Microworld_53.
UNSOLVED PROBLEMS OF PHYSICS_ 13

N.N. Leonov

THE THEORY OF NON-LINEAR OSCILLATIONS
ABOUT THE STRUCTURE OF WATER AND
ABOUT THE NATURE OF “FLOATING WATER BRIDGE”

The article offers information about the structure of water and the structure of “floating water bridge”. In natural
conditions, water has multimolecular aggregates of branched hyper-skeletal structure, which composition and shape
depend on temperature.
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XXI11. Structure of Water

The first information on properties of water associated with its structure were obtained by
measuring the temperature dependence of water viscosity and using X-ray structure analysis [1].
X-ray structure analysis showed that water has close, local crystallinity and no far crystallinity.
Hence, it was easy to conclude that water has multitudes of multimolecular aggregates bound
with each other.

This conclusion was supported by a water viscosity measurement. It appeared that viscosity
of liquid is higher than the one of aqueous vapor. Viscosity of a distributed medium means the
nature of energy exchange between moving conventional layers of the medium. Vapor consists
of multiple separate vapor molecules not bound with each other. Energy exchange between
adjacent conventional layers takes place due to the exchange between them by separate
molecules. Multimolecular water aggregates belong partially to both of the adjacent water layers.
Energy exchange between the adjacent layers takes place due to molecular water aggregates
engaging each other. Masses of these aggregates noticeably exceed masses of separate water
molecules. That is why the motion energy exchange between the adjacent layers of liquid is
higher than the one between the adjacent conventional layers of vapor. The presence of
multimolecular aggregates in water well explains that water viscosity exceeds vapor viscosity.

Yet another experiment studied the temperature dependence of water viscosity. It appeared
that water viscosity decreases with the temperature increase. This means that the energy
exchange between the adjacent layers of liquid decreases with increase in the temperature. And
this can only be caused by a decrease in the mass of each multimolecular water aggregate. This
happens because the binding energy of molecules in an aggregate decreases from the center of
the aggregate to its periphery. An increase in water temperature decreases the energy of external
disturbances that pull peripheral molecules off the aggregate.

Since temperature describes an average value of external influences on the aggregate external
molecules, at the constant temperature pull of the aggregate and join it repeatedly. Because of
this, multimolecular water aggregates are “flickering”.

The presence of localized multimolecular aggregates in water is confirmed by various
experimental studies (e.g., [2]).

The fact that multimolecular water aggregates are “flickering” proves that water consists of
two structural components: a lot of separate molecules not bound together, and a lot of molecules
bound by electromagnetic interactions into localized “flickering” multimolecular aggregates.

New studies of water structure [2] found several temperature ranges in each of which
multimolecular water aggregates have their own structure and their own properties. What
explains it?

The official science interprets all known experimental facts in terms of the quantum physics. However, the

guantum theory is only some approximation of the microworld theory. This is supported by the results of the
experimental scattering of a-particles on nuclei of all the chemical elements conducted by scientists of the Nuclear



Physics Institute of the Academy of Sciences of USSR (Alma-Ata) and published [3] already in 1979. Those results
speak for the fact that the nucleonic system of a stable nucleus has a quasicrystalline structure. Hence, Planck'’s
constant in indeterminacy relations of the quantum theory is %#=0, and there are no indivisible energy quanta in the
material world. So it is not surprising that the quantum physics is not capable of adequately interpreting the
available findings.

The theory of non-linear oscillations (TNO) that uses the methods of the “classical”, Newtonian physics
identified the causes for physical concepts of the impossibility in principle to apply in the microworld theory the
methods of the “classical” physics that made physics to start using an inadequate hypothesis of indivisible energy
guanta. These causes were two grossest principle mistakes made two centuries ago so that physics has set aside such
an essential component of the material world as ether [4] and neglected magnetic interactions between microobjects

[5].

Consideration of ether and magnetic interactions between microobjects allowed for transferring the methods of
the “classical”, Newtonian physics to the microworld theory and developing the fundamental elements of the
“classical” microworld physics with clear and detailed representation of the structure of microobjects [6]. The
guantum theory failed to obtain such information.

Let us check how the TNO methods work in interpreting of experimental facts about water
properties.

XXI11.1. Background Information

The least particle of water, its “atom” is H>,O molecule that consists of one O atom and two H
atoms.

Experiments proved that water molecule has structure as shown on Figure 1 (© is oxygen
atom, @ is hydrogen atom). An angle at which hydrogen atoms can be seen from oxygen atom
for water is 106°. This angle is the same for all different molecules and varies most at variations
in temperature and water condition.
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Fig. 1. Water molecule structure

It is still unknown why this molecule has such a shape. Without knowing the key topics,
studying water structure is as unserious as writing without knowing an alphabet.

What is the cause of such theoretical weakness? Time has shown that the cause is rather
trivial. It consists in unserious, unscientific treatment of interactions that define structures of the
material world.

Microobjects a water molecule consists of are well known. They are protons, neutrons and
electrons. As for interactions that bind them into a water molecule, the situation here is long now
unbearable.

Different monographs state that stabile existence of various composite microobjects owes to
Coulomb interactions (e.g., [6,7]). However, already in 1842 S. Earnshaw strictly proved that a
system of electrical charges at finite distances from each other could not be in statically stable
equilibrium [8].

Physics interpreted Earnshaw’s finding as a strict analytical proof that no methods of the
“classical” physics can be applied in the microworld in principle. That is why it turned to using
the hypothesis of indivisible energy quanta.

In the days of Earnshaw, there had been no knowledge yet that each microobject has self-
magnetic fields. When it became obvious, Earnshaw’s theorem lost edge: it became necessary to
analyze microobjects considering both Coulomb and magnetic interactions between
microobjects. By physicists were short of physical intuition to understand that.

Following the acceptance of the indivisible quanta that underlies the paradigmatic basis of
the quantum physics, unclear, there established semi-mystical understanding of chemical bonds.



However, it is not to the fault of chemistry, as it does not study the nature of these bonds but
borrows this information from the discipline that, by definition, must do it, that is, physics.

Chemistry has faithfully fulfilled its obligations to the mankind having built the chemical
theory that left almost all traces of its alchemical childhood behind. Physics prevents the
completion. Over the whole century, it was unable to overcome misbeliefs of its alphysical,
quantum-theoretical childhood despite of the experimental evidence [3] as to the lack of any real
indivisible energy guanta in the material world.

Physicists “did not notice” the publication of the experimental evidence that there are no
indivisible energy quanta in nature. Substantial aspects of the microworld theory has not still
changed.

The theory of non-linear oscillations (TNO) found that physics could not apply the
“classical”, Newtonian methods of analysis to build a “classical” microworld theory because of
unsatisfactory analysis of such methods [4,5]. Because of this, the paradigmatic basis of the
quantum microworld theory did not include such factors of the material world as ether and
magnetic interactions between microobjects. Because of this, the quantum theory appeared to be
inadequate, incapable of gaining a detailed understanding of the structure of the material world
objects.

Chemistry was deprived of an adequate, substantial understanding of the essence of chemical
bonds.

As regards interactions in the material world in general and chemical bonds in particular,
there are no electrical interactions separately as they always act together with the magnetic ones.
However, magnetic interactions are more common than the electrical ones: neutrons and all finer
neutron-like elements have no electrical charges.

The distinctive feature of magnetic interactions is magnetic orientation effect [9] that makes
magnetic fields of interacting objects tend to turn in such a way that their magnetic moment
vectors are positioned on the same straight line. This orientation effect results from the fluidic
nature of magnetism.

Let us demonstrate how magnetic interactions function in terms of the structure of simplest
chemical objects, such as non-excited protium and “static”” hydrogen molecule.

XXI11.1.1. Non-Axcited H Atom

H atom consists of proton and electron that have electrical charges and self-magnetic fields.
Electrical attraction between electron and proton ensures the atom locality and stability.

Due to magnetic orientation effect [9], the magnetic moment vectors of proton and electron
are arranged along a straight line that crosses proton and electron (Fig. 2, o is proton, * is
electron, arrows are magnetic moment vectors). Electron and proton are diamagnetic substances.
That is why magnetic moment vectors of proton and electron have opposite directions in the
atom (directed inside or outside).
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Fig.2. Two variants of hydrogen atom

Because electron and proton are diamagnetic substances, magnetic interactions induce
magnetic repulsion between proton and electron, and prevent the proton-electron system from
collapsing.

If atom elements had no magnetic fields, the collapse would be imminent. This fact turned physicists’ brains in
the beginning of the past century so much that they still have not recovered. Apparently, physical ideas about the
impossibility of positronium collapse can prove this.



XXI111.1.2. H, Molecule

This molecule is the simplest one. Nevertheless, its structure in terms of TNO also offers
surprises.

It is known that there are two kinds of hydrogen molecules: orthohydrogen and parahydrogen
[6]. Contemporary physics explains the difference of their structures suing quantum concepts.
However, these explanations are unsatisfactory as necessary details are unavailable. Studies by
TNO showed that there are two kinds of hydrogen molecules indeed: “static” and “flickering”,
according to the substantial aspects.

A “static” hydrogen molecule looks as shown on Figure 3. Unlike the “flickering” one, it is
in static equilibrium that is why it was so called. Both its protons and electrons, due to magnetic
interactions between them, are on the same straight line. Magnetic moment vectors of its protons
and electrons are on the same straight line, according to magnetic orientation effect.
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Fig. 3. “Static” hydrogen molecule structure

The figure clearly shows that without magnetism the molecule elements collapse.

In the overwhelming majority of chemical compounds, electrical interactions cause attraction while magnetic
interactions cause repulsion of elements. In this molecule, electrical interactions cause repulsion while magnetic
interactions case attraction of atoms.

A “flickering” hydrogen molecule was called so because it is not in static equilibrium but is
constantly changing. Its protons, electrons and their magnetic moment vectors, like in a “static”
molecule, are on the same straight line | (Fig.4). This molecule exists while its elements are
continuously making periodic reciprocating movements along line I. Each semi-period the
direction of the internal, right-hand proton self-magnetic field is reversed. As a result, all
elements of the molecule start moving in another semi-period, in other directions.
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Fig. 4. Structure of “flickering” hydrogen molecule
in a semi-period of its existence

When exists, the molecule is constantly generating a very peculiar electromagnetic
emissions. It can be assumed that such electromagnetic emissions of a “flickering” molecule are
“flicker noise” which actual source, in spite of all efforts, remains unknown.

o

Cross dimensions of hydrogen atoms and molecules (Fig.2,3,4) do not exceed the diameter of proton. This
well explains such an amazing, at first sight, experimental fact that hydrogen penetrates through walls of
vessels that contain it. Neglecting sizes of protons and electrons, hydrogen atoms and molecules are “one-
dimensional”. This fact utterly kills quantum physicists’ “sky-blue dream” of obtaining “metallic” hydrogen
because the quantum models of hydrogen atoms and molecules are inadequate since they are three-
dimensional.

