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The goal of this study is unraveling the specific features of non-stationary surface concentration distribution of
electroactive and inactive species in a model electrochemical process with a preceding homogeneous first-order
chemical reaction (CE mechanism). For this purpose, the exact analytical expressions for the non-stationary
concentration distributions of electroactive and inactive species in the thin layer attached to a planar electrode are
analyzed. The both cases of equal and unequal diffusion coefficients of species taking part in the preceding chemical
reaction are considered. In the former case, the exact analytical expressions for the concentration distributions of
electroactive and inactive species on a planar electrode are obtained. The peculiarities of the limiting cases of zero
and infinite frequency of an applied alternating current for the both cases of equal and unequal diffusion coefficients
of species are discussed. It is shown that there is a phase shift between AC and the surface concentration of species
that changes under the action of this current. At low frequencies, the phase angle tends to 7/2, whereas at high
frequencies it decreases to /4. The phase angle is the function of the two important measures, namely, the ratio of
the Nernst diffusion layer thickness to the oscillation diffusion layer thickness, and the ratio of the Nernst diffusion
layer thickness to the reaction layer one. It is shown that the phase angle depends on the diffusion coefficient of
species in different manner for low and high values of the rate constants of the chemical reaction. At low values of
these parameters, the phase angle shifis slightly to the range of high frequencies with an increase of diffusion
coefficient. At the high rate constants, the phase angle decreases with frequency more slowly, and its dependence on
diffusion coefficient is observed only at middle frequencies. The surface concentration of electroactive and inactive
species decreases with an increase of frequency, but for the inactive species this process is faster than that for the
electroactive species. The influence of the inactive species on the surface concentration of electroactive species
decreases at high frequencies and at low rate constants of the preceding chemical reaction. The results obtained
shed the light on complex dynamics at an electrode/electrolyte interface under non-stationary conditions.

Keywords: CE mechanism, concentration distribution, preceding chemical reaction, diffusion coefficient, Nernst
diffusion layer, reaction layer, oscillation diffusion layer, rate constant

INTRODUCTION or more chemical reactions with the
electrochemical reaction at the electrode surface
can be found in Refs. [2—-14, 25-28].

The first theoretical investigation on
impedance of homogeneous first-order chemical
reaction with a reversible charge transfer on a
smooth mercury electrode was destructed in Ref.
[15]. This is so-called Gerischer-type impedance.
A semi-infinite diffusion with CEC type
electrochemical reaction in a liquid electrolyte
and equal diffusion coefficients was considered.
A Gerischer-type impedance has been used to
model a response of various electrochemical
systems such as biosensors [12, 13], solid oxide
fuel cells [16], oxide electrodes [18-20], mixed
conducting solid electrolyte systems [20-22],
electrocatalytic systems with hydrogen evolution

In many electrochemical  processes,
homogeneous reactions are coupled with
electron transfer reactions [1-28]. An
electrochemical process in which a chemical step
occurs first and is followed by an electron
transfer we refer to it as following a CE
mechanism. Here C denotes chemical reaction
and E dealing with electrochemical one.
Recently, a rare type of CE mechanism in which
the primary molecule is electroactive, and, in
addition to participating in the electrode process
through the CE mechanism, can also directly
participate in the electrode process has been
found experimentally for organic compounds [1].
Recent theoretical studies on the coupling of one
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reaction [23], porous electrodes [24], rough and
finite fractal electrodes [25, 26].

In Ref. [27], for the first time, an exact
analytical expression for the Gerischer finite
length impedance that arises from diffusion
within a defined distance from the electrode was
obtained for different diffusion coefficients of
the species involved in the homogeneous first-
order chemical reaction. Effect of difference
between diffusion coefficients on impedance was
shown. Concentration distribution of all species
in diffusion layer for this CE mechanism was
obtained.

