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ITacnopt BhIycKa tom2_v(_8

KoHTponbHas Touka T2-RP-v0.8

KymysnsitreHast paboydast peiakryst: v0.1-v0.7 coxpaHeHsr;
Crartyc riaBa 10 yriybieHa o ctpororo
differential-forms/precomplex/Hodge package v0.8.

tom1_v197.docx + tom1_v197_ru.pdf; Tom I He

KaHoHu4yeckas HyneBasi TOUKa
peJakTUPYeTCs U He TiepecobrpaeTcst.

tom2_chat_guide_v1.docx, SHA-256
O6s3aTesibHbIV pernameHT 98fab8ceafe9088a385e2cc807bbeda6563c669273f4bd0b64
577fb19a2c32ea.

Kapra ncTouHMKOB ¥ 1paBoBoe /jocke; master-skeleton 24
rnaB; Definition Core; accoumaropssii, duality, atlas,
tangent, holonomy u differential-calculus cnou;
obHoBEHHast MaTpuiia PO.

CocrTasB Bblnycka

HatueHo pegaktupyembiii DOCX u novckosbiii PDF.

Popmare ZIP/CSV/JSON/HTML He opMHpyOTCsL.

COND, MODEL, COMP, CONJ u PHY-HYP ne
Craryc-3aMmoK TIOBBILIAIOTCST 663 HOBOTO ZI0KAa3aTesibCTBaA UK
He3aBUCUMOTO CBUZI€TeIbCTBA.

tom2_v0_9: rnaea 11 - BHyTpeHHU MUHUMa/IbHbINA

Cne,qylomaﬂ UehLe! KOMITJIEKC, KOTOMOJIOTUHU 1 obstruction functor.

AHHOTaUuA BbiNyCKa

Beinyck tom2_v0_8 siByisieTcst KyMyJISTUBHBIM ITpogo/bkeHueM v0.7 v passuBaer ryasy 10 Toma II:
TunusupoBaHHbie Auddeperruanpabie popmbl NAPG, graded Leibniz calculus, okanbHOCT U CKITEHKY,
pasmuuenue BHyTpeHHero d_N, BHeirHero 6_E u Hodge-komguddepeniuana, a Takke CTpOTyii 3ampeT
aBTOoMartuyeckoro npeznonoxenus d>=0. Beenensi differential-curvature, mixed bridge defect,
muddepeHIMaIbHBIN TepexXoJHbINA TOpU30HT U blocker-safe oTpuiiarenbHast Teopema MPOrHoO3a. Y CJIOBHbBIE U
(hv3ruecKue MOCTHI CTaTyca He MeHsIIOT.

CTATYC-3AMOK

ITH.2 coxpaHsieTcsi Kak MaTeMaTHuecKasi MUHUMaKCHas TeopeMa BHYTPH SIBHO 33[iaHHOM MO/[eJI CKPBITOM CTPYKTYpHOU
anbrepHatyBhL. F-1-F-14 1 ¢hu3ndeckrie MOCTHI He TIOTy4yalo0T HOBOTO craryca. Teopema [le3apra—KypryieBa nprmensieTcs
TOJIBKO B I1epeUMC/IeHHbIX TIPOEKTUBHBIX, MOJISIPHBIX U JOMEHHBIX FMII0Te3ax. I'ocyjapcTBeHHast perucTpanys IporpaMm 1
6a3 JaHHBIX He UHTEPIIPETHPYEeTCs Kak MOATBEeP)KAeHHe NCTUHHOCTH MaTeMaTHUeCKUX WK (PU3MYeCKNX YTBepIKeHHH.
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CopaepxxaHue N MapLupyT COOpPKU

1. TMacropT U ucTouHKKoBast 6a3a v0.1 (coxpaHEHHast TOUKA OTKATa)
2. KapTa UICTOYHMKOB 1 UCXOAHbIV aypuT

3. MNpaBoBoe gocbe

4. Master-skeleton: 24 rnaBbl

5. KapTta 3aBucumocTeii

6. FnaBbl 1-24: nacnopTta CGOPKU

7. MepBuyHas maTpuua gokasaTtesibHbIX 06513aTeNbLCTB

8. KoutposbHast Touka T2-RP-v0.1; 9-17. MaTeMmaTnueckoe yriayosenue v0.2; 18-23. AccolaTopHast
reometpust v0.3; 24-34. TTakeTHO-pernepHasi anredbpo-reoMeTpryeckasi JBOHCTBeHHOCTD V0.4; 35-45.
ATracel, paccioeHus ¥ ipensaTcTBUs riobam3aryu v0.5; 46-57. KacaTenbHble ¥ KOKacaTe/bHbIe
00BEKTBI, T/IAJIKOCTL ¥ UHTEerpupyeMocTh v0.6; 58-69. CBS3HOCTH, KPUBU3HA, FOJIOHOMUS U
accoruaTopHslit MocT v0.7; 70-82. Juddepenuyanbhbie popmbl, precomplex 1 Hodge-coii v0.8.
[Tpumeuanue: Beinyck v0.8 sBiserca KymynatuBHbIM. Matepuars! v0.1-v0.7 coxpaHeHbl Kak TOUKU oTKaTa. HoBbll cTporuii
TEKCT pacrioyioxkeH B yactu «Iuddepeniuansabie popmbl NAPG u TunusupoBaHHble quddepeniiyans». OH MpoAoKaeT

connection/holonomy-csioii, Ho He oToxaecTesieT exterior differential, covariant differential, E-coboundary u Hodge-
codifferential.
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KapTa MCTOYHUKOB N UCXOAHbIV ayauT

Hcrounvk B Tome II moHMMaeTcs Kak 00BEKT C IPOMCXOXKEHHEM,
BepCHeil U npefiesioM npuMeHUMOCTH. HoBasi reomeTpusi He MOXKeT
onuparbcsi Ha 6ecopMeHHyIo Marnky (aiios, Te CBeXXas jJaTa
KOIHPOBAHUsI IPUTBOPSIETCS] HAYYHON aKTYabHOCTBIO.

OHTO/MornsA

HWepapxust PO—P5 3a71aéT nopsi/j0K paspelienust KOHGQIMKTOB. YeM
BBbILIIEe HCTOYHHUK, TEM MeHBbIIYI0 cBo60y MMeeT pefakTop: PO
nMnoptupyercs, P1 niutupyercst 6yksanbHO, P5 Bcerza
MAapKUpYyeTcsl KaK PeKOHCTPYKLIUSL.

FTHOCEO/10Irnd

KapTa UCTOYHHKOB M03BOJISIET UUTATEITI0 BU/IETH HE TOIBKO
®PEHOMEHO/10IN'MA LIUTATy, HO ¥ MapIlIPyT OT IOKyMeHTa K ¢popMyJie, OT HOpPMYJIbI K
IJIaBe ¥ OT IJIaBHI K I0Ka3aTelbHOMY 00s13aTe/bCTBY.

Hu oayH BHYTpeHHHH (aiisl He CTAaHOBUTCS IIEPBUYHBIM
WCTOPUYECKHM UCTOUHUKOM JiJIs1 K/IaCCUUeCKOW MaTeMaTuKu. Hu
O/IVH BHEIIIHWI UCTOYHUK He TIOJMeHsIeT aBTOPCKYI0 HCTOPUIO
TIPOEKTa.

FPAHMLA

Vlepavam NCTOYHUKOB N NpaBUNO pa3pelleHns KOHq:)J'II/IKTOB
PO Vi P3 P4 P5
Tom | v197 RU NoANMHHbIE perchpaumoHHue KaHOHI/NeCKMVI Kopnyc PefaKTopcKas PEKOHCTPYKLUS
DOCX + PDF AOKYMEHTbI U ouLMasbHbIE peecTpbl NAPG / KLT-RBD LpaHH”e CEpabvicTaTEn EHenNCe EpBuSHEICIMCTONHIN ToNbKo ¢ OPEN-06513aTeNbCcTBOM

A

TekeT Toma Il
C ABHbIM CTATYCOM KaX[0ro yTBEPXAEHNS

PucyHok 1. Hepapxus ucmouHukog P0—P5 u npaguso paspeuieHusi KOH(1UKMOS.
PO: npoBepka KaHOHMYecKoi napbl Toma |

toml v197.docx - 50 777 116 6aiT - SHA-256
DOCX abh3e26daca35a7ffcal4b5baa87d6¢c47711c167606904b
b04b02841062a3518

tom1_v197_ru.pdf - 264 cTpaHuLbl - SHA-256
PDF 5a2021c02428e3e395fe81e029c46cd26b4a0e06ceb7dbf
c89befddffd84a7d8

KoHTponbHas koHBepcua DOCX gana 264 cTpaHuupl, 4To

(SR TSI E T 2 cosnagaet ¢ PDF.

Ba3zoBblii 235-cTpaHunyHblii kopnyc DOCX cogepxuT
BCTPOEHHbIE CTPaHW4YHbIe n306paxeHuns; PDF nveet
MOWUCKOBBIA TEKCT. TOM |l CTPOUTCA HATUBHLIM TEKCTOM U
He HacnegyeT 3TO0T AedekT.

PefaKkUMOHHbIN Aed)eKT UCTOUHMKA

OnpegenexHvs n hopmy/ibl aApecytoTcs No cTabusibHbIM
MpaBuno nmnopTta ID/ncxogHbIM cTpaHmuam v197; pacxoxaeHus
oukenpytotesa B change ledger.

PeecTp BHYTPEHHUX UCTOYHUKOB NEepPBOro Kpyra

KaHoHnuecknii
PO tom1_v197.docx pepakTupyemblii MpoBepeH a6h3e26d...
nHTepdeiic
PO tom1_v197_ru.pdf ;gZTCpoanbm oTTmek, MpoBepeH 5a2021c0...
PO tom2_chat_guide_vl.doc = O6sa3aTefbHbli MpuHAT 98fab8ce...
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rbd22.pdf

evmcert.pdf

6612237_540.xml

main_SIGMA_freeze.tex

SIGMA submission
bundle

monographiaNAPG.docx

axiomatic packet
geometry

Desargues—Kurpishev
source

PILOTOL PREPRINT R
U_FINAL. pdf

monograph5_0_ru.pdf

v32_v196cc.pdf

KLT_4_ 14 CHECKED_B
UILD.zip

KLT5_1_FLUTTER_SDK
_PACKAGE zip

interdisciplinary atlas v2.1

RBD schema extension

Ceugetensctso b KLT-
RBD v2.2

CBuaeTeNnbcTBO
nporpammbl KLT

dakTUUeCKu KapTa caiTa,
He PerncTpaLoHHbI
XML

KaHoHuueckas
XypHasibHass NAPG-
NNHNA

My61nKaLMOHHbIN Kopnyc

PaHHWii pepakTupyemsbilii
kopnyc NAPG

AKcroMaTn4eckuii naket

TeopeMHbIit nakeT

FCOC/Fano barrier, 10 c.

WcTopuuecknii cnoii
NAPG/KLT, 113 c.

BonbLuoit nctopmueckuii
Kopnyc, 4718 c.

MporpaMmMHblii
CBUAETENbHBI NakeT

SDK-nakeT

PenepHblii atnac

Cxema nmMnopTta
peasibHbIX AaHHbIX

MposepeH

MposepeH

MepeknaccmguLmMpoBaH

K nsyuenuio

ApXuB NpoBepeH

WcTopuruecknii

ApXxuB NnpoBepeH

ApxuB NpoBepeH

MposepeH

MposepeH

HaBuraymoHHbIN

ApXxvB nNpoBepeH

ApXxuB NnpoBepeH

ApxuB nNpoBepeH

ApXvB NpoBepeH

BHelWwHune nepBUYHbIe NCTOYHUKN: CTapTOoBas Kapta

JAesapr, 1639

nb6epT, 1899/1902

KneiiH, Erlangen
Program

Veblen-Young

Eilenberg-Mac Lane,

1945

Gerstenhaber, 1964

Brouillon project d'une
atteinte aux événements
des rencontres du cone
avec un plan

Foundations of Geometry

Vergleichende
Betrachtungen...

Projective Geometry

General Theory of Natural
Equivalences

On the Deformation of
Rings and Algebras

Gallica, dhakcumnne

Project Gutenberg / public
domain

Project Gutenberg /
Springer record

University of Michigan /
public domain scan

Transactions AMS; DOI

Annals of Mathematics /
JSTOR

Knaccuueckas
npoekTMBHas
KOHdhUrypaums;
n3o6paxeHne He
KonupyeTcs 6e3
Heo6X0AMMOoCTH.

AKCHOMBI VHUUAEHTHOCTH,
NOPAZKA, KOHTPY3HTHOCTH,
napasiienibHocTy,
HENPepbLIBHOCTY.

[eomeTpuna Kak Teopus
VNHBaPWaHTOB rPynbl
npeo6pasoBaHuii.

Knaccuueckas
akcuomaTuka
NPOEKTUBHOW reoMeTpum.

Kareropun, pyHKTOPSI,
ecTecTBEHHble
npeobpa3oBaHus.

Knaccuueckasn Teopus
nechopmaumii anre6p.
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15307676...
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12148/bpt6k105096b
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www.gutenberg.org/
ebooks/17384
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www.gutenberg.org/
ebooks/11207

https://
quod.lib.umich.edu/u/
umhistmath/
ACV3235.0001.001

https://doi.org/10.1090/
S0002-9947-1945-
0013131-6

https://www.jstor.org/
stable/1970484



Akivis, 1976

Sabinin, 1999

Hodge, 1941/1952

Yau, 1978
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Local algebras of a
multidimensional three-
web

Smooth Quasigroups and
Loops

The Theory and
Applications of Harmonic
Integrals

On the Ricci curvature of a

compact Kahler
manifold...

Siberian Math. Journal;
DOl

Springer; DOI

Cambridge University
Press

Communications on Pure

and Applied Mathematics;

DOl

Akivis-anre6pbl 1
HeaccouuaTBHble
NOKasIbHble CTPYKTYpPbI.

HeaccoumatuBHasi
reoMeTpus rNagknx
KBa3uUrpynn v nyn.

Hodge-Teopus;
ncnosnb3yeTcs yepes
onpegenexHns n
uuTpoBaHue, 6e3

KONMpoBaHUA PUCYHKOB.

Calabi conjecture / CY-
BETBb NPY TOUHBIX
rnoTesax.

https://doi.org/10.1007/
BF00969285

https://doi.org/
10.1007/978-94-011-
4491-9

https://
www.cambridge.org/
core/books/the-theory-
and-applications-of-
harmonic-integrals/

https://doi.org/10.1002/
cpa.3160310304

NMMUEH3NOHHAA ANCLUUNTMHA

B Boimycke v0.1 UCITO/B3YIOTCST OPUTHHAJIBHBIE CXEMBI, IIOCTPOeHHBIe [IJIs1 MOHOTpadvH, U (hakCUMI/Ie TIPaBOBBIX

JIOKYMEHTOB, OTHOCSILIIUXCSI K aBTOPY MPOeKTa. PUCYHKU 13 COBpEMeHHbIX MOHOTpaduii U cTaTel He KOMUpyoTcs. [ist
kmaccuyeckux public-domain UCTOUHHMKOB ZiomycKaeTcs OyAyliasi perpoAyKLus mocie (GUKCcalyy TOUYHOW JTULIEH3UH U
6ubnuorpaduueckoii MoAMUCH.
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NMpaBoBoe gocbe: NoATBEPXAEHHbIE 00 BHEKTbI U
rpaHuulbl BbiBO4a

ITpaBOBOI JOKyMEHT CYIL|eCTByeT B COOCTBEHHOI OHTOJIOTUH: OH
YI0CTOBepSieT 3armuch 00 00beKTe 0XpaHbl, aBTOPE U
nipaBoobJ1aziaTesie, HO He TIPeBpPAIlAeTCs B MaTeMaTHIeCKoe
Jl0Ka3aTebCTBO.

I’OPHI[HQECKOQ 3HaHWe M3BJ/IeKaeTCA TOJ/IbKO U3 O(bI/ILH/IaJ'II:HOFO
CBHUETEe/IbCTBA, BBINMMMCKA WA peechOBOﬁ KapTOYKH. HEPECKEIB 110
NaMsTU UCK/THOUEH, TIOTOMY 4UTO 4e/ioBeyecKas rnaMsThb 0C06EeHHO
CMeJila UMEeHHO TaM, Irje Hy>KeH HOMep 3asAB/I€HHUA.

FTHOCEO/10Irna

dakcumuIIe 103BOJISIET YNTATEI0 IPOBEPUTH PEKBU3UTBI
BU3yaJlbHO, & TeKCTOBas KapTOUKa Jle/laeT UX JOCTYIHBIMH J/Is1
TIOMCKa Y LIUTUPOBaHUSL.

PEHOMEHO/10I'A

@opmyibl «PocraTeHT JoKa3al TeopeMy» U «pPerrCTparLiyst
MO/ TBEpPIK/aeT GU3NIECKYI0 HYHAAMEHTATEHOCTE» He
HCIIO/Ib3YOTCS.

FPAHNLA

TouHoe

AsTop/

OGBbeKT R Aartbi/3asBKa zgzsooﬁnaAaT Craryc NcTo4uHMK
3anBka Ne
«PenepHast 2026622532;
Basa faHHbIX 6a3a fjaHHbIX Basa gaHHbIxX Ne 2026622733 HOCTyn“eHV,'e Kypruwes Usan  3apeructpupos rbd22.pdf
22.05.2026; roc. Bopucosny aHo
KLT-RBD v2.2»
peructpaus
10.06.2026
«Cnocob
CTPYKTYPHOrO 1
cogepxarenbHo
ro aHann3a
nHchopmaLmu un
6a3 faHHbIX 3asBka Ne
MeTo40M 2026664029
Mporpamma Kypnuiwesa: Mporpamma ana nocTynseHve Kypnuwes VBaH 3apernctpupos
Ans 3BM npuBeseHnemM Kk | 9BM No 2026665126 (17 05 2026; roc. |~ Bopucosm aHo Scerthal
NPOEKTNBHO- peructpaus
rapMOHNYECKOM 21.05.2026
y Kpocc-
COOTHOLLEHWIO C
1CMonb3oBaHne
M penepHoii
6a3bl AaHHbIX»
OTtgenbHas
«KLT-RBD Jata cucrtema
TekcTtoBOE KURPISHEV Peructpauus B 0104-231-812 pervcTpaim Kypnuwes VBaH perucTpaumu; KapTouka RCIS
npoussegeHue LAMBDA- RCIS Bopucosuy He
26.05.2026
TRUTH» CBUAETENBCTBO
PocnateHTta
OTAenbHbIN
noATBEPXAAKOLL, ABTOpCKas
::i;ig;t::;mw [REBALES] oKy MERT Kypnuwes VBaH CUFLIEIYEE OPEN
NAPG aBTopckKas — rocperucTpaumm P ropugnyecknii
penepHas Bopucosny LEGAL-01
reoMeTpHS KOHCTPYKUWst B TEKyLLem cTatyc He
Kopnyce He paclumpsieTcs
HaiigeH
He
ABTOpCKAR oToXaecTsnseT Craryc 3aBucuT
Teopema o cac or
KOHCTPYKUUS U HayuHbIii Kypnuwes VBaH ” OPEN
Aesapra- o — 3apernctpuposa [loKasaTenbHoi
TeopeMHbI pesynbrtar - Bopucosuy LEGAL-02
Kypnuwesa naKet HHOI pefakumm n
nporpammoii runoTes
wnn B,
R ESE MaTeMaTMHeCKM
MaTemaTtuyeckn  MaTtemaTuyecka 1 cTaryc no
> rmnoTesbl .
N npuHUMn fa Kypnuwes VBaH KaHOHy; He OPEN
MNH.2 . TpebyloT
HEONpeAenéHHo | Moaenb/Teopem i Bopucosuy topuanueckoe LEGAL-03
cTn Kypnuwesa a yA0CTOBEPEHNE
npoBepKu
MCTUHHOCTU

KOPPEKUUA NCTOYHUKA 6612237 540.xml

Kypnuiies VBaH BopricoBuy - KanuHuHrpag, - 2026 | 7
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TouHoe (e

HasBaHue

O6GBLEKT

[Datbi/3anBka npaBoo6nagar Cratyc NcTouHuK
enb

@aiin 6612237_540.xml pa3obpan kak XML-kapra caiita <urlset> ¢ URL-agpecamu kurpishev.com. OH He cofepskut
KapTOUKH rOCYJapCTBEHHOI'0 peecTpa U He MCIIO/b3YeTCs /i/Isl 3alI0/IHEeHHUsI PErMCTPallMOHHBIX PEKBU3UTOB. 10 TIO/yueHust
odurimambHOro peructpaioHHoro XML ganHas no3uuus octaércs blocker LEGAL-XML-01.

POCCHIICKAA DEIEPAIRSA

o= o

e

Bt B BY BT RL B% Bt BY BT RE

CBUAETEJIBCTBO

0 roCyJAapCTBEHHOH perucTpanuu 0a3bl JaHHBIX

Ne 2026622733

Penepuas 6a3a nanubix KLT-RBD v2.2
IpaBoobnanarens: I(ypnuwee Hean BOPHCOG’M‘C (Rw

Azrop(e): Kypnuwiee Heau Bopucosuu (RU)

Jaseka Ne 2026622532

Jlata mocTymieHus 22 mast 2026 1.
Jlara rocy1apcTBEHHOM PErHCTPaLHH

B Peectpe a3 qaHHbIX 10 urona 2026 2.

Pyrosooumens Dedepanvholi cryncowl
1O UHMENAEKMYAIbHON COBCMBERHOCML

SNPBOE GS
AOKYMEHT NOANHCAHIAEKTPOHHOM NOANUCHIO

Cepruduiar D0a570e4{72dd8d531 b4bBE1 875129506 FO.C. 3y608
Bnapeneu 3y6c i Cepreesuy
LefcTBUTeneH C 125 no 28.11.2026

B BE A BE RE OB RE RE REORE BY RE R RE BR B KA KR KR OBEORE RE RR KR OBY RE R KR BE OB RA KR KR BE OB RE KR RRBY RA RE KR BRORA R

y%%&&&%&&&&&K&52‘82K&K&K&%ﬁfX&KX8&8&8&%&3&%&%&&&5&%&%&8&%&%&%&%&%&&%&E&X&%&B&K&K&K&Bﬁﬁ&ﬁ&

%&%&5&%&8%&&K%%%ﬁ%%ﬁ%%&%%%%%%&%&%%%ﬁﬁ%%ﬁ%%ﬁ%@ﬁ

PucyHok 2. dakcumusie ceudemesabCcmea o 20cyoapcmeeHHoll peczucmpayuu 6asbt daHHbix Ne 2026622733.

Kypnuwes VieaH Bopucosud - KanmHuHrpag - 2026 | 8
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POCCHUCK A GEMEP AW

CBUAETEJILCTBO

0 rocy/apcTBeHHON perucrpamuu mporpammsel aas 9BM

Ne 2026665126

Cnocod cTPYKTYPHOIO U CO/IeP:KaTeJIBbHOI0 AaHAJIN3A
uHopManuu 1 6a3 1aHHBIX MeTo0oM Kypnuinesa:
NpHUBEJIEHUEM K MPOEKTHBHO-TAPMOHHYECKOMY KPocc-
COOTHOIIIEHHIO ¢ HCMOJIL30BAHHEM PenepHol 6a3bl TaHHBIX

Ipasootnanarems: Kypnuuiee Hean bopucoeuu (RU)

Astop(er): Kypnuwee Hean Bopucosuu (RU)

asexa Ne 2026664029

Jlata nocrynneHus 07 mas 2026 r.

JlaTa rocy1apcTBEHHOM perucTpaimu

B Peectpe nporpamm juis DBM 21 masn 2026 2.

Pyrosodumens @edepanviou cayncool
1O UHMENAEKNYAIbHON COOCMBEHHOCMLL

AN
AOKYMEHT nann@}{}c.affsk{%ymn NOANKCHIO

Ceprugurar 00a570e4f7addB53164588 1875129506 H0.C. 3y60s
Bnapeney Cepreesuy
[lefcTauTeneH ¢ 125 no 28.11.2026
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PucyHok 3. dakcumusie ceudemesibCmeda o 20cy0apcimeeHHoll pecucmpayuu npozpammbi 0151 3BM Ne 2026665126.
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Master-skeleton Toma ll: 24 rnaBbl

APXUTEKTYPA BbIlNYCKA

Hymeparus r1aB GUKCHpOBaHa MacTep-UHCTpyKuuel. Beimyck v0.1 co34aéT A/t KaXKI0M I/1aBbl acropT cOOpKY, a He
MMUTHUPYeT OKOHUaTe/IbHbIA TeKCT. B Ka)kioM racriopTe orpefeneHsl 1ie/b, popManbHbIM BbIXO/, KAHOHUUEeCKHe BXO/bI,
3aBHCHIMOCTY U TIepPBbIe J0Ka3aTe/bHbIe 00513aTenbCTBA.

10

11

12

13

14

MuUHUMaNbHbI

HasBaHue KaHoHuueckue Bxogbl 3aBucuMocTun
pesynbrart v1.0
KapTta nmnopTa,
nHTepdpeicHble . .
o PO: Tom | v197 RU;
ViTepdeiic ¢ Tomom | onpeAeneHus, Tabnmua MacTep-uHCTpyKums T2- T2-PO-001, T2-PO-002 rn.2,3,12,13
1 rpaHnLbl npeameTa «BK/THOYEHO/VCK/TIOUEHO START-VO.1
», XypHas o
pacxoxaeHuii.
NOTATION LEDGER,
3aMOpPOXeHHbIA peecTp  TUNOBOW crlosaps rn.1; 8826.36, 52.9— T2-PO-003, T2-PO-004  Bce rasbl
0603HaueHun Dom/Cod, pernameHT 52.18 Toma .
no6aBneHns CUMBOSIOB.
Onpegenexus
Kareropus NAPG, (T)g;eggg: crpencie 'n. 1-2; Definition Core
06beKTbl, MOPtU3MbI 1 A ’ ; ! T2-PO-005, T2-PO-006 rn.4-9,12-16
KOMMo3nuus, NAPG.
obnacTu onpegeneHus
KOHTPMOZENIN TUNOBbIX
OLMNBOK.
Akcnomartuka, 061actu
onepawum,
pagynpoBaHHas & . PO PO - .
anre6pa (K, .+, ©, ©) Hel‘lpepblBHOCTb/ﬂl/lvHeI/IH rn. 2-3. T2-PO-007, T2-PO-008 rn. 5-6, 10-16
OCTb M0 BbIGPAHHOM
Moaenu.
Accoymarop, R+R, l:;?@iysz;ﬁtyers ABHble
aapa, LeHTpbI 1 “ ’ rn. 4; Tom |, rn. 26-27. T2-PO-009, T2-PO-010 rn. 6,9, 14, 16, 20
TPOWKM, CTPYKTYpHblE
VNHBapWaHTb!
KOOpAVHaTbI.
Mapa
MakeTHO-penepHas chyHKTOpOB/NCceBAoyH
anre6po- KTOPOB, L ey oy » L
e e rn. 3-5. T2-PO-011, T2-PO-012 = In.7-9,17-18
[BOCTBEHHOCTb Wy TouHas 6onee
cnabas CTpykTypa.
Atnac, cocycle-
ATnachl, pacc/ioeHuns n ycnosus,
nakeTHble cTpatudukaums, rn.3,6. T2-P0O-013, T2-PO-014 rn.8-11,17-18
MHOroo6pasus nakeTHoe paccnoexue,
npumepsbl.
Aepusauun,
KacatesnbHble n KacaTesibHble
KoKacaresibHble MOZAY/IN/KOHYCbI, rn.4,7. T2-PO-015, T2-PO-016 rn.9-11, 15-16
06bEKTbI OyasibHble 00bEKTbI,
npeaen rnagkocTu.
CBA3HOCTU, KPUBU3HA, CaAsHoCTe, TpaHCHOP_T'
TONOHOMMS 1 KpMBM3Ha, r0/IOHOMMSY; ) ) X
accounaTopHast X(;I;OZH(I:WI MOCT K rn.5,7-8. T2-PO-017, T2-PO-018 rn. 10-11, 14, 20
KpUBU3HA by
obAa3aTenLcTBamu.
[AvndbchepeHumansHble Q+_NAPG, d/3 no
chopmbi 1 KaXX0My €010, ey oy
TUNM3MPOBAHHbIE MPaBMNA 3HAKOB 1 rn. 7-9. T2-PO-019, T2-PO-020 rn.11-16, 18
AvdbcbepeHumans KOMNO3MLUK.
»_Hdg, _Hdg, A_Hdg,
Hodge-cnoii, 5_Hdg un rpaHnyHbIe yCoBus, = PO PO
A_Hdg TEOPEMbIYCIIOBHbIE rn. 7-10. T2-PO-021, T2-PO-022 rn. 13,18, 20
pesynbTarsl.
BHYTpeHHMiA TPEXYNEHHDIN
MVUHUMaSTbHbIV KOMM/IEKC, BblYUCNEHNE n.2-5,10; Tom |
komnniekc C_mine, H3, KAHOHMYHOCTb U §852.9-52.18. VZFOEE, VAROWE | [T 126, 4940
d_min n ©_min €CTEeCTBEHHOCTb.
B1-B8, J2/33, H3(J),
“ o M_E, ycnosus
BHeLwuHuii E-croii n —
oToGpaxenne M_E Aetekunu n rn. 10-12. T2-PO-025, T2-PO-026 n. 14-16, 18, 20
He3aBUCHMOCTY
Bblbopa.
MpocTtpaHcTBa [Ounarpamma rn.5,9, 12-13. T2-P0O-027, T2-PO-028 rn. 15-16, 19-20

Kypnuwes BaH Bopucosuy -

KanuHuHrpag, - 2026
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HasBaHue

npensTCTBUA N
NpoeKTUpoBaHue

OTHOCUTESbHBIE U
peAyLMpoBaHHble
KOrOMOI0TUY

[Jecbopmauyu,
Mogy/bHble
npocTpaHcTBa 1
npenaTcTBns

Peaykuum Mnbbepta n
Kneiina

KomnnekcHas,
Kaneposa v Calabi—
Yau-BeTsu

Fano barrier n
KOHEYHble NPOEKTVBHbIE
HocuTenu

Mogenu,
KOHTPMPUMEPSbI 1
BbIYNC/IUTE bHbIE
cepTudmkaTbl

PeecTtp Teopem u rpad
3asucumocTel

Joka3aTesibHble
o6sa3artenscTea u
OTKpbITblE 334a4u

Prior art u rpasuua
aBTOPCKOI HOBU3HbI

Mpunoxexus n
BOCMPOU3BOAUMBIIA
[oKa3aTeslbHbIli nakeT

Kypnuwes MBaH Bopucosuy - KasimHuHrpag, - 2026

MuHUMaNbHbI

pesynbrart v1.0

thakTopusaumm,
sapa/obpasbl, KpuTepun
notepu nHdgopmauum,
KOHTPNpUMEPbI.

H2_red, O3_red,
functoriality, relation to
internal carrier.

TaHreHunanbHbli
Knacc, ypaBHeHue
Maypepa—KaptaHa nnm
ero NAPG-aHarior,
nepByYHble/BbICLLVE
npensTcTBynS.

TeopeMmb! pefykuum,
Tpynnbl
npeo6pasoBaHuii,
MHBapUaHTbl, 06paTHble
orpaHnyeHus.

J, w, g, Q, integrability,
Hodge/Laplacian
bridges; TouHble Dom.

P(O_B), identification
axioms, ycnoBHasi Fano
carrier theorem,
oTpuLaTesibHble
npumepsbl.

AccoumnaTnsHble/
HeaccouuaTuBHble
MOAENN, TOYHblIe
BbIYNC/IEHNS,
ceptudmkatbl n
rpaHunyHble cayyau.

Theorem ledger,
dependency DAG,
stable IDs, backward
trace to sources.

PO matrix, blockers,
next actions, gates,
KPUTEPUM 3aKPbITHS 1
oTKata.

Source map, attribution
matrix, novelty claims
with evidence level,
legal boundary.

Cnosapsb, Kofi0Bble
cepTudmkatbl,
KOHTPO/IbHbIE XeLuu,
npoToKON CHOPKK,
VHAEKC
pUcyHkoB/chopmyn.

KaHoHuueckue Bxogbl

rn. 3-4, 10, 12-14.

rn.4-5, 12-15.

rn. 3, 6-7.

rn.7-11, 13, 16-17.

rn. 12-15, 17.

rn. 4-19.

rn. 1-20.

rn. 1-21.

'n. 1-22; BHellHne
NepBUYHbIE UCTOUHUKN.

rn. 1-23.

T2-P0O-029, T2-PO-030

T2-PO-031, T2-PO-032

T2-PO-033, T2-PO-034

T2-PO-035, T2-PO-036

T2-P0O-037, T2-PO-038

T2-PO-039, T2-PO-040

T2-P0O-041, T2-PO-042

T2-PO-043, T2-P0O-044

T2-PO-045, T2-PO-046

T2-PO-047, T2-PO-048

11

3aBucumMocTun

rn. 16, 18, 20

rn. 18, 20-22

rn. 18-20, 23

rn. 20-23

rn. 20-23

rn.21-24

rn. 22-24

rn. 23-24

rn.24

PuHanbHasA c6opka v1.0
RU
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KapTta 3aBucumocten

'pa¢ umraercs cieBa HampaBo: GyHAAMEHT THIIOB U KaTeropyu MpeALecTByeT ajqredbpe ¥ TeOMeTpHy;
BHYTPEHHUI MUHMMaJIbHbI KOMIUIEKC MpeJllecTByeT BHelllHeMy E-MocTy; Mozienu 1 KOHTpIpyUMephbl
Ipe/IIIeCTBYIOT peecTpy TeopeM U 3akpeITHIO proof obligations. O6paTHBIe CTPesKH [JOTMYCKAOTCs TOJBKO KaK
SIBHO 3aperruCcTpUpPOBaHHbIe LIMKJ/IbI IepecMOTPa, a He KaK CPeJiCTBO Jl0Kas3aTh yTBepsKAeHre uepe3 camo ceosi.

KapTa 3aBucumocTeit Toma Il v0.1

|. OcHoBaHuA

V. Ay onT n nakeTt

24 Npunoxcenun

PucyHok 4. HanpaenenHbiii 2pag 3aeucumocmeti dsadyamu yembipéx 2n1ae Toma II.

[JokKa3zaTenbHbIN LWJIIO3: NOBLILLIEHME CTaTyca 3anpeLeHo 6e3 proof-object
( PHY-HYP } IIpoBepKa f He3aBuCUMbIN EXT-RUN -
dusnyeckas runoresa 'konepaumo»-ianwsau,wﬂ + JaHHble »H_e,M_‘Tfe_M_aII’I»quKHH BEIBOTI CaM 10 ceGe
-
=== BbIYNC/INTESIbHBIN cep'rwd:MKa'r 3aKpHITHE BCEX PO nosHoe foKa3aTeNbCTBO

COND
ycnoBHas Teopema
MODEL / CONJ
Moaenb Uau runoTesa

PucyHok 5. IL11103 00KazamesbHbIX CIANyco8: noebileHue 00NycKaemcst mo/bKo uepe3 00Ka3ame/bCmMeo u/au He3agucumoe
ceudemes1bCMeoO.

TUNOTE3Ebl + JIEMMBL

BHYTPH MOMEJIH

Kypnues VisaH Bopucosuy - KanuHuHrpag, - 2026 | 12
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FnaBa 1. NHTepdpeiic ¢ Tomom | 1 rpaHuubl NpeaveTa

Towm II cymjecTByeT He Kak BTOpOW KOHTeHHep TeKCTa, a KaK HOBBIN
ypoBeHb 06bekTa: Tom I 3a/1aéT A3bIK U J0Ka3aTe/bHbIe 3aMKHU,
torzia Kak NAPG 3.0 fo/pKkHa CcTaTh reoMeTpreli, TIOCTPOeHHOM Ha
3TOM s13bIKe. OHTO/IOrMYeCKH UMITOPT 03Ha4YaeT COXpaHeHUe
W/IeHTUYHOCTH UCXOAHOT0 0OBEKTa ITPU CMeHe
HCCJIe[I0BaTe/IbCKOTO MaciTaba.

OHTOJ10IrnA

3HaHue 37ieCh HAUMHAETCsI C KOHTPOJISt IPOUCXOKeHus. JTroboe
onpe/ienieHye 06513aHO UMeTb a/ipec B 3aMOPOXKEHHOM KOpITyCe W/
rHOCEONOrvsi Det ; 8D P Py
SBHYIO MeTKy HOBOW PeKOHCTPYKLH. [ToaTomy cceinka Ha Tom I
BJIsIeTCS] He yKpallleHHeM, a 4acThbIo JloKasaTe/IbHO! LeMH.

YuTaTesb JO/DKEH TIEPEXKUTh Mepexo/| OT 00IIero si3bka pernepHoi
JIOTHKH K MPOCTPAHCTBY T€OMETPHUYeCKHUX KOHCTPYKLUH 6e3

®EHOMEHO/1OI S pocTparcTay P PYKH

OLIYILIeHHsI, UTO eMy He3aMeTHO 3aMeHW/IH npeiMeT. KapTa

vHTepelica feaeT 3TOT nepexof HabIrjaeMbIM.

®usrka V*P, kocmonorus u F-1-F-14 He pa3BopaunBaroTcs B
FPAHNLA nanHoM Tome. OHu ocTaroTcst Oyayiymy Moctamu Toma I1T;
peZiakL{IOHHAst 6/TM30CTh He TIOBBIIIAET UX CTATyC.

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbINA
Cratyc rnasbi B v0.1 HayuHbIli TEKCT 1 oKa3aTeNnbCcTBa OTHOCATCS K MOCNeAYOLLMM
BbIMyCKam.

MiMnopTupoBaTtb kaHoH V197 6e3 pegaktupoBaHus Toma |;

enb
L onpegenutb npeamMeT Toma Il n ucknounts msuky Toma lil.

KapTa uMmnopTa, UHTepgelicHble onpeaenexns, Tabauua

®opMabHbIA BbIXO :
p A «BK/THOUEHO/MCKITIOUEHO», XYPHA PACXOXAEHUIA.

KaHoHuueckune Bxofbl PO: Tom | v197 RU; mactep-uHcTpykumsa T2-START-vO.1.
MepBuyHbIE PO T2-PO-001, T2-PO-002
3aBucumocTtu | notpeéutenu rn.2,3,12,13

YTBEpXAeHVs1 AeliCTBYIOT TO/LKO B IBHO Nepeunc/ieHHbIx Dom u

paHuua BbIBOAA . o
npw CBOMX rMnoTe3ax; U3NYECKnii cTaTyc He UMNOPTUPYETCS.

Pabouas gekomnosnyus

®  Definition Core: onpe/jeTUTb HOCUTEJH, TUTTbI, 0071ACTU OTIPe/IeNIeHNs U 3HAUEHUH.

e  Existence layer: joka3aTh CyiieCTBOBaHHe XOTs ObI O/[HOM HEeTPUBUAIBLHOMN Moesn ubo 3adrkcupoBath blocker.
® Invariance layer: yCcTaHOBUTb HE3aBUCUMOCTD OT JIOMYCTUMBIX BEIOOPOB WJH ME€PEeUNC/IUTD 3aBUCHMBIe TTapaMeTphl.
®  Negative layer: mocTpouTh KOHTPIIPUMEP K HauboJiee CUTBHOW eCTeCTBEHHOH, HO HeJJOKa3aHHOU (OpMY/TUpPOBKeE.
e Dependency layer: cBsi3aTh BCe yTBepKeHuUs o cTabuabHBIMU ID ncTouHUKOB U proof objects.

Kypnuwes MeaH Bopucosud - Kanunurpag - 2026 | 13
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naBa 2. 3aMOpPOXEHHbI peecTp 0603HaAYEHUIA

O603HaueHKe eCcTb MUHUMaJTbHas (hopMa YCTOWYHMBOCTH 00BEKTa B
TekcTe. Korga oauH 3HaK HAUMHAaeT 03HA4yaTh U HOd e-
OHTOMOrns ! Aa o 8
ABOWCTBEHHOCTb, U aCCOI_[I/IaTOP, FEOMETPI/IH TEPFIET npeaMeTr
paHbH.[e, YyeM BO3HHUKAEeT HEpBaﬂ OH.[I/I6KE1 B 10Ka3aTe/IbCTBE.

Peectp 0603HaueHuit 33/1a6T YC/IOBUSI Y3HABAHUS: THII, 00/1aCTh
ompezesieHys1, 061aCTb 3HAUEHHU# ¥ pa3peLIéHHbIE KOMITO3ULIUH.
3JTO 3nKCTeMUYeCKUH (GUILTP NPOTHB KPACHUBBIX, HO
HETHIM3UPOBaHHbIX (OPMYII.

FTHOCEO/10Irnd

JIst uMTaTe st HOTALWs [JO/DKHA OBITh IPHUBBIYHON HACTOJIBKO,
4TO6bI He 3aC/IOHSTh KOHCTPYKLIMIO, M CTPOTOI HACTO/BKO, YTOOBI
He TI03BOJIAITE €if pacriblThest. Pasmiuenue «_Hdg u R+R siBisiercs
06pas31joM TaKo! JAVCLUIIVHEL

PEHOMEHO/10I'A

HoBoe 0603HaueHre He BBOAUTCS paju yaobcTea aBTopa. OHO
FPAHNLA JIOTTyCKAaeTCsl TOJIBKO TI0C/Ie TTPOBEPKH KOJUTU3UI U 3aHECEHHs B
NOTATION LEDGER.

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbINA

Cratyc rnasbl B v0.1 HayuHbIli TEKCT 1 oKa3aTeNbCTBa OTHOCATCS K MOCNeAYOLLIMM
BbIMyCKam.
Lent 3admkcnpoBaTh TUMbI U UCKOUUTL KONU3KKM O, +, Hodge, J,

5_Hdg, R+R.

NOTATION LEDGER, tvnoBoii ciioBaps Dom/Cod, pernameHT

®dopmasibHblli BbIXO
p A ,D,OﬁaBl'IEHVIH CMMBO/I0B.

KaHOHuueckune Bxogbl In.1; 8826.36, 52.9-52.18 Toma I.
MepBuyHbIE PO T2-PO-003, T2-PO-004
3aBucumocTu | notpe6utenu Bce rnasbl

YTBEpXAeHVs1 AeliCTBYIOT TO/LKO B IBHO Nepeunc/ieHHbIx Dom u

paHuua BbIBOAA . o
npw CBOMX rMnoTe3ax; U3NYECKUii cTaTyc He UMNOPTUPYETCS.

Pabouas gekomnosnuyus

®  Definition Core: onpe/jeTUTh HOCUTEJH, TUTTBI, 0071ACTU OTIPe/IeNIeHHs U 3HAUEHUH.

e  Existence layer: joka3aTh CyiieCTBOBaHHe XOTs ObI O[HOM HEeTPUBUATBLHOMN Moesn mubo 3adurkcupoBath blocker.
® Invariance layer: yCcTaHOBUTb HE3aBUCUMOCTD OT JIOMTYCTUMBIX BEIOOPOB WIH ME€PEeUNC/IUTD 3aBUCHMBIe TTapaMeTphl.
®  Negative layer: mocTpouTh KOHTPIIPUMEP K HauboJiee CUTBHOW eCTeCTBEHHOH, HO HeJJOKa3aHHOU (OpMYTUpPOBKE.
e Dependency layer: cBsi3aTh BCe yTBepKeHuUs o cTabuabHBIMU ID ncTouHUKOB U proof objects.

3amopoXxeHHOoe AP0 0603HaYeHun

O603HavYeHne 3amok

BasoBas rpagypoBaHHas nakeTHasi anrebpa 1 CTpyKTypHble

K, . ®
(K, -2+ ©, 6) AaHHble.
Ass © Accoupmartop; TuUMbl TPEX apryMeHTOB 1 pesynbTaTta 3ajatTcs
- ABHO.
R«R ABTOPCKMiI1 06BEKT accoLMaTopHOro cnos; « He siBnsieTcs Hodge

star.

Onepatop Xompka npy METPUYECKVX 1 OPUEHTALMOHHBIX

»_Hdg | Hodge rmnoTesax.

Kypnues ViBaH Bopucosuy - KanuuuHrpag, - 2026 | 14
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O603HavYeHne 3amok

2" _adm”\(2) JonycTumblii cekTop BTOpOro ypoBHsi ¢ Dom.

0B BHYTpeHHW HocuTe b NPENATCTBUIA; HE OTOXAECTBAAETCA C
- BHELUHUM H3.

N_E: 0_B - H}(E") YCNOBHBIA BHELIHWIA MOCT.

d; 6_Hdg; A_Hdg PasHble onepaTopbl pa3HbIX CNI0EB; CMeLLeHWe 3anpeLLeHo.

C_mine, 5_min, ©_min BHYTpeHHAs: MUHMMabHast KOHCTPYKuus Toma |.

A, &_truth, D/IDom, CGI [narHocTtuka; He 3amMmeHa fokasartesibcTBa.

Kypnuwes MeaH Bopucosud - Kanunudrpag - 2026 | 15
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NnaBa 3. Kateropusa NAPG, 06beKTbl, MOphU3MbI U
oGs1acTu onpepeneHus

Kareropus ¢pukcupyert, uTo 00BbeKT CyILIeCTBYeT He TOJILKO CaM T10
cebe, HO U uepe3 fomnyctiMble oTHoeHus. NAPG cTaHOBUTCS
reoMeTpuell IMILIb TOT/a, KOT/ia KOMIO3ULUs MOP(hU3MOB
COXpaHsieT 3asiB/IeHHYI0 CTPYKTYDY.

OHTOJ10InA

3Hanme 06 06BeKTe TIepeHOCHMO TOJIBKO T10 CTPesIKaM, JJIst
FTHOCEO/10Irnd KOTOPBIX [JOKa3aHa COBMECTUMOCTh. YeTbIpe yc1oBrs MOpGhH3Ma
C/Ty’KaT MeXaHW3MOM KOHTDOJIS TAKOTO TTepeHoca.

DeHOMeHOJIOTUUeCKH KaTeropusi IpeBpailiaeT Habop JIOKa/lbHbIX
H®EHOMEHO/TOI A KOHCTPYKLMH B ITyTh: UATATe/Ib BUAUT, Kakue IpeoOpa3oBaHUs
JIOTYCTHUMBI U T/ie JBI>KeHHe OCTaHAB/IMBAETCS.

Crpenka 6e3 Dom/Cod v 6e3 mpoBepKy KOMITO3ULIMK OCTAETCS
PelaKIMOHHOM cxeMoH, a He Mop¢u3amom NAPG.

FPAHULA

SKELETON - OPEN. MacnopT c60pku1 3adiMKC1poBaH; NOMHbINA

Cratyc rnasbil B v0.1 HayYHbI TEKCT 1 JoKa3aTeslbCTBa OTHOCATCS K NOCNeAyoLWum
BbIMycKam.
Uens Onpefenutb kateropnasnbHyto 060104ky NAPG ¢

A0NyCTUMOCTbIO N YETbIPbMA COBMECTUMOCTAMMWN.

OnpegeneHns 06bLEKTOB U CTPE/IOK, TOXAECTBA, KOMMNO3ULUSA,

DopMasibHbIli BbIXO,
P A KOHTPMOAENN TUNOBbLIX OLUINGOK.

KaHoHuueckue Bxoabl 'n. 1-2; Definition Core NAPG.
MepBuyHble PO T2-P0O-005, T2-PO-006
3aBucumocTtu | notpeéutenu rn.4-9, 12-16

YTBEpXAEHUA AeVICTByPOT TOJIbKO B SIBHO nepeyncneHHbix Dom un

FpaHuua BbIBOAA o
npu CBOMX runoTesax; U3NYECcKnin cTaTyc He UMNOPTUPYETCS.

PaGouas gekomnosuuus

e Definition Core: onpeje/TuTb HOCUTEJTH, TUTTbI, 00/1ACTH OTPe/IeIeHHsT U 3HAUeHHH.

e  Existence layer: joka3aTh CyiieCTBOBaHHe XOTsI ObI O/HOM HEeTPUBUATLHON MOe/u b0 3adurkcupoBaTh blocker.
e Invariance layer: yCTaHOBUTh HE3aBUCUMOCTD OT JIOMTYCTUMbIX BHIOOPOB UJ/IH MEPEUNC/TUTD 3aBUCHMBbIE TTapaMeTPbl.
* Negative layer: mocTpouTh KOHTPIIPHUMEp K HanboJiee CUIIBHOW eCTeCTBeHHOH, HO HeJJOKa3aHHOM (OpMYy/IUpPOBKeE.
e Dependency layer: cBsi3aTh Bce yTBep/jeHuUs CO cTabubHbIMU ID ncTounukoB u proof objects.
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MnaBa 4. N'pagynpoBaHHaa anreopa (K, .z, ©, ®)

AJIFE6P8.I/I‘IECK8.${ oriepanus He N0J/DKHa IpeAlIecTBOBaTh

Hocutemo. CHayasa 3a7jaloTCs 10J1e UIA KOJIBLIO, T WUPOBKA U
OHTONOrYNA A 10, rpafyHp
AOIYyCTHUMBIE 3JIEMEHThI; TOJIbKO 3aTe€M BO3HHUKaeT © Kak coObITHe
B3aUMO/IeHCTBYSI BHYTPU CTPYKTYPBI.

ITpoBepKa 3aMKHYTOCTH ¥ HETIPEPBIBHOCTH OTZENseT (GOPMYJIy OT
THOCEO/10rna oreparuy. JMUCTEMUYECKH 3TO MePexXo/| OT 3alkCH K
BOCITPOU3BOITUMOMY TIPaBUITY.

Yuraresb J0/DKeH BUJETh, T/le IMeHHO Npou3Be/ieHue
PEHOMEHO/10I'A CYILIeCTBYeT, KAK MEHSIeT CTeNeHb U UTO IIPOUCXOJUT Ha TPaHULie
JIOIyCTUMOTrO CeKTopa.

CBoliCTBa aCCOLMAaTUBHOCTH, KOMMYTaTUBHOCTH WA
FPAHNLA OUIMHEMHOCTH He TIPe/o/IaraloTcs Mo MPUBBIUKe; KaXK/[0€e U3 HUX
T10JIy4aeT OTZAe/bHBIN CTaTyC.

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbINA
Cratyc rnasbl B v0.1 HayuHbIli TEKCT 1 oKa3aTeNbCTBa OTHOCATCS K MOCNeAYHOLLIMM
BbIMyCKam.

3apatb HocuTe b, OCHOBaHWe, rpalyupoBKy 1 GUHApHYHO

Liens o
onepauyio ¢ NPOBEPKOI 3aMKHYTOCTU.

AKCHOMATVKA, 06/1aCTW onepauumn, HenpPepPbIBHOCTbL/IMHERHOCTb

®dopmasibHbIli BbIXO -
p A no Bbl6paHHOVI mogaenu.

KaHoHuueckue BXxoabl rn.2-3.
MepBuyHbIE PO T2-PO-007, T2-PO-008
3aBucumocTtu | notpeéutenu rn. 5-6, 10-16

YTBEpXAEHVs1 AeliCTBYIOT TO/LKO B IBHO Nepeunc/ieHHbIx Dom u

paHuua BbIBOAA . o
npw CBOMX rMnoTe3ax; U3NUYECKnii cTaTyc He UMNOPTUPYETCS.

Pabouas gekomnosnyus

®  Definition Core: onpe/jeTUTb HOCUTEJH, TUTTBI, 001ACTU OTIPe/IeNIeHNs U 3HAUeHHH.

e  Existence layer: joka3aTh CyiieCTBOBaHHe XOTs ObI O[HOM HEeTPUBUANTBLHOMN Moesn mubo 3adrkcupoBath blocker.
® Invariance layer: yCcTaHOBUTb HE3aBUCUMOCTD OT JIOMTYCTUMBIX BEIOOPOB WM ME€PeUNC/IUTD 3aBUCHMBIe TTapaMeTphl.
Negative layer: mocTpouTh KOHTPIIpYMEp K HauboJiee CUIbHOMN eCTeCTBEHHOM, HO HeZloKa3aHHOW (opMyJTMPOBKe.
Dependency layer: cBsi3aTh Bce yTBepkeHHs co cTabunbHbIMU ID ricTouHUKOB U proof objects.

L[]
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naBa 5. Accoymnartop, R+«R, aapa, LeHTPbI U
UHBapPUaHTbI

Accormarop perucTpupyert He fiedekT BooOIIje, a pas/iidue myTei
OHTO/ornsA cOopku TpoiKu. R+R siB/IsieTCst aBTOPCKUM 00BEKTOM
aCcCOLMAaTOPHOTO CJI0S1 M He COBMA/IAeT C OriepaTopoM XozKa.

YT006BI H3MEPATH HEACCOLIMATUBHOCTD, HY)KHO CHauaa J0Ka3arb,
FTHOCEO/Orna YTO CPaBHMBaeMble KOMITO3UL[UH TUITU3UPOBAHbI U JIEKaT B OZJHOM
codomain. MHaue «JedekT» CpaBHUBAET HECPABHUMOE.

DeHOMEeHO/IOTMUeCKH acCoLMaTop JenaeT BUAUMBIM TO, UTO
PEHOMEHO/10I'A 006bIuHast CKOOOUHAs! KOHBEHLIUST CKPHIBAET: TIOPSZOK COOPKU
y4acTByeT B COCTOSIHUM pe3yJbTara.

Hanuue HeHyJ1eBOro accoriaTopa He JaéT aBTOMaTHUeCKH
FPAHULA KpUBHU3HY, (usnueckuit 3¢dekT wm kiaace B H3. [l Kaxxo0ro
MOCTa Hy)KHa OT/ie/IbHasi KapTa.

SKELETON - OPEN. MacnopT c60pku1 3adiMKC1poBaH; NOMHbINA

Cratyc rnasbl B v0.1 HayuHbIll TEKCT 1 oKka3aTenbCTBa OTHOCATCA K MOCeAYOLLIMM
BbIMyCKam.
Lent MocTponTb TUNM3MPOBAHHbIN acCOLMATOPHLIN CNOI N OTAEMUTL

ero ot Hodge-onepatopa.

o Ass_0, R+*R, nucleus/centers, siBHble TPOIikn, CTPYKTYpPHblE
DopMasibHbIN BbIXOA, —

KoopAMHaTbI.
KaHoHuyeckue Bxoabl rn.4; Tom |, rn. 26-27.
MepBuyHble PO T2-PO-009, T2-PO-010
3aBucumocTu | notpe6utenu rn. 6,9, 14, 16, 20

YTBEpXAEHUA AeVICTByPOT TOJIbKO B SIBHO nepeyncneHHbix Dom un

FpaHuua BbIBOAA o
npu CBOMX runoTesax; U3NYECcKnin cTaTyc He UMNOPTUPYETCS.

PaGouas gekomnosuuus

e Definition Core: onpeje/TuTb HOCUTEJTH, TUTTbI, 00/1ACTH OTPe/IeIeHHsT U 3HAUeHHH.

e  Existence layer: joka3aTh CyiieCTBOBaHHe XOTsI ObI O/HOM HEeTPUBUATLHON MOe/u b0 3adurkcupoBaTh blocker.
e Invariance layer: yCTaHOBUTh HE3aBUCUMOCTD OT JIOMTYCTUMbIX BHIOOPOB UJ/IH MEPEUNC/TUTD 3aBUCHMBbIE TTapaMeTPbl.
* Negative layer: mocTpouTh KOHTPIIPHUMEp K HanboJiee CUIIBHOW eCTeCTBeHHOH, HO HeJJOKa3aHHOM (OpMYy/IUpPOBKeE.
e Dependency layer: cBsi3aTh Bce yTBep/jeHuUs CO cTabubHbIMU ID ncTounukoB u proof objects.
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FnaBa 6. NMNakeTHO-penepHasn anreopo-reomeTpuveckas
ABOVUCTBEHHOCTb

JIBOMCTBEHHOCTb JI0JPKHA CBSI3bIBATh a/nreOpanyecKyro 1
OHTO/ornsA reOMeTPUUECKYIO CTOPOHBI 6e3 00bsB/IEHNS UX TOXK/eCTBEHHbIMU.
OHa sIB/IsIeTCSl OTHOLIIEHHEM TepeBo/ia, 8 He OTMEHOH pa3/nunii.

dnucTeMUyecKas LeHHOCTb JBONCTBEHHOCTH OIPeeNsSeTcs
00paTHMOCTBIO WM TOUHBIM OIHCaHHeM 10Tepb. DYHKTOPHI 6e3
eJVHHULI, KOeTUHHL] TUO0 KOHTPOJIMPYEMBIX Ae(EeKTOB He Jal0T
5KBUBAJIEHTHOCTH.

rHOCEOOrna

Yuraress HAO/IOAAET OAHY CTPYKTYPY B JBYX PEKHUMaXx: Kak
®PEHOMEHO/10I'A TIPaBHJI0 KOMITO3ULIM M KaK TeOMETPUYeCKOe PacIioyioyKeHHe.
CoBmna/ieHre HHBAPUAHTOB CTAHOBUTCS OTBITOM TIEPEBO/IA.

o noxasaTe/bCTBa MOHOTHI U CYLL|eCTBEHHOMN CIHOPbeKTHBHOCTU
FPAHNLUA HCII0/Ib3yeTCsl TEDMUH «COOTBETCTBHE» UM «yC/IOBHAs
JIBOMCTBEHHOCTB», HO HE «3KBHBAJIEHTHOCTb KaTeT OPH».

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbIi

Cratyc rnaBbl B v0.1 HayuHbIli TEKCT M A0Ka3aTebCTBA OTHOCSATCS K NOCeAyioLM
BbINyCKaMm.
e CchopmynmpoBaTb (hyHKTOpPUasIbHbIE COOTBETCTBUS U YCIIOBUSI

06paTUMoCTL.

Mapa cyHKTOpOB/NCEBAODYHKTOPOB, EANHMLBI/KOEANHULIBI UK

PopmanbHeIi BEIXOA TouHasi 6onee cnabasi CTPyKTypa.

KaHoHuueckue BXxoabl rn.3-5.
MepBuyHbIE PO T2-PO-011, T2-PO-012
3aBucumocTu | notpe6utenu n.7-9, 17-18

YTBEpPXAEHUS AECTBYIOT TOMBKO B SIBHO Nepeync/ieHHbIx Dom 1

'paHuua BbIBOAA i o
npw CBOMX rUnoTe3ax; PU3NUYECKuii cTaTyc He MMNOPTUPYETCS.

Pabouas gekomnosnuyus

®  Definition Core: onpe/ieTuTh HOCUTEJH, TUTTbI, 001ACTU OTIPe/IeNIEHHS U 3HAUEHUH.

e  Existence layer: joka3aTh CyIieCTBOBaHHe XOTsI ObI O[HOM HEeTPUBUAIBLHOMN Moenn ubo 3adurkcupoBath blocker.
e Invariance layer: ycTaHOBUTb HE3aBUCHMOCTb OT JJOIIYCTUMBIX BIOOPOB WM NEPEUNC/IUTh 3aBUCHMbIE ITapaMeTphl.
e Negative layer: mocTpouTh KOHTPHIPUMeP K Haubosiee CHIILHOM eCTeCTBEHHOH, HO He/l0Ka3aHHOH (hOpMYJIMPOBKE.
e Dependency layer: cBsi3aTh BCe yTBep)KAeHuUs o cTabuibHbIMU ID ncTouHUKOB U proof objects.
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FnaBa 7. ATnachbl, pacc/qioeHna U NakeTHble
MHOrooopasus

MHOFOO6pa3I/Ie BO3HUKAET M3 COIJIaCOBaHMA JIOKa/IbHbIX KapT, a He
M3 KPACHUBOI'O PUCYHKA I'JI KOI‘/‘I IIOBEepPXHOCTH. HaKeTHOCTb

OoHTONOrUsA p pucy an pxmocT.

AO6anlF[ET K JIOKa/IbHOCTU CTPYKTYPHBIU CJIOU I1e€pexosa Mexay

peHeprIMI/I ,l:[aHHbIMI/I.

ITepexopHble GPYHKIMM 1 cocycle-yCoBYS SIBSIOTCS
FTHOCEO/10Irnd Jl0Ka3aTe/IbCTBOM TOT'0, UTO JIOKa/IbHbIE OIMMCAHUsI TOBOPST 00
0/JTHOM 0OBEeKTe.

ATJac M03BOJISIET YUTATETIO IEPEXKUTh LIe/I0e Uepe3 KOHEUHOe
®PEHOMEHO/10I'A MHO>KECTBO JIOKa/IbHBIX MePCIeKTHB, COXPAHSIS MAMSTh O CIIocobe
HX CKJIeHKH.

Ecmu cocycle HapyeH ny niepexog, onpe/ie/iéH He Ha
F’PAHULIA repeceueHry obacTeii, UMeeTcst Habop KapT, HO He TMaKeTHoe
MHOroobpasue.

