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II. THE SUBSTANTIAL NATURE
CORPUSCULAR-WAVE
DUALISM
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Abstract

It has been experimentally established that moving microobjects possess wave-particle duality - the ability to
exhibit the properties of a strictly limited, and at the same time, unlimited object. Physics explains this using
quantum formalism.

The theory of nonlinear oscillations, operating on Newton’s methods, has discovered, thanks to an analogy with
the well-known aerodynamic phenomena, that a real etheric wave component appears in a microobject when its
velocity exceeds a critical value. During diffraction of this moving micro-object, its wave component is split. Since
the ether wave propagates at a speed of 8-10°m-s !, ahead of the corpuscular component, the detached part of the
wave component and its main part, weighed down by the corpuscular component, interfere according to special
rules.

I1.1. Analysis of the situation

The discovery of the wave-particle dualism of microcosm objects was preceded by a number
of assumptions, which ended with experimental proof of the existence of this dualism.

First, M.Plank suggested the existence of indivisible energy quanta of the quantity E=fw
(1900). Then A.Einstein, having discovered a photon when analyzing the photoelectric effect,
(1905), suggested, based on the Planck hypothesis, that a photon possesses not only wave but
also corpuscular properties (1917): E=hw, p=hwc . Finally, L. de Broglie suggested that
Einstein's relations are valid not only for electromagnetic radiation, but also for matter (1924):
E=ha, p=2rhi".

Testing the de Broglie hypothesis led KD.Devisson and L.H.Jermer to experimental proof of
the presence of particle-wave properties in an electron beam. V.A.Fabrikant repeated the
Devisson-Germer experiment, using instead of electron beams, a sequence of individual
electrons (1949), clarified that not only an electron beam, but also each individual electron has
corpuscular-wave properties.

Subsequently, the particle-wave properties were experimentally discovered in protons,
neutrons, and even atoms.

What does physics know about the content of “wave-particle duality”?

The substantial nature of microobjects is still unknown to physics. Quantum physics
believes that a micro-object is neither a pure corpuscle, nor a pure wave, nor any combination of
a particle and a wave, and that it is an object whose structure is generally beyond our
understanding [1,2]. The mechanism of the passage of moving micro-objects through diffraction
obstacles is still not understood.

The famous American physicist R.Feynman, one of the brightest representatives of the
physical elite, speaking in a popular lecture about diffraction experiments with micro-objects,
said: ".... Do not torment yourself with the question: “But how can this be?”, because otherwise
you will come to a dead end, from which no one has yet got out. Nobody knows how it can be
like that [3].

The situation changed as a result of the development of ¥Y-formalism by E.Schrodinger.
Having not reached an understanding of the nature of the particle-wave dualism of electrons,
physicists were able to construct a fairly accurate quantitative description of the distribution of
traces of diffracted electrons on a sensitive screen. It turned out that this description is of a very
specific probabilistic nature. The central point in this description was E.Schrodinger's
quantitative probabilistic ¥-formalism.



It gradually became clear that the root cause of this indeterminism is the hypothesis of the
existence of indivisible energy quanta, adopted by the theory of the microworld, and the
uncertainty relations arising from this hypothesis. And since the physics of the microworld
considered indivisible quanta and uncertainty relations as objective factors of the material World,
it seemed to physicists that the problem of studying the nature of the probabilistic laws of the
World device thus received a complete, undeniable solution. As a result of this, physicists
considered that the problem of elucidating the substantial nature of wave-particle duality does
not require further consideration.

I1.2. Wave-particle duality
from point of view
theory of nonlinear oscillations

In the formalism of quantum theory, the Planck constant 7 is an integral element. But, in
1979, the results of an experiment [4] were published, indicating the absence of undivided
energy quanta in Nature. All world physics responded to this publication with "deathly" silence.
Physicists are not hard to understand - after all, the experimental proof of the absence of real
indivisible quanta exposes the status of quantum theory as an approximate theory of the
microworld, casting doubt on its conclusions and returning the physical situation to prequantum
problems. In pre-quantum times, physics clearly demonstrated its inability to build a theory of
the microworld based on the "classical" - Newtonian methods. Over the past time, she never
learned this skill.

In this situation, the substantial nature of wave-particle duality was again unknown and its
identification again became extremely relevant.

When approaching this task, one must bear in mind that the particle-wave duality of
microobjects was detected only in diffraction experiments, only with moving microobjects, and
that the behavior of microobjects was not visually observed in these experiments, and only
“point” traces of collisions of microobjects with observational were visually observed screen.

In conditions of visual unobservability of the phenomenon, an appeal to analogies may be the
only useful.

Physicists are proud of the successful application of the analogy method in constructing the
quantum operator formalism [1]. But this is an abstract quantitative apparatus and a formal
analogy. As an informal analogy, as time has shown, physicists are very unsatisfactory.

An informal, observable with the help of the senses, meaningful analogy, if it exists, must be
sought in the macrocosm and in "classical" physics. Since wave-particle duality manifests itself
in moving microobjects, analogues must be sought in phenomena associated with moving
macroobjects.

. Such a phenomenon is the motion of a solid body in a gaseous medium.

The motion of a solid body in a gaseous medium is studied in physical discipline -
aerodynamics. It is known, both theoretically and experimentally, that, at a body velocity less
than a critical value, gas flows around a body in a laminar manner - without discontinuities in the
gas structure, without discontinuities in different layers of gas.

If the speed is more than critical, breaks in the layers of gas occur when they descend from
the surface of the body. These discontinuities of the layers cause the appearance of gas vortices
accompanying the moving body. In these vortices, the internal pressure is less than in the
surrounding gas. Many of these vortices form sound waves. Thus, wave-particle duality in the
macrocosm is formed.

