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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.
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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 [6]. However, let us read the fi-
nal 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-


http://arxiv.org/abs/2407.09277v2
http://v-v-kisil.scienceontheweb.net/
mailto:{V.Kisil@leeds.ac.uk}
http://v-v-kisil.scienceontheweb.net/
https://link.springer.com/journal/11497
http://pleiades.online/

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].
However, the presented arguments often leave a
space for relentless attacks from the position of
Copenhagen dogma, in particular, by such no-
table physicists as V.A. Fock [11-13]. The weak-
est place was the definition of quantum ensemble
itself and its property to be coherent. We are ad-
dressing 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.

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].

III. 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 Schrédinger 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.



4. Therefore, the interpretation removes
a ground for FKinstein—Podolsky—Rosen
paradox, the Schrodinger cat’s dilemma,
etc.

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
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C U3MEPEHUIMHU, JIOKAJTBHOCTHIO, IIPUIMHHOCTHIO,
mapajiokcom Ditarmreitaa—Ilogosbeckoro—Posena,
koroM [IIpénunrepa n ApyrumMu BeCbMa HEO/HO-
3HAYHBIMU TEMAaMHU.

OpruM u3 criocoboB u3bekaThb TPOOIEM pe-
JIYKIIUU BOJIHOBO# (DYHKIINU SABJIAETCHA €€ GHCaAM-
O1e6a.4 UHMEPNPEMaUUA, KOTOPYIO TaCTO OTChI-
naor K DitHimreiny [5| wim apyrum dusukam,
cM. [6]. OBparumcesi, OMHAKO, K 3aKJII0IUTEIBHO-
My Tmaccaxky crarbu sie Bpoitist 1922 roga |7, 8:

C TOYKHU 3peHust KBAHTOB CBETA sIB-
JIeHUsT WHTeP(EPEHIINN KAXKYTCs CBsI-
3aHHBIMHU C CYIIECTBOBAHUEM COBOKYII-
HOCTell aTOMOB CBeTa, JBUMKYIIUXCSA He
HE3aBUCHMO, a KorepeHTHO. OTcroa
€CTECTBEHHO IIPE/IIOJIOKUTD, 9TO €CJIN
KOIJIa-HUOY/Ib TeOpUsi KBAHTOB CBETA
CMOKET OOBACHUTHL UHTEPQEPEHITHIO,
OHA JIOJKHA OyJIeT BBECTH B PACCMOT-
penne TOOOHBIE OOBHEINHEHUST KBaH-
TOB.

Jlerko 3ameTnTh, UTO He Bpoitnb cBA3BIBAET BOJI-
HOBBIE CBOMCTBa MaTE€pPUM C IPYIIIOBBLIM ITOBE/IE-
HHEM COITIACOBAHHOIO (KOI€PEHTHOI0) aHcaMOJIst
YACTUIL eITE 33 HECKOJIBKO JIET JI0 MOsIBJICHUST BOJI-
noBoit hynknnn. Takas ancambieBast (niu cma-
MUCMUNYECKAA) UHTEPIPETAIUs B JIaJIbHEHIIeM
MHOTOKPATHO IE€PEOTKPBIBAJIOCH U IIEPEOCMbIC-
JIMBAJIOCH MHOTUME aBTopamu, cM. |9, 10] u pa-
Hee yIOMsiHyThie 0030pbl |5, 6]. OgHako, mpes-
JlaraeMbie (pOPMYTUPOBKU 3a9UACTYIO OCTABJISIN
IIPOCTPAHCTBO JIJIsi HEYCTAHHON KPUTUKU C ITO3W-
NN KOIIEHTareHCKOU MHTEepHpeTaluil KBAaHTOBON
MEXaHUKHU, B YaCTHOCTH, I TAKUMU BUIHBIMEA (DU-
sukamu Kak B.A. Dok [11-13]. Haubosee ysi3Bu-
MBIM 3BEHOM OCTABAJIOCH CAMO TIOHSTHE KBAHTO-
BOTO aHCAMOJIST U TO, KAKIM 00pa30oM OIIpeIesi-
JIACh €r'0 COIVIACOBAHHOCTH. DTOT MOMEHT MbI U
PacCMOTPUM HEKE.