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbIi

Cratyc rnaBbl B v0.1 HayuHbIli TEKCT M A0Ka3aTebCTBA OTHOCSATCS K NOCeAyioLM
BbINyCKaMm.
e OnpefenuTb NoKasbHbIe KapTbl, NEPEXOAb] Y penepHble

paccnoeHuns.

ATnac, cocycle-ycnous, ctpatudgmkaLysi, NakeTHoe

dopMasibHbIl BbIXO,
p A paccnoeHve, npumepsbl.

KaHoHuueckue BXxoabl rn.3,6.
MepBuyHbIE PO T2-PO-013, T2-PO-014
3aBucumocTu | notpe6utenu n.8-11, 17-18

YTBEpPXAEHUS AECTBYIOT TOMBKO B SIBHO Nepeync/ieHHbIx Dom 1

'paHuua BbIBOAA i o
npw CBOMX rUnoTe3ax; PU3NUYECKuii cTaTyc He MMNOPTUPYETCS.

Pabouas gekomnosnuyus

®  Definition Core: onpe/ieTuTh HOCUTEJH, TUTTbI, 001ACTU OTIPe/IeNIEHHS U 3HAUEHUH.

e  Existence layer: joka3aTh CyIieCTBOBaHHe XOTsI ObI O[HOM HEeTPUBUAIBLHOMN Moenn ubo 3adurkcupoBath blocker.
e Invariance layer: ycTaHOBUTb HE3aBUCHMOCTb OT JJOIIYCTUMBIX BIOOPOB WM NEPEUNC/IUTh 3aBUCHMbIE ITapaMeTphl.
e Negative layer: mocTpouTh KOHTPHIPUMeP K Haubosiee CHIILHOM eCTeCTBEHHOH, HO He/l0Ka3aHHOH (hOpMYJIMPOBKE.
e Dependency layer: cBsi3aTh BCe yTBep)KAeHuUs o cTabuibHbIMU ID ncTouHUKOB U proof objects.
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FnaBa 8. KacartenbHble U KOKacaTe/ibHble 00 beKTbl

KaC&Te]’ILHLIﬁ 06'LEKT eCThb He «MmaJjioe HPOCTPHHCTBO pﬂ,E[OM», a
BI:I6 aHHLIﬁ CHOC06 HHHeﬁBOBaTL OIyCTUMBbIE U3MeHeHUus1. B

OHTONOrns p Aoy

CI/IHFy]'IHpHOM CEKTOPE OH MOXXeT 6I>ITI> KOHYCOM W/In MO,Z[y]'IeM, a

He BeKTOpHLIM HpOCTpElHCTBOM.

3HaHHe 0 JIOKa/IbHOH BapHaly 3aBUCUT OT K/1acca KpPUBbIX,
FHOCEOMNOMS JlepyBalivil WK K/ieaioB, uepe3 KOTOphie OHa OTpe/iessieTCs.
PasHble orpe/ie/ieHust HeMb3s1 0TOXK/ECTB/IATh 6€3 TeopeMsl
CpaBHEHHUS.

@D eHOMEHOJIOTUUECKHU KacaTe/IbHOe TIPOCTPAHCTBO BhIpaykaeT
®EHOMEHOMOrs 1€ pocTp P
6]]I/I)KBI/IH.II/IE BO3MOJ>XHbI€ HallpaB/ieHWs MPOAO/DKeHUs COCTOSAHMSA.

IyanbHoCTh tangent/cotangent TpeOyeT KOHEYHOH MPOEKTHOCTH
FPAHNLA WM VHBIX ruroTe3. Ha CUHTY/ISpHBIX C/10SIX OHA He TIPUHUMAeTCS
aBTOMaTHUECKH.

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbINA

Crartyc rnaBbl B v0.1 HayuHbIli TEKCT M AoKa3aTeNbCTBA OTHOCSATCS K NOCeAyioLmM
BbINyCKaMm.
T OnpefenuTb NOKasbHYH NIMHER3aumio B IIaAKUX U CUHTYNSPHBIX

CeKTopax.

JepviBaunn, kacaTesibHble MOAY/IN/KOHYChI, AyasibHble 06BHEKTHI,

DopMaibHbINA BbIXOA, Npeien maKocTy

KaHoHuueckue BXxoabl n.4,7.
MepBuyHbIE PO T2-PO-015, T2-PO-016
3aBucumocTtu | notpeéutenu rn.9-11, 15-16

YTBEpXAEHVs1 AeliCTBYIOT TO/LKO B IBHO Nepeunc/ieHHbIx Dom u

paHuua BbIBOAA . o
npw CBOMX rMnoTe3ax; U3NUYECKnii cTaTyc He UMNOPTUPYETCS.

Pabouas gekomnosnyus

®  Definition Core: onpe/jeTUTb HOCUTEJH, TUTTBI, 001ACTU OTIPe/IeNIeHNs U 3HAUeHHH.

e  Existence layer: joka3aTh CyiieCTBOBaHHe XOTs ObI O[HOM HEeTPUBUANTBLHOMN Moesn mubo 3adrkcupoBath blocker.
® Invariance layer: yCcTaHOBUTb HE3aBUCUMOCTD OT JIOMTYCTUMBIX BEIOOPOB WM ME€PeUNC/IUTD 3aBUCHMBIe TTapaMeTphl.
®  Negative layer: mocTpouTh KOHTPIIPUMEP K HauboJiee CUTBHOW eCTeCTBEHHOH, HO HeJJOKa3aHHOU (hOpMYTUPOBKE.
e Dependency layer: cBsi3aTh BCe yTBepKeHuUs o cTabuabHBIMU ID ncTouHUKOB U proof objects.
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naBa 9. CBA3HOCTU, KPUBU3HA, TOJIOHOMUSA U

accoynatopHasds KpuBn3Ha

OHTOJ10InA

rHOCEONOrna

®EHOMEHO/TOI A

FPAHULA

Cratyc rnasbl B v0.1

Lienb

®dopManbHbIi BbIXoA,

KaHoHuueckune Bxogbl
MepBuyHble PO

3aBucumocTu | noTpe6uTenu

FpaHuua BbIBOAA

PaGouas gekomnosuuus

CBS3HOCTb 3a/JaéT NPABUJIO CPaBHEHUsI Pa3HeCEHHBIX COCTOSTHUM,
KpMBU3HA U3MepsieT 3aBUCUMOCTb pe3y/ibTara OT MyTH, a
TOJIOHOMHS XPAHWT NaMsATh 3aMKHYTOIO [TepeHoca.
AccouuaropHast KDUBH3Ha MOXKET ObITh JUIIIb TOYHO IIOCTPOEHHBIM
MOCTOM MeX/ly STUMH C/IOSIMU.

Snucremuuecku Hol D 1ieHeH, KOrja onpe/esieHbl TPaHCIIOPT,
KOHTYP, JOMeH ¥ MHBAPUAaHTHOCTb OTHOCHTeNBHO BbIbopa. Haue
YHC/IO FOJIOHOMMUH SIB/ISIETCST METKOM BBIUMC/IEHNS], He
reoMeTpUIecKUM (HhakToM.

Uurare/b BUJUT, KaK JIOKA/IbHBIM MOPS0K KOMIIO3ULIUY MOXKET
TIPOSIBUTHCS B T7100a/IBHOM MaMsTH 00X0/1a, HO TOJIBKO uepe3
JI0Ka3aHHYI0 JiarpaMmy.

@opmyna «Hol D = Ass» 3amnpeliieHa A0 IIOCTPOEHUSI ¥ IPOBEPKU
COOTBETCTBYIOLLel eCTeCTBEHHOMN KapThl.

SKELETON - OPEN. MacnopT c60pk1 3adiMKC1poBaH; NOMHbINA
Hay4HbI TEKCT 1 [loKa3aTe/1bCTBa OTHOCATCSA K NOC/EAYOLLINM
BbINyCcKam.

Pa3BecTu knaccuyeckyto kpmBusHy, Hol_D 1 accoupaTopHblii
nedpekT.

CBSI3HOCTb, TPAHCMOPT, KPUBU3HA, FOSIOHOMMUSI; YC/IOBHbIA MOCT K
Ass_0O c obsi3aTenscTBaMm.

rn.5, 7-8.

T2-PO-017, T2-PO-018

n. 10-11, 14, 20

YTBEPXAEHVs AeliCTBYIOT TOMbKO B SIBHO Nepeunc/ieHHbIx Dom u
Mpu CBOWX rMnoTesax; (osnyeckunii cTaTyc He MNOPTUPYeTCS.

e Definition Core: onpeje/TuTb HOCUTEJTH, TUTTbI, 00/IACTH OTIPe/IeIeHHsT U 3HAUCHHH.

e  Existence layer: joka3ath CyiieCTBOBaHHe XOTsI ObI OHOM HEeTPUBUATLHOMN MOe/u b0 3adurkcupoBath blocker.
e Invariance layer: yCTaHOBUTh HE3aBUCUMOCTD OT JIOMTYCTUMbIX BHIOOPOB UJ/IH MEPEUNC/IUTD 3aBUCHMbIE TTapaMEeTPbl.
*  Negative layer: mocTpouTh KOHTPIIPHUMEp K HanboJiee CUIBHOW eCTeCTBeHHOH, HO HeJJOKa3aHHOM (OpMYyIUpPOBKeE.
e  Dependency layer: cBsi3aTh Bce yTBep/jeHHUs1 CO cTabubHbIMU ID ncTouHukoB u proof objects.
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Nnaea 10. AudpcpepeHunanbHbie opmbl U
TUNU3npoBaHHbIe gudpdepeHumanbl

Juddepenryan npeBpalaet J0KaabHYIO BeTHUYHHY B 3aKOH
M3MeHeHUs], HO TOJIbKO BHYTPH 3a/JaHHOr0 KoMIulekca. OuH
CHMBOJI § He JOJ/DKeH NiepeMelaThCsl MeXK/y BHYTPeHHHM,
BHeltHUM U Hodge-ciioem Ge3 cMeHB! THIIA.

OHTOJ10InA

YcnoBue d?=0 siBiisietcst He THUOrpadCKoi TpaguLpeH, a
FTHOCEO/10Irnd OCHOBaHKHeM KOromoJjioruu. Ero mpoBepka MpeAiiecTByeT H060My
taxTopy ker/im.

DeHOMeHOJIOrUeCKH AU depeHIaIbHas hopMa ONUCHIBAeT TO,
®PEHOMEHO/10I'A YTO MOKHO MHTETPHUPOBAaTh 110 OPHEHTHPOBAaHHOMY HOCHUTETIO U
CpaBHHMBATH MPH AedopMariyu.

Eciu kBagpar auddepeHLana He Hy/I€BOM, COOTBETCTBYIOLLAst
F’PAHULIA KOTOMOJIOTHSI He OTpe/ie/ieHa; JOIyCTHM UHOW 00BEKT, HO He
TIpe)KHee Ha3BaHue.

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbIi
Cratyc rnasebl B v0.1 HayuHbIll TEKCT 1 OKa3aTeNbCTBA OTHOCATCA K MOCNeAYOLLMM
BbINycKam.

BBecTu chopMbl 1 andhchepeHLmansbl ¢ SBHbIMW KOMIIeKcamMi 1

enb
U obnactsamu.

- Qe_NAPG, d/3 no Kaxzomy c/oto, npasuia 3HaKoB U
dopmMasibHbIN BbIXO[,

KOMMO3NLMH.
KaHoHuueckue BXxoabl rn. 7-9.
MepBuyHbIE PO T2-PO-019, T2-PO-020
3aBucumocTu | notpe6utenu In. 11-16, 18

YTBEpPXAEHUS AECTBYIOT TOMBKO B SIBHO Nepeync/ieHHbIx Dom 1

'paHuua BbIBOAA i o
npw CBOMX rUnoTe3ax; PU3NUYECKuii cTaTyc He MMNOPTUPYETCS.

Pabouas gekomnosnuyus

®  Definition Core: onpe/ieTuTh HOCUTEJH, TUTTbI, 001ACTU OTIPe/IeNIEHHS U 3HAUEHUH.

e  Existence layer: joka3aTh CyIieCTBOBaHHe XOTsI ObI O[HOM HEeTPUBUAIBLHOMN Moenn ubo 3adurkcupoBath blocker.
e Invariance layer: ycTaHOBUTb HE3aBUCHMOCTb OT JJOIIYCTUMBIX BIOOPOB WM NEPEUNC/IUTh 3aBUCHMbIE ITapaMeTphl.
e Negative layer: mocTpouTh KOHTPHIPUMeP K Haubosiee CHIILHOM eCTeCTBEHHOH, HO He/l0Ka3aHHOH (hOpMYJIMPOBKE.
e Dependency layer: cBsi3aTh BCe yTBep)KAeHuUs o cTabuibHbIMU ID ncTouHUKOB U proof objects.
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NnaBa 11. Hodge-cnoin, 8_Hdg n A_Hdg

Hodge-aBoicTBEHHOCTH CBSI3bIBaeT CTerieHb (OPMBI C reoMeTpueit
OHTO/IoIrnA MeTpHUKU 1 opueHTaluu. OHa He sIBJIsIeTCs] yHUBepPCaIbHbIM
CHMBOJIOM UHBEPCHU.

3Hanue o 6_Hdg u A_Hdg 3aBUCUT OT CKa/IIpHOTO NIPOU3BeZeHuUS],
FTHOCEO/10Irna IVIOTHOCTH, PAHUYHBIX YCJIOBUH U aHA/IMTUYECKOro Kiacca
OTepaTopoB.

s uuratenst Hodge-cioii mpeBparaeT GopMy B e€é MeTpHIECKH
®PEHOMEHO/10IN'MA JIOTIO/THUTE/IbHBIM 00pa3, M03BOJIsAs YBUETh TApDMOHHUUECKYIO
YaCTb KaK YCTOMUMBBIA OCTaTOK.

Krnaccuueckre Hodge-TeopeMbl IMITOPTAPYIOTCS TOBKO MPU
FPAHULA BBINO/IHEHUY UX aHAJIATHYECKUX TUroTe3; B 0biieit NAPG oHu
OCTaOTCS YC/IOBHBIM MOCTOM.

SKELETON - OPEN. MacnopT c60pkn 3achukcupoBaH; NosiHblii
Craryc rnassbl B v0.1 Hay4HbI TEKCT 1 AoKa3aTe/lbCTBa OTHOCATCS K NOCNeayoLWwmum
BbIMyCKam.

MocTpouTb Hodge-onepaTop TOMLKO NPU Ha/IMUMK METPUKK,

Lens
OpueHTaLmm N KOHeYHOro paHra.

«_Hdg, &_Hdg, A_Hdg, rpaHnyHble ycnoBus,

®dopMasibHbIl BbIXO,
p A TeopeMbl/yCNoBHbIE pe3yfbTathbl.

KaHoHuuyeckue Bxoabl rn. 7-10.
MepBuyHbIE PO T2-P0O-021, T2-PO-022
3aBucumocTu | notpe6utenu rn. 13, 18, 20

YTBEpXaeHUA ,D,er/]CTByI-OT TOJIbKO B SIBHO nepeyncneHHbix Dom n

IpaHuua BbIBOAA o
npu CBOUX runoTesax; U3NYECKUin cTaTyc He UMNOPTUPYETCS.

Pa6ouasa gekomnosuyus

e Definition Core: onpe/je/TMTh HOCUTEJTH, TUTTbI, 00/IACTU OTPe/IeIEHHS U 3HAUEHHH.

e  Existence layer: foka3ats cyiiecTBoBaHHe X0Ts ObI OHOM HeTPUBHAIBHON MoZeny mbo 3adrkcupoBats blocker.
e Invariance layer: ycTaHOBUTE HE3aBUCHMOCTb OT [JOITYCTUMBIX BBIOOPOB WITH MEPeUNC/TUTL 3aBUCHMBbIE TTapaMeTphl.
e Negative layer: mocTpouTth KOHTpPIIpYMeEp K HauboJiee CUIbHOM eCTeCTBEHHOMW, HO He/J0Ka3aHHOM (hOpMyJTUPOBKE.
*  Dependency layer: cBsi3aTh Bce yTBepsKzeHusi co crabuabHbIMU ID nctounnkoB u proof objects.
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FnaBa 12. BHYTPEHHNIA MUHUMAa/IbHbIA KOMMNEKC
C mine, d min n ©_min

MUHHMa/BHBIM KOMIUIEKC CYIL|eCTBYeT KakK BHYTPEHHSIS aMsTh
OHTO/ornsA camol KBa/jpaTMYHOM KOHCTPYKLUK. OH He TpeOyeT BHeIlIHeH
(b131KM, METPHUKH WK 3apaHee BLIOPAHHOTO MpocTpaHcTBa E.

KanonnuHoCTh focTuraetcs TeM, uro C_min?, C_min3, §_min u
FTHOCEO/Orna ®_min crpositcs HertocpegcTBeHHO U3 F2_ N, X2 N u W2 _N. 3t0
Zaét rpoepsieMoe ToxkzAecTBo O_B = H3(C_mine).

DeHOMEeHO/IOrMUeCKy MPensATCTBHe CTAHOBUTCSI He BHEIIHUM
PEHOMEHO/10I'A 3ampeToM, a TpeThel CTeneHbl0 MUHUMABLHOTO MyTH, Te
HeCHsITast YaCTb KOHCTPYKLIUM OCTaéTCsl BUAUMOM.

DTa KOroMosiorus siB/sietcsi GopManbHO BHyTpeHHeil. OHa He
FPAHULA C037a6T aBTOMAaTHYeCKH TOIIOJIOTUUECKH, aHA/TMTUUECKUN VI
(hu3MUeCcKUil CMBICII.

SKELETON - OPEN. MacnopT c60pku1 3adiMKC1poBaH; NOMHbINA
Craryc rnasbl B v0.1 Hay4HbI TEKCT 1 [loKa3aTe1bCTBa OTHOCATCS K NOC/EAYOLLNM
BbINyCcKam.

MmMnopTupoBaTh 1 yrny6uTb KAHOHUYECKYH BHYTPEHHIOW

Uenb KOHCTPYKLMI0 Toma .

- TPEXUNEHHBI KOMMNEKE, BblYMCNEHNe H3, KAaHOHWYHOCTb U
®dopMasibHbIi BbIXOA,

€CTECTBEHHOCTb.
KaHoHuueckue Bxoabl n. 2-5, 10; Tom | 8852.9-52.18.
MepBuyHble PO T2-PO-023, T2-PO-024
3aBucumocTu | notpe6utenu rn. 13-16, 19-20

YTBEpXAEHUA AeVICTByPOT TOJIbKO B SIBHO nepeyncneHHbix Dom un

FpaHuua BbIBOAA o
npu CBOMX runoTesax; U3NYECcKnin cTaTyc He UMNOPTUPYETCS.

PaGouas gekomnosuuus

e Definition Core: onpeje/TuTb HOCUTEJTH, TUTTbI, 00/1ACTH OTPe/IeIeHHsT U 3HAUeHHH.

e  Existence layer: joka3aTh CyiieCTBOBaHHe XOTsI ObI O/HOM HEeTPUBUATLHON MOe/u b0 3adurkcupoBaTh blocker.
e Invariance layer: yCTaHOBUTh HE3aBUCUMOCTD OT JIOMTYCTUMbIX BHIOOPOB UJ/IH MEPEUNC/TUTD 3aBUCHMBbIE TTapaMeTPbl.
* Negative layer: mocTpouTh KOHTPIIPHUMEp K HanboJiee CUIIBHOW eCTeCTBeHHOH, HO HeJJOKa3aHHOM (OpMYy/IUpPOBKeE.
e Dependency layer: cBsi3aTh Bce yTBep/jeHuUs CO cTabubHbIMU ID ncTounukoB u proof objects.

KaHoHu4yeckuit nmnopt u3 §852.9-52.18 Toma |

C_min"(N) =F”2. N npun=2; X2 N npun=3; 0 (T2.12.1)
vHave.

&_min’=W2 N, §_min"=0 npun # 2. (T2.12.2)

©_min,N =id_{X?_N}. (T2.12.3)

H3(C_mine(N)) = X2 N /Im W2 N = ¢ B(N). (T2.12.4)
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MMMOPTUPOBAHHbBIN AOKA3ATE/IbHbIVA CTATYC

B Tom I v197 RU BHyTpeHHee otoxzaecTBiaeHre ¢_B(N) = H3(C_min*(IN)) 3a¢yKCHPOBaHO Kak KaHOHUYECKOe U
ecTecTBeHHOe TIpU Mop¢u3Max, coBMecTuMbix ¢ V2. Tom II o/mKeH BOCIPOU3BECTH TIOJTHOE 10Ka3aTelbCTBO, TIPOBEPUTH

THUIIBI X PACILIUPDUTDb MO/:[E]Ibelﬁ KJIaCC, He IPUITUCBhIBAasA KOHCTPYKLIMW BHEIIIHEr0 aHa/IMTUYeCKOro CMbIC/IA.
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FnaBa 13. BHelwHun E-cnont n otoopaxeHue MN_E

BHerunuii E-ci1o#i AB/IsIeTCS TIONBITKOM BCTPOUTb BHYTPEHHEE
npernsTcTere B 60/1ee 6oraTyro KOroMoIoruueckyro cpeny. OH
CYILIECTBYET TOJIbKO BMECTe C MOCTOM, a He TI0 CXO/ICTBY
0003HAUCHHH.

OHTO/MornsA

B1-B8 3aziaroT snmcTeMrueCcKrii KOHTPAKT: KOMIUIEKC, IIeTHast
THOCEO/10rna KapTa, eCTeCTBeHHOCTh, UHbeKTUBHOCTb /I/isi 00PaTHOM JeTeKIUU 1
OTZe/bHBIN aCCOIMaTOPHBIN KaHaJl.

Uurare/ns BUIUT pacIlpeHre TOPU30HTa: BHYTPEHHUMN K/acc
PEHOMEHO/10I'A MO>KeT TIOJIyYUTh BHELIHIOK MHTepIIpeTaLiiio, HO MyTh K Hel
OTMeueH BCeMU YC/IOBUSIMH.

I1_E ocraércs ycnoBHbIM [0 iocTpoenysi E« u J. Henynesoit
FPAHNLA BHEIIIHHI K/IaCC He CUMTAEeTCsl aCCOLMAaTOPOM W (hpr3NUecKrM
Habstro1aeMbIM 0€3 JOTIO/THUTE/IBHBIX KapT.

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbINA
Cratyc rnasbl B v0.1 HayuHbIli TEKCT 1 oKa3aTeNbCTBa OTHOCATCS K MOCNeAYHOLLIMM
BbIMyCKam.

CdpopmynupoBaTh MocT B H3(E*) 6e3 npeBpaLleHnsi yCI0BHOTO

Lenb o
CNos B AOKa3aHHbI.

o B1-B8, J4/33, H3(J), M_E, ycnosus geTekumn n He3aBMCMOCTN
®dopMasibHbIl BbIXOA

BblbOpa.
KaHoHuueckue BXxoabl rn. 10-12.
MepBuyHbIE PO T2-PO-025, T2-PO-026
3aBucumocTtu | notpeéutenu n. 14-16, 18, 20

YTBEpXAEHVs1 AeliCTBYIOT TO/LKO B IBHO Nepeunc/ieHHbIx Dom u

paHuua BbIBOAA . o
npw CBOMX rMnoTe3ax; U3NUYECKnii cTaTyc He UMNOPTUPYETCS.

Pabouas gekomnosnyus

®  Definition Core: onpe/jeTUTb HOCUTEJH, TUTTBI, 001ACTU OTIPe/IeNIeHNs U 3HAUeHHH.

e  Existence layer: joka3aTh CyiieCTBOBaHHe XOTs ObI O[HOM HEeTPUBUANTBLHOMN Moesn mubo 3adrkcupoBath blocker.
® Invariance layer: yCcTaHOBUTb HE3aBUCUMOCTD OT JIOMTYCTUMBIX BEIOOPOB WM ME€PeUNC/IUTD 3aBUCHMBIe TTapaMeTphl.
Negative layer: mocTpouTh KOHTPIIpYMEp K HauboJiee CUIbHOMN eCTeCTBEHHOM, HO HeZloKa3aHHOW (opMyJTMPOBKe.
Dependency layer: cBsi3aTh Bce yTBepkeHHs co cTabunbHbIMU ID ricTouHUKOB U proof objects.

L[]

Kapkac ycnoBHoro E-mocta

d B’ N=P N-W2N, dE-JN=0. (T2.13.1)

II_EN :=H3J_N) -k N: 0 B(N) > H}E+(N)). (T2.13.2)

e B1-B2: E siB/sieTcst KOMIUIEKCOM U J sIB/ISIeTCS LIeTTHOM KapToH.

¢ B3-B5: KOHCTPYKIUM eCTeCTBEeHHbI OTHOCUTETEHO Mopu3moB NAPG.

®  B6: UHBEKTUBHOCTb HY>KHA /17151 00paTHOM JieTeKIMY HeHY/IeBOTO TIPEITCTBUSI.

®  B7: accoLuaTopHbIi KaHam [3_ASS CTPOWUTCS OT/AeNBHO.

e B8: dpu3nueckas WM aHaIMTUYeCKast MHTepIpeTarys TpebyeT oTAe/bHON peJyKIUU U JaHHBIX.
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FnaBa 14. NMpocTpaHcTBa NPENATCTBUNA U
npoeKkTnpoBaHue

ITpensiTCTBHE eCTh OCTaTOK, KOTOPBIH HeJb3st CHATH Pa3pelIéHHbIM
OHTO/ornsA npeo6pasoBaHueM. Ero Hocuresb onpefensiercs akropusanuei, a
He Ha3BaHUEM «OBCTPYKLUS.

Pasmiuenue X2 N, O_B, H3(C_min) u H3(E) npesoTBpariaet
FTHOCEO/ormna JIOXKHBIE OTOXKZecTB/ieHns1. KapTel MeXX/[y HUIMU [JO/DKHBI IMeTh
BBIYMC/TUMBIE sIZpa U 06pa3bl.

DeHOMeHO/I0rnuecKy (hakTOp-TIPOCTPAHCTBO NOKa3bIBaeT, Kakue
PEHOMEHO/10I'A pas/inums Mcues3aroT T0c/ie pa3pelléHHbIX MONPaBoOK U Kakue
NPO/IO/DKAKOT COMPOTUBJIATBCS.

FPAHULIA IMpoekTuBu3sauusi P(O_B) TpebyeT HeHy/IEBOrO BEKTOPHOTO
HOCHUTeJIsT; KOHEeYHasi Pa3MepHOCTD U I10JIe YKa3bIBAIOTCS SIBHO.

SKELETON - OPEN. NacnopT c60pku 3athukcupoBaH; NosHbINA
Cratyc rnasebl B v0.1 HayuHbIl TEKCT 1 OKa3aTeNbCTBA OTHOCATCA K MOCNeAYOLLMM
BbINycKam.

Paznununte X2_N, O_B, H3(C_min), BHewHuiA H3(Ee) 1

Lienb o
accoLMaTopHbIiA KaHas.

[Onarpamma chaktopusaumu, sapa/o6passl, KpUTepum noTepm

PopmanbHeIi BEIXOA MHEhOpMAaLIMK, KOHTPRPUMEPBI.

KaHoHuueckue BXxoabl rn.5,9, 12-13.
MepBuyHbIE PO T2-PO-027, T2-PO-028
3aBucumocTu | notpe6utenu In. 15-16, 19-20

YTBEpPXAEHUS AECTBYIOT TOMBKO B SIBHO Nepeync/ieHHbIx Dom un

'paHuua BbIBOAA i o
npW CBOMX TUNoTe3ax; PU3NUYECKuii cTaTyc He MMNOPTUPYETCS.

Pabouas gekomnosnuyus

®  Definition Core: onpe/ieTuTh HOCUTEJH, TUTTbI, 0071ACTU OTIPe/IeNIEHHS U 3HAUEHUH.

e  Existence layer: oka3aTh CyIieCTBOBaHHe XOTsI ObI O[HON HEeTPUBUATBLHOMN Moenn ubo 3adrkcupoBath blocker.
e Invariance layer: ycTaHOBUTb HE3aBUCHMOCTb OT JJOIIYCTUMBIX BIOOPOB W/IM NEPEUNC/IUTh 3aBUCHMbIe ITapaMeTphl.
®  Negative layer: mocTpouTh KOHTPHIPUMEp K Hanubosiee CHIILHOM eCTeCTBEHHOH, HO He/l0Ka3aHHOH (hOpPMYJIMPOBKE.
e Dependency layer: cBsi3aTh BCe yTBep)KAeHuUs o cTabuibHbIMU ID ncTouHUKOB U proof objects.
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naBa 15. OTHOCUTE/IbHbIE U peayLupoOBaHHbIe
KOromoJsioruum

PeziyripoBaHHast KOrOMOJIOTHst QUKCHPYeT He BCe BapHaliiH, a
OHTO/ornsA BapuaLiy, COBMECTUMBIE C BLIOPAHHOM apXUTEKTYPOW U TPYIIION
5KBHBAJIEHTHOCTEH.

TaHreHIMaIbHbINA K/IaCC UMEET CMBIC/I TIOC/Ie OT/e/IeHUsT
TPUBHABHBIX Zieopmaliuii im d! ot momyctumbix ker d2. Ota

FHOCEONOrus E LT pony:

orepaLysi U eCTh J0Ka3aTe/bHast JUCLUIIIAHA MOYIEHOTO

TPOCTPAHCTBA.

®EHOMEHO/OMUSA Uurarens Ha6m0,qae:‘r pasinune Mexzy pealbHbIM U3MeHeHeM
CTPYKTYPBI U CMEHOM KOOD/JMHAT OITHCAHHUS.

H2_red v O3_red He 0OBSB/ISIOTCS CTAHAAPTHBIMUA KOTOMOJIOTMSIMU
FPAHULA 6e3 siBHOTO KOMILIeKca U npoBepku d2=0; cBs3b ¢ O_B Tpebyer
OT/Ie/IbHOY TeOPEMBI.

SKELETON - OPEN. MacnopT c60pku1 3adiMKC1poBaH; NOMHbINA

Cratyc rnaBbi B v0.1 HayUHbIi TEKCT 1 AOKa3aTENbCTBA OTHOCSATCA K MOCEAYHOLLIMM
BbIMyCKam.
Lent 3ajaTb OTHOCUTESIbHBIE KOMMJIEKCHI U peflyLMpOBaHHbIE FPynmbl

AN JonycTuMbIX geddopmanuii.

®dopmMasibHbI BbIXOA, H2_red, O3 _red, functoriality, relation to internal carrier.
KaHoHuueckue BXxoabl rn.3-4, 10, 12-14.

MepBuyHble PO T2-PO-029, T2-PO-030

3aBucumocTtu | notpe6utenu rn. 16, 18, 20

YTBEpXAeHWs Ae/CTBYIOT TO/IbKO B SIBHO NepeUnc/ieHHbIX Dom u

IpaHuLa BbIBOAA o
Mpu CBOWX rMnoTe3ax; hsnNYeckunii cTaTyc He MNOPTUPYeTCS.

Pabouas gekomnosnuyus

e Definition Core: ornpesenuTs HOCUTEH, TUTIbI, 0OIaCTH OIpe/ie/ieH s U 3HaueHUH.

e  Existence layer: fokasats cyiiecTBoBaHHe XOTs ObI OHOM HeTPUBHAIBHON MoZeny mbo 3adrkcupoBats blocker.
e Invariance layer: ycTaHOBUTb HE3aBUCHMOCTb OT [JOITYCTUMBIX BBIOOPOB WM MEPEUNCI/TUTEL 3aBUCHMbIE TTapaMeTphl.
® Negative layer: mocTpouTh KOHTpPIIpHUMEp K HanboJsiee CUIBHON eCTeCTBEHHOM, HO HeJJ0Ka3aHHOM (opMy/IUpOBKe.
e Dependency layer: cBsi3aTh Bce yTBepsKzeHusi co crabuabHbIMU ID nctouHnkoB u proof objects.
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NnaBa 16. ledhopmauuun, Mmoay/ibHble NPOCTPaHCTBA U
npenaTcTBuAa

Iedopmarys uccieayeT, Kak 00beKT MOXKeT CTaTh JAPYTUM, He

Tepss IPOoC/IeXXUBAeMOCTDb IIPOUCXO. EeHUs. MO JIbHOEe
OoHTONOrUsA P IIp POHCXONGA i
TIPOCTPAHCTBO ABJIAETCA reOMeTpUeUr TaKUX A0y CTUMBIX
CTAHOBJ/IEHUH.

YpaBHeHme fedopMalH ¥ PensTCTBYSA 110 TOPsiAKaM Jar0T
FTHOCEO/10Irnd 3HaHWe He O MPOU3BO/ILHOM OIM30CTH, a 0 PO/IO/HKUMOCTH
(opManbpHOro myTH.

DeHOMeHOJIOTUUeCKH TTapaMeTpUUecKasi CeMbsI TOKa3bIBaeT
®PEHOMEHO/10I'A CTPYKTYPY B /IB)KEHHH, a MPeMNsATCTBUe OTMevyaeT MOMEHT, KOTa
JIOKaJIbHOe HaMepeHe He TIPO/I0/DKaeTCsl IJI00a/IbHO.

®dopmasibHas AehopMaLysi He paBHA aHA/TMTHYECKON CXOAUMOCTH.
F’PAHULIA JIokasbHasi MOZieJTb He JaéT ri006anbHOro MOAyIbHOTO
npocTpaHcTBa 6e3 [J0IIOHUTETBHBIX TEOPEM.

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbIi

Crartyc rnasbl B v0.1 Hay4HbI TEKCT 1 [OKa3aTeNbCTBa OTHOCATCS K MOCMEAYIOLLMM
BbINycKam.
Lienb Pa3Butb chopmanbHyto/nokanbHyo Teopuio gedhopmanuii NAPG.

TaHreHumasbHbI Knacc, ypaBHeHne Maypepa—KapTtaHa nnm ero

DdopmasibHbIi BbIXO,
P A NAPG-aHasnor, nepuyHble/BbICLLINE NPENATCTBUS.

KaHoHuyeckune Bxofbl n. 4-5, 12-15.
MepBuyHbIe PO T2-PO-031, T2-PO-032
3aBucumocTtu | notpeéutenu n. 18, 20-22

YTBEpXAEHWs1 AeliCTBYIOT TOMbKO B SIBHO Nepeunc/ieHHbIx Dom u

paHvua BbIBOAA . o
npw CBOMX runoTe3ax; YU3NYECKuii cTaTyc He UMNOPTUPYeTCS.

PaGouas gekoMmnosmuus

e Definition Core: onpesieTMTs HOCUTE/IH, TUIbI, 00/1aCTH ONpe/ie/IeHUsT U 3HaUeHUH.

e  Existence layer: joka3aTh CyilieCTBOBaHHe XOTsI ObI O[HOM HEeTPUBUAIBLHOMN MOe/u 0o 3adukcrupoBaTh blocker.
Invariance layer: ycTaHOBUTh HE3aBUCUMOCTB OT JIOTTYCTHMbBIX BEIOODOB W/TH TIEPEUHC/IUTh 3aBUCUMbIE MTAPAMETPBIL.
Negative layer: moCTpoUTb KOHTPIIPUMED K HanboJiee CUTbHOM eCTeCTBeHHOM, HO He/l0Ka3aHHOH (hopMyIHpOBKe.,
Dependency layer: cBsi3aTh Bce yTBepkeHHs o cTabunsHbIMU [D ricTouHMKOB U proof objects.

o o
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MnaBa 17. Peaykuumn MNmnbbeprta n KneHa

Krnaccuueckue reometpun He [10/DKHBI Mcue3ats B NAPG; oHu
OHTO/IoIrnA JI0JDKHBI BO3HUKATh KaK KOHTPOJIMpYyeMble PeAlyKLUu IpU
OTK/TFOUeHNH WM CTAOU/N3aLY [OTIO/THUTETBHBIX CTI0EB.

Teopema pefyKuuu 0OBSICHSIET, Kakie aKCOMbI NAPG Hy)KHBI
rHOCEO/NOrna JIJ/1s1 BOCCTQHOBJIEHHsI MHLIeHTHOCTH ['ibbepTa ¥ IporpaMMsl
vHBapuaHToB KieiiHa.

Uyraresb MoslydaeT 3HAKOMYIO FeOMETPHIO KaK ceueHue Gosee
®PEHOMEHO/10IN'MA LIMPOKOW CTPYKTYPBI, COXPaHsisi BO3MO>KHOCTb BEPHYThCS K
YC/IOBUSIM PeYKLH.

Vcropuueckue TeopeMbl IPUHa//IeXar prior art. ABTopcKast
HOBU3HA OTHOCHUTCSI K MEXaHU3MY IIaKeTHO-perlepHOU cOOPKU U
Jl0Ka3aHHbIM HOBBIM CBSI35IM, @ HE K CaMUM K/1aCCUUeCKUM
aKCHOMaMm.

FPAHMLA

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbINA
Cratyc rnasbl B v0.1 HayuHbIli TEKCT 1 oKa3aTeNbCTBa OTHOCATCS K MOCNeAYHOLLIMM
BbIMyCKam.

[oka3artb, Npu Kakux rmnoresax Knaccuyeckme reometTpmmn

Liens
ABNSAKOTCS pefyKumamm.

TeopeMbl peayKuum, rpynnbl Npeo6pasoBaHuii, MHBApUaHTLI,

®dopmasibHbIli BbIXO
p A OGpaTHble orpaHun4yeHuns.

KaHoHuueckue BXxoabl rn. 3, 6-7.
MepBuyHbIE PO T2-PO-033, T2-PO-034
3aBucumocTtu | notpeéutenu rn. 18-20, 23

YTBEpXAEHVs1 AeliCTBYIOT TO/LKO B IBHO Nepeunc/ieHHbIx Dom u

paHuua BbIBOAA . o
npw CBOMX rMnoTe3ax; U3NUYECKnii cTaTyc He UMNOPTUPYETCS.

Pabouas gekomnosnyus

®  Definition Core: onpe/jeTUTb HOCUTEJH, TUTTBI, 001ACTU OTIPe/IeNIeHNs U 3HAUeHHH.

e  Existence layer: joka3aTh CyiieCTBOBaHHe XOTs ObI O[HOM HEeTPUBUANTBLHOMN Moesn mubo 3adrkcupoBath blocker.
® Invariance layer: yCcTaHOBUTb HE3aBUCUMOCTD OT JIOMTYCTUMBIX BEIOOPOB WM ME€PeUNC/IUTD 3aBUCHMBIe TTapaMeTphl.
®  Negative layer: mocTpouTh KOHTPIIPUMEP K HauboJiee CUTBHOW eCTeCTBEHHOH, HO HeJJOKa3aHHOU (hOpMYTUPOBKE.
e Dependency layer: cBsi3aTh BCe yTBepKeHuUs o cTabuabHBIMU ID ncTouHUKOB U proof objects.
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NnaBa 18. KomnnekcHas, kanepoBa un Calabi-Yau-BeTBu

KowmriekcHasi 11 K37epoBa reoMeTpHsi TpeOyIoT coryiacoBaHust J,
u g; Calabi—Yau-cTpykTypa f00aB/isieT HHTErPUPYEMOCTb U
HeHyJ1eByI0 ronoMopdHyo dhopmy. Habop ciumBomos 6e3
COBMeCTHUMOCTe}1 He 06pa3yeT BeTBb FeOMETPHUH.

OHTO/MornsA

ONUCTeMUYeCKH KaXzasi CTYIeHb CH/IbHee Tpeablaylei 1 Tpedyet
THOCEO/10rna HOBBIX TUIOTe3. JIeCTHHLIA YCIOBUH [0/DKHA OBITH BUAMIMON,
uTOOBI C/Ie/ICTBHE He UCII0/Ib30BaJIO elllé He 0Ka3aHHYI0 CTYIIeHb.

®DeHOMEHOJIOTMYeCKH KOMILJIEKCHasl CTPYKTYPa 3a/1aéT BHYTPEHHHUM
TI0BOPOT, CUMITJIEKTHUUECKAsaA (DOpMa — U3MEPEHUe

®EHOMEHONOMrNA poT, bop P

OpPHWEeHTHUPOBAHHBIX I1ap, @ METPUKA — [JJIMHY; UX COI'JlaCOBaHUEe

CO371aéT eHbIN PeXXKUM OIbITA.

CY- u Laplace-yTBep)xzieHusl He SKCIIOPTHPYIOTCS B GHU3UKY U
FPAHULA kocmostoruto B Tome II. OHu ocTaroTcsi MaTeMaTUYeCKUMU WIN
YC/IOBHO-aHATUTHYECKUMH.

SKELETON - OPEN. MacnopT c60pkn 3athukcupoBaH; NosHbli
Craryc rnassbl B v0.1 Hay4HbI TEKCT 1 JoKa3aTe/lbCTBa OTHOCATCS K NOCNeAyoLWmum
BbIMyCKam.

Jlokanu3oBaTb ycnoBus KOMMJ/IEKCHOM, CUMMEKTUYECKOIA,

Uene Kaneposoit n CY-CTPyKTyp.

®dopmMasibHbIl BbIXOA J, w, g, Q, integrability, Hodge/Laplacian bridges; TouHble Dom.
KaHoHunueckue Bxoabl rn.7-11, 13, 16-17.

MepBuyHble PO T2-PO-035, T2-PO-036

3aBucumocTu | notpe6utenu rn. 20-23

YTBEPXAEHUS AECTBYIOT TOMBKO B SIBHO NEpeUnc/ieHHbIXx Dom 1

IpaHuLa BbiIBOAA i o
Mpu CBOVX TMMoTe3ax; (h3nNYeckunii CTaTyc He MMNOPTHPYETCS.

Pabouas gekomnosnuyus

e Definition Core: ornpesenuTs HOCUTEH, TUIIbI, 00IaCTH OIpe/ie/ieH sl U 3HaueHUH.

e  Existence layer: joka3ath CyiieCTBOBaHHe XOTsI Obl OHOM HEeTPUBUATBLHOUN MoJenn ubo 3adrkcupoBath blocker.
e Invariance layer: ycTaHOBUTb HE3aBUCHMOCTb OT [JOITYCTUMBIX BBIOOPOB WM NEPeUNC/IUThL 3aBUCHMbIE TTapaMeTphl.
* Negative layer: mocTpouTs KOHTpPIIpUMeEp K HanboJiee CU/IBHON eCTeCTBEHHOM, HO HeJJ0Ka3aHHOM (opMy/IupOBKe.
e Dependency layer: cBsi3aTk Bce yTBepskzieHHs CO cTabunbHbIMU ID McTOUHMKOB U proof objects.
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NnaBa 19. Fano barrier u KOHeYHble NPOEeKTUBHLIE
HOoCUTenu

ITnockocTh PaHO CITYKUT GapbepOM MeXKy CeMbIO TOKaTbHBIMU
OHTO/ornsA MeTKaMU U OJJHUM I7I06a/IbHbIM TIPOeKTUBHBIM HOCHUTEJIEM.
YricieHHOe COBMa/ieHHe CeMU TOUeK He SIBJISIeTCs] CKIeHKOM.

Heob6xopumel siBHble identification maps, coBMecTUMBbIe Ha
FTHOCEO/Orna repeceyeHusiX ¥ C MHOWAeHTHOCTEI0. Tosbko Torga P(O_id)
MOXeT ObITh corioctaBjieHo P2(F,).

@DeHOMEHOJIOrMYecK 6apbep MOKa3bIBaeT, Kak JI0KaIbHO
PEHOMEHO/10I'A TOHATHBIE (pparMeHTHI MOTYT He 06pa3oBaTh eAUHOTO MUpa 6Ge3
00I1Ier0 3aKOHA OTOXK/IECTB/IEHUSI.

Fano carrier theorem ocTaéTcs yci0BHOM BHe 3aMKCUPOBAHHOM
TpéxmepHoi F,-mozieny u identification axiom.

FPAHMLUA

SKELETON - OPEN. NacnopT c60pku 3athukcupoBaH; NosHbINA
Cratyc rnasebl B v0.1 HayuHbIl TEKCT 1 OKa3aTeNbCTBA OTHOCATCA K MOCNeAYOLLMM
BbINycKam.

Pa3fenntb okasibHble HoCUTeNn I'IpeI'IFITCTBVIVI n rn06aanylo

enb
U Nns0CKOCTb PaHo.

P(O_B), identification axioms, ycnoBHas Fano carrier theorem,

®dopMasibHbI BbIXO,
p A oTpuuaTesibHble NPUMeEpHI.

KaHoHuueckue BXxoabl rn. 12-15, 17.
MepBuyHbIE PO T2-PO-037, T2-PO-038
3aBucumocTu | notpe6utenu n. 20-23

YTBEpPXAEHUS AECTBYIOT TOMBKO B SIBHO Nepeync/ieHHbIx Dom un

'paHuua BbIBOAA i o
npW CBOMX TUNoTe3ax; PU3NUYECKuii cTaTyc He MMNOPTUPYETCS.

Pabouas gekomnosnuyus

®  Definition Core: onpe/ieTuTh HOCUTEJH, TUTTbI, 0071ACTU OTIPe/IeNIEHHS U 3HAUEHUH.

e  Existence layer: oka3aTh CyIieCTBOBaHHe XOTsI ObI O[HON HEeTPUBUATBLHOMN Moenn ubo 3adrkcupoBath blocker.
e Invariance layer: ycTaHOBUTb HE3aBUCHMOCTb OT JJOIIYCTUMBIX BIOOPOB W/IM NEPEUNC/IUTh 3aBUCHMbIe ITapaMeTphl.
®  Negative layer: mocTpouTh KOHTPHIPUMEp K Hanubosiee CHIILHOM eCTeCTBEHHOH, HO He/l0Ka3aHHOH (hOpPMYJIMPOBKE.
e Dependency layer: cBsi3aTh BCe yTBep)KAeHuUs o cTabuibHbIMU ID ncTouHUKOB U proof objects.

MpoeKTUBHLIN 6apbep

dim_{F,} ¢_B =3 = P(¢_B) = PXF,), nocie BbiGOpa (T2.19.1)
6azuca.

OrPAHNYEHUE

CeMb JIOKanbHBIX 00BbEKTOB He 00pa3yroT MocKocTs PaHO TOIBKO MOTOMY, UTO UX ceMb. TpebyIoTcs coryiacoBaHHbIE KapThl
WeHTU(UKALIIK U J0Ka3aTeIbCTBO COXPaHeHUs! MHIUEHTHOCTH.
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FnaBa 20. Mogenun, KOHTPNpPUMepPbl U BbIUUCINTENbHbIE
ceptudmkatbl

Mogens SIBsieTCS] MECTOM, T/ie OTpe/ie/IeHIe BCTPeUaeTcsi C
OHTO/ornsA BbIuKC/IeHeM. KoHTpripuMep CTosib ke KOHCTPYKTHBEH, Kak
TIpUMep: OH OYepUMBaeT peasbHyt0 00/1acTb TeOPEMBL.

BhIuC/IMTeMBHBIHN CEPTU(UKAT TOATBEP)KIAET KOHKPETHBIE
FTHOCEO/Orna PaBeHCTBa, TECThI ¥ Pean3alivio, HO He 3aMeHseT 0011 KBaHTOp
TEOPEMBIL

Yuraresnb A0/DKeH UMeTh BO3MO>XHOCTh ITOBTOPUTH BBIUUC/IEHHE,
W3MeHUThb BXOJ U YBU/IeTh, I'/le JIOMaeTcs MOCT.

PEHOMEHO/OI A

Craryc COMP He nosbiaercst o THM. UncneHHsli pe3y/bTar
F’PAHULIA He CUMTAeTCs] He3aBUCUMBIM 3KCIIepUMEHTa/IbHbIM
CBUJETEIbCTBOM.

SKELETON - OPEN. NacnopT c60pku 3athukcupoBaH; NosHbINA

Cratyc rnasebl B v0.1 HayuHbIl TEKCT 1 OKa3aTeNbCTBA OTHOCATCA K MOCNeAYOLLMM
BbINycKam.
Lenk CobpaTb TECTOBbI 300MapK, CNOCOGHbLIV onpoBepraTtb

HeBepHbl€ MOCThI.

ACCOLI,VIaTVIBHbIe/HeaCCOLWIaTVIBHbIe MOoZAe/ N, TOYHbIe

®dopMasibHbI BbIXO,
p A BblYMCIEHUS, CepTUUKATbI U FPaHNYHbIE CllyYaun.

KaHoHuueckue BXxoabl rn. 4-19.
MepBuyHbIE PO T2-PO-039, T2-PO-040
3aBucumocTu | notpe6utenu n. 21-24

YTBEpPXAEHUS AECTBYIOT TOMBKO B SIBHO Nepeync/ieHHbIx Dom un

'paHuua BbIBOAA i o
npW CBOMX TUNoTe3ax; PU3NUYECKuii cTaTyc He MMNOPTUPYETCS.

Pabouas gekomnosnuyus

®  Definition Core: onpe/ieTuTh HOCUTEJH, TUTTbI, 0071ACTU OTIPe/IeNIEHHS U 3HAUEHUH.

e  Existence layer: oka3aTh CyIieCTBOBaHHe XOTsI ObI O[HON HEeTPUBUATBLHOMN Moenn ubo 3adrkcupoBath blocker.
e Invariance layer: ycTaHOBUTb HE3aBUCHMOCTb OT JJOIIYCTUMBIX BIOOPOB W/IM NEPEUNC/IUTh 3aBUCHMbIe ITapaMeTphl.
®  Negative layer: mocTpouTh KOHTPHIPUMEp K Hanubosiee CHIILHOM eCTeCTBEHHOH, HO He/l0Ka3aHHOH (hOpPMYJIMPOBKE.
e Dependency layer: cBsi3aTh BCe yTBep)KAeHuUs o cTabuibHbIMU ID ncTouHUKOB U proof objects.
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FnaBa 21. Peectp Teopem u rpach 3aBUCUMOCTEN

Teopema CyIIeCTByeT B CUCTEMe 3aBHCUMOCTEH: e€ TUIoTe3bl,
JIeMMBbI, OIIpeie/IeHUs] U KOHTPIIPUMepbl 00pa3yroT HarpaB/ieHHbIN

OHTONOrYNA > OTIPEA PrIPUMEDBL 0bpasy P

rpad. OTpbIB yTBepsKAeHUs OT rpada yHUUTOXKAET ero

,E[OKEBE[TE]IBH]:Iﬁ CMBICJI.

Stable ID 1 obpaTHasi TpacCMPOBKa TO3BOJISIFOT IPOBEPUTH HE
THOCEO/10rna TOJIBKO TEKCT [JOKa3aTe/bCTBa, HO U MPOUCXMKIEHUE KaXKIO0Tro
HCII0/Ib30BAHHOT0 00BEKTa.

deHOMeHOJI0rMUeCcKy rpad rnpeBpaiiaeT MOHorpaduro u3
PEHOMEHO/TOI A JIMHEHHOW KHUTH B 0003pUMYI0 apXUTEKTYPY, Tie MOXKHO
C/1e/j0BaTh Pa3IMUHbIMU MapLIpyTaMH.

Peectp He fokaspiBaeT TeopeMbl. OH OTpaXkaeT TeKYIUH CTaTyC U
FPAHNLA 00s13aH MOKa3bIBaTh TIPOIYCKH, a He CKPbIBAaTh MX IyCTBIMU
CCBUIKAMU.

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbINA
Cratyc rnasbl B v0.1 HayuHbIli TEKCT 1 oKa3aTeNbCTBa OTHOCATCS K MOCNeAYHOLLIMM
BbIMyCKam.

CpaenaTb fokasartesibHble 3aBUCMMOCTU BUAUMbBIMU U

Liens
npoBepsieMbIMU.

o Theorem ledger, dependency DAG, stable IDs, backward trace
®dopMasibHbIl BbIXOA

to sources.
KaHoHuueckue BXxoabl rn. 1-20.
MepBuyHbIE PO T2-PO-041, T2-PO-042
3aBucumocTtu | notpeéutenu rn.22-24

YTBEpXAEHVs1 AeliCTBYIOT TO/LKO B IBHO Nepeunc/ieHHbIx Dom u

paHuua BbIBOAA . o
npw CBOMX rMnoTe3ax; U3NUYECKnii cTaTyc He UMNOPTUPYETCS.

Pabouas gekomnosnyus

®  Definition Core: onpe/jeTUTb HOCUTEJH, TUTTBI, 001ACTU OTIPe/IeNIeHNs U 3HAUeHHH.

e  Existence layer: joka3aTh CyiieCTBOBaHHe XOTs ObI O[HOM HEeTPUBUANTBLHOMN Moesn mubo 3adrkcupoBath blocker.
® Invariance layer: yCcTaHOBUTb HE3aBUCUMOCTD OT JIOMTYCTUMBIX BEIOOPOB WM ME€PeUNC/IUTD 3aBUCHMBIe TTapaMeTphl.
Negative layer: mocTpouTh KOHTPIIpYMEp K HauboJiee CUIbHOMN eCTeCTBEHHOM, HO HeZloKa3aHHOW (opMyJTMPOBKe.
Dependency layer: cBsi3aTh Bce yTBepkeHHs co cTabunbHbIMU ID ricTouHUKOB U proof objects.

L[]
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FnaBa 22. lokasaTe/ibHble 00A13aTe/IbCTBa U OTKPbITbIE
3ajaun

OTKpBITOE 00513aTe/IbCTBO SIB/ISIETCS MOJIOKUTETEHBIM 00BEKTOM
OHTO/ornsA HCCIIe[JOBaHUS: OHO (PUKCHPYeT TOUHOE MeCTO, TAe CTPYKTYypa elé
He 3aMKHYyTa.

Blocker 1 next action mpeBpaijaioT He3HAHKE B TIPOBEPSIEMYO
FTHOCEO/Orna TporpamMmy. JTO 3al{I[aeT MPOeKT OT PUTOPHUECKOTO
TOBBILIEHUs CTaTyCa.

Yuraresnb BUUT HE TOJIBKO TOTOBBIN (baca,q, HO U CTPOUTE/IbHbIE
LIBBI, CDPOKH U KPUTEPUHU 3aBepILIEeHHA.

PEHOMEHO/OI A

3axpeitrie PO TpebyeT foKasarenbCTBa, KOHTPIIPAMEpa WX
F’PAHULIA JIOKYMEeHTHPOBaHHOTO OTKas3a OT YTBep)KZeHHs; peJlakL{iOHHasl
riepe)OpMyJ/IMPOBKa caMa Mo cebe He SIB/ISIETCS 3aKPLITHEM.

SKELETON - OPEN. NacnopT c60pku 3athukcupoBaH; NosHbINA
Cratyc rnasebl B v0.1 HayuHbIl TEKCT 1 OKa3aTeNbCTBA OTHOCATCA K MOCNeAYOLLMM
BbINycKam.

Moppepxmsath blocker-safe pexum: HensBecTHoe He

Lienb o
MackKupyeTcs peflakTypoii.

- PO matrix, blockers, next actions, gates, Kputepumn 3aKpbITus 1
dopmMasibHbIN BbIX0O[,

oTkara.
KaHoHuueckue BXxoabl rn. 1-21.
MepBuyHbIE PO T2-PO-043, T2-PO-044
3aBucumocTu | notpe6utenu n.23-24

YTBEpPXAEHUS AECTBYIOT TOMBKO B SIBHO Nepeync/ieHHbIx Dom un

'paHuua BbIBOAA i o
npW CBOMX TUNoTe3ax; PU3NUYECKuii cTaTyc He MMNOPTUPYETCS.

Pabouas gekomnosnuyus

®  Definition Core: onpe/ieTuTh HOCUTEJH, TUTTbI, 0071ACTU OTIPe/IeNIEHHS U 3HAUEHUH.

e  Existence layer: oka3aTh CyIieCTBOBaHHe XOTsI ObI O[HON HEeTPUBUATBLHOMN Moenn ubo 3adrkcupoBath blocker.
e Invariance layer: ycTaHOBUTb HE3aBUCHMOCTb OT JJOIIYCTUMBIX BIOOPOB W/IM NEPEUNC/IUTh 3aBUCHMbIe ITapaMeTphl.
®  Negative layer: mocTpouTh KOHTPHIPUMEp K Hanubosiee CHIILHOM eCTeCTBEHHOH, HO He/l0Ka3aHHOH (hOpPMYJIMPOBKE.
e Dependency layer: cBsi3aTh BCe yTBep)KAeHuUs o cTabuibHbIMU ID ncTouHUKOB U proof objects.
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FnaBa 23. Prior art n rpaHMya aBTOPCKON HOBU3HDI

HoBusHa cylecTByeT Ha FpaHHULIe C ke U3BeCTHbIM. UeM TouHee
OHTO/IoIrnA OITKCaH prior art, TeM sicHee CTAHOBUTCSI peasbHbI aBTOPCKUI
BK/Iaj,.

ITepBUUHbIe UCTOYHHKHU UCTIO/B3YIOTCS /IS KTaCCHUeCKUX (aKToB;
rHOCEO/NOrna BHYTpeHHHUe JOKYMeHTbl — JiJIs1 ICTOPWU NIPOeKTa; PaBOBbIe
JIOKyMEeHTbI — TOJIBKO fi/151 FOPUJUUEeCKHX PEKBU3UTOB.

Uurare/b JO/DKEH BUJETh KJIaCCHIeCKY0 JTUHUIO [leapra,
®PEHOMEHO/10IN'MA 'unbbepta, Kretina, Hodge v Teopuu sedopmariyii psiioMm ¢
apxuTeKTypoi KypruiieBa, HO He CMellIaHHOM C Heil.

PerucTparysi IporpaMMbl Wix 6a3bl JaHHBIX He yJ0CTOBEpsieT
FPAHMLUA HCTUHHOCTb TeopeMbl. ABTOPCTBO U HayUHbI CTaTyC
YCTaHaB/IMBAIOTCS Pa3HBIMU JOKa3aTe/bHbIMI KaHa/laMu.

SKELETON - OPEN. MacnopT c60pkn 3achukcupoBaH; NosiHblii

Cratyc rnaBbi B V0.1 HayuYHbIi TEKCT 1 AOKa3aTENNbCTBA OTHOCSATCS K MOCEAYHOLLIMM
BblMycKam.
Lenk Pas3BecTu knaccuyeckme pesynbTaTthl U aBTOPCKYH apXUTEKTYPY

Kypnuwesa.

Source map, attribution matrix, novelty claims with evidence

RPN E HEMIBERCR level, legal boundary.

KaHoHuuyeckue Bxoabl 'n. 1-22; BHeLHWEe NepBUYHbIE NCTOUYHUKN.
MepBuyHbIe PO T2-PO-045, T2-PO-046
3aBucumocTu | notpe6utenu rn. 24

YTBEpXaeHUA ,D,er/]CTByI-OT TOJIbKO B SIBHO nepeyncneHHbix Dom n

IpaHuua BbIBOAA o
npu CBOUX runoTesax; U3NYECKUin cTaTyc He UMNOPTUPYETCS.

Pa6ouasa gekomnosuyus

e Definition Core: onpe/je/TMTh HOCUTEJTH, TUTTbI, 00/IACTU OTPe/IeIEHHS U 3HAUEHHH.

e  Existence layer: foka3ats cyiiecTBoBaHHe X0Ts ObI OHOM HeTPUBHAIBHON MoZeny mbo 3adrkcupoBats blocker.
e Invariance layer: ycTaHOBUTE HE3aBUCHMOCTb OT [JOITYCTUMBIX BBIOOPOB WITH MEPeUNC/TUTL 3aBUCHMBbIE TTapaMeTphl.
e Negative layer: mocTpouTth KOHTpPIIpYMeEp K HauboJiee CUIbHOM eCTeCTBEHHOMW, HO He/J0Ka3aHHOM (hOpMyJTUPOBKE.
*  Dependency layer: cBsi3aTh Bce yTBepsKzeHusi co crabuabHbIMU ID nctounnkoB u proof objects.

MaTtpuua rpaHul aBTopcTBa

[pOEKTMBHOE KPOCC-COOTHOLLEHNE, TapMOHNYecKas

ueTBEPKA Knaccuyeckuii prior art Desargues; knaccuyeckas NpoekTuBHas reomeTpus
ﬁ;gzgg:;g;:g;aﬁﬂ TEOMETPUA 1 Tpynnbl Knaccuyeckwii prior art Hilbert; Klein; Veblen—Young

KaTteropum n ecTeCTBEHHOCTb Knaccuyeckwii prior art Eilenberg—Mac Lane

Hodge-Teopus, Kahler/CY Knaccuyeckwii prior art Hodge; Yau n nocnegytowas nurepatypa

Teopus gedopmaumii anrebp Knaccuyeckwii prior art Gerstenhaber; Akivis; Sabinin

MakeTHO-penepHoe coefuHeHne, C@C,
Reper(R,I,U;D), NAPG, KLT-RBD

Kypnuwes W.B.; cTatyc Kax0ro HoBOro pesysstara

ABTOpCKas apxuTekTypa e e 2

$OpMY/IMPOBKM 1 AoKa3aTe bHbIE CTaTyChl

MH.2 n Teopema [e3apra—Kypnvwesa ABTOpPCKME KOHCTPYKLMU
orpaHnyeHbl KAHOHUYECKUMU LOKYMEeHTaMu
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FnaBa 24. NMpunoxeHns n BOCNPoON3BoOANMbIA
AoKa3aTes/ibHbIA NakeT

Bocrpon3BoAUMOCTS sIBIIsIeTCsT hOPMOii TIPOJ0JDKeHHsT 0OBeKTa 3a
npe/ie/iaMi aBTOPCKOT0 KomIibioTepa. [TakeT jokas3aTenbCTBa
JIOJDKEH COXPaHSTh He TOIBKO Pe3yJIbTarT, HO U IyTh ero

TOJTy YeHHSL.

