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PO.1 — /o HayaJia

3akpoiiTe rjia3a Ha MrHoBeHue. [lonpobyiTe npeAcTaBUTh cebe HUUTO. He TEMHOTY
— TEMHOTA 3TO He4YTo. He TUIIMHY — THUILIKHA 3TO HeuTo. He mycToe NpocTpaHCTBO —

IMPOCTPAHCTBO 3TO HEYTO. Huuro.
OTCYTCTBI/IE BCero, BKyito4ad caMoO OTCYTCTBHE.

Bbl He MOXeTe 3TOro cAesaTh. Ball pazym npojo/nkaeT MOPOXKAATb HEYTO, YTOOI
3aMOJIHUTH MYCTOTY. ITa HECIOCOGHOCTh — He MPOBaJl BOOGpaXKeHHs1. ITO MepBas

no/CKa3Ka.

HauHuTe ¢ HU4ero. He ¢ mycToro npocTpaHCcTBa, He ¢ BAKYyMHOM QJIyKTyalUH, He C
KBAaHTOBOTO 10JI1 B OCHOBHOM COCTOsiHUHU. Huuero. Hu TomoJsioruy, HU pa3MepHOCTH,

HHU BpEME€HH, HHU Ha6JI}OAaTe.IIH. HYCTOG MHOXKeCTBO: @.

@ — 5TO He MecCTO. Y Hero HeT CBOMCTB, KOTOPbIe MO>KHO onucaTb. Ho oHO He

6eccBsI3HO. MaTeMaTHKa HAYMHAETCS C MyCTOTO MHOXKECTBA U CTPOUT U3 HETO BCE.

Teoprs MHOXeCTB KOHCTPYHUPYET LieJible YUCJIa, BelleCTBEHHbIe YUCJIa, TOMOJOTHIO U
B KOHEYHOM CY€Te CTPYKTYpPbl, KOTOPble PU3UKH UCNOJIb3YIOT AJS1 ONMCAHUSA

BcesienHom.
Bonpoc He B TOM, peasbHO i1 @ — Ha 3TO Bbl OTBETUTHb HE MOXKeTe.

Bonpoc B ToM, UMeeT Jiv Nlepexof, oT @ K CTPYKType onpefie/éHHy0 GopMy — U

OCTaBJIAET JIK 3Ta (bopMa cJjeabl B TOM, YTO MbI Ha6moaaeM.
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PO.2 — Pazsiom

Bbl BUe/11, Kak HapyliaeTcsa cuMMeTpus. CTakaH najgaet co croJa. /lo nageHus Bce
HallpaBJieHUs paBHOBepOATHHI. [locsie nazieHUss 0HO HalpaBJeHWEe aKTYyaJIbHO.

CTakaH He MOXeT ynacTb 06paTHO.

[lepBoe passinyeHre ABOUYHO. U3 @ — fBa 3HaueHUA B UJeaJIbHOM paBHOBecuu: 1.1
Ewé He yucaa — JiMillb MUHUMaJIbHO BO3MOXKHas1 AudpepeHuuanus. Pasziom B

Hepa3guddepeHIMPOBAaHHOM MOTEHLUAJIE.

OpHa ctopoHa — otcyTcTBUe (O), apyrasg — npucytctBue (1). Ho ugeanbHoe

paBHOBecHe — 3TO He CTPYKTypa.

CprKTypa Tpe6yeT HaWMeEHbIIEro BO3MOXHOI'O BO3MYIIEHHUA — OTKJIOHEHHUA OT
CUMMETpPHHU HACTOJIbBKO MaJioTro, 4YTO OHO HEe MOTIJIO Obl ObITH MEHbIIIE U IIpHu 3TOM

cyuectBoBaThb. Ha30BéM ero €.

Passiom — 310 He npocto O U 1; 3T0 1:1 + Ixe. ITO aKCHOMA, U3 KOTOPOH CJIeAyeT

apryMmeHT. 3To He PU3HUUYECKOE COOBITHE.

3To CTPYKTYypHOE Ha6mo,n,e1-11/1e: HpOCTEfIIJ.IEG, 9TO MOXKET HpOI/IBOI‘/JITI/I C HU4eM — OHO
CTaHOBUTCA AByMd BellaMH, U HpOCTEfIIJ.IEG, 9TO MOXKET HpOI/IBOI‘/JITI/I C AByMA BelllaMH

B PAaBHOBE€CHUH — paBHOBECHE HapyliaeTCAd.

Ha3oBéM O-cTopoHy opueHTalMeld. ITO OCTATOK TOr0, YTO He ObLJIO BbiIOpaHO, PpOH, HA

KOTOPOM omnpeiesisieTcs npucyTcTBre. Ha3oBéM 1-cTopoHy akTyaau3sanuei.

3To QaKT 3allUCU — TO, YTO HEYTO, @ HEe HUYTO, OblJI0 3adpUKCUPOBaHO. BosmyleHue €

— TO, YTO CO3/IaéT pa3/inuue Mex/y MOTEeHLMaJIOM U 3alUChIO.

be3 Hero o6e cTOpOHBI HepPa3JIMYUMbl U HUKAKOM CTPYKTYpPHI HE CYLeCTBYyeT.
[IpyHUMIIMANBHO: Pa3JIOM He pas/iMyaeT JABe NpeJCyLeCTBYOLHe CTOPOHBL Jlo €

CTOpPOH HET.
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Paziom COBﬂaéT CTOpPOHBI, HApylIad CUMMETPHIO0, KOTOpadA AeJiaja UX
Hepa3JInYuMbIMH. ((OpI/IEHTaLU/IH)) N «KaKTyaJiu3anuda» — CJIeJCTBUA Pa3JioOMa, d HE ero

npeayCJ0BHUSL.

[IpyHUMNIMA/IBHO: aKTya/In3alysl — He IPOCTO MeTKa Ha OJHOU CTOPOHe pasJjioMa. ITO
M3MepeHue — CTelleHb CBOOO/bI, CTOJIb e peaJibHas, KaK JIl060e MPOCTPaHCTBEHHOE

HaIllpaBJIeHHWe, KOTOpO€ BO3SHHUKHET I034Hee.

Ecan MHOI‘OO6paBI/Ie HUMeeT TPU NPOCTPAHCTBEHHbLIX U OAHO BPpEMEHHOE€ N3MEPEHHE,
AKTyaJIM3aluud — nAaToe: U3MepPEeHHue BO3MOXHOCTH, U3 KOTOPOT'O 3allMCH BHOCATCA B

YyeThIpe.
XoJICT He MeHee peaJieH, YeM KapTHHA; OH TO, YTO JleJIaeT KapTUHY BO3MOXKHOM.

O-cTopoHa (opueHTanus) U 1-cTOpoHa (aKTyasiM3alMsi) He HaX04SATCA BHYTPHU
MHOroo6pa3usi. MHoroobpasue HaxoAUTCS BHYTPH HUX. Kaxkas 3anuch

IMPOU3BOAUTCA U3 UBMEPEHHNA aKTyaJIM3allUH B MHOI‘OO6paBI/Ie.

JTo HabJ/IOAeHHE CTPYKTYPHOE, a He popMasibHOE; OHO pa3pabaTbiBaeTCs
onepanuoHasibHO B CTaTbe A (rge AS onpejesisieT KOJIMYECTBEHHO JBUXKEHUE B/I0JIb

3Toro udMepeHus) u GopMajibHO B pa3MepHOCTHOM aHasiu3e AP10.

Paznom 6633By‘{6H. Hukakas JHEeprud He BbICBO60)KﬂaeTCH, IIOTOMY 49TO 3HEpPrud emé
He ollpeaeJsieHa. Hukakoiu Ha6.HI-O,HaTeJIb €ro He peructpupyet, IOTOMYy 4TO

perucTtpanus TpebyeT CTPYKTYpbl, KOTOpas elLié He CyIlecTBYeT.
CMMMeTpusa HapyllaeTcs, U HeT HUKAaKoro 3ByKa. JTO 6e33BYyUYHbIN XJIOMOK.

To, uTo cneayeT — pacliupeHue CTPYKTYpshl, AuddepeHnanus cui, BOSHUKHOBEHHE
IPOCTPAHCTBAa-BpeMeHU — 3TO bosiblioi B3pbIB. be33By4YHbIN X/I0NOK NpeJuecTByeT

eMy: pa3JioM, KOTOPbIH JieslaeT B3PbIB BO3MOXKHbIM.
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PO.3 — IlepBaa cuia

Passiom He naccuBeH. OH 4TO-TO Jes1aeT. Bl 3HaeTe 3TO U3 ONbITa — KaX/bl¥ pas,

KOraa paBHOBECHE HapyllaeTCd, 3a 3THUM CJIeAyeT ABHUXKEHHE.

Ecav cTpyKTypa MOXKeT BO3HUKHYTb W3 MOTEHIMaJIa, IePBbIA BOMPOC: YTO
ornocpeayeT nepexoj Mexay HUMU? KakoBo B3aUMO/IefICTBHE MEXYy
aKTyaJIM3MPOBAHHOM CTPYKTYpoOU U HepasauddepeHIIUPOBaHHBIM GpOHOM, U3

KOTOpPOTro OHAa BO3HUKJIA?

['paBuTanus 06J1ajaeT YHUKaJIbHBIM CBOMCTBOM Cpe/iu U3BECTHBIX CUJI. OHa
YHHBepcaJbHa — B3aMMOJEMCTBYeT CO BCeM IHeprueu, a He TOJIBKO €O
cneqrdryecKUMHU 3apsagamMu. OHa HeaKpaHHUpyeMa — HeT IPaBUTALMOHHOTO

M30J1ATOpa.
W ona Bcerpa npuTAruBaeT — CTATUBAaeT CTPYKTYpy BMeCTe, a He pa3zesiseT Ha BUJBL.

T CBOWCTBA JeJIal0T IPaBUTALMIO €JMUHCTBEHHbIM U3BECTHBIM B3aUMOJENCTBUEM,
KOTOpPOEe MpPaB/0No060HO MOXKET CAY>KUTh NePBbIM NOCPEJHUKOM MEXAY

IuddepeHIIUPOBAHHON CTPYKTYpOU U HepasaudpdepeHIIMPOBAaHHBIM GPOHOM.
9TO He BbIBO/I,.

3To CTPYKTYpHOE Ha6mo,n,e1-11/1e: €CJIM BaM HYy?>KHa OJHa CHUJId, KOTOpad BO3SHHUKHET
nepBoﬁ, H 3Ta CHJIa A0JI?2KHa BBaHMOﬂep'ICTBOBaTb CO BCE€M, 4YTO CyuieCTByeT IMpoCTO B

CHJIy CBO€ETO CyleCTBOBAaHUA, TPAaBUTALlUA — eﬂHHCTBeHHbIﬁ KanaguaarT.

['1y60KO /1M 3TO HabJIIOJeHHe UJIU CIy4YalHO — UMEHHO TOT BONPOC, KOTOPbIH

HEBO3MOHO PEHINTb dpryMeHTOM.
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P0.4 — HakomieHue

BbI HHUKOrJja He OTMEeHAJIM HU OJHOI0O M'HOBEHHA. Hu O HOT 0.

Kak To/1bKO pa3/ioM NpoU30LEN U CTPYKTypa HAYUHAET aKTyaJM3UpPOBaThCS, MPOLeCC
npuoOpeTaeT HanmpaByeHUe. 3anMcu GOPMUPYIOTCH. AIbTepHATUBbI UCKJIIOYAKOTCA.

Heo 6paTI/IMOCTb HaKallJInBAeTCA.

3To BEPXHAA IOJIOBHHA IMECOYHBIX YaCOB: IOTEHIIHAJI npeo6pa3yeTCH B 3alUCh, O-

CTOpOHA NepeTeKaeT B 1-CTOPOHY.

dopMasibHas BepcUs 3TOTO Mpoliecca — BO3pacTaHHe COCTOSIHUA aKTyalu3aluu Npu
Jekorepupytoiei guHaMmuke (Ctatbs A, Teopema T1). Ho UHTYyuULIMS npe/llieCTBYET
dbopmanusmy. BcesrenHas, ofHax /bl Ha4aB AU PepeHUPOBATHCS, He

neauddepeHIIUPyeTCs CIIOHTAHHO.

3anucy, ofHaXbl chOpMUpOBaBIIKECs, He pacdopMupoBbiBaloTcs. CTpesa

CTPYKTYpPHA, a He TePMOJUHAMUYHA — XOTS TEPMOJAMHAMUKA HaCJeAyeT eé.

B xo/1e HaKoM/JIeHUS AOCTYIHOE MPOCTPAHCTBO /ISl HOBbIX 3alIUCEN OOIIMPHO.
BeTBJieHUe fé11eB0. AIbTEPHATUBbBI MHOKATCS. S/1po Ku3Hecrnocob6HocTH (CTaThs A,

Onpegenienve D7) BeJIMKO OTHOCUTEJIbHO 3aHATOrO COCTOSIHUS.

AreHTHOCTb B TEOPETHUKO-yIpaBieH4eCcKOM cMbicie CTaTbu C 6JiM3Ka K MAaKCUMyMY.

ECTb NpOCTPaHCTBO /11 MaHEBpa.
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PO.5 — Hachilenue

Bcé 3anosnHgeTrca. Bam xécTtkui fuck. Bame tTepnenue. BeceseHHast.

HakonuieHre He MOXKeET NpPoJio/KaThCs 6e3 npefesa. Kaxas 3anuch noTpebJisieT
éMKOoCTb. Kaxk/1asd akTya/iM3anus UCK/I4YaeT aJlbTepHATUBEI. Aapo
»KM3HECIOCOOHOCTU CxkuMaeTcs. [loBepxHOCTh HeBo3BpaTa (CTaThs A, OnipegeneHue

D9) npoaBuraeTcs BHYTPb.

HacelieHne — cocTosiHue, IPU KOTOPOM EMKOCTD /IJIsi HOBOTO BETBJIEHHS 3aIIMCEBOU
CTPYKTYpbI NpUGJIMKaeTcs K Hy 0. CcTeMa 3adUKCHpOBasia MOYTH BCE AOCTYIHbIE

CTelleHH CBO60,Z[I:I.

HoBasa nuddepenyuanusa TpebyeT nepepaboTKU CTapOX CTPYKTYpPbl — HO

nepepaboTKa TpebyeT 3Hepruu, NOAYMHEHHON TEM Ke OrpaHUYEeHUSIM EMKOCTH.

YépHble fbIpbl — KpalHee Bblpa)keHHe HacbleHus. OHU NpefCTaB/SIT COCTOHUSA
MaKCHMaJIbHOW IPaBUTALMOHHON PUKCALLMU — KOHPUTypaLUK, U3 KOTOPbIX HUKaKas

JlaJibHel1asi BHyTpeHHAA AuddepeHLIMaLUA He JOCTYIIHA BHEIIHEMY areHTy.

Ha a3bike CTaTbu A OHM FJIY60KO BHYTDPH bacceliHa 3axBaTa: COCTOAHHA, N3 KOTOPbIX

BbIX0/JI HEBO3MOXKEH IIPpH JIIOOBIX AOINYCTUMBIX yIIPABJIEHUAX.

OHM He KHONIKHU nepe3arpy3ku. OHY KOHeYHble TOYKH IpoLecca HaKOMJIeHHUS.
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P0.6 — IloBopoT

3/1ecb NOBECTBOBAHKE BCTyINAeT HA TEPPUTOPHIO, KOTOPYIO Bbl HE MOXKETE MPOBEPUTH

— IOKa. JlepKuTe 3TO JIerKo.

HOBOpOT — HauboJiee CHEKy.HHTPIBHbIﬁ 3JIeMeHT NoBecTBOBaHHUs. OH BKJIIOYEH,
[IOTOMY 4YTO BOIIPOC — 4YTO IIPOUCXOAHUT, KOI'Ja HAKOIIJIEHHE SaBepLHEHO? —

Heu30eXeH, ec/ii IPUHUMATh apTyMeHT BCepbés.
OH BKJIIOYEH He NIOTOMY, YTO €CTh CBUZETEJNBLCTBA B €r0 M0JIb3Y.

ConyTtcTByo1ui fokyMeHT, ApTUCT [Ipyd O3: ['MnoTesa net.iy, pa3BuBaeT 3Ty
CIEKYJIALMIO B pOpMaJIbHYI0 FUNOTE3y C ABHBIMU YCJI0BUAMHU PanbCUPUKALMU. 31 eCh

— HHTYHWL U, IpeJuIeCTBOBABIIAA 'MIIOTE3E.

HpI/I HaCbIII€HWHW BEPHBI [BaA IMOJIOXKEHHA. BO-HepBbIX, BCS1 EMKOCTb H3pacxogoBaHa:

aanbﬂeﬁmee BeTBJIEHHE HEBO3MOXHO.

Bo-BTOpBIX, BEICTpOEHHAsI CTPYKTYpa peajibHa — OHA COCTOUT M3 HEOOPATHUMBIX

3armceﬁ, KOTOpbI€ HEJIb3d OTMEHUTbD.

BOl'IpOC — CyleCcTByeT JIM JOIIyCTHUMOEe npeo6pa303a1—me, BOCCTaHaBJ/IMBawlIee

€éMKOCTb 6e3 HapyluieHHud HeO6paTHMOCTH CYIeCTBYHOIIUX 3anucen.

Cratbs A paccmaTpuBaeT 3TO B Pa3ziesie A6 Kak ONLMOHAJIbHbINA MOJYJIb.
dopmMasibHbIE YCI0BUSA: OTCYTCTBHE OTMEHbI PeaM30BaHHbIX BbIOOPOB, OTCYTCTBUE
06x0/1a MexaHH3Ma CeJIeKIIMU U BOCCTaHOBJIeHHE 3P PEKTUBHON pa3MepHOCTH

anre6Gpbl 3aMucei.

KoHdpopMHoe nepeMacimiTabupoBaHrve — npeobpa3oBaHUe, HEUYBCTBUTEJIbHOE K
abCoIIOTHOMY MaclITaby — OJUH KaHJW/IAT, Y/OBJIETBOPSIOUUN 3TUM YCJIOBUSAM MPU

3KCTPEeMaJIbHOM pa3peKeHHUH.
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B 0o6uiell TeOpUK OTHOCUTEJNBHOCTH CYLIECTBYET CTPYKTYPHOE COOTBETCTBUE MEXY
BHYTpPEHHeH reoMeTpuel KoJlJlancupyloued KOHQUrypauuy Npyu MakCMMaJlbHOM

CKaTHUM U TeoMeTpHrel pacluupsolleics KoHQUrypanyuu B eé HavaJie.

JTO COOTBETCTBHUE — HE BpeMeHHa’F{ nmocyie0BaTeJIbHOCTb, a TeOMEeTpHUYIECKOoe
TOXAECTBO: iBa ONMMCAHUA MOT'YT OTHOCUTBLCA K OAHOﬁ CTPYKType, HquHTaHHOﬁ C

pa3HbIX CTOPOH.

®uU3HUYEeCKH JIU peasiM30BaHO 3TO TOXAECTBO — BMHI/IpI/I‘-IeCKI/II‘;I BOIIPOC,

paccMaTpyUBaeMbld B COMYTCTBYIOLEM JOKyMEHTe.
VHTYUTUBHBIN 006pa3 — JHO Neco4YHbIX 4acoB. [lecok HakonucA. Kosba nosna.

Ho fHO nmecoyHbIX 4acoB — TaKXe Bepx C/eJyILIMX — He N0TOMY, YTO 4achl
IepeBepHyJIH, a IOTOMY, YTO FeOMeTPUA IPU MaKCUMaJbHOM CKaTHUHU CTPYKTYPHO

MJleHTUYHa TeOMeTPHU B HavyaJle pacliMpeHHUsl.
CTapble 3alMCH OCTAIOTCA PaHUYHBIMM YCJIOBUSAMH. EMKOCTh 06HOBJIAETCA.
CTpyKTypa NpoJ0JKaeTcs C HETPOHYTOM MpexXHeN 3alUChIO.

HpOI/ICXO,Z[I/IT JIX 3TO Ha CaMOM JeJjie — BOIIPOC, Ha KOTOprI‘/JI I,[I,?:lHHbIIt/'I APryMeHT

OTBETHUTDb HE MOXET.

JTO OTMeUY€eHO 3/1eCh, IOTOMY YTO CTPYKTypa apryMeHTa JieJlaeT BOIPOC KOPPEKTHO
MIOCTaBJIEHHBIM, U [TIOTOMY YTO UHTEJJIEKTya/IbHAasA YECTHOCTb TpeOyeT MPU3HABATh,

rae MHTynud BbIXOAUT 3a MpeJesibl (l)OpMa.HI/IBMa.
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PO.7 — IleT)1a

Ec/u CTpyKTYpHOE TOX/IECTBO BBINOJIHSETCS, IPOLECC HE IUKIUYECKU BO BpEMEHH,
a UJIEHTUYHbIM B reOMETPHUU: C)KaTUe = Havaso. Kaxk/iasa cTopoHa HacsieyeT

3aMUCEBYI0 CTPYKTYPY APYroil Kak rpaHU4YHOe ycaoBue. HUUTO He cTHpaeTcs.

[leTnsa — He INOBTOpEHHE, 3TO CTPYKTYypa C NaMATHIO, IPOYHUTAaHHAA IIO-Pa3HOMY C

Ka)KAOI‘/JI CTOPOHBI TOXK/EeCTBA.

Haub6osiee npoBOKallMOHHOE NPOYTEHHE 3TOU CTPYKTYPhI: BCceJleHHas
OIepalMOHa/IbHO OllpeJesIieTCs CBOer 3allMCeBON CTPYKTYypOU. 3alucCH,
NOPOX/AEHHBIE aKTya/IM3alMel, COCTaBAAIT eJMHCTBEHHOE CBU/eTeJbCTBO TOr0, YTO

BOOOIIIe YTO-JIM60 MPOMU30ILJIO.

BcenenHast 6e3 3anuceit HeoTJiMuMMa oT @. BcesieHHasi ¢ 3alMCSIMU — 3TO TOYHO U

TOJIBKO 3TH 3allHMCH.

Takue TEPMHUHBI KaK KCBUAETEJIb» HJIN ((Ha6JIIO,LLaTb)), €CJIM HUCIIOJIb3YKOTCA B APYIrOM
MecCTe NMoBeCTBOBAaHHA, O3HAYAKOT TOJIbBKO CI)OpMPIpOBaHI/Ie 3allMCu — He CO3HaHHue, He
BHYTpEHHI/Iﬁ OIIbIT, HE CY6'I)eKTI/IBHOG OCO3HadHHeE. Xpe6eT He IIPUBJIEKAET HHU OJHOTI'O

U3 3TUX NMOHATUH.

3/1ech 3aKaHYUBAETCS UHTYULMSA XyJ0)KHUKA U HAUMHAeTCs AUCHUIIMHA QU3MKa.
[IpeauwecTBytoue naparpadppl — UCTOPUS, CTPYKTYpPHAsA UCTOPUS, OTPaHUYEHHas

nocJjeAywlnerd MaTeMaTUKOW, HO TeEM He MeEHee UCTOPHS.
HcTopuu He UMEKT UCTUHHOCTHBIX 3HAaY€HUU. Y HUX eCTb CBI3HOCTb U MOCJ€eICTBUSI.

[TocsencTBUSA 3TOM UCTOPUU — YETBIPE CTAaThU, KOTOPBIE CIAEAYIOT JaJjiee.
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P0O.8 — I'mnoTe3a 06 3Heprum U aKTyavu3anuu

Cnenyroliasi TMIIOTe3a COXpaHeHa JJIs1 UCTOPUYECKOW MoJIHOThL. OHA He SIBJISIeTCS

TeKyIlIMM YTBepXXJeHUueM apryMeHTa.

[Tocnenywomas padora (APO3: 'MnoTe3a neT/iv) ykasblBaeT, YTO OHA, BEPOSTHO,
chopMysIMpOBaHa HEBEPHO: CUCTEMBI DU MAaKCUMaJIbHOM CXKaTUH NPeACTaBAAIT
COCTOSIHUSI MaKCMMaJIbHOM KPYNHO3E€PHUCTOW SHTPONMUHU, a HE MUHUMAJIbHOTO

JHepreTu4eCKoro BKJ/azaa.

'mnoTesa BKJIIOYEHA, IIOTOMY 4YTO OHa OblLIa HCXOAHBbIM KOMIIAKTHBIM BbIPpaXX€HHUEM
HHTYUIHWH apIr'yMeHTa, U IIOTOMY 4YTO MHTEJ/IJIEKTYydJIbHAA YE€CTHOCTb Tpe6yeT

COXpAaHEHHUA 3allkMCH O TOM, YTO ObLI0 NpoAyMaHO A0 HMCIIPpABJICHHUA.

IlIpocTeiiiee Takoe cooTHowenue: E = mc? x AS, rae AS € [0, 1] — cocTosHue

aKTyaJu3anuy, onpegenénHoe B CtaToe A.

[Ipu AS = O 3anuceBas CTPYKTypa He CyleCTByeT U CUCTeMa He BHOCUT BKJIaJia B
JHepreTUYeCKUU OI0/PKeT aKTyaJM3UpPOBaHHOM peasibHOCTH. [Ipu AS = 1 cuctema

MaKCHUMaJIbHO aKTYaJIM3UPOBAHA U BCA MACCO-3HEPTHUA SaCl)I/IKCI/IpOBaHa.

I/ICXOL[HaH HHTYUIUA: PEAJIbHOCTb He /JaHa, a 3aC/IyXXeHa — 110 OAHOﬁ HeO6paTHMOﬁ
3allMCH 3a pas3. JTa HWHTYWUIUA BbI2KMBaAET, JdXe €CJIN JdaHHad KOHKpEeTHasA

bopMysIMpoBKa — HeT.

['unoTtesa He MOSABJAETCA U HE yYIOMHUHAETCSA HU B OJJHOM U3 4eTbIPEX GpopMabHbIX

craTeil. XpeOeT He 3aTparuBaeTcs eé CTaTyCoOM.

19



PO.9 — MocrT K xXpeoTy

[Ipeapiayive pas3iesibl ONUCBIBAIOT UHTYUIMIO. ClleyIolie YeThIpe CTaThU
dopmManu3yoT HAbop Cle[CTBUNA, COBMECTUMBIX C 3TOM UHTYULIMEH, HO HE 3aBUCSIIUX

OT Heeé.

Hu onHo onpeneneHue, TeopeMa, yTBepxkaeHue uiu panbcudpukatop B Ctatbsix A-D

He TpebyeT Huuero u3 Ctatbu 0. XpebeT camonoep>KUBarOLIUICS.

CraThs A omnpeje/seT COCTOSIHME aKTya/IU3alMM KAaK ONepanyuoHaJIbHYI0 Mepy
HeOOpaTUMOCTH 3alMCeBOM CTPYKTypbl. OHa AOKa3bIBaeT, yTO AS Bo3pacTaer
NpHU AeKorepupymwilei JUHaAMHKe, yCTAaHABJIMBAaeT MOBEPXHOCTU HEeBO3BpaTa U3

OrpaHMYEHHOH €MKOCTH M onpejeseT ¢paibCUPUIUPYEMbIE TECThI.

OHa He 3aBHUCHUT HU OT 4Yero, KpoMe CTaHﬂapTHOﬁ KBAaHTOBOUW MeXaHUKHU U Teopuu

KU3HECIIOCOOHOCTH.

CtaThs B XxapakTepusyeT ce/IeKIUI0 — NepexoJ, OT MHO>KEeCTBEHHOCTH K
onpeAe/éHHOCTU — KaK 3aTpaTHbINM, OTPAaHUYEHHBIA MO0 CKOPOCTH MpoLecc
UCKJKYeHUs.. OHa BBHIBOAMT CTPYKTYPHbIe TPeOGOBaHUSA U PaibCcuPuLpyeMyro

rpaBUTALMOHHYI0 OLEHKY CKOPOCTH.
OHa 3aBucut ot CtaThbu A ¥ HU OT 4ero 6oJee.

CtaThs C pa3BUBaeT areHTHOCTb KaK TEOPETUKO-YNPaBJI€HYECKYI0 BETUYNHY:
AOJIK0 Sipa »KU3HECNOCOOHOCTH, JOCTHKUMYI0 U3 TeKylleil No3uLuu npu
AOMyCTUMOM ynpasjeHuHd. OHa popmasimsyet gpend, yrTomieHue, CBA3AHHOCTb

U BbIXOJ, KaK CJIeACTBUA HEOOpaTUMOCTH.
Ona 3aBucut ot Ctateli A u B 4 HU OT 4ero GoJiee.

Cratba D pacliupsaeT CBA3dAHHOCTb HA MHOT0AreéHTHbI€ CUCTEMbI B 06]J.U/IX
OrpaHUYUTE/IbHBIX CpeJaX. OHa BbIBOAUT CTPYKTYPHYIO (l)mlepaumo,

Hepapxuo, Koonepanumo U CaAcpXKHUBaHUE KaK reoMmeTpuyeckKue CjieacrBusd.
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Kanc,aaﬂ BJIaCTHAdA CTPYKTYypa, C KOTOpOﬁ BbI KOI",C[a-.HI/I6O CTaJIKMBAJIMCb — KaX/Jad
Hepapxmud, Ka)K,Z[beI COI03, KaxKJad yrpo3a — UMeeT 3Ty reOMeTpHuIo HEO6paTI/IMOFO

JAperida B ocHoBe. OHa 3aBuUcHUT OT CTaTel A, B u C 1 HU OT 4ero 6oJee.

Kaxgaa craTesd He3aBUCHMMO Qasibcuuuupyema. Bel MokeTe YHUUTOXKUTD J00OYI0 U3

HHX. Kamaaﬂ COAECPNKUT ABHBbIC YC/IOBUA, IPU KOTOPLIX OHA TEPIHUT HEyaady.

U,el'[b 3aBHUCHMOCTH OJJHOHAIIpaBJIeHA: KpaX D He O6eCLleHI/IBaET C, Kpax C ne

obecuieHuBaeT B, kpax B He obecuieHuBaeT A.

21



CTaThbU CTOAT WIM HAAAIOT HA COOCTBEHHOM

JIOTUK€, HE3dBUCHUMO OT MOTHBUPOBABLIET0 UX

IIOBECTBOBAHMUA.

B cuMBoOJIM4ECKON HOTALUHK, MOTUBUPYIOILEH popMasibHOE pa3BUTHE:

3anuche — 3TO COCTOSIHHE dKTyaJIN3alluHn HeO6paTI/IMOI‘O COOBITHSA HapyleHHudA

CUMMETPUH, IPUMEHEHHOTO K BaKyyMy.

— rje @9 — Hepa3guddepeHnpoBaHHbId noTeHan PO.1, a Crack — Hapyaomun
cUMMeTpHuIo passioM PO.2. 3Ta HoTanusa obpasHas, He popmMasibHas; CTaTbsa A

ornpejesideT BCe BEJIMYHUHDBI OllepallhnOHAJIbHO.

Konern Cratbu 0. Hepanbcudpuupyema - CTpyKTypHOE OBECTBOBaHMeE - 3aBepllieHa

22



Cratpda A

CocTrosiHHe aKTyaausanuu OnepanuoHa/ibHasA Mepa HEOGPATHMOCTH CO

CTpYKTypou 3anuceii CnpaBoYHbIN JOKyMeHT - KaHOHMYeckuit

CtaTbhs A BOCIPOU3BOJHUTCS MOJIHOCTBIO HA CJeAYIOIIUX cTpaHULax. OHa —
ocHOoBaHHUe xpe6Ta. OHA He 3aBUCUT HU OT 4Yero, KpoMe CTaHAAPTHOW KBAaHTOBOM
MeXaHUKHU U TeOPUHU KU3HEeCoCcoOHOCTH. Bce nocsenytoniye craTbu HaCJAeAYIOT OT

Heeé.

CoctrosiHue akTyaausanum (AS) OnepanuoHa/JibHasi Mepa HEOGPaTUMOCTH CO

CTPYKTYpOU 3amnucen
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AO® — BBoaHas yacTh
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AO.1 — TurtysibHBIN OJIOK U pedepar
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3arjiaBue

CocTtosinue akTyanusauuu (AS): onepanoHasibHasi Mepa HEOOPATUMOCTH CO

CTPYKTYypOU 3anuceun

Bbl uhTaeTe 3To npejJioxkeHue. ITo 3anKcb. POTOHBI ONAIM HA CETYATKY, HEUPOHBI

BO30Y/AUJINCh, TATTEPH ObLI pacrno3HaH. CoO6bITHE He MOXKET NPOU30MTH 06pPaTHO.

JTa cTaThd CTPOUT UHCTPYMEHT OJid UBMEPEHHA TOro, KakK JaJIEKO 3allléJ1 3TOT
nponecc — 1M A0Ka3bIBA€T, YTO IIPHU OHpe,Z[eJIéHHbIX YCJIOBHAX OH MOXET UATHU TOJIBKO

B OAHOM HallpaBJIEHHH.
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Pedepar

CocTtosiHMe akTyanu3auuu (AS) — onepayoHaJbHasg Mepa He06paTUMOro

dbopMHpoBaHUS 3aMKcell B KBAHTOBbIX CUCTEMaX.

AS onpejiesisieTcsl OTHOCUTEJNbHO PU3UYECKH peaTu3yeMbIX KPYITHO3EPHUCTBIX
pa3bueHui, UHYLIMPOBAHHBIX B3aHMO/IeICTBUEM CHUCTEMBI C OKPY>KeHUEM, U
KOJINYeCTBEHHO OIpeJiesisieT CTelleHb, B KOTOPOW B3aWMOMUCKJIIOYaoLe

KJIaCCUY€CKHE aJIbTEPHATHUBLI CTaJIN YCTOI‘/JI‘-II/IBIJIMI/I.

Peub UAET 0 JOCTUXKUMOCTU — O TPaHHUIlE, 32 KOTOPOU Bbl HE MOKET€e BEPHYThCS, YTO

ObI HU JeJajIH.

CTaTbsl yCTaHABJMBAET KPUTEPUH, IPHU KOTOPbIX AS KOPPEKTHO OIpesiesieHo,
onepanyMoHaIbHO HHBAPUAHTHO U paibcuPUIMpyeMo, U 10Ka3aTeJTbCTBO
MOKa3bIBaeT, YTO AS MOHOTOHHO HeyObIBAEeT NPH JAeKorepupyolieit, opMupyolien

3alMCU AUHAMHUKE B TOUYHO OINpeeJEHHON 06JIacTH.

Jlanee BBOAUTCA He 3aBUCALIAs OT MPeJMETHON 06J1aCTH TeopeMa HEBO3BpaTa,
MOKa3bIBaloIlasl, YTO OTPaHUYEeHHass EMKOCTb MOAJep>KaHUsI reHepHUYeCKH
HHAYLUUPYET HEOOPATHUMYIO NMOTEPI JOCTHXXUMOCTH, HE3aBUCHMO OT KBAaHTOBOM

MEXaHHWKH UJIK T'PABHUTALNHA.

BMecTe 3T pe3y/ibTaThbl NPeOCTaBASAIT PpasbcudUIMpyeMbli, He 3aBUCALUN OT
MHTepHnpeTauuu KapKac, MU30JUPYOIUHA HeobpaTuMoe GpOpMUpPOBaHKe 3alUCeN KaK
M3MepUMbIH pU3NYECKUH NPOLLecC, He3aBUCHMBbIM OT KOJIJIallCca, TPaBUTAL MU WU

CO3HAHHA.

Bam HY>XXHbI TOJIbKO U3MEPEHHUA. Hu mexaHu3m KoJljialiCa, HU rpaBUTAllMOHHAA

ruioTe3d, HU KOCMOJIOTHY9eCKOo€e AOIYIIeHHNe He ITPHUBJIEKA0TCA.