II. KBAHTOBBIE AHCAMBJIN

Hauyném mnposicuaTh umMeromuecs 3aTpyiHe-
HUs UCHOJIb3Ysl HEKOTOPbIe HaOJIIO/IEHNs 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.

XOpoIIo U3BECTHO, YTO HHTEIPUPOBAHUE 110
TPAEKTOPHUAM ITO3BOJISIET BBIYUCIUTEH BOJIHOBYIO
GYHKINIO KBaHTOBOIO OOBEKTA COBIIAIAIOINILYIO
¢ pesysbraraMu KBanToBanuga 1o LIIpémurrepy
win Teiizen6epry—dupaky [22, §3.4]. Bosee To-
ro, HOJABJISIONIEE YHCIO TPACKTOPHI B3aMMHO
VHAYTOYKAIOT CBOW BKJIAJBGI B BOJHOBYIO (DyHK-
[IMIO IIOTOMY, YTO OHM IPUOBIBAIOT B OIHY U Ty
K€ TOYKY IPOCTPAHCTBA-BPEMEHU C IIPAKTUYIe-
CKHU IPOTHUBOIIOJIOKHBIMEU (haszamu. Taxkum obpa-
30M, Ta Ke caMasl BOJIHOBas (DYHKIIUS IOy TaeT-
Cd, ecJIM TaKhe B3aMMHO KOMIICHCHPYIOIIUE IIy-
T OyIyT COBMECTHO HCKJIIOYEHBI U3 PaCCMOT-
penusi. OcraBiimecst MyTH B KaKJI0il TOUKe Oy-
JIyT uMeTh pas3bl OJin3Kue K dase pesyabTupyio-
et BOJTHOBOHM (DYHKIIMK U, TIOITOMY, aHCAMOJIb
OyJeT JOCTATOYHO COIVIACOBAH. DTO PACCyKIIe-
HI€ TIOKA3bIBAET, UTO 044 AH000U 80A4H080T (PyHK-
YU cyuecmeyem JoCmMamoyHo CO2AACOBAHHBLL
arcambab, KOmopwill npousdeodum 3my 60AHO8YH
dynryuto cymmuposaruem no Detnmarny.

IIporuBHUKN aHCaMOIEBOIT WHTEPIPETAIINN
9acTO IPHUBOLAT IHPUMED CUALHO PA3PEINHCEH-
Hnowr ancamdbieit. Hampumep, mas maTepdepen-
MY 9JIEKTPOHA Ha JABYX IEJIIX 00CYKIAIOT IPO-
XOKJICHHE 3JIEKTPOHOB «II0 OIHOMY»: MCTOIHHUK
He HCIIYCKAeT OYEPEIHON SJIEKTPOH 0 TeX I0P
HoKa He OyJIeT TOIONIEH npeablaymii [23]. Jeii-
CTBUTEJILHO, B 9TOM CJIyIae OTCYTCTBYIOT IIepece-



qeHusd IyTeil KBAaHTOB MeXK Iy co00i n HeT Heob-
XOJMMOCTH (/13 U BO3BMOYKHOCTH) COIVIACOBBIBATD
nx Hanpsamyoo. OJHAKO, B TAKOM OIBbITE€ BCerja
[IPUCYTCTBYET SKCIEPUMEHTAJIbHAS YCTAHOBKA, B
JaCTHOCTH, €€ YaCTh BBI3BIBAIOIasi HHTePMEPEH-
nuro. Eé MupoBast JIMHUS IIEPEceKaeT TPaeKTo-
PUU BCEeX KBAHTOB M, IIOTOMY, HOJKHA OBLITL ta-
CTBIO YCJIOBHS CcOIIacoBanus ancambis. Komren-
TyaJbHas BO3MOXKHOCTL BO3HUKHOBEHHSI BOJIHO-
BBIX 3(hHEKTOB 1T paspeskeHHBIX aHcaMOJIei
[IOMEIIEHHLIX B TAKO# SKCIIEPUMEHTAILHLIA K0H-
mexcm Oblia noKaszaHa B paborax |24-20].

