The simplest model of the physical structure of the Universe, which can be verified experimentally.
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Abstract. The article describes a possible model for the formation of elementary particles of matter
from energy. A hydrodynamic model featuring the possibility to keep volumetric vortices from
disintegration into chaotic (thermal) motion of the fluid particles for unlimited time has been
developed. The study has demonstrated that the vortices in the model have all the qualitative
properties of elementary particles: they have an analog of spin, rest energy, create analogs of fields
and forces, can freely move in the model fluid as in the void, have wave properties, etc. In addition,
the model has a speed limit similar to the speed of light and analogs of space and time. The model
can be tested experimentally.
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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,” Encyclopaedia 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.

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). 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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[Ipocreitmas Moaenb Gu3nIeckoro cTpoeHus BeeneHHoH, KOTOPYIO MOYKHO TTPOBEPUTH
JKCIIEPUMEHTAIIBHO.
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Yenabunck, Poccus
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Sl eMMHCTBEHHBIN aBTOP ATOM CTATHHU.

ABTOp HE UMEET COOTBETCTBYIOIIMX (PMHAHCOBBIX UM HE(UHAHCOBBIX HHTEPECOB IS
PacCKpBITHSL.

I[aHHBIe, MOATBCPIKAAOIINUE BBIBOALI 3TOI'O HCCIICAOBAaHUA, HAXOAATCA B OTKPBITOM JOCTYIIC.

AOcTpakTHBIH. B cTaThe onmcana BO3MOXHasi MOJICNIb 00pa30BaHUs AJIEMEHTAPHBIX YaCTHII
MaTepuu u3 sHepruu. Pazpaborana ruipoguHaMuuecKas MOIeNb, MO3BOJISIONIAs YACPKUBATh
00bEeMHBIC BUXPH OT pacraja B Xa0THYECKOE (TEIIOBOE) IBM)KCHHUE YaCTHIL KUIKOCTH B
TEUEHUE HEOTPAaHWYEHHOTO BpeMeHu. VccnenoBanne mokas3ano, 4To BUXPU B MOJIENIA 00J1aal0T
BCEMH Ka4€CTBEHHBIMHU CBOMCTBAMHU 3JIEMEHTAPHBIX YACTUIl; UMEIOT aHAJIOT CIIMHA, YHEPTUHU
MOKOS1, CO31aI0T aHAJIOTH TOJIEH U CUJI, MOTYT CBOOOIHO MEpEMEIIAaThCsl B MOICIIbHOM
JKUJIKOCTH, KaK B ITyCTOTE, 00J1a/1at0T BOJIHOBBIMU CBOWCTBA U T.J. Kpome Toro, Moiesib UMeeT
OTPaHUYEHUE CKOPOCTH, AaHAIOTUYHOE CKOPOCTHU CBETA M aHAJIOTaM MPOCTPAHCTBA U BPEMEHHU.
Mopaenb MOXKHO MPOBEPUTH IKCIIEPUMEHTATIBHO.

Kunrouesble cnoBa: BeeneHnas, BaKyyMm, SHEprusi, MaTe€pusi, Macca, CIIMH, IOJe, CUila, BOJIHBI,
CKOPOCTb CBETA, POCTPAHCTBO, BPEMH.



BBenenune. C gpeBHUX BPEMEH YUEHbBIE CTPEMIIIUCH MTOHATH YCTPONUCTBO Hallell Beenennoit, HO
JI0 CHX TIOp HE CO3/IaHa MOJIHAs U HePOTUBOPEUNBAs MOAETh (OPMUPOBAHUS U CYLIECTBOBAHHUS
Hamel BeenenHoi. Bo Bcex CyleCTBYIOIIUMX MOJIENAX €CTh HESICHOCTH U IPOTUBOPEY U,
KOTOpBIC HEOOXOIMMO Pa3PEIIUTh.
[Ipemiararo paccMoTpeTh BeeneHHyo Kak MEXaHu3M, KOTOPBIA MPOU3BOAUT (PyHIaMEHTAIbHBIE
¢du3nUecKre sIBICHUS: 3JIeMEHTapHbIEC YaCTHIIBI MATEPUH, T10JISA, CUJIBI, IPOCTPAHCTBO, BPEMS U
MHOT'0€ JIPYroe CO BCEMU B3aUMOCBSI3sIMH MeXly co00ii. Kak momkeH OBITh YCTPOEH Takon
MexaHu3M? ByJeT Iu OH yCTPOEH CI0XKHEE, HAllpUMED, ABUTATENsl BHYTPEHHETO CrOpaHUs WIN
HeT?
Uro Oyner, ecnu pa3pabOTKy OMUCAHUS YCTPOMCTBA U pabOTHI ABUTATENsl BHYTPEHHETO
CropaHus IOBEpUTH (pr3nKaM-TeopeTnkaM u MaTematukam? Kpome Toro, mornpocure ux caenarb
3TO B TEPMHHAX U (HOPMYJIax, UCIOIb3YEMBIX B COBPEMEHHBIX CTaThsX 110 TEOPETHUECKON
¢uzuke. Ckopee BCEro Mbl OJIYYUM JOKYMEHTALHIO, [0 KOTOPOH HU OJIMH YEJIOBEK HE MOWMET,
KaK yCTpOE€H U paboTaeT JBUIaTeslb BHyTpeHHero cropanus. Ho xopormmii nHxeHep, Mob3ysch
TOJIbKO CJIOBECHBIM OIIMCAHHUEM M YepTeKaMH, CIOCOOEH 0OBACHUTH IPAKTUUYECKH JTHOO0MY
4eJI0BEKY YCTPOMCTBO U IPUHIUIIBI pabOTHI ABUraTeNsl BHyTpeHHEro cropanus. bosee toro, o
OIKCAHUIO HHKEHEPA MOKHO JaXKe cO37aTh PabOTaIOILY0 MOJEIb IBUTATEIIS.