ApI‘YMeHT HN30JIMpyeT OHpeﬂeJII/ITeJIbeII‘/JI H TeOpeMHbeI CJIOH, H606XOLLI/IMbIe A1

JIIDOOM MOCeyIOled TEOPUH CEJIEKIIUM UJIU OTIPEeIe/IEHHOCTH.
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AO.2 — YTO0 3Ta cTaThda AeJiaeT M 4Yero He

aeJjiaer

OHa paesiaet: onpejenseT AS kKak ¢pu3nyeCcKd 3HAYUMYH Mepy HeEOGpaTUMOro
dopmupoBanusa 3anucei. /loKkasbiBaeT Bo3pacTaHue AS npu Aekorepupymoiiei
AuHaMuKe (Teopema T1). YcraHaB/IMBaeT NOBEPXHOCTH HEeBO3BpaTa U3

orpaHuYyeHHOH éMKocTH (T2). Onpegensaer panbcuPUKaTOPhI.

TpebyeT onepanoHaJbHOM UHBApUAHTHOCTH — W TMOHET, eC/IM TpebOBaHUEe He

BhINoJIHSIeTca (Pa3mbikaTesb FO).

OHa He JeJIaeT: He NMpejJiaraeT MexaHU3M KoJuianca. He BBIBOAUT NpaBuJio
BopHa. He ane/utdpyeT K rpaBUTanii Wik KocMosioruu. He pemaer npo6siemy

HU3MEPpEHHUA. He 06bsAACHAET cO3HAHMeE.

Pasgenbl AO-A3 camogocTtaTouHbl. Pasaenbr A4-A5 106aBaAI0T HE3aBUCUMO
danbcudunmpyembie noctyaatel. Eciu A4-A5 TepnaT Heygady, AO-A3 He

3aTpParuBarOTCA.
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A1 — [IocTaHOBKa 3aaa4H
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A1.1 — [Ipo6/s1ieMa aKTya/IM3aliuu

Bel HUKOTZja He nlepeXXUBa/Iv Cyleprno3unuio. Kaxxoe MrHoBeHUe Balllel »KU3HU

ObLIIO OHpeAeJIéHHbIM — 3Ta KOMHATA4, 3TOT CTYJI, 3TO IPEAJJIOXKEHHE.

O,E[HaKO KBAHTOBAA ME€XdHHWKa YTBEPXKAAET, YHTO A0 U3MEPEHUA CUCTEMBI CYILIECTBYIOT
B Cylleprno3ngudax BCEX BO3MOXKHbBIX NCXOJ0B. HeuTo coeJUHAET «BCE BO3MOXHbIE» U

«OJIMH aKTyaJIbHbIN». DTOT MOCT — NpeAMET JaHHOW CTaThbH.

KBaHTOBas Teopusa ONUCHIBAET 3aMKHYTble CUCTEMbl YHUTAPHOU 3BOJIIOLIMEN B
rMJIb6EPTOBOM NPOCTPAHCTBE. JKCIIEPUMEHTHI, 0JJHAKO, QUKCUPYIOT 3alUCH:
B3aMMOUCKJIIOYAIOL e, YyCTOMYMBBIe, KIaccuieckue GpakTbl. Mexay sTUMU

ONMCAaHUSAMU — PaA3PHIB.

CTaHﬂ,apTHbIﬁ A3BIK U3SMEPEHHUA MbITACTCA NNEPEKPBITh 3TOT PA3PbIB C IOMOIIbLIO

HabJirojaTes e, MPOEKIUN UM SMUCTEMHUYECKUX OOHOBJIEHUM.

ITH NOHATHUS He onpenesdrT (1)H3H‘{ECKI/II;'I nepexoz; OHHU OINMMCBIBAIOT, KOT'ZJld areHT
OOHOBJISIET OIIMCaHHeE, a He KOoIrJa CUCTeéMad CTAHOBHUTCA HECIoCOOHOM nogaepXurBaThb

AJIbT€PHATHUBLI.

JlekorepeHnHs 06'bSICHAET MO/IaBJeHue UHTepPEPEHIMY, HO caMa Io cebe He
onpe/iesisieT KOJIMYeCTBEHHO, CKOJIBKO HEOOPAaTUMOHN CTPYKTYpPbl CGOPMUPOBAIOCH, U
He YKa3bIBaeT, KOr/la aJlbTepHATUBHbIE UCTOPUU NEPECTAIOT ObITH ONEPALMOHATBHO

AJOCTHUXXHUMbIMH.

Hepocraroiiee — BeJIMYMHA, CChIIAIOMIASACA TOJBbKO HAa PU3UUECKH JOCTYIHbIE
CTeNeHH CBOGO/IbI, OTJIMYAK0IAs NOTEPI0 KOTEPEHTHOCTH OT He3HAHUS U

M3MepAlas HaKoIJIeHUue YCTOMYNBOU 3allMCeBOU CTPYKTYPBHI.
JdTa BeJIMYMHA — COCTOSAHHUE aKTyanusayuu (AS).

3ameyaHue. ApryMeHT HaMepeHHO MUHUMaJsieH. OH He cnpaliyBaeT, IoyeMy

BcesieHHas AONYCKaeT 3aIllMCH, TOJIBKO KOrJdd OHHU CTAHOBATCA H606paTHMbIMI/I.
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OH He 00'bSICHSIET KOLUIYTHUMOCTb» UCXO/0B, TOJbKO CTPYKTYpPHbIE YCJI0BUS, IPU

KOTOPbIX MHOXECTBEHHbBIE€ MCXO/bI ITEPECTAOT ObITb OJHOBpPEMEHHO OOCTYIIHbIMHU.

U3onupys nepexos OT KBAHTOBOM KOT€PEHTHOCTH K KJIAaCCUYECKOM 3aMUCH, CTAThs
npezocTaBseT 061y0 GeHOMEeHOJ0TUYECKYIO 1ieJb JJis JII060H 60Jiee r1y6oKou

TEeOpUH ONpesie/IEHHBIX UCXO0/0B.
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A1.2 — Y10 HOBOroO: NO3ULMOHUPOBAHUE

OTHOCHUTEJ/IBHO CYIIECTBYOINIHNX NMOHATHUH

CocTosiHME dKTyaJ/IM3allUU HE ABJIAETCA IepeonpeagejeHueM 1eKOrepeHuuy,
SHTPOIHUHU HUJIN TepMO,E[I/IHaMI/I‘{ECKOI\/JI H606paTI/IMOCTI/I. Cﬂe,qy}ou_ude pa3jin4iud

CTPYKTYPHBI.
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AS vs. fexorepeHuus

JlekorepeHuus — JUHAMUYECKUH MPOLecC, NOJaBAAUINN UHTepdepEeHIIUI0 MEXY
aJibTepHaTUBaMU. AS — onepanyoHa/bHas BeJIMYMHA, U3MePALasa CTENEHb

duKcaUy 3anMCceBON CTPYKTYPhI.

OHu Pa3JIMYHBI: eKOrepeHud MOXeT IIPONCXOOUThb 0€e3 3HaYUTEJbHOT'O pocTta AS, u

AS MOXeT Bo3pacTaTh NPU MpeHeOpeKUMOM U3MEHEHUH TOJTHON SHTPONUH.

KOHerTHaH AEMOHCTpaluA UX HE3ABUCHUMOCTH JaHa HHUXKE.
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AS vs. 3HTpONINA

JHTpoONUs onpeJiessieT NOJHYI0 HeONpeaeéHHOCTD, BK/IOYas BKIa/lbl OT
HeHabJ/II0/1aeMbIX CTeneHel cB060Abl. AS HaMepeHHO OTOpachiBaeT TaKue BKJIA/lbl U

OTCJIEXKMBAET TOJIbKO MEXCEKTOPHOE BETBJICHHE.

Cucrema MOXeT UMETb BBICOKYIO SHTPOIIMIO U HU3KO€ AS, unu HHU3KYIO SHTPOIIUIKO U

BbicoKoe AS. CpaBHeHUe 3HTponuu GpoH HeliMaHa fesiaeT 3Ty HE3aBUCUMOCTb SIBHOM.

34



AS vs. KBAaHTOBbIN JAapBUHU3M

KBaHTOBBIN JapBUHU3M (3ypek) onpepesisieT U30bITOYHOCTb, C KOTOPOM UHOpMaLUs
3anedyaTJieBaeTcsl BO pparMeHTax OKpy»keHus. AS n3aMepsieT MHGOpMalMOHHOE

60raTCcTBO BaCI)I/IKCI/IPOBaHHOI‘O KJIaCCUY€EeCKOIr'o BeTBJIEHHA.

ITH BeJIMYUHBI ornepanyuoHaJIbHO HE3AaBUCHUMBI. KaXKJasd MOXET ObIThb

MaKCHUMHU3UPOBaHA UJIKN MUHHUMHU3WPOBAHA HE3ABUCUMO OT ApYFOﬁ.

35



AS vs. cors1acoBaHHbIe UCTOPUU

[IpencraBiaenue ASy Ha ocHOBe uctopuu (Pasgen A2.4) orpaHAYEHO
OZJHOBPEMEHHBIMU 3aMIMCEBBIMU UCTOPUSIMU NPU MOJHON AeKOorepeHIuu. ITO

HaMepeHHO€E Cy>KE€HHe.

[TonHbIN dopMau3M JONyCKaeT MHOIOBpEMEHHble, MHOTOBETBUCTbIE HAOOPbI
uctopuit; ASy, — HeT. AS;, — MOCT 3KBUBAJIEHTHOCTU K IEPBUYHOMY OIpefiesIeHUI0, a

He 3aMeHa COrJIAaCOBAaHHBIX UCTOPHUM.
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Pa3zo6paHHOe cpaBHeHHe: rae AS u

M30bITOYHOCTbh KBAHTOBOI'O AdPBHHHU3MA

pacxoaaTcs

[IpeabiaylMe pa3indusi CTPYKTYPHBI, HO UX CUJIA JIy4llle BUJJHA B KOHKPETHOMU

cucreMe, rge AS ¥ M30BITOYHOCTb ABUXYTCA HE3ABUCHUMO.

ﬂBa caydad UMEIT UAEHTUYHY0 KBAHTOBYIO JUHAMUKY; PA3/JIMYAKOTCA JIMIIb YUC/IOM

bparMeHTOB OKPY>KEHHSI ¥ YHUCJIOM CEKTOPOB yKa3aTeJis.

Ciy4yai 1: BbicOKasA M36bITOYHOCTD, HyJIeBoe AS. KyouT S ¢ 6a3ucom ykasaTeJsis

0 = {|0)(O], [1)(1]} npuroToB/jieH B YMCTOM COCTOSTHUM yKa3aTeJis |0).

Okpy»xkeHue cocTouT U3 N = 1000 pparMeHTOB, KaXKAbli HE3aBUCUMO PETUCTPHUPYET,

4YTO cUCTeMa B ceKkTope |O).

M36bITOYHOCTh KBAHTOBOIO JapBHHU3MA R_6 = 1000: kiaccuvyeckas muHopmanus
«cucteMa B |Q)» TpaHcaUpyeTcs yepe3 ThicA4y GparMeHTOB, U J0b6asg Masas A0/

OKPYXE€HHUA NO0CTAaTOYHAa AJid BOCCTAHOBJIEHHA.

OxHaKo ceKTOpHBbIE Beca: Po = 1, p; = 0. dHTponuda lllenHona H({pi}) = O,

caenoBaTesibHO AS = 0. BeTBJ/ieHUS HET.

Okpy:KeHHue 3aperucTpUupoBaJIo eMHCTBEHHbIN ONpe/eIEHHBIN UCXOZ, C

Yype3BbIYalHOU M30BITOYHOCTbIO, HO HET HEOOPATUMOCTH CO CTPYKTYPOU 3anuceit aJs

HN3MEpPEeHHUA.

Ciny4yai 2: HyseBasgs U36bITOYHOCTh, MaKCUMaIbHOEe AS. YeTbIpéXypoBHeBasi
cucrteMma S ¢ 6asucomM ykasarensa 0 = {I1,, II,, II3, [1,} B paBHOM cynepno3unuu,

NOJIHOCTbIO Aeda3upoBaHa CBA3bI C OAHUM GpParMeHTOM OKPYKeHMHH.

CekTopHble Beca p; = 1/4 nns Bcex i. U36bITOYHOCTL R_S = 1: 0iuiH PpparMeHT HecET

I/IH(l)OpMaLU/II-O, €ro 1norepd yHU4ToXaeT JOCTYII.
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Ho AS = H({1/4, 1/4,1/4,1/4}) / log 4 = log 4 / log 4 = 1. MakcuMa/JibHO€E BeTBJEHHE

3alMCceBOU CTPYKTYpPHI 11O qETpréM B3aMMOHCKJ/IIOYAKOIINM aJIbTEPpHATHUBAM.

B Cnyyae 1 cucteMa Kj1accu4yecku onpejiesieHa U po6acTHO TPaHC/IMPOBaHa, HO 6e3
aKTya/IM3allMOHHOM CTPYKTyphl. B Ciydae 2 cucteMa MaKCHUMaJIbHO BETBUTCS, HO

XpyNnKa B JApBUHUCTCKOM CMBICJIE.

AS ¥ U30bITOYHOCTb — onepanroHaJIbHO HE3dBHUCHUMbI€ BEJIMYUHDBI, KOTOPpbI€ MOT'YT

ObITb MAdKCHUMHU3UPOBAHBI WJIW MUHUMHWU3WPOBAHbI HE3aBHUCHUMO.

AS vs. s3aTponusa ¢poH HeiimaHa. AHAa/IOTMYHOE pPACX0XKJeHHe C IHTponuend PpoH

Heiimana S(p).

PaccmoTpum cektop I1; panra di = 100 ¢ cucteMoH, NOJTHOCTBIO 3aKJKYEHHON B 3TOM

CEKTOpe B MAKCHMMAJIbHO IepeMelllaHHOM BHYTPUCEKTOPHOM COCTOAHHUH.

duTponusa ¢oH HeitmaHa S(p) = log 100 — Besrmka. Ho AS = H({1}) / log 1= 0,

ITOCKOJIbKY Be€Cb Be€C B OJHOM CEKTOpeE.

M Hao60poT, ABYXCEKTOPHAs CUCTEMA C OJHOPAHTOBBIMU MPOEKTOPAMU U PaBHBIMU
BecaMu pg = p1 = 1/2 umeet S(p) = log 2 u AS = 1. IuTponua ¢oH HelimaHa

OTCJIEXKHMBAeT IMMOJIHYIO HGOHpe,HEJIéHHOCTb; AS — ToJIbKO MEXKCEKTOPHOE BETBJIEHHE.

OHM OoTBeyYarT Ha pa3HbI€ BOIIPOCHI.
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OnepaTopHbIA TOPU3OHT VS. BTOPOU 3aKOH

BTopo¥ 3aKOH BbIpa)KaeT TUIIMYHBIA POCT S3HTPOIIUU NPU MAKPOCKONMYECKOU

JUHaMUKe.

OnepaTopHbIM TOPU30OHT ONpeesisieT He0OPaTUMOCTb KaK IpaHUILy
onepalMoOHa/IbHOU JOCTYMHOCTU: TEOMEeTPUYECKUH Mpe/ies1 B IPOCTPAHCTBE
COCTOSIHUH, 32 KOTOPbIM BOCCTAaHOBJIEHHE HEBO3MOXXHO NMPU OrPAaHUYEHHOM

yIpaBJIeHUH.

HeO6paTI/IMOCTb 3/eCb — yTBepXKAE€HHE O JOCTUKHNMOCTH IIPHU AOIIYCTUMBbBIX
onepagudax, IpUMEeHHNMOe K KBAHTOBbIM, KJIACCHY€CKHM H a6CTpaKTHbIM CUCTeMaM

yIpaBJeHus.
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A1.3 — YTOUYHEeHHe 006J1acTu

CraTbd He npeaJjiaraeT MEXaHM3M KOJlJiallCa, He BbIBOAWUT IPaBHJIO BopHa H He

npejnoJiaraeT KOCMOJIOTUYECKOW UM TPABUTALMOHHOW TMIIOTE3bI.

OHa u30/IMpyeT MUHUMAJIbHYI0 CTPYKTYPY, HEOOXOAUMYIO JIJIsl TOTO, YTOOBI
Heob6paTuMoe GopMHUpOBaHUE 3aKCEN CTA/I0 KOPPEKTHO ONpe/iesIEHHbIM,

OoInepangroHaJIbHO IIPpOoBEPAEMBbIM IIOHATHEM.

JIro6as mocsenyroniasi TEOPHUs CeJIeKIUU UM ONpeJIeJIEHHOCTH I0/DKHA ObITh

IIOCTPOEHA Ha 3TOM OCHOBAaHUH — WJIM NIOTEPIeTh HeyAady IPOTUB Hero.
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A2 — Onpepenenus

Jlanee — uHcTpyMeHTHI. Kaxkzj0e onpeseeHre HMeHYeT KOHKPETHYIO BELlb U
TOBOPUT TOYHO, YTO OHA JlesaeT. Ec/iu moTepsieTe HUTb, BEPHUTECH CIOJA.

OHpe,ﬂeJIeHI/IH He JBUI'al0TCA.

A2.1 — D1: Physically Realizable Coarse-Graining O Let {; be the system

rwib6epToBo npocrpaHctBo and H, its environment.

A physically realised kpynHo3epHuctoe pasbuenue O is a finite set of mutually

orthogonal projectors O = {II;} satisfying all of the following conditions:

O He aBysgeTca observer-chosen. It is selected by the physics of cBsg3aHHOCTB. YOU He

choose what gets measured. The interaction chooses.

The critical point: O He aBsseTca your choice. It is nature’s choice. The physics of the
interaction determines what gets measured. You He get to pick the basis. The

cBsI3aHHOCTB picks it for you.
3aMeyaHUe O BbIYUCJIUMOCTH.

Ha npakTuke, the physically realizable kpynHo3epHucToe pa3buenue is identified as
the stable algebra generated by the interaction Hamiltonian's pointer observables —
for instance, via the predictability sieve (Zurek, 1993) or stability analysis under the

CUCTEMBI-OKPYXEHHA CBA3aHHOCTD.

Onpepenenue D5 (Operational Invariance) then tests robustness across any co-

ponyctuMbii candidates that survive this ceneknus.

The identification of the anre6pa ykasaress for a given Hamiltonian is a research
problem, not a closed algorithm; D5 converts this openness into a

danbcudunmpyembliit condition rather than leaving it as an ambiguity.
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A2.2 — D2: Kapra aedasupoBku AO

Given a maTpuna mioTHoctu p on H, define the kapra fedasuposku relative to O as
AO removes quantum interference between cekTop 3anuceiis while preserving

classical probabilities.

Critical clarification. Pay attention to this — it is where most confusion enters.

AO He measure ignorance.

It enforces projection onto the anre6pa 3anuced, isolating entropy attributable to
Heob6paTuMbid branching rather than lack of knowledge. This step prevents conflating

classical uncertainty with physical actualization.
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A2.3 — D3: cocTossHMe aKTya/Jiu3aluyu —

Primary Onpeae/ieHue
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Statement of the Onpeaenenune

Let p be the reduced maTpuna miotHoctH of a system after tracing over inaccessible
degrees of freedom. Let O = {Il;} be a physically realizable kpynHo3epHucToe

pasouenue selected by cucrembi-okpyxeHus interaction (Onpeznenenue D1).

Define the kapTta nedasupoBku relative to this anre6pa 3anuceit: AO(p) = Z; I1; p II;.
The coctosinue aktyanu3anuu (AS) is defined as where S_eff is the effective record

entropy defined below.

Effective Entropy When cekTop 3anuceiis II; have rank greater than one, the
aedasupoBaHHas 3HTponusa decomposes as where p; = Tr(Il; p) and o; is the

normalised BHyTpHUCeKTOpHBI state. AS tracks MexKceKTOpHOe BeTBJIeHHe only.

What happens inside each sector is invisible to AS — deliberately so. The

s¢dekTuBHag aHTponusA entering AS is defined as

with BHyTpucekTopHbIN entropy discarded by construction. For rank-1 sectors,
S(AO(p)) = H({pi}) and no distinction arises. A formal derivation is provided in

[IpunoxeHue A.

Rank-1 Simplification For rank-1 sectors (pure cocTrossHuA ykKa3aTeJia), the
onpegesienne simplifies to: where H is the auTponus Illennona and N = |0] is

the number of cexTop 3anuceiis.
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HopMmupoBKka M ¢pu3nvecKre rpaHMUIIbI

Let O = {I1;} be the physically realizable anre6pa 3anucei, with total record-algebra

dimension dO = %; rank(IT;).

Define: S_max(0) = log dO, S_min(0) = O, where the minimum corresponds to

support on a single cekTop 3amnucen.

Crucial clarification. S_min(0) = 0 is attained whenever the system’s
accessible state is pure and confined to a single cexkTop 3anuceii, even when

II; has rank greater than one.

Internal degeneracy or unmonitored degrees of freedom within a sector He
contribute to actualization. AS therefore vanishes upon complete ceneknus into a

single cexTop 3anucel, independent of that sector’s internal rank.
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HHTeprnperanua: uHBepcusa AS
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[loueMy 3HTpONKA OTHOCUTEJIbHO Jeda3upoBKH

(a He TOJIBLKO YHUCTOTA)

Purity Tr(p?) conflates two distinct situations: a system that was never coherent but is
classically mixed due to ignorance, and a system that was coherent and has

irreversibly nekorepupoBaHHbI# into record-consistent alternatives.

O6e MOT'yT UM€Tb OANHAKOBYIO YUCTOTY. TosbKO BTOpad npeacraBJjdeT

dAKTyaJIN3alU10.

By applying AO before evaluating entropy, the onpenenenue isolates suppression of
interference relative to physically realized records. Ignorance alone He count as
actualization. Formally, AS is a dephasing-relative entropy of coherence in the O-

algebra.
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JAUCHUIIINHA HOPMUPOBKH

HopmupoBka npuBsizana k d0, a He K a6CTpPaKTHON pa3MePHOCTH TUIbOEPTOBA
IPOCTPAHCTBA. S_Min U S_max GUKCUPYIOTCSA TEM, UTO OKPYKEHUE MOXKET QUIUIECKU

3aperucTpupoBaTh.

JTO npeAoTBpallaeT UCKYCCTBEHHOE pa3/lyBaHUe WU NoJaBjieHue AS nyTém

I,Z[O6aB.)1€HI/IH HEMOHHUTOPHPYEMbIX cTeneHewu CBO60ﬂbI.
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OnepanyoHa/JbHbIN CMBICJI

AS answers one question, and only one: To what extent has the system developed
duKcanus 3anuceBod CTPYKTYphl across the alternatives that its physical

environment can distinguish?

[lonymaiiTe 06 3TOM Tak. Bpamawuiasica MoHeTa uMmeeT AS = 1 — MakCUMaJibHOE
BeTBJIEHUE, 00€ CTOPOHBI pAaBHOBEPOSITHBI. YNaBluasi MOHeTa UMeeT AS = O — o/1Ha

CTOpPOHA, 6€e3 aJIbTEPHATUB.

AS un3MepseT, CKOJIbKO BpallleHHs ocTanochb. He kakas ctopoHa BeinazeT. [IpocTo:

CKOJIBKO BpallleHHs.

It He answer: how fast this occurred, what caused it, or whether you should care,
whether it is fundamental or emergent. Those questions belong to later paszeus.

Notice what AS does NOT tell you.
It He tell you which outcome will happen. It He tell you when.

It tells you how much branching exists right now. That is all. Crucially, AS is
computed from the nedasupoanHoe coctosinue AO(p), not from the physical state p

directly.

A system may have AS = 1 before nexorepeHnus has physically occurred, because the

cekTopHble Beca of the nedasupoBaHHoe cocTosiHue already distribute maximally.

AS measures branching structure, not nekorepenuus progress; the latter is tracked

by the noBepxHocTh HeBo3BpaTa (D13).

Clarification. AS measures MeXCeKTOpHOe BeTBJieHUe structure in the asre6pa
3anuced. It He by itself measure onepanuoHanbHBIA HEOOpPATUMOCTD, Which is

separately determined by loss of recoverability (Onpenesnenue D13, Paznen A4.1).

A system may have AS = 1 before nekorepeHnnus is physically complete, because the

cekTopHbIe Beca of the nedasupoBaHHoe cocTosiHue already distribute maximally.
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AS tracks branching potential; the moBepxHocTb HeBo3BpaTa tracks Heo6pPaTUMOCTb.

AS ompejesieHO Kak ckaJisip. Ho npocTpaHCcTBO, KOTOpOe OHO U3MepsieT —

IPOCTPAHCTBO BO3MOXXHBIX KOHPUTypaL Ui 3anucell — NOAJMHHAsA CTeleHb CBOOO/bI.

B nosiHoM kopnyce (AP10) 3T0 nATOe M3MepeHUe: TPU NPOCTPAHCTBEHHBIX, OJHO

BpeMEHHO€, OJHO aKTyaJIM3dlIITHOHHOE.

B nosiHoM Kapkace (AP10) usMepeHue akTyaln3aldu UJeHTUPUIUPYETCS KaK NATast
CcTeneHb CBOOO/Ibl, HAPAY C TPpeMS NPOCTPAHCTBEHHBIMU U OJJHOM BpeMEHHOM.

MHoroo6pasue *XUBET B 3+1 U3MepeHUsIX; KBAHTOBbIN CEKTOP XUBET B MSTOM.
Kakzast 3anucb MpoOM3BOAUTCS U3 U3MEPEHUs aKTyaIM3alMi B MHOT006pasue.

AS n3sMepseT, KakK JaJIeKO BJI0JIb 3TOT0 U3MEPEHUS MPOABUHYJIACh CUCTEMA: OT
YUCTON BO3MOXKHOCTH (AS = O B 0ZJHOM CEKTOpe) yepe3 MaKCUMaJibHOe BETBJIEHUE

(AS =1).

This interpretation He sBasieTcs required by the onpegenenues of AO-A3, which are
camozoctaTouyHhbl. It is offered as structural orientation for readers approaching AP®1

within the broader corpus.

The fifth dimension is prior to the manifold — it is the precondition for the manifold’s

existence — but it He aBasieTca less real for being prior.

3To HN3MepeHHne, U3 KOTOPOro nmuueTcd (1)H31/IKa.
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06.J1aCcTh AelCTBUA U pa3MbIKaTeJIb

AS is defined relative to a kpynHo3epHucTOe pa3ouenue. Absolute, basis-free AS is
meaningless. Physical legitimacy is enforced by Onpenenenue D5 (Operational
Invariance): if AS varies beyond experimental tolerance across physically realizable

0, the argument fails.

JTO BCTPOEHHOE YCJI0BUE NMpeKpalleHus.
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PasoG6panHblii npuMep: Two-Qubit Dephasing

Yucsa genaroT abCTpaKLUMK peaabHbIMU. [IpocieuTe 3TOT npuMep, U Bbl NoMMETe AS

Jiy4qlie, 4YeM MpPHU JOO0OM YTEHUH ONpeesIeHUH.

Consider two qubits, S; and S,, each coupled to an independent environment
fragment, with 6asuc ykasarens O = {llyo, [1o1, 110, 111} Where II;; = [ij)(ij| and i, j € {0,

1}.
The anre6pa 3anucei has d; = 4 sectors.

Initial state: |[Y(0)) = (|00) + [01) + [10) + [11))/2 @ |E,). The reduced state after
dephasing is A(ps) = diag(¥4, 4, ¥4, ¥a). Sector weights: p;j = V4 a5 Bcex (i,)).

Effective entropy: S_eff = H({'4, 4, 4, V4}) = log 4. Normalization: S_max = log 4.

[ToaTomy AS = log 4 / log 4 = 1. Maximal branching across four cekTop 3anuceus.
Now suppose only S; has nekorepupoBaHHbiil While S, remains coherent.

JloctynHoe cocTosiHue: ps = Y2(|ONO] @ [+){(+]) + Y2(|1)(1] @ |+){(+]), rae |+) = (IO) +

[1))/J2. Tlocnie fedpa3svpoOBKU B HETHIPEXCEKTOPHOM 6a3HCE: Poo = Po1 = P1o = P11 = Y.
AS =1 cHoBa.

The cekTopHbIe Beca are identical despite partial nekorepenius. This illustrates the
key point: AS tracks the branching structure of the nedasupoBanHoe cocTossHUE, NOt

the physical progress of nekorepeHnus.

The distinction between these two situations is captured not by AS but by the
OBepXHOCTb HeBo3BpaTa (D13): in the first case the system has crossed it; in the

second it has not.

Finally, suppose aekorepeHnus has completed but one sector has been depopulated

by dissipation, yielding weights pgo = 2, Po1 = ¥4, P10 = ¥4, P11 = O.
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Torpa S_eff = H('%, Y, %, 0) =% log2 + Yo log 4 =Y log2 +log2=3/,1log 2, u AS =

3/, log 2) / log 4 = 3/, = 0,75. luccunanusa yMeHbIlIXIa BETBIEHHUE.

This is consistent with YTBepxxaenue T1b: non-unital dynamics can decrease AS.
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A2.4 — DA4: lIpeacraBiieHue AS Ha OCHOBe

ucropum (ASy)

Let {a} denote a set of coarse-grained histories defined by O, with gekorepeHnus

functional D(a, B).

Define the history-based representation of coctosiHue akTyanu3anuu as where p, =
D(a, a), H({pa}) is the anTponus llleHHoHa, and N is the number of gonycTuMbIi

histories.

AS, = O: a single trivial history (no branching). AS;, = 1: maximal BeTBJieHHEe
3anvceBoM cTpyKTyphl. Under complete nekorepenuus in the 0-algebra, the

JnedasupoBaHHas 3HTponus reduces to H({pi}).

In this regime, AS,;, coincides with the primary AS onpeaenenue up to normalization.

Formal conditions for equivalence are established in IIpusioxenue A.

If you are reading for the structural argument, the primary onpegenenue is all you
need. The history representation exists for readers who work in the consistent-

histories formalism.
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CoriamieHUs: 0 NPUGIMKEHUH U

onepanuoHaJbHBIX KPUTEPHUSIX

Throughout this work, qualitative terms such as effective, onepauonanbHbIi, Or

inaccessible are shorthand for quantitatively defined conditions.

Effective orthogonality. Two states p and ¢ are effectively orthogonal T. n
T.T.K. ¥2lp = 6||1 2 1 - &, for fixed onepanuonanbHbIii tolerance € > O.
Equivalently, they are onepanuoHa/bHbiiily distinguishable to within € of

perfect discrimination.

Operational inaccessibility. A property is onepanuoHaabHbliily inaccessible T.
4 T.T.K. no aonycrumblii CPTP map A acting on the accessible system
(optionally with fresh ancilla) can alter the reduced state by more than ¢ in

trace distance: IA(ps) — ps|l1 = € A1 Bcex gomycTUMBIi A.

[lapameTp € npeAcTaB/sseT IKCIepUMeHTa/IbHOE pa3pelieHre U GUKCUPOBaH B

paMKax JII000T0 AAHHOI'O aHaJIKu3a.
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A2.5 — D5: Operational Invariance Test

(PasMmbikaTe b FO)
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YcTraHoBka

Let 0, = {I;""} and O, = {I1;'*} be two physically realizable kpynHosepHHucTOE
pas6ueHues of the same experimental system, each gonyctumsiii under

Onpenenenue D1 for the same preparation and control protocol.

HYCTb P — peayuupoBaHHOE€ COCTOAHHNE, BbIBEACHHOE U3 3KCIIEPUMEHTAJIBHO
AOCTYIIHBIX NAHHBIX AJIA 3TOI'0 IIPOTOKOJIA, U IYCTb 8_exp > 0 o6o3HavaeT

9KCIIEPUMEHTAIbHO 060CHOBAaHHBIN JIOMYCK.
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Onpepaenenue D5 (Operational Invariance

Requirement)

AS is onepanMoHaJIbHO HHBAPUAHTHO T. U T.T.K. JI/Is1 BCeX JIONMYCTUMBIN pairs (04, 0,)

and all akcnepuMeHTaIbHO accessible p,

If two kpynHo3epHHucTOe pa36bueHues are both physically realized by the same
CUCTEeMbI-OKPY>KeHHs CBSI3aHHOCTb and apparatus constraints, they He go/nkeH yield

incompatible AS values beyond experimental tolerance.
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danscudpukarop FO (Global PasmbikaTesib)

If cymecTByeT any akcnepuMeHTabHO realizable system and any co-gonycTumbii
pair (01, 0,) Takoil yTo repeated trials yield |AS(p; 041) — AS(p; O-)| > 6_exp
persistently, then AS He aBasieTcs a well-defined onepanuoHanbHbIi quantity and the

argument is ¢panbcuduIUPOBaH.

JTo ryo6ajsbHOE YCA0BUE NMpPeKpalleHus.
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3aMedyaHHuAa 00 00J1aCTH AeHCTBUS

Read FQ® again. It is the most important sentence in aTa crartbs. If two legitimate
ways of measuring the same system give dt. u T.T.K.€rent AS values beyond

experimental tolerance, the ENTIRE programme is dead.

He TosibKO 3Ta cTaThs. Bcé, mocTpoeHHoe Ha Hel. Kaxkaoe nocieayioliee

JloKa3aTeJbCTBO. KaXkabii aTU4eCKUM BbIBOJ. BCé.

BOT Kak BBITVIAAAT YeCTHBIK apTyMeHT — OH Bpy4YaeT BaM MHCTPYMEHTHI [JIs1 CBOEro

YHUYTOXKEHHUA.

D5 He require invariance under arbitrary refinements, coarse mathematical partitions,
or observer-chosen bases. D5 requires robustness only across physically realized

asre6pa 3anuceits within the same experimental context.

Kpax later dynamical noctysaTs He affect D5; conversely, kpax D5 invalidates the

entire AS program.
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Pa3o6paHHblii npuMep: Operational Invariance

in Circuit QED

PaCCMOTpI/IM TpaHCMOH-KY6I/IT, AUCIIEPCUOHHO CBsI3aHHBIN C MHUKPOBOJIHOBBIM

pe30HaTOpOM.

The cucreMbI-okpykeHHUs interaction selects the charge-parity basis as the anre6pa
ykasaress: 01 = {|g){gl, |e){el}, where |g) and |e) are the ground and excited states of

the transmon.

This is a physically realizable kpynHo3epHucTOoe pa3bueHue in the sense of D1: it is
selected by the dispersive Hamiltonian H_int = x ata o_z, which entangles photon

number with qubit state.

Now consider a second kKpynHo3epHHUCTOe pa36bueHue arising from the same physical

setup.

Eciau pe30HaTOop ynpaBJadeTCAaA AJAd CO3AdHHUA KOTE€PEHTHOro COCTOAHHKSA, YCJIOBHO
Bpalarwierocd B 3aBUCHUMOCTH OT COCTOAHHUA KY6I/ITa, OKpy»KeHHne (l)aKTI/I‘IECKI/I

perucTpupyeT B IOBEPHYTOM 6asuce.

Opnako, for the dispersive interaction, the conditional phase shift ¢ = xt on the cavity
field produces cocTossnus ykasatess that remain the energy eigenstates |g), |e)

regardless of drive parameters.

Any co-ZlonycTUMBbINA KpyMHO3epHUCTOE pa3buenue O, arising from the same

dispersive cBsizaHHOCTb must therefore coincide with O, up to a relabeling of sectors.

Operational invariance test. Prepare the qubit in state [{/) = alg) + B|e) and allow

JlekorepeHus via photon-number-dependent dephasing. The reduced state is ps =

lal*lg)(gl + IBI*le)(el.

AS(p; O41) = H(lal?, |B|?) / log 2. Because O, coincides with O, for this cBa3anHoCTb,
AS(p; O0;) = AS(p; 01) exactly.
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D5 ynoBaeTBopsieTcs ¢ §_exp = O.

The example is deliberately simple: in circuit QED, the dispersive cBsi3aHHOCTb
uniquely determines the 6a3uc ykasareJisi, SO CO-ZJONyCTUMbIA KPYITHO3€PHUCTOE

pas6ueHues are trivially equivalent. That is the point.