In this theoretical study, we continue to
analyze this mechanism in more detail. We
answer the question how variation of the
diffusion coefficients, and the rate constants of
the preceding chemical reaction influences the
concentration distributions of electroactive and
electroinactive species on electrode surface
under application of small amplitude alternating
current (AC). The study considers a preceding
homogeneous first-order chemical reaction with
reversible heterogeneous electrochemical
reaction at a planar electrode. The both cases of
unequal and equal diffusion coefficients of the
species involved in the preceding chemical
reaction are considered. The analytical
expressions for the surface concentration of
species will be presented and discussed. Similar
to Ref. [29], it will be shown that there is a phase
shift between AC and the surface concentration
of species that changes under the action of this
current. The limiting cases of high and low
frequency of AC will be considered, and the role
of the kinetic (reaction) layer will be elucidated.
Numerical simulations will be carried out with
the parameters values within the range of most
real-life values.

MODEL ELECTROCHEMICAL PROCESS
WITH A PRECEDING HOMOGENEOUS
FIRST-ORDER CHEMICAL REACTION

The scheme of the model process is as
follows [27]:

k

B<_T‘>A (1)
ksl

A+ne<_k—>C )
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where ki and k, are the rate constants for the
chemical reaction, kg and ks, are the
electrochemical rate constants in the forward
(reduction) and reverse (oxidation) directions, n
is the number of electrons participating in an
elementary act of reaction (2). The general case
when the species B is not in excess and the
diffusion coefficients of the species A and B are
unequal is considered. The species B does not
involve into the electrode process at a chosen
potential value. The concentration field of C
species does not affect the distribution of B and
A species. The distribution of C species is
affected only by the value of the current flowing
through the interface.

NON-STEADY-STATE CONCENTRATION
DISTRIBUTIONS OF SPECIES WITH
UNEQUAL DIFFUSION COEFFICIENTS IN
NERNST DIFFUSION LAYER

The reaction-diffusion equations for the
concentrations of the species A and B in the
Nernst stagnant diffusion layer under non-
stationary conditions for the case of a planar
electrode can be written as:

oc oc
a—::DB 8sz —kcy+kye,o 3)
oc oc
a_;:DAKZA-FkICB_]%CA' (4)

Here we neglected ionic migration, which is
suppressed by a supporting electrolyte. Beyond
the boundary of the Nernst diffusion layer, in the
bulk electrolyte, the following condition is met:

)

0 0
chl - CA kZ

the
concentrations of species B and A coinciding

h . o ilibri
where c¢,, ¢, are equilibrium

with the bulk concentrations of species ¢y, ¢\,

Dy and Dp are the diffusion coefficients of
species A and B, x is a distance from electrode
surface, ¢ is time.

Under application of small amplitude AC,
the concentrations of each species can be
presented in terms of equilibrium state and
oscillating terms:

(6)
(7

¢, (x,0)=c} +Re[C, exp(iot)],

cz(x,0)=c, +Re[c, exp(iot)]
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where i=+/-1, o is the angular frequency, ¢ .

and ¢, are concentration phasors.
Substituting equations (6, 7) into the system
of equations (3) and (4) yields:

d’2, ktio. k

Gy +—2C,=0 (®)
&> D, ° D,
2~ .
d’c, £~3_k2+lw~/1:0' )
dx> D, D,

Boundary conditions for the differential
equations (8,9) in the bulk electrolyte are as
follows:

&,(x=d,t)=0; & (x=d,)=0. (10)

Boundary condition at the electrode surface
for the reacting species is written as:

oc i
D,— |,  =-— (11
4 ox nF

where 7 is the current oscillation amplitude, F'is
the Faraday constant, d is the thickness of the
Nernst diffusion layer. The species B does not
participate in the electrode process:

WZL[LLM{L;B,
2\ b, D, D, D,

dx

After some mathematic calculations, we can
obtain the exact solutions to the differential
equations (8, 9) for the concentration distribution
of species A and B in the thin layer attached to a
plane electrode in the following form:

D, =0

(12)

x=0

N [%sh(n(x—d)) oqsh(e(x—d»j

“TWD, @) nehtid) | nched)

(13)
s i aa (sh@-d) sh@-d)
P nFD, (@ —a,)\ 1 ch(rd) r, ch(r,d)

(14)

Here r and r, are the roots of the
characteristic equation of the reaction-diffusion
system of the differential equations (8, 9) with
boundary conditions (10—12) as follows:

(15)

The introduced functions ¥, W, a1, az, ¥ are
written as:

=YW, =YW .

