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The model is proposed for describing a real water molecule by its two-dimensional analog, namely, the virtual molecule (VM). The
proposed VM model provides the condition of coincidence between the fundamental eigenfrequencies of the real molecule and its
virtual analog. The other VM parameters (bond length and atomic mass) are renormalized so that the molecule should steadily exist
for a long time interval. Linear dynamics of VM atoms in the field of a monochromatic electromagnetic wave has been investigated.
It is shown that under the action of an external electromagnetic field on the molecule at a resonance frequency, secular modes of
vibrations are observed. The last ones are characterized by a time-linear growth of atomic oscillation amplitudes. The influence of the
turn on of an external force at the time of stabilization of eigenfrequencies of the VM on the stability of VM atomic oscillations were
made. It is shown that in some cases breaking of one of the VM bonds inevitably leads to the VM dissociation as a whole. As a result
of numerical simulation, it has been established that the bond breaking has a threshold character, i.e., dissociation is not observed at
the external force, which is below a certain value. In the region of forces exceeding the threshold values, the variation in the external
electromagnetic field frequency is insensitive to the resonance effects that are due to the presence of dedicated frequencies of the
VM. It is demonstrated that in the region, where the H—O bond breaking always takes place, there exist the H—H bond stability
islands. Optimum parameters of VM dissociation have been determined.

KEY WORDS: virtual water molecule, eigenfrequencies, bond length, atomic mass, external force, dissociation.
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B pabore npennoxxeHa MOJIeNb ONMCAHUS PEAIbHON MOJIEKYJIBI BOJIBI €€ IByMEPHBIM aHaJIOTOM — BUPTyanbHOU Mojekynoi (BM). B
npeaioxeHHol Moaen BM obecriedeHo ycinoBre COBIaIeHUS OCHOBHBIX COOCTBEHHBIX YAaCTOT MOJIEKYJIBI U ee aHanora. OcTanbHbIe
nmapameTpsl BM (1iiHa cBsi3eld M MacChl aTOMOB) IEPEHOPMHUPOBAHBI TAKUM 00pa3oM, 4TOOBI MOJIEKYJIa yCTOWYHNBO CYIIECTBOBAIA
JUTMTETHHBIA MHTEpBAI BpeMeHHU. VccnenoBana nuHEHas TuHaMuKa atoMoB BM B 1oiie MOHOXpOMATHYECKOW 3JIEKTPOMArHUTHON
BOJTHBL. [loKa3aHO, 4TO MPH BO3NIEHCTBIH BHEITHETO AJICKTPOMArHUTHOTO TIOJIS HA MOJICKYITy Ha PE30HAHCHOW YacTOTE HAOIIOar0TCs
CEKYJISIPHBIE PEKUMBI KOJICOAHHIA, KOTOPBIE XapaKTePHU3YIOTCS JIMHEWHBIM BO BPEMEHH POCTOM aMIUTUTYJ KOJcOaHUH aTOMOB.
HccnenoBano BiMsSHUE BKJIFOUCHUS BHEIIHEH CHIIBI B MOMEHT YCTaHOBJICHHS COOCTBEHHBIX KoyicOanuii BM Ha ycTOWYHMBOCTH
KonebaHuii ee aToMoB. [loka3aHo, 4TO B HEKOTOPBIX CIIydasX pa3pblB OAHOW M3 cBA3ell BM Hen30e:xHO MPUBOAMT K €€ pacmnany B
LeJIOM. B pesyipTaTe 4uCIeHHOT0 MOJSTUPOBAHUS YCTAHOBIEHO, YTO Pa3phbIB CBA3EH MMEeT OPOTOBEII XapakTep, T.€. JUCCOLUaNns
He HaOJromaercss MpH BHEHIHEH CHIIe, MEHbUICH ONpENeNIeHHOTO 3HaueHWs. B o0macTu cuil, NpeBHILAIOIIUX ITOPOTOBEIE,
BapbUPOBAaHME YACTOTHI BHEIIHETO JJIEKTPOMATHUTHOTO MOJS HE YyBCTBUTEIBHO K PE30HAHCHBIM 3(p(eKTaM, 00YCIOBICHHBIM
HAJIM4UEM BBIJeNeHHBIX 4acToT y BM. [lokazano, uto B oONacTH, rie Bcerna MPOMCXOAWUT pa3peiB cBsizm H-O cymiecTByroT
OCTpOBKH cTtabminbHOCTH cBsi3n H-H. OnpeneneHbl onTuMaibHbIC TapaMeTphl auccormaru BM.