Operational invariance is most easily verified in systems where the cBs3aHHOCTb

Hamiltonian strongly constrains the aare6pa ykasaTessi.

The interesting tests of D5 arise in systems with richer cBsg3anHocTB Structures — and
those are the systems that will either confirm or kill the argument, where multiple
pointer candidates compete and small dt. u T.T.K.erences in AS across co-

JIOIIyCTUMBIN bases can be measured against 5_exp.
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A3 — Teopemas: Irreversibility and No-Return

Onpepenenuda 3azanbl. Tenepp foka3aTenbcTBa. C TeM, 4YTO clefyeT, HeJIb3d CIIOPUTH

— 3TO MOXXHO TOJIbKO POBEPUTb.
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A3.1 — Teopema T1: Monotonicity of AS Under

Decohering Dynamics
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YcTraHoBka

Let p(t) be the reduced state of a system evolving under a completely positive

coxpaHsitomuit cien (CPTP) dynamical semigroup {€:}:=0 with generator L.

Let O = {I1;} be a physically realizable anre6pa 3anuce#t (Onpegesnenue D1), and let

AO(p) denote the associated kapTa Aeda3upoBKH.

Teopema T1 (Statement) Here is the central result of CtaTtha A. Everything

before it was preparation. Everything after it is consequence.

The result says: under three precisely stated conditions, the branching can only grow.
The coin He MoxeT un-land. The ink He MmoxeT un-dry. The record He MoXKeT un-write.

Possibility becomes fact, and the transition is one-way.

He noTomy, 4yTo pu3snka 3anpeliaet obpalieHrie — a IOTOMY, YTO yCJI0BUS,

co3jarmuye 3alucH, CyTb YCJIOBHUAA, IIPHU KOTOPbLIX HEPABEHCTBO BBLIINIOJIHAETCA.

COCTOsSIHME aKTyasiM3aluu is monotonic nondecreasing along the evolution p(t)

provided the following minimal goctaTouyHble ycaoBus hold:

(1) Decoherence relative to the aiare6pa 3anuceii. Interference between cexrop
3anuceiis He ABJsAeTcA regenerated: (d/dt) CO(p(t)) = O, where CO is any

coherence monotone that vanishes on AO(p).
JKBHBaJIEHTHO, BHE/IUarOHaJ/IbHbIE 3/1eMeHThI B O-6a3uce yObIBAIOT MOHOTOHHO.

(2) Closure of the asre6pa 3anuceit. AQ o &, = &, o AO aisa Bcex t = O. This
ensures that populations in the cexTop 3anuceiis evolve autonomously once

AeKoreprupoBaHHbIH.

(3) Unital (mixing) dynamics on the aare6pa 3anuceii. The cekTopHbIe Beca
pi(t) = Tr(Il; p(t)) evolve under a agBaxxabl croxacTuyeckud map: p(t) = M(t)

p(0), where M preserves the uniform distribution.
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HpOCTbIMI/I C/JIOBaMU: niepeMelIiBaHue YeCTHOe. Hu OJHWH CEKTOp He IPUBUJIETUPOBAH.

JlMHaMHKa pacnpoCTpaHsIeT BEPOSITHOCTb, @ HE KOHLEHTPUPYET €eé.

Conclusion Under conditions (1)-(3), That is, cocTossHMe aKTya/U3aluH is

monotonic along decohering, sMHaMuKa GpOpMHUPOBAHUSA 3aNMCEN.

Scope of the Teopema. Teopema T1 is a conditional statement. Its domain of

applicability is exactly the set of dynamics satisfying conditions (1)-(3).

I,[[I/IHZ:IMI/IKa BHE 3TOM 06JIaCTH — BKJIlOYasi AUCCUIIATUBHYKO, HEYHHUTAJIBHYIO WUJIN

yIpaBJisieMy0 06paTHOU CBSI3bI0 — MOXKET BbI3bIBAaTh YMeHblIeHUEe AS.

This He contradict the Teopema; it indicates the dynamics are not purely record-
forming in the sense defined above. The explicit scope boundary and converse are

given below.

Note on novelty and scope. Conditions (1)-(3) are sufficient but not necessary.
The monotonicity of aurponus lllenHoHa under ABaXKAbl CTOXaCTHYECKHI
mixing is a standard result (Schur convexity), and 3Ta cratbsa He claim

otherwise.

What is new He aBssgeTca the mathematical inequality but its physical application: the
identification of conditions under which gBaxbl cToxacTuyeckuii mixing is the
correct effective description of gekorepeHius in a physically realized anre6pa
3anucel, the isolation of MmexxcekTopHOe BeTByieHUe entropy (via the kapTta
nedasupoBku AQ) from thermodynamic entropy, and the explicit rate bound (T1a)
and converse (T1b) that turn the monotonicity into a diagnostic tool for identifying

JMHAMUKa GOPMUPOBAHUS 3aMHUCEH.

The Teopema is a known inequality applied in a new physical context; the contribution

is the context, not the inequality.

BbI BHUJUTE W3BECTHBIN MaTeMaTUYeCKUH HHCTPYMEHT, HpI/IMeHéHHbII‘;I K HOBOMY

q)HBquCKOMy BOIIPpOCY — U OTBET, KOTOprﬁ OH aaéT, ABJIAETCA pellarluiuM.
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Jlemma T1.1 (Doubly croxacTuyeckuii mixing). Under conditions (2) and (3), the
ceKTOpHBIEe Beca p(t) evolve under a gBaxkabl cToxacTHYecKUii matrix M(t) aasa

Bcex t = 0. The proof is short, and it is the engine that drives everything.

Proof. By condition (2), A_O o £_t = E_t o A_O, so the evolution commutes with
dephasing. [loaTomy the diagonal elements evolve autonomously: cyuiectByeT a

linear map M(t) Takoii yto p(t) = M(t) p(®).

The map is cToxacTudyeckuit because £_t is coxpaHawui caen; X_i p_i(t) = 1 aasa

Bcex t.

Unitality (condition 3) means £_t(1/d) = I/d. Applying A_O to both sides and using
condition (2): A_O(E_t(I/d)) = E_t(A_O(1/d)) = E_t(1/d) = I/d. In terms of cekTopHbIE
Beca, the uniform distribution is fixed: M(t)(1/N, ..., 1/N)T = (1/N, ..., 1/N)".

A cTtoxacTudeckuii matrix that preserves the uniform distribution is gBaxk/bI

CTOXaCTUYECKUH. O

The nemma is short. Its consequence He sBasteTcsA. Once you know the mixing is

JBaXKAbl cTOXacTU4YecKui, Shannon’s inequality does the rest.

MoHOoTOHHOCTB AS ciieyeT M3 LellU UMILIMKALUHM, KaXJ0€e 3BeHO KOTOPOU BBIKOBAHO

CTaHapTHOM MaTeMaTHKOW.

With JlemMma T1.1 established, the monotonicity of auTponus llleHHoHa under ABaX /bl
cToxacTU4yecKui mixing is a standard result (Schur-convexity of —H). The Teopema

follows. The proof is standard mathematics applied to a new physical context.

What is new He siBisieTcsa the inequality but the recognition that sunamuka

dopmMupoBaHus 3anucei satisfy exactly the conditions that make the inequality hold.
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HHTepnpeTanusa

When interference between record-distinguishable alternatives is suppressed, the
asnrebpa 3anuced is dynamically closed, and record-sector probabilities mix without
coherent backflow, the informational richness of committed classical branching ne

MoOXkeT decrease.

JTO MOHOTOHHOE BO3pacCTaHHUeE ollpeaesdeT CTpealy aKTyaJn3alun. Bl IMPOXKHUJIN

BHYTPH 3TOM CTpeJibl BCIO XXU3Hb. KaXk/loe MrHOBeHME OblJIO HAllpaBJIEHO BIEPES.

Kaxxzas 3anuce 6b11a MOCTOAHHOUN. TeopeMa 00'bSICHSIET MOYEMY: IPH YCIOBHSIX,

CO3Jal0IUX 3allMCH, BETBJIEHHE MOKET TOJIbLKO pAaCTH.
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fSIBHafA rpaHMIia 06J1aCTH el CTBUSA

Outside these three conditions, the guarantee is void. AS may decrease under
cooling, decay, relaxation, feedback control, or any dynamics that funnel probability

into fewer sectors. The Teopema He claim universality. It claims precision.

These cases He contradict the TeopemMa; they lie outside its scope by construction.
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[loueMy 06J1aCTh AE€NCTBUS TOYHA

O6paTuTe Ha 3TO BHUMaHHe. ITO Pa3HULA MeX/Jy HacTOALed TeopeMOr U pyYHOH

OTMAaIIKOWU.

AS n3MmepsieT BeTBJIEHHUE, A He ONpe/|e/IEHHOCTD. JlekorepeHus CO34aéT BETBJIEHUE
— AS Bo3pacraet. CeJsieklius pa3pelaeT BeTBjJeHUe — AS yb6biBaeT. T1 npUMeHseTcs

TOJIBKO K (1)338 CO3aHHA.

The Teopema He siBssieTcs claiming that AS always increases everywhere forever. It is
claiming something much more precise: under exactly these three conditions, AS He

MoxkeT decrease. If you violate the conditions, the guarantee is void.

YcnoBusi — He TexHu4eckue Aetand. OHU cyTh pusuka. U ¢usrka npoBepsieMa.

70



KosmyecTrBeHHOe YTOYHECHHE: OI€EHKHN CKOPOCTH

U 00paTHOe yTBepXKAeHHue

Teopema T1 establishes monotonicity but He quantify the rate at which AS
approaches its equilibrium value, nor does it characterize conditions under which AS

must decrease.
Cnenyromue two results sharpen T1in both directions.

Cneacreue T1a (Rate of convergence). Under conditions (1)-(3), let the induced
classical dynamics on the cekTopHble Beca be governed by a continuous-time

JABaXKAbl CTOXacTHYeCKHH rate matrix W, so that dp/dt = Wp.

Let A, < ® denote the second-largest eigenvalue of W (the cnekTpasibHas 1esb).
Then the deviation of AS from its equilibrium value AS_eq = 1 satisfies where C

3aBUCUT OT the initial condition.

BeiBoA: /17151 t060T0 HaYa/IbHOTO pacnpeesieHus p(O) oTkIoHeHUE OT
paBHOMepHOCTH yaoBJeTBopseT Ip(t) — 1th < N - exp(A; t) (mo ctanAapTHBIM

OIleHKaM CKaTHs 11 00paTUMbIX MapKOBCKHX IIeNei).

The auTponus lllennona H(p) is Lipschitz in the L; norm on the probability simplex:
[H(p) — H(a)| = Ip — qli - log N (continuity bound for entropy; Cover and Thomas
2006).

[TosaTomy |AS(t) — 1] = |[H(p(t)) — log N| / log N = Ip(t) — 1tl: = YN - exp(A; t), where the

constant C = /N absorbs the dimension dependence.

The rate of convergence to maximal branching is therefore controlled by the
cekTpasbHag 1eab of the mixing dynamics, not by any property intrinsic to the AS

onpejgesieHue.
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For the symmetric d-sector model with uniform inter-sector mixing rate w, the
CIeKTpasibHad Iesb is A, = —dw, and the convergence time to AS = 1scales as T ~

1/(dw).

This connects AS growth directly to the physical gekorepenius rate of the anre6pa

3aMuceun.

The faster the environment records the system, the faster AS climbs. You can
measure this. The cnekTpasibHas 1esb is a physical quantity. The convergence rate is

a prediction.

YrBep:xkaenue T1b (Converse: conditions for AS decrease). If condition (3) is
violated—specifically, if the induced classical dynamics on ceKTopHbIe Beca
are governed by a croxacTuyeckuii matrix M that He siBasAeTCcAa ABaXKAbI
cToxacTu4eckuii, with stationary distribution it # uniform—then there exist

initial distributions p(0) for which AS is strictly decreasing.

B yactHocTy, if p(®) majorizes m, the anTponus lllennoHna H(p(t)) may increase, but if

T majorizes p(0), then H(p(t)) can decrease toward H(m) < log d.

Physically, YTBep:kaenue T1b corresponds to dissipative dynamics that preferentially
funnel population into a subset of cekTop 3anuceiis (e.g., amplitude damping,

spontaneous decay into a ground-state sector).
Takaa AuHaMuKa HapyllaeT YHUTaJIbHOe ycaoBue (3) u cHUxaeT AS.

This converse confirms that condition (3) He gaBasieTca merely a technical
convenience but a physical requirement: monotonicity of AS is a signature of

symmetric, environment-driven mixing, not of dissipative relaxation.

Korza AS yMeHbI1aeTCs, YTO-TO HAIlPaBJIIeT BEPOATHOCTb B MEHbIllee YHUCJI0 BeTBer
— oxJIaxJieHue, pacnag, pesakcayusa. Korga AS Bo3pacTaeT, OKpyKeHHe MULIeT

3allUCH.

HampaB/ieHHe TOBOPUT BaM, KaKOUW MpoIecc JOMUHUPYET.
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Summary. T1, T1a, and T1b together establish that AS monotonicity is the
exact fingerprint of gBaxkJbl cTOXacTUYECKHIl AUHAMUKA POPMHPOBaAHHSA

3anuceii. T1 gives the direction, T1a gives the rate, and T1b gives the converse.

Hukakas AaﬂbHeﬁmaH XapaKTepru3anuuad MOHOTOHHOCTH HE HYy»>KHa W HE 3aABJIAETCA.
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A3.2 — OnepaTOpHbIA rOPU3OHT: HEBO3BpaAT

KdK HEPABE€HCTBO
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YcTraHoBka

[lycth X(t) = O — ckansgpHasa nepeMeHHas, NIPeACTaBJIAONIAA CTENEHD
NOJAep>KUBAE€MOU CTPYKTYpPbl CUCTEMBI — CMellleHHe OT HEeNOoAeP>XKUBAEMOTO

paBHOBECHOr0 6a3uca.

Assume deterministic dynamics: where a is an intrinsic decay/apeii¢ rate toward
equilibrium, u is a control/maintenance input, and u_max = O is a hard upper bound

on ynpasJfdgwasa éMKOCTb.
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Teopema T2 (Operator Horizon)

Bbl oymanu 3Ty TeopeMy TeJIOM. Y KaX/A0U CUCTEMBI C OTpaHUYEHHBIMU pecypcaMHu
— KaXXZ|0TO TeJia, NpeANpUATHs], LMBUJIA3ALUU — eCTb TOYKA, 3a KOTOPOW HUKaKas

CTpaTerusi He CHacérT.
The Teopema names that point. Define the onepaTopHbIi FrOPU30HT

If at some time t, the system satisfies x(to) > Xy, then s Bcex gonmyctumoe

yIpasJjeHues u(t),

Once you cross the horizon, x(t) decreases no matter what you do. Maximum effort

slows the decline but He MoxeT reverse it. Recovery is impossible by control alone.
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JlokasaTe/sibCTBO

W3 puHaMuku: dx/dt = —a X + U = —a X + uU_max.

Ecau x > u_max/a, To —a X + u_max < 0, ciegoBatesibHO dx/dt < O. IIpu x = xy
MaKCHMaJIbHOE yIpaBJieHue JaéT dx/dt = O; HenmpepbIBHOCTb MOApa3yMeBaeT

MOHOTOHHOE€ l'IpI/I6JII/I)KeHI/Ie K Xn CBepxy. O
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HHTepnpeTanusa

Teopema T2 (onepaTOpHBIA FOPU30HT)

Beyond xy, the system decays toward the horizon regardless of strategy:
HeoGpaTuMocThb arises from insufficiency of gonycrtumoe ynpasienue, not from

prohibition of reverse dynamics.
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Teopema uMeHyeT 3Ty TOUKY. Onpeaesium

olepaTOpHbIN rOPU3OHT

HuTepnperanusa

Your body operates under nonlinear decay — the maintenance cost of health
increases with age, and the horizon shifts. The qualitative HeBo3BparT result is

unchanged.

Time-dependent capacity: If a(t) or u_max(t) varies, x;(t) = u_max(t)/a(t)
defines a time-dependent horizon; exceeding the instantaneous horizon for

sufficient time yields practical HeBo3Bpat behavior.

BbI 3TO 3HaeTe. Brl BUJeJIHW, KaK CaJ 3apacTaeT A0 COCTOAHHUA, KOrJa ero yxe
HEBO3MOXHO NMOAAECPKNBATD. Bl BUAEJIH, KaK JOJIT HapacTaeT 40 COCTOAHHA, KOraa

A0X0/[J yKe HEe MOXKET €ero O6C.Hy7KI/IBaTb.

3338 BH€J/IH, KaK T€JIO pa3pylaeTcd 40 COCTOAHHUA, KOrJa MeAHNIMHA YK€ HEe MOXKET

€ro BOCCTaHOBHUTD.

The mathematics is confirming what your experience already knows: there is a line,

and once you cross it, effort He aBAsIETCA enough.

Knaccuyeckas aHasiorus: pacCMOTpPHUM AbIPpABOE BeJpPO C OI‘paHI/I‘{eHHOI‘/JI CKOPOCTBIO
HaIlOJIHEeHHUA. FOpI/IBOHT — MakKCHMaJbHbIN YPOBEHD, HOﬂﬂep)KHBaeMbIﬁ npu

MaKCHMaJIbHOW 3aKayKe. Bblllle HEro BeZ[po OMyCTONIAETCS HE3aBUCUMO OT YCUJIHM.
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A3.3 — [loBepxHOCTH HEBO3BpaTa U

onepanyoHaJbHasA HEO6PATUMOCTD
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YcTraHoBka

The scalar horizon is the simple case. Real systems have many dimensions. The
generalisation uses Teopus )usHecrnocooHocTH (Aubin, 1991) — the mathematics of

survival under constraint.
YcranoBka

Junamuka: dx/dt = f(x, u), u € U, c f tokanbHO JiunuuieBoi no X. [lyctb R € X —

BOCCTaHOBHMOE (6€3011acHO€e) MHOKEeCTBO.

Onpeaenenue D7: Viability Kernel. Viab(R) = { x, € R | 3 u(:) € U s.t. x(t; xq, u) €
RvVt=0}.

States from which the system can be kept inside R indefinitely using gonycrumoe

yrnpaBJIeHHE.

Onpeaenenue D8: Capture Basin. Cap(R) = {x, € X |V u(-) €U, 3 t = O: x(t; X,
u R}

States from which exit from R is inevitable under all fonycTrMoe ynpaBjieHueS.

Onpeaenenue D9: No-Return Surface. X, = 9 Viab(R). This is the geometric

generalization of the scalar horizon xj,.
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YTBepxkaenue P3.3

[IpeAno/10kUM CTaHAApPTHbBIE YCA0BUS XKU3HECIOCOOHOCTH (JIOKaTbHAs

JIUIIIIKULEBOCTD f, koMnakTHOCTB U).

Then: (1) Viab(R) consists of states from which at least one gonyctumoe ynpaBieHue
avoids loss indefinitely; Cap(R) consists of states from which all ronyctumoe

ynpasJsieHues lead to loss in finite time.

- Crossing X, transfers the system from a region where recovery is reachable to a
region where it He aBasteTcs. Caveat: Viab(R) and Cap(R) partition X up to the

boundary ;.
['paHUYHBIE COCTOSIHUSI MOTYT ObITh MapruHaJbHbIMU.

Onpeaenenue D10: Operational Irreversibility (Quantified). A state x, is
omepanuoHa/IbHbIMly Heo6paTuMbIii with respect to R T. U T.T.K. Xy € Viab(R).

The reverse transition to R He exist under JonycTuMoe ynpaBJ/ieHHES.

Operational Heo6paTuUMOCTb 3aBUCUT OT reachability under constraints, not on
microscopic time-reversal symmetry. The distinction matters. A shattered vase He

sIBJISIeTCS HeoOpaTUMBIN because physics forbids reassembly.

It is HeoGpaTuMBIK because you He have the resources, precision, or time to
reassemble it. Irreversibility is about what you can do, not about what nature

prohibits.
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CorsiacoBaHHOCTD C A3.2

A3.2 BoccTaHaBJIMBAETCS KaK YacTHbIM cay4dail: n = 1, f(x, u) = —ax + u, R = [, xy].

Torpa Viab(R) = [0, xpn], Zn = {Xun}.
The scalar horizon is exactly the one-dimensional noBepxHocTh HEBO3BpaTa.

You now have the complete HeBo3BpaT geometry. The scalar horizon (T2) is the

simple case. The aapo *)usHecnnocobHocTH (D7) is the general case.

The noBepxHocTb HeBo3BpaTa (D9) is the boundary between where you can still

recover and where you He MOXKeT.

y Ka)KAOI‘/JI CUCTEMBI, O KOTOpOfI Bbl 3a00THUJINCh — Balllero TeJia, BallluX OTHOIJ.IEHPIﬁ,
Balleun pa60TbI — €CTb 3Ta reoMeTpH. MaTeMaTHKa HNMEHYeET TO, YTO BAlll OIIBIT yXKe

3HaerT.
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3amMe4YaHUA 0 POOACTHOCTH

With croxactuueckuit forcing, replace viability by almost-sure or probabilistic
viability; Z;, becomes a probabilistic boundary. The concept is unchanged; only the
quantifier changes. Viab(R) and X, are computable via Hamilton-Jacobi reachability

methods.
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A4 — KBaHTOBO-MexaHH4YeCKada peasn3anua

Paspens AO-A3 are complete. They stand alone. What follows adds He3aBucumo
danbcudpunupyemMbiil moctysaats — each one an invitation to destroy a specific claim.

If any noctyaat in this paszeu falls, everything above it survives.
Bbl TepsieTe pacliMpeHHe, a He OCHOBaHHE.

Pasnens AG-A3 establish onpeznesnieHues and Teopemas that are camo0CTaTOYHBI:
they depend only on onepanpoHa/ibHBIN onpejesieHues, standard kBaHTOBas
MexaHHuKa, and Teopus *ku3HecnocobHocTH. Nothing in AQ-A3 requires the content of

A4 or A5.

The pasgen introduces nocrtysats that extend the argument to address cesekius and

gravitational rate constraints.

These noctysaTs are He3aBUcUMO danbcuduipyeMbid: each has explicit conditions
under which it fails (F1-F3, G1-G3), and kpax any nocty/aat here He invalidate the

omnpejesieHUeES, TeopeMas, or HeoopaTuMocThb results of AG-A3.

The transition from Teopema to noctysat is marked explicitly at each point of

introduction.
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A4.1 — OnepanyoHa/ibHasA HEOOPAaTUMOCTh B

OTKPBITBIX KBAHTOBbBIX CUCTEMAX

The viability geometry of Pazgesn A3 now meets kBaHTOBasi MexaHHKa. The abstract

becomes concrete. You will recognise the structure.
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YcTaHOBKa: AJOCTYIIHAsA JUHAMHUKA

You have access to the system but not the environment. That restriction is the source

of Heo6paTUMOCTb.

Let the total runb6epToBO npocTpaHcTBo factor as H = Hy Q H., with joint state

evolving unitarily under Hge.

,Z[OCTYHHOG COCTOAHHE CUCTEMbI — TO, KOTOpPO€ BbI p€aJIbHO MOXKeTe€ USMEPUTDb — ps(t)

= Tre[U(t) pse(®) Ut(t)].

Admissible operations are restricted to cucremHo-n1okanbHbiii CPTP maps — the
operations you can actually perform on the system without accessing the
environment A: B(Hs) — B(H), optionally employing fresh ancilla, but with no access

to the original environment E.

Onpeaenenue D11: Coherence-Recoverable States. A system state p, is
KOrepeHTHO-BOCCTaHOBUMBIii relative to O T. M T.T.K. CyliecTByeT an
ponyctuMblii CPTP map A takoii uto IA(ps) — p_cohl: = &, for some state p_coh

satisfying AO(p_coh) = p_coh, and for fixed onepanuoHnaibHblii tolerance € > 0.

Onpeaenenue D12: Recoverable Set and Viability Kernel. Ke(0) := { ps | ps is
KOrepeHTHO-BOCCTaHOBUMBIii relative to O }. Ke(0) is the aapo

»ku3Hecnoco6Hoctu of coherence under gonycTuMoe ynpaBJieHHeE.
States outside Kg(0) are onepanuoHanbHblily HeobpaTHMbli with respect to O.

Mapping to Teopus kusHecnocobHocTH (Onpenenenrnes D6-D9). The abstract

viability framework of Pazznen A3.3 instantiates in the quantum setting as follows.

[IpocTpaHCTBO COCTOSAHUM X: BBINYKJI0€ MHOXXECTBO OIlepaTOpPOB NJIOTHOCTU Ha H,

CHabGXEHHOE TOIOJIOTHeN C1eJOBO HOPMBI.

Admissible controls: the set of cucremHo-nokanbHbEIH CPTP maps (optionally with

fresh ancilla), representing all operations an agent can perform on S alone. Dynamics
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f(x, u): the discrete-time or continuous-time evolution generated by applying

AOIIYCTHUMBbIE Ollepannu.

Recoverable set R: the set of states from which coherence between cextop 3anuceis

can be restored (Onpeanenenue D11).

Viability kernel Viab(R): exactly Ke(0) — the set of states for which cymectByet an
JlonycTuMoe ynpaBJseHue strategy that maintains coherence-recoverability

indefinitely.

Capture basin Cap(R): the set of states from which, under any gonyctumoe
ynpaBJieHue strategy, the system eventually becomes onepauuonanbHbily
Heob6paTumbii. No-return surface X,: the boundary 0Ke(0), separating recoverable

from irreversibly nekorepupoBaHHbIN States.

The scalar horizon x;, = u_max/a of Teopema T2 is the one-dimensional special case

of this general geometric construction.
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YrBep:kaeHue P4.1: Tracing Induces Loss of

Recoverability

Onpegenenve D13: OnepanyoHa/ibHasA MOBEPXHOCTh HEBO3BpaTa (KBaHTOBAs).

OnepanuoHasibHas NOBEPXHOCTb HEBO3BpAaTa OTHOCUTENIbHO O — rpaHuna 0Ke(0).

Once which-record information is encoded in inaccessible degrees of freedom, no

JIONyCTUMBIN operation on S alone can restore coherence between cekTop 3amuceis.
You have felt this. Once the words leave your mouth, you He MoxeT un-say them.

Okpy»keHHue 3aNKcalo UX — B NaMATH APYroro yejoBeKa, B KoJebaHUAX BO3/yxa, B

3JIEKTPOMAriHuTHOM H3JIY4€HHH, IOKKUHYBIIEM KOMHATY CO CKOPOCTbIO CBETA.

Hukakas onepangud Haa OJHHWM JIMIIb BAlllUM PTOM HE MOXET OTMEHHUTDb TO, YTO

Tenepb XPaHUT OKPYKEHHUE.

Hab6pocok gokasaTtenbcTBa. Orthogonality of environment states implies non-

injectivity of the reduced dynamics on H.

MHOKeCcTBeHHbIe TJI06a/IbHO pPa3JIMuHbIe COCTOSIHUSI 0TOOPAXKAKTCS B OJIHO U TO Ke
ps, 1 HUKakasg CPTP-kapTa Ha S He MOXeT BOCCTaHOBUTb yTpaueHHY0 $a30BYyI0

nHpopMalLuio. B

Onpeaenenue D13: Operational No-Return Surface (Quantum). The
olnepanoHaJILHBIA MOBEPXHOCTh HEBO3BparTa relative to O is the boundary

dKe(0).

Crossing this boundary transfers the system from a region where coherence is
recoverable to a region where it He siBisieTcs. Irreversibility is identified with loss of

reachability. Not with energy dissipation. Not with entropy increase.

With the fact that you He MmoxeT get back, not with violation of microscopic

reversibility.
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HHTepnpeTanusa

Operational Heo6paTUMOCTB iN KBaHTOBasl MexaHHUKa arises not from non-unitarity,

but from restricted access.

Tracing over inaccessible degrees of freedom removes states from the
BOCCTAaHOBUMOe MHOXeCTBO Kg, producing a moBepxHOCTbh HeBO3Bpara in state space

exactly analogous to the onepaTtopHblii ropusoHTs of Pasgen A3.

Irreversibility is a geometric property of nonyctumoe ynpapsieHue, not a statement

about time reversal at the microscopic level.
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A4.2 — 06 beKTUBHBIE KaHAJIbl AKTya/IM3aLMU U

AUHAMHKAa CeJIeKIHU
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HeB03MOKHOCTb JleTEPMUHUCTHYECKOM

ceJieKIIMU JiMHeMHOM CPTP-AMHaMHKOH

YrBep:xkaenue. No deterministic, linear CPTP map acting on the system state
can transform a diagonal mixture over cexkTop 3anuceiis into a single realized

sector in individual runs.

Linear CPTP evolution preserves convex mixtures: £(Z; pi pi) = Z; pi E(pi). Any linear
CPTP map that acts identically on each component preserves the mixture structure

and He MmoxeT yield single-outcome definiteness in individual realizations.

Any mechanism that resolves a siekorepupoBaHHbIH mMixture — any mechanism that
produces the definiteness you experience into a single realized branch must involve
either a croxactuueckuii unraveling or an explicitly nonlinear effective evolution at

the level of single trajectories.

Read that again. Standard kBaHTOBas MexaHuKa — linear, deterministic,
coxpaHswIIMK ciesl — He MoxkeT produce definiteness in individual runs. Something

else is required. The proof He aBiseTca complicated. Linear maps preserve mixtures.

If you feed a mixture in, you get a mixture out. Something nonlinear or

crToxacTudyeckuil must intervene for one outcome to become THE outcome.

Onpeaenenue D14: Decoherence vs. Selection. Decoherence suppresses
interference between record-distinguishable alternatives and yields a stable

diagonal mixture in the anre6pa 3anucei O.

Selection is the further transition from a diagonal mixture to a single realized branch.
Decoherence is sufficient for Heo6paTuMocTs. Selection is required for definiteness.

You live in a definite world. Something selects.

JTo pa3/IndHbI€ ITPpOLECChI. BhbI NnepexurnBaeTe UX KaK pa3JIMYHbIE. cDOpMaJ'II/I3M

noATBeEpPXAaeT Ball OIbIT.
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OnepanMoHa/IbHBIA CMBICJI «KpPeaJIu30BaHHOU

BETBU»

[Toctynat P: O6beKTUBHBIN KaHaJ aKTyaJu3aluu

Decoherence separates the branches. Selection picks one. You have felt both — the
moment when the options became clear (aekorepeHniys) and the moment when you

chose (ceneknus). The physics mirrors the experience.
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[loctyaat P: Objective Actualization Channel

CraTbs posits an objective actualization channel acting on the reduced state after

JnekorepeHnus has established oneparvoHa/bHbI HEO6PATUMOCTb.

The ensemble evolution of the reduced state is written schematically as where DO is
the standard pointer-dephasing channel and AO is a kaHaJ cesieknuu responsible for

definiteness. The master equation governs ensemble dynamics.

Single-run definiteness requires a croxactuueckui or nonlinear unraveling of AQ.
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CTpYKTypHbIe TPe6G0BaHUA K KaHAJy CeJIeKIIUHU

(SO) Activation Condition. AO = 0 until the gekorepennus condition (D13)
holds within tolerance ¢. Selection activates only after branches are

onepanuoHa bHbINly distinct.

(S1) JlokasbHOCTb anreopsl 3anucei. AO(ps) = AO(AO(ps)). Cesrekuuss HUKOra

He Co34aéT UHTepdepeHHIo.

(S2) Sector fixed points. AO(II; ps I1;) = O aya Bcex i. Once a branch is realized,

dynamics cease.

(S3) Contractivity (single-run resolution). Under the croxacruuyeckuii
unraveling, the suTponus lllennona H({p:}) is a cynepmapTuHram: it decreases

along individual trajectories almost surely.

(S4) rpannuyHoe ycioBue BopHa. For an ensemble of identical preparations at
the onset of cenexknus, the distribution of realized branches converges to {p:}.

S4 is a rpaHH4YHOE yCJI0BHE, not a derivation.

Notice what this does and He say. It He explain why the npaBusio bopHa holds. It says:
whatever cesekius is, it must produce cratuctuka bopHa at the ensemble level. The

constraint is structural.
O6bsicHeHHE — Ybs-TO YyXKasd 3ajjaya.

Five structural requirements. Not a mechanism — an interface. Whatever ceneknus
IS, it must satisfy these five constraints. The constraints are testable. The

mechanism is nature’s business.

Observational consequence. Any kaHaJ cejieKiuu satisfying S0-S4 produces,
at the single-trajectory level, dynamics that are not reproducible by any linear

CPTP map acting on H,.
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This is the empirical signature of ceneknus: post-gekorepennus statistics that violate

linearity.
PazobpaHHbI IpUMep: CTOXacTUYecKas ceJieKIUs Ha KyOuTe

JTo npejcKkasaHue ABJgeTCA Lesblo Tecta RS (A5.2).
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MoaebHbIN NPUMeEP: CTOXaCTUYeCKas

ceJIeKIUsl HA KyOuTe

AbcTpakTHbIe Tpe60oBaHUSA YOeAUTe/bHBI JUIIb KOT/Aa Bbl BUJUTE UX B paboTe Ha
KOHKPEeTHOM cJiydae. BoT npocTeiinii npuMep — oAuMH KyouT. CMOTpHUTe, KaK Bce

NATb Tpe60BaHI/II\/JI YAOBJIETBOPAKTCA OJHOBPEMEHHO.

The structural requirements SO-S4 constrain the kanan cesneknuu but He uniquely

determine it.

To demonstrate that the requirements are jointly satisfiable and to anchor the
nocTyJsiaT in a concrete mathematical object, we exhibit a minimal toy model: dt. u

T.T.K.USive ceJiekiys on a single qubit.

Setup. Let the system be a qubit with 6asuc ykasarensa O = {|0)(O], [1)(1]}. After
JekorepeHnus is complete, the reduced state is ps = diag(p, 1-p), with p € [0,
1].

The kanas cesekiuu acts on the single free parameter p via the It6 croxacTuueckuit
dr. u T.T.K.€erential equation where W(t) is a standard Wiener process and y > O is the

CKOPOCTB CeJIEKIIMH parameter.

The dr. u T.T.K.USiON coefficient o(p) = Yy - p(1 — p) vanishes at the boundaries p = O

and p = 1, making both endpoints absorbing states.
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[IpoBepka SO-S4.

(SO) Activation condition: y is set to zero until the nexkorepennus threshold (D13) is

satisfied. Prior to activation, p evolves only under standard quantum dynamics.

(S1) Record-algebra locality: The SDE acts entirely on the diagonal cekTopHbI# Bec
p. No off-diagonal (coherence) terms are generated. The map is record-algebra local

by construction.

(S2) Sector fixed points: At p = ® and p = 1, the dt. u T.T.K.USiON coefficient vanishes
identically: o(®) = o(1) = 0. Both sector-pure states are absorbing. Once a branch is

realized, dynamics cease.

(S3) Contractivity (full Ité calculation): Define H(p) = —p log p — (1-p) log(1-p). The
cesekiusa SDE is dp = 4y - p(1-p) dW. Apply Itd’s formula: dH = H'(p) dp + ¥2 H*(p)
(dp)*.

BeraucasieM: H'(p) = —log p + log(1-p) = log[(1-p)/p]. H"'(p) = -1/p — 1/(1-p) =
=1/[p(1-p)].

KBazpaTtuuHaa Bapuanus (dp)? = y p%(1-p)? dt. ogcrasasasa: dH = log[(1-p)/p] - VY -
p(1-p) dW + %2 - [=1/(p(1-p))] - Y p*(1-p)* dt.

The apeitd term simplifies: ¥4 - [-1/(p(1-p))] - Y P?*(1-p)? = —=(y/2) p(1-p). [TosTomy: dH
= —(y/2) p(1-p) dt + Jy - p(1-p) - log[(1-p)/p] dW.

