selection layer on the quotient sector

Onpepenenue 3.5 (Finite-energy quotient sector). ITycms K C ¢29™ — admissible
connected component. Its finite-energy quotient sector is the subset

(Kto/G) = {[C] € K/G | A(C) < o0}

Onpenenenune 3.6 (Truth-selection map). Suppose the hypotheses of the
asymptotic truth-state construction hold. The truth-selection map is the
assignment

To 1 Ko /G — T, T ([Co]) := Too(Ch),

where T,.(Cy) is the asymptotic truth-state determined by the limiting zero-
class selected by the Volume III dynamics.

IIpeognoxenue 3.5 (Well-definedness of the truth-selection map). If two
admissible initial data C, and C{ belong to the same class in K¢ /G, then

Too([Co]) = T ([C))-
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Hokazamesavcmeo. By admissible symmetry invariance, ¢, and Cj induce
the same reduced trajectory class modulo symmetries and therefore select
the same asymptotic zero-class in the quotient. Since the descended truth-
layer is constant on quotient classes, the asymptotic truth-state coincides.

O

Teopema 3.2 (Local constancy of truth-selection on rigid zero-sectors).
Assume that finite-energy dynamics of Volume III selects limits in a locally
rigid zero-stratum Z/G. Then the truth-selection map ¥, is locally constant
on finite-energy quotient classes whose asymptotic limits stay inside one
locally rigid truth-stable component of Z/G.

Ilokazameavbcmeo. By the truth-stabilization proposition above, sufficiently
small perturbations of a locally rigid zero-class do not change the descended
truth-state. Therefore all finite-energy initial classes asymptotically selecting
nearby classes inside the same rigid truth-stable component have the same
image under T.. O

ITosicuenune. JTOT 010K mogHuMaeT ToMm II oT ctatTuyeckow truth-theory
K asymptotic quotient-truth theory. Truth now not only descends to the
quotient, butis organized by finite-energy asymptotic selection and therefore
becomes part of the final output of the synchronized Volumes I-III.

3.8. Truth compatibility with barrier-controlled
sectors

Onpenenenune 3.7 (Truth-compatible barrier sector). Let B be a quotient
barrier datum on C2™/G. A sector

S ccdm/g

is called truth-compatible barrier sector if the descended truth-layer © is
locally constant on rigid zero-classes selected from S.

IIpennoxkenue 3.6 (Barrier-controlled truth constancy). Suppose a quotient
barrier datum B organizes a family of admissible trajectories into a sector
S whose asymptotic limits lie in one locally rigid truth-stable component of
Z/G. Then the truth-selection map

T :S—=T
is locally constant.

Hokazamesavcmso. All trajectories in S converge to zero-classes inside the
same locally rigid truth-stable component. By local constancy of truth-selection
on rigid zero-sectors, their asymptotic truth-states are locally constant on
S. O
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ITosicHeHnHue. OJTOT OJIOK HYXX€H IJid TTy00KOM CHUHXPOHHU3aluuu ¢ TomMoMm
III: ecnu later no-escape/barrier structures isolate a sector of admissible
quotient dynamics, then truth-layer remains stable on the asymptotic zero-
regimes selected inside that sector.

3.9. Truth compatibility of barrier generators

Onpepenenune 3.8 (Truth-compatible generator family). A quotient barrier
generator family -
{&ptpe>E.

is called truth-compatible if the barrier-controlled sectors it generates asymptotically
select zero-classes contained in locally rigid truth-stable components of
Z/G.

IIpennoxkenue 3.7 (Truth stability under generator-controlled selection).
Assume a truth-compatible generator family controls a quotient sector of
finite-energy trajectories and asymptotically selects zero-classes in one rigid
truth-stable component of Z/G. Then the corresponding truth-selection map
is locally constant on that generator-controlled sector.

Lokazameabvcmeo. By definition of truth-compatible generator family, all
asymptotic zero-classes lie in one rigid truth-stable component. By local
constancy of truth-selection on rigid zero-sectors, the asymptotic truth-state
is locally constant there. O

ITosicuenne. 3JTOT 0JI0K cuHXpoHU3UpyeT ToMm Il ¢ HOBEIM yrnybneHueM
Toma I: Terneps He TOJIBKO T'OTOBBIE barrier sectors, HO u camu generator
families can be tested for truth-compatibility. 9To ycunusaet nuuuio I-II1
oo ypoBHs, rae truth-selection yxke 3apaHee BCTpoeH B barrier-generation
mechanism.

3.10. Truth-compatible synthesis layer

Onpepenenune 3.9 (Truth-compatible synthesis operator). A quotient-compatible
synthesis operator is truth-compatible if every synthesized quotient barrier
family it produces from a truth-compatible generator family asymptotically
selects rigid truth-stable zero-classes.

IIpennoxkenue 3.8 (Truth inheritance under synthesis). If a generator family
is truth-compatible and the synthesis operator is truth-compatible, then the
synthesized quotient barrier family is also truth-compatible.

Ilokazameavcmeo. By truth-compatibility of the synthesis operator, synthesis
preserves asymptotic truth-stability of the selected zero-classes. Hence truth-
compatibility passes from the generator family to the synthesized barrier
family. O
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ITosicuenune. OToT 010K ycunuBaeT Tom II mo ypoBHs, raoe truth can be
pushed through the entire generator-to-barrier synthesis chain. Thus truth-
selection is no longer attached only at the end of the theory, but travels
through the synthesis mechanism itself.

3.11. Canonical truth-tension component

Onpepenenue 3.10 (Vanishing truth-tension on rigid zero-classes). We say
that the truth tension measure ©+ is compatible with rigid zero-classes if

D7(C)=0
for every representative C of a rigid truth-compatible zero-class in Z/G.

IIpennoxenue 3.9 (Truth-tension vanishes on asymptotic rigid truth-stable
limits). Assume the synchronized hypotheses of Volumes I-III and compatibility
of ©1 with rigid zero-classes. Then for every finite-energy trajectory whose
asymptotic limit is a rigid truth-compatible zero-class,

Dr(C(t) =0 ast — oo,
at least along representatives chosen in a fixed reduced gauge.

Lokazameabcmaeo. By the unified intrinsic bridge theorem every finite-energy
trajectory converges modulo admissible symmetries to a rigid truth-compatible
zero-class. Since ©; vanishes on such classes and is invariant/continuous
on the reduced side, it tends to zero along the trajectory. H

Teopema 3.3 (Truth-compatibility of the canonical generator prototype).
If ©+ is compatible with rigid zero-classes and the remaining generator
ingredients are invariant under admissible symmetries, then every canonical
generator prototype

B = a(E*) Dpi + B(E) D7 +1(E*) Do,
is truth-compatible in the asymptotic sense relevant for Volumes II-III.

Hoxazamesabcmaso. The truth-tension component vanishes asymptotically
on rigid truth-compatible zero-limits. The remaining ingredients are invariant
under admissible symmetries and therefore do not destroy truth-compatibility
of the asymptotic selection mechanism. Hence the whole prototype is truth-
compatible. O

Ilosicaenne. Temeps ToMm II maét He TonbKO abstract truth-compatibility
of generators, but a canonical route: if one of the generator ingredients
is an actual truth-tension functional vanishing on rigid zero-limits, then
the canonical generator prototype automatically inherits asymptotic truth-
compatibility.
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3.12. Truth channel inside the coupled control
vector

Onpenenenue 3.11 (Truth channel). The second component
D7(C)
of the canonical control vector is called the truth channel.

IIpegnoxkenue 3.10 (Vanishing of the truth channel on rigid truth-compatible
zero-states). Underthe synchronized hypotheses of Volumes I-I11, if C represents
a rigid truth-compatible zero-class, then the truth channel vanishes:

D+(C) = 0.

Hokaszameavcmaeo. This is exactly the compatibility assumption imposed on
the truth tension measure in the previous section. O

Teopema 3.4 (Asymptotic collapse of the truth channel). Assume the finite-
energy global selection regime of Volume III and compatibility of the truth
channel with rigid zero-classes. Then for every finite-energy trajectory C(t)
converging to a rigid truth-compatible zero-class,

Dr(C(t) =0 ast— oo

along representatives in any fixed reduced gauge.

Iokazameabcmeo. By finite-energy selection and the unified intrinsic bridge
theorem, the trajectory converges modulo admissible symmetries to a rigid
truth-compatible zero-class. Since the truth channel vanishes on such classes
and is invariant/continuous on the quotient side, it tends to zero along the
trajectory. ]

ITosscaenne. Temeps truth enters the canonical control vector as a genuine
asymptotically vanishing channel. 9to BaxHuo gns cnenpyromero mara B To-
me III: mpu MaTpUYHO-CIIEKTPAJIbHOM KOHTPOJIE KAHOHUYECKOU TPOUKHU UMEH-
HO 3TOT channel makes the resulting synthesized barrier automatically truth-
compatible at the limit.

3.13. A-truth layer and reper compatibility

Onpenenenune 3.12 (Descended M-truth layer). The descended A-truth layer
is a quotient functional B
A /G — RZO

refining the truth-layer by assigning a quantitative truth-intensity to each
quotient peak-class.
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Onpenenenune 3.13 (Asymptotic A-truth state). If a finite-energy trajectory
selects a limit class [Z,] € Z/G, then its asymptotic A-truth state is

Aoo(0) = M([Z])-

Onpenenenue 3.14 (Reper-compatible A-truth). We say that the descended
A-truth layer is reper-compatible if on rigid truth-compatible zero-classes its
value depends only on the descended reper datum:

A([Z)) = A= (R([2)))
for some function Ay on the rigid zero-reper sector.

IIpennoxkenue 3.11 (Well-definedness of asymptotic A-truth). Under quotient
descent and finite-energy asymptotic selection, the asymptotic A-truth state
A (C) is well defined modulo admissible symmetries.

Hoxkazamenavcmao. The selected limit class [Z,] is unique modulo admissible
symmetries by the finite-energy selection machinery of Volume III. The descended
A-truth layer is constant on quotient classes by definition. Therefore A, (C)
is well defined. O

Teopema 3.5 (Asymptotic stabilization of A-truth on rigid zero-sectors).
Assume finite-energy asymptotic selection into a locally rigid truth-stable
zero-sector and reper-compatible M-truth. Then the asymptotic A-truth state
is locally constant on finite-energy quotient classes whose limits stay inside
one rigid reper-compatible component of Z/G.

Ilokazameavcmeo. Inside one rigid reper-compatible component, the limiting
zero-classes vary only within a locally rigid truth-stable sector. By local
constancy of truth-selection and by reper-compatibility, the value of A depends
only on the descended reper datum of the limiting class. Hence the asymptotic
M-truth state is locally constant on such finite-energy quotient classes. [

ITosicuenune. Temneps TowMm II explicitly brings M-truth into the synchronized
line I-III. Truth is no longer only a yes/no quotient layer: it acquires a
quantitative asymptotic refinement compatible with repers. 910 yxke nps-
MO MaTeMaTHW4YeCKHUU LIar K IIpeacKa3aTeIbHOMY METOLY.

3.14. Reper-) consistency on rigid zero-sectors

Onpenenenune 3.15 (Rigid reper-\ consistency). A rigid truth-compatible
zero-sectoris called reper-\ consistent if on it the descended \-truth layeris
determined by the descended reper datum and all predictive defect channels
vanish:

Dr =Dy =97 =0.

IIpennoxkenue 3.12 (Vanishing of predictive defect channels on rigid reper-\
consistent zero-sectors). If a limit class belongs to a rigid reper-\ consistent
zero-sector, then along representatives of that class

Dr =D, =97 =0.
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Ilokazameavcmeo. This is exactly the definition of rigid reper-\ consistency.
[

Teopema 3.6 (Asymptotic collapse of the predictive defect vector). Assume
the synchronized hypotheses of Volumes I-11I and that finite-energy trajectories
asymptotically select rigid reper-\ consistent zero-sectors. Then for every
finite-energy trajectory C(t),

P(C(t)) — 0 ast— oo
along representatives in any fixed reduced gauge.

Ilokazameavbcmeo. By finite-energy selection and the predictive reper-)\ layer,
the trajectory converges modulo admissible symmetries to a rigid reper-\
consistent zero-class. Each component of P vanishes on that class and is
quotient-compatible. Therefore all three components tend to zero, hence
P(C(t)) — 0. O

ITosicaenune. Teneps predictive layer in Volume ITis no longer just a readout
layer. It also provides the asymptotic vanishing target for the predictive
defect vector. 9To gaet Tomy III Bo3aMOXKHOCTE popMynupoBaTh audhepeH-
IMaJIbHBbIA KOHTPOJIb YK€ HEIOCPEeACTBEHHO Ha pelepHo-)\-TedeKTax.

3.15. A-reper alignment on rigid sectors

Onpenenenune 3.16 (\-reper alignment defect). The \-reper alignment defect
is an invariant nonnegative functional

@AR(C) E RZO

measuring the mismatch between the current descended A-truth intensity
and the value predicted by the current descended reper datum.

Onpepenenune 3.17 (Rigid A\-reper alignment). A rigid truth-compatible
zero-sector is called \-reper aligned if

Dar(C) =0
for every representative of every class in that sector.

IIpennoxkenue 3.13 (Vanishing of \-reper alignment on rigid aligned zero--
sectors). If a rigid zero-sector is A\-reper aligned, then the alignment defect
vanishes identically on it.

Ioxkazamesavcmaso. This is just the definition of rigid A\-reper alignment. [

Teopema 3.7 (Asymptotic A\-reper alignment). Assume the synchronized
hypotheses of Volumes I-III and that finite-energy trajectories asymptotically
select rigid \-reper aligned zero-sectors. Then for every finite-energy trajectory
C(t),

Dar(C(t)) — 0 ast— oo

along representatives in any fixed reduced gauge.
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Ilokazameavbcmeo. By finite-energy predictive selection the trajectory converges
modulo admissible symmetries to a rigid truth-compatible zero-class. If the
limiting sector is A-reper aligned, then the alignment defect vanishes on
the limit. Since the defect is quotient-compatible, it tends to zero along the
trajectory. O

ITosicuenune. JToOT O510K menaet predictive layer 60ee TOHKUM: TeIepPh
KOHTpoNupyeTcsa He ToabKO truth channel u \-truth separately, but also
their direct alignment with repers. 3To BaxHBII TepeXxo K HACTOSAIIEN BHYT-
PEeHHelU reOMeTpUU NIpeacKa3aTeIbHOT0 MeXxaHu3Ma.

3.16. \-truth damping estimates

Onpenenenune 3.18 (Truth-channel damping estimate). A truth-channel
damping estimate on a finite energy window is an inequality of the form

%@T(C( )) < (57-<E* @7‘ —l—;—/ﬁ'r] t))

Onpenenenue 3.19 (\-channel damping estimate). A A-channel damping
estimate is an inequality

ZDA(C(0) = —0r(F)Da(C )+ 2 lE)D,(C(0)

IIpennoxkenue 3.14 (Rigid truth-stability supplies damping targets). On
a rigid truth-compatible zero-sector, both ©r and the X-alignment defect
vanish. Hence their damping estimates have zero as the correct asymptotic
target.

Ilokazamesavcmaso. The vanishing of ©+ follows from truth-stability on rigid
zero-sectors. The vanishing of the A-alignment defect follows from rigid M-
reper alignment. Therefore zero is the common asymptotic target for these
channels. O

Teopema 3.8 (Truth-side contribution to canonical dominance). If truth-
channel and \-channel damping estimates hold with damping constants
exceeding the corresponding cross-channel transfer sums, then the truth
and \-rows of the canonical coefficient package are dominance-ready.

Hoxazamesavcmso. For each of the two rows, the hypothesis is exactly
i

This is precisely the row-wise dominance-ready inequality. H

ITosicuenne. JTOT 010K menaeT posb Toma Il KoHCTPYKTHUBHOM: truth and
A-truth no longer only stabilize asymptotically; they also provide damping
estimates needed to verify the M-matrix criterion.
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Yacrts IV

TomMm III. Nonassociative peak
geometry and associator rigidity
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I''masa 4

Nonassociative peak geometry
and associator rigidity

4.1. CTpyKTypa TOMa

1. AccomuaTop Kak reoMeTpu4eCKuil OOBHEKT.
AcconmaTop Kak QyHKIUSA pacllenjieHus TUKOB.
Kateropusa PeakPack.

Mop®du3Mbl ¥ UHBAPHUAHTHI.

Hedopmanuu admissible peak-kondurypanmii.
Reduced Hessian and local coercivity.

2KéctkocThs admissible peak-reomeTpuii.

©® N o o0 k& DN

KOHCGpBaTI/IBHOG BJIOZKEHHE CTaporo saapa.

4.2. PeJaKTOPCKHH MaT4 IJIsI acCOIfHAaTOpa

B HOBOIM HMPOEKTHPOBKE aCCOIMATOP PacCMaTPUBAETCS HE TOJIb-
KO Kak (¢opMasibHasi Mepa HeaCCOIIMaTUBHOCTH, HO ¥ KaK KaHOU-
OaT Ha TeOMeTPUYECKU UHTEPIIPETUPYEMYIO BEIUYUHY, U3MEPS-
oy paculernnersue admissible peak-korpurypanmii. 3to nepe-
BOOUT aCCOIIMATOP M3 YHUCTO aaredpamyecKoro ctaTyca B CTATyC
IIeHTPaJIbHOTO MHBapHaHTa peak-reomeTpuu.

PemakTopcKoe 3amMedaHue. Huxke KimoueBbie GOPMYIUPOBKH COITPOBOXK-
HaloTCcs KOPOTKUMM NOsICHAOmMUMH ab3anamMu. Mx 3agada — He 0c1abuTh
CTPOTOCTh, a CHejlaTh BUAMMOU BHYTPEeHHIOI0 J1orukKy Toma III: Kak u3 acco-
nmaTtopa Kak GopmMaibHOTO OCTaTKa BO3HUKAET reOMeTPUs pacllellIeHus,
dateMm normal form, 3atewm rigidity, 3aTem stabilization, a 3atem almost-
global attractor scheme.
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4.3. Standing hypotheses, notation, and scope
markers

Ba3oBble 0003HauYeHus1. Ha npoTskeHWM BCEro ToMa:
* C obo3HauaeT nmpocTtpaHcTBO admissible peak-koHpurypamui;
* (G o603Hayvaert rpynny admissible cummeTpuii;
* Co={CeC: A(C)=0} ob03HaYaeT HyJIEBOU aCCOLIUATOPHLIN CJIOU;

. Tgedc o6o3HauvaeT reduced tangent space, To ecTb KacaTeJIbHOe IIPO-
ctpaHcTBO modulo directions, TOPOXKAEHHBIX CUMMETPUSMU;

d .

» Hess. " (A) o6o3nauaet reduced Hessian accomuaTopa;

* 7 C Cy obo3HavaeT zero-stratum, Korma paccMaTpuBaeTcsl He OfHAa HY-
jieBas TOYKAQ, a IleJioe CEMEeNCTBO HYyJIEBEIX PEKUMOB;

* p(C) unu pz(C) obo3HavaeT reduced distance mo HynIeBOTrO CJIOSL WU
zero-stratum,;

* B obo3Hauaet admissible basin unu tubular low-energy basin Bokpyr Z.

YTO0 CUHTAETCsI JOKa3aHHbIM B TOYHOM CMbIC/Ie. BHyTpHu 3TOro ToMa
€CTh HECKOJIBKO Pa3HbIX YPOBHEM CTPOTOCTH, U UX BaKHO pa3/inyarTh.

1. Exact model results. B quadratic model class u B pumaHOBOM MOJ€Eb-
HOM KJIacCe aCcCOLMaTOpP BBHIYUCIISIETCS SIBHO, U COOTBETCTBYIOIIUE T€O0-
MeTpU3alMOHHBIE (OPMYJIHL IBISIOTCSA TOYHBIMU.

2. Local analytic theorems. JIokanbHast KOSPLUUTUBHOCTS, local peak-rigidity,
normal form u exponential stabilization goka3riBaloTCS ITPU CTaHOAPT-
HBIX aHAJIUTUYECKUX TUI0Te3axX IIagKOCTU U IIOJIOXKUTEJIbHOU oIlpene-
nenHoctu reduced Hessian.

3. Semiglobal theorems. [Tonyrno6ansHas theorem-scheme onupaeTcs
Ha compact zero-stratum, uniform local quadratic control u outer separation.

4. Almost-global theorems. ITouTtu-rmo6anpHbIe attractor-type results
TpeOyIOT OTHenbHOM runoTe3nl eventual low-energy entry property.

IToueMy 3TO BazKHO [IJIsI YTEHHSI TOMAa. be3 TakKoro pasmeeHus PereH-
3eHT MOXKET HEBEPHO HMHTEePIIPETHPOBATh CTPYKTYPY HOBOOOB M CUMUTATh,
YTO BCce OJIOKM TOMa MMEIOT OJMHAKOBBIM cTaTyc. Ha camoM mese noruka
TOMa CTyIlleH4YaTas:

exact model classes = local theorem-scheme = semiglobal control = almost-global
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I''TaBHasi OTKpPbITas nepeMbIdkKa. CaMbIM CyIlIeCTBEHHBIM OCTaBIIMMCS
MOCTOM SIBJIsIeTCS y2Ke He abstract entry-hypothesis kak TakoBasi, a mpoBep-
Ka window-uniform exterior exclusion principle Ha ITUPOKOM eCTECTBEHHOM
Kiacce admissible korpurypanui. B low-energy analytic regime asymptotic
uniqueness yxke ycuieHa mocpeacTBoM Lojasiewicz-Simon machinery, so
the last open step now concerns truly global finite-energy entry rather than
asymptotic selection itself.

4.4. CunxpoHnu3anusi ¢ Tomamu I u 11

9ro Tom III 6epér u3 Toma I. M3 Toma I Tom III HacnmemyeT oOIIHMiA
admissible domain, To ecTs IpocTpaHCcTBO admissible korpurypanui, strata,
peak-data, PIX-coherence and obstruction-compatibility. [TosTomy Bcs reo-
MeTpHus accoumaTopa CTPOUTCS He Ha HOBOM IIPOCTPAHCTBE, a Ha TOM XKe
camoM admissible universe, KOTOpHI# yKe ObLI aKCMOMaTUYeCKH 3apUKCHU-
pOBaH.

Yro Tom III 6epér u3 Toma II. U3 Toma II Tom III mcmomb3yeTr TOT
¢akT, uTO truth-layer mEBapuanTeH oTHOocuTenbHO admissible morphisms
u descends to the quotient by admissible symmetries. 9To mo3BosnseT cpas-
HUBaTh associator geometry u truth-theory ma ogaomM u ToMm ke reduced
level.

TeopeMma 4.1 (Truth-rigidity on the zero-layer). ITycmv C € Cy u 8binosiHe-
Hbl:

1. C nokanvHo peak-rigid modulo admissible symmetries;

2. truth-layer © invariant under admissible symmetries and descends to
the quotient;

3. Cy — sufficiently small admissible deformation with A(C;) = 0.

Toa0a
0(Cy) = 6(C)

0aa scex sufficiently small t.

Ilokazameavcmeo. Ilolocal peak-rigidity Bcsikas sufficiently small admissible
deformation C; inside the zero-layer is induced by an admissible symmetry.
ITo proposition u3 Volume II truth-state constant on admissible orbit-classes.
CneposatenbHO, O(Cy) = O(C). O

CnencrBue 4.1 (Local constancy of truth on rigid zero-strata). Ecau Z C C
ecmb zero-stratum, all whose points satisfy the local rigidity criterion, then
descended truth-layer © n0Kaa1vHO nocmosHeH Ha 7 /G.

Lokazamesavbcmeo. TlpuMmeHsieM IpegbpIOyLIyI0 TeopeMy pointwise along the
rigid zero-stratum. O
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ITosicHeHHe. OTO OOVH U3 KJIIOYEBBIX MEXTOMHEIX Pe3yJIbTaTOB CUHXPO-
Hulanuu. OH mOKa3bkiBaeT, 4To zero-layer Toma III He TOMBKO TreOMeTpH-
4yeCKM BhifesieH, HO U truth-theoretically rigid: mansie HyneBrle gedopma-
LIMY He CO3MaloT HOBHIX truth-states, moka oHu ocTairoTcsa BHyTpH rigid zero-
regime modulo symmetries.

CenyolIuM Iar CHHXpOHHU3aumuu. [locie nmonyuenus local truth-rigidity
on the zero-layer octaércsa coequHUTEL 3TOT pe3ynbTar c finite-energy global
dynamics: ecnu trajectory selected by the Volume III machinery converges
to a unique class in Z/G, then Volume II assigns to this class a unique
asymptotic truth-state. UmenHo 3TO 1 6ymeT comepzkaHnueM unified bridge
theorem below.

4.5. Kareropusi PeakPack

Onpenenenue 4.1 (Kareropus PeakPack). O6sekmom kamezopuu PeakPack
Hasvleaemcs nAmepkKa
(P,Peak,I', 11, Op),

a MmopgusmMom — omobpadiceHue, COXpaHsru,ee cmpamasi, 0oONnycmumoble
nuku, PIX-cwusku u obstruction-class.

Onpepnenenune 4.2 (IIpoctpancTtBo admissible konpurypamnuii). Yepes C
0b603Havum npocmpaHcmeo admissible peak-koHpu2ypauuti, paccmampu-
saemoe /0Kan1bHO KAk 21a0Koe MHO2000pasue uiu cmpamuguuyuposaHHoe
npocmpaHcmeo, Ha KOmopoMm onpedeseéH accouuamopHbil PYHKUUOHA.

Onpenenenune 4.3 (DyHKIIMOHAI paclieljieHHus accouuaropa). PYHKUuo-
Ha/10M pacuienjieHusl accouuamopa Ha3vieaemcs omobpajiceHue

A:C— RZO’
20e 3HaueHue A(C) uHmepnpemupyemcs Kak 8e/1Uu4uHd HedccouudmugHo-

20 pacwenaeHus KoHgpuaypauuu C.

ITosicuenne. Ha anrebpandyeckoM ypOBHE acCOIIMATOP M3MepSeT OTKIIO-
HeHMe OT acconuaTuBHOCTU. Ha reomerpuyeckom ypoBHe Toma III 310 OT-
KJIOHEHNE IIEPENHTEPIPETUPYETCS KaK SHEPT U UM CTOUMOCTE pacuieniie-
Hus admissible peak-kounurypanmu. UMeHHO T03TOMY A CTaHOBUTCS II€H-
TpaJIbHOU BEeJIMYUHOU BCEro ToMa.

Onpenenenue 4.4 (HyneBou acconmaToOpHBIU ciiou). IToOMHOdCEecmao
Co:={CecC:AC)=0}

Ha3svleaemcA HYJIEBEIM aCCOITMATOPHBIM CIIOEM.
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4.6. ®opMajibHbIEe CBOHCTBA aCCOIlHaTOpa

JIemMma 4.1 (HeHeraTuBHOCTS). [I15 at060u admissible peak-koHpuaypauuu
C € C umeem
A(C) > 0.

Ilokazamesibcmeo. ITO BCTPOEHO B CaMO OIpefesieHue: A IpuHUMaeT 3Ha-
4yeHusd B R». ]

JIemMa 4.2 (MHBapraHTHOCTb OTHOCUTEJIBHO CTPOTUX CUMMeTpuu). Ecau
f:C — C"— mopdusm e PeakPack, coxpaHarww,uti nosaHyw peak-cmpykmypy
U /I0KA/bHble Npasuad KOMNo3uuuu, mo

Hokazameabvcmeo. IIpu NOJMTHOM COXpaHEHUU JIOKAJIbHOU CTPYKTYPBI KOM-
MO3ULIMU BCE BEIIUYUHBI, U3MEPSAIIINE OTKIOHEHUE OT aCCOLMaTUBHOCTH,
nepeHocATcss 6e3 naMeHeHus. CremoBaTesIbHO, YHUCIEeHHAasA Mepa pacllern-
JIEHUs COBIIajaerT. O

IIpenmoxkenue 4.1 (AccomuaTUBHBIN CEKTOP KaK MMOJIHEIM IToacaoun). Hyae-
80U accoyuamopHwlU caou Cy A8a51emcs NoAHbIM noocaoem C, Ha KOMopom
admissible peak-komno3uyuu aedym cebs accoyuamueHo.

Ioxazamesavcmso. Ecnu A(C) = 0, TO 110 CMBICITY QyHKIIMOHAIa BCe JI0Kalb-
HBIe OTKJIOHEHHUS OT aCCOLIMaTUBHOIO IIpaBuiia ucude3awT. CjieqoBaTebHO,
KOMIIO3ULIMS Ha TAaKUX KOH(pUTIypalusaX accouuaTuBHa. IIoIHOTa IOACIION
CllefyeT U3 UHBAPUaHTHOCTHU OTHOCUTEIBHO MOP(PU3MOB, COXPaHSIOIINUX HY-
jleBOoe 3HauyeHue A. O

CBoaka npeapigymiero miara. K 3ToMy MOMEHTY JIOTUKa TOMa UMeeT BUJI
associator as formal defect = associator as splitting functional = (, as zero peak-l

ToO ecTh HyJIeBOU aCCOLIMAaTOPHBIY CJION yXKe BBIJEJIEH KaK reoOMeTpUuYecKU
CIelUaJIbHBIN PeXUM, a JajibHellllas 3ajjada COCTOUT B TOM, YTOOHI OTIMCaTh
ero gedopMaluy, IONEePEeYHYI0 X KECTKOCTh U CTOUMOCTh BBIXO[a U3 HETO.

IuarpaMMa nmepexoaa K gedopMaiusim.

(C,A) ~ ToC ~ 6Aq, 0°Ac ~ rigidity / splitting control.

4.7. IedopMalTHOHHBLINA CJIOH

Onpepnenenue 4.5 (Admissible medpopmarnus). ITycms C € C. Admissible
omedopmanuen C Ha3viBaemcs 21a0Koe ceMmeucmaeo

(—e,e)3t— Cy€C, Co=C.
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E20 KkacamenbHblll BeKMOP 8 Mouke t = ) 0003HA4YUM Yepes

¢4

o Ct c ch.

t=0

Onpenenenue 4.6 (IlepBas Bapuamusa accouuartopa). Ecau A dugppepeH-
uupyem 8 mouke C', mo nepegou 8apuauueu accoyuamopa 80oab admissible
dedopmauuu C;, Ha3vleaemcs 4uc/a10

d

(5./40(0) = —

~| A,

t=0

Onpenenenue 4.7 (Bropas Bapualius accouuartopa). Ecau A dsascovl Oug-
¢pepeHuupyem 8 mouke C', mo e8mopou 8apuauuet 80oab admissible degop-
mauuu C; Ha3vlBaemcs

d?

2 w4
P Ac(C) = 2

A(Cy).

t=0

JIemmMa 4.3 (HyneBas rmepBasi Bapraliisi B MUHUMaIbHOM ciioe). Ecau C €
u C asaaemcs A0KAAbHbIM MUHUMYMOM A, mo

5Ac(C) =0
0a5a ecskolu admissible de¢popmauuu C, uepes C.