KJIFOYEBBIE CJIOBA: BupTyanbHas MOJIEKyJa BOJbI, COOCTBCHHBIC YaCTOTHI, JUTHHA CBSI3W, aTOMHAs Macca, BHEIIHSS CHIIA,
JIUCCOIUAIIHS

JUCOLIALIA BIPTYAJIbHOI MOJIEKYJIA BOJAM B 30BHIIIHIX EJIEKTPOMATHITHHUX ITOJIAX
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Y po6oTi 3amporoHoBaHa MOJIEh OMUCY PEATBHOI MOJICKYJIH BOJM 11 JBOBUMIPHHUM aHAJIOTOM - BIpTyalbHOIO MoJiekynow (BM). ¥V
3anpornoHoBaHoi Moaeni BM 3abesnedena ymoBa 30iry OCHOBHHX BJIaCHMX YacTOT MOJIeKynH i i anHamora. IHmi mapamerpu BM
(moBkuHA 3BSI3KIB i MacH aTOMiB) NEPEHOPMOBaHI TaKUM YHHOM, LI00 MOJEKyJa CTiHKO iCHyBaja TpHBAJIWil iHTepBaa dacy.
Hocnimkeno mniHiHY AWHaMiky aTtoMiB BM y mHomiMOHOXpOMaTH4YHOI enekTpoMarHiTHOi xBmii. IlokazaHo, 1m0 mpu BIUIMBI
30BHIIIHBOTO €JIEKTPOMATHITHOTO TIOJII Ha MOJIEKYJTy Ha PE30HAHCHIM YacTOTI CIIOCTEPIraloThesl CEKYISIPHI PEXKUMH KOJNUBAaHb, SKi
XapaKTEepPU3YIOThCS JTIHIHHAM y 9aci 3pOCTaHHAM aMILTITYI KOJMBaHb aToMiB. JlOCIiIKEHO BIUIMB BKIIFOUEHHS 30BHILIHBOI CHIIHA B
MOMEHT yCTaHOBJICHHS BJIaCHUX KOJHBaHb BM Ha cTiliKicTh KoNHMBaHb ii aToMmiB. [Ioka3aHo, 110 B AE€SIKUX BUNIAIKAX PO3PUB OJIHI€T 31
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3B's13kiB BM HemMuHyYe npHBOAMTH 10 ii po3maay B HUTOMY. Y pe3yNbTaTi YMCIOBOTO MOJEIIOBAHHS BCTAaHOBJICHO, IO PO3PUB
3B'A3KIB Ma€ TPaHMYHHUI XapakTep, TOOTO AMCOLIAllis HE CIOCTepiracThCsi MPH 30BHIIIHIA CHIIi, MEHIIOI MEBHOTO 3HAa4YeHHs. B
obmacTi CWi, IIO MEPeBHIIYIOTh TI'PAaHWYHI, BApIIOBaHHS YacTOTH 30BHILIHBOTO EJNEKTPOMATHITHOTO MOJNS HE BIAYYTHO 0
pe3oHaHCHUX e(eKTiB, 00yMOBICHUX HAasSBHICTIO BuAUIeHHX 4dactoT y BM. IlokaszaHo, mo B obnacTi, ne 3aBKAHM BigOyBaeThCs
po3puB 3B"s13Ky H—O, iCHYIOTh OCTpiBIi CTaOUTBHOCTI 3B's13Ky H—H. Bu3HaueHO onTUMalbHI TapaMeTpy aucoriamnii BM.
KJIFOYOBI CJIOBA: BipTyasisHa MOJIEKYJIa BOIH, BIACHI YaCTOTH, JIOBKUHA 3B'S3KY, aTOMHA Maca, 30BHIIIHS CHJIA, TUCOMIaIlis

Today, many economically advanced countries are more closely consider hydrogen not only in the traditional
application, but also as a basis for energy tomorrow. Against the background of the catastrophic environmental
degradation and depletion of the world hydrocarbon resources, it is tempting to use hydrogen as a fuel is harmless to the
means of transport, heating in remote regions, autonomous and stationary sources of secondary energy. Hydrogen is
chosen as the most abundant element on the earth and in space, but in nature it almost does not occur in pure form and
must be extracted from chemical compounds (H,O, HCI, HF, etc.)

