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Interpretation of wave function by coherent ensembles of trajectories

Vladimir V. Kisil'*
LSchool of Mathematics, University of Leeds, Leeds LS29JT, England

We re-use some original ideas of de Broglie, Schrodiger, Dirac and Feynman to revise the
ensemble interpretation of wave function in quantum mechanics. To this end we introduce
coherence (auto-concordance) of ensembles of quantum trajectories in the space-time. The
coherence condition accounts phases proportional to classical action, which are in foundation
of the Feynman path integral technique. Therefore, our interpretation is entirely based on
well-known and tested concepts and methods of wave mechanics. Similarly to other ensemble
interpretations our approach allows us to avoid all problems and paradoxes related to wave
function collapse during a measurement process. Another consequence is that no quantum
computation or quantum cryptography method will ever work if it assumes that a particular

@-bit represents the entire wave function.

History of science is not a cemetery with
tombs over ideas buried forever, instead it is
a collection of unfinished architectural en-
sembles, many of them were not completed
not for deficiencies of the project but be-
cause of a lack of technical or economical
demands.

A.A. Lyubischev

I. INTRODUCTION

Recently we passed centennial of few short
papers of Louis de Broglie, which invented wave
mechanics—also known as quantum theory. This
opposition of names reflects the wave—particle
duality proposed by de Broglie—a fundamen-
tal property generally accepted since then. The
discovery of wave properties of matter opens
the door for unprecedentedly rapid development
of theory, in particular paved the way for the
Schrodinger wave equation |1]. However, reread-
ing de Broglie’s papers we may spot some ideas
which were abandoned in the past even by their
author himself. However, those guesses deserves
to be revised and may be even rehabilitated.

Mathematical foundations of quantum
mechanics—the theory of operators in Hilbert
spaces—were extensively studied and firmly

* E-mail: V.Kisil@leeds.ac.uk; Home  page:
http://v-v-kisil.scienceontheweb.net/. On
leave from the Odessa University.

Paper is accepted in Physics of Particles and Nuclei
Letters, (C)2025 http://pleiades.online/.

placed in physical research. Yet, there are con-
tinuing discussion of interpretations of the wave
function and related issues like a wave function
collapse during a measurement process. Corre-
sponding questions remain a topic of on-going
(although not so central now) debates. The
discontent provokes some radical constructions
like the many-world interpretation [2]. Since
such remedies are not better than the disease
itself, many scientists choose to marginalise
interpretation questions under the slogan “shut
up and calculate!” [3]”. For example, textbook [4]
dedicates its main 11 chapters to mathematical
content of quantum theory and only the final
Ch. 12 considers measurements, (non-)locality,
causality, Einstein—Podolsky—Rosen paradox,
Schrodinger cat and other controversial topics.
One of the route to avoid issues created by the
wave function collapse is an ensemble interpreta-
tion, which is often attributed to Einstein [5] or
other physicists [0, 33]. However, let us read the
final paragraph of de Broglie’s 1922 paper [7]:
Au point de vue des quanta de lumiére,
les phénomeénes d’interférences parais-
sent liés a l'existence d’agelomérations
d’atomes de lumiére dont les mouve-
ments ne sont pas indépendants, sont
cohérents. Dés lors, il est naturel de
supooser que si la théorie des quanta
de lumiére parvient un jour & inter-
préter les interférences, elle devra faire
intervenir de telles agglomérations de
quanta.

Clearly, de Broglie connects wave phenomena of
matter with a group behaviour of coherent en-



semble of particles few years before the wave
function was invented. This ensemble (aka sta-
tistical) interpretation was often reinvented and
revised, cf. |9, 10] and already cited surveys |5,
6, 33]. However, the presented arguments often
leave a space for relentless attacks from the posi-
tion of Copenhagen dogma, in particular, by such
notable physicists as V.A. Fock [11-13]. The
weakest place was the definition of quantum en-
semble itself and its property to be coherent. We
are addressing these topics below.

II. QUANTUM ENSAMBLES

We start from clarifications based from earlier
guesses of founding fathers:

1. Initially in [14] de Broglie deduced wave
properties of quanta from the assump-
tion that each of them possesses some
iner periodic process. A similar theme
with individual “stopwatch” was used
by Feynman in the popular lectures on
path integrals [15]. A careful considera-
tion [16, 17] shows that it is the periodic-
ity of the function e produces quantum
mechanics—regardless of the Dirac postu-
late on “noncommutativity of quantum ob-
servables” [18].

2. The same de Broglie’s paper [14] intro-
duces a fictional spatial wave such that
it phase at every point coincides with the
phase of the above inner periodic process
of a quantum located there. This assump-
tion on stability (saying differently coher-
ence) allowed de Broglie to deduce Bohr’s
quantisation rules for the first time.

3. From the above coherence condition be-
tween the phase of the fictional wave and
the inner periodic process we can conclude
that any two coherent quanta arrived to
the same point of space-time shall share
the same phase. Similarly, any two quanta
departing from a same point in different
directions start their voyages with a com-
mon phase.

4. De Broglie’s ideas were wused by
Schrodinger in [1] to justify his wave equa-
tion using the Hamilton optic-mechanical
analogy [19] between ray optics and clas-
sical mechanics': Schrédinger assumed
that quantum theory is similar to more
physical undulatory optics. This corre-
spondence suggests that the frequency
of inner periodic process is changing
over the time and its time derivative is
proportional to the Lagrangian function

of the particle.

5. If the frequency is proportional to the La-
grangian L then the change of the phase
over a path 7 shall be proportional to the
action function S = fv Ldt. It was explic-
itly written by Dirac in [21] and later be-
comes the foundation of the Feynman path
integral method [15, 22]. Notably, Feyn-
man’s approach initially got a cool recep-
tion from Copenhagen adepts for the usage
of tabooed concept of “trajectory”. The
denial was softened later under the agree-
ment that a single trajectory is only an
imaginary computational device and “in
reality” every quantum is passing over all
paths simultaneously. Obviously, the au-
thoritative textbook [22] may not say that
the phase S/ is assigned to some inner pe-
riodic process of a particle travelling along
its individual path. However, exactly such
image is read from “we have a stopwatch
that can time a photon as it moves” [15]
while the author is less locked within the
official dogma.