Hama BcesieHHasi ycTpoeHa npoie ABUraTe/isi BHyTpeHHero cropanusi? Sl tak He
IyMaro.
S cumrato, 4TO CO3/4aHUE peaibHO PA0OTAIOIIMX MOAEeH (MeXaHU3MOB) - 3aJjaua He (PU3UKOB-
TEOPETHUKOB, & HH)XEHEPOB, XOPOLIO 3HAIOIINUX OCHOBBI (PU3UKU U YMEIOIUX YUYUTHIBATH
B3aMMHOE BJIMSHUE BCeX yacTel MmexaHusma (moaenn). Kak nomkHa ObITh ycTpoeHa Beenennas
C TOYKH 3peHus uHxkeHepa? Eciu ecth 3aka3umk, KOTOPOMY HYKHO CO3/1aTh APYTYIO
Bcenennyro, mo1o0Hy0 Hallei, 4To B 3TOM CiIydae Oy/eT enaTh HHKeHep-(hU3UK BMECTO
¢uzuka-reoperuka?

IepBrlii 3Tan. Muxenep pazpaboTaer u coriacyeT TEXHUUYECKOE 3aJjaHue ¢ 3aKa3uYuKOM.
Onu onpenensaT pyHIaMeHTaIbHbIe (pU3NUecKne CBOICTBaA cyllecTBYIolIel Beenennoit,
KOTOpBIE JJOJKHBI IPUCYTCTBOBATh B HOBOW Beenennoii. Habop pyHnaMeHTanbHBIX PU3NYECKUX
cBoiicTB BeeneHnHoit (1oATBEPKIEHHBIX MHOTOUMCIIEHHBIMH 3KCIIEpUMEHTAMH ) U1 HHKEHepa
OyJIeT CIeMYIONINM:
- B cymectByromieit BecenenHol ecTh BakyyM, sHEprus u Mmarepusi. Bakyym — 310 cpena, B
KOTOpOM BCE MPOUCXOAUT. MaTepust COCTOUT U3 2JIEMEHTAPHBIX YaCTHULl. DIIEMEHTapHbIE
YaCTHIIBI 00pa3yroTCs U3 SHEPIUU (HarpuMep, IpU CTOJIKHOBEHHX YyacTHil) [1] u MoryT cHoBa
IpeBpalaTbcs B SHEPTUIO (MPU AaHHUTWISILKN). DJIeMEHTapHbIe YaCTHIIBI MATEPUU: UMEIOT CITUH
[2], co6cTBEHHYIO BHYTPEHHIOIO SHEPIHI0, MponopLuoHaibHyto Macce [3] (E=mc”2), coznatot
HOJISL U CHJIBI, CBOOOJTHO IIEpEMEIAoTCsl B BaKyyMe, 00J1aat0T BOJIHOBBIMHU CBOMCTBAMHU.
- Bo Bcenennoii cymecTByeT npeen CKOpoCTH ABMKEHHS JTFOObIX BUIOB SHEPTUU
(B3anMoercTBHIT). MBI Ha3bIBaeM 3TO OIpaHUUEHUE «CKOPOCThIO CBeTay. [4]
- Bo Beenennoit ectb KocMoc — kak BO3MOXKHOCTb ONPEAEINTh B3AUMHOE ITOJI0KEHHUE
AJIEMEHTAPHBIX YaCTHIl U PA3IIMUHBIX T€JI OTHOCUTEIBHO IPYT Apyra.
- Bo Bcenennoii ecte BpeMsi — kak BO3MOKHOCTB OIpeIe/IEHHs] HHTEPBAIOB MEKIY COOBITHSIMU.
- Bcenennas pacmmpsiercs.
[Ipeamnonoxxum, uTo 3aKa3yuK COTJIACEH, eciIi HoBas Beenennas Oynmet 00sagaTh BceMu
BBIIIIECTIEPEYNCIICHHBIMU CBOWCTBAMHU, OHA OYJET eMYy MOJIXOAUTb.