Triatomic molecules (H,O, CO,, NO,, SO,, H,S, etc.) are characterized by the presence of a fine structure of their
absorption spectra. A full and exact information on the parameters of these spectra is of basic importance for solving
many applied and fundamental problems such as the development of theory and practice of femtochemistry [1]; analysis
of the impact of volcanic outbursts, “greenhouse” effect, ozone layer on the ecology and climate variations of the Earth
[2]; creation of alternative energy sources based on the controlled molecule dissociation in external electromagnetic
fields [3,4].

One of the methods to control the internal dynamics of triatomic molecules is to act upon them through an
electromagnetic field, which is oscillating at frequencies close to the frequencies of atomic oscillations in molecules
[3,4]. Since the frequencies of atomic oscillations in molecules lie in the infrared spectrum [5], the resonance action on
the internal dynamics of the molecule is entirely feasible with the use of lasers that generate electromagnetic radiation
of corresponding wave lengths [1].

The other method of water molecule dissociation, different from laser technologies, has been described by
Meyerin his patent [6]. Here, to achieve the objective, a sequence of special-shape unipolar voltage pulses was used,
with the voltage-time step function for the leading and trailing edges of the pulse and the exponentially increasing
function for the pulse peak.

Since the above-described methods of triatomic molecule dissociation by external electromagnetic fields are far
from creating of adequate model [3,4] or are based on empirical facts [6], it appears of importance and necessity to
continue the research in this direction. The present paper deals with the modeling of the interaction between the real
triatomic molecule (H,O as an example) and the external electromagnetic fields of the virtual molecule (VM).

The aim of this work is a study of the steady state of virtual water molecules, which simulates a real molecule of
water, and determination of its dissociation conditions in external electromagnetic fields.

THE MODEL OF WATER MOLECULE
The water molecule presents a triatomic molecule H,O that consists of one oxygen atom and two hydrogen atoms.

Its schematic view is shown in Fig. 1.
@ 95.84 pm

104.75°
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Fig. 1. Scheme of water molecule

The oxygen atoms are linked with the hydrogen atom by covalent chemical bonds, each bond involving two
electrons (in the figure, the bonds are shown by lines). The equilibrium length of the H—O bond makes 0.9584 A. The
valence angle (angle between valence bonds) is equal to 104.75° [4]. The H-O bond energy is determined to be
101.3 kcal/mole [7]. This energy is also called the dissociation energy, because its excess leads to bond breaking, and
that corresponds to the molecule dissociation.

DETERMINATION OF FICTITIOUS H-H BOND COEFFICIENT AND VM PARAMETERS
Similarly to ref. [8], we consider a planar (two-dimensional) model of water molecule. We shall represent the
atoms by point masses, denoting the hydrogen atomic mass by my , and the oxygen atomic mass by mg. In the
equilibrium state, the hydrogen atoms are situated at the ends of the base of the isosceles triangle, and the oxygen atom
is found at the vertex of the angle formed by its lateral sides. We introduce the notation ay and ayyy , which correspond
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to the equilibrium distance between the oxygen atom and the hydrogen atom, and between hydrogen atoms,
respectively.

In the centre-of-mass system (C.M.S.) the equations of motion for the molecule atoms being in the external
electromagnetic field are written as

cR
H =Lyt FH,O Ly,
R, .
m i =FO+FOH, + Loy, (1)
R, . . .
my, = 2 :FH2 +FH20 +Fy -

Here R, = {X O,YO} » Ry = {X Y, }I/I Ry, = {X H,YH, }are the radii-vectors of oxygen and hydrogen atoms,
drawn from the centre of mass; F,, F, H, JF, 1, are the vectorial forces of electromagnetic field action on oxygen atoms;

F, 1,0 ﬁOHl , F, H,0 ﬁOHZ , F, HH, F, w,u, are the vectorial action forces of atoms indicated by the first on the atoms

indicated by the second.

