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Abstract

A rigorous information-and-measurement model is developed for the mathematical Kurpishev Uncertainty Principle PN.2.
The construction closes the mathematical part of proof obligation PO-6 while leaving physical operationalization explicitly
open. For two admissible bracketings b_L and b_R in a normed nonassociative algebra, we introduce a measurable
experimental record, the o-algebra of data available to an estimator before the true branch is unblinded, and a
distinguishability coefficient T_u given by the total variation distance between the laws of the accessible data. A classical
two-point minimax lemma then yields total-variation-corrected lower bounds for reconstruction risks of a scalar observable
S, the structural coordinate ®, and the full algebraic result. Under perfect hiding, T_u=0, the bounds reduce exactly to the
deterministic PN.2 coefficients; under perfect distinguishability, T_u=1, the information-theoretic lower bound correctly
vanishes. A separate metrological bridge is formalized: e_S, e_D, and e_R are reconstruction errors of mathematical targets,
not physical measurement uncertainties. Conversion to measurable quantities requires explicit calibration maps, units,
reference values, and an uncertainty budget. The resulting status firewall separates the proved mathematical theorem from
any future physical realization of R+R and from Robertson—Schrodinger dispersion relations or Ozawa noise—disturbance
relations.

Keywords: nonassociative algebra; associator; Kurpishev PN.2; minimax risk; hidden alternative; total variation; statistical
experiment; measurement model; metrology

MSC 2020: 62C20; 17A01.

Scientific novelty and the boundary of the novelty claim

The novelty claimed in this paper is strictly internal to the formal PN.2 program. It does not concern the
classical Le Cam two-point method, total variation distance, or VIM/GUM metrological terminology. The
contribution is their type-consistent integration into PN.2 as a solution of the mathematical part of proof
obligation PO-6.

®  The hidden bracketing index b is replaced by a verifiable information condition: a pre-unblinding accessible o-
algebra and a distinguishability coefficient 1_u are specified.

® The deterministic errors e_S, e_D, e_R are embedded in a statistical experiment with minimax-type risks R_S,
R_D,R_R.

® Total-variation-corrected forms PN.2-M-S and PN.2-M-R are proved with the factor (1-t_u)A2, explicitly
accounting for information leakage about the branch.

®  The deterministic PN.2 is recovered as the perfect-hiding limit t_u=0, whereas 1_u=1 correctly forces the
information-theoretic lower bound to vanish.

* A metrological firewall separates abstract reconstruction error from physical measurement error and
measurement uncertainty; translation requires explicit calibration and reference models.
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Priority boundary

No priority is claimed for classical statistical decision methods, total variation, or JCGM terminology. The authorial
novelty claim is limited to the PN.2 architecture, the formulation of PO-6, and the resulting total-variation-corrected
PN.2 within that architecture.

1. Introduction

The canonical PN.2 theorem package considers two admissible bracketings in a normed, generally
nonassociative algebra. If the same input u=(x,y,z) admits two outcomes r_IL and r_R and a single estimator
cannot use the true bracketing index b, two-point geometry yields a positive minimax reconstruction error
whenever the targets are separated. This is already a rigorous mathematical theorem, but it is not yet a
measurement model.

Proof obligation PO-6 appears precisely at the transition from the abstract rule “do not use b” to an
experiment. Merely omitting the label b is not sufficient: instrument data may reveal the branch. A
measurement model must therefore specify what the estimator observes, when its output is frozen, how
distinguishable the accessible branch-dependent laws are, and how mathematical reconstruction errors relate to
metrological quantities.

The purpose of this paper is to build that bridge without promoting the physical status of PN.2. The
principal result is a theorem of statistical decision theory for a two-alternative experiment. A physical
realization of R+R, calibration of D, a relation to h, and a connection to quantum theory remain separate
testable hypotheses.

2. Algebraic core of PN.2

2.1. Two bracketing alternatives

Let .« be a normed real or complex linear space with a bilinear product ©. For u=(x,y,z)eQc.«? define the
two admissible protocols

b_L(u)=(xey)oz, b_R(u)=xo(y®z).
Write r_L(u)=b_L(u) and r_R(u)=b_R(u). The associator is
K(u)=r_L(u)-r_R(u)=(x@y)0z-xo(y®z).
Let S:.«Z - R be a scalar observable and ©:{b_L,b_R} - R a structural coordinate of the protocol. Define
A_S(u)=|S(r_L(u))-S(r_R(u))|, A_D=[D(b_L)-D(b_R)|,
A_R(u)=[|r_L(u)-r_Ru)|[=] KW |.

At this stage D is a mathematical protocol coordinate. A physical interpretation does not follow from
notation and requires separate closure of the relevant proof and calibration obligations.

2.2. Deterministic baseline

If the estimator must output one pair (3,d) without using b, the canonical package defines
e_S(u;8)=max{|5-S(r_L(u))|, |5-S(r_R(u))!},
e_D(u;d)=max{|d-D(b_L)|, |d-D(b_R)[}.
For a full-state estimate fe.<Z,

e_R(u;f)=max{||f-r_L(u)|[, | |F-r_R(u)] 3.
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The two-point metric inequality gives e_S>A_S/2, e_D>A_D/2, and e_R>||K]|/2, hence the canonical
product bounds with coefficient 1/4. This description represents a measurement experiment only when the pre-
output data do not carry branch-dependent information usable by the estimator.

3. Information-and-measurement experiment

3.1. Accessible c-algebra

For fixed u let (5,%) be the measurable space of the full experimental record. Under branch be{L,R}, the
record Z has law P_{u,b}. Before unblinding, the estimator is restricted to a o-algebra %c#. The choice of % is
part of the preregistered protocol.

Allowed before output freeze Forbidden before output freeze
input u and domain Q true branch label b
published @, S, and D sealed branch-selection log
instrument and calibration parameters reference values computed after unblinding
authorized portion of raw record Z post-unblinding processing that uses b
branch-independent random seed model adaptation after viewing the true branch

Thus “b is hidden” is an information constraint on measurable data, not a psychological statement about the
observer.

3.2. Quantitative hiding

The absence of an explicit label b does not imply identical observable distributions. Define the
distinguishability coefficient

T u:=TV(P_{ul}_% P_{uR}_% <I[0,1].

Equivalently define h_u=1-1_u as a hiding coefficient. Then h_u=1 means perfect hiding, 0<h_u<1 partial
hiding, and h_u=0 perfect distinguishability from the accessible record.

Critical refinement of PO-6

It is not enough to withhold the symbol b. If the accessible signal Z uniquely encodes the branch, then t_u=1 and any
information-theoretic lower bound must vanish. The original verbal condition “b is hidden” did not distinguish this
case.

3.3. Blinding and unblinding protocol

1. Before the run, fix Q, both admissible protocols, S, D, the data channel, the accessible o-algebra %, the
estimator, and the risk criterion.

Generate or select the true branch b by a mechanism inaccessible to the estimator before unblinding.

Generate the full experimental record Z and expose only information in % to the estimator.

Compute §, d and/or f and freeze the output procedurally or cryptographically.

Unblind b only after the output is frozen, then compute branch-specific reference targets.

Score the errors/risks and report T_u, or a statistically controlled upper bound on t_u, as part of the experimental
record.

