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Abstract

Within the framework of the Unified Wave Cosmological Model (UWCM), spacetime (the
Stratum) is a discrete quantized network, and its active boundary (the SGW) is the carrier of
information and the source of energy. In previous works (Slavutsky, 2026e, DOI: 10.5281 /zen-
0do.19516683; Slavutsky, 2026f, DOI: 10.5281/zenodo.19518042), it was shown that the mass
of black holes is quantized: M = N - mp, and the energy transfer between the SGW and the
Stratum occurs in portions that are multiples of the Planck energy Ep.

In the present work, these results are extended to time. It is shown that the quantization of
energy transfer and the discreteness of the Stratum entail the quantization of time: any changes
in the system occur in discrete “ticks” with a minimal interval tp = \/W/cf’ ~ 5.4 x 1074
s. This means that all physical processes, including the evolution of quantum states, occur in
steps rather than continuously.

On this basis, a new explanation is proposed for key quantum paradoxes:

e Wave function collapse is not an instantaneous process but a sequence of Planck “ticks”

during which the system transitions from a superposition to a definite state.

e Entanglement is a synchronization of Stratum nodes occurring in its proper time; to an

external observer, the effect appears instantaneous but actually has a minimal delay ¢p.

e Schrodinger’s cat — the transition from superposition to a definite state takes a finite

number of “ticks,” during which the system is in a transitional state.



e The observer problem — “measurement” is recognized as a process in which the number
of coordinated “ticks” between the observer-node and the object-node exceeds a threshold

M, providing an objective criterion without invoking consciousness.

The work demonstrates that time quantization not only does not contradict quantum me-
chanics but also resolves its fundamental paradoxes, offering a physically grounded alternative

to “instantaneous” and “nonlocal” interpretations.

AnnoTarus

B pamkax Emunoit Bosrosoit Kocmosoruaeckoit Mogenn (EBKM) mpocrpancrBo-Bpems
(ITnact) mpeacraBisier coboil TMCKPETHYIO KBAHTOBAHHYIO CeTh, a ero akrusHas rpannia (CI'B)
— HocuTes b HHGOPMAIUK U UCTOYHUK Heprun. B mpepiayux padorax (CraByrekwuii, 2026e,
DOI: 10.5281/zenodo.19516683; Cuaasyrckuii, 2026f, DOI: 10.5281/zenodo.19518042) 6bu10
MIOKa3aHO, UTO Macca YEPHBIX JAbIp KBaHTOBaHa: M = N - mp, a nepejada SHEPTHH MEXKLY
CI'B u IlracTom mponcxonT MOPIUSIMEU, KPATHBIMI TIJIAHKOBCKOI sHeprun Ep.

B nacrosieit pabore 3Tu pe3ybraThl pacipocTpanenbl Ha Bpemd. [lokazano, 4To KBaHTOBaHUE
nepejadu SHEPruu U JucKpeTHocTh llacta BiekyT 3a co0Ooit KBaHTOBAHWME BPEMEHU: JIIOObIE
U3MEHEHHS B CUCTEME TTPOUCXOJIAT JTUCKPETHBIMU «THKAMIY» C MUHUMAJILHBIM HHTEPBAJIOM tp =
VhG /e ~ 5.4 x 1074 ¢. Dro oznauaer, uTo Bee U3MUECKUE MPOIECCHI, BKJIIOYas SBOJIONMIO
KBAHTOBBIX COCTOSHUII, IPOUCXOJIAT IIaraMu, a He HEIPEPBIBHO.

Ha »sToit ocrose IIPEIJI0O2KEHO HOBOE 00bSICHEHNE KJIIOYEBBIX KBAHTOBLIX I1apa/J0KCOB:

e Koitarc BoJHOBOIM beHKLLI/H/I — He MT'HOBEHHBINI IIpoIece, a 1oc/j1eJ0BaTeJIbHOCTD IIJIaHKOBCKHX

«THUKOB», B T€Y€HUE KOTOPLIX CUCTEMa IIEPEXOAUT U3 CYIIEPIIO3UITUU B OHpG,ZLeJIéHHOG COCTOAHHUE.

e 3amyTaHHOCTH — cUHXpOHU3aIus y3/08 [LacTa, mpoucxosiias B ero cOOCTBEHHOM BPEMEHH;
Jtd BHerHero Habuioiaresns 3pdeKT KayKeTcss MIHOBEHHBIM, HO Ha CAMOM JIeJIe UMeeT

MUHUMAJIBHYIO 3aJICPXKKY p.

e Kot IlIpémmurepa — mepexo M3 CYNEPIO3UIMU B OIPEIEIEHHOE COCTOSHUE 3aHUMAET

KOHEYIHOEC YHUCJIO «TUKOB», B T€YCHNEC KOTOPbLIX CUCTEeMa HaXOJUTCA B IIEPEXOJHOM COCTOAHUN.

e [Ipobiiema Hab/IIOMATET — «U3MEPEHUEM» TTPU3HACTCSA MPOIECC, B KOTOPOM KOJIMIECTBO
COTJIACOBAHHBIX <«TUKOB» MEXKJy y3JIOM-HaOJ0aTeleM U y3/I0M-00beKTOM IIPEBBIIIAET

nopor M, naBasi 0ObLEKTUBHBIN KpUTEpHit 6€3 IPUBJIEUCHUs COZHAHUSI.

