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Abstract. This work proposes a paradigm shift in understanding the universe. The Universe is
considered as a mechanism that produces fundamental physical phenomena: elementary particles
of matter, fields, forces, space, time, speed of light and much more with all the relationships
between phenomena. It is shown: how such a mechanism should be arranged, how it works.

The proposed model can be tested experimentally. A computer simulation of it can be created.
The model explains all existing physical paradoxes such as:

- vacuum does not prevent the movement of elementary particles, but conducts waves as a dense,
elastic medium,

- the presence of wave properties in elementary particles of matter, and much more.
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Introduction. Since ancient times, scientists have sought to understand the structure of our
Universe, but a complete and consistent model of the formation and existence of our Universe has
not yet been created. In all existing models there are ambiguities and contradictions that need to
be resolved. | propose to consider the Universe as a mechanism that produces fundamental physical
phenomena: elementary particles of matter, fields, forces, space, time and much more with all the
interconnections between them. How should such a mechanism be arranged? Will it be more
complicated, for example, an internal combustion engine or not?

What will happen if the development of a description of the device and operation of an
internal combustion engine is entrusted to theoretical physicists and mathematicians? In addition,
ask them to do this in terms and formulas used in modern articles on theoretical physics. Most
likely we will receive documentation according to which not a single person will understand how
an internal combustion engine works and works. But a good engineer, using only a verbal
description and drawings, is able to explain to almost anyone the device and principles of operation
of an internal combustion engine. Moreover, according to the description of the engineer, you can
even create a working model of the engine.

Is our universe simpler than an internal combustion engine? | do not think so.
| believe that the creation of really working models (mechanisms) is not the task of theoretical
physicists, but engineers who know the basics of physics well and are able to take into account the
mutual influence of all parts of the mechanism (model). How should the Universe be arranged
from the point of view of an engineer? If there is a Customer who needs to create another Universe
similar to ours, what will an engineer-physicist do in this case instead of a theoretical physicist?

Stage one. The engineer will develop and agree the terms of reference with the Customer.
These will specify the fundamental physical properties of the existing Universe which must be
present in the new Universe. The set of fundamental physical properties of the Universe (confirmed
by numerous experiments) for the engineer will be as follows:

- In the existing Universe, there is vacuum, energy, and matter. Vacuum is the medium where
everything happens. Matter consists of elementary particles. Elementary particles are formed from
energy (for example, in collisions of particles) [1], and can be turned into energy again (in
annihilation). Elementary particles of the matter: have spin [2], their own internal energy
proportional to mass [3] (E= mc?), create fields and forces, freely move in vacuum, and have
wave properties.

- In the Universe, there is a limit of the speed of movement of any types of energy (interactions).
We call this limitation “the speed of light.” [4]

- In the Universe, there is Space — as a possibility to determine the mutual position of elementary
particles and various bodies relative to each other.

- There is Time in the Universe — as a possibility to determine the intervals between events.

- The universe is expanding.

Assume that the Customer agrees if the new Universe has all of the above properties, it would be
suitable for him.

Stage two. The engineer will develop a draft design (principal model) of the new Universe.
Suppose that, as a basis for the draft, the engineer will adopt two ideas from James Clerk Maxwell
about the vortex structure of elementary particles of matter in material substance, the Ether.

Idea number 1: “Whatever difficulties we may have in forming a consistent idea of the
constitution of the ether, there can be no doubt that the interplanetary and interstellar spaces are
not empty, but are occupied by a material substance or body, which is certainly the largest, and
probably the most uniform body of which we have any knowledge”. Maxwell, James Clerk (1878)
“Ether,” Encyclopadia Britannica Ninth Edition, 8



We assume that the media suitable for creation of matter in it (Universe) is an ideal fluid.
The fluid is without internal friction, consisting of the particles of spherical shape with absolute
elasticity. Assume that the particles of this fluid have a property that we call mass or inertia. Elastic
properties of the fluid must be such that the longitudinal waves in it propagate at the speed of light.

Idea number 2: elementary particles are the vortices of our ideal fluid. However, according
to Maxwell, “No theory of the constitution of the ether has yet been invented which will account
for such a system of molecular vortices being maintained for an indefinite time without their
energy being gradually dissipated into that irregular agitation of the medium which, in ordinary
media, is called heat”. Maxwell, James Clerk (1878) “Ether,” Encyclopadia Britannica Ninth
Edition, 8: 568-572.

The engineer needs to make up (invent) a mechanism for conservation of vortices.
The vortices can be created by injecting the same fluid with high (explosive) velocity into our ideal
fluid. Figure 1. Laminar flow (no vortices) of such stream is impossible. The stream of the fluid
will break into separate vortices. First into big ones, then these vortices will be divided into smaller
vortices, then even smaller, and so on until the energy of the stream (explosion) is completely
dispersed into the chaotic motion of fluid particles.

Fig. 1 Model of vortex creation in a liquid
1 — fluid. 2 — injected fluid. 3 — area of the fluid turbulent motion.

Is there a way to keep the vortices in the fluid from dissipating into the thermal (chaotic)
motion of particles of this liquid? Yes, there is!

Fig. 2 Longitudinal wave model of vortex maintaining



1 — sources (generators) of longitudinal waves. 2 — fronts of longitudinal waves, A — model area.
3 —energy release (explosion).

Let’s place in the volume of our fluid, as it is roughly illustrated in Fig. 2, some sources of

periodic longitudinal waves [5] (Fig. 2 illustrates only four sources, more may be needed). Let the
longitudinal waves from all sources fill the volume A. What happens if in the volume A we create
vortices just like described above? (Fig. 1) How will the vortices and waves interact?
With a certain number of wave sources, their location, amplitude, length, and frequency of the
waves, the interaction between the vortex and the longitudinal waves will be similar to the
following case: assume we have an absolutely empty polyhedron container, and its walls are made
of material with absolute elasticity. Into the internal volume of this container, we throw several
balls with absolute elasticity. Fig. 3 (illustrates the cross-section of a cavity with one ball). The
hole, through which the balls will be thrown in, is quickly closed with a cover with absolute
elasticity. In such conditions, the balls will bounce off the walls and from each other forever. And
they will always keep moving inside the container.
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Fig. 3 Vortex maintaining diagram
1 — Ball with absolute elasticity. 2 — Walls of the container with absolute elasticity.

There are gaps between adjacent longitudinal waves which we call the wavelength.
Longitudinal waves, which move from different directions from different sources, can form
similarities to the above-described multi-faceted container with their fronts. Suitable vortices fall
into these energy containers. The effects of the energy of the “impacts” of the waves on the fluid
particles in the vortex will be similar to the effects of the walls with absolute elasticity of the above
container on the balls. The longitudinal waves are capable of blocking the vortex motion of the
fluid particles in the “energy container” they have formed and will preserve the cyclical motion of
the vortex particles. At the same time, the entire system will remain in the energy equilibrium
state, without disintegrating the vortices to chaotic (thermal) motion of the fluid particles. [6] Let’s
call such a mechanism of vortex conservation the “longitudinal wave model of the physical
universe” or the “new universe draft design.”