We suppose that the electromagnetic field can be described by a monochromatic wave propagating in the assigned
direction, and take into consideration only the electric field strength. Since the treatment is carried out in the C.M.S.,
and the molecule is immobile, then the total action of the electric field strength on the molecule equals zero. In this
case, the following equalities may be considered as fulfilled for the moduli of external forces:

==~ ol =1 g

The external force direction F is given by the unit vectore : F :‘13 ‘~E , and the force value is given by the

relation: ‘ﬁ ‘ ~d'-E(t), where d' - is the derivative of the dipole H—O bond moment with respect to the interatomic

distance, is the electric field strength amplitude prescribed externally.
For intramolecular forces the relationship F,; = —Fj, is valid.

We now determine the intramolecular force values proceeding from the assumption that the forces are paired and
central. The assumption is corresponds to the Morse potential representation of the interaction force field [§]

[145(7) = D 15 (exp(—2a 45 (r —a ) — 2exp(@ 45 (r —a4p))) , 3)

where D ; = Dp,is the binding energy between the atoms 4 and B, « ,; = ap, is the equlilibrium distance between
them, a5 = ap, is the parameter describing the width of potential well.
Using eq. (3) we can determine the value and direction of force between the atoms 4 and B:

- d - - R,-R
Fup=——TIl4(Ry _RB)#'
dr ‘RA _RB‘

The analysis of a linearized set of equations (1) in the absence of the external electromagnetic field and with due
regard for eq. (4) leads to the following equations for the eigenfrequencies:

“)

(zmoaflo + moafiH ) Cro— ZmHmOafma)z =0 (5)

Zaflomomila)4 + (milaleCHo - 4m§1a1210CH0 - 4m0mHal2~IOCHH - 2momﬂazloCHo ) o+
2 2 2 2 (6)
+4m o010 CrroCryy +8my, 0o Chuo Cry = oy Cruo Crygy = 2my € Cpyyy = 0,
where C 5 =2a’%,D ,; are the stiffness factors of molecule bonds.
If in Egs. (5,6) all the parameters were prescribed, then it would be possible to determine from them the
eigenfrequencies of antisymmetric @, (eq. (5)) and symmetric o

s

w§2> (Eq. (6)) molecular oscillations.
However, in our case we have only the experimentally measured eigenfrequencies, molecular dimensions ) ,

oy and the bond energy D, . Their values are listed in Table 1 [9, 10].

The Tabl. 2 gives the width values of potential wells & ;5 =+/C ,53(2D,5)" in the Morse representation. Note that
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to calculate the unknown width of the H—H bond potential well, we assume the relation D, = 0,2- Dy, to be true [4].

Table 1.
Equilibrium parameters of the nitrogen dioxide molecule
Parameter Notation Values
SI units Hartree units
Oxygen atomic mass my, 2.657-10% kg 29176
Hydrogen atomic mass my 1.6737-10% kg 18373
H — O bond dissociation energy Dy 101.3 kcal/mole 0.1614
H — O bond equilibrium distance Aoy 0.93 A 1.81474
H — H bond equilibrium distance Ay 1.53 A 2.8922
Antisymmetric vibration frequency Wy =, 3938.7 cm’! 17.92-107
=0 . -3
Symmetric vibration frequency @O 38354 o, 17.45 12
o, = 1647.6 cm 7.49-10

Since the eigenfrequencies have been observed and measured for the real molecule, for the transition from its
three-dimensional model to the planar one some parameters must be renormalized, i.e., they should be changed so that
egs. (5), (6) should become jointly. As a result of these manipulations, the parameters of the two-dimensional VM
would be determined, with the use of which the processes in the real molecule could be modeled.

3

ik
L) o
Gho(z) |

i e,

13077

0.01 H 0.5

Fig. 2. Solution of eq. (9) for y versus x, and the molecule stiffness factor Gho-10° and Ghh-10° as a function of the parameter x.

