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NONLINEAR  SCALAR  FIELD  AS  A  MODEL  DESCRIBING  THE  BIRTH  OF  THE  UNIVERSE

© Sh.U. Galiev, T.Sh. Galiyev

No one yet knows how the universe came into existence. Some people think it was created by god, some
people think the whole thing is the chance result of a quantum fluctuation in the nothingness beforehand. Here the
birth of the Universe is being studied as an evolution of an initial scalar field into other fields (particles), energies,
waves and vortices.

We investigate a scalar field described by a cubic nonlinear Klein-Gordon equation. Using approximate solutions
we study the models for the scalar fields and the scalar potentials. The evolution of the field is determined by the
quantum perturbations, bifurcations and resonances. We believe that the solutions give coherent model for the
emergence and initial evolution of the Universe.

Solutions describe a scalar field which may be considered as a weakly oscillating pra-Universe. At any
moment this multidimensional structure gives birth to the billions of ‘seeds’ of rapidly evolving Universes. One of
them accidentally formed our Universe. A scenario is developed, when the Universe begins in a state that differs
greatly from that of the theories of the Big Bang and the inflation.

The Universe is considered as a wave system. The Universe was born having a finite volume. After the birth
its evolution is determined by a fall into a potential energy well. This fall is accompanied by quantum effects. They
yield resonances and bifurcations within the scalar fields.

Key words: pre-Universe, multidimensional spacetime, nonlinearity, scalar field, quantum actions, bifurcations,
resonances, evolution, the birth of particles of mass and energy, four-dimensional spacetime, very early Universe.

ÃÀËÈÅÂ Øàìèëü Óñìàíîâè÷ – ïðîôåññîð Îêëåíäñêîãî óíèâåðñèòåòà,
å-mail: s.galiyev@aucklànd.ac.nz
ÃÀËÈÅÂ Òèìóð Øàìèëüåâè÷ – áàêàëàâð, RSL Systems Limited, å-mail: s.galiyev@auckalnd.ac.nz

1. The introduction and versions of the
nonlinear Klein-Gordon equation (NKGE).

The birth of the Universe is one of the greatest
mysteries. Over the last few decades several models
of that birth were developed. For example, the
standard Big Bang model states that the Universe
appeared from some singular point. But that raises a
question of what was there before ‘the Big Bang’.
According to another theory the Universe is born
not just once, but multiple times in an endless cycle
of fiery death and rebirth. However, it was impossible
to validate or deny such theories up to very recently.

In the last decade more and more precise
studies of temperature anisotropies of the cosmic
microwave background (CMB) radiation allowed
scientists to glimpse how the Universe was born. In
particular, on March 17, 2014 the Harvard-
Smithsonian Center for Astrophysics confirmed the
indirect detection of the ‘primordial gravitational
waves’ and vortex-like structures on CMB.

Many of the models do not predict gravitational
waves. If the 17 March results are confirmed, they
will rule out a number of cosmic evolution models.
On the other hand, these results support the models
which describe the ripples of the spacetime.

We will consider a model presented by Galiev
and Galiyev in 2013 (GG2013). Scalar field
described by Klein-Gordon equation is considered
as a fundamental field in this model. It describes pra-
history, birth and first instants of the evolution of the
Universe. The origin of the Universe is described as
a great bifurcation instead of the Big Bang.

According to the traditional point of view the
Universe emerged from a point of infinite energy and
density, a singularity where the laws of physics break
down. The GG2013 excludes this singularity. The
fundamental field exists everywhere and absolutely
everything is made from this or similar fields. What
we call ‘particles’ are tiny vibrations in these fields.
These key ideas used in the GG2013 theory.
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Versions of NKGE. The classical NKGE has
the following form

2
*

1

ˆ ˆ ˆ ˆ( ) /
I

tt ii
i

c V


       .       (1)

Here *c  denotes a constant, I  is an integer
value ( 1I  ) and V is the scalar field potential. Index
i denotes the differentiation; 2 2ˆ ˆ /ii ix      , here

ix  are the coordinates. Different expressions for the
function V can be found in many books.

We assumed that
2 2 4

0
ˆ ˆ ˆ( ) ( 1)V V      .       (2)

Here 0V , α and β are constants. If the scalar
field and the potential are known, one can calculate
the pressure p and the energy density ρ according
to expressions (Serjeant 2010),

2 21 1
2 6

ˆ ˆ ˆ( ) ( ),tp V                (3)
2 21 1

2 2
ˆ ˆ ˆ( ) ( ).t V                  (4)

Expressions (3) and (4) show that the density
and the pressure depend very strongly on the gradient
of a scalar field. In points where the field changes
rapidly the pressure and the density can be very
larger. There they can create new fields
corresponding to the birth of high-energy particles.

A solution of (1) is represented as a sum,
ˆ .                        (5)

Here   is a stationary component and Ô is a
dynamic component of the scalar field.

Using (5) we can obtain from (1) two equations
for   and Ô:

2 2 3
*

1

I

tt ii
i

c m


        ,       (6)

2 2
*

1
2 2 3(3 3 ).

I

tt ii
i

c m


      

    


           (7)

The following notations were introduced:

24 m  , and 4( )     .      (8)

Here m and λ are constants.
New variables and a simplified model of

NKGE. Equation (1) is not integrable in the general

case. Therefore we sought approximate solutions.
The following new variables were used to describe
different scenarios of the evolution of the field:

2 2sin ( sin )
I

i i
i

B t K a x      ,

 2( sin )
I

i i
i

K a x     .              (9)

Using (9) we rewrite equations (6) and (7) in
the form

2 2 2 2 1
* 4

1

2 3

2 ( )

0,

I

i
i

c K a I

m




    

   


         (10)

2 2 2 2 2 21 1
*2 4

1
2 2 2 3

[ 2 ( )]

(3 3 ).

I

i
i

B c K a I

m




     

       


  (11)

Here B , ω, K, ia ,  and K  are constants. In
(10) and (11) we ignored terms explicitly dependent
on harmonics containing t and ix . We hope that
these equations allow us to study qualitatively the
change of the scalar field inside the multidimensional
spacetime.

Remark 1. The linear Klein-Gordon equation
was named after the physicists Oskar Klein and
Walter Gordon who in 1926 proposed that it
describes relativistic electrons. This equation is
considered as relativistic version of the Schrödinger
equation. The nonlinear Klein-Gordon equation (1)
is used in nonlinear optics, plasma physics, fluid
mechanics and cosmology.

Remark 2. It is important that the Klein-
Gordon equation explicitly contains the
d’Alembertian operator. This operator can equal zero
or a very small value (the “small” divider or the
“resonance” term). In particular, in (11) the value

2 2 2 2 2 21 1
*2 4

1
2 ( )

I

i
i

B c K a I


     may be the small

divider. At the same time this value determines the
width of the resonant band.

2. A landscape of the scalar potential.
The localised solutions of (10) and (11) are

sought in the form
sec hA    , sec hA   .         (12)
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Fig.  1.  The two-dimensional landscape of the stationary part of the potential. Number 1 corresponds to the hill tops, and 
the number 2 – the valleys of the potential (left). The oscillations of the dynamic part (right).  (Galiev, Galiyev, 2013)

Fig.  2.  The two-dimensional maps of the combined landscape calculated for different times. The calculations were made 
at four dimensionless moments of time: 0.1, 0.7, 1.5 and 2.8.  (Galiev, Galiyev, 2013)

 Using (12) we approximately found from (10)
and (11) that

0A A  , 0.52A A m
     ,     (13)

2 2 2 2 1
*2K m c I   ,

2 2 2 2 2 2 2 2
*

1
2 (4 )

I

i
i

B m K c K a I



      .
(14)

The three amplitudes (13) are determined by
the values m and λ. We can not really comprehend
what scalar fields are represented by these formulas.
It is however possible that these three fields are
certain analogues of true and false vacuums. Values
 , K , B, ω and K are not completely determined
by (14). We will consider these values as arbitrary.

The expressions (12)–(14) allow us to consider
the scalar potential. Namely, the two-dimensional
landscape of the scalar potential will be studied.
Substituting (5) into (2) we found approximately that

*ˆ( ) ( ) ( )V V V     ,            (15)
where

2 2 4
0( ) ( 1)V V       and

* 2 2 4( ) ( 1)V        .       (16)
In Figs. 1 and 2 the results of the model

calculations are presented. The scalar potentials
( )V   (15) and *( )V   (16) are determined by the

constants: 0 7.5V  , α=–18 and β=–10. For the
stationary and dynamical parts of the scalar field we
assume the following values of constants (13) and
(14): 0.15   and 1A A  , 2K  , ω=1,
Â = 30, Ê = 100. We also assume that ia =0.

The stationary part of the scalar field potential
describes a landscape which consists of the hills and
the valleys (Fig. 1, left). The highest energy density
is reached at the top of the hill. The lowest energy
density is reached in the valleys. At the hill tops there
are craters.

 The dynamic part of the potential corresponds
to a multidimensional sphere which has a very thin
wall. The scalar field changes only near the sphere
wall. Within the sphere the field is practically constant.
The dynamic part was calculated at three
dimensionless moments of time: 0.1, 1.57 and 2.4
(Fig. 1, left).
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Fig.   3.  Oscillations of a rotating Bose-Einståin condensate.
(Stock et al 2004; http://www.lkb.ens.fr/recherche/atfroids/
anglais/vortex_an.html)

The actual landscape is determined by the sum
of the stationary and the dynamic components of
the potential. The dynamic part of the potential
oscillates inside of an energy barrier, which is formed
by the crater wall (Fig. 2).

We can tell that the energy clot (the dynamic
part – the sphere) oscillates inside of the energy well.
This clot cannot cross the barrier unless it is given a
large enough energy influx.

Thus, we have determined the shape of the
energy landscape which contains the oscillating clots
of energy.

We approximately described the version of the
scalar field dynamics. We believe that similar
dynamics may take place for different fields having
different sizes and exist in different spacetimes.

We will consider the scalar field, which is
described by the Klein-Gordon equations, as a
fundamental field. According to the quantum field
theory, absolutely everything is made of a field or a
combination of them. What we call ‘particles’ are
tiny vibrations in these fields.

Every particle is, deep down, a vibrating wave
in a particular field. The photons that carry
electromagnetism are waves in the electromagnetic
field that stretches through space. Gravitations are
waves in the gravitational fields, gluons are waves in
the gluon fields, and so on. Just like sound waves
propagate through the air, waves propagate through
quantum fields, and we observe them as particles.

Each field exerts a tiny influence on the others.
Two fields or a few fields can resonate together, as
a result a new field and a particle may be formed in
spacetime.

Scalar field waves can have a huge energy. The
energy depends on the wave length. The shorter the
wave, the larger its energy.

Mass is just a form of energy. Therefore very
short waves can carry a lot of energy and a lot of
mass. In particular, the dynamic component of the
field (Fig. 1, right) corresponds to a huge energy
and mass.

We assume that NKGE describes all quantum
wave phenomena. Quantum waves explain the
appearance of mass and different energies. We
assume that solutions of NKGE describe the situation
before the birth of our Universe, the process of its
birth and the beginning of evolution of our Universe.

Remark. There are a certain similarity between
the oscillations of the dynamic part of the potential
(Fig. 2) and the data from the experiments studying
the wave processes in the Bose-Einståin condensate
and on a granular layer, shown in Figs. 3 and 4.

3. The tunnelling of the energy clot through
the potential wall.

The scalar potential landscape described
above is subject to quantum fluctuations. Let us
consider an impact of a quantum fluctuation on the
energy clot.

Instant quantum action. First we consider
equation (11) subject to an instant quantum
fluctuation. The interaction of   and Ô is ignored.
In this case we have

2 2 2 2 2 21 1
*2 4

1

[ 2 ( )]

( ) / ( ) ( ).

I

i
i

B c K a I

V f C




     

       


 (17)

Here   is a point subject to the quantum action,
( )   is the Dirac delta function (the impulse

function), Ñ is the amplitude of the quantum
fluctuation and ( )f   is an arbitrary function. Let

sec hA    and 2( ) sech sinhf     .  (18)

Let us consider the field in the vicinity of  .
We assume that there the value of the field can change
discontinuously as a result of a quantum kick
(fluctuation). This discontinuous change in the field
is computed by integration (17) from j      to

1j    :
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Sh.U. Galiev, T.Sh. Galiyev. Scalar field as a model describing the birth of the Universe

Fig.  4.  The typical wave formation on granular layers arising at strong vertical vibrations. The periodical granular peak and 
crater on a surface of the vertically excited layer: b and c are a bird view, d and e, are a side view (left), Localized excitations 
in a vertically vibrating granular layer.  (Umbanhowar et al., 1996;  Galiev, 2011)

(19)

2 2 2 2 2 21 1
*2 4

1

2 2 2 3 3
0

[ 2 ( )]

[ ( ) ( )]

( sec sech )

( ) ( ) .

I

i
i

B c K a I

m c A hK A K d

C f d



 

 







   

        

     

    









Let 0  and A A  . In this case the
equation (19) approximately yields that

3 1 2 2 2 2 2 21
*2

2 11
4

1

2 [ 2

( )] 2 0.
I

i
i

A K B c K

a I A C K










     

        
(20)

Here 12C K  is a constant. Its value is
determined by the amplitude of the quantum
fluctuation Ñ. We will study cases when 12C K  is
varied from 10–15 till 10–30 and

2 2 2 2 2 21 1
*2 4

1
2 ( ).

I

i
i

B c K a I


          (21)

We will consider a small fluctuation of

1 2 2 2 2 2 2 21 1
*2 4

1
2 [ 2 ( )]

I

i
i

K B c K a I



     . Let its

amplitude varies from 10–5 to 10–15. As a result the

increasing in the amplitude of the scalar field may be
up to 10–2.

We note again that NKGE explicitly contains the
d’Alembertian operator. Therefore, the amplitude of
the dynamic part can change very strongly when the

value 2 2 2 2 2 21 1
*2 4

1
2 ( )

I

i
i

B c K a


    correspon-

ding to this operator changes its sign. Thus, the field changes
when the resonant condition (21) takes place. This
resonant situation corresponds to a bifurcation (Fig. 5).

Finite time quantum action. Fig. 5 shows the
possibility of a very strong change in the amplitude
of the dynamic part. It becomes possible for the
energy clot to escape the potential well. However,
we think that this process of tunnelling through the
energy barrier is not instant. Let us assume that the
quantum action is described by a function ( )f  . In
this case the equation (17) yields

2 2 2 2 2 21 1
*2 4

1

[ 2 ( )]

( ) / ( ).

I

i
i

B c K a

V f




     

     


    (22)

Changing ( )f   we will model the tunnelling
processes. For the calculations we assume

2 2 2 2 2 21 1
*2 4

1
[ 2 ( )] 0

I

i
i

B c K a 


       in (22).

In this case we have
3 1 ( ).R f                     (23)



10

ÌÀÒÅÌÀÒÈÊÀ  È  ÌÅÕÀÍÈÊÀ

Here 1 2R m   is the
transresonant parameter. The function

1 ( )f   can describe a group of waves.
As a result of the quantum action the
amplitude and the form of oscillations of
the dynamic part can change strongly
inside the potential well. We assumed that

( ) (sec h cos )Jf l     ,    (24)

where l,  ,   and J are constants.
Below several examples of the action are
presented.

We found that the
amplification of the waves and
the strongly nonlinear evolution
of their forms took place when
the resonant conditions for
coefficients 1 2m  and  l of the
equation (23) were satisfied.
We considered cases when
these resonant conditions are
met. Then we studied the
influence of the change of the
amplitude of the quantum
fluctuation on the amplitude and
the form of the resulting
nonlinear wave.

At first we consider three
cases of the calculations when
J =1 in (24).

1. Let the parameters of
the quantum fluctuation (24) be
(Fig. 6): 2110l   ,

395 10   , 405 10   ,
J=1.

In this case the resonant
condition is satisfied at

1410R    and the resulting
field is presented in Fig. 7.

Far from resonance the
three fields (13) are described.
However, as we approach
resonance the fields begin to
interact and the amplitudes of
oscillations of these fields begin
to increase.

The same behaviour is
observed in the following two

Fig.  6.  The quantum fluctuation as a group of waves: 2110l   , 395 10   ,
405 10    and J=1

Fig.  7.  The evolution of the scalar fields at the resonance ( 1 2 1410m   )

Fig. 5. Bifurcations of the amplitude of the dynamic part calculated for

different values 1 2 2 2 2 2 2 21 1
*2 4

1
2 [ 2 ( )]

I

i
i

K B c K a I



     . (Galiev,
Galiyev, 2013)

Fig. 8. The evolution of the scalar fields at the resonance ( 1 2 25.7510m   )
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cases where we consider a quantum fluctuation with
a different set of parameters.

2. Let the parameters of the quantum fluctuation
be 393 10l    , 395 10   , 405 10   , J =1.

In this case the resonant condition is satisfied
at 25.7510R    (Fig. 8).

3. Let the parameters of the quantum fluctuation
be 513 10l    , 395 10   , 4110  , J =1. In
this case the resonant condition is satisfied at

343 10R     and the resulting field is presented in
Fig. 9.

In the cases considered above we found
resonant parameters at which the three source
independent scalar fields begin to interact and form
a new composite field. The amplitude of the
composite field’s oscillations increases beyond that
of the original fields. It may increase to a point where

it becomes possible for the energy clot to escape
the potential well (the crater) (Figs. 1 and 2).