Stage three. Draft design (universe longitudinal wave model) defense.

Will the longitudinal wave model have the properties stated in the terms of reference?

1. The vortex in the model fluid is formed from energy and can theoretically be
converted to some other form of energy. This is what makes the vortex similar to a real
elementary particle.

2. Inside the vortex, there is a constant cyclic motion of the fluid particles. Each particle
inside the vortex has its own momentum. Therefore, the vortex has its own, aggregated, internal
angular momentum. Cyclic motion inside the vortex is preserved due to the “impacts” (energy



quanta) of longitudinal waves, and therefore has a quantum nature. All this in aggregate is an
analog of the spin of a real elementary particle.

3. Vortex is the kinetic energy (motion) of the fluid particles localized in a certain volume.
The energy of rotation (cyclic motion) of a vortex and various bodies is determined as the total
energy of the elementary volumes of the bodies (fluid particles) using the generalized formula E=
kmv?. Where m — mass, v — speed, k — body shape factor. This formula is similar to the formula
determining the internal energy of rest of real elementary particles E= mc?, where ¢ — speed of
light, m — mass of elementary particle, k = 1)

4. By virtue of the energy superposition property, [7] the longitudinal waves in the model
must pass through each other and through the vortices and move on. Assume that before interacting
with the vortex, the front of a longitudinal wave was flat. Will it remain the same after passing
through the vortex? Of course not!
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Fig. 4 Field creation diagram
1 —one of the longitudinal wave streams, 2 — region of cyclic motion of the fluid particles (vortex),
3 — waves stream motion direction.

Inside the vortex, there is a vector addition of the velocities of the fluid particles caused by
the longitudinal wave and the vortex motion. The energy of the wave after passage of the vortex
will not change. However, the distribution of energy in the wave will. Fig. 4 roughly illustrates
that. Each vortex in the model will be surrounded by the region of the longitudinal waves, and the
energy distribution in them will differ from the distribution of this energy in the vortex-free region
of the model. It is obvious that the bulk density of these changes in the energy distribution will
decrease in proportion to the distance from the center of the vortex. This phenomenon in the model
is similar to the fields [8] created by real elementary particles.

What happens if the vortex starts to move? The movement of the vortex creates additional
deformation of the wave fronts that pass through it. There is a magnetic field.

5. What happens when two vortices come together? Fig. 5.




Fig. 5 Force creation diagram
1 — Counterflows of the longitudinal waves. 2 — Vortices.

For simplicity, the figure illustrates only two counterflows of the waves. Due to the change
in the energy distribution of the waves, after they pass the vortices according to cl. 4, in the interval
between closely spaced vortices, the total energy of the waves may be greater or less than the
energy of the waves outside. To be in the energy equilibrium position, the vortices in the model
must take a certain position relative to each other (to come closer or to go apart). Such behavior of
the vortices is an analog of the forces. There may be several equilibrium positions between the
vortices. This probably explains the presence of several types of forces (electromagnetic, nuclear,
weak). The analog of the gravity in the model is the cumulative effect of huge clusters of the
vortices (elementary particles) which manifests itself as the ability to create a shortage of wave
energy between such clusters. [8]

6. In the model, the fluid particles themselves do not experience large displacements. Only
the energy of the fluid (vortices and waves) moves over long distances. The vortices move
involving the fluid particles in front of themselves into the vortex motion and free the particles
behind them from the vortex motion. Is there any resistance when moving energy in our ideal
fluid? Of course not. The model fluid is not capable of resisting the motion of the vortices and
waves in it. Therefore, the vortices will behave in the fluid as real particles behave in the vacuum.
The fluid will also be the basis of their existence for them and the “void” that does not interfere
with the motion. It seems that we exist in a very dense and elastic "void". Aether wind, which
would affect the particle agitation, does not exist. [9]

7. When the vortices are moving in the fluid, they are exposed to “impacts” of the
longitudinal waves. The distribution of the energy of these “impacts” affects the trajectory of each
vortex movement. If you change the energy distribution of the longitudinal waves, using the
diffraction grating, for example, then when passing through the region of such changes, the vortex
will change the trajectory of its motion. Under the action of the longitudinal waves, which are
deformed by the diffraction grating, the vortex itself will be forced to exhibit the wave properties
when moving.

8. The longitudinal waves keep the vortex in some volume. This volume will not have clear
boundaries and dimensions. The boundaries of this volume will constantly change within the
distance between adjacent waves. Uncertainty of the form and occupied volume is one of the
properties of the real elementary particles.

9. In the new Universe model, we only have the fluid and various energy formations (waves
and vortices) in it. The entire experience in studying of such systems suggests that the highest rate
of energy transfer (impacts) in such a system is the speed of the longitudinal waves motion.
Nothing can move faster. And this is the insuperable speed limit, the speed of light, pure and
simple.

10. The Longitudinal waves fill the entire volume of the model. The waves have the
following characteristics: amplitude, wavelength, and wave frequency. The amplitude of the wave
forms a quantum of energy. The wavelength (distance between adjacent waves) can serve as the
smallest segments (quanta) to determine the distances between particles and bodies, and therefore
they are capable of forming such a fundamental physical phenomenon, the space. [10] The
frequency of the waves can serve as the smallest intervals (quanta) to determine the intervals
between all other events, and therefore can form a fundamental physical phenomenon, the time.
[11]

11. Our new Universe will be expanding. It is easy to see if you introduce a colored water
jet into a large volume of clear water at high velocity.

12. The only thing we need is to select the amplitude, frequency, and wavelength at which
two vortices will form at once, similar to the proton and electron in a hydrogen atom.



To confirm the properties of the model, it is possible to conduct an experiment in a large
volume of very transparent water Fig. 2. Installation of compression wave generators. Fill a certain
volume of water with wave compression flows and make an explosive injection of colored water
into the center of this volume. This may make it possible to confirm the possibility of the formation
and long-term existence of the vortices described above.

Based on the longitudinal-wave model of the physical universe, it is possible to develop a
computer simulation of the universe. The smallest independent body of such model must be
represented by each absolutely elastic particle comprising our perfect fluid. The program must
allow such values to be varied as the number of compressional wave flows, their amplitude
(energy), wave run period, wave length, sizes of the particles our experimental medium consists
of, and other conditions. The possibility of setting different conditions of energy release
(explosion) must be provided, as well as the possibility of tracking and recording the way the
vortices described above are formed. | suppose, that it will be possible to determine the conditions
under which virtual elementary particles - vortices - will occur, and such particles will be
absolutely similar to real elementary particles.