Bropoii 3Tan. MmxeHep pazpaboTaer 3CKU3HBIN NPOEKT (MIPUHLIMUITHATIBHYIO MOJIENH)
HOBOH Beenennoil. [Ipennonoxkum, 4To 3a OCHOBY IIPOEKTA HHKEHEP BO3BMET JBE UIECH



Hxerimca Kitepka MakcBenia 0 BUXPEBOU CTPYKTYpPE JIEMEHTapHBIX YACTUL] MATEPUU B
MaTepHalibHON cyOcTaHIu - Ddupe.

Wnes Ne 1: «Kakue Obl TpyZAHOCTH HU BO3HUKAIM y HAC MIPH COCTABICHUHU
HEMPOTHUBOPEUUBOTO MPEJICTABICHHUS O CTPOSHUH Y(UpPa, HE MOXKET OBITh COMHEHHUS B TOM, YTO
MEKIUTAHETHBIE U MEX3BE3/IHbIE TPOCTPAHCTBA HE ITYCTHI,  3aHATHI MaTEPUAIBHON cyOcTaHIne
WX TEeJIOM, KOTOpoe 0e3yCII0OBHO camast 00JIbInast M, BEPOSTHO, caMasi OJHOPOAHAS
COBOKYITHOCTbB, O KOTOpOI HaMm u3BecTHOY». MakcBemt, Jlxxeiimc Kiepk (1878 1.) «Ddupy,
Bputanckas sHIMKIONEANS, AEBATOE U3/1aHUE, &

MBI nipeamnonaraem, 4To cpejia, IpUrojHas 1y co3iaHus B Hell Mmarepuu (BeenenHoit),
SBIISICTCS UACATBHOM KUAKOCTHIO. JKUAKOCTh 0€3 BHYTPEHHETO TPEHHUS, COCTOSIIAS U3 YACTHI
ceprueckoit GopMbl ¢ aOCOTIOTHON yIIPYrocThio. [Ipearnonokum, 4To YaCTHIIBI 3TOM KUKOCTH
00J1a1a10T CBOMCTBOM, KOTOPOE MbI Ha3bIBAEM MACCOM WJIM MHEPLUEH. YTIpyrue CBONCTBA
KUJKOCTHU JOJKHBI ObITh TAKUMH, YTOOBI TPOJIOIbHBIEC BOJIHBI B HEW PaclpoCTPaHsUIUCh CO
CKOPOCTBIO CBETA.

Nnest No2: sneMeHTapHbIE YaCTHUIIBI — 3TO BUXPU HallleH uaeanbHOM xujakoctu. OQHaKo,
coriacHo MakcBeny, «elle He H300peTeHO HUKAKOH TeOpHH CTPOeHUs Apupa, KOoTopast
00BsicHsIa OBl CYIIECTBOBAHUE TAKOW CUCTEMBI MOJIEKYJIAPHBIX BUXpEH B TeUCHUE
HEOTpeAeNIEHHOTO BpeMeHU 0e3 TOro, UTOObI UX SHEPTHUS [TOCTETIEHHO PACCEUBAIACh B TOM
HEPABHOMEPHOM JBMXKEHUU CPEJIbl, KOTOPOE, B OOBIYHBIX Cpe/laX HAa3bIBACTCS TEILIOTOM.
Maxcsemn, JIxxeiimce Knepk (1878 r.) «2dup», bpuranckas sHuuknonenus, 1eBstoe U3aaHue, 8:
568-572.

Nnxenepy He0oOX0AUMO MPUIYMaTh (M300pECTH) MEXAHU3M COXPAHEHHS BUXPEH.

Buxpu M0OKHO c03/1aTh, BIPHICKUBAsSI TY K€ KUJIKOCTb C BBICOKOM (B3PBIBHOI) CKOPOCTHIO B
Hally HealbHy0 *KuaKocTb. Puc. 1. JlamunapHoe Teuenue (0€3 BUXpeil) TaKoro noToka
HEBO3MOKHO. [I0TOK JKHIKOCTH pa3o0beTcs Ha OTAeNbHbIE BUXpHU. CHauana Ha O0Jbllne, 3aTEM
9T BUXPH OyJyT JENUThCA Ha Oojiee MEJIKHEe BUXPH, 3aTEM ellle Ha 0osiee MEeJKUE, U Tak 70 TeX
1Op, MOKa SHEPTUs NOTOKA (B3pbIBA) MOJHOCTHIO HE PACCEETCS B XaOTUUHOM JIBUYKEHUH YaCTHUI]
JKUJIKOCTH.

Puc. 1 Mopaens BuxpeoOpa3oBaHus B )KUJIKOCTH

1 — kMIKOCTh. 2 — 3aKauyMBaeMast )KUJKOCTb. 3 — 30Ha TYpOYJIICHTHOTO JIBFKCHHSI )KHIKOCTH.
Ectp 11 cioco6 ynep:kaTth BUXpHU B KUIKOCTH OT PACCESHUS B TETUIOBOE (XaOTHIECKOE)

JIBUKEHHUE 4acTHIl 3ToM sxuakoctu? Jla, ects!
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Puc. 2 [Ipo10s1bHO-BOIHOBASI MOAEI TOJJIEPKAHUS BUXPS
1 — ucrounuku (TeHEPaTOPHI) MPOIOJIBHBIX BOIH. 2 — ()POHTHI IPOIOJILHBIX BOJIH, A —
MoOJIeNIbHAs 00J1aCTh. 3 — SHEPTOBBIJICIIEHUE (B3PBIB).