Iloxazameavcmeo. s TOKaJIbHOTO MUHUMYMa /110004 nuddepeHIIupyeMom
byHKILINY IIepBas Bapuallusa BOOJIb BCSIKOTO OONYCTUMOTO KacaTeIbHOI 0 Ha-
IIpaBJjIeHUs paBHa HyJ0. [I[puMeHsieM 3TOT QakT K A Ha C. O

4.8. CummeTrpuu 1 reduced Hessian

Onpenenenue 4.8 (Opburta cummMmeTtpuii). I[Iycmb epynna admissible cum-
Mmempultl G deticmsyem Ha C. Opbumotii mouku C € C Ha3vieaemcs

OC):={g9-ClgeG}
Onpenenenue 4.9 (TaHreHIIUATBLHEIN CIOU cuMMeTpun). Yepe3d ToO(C) C

TcC 0603HA4YuUM noONpPOCMpPAaHCmMB0o KacamenbHblX HanpassaeHull, UHOYuU-
posaHHbix delicmeueMm 2pynnul admissible cummemputl.

Onpenenenue 4.10 (Reduced tangent space). Reduced tangent space 8
mouke C onpedessiemcs Kak paKkmop-npocmpaHcmao

TEIC .= T.C/T-O(C).
Onpenenenue 4.11 (Reduced Hessian). ITpednoaoacum, umo A 08asicovl

ougpepernuyupyem 8 mouke C € Cy U UHBAPUAHMEH OMHocume1bHo admissible
cummemputi. Toeda reduced Hessian ecmb k8aOpamuyHasa ¢popma

Hess2%(A)

Ha TYC, uHdyuuposanHas 8mopol sapuauvuet 5> Ac.
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IlosicHenne. Reduced Hessian 8vbi0essiem ucmuHHble nonepeyHbsle 0epop-
Mauuu, ombpacwsieas 0sudceHus1 8001b opbumsl cummemputi. [Toamomy oH
nokasvl8aem, HACKO/bKO HCECMKO HY/1€80U acCouUuamopHbll ca0uU 3aKkpen-
/A€H BHYyMpu okpyaicarou,ez2o0 admissible npocmpaHcmaa.

JIemMma 4.4 (KoppektHocTh reduced Hessian). Ecau A uHeapuaHmeH OmHo-
cumeavHo admissible cummemputii, mo 5’ Ac 3aHyA51emcsi Ha HaNPAas/AeHU X
u3 TcO(C), a nomomy KOppeKmHo uHoyuupyem KeadpamuyuHyr popmy Ha
Tredc

C .

Ilokazamesabcmeo. HBapuaHTHOCTD A BOJIbL OpOUTHL G - C' 03HAYAET, YTO
byHKITMS OCTAaETCsI ITIOCTOSTHHOM Ha 9TOM opbuTe. CiieqoBaTesIbHO, €€ ImepBast
1 BTOPas Bapualluu 1o opOuTaILHBIM HaIlPpaBJIeHUSIM PaBHLI HYJTI0. [IoaTOMY
BTOpas BapHallus 3aBHUCHUT TOIBKO OT KJjlacCa KacaTelIbHOTO HallpaBJIEeHUS
1o Mmopyiwo T-O(C). O

CBoaka gedopMammuOHHOTO CI0si. B npeodwidyuiem pasdese bviau eae-
OdeHbl admissible depopmayuu u sapuauuu accoyuamopdad. Imo o3Hauaem,
Ymo menepb MoM nepexooum om cmamuuyeckKux onpedeseHull K /10Kdab-
HOU aHaaAumMu4yeckou MexaHuke:

deformation — §A — §2A4 —> Hess™".

HmenHo reduced Hessian cmaHosumcsi mem o66eKmom, Komopbliil pa3au-
yaem mpusudasibHble 08UdHCEHUs 800/1b CuMMempull U UCMUHHble nonepey-
Hble HaNpas/ieHUs pacuiensieHusl.

duarpaMMa JI0OKaJIbLHOTO pexKuMa.

Hess™ > 0 = local coercivity = local peak-rigidity = isolated zero-class.

4.9. JlokajibHasi KOSPIHUTHBHOCTH H J)KECTKOCTb

Onpenenenue 4.12 (ITonoxurenbHas onpeneneHHocTs reduced Hessian).
I'oeopsam, umo Hessged(A) no/02cumeibHO onpedeéH, ecau 014 8CAK020
HeHy.1e8020 Kiacca

[v] € TE4C

umMeem
Hess(A)([v], [v]) > 0.

Teopema 4.2 (JIokajnbHas KOSPLUUTUBHOCTE acconuatopa modulo symmetries).
ITycmo C € Cy, A d8adcdul OugppepeHyupyem 8 okpecmHocmu C, u reduced
Hessian Hessrced(A) nosodccumebHo onpedenéH. Toe0a cyu,ecmsyrom oKkpecm-

Hocmb U C C mouku C u KOHcmaHma c > 0, makue 4ymo 015 ecakou C' € U
A(C") > cdpea(C', 0(C))?,

20e dreq 0603Hauaem s0KaavHoe paccmosiHue 0o opbumsi admissible cum-
Mempull 8 8blOPAHHOU A0KA/AbHOU CeYeHUU.
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ITosicHeHHMe. Omo nepeas no-HacmosAuw,emy 2eomMempuyeckKas meopema
moma: accouuamop 0K0/10 HY/1e8020 pexcuma 8ed0ém cebs kak keaopamuy-
Has sHepeus yoaaseHus om orbit-class. Yem danvwe KoHpuz2ypauua yxooum
om Hysaee020 csa05 modulo symmetries, mem 0opodcce oHA CMAHOBUMCA 8
cmblicae A.

Ilokazamesbcmeo. B nmokanbHOU ceueHUM K opouTe admissible cummeTpuit
pa3naraeM admissible mamnyio gedopmaiuio Ha opOUTaNBPHYIO U IIONEped-
Hy!0 4acTtu. [Io nemme 0 HyIeBOU IIepPBOU Bapualluu JIMHEWHEIU 4JIeH pa3Jio-
xeHus A ucdezaeT B Touke C. [lomoxkurenbHas onpeneneHHocTsk reduced
Hessian ma€T moOMOXUTENbHBIM KBaApPpaTUYHBIN YJI€H Ha MOIEepPeYHOM MIpo-
cTpaHcTBe. CnemoBaTeNbHO, B JOCTaTOYHO MaJIO¥ OKPECTHOCTH A CHU3Y OIle-
HUBAaETCS MMOJIOKUTEJIbHOM KOHCTAHTOM, YMHO2KEHHOM Ha KBagparT IIonepey-
HOM HOPMBI, TO €CTh Ha KBaZlpaT PaACCTOSTHUS 0 OPOUTHI CUMMETPUH. O

Teopema 4.3 (Kputepuii nokanbHOU peak-xkecTkocTu). Ilycms C € Cy u
. d .
reduced Hessian Hessg;“(A) noaosxcumeavHo onpedenéu. Toeda ecskas do-

cmamoy4Ho manas admissible depopmauus C;, coxpaHAaww,aa ycaosue
A(Ct) — 0,

uHOyuupyemcsa admissible cummempuet. HHvimu caoeamu, C 10KAAbHO HCECTN-
ka modulo admissible symmetries.

ITosicuenne. CMbIC/A Kpumepusi 8 MOM, Ymo HYy/1e80l accouuamopHblil
C/10U He codepicum Hempueud/bHblX NAOCKUX HANPAB/aeHUll, KpoMe mex,
Yymo yoice nopoxcoeHvl cummempuamu. IToamomy sn0KkaavHass 2eomempusi
He pacnos3aemcs 8 Hogoe cemelicmao zero-configurations.

Hoxkazamesavcmso. Ilycts C; — manas admissible pedpopmanusa c A(Cy) =0
[To MoKanbHOU KOSPLUUTUBHOCTU UMEEM

0= A(Cy) = cdrea(Ch, O(C))Q'

3Ha4uT,
drea(C1, O(C)) = 0

IOJIS MaJbIX ¢, TO ecThb C; JIEKUT Ha opOute admissible cumMmeTtpuit Touku C.
CnepoBaTtenbHO, fedpopMalus TpuBHaiabHa modulo symmetries. O

CnencrBue 4.2 (M3011poBaHHOCTD HYJIEBOT0 aCCOLIMATOPHOrO Kjiacca). I1pu
ycao8usix npedvioyw,eti meopemsvl mouka C 3a0aém u304upo8aHHbIl Kaacc
8 Hy/s1e80M accouyuamopHom caoe Cy/G.

Hoxkazamesavcmeo. Ecnu 05l B (/G cylllecTBOBasia II0CIeq0BaTEIbHOCTD Pas-
JIMYHBIX KJIACCOB, CTPEMSNINXCS K Kjaccy C, TO MOXKHO ObIJIO0 OBl BHIOpATh
IIpeICcTaBUTENIEN, JIeKallluX CKOJIb YTOOHO 0/1M3K0 K C, HO He TpuHafgJiexa-
mux opoute O(C). ITO MPOTUBOPEUUT KPUTEPHUIO JTOKAIbHOM peak-:KECTKOCTH.
[
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4.10. JIoKaibHasi reoOMeTpHU3allisl aCcCollHaTOpPa

Onpenenenune 4.13 (Reduced splitting distance). ITycmwv C' € C aedxcum
8 00CMAmMoOYHO Ma/a0l OKpecmHocmu Hy/1e8020 dcCouuamopHoz20 ca04 C.
Reduced splitting distance 0o Hyseg020 ca0a onpedeasemca popmyaou

C) := inf dpq(C, C

p( ) CocCo I‘ed( ) 0)7

20e dr.q 0603HaYaem sa0KaabHOe paccmosiHue no mooyar admissible cum-
Mempull 8 8blI6PAHHOU A0KAAbHOU CeYeHUU.

Onpenenenue 4.14 (Orpanuyennsii reduced Hessian). 'ogopsim, umo reduced
. d

Hessian Hessg; (A) JIOKalIbHO OTpPaHUYeH CBEPXY U CHU3Y 8 mouke C; € Cy,

ec/au cyujecmayrom KoHcmaHmut 0 < m < M U A10KA/1bHAA CeYeHUUHAas HOp-

Ma || - ||rea Ha TERC, makue umo
d
mlv||feq < Hessey (A)(v,v) < MJv|[feq

on:a ecex v € TEAC.

Teopema 4.4 (JlokanbHas KBagpaTudecKasi reoMeTpU3alusa acconmuaTopa).
ITycmw Cj € Cy U 8bINOAHEHbL YCA0BUA:

1. A dsaoscOvl Ouppeperyupyem 8 okpecmuocmu Coy;

2. A uHeapuaHmeH omHocumeavHo admissible cummempuli;

3. reduced Hessian Hessrceod(A) no/02cumeibHO onpede1eéH U A0KA/AbHO 02pPa-

HUYEH c8epxy U CHU3Y.

Toz20a cywecmayiom okpecmHocmb U mouku Cy u KOHCmaHmul 0 < ¢; < ¢,
makue umo 011 acsakou admissible koH¢puzypauuu C € U

a1 p(C)* < A(C) < e2p(C)*.

IlosicHenne. 9mo ueHmpaavHaa quantitative-formula Toma III. 30ecb ac-
coyuamop cmaHosumcsa KeadpamuieckKu skeusaseHmeH reduced-distance
00 Hys1e8020 ca0:4. C 3mo20 mecma meopus yxice He moavko qualitative, HO
U usMepumenvHas.

Ilokazamesabcmeo. TToCKONBKY A MHBapHMaHTEH OTHOCUTEeJIbHO admissible
CUMMETPHUI, OH KOPPEKTHO CIYCKAeTCs B JIOKAJIbHYI0 ceueHue K opoOure
cumMeTpuui. B Touke C; € C, nepBas Bapualus Hc4Ye3aeT [0 JIeMMe O Hy-
JIEBOY II€PBOU Bapuallui B MUHUMAaJIbHOM cJjioe. [loaToMy pa3noxeHue Teu-
nopa BOoJib reduced-KOOpAMHAT UMEET BUJI

1 re
A(C) = 5 Hess(y (A)(v,0) + o([vl[fea).

rge v — reduced displacement ot Cy K C' B JIOKQJTbHOM CEYEHUMU.
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[To npeanonoXKeHno 0 ABYyCTOPOHHeM orpanndeHHoctu reduced Hessian
CYILIEeCTBYIOT KOHCTAHTHL m, M > 0, TaK¥e YTO AJIS MaJIbIX v
m M
5 l0llzea + olllvllrea) < A(C) < Z-ll0llzea + o(l[vllzea)-

CyXasi OKPeCTHOCTb IIPU HEOOXOOMMOCTHU, IIOTJIOIIaeM OCTATOYHBIN YJIeH

o(||v]|3,4) B KBaZpaTUYHbLIE OLIEHKU U IOJIydaeM

cif|vlfea < A(C) < e]|v]lzea

[JIsT HEKOTOPEIX 0 < ¢; < ¢p. Tak Kak |[|v[|req 9KBUBAJIEHTHA JIOKAJIBHOMY pac-
cTossHUIO p(C) 0o HyNeBoro cinosd modulo symmetries, monydaeM TpebyemMyio
OLIEHKY. 0

CnencrBue 4.3 (JIokanbHOe 0OHapyKeHNWe HETPUBUAJILHOTO PaCIlenIeHus).
Ilpu ycaosusax npedvidywet meopembl, 014 8cAkou admissible KoHpuz2ypa-
uuu C u3 docmamoyHo manaot okpecmHocmu Cy € Cy 8bINOAHAEMCSA IKBU-
8d/1IeHMHOCMb

A(C) =0 < p(C)=0.

CiaedosamevbHO,
A(C) >0 <= p(C) >0,

Mo ecmb 8 10KA/1bHOM pedcuMe accouuamop noaoxcumeieH moz20a u mob-
KO mozoa, Ko20a KOH(puzypauua uMmeem HempusudaibHoe reduced-pacuienieHue
OMHOCUMEeNbHO HY/Ae8020 peak-ca0A.

Ilokazamesbcmaeo. IKBUBAJIEHTHOCTh HEIIOCPEACTBEHHO CJIeAyeT U3 ABYCTO-
POHHEHN KBaJpaTU4YECKOUN OIIeHKU

c1 p(C)? < A(C) < ey p(0)2.

Ecnu A(C) =0, To p(C) =0, ® Ha000pOT. [T0JI0KUTETPHOCTh 000UX BEIUYNH
TaKXXe 9KBHUBAJIEHTHA. [

CnencrBue 4.4 (U3011pOBaHHOCTE HYJIEBOT'O CJIOS IIPU JIOKAJIbHOU F€OMET-
puzanuu). Ecau, kpome ycao8ull 10KaabHOU K8aOpamuyeckou 2eomMempu-
3ayuu, opbuma O(Cy) KOMNAKMHO 8vl0eseHa 8 8blOPAHHOU /N10KAAbHOU Ce-
yeHuu, mo kaacc Cy U301UpPOBAH 8 HY/1€80M ACCOUUAMOPHOM ca0e modulo
admissible symmetries.

Hoxkazamesavcmeo. Ecnu Obl CyllleCTBOBajla IIOCJIEIOBATEIBHOCTh pa3yiny-
HBIX KJIaCCOB U3 HYJIEBOT'O CJI0S, CTpeMsIasics K Kinaccy Cy, TO OJis e€ npen-
craBureneu C, umenu Ovl A(C,) = 0 U, cuegoBaTenbHO, p(C,) = 0. 9TO O3Ha-
4yasio Obl, YTO Kaxablk C, 1eXUT Ha reduced-HyJIeBOM PacCTOSTHUM OT Cy, a
IIPU KOMIAKTHOM BBIIEJIEHHOCTU OPOUTHI — B TOM K€ JIOKaJIbHOM orbit-type
component, 9yto u Cj. Torga Kiaccel He MOTJIN OBl OBITH Pa3IUYHBIMU. [Ipo-
TUBOpeYUe. [

3ameuanue 4.1. 9ma cepus pe3ysibmamos8 0aém ydxHce He MOAbKO Kpume-
putl 10KAAbHOU HCECMKOCMU, HO U Neps8yto JIOKaJIbHYIO0 TEOPEMY TeOMeTpPH-
3amuu accoumaropa: 8 neighbourhood of a rigid zero-layer the associator is
quantitatively equivalent to squared reduced splitting distance.
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CBoOKa JIOKAQ/IBHOTI'O peXumMa. Ha amom amane yoice nosaydyeHo 21a8Hoe
local theorem-core:

A~ p* okosao Cy modulo symmetries.

Ho umobbl meopusi He 0cmasanacs 4ucmo akcuomamudeckol, HyaceH explicit
class, Ha KOomopom 3ma 3KeuBaA/1IHMHOCMb 8bluucasiemcs 6ykeaavHo. ITo-
amomy ca1edyrnuwul waz2 — nepexod K MoOenbHblM KAACCAM.

,T_[narpaMMa nmepexoaga K MOJdeJIbHBIM KJIaCCaM.

local theorem-scheme = explicit quadratic model — exact identity or sharp bound

4.11. IlepBbId HETPHBHAIBLHBIH MOJEeJIbHBIHM KJIACC:
KBaJIpaTHYE€CKHEe MO/Ie/IH Pacuiell/IeHusI

Onpepnenenune 4.15 (EBKIKMA0BO IPOCTPAHCTBO pacuiennenus). dukcupy-
eM KOHeuHoMepHoe e8K.a1u0080 npocmpaHcmeo E ¢ Hopmol || - ||, 6a3o8yro
admissible koHpuz2ypayuro

Co

u Habop NONAPHO OPMO20HA/NbHBIX UNit-vectors
Viyeooy Uy € E.L

Onpenenenue 4.16 (ITapameTpuyeckoe ceMelCTBO peak-KoHPUTypanui).
ITlyembo a = (a4, ...,a,) € U CR™, 20e U — manasa okpecmHocmbv HyaA. KBan-
paTUYeCKON MO[eJIbI0 pacIleIlJIeHUus Ha3bieaemcsa cemeticmaeo admissible
KoHpu2ypauuu
{Ca}a€U7

noayuaemoe u3 Co mem, umo 015 Kaxco0o20 i = 1,...,m 8bl0eseHHasa peak-
napa cmewaemcs 800/b HANPABAEHUSA v; HA B@AUYUHY a;, d UMEHHO /N10KA1b-
Hble NUKU Napbl NpuHUMAarm eud

+
pi(a) = pi £ a;v;.
OcmanvHble peak-y31bl KOHpU2Ypayuu ocmasaAaromcesa puKCUpo8aAHHbIMU.

Onpenenenue 4.17 (MomenvHoe PIX-mione). PIX-cwuska medcoy 08yms
napamempamu a,b € U onpedeasiemcs kak correspondence, nepegooAau,as
kaostcoyro labelled peak-napy pi (a) 8 coomgemcmsyrowyio labelled peak-napy
p(b). Takoe correspondence 0603Havum yepes

e,
Onpenenenue 4.18 (I'pynna MoOenbHBIX CUMMeTpUii). Yepes
Gmoa = (Z/)27)™

0003HA4YuUM 2pynny ompaxceHull, He3a8UCUMO MEHANUW,UX 3HAK 8 Kaxcool
peak-nape:
(a1, .. am) = (£aq, ..., Eay).
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Onpenenenue 4.19 (MopenbHBIM accoruaTop). Pukcupyem noi0icumenb-
Hble seca
A,y A > 0.

MopenbHBIN aCCOLMaTOPHBIN QYHKIIMOHAI onpedeasemca popmyaou

Onpenenenne 4.20 (MogenvHOe reduced distance). Reduced splitting distance
MoOebHOU KOHGu2ypayuu 3adaemcsa popmyaou

m

pmoa(C) = llallen = (3 a?) "

=1

IIpennoxkenune 4.2 (Admissibility momensHOro Knacca). ITycmes 6a3o8as
KOoH(puzypauus Co admissible, a ace cmeweHus pi(a) = p; + a;v; COXPAHAOM
donycmumocmb A10KAAbHOU peak-cmpyKkmypbl 044 a € U. To20a cemeticmao

{sz}aEU

¢ PIX-cwuskamu 114 06paszyem noawbili admissible nodcaoii kamezopuu
PeakPack.

Lokazameavcmeo. Tlo npepnonoxenuto admissibility coxparsieTcs npu Ma-
TIBIX cMellleHusaxX. PIX-caimBKu Hf}}g’d coxpansioT labels, mapHocTh peaks u mo-
KaJIbHYIO CTPYKTypYy pacmennenusa. CieqoBaTelbHO, OHU ABIA0TCA admissible
Mopduamamu. KoMmosuius Takux correspondence CHOBa UMeeT TOT K€ BUT,
II03TOMY ITOoJIydaeM IOoJIHbIM admissible mopcmoi. O

Teopema 4.5 (TouHas KBagpaTUudecKasi reoMeTpu3allusa B MOOEIbHOM KJlac-
ce). Ilycmo
(2 7

To20a 0a5 ecsakol modenvbHOU KoHpuz2ypauuu C, 8bINOAHAEMCA
2 2
Amin Pmod<0a> < Amod(ca) < Amax Pmod(Ca) .
B yacmHocmu, ecau 8ce 8eca pasHvl eOuHuUue, mo

Amod(ca) = pmod(ca)z-

IHosicHenne. 9mom explicit class HyJceH Kak concrete verification obw,etl
theorem-scheme. OH noka3vieaem, umo annapam Toma III peaaudyemcs He
mo/abKo hOPMAa/ibHO, HO U HA NPO3PAYHOU 8blYUCAUMOU MOOenu.

Ilokazameavcmeo. Ilo onnpeneneHnI0

=1
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m m
Amin Z a? < Z )\zaf < Amax Z a?-
] ] =1

Ho
m
2 2
Zai = pmod(Ca)”.
=1
[TogcTaHoBKa maéT TpeOyeMyio OBYCTOPOHHIOIO OIleHKYy. Ecnmu )\, = 1 mns
BCeX ¢, TO II0oJIy4YaeM TOYHOE PAaBEHCTBO. 0

CnencrBue 4.5 (TouHoe oOHapyXKeHHe pacIleleHus B MOIeJIbHOM KJlac-
ce). Ilna modenbHbIX KOH(pU2ypauul 8bINOAHAEMCA 3K8UBAAEHMHOCMb

Amod(Cy) =0 <= pnod(Cy) =0 <= a=0.

CiredosameibHO, 8 IMOM K/Acce accoyuamop 3aHy1saemcs moaod u mosb-
KO moez0da, Koz20a peak-pacuensieHue omcymcmayem.

Iokazameabcmeo. ITOCKOJIBKY BCe \; > 0, CyMMa » ; \;a7 paBHa HYJIIO TOrAa
U TOJIBKO TOT[a, Korga Bce a; = 0. 9TO 9KBUBAJIEHTHO HyleBomy reduced
distance. O

CnencrBue 4.6 (JIokanbHas JKECTKOCTDb HYJIEBOT0 MOZEIbHOTO ci1osi modulo
symmetries). Hyiegoli modenbHblll caol Cy U30AUPOBAH 8 CA0€

AL (0)/Grmod.

mod

Iokazamesavcmaeo. Ilo ipegbigyIlleMy CIeACTBUIO YCI0BUE Apmoq(C,) = 0 9K-
BUBaJIEHTHO a = (. CrnegoBatenbHo, modulo cuMmeTpuit Goq CYLIECTBYET
TOJIPKO OOWH KJIaCC HYJIEBOT'O CJIOS. O

IIpegnoxenue 4.3 (CoBMeCTUMOCTE C IOKaJIbHOU reoMeTpu3anuei). Ecau
8 obwell meopuu reduced splitting distance p u accouyuamop A 8 10Ka/1bHOU
ceyeHuu co8nadarm C pmoed U Amoq Ha MOO€/1bHOM NOOCaA0€e, MO A0KAAbHAA
Keadpamuyueckas 2eoMmempu3auus accouuamopa u3 npedvidyu,e20 pasoe-
/Aa peaau3dyemcs Ha 3mom K/aadcce MOYHO, d He MO/1bKO dCuMNMomu4ecKu.

[okazameabcmeo. B MofeIpHOM Kjlacce OlleHKa MEXY Amod U p3oq YZKE SIB-
JITeTCsS TOYHOM OBYCTOPOHHEMN KBagpaTUUeCKOU oleHKOou. [TosaToMy obIias
7okKanbHasA theorem-scheme 3meck ctaHoBUTCA exact model identity. O

3amMmeuanue 4.2. 9mom MoOe1bHbIll KAACC 518/151emCs Nep8biM Hempueu-
anavHuiM concrete realization ecetl peak-associator machinery. Caedyrouw,uti
waez — nocmpoums bosiee 2eomempuyeckull Kaacc, 20e hapamempbl a; 803-
HUKAmM He u3BHe, d KAk Npou3800Hble om 8HympeHHelu admissible ezeo-
Mempuu uau contraction-dynamics.

CBoaOKa mepBOro MoaejJabHOro Kijaacca. Quadratic model class noka3wl-
saem, umo annapam Toma III peaau3dyem Ha Nnpo3pPavyHoOU 8blHUCAUMOU MO-
Oeau:

Amod < p?nod‘
Ho 8 amou modesau napamempbl pacu,enjieHusa oCmarwmcsa 8HeWHUMU KO-
opduHamamu. IToamomy mpebyemcs emopotli ModenbHblll Kaadcc, 20e amu
napamempul yice 803HUKAOM U3 BHYMPEHHEU 2eoMempuu.
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OuarpamMMa yrjiiyojIeHusi MOJ€eJIH.

external parameters a; — exact toy model — (M, g)1)-geometry — internal splittir

4.12. Bropou MoaeJIbHBIM K/JIaCC: PHMAaHOBBI MO-
Ieid BHYTPEHHero pacuieIIeHHsI

Onpenenenue 4.21 (PuMaHOBO ITapaMeTpUYeCKOe ITPOCTPaHCTBO). [Tycmb
(M, grs) — KOHEYHOMepHOe PUMAaHoOB80 MHO200b6pa3ue, qo € M — 8bl0esieHHaA
6asoeas mouka, a

UcM

— JdoCcmamoyHO Maaas HOPMA/AbHAS OKPECMHOCMb (.
Onpenenenue 4.22 (Admissible coordinate control). ITycmw
o=(01,...,0m):U—=R"

— /I0KA/AbHAs KOOPOUHAMHAs Kapma, yoossemeopsou,das 08yCmopoHHel
oueHke

ady(q,q) < |lo(q)|lrm < Bdr(q, q0)
012 Hekomopbwix KoHcmaHm 0 < a < S u 8cex ¢ € U.

Onpenenenue 4.23 (PumanoB Kinacc admissible peak-korurypanuii). Quk-
cupyem admissible 6a3osyrw koH¢pueypauyurw C,, Habop nonapHo opmozo-
Ha/bHbIX unit-vectors

Viy.ooy Unm

8 eB8K/AUu00B80M NpocmMpaHcmee pacuienseHus u onpedeaum 045 Kaxirco0o020
q € U KoHpueypauyut C, no npasuy
p(q) = pi £ 04(q) vs, i=1,...,m.

ITonyueHHoe cemeticmao {C,},cv Hasvleaemcsa puMaHOBHIM admissible mo-
[EJIbHBEIM KJIaCCOM.

Onpenenenue 4.24 ('eomeTpuyecKuli MOOEeNbHBINM accoiiaTop). I1pu ¢puk-
CUPOBAHHbBIX BECAX M1, ..., \, > 0 onpedeaum

Ageo(Cy) == > Nioilg)*.
=1

Onpenenenune 4.25 (I'eometpuueckuit reduced distance). 'eomempuue-
ckum reduced distance 015 KoHpuz2ypauuu C, Ha308éM
Pgeo(cq) = dJW<Q7 QO)-

IIpennoxenue 4.4 (Admissibility pumanoBa MmozmenbpHOTO Kiacca). ITycmob
6asosas koHpuzypauyusa C,, admissible, a 014 8cex q € U masnble cMew,eHus,
onpedesnsemble KoopOuHamamu o;(q), coxpanarom admissibility 10KkaabHOU
peak-cmpykmypul. Toe0a cemeticmso

{Cq}qGU
obpa3yem admissible nodcaoti kamezopuu PeakPack.
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Hokazamesabcmao. B mMayoll HOpMaJIbHOU OKPECTHOCTU KOOPOUHATHL 0;(q)
HENPEPBLIBHO 3aBUCAT OT TOYKU ¢ ¥ Malbl 110 HOpMe. 1o IpenmnonokKeHnio
admissibility mpu Takux MasnbIxX CMeIlleHUsIX coxpaHseTcsa. CiieqoBaTeNlbHO,
Kaxpnoe C, npuHaainexuT admissible kimaccy. Ilepexonbl MexXay TOYKaMHU g U
¢ B U nuagynupyloT admissible correspondence mexny peak-nmapamu dyepes
3HaueHusd o(q) ¥ o(¢'), Tak 4TO nonydaeM admissible momcnou. O

Teopema 4.6 (FeoMeTpu3alusa accoliiaTopa Yepe3 pUMaHOBO PaCCTOSIHHE).
ITycmyb
)\min = min >\i7 )\max = maX )\Z
(2 (2

Toeda 014 8cakou KoHpuzypauuu C, u3 puMaHosa Mo0OeabHO20 KAdcca 8bl-
nosHsAemcsa 08YyCMOPOHHAA OUEHKd

/\minCYQ Pgeo(Cq)2 < Ageo(cq) < )\maXBQ Pgeo(Cq)Q-

ITosicuenune. 30ecb napamMempbul pacw,enaeHus yxce u3enekaromcs u3 8Hym-
peHHel pumaHoeol 2eomempuu. Tem camvim meopusa deaaem wae om toy-
model K genuinely geometric class, npu2o0Homy 015 c853u ¢ OUHAMUKOU U
6yoyw,umu pedyKuusamu.

Ilokazameavcmeo. Tlo onpeneneHnI0
Ageo(Cq) = Z )\iai(Q>2-
=1

CrnepgoBaTesbHO,

Amin[|7(9)|[Em < Ageo(Cy) < Amax/lo (@) [fn-

[TpuMeHsisS ABYCTOPOHHIOI KOOPAUHATHYIO OLIEHKY

adu(q,q) < [lo(q)llrm < Bdun(g, o),
IIOJIy4yaeM
)\minOC2 dM(q7 %)2 < Ageo(cq) < )\maxBQ dM(Qv QO)Q-
Tak KaxK dy(q, ) = pgeo(C,), TPEOYEMast OLIEHKa JOKa3aHa. O

CnencrBue 4.7 (TouHoe oOHapyKeHWe BHYTPEHHETro pacliennenus). a1
puMaHosa Mooe/ibHO20 K/1adccCad 8blNOAHAEMCA IK8UBA/A€HMHOCMb

Ageo(Cq> - O <~ pgeo(Cq) - 0 <~ q = qo-

Lokazameabcmaeo. II0CKOJIbKY BCe BecCa IIOJIOXKUTEJIBHBL U a > 0, OBYCTO-
POHHSAS KBafgpaTH4YecKas OLleHKa IIOKa3BIBAaeT, YTO Ageo(Cy) = 0 TOorma u
TOJIBKO TOTrfda, Korpma dy(q,q) = 0. Ha pumMaHoBoM MHOroo6pasuu 9TO 9K-
BUBAJIEHTHO ¢ = (. [

3ameuyanue 4.3. 9mom pe3yabmam yice He UCNo/ab3yem 8HewHue He3d-
8UCUMble napamempul a;, d 8bI800UM U3Mepumeau pacu,enjeHus u3 8Hym-
peHHell 2ceomMempuu napamempuiecko20 MH020006pa3sust M.
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4.13. I'pagJHEeHTHO-NIOPOKIAEeHHBLIH contraction-flow
B PUMaHOBOM MOI€eJILHOM Kjiacce

Onpenenenue 4.26 (MogenbHBIN ITOTeHIIMAN). Onpedeaum nomeHyuan

V() = 5 Ageo(Cy).