XXI111.1.3. H,0 Water Molecule
Figure 1 shows the structure of water molecules comprising one oxygen atom and two
hydrogen atoms. Figure 2 shows the structure of hydrogen atoms. The structure gives complete
information about properties of hydrogen atom required to understand the specificity of the
structures of water molecules.
The answer to the question why water molecule has the structure deduced from experiments
and shown on Figure 1 can only be found if the oxygen atom structure is identified.



XXI111.1.3.1. O Oxygen Atom

O oxygen atom consists of a nucleus containing eight protons and eight neutrons, and eight
electrons.

According to [3], oxygen atom nucleons have a quasicrystalline structure. That is why the
nucleus has a clearly defined magnetic field that is a sum of eight separate magnetic fields of
nucleonic magnetic clusters of the nucleus.

TNO established that the intensities of self-magnetic fields of electron and proton are
described by the equation: H=(y+y.)(ur)r *[cos(u™r)]>*r —yir 2u , where r is distance vector to
the point where H is defined, # is magnetic moment vector of electron or proton, #”*r is angle ¢
between vectors u# and r. This equation means that self-magnetic fields of electron and proton,
because of extremely high power of 54, with cose, have a very narrow central jet. Therefore, the
magnetic field of the oxygen atom nucleus is a sum of eight needle-like nucleonic magnetic
fields with nonintersecting symmetry axes.

Can the reason why the structures of water molecules are specific be connected with the
structure of the magnetic field of the oxygen atom nucleus?

According to [3], nucleons in a nucleus with a random number of nucleons take strictly
defined positions in relation to each other prescribed, primarily, by nucleonic interactions.

Nucleonic interactions have no impact on the orientation of self-magnetic fields of protons
and neutrons. Until the magnetic field of the entire nucleus is formed, until magnetic fields of
nucleons are not bound into a system of nucleonic magnetic clusters, nucleons have a freedom of
orientation. Under the influence of magnetic orientation effect [9], magnetic fields of nucleons
form a system of nucleonic magnetic clusters in the nucleus. In each cluster, magnetic moment
vectors of nucleons, according to [9], are on the straight line that crosses all nucleons of the
cluster. The magnetic field of the entire nucleus is a sum of separate magnetic fields of nucleonic
magnetic clusters.

Each nucleonic magnetic cluster of a stable nucleus contains one and only one proton. This
proton makes neutrons of the cluster stable. Since the magnetic moment vector of proton is much
more than the magnetic moment vector of neutron (/ln:3-10*4up), the magnetic moments of
nucleonic magnetic clusters of the nuclei are close to each other in their value that is close to yp.

This means that the specificity of water molecule structures is not due to properties of the
magnetic field of the oxygen atom nucleus.

XXI111.1.3.2. Electron Shell of Oxygen Atom
And the Structure of Water Molecules

The only factor remains to explain the specificity of water molecule structures. This factor
are electrons of the oxygen atom “electron shell”.

TNO findings definitely reveal only one thing: eight electrons, of the oxygen atom “electron
shell” are arranged on centerlines of eight nucleonic magnetic clusters of the nucleus, one per
cluster. It is an impossible task to calculate distances from such electrons to the nucleus.

The quantum theory states that two electrons of total eight are the closest to the oxygen atom
nucleus. If it is really so, it might be what we search for. In such case, those two electrons get on
the nucleonic magnetic clusters of the oxygen nucleus on which hydrogen atoms get when
forming water molecules. In this case, the electron-proton magnetic cluster of protium binds with
with electron-nuclear magnetic oxygenic cluster to become a single straight common hydrogen-
oxygen magnetic cluster (Fig.5;  is electron, XX is oxygen nucleus, o is proton, arrows are
magnetic moment vectors). The same figure shows the structure of another fragment of water
molecules.
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Fig. 5. Detailed structure of one of water molecule fragments



XXI11.2. Electromagnetic Interactions
Between Water Molecules

A chemical compound of two objects is only possible if their magnetic clusters unite, when
the clusters are aligned along the same straight line.

When water molecules unite into multimolecular water aggregates, two types of chemical
bonds work according to this scenario. Like oxygen nucleus, water molecule has eight magnetic
clusters. Two of them are common oxygen-hydrogen clusters. The remaining six are purely
oxygenic.

We will call the chemical bond between water molecules implemented by means of two
united oxygen-hydrogen magnetic clusters “hydrogenic” (Fig.6).
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Fig.6. “Hydrogenic” bond of water molecules
A straight fragment of this double molecule, according to Figure 5, is shown on Figure 7.
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Fig.7. Straight fragment of the molecule shown on Figure 6

We will call the chemical bond implemented by means of one oxygen-hydrogen and one
purely oxygen magnetic cluster “oxygenic” (Fig.8).
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Fig.8. “Oxygenic” bond of water molecules

At first sight, the chemical bond of water molecules cannot be implemented by means of
purely oxygenic magnetic clusters.

XXI111.3. “Floating Water Bridge”

An extraordinarily interesting phenomenon in water was discovered two centuries ago [10]
and then repeatedly attracted attention (e.g., [2,11]). Electrodes were put in two small vessels
with water standing next to each other, and then 15-30 kV direct current passed through the
electrodes. As a result, water jets of 3 mm in diameter rose in each vessel along their contact line
up to the top edges of the vessels and joined each other into a “water bridge” between the vessels
over which water is transferred from anode to cathode. That “floating water bridge” between the
vessels remained until the distance between the vessels exceeded 25 mm. The ends of that
“bridge” were of opposite electrical charge. When an external electrical charge brought close to
the “bridge” made it collapse into thin water jets. The “bridge” disappeared when current heated
water to a critical temperature.

The secret of the “bridge” nature has not been revealed still. Formally, the phenomenon is
somehow associated with helium superfluidity, with helium flowing over vessel walls. Although
helium superfluidity exists at extremely low temperatures while “water bridge” exists in galvanic
conditions. However, superfluidity of “neutron liquid” in neutron stars also takes place in rather
a non-trivial situation [12]. So, go ahead.
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Experiments showed that “floating water bridge” broke and disappeared at heating of water
or moving the vessels apart to a distance longer than some critical one. At temperature increase,
the motion energy of free water molecules increase as well as the energy of their collisions with
other water components. With increase in the “floating water bridge” length, the total gravity
load on the “bridge” also increased. Both of these factors made the energy of external effects
exceed the binding energy of between molecules in such “floating bridge”.

These experimental facts imply “floating bridge” consists of continuous macroscopic water
molecules. The experiment with exposing the “bridge” to an external electrical charge showed,
with visible credibility, that this conclusion adequately reflects the actual structure of “floating
water bridge”.

Therefore, to understand the structure of water in “floating bridge”, we should find out how a
straight thread-like multimolecular water aggregate of macroscopic length can occur.

A multimolecular thread-like structure of water molecules built using “hydrogenic” bonds
(Fig.9) is quite suitable to gain understanding of the “water bridge” structures in galvanic
conditions.
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Fig.9. One of super-long molecules in a jet of
“floating water bridge”

According to Figure 9, a three-millimeter jet of “water bridge” should consist of many
separate parallel “thread-like” super-long water molecules shown on the figure. Electrical charge
moved close to the “water jet” on a charged stick partially split the threads and exposed them to
visual observation.

XXI11.4. Structures of Multimolecular Water Aggregates
in Natural Environment

Experimental findings set out in [2] are indicative of the fact that the structure of water
changes with temperature change. This means that there should be multimolecular aggregates of
different structure at different temperatures. As long as a medium temperature is a quantitative
characteristic of the level of external disturbances, the findings mean that different water
aggregates have different binding energies of water molecules.

The binding energy of water molecules depends on what chemical bonds unite them. There
are at least three of such bonds: one is “hydrogenic” (Fig.6) and different “oxygenic” (Fig.8).
These two different “oxygenic” bonds differ from each other in the distance between the electron
and the oxygen nucleus. Because of this, water molecules united by “oxygenic” bonds have
different binding energies.

As regards molecules united by “hydrogenic” bonds, they have the least binding energies
because electrons closest to the oxygen nucleus take part in that bond.

Since water molecules united by “hydrogenic” and different “oxygenic” bonds have different
binding energies, each of those three chemical bonds has its own performance range within the
temperature region.

When water temperature is above the upper threshold of the temperature region of the
“hydrogenic” or “oxygenic” bond performance, the bond cannot prevent the molecules it unites
from collapsing.



The energy required to bind two water molecules is equal to the chemical binding energy.
Therefore, a temperature increase should result in that water has a higher share of aggregates
consisting of molecules united by “hydrogenic” bonds.

Such a regularity work in liquid helium and in gaseous hydrogen. In case with liquid helium,
within the temperature region of superfluidity, a decrease in temperature results in increased
share of superfluid component since the binding energy of “normal’ helium-4 atoms is 24.586eV
[13] while the binding energy of helium-4 superfluid molecules is only 1.449eV [14]. In gaseous
hydrogen, a decrease in temperature results in increased share of hydrogen molecules having the
binding energy of 2.246eV as compared to the share of molecules having the binding energy of
10.908eV.

This information means there is a temperature range where mainly “hydrogenic” bonds act
and a temperature range where one of the “oxygenic” bonds act. Which structures of water
aggregates can emerge in those ranges?

XXI111.4. 1. “Hydrogenic” Chemical Bonds
and Multimolecular Water Aggregates

Looking at the structure of water molecules (Fig.1) one could think that that molecule, if it is
assumed that oxygen and hydrogen atoms are points, has a flat structure. However, it is not the
case in actual fact. Centerlines of two oxygen-hydrogen magnetic clusters in the molecule have
no common points, the centerlines do not cross but intersect. So it is impossible to pass a flat
plane through them. Plane F passable through the mass centers of oxygen and hydrogen atoms is
not flat. It is two-dimensional but curved rather than flat.