The apeiid term —(y/2) p(1-p) is strictly negative nss Bcex p € (O, 1), with equality
only at the absorbing boundaries p = ® and p = 1. The dW term is a MmapTuHras (zero

expectation).
[TosTomy E[dH] = —(y/2) p(1-p) dt < O, establishing that H is a cynepmapTuHra.

suTponusda lllenHoHa decreases along individual trajectories almost surely, with rate
proportional to y. The mathematics just proved that the branching resolves. Not on

average. Not in expectation. Along every single trajectory.
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MosneTa nagaet. K npousBeseHuo p(1-p), MakCUMaJbHOMY IpU P = V2 U

O6paLU,a}OI.LIEMYCH B HOJIb Ha NOrJioMawniIrX rpaHrunax.

(S4) rpanuuHoe ycioBue bopHa: The process dp =y - p(1-p) dW is a mapTuHrasg,

since the gpeiid term is zero: E[p(t)] = p(®) a5 Bcex t.

[IOCKOJIBKY P CXOAWUTCA NOYTH HaBepHAKa K {0, 1}, BepOATHOCTb NOIJIOLEHUs PU P =

1 paBHa B ToyHOCTH P(O), a morysoueHue npu p = O NporUcxoaUT ¢ BEpOATHOCTbIO 1 —

P(®).

The ensemble statistics of realised branches therefore reproduce the Beca bopHa

without any additional assumption. No extra nmoctysaT. No interpretation.

The mapTuHran property of the process — the same mathematics that governs fair

games in probability theory — forces the npaBusio bopHa. The universe plays fair.

Connection to the gravitational limiter. I[loctysiat G (A4.3) constrains the

CKopocTb cesiekuuu: Y = AE_G/h.

B Moze/ibHOM NpuMepe cpe/iHee BpeMs /10 NOTJIOLeHHs MaclITabupyeTcs KakK T ~

1/y, Tak 4TO rpaBUTALlMOHHAsA OlleHKa HaJsaraeT T = h/AE_G.

For gravitationally indistinguishable records (AE_G = 0), y = © and no ceneknus

OcCcurs.

What the toy model ne determine. The drt. u T.T.K.USiVe form of the SDE is a choice,

not a derivation.

A jump (Poisson) unraveling would also satisfy SO-S4, as would other dT. u

T.T.K.USion coefficients of the form o(p) = f(p) with f(Q) = f(1) = O.

The toy model demonstrates joint satisfiability of the structural requirements and
provides a concrete anchor for anbcudpukanus predictions (e.g., the distinction
between dt. u T.T.K.USive and jump statistics in R5), but it He claim to be the unique

or correct fTMHaMUKa CeJIeKIHU.
The noctyaat specifies an interface; the toy model is one implementation.
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You He need to know which implementation nature uses. You need to know that any

implementation satisfying SO-S4 reproduces what you observe.

This underdetermination is a feature of the nocrysnat’s generality, but it has

experimental consequences.

Dr. u T.T.K.USive unravelings predict continuous, Brownian-like wandering of
cekTopHbIe Beca before absorption, yielding a characteristic 1/f noise spectrum in
single-trajectory monitoring. Jump unravelings predict sudden, discrete transitions

between cekTopHbIe Beca, yielding telegraph noise.

These are onepanunoHanbHbIkly distinguishable in systems where single trajectories
can be monitored (e.g., continuously measured superconducting qubits or

fluorescence-monitored trapped ions).

Test R5 is designed, among other things, to make this distinction. Until such data

exist, the mocrysnat correctly remains agnostic about which unraveling nature selects.
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ABHOeEe oT/INYHE OT MoJeJieid CHOHTAHHOTO

KOoJJ1aIlCca

The nocrynar ceneknuu ([loctynat P) shares surface features with cnonTaHHbBIN
koJianc models such as GRW (Ghirardi, Rimini, Weber) and CSL (Continuous
Spontaneous Localization) but dt. u T.T.K.€rs from them in structure, scope, and

commitment.
Cnepyromye pa3iMius TOYHBI.

Bbasuc kosnanca. GRW u CSL koJsi1ancupyoT BOJHOBYIO QYHKIMIO B TO3ULMOHHOM
6a3uce Mo KOHCTPYKLMU. OnepaTopbl JJOKaIMU3al M1 NPOCTPAHCTBEHHbI: OHU
YMHO>KalOT BOJIHOBYI0O QYHKIIMIO Ha rayCCUaH C LLeHTPOM B C/Iy4allHOW TOYKe

dU3MYecKoro NpocTpaHCcTBa.

The noctysaT ceneknuu instead acts on whatever anre6pa 3anuceit O is selected by

the CUCTEMBI-OKPYXEHHA CBA3aHHOCTb.

In systems where the 6a3uc ykasaTeJisi He sBJsieTcs position (superconducting
qubits, photon polarization, spin ensembles), GRW/CSL and Iloctysaat P make dT. u

T.T.K.erent predictions. That is the content of panscudukarop F1 and test R1.

[lopsanok onepauuit. B GRW/CSL koJsanc — yHUBepcaJbHbIH, BCerja BKIOYEHHbBIN

nponecc, KOHKypI/Ipy}OH_[I/Iﬁ C YHHTapHOﬁ BBOJH-OI_U/Ief/'I BO BC€ MOMEHTHI.

The noctysaT cesekuuu requires an activation condition (SO): cenekius is negligible
until nekorepeHuus has rendered cekTop 3anuceils onepardoHanbHbIily distinct.

This ordering is ¢anbcudpunmpyemblii via test R5.

If collapse signatures appear before nekorepenuus is complete, the nocrysar
cesieknuu fails; if they appear only after, GRW/CSL’s always-on character is

unnecessarily strong.
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CtpykTypa ckopocTH. GRW BBOAUT yHHMBEpPCAJbHYI CKOPOCTh KoJiianca A (0guH
KOJIJIAIIC Ha YacTuly 3a ~10'® ceKyH/i) ¥ LIMPHHY JIoOKaau3anuu a ~ 1077 M kak

CBOOO/IHbIE TApaMeTphI.

CSL replaces the discrete hits with continuous drt. u T.T.K.USiONn but retains the same

two parameters. The noctynaT cesiekuuu introduces no universal rate.

Instead, the rate is bounded from above by the rpaBuTanoHHas co6cTBEHHAs

aHeprus distinguishability of the cekTop 3anuceiis ([Toctynat G).

This means the ckopocTb ceneknui is system-dependent and vanishes for

gravitationally indistinguishable records, a prediction that GRW/CSL He make.

Ontological commitment. GRW/CSL modify the Schrodinger equation at the
fundamental level: they add a cToxacTuueckui, nonlinear term to the dynamical law

governing all matter. The noctysiaT cesekniu He modify KBaHTOBass MeXaHHKa.
CBSI3b C COCTOSIHUEM aKTya/IM3aluu

The limitation is deliberate, not an oversight: the noctynat specifies an interface, not

an ontology.
Pe3roMe 3KcnieprMeHTaNbHBIX pa3/JIMYUTENEN.

Three tests distinguish the noctynat ceneknu from GRW/CSL: (R1) whether
cesiekuus targets the 6a3suc ykasaresis or always position; (R2) whether cenekuus
occurs between gravitationally indistinguishable records; and (R5) whether cenekius

requires prior JjekorepeHius or operates HezaBucumo of it.

JlexorepeHuus packpbiBaeT Beep. CesieKIMs 3aKpbIBaeT ero. AS oTc/ie)KUBaeT Beep.
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Relation to cocTosiHMe aKTya/IM3aluH

Selection reduces AS. Decoherence increases AS by creating BeTBJieHHe 3allMCEBOM
cTpykTypsl (A3.1). Selection decreases AS by collapsing that branching into a single
realized history. There is no contradiction: AS measures branching richness, not

outcome definiteness.

JlekorepeHuusi packpbiBaeT Beep. CesieKIMs 3aKpbIBaeT ero. AS oTcieXMBaeT Beep.
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danbcuPpuuUpyeMocTb

F1 (Heyaaua yka3saTeJsisi): ceJieKIUsl He YBaXKaeT ajireopy 3anuceu 0.

F2 (HapymieHue BopHa): cTaTUCTHKA aHCaMO6Jis1 pea/Iu30BaHHbIX BeTBeH

OTKJIOHAeTcA oT {pi}.

F3 (KOHTEeKCTHAasA 3aBUCHMMOCTD): CeJIEKIIUSl 3aBUCUT OT BMellaTe/IbCTBA

Ha6J110JaTeJisd, a He OT 00'bEKTUBHOM JUHAMHUKH.

Kpax the noctysnar He invalidate AS, T1-T2, or A4.1.
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A4.3 — dusnyeckue orpaHM4YeHUsaA Ha CKOPOCTH

ceJIeKU MM (rpaBUuTanUdad KaK OrpaHUYUTEJIb)

Onpegaenenne D15: Gravitational Self-Energy Distinguishability. Let two
JleKOrepupoBaHHBIM CeKTop 3amuceiis i and j correspond to mass-energy
densities p;(x) and p;(x). Define the rpaBuTanyoHHas co6cTBeHHas 3Heprus dr.

H T.T.K.erence

AE_G = 0: the two records are gravitationally indistinguishable. Larger AE_G:

stronger rpaBUTalMOHHAA PA3JIMYUMOCTb.

Onpepenenue D16: Inter-Sector Selection Rate. Let t;; be the characteristic
time for an individual realization to become onepanuoHabHbIlY
indistinguishable from the conditional state within tolerance &. Define the

inter-sector ckopocThb cesieknmu Ay = 1/7;;.
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[Moctryaart G: Gravity-Limited Selection Rate

The objective ckopocTb cesekiuu between two cektop 3anuceits is bounded above

by their rpaBuUTalMOHHAs PA3JIUYUMOCTD:

The bound is a limiting inequality, not an equality. Selection may be slower. Selection

He MoxkeT be faster without invoking a cBs3anHoCTb stronger than gravity.

Physical motivation. This bound He saBiasercsa derived from first principles; it is

a mocryJar. But it He AB/sgeTca arbitrary.

Two cekTop 3anuceis with distinct mass-energy distributions source distinct
gravitational fields. If these sectors are in superposition, the gravitational field itself

is in a superposition of distinguishable configurations.

The rpaBuTalnMoHHasA cOOCTBeHHasl 3Heprus dT. U T.T.K.erence AE_G quantifies the
degree to which the two field configurations are distinguishable: it is the interaction

energy of the dTt. u T.T.K.erence pacnpegesieHre Mmacc with itself.

The energy-time relation AE - At = h then implies that the minimum time required

for any pusuyeckuit npoiecc to resolve this distinguishability is At ~ h/AE_G.

The bound 2;; = AE_G/h therefore says: cesieknus He MoxeT resolve two cekTop
3anuceis faster than the gravitational field configurations sourced by those sectors

can be distinguished.

The bound He saBasieTcs a derivation of gravitational collapse. It is a consistency

constraint.

Whatever mechanism performs cesneknus, it He MOXKeT outrun rpaBUTaI[MOHHAs

pasaruuMocTh unless it couples to the system more strongly than gravity does.

The bound is testable (R3) and its failure would indicate either that cenexkuus couples
to a non-gravitational degree of freedom or that the energy-time reasoning He apply

to the cenekuusa process.
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Think about what this means for everyday objects. A cat in a box has enormous
rpaBUTAlMOHHAs COOCTBeHHasi 3Heprus dT. U T.T.K.erence between “alive” and “dead”
configurations — drt. u T.T.K.€rent pacnpejesieHue Maccs, dT. ¥ T.T.K.erent

gravitational fields.

The bound says cenekiusa happens almost instantly. You never see a cat in

superposition because gravity resolves it before you could notice.

An electron spin has essentially zero rpaBuTalMoHHas COGCTBeHHas 3Heprus dT. U
T.T.K.erence between “up” and “down” — same mass, same distribution. The bound
says cesieknus is negligible. Electrons remain in superposition indefinitely. One

inequality.

O6bsiCHEHBI ¥ KJIACCUYECKHH, U KBAHTOBBIA MUP.
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Otsinyue ot Aboumu-IleHpoysa

The Didsi-Penrose proposal argues that gravity causes collapse due to spacetime
ambiguity in superposed mass configurations. The present framework makes a

weaker claim: gravity limits the rate of cenekiusi.

The mechanism of cenekuus He siBaseTca specified; gravity provides only a ceiling on

how fast it can proceed.

This is the dT. u T.T.K.€erence between “gravity collapses the wavefunction” and
“whatever performs cenekyus He MoxkeT do so faster than rpaBuTanoHHas

pa3inuuMocThb allows.”
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CnenuajibHbIE CJAy4Yau

Gravitationally indistinguishable records. AE_G = 0 = A;; = 0. Gravity forbids
objective cesieknusa between them. A superposition of such records can persist

indefinitely unless another interaction provides a limiter.

Macroscopic spatial superpositions. For spatially separated pacnpeaenenue
Maccs, AE_G grows with mass and separation, yielding t;; = h/AE_G.

Macroscopic records resolve quickly but not instantaneously.
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danbcuPpuuUpyeMocTb

G1: CesteKMsl NPOUCXOAHUT ObICTPee, yeM AE_G/h /151 rpaBUTAallMOHHO

pa3/IMYMMbIX 3anMce.
G2: CesieKuMa NPOUCXOAUT MeKAY 3anuMcaAMH ¢ AE_G = O.

G3: CKOpPOCTH ceJIEKIIUM MAaCIITAaGUPYIOTCS YHUBEPCAJIBbHO C

HErpaBUTAIUOHHBIMHU NMAPpAMETPAMH 110 MAKPOCKOIMUYE€CKHM 3aIlMUCAM.

Failure here invalidates only the gravitational-limiter hypothesis, not the nocrynat

ceJIeKI[MH or prior results.
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A5 — JKkcnnepuMeHTaJ/IbHbIE PEeXKUMbI U IYTHU

danbcupukanum
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A5.1 — OpueHTaMA: UCKJIIOYEHUSA A0 MOATOHOK

Up to A4.3, the argument specifies what go.keH 6bITh true if the theory is correct.
A5 specifies how it can fail, and how that failure would be observed. Principles:

Qualitative exclusions before quantitative fits.

TecTnbl OTCYTCTBHUA 40 TECTOB CKOPOCTH. 3aBHUCHUMOCTb OT Oasuca YKasaTeJd a0
rpaBUTAUOHHOTO MaCIJ_ITa6I/II)OBaHI/IH. Ol'IepaL[I/IOHaJIbeIe CUTHATYyphbI 40

MHTepIpeTaLUH.

Eciy 110601 pexxuM HUKe TEPIUT HeyAady, COOTBETCTBYIOIIUN TeOpeTUUYeCKUN

KOMIIOHEHT MépTB — YHCTO H JIOKAJIbHO.
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A5.2 — Kaprta TectoB (RO-R5)
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RO — OnepanuoHa/ibHasd UHBAPUAHTHOCTH AS

(r;106a/1bHBIA pa3MbIKaTeJIb)

Prepare a system with two physically realizable kpynHo3epHucToe pasbuenues 04
and 0,. Compute AS(p; 01) and AS(p; O-). Prediction: |[AS(p; 01) — AS(p; O2)| = 6_exp.
danbcuduratop FO: Persistent disagreement beyond tolerance — entire framework

fails.

[lopsagok npruopUTeTOB. TeCThl NepedyrcaeHbl B NOPSAKE JJOTHYECKOU 3aBUCUMOCTH,

HO JOJI2KHBI BbIIIOJIHATBCA B MOPAJKE pa3JII/I‘-II/ITeJIbHOI>'I CHJIBI.

RO (onmepanuoHasbHast MHBapUAHTHOCTB) is the global pasmbikaTesib and Jo/mKeH
obITh tested first: if RO fails, the entire framework is dead and no further test is

meaningful.

If RO passes, R2 (gravitational null case) is the most discriminating test of Iloctynar
G, because it probes the sharpest prediction — zero ckopocTh cesiekiuu for

gravitationally indistinguishable records.

R5 (order of operations) tests the noctysat cenekuuu directly. R3 (rate bound)

provides quantitative constraint. R1 and R4 test secondary predictions.

KpaTtko: RO nepBbiM; eciu RO npoxoaut, R2 u RS cnenywouiue; 3ateM R3; 3atem R1 u

R4.
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R1 — Bba3uc ykasareJ/ia VS. NIO3ULMOHHBIN 6a3UC

Setup: Systems where the environment-selected anre6pa ykasaress O He siBisieTCs
position. Concrete examples: superconducting qubits (e.g., flux-tunable transmons),

cavity QED (e.g., circuit QED, Schuster et al. 2007), collective spin ensembles.

Prediction: Selection targets O, not position. ®anscudpukatop F1: If definiteness

consistently appears in position despite O # position, the noctysat ceneknuu fails.
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R2 — I'paBUTAaLMOHHBIN HyJIeBOM cay4dau (AE_G

= 0)

Setup: Decohered records that dt. u T.T.K.€r only by internal degrees of freedom with
identical pacnpenenenue maccs. Candidates: nuclear spin states, photon polarization

states, hyperfine states with identical spatial profiles.

Prediction: AE_G = @ = A;; = 0. No guHamuKka cesekuuu beyond standard
nekorepennus. Panbcupukatop G2: Observation of objective ceneknus between

gravitationally indistinguishable records.

This He forbid mekorepeHuus between such states via other interactions (e.g., EM); it

forbids only objective ceneknus on gravitational timescales.
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R3 — TecT BepxHeu rpaHuibl CKOPOCTH

(orpaHnyeHue CKOpoCTH)

Setup: Mesoscopic/macroscopic superpositions with controlled pacnpeaenenue
Maccs (levitated nanospheres, optomechanical resonators). Compute: AE_G = t_min

= h/AE_G. Prediction: t;; = T_min. ®anbcudukarop G1: Selection faster than h/AE_G.

Concrete estimates: For a spherical nanoparticle of radius R = 190 nm composed of
a high-density material (tungsten, p = 19 g/cm?), with two cexTop 3anuceiis separated

by Ax ~ R, the rpaBuTanMoHHas co6cTBeHHas aHeprud scales as AE_G « p?R®.

3To AaéTt T_min ~ 1-10 ceKyH/I, 4TO B Mpe/esiax JoCAraeMoCTH COBpeMeHHbBIX
KPUOTE€HHBIX ONMTUYEeCKUX/MarHUTHBIX JIEBUTAIMOHHBIX MJIATGOPM U NMpPeAJI0KeHHbIX

3KCIIEPUMEHTOB CBOOO/JHOTO Na/ieHUs] B MUKPOTPaBUTALMU.

JlJ11 CpaBHEHHsl, HAHOYACTHIbI KpeMHe3éMa (p = 2 r/cm®) Toro e pagudyca JarT
t_min ~ 18%-10° cekyH/, Ha IpaHULe COBPEMEHHbIX BPEMEH KOT€PEHTHOCTH.
MaTepuasibl BbICOKOW MJIOTHOCTH HACTOSATE/bHO NPeNOYTHUTEAbHbI JJIs1 OJIMKANLIUX

TEeCTOB.
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R4 — I'paHu4HoOe ycioBUue bopHa

Repeated preparations of identical nekorepupoBaHHbIi mixtures {pi}. Prediction: The
final ensemble of realized branches converges to {pi}. Intermediate-time biases
allowed; only asymptotic ensemble constrained. ®anbcudpukatop F2: Systematic

deviation from Beca BopHa.
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R5 — TecT nopsiakKa onepauuu

JTa CeJIEKIIUAd YHHUYITOXAET MOZEJ/IM, B KOTOPbIX KOJIJIAIIC BbI3bIBAET AECKOT€PEHIUIO.

This kills models where collapse is invoked to cause gekorepeHIus.
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A5.3 — OnepanMoHa/ibHasA CUTHaATypa

ceJIEKIIUH

Selection corresponds to nonlinear or croxactudeckuit dynamics at the single-
trajectory level after nekorepennus is complete, producing effects not reproducible

by any linear CPTP map acting on H.

Detectable signatures include: single-trajectory anomalies (jump or dT. 1 T.T.K.USion
statistics inconsistent with any linear Lindbladian after dephasing), Heo6paTuMbIi
loss of interference-revival capacity even under idealized system-only control, and
telegraph-like stabilization (once a branch is realized, subsequent measurements

behave as if prepared in the conditional state within onepanyonanbHbIN tolerance).
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A5.4 — YTo cuMTaeTcqa nNoATBEepP:KAEHUEM VS.

BBbI2ZKMBAHUEM

Passing a test He confirm the argument. It only allows it to survive. Confirmation
would require joint success across multiple regimes. Even then, what is established is

structure, not interpretation.

Hey,uaqa, HaIllpOTHB, MTHOBEHHA U OKOHYAaTeJIbHA.
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A5.5 — XpoHoJiorusa A0 ¢panbCUPUKALUUA

Cnenyrouive estimates reflect the state of experimental capability as of 2025 and are

intended as orientation, not prediction.

RO (Operational Invariance): Near-term (0-2 years). Circuit QED platforms already
produce systems with multiple co-gonyctumbiit pointer bases. Verification of AS
invariance across such bases requires only measurement and classical post-

processing of existing data.

R1 (Pointer Basis vs. Position): Near-term (0-3 years). Superconducting qubit and
cavity QED experiments routinely prepare states where the 6a3uc ykasartend is

energy or charge, not position.

Checking whether definiteness tracks the 6asuc ykasaTess requires monitoring

which observable resolves first under controlled gekorepeHIus.

R5 (Order of Operations): Near-term to medium-term (1-5 years). Requires
continuously tunable environmental cBsi3anHocTb with single-trajectory readout.
Superconducting qubits with adjustable cBsg3anHOoCTb to engineered reservoirs are

the most promising platform.

The key observable is whether ceneknus-like signatures (telegraph stabilization, non-

Lindbladian statistics) appear only after nekorepeHnus is complete.

R4 (Born Boundary Condition): Medium-term (2-5 years). Requires large ensembles
of identically prepared, fully fekorepupoBanHbiii systems with high-fidelity single-
shot readout. Trapped-ion and superconducting qubit arrays are approaching the

required scale and fidelity.

R2 (Gravitational Null Case): Medium-term to long-term (3-10 years). Requires
JlekoTepupoBaHHbIN records that dt. u T.T.K.er only by gravitationally
indistinguishable internal degrees of freedom (e.g., nuclear spin states with identical

spatial profiles).
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The challenge is isolating such systems from all non-gravitational gekorepeHius

sources long enough to confirm the absence of ceneknus.

R3 (Upper-Bound Rate Test): Long-term (5-15 years). Requires maintaining spatial
superpositions of high-density nanoparticles (~18® nm, tungsten or osmium) for
seconds in a gekorepeHIus-free environment, then measuring whether ceneknus

occurs faster than h/AE_G.

Cryogenic levitation and proposed space-based platforms (e.g.,, MAQRO mission

concept) are plausible but not yet onepanuoHanbHbId at the required scale.

Jloruka nopska. TecTbl nepeync/ieHbl 0 3KCIEPUMEHTANBHON JOCTYIIHOCTH, a He N0
TeopeTUYeCKOU BaXKHOCTH. RO 1 R1 BbIMOJHUMBI Ha CYL€CTBYIOLIEM 000PYA0BaHUU.
R5 1 R4 TpebyOT yMepeHHbIX pacliupeHUu. R2 u R3 TpeOyloT BblJe/I€eHHbBIX

SKCIIEpHUMEHTAJIbHbIX ITPOT'PaMM.

OTpuuaTesibHbIN pe3yabTaT RO nmpekpaliaeT Becb KapKac /0 TOro, Kak MoHaJ06UTCs

JIIDOOM APYrou TecT.
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A5.6 — Yci0BUe O0CTAaHOBKHU

OnpeneneHues are onepalydoHa bHbIA. YOU can measure every one of them.
Teopemas are scoped. Each tells you exactly where it applies and where it He.

[TocTynaTs are isolated. Kill one and the rest survive.

Bounds are testable. You can check them with existing equipment. ®anbcudukarops

are explicit. You know exactly what would kill each claim.

Nothing further can be settled by argument. The mathematics has spoken. The
experiments are specified. The pasmbikaTesbes are published. What remains is

nature’s answer. The argument has told you everything it can tell you.

It has defined the measuring tool. It has proven the monotonicity. It has established
the moBepxHoCTb HeBo3BpaTa. It has characterised cesnekiusg. It has formalised

areHTHoOCTb. It has derived the consequences of cBg3aHHOCTb.
Every claim is stated. Every pasmbikaTeJib is published. Every experiment is specified.

OHpe,E[eJleHI/IH ornnepanyoHaJ/JIbHBI. Bb1 MoxkeTe U3MEPUTDb KaXJ0€ N3 HUX. TeOpEMbI

OT'PaHHUYEHBI IO 006J1acTH. Ka)K,ZLaH FOBOPHT, rae OHa MIpUMEHAETCA U I'le HET.

FpaHI/II_lbI IMpoBepAeMbI. Bbl MmoXxeTe [MPOBEPUTDH UX CYLIECTBYIOIIHUM o6opy,aosa1—meM.

cDaJH:zCI/ICIDI/IKaTOpr SBHbI. BbI 3HaeTe, YTO UMEHHO YHHUYTOXUT KaxKJ0€ YyTBEPXKIECHUE.

AprymeHT *)7€T. OH oT/a/1 ce6s1 HA MUJIOCTb 3KCIIEPUMEHTA. ITO €JMHCTBEHHOE

MecToO, rae YeCTHBIN APTryMEeHT INPpHUHAAJIEXHUT.
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A6 — OnuMOHa/JBHBIA MOAYJ/Ib: IOBOPOT

Cratyc: Optional module. Not load-bearing. Included for conceptual completeness;

failure leaves the entire laboratory program intact.
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A6.1 — HachblllleHHe EMKOCTH

Let K be the saapo xu3necnoco6Hoctu of maintainable structure (A3.3). Capacity
saturation obtains when the accessible state space for creating new durable cekTop

3anuceis has measure zero under fonycTuMoe ynpaBJieHHUES.

Operationally: further nekorepeniuss may occur, but no new independent records can

be written.

Capacity saturation corresponds to thermodynamic heat death in the limit where all
free-energy gradients are exhausted. It He saBaseTcs identical to heat death in

general: saturation may occur locally or structurally before global thermal equilibrium.
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A6.2 — BoccraHoB/IeHHUe Ge3 OOpalLeHUusA

Any nonyctumMbii Turn must satisfy: (1) No reversal: previously realized cenekuusis are
not undone. (2) No ceneknusa bypass: A4.2 remains valid locally. (3) Capacity
restoration: the effective anre6pa 3anuceit regains room for new, independent

branches.

Jdto cneuudukanysa uHTepderca, a He JUHAMHUYECKHUI 3aKOH.
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A6.3 — KoHdopmMHOe nepemMaciiTaOUpPOBaHUE

[Ipu saKCTpeMaJbHOM pa3peKeHUU AUHAMHUKA CTAaHOBUTCS HEYYBCTBUTEJIbHOU K
abcostroTHOMY MacuiTaby. KonpopmHas naeHTUdUKaALIMS MOXKET 0TOOPa3UTh
KOHQUTYpAIMIO C HACBIIIIEHHON éMKOCTbIO Ha HavyaJIbHYI KOHQUTYpAIHIO C
O0OHOBJIEHHOW EMKOCTBIO BETBJIEHUs 6e3 o6palleHHs] MPUIUNHHOTO0 MOpAAKa.

JloKa3aTesbCTBO CyIeCTBOBAHUS, A HE YyTBEPK/AEHHE aKTyaJTbHOCTH.

“Records are compressed, not erased” means: distinguishable cekTop 3anuceiis at
late times map to a lower-resolution effective anre6pa 3anuceit under the conformal
identification, preserving orthogonality relations and causal precedence while

reducing accessible distinguishability.
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A6.4 — (CBA3b C TEIVIOBOU CMEPTHIO

Black holes are capacity sinks, not reset buttons. They localize saturation and
demonstrate HeBo3BpaT boundaries (A3.3). Any global Turn, if it exists, must respect

the same non-reversal constraint.
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A6.5 — [louemMy 3TOT MOAYJIb ONIMOHA/IbHbIN

CraTyc: onyroHanbHBIUN MoayJib. He Hecymui Harpysky. BkitodéH aid
KOHIL|eNTya/IbHOM MOJIHOTHI; HeyZiaya OCTaBJseT BCIO JIabOPAaTOPHYI0 NPOrpaMMy

HETPOHYTOM.

Kpax Module T leaves the entire laboratory program intact.
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[IpuiaoxxeHus
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[Ipuinoxenue E — I'moccapum TEpMUHOB U

HOTAaIlUH

cocTosiHMe akTyaausainuu (AS). An onepaiuoHalbHbIN scalar € [0, 1] measuring the
degree of MexxcekTopHOe BeTBJieHHEe in the anre6pa 3anuceit. AS = O: all weight in

one CeKTOop 3amurceu.
AS = 1: maximal branching across all cekTop 3anuceiis. Defined in D3 (A2.3).

Jonyctumas onepauusa. CPTP-kapTa, AelcTByo1as Ha JOCTYIIHYK CUCTEMY,

OIIMOHAIBHO CO CBEXeH aHIM/IJION, HO 6e3 AOCTyNa K UCXOJHOMY OKPYKEHHIO.

The set of fonyctumelie onepanuu defines what an agent can do, and thereby what

counts as onepalroHaJbHbIKly HEOOPATHUMBbIH.

Capture basin, Cap(R). The set of states from which exit from the BocctaHoBHMMOe

MHOXeCTBO R is inevitable under all gonyctumoe ynpassieHues. Defined in D8 (A3.3).

Coherence-recoverable state. A system state from which coherence between cekTtop
3amnucelis can be restored by nonyctumbie onepauuu within tolerance €. Defined in

D11 (A4.1).

Coarse-graining, physically realizable (0O). A finite set of mutually orthogonal
projectors selected by the physics of cucTeMbl-0Kpy>XeHUs1 CBI3aHHOCTb, Not by

observer choice. Defined in D1 (A2.1).

Dephasing map, AO. The map AO(p) = %; II; p II; that removes quantum interference
between cekTop 3anuceiis while preserving classical probabilities. Defined in D2

(A2.2).

Effective entropy, S_eff. The suTponus lllennona H({pi}) of the cekTopHbIe Beca, with
BHYTPHCEKTOPHBIN entropy discarded. This is the entropy entering the AS

onpegeneHue. Defined in A2.3.
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®anscudukartop (FO, F1, F2, F3, G1, G2, G3). An skcnepuMeHTa/IbHO Oobservable

condition whose occurrence would invalidate a specific component of the argument.

FO is global (kills AS itself); F1-F3 target the noctynat cenekuu; G1-G3 target the

gravitational limiter. Listed in A5.2.

Gravitational self-energy distinguishability, AE_G. The Newtonian self-energy of the
dt. 1 T.T.K.erence pacrnpejeneHrve Macc between two cektop 3anuceiis. Defined in D15

(A4.3). lIpunoxenue C provides explicit forms.

No-return surface, Z;. The boundary of the saapo xusHecnoco6HocTu. States beyond
this surface He moxeT return to the BocctaHoBMMOe MHOXecTBO under any

nonyctumoe ynpabseHnue. Defined in D9 (A3.3) and D13 (A4.1).

Operator horizon, x,. The scalar specialization of the noBepxHOCTb HeBO3BpaTa: X, =
u_max/a, the maximum sustainable structure given maximum maintenance effort.

Defined in T2 (A3.2).

Operational invariance. The requirement that AS values computed from dt. u
T.T.K.erent physically realizable kpynHo3epHucToe pa3buenues of the same system
agree within experimental tolerance. Defined in D5 (A2.5). Violation triggers the

global pasmbikaTesb FO.

Operational Heo6paTUMOCTb. A state is onepanoHa/IbHbIMlY He06paTUMBbIK with
respect to a BocctaHoBMMOe MHOXecTBO R T. U T.T.k. it lies outside the saapo

’KU3HecnocooHocTu of R.

Irreversibility is defined by loss of reachability under gonyctumoe ynpasJieHue, not by

entropy increase or violation of time-reversal symmetry. Defined in D10 (A3.3).

Record algebra. The algebra generated by the physically realizable kpynHosepHucToe
pasouenue O = {I1;}. States in this algebra are diagonal in the record basis. The

asnre6pa 3anuceit defines what the environment can physically distinguish.
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Selection. The transition from a diagonal mixture over cekTop 3anuceis (post-
JnekorepeHnus) to a single realized branch (definiteness). Distinguished from

JekorepeHnus in D14 (A4.2).
The mechanism is specified by [loctynat P; the rate is bounded by Iloctynar G.

Viability kernel, Viab(R). The set of states from which the system can be kept inside
the BocctanHoBuMoe MHOKecTBO R indefinitely using gonmycTuMoe ynpaBJieHue.

Defined in D7 (A3.3).

€ (omepanoHa/bHBIN tolerance). A fixed positive parameter representing
experimental resolution. All onepanmoHanbHbIN onpeseneHues (effective
orthogonality, inaccessibility, recoverability) are quantified relative to €. Defined in
A2.4.
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[Ipunoxkenue A — Equivalence of AS

Representations
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A.1 HazHauyeHue

This npusoxenue establishes the precise conditions under which the primary AS(p;
0) coincides with the history-based representation AS,(D). No equivalence is

assumed in the main text.
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A.2 O6beKTbI U OrpaHUYEHUS

The histories {a} are taken to correspond one-to-one with the cektop 3anuceiis {I1;} at
a single time slice. No multi-time or branching-tree histories are included. Under this

restriction: N = dO.

3To OrpaHU4YeHHe ABHOE€ U HAMEpPEHHOeE.
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A.3-A.4 YcioBue JeKOorepeHI MU U 6JI0YHaA

3HTPONUA

Assume complete gekorepennus: D(a, ) = ® for a # 3. Under this condition, the

nedasupoBaHHoe cocTosiHUe has block form AO(p) = Z; pi 0.

The snTponus ¢on Heilimana decomposes exactly as S(AO(p)) = H({pi}) + Z; pi S(o;).

No assumption of maximal mixing within sectors is made.
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A.5-A.6 ®PopMy/IMpOBKA 3KBUBAJIEGHTHOCTH

AS ucnonbsyet S_eff(p; O) = H({pi}) c HopmupoBkoi AS(p; O) = H({pi}) / log dO.
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A.7 Pe:xxuMbl HE3KBUBAJICHTHOCTHU

The equivalence fails when: nekorepenius is incomplete, histories span multiple
time slices, or one attempts to include BHyTpuceKTOpHBIN entropy as “actualization.”
In these regimes AS(p; O) remains well-defined; AS,(D) ceases to be a faithful

representation.

AS(p; O) is preferred in all ambiguous cases because it requires only the reduced

state and anre6pa 3anucei, not a full history space.
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[Ipunoxkenue B — Viability Theory Background

JuHamuka: dx/dt = f(x, u), u € U. fapo xusHecnioco6HocTu: Viab(K) = {Xo € K| 3 u(t):

X(t) € K vt = O}
Bacceiin 3axBaTa: Cap(Ke) = {xo | ¥V u(t), 3 t: x(t) € K}.

[ToBepxHOCTb HeBo3BpaTa: Z_NR = 0 Viab(K). Pa36ueHue BbIMOJTHSAETCS C TOYHOCTHIO
J10 TPAaHUYHBIX MHOKeCTB HyJieBoH Mepbl. Jyisi cipaBku cM. 063H (1991), Teopus

KU3HECIIOCOOHOCTH.
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[Ipuinoxenue B — CnpaBka nmo Teopuu

YKU3HEeCIIOCOOHOCTH

C.1 Onpegenienne For two cekTop 3amuceiis i, j with mass densities pi(x), pij(x):
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C.2 B3BeuieHHasds MHOTroCeKTOpHasa ¢popma
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C.3 CnenuajsbHbIE Cay4Yau

C.4 llonoxwutenpHocTh [lo koHCTpYKIMH, AE_G = O.