For this purpose we assume the eigenfrequencies @, in egs. (5), (6) be prescribed, and the parameters that have to

. . . . . my 1 ayy
be determined (i.e., their new values should be found (renormalized)), will be puttobe x = —"—; y=—| — | . In
m, 2\ ayy
this case, the stiffness factors C,, -m;{l and C,, -m;,l are expressed in terms of the eigenfrequencies X,y in the
following way:

2
@

J— _] J—
Guo=Cho-my =

7
1+ xy @

1

Gy = HH-m;I:%(a)g+a)12+a)22)— I+x 2 ®)

o -

I+xy

Transforming eq. (6) with regard for eqgs. (7), (8) it is not difficult to derive the required equation, which relates the
renormalized parameters X, y (Fig. 2.):

22(x,y)—Z(x,y)(1+x)(l+y)+1+x(2—y)—(1+xyj2 [ﬂjz —(&jz 2 ~0. ©)

2 @, @,
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where

2 2
Z(x,y)=l+2xy 1+[ﬂ] +[&j —x1

@y 2

As in [8] were calculated parameters of virtual molecules listed in Table 2.

Table 2.
VM parameters

Parameter Notation Hartree units
Oxygen atomic mass (renormalized) m; 149967
Hydrogen atomic mass my 18373

O-H bond stiffness factor Con 4.658

H-H bond stiffness factor Cun 0.885
Equilibrium length of the O—H bond (renormalized) aZH 1.557
Equilibrium length of the H—H bond Ay 2.8922
Width of potential well for the H—O bond Ao 3.798

Width of potential well for the HA—H bond Ay 3.703

LINEAR DYNAMICS OF VM ATOMS IN THE FIELD OF MONOCHROMATIC
ELECTROMAGNETIC WAVE
We write down the external force created by the electromagnetic wave field, which exerts action on the molecule
atoms, as:

|F|=d'-E@)-é=d"Ee ™" ¢, (10)

where E,w,0 are, respectively, the amplitude, frequency and control phase of the electric field strength of the wave.
Let us investigate the linear response of the molecule to the action of the external electromagnetic field. To this
end, we derive the equation describing the temporal variation of the bond lengthening X, o EéﬁHl “€y,0> Which

characterizes small deviations of the hydrogen atom H; from the equilibrium position along the O — H; bond. In this
case it is necessary to use the VM parameters presented in Table 2.

Since in the proposed model the atoms of water molecule are described by the triangle with the corresponding
stiffness coefficients, to estimate the dynamic strength of this structure, it will suffice to have information about the
lengthening of one of the bonds, e.g., O — H;.

After linearization of the initial set of equations (1), assuming the peak value of force‘ﬁd‘ =d'-Ey(t) to be the

function weakly dependent on time (70 << wE),we obtain the equation that describes the temporal variation of the
t

bond lengthening X;; , under the action of the external field with the frequency @, :

My

Cyo(1+2—2)
dX _Fy o mep (1)
Z H,0 ——TWCOS% Cos@,
H"H

where ¢, =37.625° is the renormalized angle at the base of the molecule, ¢ is the angle between the external force

direction and the H; — H, direction, is the time in Hartree units, & = 5

It is not hard to show that the lengthening of oxygen bonds with other atoms of the molecule is determined through
X0 in the following way:

&QH] .EH207/_1 :&QHI .EH]HZﬂ_l :—5RH2 'EH]Oy_l :_5RH2 'EHZO :5RH2 'EH]HZIB_I :5RH1 .éHIO’ (12)
2
where f=-21_~ 0929y =[“L] =-0.726.
aOH aOH

From eq. (11) it follows that the O — H; bond length increases linearly with time at the angles of action

% <@p< 377[ . The length of other bonds also changes with time by the linear law in accord with relations.
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Thus, the presence of secular regimes in eq. (11), which result from the action of the external electromagnetic field
on the molecule at a resonance frequency, points to the adequacy of the proposed model to the physical processes,
which are to take place in the real molecule.