Using “hydrogenic” bonds, we can only create multimolecular aggregate Wy all elements of
which are on a two-dimensional, non-flat, unconfined plane F (e.g., Fig.10). Structures of this
aggregate correspond to those shown on Figure 6.
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Fig. 10

XXI111.4.2. “Oxygenic” Chemical Bonds
and Multimolecular Water Aggregates
An oxygenic chemical bond between water molecules functions as shown on Figure 9. The
bond can be detailed on Figure 7 by removing the left hydrogen atom (Fig.11).
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Fig.11. Detailed picture of “oxygenic” bond
between water molecules

Figure 12 shows a fragment of one of the possible water aggregates built using the
“oxygenic” bonds.



Fig.12.

XX111.4.3. “Hydrogenic” and “Oxygenic” Chemical Bonds
and Multimolecular Water Aggregates

The temperature range has segments where both “hydrogenic” and “oxygenic” chemical
bonds between water molecules function.

The structure of water aggregates based on the “oxygenic” bond will change not very
significantly then. Purely “oxygenic” aggregates are three-dimensional, branched formations that
resemble a very complex three-dimensional hyper-skeletal lattice. “Hydrogenic” bonds, probably
cannot add anything brand new to such structure.

Purely “hydrogenic” water aggregates are two-dimensional. They disperse across the volume
of water like small fish-scales with a branched hyper-skeletal structure. “Oxygenic” bonds can
unite such fish-scales into three-dimensional formations with parallel “hydrogenic” layers.

This temperature range has mainly aggregates without an ordered ‘“hydrogenic” or
“oxygenic” basis, with random relative arrangement of the chemical bonds.
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Mukpomup 53.
HEPEIIEHHBIE ITPOBJIEMbI ®U3UKH_13
TEOPUS HEJIUHEMHBIX KOJIEBAHUM
O CTPYKTYPE BO/JIbI
M O IPUPOJIE «ITAPSIIEIO BOJHOI'O MOCTUKA»

H.H.JIeonos

[TpuBoauTcs HOBas HMHGpOPManMs O CTPYKTYPE BOIBI M O CTPYKTYPE «Iapsliero BOJHOTO MOCTHKa». B
€CTECTBCHHBIX YCJIOBHSX, BoJa 00JagaeT MHOTOMOJEKYJSIPHBIMU arperataMy BeTBSIIEHCS CTPYKTYpPHI
THIIEPaKypHOTO BUJIA, COCTAB M (hOpMa KOTOPHIX 3aBHUCAT OT TEMIIEPATYPBI.

([ ]
XXIII. Ctpykrypa BOAbI

[lepBble cBeneHUs O CBOMCTBaX BOJbI, Kacamomuxcs €€ CTPYKTYphbl, ObUIM MOIYyYEHBI C
MOMOIIbI0 H3MEpPEHUs] 3aBUCHUMOCTH BSI3KOCTH BOJABI OT TEMIIEpaTypbl U C TIOMOIIbIO
PEHTTEHOCTPYKTYpPHOrO aHanu3a [l]. PeHTreHoCTpyKTypHBIM aHanmM3 [OKas3aJl, 4YTO BOJA
oOnagaer OJMM3KOM, JIOKAIbHON YHNOPSAAOYEHHOCTBIO, U YTO JAJIBHAS YHOPSIOYEHHOCTb y Heé
orcyrcTByeT. OTcloga HETpyAHO OBUIO cAenaTh BBIBOJ, UYTO BojAa 00IagaeT MHOXECTBOM
CBSI3aHHBIX MEXAY COO0 MHOTOMOJIEKYJISIPHBIX arperaros.

OTOT BBIBOJA ObUI MOATBEPXKIEH M3MEPEHHEM BS3KOCTU BOJbI. OKa3aloch, YTO BSI3KOCTb
KUAKOCTU OoJbllle BA3BKOCTH BoAsHOro mnapa. Ilox BSA3KOCTBIO pacHpeleneHHON Cpelbl
MOHMMAIOT XapakTep BSHEproooMeHa MEXAY JABIKYIIMMHUCA YCIOBHBIMU CIIOSIMH CpEHBbI.
BoasHo#l map cocTOMT M3 MHOXXECTBAa, HE CBA3aHHBIX MEXIy C000#, OTAEIbHBIX MOJIEKYI
BOJSIHOTO Mapa. DHEprooOMeH MEXIy COCEAHHMH YCIOBHBIMU CIOSIMH IMPOUCXOJUT 3a CUEeT
oOMEHa MEXAy HUMH OTICIbHBIMH MOJIEKyJaMH. MHOTOMOJIEKYNISpHBIE arperatbl BObBI
NPUHAAJIEKAT YAaCTUYHO OOOMM COCEAHHMM CJIOSIM BOJbl. DHEProoOMEH MEXIy COCEAHHMH
CJIOSIMU MPOMCXOJAUT 3a CUET 3aLEIJIEHUM APYr 3a Apyra BOASHBIX MOJIEKYJISIPHBIX arperaros.
Maccbl 3THX arperatoB 3aME€THO HPEBBIIIAIOT MAacChl OTIENIBHBIX MOJIEKYd Bojbl. [loaTomy
OOMEH »Heprued IBMXKEHUS MEXKIy COCEAHHMHU CJOSMH JKUJAKOCTH Ooublie, 4yeM oOMeH
SHEprueil MexJy COCEIHMMHU YCIOBHBIMHM CJIOSIMU TMapa. Hannume MHOTrOMOJIEKYJISIpHBIX
arperaToB B BOJIE XOPOIIO OOBSICHSET TOT (PAKT, YTO BSI3KOCTh BOJIbI IIPEBBHIIIACT BSI3KOCTh Mapa.

Emé B ogHOM 3KCHEpUMEHTE H3ydald 3aBHUCHUMOCTH BSI3KOCTH BOJBI OT TeMIIEpaTyphl.
Oxkazasioch, 4TO BSA3KOCTh BOJbl YMEHBILAETCS C YBEINYEHUEM TEMIIEPATYPbl. DTO O3HAYAET, UYTO
SHEProoOMEH MEXJy COCEAHMMH CIOAMHU JKUIKOCTH C YBEIMYEHHEM TEMIIEpaTyphbl
yMEHbIIaeTCs. A 3TO MOXET OBITh TOJBKO H3-32 YMEHBLICHHS MAacChl KaXkJIOTO
MHOT'OMOJIEKYJIIPHOTO arperara BoJbl. ITO IPOUCXOIUT U3-3a TOTO, YTO SHEPTHsI CBSA3H MOJIEKYII
B arperate yMeHbIIAeTCs OT LIEHTpa arperara K ero nepudepuu. C MOBBIIICHUEM TeMIepaTypbl
BOJIbl, YBEIMUYUBAECTCA DSHEPrusl BHEUIHMX BO3MYILICHHMH, OTpBIBAIOIUX HepudepuiiHbe
MOJIEKYJIbI OT arperara.


http://vixra.org/abs/1412.0127
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mailto:NNLeonov@inbox.ru

Tak kak Temieparypa XapakKT€pU3yeT CpPEJHIOK BEJIMYMHY BHEIIHUX BO3JCUCTBUN Ha
arperar, TO BHEIIHHE MOJIEKYJIbl, IPU MOCTOSHHON TeMIlepaType, TO OTPBIBAKOTCA OT arperara,
TO K HEMY BHOBb HpHCOEAMHSIOTCS. M3-3a 3TOro, MHOTOMOJIEKYJSPHBIE arperarbl BOIbI
ABIISIFOTCS. «MEPLIAIOLTUMU Y.

Hanuune 5n0KainM30BaHHBIX MHOTOMOJIEKYJISIDHBIX arperaroB B BOJE IOATBEPXKIEHO
pa3IMYHBIMU SKCIIEPUMEHTAILHBIMU UCCIIEIOBAaHUAMU (Hampumep,[2]).

°

To, 4TO MHOIOMOJIEKYJISIPHBIE arperarbl BOJbI SBJISIFOTCS «MEPLAIOILIUMHY, CBUAETEIbCTBYET
0 TOM, YTO BOJIa COCTOMT U3 JIBYX CTPYKTYPHBIX KOMIIOHEHT — W3 MHO)KECTBAa HE CBSI3aHHBIX
MeEX1y COOOM OTIETbHBIX MOJIEKYJI, M U3 MHOKECTBA MOJIEKYJI, CBA3AHHBIX 3JIEKTPOMArHUTHBIMU
B3aMMOJIEHCTBUSMMU, B JJOKAJIIM30BAHHBIE «MEPLIAIOLINE» MHOTOMOJIEKYJISIPHBIE arperarsl.

o

HoBeie wuccnemnoBanus CTPYKTYpbl BOABI [2] OOHApYKWJIM CYIIECTBOBAHHE HECKOJIBKUX

TEMIIEpAaTyPHbIX MHTEPBAJIOB, B KAXKJOM M3 KOTOPBIX MHOTOMOJIEKYJISIPHBIE BOJIHBIE arperarbl

00J1a1a10T CBOEH CTPYKTYPOU M CBOMMH CBOMCTBaMU. YeM 3TO 0OBsCHIETCS?

Bce u3BecTHBIC SKCIIEpUMEHTaNIbHbIE (PaKThl O CBOWCTBAaX BOABI, B O(HIMAILHON HAyKe, HHTEPIPETUPYIOTCS Ha
A3bIKe KBaHTOBOH (m3uku. OJTHAKO, KBAHTOBAsI TEOPHS SBISETCS BCETO JIMIIb HEKOTOPHIM MPHOIIMKEHUEM TEOPUH
Mukpomupa. O06 3TOM CBHAETEIbCTBYIOT Pe3yIbTaThl SKCIEPUMEHTA MO PACcCESHUIO (-4acTUI] Ha aTOMHBIX spax
BCEX CYIIECTBYIOUIMX XHUMHMUYECKHX BellecTB, npoBefeHHoro corpyaHukamu MNP AH CCCP (Anma-Ata) u
onyosimkoBaHHble B [3] emé B 1979r. DTH pe3ynbTaThl TOBOPSAT O TOM, YTO CUCTEMa HYKJIIOHOB CTaOMJIBHOTO sjpa
o0yaaeT KBa3MKPUCTAIUIMYECKOH CTpyKTypoil. OTcioma ciiemyeT, 9TO B COOTHOIICHHWSAX HEONpeAeICHHOCTEH
KBaHTOBOH Teopuu mocrossHHas M.IImanka 7%=0, m 49TO B MaTepHasibHOM MUpe HEAEINMBIE KBAHTHI SHEPTUH
OTCYTCTBYIOT. [103TOMY HEyIMBHUTENBHO, YTO KBaHTOBasA ()M3MKa HE CIIOCOOHA JaTh aJICKBaTHYIO MHTEPIPETAIIHIO
MPUBEICHHBIM SKCIEPHUMEHTAIBHBIM (DaKTaM.