The coherence condition in item 3 may be too re-
stricitve. In practice the exact match of phases
may be relaxed till their sufficient closedness.
Correspondingly, one may define a measure of a
decoherence of an ensemble adding up all phase

! Having the excellent textbook [20, §46] it is hard to be-
lieve today that Schrédinger called that analogy “nearly
forgotten”. However, we shall not be too much sur-
prised because the Schrédinger own justification of the
wave equation is now missing from textbooks as well:
the equation is either simply declared or refereed to the
similarly declared “quantisation rules”.



difference in the intersection points of different
trajectories. It may be possible to introduce an
interaction between collating quanta which leads
to increasing coherence of the entire ensemble,
similarly to a physical body dynamics towards
its thermostatic equilibrium.

Therefore, we are arriving to:

Definition 1. A guantum ensemble consists of
particles’ trajectories in a certain region of space-
time. To every point of a trajectory we assign a
phase proportional to the physical action. In a
sufficiently coherent ensemble phases of all tra-
jectories passing a particular point of space-time
are about the same.

Our discussion in terms of particles’ trajecto-
ries rather than just their position at a specific
moment of time is similar to ensembles of quan-
tum processes of K.V. Nikolsky [34, §3, §12].

It is well-known that the Feynman path in-
tegral produces the wave function of a par-
ticle coinciding with one obtained from the
Schrédinger equation or the Heisenberg—Dirac
quantisation [22, §3.4]. Furthermore, the wast
majority of trajectories do not contribute to-
wards the wave function because they are ar-
riving to a point with almost opposite phases.
Thus, we are obtaining the same wave func-
tion if all such mutually cancelling paths will be
dropped from our consideration. The remaining
paths shall have phases which are close to the re-
sulting wave function, thus those paths will form
a sufficient coherent ensemble. Thereafter, we
conclude that for every wave function there is
a sufficiently coherent ensemble which produces
this wave function by Feynman integration.

It is common to object the ensemble inter-
pretation by consideration of a wvery sparse en-
semble. For example, considering two slits in-
terference one observes electrons travelling “one-
by-one”: the source does not emit a new elec-
tron until the previous one will not be absorbed
by the detector [23]. Indeed, there is no path
intersections in this case and there is no neces-
sity (and possibility) to coordinate phases of elec-
trons. However, in such an experiment we also
have the device causing interference. It interacts
with all participating electrons and serves as a

media for phase coordination. A principal possi-
bility to model wave-type effects for such sparse
ensembles was demonstrated in [24-20].

ITII. DISCUSSION AND APPLICATIONS

Wave-particle duality of the matter remains
a disputed topic in quantum theory. Among
various treatments of the issue there exist some
rather radical, e.g. to cancel corpuscular proper-
ties of light from the physical reality and shelve
the notion of photon next to obsolete XIX cen-
tury ether [27].

In this paper we revise the ensemble interpre-
tation of the wave function with some original
suggestions of de Broglie reinforcing them with
the later technique from the Feynman path in-
tegral. Here are few immediate consequences of
the proposed interpretation:

1. An observation of wave-type behaviour
among quantum (discrete) object has sta-
tistical nature and, therefore, is group
property of coherent ensembles. Wave ef-
fects cannot be demonstrated by a single
particle or by a group of completely dis-
connected particles. Similarly, the veloc-
ity of a single gas molecule does not tell
the whole heat distribution in the consid-
ered volume, although the molecule makes
its contribution to the picture. This anal-
ogy may turn to be not so superficial if we
consider the Schréodinger equation as the
heat equation with complexified time.

2. The wave function corresponds to an en-
semble of coherent quanta: its magnitude
depends on the spatial-temporal density of
localised particles. The phase of the wave
function at a particular point of the ex-
tended configurational space indicates the
phase of any quantum localised there and
effectively serves as the de Broglie’s “fic-
tional wave” [14].

3. An observation/measurement act on a sin-
gle particle returns its specific physical pa-
rameters, e.g. spatial-temporal localisa-
tion. This may cause a small perturba-
tion of the containing ensemble. However,



there is no a wave function collapse as a
result of a single measurement since the
wave function describes the whole coher-
ent ensemble [35, §14].

4. Therefore, the interpretation
a ground for FEinstein—Podolsky—Rosen
paradox, the Schrodinger cat’s dilemma,
ete. [36, p.364].

removes

5. There is some physical reality behind
phases (e.g. through some inner periodic
processes) of individual quanta travelling
along definite paths. In a contrast, the
wave function is only integral quantity of
all such individual phases within a co-
herent ensemble. Thereafter, there is no
need to search for a physical media which
conveys the wave function, cf. the anal-
ogy with the concept of heat distribution
within a physical body mentioned above.

6. Similarly, we do not need any additional
“pilot waves” which will allow a parti-
cle to have a trajectory agreed with the
wave function. “Double solutions” of this
type [28] were considered by de Broglie
once Copenhagen folks forced him to
abandon his initial approach [29, Ch. 6].

Clearly, our discussion uses only traditional
tools of quantum theory: the Schrodinger wave
equation and Feynman path integrals ignited by
some earlier guesses of de Broglie. Therefore,
there is no need for a separate detailed verifica-
tion that our interpretation does agree with the
established mathematical methods of wave me-
chanics.

Notably, the present consideration is similar
to A. Khrennikov’s approach to the ensemble in-
terpretation [5]: first a certain causal and deter-
ministic pre-quantum model is invented and then
stochastic quantum picture is obtained by a re-
duction to a wave function. However, we do not
(in contrast to [5]) introduce a new pre-quantum
theory; instead, we recombine well-known ele-
ments already present in place.

Despite of our discussion being on “just the in-
terpretation question”, some very practical con-
clusions may be deduced. Quantum comput-

ing and quantum cryptography are actively re-
searched now, often the proposals assume that a
single g-bit can hold the entire wave function of
a quantum state. These studies are generously
funded for a substantial period of time due to
prospective financial and military applications.
Therefore, the absence of any practically work-
ing devices of this type may be considered as ez-
perimental evidences of various theoretical objec-
tions expressed earlier [26, 30-32|. In particular,
such technology will not be ever implemented if
the correct interpretation of the wave function
is based on the group behaviour of a coherent
ensemble. In other words, the failure to build
a much anticipated quantum computer is a con-
firmation of the ensemble interpretation just like
we learnt the energy conservation through all (of-
ten very clever) attempts to invent a perpetuum
mobile.