Pabora nemoncTpupyer, 9To KBAHTOBAHUE BPEMEHU HE TOJIBKO HE IPOTHBOPEYUT KBAHTOBOI
MeXaHWKe, HO U CHUMAET e€ (pyHJaMeHTaIbHbIE TapaJI0KChl, TIpe/iiaras (pu3ndecku 0O0OCHOBAHHYIO

aJIbTepHaTUBY «MI'HOBECHHBIM» U «HEJIOKaJIbHBIM» MHTEPIIpETalluAM.
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1 Introduction

Quantum mechanics (QM) brilliantly describes the micro-world. However, its interpretation

faces a number of fundamental paradoxes that still lack a generally accepted resolution:

e Wave function collapse occurs “instantaneously” upon measurement, violating the princi-

ples of special relativity.

e Entanglement demonstrates “spooky action at a distance” (Einstein), which, according to

Bell’s theorem, cannot be explained by hidden variables but requires nonlocality.

e Schrodinger’s cat is in a superposition of alive and dead until the box is opened—meaning

that a macroscopic object can be in a non-classical state.

e The observer problem provides no clear criterion for what exactly constitutes a “measure-

ment” and where the boundary between the quantum and classical worlds lies.

The Unified Wave Cosmological Model (UWCM) [1, 2] offers a new ontological foundation:
spacetime (the Stratum) is a discrete quantized network, and its active boundary (the SGW)
is the source of energy and the keeper of information. In works [3, 4], it was shown that mass
is quantized: M = N - mp, and energy transfer between the SGW and the Stratum occurs in
portions of Ep.

In the present work, these results are extended to time. It is shown that the quantization
of energy transfer and the discreteness of the Stratum entail the quantization of time. This
allows us to reinterpret quantum paradoxes in terms of the discrete dynamics of the Stratum,

stripping them of their mystical aura and offering a physically grounded explanation.

1.1 Time Quantization in Physics: Historical Background

The idea that time may be discrete has been discussed in physics at least since the 1930s
(Planck, 1931). In 1983, Page and Wootters proposed the concept of “quantum time” without
an external clock. In discrete models (cellular automata, Feynman—Cheeger—Gromov), time is
postulated to be discrete. In loop quantum gravity (Rovelli, Smolin), the volume operator has
a discrete spectrum, but time remains continuous. UWCM offers a physical mechanism for the
discretization of time: the active boundary SGW “ticks” with an interval ¢p, setting an absolute

temporal grid for the entire system.

2 Time Quantization as a Consequence of Stratum Dis-

creteness

2.1 Minimal Interval

In UWCM, the Stratum is a network with a minimal spatial scale Ip = /hG/c3. If space is

discrete, then time cannot be continuous—otherwise, causality would be violated at the Planck
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scale. The minimal time interval during which the state of the system can change is the Planck

l [hG
tp = ?P =\ 5 ® 54X 107% s, (1)

Any changes in the Stratum occur in discrete steps with this interval. There are no processes

time:

shorter than tp.
Formally, time quantization can be related to the quantization of energy transfer [4] via the
Heisenberg uncertainty relation. Let AE = k - Ep, where k € N. Then:

ho tp

At> 1~ S
— 2AF 2kEp 2k

(2)

The minimal value of At is reached at k& = 1 and equals tp/2. Given the symmetry of

discrete evolution, it is natural to take the minimal time step as tp. Thus, time in the Stratum

is quantized with an interval At =n-tp, n € N,

2.2 Discrete Evolution of States

The state of the Stratum (and, correspondingly, the Infill as its projection) is defined only at

discrete moments:

th=n-tp, ne€Z. (3)

The evolution of the system is a sequence of states:

The evolution operator for one step is:

U(tpr) = UAD)T(L,), At =tp, (5)

where U (At) is a discrete evolution operator that, in the limit At — 0, becomes the contin-
uous U = e HAU/h byt at the Planck scale is defined as a finite difference mapping. There is no
“continuous” change between t,, and t,,;. This resembles a cellular automaton or a quantum

system with discrete time (digital quantum mechanics).

2.3 Uncertainty Principle for Time

Time quantization introduces a minimal uncertainty:

At > tp. (6)

From the Heisenberg uncertainty relation AE - At > h/2, we obtain:



< o= (7)

This is a nontrivial consequence: there is an upper limit on the precision of energy mea-
surement, not just a lower limit. It is impossible to measure energy more accurately than half
the Planck energy Ep/2.

The physical meaning of this limitation is that the energy of a system cannot be measured
with an accuracy exceeding half the Planck energy. This does not mean that energy cannot be
less than Ep/2; it only means that the difference between two close energy values cannot be
registered if it is less than Ep/2. This limitation is a direct consequence of time discreteness
and is fundamental in nature.

This agrees with the quantization of energy transfer [4]: energy is transferred in portions of

Ep, and less than Fp cannot be transferred, so it also cannot be measured more accurately.

2.4 Restoration of Lorentz Invariance

The statement about time discreteness with a global step tp at first glance contradicts special
relativity, according to which simultaneity is relative and time flows differently in different
reference frames.