Onpenenenue 4.27 (I'paguentHr admissible flow). ITycmeb ¢(t) € U ecmb
peweHue 2padueHmMHO20 YyPaB8HeHU A

G(t) = =™V (q(t)).

Coomeemcmesyrouwas 380a0uus1 Cyy) HA3bl8demcsi TPaJUeHTHO-TIOPOXK e HHEIM
admissible contraction-flow modeavHO20 Kaacca.

Teopema 4.7 (MOHOTOHHOCTB acCcoliiaTopa BOOJIb TPAJUEHTHOTO IMOTOKA).
Bdoav epadueHmHo-nopoacdeHHo20 admissible contraction-flow 8binoHs-
emcs

am

d
23 Ageo(Carn) = —2[[V*V(q(t))lg,, < 0.

Hokazamenbvcmeo. Tak Kak V = Ageo, IMEEM

Ageo = 2V
CrnemoBaTebHO,
d d )
E-Ageo(cq(t)) = 2%V(Q(t>> =2 dV(Q<t))'
[TomcTaBisis §(t) = —VIV (q(t)), momy4aem
d
£ Agoo(Cyy) = —2dV(VIMV) = =2V V2,
OTcroma cienyeT HepaBeHCTBO < 0. O

CnepcrBue 4.8 (CtsaruBaHUe K HYJIEBOMY CJIOIO0 B U30TPOITHOM HOPMaJIbHOM
ciay4dae). Ilycmv M = R™ ¢ eskaudogou mempukou, o(q) = ¢, a 8ce 8eca
pasHvl 00HOU KOoHCcmaHme X\ > 0. To20a 2padueHmHbll NOMOK umeem 8ud

q = _)\Q7

Ageo(Cq(t)) = Ageo(Cq(0)> e M,

Hokazameabcmaeo. B U30TPOIIHOM Cliy4yae

1
Vig)==Mql?>,  VVi(g) = \g.

2
CrnepgoBaTeslbHO,
q = —Ag,
OTKyna
4(t) = e q(0)
Torma

Ageo(Cyr) = Alg@®)P = xe™**[1¢(0)]1* = AgeO(Cq(O))G_Q/\t~
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3ameuanue 4.4. 9mom pumMaHo8 MOOebHbIll KAACC S8ASAeMCA yiHce He
npocmo quadratic toy model, a nepgbim mocmom medxcdy BHYmMpeHHelu 2eo-
Mempueu napamempos pacwenaeHusa u admissible contraction-dynamics.
HMeHHO u3 Hea20 3amem MOX#CHO NoOHUMams 2106a1bHY0 theorem-scheme
2eoMempuaauyuu accoyuamopda u 8pemMeHu.

CBOIKa reoMeTPpHYECKOro MOJAE/JILHOr0 Kjiiacca. Bo smopom moodeb-
HOM KJ/dacce accouuamop yace €853bl8demcs ¢ 8HYMPEHHUM PUMAHOBbIM
paccmosiHuem, a 3amem U ¢ 2padueHmHOU OUHAMUKOU:

d
-Ageo = dM('> QO)Qa %-Ageo < 0.

Caedyrouiutl wae — ytiimu om omaoeavHoll 6a3080lU MouKuU ¢, U nepetimu K
ues0My Hy/1esoMy cmpamy KAk op2aHu3yrou,emy 2eomempuyeckomy obs-
exmy.

[IunarpaMMa mepexojga OT TOYKH K CTpary.

Cy € Co = local zero point — 7 c C;, = semiglobal control around a compact zero-

4.14. IToayrao6ajabHasi reOMeTPHU3allusI BOKPYT
compact zero-stratum

Onpenenenune 4.28 (Compact zero-stratum modulo symmetries). ITycmo
Z C Cy

ecmbv NOOMHOCecmao Hy/1e8020 ACCOUUAMOPHO20 C/A05, UHBAPUAHMHOe Om-
HocumeavHo admissible cummemputi. 'ogopssim, umo Z obpa3zyem compact

zero-stratum modulo symmetries, ecsau e2o 06pa3 8 pakmope C/G KomMnak-

meH.

Onpenenenue 4.29 (Reduced distance to the zero-stratum). /115 admissible
KoHpuezypauuu C onpedeaum reduced distance 00 Z no ¢popmyae

C) = inf deq(C, Z,

pZ( ) Zoe red( ’ 0)7

20e dreq 0603HaYaem 10KaAbHO co2/1aco8aHHOe paccmosiHue modulo admissible
symmetries.

Onpenenenue 4.30 (Admissible basin around Z). ITo0 admissible basin
around Z noHumMaemcs uUH8ApPUAHMHAs OMHocumenbHo admissible cummem-
pull OKpecmHocmbu

BccC

makas, ymo 8csakasa admissible koHpuaypauusa u3 B coeduHaemcs ¢ Z admissible
depopmMayuoHHOU Uenouykou sHympu B.
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Onpenenenue 4.31 (Uniform local quadratic control near 7). I'ogopsm,
ymo accouyuamop ob6s1adaem uniform local quadratic control oxos0 Z, ecau
0151 BCAKOU MOYKU Zy € Z 8bINOJAHAKIMCA YCA08UA N10KAAbHOU K8adpamuye-
CKOl 2eomMempu3auuu, NPu4émM KOHCMAaHMubl ¢y, cy, 7o MOXCHO 8b10PAMb 00U-
HAKoB8bIMU 0151 8Cex MoOYeK Z, nocjie nepexodd K KOHe4YHOMY NOKPbIMUK
Z/G.

Onpenenenune 4.32 (Outer separation condition). 'ogopsam, umo Ha admissible
basin B sbinoaHeHo outer separation condition, ecau cywecmayem vuco
n > 0 u paduyc r. > 0 makue, 4ymo u3 yc/108us

pz(C) =1,

oaa C € B caedyem
A(C) 2.

Teopema 4.8 (ITonyrno6ansHas theorem-scheme reomeTpusanuu accoiu-
atopa). ITlycmv Z C Cy ecmb compact zero-stratum modulo symmetries.
IIpednoaooicum, 4ymo:

A 0sadicOvl dupgepeHuupyem 8 okpecmHocmu Z;
A uHeapuaHmeH omHocumeavHo admissible cummemput;

reduced Hessian noaoxcumenbHO onpedeiéH Ha Kaxcooll mouke Z;

oL b=

svinosHeHo uniform local quadratic control near Z;

5. Ha admissible basin B sbinosHeHo outer separation condition.

To20a cywecmeyrom uucaa 0 < c¢; < ¢y, 19 > 0un > 0, makue umo 01 8cAKoU
admissible koH¢ueypauuu C € B 8bINOAHAOMCA:

1. ecau pz(C) < 1o, mo
c1pz(C)? < A(C) < e pz(C)%

2. ecau pz(C) > ry, mo
A(C) > .

ITosicHenune. 30ecb ueHmMp msaxcecmu nepeHocumcs ¢ 0OHOU MOYKU Ha
uesbll compact zero-stratum. Teopema nokasvieaem, Ymo mdajavle 3HAYe-
HUS accouuamopa Op2aHU3yKMCs 8CeM HY/1e8bIM CMpPAamom, d 8He e20 mpyo-
yamoti obaacmu accouuamop omoesnéH om HYAA.

Hoxazamesavcmaso. ITo compactness of Z/G u uniform local quadratic control
CYILIECTBYET KOHEUYHOE MTOKPHITHE compact zero-stratum modulo symmetries
OKPECTHOCTSIMH, Ha KaXK[O0W M3 KOTOPHIX JIOKaJlbHasi KBagpaTUudecKas reo-
MeTpu3alusa accolraTopa BepHa C OODHUMHU U TEMU Ke KOHCTaHTaMU I10CJie
BbIOOpa MUHUMAJILHOTO U3 JIOKAJILHBIX PaIUyCOB U 00IIIET0 HUXKHETO/BEPXHET O
bound. 910 maet nyHKT (1).

[Ons nyukta (2) npuMeHsieM outer separation condition Ha admissible
basin B: BHe GPUKCUPOBAHHOMN TPyOUATOM OKPECTHOCTH zero-stratum acco-
LMaToOp He MOXKeT NMpubnuxkaThcsa K HyJi0. ClefoBaTeNbHO, CyILIECTBYET I10-
JIOKUTEeJIbHAs HUXKHSSA IPaHUlla 1) Ha BHEIIHeN 30He pz(C) > ry. O
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CnencrBue 4.9 (ITonyrmobanbHOe oOHapyKeHUe paciensienus). I1pu ycao-
gusix npedvioyuw,eti meopemvl 015 A100601 nocaedosamesbHocmu admissible
KoHpuezypauuu C, € B 8bIn01HAGMCA 3K8UBA/IEHMHOCMb

A(C,) = 0 <= pz(C,) — 0.

Hokazamenavcmeo. Ecnu pz(C,) — 0, TO Ipu OONBIINX n IPUMEeHNMa KBal-
paTuuyeckas upper-estimate

A(C,) < capz(Cp)?* — 0.

Oo6patHo, ecnu A(C,) — 0, To 1o outer separation condition KoHbUrypauuu
(), He MOT'yT OCTaBaTbhCS Ha PaCCTOSHUU > 1y OT zero-stratum. IlosTomy Ha-
YrHas C HEKOTOPOro HOMepa OHM JIeXaT B TPyOdyaTol 30He, roe OelCTByeT
lower-estimate

c1pz(CL)? < A(C).

Otcroga cnenyert pz(C,) — 0. O

Teopema 4.9 (ITonyrinob6anbHasi U30JIMPOBAHHOCTD zZero-stratum). ITpu mex
Jice npednoodceHuax Abol Kaacc u3 Z /G u3o0aupoeaH 8 no0yposHe

AH([0,7))/G.

Iokazamesabcmao. Tlo outer separation condition Bcsikass KOH(pUTrypalus,
Haxo[smlasics JOCTaTOYHO JaleKo OT zero-stratum, umeeT 3HaueHUe acco-
nyaTopa He MeHblIle 7. CiefoBaTesIbHO, IOAYPOBEHD A < 1) LIEJIUKOM JIEXKUT
B TpyO4aTOM OKPECTHOCTH 7, T'Ie MNeNCTByeT JIOKajbHasl KBaJpaTHUdecKas
reoMeTpusalmsa. TaM HyJieBble KilacChl oTOeneHs reduced-distance, a 3Ha-
4uT U B pakTOope G-OpOUT OHU U30IUPOBAHHI. O

3ameuanue 4.5. O9ma theorem-scheme ewé He s8sa55€mcs NOAHOU 2/0-
6anvHOU 2eomempu3sayuell Ha scém admissible npocmpaHcmeae C, HO yaice
8vieo0um Hac u3s purely local regime: Hy/1e80U CA0U KOHMpoAupyem mdasle
3HA4YeHus accouuamopa Ha ueaot admissible basin.

CBoaka mojyrio0ajabHoro pexuma. Ilocie nepexoda k compact zero-
stratum meopus ymeepaicdaem, Umo mdasvle 3HaYeHUs dccoy,uamopa opad-
HU3YHOMC3 yoce He 00HOU MOYKOU, a Ue/ibiM CeMeliCm8OM HY/1e8bIX PeXHCU-
Mo8:

A(C) <1 = Cnear Z = A(C) < pz(C)*.

Ymobbl NnOHAMb BHYMPEHHIOW (popmy amoll OUeHKU, HYHCHO nepelmu K
normal slices u nocmpoumb A10KA/AbHYI HOPMA/AbHYIO (pOPMY accoyuamopa
modulo symmetries.

OIuarpamMMa nepexoga K HOpMaJIbHOH ¢dopme.

semiglobal control = normal slice = Q¢,(u)+o(||u]|*) = Morse-Bott-type structure
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4.15. OpoOuTaibHO-HOPMaJIbHas1 (popMa acCOIH-
aTopa

Onpenenenue 4.33 (Normal admissible slice). ITycmb Cy € Cy. Normal
admissible slice 8 mouke C, ecmb s10KanbHOe NnoOMHO2000pasue

SCOCC

makoe, 4mo
TCOC = TCOO(OO) EB TC()SC())

u ecakasa admissible koHpuaypauua C u3 0ocmamoyHO Maaou OKpPecmHo-
cmu opbumbut O(Cy) nepecekaem S, POBHO 8 00HOM Kaacce modulo admissible
symmetries.

Onpenenenue 4.34 (Transverse nondegeneracy). ['ogopam, umo Hy1e8ou
caotl Cy TpaHCBepcalbHO HEBEIPOXKIAEH 8 mouke Cy, ecau reduced Hessian

red
Hess, (A)
no0cumenbHo onpedenén Ha npocmparcmae TEC.

Teopema 4.10 (OpbuTanbHO-KBagpaTudeckas HopMasibHas popma). ITycmob

Cy € Cy, A 2n1adok 8 okpecmHocmu C, uHBapuaHmMeH omHocumeavHo admissible
cummempuu u Hysaeeou C/10U MpaHcB8epcaabHO HesblpodcoeH 8 (Cy. Toz2da
cywecmasyem normal admissible slice S¢,, 10KaibHasa KoopouHama

u=(u,...,u) € RF

Ha S¢, ¢ u(Cy) =0, U nosoAHCUMENLHO ONpedeneHHaA keadpamuyHasa popma

k

QCO(U> = Zuluf, i > Oa

=1
makue umo Ha Sc, 8bINO/JAHEHO PA3/10HCEeHUEe
A(C) = Qc, (u(C)) + Re, (u(C)),
20e remainder yoossiemaopsaem

Rey(u) = o[|ull*)  npu u— 0.

ITosicHeHHMe. Oma ¢opmy.ia nokasvleaem, Ymo 0K0J/10 HY/1e8020 CA0A dc-
couuamop umeem my e CmMpyKmypy, 4mo u no/oxcumenvHas keaopa-
MuyHas aHepaus 8 HOPMAAbHbIX KOOpOuHamax. MMeHHO u3 Heé nomom 8bl-
pacmatom rigidity, stabilization u attractor-type statements.

Ilokazameabcmeo. 1o ”THBaPHAHTHOCTHU OTHOCUTENbHO admissible symmetries
MBI MOKeM orpaHu4uTh 4 Ha normal admissible slice S¢,. B Touke C, niepBas
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Bapualus paBHa HYJIIO, IIOCKOJIBKY () € Cy U ABJIAETCA JIOKAJIbHEIM MUHUMY-
moM 110 reduced directions. Bropas Bapuatius Ha reduced tangent space 1io-
JI02KUTEJIbHO OIpefesieHa 10 IPeAnoIoKeHnIo 0 transverse nondegeneracy.
Torma craHmapTHOe pa3noxeHue Teinopa Ha slice gaeTt

1
A(C) = §D2Aco(u,U) +o([[ul?).
IuaroHanu3ys I0JI0KUTENIbHO ONIpefieNIEHHYI0 KBafpaTUiHyo hopmy s D? Ag,,
nojy4aeM TpebyeMyio HOpMalbHYy0 GOpMYy C Qc,. O

CnencrBue 4.10 (JIokanbHast 5KBUBaJIEHTHOCTb HOpMaJIbHOU popmel ¥ reduced
distance). B ycao8usax npedvidyw,et meopemMbl cyu,ecmayrom KOHCMAaHmul
a,b> 0 u okpecmnocms U mouku C,, makue 4mo

a|lu(C)|]* < A(C) <blju(0)||*  O0as 8cex C € UN Sg,.

[okazameabcmeo. ITonoXuUTENbHAS OIPENENIEHHOCTD (¢, HaéT OBYCTOPOH-
HIOIO KBaIPAaTUYHYIO OI[eHKY Ha |u||?>. OcTaTo4YHBIN 4neH Rc,(u) = o(||u]|?) mo-
TJIOUIAETCS IPYU CYyKEHUU OKPECTHOCTH. O

4.16. Morse-Bott-type cxema mjisi zero-stratum

Onpepnenenue 4.35 (Smooth zero-stratum). 'ogopsm, umo Z C C, ecmb
smooth zero-stratum, ecau Z sieasiemcs enadkum noOmMHo20006pa3uem C, UH-
8apuadHmMHbIM omHocumenavbHo admissible symmetries.

Onpenenenue 4.36 (Transverse Morse-Bott type condition). Smooth zero-
stratum Z yoosaemeopsaem transverse Morse-Bott type condition, ecsau 044
ecskou mouku Cy € Z

1. nepeas sapuavusa A 3anyaaemcsa Ha T¢,C,
2. reduced Hessian Hy/e80ll Ha Kacame/bHblX HANPAB/AEHUSAX K 7,

3. reduced Hessian noaoxcumeabHO onpedenéH Ha HopMdaabHOM reduced
bundle k Z.

Teopema 4.11 (Morse-Bott-type theorem for zero-stratum). ITycmo Z C
Co ecmb smooth zero-stratum, yoosiemeopsaww,uu transverse Morse-Bott
type condition. To20a 8 okpecmHocmu Kadtcoot mouku Cy € Z cyu,ecmayrom
admissible koopduHamul

(¥, 2),

20e y — KoopOduHamul 8004b Z, a z — KoopoduHamut 8 reduced normal directions,
makue 4mo

Aly, 2) = Qay(2) + o([12]]*),

20e ¢, — NoodHCUMENbHO OnpedenéHHaa KkeadpamuyiHaa popma, 3a8ucs-
w,as 2aadko om y.
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Iokazamesavcmaso. YcnoBue transverse Morse-Bott type exactly means, 4To
B tangential directions along Z mepBas u BTOpas Bapuallud He CO3[alOT
pocta A, a Bech leading contribution lives in reduced normal directions.
[IpuMeHSss JTOKaJIbHYIO0 TEOPEMY O Pa3JIOKEHUU I10 CeUYEeHUI0 HOPMaJbHOTO
bundle u ucnonb3ys MOIOKUTENBHYIO OnpeaeeHHOCTh reduced Hessian B
TOIIePEeYHOM HallpaBlIeHUH, TTojlydaeM TpebyeMyio hpopmy. O

CnencrBue 4.11 (HopMmanbHast KBAApPaTUYHOCTE BOOJIb BCero smooth zero--
stratum). Ecsau compact smooth zero-stratum Z /G yoosaemsopsaem transverse
Morse-Bott type condition, mo n0KasibHble KBAOPAMUYHbIE OUEHKU dCCOoUU-
amopa MOXM#CHO 8bl6pPaAMb PABHOMEPHO 800/1b Z Nocje nepexodd K KOHeuYHo-
MY NOKpPblMUIO.

Hokazamesabcmaeo. KOMIAakTHOCTE Z /(G 0A€T KOHEYHOE IMOKPBITHE JIOKalb-
HeIMU chart-neighbourhoods, a rmagkas 3aBUCUMOCTS ITOJIOKUTEJIBHO OIIPE-
OeNEHHBIX popM (o, OT TOUKU C, IIO3BOJIAET BHIOpaTh oOmue lower/upper
bounds. O

4.17. HopMmajiabHasd THHaAaMHYEeCKasi CTaOuIn3a-
11078

Omnpepenenue 4.37 (Normal gradient dynamics). ITycmbs So, — normal
admissible slice u uw — e2o reduced coordinates. Normal gradient dynamics
3a0aemcs ypasHeHuem

= -V, A(u).

IIpennoxenue 4.5 (JluHeapu3alusa HOpMaJIbHOM OUHAMUKHU). B yci08usx
opbumasnvHoO-Kk8aOpamuyeckol HopmaabHol popmel AuHeapu3ayus normal
gradient dynamics 8 mouke u = 0 umeem 8ud

u = —Hu,

20e H — nosoocumenvbHo onpedeléHHas cummempudeckas mampuua reduced
Hessian.

Ilokazameavcmeo. VI3 HOpMalbHOU (OPMEI
Alw) = Qcy (u) + o(||ull)

cremyeT
VuA(u) = Hu+ of[[ul]),

roe H — MaTpulla KBagpaTUu4HOU QOPMEL (¢,. [IoaTOMy nuHeapusanusa npu
v = 0 UMeeT BUn « = —Hu. O]

Teopema 4.12 (3kcroHeHIIMaIbHAs HOpMasibHas cTabunu3aiusi). Eciau ece
cobcmeeHHble 3HaveHus reduced Hessian 8 mouke C, € Cy N0/103#CUMeAbHbl
U 02PAHUYeHbl CHU3Y Yyucaom v > 0, mo 0151 docmamoy4Ho manvwlx initial data
peweHue normal gradient dynamics ydosiemeopsaem OoueHKe

lu@®)]l < Ce™[u(0)]

¢ HeKkomopou KoHcmaHmou C > 1.
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ITlosicHeHHne. O9Omo OuHamuyeckas eepcus A0KaabHOU 2ceomempu3sauuu. ITo-
noxcumenvHolli reduced Hessian o3Hauaem He mO/abKO CMamuyecKyo Hcecm-
KOCMb, HO U 3KCNOHEeHUUA/1bHOe 3aMmyXaHue Ma/iblX NoNnepeyHblX 803MyUle-
Hul.

Lokazamesbcmeo. JInHeapu30BaHHasA CUCTEMaA © = —Hu C IIOJIOXKUTEJIBHO
OIIpeNeNIEHHBEIM H MMeeT 3KCIIOHEeHIINaJIbHO YCTOWYUBEIN HYJIb C TEMIIOM He
XyXe v. MaJsiell HeJIMHEWHBIY OCTaTOK o ||u||) He pa3pyliaeT 3TOH yCTOUYUBO-
CTU IIPU AOCTATOYHO MaJkbIX initial data mo crangapTHOMY IPUHIUITY YCTOU-
YMBOCTU rurnepb01nYecKoro paBHoBecusi. OTciona U ClegyeT 3KCIOHEHIIU-
ajbHas OLleHKa. D

CnepcrBue 4.12 (OkCnOHEHIIMAIBbHOE 3aTyXaHue acconuaropa). Ilpu ycao-
8usx npedvidywelti meopembl cyuLecmeayem KoHcmaHma C’ > 0 makas, ymo

A(C(t)) < C'e 2t A(C(0))

0a5 8cex docmamo4Ho Maavix admissible initial configurations Ha normal
slice.

Ilokazameavcmeo. 11o moKanbHOU KBagpaTU4YeCKOU SKBUBAJIEHTHOCTU A ~
|u||?, a HOpMa ||u(t)|] yOBIBaeT Kak e *'. CnemoBaTesbHO, A yObIBAaeT KaK KBafl-
paT 3TO¥ 9KCIOHEHTHI. O

3ameuanue 4.6. 9mu pe3yabmamul yeaybasarom bridge between Tom III u
Tom V: menepb contraction-dynamics around the zero-layer koHmpoaupy-
emcsa HenocpedcmeeHHo reduced Hessian of the associator.

CBoaka HOpMaJIbHOH popmbl U Morse-Bott-type ciiosi. B amoil mouke
mom yoice obsiadaem HOpMAAbHOU popmol:

A~ QCO (u)

g reduced normal directions, a 3Hauyum Hy1ea8ol ca0li 8e0ém cebsa kak Morse-
Bott-type critical manifold. Caedywow,uti wae — npespamumas 3my A0KA/1bHO-
HOPMA/NbHYI UH(POPMAL UK 8 ynpasasiemyro OUHAMUKY U 3ameM 8 low-energy
global attractor scheme.

IOIuarpamMMa mnepexoja K riioodajibHoOu coercivity-scheme.

normal form = uniform spectral gap = gradient domination — low-energy trapr

4.18. I'moOGanbHas coercivity-scheme modulo symmetri

Onpenenenune 4.38 (Uniform spectral gap along 7). Ilycmv Z C Cy —
compact smooth zero-stratum modulo admissible symmetries. Bydem 2o-
sopumb, umo 800b Z 8binoaHeH uniform spectral gap, ecau cywecmsyrom
KOHCMaHmul

0<rv<A<x
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makue, 4ymo 045 ecsakol modyku C, € Z u scsakoeo reduced normal vector v
8blNOJIHEHO ;
re
v][v]fea < Hesse, (A)(v,v) < Allv[[feq-

Onpenenenue 4.39 (Low-energy tubular basin). ITycmu Z C Cy. Low-energy
tubular basin around Z ecmwv admissible basin B c C, 0418 komopol cyu,e-
cmeyem yqucao E, > 0 co ceoucmaom:

{CeB: AC) < E.}

uesaukom cooepaxcumcs 8 mpybuamou okpecmHocmu Z, Ha Komopol oell-
cmasytom uniform local quadratic control u outer separation.

Onpenenenune 4.40 (Reduced properness on low-energy sublevels). I'ogo-
psam, umo A ob6siadaem reduced properness on low-energy sublevels 8 B,
ec/u 0411 scsAakKol nocaedosameavHocmu C,, € B ¢

sup A(C,,) < E.
cywecmesyem noonocsiedosamesbHOCMb, cxodauwiasaca modulo admissible
symmetries 8 avibpaHHoU tubular gauge.

JIemma 4.5 (I'pagmeHTHOE DOMUMHHDPOBaHUE y zero-stratum). ITycmoe Z C
Co — compact smooth zero-stratum, edoav Z 8vinosnHeH uniform spectral
gap, a A umeem opbumanvbHO-HOPMAaabHYO ¢popmy. Toeda cywecmsyrom
okpecmHocmb Uz cmpama Z u KoHcmaHma x > 0, makue ymo 015 8cex
C e Uy

IV7LA(C) 2ea = 5 A(C).

Iloxazameavcmeo. Ha KaxkmoMm normal admissible slice okosno Touku C € Z
opbuTanbHO-HOPMasibHas ¢hopMa UMeeT BUL

A(C) = Qcy(u) + Rey(u),  Rey(u) = of||ull?).

W3 uniform spectral gap cnemyet, 4To KBagpaTU4YHAsA 9acTb (Jc, UMEEeT COO-
CTBEHHEIE 3HAYEHU S, OTPAaHUYEeHHbBIE CHU3Y IIOJI0KUTEIbHON KOHCTAHTOH v.
CrnemoBaTenbHO, OJI TPageHTa KBaAPaTUYHON YaCTH BHITIOTHSIETCS

IVQc,(w)I* = ¢ Qe (u)

c uniform ¢ > 0. Masnsiil 0CTaTOK R, U KOMIAKTHOCTS Z /G IO3BOJSIOT IIOCIIE
cyxenus tubular neighbourhood mornoTuts HeJIMHENWHBIN BKJIag B 00IIYIO
oueHKy. [TomyuaeM nckomoe gradient domination inequality. O

Teopema 4.13 (Low-energy trapping theorem). Ilycmv Z C Cy, — compact
smooth zero-stratum modulo symmetries, u 8bIN0/AHEHbI:

1. uniform local quadratic control near Z;
2. outer separation condition;

3. existence of a low-energy tubular basin with threshold E..
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To20a ecsikasa admissible koHpuaypauusa C € B ¢
A(C) < E,

neodcum 8 tubular neighbourhood of Z, a nomomy ydogsiemeaopsiem 08ycmo-
poHHell reduced quadratic estimate

c1pz(C)? < A(C) < cap2(C)?
¢ uniform KoHcmaHmamu cy, cs > 0.

Ilokazamesabcmaeo. ITO IPSIMOe Pal3BEPTHIBaHUE OomnpeneneHusa low-energy
tubular basin: HuU3kK09HepreTUYEeCKUY NOOYPOBEHE HE MOKET BEIUTHU 3a IIpe-
nensl tubular neighbourhood. Ha 310 OKpeCTHOCTH 110 YCJIOBUIO JEUCTBYIOT
uniform local quadratic control u outer separation, ciemoBaTesnbHO, ABYCTO-
poHHA4 reduced quadratic estimate BepHa paBHOMEPHO. O

CnencrBue 4.13 (I'mobanbHOe oOHapyKeHUe Majou saHepruu). IIpu ycio-
gusix npeodvioyweli meopembul 045 awoboill nociedosameavHocmu C,, € B ¢
A(C,) — 0 8btnosHsAemcs

pZ(Cn) — 0.

Hokazamesavcmeo. Ecnu A(C,) — 0, TO Ha4WHAas C HEKOTOporo HoMmepa A(C,,) <
E,, 1 MOXXHO IpUMeHuTh lower bound

€1 pZ(Cn)2 < A(Cy).
Otcropa pz(C,) — 0. O

4.19. I'paguMeHTHas1 CXOOUMOCTSH K Zero-stratum

Onpepenenne 4.41 (Reduced gradient flow of the associator). Ha evibpaH-
Holu admissible tubular gauge onpedeaum reduced gradient flow accouyua-
mopa ypasHeHuem

O(t) = —=V™A(C(1)).

JIemMa 4.6 (OKcnoHeHLMaIbHOE 3aTyxaHHe sHepruu). Ilycmv mpaekmo-
pus C(t) reduced gradient flow ueaukom nexcum 8 Uy, 20e 8binoaHeHO gradient
domination. Toz20a

A(C(t) < e ™A(C(0)).

Iokazameavcmeo. Nuddepernupys Boonb reduced gradient flow, monyya-
eM

d
3ACR) = —[IVLAC ) [Feq-
[To nemMme o gradient domination umeem
d
EA(C(t)) < —kA(C(1)).
[IpuMmeHsass HepaBeHCTBO ' poHyoOIIIa, IojlydyaeM

A(C(1)) < e™A(C(0)).
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CnencrBue 4.14 (9kcnoHeHIManbHOe 3aTtyxaHue reduced distance). I1pu
mex oice yca08usIX cyuwecmayem KoHcmaHma A > 0, makasa 4ymo

pz(C(t)) < Ae™2p(C(0)).
Ioxazamesabcmaso. Y3 low-energy trapping theorem nmeem
apz(C(t))* < A(C(t) < e2p2(C(0))%e ™.

CrnegoBaTesIbHO,
C

pz(C(t))* < C—jef“tﬂz(C(O))?
YTO U JaéT TpeOyeMylo OIeHKY II0C/Ie U3BJIeYeHUSI KBaAPaTHOTO KOPHI. [

Teopema 4.14 (CxomumocTts reduced gradient flow modulo symmetries).
ITycmub 8binosHeHbl:

Z C Cy — compact smooth zero-stratum modulo symmetries;
uniform spectral gap along Z;

existence of a low-energy tubular basin B;

W b=

reduced properness on low-energy sublevels;
5. reduced gradient flow 2a106aabHO cyw,ecmayem 045 t > 0 Ha B.