THK — Teopus HeMMHEWHBIX KOJIeOaHU, UCIOMB3YIOMIAs METOABI «KJIacCHIecKoi», HbI0TOHOBCKOW (PH3HKH,
BBISIBIJIA TIPUYMHBI BOSHUKHOBEHHS (PMU3MUYECKUX MPEACTABICHUH O MPHHIUNNAILHON HEBOZMOXXKHOCTH IPUMEHEHNUS
METOJIOB «KJIACCUUECKON» (U3MKH B TEOPUM MHUKPOMHpA, 3acTaBMBLIME (H3MKY OOpPATUTHCS K HCIIOJIb30BAHHIO
HeaJleKBaTHOM THIOTE3bl CYMICCTBOBAHHUS HENENMMBIX KBAHTOB JHEPruU. OTHMHM TNPHYNHAMH SIBHIIHCH,
JIOTTyIIICHHbIE eIé B IO3alpoLUIOM BeKe, JBe IpyOeillne MpUHIMIHAIBHBIE OIIMOKH, M3-3a KOTOPBIX (U3MKa
OKa3ajach OT y4deTa TaKoW BayKHEHIe# cocTapisonel MaTepruaibHoro Mupa, kak a¢up [4], 1 0T yueTa MarHUTHBIX
B3aMMOJIEHCTBUI MEXIYy MUKPOOOBEKTaMH [5].

Yuer s¢dupa M MarHUTHBIX B3aUMOJCHCTBHH MeXAy MHKPOOOBEKTaMH II03BOJIMI TEPEHECTH METO/BI
«KIaccuueckoit», HploTOHOBCKOM (M3UKM B TEOPUIO MUKPOMHUPA U pa3paboTaTbh OCHOBBI «KJIACCHYECKOW» (U3UKH
MHUKpOMHpa, OOJIaJlafoNiie HAarJsAHOCTBIO M JAETalbHOCTBIO CBEIEHMH 00 YCTpOHCTBE MHKPOOOBEKTOB [6].
KBaHTOBast Teopus MOIYYINTH 3TH CBEACHUS 0Ka3aJIach HECTIOCOOHOH.

[TpoBepum pabotocnocoOHOocTh MeTogoB THK B uMHTEepmperanmu 3KcnepuMEHTaIbHBIX
(baxTOB 0 CBOICTBaX BOABI.

XXI11.1. IipenBapuTteabHble CBeIeHUS

Hanmenbiiei yacTUYKOW BOJABI, €€ «aTOMOMY», sIBIseTCs Mojekyna HpO, cocrosmas u3
OJIHOTO atoMma Kuciopoaa O u AByX aTOMOB Bojiopoaa H.

OKCHepUMEHTAIbHO ~ YCTAaHOBJIEHO, YTO MOJIGKyJa BOJBI  00JajaeT  CTPYKTYpOH,
n300pakeHHOH Ha pucyHke | (O - arom Kuciaopoda, @ — aToM BOJAOpPOJa). YToi, IMOJ
KOTOpPBIM aTOMBI BOJIOPOJIa BHJIHBI U3 aTOMa KHCIOpoJa, paBeH, i Boabl, 106°. [l Bcex
pa3HbIX MOJEKYJ, dTOT YIoJ UMEET OJIHY U Ty K€ BEITUYHMHY, UCIIBITHIBAs HEOOBIIHNE BapUALIUN
MIPH U3MEHEHHUU TEMIIEPATYPBI U COCTOSTHUS BOJIBI.

O
® ®

Puc. 1. Cxema MOJIEKYJIbI BOJIbI
Jlo cux mop He W3BECTHO, MOYEMY 3Ta MOJIEKYyJla UMeeT Takyr ¢opMy. be3 3HaHUS Takux

KJTFOYEBBIX BOIPOCOB TPOBOAMTH M3yYCHUE CTPYKTYPHI BOJABI TaK K€ HECEPbE3HO, KaK IHCaTh
pyKomuch 06e3 3HaHus adaBuTa.



B uem npuunHa Takoi Teopernyeckoil Hemouu? Bpems nmokasaino, 4yTo 3Ta IpUYKMHA BECbMa
TpuBHaJbHa. OHa 3aKiI04aeTcs B HECEPbE3HOM, HEHAyYHOM OTHOLIEHUM K  y4eTy
B3aWMO/JICUCTBUM, ONPEAECAIOMIMNX CTPYKTYpPbl MaTeprualibHOro Mupa.

°

MuKpooOBEKTBI, U3 KOTOPBIX COCTOUT MOJIEKYJA BOJBI, XOPOILIO U3BECTHBI. ITO — IIPOTOHBI,
HEUTPOHBI U DJIEKTPOHBL. YTO KacaeTcss B3aMMOACUCTBUM, CBA3BIBAIOIIUX UX B MOJEKYJY BOJBL,
TO CUTYallMsl 31€Ch YK€ JaBHO COBEPILIECHHO HETEPIUMA.

B pa3znuuHbIXx MOHOrpadusax yTBEp:KIAETCs, YTO CTAa0MJIBHOCTh CYLIECTBOBAHUS Pa3IMUYHBIX
COCTaBHBIX MHUKPOOOBEKTOB OOECIIEUMBAETCS KYJOHOBCKUMH B3aWMOJICHCTBUAMHU (HAmpuMep,
[6,7]). Onnako, emé B 1842r C.HpHII0y CTpOro 10Ka3ai, 4TO CUCTEMa JJICKTPUUECKUX 3apsIoB,
HAXOJAUIMXCS Ha KOHEYHBIX PACCTOSHUSX APYr OT JApYyra, HE MOXET 00JanaTh CTaTHYECKU
YCTOMYUBBIM paBHOBECHUEM |[8].

®du3uka BOCHpUHsIIA pe3ynbTaT MpHIIOY Kak CTpOroe aHaIuTHYECKOE J0Ka3aTeIbCTBO TOTO,
4YTO B MUKPOMHPE METOJIbl «KJIACCUUYECKOI» (PU3MKU NMPUHLUIHNAIBHO HeIpUMEeHUMBI. [losaTomy
OHa 00paTHJIaCh K MCIOJIB30BAHUIO TUIIOTE3bI CYNIECTBOBaHMA B [Ipupose HeIeIMMBbIX KBAaHTOB
JHEPrUu.

Bo Bpemena Hpamoy emé He OBUIO H3BECTHO, YTO BCe, 0€3 HCKIIOUCHUS, OOBEKTHI
MHUKpOMHUpa 00Ja/1al0T COOCTBEHHBIMM MAarHUTHbIMU mosissMu. Korza 3To cTajio OYeBUIHBIM,
Teopema VpHIIOY yTpaTtuia aKTyallbHOCTh — CTajl0 HEOOXOIMMBIM YYHTHIBATh, MPH AHAIH3E
00BEKTOB MHUKPOMHpA, HE TOJBKO KYJIOHOBCKHE, HO M MarHUTHBIC B3aUMOACHUCTBUS MEXIY
MHUKpooOBbekTaMu. Ho y GU3MKOB HE XBaTUIIO (PU3UUECKON WHTYUIIHH, YTOOBI ATO TIOHSTh.

B pesysibrare npuHATHS TUIOTE3bl CYLIECTBOBAHUS HEJCIMMBIX KBAaHTOB, Ha 0a3e KOTOPOii
MOCTPOCHA TapajurMaibHas O0a3a KBAaHTOBOW (M3UKM, Ha JOJNTO€ BpEMsS YCTaHOBUIIOCH
HEYETKOE, IOJIyMUCTHYECKOE IIOHUMAaHUE XUMMUYECKHUX cBszed. OJHako, XMMHA B 3TOM
COBEPILIECHHO HE BUHOBHA, OHA HE U3Yy4aeT IIPUPOAY ITUX CBA3EH, a 3aMMCTBYET 3TH CBEJICHHUS Y
TOT0, KTO, TIO OIPEJIEIIEHUIO, TOJDKEH 3TUM 3aHUMATHCS — Y (U3UKH.

°
XUMHsI 4EeCTHO BBINOJHMUIIA BCE CBOM 00s3aTENbCTBA IEpe]l YEeIOBEUECTBOM, MOCTPOUB
XUMUYECKYI0 TEOPHUIO, IOYTH IIOJHOCTBIO IIPEOJOJIEBIIYIO CJEABI CBOErO AIXUMHUYECKOIO
JIETCTBA. 3aBEPLICHUIO 3TOT0 eif MemaeT (pu3KKa, OKa3aBIlIascs HECIIOCOOHOM, B TEUCHHE LIEJIO0TO
CTOJIETHS, TPEOAOJETh 3a0NYXKIEHHUS CBOEro al(pPHU3NYECKOT0 — KBAaHTOBOTEOPETHUECKOIO
JIETCTBA, HECMOTPSl Ha JKCIEPUMEHTAJIBHOE J10Ka3aTeabCTBO [3] OTCYTCTBUS B MaTEpUAIbHOM
Mupe peallbHbIX HEACTUMBIX KBAHTOB YHEPIHHU.

[TyGnukanust SKCIEpUMEHTAIbHOIO J0Ka3aTelbcTBa OTCYTCTBUs B Ilpupose Henennmbix
KBaHTOB 2HEPIUH, OKa3ajach (U3MKaMM «He3aMmeueHHoW». CoaepxKaTenbHble acleKThl TEOPUU
MHUKpPOMHMpA C TE€X MOP TaK U HE U3MEHUJINCH.

0

Teopuss HenuueiHbx koneOanuii — THK, BbIsicHMIa, yTO (pr3MKa He cymena NPUMEHUTh
«knaccudeckne», Hpl0TOHOBCKHME METOIbl aHaau3a, JUIsl MIOCTPOCHMS «KIJIACCHYECKOW» TEOPUU
MUKpPOMHpA, H3-32 HEYAOBIETBOPUTEIBHOIO 3HAaHUSA OJTUX MeToAoB [4,5]. OTo sBHIOCH
MPUYMHON TOT0, YTO B MapaJurMalibHy0 0a3y KBaHTOBOM TEOPUU MHUKPOMHUpPA HE BOILUIN TaKUE
dakTOpsl MaTepUAIBHOTO MHpa, Kak d3(pUp W MarHuTHBIE B3aUMOJICHCTBUA MEXIY
MUKpooObekTamMu. M3-3a 3TOro KBaHTOBas TEOpUs OKa3zajach HEaJeKBATHOM, HECHOCOOHOM
JIOCTHYB TIOJHOTO U JIETATbHOTO IOHUMAaHUS YCTPOWCTBA 00BbEKTOB MaTepuanbHOro Mupa.