In UWCM, this contradiction is resolved as follows. Time discreteness ¢p manifests only
at the Planck scale and refers to the proper time of the Stratum—the fundamental network
underlying spacetime. At macroscopic scales, where the Infill (matter and fields) forms, Lorentz
invariance is restored as an effective symmetry.

A similar situation occurs in condensed matter physics: a crystal has a discrete atomic
lattice and a preferred reference frame, yet sound waves in it obey a continuous acoustic metric
with effective Lorentz invariance. The question of exactly how this analogy is realized in the

Stratum remains open and requires further investigation.

3 Resolution of Quantum Paradoxes

3.1 Wave Function Collapse

Problem: Upon measurement, the wave function “collapses” instantaneously throughout the
Universe, which contradicts special relativity (a signal cannot propagate faster than light).
Explanation in UWCM with time quantization:
Collapse is not an instantaneous process but a sequence of Planck “ticks.” When a quantum
system interacts with a macroscopic apparatus, decoherence begins—the spread of information
about the state through the bonds of the Stratum. This process takes a finite number of ticks

m:

Atcollapse =m:- tP- (8)



The number of ticks is estimated as:

L L
" e ©)
where L is the characteristic size of the apparatus. For L ~ 1 m, m ~ 10%%. During this
time, information about the measurement result spreads over a distance ¢ - mtp = L. For
macroscopic apparatuses, m is huge, so collapse appears instantaneous. However, there is no

instantaneity—there is a very fast but finite process that does not violate causality.

3.2 Entanglement and “Spooky Action at a Distance”

Problem: Measuring one entangled particle instantaneously determines the state of the other,
wherever it is located (violation of local realism).

Explanation in UWCM with time quantization:

Entangled particles are projections of a single Stratum node. When one particle is measured,
the state of the node “switches.” This switching occurs in the proper time of the Stratum and
takes m - tp ticks.

To an external observer in the Infill, the effect may appear instantaneous because tp is
vanishingly small. However, in principle, there is a minimal delay ¢p between the change in
the state of one particle and the “sensing” of this change by the other. No signal travels faster
than light—the “synchronization” of nodes simply occurs in a different reference frame (that of
the Stratum).

3.3 Schrodinger’s Cat

Problem: A macroscopic object (a cat) can be in a superposition of alive and dead, which
contradicts our everyday experience.

Ezxplanation in UWCM with time quantization:

The cat is a complex hierarchical Stratum node. Its state (alive/dead) is determined by the
configuration of many subnodes. The transition from superposition to a definite state cannot

be instantaneous—it requires all subnodes to “switch” coherently. This takes time:

At = K - tp, (10)

where K is the number of subnodes involved in the switch. For a cat of mass ~ 70 kg, the

number of atoms K ~ 10?7, and the transition time is:

Atear ~ 10%" x 5.4 x 107" =~ 5.4 x 10717 5. (11)

This is vanishingly small for human perception but 10%” times larger than ¢p. During this
time, the cat is in a transitional, indeterminate state—neither “alive” nor “dead,” but in the
process of becoming. For macroscopic objects, At can be much larger than the coherence

time, so superpositions of macroscopic states are not observed.



3.4 The Observer Problem

Problem: What counts as a “measurement” Where is the boundary between quantum and
classical systems?

Explanation in UWCM with time quantization:

“Measurement” is a process in which the observer-node (apparatus, complex system) enters
into resonance with the object-node (particle). This process requires the coordination of “ticks”
between them. As soon as the number of coordinated ticks exceeds a certain threshold M, a
“record” of information occurs in the structure of the observer-node.

Objective measurement criterion: a system is considered to have “measured” if it is capable
of maintaining coherent interaction with the object for at least M Planck ticks, where M is
a characteristic of the observer’s complexity (e.g., the number of nodes in it). This definition

does not require invoking consciousness and leaves no room for a “mystical” collapse.

4 Connection to Other Aspects of UWCM

Time quantization fits organically into the already developed aspects of UWCM:

e Mass quantization (M = N-mp) [3]: Mass is the number of “frozen” quanta. A change

in mass requires time At = AN - tp.

e Energy transfer quantization (AFE = k- Ep) [4]: Energy is transferred in one “tick”

tp.

e Black hole classifier (Stratum anchors) [2]: Different classes of anchors correspond

to different “tick” regimes (transfer frequency, number of coordinated ticks).

e Holographic principle (SGW as a screen) [4]: Information on the SGW is updated
discretely with a step tp, yielding a maximum information transfer rate ¢*/G (Planck
flux).

e Stratum equation (discrete GR) [5]: The curvature of spacetime is determined by

finite differences of the metric over time ¢p.

5 Testable Predictions

6 Conclusion

This work has shown that the discreteness of the Stratum and the quantization of energy
transfer naturally entail the quantization of time: any changes in the system occur in discrete
“ticks” with a minimal interval tp. A discrete evolution operator has been derived, and an
upper limit on the precision of energy measurement AE < FEp/2 has been established.

On this basis, a new explanation has been proposed for key quantum paradoxes:



Table 1: Summary of predictions.