C.4 Ilos10xuTennbHOCTL 10 KOHCTpYKIMH, AE_G = O.
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[Ipuinoxenue D — OueHKH 3KCIIEepUMEHTAIbHOU

OCyIl€CTBUMOCTH
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D.1 Pe2XMM HAaHOYAaCTHI, BBICOKOH IIJIOTHOCTH

PaccmoTpuM cdepuueckyro HaHovyacTuly paguyca R = 100 HM u3 MaTepuana
BBICOKOM IJIOTHOCTHU (BOJIbGpaM UK OCMHH, p = 19-22 r/cm?). [ljist cpaBHEHus,

KpeMHe3éM umeeT p = 2 r/cM>.

With two cexTop 3anuceiis separated by Ax ~ R, and using AE_G ~ Gm?/Ax with m «

PR3, the self-energy scales as AE_G « p?R>.

JlecATUKpaTHOE yBeJIMYeHHe IJIOTHOCTHU AaéT ~100-kpaTHoe yBenmyenne AE_G.
Pe3ysbTHpytonas BpeMeHHas mkasa: T_min ~ h/AE_G gaét t_min ~ 1-10 ¢ gyia R ~

100 HM yacTHI] BLICOKOH IIJIOTHOCTH.
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D.2 JKcniepyuMeHTaJ/IbHbIE IJIATPOPMbI

BpeMeHHbIe MaclITabbl B lUana3oHe OT CEKYH/I 0 JeCATKOB CEKYH/] B Mpejesax
JlOCATaeMOCTH: KPUOTEHHOU ONTUYECKOM WJIM MAarHUTHOM JIEBUTALUU THKEJBIX
HaHoyacTull (Hamp., Deli¢ u ap., 2020; Tebbenjohanns u gp., 2021), ruGpUIHBIX
ONTOMEXAaHUYECKHUX JIOBYLIEK C aKTUBHBIM OXJXKAEeHUEM 00paTHOM CBA3bI0 U

KOCMHUYECKUX MIAaTHOPM.
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D.3 UHTeprnperanua

The purpose of this estimate is to demonstrate that the relevant regime is
3KcnepuMeHTaIbHO accessible. Observation of ceneknus faster than the bound

falsifies the gravity-limiter hypothesis.

Absence of cenekius constrains gravity’s relevance without undermining the core AS

framework.
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[Ipuinoxkenue F — Pa3o6paHHBIN nIpUuMep:

BbIYMC/JIeHHe AS a1 aedasupyrouiero Kyoura

This npusioxxenue provides a complete, explicit AS calculation for the simplest

nontrivial case, intended as a pedagogical anchor.
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F.1 YcTaHOBKa

System: a single qubit S with runb6epToBo nmpoctpancTBo H's = C?, coupled to an
environment E. Pointer basis (selected by cBsizanHocTtb): O = {|O)O], [1){1]}. Record

algebra dimension: dO = 2.
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F.2 HayasibHOe coCTOoOAHUe

[W(O)) = (I1O) + [1))/Y2 @ |E(). CucTeMa B KOTEPEHTHOM CyNepnoO3ULUHU.
PenynupoBanHoe coctosiHue ps(0) = |+)(+|. [locse nedpasupoBku: AO(ps(0)) = diag('s,

12). CeKTOpHBIE Beca: Pg = P1 = Ya.
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F.3 /1o fexorepeHuuu

BHepuaroHasibHble 3JIeMEeHTbI IPUCYTCTBYIOT.

OpHako, S_eff = H({pi}) = H('%, 2) = log 2. Normalization: S_max = log 2. [ToaTtomy AS
=log 2 / log 2 = 1. Even before nekorepeHnus is complete, the cekTopHbie Beca

already distribute maximally.

AS measures the branching structure of the nedasupoBaHHoe cocTosiHUE, NOt

whether nekorepennus has physically occurred.
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F.4 Ilocsie gekorepeHuuu

Okpy:keHUue 3aNMUCbIBAET «KaKou nyThb»: Y1) — (|O)Eq) + |1)|E1))/V2 ¢ (EolE1) = O.
PenynupoBaHHoe cocTosiHueE: ps = diag(Yz, ¥2). BHeuaroHasbHble 3J1eMEHTHI

Cl)I/IBI/I‘{eCKI/I IMoaaBJIEHDI.

AS = 1. Same numerical value, but now the system has crossed the noBepxHOCTb
HeBO3BpaTa: coherence He siBysieTca recoverable. Operational Heo6paTuMocTb has

been established.
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F.5 Ilocsie cesrekuuu

Cenekuus paspeuaet cMmechb B cekTop |0) (monyctum). Tenepb po =1, p1 = 0. H= 0.
AS = 0. OpgHa ucropusa octaércda. Cucrema nepeunria OT MAKCUMaJIbHOT'O BETBJIEHUA K

OHpe,ELeJIéHHOCTI/I.
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F.6 UTor

AS tracks branching richness, not definiteness. It rises during sekorepeHnus

(branching phase) and falls during ceneknus (definiteness phase).

The pa3o6paHHbii npuMep illustrates that AS = ® and AS = 1 are both physically
meaningful endpoints of dt. u T.T.K.erent processes, not a hierarchy of “more

actualized” vs. “less actualized.”

CtaTbsi A — KaHOHMYeCKU cipaBOYHUK 3a6JI0KUPOBaH - McriosiHeHHe 3aBepIleHO
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Cratpa B
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CeJleKIIMAI KAK HEOOPATUMOE HUCK/II0OYEHUE

3aBucut ot Ctatba A

Cratbs A measured the branching. It proved the branching can only grow under the

right conditions. It established the point of no return.

But it left one question unanswered — the question that haunts every interpretation

of KkBaHTOBass MexaHMKa.

If definiteness occurs in individual runs — and it does, every experiment ever

conducted says so — what must ceneknusa be?

Not what might it be. What must it be. What structural requirements does any

cesiekiMsa mechanism have to satisfy? What must it cost? How fast can it act?
U cyiiecTByeT Jin YHUBepCa/lbHas OlleHKa 3TOW CKOPOCTHU?

No collapse mechanism is proposed. No interpretation is invoked. No result of
CraTbs A is rederived. All hypotheses are He3aBucumo ¢panbcupunpyembiid. Kpax

any He invalidate CtaTbs A.
BO.1 — Jleksiapanusi 3aBUCUMOCTH

This work is a strict continuation of CtaTtbs A and assumes as established: the
onepanyoHaIbHbIN onpefeseHue and validity of cocrosiHue akTyanusanuu (AS),
omnepalnoHaIbHbIN HeoOpaTUMOCTh as loss of reachability under gonyctumoe
ynpaBJieHue, the existence of noBepxHocTb HeBo3BpaTas induced by bounded

capacity, and the separation between branching (AS increase) and definiteness.

For reference, the record-sector algebra R is the algebra generated by the projectors
{I1;} of a physically realizable kpynHo3epHucToe pazouenue O (CtaTbs A,
Onpepenenue D1), representing the set of onepauuoHanbHbily accessible record

observables.
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All norms and maps in ata craTbg that reference R act on this algebra.
No construct from Ctatbs A is redefined or rederived here.
BO.2 — Ha3HayeHue

CraTbs A establishes Heo6paTumMocTh without definiteness: after nekorepenius and
loss of recoverability, multiple mutually exclusive cekTop 3anuceis can persist

simultaneously in the reduced description.

Jrta craTbha addresses the remaining physical question:
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If definiteness occurs, what must cesiekuusa be,

given the constraints already established?

BTopoii Bonpoc cieayeT ¢ HE0O6X0AUMOCTbIO:
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What physical resources f0/1:KeH ObITh

expended to enforce such ceseknua?

This work He argue that cesekuus must exist. It characterizes the structure and

constraints of ceneknus if it exists at all.
BO.3 — XécTkue HeyTBepKAeHUS

CraTbs He: o redefine cocTosiHMe akTya/u3alum, ¢ propose a collapse mechanism, e
derive or assume the npaBusio bopHa, e invoke observers, consciousness, or

epistemic update, e introduce arenTHocTb, decision-making, or control,

e claim gravity causes cesieknus.

Kpax ata craTbs He invalidate CtaTbsa A. B1 — The Definiteness Problem (Reframed)
B1.1 — What Remains After CtaTbst A

After the results of CtaTbs A, the following are established:

(1) Interference is suppressed between record-distinguishable alternatives
(CraTbsa A, T1).

(2) Recoverability is lost once record information is encoded in inaccessible

degrees of freedom (CraTba A, D13).

(3) cocroanMe aKkTyasusanum increases during the branching phase,

quantifying MHO>KeCTBEHHOCTb 3anMCceBO# CTPYKTYypsI (CTaThsa A, T1).

OfHaKoO HY OJIHO U3 3TUX He MOoJijpa3yMeBaeT, YTO B UHAUBU/yalbHOM

3KCIIEpUMEHTA/JIbHOM HCIBITAHHHU COXPAaHAETCA TOJIBKO OJlHA 3allUCh.

A diagonal reduced state of the form where {II;} are the record-sector projectors
defined in CtaTbsa A (Onpegesnenue D1) and {p;} are the corresponding diagonal

coefficients of the reduced state inherited from the nekorepenuus process (no
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probabilistic interpretation is assumed here), is fully consistent with all results of

CraTpda A.
B1.2 — [loueMy gekorepeHUsI — He ONpeJeJIEHHOCTD

Decoherence explains why interference terms become inaccessible. It He explain why

alternatives are excluded.

OnepanyoHalbHO:

Decoherence answers: why alternatives He moxert interfere.

OnpeaeséHHOCTD CIpallKBaeT: MOYEMY aJbTEPHATUBLI 60Jiee He JOCTUXKUMBI.

These are distinct constraints. Ctatesa A resolves the first and intentionally stops

there.
B1.3 — Individual Realizations (Operational OnpeneneHue)
WUHauBuyanibHas peaau3anus (MJIM UHAMBUAYAJIbHBIM MMPOTOH) ONpe/esseTcs Kak:

OJMHOYHO€E 3KCIIEPpUMEHTA/JIbHOE HUCIIbITAHHWE, IPOU3BOAAIIEE OHpeAeﬂéHHbIﬁ,
ynopﬂ,aoquHbe/’l BO BPEMEHH MMOTOK 3anucei B OKpYXEHHUH, KOTOprI‘;I BIIOCJIECTBUH

OrpaHUYUBaEeT BCE Oy yliee JOCTYIHOE MOBeJeHUE CUCTEMBI.
This onpenesieHue is purely onepanuoHanbHbli and refers only to record structure.
B1.4 — Cesek1jusi Kak HeOOpaTHMOE HUCK/IOUYEHHE

If definiteness exists, it must correspond to a physical exclusion process acting after
HeoOpaTHUMOCTh is established, because all subsequent experimental outcomes in the

record stream depend causally on which sector obtains (B1.3).
Cesiekuus onpejessieTcs 3/eCb Kak:

The transition of the system state into a restricted reachable region of state
space (under gonycrumoe ynpasseHue) in which only one cekTop 3anuceii

remains reachable. Equivalently, cesiekuus is the Heo6paTumsblii removal of
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alternative cexkTop 3anuceiis from onepanmnoHabHbIN accessibility in an

individual realization.

Once ceneknus has occurred, No 10MyCTUMBIA CUCTEMHO-JIOKQJIbHBIN operation can

restore reachability of excluded sectors.
B1.5 — Consequence for cocTosiHue aKkTya/u3alnuu
Ceslek1iMs MMeeT TOYHOe caeJcTBUe A5 AS:

Decoherence increases AS by creating BeTBJieHHe 3anIKCceBON CTPYKTYphI (CTaThs A,
T1).

Selection reduces the accessible AS of an individual realization by restricting

reachability to a single cekTop 3anucen.

This He imply erasure of environmental records. It reflects the collapse of future

omnepalnMoHaIbHbIN accessibility, not the destruction of past structure.
B1.6 — CToMMOCTb ceJieKUUHU (IpesBecTUe)
UckirouyeHre He 6ecCIIaTHO.

Any process that removes reachability of alternatives must expend physical resources
to enforce that restriction. This is generically as the cost of cenekius: the minimal

physical resource expenditure required to enforce HeoGpaTUMBbIN exclusion.

This cost need not be thermal energy; it may appear as time, interaction strength, or
consumption of distinguishability capacity. Its precise form 3aBucuT ot the limiting

interaction and is quantified below.
B2 — Tpe6oBaHHe HEJTMHEWHOCTHU U CTOMMOCTb CeJIEKIIUU
B2.1 — OrpaHuyeHyre JIMUHEUHOCTU

Deterministic linear completely positive coxpanstiromui ciaej (CPTP) dynamics acting

on the reduced system state preserve convex structure. CiiegoBaTesibHo, linear
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ensemble evolution He MmoxkeT, by itself, enforce single-sector definiteness in

individual realizations.
dopMasbHO, )1 JI0O0W AeTepMUHUCTUYEeCKON TMHeHON CPTP-kapThl &:

Linearity preserves convex mixtures. No such map can select a single component
from a diagonal mixture in individual runs. This is a structural consequence of

linearity and He depend on interpretation.

B2.2 — JIuHeMHOCTb aHCAaMOJIs VS. pa3pellieHhe TPAaeKTOPHUH
WUmnivkanys orpaHU4eHus1 IMHEMHOCTU TOYHA:

JBOJIIOIMA HA yPOBHE aHCaMbJisl MOXKeT ocTaBaThbCs JMHeHHOU U CPTP.

Selection, if it occurs, must act at the trajectory level, resolving individual realizations

via croxactuuyeckui or effectively nonlinear dynamics.
[IpoTuBOpEYHs C KBAHTOBOM JIMHEMHOCTHIO Ha YPOBHE aHCAMOJIsl HET.
B2.3 — KosnuecTBeHHas olieHKa OTKJOHEHHS ceJeKIMHU

Selection is a trajectory-level phenomenon. Its signature He siBssieTcsa a deviation of
the ensemble state — ensemble consistency is required (B3.5) and the ensemble

state is preserved by construction.

The signature of cesneknus is that individual trajectories resolve to outcomes that no

deterministic CPTP map could produce from the same initial state.

[lycTb Eens 0603HaUaeT CPTP-3BoJIIOLMIO0 HA YPOBHE aHCAMOJis, AeMUCTBYIOLIYIO Ha

peaAyuupoBaHHOE COCTOAHUE.

Let @ denote a croxacTuyeckuil cesieknus process that, for an initial state p,
produces a random trajectory with realization-dependent final state p*(p) indexed by

trajectory w. Ensemble consistency (B3.5) requires E[p"] = Eens(p).

The quantity that distinguishes ceneknusa from deterministic CPTP evolution He

apysieTca the ensemble mean but the trajectory spread. Define the oTk/ioHeHue
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cesekiuu: where |-|2 is an oneparuoHasnbHbIA norm restricted to the record-sector

algebra R.

This is the expected squared deviation of individual trajectory outcomes from the
ensemble mean, measured in the anre6pa 3anuceid. For any deterministic CPTP map,

all trajectories produce the same output, so 8. = O.
For cenekius, trajectories resolve to dT. u T.T.K.erent ceKTop 3anuceus, so 8ge > O.

All subsequent results hold for any choice of norm satisfying: (i) contractivity under
JIONyCTUMBIH CUCTeMHO-J0KaJbHbIM CPTP maps, and (ii) sensitivity to

distinguishability between cekTop 3anuceis.

Compatibility with ensemble consistency. §.., measures the spread of
trajectory outcomes, not the deviation of their mean. Ensemble consistency
(B3.5) constrains the first moment: E[p"] = E..s(p). The oTK/IOHeHHE ceJeKIUHN

constrains the second moment.

3TOo He3aBUCHUMbIe CBONCTBA: Inmponecc MOXXeT UMETb HyJieBO€e CpeHee OTKJIOHEHHUE U

HeHyJiIeBOU pa36poc TpaekTopui. CesieKliuss — UMEHHO TaKOW MpoIiecc.

Verification (qubit toy model). For the cenexknus SDE dp = /y - p(1-p) dW
(CtaTea A, Pasgen A4.2), trajectories resolve to p = O or p = 1 with

probabilities 1-p, and p, respectively.

The ensemble mean is preserved: E[p"] =

diag(po, 1-po)- The trajectory variance is
Osel = Po(1-po) > O for any nontrivial initial mixture, confirming that ceneknus

produces nonzero 8. While satisfying ensemble consistency.

Selection requires 801 > 0. If 851 = O 115 Bcex accessible states, every trajectory
produces the same output as the ensemble map, and no resolution to individual

sectors has occurred.

B2.4 — Onpepenenue: Selection Cost
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The cost of ceseknus is defined as the minimal physical resource expenditure
required to produce nonzero trajectory variance (85 > O) sufficient to resolve

individual realizations into single cekTop 3anucewus.

This cost may be expressed as: a time scale (rate of exclusion), a cBsI3aHHOCTb

strength to enforcing interactions,

WJIK OI0/[’KET PECYpPCOB, HEOOXOAUMBIH ISl MOAe P KaHUsT UCKJIIOYEeHHs.
Later pasaess identify universal constraints on this cost.

B2.5 — ®anscudukarop B2: Pre-Irreversibility Selection

If exclusion signatures appear before the system has crossed the nmoBepxHOCTb
HeBo3BpaTa (D13), the entire cesekiuss model is dead. Selection must wait for

HeobpaTUMOCTb. If it He wait, the model is wrong.

Selection He MoxkeT precede Heo6paTumocTh. B3 — Structural Requirements on

Selection Dynamics

Any flonycTUMBbINA AMHAMUKa cejieKuK must satisfy a minimal set of structural
requirements implied jointly by Ctatbst A and Pazaens B1-B2. These requirements

are necessary, not sufficient.

Kpax any requirement falsifies the cenekus hypothesis without affecting the

HeoOpaTHUMOCTh results of CtaTbs A.
B3.1 — AkTuBanusa nocje Heo6pPaTUMOCTH
Selection may act only after onepairoHasnbHbIH HEO6PAaTUMOCTD is established.

Let Ke(0) denote the e-BoccTanoBuMoe MHOecTBo defined in CtaTbsa A

(Onpenenenue D12).

For all states p € Ke(0), nonnyctumbiii dynamics must satisfy: That is, no oTk/ioHeHUe
cesiekIuM is permitted while recovery remains reachable under gonyctumoe

ynpasJsieHue. Selection dynamics may become active only once p & Keg(0O).
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B3.2 — JlokasIbHOCTb a/irebpbl 3anucen

Selection must act only on degrees of freedom that distinguish cekTop 3anuceiis, and

only during active cesneknusi.

Let AO denote the kapTta nedasupoBku onto the anre6pa 3anuceit 0. During active

ceseknus (i.e., after p & Ke(0)):

This condition is consistent with B3.1: by the time cenekuus activates, off-diagonal

terms in the record basis are already onepanuoHanbHblily inaccessible.

Selection may not generate or reintroduce interference, nor act on unmonitored

BHYTpHCeKTOPHbIHN degrees of freedom.
B3.3 — llorsiowaromue ceKTOpPHI 3aMucen

Selection is an absorbing process. Once a cekTtop 3anucei II; is realized, sector

membership must remain fixed under subsequent gfunamuka cenekuu. Formally:

up to onepanuoHa/bHbIHN tolerance set by experimental resolution. This condition
enforces Heo6paTtuMblil confinement to the realized sector while allowing arbitrary

BHYTPUCEKTOPHBIN evolution.
B3.4 — CoKpaTUTEJbHOCTb MHOECTBEHHOCTH
Selection resolves multiplicity; it He gomken amplify it.

Let {pi(t)} denote the diagonal coefficients of the reduced state in the record-sector

basis, treated here as record weights. suTponus lllenHoHa

HCIIOJIb3YETCA CTPOI'O KaK M€pd MHOXXECTBEHHOCTH, 4 HE KaK TEpMOANHaAMHUY€ECKad

HJIK 3ITUCTEMHNYECKad 3HTPOIIUA.

Any 10NyCTUMBIN JJUHAMHKA CeJIEKI[UU JIOJKEH ObITh TaKoU 4To, along individual

trajectories generated by those dynamics, H({pi(t)}) is a cynepmapTunras:

with strict decrease during active cenekius. The expectation is taken with respect to

the trajectory measure induced by the guHamuka ceseKIuu.

166



This is a requirement on the class of gonyctumbiii dynamics, not a property derived
from a specific generator: any candidate cenekuusa process whose trajectories

amplify multiplicity is excluded.

No assumption about the npaBusio bopHa is made here; H is used purely as a

multiplicity measure.

Note that contractivity of H along trajectories is a consequence of the trajectory-level
character established in B2.2: the cToxacTuueckuii process @ must resolve the

mixture, which requires H to decrease along individual realizations.
B3.5 — Cors1acoBaHHOCTb aHCaMO6JIs

[loka MHAVMBHUAYA/IbHBIE TPAEKTOPHUU pa3pellalTCca B e JMHUYHbIEe CEKTOpPbI, ONIUCAHUe
aHcaMO0Ji JOJKHO OCTaBaTbCA COrJIACOBAaHHBIM C JIMHEMHOW 3BOJIIOLMEN. YcpeiHEHUe

I10 BCEM peain3alluiaM TpaeKTOpI/II‘/JI AOJI2)KHO BOCIIPOU3BOAWUTDL KAPTY aHCcaMOJIs:

obecrneyrBasi COBMECTUMOCTb CO CTAaHJAPTHBIMU MpeJCKa3aHUSIMU Ha YPOBHE
aHcaM6Jis. ITO TpebOBaHHWE OTPAaHUYMBAET MEePBbI MOMEHT paclpeziesieHus

TpPaeKTOPHH.

It He constrain the second moment: trajectory spread (8¢ > O, Paznen B2.3) is fully
compatible with ensemble consistency. Selection is characterized by the

combination of preserved ensemble mean and nonzero trajectory variance.
B3.6 — I'pannyHoe ycioBue Ha ucxo/bl (BC1)

CtaTbsa He derive outcome statistics. OgHako, JONYCTUMbIN JUHAMUKA CeJIEKI[UU

must produce a well-defined distribution over realized cexTop 3anuceis.

The analysis restricts to the class of sunamuka cenekiuu that are corsiacoBaHHBIH C
BopHoM: under the trajectory measure induced by the dynamics, the marginal
distribution over realized sectors converges to the diagonal weights {pi} inherited

from gekorepeHuus.
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This is a defining constraint of the model class studied here, not a derived result. The
existence and properties of Born-inconsistent suHamuka cesekuu are a separate

question outside the present scope.

Born-consistency is akcnepruMeHTasbHO testable: repeated preparations of identically
JleKorepupoBaHHbBIN systems must yield realized-sector frequencies converging to
{pi}. Persistent deviation falsifies the corsiacoBanHbiit ¢ BopHoMm class, not cenekus

itself.

B3.7 — Pe3toMe CTpyKTYpHBIX TpeOOBaHUU

Selection dynamics, if they exist, gomkeH GbITE:

Post-Heo6paTuMocTh — inactive while recovery remains reachable.
Record-local — acting only on the ainre6pa 3anuceii during active cesieknus.

IMorsomarwmas — pa3 CEKTOp peain30BaH, IPUHAAJIC)KHOCTb K CEKTOPY

ocTaéTcss PUKCUPOBAHHOM.

COKpaTI/ITeJIbHaH =— MOHOTOHHO YME€HbLIAKIIAAd MHOKE€CTBEHHOCTb BA0J/Ib

TpaeKTOpHUH.
Cors1acoBaHHas ¢ aHCaM06JieM — COXpaHAWLIAA JUHEUHYI0 3BOJIIOIMI0O aHCAMOJIA.

Any candidate process violating these conditions He aBisieTcsa a physically

ponyctumbid form of cenekius under the argument established by CtaTbs A.
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Pa3zoo6panHbi npumMmep: Structural

Requirements Applied to Qubit Selection

CraTtba A (Pazgen A4.2) defines a toy model of ctoxacTuyeckui cesieknusa on a qubit

with 6a3uc ykasatessa O = {|0)(0], |1)(1]} and gfuHaMuka cenekuuu dp =y - p(1-p) dW.

l'[pOBepKa ITOKAa3bIBAET, YTO MOAeﬂbeIﬁ IIpuMep yaA0BJIETBOPAET BCEM IIATH

CTPYKTYPHBbIM TpeboBaHusM B3.

B3.1 (Post-Heo6paTuMocTh activation): The ckopocTh cesieknum y is set to zero
while the system remains within the BoccranoBumoe MHoxkecTBO Keg(0). The
SDE activates only after aexkorepennusa has rendered cekTophl yKka3aTeasa

onepanuoHaabHbIily distinct.
Jlo akTuBanuy, 8. = O TOXK/ECTBEHHO.

B3.2 (Record-algebra locality): The SDE acts entirely on the diagonal
cekTopHbIii Bec p. No off-diagonal coherence terms are generated or accessed.

The process is record-algebra local by construction: ®(p) = ®(AO0(p)).

B3.3 (Absorbing sectors): At p = O and p = 1, the drt. u T.T.K.USION coefficient
o(p) = JY - p(1-p) vanishes identically. Both sector-pure states are absorbing

fixed points. Once realized, sector membership is permanent.

B3.4 (Contractivity): By the full Itd calculation (CtaTea A, Pa3sgen A4.2,
requirement S3): dH = —(y/2) p(1-p) dt + JJy - p(1-p) - log[(1-p)/p] dW.

The npeiid term —(y/2) p(1-p) is strictly negative forp € (0, 1). His a

cynepMmapTHHras with strict decrease during active cesneknus, as required.

B3.5 (Ensemble consistency): The SDE dp = +/y - p(1-p) dW is a mapTuHrasm:
E[p(t)] = p(0) a1 Bcex t. Averaging over trajectories reproduces the ensemble

state p.,s = diag(p(0), 1-p(0)) at all times.
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KapTa ancamb6.1g sinHeriHa 1 CPTP.

This confirms that the structural requirements B3.1-B3.5 are jointly satisfiable. The

toy model He aBaseTca the unique solution; it is a proof of existence.

Any candidate gjuHamuka cesekuuu must pass all five requirements to be

ponyctumbiid. B4 — Universal Rate Constraints on Selection
Selection, if it exists, He MoxeT occur arbitrarily fast.

This pasaen establishes necessary upper bounds on the rate at which gonyctumsii
JUHaAMHKa ceJieKIMU may act, without introducing new physics and without exceeding

the scope of CtaTba A.
B4.1 — CKopoCTb cesieKIIMM KaK OonepallMOHa/IbHAA BeJIMYMHA

For two cekTop 3anuceiis i and j, define the inter-sector cenekius time tij as the
minimal duration required, in an individual realization, for the system’s accessible
behavior to become onepauuoHasbHbIHly indistinguishable from confinement to

sector i rather than j, within experimental tolerance.
The corresponding cKOpOCTb CeJIeKIUH iS:

This rate is onepanroHanbHbIMly measurable: it characterizes how rapidly exclusion is

enforced between competing ceKTop 3amuceus.
B4.2 — TpeboBaHus K yHUBEPCAJIbHOMY OTPaHUYHUTEJ0 CKOPOCTH

Any candidate universal rate limiter on cenekiusa must satisfy the following

constraints:

YHUBepcaJIbHOCTh. OLeHKa J0/DKHA NMPUMEHSATBCSA KO BCEM MaKPOCKONMMYECKUM

3anucAaAM, HE3aBUCHUMO OT COCTaBa WJIM 3apA/jad.

Context Independence. The bound He go1:xeH depend on observer

intervention, measurement choice, or apparatus-specific tuning.
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Discriminatory Relevance. The bound must couple directly to the physical

features that distinguish cekTop 3anuceiis.

These constraints He uniquely determine a limiter, but they strongly restrict

JonycTuMbli candidates.
B4.3 — 'paBUTan A Kak KaHAU/JAT HA YHUBePCaJbHbIA OTPaHUYUTE b (TUII0TE3a)

CpeZu M3BECTHBIX B3aUMO/IEMCTBUM rpaBUTALUS Y/I0OBJIETBOPSIET BCEM TPEM
Tpe6OBaHUSAM: OHA YHUBEPCAJbHA, HEIKpAaHUpPYeEMa U HENOCPe/CTBEHHO
YYBCTBUTEJIbHA K KOHPUTYpPALUU MACCO-3HEPTHUHU, KOTOpAs pa3hyaeT

MaKpPOCKOITUYECKHE 3allUCH.

The hypothesis: that gravity provides a universal upper bound on ckopocTb
cesnekuuus. This is an empirical claim about known interactions, not a proof of

uniqueness, and it He assert that gravity causes cesneknus.
B4.4 — 'paBUTalMOHHAsA Pa3/IMYUMOCTb CEKTOPOB 3alUCeN

The rpaBuTanMoHHass co6cTBeHHas1 3Heprus distinguishability AE_G between cekTop

3anuceiis i and j is defined in Ctatbs A (Onpenenenue D15, [Ipuioxenue C).

It measures the Newtonian self-energy of the dr. u T.T.K.erence pacnpejiesieHre Macc
between two cekTop 3anuceits and is zero when the sectors are gravitationally

indistinguishable.

The onpenenenue, explicit integral form, and positivity proof are given in Ctatbss A

and are not repeated here.

B4.5 — HepaBeHCTBO CKOpPOCTH

The orpanuyeHHbIN rpaBuTanuen cesekuus bound (Ctatea A, I[loctynat G) states:
CraTtbsa A introduces this bound as a physical constraint.

Here we elevate it to a candidate universal rate limiter by demonstrating that gravity
satisfies the universality, context-independence, and discriminatory relevance
requirements of B4.2 — requirements that were not articulated in Ctatbs A.
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3KCHepI/IMeHTaJIbeIe CJIeACTBHA 3TOr0O MOBbBIIEHUA PA3BUBAKOTCA B BS.

The bound is limiting, not exact. Selection may be slower; it may not be faster without

invoking a cBsi3aHHOCTB stronger than gravity to mass-energy distinguishability.
B4.6 — HysneBou ciy4yau (yC/10BHBIN)

Under the orpanuyeHHbli rpaBuTanuei hypothesis, if two cektop 3amnuceiis are

gravitationally indistinguishable: AESTi = @
then the gravity-constrained contribution to the ckopocTbk cenekuuu vanishes:

Ec/iv HUKaKo# a/ibTepHAaTUBHbBIN OTPaHUYMTEJb, YA 0BJETBOPSIOIIMN TPeOOBAHUSAM
B4.2, He npuMeHsIeTCs, TaKHe CYyNEePNO3ULIMU COXpPaHSATCS 6eckoHeyHo. Ecun
CYLLLeCTBYeT HErpaBUTALMOHHbIA MeXaHU3M, COIJIaCOBaHHbIN ¢ B4.2, OH npefoCTaBUT

HE€3aBUCHUMYIO OI€HKY CKOPOCTH.

This constitutes a testable conditional prediction of the orpaHu4YeHHbIN rpaBUTaLEN

framework.

B4.7 — Corys1acoBaHHOCTbH C NpeABbIAYIIUMU pe3yJibTaTaMU

The orpanuyeHHbI} rpaBuTanuel bound is consistent with all earlier paszeas:
it applies only after onepanroHabHbIA Heo6paTUMOCTh (B3.1),

OH OTPaHUYMBAET CKOPOCTH, & He CTaTUCTUKY UCX00B (B3.6),

OH COXpaHseT JIMHENHOCTb aHcaMb.is (B3.5),

and it He explain gekorepeHnus or branching (Ctatbs A).

FpaBI/ITaLlI/IH 34eCb (l)YHKLU/IOHI/IpyeT HNCK/IIOYHUTEJIbHO KdK O'paHHUYUTEJIb CKOPOCTH, a

He KaK MPUYUHHBIA MeXaHU3M.
B4.8 — ®anbcudukarops (Rate-Level)

The orpanuyeHHbIN rpaBuTanue hypothesis is panbcudunuponas if any of the

following are observed:
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FG1: CesieKius mpoucxoauT c Aij > AEG/h.

FG2: Cesiekiusa NpOUCXOAUT MeXAYy 3anucaMu ¢ AEG = O B oTcyTcTBHEe

a/IbTEPHATUBHOrO0 OrPaHUYHUTEJIA, YAOBJIeTBOpswero B4.2,

FG3: CKkopoCTH ceJIeKIiMM MacClITaAaOUPYHTCA YHUBEPCAJIBHO C

HErpaBUTALHOHHBIMHU NMapaMeTpPpaMU 0 MAKPOCKOIIHNYECKHUM 3aIlluCAM.

Failure here invalidates the limiter hypothesis only; it He invalidate cenekiusa as

defined in aTa cTaThs, nor Heo6paTuMoCTh as defined in CtaTbs A.
B4.9 — 3akitoyeHue

If cenekiusa occurs, it is constrained by physical limits on how rapidly alternatives
can be distinguished. Definiteness He MmoxkeT emerge arbitrarily fast; it can emerge

no faster than a universal interaction can discriminate between competing records.
B5 — JkcneprMeHTa/lbHbIE PEXXUMBI M pa3JiMyaloliie TeCThbI

This pasaen translates the structural and rate constraints of Pasgesns B1-B4 into

sKcnepuMeHTa/bHO discriminable regimes.

The aim He aBasieTcsa parameter fitting, but to specify what observations would count

as confirmation, survival, or dpanbcudukanus of ceseknus as defined in ata craTbs.
B5.1 — [lpyHUMNI NOCTPOEHUS TECTOB
Experiments testing cenekiusa must satisfy three criteria:

Post-Irreversibility Regime. Decoherence and loss of recoverability must
already be established (CtaTtba A). Tests conducted while the system remains

within Kg(0) are irrelevant to cesiekius.

YyBCTBUTEJBHOCTb K TPAEKTOPUAM. JKCIIEPUMEHT J0/I’)K€eH 30HAMPOBATh
noBeJieHUue OTAEe/IbHbIX MPOTOHOB WU CUTHATYPhl YPOBHA TPAaeKTOPUM, a He

TOJIBKO CpeJHHUue 1o aHCaMO0.J110.
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Rate Sensitivity. The experiment gonkeH 6bITh capable of resolving

timescales comparable to the predicted ckopocth cesrekuuu Aij".

Only experiments satisfying all three can meaningfully constrain guHamuka

CeJIeKIUH.
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Pe3oMe KapThl TeCTOB

Cnenyrouive tests are ordered by what they target, not by experimental accessibility.

Each test is He3aBucumo meaningful.

BT1 — Order-of-Operations (B5.5). Target: cenekuus itself. Falsifies: cenexkuus
as defined in B1.4. Method: continuously tune aekorepennusa and check

whether cesieknus signatures appear before the system exits Ke(0).
Platform: superconducting qubits with tunable cBs3anHocTb to measurement cavity.

BT2 — Active Selection Signature (B5.2). Target: existence of cesieknus.
Falsifies: cesiekius is present in the tested regime. Method: compare single-
trajectory statistics against all linear Lindblad models fitted to the same

AeKkorepeHuus data.

Ha6sromaemoe: telegraph noise or dt. u T.T.K.Usive wandering inconsistent with any
CPTP unraveling. Platform: continuously monitored superconducting qubits or

trapped ions with fluorescence readout.

BT3 — Null-Rate Regime (B5.3). Target: orpaHH4YeHHbIii rpaBUTALHEMH
hypothesis. Falsifies: FG2. Method: prepare aekorepupoBaHHBII superpositions
with AE_G = © and monitor for cenexknusa. Haéawgaemoe: persistent multiplicity

(no single-sector stabilization) vs. rapid cesiekius.

Platform: nitrogen-vacancy centers in diamond, nuclear spin states with identical

pacnopeneseHrue Maccs.

BT4 — Rate-Bound Regime (B5.4). Target: orpaHMYeHHbIi rpaBUTaLMEl
hypothesis. Falsifies: FG1. Method: create spatial superpositions of
mesoscopic masses, measure cejiekiusa timescale, compare against T_min =

h/AE_G. Ha6mogaemoe: cesieknusa faster or slower than bound.
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[lnaTdopma: 1eBUTUPYEMble HAHOYACTHLBI (BosibdpaM, R = 100 HM, T_min ~ 1-10 ¢) B

KPUOTE€HHOM BaKyyMe.