OHTOJ10InA

XelIll, BepCUM, HHCTPYKIIUU U TECTBI CO3AI0T IPOBEPSIEMYIO LIelb
FTHOCEO/Iorna nzeHTHYHOCTU. OfHAaKO (aii/ OCTaéTCsl HOCUTEIEM
Jl0Ka3aTe/bCTBa, @ He CaMUM [J0Ka3aTe/IbCTBOM.

DeHOMEHOJIOTMYECKH BOCIIPOM3BeieHYe TIPEBpalliaeT uTeHHe B
®PEHOMEHO/10I'A TTIOBTOPHOE JIeHCTBYE: APYTOi NCCiiejoBaTe/ b IPOXOANT TOT JKe
MapUIPYT U CPABHUBAET COCTOSTHUSI.

TTy6/MKaLMOHHBIN MAKeT He BK/IFOUaeT HeJloKa3aHHbIe [JaHHbIE U
F’PAHULIA He noBbILIaeT cratychl. BHemnuii EXT-RUN otgensiercs ot
BHyTpeHHero QA.

SKELETON - OPEN. NacnopT c60pkn 3athukcupoBaH; NosHbIi
Cratyc rnasebl B v0.1 HayuHbIll TEKCT 1 OKa3aTeNbCTBA OTHOCATCA K MOCNeAYOLLMM
BbINycKam.

3apaTtb BOCNPOM3BOAMMYIO MYGIVKALMOHHYO MHADPACTPYKTYpY

Lienb o
6e3 NoaMeHbI AoKa3aTesbCTB hainamu.

Cnonaapb, KOJOBblIEe CepTVI(*)VIKaTbI, KOHTPO/IbHbIE XeLlun,

PopmanbHeIi BEIXOA MPOTOKON C6OPKM, UHAEKC PUCYHKOB/ChOPMYII.

KaHoHuueckue BXxoabl rn. 1-23.
MepBuyHbIE PO T2-PO-047, T2-PO-048
3aBucumocTu | notpe6utenu duHanbHasa cbopka v1.0 RU

YTBEpPXAEHUS AECTBYIOT TOMBKO B SIBHO Nepeync/ieHHbIx Dom 1

'paHuua BbIBOAA i o
npw CBOMX rUnoTe3ax; PU3NUYECKuii cTaTyc He MMNOPTUPYETCS.

Pabouas gekomnosnuyus

®  Definition Core: onpe/ieTuTh HOCUTEJH, TUTTbI, 001ACTU OTIPe/IeNIEHHS U 3HAUEHUH.

e  Existence layer: joka3aTh CyIieCTBOBaHHe XOTsI ObI O[HOM HEeTPUBUAIBLHOMN Moenn ubo 3adurkcupoBath blocker.
e Invariance layer: ycTaHOBUTb HE3aBUCHMOCTb OT JJOIIYCTUMBIX BIOOPOB WM NEPEUNC/IUTh 3aBUCHMbIE ITapaMeTphl.
e Negative layer: mocTpouTh KOHTPHIPUMeP K Haubosiee CHIILHOM eCTeCTBEHHOH, HO He/l0Ka3aHHOH (hOpMYJIMPOBKE.
e Dependency layer: cBsi3aTh BCe yTBep)KAeHuUs o cTabuibHbIMU ID ncTouHUKOB U proof objects.
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MepBuuHana MaTpuua gokasatesibHbiX 06513aTeNIbCTB

Proof obligation cyIjecTByeT Kak caMOCTOSITe/NbHBINA 00BEKT, CBSI3bIBAIOLLHIT YTBEP)K/IeHHe, ero CTaTyc,
oxxupaeMslii proof object 1 KoHKpeTHbIH blocker.

ManI/IL[a 3aripeniaeT 3HaHUIO IOSABJIATHCA 3aJHUM YK CJIOM. Ka)K,C[OG TIOBBIIIEHKE CTaTyCa AO/DKHO UMETh

rHOCEO/10rna
ajipec JoKa3are/bCTBa, BBIUMC/IUTENBHOTO CepTU(UKATA UIU He3aBUCHMOTI0 CBUETE/IbCTBA.

Jlnst unTaTesns OTKphITast cTpoka PO siBisieTcs yKasaresaeM OyZylero AeiCTBYs, a He MPH3HAKOM

HOMEHO/10Irns
Pe/aKLIMOHHOr0 rpoBasa. Hayka 6e3 OTKPBITBIX CTPOK 0OBIYHO TIPOCTO XOPOLIO CHpsTaia KX.

B v0.1 Bce copepxkarenbHble PO octarorcss OPEN; COMP ucriosns3yeTcst TOAbKO /IS BBIITOJTHEHHBIX

FPAHMLA

Onpegenenns/o6bekTbl rnasbl

npoLieAyp c6opku U QA, a He 4151 0OIMX TeOpeM.

Cobpatb KaHOHUYeckue BXOAbI;

T2-PO-001 3afjaHbl TUNU3NPOBAHHO U OPEN Definition/typing dossier NPOBEPHTH KONUZNN. rn.1
cHabxeHbl Dom/Cod.
[NaBHbIii Nepexo rnaebl fokasaH MocTpounTb AoKasaTenbCTBo,
T2-PO-002 NM60 SIBHO OCTaB/EH YCMOBHbIM C OPEN Proof or countermodel dossier oTpULATENbHYI0 MOAENb U KpUTepuii rn.1
KOHTPNPUMEpPOM. 3aKpbITHA.
OnpepeneHns/o6bEKTbI rNaBbl X
T2-PO-003 3a/jaHbl TUNU3NPOBAHHO U OPEN Definition/typing dossier CoBpare KaHOHECKve BXOAb; rn.2
NpOBEPUTL KONUNN.
cHabxeHbl Dom/Cod.
[NaBHbIii Nepexog rnaebl fokasaH MocTponTh AoKasaTenbCTBo,
T2-PO-004 NIM60 SIBHO OCTaB/1IEH YC/IOBHbIM C OPEN Proof or countermodel dossier oTpuLaTE/NbHYIO MOAE/b U KpUTEpUii rn.2
KOHTPNPUMepoM. 3aKpbITHA.
OnpepeneHns/o6beKTbI rMasbl .
T2-PO-005 3afjaHbl TUNU3NPOBAHHO U OPEN Definition/typing dossier (niooﬁrf:T:T»;a:;);nM:?)e:;we BXOAb!; rn.3
cHabxeHbl Dom/Cod. posep .
[NaBHbIii Nepexop rnasbl oKkasaH MocTpounTb AoKas3aTenbCTBo,
T2-PO-006 NGO SIBHO OCTaB/EH YCMOBHbIM C OPEN Proof or countermodel dossier oTpuLaTeNbHYI0 MOAEb U KpUTepuii rn.3
KOHTPRPUMEpOM. 3aKpbITHA.
Onpegenenns/o6bekTbl rnasbl COBPATH KAHOHUUECKME BXOMbI:
T2-PO-007 3aiaHbl TUMU3MPOBAHHO W OPEN Definition/typing dossier p Ael; rn.4
NpOBEPUTbL KOMU3NN.
cHabxeHbl Dom/Cod.
[NaBHbIii Nepexo rnasbl fokasaH MocTpounTb AoKasaTenbCTBo,
T2-PO-008 NM6O SIBHO OCTaB/EH YCMOBHbIM C OPEN Proof or countermodel dossier oTpULATENbHYI0 MOAENb U KpUTepuii rn.4
KOHTPNPUMEpPOM. 3aKpbITHA.
Onpefenenunsi/o6bekTb! rnasbl .
T2-PO-009 3a/1aHbl TUNWU3UPOBAHHO 1 OPEN Definition/typing dossier Cobpatb kaHOHUYeckune BXoabl; .5
NpOBEPUTL KONUNN.
cHabxeHbl Dom/Cod.
[NaBHbIii Nepexog rnaebl fokasaH MocTponTh AoKasaTenbCTBo,
T2-PO-010 NIM60 SIBHO OCTaB/1IEH YC/IOBHbIM C OPEN Proof or countermodel dossier oTpuLaTE/NbHYIO MOAE/b U KpUTEpUii rn.5

KOHTPNPUMEPOM.

3aKpbITUSA.



T2-PO-011

T2-PO-012

T2-PO-013

T2-PO-014

T2-PO-015

T2-PO-016

T2-PO-017

T2-PO-018

T2-PO-019

T2-PO-020

T2-P0O-021

T2-P0O-022

T2-PO-023

T2-P0-024

T2-PO-025

T2-PO-026
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13
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OnpeaeneHns/o6beKTbI rNasbl
3a/jaHbl TUM3MPOBAHHO U1
cHabxeHbl Dom/Cod.

TNaBHbIii NEPexoz rnasbl AokasaH
NGO SABHO OCTAB/IEH YC/IOBHBIM C
KOHTPNPUMEPOM.

OnpepeneHns/o6beKTbI rNaBbl
3afaHbl TMNN3NPOBaHHO N
cHabxeHbl Dom/Cod.

[NaBHbIii NEPexop rnasbl fokasaH
160 SBHO OCTAB/IEH YCIOBHBLIM C
KOHTPMPUMEPOM.

OnpegeneHns/o6beKTbI rnasbl
3a/laHbl TUNU3NPOBAHHO U
cHabxeHbl Dom/Cod.

[naBHbIli NepexoA rnasbl fokasaH
16O SBHO OCTAB/IEH YC/IOBHBLIM C
KOHTPMPUMEPOM.

OnpeaeneHns/o6beKTbI rNasbl
3ajaHbl TUM3MPOBAHHO U1
cHabxeHbl Dom/Cod.

TNaBHbIii NEPexoz rnasbl AokasaH
NGO SABHO OCTAB/IEH YC/IOBHBIM C
KOHTPNPUMEPOM.

OnpepeneHns/o6beKTbI rNaBbl
3afaHbl TMNN3NPOBaHHO N
cHabxeHbl Dom/Cod.

[NaBHbIii NEPexop rnaBbl fokasaH
60 SBHO OCTAB/IEH YC/IOBHBIM C
KOHTPMPUMEPOM.

OnpegeneHns/o6beKTbI rnasbl
3a/laHbl TUNU3UPOBAHHO 1
cHabxeHbl Dom/Cod.

[naBHbIli NepexoA rnasbl fokasaH
GO SBHO OCTAB/IEH YC/IOBHBLIM C
KOHTPMPUMEPOM.

OnpeaeneHns/o6beKTbI rNasbl
3ajaHbl TUM3MPOBAHHO U1
cHabxeHbl Dom/Cod.

TNaBHbIii NEPexoz rnasbl AokasaH
NGO SABHO OCTAB/IEH YC/IOBHBIM C
KOHTPNPUMEPOM.

OnpepeneHns/o6bEKTbI rNaBbl
3afaHbl TMNN3NPOBaHHO N
cHabxeHbl Dom/Cod.

[NaBHbIii NEPexop rnaBbl fokasaH
160 SBHO OCTAB/IEH YC/IOBHBIM C
KOHTPMPUMEPOM.

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier
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Cob6patb KaHOHUYECKVE BXOADI;
NPOBEPUTL KOMAUNA.

MocTpounTh foKasaTenbCcTBo,
OTpULIATENBHYIO MOAEb U KpUTEpPUii
3aKpbITUS.

Cobpatb kaHOHUYeckune BXoabl;
NPOBEPUTL KOMAU3NN.

MocTpounTh fjoKa3aTenLCcTBO,
oTpuLaTeNbHY0 MOAENL U KpUTEpUii
3aKpbITUA.

Co6paTb KaHOHUYECKUe BXOAbI;
NPOBEPUTL KONTU3NN.

MocTpouTb AoKas3aTesibCTBo,
oTpuLaTenbHYo Mofenb 1 KpuTepuit
3aKpbITHA.

Cob6patb KaHOHUYECKME BXOADI;
NPOBEPUTL KOMAU3NU.

MocTpounTb foKasaTenbCcTBo,
OTpULIATENBHYIO MOAEb U KpUTEpPUii
3aKpbITHS.

Cobpatb kaHOHUYeckune BXoabl;
NPOBEPUTL KON,

MocTpounTh fJoKa3aTenLCcTBo,
oTpuLaTEeNbHYH0 MOAENbL U KpUTEpUii
3aKpbITUA.

Co6paTb KaHOHUYECKUE BXOAbI;
NPOBEPUTL KONTU3NN.

MocTpouTb AoKas3aTesibCTBo,
oTpuLaTenbHY0 MoAeNb 1 KpUTepuit
3aKpbITHA.

Cob6patb KaHOHUYECKVE BXOADI;
NPOBEPUTL KOMAUNA.

MocTpounTb foKasaTenbCcTBo,
OTpULIATENBHYIO MOAE/b U KpUTEPUiA
3aKpbITHS.

Cobpatb kaHOHUYeckune BXoabl;
NPOBEPUTL KOMAUNN.

MocTpounTh fJoKa3aTenLCcTBo,
oTpuLaTeNbHY0 MOAENbL U KpUTEPUii
3aKpbITUA.
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T2-PO-027

T2-PO-028

T2-PO-029

T2-PO-030

T2-PO-031

T2-P0O-032

T2-PO-033

T2-PO-034

T2-PO-035

T2-PO-036

T2-P0O-037

T2-PO-038

T2-PO-039

T2-PO-040

T2-PO-041

T2-PO-042
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16
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OnpeaeneHns/o6beKTbI rNasbl
3a/jaHbl TUM3MPOBAHHO U1
cHabxeHbl Dom/Cod.

TNaBHbIii NEPexoz rnasbl AokasaH
NGO SABHO OCTAB/IEH YC/IOBHBIM C
KOHTPNPUMEPOM.

OnpepeneHns/o6beKTbI rNaBbl
3afaHbl TMNN3NPOBaHHO N
cHabxeHbl Dom/Cod.

[NaBHbIii NEPexop rnasbl fokasaH
160 SBHO OCTAB/IEH YCIOBHBLIM C
KOHTPMPUMEPOM.

OnpegeneHns/o6beKTbI rnasbl
3a/laHbl TUNU3NPOBAHHO U
cHabxeHbl Dom/Cod.

[naBHbIli NepexoA rnasbl fokasaH
16O SBHO OCTAB/IEH YC/IOBHBLIM C
KOHTPMPUMEPOM.

OnpeaeneHns/o6beKTbI rNasbl
3ajaHbl TUM3MPOBAHHO U1
cHabxeHbl Dom/Cod.

TNaBHbIii NEPexoz rnasbl AokasaH
NGO SABHO OCTAB/IEH YC/IOBHBIM C
KOHTPNPUMEPOM.

OnpepeneHns/o6beKTbI rNaBbl
3afaHbl TMNN3NPOBaHHO N
cHabxeHbl Dom/Cod.

[NaBHbIii NEPexop rnaBbl fokasaH
60 SBHO OCTAB/IEH YC/IOBHBIM C
KOHTPMPUMEPOM.

OnpegeneHns/o6beKTbI rnasbl
3a/laHbl TUNU3UPOBAHHO 1
cHabxeHbl Dom/Cod.

[naBHbIli NepexoA rnasbl fokasaH
GO SBHO OCTAB/IEH YC/IOBHBLIM C
KOHTPMPUMEPOM.

OnpeaeneHns/o6beKTbI rNasbl
3ajaHbl TUM3MPOBAHHO U1
cHabxeHbl Dom/Cod.

TNaBHbIii NEPexoz rnasbl AokasaH
NGO SABHO OCTAB/IEH YC/IOBHBIM C
KOHTPNPUMEPOM.

OnpepeneHns/o6bEKTbI rNaBbl
3afaHbl TMNN3NPOBaHHO N
cHabxeHbl Dom/Cod.

[NaBHbIii NEPexop rnaBbl fokasaH
160 SBHO OCTAB/IEH YC/IOBHBIM C
KOHTPMPUMEPOM.

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier
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Cob6patb KaHOHUYECKVE BXOADI;
NPOBEPUTL KOMAUNA.

MocTpounTh foKasaTenbCcTBo,
OTpULIATENBHYIO MOAEb U KpUTEpPUii
3aKpbITUS.

Cobpatb kaHOHUYeckune BXoabl;
NPOBEPUTL KOMAU3NN.

MocTpounTh fjoKa3aTenLCcTBO,
oTpuLaTeNbHY0 MOAENL U KpUTEpUii
3aKpbITUA.

Co6paTb KaHOHUYECKUe BXOAbI;
NPOBEPUTL KONTU3NN.

MocTpouTb AoKas3aTesibCTBo,
oTpuLaTenbHYo Mofenb 1 KpuTepuit
3aKpbITHA.

Cob6patb KaHOHUYECKME BXOADI;
NPOBEPUTL KOMAU3NU.

MocTpounTb foKasaTenbCcTBo,
OTpULIATENBHYIO MOAEb U KpUTEpPUii
3aKpbITHS.

Cobpatb kaHOHUYeckune BXoabl;
NPOBEPUTL KON,

MocTpounTh fJoKa3aTenLCcTBo,
oTpuLaTEeNbHYH0 MOAENbL U KpUTEpUii
3aKpbITUA.

Co6paTb KaHOHUYECKUE BXOAbI;
NPOBEPUTL KONTU3NN.

MocTpouTb AoKas3aTesibCTBo,
oTpuLaTenbHY0 MoAeNb 1 KpUTepuit
3aKpbITHA.

Cob6patb KaHOHUYECKVE BXOADI;
NPOBEPUTL KOMAUNA.

MocTpounTb foKasaTenbCcTBo,
OTpULIATENBHYIO MOAE/b U KpUTEPUiA
3aKpbITHS.

Cobpatb kaHOHUYeckune BXoabl;
NPOBEPUTL KOMAUNN.

MocTpounTh fJoKa3aTenLCcTBo,
oTpuLaTeNbHY0 MOAENbL U KpUTEPUii
3aKpbITUA.
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T2-PO-043

T2-PO-044

T2-PO-045

T2-PO-046

T2-PO-047

T2-PO-048

T2-PO-049

T2-PO-050

T2-PO-051

T2-PO-052

22
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OnpeaeneHns/o6beKTbI rNasbl
3a/jaHbl TUM3MPOBAHHO U1
cHabxeHbl Dom/Cod.

TNaBHbIii NEPexoz rnasbl AokasaH
NGO SABHO OCTAB/IEH YC/IOBHBIM C
KOHTPNPUMEPOM.

OnpepeneHns/o6beKTbI rNaBbl
3afaHbl TMNN3NPOBaHHO N
cHabxeHbl Dom/Cod.

[NaBHbIii NEPexop rnasbl fokasaH
160 SBHO OCTAB/IEH YCIOBHBLIM C
KOHTPMPUMEPOM.

OnpegeneHns/o6beKTbI rnasbl
3a/laHbl TUNU3NPOBAHHO U
cHabxeHbl Dom/Cod.

[naBHbIli NepexoA rnasbl fokasaH
16O SBHO OCTAB/IEH YC/IOBHBLIM C
KOHTPMPUMEPOM.

CWHXpOHHOCTbL tom2_v0_1.docx n
tom2_vO0_1.pdf.

HOpuanyeck1e peksuanTbI
noATBEPXAEHbI 0thULabHBIM
[OKYMEHTOM, @ He NamsTbHO.

AsTopckas dotorpacms
BOCMPON3BOAUTCA U3
yTBEPXAEHHOTO thaiina 6e3
cTunmsaymn.

Hwu ognH PHY-HYP, COND unnn
COMP He nosblilweH Ao THM.

OPEN

OPEN

OPEN

OPEN

OPEN

OPEN

COMP

OPEN

COMP

COMP

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

Definition/typing dossier

Proof or countermodel dossier

QA report

Legal provenance ledger

Cover QA

Status audit
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Cob6patb KaHOHUYECKVE BXOADI;
NPOBEPUTL KOMAUNA.

MocTpounTh foKasaTenbCcTBo,
OTpULIATENBHYIO MOAEb U KpUTEpPUii
3aKpbITUS.

Cobpatb kaHOHUYeckune BXoabl;
NPOBEPUTL KOMAU3NN.

MocTpounTh fjoKa3aTenLCcTBO,
oTpuLaTeNbHY0 MOAENL U KpUTEpUii
3aKpbITUA.

Co6paTb KaHOHUYECKUe BXOAbI;
NPOBEPUTL KONTU3NN.

MocTpouTb AoKas3aTesibCTBo,
oTpuLaTenbHYo Mofenb 1 KpuTepuit
3aKpbITHA.

CpaBHWUTb narvHaumio, Tabnuupl,
noAnNMCK, NOUCKOBBINA CNOIA.

HesaBncuMo cBepuTb OTKPbITblE
peecTpbl; COXpaHUTb
KapTouku/xeLuu.

3ameHnTb Ha 60/1ee BbICOKOE
paspeLueH1e Npy NocTynaeHnn
YTBEPXKAEHHOTO OpUrMHana.

MOBTOPATL ayAUT Ha KaXKAOM
Bbinycke; truth_layer_promotion=0.
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rn. 24

rn. 24

rn.1,23-24
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KoHTponbHasa Touka T2-RP-v0.1

BbIMNOJ/IHEHO

Cob6pasnsr: (1) kapta nucrounukosB PO-P5; (2) ayauT kaHoHU4eckoi mapsl Toma I; (3) mpaBoBoe J0Che C TOUHBIMU
TIOATBeP>KAEHHBIMU PeKBU3UTaMU U (pakcumue; (4) master-skeleton 24 rias; (5) rpacd 3aBucumocteid; (6) nepBruyHast
matpuria T2-PO-001-T2-P0O-052; (7) moka3arensHblii status lock.

OTKpbITbIe 6/10KepbI

R } MonyunTb odoMLManbHbIA perucTpauuoHHbIli XML/BbInUcKy;
LEGAL-XML-01 6612237_540.xml AaBNseTCa kapToii canTa.

MocTeneHHO BOCCTAHOBUTL HATUBHbIE (DOPMYJIbI/TEKCT HYXHbIX
PO-NATIVE-01 hparMeHTOB 13 N306paxeHns-opueHTMposaHHoro DOCX Toma |,
cBepsAs ¢ nonckosbiM PDF.

Mpy nocTynneHnn yTeepxaEHHOro opuriHasia 3aMmeHnTbL
PHOTO-HIRES-01 KaHoHu4eckyto 320x320 choTorpadmio Ha Bepcuto 2900
nukceneli 6e3 N3MEeHeHUs KOMMOo3nLMM TUTyNa.

NAPG-DEF-01 CVIHXvaHVI3VIDOBaTb Definition Core no PO/P2 1 co3gatb NonHbIv
TUNOBOWi CI0Bapb.

BRIDGE-E-01 MocTpounTb nn JIOK&/IN30BaTb BHELLHMN E-komnnekc n kapTbl J;
no atoro N_E octaétca COND.

ASS-BRIDGE-01 MoctpounTb B_ASS N noKasaTb 061acTb, €CTECTBEHHOCTb 1

HOL-ASS-01
EXT-RUN-01

Cnep.ylou.wl ] BbIMNYCK
Bepcusa

HasBaHue atana

npejen Aetekumu.

CdhopMmynmpoBaTh TOUHbI MocT Hol_D « accouuatopHas
KpuBM3Ha unu coxpaHuTe kak OPEN.

He3aBucrnmasn BHeLLHAA NpoBepKa He BbinosiHeHa,; F-1-F-14 He
OTHOCATCA K foKasaHHOMY cogepxaHuto Toma Il.

tom2_v0_2

Notation lock and Definition Core

Cobpatb okoHuyaTesbHbIi NOTATION LEDGER;
TUNU3MpOBaHHble onpegesieHns kareropum NAPG,
o6bekTa N=(K,.«7+,0,6,R;F2_N,X2_N,¥2_N), mopcusmos
N YeTbIpEX COBMECTUMOCTEN.

OcHOBHas 3agaya

3akpbiTb T2-PO-003-T2-PO-008 M60 pasfenutb Ux Ha

OGsA3aTe/NibHOE AoKa3aTe/lbHOe AelicTBue
6onee y3kue PO C KOHTpPMOAENAMM.

He nepexoauTb K BHelwlHemy E-mocTy, Hodge-Teopemam
3anper 1 OU3NYECKNM MHTEpPNpeTaunsam [0 3aBepLueHmns
TUNU3aumMn BHyTPEHHero aapa.

,Cl,eKnapame HenpepbIBHOCTU U OTCYTCTBUA NOBbIWEHUA CTaTtyca

Hacrosimuii BbIMTyCK TIPUHAT KakK Touka oTkata T2-RP-v0.1. OH Hac/ieyet HyneByto Touky Toma [ v197 RU,
HO He u3MeHsieT e€. Bce HOBbIe OPMYUPOBKU, He SIBJSIOLIHECS JOCIOBHBIM UMITIOPTOM U/ KJ1aCCUUeCKUM
(hakTom c ucrounnkom, uMmetrot cratyc DEF-A, OPEN, COND wiu MODEL [0 oTieTbHOTO /10Ka3aTe/IbCTBa.
ITH.2, F-1-F-14, ¢pu3nueckrie MOCTbI, BHEIITHSISI JeTEKIUsI ¥ aCCOIL[MaTOPHBIN KaHajl He TIOBBIIIEHEI.
truth_layer_promotion=0.
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KoHTponbHbIe I/I,quTI/ICbVIKaTOpr NCTOYHUKOB

T2-GUIDE-SHA256

T1-DOCX-SHA256

T1-PDF-SHA256

XML-SHA256

MpumeyaHne

98fab8ceafe9088a385e2cc807bbeda6563c669273f4bd0b64577f
b19a2c32ea

abb3e26daca35a7ffcal4b5baa87d6c47711c167606904bb04b02
841062a3518

5a2021c02428e3e395fe81e029c46cd26b4a0e06ceb7dbfc89bef
ddffd84a7d8

f94b89e33dde32c9810cac9225d8009b91176a8031adc60f4ealf
8709cd95113

Xeww ntoroBbix DOCX/PDF dimkcrpytoTcs BO BHELLHEM
XypHauie Bblauun nocne 3aBepLueHus qaiinios;
camopehepeHTHOE BK/TOUEHME XELLA B TOT Xe haiin
HEBO3MOXHO 6e3 U3MeHeHuns xeLa.
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YACTDb Il. MATEMATUYECKOE YINMYBJIEHUE v0.2

CTATYC BbIlNYCKA T2-RP-v0.2

Oram: Notation lock and Definition Core. 3akpbiBaeMast 06actb: T2-PO-003-T2-PO-008 c pa3zesneHreM aHATUTHYECKUX U
BHeNHNX 006s3aTenbeTB. Kanonnueckuii ummopt: Tom I v197 RU, §826.5 u 52.9-52.18. BHemnuii E-moct, Hodge-crioi,
accoliaTopHasi KOroMosorust ¥ (u3iuecKHe WHTepHpeTanvid B HACTOSIIUN BBITYCK He BK/IIOYAIOTCS KakK [OKa3aHHbIe
pe3ysnbTaThl. truth_layer_promotion=0.

9. MacnopTt maTreMmaTnyeckoro yrnyoneHus v0.2

Omnpegenstoniee AP0 NAPG paccMaTpUBaeTCst Kak
CaMOCTOSTE/TbHBIN MaTeMaTHUeCKUi OOBEKT: OHO COCTOMT He U3
OHTO/MOornA MeTaOpHUECKUX «TIAaKeTOB», a M3 HOCHTeNlel, oreparu,
obsacTelt JOMyCTUMOCTH, (JOPMa/IbHOTO SI3bIKA, BBHIUMCIUTEIBHBIX
KapT U (akTop-06bEeKTOB.

IlpaBo Ha yTBepskeHHWe BO3HMKAeT TOJIbKO TIIOC/e THUITU3aln
KaXIOW CTpesKu, MPOBEPKH He3aBUCHUMOCTH OT TIPeJCTaBUTENST U
¢uKcaluu TOro, Kakue [aHHble BXOJST B OOBEKT, a Kakue
SIBJISIFOTCS] BHELIIHUM BBIOODOM.

FTHOCEO/10Irna

B BBIUMC/IEHMH $i7IpO TIPOSIB/ISIETCSl Kak Lierouka «gopMasbHoe
BBIp@KEHHe — BBIUWCIMMBIA KBa/IpaTHUHBIA 3JeMeHT — Kjacc
o6cTpyKimu». OmmbKa CTaHOBUTCS BUAWMOM TaM, T/ie CTPesika He
oripezieJieHa WM He CITycKaeTcs Ha (hakTop.

PEHOMEHO/OI A

Boimyck He otoxzgectBiaser O_B ¢ accormaropom, Hodge-
KOT'OMOJIOTHEH, KPUBH3HOM, ¢uznueckrm oJieM WA
IMIMPUYECKOW HCTUHHOCTBIO. DTH MOCTBI TPEOYIOT OT/AEIBHBIX
00OBEKTOB U /10Ka3aTe/bCTB.

Bepcusa tom2_v0_2; KoHTposibHas Touka T2-RP-v0.2

FPAHNLUA

= Crtporas anre6pavyeckasi kateropusi NAPG_q 1 npoekTive-
InaBHbIli pe3ynbTart 4 v -
rapMOHUYECKUIA CTPYKTYPHBI CenekTop.

3akpbiBaemble PO T2-PO-003, 004, 005, 006, 007; T2-PO-008A 1 008C.

T2-PO-008B: aHanuTnyeckas HenpepbIBHOCTb U
Paspgensemble PO .
3aBepLUeHus; nepeHocuTca B rnasbl 10-13.
UmMnooT PO Towm | v197 RU: onpegenenns 26.16-26.19, 52.2-52.8;
p TeopeMmsbl 52.2, 52.4, 52.6 n koHTpnpumepsl 52.1-52.6.
Anchored sufficient foundation; cTporuii CTPyKTYpHbIiA
CenekTop; Teopema ABOWHOW MHBAPUAHTHOCTW; NIOKaslbHas
YCTONUYMBOCTb A-CeNeKTopa; MHTepBasibHasa AUCUUNANHA
BO3JepXaHus.

HoBbIi aBTOpPCKWIA crioi

COND/MODEL/PHY-HYP He noBbilleHbl; BHELHWIA E-cnoi

CraTyc-3aMOoK
He cunTaeTcs NOCTPOEHHbIM.
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10. 'naBa 2. 3aMOpPOXXEHHbI peecTp 0603HaUeHUM

O6o03HaueHne SIBISIETCS YaCThI0 MaTeMaTHJIeckoro obbeKkTa: OHO
¢buKkcupyeT TWI, CTelleHb U poib cumBoia. CMmeHa 3Haka 6e3
)KypHasla KOJITU3MH criocobHa He3aMeTHO 3aMeHHTh OJHY TEOPHIO

JIPYyTOM.

OHTOJ10InA

ITo3HaHMe (HOpMyJIbI HAUMHAETCS C OTBETA Ha YeThbIpe BOMPOCa: Ijje
JKUBYT €€ apryMeHTHI, Ky/ja TIoTa/JiaeT 3HaueHne, Ha Kakoi obmacTu
ompeZiesieHa OIepaliys U Kakye BbIOOPHI BIMAIOT Ha pe3y/IbTaT.

rHOCEONOrna

HoraipioHHast Kommu3usi oGHapy>KMBaeTCsl Kak HEeBO3MOXKHOCThb
OJJHO3HAUHO MPOYMTATh JUArPaMMy WK KOMIO3uLuio. [Io3Tomy *
accouuaTopHoro ciosi U +_Hdg HHKOrJa He CUMTAOTCS OAHUM
OIepaTopoM.

®EHOMEHO/TOI s

PeecTp He JOKa3bIBaeT CyILieCTBOBaHMe 00beKkToB. OH 3armpelaeT
WCII0/B30BaTh CHMBOJI DaHbllle ONpefe/eHuss W He JOIyCKaeT
IepeHoca CBOMCTB MeAy BHYTPEHHMM O_min, BHeIIHUM § U
§_Hdg.

FPAHULA

10.1. BasoBble COPTUPOBKN U TUMDbI

dukcupyeTcss KommyTtaTtreHOe Tiosie K. Ec/ii He oroBopeHo uHoe, anrebpanyeckoe siipo CTPOUTCS B Kateropun K-
BEKTOPHBIX TIPOCTPAHCTB. AHAJUTHUECKWE HOPMbI, TOMOJIOTHM, TIOJIHOTA W HETPEepPhIBHOCTb HE BK/IIOYAIOTCS
aBTOMAaTHUECKU: OHM 00pasyloT [IOTOJHUTEbHBIA CI0M JaHHBIX. MHOXKeCTBO cTereHedl obo3Havaetcs I'; B 6a3oBoM
BapuaHte ['=7, opHako foka3aresibcTBa Karteropun NAPG_Q WCMONB3ylOT JUIIb Haiuuude (YHKOUM CTeNeHd U
COBMECTHMOTO 3aKOHA BBIBO/IA CTETIEHU ITPOU3Be/IeHHSI.

(T2-F001)

=@ {pEr} .«», |x|=p 4na x&.«”.

CprKTypHLIe JAaHHbIe ® BKIIOYAIOT AOIIyCTHMbI€ TeHepPAaTOpPbl, CHUHTAKCUYECKHE Oriepaluu,
OrpaHn4eHus, 3aKOH cTerneHen X Y, 11pu HEO6XOAHMOCTH, MeTKH Reper, D/Dom u MPOUCXOXAEHHS. TeM caMbIM 00/1aCTh
orepanurv He IpAa4vYeTcd B pelaKIITHOHHOM KOMMEHTAapWH, a ABJII€TCS YaCTbIO 00BeKTa.

3aCbV|KCWPOBaHH09 snatenme _ npep‘oxpaHMTenb

AOMEeHHbIe

KOMMYyTaTUBHOE nose

OCHOBaHWA

r MHOXecTBO/nonyrpynna
cTeneHei

o I-rpagyvpoBaHHoe K-

o NPOCTPAHCTBO

8 6unuHeliHas onepauys Ha
ykaszaHHoM Dom_0©

Ass_0© (x0y)0z-x0(yoz)

R«R aBTOPCKUI 06 bEKT
accoLnaTopHO-NakeTHOro cnos

*_Hdg onepaTtop Xoaxa

R [0NyCTVMBIN penepHbIi knacc

F2 N thopMasibHbIN A3bIK CTENEHN <2

2 N TECTUPYEMbIN KBaAPATUYHBII

- cnoi
w2 N F2_ N-X2 N

Kypnuwes BaH Bopucosuy -

06BEKT AaHHbIX

VHAEKC rpaflyVipOoBKM

HOCUTENb

onepauys

TPEXNMHENHbIN AedhekT

06beKT/HoTauus

aHaNTUKO-TeOMETPUYECKUiA
oneparop

nognpocTpaHcTBo/knacc

BEKTOPHOE NPOCTpPaHCTBO
CUHTaKcuca

noAnpPoCTPAHCTBO -«7* N T_N

NnHelHas KapTa BblYNCNEHUA

KanuHuHrpag, - 2026 | 47

He 3ameHseTcsa R 6e3 aBHOro
orpaHuyeHmns.

B 6a30Boil mogenu '=2.

Mpsamas cymma, He
HepasmeyeHHoe MHOXeCTBO.

Boo6LLie HeaccouuaTuBHa; He
Hodge star.

OnpepgenéH TosbKo npu
CyLLecTBOBaHUM 06enX BETBEN.

3Hak * He Ucnonb3yeTcs 415
Hodge.

TpebyeT METPUKKX, OpUeHTaLun 1
perynspHocTu.

Ycnosusi 3aMKHYTOCTU
yKas3blBaloTCA ABHO.

[lo BbluMCNEHUs:; He
NoAMHOXeCTBO X2
aBTOMaTUYeCKU.

KBagpatuuHbliii, He
accounaTopHbIii KaHaJl.

Cod chukcupoBaH 3apaHee.
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CumBon 3adhukcupoBaHHoe 3HaueHue MpepoxpaHutens

3aBMCUT OT BbIGPAHHOTO A3blka

O_B(N) X2_N/Im W2_N hakTop 06CTPYKLUMU F2 N
NN X2_N-O_B(N) KaHOHMYecKas npoeKuus He BHeLwHwWii E-mocT.
. MWHUMaSTbHbIA BHYTPEHHWIA -
C_mine KOLLenHom Komniekc CocpefioTo4eH B cTeneHsax 2 u 3.
KOMMAeKe

d_min 4_min2=¥2, d min3=0 BHYTPEHHWIA anchdpepeHLman He cmelwnBaeTcs ¢ BHELHUM O.

©_min id_{X2_N}:X2_N - C_min3(N) KaHOHWYECKNIA BHYTPEHHWI MOCT ULAEED, LR QRN R
rinoresa.

A cr(U,l;R,D) NpoeKTVBHas kKoopanHaTta Onpe,qeneH.'il BHE NO/MoCcoB U
BbIPOXAEHNIA.

d_truth JA+1] AnarHocTuyecknii fedekt VEnEse anuBb'6paHH0M
abCcoNoTHONM BENNUYMHE/HOPME.

D/Dom AOCTATO4HOE OCHOBAHNE 1 BaManpyoLmin 6apbep A=—1 He 3ameHsieT D/Dom.

0651acTb AONyCTUMOCTMN

10.2. 3aKOH cTeneHen n AoNycTMMble KOMMNO3nLun

711 OHOPOAHBIX 3/IEMEHTOB BBOAMTCS YaCTUUHBIM 3aKOH crerneHel y:Dom(x)d'xI'»T'. Eciu (p,q) @om(y), To

JOTyCTHMOE Tpou3BefeHue .#/P®.«/q mneperogutcss B -/ My(p,q)}. CraHmapTHbI ciaydait x(p,q)=p+q+s BK/IOUYaeT
orepaluio (pUKCUpOBaHHOW CTerieHH S. YaCTMYHOCTb ¥ TO3BOJIsSET (PUKCUPOBAaTh HEBO3MOXKHBIE KOMITO3WLIMM 6e3
HCKYCCTBEHHOT'O TTPUCBOEHUSI M HY/JISL.

©_{p,q}: Dom_{p.,q}c.#*®.49 » .4~ {x(p,q)}.

(T2-F002)

CMbIC/1 TPYAHOI' O NMEPEXO/AA: Hynb 1 HeonpeaenéHHOCTb

Ecm npousBezieHre 3arpelleHo 0OMeHOM, OHO He paBHO Hy:mo. HyseBol 3/eMeHT SIBJSIeTCsl 3HaueHWeM OIpejenéHHOM
orepariiy; HeorpeZe/léHHOCTb O3HAauaeT OTCYTCTBHE CTpelKd. CMellleHHe 3THUX C/Iy4yaeB YHUUTOXKAeT Pas/Iuuue Mexmy
CTPYKTYPHBIM 3aripeToM U (hakKTHUeCKM B3aWMHBIM IoraiieHreM. B npejickasaTensHOM MeToZie 3TO pas3/iurie OTBedaeT 3a
YeCTHOE BO3/iep)KaHue: KaHAUAaT BHe Dom He MoJiydaeT «IUI0XO0H 6ani», a NCK/II0YaeTcst KaK HETUITU3MPOBaHHBIM.

Nlemma 2.1. Tun accouuartopa [THM]

[IycTb XE.of?, ye.49, ZE." 1 06e cKOOOUHBIe BeTBH ompenenenbl. Eciu x(X(p,q),1)=x(p,x(q,1))=s, T0 Ass_O(X,y,z)&-+. Ecu
CTereHU BeTBeH pa3/MualoTCs, X Pa3HOCTh He SIBJISIETCS OJHOPOJHBIM acCOLMaTOpOM M TpebyeT repexoja B MPSIMYIO
CyMMy JIM0O 3ampeTa TecTa.

JokasarenbcTBo. Kaxas BeTBb IPHUHAJ/IEKUT KOMIIOHEHTe, BBIYMC/IAEMON II0C/efloBaTe/bHbIM TIPUMEHeHUeM X.
Pa3HOoCTh JBYX BEKTOPOB OIpejiesieHa B OJHOM OJHOPOJHOM KOMIIOHEeHTe TpY COBIMAaJIeHWU CTeleHel; Tpu pa3/inuvu
KOMIIOHEHTOB OHA TIPUHA/JIEXXUT KX MPSIMOM CyMMe, HO He UMeeT eJUHOM CTeleHH S. DTO U JaéT 3asiBIeHHYIO THUIIOBYIO
rpasuny. O

10.3. MNMpoTtokon pacwunpeHna NOTATION LEDGER

1. Hogoe o603HaueHue nosyuaeT yHUKanbHbIH ueHTHOHKaTOop NTL-xxx%, Dom, Cod, cTerneHs, ICTOUHHK, CTAaTyC U CITHCOK
KOJUTU3U.

2. CumBoJ, yKe 3aHATBIN B PO, He riepeonpe/ieisieTcss; AOMyCKaeTCsl TOJBKO MH/IEKCUPOBaHHast BEPCHs C IBHOU KapTol K
KaHOHY.

3. BpemeHHoe 0603HaueHue iomeuaeTcss TMP 1 He BXOAUT B TEOPEMHBIH TTAKeT IO CHSITHST METKH.

4. JTroboii nepexof OT anrebpanueckoro K TOMOJOTHIeCKOMY, aHaTUTHUeCKOMY WITH (GU3NUeCKOMY CMBICTY GUKCHpyeTcst
OT/le/IbHbIM MOCTOBBIM CUMBOJIOM.

5. B ¢dopmynax nporHosa cji0BO «MCTHHA» HE UCIIO/Ib3YeTCs KaK UMC/I0Bas repeMeHHast; A v §_truth senstoTes

AWArHoCTUYeCKUMU KOODAWHATAMMH, a He 3aMeHOM /A0Ka3aTe/IbCTBa.

KoHTpnpumep 2.1. Konnusus &
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Iyctb §_min?=W2 Bo BHyTPEHHEM JBYXCTyIeHuUaToM Komruiekce, a §_Hdg obo3Hauaer koauddepenryan Ha popmax. M3
§_min3§_min?=0 Hesb3s 3akmounth §_Hdg?=0 miu Hao6opoT: 06/1acTy, CTereHn U orpeie/ieHust pa3inuHbl. OQuHAKOBast
6ykBa 6e3 MH/IEKCA CO3/AET JIOXKHBINA MOCT.

KoHTpnpumep 2.2. HeogHOpPOAHbIA accouumaTop

Ecmu x(x(p,q),1)#Zx(p,x(q,r)), TO BETBH JieXXaT B pa3HbIX KOMIIOHEHTax. 3anuch Ass_O€.«* C OAHUM S He TUIM3UPOBaHa, Jaxe
ecu 06e BeTBY BBIYUC/IMMBIL.

11. NnaBa 3. Kateropus NAPG_(: 00beKkTbl, MOPpU3MbI
n oonacTtu

Kareropuss NAPG_(q cyijecTByeT Kak MUp CTPOrO COIOCTaBHMBIX
KBaZIpaTUYHBIX KaZpoB. OOBEKTOM sIB/ISIETCSI He OZiHA Omeparys, a
MakeT JAaHHBIX, [OCTaTOYHBIA [yisi TOCTpoeHust (HOpManbHOrO
SI3bIKa, BBIYMC/IEHNS U (haKTOpa OOCTPYKIIUH.

OHTOJ10InA

OO6BEKTHI MO3HAIOTCS uepe3 MOPGHU3MBL: eC/iM KacC 0OCTPYKLMH
THOCEONOIrna MeHsSIeTCsI OT JJOMyCTHMOW TepeHyMepaLyi Wik U30MophHu3Ma, OH
He SIB/ISIeTCS CTPYKTYPHBIM UHBApHAHTOM BbIODAaHHOW KaTerOpHH.

KoMMyTaTHBHBIE {HarpaMMBI IIPOSIB/ISIIOT KOPPEKTHOCTh MEPeHoca.
HecoBrniazeHve [ByX TmyTeld TOKa3biBaeT He (UI0COPCKYIO
HETIOJIHOTY», @ KOHKDeTHYI0 OIIMOKY THNM3ALUU WK
€CTeCTBEHHOCTH.

®EHOMEHO/OI s

NAPG_q siBisieTcsl BHyTpeHHe# anrebpanueckoit kareropueid. OHa
FPAHULIA He COeP)KUT aBTOMAaTHUeCKH MHoroobOpasuii, Hodge-omepaTtopos,
CBSI3HOCTEH, AVHAMUKY 1 N3MEepPUTEbHBIX MIPOLIeAYP.

11.1. OGBbEKT KaTeropuu

Onpepgenenue 3.1. TunusvpoBaHHbIV KBagpaTu4Hbiii kagp NAPG [DEF-A]

O6bektom NAPG_q HasbiBaetcsi kopTex N=(K,.«*,0,0,#;F2 N,X2 N,W2 N), rge: K — KOMMYTaTHBHOE IIOJI€; /> —
rpaZlyipOBaHHOE MPOCTPAHCTBO; © — GUIMHelHas orepaiys Ha 3alaHHbIX B ® obsacTsax; SC.«/» — [OMyCTUMBIN KJ1acc;
F2_N — BeKTOpHOe IIPOCTPAHCTBO JIOMYCTUMBIX ()OPMajIbHBIX BBIDQ)KEHHUH CTeNeHH He Bhllle ABYX; X2 N — TeCTUpyeMBbIit
kBagpatuunbii cioi; W2 N:F2_ N - X2 N — nuHeliHasi KapTa BbiuuciaeHus. Tpebyercs Im W2 NCX2 N, uTo BCTPOEHO B
KO/IOMEH.

X2_N = Span_K{ RGR, ROS+SOR : R,S,R+SER (T2-F003)
M BCE NPOU3BedeHNs onpeaesersbl }.

O B(N)=X>_N/ImW2 N, T_N:X2 N-O_B(N). (T2-F004)

@dopmanbhbIi 136K F2_N f0/DKeH ObITb OT/Ie/IEH OT BbIuKMcaeHHOro ciost X2_N. [l ctporoii peanu3anmu y06HO
OpaTtb cBo6omHOEe K-MpOCTPaHCTBO Ha THUMM3UPOBAHHBIX CUHTAKCUUECKUX AEPEBbSX BHICOTHI He Oojiee AByX WM 3aTeM
(haKTOpH30BaThH €r0 10 JIMHEeHHBIM CHHTaKCUYeCKUM OTHOIIeHUsIM. P2_N BBIUMC/IsieT epeBo B .«/+. Pa3Hble SI3bIKU MOTYT
MMeTh OJJMHAKOBYIO anre6py v pa3neie O_B; mostomy O_B u3MepsieT MOMHOTY BLIOPAHHOTO 3bIKa OTHOCUTENBHO X2_N,
a He «abCOMIOTHYIO HeACCOLMAaTUBHOCTE.
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11.2. Mopcu3m 1 YeTbipe COBMECTUMOCTHU

OnpegeneHue 3.2. Mopchunsm KkBagpaTuuHbiX KagpoB [DEF-A]

Mopdusm f:N - N’ ectb cemeiictBo f=(P+,0_G,0_F,0_X,0_0). 3necb ®e:.«/* - .o/'> — rpafiyupoBaHHasi JMHeiHas KapTa;
¢_G mepeHocuT reHepaTopsl, fomeHbl M MeTkKH; ¢_F:F2 N F2 N' mepeHocur ¢dopmanbHelii s3bK; @_X:X2 N X2 N
MepeHOCUT BbluMC/IeHHble 37eMeHTe; @_0:0_B(N)-O_B(N') — wunayuupoBaHHasi kapTa. CeMeMCTBO CuMTaeTcst
MOP($HU3MOM JIULIb TIPU BhINOIHeHUH M1-M4.

_ CoBMecTUMOCTb ®dopmynaltpe6oBaHue HasHaueHue

P(x0y)=P(X)0'P(y) ons BCex CoxpaHsieT onepauuio u He
aonyctumbix nap; O(R)c#'. paclumpsieT 06n1acTtb Monya.

Anrebpa n Dom

F coBmectuma c ¢_G n
¢ ¢ He nossonseT hopmanbHOMY

M2 CuHTakcuc NnoACTaHOBKOW @® B INCTbs

- A3bIKY MEHATb CMbIC/1.
BbIPaXXEHWIA.
M3 BbluncneHne @_XoW2 N=W2 N'o@_F. KommyTarusHocTs keajpara
BbIUNC/EHMS.

_ % EcTecTBEHHOCTb Knacca

M4 dakTop @_O-°lN_N=MN_N'e@_X. 06CTpYKLMN,

@ XW2N=W2NgF ¢OIMNN=MNNgX (T2-F005)

11.3. KoppeKTHOCTb (pakTOPHOro nepeHoca

Nemma 3.1. Cnyck Ha chakTtop [THM]

Ecmm BbmonHeHo M3, 1o ¢_X(Im W2 N)dm W2 N'. ITostomy dopmyna ¢_O([x])=[¢_X(x)] KoppeKkTHO omnpezensieT
€[JMHCTBEHHYIO JINHEIHYIO KapTy, y[0BIeTBOpsIOLIy0 M4.

JokasarennscrBo. [ y=P2_N(a) umeem ¢_X(y)=¢_X¥2_N(a)=¥2_N'g_F(a), To ectb ¢_X(y) npuHaanexut Im ¥2_N'.
CrefjoBaTenbHO, [jBa MpeJCTaBUTeNIsT X U X+y OJHOTO Kjacca NepexofsT B 3/eMeHThl, pa3adyarolivecss Ha 371eMeHT
obpaza W2_N'. KoppeKTHOCTb ¥ eJMHCTBEHHOCTb CJIeAYIOT U3 YHUBEPCAIBHOTO CBOMCTBA (haKTOPIIPOCTPAaHCTBA. [

Teopema 3.1. CyuectesoBaHue kareropun NAPG_q [THM]

TUNMU3UPOBAHHbIE KBaJpaTHUUHbIe Kaipbl ¢ Mopdusmamu M1-M4 ob6pa3yioT Kareroputo. ToXXJeCTBeHHbI Mopdum
3a7a6TCs TOXK/|eCTBeHHbIMY KOMIIOHEHTaMU; KOMITO3ULMs OIIpe/iesisieTCsl IOKOMIIOHEHTHO U CHOBA yzioB/ieTBopsieT M1-M4.

Jloka3aTenbcTBO. TOXIECTBeHHble KapThl COXPAHSIOT BCe JaHHble M JenaroT obe AuarpaMMbl TOXKAECTBEHHO
KommyTaTuBHBIMEL. [Ijist f:N - N’ 11 g:N' — N"” ipousBefieHre coxpaHsiercs Komrosunyeil ®_gd_f; nmepeHoc cuHTakcHca u
BBIUMC/IEHUST YAOBIeTBOpsieT M3, mocKoibky ¢_XAgo XMWY _N=¢_XAgW_N'o_FM=%_N"¢@_FAgo_FAf. AHanoruuHo
M4. AccouaTUBHOCTb KOMITO3MLMK U 3aKOHBI €JMHULIbI HAaC/IelylOTCs OT KaTerOpUM BeKTOPHBIX IIPOCTPAHCTB. [

MpepnoxeHue 3.2. Kputepuin nusomopcusva [THM]

Mopdusm f siBisercs usomopdusmom NAPG_q, ecim ero komnoHeHTsl @, ¢_G, @_F 1 ¢_X 06paTuMbl 1 06paTHbIE KapThl
coxpansitoTr M1-M3. Torga ¢_O aBTomMaTHuecKu o6paTuma U uHAyLnupyercs @_XA{-1}.

Joka3aTenbcTBo. OOpaTHble KOMIOHEHTHI 3a7atoT Mopdusm fA{-1}; dakropHas kKapTta KoppekTHa mo Jlemme 3.1.
Kommnosunuy Ha nipeAicTaBUTeNsIX Jal0T TOXKAECTBa, ciepoBatenbHo, ¢_OAM-1}H([x' )=[o_XA{-1}(x)]. O

11.4. ®yHKTOPbI BHYTPEHHEro aapa

Teopema 3.3. DyHKTOP KBagpaTu4HOi 06¢CTpyKuun [THM]
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Hasnauenuss No>O_B(N) u f>@_O obpasyrot dhyukTop O_B:NAPG_q - Vect_K.

Joka3saTenbcTBo. ToXgecTBeHHbIT MOp(U3M MHAYLMPYeT TOXJEeCTBO Ha Knaccax. [ns kommosuuuu gef umeem
[x]Plo_XAM(x)]-[o_XAge_XAf(x)], uTo coBnazaeT ¢ HaKTOPHOH KapTOH KOMITO3ULIUH. [

Teopema 3.4. MMHUManbHbIA KOMNIeKe Kak pyHkTop [THM]

Monoxum C_min?(N)=F2_N, C_min3(N)=X2 N, ocrambHble CTerlleHH Hy/eBbiMM; O_min2=¥2 N, §_min3=0. Torga
C_min*:NAPG_q—- CoCh_K sBnsercs ¢ynkropom, a K_N:O_B(N)- H3(C_min*(N)), «_N([x])=[x], ob6pa3syer
€CTeCTBeHHBIM H30MOPGhH3M.

H3(C_mine<(N))=Ker 6_min3/Im &_minZ=X2_N/Im (T2-F006)
W2 N=0O_B(N).

Jloka3aTenbcTBO. HUbIOTEHTHOCTE CiiefyeT U3 6_min3=0. M3 siBisieTCsl POBHO yC/IOBHEM KOLIEITHOTO OTOOpakeHUs B
cTenienu 2. KaHoHuueckas ujeHTH(UKaLUs (DaKTOPIPOCTPAHCTB He 3aBUCUT OT Ipe/cTaBuUTess. EcTecTBeHHOCTb
rpoBepsieTcst Ha Kiacce [x]: o6a rmytu garot [¢_X(x)]. O

BHyTpeHHee onpepensowee agpo NAPG q

dopManbHbIN A3bIK, BEIYMUCIMMBIA COM, hakTop 06CTPYKUMA U MAHMMaNbHbBIA KOMMIeKC

d}OpMaanbM A3bIK CTEMeHN TecTUpyeMbIi X2_N/ImW2_N
KBaApaTUYHbIA cnoi

o_| m|n id
c3 mln(N) H3(C_min)
TOXKASCTBEHHO X?_N KaHoHUy4eck O_B(N)

PucyHok 3. BHympeHHee onpedesnsitoujee s10po NAPG_q u MuHumabHbill komniaekc. CobcmeenHas cxema Toma II.

11.5. KoHTpMopgenu K ocnaésieHnto mopcpunsmos

KoHnTpnpumep 3.1. HapyweHue M1

Iycts .«/=Ke c eGe=e, .«/'=Ke' c e'0'e'=0, a P(e)=e'. JIuHeliHOCTL coxpaHsieTcss, HO P(eGe)=e'Z0=P(e)O'P(e). Takas KapTa
He TIepeHOCHT anrebpy u He MoXXeT ObITh Mopdusmom NAPG_q.

KoHTpnpumep 3.2. HapyweHve M3

Iycte F?>=X2=K, ¥=id, a B nemu ¥'=0. Bo3emém ¢_F=id u ¢_X=id. Torga ¢_X%=id, Ho P'¢_F=0. O6pa3 dopmasbHO
peau3yeMoro 31eMeHTa IIepecTaéT ObITh (GOPMANbHO peanu3yeMbIM; (GaKTOPHBIN TepeHoC He OnpeZie/iéH KAHOHHUECKH.

KoHTpnpumep 3.3. NMpon3BosibHaA KapTa KJ1laccoB

Haxe ect O_B(N) u O_B(N') u3oMop¢hHbI Kak BeKTOPHbIe IPOCTPAHCTBA, TPOM3BOJILHO BhIOPAHHBINA U30MOP(HU3M MeXIy
HUMH He SIB/ISIeTCS KOMIIOHEHTOW Mopdu3Ma, Toka He BBIMOAHEHO M4. MHaue K/acC TepecTaér ObITb pe3y/bTaToM
TlepeHoca NCXOJHOTO KBa/JpaTUYHOI'O 3/1eMEHTa.
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KoHTpnpumep 3.4. 3a6bITblii Dom

Kapra @ MoXeT COXpaHSTh (OpMyJly NMpou3BeZieHHs1 Ha oOliei yacTy obsacTed, HO MEPEBOJUTEL AOMYCTUMYIO Iapy B
3anpeljéHHyro. Torza mpaBas uyacte M1 He ompefesieHa. CoxpaHeHwe Dom siBiisieTcss yacTbio Mopdusma, a He
Toc/eyoLlell POBepKO.

KoHTpnpumep 3.5. O_B He geTekTupyet accoumatop

MoskHO BbIOpaTh W2 CrOpbeKTHBHOM, Tak uto O_B=0, B HeacconmaTHBHOM anrebpe. O6paTHO, B acCOI[UaTUBHOMN anrebpe
6ezHbIH s13bIK F2 naér O_BZ0. CnefoBarenbHo, dyHkTop O_B He siBisieTcs pyHKTOPOM acconiaropa 6e3 oT/[enbHON KapThl
B_Ass.

KoHTpnpumep 3.6. HeecTecTBeHHbI BbIGOP Gasuca

Ecm @_X MeHsieT 3HaK, a Ha3HaueHHasi BDYUHYIO «BHEIHSs» WIeHTU(PHKALIMS K/IaCCOB 3HaK He MeHsieT, KBazipaT M4 He
KOMMYTHpPYeT. IHBapUaHTHOCTb OTHOCUTENIBHO M30MOpGH3Ma TpeOyeT eCTeCTBEHHOH, a He OJMHAKOBO HAa3BaHHOH KapThl.

12. FnaBa 4. N'pagyupoBaHHaA NnakeTHas asireopa u
CTPOrui cenexkTop

ITpesckasaTesibHbIN perepHbId MeTo[, T0JyYaeT MaTeMaTHuecKUi
CMBICTT TOMBKO KakK KOMIIO3WIMSI HMHBAapHAaHTOB U 0apbepoB:
OHTO/Morna IIPOEeKTHBHAs FADMOHUS OLieHHMBaeT KOH(GHUryparyio Touek, D/Dom
yZocToBepsieT gomyctuMocTb, a NAPG-006CTpPyKLHsl MPOBepsieT
BHYTPEHHIOIO BBIPa3UMOCTh BBIOPAHHOT'O SI3BIKa.

Hu opHa uucioBast 67M30CTh He JAéT 3HaHWs cama Mo cebe.
3HaHWe BO3HMKAeT W3 WHBADHAHTHOCTH, YCTOWUMBOCTH K
JOIyCTIMOMY IIeDEHOCY, KOHTPOJISI IIOJIFOCOB U SIBHOTO IIpaBHJIA
BO3/|epyKaHMsI.

rHOCEONOrna

B JAAaHHBIX MeTO[ HpOHB]’IHETCH KaK MHOXXeCTBO KaHAWAaToB,
KOTOPOE CYXKAeTCsi MpU Y/IyYIIeHAW W3MEPeHHH U He MeHsieT
CTPYKTYPHOTO BepJMKTa NP CMeHe MPOEKTUBHLIX KOOPAWHAT WIIA
6asuca NAPG.

PEHOMEHO/10I'A

BBIMYCK CTPOUT CeeKTOpP CTPYKTYPHOM JOMyCTHMOCTH, a He
TeopeMy O HACTyIUIEHUU (H3UUecKrux coObIThid. CTaTHCTHUecKas
Ka/MOpOBKa, MPHUMHHOCTH M He3aBHUCHMas BHEILHSS TMPOBEepKa
OCTAOTCS MOCTIE[YIOLIUMH CJIOSIMH.

FPAHMLA

12.1. 'pagyvpoBaHHas onepayua n accouuarop

OnpepeneHune 4.1. 'pagynpoBaHHas nakeTtHas anredopa [DEF-A]

['paZiyupoBaHHOM TaKeTHOU anrebpoit HasbBaeTcs (K, «*,0,0), rae «/-=@_{pel'}.«, a ns Kakaod JOMyCTUMON Maphl
creneHel (p,q) 3afaHa 6umHeliHas Kapta ©_{p,q}:Dom_{p,q} — -« {x(p,q)}. Omneparusi MoxkeT ObITh YaCTHUHOU 10 Dom
Y He 06s13aHa ObITh ACCOLIMATHBHON, KOMMYTATHBHOM, a/IbTEPHATUBHOW U/TH YHUTAIbHOM.

Ass_0O(X,Y,2)=(X0y)0z—x0(y0z). (T2-F007)

Nemma 4.1. TpéxnuHelHocTb Ha o6uweii o6nactn [THM]

Ecmn obe ckobouHble BeTBU OIpeZiesieHbl Ha JIMHEWHOM mnogmnpocTpaHcTBe T _AssC«+® u O OwinHeliHa, TO
Ass_O:T_AsS —.«/* sBIseTCS TMHEHHOM N0 OpMasbHBIM TPOHKAM M TPEXJIMHEHHOMW M0 aprymMeHTaM Ha MPsIMOYTOJIbHBIX
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JOMEHHBIX KOMITOHEHTaX.