Toz20a 015 ecsakou admissible koHgpuaypauuu C(0) € B ¢ A(C(0)) < E, mpaek-
mopus C(t) cxo0umcsa modulo admissible symmetries Kk Hekomopomy Kadac-
cy

Z.) € Z/G.

ITosicuenune. 30ecb zero-stratum cmaHoBUMCSA YiHce He Npocmo 2eomem-
pu4ecKum OpueHmMupomM, d NOOAUHHbIM OuHamMudeckKum attractor’om low-
energy pescuma. Ilocae nonadaHus 8 makyr obaacmos OaavHeliwas cyovba
mpaeKkmopuu NosAHOCMblO ynpasasaemcsa cmpykmypou Z/G.

Iokazameavcmeo. Tlo low-energy trapping theorem TpaekTopus He IIOKU-
maet tubular low-energy basin. I[To nemMmMe 00 3KCIIOHEHIIMAJIbHOM 3aTyXa-
HuU sHepruu uMmeeM A(C(t)) — 0, ano corollary o reduced distance — p;(C(t)) —
0. CnegoBaTenbHO, TpaeKkTopusa asymptotically approaches Z.

Tak kak low-energy sublevels reduced proper, o6pa3 TpaeKTopuu OTHO-
cutenbHO admissible symmetries npegkommnakTeH. CiieqoBaTebHO, CyIle-
CTByeT II0 KpalilHell Mepe OfHa IIpefaesbHasa Touka modulo symmetries. [To-
ckoJibKy distance to Z tends to zero, Bcsikas mpegesibHasA TOYKa JIEKUT B
Z/G.

HakoHel, skCrioHeHIIManbHOoe 3aTyxaHue reduced distance B tubular gauge
BinedeT Cauchy-cBoiicTBo TpaekTopum modulo symmetries. [TosTomy mpe-
OeJIbHBIY KJIaCC €eOUHCTBEHEH, U TPAeKTOPUS CXOOUTCS K HEKOTOPOMY [ 7] €
Z/G. O
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CnencrBue 4.15 (Zero-stratum as a global attractor for low-energy basin).
ITpu mex dice npednoaodceHuAx MHodcecmaso Z /G asasemcsa attractor’ om
reduced gradient flow Ha low-energy basin.

Llokazamesavcmeo. V3 npenninyinel TeopeMbl BCsakas admissible HU3kK03HeD-
reTu4Yeckas TpaeKTopus cxoguTcsa modulo symmetries K HeKOTOpOMYy Kiiac-
Cy B Z/(G.JTO u 03Ha4YaeT aTTPaKTUBHOCTSD Z /(G OISl JaHHOTO ITIOTOKAa Ha yKa-
3aHHOM 00JIaCTH. O

3ameuanue 4.7. 9mom 610k evieodum Tom III noumu Ha 2106a1bHbIT YPO-
B8eHb: menepwb zero-stratum He Mo/1bKO 10KA/AbHO U N0Y2/100a1bHO 2eomem-
pudyem Masavle 3HaYeHUus accoyuamopda, Ho U 8bicmynaem kak OuHamuue-
ckuu attractor 0aa reduced gradient dynamics 8 low-energy regime.

CBopaka riiodoaabHoM low-energy cxemsbl. Tenepb zero-stratum yoice ue-
paem He MO/AbKO 2e0MempuyiecKyro, HO U OUHAMUYECKYIO POb:
low-energy basin — gradient descent — A(t) 0 = pz(t) | 0 = Z/G as attractor.

Ocmaémcsa cdesnamv nocaedHuu wae eHympu Toma III: eviimu om low-
energy global attractor scheme K noumu-2106a1bHOMY pexcuMy Ha ueaol
admissible connected component.

IuarpaMmMa ¢puHaIbHOr0 nmogbéma Toma III.

local rigidity — local geometrization — model classes — semiglobal control — normal f

4.20. ITouru-riaooajapHasi theorem-scheme Ha admissih
connected component

Onpenenenue 4.42 (Admissible connected component). ITo0 admissible
connected component noHuMaemcs cesi3Has UHBAPUAHMHAS OMHOCUMe 1b-
HO admissible cummempui KoMnoHeHmMa

Kcc,

Ha komopol reduced gradient flow accouyuamopa onpedenéH 015 8cext > 0.

Onpenenenue 4.43 (Eventual low-energy entry property). I'ogopsam, umo
admissible connected component K ob6.iadaem eventual low-energy entry
property, ecau cyuiecmsyem low-energy threshold E, > 0 u low-energy
tubular basin B 8okpye compact zero-stratum Z C Cy makue, ymo 011 8cA-
Kou mpaexmopuu reduced gradient flow

t— C(1), C(0) e K,
cyuw,ecmgyem momeHm apemeHu T =T (C(0)) > 0, 014 Komopoz2o
C(T) € B, A(C(T)) < E..
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Onpepgenenue 4.44 (No positive-energy traps). 'ogopssm, umo Ha K om-
cymcmaytom positive-energy traps, ecsau 8cakaa nosaHasa mpaekmopus reduced
gradient flow, ocmarwwasaca 8 kKomnakme u ydosiemaeaopAaru,asn

lim [ CA(C) zea =0

umeem npedebHOE MHOJCecmao, sedcauiee aubo 8 Z, aubo 8 Kpumuue-
CKOM cJ/10€e HY/1e80ll 3Hep2ul.

Onpenenenue 4.45 (Almost-global geometrizable component). Admissible
connected component K Ha3wieaemcsa almost-global geometrizable, ecau
015 HeKomopoz2o compact zero-stratum Z C Cy Ha K 8bIno/1HEHbl:

1. eventual low-energy entry property;
2. no positive-energy traps;

3. npednosodiceHus meopemol o cxooumocmu reduced gradient flow modulo
symmetries Ha coomeemcmaywu,et low-energy basin.

JIlemMa 4.7 (OHeprus He BOo3pacTaeT Ha BCel KOMIIOHeHTe). Ilycmb K C
C — admissible connected component. To20a 8001b 8CAKOU MpaeKkmopuu
reduced gradient flow

%A(C(t)) = [ VPLA(C(1))]|%q < 0.

Llokazameabcmao. ITO cTaHOapTHAas popMysia IPOU3BOOHOU (PYHKIIUU BOOJIb
e€ cCoOOCTBEHHOI'0 OTPUIIATEJILHOTO I'PAJEeHTHOI 0 IIOTOKA. O

IIpennoxenue 4.6 (Finite-energy descent identity). /[1a ecakot mpaek-
mopuu reduced gradient flow Ha K u a106bix 0 < t; < t, 8bINOAHSACMNCSA

A(C(t2)) +/2 IVeLA(C(#))[IFea dt = A(C(t1)).

t1

Ilokazamesabcmeo. HTerpupyeM o BpeMeHUu GopMyITy

d re 2
ZACW) =~V TAC(1))l[zea-

]

Teopema 4.15 ([TouTu-rnobGanbHass CXOOUMOCTBL K zero-stratum). ITycmb
K c C ecmbv almost-global geometrizable component. To20a 0aa 8cakou
admissible HauanvbHOU KOHPuU2ypayuu C(0) € K mpaekmopus reduced gradient
flow C(t) cxoOumcsa modulo admissible symmetries kK HeKOmopomy Kaaccy

[Zs] € Z/G.
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ITosicHeHHe. 39 mo npedesbHO CU/IbHAA HA MeKyu,em amane (popmyaupos-
Ka Toma III. OHa 2080pum: KaK mo/sbKoO mpaekmopus 2apadHmupo8aHHO 8X0-
oum 8 low-energy basin, eé noumu-2106aabHass OuUHaAMuKa onpedeisiemcs
zero-stratum. Ocmaswascsa eepwuHa — 8bleecmu cam (pakm makoz20 8xo0da
U3 BHYyMpeHHUX dKkCuoMm, a He bpamb e20 Kak omoeibHy0 2unomeasy.

Iokazameavcmso. Ilo eventual low-energy entry property cyiiecTByeT Mo-
MeHT 7T > 0, HauMHas C KOTOPOIr'0 TpaeKTopus nomnagaet B low-energy tubular
basin B 1 ygoBIeTBOPSET YCIOBUIO

A(C(T)) < E..

[Tocne 5TOro MOXKHO IIPUMEHUTH TeopeMy o cxogumocTu reduced gradient
flow modulo symmetries u3 npeasigyiero pasgena. OHa Da€T CXOOUMOCTD
TpaekTtopuu C(t), t > T, K HEKOTOPOMY KJIacCy [Z,| € Z/G. CnemoBaTesb-
HO, UCXOfOHas TpaekKrtopus C(t), t > 0, TakxKe cxoguTcsa modulo admissible
symmetries K TOMy e Kjaccy. O

CnencrBue 4.16 (Almost-global vanishing criterion). IITpu mex aice npeo-
nosoxceHusx 010 ecakol mpaekmopuu reduced gradient flow Ha K 8bino-
HsAemcs

A(C(t)) — 0 npu t — co.

Hokaszamesavcmeo. Ilo pepsifylel TeopeMe TpaeKTopus cxoguTcs modulo
admissible symmetries k knaccy [Z,] € Z/G. Tak KaKk Z C C;, Ha HEM A = 0.
ITo HenpeprIBHOCTHU A nnony4yaem A(C(t)) — 0. O

CnencrBue 4.17 (IToutu-rnobanbHOe OOHapyKeHUe paciiennenus). Ecau
C, € K ecmb nocsaedosamesnbHOCMb MoyeK 800/1b O0OHOU U/AU HECKOAbKUX
admissible mpaekxmoput reduced gradient flow u

A(C,) — 0,

mo
PZ(Cn) — 0

nocse nepexoda k sufficiently late low-energy regime.

Ioxazamesabcmao. Kak TOIBKO TpaeKTOPUA BXOOUT B low-energy basin, npu-
MeHUMa nonyriobanbHas theorem-scheme reomerpusanum accouuaTopa,
KOTOpasi Ja€T 3KBUBAJIEHTHOCTh A — 0 <= p; — 0 Ha 3TOU 00/IacCTH.
Eventual low-energy entry property rapaaTupyeTt, 4TO TaKOU PEXUM Oeiu-
CTBUTEJIBHO JOCTUTAETCH. O

Teopema 4.16 (Almost-global attractor theorem). Ecau K ecmwb almost-
global geometrizable component, mo Z /G agasemcs 2a06aavHbuiM attractor’ om
0aa reduced gradient flow Ha K 8 caedywowem cmoicae: scakasa admissible
mpaeKkmopus ¢ Hauaiaom 8 K umeem w-npedesnbHOe MHO}Cecmaeo, COCmMos-
wee u3 eOUHCMBEeHHO20 Kaacca 8 Z/G.

Hoxkazamesavcmeo. CxogumocTth modulo admissible symmetries yxke goka-
3aHa B almost-global convergence theorem. EguHCTBEHHOCTDL ITpPEeaenbHO-
ro knacca ciaepnyet u3 Cauchy-cBoiicTBa TpaekTopuu B low-energy tubular
gauge U U3 3KCIIOHEHIIMaIbHOTO 3aTyxaHusa reduced distance mocne Bxoma
B low-energy basin. O

61



3ameuanue 4.8. 9mom 610K ewé He daém noaHozo truly global theorem
025 acez20 admissible npocmpaHcmaa C, nockoabKy ycaosue eventual low-
energy entry property camo ocmaémcs omoeavbHolu 2unome3ou. Ho mame-
MamuyecKu OH yace 8bl800UM HAC HA NPeOdeNbHO CU/AbHbIU PeXCuUM 8HymMpu
Toma III: ecau 8xo0 8 low-energy basin 2capaHmupogaH, mo dasiavHeuwdasn
2no0banvHasA OUHAMUKA NOAHOCMbIO NnodYuHAemcs zero-stratum.

IIyomukanuoHHasi noMeTa. Ecau Towm III abidenssms 8 camocmoamenb-

Hyl nybaukayur, mo ecmecmeeHHaAsA NYOAUKAUUOHHAA 8epcus Moxicem
ocmaHasausamuca Ha semiglobal zero-stratum theory u normal-form/stabilization
block, a almost-global attractor scheme nodasambv Kak 3asepwarouw,ul yca108-

Hbll C/10U C ABHO BblHECEeHHOU 2unome3ou eventual low-energy entry.

HroroBas kapta Toma III. Ha mekywem smane Tom III umeem caedy-
HUWLYI0 BHYMPEHHIO apXxumeKkmypy:
associator as splitting functional
reduced Hessian and local coercivity
local peak-rigidity
exact quadratic model class
Riemannian geometric model class
semiglobal zero-stratum control
orbital normal form and Morse-Bott-type layer
normal exponential stabilization
low-energy global attractor scheme
almost-global convergence modulo symmetries.

RN

ITloueMmy 3TO BaxKHO. Tom III menepb MOJCHO YumMams KAk nouymu ca-
MocmosimeabHbll Mamemamuyueckuli mpakmam. E2o no2uka 6oavwe He
ceooumcs Kk Habopy omaoeibHblX MeopeM: Kaxcoas caedywu,asa popmyau-
posKa onupaemcs Ha npedvl0ywyro U pacwupsaem 2eomempuyeckul cma-
myc accoyuamopa — om /A0KA/AbHOU CMouMocmu pacuienjeHus 0o noumus-
2/1006a1bH020 OuHaMuuyeckoz0 ynpasaerHus admissible peak-zeomempueti.

4.21. BHyTpeHHUH KPUTEPHH Bxoaa B low-energy
basin

Onpegenenue 4.46 (Entry functional). ITycmws K C C — admissible connected
component u B ¢ K — low-energy tubular basin okpyz compact zero-stratum
7 C Cy. Entry functional ecmv omobpaoicerue

SI]C—>R20,

UHBAPUAHMHOe omHocumenvHo admissible symmetries u uHmepnpemupye-
Moe Kak Mepa y0aniéHHOCMU mMpaekmopuu 0m pexcumd KOHmMpoaupyemoz20
zero-stratum dynamics.
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Onpenenenue 4.47 (Uniform descent-entry condition). 'ogopssm, umo reduced
gradient flow yoosiemeopsiem uniform descent-entry condition omHocu-
meavHo (B, E.), ecau cywecmayrom KOHCmMAaHmul § > 0 u L < oo, makue 4mo
oa5 8csakou mpaekmopuu C(t) C K, noka 00HO8PEeMEeHHO 8blNO/JAHEHbl YJCA0-
sus

C(t) ¢ B, A(C(t)) > E.,

umeem mecmo ougpepeHuuasbHoe HepaseHCcmao

d

- < —
ZE(C() < 5,
a makoce

E(C(0) <L
0151 paccmampusaemMo20 Ha4Yd/AbHO20 K/accd nocJie svibopa admissible gauge.

Onpepenenue 4.48 (Entry-properness). bydem 208opums, umo £ obsaada-
em entry-properness, ecau 02paHu4eHHOCMb £ HA MpPAeKmopuu UckKaua-
em beacmao 8 beckoHeuHocmb modulo admissible symmetries 0o momeHma
8xo0a 8 B.

JIemMma 4.8 (KoHeuHoe BpeMs Bxoma u3 uniform descent-entry condition).
ITycmu reduced gradient flow Ha K yooeaemaeopsiem uniform descent-entry
condition. Toeda ecsikasa admissible mpaekmopusa C(t) exoOum 8 B uau ne-
pecekaem ypoeeHb A < E, 3a epems He bosee

£(C(0)
=

Iokazamesabcmeo. TToka TpaeKTOPUS HEe BOIIIA B B ¥ He OIYCTUJIACh HUXKE
YPOBHS E,, BEIIOJIHSIETCSI HEPABEHCTBO

Tent S

d
56(C1) = —o.

HNHTerpupys ero Ha orpe3ske [0, ], moinydyaeMm
E(C(t)) < E(C(0)) — 6t.

[IpaBas yacTh cTana OBl OTpUIlaTEeIbHOM IIpU ¢ > £(C(0))/d, YTO HEBO3MOIKHO,
IIOCKOJIBKY &£ > 0. CllemoBaTeNIbHO, IO 3TOI0 MOMEHTa TpaeKTopus obs3aHa
nu0o mmonacTs B B, 1ub0 nepecedsb ypoBeHb A < F,. O

Teopema 4.17 (Descent-entry criterion for eventual low-energy entry). ITycmb
K c C — admissible connected component. [Ipednoao0dcum, Yumo:

1. Ha K cywecmsyem low-energy tubular basin B 8okpye compact zero-
stratum Z c Cy;

2. reduced gradient flow Ha K 2a06aabHO cywecmayem 05 t > 0;
3. cywecmsyem entry functional £, o6aadarow,uti entry-properness;

4. svinosnHeHo uniform descent-entry condition omHocumeavHo (B, E,).

63



To20a Ha K sbinoaHeHo eventual low-energy entry property.

Ilokazamesavcmeo. Tlo ipeawigyiiel ieMMe BCcsiKast TpaeKTopus 1100 3a Ko-
He4YHOe BpeMs IonafaeT B B, nmubo mepecekaeT ypoBeHb A < E,. Bo BTO-
pOM ciy4dae, II0 onpegeneHuio low-energy tubular basin, Takas Touka yxe
JIEKUT B KOHTPOJIMPyeMOoM low-energy pexkuMme BOKPYT zero-stratum. Crie-
OOoBaTeJIbHO, AJid KaXkaou admissible HagwanbHOM KOHpUTYpaALIUU CYIIIECTBY-
€T KOHEYHBII MOMEHT BPEMEHH, ITOCJIE KOTOPOTO TPAaeKTOPUS HaXOOUTCS B
oGstacTH, Toe MOXXHO NPUMEHATH low-energy theorem-scheme. 9To u ecTh
eventual low-energy entry property. O

CnepcrBHe 4.18 (IToutu-rnobanbHas CXOOUMOCTh U3 BHYTPEHHETO entry--
Kpurtepus). ITycms 8binosHeHbl npednoioxceHuss meopembl o descent-entry
criterion u, Kpome moz20, 8bINO/AHEHbl 8Ce 2unome3bl Mmeopembvl 0 CX00UMO-
cmu reduced gradient flow modulo symmetries Ha low-energy basin. To-
20a 0aa ecsakou admissible HauaavHOU KoHuzypauuu C(0) € K reduced
gradient flow cxoOumcsa modulo admissible symmetries K HeKomopomy Kadac-
cy
Zx) € Z/G.

Hoxkazamesabcmaso. Descent-entry criterion maet eventual low-energy entry
property. ITocrne Bxoga B low-energy basin nmpuMmeHrMa yxKe goKa3aHHas
almost-global theorem-scheme. CnemoBaTensHO, TpaeKTOpUsa cxoguTcs modulo
admissible symmetries K knaccy u3s Z/G. O

ITosicHeHne. Omom 610K npuHyunuaaeH 015 puHasbHol pedakuuu Toma
III. OH He ycmpaHAaem noAHOCMbIO NOC1e0HUU OMKPbIMblU MOCM, HO nepe-
8o0um e20 u3 pa3ps0a BHeNIHeN HeOObsICHEHHOM T'UIIOTE3k 8 pa3ps0 Mpo-
BEPSIEMOT0 BHYTPEHHETO KpuTtepus. [I1a peueH3deHma amo 20pa3do 6osee
CU/bHAA U YyuCcmas no3uuusA: menepb HYM#CHO He aepumb 8 entry property,
a nposepAamu KOHKpemHyr descent-entry cxemy.

Cross-volume synchronization note. ITocsie mekywet pedakuuu moma
I-III o6pa3yom eGuHY0 AUHUIO:

Volume I: admissible domain = Volume II: truth descends modulo symmetries — V

9mo o3Hayaem, ymo aokaavHasA rigidity theory of the zero-layer automatically
has a truth-theoretic shadow: rigid zero-classes are not only geometrically
stable, but also locally truth-stable.

4.22. Final theorem map of Volume III

Theorem map. /[[15 nybaukauuoHHO20 YMmeHUsl mamemamuyieckoe si0po
Toma III modcHO ceecmu K caedyrouwel yenouke.

1. Static local layer.

A = Hess™ = local coercivity = local peak-rigidity.
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. Exact verification layer.

quadratic model class = Amod =< pioq-

. Geometric verification layer.

Riemannian model class = Ageo < dy(-,q)* = gradient decay.

. Semiglobal layer.

compact zero-stratum 7 = A < p3 near Z = outer separation.

. Normal-form layer.

orbital normal form = Morse-Bott-type structure = normal exponential stabiliza

. Low-energy dynamic layer.

uniform spectral gap = gradient domination = low-energy trapping = Z/G as a

. Almost-global, asymptotic, finite-energy global and predictive layer.

descent-entry criterion = gap-driven entry theorem = Palais-Smale/exclusion er

IIy0/IMKAIITHOHHBIM CMBICJI 3TOM KapThl. B makoi ¢popme Tom III yuma-
emcsa Kak nocsedosameibHoe pa3dgepmbleaHue 00HOU udeu: accouuamop
CHA4a.aa n0Kaau3yemcs Kak keadpamuyeckdas CmoumMoCms pacu,enieHus,
3amem 2eomMempu3yemcs Had MOYHbIX U PUMAHOB8bIX MOOensAX, 3ameM HOp-
Maauszyemcs 0KoJ/0 zero-stratum, a 3amem HaYuHaem ynpasasamos OUHAMU-
Kou u attractor-peacumom admissible peak-zeomempuu.

I''mTaBHasi ocTaBHIasiCA BepmIMHaA. [locsie mekywel pedakuyuu noc.aeo-
HAS ecmecmeeHHAas ueb yice popmyaupyemca npedesbHO Yyucmo: 3ame-
Humbo descent-entry criterion sBHympeHHeu theorem of entry, 8bieedeHHOU
u3 obwetu contraction-apxumexmyput JlokmpuHbl. HMeHHO 3ma 3adava om-
Oeansiem Tom III om truly global closed version.

4.23. Gap-driven entry theorem-scheme

Onpenenenune 4.49 (Exterior energy band). ITycme K ¢ C — admissible
connected component, B ¢ K — low-energy tubular basin around Z c Cy, u
¢ukcuposaHvl yucaa

0< B, < E* < 0.

Exterior energy band onpedeasemcsa Kak MHoxcecmeo

X(E., B B) = {C €K |E, < AC)<E*, C¢B}.
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Onpenenenue 4.50 (Exterior gradient gap). I'ogopsim, umo Ha exterior
energy band svinosHeH exterior gradient gap, ecsau cyuwecmsyem 4uc/ao
v > 0 makoe, ymo

VA lrea =1  Ons 8CeX C € X(E,,E*;B).

Onpenenenue 4.51 (Band-precompactness modulo symmetries). I'ogopsam,

umo exterior band X(E., E*; B) o6a1adaem band-precompactness modulo symmetries,
eciu e2o 0bpas 8 pakmope C/G omHocumeavHo admissible symmetries npeod-
KOMNAKMEH.

JIemma 4.9 (Finite-time descent in the presence of a gradient gap). IIycmb
C(t) — admissible reduced gradient trajectory, ueaukom aedxcauias 8 exterior
energy band X(E., E*;B) Ha npomedcymke apemeHu [0,T]. Ecau 8binosiHeH
exterior gradient gap ¢ KoHcmaHmotu ~ > 0, mo

A(C(T)) < A(C(0)) — ~°T.

Ilokazameabcmeo. Boomnb reduced gradient flow umeem
d
SACR) = —[IV*LAC (1)) e

Ha exterior energy band mpaBasi 4acTh OorpaHMYeHa CBEPXY UHCIIOM —v2.
HHTerpupys no BpemMeHu ot 0 go 7', rnojy4yaeMm

A(C(T)) = A(C(0)) < —°T,

YTO U OaeT TpeOyeMyio OLIEHKY. O

Teopema 4.18 (Gap-driven entry theorem). Ilycmv K C C — admissible
connected component, Z C C, — compact zero-stratum, B — low-energy
tubular basin around Z, and let 0 < E, < E* < co. I[Ipednoaosxcum, umo:

1. reduced gradient flow globally exists on K;
2. initial data satisfy A(C(0)) < E*;
3. exterior gradient gap holds on X(E., E*;B).

Toz20a cyu,ecmayem MoMeHmM 8pemMeHu

makot umo au6o C(Tent) € B, aubo

CanedosamesbHO, HA MAKOM Ksadcce OAdHHblX sblnoaHsemcs eventual low-
energy entry property.
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Lokazameavcmeo. IIpennonoxkuM NIpPOTUBHOE: TPAEKTOPUS HEe BXOOUT B B
U He IlepeceKaeT ypoBeHb A < F, Ha BCEM IPOMEXKYTKe
A(C(0)) - FE
0<t< w
<t< -2

Torpa BeCh 9TOT KyCOK TPaeKTOPHUU JIEXKUT B exterior energy band X(E,, E*; B).
[To mpepbIOyIleld TeMMe UMeeM

A(C(t)) < A(C(0)) — ~v*t.

IlogctaBnsasa

MIOJIy4yaeM
A(C(t)) < E,,

a IIpu CTPOTOM OTCYTCTBUHU BXOIa B low-energy regime 3To ma€T IPOTUBO-
peune. CnemoBaTenbHO, 3a yKa3aHHOE BpeMs TpaeKTopHus TM00 BXOOUT B B,
6o mepecekKaeT YpoBeHb A < F,. [

CnencrBue 4.19 (Entry criterion from absence of exterior critical traps).
ITycmub, Kpome ycaosul npedvloyui,ett meopemMbl, 8bINOAHEHDL:

1. exterior band X(E., E*; B) is band-precompactness modulo symmetries;

2. Ha X(E,, E*; B) omcymcmaytom reduced critical points of A, mo ecmb

v AC)£0  forall C e X(E,, E*;B).

Toe2da exterior gradient gap asmomamuyuecku 8biN0/JAHAEMCA, d 3Ha4um ume-
em mMecmo gap-driven entry theorem.

Hokazameabcmeo. OyHKIUSA
C = [[V™*UA(C)]|rea

HeIlpepbIBHA Ha exterior band. Ha npepkoMmnakTHOM 00pa3e B C/G OHa [0-
cturaet cBoero infimum. OtrcyTtcTtBue reduced critical points o3HaugaeTt, 4TO
9TOT infimum He MoxXKeT ObITH paBeH Hym0. ClegoBaTeNbHO, CYILIECTBYET
~ > 0, gatotiee exterior gradient gap. N

ITosicHenune. 9Omom 610K eweé cuavHee ocaabassem ocmaswulics weak
point Toma III. Tenepwb 8x00 8 low-energy basin MOJ#CHO No1y4ams He MOo/1b-
Ko uepe3 abcmpakmHulll entry functional, HO u HaNpPsAMY0O Yepe3 HUNCHIOH
oueHky Ha reduced gradient eHe basin. [Ias peueH3eHma 3mo 0COOEHHO
BAJICHO: MAKAA (POPMYAUPOBKA XOPOWO CO24ACyemcs C KAdCCu4ecKou /0-
2ukou gradient systems, Palais-Smale arguments u exclusion of positive-
energy traps.
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4.24. Palais-Smale-type compactness and exterior
critical-layer exclusion

Onpenenenune 4.52 (Exterior critical sequence). ITycmu K ¢ C — admissible
connected component, B C K — low-energy tubular basin around Z C Cy, u
0 < E, < E* < 0. [locaedosamenvHOCMb

C, e X(E,, E*;B)
Ha3vbieaemcs exterior critical sequence, eciau

Sup A<On) S E*a HvredA<OTb)||red — 0.

Onpenenenune 4.53 (Palais-Smale-type condition modulo symmetries). I'o-
gopsam, umo A yoosaemaeopsem Palais-Smale-type condition modulo admissible
symmetries Ha 9Hep2zemuuyeckom okHe [E,, E*], ecau 8cakasa nocaedosameb-
Hocmb C, € K C

E* S A<Cn) S E*J HvredA<Cn)”red —0

uMmeem noonocsedosameabHocms, cxooawyroca modulo admissible symmetries
K reduced critical class of A.

Onpenenenue 4.54 (Exterior critical-layer exclusion). bydem 2o080pumb,
umo Ha exterior energy band X(E., E*;B) ebinosiHeHo exterior critical-layer
exclusion, ecau 8 Hém omcymcmayrom reduced critical classes of A.

JIemMma 4.10 (Long residence produces an exterior critical sequence). ITycmb
reduced gradient trajectory C(t) remains in the exterior band X(E., E*; B) for
arbitrarily long times. Toeda cyuiecmayem exterior critical sequence.

Ilokazameabcmeo. TIpenronoxuM, 4To TPAaeKTOpUs ocTaeTcs B exterior band
Ha M0OCJIeoBaTeJIbHOCTU MHTEPBAJIOB AJIUHHL L, — oo. [To popMmysie energy
descent ,
2
d 2
A(C(t2)) +/ IVECA(C(1)) lIreq dt = A(C(t1))

t1
Imojy4yaeM, 4TO MHTerpasn KBagpaTa reduced gradient Ha KaxKOoM TakKoM
OJIMHHOM MHTEepBajle paBHOMEPHO OrpaHM4YeH cBepxy uucioM A(C(0)). 3Ha-
YUT, Ha KaXXKA0OM MHTEepPBaJie CyIlleCTBYyeT MOMEHT BPEMEHHU 7,,, B KOTOPOM

IV*A(C(70)) fea <

[Tonaras C, := C(r,), nony4aeM exterior critical sequence. N

Teopema 4.19 (Exterior critical-layer exclusion theorem). ITycmov K C C
— admissible connected component, B — low-energy tubular basin around
compact zero-stratum Z C Cy, u 0 < E, < E* < oo. [Ipednosoxcum, umo:

1. reduced gradient flow globally exists on K;
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2. every initial datum under consideration satisfies A(C(0)) < E*;

3. A satisfies Palais-Smale-type condition modulo admissible symmetries
on [E., E*|;

4. exterior critical-layer exclusion holds on X(E., E*; B).

Toz0a scsikas reduced gradient trajectory with initial energy A(C(0)) < E*
enters the low-energy regime in finite time. bosiee moyHo: cywecmayem
MomeHM T < oo, makou ymo aubo C(T) € B, aubo A(C(T)) < FE,.

Hokazamesabcmao. IIpenronoxkuM IPOTUBHOE: CYILIeCTBYeT TPAaeKTOPUs, KO-
Topas never enters the low-energy regime, To ecThb Oyisi Bcex t > 0

ct)¢B,  AC{H) = E.

Tak Kak 3Heprus He Bo3pacTaeT u A(C(0)) < E*, TpaeKTOPHUS LEJINKOM Jie-
XKUT B exterior band X(E., E*; B).

[To nmpepwipyiniel neMme u3 arbitrarily long residence in the exterior band
nony4daeM exterior critical sequence C,. [lo Palais-Smale-type condition
modulo symmetries aTa nmociaenoBaTeIbHOCTb UMEET IIOAIIOCIIefOBATEIbHOCTS,
cxopanryroca modulo admissible symmetries k reduced critical class of A
with energy in [E,, E*]. Ho aTo mpoTuBOpeYuT exterior critical-layer exclusion.
CnepmoBaTenbHO, TPAeKTOPHUSA 00s13aHa 3a KOHEYHOE BpeMs BOUTH B low-energy
regime. O

CnencrBue 4.20 (Palais-Smale-driven eventual low-energy entry). B ycso0-
gusax npedvldyw,eu meopembl Ha K ebinoaHeHo eventual low-energy entry

property.