R
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- 2. Accessible data Z 3 = a 5. Unblind b
1. Hidden branchb | —> and o-algebra G —_— 3. Estimator &(Z) —_ e

The label b and post-unblinding data are unavailable before the estimate is frozen.

Figure 1. PN.2 measurement protocol: the estimate is frozen before b is unblinded.

4. Admissible estimators and risks

An admissible estimator is a preregistered %-measurable rule. External randomization is allowed if its
random seed is independent of b and included in the information model. Any use of the unblinded branch
before the output freeze is excluded.

§=6.5(2), d=6.D(2),  P=6_R(2).
Define the worst-case expected absolute or metric reconstruction losses over the two branches:
R_S(u;86_S)=max_{b&{L,R}} E_{u,b}|5_S(2)-S(r_b(u))|,
R_D(u;5_D)=max_{b€{L,R}} E_{u,b}|5_D(2)-D(b)|,
R_R(u;6_R)=max_{b€{L,R}} E_{u,b}||6_R(Z)-r_b(u)||.

Taking an infimum over a specified estimator class yields the usual minimax risks, but the lower bounds
below are stronger in formulation: they hold for every admissible estimator separately.

5. Two-point total-variation lemma

Lemma 1 (two-point minimax bound with total variation). Let P_0 and P_1 be probability laws on the same
measurable space, 0_0 and 6_1 points of a metric space (0,d), and § any measurable estimator. Then

max{E_0 d(6,6_0), E_1 d(5,6_1)} = ¥~2 d(6_0,6_1)[1-TV(P_O,P_1)].

Proof. Let p=P_0+P_1 dominate both laws and let p_0,p_1 be the corresponding densities. For every
observation z, the triangle inequality gives d(6(z),8_0)+d(6(z),6_1)>d(6_0,0_1). Hence

E_0d(6,6_0)+E_1 d(5,6_1)
> [ min(p_0,p_1)[d(5,6_0)+d(5,6_1)] du
>d(6_0,6_1) [ min(p_0,p_1)du
=d(6_0,6_1)[1-TV(P_O,P_1)1.
The maximum of two nonnegative numbers is at least half their sum. OJ

This is a classical two-point device in statistical decision theory; the present paper does not claim novelty
for the lemma itself.

6. Measurement theorem for PN.2

Theorem 2 (total-variation-corrected measurement PN.2). For fixed ueQ, let the experiment of Section 3 be
given and let T_u=TV(P_{u,L}|_%,P_{u,R}|_%). Then every admissible pair §_S,5_D satisfies

R S(u;6_S) =12 A S(u)(1-Tt_u),
R D(u;6_D)=% A D(1-t_u),
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R_S(u;6_S) R_D(u;8_D) 2 ¥4 (1-t_u)?> A_S(u)A_D. (PN.2-M-S)
For a full-state estimate,
R_R(u;6_R) 2 % | [K(u)[ |(1-T_u),
R_R(u;6_R) R_D(u;6_D) =2 % (1-t_u)? | |K(u)| |A_D. (PN.2-M-R)

Proof. Apply Lemma 1 to the targets S(r_L),S(r_R) in R; to D(b_L),D(b_R) in R; and to r_L,r_R in the metric
space (-#Z,|*||). In the last case the target separation is ||r_L-r_R||=||K(u)||. Multiplying the nonnegative
individual bounds yields the product inequalities. (I

6.1. Separating observable and uniform form
If S is c-separating on Q, so that A_S(u)>c||K(u)||, then
R_SR_D 2 (c/4)(1-t_u)? | |K(u)| |A_D. (PN.2-M-K)
If additionally t_u<t<1 throughout Q and ||K(u)||>¢_-m(u), then
R_.SR_D 2 (ce_-A_D /4)(1-T)* m(u). (PN.2-M-U)

A uniform measurement constant therefore requires both algebraic nondegeneracy and information
nondegeneracy. A large associator alone cannot create a measurement lower bound when the accessible data
perfectly reveal the branch.

6.2. Deterministic PN.2 as a special case

If the accessible pre-output record has the same law under b_L and b_R, then t1_u=0. In particular, if the
estimate is computed only from u and the published model, without any branch-dependent signal, Theorem 2
gives

R_S>A S/2, R.D=A_D/2, RR=||K||/2,

exactly reproducing the canonical deterministic coefficients. If T_u=1, the branches are perfectly
distinguishable from the authorized data and the additional information-theoretic lower bound vanishes. This is
not a contradiction of PN.2 but a different information regime.

7. lllustrative partially hidden channel

Consider a purely statistical example with no claim of being a physical realization of R+«R. Encode the
hidden branch as be{-1,+1}. The estimator observes a binary indicator Z that equals the true branch with
probability 1-p and is flipped with probability p, where 0<p<1/2.

P(Z=b|b)=1-p, P(Z=-b|b)=p.
For the two resulting Bernoulli laws on {-1,+1},
T=TV(P_L,P_R)=1-2p, 1-t=2p.
Therefore
RSR D=2p?A_SAD,
R_RR_D2p?||K|| A_D.

At p=1/2 the indicator is independent of b, =0, and the canonical coefficient 1/4 is recovered. At p=0 the
indicator reveals the branch without error, t=1, and the information bound vanishes. The example shows why
the degree of hiding belongs in the experimental passport rather than remaining an implicit verbal assumption.
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8. Metrological bridge: what e_S and e_D measure

8.1. Reconstruction error is not measurement uncertainty

Under VIM terminology, measurement error and measurement uncertainty are distinct concepts. In the
present model e_S,e_D,e_R and their statistical analogues R_S,R_D,R_R are first of all reconstruction errors of
mathematical targets under a hidden structural alternative. They are not automatically standard uncertainties,
instrument variances, or quantum measurement noises.

A physical measurement requires a measurand Q, a measurement model, a unit, a calibration procedure, a
reference value, and an uncertainty budget that accounts for all relevant sources in the GUM sense.
8.2. Calibration map

Let a mathematical target s be mapped to a physical quantity by C_S. Define the structural component of
physical error by

E_QSAstr = C_S(5)-C_S(s_b).
For a linear calibration C_S(s)=a_S s+c_S,
|E_QSAstr|=|a_S||5-s_b].

Thus the structural minimax component in physical units scales by |a_S|. For nonlinear calibration, transfer
of a lower bound requires a verified lower Lipschitz condition |C_S(s)-C_S(s")|>a_S|s-s'| over the operating
range. Nonlinearity alone does not justify carrying the mathematical bound into physical units.

The total metrological error may contain additional instrument, calibration, and reference components. They
cannot be mechanically added to e_S because correlations and cancellations may occur; their treatment belongs
to the separate GUM measurement model.

8.3. Special status of ©

The restriction is even stronger for ©. While D is merely a protocol coordinate, e_D has the unit of that
coordinate and is not an error in a physical dimension of space, time, or any other physical quantity. A physical
bridge requires an explicit measurand Q_D and a calibration C_D:® — Q_D with justified units, traceability,
and a reference procedure. Until then, “experimental e_D” means only reconstruction error of the structural
coordinate.