Specific examples of such dualism are well known. This is “flutter,” the destructive vibration
of an airplane wing that occurs when the critical flight speed is exceeded. These are well-known
even to children, whistling bullets, howling mines, shells and bombs.



I1.3 The nature of wave-particle duality
in the microworld

In [5] it is said that the French physicist Fizeau experimentally proved that ether exists in the
material World. The theory of nonlinear vibrations revealed the structure of the photon and, with
its help, found that the ether quite densely fills our entire Universe (the famous Kozma Prutkov,
the character of A.Tolstoy, advised “to spit in the eyes of someone who claims that it is possible
to embrace the immense”; therefore, the story about the place of ether in the Universe - another
time). Therefore, microobjects move in the ether medium.

So they found an environment in which microobjects moving with supercritical speed can
acquire an ether wave component. This perfectly explains the nature of wave-particle duality in
the microworld.

Now let us see how such an interpretation of the nature of the particle-wave dualism of
microobjects explains the observed results of diffraction experiments with microobjects, the
understanding of which Feynman considered it fundamentally impossible.

The diffraction apparatus, which usually demonstrates the manifestation of the particle-wave
properties of microobjects, consists of a source of microobjects and two, orthogonal to the
direction of motion of the microobjects, screens - diffraction and demonstration. The source
emits microobjects in a stream or singly, strictly alternately so that they do not interact with each
other. Two close narrow parallel slits are cut through the diffraction screen, through which
microobjects are diffracted. Micro-objects that passed through the slits (diffracted), reaching the
demonstration screen, leave their traces on it (these traces are, from our point of view, point-
like).

The stream of micro-objects emitted by the source, passing through the diffraction screen,
leaves a lot of point traces on the demonstration screen merging into stripes parallel to the gaps
in the diffraction screen. This pattern of alternating tracks is similar to that observed in the
macrocosm, when the flow of pure waves in water diffracts. Therefore, physicists have
suggested that the flow of micro-objects has wave properties, although they did not know any
material carriers of the alleged waves.

When the experiment was repeated not with a stream of microobjects, but with a successive
sequence of individual microobjects, the same picture appeared on the demo screen. This
showed that each separate moving micro-object has corpuscular-wave properties.

Physicists tried to find out the mechanism of the passage of microobjects through the gaps in
the diffraction screen, using modifications of this experiment.

In option 1, they closed slot No.1 and received picture No.1 on the demonstration screen.
Then closed the gap No.2 and received the picture No.2. It seemed natural that when adding
pictures No.l and No.2, a picture should be obtained that was fixed with both open slots.
However, there was no coincidence. From here, with obviousness, it followed that each micro-
object passes immediately through both open slots.

To verify this, physicists considered option 2 with two open slots. In this embodiment, they
placed behind each slit in the diffraction screen by a fixing device and repeated the experiment
with a sequence of individual single microobjects. In this embodiment, when passing a
microobject, only one catch was triggered. This could be understood in different ways,
ambiguously. However, Feynman’s comment was limited to verbose confirmation of the
complete lack of a physical understanding of what was happening in this experiment.

From the point of view of the theory of nonlinear oscillations - the theory of dynamic
modeling of real phenomena, the results of option 2 indicate that when a microobject passes
through one of the slits, something else collapses through the other at the same time under the
action of the latch. What could it be?



Let us return to the initial experiment with two open slits in the diffraction screen. Let's see
what happens to a microobject having an ethereal wave component when it passes through a
diffraction screen.

If the corpuscular component of a micro-object passes, along with the central part of its wave
component through a gap No.1, and the other part of its wave component passes through a gap
No.2, then behind the diffraction screen two objects continue to move - the micro-object with its
wave component and isolated, at passing through slot No.2, a fragment of the wave component.
As a result of interference between them, the trajectory of the micro-object changes.

This happens with all microobjects that have passed through the diffraction screen. So,
under the influence of interference displacement of the trajectories of diffracted microobjects, the
final overall picture is formed on the demonstration screen.

In option 1, when a microobject passes through an open slit, due to the fact that the other slit
is closed, a separate fragment of the ether wave component is not formed. Therefore, the auto-
interference of the micro-object does not occur.

In option 2, when a microobject passes through a slit, another slit cuts out a separate fragment
of the wave component from the wave component of the microobject. But, due to the very low
stability of this fragment, the action of the retainer destroys this fragment, and interference does
not occur in this embodiment either.

All experimental facts about the particle-wave dualism of microobjects, which are considered
fundamentally inexplicable in quantum theory, are so easily and simply explained.

I1.4. Differences in Wave-Particle Dualism
in the macrocosm and in the microworld

Particle-wave dualisms in the macrocosm and in the microworld differ from each other, first
of all, in the ratio of the velocity of the object at which the excitation of its wave component
occurs to the velocity of propagation of disturbances in the medium - carrier of wave
components.

The theory of nonlinear oscillations has established that the estimate of the velocity of
propagation of perturbations in the ether is 8-10°m-s'. But the velocity of the micro-object
cannot be greater than ¢=299792458m-s . Therefore, part of the wave component of the micro-
object is ahead of it. Due to this, in diffraction experiments, even in a discrete stream of micro-
objects, interference phenomena are observed.

In the macrocosm, the sound wave component is formed when the speed of the macro object
exceeds the speed of sound. Therefore, the sound wave component of the macroobject lags
behind the corpuscular component. Due to the lag of the sound wave component from the
corpuscular component, in the macrocosm the interference phenomenon for single macroobjects
is not observed.