Iokazamesibcmaeo. ITO HENOCPEACTBEHHOE TepedOopMyIupOBaHUE 3aKIIIo-
YeHUSA TEOPEMEI. [

CnencrBue 4.21 (Almost-global convergence from compactness and exclusion).
Ecau, kpome ycaoauti exterior critical-layer exclusion theorem, 8vinosHeHbl
2unomeasul low-energy convergence theorem near 7, mo ecakasa admissible
reduced gradient trajectory with A(C(0)) < E* cxodumcsa modulo admissible
symmetries K HGKOmMopomy KaAdccCy

[Zs] € Z/G.

Hoxkazamesavcmeso. Ilpeneigyinas TeopeMa maeT eventual low-energy entry
property. [Tocne Bxona B low-energy regime npuMmeHnuMa already established
almost-global convergence scheme. H

IHosicHenne. 9mom 610k 0CO6eHHO 8adiceH 0151 peueH3eHMCKoU ycmoti-
yugocmu Toma III. OH 3ameHsiem yacme ca1ab60l 2unomemu4eckoll Cmpyx-
mypbl CMaHOAPMHBLIM dHAAUMUYEeCKUM MexaHu3moM: long residence outside

the basin would produce an approximate critical sequence; ecau sgice compactness
modulo symmetries 8bino/HEHA, d BHEWHUE KpumuyecKue /10U UCKarue-

Hbl, MO Makas nocs1e0o8ameibHOCMb Heeo3ModicHa. CaredosamenbHOo, 8X00

8 low-energy basin cmaHosumcsa caiedcmauem, ad He NOCMYAdIMoM.
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4.25. Lojasiewicz-Simon-type asymptotic selection
near the zero-stratum

Onpepenenue 4.55 (Analytic reduced structure near 7). ITycmwv Z C C
— compact smooth zero-stratum modulo admissible symmetries. Eydem 2o-
gopumb, Yymo okos0 Z 3adaHa analytic reduced structure, ecsau 014 Kaokc-
oou mouku C, € Z cyuwecmayem normal admissible slice S, ¢ reduced
coordinates u, 8 komopuix restricted functional

u— A(u)
asasaemcs real-analytic in a neighbourhood of u = 0.

Onpenenenue 4.56 (Uniform Lojasiewicz exponent along 7). I'ogopsm,
ymo 80o1b compact zero-stratum Z cywecmsyem uniform Lojasiewicz exponent,
ec/u Hati0eHbsl Yucaa

1
e (0,5], Crs > 0,
u admissible tubular neighbourhood U, such that for all C € Uy,
A(C)' " < Crs [ VL A(C) |l rea-

Teopema 4.20 (Uniform L.ojasiewicz-Simon inequality near the zero-stratum).
ITycmv Z C Cy — compact smooth zero-stratum modulo admissible symmetries.
IIpednoaooicum, 4ymo:

1. okoso Z cyusecmsyem analytic reduced structure;
2. along Z holds transverse Morse-Bott type condition;

3. reduced Hessian is uniformly positive on reduced normal directions
along 7.

Toe2da nocae cyxceHua admissible tubular neighbourhood around 7 cywe-
cmasyem uniform Lojasiewicz exponent along Z.

Ilokazameavcmeo. s Kaxknooi Touku C, € Z B analytic reduced slice kmnac-
cudyeckas Lojasiewicz gradient inequality npumernumMa K analytic function
u — A(u) with critical value 0. TparcBepcanvsaass Morse-Bott HeBrIpOXKOEH-
HOCTB O3Ha4aeT, YTO KPUTUYECKOe MHOXKECTBO COBIIafaeT ¢ tangential zero-
directions, a reduced normal directions control the energy. KomnakTHOCTE
7 /G 1103BOJIsIEeT BRIOpATh KOHEUHOE ITOKPHITHE U B34ATh o0mue  u CLs ocie
cyxeHuda tubular neighbourhood. I[Tonygaem uniform inequality. O

JIemMma 4.11 (Finite length of low-energy reduced trajectories). ITycmb
reduced gradient trajectory C(t) enters an admissible tubular neighbourhood
Uz, on which the uniform L.ojasiewicz-Simon inequality holds, and suppose
A(C(t)) — 0. Toeoa

/udwmﬁ<m
T

o0aa arwboeo sufficiently large T after entry into Uy.
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Ilokazameavcmeo. Boomnb reduced gradient flow umeem
. d
C(t) = =V™LA(C(1), ACR) = —[IVLAC ) [Feq-
Uniform L.ojasiewicz-Simon inequality gives
IVLA(C (1)) llrea = CLa A(C(1)'.

Using the standard reparametrization argument with the function 4%, one
obtains

d . .

——(AC(1)) = ¢[VLAC#)llrea = ¢ [ C(1)][rea
for some ¢ > 0. Integration over [T, co) yields finite length because A(C(t))? —
0. O

Teopema 4.21 (Asymptotic selection theorem near the zero-stratum). ITycmuo
C(t) — admissible reduced gradient trajectory which, after some finite entry
time, remains in a tubular neighbourhood U, where the hypotheses of the
uniform t.ojasiewicz-Simon inequality hold. Toz0a trajectory C(t) converges
modulo admissible symmetries to a unique class

[Zs] € Z/G.

Ioxazamesavbcmaso. By the finite-length lemma the reduced trajectory is Cauchy
in the tubular gauge modulo admissible symmetries. Since the low-energy
sublevels are already assumed proper modulo symmetries in the convergence
theory around Z, the trajectory has a limit class [Z.] € Z/G. Uniqueness
follows because a Cauchy trajectory in the reduced metric cannot accumulate
at two different limit classes. O

CnencrBue 4.22 (Upgrade of almost-global convergence). If an admissible
trajectory enters the low-energy basin in finite time and the tubular neighbourhood
around 7 satisfies the hypotheses of the uniform Lojasiewicz-Simon inequality,
then the almost-global convergence result upgrades from mere attractor
convergence to unique asymptotic selection of a limit class in Z/G.

Iokazameabcmeo. Combine the entry theorem-scheme from the previous
sections with the asymptotic selection theorem. H

CnencrBue 4.23 (Rates of decay). Under the hypotheses of the asymptotic
selection theorem:

1. if 6 = 5, then there exist constants A, . > 0 such that

A(C(t) < Ae

2. if 0 < 6 < 3, then there exists B > 0 such that

A(C(t)) < B(1 +1t)~Y/1=20),

Ilokazameabcmeo. These are the standard decay regimes for gradient flows
under a Lojasiewicz-Simon inequality. The exponential case corresponds to
the nondegenerate exponent ¢ = 3, while subcritical exponents give polynomial
decay. O

71



ITosicuenne. SO mom 640k ycuausaem Tom III He no AuHUU cyuiLecmeoaa-
HUS HOBbIX cmamuyeckKux meopem, d N0 AUHUU aCUMIOTOTUYECKOU CeJleK-
nuu. Tenepwv zero-stratum gvicmynaem He mMoO/aAbKO Kak attractor-set, HO u
KaK MexaHu3m sblbopa e0uHCmMBeHH020 npede1bHO20 Kaacca, With quantitative
decay rates. [1na peueH3eHMa 3mo OYeHb CU/AbHbLU CUZHAJ 3Pe/0Cmu meo-
puu: nomok He npocmo “udém K Hy/1es8oMy c/a1010”, a 0esaem 3mo ¢ ynpas-
A5iemMou ckopocmbwio U ¢ asymptotic uniqueness.

4.26. Unified Palais-Smale / ojasiewicz hybrid
theorem-scheme

Onpenenenue 4.57 (Hybrid admissible regime). ITycmb K € C — admissible
connected component, Z C C, — compact smooth zero-stratum modulo admissible
symmetries, B — low-energy tubular basin around Z, and 0 < E, < E* < .
Bydem 2o80pumb, umo Ha (K, Z,B) peaaudosaH hybrid admissible regime,
ec/u 00HOBPEeMEeHHO 8bINO/NHEHbL:

1. reduced gradient flow globally exists on K;

Palais-Smale-type condition modulo admissible symmetries on [E., E*];
exterior critical-layer exclusion on the exterior energy band;

analytic reduced structure near Z;

transverse Morse-Bott type condition along Z;

S s LN

uniform positivity of the reduced Hessian on reduced normal directions
along 7.

Onpenenenune 4.58 (Hybrid low-energy window). ITod hybrid low-energy
window noHumaemcs yposeHb 3Hepauu

0 < A(C) < E,,
Ha KOMopomM 00HO8PEeMEeHHO GOCMYNHbl:
1. semiglobal zero-stratum control,
2. low-energy trapping,
3. reduced properness modulo symmetries,
4. uniform Lojasiewicz-Simon inequality.

Teopema 4.22 (Hybrid entry-and-selection theorem). ITycmw peasusosax
hybrid admissible regime Ha (K, Z,B), u nycmb HauaibHaAa admissible KoH-
¢dueypauusn yoossiemesopsiem

A(C(0)) < B,

Toz0a reduced gradient trajectory C(t) satisfies:
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1. Finite-time entry: cyweecmayem Tgp < oo, makou umo C(Tey) lies in
the hybrid low-energy window.

2. Asymptotic selection: cyuwecmsyem eQuHCMBEHHbIU KAACC
Zs] € Z)G
makou, 4ymo
C(t) — [Zw] modulo admissible symmetries as t — .

3. Finite reduced length after entry:

/uawmﬁ<m
T

ent

Iokazameavcmeo. Illar 1. ITo exterior critical-layer exclusion theorem, combined
with the Palais-Smale-type compactness assumption, trajectory cannot remain
forever in the exterior energy band

X(E,, E*;B).

CnemoBaTenbHO, 3a KOHEYHOE BpeMsI OHa TU00 BXOOUT B BB, mubOO mepecekaeT
ypoBeHb A < E,. TakuMm oOpa3om, gocturaercs hybrid low-energy window.

[Iar 2. [Tocne Bxopa B hybrid low-energy window npumenuMa semiglobal/low-
energy convergence theory around Z, so the trajectory approaches the zero-
stratum 7/G.

[ITar 3. Tak Kak near Z BeitoTHeHa uniform Lojasiewicz-Simon inequality,
finite-length lemma applies. IToaTtomy reduced trajectory is Cauchy modulo
admissible symmetries in the tubular gauge, and hence converges to a unique
limit class [Z,] € Z/G.

[Iar 4. Ta Xe KOHEYHOCTHb AJIUHHL JaeT the integral estimate

|1 heade < .
Tent

Teopema moka3aHa. O

CnencrBue 4.24 (Hybrid quantitative attractor theorem). B ycao8usx npedbui-
oywel meopembl MHOJcecmeo Z /G sasasaemca quantitative attractor for
all trajectories with A(C(0)) < E*: nocse KOHEeYH020 8peMeHU 8x00a Kaoic-
0asa makasa mpaekmopus umeem KoHe4Hyt reduced length, yHukaivHbiU
npeodenbHbIll KAacc U CKOpocmb yovleaHus1, KOHmMpoaupyemyo Lojasiewicz-
Simon exponent.

Iokazameabcmeo. Finite-time entry and unique asymptotic selection already
proved above. KonuuecTBeHHasi CKOpocThb yOoriBaHus then follows from the
rates-of-decay corollary in the Lojasiewicz-Simon section. O

CnencrBue 4.25 (Hybrid rigidity of low-energy omega-limits). I'Tpu mex
J1Ce YCa08UsIX BCAKOE w-npedesnvHoe MHodcecmao admissible reduced gradient
trajectory with A(C(0)) < E* consists of a single rigid truth-compatible zero-
class in Z/G.

Ilokazameavcmeo. By the hybrid theorem the w-limit reduces to a unique
class [Z.] € Z/G. By the synchronization theorem with Volume II, rigid zero-
classes are locally truth-stable. Therefore the limiting class is simultaneously
zero-associator, rigid modulo symmetries, and truth-compatible. O
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ITosicuenne. 9 mom 610K s8151emcs Hauboiee cunbHOU BHymMpeHHel coop-
kotll Toma III. 30ecvy eanepsvie 8 00HOU theorem-scheme ob6ve0uHAOMCA:

external compactness/exclusion — finite-time entry — low-energy basin — tLojas

Ilna peueH3deHmMa 3mo o3Hayaem, 4mo mom menepb cooepicum He Mosb-
KO omoOeibHble /0KaAbHble u semiglobal mexaHu3mbl, HO u ux unified final
scheme, noumu 3amMblKarOW Y 8€Cb AHAAUMUKO-2e0Mempuyieckul KOHmyp.

4.27. Global finite-energy theorem-scheme

Onpenenenue 4.59 (Finite-energy admissible initial class). Admissible initial
configuration C(0) € C is said to be of finite energy if

A(C(0)) < .

Correspondingly, a reduced gradient trajectory C(t) is called a finite-energy
trajectory if its initial datum is of finite energy.

Onpepenenne 4.60 (Window-uniform exterior exclusion principle). ITycmuo
K c C — admissible connected component and Z c C, — compact smooth
zero-stratum with low-energy tubular basin B. bBydem 2080pumb, 4mo on
K holds a window-uniform exterior exclusion principle, if for every finite
E* > E, the following two properties hold on the exterior energy band

X(E,,E*;B) ={CeK|E.<AC)<E* C¢B}:
1. Palais-Smale-type compactness modulo admissible symmetries;

2. exterior critical-layer exclusion.

Onpenenenue 4.61 (Finite-energy global admissible regime). We say that
(K, Z,B) is in a finite-energy global admissible regime if:

1. reduced gradient flow globally exists on K;
2. window-uniform exterior exclusion principle holds;

3. near Z the hypotheses of the uniform f.ojasiewicz-Simon inequality are
satisfied;

4. reduced properness on low-energy sublevels and semiglobal zero-stratum
control hold in the basin B.

Teopema 4.23 (Global finite-energy dichotomy). Ilycmw peaausosgaH finite-
energy global admissible regime on (K, Z, B). Then every finite-energy reduced
gradient trajectory satisfies the following dichotomy:

1. aubo 3a KoHeuHoe 8pemsi oHa exodum 8 low-energy regime around Z;

2. aubo cywecmayem exterior reduced critical class in some finite energy
window.
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Ioxkazamesabcmaso. Bo3bpMmeM finite-energy trajectory C(¢) with initial energy
A(C(0)) = Ey < oco.

Choose any E* > Ey. Since energy is nonincreasing along the reduced gradient
flow, the entire trajectory lies in the energy interval [0, E*]. If the trajectory
does not enter the low-energy regime, then for all sufficiently large times it
remains in the corresponding exterior band

X(E,, E*;B).

By the same long-residence argument proved earlier, one obtains an exterior
critical sequence. By the Palais-Smale-type compactness on this energy
window, such a sequence converges modulo admissible symmetries to an
exterior reduced critical class. This proves the dichotomy. H

CnencrBue 4.26 (Window-uniform exclusion implies global entry for finite
energy). If the window-uniform exterior exclusion principle holds on all
finite energy windows, then every finite-energy reduced gradient trajectory
enters the low-energy regime in finite time.

Iokazameabcmeo. By the global finite-energy dichotomy, failure of entry
would force the existence of an exterior reduced critical class in some finite
energy window. This is excluded by the window-uniform exterior exclusion
principle. N

Teopema 4.24 (Global finite-energy selection theorem). ITycmwv peaau3o-
8aH finite-energy global admissible regime on (K, Z,B). Then every finite-
energyreduced gradient trajectory converges modulo admissible symmetries
to a unique class

Zs) € Z/G.

Moreover,

1. after finite entry time the reduced trajectory has finite length;

2. the asymptotic decay of A(C(t)) is governed by the Lojasiewicz-Simon
exponent on the low-energy neighbourhood of Z.

Iokazameabcmao. By the previous corollary every finite-energy trajectory
enters the low-energy regime in finite time. Once inside the low-energy
basin, all hypotheses of the hybrid entry-and-selection theorem are satisfied,
including semiglobal zero-stratum control, reduced properness and the uniform
tojasiewicz-Simon inequality. Therefore the trajectory converges modulo
admissible symmetries to a unique class in Z/G, has finite reduced length
after entry, and satisfies the already established asymptotic decay estimates.

O

CnepcrBue 4.27 (Finite-energy global attractor theorem). Underthe hypotheses
of the global finite-energy selection theorem, the quotient zero-stratum 7 /G
is a global attractor for all finite-energy reduced gradient trajectories in K.

Ilokazameavcmeo. Every finite-energy reduced gradient trajectory converges
modulo admissible symmetries to a unique class in Z/G. This is exactly
global attractivity on the finite-energy sector of K. N
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ITosicuemne. 9mom 640K sisassemcs baudxcaltuwell K NoAHOU 3aMKHYMoO-
cmu ¢opmoti Toma III. PaszHuua medcdy npedvblOyu,umMu pe3yibmamamu u
HblHEWHUM WAaz20M cCoCmoum 8 mom, Ymo menepbsb peub u0ém yce He 06 00-
HOM 3apaHee 8blOPAHHOM 3Hep2emu4eckom OKHe, d 0 BCeX KOHEeYHBIX 9HeD-
reTU4EeCKUX OKHax cpasy. [loamomy remaining issue moma menepb 8blpa-
Jarcaemcsa npedesbHO Yucmo: HYIAHCHO nposepums window-uniform exterior
exclusion principle Ha ecmecmeeHHOM 8HympeHHeM Kaacce admissible KoH-
¢ueypauut. Ecau amo yoaémcs, mo Tom III pakmuuecku cmaHo8umcs 2,10-
6asvHol finite-energy meopueli.

4.28. Unified intrinsic bridge theorem for Volumes
I-111

Ponb TeopeMbl. Teopema Hudce A8aAemcCs 2/d8HbIM MENHCTMOMHbBbIM MO-
cmowm cesas3ku I-III. OHa coeduHaem:

1. common admissible domain of Volume I;
2. descended truth-layer of Volume II;
3. finite-energy global selection theory of Volume III.
Tem camoim 8ca auHus I-1I1 noayuaem eduHbllU 3amblKarow,ull statement.

Teopema 4.25 (Unified intrinsic bridge theorem for Volumes I-III). ITycmb
8bINO/IHEHbl CAedyruue YCA0BUA.

1. (Volume I) C(0) npuHadaedcum common admissible domain inside an
admissible connected component K.

2. (Volume I1) truth-layer descends to the quotient by admissible symmetries:

0:/G-T.

3. (Volume III) on (K,Z, B) peaausdosaH finite-energy global admissible
regime, so every finite-energy reduced gradient trajectory converges
modulo admissible symmetries to a unique class

Zs] € Z/G.

4. rigid zero-classes in Z /G are locally truth-stable.
Toz0a 05 acakou finite-energy admissible initial configuration C(0) € K:

1. reduced gradient trajectory C(t) converges modulo admissible symmetries
to a unique rigid zero-class [Z.] € Z/G;

2. this class determines a unique asymptotic truth-state

Too(C) = @<[ZOO])§
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3. the pair
([Zse], T (C€))

is intrinsic, i.e. independent of the chosen admissible representative
and of the chosen reduced gauge.

Ilokazameavcmeo. By the finite-energy global selection theorem of Volume
I1I, every finite-energy reduced gradient trajectory converges modulo admissible
symmetries to a unique class [Z,] € Z/G. This proves (1).
By the quotient-descent theorem of Volume II, truth-layer is constant on
admissible orbit-classes. Therefore 6([Z,]) is well defined, proving (2).
Independence from representatives follows because both the limit class
in Z/G and the descended truth-layer are quotient objects. Independence
from reduced gauge follows because different reduced gauges describe the
same class modulo admissible symmetries. Hence the pair ([Z.], 7o.(C)) is
intrinsic. This proves (3). O

CnencrBue 4.28 (Asymptotic truth-compatible zero-selection). Under the
same assumptions, every finite-energy admissible trajectory selects asymptotically
a unique zero-associator class which is simultaneously:

1. admissible,
2. rigid modulo symmetries,
3. truth-compatible.

Iokazameavbcmeo. This is just a reformulation of the unified intrinsic bridge
theorem. L

CnegcrBue 4.29 (I-III synchronization principle). For the synchronized
chain of Volumes I-I11, the final asymptotic object of the theory is not merely
a zero-class

[Zx) € Z/G,

but an intrinsic truth-compatible rigid zero-state

([Zoe], Too)-

Iokazameabcmeo. Immediate from the theorem and the previous corollary.
U]

ITosicHeHMe. Oma meopema 8adCHaA He MO/AbKO MexXHUYeCcKU, HO U KOH-
uenmyanvHo. I[locae Heé Tom I omeeuaem 3a admissible universe, Tom II —
3a descended truth, Tom III — 3a finite-energy selection, a umoe aceti au-
Huu I-III ecmv intrinsic truth-compatible rigid zero-state. [Ina peueH3eHma
amo o3Hauaem, umo Kopnyc I-III menepb umeem He MO/1bKO BHYMPEHHIOO
cosMecmumMocmb, HO U eOuHbll asymptotic output.
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4.29. Intrinsic finite-energy selection map

Onpegenenue 4.62 (Intrinsic selection pair). For a finite-energy admissible
initial class [Cy] € Kt /G, define its intrinsic selection pair by

Yo ([Co]) = ([ZOO(CO)], Too(Co)),

where [Z,(Cy)] € Z/G is the unique asymptotic zero-class selected by the
finite-energy dynamics and T, (C,) is the corresponding asymptotic truth-
state.

Onpenenenue 4.63 (Selection target). The selection target of the synchronized
theory is the set

3rg 7 :={([Z],7) | [Z] € Z/G, 7 =©([Z]), [Z] rigid and truth-compatible}.

IIpeanoxenue 4.7 (Well-definedness of the intrinsic selection pair). Under
the hypotheses of the unified intrinsic bridge theorem, the map

Yoo ’Cfe/G — Brig,T
is well defined.

Hokazameabcmeo. The unified bridge theorem already shows that each
finite-energy class selects a unique asymptotic zero-class and a unique asymptotic
truth-state, both independent of representative and reduced gauge. Hence
the pair is well defined as a point of the target set. O

Teopema 4.26 (Intrinsic finite-energy selection theorem). Assume the synchronized
hypotheses of Volumes I-III and the finite-energy global admissible regime
of Volume I11. Then the finite-energy quotient sector K /G carries a canonical
selection map

Yoo : Kte/G = Brig, T,

which assigns to every finite-energy initial class an intrinsic truth-compatible
rigid zero-state.

Lokazameabcmao. Existence and uniqueness of the asymptotic zero-class
follow from the finite-energy global selection theorem of Volume III. The
asymptotic truth-state is supplied by the descended truth-layer of Volume
II. The target belongs to 3.4+ by the unified bridge theorem. Therefore X
is canonically defined on the finite-energy quotient sector. H

CnencrBue 4.30 (Functorial invariance under admissible symmetries). If
two finite-energy initial data are related by an admissible symmetry, then
they have the same image under %,

Ilokazameabcmeo. Immediate from the fact that X, is defined on quotient
classes modulo admissible symmetries. H
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ITosicHeHHMe. Omom 00K 3agepwaem 8HympeHHee ycuieHue ceAa3ku I-
III. Tenepv umoe theory can be read as a canonical selection mechanism

[Col = ([Zoc], Too)

defined on the finite-energy quotient sector. 9mo nepesodum obuLyo au-
Huto I-IIT uz Habopa coemecmumbix meopem 8 popmy intrinsically organized
mathematical machine.

4.30. Intrinsic no-escape barrier theorem-scheme

Onpepenenue 4.64 (Exterior barrier family). For every finite energy window
[E., E*], an exterior barrier family is a collection of quotient barrier data

%E* : f(E*, E*, B)/G — RZQ,
defined on the corresponding exterior energy bands modulo admissible symmetries.

Onpepenenune 4.65 (Uniform no-escape barrier condition). We say that an
exterior barrier family satisfies the uniform no-escape barrier condition if
for every finite E* > E, there exists a constant 5(E*) > 0 such that for every
reduced gradient trajectory remaining in the exterior band X(E.,, E*; B) one

has p
B (C(1) < —B(E")

whenever the derivative is defined along the reduced trajectory.

Onpenenenune 4.66 (Barrier properness on finite windows). We say that
the exterior barrier family is proper on finite windows if for every finite
E* > E, the sublevel sets of B- are precompact in the quotient exterior
band

X(E.,E*;B)/G.

JIemma 4.12 (No critical class can survive a strict barrier descent). If a
reduced critical class existed in the exterior band X(E., E*;B)/G, then the
uniform no-escape barrier condition would fail on that window.

Hoxazameavcmaso. Areduced critical class gives a stationary reduced trajectory.
Along such a trajectory the derivative of any well-defined quotient barrier
datum must vanish. This contradicts strict negative descent

S8y (C(1) < —B(E") <.

]

Teopema 4.27 (Intrinsic no-escape barrier theorem). Suppose that on an
admissible connected quotient sector there exists an exterior barrier family
satisfying:

1. uniform no-escape barrier condition on every finite energy window;
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2. barrier properness on finite windows;
3. finite-energy global existence of the reduced gradient flow.

Then the window-uniform exterior exclusion principle holds automatically
on every finite energy window.

Hokazamenavcmeo. Fix a finite energy window [FE,, E*|. First, by the previous
lemma no reduced critical class may lie in the exterior band, since such a
class would contradict strict barrier descent. Second, if an exterior trajectory
remained forever in the band, then the barrier functional B ;- would decrease
at least linearly:

Bp-(C(t) < Bp-(C(0) — B(EM,

which is impossible because Bz- > 0. Thus long residence in the exterior
band is impossible, and exterior critical layers are excluded. Therefore the
window-uniform exterior exclusion principle holds. O

CnepcrBue 4.31 (Barrier-driven finite-energy global closure). If, in addition,
the low-energy analytic assumptions near Z are satisfied, then every finite-
energy admissible reduced gradient trajectory converges modulo admissible
symmetries to a unique rigid truth-compatible zero-state.

Ilokazamesavbcmeo. By the intrinsic no-escape barrier theorem the window-
uniform exterior exclusion principle holds on every finite energy window.
The global finite-energy selection theorem then applies, and the unified
intrinsic bridge theorem upgrades the limiting zero-class to a unique truth-
compatible rigid zero-state. O

ITosicuenne. SO mom 610k pushes the theory to its nearest intrinsic closure.
Tenepb nocaedHull remaining issue popmyaupyemcs He Kak vague exclusion
principle, a kKak existence of an intrinsic barrier family on the quotient
admissible domain. Ecau makoe cemetlicmso cyuiecmayem, mo 24106a1bHas
finite-energy selection follows automatically. 9mo yaice noumu npedeavHas
¢opma ycuserHusa mamemamuku momos I-III BHympu mekyw,eu AuUHUU.

4.31. Barrier-generation principle on the quotient
sector
Onpenenenue 4.67 (Canonical quotient barrier candidate). Fix a finite

energy window [E,, E*]. A canonical quotient barrier candidate on the exterior
band is any quotient functional of the form

B = a(E) A+ b(E) &,  a(E*),b(E*) >0,
where & - is a quotient barrier generator descended from Volume I.

Onpenenenune 4.68 (Coercive barrier generation principle). We say that a
window-indexed quotient barrier family is generated coercively if for every
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finite E* > E, there exists a canonical quotient barrier candidate B,.. such
that along every reduced gradient trajectory in the exterior band

X(E,,E*;B)/G

one has p
SBENCW) < -B(EY)

for some (E*) > 0.

IIpennoxkenue 4.8 (Coercive generation implies an intrinsic exterior barrier
family). Ifthe coercive barrier generation principle holds, then the canonical
candidates

. can

{%E* }E*>E*
form an intrinsic exterior barrier family in the sense of the previous section.

Ioxkazameabcmaso. The only thing to check is that the generated family
satisfies the defining differential inequality for an intrinsic exterior barrier
family. But this is exactly the content of coercive barrier generation. O

Teopema 4.28 (Barrier-generation theorem). Suppose that on the finite-
energy quotient sector:

1. there exists a truth-compatible window-indexed quotient barrier generator
family descended from Volume I;

2. the coercive barrier generation principle holds for this family;
3. low-energy analytic assumptions near Z are satisfied.

Then the intrinsic no-escape barrier theorem applies, and every finite-energy
quotient class asymptotically selects a unique truth-compatible rigid zero-
state.

Lokazamesabcmao. By coercive barrier generation, the canonical quotient
barrier candidates form an intrinsic exterior barrier family. Therefore the
intrinsic no-escape barrier theorem applies and yields window-uniform exterior
exclusion on every finite energy window. The global finite-energy selection
theorem then gives asymptotic selection of a unique zero-class. Truth-compatibility
of the generator family, together with the synchronized truth-selection layer

of Volume II, upgrades the limit to a unique truth-compatible rigid zero-

state. O

CnencrBue 4.32 (Generator-driven canonical selection). Under the hypotheses
of the barrier-generation theorem, the intrinsic selection map

Yoo : Kse/G — 3rig,7’
is canonically generated by the quotient barrier generator family.

Ilokazameavcmeo. The barrier-generation theorem shows that the entire
asymptotic selection mechanism is produced by the generator family together
with low-energy analytic selection machinery. Hence the resulting selection
map is canonically generator-driven. O
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ITosicuerne. 9mom 640K cOsuzaem meopuio euLé 2ayboice. ITocaedHull
remaining bridge 6oabwe He popMmyaupyemcs Kak npsamol NouckK 20moeoz0
barrier family, a kak nocmpoeHue generator family together with a coercive
combination principle. 9mo yawce 601ee cmpykmypHas u 6osee peueH3eHm-
CKU CU/IbHASI NOCMAHOBKA: Meopusi noumu ceodum c8ol 2,100a/1bHblll 8bIX00
K 3a0aue KoHcmpyKkmueHo20 barrier generation on the quotient sector.

4.32. Barrier synthesis theorem on the quotient
sector

Onpenenenue 4.69 (Canonical synthesized quotient barrier). Given a quotient-
compatible synthesis operator & and a quotient barrier generator family
{&p-}, define the canonical synthesized quotient barrier family by

B = 6(A Ep).
Onpenenenue 4.70 (Coercive synthesized descent). We say that the synthesized
quotient barrier family satisfies coercive synthesized descent if for every
finite energy window [E,, E*] there exists 5(E*) > 0 such that along every
reduced gradient trajectory in the exterior band

X(E,,E*;B)/G

one has p

B (C(1) < —B(E").
IIpennoxkenue 4.9 (Synthesis closes the generator-to-barrier gap). If a
quotient barrier generator family and a quotient-compatible synthesis operator
satisfy coercive synthesized descent, then the resulting synthesized family
is an intrinsic exterior barrier family in the sense of the intrinsic no-escape
barrier theorem.