9. Three levels of status

Level Error object Information Status
Abstract PN.2 e S,e D,e R one estimate without b proved mathematical theorem
Measurement PN.2 R_S,R_ D,R_R,tu pre-unblinding o-algebra ¢ P royeq theorem. fora
statistical experiment
error/uncertainty of a concrete | real instrument, calibration, open operationalization and

Physical realization . .
measurand units experiment

This separation prevents status inflation: mathematical closure of PO-6-MATH is not experimental
confirmation of PN.2 as a physical law.
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10. Relation to quantum uncertainty relations

The Robertson—Schrodinger relation constrains the product of dispersions of quantum observables in a state
under operator and domain assumptions. Ozawa-type relations concern measurement noise and disturbance in a
quantum measurement process. Theorem 2 concerns a different mathematical task: estimation under two hidden
structural alternatives with restricted information.

A shared lower-bound motif does not establish equivalence. Deriving PN.1 from PN.2 would require a
separate Hilbert-space representation, self-adjoint operators, domain control, physical calibration, and an
experimental protocol. None of these bridges is asserted by the present paper.

11. Status of proof obligation PO-6

Sub-obligation Result Status

full record and accessible o-algebra ¢

PO-6.1 CLOSED-MATH

defined
PO-6.2 quantitative hiding t_u formalized CLOSED-MATH
PO-6.3 cla§s of adrnlsj51ble pre-unblinding CLOSED-MATH
estimators defined
PO-6.4 PN.2-M-S, PN.2-M-R, PN.2-M-K proved CLOSED-MATH
PO-6.5 type of a valid calibration bridge specified FORMALIZED
PO-6.6 concrete C_S,C_D, units and references OPEN-PHYS/METRO
for RxR
PO-6.7 independent blinded experiment and OPEN-EXT

estimate of T_u

Recommended final status

PO-6 = PARTIALLY CLOSED: the mathematical information-and-measurement layer is closed; metrological
calibration and a physical experiment remain open. The previously achieved status of PO-11 and PO-12 is unchanged
and is not used as evidence of physical realization.

12. Limitations and falsifiable conditions

If A_D=0, the structural factor vanishes.

If K(u)=0, the full-state lower bound vanishes.

If S does not separate r_L from r_R, the scalar bound may vanish even when K=0.

If ©_u=1, the authorized data perfectly identify the branch and the information lower bound is zero.
A uniform constant requires verified lower bounds for both ||K|| and the hiding factor 1-t_u.

None of these mathematical bounds by itself proves a physical ontology of R+R, a relation to h, time,
gravitation, or cosmology.

13. Conclusion

A rigorous measurement layer has been constructed over the canonical two-point PN.2. The central new
element within the project is the replacement of the informal statement “b is hidden” by an experiment whose
accessible information is specified by a o-algebra and whose branch leakage is quantified by total variation.
This yields total-variation-corrected minimax bounds with the factor (1-t_u)A2 and explains both limiting
regimes: the canonical PN.2 under perfect hiding and the disappearance of the information bound under perfect
distinguishability.
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At the same time, a strict metrological firewall is imposed. PN.2 errors remain reconstruction errors of
mathematical targets until physical measurands, calibration maps, units, reference values, and uncertainty
budgets are defined. The result therefore closes the mathematical part of PO-6 while deliberately leaving the
physical hypotheses of PN.2 unchanged.

Data availability and reproducibility

No empirical data are used. All proofs are analytic and reproducible directly from the definitions given in
the text. The existing PO-12 computational certificate concerns separate abstract examples of the canonical
theorem package and is not treated here as a physical experiment.
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AHHOTauUus

IMocTpoeHna crporas MHGOPMaLMOHHO-U3MepUTe/IbHasl MOJie/Ib [l MaTeMaTU4eCKOro NpUHLUIIA Heollpe/ieIEHHOCTU
Kyprunesa ITH.2, 3aKkpbIBarolijasi MaTeMaTHUeCKyH0 UacThb /J0Ka3aTeJbHOro obs3aTensctBa PO-6 1 ocTasstoias
(hM3MUeCKy0 oneparyoHaNM3alio SBHO OTKPBLITOH. [I/1s ABYX /IOy CTUMBIX CKOOOYHBIX TIpoToKosioB b_L ub_R B
HOPMUPOBaHHO} HeacCOLMaTUBHOM anreOpe BBOJUTCS IIPOCTPAHCTBO SKCIIEPHUMEHTA/ILHOM 3armicy, o-anredpa aHHbIX,
JOCTYIIHBIX OL|eHUBATeJII0 /IO PaCKPbITHUSl UICTUHHOM BeTBH, U KO3((ULIMEHT pa3IuuMMOCTH T_U, ONpeZenéHHbINA Kak
paccTosiHMe TI0/THOM Bapualiiy MeKly 3aKOHaMU JOCTYIHbBIX JaHHbIX. Ha ocHOBe K/laccu4ecKoi [ByXToueuHon
MHHUMAaKCHOH JIeMMBI [J0Ka3bIBatOTCs TV-CKOpPPeKTUPOBaHHbIe FPAHULIBI [JIs1 PUCKA BOCCTAHOB/IEHUSI CKa/IIPHOU
HabJrojaeMoli S, CTPYKTYpPHOH KOOPAWUHATHI D U MOTHOTO pe3ysibTata. I1py coBepIeHHOM CKpBITOCTH T_u=0 HOBBIE
TPaHULIbI TOUHO PelyLIPYIOTCS K leTepMuHrpoBaHHOM ITH.2; nipu mosiHo#M pasmuuMocTy T_u=1 nHhopMalOHHas HYDKHSIS
rpaHuLia KOPPEKTHO BBIPOXK/aeTcs B HO/b. OT/ie/IbHO (hopMaIM30BaH MOCT K MeTpoJIoruy: omubky e_S, e Due R
KBa/IM(HULIPYIOTCS KaK OMIMOKM BOCCTAHOB/IEHUSI MaTeMaTHUeCKUX 00BEKTOB, a He KakK (hM3HuecKie HeonpeJeéHHOCTH
u3MepeHus. VIX mepeBo/ B M3MepsieMble BeJTMUHHBI IOy CKAeTCst TOJIBKO Yepe3 3a/laHHble KaIMOPOBOUHbIE 0TOOpaKeHNs,
e/JMHULIBI, pedpepeHTHbIe 3HaUeHus ¥ Oro/pKeT Heorpe/ie/IéHHOCTH. TeM caMbIM MaTeMaTHJecKasi TeopeMa OTZAe/IsIeTCsl OT
Oyayimeit dhusuueckor peamsaiuu R+R, ot cooTHoIeHust PobepTcoHa—IIIpéauHrepa v OT OTHOIIOHUH «IITyM—
BO3My1LleHVe» Of3aBbl.

KiroueBble c/10Ba: HeacconMaTuBHas anrebpa; accormarop; ITH.2 KypruiieBa; MUHUMaKCHBIN PUCK; CKPbITast albTePHATHBA;
TI0/Hasl BapHalLysl; CTaTUCTUYeCKUH 9KCTIePUMEeHT; U3MepUTelbHasi MOJie/Tb; MeTPOIOTHsI

MSC 2020: 62C20, 17A01.