We may create a piece of virtual physical space which is absolutely equivalent to the real
world. In this program, any possible virtual elementary particles can be created and collided. Such
particles may be assigned any Kinetic energy at any rate; and we should be able so study in great
detail the results of the collisions of the virtual elementary particles.

At least several compressional waves participate in the formation of each virtual elementary
particle (vortex). There may be a large number of the model medium particles in each
compressional wave coverage area. The occurrence and existence of the vortices in the CW model
and the final result of the vortex collision is formed as an overall result of numerous simple, very
small interactions among a large number of virtual medium particles. We will never be able to
predict the results of the virtual experiment using formulas and equations. However, these results
may be completely simulated and calculated using a computer, and they will correspond to the
behavior of real processes. Such a program may replace elementary particle accelerators (colliders)
and other expensive physical devices. The development of such software will result in significant
cost savings and will advance the knowledge of real-world physics.

Conclusions. Vacuum (emptiness) is the only material substance of the Universe
(superdense and superelastic liquid). The vacuum is filled with streams of longitudinal waves.
What we consider to be matter (elementary particles, bodies, planets, stars and ourselves) is
vacuum energy arranged in various ways. The draft design (longitudinal wave model) satisfies all
the requirements set out in the terms of reference.

This model can and should be tested experimentally.

Detailed design of the universe has yet to be created. However, with high probability, our
already existing Universe is fundamentally arranged similarly to the model described above. It
seems that the engineer will be able to satisfy the needs of the Customer and create a Universe that
is physically similar to the existing one. If the Customer provides the necessary time, materials,
and tools.
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[Tpocreiimas Monenb GU3NYECKOT0 CTpoeHUs BeeneHHOH, KOTOPYI0 MOKHO IIPOBEPUTD
AKCIIEPUMEHTAJIBHO.
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Sl eIMHCTBEHHBII aBTOP ATOU CTAThH.

ABTOp HE UMEET COOTBETCTBYIOIIUX (PMHAHCOBBIX UM HE(UHAHCOBBIX HHTEPECOB IS
PAaCKpBITHSL.

I[aHHBIe, MOATBCPIKAAIOIINUEC BBIBOALI 3TOI'O UCCIICAOBAHUA, HAXOAATCA B OTKPBITOM JOCTYIIC.

AoOcTpakTHBIH. B cTaThe onmcaHa BO3MOXHask MOJICNIb 00pa30BaHUs AIIEMEHTAPHBIX YaCTHII
MaTepuu u3 sHepruu. Pazpaborana ruipoguHaMuuecKas MOIeIb, MO3BOJISIONIAs YASPKUBATh
00bEeMHBIC BUXPH OT pacraja B Xa0THYECKOE (TEIIOBOE) JIBHIKCHHE YAaCTHUII )KUJKOCTH B
TEUEHUE HEOTPAaHWYCHHOr0 BpeMeHU. VccienoBanue mokas3ano, YTo BUXPH B MOJIEII 00J1a1ar0T
BCEMH Ka4€CTBEHHBIMHU CBOMCTBAMHU 3JIEMEHTAPHBIX YACTUIl: UMEIOT aHAJIOT CIIMHA, YHEPTUHU
MOKOS1, CO3/]aI0T aHAJIOTH TIOJIEH U CHJI, MOTYT CBOOOIHO MepEMENIAThCsl B MOJIEITHHOM
JKUJIKOCTH, KaK B ITyCTOTE, 00J1a/1af0T BOJIHOBBIMU CBOMCTBA U T.J. Kpome Toro, Moziens nMeer
OTPAaHUYEHUE CKOPOCTH, AaHAIOTUYHOE CKOPOCTHU CBETA M aHAJIOTaM MPOCTPAHCTBA U BPEMEHU.
Mopaenb MOXHO MPOBEPUTH IKCIIEPUMEHTAIIBHO.

KitoueBsie cinoBa: BeeneHHas, BaKyyM, SHEpTUsl, MaTepusi, Macca, CIIuH, 10Jie, CHJla, BOJHBI,
CKOPOCTb CBETA, IPOCTPAHCTBO, BPEMH.



Beenenue. C 1peBHUX BPEMEH YUEHbIE CTPEMIIINCH IOHSTH YCTPOMCTBO Halel BeenenHnoi, HO
JI0 CHX TIOp HE CO3/[aHa MOJHAst U HeTPOTUBOPEUNBAs MOAETh (POPMUPOBAHUS U CYIIECTBOBAHUS
Hamel BeenenHoi. Bo Bcex CylIeCTBYIOIIUX MOJIENSAX €CTh HESICHOCTH U IPOTUBOPEYUS,
KOTOpBIC HEOOXOIMMO Pa3PEIIUTh.
[Ipemiararo paccMoTpeTh BeeneHnyro Kak MeXaHu3M, KOTOPBIA MPOU3BOAUT (PyHIaMEHTAIbHBIE
(du3nveckre sIBICHUS: 3JIeMEHTapHbIE YaCTHIIBI MATEPUH, TIOJISA, CHIIBI, IPOCTPAHCTBO, BPEMs U
MHOT'0€ JIPYro€ CO BCEMU B3aUMOCBSI3SIMH MeX 1y co00ii. Kak nomkeH ObITh YCTPOEH Takon
MeXxaHU3M? ByJeT 1u OH yCTPOEH CI0XKHEE, HallpUMEp, IBUraTellsl BHYTPEHHEIO CTOPAHUs NN
HeT?
Yro Oyzer, ecinu pa3pabOTKy ONMCAHUS YCTPOCTBA U pabOThI IBUraTessl BHYTPEHHETO
CropaHus I0BepUTh (pru3uKaM-TeopeTukaM U Matematukam? Kpome Toro, nornpocure ux caenarb
3TO B TEPMHHAX U (OpMYJIax, UCHOIb3YEMBIX B COBPEMEHHBIX CTaThsX 110 TEOPETHUECKON
¢uzuke. Ckopee BCero Mbl MOIY4YHUM JIOKYMEHTAIIMIO, IO KOTOPOM HU OJIMH YEJIOBEK HE MOWMET,
KaK yCTpOE€H U paboTaeT JBUIaTeslb BHyTpeHHero cropanus. Ho xopomuit mH>xeHep, MoJb3ysch
TOJIbKO CJIOBECHBIM OIIMCAHHUEM M YepTeKaMH, CIOCOOEH 0OBACHUTH IPAKTUUYECKH JTHOO0MY
4eJIOBEKY YCTPOMCTBO U MPUHIMIIBI pabOThI ABUraTeNsl BHYyTpeHHEro cropanus. bonee Toro, no
OIKCAHUIO HHKEHEPA MOKHO JaXKe cO37aTh PabOTaIOILY0 MOJEIb IBUTATEIIS.