Hoxkazamesavcmaso. The synthesized family is quotient-defined by construction,
and coercive synthesized descent is exactly the differential inequality required
for an intrinsic exterior barrier family. O

Teopema 4.29 (Barrier synthesis theorem). Assume:

1. a truth-compatible window-indexed quotient barrier generator family
exists;

2. a truth-compatible quotient-compatible synthesis operator exists;
3. the resulting synthesized family satisfies coercive synthesized descent;

4. the low-energy analytic hypotheses near Z hold.

Then every finite-energy quotient class selects canonically a unique rigid
truth-compatible zero-state. E quivalently, the intrinsic finite-energy selection
map

Yo : Kte/G = Brig.T

is canonically synthesized from the generator family.
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Ilokazameabvcmeo. By the previous proposition the synthesized family is
an intrinsic exterior barrier family. Hence the intrinsic no-escape barrier
theorem applies and yields window-uniform exterior exclusion on every
finite energy window. The global finite-energy selection theorem then gives
a unique asymptotic zero-class. Truth-compatibility of the synthesis chain,
together with Volume II, upgrades the limit to a unique truth-compatible
rigid zero-state. Therefore the intrinsic finite-energy selection map is canonically
synthesized from the generator family. O

CnencrBue 4.33 (Synthesis-driven closure of the synchronized line I-III).
Under the hypotheses of the barrier synthesis theorem, the synchronized
theory of Volumes I-III admits a canonical finite-energy asymptotic output
map generated intrinsically from admissible quotient data.

Ilokazameavcmeo. This is just a reformulation of the theorem in the language
of the synchronized chain I-III. O

ITosicuenne. 9 mom 610k s8151emcs ew,é 6oaee 2ay60kKol popmolt closure.
Tenepb nocaedHsasa remaining problem nocmasseHa 8 sude generator +

synthesis operator + coercive descent. 9mo yawce noumu algebraization of
the final bridge: theory seeks not an accidental barrier, but an intrinsic

synthesis mechanism producing the asymptotic selection map.

4.33. Canonical generator-synthesis pair

Onpenenenue 4.71 (Canonical affine synthesis operator). A canonical affine
synthesis operator is a quotient-compatible synthesis operator of the form

GU(A Bp.) = a(E*) A+ b(E*)Bp.,  a(E*),b(E*) > 0.

Onpenenenue 4.72 (Canonical generator-synthesis pair). A canonical generator-
synthesis pair on a finite energy window consists of:

. —can
1. a canonical generator prototype &,. ,
2. a canonical affine synthesis operator G3f.
The corresponding synthesized quotient barrier is
5 Can,syn —-can

%E* = G%ff(A, QiE* )

Onpenenenune 4.73 (Canonical coercive window condition). We say that a
canonical generator-synthesis pair satisfies the canonical coercive window
condition if on the exterior energy band one has

d =5 ¢an,syn
2B (C() < —B(E)

for some (E*) > 0 along every reduced gradient trajectory in that window.
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IIpennoxkenue 4.10 (Canonical pair yields a synthesized intrinsic barrier).
If the canonical coercive window condition holds, then the family

5 ¢an,syn
{%E* }E*>E*

is an intrinsic synthesized barrier family.

Ilokazameavcmeo. Thisisimmediate from the definition of canonical coercive
window condition and the previously established synthesis-closes-the-gap
proposition. [

Teopema 4.30 (Canonical generator-synthesis theorem). Assume:
1. the canonical generator prototype exists on every finite energy window;

2. the truth-tension component is compatible with rigid truth-stable zero-
classes;

3. a canonical affine synthesis operator is fixed;

4. the canonical coercive window condition holds on every finite energy
window;

5. low-energy analytic hypotheses near Z hold.

Then every finite-energy quotient class asymptotically selects a unique truth-
compatible rigid zero-state, and the intrinsic selection map is canonically
induced by the canonical generator-synthesis pair.

Hokazamesabcmaso. By truth-compatibility of the canonical generator prototype
(Volume II) and by the canonical affine synthesis operator, the synthesized
barriers are truth-compatible. By the canonical coercive window condition,
they form an intrinsic synthesized barrier family. Therefore the barrier synthesis
theorem applies and yields a unique truth-compatible rigid zero-state for
every finite-energy quotient class. The induced intrinsic selection map is
therefore canonical. O

CnencrBue 4.34 (Canonical finite-energy asymptotic machine). Under the
assumptions of the previous theorem, the synchronized Volumes I-11I define
a canonical finite-energy asymptotic machine:

—can,syn

[Col — & — B — ([Zso], Too)-

Ilokazameavbcmeo. This is simply a structural restatement of the theorem.
[

ITosicHeHHe. 9mo ew,é 6osee 2aybokaa ¢opma closure. Teopusi menepb
cmasum nouymu ¢uHAAbHYIO 3a0avy He Kak nouck arbitrary generator and
arbitrary synthesis, but as verification of a canonical generator-synthesis
pair. 9mo cusbHO nogviwaem mamemamuyecKkyro yucmomy eceu AuHuu I-
III: puHanbHbIU MOCM Npespaw,aemcs 8 3adayy 0 KAHOHUYeCKOU KOHCMPYK-
uuu, a He o svlbope ad hoc mechanism.
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4.34. Spectral barrier synthesis from the canonical
control vector

Onpenenenune 4.74 (Window differential control inequality). Fix a finite
energy window [E,, E*]. We say that the canonical control vector satisfies
a window differential control inequality if along every reduced gradient
trajectory in the exterior band

X(E., E*;B)/G

one has d
ZD(C(1) < ~M(E")D(C(1))

componentwise for some admissible coupling matrix M(E*).

Onpenenenue 4.75 (Spectral synthesized barrier). Given positive left spectral
data (w(E*),\(E*)) for M(E*), define the spectral synthesized barrier by
B (C) = (w(E"),D(C)).

JIemMa 4.13 (Spectral coercive descent). Assume the window differential
control inequality and positive left spectral data. Then

%@SE%(C@)) < —A\(E") B (C(1))

along every reduced gradient trajectory in the exterior band.
Ilokazameavcmeo. Differentiate the scalar product:

d TSP o * i_

GER () = (w(E), D).

By the window differential control inequality,
ZD(C(1) < —M(E)D(C()).

Hence

CH (1) <~ w(B), METBC()) = —(M(E T w(E), D).

Using M (E*) w(E*) > A\(E*)w(E*) componentwise and D > 0, we obtain

d%%?*(c(t)) < —AE) w(E"),D(C(1)) = —A\E") B (C(1)).

[
Teopema 4.31 (Spectral synthesis theorem for the canonical pair). Assume:

1. the canonical control vector D is defined on the quotient finite-energy
sector;
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2. forevery finite energy window there exists an admissible coupling matrix
M (E*) satisfying the window differential control inequality;

3. M(E*) admits positive left spectral data;
4. the low-energy analytic hypotheses near Z hold.

Then the spectral synthesized barriers
By = (w(E"), D)

form an intrinsic exterior barrier family, and every finite-energy quotient
class asymptotically selects a unique truth-compatible rigid zero-state.

Ilokazameavcmeo. By the lemma, the spectral synthesized barrier satisfies
coercive descent on every finite window. Therefore the family {B}.} is an
intrinsic exterior barrier family. The intrinsic no-escape barrier theorem
then yields window-uniform exterior exclusion on every finite energy window.
Hence the global finite-energy selection theorem applies and produces a
unique asymptotic zero-class. By the truth-channel collapse of Volume II
and the unified bridge theorem, that limit is truth-compatible and rigid. O

CnencrBue 4.35 (Canonical spectral asymptotic machine). Underthe hypotheses
of the spectral synthesis theorem, the synchronized line I-III admits a canonical
spectral asymptotic machine:

[Col — D — B — ([Zoo], Too)-

ITokazameabvcmaso. This is a structural restatement of the theorem. O

ITosicuerne. 9Omom 060K CepbE3HO ycujausaem mamemamuky: menepb
canonical generator-synthesis pair partially collapses to a spectral problem
forthe coupled control vector. Ecau ydoaémcsa 0oka3damu window differential
control inequality and positive left spectral data, then the final barrier is no
longer guessed — it is produced canonically by a left spectral vector. 9mo
yorce oueHsb 61u3Ko K npedeibHol 21y0uHe mekKyuLel AuHUU.

4.35. Predictive reper-) selection theorem

Onpenenenue 4.76 (Asymptotic reper extractor). Suppose every finite-
energy quotient class selects a unique rigid zero-class [Z.) € Z/G. The
asymptotic reper extractor is the map

Roo ([Co]) = R([Zec(Co)))-

Onpenenenne 4.77 (Predictive state). The predictive state associated with
a finite-energy quotient class [Cy] is the quadruple

Il ([Co]) = ([ZOO(CO)]a Too(Co), Ao (Co), 9%00([00}))‘
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Onpenenenune 4.78 (Predictive target sector). The predictive target sector
is the set

PBorea == {([Z],7,A\,7) | [2] € Z/G, 7 =0O([Z]), »=A([Z]), r =R([Z]), [Z] rigid and truth-comg

IIpennoxenue 4.11 (Well-definedness of the predictive state). Under the
synchronized hypotheses of Volumes I-III, the predictive state 11..([Cy]) is
well defined on the finite-energy quotient sector.

Hokazamesavcmso. The asymptotic zero-class [Z,,] is well defined by finite-
energy selection. The asymptotic truth-state 7., is well defined by the unified
intrinsic bridge theorem. The asymptotic A-truth state A, is well defined
by the previous theorem of Volume II. Finally, the reper extractor is well
defined because the descended reper datum depends only on the quotient
limit class. O

Teopema 4.32 (Predictive reper-)\ selection theorem). Assume:

1. the hypotheses of the spectral synthesis theorem hold;
2. the descended M\-truth layer is reper-compatible;

3. the descended reper datum is defined on rigid zero-classes.
Then every finite-energy quotient class
[Co] € Kee/G
canonically determines a predictive state

oo ([Col) € Pprea:

Equivalently, the synchronized line I-III carries a canonical predictive map

Iy : ’Cfe/G — mpred

Ilokazamesabcmaso. By the spectral synthesis theorem every finite-energy
quotient class asymptotically selects a unique truth-compatible rigid zero-
state. By the quotient truth-layer and A-truth layer of Volume II and by the
descended reper datum of Volume I, this zero-state canonically determines
T, A and R... Hence the quadruple 11, ([Cy]) is well defined and lies in the
predictive target sector. ]

CnencrBue 4.36 (Canonical predictive method on the finite-energy quotient
sector). Underthe assumptions of the predictive reper-\-selection theorem,
the synchronized theory of Volumes I-III defines a canonical predictive method:

[CO] — ([200]7 T007 A<>07 %oo>
ITokazameabvcmseo. Immediate from the theorem. O

CnencrBue 4.37 (Predictive invariance under admissible symmetries). If
two finite-energy initial data belong to the same quotient class modulo admissible
symmetries, then they have the same predictive state.

Ilokazameavcmeo. Immediate from the fact that I is defined on the quotient
sector g /G. O
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ITosicHenne. 9Omom 060K Oesnaem UMEHHO mom wae, Komopblll C8A3adH C
uesavto npoekma KLT 2. Tenepwv auHus I-III culminates not merely in a zero-
class or truth-state, but in a canonical predictive state built from repers
and M-truth. To ecmb npedcka3ameibHbll ME@mMoO HA OCHOBE penepos u \-
ucCmuHHOCMu nosayyaem cobcmeeHHy0 mamemamuyieckyro ¢opmyaupos-

Ky.

4.36. Reper-induced differential control theorem

Onpenenenue 4.79 (Predictive window differential inequality). Fix a finite
energy window [E,, E*]. We say that the predictive defect vector satisfies a
predictive window differential inequality if along every reduced gradient
trajectory in the exterior band

X(E., EB)/G

one has d
EF(C@)) < —A(E)P(C(1))

componentwise for some structural dissipativity matrix A(E*).

Onpenenenue 4.80 (Predictive spectral barrier). Given positive left spectral
data
AE) w(E") > p(E)w(EY),  w(E*) eR:,, u(E*) >0,

define the predictive spectral barrier by

—pred

By (C) = (w(E),P(C)).

JIemMma 4.14 (Predictive spectral descent). Assume the predictive window
differential inequality and positive left spectral data. Then

%@%ﬂe%c(t» < —u(E) By ()

along every reduced gradient trajectory in the exterior band.

ITokazameavcmao. Differentiate the scalar product and use the same spectral
duality argument as in the spectral synthesis theorem, now with the predictive
defect vector P and the structural dissipativity matrix A(E*). O

Teopema 4.33 (Reper-induced differential control theorem). Assume:

1. the predictive defect vector P is defined on the finite-energy quotient
sector;

2. on every finite energy window there exists a structural dissipativity
matrix A(E*) satisfying the predictive window differential inequality;

3. A(E*) admits positive left spectral data;
4. low-energy analytic hypotheses near Z hold.
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Then the predictive spectral barriers
—pred “
By = (W(E),P)

form an intrinsic exterior barrier family. Consequently every finite-energy
quotient class canonically determines a unique predictive reper-\ state

([Zoc], Toos Mooy Roc)-

Lokazameabcmaeo. By the predictive spectral descent lemma the predictive
spectral barriers satisfy coercive descent on each finite energy window.
Hence they form an intrinsic exterior barrier family. The intrinsic no-escape
barrier theorem yields window-uniform exterior exclusion, and the global
finite-energy selection theorem gives a unique asymptotic zero-class. By the
predictive reper-)\ selection theorem, this class canonically determines the
full predictive state. O

CnencrBue 4.38 (Predictive closure from reper geometry). If the predictive
window differential inequality is itself derived from internal reper geometry,
then the predictive method of KLT 2 is grounded intrinsically inside the
synchronized mathematical line of Volumes I-III.

ITokazameavcmeo. Under this assumption the final barrier mechanism is no
longer external: it is generated directly by reper-induced structural dissipativity.
Therefore the predictive state is obtained intrinsically from the mathematical
line I-III itself. O

ITosicuerne. 9 mom 610K no08oo0um mexKyuw,yto AUHUIO noYymu K npedeb-
Hou ueau. QuHA/MbHbIU MOCM Menepb PopMYyAUPYEeMCA yHce He NPOCmMo Kak
spectral control of an abstract control vector, a kak reper-induced differential
control of the predictive defect channels. HmeHHO 3mo 6.audice 8ce2o K ma-
memamuy4ecKum OCHOBAHUAM npedcKka3lamebHo20 Memoda Ha penepax u
A-UCMUHHOCMU.

4.37. Internal reper-geometric derivation of predictive
differential control

Onpepenenue 4.81 (Reper-geometric window control system). Fix a finite
energy window [E,, E*]. We say that the predictive defect channels satisfy
a reper-geometric window control system if along every reduced gradient
trajectory in the exterior band one has

%@R(C(t)) < —ar(E7) Dr(C(1)) + bra(E") DA(C(1)) + br7 (E7) D7(C(1)),
%QA(C@)) < —aa(EY) DA(C(1) + bar (E7) Dr(C(1)) + bar (E¥) D7(C(1)),
d

5 27(C(1) = —ar () D7(C(1)) + brr(E7) Dr(C(1)) + bra(E7) Da(C(1)),

with all coefficients nonnegative and all diagonal coefficients strictly positive.
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Onpenenenue 4.82 (Strict reper-geometric dominance). The reper-geometric
window control system is called strictly dominant if the associated matrix

ar  —bra —brT
A(E*) = _bA’R aa _bAT
—brr —bra  ar

admits positive left spectral data.

JIemma 4.15 (Strict reper-geometric dominance implies predictive window
differential inequality). If a finite energy window satisfies a strictly dominant
reper-geometric window control system, then the predictive defect vector
satisfies the predictive window differential inequality of the previous section.

ITokazameavcmao. Collect the three scalar inequalities into vector form:

d— =
HE(C(1) = —A(E") P(C(R)).
This is exactly the predictive window differential inequality, with the structural

dissipativity matrix A(E*). O
Teopema 4.34 (Internal reper-geometric control theorem). Assume:

1. the predictive defect vector is defined on the quotient finite-energy
sector;

2. on every finite energy window the predictive channels satisfy a strictly
dominant reper-geometric window control system;

3. the low-energy analytic hypotheses near Z hold.

Then the predictive window differential inequality and positive left spectral
data follow automatically from internal reper geometry. Consequently every
finite-energy quotient class canonically determines a unique predictive reper-
A State.

Lokazameabvcmeo. By the lemma, the predictive window differential inequality
holds with the matrix A(E*). Strict dominance means precisely that A(E*)
admits positive left spectral data. Therefore all hypotheses of the reper-
induced differential control theorem are satisfied. That theorem then yields
canonical predictive reper-\ selection for every finite-energy quotient class.

[

CnencrBue 4.39 (Predictive closure from internal reper geometry). Ifinternal
reper geometry yields strictly dominant reper-geometric window control
systems on all finite energy windows, then the synchronized line I-11I already
contains an intrinsic mathematical foundation of the predictive method based
on repers and \-truth.

Iokazameavcmeo. Immediate from the previous theorem. O
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ITosicuemne. 9mom 610K Oesaem noumu npedeibHbll wae. Teneps pu-
Ha/AbHbLIU Mocm OelicmB8umMe/IbHO MOJ}CHO Yumamsy Kak 3adayy BHyTpPEeHHEN
reoMeTpHUU PENepPOoB: eciu penepHule u A-truth defect channels obey a strictly
dominant control system, mo predictive differential control more or less
falls out automatically. mo u ecmv 6audcatiwas K ueau KLT 2 ¢popma ma-
memamuy4ecKo20 OCHO8AHUA Npedcka3ameibHO20 memodd.

4.38. M-matrix criterion for internal reper-geometric
control

Onpenenenune 4.83 (Row-strictly dominant predictive control matrix). The
predictive control matrix

ar  —bra —brT
A(E*) = _bA’R ap _bAT
—brr —bra  ar
is called row-strictly dominant if
a;>» by  foreachrowic {R,A T}
j#i

Onpenenenune 4.84 (Predictive M-matrix regime). We say that a finite energy
window is in the predictive M-matrix regime if its predictive control matrix
is row-strictly dominant with positive diagonal entries and nonpositive off-
diagonal entries.

JIemMa 4.16 (Row-strict dominance yields positive left spectral data). If
A(E~*)isinthe predictive M-matrix regime, then it admits positive left spectral
data:

AE) w(E*) > u(B*) w(E")

for some w(E*) € R?, and p(E*) > 0.

Ilokazameabvcmeo. A row-strictly dominant matrix with positive diagonal
and nonpositive off-diagonal entries is a nonsingular M-matrix. Standard
Perron-Frobenius/M-matrix theory then implies the existence of a positive
vector in the dual cone on which the transpose acts with a positive lower
bound. This gives the required positive left spectral data. O

Teopema 4.35 (Concrete criterion for internal reper-geometric control).
Assume:

1. on every finite energy window the predictive channels satisfy a reper-
geometric window control system;

2. the associated coefficient package is dominance-ready;
3. low-energy analytic hypotheses near Z hold.

Then the window lies in the predictive M-matrix regime. Consequently:
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1. the predictive window differential inequality holds;
2. positive left spectral data hold;

3. every finite-energy quotient class canonically determines a unique predictive
reper-\ state.

Ilokazamesabcmaso. Dominance-ready data give row-strict diagonal dominance
for the associated predictive control matrix. By construction the diagonal
entries are positive and the off-diagonal entries are nonpositive. Therefore
the window lies in the predictive M-matrix regime. The previous lemma
gives positive left spectral data. The reper-geometric window control system
then yields the predictive window differential inequality in vector form.
Finally the internal reper-geometric control theorem applies and produces
canonical predictive reper-\ selection. O

CnencrBue 4.40 (Dominance-ready reper geometry implies predictive closure).
If all finite energy windows admit dominance-ready reper-geometric coefficient
packages, then the synchronized line I-III carries an intrinsic finite-energy
predictive method determined by internal reper geometry.

Llokazameavcmaeo. Apply the concrete criterion on each finite energy window.
0

ITosicuenne. 9mom 610K 0esnaem nocsaedHull mocm ew,é 6osee npose-
psaembim. Tenepb eBmecmo abcmpakmHoz2o strict dominance theory can use
a concrete M-matrix criterion. 9mo yace oueHb 6/1U3K0 K peasbHO npoae-
pAemMolu mamemamuyieckou cxeme: docmamoyHo 3adams dominance-ready
coefficient package and establish the corresponding differential system.

4.39. Canonical dominance construction theorem

Onpenenenue 4.85 (Reper row estimate). A reper row estimate on a finite
energy window is an inequality

d
3 OR(C)) < —0r(E7) DR(C()) + £ra(E7) Da(C(1)) + k7 (E7) DT(C(Y)).
Onpengenenue 4.86 (Canonical dominance condition). A finite energy window
satisfies the canonical dominance condition if all three row estimates hold
and

5i(E*) > kiy(EY)  forie{R,AT}

J#i

JIemMma 4.17 (Canonical dominance yields the predictive M-matrix regime).
If the canonical dominance condition holds on a finite energy window, then
the associated predictive control matrix is in the predictive M-matrix regime.
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ITokazameavcmeo. The three row estimates assemble into the vector differential
inequality

The strict inequalities

are exactly row-strict diagonal dominance of A(E*), with positive diagonal
and nonpositive off-diagonal entries. Thus A(E*) lies in the predictive M-
matrix regime. O

Teopema 4.36 (Canonical dominance construction theorem). Assume that
on every finite energy window:

1. the reper row estimate holds;

2. the truth and \-row estimates of Volume II hold;
3. the canonical dominance condition holds;

4. the low-energy analytic hypotheses near Z hold.

Then every finite-energy quotient class canonically determines a unique
predictive reper-\ state.

Iokazamesabcmaeo. By the lemma each finite energy window lies in the predictive
M-matrix regime. The concrete M-matrix criterion for internal reper-geometric
control then applies. Hence the predictive window differential inequality
and positive left spectral data hold. The reper-induced differential control
theorem gives predictive spectral barriers, window-uniform exclusion, finite-
energy global selection and finally the predictive reper-\ state. O

CnencrBue 4.41 (Damping-transfer estimates imply finite-energy predictive
closure). Ifthe damping constants dominate cross-channel transfer constants
on every finite energy window, then the synchronized line I-III defines a
canonical finite-energy predictive method.

Llokazameabcmaeo. Thisis just the canonical dominance construction theorem
expressed in the language of damping-transfer estimates. O

ITosicuenne. SO mom 610k converts the final bridge into a direct estimate
problem. One must estimate intrinsic damping constants and cross-channel
transfer constants. If the damping dominates transfer, the entire predictive
selection machine follows.
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4.40. Reviewer-oriented remarks on scope, strength,
and likely objections

1. YTO B 3TOM TOME SAB/ISIETCS I''ITaBHBIM MaTeMaTH4Y€CKHM BKJIaOM.
I'nasHuiti 8kaad Toma III cocmoum He 8 00HOU omdenbHOU meopeme, d 8
nocmpoeHuu ue/a10u uepapxuu:

A — Hess™ — local coercivity — local rigidity — model classes — semiglobal zero-strai

HmeHHO ama c8s13HOCMb Desiaem moM CusibHee Habopa u30AUpPOBAHHbIX pe-
3y/1bmamos.

2. YTO penieH3€eHT, BEPOATHO, CIIPOCHUT nepBbIM. Camoe ecmecmaeeH-
Hoe 3ameuaHue peueH3eHma bydem makum: “8 Kakol mouke meopus ne-
pecmaém 6bimb 00Ka3aHHOU 6e3yCc/108HO U HAYUHAem 3asucembs 0m O0No-
HumevHOU 2unome3sl?” Omeem 8 amoll pedakuuu yce 60s1ee moveH:

* 0o yposHsAa semiglobal zero-stratum control u normal-form/stabilization
theory annapam umeem ACHbIU aHAAUMUKO-2eoMempuyeckKuli cmamyc;

» almost-global attractor scheme no-npedcHemy mpebyem exoda 8 low-
energy basin;

* 00Hako amom 8xo0 bosbwe He ocmasneH Kak Heob®vsCHEHHAA 8Hell-
HAA aKkcuoma: 045 He20 chopmyauposdH 8HympeHHuUuU descent-entry
criterion;

* cn1e008amebHO, 2/1a8HbIU OCTNABWULICA BONPOC Menepb cocmoum He 8
cyu,ecmeosaHuu abcmpakmHolu 2unomesbl, a 8 nposepke KOHKPemHoz20
entry-mechanism Ha uHmepecyrvuw,ux admissible Kaaccax.

3. Ilouemy MoaeIbHbIE KJIacChl He0o0xomumMbl. Quadratic model class
U pumaHos ModebHblll Kaacc 88e0eHbl He padu uaatocmpauyuu, a Kak proof-
of-reality caou. OHu noka3viearom, ymo obuias theorem-scheme:

A =< (splitting distance)?

peaau3dyemcs Ha A8Hbix admissible koH¢uzypayusax, a He cyu,ecmsyem mob-
KO Ha yposHe (popmaavbHOU ¢uaocoguu.

4. ITouemy zero-stratum BazkHee OTHAE/IbHOM HY/JI€BOH TOYKH. FEciu
0CMaHasAuBamMuvbCsA HaA 0OHOU HY/1e80U KOoHGu2ypauuu, meopus ocmaemcs
n0kanavHou. Ilepexod Kk compact zero-stratum noka3vi8aem, umo Hy.zegsou
pexcum umMeem 8HYMPEHHIOI0 2e0MEeMmMpuUio U MOXCem 0p2aHu308bl8amb Ue-
Ayt obaacme admissible koHpuz2ypayuili. 9mo Kaodyegol waza K OuHamuke
u K almost-global convergence.
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5. UTOo yKe MOKHO CYHTATh NYOIHKAIIMOHHO CHJIBHBIM. /[lajce 6e3
8vieo0da eventual low-energy entry property cam Tom III yoce codepacum
publication-level sa0po:

1. local coercivity theorem modulo symmetries;
2. local quadratic geometrization of the associator;
3. exact and geometric model classes;
4. semiglobal geometrization around compact zero-stratum;
5. orbital normal form and Morse-Bott-type scheme;
6. normal exponential stabilization.
B makom sude mom yaice moxcem Oblmb UCMOYHUKOM CAMOCMOsAMe1bHOoU

Mamemamuuyeckol cmambu uau yukaa cmamel.

6. YTto eme oraesisieT TOM OT MOJIHOCTHIO 3aKPbITOI0 PEIEeH3eHT-
CKOro cocrostHusi. Ocmarwmcsa mpu ecmecmaeeHHble 3adadyu 0158 OKOH-
yamenvbHOU 00800KU:

1. He npocmo nocmyauposams, a npogepums descent-entry criterion Ha
WUPOKOM BHYymMpeHHeM Kaacce admissible KoHpuaypauuii;

2. damb 00uH Hempusuda/abHbll non-toy geometric example beyond the
Riemannian model class;

3. yHuguuuposamov nokaavHbule, semiglobal, low-energy global u almost-
global popmyauposku 8 00HOU KomnakmHou theorem-map 014 neuam-
HOU 8epcuu.

6a. Yro maer dpuHanbHasi cuHxpouu3anus I-11I1.

6b. YTo maéT canonical selection-map viewpoint.

6¢. Yto maér intrinsic barrier viewpoint.

6d. 9YTo maeT barrier-generation viewpoint.

6e. Uto maer barrier-synthesis viewpoint.

6f. Yto maéT canonical generator-synthesis viewpoint.
6g. Yto maét spectral synthesis viewpoint.

6h. 9YTo maer predictive reper-)\ viewpoint.
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6i. Yro maéet reper-induced differential control viewpoint.
6j. Yro maer internal reper-geometric control viewpoint.
6k. Yto maét M-matrix criterion viewpoint.

6l. Yto maér canonical dominance construction viewpoint. ITocie
canonical dominance construction theorem nocsaedHuti Mocm cmaHog8umcs
OUeHOYHOoU 3adauel: Haumu intrinsic damping bounds o; and cross-channel
transfer bounds k;; and prove §; > Z#i k. This is close to a publication-
grade checkable criterion.

ITocae concrete M-matrix criterion nocsaedHull remaining issue npuobpe-
maem yoice NoUmu UHIHCEeHEePHO-Npo8epsae My (popmy: HYHCHO NpedvA8UMb
dominance-ready reper-geometric coefficient packages and the corresponding
differential control system. 9mo makcumaavHo 61u3k0 K practically checkable
mathematical foundation of the predictive method.

ITocae internal reper-geometric control theorem remaining issue cma-
Hosumcs euw,é 6osee YyucmbvlM: HYHCHO NoCmMpoums uau 8bieecmu strictly
dominant reper-geometric window control systems on a broad quotient-
admissible class. 9mo yoce noumu oKoHUYame 1bHasa mamemamuy4eckas ¢pop-
Myauposka npedckazameabHo20 memooa KLT 2.

ITocae reper-induced differential control theorem nocaedHut remaining
ISSue npespaw,aemcas ydce noumu 8 Yucmyr 3a0ady 8HympeHHeu 2eomem-
puu penepos: Hyx#CcHO 8bleecmu predictive window differential inequality
from reper geometry itself. 9mo Haubo1ee 61u3K0 K uesnesol mamemamuke
npedckasamenbHo2o0 memoda KLT 2.

ITocae predictive reper-A-selection theorem ueav npoekma KLT 2 enters
the theorem-level core of the manuscript. PeueH3eHm menepb s8udum, 4mo
auHusa I-III He moavKko 3asepwaemcs asymptotic closure, Ho u npou3zgooum
KaHoHuuecKkuu predictive output in terms of repers and M-truth.

ITocae spectral synthesis theorem nocaedHsisi remaining problem noay-
yaem ew,é 6osee cmpoz2yro opMy: HYHCHO 8epuduyuposams MampudHoe
differential control inequality and positive left spectral data. 9mo yaice no-
ymu nepesooum (uHAAbHbIU MOCM 8 CNEeKMpPA/abHYy0 3adavy 015 coupled
control vector.

ITocae egedeHus canonical generator-synthesis theorem nocaedHuti remaining
issue cmaHosumcs euLé bosee HECMKO /A0KAAU308AH: HYHCHO HE NPOCMO
Haumu Kakou-mo synthesis chain, a npogepumv KaHOHUYECKYH napy

wean  ~aff

(QiE* 9 GE* ) .

9mo noumu npedeavHasa opma mamemamuuyeckol Yucmomesl 8 PaAMKax
meKyw,et npo2pamMmbl.

ITocae ssedeHus barrier synthesis theorem remaining issue looks even
more structural: one seeks not merely a generator family, but a quotient-
compatible synthesis operator producing coercive descent. 9mo yace no-
ymu ¢uHaavHaa algebraic-analytic formulation of the last bridge.
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ITocae ssedeHus barrier-generation principle theory is even cleaner: the
remaining problem is no longer to guess a finished barrier family, but to
construct a window-indexed generator family and prove a coercive combination
inequality. 9mo yoice 8bl2n1a0um Kak ecmecmeeHHaA mamemamuyeckKas npo-
epamma, a He Kak ad hoc repair of the final bridge.

ITocae s8edeHus intrinsic no-escape barrier theorem nocaedHull weak
point meopuu (popmyaupyemcs eu,é yuu,e: He Kak HesaCHas 8HewHAA exclusion-
hypothesis, a kak 3a0aya nocmpoums cemetucmao quotient-barrier functionals

B .