Prediction

Discrete features in CMB spectrum (“steps” at scales corresponding to [p with redshift)
Minimal delay in interferometers (inability to distinguish two events separated by less than ¢p)

Discrete bursts from micro black holes at end of life (series of bursts with interval ¢p)

Discrete gravitational-wave background spectrum (peaks at frequencies multiples of vp with redshift)

Wave function collapse is not instantaneous but a process taking m - tp ticks, where

Entanglement is a synchronization of Stratum nodes with a minimal delay ¢p.

Schrodinger’s cat — a transition from superposition to a definite state requiring time

K -tp, where K is the number of subnodes.

The observer problem — an objective measurement criterion via the number of coordi-

nated ticks, without invoking consciousness.

Time quantization does not contradict quantum mechanics but complements it, stripping
away mystical interpretations and offering a physically grounded alternative. This work repre-
sents another step in the formalization of UWCM and demonstrates its explanatory power on

fundamental questions of quantum theory.
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1 BBenenme

Ksanroasi mexanuka (KM) 6siecrsire onucbiBaer MukpoMup. OJIHAKO €€ MHTEPIIPeTAIlns CTal-
KHUBAETCs C PsijioM (PYHIAMEHTAJIbHBIX 1aPaJIOKCOB, KOTOPbIE JI0 CUX TIOp HE MMEIOT OOIIeIpu-

HATOTO Pa3peIIeHnd:

e KoJutaric BOTHOBOM (DYHKIIUU TPOUCXOUT «MIHOBEHHO» IIPU U3MEPEHNN, HAPYIas TPUH-

HIIbI CHGHH&JIBHOﬁ TeoOpHUurn OTHOCUTEJIbHOCTMU.

e 3alyTaHHOCTH JEMOHCTPUPYET «IIPU3pavHOe JIeficTBUe Ha PACCTOsHUMY (DUHINTElH), KO-
TOPOE, COIJIACHO TeopeMe bea, He MOKeT ObITh O0bsCHEHO CKPBITBIMH IMapaMeTpaMu,

HO TpebyeT HeJTOKAJIbHOCTH.

e Kor IIpémunrepa HAXOAUTCA B CYNEPIIO3UIUNA KUBOT'O U MEPTBOTO, MOKa HE OTKPOIOT
AMUK, — YTO O3HAYAET, YTO MAKPOCKOINIECKU 00bEKT MOYKET HAXOJUThCA B HEKJIACCU-

YECKOM COCTOAHHNM.

e [Ipobema nabsomaTess He AT YETKOrNO KPUTEPHUsI, YTO UMEHHO CUUTAETCI «U3MEPEHU-

eM» U rJe IIPOXOJUT I'paHUIla ME2K1Y KBAHTOBBIM U KJIACCUICCKUM MHPOM.

B Enunoii Bosrosoii Koemomorngeckoit Mogesn (EBKM) |1, 2| npearaercst HOBbIii OH-
Tosorndeckuii pyHmaMenT: npocrpancto-spemst (Ilmacr) — nauckperHast KBAaHTOBAHHAS CETh,
a ero aktuHas rpannia (CI'B) — ucrounuk sueprun u xpanuresnb nadopmaiuu. B paborax
[3, 4] 6bL10 IOKA3aHO, uTO Macca KBanToBana: M = N - mp, a nepenada snepruun mexy CI'B
u [Lnacrom npouncxogut nopruusiMu Fp.

B nacrosimeit pabore 3Tu pesyibTarThl pacinpocTpaHeHbl Ha Bpems. [lokazano, 110 KBAHTO-
BaHUe Iepe/ladu SHEPIUN U JUCKPETHOCTH [L1acTa BiaeKyT 3a coboit KBaHTOBaHUE BPEMEHU. DTO
IIO3BOJIAET IIEpEnHTEPIIPETUPOBATh KBaHTOBbLIC ITIapaJOKChbl B TEPMHNHaAX Z[HCerTHOfI JANHAMUKHN

[Inacra, cHuMasg UX MEUCTUYECKUN OpeoJl U Ipejjiarad (pusndecku 000CHOBAHHOE OObICHEHHUE.

1.1 KBaHTOBaHUe BpeMeHHN B (bU3UKE: NCTOPUS BOIIPOCA

Nnes o ToMm, 910 BpeMsi MOKET OBITH JIMCKPETHBIM, 00CYyzKlaeTcd B (pu3MKe 10 Kpaiineit me-
pe ¢ 1930-x rogos (Ilnank, 1931). B 1983 roxy Ileiiyizk u ByTrepe mpeiozKuim KOHIEIIIUO
«KBaHTOBOI'O BPEMEHN» 0€3 BHEIIHUX YacoB. B JIIMCKPETHBIX MOJEAX (KJIETOUYHbIE AaBTOMATHI,
Feynman—Cheeger—Gromov) BpeMsi OCTYJIUPYeTCs AUCKPETHBIM. B 1eTsieBoit KBaHTOBOI Tpa-
sutarmn (Rovelli, Smolin) omeparop o6béMma mMeeT TUCKPETHBI CIHEKTDP, HO BPeMsl OCTaéTCs
uernpepbiBHBIM. EBKM 1petaraer dusnueckuit MeXaHU3M JUCKPETU3AINNA BPEMEHN: aKTUBHA
rpannina CI'B «rukaer» ¢ mHTEpBasioM tp, 3a/1aBas abCOTIOTHYIO BPEMEHHYIO CETKY JIJIsT BCeit