Finally, we observe from the history of
de Broglie’s ideas that the list of reasons of in-
complete scientific developments in the paper’s
epigraph shall be extended: often projects are
abandoned for subjective reasons only.
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WNnTepniperanus BoJHOBOI (DYHKIIMU U COTJIaCOBAaHHbIE aHCAMOJIM TpaeKTopwuii

B.B. Kucuin 2

Omdeserue mamemamuru, Ynusepcumem e. Jludca, Anesus

Mpbr ucnosib3yeM HEKOTOpbIe m3Hadajbubie ujaen je bpoitasd, [lIpéaunrepa, Iupaka u Deitama-
Ha JJIs yTOYHEHWsI aHCaMOJIeBOI WHTEPIPETAINN BOJHOBOW (DYHKIIMM B KBAHTOBON MEXaHUKE.
L1 9TOr0 paccMaTpPUBAIOTCS COIJIACOBAHHBIE AHCAMOJIN KBAHTOBBIX TPACKTOPHIL B IIPOCTPAHCTBE-
BPEMEHH. YCJIOBUE COTVIACOBAHUS OCHOBAHO Ha (Da3axX IMPOMOPIMOHAIBHBIX KJIACCHICCKOMY Ieii-
CTBHIO, 3HAKOMBIM BCEM U3 MHTerpaJia 1o Tpaekropusm Peiinvana. Takum o6pa3oM, Ipe/i0zKeH-
Hasl MHTEPIIPETAINs B CYIECTBEHHOM UCIOIB3YET TOJBKO IPOBEPEHHBIE U XOPOIIO 3aPEKOMEH/I0-
BaBIIue cedsl MOHATHS U METOJbl BOJHOBOI Mexannku. Kak u Jpyrue ancamOJeBble HHTEpIIpeTa-
AW JAHHBIA IOJIXOJ] TO3BOJISIET N30EXKATh BCEX MapaJIOKCOB CBI3aHHBIX C PEILYKIINEH BOJHOBOIA
dbyurME B poriecce m3Mmepenunii. Kimé oqHo caeacTBre, ymoMmHaeMOe HaMU, 9TO OKuIaeMast 6ec-
IJIOJTHOCTD BCEX TOMBITOK ITPOU3BECTH KBAHTOBBIE BBHIYUCJIEHUSI WJIM KBAHTOBOE MG pOBAHUE HA
METO/IaX MPEJIoIaraiolinX, 9T0 COCTOSHNE OTJIETHLHOI0 KyOnTa OMMCHIBACTCS TOJHON BOJHOBO

dyHKIHIEH.

IIpownoe Hayku—ne xaadouwe ¢ Hadepob-
HOLMU NAUMAMU HA0 HABEKU MOTOPOHEH-
HOMU  UdeAMU, a cobpanue Hedocmpoet-
HOLT APTUMEKMYPHBIT aHCaMbAeTd, MHOZUE
U3 KOMOPHLT He Obal 3aKOHYEHDL HE U3-30
HECOBEPULEHCTNGA 3AMDBICAL, 0 U3-30G MET-
HUNMECKOT UAU IKOHOMUYECKOT He8OCmpe-
bosarHocmU.

A.A. JIiobumes

I. BBEJIEHWE

Henasuo mpomio cromerne ¢ mybsmkarun
HECKOJILKAX KOPOTKHX pabor me Bpoiiist, koro-
pble OTKPBIIINA 3PY 804H060T METAHUKU—OTHOTO
U3 HaMMEHOBaHUN K6aHMOG0UT TEOPUU. IDTa
JIBOIICTBEHHOCTDL HA3BAHUN OTPAaXKACT IIPEJJI0-
JKEHHLIN e BpoitjieM KOpIycKYJ/IsipPHO-BOJTHOBOM
Jyaan3M MaTepun—@yHIaMeHTAILHOE CBOCTBO
[IPOYHO YTBEP/IUBINEeCd ¢ TexX mop. lexiraparus
BOJIHOBBIX CBOICTB MaTepuu ObLIO BayKHBIM PYy-
0eKOM U TIOCJIY2KWUJIO JaJibHeleMy becrperie-
JIGHTHO OBICTPOMY Pa3BUTUIO TEOPUU, B UACTHO-

2 Emaiir: V. Kisil@leeds.ac.uk
JomarHsist CTpaHUYKA:
http://v-v-kisil.scienceontheweb.net/. B orbes-
e u3 Omecckoro yHUBEpCUTETA.
Crarbst upuHara g uybnukamuu B «Ilucbma B
Kypuas Ou3MKa 3JIEMEHTAPHBIX YaCTHUI] U ATOMHOIO
anpa. Teopusi», (©)2025 http://pleiades.online/.

CTH, CTUMYIUPOBAJIO TIOSIBIICHNE 804H06020 YPaB-
nennst penunrepa [1]. Oanako, nepednTbiBast
paborel sie Bpoiins mo 1obuieitHoOMy MOBOILY
MOYKHO 3aMETHTH HEKOTOPBIE UIEH, KOTOPhIe Obl-
JIX OCTABJIEHBI B MIPOIILJIOM JIa2Ke CAMHUM UX aBTO-
poum. Tem He Memee, 3T JTOTAIKU 3aC/TYKUBAIOT
OBITH BHOBb PACCMOTPEHHBIMU U, BO3MOYXKHO, Pe-
AOMINTUPOBAHHBIMI.