II.5. Summary

So, while moving in the ether, the micro-object experiences resistance from the ether. If the
speed of movement is less than critical, then the flow around the ether of a micro-object is
laminar, without breaks in the layers of ether. When the critical speed is exceeded, the ether
begins to descend from the micro-object with layer breaks causing vortices, in which the ether
density is lower than outside the vortices. This forms the etheric wave component of a moving
micro-object.

As long as there are no other influences, the trajectory of the micro-object remains
straightforward. As a result of the passage of the micro-object through diffraction obstacles, the
wave component of the micro-object is split into several separate fragments, one of which is



burdened by the most corpuscular component of the micro-object. Subsequent interaction of
these fragments of the wave component leads to complex interference, causing a curvature of the
trajectory of the micro-object.
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II. CYBCTAHIIMOHAJILHASI [IPUPOJIA
KOPIYCKYJISIPHO-BOJTHOBOI'O
TYAJN3MA

Jleonos H.H.

DKCIIEpUMEHTAIbHO YCTAHOBJICHO, YTO IBIXKYLIMECS MHKPOOOBEKTHI 00Iaal0T KOPIYCKYJISIPHO-BOIHOBBIM
JIyaJlM3MOM — CIIOCOOHOCTBIO TPOSIBIISITH CBOWCTBA CTPOTO OTPAHHYCHHOTO, W OJHOBPEMEHHO, HEOTPAHHYCHHOTO
o0bekTa. Du3KKa 0OBACHSIET 3TO C MOMOIIBIO KBAHTOBOTO (hJOopMan3ma.

Teopust HeJIMHEHHBIX KoJeOaHWii, onepupyromas Merogamu HpioToHa, 0OHapyXuia, Gaaroapsi aHaJIOTHH C
U3BCCTHBIMHU a3pPOJVMHAMHUYCCKUMU SABJICHUAMHU, YTO pCaibHAsA 3(1)I/IpHa$I BOJIHOBAasI KOMIIOHCHTA IIOABIISICTCA Y
MHKPOOOBEKTa, KOTJA BEJIMYMHA €r0 CKOPOCTH IPEBBIIACT KPUTHYCCKYK BenuuuHy. Ilpm mudpakuum 31Oro
JBIKYIIETOCS MHKPOOOBEKTa, €ro BOJHOBas KOMIIOHEHTa pacuieruisieTcs. Tak Kak —3¢upHas BOJHA
pacmpocTpansieTcst co ckopocThio 8-10°m-¢™', omepeskas KOpmycKyIApHYIO KOMIOHEHTY, TO OTIIEMHBIIASCS YACTh
BOJIHOBOW KOMITOHEHTHI M OCHOBHasI €€ 4acTh, OTATOIICHHAs KOPIYCKYJSIPHONH KOMIOHEHTOM, HHTep()EepUpyIoT 1Mo
0COOBIM IPaBHUIIAM.

°
I1.1. Ananu3 curyauuu

OTKpBITHIO KOPHYCKYJISIPHO-BOJIHOBOTO JAyasin3Ma OOBEKTOB MHUKPOMHpA IPEIIIECTBOBA
P IPENONOKEHUH, 3aBEPIIMBIIUICS HKCIIEPUMEHTAIBHBIM JJOKa3aTeIbCTBOM CYIIECTBOBAHUS
3TOTO Jyanu3Ma.

Cuavyana M.IInaHk BbICKa3an THUIIOTE3y CYIISCTBOBAHHS HEACTUMBIX KBAHTOB HSHEPIHH
Bennuunbl E=ho (1900). 3atem A.DiiHmTeitH, oOHapyxuB nipu aHanuze Gorodddexra, poToH
(1905), mpenmonoxkun, ucxols W3 runore3bl l[lmanka, 4ro ¢GOTOH o00MagaeT HE TOJBKO
BOJIHOBBIMH, HO M KOPIYCKyIspHbiMU cBoiictBamu (1917): E=hw, p=hoc . Haxonen, JI. xe
Bpoiine  mpenmnonoxkuia, YTO COOTHOIIGHWUS OWHINTEHA CHpPaBEAUBBI HE TOJBKO [
5IIEKTPOMATHHTHOTO H3TydeH s, HO i st Bemectsa (1924): E=hw, p=2mhi”".

IIpoBepka tumote3sr 1ne bpoitns mnpusema K.J[.JleBuccoma wu JL.X.Jxepmepa «
9KCIIEPUMEHTAIBHOMY JI0KA3aTeIbCTBY HATUYMS KOPITYCKYJISPHO-BOJHOBBIX CBOMCTB y IydYKa
27eKTpOoHOB. B.A.®abpukaHT TMOBTOPWJI JKCIepuMeHT JleBuccona-/[)xepmepa, HCIOIB3YS
BMECTO IYYKOB JJICKTPOHOB, MOCJEAOBATEILHOCTh OTICIBHBIX 3JIEKTPOHOB (1949), yrounwm,



YTO KOPIYCKYJISPHO-BOJTHOBBLIMH CBOWCTBaMH 00J1aaeT HE TOJIBKO IYyYOK 3JEKTPOHOB, HO U
Ka)KIbIl OTIEJIbHBIN 2JIEKTPOH.

BriocnencTBum KOpIMyCKyJISIpHO-BOJIHOBBIE CBOWCTBA OBUIN 3KCIIEPUMEHTAILHO O0OHAPYKEHBI
y IPOTOHOB, HEUTPOHOB U Ja’K€ y aTOMOB.