CHUCTEMBI.
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2 KBaHTOBaHue BpeMeHU KakK cJjieJicTBue Auckpernoctu Ilia-

CTa

2.1 MuHumMmaJjabHBIT THTEPBAaJI

B EBKM Ilmact — 910 ceTh ¢ MEHUMAJIBHBIM POCTPAHCTBEHHBIM MaciTaboM [p = /hG/c3.
Ecin nmpocTpaHcTBO AUCKPETHO, TO U BpeMs HE MOYKET OBbITh HEIPEPBIBHBIM — HHAYE HAPYIIIH-
Jlach ObI MIPUYUHHOCTH HA IJIAHKOBCKOM Maciitade. MUHUMAIbHBI BPEMEHHON WHTEPBAJI, 3a

KOTOprfI MOZKET U3MEHUTHCA COCTOAHUE CHUCTEMBI, paB€H IIJIAHKOBCKOMY BPEMECHM:

tp = tp _ ﬁ ~5.4x107" ¢, (1)
C C
ﬂIO6bIe n3Mmenenud B llmacre IPOUCXOJAT JUCKPETHBIMU HIaraMM C 3TUM HHTEPBaJIOM. He
CYIIIECTBYET IPOIECCOB, KOTOPBIE ObLIN ObI KOpoUe tp.
QopmabHO KBAaHTOBAHUE BPEMEHN MOXKHO CBA3aTh ¢ KBAHTOBAHUEM IIepeIadn SHEPIUU [4]

yepe3 cooTHoleHune Heonpeaenénnocteii Leiizenbepra. [lycrs AE = k- Ep, tiae k € N. Torza:

h o tp
At> 1 — _r 2
V2 9AE T 2hEp 2k 2)

Munnmainbioe 3Hadenne At nocruraercsa npu k = 1 u pasuo tp/2. C yuérom cumMeTpun
JINCKPETHON 9BOJIIONNN €CTECTBEHHO MPUHATH MIHIUMAJIBHBIH Iar BpeMeH! paBHBIM ¢ p. Taknm

obpasoMm, Bpemst B [lmacre kBanToBaHO ¢ mHTEepBaoM At =n -tp, n € N.

2.2 JInuckKpeTHasl BOJIIONNSA COCTOSHUIA

Cocrostaue Ilnacra (u, coorBercTBenHo, HamoHeHns: Kak ero MpOEKIn) OIPeJIEJIeHO TOJIBKO

B JUCKPETHbBIE MOMEHTDI:

t,=n-tp, ne (3)

SBOJHOHI/IH CHUCTEMDBI — 9TO IIOCJIEeJ0BATEC/JIbHOCTD COCTOSIHUIA:

Omneparop 9BOIONUHE HA OJHOM Iare:

A

U(t,i1) =U(A)Y(t,), At=tp, (5)

rJe U (At) — JUCKpEeTHBIN OIepaTop IBOJIONNH, KOTOPbIi B mpejesnre At — 0 mepexogut B
HelpepPbIBHBIN U = e iHAY " 1o ma mIanKoBCKOM MaciITabe OImpeiesIén KaK KOHeIHOe PA3HOCT-
HOe oToOpazkeHre. HUKaKOro «HempepbIBHONO» U3MEHEHUsI MeXKY b, U t,1 He CyIecTByeT. ITO
HAIIOMUHAET KJIETOYHBIIl aBTOMAT WM KBAHTOBYIO CHCTEMY C JUCKpeTHbIM Bpemenem (digital

quantum mechanics).
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2.3 IlpunHuun HeonpeeJIEHHOCTH JIJid BpeMeHN

KpanroBanne BpeMeHnn BBOJUT MUHUMAaJIbHYIO HeOHpeﬂeﬂéHHOCTbi

At > tp. (6)
U3 coornomenns meonpenenénnocreii Leiizentepra AE - At > h/2 noaydaem:

AE< o _EBe (7)
OAL = 2p 2

DT0 HETPUBHAJBHOE CJIEJICTBHE: CYIECTBYET BEDXHU [IPeiel TOTHOCTH N3MepeHHs SHEPTUH,
a He TOJBKO HIKHUIA. HeBO3MOXKHO M3MEpHUTh SHEPIUIO TOYHEE, €M IIOJOBHHA IJIAHKOBCKOM
sueprun Fp /2.

DusmaecKnii CMbICT 9TOr0 OIPAHUYCHHS COCTOUT B TOM, UTO SHEPIHs CHCTEMbI HE MOXKET
OBITH U3MEpPEHA C TOYHOCTBIO, MIPEBBIIIAONIE OJOBUHY IIAHKOBCKOM SHEPrun. DTO He O3HAa-
JaeT, UTO SHEPIus He MOXKET OBITh MeHbINe Ep/2; 970 O3HAYAET JIUIIb, YTO PA3JIMTINE MEXK-
JIy IBYMsT OJIM3KMME 3HAYCHUSAMU SHEPIHU HEBO3MOXKHO 3aPEIHCTPUPOBATE, €CIM OHO MEHBIIE
Ep/2. JanHoe orpaHuveHne siBJIsSeTCsS MPIMBIM CJIEJICTBAEM JUCKPETHOCTH BPEMEHH W HOCHT
IPUHIUITHATBHBIH XapakTep.