Pa3zmectuM B 00beMe Hallel KUIKOCTH, KaK 3TO TPUMEPHO MOKA3aHO HA PUC. 2,
HECKOJIbKO UCTOYHHKOB MEPUOIMYECKUX MTPOIOJIBHBIX BOJIH [5] (Ha pHC. 2 TOKA3aHBI TOJIBKO
YEThIPE UCTOUHHUKA, MOXKET MOHA00UThCs Oosbiie). [TycTh mpooibHbIE BOJIHBI OT BCEX
HMCTOYHHMKOB 3aMOIHAI0T 00beM A. Uto mpousoiiner, eciu B o0beMe A co37aTh BUXPH TaK K€,
kak onucano Boime? (Puc. 1) Kak Oyayr B3anMoaeiicTBOBaTh BUXPU U BOJIHBI?

[Ipu onpeneneHHOM Unciie BOJHOBBIX MICTOYHHUKOB, UX PACTIONIOKEHUH, aMIUIUTYAC, JTUHE U
4acTOTE BOJH B3aMMO/ICUCTBUE BUXPS C IPOAOTIHHBIMU BOJIHAMHU OYAET aHATOTHYHO
CIIEIYIOIIEMY CIy4dalo: MyCTh UMEETCsl aOCOMIOTHO MyCTOM MHOTOTPaHHBIN KOHTEHHED, a ero
CTEHKHU U3TOTOBJICHBI U3 MaTepHalia ¢ abCONIOTHON 3NIaCTUYHOCTHIO. Bo BHyTpeHHU 00beM
9TOM eMKOCTH OpocaeM HECKOJIBKO IIApUKOB ¢ a0COMOTHOH ynpyrocTeio. Puc. 3 (n300paxkaer
HOTIEpPEeYHOE CeYEeHUE MOJIOCTH € OJHUM IapukoM). OTBepcTHE, Yepe3 KoTopoe OyayT
BOpAChIBaThCS IMIAPHKHU, OBICTPO 3aKPBIBAETCS KPBILIKOM ¢ aOCOTIOTHOM 1acTUYHOCTHIO. B
TaKUX YCJIOBUSIX IIAPUKU OYIyT BEYHO OTCKAKMBATh OT CTEH U JIPYT OT Ipyra. M oHu Bceraa
OyIyT ABUTAThCS BHYTPU KOHTEHHEpa.

Puc. 3 Cxema noaaepxaHusi BUXps



1 — M4 ¢ aGconmroTHOM ynpyrocteio. 2 — CTeHKH KOHTEHHEpa ¢ aOCOTIOTHON YIIPYTOCTBIO.

Me:xny coceIHUMM ITPOJI0JIbHBIMU BOJIHAMMU CYILIECTBYIOT IIPOMEKYTKHU, KOTOPHIE MbI
Ha3bIBAEM JUIMHOW BOJIHBI. [Ipo/10/IbHBIE BOJIHBI, IBUKYILUECS C PA3HBIX CTOPOH OT pa3HbIX
UCTOYHUKOB, MOTYT 00pa30BhIBaTh CBOMMHU (YPOHTAMHU MOJO0HS ONIMCAHHOMY BBIIIIE
MHOT'OI'PAaHHOMY KOHTEHHepy. B 3T oHepreTudeckue KOHTEHHEpH! IONagatoT OAXOAAIINE
BUXpH. DPPEKTHI SHEPTHH «yAapOB» BOJH HA YACTHIIBI )KUIKOCTH B BUXpE OyIyT aHAJOTHYHBI
s dexTam abCONIOTHOM yIIPYTOCTH CTEHOK yKa3aHHOTO KOHTeiHepa Ha mapsl. [IpogonbHble
BOJIHBI CIIOCOOHBI OJIOKMPOBATH BUXPEBOE IBUKEHHUE YACTHII XKUIKOCTH B 00pa30BaHHOM MU
«QHEPreTU4eCKOM KOHTEHHEPE» U COXPAHAT IMKINYHOCTD JBUKEHUS BUXPEBbIX yacTull. [Ipu
3TOM BCSI CUCTEMa Oy/IET OCTaBaThCs B COCTOSIHUM SHEPTeTUYECKOr0 paBHOBECHS, HE PACIaIasiCh
Ha BUXPH JI0 Xa0TUYECKOTO (TEIIOBOT0) ABMYKEHUS YaCTHUII )KUIKOCTH. [6] HazoBeM Takoii
MEXaHHU3M COXpPaHEHUS BUXPEH «IIPOJO0IbHO-BOIHOBON MOJIENbIO (PU3NYECKOM BCETICHHOW» UITU
«IPOEKTOM HOBOU BCEJIECHHOM.