The nature of the oscillations themselves change.
They become very complex and can potentially
contain jump discontinuities.

In addition to the cases described above we
consider two additional cases with a different form
of a quantum action. The results further confirm the
above findings.

 Let the parameters of the quantum fluctuation
be: J=2, 393*10l   , 395*10  , 405*10  .
In this case the function ( )f   (24) describes a
group of peaks (Fig. 10).

In this case the resonant condition is satisfied
at 25.7510R    and the resulting field is presented
in Fig. 11.

Fig.  9.   The evolution of the scalar fields during the tunnelling: the interaction of three fields (upper row, the left picture);
the interaction of two fields (upper row, right picture and bottom row, the left picture); the discontinuous oscillations of
one field (bottom row, the right picture)

Fig. 10. The quantum fluctuation as a group of peaks: 393*10l   , 395*10  , 405*10   and  J=2. (Galiev, Galiyev,
2013)
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 Let the parameters of the quantum fluctuation
be: J=3, 393*10l   , 395*10  , 405*10 
(Fig. 12).

In this case the resonant condition is satisfied
at 26.4510R    and the resulting field is presented
in Fig. 13.

Remark. We studied the instability of a scalar
field which is caused by a quantum fluctuation. We
can expect that the wave shapes shown in Figs. 7–
9, 11 and 13 may form in different unstable systems
during impact actions. And indeed, there are certain

similarities of the wave forms presented in Figs. 7–9
and 13 with the wave shapes which were studied by
Niederhaus, Jacobs (2003). They investigated the
Richtmyer-Meshkov instability of an interface of
two-liquid system experimentally. The initially
stratified fluids are contained within a rectangular tank
mounted on a sled that rides on a vertical set of rails.
The instability is generated by dropping the sled onto
a coil spring, producing a nearly impulsive upward
acceleration. Some results of experiments are shown
in Fig. 14.

Fig. 11. The evolution of the scalar fields during the action of the group of peaks: 1 2 25.7510m   .  (Galiev, Galiyev, 2013)

Fig. 12. The quantum fluctuation: 393*10l   , 395*10  , 405*10   and  J=3.  (Galiev, Galiyev, 2013)

Fig. 13. The evolution of the scalar fields at the resonance: 1 2 26.4510m   .  (Galiev, Galiyev, 2013)
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The last results are applicable to problem of
the formation of the Universe. It has been found (see
Galiev, Galiyev 2001) that the mushroom-like waves
and trans-resonant vortices can develop from ripples
in nonlinear and dense enough media, if certain
critical condition holds. The early Universe was very
dense and highly nonlinear. Therefore, the
mushroom-like waves and trans-resonant vortices
could form there.

Fig. 15 demonstrates the initial growth of the
wave. Then the wave evolves into the shock waves
and the mushroom-like waves. The picture becomes
complicated, when 0.1R   . As a result, two kinds
of structures similar to ellipses and a sawtooth curve
are formed. Structures similar to an ellipse decrease

and disappear, when 1.2R   , while the sawtooth
curve is transformed into the harmonious curve.
Galiev and Galiyev (2001) have assumed that the
ellipse –like structures correspond to condensed
cosmic matter. These structures were considered as
seeds of the galaxy systems. The harmonious curve
can be considered as certain image of the primordial
electromagnetic waves. The jumps are possible from
one branch of the solutions to another branch of the
solutions for small value R .

 As a whole, Fig. 15 can be treated as certain
model of the processes accompanying formation of
the Kármán vortex street. On the other hand, Fig. 15
may be treated as a ‘pitchfork’ bifurcation diagram,
which describes the evolution of initial waves into

Fig. 14. A sequence of images of waves generated  due to the Richtmyer–Meshkov instability of incompressible liquids.
(Niederhaus, Jacobs, 2003)

Fig. 15. The growth of ripples, formation of mushroom-like waves, loops and the groups of elliptic isolated structures
(vortices). Along the axis the transresonant parameter R  changes from 0.4 till -1.25. (Galiev, Galiyev, 2001)
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mushroom-like forms, the ellipse structures and the
sawtooth curve. The harmonious wave first evolves
into the shock waves and further into the mushroom-
like forms. In certain sense, this site of this
transformation corresponds to the ‘handle’ of ‘the
pitchfork’. There is the transitive zone behind the
site, where the jumps from solutions to solutions
(from the branch to the branch) may be. The zone
corresponds to the bifurcating zone of the pitchfork.
Behind this zone the sawtooth curve and two chains
of the ellipse structures are being formed. In some
sense, they form the ‘pitchfork teeth’. Certainly, the
described scheme is only very rough diagram of
possible wave bifurcations. It was underlined (Galiev,

Galiyev 2001) that Fig. 15 corresponds to the
transresonant wave evolution. In particular, perhaps,
Fig. 15 gives also some understanding of the Universe
evolution (Galiev, Galiyev 2001).

Results determined by Figs. 6–15. We
considered many examples of the effect of the
quantum fluctuations on the scalar field. According
to the calculations tiny quantum perturbation can
amplify very strongly. Three fields defined by NKGE
(23) and (24) are normally stationary. However, in
certain circumstances the fields lose stability. They
begin to vibrate. We found the examples of
parameters at which the fields begin to interact. We
will call these parameters – resonant. The resulting

combinational field consists
from the elements of those
previously independent fields

The transition of the
elements from one to another
is not necessarily smooth and
continuous. Discontinuous
transitions are possible. We can
say that in the resonant situations
the field becomes fragmented.

The results of calculations
presented in Figs. 6–15 may
be considered as waves,
closed loops and pinwheel-
like swirls in the scalar field
which appeared as a result of
the quantum fluctuations.

It possible that in the
course of fragmentation the size
of the field increased. The
process could be visualised by
imagining a three-dimensional
drop of oil hitting the surface of
water. As a result of the impact
the oil drop is separated into
many particles which spread
over the two-dimensional
surface of water. The particles
of oil occupy in the two-
dimensional space much bigger
volume than they had in the
initial moment. At the same time
each particle continues to be a
three dimensional object.

Fig. 16. The tunnelling of the scalar field potential from the well. Two-dimensional
case is considered when à2 = 0 and à1 = –0.1 (top), à1 = –0.4 (middle) and à1 = –0.6
(down) in (9).  (Galiev, Galiyev, 2013)
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Another important result of the calculations is
that a very small quantum action can increase the
amplitude of the oscillations of the composite field
beyond that of the original fields. As a result the energy
clot can escape (tunnel) from the potential well.

Of course, the ways of tunnelling through the
potential wall may be different. One of them is
illustrated by Fig. 16. It shows a picture of the
crossing of the energy barrier by the energy clot.

4. The birth of the particles of energy and
matter.

A large number of small finite elements appear
in the scalar field as a result of its fragmentation. We
assume that a large number of small open string-like
elements can appear in the scalar field. They begin
to vibrate (Fig. 17).

We can study these vibrations as a strongly
nonlinear problem which is described by NKGE (1).
This equation has the cubic nonlinear term and the
d’Alembertian operator. Near the resonant
frequencies the influence of this operator is small.
Using this we constructed multivalue models which
describe the birth of the highly energetic particles.

4.1. Boundary conditions Ô=0 at 0; .ix L
The multidimensional model of the element is

considered. We write the equation (7) in the form
2 2 3
*

1
0.

I

tt ii
i

c m


             (25)

We assume at the ends of the element that
Ô=0 at 0; .ix L                (26)

New coordinates r and s are introduced
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where c  is the perturbation of the speed ñ. The
function Ô is represented as a sum:

(1) (2)   ,                  (29)

where (1) (2)   . It is assumed that
(1) ( ) ( )J r J s    and (2) ( ) ( )j r j s   .  (30)

Substituting (29) into (25) we write two
equations
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Let
(1) 1 1(sin sin )A c r c s         and

1 2Lc N    (N=±1±2±3, ...).           
(33)

It is also suggested that the function j is
periodical having the period equal L. In this case the
conditions (26) and equation (31) are satisfied. Let
us now consider (32). We will construct the
approximate solution of (32) which is valid where

(1) (2)
rr rr    and (1) (2)

ss ss   .    (34)

The interaction of the opposite travelling waves
is not taken into account. In this case equation (31)
yields

3 1sin 0j Rj q c r    ,           (35)
where

2 0.5 2 1 2 2
*

1
[2 ( ) ]

I

i
i

q c c k c c A 



    .    (36)

Fig. 17. Linear oscillations and a quantum fluctuation of
a string stretched between two D0-branes.  (Gubser, 2010)
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Fig. 18. Resonant oscillations of the scalar field elements according to the second resonant form. Periodic formation of the
particles of energy and matter. The thin smooth lines correspond to the linear oscillations.  (Galiev, Galiyev, 2013)
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There are three distinct cases, when the
equation (35) has real solutions:

1. Let R =0, then the equation (35) is satisfied if
1/3( ) .j q  (37)

2. Let R >0, then the function j  is unique,
single-valued and continuous

31
32 sinh[ arcsin (0.5 )]j D h qD  ,    (38)

where 0.5[ ( )]( / 3)D sign q R .
3. Let R <0 and 2 2/ 4 / 27 0q R  . In this

case there are three solutions
31

32 cos[ arccos(0.5 )
2 / 3],
Mj D qD

M

  
 

(39)

where M = 0; 1; 2. Using these continuous solutions
we can construct multivalued solutions.

Results of the calculations. Model
calculations were made. We assumed that

0.0014R   , 25.5  ,
ñ = 1  and  q = 0.0001.              (40)

First we study the nonlinear oscillations
described by the equation (35). Figs. 18 and 19
illustrate second and first modes of the oscillations
correspondingly.

We think that Fig. 18 illustrates the emergence
of particles of energy and matter. The particles swim
above or below the scalar field element. However
there are moments (for example, 0.1775 and
0.1925) when the particles separate from the energy
level of the element.

It is important that the appearance of the
energetic particles (see Fig. 18) incorporates an
important quantum concept – the momentary
creation of pairs of particles. However, periodic
radiation of a sole particle is also possible if the
element oscillates according to the first resonant form
(Fig. 19). We used (40) where 26.1 .

The shapes of the nonlinear oscillations are quite
different from the linear forms. In particular, the
nonlinear shapes have the folds which were formed
by the curved segments corresponding to the different

Fig. 19. Resonant oscillations of the scalar field elements according to the first resonant form. Periodical formation of
particles of energy and matter. The thin smooth lines correspond to the linear oscillations.  (Galiev, Galiyev, 2013)
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solutions of the equation (35). Within and near these
folds the scalar field can have jump discontinuities.
There the differential can be very large up to infinite
values. According to (3) and (4) this gradient
determines the density and the pressure of scalar fields.

Taking into account Figs. 17–18
we can imagine that very massive
particles may be generated during the
resonant oscillations of the fragments
of the scalar field.

Schemes of this generation are
presented in Fig. 20.

Then we calculate the scalar field
oscillations taking into account the
linear contribution. The oscillations are
determined by expressions (29), (30)
and (33):

1

1

[sin( / 2)
sin( / 2)]
( ) ( ).

A c r
c s

j r j s





    

   
 

 (41)

We assume that the shift of the
linear oscillations (linear component of
the solution) relative to the nonlinear
oscillations (nonlinear component of the
solution) at the resonance is / 2 .

Then we calculate the scalar field
oscillations taking into account the linear
contribution. The oscillations are
determined by expressions (41) and
parameters (40). The results of the
calculation are presented in the Fig. 21.

The elements noted above vibrate according
to their resonant frequencies and can radiate particles
of energy. If these particles possess some critical
energy, they form matter.

Fig. 20. Examples of an atomization and surface high-nonlinear waves.
(à) Vertically excited waves and drops on a surface of 100 millimetric volumes
of water (James et al., 2003). (b) A qualitative pattern of an appearance of the
virtual particle in vacuum or a separation of new closed Universe from a big
volume of space.  (Vilenkin, 2006)

 a

 b

Fig. 21. Resonant oscillations of a fragment of the scalar field. The first resonant form
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We can imagine that during the oscillations and
the radiation of the energy particles the common
energy of the fragment is reduced. Let us study this
phenomenon.

First we assume that 2 1 0.0014R m      ,
À=–0.2, 26.1  , 0.12L  , ñ=1 and q = 0.0001.
The results of the calculations are shown below.

Further reducing 2 1 0.00042R m     
we receive the results shown in Fig. 23.

Further reducing 2 1 0.0000014R m     
we receive the results shown in Fig. 24

4.2. Boundary conditions / 0ix    at
0; .ix L
We now consider oscillations appearing in the

fragment, if / 0ix    at 0; .ix L
We assume that

0.0001q  , 25.5 , ñ=1 and 0.003R   (42)

Fig. 22. Resonant oscillations of a fragment of the scalar field accompanied by eruptions of energetic particles. The case
of  2 1 0.0014R m     

Fig. 23. Resonant oscillations of a fragment of the scalar field. The case of 2 1 0.00042R m     

Fig. 24. Resonant oscillations of a fragment of the scalar field. The case of 2 1 0.0000014R m     
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The examples of oscillations at different values
of R are shown in Fig. 25. The transresonant
amplification of the wave takes place as we move
away from 0.

We are interested in the oscillations of the
fragment and the radiation of particles for the
assumed boundary condition. The results of the
calculations for a full period of oscillations specifically
at (42) and 0.021R    are shown in Fig. 26.

And again, just like in the earlier examples
(Figs. 18, 19, 21 and 22) we are seeing the
separation of energy from the main field which we
interpret as emergence of various particles.

5. Supporting experimental results: gravity
waves.

In the previous section we presented many
examples of the oscillations of a scalar field. Do they
describe the behaviour and evolution of the
primordial fundamental field? We do not have
experimental evidence supporting or denying this
statement.

However, it is possible to expect that the above
results can be used in the case of other wave
processes, since the wave processes are described
by the similar equations. Thus the method developed
in the last section and the received results can be

Fig. 25. The transresonant amplification of the wave, / 0.03R R

Fig. 26. Resonant oscillations of a fragment of the scalar field accompanied by eruptions of energetic particles. The case
of 2 1 0.0021R m     
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extended to other highly-nonlinear wave processes
which take place in other physical situations. There
are certainly mathematical analogies in the formulas
describing the wave processes of different physical
nature.

Therefore we refer to a more conventional
example of gravity surface waves to support the
above findings.

Let us compare waves of Figs. 22–24 with
experimental waves presented in Fig. 27. These
waves were excited in the vertically oscillating
container. Its length was 0.6 m, and the width 0.06 m.
The depth of water was 0.3 m. All wave profiles
(Fig. 27) were observed during one experiment. The
forcing frequency was 1.6 Hz and the amplitude was
4.6 mm.

In our calculations we assumed that the shift
of the linear oscillations (linear component of the
solution) relative to the nonlinear oscillations
(nonlinear component of the solution) was –π/2
(41). Generally speaking, this value is not known.
The shift can be anything from 0 to –π. Certain
discrepancies between the observations and the
calculations can be explained by the variance in
the value of the shift.

Another example of surface waves was
presented in a dissertation of Kalinishenko (2009).
His results are presented in Figs. 28 and 29 (upper
rows). Results of our calculations are shown there
in the bottom rows.

At the whole, the wave A (Fig. 28) corresponds
to the picture 0.173 of Fig.22. The wave B
corresponds to picture 0.1875 of Fig. 21 and the
picture 0.43 of Fig. 23. The wave C corresponds to
the picture 0.665 and 0.69 of Fig. 24. The down
row of Fig. 28 describe additionally only some
particularities of waves A, B and C.

At the whole, the upper row of Fig. 29
corresponds to the picture 0.17 of Fig. 21.

And finally, we already mentioned the case of
the Richtmyer-Meshkov instability of a interface of
two-liquid system (Niederhaus, Jacobs 2003).
Results of them are presented in Figs. 30 and 31
(upper rows). Results of our calculations are shown
there in the bottom rows.

It is seen (Figs. 30–32) that the calculations
describe qualitatively the appearance of vortices
because of the Richtmyer-Meshkov instability.

Fig. 27. The transresonant nonlinear evolution of surface
water waves accompanied by the strong change of the
wave forms and by the eruption of the particles from wave
tops (see A.).  (Jiang, Perlin, Schultz, 1998)

A. Waves observed at the moments of time: 0, 0.04, 0.08, 0.12,
0.16, 0.2 (left), 0.24, 0.28, 0.32, 0.36, 0.4, 0.44 sec (right)

B. Waves observed at the moments of time: 0.52, 0.56, 0.6, 0.64,
0.68, 0.72, 0.76 (left), 0.8, 0.84, 0.88, 0.92, 0.96, 1, 1.04 sec
(right)

C. Waves observed at the moments of time: 1.16, 1.2, 1.24, 1.28,
1.32, 1.36 (left), 1.46, 1.5, 1.54, 1.58, 1.62, 1.66 sec (right)
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Fig.  28.  The comparison of experimental data (Kalinichenko, 2009) with calculations

Fig.  30.  The comparison of experimental data (Niederhaus, Jacobs, 2003) with calculations

Fig.  29.  The comparison of experimental data (Kalinichenko, 2009) with calculations
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In this section we continued the study of
instability of the scalar field. Results of the calculations
may be treated as the appearance of vortices. The
generation of vortices in different physical fields as a
result of the instability is known effect. Apparently
during instability both waves and vortices may be
appeared in scalar fields. For example, in a Bose
Einstein condensate vortices were created due to
the snake instability (Fig. 33).