DTO coryacyercss ¢ KBAaHTOBAHWEM Iepeady SHepruu [4]: sHeprusi nepeaércs MOPIUsSME

EP, 1 MCEHbIIIC Ep nepeaaTb HEJIb34d, IIO9TOMY U USMEPUTH TOYHEE — TO2KE HEJIb34.

2.4 BoccraHoBJI€HUE JIOPEHII-MHBApPNaHTHOCTHA

VTBep:KJieHre O JIMCKPETHOCTH BPEMEHH C TJVIODAJBHBIM IIAaroM tp Ha HEPBbIA B3TJIs)[ TPOTHU-
BOPEYUT CIIENUAIbHON TEOPUH OTHOCUTEILHOCTH, COIJIACHO KOTOPOIl OJIHOBPEMEHHOCTh OTHOCH-
TeJIbHA, a BPeMs TEYET MMO-Pa3HOMY B Pa3HBIX CUCTEMAaX OTCUETA.

B EBKM »s10 nnporuBopedne pa3periaercs CieayomnM odpa3om. IncKpeTHOCTh BpeMenn ¢ p
MPOABJISIETCS TOJIHKO Ha IJIAHKOBCKOM MacITabe n OTHOCUTCSA K cobcTBeHHOMY Bpemenu [ Liracta
— (dbyHIaMeHTaJIbHON ceTH, JiexKallell B OCHOBe ITpocTpaHcTBa-BpeMenn. Ha MakpocKormmiaecknx
macrirabax, rie dpopmupyercs Hanosnenune (BemecTBo u 1moJis), JOPEHI-MHBAPUAHTHOCTL BOC-
cTaHaB/IMBaeTCA Kak 3P@PeKTUBHAST CUMMETPU.

AnasormdHas cuTyaIusi IMeeT MECTO B (pU3UKe KOHICHCHPOBAHHOIO COCTOSIHUSI: KPUCTAJLIT
obJ1aaeT IUCKPETHOH aTOMHOM penéTKOil 1 BbIIEJIEHHON CUCTEMO OTCIETA, OJHAKO 3BYKOBBIE
BOJIHBI B HEM IOJYUHSIOTCA HEIPEPBIBHOW aKyCTUYECKOH MeTpuke ¢ 3MMEKTUBHON JIOPEHII-
MHBapUaHTHOCTHIO. Bompoc o ToM, KaK UMEHHO 3Ta aHaJoTusl peayu3dyercs B [limacre, ocraércs

OTKPBITHIM U TPEOYeT JIaJIbHEHIIEro UCCIeI0BAHNUS.
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3 Pa3zpellieHne KBaHTOBBIX IapaJIOKCOB

3.1 Koanarc BosiTHOBOIT DyHKITUU

IIpobaema: 1lpu n3mepennn BojiHOBast (PYHKIINs «KOJLIAIICUPYET» MIHOBEHHO BO Bceit Beesien-
HOIA, 4TO IIPOTUBOPEUUT CHEIUATLHON TEOPUH OTHOCUTEIHLHOCTH (CUTHAT He MOYKET PACIPOCTPa-
HATHCsT ObICTpee CBeTa).

Obsacnenue 6 EBKM ¢ xeanmosaruem epemenu:

Koramic — 910 He MIHOBEHHBIH MPOIIECC, a MOCJIEI0BATETLHOCTD ILIAHKOBCKUX <«THKOB.
Koria kBanToBasi cucreMa B3anMOJIEHCTBYET ¢ MAKPOCKOIIMYECKUM ITPUOOPOM, HATMHAETCA JIe-
KOT'€PEHINsST — PacIpocTpanenue nHGOPMAaIl O COCTOSHIN 10 cBsA3aM llmacra. DTor nporece

3aHUMaeT KOHECYHOE Y1 CJIO TUKOB 7.

AtKOJUIaHC =m-tp. (8)
qI/ICHO THKOB OIl€CHNBaCTCA KakK:
L L
mo~ = =7, (9)
Ctp lp

rae L — XapaKTepHBIi pasmep npubopa. diaa L ~ 1 v, m ~ 10%. 3a sto Bpems undop-
Mallusi O pe3yJIbTaTe U3MEPEHHs YCIeBaeT PACIIPOCTPAHUTHCS Ha paccTosuue ¢ - mtp = L. la
MaKPOCKOIINIECKUX ITPUOOPOB M OTPOMHO, OITOMY KOJLIAIC KaxKeTcss MIHOBeHHBbIM. OmHako
HUKAKON MIHOBEHHOCTH HET — €CTb OYeHb OBICTPBIN, HO KOHEUHBIH ITPOIEeCC, He HaPYIIalONInii

IIPUYIUMHHOCTD.

3.2 3amyTaHHOCTH U <«IIPU3PAvYHOE JAEeiiCTBUE HA PACCTOSHIN »

IIpobaema: VIamepenne oTHOI 3aIly TAHHOM YaCTUIIBI MTHOBEHHO OIPEJIeJIsIeT COCTOSTHUE JIPYTOil,
rje Obl OHA HU HAXOJUJIACH (HADYIIEHIEe JIOKAJBLHOTO Peajin3Ma).