(16)

2 2
. J{Lk_J +2,.w{£_£j[;¢]_wz[;¢] ,
2\\ b, D, D, D,\D, D, D, D,

alz(‘yl+W)le,
1
D

a2=( I_W) kA)
1

TR LTSN S S S A
" 2D, D, D, D,

To calculate the analytical expressions for
non-steady state concentration distributions of
electroactive c4(x, ¢) and inactive ca(x, f) species
in the Nernst diffusion layer, it is necessary to
substitute (13) and (14) into (6) and (7) and
extract the real parts. We can solve this problem
exactly for the case of x = 0.
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(18)

(19)

(20)

ANALYTICAL EXPRESSIONS FOR
SURFACE CONCENTRATIONS OF SPECIES
WITH EQUAL DIFFUSION COEFFICIENTS

At the electrode surface, x=0, the
concentration phasors ¢, and ¢, take the

following forms:
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G| == i oa,th(rd) o th(nd) ’ (23)
nFD, (a,—a,) n r,
AT i o, a, th (rd) 3 th (r,d) ‘ (24)
R nkD, (a, —a,) h )

Surface concentrations of species A, and B with equal diffusion coefficients, D4 = Dg = D, can be obtained
after substitution (23), and (24) into (6), and (7), as follows:

i _ J thy/(io+k +k,)d* /D
¢, =c]+Ac, =c] +LRe el =L  thyiwd? /D \/ ; (25)
nFD(Hklj k, Niwd® /D \/(za)+k +k,)d>/ D
2
, , e . thiwd?/D thylio+k +k,)d*/D
¢ =cy +Ach =c; b8 Rl | thViwd D \/( i) (26)
AN Viwd* /D |(io+k +k)d*/ D
k,
To obtain the oscillating terms Ac’, and Ac;, /= 2[sin’ (ay,)+ sh? (cy, )]“ 2
the same procedure is applied as in Ref. [29]: ? v,(cos(ay,)+ch(cy, ))
Acy =D, +®,, 27 a =sin larctg @
. 2 k,+k
Ac, =—-2D, +®,. (28) 1
k, ¢ =cos| —arctg . (32)
2 Tk,
Here we introduce the following functions:
i d k, APPROXIMATIONS FOR SURFACE
| = _BWZ sin(r +6,), CONCENTRATIONS OF SPECIES WITH
UNEQUAL DIFFUSION COEFFICIENTS
_b d_k 1, sin(wt +6,) » (29) High-frequency range. Analytical
> wF D (k +k ) expressions for surface concentrations of
electroactive and inactive species with unequal
. 3 2 12 diffusion coefficients, D4 # D are difficult to
»= 2—0) » 1= \E[Sln i +shiy] , derive in general case. We can do this for the
D yi(cos y, +chy) limiting cases of infinite and zero frequencies.
P . siny, +sh y, 30 Let’s consider the case of high frequencies of an
| = arcsin ) (30) ; ; ;
2 [sin® y, +sh’y,]"? applied alternating current, when @ — oo. In this

case, the functions W, W, a1, o2, W1, r1, and r»
defined by (15-20) are written as:

2d [ , 2\ o (k+k V)
R ) K P

2\D, D, 2\D, D,

. asin(ay,)+csh(cy,) o[ 1 1
0, = arcsin — ) (31) | (- 33
’ [sin®(ay,) +sh*(cy,)]"? ‘" 2\D, D, =
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a1=leA L— ! o ,=0, 1= i% ’
k, D, D, B
A
Therefore, in the case of w — o, the

expressions for the surface concentrations of
electroactive and electroinactive species are as
follows:

e =C +l—cos(a)z‘—£), (35)
nF.D o 4

e =Cj - (36)