XUMHS OKa3ajlach JIMIIEHHOW aJIeKBAaTHOTO, COJEPKATEIbHOIO TMOHMMAaHMUS CYIIECTBA
XUMUYECKUX CBA3EH.

0

Yro kacaercs B3auMOJEHCTBUN B MaTepuaibHOM Mupe BooOIIe, U XUMHUYECKUX CBS3EH B
YACTHOCTH, TO JJIEKTPHUUECKUX B3aUMOACHUCTBUI OTAEIBHO HE OBIBACT, OHU BCErja AECHUCTBYIOT
BMECTE C MarHuTHbIMH. Ilpu 3TOM, MarHuTHBIE B3aUMOJEHCTBUS PACIHPOCTPAHEHBI LIMPE
JJIEKTPUYECKUX — HEUTpOHBI M Bce Oojiee MeJNKHE HEUTPOHONOMOOHBIE 3JIEMEHTHI
AIIEKTPUUYECKUMH 3apsiilaMu He 00J1aJatoT.



XapakTepHOl OCOOCHHOCTbIO MArHMTHBIX  B3aUMOJICWUCTBUI  SIBISCTCS  MAarHUTHBIN
OpUEHTAIMOHHBIN 3 dekT [9], Omarogaps KOTOPOMY MarHMTHBIE MOJIS B3aUMOJEHCTBYIOIIMX
00BEKTOB CTPEMSTCSI Pa3BEPHYTHCS TaK, YTOOBI BEKTOPHI MX MAarHUTHBIX MOMEHTOB OKa3aJIUCh
Ha OJHOM W TOW XK€ MPSAMON. DTOT OPUEHTAIMOHHBIN A(D(PEKT SBISICTCS CIEICTBHEM CTPYHHOMN
IPUPOJIbI MATHETU3MA.

°

[IpogeMoHCTpUpYEM POJIb MArHUTHBIX B3aUMOAECHCTBUN B IIOHMMAaHUU YCTPOWCTBA
MPOCTEHIINX XUMHUYECKHX OOBEKTOB — HEBO30YXKJACHHOIO aromMa MpOTUS M «CTaTUYECKOM»
MOJIEKYJIBI BOJOPOJIA.

XXI111.1.1. HeBo30y:xn1eHHblii aTom Bogopona H

ATtoM Bojopoja /H COCTOMT W3 IPOTOHA M 3JEKTPOHA, 00JaJAIOLMX HJIEKTPUYECKUMU
3apsaMd U COOCTBEHHBIMH MArHUTHBIMH TIOJIIMU. OJEKTPUYECKOE NPUTSHKEHUE MEKIY
3JIEKTPOHOM U MPOTOHOM 00€CIEUNBAIOT JIOKAIIBHOCTh M CTAOUIIBHOCTh aTOMA.

bnaromapss MarHuTHOMY OpHEHTaMOHHOMY 3P QeKTy [9], BEKTOpPHI MarHUTHBIX MOMEHTOB
IPOTOHA U 3JIEKTPOHA PACIHOJI0XKEHbI BJOJb MPSIMOM, MPOXOAALIeH depe3 MPOTOH M JIEKTPOH
(puc.2, 0 — IPOTOH, * - BIEKTPOH, CTPEIKU — BEKTOPHl MAarHUTHBIX MOMEHTOB). DJIEKTPOH U
IPOTOH SBJIAIOTCA AMAaMarHeTukamMu. I[103TOMy BEKTOpbI MarHMTHBIX MOMEHTOB IPOTOHA U
AJIEKTPOHA HAIIPaBJIEHBI B ATOME B IPOTUBOIIOJIOKHBIE CTOPOHBI (BHYTPh aTOMa, WJIK HApYXKY).

0— «° «—0 —>
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Puc.2. JIBa BapuanTa aromMa BOoJopoaa

MarnuTHble B3aUMOJIEHCTBHs, Onarojgaps JAMaMarHeTHU3My DSJEKTpOHA U TMPOTOHA,
MOPOKIAKOT MATHUTHOE OTTAIIKUBAHUE MEXKIY IIPOTOHOM U 3JIEKTPOHOM, IPEISITCTBYS KOJUIANCY

MPOTOH-3JIEKTPOHHON CUCTEMBI.

Ecnu ©6b1 MarHWTHBIC TOJISL Y JIEMEHTOB aToMa OTCYTCTBOBAJIM. TO KoJuianc Obul OBl HemsbOexeH. U 310 Tak
CHUJIbHO TPaMBHUPOBAJIO IMCUXUKY (I)I/I3I/IKOB B Ha4aJI€ MPOIJIOro BE€Ka, YTO OHU HE CMOTJIM OMPAaBUTHCA A0 CUX IIOP.
HO-BI/IZ[I/IMOMy, J0Ka3aTeJIbCTBOM 3TOI'0 00CTOsTENBCTBA MOI'YT CIIY)KHUTb (I)I/ISI/I‘ICCKI/IS MNpeaACTaBJICHUA O
BO3MOXKHOCTH KOJUIAIICa O3UTPOHUSL.

XXI11.1.2. Moaeky.a Bogopona H,

Ora Mosekyna — mpocreimas. Tem He mMeHee, U €€ cTpykTypa, B Tpanckpunuuu THK,
IIPENOJIHOCUT CIOPIIPHU3BI.

N3BeCTHO, 4TO CYIIECTBYIOT JBA BU/Ia BOJOPOIHBIX MOJIEKYII - OPTOBOJAOPO ¥ MapaBOAOPO.L
[6]. PasHumy ux CTpPYKTYyp B COBpPEMEHHOW (pu3MKe OOBACHSIIOT C IMOMOUIbI0 KBAaHTOBBIX
npenctaBieHuid. OjHako, OSTH OOBSICHEHHsS] HEYAOBIETBOPUTENbHBI U3-3a OTCYTCTBUS
HeoOxonumbIx netaneil. Mccnenosanus THK mokazanu, uto, 1eHCTBUTENBHO, CYIIECTBYIOT JBA
BHJIa BOJOPOJHBIX MOJIEKYJ, Ha3BAHHBIE COTJIACHO COJEPKATEIbHBIM  aclleKTaMm, —
«CTAaTUYECKUE» U «MEPLIAIOLIUEY.

«CraTndeckas» MOJIEKyJla BOJOPOAA MMEET BHJ, NMPEACTABICHHBIA Ha pucyHke 3. OHa, B
OTJIMYUE OT «MeplamIeil», o0lagaer CTaTUUYECKUM pPaBHOBECHEM, MOITOMY M Oblia Tak
Ha3BaHa. O0a e€ MpOTOHA U ANEKTPOHA, OJ1aro1apsi MArHUTHBIM B3aMMOJEHCTBUSIM MEXKIY HUMH,
HaxoIATCs Ha OJHOW M TOW K€ NIpPsIMOW. BEKTOpbl MarHUTHBIX MOMEHTOB €€ IIPOTOHOB H
AIIEKTPOHOB HAXOJATCS, COTJACHO MarHUTHOMY OpHEHTAIlMOHHOMY J3(¢eKTy, Ha TOH XKe
IPSIMOA.

*— «—0 «—0 o—>

Puc. 3. Cxema «cTaTuyeckoi» MOJIEKYJIbl BOJIOPO/Ia



W3 »TOro pucyHkKa, C OYEBHMJIHOCTBIO, CIEIYET, YTO, NPU OTCYTCTBUM MAarHeTusma y
3JIEMEHTOB 3TOM MOJIEKYJIbl, OHA pacHaaeTcs.

B IO AaBJIAIOIIEM OOJILIIMHCTBE XUMUYCCKHX COGI[PIHCHPIIZ DJIEKTPHUYIECKUE BBaHMOHeﬁCTBHﬂ BBI3BIBAIOT
IMPUTSHKEHUE, @ MAarHUTHBIE — OTTAJKWBAHUE DJIEMEHTOB. B »sToit MOJIEKYJIE JJIEKTPUYECCKHE BSaHMOﬂeﬁCTBHﬂ
BBI3BIBAIOT OTTAJIKUBAHKE, & MATHUTHBIE — IPUTSKEHHE AaTOMOB.

o

«Mepuaromas» MoJIeKyJla BOJOpOJa IOJIydniIa Ha3BaHUE OT TOrO, YTO OHA CTAaTMYECKUM
paBHOBECHEM HE 00J1a/1aeT, U HAXOJUTCS B MIOCTOSHHOM HM3MeHeHHH. E€ pOTOHBI, JIEKTPOHBI U
BEKTOPBI UX MarHUTHBIX MOMEHTOB, KaK U B «CTaTHUECKOW» MOJIEKYIIE, PACIIONIOKEHb! HA OJJHOU
u 1ol ke mpsamoit | (puc.4). Dra Moiekyla CYIIECTBYeT B PEKHME HENPEPhIBHBIX
HEPHOIMYECKUX BO3BPATHO-IIOCTYIIATEIBHBIX JBIKCHUI €€ aiieMeHTOB BIOub JuHuH |. B koHIE
Ka)KJ0r0 TOJyNepruoJa MPOUCXOAUT ONPOKUIAbIBAHNE HAIIPABIEHUSI COOCTBEHHOIO MarHUTHOIO
II0JIs1 BHYTPEHHET0, PaBOro NMpOTOHA, Ha IMPOTHUBONOJIOXKHOE. BenenctBue 3Toro, Bce 37€MEHThI
MOJIEKYJIbl HAUMHAIOT ABM)KEHUE B APYTOM MOJIYNEPUOJE, B IPYTUX HAIPABICHUSAX.