At the whole, the process shown in Fig. 33
corresponds qualitatively to the wave evolution
during the Richtmyer-Meshkov instability

Thus we have shown that the solution (29),
(30) and (33) describes a wide spectrum of
nonlinear waves propagating in scalar field which
may evolve into vortices. Generally speaking, the
energy field can have more dimensions than we are
aware of, which are curled up into tiny but
complicated shapes. The string theory proclaims
that the number of the dimensions may be different,
for example, 5, or 11 or 26.

Fig.  32.  The vortical scheme of certain experimental results (Niederhaus, Jacobs, 2003), which follows from results of
calculations (see Figs. 30 and 31, right)

Fig.  31.  The comparison of experimental data (Niederhaus, Jacobs, 2003) with calculations

Fig.  33.  Spontaneous formation of vortices through the
snake instability (Dutton et al., 2001). The initial perturbation
(0.2 ms) evolves into many vortices (14.9 ms)
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6. The birth of the Universe.
The evolution scenario of the scalar field subject

to a quantum fluctuation presented above can be
viewed as describing the birth of the Universe.

The dynamic part of the scalar field – the clot
of energy (Fig. 1, right) – may be considered as
the ‘seed’ of the Universe. The Universe appears
after the tunnelling of the clot of energy through the
energy barrier. During this process the initial field
is fragmented into the infinite quantity of highly
energetic fragments oscillating at resonant
frequencies. The waveforms of these resonant
oscillations are highly nonlinear. These waves emit
particles of energy.

As a result the clot begins to rapidly expand.
During this process the multidimensional particles
form matter and the four dimensional spacetime and
our Universe appears. Galiev (2011) underlined that
this appearance might remind the process shown in
Fig. 34.

The evolution of the perturbations of interface
of two environments into vortices was studied in
(Marts et al. 2004). We can consider these
perturbations as a model of the quantum
perturbations acted during a birth of the Universe
(see the section 3). They are shown by Fig. 34 (a,d).
The initial interface (a, d) changes as a result of growth
of the perturbations. Fig. 34 (e, f) shows positions
of vortices (spots in the figure) at the different
moments of time. Thus, Fig. 34 (d, e, f) demonstrates
the evolution of the originally smooth interface into
mushroom-like waves and vortices. On the other
hand Fig. 34 shows the development of turbulation
of the interface (left).

Remark. According to (7) the interaction of
the components   and Ô may be important for the
tunnelling and a form of the potential landscape.
Generally speaking, the landscape of the static part
of the scalar field influences the tunnelling process
(Fig. 16). The shape of the energy barrier could be
marked in the cosmic microwave background
(CMB) radiation emitted in the very early stages of
the formation of the Universe. Perhaps, the influence
of the interactions noted above is reflected in a
spectacular new map which was presented recently
by the European Space Agency ( http://
www.bbc.co.uk/news/science-environment-
21866464) (Fig. 35).

7. The evolution of the Universe after the
tunnelling.

The appearance of time and the three-
dimensional space did not mean the expansion of
the Universe stopped. It continued to possess a huge
amount of energy. High energy elements vibrating
with resonant frequencies continued to generate
particles of matter. Of course, the energy of those

Fig.  34.  Evolution of the initial perturbations of some
interface into the mushroom waves, vortices and
turbulence. The occurrence of the many vortices, which
shown by spots, during the Belousov–Zhabotinsky
instability.  (Marts et al., 2004)

Fig.  35.  The north/south differences and a ‘cold spot’ in
CMB
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vibrations kept reducing. Therefore the particles
appeared with less and less energy. On the other
hand the high-energy particles that appeared earlier
were breaking up into smaller-energy particles. As
a result the Universe was being filled by the particles
more and more familiar to us.

An interaction of fields. Let us consider a
second dynamic field χ, which interact
with ϕ  but which has no mass term:

2 2 2 2 41 1
0 2 4( ) 'effV V m         .  (43)

Let us consider a scalar field in a thermal
equilibrium. In this case according to the quantum
field theory the function ϕ  receives a contribution to
its effective potential (43) (Lyth, Liddle 2009.). Let

2 2 2' g T   (44)
in (43). Taking this into account we rewrite (7) in
the form

2 2 2 2 2 3
* ( 2 ) .tt c m g T             (45)

Thus, near
2 2 22m g T , (46)

the equation (45) can instantly change its solution.
The condition (46) can correspond to the phase
transitions in a physical field. If 2 2 22m g T , we
have a resonant situation. In other words, if

2 2 22m g T  takes place, the scalar field can
bifurcate into several new scalar fields (Fig. 36).

Similar transitions may be triggered by the
generation of particles and waves or by the vortices
in the field. Thus, the function ( )effV   and the
assumption (46) may be very important.

There are many versions of ( )effV   (Fig. 37).

Generally speaking, our scalar potential (Figs. 1
and 2) is a generalisation of Fig. 37.

Generation of nonlinear waves and
vortices. The subsequent global evolution of the
Universe was probably determined by the initial
parameters of the scalar fields and the matter, in
particular, by their initial heterogeneity. The dynamic
part of the scalar field which was originally
approximately uniform, gained some weak
heterogeneity during the tunnelling through the
potential barrier. Similar heterogeneity could also
arise due to quantum effects in the course of the
formation of the Universe.

Fig.  36.  A cascade of bifurcations which formed our Universe (left). The birth of particles and the matter during the
bifurcations (right).  (Galiev, Galiyev, 2013)

Fig.  37.  Various representations of (43).  (Mo, Bosch,
White, 2011)
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The initial heterogeneities of the energy and the
matter could begin to oscillate generating waves.
Because of the nonlinearity of the substance these
waves would evolve strongly into extraordinary
forms. These waves propagated with the speed close
to the speed of photons. Therefore there was the
resonant condition for a very strong amplification of
the waves, their breaking and the formation of
vortices. The process would be similar to the
transformation of waves into vortices observed in
the Karman ‘vortex street’.

The bifurcations could be accompanied by the
formation of waves and vortices (Figs. 38 and 39).
In particular, the waves and the vortices may appear
as a result of the interaction of different scalar fields.
Figs. 40 and 41 illustrate these structures generated

because of the resonant interaction of the scalar and
the temperature fields.

Perhaps, similar transresonant processes could
have formed the seeds of the galaxies and the
clusters in the early Universe. Indeed, on March
2014 a curly, vortex-like patterns were observed
in CMB by a small but sophisticated telescope at
the South Pole.

Are they the ‘footprints’ of the vortices shown
in Figs. 38 and 40 which were imprinted on the sky?
(Fig. 42). Of course, this is only suggestion.
Modelling the birth of the Universe is a bit like playing
whack a mole. All time the new results knock out
the old theories. Up to this moment we can only
compare the theoretical results with experiments
(Fig. 43).

Fig.  38.  Scheme of the bifurcations and the birth of strongly nonlinear waves.  (Galiev, Galiyev, 2013)

Fig.  39.  Scheme of the bifurcations and the birth of vortices during the wave evolution.  (Galiev, Galiyev, 2013)
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Fig.   43.   A process of the evolution of waves into vortices: calculations (top)  (Galiev, Galiyev, 2013), observations (down).
(Julien et al.,  2003)

Fig.  40.  A process of an appearance of strongly nonlinear
waves.  (Galiev, Galiyev, 2013)

Fig. 41.A process of the evolution of waves into vortices.
(Galiev, Galiyev, 2013)

Fig.  42.  Pinwheel-like swirls in a map of the Background Imaging of Cosmic Extragalactic Polarization.   (Cho,  Bhattacharjee,
2014)
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Conclusion
We considered a version of the nonlinear Klein-

Gordon equation and the approximate solutions,
which describe the evolution of the Universe as an
evolution of the clots (the bubbles) of energy
(Fig. 44). Almost all energy of these bubbles is
concentrated on their surface. Inside the bubble the
energy is almost uniform. However, there are traces
of non-uniformity. Such traces could appear in the
course of the tunnelling of the energy bubble through
the energy barrier (Fig. 16) which resulted from a
quantum fluctuation.

During the tunnelling the bubble is being filled
by matter. Some spacetime elements begin to interact
forming new four-dimensional space-time. As a result
our Universe appears. Its size is much greater than
the Planck size.

On the whole, the central part of Fig. 44 reminds
a Mexican hat-shaped energy landscape (see
Fig. 45). The ball sitting on the top of the sombrero
looks symmetrical.

But it is unstable. The slightest nudge and the
ball falls to a lower energy state in the ‘valley’ of
the hat. Then the ball begin to oscillate between
the valley walls – creating the particles. At the
same time, our theory is quite different from the
scheme of Fig. 45. In particular, the oscillations
of the clot energy in the crater of the hill is stable
(Figs. 1, 2 and 44). The stability is lost only after
the action of quantum perturbations. The tunnelling
and the fall can be faster in one direction (Figs.
16 and 44). Thus, they can depend on the
direction of the motion. It could explain why the
Universe has the ‘axis of evil’ (Fig. 35). The
particles appear during the tunnelling and the
falling. According to the model, it is possible, that

the Universe have not reached the bottom of the
valley. It continues to fall.

The tunnelling process leads to the
transformation of the multi-dimensional spacetime
into our familiar three-dimension space and time. The
moment this process finishes is the moment of birth
of our Universe. The Universe is then filled by
different kinds of energies and particles. High-energy
particles float in four-dimensional spacetime.
However, some of these particles can have
multidimensional structure hereditary from the
multidimensional spacetime.

The production of the particles continues after
the birth of the Universe. Inside of the expanding
Universe, the heavy highly energetic particles decay
into lighter particles and radiation. The Universe size
continued to increase. According to the well known
terminology the described fast expansion of the
Universe may be called the inflation. Although
according to our representations the speed of the
expansion was much slower than it follows from the
known inflation models. According to our model the
Universe could form rather large, almost evenly filled
by the particles of energy and matter. Therefore the
special stage of the superfast expansion is not
required for our model (Fig. 46, upper).

The speed at which these particles are produced
reduces all the time. It is possible that the particles
of matter form in the depths of cosmos even now.
Certainly, the volume of their production is not
comparable to the volumes in the first moments of
the existence of the Universe. This production may
support and can even accelerate the continuing
expansion of the Universe.

Fig.  44.  The energy clot tunnels through the potential
wall. As a result the clot of energy rapidly changes. At the
same time the new three-dimensional space and the directed
arrow of time (the unidirectional time) are being formed

Fig.  45.  The rolling ball represents the sliding value of the
energy density of the Higgs fields. Internet
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Thus, we explain qualitatively the emergence
of the Universe and describe its initial evolution. It is
assumed that the tunnelling was a process at which
the multidimensional timespace collapsed and the
newly formed spacetime elements began to vibrate
with resonant frequencies creating energy and matter
particles. Then the waves and the vortices were
formed (see Figs. 38 and 39).

Our Universe appeared with its four-
dimensional spacetime. The Universe size was much
greater than the Planck size and it was substantially
evenly filled with highly energetic particles of matter.

Resume of the paper.
1. The pra-Universe exists within a multi-

dimensional spacetime. This pra-Universe is
described by a scalar field. The field is roiled by the
tiny quantum fluctuations;

2. At any moment the pra-Universe gives birth
to billions of ‘seeds’ of rapidly evolving Universes,
one of which accidentally evolved into our Universe;

3. The Universe sprang into existence due to
quantum fluctuations;

4. During the earliest stage of the evolution the
multidimensional scalar field was fragmented into
vibrating elements having very high energy. The

fragments have conserved the multidimensional
structure;

5. Highly nonlinear oscillations of those
elements emitted very heavy particles of mass and
energy which formed the four-dimensional
spacetime;

6. Our Universe appeared with huge energy,
mass and the finite size;

7. The spacetime began to stretch very rapidly
as more and more particles appeared and the heavy
particles began breaking up into lighter particles and
the energy continued to transform in mass. It was
the Universe’s rapid growth spurt;

8. Waves and vortices began to form in matter.
Remark. The most part of the paper contains

the results presented earlier (Galiev, Galiyev 2013).
However, the theory was changed slightly. Instead
of the conclusion “During the earliest stage of the
evolution the multidimensional spacetime was
fragmented into vibrating elements having very high
energy’ (Galiev, Galiyev 2013) in the presented
theory we have the conclusion 4.

The results (Galiev, Galiyev 2013) were
illustrated additionally by new calculations. At the
whole, these results don't contradict the data of
BICEP2 (Cho, Bhattacharjee 2014, see also
Fig. 42).

Several physicists are suggesting that the data
will change the face of cosmology and particles
physics.
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Â ñâÿçè ñ îòíîñèòåëüíîé äåøåâèçíîé
âîçäóøíûõ ëèíèé ýëåêòðîïåðåäà÷ ïî ñðàâ-
íåíèþ ñ êàáåëüíûìè, âîçäóøíûå ËÝÏ íà-
õîäÿò øèðîêîå ïðèìåíåíèå. Ïðîâîäà ÿâëÿ-
þòñÿ îäíîé èç îñíîâíûõ ñîñòàâëÿþùèõ
ËÝÏ. Ïðîâîäà âîçäóøíûõ ËÝÏ ïîäâåðãàþò-
ñÿ çíà÷èòåëüíûì ìåõàíè÷åñêèì íàãðóçêàì.
Îíè ïîñòîÿííî íàãðóæåíû ñîáñòâåííûì
âåñîì. Ñðåäè ïðè÷èí äîïîëíèòåëüíûõ ìå-
õàíè÷åñêèõ íàãðóçîê ìîæíî âûäåëèòü äåé-
ñòâèå âåòðîâûõ íàãðóçîê è ãîëîëåäíî-èçìî-
ðîçåâûå îòëîæåíèÿ. Ýòè ïðè÷èíû óâåëè÷è-
âàþò ñòàòè÷åñêèå íàãðóçêè íà ïðîâîäà, à òàê-
æå ìîãóò îáóñëàâëèâàòü òàêèå îïàñíûå ôîð-
ìû äèíàìè÷åñêèõ êîëåáàòåëüíûõ ïðîöåññîâ,
êàê âèáðàöèÿ è ïëÿñêà ïðîâîäîâ. Ïëÿñêà ïðî-
âîäîâ îáû÷íî âûçûâàåòñÿ ñî÷åòàíèåì âåò-
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Àíàëèçèðóþòñÿ ïîäõîäû ê ðàñ÷åòó íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ âîçäóøíûõ ëèíèé ýëåê-
òðîïåðåäà÷ (ËÝÏ). Ñîñòàâëåíû óðàâíåíèÿ äâèæåíèÿ äåôîðìèðóåìîé ËÝÏ â ïðîñòðàíñòâåííîé ïîñòàíîâêå.
Ïðîâîäèòñÿ ÷èñëåííîå ìîäåëèðîâàíèå äèíàìèêè íàãðóæåíèÿ ëèíèé ýëåêòðîïåðåäà÷ ïîä âîçäåéñòâèåì âåò-
ðîâîé è âåñîâîé íàãðóçîê. Äëÿ ïðîâåðêè òî÷íîñòè ÷èñëåííîãî àëãîðèòìà ðåøàþòñÿ çàäà÷è äåôîðìèðîâàíèÿ
ËÝÏ îòäåëüíî îò âåòðîâîé è âåñîâîé íàãðóçîê, äëÿ êîòîðûõ ïðåäëîæåíû òàêæå àíàëèòè÷åñêèå ðåøåíèÿ.
Ñðàâíèòåëüíûå ðàñ÷åòû ïîêàçûâàþò õîðîøóþ ñõîäèìîñòü. ×èñëåííî ðåøàåòñÿ çàäà÷à îáðûâà ïðîâîäà è
äâèæåíèå îòäåëüíûõ ÷àñòåé ïîñëå îáðûâà. Ïðèâîäÿòñÿ ðåçóëüòàòû ðàçðàáîòêè ÷èñëåííîãî àëãîðèòìà ðåøå-
íèÿ çàäà÷è äåôîðìèðîâàíèÿ òåïëîèçîëèðîâàííîãî ïðîâîäà ïðè íàãðåâå îòäåëüíîãî ó÷àñòêà. Îöåíèâàþòñÿ
àïïðîêñèìàöèè ãðàíè÷íûõ óñëîâèé. Ðåøàþòñÿ ñîâìåñòíî óðàâíåíèÿ äâèæåíèÿ ËÝÏ è óðàâíåíèÿ òåïëîïðî-
âîäíîñòè äëÿ çàäà÷è ðàñòàïëèâàíèÿ îáëåäåíåíèÿ. Äåëàåòñÿ âûâîä î íåîáõîäèìîñòè äàëüíåéøåãî ðàçâèòèÿ
ìåòîäîâ, îñíîâàííûõ íà ÷èñëåííîì ìîäåëèðîâàíèè óðàâíåíèé äâèæåíèÿ àáñîëþòíî ãèáêîé ñèñòåìû ïðè
âçàèìîäåéñòâèè ñ ïîòîêîì, â òîì ÷èñëå â òåïëîïðîâîäíîé ñðåäå îáëåäåíåíèÿ.