Hama BcesieHHasi ycTpoeHa npole ABUraTe/isi BHyTpeHHero cropanusi? Sl tak He
IyMaro.
S cuuTaro, 9To CO3/IlaHUE PEATbHO PadOTAIIIUX MOCIIeH (MEXaHU3MOB) - 3a/1a4a He (PU3HKOB-
TEOPETUKOB, a UHKEHEPOB, XOPOIIIO 3HAIOUINX OCHOBBI (PU3UKU U YMEIOLUX YUUTHIBATh
B3aMMHOE BJIMSTHUE BCEX YacTel Mexanuszma (Mojenn). Kak nqomkna 06T yeTpoeHa Beenennas
C TOYKH 3peHus uHxkeHepa? Ecnu ecTh 3aka3unk, KOTOPOMY HYKHO CO3JaTh JIPYTyIO
Bcenennyto, mogo0HyI0 Halle, 4To B 3TOM cilydae OyJeT enaTh HHKeHep-(hU3UK BMECTO
¢uzuka-reoperuka’?

IepBrlii 3Tan. Muxenep pazpaboTaer u coriacyeT TEXHUUYECKOE 3aJjaHue ¢ 3aKa3uYuKOM.
Onu onpenenst GyHIaMeHTaIbHbIe (PU3NUECKHE CBOMCTBA CyIeCTBYIoIEH BeeneHnHou,
KOTOpBIE JJOJKHBI IPUCYTCTBOBATh B HOBOM Beenennoii. Habop GpynaamMeHTanbHBIX GU3NYECKUX
CBOMCTB BceneHHo (MoATBEpKAEHHBIX MHOTOUMCIICHHBIMH SKCIIEPUMEHTAaMN) [T HHXKEeHepa
OyJIeT CIeayIoM:
- B cymectByromel BeeneHHol ecTh BakyyM, dHEprus U Marepus. Bakyym — 310 cpena, B
KOTOpOM BCE MPOUCXOAUT. MaTepus COCTOUT U3 DJIEMEHTAPHBIX YACTHUL[. JJIIEMEHTapHbIE
YaCTHUIIBI 00pa3yIOTCs U3 SHEPIUU (HarpuMep, Ipy CTOJIKHOBEHHX YyacTHil) [1] u MoryT cHoBa
IIpEeBpaLIaThCsl B SHEPTUIO (IPU aHHUTWIALMY). DIIEMEHTAPHBIE YaCTHUIIBI MATEPUU: UMEIOT CIIMH
[2], coOCTBEHHYIO BHYTPEHHIOIO YHEPTHIO, IPONOPIHOHANBHYIO Macce [3] (E=mc”2), co3natot
HOJISL M CHJIBI, CBOOOJTHO IIEpeMEIaloTCsl B BaKyyMe, 00J1a1at0T BOJTHOBBIMH CBOMCTBaMHU.
- Bo Bcenennoii cymecTByeT npeen CKOpoCTH ABMKEHHS JTFOObIX BUIOB SHEPTUU
(B3aumoericTBuii). MBI Ha3bIBaeM 3TO OIPaHUYEHHUE «CKOPOCTHIO CBETay. [4]
- Bo Beenennoit ectb KocMoc — kak BO3MOYXKHOCTb ONPEAEINTh B3aUMHOE ITOJI0KEHHUE
AIIEMEHTAPHBIX YaCTHIl U PA3IMYHBIX T€Jl OTHOCUTEILHO IPYT Apyra.
- Bo Becenennoit ectb Bpemst — kak BO3MOKHOCTB ONIpeAETICHUS] HHTEPBAIOB MEX/1Y COOBITUSMHU.
- Bcenennas pacmmpsiercs.



[Ipeanonoxxum, uTo 3aKa3yuK COTJIACEH, eciIi HoBas Beenennas Oymer o0agaTh BceMu
BLIHJCHepe‘II/ICJIGHHLIMI/I CBOfICTBaMPI, OHa 6YI[€T eMy IIOAXOAUTH.

Bropoii 3tan. Umkenep pa3padboTaet 3CKU3HBIN MPOEKT (MPUHIMUITHAIBHYIO MOJIEIb)
HOBOM Bceenennoii. [Ipenmonoxum, 4ro 3a OCHOBY IIPOEKTA UHKEHEP BO3BMET JBE UIEU
Jxenmca Kiepka MakcBesuia 0 BUXPEBOM CTPYKTYpE JIEMEHTAPHBIX YACTUL] MATEPHUHU B
MaTepHalibHON CyOCcTaHINH - Ddupe.

Wnes Ne 1: «Kakue Obl TpyZAHOCTH HU BO3HUKAIM y HAC MIPH COCTABICHUHU
HEMPOTHUBOPEUHUBOTO MPEJICTABICHHS O CTPOSHUH I(UPa, HE MOXKET OBITH COMHEHHUS B TOM, UTO
MEXXIIAHETHBIE U MEK3BE3JHbIE IPOCTPAHCTBA HE ITYCTHI, a 3aHATHl MaTEpUaIbHON CyOCTaHIIMEN
WIN TEeJIOM, KOTOpoe 0e3yCIIOBHO camast 00JIbIIasi M, BEPOSTHO, caMasi OJHOPOAHAS
COBOKYITHOCTbh, O KOTOpOH HaM u3BecTHO». Makcei, Jlxeiimc Kiepk (1878 r.) «3dupy,
bputanckas sHIMKIONENN, AEBATOE U3JaHUE, §

MBsI npeamnonaraeM, 4To cpefa, NpUrofHas i co3anus B Heil Matepuu (BceenenHnoit),
ABJISIETCA UACATBHOM KUAKOCTBIO. JKuAKOCTh 0€3 BHYTPEHHEr0 TPEHHUs, COCTOSIIAs U3 YaCTHI
cdepuueckoil popmbl ¢ abCoOTHON yIIpyrocTbio. [Ipeanonaoxkum, 4To YacTUII ATOH KUAKOCTH
001aJat0T CBOMCTBOM, KOTOPOE MbI Ha3bIBa€M MacCOM MJIM MHEpLUel. Ypyrue cBoiicTa
KHUJIKOCTH JIOJKHBI OBITh TAKUMH, YTOOBI IIPOJIOJIBHBIE BOJIHBI B HEH pacpoCTPaHsINCh CO
CKOPOCTBIO CBETA.

Nnest No2: sneMeHTapHbIE YaCTHUIIBI — 3TO BUXPU HallleW uaeanbHOMN xuakoctu. OQHaKo,
coryiacHO MakcBeluly, «ellle He H300peTeHO HUKAKOM TeOprH CTpOoeHUs dpupa, KoTopast
00BsiCHsAJIA OBl CYIIECTBOBAaHME TAKOW CHCTEMBbI MOJIEKYJISIPHBIX BUXPEH B TE€UEHUE
HEOIIpeIeIEHHOT0 BpeMEHU 0€3 TOro, 4ToObI UX IHEPIUsl IOCTENEHHO pacceuBaiach B TOM
HEPAaBHOMEPHOM JIBHXKEHUHU CPEJIbl, KOTOPOE, B OOBIUHBIX Cpe/laX HAa3bIBAETCS TEIIOTOMNY.
Maxkcgemn, xeitme Knepk (1878 r.) «Odup», bpuranckas sHIMKIIONEANS, IEBATOC U3JaHKE, &:
568-572.