S
Cy

Zero frequency. Let’s consider the case of
w — 0, and D4 # Dg. The functions ¥, W, a1, az,
Y, ri, and r; from (15-20) take the following
forms:

qj:l[£+£j, W:l[£+£}
2\p, D, 2\ b, D,

y Mk kD, ks
" 2\p, D,) " D, 7 K

r1= ﬁ-}-&:l/é‘ka I’2=0-
DB A

37

(3%)

>

Here o; is the kinetic (reaction) layer

thickness [30,31]. It is a distance from an
electrode surface at which the following
condition satisfies: kicg = kaca. Near the
electrode surface, the equilibrium will be

disturbed, since on the surface itself species A
disappear as a result of the electrode reaction.
Outside the kinetic layer, the bulk chemical
reaction proceeds in an equilibrium manner.
Only in the solution layer with the thickness dx
the kinetic (non-equilibrium) chemical process
does occur. The parameter d; decreases when the
rate constants of chemical reaction increase, and
increases if the diffusion coefficients of species
increase.

Thus, from the expressions (6), (7), (23),

(24), (37), and (38), we can obtain the
expressions for the stationary  surface
concentrations of electroactive and inactive

species with unequal diffusion coefficients,
D, # Dp, in the model CE reaction mechanism as
follows:
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S

Y12
_ e, 8] (£+£th(d/5k)j, (39)

oo =" mp \D, "D, dls,
S| e 15K (| th(d/) (40)
sl "8 wFD D, d/és,

In the case of equal diffusion coefficients,
D4 = Dp= D, the expressions (39), and (40) take
the following forms:

e id (ﬁ | th(d/é;)] @1

S

C C,

N Dk T+ )\ K, dY,

&=+ id h@/8) ) 42
nFD(k 1k, +1)\ d/8,

Here the kinetic layer thickness equals to
8, =+|D/(k, +k,) . The same expressions as (41),

and (42) we can also derive from the expressions
(25-32). As at w =0, the functions defined by
(30-32) are as follows:

»=0, y,=2d(k+k)/D, =1, 1,=0,

elzezzg,azo,czl. (43)

RESULTS AND DISCUSSION

Fig. 1 a,b presents the phase angle 6
between the surface concentration of
electroactive species and an applied alternating
current as a function of logarithm of frequency w
at two values of the diffusion coefficient
Dy=Dp=D, and different sets of the rate
constants of the chemical reaction ki and k. As
one can see, at low frequencies, the phase angle
tends to m/2, whereas at high frequencies it
decreases to m/4. The phase angle depends on the
diffusion coefficient of species in different
manner for low and high values of the rate
constants of the chemical reaction. At low values
of ki1, and k», the phase angle shifts slightly to the
range of high frequencies with an increase of D
(Fig. 1 a). The similar result was obtained in Ref.
[29], where a redox process at a flat interface
under polarization by AC was considered. When
diffusion coefficient of reduced species was
greater than that of oxidized species, a shift of
the curve of phase angle for the reduced form
took place in the range of high frequencies. The
phase shift was also a function of the ratio of the
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Nernst diffusion layer thickness d to the
oscillation diffusion layer thickness,
d, =+D/w, as in the expressions (29-32). In

Ref. [29], it was mentioned that a reason for the
phase angle between current and concentration
that changes under the action of this current is
due to diffusion of particles in a near-electrode
layer wunder application of a harmonic
perturbation, and such a behavior of the phase

6/deg
- 90 }

—_\
80t

0t

60

log(ew,rad/s)

a

Fig. 1.

angle was determined by boundary conditions. In
our case, in addition to the influence of diffusion
on the phase angle, we have also the influence of
the chemical reaction. As can be noticed from
Fig. 1 b, at high values of the parameters k;, and
k», the phase angle 6 decreases with frequency
more slowly, and its dependence on D reveals
only at middle frequencies.