Êëþ÷åâûå ñëîâà: ëèíèè ýëåêòðîïåðåäà÷, ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, óðàâíåíèÿ äâèæåíèÿ ïðîâî-
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ËÝÏ, îáëåäåíåíèå.

ðîâûõ íàãðóçîê ñ ãîëîëåäíî-èçìîðîçåâûìè
îòëîæåíèÿìè.

Ìåõàíè÷åñêèå íàãðóçêè ìîãóò âûçûâàòü
ïîâðåæäåíèÿ ëèíèé ýëåêòðîïåðåäà÷, ÷òî
óìåíüøàåò íàäåæíîñòü ýëåêòðîñíàáæåíèÿ è
òðåáóåò çàòðàò íà âîññòàíîâëåíèå ËÝÏ.

Äëÿ ïîâûøåíèÿ íàäåæíîñòè âîçäóøíûõ
ËÝÏ èñïîëüçóþòñÿ òèïîâûå òåõíè÷åñêèå ðå-
øåíèÿ [1], à òàêæå ïðåäëàãàþòñÿ íîâûå òåõ-
íè÷åñêèå ðåøåíèÿ äëÿ èçó÷åíèÿ ÿâëåíèÿ ãî-
ëîëåäà è ïëÿñêè ïðîâîäîâ è áîðüáû ñ íèìè,
íàïðèìåð, [2–6]. Ê íàñòîÿùåìó âðåìåíè ïðåä-
ëîæåíî âåñüìà çíà÷èòåëüíîå êîëè÷åñòâî òåõ-
íè÷åñêèõ ñïîñîáîâ áîðüáû ñ ýòèìè íåæåëà-
òåëüíûìè ÿâëåíèÿìè, êàæäûé èç êîòîðûõ
èìååò ñâîþ îáëàñòü ïðèìåíåíèÿ. Ïðîáëåìà
èçó÷åíèÿ ìåõàíè÷åñêèõ ïîâðåæäåíèé ïðîâî-
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äîâ ËÝÏ êàê ñ ïðèìåíåíèåì ýêñïåðèìåíòàëü-
íûõ, òàê è òåîðåòè÷åñêèõ ïîäõîäîâ, è íàõîæ-
äåíèÿ ìåòîäîâ ïîâûøåíèÿ íàäåæíîñòè ÿâëÿ-
åòñÿ âåñüìà àêòóàëüíîé.

Òåîðåòè÷åñêîìó èçó÷åíèþ ìåõàíè÷åñêèõ
íàãðóçîê íà âîçäóøíûå ËÝÏ ïîñâÿùåí ðÿä ðà-
áîò, èñïîëüçóþùèõ ðàçëè÷íûå ïîäõîäû ê ìî-
äåëèðîâàíèþ ôîðìû è íàòÿæåíèé â ïðîâî-
äàõ.

Ïðîâîäà ËÝÏ ïðåäñòàâëÿþò ñîáîé äå-
ôîðìèðóåìîå òåëî, äèàìåòð êîòîðîãî ìîæíî
ñ÷èòàòü ïðåíåáðåæèìî ìàëûì ïî ñðàâíåíèþ
ñ åãî äëèíîé. Ïðîâîä ïîä äåéñòâèåì íàãðó-
çîê ïðèíèìàåò ôîðìó ãëàäêîé êðèâîé. Èñõîäÿ
èç ýòîãî, ñòðîÿòñÿ ìàòåìàòè÷åñêèå ìîäåëè
ïðîâîäîâ ËÝÏ. Êàê ïðàâèëî, ïðîâîä ËÝÏ
ìîäåëèðóåòñÿ àáñîëþòíî ãèáêîé ëèíåéíîé
ñâÿçüþ. Ïðè ýòîì èñïîëüçóåìûå ïîäõîäû ê
ðàñ÷åòó íàïðÿæåííî-äåôîðìèðîâàííîãî ñî-
ñòîÿíèÿ ïðîâîäîâ ËÝÏ ìîæíî óñëîâíî ðàç-
áèòü íà äâå ãðóïïû: 1) íà îñíîâå àíàëèòè÷å-
ñêèõ ôîðìóë êàê áåç ó÷åòà ðàñòÿæèìîñòè, òàê
è ñ ó÷åòîì ðàñòÿæèìîñòè ïðîâîäîâ; 2) áàçè-
ðóþùèåñÿ íà ÷èñëåííîì èíòåãðèðîâàíèè
óðàâíåíèé äâèæåíèÿ.

Ê ïåðâîé ãðóïïå îòíîñÿòñÿ òðàäèöèîí-
íûå ïîäõîäû, êîòîðûå îñíîâàíû íà àíàëèòè-
÷åñêèõ ôîðìóëàõ, ïîëó÷åííûõ â ïðåäïîëîæå-
íèè ñòàòè÷åñêîãî íàãðóæåíèÿ. Íàãðóçêà, îáóñ-
ëîâëåííàÿ ñîáñòâåííûì âåñîì ïðîâîäà, ñ÷è-
òàåòñÿ ðàâíîìåðíî ðàñïðåäåëåííîé. Îäèí èç
ïîäõîäîâ [7] îñíîâàí íà òîì, ÷òî ïðîâîä ñ÷è-
òàåòñÿ íåðàñòÿæèìûì è èìåþùèì ôîðìó ïà-
ðàáîëû (ïðè äëèíå ïðîëåòà äî 800 ì) èëè ôîð-
ìó öåïíîé ëèíèè (ïðè äëèíå ïðîëåòà áîëåå
800 ì). Ñòàíäàðò [8] ñîäåðæèò òðåáîâàíèå,
÷òîáû êðèâàÿ ïðîâèñàíèÿ ïðîâîäîâ ËÝÏ
ìîäåëèðîâàëàñü öåïíîé ëèíèåé. Â ñòàòüå [9]
ôîðìà ïðîâîäà ìîäåëèðóåòñÿ öåïíîé ëèíè-
åé èëè ïàðàáîëîé â çàâèñèìîñòè îò âåëè÷è-
íû ïðîëåòà è ðàçíîñòè îòìåòîê ïîäâåñà ïðî-
âîäà.

Â ðàáîòå [10] ïîëó÷åíû ôîðìóëû äëÿ ðàñ-
÷åòà ñòàòè÷åñêîãî íàãðóæåíèÿ íèòè ñ ó÷åòîì
åå ðàñòÿæåíèÿ.

Ïðåèìóùåñòâîì ïîäõîäîâ, îñíîâàííûõ
íà àíàëèòè÷åñêèõ ôîðìóëàõ, ÿâëÿåòñÿ ïðîñòî-
òà è íåáîëüøàÿ òðóäîåìêîñòü èõ èñïîëüçîâà-

íèÿ. Îäíàêî îíè íå ïîçâîëÿþò èññëåäîâàòü
äèíàìèêó íàãðóæåíèÿ ïðîâîäîâ ËÝÏ.

Âòîðàÿ ãðóïïà ïîäõîäîâ ê ðàñ÷åòó ìåõà-
íè÷åñêîãî íàãðóæåíèÿ ËÝÏ ïîçâîëÿåò èññëå-
äîâàòü äèíàìèêó íàãðóæåíèÿ ËÝÏ. Ýòè ïîä-
õîäû îñíîâàíû íà ìàòåìàòè÷åñêîì ìîäåëè-
ðîâàíèè äâèæåíèÿ ïðîâîäîâ ËÝÏ ïîä äåé-
ñòâèåì íàãðóçîê ñ èñïîëüçîâàíèåì óðàâíåíèé
äâèæåíèÿ àáñîëþòíî ãèáêîé ëèíåéíîé ñèñ-
òåìû [10–13]. Óðàâíåíèÿ äâèæåíèÿ ïðåäñòàâ-
ëÿþò ñîáîé íåëèíåéíûå óðàâíåíèÿ â ÷àñòíûõ
ïðîèçâîäíûõ, êîòîðûå äîïîëíÿþòñÿ íà÷àëü-
íûìè è ãðàíè÷íûìè óñëîâèÿìè, à òàêæå ìî-
äåëüþ íàãðóæåíèÿ, ïðè ýòîì íàãðóæåíèå ìî-
æåò çàâèñåòü îò âðåìåíè. Ýòîò ïîäõîä ÿâëÿ-
åòñÿ ñóùåñòâåííî áîëåå òðóäîåìêèì, ÷åì ïåð-
âûé ïîäõîä. Îí âêëþ÷àåò ðàçðàáîòêó ìàòå-
ìàòè÷åñêîé ìîäåëè, åå ïðîãðàììèðîâàíèå,
òåñòèðîâàíèå ïðîãðàììû, ïðîâåäåíèå ÷èñ-
ëåííûõ ýêñïåðèìåíòîâ. Â ðàáîòå [11] èñ-
ïîëüçóþòñÿ óðàâíåíèÿ áåç ó÷åòà ðàñòÿæèìî-
ñòè ïðîâîäîâ, â ðàáîòàõ [10; 12–13] â ìàòå-
ìàòè÷åñêîé ìîäåëè ó÷èòûâàåòñÿ èõ ðàñòÿæè-
ìîñòü.

Â ðàáîòàõ [10; 12–13] ÷èñëåííî ìîäåëè-
ðóåòñÿ äâèæåíèå ïðîâîäîâ ËÝÏ íà îñíîâå
óðàâíåíèé äâèæåíèÿ ðàñòÿæèìîé àáñîëþò-
íî ãèáêîé ëèíåéíîé ñèñòåìû â ïðîñòðàí-
ñòâåííîé ïîñòàíîâêå ïðè ñîâìåñòíîì âîçäåé-
ñòâèè âåòðîâîé è âåñîâîé íàãðóçîê.

Ðàáîòîñïîñîáíîñòü ÷èñëåííîãî àëãîðèò-
ìà ïðîâåðÿåòñÿ ñðàâíåíèåì ñ àíàëèòè÷åñêè-
ìè ðåøåíèÿìè, ïîëó÷åííûìè â ðàáîòàõ [10;
14]: äåôîðìèðîâàíèåì ëèíèè ËÝÏ ïðè äåé-
ñòâèè âåñîâîé è âåòðîâîé íàãðóçîê ïî îòäåëü-
íîñòè ñ ó÷åòîì óäëèíåíèÿ ïðè ðàñòÿæåíèè.

Íà îñíîâå ýòîãî ïîäõîäà â ðàáîòå [12]
÷èñëåííî ìîäåëèðóåòñÿ äâèæåíèå ËÝÏ ïîñ-
ëå ðàçðûâà.

Â ðàáîòå [13] ñîñòàâëåíà è ÷èñëåííî ðå-
àëèçîâàíà ìàòåìàòè÷åñêàÿ ìîäåëü äåôîðìè-
ðîâàíèÿ ËÝÏ ñ ó÷åòîì òåïëîïðîâîäíîñòè.
Ïðèâîäÿòñÿ ðåçóëüòàòû ÷èñëåííîãî ìîäåëè-
ðîâàíèÿ òåïëîïðîâîäíîñòè äåôîðìèðóåìîé
ëèíèè ýëåêòðîïåðåäà÷è ñ ó÷åòîì âåñîâîé ðàñ-
ïðåäåëåííîé íàãðóçêè ñ ó÷åòîì ñîáñòâåííî-
ãî âåñà è âåñà îáëåäåíåíèÿ è òåìïåðàòóðíîãî
óäëèíåíèÿ.



34

ÌÀÒÅÌÀÒÈÊÀ  È  ÌÅÕÀÍÈÊÀ

Ïðèâåäåì íåêîòîðûå ðåçóëüòàòû ìîäåëè-
ðîâàíèÿ äèíàìèêè íàãðóæåíèÿ ëèíèé ïåðå-
äà÷è ýíåðãèé.

Àëãîðèòì ðåøåíèÿ çàäà÷è ïðîñòðàí-
ñòâåííîãî äâèæåíèÿ ËÝÏ. Ãèáêàÿ ñèñòåìà
ËÝÏ íàõîäèòñÿ ïîä äåéñòâèÿìè âåòðîâîé
íàãðóçêè è ñîáñòâåííîãî âåñà. ËÝÏ ìîäåëè-
ðóåòñÿ àáñîëþòíî ãèáêîé ñèñòåìîé, êîòîðàÿ
íå âîñïðèíèìàåò èçãèáíûõ íàïðÿæåíèé, íî
ðàáîòàåò íà ðàñòÿæåíèå è ñæàòèå. Äâèæåíèå
ËÝÏ ñ ëèíåéíîé ïëîòíîñòüþ )(0 s  ðàññìàò-
ðèâàåòñÿ â äåêàðòîâîé ñèñòåìå êîîðäèíàò

321 xxОx . Îïîðû ËÝÏ ðàñïîëîæåíû â âåðòè-
êàëüíîé ïëîñêîñòè 32xОx . Ðåøåíèåì ñèñòå-
ìû óðàâíåíèé îïðåäåëÿåòñÿ ðàâíîâåñíîå ñî-
ñòîÿíèå ëèíèé ýëåêòðîïåðåäà÷ ïîä âîçäåé-
ñòâèåì âåñîâîé è âåòðîâîé íàãðóçîê, à òàêæå
ìîäåëèðóåòñÿ äèíàìèêà íàãðóæåíèÿ ËÝÏ.

Äåôîðìàöèÿ ãèáêîé ñèñòåìû õàðàêòåðè-
çóåòñÿ ñòåïåíüþ óäëèíåíèÿ e 1 , ãäå e –
îòíîñèòåëüíîå óäëèíåíèå.

Óðàâíåíèÿ äâèæåíèÿ ËÝÏ â ïðîåêöèÿõ
íà îñè äåêàðòîâîé ñèñòåìû êîîðäèíàò

321 xxОx  èìåþò âèä [12]
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 31cos ,  2cos1sin .

Óðàâíåíèÿ äâèæåíèÿ äîïîëíÿþòñÿ ôè-
çè÷åñêèìè ñîîòíîøåíèÿìè )(eTT  , 0e
ïðè ðàñòÿæåíèè è 0e  ïðè ñæàòèè (â ÷àñò-
íîñòè, ïðè ëèíåéíîì çàêîíå eET   ), êèíå-
ìàòè÷åñêèìè ñîîòíîøåíèÿìè

kk vx                          (2)

è ãåîìåòðè÷åñêèì ñîîòíîøåíèåì
22

2
2

1 )  ()  (  sxsx , e 1 .    (3)

Íà÷àëüíûå è ãðàíè÷íûå óñëîâèÿ äëÿ ïðî-
âîäà çàïèñûâàþòñÿ â âèäå

)(),0( sfsx kk  , )(),0( ssv kk   ,

)()0,(  
kk fx , )()0,( 0  kkv ,                   (4)

)(),(  s
klk fsx , )(),(  s

klk sv , 1, 2, 3k  .

Ñèñòåìà óðàâíåíèé (1)–(3) ðåøàåòñÿ ìå-
òîäîì êîíå÷íûõ ðàçíîñòåé.

Ðàçðûâ ëèíèè ËÝÏ ïðîèñõîäèò, êîãäà íà-
òÿæåíèå â ýëåìåíòå i â íåêîòîðûé ìîìåíò
âðåìåíè n  ïðåâûøàåò íàòÿæåíèå ðàçðûâà â
ìàòåðèàëå ðàç

n
iT T , òîãäà íàòÿæåíèå ìåæäó

ýòèìè óçëàìè ìãíîâåííî ïðèíèìàåò íóëåâîå
çíà÷åíèå   .0liT  Ïóñòü ðàçðûâ ëèíèè ïðî-
èçîøåë â ýëåìåíòå ìåæäó óçëàìè li  è 1 lr ii .
Ïðè ÷èñëåííîé ðåàëèçàöèè äîáàâëÿåòñÿ ðàñ-
øèðåííàÿ ñåòêà äëÿ ëåâîãî ïðîëåòà 1li  è äëÿ
ïðàâîãî ïðîëåòà 1ri  ñîîòâåòñòâåííî, îïðåäå-
ëÿþòñÿ ñêîðîñòè íà ðàñøèðåííîé ñåòêå

 21
,

21
, 1

 


n
ik

n
ik ll

vv ,     21
,

21
, 1

 


n
ik

n
ik rr

vv  .          (5)

Óñëîâèÿ (5) ïîçâîëÿþò ïîëó÷èòü ãëàäêèå
ðåøåíèÿ äëÿ âòîðûõ ïðîèçâîäíûõ â ÷èñëåí-
íîì àëãîðèòìå.

Â ðàáîòå [10] ðàññìàòðèâàþòñÿ ïî îòäåëü-
íîñòè äåôîðìàöèè ËÝÏ ïîä äåéñòâèåì âåò-
ðîâîé íàãðóçêè è äåéñòâèåì ñèëû âåñà.

Äëÿ äåôîðìèðîâàííîãî ñîñòîÿíèÿ ëèíèè
ñ äâóìÿ çàêðåïëåííûìè êîíöàìè ïîä äåéñòâè-
åì ðàâíîìåðíî ðàñïðåäåëåííîé íàãðóçêè p
ïîëó÷åíû ñëåäóþùèå ïðèáëèæåííûå ôîðìó-
ëû [14]:
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prT  , 


















2

max 2
11

r
arf  ,               (6)

ãäå à – äëèíà ïðîëåòà; 2  – öåíòðàëüíûé óãîë
äóãè îêðóæíîñòè; r – ðàäèóñ îêðóæíîñòè; T –
íàòÿæåíèå; fmax – ìàêñèìàëüíûé ïðîãèá.