Nnxenepy He0OX01MMO NpUAYMaTh (M300pECTH) MEXAHNU3M COXPaHEHUS BUXpEH.

Buxpu MOXHO c031aTh, BIPBICKUBASI TY K€ )KUJIKOCTh C BBICOKOM (B3pHIBHOW) CKOPOCTHIO B
HaIly uaealbHy0 KuaKocTb. Puc. 1. JlamunapHoe Teuenue (6€3 BUXpeil) TaKoro noToka
HEBO3MOKHO. [I0TOK JKHIKOCTH pa3o0beTcs Ha OTAeNbHbIe BUXpU. CHavasaa Ha OOJIbIINE, 3aTeEM
9TH BUXPH OyIyT JEIUThCA Ha Oojiee MeJIKUe BUXPH, 3aTEM ellle Ha 0oJiee MeJIKHe, U TaK /10 TeX
1Op, MOKa SHEPTUs NOTOKA (B3pbIBA) MOJHOCTHIO HE PACCEETCS B XaOTUUHOM JIBUYKEHUH YaCTHUI]
KUJKOCTH.

Puc. 1 Monens BuxpeoOpa3oBaHUs B )KUAKOCTH

1 — kuaKoCTh. 2 — 3aKayMBaeMasi )KUJKOCTh. 3 — 30Ha TypOYJIEHTHOTO ABHKEHUS KHUJIKOCTH.
Ectb 11 cioco0 ynepkath BUXPH B KHUIKOCTH OT PACCESTHHS B TEINIOBOE (Xa0THYECKOE)

JBIKEHHME YacTHIl 3ToM xkuakoctu? Jla, ecTs!
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Puc. 2 [Ipo10s1bHO-BOIHOBASI MOAEIb TOJIIEPKAHUS BUXPS
1 — ucTouHuKH (reHEePaTOPHI) MPOIOTBHBIX BOIH. 2 — PPOHTHI MPOJOJIBHBIX BOJH, A —
MoJieIbHas 00J1acTh. 3 — SHEProBblIeIeHNE (B3PHIB).

Pa3mectum B 00beMe Hallel )KMJIKOCTH, KaK 3TO IPUMEPHO MOKa3aHo Ha pucC. 2,
HECKOJIbKO HCTOYHHUKOB MEPUOJUUECKUX MTPOAOJIBHBIX BOJH [5] (Ha pucC. 2 MOKa3aHbl TOJIBKO
YeTbIpe UCTOYHUKA, MOKET MOHa100uThCs 6oJbie). [TycTh mpooabHBIE BOJIHBI OT BCEX
HCTOYHHUKOB 3aloJHI0T 00beM A. UTo npousoiinet, eciu B 00beMe A co31aTh BUXPH TaK XKe,
kak onrcano Beime? (Puc. 1) Kak OyayT B3aumoaeicTBOBaTh BUXPH U BOJIHBI?

ITpu onpeneneHHOM Yncie BOTHOBBIX HCTOUHUKOB, MX PACIIONOKEHUH, aMIUIUTYIE, IJIMHE U
4acTOTE BOJH B3aUMOJAEUCTBUE BUXPS C MPOJIOJIBHBIMHI BOJIHAMU OyJI€T aHAJIOTUYHO
CJIEAYIOLIEMY CIIy4aro: MyCTh UMeeTcsl abCOMOTHO MyCTOH MHOTOIpaHHbII KOHTEHHep, a ero
CTEHKH M3TOTOBJIEHBI U3 MaTepuaia ¢ a0COIIOTHOM 3JaCTUYHOCTHI0. Bo BHyTpeHHMI 00BeM
3TOM €MKOCTH OpOcaeM HECKOJIBKO IIapHKOB ¢ a0COMIOTHOH ynpyrocThio. Puc. 3 (u300paxaer
MONEPEYHOE CeYeHHE OIOCTU C OJHUM InapukoM). OTBepcTue, uepes3 KoTopoe OyayT
BOpAChIBaTHCS IMAPUKHU, OBICTPO 3aKPBIBAETCS KPBILIKOI ¢ aOCOIIOTHOM 31acTUYHOCThIO. B
TaKHUX YCJIOBMSIX IIApUKU OYJyT BEYHO OTCKaKMBATh OT CTEH U JIpYr OT Jpyra. M oHu Bceraa
OyIyT ABUTaThCS BHYTPU KOHTEHHEpa.



Puc. 3 Cxema nogaepxaHusi BUXps
1 — Ms14 ¢ aGCcomOTHOM ynpyrocThio. 2 — CTEHKH KOHTEHHEpa ¢ aOCOTIOTHOM YIIPYTOCThIO.

Mexnay coceAHUMU MPOI0JIbHBIMUA BOJHAMU CYILIECTBYIOT IIPOMEKYTKH, KOTOPHIE MBI
Ha3bIBAEM JIJTMHOM BOJIHBL. [IpOo0bHBIE BOJIHBI, ABUKYIIUECS C PA3HBIX CTOPOH OT Pa3HbIX
HMCTOYHUKOB, MOT'YT O0OPa30BbIBATH CBOMMH (PPOHTAMHU MOJA00HS ONMTUCAHHOMY BBIIIIE
MHOT'OIPAaHHOMY KOHTeHHepy. B 3T sHepreTnueckue KOHTEHHEpHI MONagatoT MOAXOAAIINE
BUXpU. DPPEKThI SHEPTHH «yTAPOB» BOJIH HA YACTHIIBI )KUIKOCTH B BUXPE OyAyT aHAJTOTHYHbI
s dexTam aGCOMIOTHON YyIPYrOCTH CTEHOK YKa3aHHOTO KOHTeHHepa Ha mapbl. [IpogoiasHbie
BOJIHBI CIIOCOOHBI OJIOKMPOBATh BUXPEBOE JBUKEHHUE YACTHIL KUAKOCTHA B 00pa30BaHHOM UMU
«OHEPreTUYECKOM KOHTEHHEPE» U COXPAHAT UUKIMYHOCTD ABUKEHUSI BUXPEBBIX yacTull. [lpu
9TOM Bcs cucTeMa Oy/IeT 0CTaBaThCs B COCTOSTHUU PHEPIETUYECKOTO PAaBHOBECHS, HE Pacla asich
Ha BUXPH /10 Xa0THUECKOT0 (TEIJIOBOT0) ABMKEHUS YacTHuIl xKuakoctu. [6] HazoBem Takoit
MEXaHHU3M COXPaHEHUS BUXPEH «IIPOJOTHLHO-BOTHOBON MOJIEIBIO (PU3NYCCKOM BCEIICHHOW) HITU
«IIPOEKTOM HOBOW BCEJIEHHOW.