Obsacnenue 6 EBKM ¢ xeanmosaruem epemeru:

3anyTaHHble YacTUILI — 9TO Ipoeknuu ojHoro ysiua [lracra. Korjga ogna wacruia n3me-
pAETCs, COCTOSHHE Y318 <«IEPEKJIOUAeTCT». DTO MEPEKIIOUYeHUE TPOUCXOAUT B COOCTBEHHOM
Bpemenu [Lracra u 3anumMaer m - tp THKOB.

st BHemHeTO HabJII01aTE s, HAaXosderocd B Hanornennn, apdekT MoxKeT Ka3aThCs MIHO-
BEHHBIM, ITOTOMY 9TO tp HUITOXKHO Maji. OIHAKO MPUHIUINAIBHO CYIIECTBYET MUHUMAJIbHAS
3ajiepKKa tp MEXKJIy U3MEHEHUEM COCTOAHMS OJIHON YACTUIIBI U «OILyIIEHUEM» 3TOr0 U3MeHe-
Hud jpyroii. Hukakoit curaas ne aBuzkeTcs ObICTpee CBeTa — IPOCTO «CUHXPOHUBAIIUA» Y3JI0B

POUCXOUT B MHOI cucteme orcuéra (Ilmacra).

3.3 Kor llIpéaunrepa

IIpobaema: Makpockonmdaeckuit 00beKT (KOT) MOXKET HAXOJUTHCS B CYIEPIIO3UIUU YKUBOTO U

MépTBOI‘O7 Y9TO IIPOTHUBOPECYUT HalleMy IIOBCEIHEBHOMY OIILITY.
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Obsacrenue 6 EBKM ¢ xeanmosaruem epemenu:

Kor — sro cioxubiii nepapxudeckuii yszesn Ilmacra. Ero cocrosinue (:kuB/MEPTB) ompe-
JlesigeTcsd KOoHpUryparueii MHOKecTBa 110/1y3/10B. [lepexo/1 u3 cyneprno3uium B ONpeJIe/IEHHOe
COCTOSIHUE HE MOXKET ObITH MTHOBEHHBIM — OH TpedyeT, 4TOOBbI BCE MOTY3JIbl «IIEPEKTIOTUIUCH

COIJIACOBAHHO. DTO 3aHUMaeT BpeMA:

Aty = K - tp, (10)

rje K — 9mciio moJiy3/10B, y4acTBYIONUX B iepek/odennu. /s kora maccoit ~ 70 Kr 4ucjio

atomos K ~ 10?7, Bpemsa nepexosa:

Atlgor ~ 10" x 54 x 107" ~ 5.4 x 1077 c. (11)

DTO HIYTOKHO MaJIO JjI desloBedecKoro BocpuaTus, Ho B 1027 pas Gosbme tp. B Tevenne
9TOI'0O BpEMCHHN KOT HaXOJIUTCA B II€PEXOJHOM, HeOHpeﬂe.HéHHOM COCTOAHUN — HE «2KMB» W HE
«MEPTB», & B Iporecce craHoBjeHus. Js MakpOCKONMMIecKnX 00beKTOB Atyo, MOMXKET OBbITh
MHOTO 0OJIbIIIE BDEMEHN KON€PEHTHOCTH, [IOTOMY CYTIEPIIO3UIIIN MAaKPOCKOIIMIECKNX COCTOSTHU

He HabJIIoIai0TCs.

3.4 IIpobaema HabaOOATEIIS

IIpobaema: YUto cunmraercs «usmeperumem» ! [1e TpaHUIla MeXKJy KBAHTOBOH M KJIACCHIECKOM
CHUCTEMOI !

Obsacrenue 6 EBKM ¢ xeanmosaruem epemenu:

«II3Mepenne» — 3TO HPOIECC, B KOTOPOM y3es-HabJogaresib (npubop, CI0KHAsT CHCTEMA)
BXOJIUT B PE30HAHC C y3J0M-O0BEKTOM (YacTuIleit). DTOT mporece TpebyeT COracoBaHus «TH-
KOB» ME2KJ1y HHUMH. KaK TOJIBKO KOJIMIE€CTBO COIVIaCOBAHHBIX THUKOB IIDEBbLINIACT HeKOTOprﬁ
opor M, IPOUCXOIUT «3aIluChy UHMOPMAIUU B CTPYKTYPY y3J1a-HAOIIOIATEIS.

OOBbeKTUBHBII KpUTEepnii M3MEPEeHUsI: CUCTeMa CUNTAEeTCs «M3MEpPUBIIe», eCii OHa CIIO-
cobOHa TOIEPKUBATH KOT€PEHTHOE B3aMMOJIECTBHE ¢ 0OBEKTOM Ha MPOTAKeHnn He mMeHee M
IJIAHKOBCKUX THUKOB, TJe M — XapaKTepuCcTuKa CJIOKHOCTH HabJofaTesist (HalpuMep, Iucjio
Y3JI0B B HEM). DTO olpejiesieHne He TpeOyeT MPUBJIeIeHNs CO3HAHNS 1 HE OCTABJIACT MECTa, JJIst

KMUCTHUYICCKOI'O» KOJILJIaIICa.