Ïîãðåøíîñòü ïðèáëèæåííîãî ðåøåíèÿ íå
ïðåâûøàåò âåëè÷èíû % 100,004 -2 .

Ôîðìóëû (6) èñïîëüçîâàëèñü äëÿ òåñòî-
âîé îòðàáîòêè àëãîðèòìà è ïðîãðàììû ìîäå-
ëèðîâàíèÿ äåôîðìèðîâàíèÿ ïðîâîäîâ ËÝÏ
ïîä äåéñòâèåì âåòðîâîé íàãðóçêè [10]. Ðåçóëü-
òàòû âû÷èñëèòåëüíîãî ýêñïåðèìåíòà ñîâïà-
äàþò ñ ðåøåíèåì ïî ôîðìóëàì (6), ïðè ýòîì
îòíîñèòåëüíàÿ ïîãðåøíîñòü ñîñòàâëÿåò ìåíåå

% 007,0 .
Íà ðèñ. 1 ïîêàçàíû ôîðìû ËÝÏ ïîä äåé-

ñòâèåì âåòðà â ðàâíîâåñíîì ñîñòîÿíèè è
ïðè ìàêñèìàëüíîé äåôîðìàöèè â äèíàìè-
êå [10].

Çàäà÷à ñòàòè÷åñêîãî ðàâíîâåñíîãî ñîñòî-
ÿíèÿ äåôîðìèðîâàííîé ëèíèè ïðîâîäà ðåøà-
åòñÿ â [10], ïîëó÷åíî àíàëèòè÷åñêîå ðåøåíèå.
Óðàâíåíèå äåôîðìèðîâàííîé öåïíîé ëèíèè
ñ ó÷åòîì ðàñòÿæèìîñòè èìååò âèä:

   axxg
E

y 
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2
1

.            (7)

Ìàêñèìàëüíûé ïðîãèá â ñåðåäèíå ïðî-
ëåòà ñîñòàâëÿåò:

  g
E

ay 0

2

max 8
1





  ,              (8)

ãäå îòíîñèòåëüíîå óäëèíåíèå îïðåäåëÿåòñÿ
âûðàæåíèåì
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 ,           (9)

çäåñü ïàðàìåòð íàãðóæåíèÿ

   2 2 2
0 / 24 .g a E  

Ôîðìóëà (8) ïîçâîëÿåò âû÷èñëèòü ìàê-
ñèìàëüíûé ïðîãèá â ñåðåäèíå ïðîëåòà ïðè
óñëîâèè, ÷òî äåôîðìàöèè ïîä÷èíÿþòñÿ ëè-
íåéíîìó çàêîíó. Ôîðìóëà (7) ïîçâîëÿåò îïðå-
äåëèòü äåôîðìèðîâàííóþ ðàâíîâåñíóþ ôîð-
ìó ËÝÏ. Ýòî ðåøåíèå â ðàáîòå [10] èñïîëü-
çîâàëîñü äëÿ òåñòèðîâàíèÿ ïðîãðàììû ìîäå-
ëèðîâàíèÿ äâèæåíèÿ ïðîâîäîâ ËÝÏ íà îñ-
íîâå óðàâíåíèé (1)–(3). Îòíîñèòåëüíàÿ ïî-
ãðåøíîñòü ïî ñðàâíåíèþ ñ òî÷íûì ðåøåíè-
åì ïî ôîðìóëå (8) ñîñòàâèëà 0,12%.

Â ñòàòüå [10] ìîäåëèðóåòñÿ äâèæåíèå ïðî-
âîäà ËÝÏ â ïðîñòðàíñòâåííîé ïîñòàíîâêå äî
óñòàíîâèâøåãîñÿ ñîñòîÿíèÿ ïîä âîçäåéñòâè-
åì ñîâìåñòíîé âåòðîâîé è âåñîâîé íàãðóçîê.
Ðåçóëüòàòû ïðåäñòàâëåíû íà ðèñ. 3 è 4.

Â ñòàòüå [10] ìîäåëèðóåòñÿ äâèæåíèå
ïðîâîäîâ ËÝÏ èç ðàâíîâåñíîãî ñîñòîÿíèÿ
ïîñëå ðàçðûâà â ñåðåäèíå ïðîëåòà. Â àëãîðèò-

Ðèñ.  1.  Ôîðìû íåâåñîìîé ËÝÏ ïîä äåéñòâèåì âåòðà â ãîðèçîíòàëüíîé ïëîñêîñòè
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ìå ðàñ÷åòà äâèæåíèÿ ËÝÏ ïîñëå ðàçðûâà èñ-
ïîëüçóþòñÿ ñëåäóþùèå äîïóùåíèÿ: à) îáðûâ

ïðîâîäà ïðîèñõîäèò ïðè óñòàíîâèâøåìñÿ ðå-
æèìå âîçäåéñòâèÿ âåòðîâîé è âåñîâîé íàãðó-

Ðèñ.  2.  Ôîðìû ËÝÏ ïîä äåéñòâèåì âåñà â âåðòèêàëüíîé ïëîñêîñòè

Ðèñ.  3.  Ôîðìû ËÝÏ ïîä äåéñòâèåì âåñà è âåòðà â ïðîåêöèè íà âåðòèêàëüíóþ ïëîñêîñòü

Ðèñ.  4.  Ôîðìû ËÝÏ ïîä äåéñòâèåì âåòðà è âåñà â ïðîåêöèè íà ãîðèçîíòàëüíóþ ïëîñêîñòü
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çîê; á) â ìîìåíò ïàäåíèÿ íà çåìëþ âîçäåé-
ñòâèå âåòðîâîé íàãðóçêè íà ïðîâîä ïðåêðà-
ùàåòñÿ; â) ïðè ïàäåíèè íà çåìëþ ïðîèñõîäèò
÷àñòè÷íî óïðóãèé óäàð, è â ðàñ÷åòàõ ïðèíÿ-
òî, ÷òî êèíåòè÷åñêàÿ ýíåðãèÿ îòñêîêà ñîñòàâ-
ëÿåò 36% îò ýíåðãèè âåðòèêàëüíîãî óäàðà. Íà
ðèñ. 5 è 6 ïðèâîäÿòñÿ ðåçóëüòàòû ðàñ÷åòà äâè-
æåíèÿ ïîñëå ðàçðûâà ïðîâîäà ïîñåðåäèíå
ïðîëåòà.

Âî ìíîãèõ ðåãèîíàõ íàøåé ñòðàíû â
îñåííå-çèìíå-âåñåííèé ïåðèîä ñîçäàþòñÿ
áëàãîïðèÿòíûå óñëîâèÿ äëÿ îáðàçîâàíèÿ ãî-
ëîëåäíûõ îòëîæåíèé íà ëèíèÿõ ýëåêòðîïå-
ðåäà÷è. Äëÿ áîðüáû ñ ýòèì îïàñíûì ÿâëå-
íèåì ðàçðàáàòûâàþòñÿ è èñïîëüçóþòñÿ ðàç-
ëè÷íûå òåõíîëîãèè, â òîì ÷èñëå îñíîâàííûå
íà íàãðåâàíèè ïðîâîäîâ ñ öåëüþ ïëàâêè ãî-
ëîëåäà.

Ïðåäñòàâëÿåò òåîðåòè÷åñêèé è ïðàêòè-
÷åñêèé èíòåðåñ ìîäåëèðîâàíèå ïðîöåññà ðàñ-
ïðîñòðàíåíèÿ òåïëà â äåôîðìèðóåìûõ ñðåäàõ.

Â ñòàòüå [13] ñîâìåñòíî ðåøàþòñÿ óðàâ-
íåíèÿ óïðóãîñòè è òåïëîïðîâîäíîñòè âåñî-
ìîé ëèíèè ïðîâîäà. Ïðîâåäåíû òåñòîâûå
ðàñ÷åòû òåïëîïðîâîäíîñòè è ëèíåéíîãî òåï-
ëîâîãî ðàñøèðåíèÿ, ðåçóëüòàòû òåñòîâûõ ðàñ-
÷åòîâ ñðàâíèâàþòñÿ ñ òî÷íûìè ðåøåíèÿìè.
Ïðîâåäåíî ÷èñëåííîå ìîäåëèðîâàíèå ïðîâè-
ñà ëèíèè ýëåêòðîïåðåäà÷è ñ ó÷åòîì âåñà ïðî-
âîäà, âåñà îáëåäåíåíèÿ è òåìïåðàòóðíîãî óä-
ëèíåíèÿ. Èñõîäíîå ñîñòîÿíèå ïðîâîäà áåðåò-
ñÿ â âèäå ïðÿìîé ëèíèè ìåæäó îïîðàìè, íà-
òÿæåíèå â ïðîâîäå ïðè ýòîì ðàâíî íóëþ.
Â ñîîòâåòñòâèè ñ ðåøåíèåì äèôôåðåíöèàëü-
íûõ óðàâíåíèé äâèæåíèÿ ñèñòåìà ÷åðåç ôîð-
ìó ìàêñèìàëüíîãî íàãðóæåíèÿ è ïðîâèñà ïå-
ðåõîäèò â ðàâíîâåñíîå ñîñòîÿíèå. Ïðè îáðà-
çîâàíèè ãîëîëåäà ìàññà ïðîâîäà óâåëè÷èâà-
åòñÿ, è ñèñòåìà ïåðåõîäèò â íîâîå ðàâíîâåñ-
íîå äåôîðìèðîâàííîå ñîñòîÿíèå. Ïðè âêëþ-
÷åíèè íàãðåâà ïðîâîä åùå áîëüøå ïðîâèñàåò
çà ñ÷åò òåìïåðàòóðíîãî óäëèíåíèÿ. Ïîñëå

Ðèñ.  5.  Èçìåíåíèå ôîðìû ËÝÏ ïîñëå ðàçðûâà ïîñåðåäèíå ïðîëåòà â ïðîåêöèè íà âåðòèêàëüíóþ ïëîñêîñòü

Ðèñ.  6.  Èçìåíåíèå ôîðìû ËÝÏ ïîñëå ðàçðûâà ïîñåðåäèíå ïðîëåòà â ïðîåêöèè íà ãîðèçîíòàëüíóþ ïëîñêîñòü
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ïðîãðåâà îáëåäåíåíèå ñáðàñûâàåòñÿ, òåìïå-
ðàòóðà ïî ëèíåéíîìó çàêîíó ñïàäàåò äî òåì-
ïåðàòóðû îêðóæàþùåé ñðåäû, è ôîðìà ïðî-
âîäà ïåðåõîäèò ñíîâà â ðàâíîâåñíîå ñîñòîÿ-
íèå, êîòîðîå ñîîòâåòñòâóåò íàãðóæåíèþ òîëü-
êî âåñîì ñàìîãî ïðîâîäà.

Ìàòåìàòè÷åñêàÿ ìîäåëü îñíîâàíà íà ñî-
âìåñòíîì ðåøåíèè óðàâíåíèé òåïëîïðîâîä-
íîñòè è óïðóãîñòè.

Óðàâíåíèå òåïëîïðîâîäíîñòè äëÿ ëè-
íåéíîãî ýëåìåíòà èìååò âèä

),,(0 tsf
s
uk

st
uñ 


















         (10)

ãäå ρ – ïëîòíîñòü ìàòåðèàëà, êã/ì3, c – òåïëî-
åìêîñòü åäèíèöû ìàññû, êÄæ/(êã.Ê), k – êîýô-
ôèöèåíò òåïëîïðîâîäíîñòè, Âò/(ì.Ê), f0 –
ïëîòíîñòü òåïëîâûõ èñòî÷íèêîâ, Âò/ì3, u –
òåìïåðàòóðà, K, t – âðåìÿ, c, s – ëàãðàíæåâà
êîîðäèíàòà, ì.

Äëÿ âûáîðà âèäà àïïðîêñèìàöèè ãðàíè-
÷íûõ óñëîâèé áûëè ïðîâåäåíû òåñòîâûå ðàñ-

÷åòû ïåðåðàñïðåäåëåíèÿ òåìïåðàòóðû ïî
äëèíå ïðîâîäà, äâå ïîëîâèíû êîòîðîãî â íà-
÷àëüíûé ìîìåíò èìåþò ðàçíûå òåìïåðàòóðû.
Ðàñ÷åòû ïðîâîäèëèñü ÷èñëåííûì ðåøåíèåì
óðàâíåíèé òåïëîïðîâîäíîñòè. Äëÿ âûáîðà
àïïðîêñèìàöèè ãðàíè÷íûõ óñëîâèé ïðîâî-
äèòñÿ äâà âèäà ðàñ÷åòîâ: 1) àïïðîêñèìàöèÿ
ãðàíè÷íûõ óñëîâèé êâàäðàòè÷íûì ïîëèíî-
ìîì Ëàãðàíæà; 2) ëèíåéíàÿ àïïðîêñèìàöèÿ
ãðàíè÷íûõ óñëîâèé. Âàðèàíò 2 äàåò íàèëó÷-
øóþ ñõîäèìîñòü ñ òåîðåòè÷åñêèì çíà÷åíèåì,
ïîýòîìó â äàëüíåéøèõ ðàñ÷åòàõ ãðàíè÷íûå
óñëîâèÿ àïïðîêñèìèðîâàëèñü ïî ëèíåéíîìó
çàêîíó.

Â ðàáîòå [13] ìîäåëèðóþòñÿ ïåðåõîäíûå
ïðîöåññû è ïðîâèñ ëèíèè ËÝÏ ñ ó÷åòîì âåñà
ïðîâîäà, âåñà îáëåäåíåíèÿ è òåìïåðàòóðíî-
ãî óäëèíåíèÿ.

Íà÷àëüíîå ñîñòîÿíèå ïðîâîäà â ðàñ÷åòàõ
ïðèíèìàåòñÿ â âèäå ïðÿìîé ëèíèè. Äëÿ ïðè-
ìåðà ïëîòíîñòü îáëåäåíåíèÿ ðàâíà ïëîòíîñ-
òè ñàìîãî ïðîâîäà ρîá = ρïð.

Ðèñ.  7.  Ôîðìà ïðîâîäîâ ËÝÏ:
 ôîðìà ïðîâîäà áåç ó÷åòà îáëåäåíåíèÿ â ìîìåíò äåéñòâèÿ ìàêñèìàëüíîãî äèíàìè÷åñêîãî íàãðóæåíèÿ (t = 2,7 c);
 ðàâíîâåñíàÿ ôîðìà ïîä äåéñòâèåì âåñà ïðîâîäà

Ðèñ.  8.  Ôîðìà ïðîâîäîâ ËÝÏ ñ ó÷åòîì:
 âåñà ïðîâîäà ñ îáëåäåíåíèåì äî íà÷àëà íàãðåâà (t = 51 c)

 âåñà ïðîâîäà ñ îáëåäåíåíèåì â êîíöå íàãðåâà ïðîâîäà (t = 56 c)



39

Ð.Ø. Ãèìàäèåâ, Ò.Ç. Ãèìàäèåâà, Ô.Ô. Äèíìóõàìåòîâ. Ìîäåëèðîâàíèå äåôîðìèðîâàíèÿ  ïðîâîäîâ...

Íà ðèñ. 7 è 8 ïðèâîäÿòñÿ ðåçóëüòàòû ÷èñ-
ëåííîãî ìîäåëèðîâàíèÿ. Ïðîâîä ïîä äåé-
ñòâèåì òîëüêî ñîáñòâåííîãî âåñà äâèæåòñÿ äî
ìàêñèìàëüíîãî ïðîãèáà fmax= 3,4 ì, ïðè ýòîì
íàòÿæåíèå ñîñòàâëÿåò 12 êÍ, çàòåì â ðåçóëü-
òàòå ïåðåõîäíîãî ïðîöåññà ïî èñòå÷åíèè âðå-
ìåíè îêîëî 30 ñ ñàìîóñòàíàâëèâàåòñÿ äî ôîð-
ìû ðàâíîâåñíîãî ñîñòîÿíèÿ ñ ïðîãèáîì
fmax= 2,3 ì, ðèñ. 7.

Íà ýòó ôîðìó ðàâíîâåñíîãî ñîñòîÿíèÿ
íàêëàäûâàåòñÿ ðàâíîìåðíàÿ ïî äëèíå ìàññà
îáëåäåíåíèÿ. Ñèñòåìà ñíîâà âûõîäèò íà ðàâ-
íîâåñíîå ñîñòîÿíèå ñ ìàññîé ïðîâîäà è îá-
ëåäåíåíèÿ, ýòî ñîñòîÿíèå â ìîìåíò âðåìåíè
t = 51 c ïðèâîäèòñÿ íà ðèñ. 8. Ïðè ýòîì ìàê-
ñèìàëüíûé ïðîãèá ñîñòàâëÿåò  fmax= 2,95 ì è
íàòÿæåíèå T = 9,8 êÍ. Ñ÷èòàåòñÿ, ÷òî â ìî-
ìåíò âðåìåíè t = 51 c 1/10 ÷àñòü ïðîëåòà
ìãíîâåííî íàãðåòà äî òåìïåðàòóðû 150°Ñ, è
ýòà òåìïåðàòóðà äåðæèòñÿ íåèçìåííîé íà ýòîé
÷àñòè è íàãðåâàåò îñòàëüíóþ ÷àñòü ïðîëåòà
çà ñ÷åò òåïëîïðîâîäíîñòè â òå÷åíèå 5 ñ.
Â òå÷åíèå ýòîãî âðåìåíè ýòà òåìïåðàòóðà óñ-
ïåâàåò ðàñïðîñòðàíèòüñÿ è âûðîâíÿòüñÿ äî
150°Ñ ïî âñåé äëèíå. Ïðè ýòîì ïðîèñõîäèò
óäëèíåíèå çà ñ÷åò òåïëîâîãî ðàñøèðåíèÿ
(ðèñ. 8). Â êîíöå íàãðåâà ìàêñèìàëüíûé ïðî-
ãèá äîñòèãàåò âåëè÷èíû 6,2 ì, è íàòÿæåíèå â
ïðîâîäå ñîñòàâëÿåò âåëè÷èíó 38 êÍ.