JokasarenbcTBo. Kaxziast BeTBb sIB/ISIETCS] KOMITO3ULMeH OMIMHeHHbIX KapT 1 [IOTOMY TPEX/IMHeHHa Ha o01ieli obsacTu.
Pa3HOCTB TPEXTMHEHHBIX 0TOOpaKeHUH TpEX/IMHeHHa. [

12.2. PopMasibHbIi KBagpaTUYHbINA A3bIK

ITycts Syn,(N) — MHOXeCTBO TWUITM3MPOBAHHBIX CHHTaKCHMUECKHUX [iepeBbeB, JIMCTbSIMHA KOTOPBIX SIBJISIOTCS
3/1eMeHThI & U JI0MyCTUMble reHepaTophl ®, a BHYTPEHHUMH BepIllHAMU — JIMHelHble orepaliii U OfIHO NpUMeHeHHe
©. Onpenenum F2_N kak cobogHoe K-mpoctpanctBo Ha Syn,(N), GhakTOpH30BaHHOE 10 JIMHEHHBIM CHHTAKCHUECKHM
OTHOIIIEHUsM. JTa KOHCTPYKLUs JesaeT (pa3y «popManbHble BbIpaKeHUs CTelleHH He BbIllle JBYX» MaTeMaTHuecKd
BOCITIPOU3BOAMMOI.

F2 N := K[Syn2(N)] /] syn, W2 N([t]) := (T2-F008)
eval _N(t).

Teopema 4.2. Kputepuii KBagpaTU4HO NonHOTbl [THM]

[ns kBagpatuuHoro Kazpa N skBuBaneHTHBI: (i) Kaxibii s1eMeHT X2 N BBIUMC/SETCS AOMYCTUMbIM BhipakeHHeM F2 N;
(ii) ¥2_N cropwexTuBHa; (iii) O_B(N)=0.

Joka3zarennscrBo. [TyHKT (i) siBnsieTcst onpezenienreM ctopbeKTuBHOCTH. Paktop X2 N/Im W2 _N paBeH Hy/0 Torjaa u
TOJIBKO TOrAa, Korga Im W2 N=X2 N.O

12.3. iBHble HETPUBUAJIbHbIE MO4eNn

Mpumep 4.1. iByxmepHasa HeaccouuaTtuBHas mogens [MODEL]

Iycte -«/=Span_K{e,,e,}, e;0e;=e,, e,0e,=e;, a OCTa/jbHbIe NPOU3Be/ieHNs HyneBble. Torga Ass_O(e;,e;,e;)=e,;#0. IIpu
R=.+/ ¥ IOJIHOM KBa/IpaTUUHOM si3biKe W2 cropbeKTHBHa, o3ToMy O_B=0 npu HeHy/1eBOM accoLaTope.

Joka3aTtenncTBo. (e;0¢,)Oe,=e,0e,=e,;, TorAa Kak e;O(e;Oe,)=e,Oe,=0. IToNHBIA A3BIK CONEPXKUT BCe 0Oa3UCHBIE
KBa/[paTHUHbBIE BEIDAXKEHUS, TT03TOMY €ro obpa3 coBmajaet ¢ X2, [

Mpumep 4.2. AccouuaTMBHasA Mogesb C A3blKoBOW o06¢cTpykumeii [MODEL]

IMycte char(K)#2 u .«/=K[t]/(t?) c 06bIUHBIM aCCOLMATUBHLIM YMHOXXeHHEeM, R=.<7, X>=Span{1,t}, a F? BbiOpaH Tak, uro Im
W2=Span{1}. Torga O_B=Span{[t]}#0 mpu Ass_o=0.

JIoKa3aTeIbCTBO. ACCOILMATUBHOCTh HAC/IeAyeTcsl OT PakTop-Kosibiia. @akTop AByMepHOro X2 1o 0[HOMEPHOMY 00pa3y
r“MeeT pa3MepHOCTb OZMH. [

12.4. Anchored sufficient foundation u ctporunii Reper

[nst ycTpaHeHUsI JBYCMBICTEHHOCTH Mexly D Kak 4eTBEPTOM NPOEKTHBHON TOUKOM M D Kak /IOCTaTOYHBIM
OCHOBaHMeM BBOZWTCS TUNM3UPOBaHHas KoHCTpyKOus anchored sufficient foundation. OHa He MeHsieT KaHOHMYECKYIO
3ammck (R,I,U;D), Ho packpeiBaeT BHyTpeHHu vl D.

OnpepeneHune 4.2. AKkopHoe gocTaTtouHoe ocHoBaHue [DEF-A]

ITycte L — pBymepHoe K-mpoctpaHctBo, P(L) — mpoekTHBHasl mpsiMasi, a D_Q — KJjlacc /0Ka3aTelbHbIX OOBEKTOB

JoMeHa Q. SIkopHbIM ocHoBaHueM HasbiBaeTcsi mapa D=(d,E_D), rme deP(L) — mnpoekTuBHbIi sikopb, E_De® _Q —
JoKa3zaTesnbHbll 00bekT. 3ammimeM D=d wu Valid Q(D)e{0,1}. TunusupoBanHbliii Reper ects p=(R,LU;D), rge
R,L,U,DeP(L).

[TpoekTHBHasi KOOPJWHATA UCIOB3YyeT D; nokasaTesnbHas aBTopu3sanus ucrnonbdyet Valid_Q(D). Takum obpasom,
ofHa OyKBa COXpaHseT aBTOPCKYI0 CEMaHTHKY J[OCTaTOUHOIO OCHOBaHHMS, HO MaTeMaTHuecKas 3amuch Oosiblie He
CMEILMBAeT TOUKY U J0KYMEHT.
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12.5. lpoeKkTuBHO-rapMoHu4yeckasa KoopamHarta

[nst HeHyneBbIX TipejcTaButenedl r,i,u,d€. o6o3Haumm [X,y]=det(X,y) OTHOCHTeNnbHO m0OOON BBIOPAHHOU
opueHTaLuu 6a3rca. OTHOLIEHHWE [JeTepMUHAHTOB He 3aBHUCHT OT MaciuTada MpeACTaBUTeNle M OT 00LIero MHOXKHUTeE/IS
TIpy cMeHe Gasuca.

A(p)=cr(U,;R,D)=([u,rlli,d])/([u,d][i,r]). (T2-F009)

O6nacTb ornpesiesieHUst COCTOUT U3 UETBEPOK, 1yisi KOTOPbIX [u,d]#0 u [i,r]#0. [Iast monapHO pa3/MuHbIX TOUEK 3TO
yciioBue BbimonHeHO. B addunHON kapre dopmyna npuHuMaeT KaHoHuueckuit Buz ((u-r)(i—d))/((u—d)(i-r)). Ans
rapMoHuUeckoro yciaoeusi A=—1 gamee mpexanonaraercs char(K)#2; B xapakrepuctrike 2 TpebyeTcsi OTAe/bHast
thopmyMpoBKa.

Teopema 4.3. NMpoeKkTuBHaA MHBapUaHTHOCTb A [THM]

Hns mroboro gePGL(L) u moboro p u3 obnactu onpefeneHus: BeimosHseTcs A(gp)=A(p). B uacTHOCTH, ycaoBue A=—1
SABJIAETCS NMPOEKTUBHBIM MHBAPDHUAHTOM.

Joka3aTenbcTBo. Bhibepem suHeiiHoro mnpezctaButenss GEGL(L) mpeobpa3zoBanus g. [ns mobbIX X,y HMeeM
det(Gx,Gy)=det(G)det(x,y). B unciutene u 3HaMeHaTesie GOPMYJIbI A BO3HHKAET 110 [iBa OZMHAKOBBIX MHOUTeNsS det(G),
KOTOpbIE COKpaIarTcs. MaciuTabbl OT/|e/IbHBIX TTPeACTaBUTe e TAKXKe COKPAIIIAOTCs MornapHo. [

KoHTpnpumep 4.1. Nontoc KPOCcc-COOTHOLLEHUSA

Ecmm U=D wm [=R, 3HameHaTe/b paBeH Hy/r0. UKCIOBOW A He OmNpe/enéH; NPUCBOeHNE eMy GOJBLIOr0 3HAUeHHs WITH
HyJI4 SIB/ISIeTCS pe/lakKLIMOHHON nogMeHol Dom.

KoHTpnpumep 4.2. FTapMoHUs 6€3 OCHOBaHUA

MoxkHO BbIOpaTh YeTbIpe TOUKU C A=—1 u opHoBpeMeHHO Valid Q(D)=0. ITpoekTrBHasi KOHGUryparysi rapMOHHUYHA, HO
CTPYKTYPHBIH cesieKTop 00si3aH Bo3ziep>kathcsi: D/Dom-6apbep He MpoFizieH.

12.6. CTporuii CTpYKTYpPHbIiA CeniekTop npeackasaresibHOro Metoga

OnpeaeneHve 4.3. CTPYKTypHbI cenektop [DEF-A]

ITycts NeNAPG_q, p=(R,I,U;D) — tunusupoBaHHbli Reper u xeX2 N — KBaipaTUuHbINA TecT KaHauzAaTta. Onpezpenum
Sel_N(p,x)=1 Torma u Tonbko Torga, koraa: (S1) p mpunagmexxutr Dom A; (S2) Valid_Q(D)=1; (S3) A(p)=—1; (S4)
IT_N(x)=0. B octanbHbix ciaydasx Sel N=0, a mpu HapyuieHur S1 WM oTCyTCTBYyIOLeM D BBOAUTCS OTAe/bHBINA CTaTyC
ABSTAIN, He cMeIVBaeMBbIi C OTPHUL{ATe/IbHBIM BEPAUKTOM.

Sel N(p,x)=1 « Dom_A(p) A Valid_Q(D) A (T2-F010)
Ap)=—1 A N_N(x)=0.

Ycnoeue IT_N(x)=0 o3HauaeT xdm ¥2_N: BbIOpaHHBIN KBaJIpaTUUHBIN TECT BOCIIPOM3BOJUM (POPMAbHBLIM S3bIKOM
Kagpa. OHo He o3HauaeT Ass_O=0 1 He ZOKa3bIBaeT GU3NYECKYIO Peasu3yeMOCTb KaH u/aTa.

Teopema 4.4. iBoiiHass UHBapuaHTHOCTb cenekTtopa [THM]

IMycts gePGL(L), f:N - N' — uzomopdusm NAPG_q, a mokazaTenbHbIi riepeHoc D—gD coxpansier Valid_Q. Toraa gjist
BCeX JOMyCTHUMBIX (p,x) BbimosHsieTcst Sel_N(p,x)=Sel N'(gp,p_X(x)).

Joka3arenbcTBo. S1 W S3 COXpaHSAIOTCS TIPOEKTMBHOM WHBAPMAHTHOCTBIO A. S2 COXpaHsieTcs 110 TUIoTese
JloKaszarenbHOro mepeHoca. [ns S4 ucronssyem M4: TT_N'(¢_Xx)=¢_O(I_Nx). ITockoneky ¢_O — wn3zomopdusm,
IT_Nx=0 Torga u Tosbko Toraa, korga I1_N'g_Xx=0. Bce yeTbIpe ycioBUs S5KBUBa/IeHTHBI IOC/Ie TiepeHoca. [
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[ BOWHasA UHBAPUAHTHOCTb CTPYKTYPHOIrO cesleKTopa

(pyx;N) (gp,0_Xx;N')
penepHas yeTB&pKa, g € PGLz, fiN-N’ npoekTueHo U NAPG-coBMecTUMO
KBaApaTWUYHEIA TECT U Kaap nepeHecéHHLIe faHHLIe

| cr(gu,gl;gR,gD)=cr(U,I;R,D)

BbIYMCHIEHNE BBIUNC/IEHNE

1 ¢_OMN_N=IN_Ng_X

) 4

Sel_N(p,x) Sel_N'(gp,¢_Xx)
rapMoHn4yHocTk + D/Dom + WHBapUaHTHOCTL TOT e CTPYKTYPHbIA BERPAVKT
M_N(x)=0

PucyHok 4. JIgoliHas uHgapuaHmHocms cmpykmypHoz2o ceaekmopa. Cobcmeennas cxema Toma I1.

12.7. Npu6nmxEHHas rapmMoHNA U NOoKasibHasA YCTONUMBOCTb

It K=R wm C ¢ pukcrpoBanHoi abcomoTHON BesmmunHoi onpegenum &_truth(p)=|A(p)+1|. DToT gedekT nmeet
CMBICJT TOSIBKO BHYTpH Dom A. [Iyist ©=0 BBeéM T-rapmoHuueckuii cektop H_t={p:6_truth(p)<t}.

&_truth(p)=|A(p)+1], H_t={p&€Dom A : (T2-F011)
6 truth(p)=t}.

Teopema 4.5. JlokasibHasi nMnwuueBa ycTounBoctb [THM]

Iycts QCR* — koMMIakTHOe BBIMYK/I0e MHOXeCTBO addHHHBIX KoopauHar (u,i,r,d), Ha koTopoM [u—d[>m>0 u |i-r|>m>0.
Torga cymecTByeT KOHeuHasi KoHCTaHTa L_Q Takas, urto [8_truth(q)—6_truth(q')|[<L_Qlgq—q'l pns Bcex q,q'€Q,
COeZIMHsIEMBIX OTPE3KOM BHYTPH 00/1aCTH OMpeZie/Ie Vsl

JlokaszarenbcTBo. ParoHanbHas (YHKLMS A T71ajKa Ha OTKPBITOM MHOXKeCTBe, IJie 3HaMeHare/b HeHyseBoil. Ha
KOMITAaKTHOM Q eé rpajgueHT orpanuueH: L_Q:=sup_{q€Q}IVA(q)l<co. ITo Teopeme o cpeaHeMm |A(q)—A(q)|<L_Qlq—q'l.
HepageHcTBo ||a+1|—-|b+1||<|a—b| 3aBepiiaeT goKa3aTensCTBO. [

OrPAHNYEHUE YCTONUYMBOCTU

KoHcranTa L_Q2 MOXXeT pe3Ko BO3pacTaTh Mpy NpUbIKeHNH K nosocaM u=d miu i=r. [T03ToMy Masblii UMC/IEeHHbIN IIyM
He rapaHTUpyeT Malyto omHMOKy A 6e3 sIBHOM OLIeHKM PacCTOSIHUS /10 BHIDOXKAEHHOTO MHOXKECTBA. B IporpamMMHOM crioe
KLT sT0 TpebyeT oTzenbHoro pole-margin, a He ofHoro §_truth.

12.8. HTepBa/ibHbI1 Reper n npaBuio BoO3aepXaHus

OnpeaeneHve 4.4. InTepBasibHbIi 06pa3 A [DEF-A]

ITycte BCDom A — MHOeCTBO BCeX YeTBEPOK, COBMECTHUMBIX C IIOIPEIIHOCTSMHM HMCXOAHBIX AaHHbIX. Ormpejenum
AB)={\(q):qeB}. Kangugar t-ceprudunyponas, ecmu sup_{zeA(B)}|z+1|<t u inf_{qeB}|u—d|[i-r|>0. Eciu B nepecekaet
nomoc, cratyc paseH ABSTAIN_POLE.

Jlemma 4.2. MOHOTOHHOCTb YTOUHeHuss [THM]

Ecm B'QAB, 1o A(B)CA(B). CrnenoBaresnsHo, BepxHsisi rpaHuiia sup_{A(B')}|z+1| He MPeBOCXOAWT COOTBETCTBYIOILEH
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rpaHuLel 41t B.

,I[OK:’:B&TEJIBCTBO. O6p63 non, OTO6pa)KEHI/IEM COXpaHsAET BKJ/IFOYeHHEe MHOXXeCTB. MOHOTOHHOCTB CcyrnpeMyMa II0
BK/TIOUEHHUIO C/IeflyeT HerocpeACcTBeHHO. [

12.9. MHOXXeCcTBO CTPYKTYPHO A0NYCTUMbIX KaHAUOAaTOB

ITycte Cand(y) — MHOXKECTBO KaHAWZATOB COCTOSIHWS WM COOBITHS, TOPOXKAEHHBIX HaO/IOJeHNeM Y, TIPHYEM
KaKZoOMy C comocTaByieHbl Reper p_c, kBagpaTuuHbiii TecT X_cE€X? N u foka3aTenbHoe ocHoBaHve D_c. Ompegenum
TOYHOE U pobacTHOe MHOYKeCTBa CTPYKTYPHOM A0y CTUMOCTH.

Co(y;N)={c€Cand(y): Sel_N(p_c,x_c)=1}. (T2-F012)

C {t,n}(y;N)={c: Valid(D_c), & _truth(p_c)=T, (T2-F013)
dist(x_c,Im W2 N)=n}.

@opmyna c dist Tpedyer Hopmbl Ha X2 N u notomy umeet cratryc MODEL f0 BeiOOpa aHaMTHUECKOTO CJIOS.
Tounoe mMHOXxecTBo C, siBiisieTcst uncto anrebpamueckuM. Ecimu C, mycro, Meto He 00si3aH BbIOMpaTh «HaUMeHee
TJIOX0M» HWCXOA: KOppeKTHhIH BbIxoj ABSTAIN cooOijaeTr 0 HeJOCTaTOYHOCTHA TEKYIEro s3blKa, JOMEHa WIH
OCHOBaHUS.

CnepctBue 4.1. KoopaguHaTHas He3aBUCUMOCTb TOUHOro MHoXxecTBa [THM]

ITpu runote3ax TeopeMsbl 4.4 n3oMopQu3M KaHAUAATOB c—c’ uHAynupyeT 6uekuuio Cy(y;N)=Cy(g y;N').

Joka3aTesbcTBo. UNEHCTBO KaKAOro KaHAugara coxpaHsietcs Teopemoii 4.4; obpatumocts g u f maér obpatHoe
COOTBeTCTBHeE. [J

12.10. OTpuyaTesibHble pe3ynbTaTbl U 3anpeTHble COKpaLLeHuUs

KoHtpnpumep 4.3. A=—1 He paéT truth-status

IMycte &_truth mano, Ho D HeBalWJHO WM KaHJUJAT HAXOAUTCS BHe mpeamerHoro Dom. Torza uucioBas 611M30CTh
coxpansietcst, ofHako Sel=ABSTAIN. Jlro60ii aBTOMaTHUYeCKuii riepexo «§_truth Masio = UCTUHHO» HapyIaet S2.

KoHTpnpumep 4.4. O_B=0 He paéT chusuky

MuHuManbHbIM KoMiuieke 1 O_B omnpezienieHsl /11 KOHEYHOMepHOW (hopMasbHOW anrebpel 6e3 TOMOJIOrHM, BpeMeHH U
HabsmogaeMbix. HyseBoii Knacc coob1ijaeT Uib 0 KBapaTUYHON BbIPA3UMOCTH BbIOPAHHBIM SI3bIKOM.

KoHTpnpumep 4.5. AccoumnaTop He XXUBET B X? aBTOMaTUUYECKU

Ass_0® 3aBUCHT OT TPEX apryMEeHTOB U [IByX CKOOOUHBIX BETBeH, TOr/ja Kak X2 II0OCTPOeH 13 KBa/JPaTHUYHBIX BhID&)KeHHH. Be3
B_Ass:T_Ass — X2 ¢ropmyua I1(Ass_©)=0 He TUNM3UpOBaHa.

KoHTpnpumep 4.6. HectabunbHOCTb y nosntca

IMociej0BaTeIbBHOCTh YETBEPOK MOXKET CXOAUThCs K U=D, mpu 3TOM A HEeOrpaHHUeHHO pacTéT. I103ToMy riobanbHOR
JIMTIIIULIEBOM KOHCTAHThI Ha BCer adduHHOM 061acTH HET.

KoHTpnpumep 4.7. Cy)XeHne KaHAMAATOB He PaBHO NMPUYMHHOMY NPOrHO3Yy

,Z[a)Ke ecim Co(y,N) COCTOUT U3 OAHOI'O 3/IeM€eHTa, 3TO J0Ka3blBaeT YHUKa/JIbHOCTbL BHYTPH 3aldHHOI'O Cl)OpMaJ'II:HOFO A3bIKa
" I0Me€Ha, HO He MPUYMHHOE HaCTyIl/IeHHhe COOBITHSI BO BHEIITHEM Mupe.
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13. TeopeMHbI nakeT v0.2

Hwke cobpaHbl yTBEP)K/IEHUsS, KOTOPbIE CUMTAIOTCSl 3aKPHITHIMU B ajreOpanueckoM oOnémMe Bbimycka. OHU He
TePEeHOCATCS] aBTOMATUYeCKU Ha TOTIOJIOTHYeCKHe, aHATUTHUeCKue WK (u3NdecKre peain3alfim.

_ YTBepxpaeHue Craryc FvnoTtesbl He pokasbiBaeTt

T2-TH-201 Tun accoumaropa COBna,qume cTeneHei CyUJ,eCTBOBaHme BCEX
BeTBelt; o6Lwwmii Dom. npou3BeAeHuiA.

VIHbEKTUBHOCTL NN

T2-TH-202 Cnyck ¢_XHa O_B THM M3. NOMHOTY AeTeKuM.
. F'eomeTpuyeckyto/
T2-TH-203 Kareropusa NAPG_q THM aibemb' Def. 3.1; M1~ aHa/IMTUYECKYIo
’ peanusauuio.

T2-TH-204 ®yHkTOp O_B THM Kateropus NAPG_g. CBs3b C accoumaTopoMm.

BHeLuHto0

T2-TH-205 EcTectBeHHbIi C_minunk = THM M”HMMaﬂbEb'” Hodge/Hochschild-
- BHYTPEHHWI KOMMNJIEKC.

KOrOMOJIOr 0.
T2-TH-206 U BTN THM W2 F2_, X2, AccoumnatmBHOCTb.
NOHOTbI
T2-TH-207 MpoexTsHas THM Hetsepka B Dom; JocTraroyHoe ocHoBaHMe.
MNHBAPUAHTHOCTb A gEPGL..
L [BoitHas g, nsomopcpusm NAPG_q, -
[EEgle 208 MHBapuaHTHOCTb Sel THM coxpaHeHwue Valid. CLELREEU LI 08,
T2-TH-209 JlokanbHas ycTonunBOCTb THM KomMnakTHOCTb 1 OTpbIB Fnoﬁf\anym
&_truth OT MOJIOCOB. yCTOWYMBOCTb.
LG Ll L Cratuctuyeckoe
T2-TH-210 WNHTEPBa/IbHOTO THM B'CBCDom A.
NoKpbITHE.
YTOUHEHUS

14. 3akpbiTUe U pasgeneHne goKasaTesibHbIX
06s13aTenbCTB

MonHbIi NOTATION

T2-PO-003 LEDGER, rei v CLOSED §10.1-10.3 fMoanepxmsate npy
pesepBrpoBaHue KaXxgoli HoBOI rnase.
CVMBOJIOB.
Konnunsnn . i i
T2-P0O-004 /+/+_Hdg/5/5_min CLOSED Nlemma 2.1; ABT_omaqueCKmm notation
KOHTpNpumepsbl 2.1-2.2 audit B npuaoxeHuu.
yCTpaHeHb!.

O6beKTbI, MOPGIM3MbI,
T2-PO-005 TOXAecTea n komnosuuma ~ CLOSED Def. 3.1-3.2; Thm. 3.1
NAPG_q onpegeneHsl.

Pacwuputb fo
TOMOIOTMYECKNX KaJpOB.

MocTpoekbi [lo6asnTb MalLHHbIE
T2-PO-006 KOHTpMOZenn kK M1-M4 n CLOSED KoHTpnpumepsb! 3.1-3.6 A,
Dom. :
pagyvipoBaHHasn
T2-P0O-007 6mnV|HeV|Haﬂvanre6pa " CLOSED ALG §12.1-12.3 AHa/IMTUYECKNE HOPMbI
hopMasIbHBbIA A3bIK OTAE/bHO.
TUNU3NPOBAHbI.
HenycTtoTa: siBHble
T2-PO-008A accoumaTMBHas 1 CLOSED Mpumepsbl 4.1-4.2 KﬂaCCVI(*)I/IKaLI'J/IH MaUibIX
HeaccouuartnsHas pa3mepHocTeii.
mMozenu.
HenpepbIBHOCTb,
T2-P0-008B sasepuiens, OPEN He Bxoput B Fnaga 10 v Hodge-cnofi.
Banach/Hilbert- anrebpaunyeckoe 84po
peanusaumn.
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MpoekTnBHO- . Cratnctuueckas
T2-P0O-008C rapMOHUYECKMIA CLOSED ALG ?gf' AAAER T, 68 KasM6pOoBKa B
nHTepdeiic n Sel. ’ nocneayoLwumx rnaBax.

MonHasa Teopus
T2-PO-009 accouuaTopa, agep n NEXT [nasa 5 tom2_v0_3.
LEHTPOB.

EcTecTBeHHbIN
T2-PO-010 accounaTopHbIii OPEN KoHTpnpumep 4.5
MHBapuaHT/B_Ass.

tom2_vO0_3; He
cmewmBaTb ¢ O_B.

15. KapTa 3aBucumocTteiu nocne v0.2

NOTATION LEDGER PO; T2-PO-003/004 TunNoBylo NPOBEPKY BCEX [N1aB 3aKkpbIT, HO 06HOBASEM.

NAPG_q rn. 2; M1-M4 O_B, C_min, moptn3mbl Anre6panyeckuii.

F2.X*-0_B KBaapaTn|Hbiid 3bik v KpwuTepwuii noNHOTLI He accoumaTopHbIii kaHas.
BblYMCeHne

C_min, K NAPG_q BHyTpeHHui H3 He BHelwHwiA E-cnoli.

Anchored D 2\282&?”” TouKa + D/Dom-6apbep ABTOpCKOE onpegesieHve.

A u d_truth P1, Dom A FapmoHuyecknii unbTp He truth-status.

Sel_N A, Valid, M To4yHoe MHOoXecTBO Co He chmanueckunin nporHos.

B_Ass T_Ass 1 ueneBoii cnoii AcCCOLMAaTOPHBbIN KaHas OPEN.

E/Hodge BHeLLUHWIA KoMMNeke U MocT J naBbl 10-16 He Hauart B v0.2.

16. Buonuorpacgunuyeckas cuHxpoHusauusa v0.2

Brinyck ucrnonb3yeT Kaacchueckde MCTOUHMKM Kak prior art U He TPUIMCHIBAeT TPOEKTY aBTOPCTBO KaTeropHi,
KpOCC-COOTHOILIEHHs], (haKTOPIIPOCTPAHCTB WM 00Iiel Teopuu Aedopmaliuii. ABTOPCKUI BKJIaJ, HACTOAIIEH peAaKIud
COCTOMT B WX Tumnm3npoBaHHOW cbopke B NAPG_q, anchored sufficient foundation, crpykrypHOM cenekTope u
JloKazaTenbHOU aucturuiiie D/Dom.

[S1] Eilenberg, S.; Mac Lane, S. General Theory of Natural Equivalences. Transactions of the AMS 58 (1945), 231-294.
DOI 10.1090/S0002-9947-1945-0013131-6.
[S2] Mac Lane, S. Categories for the Working Mathematician. 2nd ed. Springer. DOI 10.1007/978-1-4757-4721-8.

[S3] Gerstenhaber, M. On the Deformation of Rings and Algebras. Annals of Mathematics 79 (1964), 59-103. DOI
10.2307/1970484.

[S4] Veblen, O.; Young, J. W. Projective Geometry. Vol. I. Ginn, 1910. Public-domain scan: University of Michigan
Historical Mathematics Collection.

[S5] Kurpishev, 1. B. Ba3zossriii mpoektT KLT-RBD. Towm 1. Pegakius v197 RU. §§26.5, 52.9-52.18. 2026.
[S6] Kurpishev, 1. B. PeriepHo-ripoeKTHBHast apxUTeKTypa opMybHBIX Lenouek: PILOT-01. 2026.

[S7] Kurpishev, I. B. KURPISHEV’S THEORY OF STRATIFIED TIME: ASSOCIATOR RIGIDITY AND
NONASSOCIATIVE PACKET GEOMETRY. Kanonuueckuit SIGMA-kopmyc npoekrta, 2026.

17. KOHTponbHadA Touka T2-RP-v0.2

AEKNAPALUUA HEMPEPBIBHOCTU

Brimyck tom2_v0_2 Hacneayer T2-RP-v0.1 1 He u3meHsieT 3aMopokeHHbIH Tom I v197 RU. BHyTpeHHu# anrebpanueckuii
pe3y/bTaT ycuieH, HO BHelmHud E-moct, Hodge-co#, accormaropHasi koromosiorusi, [TH.2 Kak ¢u3ndyecKyii IPUHLIUT U
F-1-F-14 ne noBeiuens!. truth_layer_promotion=0.
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N

Bepcus

KoHTponbHas Touka

3aBeplLUéHHbIe MaTeMmaTuveckue O6N10KKN

3akpbITble 06A3aTe/IbCTBa

OTKpbITbIe 06sA3aTeNbCTBA

Cnepytowas Bepcus

O6s3atenbHoe geiictBue v0.3

3anper v0.3

tom2_v0_2.docx + tom2_v0_2.pdf
T2-RP-v0.2

NOTATION LEDGER; kateropusa NAPG_q; mopdm3mbl M1—
M4; O_B n C_min; projective-harmonic Sel; ycToinunmBocTb 1
WHTEPBa/IbHOE BO3AepXaHue.

T2-PO-003-007; T2-PO-008A; T2-PO-008C.

T2-PO-008B, T2-P0O-009, T2-P0O-010; BCe BHeLUHNE
E/Hodge/physical bridges.

tom2_v0_3: rnaBa 5 «Accouuatop, R+R, aapa, LeHTpbl 1
WHBapWaHTbI».

MocTponTb TUNU3MPOBaHHbIE SleBoe/cpeaHee/npasoe A4pa,
nucleus, LeHTp, paaukasbl; KnaccuuLMpoBaTh sIBHbIE
TpoWku; cchopmynmpoBath [3_Ass Nnbo gokasatb
HEeBO3MOXHOCTb YH/BEPCa/lbHOro KBaApaTUYHOro
KOAVPOBaHUSI.

He 06baBnsaTbL O_B accounaTopHo koromosorneii 6e3
€CTeCTBEHHOro [3_ASS 1 He NepexoanTb K (hn3n4eckoi
KpVBU3HE.
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YACTD Illl. ACCOUNATOPHAA TEOMETPUNA U
NMPEACKASATE/IbHbIE NHBAPUNAHTbI v0.3

OHTOJIOT'MYECKUM BJIOK

HeaccoraTHBHOCTb 03HaUaeT He OeCropsifioK, a 3aBUCUMOCTh Pe3y/bTaTa OT MapIipyTa KOMIIO3ULu. [103ToMy
accorpaTop $HHUKCHPYeT pa3nuue IBYX JOMYyCTUMBIX CITOCODOB COOPKY OAHOTO TPOMHOTrO TakKeTa. B mpejckasaTesibHOM
MeTOZIe CyIeCTBEHHA He BeJIMUMHA «BOOOIIe», a JIOKYC, I/je UHBApUAHTHBIN MPOGU/Ib OMepariiy CriocobeH N3MeHUThCSL.

OIr'PAHUYUTEJ/IbHBIN BJIOK

Bce pe3ynbTaThl HACTOSALEH YaCTH SIB/ISIIOTCS anrebpandecKuMy. [leTepMUHAHTHBIN TOPU30HT JIOKA/TNU3yeT BO3MOYKHbIE
W3MeHeHWs! THIA B 3a/laHHOM TapaMeTpHUUeCcKOi ceMbe, HO He [J0Ka3bIBaeT (u3nveckoe COObITHE, TIPUUMHHOCTD WK
YHHBepCa/bHYI0 IPUMeHUMOCTh. O61I1it MoCT MeXxAy Ass_©®, reoMeTpuueckoit KpuBu3HOI 1 Hol D ocTaércst OTKpBIThIM
00s13aTenbCTBOM.

18. MNacnopTt maTemaTtnyeckoro yrnyoneHus vo0.3

ITapametp Ddukcanusa
KonTtponeHas Touka T2-RP-v0.3
KaHonnueckast ocHoBa T2-RP-v0.2 + Tom I v197 RU
Pa3BuBaemas riasa I'naBa 5: accouuarop, R*R, sjpa, LileHTpbl U UHBapUaHTEI

[leTepMrHaHTHAas! TeOpeMa JIOKalIN3aLi CTPYKTYPHBIX

['naBHBIN pe3ybTar
Tepexo/ioB

,[[I/IaFOHa]'[LHO-KBa,ELpaTI/I‘-IHLIe JAdHHbIe HE BOCCTAHAB/IMBAOT

OrpuriaTesbHLIHN pe3y/bTaT .
bl pesy 006wl accouuarop

CraTyc BHeIIHUX MOCTOB OPEN; 6e3 nosbittienus ITH.2, F-1-F-14 u hu3rueckux rumores

Craryc-3aMoK truth_layer_promotion=0
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19. NnaBa 5. Accoyunartop, R+«R, aapa, LeHTPbI U
WHBapPUaHTbI

THOCEOJIOTMYECKWH BJIOK

HabsrofieHre 0/fHO# /riaroHa/I MHOIOJIMHEHHOTO 00beKTa Hen36be)xXHo TepsieT HH(opMaliHto. Iy accolpaTopa 310
0COOeHHO Ba)KHO: aJIbTepHATHBHAS anrebpa MOXKeT MMeThb HyJIeBYIO AHaroHaab Ass(X,X,X) U BCE JKe 0CTaBaThCsl
CYILIECTBEHHO HEaCCOLIMAaTUBHOMN. 3HAHKE [JO/DKHO XPAHHUTh He TOJIBKO 3HaUeHHe, HO M THIT KaHasla, OpsAOK apryMeHTOB 1
0671aCTh JOTTyCTUMOCTH.

19.1. TunusupoBaHHasa 06/1acTb accoyuaropa

Onpegenenue 5.1 (DEF-A). Oonacts accouuaropa. ITycts (.«/,0) — nakeTHas anrebpa ¢, BO3MOKHO, YaCTUYHOH
orteparueii. O6acts Dom_Ass cocTouT U3 Tpoek (a,b,c), A/st KOTophIxX orpezeneHbl aGb, b, (aGb)@Gc u aA(b&c). Ha
Dom_Ass mosiaraem Ass_®(a,b,c)=(aGb)Gc—a&(bCx).

Dom_Ass = {(a,b,c): (a,b),(b,c),(a®b,c),(a,bec) € Dom_06}.

JTemma 5.2 (THM). TpéxnuHelHOCTH Ha mMo/IHOM AoMeHe. Eciiu © — Bcroy onpezenénHast K-6uvneiinas
ornepanust, To Ass_Q@.A/ @ /@« — ./ siBnsieTcs: K-muHeHHbIM 0TOOpaKEHHEM.

Joka3zarenbcTBo. Kakzipiii U3 [BYX UIEHOB SIB/ISETCS KOMIO3ULMeH OWIMHeRHBIX 0TOOPaKeHUH 1 TOTOMY TPEX/IHHEEH.
VIx pa3HOCTb TpEX/IMHEHHA.

J171s1 yacTUYHOM onepaluy TPEXIMHENHOCTb YTBEPKAeTCsl TOJIbKO BHYTPU COBMECTUMBIX JIMHEMHBIX cpe30B Dom_Ass.
PaciupsTs eé 3a npefiesl ioMeHa 110 GopMaTbHOMY CXOJCTBY 3allpelijeHo.

19.2. leBoe, cpegHee u nNpaBoe Agpa

Omnpepgenenue 5.3 (DEF-A). Tpu siapa u nucleus. [1711 BCroy onpeziesieHHON anreOpbl ««/ oTipeiesTimMm
N_I={a:Ass(a,x,y)=0 mst Bcex x,y}, N_m={a:Ass(x,a,y)=0 asis1 Bcex x,y}, N_r={a:Ass(x,y,a)=0 ans Bcex x,y}. [lomHoe
sapo N(-)=N_InN_mnN_r.

N I=kerL Ass, N m=ker M Ass, N r=ker R_Ass,
L_Ass(a)(x,y)=Ass(a,x,y), M_Ass(a)(X,y)=Ass(x,a,y), R_Ass(a)(X,y)=Ass(x,y,a).

IIpepsioxenue 5.4 (THM). JTuneitHocThb sifep. Eciu .o/ — OunvHeitHas anrebpa, To N_I, N_m, N_r u N(.+7) sBisitoTCst
JIMHEWHBIMH TIOATIPOCTPAaHCTBAMH.

Joka3arenbcrBo. Kaptel L_Ass, M_Ass u R_Ass /miHeliHbI 110 BbiZIeJIeHHOMY apryMeHTy. VX siipa siB/sitOTCS
MOZTIPOCTPAHCTBaMH; TlepecevyeHNe MOAIPOCTPaHCTB SIB/ISIETCS MO/IIPOCTPAHCTBOM.

Omnpepenenne 5.5 (DEF-A). KommyTtanT u nentp. Kommyrant C_comm(.«/) COCTOUT U3 Z, y/I0BJIETBOPSIFOLIIX
zOx=x0z jiy1s1 Bcex X. LleHTp onpepensiercs Kak Z(-«#)=N(-«/)nC_comm(-).

®EHOMEHOJIOT' MYECKUM BJIOK

DMeMeHT L|eHTpa He MPOCTO «He MellaeT» YMHOeHHI0. OH HeuyBCTBUTE/IEH U K TIepeCTaHOBKe, U K U3MeHEeHHI0 CKOOOK.
TTo3TOMy L|eHTp 3a/]aéT YCTOWUMBBIN C/I0M, OTHOCHUTEIEHO KOTOPOTO pa3Hble MapIIPYThHI MAKeTHOH COOPKU COBIA/IA0T.

19.3. iaean accounaTopoB 1 YHUBEPCA/IbHOE aCCOLUATUBHOE OTPaXKEeHUe

Onpegenenue 5.6 (DEF-A). aean accouuaTopos. J_Ass(.«/) — HaUMEHbBIIWHI JBYCTOPOHHUH Hiea .+, COJepyKalliii
Bce 3HaueHus Ass_O(a,b,c). Bo BHyTpeHHelt Tepmunosioruu KLT-RBD fomnyckaercst 0603HaueHue
Rad_Ass(-+#):=J_Ass(.+/), HO OHO He OTOXK/IeCTB/ISIETCS C pajuKaioM /Hkeko6CoHa U JAPYTUM K/IaCCUUeCKUM
pajyKaIom.

Kypnuwes VeaH Bopucosud - KanmHunrpag - 2026 | 61



BA30BbI MPOEKT KLT-RBD - TOM Il - NAPG 3.0 - v0.8

Teopema 5.7 (THM). YHuBepca/ibHOe acCcOLHaTHBHOE oTpakeHue. [17ist mo6oH BCIOAy onpe/ieéHHON OUInHeHHON
anredpsl <7 dakrop -«/_as:=.«//J_Ass(-«/) accoiatiBeH. bonee Toro, mo6oii romomopdusm f:.«Z - B B accorMaTUBHYIO
anrebpy B equHcTBeHHBIM 00pa3oM (akTopusyeTcs uepes q:-+/ — Z_as.

Joka3arebcTBO. B (hakTOope 06pa3 KaXkioro accoiyaTopa paBeH HyJIi0, C/ie/[0BaTe/bHO, YMHOXXEeHUEe acCOI[HATHBHO.
Ecm B accoumaTreHa, 10 f(Ass(a,b,c))=Ass(fa,fb,fc)=0; moatomy J_AssCker f. YHuBepcanbHOe CBOMCTBO (hakTOpa JaéT
efvHCTBeHHBIH f c f=feq.

YHuBepcaJZibHOe accouuaTUBHOE OTparkeHue

A A/J Ass B
HeaccouunaTuBHasdA anrera accounaTuBHOE OTpaKeHue accoumaTuBHasa anre6pa

f=F.qg, ecnn B accoumaTuBHa

PucyHok 5. YHueepcanbHoe accoyuamueHoe ompadiceHue. CoocmeenHas cxema Toma I1.

JT0 oTpaskeHHe JAéT CTPOTYI0 Mepy roTepy MHGOPMAaIUy MPYU NPHUHYAUTeNbHON accoratiusu3anuy. Ecmm J_Ass=0,
anrebpa y>ke accoLiaTUBHa; ecnu J_ASS=.</, acCOLIaTUBHOE OTPa’keHHe HyJIeBOe.

19.4. 3anpeT YHMBEpPCa/IbHOIo AMaroHa/IbHO-KBaA4pPaTUYHOIO KOANPOBaHUA

Teopema 5.8 (THM). CtenenHot¥i 3anpet. He cyljecTByeT HeHy/IeBOTO OJHOPOAHOTO KBA/[PATUUHOTO 0TOOpaXKeHHUst
Q:.«/ ~ W, KoTopoe [is1 BceX OumHelHbIX anredp u Bcex x functorially coBmazgano 6b1 ¢ AuaroHanbsHBIM acCOLMATOPOM
Ass(x,X,X).

Joka3zarenbcTBo. 115 ckamsipa t umeeM Q(tx)=t2Q(x), Torza Kak Ass(tx,tx,tx)=t3Ass(x,x,x). [Ipu none ¢ 6oee uem
JIBYMSI 37IEMEHTaMU PaBEHCTBO [Ijisl BCeX t BO3MOXXHO TOJIBLKO rpu Ass(x,x,x)=0. CyieioBaTesibHO, 00111 KyOuueckuii
[MaroHaJIbHBIN KaHas He sIB/ISIeTCSl KBaZpaTHUHBIM.

Teopema 5.9 (THM). HegocraTouHocTh Aake Kyonueckoi quaronanu. Otobpakenre q_Ass(x)=Ass(X,X,X) B 001iem
Clydae He ompe/iesisieT MO/HbIM TPéx/IMHeHHbIHM accolMaTop.

Joka3zarenbcTBo. B anbTepHaTHBHOM anrebpe accoLpiaTop uepeyroLnics, moaTomy Ass(X,X,x)=0 /s KaxKJoro X.
PeasibHble OKTOHMOHBI HEAaCCOL{MATUBHBI U JJal0T HeHyJleBble 3HAaUeHNWs Ha TPOMKax pas/IMyuHbIX eJUHHUL]. 3HaUuT,
q_Ass=0 He Bieuét Ass=0.

OIr'PAHUYUTEJIbHBIN BJIOK

CumBorn R+R Hesb3st MOHUMATh KaK eJHCTBEHHOE YHC/IO WM OZIHY JHaroHaIbHYIO KBaJJpaTUUHYO (GOpMY, CITOCOOHYTO
BOCCTaHOBUTH MTPOU3BOJIBHYIO HEACCOLIMATHUBHOCTb. [J1s1 MOMHOTO cepTU(HKaTa HE0OX0JUMBI HECKOIBEKO
TO/IIPU30BAHHBIX KAHAJIOB U OTZe/bHas YepeyIoIasicsi KOMIIOHEHTa.

19.5. KBagpatunuHo-uepegyouwuincsa ceptucoukar R»R

Omnpepenenne 5.10 (DEF-A). Tpu kBagpaTuuHbIX KapaHjama. s tpéxmiHeiiHoro T=Ass_©O 3aafium
Q.,(c;x)=T(x,%,¢), Q;5(b;x)=T(x,b,x), Q,3(a;x)=T(a,x,x). [Tpu char K#2 ux nossipusaniuy BOCCTAHABIUBAIOT
cuMMeTpu3aLuM T 1o COOTBETCTBYIOIMM MapaM C/IOTOB.

S12T(x,y,¢) = Y[Qa(cix+y)—Qia(c;x)—-Qpa(csy)] = A T(x,y,0)+T(y.x,0)],
SI3T(X’b’Y) = %[T(X’b’Y)'i'T(y’b’X)],
Sy3T(a,x,y) = %[T(a,x,y)+T(a,y,x)].

Ompepenenne 5.11 (DEF-A). Uepeaymwomascs kommoHenTa. [1pu char K#2,3 nonaraem Alt(T)=(1/6)X_{c€S,}
sgn(o)-Teo.
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Teopema 5.12 (THM). ITosiHoTa KBaApaTHUYHO-uepeAyomerocs ceprudukara. [1pu char K#2,3 otobpaxeHnie
TH(S,,T,S,5T,S,;T,Alt(T)) unvektuHo. CriefioBaTebHO, TPU MOJISIPU30BaHHbBIX KBaZpaTUUHBIX KapaH/allla BMecTe C
Alt(T) ogHo3HauHO onpeiensitoT T.

Joka3arebcTBO. [TyCTh BCe ueThipe KOMIOHEHTHI 00pa3a paBHbI HY/1t0. PaBeHcTBO S_ijT=0 03Hauaet, uto T MeHsieT
3HaK IPU KaXKZ,01 TPaHCIIO3UL[MM COOTBETCTBYIOMMX C/I0TOB. [ToaTtomy T siBnisiercst uepepytormmcst. s
yepepytoerocst T umeem Alt(T)=T, a no rumnorese Alt(T)=0. 3nauuT, T=0.

Omnpepenenne 5.13 (DEF-A). Ctporas peanu3aius aBTopckoro oosekra R+R. [I71s1 101yCTUMOr0 penepHOro CJiost
RC./ 06bekT R+R onpepensiercs Kak ceptrdukar (Dom_Ass| A3, Q,,, Qq3, Q,, Alt(Ass), J_Ass, Prof_Ass). 3To He
HOBOe yMHOXKeHHe 1 He Hodge-orepaTop; 3HaK * pe3epBHUPYeTCs 3a aCCOL[MaTOPHBIM TTaKeTHBIM CJIOEM.

KBagpaTuuHble KaHajbl NJIOC YepenyoLlascld KOMNOHEeHTa

OfHW AnaroHallbHble faHHble He BUAAT albTePHaTUBHYIO HeaccoLunaTBHOCTb

Qu2(c;x)=Ass(x,x,c)

Qu3(b;x)=Ass(x,b,x)

\

Ass_O RxR-cepTugmrkaTt
TPEXNHENHBIN TEH30pP NnoJsiHas PeKoHCTPYKLMA

Q23(a;x)=Ass(a,x,x)

Alt(Ass)

PucyHok 6. IToanblil RxR-cepmugukam: keadpamuyHble KAHA/IbL U Yepedyloujasicst kKomnoHenma. CoocmeenHas cxema Toma I1.

19.6. AABHble MOAeNN U KOHTPNpUMepbI

Mogenb A,. ITycTb .«Z,=span{u,v} 1 pousBeAeHue 3a1a€Tcs TabmvLelt uGu=u, uGv=v, vou=0, vov=u.

0) u \%
u u \%
\% 0 u

Ass(v,u,v)=—u, Ass(v,v,u)=u, Ass(v,v,v)=V.
IIpegnokenue 5.14 (THM). IIpoduns mopgenu A,. 1ns </, umeem N_I=Ku, N_m=0, N_r=0, N=0, Z=0 u J_Ass=.7,.

Joka3ateabcTBO. [IpsiMoe BeIUKC/IeHHe Ha 6a3MCHBIX TPOWKAX JaéT yKa3aHHbIe aCCOLMATOPLL. Y CJIOBHS JJIS sifiep
CBOZSTCS K TMHEMHOMW CHCTeMe; JIeBOe siIpO IOPOXKaeTcs U, @ CpeiHee U IpaBoe TPUBHAIbHBL. 3HaueHus Ass(V,v,u)=u u
Ass(v,v,v)=V MOpOX/AI0T BCIO anrebpy, noatomy J_Ass=.<Z,.

Mogene M,. [Inst MmatpuuHoii anre6psl M,(K) accorpiaTop ToxKjeCTBEHHO paBeH HYJIIO, BCe TPU sipa COBIAZAI0T C
M,(K), J_Ass=0, a LIeHTP COCTOMT U3 CKA/ISIPHBIX MaTpHL].

Mogenb Q. B peaibHBIX OKTOHHOHAX BEIOEpeM opHeHTHpOBaHHbIe IIUKIIE (123), (145), (176), (246), (257), (347), (365).
Torpga

Ass(e1,62,€4) = (e1€)€4 — €1(€264) = €7 — (—€7) = 2e7 # 0,

HO a/IbTePHATUBHOCTHL aéT Ass(X,X,y)=Ass(Y,X,x)=0 u, B uacTHOCTH, Ass(X,x,X)=0. DTOT npuMep sIB/ISETCS
CcepTU(DHUKATOM TPOTHB TUarOHATHLHOTO BOCCTAHOBJIEHHUS.

Mopaenb rank Ass N_I/N_m/N_r Z J_Ass Posb

aCCOLIMATUBHBIN

M,(K) 0 Best anrebpa K-I 0 o
Hy/IeBOIi KOHTPOJIb
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Mopaenib rank Ass N_I/N_m/N_r Z J_Ass Posib

SIBHOE T10JIHOe
paspyieHue
accoLaTUBHOTO
OTpaKeHUs

o, >0 1/0/0 0 A

He (pUKCHUPYeTCst KOHTpIIPHMEP K
O >0 K/K/K K by [IMaroHaIbHOMY

3/1ech
KOJMPOBaHUIO

19.7. AccoumaTopHbIii UHBapUaHTHbIW Npodhunb

Onpegenenue 5.15 (DEF-A). OcHoBHO# ipoduib. /11 KOHEUHOMEPHOU anreOphl onpeziesim
Prof_Ass(-«/)=(n,r_Ass,n_l,n_m,n_r,n_N,n_Z), tae n=dim.«, r_Ass=rank(Ass:-«#/"{®3} - /), a ocTasbHbIe KOOPIUHATHI
SIBJISIFOTCS PA3MEPHOCTSIMU TPEX siJiep, UX MepeceueHus U 1ieHTpa. PacivpenHsiit ipoduis gobaenser dim J_Ass u
paHry BbIOPAHHBIX KBaJIPATUUHBIX KAHAJIOB.

Teopema 5.16 (THM). U3omopdHas nHBapHaHTHOCTH podunsa. Ecmu O/ - B
Prof_Ass(-«/)=Prof_Ass(%).

n3oMopdu3m anredp, To

Joka3arenbcrBo. 13 paBeHcTBa O(Ass_.#(a,b,c))=Ass_Z(Pa,db,dc) cnepyer conpspkEHHOCTE COOTBETCTBYOIINX
JIMHEeWHBIX KapT. PaHru coxpanstoTcs, a ® B3aumHo ofHo3HauHO riepeHocuT N_I,N_m,N_r,N,Z.

Omnpepenenue 5.17 (DEF-A). IIceBpoucrannus npoduei. s BecoB w_j>0 nonaraem d_prof(.«,B)=X_j w_j|
p_j(-4)—p_j(8)|. Oto rpybast u30MOpHHO-MHBAPUAHTHAS JUarHOCTHKA, HO He TIO/HbIN Knaccudukarop: d_prof=0 He
BJIEUET U30MOPGHU3M.

19.8. leTepMUHAHTHbIW FOPU3OHT CTPYKTYPHbIX Nepexoaos

OHTOJIOT' MYECKUM BJIOK

CTpyKTypHOe M3MeHeHHe He 00513aHO ObITh BHVMBIM B 3HAUEHUSIX OT/ebHBIX K03(durreHToB. OHO CTAaHOBUTCS
MaTeMaTHuecKy (PUKCUpyeMbIM B TOT MOMEHT, KOT/ld MEeHsIeTCsl PaHT TeH30pa, pasMep sifipa Uix LieHTpa. Takue u3MeHeHust
He MOT'YT IIPOMCXOAUTb IPOXU3BOJILHO: OHU JIOKA/IM30BaHbl HYJ/ISIMU OIIpefieuTenek.

Omnpepenenne 5.18 (DEF-A). IlonnHoMuanibHas ceMbs anredp. [Tycte V — n-mepHoe npoctpaHcTBo, T —
HerpuBoArMOe anrebparyeckoe MHOrooOpasue rnapametpos U |_tEHom(V &V, V) umeeT CTPyKTypHbIe KOHCTAHTH,
MOJIMHOMUAJTbHBIE TI0 t. O6o3HauuM uepe3 A_t, L_t, M_t, R_t u C_t MaTpuIpl acCcoMaTopa, TPEX siiep U
KOMMYTaTOPHOI'O KaHasa.

Onpepenenne 5.19 (DEF-A). [lerepMmuHanTHBINA ropusoHT. A_NAPG — 00bejuHeHNe [eTePMUHAHTHBIX JIOKYCOB, Ha
KOTOPBIX PaHT XOTs ObI 0jHOM 13 Matpui] A_t,L_t,M_t,R_t, 6;iounoit marpuiisl nucleus N_t=(L_t,M_t,R_t) viau 610uHOM
Matpuipl tienTpa Z_t=(L_t,M_t,R_t,C_t) MeHbIiie eé 00I1lero paHra Ha HeryCTOM OTKPhITOM MoAMHOXKecTBe T.

Teopema 5.20 (THM). J/Iokanu3anus CTPYKTYPHBIX mepexo/ioB. Ha HemycToM Zariski-oTKpbITOM MHOKeCTBe
T°=T\A_NAPG ocHoBHoii ipounb Prof_Ass(.«Z_t) nocrosiHeH. B 4acTHOCTH, BAOJIb HETIPEPBIBHOTO MYTH Y, JIEXKALL[ETO
B OZIHOU CBsI3HOM KomrioHeHTe T°, mpodusib He MeHsieTcst. JIroboe n3meHeHure nipoduiist Tpebyert repeceuenuss A_NAPG.

Jloka3zaTe/IbCTBO. J/IeEMEHThI YKa3aHHBIX MAaTPHUL] MMOJTMHOMHUAJIBHBI 110 t. Y cjioBUe rank<r 3aziaéTcs obpaijeHneM B HyJlb
BCEX MUHOPOB nopsizika r+1. OBIIUi paHT K0l MaTPULIbI JOCTUTAETCS HA HEMYCTOM Zariski-OTKpbITOM MHOeCTBe.
[Mocsnie yaaneHvsi 00beIMHEHUs] COOTBETCTBYIOIIUX JI€TEPMUHAHTHBIX JIOKYCOB BCE PAaHTH MOCTOSTHHBL. Pa3MepHOCTH TPEX
sinep, nucleus u LieHTpa paBHBI N MUHYC PAHTH COOTBETCTBYIOIIUX JIMHEHHBIX UK 0/10uHBIX KapT. CiiejoBaTebHO, BCe
KoopauHaThl Prof_Ass mocTosiHHBI.

CnepcrBue 5.21 (THM). Teopema oTpuLiaTe/ibHOro mporuo3a. Ecmm y([ty,t;])nA_NAPG=C, To B MOZie/I Ha BCEM
VHTepBaJie UCK/II0UeHO N3MeHeHe OCHOBHOTO aCCOLMaTOPHOTO ITPOQUIIS.

Jloka3zaTebCTBO. JTO HerocpeACcTBeHHoe ciiefcTBue TeopeMsl 5.20. YTBepxkeHue SIB/ISeTCs TOUHbIM BHYTPU
3a/laHHOM CeMbHU |1_t 1 He TIepPeHOCUTCST aBTOMAaTUYeCKH Ha (pr3nyuecKye CUCTeMBI.
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napameTpuyeckumn nyTb y(t)

CcTabunbHeIN Npoduas Po CTabunbHbIA Npoduns Pa cTabunbHbIN Npoduas P2 TabwnnbHeIN Npoduns Ps

Al A2 A3

N3meHeHne nHBapraHTHOro Npo s BO3MOXHO TOSIbKO Mpu NnepeceyeHun geTepMmMHaHTHOro ropnsoHTa A_NAPG

PucyHok 7. JTemepMuHaHmMHblil 20pU30HM 803MOMCHBIX CMPYKMYPHbIX nepexodoe. Coocmeennas cxema Toma I1.

19.9. MpoEeKTUBHO-TapMOHUYECKasA NoKanM3aunsa KaHangaToB

Onpegenenue 5.22 (DEF-A). IIporHo3HbIi TOPU30HT B/J0JIb MyTH. [/ Hab/I0jaeMoro rmapameTpa t, U myTH Y:

[to,t;] - T monaraem Hor_Ass(y)=y {-1}(A_NAPG). 3To MHO>KeCTBO MOMEHTOB TIapaMeTPHUUECKOT0 BpeMeHH, B KOTOPBIX
CTPYKTYPHBIM ITepexo/, He UCK/IFOUEH IeTepPMUHAHTHON TeOPEeMOH.

Omnpepenenue 5.23 (DEF-A). 'apmornueckuil KaHAuAAT nepexoza. [Iycts mapamerpuueckas rpsiMast
komnaktudunmposana 10 PY(K), a p=(r,i,u;d) — Reper c u€A_NAPG. Kanguar Ha3bIBae€TCsl FADMOHUUECKUM, €CJTH
Mu,i;r,d)=—1, Valid(D)=1, pEom_A ¥ BEIUUCIUTE/ILHBINA CepTU(PUKAT MUHOPOB BOCIIPOU3BO/IUM.

Cand_H = {p : ueA_NAPG, M(p)=—1, Valid(D)=1, Cert_det(u)=PASS}.

TpH ypOBHSI CTaTyCa pPa3IuyaloTCs )KECTKO:

YpoBenns YcioBue Pa3peiéHHbIN BBIBOJ
Anrebpanueckuii J10KycC u€A_NAPG CTPYKTYPHBI [lepexo/] He UCK/TI0YEH
" KOOP/IMHAaTHO-VHBAPUAHTHBIN KaHAWUAAT AJIs
I'apmoHuueckuit KaHaAuAAT u€A_NAPG u A=-1 c D/Dom PA P AHRAT A
TMIPOBEPKU
o OJJHOCTOPOHHUE MPO(UIN Pa3NyalOTCs U B JJaHHOM Mozie/i IPoUb JeHCTBUTETBHO
CepTudULMPOBaHHBIM Mepexo A P pog p A A popue A
BBbIUNC/IEHUS] BOCTIPOU3BOAVMBI U3MeHsIeTCsl
He3aBUCHMbIe JaHHbIE U TOJIbKO TI0C/Ie OT/|e/IbHOTO BHEILIHEero
dusnueckoe cOObITHE
orepaLoHaIM3aLys MPOTOKO/IA

Teopema 5.24 (THM). IIpoekTuBHasA HHBAPUAHTHOCTb TAPMOHHYECKOr0 KaHAuAaTa. [Ipy MpoeKTUBHOM 3aMeHe
KOOD/JMHAaTHI [TapaMeTpPUYeCcKoi MpsIMON yc1oBre A=—1 coxpaHsieTcs, a leTepPMHUHAHTHBIHN JIOKYC TIepeHOCHUTCS
nzomopdusmom cemeiictsa. [Tosromy Cand_H nHBapraHTHO NP COrIacOBaHHOW MPOEKTUBHOW periapaMeTpu3aLiiu U
TriepeHoCe floKas3aTre/bHOro nakera D.

Joka3arenbcTBo. Kpocc-cooTHOIIEHHe MTPOeKTUBHO MHBApUAHTHO. MaTpHIIbl CTPYKTYPHBIX KapT MPU U30MOpGHHOM
TIepeHocCe COTIPs>KEeHbI 06paTI/IMbIMI/I MaTpHllaMi, MMO3TOMY UX DAHIU U A€TE€PMUHAHTHBIE JIOKYChI COXPAHAIOTCA.
Valid(D) repeHOCHTCS TI0 OT/Ie/TbHOM TUTIOTe3€e AOKAa3aTe/TbHONW YKBUBAIEHTHOCTH.

OIr'PAHUYUTEJILHBIN BJIOK

I'apmonust A=—1 He co3zaét nepexos. OHa MapKUpyeT IIPOeKTHBHO-NHBapHAHTHOE OTHOIIEHHE MeXY YeThIPbMS yiKe
omnpe/ie/IEHHBIMU TOUKaMU. I10/10)kUTe/IbHBIN BHIBOZ, BO3HUKAET TO/ILKO [IPY COBMECTHOM BBINO/THEHUH [leTeDMUHAHTHOIO,
JIOMEHHOT 0, floKa3aTe/IbHOr0 ¥ BOCIIPOM3BOUMOI0 BBIUMC/IUTEILHOIO YC/IOBUH.
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19.10. BbluncnurenbHblii cepTudumkar v0.3

st 6asuca ey,...,e_n ¥ CTPYKTYPHBIX KOHCTaHT p(e_i,e_j)=X_k cAk_{ij}e_k cepTndukaT no/mKeH BBINOIHATD
CJIeIYIOLIYIO 110C/Ie/|0BaTeIbHOCTh:

Iar Onepanus ITpoBepka
c1 HOCTpOHTS MaTpHLLy Ass:VA{®3} -V TOYHbIe KO3((UIMEHTHI UK KOHTPOIMpPyeMast
apudMeTHKa
Cc2 noctpouts L_Ass,M_Ass,R_Ass,C_comm COOTBETCTBHE BHIOpAaHHOMY TIOPSIAKY Oasuca
C3 BBIUMC/IUTb PaHTH U gpa TOUHBIE 3HAUeHNs ¥ 6a3UCHI szep

noctpouts J_Ass urepauueid I_{k+1}

C4 cTabuM3anys He Mo3/Hee N 1I1aroB
=I_k+VI_k+_kV H A
C5 npoBeputh Q;,,Q;3,Q,; 1 Alt(Ass) pekoHcTpyKuus Ass npu char#2,3
c6 JUIs1 CEMBH |I_t BEIYHUC/IUTD MaKCHMaJIbHbIe nonyduts A_NAPG 1 KOHTPO/IBHBIE
MHUHOPbI TIOJTAHOMBI
He CMelIMBaTh aarebpanyeckuii U GU3HNUeCcKui
C7 nipoBeputh A,D/Dom ¥ Xelln HCTOYHUKOB P ¢

CTaTyChbl

Ipepsioxenue 5.25 (THM). Koneunocts mocrpoenus J_Ass. B n-mepHoit anredpe Bo3pacratoias tenb [,d, C.. ¢
I,=span Im Ass u I_{k+1}=1_k+.«Z_k+I_k.o/ crabunusupyetcst He 6ojiee ueM 1ocjie N CTPOrUX yBeTMUEHHI; Tipe/iest
paseH J_Ass.