Tpetuii 3Tan. Dcku3HbIil poekT (Moaens Beenenckoit nmpogoiasHoi BosHbl) [IBO.

Byzaer 11 Mozens mpooapHOM BOJTHBI 001a/1aTh 3asBICHHBIMUA B TEXHUYECKOM 3a/IaHUU
CBOMCTBaMH?

1. Buxpb B MOAECTBHOM KUAKOCTU (HOPMUPYETCS U3 IHEPTHUH U TEOPETHUECKH MOXKET
OBITH IPE0Opa30BaH B Kakylo-1100 Apyryro Gopmy sHepruu. IMEHHO 3TO0 J1eiaeT BUXPb
MOXO0’KUM Ha HACTOSIIYIO AJIEMEHTAPHYIO YaCTHILY.

2. BHyTpu BUXPS IPOUCXOIUT MOCTOSIHHOE IIUKIMYECKOE IBYKEHUE YACTHI] )KUTKOCTH.
Kaxxnast yactuiia BHyTpU BUXPSl IMEET CBOM cOOCTBEHHBIN UMIyIbce. Clie0BaTeabHO, BUXPh
MMeeT COOCTBEHHBIHN, COBOKYIHbIN, BHYTPEHHUN YIriI0BOM MOMEHT. LluKinueckoe 1BUKEHNE
BHYTPH BUXPS COXpaHsETCA 3a CUET «yJapoB» (KBAHTOB dHEPIUH) MPOJIOJIbHBIX BOJIH U IO3TOMY
MMeEET KBaHTOBYIO MIPUPOAY. Bce 3T0 B COBOKYIMHOCTH SIBJSIETCSI aHAJIOIOM CIIMHA peaibHOU
AJIEMEHTAPHOW YaCTHIIBI.

3. Buxpb — 3T0 KUHETHYECKast SHEprus (ABUKEHUE) YACTHI] )KUJKOCTH, JTOKAJIN30BaHHBIX
B OIIpE/IeIEHHOM 00beMe. DHeprus BpalleHus (LIMKIMYECKOTO IBUKEHUS) BUXPS M Pa3IUUYHbIX
TEJ ONpeeNsieTcs KaK MOoHasi SHEPTUs AIEMEHTAapHBIX 00bEMOB Tell (YaCTHUL] )KUIKOCTH) 1O
0606t1enHoi hopmyine E=kmv2. I'me m — macca, V — ckopocth, K — koadduiineHT Gopmsr Terna.
Ota popmyna anamoruyHa GopmyJsie OnpeeIeHIs] BHYTPEHHEW SHEPTHUH MOKOSI peabHbIX
3IeMEeHTapHbIX yacTuil E=MC2, rae ¢ — ckopocTh cBeTa, M — Macca NIeMEHTapHOM YacThIbl, K =
1)

4. B cumy cBOMCTBa CyNEPHO3UIIMUA YHEPTUH [ 7] IPOJOJIBHBIE BOIHBI B MOJEIH OJIKHBI
IIPOXOJUTH IPYT YEpe3 pyra U Uyepe3 BUXPH U IBUTAThCs nanblue. [IpeanonoxkumM, uro nepen
B3aMMO/IEIICTBHEM C BUXpEM (PPOHT IPOI0JILHON BOJIHBI ObUT INIOCKUM. OCTaHyTCs JIU OHU
TaKMMH XK€ M0CIIe MPOXOXKACHU uepe3 BuXpb? Koneuno Her!
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Puc. 4 Cxema co3ganud momias
1 — OUH U3 HpO,IIOJIBHbIX BOJIHOBBIX ITIOTOKOB, 2 — 06HaCTB IMUKIINYCCKOI'O ABUKCHUS 4aCTUL
JKUJKOCTH (BUXPB), 3 — HAIPaBJICHUE IBHYKCHHUS BOJIHOBOT'O ITOTOKA.

BHyTpu BUXpsI IPOUCXOIUT BEKTOPHOE CI0KEHUE CKOPOCTEN YaCTHULL XKUIKOCTH,
BBI3BAHHOE IIPOJIOJIBHON BOJHOW U BUXPEBBIM JIBUJKEHUEM. DHEPrUs BOJIHBI [1OCIIE
IPOXOXKJICHUS BUXPs HEe u3MeHuTcsa. OlHaKo pacripeienieHue SHepruu B BojHe Oynet. Puc. 4
IPUMEPHO UILTIOCTpUpPYET 3T0. KaXkplil BUXpb B MOJIesIN Oy/AE€T OKpYKEH 00J1acThIO
IPOJIOJIBHBIX BOJIH, M paclpeielieHue SHEpPriuy B HUX Oy/eT OTIMYaThCs OT paclpeesieH s 3Ton
SHepruu B 6e3BuxpeBoil obaactu Moaenu. O4eBUIHO, UTO 00BEMHAs INIOTHOCTb ATUX
U3MEHEHUH B pacrpeieIeHUH SHEPTruu OyIeT yMEeHbIIAThCs IPONOPLUOHATIBHO YAAJICHUIO OT
LIEHTPa BUXPA. JTO SIBICHUE B MOJIEIM aHAJIOTMYHO MOJIAM [§], co3naBacMbIM peaabHbIMU
3JIEMEHTAapHBIMU YaCTULIAMHU.