Tpertnii 3Tan. Dcku3Hblil npoekT (Mozens Beenenckoit npoaoiasHoi BosiHbl) [1BO.

Byner nu Mozenb npooibHOM BOIHBI 001a/1aTh 3asBJIEHHBIMU B TEXHUYECKOM 3a/1aHUuN
cBoOWcTBaMH?

1. Buxpb B MOJIENIbHOM KUJKOCTH (POPMHUPYETCS U3 SHEPTUU U TEOPETUUECKH MOKET
OBITH IPE0Opa30BaH B KaKkyr0-1100 Apyryo Gopmy sHepruu. IMEHHO 3T0 JienaeT BUXpPhb
MOXO0’KMM Ha HACTOSIIYIO AJIEMEHTApPHYIO YacTHILY.

2. BHyTpu BUXPS IPOUCXOJIUT MOCTOSIHHOE IIUKIMYECKOE IBUKEHUE YACTHI] )KUKOCTH.
Kaxas yacTuiia BHyTpHU BUXpsl UMEET CBOM COOCTBEHHBIN UMITyIbC. Clie10BaTeNbHO, BUXPh
UMeeT COOCTBEHHBIN, COBOKYITHBIN, BHYTPEHHHUH yriioBOi MOMEHT. L{ukianueckoe ABUKEHNE
BHYTPH BUXPs COXPAHSETCA 3a CUET «yJapoB» (KBAHTOB dHEPIUH) MPOIOJIBHBIX BOJIH U IOITOMY
MMEET KBAaHTOBYIO IPUPOAY. Bce 3T0 B COBOKYIHOCTH SIBJISIETCS aHAJIOIOM CIIMHA pealbHON
AIIEMEHTapPHOMN YaCTHUIIBI.

3. Buxpb — 3T0 KMHETHYECKasi SDHEPTus (IBMKEHUE) YACTHUIL )KUIAKOCTH, JTOKATHM30BAHHBIX
B OIpeJICIIECHHOM 00beMe. DHeprus BpaleHus (IIMKJINYECKOT0 IBUKEHHUS) BUXPSI U Pa3TUUHBIX
TEJI OTIPEIeNAETCs KakK MOJIHAsl YHEPTUs DJIEMEHTAapPHbBIX 00bEMOB TeJ (YaCTHIL XKHUIKOCTH) 110
0006menHoi popmyne E=kmv2. I're m — macca, V — ckopoctb, K — ko3¢ ¢punmeHT popmsr Tena.
Ota Gopmyiia aHagoruuHa (Gpopmyie onpeaesieH!sl BHyTpEHHEH SHEPIUU MOKOs peabHbIX
aNIeMEHTapHbIX YacTul] E=MC?, rae ¢ — ckopocTh cBeTa, M — Macca dJIeMeHTapHON YacTullbl, K =
1)

4. B cuy cBOMCTBA CyNepno3UIIUy SHEPTUH [ 7] MPOI0TBHBIE BOJIHBI B MOJICTTH JOJIKHBI
MPOXOJIUTH JIPYT Yepe3 Apyra U uepe3 BUXPH U JIBUTAThCs Janblie. [Ipeanonoxum, uro nepea



B3aMMOJICHCTBHEM C BUXPEM (DPOHT MPOJOJIBHOM BOJIHBI ObLT MIIOCKUM. OCTaHyTCs M OHU
TaKUMHU K€ MOocIe IPOX0XKaeHus yepe3 BUxpb? Koneuno uHer!

Puc. 4 Cxema co3gaHust mois
1 — ouH U3 MPOTOIBHBIX BOJTHOBBIX ITOTOKOB, 2 — 00J1aCTh [IUKINYECKOTO ABUKEHUS YACTHIL
JKUJIKOCTH (BUXPb), 3 — HaIlpaBJICHUE ABUKEHUS BOJTHOBOTO MOTOKA.

BHyTpu BUXPS IPOMCXOIUT BEKTOPHOE CIIOKEHUE CKOPOCTEN YaCTHI] )KUJIKOCTH,
BBI3BAaHHOE MPOJOJIbHON BOJIHOM U BUXPEBBIM JIBM)KEHUEM. DHEPIHsI BOJIHBI I1OCIIE
MPOXOXKACHUS BUXPs HEe u3MeHuTcs. OIHaKo pacrpeneseHne SHepruu B BonHe Oyxaer. Puc. 4
IPUMEPHO WILTIOCTPUPYET 3T0. Kakap1il BUXpb B MOIETH OyAET OKPYkKEH 00JIaCThIO
MPOJIOTBHBIX BOJH, U paclpeielieHue YHEPTUH B HUX OyJIeT OTIMYAThCS OT pacipeesieHus dTON
SHepruu B 6e3BuUXpeBoil obmactu mozaenu. O4eBUIHO, YTO 00BEMHAS MNIOTHOCTh ITUX
W3MEHEHUH B pacIpe/ie]ICHHH SHEPTUU Oy/IeT YMEHbIIATHCS MPONOPIHOHATBHO YIAICHUIO OT
[EHTpa BUXPsl. DTO SABJICHHUE B MOJICIH aHAJIOTUYHO TOJISIM [8], CO31aBaeMbIM peabHbIMU
AJIEMEHTapHBIMU YaCTHIIAMHU.

5. Yto mpoucxoauT, Korjaa cxoasaTes asa Buxpsi? Paccmorpum Puc. 5.

Puc. 5 Cxema co3ganust CHITBI
1 — [IpoTHBOTOKM NMPOIOJIbHBIX BOJH. 2 — Buxpu.