G/deg

\90;—[2 -

80
T0F

60

-2 -1 1 2 3 4.
log(w,rad/s)

b

The phase angle between the surface concentration and the applied alternating current, 6/deg, for

electroactive species as a function of logarithm of frequency, log(w /rad-s™), for different values of the
diffusion coefficient, D, cm?¥s, as follows: (1) 2:107%; (2) 2:107, and the following sets of the chemical
reaction rate constants: (a) k1 =0.1 s and k,=10s7"; (b) k1 =10s7! and k, = 1000 s!. Here and below,
d=2-10"cm, i = 10?mA/cm™?, T=300K,n =1

Form the expressions (35), and (36), we can
conclude that the influence of the electroinactive
species B on the surface concentration of species
A decreases at high frequencies. The system
behavior is determined mainly by the
characteristics of the electroactive species, as in
Ref. [27]. Fig. 2 a verifies this statement. Here,
the contour plots of the surface concentration of
species A as a function of the diffusion
coefficients Dy, and Dp at the chosen high values
of w, ki, k», and a fixed value of ¢ are shown. As
one can see, the function Ac) = Re[é] exp(iwt)],
where ¢} is defined by the expression (23),
decreases with the growth of Dy, and is almost
independent on Dp. Fig. 2 b presents the contour
plots of the function Ac;, = Re[¢;, exp(iet)], with
¢, defined by the expression (24), dependent on
the parameters D, and Dp at the same fixed
values of frequency, preceding chemical
reaction, and time. In contrast to the function
Ac,, the function Ac;, is dependent on the both
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parameters D4 and Dp. It decreases when these
parameters increase.

As can be seen from the expressions
(39-42), the stationary surface concentration of
electroactive and inactive species is a function of
the ratio of the Nernst diffusion layer thickness d
to the kinetic layer thickness

S, =1/\Jk//D,+k,/D, - To our knowledge,

references [30,31] were the first theoretical
works that introduced the notion of the kinetic
layer thickness for equal and unequal diffusion
coefficients of reacting species. It is worth also
mentioning that the expressions (39-42) coincide
with the expressions for the stationary surface
concentrations of electroactive and inactive
species in the model electrocatalytic process with
a preceding chemical reaction, in Ref. [28].
However, in our case, instead of the rate of
adsorption-desorption of electroactive species at
the electrode surface, we have the factor —i /nF
defined by the boundary conditions (11) for the
electroactive species.
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Fig. 2. Six contour lines of the functions Ac’, (a), and Ac;, (b) with a variation of the diffusion coefficients D4, and

Ds at the fixed values of the following parameters: w = 600 rad/s, k1 = 10 s™!, k» = 1000 s!, = 0.3 s. Along
a contour the function has the same value. The darker the area, the lower the value of the function

Fig. 3.
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The absolute value of deviation of surface concentration from equilibrium one under application of a small
amplitude AC with frequency w for electroactive (a, b) species,

S
Ac,

,molxcm™, and inactive (c, d) species,

|Ac-;|,molxcm'3, as a function of logarithm of frequency, log(w/rad-s™), at the following values of the

diffusion coefficient, D, cm?/s: (1) 2:1075; (2) 7-107%; (3) 2:107%, and the following sets of the chemical
reaction rate constants: (@, ¢) k1 =0.1 s'and k,=10s""; (b, d) ks =10 s ' and k, = 1000 s
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Let’s consider in more detail the influence of
the rate constants of chemical reaction on a value
of oscillating terms Ac’,, and Ac,. As one can

see from the expressions (25-28) for the case of
equal diffusion coefficients, the function Ac’,

includes the factor ki/k>, and the function Ac;

has a reciprocal value of the ratio of these
parameters. As ¢k =ck,, and the chosen

values of the equilibrium concentrations of
species A, and B are as follows:
¢?=8:10°mol-cm”, and ¢ =8-10*mol-cm”,
so we have the following inequality, ki/k» <<'1.
Hence, the surface concentration of electroactive
species will decrease with increasing the rate
constants of chemical reaction, whereas the
surface concentration of inactive species will
increase with these parameters. Fig. 3 a—d
confirms this conclusion. Here we consider an
absolute value of the surface concentration
deviation from equilibrium concentration.