5. Yro npoucxoauT, Korjaa cxoaarcs asa Buxps? Paccmorpum Puc. 5.

Puc. 5 Cxema co3ganHus CUIIBI
1 — [IpoTHBOTOKH MPOIOIBHBIX BOJH. 2 — Buxpu.

JIJIs TpOCTOTHI Ha PUCYHKE MTOKA3aHbI TOJIBKO JIBA BCTPEUHBIX TCUCHUS BOJIH. B CBsI3M C
M3MEHEHUEM DHEPTeTHYECKOTO paCpe/IeIICHUs BOJTH, MTOCIIE TIPOX0XKICHUS UMHU BUXpEH 11. 4, B
MIPOMEXKYTKE MEXTY OJTU3KO PACIIONOKCHHBIMU BUXPSIMU CyMMapHasi SHEPTHsI BOJTH MOXKET OBITh
0OJIBIIIEe MJTM MEHBIIIE SHEPTUH BOJIH CHAPYXH. UTOOBI OKa3aThCsl B IMOJOKEHHH SHEPTETHICCKOTO
PaBHOBECHS, BUXPH B MOJICITH JIOJDKHBI 3aHATH OMPEICIICHHOE TTOJI0XKEHHUE IPYT OTHOCUTEIHHO
npyra (COMU3UTHCS WM PA30UTUCH). Takoe TOBEACHUE BUXPEH SBISIETCS aHAIOTOM CHJTI. Mex Ty
BUXPSIMH MOXKET OBITh HECKOJILKO TIOJIOKEHUH paBHOBECHS. DTHM, BEPOSITHO, H OOBSICHSICTCS
HAJTMYUE HECKOJLKUX BUJIOB CHIT (JIGKTPOMATHUTHBIX, SJIEPHBIX, CTA0BIX ). AHAJIOTOM
TPABHUTAIAN B MOJICIH SIBIIICTCS KyMYJISATUBHBIN 3(h(DEKT OrPOMHBIX CKOIIJICHHI BHXPEH



(371eMEeHTapHBIX YacTUL), IPOSBIISIFOIIUICS B CHOCOOHOCTH CO3aBaTh MEXy TAKUMHU
CKOTUICHUSIMU JIC(DUIIUT BOJTHOBOM dHEpruu. [8]

6. B Mozenu caMu 4acTHIIbI )KUAKOCTH HE HCIBITHIBAIOT OOIBIINX NepeMenieHui. Tonbpko
SHEPTHUs )KUIKOCTHU (BUXPHU M BOJIHBI) IepeMelaeTcs Ha OoJbIIne paccTosiHus. Buxpu
JBYDKYTCS, BOBJIEKAs! YACTHIIBI )KUAKOCTH BIIEPEIU ce0sl B BUXPEBOE JBIXKEHUE U OCBOOOXK1ast
YacTULI 1103311 ce0s OT BUXPEBOrO ABUKEHUS. ECTh JIM CONPOTHUBIIEHUE NPU NIEPEMELIEHUH
PHEPTUU B Hallel uaeanbHol xuakoctu? Koneuno Her. MozenbHast )KUAKOCTh HE CIIOCOOHA
COIIPOTHUBIIATHCS IBKEHUIO BUXpeEil 1 BOJH B Hell. [loaTomy BuXpu OyayT BecTu ceOs B
KHUJIKOCTH TaK kK€, KaK peaJlbHbIe YaCTHIIBI BeyT ceOs B BakyyMme. JKuakocTs Takke OyneT uist
HUX OCHOBOW CYIIECTBOBAHUS M «ITYCTOTON», HE MEIIAIONIEH ABMKEHHIO. [[oX0%ke, 4TO MBI
CYIIECTBYEM B OUEHb IJIOTHOU M YIIPYTOU «ITyCTOTE». DPHUPHOTO BETPa, KOTOPHIN ObI BIUSII HA
JIBUKEHUE YaCTUII, HE CYIIECTBYET. [9]

7. IIpu IBMKEHUH BUXPEU B JKUAKOCTH OHM MTOABEPIatOTCs «yaapam» IPOAOIbHBIX BOJH.
Pacnipenienenne sHEpruu 3TUX «yJapoB» BIMSET HA TPAEKTOPHIO IBHYKEHUS KaXI0T0 BUXPA.
Ecin n3MEeHUTH paclpenencHie SJHEPruu IpOoAOJIbHBIX BOJIH, UCIOJIB3Ys, HAIPUMED,
JU(PPAaKLUOHHYIO PELIETKY, TO MPU MPOXOXKAECHUN 00JaCTH TAKMX U3MEHEHUH BUXPb U3MEHUT
TPaeKTOPUIO CBOEro ABWxkeHUs. Iloj nefictBueM Npo10JIbHBIX BOJH, 1e(hOpMUPYEMBIX
TU(PPaKLMOHHOM peleTKol, caM BUXPb Oy/JeT BBIHYK/JICH [P JBUKEHUU MTPOSBIISATH BOJIHOBBIE
CBOMCTBA.