Ïîñëå ýòîãî ìàññà îáëåäåíåíèÿ ñ÷èòà-
åòñÿ ñáðîøåííîé ìãíîâåííî è ñ÷èòàåòñÿ,
÷òî â òå÷åíèå 1 ñ òåìïåðàòóðà âûðàâíèâà-
åòñÿ (ïî ëèíåéíîìó çàêîíó) ñ òåìïåðàòóðîé
îêðóæàþùåé ñðåäû, ðàâíîé ìèíóñ 5°Ñ. Ðàñ-
ñ÷èòûâàåòñÿ äàëüíåéøåå äâèæåíèå, ñèñòå-
ìà ïåðåõîäèò â íîâîå ðàâíîâåñíîå ñîñòîÿ-
íèå ñ ìàêñèìàëüíûì ïðîãèáîì 2,3 ì è íà-
òÿæåíèåì â ïðîâîäå 6,2 êÍ (ýòî ðàâíîâåñ-
íîå ñîñòîÿíèå ïðèâåäåíî íà ðèñ. 7 ñïëîø-
íîé ëèíèåé).

Ïîñêîëüêó èçìåíåíèå òåìïåðàòóðû ïî
âðåìåíè ñâÿçàíî ñî ñêîðîñòüþ èçìåíåíèÿ òåì-
ïåðàòóðû, à èçìåíåíèå äâèæåíèÿ ýëåìåíòîâ
ïðîâîäà ñâÿçàíî ñ óñêîðåíèåì, òî â êîíöå íà-
ãðåâà ïðîâîäà òåìïåðàòóðà ïî äëèíå ïðîâî-
äà ðàñïðåäåëÿåòñÿ ïî÷òè ðàâíîìåðíî, à óï-
ðóãèå äåôîðìàöèè ïî äëèíå èìåþò íåóñòàíî-
âèâøèéñÿ õàðàêòåð (òåìïåðàòóðíûå íàòÿæå-

íèÿ ðàñêà÷èâàþò óïðóãóþ ÷àñòü çàäà÷è, ñâÿ-
çàííóþ ñ âåñîâîé íàãðóçêîé ñàìîãî ïðîâîäà),
óïðóãèå íàòÿæåíèÿ òîëüêî ñî âðåìåíåì âû-
ðàâíèâàþòñÿ. Ïîýòîìó â êîíöå íàãðåâà áîëåå
òî÷íî ìîæíî îöåíèòü òîëüêî òåìïåðàòóðíîå
íàòÿæåíèå.

Âûâîäû. Ïîäõîäû, îñíîâàííûå íà
÷èñëåííîì ðåøåíèè óðàâíåíèé äâèæåíèÿ,
ÿâëÿþòñÿ íàèáîëåå îáùèìè, îíè íå îãðàíè-
÷èâàþòñÿ êàêèì-òî êëàññîì êðèâûõ, ìîäå-
ëèðóþùèõ ïðîâîä. Ïîçâîëÿþò ìîäåëèðî-
âàòü äèíàìè÷åñêèå ïðîöåññû â ïðîâîäàõ, â
òîì ÷èñëå – ó÷åñòü äâèæåíèå ïðîâîäà ïîñ-
ëå ðàçðûâà, îáëåäåíåíèå, òåìïåðàòóðíûå
íàïðÿæåíèÿ.

Îãðàíè÷åíèåì ýòîãî ïîäõîäà ÿâëÿåòñÿ
ïðåäïîëîæåíèå î íåïîäâèæíîñòè îïîð, ê êî-
òîðûì êðåïÿòñÿ òðîñû, ÷òî ñïðàâåäëèâî íå
äëÿ âñåõ ñëó÷àåâ äåôîðìèðîâàíèÿ. Âòîðîå
ñóùåñòâåííîå îãðàíè÷åíèå ïðèìåíåíèÿ ýòî-
ãî ïîäõîäà: èññëåäîâàòåëü äîëæåí âëàäåòü
ìåòîäàìè ÷èñëåííîãî èíòåãðèðîâàíèÿ äèô-
ôåðåíöèàëüíûõ óðàâíåíèé. Ýòîò ïîäõîä ÿâ-
ëÿåòñÿ âåñüìà òðóäîåìêèì, òðåáóþùèì âûñî-
êîé êâàëèôèêàöèè èññëåäîâàòåëÿ.

Äëÿ èññëåäîâàíèé íàïðÿæåííî-äåôîð-
ìèðîâàííîãî ñîñòîÿíèÿ ïðîâîäîâ ËÝÏ è ðå-
æèìîâ èõ íàãðóæåíèÿ íàðÿäó ñ ýêñïåðèìåí-
òàëüíûìè ìåòîäàìè òðåáóþò ñâîåãî ðàçâèòèÿ
ïîäõîäû, îñíîâàííûå íà ÷èñëåííîì ðåøåíèè
óðàâíåíèé äâèæåíèÿ àáñîëþòíî ãèáêîé íèòè
ñ ó÷åòîì åå ðàñòÿæèìîñòè.
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SIMULATION  OF  DEFORMATION  IN  OVERHEAD  POWER  LINE  WIRES

© R.Sh. Gimadiev, T.Z. Gimadieva, F.F. Dinmukhametov

Kazan State Power Engineering University, Kazan, Russian Federation

Approaches to the calculation of the stress-strain state of overhead power lines are analyzed. Equations of
motion of deformable power lines in the spatial statement are compiled. Numerical modelling of dynamic loading
of power lines under the influence of wind and weight is carried out. Problems of deformation in power lines are
solved separately from wind and weight loading to check the accuracy of the numerical algorithm. Analytical
solutions are also suggested to calculate the strain of power line wires. Comparative calculations show good
agreement. The task of wire breakage and movement of the parts after the breakage is numerically solved. The
results are given on the development of the numerical algorithm for solving the problem of deformation in a
thermally insulated wire by heating its separate portion. Approximations of the boundary conditions are evaluated.
Equations of motion of the power line wires and the heat equation are solved together to model the melting of ice.
The conclusion is drawn about the need for further development of methods based on the numerical simulation of
equations of motion in a flexible system that simulates the power line, including interaction with the flow in a
thermally conductive icing medium.

Key words: power lines, mathematical modelling, equations of motion of wires, wire breakage, heat equation,
numerical solutions, deformation in heat-conducting power lines, icing.
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ÈÇÂÅÑÒÈß  ÓÔÈÌÑÊÎÃÎ  ÍÀÓ×ÍÎÃÎ  ÖÅÍÒÐÀ  ÐÀÍ.  2014.  ¹ 2.  Ñ.  41–47

Èçâåñòíî ìíîãîîáðàçèå óñëîâèé ýêñïëó-
àòàöèè ïðåäîõðàíèòåëüíûõ ìåìáðàí ïî ðàç-
ëè÷íûì õàðàêòåðèñòèêàì, â ÷àñòíîñòè, ïî äè-
àïàçîíó ðàáî÷èõ òåìïåðàòóð îò êðèîãåííûõ äî
ïîâûøåííûõ [1]. Äàííàÿ ðàáîòà ÿâëÿåòñÿ ïðî-
äîëæåíèåì ðàáîòû [2], ãäå ïðåäñòàâëåíû ðå-
çóëüòàòû èññëåäîâàíèÿ íåëèíåéíîãî èçãèáà
êðóãëûõ ïëàñòèí ñ æåñòêî çàäåëàííûì êðàåì,
íàõîäÿùèõñÿ ïîä äåéñòâèåì äàâëåíèÿ ñæèìà-
åìîé æèäêîñòè. Â äàííîé ðàáîòå ÷èñëåííî
èññëåäóåòñÿ íåëèíåéíûé îñåñèììåòðè÷íûé
èçãèá ïëîñêîé ìåìáðàíû ñ îãðàíè÷åíèåì ïå-
ðåìåùåíèÿ â åå öåíòðå ïîä äåéñòâèåì äàâëå-
íèÿ ñæèìàåìîé æèäêîñòè è òåìïåðàòóðû.

1. Ïîñòàíîâêà çàäà÷è è ìåòîä ðåøåíèÿ.
Ðàññìàòðèâàåòñÿ íåëèíåéíûé îñåñèììåòðè-
÷íûé èçãèá êðóãëîé ïëàñòèíû ïîä äåéñòâèåì
äàâëåíèÿ æèäêîñòè. Íåâåñîìàÿ ñæèìàåìàÿ æèä-
êîñòü íàõîäèòñÿ â ãåðìåòè÷åñêè çàêðûòîé åìêî-
ñòè ñ æåñòêèìè ñòåíêàìè. Äàâëåíèå â åìêîñòè
ñîçäàåòñÿ ìåäëåííîé ïîäà÷åé æèäêîñòè. Ïëàñ-
òèíà â ïðîöåññå äåôîðìàöèè ìîæåò âçàèìîäåé-
ñòâîâàòü ñ öèëèíäðè÷åñêèì øòîêîì ðàäèóñà 0r ,
ðàñïîëîæåííûì íà âûñîòå d íàä öåíòðîì íå-
äåôîðìèðîâàííîé ìåìáðàíû (ðèñ. 1). Õàðàêòå-

ÓÄÊ 539.37

ÍÅËÈÍÅÉÍÛÉ  ÈÇÃÈÁ  ÏËÎÑÊÈÕ  ÏÐÅÄÎÕÐÀÍÈÒÅËÜÍÛÕ  ÌÅÌÁÐÀÍ
ÏÎÄ  ÄÅÉÑÒÂÈÅÌ  ÄÀÂËÅÍÈß  ÆÈÄÊÎÑÒÈ  È  ÒÅÌÏÅÐÀÒÓÐÛ

© Ì.Ñ. Ãàíååâà, Ì.À. Èëüãàìîâ, Â.Å. Ìîèñååâà

Èññëåäîâàí íåëèíåéíûé èçãèá êðóãëûõ ïëàñòèí, íàõîäÿùèõñÿ ïîä äåéñòâèåì äàâëåíèÿ íàãðåòîé èëè
îõëàæäåííîé æèäêîñòè (ðàáî÷åé ñðåäû âçðûâîîïàñíîãî àïïàðàòà) ñ ïîçèöèé ïðèìåíåíèÿ èõ â êà÷åñòâå
ïðåäîõðàíèòåëüíûõ ìåìáðàí. Ïîëó÷åíû ðåçóëüòàòû ÷èñëåííûõ ðàñ÷åòîâ â çàâèñèìîñòè îò óðîâíÿ òåìïåðà-
òóðû äåéñòâóþùåé ñðåäû è âûñîòû ðàçðûâàþùåãî øòîêà îò ïëîñêîñòè ìåìáðàíû.

Êëþ÷åâûå ñëîâà: ïðåäîõðàíèòåëüíàÿ ìåìáðàíà, íåëèíåéíûé èçãèá, äàâëåíèå æèäêîñòè, êðèòè÷åñêàÿ
òåìïåðàòóðà.

ðèñòèêè æèäêîñòè: 000 ,, pVM , 0T  – ìàññà,
îáúåì, äàâëåíèå è òåìïåðàòóðà â íåíàïðÿ-
æåííîì ñîñòîÿíèè ìåìáðàíû; m, V, p, T – ìàñ-
ñà äîïîëíèòåëüíî ïîäàííîé â åìêîñòü æèä-
êîñòè, ñîîòâåòñòâóþùåå èçìåíåíèå îáúåìà
åìêîñòè, óñòàíîâèâøèåñÿ â íåé äàâëåíèå è
òåìïåðàòóðà. Òåìïåðàòóðà ìåìáðàíû ñîâïà-
äàåò ñ òåìïåðàòóðîé æèäêîñòè.

Ïðèíÿòî, ÷òî äàâëåíèå p â åìêîñòè èç-
ìåíÿåòñÿ ïî àäèàáàòè÷åñêîìó çàêîíó [3]:

,))1()1(( 000
 VVMmpp          (1)

ãäå  – êîýôôèöèåíò àäèàáàòû. Òàêèì îáðà-
çîì, â äàííîé çàäà÷å ïàðàìåòðîì íàãðóæåíèÿ

ÃÀÍÅÅÂÀ Ìóçàéíà Ñàèòãàðååâíà – ä.ô.-ì.í., Èíñòèòóò ìåõàíèêè è ìàøèíîñòðîåíèÿ Êàçàíñêîãî
íàó÷íîãî öåíòðà ÐÀÍ, å-mail: ganeeva@kfti.knc.ru
ÈËÜÃÀÌÎÂ Ìàðàò Àêñàíîâè÷ – ÷ë.-êîðð. ÐÀÍ, Èíñòèòóò ìåõàíèêè èì. Ð.Ð. Ìàâëþòîâà Óôèìñêîãî
íàó÷íîãî öåíòðà ÐÀÍ, å-mail: ilgamov@anrb.ru
ÌÎÈÑÅÅÂÀ Âàëåðèÿ Åâãåíüåâíà – ê.ô.-ì.í., Èíñòèòóò ìåõàíèêè è ìàøèíîñòðîåíèÿ Êàçàíñêîãî
íàó÷íîãî öåíòðà ÐÀÍ, å-mail: ganeeva@kfti.knc.ru

Ðèñ.  1
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áóäåò ñëóæèòü ìàññà ïîäàâàåìîé â åìêîñòü
æèäêîñòè m.

Èñïîëüçóþòñÿ ñîîòíîøåíèÿ òåîðèè ïëà-
ñòèí, îïèñûâàþùèå îñåñèììåòðè÷íîå, ìî-
ìåíòíîå, ãåîìåòðè÷åñêè è ôèçè÷åñêè íåëè-
íåéíîå íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòî-
ÿíèå (ÍÄÑ) ïëàñòèíû ïðè óìåðåííûõ ïîâî-
ðîòàõ [4] ïîä äåéñòâèåì äàâëåíèÿ íà ïëàñòè-
íó 0ppP   è ðàçíîñòè òåìïåðàòóð 0TT  .
Äàëåå 0p  ïðèíèìàåòñÿ ðàâíûì àòìîñôåðíî-
ìó äàâëåíèþ, o

0 20 CT  . Íàïðÿæåíèÿ ÷åðåç
äåôîðìàöèè ïðåäñòàâëÿþòñÿ ïî òåîðèè ìà-
ëûõ óïðóãîïëàñòè÷åñêèõ äåôîðìàöèé [5] äëÿ
ñæèìàåìîãî ìàòåðèàëà ñ äèàãðàììîé ëèíåé-
íîãî óïðî÷íåíèÿ ñ êîýôôèöèåíòîì óïðî÷íå-
íèÿ λ, ìîäóëåì óïðóãîñòè E, êîýôôèöèåíòîì
Ïóàññîíà  , ïðåäåëîì òåêó÷åñòè S , êîýôôè-
öèåíòîì ëèíåéíîãî òåìïåðàòóðíîãî ðàñøè-
ðåíèÿ α, ñðåäíèì êîýôôèöèåíòîì ëèíåéíî-
ãî òåìïåðàòóðíîãî ðàñøèðåíèÿ ~ . Â ñîîòíî-
øåíèÿõ çàäà÷è ó÷òåíà çàâèñèìîñòü õàðàêòåðè-
ñòèê ìàòåðèàëà îò òåìïåðàòóð TT ,0 :

).,(~~),(),( 0 TTTTEE SS 
Äëÿ âåêòîðà ðàçðåøàþùèõ ôóíêöèé [6]

),,,,,,,( 111
*
1

*
11  BwuPMQTY , ãäå )(rB  –

ôóíêöèÿ èçìåíåíèÿ îáúåìà èç-çà ïðîãèáà ïëà-
ñòèíû )(rw :

,)(,0)0(,2)(
0

VaBBwrdrrB
r

     (2)

ïîëó÷åíà íåëèíåéíàÿ ðàçðåøàþùàÿ ñèñòåìà
óðàâíåíèé:

),(),()( rrrdrd TYFYAY   ar 0 . (3)

Çäåñü )(rA  – ìàòðèöà êîýôôèöèåíòîâ ðàç-
ìåðíîñòè 8×8, ),( YF r  – âåêòîð ãåîìåòðè÷å-
ñêè è ôèçè÷åñêè íåëèíåéíûõ ÷ëåíîâ 8×1,

)(rT  – âåêòîð òåìïåðàòóðíûõ ÷ëåíîâ 8×1.