HayuHasi HOBU3Ha 1 FpaHULbl 3asiB/IEHUS 0 HOBU3HE

Hogu3Ha HacTosimelt paboTel 3asB/sieTCs: CTPOT0 BHYTPU (hopMan30BaHHOM riporpammel [TH.2 1 coctout

He B CaMOM IByXToueyHoii iemMe Jle Kama, He B pacCTOSTHMM TTOJIHOW BapHalliy ¥ He B TEpMUHAaX METPOJIOTUH
VIM/GUM. 31u 371eMeHThI Kjaccuueckue. HOBBIM 3/ieMeHTOM aBTOPCKOM KOHCTPYKLIUU SIB/ISIETCSI UX TUTIOBO
coriacoBaHHoe BK/atoueHue B [TH.2 kak pereHnst MaTeMaTtiyeckor yactu PO-6.

CKpbITOCTb CKOOOYHOTO MHAEKCA b 3aMeHeHa NpoBepsieMbIM MH(GOPMALMOHHBIM YCI0OBHEM: 3afilaHa o-airebpa
JIOCTYITHBIX /10 PACKPBITHS AJaHHbIX U KO3(D(PULMEeHT pa3mMuuMOCTH T_U.

IetepmuHnpoBaHHbIe omnbKy e_S, e_D, e_R Bio)keHbI B 60s1ee 00OIIMi CTaTUCTHUECKUI SKCTTIEPUMEHT C
MHHMMaKCHbIMU pruckamu R_S, R_D, R_R.

[Hoxkazanbl TV-ckoppektrpoBaHHbie popmbl PN.2-M-S u PN.2-M-R ¢ mHoxutenem (1-1_u)A2, aBTOMaTUUeCKU
YUUTBHIBAIOLIUM YTeUKy HH(pOPMaLy O BETBU.

ITokasaHo, uTo UCXO/iHas JeTepMuUHUpoBaHHas [TH.2 saBnsieTcs npefiebHBIM ClydaeM COBepLIeHHON CKPBITOCTU
t_u=0, a npu T_u=1 uH}popMaloHHas rpaHUL|a JO/PKHA UCUe3aTh.
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®  Beegén metposiornueckuii firewall: abcrpakTHast onribka BOCCTaHOBJIEHUsI OT/e/IeHa OT (GPU3UUECKOl OIIUOKHU U
OT HeOoTpe/Ie/IEHHOCTH U3MEePEeHVIsT; Tiepexo/] BO3MOKeH TOJILKO depe3 KaMOpPOBKY U pehepeHTHYH0 MO/Ie/Tb.

I'paHuULa IPHOPUTETA

Pabora He 3asiB/isieT aBTOPCKUI MPUOPUTET Ha K/IaCCUUECKHe MeTO/bI CTATUCTUUECKON TeOpPUH pellieHuH, TIOTHYI0
Bapuaruio wiu repmuHosioruio JCGM. ABToOpCKasi peTeH3Ust OrpaHuueHa KOHKPeTHOU apxuteKtypoit [TH.2,
noctaHoBKoM PO-6 1 mosyyeHHo# TV-CKOPpeKTUPOBaHHOW )OPMOI BHYTPU 3TOW apXUTEKTYPBHI.

1. BBegeHue

Kanonunueckuii TeopeMHbii akeT [TH.2 paccmaTprBaet ABe ZOMYyCTUMbIe PAaCCTaHOBKU CKOOOK B
HOPMHPOBaHHOM, BOOOIIle TOBOPSI, HeaCCOMaTUBHOM anrebpe. Ecim ofuH 1 TOT ke BXoA U=(X,y,z) JOMyCKaeT
[Ba pe3ysbrata r_L M r_R, a eMHBIN OLleHWBaTe b He UCIO/Ib3yeT HCTHHHBIN CKOOOUHBIN HH/EKC b, TO
JBYXTOYeYHasi FeOMeTpHsl JaéT MOI0KUTeTbHYI0 MUHUMAKCHYIO OIIMOKY, KOT/ja COOTBETCTBYIOILME L{e/h
pa3IMUUMBbl. JTa KOHCTPYKLUS yrKe SIB/ISIeTCSI CTPOroi MaTeMaTHuecKoi TeopeMoii, HO cama 110 cebe elnjé He
SIBJISIeTCS] U3MEPUTE/IbHON MOJIe/bIO.

OTkpeITOe 00s13aTenbeTBO PO-6 BO3HMKAaeT MMEHHO B MecCTe Iepexofia OT abCTpaKTHOTO 3arpeTa «He
WCTIOMb30BaTh b» K 3KcriepumeHTy. @opmanbHOe OTCYTCTBHE METKH b HeloCTaTOYHO: [JaHHbIe TIpubopa MOTyT
CaMHu pacKphbIBaTh BeTBb. I103TOMY TpebyeTcs omnpeennTh, Kakve JaHHbIe BUAUT OlleHUBaTe b, KOT/ia OH
00s13aH 3a(pUKCHPOBATh OTBET, HACKOJILKO JIOCTYITHbIE pacripeziesneHus pa3nnyatoT b_L v b_R 1 Kakum o6pazom
MaTeMaTHUeCKHe OITMOKU COTMOCTABISIFOTCS C METPOJIOTMYeCKUMH Be/TMUMHAMM.

Llenb cTaThy - TOCTPOUTH 3TOT MOCT Oe3 ToBbIIIeHUs Gpuzndeckoro craryca [TH.2. OcHOBHO# pe3ysibTaT
SIBJISIETCS] TEOPEMOM CTaTUCTUUECKOM Teopyu pellieHni /1S IByXaabTepHaTUBHOTO SKCIiepuMeHTa; (hr3nyeckast
peanusauys R«R, kanmubposka D, cBsi3b ¢ h 1 KBaHTOBOM Teopueii 0CTalOTCs OT/eMbHBIMU TIPOBEPsieMbIMU
TUTNOTe3aMHU.

2. Anre6pauyeckoe agpo NH.2

2.1. ABe CKOGOUHbIE aNlbTepHaATUBDI

ITycTh -/ - HODMHUPOBAHHOE Bell[eCTBEHHOE WM KOMITIEKCHOE JIMHeHHOe TIPOCTPAHCTBO C OUTMHEHHOM
onepauyeii ©. s u=(x,y,z)eQC.«/* ornpe/iesuM /iBa 0MyCTUMBIX IIPOTOKOJIA

b_L(u)=(xey)ez, b_R(u)=xo(y®z).
CooTBeTCTBYyMOIUE pe3ynbTaThl 0003HauuM r_L(u)=b_L(u), r_R(u)=b_R(u). Accoiuarop paBeH
K(u)=r_L(u)-r_R(u)=(x@y)0z-xo(y®z).

ITyctb S:.«7 - R - BeiOpaHHas ckansipHast Hab/mogaemast, a D:{b_L,b_R} - R - cTpykTypHast KoopAuHaTa
MPOTOKOJ1a. BBe1éM pa3phIBbI

A_S(u)=|S(r_L(u))-S(r_RW))|, A_D=|D(b_L)-D(b_R)|,
A_R)=||r_L(u)-r_R)||=|K()|].

3pech D siBisieTCs MaTeMaTHYeCcKol KOOpJUHaToW npoTokona. Eé ¢pusnueckas uHTepripeTanys He ciefyeT
13 0003HaveHus U TpebyeT oTaenbpHOro BhinosHeHus PO-4, PO-6 u PO-8.