0— «—e 0o— o—>

Puc. 4. Cxema «mepnaroiieid» MoJIeKyJIbl BOJOPOIa
Ha OJTHOM U3 MOJIYNIEPUOIOB €€ CYIIECTBOBAHUS

Bo Bpems cyniecTBOBaHMsI, 3Ta MOJIEKYJIa HETIPEPHIBHO T'€HEPHPYET BEChbMa CBOEOOpa3HOE IJIEKTPOMAarHUTHOE
n3nydeHue. MOXKHO MPENNoNIOKUTh, YTO OTH OJEKTPOMAarHUTHbIE W3JIYYCHUS «MEPIAIONIEH» MOJIEKYJIIbI
MPEICTABISIIOT COO00H «(PIUKKEp-ITyM», UCTHHHBIH HCTOYHHK KOTOPOTO, HECMOTPS Ha 3HAYUTEIBHBIC YCHIHA, O
CHUX TIOp HE YCTaHOBJICH.

o

IMonepeynsie pa3Mepsl ATOMOB U MOJIEKYJ Bogopoaa (puc.2,3,4) He MPEeBHIIAKOT JHAMETPA MPOTOHA. ITO
XOpoLIo O0BbSICHAAET TAKOW yIAMBHUTEJIbHbIN, HA NePBbIl B3IJIAl, IKCIEPUMEHTAIbHbIA (aKT, YTO BOIOPO]
NMpocavYnBaeTcsi 4Yepe3 CTEHKH CcoAep:Kamux ero cocyaoB. Eciaum mnpenHedpeub pa3MepaMu NPOTOHOB H
3J1eKTPOHOB. TO aTOMbI M MOJIEKYJbl BOJOPOAA «OAHOMEPHBI». JTOT (hakT Hampouyb yOMBaeT «JIa3ypHYIO
MEeUTY» KBAaHTOBBIX (M3UKOB 0 NMOJTYYEeHUH «METAJIHYECKOT0» BO/IOPO/Ia, N3-32 Hea[eKBATHOCTH KBAHTOBBIX
MojeJiell aTOMOB U MOJIeKYJI BOAOPO0/a, CHUTAIOIIMXCH TPeXMEePHbIMH

XX111.1.3. Moueky.aa Boast H,O

Cxema MouieKynbl BOJBI INpeicCTaBlieHa Ha pucyHke 1. OHa COCTOMT M3 OJHOTO aToMa
KHCJIOpPOJIa ¥ ABYX aTOMOB Bojopoja. CxeMa aToma BOJOpOJia M300pakeHa Ha pUCYyHKe 2. DTa
cXeMa J1aeT MpeJIeNIbHO MOJIHYI0 HH(POPMAIIMIO O CBOMCTBAX aToMa BO0PO/1a, HEOOXOIUMYHO /s
JOCTHUKEHUS TOHUMAaHUS CTIEU(PUKU CTPYKTYPbl MOJIEKYJIBI BOJIBI.

OTBeT Ha BONpPOC — MMOYEMY MOJIEKYJIa BOJIbI 00J1a/1aeT 3KCIIEPUMEHTAILHO YCTaHOBICHHOHN U
1300paXeHHOM Ha pUCYHKE | CTPYKTYpOil, MOKHO MOJIYyYUTh, TOJILKO BBISIBUB CTPYKTYpPY aroma
KHCIIOpO/a.

XXI111.1.3.1. Atom kuciaopoaa O

Atom kucnopoga O COCTOUT U3 sJIpa, COAEPIKAILIET0 BOCEMb POTOHOB M BOCEMb HEHTPOHOB,
Y U3 BOCbMH 2JIEKTPOHOB.

CormacHo [3], HYKJIOHBI SApa aToMa KHCIOpoJa o00JamaroT KBAa3HUKPUCTATUIMUECKON
cTpykrypoil. IlosTomMy sapo o0imagaeT YETKO OINpeNesIeHHbIM MAarHUTHBIM — IOJIeM,
MIPEJICTaBIISIIOIIMM COO0H CYyMMY BOCHbMH OTAEJBbHBIX MArHUTHBIX MOJIENH HYKJIOHHBIX MarHUTHBIX
KJIACTEPOB SApa.

THK ycraHoBmia, 4TO HamnpsyKEHHOCTH COOCTBEHHBIX MAarHUTHBIX TIOJIEH 3JIEKTpoHA U
IPOTOHA ONMHCHIBAIOTCS BhIpakeHneM: H=(y+y1)(ur)r *[cos(u™r)]*'r —yir *u , toe r — BexTOp-
paccrosiHue A0 TOYKM omnpenencHuss H, g — BEKTOp MarHUTHOTO MOMEHTa JJIEKTPOHA WA
IPOTOHA, M — yroil @ MeXAY BEKTOpaMH M M I. DTO BBIPAKEHUE TOBOPUT O TOM, 4YTO
COOCTBEHHBIE MAarHUTHBIE MOJIS AJIEKTPOHA M MPOTOHA, U3-3a YPE3BbIYANHO OOJBIION CTENEHH,
paBHOH 54, mpu cos®, 00JaJal0T HUCKIIOUUTEIBHO Y3KOW IeHTpalbHOU cTpyel. IlosTomy



MarHUTHOE TIOJIE siIpa aTroMa KUCJIOpoJa MPEACTaBIsET cO00M CyMMY BOCBMU CIHIICTIONOOHBIX
HYKJIOHHBIX MarHUTHBIX MOJIEH ¢ HENEePeCEeKAOIUMUCS OCSIMH CUMMETPHH.

MoskeT JM TpUYUHA CHENU(UKH CTPYKTYPbl MOJEKYJIbl BOABI OBITH CBSI3aHHOW CO

CTPYKTYpPOI MarHUTHOTO IOJIA Apa aToMa Kuciopoaa?
°

W3 [3] crnenyet, 4TO HYKJIOHBI B SIIPE, C MPOU3BOJIbHBIM KOJIMYECTBOM HYKJIOHOB, 3aHUMAOT
YETKO ONpPEICTCHHBIE MOJIOKEHUSI OTHOCUTENBHO APYT IPYyTra, MPEanuCcChIBaeMbIe, IIPEK]IE BCETO,
HYKJIOHHBIMU B3aHMOJICHCTBUSIMHU.

Ha opueHTanmmio coOCTBEHHBIX MAarHUTHBIX IIOJIEH MPOTOHOB M HEHUTPOHOB HYKJIOHHBIC
B3aMMOJICHCTBHS HE BIUAIOT. JJo 00pa3oBaHus MAarHUTHOTO IOJIA BCErO Spa, MOKa MAarHUTHHIE
MOJIsI HYKJIOHOB HE CBSI3aHbI B CUCTEMY HYKJIOHHBIX MAarHUTHBIX KJIACTEPOB, HYKJIOHBI 00Jadat0T
OpHUEHTAIIMOHHOK cBOOOaOW. [loj BIMSHWMEM MarHUTHOTO OpHEHTAIMOHHOro 3¢dekrta [9],
MarHuTHbIE TOJII HYKJIOHOB BBICTPAMBAIOTCS B SJpE, B CHUCTEMY HYKJIOHHBIX MarHUTHBIX
KJIacTepoB. B KkaxaoM KiacTepe, BEKTOPbl MAarHUTHBIX MOMEHTOB HYKJIOHOB, coriacHo [9],
HaxXOoJATCsl Ha MPSAMOMU, MPOXOIAIICH Yepe3 BCe HYKJIOHBI 3TOr0 KjacTepa. MarHuTtHoe moJjie
BCEro fnpa SBJISETCS CYMMOH OTIEIbHBIX MArHUTHBIX TIOJ€H HYKJIOHHBIX MAarHUTHBIX
KJIaCTEPOB.

B kax1oM HyKJIOHHOM MarHUTHOM KJIaCTEpe CTaOMIBHOTO A]Ipa COACPKUTCS OJIUH U TOJILKO
OJIMH MPOTOH. DTOT MPOTOH JEJIA€T HEUTPOHBI ATOTO KJIacTepa cTabMIbHBIMU. Tak Kak BeTMYMHA
BEKTOpPa MarHUTHOTO MOMEHTa MPOTOHA HAMHOTO OOJbIle BEIWYHHBI BEKTOpPAa MAarHUTHOTO
MOMEHTa HEHTpoHa (,un:3-104,up), TO MarHUTHBIE MOMEHTHI HYKJIOHHBIX MarHUTHBIX KJIacCTEPOB
snep OJIM3KH, 110 BEIUYHMHE, APYT APYTY U OJIM3KU BEITMUUHE Lip.

OTO 03Ha4aeT, 4To clneuruduka CTPYKTYpbl MOJEKYJbl BOABI O0YCIIOBIEHAa HE CBOMCTBAMU
MarHUTHOTO TOJIS siipa aToMa KUCJIOpOoa.

XXI111.1.3.2. DnekTpoHHas 000/109Ka ATOMA KHCJI0POIa
U CTPYKTYPa MOJIEKYJIbI BOJbI

Ocraercst TONBKO OAMH (DAaKTOp, KOTOPBIH MOI OBl OOBSICHUTH CHEHU(PUKY CTPYKTYPHI
MOJIEKYJIBI BOJIbI. DTOT (PaKTOP — IEKTPOHBI U3 «3JIEKTPOHHON 000J0UKH» aToMa KUCIOpOAa.

N3 pesynbraTos, nosnydeHHbIXx THK, ¢ onpeneneHHOCThIO U3BECTHO TOJIBKO OJHO — BOCEMb
DJIEKTPOHOB, U3 («JIEKTPOHHOI» OOOJOYKM aToMa KHUCIIOPOJA, PAacCIOararoTcs Ha OCEBBIX
JMHUSAX BOCBMU HYKJIOHHBIX MarHUTHBIX KJIACTEPOB s/ipa, 110 OJHOMY Ha Kjactep. Brruncienue
paCCTOHHI/Iﬁ OT 3THX 3JICKTPOHOB O A1pa — 3ajjadya HCHIPUIIOABEMHAS.

KBaHnToBass Teopusi yTBep)KIaeT, yTo Hambosee ONM3KUMH K SIpy B aToMe KHCIIOpoJa
SABJIAIOTCA Ba JJICKTpOHA M3 BOCHBMU. Ecam 310 I[CflCTBI/ITGJ'IBHO TaK, TO 3TO MOXET 0OKa3aTbCs
TE€M, YTO MBI uuieM. B 3ToMm ciydae, 3TM JBa 3JIEKTPOHA CaAATCAd HAa HYKJIOHHBIE MArHUTHBIE
KJIaCTephl AJipa KUCIOPOaa, Ha KOTOpbIE, MPH 00pa30BaHUU MOJIEKYJbl BOJbI, U CAASITCS aTOMbI
Bojoposa. Ilpu 3TOM, 37EKTPOH-IPOTOHHBI MAarHMUTHBIM KiacTep NpPOTHUS OOBEIUHSETCS C
SJICKTPOH-AACPHBIM MArduMTHBIM KHCJIIOPOAHBIM KJIACTECPOM B el]I/IHI)II\/'I pr[MOJ'IPIHGfIHLIfI
CYMMapHBIH BOJOPO/I-KUCIOPOIHBIN MarHUTHBIN Kiactep (pUc.5; ¢ - 2eKTpoH, X - sapo aToma
KHCJIOpPO/1a, 0 — MPOTOH, CTPEIKU — BEKTOPhl MArHUTHBIX MOMEHTOB). Cxema qpyroro ¢pparmMeHTa
MOJIEKYJIbI BOJIbI H300payKaeTcs TAKUM K€ PUCYHKOM.