Â ñëó÷àå, êîãäà øòîê îòñóòñòâóåò èëè íå
äîñòèãíóò ìåìáðàíîé, èñïîëüçóþòñÿ ïðåäåëü-
íûå óðàâíåíèÿ â ïîëþñå r = 0 [7] è ãðàíè÷-
íûå óñëîâèÿ (ÃÓ):

.0ïðè0
,0,0,0 1

*
1




rB
uQ

       (4)

Ïðè äîñòèæåíèè ìåìáðàíîé øòîêà íà
âûñîòå d âìåñòî (4) ââîäÿòñÿ óñëîâèÿ:

.ïðè
,0,0,0

0

1

rrdw
Bu



        (5)

Íà êðàþ ìåìáðàíû ar   ðàññìàòðèâà-
þòñÿ óñëîâèÿ æåñòêîé çàäåëêè

0,0,0 1  wu .              (6)

Ê óñëîâèÿì ïðè ar   äîáàâëÿåòñÿ íåëè-
íåéíàÿ çàâèñèìîñòü ìåæäó íåèçâåñòíûìè P è
V, ïðèáëèæåííî ñëåäóþùàÿ èç (1) ñ ó÷åòîì (2):

.)6)()2)(1(

2)()1(1()1(

)1(
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0

2
000

0000

VV
VVMmp

pVVMmpP










    
(7)

Â ðàáîòå [6] ïðåäëîæåí àëãîðèòì ÷èñ-
ëåííîãî ðåøåíèÿ íåëèíåéíîé êðàåâîé çàäà-
÷è (3)–(7) íà îñíîâå ïîøàãîâîãî ïðîöåññà ïî
âåäóùåìó ïàðàìåòðó .,1,0 LkMmk 

2. Èçãèá ïëàñòèíû ñ îãðàíè÷åíèåì ïå-
ðåìåùåíèÿ â åå öåíòðå â çàâèñèìîñòè îò
òåìïåðàòóðû T. Ïî óñëîâèÿì ýêñïëóàòàöèè
âçðûâîîïàñíûõ àïïàðàòîâ ðàñêðûòèå ìåìá-
ðàí íåîáõîäèìî â èõ öåíòðå. Äëÿ êðóãëûõ ïëà-
ñòèí ñ æåñòêî çàäåëàííûì êðàåì (6), (7) ïðè
íàëè÷èè øòîêà ðàäèóñà 0r  íà âûñîòå d íàä
öåíòðîì ïëàñòèíû (ÃÓ (5)) íà ðèñ. 2–6

Ò à á ë è ö à  1

CT o  –253 –196 –160 –73 20 100 200 300 400 500 
ÌПÀE ,10 5     1,177  1,090 1,089 0,981 0,883 0,785 0,706 

ÌПÀS ,  1550 1220   770,0 675,8 566,8 501,4 457,8 392,4 
ÌПÀB ,  1780 1440   940 784,8 675,8 566,8 523,1 479,6 

ãðàäCT 1),(105    0,365 0,588 0,868 0,915      

CTãðàäC
TT

o20,1

),,(~10

0

0
5




  0,790 0,829 0,899 0,915 0,850 0,894 0,921 0,942 0,960 
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è â òàáë. 2–3 ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòîâ ïðè
ìì25a , ìì0,1h , 25ha , ;01,00 ar

5
0 1009,1 E ÌÏÀ, ,3,0  ;9,0

;5,10 hdl ,aH  7 . Õàðàêòåðèñòè-
êè ìàòåðèàëà ìåìáðàíû (ñïëàâ ÂÒ5-1) ïðåä-
ñòàâëåíû â òàáë. 1 [8–10] äëÿ òåìïåðàòóð îò
êðèîãåííûõ äî âûñîêèõ. Ïðè ýòèõ äàííûõ
ìåìáðàíà áåç âçàèìîäåéñòâèÿ ñî øòîêîì òå-
ðÿåò óñòîé÷èâîñòü îò ñæèìàþùèõ óñèëèé

 )()( 2211 EhTEhT ))1((223,1 222 ah 
[11] ïðè êðèòè÷åñêîé òåìïåðàòóðå

êðèò.T =188,4îÑ [4].

Íà ðèñ. 2 ïîêàçàíû çàâèñèìîñòè ïàðàìåò-
ðà äàâëåíèÿ 0EP  îò ìàêñèìàëüíîãî çíà÷åíèÿ
ïðîãèáà ,hw  êîãäà òåìïåðàòóðà æèäêîñòè èç-
ìåíÿåòñÿ îò êðèîãåííîé äî ïîâûøåííîé, íî íå
ïðåâûøàåò êðèò.T . Ñïëîøíûå ëèíèè ñîîòâåò-
ñòâóþò ÍÄÑ ïëàñòèíû ïðè T = –196°C; 20°Ñ;
180°Ñ áåç øòîêà. Îò ýòèõ ëèíèé â òî÷êàõ êàñà-

íèÿ øòîêîâ 0,1;5,0;0l  îòõîäÿò øòðèõîâûå, îò-
ðàæàþùèå ÍÄÑ ïëàñòèíû ïîñëå âñòðå÷è ñî
øòîêàìè. Íà ðèñ. 2 è äàëåå çíà÷êîì «*» ïîêàçàí
ìîìåíò ïîÿâëåíèÿ â ïëàñòèíå Sizr


,

max , ãäå
5,0

2211
2
22

2
11 )( i  – èíòåíñèâíîñòü íà-

ïðÿæåíèé, çíà÷êîì «  » – ìîìåíò ïîÿâëåíèÿ

Sizr
 2,1max

,
. Ñ íàðàñòàíèåì íàãðóæåíèÿ

ïëàñòèíà äåôîðìèðóåòñÿ ñ ìîíîòîííûì óâåëè-
÷åíèåì ïðîãèáîâ â ïîëþñå (ñïëîøíûå ëèíèè)
èëè íà íåêîòîðîì óäàëåíèè îò øòîêà (øòðèõî-
âûå ëèíèè). Âèäíî, ÷òî äëÿ ðàññìàòðèâàåìûõ
çíà÷åíèé l ñ ðîñòîì òåìïåðàòóðû T ñíèæàåòñÿ
óðîâåíü äàâëåíèÿ P, ïðè êîòîðîì äîñòèãàþòñÿ
õàðàêòåðèñòèêè ïðî÷íîñòè ìàòåðèàëà ïðåäîõ-
ðàíèòåëüíîé ìåìáðàíû.

Â òàáë. 2 ïðèâåäåíû äàííûå äëÿ òðåõ ýòà-
ïîâ äåôîðìèðîâàíèÿ ïëàñòèíû ïðè ÃÓ (5);
(6), (7) ñ íàðàñòàíèåì ïîäà÷è æèäêîñòè 0Mm
â åìêîñòü: â ìîìåíò êàñàíèÿ øòîêà; ïðè

Sizr


,
max ; ïðè Sizr

 2,1max
,

. Â òàáë. 2
ïðåäñòàâëåíû áåçðàçìåðíûå ïàðàìåòðû íà-
ãðóçêè 0EP , ìàêñèìàëüíûõ çíà÷åíèé ïðîãè-
áà hw  è èíòåíñèâíîñòè íàïðÿæåíèé 0Ei
ó øòîêà 0rr   è íà êðàþ ar  . Âûáîð âûñî-
òû øòîêà çàâèñèò îò òåìïåðàòóðû (òàáë. 2).
Ïðè ýòîì íåîáõîäèìûì óñëîâèåì ýôôåêòèâ-
íîãî ðàçðûâà ïðåäîõðàíèòåëüíîé ìåìáðàíû
ÿâëÿåòñÿ äîñòèæåíèå ir

max  ïðè 0rr  . Èç

òàáë. 2 âèäíî, ÷òî íåçàâèñèìî îò òåìïåðàòóðû
äëÿ 0l  ir

max  óñòîé÷èâî âîçíèêàåò ó øòîêà,

Ðèñ.  2

à                                                                  á                                                                      â

Ðèñ.  3
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äëÿ 1l  ïðèåìëåìîå ÍÄÑ ïðè 0rr   íàáëþ-
äàåòñÿ ïðè Si  2,1 . Êîãäà 5,0l ,

C180oT , ïðè íà÷àëüíûõ çíà÷åíèÿõ 0Mm

ir
max íàáëþäàåòñÿ ó øòîêà, ïðè íåêîòîðûõ

0Mm  – ó êðàÿ r = a, à ñ íàðàñòàíèåì 0Mm  –
ó øòîêà 0rr  . Ïðè 5,0l , Ñ20;C196 îoT
ïîäõîäÿùåå ÍÄÑ ïðè 0rr   îòìå÷àåòñÿ ñ ìî-
ìåíòà äîñòèæåíèÿ Si  .

Íà ðèñ. 3–5 ïîêàçàíî âëèÿíèå ïîñòóïëå-
íèÿ ìàññû æèäêîñòè 0Mm  â åìêîñòü íà ÍÄÑ
ïëàñòèíû. Ñïëîøíûå ëèíèè ñîîòâåòñòâóþò
ÍÄÑ ïëàñòèíû áåç øòîêîâ. Îò ýòèõ ëèíèé â
òî÷êàõ êàñàíèÿ øòîêîâ 0,1;5,0;0l  îòõîäÿò
øòðèõîâûå, îòðàæàþùèå ÍÄÑ ïëàñòèíû ïîñ-
ëå âñòðå÷è ñî øòîêàìè. Íà ðèñ. 3, à; 4, à; 5, à
íà ñïëîøíîé ëèíèè (ÃÓ(4); (6),(7)) â òî÷êàõ

0,1;5,0;0l  íà÷èíàþòñÿ çàâèñèìîñòè )(mP

à                                                                  á                                                                      â

Ðèñ.  4

Ò à á ë è ö à  2

Ò, Ñ –196 20 180 
Ýòàïû                          hdl   
äåôîðìèðîâàíèÿ 

0,0 0,5 1,0 0,0 0,5 1,0 0,0 0,5 1,0 

ÍÄÑ 
â ìîìåíò 
êàñàíèÿ 
øòîêà 

010 Mm  0,00 5,66 7,78 0,00 4,07 6,22 0,00 1,39 4,06 

0
610 EP  0,00 18,9 44,6 0,00 8,48 23,2 0,00 1,25 8,02 

max,hw  0,00 0,50 1,00 0,00 0,50 1,00 0,00 0,50 1,00 
,10 0

3 Ei r=r0 2,67 5,11 8,10 0,00 2,57 5,45 1,86 4,00 4,70 
,10 0

3 Ei r=a 2,67 7,33 11,6 0,00 3,47 7,24 1,86 3,30 5,46 

ÍÄÑ 
ïðè 

S

izr




,

max
 

010 Mm  4,40 6,91 7,78 3,57 5,55 6,22 2,34 3,81 4,06 

0
610 EP  10,5 32,4 44,6 6,63 17,7 23,2 2,98 7,24 8,02 

max,hw  0,08 0,52 1,00 0,07 0,52 1,00 0,05 0,51 1,00 
,10 0

3 Ei r=r0 11,2 11,2 8,10 7,06 7,06 5,45 5,40 5,40 4,70 
,10 0

3 Ei r=a 4,19 9,64 11,6 1,39 5,40 7,24 2,50 4,66 5,46 

ÍÄÑ 
ïðè 

S

izr





2,1

max
,  

010 Mm  5,14 7,23 8,69 4,08 5,77 7,19 3,05 4,11 5,51 

0
610 EP  15,2 36,9 62,5 8,85 19,6 34,6 4,84 8,53 16,6 

max,hw  0,11 0,54 1,02 0,10 0,53 1,01 0,08 0,52 1,01 
,10 0

3 Ei r=r0 13,4 13,4 13,4 8,48 8,47 8,47 6,48 6,48 6,48 
,10 0

3 Ei r=a 4,94 10,4 11,3 1,86 5,80 7,81 2,93 4,95 5,83 

0
310 Es 11,2 7,06 5,40 

0
3 2,110 Es 13,4 8,47 6,48 
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äëÿ ÃÓ (5); (6), (7). Äàëåå ýòè ëèíèè ëîæàòñÿ íà
ëèíèþ (4); (6), (7). Âèäíî, ÷òî ïðè îäèíàêîâûõ

0Mm  è áåç øòîêîâ êðèâûå )(mP  ìàëî çàâè-
ñÿò îò òåìïåðàòóðû. Îäíàêî ñ ïîâûøåíèåì òåì-
ïåðàòóðû óâåëè÷èâàþòñÿ çíà÷åíèÿ ïðîãèáà â
ïîëþñå (ñì. ðèñ. 3, á; 4, á; 5, á, ñïëîøíûå ëè-
íèè). Ñ ïîâûøåíèåì òåìïåðàòóðû â ïðåäîõðà-
íèòåëüíîé ìåìáðàíå íåîáõîäèìî ââåäåíèå øòî-
êîâ îäèíàêîâîé âûñîòû l ïðè ìåíüøåì äàâëå-
íèè 0EP  (èëè ìàññû æèäêîñòè 0Mm ).

Ïðè äåéñòâèè íà ìåìáðàíó äàâëåíèÿ
æèäêîñòè, òåìïåðàòóðà êîòîðîé ïðåâûøàåò
Têðèò., ÍÄÑ ìåìáðàíû çíà÷èòåëüíî óñëîæíÿ-
åòñÿ. Íà ðèñ. 6 ïîêàçàíû çàâèñèìîñòè ïàðà-
ìåòðà íàãðóçêè 0EP  îò ìàêñèìàëüíîãî çíà-
÷åíèÿ îòíîñèòåëüíîãî ïðîãèáà  w/h  ïðè òåì-
ïåðàòóðàõ T = 200°C  (ðèñ. 6, à, á), T = 300°C
(ðèñ. 6, â). Ïðè êðèò.T T , ÃÓ(4); (6), (7) c ðîñ-
òîì ïîäà÷è æèäêîñòè â åìêîñòü

)0( 001   MmMmm kk  ïðîöåññ äåôîð-
ìèðîâàíèÿ ðàçâèâàåòñÿ ïî ëèíèè OB:

0,0 0  EPhw ; 00 ,, MmEPhw BBB  –
òî÷êà êðèòè÷åñêîãî ñîñòîÿíèÿ. Äàëåå ïðè ìà-
ëåéøåì óâåëè÷åíèè ïàðàìåòðà 0Mm  ïðîèñ-
õîäèò ïðîõëîïûâàíèå ïëàñòèíû ñêà÷êîì ïî
ëèíèè ÂÑ ñî ñíèæåíèåì äàâëåíèÿ 0EP  è
èçìåíåíèåì çíàêà ïðîãèáà 0hw . Çäåñü
âîçíèêàåò âîçìîæíîñòü âûáîðà âûñîòû øòî-
êà cwd  . Äàëåå ïî ëèíèè ÑÄ ïðîöåññ ìîíî-
òîííûé. Îòìåòèì, ÷òî äëÿ T = 300°C, çíà÷è-
òåëüíî ïðåâûøàþùåé êðèò.T , âûáîð âûñîòû
øòîêà ïðè ïðîöåññå ïî ëèíèè ÑÄ îãðàíè÷åí
(ñì. ðèñ. 6, â, 5,132,1  l ).

Äðóãàÿ âîçìîæíîñòü âûáîðà âûñîòû øòî-
êà d ïðè êðèò.T T : 0m , ïðîöåññ – ïî ëè-
íèè ÎÍ: 0,0 0  EPhw ;

00 ,, MmEPhw HHH  – òî÷êà êðèòè÷åñêîãî
ñîñòîÿíèÿ ïðè 00 EPH . Äàëåå â ðàñ÷åòàõ

à                                                                  á                                                                      â

Ðèñ.  6

à                                                                  á                                                                      â

Ðèñ.  5
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âîçìîæåí ñêà÷îê èç òî÷êè H â îáëàñòü 0hw ,
íî îí íà ðèñ. 6 íå ïîêàçàí. Íà ëèíèè ÎÍ âûáè-
ðàåòñÿ âûñîòà øòîêà Hwd 0 . Íà ðèñ. 6, à, á
øòðèõîâîé ëèíèåé ïîêàçàíû çàâèñèìîñòè

)(wP  ïðè 0,1;5,0;1,0;0l  äëÿ ÃÓ (5); (6), (7),
T = 200°C, íà ðèñ. 6, â – )(wP  ïðè

5,1;32,1;2,0;0l ; T = 300°C, ÃÓ (5);  (6), (7).
Â òàáë. 3 ïðåäñòàâëåíû äàííûå äëÿ òðåõ

ýòàïîâ äåôîðìèðîâàíèÿ ìåìáðàíû. Ïðè
T = 200°C, áëèçêîé ê êðèò.T , ïîäõîäÿùåå ÍÄÑ

ïî íåîáõîäèìîìó óñëîâèþ äîñòèæåíèÿ ir
max

ïðè 0rr   íàáëþäàåòñÿ ïðè 5,0;1,0;0l ; ïðè
âûñîòå øòîêà 0,1l  ïðèåìëåìîå ÍÄÑ ïðè

0rr   íàáëþäàåòñÿ äëÿ Si  2,1 , ïðè 3,1l

ir
max  óñòîé÷èâî îñòàåòñÿ ó êðàÿ àr  . Ïðè

T = 300°C, 2,0;0l  ir
max  íàáëþäàåòñÿ ó

øòîêà; êîãäà 32,1l , ïîäõîäÿùåå ÍÄÑ ïðè
0rr   íàáëþäàåòñÿ ïðè Si  2,1 , à ïðè
5,1l  ir

max  îñòàåòñÿ ó êðàÿ àr  .