2.2. leTepMmuHnpoBaHHas ncxogHas copma

Ecym ouleHmBaTesb JoKeH BbIJATh OJHY U Ty >Ke mapy (5,d), He ncmonb3ys BeTBb b, KaHOHWYeCKUi MTakeT
orpegessieT

e_S(u;8)=max{|35-S(r_L(uw))[, |5-S(r_R(u))|3},
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e D(u;d)=max{|d-D(b_L)|, |d-D(b_R)|}.
[nis mostHOTO pe3yJsibTara fe.«/ aHamoruyHo
e_R(u;f)=max{||f-r_L(u)|[, | |F-r_R(u)]|}.

[ByxTOueuHoe HepaBeHCTBO JaéT e_S>A_S/2, e_D>A_D/2 u e_R>||K||/2, oTKyZa crefytOT UCXOAHbIe
npour3BefieHus1 ¢ Ko duieHTom 1/4. OfHAKO 3TO OMMCaHKe SKBUBA/IEHTHO KCIIEPUMEHTY TOJbKO TOT/ja,
KOT/la 10 MOMeHTa (hHKcaljuy OLIeHKH JlaHHble He /1al0T OlieHHBaTe/l0 BeTBe3aBUCMMON MH(OpMaLK.

3. HdhopmMaLVOHHO-U3MEPUTESIbHbIN 3KCMEPUMEHT

3.1. AocTynHasa c-anredpa

[lnst GUKCUPOBAHHOTO U 3a/IaZiiM M3MepUMOe TIPOCTPAHCTBO TMoHOM 3anucH (5,%). I1pu BetBu be{L,R}
3anuch Z rumeet 3akoH P_{u,b}. OrjeHrBaTesnto 10 pacKphITHS pa3pellieHa TOIbKO o-anrebpa GCH.
BenuunHa ¢ siB/isieTcs 4aCThIO TIPOTOKOJ/IA M JOJDKHA ObITh 3aperucTpUpoBaHa Jjo SKCIepuMeHTa.

PaspelueHo Ao chukcaymm oLeHKu 3anpeLyeHo A0 uKcaLn OLEeHKN
BXOZ u ¥ 06macTe Q WCTHUHHas1 MeTKa b
3apaHee OIy0/IMKOBaHHEIE O, S, D 3areyaraHHbIi )KypHasl BbIOOpa BETBU
napaMeTpbl Ipubopa 1 KamibpoBKU pedepeHTHbIe 3HAUEHHs], BBIUMC/IEHHBIE TI0C/Ie PACKPBITHS b
pa3perIéHHast YacTh ChIPOH 3amcu Z post-unblinding o6pa6oTka, 1crob3ytoias b
He3aBHCHMOe C/IydaiiHOe 3epHO a/IrOpUTMa afjanTarysi MoJie/v MocJjie IPOCMOTPa UCTUHHOMN BETBU

Takum 06pa3om, «b CKpBIT» 03HAaYaeT He TICHXOJIOTHUECKOe He3HaHWe Hab/ro/[aTes s, a OrpaHuYeHue
M3MepruMol HH(OpPMaIH, Ha KOTOPOH pa3pelieHo CTPOUTH OIIeHKY.

3.2. KonnyecTtBeHHasa CKPbITOCTb

®dopMabHOe OTCYTCTBUE METKH b He UCKITIOYaeT TOTO, UTO pacrpefiesieHust JOCTYITHOMN 3aricH
pasznuuatotcs. [TosaTomy onpezenvM K03hGOULMEHT pa3uIiMOCTH

T u:=TV(P_{ulL}_% P_{uR}_% <€I[0,1].

3pecs TV - paccTosiHMe TIO/IHOM BapyaLiu. Y J0OHO Takke BBeCTH K03(dHLIMeHT cKpbITocTH h_u=1-1_u.
Torpa h_u=1 cooTBeTcTByeT coBepiieHHOW cKpbITOCTH, 0<h_u<1 - yacTuuHoM ckpeiToCcTH, a h_u=0 - oHOM
Pa3/IMUMMOCTH BeTBeU 110 pa3pelléHHbIM IaHHbBIM.

Kpurnueckoe yrounenue PO-6

He goctaTouHo He coo6IjaTh OLjeHUBaTeM0 CUMBOJI b. Ec/u AOCTYIHBIN CUrHaA Z OfHO3HAUHO KOJUPYET BETBb, TO
T_u=1 1 uHOPMAIMOHHAST HIDKHSISI TPAHHUIIA O/DKHA OBITh Hy/1eBOH. VIMEHHO STOT C/Iydail He pa3inyasics UCXOJHOH
(hopMyTMPOBKOM «b CKPBIT».

3.3. MpoTokon ocnensieHns U packpbiTua

1. o 3amycka GpuKcUpyrOTCs {2, Ba AOMYCTUMBIX TIPOTOKOJA, S, D, KaHasl MOJTyUeHUs JaHHBIX, Pa3pelléHHas o-
anrebpa %, aNropuTM OLIEHKH U KPUTEPHI pUCKa.

VctyHHas BeTBb b 3a1aéTCsA MeXaHU3MOM, HEIOCTYITHBIM OLIEHHUBATE/TO A0 CTAJUN PACKPBITHA.

dopMupyeTcs SKCriepyUMeHTarnbHasi 3alich Z; OLleHUBATeI0 BIZABTCS TOMBKO UHbopMaLus U3 G.
OrieHrBaTe/b BBIYUCISET §, d W/ 1 Kpurrorpaguecku 6o mpoLieAypHo GUKCHPYET pe3y/IbTar.

[Nocne ukcaLyu packpbiBaeTcsi b ¥ BEIUMCIISIIOTCS BeTBeceLju(uueckue pedepeHTHbIE LieH.

ukhwn
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6. PaccuuTbIBarOTCS OIIMOKW/PUCKHU U TTYOJIMKYeTCs TAK)Ke OLleHKa pa3nuuiMOCTH T_U WIHM e€ CTaTUCTUYeCKU
KOHTpOJIMpyeMasi BepXHsisi TpaHULIa.

e T
1. CkpbiTas BeTBb b | —> { W c-anrebpa G — 3. OueHuBaTens 6(Z) | — 4. OGukcauns s, 4, T — 1 OLIeHKa puCka

MeTky b 1 post-unblinding naHHbIe Heb3A NCMONb30BaTh A0 UKCALNM OLLEHKU.

Puc. 1. IIpomokon uzmepumesnbHoli modeau ITH.2: oyeHka cpukcupyemcst 00 packpbimusi b.

4. lonyCTUMble OLLEHUBATE/IN U PUCKU

HonycTMbIM curTaeTcsi 3apaHee 3aMKCHPOBaHHBIN G-M3MepHMBIi OLleHHMBaTe b, Pa3periieHa BHEIIHsIs
paHAOMU3aLysl, ec/y eé caydaiiHoe 3epHO He3aBHCUMO OT b 1 BXOAUT B MHPOPMALMOHHYIO MOZeb.
3arperrieHbl JiFoObIe OTeparLy, UCTIO/IB3YIOIIMe PACKPBITYIO BETBb /10 (PMKCAIUU pe3yJibTara.