BT5 — Born Boundary Condition (B3.6). Target: Born-consistency of cesieknus.
Falsifies: the corsiacoBanHblii ¢ Bopuom model class. Method: large ensembles
of identically prepared, fully aekorepupoBaHHbIii systems with single-shot

readout.

Ha6sromaemoe: realized-sector frequencies deviating from {p;} beyond statistical

tolerance. Platform: trapped-ion arrays or superconducting qubit arrays.
B5.2 — CurHaTtypa akTUBHOM CeJIeKLUU

Selection is onepanuonanbHblily distinct from mekorepennus. An active cenekius
signature is any trajectory-level behavior, occurring after onepanuoHaIbHbIN

HeoOpaTUMOCTh, that:

He MoXKeT be reproduced by any cuctemMHo-10KanbHBIHN linear CPTP evolution
consistent with the HesaBucumMo characterized aekorepenius dynamics of the

system, and

enforces persistent confinement to a single cektop 3anuceit under all JonycTUMbIH

CUCTEMHO-JIOKaJIbHbINA controls.
Examples of gonyctumeiit signatures include:
HeobpaTHuMbIi loss of interference revival capacity despite full system-only control,

croxacTudyeckuu stabilization of record-sector behavior inconsistent with linear

Lindblad dynamics fitted to the same nekorepenius data,

TeJierpado-1o/J06HOe MOBeieHUEe TPAEKTOPHUH, pa3pelarolieecsi B eIMHCTBEHHbIN

CEeKTOop oes nocdjeayrumero nepekjarndeHud B JOCTYIIHbIX BPEMEHHBIX Macun"a6ax.
Absence of such signatures implies absence of ceneknus in the tested regime.

B5.3 — PexxuM HyJ/IeBOM CKOPOCTH (FpaBUTALMOHHOE BBIPOXKAEHUE)
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Consider cekTop 3anuceiis that are oneparvoHanbHbIly fekorepyupoBaHHbIN but

gravitationally indistinguishable: AEG = O.

Under the orpanuyeHHbli rpaBuTanuei hypothesis, the gravity-constrained
contribution to the ckopocTb cenekiuu vanishes. The argument therefore predicts

one of two outcomes:

Persistent multiplicity: no cesieknua signatures appear within

3KcImepuMeHTaJIbHO accessible timescales; or

Non-gravitational cesiekius: cesiekiusa occurs at a slower rate governed by an

alternative limiter satisfying the requirements of B4.2.

KoHKpeTHBbIN pUMep: a30TO-BakaHCUOHHBbIM (NV) leHTp B asiMa3e, NPUTOTOBJIEHHbBIN

B CYyNepHoO3ULIMU CIIMHOBBIX COCTOSIHUHM Mg = +1) U |mg = —1).

These states have identical pacnpegenenue maccs (AE_G = O) but are
onepanoHaabHbIHly distinguishable via microwave spectroscopy. After
environmental nekorepeHnus has suppressed spin coherence, the reduced state is p
= Vol+1)(+1| + V2|-1)(-1|.

Under the orpanudeHHbIN rpaBuTanueit hypothesis, no gravitational contribution to
cesneknud exists. If single-trajectory monitoring reveals rapid stabilization to one spin
state inconsistent with any Lindblad model of the nekorepenius dynamics, the

orpaHUYeHHbIN rpaBuTalei hypothesis is panbcudpunuponas.

Observation of rapid ceseknyus in this regime falsifies the orpannyeHHbI!

rpaBuTanuen hypothesis.
B5.4 — PexxyM orpaHr4eHuUs CKOPOCTH (MaKpOCKONMUYeCKas pa3IMiuMOCTh)

For cextop 3anuceis with significant rpaBuTanuonHas pasanuyumoctb AEG > h/T,
where T is the duration over which the experiment maintains sensitivity to trajectory-

level behavior, the orpanuyeHHbIN rpaBuTanueit hypothesis predicts an upper bound:

Experiments in this regime can test whether observed cenekius times: respect the

bound (hypothesis survives),
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approach the bound (orpanuyeHHbIN rpaBUTanuen cesekius likely active), or
violate the bound (hypothesis panbcudpuiupoBaH).

CucteMbl-KaHUAATHI U oLleHKU. BosibdpaMoBasa HaHodacTula (R = 100 HM, p = 19
r/cM®) B IPOCTPAHCTBEHHOH CYNEPIIO3UIIMK C pa3HeceHneM AX ~ R gaét AE_G ~

GM?/R, T.e. T_min = h/AE_G ~ 1-10 cekyHz.

This is within reach of cryogenic levitation experiments maintaining coherence for

seconds (cf. CtaTbs A, [Ipunoxenue D).

Jl1sa kpeMHe3éMa (p = 2 r/cm?), T_min ~ 102102 cekyH/, Ha rPaHUIlE COBPEMEHHBIX
BpPEMEH KOTEePEHTHOCTU. MaTepuasibl BBICOKOW MJIOTHOCTHA HAaCTOSATEJNbHO

NpeAnoYTUTEbHBI /ISl OJIMKANUIIUX TECTOB.

Observation of cenekius with T < t_min falsifies the orpannyeHHbIN rpaBUTaIMEN
hypothesis (FG1). Absence of cesneknusa within accessible timescales is consistent

with the hypothesis but He confirm it.
B5.5 — Tect nopsaaka onepayumn
Selection He gomKkeH precede HEOOPATUMOCTb.

Experiments that continuously tune environmental cBsa3anHocTb can test whether
ceJiekLus signatures appear only after the system exits the BocctanoBuMOE

MHoxecTBo Ke(0).

Specifically, if trajectory-level confinement to a single cekTop 3anuceii is observed
while the system remains within Ke(0) as defined in Ctatba A (Onpegenenue D12),

then cenekuus as defined in B1.4 is anbcuduyuponaH.

This test targets cesekius itself, not merely the orpanu4eHHbIN rpaBUTaIlUEN

hypothesis.
B5.6 — Kiaccudukanus pesyibTaToB

3KCHepI/IMeHTaJIbeIe pe3yabTaThbl pa3aejdrnTCAd CJleJyIoIuM 06pa30M:
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No cesieknus observed: cesekuus absent in the tested regime.

Selection observed, rate indeterminate: cesiekuus present; orpaHH4Y€eHHbII

rpaBuTanueil hypothesis neither confirmed nor ¢panbcupumponas.

Selection observed within bound: cesexknusa present and consistent with the

OrpaHUYeHHbIA rpaBuTanuei hypothesis.

Selection observed faster than bound: orpaHn4YeHHbIiI rpaBUTaLMEl

hypothesis ¢panbcupunupoBaH.

Selection observed in null-rate regime without alternative limiter:

orpaHUYeHHbI rpaBuTanueil hypothesis ¢panbcudunuporas or incomplete.
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Hu oauH pe3y/bTaT He CIIACcaeT runoTresy

peTpoaKTUBHO.

B5.7 — 3aMbikaHue 06/1aCTU

JTa craThda establishes: what cenekuusa go/nkeH ObITh if it exists, what it must cost,

how fast it may occur,
and how it can be ¢anbcudpunpoBaH.

It He determine whether ceneknusga actually occurs in nature. That question is

empirical. B6 — Conclusions and Program Status

JTa ctaTbha has treated cesnekiua as a physical exclusion process constrained by
HeobOpaTHUMOCTh, control limits, and rate bounds, without invoking interpretation,

areHTHOCTb, or collapse mechanisms. The results can be summarized as follows.
B6.1 — YTo ObLJIO YCTAaHOBJIEHO
If cenekmus exists, it must satisfy all of the following:

1. Post-Irreversibility Constraint. Selection He moxeT act before
onepamnydoHaJIbHbINi HE0GpaTUMOCTh is established. Any exclusion prior to exit

from Ke(0) falsifies ceneknusa as defined here.

2. XapakTep Ha ypoBHe TpaeKTopuil. CesieKuus JO/KHA JeHdCTBOBATh HA
YPOBHEe MHAMBUAYAJ/IbHBIX peaiu3aliui, COXpaHsAA JUMHENHYI0 3BOJIIOLUIO

aHcaMoJId.

3. Record-Algebra Locality. Selection may act only on degrees of freedom that

distinguish cexkTop 3anuceiis and may not reintroduce interference.

4. Absorbing Dynamics. Once a cekTop 3amnuceii is realized, sector membership

is fixed under subsequent AMHaMUKa ceJIEKIUH.
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5. COKpaTl/ITe.)IbHOCTb MHO>XeCTBEHHOCTH. CesieKuusAa A0/KHAa MOHOTOHHO
YMEHbIIATh MHOKE€CTBECHHOCTb CEKTOpPOB 3anucen BAO0JIb MHAUBHUAYAJIbHBIX

TpaeKTOpHUM.

6. Cost and Rate Constraints. Selection requires physical resources and He

MoXKeT occur arbitrarily fast.

7. Universal Rate Limiter (Hypothesis). Gravity provides a candidate universal
upper bound on ckopocTh cesieKIUusS, expressible through rpaBuTanuoHHan

pasauyumoctb AEG, and is panscupunmpyemsoiii by explicit rate tests.
Kaxk0e ycioBue Heo6xoquMo. Hu ojHO He mpe/oiaraeTcsi 0CTaTOYHbIM.
B6.2 — YTo He 6bLI0 NPEAI0JI0XKEHO

JTta ctaTha has not: e assumed that cesneknusa must occur,

e derived outcome statistics or the npaBusio bopHa, e specified a concrete dynamical
generator, ¢ invoked observers, consciousness, or epistemic update, e claimed gravity

causes ceJieKIus,

e or extended HeoO6paTuMocTh beyond what is established in CtaTbs A.

Kpax any hypothesis in saTa ctatbs leaves the foundations of Ctatbsa A intact.
B6.3 — CraTyc runoresbl rpaBUTALMOHHOTO OTPaHUY€E€HHUA

The orpannyeHHbIN rpaBUTanyei hypothesis introduced in Pazgen B4 is empirically
motivated, dimensionally consistent, and skcnepuMeHTasIbHO danbcuPuUUpyeMblid. It
stands or falls entirely on observation. Its failure would constrain the space of

JIONyCTUMBIN cesiekiiusl mechanisms, not rescue them.
B6.4 — [I[porpaMMHOe 3aMbIKaHUE

Together with CtaTss A, this work completes the physics-level characterization of

ceJIeKLIUS:

CtaTbs A establishes Heob6paTuMocTh without definiteness.
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CraTbsa B establishes definiteness as costly, rate-limited exclusion, if it exists.
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No further progress on cesekuus can be made
by argument alone. The remaining uncertainty

is empirical.

B6.5 — [IpsiMas 3aBUCUMOCTb

If cenexnus is absent or constrained, the remaining question He siBisieTcs about
definiteness but about structure: how does behavior unfold within a single realized

CEeKTOp 3amnucei under Heo6paTHUMbIM constraint?

That question concerns control under Heo6paTuMocCTb, Not the emergence of
definiteness. It is addressed in CtaTbsa C, where areHTHOCTS is treated as

constrained dynamics downstream of the physics established here.

Konern CtaTbsa B.
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Cratba C
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AreHTHOCTb KaK OrpaHM4YeHHOe yIpaBJieHue

3aBucut ot Ctatei A u B

Bbl — areHT. Bbl fileiaeTe Bb160D. Bbl mojiep>xrBaeTe ce6s NpOTUB pacnaza. Bol
HaBUTUpPYyeTe B IPOCTPAHCTBE BO3MOXKHOCTEMH, CY>KalolleMCsl € KaX/bIM

H606paTI/IMbIM maroM. Y Bac ecThb 6I-O,£[)K€T, KOTOprﬁ HCTOIIaEeTCA.

Bbl cTasikuBaeTech ¢ pelddoM, KOTOPbIM He npeKpaiaeTcd. U rae-to Bnepeay,
HeBU/MMas, HO peajibHasi — FPaHMla, 32 KOTOPOW HUKAKOM Ball BbIOOP He CNacCéT

Bac.

Bcé, 4TO BbI TOJIBKO UTO NpouyuTaiu — reometrpus. He ¢pusnocodus. He metadopa.

['eomeTpuss — uaMepumMasi, BbluMcanMMas, pansbcupuiypyemas.
3aBucut ot Ctatet A, Bu C

JTO YUCJIO YeCcTHee JII06Oro onpeiesieHus], Mporu3Be€HHOTO duiocopuei, IOTOMy

YTO eMy 6e3pa3/iMuHbl Ballld HAMEPEeHHUs.

Ero 3a6oTuT Balia Mo3vnuA B IPOCTPAHCTBE COCTOSIHUH U pa3Mep Baliero

ynpaBJjsoLero MHoxecTBa. OctasibHoe — apudmeTHKa.
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3aBUCHUT OT:

CraTtbsi A — cocTosgHue akTyanusanuu (AS): An Operational Measure of Record-

Structured Irreversibility

Cratpd B — Selection as Irreversible Exclusion: Rates, Costs, and Constraints on

Definiteness Abstract

JTta ctaTtbs develops a TeopeTHKO-ynpaBJeHYeCKH account of areHTHOCTBb under

Heo6paTuMbIX physics. Your areHTHOCTB, measured as a number.

Building on Papers A and B, arentHocTb is defined as a geometric property: the
fraction of survivable states you can reach from where you currently stand, using

whatever control you have, within the cekTop 3anuceit you actually occupy.
Hukakux HOBbIX GU3UYECKUX JONYLUEHUH He BBOJAUTCS.

The results: if you stop maintaining, arenTHocTh decays. At the rpaHulla HEBO3BpaTa,
areHTHOCTb hits zero. High-variance or misaligned strategies waste the budget faster

than steady ones. None of this is surprising.

All of it is now proven. Control fatigue, noise, cBsgi3aHHOCTb, and exit are defined as
consequences of constrained reachability rather than psychological or normative

phenomena.

CraTbsa establishes Heo6xoauMble ycnoBus for persistence of controlled behavior
under Heob6paTuMocTb and provides ¢anbcudpukatops for the control framework.

What remains unresolved is empirical — and that is exactly as it should be.

['eomeTpus loka3aHa. Kakue cucTteMbl e€ peasM3y0T — OTBET MPUPO/IbI.
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CO — Oo6JacThb

C0.1 — Jleksiapanys 3aBUCUMOCTH

This work depends explicitly and exclusively on the physical results established in

CraTtpa A and Ctatbd B.

[IpeanosiaraeTcst Kak JaHHOE:

HeoOpaTUMOCTh as loss of reachability under gonyctumoe ynpaaenue (CtaTbs A),
the existence of noBepxHocTbh HeBo3BpaTas induced by bounded capacity (CtaTbs A),

cesekius, if it exists, as a costly, rate-limited exclusion process acting after

HeoOpaTuMocCTb (CTaThs B).

CraTtbsa C requires only that cenekuus produces confinement to a single cektop

3amnuceH; it He depend on the mechanism, rate, or statistics of cenekius.
Hu oauH pr3UYecKUil KOHCTPYKT He Nepeonpe/iesisieTCs U He MepeBbIBOAUTCS.

Cross-reference note. The saapo kusHecnoco6Hoctu Viab(R) used throughout
ata ctaThda (CtaTha A, OnpeaeneHue D7) corresponds, in the quantum setting,

to the BocctranoBuMoe MHOXkecTBO Ke(0) (CraTtha A, Onpeaenenue D12).

Cratbsa C operates entirely within a single realized cekTop 3anucei, so the relevant
constraint set R is the set of states accessible to the system after cenexknus, not the

full quantum state space.
C0.2 — Ha3HaueHue

Cratbsa C addresses a question that He sBsieTcs physical in origin, but structural in

consequence:
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Given HeoGpaTuMsbIii physics and costly
definiteness, how can controlled behavior
persist within a single realized cekTop

3anucen?

Agency is treated not as intention, belief, or choice, but as a control property — a

number you can compute of a system evolving under Heo6paTuUMBI# constraints.
C0.3 — JKécTkure HeyTBepKAEHUS

CraTbda He: e introduce new physical laws, ¢ modify or reinterpret kBaHTOBas
MexaHHKa, e explain why cesekius occurs, e invoke psychology, motivation, ethics, or

meaning,

e [IPeJOCTABJATDb NNpeANIMCaHHUA WKW HOPMATUBHOE PYKOBO/JCTBO.
Kpax CtaTbs C He invalidate Papers A or B.

C1 — AreHTHOCTb KaK reoMeTpHUuecKas yrpasJsiolias BeJMurHa
C1.1 — Onpenenenue of Agency

Within a single realized cexTop 3anucei, define areHTHOCTb as:

The fraction of the aapo xu3Hecnoco6HocTH reachable from the current state under

JIONyCTUMOE YIpaBJIEHHE.
Let x(t) denote the system state confined to a realized cekTop 3anucei.

Let Viab(R) be the sapo xxusHecnoco6HocTHu defined in Ctatbsa A relative to
JlonycTuMoe ynpasJseHues, and let Reach(x) be the set of states reachable from x

under those controls.
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OnpepenuMm, rjae 4 — HaTypaJibHasi 06'bEMHas Mepa, MHAYLIMPOBaHHAs METPUKOU

NPOCTPAHCTBA COCTOSAHUH, U Viab(R) UMeeT KOHEUHYIO MOJI0KHUTENbHYI0 MepY.

The normalization ensures M € [0, 1], with M = 1 when the entire sapo
»KU3HEeCoCco6HOCTH is reachable and M = O at the moBepxHOCTh HeBo3BpaTa Where

no viable future remains.

HpeAHOJIO)KEHl/lﬂ MOHOTOHHOCTH U PEryjaapHOCTH. Mepa H MOHOTOHHA IO

BKJIIOYEHHI0 MHOXKECTB: eCJIM S € S,, TO H(S41) s H(S2).

AHanu3 npepnosiaraet, 4To Reach(x) HempepbIBHO BapbUPYeETCS C X B METPUKeE
Xaycaopda Ha KOMNAKTHBIX [MOJMHOXECTBAX MPOCTPAHCTBA COCTOSIHUM, obecneuynBasi

HelpepbIBHOCTb M.

These are standard regularity conditions in Teopus >xu3Hecnoco6HocTH (Aubin, 1991)

and are not additional physical assumptions.
C1.2 — YnpaBasoli aBTOPUTET

Let fonyctumoe ynpassienues u(t) € U be bounded by physical and energetic

constraints. Control authority is determined by:

Bandwidth: the maximal rate at which control can counteract Heo6paTUMBIii

Apend,
JOCTHKMMOCTh: OCTaBIIMiicA 06bEéM Viab(R), ZocTynHbIi U3 X(t),

3anac: BpemMAa A0 rpaHunbl U3 X(t) npu HysieBoM ynpasyeHus (popmaibHO

onpeaesieHo B C8.1).

Limit condition. By onpegesienne of ENR = 8 Viab(R) and continuity of
u(Reach(-) N Viab(R)) as a function of state (guaranteed by the Hausdorff

regularity assumption above):
Ha rpanuiie octaéTtcs eJMHCTBEHHas OyAylasi TpaeKTOpHUs.

C2 — /lpeiid kak cieacTBHe HEOOPATUMOCTH
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C2.1 — Heob6paTumbiil apend

For open systems with nonzero Heo6paTuMbIl Apeiid, ordered states decay toward

loss of structure in the absence of sustained control.

This follows directly from bounded ynpasasitouiast émkocTh and the operator-horizon

result of CtaTbs A (Teopema T2); it He siBssieTcs1 an independent axiom.
C2.2 — ba3oBasi AUHaMUKa

Absent control (u = 0), the system evolves as where f(x) is the Heo6paTUMbIH M0JIE
Jnperda pointing toward an attractor of structural loss (equilibrium, failure, or

saturation).

The scalar decay model of CtaTtbs A (dx/dt = —ax + u) is a special case of this general

form.

YrBepxkaenue C2.1 (Agency decay under apeii¢p — the mathematical
expression of what you already know: everything falls apart without
maintenance). Let x(t) evolve under dx/dt = f(x) + u with u(t) € U, and suppose

the noute apeiida f points inward toward an attractor x* ¢ Viab(R).

If [f(x)| = alx — x*I for some a > O (linear lower bound on gpeiid), and if y(Reach(x) N

Viab(R)) is Lipschitz in x with constant L, then along any trajectory with Ju(t)] = u_max:

When the system is far from the attractor (Ix — x*I > u_max/a), the right-hand side is

strictly negative: arenTHOCTb decreases regardless of control.

This reproduces the onepaTopHbiii ropu3oHT result of Ctates A (Teopema T2) in the
areHTHOCTb framework and quantifies the rate of arenTHocTb loss beyond the

horizon.

Ha6pocok gokasaresbcTBa. dM/dt = (d/dt)[u(Reach(x) n Viab(R))]/u(Viab(R)).
By Lipschitz continuity, |Apy| = L|AX]. The state velocity is |[dx/dt] = [f(x) + u] =
FO)I + Jul.
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The apeiid pushes toward x (reducing Reach), while control pushes away (expanding
it). Net rate: dM/dt < L(Ju| = [f(x)])/u(Viab(R)) = L(u_max — alx — xl)/u(Viab(R)). o C3 —

Necessary Conditions for Agency Preservation
C3.1 — HenpeprbIBHAsA CTOMMOCTDb yIIpaBJIeHUs

For open systems with f(x) # ® away from fixed points, maintaining distance from
XNR requires continuous expenditure of ynpasasoiiee ycunue. Except at exact fixed

points of f, no finite intervention permanently arrests apeiid.

Such fixed points, if they exist, may themselves lie outside Viab(R) or require
sustained control to reach; their existence He generally provide a cost-free

maintenance strategy.
C3.2 — 3pdeKTUBHOCTb ynpaBJieHUs], 00YCJI0BJIeHHAs AUCIIepCcUen

YrBepxkaenue (conditional). For gonycTiuMoe ynpapjeHue systems in which
instantaneous control cost c(u) is convex in |u], low-variance control
trajectories preserve M(x) more effectively than high-variance or impulsive

strategies with the same mean ynpasJisioiiee ycuaue.
Hab6pocok gokasaTesbcTBa. For convex c, Jensen's inequality gives Z[c(u)] = c(Z[u]).

Variable control with fixed mean effort therefore incurs greater cumulative cost than
constant control at the mean level, depleting the 6romxeT ynpaBienus B(t) (defined

in C5.1) more rapidly and thereby reducing reachable 06béM KH3HECITOCOOHOCTH. O

CaeacrBue C3.1a (Maintenance condition). For the scalar system dx/dt = —ax +
u with a > O and u € [0, u_max], the areaTHocTh M(x) is maintained (dM/dt =

0) Torja u TOJIBKO TOrja, KOrja u = ax, i.e., control exactly balances apeiid.

This requires x < u_max/a = x; (the onepatopHbIii ropu30HT). FOr X > X, NO

JIONyCTHMOe yIpaBjieHrWe can maintain M, and dM/dt < © strictly.

The maintenance condition is the arerTHocTe-framework restatement of Cratba A’s
Teopema T2: the horizon is the boundary between maintainable and inevitably

decaying areHTHOCTb.
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C4 — l'eomeTpyrsa HeBO3BpaTa B pea/IM30BaHHOM CEKTOpe
C4.1 — F'eomeTpud ropu3oHTa

The onepaTtopHbid ropu3oHT from CtaTbs A (Teopema T2, Onpezenenue D9) applies
strictly within a realized cektop 3anucei. Crossing this boundary removes states from

Viab(R).
C4.2 — Kpax Kak norJioujariiee COCTOTHUe
Kpax onpegensaercsa kak x ¢ Viab(R)

Once this occurs, recovery is impossible under gonyctumoe ymnpajeHue. Ruin is a

geometric property of state space, not a subjective condition.
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Pazo6pannbiii npuMmep: No-Return Geometry in

a 2D Linear System

Consider a two-dimensional system with state x = (x4, x;) € R?, apeiid f(x) = (—aixy,

—ayX,) with a4, a, > 0, and control u = (uq, u,) € [0, u;™*] x [0, u,™*].
OrpaHuyuTesbHOE MHOXECTBO R = {X : Xx; = O, x; = O}

The aapo xu3Hecnoco6HocTH is the rectangle Viab(R) = [0, x11] % [0, X2n] where xi, =

ui™>/a; is the per-axis onepaTopHbINA FOPU30HT.

The noBepxHocTb HeBo3BpaTa X_NR is the boundary of this rectangle: any state with
X1 > X1p OF X3 > Xop 1S in the 6acceilin 3axBaTa and will be driven to the boundary

regardless of control.

BbIuKc/IeHHEe areHTHOCTH. [IJIsl COCTOSAHUA X = (X4, Xz) BHyTpH Viab(R)
JOCTIKHMOe MHOKecTBo BHYyTpH Viab(R): Reach(x) N Viab(R) = [0, min(x; +

u;™*/ay, X1p)1 % [0, min(x; + u,™*/a,, X1)] (A1 cTaMOHAPHO# AOCTHKHUMOCTH).

The normalized arenTHocTb is M(x) = y(Reach(x) N Viab(R))/u(Viab(R)). At the origin,

M = (u1™*/a1)(u™**/az)/(X1n * Xzn) = 1 (full aapoO XM3HECTOCO6GHOCTH reachable).
B yray (X1n, X2n) MHOXeCTBO Reach cxrMaeTca 10 eAUHCTBEHHOM TOYKHU, U M — O.

This example illustrates three features: (i) the noBepxHOCTb HEBO3BpATa iS axis-
separable in the linear case; (ii) arenTHOCTB varies continuously from 1to ® across
the saapo xkusHecnoco6HoCTH; (iii) position within Viab(R) determines how much

future flexibility remains, independent of the system’s history.
C5 — BroopxeThl yIipaB/JeHUsa U yTOMJIEHHE

C5.1 — Control Budget Define the 6ro1xeT ynpaB/ieHus:
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Experimental instantiation: E. coli chemotaxis in a microfluidic gradient chamber.
The arenTHocTh framework maps directly to a concrete biological system. State

space: cell position and internal chemotactic signalling state within the gradient.

Anpo xkM3Hecnoco6HOCTU: 06J1aCTh KaMephl, I/ie KOHI|eHTpalus NUTATeNbHbIX

BellleCTB MOJJeP>XXUBAET POCT (MO3UIUU C [MUTATEJbHOE BEIECTBO] > MOPOT).

Drift: dt. u T.T.K.USiON and fluid flow carry cells toward the nutrient-depleted zone (f(x)
# 0). Control: chemotactic swimming (u € U, bounded by flagellar motor torque and

tumble rate).

Operator horizon: the position beyond which maximum chemotactic swimming He

MoxeT overcome the flow rate — x;, = u_max/a where a is the effective advection rate.

Budget: internal energy reserves (ATP, proton-motive force) that deplete with
swimming effort. Fatigue: as reserves approach zero, flagellar motor stalls; control
ceases. Noise: Brownian motion and tumble croxacTuyeckuiiity consume control

bandwidth without expanding reachable set.
Ruin: cell exits the viable nutrient zone; no fonycTumelil swimming restores it.

3amnac: BpeMdA 4O BbIMBIBAHHA IIPHU TeKYI_U,eI‘/JI IMMO3NIWHN U CKOPOCTH IOTOKa IIPHU

OTCYTCTBHH IIJIaBaHHA.

danbcudpurarop (C10.1, condition 1): if a non-motile mutant (u_max = ®) maintains its
position in the gradient without external intervention, arentHocTb as defined here is

danbcudunmporan — reach grew without control expenditure.

danbcudpurarop (C10.1, condition 4): if a motile cell with finite ATP reserve persists
indefinitely in a persistent nutrient gradient flow, the Bpems BenkuBaHus bound

(Teopema C5.1) is panbcudunupoBaH.

Every construct in Ctatesa C — apeiid, control, horizon, budget, fatigue, noise, slack,

ruin — maps to a measurable variable in this system.
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JKCIlepUMEeHTHI B IIpeJiesiax BO3MOKHOCTENW CTaHAAPTHBIX MUKPOQPJIHOUIHBIX
JlabopaTOpHUH. IJle C(U) — MTHOBEHHAsA CTOMMOCTbD yIpaBJieHus], U By > O —

HavasIbHbIM O10KeT. JlonycTuMoe ynpaBjeHue TpebyeT B(t) = O.
C5.2 — YnpaBJsidwllee yToMaeHue

Ynpasiamwiiee yromieHue Hactynaet npu B(t) — 0. BeicokoyacToTHOE WU

BbICOKOAMIUIMTYAHOE yIIpaBJIeHUe yCKopseT ucroumenue B(t), ymenomaa M(x).

By YTBepkaenue C3.2, impulsive strategies with convex cost deplete the budget

strictly faster than steady control at the same mean effort.

Teopema C5.1 (Survival time bound). Let x(t) evolve under dx/dt = f(x) + u with
u(t) € U and control cost c(u) = c_min > O a1 Bcex u = 0. Let B(t) = By - fo*

c(u(s)) ds be the G610axeT ynpaBieHuUs.

Define the Bpems BbikuBaHus T as the first time at which either B(T) = © or x(T*) ¢

Viab(R). Then:

JokasaTesibcTBO. Ilocko/ibKY c(u) = c_min /1A JII060ro HeHyJIeBOro
ynpaBJieHHs, 610KeT UCTOIIAEeTCA Co CKopocThio dB/dt = —c(u) = —c_min

BCAKUM pa3, Korjga CuCreMad aKTHBHO YIIpaBJA€TCA.

If the system requires continuous control to remain in Viab(R) (i.e., f(x) points
outward at x 19 Bcex X on the trajectory), then control fomkeH 6bITh nonzero for the

entire survival period, giving B(T) = Bo — [o" c(u) ds < By — c_min - T*.
[Tonaras B(T) = O, noayyaem T < By/c_min. O

The bound is tight for constant minimal-cost control. It establishes that finite
budgets imply finite survival: no system with bounded resources can maintain

areHTHOCTb indefinitely against persistent apeiid.
The bound He depend on the apeiid rate a, only on the control cost floor.

Faster npeiid depletes the budget faster (higher u needed), but the absolute bound is

set by the budget-to-cost ratio.
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Pa306paHHbIil npuMep (ckaisspHasa cuctema). s dx/dt=-ax +uca=1,
u_max = 2, ¢(u) = u (yinHeliHasA CTOMMOCTb), By = 10 1 HaYa/IbHBIM COCTOSTHHEM
Xo = 1,5 (BHyTpHM Viab(R) = [0, 2]): noaaepxkxanue X = 1,5 Tpebyer u = ax = 1,5,

CTOMMOCTBIO € = 1,5 3a e JUHUILLY BpEMEHH.
Bpems BbDkUMBaHUA: T* = By/c = 10/1,5 = 6,67 equHUL, BpeMeHHU.

[Tocsie ucyepnanus 610/keta U = @ U X 3KCIOHEeHIIMAa/bHO 3aTyxaeT K 0. Cucrtema
BXOJMT B KpaX, KOr/ia He MOXeT JOCTUYb HUKaKOU 1esikd BHyTpH Viab(R). C6 — Illym

Y THUIIMHA
C6.1 — llym

Noise is defined as exogenous or croxacTu4eckuii input to the system
dynamics that He aBasAeTca under gonycTuMoe ynpasjeHue and that consumes

control bandwidth without increasing Reach(x) n Viab(R).

Formally, noise is any perturbation &(t) added to the nmosie gpeiida, f(x) — f(x) + (1),

where § He saBasieTcs an element of the gonyctumoe ynpaieHue set U.

YrBep:xkaenue C6.1 (Noise-induced areHTHocTh decay). Let the system evolve
under dx/dt = f(x) + u + (t) where  is a zero-mean cTroxacrudeckuii forcing

with E[£] = © and E[§]] = 6>

If the system must expend additional control Au to compensate for &, then your
effective budget depletion rate increases: dB/dt = —c(u + Au) < —c(u) — ao? for some
a > 0 depending on the convexity of c. CiefoBaTesbHO, Noise reduces your BpeMs

BbDKMBaHUA: T_noisy < By/(c_min + ao?) < T_quiet.

Noise taxes your 610/pkeT ynpajeHus without expanding reachable 06bém

KU3HECIIOCOOHOCTH.
C6.2 — TuiuHa

Withholding response (u(t) = ®) is an gonyctumoe ynpasseHnue action. When the noJie
nperda f(x) is slow or favorable (directed away from X_NR), silence preserves 610/xeT

ynpaBJyieHus at N0 areHTHOCTh COst.
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This He aBasgeTcda inaction in the colloquial sense; it is the optimal control policy

when the marginal arenTHocTb cost of intervention exceeds the arenTHocTh cost of

npend.

Formally, silence is preferred when c(u)/|0M/du| > |dM/dt|_{u=8}, i.e., when the
budget cost per unit of areHTHOCTB preservation exceeds the aperd-induced

areHTHOCTH loss rate.

In noise-dominated regimes, silence may also prevent noise-amplifying feedback
loops in which ynpaBastoiee ycunue introduces additional disturbance. C7 —

Coupling and Rescue
C7.1 — CBsA3aHHbIE CUCTEMBI U NIEPEHOC areHTHOCTH

When systems are coupled, their mosie gpeiipas combine and control capacities load

jointly. Agency transfer occurs when, under coupled dynamics:

indicating expansion of reachable viability for system A at the expense of system B.

The total arenTHocTb of the coupled system He aBJysgeTca conserved.

This He aBasgeTcsa an assumption; it follows from the geometry of Viab(R) under

CBSI3aHHOCTb.
C7.2 — HecTabU/IbHOCTD criaceHHUs (JOCTAaTOUYHOE YC/I0BUE)

“Rescue” is cBs13aHHOCTH a stabilized system A to a divergent system B to offset B's
Jnperd using A’s ynpasJisitolias éMKOCTb. Let |-| denote the norm induced by the

coupled dynamics on the joint state space.

JlocTaTo4yHOe yC/JI0BHE COBMECTHOM MOTEPH }KU3HECMOCOOHOCTH: |fy] + [f*] > |Ualmax +

|U*| max

Under this condition, the total gpeii¢ magnitude exceeds the total available control,

and the coupled system approaches XNR faster than either system in isolation.

This is a sufficient, not necessary, condition; directional alignment of gpeiid and

control fields may permit stability even when this scalar inequality holds.
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Non-conservation: two examples. (1) Cooperative cBsg3aHHocTb. TWO scalar
systems with apeiidp a = 1, u_max = 1 each, coupled so that each contributes

control to the other.

If the cBsizaHHOCTBD allows total ynpaBisiomas éMkocTb to be shared: effective u_max
per system = 2, x;, doubles for both. M_A + M _B increases. Coupling creates

dI'€HTHOCTDb.

(2) Parasitic cBa3aHHOCTb. System A (a = 1, u_max = 2) is coupled to system B

(a = 3, u_max = 0).

B diverts A’s ynpagastomas émMkocTb: effective u_max for A drops to 1, while B still He
MoxkeT sustain itself (3 > 1). Both systems lose arenTHocTh: M_A + M _B decreases.

Coupling destroys areHTHOCTb.

These examples demonstrate that arenTHocTb transfer He aBasgercsa zero-sum. The
cBsI3aHHOCTBb topology and the relative apelid-to-control ratios determine whether
joint arenTHOCTB expands, contracts, or redistributes. No conservation law governs

total areHTHOCTB.
C8 — 3amnac u po6acTHOCTb
C8.1 — 3amnac

3amac onpejaesisieTca Kak MUHUMaJIbHOe BpeMs AoCcTHKeHUs XNR npu HyJ/ieBOM

ynpaBJieHuHU: rae ¢, — HeynpaB/iAieMbld NOTOK, MOPOXKAEHHBIN f(X).

Slack measures time-to-boundary, not Euclidean distance, and is the
omnepalnoHa bHbIly relevant quantity for assessing control margin. Greater slack

increases the time window available for corrective control and absorbs perturbations.