QyHraMeHTaIbHbII MaTeMaTHIeCKUil amma-
paT KBaHTOBOI MeXaHNKN—TeOpNs OIIEPATOPOB B
IIIBOEPTOBBIX TPOCTPAHCTBAX—XOPOIIO pa3pa-
OoTaH MaTeMaTHYeCKN U 3aHAJ IPOYHOE MECTO B
dusnueckux uccienoBannax. OIHAKO, OCTAETCS
OYeHb CIIOPHBI BOIIPOC WHTEPIIPETAITNN BOJIHO-
BOI (DYHKITUM U CBA3AHHBIX C 9THM Pa3JIMIHBIX
JIONYIIEHUN BPOJIe pedyKyut 80AH080T PYHKUUL
B mporiecce m3Mmepenwuit. ComyTCeTByONHEe STOMY
CJIOYKHOCTH TIPOJIOJIZKAIOT OBITH IIPEIMETOM HE3a~
TUXAMOMUX (XOTsI U HEMHOTO TepudepuitHbIX Te-
1epb) 00CYKICHHN. DTa HEYCTPOCHHOCTh BPEMe-
HaMI TOPOXKTaeT BeCbMa 9K30THIECKHe ITOCTPO-
eHust Bpojie MHOroMupoBoii mozgenu [2]|. Tak kak
Takoe JiedeHne Xy»Ke caMoii O0JIe3HU, TO OTBET-
Hagd peakIiiisl HU3BOIUT BOIPOCHI HHTEPIIpETa-
UM JI0 BTOPOCTEIIEHHBIX, JIECKATHL «He OOJITail,
a Beraucsistiily (“shut up and calculate!” [3]). Ha~
npumep, B yuebuunke [1| ocnoBubie 11 mias mo-
CBSIITIEHBI MaTeMaTHIeCKOMY allapaTy KBaHTO-
BOI MEXaHWUKHU U TOJLKO 3aKJIIOUUTEIbHAs IBe-
HaJIaTasl IJ1aBa KacaeTcs BOIIPOCOB CBI3AHHBIX



C M3MEPEHUsIMHU, JIOKAJTBHOCTBIO, IIPUIHHHOCTHIO,
napagokcoM Ditamreiina—Ilogonbckoro—Poszena,
koroM [IpénuHrepa u ApyruMu BeCbMa HEOIHO-
SHAYHLIMU T€MAaMU.

OpauM 13 criocoboB u3bexkarTh IpobJieM pe-
JIYKITUE BOJTHOBON (DYHKITUH SIBJISIETCST €€ aHCaM-
bae6as uHmepnpPemaus, KOTopyio JIacTo OTCLI-
naor K DitHimrreiny [5| wim apyrum dusukam,
cm. [6, 33]. O6paruMcsi, OHAKO, K 3aKJIHOYH-
TeJBHOMY TACCaXKy cTaTbl je Bpoitns 1922 ro-
na |7, 8]

C TOYKU 3peHHA KBAHTOB CBETa AB-
JieHnd I/IHTepd)epeHH,I/II/I KazKyTCs CBA-
3aHHbIMU C CyHIeCTBOBaHUEM COBOKYII-
HOCTE aTOMOB CBeTa, ABUKYIIUXCA HE
He3aBUCUMO, a KorepeHTHO. OTcCroma
€CTEeCTBCHHO IIPEAIIOJIO?KNUTH, IYTO €CJIN
KOTJIa-HUOYb Teopusi KBAHTOB CBETA
CMOXKET OOBICHUTDL HHTEPQEPEHITHIO,
OHa JIOJIZKHa 6y,ﬂ;eT BBECTU B paCCMOT-

penne TOMOOHDBIE OOBLEINHEHUSI KBAH-
TOB.

Jlerko 3ameruThb, uTo Jie Bpoiiyib cBA3bIBACT BOJI-
HOBbIe CBONCTBA MATE€PHUU C IPYIIOBLIM ITOBE/IE-
HUEM COIVIACOBAHHOTO (KOI€PEHTHOr0) aHcaMbJist
YACTHIL ellE 38 HECKOJIBKO JIeT JI0 TOSIBJICHHST BOJI-
HoBOI pynkuuu. Takas ancambiieBast (i cma-
MUCMuUYeckas) WHTEPUPETAIUs B JaJbHefiem
MHOTOKPATHO TI€PEOTKPBIBAJIOCH U EPEOCMbIC-
JIMBAJIOCH MHOTUMHE aBTOpamu, cM. |9, 10] u panee
yrnoMsinyThie 0030pbl [5, 0, 33]. Omnako, mpes-
JlaraeMble (DOPMYJIMPOBKHU 3a9aCTyIO OCTABJISLIN
[POCTPAHCTBO JIJIsl HEYCTAHHONW KPUTUKU C [TO3W-
UK KOIIEHTareHCKON MHTEPIIPeTAIid KBAHTOBON
MeXaHUKHU, B 9ACTHOCTHU, U TAKUMU BUJIHBIMU (DU~
sukamu Kak B.A. @ok |11-13]. Hanbosee ys3Bn-
MBIM 3BEHOM OCTaBaJIOCh CAMO TIOHSATHE KBAHTO-
BOrO aHcaMOJIsd ¥ TO, KAKUM 0OpPa3oM OIpPeIes-
JIACh €r0 COTIACOBAHHOCTH. JTOT MOMEHT MBI H
PacCMOTPUM HIUKE.

II. KBAHTOBBIE AHCAMBJIN

Hauném mnposicuaTh umMeromuecs 3aTpyHe-
HUs UCHOJIb3Ysl HEKOTOPbIe HaOJIIO/IEHUs U3 pa-
00T IEPBOOTKPBIBATEIIECI:

1. Nsnavgansno B [14| ne Bpoitis BbiBOIII
BOJIHOBBIE CBOMCTBa KBAHTOB M3 HAJIMYHs

Yy KaXKJIOTO0 W3 HUX GHYMPEHHE20 NEepuU-
oduneckozo npouecca. DTOT K€ MOTHUB C
WHIUBUTyAJIbHBIMA  <9aCaMI» HCIIOIB30-
Bajicss DelfHMaHOM B IOIYJISPHOM M3JI0-
JKEHUH MHTEerpaJioB [0 TpaekTopusM [15].
Homnonuurenbuoe pacemorpenne |16, 17]
HOKAa3BIBAET, YTO UMEHHO NepuoduyHoCmb
dbyuximn exp(iwt) seKuT B OCHOBE KBaH-
TOBOIl MEXaHHKH, a BOBCE He HEKOTOpas
«HEKOMMYTATUBHOCTH KBAHTOBBIX HAOJIIO-
JIAeMbIX», KaK OBLIO IIOCTYIMpoBaHo Jlu-
pakom B [18].