8. IIpoobHBIE BOJIHBI YAEPKUBAIOT BUXPb B HEKOTOPOM 00BbeMe. ITOT 00beM He OyJer
UMETb YETKUX IPAHUI] U pa3MepoB. I'paHuIbl 3TOro oobema OyayT HOCTOSHHO MEHSTHCS B
npezienax paccTOsHUS MEXAy coceTHUMU BosiHaMu. HeorpeneneHHOCTh pOPMBI U 3aHUMAEeMOro
00beMa — OJIHO U3 CBOMCTB peasIbHbIX 3JIEMEHTAPHBIX YaCTHLI.

9. B HOBOI1 Mozienu BeeneHHO y Hac ecTh TOJBKO KUJKOCTh U Pa3IMyuHbIe
sHepreTHyeckre o0pa3zoBaHus (BOJIHBI M BUXPH) B HEH. Bech OBIT H3y4eHMs TAKUX CUCTEM
CBUJIETEILCTBYET O TOM, UTO HauOOJBIIEH CKOPOCTHIO NEpelauk SHEPTuu (yAapoB) B TaKOU
CUCTEME SBJISIETCS CKOPOCTh JIBUKEHUS IPOAOIbHBIX BOJIH. HUUTO HE MOXKeT IBUraThCs
osicTpee. 1 310 Henpeo101MMbIil peiest CKOPOCTH, CKOPOCTh CBETA, YUCTAasl U MPOCTasl.

10. IlpononbHbIE BOJIHBI 3aMOJIHIIOT BECh 00beM MOoieu. BoaHbI HMEIOT crienyromune
XapaKTepUCTUKU: aMIUIUTY/1a, IJIMHA BOJIHBI M 4aCTOTA BOJIHBI. AMILIUTY/a BOJHBI 00pa3yer
KBaHT SHepruu. /[n1Ha BoHbI (pacCTOSHUE MEKIY COCETHUMHU BOJIHAMU ) MOXKET CITY>KUTh
MeJbUalIIMMU OTpe3KaMu (KBaHTaMHM) JUIsS ONPEEIICHUS] PACCTOSIHUM MEXIy 4acTULIAaMU 1
TeJIaMH, U TI0O9TOMY OHHU CIIOCOOHBI (POPMHUPOBATH Takoe (PyHIaMEHTaIbHOE (hPU3NYecKoe
ABJIEHUE, KaK IpocTpaHcTBO. [10] YacToTa BOJIH MOXKET CIIy’)KUTh HAUMEHBIIMMHU HUHTEPBAJIaMHU
(KBaHTaMM) JUIs OTIPEIeJIEHUS] HHTEPBAJIOB MEX/y BCEMH JPYTUMHU COOBITUSMU U,
CcJIeZIoBaTeNIbHO, MOXeT 00pa30BbIBaTh (hyHIaMEeHTaIbHOE (PU3NUecKoe siBJIeHue, Bpems. [11]

11. Hamra HoBast Beenennas Oynet pacmupsartbes. B aTom nerko yoeauTbes, €ciau Bbl
HalpaBUTE CTPYIO OKPALICHHOM BOBI B 0OJIBIION 00BeM MPO3pauHOi BOJIBI ¢ OOJIBIION
CKOPOCTBIO.

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

MoskHO pa3paboTaTh KOMIBIOTEPHYIO MOJIENb MOIen. HanMeHbIIIM caMOCTOSTETbHBIM
TEJIOM TaKOM MOJeNn AOKHA ObITh Kax/aast a0COIIOTHO YIpyTas 4YacTHIla, BXOJAIIasi B COCTaB
Halllel uaealbHOM kuakocTu. [Iporpamma qoimkHa TO3BOJISITH BAPBUPOBATh TAKUE BEITUYMHBI,
KaK KOJMYECTBO BOJHOBBIX TEUCHUH CHKATHS, MX aMIUTUTYy (SHEPTHIO), IEpHUO] Ipodera
BOJIHBI, JJIMHY BOJIHBI, Pa3MEPhI YACTHUII, K3 KOTOPHIX COCTOMUT HaIlla YKCIIEpUMEHTANIbHAS Cpea,



u ipyrue ycioBus. JlomkHa ObITh 0OecrieueHa BO3MOKHOCTh 3a/1aHUs! Pa3IMUHBIX YCIOBUN
SHEPTOBBIJEIEHHS (B3pbIBA), & TAKXKE BO3MOKHOCTH OTCICKUBAHUS U PETHUCTPALIUU CIIOCO0a
00pa30BaHMs ONMCAHHBIX BBIIIE BUXPEH. S pearnonarao, 4To yAacTcs ONpeaeuTh YCIOBHS,
IpU KOTOPBIX OyIyT BO3HUKATh BUPTYAJIbHBIC DJIEMEHTAPHbIC YaCTUIIBI - BUXPH, U TaKUE
4acTHUIIBI OyyT aOCOIOTHO MOT0O0OHBI PEANBHBIM JIEMEHTAPHBIM YaCTHULIAM.