YTBepxkaeHue C8.1 (Scalar Slack-Agency Correspondence). For the scalar
system dx/dt = —ax + u with u € [0, u_max], the slack s(x) = x/a (time to reach
x = O under zero control) and the horizon x;, = u_max/a satisfy: M'(x) is

monotonically increasing in s(x) for x € [0, x,].
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Greater slack implies greater arenTHocTb. You have felt this — the dT. u T.T.K.€rence

between having three months of savings and having three days.

At s = O (boundary), M = 0. At s = x,/a (maximal slack at origin), M = 1. Slack is the
omnepanuoHaIbHbIHly measurable proxy for areHTHOCTB in systems where direct

computation of Reach(x) N Viab(R) is intractable.

In higher dimensions or systems with non-convex constraints, slack is a necessary
but not sufficient condition for arenTHocTE: a state may have large time-to-boundary
under zero control yet be surrounded by regions from which no viable trajectory

exists (geometric cul-de-sacs).
C8.2 — U36bITOYHOCTD

A system has redundancy r = 1 with respect to a target state x € Viab(R) if there exist
at least r distinct nonyctumoe ynpaBieHue trajectories reaching x from the current

state while remaining within Viab(R).

Redundancy reduces sensitivity of viable trajectories to perturbations in f(x) and u(t).
Higher redundancy increases robustness at the cost of efficiency, since maintaining
multiple viable pathways consumes ymnpagJisitonasi EMkocTb that could otherwise

extend reachability.
C9 — BpIXoZ Kak ynpaBJSAOIIUNA pe3ybTaT
C9.1 — OTxop

When M (x(t)) decreases monotonically under all gonycTuMoe ynpaBJieHues in a
coupled system, decBs13aHHOCTB preserves more reachable 06béM

*KU3HecnocobHocty than continued cBA3aHHOCTE.

This holds when the coupled apeiip exceeds the joint ynpasasiomas éMmkocTs (C7.2),
so that deces3aHHOCTb removes the excess apeiid load. Exit is therefore a control

outcome implied by reachability geometry, not a prescription.

C9.2 — Cpefpl, pacceMBarliye areHTHOCTD
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An environment is areHTHocTb-dissipative if, 11 Bcex gonmycTUMoOe yrnpaBJeHUES:

Persistence in such an environment strictly reduces reachable 06béM

»KH3HecrocobHOCTH. This is a geometric characterization, not a recommendation.

YTBep:xkaenue C9.1 (DecBazanHocTh condition). Let systems A and B be

coupled with joint dynamics.

DecBsi3aHHOCTb iS areHTHOCTb-preserving for A Torga u ToJIbKO TOr/ia, Korjaa the

coupled apeiid acting on A exceeds A's isolated apeiid: |[f_coupled,A(x)| > [f_A(X)].

That is, decBg3aHHocTb is preferred when the cBg3anHocThb increases the effective

npeid on A beyond what A experiences in isolation.

You know this. The relationship that costs more energy to maintain than it provides is
a relationship that increases your gpeid. The mathematics says: leave. Not because

leaving is morally right.

Because the geometry of your spo xu3Hecrnoco6HocTH contracts while you stay. This
is a necessary and sufficient condition for decsasanHocTb to instantaneously

increase dM _A/dt.

It He account for future recBa3anHocTb opportunities or transient effects. C10 —

Falsifiability and Closure
C10.1 — danbcudpukaTops
Cratbs C is panbcudunuposnas if:

FC1: M'(x) Bo3pacTaeT 6e3 COOTBETCTBYWINUX YNPABJSMMX 3aTpaT (HapymaeT

C5.1).

FC2: Irreversible loss of reachability is reversed without external intervention

violating the admissibility constraints of CraTba A.

FC3: Stable control persists beyond XNR under gonycruMoe ynpaBjeHHe
(violates C4.2).
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FC4 (Free lunch): A system maintains M(x) > ® indefinitely with B, finite and no
external resource input, in the presence of persistent nonzero apeiid. This violates

Teopema C5.1.

FC5 (Resurrection): A system recovers M(x) > ® after reaching M = ® (ruin) without
external intervention that violates the admissibility constraints of Ctatbga A. This

violates C4.2.
C10.2 — 3aMbIKaHue

CraTtbsa C introduces no new physics. It applies the Heo6paTuMbIi and selective
constraints of Papers A and B to controlled dynamics within a realized cekTop

3aIucen.

I/I,ZLGHTI/I(l)I/IKaU,I/IH KOHKPETHBLIX CUCTEM, PEAJIU3YIOIUINX 3T OTPAHUYEHUA —
6I/IOJ101"I/I‘{eCKI/IX, NHXXEHEPHBIX WJIN UHbBIX — pAaCCMAaTpPUBaAeTCA OTAEJIbHO.

Pacumpel-me 3TOr'0 aprymeHTa HEeBO3MOKHO 06e3 HOBBIX Cl)I/IBI/I‘{eCKI/IX l,[I,OHYI_ILGHI/II‘/JI.
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JKCcIepUMeHTa/IbHaA pean3anus

The onpeaenenues and yrBepxaeHues of Ctates C are abstract TeopeTuko-
ynpaBJsieHYecKU# structures. They become empirically meaningful when instantiated

in concrete systems.

Two candidate systems are outlined below, one biological and one engineered, to

demonstrate that the argument makes oneparnnoHanbHblily testable predictions.

System 1: Bacterial chemotaxis. A bacterium navigating a nutrient gradient
instantiates the scalar control model. State: nutrient concentration at cell

location. Drift: dt. 1 T.T.K.Usion-driven nutrient depletion (a > 0).

Control: flagellar motor switching (u € {run, tumble}). Budget: metabolic energy store
(ATP). Viability kernel: nutrient concentrations supporting growth. No-return surface:

starvation threshold below which metabolic shutdown is Heo6paTHUMBbIH.

Testable prediction: Bpems BbbxMBaHUA scales with initial metabolic reserve divided
by maintenance metabolic rate (Teopema C5.1). Noise: Brownian rotational dt. u
T.T.K.USion acts as croxactuueckut forcing &, taxing the 6roxeT ynpassieHus

(YTBepxkaenue C6.17).

HaGsromaeMoe: mean BpeMs BbIXKUBaHHsA decreases with increasing environmental

noise, controlling for nutrient availability.

Cucrema 2: ABTOHOMHas po60TOTeXHUYECKasa HaBuranus. Po6oT Ha 6aTapesx,
u3berawumil npenaTcTBuy, peaausyet 2D-moaens ynpasjieHusa. CocTosiHue:
(mo3unus, yposeHb 6atapeu) € R? x R,. [ipeii¢: rpaBUTAMOHHbBINA WM HAKJIOH

penbeda.

YnpaBJsieHue: MOMeHT ABurartess (U € U, orpaHHYeHHbIA EMKOCTBIO IBUTATEJIA).
BrokeT: 3aps/ 6aTapeu (By). Apo *KU3HECTOCOOHOCTH: COCTOSIHUSA, U3 KOTOPbIX

po6OT MOXKeT J06paThCs 10 3aps/JHOM CTaHLUU 0 pa3psAAKu b6aTapeu.
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No-return surface: states where remaining battery is insufficient to reach any charger
under optimal control. Testable prediction: the robot’s reachable viable set shrinks

monotonically as battery depletes (YTBepxgenue C2.1).

Slack: time-to-boundary under zero motor input = coasting distance / terrain slope.
Ha6aromaemoe: optimal control policies should exploit silence (zero motor) on

favorable slopes, consistent with C6.2.

These instantiations are not metaphors. Each maps the abstract quantities (M, B, s,
Y~_NR) to physically measurable variables with quantitative predictions. Kpax the

predictions in either system falsifies the corresponding ytBepxaenues of Ctatbs C.
C11 — CTpyKTypHOEe 3aMbIKaHUEe

BMmecTe TPUJIOTHUA YCTAHABJIMBAET HOCHOﬁHym OJHOHAIIpaBJI€EHHYIO L EIlb

3aBHUCHMOCTH:

CraTha A: Heo6paTumocTh as loss of reachability under bounded control.
Defines cocTrosiHHe aKTya/iM3aluu, proves monotonicity under
JeKorepupymoiias JMHaMHKa, and establishes noBepxHOCTh HEBO3BpaTas.

Independent of Papers B and C.

CraTbsa B: cesekuusa as costly, rate-limited, Heo6paTumbiii exclusion of
alternative cexkTop 3amuceiis, if it exists. Derives structural requirements and a
dbanscupunupyemsolii gravitational rate bound. 3aBucur ot CtaTbsa A;

independent of CraTtbsa C.

CrtaTtbda C: areHTHOCTb as normalized reachable 06b€M kH3HecmOCOOHOCTHU under your

constrained control within a single realized cekTop 3anucei.

Establishes yTBepxeHres on areHTHOCTb decay under apeid (C2.1), Bpems
BbDKMBaHHUA bounds (C5.1), noise-induced depletion (C6.1), non-conservation under
cesi3aHHoCTb (C7), and slack-arenTHocThb correspondence (C8.1). Provides
pa3o6paHHbIi npuMeps and experimental instantiations in biological and engineered

systems.
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3aBucut ot Cratbda A; uses outcome of Ctatba B but not its mechanism.

Kpax Cratbs C He invalidate CtaTbsa B. Kpax Ctatbs B He invalidate CtaTesa A. Each

layer is He3aBUCHMO anbcuPULUPYEMBbIH.

OcTasbHOE IMIUPUYHO: KAaKHE CUCTEMBI PEAU3YIOT 3THU CTPYKTYPbl U HACKOJIBKO

TOYHO.

Konern CtaTtbsa C. CTaTbsl C — KaHOHHWYECKUH CIPAaBOYHUK 3a6JIOKHPOBAH -

HcnosHeHUEe 3aBepieHo

Ctratbsa D Coupled Viability

CTpyKTypHbI€ YCJOBUS [IJIsi MHOTOAareHTHOM YCTOMYMBOCTH NMPU HEOOPATUMOU

auHaMuKe 3aBucuT oT Ctater A, Bu C

Cratbs D extends cBs3zanHocTb to multi-agent systems. It 3aBucut ot Papers A, B,

and C and Huuero 6oJiee. Kpax Ctatbs D He invalidate Papers A, B, or C.

[CTraTbsa D content follows — see standalone document]
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Cratba D

CBsi3aHHas »KU3HECIIOCOOHOCTh: CTPYKTYPHbIE YCA0BUA AJI1 MHOMOAareHTHOMN

YCTOMYMBOCTU NIPY HEOOPATHMOU JUHAMUKeE

Dependent on: CtaTbsi A — cocTossHUe akTyanu3anuu CtaThsa B — Selection as

Irreversible Exclusion Ctatbss C — Agency as Constrained Control

205



DO — 3aBUCUMOCTB, 06/IaCTh U HeNepeKpbITHE
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DO.1 — /leks1apanua 3aBUCUMOCTH

Cratbsa D depends explicitly and exclusively on the results of Papers A, B, and C.
[IpennoJsiaraeTca Kak JaHHoOe:

COCTOAHHE aKTyaJIM3allMHU as an OHepauHOHaﬂbeIﬁ measure of H606paTI/IMOCTb Cco

cTpykTypou 3anucent (CtaTbs A).
Selection as costly, rate-limited exclusion to definiteness, if it exists (CtaTbsa B).

Agency as normalized reachable 06béM >xu3Hecnnoco6HOCTH under constrained

control within a single realized cexTop 3anuceii (CtaTbs C).

Hu oauH KoHCTpyKT K3 CtaTtel A, B uiu C He nepeonpeessieTcs U He

MepeBbIBOAWTCA.

Kpax Cratbs D He invalidate any prior paper.

207



DO.2 — HazHayeHHue

Cratbsa D addresses: Given multiple agents, each described by Cratbs C’s formalism,
operating within shared constraint environments under Heo6paTuMbIii physics, what
are the structural conditions for persistent joint dynamics, and what forms of

emergent order are JonycTUMbIN?

This is a question about the geometry of coupled sapo *kn3Hecnoco6HOCTHS under

npend.

It He aBiseTCa a question about society, cooperation, or morality.
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DO.3 — Ilo3MIIMOHUPOBAaHNE OTHOCUTEJ/IbHO

CyILllECTBYIOILEeH JIMTEepaTypPhbl

Multi-agent Teopus >xu3Hecnoco6HocTH exists. Aubin, Bayen, Saint-Pierre, and
colleagues have developed the mathematics of saapo *kusHecnoco6HocTHS for

CBSI3aHHbIe cHCTeMBbI, dT. U T.T.K.erential games, and multi-agent control.
The contribution of CtaTbes D He aABAseTcs in proving new viability Teopemas.

It is in applying Teopus xku3Hecnoco6HOCTH to the specific structure of

HeobpaTumocThb (CTaThbsa A), cesiekuus (CtaTtbs B), and arenTHocTb (CTaThsa C).

The results are constraints derived from physical Heo6paTuMocTh and record

structure, not abstract control theory.

Cratbs D He aBisieTcsa evolutionary game theory. It He invoke fitness, replication, or

cesJIeKLus pressure.

CraTtbsa D He aBaseTcsa multi-agent reinforcement learning. It He invoke reward

signals, policy gradients, or learning.

Cratbs D He aBisieTca mechanism design. It He invoke incentive compatibility,

revelation principles, or social welfare functions.

CraTtba D is viability geometry applied to physically HeobpaTuMbii, record-structured,

areHTHOCTb-bea ring CBdA3aHHbIe CUCTEMBI.
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D0.4 — KécTKue HeyTBep X KAeHUusA

CraTbs He:

BBesieHre HOBbIX GU3UUECKHUX 3aKOHOB.

Moaudurkauus uim neperuHTepnpeTanydsi KBAHTOBOM MeXaHUKH.

[IpuBJ/ieKaTh MCHUXOJIOTUIO, MOTHUBALUIO, 3TUKY, LIEHHOCTH, CMbIC/J UJIK CO3HAHUE.

l'[pe,unonoxceHHe pal¥OHAJIBHOCTH, OIITUMHU3AlNHU UJIX MAdKCHUMHU3aAllUH

IpPUCIIOCOOJIEHHOCTH.

MogenrpoBaHre KOMMYHHUKALMH, CATHAJIU3AI[MU UM CTPATErMYeCKOro MeperoBopa.
BbiBeieHME 3BOJIIOLMOHHOMN MPUCIOCO6GJIEHHOCTH.

[IpensioxkeHHe HOPMATUBHOTO PYKOBO/CTBA WJIU MpPeANUCAHUM.

yTBep)}(AaTb, 49TO BO3HHUKAIOUIHUE CTPYKTYPbI CIPOEKTUPOBAHLI, IpeJHA3HAYE€HbI UJIHN

neJjieHallpaBJ€HHBI.

YTBepkJaTh, YTO COLMa/IbHbIE CTPYKTYPbl BO3HUKAIOT TOJIBKO U3 OTPaHUYEeHUU

KU3HECIIOCOOHOCTH.

Kpax Cratbs D He invalidate Papers A, B, or C.
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DO.5 — Loaded Terms: Geometric

OnpeaesneHues

Several terms in CtaTtbsa D carry normative or sociological connotations in ordinary
language. Each receives a strict geometric onpezesienue at first appearance. No

connotation beyond the onpenenenue is implied.

“Cooperation” — a geometric condition where mutual 3anuceBbie 3KCTEPHATUU

expand joint viability. No intention, reciprocity, or payoff implied.

“Hierarchy” — asymmetric cBsi3aHHOCTb Where higher-capacity agents’ 3anuceBbie
akcTtepHasuu dominate the constraint landscape of lower-capacity agents. A

consequence of scale asymmetry.

“Deterrence” — a cBsizaHHOCTb configuration where the cost of unilateral
decBsizaHHOCTb exceeds the cost of continued cBsi3anHocTb for both agents. A

viability geometry.

“Impedance” — the ratio of ynpaBastouiuit aBToputeT to Apeiid rate: Z = u_max / a.
Two agents are umneaanc-matched when their onepaTopHbIi FTOPU3OHTS are

comparable.

«Pe30oHaHC» — 4yacTOoTHasA U $pa3oBasd COBMECTUMOCTb MeX/y CBA3aHHbIMU
CTpaTerusiMu yrnpabJjieHHUs. KOHCTpyKTUBHBIM pe30HAHC paclIupseT COBMECTHYIO

)KI/IBHeCl'IOCO6HOCTb; I,ZLECpr}(TI/IBHbIIt/'I CyXaeT.
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D1 — O6uue orpaHu4YuTe/IbHbIE Cpeabl
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D1.1 — O6mas 06J1acTh *KU3HECIIOCOOHOCTH

When multiple agents operate within a common physical environment, their

individual ssipo *ku3Hecnoco6HOCTUS May overlap.

CoBMecTHOe INpOCTPaHCTBO COCTOSIHUH — IponsBeaceHrue NHAWNBUAYAJIbHbIX

IMPpOCTPAHCTB COCTOSIHUH.

The joint dynamics are defined by the individual moJsie gpeiidas, the individual control
sets, and the cBa3anHocTb terms that transmit the effect of one agent’s actions onto

another’s apeiid.

The joint sapo xxu3HecnocobHocTH is the set of joint states from which cymecTByert a
joint gonmyctuMoe ynpaBJieHHe strategy that maintains all agents within their

individual viability constraints gya Bcex future time.

The shared viability domain is the projection of the joint aapo >xu3Hecnoco6HoCcTH
onto the shared constraint dimensions. It is the region of the common environment

in which joint persistence is geometrically possible.
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Structural assumption: Agents share constraint
dimensions. They operate in a common
physical environment whose state is affected
by the actions of all agents. This is the
defining condition for being in a shared
constraint environment. If agents’ state spaces
are fully orthogonal (no shared dimensions),

they are uncoupled and Cratbsa D He apply.

This assumption He sAB/sIeTca a TeopeMa. It is a scope condition. Ctatba D analyzes

systems that satisfy it.
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D1.2 — OrpaHnuyuTe/ibHasA CBA3aHHOCTD

Cratbsa C (C7) treats cBsi3aHHOCTB as direct energy and control transfer between two

systems.

Cratbs D introduces a second cBsizaHHOCTb mode: constraint cBsizaHHocTb. When
Agent A’s actions modify the shared environment in a way that alters Agent B’s noJsie

Jnperda, control set, or apo xu3Hecnoco6HOCTH, the agents are constraint-coupled.

No direct energy exchange is required. The cBsi3aHHOCTb operates through the

shared constraint landscape.

Example: Robot A occupies the charging station. Robot B’s gonyctumbliii trajectories
contract (it He MmoxeT charge). No energy flowed from A to B. But B’s reachable set

changed because A’s action modified the shared environment.

Scope: Pairwise cBg3aHHOCTb as base analysis. Network effects modeled as cascades

through pairwise links. Testable with 3-agent systems (minimal non-trivial network).
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D1.3 — 3anuceBble 3KCTepHA/IUU (MPUHLMII

reoMeTpU4eCKOro UCK/JII4YeHHuA)

216



Onpepaenenue (Record-Writing Action):

An HeoGpaTuMBbIH action by Agent A whose recorded environmental change lies in
the shared constraint coordinates (e), and which modifies B’s gonyctumbiii dynamics

f_B(-; ) or gonycTuMoe ynpaBJsieHue set R_B(e).

06]].[]/16 KOOPpAWHATBI OTPAHUYEHUA — U3MEPEHUA IIPOCTPAHCTBA COCTOSIHUH

OKpYyXeHHd, BXoAAIIre B JUHAMHWKY WUJIKN OTPAHUYE€HHUA B.
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[I[pMHIMI TeOMETPUYECKOT0 UCKIIYEHHUS:

For coupled agents with K_A N K_B # @, if Agent A performs a 3anuceiBatoiee
nerictBue that changes the shared constraint coordinates on which B’s viability

depends, then K_B changes, and u(K_B) changes generically (CneactBue D1.3).
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Hpe,L[l'lOJIO)KEHI/Ie O HEBBIPOXKACHHOCTH.

The map e » K_B(e) is non-degenerate: the sapo xxu3Hecnoco6HocTH boundary 0K_B
depends smoothly on e, and the constraint surface intersects the kernel boundary

transversally.

IJTO UCKJKYaET MaTOJOTUYECKHE CJly4dau, rae iaMeHeHHne OKPYXEeHHUA NEeJIUKOM

BHYTPH AApa, HE IIPON3BOAA USMEHEHHWA 'PAaHULIbI.
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/loKa3aTeJbCTBO:

(1) A’s 3anuchiBarolee aectBue irreversibly modifies the shared constraint
coordinates e — e’ (by onpezenenue of 3anuceiBatoiiee geiictBrue and CtaTbs B's

HE0OpPaTHUMOCTD).

(2) B's aapo »xu3Hecnoco6HocTH is a function of the shared constraint coordinates:
K_B = K_B(e).

Since B’s ponyctumbiii dynamics or control set depend on e (by onpeaesienue), and
the kernel boundary depends smoothly on e (by the non-degeneracy assumption),

changing e changes the set of states from which B can persist.

(3) llpu npeamnosoxkeHruu o HeBbIpoxkAeHHOCTH K_B(e') # K_B(e). YcioBue

TPpaHCBEPCAJIbBHOCTHU IrapaHTHUPYET, YTO I'PaHHUIla CMeLlaeTCd IMIPHU BO3MYLIEHHUH €.

M3MeHeHHe MOXKeET ObITh MOJIOKUTEJbHBIM (pacllMpeHUe) UK OTpULLATeIbHBIM
(cxaTure), B 3aBUCUMOCTH OT HaIlpaBJIEHHUS € — €' OTHOCUTEJIbHO OTPAaHHUYUTEJIbHOU

NIOBEpPXHOCTH B.

(4) Sign classification: if e’ tightens B’s constraints (reduces B’s control set or
increases B’s apeiid), K_B contracts (negative externality). If e’ loosens B’s

constraints, K_B expands (positive externality).

(5) u(K_B) changes generically: by the transversality Teopema, the set of e’ for which
K_B(e’) # K_B(e) but y(K_B(e")) = u(K_B(e)) (volume-preserving deformations) has

measure zero in the space of gonyctumbiii environmental changes.

This is the content of CiaencrBue D1.3. O
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CaeactBue D1.3 (Genericity of Non-Neutrality):

In smooth families of cBa3anHOCTE Maps, the set of 3anuckiBarwIee AelicTBUes that
produce exactly zero change in u(K_B) has measure zero. Neutral externality requires
parameter-level fine-tuning. This holds under the same non-degeneracy assumption

stated above.
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danscupukarop D1 (No Free Survival):

If Agent A exerts a negative record externality on Agent B (measured as decrease in
u(K_B)), and Agent B increases its arentHocTh M _B (CtaTbsi C measure) without: (a)
severing cBA3aHHOCTh, (b) increasing its 6ropxeT ynpassenus u_{B,max}, or (c)
receiving compensating positive externalities from a third agent, the argument is

dbanbcuduLMpOBaH.

Scope boundary. The measure-zero neutrality result (CregcrBue D1.3) 3aBHUCHUT OT
smoothness of the cesasannocTs map and regularity (C?) of the aapo

»KHM3HecIocobHocTH boundary.

If the cBA3aHHOCTB Map is non-smooth or the kernel boundary contains cusps,
corners, or discontinuities, the transversality argument may fail and non-neutral

actions could have positive measure.

This is an explicit scope limitation: CraTbst D's genericity claims apply to smooth

families of cBsizanHOCTH Maps with regular kernel boundaries.

A further exception arises in systems with continuous symmetries (e.g., rotational
invariance) where 3anuchbiBalolliee feldcTBres correspond to symmetry operations
that preserve the viable volume by construction. Outside of such symmetry-protected

subspaces, non-neutrality is generic.
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D2 — KoMmno3unusi areHTHOCTH
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D2.1 — CoBMecCcTHaAs areHTHOCTb U

HeaaAUTUBHOCTh

CraTtbsa C established that arenTHoCTb iS hon-conservative under cBasanHocTtb (C7.1).

Cratbs D extends this to N agents.
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Onpepaenenue (Joint Agency):

Joint arenTHocTh M _joint is defined as the 06b€éM xkusHecnoco6HocTH of the joint
state space under joint fonyctumoe ynpaBjeHues, normalized by the total joint sapo

»KM3HECITOCOOHOCTH.

The measure M is inherited from CtaTesa C's Onpezenenue D5, applied to the

product state space X_1x X_2 x ... x X_N.
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YrBepxaenue D2.1: Joint areHTHOCTB 1S hon-

additive. M_joint # X M _i in general.

The non-additivity term 3aBucuT oT: (a) alignment of individual mosie gpeiidas, and (b)

compatibility of individual control sets.

Joint areHTHOCTB is superadditive (M _joint > £ M _i) when nosie apeiidas are anti-

aligned (agents face complementary threats) and control sets are compatible.

Joint areHTHOCTB is subadditive (M _joint < £ M_i) when nosie apetidas are co-

aligned (agents face the same threat simultaneously) or control sets conflict.
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Ha6pocok aokasarenbcTBa (by construction):

Superadditive witness: Two scalar systems, each with gpeii¢ a = 1 and u_max = 1.

Uncoupled, each has M_i = 06béM xusHecnoco6HocTH of its individual kernel.

Coupled cooperatively (CtaTbsa C, C7.1, cooperative example), shared ynpagJsitoias

éMKocTh Yyields effective u_max = 2 per system.

The joint sapo ku3Hecnoco6HocTU expands: M_joint > M_1 + M _2. This is the

cooperative cea3anHocTtb case from Cratbsa C.

Subadditive witness: System A (a = 1, u_max = 2) coupled parasitically to system B (a

= 3, u_max = Q). B diverts A’s ynpaBJisiioiasi EMKOCTb.

Effective u_max for A drops to 1. The joint saapo *kn3Hecrnoco6HOCTH contracts:

M_joint < M'_1+ M_2. This is the parasitic cBa3anHocTb case from CraTtbg C.

Since both strict inequality directions are realizable, M _joint # £ M _i in general. The

sign 3aBucuT oT apeid alignment and control compatibility. o
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D2.2 — Cors1acoBaHue uMIneaaHca
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Onpeaenenue:

Impedance Z_i = u_{i,max} / a_i, where u_{i,max} is maximum ynpaBJistouyi
aBTopuTeT and a_i is apeid rate. This mirrors the onepaTopHbIit ropu3oHT (CTaThs A,

Teopema T2).
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BpemeHHas mKaJja apeida:

T_i = 1/a_i. The characteristic time for Agent i's apeiid to carry it a significant

distance toward its moBepXHOCTb HEBO3BpaTa.

Korpa Z_i # Z_j, BOBHUKAIOT TPU pa3/JIMYHbIX peKUMa OTKa3a:
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PexxuMm oTkasa A (mepBHUYHBIN): HECOBNAJeHUE

CPOKOB.

The low-Z agent has short slack (small T, little time-to-ruin). Help must arrive before

the moBepxHOCTb HeBO3BpaTa is crossed.

If the high-Z agent’s response delay exceeds the low-Z agent’s remaining slack, the
help arrives after HeBo3BpaT. Control effort applied after HeBo3BpaT produces zero

viability gain.

This is the primary failure mode because HeBo3BpaT geometry makes time windows

hard and asymmetric: once missed, the effect is permanently zero.
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PexxuM oTkKa3sa B: y3koe MeCTO NOrJIOIEeHM .

Even if help arrives in time, the low-Z agent may not be able to convert it into
viability. If the limiting constraint is u_max, then energy that He increase u_max He

change Z.

Resources delivered to a system whose bottleneck He gaBisieTca resources produce

zero reachability gain.
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PexxuMm oTkasa C (BTOpHUYHBIN): UCTOLLEHUE

GIO,LDKBTH BBICOKOMMII€EAAHCHOI'O Ar€HTad.

YTOoOBI CIaCTH areHTa ¢ MaJbIM 3alacom, BbICOKOI/IMl'Ie,Z[aHCHblf/’I areHT A0JIXKEeH
YCKOPHUTDBb CBOKO peaKLHIO. BI'O,E[)KET BBICOKOMMII€EJAHCHOTI'O ar€HTa UCTOoLldaeTCA

obICTpEE.

This is secondary because the drain is usually caused by failure mode A: the high-Z

agent spends, but the effect arrives too late or He MmoxeT be converted.
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YrBepxkaenue D2.2 (qualitative):

Coupling efficiency between agents i and j degrades as umneanc ratio |Z_i/Z_j|
deviates from unity. Waste increases with mismatch. The primary waste mechanism
is ynpaBJasiolee ycuane applied outside the low-Z agent’s viable intervention

window.
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I'mnore3a D2.2 (quantitative):

For a minimal interface model with transfer delay t, conversion factor k, and slack s,
cBsi3aHHOCTH efficiency 1 is bounded by the fraction of ynpasastomee ycuiue

deliverable within the slack window.
KanguaatHasa yHKuoHanbHas dopma: n < /(1 + [Z_i/Z_j - 1]).

This requires derivation in the specific interface model and He aBasgeTca claimed as

a universal result.
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D2.3 — Pe3oHaHc 1 ¢a3a
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Kiiacc cucrem:

Linear periodically forced agents with scalar state x_i, symmetric pairwise

CBSI3aHHOCTH K, identical apeiid a, and sinusoidal control u_i(t) = U sin(w_i t + ¢_i).

Stability condition: a > k (apeiid exceeds cBs3aHHOCTB strength; if k = a the sum

mode is unstable and both agents diverge regardless of phase).
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Teopema D2.3 (Toy Model):

B faHHOM KJ1acce cucTeM Mepa COBMEeCTHOTO MHOXeCTBa KHU3HeCIIOCOOHOCTH
(MHO>ecTBa COBMECTHBIX HayaJIbHbIX YCJIOBUH, U3 KOTOPbIX 002 areHTa YCTONYMBBI
6ecKOHe4YHO) MaKcMMu3upyeTcs npu w_1= w_2 u @_1 - @_2 = O (cuHdpa3HbIi

pe30HaHcC).

CoBMeCTHOEe MHOKECTBO »KH3HECIIO0COOHOCTH MOHOTOHHO CyXaeTCd IMPpHU BO3pPpACTAHNHU

-1 - @_2]oT © o .
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/loKa3aTeJbCTBO:

Dynamics: dx_i/dt = —a-x_i + u_i(t) + x-x_j (i # j), with viability constraint x_i(t) = ©. For
identical frequencies w_1 = w_2 = w, define A = @_1 - @_2. Define sum mode S =

x_1+ x_2 and dt. u T.T.K.erence mode D = x_1 — x_2. These decouple:

[Io TpUrOHOMETPHUYECKUM TOXKJecTBaM: sin(wt + ¢_1) + sin(wt + @_2) =
2-cos(A@/2)-sin(wt + (p_1+@_2)/2) u sin(wt + @_1) — sin(wt + ¢_2) = 2-cos(wt +
(@_1+@_2)/2)-sin(A@/2).

The effective control amplitude on the sum mode is 2U-cos(A@/2). The effective

control amplitude on the dT. u T.T.K.erence mode is 2U-|sin(A@/2)|.

The viability constraint x_i = ® translates to S = |D| (both components are non-
negative Torja u TOJbKO TOr/a, Korzaa their sum exceeds the absolute value of their

dT. u T.T.K.erence).

Joint viability therefore requires: (a) S remains large, which requires maximum
control amplitude on the sum mode, and (b) |D| remains small, which requires

minimum forcing on the dt. u T.T.K.erence mode.

YcnoBue (a) ontumusupyetcd npu cos(A@/2) =1, t.e. Ag = 0. Yciosue (b)
ONTUMHU3UPYeTCs npu Sin(A@/2) = 0, T.e. A@ = 0. 06a yc10BUsA 0JTHOBPEMEHHO

ONTUMHU3UPYIOTCA NPpU AP = O (cuHpa3HBINA pe30HaHC).

Monotonic contraction: as |Ag]| increases from O to 1, cos(A@/2) decreases
monotonically from 1to ® (sum-mode control weakens) and |sin(A@/2)| increases

monotonically from © to 1 (dt. u T.T.K.erence-mode forcing strengthens).

06a a¢pdekTa yMeHbIIAIOT MHOKECTBO HAYyaJIbHbIX YCIAOBUH, U3 KOTOPhIX 06a areHTa

YCTOWYUBHI.

At A@ =1t cos(1/2) = O (zero sum-mode control) and |sin(r/2)| = 1 (maximum dT. u

T.T.K.erence-mode forcing). This is the worst case. o
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I'mnote3za D2.3 (General):

Jl/1s1 60J1ee MUPOKUX KJIACCOB MEPUOJAUYECKHU YIIPABJISIEMbIX CBSI3aHHBIX areHTOB
COBMECTHasl )KM3HECIOCOOHOCTh reHEPUYECKH MaKCUMU3UPYETCS PU COPAa3MEPHOCTH

4YacCTOT U (1)a3OBOM BbIpABHHUBAHHWH.

IMnupuyecKasi CHTHaTypa: Bo3MylleHre $pa30BOro COOTHOIIEHUS YCTOUYMBOMU
CBSI3aHHOM CUCTEMbBI JJOJIXKHO CY»KaTb COBMECTHbIN 3amac »KH3HeCOoCOOHOCTH

(M3MepsieMbli KAaK MMHMMaJIbHbIM 3anac 3a OAWH yIPaBJAAIUNA UKII).
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danbcudpukarop for 'mnoresa D2.3:

If a persistent coupled system is shown to have maximum joint viability at anti-
resonant phase (¢_1 — ¢_2 = 1) under standard cBsi3aHHOCTb, the runoresa is

dbanbcuduLMpoOBaH.
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D3 — Cra6owibHble KOHpUrypauuu npu apeude
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D3.1 — KoMmno3sunmoHHOe paBHOBecHUe

A xomno3unmoHHoe paBHoBecue (CE) is a joint state-control configuration in which all
agents maintain positive areaTHocTb (M_i > O a4 Bcex i) indefinitely, given their

joint moste ape#ida and joint control constraints.

Mathematical obstacle. The two-agent sinusoidal proof (above) succeeds because
the viability constraint is linear in the sum/dT. u T.T.K.erence decomposition and the

control is purely periodic.

The general case resists proof for three identified reasons: (i) nonlinear cBsizaHHOCTb
terms (e.g., multiplicative or saturating interactions) break the sum/drt. u T.T.K.€rence
decBsa3aHHocTb that enables the trigonometric argument; (ii) non-convexity of the
joint sapo *KusHecnmoco6HOoCcTH under general control policies means the 06béM
»KM3Heclmoco6HocTH He decompose into independent modal contributions; (iii) for
non-periodic control strategies, the phase relationship He saBasieTca a well-defined
scalar parameter, and the optimisation landscape may have local maxima at non-

zero phase offset.

Any proof of the general runore3a must either restrict the cBa3annocTsb class (e.g., to
affine or monotone cBsi3anHOCTB) Or establish a variational principle on the joint

006 bEM xU3HecnocobHocTH that is monotone in phase alignment.

Until such a proof exists, the runoTe3sa is supported by the two-agent result and by

the specified panbcudpukatop.
CE He invoke rationality.
CE He invoke payoff maximization.

CE is a geometric fixed-point condition: the joint system remains within the interior

of the joint saapo >xu3Hecnoco6HOCTH.
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CE = NE: 3apsaAaHoe yCTPpOUCTBO C OepaTopoM

CucreMa: Ba po60Ta, KaXKJbli ¢ 6aTapeeit b_i(t) € [0, 100]. Kpax npu b_i < 10.
Jpelid: 6aTapess pa3psKaeTcss CO CKOPOCThIO 12 efrHUI/YaC (OCTOSIHHO).

YcnoBue cBS3U: A5 3apAAKU PYTroM po60T AO/IKEH KPYTUTh (paboTaTh 3apsAAHbIM
ycTporcTBOM). CKopocTb 3apsaaku: +30 earHun/4yac. CTOMMOCTb BpallleHHS:
JIOTIOJIHUTEJIbHbIe —4 eAWHUIbI/Yac (UTOTro —16/4ac s KpyTsero po6oTa). Ecau

HHUKTO HE€ KPYTUT, HUKTO HE 3apAXKaeTCA.
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KoMno3uinmoHnHoe PaBHOBECHE: YepeaoBdHHUEC.