III. OBCVY2KJEHWUE U ITPNJIO2KEHN £1

KopiryckysisipHO-BOJTHOBOI JTya/in3M MaTepun
ocTaéTcsd KaMHEM [PETKHOBEHUS Pa3JIMIHBIX
IIOJIXOZI0B K KBaHTOBO# Mexanuke. Cpemn mpeji-
JlaraeMbIX PelIeHUil MOXKHO HalTH JOCTaTOYHO
paJimKabHbIe, HAIIPUMED, BOODIIE OTKA3aTh KOP-
IIyCKYJISPHBIM CBOMCTBaM CBeTa B (DU3UIECKOM
CYIIECTBOBAHNN U OOBIBUTL «(POTOH» HeEy ad-
Hoit ukimeit Ha Bpose «adupar XIX Beka [27].

B sr1oit 3ameTke MBI NPEJIOKUIN HAIOJ-
HUATH AaHCAMOJIEBYIO HHTEPIIPETAIIUIO BOJHOBON
yHKIINN HEKOTOPBIMU M3HAYAIBHBIMU JIOTa KA~
Mu Jie bBpoits u ycuwimurh ux 0ojiee MMO3THU-
Mu MeTojaMu n3 heiHMaHOBCKOIO HHTErpaJia 1o
nyTaMm. [lepednciinm HEKOTOPbIE HEITOCPE/ICTBEH-
HBIE CJIEJICTBUS [IPEJIITOJIOZKEHHOTO TIOIXO0/IA:

1. Habsronenne BOTHOBBLIX SIBJIEHUN y KBAH-
TOBBIX (JIMCKPETHBIX) 00HEKTOB BCer I HO-
CUT CTATHUCTUYECKUX XapaKTep M, IOTO-
My, OHO €CTb COBOKYIIHOE CBOWCTBO CO-
[JIacOBaHHBIX aHcambieii. BosiHOBBIE CBOI-
CTBa HUKAK HE MOT'YT ObITH IIPOSBIIECHBI OJ1-
HOI wacThiedl wiam rpyumnoil coscem HU-
KaK He COTVIACOBAHHBIX TacTUIll. CXOMHBIM
00pa3oM, CKOPOCTBb OJHOW MOJIEKYJIBI Ta-
3a He CoepKUT NHMOPMAIUHA O TEIJIOBOM
paCIIpeJIe/ICHIH B PacCMaTpUBaeMOM 00b-
éMe, XOTs TaKas MOJIEKYJIa U BHOCUT CBOM
BKJIQJT B OOIIYI0 KApPTUHY. IDTa aHAJOTH
MOZKET OKa3aThCsl HE TAKOW YK U ITOBEPX-
HOCTHON ecJii B3IVIAHYTb Ha ypaBHEHHe
Ipénuurepa Kax Ha ypaBHEHUS TEILIO-
IIPOBOJITHOCTH C KOMILJIEKCHBIM BPEMEHEM.

2. BommoBast pyHKITHS COOTBETCTBYET COTJIa-

COBAHHOMY aHCaMOJII0 KBAHTOBBIX OOBEK-
TOB, & UMEHHO €€ aMILIUTYJa Ollpe/essaeT-
Csl IJIOTHOCTBHIO IIPOCTPaHCTBO-BPEMEHHOI
JoKasmm3anu o0beKToB. Pasza BOJTHOBOI
dyukuu coBmagaer ¢ (asoif KBaHTa B
JIAHHON TOYKe PACITHPEHHOI0 KOH(MUIypa-
IIMOHHOI'O NPOCTPAHCTBA W, IO CYTH, COB-
najiaeT ¢ «pUKTHBHONI BOJIHOIY» e Bpoii-
as u3 [14].

Axr wabmojenust (U3MepeHusi) OIHOIO
KBaHTOBOTO OOBEKTa BBISBIIAET €ro OT-
JejibHble  (DU3UIECKUE XapaKTEePUCTUKH,
HaIIpIMeEp, IIPOCTPAHCTBEHHO-BPEMEHHYIO
JIOKAJTU3AIUI0. DTO MOXKET MPUBECTH K
HE3HAYUTE/IBHOMY BO3MYIICHUIO B AHCAM-
6Jie, HO HUKAKON ITOJTHON PEIyKITUU BOJI-
HOBOIT QyHKIMH (COOTBETCTBYIOIIEH BCEMy
aHcaMOJII0) [IPH eJIMHUIHOM U3MEPEHUN He
IIPOUCXOJIAT.