MBI MOXeM C03/1aTh KyCOK BUPTYaJIbHOTO (PH3UUECKOTO MPOCTPAHCTBA, a0COIIOTHO
HKBUBAJIEHTHOI'O PealbHOMY MHpPY. B 3T0if mporpamme MO>KHO CO3/1aBaTh U CTAJIKUBATh JIIOObIE
BO3MOYKHBIE BUPTYAJIbHBIEC SJIEMEHTAPHBIC YaCTULIBL. TakuM 4acTUIIaM MOKHO MTPUCBOUTH
TF00YI0 KHHETUYECKYIO DHEPTHUIO U JIF00YI0 CKOPOCTb.

B dhopmMupoBannm kaxmaoil BUPTYaJIbHOM 3JIEMEHTAPHON YaCTUIIBI (BUXPS) YUAaCTBYET KaK
MHUHHMYM HECKOJIbKO BOJH CKaTusl. B KaXkoi 00acTi 0XBaTa BOJIH CKATUSI MOXKET HAXOIUTHCS
00J1b1110€ KOJIMYECTBO YACTUIL MOZEIBHOM cpesibl. BO3HMKHOBEHNE U CylIIeCTBOBAaHHE BUXpEH B
mogaenu CW u KoHe4HbIH pe3ysIbTaT CTOJIKHOBEHUS BUXpEl (OopMUpYETCsl KaK CyMMapHBbIH
pe3ysabTaT MHOXKECTBA POCTHIX, 0OYEHb MAJIBIX B3aMMOAECHCTBUI MEX 1y OOJIBILINM YUCIOM
YaCTHI] BUPTYAJIbHOM cpe/ibl. Mbl HUKOTJa HE CMOXKEM IpeicKa3aTh pe3yibTaThl BUPTYaJIbHOIO
9KCHEPUMEHTA C MTOMOLIbI0 (popMya 1 ypaBHeHHH. OTHAKO 3TH pe3yabTaThl MOKHO MTOJHOCTBIO
CMOJIETTUPOBATh U PACCUUTATh HAa KOMIIBIOTEPE, U OHU OYAYT COOTBETCTBOBATH [TOBEIECHUIO
peanbHbIX MpolieccoB. Takas mporpaMma MOXKET 3aMEHUTh YCKOPUTEIN 3JIEMEHTapHBIX YaCTHIL
(komnnaiizepsl) U Apyrue goporocrosiue puzndeckue ycrpoiictsa. PazpaboTka Takoro
IPOTrpaMMHOr0 o0ecrieyeHus! MPUBEET K 3HAYMTEIbHONH SKOHOMUU CPEJICTB U PACIIMPUT 3HAHUSA
0 peajbHOH (HU3HKE.

BeiBoabl. Bakyym (nmycroTa) — eIMHCTBEHHOE MaTepUaibHOE BellecTBo Beenennoi
(CBepXITIOTHAS M CBEPXYIpYras KUAKOCTh). To, 4TO MBI cunTaeM MaTepuei (3JieMeHTapHbIe
YaCTHIIbI, TEJIA, TUIAHETHI, 3BE€3/Ibl U MBI CAMH), €CTh SHEPTHs BaKyyma, OpraHN30BaHHAs I10-
pa3sHOMY. DCKU3HBIN TPOEKT (MOIENb MPOAOIBLHON BOJIHBI) YIOBIETBOPSET BCEM TPEOOBAHUSM,
W3JI0KEHHBIM B TEXHUYECKOM 3a/IaHHH.

DTy MOJIeTTb MOKHO U HY>KHO MTPOBEPHUTH IKCIIEPUMEHTATBHO.

JleTanbHBINM MPOEKT BCETICHHOM €I11e MPEACTOUT co3/1aTh. O HaKo, ¢ OONBIION JoJeh
BEPOSITHOCTH, HaIlla YK€ CYIIECTBYIOIIasi BecenenHas NpuHIUITUAIIEHO YCTPOCHA aHAJIOTUYHO
OTMMCAHHOW BBIIIE MOENU. [lyMaeTcst, 4TO MHKEHEP CMOXKET YIOBJIETBOPUTD MOTPEOHOCTH
3aka3zumka U co3zath BeeneHHnyto, pu3nyecku MoxXoXyro Ha cyulecTByomyto. [Ipu ycnosuu
MpeoCcTaBlIeHus] 3aKa3YMKOM HE0OX0IMMOT0 BpPEeMEHHU, MAaTepUaAIOB U HHCTPYMEHTOB.