°

Uro (u3uKe N3BECTHO O COAEPIKATENFHOCTH «KOPITYCKYJISIPHO-BOJIHOBOTO JAyalu3Man?

CyOcTaHnmoHanbHas MPUPOIa MEKPOOOBEKTOB (DU3HKE 70 CHX MOp He n3BecTHa. KBaHTOBas
¢u3nKa CYNTACT, YTO MUKPOOOBEKT HE SBIACTCS HU YUCTON KOPITYCKYJIOH, HU YMCTON BOJIHOM,
HU KakoW-TO KOMOMHALMEH dYacTHULbl W BOJHBI, U YTO OH SBISIETCS OOBEKTOM, CTPYKTypa
KOTOPOTro BOOOIIE HEAOCTyIMHA HamemMy noruManuto [1,2]. Jlo cux mop octaércs HE TOHSATHIM
MEXaHM3M MPOXOKICHUS IBUKYIINXCI MUKPOOOBEKTOB Yepe3 AU(PPaKIIMOHHBIC TIPETITCTBUSI.

3HaMEHUTHIH aMepukaHckull ¢usuk P.DeliHMaH, oauH M3 sSpyallIMX MpeJCcTaBUTENCH
(bu3nUecKoi AUTHI, paccKas3biBasi B MOMYJISPHON JIEKIUN O TU(GPAKLUOHHBIX SKCIIEPUMEHTaX C
MHUKPOOOBEKTaMH, TOBOPHIL: «.... He My4aiiTe ceOst BompocoM: «Ho Kak ske Tak MOXeT ObITb?»,
100 B MPOTUBHOM cliydae Bl 3aiiieTe B TYNUK, U3 KOTOPOTO emé HUKTO He BhiOpasics. HukTo He
3HACT, KaK K¢ TaK MOKET ObITh» [3].

.

Cutyanusi I3MEeHWIAch B pe3yabTare pazpadorku D.Illpenuarepom cBoero ¥P-dopmanmusma.
He pocturnyB mnoOHHMMaHusi TPUPOJIBI KOPIYCKYJISPHO-BOJHOBOTO JAyaln3Ma 3JIEKTPOHOB,
(M3UKH CMOTTIM TIOCTPOUTH JOCTATOYHO TOYHOE KOJMYECTBEHHOE OIMCAHUE pacHlpesesieHus
CJIEJIOB TPOAN(PPAarupoBaBIIMX AJIEKTPOHOB HA YYBCTBUTEIBHOM 3KpaHe. OKa3aloch, YTO 3TO
ONHCaHHE HOCUT BecbMa crenuduueckuil geposimuocmuulii Xapakrep. LIeHTpaabHbIM MOMEHTOM
B 3TOM OMMCAaHUM OKA3aJICS KOJMUECTBEHHBIN BepOsTHOCTHBINA P-hopmanusm O.11Ipeannrepa.

[TocTeneHHO BBIAICHWIOCH, YTO IIEPBOIPUYMHON 3TOI0 MHIECTEPMUHU3MA SIBJISIETCS TMIIOTE3a
CYLLECTBOBAHMsI HEETMMbIX KBAaHTOB SHEPTUH, IIPUHATAsI HA BOOPYKEHUE TEOpUEH MUKpOMHUpa,
U BBITEKAIOMIME W3 ATOH THUNOTE3bl COOTHOIICHHUS HEONpENENIeHHOCTeH. A Tak Kak (u3nka
MUKpOMHpA T[OCYMTAJIa  HEACNUMBbIE KBAaHTbl W  COOTHOILEHHUS  HEoNpeaesieHHOCTeH
O0OBEKTHBHBIMH (PAaKTOpPaMU MaTepHalbHOrO Mupa, TO (pHU3HKaM MOKa3aioch, 4To Mpodiema
W3Y4YECHHUS TPHUPOJBI BEPOSTHOCTHBIX 3aKOHOB YyCTpoicTBa Mupa mojyduia TeM CaMbIM
3aKOHYEHHOE, OeccriopHoe peeHue. B pesynbrare 3TOro (G)M3MKM MOCUYMUTANIM, YTO IpodiieMa
BBISICHEHHSI CyOCTaHIIMOHATBHON MPUPOBI KOPITYCKYIISIPHO-BOIHOBOTO Ayalnn3Ma JaIbHEUIIero
paccMOTpeHus He TpeOyeT.

I1.2. Kopnycky1sipHO-BOJTHOBOM qyaJiu3m
€ TOYKH 3pEeHUs
TeOPUH HeJMHEIHBIX KoJe0aHuil

B ¢opmanm3sme KBaHTOBOH TEOpHHM HEOTHEMIIEMBIM JJIEMEHTOM SIBISIETCS ITOCTOSHHAS
[Tmanka /. Ho, B 1979r Obutn OmyOJIMKOBAaHBI PE3yNbTAThl dKCIEpUMEHTa [4], ToBopsmue 00
orcyTcTBuM B [Ipupone HepenuMbIX KBaHTOB 3HEpruu. Bes mupoBasi ¢pusnka OTBETHIIA HA ATY
MyOIUKAUIO «rpOOOBBIM» MOTYaHUEM. [TOHATH (U3UKOB HETPYAHO — BEJb IKCIEPUMEHTAIBHOE
JIOKA3aTeNbCTBO OTCYTCTBHSI PEabHBIX HEACTUMBIX KBAHTOB OOHa)KaeT CTAaTyC KBaHTOBOMU
TEOPUH Kak MPHUOIMKEHHOW TEOPHH MHUKPOMHUPA, CTaBsl TI0J] COMHEHHE €€ BBIBOJIBI M BO3BpaIast
(bU3MUECKYIO CUTYaIMIO K JOKBAaHTOBBIM IIpoOsiemMam. B okBaHTOBBIe BpeMeHa (hM3HKaA YETKO
MPOJIEMOHCTPUPOBATIA CBOIO HECMOCOOHOCTh K TIOCTPOCHUIO TEOPHH MHKpPOMUpa Ha Oase
«KJaccu4ecKkux» - HpI0TOHOBBIX METO/IOB. 3a MpOIIIE/IIee BpeMsl OHA 3TOMY YMEHHIO TaK U HE
Hay4uJIach.