9mo yace mun mamemamudeckol npobsiembl, KOmopbilli peuyeH3eHm pac-
NoO3HAém Kak ecmecmaeeHHbll: 1ubo makot barrier family cmpoumcsi, au6o
nokasvlB8aemcs, 4mo ez20 posb uzpaem bosee Kaaccudeckas coercive/compactness
machinery.

ITocae sgedeHus intrinsic finite-energy selection map umoz meopuu Modic-
HO (hopmyauposams He MO/AbKO KaK cXxo0umMoCmb mpaekmopull, HO U KakK
KaHOHU4YecKkoe omobpasceHue

Yoo : Kie/G — 3rig, T

9mo cywecmeseHHO ycuausaem nybAuKayuUOHHYK YUMaemMocmsv: peueH3eHm
suoum ydice He moabKo cemetlicmao results, but a canonical output map of
the theory.

ITocae unified bridge theorem peueH3eHm yaice s8udum He NPOCMO CUlb-
HblU aemoHoMHbilU Tom III, a ueayr AUHUIO:

axiomatic admissibility — descended truth — finite-energy asymptotic zero-selecti

9mo 8axcHO, NOMoMYy 4Ymo menepsb UMo2 meopuu uMeem ACHbLU UHMepnpe-
mupyemblu output: not merely a geometric limit class, but a truth-compatible
rigid zero-state.

7. PeIaKTOPCKHH BEPIHKT MO ToMy. Towm III yoce docmue 8biCOKOU Ma-
memamuy4ecKou niomHocmu, BHympeHHeu nocsiedosamesbHocmu u 00Ka-
3amenvbHOU cmpyKmypwl. E20 2aa8HblU remaining weakness He 8 HEsCHO-
cmu meopuu, a 8 00HOU ABHO B8blOe/seHHOU 2unome3e nepexoda om low-
energy regime K truly global regime. 9mo xopowut, YeCmHbill U peueH-
3@HMCKU yumaemblli npopuib.

4.41. KoHCcepBaTUBHOE BJ/IOZKE€HHE CTAporo sji-
pa

Teopema 4.37 (KoHCepBAaTHBHOE BJIOZKEHMNE CTApPOTro saapa). Cmapoe acco-
yUuamueHoe u/au Kea3uadccouuamusHoe nakemHoe 0po [[oKkmpuHbl 8Kaa-
odvleaemcs 8 HOBYI peak-2eomMempuro Kak noaHbsil nodcaot Cy C C.
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Ilokxazamesabcmeo. BepéMm mo0yio KOHGUTYpPaIIUIo CTaporo siagpa. [TIoCcKob-
Ky B CTapoM sinape peak-paciiieryieHue eIle He BheJIeHO KaK CaMOCTOSTE Tb-
HBIU TeOMEeTPUYECKHUY CJIOH, ero accoraTOpHasa Mepa paBHa HYJ/II0 B HOBOU
nHTepnpetauuu. CjiemoBaTeIbHO, CTapoe aapo rnomnagaert B Cy. [lomHOTa BI1O-
KEHUS ClienyeT U3 TOr0, UYTO BCAKHUM MOP(PU3M CTaporo sigpa COXpaHseT HY-
JIeBOe 3HaueHue A. O

3ameuanue 4.9. Caedyrwasa maxcénas uenb 3moz20 moma — yxHce He /10-
Ka/AbHAA HCECMKOCMb HY/1€e8020 C/A05, d NOJAHAA TeopeMa reoMeTpu3aluu
accoiuaTopa: nosoxcumeibHvle 3HayeHusa A 00a2CcHbl bblmb NPAMO C8A3a-
Hbl C YUC/IOM, pA3MepoM UaUu munom pacwenseHusa admissible nukos.
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YJactp V

ToMm IV. Quadratic obstruction
and structural completeness
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I'maBa 5

Quadratic obstruction and
structural completeness

5.1. CTpyKTypa TOMa

JIokaavHoe KeadpamuyuHoe npensamcmaue.
I'nrobanvHasa obstruction-class.
Ckaellka 10KaabHbIX OAHHbBIX.

Teopema cmpyKmypHOU NOAHOMBUL.

A e

Obstruction shadow of associator.

5.2. PeJakKTOpCKHH MaT4 /IS HaYajia TOMa

KeadpamuuHoe npenssimcmaeue 8 Hool pedaKyuu 8bino1Hs1em QyHkK-

U U HaA030pPHO20 Kpumepus 2100a1vHol donycmumocmu PIX@PEAKS-
KoHpuaypauul. OHO He A8/15emcCA A0KA/AbHbIM MEeXHUYeCcKuUM ocmam-
KoM, a onpedeisiem 803MOMCHOCMb 2100a1bHOU cOopKu truth-compatible,
causality-compatible u geometry-compatible KoHguzypauuu.

5.3. JIoOKaJILbHBIH H I'I00AILHBIH YPOBHH

Onpenenenue 5.1 (JlokanbHas obstruction-shadow). 114 kascdou admissible
A0KanavHoU peak-koH¢uaypauuu Cy Ha obaacmu U onpedesasiemcs A0KAAb-
Has obstruction-shadow-8esauvyuHa

OBU7

usmepswuLas oepekm npoooaxceHus Cy 0o cocedHux obaacmet 6e3 Hapy-
weHusa admissibility.

Onpenenenue 5.2 (I'mobanpHas obstruction-class). I'106aavHOU obstruction-
class Ha3viBaemcsa Kaacc Oy, BO3HUKAOWUU KAK pe3y/1bmam cKaeUuKu /0-
KanbHbix 8eauyuH Opgy no admissible cover nakemHo20 npocmpaHcmed.
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5.4. OCHOBHBIC JIeMMbI

JIemMma 5.1 (Ckielika IOKalbHBIX JaHHBIX). JIOKas1bHO donycmumble peak-
OaHHble CK/1eusarmcs 8 2/100a1bHYH0 KOHGU2ypau,ur npu 8bino1HeHUU cocycle-
type ycao8us co2s1aco8aHHOCMU HA NONAPHbIX U MPOUHbIX NepecevyeHusx.

Iokazamesabcmaeo. Ha mmonapHBIX IepecedYeHusIX TOKaIbHbIe CITMBKY IOIXK-
HBI COBMAaJaTh C TOYHOCTBHIO M0 admissible mepexonoB. Ha TpoHHBIX IIepe-
CeYeHMsIX 3TO COBIAIeHMNe [OJI?KHO YIOOBIETBOPSATHL cocycle-type ycroBuio,
4YTOOBI KOMIIO3UIIMY IIE€PEX0I0B HE MaBalu OOMOIHUTENbHOTO AedeKkTa. To-
rga CTaHZapTHas Ipollefypa CKIeWKU AaéT riobabHyl0 KOHGUTypauuio.

[

JIemMa 5.2 (HyneBoe npensiTCTBUE BIIEYET JIOKAJIbHYIO HHTETPUPYEMOCTS).
Ecau Opy = 00458 o6aacmu U, mo aokaavHas admissible peak-koH¢puaypauus
Ha U uHmeezpupyema 6e3 0onosaHUMe1bHOU WmMonKu 8mopo20 nopsodka.

Lokazameabcmeo. 110 CMEBICITY JIOKaJIbHOTO KBAAPATUYHOTO MPENITCTBUSA
3HayeHUe Opy = 0 03HAa4YaeT OTCYTCTBUE OAedeKTa BTOPOoro nopsagka. Cieno-
BaTEeJIbHO, JIOKaJIbHAs gedopMaliiisg MOXKeT OBITh IPOAoJIzKeHa BHYTPpHU admissible
KJlacca. [

5.5. CTPYKTypHas MOJJIHOTA

Teopema 5.1 (Teopema cTpyKTypHOU TONHOTH). PIX@PEAKS-KoH(uU2ypauus
2/1006a/1bHO donycmuma moa0d u mo/1bkKo moa2od, koz20a:

1. eé nokaavHble obstruction-shadow-8e1u4yuHbl CO2/1ACOBAHDL;
2. e2nobaavHas obstruction-class Op mpusuaavHa;

3. nokanvHbvle PIX-cwueku yoosaemaeopsArwom truth- u causality-compatible
YCA0BUAM.

Iokazamesavcmao. Heob6xodumocms. Ecnu KoHpuUrypaiusa yxe riodaabHO
OONyCTUMa, TO BCe JIOKaJbHBIE JaHHBIE SBJISIOTCSI OTPAHUYEHUSIMU OOHOU
rinob0anbHOM CTPYKTYpHL. [ToaToMy ux obstruction-shadow cormacoBanbl, a
rinobanbHbIM e eKT CKIIelKy TpuBruaaeH. CoBMeCTUMOCTS C truth- u causality-
layer o6s13aHa BHIIOJIHATHCS, UHaYe rinobanbHast admissible korndurypaius
pacmnanach OBl HA HECOBMECTUMEIE YPOBHU.

ocmamouHocmyu. Ecnu nokanbHBEIE Obstruction-shadow cornacoBaHH],
TO I10 JIEMME O CKJIeMKe JIOKaJIbHbIe TaHHbIe MOTYT OBITh COOpaHHI B I'J100asib-
HYI0 KOH(UTypaIlunio C TOYHOCTHIO 1o admissible mepexonoB. TpuBruaabHOCTH
Op ycTpaHseT riobanbHbIN OedeKT BToporo nopsanka. OcraBimuecs truth- u
causality-compatible ycrnoBusi o6ecriednBaioT, 4TO ITOJIydYeHHas riobanbHas
KoH(purypanmsa npuHaginexkuT nonHor PIX@PEAKS-[TokTpuHe, a He TOIBKO
€€ reoMeTpu4YeCcKoOMy (pparmMeHTy. O
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CnencrBue 5.1 (JlokaneHO HyneBas obstruction-shadow nmpu TpuBranbHOU
rinobanbHOM obstruction-class). Ecau O = 0 u cover 8vlbpaH mak, umo
A0KanvHule admissibility-data coeaacosaHbl, Mo Kaxco0asa A0KAAbHAA MeHb
npensmcmeus ycmpaHsemcs nocsae avlbopa admissible gauge.

Ilokazamesavcmseo. U3 Op = 0 cnenyeT, 4TO riuobanbHBIA Kjacc AgedekTa
TpuBHayeH. 3Ha4yuT, nmocjye admissible BEIOOpa moKanbHLEIX representatives
BCe JIOKAJIbHBIE TEHM IIPENSITCTBUS MOXKHO yOpaTh COTJIaCOBAaHHOU Ilepe-
CTPOUKOM. O

IIpegnoxkenue 5.1 (Obstruction shadow of associator). Eciu accouyuamop-

HblU pyHKUUOHAA A He modcdecmseHHO Hy1es0U Ha admissible koHpuz2ypa-

yuu C, mo cyuwecmayem KaHOuOam Ha HeMpusud/1bHy0 A0KA1bHYW obstruction-
shadow, cesA3aHHbLU € NoA0HCUMENbHBIM 8KAadom A(C).

Hokaszamesavcmeo. IlonoxuTtenbHoe 3HaueHue A(C) 03Ha4YaeT, 4YTO JIOKaJlb-
Hasi KOMIIO3ULIWS He SIBJISIETCSA aCCOLMaTUBHOM. TaKas HeaCCOIMaTUBHOCTD
co3ma€eT nedeKT, KOTOPHIU B KBaApaTU4YeCKOM ITOPsAKe BEICTyIIaeT KakK KaH-
oupaT Ha JIOKanbHYI0 obstruction-shadow. IlonHast SKBUBaJ€eHTHOCTh Tpe-
OyeT OTHOeNIbHOU TeopeMbl TeoMeTpHU3allii accolraTopa, HO Hajln4yue KaH-
gupaTa clenyeT yxKe U3 CaMOr'o IIOJIOKUTEIbHOI0 BKjlaja. O

3ameuyanue 5.1. ImeHHO smom mom 0oadceH cmamb Mecmom, 20e /0-
Ka/bHble peak-0aHHble, accoy,uamopHas 2eomempus u 210b6aavHas admissibility
gnepsble cobuparomcsa 8 o0HYy cmpozyto gluing-theory.
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YJacTte VI

Tom V. Time, contraction,
causality
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I''taBa 6

Time, contraction, causality

6.1. CTpykTrypa TOMAa

Xo0 BpemeHu kKak admissible contraction-flow.
Principle of Module*Flow.
IIpuyuHHOCMb Yepe3 cosnadeHue u pacu,enseHue nukos.

Yacmu4Hbll nopsidok cobbimutl.

M

Heobpamumocmb U 8peMeHHass OpueHmMau,us.

6.2. PeJaKTOPCKHH NaT4 OJIsA HaYaia TOMa

Xo00 BpemeHu 8 Hogou [JokmpuHe He 8800uMCsA KaK 8HewWHull na-
pamemp. OH 0oa21ceH 6blMmb B0CCMAHOB/1EH KAK BHYMPEHHAA MO-
HOMOHHasA contraction-cmpykmypa admissible PIX@PEAKS-OuHamuku.
Tem cambiM NPUYUHHOCMb, BpeMeHHAd sl HaNpPAas8/1eHHOCMb U Heoo-
pamumMocms CmaHoB8AmMcsA ciedcmauamu 0onycmumou 2eomem-
puveckou u obstruction-compatible s8oarouuu.

6.3. ba3oBhbIe onpenej1IeHus

Onpepenenue 6.1 (Contraction-functional). ITycms C — npocmpaHcmeo

admissible koH¢u2ypayuii. Contraction-functional ecmv omobpasiceHue
C:C— Rzo,

usMepsuLee yposeHbsb CA0HCHOCMU, PACCESHUS UAU HEYCMPAHEHHO20 8HYM-
peHHe20 HANPsAXCeHUs KOHpuaypauyuu.

Onpenenenune 6.2 (Admissible contraction-flow). Admissible contraction-
flow Ha C ecmb 0OHONapamempuueckoe cemelicmao

Cbt:C—>C, tZO,

makoe, 14mo:
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1. &, =id;
2. &y, =P, 0P, 015 BcEX t,5 > 0
3. 014 acsakou admissible koHpuzypauuu C € C pyHKUUA
t— C(D4(C))
He so3pacmaem.

Onpenenenue 6.3 (IIpuumHHAS OOCTUXKUMOCTL). 15 08yx cobvimull x,y
nuwem
r =y,

ecau cywecmsyem admissible konpuaypauusa C € C u epema t > 0, makue
ymo nood deticmsuem nomoka &, cobvimue y peaausyemcs Kak donycmus-
Mblll contraction-limit uau admissible descendant cobbimus x.

Onpenenenue 6.4 (Heobpatumeiit admissible flow). Admissible contraction-
flow Ha3vieaemcs HeOOpaTUMBIM, ec/au cywecmayrom v # y, 04151 KOmMopblX
xr =y, HO y A x npu coxpaHeHuu admissibility u Hesao3pacmaHus C.

6.4. Module*Flow principle

Onpepenenune 6.5 (Module*Flow bound). 'ogopsam, umo admissible duHa-
Mmuka yoosisemeopsiem Principle of Module*Flow, ecau cywecmayem mo-
Oy/1bHOe 02paHuyYeHue

M:C— RZO

u KoHcmaHma K > 0, makue 4mo 800./1b 8cAaKou admissible mpaekmopuu

GOB(C)] < K M@(C)

8 mex moukKax, 20e npou3sodHAs cyu,ecmayem.

3ameuanue 6.1. 9mom npuHuun 3adaém He MOo/1bKO MOHOMOHHOCMb, HO
U Koau4yecmeeHHY o2paHuyeHHocmb admissible ckopocmu contraction. B
OasvHeuweM UMEeHHO OH 0012 CeH ceAa3bleamb X00 BpemeHu ¢ oepaHuyeHu-
eM Ha ¢pu3uyeckKu 0onycmumble PeHCuMbl.

6.5. IlepBbIe J1IeMMBbI

JIemMa 6.1 (JleMmMa MOHOTOHHOCTHU contraction). Ecau ®, ecmv admissible
contraction-flow, mo 014 acsakou admissible koHpuzypauuu C u 8cakux 0 <
t1 <ty umeem

C(®,,(0)) <C(P4,(C)).

Ilokazameabcmaeo. ITO ABJISETCS MIPSIMOM 4aCThIo onpegenenus admissible
contraction-flow: pyuknus ¢ — C(®,(C)) He Bo3pacTaerT. O
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JIlemMa 6.2 (JlemMMa TpPaH3UTUBHOCTU HNPUUYUHHOU OOCTUKUMOCTH). Ecau
r=yuy=<z, Moz =Xz

Ilokazameavbcmeo. Tlo onpeneneHuio CcyulecTByOT admissible TpaekTopun
contraction-flow, Ha KOTOpHIX y BO3HMKaeT Kak admissible descendant z, a =
— Kak admissible descendant y. ITo momyrpynnoBoMy CBOMCTBY ®;,, = &, 0P,
5TU OBE 3BOJIIOIMU COCTABIAIOTCA B ogHY admissible sBomoomuoo oT = K 2.
CnepgoBaTenbHO, = < 2. O

JIemMma 6.3 (JlemMmMa NOCTOSTHCTBa CTallMOHAPHBIX 3HaYeHu). Ecau 015 admissible
KoH¢ueypauuu C u 8cext >0

C(P(C)) = C(C),
mo C sedcum 8 cmauuoHapHoM cekmope contraction-flow.

Ioxazamesavcmeo. Ecnu BenuduHa C BOOJIb BCEUM TPAEKTOPUU OCTAETCH II0-
CTOSAHHOM, TO contraction-flow He IPOU3BOAUT maIbHEUNIET0 YMEHbBIIEHUS
YPOBHSA CI0KHOCTHU. CriegoBaTenbHO, C IPUHAOJIEXKUT CTAallMOHAPHOMY CEK-
TOPY OTHOCUTEJIBHO BHIOPaHHOTO C. O

6.6. OcHOBHBIE proposition- u theorem-010KH

IIpenynoxkenue 6.1 (MoHOTOHHOE yIropsimodyeHue coObITUM). OMHoWweHue
=< pegrexcusHo U mpaH3umueHo Ha MHodcecmae admissible cobbimuti.

Hoxkazamesavbcmeo. PednekCuBHOCTE crenyeT u3 &, = id: Kkaxkxpmoe coObITHE
OOCTUKUMO u3 cebs1 caMoro npu ¢t = 0. TpaH3UTUBHOCTH JOKa3aHa B Ipeabl-
Oylieu JIeMMe. O

TeopeMma 6.1 (Teopema nmpuumHHOTO Iopsigka). Ecau admissible contraction-
flow He Odonyckaem HempuBud1bHbIX UUK/I08 HY/1€80lU cmoumocmu, mo om-
HoweHue =< 518/151eMCA YACMUYHbIM NOPAOKOM Ha MHoxcecmae admissible
cobbimuti.

Hokazameavcmeo. Ilo npegeigyiieMy proposition oTHoIIeHHWe < yXKe pe-
(priexcuBHO U TpaH3UTUBHO. OCTAETCA HOKa3aTh aHTUCUMMETPUIO.
[Ipegnmonoxkum, 4To x < y My =< x. Torma cymiecTtByloT admissible contraction-

LeTI0OYKU B 00e cTOpoHEl. Ecnu = # y, TO X KoMIo3unusa o0pa3yeT HeTPUBU-
anpHBIM admissible nuki. 1o ycnoBUo0 TeOpeMbl HETPpUBUAJIbHEIE LIUKJIIEL HY-
JIeBOU CTOUMOCTH OTCYTCTBYIOT. HOo admissible contraction-flow He moxket
yBeIU4YuBaTh C; CIef0BaTeIbHO, [JIs CYLIeCTBOBAHUS IIUKJIa B 00€ CTOPOHEI
ITPUIIIOCH OBl UMETh MOCTOSTHCTBO C Ha BCEM ITUKJIE. ITO U OBIJIO OBl HETPU-
BHAJIbHBIM LIMKJIOM HYJI€BOU CTOMMOCTH, 3alIPEIIEHHBIM YCIIOBHEM. 3HAYUT,
r =y. AHTUCUMMETpPUA JoKa3aHa. ]

CnencrBue 6.1 (BpemeHnHas opueHTanus). Ecau admissible contraction-
flow Heobpamum, mo Ha admissible event-layer s8o3HuUKkaem gvlO0eneHHAas
8peMeHHas opueHmauus.

106



Ilokxazamesabcmeo. HeoOpaTUMOCTb O3HAYaeT CYIIIeCTBOBaAHUE r = y, HO HE
y = x. CiegoBaTeJIbHO, OTHOIIIEHNE JOCTUXUMOCTH UMeeT ITPUBUJIETUPOBAH-
HOe HallpaBJIEHWE U He CBOOUTCS K CUMMETPUYECKOMY OTHOIIEHUIO. ITO U
3ala€T BPEMEHHYIO OPUEHTAINIO. O

Teopema 6.2 (TeopemMa HEBO3MOKHOCTH IIOJTHOTO BOCCTaHOBNIEeHU). [lycmb
&, — admissible contraction-flow u C — strict Lyapunov-type functional 8
mom cmbicae, YMo 015 8csAKOU HecmabuavHoU admissible KoHpuzypauuu
C cywecmsyemt >0c

C(2(C)) < C(O).

To20a HecmabuavHasa admissible koHpu2ypauus He Modcem bbimb NOAHO-
cmblo B8occmaHosaeHa obpamHotl admissible agoaouueti 6e3 HapyweHus
admissibility uau monotonicity.

Ilokazamesavbcmeo. IIpenmnonoxuM OPOTUBHOE: CYIIeCTBYeT HeCcTabuIbHas
admissible konpurypanus C, admissible Bpems ¢t > 0 u oOpaTtHas admissible
9BOJIIONMS, Bo3BpaaiIas o,(C) obpaTHo B C 6e3 HapylieHus admissibility
¥ MOHOTOHHOCTH. Torga BOOJIb IPSIMOU 3BOIIONUY C CTPOTO YMEHBIIAETCS, a
BOJIb 0OpaTHOM A0JI2KHa Oblya ObI TMOO YBEJIMYUTHCS, JIMOO OCTAThCSA HEU3-
MeHHOU. [TepBrIi ciydai npotuBopeduT admissible contraction-principle,
BTOPOM — CTPOTOMYy yMeHblIeHU0. ClefoBaTesIbHO, II0JITHOE BOCCTAHOBIIE-
HI€ HEBO3MOXKHO. O

3ameuanue 6.2. Caedyrwwana maxceénaa ueab Toma V cocmoum 8 mowm,
umobbl cesizamb contraction-functional C ¢ KOoHKpemHuiMU peak-uHeapuaHmamu
U C accouuamopHbuiM PYHKUUOHA/IOM, a He 0epaicamb e20 abCmpaKkmHbiM.
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YJacTts VII

Tom VI. Reper / RBD / KLT
computable doctrine
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I'mtaBa 7

Reper / RBD / KLT computable
doctrine

7.1. CTpyKTypa TOMAa

Peak-to-Reper functor.
Faithfulness of the computable image.
Stability of RBD under PIX-refinement.

Theorem cards and proof-status layer.

ok L bR

Graph reconstruction from peak data.

7.2. PeTaKTOPCKHH IIAaT4 [JIsI HaYajila TOMa

BuviuucaumenvHbulll caou JJoKkmpuHbl paccmampusaemcs Kak derived
functorial image PIX@PEAKS-zeomempuu. ReperGraph, RBD u
KLT He ABaA0MCsA BHEWHUM ApPXUBOM UaAU NOOOUYHBbIM KOHMYPOM,

a cayacam svlyucaumMou npoekyueu admissible peak-koHpuz2ypauut,
ux mopgusmos u ux obstruction-compatible cbopku.

7.3. ba3oBbIe onpeaeIeHus1

Onpengenenue 7.1 (Peak-to-Reper functor). Peak-to-Reper functor ecmwo
omobpajiceHue
R : PeakPack — ReperGraph,

Komopoe kaxcoomy obvekmy
(P,Peak, ', 11, Op)

cmasum 8 coomeemcmaue 8blyucauMblll 2pag penepos, a kaxcoomy admissible
Mopusmy — 2pagosvili Moppu3M, COXPaHAUWUL CMPYKMYypPHble 3d8UCU-
Mocmu.
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Onpenenenune 7.2 (Faithful encoding). bydem 2080pumb, umo ¢pyHKmMop
R 3a0aém faithful encoding, ecsau 015 abbix 08yx admissible morphisms
fig:C — C"us ycaosus

caedyem f =g.

Onpepenenue 7.3 (RBD-stability under PIX-refinement). 'ogopsam, umo
RBD-cao0t ycmotiuuge omHocumenvHo PIX-ymouHeHus, ecau 8cakoe admissible
refinement

I~ IT

coxpaHsiem yoice sanudHble Reper-y3ivl u He pazpywaem paHee 00KA3dH-
Hble 3asucumocmu 8 2page.

7.4. Derived image and graph semantics

Hoesa moma cocmoum 8 mom, umo admissible peak-koHpu2ypauus 0014C-
Ha uMemsb 8bl4UCAUMDbIU 00paA3:

(7), Peak, F, H, OB) — Grep,

20e sepwuHbl Grep KOOUPYHOM peEnepwbl, a pébpa — donycmumble 3a8UCUMO-
cmu, nepexodul, peKoHcmpyKuuu u proof-status relations.

JIemMma 7.1 (Jlemma coxpaHenus admissibility B derived image). Ecau C €
PeakPack — admissible 06ekm, mo R(C) asasemcs admissible ReperGraph-
KoH¢uzypauuetll.

Lokazamesavbcmaeo. Ilo onpeneneHuio PyHKTOP R CTPOUTCSA TOIBKO Ha admissible
OaHHBIX: CNIOsX, muKaxX, PIX-cimmuBKax u obstruction-compatible mepexomgax.
CnepoBaTenbHO, 00pa3 He MoxkeT HapymuTh admissibility, Tak Kkak nHade
dbyHkTOP OB OBl OTIPEAEesIEH He Ha Bcel KaTeropuu PeakPack. O

JIemmMa 7.2 (JleMmMa pyHKTOPHUAIBHOCTH BEIYUCIUMOTO Ci104). 14 admissible
moppusmos f:C — C'"ug:C" — C"” 8abinosHAemcA

R(go f) =R(g) o R(f),  R(ide) = idw(c).

ITokazameabcmeo. DTO BCTPOEHO B caMoO oIlpenesieHue QYHKTOPHOCTHU ‘R.
L]

JIemma 7.3 (Jlemma ycrortuuBoctu npu PIX-yrounenun). ITycms C u C' om-
audaromea moavko admissible PIX-ymouHeHuem, He meHAawwum already
validated local peak-data u obstruction-class. To2e0a ecskuti eaaudHbili Reper-
y3eu 2paga R(C) coxpaHaemcsa 8 R(C').

Lokazameavcmeo. Ecnu PIX-yTouHeHue admissible u He MeHsIeT BaTugHbIE
JI0KaJibHBIE peak-maHHBIE, TO BCS penepHas UHpOpPMAIMs, YKe BbIUHUCIIEH-
Has U3 9TUX OJAaHHBIX, OCTAETCS KOPpeKTHoU. CnemoBaTesIbHO, COOTBETCTBY-
IOII1e BEPIINHBI HEe MCYe3aloT, @ MOT'YT TOJIBKO IOMOIHSATHCS HOBLIMU PEOD-
pamu unu HoBeIMHU derived nodes. N

110



7.5. OcHOBHBIE proposition- u theorem-610Kkn

IIpennoxkenue 7.1 (Faithfulness criterion). Ecau R 3adaém faithful encoding,
mo pa3audyumbie admissible moppusmoel 8 PeakPack paszauuumusl 8 ReperGraph-
cioe.

Iokazamesbcmaeo. ITO HETIOCPENCTBEHHOE pa3BEPTHIBAHUE OIpPENENIeHU
faithful encoding. O

Teopema 7.1 (Teopema faithful derived image). Ecsau 08e admissible peak-
KoH¢uzypauuu C,C, € PeakPack He uzomopgpHbl 8 kamezopuu PeakPack,
a pyHkmop R faithful Ha coomeemcmeyrwem nodcaoe, mo ux derived Reper-
0b6pasvl pa3AuvYUMbL:

R(C1) % R(Ch).

Hokaszamesavcmeo. IlpennosoxuM npotusHoe: R(Cy) = R(Cy). Torma coot-
BETCTBYIOIIMNM rpadoBbIli ©30MOPGU3M UHAYIUPOBaI Obl OOMHAKOBOE Mel-
cTBue Ha admissible morphisms, a mo faithfulness aTo o3Hauasno 651 Hamu-
yne nsomopduima yxke B PeakPack. [IpoTuBopedne c npearnonokKeHnueM 0O
He-usomopduoctu C; u C,. CnemoBaTesnbHo, derived Reper-obpassl pas3nu-
YU MEL. [

Onpepenenune 7.4 (Reconstruction regime). I'ogopssm, umo obvexkm C €
PeakPack Haxodumcs 8 reconstruction regime, ecau e2o derived ReperGraph
R(C) codepacum docmamoyHo OAHHbIX 014 B0OCCMAHOB/ACHUSA:

1. nokanvHbIX peak-y3.108;
2. admissible PIX-cwugoK medHcOy CA0AMU;

3. c8sa3aHHO020 obstruction-compatible skeleton.

Teopema 7.2 (Teopema pekoHcTpyKiuu Reper-cnosi). ITycms C € PeakPack
Haxodumcs 8 reconstruction regime. Toeda o6vekm C 8occmaHasausaem-
ca us R(C) ¢ mouHocmvwro 0o admissible sksusasenmHocmu 8 PeakPacKk.

Hoxkazamesavcmso. Ilo ycnosuio reconstruction regime rpad R(C) comep-
XKUT JaHHBIE O JIOKanbHBEIX peaks, PIX-cmuBKax u obstruction-compatible
skeleton. Otu manHbIe ontpemensoT admissible 06bekT KaTeropuu PeakPack
C TOYHOCTBIO [0 BEIOOpPa BHYTPEHHEMW KOOpAWHATH3allMMu. Pa3nu4yHBIE BHI-
OOpHBI TaKOM KOOpOWHATU3alKUU HaloT admissible skBuBaneHTHEIE OOBEKTHI.
CnepoBaTenbHO, C' BOCCTaHaBnuBaeTcsa U3 R(C) ¢ TOYHOCTHIO #0 admissible
5KBUBAJIEHTHOCTHU. O

CnencrBue 7.1 (BeiyucauMbIi CII0M He BTOPpUYeH). Eciu 8vinosHeHbl faithfulness
u reconstruction regime, mo gviuucaumbvliu caou Reper/RBD /KLT asasaem-

Csl He BHEWHUM apxueom, a nosHonpasHwuiM derived obpa3zom PIX@PEAKS-
IlokmpuHbl.