,uOKa3aTEJ'l]>CTBO. Ka}K,ZLOE CTPOroe BK/IFOUe€HNHe YBe/IMUMBAET PA3MEPHOCTh KaK MUHUMYM Had €IWHUILY, d Pa3MEPHOCTb
OrpaHHWY€Ha n. CrabunbHoe oAIIPOCTPAHCTBO COAEP>KUT Im Assu 3dMKHYTO OTHOCHUTE€JIbHO YMHO>XXeHUs C/I€Ba U
CIipaBa, C/1e10BaTe/IbHO, ABJIAETCA Tpe6YEMLIM HaMMEeHbIIIUM HieajoM.
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20. TeopeMHbIU nakeT v0.3

ID

T2-THM-053

T2-THM-054

T2-THM-055

T2-THM-056

T2-THM-057

T2-THM-058

T2-THM-059

PesynbTaT

YHUBepcabHOe acCOLMaTHBHOE
OTpa)keHHe

CrereHHOM 3arpeT
KBa/IpaTUUHOT'O KOJAWPOBAHUS

HepfoctaToyHOCTb Ky6Hueckoi
JMaroHanm

TlonHota Q;,,Q;3,Q,; mroc Alt

Vi3oMopdHast ”HBAPUAHTHOCTh
Prof Ass

,ﬂeTEpMHHaHTHaﬂ JIOKa/Iru3auyst
nepexon0s

[TpoeKTHBHas! HHBapHAHTHOCTD
Cand_H
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THM

THM

THM

THM

THM

THM

COND

Craryc

67

T'unore3nr

BCIOJly OTpe/ie/IéHHast
6unHeliHas anrebpa

T1o/1e C JOCTAaTOYHBIM YHC/IOM
CKaJIIpoB

CylIjecTBOBaHHe ajIbTePHATHBHOM
HeacCOLMaTUBHOI Mo/e/ih

char K#2,3

KOHeYHOMepHasi Gu/rHeiiHast
anrebpa

TI0/IMHOMMA/TbHAs! CeMbsI Ha
HenpuBOUMOH Oase

COT/IaCOBAHHbIM TiepeHocC ceMbU U
D
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21. OGHOBNEHNE MaTpULbl AOKa3aTeNbHbIX
o6si3aTeNIbCTB

PO CopepxaHue Craryc v0.3 Crepyromuii mar

. CHauasa 3a/1aTb FeOMETPHUECKYHO
O6mwit MocT Ass_O aly p y!

T2-PO-009 OPEN CBSI3HOCTB U THIIBI 0601X
curvature/Hol_D o
HocUTenel
T2-PO-011 ;[T:SBHPOBaHHHe #ADa, HEHTD 1 CLOSED repeHoC B UTOTOBYIO IJIaBy 5
VHUBEDCATEHOCTS 7100aBUTh KaTeropHalbHYO
T2-PO-012 P CLOSED (opMyTMPOBKY Kak JieBblit
accoLMaTHBHOTO (akTopa i o
CONPSDKEHHBIN (YHKTOP
T2-PO-013 No-go A1 ;MaroHaIbHOTO CLOSED BBIUMC/IUTE/IbHBIE TECTBI Ha
KOAMPOBaHUsI OKTOHHOHAX
. char#2,3; uccnesoBarthb
T2-PO-014 TNonubii R«R-cepTuduxar CLOSED/COND
XapaKTepuCTUKU 2 U 3
T2-PO-015 [leTepMUHaHTHBIN FOPH30HT CLOSED pea30BaTh CUMBOJIBHBIN
TIepexo/i0B cepruduKaT
T2-PO-016 Banach/Hilbert-06061iienue OPEN 3aMeHUTDb PaHTH Ha ‘
ripobuIst Fredholm/essential invariants
T2-PO-017 He3aBucrmas npoBepka OPEN TIOATOTOBHTE BHEIIIHKH Habop
TIepex0/JHbIX JIOKYCOB cemeii anrebp
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Knaccuueckue onpefesieHust accoLjaTopa, sifiep, LieHTpa, albTepHaTUBHOCTH M OKTOHUOHOB HCII0/Ib3YIOTCS Kak prior art.
ABTOpCKasi HOBU3HA HACTOSIIIETO CJI0s1 3asiB/isieTcsl B cTporoM R«R-ceptudukare, coefunenun ¢ D/Dom u A-
cesleKTopoM, accoriuaTopHoM npoduie KLT-RBD u feTepMUHaHTHOM rOpU30HTe NpeJcKa3aTe/IbHOrO UCK/IHUeHMSsI.
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23. KOHTponbHasa Touka T2-RP-v0.3

KonTtposp

KymynstuBHOCTD

I'naBa 5

R+«R

ITpenckasaTesbHbIN pe3y/bTar

OrpuLjaTesbHbINA pe3y/bTaT

du3nueckuii ctaTyc

Crepytormasi Touka

Craryc-3aMoK

TOUYKA OTKATA

Pe3ynbTar

v0.1 u v0.2 coxpaHeHbl 6e3 yzaneHust
CO3[1aHO CTPOrOe aCCOIUATOPHOE SIIPO

pea30BaH Kak TOJHBIA KBapaTHUHO-UepeAyIOLUiCs
cepTUdUKaT

CTPYKTYpHBIE ePexo/ibl IOKaIU30BaHbI IeTePMUHAHTHBIM
rOPHU30HTOM

BHe€ I'OPpHU30HTAa U3MEHEHUEe HpOCl)I/IJ'IH HCK/IFOYEHO B MO/ie/TIh
He IOBBbIIIeH

T2-RP-v0.4: makeTHO-pernepHas anrebpo-reoMeTpuyeckast
JIBOMCTBEHHOCTb

truth_layer_promotion=0

T2-RP-v0.3 coxpansiet v0.2 KaK Hen3MeHsieMbli NCTOYHHK. IIpu o6HapyxeHnH Aedekra B R«R-cepTudrkare otkar
BoIinonHseTcst K T2-RP-v0.2, a He K Tomy 1. Tom I v197 RU ocTaércsi 3aMOpOKeHHOM HYJ1EBOM OCHOBOWM.

MawwnHouutaeman oukcaumsa

checkpoint=T2-RP-v0.3; source=T2-RP-v0.2; truth_layer_promotion=0; next=T2-RP-v(.4.
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YACTb IV. AITTEBPO-TEOMETPUYECKAS
NBOVNCTBEHHOCTb v0.4

KounrposbHasi Touka T2-RP-v0.4 - yriy6senue riaBbl 6 - ucrounuk: T2-RP-v0.3

durnocodckmii W03 rnaBbl 6

OHTONOMS Astrebpa v reoMeTpust He OOBSBISIOTCS OJHUM U TEM >Ke 00beKTOM. [[BOMCTBEHHOCTh O3HauaeT

KOHTDPOJIMPYeMOe B3alIMHOe BOCCTAaHOBJIEHHEe CTPYKTYD uepe3 SIBHO 3aJaHHbIe ()YHKTOPHL.

FHOCEONOrmst Habronaemasi reoMeTpHst eCTb CEMEHCTBO [0y CTUMBIX TIPo6 anre6pel. [TosHOTA O3HaHKS TpebyeT
Jl0Ka3aTb, UTO COBOKYITHOCTE P06 He TepsieT CYIeCTBeHHBIX JaHHBIX.

DEHOMEHONOMS OOBEKT MPOSIB/SETCS He KaK M30/IMPOBAHHAS Belllb, & KAK COrVIACOBAHHBIN CIIEKTP ero AeiCTBUil Ha

TECTOBBIX 00BEKTAX, PETlePHBIX KOHMUTYPALUSIX U JIOKAIBHBIX KapTax.

OrpaHMueHme [Jake TouHast BONMCTBEHHOCTh [1€PEHOCUT CTPYKTYPY, HO He CO3/1aéT MPUYMHHbBIN 3aKOH, BDEMEHHYIO
JVHAMUKY WIH GHU3rdecKoe rpefickasanye. [1yst HUX TpeOyIOTCs OTebHbIe MOCTHI U JaHHBIE.

24. NMacnopTt yrny6neHusn v0.4

Lens pegakuyu v0.4 — 3aMeHUTb HeoTpee/IEHHYI0 GOpMYyJy «anrebpa ABOMCTBEHHA FeOMeTPUM» UeThIPEXYPOBHEBOM
KOHCTPYKLMei. [TepBblii ypOBEHD SIB/ISIETCS 6€3YC/IOBHBIM U TIPEJICTABUMBIM; BTOPOM BBOAUT YC/IOBHYHO
TIPOCTPAaHCTBEHHYIO pPealr3aliyio; TPeTHH BhlfesisieT peKOHCTPYHpYeMble TI0AKaTerOpHUH; UeTBEPTHIi TePeHOCHUT
JleTepMHHaHTHbIe U TIPOeKTUBHO-TapMOHMUECKe KaH /ATl TOBKO Yepe3 [oKa3aHHbIA peKOHCTPYKLMOHHBIM 1IUIH03.

YpoBeHb KoHcTpyKuus Crartyc JonycTumbIiii BbIBOJ,
. Asrebpa MoJTHOCTBIO KOJUPYETCst CBOUM (DYHKTOPOM TOUEK B
DO Yoneda/representable duality THM P AHPY by P
Tpe/iCTaBUMOM CJI0€.
. . Cyl11lecTByeT eCTeCTBEHHOE COOTBETCTBHE FeOMeTPUUECKUX CTPesIoK U
D1 Spec_R - Gamma_R adjunction COND Y Y P P
anrebpanueckux MOp(GU3MOB TIPU 3aJJAHHBIX TUTIOTE3aX.
. . . Ha obbekrax ¢ ©30MOPGHBIMH Unit/counit anrebpa 1 reoMeTprsi B3aUMHO
D2 Reconstruction anti-equivalence COND/THM pd P P
BOCCTaHaB/IMBAIOTCSL.
_ Panrosb1ii ropu3oHT ¥ harmonic gate repeHoCsSITCS Mé CJTOSIMH TOJIBKO
D3 Predictive dual transport COND p g p P
TIPU HYJIEBOM PEKOHCTPYKLIMOHHOM [edexTe.
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25. 'naBa 6. NakeTHO-penepHasa anredpo-
reomeTpuyeckasi ABOMCTBEHHOCTb

25.1. N'paHuua prior art 1 aBTOPCKOIA KOHCTPYKL UK

Knaccrueckasi MaTeMaTHKa CO/ZlePKUT HECKOJBbKO pa3/IMuHbIX, HECBOAWMBIX JIPYT K IPYTy MapaJiurM JBONHCTBEHHOCTH:
aHTHSKBUBalIeHTHOCTb KOMMYTaTHUBHBIX KoJiel] U ab(UHHBIX CXeM; BOCCTaHOB/IeHHe KOMIIaKTHOT'O POCTPAHCTBA 110
KOMMYyTaTHBHOM C*-anrebpe; COOTBETCTBHE BEKTOPHBIX PACC/IOEHUH U KOHEUHOMOPOXKAEHHBIX TIPOEKTUBHBIX MO/TY/Iek;
PEKOHCTPYKLMIO 00beKTa 1o ¢pyHkropy Hom. HacTosias rinaea He rmeperMMeHOBBIBAET 3TU pe3yJIbTaThbl U He 3asiBJisieT UX
KaK aBTOpPCKUe.

ABTopckas KoHCTpyKIMs Toma Il cocTout B ux AucLUIuIMHUpoBaHHOM nepeHoce B NAPG: BBOAATCS NpefCTaBUMBbII
(hyHKTOp NaKeTHO-perepHBIX TOUeK, PeKOHCTPYKLMOHHBIHN JedeKT, projective Reper-atsiac, cornacoBanve
anrebpanyeckoro ¥ reoOMeTpUIecKoro IeTePMUHAHTHBIX TOpH30HTOB U blocker-safe nmpaBusio nporHo3Horo nepexHoca.

Knaccu4yeckasa nuHus YTto nmnopTtupyetcs YTO He NepeHOCUTCA aBTOMaTU4eCKU
HekoMMyTaTHBHasi UK HeacCOL[MAaTUBHAs anrebpa He 1ojyyaeT
KoHTpaBapraHTHOCTb Spec 1 BOCCTaHOBJIEHHE T10 . .
AddunHbIe CXEMBI KaHOHHYeCKui scheme-spectrum 6e3 JOMOTHUTEIbHOM
r7106a/IbHBIM CeueHHsIM Ha aGHUHHOM CIioe.
KOHCTPYKLIMH.
- Vipes BoccTaHOBJIEHHS IPOCTPAHCTBA U3 Tonosoruueckast C*-CTpyKTypa, 0JI0XKUTeIbHOCTD U involution
T'enbgang—Hatimapk .
(yHKIMOHANBHOM anre6pbL. He MIPUCYTCTBYIOT B 061eM NAPG-szipe.
Cepp—Cvon CBsI3b JIOKaJIbHOM TeOMEeTPHHY PacC/I0eHUH ¢ JIro60it NAPG-Mo/1y/ib He SIB/ISIETCSI aBTOMAaTUUeCKU BEKTOPHBIM
PPty MPOEKTHBHBIMU MOAY/ISMHU. paccoeH’eM.
o IMpescTaBUMBbIY QyHKTOP ellié He SIB/ISIeTCsl OObIYHBIM
Vonepa IMonHas TouHocTb npezcTaBuMoro Hom-gyHkTopa. PeA by P ety
TOMOJIOTUYEeCKUM MTPOCTPaHCTBOM.

25.2. 1Be pa3nnyHble ABONCTBEHHOCTU

OnpegeneHue 6.1. MNpeactaBuman gBoicTBeHHOCTb [DEF-A]
Iycts ¢ = NAPG_q/\fin — marnas KaTeropuisi KOHeUHOMepHbIX 00bekToB NAPG_q ¢ Mopdu3Mamuy,
Y/I0BJIETBOPSIFOLLIIMH UETHIPEM COBMeCTHMOCTSIM TIy1aBbI 3. st A €0b(€) onpesenniM KOBapraHTHBINA QYHKTOP TOUEK

h_A : € — Set, h_A(T) = Hom_‘¢(A,T).
Anrebpaunueckuii Mmopdusm f:A - B unaynmpyet ecrectBeHHoe nipeobpasoBanue h_f:h_B - h_A, 3aganHoe
nipeiBapuTenbHOM Kommo3uimedt h_f(T)(g)=gef. [Toaromy A—h_A siBnsieTcs KOHTpaBapUaHTHBIM O0TOOpaXkeHHeM anredp
B TeOMeTpUUeCKHe QYHKTOPBL
OnpepeneHune 6.2. NMpocTpaHcTBEHHasA ABOVCTBEHHOCTb [DEF-A]

[TpocTpaHCTBeHHas! JBOMCTBEHHOCTh TpeOyeT MHOM KaTeropud Geo_R, 00beKThI KOTOPOH UMEIOT HOCUTEJb, JTOKa/IbHBIE
KapThl, CTPYKTYPHBIH ITy4OK, [TaKeTHO-pellepHble JaHHbIe U MpaBusia cKaeldky. OHa 3a/1aéTcsl Tapol KOHTpaBapHaHTHBIX
¢ynkropoB Spec_R 1 Gamma_R 1 He BLIBOJUTCS U3 OJHOTO JIMILB CylllecTBoBaHUS h_A.

Spec_R : Alg_R — Geo_R"op, Gamma_R : Geo_R”op — Alg_R.

OrpaHuuuTenbHbIi 6NOK: CNOBO «4BOICTBEHHOCTb»

3anper 1 TonHas TO‘EHOCTB (YHKTODHOTO OMMCAHUS He 03HauaeT CYL[eCTBOBAHKS OOBIYHOIO MHOKECTBA TOUEK C
TOMOJIOTHeN.

3anpert 2 CoBma/ieHrie MHO>KECTB XapaKTePOB He 03HauaeT u3oMop¢u3ma anredp.

3anpert 3 CylriecTBOBaHHe COMPSDKEHHOM Mapbl He 03HauaeT, YTO Unit ¥ counit ©30MOPQHBL.

3anpert 4 AHTHSKBUBaJIEHTHOCTH CTaTUUECKUX KaTeropuil He 3a/1aéT 3aKOH JBOJTIOL[U TIapaMeTpa.
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26. be3onacHasa npeacraBuMasi ABOMCTBEHHOCTb
NoHeabl

26.1. Teopema NOJIHOW TOYHOCTU

Teopema 6.3. Yoneda-safe anti-equivalence [THM]

®yHKTOp Spec_Y: ‘@ op — Set\€, onpepenénnblii hopmysioii Spec_Y (A)=h_A, siBjisieTcs TOJHBIM ¥ TOYHBIM. ET0
cytiectBeHHbIi 06pa3 Aff_INAPG/rep obpa3syeT kateroputo rpectaBuMbix NAPG-reomeTpuid, u Spec_Y 3afaéT
aHTUIKBUBAJIEHTHOCTh

¢ op =~ Aff_NAPG”"rep.

HoxkazatenbctBo. st A,BEE nemma Vonespl naét ecrectBeHHyro ouekuuro Nat(h_B,h_A)=Hom_‘¢(A,B). OHa
COBMECTHMa C TOXKJeCTBaMH U Kommo3suismu. CriejoBaTesibHO, Spec_Y TIO/IOH U TOUeH; OrpaHUYeHHe Ha
CYIIIeCTBEHHBIM 00pa3 sIB/ISIeTCS SKBUBAJIEHTHOCTHRIO. [

JTOT pe3y/bTar siBJisieTcsi 6e3yC/IOBHBIM B paMKaxX BbIOpaHHOM Masoii KaTeropun. OH He TpeDOyeT prime-spectrum,
MaKCHUMaJIbHBIX U/leasioB, HOPMBI, TOMOJIOTUY WM aCCOLIMaTUBHOCTU. Ye/loBeueCTBO pefIKO MOIy4daeT CTO/Ib YUCTBINA
pe3yJibTar, M03TOMY CjleZlyeT HeMe/[JIEHHO 3alpeTUTh eMy TIPUITUCHIBATE pe3yibTaTy 0osiblile, YeM TaM HalMCaHo.

Be3onacHas ABOWCTBEHHOCTb MloHenbl

Anrebpa A h_A(T)=Hom(A,T) Representable
B NAPG_q b yHKTOpP TOUYeK NAPG-geometry

A -> B cooTBeTcTBYyeT h_B->h_A

[MonHasA n ToYHaa Ha NpefCcTaBUMOM YPOBHE; TOMoJIorMyeckas peasnsaunsa He ripearosaraeTcsa aBToOMaTUYECKU.

PucyHok 8. Be3zonachas npedcmagumas 0eoticmeeHHocmb Honedbt 011 NAPG_q. Co6cmeenHas cxema Toma I1.

26.2. PenepHblii hyHKTOP KOHUrypawuii
OnpegeneHue 6.4. Reper_T(A) [DEF-A]

I TectoBoro oobekta T TOI0XKUM

Rep_A(T) ={ (r,i,u,d) € h_A(T)* : Adm_T(r,i,u,d)=1, Valid_T(D)=1 }.
3nech 1,i,u,d — yetsipe Mop¢rzma A — T, Adm_T mipoBepsieT JOMEHHYIO AOMYCTUMOCTb, Pa3/TMUUMOCTh U OTCYTCTBHE
romoca, a Valid_T(D) nposepsieT nakeT JocTaToyHOro ocHoBaHus1. CemelicTBo Rep_A sBisercs noadyHkropom h AN,
eCJIv IONyCTUMOCTD U [JOCTaTOUHOe OCHOBAHHE COXPAaHSIOTCSl BCEMU TECTOBBIMU MOpP(dH3MaMHU.
MpepnoxeHue 6.5. PyHkTOpUanbHOCTb Reper-koHdurypauuin [THM]
IMycTtb s:T - T' coxpansier Adm u Valid(D). Torga (r,i,u,d)—(ser,s°i,s°u,s°d) 3a7aét oTobpakeHre
Rep_A(T) - Rep_A(T’); To>xaecTBa ¥ KOMIIO3UL[MU BBITIOHSAOTCS TOKOMITOHeHTHO. CriefiloBaTe/lbHO, Rep_A: € - Set
AB/sIeTCST GYHKTOPOM. [
CnepctBue 6.6. UsomopdHaa nisapnaHTHocTb [THM]

N3omopdusm A =B uHgyLMpyeT ectecTBeHHbII n3oMopdusm Rep_B =Rep_A. ITosTomy periepHasi reoMeTpus Ha
Ipe/iCTaBMOM YPOBHE He 3aBHCHUT OT BbIO0opa M30MOpGHOro anrebpanueckoro rnpeAcTaBieHusl.
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27. YcnoBHada napa Spec_R / Gamma_R

27.1. ConpsieHue U KapTbl BOCCTAHOB/IEHUSA

FvnoTtesa 6.7. NMpocTpaHcTBeHHas peanusaumsa [COND]

IIpeanonaraercs cymectBoBaHue Kareropuu Geo_R u ¢pyHkTOopoB Spec_R, Gamma_R, /7151 KOTOPBIX UMeeTCst
ecTecTBeHHasi OMeKIUs

Hom_Geo_R(X, Spec_R A) = Hom_Alg R(A, Gamma_R X).

Ota buekius o3Havaet conpspkeHre Spec_R —| Gamma_R mexxay Alg_R u Geo_RAop. Eif COOTBETCTBYIOT Unit 1
reoMeTpHUYeCKH 3alMCcaHHbIA counit

eta_A : A - Gamma_R Spec_R(A),
epsilon_bar_X : X — Spec_R Gamma_R(X).

Cy1ecTBOBaHHe 3TUX KapT He yTBepxkaaercs Ayst Bcelt NAPG 6e3 #0T0/HUTETBHON CrieliudyKaLiK CIIeKTpa, MyJKa 1
JOTIyCTUMBIX JioKanu3auui. B v0.4 gpukcupyercs TouHasi popma joKa3aTebHOro 00513aTeIbCTBa, a He ero AeKOpPaTUBHOe
HCUe3HOBEHUe.

YcnoBHaA NpoCcTpaHCTBEHHasA ABOUCTBEHHOCTb

Spec_R
Alg_R Geo_R
anrebpaunyeckui csiou reoMeTpu4yeckKum cion
Gamma_R
eta_A: A -> Gamma_R Spec_R(A) epsilon_X: X -> Spec_R Gamma_R(X)

AHTV3KBMBaJIEHTHOCTb BO3HMKaeT TOJIbKO Ha rnoakaTeropusax, rae eta n epsilon apnsoTcs nsomopdusmamu.

PucyHok 9. YcaoeHas napa Spec_R/Gamma_R u kapmsi pekoHcmpykyuu. Co6cmeenHasi cxema Toma I1.

27.2. PEKOHCTPYKLUNOHHbIE aedeKTbl
OnpepeneHue 6.8. Anredopanyeckuii gecekt [DEF-A]

151 KoHeUHOMepHOro A onpezenum
K_rec(A)=ker(eta_A), Q_rec(A)=coker(eta_A),
def_alg(A)=dim K_rec(A)+dim Q_rec(A).
Ecnu kaTeropus He aJIUTHBHa, Ucro/b3yercs Oynes aedekt def_alg(A)=0 npu uzomopduoctu eta_A u def_alg(A)=18
TIPOTUBHOM CJTyvae.
OnpegeneHue 6.9. FTeomeTpuueckuii gecekt [DEF-A]

[Monaraem def_geo(X)=0, ecr epsilon_bar_X siBnsietcst usomopduzmom B Geo_R, u def_geo(X)=1 unaue. B
KOHEYHOMEPHOW KOOPAMHATHON MO/Ie/TH [IOIyCKAeTCsl PAHTOBast IeTa/IM3al[|sl yepe3 MaTpHI[bl 0TOOpPayKeHHsT JIOKaTbHBIX
KOOPZAWHAT U CTPYKTYPHBIX MTyYKOB.

def_rec(A,X)=def_alg(A)+def_geo(X).

HyrneBoil peKOHCTPYKLMOHHBIH fiedeKT sBsieTcst 00513aTe/IbHBIM yCIOBHEM ITepeH0Cca CTPOToro Npeficka3aTe/IbHOro
craryca. HeHyneBo# fedeKT He orpoBepraeT 00BEKT, HO 3aMpellaeT OTOXKAECTBIISTh ero anrebpanueckyo u
TeOMeTPUYECKYI0 BePCHTL.
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27.3. Teopema PEKOHCTPYKLNOHHON aHTUIKBUBAJIEHTHOCTU

Teopema 6.10. Restricted reconstruction theorem [THM npu runotese 6.7]
[Myctb Alg_rec — nomHas rogxateropusi 00beKTOB A, /7151 KOTOPBIX eta_A siBisieTcst u3omopdusmom, a Geo_rec —
TI0JTHAs TTO/IKATeropusi 00beKTOB X, /1S KOTOPBIX epsilon_bar_X seiseTcs usomopdusmom. Torma Spec_R u Gamma_R
OTpaHUUMBAIOTCS [JO aHTUIKBHUBAIEHTHOCTH

Alg_rec”op = Geo_rec.
[JokazarenbcTBo. Ha yKa3aHHBIX TTOJKaTeropyusix Unit ¥ counit siB/IsFOTCST eCTeCTBEeHHBIMU U30MOpGhHU3MaMU.

TpeerJ'[beIE TOXXAECTBA COIIPsA>KEHKA ITOKA3bIBAIOT, UTO Or'PaHUYE€HHbIe ('by'HKTOpI:I ABJ/IAKOTCA KBa3I/IO6paTHLIMI/I. O

CnepctBue 6.11. CoxpaHeHne n3omopgHbIX uHBapuaHToB [THM npu runotese 6.7]

JIroboii MHBapUaHT, (hYHKTOPUAIbHO OrpeenéHHbIi Ha Alg_rec, nmepeHocutcs Ha Geo_rec U o6patHo. OHAKO
HepyHKTOpHa/IbHbIE UHMC/IOBbIE TIPU3HAKH, BEIOpAaHHKIE TI0C/Ie TIPOCMOTPA pe3yJ/ibTaTa, He [o/yJaroT TaKoro rpasa.
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28. KOHTpTEOpeMbI K JIOXKHOU ABOMNCTBEHHOCTU

28.1. MHOXeCTBO XapaKtepoB HE BOCCTaHaBJ/InBaeT anre6py
Teopema 6.12. Character-spectrum no-go [THM]

ITycte K — none u V_m — m-mepHoe K-nipoctpancteo. Ha A m=K®V_m 3aaiuM KOMMyTaTUBHO€e aCCOLIMaTUBHOE
YMHOXXeHue

(a,u)(b,v)=(ab, av+bu), V_m”2=0.

Torpga A_m — yHUTaneHast anredpa, v BCIKUA yHUTanbHbIN K-anrebpanuecknid xapakTep chi:A_m — K coBnazaer ¢
nipoekiueit chi(a,u)=a. CnemoBarenbHO, MHOKecTBa K-3HaUHBIX XapaKTepoOB BCeX A_M OJHOTOUEYHEI, XOTS A_m u A_n
He u30MOpGHBI TIPY M#N.

HokazarenbcTo. 3arumieM chi(a,u)=a+l(u). I3 MypTUIMKaTUBHOCTH 1TosTydaeMm 1(u)l(v)=0 ans Bcex u,v. Hag mosiem
570 Bieuét 1=0. Pasmure pasmepHocTel 3anperjaer n3omopdusmM A_m = A_n nipu m#n. O

CnepoBaTenbHO, point-set spectrum 6e3 CTPYKTYPHOTO TTyuUKa WM MOJHOTO (PYHKTOPA TOUEK TePSIeT HUILIIOTEHTHbIE
HarpaBJieHHs. JTa KOHTpPTeopeMa JefiCTBYeT y>Ke B aCCOIIMaTUBHOM CJIydae, IT03TOMY HeacCOL[MaTUBHOCTE He MOKET
ObITh Ha3HAUEHA BUHOBHOM 3a BCE Ue/I0BEUECKUE YITPOIEHHSI.

28.2. HenuHeiiHaa cMeHa KapTbl paspywaet lambda
KonTpnpumep 6.13. Non-projective chart failure [THM]
Ha acdunnoii npsimoii Bo3sMéM (r,i,u,d)=(0,1,2,3). B npunHaTOM Mopsiike
lambda(u,i;r,d)=((u-r)(i-d))/((u-d)(i-r))=4.
[Tocsie HenMHEHOM 3aMeHbI KOODAMHATHI X—X? nostyyaeM quadruple (0,1,4,9) n
lambda’=32/5 # 4.

[MosTomy ryiobasnbHasi periepHasi lambda-koop/iHaTa CyiijecTByeT TObKO npu niepexogax KapT u3 PGL,(K) mbo npu
OT/Ie/IBHOM [J0Ka3aHHOM KJ1acce 1peobpa3oBaHui, COXPaHSIIOIUX Cross-ratio.

28.3. Ctatnyeckas ABONCTBEHHOCTb He CO3[aET AUHAMUKY
MpepnoxeHue 6.14. No-dynamics principle [THM]

AHTHIKBUBATIEHTHOCTh KaTErOPHii MEPEHOCUT 00BEKThI, MOPGU3MBbI M (YHKTOPUA/TbHBIE MHBapUaHThL. OHa He BbIeSeT
riapameTp BpPeMeHH, TeHepaTop M0TOKa, BePOSTHOCTHBIN 3aKOH W/IM ITPUYMHHOE Harpas/eHue. CriefoBaTesibHO, U3
Alg rec’rop=Geo_rec Heb3s1 BbIBECTH NPOTHO3 COOBITHS 6e3 ZOMOIHUTeNEHOM JUHAMUYeCKOM CTPYKTYPBIL.

[HoxkazaTenbcTBo. OfiHa 1 Ta JKe CTaTHUecKast KaTeropus JJOMyCKaeT pa3/IMyHble ceMeiCTBa SHA0(MYHKTOPOB 1 pa3iuuHbIe
rapaMeTpy3alyy yTeil 00beKTOB. DKBUBa/IEHTHOCTDb He BLIOMpPAeT OJHY U3 HUX. (]
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29. MNMpoeKTUBHO-penepHbIe aTsiacbl U rnodanbHas
harmonic coordinate

29.1. OnpepeneHue aTnaca

OnpepgeneHue 6.15. Projective Reper atlas [DEF-A]

ITycts X&Geo_R. Projective Reper atlas cocrout u3 nmokpertust {U_alpha} u kapt kappa_alpha:U_alpha - PY(K), npruém
Ha KaxJjoM HeryctoMm riepeceueHun U_alphanU_beta mepexon kappa_betackappa_alpha/r{-1} siBisieTcst orpaHuueHreM
snemenTa PGL,(K). JomyctrMasi Reper-ueTBEpKa /[0/KHA JIeXKaTh B 0011[el KapTe WK UMETb COT/IaCOBaHHOE
TIPO/I0/DKEHME Uepe3 LIeTI0UKY IepeceyeHui.

Teopema 6.16. Fno6anusauus lambda [THM]

Ha projective Reper atlas BemuriHa lambda(u,i;r,d) He 3aBucHT OT BEIOOpa KapThl U TEM CAMBIM 33/Ia€T I/100aTbHYO
(YHKIMIO Ha TPOCTPaHCTBE JOMYCTUMBIX PellepHbIX UeTBEPOK.

IokasaTenbcTBo. Ha repeceueHusix KapThbl CBSI3aHbI IIPOEKTUBHLIM Tpeobpa3oBaHyeM, a Cross-ratio MHBapHaHTHO
otHocutenbHO PGL,(K). TpaH3UTHBHOCTb MIEPEX0/IOB 00eCreurBaeT COrjiaCOBaHHOCTh HA TPOMHBIX MepeceyeHusix. [

CnepctBue 6.17. Tno6anbHocTb harmonic locus [THM]
Harm(X)={rhoeRep(X): lambda(rho)=-1}

SIBJISIETCSI KOPPEKTHO OTIpe/e/IEHHBIM TT0IMHO>KeCTBOM KOH(HUTypaLoHHOro nipoctpadcTBa. Ecm char K=2,
rapMoHMYecKast MapKMpOBKa TpebyeT OT/ie/IbHOM HOPMHUPOBKH U B HACTOSILIUI MaKeT He BK/TIOYaeTCs.

29.2. EcTeCTBEHHOCTb OTHOCUTENbHO MOPJOU3MOB
OnpepgeneHue 6.18. Projective Reper morphism [DEF-A]

Mopdusm F:X - Y HasbiBaeTcs projective-Reper, ecnu okanbHO BbipakaeTcs sneMeHTamMu PGL,(K), mepenocur Adm,
Valid(D) v 06CcTpyKIMOHHBIE METKH M COTJIACOBAH CO CTPYKTYPHBIMU TTyYKaMH.

Teopema 6.19. UuBapuaHTHOCTb harmonic locus [THM]
F(Harm(X)) € Harm(Y).

Eciu F sBnisiercst n3omopdusmom projective-Reper 06bektoB, To F(Harm(X))=Harm(Y). [Joka3aTenbCTBO CiejyeT U3
JokaabHOM PGL,-nHBapraHTHOCTH M coxpaHeHus: D/Dom.
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30. BOINHOW AeTePMUHAHTHbI FOPU3OHT

30.1. Anre6panyeckuii U reoMmeTpUUECKUii KaHanNbl

[MycTb t—A_t — anrebpanyeckasi ceMbs r1aBbl 5 1 X_t=Spec_R(A_t) — eé reomMeTprueckasi peasu3anys Ha
PeKOHCTpyHpyeMoM ciioe. Anrebpandeckuii ropusoHT Delta_alg orpesiensietcst majieHrieM paHTOB MaTpPHL] aCCOLIMATOPA,
saep, LieHTpa U ujeana J_Ass. 'eomerprueckuii ropusoHT Delta_geo onpepesnsiercs nafieHrieM paHroB yHKTOPHAILHO
COOTBETCTBYIOIIMX KapT KacaTe/bHOT0, TyYKOBOT'O WM MHLIUAEHTHOTO CJIOS.

'vmnoTtesa 6.20. Conjugacy bridge [COND]

[Jnst KayKo cTpyKTypHOUM KapThl M_alg(t) cyiecTByeT reoMmerpuyeckast Kapta M_geo(t) u oOpaTUMble MaTpHULIbI
U(t), V(t), Takue uTo

M_geo(t)=U(t) M_alg(t) V(t)*{-1}.
Teopema 6.21. CoBnageHne paHroBbix ropusoHToB [THM npu runortese 6.20]
Delta_alg = Delta_geo.

[loka3aTenbCTBO. YMHOKeHHe CjIeBa U cripaBa Ha 0OpaTuMble MaTpHULibl coXpaHsieT paHr. [ToaTomy Habopbl TapamMeTpoB,
Ha KOTOPBIX COOTBETCTBYIOI[ast KapTa TepsieT OOIIuii paHT, COBMaatoT. [Tocsie 06bejuHeHNs TI0 KOHEUHOMY CEMENUCTBY
CTPYKTYPHBIX KapT MO/Iy4aeM PaBeHCTBO TOPU30HTOB. [

CnepctBue 6.22. [1BoliHaA TeopemMa oTpuyaTesibHoro nporHosa [THM npu runotesax 6.7 n 6.20]

Ecmu myte gamma([t0,t1]) He mepecekaeT oOIIMif TOPU30OHT U PEKOHCTPYKLMOHHBIN eeKT paBeH HYJTIO, TO Ha BCEM
VHTEepBaJie TIOCTOSIHHBI Kak anrebpanueckuii npodusb Prof_Ass(A_t), Tak U ero reoMeTpuyecKuil BOMCTBEHHBIN
TPO(UIBb.

JT0 yTBepsKAeHNe UCK/II0UaeT CTPYKTYPHBIH Nepexos BHyTpY KOHKPeTHOUM Mozie. OHO He yTBep)KJaeT HeM3MeHHOCTh
(h131YecKol CHCTeMbI, eC/Id He ZloKa3aHo, UTO CUCTeMa peasu3yeT JaHHYIO0 MOJie/lb U Iy Th NapaMeTpOB.
30.2. HecoBnageHune ropn3oHTOB Kak blocker

OnpegeneHue 6.23. Dual mismatch set [DEF-A]
Mis_dual = Delta_alg triangle Delta_geo.

Hemnycroe cumMMeTprueckoe pasjinurie 03HadyaeT, yTo MO0 peKOHCTPYKLMS He TOUHA, 00 BbIOpaHHBIE CTPYKTYpHBIE
KapThl He AB/ISFOTCS ()YHKTOPHATbHBIMU COOTBETCTBUSIMH, JTMO0 BLIUMC/IUTEIBHBINA CepTUGUKAT COAEPXKUT AedekT. B
ITOM C/Tyuae MepexoAHbIN KaHUJAT He TyOIMKyeTCs.

Cutyauus BbiBopg Cratyc

t BHe 060MX TOPHU30HTOB CTpyKTypHBIH 1TPpOdH/IL OCTOSTHEH B 000MX C/IOSIX. NO-CHANGE

PaspewéH kanaugar nepexoza; Tpedyrorcs lambda, D/Dom u obstruction

t B 000MX rOPU30HTAX gate CANDIDATE
{ TOJILKO B OZJHOM I'OPU30HTE PekOHCTPYKIIMOHHBIN KOHGJIUKT. ABSTAIN
eta nM epsilon He 130MOpPGHBI Asnre6po-reoMeTpHUeCKHI ITepeHoC 3ampelréH. ABSTAIN

Kypnuwes Meax Bopucosud - Kanunurpag - 2026 | 78




BA30BbI MPOEKT KLT-RBD - TOM Il - NAPG 3.0 - v0.8

31. ABoiiHOMN nNpeacKa3aTtenbHbI W3 KLT-RBD

31.1. Cucrtema 6510KepoB

OnpegeneHue 6.24. Block_dual [DEF-A]
Block _dual =B recUB_var UB _chart U B D UB Dom UB _ob U B _ind.

B_rec: unit umu counit He IBASOTCS U30MOpGhU3MaMU;

B_var: ajarebpanueckuii 1 reOMeTPUUECKUI TOPU30HTHI He COBIAJAIOT;

B_chart: mepexofibI periepHOro atsiaca He IoKa3aHbl KaK IIPOEKTHBHEIE;

B_D u B_Dom: oTCyTCTByeT AOCTaTOUHOE OCHOBaHUe WK 06/1aCTh MPUMEHEHNS];

B_ob: BHyTpeHHee WY BHELITHee TPEMSITCTBHe He 00HYJIEHO;

B_ind: oTcyTCTBYeT He3aBUCHMBIH BEIYHCUTETbHBIA WK SMITHPUIECKUi cepTH(UKAT, KOTra OH TpeOyeTcs.

OnpepgeneHue 6.25. Dual harmonic candidate [DEF-A]
Cand_dual(t)=1 iff teDelta_algnDelta_geo, lambda_t=-1, Valid(D_t)=1, Pi_t=0, Block_dual=empty.

B unicneHHO peslakcCMpOBaHHOM pekrMe paBeHCTBO lambda=-1 3ameHsieTcst unTepBanom delta_truth<tau, Ho cTaryc
ocraétcst CANDIDATE. TTopor tau BEIOMpPaeTcst 10 PaCKpPBITHS pe3yJibTara U BXoauT B D.

e o o o o o

O BOoMHOU NpepcKasaTesibHbiK W3 NAPG

Delta_alg Delta_geo | lambda / D / Dom Cand_dual
PaHroBblii FOPU3OHT reoMeTpu4YecKuil rOpU3oHT “| rapMmoHuyeckuii wnios KaHgupaTt

eta, epsilon n3oMopHbI; NPensaTCTBUS paBHbI HYJIO; Nepexobl aTiaca JiexaT B PGL(2).

HapyleHune nioboro ycnoBusi nepeBoamnT BbiBo B ABSTAIN, a He B TOP)KECTBEHHYO MeTaun3mnKy.

PucyHok 10. [Teotinoti npedckazamebHbill w03 NAPG/KLT-RBD. Co6cmeennas cxema Toma I1.

31.2. OcHOBHas yc/iOBHasi TeopemMa nepeHoca KaHgumgara
Teopema 6.26. Functorial predictive transport [COND]

ITycTb BbINOMHEHBI YCIOBUS:

H1. t—A_t siBfsieTCs KOHEUHOMEPHOM anrebpanuecKoi WM aHaIMTHUYeCKON CeMbEl ¢ BeIurc/MMBIM Delta_alg;
H2. cymiectByet conpsbkéHHas mapa Spec_R —| Gamma_R;

H3. eta_{A_t} u epsilon_bar_{X_t} n3omop¢HbI B ucciefyeMoii OKPeCTHOCTY;

H4. cTpykTypHBble KapThl cBsi3aHbl Conjugacy bridge 6.20;

H5. Ha X_t 3azaH projective Reper atlas;

H6. D/Dom BanuaHel ¥ 3aMKCUPOBaHbI [J0 IPOBEPKY;

H7. BHyTpeHHMe NpensTCTBYS U 3asiB/ieHHble BHEIIIHHUe TMPeTsTCTBUS paBHbI HYJIIO;

H8. BbiurcuTebHBIE CePTU(UKATHI anrebpanueckoro ¥ re0OMeTPUUYECKOT0 KaHAIOB BOCTIPOM3BO/IUMBI.

e o o o o o o o

Torpa mHOecTBO Cand_dual nHBapruaHTHO OTHOCUTE/IBHO H30MOP(U3MOB ceMelicTBa A_t, projective-Reper
n3oMop¢hu3MoB X_t ¥ MPOEKTUBHBIX 3aMeH KOOD/MHATHI MapaMeTpuueckoit mpsmoi. Ec/iv nyTh He mepecekaeT o0Iuit
TOpPU30HT, anroputM 00si3aH BepHyTb NO-STRUCTURAL-CHANGE-IN-MODEL; ecnu Block_dual Hemyct, oH 00s13aH
BepHyTb ABSTAIN.

[IokasaTenbcTBO. Vi30MOpdhHas MHBapUAHTHOCTD a/irebpanyeckoro ropu3oHTa yCTaHOB/IeHa B riase 5. Teopema 6.21
TIepeHOCHT ero B reoMeTpruecKuid cjioid. TeopeMsl 6.16 u 6.19 obecrieunBaroT MHBapuaHTHOCTH lambda. H6-H8
COXPaHSIOT JJ0Ka3aTe/bHble BopoTa. CnenoBatesnbHo, OyieB cesekrop Cand_dual He 3aBUCHT OT JOMyCTUMOTO
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npezcraseHus. OTpuLaTe/ibHasl BETBb CJIe[jyeT U3 ITOCTOSIHCTBA PaHroB BHe ropu3oHTa; BeTBb ABSTAIN siBnisieTcst
onpenenenueM blocker-safe mporokona. O

dPeHOMEHO/IOrMYecKnii CMbICA ABOVIHOI’O uiro3a

T'eomeTpuueckuii KaHas roKasblBaeT, KaK CTPYKTypHasi BO3MOXXHOCTb NPOSIB/ISIETCSI B [IPOCTPaHCTBe
Ha6nopgaemoe .,
KOH(UTypaLuii.
OcHoBaHue Asrebparueckuii KaHan GpUKCUPYeT, Kakasi OrepaLiysi, acCOLMaTop U H/eas JelCTBUTE/IbHO U3MEHSIFOT PaHT.
IIpoekTuBHO-rapMoHHuecKas lambda nokami3yet ciMMeTpUUHbIM Reper-KaHAWAAT, HO TOJIBKO BHYTPH
CornacosaHue
00LIIer0 AeTEPMUHAHTHOTO TOPU30HTA.
BoagepkaHme TIpu HecoBMaleHHWY KaHa/IOB CUCTeMa He yraJibiBaeT CKPBIThIA cMbIC, a BbIaéT ABSTAIN u peectp
He/IOCTarolUX MOCTOB.
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32. FleomeTpunueckuin cmbicn R-star-R

32.1. MpepctaBMMbINA 06pa3 accoumaropa
Hnst TEE xaxxppiii T-nyHKT X:A - T TlepeHOCUT accoLarop 1o ¢hopmysie
x(Ass_A(a,b,c)) = Ass_T(xa,xb,xc).

ITosToMy R*R-cepTrdurKaT raBbl 5 OnpeziesisieT eCTeCTBeHHOe CeMeMCTBO (GYHKIMI Ha GyHKTOpe Touek. Ero HyeBoi
JIOKYC Ha TeCTOBOM 00bekTe T 3aaércs

Z._Ass(T)={xeh_A(T): x(J_Ass(A))=0}.
MpepnoxeHue 6.27. NMpeacTaBMMOCTb aCCOLMATUBHOIO oTpaxkeHusi [THM]
Z._Ass(T) = Hom_‘€(A/J_Ass(A), T)
ISl TeX TECTOBBIX 00BEKTOB M MOP(U3MOB, /7IsI KOTOPBIX (akTop A/J_Ass cyiecTByeT B €.

HoxkazatenbctBo. Mopdusm x:A — T obpataet J_Ass B HyJib TOT/Ia U TOJILKO TOT/ja, KOT/Ia OH €JIMHCTBEHHBIM 06pa3om
(hakTopHu3yeTcs uepe3 yHUBepcaIbHOE acCOL[MaTUBHOe oTpaykeHne A — A/J_Ass. O

CnefoBaTenbHO, aCCOLMaTHUBHBINA reOMeTpUYeCKUH CJI0U SIB/ISIETCS TTPeJCTaBUMbIM 10/ yHKTOPOM rosiHou NAPG-
reomMeTpuu. JTO JAéT CTPOTMM CMBICT (hpa3e «reoOMeTpHs BUAWT accoLMaTop»: OHAa BUAUT He MeTadopy, a
(hakTOpH3alIMOHHBIH JIOKYC.

32.2. leomeTpua aaep v UeHTpa

Hns kaxaoro TectoBoro T MoskHO oripeienuTh 1moA¢yHKTopbl N_I,N_m,N_r,N,Z uepe3 yc/0BuUsi HICUe3HOBEHUSI
COOTBETCTBYIOIIMX eCTeCTBeHHBIX aCCOLIMAaTOPHBIX M KOMMYTaTOPHBIX (YHKLMHA. [Ipy KoHeuHol 1pe/icCTaBUMOCTH OHU
3a[,al0TCsl CUCTeMaMHU MOJIMHOMMA/IBHBIX ypaBHEHUH B CTPYKTYPHBIX KOOp/MHATaXx.

MpepnoxeHue 6.28. PYHKTOPUA/ILHOCTb AA4POBbIX JIOKycoB [THM]

N3zomopdusmel NAPG nepenocst nokycel N_L,LN_m,N_r,N,Z npyr B gpyra. Ix pa3mepHOCTHBIe TTPO(UIN SIBISIOTCS
WHBapUaHTaMU Ha PEKOHCTPYHUPYEMOM reOMeTpHUYeCcKOM CJIoe.

[Ioka3aTenbCTBO. Y CJIOBUS OTIpe/ieieHbl uepe3 ecTeCTBeHHbIe ToxAecTBa Ass=0 u [a,b]=0, coxpaHsieMbie MOphHU3MaMHu.
O

Kypnuwes VeaH Bopucosud - KanmHurpag - 2026 | 81



BA30BbI MPOEKT KLT-RBD - TOM Il - NAPG 3.0 - v0.8

33. BbiuncnutenbHbin ceptudukar v0.4

33.1. O6s3aTesibHble 00BbEKTbI AaHHbIX

[») OOBbeKT Monsa ceptudukara
DUAL-OBJ Anrebpa/reomeTpust object_id, version, basis/atlas, source hash, status
DUAL-FUN Spec/Gamma domain, codomain, object map, morphism map, identity/composition tests
DUAL-UNIT eta/epsilon matrix or symbolic map, rank, inverse witness, defect
DUAL-REP Reper atlas charts, PGL2 transition matrices, overlap tests, pole set
DUAL-HOR Horizons minor polynomials, generic rank, Delta_alg, Delta_geo, symmetric difference
DUAL-GATE Predictive gate lambda, delta_truth, D/Dom, Pi, blockers, output

33.2. ABTOMaTu4yeckue Tectbl

TEST-YONEDA-01: mpoBepka 6uekriyiu Hom(A,B) — Nat(h_B,h_A) Ha KOHEYHOM TeCTOBOM TOJKOPITYCe;
TEST-FUN-02: coxpaHeHHe TOX/AeCTB 1 Komrio3uiuu Spec_R/Gamma_R;

TEST-ADJ-03: mpoBepKa ecTecTBeHHOM Hom-OHeKLMY U TPEYTOIBHBIX TOXK/ECTB;

TEST-REC-04: TouHas mpoBepka 06paTUMOCTH eta u epsilon;

TEST-PGL-05: nmpoBepKa, UTo KaK/iasi epexo/Has KapTa rpeficTaBaeHa 006paTUMoii MaTpuLiel 2X2 ¢ TOUHOCTBIO [0
CKassipa;

TEST-CR-06: paBeHCTBO Cross-ratio Bo BCex IepeKpbIBaroLXCsl KapTax;

TEST-NONPGL-07: o6s13aTe/IbHbIA OTpULATe/IbHbIN TeCT Ha HeJIMHeHHOH KapTe;

TEST-HOR-08: coBnagenue Delta_alg u Delta_geo;

TEST-GATE-09: ABSTAIN mipu sito6om HeHysieBoM blocker;

TEST-HASH-10: KOHTpO/IbHBIE Xellly KO/, JAHHBIX, MAaTPUL] ¥ OTUéTa.

33.3. MceBpokop blocker-safe anropurma
INPUT: family A_t, realization X_t, Reper rho_t, evidence D_t
1. compute Delta_alg; 2. compute Delta_geo; 3. test eta, epsilon;
4. verify PGL2 atlas and lambda; 5. evaluate Pi and D/Dom;
6. if Block_dual != empty: return ABSTAIN;
7. if path N Delta_alg = empty: return NO-STRUCTURAL-CHANGE-IN-MODEL;
8. if t € Delta_alg=Delta_geo and lambda=-1: return CANDIDATE;
9. otherwise: return UNRESOLVED-HORIZON.
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34. TeopeMHbIl NakeT U goKasaTesibHble 003aTeNIbCTBa
v0.4

34.1. PeecTp dhopMasibHbIX pe3y/ibTaToB

ID PesynbTtar a 3aBucumocTu
T2-THM-603 Yoneda-safe anti-equivalence THM Kareropust NAPG_g/fin
T2-THM-605 dyHKTOpHAansHOCTL Reper A THM HarypaneHocts Adm u Valid(D)
T2-THM-610 Restricted reconstruction COND/THM Corpspkenre Spec_R 4 Gamma_R
T2-THM-612 Character-spectrum no-go THM Square-zero extensions
T2-THM-616 T'nobanuzarus lambda THM Projective Reper atlas
T2-THM-621 CoBriafieHre TOPHU30HTOB COND/THM Conjugacy bridge
T2-THM-626 Functorial predictive transport COND H1-H8
T2-THM-627 Jlokyc A/J_Ass THM YHuBepcanbHOCTb akTopa

34.2. O6HOBNEHME MaTpPULbl AOKa3aTeNlbHbIX 00A3aTeNbCTB

PO CopepxaHue Crartyc Cnepylowee aeiictBue

T2-PO-016 [Monxast TounocTs nipegcraBuMoro NAPG-¢dyHKTOpa CLOSED Toa/epxvBaTs THIIOBYIO AHCLHMIUHHY NpH
PpacIIpeHNH KaTeropuH.

T2-PO-017 Errgaia s Ak m ek ) COND ®DopManu30BaTh K1acChl JOMYCTUMBIX TECTOBBIX
MOpP(U3MOB.

T2-PO-018 I'nobanbHoe cymjectBoBaHue Spec_R/Gamma_R OPEN BriGpars KOHKPQTT)M CTIEKTD U CTPYKTYPHBIH
TIy4OK [IJIsI 1]e/IeBOM IToJIKategopuu.

. . IMocTpouTs eta, epsilon Ha sIBHBIX Mogiensix A2,

T2-PO-019 PekoHCTpyKLMs unit/counit COND .
M2 u octonion layer.

T2-PO-020 Faithfulness point-set spectrum CLOSED-NEG | CoxpaHSTb NO-go Kak 00s13aTe/IbHbIi KOHTPTECT.

N CLOSED- ITocTpouTh HETPUBHUAJIBHBIN aT/Iac C

T2-P0-021 Projective Reper atlas FORMAL HeCKOJIbLKUMU KapTaMH.
BxsrounTts B aBTOMaTrveckuii Tect TEST-

T2-PO-022 Non-PGL chart counterexample CLOSED NONPGL-07.

. . OrnpezieUTh reOMeTpUYeCcKre CTPYKTyPHbIe

T2-PO-023 Conjugacy bridge algebra-geometry OPEN )

T2-PO-024 Dual horizon equality COND 3akpbITh Tocsie T2-PO-023 Ha siBHOM ceMbe.

T2-PO-025 Bl avmmpladon OPEN ll'IlepeHecm B aHAJIMTHUYECKUH CJI0M T10C/Ie TJIaBbl

T2-PO-026 Independent predictive certificate OPEN Tlpezperncrparist BquHC]}.HTeHLHOFO Tecta Ges
(hU3UYeCKUX yTBepKeHHH.
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34.3. bubnunorpacguyeckaa cMHXpoHusauua v0.4

[V0.4-1] Eilenberg, S.; Mac Lane, S. General Theory of Natural Equivalences. Transactions of the AMS 58 (1945), 231-
294. DOI 10.1090/S0002-9947-1945-0013131-6.

[V0.4-2] Yoneda, N. On the Homology Theory of Modules. Journal of the Faculty of Science, University of Tokyo,
Section I 7 (1954), 193-227.

[V0.4-3] The Stacks Project, Tag 01HX, Lemma 26.6.5: the category of affine schemes is equivalent to the opposite
category of rings.

[V0.4-4] Gelfand, I.; Naimark, M. On the imbedding of normed rings into the ring of operators in Hilbert space.
Matematicheskii Sbornik 12(54):2 (1943), 197-217.

[V0.4-5] Swan, R. G. Vector Bundles and Projective Modules. Transactions of the AMS 105 (1962), 264-277. DOI
10.1090/50002-9947-1962-0143225-6.

[V0.4-6] Kurpishev, I. B. Ba3ossiit mpoekT KLT-RBD. Towm 1. v197 RU; Towm II, T2-RP-v0.1-v0.3. KaHoHuueckue
BHYTPeHHME UCTOYHHKH MTPOeKTa.

I'panmna HoBu3HBI. Knaccryeckue ¢opmel duality, Yoneda embedding, affine Spec, Gelfand-Naimark u Serre-Swan
OTHOCSTCA K prior art. ABTOpckasi HoBr3Ha v0.4 3asBiisieTcsi B yeTbipéxypoBHeBoit NAPG-duality, Reper-
KOH(UTrypaljoHHOM 110/iQyHKTOpPe, peKOHCTPYKLMOHHOM fledekTe, projective Reper atlas, dual mismatch set u blocker-
safe predictive gate.

34.4. KoHTponbHaA Touka T2-RP-v0.4

dukcauua BbiMycka

HyneBas ocHoBa Tom I v197 RU ocTaéTcs 3aMOpOKeHHBIM U He peJaKTUPYeTCs.
HacnepoBaHue T2-RP-v0.1, v0.2 1 v0.3 coxpaHeHBbI B ITIOJITHOM KYMYJIITUBHOM JIOKyMeHTe.
Craryc Hu ycnoszble Teopemsl, Hu ITH.2, vy F-1-F-14, Hu dusnueckye MOCTbI He TIOBBIILIEHBL.

Cnepyiowas Touka T2-RP-v0.5: TnaBa 7 — at/iackl, paccaoeHus], TIaKeTHbIe MHOToo0pasusi u cocycle-obstruction.

checkpoint=T2-RP-v0.4; source=T2-RP-v0.3; truth_layer_promotion=0; next=T2-RP-v0.5.
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YACTb V. AT/ZIACbIl, PACCNTIOEHUA N NPENATCTBUA
FMOBANTN3ALUNA v0.5

KontposbHas Touka T2-RP-v0.5 - yriybenue riasel 7 - ncroynuk: T2-RP-v0.4

Kypnuwes Mean Bopucosud - Kanunurpag - 2026 | 85



BA30BbI MPOEKT KLT-RBD - TOM Il - NAPG 3.0 - v0.8

35. MacnopTt yrny6nenms v0.5

Lens pepakimu v0.5 - MOCTPOUTE CTPOTHIA TTepexos oT JIoKanbHoU NAPG-CTpyKTYpBI K I7100a1bHOMY 00BeKTy. B
TIpe/IbIAYIIMX BBITyCKax OBUTH OTpe/iesieHbl KaTeropHsi, aCCOLIMaTOPHBIN C/I0H U anrebpo-reoMeTpryecKast
JBoiicTBeHHOCT. O/THAKO JIOKAJIbHBIE OTIPe/ie/IeH s elllé He 00pa3ytoT MHOrooOpasue, pacCiioeHue Uin
ryio0anBHBIN TIpeficKa3aTe/TbHbIN 00beKT. 17151 3TOr0 Hy>KHBI TIepeX0HbIe T30MOP(U3MEI, cocycle-ycioBus,
effective descent 1 oT/ie/TbHBIN KOHTPOJIb MIPEMATCTBUM T100aTH3aL{|H.

OHTONOrnYecKkuii 6710k rnaBbl 7

JloKanbHast CTPYKTypa OTBeUaeT Ha BOIPOC «UTO CYIIeCTBYeT B OZHOM KapTe?». ['1obasbHast CTPyKTypa OTBeYyaeT Ha
JPYTOi BOIIPOC: «MOYKHO JIM CUMTATh JIOKa/IbHBIE [TPOSIBIEHNS YaCTSMH OJHOTO U TOTO e 00beKTa?». Ckielika He
SIBJISIETCS] KOCMeTHUeCKoH ornepariyeld. OHa ompeiesisieT caMy OHTOJIOTMYECKYI0 HIeHTUYHOCTh 0ObeKTa uepe3
COBMECTUMOCTb TIePeKPbITUI.

FHoceonoruyeckuii 6710k rnaBbl 7

Ha6stozaTesis 00bIYHO MOTyYaeT JI0KaJIbHbIE IaHHbIE: OT/Ie/IbHbIe NCTOUHUKU, U3MEPUTe/IbHbIE OKHA, PerlepHbIe
KapThl ¥ YaCTUYHbIE MOZeY. 3HaHWe CTaHOBUTCS I100a/bHBIM TOTLKO MOC/Ie TIPOBEPKH TTePeX0/I0B,
MIPOMCXOXKAEHHUS JAHHBIX, COCycle-yCIOBHsS M He3aBUCUMOCTH pe3yJ/ibTaTa OT BEIOpaHHOTO aT/iaca. CoBmasieHre
JIOKaJIbHBIX Urces 6e3 TaKOi MPOBEPKU He CO3/aET r100a/bHOT0 3HAHMSI.

deHoOMEeHO/M0rM4Yeckunii 610K rnaBbl 7

OJ¥H U TOT ’Ke 00BEeKT MOJKeT BBIIVISIZIETh Pa3/IMUHO B Pa3HbIX JIOKA/IbHBIX OonucaHusax. @eHoMeHo/10rnueckas
YCTOMUMBOCTb O3HaYaeT He TOXK/eCTBO 3alMCeli, a Ha/luye JOMyCTUMBIX [1epexX0/0B, COXPaHSIOLUX
cyliecTBeHHYI0 cTpyKTypy. [t KLT-RBD 5T0 npeBpaiijaeTcsi B poBepsieMblid BOIIPOC: CYILL{ECTBYET JIX Ty Th
COTJIaCOBaHWUsI JIOKa/bHbIX Reper-onvcanuii 6e3 norepu D/Dom 1 63 BO3HUKHOBEHHSI 0OCTPYKIIUH.