B »a10#t curyanum, cyOcTaHIMOHANbHAs NPUPOAA KOPIMYCKYISPHO-BOJIHOBOTO Ayalu3Ma
OKa3aJlach BHOBb HEM3BECTHOMN U €€ BBIABIECHUE CTAJIO OISTh YPE3BBIUYANHO AKTYAJIBHBIM.

.

IIpucrynas k »TOi 3ajade, HY)KHO UMETh B BH]Y, YTO KOPIYCKYJISIPHO-BOJHOBOM Ayanu3M
MHKpPOOOBEKTOB  OBUI OOHAapy>XeH TOJILKO B AM(PPAKIMOHHBIX HKCIEPUMEHTaX, TOJIBKO C
JBAKYITUMHUCST MUKPOOOBEKTAMH U 4YTO TOBEJACHHE MHUKPOOOBEKTOB B JTHUX ODKCIEPUMEHTaX



BU3YaJIbHO HE HAOJF0IaeMO, a BU3YaJIbHO HAOIIOaeMbl TOJIBKO «TOYCUHBIE) CIIEIbl COYIapeHUI
MHUKPOOOBEKTOB € HAOMIOaTEIbHBIM SKPAHOM.

B ycnoBusx BuU3yanbHOM HEHaONIONAEeMOCTH SIBJICHHUS, €IMHCTBEHHO MOJE3HBIM MOXKET
OKa3aTbcs 00OpaIleHue K aHAJIOTUSIM.

@OU3MKHN TOP/Bl YCIEHIHBIM MPUMEHEHHEM METOJa aHaJOTHi MPH MOCTPOEHUH KBAHTOBOTO
omnepatopHoro (opmamuzma [1]. Ho 3To - aOcTpakTHBI KOJWYECTBCHHBIN ammapar W
dopmanbHas ananorus. HeopmanbHOI e aHaIOTHel, KaK MOKa3aio BpeMs, (GU3UKH BIAJCIOT
OYCHH HEYJIOBJIETBOPUTEIIHHO.

Hedopmanbhyto, Ha0Ir01a€MYIO ¢ TOMOIIBI0 OPTaHOB YYBCTB, COACPIKATEILHYIO aHAIOTHIO,
€CIIM OHa CYIIECTBYET, HY)KHO HCKaTh B MaKpOMHpE M B «KJaccHueckon» Qusmke. Tak kak
KOPITYCKYJIIPHO-BOJTHOBOM JyaJIU3M TPOSIBIISCTCS Y IBUKYIIUXCS MUKPOOOBEKTOB, TO aHAJIOTH
HY)KHO MCKaTh B SIBJICHUSX, CBSI3aHHBIN C IBUKYIIUMHICS MAaKPOOOHEKTaMHU.

TaxkuM siBJI€HUEM CITY)KUT ABMXKEHHE TBEPIOr0 Tesla B ra30BOM cpelie.
.

JIBmkeHHME TBEpJIOTO Tella B Ta30BOM cpeie uzydaercs B (DU3MYECKOW JUCIMILIAHE —
aspoauHaMuke. V3BECTHO, W TEOPETHYECKH, M HKCHEPUMEHTAIBHO, YTO, TPH CKOPOCTH
JIBIDKEHUS Tella, MEHBIIEH KPUTUYECKOTO 3HAYeHHUs, OOTeKaHWe Tra3oM Teja HPOHCXOIHUT
JaMHUHAPHO — 0€3 pa3pbIBOB B CTPYKTYpE Ta3a, 6e3 pa3phIBOB pa3HBIX CIOEB Ta3a.

Ecmu ckopocTh Ooitbllie KPUTHUYECKON, MPOMCXOSAT PAa3phIBBI CIOEB Ta3a, NMPH UX CXOJIE C
MOBEPXHOCTH Tela. OTH pa3pbiBbl CJIOEB BBI3BIBAIOT TIOSBJICHHWE Ta30BBIX BUXPEH,
COITPOBOKAAIONINX JIBHKYILEECS TeNo. B ATHX BHXpSX BHYTpPEHHEE JaBIICHHE MEHBIIE, YeM B
OKpy’KarolleM raze. MHOECTBO 3TUX BUXpel o0pa3yeT 3ByKOBbIe BOJHBI. Tak oOpaszyercs
KOPITyCKYJIIPHO-BOJIHOBOM Jyallu3M B MAaKpOMUDE.

KonkperHble mnpumepsl  Takoro Jgyaiu3Ma XOpOLIO H3BECTHBL. JT0 — «diarrep» -
paspymuTeabHble  BHOpalMKd  CaMOJIETHOTO  KpbUIa, BO3HHUKAIOIIME TPU  MPEBBIIICHUN
KPUTUYECKOH CKOPOCTH TOJIeTa. JTO — XOPOMIO M3BECTHBIC NaKe JETSAM, CBUCTAIINE MYJIH,
BOIOIIIME MUHBI, CHApSIIbI U OOMOBI.