Since the linear dynamics of the molecule displays its resonant properties, it appears of interest to retrace the VM
behavior at great atomic displacement amplitudes, i.e., to investigate VM nonlinear oscillations up to the bond breaking.

NONLINEAR DYNAMICS AND DISSOCIATIVE MODES OF THE VM IN THE MONOCHROMATIC
ELECTROMAGNETIC WAVE FIELD
Nonlinear dynamics of the VM
The investigation on the VM nonlinear dynamics in external fields must be started from the adjustment of
nonlinear oscillations of a free molecule, i.e., from initial data fitting in the original equations (1) in the absence of

external fields. As a result of this adjustment, the VM oscillation spectrum must comprise eigenfrequencies @.. In this

case, the initial arrangement of VM atoms must be in accord with the linear theory.

The numerical calculation data on the temporal change of VM atom coordinates as well as their spectral resolution
are presented in Fig. 3,4. It follows from these figures that with time the molecular atoms fit into the parameters of the
Morse potential, i.e., oxygen atoms oscillate relative to the points with the coordinates X, = 0.0; Yo =~ 0.057 and the
hydrogen atom oscillates relative to the point with the coordinates Xy; > = £1.44735; Yy 2 =~—0.4917.

1
YHI
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Hi
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—0.03

'I‘I'|‘|]

_o1 l“. Ltk .I\|.H|'. 1A Lt S alhh 4 LR DM
| "M"HH (e R A

—0.13

—0.40

200 400 00 300

Fig. 3. Coordinates of hydrogen and oxygen atoms in the molecule versus time t.

The VM oscillation spectrum intensity Ig was obtained by the use of a fast Fourier transform of atomic
displacement projections in the X,y , coordinates, calculation of their arithmetic mean and a subsequent moving

average smoothing (Fig. 4). For identification of peaks of the thus obtained spectrum we make use of the fact that the
maximum resonance frequency €, should have the peak intensity (Very Strong), and the lowest frequency €2, should
have a lower intensity (Strong).

In view of the above, the spectrum analysis permits us to separate the following resonance frequencies of VM
oscillations: Qy~ 0.13916; Q;~0.27588; Q,~ 0.41016 which the appropriate choice of a new mass of an oxygen atom
m, equivalent to the eigenfrequencies @,. So, the data given in Fig. 4, show that the proposed model adequately

describes nonlinear nitrogen dioxide molecular oscillations: the eigenfrequencies of VM oscillations correspond to the
frequencies of symmetrical and antisymmetrical oscillations of real nitrogen dioxide.
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& {
Fig. 4. Averaged and smoothed intensities I of the oscillation spectrum of water VM atoms. After appropriate transformations, the
peaks, marked with dashed lines, coincide with resonant frequencies of the real water molecule ;.

VM dissociative modes in the field of a monochromatic electromagnetic wave

Examine dissociative modes VM fields of external electromagnetic radiation. To do this, at the moment the
eigenfrequencies of the VM to include the external force. The force value is determined by expression (10), where the
control phase may equal zero, and the force direction is prescribed by the unit vector e .

As it follows from the calculations, at the moment of external force switch on, the molecule atoms oscillate in the
neighborhood of vertices of the isosceles triangle with the coordinates Xy, gy = +1.44735; Yy; 1o~ —0.4917; Xp~0.0;
Y5~ 0.057. This state of the VM will be characterized as equilibrium.

In numerical calculations, the harmonic component of the external force is prescribed in the form of = F*sin(Qf),
where the amplitude F varies in the range 0 < F'< 3, and the angle of force action ¢ ranges within 0 < @ <27 .

In calculations, we shall assume that an increase in the H—H or H—O bond length by more than two times leads to
bond breaking. And if one takes into account that all the calculations are carried out in the C.M.S., then the breaking of
one of the bonds gives such a reactive force to the other VM atoms, that it inevitably results in the VM dissociation as a
whole. This conclusion is confirmed by numerical simulation, too.

The main question of numerical simulation of VM dynamics in the field of external forces consists only in what
bond will be the first to break and at what conditions. The answer to this question is given by numerical simulation of
atom dynamics of the triatomic VM in the field of the external electromagnetic wave.