OrpaHnuuTenbHbIV 610K rnaBbl 7

Towm II He yTBepKzaeT, uTo 060 HabOP JIOKATBLHBIX PEMepPOB IJI00aMu3yeTcsi, UTO BCIKHIN JIOKATbHBIN
rapMOHMYECKHH KaHAUAT COOTBETCTBYET COOBITHIO MJTH UTO TOTIOJIOTHUECKOE MPETSTCTBIE UMeeT (HhrU3ndecKoe
3HaueHMe. BCsKMi Takol BBIBOZL, JOITYCKAeTCsl TOJIBKO TOC/Ie OT/e/IbHOM TeopeMbl CIyCKa, CyLleCTBOBAHUS
17106a/1bHOrO CeueHusi ¥ He3aBUCHMOM IpeJMeTHOM HHTepIIpeTaLiH.

Cnoii NokanbHble faHHble Fno6anbHoe TpeGoBaHue Crartyc v0.5
ATrac kKapthl U_i ¥ J10Ka/ibHbIe repexo/ibl B groupoid DEF-A/THM
Mozenu M30MOP(HU3MOB
Pacciioenue U_ixF cocycle u effective descent THM/COND
Oneparust JIOKaJsibHble O _i TEPEXOARI ABTIOTCA THM

nsomopdusmamu anrebp

Reper nokanshsie (R,L,U;D) ggﬁfc‘);’:fggxogb " THM/COND

JIOKa/IbHbI€ METPUKH U

Hodge
OpHeHTalnunu

SO-coBmMecTUMOCTB ITepexo0B THM

ryi06aspHOe [JOMyCTUMOe

ceyeHue U rycroii Block COND

HpOFHOB JIOKa/IbHbI€ KaHAW/IaThI
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36. NAPG-atnacbl U rpynnoua nepexoaos

36.1. JlokanbHasa Moaesib U CTPYKTYPHbIN rpynnoug,

Omnpepenenue 7.1. JTokansHasa NAPG-mojens. [DEF-A] JIokanbHON MO/IeNbI0 Ha3biBaeTcst 00bekT F Kateropuu
NAPG_q, cHaO>XEHHBII BEIOPAHHOM TOTIO/IOTHMEH W/ TJIaJKON CTPYKTYPOI Ha HOCUTEISIX, TaK UTO TPyIIa
Aut_NAPG(F) fomyCcTUMBIX HETIPEePBIBHBIX WJIU ITaJJKUX aBTOMOP(}U3MOB OIpe/je/ieHa Kak TOTOJI0rHuecKast
rpynna. Eciu tononorus Ha Aut_ NAPG(F) He 3aziaHa, Jjanee OMyCcKaeTCsl TOJbKO KaTeropyuasbHas, HO He
TOIToJIOrYecKasi popMyJIMPOBKa.

Omnpepenenue 7.2. NAPG-atnac. [DEF-A] Ha npoctpanctBe X NAPG-atsac tumna F eCTb OTKpBITOE OKPBITHE
U={U_i} u nokansHbie 06bekThl E_i=U_ixF BmecTe ¢ m3omopduzmamut ¢_ij:E_i|_{U_ij} - E_j|_{U_ij}, rge
U_ij=U_inU_j. V3omMop®u3MbI 00sI3aHBI COXPAHATE FPAIyMPOBKY, OMEpalfi0 ©, CTPYKTYpHbIE faHHbIe G,
JonyctuMble obacty, R-star-R-ci1oii 1 MapKUpoBaHHbIe [JOKa3aTe/bHbIE M0JIsl, KOTOPbIE 3asBJIE€HbI I7100aIbHBIMU.

@_ii=1id, o_ji=q¢_ijM-1}, ¢_jke ¢@_ij=¢_ik on U_ijk.
Omnpepenenue 7.3. CTpykTypHbId rpynnous. [DEF-A] O6beKThI rpynoua - fokansHble NAPG-Mo/enu Haj

KapTaMU; CTPEeJIKU - I0MyCTUMble H30MOP(U3MbI Ha TIEPEKPHITHSIX; KOMITO3ULMS - 0ObIUHAS KOMITO3ULIMS
oToOpaKeHU. JTa KOMITO3ULMS aCCOIMAaTUBHA He3aBUCHMO OT HeaCCOI[MaTUBHOCTH OTlepaliii BHYTPH BOJIOKHA.

KnioueBoe pasnuyeHue

HeaccoraTBHOCTb BOJIOKHA U aCCOLIMAaTUBHOCTH NIEPEXO0/0B IPHHAZ/IeXaT Pa3HbIM YPOBHSAM. BHyTpH F MoxeT
BBINOTHATHLCS (aGb)Oc # a®(b®c). Ho mepexo/ib! ¢_ij SIBASIOTCS 0TOOPa’keHUsIMH, ¥ X KOMIIO3HUIUsI 00si3aHa OBITh
acCoLMaTUBHOW. VIHaUue OTHOIIEHNE CK/IeMKH MepecTaéT ObITh 0JHO3HAUHBIM.

Teopema 7.4. Heo0x0AMMOCTH aCCOLUATHBHOIO rPynnouja nepexogos. [THM] [ cTaHAapTHOH CKIEHKU
JokanbHbIXx NAPG-00beKTOB Tiepexo/iHble JlaHHbIe [J0/KHBI 00pPa30BbIBaTh KATErOPHIO HITH PYIIIIONZ, C
accoLuaTUBHOM KoMmo3uLye. Mcrosib30BaHe caMoii HeacCOLMaTUBHOM ornepaliui © Kak 3aKOHa KOMITO3ULIUU
Tiepexo/I0B He 3a/[aéT 0OBIYHOTO pacc/ioeHusi 6e3 JOToTHUTEBHBIX 2-MOP(QU3MOB ¥ KOTepeHTHOCTeH.

Jloka3aTe/bCTBO. DKBUBAlIEHTHOCTb TOUEK B TU3LIOHKTHOM 00beMHEHUH JIOKAIbHBIX TPUBUAIU3alUH JO/DKHA
OBbITh TPAaH3UTHBHOM. Ha 4eThIpEXKpAaTHOM TIepeKpPBITHH TTepexo/] U3 MepBOoii KapThl B UeTBEPTYIO BBIUMC/ISIETCS KaK
(p_34°¢p_23)°p_12 u KaK ¢_34°(¢p_23°¢_12). s oTobpa>keHN 3TV BbIpa)keHUs COBNazaroT. Ecimu BMecTo
KOMITO3ULIMH HCTI0/IB3YeTCs 3aKOH C HeHYJIEBBIM aCcCOLIMaTOpPOM, Pe3yJIbTaThl MOTYT Pa3/IMuaThCsi; TOr/AA K1acce
9KBHMBAJIEHTHOCTH 3aBUCUT OT CKOOOK U (haKTOP-TIPOCTPAHCTBO He ompe/iesieHo. [ ucnpaeiaeHus Tpebyercs
bicategory/2-groupoid u siBHbI# associator coherence, uto B v0.5 octaBneHo oTzenbHbIM OPEN-ciioem. O

36.2. Projective-Reper atnac

Onpepenenue 7.5. IIpoekTnBHO-peniepHas KapTta. [DEF-A] [IpoekTuBHO-penepHas kapta Ha U_i cOCTOUT U3
JiokanbHOoro otobpakenus K_i:U_i — PY(K), nokanpHoro Evidence-D nakera E_{D,i} u ki1acca JomyCcTUMBIX
periepHbIX 4eTBEPOK. Ha repekpbituu Tpebyetcs K_jok_iN-1} €PGL,(K) u coBmecTrMbiii iepeHoc E_{D,i}
-E_{D,j}.

Teopema 7.6. I'no6anbHocTh A. [THM] Eciiit Bce niepexo/ibl IPOEKTHBHO-PETIEPHOTO aT/1aca IPUHA/IeaT
PGL,(K), To cross-ratio A(u,i;r,d) u rapMOHHUECKHIt JTOKYC A=-1 He 3aBUCAT OT BbIOOpa KapThl. Ec/iu X0Ts1 ObI 0/1Ha
riepexo/iHasi KapTa He COXPaHsIeT Cross-ratio, A sIBJIsIeTCS TOJIBKO JIOKA/TBHOM KOOPUHATOH.

Jloka3zareynbCTBO. VIHBapHAHTHOCTH Cross-ratio otHocutensHO PGL, 6pita fioka3ana B v0.2. Ha kaxkmom
TepeKPLITHU 3HAUEHUsI COBIA/IAI0T, TI03TOMY OHU CK/IEUBAIOTCS B I7100a/TbHYI0 (QYHKIIUIO Ha TIPOCTPAHCTBE
JOMYCTUMBIX 4eTBEPOK. OOpaTHOE yTBEPK/IeHHE B TIOJTHOM OOILIHOCTH He 3asiB/SIeTCS: BO3MOXKHBI YaCTHBIE
ripeobpa3oBaHysi, COXPaHSIOIIMe BEIOPaHHBIA KOHEUHBIH HabOp 3HaueHUi, HO He BeCh Cross-ratio. [
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Pucynok 11. Cocycle-ycnogue u degpekm cknetiku nokaabHbix NAPG-066ekmog. Co6cmeenHas cxema Toma II.
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37. Descent-paHHbIe N TeopeMa CKNENKHU

37.1. KateropuanbHas ¢opMyanpoBKa

Omnpepenenue 7.7. Descent datum. [CL/DEF-A] Ilycts p:S — C - paccioeHHast Kareropusi, U_i — U - nokpeITHe.
Descent datum ecTth cemelicTBo 06bekTOB X_i Hag U_i u usomopdusmoB @_ij:pro*X_i - pr;*X_j Hag U_ix_U U_j,
yIOB/IETBOPSIFOIIMX KOMMYTaTUBHOCTH TPeyro/ibHUKA Ha TpoiHbix fibre product. s NAPG obbwekramu X_i
CJIy’KarT JIOKa/bHble NTaKeTHO-PellepHble CTPYKTYPBIL.

pr_12*g_jk o pr_01*p_ij = pr_02*¢_ik on U_i x_U U_jx_U U_k.

Onpepenenune 7.8. Effective descent. [CL/COND] Descent datum Ha3biBaeTcst 3pQeKTUBHBIM, €C/TH CYITIeCTBYeT
ryobaneHbI 006eKT X Haz U, orpaHuyeHust KOTOPOro U30MOpGhHBI X_i ¥ MHAYIMPYIOT 3aaHHbie @_ij. Camo
cocycle-ycioBue siBnsieTcst He0OXOMMBIM, HO B TIDOM3BOJIHOM PacC/I0eHHOM KaTeropuu He BCer/a A0CTaTOYHBIM;
JOCTaTOYHOCTB SIBJIsieTCsT CBOiCTBOM stack/effective-descent BrIOpaHHOTO Kitacca 0OBEKTOB.

Teopema 7.9. Ckieiika NAPG-paccioenus. [THM] [Iycts X - mapakoMnakTHOe XaycZop(poBo MpOCTPaHCTBO, F
- ronosiornyeckuii NAPG-o6wekt, G=Aut_NAPG(F) - Tonosnoruyeckas rpynma. ITycts g_ij:U_ij — G HenpepbIBHBI
Y YIOBJeTBOPSIOT g_ii=e, g_ji=g_ijA{-1}, g_ij g_jk=g_ik. Torma dakrop E=(L_i U_ixF)/~ sBiseTcs JI0KaJIbHO
TpuBUaibHBIM NAPG-paccioenreM Haz X ¢ BosiokHOM F. M13oMopdHEBIH Kace 3aBUCUT TOJIBKO OT gauge-Ksiacca
cocycle.

Joka3arenbcTBo. [Tosoxum (x,v,i)~(X,g_ji(x)v,j). PedieKCMBHOCTh ¥ CUMMETDUS CI€YIOT U3 TIEPBBIX JIBYX
YCJIOBUM, TPaH3UTUBHOCTL - U3 cocycle. JIokanbHble BKMoueHust U_ixF parot TpuBranu3aumu dgaxkropa. Tak Kak
g_ij senstorcst NAPG-aBTOMOpdr3MamMu, rpalyupoBKa, ©, CTPYKTypHbIe aHHbIe U YKa3aHHble MHBAapHUaHThI
COTJIaCYIOTCS Ha TIePeKPBITHAX M 3aZIal0T BOJIOKOHHBIE I7106aibHble 00beKThl. 3ameHa g_ij Ha h_j g ij h_ir{-1}
CTPOWT $IBHBIA M30MOP(U3M pacciioeHuit. [

37.2. Pairwise compatibility is not enough

Kourpnpumep 7.10. Tpoiinoii sedexrt. [THM] ITycTh Tpu KapThl UMEIOT HEITyCTOe TPOHOe TiepeKpbITHe, a
niepexozbl g_12,g 23,g 13 BeIOpaHsl Tak, uto g 23 g_12#g 13. Kakaas mapa KapT OT[eJIbHO CK/IEMBAeTCs, HO
Triepexo/] 13 NepBoi KapThl B TPEThIO 3aBUCUT OT MapiupyTta. ®akTopr3anys He 3aaéT 0ZJHO3HAUHOTO T7100aIbHOTO0
o0OBbeKTa.

ITOT KOHTpHpUMep uMeeT npsimoid cmeic jit KLT-RBD: nonapHas cornacoBaHHOCTb MCTOYHHUKOB WK
Mogienell He oOecrieyrBaeT COrJIaCOBAaHHOCTh MOTHOTO (JOPMYJIBHOTO LMKIa. TpoiiHol 1 6oJiee BHICOKMI ayJUT
obsi3aTesieH Tam, TZie CYLeCTBYIOT a/ilbTePHATUBHbIE MapILPYThl BHIBOAA.
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38. MNakeTHblE, penepHbie u Hodge-paccnoeHus

38.1. CnycKk onepayun u accoumatopa

Omnpepesnenue 7.11. Bundle of NAPG algebras. [DEF-A] NAPG-anrebpanueckoe paccjioeHHe - JIOKaJTbHO
TPUBHA/IbHOE BEKTOPHOE W/ MOAY/IbHOe paccioenue E — X ¢ JIoKanbHBIMU OriepausaMu ©_i, [i/isk KOTOPBIX
riepexo/iel g_ij ymosnetBopsitoT g_ij(a®_j b)=g_ij(a)©_i g_ij(b) Ha Ka>kZioM TepeKpLITHH U COXpaHsioT Dom_ O.

Teopema 7.12. Cnyck onepanun. [THM] Ilpu ycioBusix onpefiesieHust 7.11 joKaibHbIe onepanyy CKJIEMBalOTCS B
eZIMHCTBEHHYIO BOJIOKOHHYIO onepaiinio ©:Dom_0O CEx_X E - E. Accoruarop, jieBble/cpeiHue/TipaBble nucleus-
ciou v uaean J_Ass sIBISIOTCS T/100a/TbHBIMU MOAPACC/IOEHUSIMU TaM, Te X PAHTH JIOKAJTbHO MOCTOSIHHBI.

Joka3aTtenbcTBo. Ecv npezicraBuTeny a_i,b_i B kapTe i ¥ a_j,b_j B KapTe j OMUCHIBAIOT O/IHU M TE K€ 3JIEMEHTBI
BOJIOKHA, TO a_i=g_ij a_j u b_i=g_ij b_j. CoBMecTumMocCTh onepaluu Jaét a_i®_i b_i=g_ij(a_jO©_j b_j), mostomy
pe3yJbTaT He3aBUCHM OT KapThbl. ACCOLIMATOP eCTeCTBEHEH OTHOCUTEJTBHO anrebpanueckux U30MopGhHU3MOB; siipa
€ro JIMHeHHBIX OMepaTopoB 00pa3yloT MO/PacCI0eH s Ha 06/1aCTAX MOCTOSIHHOTO paHra. [

Onpepenenue 7.13. JedexT cnycka onepanun. [DEF-A] Eciu nepexo/ibl SIBASIFOTCS JIULLIb TMHEUHBIMU
nuszoMopdusmMamu, BBoauTcA d_ij(a,b)=g_ij(a®_j b)-g_ij(a)®_i g_ij(b). Henynepoii q_ij 6okupyeT rinobanbHy0
OTIeparLyio Jaske MpY U/jeaqbHOM cocycle mepexozioB.

g_ij=0foralli,j is necessary and sufficient for operation descent.

38.2. PenepHoe nopapaccnoeHune u Evidence-D

Omnpepenenne 7.14. Reper bundle. [DEF-A] ITycts E — X - NAPG-pacciioenue. PeriepHoe riofipacciioeHue
Rep(E) — X umeeT B BosiokHe fjonyctumble 4eTBEpKU (R,I,U;d) Bmecte ¢ Evidence-D naketom. [Tepexo/ibi
JeMCTBYIOT OIHOBpEMEHHO Ha reoMeTpUueckuii sikopb d 1 Ha provenance-ctpykTypy E_D, npuuém nepenoc E_D
JOJDKEH OBITh TPACCUPYEMbBIM U 00PaTUMBIM.

TpypHoe mecTo: D He ABNsieTcA 0ObIYHOI KOOPAUHATOM

ITpoekTuBHast Touka d MokeT TiepeHOCHTLCST PGL,-nipeobpa3oBanrem. Evidence-D BK/IFOUaeT MCTOYHUKH, BEPCHH,
KOHTPOJIbHBIE Xelln, 00/1acTi IPUMeHEeHHSs U [JOKa3aTe/ibHbIe CTaTyChl. ET0 Hesb3sl «CK/IenTb» OJHOW (hopMyJioit
KOOpZIMHATHOTO TNepexozia. TpebyeTcst 0T/e/bHBIN (YHKTOp provenance ¥ poBepKa ero cocycle.

Teopema 7.15. [Ioiinoii cmyck Reper. [COND] I'mobanbHbI Reper-o0beKT CymiecTByeT, eCii OJHOBPEMEHHO
3G PeKTUBHBI reoMeTprUecKuii descent ueTBEPKU U JoKasaTebHbIM descent Evidence-D. Hapyiienue yiro60ro
KaHasa riepeBouT pe3ysbTaT B ABSTAIN, maxe Korjia A=-1 Bo BCeX JIOKa/bHBIX KapTax.

38.3. Hodge-cnon

Onpepenenue 7.16. Hodge-compatible atlas. [DEF-A] ITycTs Bo/IOKHa UMeIOT (DMKCHPOBAaHHBIN paHT, METPUKY U
opuenTauuto. Atnac Hodge-coBMecTrm, eciiv repexo/ibl SIB/STIOTCS OPUEHTHPOBAHHBIMUA M30METPHSIMH, TO €CTh
NpUHUMArOT 3HaueHust B SO(V,g), ¥ COXpaHsIOT BRIOpaHHBIN K1acc AuddepeHIanbHbIX GopM.

Teopema 7.17. Cnyck Hodge star. [THM] B Hodge-coBmecTrMOM atJiace jioKajibHble orepaTopsl star_Hdg
CKJ/IEMBAIOTCS B T100a/bHbINM BooKOHHBIH Hodge-omneparop. TIpy oprueHTalMOHHO 00palliaroleM mepexo/e
BO3HHKaeT 3Hak, 1o3ToMy O(n)-coBMeCTMMOCTB Oe3 [JonomHUTe/TbHOTO orientation local system HezfocTaTtouHa asist
3asIBJIEHHOT0 T7I006anbHOTO OTepaTopa.

Joka3aTenbcTBo. Hodge star xapakrepu3syeTcsi paBeHCTBOM o Astar f=<a,[>vol. OpreHTHpOBaHHAasA U30MeTpPUSI
COXpaHsieT CKaJsIpHOe Mpou3BejeHre 1 (opMy 00bEéMa, CieZjoBaTeTbHO, KOMMYTHPYET co star. OpreHTar[iOHHO
obparrarornasi ©30MeTpysi MeHsIeT 3HaK Vol, uTo TpebyeT OT/ie/IbHOrO 3HaKOBOT'O JIOKA/IBHOTO KO3(QHUIEeHTHOTO
cjos. [
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39. Koromonoruyeckue npenatcremnsa rnobannsaumm

39.1. UeHtpanbHbii lifting obstruction

ITocranoBka 7.18. [CL] Ilyctb 1 —» Z — G_tilde -» G - 1 - LleHTpa/ibHOE paclliipeHue TOMoA0ruueckux rpymm, P - X
- principal G-bundle c transition cocycle g_ij. Ha jocTaTouHO Me/KOM MOKPBITHY BbIOEpeM JIOKa/TbHbIE TIObEMBI
g_tilde_ij.

z_ijk = g_tilde_ij g_tilde_jk g_tilde_ki € Z.

Teopema 7.19. IlenTpanbHbIii Kiacc npenarcreus. [THM/COND] Cemeiictso z_ijk seasercs Cech 2-cocycle ¢
ko3¢ uimentamu B yuke Z. Ero knacc [z] €Cech H3(X,Z) He 3aBHCUT OT BbIGOpA JIOKATBHBIX TTOIBEMOB.
Principal G-bundle gomnyckaer G_tilde-noasém Torga u ToAbKO TOrAa, Kora [z]=0, npu cTaHjapTHBIX TUTIOTe3aX
sddpexruHocTH Cech-ormcanus.

Joka3zaresnbCTBO. L|eHTpabHOCTE Z TI03BOJISIET TIepeCcTaB/isTh BO3HUKAOIIHe eeKTHbIe MHOKUTEU U MOJTYUUTh
6z=1 Ha YeTBIPEXKPATHBIX MEPEKPHITUAX. [pyTas cucTeMa MOABEMOB UMeeT BU[ a_ij g_tilde_ij, a_ij€Z, mostomy z
usmensetcs Ha Cech coboundary 8a. Ec/m [2]=0, Beibupaetcs a ¢ z=8a ¥ CKOPPEKTUPOBAHHbIE MObEMbI
YZIOBIETBOPSAIOT TOUHOMY cocycle; o6paTHoe oueBUHO. (]

Knaccruecknii mpumep - pacimpenue Spin(n) — SO(n): MpensTCTBre MOABEMa OPUEeHTHPOBAHHOTO frame
bundle k Spin-cTpykType Bhipa)kaeTcsi BTOpbIM KitaccoM Stiefel-Whitney. B Towm II 3TOT mpumep UCTIONb3yeTcs
TOJILKO KaK prior art ¥ Mo/iesib JUCLIMIUIMHBI [IPEMSITCTBUIM; OH He OTOKAECTBJISIETCS] C BHYTpeHHUM ¢/ B.

inject . . uotie transjtion cqcycle
Central band Z Lifted group G_tilde Structure group G Principal G-bundle P -> X

choose local

. . .. trigle defect L cohomology| class exisgs iff [4]=0 . .
Local lifts g_tilde_ij z ijkinZ [z] in Cech H™2(X,Z2) Global G_tilde-lift

Pucynok 12. Ilenmpanshoe pacuiuperue u Cech H2-npensmcmeue nodséma cmpykmypHoii 2pynnbi. Co6cmeenHas cxema Toma
II.

39.2. BHyTpeHHee NAPG-npensatcTBue u BHewwHui Cech-cnoii

Omnpepenenue 7.20. Globalization defect vector. [DEF-A] [ls aT/1aca A BBOAUTCS BEKTOP Ae(eKToB
Def_glue(A)=(c,q,a,p,h,d,s), rae c - cocycle defect mepexofoB, q - defect criycka omnepaiiuy, a - gedekT
KOT'epeHTHOCTH acCOLIMaTOPHOTO CJI0si, P - HeMPOeKTUBHOCTb Reper-kapt, h - Hodge-HecoBmMecTUMOCTS, d - fedekT
Evidence-D/Dom, s - npensTCTBHe CYIL|eCTBOBaHUs TpebyeMoro rj00ajsHOro CeyeHvsl.

Def_glue(A)=0 is a gate condition, not a consequence of local A-harmonicity.

BHyTpenHee npensitcTBre 11(x)EC_B u BHemmee Cech-TipensTcTere [c] )KUBYT B pasHbIX HocuTensax. Kapra
MeXX/ly HUIMH MO>KEeT ObITh TOCTPOEHa TOJIBKO TMOC/Ie 3a/laHkst KOHKPETHOTo (PyHKTOpHOTO MocTa. 1o 3Toro
3arpelrieHbl 3anvcy ¢_B=H2(X,Z) v I[1=[c].

39.3. MpenAarcTBUA K rnob6asibHOMY CEYEHUIO

Teopema 7.21. Knerounas 6amssa npensrcreuid. [CL/COND] ITycts p:E - X - dubparms Hag CW-
KoMIlIeKcoM, F - cBsi3HOe mpocToe BOJIOKHO € 3afiaHHbIM feticTBueM T, (X) Ha n_k(F). [IpoasieHre 4aCTUUHOTO
ceuenus c k-ckesieta Ha (k+1)-ckenieT KoHTposiupyeTcs kiaccom o_{k+1} EHA{k+1}(X;n_k(F)_p). [Ipu
WICUe3HOBEHUH T10CJIe/I0BaTe/IbHBIX K/IaCCOB U BBIMIOHEHUH CTaH/JAPTHBIX TIOTHOTHBIX THUIIOTE3 CYLECTBYET
ryobansHOe ceuenue. [103TOMy JIOKa/IbHO IOy CTUMEIe CLieHapHUU He rapaHTHUPYIOT eIMHOTO r100absHOTO
crieHapust; KO3 QUIIHEHTHBIN MOJY/Ib U MOHOJIPOMUS CTPOSITCS /IS KXKIOW MOZE/IM OTAE/TBHO.
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40. F'no6annsauoHHbIE€ FOPU3OHTbI U OTpULLaTE/IbHbIE TEOPEMDI
NporHosa

40.1. CeMeicTBO aT/1acoB

Onpepenenune 7.22. ITapamerpuueckoe NAPG-paccioenue. [DEF-A] ITycts I - uHTEpBan napameTpos.
IMapameTpuueckoe paccioenue ectb NAPG-06bekT E — XxI, orpanuuenue E_t — X KOTOporo 3a1aéT COCTOsTHHE
ripu t. CeMelicTBO miepexofioB g_ij(X,t) HerpepbiBHO U ocTaércsi B Aut_ NAPG(F) Ha admissible domain.

Teopema 7.23. Homotopy constancy. [THM] Eciu E - XxI sBnsercst numerable NAPG-paccnoeHvem c
(UKCHpOBaHHBIM CTPYKTYPHBIM groupoid u effective descent Ha Bcém XXI, To orpannuenvs E_{t0} u E_{t1}
u3oMopbHsI 151 Mobbix t0,t1 €L, CiejoBaTebHO, AUCKPETHBIM H30MOPGHBIHM K/IacC pacC/I0eHUsT He MEHSIeTCs
BHYTPH OJHOH JOMYyCTUMOI HeIllpepbIBHOW CEMbU.

Joxka3zarennscTBo. Bioxkenus i_{t0},i_{t1}:X — XxI romorornHsl. Pullback numerable bundles Bgo/is roMmoTOIHBIX
otobpaxeHuit skBUBaieHTHBI. Ho E_t=i_t*E, Mo3ToMy KOHI|eBble OTpaHHUeHHsT H30MOPQHBIL. [

Cneacrue 7.24. OTpuLaTe/ibHbIN 17100a16HbIH nporyaoe3. [THM] Tononoruueckast cvena NAPG-paccioeHus
HEBO3MOJKHa, ITOKa CeMeMCTBO 0CTaéTcsi ornpeieéHHbIM U 3¢ (eKTUBHBIM Ha XXI, CTpyKTypHbIN groupoid He
MeHsIeTCsl U He TiepeceKaeTcs T700anm3alHoHHbIN ropu3oHT. HabmoaemMas cMeHa JICKpeTHOro Kiiacca TpebyeT
BBIXO0/[a XOTs1 Obl M3 OJJHOU THUIOTE3HI.

UTOo MMEHHO 3anpeLyaeT Teopema
Ona He 3aripeljaeT HeTIpepbIBHOE N3MeHeHHe KO3 GULMeHTOB, METPHK, CBI3HOCTeH WX A-3HaUeHUH BHYTPH
ogHoro bundle class. OHa 3arpelaeT 00BSBIATH TOMIOJOTHUECKUH riepexoy 6e3 06HapyKeHHOTr0 pa3phbiBa

admissibility, n3meHeHust cTpyKTypHOU rpyrirel, otepu cocycle/effective descent vy MHOTO SIBHO yKa3aHHOTO
MeXaHHU3Ma.

40.2. Tno6anns3auMOHHbIN FOPU3OHT

Onpepenenue 7.25. Globalization horizon. [DEF-A] /111 mapaMeTpHUeCKO CEMbH OTIPeJesiseTcsl 00beuHeHHe
A_glue=A_cocUA_effUA_opUA_assUA_chartUA_HdgUA_DomUA_DUA_sec, r/ie KaKAbIii KOMITIOHEHT €CTh
MHO>XeCTBO I1apaMeTpOB, Ha KOTOPOM COOTBETCTBYHOILlee YC/I0BUe CKIeHKH, CITyCKa UM CyIleCTBOBaHUS CeUeHHsT
TepsieT J0Ka3aHHOCTb.

A_total = A_alg U A_geo U A_glue.

Teopema 7.26. JIokau3anusa BO3MO)KHOTO0 I/100a16HOr0 nepexosa. [COND] IIpu rumnoTe3ax TeopemMsl 7.23
M3MeHeHHe IVCKpeTHOro anrebpo-reomerprueckoro bundle profile Mosket mpoucxoauTs ToMbKo Ha A_total. Buae
A_total mpodub oKansHO nocTostHeH. [Tonaanue B A_total siBisieTcss HEOOXOJUMBIM, HO He JOCTAaTOUHBIM
yC/I0BHEM Iepexo/a.
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41. lNpepacKkasatenbHOE penepHoe paccsioeHue

41.1. NMpocTpaHCTBO CLLeHapMeB KaK BOJIOKHO

Omnpepenenue 7.27. Predictive Reper bundle. [DEF-A] ITycts X KOoAUpYeT JOMeHb], ICTOUYHUKY WU
TIPOCTPAHCTBEHHO-BPEMEeHHBIE OKHa, a F_X - MHOXXeCTBO JOMyCTUMBIX OyyIIMX Reper-coCTOsIHUIA B TOUKeE X.
IpexckasaresibHOE periepHOe paccioeHue p:¥— X uMeeT BOJIOKHA F_X, mepexo/bl Me>ky JI0KaTbHBIMU
cucTeMaMu KOOpZMHAT U nognpocTtpancTso Adm(%), 3asaHHoe orpaHiyeHussMA D/Dom, npensTCTBUSIMU U
TIpeMeTHBIMU IIpejieslaMu.

Omnpepesnenue 7.28. I'1o6anbHo JonycTumbliii cuenapuii. [DEF-A] CijeHapuii ecth ceuenue s:X — . OH
ryiobansHO oty cTuM, eciw s(x) €EAdm()_x, ToKanbHbBIe TTPeZCTaB/IeHNsI COT/IacOBaHbI Tiepexoamu, Evidence-D
obpa3syet acdekTHBHBIN descent, a Bce obsi3aTenbHbIe blockers mycThI.

Block_glue = B_coc U B_eff UB_op U B_ass U B_chart U B_Hdg U B_Dom U B_D U B_sec.

Onpepenenue 7.29. Global structural candidate. [DEF-A] Ceuenue s nonyyaet cratyc GLOBAL-
CANDIDATE, ecii Block_glue=<J, BuyTpeHHee npensitctBue I1(s)=0, 3asiB/ieHHbIe BHEIIHKE K/1aCChI
NpernsTCTBUN 00HYJIeHb], A(S) y0OB/IeTBOPSIET 3apaHee GUKCHPOBAaHHOMY TOUHOMY /I HHTEPBAaTbHOMY KPHTEPUIO
Y MpOli/leHbl He3aBUCUMble BbIYUCINUTETbHbIE IPOBEPKU.

Teopema 7.30. 3anper JioKanbHO-T100a16H0M ToaMeHbI. [THM] ITycts Ha Kaxzoi kapre U_i cymiecTByet
JIoOKa/bHbIN KaHauzar s_i ¢ A_i=-1 u I1_i=0. Eciu cemeiictBo {s_i} He ymoBieTBopsieT transition compatibility vmm
rMeeT HeHYJ/IeBOM KJTacC MPeIsITCTBYSA K I7100a/lbHOMY CeueHHIo, T7100a/IbHOT0 KaHAWATa He cyijecTByeT. JIroboi
anroputM, Bo3Bpaujawiuit EVENT B Takoii cuTyalu, HeKOppeKTeH OTHOCUTebHO crielddurkanum v0.5.

Joka3zare/nbCTBO. I'106a/TbHBIN KaHAWUAAT 110 OMpe/e/IeHUI0 IBIAETCA ceueHreM. HecoBMeCTUMbIE JIOKA/IbHbIE
KaH/IWZAaThl He 33/1al0T oTobpakeHre X — &, a HeHyJ/IeBOe TIPEIsATCTBYE UCK/II0UaeT ero CylleCcTBOBaHuUe.
JlokanbHble 3HaueHus A 1 I1 He ycTpaHsSIOT AedeKT cKmerku. [

OcHoBHas ycioBHas Teopema 7.31. Globalization-safe predictive transport. [COND] ITycTk BbinosiHeHbl: H1 -
effective NAPG descent; H2 - operation/associator descent; H3 - projective-Reper atlas; H4 - Hodge compatibility,
eci Hodge-cnoit ucnone3yetcsi; HS - moka3annsiii mepeHoc Evidence-D; H6 - ncue3HoBeHve BHYTPEHHUX U
3asiB/IEHHBIX BHEITHUX NpersTcTBri; H7 - cymectBoBanue riiobansHoro admissible section; H8 -
BOCITPOM3BOMMBIH [BOMHOM cepTrduKat v0.4 u rinobanusaionnbii ceptudukat v0.5. Torga cratyc GLOBAL-
CANDIDATE vHBapuaHTeH OTHOCHTe/IBHO refinement MoKpwITHSI, gauge-3KBUBaeHTHOCTH cocycle, NAPG-
n30MopdU3MOB U TIPOEKTUBHOI cMeHbI Reper-KaprT.

I'panmuria BeiBoja. [OPEN] Teopema yTBepyk/jaeT MHBAPUaHTHOCTb CTPYKTYPHOI'O KaH1/jaTa BHYTpU
(hopmanbHo Mozie. OHa He 10Ka3bIBaeT HACTYIUIeHe (HU3NUeCcKOro, XMMHUeCKOoro, O10IOruueckoro uiu
3KOHOMUYECKOTO COOBITHS; TAKOU BBIBOZ TpeOyeT AOMEHHOT0 aZianTepa, AaHHbIX U He3aBUCHMOM ITPOBEPKH.
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Local candidates
(lambda near -1, Pi=0)

i

(Cocycle and effective descent)

i

[Operation and associator descend]

(PGL2 chart compatibility)

i

[Metric/orientation compatibility

i

(D/Dom and provenance valid

i

(Global admissible section existsj

Block_glue = empty?

(GLOBAL STRUCTURAL CAN DIDATE) [ABSTAIN / OPEN OBLIGATION)

PucyHok 13. I'no6anbHbIll npedcKasame/bHbIll WLTI03: 10KA/IbHBIU KAHOUOAm donyckaemcs mosbKo noce effective descent u
cyujecmeogaHus ceyeHust. CobcmeenHas cxema Toma II.

Kypnuwes MeaH Bopucosud - Kanvnudrpag - 2026 | 94



BA30BbI MPOEKT KLT-RBD - TOM Il - NAPG 3.0 - v0.8

42. Mopenu v KOHTpMoaenu rnobanmnsauum

Mopenb

TpuBuainbHoe line bundle Hag S?

Jlenta Mébuyca

TpoiiHoii cocycle defect

Non-PGL Reper chart

q_ij#0

Henynegoii [z] EH?

JlokasnibHO

U_ixR

kaxzjas kapra U_ixR

Ka’K7jas1 I1apa KapT CorJlacoBaHa

A BBIUKC/IMA B KaXK/IOM KapTe

B KaXK/[0H KapTe ecTb O_i

nokaneHble G_tilde-nogbémel
CYIL[ECTBYIOT

FnoGanbHO
SIxR

HeT 17100a/7IbHOM HeHYJ/1eBOH
CeKL[MY BbIOPAHHOTO 3HAKa;
bundle HeTpuBHanexn

MapIIpyT-3aBUCHMasi CKITeliKa

3HAUeHMsI A He COBIIaJar0T

ryi06abHOM oriepanyu HeT

r106a/IbHBIN TIOABEM
OTCYTCTBYeT

Ypok ans KLT-RBD
HyneBoii cocycle class

OUHAKOBbIE JIOKA/TbHbIE
BOJIOKHA He ()UKCHPYIOT
ryi00asbHBIN K/1ace

pairwise audit HejocTaToueH
rapMOHHYHOCTb He rji06anbHa

anrebpanyeckuii ciov Tpedyet
otaenbHOro descent

JIOKa/IbHasi pa3peLIMOCTb He
ycTpaHsiet riobaapHoe
TIpernATCcTBre

ITpumep 7.32. Mobius no-go. [CL] Jlenta Mébuyca 1 LMIHHAD JIOKa/TBHO SB/SIOTCS TPOU3BeI€HUSMU UHTepBasa

U MpsiMOM. Pa3yinune 3ak/oueHo B transition function Ha nepekpeiTuu: +1 AJist nuauHApa u -1 a1s Mébuyca.

[TosTOMy BOCCTaHOB/IEHHE T/I00aTHEHOTO 00BEKTa 10 OJHOH JIOKaIBHOU Mogenu F HeBo3MoXKHO 6e3 cocycle.

ITpumep 7.33. AcconuaropHsiii rank horizon. [COND] ITycts /loKkanbHbIe anrebpel A_t UMEIOT MaTpULy

accoriaTopa M_Ass(t), a mepexo/ibl COXpaHsitoT omnepariuto. Ha obacty, rae panr M_Ass(t) mocTtosiHeH 1 bundle

descent s3¢pekTrBeH, SIPOBBIE MOPACC/TIOHNS UMEIOT IIOCTOSIHHBIN paHr. Vi3MeHeHMe paHTa BO3MOYKHO TOJIBKO Ha

JleTepMUHAHTHOM JIOKYCe TJIaBbl 5 WM TIpU TIoTepe operation descent.

Kypnuwes MeaH Bopucosud - Kanunurpag - 2026 | 95



BA30BbI MPOEKT KLT-RBD - TOM Il - NAPG 3.0 - v0.8

43. BoluncautenbHbin ceptudmKart rnodbanusaumm v0.5

43.1. O6bEeKTbI AaHHbIX

ID OOBbeKT MuHMManbHble Nonsa cepTudmkara

domain_id, coordinate_map, model_id,

ATLAS-01 kapra U_i version, hash
TRANS-02 T L source, target, ovgrlap, mlverse, regularity,
matrix/algorithm
COC-03 TpoifHas poBepKa i,j,k, residual @_jke@_ij-¢_ik, tolerance,
exact flag
OP-04 AR @ q_ij, Dom_0, tesﬁt yectors, symbolic
certificate
REP-05 Reper descent PGL2 witness, A equality, Evidence-D
transport
HDG-06 ol fesran: metric, orientation, SO witness, star
commutator
11, Cech class, coefficient sheaf, proof
OBS-07 06CTPYKLMH object
SEC-08 ceuenme local sections, compatibility, global witness
or blocker
HOR-09 FOpH3OHT A components, parar.ngter interval, crossing
certificate
RUN-10 RS code hash, data hash, environment,

timestamp, independent run

43.2. ABTOMaTn4yecKue TecTbl

TEST-ATLAS-01: nokpsiTrie X JIOKa/lbHBIMKA KapTaMU U OTCYTCTBHE HETIOMEeUeHHbIX 00JiacTei;
TEST-INV-02: ¢_jic@_ij=id Ha Ka)x/JoM JJBOHOM TepeKpPbLITUH;

TEST-COC-03: ¢_jke@_ij=¢_ik Ha KaxX/1oM TPOMHOM TepeKphITUH;

TEST-REF-04: uHBapMaHTHOCTb pe3yJ/bTaTa npu refinement mokpeITHs;

TEST-OP-05: g_ij=0 u coxpanenue Dom_G;

TEST-ASS-06: ecrectBeHHOCTB ASS U coryiacoBanue J_Ass;

TEST-PGL-07: nepexonnbie KapThl Reper npefcraBnens PGL, 11 cOXpaHSIIOT A;

TEST-D-08: Evidence-D transport o6patum u umeet provenance hash;

TEST-HDG-09: nepexofbl COXpaHsIOT METPUKY U OPHEeHTaLMIO MO0 akTMBUPOBaH orientation local system;
TEST-OBS-10: BHyTpeHHHI 1 BHeIIHUH obstruction channels He cmeraHb;

TEST-SEC-11: foKa/bHBIe CeKLMM COT/IacOBaHbI M 00pa3yroT ri106a/bHbIA witness;

TEST-GATE-12: nroboti HenyeBoi blocker npunyautensHo Bo3Bpaiiaer ABSTAIN;

TEST-HOMO-13: endpoints HenpepriBHo# admissible family umetor oavHakoBsiii discrete bundle profile;
TEST-HASH-14: KOHTpOJ/IbHBIE XellIU KOJIa, JaHHbIX, cocycle ¥ 0TUéTa COBMaJaroT.

43.3. Blocker-safe nceBgokop,

INPUT: cover U, local objects E_i, transitions phi_ij, candidates s_i
1. verify cover, inverses, triple cocycles and effective descent; else ABSTAIN

DU WN

test operation/associator, PGL2-lambda, Hodge, Evidence-D and obstructions

glue local sections; if no global witness, return ABSTAIN(B_sec)

Delta_total := Delta_alg union Delta_geo union Delta_glue

if path avoids Delta_total: return NO-DISCRETE-STRUCTURAL-CHANGE-IN-MODEL

if every gate and criterion(lambda,Pi,D,Dom) pass: GLOBAL-CANDIDATE; else UNRESOLVED.
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44. TeopeMHbIN NaKeT U JO0Ka3aTesibHble ob6sa3atenbcrsa v0.5

44.1. Peectp popMasibHbIX pe3ybTaToOB

ID

T7.4

T7.6

T7.9

T7.12

T7.15

T7.17

T7.19

T7.21

T7.23

T7.26

T7.30

T7.31

PesynbTtar
HE0OXO0MMOCTD
accouMaTBHOrO groupoid
repexo/ioB
riobaneHOCTh A B PGL,-atiace
cknetika NAPG-paccnoenus

CITyCK OMepaLy U accoLaTopa

JIBOIMHOM CITyCK
Reper/Evidence-D

crnyck Hodge star
LeHTpasbHbIA H2? obstruction

KJIeTOuHast OallHs section
obstructions

homotopy constancy bundle
class

JIOKa/IM3aliys repexo/a Ha
A_total

3arpeTt JIOKa/IbHO-T106a/IbHOMI
o iIMeHbI

globalization-safe predictive
transport
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Cratyc

THM

THM
THM

THM

COND

THM

THM/COND

CL/COND

THM

COND

THM

COND
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3aBucumocTu

orpefiesieHHe CKIeHKI

v0.2
topological Aut_ NAPG(F)

operation-preserving transitions

provenance functor

metric + orientation

Cech effectiveness

CW + local coefficients

numerable bundle

v0.3-v0.5

definition of section

H1-H8



44.2. O6HOBNEHNE MaTPULbI flOKa3aTe/IbHbIX 0643aTeNbCTB

PO

T2-PO-027

T2-PO-028

T2-PO-029

T2-PO-030

T2-PO-031

T2-PO-032

T2-PO-033

T2-PO-034

T2-PO-035

T2-PO-036

T2-PO-037

T2-PO-038

T2-PO-039

T2-PO-040

BA30BbI MPOEKT KLT-RBD - TOM Il - NAPG 3.0 -

CopepxaHue

Tonosorusi/rnagkocTb
Aut_NAPG(F) anst Moe/IbHBIX
BOJIOKOH

Effective descent kateropuu
NAPG_q

Cocycle gluing theorem

No-go /7151 HeaCCOLMIaTUBHOMN
KOMIIO3ULIMH TIEPEX0/I0B

Criyck onepauyu v J_Ass

T'no6anbHOCTL A

Cnyck Evidence-D

Cnyck Hodge star

Lentpanesiii lifting obstruction

Cesi3b €_B ¢ Cech obstruction

Section obstruction tower gist
predictive bundle

Homotopy constancy

BrruncnurensHblii atlas/cocycle
certificate

Independent global prediction run
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Cratyc

OPEN

OPEN

CLOSED

CLOSED

CLOSED

CLOSED

OPEN

CLOSED

CLOSED/LOCAL

OPEN

OPEN

CLOSED

OPEN

OPEN

v0.8

98

Cnepytouiee geiictBue

MOCTPOUTSH AJs1 A,, M, 1 octonion
layer

3azath stack/pseudofunctor u
nmokasaTth effectiveness

Teopema 7.9

Teopema 7.4

Teopema 7.12
Teopema 7.6

(opmann3oBaTh provenance
category

Teopema 7.17

Teopema 7.19; BbIOpaTh
KOHKDETHBIN Z

He OTOX/EeCTBJ/ISATh, IIOCTPOUThH
natural transformation

3azaTh BosokHO F u m_k(F)

Teopema 7.23

peamusoBath TEST-ATLAS-01 -
TEST-HASH-14

T10C/1e IOMEHHOI' 0 aZiarrepa,
CTaTyC He MOBbILIAaTh
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45. bubnmnorpadpunuyeckas CMHXpOHM3aLUA U KOHTPOJIbHasA TOYKA
v0.5

45.1. NepBUYHbIE U KAHOHUYECKUE UCTOYHUNKU

[V0.5-1] Steenrod, N. E. The Topology of Fibre Bundles. Princeton Mathematical Series 14. Princeton University Press, 1951.
[V0.5-2] Husemoller, D. Fibre Bundles. 3rd ed. Graduate Texts in Mathematics 20. Springer, 1994.

[V0.5-3] Hatcher, A. Vector Bundles and K-Theory, Version 2.2, 2017. [McTOUHUK

[V0.5-4] May, J. P. Classical Groups and Bundle Theory, Chapter 1. [ucTounuk

[V0.5-5] The Stacks Project, Tag 02ZC: Descent data in fibred categories. [MCcTOUHUK

[V0.5-6] The Stacks Project, Tag 0CJZ: Second cohomology and gerbes. [1cTouHrK

[V0.5-7] Hermann, R. Obstruction theory for fibre spaces. Illinois Journal of Mathematics 4 (1960). DOI
10.1215/ijm/1255455733. [MICTOUHUK

[V0.5-8] Kurpishev, 1. B. Ba3oseiii mpoekt KLT-RBD. Tom I v197 RU; Tom II T2-RP-v0.1-v0.4. KaHOHWUeCKKe BHYTPEHHUE
HCTOYHUKY TPOEKTa.

paHuua prior art 1 aBTOPCKOro BKNaga

Kraccuueckue oripeiesierus fibre bundle, principal bundle, transition cocycle, effective descent,
characteristic/obstruction classes 1 homotopy invariance oTHocsiTCs K prior art. ABTOpcKast TuHus V0.5 COCTOUT B UX
TUNU3UPOBaHHOM coeariHeHuH ¢ NAPG_ g, R-star-R, Reper(R,I,U;D), Evidence-D, npoeKTUBHO-TaPMOHUYECKHM A-
cioeM, blocker-safe rio6anu3aloHHBIM TOPU30HTOM U MpeAiCKa3aTeabHbIM 11mo30M KLT-RBD. OTa apxutektypa
OCTaETCS TIPeIMETOM JlallbHEHIIIero [j0Ka3aTeIbHOr0 ¥ BEIUMCIUTETHHOTO Pa3BUTHSI.

45.2. KoHTposibHaA Touka T2-RP-v0.5

®dukcauma Bbinycka 3HaueHue
KaHOHMUYeCKNH UCTOUYHUK tom2_v0_4.docx + tom2_v0_4.pdf
HoBELIi1 MaTeMaTUUeCKUI CJION rnaBa 7: atlases, bundles, descent, globalization obstructions
3akphIThie 00s13aTe/IHCTBA T2-PO-029, 030, 031, 032, 034, 038; nmokanpHOo 035
OTKpBITBIE 00513aTeIBLCTBA T2-PO-027, 028, 033, 036, 037, 039, 040
[okasaTenbHasi rpaHULia truth_layer_promotion=0

T2-RP-v0.6: KacarenbHble ¥ KOKacaTe/IbHbLIE 00BEKTEI,

Criepytoniasi TOuka
[lepyBarui 1 06/1aCThb I/1afKOCTH

checkpoint=T2-RP-v0.5; source=T2-RP-v0.4; truth_layer_promotion=0; next=T2-RP-v0.6.
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https://stacks.math.columbia.edu/tag/0CJZ
https://stacks.math.columbia.edu/tag/02ZC
https://math.uchicago.edu/~may/MISC/ChapterI.pdf
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UACTDb VI. KACATEJIbHbIE N KOKACATE/IbHbIE
OB bEKTbI NAPG v0.6

KontposnsHas Touka T2-RP-v0.6 - yriybneHue riasel 8 - ncrounuk: T2-RP-v0.5
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46. Macnopt yrnyoneHus v0.6

Lens pepakimu v0.6 - onpesienuTh, Kakue goKanbHble n3MeHeHHs NAPG-00beKTa SIB/ISTFOTCS JIUIIL (JOPMaTbHBIMU
MepBOMNOPSAKOBBIMU HallpaB/IeHUsIMU, KaKue MPUHa/ZJie)kaT KacaTeJIbHOMY KOHYCY, KaKue MPOXOAsT
BTOPOIIOPSKOBOE TPeMNATCTBHUE U KaKue [|eMCTBUTEe/IbHO peau3yroTcs JOoMyCTUMON Ayroi. OJHOBpeMeHHO
CTPOUTCSI KOKacaTe/bHbIN S3bIK OrPAHWYEeHHUH, T03BOJISIOLUI BEIUMC/IATh PaHT, CUHTYJISIPHBIN JIOKYC U TIpejen
MPUMEHUMOCTH JIMHEMHOTO MPOrHOo3a.

OHTONOrnYecKkuii 6710k rnasbl 8

KacaresibHbIi 00BEKT He SIB/ISIETCS] yMEHbIIEHHOW KOmKel npoctpaHcTBa. OH (PUKCUPYeT BbIOPaHHBIN PEXKUM
CTaHOBJIEHUsI 00beKTa: KpUBbIe, ya/bHbIe UMC/Ia, lepUBALUH, Ujeasbl Wik dpopMasbHble Aedopmanud. Ha rinagkom
CJI0€ 3TH PEXKUMBI MOTYT COBIMACTh; Ha CUHTYJ/IIPHOM OHH PaCXOJsATCs, OKa3bIBasi, UTO «O/IvKakilee BO3MOXKHOE»
3aBHCHT OT YPOBHSI CTPYKTYPBI.

FHoceonoruueckunii 6nokK rnaebi 8

[TepBast IpoM3BO/{HAsE COOOIIAET TOBKO TO, UTO He 3arpeleHo JTMHeHHOW YacTbio ypaBHeHui. OHa He rapaHTUpPyeT
Cyl1eCTBOBaHUA TPA€KTOPHUU. HOSTOMy 3HaHMWe O HallpaB/IEHUHU 00513aHO YMeThb MacriopT: JIMHEeHBIN witness,
tangent-cone witness, obstruction witness 1, HakoHeI], arc witness. [IpoITyCK 0[HOTO CJIOSI CO3AET JIOXKHYIO
YBEPEHHOCTb, KOTOPOM B UesloBeyeCKHMX MPOTrHO3aX 1 6e3 MaTeMaTUKH XBaTaeT C U30bITKOM.

deHoMeHOoIorMYecKkuii 6ok rnaBbl 8

KacaTesnbHast CTpyKTypa onuchiBaeT O/vpkaiiiie criocoObl NpoJo/pKeHns cocTossHus. KokacaresnbHasi CTPyKTypa
OTHMCBIBAET OJIFKAKIIIKE CITOCOOBI €r0 Pa3/IMUeHuUs] OrPaHUUEHHSIMU U U3MEPUMbBIMU (DYHKIMAMHU. VIX cOMpsDKeHKe
TMpeBpalliaeT MepPe>KUBaeMyH BO3MOXKHOCTb U3MEHEHUsI B BLIUMCIUMYHO TIapy «HarpaB/ieHHe - YyBCTBUTe/TbHBIH
(byHKLIMOHA».

OrpaHnuuTenbHbIV 610K rnaBbl 8

Towm II He oToXXIecTB/seT Zariski tangent space ¢ MHO>KeCTBOM peaslbHbIX TPAEKTOPHH, tangent u cotangent 6e3
JOTIOJTHUTE/TbHOM MEeTPUKH, a OPMabHYIO ZehopMaLuio - ¢ GusrnyeckuM cobbiTHeM. JIobasi MHTEerpUpyeMOoCTb,
[JIAZIKOCTh U TIpeZicKa3aTesibHasi MHTePIIpeTaris JeiCTByeT TOIbKO B yKa3aHHOM Dom U 1pu 3aKphIThIX obstruction
channels.

YpoBeHb OGBeKT Yrto oH nposepsieT TunuyHbli aedekT

N MOXXET COJIEP>KaTh
dual-number / derivation .
TO TepBbIi MOPSI0K HEeWHTerprupyembie

tangent
HarpaB/IeHUst

pas/yBaeTcsi B CUHTYJ/ISIPHOM

T1 Zariski tangent space JIMHeHHY10 YacTb ypaBHeHUH
TOYKe
MO>KeT OBbITb HeJIMHEHHBIM U He
T2 tangent cone CTapllie Haua/bHble YIeHbl i
TIPUBEAEHHBIM
. TpebyeT pellleHHs ypaBHEHHs
T3 second-order admissibility KBaJpaTUYHOE TPEMNsATCTBUE PEBYET b yp
Zi71s1 BTOporo KoaghduiieHTa
- eaI3yeMyto JI0KaIbHYI0 MO>XET OTCYTCTBOBATh I1PU
T4 actual admissible arc P yeMmy y YT P
3BOJIIOL{UIO Ha/M4uK (hopMajIbHOTO BeKTopa
. OrpaHUYeHUs U He TOX[eCTBeH tangent 6e3
IR cotangent/conormal object P i . &
YYBCTBUTEIbHOCTh JIOTIOJTHUTE/TEHOM CTPYKTYPBI
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47. YeTblpe KOHCTPYKL MU KacaTeJIbHOro oo6beKTa

47.1. lyanbHble yncna n GyHKTop ToYEK

Omnpepenenue 8.1. Dual-number tangent. [CL/DEF-A] Ilycts K - none, K[e]=K[e]/(€?), X - yHKTOp TOUueK u
x€X(K). KacarenbHblii GyHKTOD B X onpefiesnisieTcss Kak MHOXKecTBO TiogasaTuid T_xX=ker(X(K[e]) - X(K)) Hag x.
BekTopHasi CTPyKTypa A0MyCcKaeTCsl TOIBKO T0C/Ie TIPOBEpPKH YC/IOBUH 1e)OpMariuOHHOTO (yHKTOPA.

JlemMma 8.2. Derivation representation. [THM] [y apdurHOTO 10KanbHOro 00bekTa A u K-patuoHanrsHOM
ToukH X:A - K oTobpaskenue A - K[e], amx(a)+eD(a), sBisieTcss ToMOMOP(hHU3MOM TOTZA U TOJBKO TOT/a, Koraa D
sBrsiercst K-zieprBatiueii otHocuTenbHO X. CrienoBarensHo, T_xX=Der K(A,K_x).

Joka3arenbcTBo. CpaBHeHue K03 dunpenToB npu € B paBeHcTBe f(ab)=f(a)f(b) maétr D(ab)=x(a)D(b)+D(a)x(b).
OO6patHoe yTBep>KZieHue MPOBepsieTCs MOICTAHOBKOM; ycioBue €2=0 yanseT KBafipaTUUHBIN uieH. [

47.2. KpuBble U nepBblii KOHTAKT

Onpepenenue 8.3. Curve tangent. [CL/COND] B riagkom ceKkTope /iBe AOMYCTUMBIE KPUBBIE Y4,Y,:(-1,1n) —» X C
y_i(0)=x 3KBUBa/IEHTHBI, €C/IM UX KOOPAUHATHBIE TIPOU3BO/IHbIE B HYyJIe COBIAZAlOT B OJJHOM, a 3HAYUT TIPU TJIaJIKUX
repexo/ax - BO BCsKoM Kapte. Kinacc obo3nauaercs [y];.

Orpannuenne. [OPEN] [Iyis1 0011[ero CHHTY/ISIPHOTO, ajrebpanyecKoro WK YaCTUUHO oripeenéHHoro NAPG-
o0OBbeKTa omnpe/iesieHHe uepe3 peasbHble KPUBbIE MOYKET 3aBUCETh OT BLIOPAHHOTO KJlacca AyT U 1oJisi. [loatomy oHO
He TIPUHUMAETCs KaK YHUBepcaibHOe 6e3 TeopeMbl CpaBHEHHSI.

47.3. KokacartesibHbl1 MOAYJIb U YHUBEPCA/ibHasA AepuBaLus

Onpepenenue 8.4. Kdhler cotangent module. [CL/COND] /Isis1 KOMMyTaTUBHOT'O KOOPAWHATHOTO KOJIbIla A Haf
K mopyne Q_{A/K} Bmecte ¢ d:A - Q_{A/K} yHUBepcaseH 1o OTHOIIeHHIO K K-gepuBarusm:
Der_K(A,M)=Hom_A(Q_{A/K},M). B NAPG 5T0T 00b€KT UCIOIB3YeTCs /IJIs1 KOOPJUHATHOTO commutative
envelope; HeKOMMYTaTHUBHBIN U HeacCOLMaTUBHLIM AuddepeHIManbHble MOY/IU 3a/Ial0TCsI OTe/IBHO.

Onpepenenue 8.5. Cotangent space at a rational point. [CL] Eciu X iMeeT MakCHMaJ/TbHBIA Hzieal m_X U
kK(x)=K, To T_xA*X=m_x/m_x2, a T_xX=Hom_K(m_x/m_x?K). [I1s1 HepaIjoHaJ5HOU TOUKH OCHOBaHUe
3aMeHsieTcs Ha K(X), C yUETOM OTHOCUTeJTbHBIX JuddepeHIraios.

Admissible curves
mod first-order contact comparison
(smooth sector)

Derivations
Der_K(O_x,k(x))

linear dual
Cotangent space
A
m_x/m_x"2 linear span / inclusion

Tangent cone
Spec gr m(O_x)

Dual numbers \ map = point + eps D
universal property

Spec K[eps]/(eps"Z)J

Tangent space
Hom(m_x/m_x"2,k(x))

PucyHok 14. CpaeHenue koHcmpykyuii tangent/cotangent. CognadeHue cmpesiok mpebyem 2unome3 2/1a0Kocmu u KOHEUHOCMU.
Co6cmeenHas cxema Toma II.
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48. Kacate/ibHbl KOHYC U CUHTYNISIPHBINA CEKTOP

48.1. dunbTpauna MakCMMaJIbHOro naeana

Onpepenenue 8.6. Algebraic tangent cone. [CL] [y nokanbHoro kosbia (O_{X,x},m_x) KacaTe/JbHbIA KOHYC
orpeiensieTcs TpafyupoBaHHbIM KosblioMm gr_{m_x}O_{X,x}=®_{n>0}m_x n/m_xA{n+1}. Ero criekp
C_xX=Spec(gr_{m_x}O_{X,x}) yaep>xvBaeT Haua/ibHbIe OTHOPOJHBIE UJIeHBI JIOKAJTHHBIX YPaBHEHHUH.

IIpepnoxxenue 8.7. Cone-to-tangent inclusion. [CL] ITpuBeaénnslii Hocutenb C_xX BK/aazbIBaeTcsi B Zariski
tangent space T_xX; simHeliHast 060/10uKa KOHyCa MOXKeT coBMazath co BceM T_xX. B riazKkoii Touke KOHyC
SIBJISIeTCST BEKTOPHBIM IIPOCTPAHCTBOM U COBIIAZIAeT C tangent space.

48.2. KoHtpnpumep: ysen xy=0

ITpumep 8.8. Node no-go. [THM/EX] ITycte X CA2? 3agano xy=0 u x,=(0,0). IkobuaH (y,x) B HyJie paBeH HY/IIO,
ro3ToMy Zariski tangent space ectb Bcst A2. OffHaKoO tangent cone coBraziaet ¢ X: 3T0 00beMHEHNe IBYX
KOOPAUHATHBIX ocel. st ayru (x(t),y(t)) ¢ x(t)y(t)=0 mepBbIii HeHyeBOH KO3 ULIMEHT 00sI3aH JIeXKaTh Ha OJHON
u3 oceil. CriefioBaTeibHO, BeKTOPHI (1,1) IpoXoAsT TMHeMHBIH TecCT, HO He SIBJISTFOTCSI CKOPOCTSIMH [JOITY CTUMBIX
aHa/IMTUUeCKUX JyT.