I1.3.11pupoaa KOpNycKyJISIPHO-BOJIHOBOI'0 1yaJInu3Ma
B MHKPOMHpE

B [5] pacckazano, uro ¢paniysckuii puzuk Ouzo dSKCIepUMEHTaIBHO J10Ka3al, 4To ddup
CylIecTBYeT B MarepuaibHOM Mupe. Teopusi HETMHEWHBIX KOJeOaHWW BBISBHJIA CTPYKTYPY
¢doToHa U, C €ro NOMoIbI0, OOHApYX KA, YTO I(UP AOCTATOYHO IUIOTHO 3ANOJIHSIET BCIO HAIly
Bcenennyto (3Hamenuthiii Kozbma IlpyTkoB, mepcoHaxk A.ToJcTOro, COBETOBAN «ILIIOHYTh B
rja3a TOMY, KTO YTBEpPXJAeT, YTO MOXHO OOBSATh HEOOBATHOE»; MOITOMY paccka3z O MecTe
sa¢upa Bo Beenennoii - B apyroii pa3). CienoBarenbHO, MUKPOOOBEKTHI ABHKYTCS B 3(pUpHOI
cpene.

Bor m Hamum cpexy, B KOTOPOM JBIKYIIHECS CO CBEPXKPUTHYHONW CKOPOCTBIO
MHUKPOOOBEKTHl MOTYT TPHOOpeTaTh 3(QHUPHYI0 BOJIHOBYIO KOMIIOHEHTY. OTO MPEKPacHO
00BSICHACT MPUPO.TY KOPITYCKYIISIPHO-BOJTHOBOTO Ayalli3Ma B MUKPOMHE.

.

A Tenepp NMOCMOTPHUM, KaK Takas HHTEpIpETalysl HPUPOJAbl KOPIYCKYJISPHO-BOJIHOBOIO
Iyanu3Ma  MHUKPOOOBEKTOB  OOBSACHSET  HaONoJaeMble  pe3ynabTaThl  AU(PaKIMOHHBIX
HKCIEPUMEHTOB C MHUKPOOOBEKTaMHM, JOCTHKCHME MOHHMMaHMA KOTopbix DeilHMaH cuuTan
MPUHIUIHATBHO HEBO3MOXKHBIM.

.

HudpakmmonHas ycTaHOBKAa, Ha KOTOPOH OOBIYHO JIEMOHCTPHPYIOT TPOSBICHHE
KOPITYCKYJISIPHO-BOJTHOBBIX CBOMCTB MHKPOOOBEKTOB, COCTOUT U3 HCTOYHHKA MHUKPOOOBEKTOB H
JIBYX, OPTOTOHAILHBIX HANIPABJICHUIO IBIKEHUS MUKPOOOHEKTOB, SKPAHOB — JHU(PPAKITHOHHOTO U
JIEMOHCTPAIMOHHOTO. MICTOUHUK HCITycKaeT MUKPOOOBEKTHI MMOTOKOM WJIM TTOOJJMHOYKE, CTPOTO
MOOYEPETHO, YTOOBI OHM HE B3aMMOJICHCTBOBAJIM JIPYT C ApyroM. B mudpaknnoHHOM dKpaHe
nmpope3aHbl JBE OJIM3KHE Yy3KWE MapauieNibHble IIeNH, Yepe3 KOTOpble TU(PpParupyroT



MUKpOOOBeKTHl. [Ipomeamume yepe3 menu (nmpoaudparupopapiire) MUKPOOOBEKTHI, JTOCTUTAs
JEMOHCTPALIMOHHOTO YKpaHa, OCTaBJIAIOT Ha HEM CBOM ClleAbl (3TU CleAbl, C Halled TOuYKd
3pEHUS — TOUCUHBIE).

[ToTok MHKPOOOBEKTOB, UCIYIICHHBIH WCTOYHUKOM, MPOINEAIINN 4Yepe3 AudpakiinoHHBIN
9KpaH, OCTABJISIET HAa JEMOHCTPALIMOHHOM 3KpaHe MHOXKECTBO TOUEUHBIX CJIEI0B, CIMBAIOIINXCS
B TIOJIOCHI, TApAIIIENbHBIC IENIAM B JU(PPAKIIMOHHOM dKpaHe. DTa KapTHHA YE€PEIOBAHUS CIIET0B
nogo0Ha KapTuHe, HaOIr01aeMoil B MaKpOMUpe, MpH AU(PaKIMH NOTOKA YHCTHIX BOJH B BOJIE.
[TosTOMy (U3UKH TPEANONIOKMIN, YTO TIOTOK MHKPOOOBEKTOB 00JalaeT BOJIHOBBIMHU
CBOMCTBaMHM, XOTSl HUIKAKUX MaTepUalIbHbIX HOCUTENICH PEAIoJaraéMbIX BOJIH OHU HE 3HAJIU.

Korma »skcnepuMeHT TOBTOPHJIM HE C MOTOKOM MHKPOOOBEKTOB, a C IOOYEPEAHOMN
MOCIIE0BATENBHOCTBIO  OTJENBHBIX MHUKPOOOBEKTOB, TO Ha JEMOHCTPAIIMOHHOM JKpaHe
MOJIyunyIach Ta e camas KapTuHa. DTO MOKa3ajo, YTO KOPIYCKYJISIPHO-BOJTHOBBIMU CBONCTBAMH
o0nagaer Kax bl OTAEIbHBIN JBIKYIIUICS MUKPOOOBEKT.

.