<« %:2—> °— «—0
Puc. 5. JleranpHas cxeMa 0JHOTO U3 (PparMeHTOB MOJIEKYJIbI BOJIbI
XXI1.2. DyieKTpoMarHuTHbIE B3aMMO/1eiiCTBHUSA
MEXKIY MOJIEKYJIaMH BOJIbI

XVWMHUYECKOE COCTUHEHUE [BYX OOBEKTOB BO3MOXHO TOJBKO MPH OOBESIMHEHHH UX
MarHUTHBIX KJIACTEPOB, KOTJA 3TH KJIACTEPHI BEICTPAMBAIOTCS BJIOJIb OJHOM U TOM K€ MPSMOI.



[Tpu oObeaMHEHUH MOJEKYN BOJBI B MHOTOMOJIEKYJISIPHBIC BOJHBIE arperaTbl, MO 3TOMY
CIIEHapuI0 paboTalOT JBa BUIA XMMHUYECKHX CBsi3eil. Monekyna BoIbl 00iagaeT, Kak U sAapo
aTomMa KHUCJIOpOJa, BOCEMbI0 MarHMTHBIMU KJlacTepamMu. JIBa W3 HHUX SBISIOTCS OOLIUMU
KHUCIIOPO/I-BOIOPOAHBIMU KiiacTepamu. OcTanbHble IECTh — YUCTO KUCIOPOIHBIMH.

XUMHYECKYI0 CBSI3b MEXJY MOJIEKYJIaMd BOJbI, PEATM3yEeMYI0 C TIOMOIIBIO JBYX
O0BEMHEHHBIX KHUCJIOPOA-BOJOPOJIHBIX MArHUTHBIX KJIAcT€POB, HA30BEM «BOJOPOIHOI
(puc.6). IIpssmonuHelHbIi pparMeHT ATON yIBOCHHON MOJIEKYJIBI MOXHO, COTJIACHO PUCYHKY 5,
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Puc.6. «BogoponHas CBs3b MOJIEKYJ BOJbI
n300pa3uTh PUCYHKOM 7.
<« f}—) °— «—0 <« {t?—» — «—0
Puc.7. llpsimonuHeiiHast 4acTh MOJICKYJIBI HA PUCYHKE 6

XUMUYECKYIO CBSI3b, PEAIN3YEMYIO C MOMOUIBIO OJTHOTO KHCIOPO/A-BOAOPOJHOTO U OJHOTO
YHCTO KUCIOPOJHOTO MarHUTHBIX KJIACTEPOB, HA30BEM «KUCIOPOIHOIY (puC.8).
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Puc.8. «KHCJ’IOpOI[HaH» CBA3b MOJICKYJI BOJAbI

XHUMHYECKas CBA3b MOJICKYJI BOJAbI ¢ NTOMOIIBIO TOJIBKO YHUCTO KUCIOPOAHBIX MAIHUTHBIX
KJIaCTCpOB, HA HepBI)II\/’I B3I, HEpCAJIIM3yEMa.

XXI1.3. «[lapsauuii BOASHONH MOCTHK»

HeoObr4aiiHo nHTEpecHOE sIBIEHUE B BOJIE OBLIO OTKPBITO B Mo3anpouuioM Beke [10] u 3atem
MHOTOKpaTHO MpUBJEKaN0 BHUMaHue (Hampumep,[2,11]). B nBa, crosmux psaoM, HEOOIbIIMX
COCyZia C BOJOW MOMEIIAIHN MIEKTPOIbI U MPOIYCKAIU IO HUM ITOCTOSIHHBIN TOK HAIpSKEHUEM B
15-30kB. B pesynbrare 3TOro, B Ka)JI0OM M3 COCYJOB, BJIOJIb JIMHUU HX CONPHUKOCHOBEHUS,
MOIHUMAJIMCh, K BEDXHUM UX KpasiM, BOASIHBIE CTPYU TUAMETPOM B 3MM M COEIUHSIUCH MEXKIY
co00i1, 00pa3yst «BOJASHON MOCTHK» MEXKIY COCYaMH, IO KOTOPOMY ITPOUCXOIUII IEPEHOC BOABI
OT aHOJA K KaToqy. DTOT «IIapsiMi BOASHON MOCTHK» MEXAY COCYIaMU COXPAaHSJICS IIpU
pa3BUTaHUU COCYZOB 110 25MM. KOHIIBI 3TOTO «MOCTHKa» OBUIM AJIEKTPUYECKU PA3HOMMEHHO
3apskeHsl. [Ipy mogHECEHNH K HEMY BHELIHETO AJIEKTPUYECKOTO 3aps/ia, MOCTUK pacnaaalcs Ha
TOHKHE BOJSIHBbIE CTPYU. OTOT MOCTHUK HCHYe3all, KOIrjJa BOJa, NpU MPOMYCKAaHUU TOKa,
HarpeBanach 10 KPUTUYECKOU TEMIIEPATYPhI

3arajgka MpUpoJIbl 3TOTO «MOCTHKA» HE peleHa 0 cux mop. @opMabHO 3TO SIBJICHUE YEM-
TO aCCOLMUPYETCS CO CBEPXTEKYYECTBIO I'EUs, C €ro INEPETEKaHUEM uYepe3 CTEHKU COCYJIOB.
[IpaBna, cBepXTeKydyecTh TeIUsl CYLIECTBYET NPH CBEPXHU3KUX TeMIlepaTypax, a «BOJSHOMN
MOCTHK» - B TaJIbBAHUYECKUX YCIOBUAX. HO Beb U CBEPXTEKYyU4ECTh «HEUTPOHHOU KUJKOCTU» B
HEUTPOHHBIX 3BE3/1aX PEATU3YyeTCs B BEChbMa HETpUBUANIbHOU cuTyanuu [12]. Tak uro — Boepen.

[e]

OKCIEpUMEHTHI TOKA3aIU, YTO <JIapSAIIMA BOISHOM MOCTHK» DPa3phIBAICS M MCYE3Al IIPH

HarpeBaHUM BOJABI M TMpPU pPA3ABUTAHUM COCYIOB HA PpACCTOSIHUE, BBIIIE HEKOTOPOTO



KpuTH4YecKoro. Ilpu moBbIIEeHUHN TeMIIepaTyphl, yBEIHUNBAIACH SYHEPT U IBUKECHUSI CBOOOIHBIX
MOJIEKYJI BOJbl M DHEPIUs UX COYNAPEHUH C IPYyrMMHU KOMIIOHEHTaMu Boabl. llpu yBennuenuun
JUIMHBI «IapsIIero BOASHOIO MOCTHKA» YBEIMYMBAIACh CyMMAapHasl TPaBUTALIMOHHAs HArpys3Ka
Ha 93TOT «MocTUK». O0a 3Tu (¢akropa NPUBOAMWIM K IPEBBIIEHUIO SHEPrMM BHELIHUX
BO3JICUCTBUM HAJl SHEPTUEU CBS3HM MEKYy MOJIEKYJIaMU B «IIapsIeM MOCTUKE.

N3 3THX SKCHepUMEHTaJIbHbIX (DAKTOB CIEAYeT, YTO «apsALlIMi MOCTHK» COCTOUT M3
HENPEPBIBHBIX BOASHBIX MOJIEKYJI MaKpPOCKOIIWYECKOW JJIMHBI. DKCIIEPUMEHT C BO3JIECHCTBUEM,
Ha OJTOT «MOCTHMK», BHEIIHEr0 DJIEKTPUYECKOro 3apsja, IOKa3al, C BU3YyaJbHOU
yOEIUTENbHOCTBIO, UYTO 3TOT BBIBOJ aJI€KBATHO OTPAKAa€T PEATbHYIO CTPYKTYPY «HapsIIEro
BOJSIHOI'O MOCTHKA.

CrnenoBarenbHO. YTOOBI OHATH CTPYKTYPY BOJBI B «IIAPSIILIEM MOCTHUKE», HY)KHO BBISICHUTB,
KaKk MOXeT 00pa30BaTbCs MpPsIMON HUTEOOpa3HbI MHOIOMOJICKYJISIPHBIM BOJSHOW arperar
MAaKpPOCKOITUYECKOMN JJIMHBI.

o

MHoromonexkynsipHas HHUTENOAOOHAas CTPYKTypa W3 MOJEKYI BOJbI, BBICTPOCHHAS C
MOMOIIBIO «BOJOPOJHBIX» CBsizel (puc.9), BIOJHE IMOAXOMUT MJIS BBIPAOOTKH TIOHUMAaHUS
CTPYKTYPBI «BOJSIHOTO MOCTHUKa) B TaJIbBAHUYECKUX YCIOBUSAX.
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Puc.9. Onna 13 cBepXATMHHBIX MOJIEKYJI
B CTPY€ «IapSIIETr0» BOJISHOTO MOCTHKA

TpexmunnumeTpoBasi CTpysl «BOJSHOIO MOCTHKa», COTJIACHO PUCYHKY 9, JOJKHA COCTOSTH
U3 MHOXECTBAa OTJENIbHBIX IMapauIeNbHBIX «HUTEOOPA3HBIX» CBEPXJJIUHHBIX MOJIEKYJ BOJHI,
M300paXEHHBIX HA ATOM PUCYHKE. DJIEKTPUUECKUN 3apsijl, MOAHECEHHBIN K «BOASIHON CTpye» Ha
3apsDKCHHOM  IMAlIOYKE, YAaCTUYHO PpACCIOWI OTHU HHUTH U IPEJOCTaBWII  BU3YaJIbHOMY
HaOJII0IEHUIO.

XXI111.4. CTpykTypbl MHOTOMOJIEKYJISIPHBIX BOASIHBIX arperaTos
B €CTeCTBEHHBIX YCJI0BHAX

B [2] nmpuBeneHb! SKCTIEPIMEHTAIBHBIE PE3YIbTAThI, TOBOPSIIHE O TOM, YTO CTPYKTYpPa BOJBI
U3MEHSETCs ¢ U3MEHEHHEM Temreparypbl. M3 3Toro cieayer, 4To, Ipu pa3HbIX TeMIepaTypax
JOJDKHBI  CYIIECTBOBATh pa3HblE CTPYKTYphl MHOTOMOJIEKYJSIPHBIX arperaroB. A Tak Kak
TeMIeparypa Cpeibl SBJISETCS KOJMYECTBEHHOM XapaKTepUCTUKOM YPOBHS  BHEIIHUX
BO3MYIICHUH, TO PE3yJIbTaThl SKCIIEPUMEHTAa TOBOPAT O TOM, YTO pa3HbIC BOJSHBIC arperathbl
00J1aJat0T pa3HBIMU SHEPTHSMU CBSA3U MOJIEKYJ BOJBI.