OTpuuarenbHas TeopeMa NepBoro nopsgka

B cuHrynsipHo#i Touke yciioBue veker J(X) sBAsIeTCS TOMBKO HEOOXOAMMBIM JIMHEHHBIM TecToM. OHO He SIBIISIeTCS
[IOCTaTOYHLIM YC/IOBUEM CYITIeCTBOBAHUS [yT'H U IOTOMY He MOYKET CaMOCTOSITe/TbHO BbIZIaBaTh MIPOrHO3 Mepexo/a.

48.3. HenpuBeAEHHOCTb U CKPbITas TOJILLMHA

IIpumep 8.9. Dual-number point. [CL] Spec K[e]/(¢2) uMeeT e[UHCTBEHHYIO TOTIOJIOTUUECKYIO TOUKY, HO
OZIHOMEepHOe KacaTesibHOe MPOCTPaHCTBO. TOMoI0rnueckuii HocuTtesnb He BUAUT UHOUHUTE3UMAabHYIO TOJLLUHY.
[Toatomy BoccTaHoBeHrue NAPG-zaedopmaliuii TOJIbKO 10 MHOXKECTBY TOUeK WX Tpady MHLIMIEeHTHOCTH
HETIOJTHO.
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49. JInHeapusauus npoctpaHcTBa onepaunm NAPG

49.1. KoappuumeHTHOE NPOCTPaAHCTBO

Omnpepenenue 8.10. Ambient operation space. [DEF-A] ITycts A=® A’y koHeuHOMepHO Hag, K. ITpocTpaHcTBO
JOTYCTUMBIX OGUTHHeHHbIX Bapralyii 06o3naunmM C2_adm(A,A)CHom_K(A®A,A); OHO yUHTHIBAeT rPaZilyupOBKY,
Dom_® u 3aMoposkeHHbIe CTPYKTypHble faHHble . MHoXecTBo NAPG-CTpyKTYyp 3a7aéTcsl cucTeMoi
MOJIMHOMUAJIBHBIX WK Iafkux ypaBHeHuil F(1)=0 BHyTpU oTKpbITO-3aMKHyTOro admissible sector U_adm.

M_NAPG = { u € U_adm c C%_adm(A,A) : F()=0 }.

Onpepenenue 8.11. Linearized structure space. [DEF-A] i p€M_NAPG nonoxum Z2_NAPG(p)=ker D F_p.
3TO MPOCTPaHCTBO (OPMATBLHBIX TEPBOTIOPSIKOBBIX BapHaIlyi, COXPaHSIOIINX BLIOpaHHBIE YpaBHEHUS [0 TIOPsAAKa
t.

49.2. JiIuHeapmsauusa accoumaropa

Teopema 8.12. Differential of the associator map. [THM] /] GuMHEHHBIX Oriepalyii [,V U TpoikH (a,b,c)
MPOU3BO/IHAst OTOOpa)KeHHUsT ASS B |1 110 HAIMIPaBJ/IEHUIO V PaBHA

D Ass_u(v)(a,b,c) = v(w(a,b),c)+u(v(a,b),c) - v(a,u(b,c)) - w(a,v(b,c)).

Joka3arenbcTBO. PackpbiBaeM Ass_{p+tv} u cobupaem KosdduiiueHt npu t. KoadduipeHT rpu t2 ecth Ass_v.
[MTosTomy TouHast KBaZipaTnyHas popmysa umeet Bug Ass_{p+tv}=Ass_p+t DAss_p(v)+t2Ass_v. O

CnepcrBue 8.13. Associative tangent equation. [CL/THM] Eciu | accoLjuaTvBHa, TO [1ePBOIOPSAKOBast
accorMaThBHas JedopMalivs ob6s3aHa yaoBaeTBopsaTe DAss_(v)=0. [l accoluaTUBHOM anrebphbl 3TO COBMIAaeT
¢ ypaBHeHreM Hochschild 2-cocycle nocse ¢ukcaiyiy npuHATON 3HAKOBOH KOHBEHITUH.

49.3. UHpuHUTE3MMANbHDbIE 3aMeHbl 6a3suca

Onpepenenune 8.14. Gauge differential. [DEF-A] ITycts End_®(A) - 3110MOp()U3MBI, COXpaHSIOIIHE
rpajgyypoBKYy U CTPYKTYPHbIe faHHble. [Ipon3BozHas gelictBus g-pu=g p(gN{-1}-,8"M-1}-) B eguHuLie 3a7aéT
d'_w(E)(a,b)=E((a,b))-(Ea,b)-u(a,Eb).

Teopema 8.15. Stabilizer-derivation identity. [THM] ker d'_p coBnaziaeT C poCTpaHCTBOM CTPYKTYPHBIX
nepuBauuii Der_®(A,p). im d!_p sBsieTcst KacaTebHBIM POCTPAHCTBOM K OpOWTe 3aMeHBI IOy CTUMOT0 Oa3uca.

Onpepenenue 8.16. Reduced tangent space. [DEF-A] I1pu im d'_pCZ2_NAPG() onpeaenum
H2 red(p)=Z2_NAPG(p)/im d!_p. 3To NMpOCTPaHCTBO KIaCCOB MEePBOIOPAAKOBBIX Aedopmaiiuii modulo
infinitesimal gauge; oHO He rapaHTHUpPyeT UHTErPUPYEMOCTb.
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End_G(A)
nﬁnlte5|mal gauge

d™~1 mu \ I(ernel
"4
C~2 adm(AA) ~
(operatlon varlatlons Der CE =l B mu]

DF_mu=0

(2"2 NAPG(mu)=ker D F_ mu

quotient by orbit integrability test

~ ~ ~ Q_mu(nu,nu)
[H 2_red(mu)=Z"2fim d™1_ mu second ‘order obstruction

PucyHok 15. Ieyxunennbili NAPG tangent complex: cmabusiuzamopbl, nep8onopsiokosbie dehopmayuu u 6moponopsiokoeoe
npensimcmeue. CoocmeenHas cxema Toma I1.
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50. KacaTenbHbl KOMMJIEKC U KOKacaTesibHasA ABOMCTBEHHOCTb

50.1. ByX4N€HHbIN KOMIUJIEKC MOAYJIbHOM 3a4a4u

Onpepenenue 8.17. Tangent complex. [DEF-A] [ns quotient-nipefctasnenuss NAPG-mMoaynbHOM 3a1aun
BBOJIUTCS IByXWieHHbIH KomiuieKe T_pAe=[End_G®(A) --d*_p - Z2 NAPG(p)] B crenensx -1 u 0. Torga HA{-1}
(T_pA*)=Der_G(A, ), a H(T_pA+)=H2 red(p).

Cwmbica. [DEF-A] OTpuLatesibHasi KOTOMOJIOTHSI XpaHUT UHPUHHTE3UMA/IbHbIe aBTOMOP(hU3MBI, a HyJ/1eBasi -
Kiaccel gedopmaruii. IpocToe GakTOp-MPOCTPAHCTBO TepsieT MH(OPMAIHIO 0 CKauKax CTabuI3aTopa; KOMITIEKC
COXpaHsieT eé ¥ I0TOMY IpeJIIOUTUTe/IeH Ha CUHTYJ/ISIPHOM quotient-croe.

50.2. No-go ana KaHoHu4yecKoro T=T*

Teopema 8.18. Absence of canonical self-duality. [CL/THM] /15151 0611jero KOHeYUHOMEPHOT'O BEKTOPHOT'O
TPOCTPAHCTBA V He CYI[eCTByeT eCTeCTBEHHOT0 n3oMopdu3mMa VEV* Ge3 n0oMoTHUTE/TEHON HEBBIPOXKIEHHON
OunuHelHON popMbl. KaHOHUYECKOM SIB/ISIETCS TOMBLKO OIleHOUHast KapTta V — V**; oHa n3oMop¢Ha B
KOHeYHOMEPHOM WJ/I KOHEUHOIIPOEKTUBHOM peKUMe.

CnepactBue 8.19. NAPG duality boundary. [THM/COND] KokacarenbHbIi KOMIIJIEKC HeJlb3s1 aBTOMaTHUYeCKH
Ha3bIBaTh TEM Ke 00beKTOM, uTo tangent complex. dyamu3atus T_pAe mormycTiMa Npy KOHEYHOM TTPOEKTHOCTH
KOMITOHEHTOB; UJieHTHU(UKaIs TpeObyeT BhIOpAaHHOM METPUKY WJTH pairing, MpoBepeHHOro Ha gauge U descent-
CJI0SIX.

paHuuya Hodge-cnos

Omneparop Hodge melicTByeT Ha BHeIIIHUe CTeIIeHH 110C/Ie BbIOOpa MEeTPUKH M opueHTanyu. OH He CO3JaéT cam Io
cebe KAHOHMUECKOTO M30MOp(H3Ma MeX/y KacaTebHbIM MOAyJieM AehopMaliyii orepanyii U ero JTHHeHHbIM
JlyajsioM. DTOT MOCT OTHOCHUTCS K r/iaBe 11 1 0CTaéTcsl yC/IOBHBIM.
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51. Bropoi nopsAoK U UHTErpupyemMocTb

51.1. KBagpatnyHoe ypaBHeHUEe NpoaoNKeHUs

Onpepenenue 8.20. Second-order admissibility. [DEF-A] [Tycts F(p)=0 u nyTs uMeeT BuA [_t=p+tv+t20+0(t3).
Kosdpduriment nepsoro nopsigka tpedyer DF_pi(v)=0. Bropoii mopsigok TpebyeT CyIeCcTBOBaHUs o, //Isi KOTOPOTo

D F_w(w) + Q_u(v,v) =0,

rae Q_p - kBagipaTiyHas yacTth pasioxkenus F. Knacc Q_p(v,v) modulo im DF_pi siBnsieTcst BTOPOTIOPSiZIKOBBIM
nipensATcTBUEM. Ero Hesb3si 0OHY/IATH BHIOOPOM 0003HaUeHUs]; IPUXOAWTCS, K COXKa/IeHUIO, PeIllaTh YpaBHEeHUE.

Teopema 8.21. First-order is not integrability. [THM] BkroueHrsi MHOXXeCTB HarpaB/IeHUH UMEIOT B/
T_arc,xCC_xMCT_xM. Ob6a Bk/ItOUeHHUsS MOTYT OBITH cTporumMu. [TosTomy kacc [v]EH2 red(p) siBnisieTcs
(hopmanbHEIM iehOpMalMOHHBIM HarpaB/IeHWeM, HO He 00si3aTe/IbHO KacaTe/IbHON K pealbHOMY CEMEUCTBY
NAPG-00LeKTOB.

51.2. MacwrtabHasa ceMbs Hy/IeBOM onepawuumn

ITpumep 8.22. Quadratic onset of nonassociativity. [THM/EX] ITycTb |1,=0 u v - onepaijusi ByMepHOH aaredpbl
A, u3 Toma 1. Pacemotpum p_t=tv. Torma Ass_{p_t}=t?Ass_v. CnegoBatensHo, DAss_0(v)=0: Bcs onepayusi v
TIPOXO/IUT TIEPBOTIOPSIIKOBLIM TECT aCCOIMATUBHOCTHU B Hy/eBoi anrebpe. Ho mipu tZ0 u Ass_v#0 cemelicTBO
HeMe/lJIeHHO CTaHOBUTCS HeaCCOLIMaTHBHBIM Ha BTOPOM TIODsIIKe.

BriBoja. [THM/INTERFACE] Hyneas oriepaiiusi sIB/sieTCsl CHHT'Y/ISIDPHOM TOUKOM MPOCTPAaHCTBA aCCOLIMATUBHBIX
CTPYKTYp: eé Zariski tangent space crmimkom Bemk. KBazgpatuusblii cioit R+R 1 ©_min HeoO6XoAUMbI IMEHHO [ITsT
OTCeueHUsI TAKUX JIOXKHBIX [1ePBOIOPSAKOBBIX HarlpaB/ieHHH.
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52. O6nactb rnagkoctn NAPG

52.1. ®opmanbHas u pupdpepeHumanbHasa rnagKoctb

Omnpepenenue 8.23. Formally smooth point. [DEF-A] Touka || MOAY/IbHO 3a[jauu Ha3blBaeTCsl (popManbHO
IJIaJKOM, ec/y BCSKOe JIOMyCTUMOe NOAHATHe Yepe3 KBaJpaT-Hy/Ib paclllpeHue CylL|eCTBYeT JIOKalbHO U
COBMECTHMO C 3aMOpO>KeHHBIMU CTpyKTypamu &, D/Dom u descent.

Onpepenenue 8.24. Finite-dimensional regular sector. [DEF-A] B koagduurentHoit mogenmn M_NAPG=FA{-1}
(0) Touka perynsipHa, ecii DF uMeeT jioKa/ibHO TTOCTOSIHHBINM paHr, stabilizer dimension noctosiHHa, AelicTBue
gauge JI0Ka/JIbHO XOpOIIIo BeJET cebs, a admissible domain oTKpBIT B BEIOPAHHOM TOMOIOTUH.

YcnoBuasi Teopema 8.25. Constant-rank local model. [COND] Ecru F sBnsiercst CAr, DF_p imeeT nMoCTOSIHHbIH
paHT B OKPeCTHOCTH, gauge-action cBo60[HO ¥ COOCTBEHHO Ha BEIOPaHHOM ceKTope, a descent effective, To
M_NAPG/G nokanbHo siBisietcst CAr-MHOroo6pasuem ¢ KacaTebHbIM TpocTpaHcTBoM H2 red(p).

I'panuna. [OPEN] [pu HeHy/1eBOM CTabM/IM3aTOpe, HEITOCTOSIHHOM paHre Wid HeahdeKTHBHOM quotient
KOPPeKTHBIM 00BeKTOM siBjisieTcst tangent complex mibo stacky/derived local model, a He 06prYHOE KacaTensHOE
paccioeHue.

52.2. JInHeapusauMOHHbINA TOPU3OHT

Omnpepesnenue 8.26. Linearization horizon. [DEF-A] O603HauuM A_lin 06bejuHeHe TapaMeTpoB, Tae: rank DF
ckauer; tangent module He sioKasbHO cBOOOEH; stabilizer dimension MeHsieTcst; projective chart monazaeT B mosroc
A; pairing tangent/cotangent BEIPOXKZAeTCst; tangent cone He ABSETCS IMHEHHBIM IIPOCTPAHCTBOM; BTOPO MOPSAZ0K
Hepa3penmm; 60 D/Dom/descent TepsitOT BalHOCTb.

A_safe = A_total U A_lin.

Teopema 8.27. Local constancy outside the horizon. [COND] B xoHeuHOMepHO#1 CAr-Mo/ieny Npy TUIoTesax
Teopembl 8.25 pasmepsl Z2_NAPG, im d!, Der_® u H2_red siokasbHO MOCTOSTHHBI Ha KaXK/I0M CBSI3HON KOMITOHEHTe
nornoHenust A_safe. VI3smeHeHMe 3THX AUCKPETHBIX Mpodusieit Tpebyet nepeceuenust A_safe.

Ipepynpexpenue. [OPEN] ITonaganue B A_safe siBnsieTcss He0OX0IMMBIM JIOKATOPOM BO3MOYKHOH IepeCTPOKH,
HO He JIOKa3bIBaeT caM repexo/. OT0 GWILTP KaHJUJAaTOB, a He TIPOPOYECKUI OpaKy/l, Kak Obl 3aMaHUMBO HU OBLIO
MOpyunTh MaTpulie kobu Kaprepy ITudumn.
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53. AuddepeHumnan NnpoeKTMBHO-rapMOHNYECKON KOOPANHATbI

53.1. lorapudMunyeckas npomsBogHas A

Teopema 8.28. Differential of cross-ratio. [THM] B ad¢durHOI KapTe BHe fuaroHaiei v momocos aas A=((u-r)(i-
d))/((u-d)(i-r)) cripaBeMBO

d\/A = (du-dr)/(u-r) + (di-dd)/(i-d) - (du-dd)/(u-d) - (di-dr)/(i-r).
Cneacrue 8.29. Tangent to the harmonic locus. [THM/COND] B rniazakoi Touke A=-1 KacatenbHOe

MPOCTPaHCTBO FapMOHUUECKOT0 JIoKyca 3azaércs ker dA, ecmt dA#0. Eciin dA=0, rapMoHHUeCcKuii JI0OKyc
CUHTYJISIpEH WK MeeT Oosiee BRICOKUM TOPSZOK KOHTAKTA, U Tpebyetcst Hessian/jet-aHamms.

53.2. Bblpo)XaeHue KBaapatuuHoro gedekra

Omnpepesnenue 8.30. Smooth harmonic risk. [DEF-A] s K=R wu C nonoxum q=|A+1[? Ha obsacty, rae A
ompeneniera. Torga Dq(v)=2 Re(conj(A+1)-DA(V)).

Teopema 8.31. First-order blindness at exact harmony. [THM] Ha TouHOM rapMOHIUYeCKOM JIOKyce A=-1 riMeeM
Dq=0 g5 Bcex HarpaesieHuii. CriejoBaTebHO, TPAJUEHT ( HE Pa3/iMyaeT COXPaHEHUe U Pa3pylleHHe TapMOHKH B

riepBoM Tiopsigke. Bropoii quddepeHipan Ha HanpaBieHNU V cofepkuT 2|DA(V)[2 1 CTaHOBUTCS TTePBBIM
HEBBIPOXKJEHHBIM TeCTOM, ecii DA(V)Z0.

3HauveHue gna KLT-RBD

ANTOpUTM, KOTOPBIY PaH)XUPYET HallpaB/IeHHs TOIBLKO 110 TIepBO MPOU3BOAHOM §_truth? B y>ke rapMOHUUECKON
TOUKe, Hen30e>KHO Bo3BpalljaeT HUUbk0. B v0.6 3T0 He ommbka JaHHbIX, a J0Ka3aHHOE BLIPOXKEeHUEe KPUTEPUSI.
Tpebyetcst dA, Hessian mmu 60/1ee BLICOKHA jet.
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54. lokanbHbIN NpeacKasaTesibHbl KOHYC

54.1. CoctaBHas KapTa orpaHM4eHum

Onpepenenue 8.32. Structural constraint map. [DEF-A] ITycte G=(F_NAPG,II,h,B_D,B_Dom,B_glue), rae
h=A+1, a nocsiefH1e KOMITOHEHTHI KOAUPYIOT JOKa3aTesbHbIe U T100amu3aluoHHbIe O/I0KephI B BLIOpaHHOH
rnagkoi Mmogenu. B Touke x ¢ G(x)=0 /uHelHO JOnyCTUMbIe Harpae/ieHust 06pasytoT ker DG_x.

Onpepenenue 8.33. Integrable predictive direction. [DEF-A] HarnipasyieHue v nosiyuaet cratyc INT-DIR, ecu:
vEC_x(GN-1}(0)); cymectByeT second-order witness w; uMmeetcst gormyctumas ayra x(t) ¢ x(0)=x, x'(0)=v;
Evidence-D 1 Dom rnipozio/pkatoTcs BI0/Ib AyTy; harmonic criterion mpoBepeH Ha HY)KHOM jet-TIOpsJKE;
Block_tan=¢.

Block_tan = B_rank U B_cone U B_ob2 U B_arc U B_dual U B_lambda U B_D U B_Dom U B_glue.

Teopema 8.34. Tangent-safe predictive transport. [COND] ITpu nsomopdusme NAPG-065€KTOB, COXPaHSIOI[EM
F, gauge-action, projective-Reper atlas, Evidence-D u descent, 06pa3 UHTerprpyeMOro HarpaB/IeHHsi CHOBa
uHTerpupyeM, a cratyc INT-DIR uHBapuaHTeH.

Teopema 8.35. No-event from tangent data alone. [THM] U3 cyiectBoBaHus HeHyJieBoro H2 red(), 6o/biioro
Zariski tangent space v Haripaeienus Dg<0 He ciieffyeT cyijecTBoBaHue Oyzayiero cooniTrs. be3
cone/obstruction/arc witnesses gomyctim TosbKo ctatyc FORMAL-DIRECTION 6o ABSTAIN.
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(Candidate state x]

Linearized constraints
vin ker D G_x

l

Tangent-cone test
vin C_ x(G™{-1}(0))

l

Second-order equation
D G x(w)+Q x(v,v)=0

Actual admissible arc
x(t), x'(0)=v

Projective-harmonic test
D g x(v)<0 or Hessian at q=0

Block_tan empty?

[INTEGRABLE LOCAL DIRECT[ON) [ABSTAIN / FORMAL ONLY)

PucyHok 16. JlokaabHblili npedckazamebHbill uiiio3 v0.6: om AuHeliHO20 HanpaeaeHUs K uHmMezpupyemoti donycmumoti dyze.
Co6cmeenHas cxema Toma I1.
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55. BoiyncaurenoHolit ceptudukart tangent/cotangent v0.6

55.1. O6beKTbl cepTudmKaTta

ID OGbEeKT O6Gsi3aTesnibHble Nons

basis, grading, structure equations, Dom,

TAN-01 ambient coefficient model .
exact field
. symbolic matrix, rank, minors, parameter
JAC-02 Jacobian DF .
domain

GAU-03 gauge differential d* End_® basis, orbit rank, stabilizer basis

AT from AL ol .
HOR-04 e 72 basis, im d baS}s, quotient

representatives
) . .
COT-05 cotangent/conormal m/m? or Jacobian row module, duality
assumptions

initial ideal, Grébner order,
CON-06 tangent cone reduced/nonreduced flag
0B2-07 second-order obstruction Q(v,v), target quotient, solver witness
ARC-08 iyl A series coefficients, residual order,

convergence/formal flag
LAM-09 Ajet domain, dA, Hessgn, pole distance, chart
witness

RUN-10 e CIIIE code/data hash, CAS version, exact/interval

mode, independent run

55.2. ABTOMaTU4YecKue TecTbl

TEST-TAN-01: npoBepuTsh THIEI ¥ pasmepsl C2_adm, F u DF;

TEST-DER-02: ker d! coBnaziaeT c npsiMbIM pellleHreM YpaBHEHU JiepuBalliy;
TEST-ORB-03: rank im d! paBeH pa3MepHOCTH UH(PUHUTE3UMAILHOW OPOUTHI;
TEST-H2-04: npexcraButeny quotient HesaBucuMbI modulo im d?;

TEST-COT-05: pairing tangent/cotangent HeBbIPOXK/IeH TOJILKO IIPY 3asiBJIEHHBIX TUIOTe3ax;
TEST-CONE-06: initial ideal u tangent cone BeIYMC/IEHBI B TOUHOH apuMeTHKe;
TEST-NODE-07: npumep xy=0 oTK/IOHsieT HaripaB/ieHue (1,1) Ha cone/arc gate;
TEST-ASS-08: Ass_{p+tv}=Ass_p+t DAss_[v+t2Ass_v IIpOBepeHO CUMBOJITUECKH;
TEST-OB2-09: second-order equation pemieHo /00 Bo3BpailiéH obstruction class;
TEST-LAM-10: dA coBniagaet ripu pgomnyctumort PGL,-cMeHe KapTbl;

TEST-HARM-11: D|A+1|?>=0 na A=-1 u Hessian Beruncsies;

TEST-HOR-12: rank/stabilizer/pole/projectivity jumps Bkmtodens! B A_lin;
TEST-GATE-13: orcytcTBue arc witness npunyautensHo gaét FORMAL-DIRECTION/ABSTAIN;
TEST-HASH-14: Bce BX0/ibI U proof objects UIMeIOT COBMa/ak0LI[e KOHTPOJIbHBIE XEIlIH.

55.3. Blocker-safe ncespokop,

INPUT: local model x=(mu,reper,D,Dom), constraints G, candidate direction v
1. compute J = D G_x and test v in ker J; otherwise REJECT

oOUbhWN

compute tangent cone; if v not in cone, return ABSTAIN(B_cone)

solve D G_x(w)+Q _x(v,v)=0; if impossible, return OBSTRUCTED

construct formal/analytic arc and verify residual order; else FORMAL-DIRECTION
evaluate lambda jet, Evidence-D, Dom, descent and duality blockers

if Block_tan is empty: INT-DIR; never promote to EVENT without domain validation.
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56. TeopeMHbIM NaKeT U AoKasaTesibHble ob6s3aTenbcTBa v0.6

56.1. Peectp dopManbHbIX pe3ybTaToB

ID

T8.2

T8.7

T8.12

T8.15

T8.18

T8.21

T8.22

T8.25

T8.27

T8.28

T8.31

T8.35

PesynbTtar

dual-number tangent =
derivations

tangent cone embeds in tangent
space

formula for DAss_p

stabilizer = structural
derivations

no canonical T =T*

first order does not imply
integrability

quadratic onset at zero
multiplication

constant-rank smooth quotient
profile constancy outside A_safe
differential of A

first-order blindness of |A+1]2

no event from tangent data
alone
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THM

CL

THM

THM

THM

THM

THM

COND

COND

THM

THM

THM

Cratyc

113

3aBucumocTu

affine local model

local algebra

bilinearity

gauge action

linear algebra

cone/arc comparison

A, model

free proper gauge
regular finite model
away from poles

R/C smooth chart

definition of event gate



56.2. O6HOBNEHME MaTPULLbl lOKa3aTe/bHbIX 06513aTeNIbCTB

PO

T2-PO-041

T2-PO-042

T2-PO-043

T2-PO-044

T2-PO-045

T2-PO-046

T2-PO-047

T2-PO-048

T2-PO-049

T2-PO-050

T2-PO-051

T2-PO-052

T2-PO-053
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CopepxaHue

CpaBHeHue
curve/dual-number/derivation
tangent

KokacaTtenbHblii Mogyns NAPG
BHe commutative envelope

dopmyJa nMHeapu3aLu Ass
Gauge complex u Der-stabilizer

Finite-projective
tangent/cotangent duality

Tangent cone /i1 IPOCTPaHCTBA
NAPG-onepauumit

Second-order obstruction map

Wuterpupyemocts H2 red
K/1aCCoB

Smooth locus quotient NAPG

Differential/Hessian A

Linearization horizon A_lin

Tangent-safe predictive certificate

Independent domain run
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Cratyc

CLOSED/LOCAL

OPEN

CLOSED

CLOSED

CLOSED/COND

OPEN

OPEN

OPEN

OPEN

CLOSED/LOCAL

DEFINED/OPEN

OPEN

OPEN

114

Cnepytouiee geiictBue

TeopeMa 8.2; ry106anM30BaTh 1o
aTnacy

3a/laTh yHUBepcaibHbIi bimodule
differential

Teopema 8.12

Teopema 8.15

TMPOBEPATHL Ha MOJEJIAX

BBIUMC/INTG initial ideals
A,/M,/octonions

cBsi3ath Q ¢ ®_min u O_B

noctpouTs formal arcs u versal
model

ripoBepuTh free/proper wm stacky
replacement

TeopeMs! 8.28 u 8.31

BBIUUC/IUTH Ha MapameTpu4yeCcKux
MoJensax

peamsoBath TEST-TAN-01 -
TEST-HASH-14

TOJILKO TI0CJIe aJjanTepa U
preregistration
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57. Bubamnorpadpunueckas CUHXpOHU3aLLUA U KOHTPOJIbHAsA TOUYKA
v0.6

57.1. NepBUYHbIE N KAHOHUYECKUE NCTOYHUKU

[V0.6-1] The Stacks Project, Tag 0B28: Tangent spaces. [MICTOUHUK

[V0.6-2] The Stacks Project, Tag 00RM: Kahler differentials and universal derivations. [cTouHuK

[V0.6-3] The Stacks Project, Chapter 92, Tag 08P5: The Cotangent CompleX. [MCTOUHUK

[V0.6-4] The Stacks Project, Tag 0612: Tangent spaces of functors. [MCTOUHUK

[V0.6-5] The Stacks Project, Tag 02GZ: Formally smooth morphisms. [ucTouHnk

[V0.6-6] Schlessinger, M. Functors of Artin Rings. Transactions AMS 130 (1968), 208-222. [MCTOUHUK

[V0.6-7] Nijenhuis, A.; Richardson, R. W. Cohomology and Deformations of Algebraic Structures. Bull. AMS 70 (1964), 406-

411. [ucTouHUK

[V0.6-8] Nijenhuis, A.; Richardson, R. W. Cohomology and Deformations in Graded Lie Algebras. Bull. AMS 72 (1966), 1-29.
VICTOYHUK

[V0.6-9] Gerstenhaber, M. On the Deformation of Rings and Algebras II. Annals of Mathematics 84 (1966), 1-19. [McTOUHUK

[V0.6-10] Kurpishev, I. B. Tom I v197 RU; Towm II T2-RP-v0.1-v0.5. KaHoHHYecKre BHyTpeHHHE NCTOYHHKH TPOEKTa.

IpaHuua prior art 1 aBTOPCKOro Bknaga

Knaccuueckue tangent spaces, Kéhler differentials, tangent cones, formal smoothness, cotangent complexes u
deformation functors oTHocsTCS K prior art. ABTopckasi uHNs V0.6 COCTOUT B TUTIM3UPOBAHHOM COEAMHEHUH ITHX
koHcTpykumi ¢ NAPG_g, R+R, ®_min, Reper(R,I,U;D), projective-harmonic A-jet, blocker-safe linearization
horizon u ceptudurkarom nnTerprpyemoro HarpasyeHuss KLT-RBD. Ctatyc 3Toit apXUTeKTypbl OCTaéTCst
MaTeMaTH4eCKUM 1 MPOrPaMMHO-MeTO/J0/I0TMUeCKUM /10 He3aBUCUMOU TIPe/IMETHOM TTPOBEPKH.

57.2. KoHTpoabHas Touka T2-RP-v0.6
dukcauma Bbinycka 3HauyeHue
KaHoHMUeCKU UCTOUYHUK tom2_v0_5.docx + tom2_vO0_5.pdf

- . .. riaBa 8: tangent/cotangent, tangent cone, deformation complex,
HoBbIi1 MaTeMaTH4eCKUIA CIOM

smoothness
3akphIThie 00s13aTe/IHCTBA T2-P0O-041, 043, 044, 050; ycnoBHo 045
OTKpBITBIE 00513aTeIBLCTBA T2-PO-042, 046-049, 051-053
[okasaTenbHasi rpaHULIa truth_layer_promotion=0

T2-RP-v0.7: cBA3HOCTH, KDUBU3HA, FOJIOHOMMUS U

Criepytoniasi TOuka
accoriaTopHast KpUBU3Ha

checkpoint=T2-RP-v0.6; source=T2-RP-v0.5; truth_layer_promotion=0; next=T2-RP-v0.7.
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58. naBa 9: cBA3HOCTU, KPpMBU3HA, FOJIOHOMUSA U acCOLMATOPHaSA
KPUBU3HA

CBSI3HOCTB He SIBSIeTCS ergé O,ZLHOI';I onepauneﬁ B
BosiokHe. OHa 3a7aéT TpaBUJIO CPaBHEHUS 3/IEMEHTOB
OHTONOrNA Pa3HbIX BOIOKOH. KpI/IBI/IBHa nusmepseT ,E[ECI)EKT
KOMMYTAaTUBHOCTH I/IHqJI/IHI/ITEBI/IMaIH:HLIX TMepeHoCcos, a
TOJIOHOMUS XPaHUT FHO6HJ'H:Hy}O MaMATh 3aMKHYThIX
MyTeu.

AccoraTop ¥ KpUBHU3HA NIPUHA/|IEKAT Pa3HbIM THIIAM
JaHHBIX. [TepBbIi SB/SIETCS TepHAPHBIM arebpanyecKiM
THOCEO/JIOrus TEH30pPOM BOJIOKHA, BTOpasi - IByMepHOH (opMoii co
3HaueHUsIMH B 9H70MOp¢HU3Max. VX cBsi3b TpebyeT sIBHO
3alaHHOTO (QYHKTOpa, COBMECTHUMOM CBSI3HOCTH U
JI0Ka3aHHOM ecTeCTBEHHOCTH.

B HabmogaeMom 06Xx0/1e MOPSI/IOK JIOKATBHBIX [I€MCTBUH
MOXKeT OCTaBJIATh r/106ambHbIM cief. Ho 3ToT crief
®EHOMEHO/IOIMA HeJib351 00BSIB/ISATh aCCOLIMAaTOPOM: CHauasia HeoOX01MO
0KAa3aTh, KAaKOW 00BEKT MepeHOCHUTCsI, KaKast Orepariysi
COXPAaHSIeTCs] ¥ KaKoy /le)eKT N3MepsIeTCsl.

®opmysbl Hol_D=Ass_0O, R_V=Ass_Ou «HeHyJeBast
HeacCOIMaTUBHOCTH MOPO’KAAeT KPUBH3HY» 3alpelleHbl
FrPAHULA Kak HeTUMNU3upoBaHHble. B v0.7 nomyckarTcsi TOIBKO
C_V, VAss, K_Ass u H_Ass ¢ ssasiMu Dom/Cod 1
CTaTycaMH.

Cratyc pa3fena: theorem/conditional package v0.7. Knaccuueckutii cioi cBsi3HOCTel U
rOJIOHOMUM OTAEeNEH 0T aBTOPCKOro NAPG-MocTa. @u3ndeckuit 5KCOPT OTCYTCTBYET;
pe3y/bTaT OTHOCHUTCS K MaTeMAaTUUECKOW TeOMEeTPHUHU PaCCIOeHUH U K BHYTPEHHEMY
TIpe/iCKa3aTe/lbHOMY ay/IUTy.

CBA3HOCTD, KPpUBU3Ha, roJIoHOMUA " CTpOFVIﬁ aCCOIJ,MaTOprIﬁ MOCT

~ fa
Ambrose-Singer
ODE Bfosib NyTH MaJible KOHTYpbl rnpu runoTtesax

NAPG-cBa3HOCTb V _ MapannesnbHbii NepeHoc KpuBusHa D-ronoHoMus
a anrebpanyeckoM paccnoeHuy Py R_V=[V_X,V_Y]-V_[X,Y] Hol_D(x)
7 1 A Lt
C V=Vu H_0, H_Ass K_Ass=R"{(3,1)}Ass nencrtsue Hol_D
anrebpanyecku R Ha Hom(A3,A) WHTEerpupoBaHue
MNakeTHOe YMHOXeHue AccouunaTtop WHayuupoBaHHasn Holonomy defect
H(a,b)=acb Ass_o(a,b,c) KpuBusHa K _Ass H_Ass(y)

KntoyeBon 3anpeT: 06bl4Has KOMMO3ULIMA NePEeHOCOB accoLaTuBHa. Mo3Tomy Hol_D # Ass_O.
JlonycTVM TOJIbKO TUMU3MPOBaHHbLIN MOCT Yepe3 C_V, VAss, K_Ass n H_Ass.

PucyHok 17. Tea caos u uemsbipe donycmumbix mocma: C_V, VAss, K_Ass u H_Ass. Coocmeennas cxema Toma I1.

Kypnuwes Viean Bopucosud - KanmHudrpag - 2026 | 116



BA30BbI MPOEKT KLT-RBD - TOM Il - NAPG 3.0 - v0.8

59. TunusmnposaHHasa NAPG-cBA3HOCTb n D-gonycrumsbie nyTu

59.1. Anrebpanyeckoe paccnoeHue

Onpepaenenne 9.1. Anredpanyeckoe NAPG-paccioenne.[DEF-A] ITycth X - raikuii CeKTOp TTAKETHOTO
MHOroo6pasus, mA - X - KOHeUHOMEPHOe BEKTOpHOe pacciioeHre Haj nojieM K, a pe I'(Hom(A® A,A)) -
r7ajKoe roJjie 6UnMHeHHbIX onepaLuid. B ka0 Touke X onepaiys |_X 3alaéT BOJIOKOHHYIO anredpy
(A_x,0_x). CTpyKTypHbIe faHHble ), rpagyrpoBka 1 D/Dom-orpaHuueHusi pacCMaTpUBarOTCS Kak
JIOTIOJTHHTEJIbHBIE MTO/IPACC/I0eHUS UM IOy CTUMbIe TIOJMHOXKeCTBa.

LX:AX®A x> A X, a®_xb:=p_x(ab).

O6nacTb onpe/iesieHyst OTIepaL MOKeT OBbITh ITOJTHOM M/T YaCTUYHOW. B 4aCcTHYHOM Ciyuae BCe
JlanbHeN e TeH30PHkI OTpe/Ie/IIFOTCS TOJIBKO Ha TozipaccyioeHnd Dom_OCAX_X A, ycToWunBOM
OTHOCHUTE/IbHO UCTI0/Ib3YeMOro TPaHCIIoOpTa.

Onpepenenne 9.2. D-gonycrumas kareropusa nyrei.[ DEF-A] O6o3nauum P_D(X) kateroputo, 00beKTaMH
KOTOPOU SIBJISIFOTCS TOUKK X, a MOp(U3MaMu - KycouHo Cl-1yTH y, y0B/eTBOpstoIire Dom-orpaHUueH!sIM U
cHabxéHHbIe akeToM Evidence-D. TpebyeTcs 3aMKHYTOCTh OTHOCUTE/ILHO TIOCTOSTHHBIX MyTeH, [OMyCTUMOMR
perapaMeTpHU3aIivi ¥ KOMITO3UIWK. [IJis1 orpeZiesieHys TPYIIIbI FOJIOHOMUHM ZIOTIO/THUTETEHO TpebyeTcst
JIOMTyCTUMOCTD 00paItieHust myTH.

Ycnosune Cwmbicn Ecnu HapyweHo

ITyTb ocTaércs BHyTpH Dom BbIOpaHHOTO

P1 transport undefined
ceKTopa
Evidence-D nipuBsi3aH K ITyTH ¥ BepCUH .
P2 foundation blocker
JlaHHBIX
P3 Komrmosunyist JoIyCTUMBIX Ty Teit HET KaTeropuy TyTeil
JloIyCTUMa
P4 O6paTHBI# MyTh AOMYCTUM [IJIs1 TIEeTeNb Hol_D MoXeT ObITh JIUIIIb MOHOWZIOM
ransport ODE
PS JlokanbHble pereHus transport O Her P_y

CYLL[eCTBYIOT U € JUHCTBEHHbI

59.2. CBA3HOCTb U NapannenbHbi¥ NepeHoc

Omnpepenenne 9.3. NAPG-cBsasHocTb.[DEF-A] CBsisHOCTEIO Ha A HasbiBaeTcst K-yiMHelHbIN oniepaTop
V:I'(A) - QY(X;A), yroBneTBopsitolvii ipaBuiy Jletionutia o ckamsapam: V(fs)=df®s+fVs. Cesa3HoCTh
Ha3bIBaeTCsl CTPYKTYPHO JIONYCTHMOM, ec/Id COXpaHsieT rpaZlyupoBKy, nogpaccioenus ® u Dom-
OrpaHHUYeHlsl B IBHO YKa3aHHOM CMBICJIE.

V:T(A) - QI(X;A), V({s)=df®s+TVs.
Onpepenenne 9.4. ITapamiensHbnii nepenoc.[CL/DEF-A] Ins y:[0,1] —» X onepatop P_y:A_{y(0)}

- A_{y(1)} onpenensiercs peienriem V_{y}s=0. B KoHeUHOMePHOM TJIaKOM PaCcC/I0eHHH CyL[eCTBOBaHUE U
eJMHCTBEHHOCTb CJeAYIOT U3 CTaHJapTHOM Teopuu uHelHbIXx ODE Bo/ib My TH.

Teopema 9.5. AccoaTUBHOCTh KOMIO3uIiuu nepeHocoB.[THM] Eciu y,:X - y 1 Y,y — Z AOMYCTUMBI, TO
P_{y,*vi}=P_{y,}°P_{y,}. dns Tpéx myTeii 0Oe paccTaHOBKH CKOOOK [JAIOT OJIUH U TOT Ke JTMHEHHBINA
orneparop. [TosTomMy acconaTop 00BIYHOM KOMITO3ULMHY TIapa/iie/IbHbIX TIeEPEHOCOB TOXKAeCTBEHHO PaBeH
HYJIIO.

(P_{y3}oP_{y2D)oP_{y1}=P_{y3}o(P_{y2}-P_{y1}).

IokazatenncTBo. O6a onepaTopa NMepeBo/iST HaualbHOEe 3HAUeHUWe B e/JMHCTBEHHOE Tlapasijie/lbHOe pellieHue
BJIO/Tb OJTHOM Y TOM >K€ COCTaBHOM KPUBOU. PaBeHCTBO CKOOOK SIB/ISIETCS aCCOI[UATUBHOCTHIO KOMIIO3UIMU
otobpakeHHH, a He CBOHCTBOM Orepaliii @ B BOJIOKHE.
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Cnepcrue 9.6. IlepBsbiii no-go.[THM] Hol_D He MoeT ObITh OyKBanbHO OTOXKZecTBieHa ¢ Ass_®: Hol_D
COCTOMT U3 JIMHEHHBIX aBTOMOPGhH3MOB BOJIOKHA, TOT/Ia KakK ASs_(Q SIBJIIETCS TEPHAPHBIM O0TOOPayKeHUEM
A x35A X

60. KpuBu3Ha, Masnbie KOHTYpbl U D-ronoHomus

60.1. KpuBu3Ha cBA3HOCTU

Onpepenenne 9.7. Kpususna.[CL] [Ins BekTopabix mosedt X,Y nonoxum R_V(X,Y)=[V_X,V_Y]-V_[X,Y].
3Jt0 2-dopma co 3HaueHussMu B End(A).

R_V e Q*(X;End(A)), R_V(X,Y)=[V_X,V_Y]-V_[X,Y].

Onpepenenne 9.8. ManokonrypHslii ceprudukar.[DEF-A] ITycts O_g(X,Y) - opreHTUPOBaHHBIN Masbii
TIPSMOYTOJTEHBIN KOHTYP, LIe/TMKOM Jiexkaruii B D-foryctumMom cektope. 3HaK KPUBH3HBI GUKCUPYETCS
coryameHreM

R _V(X.Y) = - lim_{e—0} £2 (P_{{]_&(X,Y)}-1d),

€CJTY TIpe/iesl CYIIeCTBYeT B BbIOpaHHOM TpUBHA/IU3alMy. MIHas opyeHTalisl MeHsieT 3Hak, HO He THI 00beKTa
U He MHBapUaHTHBIN BLIBOJ, O HEHYJIEBOUM KPUBHU3HE.

Teopema 9.9. MasbIit KOHTYP 10Kam3yeT kpuBu3ny.[CL/THM] [nsa C2-ces3Hoctu P_{00_e}=Id-
e2R_V(X,Y)+0(e%) B purcrpoBaHHoM coramieHuu. CiieZijoBaTe/IbHO, KDUBU3HA SIBJISIETCS TIEPBBIM
HETPUBUAIbHBIM KO3((OHUIIMEHTOM rOJIOHOMUM MaJlbIX MeTe/b, HO He aCCOL[MaTOPOM KOMITO3ULIMH TTePEHOCOB.

60.2. D-ronoHoOMMuUHA

Onpepenenne 9.10. D-rononomus.[ DEF-A] [Ins xe X nmonoxum Hol_D(x)={P_y | y - D-gonycTtumas rneTss
B x}. Eciu P_D(X) 3amKHyTa oTHOCUTeNbHO obOpartienust, Hol_D(x) sBasieTcs noarpynnoi GL(A_x).
KoMroHeHTa, MOpos/iéHHas CTArMBaeMbIMU JI0NyCTUMBIMU NeT/1saMU, o6o3Hauaetcs Hol_DO(x).

Hol_D(x) € GL(A_x).

ITpepnoxxenue 9.11. Cmena 6a3oBoii Touku.[ THM] [I71s1 ZOMyCTUMOTO TyTH 1:X — Y BBITIOTHSETCS
Hol_D(y)=P_n Hol_D(x) P_n™, eciv KOHBIOTMPOBaHKE COXPaHseT Kjaacc D-gonycTuMeIx netesib. [TosTomy
MaTpULbl TOJIOHOMUH 3aBUCAT OT KalMOPOBKH, @ Pa3MepHOCTh, COTIPSDKEHHOCTHBIN K/TaCC ¥ MHBAPUAHTHBIE
TIOJTMHOMBI SIBJISIFOTCSI KOPPEKTHBIMM KaHAuAaTamu st 6a3et RBD.

Teopema 9.12. Ambrose-Singer, k1accnueckui ¢10i.[CL] st 0ObIYHO¥ I/1aIKOM CBSI3HOCTH anrebpa
OrpaHUYeHHOU TOJIOHOMUH TTOPOXKIAETCS TIapaslyiesTbHO TlepeHeCEéHHbIMU 3HaUeHUsSIMU KpUBH3HBI. B v0.7 3Ta
Teopema MCIOIb3yeTCsl TOMbKO J/Is TTIOJTHOM KaTerOpHuHU TafKUX MyTel mbo A D-rogkareropuu rnocie
OT/Ie/TbHOM MTPOBEPKH JOCTYITHOCTH HEOOXOAUMBIX KOHTYPOB.

I'umote3a 9.13. D-Ambrose-Singer bridge.[ COND/OPEN] Eciu D-gomnyctrmMble TiyTi 06pasytoT
PEryJISIPHYIO YIIPaB/IsIEeMY0 CHCTEMY, JIOKabHO COZlep>KaT HeoO0X0/IUMble MaJible TIPSIMOYTOJIbHUKY U
YCTOMUMBBEI OTHOCUTE/ILHO TPaHCIIOPTUPOBKU KpuBH3HBI, TO Lie(Hol_D%(x)) mopoxzaaercst D-0CcTynHbIME
nepeHocamu R_V. be3 aTux yc/ioBuil yTBepKieHHe He UMIIOPTUPYeTCS aBTOMaTHUeCKH.

61. CoBMeCTUMOCTb CBA3HOCTU C NAaKETHbIM YMHOXX€HUeM

61.1. AedeKr JlenbHunua ana ©
Omnpepenenne 9.14. ledexT npoussenenus.[DEF-A] [Ina Xe TX u noKanbHBIX ceueHUH a,b onpezsenvim
C_V(X;a,b)=V_X(aGb)-(V_X a)ob-a0(V_Xb).

Jto TeHsop Tuna T*X® Hom(A® A,A), ecsiv oriepaliyisi U CBSI3HOCTb TJIaIkie U BCIOAY orpefiesieHbl Ha
paccMaTpyBaeMOM CEKTOpe.

Omnpepaenenne 9.15. Product-compatible connection.[DEF-A] CssizHOCTE coBMecTHMa ¢ O, ecsit C_V=0.
Torga | sBAsIeTCs Mapasie/lbHbIM TeH30POM.

Teopema 9.16. Ilepenoc coxpansier mpousBeaeHue.[ THM] Ha cesizHom D-cektope C_V=0 Torza u TOJILKO
TOT/Ia, KOT/Ia KaXKABIM ZOMYyCTUMBIN TIapasiie/lbHbIN TIepeHoC SB/SIeTCs ToMOMOP(GH3MOM BOJIOKOHHBIX anre0p:
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P_y(a©_x b)=P_y(a)o_y P_v(b).

[HokazaTenbcTBO. B TipsiMOM HaripaB/ieHHMM pa3HOCTB ABYX CTOPOH V/IOBIeTBOPSIET OJHOPOJHOMY JIUHEMHOMY
ODE c Hy/1eBbIM Haya/IbHLIM 3HaueHHeM. B oOpaTHOM Haripa/ieHuH AuddepeHIpoBaHie PaBeHCTBA 10
KOpOTKOMYy TiyTH Aaét C_V=0.

Cneacrue 9.17. I'osmoHOMHOe coxpaHeHue cTpyKTypbL[THM] Eciu C_V=0, To Hol_D(x)CAut(A_x,0_x).
CnepoBarenbHO, roJIOHOMUsT coxpansieT Ass_QO, nucleus, teHTp, uaean J_Ass v nonHeiii R«R-ceptudukart,
KOT/Ia 3TH KOHCTPYKLMU (PYHKTOPHAIbHBI OTHOCHUTE/BLHO ajrebpanueckux aBTOMOP(HHU3MOB.

61.2. lledeKTbl KOHEYHOIO NEepeHoca

Omnpepenenne 9.18. Multiplication holonomy defect.[DEF-A] 1151 myTH y:X — Y TIONIOKAM
H_o(y;a,b)=P_y(a®_x b)-P_vy(a)o_yP_vy(b).
Omnpepaenenne 9.19. Associator holonomy defect.[DEF-A] [Ins Tpoiiku a,b,ce A_X nonoxum
H_Ass(y;a,b,c)=P_v Ass_x(a,b,c)-Ass_y(P_ya,P_yb,P_yc).

H_Ass u3MepsieT He TOJIOHOMHIO camy Ti0 cebe, a HecoxpaHeHHe TePHAPHOTO TeH30pa AsS MPU BEIOpaHHOM
riepeHoce. ITO TUMTU3UPOBAHHBINA 00BEKT U TIOTOMY TIPUTO/IEH [I/Ist BEIUMC/IUTEILHOTO cepTh(UKaTa.

62. KoBapuaHTHas nponsBoaHas U accoumaTopHas KpMBU3Ha

62.1. TouHasa popmyna ansa VAss

Teopema 9.20. IIpousBognas accopuaropa uepe3 C_V.[THM] [l uHAyLIMPOBaHHOM CBSI3HOCTU Ha
Hom(A® 3,A) cripaBelMBO

(V_X Ass)(a,b,c)=C_X(a,b)oc+C_X(adb,c)-a®C_X(b,c)-C_X(a,bec).
[JokazaTebCTBO TIoTyuaeTcs psMbiM anddepernrpoBanreM (aGb)Oc-a@(bGc) 1 cokpaiijeHreM UieHOB,

cogepkamux Va, Vb, Vc. ®@opmysia nokasbiBaeT, YTO MOCT He SIB/IsSIeTCS MeTa)Opoii: OH BBIUUCISETCS U3
nedeKkTa COBMECTUMOCTH CBSA3HOCTH ¢ OMHAPHOM orepariyei.

Cneacreue 9.21.[THM] C_V=0 = VAss=0 = H_Ass(y)=0 asis1 Bcex [JoMyCTUMbIX TyTeil. OOpaTHbIe
WUMIUTUKALMY B 00I1eM c/Tydae HeBepHBI: B aCCOLMaTUBHOM anrebpe Ass=0 coxpaHsieTcs 000l CBSI3HOCTHIO,
naxe ecmu C_VZ0.

62.2. UHAYyUMpOBaHHasA KPMBU3HA Ha TePHAPHbIX TEH30paX

Omnpepaenenne 9.22. AcconparopHas KpuBu3Ha KypruieBa B ctporoMm BHyTpeHHeM cMmbiciae.[DEF-A] B
v0.7 Tepmunom K_Ass o603HauaeTcsi He 0ObIiuHasi KDUBM3HA M He CaM acCOLIMAaTop, a JeliCTBUe KPUBU3HBI
VH/YLIMPOBaHHOM CBSI3HOCTH Ha ToJie Ass:

K_Ass(X,Y):=R_VA(3,D}(X,Y) Ass € Hom(A®3,A).
IMoTroueunas popmyia umeer BUJ,
K_Ass(X,Y)(a,b,c)=R_V(X,Y)Ass(a,b,c)-Ass(R_Va,b,c)-Ass(a,R_Vb,c)-Ass(a,b,R_Vc).
Teopema 9.23. Heo6xoaumoe ycaoBue napamienbHocTu.[THM] Ecin VAss=0, To K_Ass=0. ITosTomy
HeHyieBoi K_Ass siB/isieTCsl JIOKa/IbHBIM TIPENsITCTBHEM K TTapasljie/IbHOCTH accoliaTopa.

ITpepynpexpenue 9.24.[OPEN] K_Ass=0 ne Bneuét VAss=0 6e3 0M0THUTENBbHBIX YCIOBUH. JlaXke MocKast
VH/[YLIIPOBaHHasi CBSI3HOCTh MOKET MMeThb Hellapasiie/ibHoe BEIOpaHHOe 11oJie TeH30poB. ['1obanbHoe
BOCCTaHOBJ/IeHHE TpeOyeT X0JI0HOMHOI'O TPUHIIMIA ¥ HauaJIbHOTO MHBAPHAHTHOTO 3HaueHusl.

Onpepenenne 9.25. IToabni bridge package.[DEF-A] AccornuaTopHO-TOJIOHOMHBIN MOCT XPaHUTCS KaK
yeTBEpKaA

B_Ass(V,0)=(C_V, VAss, K_Ass, H_Ass).
Y nanenue mo060i KOMITIOHEHTBI CHIDKaeT pa3perarolyto criocobHocTs ayauTa: C_V KOHTposupyeT

OvHapHYyI0 CTPYKTYpY, VASS - repBbii nopsiiok, K_Ass - KpUBHU3HY UHYLIUPOBAHHOM CBsi3u, H_Ass -
KOHEeUHBIU TTepeHoC.
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62.3. T0ONOHOMHbBIN NPUHLUMN ANA accouuaTopa

Teopema 9.26. Holonomy principle.[CL/THM] Ha cBsi3HOM ceKkTope rapa’iie/ibHble TeH30PHbIEe T10JIs TUTa
(3,1) HaxoAsATCS BO B3aMMHO OJJHO3HAUHOM COOTBETCTBHU C TEH30PaMH B OJJHOM TOUKe, UHBaPUAHTHBIMHU
OTHOCHUTEJIEHO TTOJTHOM ro/ioHOMUM. [To3TOMY T/100a/BHBIN Mapaie/bHbIM acCOLUATop CyLeCTBYeT U3
HauvasbHOro ASS_X TOT/a U TOJILKO Tor/a, Korga Ass_x ¢ukcuposad Hol_D(X), nipu ycioeuu uto D-nyTu
COeZIMHSIOT CeKTOp U transport path-independence obecrieueHa roJlOHOMHON WHBAPUAHTHOCThIO.

I'panuna 9.27.[OPEN] IMTapanienbHoe 1oJjie, BOCCTaHOBIEHHOE U3 ASS_X, He 00513aHO COBIAZATh C
accoluaTopoM (haKTHUeCKOro MoJIs onepaiuil [_y. s coenagenus Tpedyercs C_V=0 mubo oTaenbHas

ripoBepka [_y=P_y p_x.

63. KoHTpMoOaenu n HeTpuBUuabHasA COBMecTMMasi MoJeJlb

YeTbipe Moaenu, 3anpelyalolime yHMBepcasibHOe TOXK/4eCTBO «KPpMBU3Ha = accouuaTop»

" ~ e )
A. MNnockoe HeaccouuaTUBHOE B. KpuBoe accounaTtuBHoe
paccnoeHue paccnoeHue
R V=0, Hol°={1} R V=0
Ass_0=0, C_V=0 Ass_0=0 ToXAeCTBEHHO
Mpumep: nocTtosHHas anrebpa Az uam O, V=d Mpumep: M2(R), V=d+[A,-]
| J - J
(- ) = =)
C. MNnockas, HO HecoBMecTUMasn D. KpuBoe coBMecTuMoe
CBA3HOCTb O-paccnoeHue
R V=0 R_V=da-D=0
C_V=#0, nepeHoc He coxpaHsaeT © D€&Der(0)=g2, C_V=0
Mpumep: V=d+w Id Hol_DcG: coxpaHsieT Ass
| J - =

[Cnep,CTBue: HU Ass_© He onpepensieT R_V/Hol D, Hu R_V/Hol_D He onpepensioT Ass_® 6e3 foNoNHUTEsIbHbIX MOCTOBbLIX p,aHHblx.]

PucyHok 18. Yembipe modenu, pazdesiowjue KpususHy, 20/10HOMUI0, cogMecmumocmsb u accoyuamop. CoocmeenHnas cxema Toma I1.

63.1. NMnockasa HeaccouMaTUBHAsA MOeNb

IIpumep 9.28.[THM/EX] ITycte X=R?, A=XxA,, oneparus || IOCTOsIHHA 1 HeaccollMaTuBHa, a V=d. Torza
R_V=0, Hol’={Id}, C_V=0, Ho Ass_0#0. CnefoBaTe/bHO, HEeHYJIeBOM accolMaTop He TIOPOKAaeT KPUBU3HY
aBTOMaTUUeCKH.

63.2. KpuBas accoumatuBHas Moaenb

IIpumep 9.29.[THM/EX] ITycte A=XxM,(R), V=d+[B,], rae B=x dy-H u HeM,(R). Toraa
R_V=dxAdy-ad_H moxxeT ObITb HeHy/1eBOU, HO Ass_(©=0, MOCKOIBLKY MaTPUYHOE YMHOKeHHE acCOL[UaTHBHO.
3HauuT, KpUBU3HA He TIOPOXK/1aeT HeaCCOLMaTUBHOCTb aBTOMaTHUUeCKHU.

63.3. NMNnockasn, Ho HecoBMecTUMas CBA3HOCTb

IMpumep 9.30.[THM/EX] Ha rnoctostHHOM anrebpanueckoM paccioeHuu nonoxum V=d+w Id, rae do=0.
Torpa R_V=0, Ho C_V(X;a,b)=-0(X)(a®b). OTKpHITHI MTepeHOC MacIITaOMPYeT 37IeMeHThI ¥ OOBIYHO He
ABJISI€TCS anrebpanueckuM romomMopdusmom. I110CKOCTHOCTE He 03HaYaeT COXPaHeHHe MaKeTHOTO
TIPOU3Be/IeHHUS.

63.4. KpuBas coBMecTMMas OKTOHUOHHasA Mojeb

IIpumep 9.31.[MODEL/THM] ITycte A=R?x0, De Der(O), D#0, u V=d+x dy-D. [TockoneKy D siBnisieTcs
nepuBanyert, C_V=0. Kpususna paBHa R_V=dxAdy-D#0, a Hol_D peficTByeT anrebpanuecKumMu
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aBromopdusmamu O, To ecTh 1eKUT B G,. ACcolldaToOp HeHyJIeBol, HO TMapasiiesieH U COXpaHsIeTCs
COJIOHOMUEH.

JTa MoJie/ib TTOKasbIBaeT JOIMYCTUMYI0 (OpMy MOCTa: He «KPUBH3HA paBHA aCCOLIMAaTOPY», @ «KPUBU3HA
TIpUHAMaeT 3HaueHUs1 B anrebpe jepyBaliyii, T03TOMY FOJIOHOMHUSI COXPaHsIeT YMHO)KeHHUe U TIOPOXK/IEHHBIN
UM accoLaTop».

Teopema 9.32. Universal-equality no-go.[THM] Ha knacce Bcex anreGpanueckux paccioeHui He
CyllleCTBYyeT YHUBepPCaIbHOTO TOXAeCTBa, onpeenstoiiero R_V i Hol_D Tonbko 1o Ass_Q, 1 He
CylecTByeT 00paTHOrO YHHUBEpCa/IbHOTO onpefeneHus: Ass_O Tonbko o R_V vmm Hol_D. [Joka3arenbcTBo
JaroT napel puMepos 9.28-9.31.

64. Akivis/Sabinin-MocT U ero pokasaresibHblie 065A3aTe/IbCTBA

64.1. Knaccuuyeckuii NoKasabHO-NeTNAeBOoM C/1I0M1

Omnpepenenue 9.33. Akivis-anredpa.[CL] BekTopHoe rpocTpaHCTBO V € aHTHUCUMMETPUYHON OMHapHOH
orepaifyei [X,y] v TepHapHOU omnepaiiueii (X,y,z) Ha3biBaeTcst Akivis-anre6poii, ecn sskobuaTop 6uHapHOH
orepallii paBeH 3HaKoIepeMeHHOW CyMMe TepHapHOM orepaLiyu:

[[x.yl.zl+[ly.z].x]+[[z,x],y] = Z_cyc ((X,y,2)-(y,X,2)).

B reomeTpuu JIOKabHBIX JIyTT OWHApHAast ¥ TePHAPHAst OTiepariiy BO3HUKAIOT U3 HU3IIMX WIEHOB Pa3/IoyKeHUsI
JIOKQJILHOT'O YMHOXXEHUS U CBSI3aHbI C KPyUeHHeM, KPUBU3HOH M aCCOLMAaTUBHBIM iepeKToM. DTOT
KJIacCUUeCKui (akT JaéT BO3MOXKHBIN UHTEp(delic, Ho He roTOBOe oTOXecTBieHre ¢ NAPG-accoruaTopom.

Omnpepenenue 9.34. Bridge datum B.[DEF-A] Mocrtom ot BosiokoHHOM NAPG-anre6ps K JI0OKanbHON
Akivis-cTpyKType Ha3bIBaeTCsi ceMeiCTBO TMHeHHbIX KapT J_x:A_x — T_xX umu B 6omee obiem ciiyyae
(byHKTOp _X MeXXAy TepHapHBIMH HOCHUTEJISIMH, [ijIs1 KOTOPOTO OIpe/iesieHbl iarpaMmbl

B_x o Ass_©=A_geo - (J_x®J_x®J_x).