OU3NKN THITATMCH BBISICHUTH MEXAHW3M MPOXOKICHUS MHKPOOOBEKTOB uepe3 IIETH B
TUPPaKIIOHHOM dKpaHe, C IIOMOIIBIO BUIOM3MEHEHUH 3TOTO AKCTIEPUMEHTA.

B Bapuanre 1, onn 3akpbiBanu menb Nel u nonmyyanu kaptuny Nel Ha 1eMOHCTPAMOHHOM
sKpaHe. 3aTeM 3akpbiBasiu menb No2 u monyudanu kaptuny Ne2. Kaszamoch ecTecTBEHHBIM, YTO
npu cioxeHun kapTuH Nel u Ne2 momkHa MONyYUTHCS KapTUHA, 3a)MKCUPOBAHHAS TIPU 000X
OTKPBITHIX Iensax. OnHako, coBNageHue 0TcyTcTBOBaI0. OTCI0/1a, C 04EBUIHOCTBIO, CIEI0BAIO,
YTO KaXIbIi MUKPOOOBEKT MPOXOAUT Cpaszy depe3 00e OTKPHITHIE IIEIH.

UtoObI B 3TOM yOeIuThCs, (GU3UKN PACCMOTPENIN BapUaHT 2 C OTKPBITBIMU ABYMS ILensIMu. B
TOM BapHaHTE OHU T[IOCTAaBWIM 3a KaXJIOW INeNbi0 B JU(PPAKIUOHHOM OJKpaHEe [0
(buKCHpyIOLIEMY YCTPOICTBY M NMOBTOPHIIM IKCIEPHUMEHT C MOCIEI0BATENLHOCTBIO OTJEIbHBIX
OJINHOYHBIX MUKPOOOBEKTOB. B 3TOM BapuaHTe, IpH MPOXOKICHHH MHKPOOOBEKTA, cpadbaThIBall
TONBKO OIWH (ukcaTop. DTO MOXKHO OBUIO TOHSATH MO-Pa3HOMY, HEOJHO3HAa4HO. OHAKO,
KOMMeHTapuil @DeillHMaHa OrpaHUYMWICS TOJbKO MHOTOCJIOBHBIM IOATBEPIKIECHUEM IOJHOTO
OTCYTCTBHSI (PU3MUECKOTO TTOHUMAHUS TIPOUCXO/IAIIETO B 3TOM SKCIIEPUMEHTE.

.

C TOUYKH 3peHUs] TEOPUH HETMHEHHBIX KOJIeOaHUH — TEOPUHU AUHAMUYECKOTO MOICTUPOBAHUS
peaNbHBIX SIBJICHWI, pEe3yJlbTaThl BapWaHTa 2 TOBOPSAT O TOM, YTO MPU MPOXOXKICHUH
MHUKpPOOOBEKTa uepe3 OJHy HW3 IIeNiel, dYepe3 JpPYrylo OJHOBPEMEHHO MPOXOJUT YTO-TO
paspyuatoleecs noj AeicTsueM ¢pukcatopa. YTo 370 MOKET ObITh?

.

BepHeMcst kK UCXOIHOMY IKCIEPHUMEHTY C ABYMSI OTKPBITBIMU IIEJISAMHU B AU(PPAKIIMOHHOM
sKkpane. [TocMOTpuM, 9TO TMPOMCXOIUT C MHKPOOOBEKTOM, 00NagaromuM 3()UPHON BOIHOBOM
KOMITOHEHTOM, TIPU TIPOXOKICHUH €T0 Yepe3 AU(PaKIIMOHHBIN SKpaH.

Ecnmu kopryckymsipHas KOMITOHEHTa MHKPOOOBEKTa MPOXOAUT, BMECTE C IEHTPAITbHOM
YacThIO CBOEM BOJHOBOW KOMIIOHEHTHI uepe3 Imenb Nel, a qgpyrasg 4YacTb €ro BOJHOBOM
KOMITOHEHTBI MPOXOJUT dYepe3 mmienb No2, To 3a AU(PPAKIMOHHBIM O3KPAHOM JIBUKCHHE
MPOJIOIDKAIOT yKe JiBa O0BbEKTa — CaM MHKPOOOBEKT CO CBOEH BOJIHOBOM KOMIIOHEHTOW H
000COOUBIIHIACS, TPU MPOXOXKACHUU 4epe3 menb Ne2, ¢parMeHT BOJHOBOW KOMIIOHEHTHI. B
pe3yibTaTe HHTep(HEPEHIUH MEXy HUMU, TPACKTOPUS MUKPOOOBEKTa U3MEHSETCS.

OTO MPOUCXOAUT CO BCEMH MUKPOOOBEKTAMH, MPOLIEIIINMHU Yepe3 AU(PaKIIMOHHbIN KpaH.
Tak, moj BiAMAHUEM HUHTEPPEPEHIMOHHOTO CMEIIEHUS TPAEKTOPHH MpoaudparupoBaBIIMX
MHUKPOOOBEKTOB, 00pa3yeTcst NTOroBasi 00Ias KapTHHA Ha IEMOHCTPAIIMOHHOM JKpaHe.

.

B Bapmanre 1, mpu mpoXOKICHUH MUKPOOOBEKTa Yepe3 OTKPHITYIO IIeNb, W3-3a TOTO, YTO
JOpyras Ienb 3akpbiTa, 000COOMBIIMKCS (parMeHT 3I(PHUPHON BOIHOBOW KOMITOHEHTHI HE
obpasyercs. [losTomy aBTOMHTEpPEpEHIIUS MUKPOOOBEKTA HE TPOUCXOTHT.