§=5.5(2), d=5.D(2), P=85_R(2).
OrmpefieiM MakCHMasibHbIE TI0 IBYM BETBSIM OKHZiaeMble abCOMOTHbIe/MeTpUYecKHe OIMOKU:
R_S(u;6_S)=max_{b&{L,R}} E_{u,b}|5_S(2)-S(r_b(u))|,
R_D(u;56_D)=max_{b€{L,R}} E_{u,b}|5_D(Z)-D(b)|,
R_R(u;6_R)=max_{b&{L,R}} E_{u,b}||5_R(Z)-r_b(u)||.

I[Tpn Heo6x0IMMOCTH MOXKHO Jasiee 6paTh infimum 1o K/accy AOMyCTUMBIX OLleHWBaTesel, TomyJast

00bIUHbIE MUHUMAaKCHbIe PUCKU. [/1s1 J0Ka3aTebCTBa HIKHUX TPAHUL] 3TO He TpeOyeTCsi: OLleHKH HIKe BepHbI

AJIA KaXKAO0r0 JOIMyCTUMOTO MpdaBUla OTAE/IBHO.

5. AByxTo4yeyHasa TV-nemma

JlemMa 1 (aByXTOUeuUHasi MUHMMAaKCHasi TpaHMIia C 1oHol Bapuaiiueit). [Iycts P_Ou P_1 - nBa
BEPOSITHOCTHBIX 3aKOHA Ha OIHOM M3MepUMOM TpocTpaHcTBe, 6_0 u 6_1 - ABe TOUKM MeTPUUeCKOro
npoctpancTBa (0,d), a § - TPOU3BOBLHBIN U3MEPUMEIN OLleHUBaTe/b. Toraa

max{E_0 d(6,6_0), E_1 d(6,6_1)} 2%~ d(6_0,6_1) [1-TV(P_O,P_1)].

ITokasaTtebcTBO. Bo3bMéM 06111yr0 JoMUHUPYIOITyto Mepy u=P_0+P_1 u nnotHoctu p_0,p_1. 15 KaXKa0w

peayi3aliiu zZ HepaBeHCTBO TpeyrobHUKa Jaét d(6(z),0_0)+d(8(z),0_1)>d(6_0,0_1). IToatomy
E_0d(5,6_0)+E_1 d(5,6_1)
> [ min(p_0,p_1)[d(5,6_0)+d(5,6_1)] du
>d(6_0,6_1) [ min(p_0,p_1)du
=d(6_0,6_1)[1-TV(P_O,P_1)I.
MakcuMyM AByX HEOTPHULIATe/IbHBIX C/1araeMbIX He MeHbILIe IT0JIOBUHBI MX CyMMBI. JleMMa fjoka3aHa. [

JleMMa sIB/ISIETCSI KITAaCCUUECKUM JBYXTOUEUHBIM UHCTPYMEHTOM CTaTUCTUYECKOM TeOpUH PelLleHu;
aBTOPCKasl HOBM3HA HACTOSILL{eM CTaTby He IPUIKChIBAeTCsI CaMoil ieMMe.
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6. UsmeputenbHaa teopema NH.2

Teopema 2 (TV-ckoppektupoBaHHas usmepurensHast [TH.2). {st pukcrupoBaHHOro u€Q mycTh 3ajaH
srcriepuMenT pasgena 3 v T_u=TV(P_{u,L}|_%,P_{u,R}|_%). Toraa ass o060 OMyCTUMOM MapsI
onieHmuBaTeneit 6_S,6_D

R_S(u;6_S) 2% A_S(u)(1-t_u),
R D(u;6_D)=2% A D(1-t_u),
R_S(u;8_S) R_D(u;8_D) = ¥4 (1-t_u)?> A_S(u)A_D. (PN.2-M-S)
7151 TonHoro pesysbTaTa
R_R(U;8_R) 2 % | [K(u)|[(1-T_u),
R_R(u;5_R) R_D(u;5_D) = % (1-T_u)? | |K(u)| |A_D. (PN.2-M-R)

[HokazatenscTBo. [Ipumenum semmy 1 nocefnoBaTennsHO K HesM S(r_L),S(r_R) B R; k D(b_L),D(b_R) B R;
kK r_L,r_R B MeTpuueckoM nipocTpaHcTBe (-Z,||'||). B mocnesHem ciyuyae paccTosiHUe MeX/y Lie/sIMU PaBHO ||
r_L-r_R||=||K(u)||. [lepeMHO>XeHMe HeOTpULIATETLHLIX UHANBUAYATBHBIX TPAHUL] AAET /IBe 3asiB/IeHHbIe
Tpou3BeIéHHbIE OLIeHKH. [

6.1. Paspgensiowas HabnogaeMas 1 paBHoOMepHasi coopma
Ecnu S sBnsiercst c-pa3genstoiiieit Ha Q, To A_S(u)>c||K(u)||. CnemoBaTenbHo,
R_SR_D 2 (c/4)(1-t_u)? | |K(u)| |A_D. (PN.2-M-K)
Ecnu gjononHuTeNbHO cylijecTByeT <1 Takoe, uTo T_u<t Ha Q, u ||K(u)||=e_-m(u), TO
R_.SR_D 2 (ce_-A_D /4)(1-T)* m(u). (PN.2-M-U)

PaBHOMepHast U3MepUTe/TbHasi KOHCTaHTa [M03TOMY TpeOyeT OJHOBPEMEHHO ajrebpanuecKoi
HEBBLIPOXKIEHHOCTH Y MTHPOPMALIMOHHON HEBBIPOXK/IEHHOCTH. [layke OOBIIION accolaTop He CO3/1aéT
W3MEepPUTETbHOU HU)KHEeH TPaHuLIbl, eC/TU pa3pelléHHble JaHHbIe TTOJIHOCTBIO0 PACKPBIBAIOT BETBb.

6.2. JeTepmuHupoBaHHas MNMH.2 kak YacTHbI cnyyai

Ecym gocTynHas Ao OLieHKY 3alch UMeeT OZIMH U TOT ke 3akoH rpu b_L u b_R, To 1_u=0. B uactHOCTH,
ec/1 OLleHKa (hopMupyeTcs TOIBKO U3 U U 3apaHee OIyO/IMKOBaHHOW MoJeny, 6e3 BeTBe3aBUCHMOIO CUTHAA,
Teopema 2 faét

R_S>A S/2, R.D=A_D/2, RR=||K||/2,

TO eCTb TOYHO BOCIIPOM3BOAUT KO3((ULIMEHTbl KaHOHHUUeCKOH leTepMUHKpoBaHHoM [TH.2. Ecim xe 1_u=1,
BETBU CTAaTHCTUYECKU pa3Zie/iiMbl 6e3 olIMOKY 10 pa3pelléHHbIM JaHHBIM, U JOTIO/IHUTe/IbHas
vH(opMaL{OHHas I'PaHHL}a CTAHOBUTCS HY/IeBOM. DTo He oripoBepskeHue [TH.2, a mpaBU/bHOe oMnMcaHue
Zpyroi uHGopMal[MOHHOM 3a/lauM.

7. UnnocTpatMBHbIA KaHa1 YHaCTUYHOW CKPbITOCTU

PaccMOTpUM 4MCTO CTaTUCTHUECKHUM TIPUMep, He MpeTeHAYIOLMi Ha Gr3ndecKyro peamm3anuio R+R.
I[TycThb CKpbITasi BeTBb KoaupyeTcs be{-1,+1}, a oljeHHBaTe/b Mo/yyaeT OMHAPHBIA UHAUKATOP Z, KOTOPBIN
paBeH NCTUHHOM BETBU C BePOSITHOCTBIO 1-p ¥ MHBEPTHPOBaH C BEPOATHOCTHIO P, IAe 0<p<1/2.