Kop 06A3aTenbLCTBO MOCTa Cratyc v0.7

Dom/Cod J_x u B_x 3aaHbl

B-AK1 OPEN
TUIU3UPOBAHHO

B-AK?2 J_x coBmMecTuM c rpagynpoBkoii 1 D/Dom OPEN

B-AK3 Cy1ecTByeT JIOKa/IbHast COND
JIyra/>KCrOHeHLanbHask MoJienb

B-AK4 Akivis identity BbIrosiHeHa st obpasza OPEN

B-AKS [ ecrectBerHa oTHOCcHTebEHO NAPG- OPEN
Mop(hU3MOB

B-AK6 B intertwines BbIOpaHHbIE CBSI3HOCTH OPEN

B-AK7 Pe3ysibTaT He3aBUCHM OT OPEN
KapTbl/KaTMOPOBKH

B-AKS BoluncirenbHbIi cepTUdUKaT OPEN

BOCIPOU3BOAUM

YcnoBHas Teopema 9.35. Curvature-associator transport. COND] Ecin B-AK1-B-AKS8 BbinosiHeHbI U 3
SIBJISIETCS] TTapaJule/ibHbIM intertwiner, To 3 mepeHOCHT VASS B KOBapHaHTHYIO TTPOU3BOHYIO
reoMeTpHUYeCcKOro TepHapHOTO TeH30pa U YZ0B/IeTBOpsIeT

B(K_Ass)=R_geo™(3,1)}(B(Ass)).

Teopema yTBep>KJjaeT eCcTeCTBEHHOCTb y’Ke IOCTPOeHHOro MocTa. OHa He ZioKa3bIBaeT cyijecTBoBaHue 3. [lo
3akpeITHs B-AK1-B-AKS8 061111 reoMeTpruecKuii MOCT OCTaéTCs1 0Ka3aTelbHbIM 00513aTe/IbCcTBOM T2-
PO-060.
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65. l0N0OHOMHbIE UHBapMaHTbI NpeAcKa3aTe/IbHOro MeToa

65.1. NuBapmnaHTHas curHatypa

Onpepenenne 9.36. D-holonomy signature.[DEF-A] /111 mapameTpa t oripefie/liM CUTHATypy
2_Hol(t)=(dim §_D, rank G_N, Inv(R_V), dim Stab(Ass), ||C_V/l, |[VAss||, [[K_Ass||, d_truth, CGI).

3neck §_D - Lie-anredpa moctymnHoi ronoHomuu, G_N - MaTpuija KOHEUHOTO CepTHU(HKaTa reHepaTopoB 0
nopsizika N, Inv(R_V) - Tonbko KamMbpoBOUHO-UHBAPHUAHTHBIE TTOJTMHOMBI UM CIIEKTPAJIbHBIE TaHHbIE.
ChblIpble KO3hGUIMEeHTH MaTPHIIbI 6e3 GUKCUPOBaHHOM KaarbpoBky B RBD Kak WHBApUAHThI He
3aMMUChIBAIOTCS.

Omnpepenenue 9.37. KoHeuHbIit ro/ioHoMHbIH cepTudukart.[ DEF-A] Bribupaercs koHeuHoe cemeiicTBO D-
JOMYCTUMBIX ITyTel 1)_j ¥ KOBapUaHTHBIX ITPOU3BO/IHBIX KPUBU3HEI 10 ropsiaka N. [Tocsie nepeHoca B
6a3oBy10 TOUKY UX KOOpArHaTh 06pa3ytoT marpully G_N(t). Eé panr r_N(t) siBsisieTcst BOCIIPOH3BOJUMBIM
KOHEUHbIM NpUO/IKeH!eM K pa3MepHOCTH ITOPOXKAEHHOT0 MOATIPOCTPAHCTBA ['OJIOHOMUM.

Teopema 9.38. /Ioka/ibHasA MOCTOSIHHOCTH KOHeuHOTro panra.[THM] Eciu snemenTs! G_N(t) aHaTUTHYHBI
Y HEKOTOPbI MaKCUMalbHBIN I'XT minor He oOpariiaeTcsi B Hy b Ha uHTepBae I, To rank G_N(t)=r Ha I.
Vi3MeHeHHe paHTra BO3MOXXHO TOJIBKO Ha HYJIEBOM MHOKECTBE COOTBETCTBYHOIUX Minors b0 Npu BBIXO/1e
n3 Dom.

I'panuna 9.39.[COND] Panr G_N paBeH pa3mMepHOCTH TIOJTHOM anreOpbl FOJIOHOMUM TOJTBKO TTOCTIe
JIOKa3aTe/bCTBa CTabM/TM3aLK U TTOJTHOTHI cepTUdUKaTa. Be3 3Toro r_N siB/isieTcst HUKHel OLleHKOW U1
[MarHOCTUYeCKUM MPU3HAKOM.

65.2. [010HOMHbIN rOPU3OHT

Omnpepaenenne 9.40. T'ononomusbii ropusoHT.[DEF-A] O6o3naunm A_Hol,N 06neuHeHre napaMeTpos,
rze: MeHsieTcsi Kateropusi P_D; ncue3aeT transport existence; Bce BbIOpaHHbIe MaKCHMasibHbIe minors G_N
obpaIriaroTcs B HyJb; MEHSIETCSI pa3MepHOCTh cTabuin3aTopa Ass; BO3HUKaeT moJiroc A; Hapyiaercs C_V=0;
6o Tepsiercs riobamuzanus Evidence-D.

A_conn = A_safe U A_Hol,N U A_bridge.

Teopema 9.41. Negative holonomy prediction.[ COND] Eciu cemeiicTBo aHauTUUHO, cepTuduKat G_N
TIOJIOH ¥ CTabU/IM3MPOBaH, MyTh NTapaMeTPOB He nepecekaeT A_conn, a D/Dom u KanubpoBoYHasi KaTeropusi
HeHn3MeHHbI, TO Pa3MepPHOCTh TOJIOHOMHOW anreOpsbl, TUI eé AefCTBUS Ha ASS U CTaTyC COBMECTUMOCTH
OCTaIOTCS TIOCTOSTHHBIMUA. BHYTpU 3TOM MOZeny CTPYKTYPHBIH [1epex0/ COOTBETCTBYIOILIETO THTIA UCK/TIOUEH.

ITO OTpHHaTEHbeIﬁ IMMPOrHO3: OH I'OBOPMUT, I'Jle repexo] HEBO3MOXXEH IMPpU JdaHHBIX I'MII0Te3adX. HEPECquHI/IE
TFOPH30HTA O3HAYd€T TOJIBKO IMOsAB/IEHWE KaHAW/1dTa, 4 He (I)aKTI/I‘—IeCKOB cobbITHeE,

66. NMpoeKTUBHbLIN NepeHoc Reper n HEBO3MOXXHOCTb U3MEHEHMUSA
A o6wnm PGL,-aBM>KEHUEM

Teopema 9.42. Common-projective transport invariance.[ THM] ITycTs ueTsipe Touku Reper p=(r,i,u,d)
riepeHocaTcs oHUM U TeM ke PGL,-nipeoOpa3oBanuem g_t. Torga

Mg_tu,g_tisg_tr,g td)=A(u,i;r,d).
CreioBaTe/IbHO, UMCTBINM OOIIHI TPOEKTUBHBIN TIEPEHOC He MPUO/IKAeT U He yanseT Reper ot

rapMOHUYECKOT0 3HaueHus. [t u3meHeHUs A He0OXOAMMO OTHOCHUTE/ILHOE JBM)KEHE KOMITOHEHT,
HETTPOEKTUBHBINA TPaHCTIOPT, cMeHa D/Dom miv poxok/jeHre yepe3 BHIPOXKIEHHYI0 KOHPUTypaluio.

Cneacreue 9.43. Relative-transport necessity.[ THM] Eciu Habmogaetcss dA/dtZ0 BHe TIOTFOCOB, TO
CKOpPOCTH T,i,u,d He MOTYT ObITb O/[HOBPEMEHHO TMOPOKAEHBI OJJHUM UH(PUHUTE3UMATLHBIM TT0JIeM s, Ha PL.
HenyneBoii dA siBnsieTCs IeTEKTOPOM OTHOCUTETBHOM, a He 0011ieli IPOeKTUBHOMN TUHAMUKH.

Omnpepaenenne 9.44. Relative Reper connection.[DEF-A] Ha yeTbIpéx KOMMsiX MPOEKTUBHOTO PacCI0eHHs
JIOTYCKaroTCs CBA3HOCTH VAL, VAL, VAU, VAd. VIX pa3HOCTH OTHOCUTETBLHO 0OIIeH MPOeKTHOM YacTH 00pa3yroT
OTHOCHUTeJIbHYH0 CBI3HOCTb VArel. imenHo VArel BxoauT B popmysy dA us riasel 8.
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IIpeacka3arenbHbii BbiBOJ, 9.45.[ THM/INTERFACE] I'apmonuueckuii gedekr §_truth He momkeH
VMHTEPIIPETUPOBATLCS KaK BpeMeHHasi KoopjuHarta 1pu obirieM repeHoce. OH CTaHOBUTCST AMHAMUUECKOH
[TMarHOCTUKOM TOJILKO TIOC/Ie 3a/JaHUsI OTHOCHUTE/ILHOW KuHeMaTUKU Reper u ipoBepku D/Dom.

67.naBHas ycnoBHas Teopema v0.7

Teopema 9.46. Holonomy-associator-safe predictive theorem.[COND] PaccMoTpum napameTprueckoe
cemeiictBo (A_t,0_t,V_t,p_t,D_t) Ha unTepBase l. [Ipeanonoxum:

e HI. BonokoHHbIe onepanuy ¥ CBA3HOCTH UMerT (UKCUPOBaHHbIe TUMb] U C2-3aBUCUMOCTb OT t.

e H2.P_D obpa3yeT yCTOWUMBYIO IPYIIIyOHHYIO KaTeropyio mmyTel, a transport ODE pa3penmmo.

e H3. Bce D/Dom u provenance-rakeTbl BEpCUOHHPOBaHbI U He KOHQJIUKTYHOT.

e H4. Koneunblii roioHOMHBIHN ceptudukat G_N MoJoH U CTabWIM3UpoBaH.

e H5. AccormaTopHsiii bridge package B_Ass Bbluric/ieH; BbIOpaHHbIE HOPMbI M KalTHOPOBOYHbIE HHBAPHAHTHI
(bUKCHPOBaHBI.

e  H6. Ipu ucrnonb3oBanuu Akivis/Sabinin-mocTa 3akpeiTel B-AK1-B-AKS8.

e H7. Reper-atnac umeet PGL,-riepexo/ibl, a A BBIYHC/ISETCSI BHE MOJIFOCOB.

e H8. O6uias ¥ OTHOCUTeNNbHAS YaCTH TPaHCTIOpTa Reper pa3/e/eHsl.

e H9. I'mobanu3anyoHHble U tangent-obstruction ceprudukatet v0.5-v0.6 1eHCTBUTETBHEIL.

e HI10. IlyTe mapamMeTpoB He nepecekaeT A_conn.

Toraa Ha Kax/10¥ CBA3HOM KOMIIOHeHTe \A_conn cOXpaHSIOTCS: paHT TOATBEPKASHHOW TOJIOHOMHOM

anre6pbI, TUIT €€ TpeiCTaB/IeHUs Ha A, pa3MepHOCTh cTabuin3aTopa Ass, HyJieBoi/HeHyieBoi ctatyc C_V,

VAss u K_Ass, a Takxke A npu unctom ob1iieM PGL,-iepeHoce. TTo3Tomy mepexo/, TpeOyromiyii u3MeHeHUst

XOT$1 OBbI OJJTHOTO U3 STUX UHBAPUAHTOB, HEBO3MOKEH BHYTPU JAHHON KOMITOHEHTHI.

Koposnapwii 9.47. Heo0xojumoe ycioBue CTpyKTypHOro coobitua.[ COND] Kanauzat nepexozia MoxeT
BO3HUKHYTb TOJIBKO TIPH IlepeceueHnd A_conn, akTUBAaL|MK OTHOCHTebHOM Reper-AnHaMyKy, HeHY/1eBOM
bridge defect m160 cmene D/Dom. Hu oiHO U3 3THX yC/I0BUI OT[e/IbHO He SIB/ISETCS JOCTAaTOYHBIM [i1s1
HaCTYTIJIeHUsT COOBITHSI.

Koponnapwii 9.48. Blocker-safe verdict.[ THM/PROTOCOL] Ecnu ceptudukat HerosioH uau bridge
conditions KoHbUKTYOT, BbIBOJ, paBeH ABSTAIN. Eciii ropu3oHTh! He nepeceuens! 1 H1-H10 npoBepeHsl,
BbIBOZ paBeH NO-STRUCTURAL-TRANSITION-IN-MODEL. [1Ipy npoBepeHHOM IepecevueHny BhIZAETCs
Tosibko CANDIDATE-TRANSITION.

Blocker-safe wnios rFrOJIOHOMHO-ACCOUMAQTOPHOIo NpPorHo3sa

CemMmencTeBo Bbluncnnte MpoBepUTb FOPU3OHTHI
(A_t, ®_t, V.t p t D t) R, Hol_D, C_V, VAss, K_Ass, A A_Hol, A_bridge, A_A, D/Dom

/

L d

Bce 6s10Kkepbl NycTbI?
epTudmnKaT paHra/AHBapuaHTHOCTU BOCNPOU3BOANMP

1
HEeT nepece4eHns ropnsoHTa €CTb NpoBepeHHoe nepecevyeHne ecTb blocker

& = )
NO-STRUCTURAL-TRANSITION CANDIDATE-TRANSITION eBéTI}IN -
BHE FOPM30HTOB MPOMWJib NOCTOSHEH TOpW30HT NMepeceyeH, HO CoObbITUE Dom/D/bridgée/certificate
B Mpeaenax Moaenu elé He [0Ka3aHo HerMoJIHbl NN KOH(INKTYIOT

[nOﬂO)KMTeﬂbeIVI BbIX0O BCerfa O3Ha4daeT «KaHaunaaT A4 NpoBepkKu», a He HacTynmellee Uin HeunzbexHoe COﬁbITMe.]

PucyHok 19. Blocker-safe winio03 2010HOMHO-accoyuamopHozo npozHo3a. CoocmeenHas cxema Toma I1.

Kypnuwes Visad Bopucosuy - Kanmnunrpag - 2026 | 123



BA30BbI MPOEKT KLT-RBD - TOM Il - NAPG 3.0 - v0.8

68. BoluncaurtenbHbin ceptupukar HOL-ASS v0.7

68.1. MalunHHO npoBepsieMble 06bEKTbI

HOL-01 ITpoBepka TUMoB A, y1, V, Dom typed manifest
HOL-02 Pemienue transport ODE Ha TeCTOBBIX MyTsIX P_y matrices
HOL-03 IMpoeepka P_{y,*y,}=P_{y,}P_{y;} composition certificate
HOL-04 Boiuncienve R_V u Bianchi residual curvature object
HOL-05 MaJoKOHTYPHBIi TIpezen small-loop certificate
HOL-06 IMoctpoenrie G_N u rank minors holonomy lower bound
HOL-07 Beruncrienne C_V product compatibility
HOL-08 Boruncienvie VAss u identity 9.20 first-order bridge
HOL-09 Briuncnenue K_Ass curvature bridge
HOL-10 Boeruncienve H_O© u H_Ass finite transport defects
HOL-11 ITpoBepka PGL,-UHBapHAHTHOCTH A Reper transport
HOL-12 @unanbHbIl blocker-safe verdict NO/CANDIDATE/ABSTAIN

68.2. ABTOMaTUUYeCcKue TecTbl

TEST-CONN-01: cBs3HOCTh yA0OBIeTBOpsieT scalar Leibniz rule;

TEST-PATH-02: P_D 3aMKHyTa OTHOCHUTE/IbHO KOMITO3ULIUK U 0OpaIlleHus TaM, T/ie 3asiB/ieHa TPYIINa;
TEST-PT-03: transport composition associative ¢ TOUHOCTE!O solver tolerance;
TEST-CURV-04: koopuHaTHast ¥ oriepatopHasi popmysiel R_V coBmazatot;
TEST-LOOP-05: e72(P_{-1d) cxoautcst K BeiOpaHHOMY 3Haky R_V;

TEST-HOL-06: rank G_N nozTBep>XéH TOYHOM apu(pMeTHKOI UM WHTepBaIbHBIMU bounds;
TEST-PROD-07: C_V=0 5KBHBa/IeHTHO COXPAHEHHIO || HA TECTOBBIX MYTSX;

e TEST-DASS-08: dopmysa 9.20 mpoBepeHa CUMBOJTHUECKH;

e TEST-KASS-09: K_Ass coBmagaet c induced curvature formula;

TEST-NOGO-10: mogenu 9.28-9.31 onpoBepratoT yHUBepcaabHOe TOX/eCTBO;
TEST-PGL2-11: obmjas projective transport ocTaB/sieT A HEU3MeHHOM;

TEST-REL-12: dA#0 geTeKTHpyeT OTHOCUTEbHYI0 KOMIIOHEHTY BHe T0J/IF0COB;
TEST-GATE-13: Hemo/HbII MOCT NIPUHYUTeNbHO Bo3BpaljaeT ABSTAIN;

TEST-HASH-14: ucxo/iHble JaHHBIE, TyTH, KaIMOPOBKY U proof objects umeroT xermy.

L[]

L[]

68.3. lNcesaokop

INPUT family F_t=(A_t, mu_t, nabla_t, reper_t, D_t), path system P_D, order N
CHECK types, Dom, provenance, path closure
COMPUTE transports P_gamma and composition residuals
COMPUTE curvature R, small-loop certificates, generator matrix G_N
COMPUTE C_nabla, nabla_Ass, K_Ass, H_mu, H_Ass
COMPUTE lambda and split common PGL2 motion from relative motion
BUILD Delta_conn and blocker set B
IF B != empty: RETURN ABSTAIN
IF path(t) avoids Delta_conn and full-certificate hypotheses hold:
RETURN NO_STRUCTURAL_TRANSITION_IN_MODEL
IF verified horizon crossing:
RETURN CANDIDATE_TRANSITION
ELSE:
RETURN ABSTAIN
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69. [loKka3zaTtesibHble 065A3aTeNnbCTBa, 6UbAMOrpadusa n
KOHTpPOJIbHasA To4yKa v0.7

69.1. HoBble A0OKa3aTeNbHble 06513aTe/IbCTBA

PO CopepxaHue Cratyc Bepaukr v0.7

Crporas kareropusi D-

T2-PO-054 JIOMYCTUMBIX TyTel 1 COND YaCTUYHO 3aKPBITO
CylLLIeCTBOBaHHUe transport

T2-PO-055 AACCOLATHEHOCTS transport THM 3aKPHITO
composition 1 no-go Hol=Ass

T2-P0-056 D-Ambrose-Singer a1 y COND OPEN
OrpaHHYeHHO CHCTeMBI ITyTei

T2-PO-057 OksuBaneHTHocTh C_V=0u THM 3AKPHITO
COXpaHEeHHs || TPAHCIIOPTOM

T2-PO-058 Dopmyia VAss uepes C_V THM 3aKPBITO

T2-PO-059 g“g‘?se”e’me H €CTECTBEHHOCTE  THM/DEF-A 3aKpBITO B typed sector

T2-PO-060 CyuiectBoBanue Akivis/Sabinin- OPEN i R
MocTa 3

T2-PO-061 Hesaucumocrs f ot Kapt 1 OPEN He 3aKpBITO
KaMOpPOBOK

T2-PO-062 OKTOHMOHHA COBMeCTHMAS MODEL/THM 3aKPBITO
Mo/JieJb

T2-PO-063 Universal-equality no-go THM 3aKPBITO

T2-PO-064 gmﬁlﬂom KOHEYHOro cepTuduKaTa COND OPEN

T2-PO-065 gOIl(\;lﬂbHaﬂ TIOCTOSIHHOCTb rank THM SaKpHITO

T2-PO-066 Common-PGL, invariance of A THM 3aKPBITO

T2-PO-067 Relative Reper connection DEF-A/OPEN orpe/ie/ieHO, peanu3alysi OTKpbITa

T2-PO-068 Holonomy-associator-safe theorem COND copMyUpOBaHO

T2-PO-069 He3aBuCHMBIi JOMEHHBIH 3arycK OPEN He HCTOHeH

HOL-ASS
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69.3. KoHTponbHas Touka T2-RP-v0.7

TUNHU3UPOBaHbI CBA3HOCTD, TPAHCIIOPT, KPUBH3HA,
[OKA3AHO Hol_D, C_V, H_O, H_Ass u K_Ass; joKka3aHbl N0-go
Hol=Ass, dbopmyna VAss, PGL,-MHBApUAHTHOCTh A U
YeThIpe paszesstoLie MOJe/ .

D-Ambrose-Singer, monHota KoHeyHoro holonomy
YCNOBHO certificate, Akivis/Sabinin-mocT v rnaBHas predictive
theorem /1efiCTBYIOT TOJIbKO MPU T1€PEUHCIEHHBIX
TUIOTe3ax.

IMocTpoeHre KAHOHUYECKOro 3-MoCTa ZiJist 00I1ero
OTKPbITO NAPG-o6mnekTa, Banach/Hilbert-Bepcusi, HezaBuCHMBIiA
JTOMEHHBI 3amyCK U CBsA3b C BHEITHUM E-cioem.

Hu Hol_D, uu R_V He 00BSBISFOTCS aCCOLMAaTOPOM;
FPAHNLA repeceyeHre TOPU30HTA He 00BSBISETCS COObITHEM;
¢wmsnueckuii craryc [TH.2 u F-1-F-14 He u3mMeHéH.

truth_layer_promotion =0, checkpoint = T2-RP-v0.7, next = T2-RP-v0.8.

Cnenyroijast coopka tom2_v0_8 pa3suBaert ry1aBy 10: KomriieKkcsl quddepeHipanbHbIX
dopm NAPG, tunu3upoBaHHble d/§, mpaBuia 3HakoB, Leibniz identities, 10Ka/bHOCTH U
KOHTPHpHMephbl K aBToMaTthueckomy 62=0.

checkpoint=T2-RP-v0.7; source=T2-RP-v0.6; truth_layer_promotion=0; next=T2-RP-v(.8.
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70. FnhaBa 10: andpdepeHumanbHbie popmbl NAPG un
TUNU3npoBaHHble auddepeHumnanbl

Iuddepentivan B NAPG He siByisieTcs 6e3bIMIHHON
CTPEJIKOW MeX]y COCeJHUMHU cTerneHsMu. OH
OHTONOrnsa CyL[eCTBYeT TO/JIbKO BMeCTe C HOCHUTe/JIeM (I)OPM,
006s1aCTBI0 OMpe/iesieHus1, MPaBUIOM 3HAKOB,
JIOKAJIbHOCTBIO U ZIOKa3aHHBIM 3aKOHOM MOBTOPHOTO
TIPUMEeHEeHUSI.

PaBenctBo d?=0 He crefyeT 13 cnoBa «AuddepeHIa.
OHO SIB/ISIETCST OT/IeTbHOW aKCHOMOW WJTA TEOPEMOM.
FHOCEONOrus KoBapuaHTHbIe, BHellIHWe, KorpaHu4Hble 1 Hodge-
OIIepaTOopBI JO/DKHBI Pa3/IMIaThCS [0 060
KOTOMOJIOTMYeCKOM MHTepIipeTaLyu.

[epBoe NpriMeHeHHe orepaTtopa (GUKCHUPYeT JI0KaIbHOe
®EHOMEHONOrs n3MeHeHHe GopMbl. BTopoe npoBepsieT, 3aMbIKaeTcst 1
M3MeHeHHe B KOMIUIEKC W/ OCTaB/IsieT KpUBU3HY,
CMeIllaHHbIH fiedeKT b0 cies; HeCOBMECTUMOCTH.

B v0.8 3anpeieHo nucate HAp o npoBepku dA{p+1}
rPAHULA dAp=0; 3ampereHo cmenmBars d_N, §_E u §_Hdg;
6/m30cTh A K -1 He ucripasnsieT HeHyseBo# differential
defect.

Cratyc pa3gena: theorem/conditional package v0.8. Knaccuueckue de Rham, graded-
derivation, connection-curvature 1 Hodge-KOHCTPYKLIMM UCITOMB3YIOTCS KaK prior art.
ABTOpPCKMIA BKJIaJ] COCTOUT B UX TUIMM3UpOoBaHHO# cOopke BHyTpu NAPG, B differential
defect ledger, mixed bridge package u mipesicka3aTe/lbHOM TOPHU30HTe, CBsi3aHHOM ¢ D/Dom u
Reper-ayaurom.

Tpu puddepeHumnansHbix cnos NAPG un pa3snoxxeHue nonHoro pgedgexkrta

™ ' ™ 4
BHyT:e;gv:“T'pefaTOP yu:/.%BcHrbT BHewHunin E-onepaTtop Hosg?fiﬁf;li-lodge-l(onucpcpepeuuuan
- 5 EE" E~{q+1 6_Hdg O~ O~ {p-1
0 _N~{p+1}  EE"q > E“{q+1} _Hdg 0~p - 0~ {p-1}
A . vy \

Dtot2=0Q int+ Q E + (-1)"p M_mix Q int=d N?, Q E=6 E?,
M_mix=d_N&_E-6_Ed_N

Koromosnorusa paspelwleHa ToNbKo nocsne npoeepku D tot2=0. UHavye obbeKT
aAenfaetTca precomplex/curved candidate, a BoiBop, 06A3aH XxpaHuTh defect
certificate.

PucyHok 20. Tpu dugppeperyuanbubix cnos NAPG u paznoxcerue noaHoz20 depekma. Co6cmeennas cxema Toma II.
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71. 3aMopo)XeHHas HoTauus U YeTbipe TUMa onepaTtopos

Onpepenenne 10.1. Bayrpennue nakerubie gopmbl.[DEF-A] ITycts X - A0MyCTUMBIN T/IaAKUN WA
crpatudupoBanHbiil cektop. Yepes Q_NAp(U) obo3nauaercs mogyis NAPG-hopwm crernenu p Haf
oTkpbITEIM UCX. CemetictBo U—Q_NAp(U) cHabKaeTcst OrpaHUUYeHUsIMUA U pacCCMaTPUBAETCS KaK MyUuoK
WM TIPe/IITyUOK B 3aBUCUMOCTH OT 3aKPBITHIX axioms descent.

Q N"he =@ _{p=20} Q_N”p, |o|=p m1sg aeld_N”p. (10.1)

Onpepaenenne 10.2. Buyrpennwnii differential candidate.[DEF-A] OnepaTop d_N crernenu +1 3a/jaétcst Kak
CEeMEMCTBO YaCTUUHBIX JIMHEHHBIX 0TOOpaKeHUH

d_NAp : Dom(d_NAp) € Q_NAp — _NA{p+1]. (10.2)

CnoBo candidate coxpaHsieTcst 10 TIPOBEPKH JIOKaTbHOCTH, COBMECTUMOCTH C orpaHuueHusiMu, graded Leibniz
identity u nilpotency. Ecii BeITIO/THEHBI TOJIBKO THITBI, 00BeKT Ha3biBaeTcs graded operator. Ecimi Takxke
BeinojiHeHo d_N2=0, on ctanoBurcd differential.

Onpepenenne 10.3. Buemnnii E-onepartop.[DEF-A/COND] BHeminuii /1ol 3arichiBaeTcsi OTAENBHO:
§_EAqQ:EAQ - EA{q+1}. PaBeHcTBO 6_E2=0 He UMMOPTHUPYeTCS U3 BHYTPEHHETO C/I0S1 U IOJDKHO OBITh
JI0Ka3aHo B BeIOpaHHOM E-komriniekce.

d_E:E”rq— EMg+1}, &_E?=0 only after certificate. (10.3)
Omnpepenenne 10.4. Hodge-onepatopsl.[ CL/DEF-A] Ha opreHTHPOBaHHOM MeTPUUYECKOM N-MEPHOM

cekTope Hodge star o6o3Hauaetcs »_Hdg. Komuddepenuyan obo3nauaetcs §_Hdg, a Hodge-narniacuas -
A_Hdg. CumBon « B R+R He siBnisiercst Hodge star.

CumBon CreneHb HasHaueHue CraTtyc no ymonyaHuio

BHyTpeHHuH differential

d.N 1 candidate NAPG

DEF-A

KOTPaHHUHBIH OI1epaTop

§_E +1 COND po 6_E2=0
BHelHero E-cros
} (opmasnbHBIN COMPSKEHHBIN K
6 Hdg 1 d_N nipu Hodge-runore3sax GOIID
A_Hdg 0 d_N§&_Hdg+6_Hdg d_N COND
R*R He crereHb (hOPMbI aCCOLMaTOPHBIN 00BEKT Definition Core

Mpunnun 10.5. Notation firewall.[THM/PROTOCOL] Jlro6as dopmyna, rae 6, §_Hdg u d_N
B3aMMO3aMeHsIOTCs 6e3 siBHOM KapThl, moayvaeT blocker NOTATION-COLLISION u He fomycKaeTcs K
proof-status.

72. Graded Leibniz calculus u pedekr auddpepeHumnpoBaHus

72.1. 'papynpoBaHHOeE NaKeTHOe npousBeaeHue

Onpepenenne 10.6. Degree-compatible product.[DEF-A] ITycts 0:Q_NApxQ_NAq - Q_NA{p+q} aBnsieTcs
OunuHelHOM ornepauyei Ha admissible domain. AccoraTuBHOCTL He Tipenoiaraetcs. /st 0fHOPOJHBIX o,
ornpesieium Leibniz defect

L_d(a,p)=d_N(aop)-d_Naof-(-1)|al}acd_N§. (10.4)

Omnpepenenne 10.7. Graded derivation.[CL/DEF-A] Oneparop d_N siBjisieTcst rpalyuipOBaHHOM
nepuBanyent crenenu +1, ecm L_d=0 Ha Bceli 3asiB/IeHHOM 00/1aCTH.

Jlemma 10.8. 3uauenne Ha egunune.[THM] B yHuTanbHOM ceKTOpe XapaKTepPUCTUKH, OTIMYHOM OT 2,
graded Leibniz identity Baeuét d_N(1)=0. JeticteurensHo, d(1)=d(161)=d(1)+d(1).
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72.2. KommyTaTtop gepuBaumm un KBagpart

Teopema 10.9. 3amknayToCTh AepuBanuii.[ THM] ITycts D u E - ogHopoHbie graded derivations crerneHeit
D| u |E| Ha BO3MOKHO HeacCOL[HaTUBHOH rpaJyupoBaHHoM aaredpe. Torga graded commutator
[D,E]=D-E-(-){|DI[E[}E-D (10.5)

cHoBa sBysieTcs graded derivation crenenu |D|+|E|. [loka3aTenbCTBO UCIOB3yeT ToMBKO Leibniz identities u
He TpeOyeT acCOIMaTUBHOCTH Q.

Cnepacraue 10.10. KBaapar HeuéTHoii fepuamuu.[ THM] ITpu char(K)#2 gns |d_N|=1 nmeem
[d_N,d_N]=2d_Nz2. TTostomy d_N2 siBfisieTcs1 iepyBaijieid cTernedu +2, Ho He 00513aHO OBITH HY/IEM.

d_N*(aop)=d_N2aop+acd_N2p. (10.6)
72.3. AnddepeHumpoBaHue accoumatopa

Teopema 10.11. Associator Leibniz identity.[ THM] Eciu d_N siBnisiercs graded derivation crenenu +1, To
JUTS1 OJTHOPO/THBIX O, 3,y

d_N Ass(a,p,y)=Ass(d_Na,B,y)+(-D{|al}Ass(a,d_NB,y)+(-1D)M|al+BI}Ass(a,B,d_Nvy).  (10.7)

[oxkasarenbcTBO nosnyuaercs packpeitieM d_N((aOB)Oy-a©(fOY)) 1 rpynIMpoBKOM YeThIpEX map CKOOOK.
®opmyna siensiercs: BHyTpeHHNM differential bridge k rnaBam 5 u 9.

CnepcrBue 10.12.[THM] Eciu d_N siBisiercs derivation u Ass=0, accoliMaTUBHBIN CEKTOP yCTOWYMB
otHocutenbHO d_N. Eciu Ass#0, d_N nepeHocuT accorjuaTop Kak TepHapHbii graded tensor, HO He
YHUUTOXKaeT ero.

73. Mouemy d>*=0 He aBAsSIETCSA AaBTOMATUYECKUM

Mouyemy npaeusno JleubHuUua He rapaHTupyet d2=0

s ™\ s N
de Rham-koMmnnekc KoBapmnaHTHbIN gudchepeHumnan
. d V2 = R VA KpMBU3Ha MOXXeT ObITb
d2=0 UCTUHHDbIA KOMMJIEKC - - _
HeHyJieBoH
. v (. J
e R s N
CeobopgHan rpapgyuMpoBaHHan anredpa CynepcBasHocTk / twisted operator
d(a)=b, d(b)=c = d?(a)=c=0 A=d+w A2=dw+w?
\. Wy, \ J

BriBon: nilpotency aBnaerca oTrnesnbHONW aKCMOMOW MU TEOPEMOM.
Eé Henb3A BLIBOOAUTL U3 CTENeHU onepaTtopa, JIoKaJibHOCTU U
Leibniz identity.

PucyHok 21. Yembipe pexcuma, nokasbiéaroujue Hezagucumocms Leibniz identity u nilpotency. Co6cmeenHas cxema Toma I1.
73.1. Differential curvature

Omnpepenenne 10.13. KpuBusna differential candidate.[DEF-A] [ns graded derivation d_N crenenu +1
ompezieNIiM

Q d:=d_N2:Q N~p —» O NAp+2). (10.8)
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Q_d HaseiBaetcs differential curvature TosbKo Kak BHyTpeHHHM TepMuH v0.8. OH He oToxzaecTBseTcss ¢ R_V
13 I'7aBbl 9, X0Ts B covariant model coBnaziaeT ¢ fAelicTBUeM KPUBU3HBI CBSI3HOCTH.

Jlemma 10.14. Bianchi identity B oneparopuoii ¢popme.[THM] s Q_d=d_N? eemosHeno [d_N,Q_d]=0,
nockonbKy d_N3-d_N3=0.

[d_N,Q_d]=0. (10.9)

Onpepenenne 10.15. Precomplex u complex.[DEF-A] ITocnegoBarensHocTs Q_NAp --d_NAp -
Q_NA{p+1} Ha3biBaeTcs precomplex rocsie ripoBepku TUroB. OHa siBasieTcst complex Tosbko ripu d_NA{p+1}
d_NAp=0 ans Bcex p. Koromonorust H_NAp pa3peliieHa TOJIbKO BO BTOPOM C/Ty4ae.

73.2. CB060AHbIN KOHTPNpUMep

ITpumep 10.16. Graded Leibniz without nilpotency.[THM/EX] ITycts F - cBoO0oAHast rpaZiyupoBaHHast
HeacCol[MaThBHas anredpa Ha reHeparopax a,b,c creneneti 0,1,2. Onpegenum d(a)=b, d(b)=c, d(c)=0 u
nipogokuM d 1o graded Leibniz rule. Torga L_d=0, Ho

d*(a)=c#0. (10.10)

CnenoBaTteibHO, HY TPayupOBKa, HU JIOKAJbHOCTh, HU MpaBwu/io Jleiibuuiia He aatot d2=0.

73.3. KoBapuaHTHbIN U CynepcBsA3SHOCTHbIN KOHTPNPUMEPbI
ITpumep 10.17. Covariant exterior derivative.[CL/THM] s cBsi3HOCTH V Ha BEKTOPHOM pacci0eHUN
KOBapHaHTHBIN BHelIHWH gquddepenuuan d_V yaosieTBopsiet

d V2a=R_VAa. (10.11)

[Tostomy d_V ob6pa3yeTt KOMIJIEKC TOJIBKO Ha TJIOCKOM CEKTODPe WM Ha TIOZNPOCTPAHCTBe, rjie feiicTeue R_V
ucyesaer.

IIpumep 10.18. Superconnection curvature.[CL/THM] [151s HeuéTHOro orepatopa A=d+w Ha ¢opMax co
3HaueHusivu B End(E) kBazgpar paBeH

A? =do + wAw. (10.12)
Ycnoue A2=0 siBnisieTcst ypaBHeHueM Maurer-Cartan/flatness, a He cyiezicTBreM oripesiesieHust A.

IIpepynpexaenue 10.19. dAN-calculus.[CL/BOUNDARY] Teopuu c dAN=0, N>2, cyIiecTByIOT KaK
otgenbHble g-differential/N-complex koHcTpyKiun. OHY He far0T 00bIUHYI0 Koromosioruto ker d / im d 6e3
JIOTIOSTHUTE/IbHOTO onpeienieHus generalized homology.

74. JIoKaNnbHOCTb, OrpaHU4YEeHNs U CKnenka guddpepeHumnanos

74.1. Sheaf-locality

Omnpepaenenne 10.20. JIokanbabii onepatop.[DEF-A] Cemeiicteo d_U:Q_NAp(U) - Q_NA{p+1}(U)
Ha3bIBaeTCS JIOKAJIbHBIM, ecid s VCU
(d_Ua_V=d_V(al_V). (10.13)

Jlemma 10.21. Support nonincrease.[THM] [Ins sheaf-local operator supp(da) Csupp(a). 3To yTBepxeHue
He 03HauaeT aBToMaTtuuecky, uto d sBisieTcs differential operator KoHeUHOTO MOPs/IKA; TaKast KJIaCCUBHUKALIVS
TpebyeT [JONOMHUTEeNBHBIX TUIIOTe3 THIA TeopeMsl [TuTpa.

74.2. CKnemka

Teopema 10.22. Gluing of local differentials.[ THM] ITycts {U_i} nokpsiBaet X, d_i - okansHbIe degree +1
operators 4 g_ij - nepexoabl NAPG-paccioenus. Eciv Ha U_inU_j

gijed j=diogij (10.14)

TO CYIIIeCTBYeT eIMHCTBEHHBIN ri100anbHbIi orteparop d_N, orpaHuueHust KOTOporo paBHbI d_i. Ecim
Kbl d_i sensieTcs derivation u d_i2=0, 31 cBOMCTBa NiepexozsT K rinobamsHoMy d_N.

Omnpepaenenne 10.23. Gluing defect.[DEF-A] Ha nepeceueHHsIX 110/10)KUM
K ij=gijd j-d.igij. (10.15)
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Henynepoti K_ij 6iokupyet rinobaneHblii differential. ITpu gormoHUTe/IbHOM TMHEHHOM CTPYKTYPE U cocycle
compatibility cemeiictBo {K_ij} MoxeT 3asaBats Cech obstruction class; 3ToT nepexoz umeet craryc COND
Jo noctpoenus TouHoro coefficient sheaf.

KonTpnpumep 10.24.[THM/EX] [1Ba nokanbHeix oniepatopa d_1=d u d_2=d+A Ha niepeKpbITUH He
cknenBaroTcs ipu g_12=Id, ecniu A#0. JlokanbHas nilpotency Ka)kZjoro orieparopa Takxe He WCIIPaBJIseT
HeHyeBon K_12.

75. BHyTpeHHMI 1 BHewwHu caou: total operator n mixed defect

75.1. bBurpaaympoBaHHas KOHCTPYKLUUSA

Onpepenenne 10.25. Bigraded bridge object.[DEF-A/COND] [Tycts BA{p,q}=Q_N/p® EAq. BHyTpeHHuit
onepatop d_N umeer bidegree (1,0), Buetnawmii §_E - (0,1). s snemenTa bidegree (p,q) onpegenum total
operator

D_tot=d_N+ (-1)"p 6_E. (10.16)
Teopema 10.26. Pa3noxenue kBagpara.[ THM] [Ipu ¢pukcrpoBaHHO# convention
D_tot> = Q_int + Q_E + (-1)"p M_mix, (10.17)

rae Q_int=d_N2, Q_F=6_E2 u M_mix=d_N§&_E-§_Ed_N. CnenosatensHo, D_tot>=0 TpebyeT
0/THOBPEMEHHOTO MCYe3HOBEHHS [IBYX curvature components ¥ mixed commutator Ha KakJjoM OUU3MepeHn .

KomnoHeHTa Cwmbicn HyneBolii ctatyc

BHyTpeHHs1s differential

s (2,0) curvature d_N?=0
QE (0,2) nedext BHewHero E-komriekca §_E2=0
M_mix 1,1) HECOBMeCTHMOCTb BHYTPEHHETO d_N6_E=5_Ed_N

Y BHEILHero repexojoB

Koponnapwii 10.27. Cohomoloegy firewall.[ THM/PROTOCOL] Ecnu xoT1s 661 oiHa KommioHeHTa B (10.17)
HeHYyJ/IeBasi Wi He BeluncieHa, HA*(Tot B,D_tot) He o0bsiB/isieTcsi. B RBD xpanutcs defect triple, a He
¢dukTHBHBIM cohomology label.

75.2. YcnoBHbi MocT MN_E
Onpepenenne 10.28. Differential bridge certificate.[DEF-A] Jns I[T_E:O_B — H3(EA«) TpeOyeTcs naker
Cert_E=(8_E?=0, well-defined I1_E, representative independence, naturality, mixed compatibility).  (10.18)

I'panumna 10.29.[OPEN] VcuesHoBenue _int He foka3biBaeT cyijectBoBanue I1_E. Vicue3HoBenune Q_E He
[TOKa3bIBAeT, UTO BHyTPEHHee MPEeITATCTBIE MPe/ICTaB/IsgeTCsl BHEITHUM KiaccoM. Mixed compatibility
SBJISIETCS OT/IeIbHBIM 00si3aTenibcTBoM T2-PO-078.

76. Hodge-cnon: kogndpdepeHuman u nannacmad 6e3 nogmMeHsbl
0603Ha4YeHUM

76.1. YcnoBus cyw,ectBoBaHUSA

Onpepenenne 10.30. Hodge sector.[CL/COND] [Tycts U siBfsieTcsi OpueHTHPOBAHHBIM N-MePHBIM TJ1aJKUM
CeKTOPOM C HeBBIPOXK/IEHHOM MeTpUKOU g U onycTuMoit mepoii. Tora

«_Hdg : Q*p(U) > Q7 n-p}(U). (10.19)

17151 TIcCeBZI0pMMAHOBOM CUIHATYpPhI 3HAK KBa/[paTta * 3aBUCHUT OT P,N U MHAeKCa MeTpUKH. JTrobast popmysia
JO/pKHa (PUKCUPOBATh convention.

Omnpepenenne 10.31. Codifferential.[CL/COND] B BriOpaHHO#1 prMaHOBO# convention Ha p-opmax
0_Hdg = (-D)Mn(p+1)+1} »_Hdg d_N »_Hdg. (10.20)
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Onpepenenne 10.32. Hodge Laplacian.[CL/COND]
A_Hdg=d_N &_Hdg + 6_Hdg d_N. (10.21)

Teopema 10.33.[THM] Eciu d_N2=0 u »_Hdg siB/sieTCsI KOPPEKTHBIM H30MOP(GU3MOM yKa3aHHOT'O CEKTOpa,
To §_Hdg?=0. Eciu d_N2Z0, nilpotency §_Hdg He cnezyert.

I'panuna 10.34. Hodge decomposition. COND] Pa3noxxenue Ha exact, coexact ¥ harmonic gactu TpeGyer
AN TUYHOCTH, TIOAXOASIINX TPAHUUHBIX yCJIOBUH, TTOJHOTHI (PYHKIIMOHAIBHOTO MTPOCTPAHCTBA 1 OOBIYHO
KomrakTHocTH 100 Fredholm-rumnotes. B crpatuduimposanHoii NAPG oHO He 00bsiBiisieTcs 6e3
OTJeJTBHOTO aHAIMTUYeCcKoro mnaketa F.

76.2. Hodge compatibility defects

Onpepenenne 10.35. Hodge transport defect.[DEF-A] [{ns nepexoza g_ij Me>kay KapTamu
H_ij=g ij»_j-~_igij. (10.22)
Onpepenenne 10.36. Formal-adjoint defect.[DEF-A] Ecyiu BHyTpeHHee Npou3Be/ieHre 3aIaHO, TT0JI0KAM
A_Hdg =6_Hdg - d_N~*, (10.23)

Tonbko tipu H_ij=0, A_Hdg=0 u ananutHueckux rumnorte3ax Hodge-cioi cuntaetcs rinobaibHbIM U
COBMECTHUMBIM.

77. Differential Reper u A-rapmoHus

Omnpepenenue 10.37. Differential Reper.[DEF-A] OnepaTopHbIii 00BEKT M0Ty4aeT YeTBEPKY
Rep_diff(d_N)=(R_d,I_d,U_d;D_d), (10.24)
rae R_d comepxuT BeIunc/ieHHYI0 MaTpully/popmysy oreparopa, I_d - invariant signature, U_d -
JIOTyCTUMBbIe pacimpenus u moged, D_d - uctounrku, Dom, convention u proof certificate.
Onpepenenne 10.38. Differential defect vector.[DEF-A]
Def_diff=(||L_d|,||_d||,||K_gluel|,|IM_mix||,||H]||,pole_A,Block_Dom). (10.25)

IMpunnun 10.39. Harmonic insufficiency.[THM/PROTOCOL] YcnoBue A=-1 ne Breuét L_d=0, d_N2=0,
JIOKanbHOCTh, gluing um Hodge compatibility. [ToaToMy npoeKTHO-rapMOHUUYECKHIA CeJIeKTOP TIPUMEeHSIeTCS
tosibKo miocste differential certificate.
Onpepenenne 10.40. Relaxed differential candidate.[DEF-A] /Ins moporos T,n

C_diff(r,n)={x: &_truth(x)<w, ||Def_diff(x)||<v, Valid(D)=1, Dom=1}. (10.26)
C_diff siBnsieTcst MHOXKeCTBOM KaHAWAATOB Ha Ja/bHENIIyi0 MpoBepKy. OHO He sIB/SIeTCS] MHOYKECTBOM UCTHH
¥ He 3a7aéT (pu3nueckoe COOBITHe.

78. AnddepeHumanbHbI NepexoaHbliii FOPU3OHT

78.1. AHanUTUYeCcKne ceMemncrTaa

Omnpepenenne 10.41. Finite differential signature.[DEF-A] /1151 KOHEUHOMEPHOTO yceueHUsl CTereHei
0<p<m u napamertpa t MOJIO>XUM
2_diff(t)=(rank d_t"*p, rank(d_t"{p+1}d_t*p), rank L_{d_t}, rank K_t, rank M_t, rank H_t, dim H_t"p when
defined). (10.27)

Onpepaenenne 10.42. Differential horizon.[DEF-A] A_diff sBnsieTcs 06befuHeHUEM: HY/IEBBIX MHOXKECTB
BbIOPAaHHBIX MaKCUMAaJ/ILHBIX MiNors; Touek u3MeHeHus Dom; MomocoB A; Touek, T/e certificate precision
HeJlocTaTouHa; ¥ KoHpaukToB gluing/Hodge/E-bridge.

A_safeM++} = A_safe™+ U A_diff. (10.28)

Teopema 10.43. Rank constancy.[THM] [1yi1 aHanuTUUeCKOr0 KOHEUHOMEPHOTO CeMeMCTBa Ha KaxK10H
cBsizHoM KomrioHeHTe NA_diff panru Bcex cepTuduIMpoBaHHbIX MaTpuL] ocTosiHHBL. Ecmm d_t?=0 u panru
d_tAp-1},d_t"\p mocTosIHHEIL, TO

dim H_t"p = dim Q”p - rank d_t"p - rank d_t"{p-1} (10.29)
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TaK>Xe ITOCTOAHHO.

Teopema 10.44. Differential negative prediction.[COND] Eciu nosHbIi certificate BeiTiosiHeH 1
rapaMeTpUuecKuii myTh He TiepecekaeT A_safer{++}, To uamenenue cepruduumpoBanHoro differential-
complex type, mosiienue/mcuesnoBedrie cohomology dimensions u cmeHa zero/nonzero differential defects
BHYTPH MO/IE/TH HEBO3MOXKHBI.

CnepcrBue 10.45.[COND] ITepeceuenne A_diff cozgaér Toneko candidate-transition. OHO He OKa3bIBaeT
VHTErpupyemMyto fedopMaliyio, T06ansHoe coObITHE WK (PU3NUECKYIO peaTh3aliyio.

79. Paspensaowme Mmogenm

Ld d? Fno6anbHOCTb BbiBOA,

de Rham Ha riagkom

0 0 ripu 06bIuHOM atlas complex
ceKTope
cBobopHast graded algebra 0 #0 anrebpanueckas Leibniz He gaéT nilpotency
. complex TOJBKO B
covariant d_V 0 10 cKassipam R_VA ryo6asbHo ripu V pIex
flat/invariant sector
. . local truth
nokaneHele d_i ¢ K_ij#0 MOXeT ObITh 0 MOXeT ObITh 0 HeT < uth He
ryo6an3yeTcs
total d_N+6_E 3aBUCUT Q_int+Q_E+M_mix nipu bridge certificate TpH He3aBUCUMBIX blockers

Kontpreopema 10.46. Triple independence.[THM] Ha knacce mozesneit 10.16-10.24 cBoiictea graded
Leibniz, nilpotency u globalizability noruuecku He3aBucHMBI NorapHo. CrieloBaTe/IbHO, HU OZJHO U3 HUX He
MOYKeT MCII0/Tb30BaThCS KaK CypporaT JBYX OCTalbHBIX.

80. NnaBHas ycnoBHas Teopema v0.8

Teopema 10.47. Differential-calculus-safe predictive theorem.[COND] PaccmoTpum cemeiicTBO
(Q_tN,0_t,d_t,6_{E,t},~_t,p_t,D_t) Ha unTepsare I. [Ipeanonoxum:

e H1. Crenenu, Hocutenu, Dom/Cod u orpannyeHus GUKCUPOBAHBI U BEPCHOHUPOBAHBI.

e H2. ©_t degree-compatible, a Leibniz defect Berumcen.

e H3.d_t% 6_{E,t}? u mixed defect BeIurc/ieHbI TOUHON WU CePTU(GUIIMPOBAHHON MHTEPBATHHOU
apu(MeTHUKOH.

e H4. JlokanbHble oriepaTopbl COBMECTHUMEI C restrictions 1 gluing maps.

e H5. Hodge star cyijecTByeT TOJIBKO Ha 3asBJIEHHOM MeTPHUUeCKOM CeKTope; ero defects BEIUMC/IEHEI.

e H6. Buemnuii I1_E ucrnosne3yercs ToabKo rpu 3akpeiToM Cert_E.

e H7. PenepHas A-KOOp/IiHaTa OIpe/iesieHa BHe TI0/IFOCOB U He 3aMensieT differential certificate.

e HB8. Finite truncation 1 rank minors ZJoCTaTOYHBI /15 3asBJIEHHOTO WHBapHAHTA.

e HO9. Globalization, tangent u holonomy certificates v0.5-v0.7 gelicTBUTe/TbHBI.

e H10. ITyth mapameTpoB He TiepecekaeT A_safer{++}.

Torpa finite differential signature ¥_diff nokansHO nmocrosiHHa; npu d_t2=0 MOCTOSIHHBI Pa3MephI
cepTudULIMpoBaHHBIX cohomology groups; nepexo, TpeOyIoI1ii U3MeHEeHHsT STUX UHBAPUAHTOB, UCK/TIOUEH
BHYTpPHU IaHHOH KOMIIOHEHTBI.

Koponnapwii 10.48. Three-valued verdict.[THM/PROTOCOL] [TosHbIH HerlepeceKaroliyii TOpU30HT JaéT
NO-DIFFERENTIAL-TRANSITION-IN-MODEL; nposepenHoe niepeceuenue gaétr CANDIDATE-
TRANSITION; mo6oit He3akpeIThii blocker jaét ABSTAIN.
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Blocker-safe wnwo3 audpgepeHunanbHOro NnPorHo3a

™\ 4 a 4 ™\ 4
Tunbl u Dom flokanbHble nedeKkTb MocThbl NHBapuaHThI
d7p: L d, d?, glue mixed, Hodge, E rank, H™p, A, CGI
Q~p-Q~{p+1}
J . J . J .
NO STRUCTURAL CHANGE CANDIDATE ABSTAIN
NoJsiHbIA cepTUdUKaT U NnpoBepeHHOe NepeceyeHue nio6on blocker, KoHc AUKT
ropuU3oHT He Nepece4éH A _diff WM HenosHoTa

I'Iepeceqelme FrOpPpU3OoHTa ABNAeTCcH HeoOXo4UMbLIM KaHAUOATOM, a He rapaHTuev“l cobbITHA.

PucyHok 22. Blocker-safe winio3 ougp¢pepenyuanbiozo npozHosa. Coocmeennasn cxema Toma I1.

81. BoiuncaurenoHoii ceptudpukat DIFF-NAPG v0.8

TIpoBepka creneHeli, Dom/Cod u partial

DIF-01 ——— typed manifest
DIF-02 Brruucienue Leibniz defect L_d derivation certificate
DIF-03 Berurciienue d? ro KaXkoi cTerneHu Q_int matrices
DIF-04 Brruucienue §_E? Q_E matrices
DIF-05 Brruncienue mixed commutator M_mix
DIF-06 Restriction/locality tests locality certificate
DIF-07 Gluing defect K_ij descent certificate
DIF-08 Associator differential identity Ass-d bridge
DIF-09 Hodge star, 5_Hdg, A_Hdg Hodge package
DIF-10 Hodge/global defects H_ij, A_Hdg
DIF-11 Rank minors and A_diff transition horizon
DIF-12 Cohomology dimensions only if d>=0 HAp certificate
DIF-13 ND/Dom integration Reper certificate
DIF-14 Final blocker-safe verdict NO/CANDIDATE/ABSTAIN

81.1. ABTOMaTUUYecKue TecTbl

e TEST-TYPE-01: Bce d\p uMeroT oxxujaeMmble cTerieHd U compatible domains;

e TEST-LEIB-02: L_d BeruncisieTcs Ha 6a3UCHBIX TTapax ¥ CUMBOJTMUECKH Ha generators;
e TEST-SQUARE-03: d\{p+1}d/ p cpaBHMBaeTcs ¢ HYJIEM exact/interval method;

e TEST-DER2-04: d? ynosnetBopsieT even Leibniz identity;

e TEST-ASS-05: ¢popmyna (10.7) mpoBepsieTcst Ha basis triples;

e TEST-LOCAL-06: restriction square KOMMYTHPY€T;

Kypnuwes Viean Bopucosud - KanmHuHrpag - 2026 | 134



BA30BbI MPOEKT KLT-RBD - TOM Il - NAPG 3.0 - v0.8

e TEST-GLUE-07: K_ij=0 Ha BCceX nepeKpbITHsX;

TEST-TOTAL-08: dopmysna (10.17) cornaziaeT ¢ mpsaMbiM D_tot%;
TEST-HODGE-09: star degree/sign convention 3adMKCHUpOBaHa;
TEST-CODIFF-10: 6_Hdg? npoBepsieTcsl, a He TIpeArioaraeTcs;
TEST-RANK-11: minors A_diff ceprudunyposansr;
TEST-COH-12: HAp BeIunC/IsIe€TCS TOMBKO Moce d2=0;
TEST-GATE-13: moboii blocker Bo3Bpamjaer ABSTAIN;
TEST-HASH-14: gannble, conventions u proof objects XelMpoBaHsbl.

L[]

81.2. NceBpoKopz,

INPUT family F_t=(Omega, product, d_N, delta_E, Hodge, reper, D)
CHECK degrees, domains, restrictions, conventions
COMPUTE L_d, d_NA2, delta_E”2, mixed defect
CHECK local-to-global gluing and Hodge compatibility
IF any required object is undefined: RETURN ABSTAIN
IF d_NA2=0: COMPUTE cohomology certificate
ELSE: STORE precomplex defect; DO NOT create H"p
BUILD Delta_diff from rank minors, domains, poles, bridge conflicts
IF full certificate and path avoids Delta_safe++:
RETURN NO_DIFFERENTIAL_TRANSITION_IN_MODEL
IF verified horizon crossing:
RETURN CANDIDATE_TRANSITION
RETURN ABSTAIN

82. [loKka3saTte/ibHble 0653aTe/IbCTBA, UCTOYHUKU U KOHTPOJIbHAsA
To4yKa v0.8

82.1. HoBble AoKa3aTesibHble 0653aTeNbCTBa

PO CopepxaHue Cratyc Bepaukr v0.8
i Ae
T2-PO-070 THH.H 3MPOBAHHBIH MyHOK €_N"+ 1t DEF-A orpe/ie/ieHO
partial product
T2-PO-071 Leibniz defect u graded derivation THM SaKPHITO
package
1 1 2
T2-PO-072 3aMKHyT.0CT§ derivations u d? kak THM s
even derivation
T2-PO-073 Associator differential identity THM 3aKpBITO
T2-PO-074 No-go: Leibniz re Bneuér d?=0 THM 3aKpBITO
T2-PO-075 Sheaf-locality u support property THM 3akphITO B sheaf sector
T2-PO-076 (Ci}liumg theorem /7151 T0KaBbHBIX THM e
T2-PO-077 Cech obstruction class u3 K_jj COND OPEN coefficient sheaf
T2-PO-078 Mixed internal/E compatibility OPEN He 3aKpbITO
T2-PO-079 Cert_E u I1_E well-definedness OPEN He 3aKpBITO
T2-PO-080 TGS c‘odlfferentlal usign COND JIOKa/IbHO 3aKPbITO
convention
T2-PO-081 Hodge decomposition Ha ctpatax ~ OPEN ananutrueckue blockers
T2-PO-082 Differential Reper certificate DEF-A/COMP crieluQUIIPOBAHO
T2-PO-083 Rank constancy u A_diff THM 3akpeITo finite analytic sector
Differential-safe predictive
T2-PO-084 theorem COND chopMynMpoBaHO
T2-PO-085 Banach/Hilbert extension OPEN He [T0CTPOeHO
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PO CopepxaHue Cratyc Bepaukr v0.8

HesaBucumeiii 3anyck DIFF-

T2-PO-086 NAPG

OPEN He WCI0J/IHeH

82.2. bubaunorpadpuyeckas CMHXpoOHMU3aLusA

[V0.8-1] The Stacks Project. The de Rham complex, Tags OFKF, 07HX. OnpezeneHusi yHUBepCaabHBIX
IuddepeHLaToB U KOMILIEKCA.

[V0.8-2] Cuntz, J.; Quillen, D. Algebra Extensions and Nonsingularity. Journal of the AMS 8 (1995), 251-
289. DOI 10.1090/S0894-0347-1995-1303029-0.

[V0.8-3] Dubois-Violette, M.; Kerner, R.; Madore, J. Non-commutative differential geometry of matrix
algebras. Journal of Mathematical Physics 31 (1990), 316-322.

[V0.8-4] Quillen, D. Superconnections and the Chern character. Topology 24 (1985), 89-95. DOI
10.1016/0040-9383(85)90047-3.

[V0.8-5] Dubois-Violette, M. Generalized differential spaces with dAN=0 and the g-differential calculus.
Czech. Math. J. 46 (1996), 765-787. DOI 10.1007/BF01690337.

[V0.8-6] Nijenhuis, A.; Richardson, R. W. Cohomology and deformations in graded Lie algebras. Bulletin
AMS 72 (1966), 1-29.

[V0.8-7] Hodge, W. V. D. The Theory and Applications of Harmonic Integrals. Cambridge University Press.

[V0.8-8] Kurpishev, I. B. Tom I v197 RU; Towm II T2-RP-v0.1-v0.7; PILOT-01. KaHoHMuecKue BHYTPeHHHE
HMCTOYHHKHY TTPOEKTA.

82.3. KoHTposibHasA Touka T2-RP-v0.8

Tunusuposane! BHyTpeHHui d_N, BHemnmii §_E, Hodge-
ciold, Leibniz defect, differential curvature, gluing defect
AOKA3AHO u mixed defect; JoKa3aHbI associator identity, d2-
derivation theorem u no-go /7151 aBTOMaTHUeCKOu
nilpotency.

Total complex, IT_E, Hodge decomposition u differential-
YCNOBHO safe predictive theorem [eiiCTBYIOT TOJIBKO MPH
Mepeyrc/IeHHbIX MOCTOBBIX U aHAJIUTHYEeCKUX TUIOTe3ax.

Coefficient sheaf gnst Cech obstruction, KaHOHMYeCKHit
OTKPbITO BHYyTpeHHe-BHellIHW bridge, Banach/Hilbert completion
Y He3aBUCHMBbII JOMEeHHbIH 3aIyCK.

HAp He onipezensietcst asis precomplex 6e3 d2=0; A=-1 He
rPAHULA ycrpansiet differential defects; dmsnuecknii craryc ITH.2
u F-1-F-14 He uameHEH.

truth_layer_promotion =0, checkpoint = T2-RP-v0.8, next = T2-RP-v0.9.

Cnenytoiijasi coopka tom2_v0_9 pa3BuBaert r71aBy 11: BHyTpeHHUM MUHUMAaJIbHBIN KOMILIEKC
C_min/s, §_min, ®_min, ero ¢yHKTOPHaIbHOCTb, KOTOMOJIOTUUECKUe HOCUTEIN U CTPOTUM
nHTepdelic K obstruction theory.

checkpoint=T2-RP-v0.8; source=T2-RP-v0.7; truth_layer_promotion=0; next=T2-RP-v(.9.
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