As one can see from Fig. 3 a—d, the both

functions |ch , and |Ac; decrease when the

parameter D increases. The function ‘Acg

increases with an increase of the parameters k;
and k», in contrast to the function |ch that

decreases. It should be noted that the function
‘Acg‘ decreases with an increase of w much

faster than the function ‘Ac; does especially for

low values of the parameters ki, k2, and Dy, as
can be shown also by the numerical simulations
based on the expressions (6), (7), (23), (24) for
the case of D4 # Dg. It is important to note that in
the case of simultaneous occurrence of diffusion
and homogeneous first-order chemical reaction,
there are two phenomenological length scales: a
diffusion layer thickness Lp=(D/w)"* and a
reaction layer thickness Lz = (D/k)"? [15]. The
diffusion layer thickness is a measure of size of
the diffusion limited layer near electrode. The
effective thickness of the reaction layer is
determined by the distance traveled by an
electrochemically active species during its mean
life time. The mean life time is reciprocal to the
rate of the reaction leading to the loss of the
species. At low frequencies, if Lp/Lzx>1, the
system is kinetically controlled. At high
frequencies, if Lp/Lz < 1, the system is controlled
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by diffusion. These limits determine the behavior
of the system.

CONCLUSIONS

Thus, the obtained analytical results and
numerical simulations reveal the following
features of the model electrochemical process
with a preceding homogeneous first-order
chemical reaction under application of small
amplitude AC:

e There is a phase shift between AC and
the surface concentration of species that changes
under the action of this current. At low
frequencies, the phase angle tends to /2,
whereas at high frequencies it decreases to 7/4.

e The phase angle is a function of the two
important measures, namely, the ratio of the
Nernst diffusion layer thickness to the oscillation
diffusion layer thickness, and the ratio of the
Nernst diffusion layer thickness to the reaction
layer thickness. Hence, the phase angle depends
on the diffusion coefficient of species in
different manner for low and high values of the
rate constants of the chemical reaction. At low
values of these parameters, the phase angle shifts
slightly to the range of high frequencies with an
increase of diffusion coefficient. At high the rate
constants, the phase angle decreases with
frequency more slowly, and its dependence on
diffusion coefficient is observed only at middle
frequencies.

e The surface concentration of
electroactive and inactive species decreases with
an increase of frequency, but for inactive species
this process is faster than for electroactive
species. The influence of the inactive species on
the surface concentration of electroactive species
decreases at high frequencies.

e The influence of the inactive species on
the system behavior increases at high values of
the preceding chemical reaction rate constants
because the surface concentration of inactive
species increases with an increase of these
parameters, in contrast to the surface
concentration of electroactive species that
decreases with an increase of the preceding
chemical reaction rate constants.

The surface concentration of electroactive
and inactive species decreases with an increase
of diffusion coefficient of species.
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AHAaJITHYHi BUPa3M JJisl IOBEPXHEBOI'0 PO3MOAiTY KOHIEHTPalii B MOIeIbHOMY
eJIEKTPOXIMiYHOMY IpoILeci 3 MonepeAHbOK0 XIMIYHOK peakuiero

O.L. I'ivan

Tucmumym ximii nogepxui in. O.0. Yyiixa Hayionanvhoi akademii nayxk Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, gichanolga@gmail.com