Fig. 5-8 show the numerical simulation results for VM bond dissociation versus the F amplitude and the angle of
action of the external force, @ specified by both the electromagnetic wave (Fig. 5-7) and the stationary electric field

(Fig. 8). In the figures, the bottom plane specifies the parameters of the H—H, bond breaking, and the top plane — H—O
bond breaking. The areas in the planes, marked by small squares with a side length of 0.1, correspond to these bond
breakings.

The data presented in Fig. 5-8 are characterized by the periodicity in the angle of external force action @ .

From Fig. 5-7 it follows that for all resonance frequencies the bond dissociation does not take place at the external
force lower than a certain value F < 0.5+0.8, the range of this value being dependent on the angle @ .

At F' > 0.8 the change in the frequency of the external electromagnetic field gives no resonance effects specified
by the presence of dedicated frequencies of the molecule.

This may be due to a strong nonlinear link of atoms in the molecule, when linear connections cannot manifest
themselves. The observed correlation of minimum forces F, leading to breaking of H—H and H-O bonds, can also be
attributed to a strong nonlinear link of atoms in the molecule.

From Fig. 5-7 it can be seen that at /' > 0.4 the H—O bond breaking always takes place, whereas the H—H bond
may exhibit the stability islands. This is particularly evident for the resonance frequency €, which is characterized by
the maximum amplitude of oscillations.

Since the VM dissociation occurs at breaking of any bond, it is of interest to find the optimum parameters of
dissociation, viz., the minimum force and the corresponding to it angle of action on the molecule.
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Fig. 7. Electromagnetic field frequency Q. Fig. 8. The electromagnetic field is constant.

The numerical simulation data on the optimum parameters of dissociation are presented in Table 3.

Table 3.
Optimum VM dissociation parameters
Electromagnetic wave field of the Force, F’ Angle of action, @
frequency, Q
Q 0.4 7(4/15)<p<x(2/5)
Q 0.4 7(23/15) < p £ 7 (49/30)
7(16/15) < < 7(61/30)
Q, 0.4
7(26/15) < p < x(61/30)
Constant field 0.3 7(46/30) < 9 <7(49/30)

Theoretical studies have shown that the development of the experimental cell needs to apply a constant field with a
rectangular pulse of force F = 0.3 in units of Hartree in the Si units F = 2.2 V/cm and at angles of impact of n(46/30) <
¢ <m(49/30).

CONCLUSIONS

Thus, we have proposed the model for description of the real water molecule by its two-dimensional analog,
namely, the virtual molecule (VM). In the proposed VM model, the condition of coincidence between the
eigenfrequencies of the molecule and its analog is provided. The other VM parameters (bond length and atomic mass)
are renormalized so that the molecule should steadily exist for a long time interval.

Linear dynamics of VM atoms in the field of a monochromatic electromagnetic wave has been investigated. It has
been shown that under the action of an external electromagnetic field on the molecule at a resonance frequency, secular
regimes of oscillations are observed. The last ones are characterized by a time-linear growth of atomic oscillation
amplitudes. The increase in the atomic oscillation amplitudes places the molecule in the nonlinear regime. Under these
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conditions, the dynamics of VM atoms in the field of the monochromatic electromagnetic wave causing the VM
dissociation can be investigated only by the numerical simulation method. To this end, after the VM eigenfrequencies
settled, the action of the external force on the molecule dissociation was investigated. It has been demonstrated that in
some cases the breaking of one of VM bonds inevitably leads to the VM dissociation as a whole. As a result of
numerical simulation, it has been established that the bond breaking has a threshold character, i.e., dissociation is not
observed at the external force, which is lower than a certain value of /' < 0.3+0.7. The range of external force variations
depends on the angle of external action ¢ . In the range of forces exceeding the threshold values, > 0.7 the variation in

the external electromagnetic field frequency is insensitive to the resonance effects that are due to the presence of
dedicated frequencies of the VM. It has been demonstrated that at F > 0.4 the H—O bond breaking always takes place,
whereas the H—H bond may exhibit stability islands. Optimum parameters of VM dissociation have been determined
and set parameters of the experimental cell.
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