JI1st IpOCTOTHI HAa pUCYHKE TIOKA3aHbI TOJILKO JIBa BCTPEYHBIX TEUCHHS BOJIH. B CBsI3M ¢
W3MEHEHHEM DHEPreTHUECKOTO PacIpeIeNICH s BOJIH, TIOCIIE TIPOXOKACHUS UIMH BUXpel 1I. 4, B
IPOMEKYTKE MEXY OJTM3KO PaCTOI0KESHHBIMUA BUXPSIMH CyMMapHasi JHEPTUsl BOJTH MOXKET OBITh
0O0JIBIIIE MIT MEHBIIIE YHEPTUH BOJH CHapyXH. YTOOBI OKa3aThCs B TIOJIOKEHUN YHEPTETHUECKOTO
paBHOBECHS], BUXPU B MOJIEIIH JTOJDKHBI 3aHATH OIPEeNICHHOE ITOJI0KEHUE IPYT OTHOCUTEIEHO
npyra (cOnmu3nuTbes WiK pa3oitucs). Takoe nmoBeneHre BUXpel SBISETCS aHaJIoroM cuil. Mexny
BUXPSIMHU MOXKET OBITh HECKOJIBKO MOJIOKEHHI PABHOBECHS. DTHM, BEPOSTHO, U OOBSICHICTCS
HaJINYME HECKOJIBKUX BUI0B CUJI (JIEKTPOMArHUTHBIX, SAEPHBIX, CIA0bIX). AHAJIOTOM



IpaBUTALMU B MOJIEJH SIBJIAETCS KyMYJISATUBHBIN 3(()EKT OrpOMHBIX CKOIIJICHUI BUXpeil
(371€eMeHTapHBIX YaCTHUI), MPOSBIISIOMIUICS B CHOCOOHOCTH CO3/1aBaTh MEXIY TAKUMH
CKOIUICHUSIMU JIEPUITUT BOTHOBOM 3HEpTHH. [ 8]

6. B Mozenu caMu 4acTHIIbI )KUAKOCTH HE HCIBITHIBAIOT OOIBIINX NepeMenieHui. Tonbpko
SHEPTHUs )KUJIKOCTHU (BUXPHU M BOJIHBI) IepeMeIaeTcs Ha OoJbIIne paccTosiHus. Buxpu
JBWDKYTCS, BOBJIEKAs! YACTHIIBI )KUAKOCTH BIIEPEIU ce0sl B BUXPEBOE JBIXKEHUE U OCBOOOXK1ast
YacTULbI 110331 ce0s OT BUXPEBOr0 ABMKEHUS. ECTh JIM CONPOTHUBIIEHUE NPU NIEPEMELLIEHUH
PHEPTUU B Hallel uaeanbHol xxuakoctu? Koneuyno Het. MozenbHast )KUAKOCTh HE CIIOCOOHA
COIIPOTHUBIIATHCS IBHKEHUIO BUXpeEil 1 BOJH B Hell. [loaTomy Buxpu OyayT BecTu ceOs B
KHUJIKOCTH TaK kK€, KaK peaJlbHbIe YaCTHUIIBI BeyT ceOs B BakyyMme. JKuakocTs Taxoke OyneT uist
HHUX OCHOBOW CYIIECTBOBAHUS U «ITyCTOTON», HE MEIIAOIIEN ABUKEHUIO. [Ioxoxke, 4TO MbI
CYIIECTBYEM B OUEHB IIJIOTHOM U yIPYrou «mycroTe». IGUpHOro BeTpa, KOTOPHIM Obl BIUSI HA
JIBUKEHUE YaCTUII, HE CYIIECTBYET. [9]

7. Ilpn ABUXKEHUU BUXPEH B )KUIKOCTH OHU MOABEPTalOTCs «yAapam» IPOJ0JIbHBIX BOJIH.
Pacnipenenenuie sHeprum 3TUX «yAapoB) BIUAET HAa TPACKTOPUIO ABUKEHUS KAKJIOTO BUXPSL.
Ecnu u3MeHuTh pacnpeesieHue SHEPTUH MPOAOIbHBIX BOJH, UCIOJb3Ys, HAIPUMED,
TUGPAKIIUOHHYIO PEUIETKY, TO MPHU MPOXO0XKIEHUHN 00JIACTH TAaKUX U3MEHEHUN BUXPb U3MEHUT
TPaeKTOPHIO CBOETo JBIKeHus. [loj neficTBueM MpoA0abHBIX BOJH, 1e(OPMUPYEMBIX
TUGPaKIIMOHHOMN PeIeTKON, caM BUXPh Oy/IeT BRIHYX/ICH MPH JBUKEHUH MPOSIBIATH BOJTHOBBIE
CBOMCTBA.

8. IlponosabpHBIE BOJIHBI YACPKUBAIOT BUXPh B HEKOTOPOM 00BbeMe. DTOT 00beM He OyaeT
UMETh YEeTKHUX TPaHUI] U pa3MepoB. ['paHuIibl 3TOro o0bema OyIyT MOCTOSHHO MEHSTHCS B
npezenax pacCcTOSHUS MEXKIY COCETHUMH BoiHaMH. HeorpeneneHHOCTh GOPMBI U 3aHUMAEeMOTO
00beMa — OJIHO U3 CBOMCTB peaJIbHbIX 3JIEMEHTAPHBIX YaCTHL.

9. B HOBOI1 Mozienu BeeneHHO y Hac ecTh TOJBKO KUJKOCTh U pa3IMyuHbIe
sHepreTuyeckre o0pa3zoBaHus (BOJIHBI U BUXPH) B HEW. Bech ONBIT U3ydeHUs TAKUX CUCTEM
CBUJIETEILCTBYET O TOM, UTO HauOOJBIIEH CKOPOCTHIO NEpelauk SHEPTuu (yAapoB) B TaKOU
CUCTEME SBJIIETCS CKOPOCTh JIBUKEHUS IPOAOIbHBIX BOJIH. HUUTO HE MOXKeT IBUraThCs
osicTpee. 1 310 Henpeo101MMbIil Tpeiest CKOPOCTH, CKOPOCTh CBETA, YUCTAs U MPOCTasl.

10. IlpononbHbIE BOJIHBI 3aMOJIHIIOT BECh 00beM MOoieIu. BoaHBI HMEIOT crieayromue
XapaKTepUCTHKU: aMIUIUTY/1a, IJIMHA BOJIHBI M 4aCTOTA BOJIHBI. AMILJIUTY/Ia BOJHBI 00pa3yer
KBaHT SHepruu. /[n1Ha BoJHbI (pacCTOSHUE MEXKIY COCETHUMHU BOJIHAMU ) MOXKET CITY>KUTh
MeNbYalIIMMU OTpe3KaMu (KBaHTaMH) AJIs ONIPeeNICHHs paCCTOSHUN MEXAy YaCTHLIaMU U
TeJIaMH, U TI0O9TOMY OHHU CIIOCOOHBI (POPMUPOBATH Takoe (pyHIaMEHTaIbHOE (hPHU3NYecKoe
ABJIEHUE, KaK IpocTpaHcTBO. [10] YacToTa BOJIH MOXKET CIIy’)KUTh HAUMEHBIINMHU HUHTEPBAJIaMHU
(KBaHTaMU) JUIs OTIPEIeIEHUs] HHTEPBAJIOB MEX/y BCEMH JPYTUMHU COOBITUSMU U,
CcJIeZIoBaTeNIbHO, MOXeT 00pa30BbIBaTh (hyHIaMEeHTaIbHOE (PU3nuecKoe siBJIeHue, Bpems. [11]

11. Hamra HoBast Beenennas Oynet pacmupsarbesi. B aTom serko yoeauTbes, €ciau Bbl
HalpaBUTE CTPYIO OKPALICHHOM BOBI B 0OJIBIION 00BEM MPO3pauHoOi BOIBI ¢ OOJIBIION
CKOPOCTBIO.