Yac 0-1: R1 3apsixkaeTcd, R2 kpytut. R1: 100 — 100 (npege). R2: 100 — 84.
Yac 1-2: R2 3apskaercs, R1 kpytut. R2: 84 — 100 (npegen). R1: 100 — 84.

[uks noBTopsieTcs. 06a KoJsiebtoTca Mexay 84 u 100. O6a gasieko Bblillle Iopora

kpaxa (10). YcroitunBocTbh HeorpanuyeHHa. 3to CE.
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H31m-0TK/1I0HeHHe: 0TKa3 OT Bpalll€HHA.

B 110601 X0/, BpalleHus [1e3epTUPCTBO CTOUT TOJBKO —12/49ac BMecTo —16/4ac.

YucTtelid BeIUTphILL: +4 equHULbI/4ac. CTporoe JIOKaJbHOE yJy4lIeHHUeE.

Ecnu R1 fe3epTUpyeT NpU KaxKJ0M XOJe BpalleHUs, HO IpUHMMaeT BpaujeHue oT R2:
Yac 0-1: R1 3apsikaeTcs, R2 kpyTut. R1: 100, R2: 84.

Yac 1-2: R1 oTkasbiBaeT. HUKTO He 3apskaeTrcd. R1: 88, R2: 72.

Yac 2-3: R1 3apsikaeTcs, R2 kpytut. R1: 100, R2: 56.

Yac 3-4: R1 oTrkasbiBaeT. R1: 88, R2: 44,

Yac 4-5: R1 3apskaeTtcd, R2 kpytut. R1: 100, R2: 28.

Yac 5-6: R1 oTkasbiBaeT. R1: 88, R2: 16.

Yac 6-6,375: R2 nepecekaeT nopor Kpaxa npu BpalleHuU. R2 MeépTa.

Hour 6.375-13.5: R1 He MmoxkeT charge (no cranker). Drifts to ruin at 12/hr. R1 dead.

PesysbTaT: CE (uepesioBaHue) obecrieurBaeT 6eccpouHoe BbDkUBaHUe. Xoa Haia
(0TKa3 KpyTUTb) — CTPOTOe JIOKaJIbHOEe yay4diieHue (+4/4ac). Xoa Hama youBaeT

napTHépa npu t = 6,375 4acos.
Without a partner, the defector He moxkeT charge and dies at t = 13.5 hours.

Conclusion: CE He saBaseTcs Nash-stable under immediate-payoff incentives. The
Nash-type unilateral improvement exits the joint spo »xu3Hecnoco6HocTu. Viability =
utility. A rational agent can calculate its way into extinction by ignoring the

onepaTOpHbIA TOPU3OHT.
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D3.2a — Heo6xoauMble yCJI0BUA YCTOMYUBOCTH

(npu BhIpaBHUBAHUM)
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[IpeanosioxxeHnue (MOHOTOHHOE BbIpaBHUBaHUeE):

All agents face apeiid toward the same boundary of the saapo xu3Hecnoco6HoCcTU. NO

agent’s gpeiid partially compensates another’s apeiid without control expenditure.
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IIpeanosioxxeHnue (peryjasApHoOCTb):

The sazpo xu3Hecnoco6HocTH boundary is smooth (C?). No agent’s state is exactly on

a cusp or non-dT. 4 T.T.K.erentiable point of the kernel boundary.
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YrBepxkaenue D3.2a (Necessary Conditions):

[Ipy npefnosiokeHUssX MOHOTOHHOTO BbIpAaBHUBAHUS U PEryJsIpHOCTH
MHOroareHTHasi KOHQUrypauus, ycToiumBasi 6€CKOHEYHO JI0JIT0, JOKHA

Y/0BJIETBOPSATH:

(N1) Aggregate ynpagJisoniass EMKoCTb exceeds aggregate apeid (joint

omnepaTOpHbIN ropusoHT condition).

(N2) Impedance compatibility: agents’ gpeiid timescales are close enough that help

can arrive within the low-Z agent’s slack window.

(N3) No agent’s 3anuceBbie 3KcTepHasiuu push another past its moBepxHOCTb
HeBo3BpaTa faster than that agent can compensate (measured as: gpeii¢ increase

from externality = compensating ynpapJisiloliii aBTOPUTET).

(N4) Joint 610/xeT ynipaBieHus is sufficient to maintain all agents above ruin (total

energy expenditure =< total available budget over any finite horizon).

Kpax any condition implies at least one agent reaches its noBepxHOCTb HEBO3BpaTa

in finite time (under the stated assumptions).
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J0Ka3aTe/JIbCTBO HEOOXO0AUMOCTHU (HAOPOCOK):

N1 violated (aggregate apelid exceeds aggregate control): Under monotonic
alignment, all npeiid vectors point toward the same boundary. The joint system’s

state moves toward Z_NR at net rate X a_i — X u_{i,max} > O.

Since the sapo xu3Hecnoco6HocTH has finite diameter, the boundary is reached in

finite time bounded by diam(K) / (£ a_i — X u_{i,max}). At least one agent exits.

N2 violated (uMneganc incompatibility): Under monotonic alignment, the low-Z

agent’s apeid carries it toward Z_NR with slack s_low = d(x_low, Z_NR) / a_low.

If the high-Z agent’s minimum response delay t_response > s_low, the intervention
arrives after HeBo3Bpat. By CtaTbs A’s absorbing-state result, the low-Z agent He

MOXET recover.
Its Bpems BepkuBaHuUA T is bounded by s_low.

N3 violated (externality exceeds compensation): Agent i’'s 3anucbiBamwlee AelCTBUE
increases j's effective apeiid by Aa_j. If Aa_j > u_{j,max} — a_j (the remaining control

margin), then j's net gpeiip becomes positive toward Z_NR.

ITo TOMY XK€ apIr'yMeHTy KOH€YHOI'0 AhuaMeTpa, 4YTO U N1,_] AOCTUIraeT I'paHULbI 3a

KOHE4YHO€e BpeMA.

N4 violated (budget exhaustion): Each agent’s control expenditure rate is at least a_i

(the maintenance cost from Ctatba C, CieactBue C3.1a).

If £ a_i > total budget rate, the aggregate budget depletes to zero in finite time.
Once budget is exhausted, all agents are subject to uncontrolled apeiid and reach

Y_NR in finite time. o
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Oo6/1acTh HE0O0X0AUMOCTH:

Under non-aligned npeiid (where agents’ noJsie speiidas partially cancel),
configurations may persist while violating N2 (because natural cancellation reduces
the effective umnemanc mismatch). The necessity claim is strictly conditional on the

alignment assumption.
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D3.2b — /locTaTO4YHbIE YC/JI0BUSA YCTOUYUBOCTH

(0e3 BbIpaBHUBaHMS)
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YrBepxkaenue D3.2b (Sufficient Conditions):

Cnenyrouive are foctaTo4yHble ycaoBus for a multi-agent configuration to persist

under HeoGpaTUMBbIX Apeiid, with no alignment assumption required:

(S1) Each agent He3aBucuMo satisfies its single-agent viability condition (CtaTes C):

u_{i,max} > a_i and budget > maintenance cost.

(S2) All pairwise 3anuceBble 3KCTEpPHAJNMHU are non-negative (no agent’s actions

contract any other agent’s kernel).
(S3) Coupling is umneaanc-compatible (D2.2).
(S4) Joint 610/1keT ynipaBaeHUs exceeds joint maintenance cost.

Under these conditions, all agents persist. No agent’s kernel contracts due to

CBA3aHHOCTD, and each has sufficient resources to maintain itself.
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HaGpocok Joka3aTe/bCTBa:

By S1, each agent satisfies Cratbs C's single-agent viability condition He3aBucHuMO:

u_{i,max} > a_i and budget exceeds maintenance cost.

By S2, no agent’s 3anuceBble 3KCTepHa/siny contract any other agent’s kernel, so
cBsI3aHHOCTh He degrade any individual viability condition. By S3, cBsI3aHHOCTb is
umIiegaHc-compatible, so control transfers between agents arrive within viable

intervention windows.

By S4, the joint budget sustains the joint maintenance cost indefinitely. Each agent
therefore remains within its individual siipo »u3Hecnoco6HoCTH A/ Bcex time, and

the joint state remains within the joint sapo >XH3HeCMOCOGHOCTH. O

Note: D3.2a and D3.2b are categorically dr. u T.T.K.erent claims. D3.2a tells you what
persistent configurations must look like (under alignment). D3.2b tells you what

configurations will definitely persist. Neither subsumes the other.

A configuration can satisfy D3.2b without violating D3.2a, but violating D3.2a ne imply

violating D3.2b, because D3.2a requires alignment assumptions that D3.2b He.
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D3.3 — HecTabM/JIBbHOCTb M KaCKaJAHbIN OTKa3

When Agent i exits its saapo >xu3Hecnoco6Hoctu (M _i = 0), and the cBA3aHHOCTb Was
Tako# 4To i's control actions were partially compensating j's gpeiid, then j's effective

nperd increases by the lost cBga3anHOCTB contribution.
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YTBep:xaenue D3.3:

Kpax Agent i propagates to Agent j if the removal of i's control contribution increases

j's effective apeiid beyond j's remaining control margin (u_{j,max}).

If the new effective apeiid exceeds u_{j,max}, j is pushed beyond its onepaTopHbIi

ropu3oHT and cascades toward its own noBepxXHOCTh HEBO3BpaTa.

Containment: Cascade stops at Agent j if j has sufficient slack (s_j from C8.1) to

absorb the shock before the increased apeiid pushes it past Z_NR.

Falsifiable test: 3-agent system: A coupled to B coupled to C. Terminate A. Measure

BpeMd BbDkMBaHuA T_B and T_C.

The cascade condition predicts: if removal of A’s contribution increases B’s apeiid
past u_{B,max}, T_B is finite. If B’s failure increases C’s apeiid past u_{C,max}, T_C is

finite.

Propagation stops when the gpeiid increase at an agent is less than that agent’s

remaining control margin.
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D4 — Bo3HUKaWIMUA NOPAAOK 6e3 3aMbIC/ia
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D4.1 — HysieBasa MmoJesib 1 MeTPpUKaA MOPAAKA

Before claiming emergent order, Cratbs D establishes what the absence of order

looks like.
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Hy/s1ieBasg mojaesib:

A population of agents with random (uncorrelated) control policies under the same
noJsie fipeiida, cBsizaHHOCTH topology, initial condition distribution, and environment

noise. Only survivors are analyzed.

Hy.HeBaH MoJeJib JO0JIKHa COBIIaJaThb 110 BCEM MeEIlaloluM (l)aKTOpaM, KpoMme

KOOpJIMHALIMU CTpaTeruil ynpaBJieHus.
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MeTpuka nopaaka (Koppesadauusa 3amnaca):

Jl/is1 BBDKHBIIMX areHTOB U3MepbTe UHUBUAYAJIbHBIN 3anac s_i(t) = BpeMs 70 Kpaxa,

eCJIM ynpaBJieHUsl 3aMOPOXKeHbl B MOMEHT t.
BbruvcanTe nomapHy Kpocc-Koppessiuio p_ij = corr(s_i(t), s_j(t)) mo BpemeHHU.
CnyyaiiHble BbDKUBIINE: p = O (He3aBUCUMble QJIYKTyalUH).

KOOpﬂ,I/IHI/Ipy}OI_U,I/Ie areHThI: p 3HAYHUMO II0JIOXKHUTEJIBHO (ypOBHI/I 3dlaca ABUXYTCA

COTJIACOBAHHO).
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CraTucTu4ecKuM TecCT:

Breryucaure p_obs = cpeHIOI0 NONAPHYIO KOPPEJALUIO Cpejd BBDKUBIINUX B

HabJ/II0JaeMOM CUCTEME.

[TocTpoiiTe HysieBoe pacnpeneseHre {p_null} u3 N UMUTALMOHHBIX IPOTOHOB CO

CIy4YalHbIMM CTPATEerusiMU yrpaBjeHUs: U QuabTpanell BBKHUBAEMOCTH.

BeruucinTe aMnupudeckoe p-3HadeHue: p = (1 + #{Hys1eBbIX IPOTrOHOB C p = p_obs}) /

(1+ N).
006 bsABIsIEM NOPSAJOK, ecaiv p < 0.05.

Structural precondition: Overlap ratio O(t) = p(NK_i) / y(UK_i) measures geometric
capacity for coordination. Slack correlation measures actual coordination. Ctatea D

uses both.

262



danscupukarop D4 (Order Indistinguishable

from Noise):

If observed persistent configurations He MoxeT be statistically distinguished from
the null (p = 8.085 for empirical slack correlation), D4 is panbcuduipoBaH.

Ha6mroaeMoe: empirical p-value.
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D4.2 — CTpykTypHaa ¢puabTpauus

KOHpUTrypauuun

Under Heob6paTumblii apeid, configurations that violate the Heo6xoaMbIe yCI0BUS

of D3.2a (under the stated alignment and regularity assumptions) are eliminated.

Survivors are biased toward configurations satisfying these conditions—not because
they were selected for, but because everything else exited the aapo

KU3HECIIOCOOHOCTH.
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YTBep:xaenue D4.2:

Under Heob6paTumblii apeiid and the monotonic-alignment and regularity
assumptions of D3.2a, the long-run support of persistent multi-agent configurations
is contained in the set of configurations satisfying the Heo6xoauMbIe ycaoBus N1-N4.

No optimization, fitness function, or teleology is required.
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I'mnore3a D4.2:

Under additional assumptions (ergodicity, stationary npeiid, specified policy update
process), the distribution of persistent configurations converges to the set of

compositional equilibria.

This runoTe3a requires explicit specification of the croxacTuueckuui process and He

sBJseTcs claimed as a Teopema.
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D4.3 — Hepapxusa KakK reomMeTpus

OrpaHUYeHUH

When agents have asymmetric capacity (dt. u T.T.K.erent Z values), stable
configurations generically exhibit hierarchical structure: higher-capacity agents’
3anuceBble 3KcTepHaIMU dominate the constraint landscape of lower-capacity

agents.
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[IpeamnosioxkeHHe O PeryJaspHOCTH:

The cBsg3aHHOCTB Map is smooth and the constraint surface is non-degenerate (as in

D1.3). Agent umnenaHncs are distinct: Z_i # Z_j.

268



YrBepxkaeHue D4.3:

In a coupled system with asymmetric agent umnegancs under the above regularity
assumption, persistent configurations exhibit hierarchical cBsszanHocTb: the high-Z
agent’s 3anuceBble 3KcTepHanuu alter y(K_j) for the low-Z agent more than the

reverse.
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HaGpocok Joka3aTe/bCTBa:

The high-Z agent has a larger siapo xusHecnoco6HocTH (higher u_max/a ratio means

more reachable viable states, by CraTbs1 A’S onepaTopHbIi FOPU30HT).

Under the regularity assumption (smooth cBsizaHHOCTB, NON-degenerate constraint
surface), the kernel expansion projects non-trivially onto the shared constraint
coordinates — that is, the additional reachable states include states that dt. u T.T.K.€r

in the shared dimensions, not only in private dimensions.

A larger footprint in the shared constraint coordinates means that the high-Z agent’s
3anuchiBalollee geicreues generically (on a set of full measure in the space of
cBsI3aHHOCTB parameters) modify more of the shared constraint space than the low-Z

agent’s actions.

[To npyuHLUIY reoMeTpUYecKoro uckadenus (D1.3) aTo nopoxaeT 60JbllNe

Vi3MEHeHUd B AJipe NapTHEpa.

Hepapxus reomMmeTpuyeckasi, a He HaMepeHHas1. O
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danscupukarop D4.3 (Hierarchy Inversion):

If, in a system with Z_i >» Z_j (umneaaHc ratio > 10:1) satisfying the regularity
assumption, the low-Z agent’s 3anuceBble 3kcTepHaiuu dominate the constraint
landscape of the high-Z agent (Au(K_i) from j’s actions > Au(K_j) from i's actions,

measured over equivalent action magnitudes), D4.3 is ¢anbcudpunmpoBaH.

Ha6mogaemoe: Ap(K_i) and Ap(K_j) per unit 3anuceiBalolee elcTBUE.
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D4.4 — Koonepauusa U caep:KUBaHUe KakK

CTPYKTYpPHbI€ pe3yJ/ibTaThbl
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YrBepxkaeHue D4.4a (Cooperation):

Cooperative equilibria exist when mutual 3anuceBbie 3kcTepHanuu expand each
agent’s A7po KM3HEeCnoco6GHOCTH more than cBsizaHHOCTB cost contracts it. The

operator-required charger (D3.1) is an instance. Ha6aogaemoe: M _joint > £ M _i.
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danscudpukarop D4.4a (Cooperation

Nonexistence):

If, in every tested coupled system where mutual 3anuceBbie 3KCTepHAJIMU are positive
(each agent’s actions expand the other’s kernel), M _joint < ¥ M _i (joint areHTHOCTb

never exceeds the sum of individual agencies), D4.4a is ¢anbcudpunpoBaH.

Ha6usrogaemoe: M _joint and £ M _i computed from the joint and individual sapo

KU3HECIIOCOOHOCTHS.
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YtBepxaenue D4.4b (Deterrence):

Deterrence equilibria exist when unilateral decBsizanHoCcTb cost exceeds continued
cBsI3aHHOCTBb cost for both agents. Ha6uirogaemoe: for each agent, M _i(coupled) >

M _i(decoupled). Neither agent can improve its viability by exiting the cBsi3aHHOCTb.

3To reomMmeTpru4eCckad HelmogBHXHAA TOYK4d, 4 HE yIrpo3ad.
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danbcupukarop D4.4b (Deterrence Exit):

If an agent in a coupled system with M _i(coupled) > M _i(decoupled) a5 Bcex i can
unilaterally decouple and increase its arenTHocThb (M _i(after decBsg3anHoCTBb) >
M _i(coupled)), the characterization of the configuration as a deterrence equilibrium

is panbcuduIMpPOBaH.
Ha6mawomaemoe: M _i before and after decBsg3anHoCTb.

0O6a reomeTpudeckue. Hu oiuH He HOpMaTHBHBIM.
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D5 — Experimental Instantiations and

danbcupukaTops
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D5.1 — Pa3o6paHHbIA NIpUMeEPS
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Cucrema 1: MUKpoOGHas 3K0J10rusa (XxeMocCTar).

Shared viability domain: nutrient-population configuration space. Record
externalities: waste products altering pH/nutrient availability (Heo6paTuMbIi
environmental modification). Impedance matching: metabolic rate compatibility
between species. Slack: time-to-washout at current dilution rate and population

density.

Cascade failure: trophic cBs3anHOCTb propagation. Each construct maps to a

measurable variable with a quantitative prediction.
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CucremMma 2: 3apsaaHoe YCTPOMUCTBO C

orneparopom (aBa po60oTa).

O611as 06J1aCTb )KU3HECIIOCOOHOCTHU: COBMECTHOE MPOCTPAHCTBO (M03ULUsA, baTapes) C
obuiei 3apsaAHON UHPPACTPYKTYPOH. 3anrceBble SKCTEPHAINU: 3aHATHE CTAHILMH.
YcioBue cBS3U: 3apsi/ika TpebyeT BpalleHUs1 napTHEpa. CorjlacoBaHue UMIlelaHca:

COBMECTHUMOCTb EMKOCTH 6aTaper U CKOPOCTH paspsja.

Slack: time-to-ruin at current battery level and discharge rate. CE # NE
demonstration: Paszges D3.1. Each construct maps to a measurable variable with a

quantitative prediction.
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D5.2 — danbcupukarTops
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Global ®anscudpukarop FO (PasmbikaTeib):

If a multi-agent system persists indefinitely (BpeMsi BbpkuBaHusI T = oo JIJIs1 BCEX
agents) while violating all Heo6xoauMbIe ycnoBusg N1-N4 of D3.2a, under a
configuration satisfying the monotonic-alignment and regularity assumptions, CtaTbs

D is panbcudpunmpoBaH.

Ha6sromaemoe: BpeMs BebkMBaHUd T for each agent; verification of N1-N4 violation;

verification that alignment and regularity assumptions hold.
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danscupukarop D1 (No Free Survival):

Defined in D1.3. Ha6sromaemoe: u(K_B) and M _B before and after A’s 3anuceiBarwiiee

JlerCcTBUE.
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danscupukarop D2.1 (Additivity Under
Coupling):

If joint arenTHOCTB equals the sum of individual agencies (M _joint = X M _i) in a
coupled system with non-zero cBsizaHHocTh terms (non-orthogonal shared constraint

coordinates), D2.1 is panbcuduiupoBaH.

Ha6uromaemoe: M_joint and £ M _i in coupled vs uncoupled configurations.
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danscudpukarop D2.2 (Impedance-

Independent Efficiency):

If ceasanHOCTB efficiency (measured as viability transfer per unit ynpapasitoiee
ycusue) He degrade as uMmneaaHc ratio |Z_i/Z_j| deviates from unity, D2.2 is

dbanbcuduLMpOBaH.

Ha6sromaemoe: viability transfer rate at umneganc ratios 1:1, 2:1, 5:1, and 10:1 under

matched conditions.
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danscudpukarop D2.3 (Anti-Resonant

Optimality):

Defined in D2.3. Ha6uitogaemoe: joint viability margin at phase offsets O, /4, /2,

3m/4, .
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danbcupukarop D3.3 (Cascade Non-

Propagation):

Defined in D3.3. Ha6sogaeMoe: BpeMs BbDKMBaHUAS T_B and T_C after termination of

A in a 3-agent chain.
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danscudpukarop D4.2 (Persistent Violators):

If a multi-agent configuration persists indefinitely while violating one or more of N1-
N4, under a system satisfying the monotonic-alignment and regularity assumptions,

D4.2 is panbcudpunmpoBaH.
This dT. u T.T.K.€rs from FO (which requires violation of all four conditions).

D4.2 claims the long-run support is contained in the satisfying set; a single
persistent violator of any condition falsifies it. Ha6sirogaemoe: persistence time T and

verification of individual N1-N4 conditions for each surviving configuration.
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danscupukarop D4 (Order Indistinguishable

from Noise):

Defined in D4.1. Ha6aomaemoe: empirical p-value for slack correlation. If p = 0.05

Juis Bcex candidate systems, D4 is danbcudunmpoBaH.
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danscupukarop D4.3 (Hierarchy Inversion):

Defined in D4.3. Ha6arozaemoe: Ap(K_i) and Ap(K_j) per unit 3anuceiBarolee

JIelcTBME in MMIeAaHc-asymmetric systems.
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danscudpukarop D4.4a (Cooperation

Nonexistence):

Defined in D4.4. Ha6srogaemoe: M _joint and £ M _i in systems with mutually positive

externalities.
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danbcupukarop D4.4b (Deterrence Exit):

Defined in D4.4. Ha6uirogaemoe: M_i before and after unilateral decBasanHoCTb.

Every yrBepxzaeHue has at least one testable panbcudukatop with a specified
observable. ®anbcudukarops are independent of A, B, C. Kpax any yTBepxaeHHe

leaves all prior papers intact.
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D5.3 — 3aMbIKaHHe 006J1aCTH

Cratbs D establishes: what multi-agent composition must look like under the trilogy’s
constraints, what persistent configurations require, what destroys them, and how to

test these claims.

It He determine whether specific configurations are realized in nature. That question

remains empirical.
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D6 — CTpyKTypHOE 3aMbIKaHHE

CraTnia A: Irreversibility as loss of reachability. Independent of B, C, D.

CraTna B: Selection as costly exclusion, if it exists. 3aBucur ot A. Independent
of C, D.

CraTha C: Agency as constrained control. 3aBucur ot A; uses outcome of B.

Independent of D.

Cratha D: Coupled viability under multi-agent constraint. 3aBucur ot A, B, C.
Extends cBsazanHocTb (C7), introduces shared constraint environments, derives
structural filtering, hierarchy, cooperation, and deterrence as geometric

consequences.
OpHOHamnpaBJieHHasi 3aBUCUMOCTb COXpaHSIETCH.
Kpax D He ob6ecuienuBaeT C, B uiu A.

Kaxabiit cyioit o6aBysieT CTPYKTYpy. Hu oguH He fo6aBasseT PU3UKY.
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[Ipunoxenue E — Exploratory: Reclamation and

Renewal (Non-Load-Bearing)

CraTtba A’s optional module (A6) addresses capacity saturation and restoration for
single systems. This npunoxxeHue extends that to cBsA3aHHbIe CUCTEMBI: joint

saturation, partial reclamation, the multi-agent loop.

It inherits the speculative status of A6. Explicitly non-load-bearing. No yTBepxieHue
in the main body 3aBucur or it. Included for structural completeness and

VMHTeJIJIEKTya/IbHasl YeCTHOCTb.
Konern CtaTbs D.

All stated proofs in this document follow from the onpeaenenunes and assumptions
declared locally. All yrBepkaeHues have specified observables and testable

danbcudukartops. All runotesas are fenced. Papers O, A, B, C, D

Cepus: The 420 Code Aptucrt Ilpyd 01 — dusuka onepaTopHOU cpefibl:

dyHaMeHTanbHasA GU3MKa / TeoMeTpHUs XKU3HECIIOCOOHOCTH
Artist: G STUDIO G Ony6sinkoBaHO GecryiaTHO HaBcerJa PaambikaTesnb Ledger

Cnenyrouive ledger maps every dpanbcudunupyemsoiii claim in APO1 to the corpus-
wide pasMmbikaTesib humbering system. Each pa3mbikaTesb has a unique identifier

(KS-N), a status, and a specified observable.

Statuses: 3AKPhBIT (proven within the argument), YKUBOU-IMIIUPUYECKHUH (testable
by experiment), LIVE-HARD (open theoretical problem).

All pasmbikaTenbes in AP®1 are YKXUBOU-3IMITUPUYECKHUH in principle: each has an
omnepalnoHaIbHbIN observable and becomes directly testable once a concrete

instantiation (physical or engineered system) is specified. CtaTbsa A Pa3ambikaTenabes
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KS-V.1 (FO) — AS onepardoHasibHasi ”HBapHaHTHOCTb. Global pasmbikaTessb. If co-
JIONyCTUMBIA KPYMHO3epHUCTOe pa3dbreHues yield incompatible AS values beyond

tolerance, the entire framework fails. Ctaryc: YKUBOW-IMIIUPUYECKUU. TecT: RO.

KS-V.2 (F1) — Pointer-basis targeting. If cenekius targets position rather than the
environment-selected anre6pa ykasareJis, the nocrynar cenekuyuu fails. Cratyc:
YKUBOU-3IMITUPUYECKUH. TecT: R1.

KS-V.3 (F2) — Born violation. If ensemble statistics of realised branches deviate
systematically from the diagonal weights {p_i}, the noctynat ceneknuu fails. Craryc:
YKWUBOU-IMIIMPUYECKUH. TecT: R4.

KS-V.4 (F3) — Context dependence. If cenekiua 3aBucuT oT observer intervention
rather than objective dynamics, the moctynar cenekuuu fails. Cratyc: XKUBOM-
SMIHUPUYECKHUH. Tecr: R5.

KS-V.5 (G1) — Selection rate exceeds gravitational bound. If ceneknus occurs faster
than h/AE_G for gravitationally distinguishable records, the gravity limiter fails.
Cratyc: YKUBOU-IMITMPUYECKHUM. Tect: R3.

KS-V.6 (G2) — Selection in gravitationally degenerate regime. If objective ceneknus
occurs between records with AE_G = 0, the gravity limiter fails. Craryc: XKUBOH-
SMIHUPUYECKHUH. Tect: R2.

KS-V.7 (G3) — Non-gravitational rate scaling. If ckopocTb ceseknuus scale universally
with non-gravitational parameters across macroscopic records, the gravity limiter

fails. CraTyc: YKXHBOU-3MITUPUYECKUM. Tect: R3. CTaTba B Pa3MbikaTesbes

KS-V.8 (B2) — Pre-Heo6paTuMocThb cesekiud. If exclusion signatures appear before
onepalnMoHaJbHbIM HeOOpaTUMOCTH is established (CtaTbsa A, D13), cenekius as
defined in CtaTba B is danbcudunuponan. Cratyc: XKUBOU-3MIIMPUYECKUH. Tecr:

BT1. Ctatea C PasMbikaTesibLes

KS-V.9 (FC1) — Agency increase without control. If reachable 06bém
»KU3HECII0COOHOCTH increases without corresponding control expenditure, CtaTes C is

danbcudunuposan. Cratyc: XKUBOU-IMIIMPUUYECKHUH. Tect: C10.1.
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KS-V.10 (FC2) — Irreversible loss reversed. If Heo6paTuMbiii loss of reachability is
reversed without external intervention violating admissibility constraints, CraTtesa C is
$anbcudpuumposan. Craryc: XKUBOU-IMIIMPUYECKUU. Tect: C10.1.

KS-V.11 (FC3) — Stable control past noBepxHocTh HeBo3BpaTa. If stable control
persists beyond the noBepxHOCTh HEBO3BpaTa under AONyCTHMOE yIpaBJeHUE,
CraTba C is danbcudunuponan. Cratyc: XKUBOU-IMIIMPUYECKHUH. Tect: C10.1.

KS-V.12 (FC4) — Free lunch. If a system maintains positive arenTHocTb indefinitely
with finite budget and persistent nonzero apeid, the Bpems BbiKMBaHUsA bound
(Teopema C5.1) is danbcudunuponan. Craryc: XKUBOU-IMIIMPUUYECKUH. Tect: C10.1.

KS-V.13 (FC5) — Resurrection. If a system recovers positive arentHocTb after
reaching ruin without ingonyctumsiii external intervention, Ctatbs C is
danbcudunuposan. Cratyc: XKUBOU-IMIIMPUYECKHH. Tect: C10.1. CtaTbs D

Pa3MbikaTesibes

KS-V.14 (FDO®) — Multi-agent persistence violating all Heo6xoguMbIe ycioBus. If a
multi-agent system persists indefinitely while violating all Heo6xoarMbIe ycaoBus N1-
N4 under monotonic-alignment and regularity assumptions, Ctatbs D is

danbcudpunyponan. Craryc: YKUBOU-IMIIUPUYECKUH. Tect: D5.2.

KS-V.15 (FD1) — No free survival. If Agent B increases areHTHOCTb despite negative
record externality from Agent A, without severing cBsizaHHOCTB, increasing G10/IKeT
ynpaBJieHus, Or receiving compensating externalities, the Geometric Exclusion

Principle is panbcudunuponaH.
Craryc: YKUBOU-IMIIMPUYECKHUH. Tect: D5.2.

KS-V.16 (FD2.1) — Additivity under cBg3anHocTb. If joint areHTHOCTBL equals sum of
individual agencies in a non-trivially coupled system, non-additivity (YTBepk/ieHUe

D2.1) is panbcudunuposan. Cratyc: YKUBOU-3MIIMPUUECKHUH. Tect: D5.2.

KS-V.17 (FD2.2) — Impedance-independent efficiency. If cBsszanHocTs efficiency He

degrade as umneaaHc ratio deviates from unity, corsiacopaHve umiezaHca
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(YTBepxzaeHue D2.2) is panbcudunuposan. Craryc: JKUBOU-IMIIMPUYECKUH. Tecr:
D5.2.

KS-V.18 (FD2.3) — Anti-resonant optimality. If a persistent coupled system has
maximum joint viability at anti-resonant phase under standard cBsg3aHHoOCTB, the
resonance rumnotesa (D2.3) is danbcudunuponan. Craryc: X)KUBOU-IMIIMPUYECKHWH.
Tect: D5.2.

KS-V.19 (FD3.3) — Cascade non-propagation. If kpax Agent A He propagate to Agent
B despite cBsizanHOCTB that exceeds B’s remaining control margin, cascade failure
(Yreepxkaenue D3.3) is panbcudunuposan. Cratyc: YKHBOU-IMITMPUUECKHUH. Tecr:
D5.2.

KS-V.20 (FD4) — Order indistinguishable from noise. If persistent configurations He
MoxkeT be statistically distinguished from random survivors (p = 0.05 for slack
correlation), emergent order (D4) is panbcudunuposan. Craryc: KUBOH-
IMIUPUYECKHUMU. Tect: D5.2.

KS-V.21 (FD4.2) — Persistent violators. If any configuration persists while violating
any of N1-N4 under alignment and regularity assumptions, structural filtering
(YTBepkeHue D4.2) is panbcudunuposan. Cratyc: YKUBOU-IMITMPUUECKHUH. Tecr:
D5.2.

KS-V.22 (FD4.3) — Hierarchy inversion. If the low-uMneaaHc agent’s 3anuceBbie
skctepHanuu dominate the high-umnenanc agent’s constraint landscape (at
uMneaaHc ratio greater than 10:1), hierarchy as constraint geometry (YTBepxaeHue

D4.3) is danbcudunuposan. Cratyc: XKUBOM-3IMIIUPUYECKUH. Tect: D5.2.

KS-V.23 (FD4.4a) — Cooperation nonexistence. If joint areHTHOCTBL never exceeds
sum of individual agencies in any system with mutually positive externalities,
cooperation as structural outcome (YTBepxaenue D4.4a) is dpanbcupruupoBaH.

CraTyc: )KUBOU-3MITUPUYECKHH. TecT: D5.2.

KS-V.24 (FD4.4b) — Deterrence exit. If an agent in a deterrence equilibrium can

unilaterally decouple and increase its areHTHOCTB, the deterrence characterisation
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(YTBepxzaeHue D4.4b) is panbcudunuposan. Ctatyc: Y KUBOU-IMITUPUYECKUH.
Tect: D5.2. Summary

Total pasmbikaTesbes: 24 (KS-V.1 through KS-V.24). All )KHUBOU-3MITUPUYECKHH.
Global pa3mbikaTesnb: KS-V.1 (FO). If KS-V.1 fires, the entire framework is dead and no

further test is meaningful.

Hymepauus pasmbikaTesnelt HauMHaeTcsl ¢ KS-V.1 Bo n3bexxaHnue KOHQJIUKTA C
CYLeCTBYKOILMMH Ha3HayYeHUsAMU Kopnyca (KS-14epe3 KS-49, HazHaueHHble B APO5-

AP22).

[lepeHyMepanus Ha ypoBHE KOPIyca HA3HAYUT OKOHYATEJbHbIE HOMepa IocJIe

penieH3upoBaHus Bcex 22 Aptuct [IpydoB. HUKHUIM KOJTOHTUTYJT YCIOBHOCTH

Conditional on: Nothing external. AP®1 is camomocTaTo4HbI. It 3aBUCHT OTly On
standard kBaHTOBas MexaHHKa (unitary evolution, CPTP maps, nekorepeHius) and

TeopHusl KHU3HecrmocobHocTH (Aubin, 1991).

No result in APO1 3aBucuT ot the axiom system {S, B, R, C}, on the Embedding
Hypothesis (EH), on the Quadratic Regularity Assumption (QRA), or on any other
Artist Proof.

Conditioned upon by: Subsequent Artist Proofs may inherit the onepanroHaabHbIi

omnpeesieHHES, HEOOPAaTUMOCTD results, and viability geometry established here.

Load-bearing inheritance: coctosinue akTyanausainuu (D3), monotonicity under
decohering nuHamMmuka popmupoBaHus 3anuceit (T1, within scope), Operator Horizon /

HeBo3Bpart structure (T2; D9/D13).

Optional inheritance (explicitly moctynat-level here): kanan ceneknuu (A4.2) and
gravitational rate limiter (A4.3) are referenced only where later proofs explicitly

require them.

Kill switches: KS-V.1 through KS-V.24 (all YKUBOU-IMITUPUYECKHN). See

PasmbikaTesb Ledger above.

Crartyc: ['oTOB K my6/inKayuu. 3a6JI0KUPOBaH.
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