W3 upreplperanyuy UCUYe3al0T TaKHe Ia-
PaJOKChI, KaK MIHOBEHHAasl Iiepejiada WH-
dopmanny B SKCIEPUMEHTE DIHIITeHHA—
ITononbckoro—Posena u amineMMma  «2KUB
sm kot Illpénunrepa wiam OH CKopee
MEPTB» 7

Qusuveckuit cmbica umeor a3l (Ha-
npuMep, KakK COOTBETCTBYIOIINE KaKUM-
TO BHYTPEHHHUM IEPUOAUYCCKUM IIPOIEC-
caM) OTJIEJIbHBIX KBAHTOB IIPOJIBUTAOIINX-
ca couMm ImyTéM. Hamporus, Bo/HOBasT
GYHKIUST ABJISIETCST BCErO JIAIIL HHTE-
rpajbHBIM IIOKa3aTeIeM BCeX Taknx ¢as
B corylacoBaHHOM aHcambJie. [ToaTomy, HET
HY2K/JIbl BBOJIUTD HEKUI (PU3MIECKUIT HOCH-
TeJb BPOJIE I1I0Jidd, KOTOPBII IIpeacTaBIs-
€T BOJIHOBYIO (DYHKIIMIO, CM. YIOMSHYTYIO
BBIIIIE aHAJIOI'UIO C TEIIOBBIM paclpe/iesie-
HUEM B (PU3HIECKOM TeJIE.

Tak ke HeT HEOOXOJUMOCTH B KaKHX-
JIHOO JTOTIOJTHUTEILHBIX «ITHJIOTHBIX BOJI-
Hax» YTOOBI CeJaTh OOPATHBIA Iepexor
OT BOJIHOBOH (pYHKIMH K WHIUBY LY AIbHOI
TPAEKTOPUH OTJEJbHOIO KBaHTa. lakwne
KOHCTPYKIIUK <«JIBOMHBIX perneHuii» |28]
norpeboBaimnch e Bpoitro mocae Toro,



KaK OH OBLJT BBIHYKJICH OTKA3aThCsl OT CBO-
UX IEePBOHAYAIBHBIX WJEHl M0J JIABICHH-
€M CTOPOHHHKOB KOIICHTATCHCKON HHTEp-
nperarpn |29, ri. 6], [3, o 1.6].

JIerko 3aMeTHUTD, ITO BCE MPE/JIOKEHHBIE Pac-
CyXKJeHUs 0a3upyroTcsd Ha TPaJIUIUOHHBIX Me-
TOJ/IaX KBAHTOBOIl MeXaHMKHU: BOJIHOBOM ypaBHe-
nun [Ipénunrepa m uHTErpaia Mo TPaAeKTOPU-
sam DeifHMana 1M0/ICBEYEHHBIX HEKOTOPBIMU DaH-
HUMHU TPEJJIOKEHUsAME Jie bpoiuis. 910 m3bas-
JIIET HAC OT HEOOXOJUMOCTH JIEJAThH 3/IeCh TIIa-
TEJIbHYIO ITPOBEPKY Ha COOTBETCTBUE HaIlEil WH-
TeplpeTAlluU YCTOSBIIEMYCd MaTeMaTUIYeCKOMY
dopMam3My BOJTHOBOI MEXAHUKH.

BaMeTHM TakKe, YTO B IVIABHOM HAIle pac-
CMOTpPEHHE NEPEKIUKACTCSI € TTOAX00M A. XpeH-
HIUKOBa K aHcaMbJeBoil nHTepnperanum, cM. |5]:
BHAYAJe BBECTH HEKOTOPYIO 0a30ByIO <10
KBAHTOBYIO» TEOPHIO OOJIA/IAIOILYI0 PEATI3MOM
U JIETEPMUHU3MOM, & IOTOM IIOJIY9IUTH BEPOSIT-
HOCTHOE OIIMCAHMsI MPOIECCa IIyTEM DPeLyKIUK
K BoHOBOI dyukmumu. Oxnmako, Mbl (B OT/H-
qre or [5|) He BBOAMM Kakoi-mbo HOBOW J10-
KBAHTOBOH TEOPHH, & BMECTO TOIO IILITACMCS
nepecobpaTh KOHCTPYKIIMIO U3 JIEMEHTOB, y¥Ke
JIABHO IIPUCYTCTBYIOIIUX B TEME.