Memoio danoi pobomu € 6cmano6ieHHs: XapaKmepHux 0coOIU80Cmerl HeCMAayiOHAPHO20 NOBEPXHEBO20 PO3NOOLTY
KOHYEeHmpayii eeKmpoaKmueHUX ma HeaKmueHUX 4acmuHoK Y MOOEIbHOMY eleKmpOXIMIYHOMY NPOYeci 3 NONepeoHboIo
20MOCEHHOI0 XIMIUHOMW peakyicio nepuioeo nopsaoxy (CE mechanism). /[ns i @uxonauHs npoeooumsCss anamiz mouHux
AHATIMUYHUX BUPA3I6 OJisl HECMAYIOHAPHO20 PO3NOOLTY KOHYEHMpPAyii eNeKmpoaKmueHux ma HeaKmueHux 4acmuHoK y
MOHKOMY wapi Ol NOepXHi NIACKo20 elekmpooa. Poszensoaiomves 06udéa 6unaoku O0OHAKOGUX MA  PI3HUX
Koeiyienmie Ou@ysii HacmuHoK, sKi O6epymb yuacmo y nonepeonin Ximiunit peakyii. Ompumano mouHi aHamimuyHi
supasu O po3nooity KOHYeHmpayii enekmpoaKmueHux ma HeakmueHUX 4aCMUHOK HA NOBEPXHI NIACKO20 eleKmpood.
062060p1010MbCSL OCOOIUBOCMIE SPDAHUYHUX URAOKIB, KOIIU YACMOMA NPUKIAOEHO20 3MIHHO20 CIPYMY NPSIMYE 00 MY md
Heckinyennocmi. Ilokasano, wo icHye 3¢y (az Midic SMIHHUM CIMPYMOM MA NOBEPXHEBOI0 KOHYEHMPAYIEIO YACMUHOK, KA
sminoembes niod dieto yvoeo cmpymy. Ha nusvkux uacmomax yeil ¢azoeuti Kkym npamye 00 /2, mooi 5K HA BUCOKUX
uacmomax 6ix 3meHutyemucsi 00 w'4. Dazosuti Kym € QYHKYIEI 080X BANCIUBUX BETIUHUH, A CAMe: BIOHOUIEHHS MOBUIUHU
ougpysitinoco wapy Hepncma 0o ocyumoruozo Oug)y3itiHo2o wiapy ma GiOHOWEHHS TMOSWUHY OUpy3iiiHo2o wapy
Heprnema 0o moswunu peaxyitinoco wapy. Tlokazano, wo 3anedxcicmes hazoeoco Kyma 6i0 Koegiyicumie ougysii
YACMUHOK € PIZHOIO 0I5l MAUX Md GUCOKUX 3HAYUEHb KOHCMAHM WeUOKocmi Ximiunol peaxyii. Tlpu manux 3HauenHsIx yux
napamempie azosuii Kym mpoxu 3miuyemocs y OiK OLbuiux yacmom 3i 30L1bueHHAM Koepiyienma oughy3ii uacmuHKu.
Tpu eenukux xoncmanmax weuoOKoCmi (azoeull Kym 3MEHULYEMbCsL 3 YaACMOmOI0 NOGUIbHIWE 1 1020 3aNeXHCHICIb 6i0
Koeghiyichma Oughy3ii uacmunku cnocmepicaemocs mintbku Ha cepedHix wacmomax. Ilosepxnesa Konyenmpayis
€NIeKMPOAKMUBHUX M HEAKMUGHUX YACTUHOK 3MEHULYEMbCSL 31 30LTbUUEHHAM YaCmOomu, ane OJisl HeAKIMUGHUX YACMUHOK
yetl npoyec 6io0YBaembCsl weuoute, Hidic Ol eNeKMPOaAKMUGHUX YACMUHOK. BNiue HeakmusHux 4acmuHok Ha nogepxHegy
KOHYEHMPAyiio eleKmpoaKmuHUX YaCMUHOK 3MEHWYEMbCS Ha BUCOKUX YACMOMAX MA HUZLKUX KOHCIAHMAX WEUOKOCHI
Ximiunoi peaxyii. Ompumani pezyromamu OONOMOICYMb Y PO3YMIHHI CKIAOHOL OUHAMIKU HA Mmedci nooiny @as
eneKmpo0/eneKmponim 3a HeCmayioHapHux yMoe.

Knrouosi cnosa: CE mexanizm, po3nooin KOHYeHmMpayiti, nonepeous XimMiuHa peaxyis, Koegiyicum ougysii,
oughysiunuti wap Heprucma, peakyitinuil wiap, ocyunroroyull Oughy3itiHuti uap, KOHCManma weuoKocmi
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