B BapmanTe 2, Ipu MpOXOKICHUHM MUKPOOOBEKTa 4epe3 Ileib, Apyras IIejib BhIpe3acT u3
BOJIHOBOI KOMITOHEHTBI MHKPOOOBEKTa 000COOUBIIIUIICS (pparMeHT BOJTHOBOW KOMIOHEHTHI. Ho,
M3-3a OYCHb HU3KOW YCTOHYMBOCTH ATOTO (hparMeHTa, Bo3eicTBHE (pukcaTtopa pa3pymiaet STOT
(bparmMeHT, u UHTEp(EPEHIIUSA U B ’TOM BapHaHTE HE TIPOUCXOJIHT.

.

Tak 7erko W MPOCTO OOBSACHSIOTCS BCE IKCIEPUMEHTAIbHBIC (PAKTBI O KOPMYCKYISPHO-
BOJIHOBOM JIyaJIU3ME€ MHKPOOOBEKTOB, CUMTAIONIMECS B KBAHTOBOW TEOPHUU MPUHIMITHATIHHO
HEOOBSICHUMBIMU.

I1.4. Pa3imuusi KOPIyCKYJISIPHO-BOJHOBBIX 1yaJM3MOB
B MaKpOMHpe U B MUKPOMUpe

KopnyckynsipHO-BOTHOBBIE Ayaln3Mbl B MAaKPOMUPE U B MUKPOMHUPE OTJIMYAIOTCS JAPYT OT
Jpyra, HpexJe BCEro, OTHOIIEHHEM BEIMYMHBI CKOPOCTH ABMXKEHMS OOBEKTa, MPU KOTOpPOU
MIPOMCXOUT BO30YKICHHE €r0 BOJIHOBOM KOMIIOHEHTHI, K BEJIMYMHE CKOPOCTH PacIpOCTPaHEHUS
BO3MYILIEHUH B Cpejie — HOCUTEJIE BOJIHOBBIX KOMIIOHEHT.

Teopuss HenMHEHHBIX KoNEOAaHMHA YCTAaHOBWIIA, YTO OILEHKA CKOPOCTH PaCIpOCTPaHCHHS
BO3MYyILICHUH B 3dupe paBHa 8-10*m-c' Ho CKOPOCTh JBMKEHUS MHUKPOOOBEKTa HE MOMKET
OBITH GorbIme, deM ¢=299792458 m-c . [To3TOMy YacTh BOJIHOBON KOMITIOHEHTHI MUKPOOOBEKTa
ero omepexaer. biaromapsi sToMy, B AM(PPAKIMOHHBIX SKCIEPUMEHTAX JaXe B JIMCKPETHOM
MOTOKE MUKPOOOBEKTOB HAOIIOAI0TCSl HHTEP(PEPEHIIMOHHBIE SIBIICHUSI.

B wmakpomupe 3ByKOBasi BOJHOBas KOMIIOHEHTa O0pa3yeTcsi NMPH CKOPOCTH JIBHIKEHUS
MakKpooObeKTa, MpeBbIlaloel cKopocTh 3ByKa. I1oaTOoMy, 3ByKOBas BOJHOBas KOMIIOHEHTa
MakpooObEKTa OTCTAET OT KOPIYCKYJSPHOW KOMIOHEHTHL. I3-3a oOTcTaBaHus 3BYKOBOM
BOJIHOBOIl KOMIIOHEHTbI OT KOPHYCKYJSPHOM, B MaKpoMuUpEe SBIE€HHE HHTephEepeHIMH s
OJIMHOYHBIX MAaKpOOOhEKTOB HE HAOIFO1aeTCsl.

I1.5. Urorn

Wrak, BOo Bpems IBWKEHUS B 3(PHpPE, MUKPOOOBEKT HCIBITBIBAET CO CTOPOHBI Aupa
COIpOTHBIIEHHE. Eciam CKOpOCTh MBMKEHUS MEHBIE KPUTHYECKOW, TO OOTeKaHHe >(UpOM
MHUKpPOOOBEKTa JIaMHHapHOEe, 0e3 pa3pblBOB cioeB 3¢upa. [Ipu mpeBbIlIeHMH KPUTHYECKOU
CKOPOCTH, 3(QHp HAaYMHAET CXOJUTh C MHUKPOOOBEKTa C Pa3pbIBAMH CIIO€B, BBI3BIBAIOIINMHU
3aBUXPEHHSI, B KOTOPBIX IUIOTHOCTh 3(Hpa MEHbIE, YeM BHE 3aBUXpeHHH. Tak oOpasyercs
3(¢upHas BOJIHOBAsi KOMIIOHEHTA JABUXKYIIETOCs MUKPOOOBEKTA.

[Toka HEeT apyrux BO3ACWUCTBUMN, TPACKTOPHUS MHKPOOOBEKTa OCTAeTCsl MPSIMOJIUHEHHON. B
pe3yibTaTe MPOXOXKICHHS MHKPOOOBEKTa dvepe3 IU(PaKIUOHHBIE NPEMSITCTBUS, BOJHOBAas
KOMITOHEHTa MHUKpPOOOBEKTa pacuienisieTcsi Ha HECKOJIbKO OTICNBHBIX ()ParMEeHTOB, OAMH W3
KOTOPBIX OTATOHIEH CaMOW KOPITYCKYJISIPHON KOMIIOHEHTOH MHUKpooObekTa. Ilocmemyromee
B3aWMOJICHCTBHE JTHX (pParMEeHTOB BOJHOBOH KOMITOHEHTHl TPUBOIUT K  CIOKHOM
WHTEpEPEHIINH, BHI3BIBAIOIICH NCKPUBICHHE TPACKTOPHHA MUKPOOOBEKTA.