Hecmorpst HA TO, 9TO MBI OOCYKIAEM 31eCh
«BCETO JIUIIb» BOIPOCHI 570
HMEET HEMOCPECTBEHHOE PAKTUYECKOE 3HAe-
ure. Ceifgac aKTHBHO HCCJIC/YIOTCS BO3MOXKHO-
CTH KBaHTOBOrO IMH(POBAHKs MM KBAHTOBBIX
BBIUHCJICHUI, KOTOPbIE CYIIECTBEHHO OA3MPYIOT-
Csl HA [PEJIOIOKEHIN, YTO €JIMHIIHbIH KBAHTO-

UHTEPIpEeTAINH,

BbliT 00BEKT (KyOWT) CIIOCOOEH BMECTHTH B Ce-
Osi BCIO TOJIHOTY BOJIHOBO# dyHkinu. Ha stn
UCCTIeIOBaHUS, YYUTbIBag WX AHOHCUPOBAHHbBIE
HpUIOXKEHUsT B (DUHAHCOBBIX W BOEHHBIX Che-
pax, O6buin yzke (Bbl)OPOIIEHbI OIPOMHbIE PECYD-
col. [loaromy, orcyrcrBue Kakux-jimOO Ocsi3ae-
MBIX PE3YyJIbTATOB BOILIOIIEHHBIX B IMPAKTUYE-
CKUX YCTPOHCTBAX yKe MOYKHO 3aCYUTATh IKC-
NEPUMEHMANLHOT NPOBEPKOT PABTHIHBIX TEOPE-
TUYECKUX BO3PAYKeHUil BBICKA3aHHBIX panee |20,
30-32]. B wacrnocru, Takue TEXHOJOINH B IIPUH-
nure "He OyaIyT PabOTOCIIOCOOHBI, €CJU OKarKeT-
Cs1, ITO BOJIHOBasi (DYHKITUS JIEHCTBUTEIBHO siB-
JISIETCS TOJIBKO COBOKYIIHBIM CBOWCTBOM I1€JI0-
ro coryiacoBanuoro ancamo6jsi. Iloaromy, orcyT-
crBUe (DYHKIIMOHAJIBHOIO KBAHTOBOTO KOMIIBIO-
Tepa KOCBEHHO TOJITBEPXKIACT aHCAMOJIEBYIO MH-
TEPIPETAINIO TIOJO0HO TOMY, KaK 3aKOH COXPa-
HEHUs SHEPIUU BBIBOJINTCH U3 MHOT'OYUCIEHHBIX
(3a9aCTyI0 OCTPOYMHBIX, HO) GECIIOIHBIX MOIbI-
TOK TIOCTPOUTH BEYHbIN JIBUTATEIb.

BakrounTe/IbHOE HAOJIIOJICHIE, KOTOPOE MbI
MOXKEM (JIeJIaTh U3 UCTOPUU € HjedAM Jie Bpoii-
Jisl, paCIIUpsieT CIUCOK IMPUYNH HAYIHOI'O HEJ0-
CTPOsi, YKa3aHHBIX B snurpade K 3Toil 3aMeTKe:
HEKOTOPBIE 3JIEMEHTHI HE HAXO/SIT MOI00a0IIEero
UM MeCTa eI W 0 BIOJHE CYObEeKTHUBHBIM 00-
CTOSITEJIBCTBAM.

BJIATOJAPHOCTNA

ABTOp BBIparkaer 6JIArOAAPHOCTH AHOHUMHO-
My PENeH3eHTy 3a IIoJIe3HbIe 3aMevaHus, Ha-
IIpaBJIeHHbIE HAa YJIyUIlIeHNe TeKCTa CTaTbhHU.
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