12. EquHCTBEHHOE, YTO HAM HYXHO, 3TO M0100paTh aMIUIUTYAY, YaCTOTY U JUIMHY BOJIHBI,
IpU KOTOPBIX Oy1yT 00pa30BHIBaThCA Cpasy JiBa BUXPS, 10100HO MTPOTOHY U JIEKTPOHY B aTOMeE
BOZIOpOAA.

MosxHo pazpaboTaTh KOMIIBIOTEPHYIO MOJIENIb MOieu. HauMeHbIIuM caMOCTOSTEIbHBIM
TEJIOM TaKOM MO AOKHA ObITh KaXaast aOCOIOTHO YIpyTas 4YacTHIla, BXOAIIasi B COCTaB
Hallel uaeabHON KUAKOCTH. [IporpaMma 0JKHA MTO3BOJIATh BAPBUPOBATH TAKHE BEJIMYNHBI,
KaK KOJIMYECTBO BOJIHOBBIX TE€UEHUH CHKaTHUsl, X aMIUIUTYly (SHEPTHIO), IEPUO] Ipodera



BOJIHBI, IJTMHY BOJIHBI, pa3Mephl YaCTHI], U3 KOTOPBIX COCTOMUT Hallla 3KCIIEPUMEHTAJIbHAs Cpena,
u ipyrue yciosusi. JlomkHa ObITh oOecrieueHa BO3MOKHOCTh 3a/1aHUS PAa3IMYHBIX YCIOBUN
SHEPTOBBIJCICHHS (B3pPBIBA), & TAKIKE BO3MOKHOCTD OTCICKUBAHUS U PETHUCTPALIUU CIIOCO0a
00pa30BaHus ONMCAHHBIX BBIIIEC BUXPEH. S pemonara, 4To yAacTCs ONPEIeIUTh YCIOBHS,
IpU KOTOPBIX OyIyT BO3HUKATh BUPTYAJIbHBIC JIEMEHTAPHbIC YaCTUIIBI - BUXPH, U TaKUe
Y4acTHUIIBI OyyT aOCOIOTHO MOT0O0OHBI PEANBHBIM JIEMEHTAPHBIM YaCTHULIAM.

MBI MOXeM C03/1aTh KyCOK BUPTYaJIbHOTO (PH3UUECKOTO MPOCTPAHCTBA, a0COIIOTHO
HKBUBAJIEHTHOT'O PeaIbHOMY MHpPY. B 3T0if mporpamme MOKHO CO3/1aBaTh U CTAJIKUBATh JIIOObIE
BO3MOYKHBIE BUPTYAJIbHBIEC SJIEMEHTAPHBIC YaCTULBL. TakuM 4acTUIIaM MOKHO MTPUCBOUTH
TF00YI0 KHHETUYECKYIO SHEPTHUIO U JIIOO0YI0 CKOPOCTb.

B dhopmupoBannm kaxmaoil BUPTYaJIbHOM 3JIEMEHTAPHOM YaCTULIBI (BUXPs) YIaCTBYET KaK
MHUHMMYM HECKOJIbKO BOJIH CKaTus. B kaknoi 06sacTy 0XBaTa BOJIH CKAaTUSI MOXKET HAXOIUThCS
00J1b1110€ KOJIMYECTBO YaCTUIL MOZEIbHOM cpesibl. BO3HMKHOBEHNUE U CylIIeCTBOBaHHE BUXpE B
moaenu CW u KoHeUHbIH pe3ysbTaT CTOJIKHOBEHHs BUXpel pOpMUpPYETCs Kak CyMMapHbII
pe3yiabTaT MHOXKECTBA MPOCTHIX, OUEHb MAJIbIX B3aMMOAEHCTBUI MEXly OOJIBIINM YUCIOM
YaCTHI] BUPTYAJIbHOM cpelibl. Mbl HUKOTJa HE CMOXKEM IpeicKa3aTh pe3yibTaThl BUPTYaJIbHOIO
9KCHEPUMEHTA C MTOMOLIbI0 (popMyIl U ypaBHEeHUH. OHAKO 3TH pe3yabTaThl MOXKHO ITOJIHOCTBIO
CMOJIETTUPOBATh U PACCUNUTATh HA KOMIIBIOTEPE, U OHU OYAYT COOTBETCTBOBATH I1OBEICHUIO
peabHbIX MpolieccoB. Takas mporpaMma MOXKET 3aMEHUTh YCKOPUTEIN 3JIEMEHTapHBIX YaCTHIL
(komnnaiizepsl) U Apyrue qoporocrosimue puzndeckue ycrpoiicrsa. Pazpaborka Takoro
IPOTrpaMMHOTr0 o0ecrieyeH sl MPUBEET K 3HAYMTEIbHON SKOHOMUU CPEJICTB U PACLIIMPUT 3HAHUSA
0 peajbHOH (HU3HKE.

BeiBoabl. Bakyym (mmycroTa) — eIMHCTBEHHOE MaTepUaibHOE BellecTBo BeenenHoi
(cBEpXIUIOTHASI U CBEPXYIPYTas *KUAKOCTh). BakyyM HaIoJHEH NOTOKaMU IPOJOIbHBIX BOJIH.
To, 4To MBI cuuTaeM MaTepuel (3JeMEeHTapHbIE YaCTUIIbI, TeJa, IIJIAaHEThI, 3B€3/Ibl U MBI CaMH),
€CTh 3HEPTHUs BaKyyma, OpraHu30BaHHAas MO-pa3HOMY. DCKU3HbBIN MPOEKT (MOAETH MPOAOIbHON
BOJIHBI) Y/IOBJIETBOPSIET BCEM TPEOOBAHUSAM, U3JI0KEHHBIM B TEXHUYECKOM 3a/1aHUU.

DTy MOJIENb MOKHO U HY’KHO MPOBEPUTH IKCIIEPUMEHTAIBHO.

JleTanbHBIN MPOEKT BCEJICHHOM e11le MPEACTOUT co3/aTh. OHaKo, ¢ O0NBIION JoJen
BEPOSATHOCTH, Hallla YK€ CyLIeCTBYIoIIas Beenennas NpUHIMIMATBHO YCTPOEHA aHAIOTUYHO
ONMCAHHOM BbIlIE MOAENHU. JlymMaeTcs, YTO MHKXEHEP CMOXKET YAOBIETBOPUTH NOTPEOHOCTH
3aka3uuka u co3qath Beenennyro, GU3nuecky NOX0Xyko Ha cyuecTByromtyto. [lpu yciaosuun
IpeocTaBlIeH!s 3aKa3qYMKOM HEOOX0IMMOI0 BpeMEHH, MaTepHalioB U HHCTPYMEHTOB.