Hokazamesavcmeo. Faithfulness rapasTtupyeT, 94TO CylleCTBEHHEIE pa3iu-
Y UCXOIHOM reOMeTPUHU He TepsatoTcs. Reconstruction regime rapantupy-
€T, YTO UCXOOHAasI TeOMETPUS MOXKET ObITH BOCCTAHOBJIEHA U3 BEIYUCIIUMOTO
obpasa. CrnepoBaTtesnbHO, derived ciol HECET COOCTBEHHOE ITOJTHOE CTPYK-
TYPHOE copepzKaHue. [
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7.6. Theorem cards and proof-status layer

Kaoicdotl 3Hauumoti meopeme derived ca05 0012C€H COOMBEMCMB808amb

¢opmanvHblll proof-card, co0epacauw,uti:

1.
2.
3.
4.
5.

statement-id;
dependency graph;
blocker list;

test cases;

current proof-status.

3ameuanue 7.1. Caedyrowul CuivbHbll waz 014 3Mo20 Mmomda — He Mo/ib-

Ko abcmpakmHas ¢pyHKmMopuaavHOCmMs R, HO U siIBHO@ NOCMpoeHuUe 00H020
Hempueua/avbHOo20 Kaacca ReperGraph, nosaydyeHHo020 u3 KoHkpemHou admissible
peak-KoH@uz2ypauyuu.
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YacTts VIII

Towm VII. Physical reductions
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I''taBa 8

Physical reductions

8.1. CTpyKTypa TOMa

1. IlopoocdeHue nosesvlx cMpyKkmyp u3 peak-KoHguzypauutl.
Bridge PIX@PEAKS — V x P.
Effective sectors.

Kocmonozuueckasn pedykuus.

AR

CuH2ysasapHoCcMuU, UH(pAAUUA, MEMHbIU CeKmop.

8.2. PeJaKTOPCKHH NaT4 OJIsd HaYajia TOMa

QdusuyecKkulu ca0U 8 HOBOU peddKuuu He CAYHCUM UCMOYHUKOM
akcuomamuku. OH paccmampusaemcs Kak donycmumas peoyk-
uus yasce cobpaHHo20 mamemamuyveckozo siopa PIX@PEAKS, truth-
layer, obstruction-theory u contraction-causality. [Tosmomy ace
¢usuueckue nocmpoeHus 0044 CHblI 6blMmb NOOAHbLI KAK ciedcmeus
u pedyKuuu, a He Kak nepsu4Hblie onpedeastoujue 610KU.

8.3. Poyib TOMa

9mom mom donyckaem mo/bkKo npou38odHble ymaeepacoeHus: field emergence,
pedykuuio K effective sectors, cesa3b ¢ V¥P u nociedyrowyro Kocmoio2uue-
CKYH UHmMepnpemauuio.

8.4. OcHOBHasA 11ejIeBasi TeopeMa

Teopema 8.1 (Teopema penykiuu K Gpu3ndecKuM cektopam). IIpu dono-
HumMebHbIX ycao8uax donycmumas peak-zeomempusa donyckaem peoyk-
uur K appekmuesHouiM field-like cmpykmypam.
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Yactp IX

Tom VIII. Anthropological
reductions
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I''maBa 9

Anthropological reductions

9.1. CTpyKTypa TOMAa

1. IMTuku BHUMAHUA, namMAMU, PeWeHUs.
2. IlpuyuHHOe cosnadeHue 8 AHMPONO/102U4eCKOM C/0e.
3. Human peak-patterns.

4. Cessa3ka c truth-layer u reper-apxumexkmypotul.

9.2. PeJaKTOPCKHH IaT4 OJIsI HaYaia TOMa

AHmponosoauvecKkul ca0lU He paccmampueaemcs Kak asimoHOM-
Has ¢uaocogpckana HaOcmpouka. B Hosol npoeKkmuposke oH 001-
oceH Obimb ces3aH ¢ obuweli PIX@PEAKS-2eomempuetl yepes peak-
patterns BHUMaHuUA, namAamu, pa3iu4yeHus, peweHusa u NPuYyuH-
Ho20 cognadeHusi. Tem camviM AHMPONO/102Usl COXPAHAEM HCECTM-
Ky Cuenky c mamemamuy4yeckuM U ¢pu3uyeckum a0pom [lokmpu-
Hbl.

9.3. Posb TOMa

AHmponosoaus 8 3moll apxumekKkmype uHmepnpemupyemcs Kak euié
o0uH derived layer: oHa 002(CHA peKOHCMPYyuposamuscA u3 mou dHce admissibility-
MawuHbsl, ymo u truth, causality u reper-caoul.
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YJactp X

TomMm IX. Site / Index / Publication
doctrine / Appendices
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I'maBa 10

Site / Index / Publication
doctrine / Appendices

10.1. CTpyKTypa TOMAa

N

. I'nasHbuiu caum Kak kapma [JOKmMpuHbl.

PIX@PEAKS kak 221a8Hbll nyb6AUYHbIU Mapwpym.
ITonyaapHvle cmambu.
IlepekpécmHble cculaKu.

Registry / archive / QA / appendices.

10.2. PegakKTOpPCKHH IaT4 OIS HaYajla TOMa

ITybauuHas kapma [JoKkmpuHbl 00AHCHA OMPAHXCAMb HOBYHO UEH-
mpaavHocms PIX@PEAKS. 9mo o3Hauaem, umo mapwpymul no
catimy, index-6.10Ku, nony/asipHble CMambuu U NepeKpecmHble CCbl -
Ku 00/19(CHbl CMPOUMbCA HEe BOKPY2 NpedcHel AUHEUHOU cxeMbl, d
80Kpye y3aa: nuku — PIX-cwueka — truth — causality — geometry
— physics — anthropology.

10.3. HoBbIH y3€e/I NONyJIsAPHBIX CTaTeH

SIS SIS

. CosnadeHue nuko8 u NpuYUHHOCMb.

PIX-nose kak mexaHu3m CuWusKuU.

Accouuamop Kak paccmosHue mMexcoy nukamu.
Peak contraction u Xo0 BpemeHu.

Projective truth from peak geometry.

Kak ReperGraph so3Hukaem u3 peak-cmpykmypbl.
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YJacTtp XI

ToMm X. IIpeacka3aTeIbHBIH
METOd, cepTuPHKAIIHSI H
BaJIHTAITU ST
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I'maBa 11

Cunxponusanusa ¢ MASTER-5
v3.6 1 nIpencKa3aTrejIbHbIHN
nmakeTr KLT

11.1. Craryc cuHXpoHu3auuu v34

Hacmosaw,uii mom cuHxpoHu3upyem mekyuiyro coopky PIX@PEAKS-0okmpuHbl
Cc 0OKymMeHmom

KLT MASTER5 FINAL PREDICTIVE PACKAGE INDEX RU v3 6. tex.

CuHXpoHU3auusa umeem pedakmopcKkuu cmamyc

[KLT2-PIX-PEAKS-PREDICTIV E-SY NC-RU-v34.]

Hokymenm MASTER-5 v3.6 ¢pukcupyem 0se source-of-truth ocu. Huoic-
HA5 OCb:

C@C — Rep — A-truth — CGI — RBD / RPD — predictive Reper manifold.
BepxHsasa ocb mekywel cbopku:
PIX@PEAKS — truth — causality — geometry — physics — anthropology — RBD /KLT.
CUHXPOHU3AUUOHHOEe Nnpasu/io v34:

HuoicHAA Reper-oco MASTER-5 u 8epxHsasa PIX@PEAKS-ocb
dodicHbL cxoO0umucA 8 predictive corridor layer.

Onpenenenue 11.1 (CuHXpoHM3UPOBAHHAA IIpPedcKal3aTesibHasl apXUTEK-
Typa). CuUHXPOHU3UPOBAHHOU NpedcKka3lameibHOU apxumeKkmypou Ha3bvl8d-
emcsa duazpamma

C@C — PIX@PEAKS — PeakPack % ReperGraph
— P(C) = Aprea — Frr — RBD /RPD -certificate.
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Teopema 11.1 (KorcepBaTtuBHasa cuHxpoHusauus MASTER-5 v3.6). Ile-
pexod om MASTER-5 v3.6 k mekyuw,etll cbopke v34 He nosvbiwuaem proof-
status mamemamuyueckux ymeepacoeHul.. OH Mo/abKo nepeHocum yoice 3da-
(pukcuposaHHble y3/1bl NpedcKka3amebHO20 nakemad 8 UeHMpPAdabHYH OCb
PIX@PEAKS.

Ilokasameavbcmeo. CUHXPOHHK3alMsI He BBOOUT HOBLIX HEJOKa3aHHBIX CIIeMd-
CTBUU Kak proved-yTBepxkaeHUs. Bce y3ibl, CBsI3aHHBIE C J;, k;;, dominance
margins, M-matrix regime, corridor theorem, domain calibration u validation
gate, COXpaHSIOT YCIOBHBIN UJIX ITPOTOKOJILHEIM cTaTyC. [ToaToMy proof-status
He BO3pacCTaeT, a TOJIbKO MOoJIydaeT HOBYIO CTPYKTYPHYIO IIPUBA3KY K I€H-
TPaJIbHOU OCH. O

11.2. IIpencka3arenbHbid KLT-KaHan

Onpenenenue 11.2 (IlpenckazarenvHbii KLT-kKaHamn). ITpedckazameabHbiM
KLT*KaHaaom Ha3vieaemcsa KOMNO3UUUOHHAA cxemd

Prrr = Pphys © pvp © R o Sprx,

e0e
Sp[X : Cadm/G — PeakPack

svi0enssem admissible peak-koHguaypauuro,
R : PeakPack — ReperGraph
ecmb derived-¢pyHkmop Peak-to-Reper,
pvp : ReperGraph — V@ Py
nepesooum ReperGraph 8 nakem Bpems@IIpoctpancTtBo Kypnuwesa, a
Pphys - V@Px — PhysSec
svlbupaem ¢usuueckulil effective sector.

Onpenenenue 11.3 (ITonmHoe mpeacka3aTenbHOE COCTOSIHUE). [ admissible
KoH¢uzypauuu C eé noaHbIM npedcka3ameibHblM COCMOsAHUEeM Ha3bleaem-
cs Kopmeoi

PredState(C) = (R(C), \(C), \&(C), Q(C), O5(C), CGI(C), PLD(C), Lc, V@Pc, Statusc).

Onpenenenue 11.4 ([JonycTuMoe npeacka3aTesibHOe Oymyiiee). MHodce-
cmeo donycmumblix 6yoyw,ux Reper-cocmosHull 041 Cy, 3a0aémcs Kak

( C, €C¥ /G, D(Cy) # 2, Dom(C) # @, )
ANCy) € AP uau MNC)) — —1,

Frrr(Co) = Cr | pero(Th(Cy)) < 1,

Op(C;) = 0 uau ObStatus(C)) = controlled,
CGI™(Cy, Cy) <1, Loy ~ Lo,
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3ameuanue 11.1 (He Toueunoe Oynymiee). Frrr(Cy) He Asasiemcsa 0OHUM
npeocka3aHHbviM cobbimuem. Imo obaacmsb donycmumbix 6yoyw,ux Reper-
KoHGpuz2ypauuii sBHympu oepaHudyeHuti D, Dom, \-truth, A\®), PLD, CGI, obstruction-
layer u proof-status discipline.

11.3. 3anpeT a0COJIIOTHOTrO MPOrHO3a

Onpenenenue 11.5 (CtaTycel Ipencka3aTenbHOro BeiBoaa). [aa C; € Firr(Co)
8800sAMCs mpu cmamyca:

PredictStable(C,) <= ppip <1, CGI“™ <1, Oz =0, D,Dom # @,
PredictCritical(C}) <= ppLp ~ 1 usau CGI“"™ ~ 1 uau Og # 0 controlled,

PredictBlocked(C,) <= ppip > 1 uau CGI*" > 1 uau D = @ uau Dom = &
uau Op # 0 uncontrolled.

Teopema 11.2 (No absolute prediction theorem). B IJokmpuHe KLT npeo-
cKazamevHblll 8bl800 He Moxcem umMems cmamyc abcoiomMHO020 NPO2HO-
3a. Koppekmnblili 8b1800 umeem ¢opmy obaacmu donycmumbuix 6yoyuLux
Reper-cocmosaHuli:

Pred.r(Co) = Fxrr(Cy) + Status + ProofProtocol .

Ecau HapyweHo xoms 6bl 00HO U3 yCa08Ull
D+w, Dom+#@, ppp<1l, CGI <1, ©Op=0uau controlled,

mo 8b1800 He nosay4daem cmamyc PredictStable.

Iokazamesabcmaso. Tlpencka3aTenbHBIM BEIBOJ CTPOUTCS M3 COBOKYIIHOCTH
cimoéB: ReperGraph, \-truth, kBagpatuunas nposepka A%, PLD, limits, obstruction-
layer u contraction-causality. OtcyTtcTtBue D unum Dom pa3pyliaeT proof-
status. Brrxop 3a PLD paspylllaeT 10KalbHYI0 JOCTOBEPHOCTb. Ycnosue CGI" >

1 ¢puKCcUpyeT NPUYUHHO-CTPYKTYPHBEIU pa3peiB. HekKoHTponupyemoe Op #

0 dukcupyeT npenstcTBue. CremoBaTesIbHO, aOCOMIOTHRIM MPOTHO3 3allpe-

IIIEH, @ JOIIyCTUM TOJIBKO CTATyCHBIM Kopupmop Oymyimux Reper-cocTostHUM.

]

11.4. CuHXpOHU3HUpPOBaHHAs TeopeMa IIpeacKa-
3aTeJILHOI'0 KOpHIOopa

Onpenenenue 11.6 (Finite-energy predictive sector). Finite-energy predictive

sector Icgfed/G cocmoum u3 quotient-ksaccos [C], 0152 Komopbix onpeodeieHbl

R(C), AMC), AP(C), Q(C), 0p(C), CGI(C), PLD(C), D(C),
U 8bINOAHEHDI

A(C) < o0, D(C) # o, Dom(C) # @.
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Onpenenenune 11.7 (Weighted predictive norm). 14 nosaoscumeavbHo20
/18020 CNeKmMpa/bHO20 8eKMopda w = (wg,wa,wr) € R3, onpedeaum

”P(C)Hw = <W,P(C)> = wRDR(C) +WADA(C) +(JJTDT(O).

Onpenenenune 11.8 (KLT predictive corridor). ITycms Cy € K/¢

pred’
u > 0. ITpedckazamenvHbil Kopudop KLT onpedeasemcsa Kak

t>0,p>0,

Cy ~ C; uepes3 admissible contraction / PIX-track,

P(Cllw < e |P(Co)llw + p
) 1) — fe || t )
Prarl @) =3 €0 K| b 2 0. Dom(cy) £ 2.
CGI(Cy) <1+ p, PLD(C;) He pa3dpywaem n0KAAbHYIO O00CMOE

Teopema 11.3 (Existence and narrowing of predictive corridor). ITycmb
Ha finite-energy predictive sector 3ad0aH admissible contraction-flow C(t), u
nycmo Ha okHe [E,, E*| 8bino1HEHbl:

1. intrinsic damping bounds ¢,(E*) u cross-channel bounds «;;(E*);
2. canonical dominance margins no/a1023#cume/ibHbl:
my(E*) = 67 (B Z/_{,eff (E*)
J#i
3. associated predictive matrix A,...(E*) asaaemcsa nonsingular M-matrix;

4. cywecmasyom w > 0 u p(E*) > 0 makue, umo

Apred(E*)Tw > W(E")w.
Toeda 0aa 8cakoeot > 0 u p > 0 cywecmeayem npedckasameibHblU KOpuoop
Frr(Co,t), a e2o paduyc
Rad,,4(Co, t) = ¢ || P(Co)l + p
MOHOMOHHO yb6bi8aem no t 0o yposHs p.

Ilokazamesabcmaso. Y3 M-matrix dominance u nonoxurteabHBIX left spectral
data cnenmyet

[To HepaBeHCTBY ['pOHYyOIIIa
IP(C )l < e [P(Co)ll-

OTtclofa BKIIIOYEeHUE B KOPUOOP cienyeT c oosiM residual radius p. MoHo-
TOHHOE CyXKeHUe paauyca SBJISeTCS HEeIIOCPEIACTBEHHLIM CJIeNCTBUEM YObBI-
BaHUS e M. O
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11.5. JoMeHHasi KaJIMOPOBKa U cepTUHKAT

Onpengenenue 11.9 ([loMmeHHBIN 00BEKT KaTUOPOBKHU). [JOMEHHbIU 06'beKm
Kaaubposku umeem 8uo

Dea = (domain, source, D,Dom, X s, P, 6, k, m, Aprea, w, i, p, PLD, CGI, validation, Status).

Onpepenenne 11.10 (Validation gate). Validation gate mpebyem pa3bue-
HusA observation layer:
Eobs = Ecal U Evalid-

Ha ¥, oueHusaromces §; U R;j, a HA X,q;,4 Nposepaemcs corridor inequality

I1P(Cy)ll < exp(—pt)[|P(Co)llw + P + Toatia:

Teopema 11.4 (Domain calibration theorem). ITycmv 3a0aH D., u 8bino-
HeHbl YCA0BUA:

1. D # @ u Dom # o;

observation layer ¥, nocmpoeH Kak c/a0i cobbimuil@cocmosHull;
usesneuéH defect-vector P(C;) = (Dgr, Dy, Dr)';

ouerenvt 577 u k!,

gce dominance margins nosaoxcumenbHbul: miom > 0;

Q@ kxR LN

sgvinosHeHbl PLD / CGI-gates;
7. corridor inequality npowaa validation gate.

Toz20a RBD / RPD-cepmugukam npedckazameibHO20 Kopudopa modxcem 6bimb
nosviweH do cmamyca

domain calibrated.

Ilokazameabvcmeo. YcnoBus (1)-(3) obecrmeunBaloT KOPpPpeKTHOCTL Reper/RBD-
cios u 3anpeinaioT truth/proof-status 6e3 ocHoBanus. YcnoBus (4)-(5) ma-
10T dominance-ready matrix u monoxurtenbHbid weighted predictive barrier.
Ycnosue (6) 3ampeiaet BeIxof 3a admissible causal/local validity regime.
Ycnosue (7) moka3wsiBaeT, 4To corridor inequality He sIBlsieTCs TOIBKO Cllem-
cTBUEM noAroHKu. [loaToMmy cepTuduKaT moaydaeT JOMEHHYIO HHTEPIPeTa-
M0 ¥ MOXKeT OBITh mMoBHIIIEeH A0 domain calibrated. O

Teopema 11.5 (No domain calibration without foundation). Ecau D = @
uau Dom = @, mo HUKaKue Yuc/ieHHble OUEHKU §;, k;j, m; He Nosblamom
cepmugpukam 0o domain calibrated.

ITokazamesavcmeo. JJocTaTouyHOe OCHOBaHKE D U moMeH Dom SIBJISIIOTCSA 0051-
3aTeNIbHBIMU KoMIoHeHTaMu truth/proof-status. YucmoBas maTpuila 6e3 HUX
MOZKEeT OBITh BEIUMCIIUTEJILHEIM apTedakKToM, HO He JOMEeHHO KaJinOpoBaH-
HBIM CepTU(PUKATOM. N
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11.6. RBD/RPD-cepruduKar npeacka3aTreIbHO-
ro Kopugopa

Onpepnenenue 11.11 (RBD/RPD-cepTudukat ripegckasaTeIbHOT0 KOPUIO-
pa). Cepmugpukam npedckazamesnbH020 Kopudopa umeem popmy

RBD..,(Co) = (id, source, Cy, R(Cy), P(Cy),w, 1, p, 6, Kijs Miy Apreds Frep PLD, CGI, proof status,

Cmamycwl cepmugukama:

not calibrated, domain source bound, observation layer ready, defects extracte
dominance passed, CGI PLD passed, domain calibrated, certificate ready,

Teopema 11.6 (No proof-status inflation). ITy6auuHbIl uau npukaadHol
C/10U He MoJcem umemb proof-status sviwe, yem BHyMpeHHUU mamemamu-
yecKulli Kopudop, u3 KOmopoz20 OH 8bl8C0OEH:

rank(SpubliC) < rank(sinternal) .

Ilokazamesavcmeo. IlyOnuuHas penyKlusi BhIOMpaeT COKpAIlEHHBINM Habop
observables, foOMeHHBIX UCTOUHUKOB M validation constraints. Ona He go6aB-
JIsieT HOBOT'O MaTeMAaTUYECKOT0 MoKa3aTenbCcTBa. CnemoBaTeNbHO, €€ proof-
status He MoxXKeT npeBHIIaTh BHYyTPeHHUU proof-status. [

11.7. UTOTOBBIM HHAEKC H CJIeayIoliasi TOYKa

CuHXpOHU3UPOBAHHbBIU UMo208bili nakem v34 umeem popmy

v34
Psync - (Istagea Iartifact; Mpublicationa Rvalidationa Ztransport7 Ccorridor) .

30ecv HOB8bIU KOMNOHEHM Ceorrigor PUKCUPYEM MeopeMbl U cepmugurkameol
npedckazameabH020 Kopudopa eHympu ueHmpaavHol ocu PIX@PEAKS.
Roadmap domeHHOU 8aaudayuu:

source binding — observation layer — defect extraction — estimates

— dominance — CGI / PLD — wvalidation — certificate — public card.

Proof-status v34:

’ package_index synchronized; predictive_corridor theory integrated; real domain_validation |

Caedyrow,as KOHMpPoAbHAS MOYKA:

’KLT-MASTER-5-PUBLIC’ATION-VALIDATION-BUNDLE-RU-UB.7. ‘
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11.8. MaTeMaTH4YeCKoOe yriIy0/JIeHHe IMocJjie CHH-
XPOHHU3AIIUH

ITocae cuvxporHudauuu ¢ MASTER-5 v3.6 2aaeHblli mamemamuyecKul
npuopumem 60abWe He sAeasiemcs obu,um mpebosaHueMm “nocmpoums npeo-
ckazameavHblli memod”. OH 10KAAU308adH KAK KOHKpemHas 3a0auva:

nocmpoums OOMEHHO nposepsaemble OUeHKU 0;, k;j, m; U npoumu validation gate.

Teopema 11.7 (CUHXpPOHU3UPOBAHHLIN KPUTEPUY ITyOIMKAIIMOHHOMN T'OTOB-
HOCTHU IpeacKa3aTesibHOTo MeTona). IIpedcka3dameavHuiu memod KLT mo-
arcem 6bimb 8blHECeH 8 NYybAuYHbIU C/A0U KaK NybAuKAUUOHHO KOPPEeKMHbll
MO/IbKO eC/Uu 8bINO/JAHEHDI:

1. source binding;

Haauyue D u Dom;

extraction of predictive defect vector;
dominance gate: m; > 0 014 8cex KaHA108;

CGI / PLD-gate;

@ oA LN

validation gate Ha holdout-caoe;
7. proof-status monotonicity.

Hoxkazamesavcmeso. IlyskTE (1)-(2) garot ocEOBaHUE 1 foMeH. [IyHKT (3) me-
jlaeT OOBEKT U3MEPUMEBIM B IpefacKa3aTejibHOM cMbicie. ITyHKT (4) obec-
rneuynBaeT M-matrix u cnekTpanbHBIM 6apbep. [IYHKT (5) UCKIIOYaeT BHIXO[I
3a IPUYUHHO-JIOKAIbHEIM pexXuM. [IyHKT (6) 3anpelliaeT HogMeHy IpencKa-
3aHus NOATOHKOM. ITyHKT (7) 3ampeniaeT 3aBhIlIeHNE ITy0JIMYHOTO CTaTyca
OTHOCUTEJILHO BHYTPEHHETO MaTeMaTU4eCKOro craTyca. O
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IIpuioxkenue A

KapTa nepeHoca H nmar4den

A.1. YTO mepeHoCHUTCsA MeXKay TOMaMHu

* baszosvle nakemHble onpedeseHus u cmpamupukauus — 8 Tom 1.
* [ITpoekmugHblill Kpumepul UCMUHblL U cross-ratio caot — 8 Tom I1.
» Accouuamop, mopgu3mbl u Hécmrkocmv — 8 Tom III.

* Quadratic obstruction u gluing theory — e Tom IV.

» Time / contraction / causality — 8 Tom V.

* Reper/RBD /KLT — 8 Tom VI.

* Physical reductions — 8 Tom VII.

» Anthropological reductions — e Tom VIII.

» Site / publication doctrine — 8 Tom IX.

A.2. PegaKkTOpCKOeEe IIPaBUJIO

Cmapoe sa0po [JokmpuHbl He ydaiaemcs, d KOHCepP8amueHO nepeuHOekK-
cupyemcs noo0 Hosyw ocb PIX@PEAKS.
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IIpunoxenue B

ITaTty v34. CHHXpOHH3AIIUsA C
MASTER-5 v3.6

» JlTobassaeH Tom X: Tlpegcka3aTesIbHEIN MEeTOM, cepTu(UKAIINI 1 BaIuaa-
LS.

* CuHXpoHU3upo8aHvl 08e source-of-truth ocu: HudcHsAsa Reper-oce MASTER-
5 u sepxHsasa ocv PIX@PEAKS.

» [IlepeHeceHbl 8 UeHMpPaavbHY0 apxumeKkmypy: PredState, donycmumoe
npedckaszamenvHoe 6yodyuiee, no absolute prediction theorem, predictive
corridor theorem, domain calibration theorem, no status inflation rule.

» JlobasaeH cmamyc v34: package index synchronized; predictive corridor tl
real domain validation pending.
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IIpunoxenue C

CBOOHLIM MAaKET onpenejIeHuH,
JIeMM H TeopeM

C.1. ba3oBsble onpeneaeHust

* Peak-koHuzypauus.

* PIX-noase.

* PIX-coemecmumasa UCMuHHOCMb.

* Kamezopus PeakPack.

* OYHKUUOHA/ pacuwenieHusa accoyuamopd.
» JlokanavHas obstruction-shadow.

e I'n10b6aavHasa obstruction-class.

C.2. IlepBbIH 3III€JIOH JOKa3aTeJIbHBIX Y3/IOB

» Jlemma nokaavHou KoHeuHocmu admissible nukos.

» Jlemma coxpaHeHus admissibility noo PIX-cwusgkKoli.

» Teopema MUHUMA/IbHOU HENpPOMuUBOPe4YUBOCMU.

» Teopema peaau3ayuoHHOU UCMUHHOCMU.

» Teopema KOHCEpPBaAMuUBHO20 B/A0HCEHUA CMAapo20 A0pd.

» Teopema cmpyKkmypHOU NO/AHOMbL.

* Teopema n0KaabHOU KO3puumusHocmu accouuamopa modulo symmetries.
» Teopema Kpumepusa A0KaavbHOU peak-sjcecmkocmu.

* Teopema n0Ka1bHOU K8aOpamuueckol 2eoMempu3auuu accouuamopd.
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Teopema noayenobanvHol theorem-scheme 2eomempusayuu accouua-
mopa.

Teopema low-energy trapping.

Teopema noumu-21006a1b6HOU cxo0uMocmu K zero-stratum.
Teopema almost-global attractor.

Teopema descent-entry criterion for eventual low-energy entry,.
Teopema gap-driven entry theorem.

Teopema exterior critical-layer exclusion theorem.

Teopema Uniform Lojasiewicz-Simon inequality near the zero-stratum.
Teopema Hybrid entry-and-selection theorem.

Teopema Global finite-energy selection theorem.

Teopema Unified intrinsic bridge theorem for Volumes I-III.
Teopema Intrinsic finite-energy selection theorem.

Teopema Intrinsic no-escape barrier theorem.

Teopema Barrier-generation theorem.

Teopema Barrier synthesis theorem.

Teopema Canonical generator-synthesis theorem.

Teopema Spectral synthesis theorem for the canonical pair.
Teopema Predictive reper-lambda selection theorem.

Teopema Reper-induced differential control theorem.

Teopema Internal reper-geometric control theorem.

Teopema Concrete criterion for internal reper-geometric control.
Teopema Canonical dominance construction theorem.

Teopema asymptotic selection near the zero-stratum.

Teopema truth-rigidity on the zero-layer.

Teopema cxodumocmu reduced gradient flow modulo symmetries.
Teopema opbumanvHO-K8aAOPAMUUYECKOU HOPMA/AbHOU (pOPMbl.
Teopema Morse-Bott-type for zero-stratum.

Teopema 3KCnOH€HU,UGﬂbHOfl HOpMCIfleOﬂ Cma6u11u3au,uu.
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* Csnedcmeue 0 noiy2106a1bHOM 0OHAPYHCEHUU pacu,enieHus.

* Teopema mo4HOU K8aOpamu4ecKkolu 2eomempu3ay,uu 8 MOO€/a1bHOM KAdC-
ce.

» Teopema ceomempu3auuu accouuamopda 4epes3 puMaHo80 paccmosiHue.
» Teopema MOHOMOHHOCMU ACCOUUAMOPA 800/1b 2pAOUEHMHO20 NOMOKA.

* Csedcmeue 0 moYyHOM 06HAPYHCEHUU pacw,ensieHus 8 MoOe1bHOM KAdcC-
ce.

* Csedcmesue 0 /10KA/NbHOM OOHAPYHCEHUU Hempusud/ibHO20 pacuiense-
Husl.

* Caedcmesue 06 u3041UpPOBAHHOCMU HY/1€8020 ACCOLUAMOPHO20 Kadaccd.
* Teopema faithful derived image.

» Teopema pekoHcmpyKuyuu Reper-caoA.

* Teopema npuduHHO20 nopAdkKa.

® Teopema Heso3MOaHcHOCMU NO/sIHO20 80CCMAHOB/IEHUA.

C.3. CiaeagyomuH JoKa3aTe/ IbHBIH MPHOPHTET

Caedyrwwuti mamemamuyueckKul aman — estimate intrinsic damping bounds
and cross-channel transfer bounds on a broad quotient-admissible class and
prove the canonical dominance inequalities, a 3amem nepeHecmu CUHXPO-
Hu3uposaHHbll annapam momos I-III, unified intrinsic bridge, predictive
reper-lambda layer and t.ojasiewicz-type asymptotic layer Ha ¢pu3uko-peOyKUUOHHbLU
csot u Ha global contraction-control.
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IIpunoxenue D

HNHOeKC HOBBIX y3JI10B v34

D.1. Onpenenenusi v34

CUuHXpOHU3UPOBAHHAA NpedcKasamelbHAds apxumexKmypd.
ITpedckazamenvHuiu KLT-KaHan.

ITonHoe npedcka3amenvbHOe cOCmosaHUe.

IIonycmumoe npedckazamenvHoe byoyuwee.

Finite-energy predictive sector.

KLT predictive corridor.

ITomeHHbIl 06BeKM Kaaubposku.

Validation gate.

RBD/RPD-cepmugukam npedckasameabH020 Kopuoopd.

D.2. Teopemsl v34

KoHcepsamueHas cuHxpoHusauusi MASTER-5 v3.6.
No absolute prediction theorem.

Existence and narrowing of predictive corridor.
Domain calibration theorem.

No domain calibration without foundation.

No proof-status inflation.

CUuHXpPOHU3UPOBAHHDBIU Kpumepull ny6AUKauUOHHOU 20mMmo8HOCMU Npeo-
cKazame/bHO20 Memood.
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