4 CBsa3b ¢ apyrumm pazgaejiamu EBKM
KBanToBanue BpeMeHH OPraHUvHO BITMCHIBACTCA B y2Ke paspadoraHubie aciiekTbi EBKM:

e KBanroBanmue maccel (M = N-mp) [3]: Macca — 9T0 4ruC/I0 «3aMOPOKEHHBIX» KBAHTOB.

Namenenne maccwr Tpedyer Bpemenn At = AN - tp.

e KBanrtoBanue nepenaun sHeprun (AE = k- Ep) [4]: Dueprus nepenaéres 3a onun

«TUK>» tp.
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o Knaccudukarop uépubix apip (sikops Ilimacra) [2]|: Pasubie kitacesl sikopeii cooTet-

CTBYIOT pa3HbIM peKHMaM «TUKOB» (‘{aCTOTa nepeaadun, 9YMcjI0 COorviaCoOBaHHbIX TI/IKOB).

e Tonorpaduyecknit npunmun (CI'B kak skpan) [4]: Uudopmanus va CT'B o6HOBIsI-
eTCsd IUCKPETHO, C IMAroM tp, 9To JaéT MaKCUMAJIbHYIO CKOPOCTD Iepeadn nH(OpMaIin

/G (n1aHKOBCKUIl TOTOK ).

e Vpasuenne Iliacra (auckpernas OTO) [5]: Kpususua npocrpancTBa-BpeMeHn Orpe-

JeJIdeTCd KOHCYHBbIMU Pa3HOCTAMU METPUKU 3a BpeM:d tp.

5 IIpoBepsiemble mpeackKka3aHnusd

Tabymma 1: CBogHas TabIuIa IPEICKA3AHMIA.

IIpeackazanue

Huckpernbie ocobernoctu B criektpe CMB («cTynenbku» Ha Macimrabax, COOTBETCTBYIONUX [p ¢ yaéTo
MunnmasibHas 3a/iepKKa B nHTepdepoMeTpax (HEBO3MOKHOCTH PA3JIUYUTh JIBA COOBITUS, DA3JIEJEHHBIX

JuckperHble Benbimkn o7 MEKPO-U /] B KOHIle Ku3HU (cepusi BCIBINIEK ¢ HHTEPBAJIOM p)

JMCKpeTHDI CIIeKTpP TPABUTAIIMOHHO-BOJIHOBOTO (boHA (IMKHU HA 9aCTOTaX, KPATHBIX Vp C yIETOM KPaCH

6 3akJIroueHue

B pabore mokazano, uto m3 juckperHocTu [l1acta m KBaHTOBAHUSA TEpeadd SHEPIUH €CTe-
CTBEHHBIM 00PA30M BBITEKACT KBAHTOBAHUE BPEMEHU: JIIOObIe M3MEHEHUsI B CUCTEME ITPOUCXO-
JIAT IMCKPETHBIMU «TUKAMU» ¢ MUHUMAJIHLHBIM HHTEPBAJIOM ¢ p. BbIBeIeH TUCKPETHBII OlepaTop
SBOJIIOIIN, YCTAHOBJIEH BEPXHUI Ipejies TOYHOCTH u3Mepenust sueprun AFE < Ep/2.

Ha sToit ocnoBe mpej1jiozkeno HOBoe O0bICHEHNE K/TIOUEBBIX KBAHTOBBIX IMApPaI0KCOB:

e KoJtanc BotHOBOM (DYHKIIUN — HE MI'HOBEHHBIH, a MPOIECcC, 3aHUMAIONINi m - t p TUKOB,

riae m ~ L/lp.
e 3amyTaHHOCTh — CUHXPOHU3aIus y3y0B [lracta ¢ MUHUMATBHON 3a71ePKKOi ¢ p.

e Kot [Ipénunarepa — mepexoj U3 CyHepIO3UIIU B ONPEICIEHHOE COCTOsTHUE, TPEOYIONTit

BpeMern K - tp, riae K — YUCIIO TIOTY3/I0B.

e [Ipobiiema HabIIOMATE ST — OO BEKTUBHBIN KPUTEPHUI U3MEPEHUS Yepe3 YUCJIO COTJIACOBAH-

HBIX TUKOB, He TpeOYIOIuil TPUBJICICHUsT CO3HAHUSI.
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KBaHTOBaHI/Ie BpeMeHu HE IIPOTHUBOPECYUT KBaHTOBOM MeXaHHuKe, a JOIIOJIHAET eé, CHUMasd
MUCTUYECKNE WHTEPIIPETAINA U Tpejiaras (pusndeckn oOOCHOBaHHYIO ajibTepHaTuBy. Pabora
npeJicrapigeT coboit ciemyromuil mar B ¢popmasnuzaruun EBKM u nemonctpupyer e€ o0bsacHu-

TEJIbHYIO CUJIY Ha (PYHJIAMEHTAJIbHBIX BOIIPOCAaX KBAHTOBOI TEOPUU.
Biaaropapaoctn

Astop 6srarogaput coobmectso EBKM 3a 06cy)1eHus 1 KpUTHKY.
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