2. B roit ke pabore [14] ne Bpoitab pac-
cMaTpuBaeT GuUKMUGHYI0 TPOCTPAHCTBEH-
HYIO BOJIHY TaKylo, 9TO B KaxKJOil TOUYKe
IpoCTpaHCTBa-BpeMenn eé daza CoBIaIa-
eT ¢ dhaszoil BHyTPEHHErO MePUOITICCKOTO
npolecca Kazk/Ioro KBaHTa HaXOJIsIIerocs
B 9TOil TOUKe. DTO HPEJIOIOKEHAE CMa-
buavrocmu (TakzKe MOXKHO CKA3aTh CO2A0-
COBANHOCTNU WA KO2EPEHTNHOCTIAU) TIO3BO-
JIJI0 Jie Bpoiiiio BIepBbIe BBHIBECTH IIpa-
BIJIa KBAaHTOBaHUs Bopa, KoTopble J10 3To-
0 IPUXOJUIOCH HOCTYJINPOBATD.

3. W3 mpempimytnero mpaBuia COTTIACOBAHMST
GUKTUBHOM BOJHLI W BHYTPEHHETO TMEPH-
OJTMYECKOTO TIPOIECCa MBI TaKKe MOYKEM
3aK/II0YATD, 9TO JIBA KBAHTA W3 COTJIA-
COBAHHOTO aHCAMOJIS MPUOBIBIIHE B OJHY
MPOCTPAHCTBEHHO-BPEMEHHYIO TOUKY Das-
HBIMU TPACKTOPUSIMU JIOJI2KHBI UMETh TaM
omHy u Ty ke pasy. CXomHbBIM 06pa3oM,
JIBa, KBAHTA PACXOJISIINECc U3 OJHON Tod-
KN TI0 Pa3HBIM TPACKTOPUIM HATHHAIOT
CBOU IIyTH C 00Ol 11t HUX (Haszoii.

4. Unmen ne DBpoitnsgs ObLIM MCIOJIB30BAHBI
[Ipénunrepom B [ 1| must obocHOBaHUS BOJI-
HOBOI'O ypaBHEeHUsI Hocsero ero mMst. Oc-
HOBLIBAsICh Ha OITUKO-MEXaHIIECKON aHa-
goruu Famumibrona [8, 19|, koTopas cBs-
3BIBAET KJIACCHYECKYIO MEXAHUKY C Ieo-
METPUYECCKON ONTUKON ﬂyqeﬁ3, Ipémma-
rep IpeIoJIoyKII, YTO KBAHTOBAasT MeXa-

3 Jyist mac, o6y 9aBIIIXCSI 110 IPEKPACHON KHUTe APHOIIb-
na [20, §46] moxkeT GBITH HECKOJIBKO HEOXKHJAHHBIM,
qaro [IIpénuurep HasbiBaeT BBIBOJ (opmaiu3Ma [a-



HIKa aHAJIOTUIHA Oosee (DU3UIECKOl BOJI-
HOBOI onruke. O6CyKJjIeHNe TON aHAIO-
run B [1] moJcKa3bIBaeT, YTO YacTOTa BHY T-
PEHHEro MEePHOJINIECKOro IIPOIECca KBaH-
Ta siBJIsIeTCsA (DYHKIMEHT BpeMeHN U €€ [Po-
M3BOJHASI [I0 BPEMEHHU HPOIOPIMOHATIbHA
JlarpaHzKuaHy 4acTHUIIbL.

5. Ecnu  wacrora KojebaHUil  IIPOIOPIINO-
najbHa Jlarpamxkuany L, TO m3MmeHeHue
dazel BIOIbL TpaeKTOpuM 7y OYAET IpPO-
[OPIMOHAJIBHO (DPYHKIMK JeiicTBust S =
fﬁ{ Ldt. B sBHOM BuHZie 5TO yKe BBICKa3a-
Ho /lupakom B pabore [21] u BrocaeacTBum
CTaj0 OCHOBOH MeTOoIa WHTErpaJioB II0
rpaekropusim Peiinmana |15, 22|. Xopo-
10 MU3BECTHO, YTO IEPBOHAYAIBLHO IIOIXO/T
QeitaMana OBLT XOJIOAHO BCTPEYEH CTO-
POHHUKAMH KOIIEHIar€HCKOW HHTEpIIpeTa-
[N W3-3a WCIOJIH30BAHUS 3aIPEIEHHOTO
MIOHATUST «TpaekTopusi». Hempustnus ObI-
JIO OCJIADJIEHO TOJIBKO B PAMKAX COTJIAIIIE-
HUsI, 9TO OTJ/IC/IbHBIE TPACKTOPHUH SIBJISIIOT-
Cs JINIIb BBIYUCIATEIbHBIMA  (DUKITUSIMU
N «B JECTBUTEJIbHOCTA» KaKIAbI1 KBAHT
[IyTEIIeCTBYET 110 HUM BCEM OIHOBPEMEH-
Ho. KoHedHO, B akKaJeMUYIECKOM W3/1a-
Hun [22| He Morio 6bITh U peun, UTo da-
3a S/h MoxeT ObITH IPUINCAHA KAKOMY-
MO0 BHYTPEHHEMY IEPUOANIECKOMY IIPO-
1IeCcCy OTHEJIbHOIO KBaHTA IPOXOISIIEMY
KOHKDETHYIO TPaeKTOpHIo. TeM He MeHee,
MMEHHO TaKoil 0bpa3 CO31al0T «BbIMBIIII-
JIGHHBIE JaChl, 3aIlyCKaeMble HA BPeMsI, 110~
Ka JIETUT (POTOH» B HOIIYJISPHOM H3JI0ZKE-
Hun [15], KoTopoe ObLIO HE TaK CHILHO
CKOBAHO O(UIINATLHLIMU PAMKAMHU.