DHeprus CBsI3U MOJIEKYJI BOJBI 3aBUCHT OT TOTO, KAKHE XMMHUYECKHE CBS3H MX COEIHUHSIOT.
Bcero »Tux cBsizell He MeHee Tpex — OJIHA «BOJOPOAHAS» (PUC.6) U JABE pa3HbIe «KHUCIOPOTHBIE
(puc.8). DTH 1Be pa3HBIE «KUCIOPOIHBIC» CBS3M OTIMYAIOTCS IPYr OT JApYyra BEITHYMHON
paccTosHUsL DJIEKTpOHa OT sAapa B aromMe Kuciaopoja. M3-3a 3TOro, MOJIEKYNbl BOJBI,
COCIMHSEMBIC «KHCIIOPOTHBIMIY CBSI3IMH, 00JIIal0T pa3HBIMH BETMYMHAMU SHEPTUH CBSI3H.

Yro KacaeTcs MOJIEKYN, COCIUHSAEMBIX «BOJAOPOAHBIMM» CBS3SIMH, TO OHH, O00JaJaIOT
HaVMEHBIIIMMU DHEPrHsIMH CBS3M H3-32 TOTO, YTO B ATOH CBSI3M YYACTBYIOT JJIEKTPOHBI,
HanOosee OIM3KHUE K AIpy aToOMa KUCIOPO/a.

o

Tak Kak MOJEKYNbl BOJbI, COCIUHEHHbIE «BOJOPOIHBIMU» M PAa3HBIMU «KHCIOPOJHBIMU)
CBA3AMH, OOJAaNalOT pa3sHbIMU BEIMYMHAMU DSHEPrUM CBSA3M, TO Kaxaas M3 ITHX Tpex
XUMHUYECKHX CBSI3eH 001a1aeT CBOCH 30HOM pabOTOCTIOCOOHOCTH B TEMIIEPATYPHOU 00JIaCTH.



Korna TtemmepaTypa BOAbI BBIIIE BEpXHEH TIpaHUIBl  TeMIEpaTypHOH  0OOJACTH
paboTOCIIOCOOHOCTH «BOJOPOAHON» HIIM «KUCIOPOJHOM» CBA3M, TO 3Ta CBSA3b HE MOXKET
[IPEIOXPAHUTh CKPEIUIEHHBIE €10 MOJIEKYJIbl OT pa3pyLEHUsl.

Ha coenvHeHne BOJSHBIX MOJEKYJT HEOOXOIMMO 3aTpaTUTh PAadOTy, PaBHYIO BEIUYHHE
XUMHUYECKON »Hepruu cBsi3u. IloaTomy, mpu yMEHBIIEHHWH TEMIEpPaTypbl, B BOJE JOJDKHA
YBEJIMYUBATHCS JIOJSI arperaToB, COCTOSIIIMX M3 MOJEKYN, OOBEIUHEHHBIX «BOIOPOIHOM
CBS3bIO.

[TonobHass 3akOHOMEpPHOCTH PabOTAaeT B KUAKOM TelUU U B razoo0pasHoM Bojaopoze. B
KUJKOM TE€JINH, B TEMIIEPaTYpPHOM 00JIACTH CYILIECTBOBAHUS CBEPXTEKYUECTH, P YMEHBIIECHUN
TEMIIEpaTypbl, YBEIWYUBACTCA JOJsI CBEPXTEKy4e€d KOMIIOHEHTBI, TaK KakK HHEPrus CBS3U
«HOPMAJIbHBIX» aTOMOB renusi-4 paBHa 24,5863B [13], a sHeprust cBsI3u CBEPXTEKYUUX MOJIEKYJI
renusi-4 paBHa Bcero 1,4493B [14]. B razoo6pa3HoM Boopo/e, Py YMEHBIIICHUN TEMIIEPaTyphI,
YBEJIMYUBAETCS J0Js MOJIEKYJI BOJOpOJa C SHEpruei cBsA3M, paBHOU 2,2463B no cpaBHeHUIO ¢
Joyiei Moseky ¢ sHeprueit csazu 10,9083B.

[IpuBenenHass wuHQOpMaLMss TOBOPUT O  CYIIECTBOBAHWU  TEMIIEPaTYpHOM  30HBI
MPEUMYILIECTBEHHOIO  JCMCTBUSL ~ «BOJOPOJHBIX»  CBSI3¢d WU TEMIIEPAaTypHOW  30HBI
IIPEUMYIECTBEHHOTO JEHCTBHSI OJHOM M3 «KHUCIOPOJAHBIX» CBs3el. Kakue CTpyKTyphl BOIAHBIX
arperaToB MOT'YT BBICTPaUBaThCs B 3TUX 30HAX?

XXI111.4.1. «<Bogopoanbie» XuMHU4YeCKHe CBSI3H
1 MHOTOMOJIEKYJIIPHbIE BOJAHbIE arperarbl

I'nsans Ha cxeMmy MoseKynbl Bojbl (puc.l) MOXXKHO moaymarb, 4TO 3Ta MOJIEKYJa, €CIH
CUMTaTh aTOMbI KHUCJIOPOJAa M BOAOPOAA TOUYEUHBIMU, UMEET IUIOCKYIO CTPYKTYypy. OnHako, B
JEHCTBUTEIBHOCTH, 3TO HE TaK. OCH JBYX KHCIOPOA-BOJOPOIHBIX MarHUTHBIX KJIACTEPOB B ATOU
MOJIEKYJIe OOIIMX TOYEK HE UMEIOT, 3TU OCH HE NEepeceKaroTcs, a nepekpeniupatorcs. [loaTomy
yepe3 HUX HEBO3MOXHO MPOBECTH IJIOCKYIO MOBEPXHOCTh. IloBepxHOCTh F, KOTOPYIO MOKHO
IIPOBECTH 4Yepe3 IIEHTPbl MacC aTOMOB KHCJIOpPOJa M BOJOPOJA, HE SBIAETCS IJIOCKOW, OHa
JIByMEpHasi, HO HE IUIOCKas, a UCKpUBJICHHAs,

0

C nmomouipo «BOAOPOIHBIX» CBA3EH, MOKHO CO3/1aTh TOJIBKO MHOTOMOJIEKYJIIPHBINA arperar
W, Bce 31€MEeHTBI KOTOPOT0 HaXOJSATCS HAa IBYMEPHOM, OTIMYHOM OT IJIOCKOCTH, HE3aMKHYTOMN
nosepxHoctu F (Hampumep, puc.10). CTpyKTyphl 3TOr0o arperata BBICTPaMBalOTCS COIJIACHO
cxeme, n300paxeHHOM Ha pUCYHKE 6.
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Puc. 10

XXI1.4.2. «<Kuciopoanbie» XuMHYECKHe CBSI3H
U MHOI'OMOJIEKYJ/ISIDHbIEC BOJHbIE arperarbl
Kucnoposnnas xumuueckasi CBA3b MEXJy MOJIEKYJIaMU BOJblI pabOTAET 10 CXeMe pUCYHKa 9.
Jeranu3anus 5TOM CBSA3M IIOJIY4YaeTCsl W3 PUCYHKA 7 yAAJIEHHEM JIEBOIO aromMa BOAOPOJa

(puc.11).
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Puc.11. [leranuzanust «KuCIOPOIHOM CBSI3U
MEX1y MOJIEKYJIaMU BOJIbI

@parMeHT OJHOrO U3 BO3MOXHBIX BOJSHBIX arperaroB, MOCTPOCHHBIX C IOMOILIbIO
«KHUCIIOPOAHBIX» CBA3EH, IIpeICTaBIEH HAa pUCYHKE 12.

Puc.12.

XXI111.4.3. «<BoaopoaHbie» U «KHCJIOPOAHbIE» XUMUYECKHE CBSI3H
W MHOTOMOJIEKYJISIPHbIC BOJHBbIC arperarbl

B TemneparypHoil 00iacTu CyIIECTBYIOT 30HBI OJHOBPEMEHHON pabOTOCIIOCOOHOCTH Kak
«BOJOPOJHBIX», TAK U «KUCIOPOJHBIX» XMMHUECKUX CBS3EH MEXYy MOJIEKYJIaMH BOJIBI.

CTpyKTypa BOJHBIX arperaroB, OCHOBOM KOTOPBIX SIBJISIIOTCS «KHUCIOPOIHBIE» CBSI3U, OT
3TOr0 M3MEHHUTCS HE OYEHb CYIIECTBEHHO. UHCTO «KHUCIOPOAHBIE)» arperarbl NPEACTaBIISIOT
co0oil TpexMepHble, BeTBAILIMECS O00pa30BaHWs, HAIOMUHAIONIME COOOW  CllOKHEWIee
TPEXMEPHOE THUIEPAKYPHOE IIIETeHHE. «BOoAOpoaHBIE» CBSI3U B 3Ty CTPYKTYpY HHYETrO
MPUHIIMIIAATIEHO HOBOTO I0OABUTH, TIOKAIYH, HE MOTYT.

YucTo «BOIOPOIHBIE» BOJIHBIE arperatsl AByMepHbl. OHHM pacchlllaHbl 10 00bEeMY BOJBI Kak
MEJIKHE TUTOCKHE PHIOBH YEIYHKH C BETBSIIECHCS, TUTIEPAXXYPHOU CTPYKTYypoil. «Kuciopomaasie»
CBSI3M MOTYT CKpPENHTb JTH YEUIyHKM B TpeXMepHble 00pa3oBaHUs C MapaiebHbBIMU
«BOJOPOJTHBIMIY CIIOSIMHU.

B or1o0if TemmeparypHOW 005acTH TNPEMMYILECTBEHHO pAaCHpOCTpaHEHbI arperatbl 0e3
VIOPSAIOYCHHOM  «BOJOPOJTHON» WM  «KHUCIOPOIHOW» OCHOBBI, C  OECHOPSIOYHBIM
OTHOCHUTEIIBHBIM PACcIOJI0KEHUEM 3TUX XUMUYECKUX CBSI3EN.