P(Z=b|b)=1-p, P(Z=-b|b)=p.
st nByX OGepHY//IMeBCKHX 3aKOHOB Ha {—1,+1}

T=TV(P_L,P_R)=1-2p, 1-t=2p.
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[TosTOoMy M3MepuTe/bHas rpaHuLla IPUHUMAaeT BUJ
RSR.D=2p?ASAD,
R_RR_Dz=p?||K|| A_D.

Ipu p=1/2 ungukaTop He3aBucuM ot b, T=0 1 BoccTaHaB/IUBaeTCs UCXOAHBIN Ko3dduiueHT 1/4. ITpu p=0
nHMKaTop 6e301MO0YHO pacKphiBaeT BeTBb, T=1 1 MH(OPMalMOHHas TpaHuLia ncuesaet. [Ipumep
TI0Ka3bIBaeT, UYTO «CTeleHb CKPhITOCTU» J0JDKHA ObITh UAaCThI0 U3MEPUTEeILHOI0 NaclopTa, a He HesIBHBIM
CJIOBECHBIM TIPe/T10/10)KEHUEM.

8. MeTposiornyeckuii MocT: uTo usmeparwtTe_Sme D

8.1. OwMn6Ka BOCCTAaHOBNEHUA He paBHa HeomnpeaesiEHHOCTU U3MepPeHus

B tepmuHosioruu VIM measurement error ¥ measurement uncertainty - pa3/jiMuHble MoHATHsL. B HacTosiei
Mogenu e_S,e_D,e_R u ux cratuctuueckue aHanor R_S,R_D,R_R oTHoCSTCs npeXke BCero K Ommmoke
BOCCTAHOBJ/IEHUS] MaTeMaTUueCKOH 1]e/11 TPU CKPBITOM CTPYKTYPHOI ajibTepHaTUBe. OHU He SIBJISFOTCS
aBTOMAaTHYeCKH CTaH/JaPTHLIMU HEOTIpe/Ie/IEHHOCTSIMU, AUCTIEPCHUAMY TIPUO0pA WM KBAHTOBBIMU IITyMaMH.

s pusrueckoro u3mepeHust Heo6xo4uMo 3azath measurand Q, Mo/ie/Tb U3MepeHus], eJUHHULY, TIPOLIeIyPY
KaniOpOBKH, pedepeHTHOe 3HaUeHHe U BKJIaJ] BCEX Pe/IeBaHTHBIX HCTOUHUKOB HEOTpeie/IEHHOCTH B CMBICTIe
GUM.

8.2. Kann6poBOUYHOE OTOOpaXeHue

[TycTs MaTeMaTHUeCKast 1ie/Tb S TIePeBOJUTCS B GU3MUeCKyHo BesurHy otoOpaskeHrneM C_S. CTPYyKTypHYIO
KOMIIOHEHTY (hH3UUeCKOl OITMOKY OTIpe/ieluM Kak

E_QSAstr = C_S(5)-C_S(s_b).
Ecm C_S(s)=a_S s+c_S, To TOUHO
|E_QSAstr|=|a_S||5-s_b].

CnenoBareibHO, MUHUMAKCHasi CTPYKTYPHasi KOMIIOHEHTa B (pU3NYeCKUX eIMHUIIAX MacIiTabupyercs
K03 durpieHToM |a_S|. 11 HeTMHeHHOM Ka/TMOPOBKU IMEPEHOC HIDKHEH IPaHUI[bI TPeOYeT 10Ka3aHHOTO
HwkHero ycoBus Jlunmia |C_S(s)-C_S(s')[za_S|s-s'| Ha pabouem guarna3zone. Cam ¢akT HeTMHEMHOCTH He
paspelaeT aBTOMaTUYeCKH TIepeHOCUTh MaTeMaTHUeCKYH0 TPaHuLLy.

[TosHast MeTpOJIOrUYecKasi OLIMOKa MOXKeT COZIeprKaTh [JOTIO/THUTe bHBIe TPUOOPHbIe, KaTMOPOBOUHBIE U
pedepeHTHbIe cocTasssitoie. OHU He JOJDKHBI MeXaHUYeCKU CKIaZbIBaThbCsl C €_S: BO3MOXKHBI KOPPeJISILIY U
KOMITeHCALMH, TI03TOMY MX 00paboTKa OTHOCHTCS K OT/ie/IbHOM M3MepuTebHoN Mozend GUM.

8.3. Oco6bIih cTatyc D

[ns D orpannyenye emé xécrye. IToka D AB/Is€TCS NPOTOKOIBHOM CTPYKTYPHOM KOOPAUHATOM, e_D nMeeT
e/IUHUL]Y 9TOM KOODJMHATHI U He SIB/IsIeTCs OMMOKOM N3MepeHHsi pa3MepHOCTH MPOCTPAHCTBA, BpeMeH! WU
VHOUW (u3nueckoit BemmunHbl. Ou3nyeckuii MocT Tpebyet siBHoro measurand Q_D v KamuOpoBKU
C_D:D- Q_D c 06ocHOBaHHBIMH e[JMHULIAMHU, ITPOC/IEKMBAEMOCTBIO 1 pedpepeHTHOH rporieaypoid. [lo sToro
Tara BbIpakeHHe «3KCIlepuMeHTalbHast omrbka e_D» I0MmyCcTUMO TOBKO B CMbIC/Ie OIIMOKY BOCCTAHOBJIEHUS
CTPYKTYPHOT'O MHJEKCa.

9. ConocTtaBrieHue TPEX ypoBHel

YpoBeHb OGBHEKT OLUMGKMN NHdopmayus Crartyc

/10Ka3aHHasA MaTeMaTHueCKast

Ab6cTpakTtHas TTH.2 e S,e.D,e R o/Ha o1leHKa 6e3 b
Teopema
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YpoBeHb OO BEKT OLINGKN NHdopmayuna Craryc

[JloKa3aHHasi TeopeMa

M3mepuTtenbHas [TH.2 R_S,R D,R R, tu o-airebpa % mo unblinding CTaTUCTUYECKOTO
IKCTIEpPUMEHTA
i . OTKpBITas
ombKa/HeorpeieIéHHOCTh peasnbHbIN pubop,
du3nuecKast peany3anys orepalMoHaI3anys 1
KOHKpeTHOro measurand KanmMOpOBKa, eZIVHULIbI
IKCIIepUMEHT

Takoe pasziesieHve IpeOoTBpalLiaeT MOBbBILLIEHUe CTaTyca: MaTeMaTruyeckas 3akpbiTocts PO-6-MATH He
SIBJISIETCS] 9KCIIepUMeHTa/IbHBIM NoATBep keHreM ITH.2 kak ¢usnueckoro 3akoHa.