BBG,HéHHOG BIL.3 ycjioBue corjiacCoBaHnsl KBaH-
TOBOI'O AHCAMOJISI SBJISETCS JOCTaTOYIHO JKECT-
KuMm. B peaJIbHOfI CUTYyallud TOYHOE COBIIa/Jde-
Hue cbaa MOZKET OBITH 0CJIa0JICHO J0 BCero Jinmimb

MUJIBTOHA U3 ONTHYIECKON AHAJIOTHH <«ITOYTH 3a0BITHIM
B Hamte BpeMs». OmHako, Mbl He OyJIleM 3TOMY CHJIIb-
HO YWBJISATHCS, €CJIM 3aMETHM, 9TO 0OOCHOBAHUE BOJI-
HOBOTO ypaBHeHUs, caenannoe [IIpémuuarepom, ceitaac
TaKKe OTCYTCTBYET B y4eOHHKAX —OHO MJIM Cpa3y IIO-
CTYJUPYETCs, NI OOOCHOBBIBACTCST TAKUMU YK€ TIOCTY-
JUPYEMBIMH «IIPABUJIaMHU KBAHTOBAHUS».

ux docmamounoti 6ausoctu. COOTBETCTBEHHO,
MOXKHO BBECTH MEPY PACCOIVIacOBAHUs aHcaMOJIs
CyMMUPYsT Bce pasjndust (a3 B TOUKaX Iepece-
venus Tpaekropuii. Takzke BO3MOXKHO PaccMOT-
peTh B3aMMOJIENHCTBIHE KBAHTOB IIPHU CTOJKHOBE-
HUAX, KOTOPOEe OyAeT IPUBOAUTEL K YBEJIMICHUIO
COIVIACOBAHHOCTH BCErO aHcaMOJis IOJ00HO IBU-
JKEHUIO (PU3MIECKOro Tejla K TepMOIMHAMUIIe-
CKOMY PaBHOBECHIO.
Takum 0OpazoM MBI TPUXOIANM K

Onpenenenue 1. Keanmoswiii ancambis co-
CTOUT U3 TPACKTOPUI IPOXOISIIUX UPE3 HEKOTO-
pyio obJjiacTh IpocTpaHcTBa-BpeMenu. Kazkmoit
TOYKE TPAEKTOPHUH COOTBETCTBYET ¢hasa MPOITop-
nuoHasbHas (QYHKIUN JeiicTBusd. B mocrarod-
HO €O2AaCO8AHHOM aHcambie da3bl JIIOOBIX ABYX
TPaeKTOPHUil BCTPEIAIOININXCSA B KAKOH-I100 TOU-
K€ IIPOCTPaHCTBA-BPEMEHHU JOXKHbBI OBITH JOCTa-
TOYHO OJIM3KMU.

Hamre  wucnonb3oBanue
eKTOpUit BMECTO JIOKAJTM3AINKA TaCTUIBl B
MTPOCTPAHCTBE-BPEMEHN CXOJIHO C PACCMOTDPEHU-
eM aHcaMbJiell K6aHMOGHIT NPoueccoé B KHUTE
Hukoubekoro |34, §3.3, §12.

XOpoIo U3BECTHO, YTO WHTETPUPOBAHUE IO
TPAEKTOPHUSAM TO3BOJISIET BBIYUCTUTL BOJTHOBYIO
PYHKIMIO KBAHTOBOIO OOBEKTA COBIAJIAIONLYTO
¢ pesyabraramMu KpanToBamus 1o [IIpémunrepy
wim leitzenbepry—/lupaky [22, §3.4]. Bonee To-
r0, TOJABJSIONIEE UHCIO0 TPACKTOPHIl B3AMMHO
YHUYTOXKAIOT CBOU BKJIQJIBI B BOJHOBYIO (DYHK-
IO TTOTOMY, 9TO OHU TPUOBIBAIOT B OTHY U TY
JKe TOYKY MPOCTPAHCTBA-BPEMEHU C MPAKTHIE-
CKM TTPOTUBOMOJIOKHBIMU hazamu. Taxkum obpa-
30M, Ta JKe caMast BOJTHOBas (DYHKITHS 0Ty IACT-
Csl, €CJIM TaKue B3aMMHO KOMIICHCUDPYIOIIHUE ITy-
™ OyIyT COBMECTHO WCKJIOUEHBI U3 PACCMOT-
perust. OcraBiimecst TyTH B KayKJ0l Todke Oy-
JYT UMeTh (ha3bl Oyin3Kue K (pase pe3yIbTUpPyIo-
el BOJIHOBON (DYHKITUHM U, MOITOMY, aHCAMOJIb
Oy/IeT JOCTATOYHO COTJIACOBAH. DTO PACCyKIe-
HUE TIOKA3bIBAET, UTO A 410001 80AH080T (hymik-
yuu cywecmsyem JdocmamouHo co2aaco8aHHbIL
AHCAMOND, KOMOPBLT NPOU3EOOUM, IMY BOAHOBYIO
Pynryuo cymmuposaruem no Petinmany).

IIporuBHUKN aHCaMOIEBOIT WHTEPIPETAIINN
YacTO TPHUBOJAT TIPUMED CUALHO PA3PEINHCEH-
nowr ancam6ieit. Hampumep, mas maTepdepeH-

KBaHTOBBIX Tpa-



MY 9JIEKTPOHA Ha ABYX IIEJISIX 00CYKIAIOT IIPO-
XOXKJIEHUE JIEKTPOHOB «II0 OJTHOMY»: MCTOUYHHUK
He HCIIyCKaeT OYepeIHON JEKTPOH JI0 TeX TOop
HoKa He OyJIeT HOIONMIEH npeablymii [23]. deii-
CTBUTEJILHO, B 9TOM C/Iydae OTCYTCTBYIOT Iepece-
JeHMd IIyTell KBAaHTOB MeXK1y co0oil 1 HeT Heob-
XOJMMOCTH (/13 U BO3MOYKHOCTH) COIVIACOBBIBATD
nx HanpsaMmyoo. OJHAKO, B TaKOM OIBbITE€ BCeria
IIPUCYTCTBYET SKCIEPUMEHTAIbHAS YCTAHOBKA, B
9aCTHOCTHU, €€ 9aCTh BLI3BIBAIOIIAA HHTEpdepeH-
nuio. EEé MupoBasi JIUHUS TepecekaeT TPaeKTo-
pUM BceX KBAHTOB W, TIOTOMY, JOJIZKHA OBITDH Ya-
CTBIO YCJIOBHUS coTJiacoBaHus ancaMOJis. Konmern-
TyaJIbHas BO3MOYKHOCTb BO3HUKHOBEHUS BOJIHO-
BBIX 5((DEKTOB I PasperkKeHHbIX aHcaMOJei
TIOMETEHHBIX B TaKOU SKCIIEPUMEHTAJILHBIN KOH-
mexcm Obla HoKa3aHa B paborax |24-20].

III. OBCVY2XKJEHWE U IMPNJIO2KEHWM A

Kopiycky/isipHO-BOJTHOBO [Iyain3M MaTepun
ocTaéTcsd KaMHEM IPETKHOBEHHUSI PAa3J/IMIHBIX
ITOJIXOZ0B K KBaHTOBO# MexaHuke. Cpenn mpej-
JIaraeMbIX PelIeHUH MOXKHO HAWTH IOCTATOYHO
paJuKaIbHbIe, HAIlPUMED, BOODIIE OTKAa3aTh KOP-
IIyCKYJISIPHBIM CBOMCTBaM CBeTa B (PU3UIECKOM
CYIIECTBOBAHNN U OOBIBUTL «(POTOH» HEy ad-
Holi dukimeit Ha Bpoje «3dupar XIX Beka [27].

B sroil 3aMeTke MbI NIPEIIOKUINA HAIOJ-
HUATH aHCAMOJIEBYI0 HHTEPIIPETAINIO BOJHOBOM
PYHKIUN HEKOTOPLIMU M3HAYAILHLIMU JOraIKa-
Mu je bpoitig m ycunurh ux 0ojiee I1O3HU-
MU MeToZaMi 13 peHHMaHOBCKOr0 HHTErpaJia 1o
myTsiM. [lepednciinm HEKOTOPBIE HEITOCPEICTBEH-
HDIE CJIEACTBUS IIPEIIIOJIOKEHHOIO IOAXOIA:

1. HabJosieHre BOJTHOBBIX SIBJICHUI Y KBaH-
TOBBIX (JIMCKPETHBIX) 00HEKTOB BCEr/Ia HO-
CAT CTATHUCTHUYECKUX XapaKTep M, MOTO-
My, OHO €CTb COBOKYHIHOE€ CBOWCTBO CO-
IJIaCOBaHHBIX aHcaMmbOJieil. BoHOBBIE CBOIT-
CTBa HUKAK HE MOT'YT ObITH IIPOSBIIEHBI OJ1-
HOM wacThlledl wiam Ipyumnoil coscem HU-
KaK He COTVIACOBAHHBIX TacTUIll. CXOMHBIM
00pa3oM, CKOPOCTb OJIHOW MOJIEKYJIBI Ta-
3a HE COJEPKUT MHMOPMAIIH O TEILIOBOM
pacIipe/leJIeHI B PacCMaTPUBAEMOM 00b-
éMe, XOTs TaKasl MOJIEKyJla U BHOCUT CBOM
BKJIQJT B OOIIYI0 KAPTUHY. DTa aHAJIOTHS

MOXKeT OKa3aThCsl He TaKOW yK W IOBEPX-
HOCTHOU €CJIn B3IVISHYTH HA YpaBHEHUE
Ipémuurepa kak Ha ypaBHEHUS TEILIO-
ITPOBOJITHOCTU C KOMILJIEKCHBIM BPEMEHEM.

BosmHoBast byHkIns cooTBeTCTBYET COTIa-
COBAHHOMY aHCaMOJIF0 KBAHTOBBIX OOBEK-
TOB, & IMEHHO €€ aMIUIUTY/1a OllpeeIser-
¢l TJIOTHOCTBIO TTPOCTPAHCTBO-BPEMEHHOM
JoKaym3annu o0beKToB. Pasza BOJTHOBOI
dbyukInn coBnamaer ¢ Gasoil KBaHTa B
JIAHHON TOYKE PACITUPEHHOI0 KOH(MUTypa-
[IMOHHOI'O TIPOCTPAHCTBA W, 1O CYTH, COB-
najiaeT ¢ «pUKTUBHONI BOJIHOIY» e Bpoii-
as u3 [14].

Axr wuHabmojenust (U3MepeHusi) OIHOIO
KBaHTOBOTO OOBEKTa BBISBIIAET €ro OT-
JejibHble  (DU3UIECKUE XAapaKTEePUCTUKH,
HAaIIpIMeED, IPOCTPAHCTBEHHO-BPEMEHHYIO
JIOKAJTU3AIUI0. DTO MOXKET MPUBECTH K
HE3HAYNUTE/IbHOMY BO3MYIIIECHUIO B aHCAM-
6Jie, HO HUKAKON ITOJTHON PEeIyKITUH BOJI-
HOBOIT QYHKIUHU (COOTBETCTBYIOIIEH BCEMy
aHcaM0JIIO) TIPH eIMHITHOM N3MEPEHNN He
npoucxoaut [35, §14].

W3 wHTEpnpeTanun UcYe3aioT Takue Ia-
PAJIOKCBI, Kak MIHOBEHHAs Tepejada WH-
dopMalnn B 3KCIIEpUMEHTe DiHIITeHHA—
[Momonbekoro—Pozena |36, p.364] n murem-
Ma «kuB i KoT [Ipémunrepa mam on cko-
pee MEPTB» !

Dusznueckuit cMbicaa umeroT dasbl  (Ha-
npuMep, KakK COOTBETCTBYIOIINE KaKUM-
TO BHYTPEHHHUM IEPUOAUYCCKUM IIPOIEC-
caM) OTJEJIbHBIX KBAHTOB IIPOJIBUTAOIINX-
ca couMm myTéM. Hamporus, BosHOBasT
BYHKIUST ABJISIETCST BCErO  JIAIIL HHTE-
rpajbHBIM IIOKa3aTeIeM BCeX TaknxX ¢as
B coryracoBaHHOM aHcambJe. [ToaTomy, HET
HY2K/JIbl BBOJUTD HEKUI (PU3MIECKUIT HOCH-
TeJb BPOJIE TI0JIsI, KOTOPBIN IIpeacTaBJIs-
€T BOJIHOBYIO (DYHKIIMIO, CM. YIIOMSIHYTYIO
BBIIIIE aHAJIOTUIO C TEILJIOBBIM paclpe/ieie-
HUEM B (PU3HIECKOM TeJIE.