10. OTHOLWEeHne K KBAaHTOBbIM COOTHOLUEHUAM HeonpeaenéHHOCTHU

CootHorienne Pobeprcona—IlIpéayHrepa orpaHMYMBaeT NMpou3BejeHre JUCIepCrii IBYX KBAHTOBBIX
Hab/II0/laeMbIX B COCTOSIHHM TP OTePaTOPHBIX U JOMEeHHbIX NpeArnocklikax. OTHommeHns: Of3aBbl OMKCHIBAIOT
IIyM U3MepeHUsl U BO3MYlIieHHe B KBAHTOBOM H3MepUTe/IbHOM Mpoliecce. Teopema 2 OTHOCUTCS K HHOM
MaTeMaTU4YeCKOU 3aJjaue: pa3unyeHuIo JBYX CKPBITBIX CTPYKTYPHBIX albTePHATHUB TIPU OTPaHUYeHHON
VH(pOPMaLUH.

OO1uii MOTHB HIWKHEH IPaHULIbI He yCTaHAB/IMBAeT SKBUBaIeHTHOCTH. [is1 BeiBoza ITH.1 u3 TTH.2
noTpedyIoTCs OTAeNnbHOe rIIb0epTOBO MpeCcTaB/ieHre, CAMOCOTIPSDKEHHBIE OTlepaTopbl, KOHTPOJIb JOMEHOB,
¢bu3nueckas KamMOpPOBKa 1 SKCIIepUMeHTaTbHbIN MPOTOKO/1. HacTosiiast cTaTbst 3STUX MOCTOB He YTBepsK/aer.

11. CtaTtyc pgokasatenibHOro o6sisarenscrea PO-6
Mopgo6sa3aTenbLCTBO Pe3ynbTar Craryc

3a/iaHa IoJ/IHasA 3aruch U JO0CTYITHas O-

PO-6.1 anrebpa %

CLOSED-MATH

(hopmam30BaHa KOJTUeCTBEHHAS

PO-6.2 CLOSED-MATH
CKPBITOCTb T_U

PO-6.3 3a/laH Kj1acc /:EonycmMLIx pre-unblinding CLOSED-MATH
olleHHBaTesel

PO-6.4 ,11\1/?_1(;321%1 PN.2-M-S, PN.2-M-R, PN.2- CLOSED-MATH

PO-6.5 3a/IaH TUIT KOPPEKTHOTO KaTMOPOBOUYHOTO FORMALIZED
MOCTa

PO-6.6 koHKpeTHble C_S,C_D, equHuULbI U OPEN-PHYS/METRO
sTasioHs! 411 R+R

PO-6.7 He3aBUCHMBIN C/IeTION SKCIIepUMeHT U OPEN-EXT

OLleHKa T_Uu

IIpejiaraeMblii UTOrOBBIN CTATYC

PO-6 = PARTIALLY CLOSED: maTemMaTu4eckasi iH(pOpMallMOHHO-U3MepHTe/bHas YaCTh 3aKphITa;
MeTpOJIOTHUeCKasi KaTMOPOBKa U (PU3HUECKUI SKCIIEPUMEHT OCTar0TCs OTKPBIThL. PO-11 1t PO-12 mipu 3TOM
COXPAaHSIIOT paHee JOCTUTHYTBIN CTaTyC M He UCII0/Ib3YIOTCS KaK l0Ka3aTe/lbCTBO (pr3nvecKoil peann3aljiu.
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12. OrpaHuyeHus u hanbcuduympyemMble ycrioBus

Ecmu A_D=0, cTpyKTypHas 4acTb I'PaHHULIbI BEIPOXKAETCS.
Ecmu K(u)=0, nomHoCcoCTOsIHUI IpaHuLia [0 pe3yJIbTaTy BbIPOXK/AeTcsl.
Ecmu S He pasnuuaer r_L ur R, ckanspHas rpaHuLja MOKeT ObITh Hy/eBo fake ipyu K#0.
Ecnu t_u=1, focTynHble JaHHbIe TIOJHOCTbIO WAEHTU(ULMPYIOT BeTBb U MH(MOPMal{OHHAs HIKHSS FPaHuLia
paBHa HYJIIO.
* PaBHOMepHasi KOHCTaHTa TpeOyeT J0Ka3aHHbBIX HIDKHHUX I'PaHUL] ofHOBpeMeHHo jyis ||K|| 1 gJist ckpeIToCTH 1-
T u.
* Hu ozHa U3 3THX MaTeMaTUUeCKHX rPaHuL] cama I1o cebe He /J0Ka3bIBaeT PU3NUECKYI0 OHTOJIOTHIO R+R, CBs3b C
h, BpeMeHeM, rpaBUTAI[EN UM KOCMOJIOTHEH.

13. 3aksroueHue

[TocTpoeHa cTporasi U3sMepUTe/bHasi HaZICTPOKKa Ha/, KaHOHUUecKo# gByxToueuHoi [TH.2. I'1aBHBIM
HOBBIM 3/1eMEHTOM BHYTPH IIPO€EKTa SBJIsIeTCS1 3aMeHa He(hopMa/IbHOM (ppasbl «MHAeKC b cKphIT» Ha
9KCIIEPUMEHT, B KOTOPOM JIOCTYTHasi MH(OpMaILust 3a1aéTcsi 0-anrebpoid, a CTerieHb PACKPBLITHS BETBU
KOJIMUeCTBEHHO U3MepseTCs MOHOM Bapualyield. To MPUBOAUT K TV-CKOPpeKTUPOBaHHBIM MUHUMAaKCHBIM
TpaHUIIaM C MHOKHTesieM (1-T_u)? ¥ TOUHO OOBSICHSIET /[Ba Mpe/ieIbHBIX peXkuMa: ucxogayto ITH.2 mpu
COBEpILLIEHHOW CKPBITOCTH U MCUe3HOBeHHe MH(POPMaliMOHHOM I'PaHUL{bl TIPYU MTOJIHOW pa3sIuYUMOCTH.

OpHOBpeMeHHO BBeZIEH cTporuii Metposioruueckuii firewall: ormmibku ITH.2 siBiisiroTest ombkamu
BOCCTAHOBJIeHHSI MaTeMaTUUeCKUX 1iesiel 1o TeX Top, MoKa He omnpezesieHbl (hr3nyeckre measurands,
KanMOpPOBKY, eIMHUIILI, pedhepeHTHbIe 3HaUeHUs U 010/PKeThl HeorpeeléHHOCTU. [103ToMy pe3y/bTaT
3aKpbIBaeT MaTeMaTHUecKyto yacTb PO-6, HO co3HaTe/IbHO He MOBBIIIaeT CTaTyC Guanueckux rurnote3 [TH.2.

[LOCTYNHOCTb AaHHbIX 1 BOCNPOM3BOAUMOCTb

OMnMpryecKyre aHHble B paboTe He UCIIO/b30BaIuChk. Bee l0Ka3aTe/ibCTBa aHA/IMTHYECKHe U
BOCTIPOM3BOJIATCS HEITOCPeCTBEHHO U3 MPUBE/IEHHBIX OnpegesieHuil. CyllleCTBYIOINUN BEIUMC/IUTENbHBIN
ceptudukar PO-12 0THOCHTCS K OT/ie/TbHBIM a0CTPAaKTHBIM TpHIMepaM KaHOHUYeCKOTo MakeTa v He
paccMaTpUBaeTcs 3/jech Kak (GM3MUecKuil SKCrIepUMeHT.
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