Tak ke HeT HEOOXOJIMMOCTA B KaKHX-
JIOO JIOTIOJTHUTEIbHBIX <« ITMJIOTHBIX BOJI-
Hax» YTOOBI CIeJIaTh OOPATHBIA Iepexo



OT BOJTHOBO# (DyHKIINY K WHTUBUTYAJTHHOMN
TPAEKTOPUH OTJEJIBHOIO KBaHTa. Takue
KOHCTDYKIINK <«JIBOHHBIX pereHnii» |28]
norpeboBasuck je Bpoiiao 1ocse Toro,
KaK OH OBLJI BBIHYKJICH OTKA3aThCsl OT CBO-
UX [EPBOHAYAIBHBIX Ul MOJ| JaBIeHU-
eM CTOPOHHUKOB KOIIEHTAreHCKON HHTEep-
nperanun [29, rir. 6], [8, o 1.6].

JIerko 3aMeTHTh, YTO BCE IIPEJIOKEHHbIE Pac-
cy’KJieHus Ga3uUpyIOTCs Ha TPAJUIMOHHBIX Me-
TOJIAX KBAHTOBON MEXAHWKH: BOJHOBOM ypDaBHE-
unn HIpéauarepa m uHTErpasa 1mo TpaeKTOpH-
sm DefiHMana M0/ICBEYCHHBIX HEKOTOPLIME PaH-
HUMU TIpe/IIOKeHnsIME Jie Bpoitisi. 9ro usbas-
JIIET HAC OT HEOOXOMMOCTH JIeJIaTh 3/1eCh TIIa-
TEJILHYIO IIPOBEPKY Ha COOTBETCTBHE HAINEH MH-
TEPIIPETAIIN YCTOSIBIIEMYCST MATEMATHICCKOMY
bopMaII3My BOJIHOBON MEXAHUKH.

BaMeTnM TaKKe, UTO B IVIABHOM HAIIlE pPac-
CMOTPEHHE TIePEKINKAeTCs ¢ moaxonoM A. Xpen-
HIUKOBa K aHcaMbJIeBoil nHTepnperanum, cM. |5]:
BHAYAJE BBECTH HEKOTOPYIO 0a30ByIO  «JI0-
KBAHTOBYIO» TEOPHIO OOJIA/IAIOILYI0 PEATI3MOM
U JIETEPMUHI3MOM, & IOTOM IIOJIYYIUTH BEPOSIT-
HOCTHOE OIIMCAHMsI MPOIECca IyTEM DPeLyKIUK
K BoHOBOI dyukimu. Oxnmako, Mbl (B OT/n-
qe or [5|) He BBOIMM Kakoi-mbo HOBOW J10-
KBAHTOBOH TEOPHH, & BMECTO TOrO IILITACMCS
epecobpaTh KOHCTPYKIIMIO U3 3JICMEHTOB, YIKe
JIABHO [IPUCYTCTBYIOIIUX B TEMe.

Hecmotps ma TO, 91O MBI 00CYyZK/1aeM 37€CH

«BCEro JIMIIIb» BOIIPOCHI HMHTEpPIIpeTalnumn, 3TO
nMeeT HEIIOCPEACTBEHHOE ITPaKTHYIeCKOe 3Ha'de-
mue. Cefiuac akKTHUBHO HCCJICIYIOTC BO3MO2KHO-
CTH KBAaHTOBOTI'O IJ_II/ICprBaHI/IH NJIN KBaHTOBBIX

BBIUUCJIEHUI, KOTOPBIE CYIECTBEHHO OA3UPYIOT-

Cs HA TTPETIOTIOKEHIN, ITO eIUHIIHBI KBAHTO-
Bblii 00beKT (KyOUT) CIIOCOOEH BMECTHTH B Ce-
Os1 BCIO TOJHOTY BOJtHOBOW dyukmuu. Ha stm
HCCJIEJIOBAHUS, YUUTHIBAsd WX AHOHCUPOBAHHBIE
MIPUIOXKEHNsT B (PUHAHCOBBIX W BOEHHBIX cde-
pax, 6bLIn y2Ke (BbI)OPOIIEHBI OIPOMHBIE PECYD-
cel. [losToMy, OTCyTCTBHE KaKUX-JUOO OCA3ae-
MBIX DPE3YJBLTATOB BOTIIOMIEHHBIX B MPAKTHYIE-
CKHUX YCTPOHCTBAX yKE MOYKHO 3aCUYUTATH IKC-
NEPUMEHMANLHOT NPOBEPKOT, PA3TUIHBIX TeOPe-
TUYIECKUX BO3ParKeHWi BbICKA3aHHBIX paHee |20,
30-32]. B wacrHocTH, TaKMe TEXHOJOIUH B IIPUH-
nuiie He OyJyT pabOTOCHOCOOHBI, €CJIN OKAYKET-
Cs1, ITO BOJHOBas (PYHKINS JEHCTBUTEIBLHO SIB-
JISIETCST TOJIBKO COBOKYIHBIM CBOHCTBOM T1€JI0-
ro coryiacoBanuoro amncam6ss. Ilosromy, orcyT-
cTBrEe (DYHKIMOHAJIBHOTO KBAHTOBOIO KOMITHIO-
Tepa KOCBEHHO TOATBEPIKIAET aHCAMOJIEBYIO WH-
TEPIPETAINIO MOI00HO TOMY, KaK 3aKOH COXPa-
HEHUs YHEPTUU BBIBOJUTCSA M3 MHOTOYUCTIEHHBIX
(3a9aCTyI0 OCTPOYMHBIX, HO) GECIIOHBIX TIOIIbI-
TOK MMOCTPOUTH BEYHBIN JTBUTATEID.

BakmoanTenbuoe HAOIIOACHNE, KOTOPOE MBI
MOXKEM CJIeJIaTh W3 UCTOPUE C WJIesIM Jie Bpoii-
JIsl, PACIIUPSET CIUCOK MPUIMH HAYITHOTO HEI0-
CTPOsI, YKA3aHHBIX B nurpade K 3Toi 3aMeTKe:
HEKOTOPBIE 9JIEMEHTHI He HAXOIAT TOT00A0IIET0
UM MECTa eIé W MO BIOJHE CyObeKTUBHBIM 06-
CTOSITETTHCTBAM.

BJIATOOJAPHOCTN

ABTOpD BBIpazKaeT 0JIAr0ZAPHOCTL AHOHUMHO-
MYy pelEH3eHTY 3a II0JIe3Hble 3aMeJYaHWs, Ha-
[IpaBJIeHHbIE Ha YJYYIIeHHE TEKCTa CTATbU.
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