Òàêèì îáðàçîì, óñòàíîâëåíî, ÷òî êðóãëàÿ
ïëàñòèíà ñ æåñòêî çàäåëàííûì êðàåì, íàõî-

äÿùàÿñÿ ïîä äåéñòâèåì äàâëåíèÿ íàãðåòîé
èëè îõëàæäåííîé ñæèìàåìîé æèäêîñòè (ðà-
áî÷åé ñðåäû âçðûâîîïàñíîãî àïïàðàòà), âçà-
èìîäåéñòâóþùàÿ ñ ðàçðûâíûì øòîêîì, ìîæåò
áûòü ïðèìåíåíà â êà÷åñòâå ïðåäîõðàíèòåëü-
íîé ìåìáðàíû. Îäíàêî óñëîâèÿ äåôîðìèðî-
âàíèÿ ïëîñêîé ìåìáðàíû ñóùåñòâåííî çàâè-
ñÿò îò åå òåìïåðàòóðû. Ïðè òåìïåðàòóðå ìåì-
áðàíû, ìåíüøåé êðèòè÷åñêîãî çíà÷åíèÿ êðèò.T ,
ñ íàðàñòàíèåì äàâëåíèÿ åå ÍÄÑ ðàçâèâàåòñÿ
ìîíîòîííî. Ïðè ýòîì ñ ïîâûøåíèåì òåìïå-
ðàòóðû â ïðåäîõðàíèòåëüíîé ìåìáðàíå íåîá-
õîäèìî ââåäåíèå øòîêîâ îäèíàêîâîé âûñîòû
l ïðè ìåíüøåì äàâëåíèè.

Ïðè òåìïåðàòóðå, áîëüøåé êðèòè÷åñêîãî
çíà÷åíèÿ êðèò.T , ÍÄÑ ìåìáðàíû çíà÷èòåëüíî
óñëîæíÿåòñÿ. Ïîêàçàíî, ÷òî ïðè êðèò.T T  ñ
ðîñòîì ïîäà÷è æèäêîñòè â åìêîñòü ( 0m )
íåâîçìîæíî äîáèòüñÿ âûáîðà øòîêà âûñîòîé

0l , íå ïðîéäÿ ýòàï ïðîõëîïûâàíèÿ ìåìá-
ðàíû. Ðàññìîòðåíà âîçìîæíîñòü âûáîðà âû-
ñîòû øòîêà ïðè óìåíüøåíèè ïîäà÷è æèäêî-
ñòè â åìêîñòü ( 0m ) íà íà÷àëüíîì ýòàïå
äåôîðìèðîâàíèÿ. Îäíàêî íåçàâèñèìî îò òåì-

Ò à á ë è ö à  3

Ò, Ñ 200 300 
Ýòàïû                              hdl    
äåôîðìèðîâàíèÿ 

0,0 0,1 0,5 1,0 1,3 0,0 0,2 1,32 1,5 

ÍÄÑ 
â ìîìåíò 
êàñàíèÿ 
øòîêà 

010 Mm  0,00 –0,14 0,57 3,58 5,24 0,00 –19,6 2,54 4,21 

0
610 EP  0,00 –0,09 0,37 6,10 14,3 0,00 –1,54 3,00 8,23 

max,hw  0,00 0,10 0,50 1,00 1,30 0,00 0,20 1,32 1,50 
,10 0

3 Ei r=r0 2,07 2,60 4,26 4,96 5,19 2,98 4,21 4,79 4,70 
,10 0

3 Ei r=a 2,07 2,27 3,29 5,26 5,79 2,98 3,02 4,93 5,36 

ÍÄÑ 
ïðè 

S

izr




,

max
 

010 Mm  2,13 2,36 3,45 3,58 5,24 1,14 0,65 2,54 4,21 

0
610 EP  2,55 3,00 5,89 6,10 14,3 1,01 0,47 3,00 8,21 

max,hw  0,05 0,13 0,51 1,00 1,30 0,03 0,21 1,32 1,50 
,10 0

3 Ei r=r0 5,20 5,20 5,20 4,96 5,19 4,60 4,60 4,79 4,70 
,10 0

3 Ei r=a 2,63 2,98 4,58 5,26 5,79 3,27 3,60 4,93 5,36 
ÍÄÑ 
Ïðè 

 

S

izr





2,1

max
,  

010 Mm  2,89 3,03 3,78 5,18 5,97 2,05 1,69 4,56 4,64 

0
610 EP  4,36 4,72 7,10 14,1 19,9 2,38 1,71 9,99 10,3 

max,hw  0,08 0,15 0,52 1,00 1,30 0,08 0,23 1,32 1,5 
,10 0

3 Ei r=r0 6,24 6,24 6,24 6,24 4,72 5,52 5,52 5,52 4,91 
,10 0

3 Ei r=a 3,06 3,40 4,86 5,62 6,24 3,68 3,97 5,39 5,52 

0
310 Es 5,20 4,60 

0
3 2,110 Es 6,24 5,52 
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ïåðàòóðû ìåìáðàíû ïðè 0l  ìàêñèìàëüíûå
çíà÷åíèÿ íàïðÿæåíèé óñòîé÷èâî íàáëþäàþò-
ñÿ â îêðåñòíîñòè øòîêà, ÷òî îáåñïå÷èâàåò
íåîáõîäèìûå óñëîâèÿ ðàñêðûòèÿ ìåìáðàíû.
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NONLINEAR  BENDING  OF  PLANE  SAFETY  MEMBRANES
UNDER  THE  ACTION  OF  LIQUID  PRESSURE  AND  TEMPERATURE

© M.S. Ganeeva1, M.A. Ilgamov2, V.E. Moiseeva1

1Institute of Mechanics and Engineering, Kazan Science Center, Kazan, Russian Federation
2Institute of mechanics, Ufa Science Center, Russian Academy of Sciences, Ufa, Russian Federation

Nonlinear bending of circular plates exposed to the pressure of the heated or cooled liquid (the working
environment of explosive device) has been studied from the standpoint of the safety membranes use. The numerical
results depending on environment temperature level and on the height of the breaking stem have been obtained.
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Ïðåäìåòîì èññëåäîâàíèÿ äàííîé ðàáîòû ÿâëÿþòñÿ îáðàòíûå çàäà÷è õèìè÷åñêîé êèíåòèêè. Ìàòåìàòè-
÷åñêèì îáúåêòîì èññëåäîâàíèÿ ÿâëÿþòñÿ ñèñòåìû íåëèíåéíûõ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ, äèôôå-
ðåíöèàëüíî-àëãåáðàè÷åñêèõ, àëãåáðàè÷åñêèõ óðàâíåíèé, â çàâèñèìîñòè îò óñëîâèé ýêñïåðèìåíòà – íåñòàöè-
îíàðíûé, ñòàöèîíàðíûé, ðàâíîâåñíûé ñëó÷àè.

Íåäîñòàòî÷íàÿ èíôîðìàòèâíîñòü ðåàëüíî äîñòóïíûõ ìàññèâîâ êèíåòè÷åñêèõ èçìåðåíèé ïðèâîäèò ê
íåîäíîçíà÷íîñòè ðåøåíèÿ îáðàòíîé çàäà÷è. Âàæíî çíàòü, êàêèå èç èíäèâèäóàëüíûõ êîíñòàíò îäíîçíà÷íî
îïðåäåëÿþòñÿ ïî çàäàííîé ñòðóêòóðå ýêñïåðèìåíòà, êàêèå îïðåäåëÿþòñÿ òîëüêî â âèäå ôóíêöèîíàëüíûõ
êîìáèíàöèé, ñêîëüêî íåçàâèñèìûõ êîìáèíàöèé, êàêîâ èõ ÿâíûé âèä. Ïîíÿòíî, ÷òî ïîäîáíîãî ðîäà çàäà÷è â
âû÷èñëèòåëüíîì ïëàíå êðàéíå òðóäîåìêè. Òðóäíîñòü ñîñòîèò â òîì, ÷òî èñïîëüçîâàíèå ýòîé òåîðèè ñâÿçàíî
ñî ñëîæíûìè àíàëèòè÷åñêèìè âû÷èñëåíèÿìè, ïðèìåíåíèå êîòîðûõ ñèëüíî çàòðóäíÿåòñÿ èç-çà áîëüøîé ðàç-
ìåðíîñòè â ðåàëüíûõ çàäà÷àõ ïîñòðîåíèÿ êèíåòè÷åñêèõ ìîäåëåé.

Îñíîâíûì ðåçóëüòàòîì ÿâëÿåòñÿ ïîñòðîåíèå ìåòîäîëîãèè àíàëèçà èíôîðìàòèâíîñòè êèíåòè÷åñêèõ èç-
ìåðåíèé ïðè ðåøåíèè îáðàòíûõ çàäà÷, ïîçâîëÿþùåé âûäåëèòü ÷èñëî è âèä íåçàâèñèìûõ êîìáèíàöèé êîí-
ñòàíò ñêîðîñòåé ðåàêöèé. Ðàçðàáîòàí àëãîðèòì äåêîìïîçèöèè ñëîæíûõ ñõåì ïðîòåêàíèÿ ðåàêöèè íà ïîäñõå-
ìû, êàæäàÿ èç êîòîðûõ ñîîòâåòñòâóåò ìàðøðóòó ïðîòåêàíèÿ ðåàêöèè. ×èñëî òàêèõ ïîäñõåì, åñòåñòâåííî,
ðàâíî ÷èñëó íåçàâèñèìûõ ìàðøðóòîâ. Áàçèñ ìàðøðóòîâ âûáèðàåòñÿ òàê, ÷òîáû êàæäàÿ èç ïîäñõåì áûëà
ñóùåñòâåííî ìåíüøåé ðàçìåðíîñòè. Àíàëèç èíôîðìàòèâíîñòè êèíåòè÷åñêèõ èçìåðåíèé äëÿ èñõîäíîé ñëîæ-
íîé ñõåìû ïðè ýòîì ñâîäèòñÿ ê àíàëèçó èíôîðìàòèâíîñòè êàæäîé èç ïîäñõåì.
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Ìåòîäîëîãèÿ ìàòåìàòè÷åñêîãî ìîäåëè-
ðîâàíèÿ õèìè÷åñêèõ ïðîöåññîâ è ðåàêòîðîâ
áûëà ðàçðàáîòàíà â êëàññè÷åñêèõ ðàáîòàõ àêà-
äåìèêà ÐÀÍ Ã.Ê. Áîðåñêîâà è ÷ëåíà-êîððåñ-
ïîíäåíòà ÐÀÍ Ì.Ã. Ñëèíüêî [1–3]. Â åå îñíî-
âó ëåãëè çíàíèÿ êèíåòèêè õèìè÷åñêèõ ðåàê-
öèé. Ñôîðìèðîâàëîñü ïîíÿòèå êèíåòè÷åñêîé
ìîäåëè êàê îñíîâû ïîíèìàíèÿ ìåõàíèçìà
ñëîæíîé õèìè÷åñêîé ðåàêöèè. Êèíåòè÷åñêàÿ
ìîäåëü äàåò íåîáõîäèìóþ òåîðåòè÷åñêóþ è
ïðàêòè÷åñêóþ èíôîðìàöèþ äëÿ ìàòåìàòè÷å-
ñêîãî ìîäåëèðîâàíèÿ êàòàëèòè÷åñêèõ ðåàê-

öèé, êîíñòðóèðîâàíèÿ ðåàêòîðà è îïðåäåëå-
íèÿ îïòèìàëüíûõ óñëîâèé ïðîâåäåíèÿ ïðî-
ìûøëåííîãî ïðîöåññà [4–6].

Ïîñòðîåíèå êèíåòè÷åñêèõ ìîäåëåé ñëîæ-
íûõ õèìè÷åñêèõ ðåàêöèé îñóùåñòâëÿåòñÿ öèê-
ëè÷åñêè ïðè ïîñòîÿííîì ÷åðåäîâàíèè äâóõ
âèäîâ ýêñïåðèìåíòà: íàòóðíûé ýêñïåðèìåíò –
âêëþ÷àåò ïðîâåäåíèå ðåàêöèè â ðàçëè÷íûõ
óñëîâèÿõ ñ ðàçíûìè êîíöåíòðàöèÿìè èñõîä-
íûõ ðåàãåíòîâ; âû÷èñëèòåëüíûé – ïðåäïîëà-
ãàåò îïðåäåëåíèå êîíñòàíò ñêîðîñòåé è ýíåð-
ãèé àêòèâàöèè ðåøåíèåì îáðàòíîé çàäà÷è
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õèìè÷åñêîé êèíåòèêè íà îñíîâå íàòóðíûõ
ýêñïåðèìåíòàëüíûõ äàííûõ [7].

Êèíåòè÷åñêàÿ ìîäåëü èìååò ðåøàþùåå
çíà÷åíèå ïðè èäåíòèôèêàöèè ìåõàíèçìà
ñëîæíûõ ðåàêöèé íà îñíîâå êèíåòè÷åñêîãî
ýêñïåðèìåíòà [8].

Ìàòåìàòè÷åñêîå îïèñàíèå êèíåòè÷åñêîé
çàäà÷è íåîáõîäèìî äëÿ îïðåäåëåíèÿ êèíåòè-
÷åñêèõ ïàðàìåòðîâ, ê êîòîðûì îòíîñÿòñÿ çíà-
÷åíèÿ êèíåòè÷åñêèõ êîíñòàíò ñêîðîñòåé ñòà-
äèé è ýíåðãèè àêòèâàöèè ñòàäèé. Äëÿ íàõîæ-
äåíèÿ êèíåòè÷åñêèõ ïàðàìåòðîâ íåîáõîäèìî
ñôîðìóëèðîâàòü è ðåøèòü ïðÿìóþ è îáðàòíóþ
êèíåòè÷åñêèå çàäà÷è.

Ïðÿìîé çàäà÷åé ÿâëÿåòñÿ çàäà÷à ðàñ÷åòà
ñîñòàâà ìíîãîêîìïîíåíòíîé ðåàãèðóþùåé
ñìåñè è ñêîðîñòè ðåàêöèè â ëþáîé ìîìåíò
âðåìåíè ïðîõîæäåíèÿ ðåàêöèè íà îñíîâàíèè
çàäàííîé êèíåòè÷åñêîé ìîäåëè ñ èçâåñòíû-
ìè ïàðàìåòðàìè. Ïðè ýòîì ðåøàåòñÿ çàäà÷à
Êîøè.

Ïîñòàíîâêà îáðàòíîé çàäà÷è ñîñòîèò â
òîì, ÷òî ïðåäïîëàãàåòñÿ èçâåñòíûì ñòàäèé-
íûé ìåõàíèçì. Çàäà÷à ñîñòîèò â îïðåäåëåíèè
êèíåòè÷åñêèõ êîíñòàíò, â ðàìêàõ ýòîé ñõåìû
îïèñûâàþùèõ èìåþùèéñÿ ýêñïåðèìåíòàëü-
íûé ìàòåðèàë.

Îñíîâíàÿ ïðîáëåìà, âîçíèêàþùàÿ ïðè
èäåíòèôèêàöèè ìåõàíèçìîâ ñëîæíûõ õèìè-
÷åñêèõ ðåàêöèé, – íåäîèíôîðìàòèâíîñòü äî-
ñòóïíûõ ìàññèâîâ êèíåòè÷åñêèõ èçìåðåíèé.
Ñëîæíîñòü ñîñòîèò â òîì, ÷òî ïðîàíàëèçè-
ðîâàòü ìîæíî òîëüêî ÷àñòü âåùåñòâ. Êàê ïðà-
âèëî, ýòî èñõîäíûå âåùåñòâà è ïðîäóêòû ðå-
àêöèè. Ïðîìåæóòî÷íûå âåùåñòâà (èíòåðìå-
äèàòû, ðàäèêàëû, êàòàëèçàòîðû è äð.) íåâîç-
ìîæíî ïîäâåðãíóòü àíàëèçó â õîäå ðåàêöèè.
Îòñóòñòâèå ýòîé èíôîðìàöèè ïðèâîäèò ê
íåîïðåäåëåííîñòè ïðè îöåíèâàíèè ïàðàìåò-
ðîâ ìàòåìàòè÷åñêèõ ìîäåëåé êèíåòèêè ñëîæ-
íûõ ðåàêöèé. Âîçíèêàåò íåîäíîçíà÷íîñòü ðå-
øåíèÿ îáðàòíîé çàäà÷è [9]. Ýòî ñíèæàåò óðî-
âåíü íàäåæíîñòè ïðèíèìàåìûõ íà îñíîâå
êèíåòè÷åñêèõ ìîäåëåé òåõíîëîãè÷åñêèõ ðå-
øåíèé [10].

Ïðîâåäåíî äåòàëüíîå ìàòåìàòè÷åñêîå èñ-
ñëåäîâàíèå ïðîáëåìû èíôîðìàòèâíîñòè [9–
10]. Ïîñòðîåíà ìåòîäîëîãèÿ àíàëèçà èíôîðìà-

òèâíîñòè êèíåòè÷åñêèõ èçìåðåíèé ïðè ðåøå-
íèè îáðàòíûõ çàäà÷, ïîçâîëÿþùàÿ âûäåëèòü
÷èñëî è âèä íåëèíåéíûõ ïàðàìåòðè÷åñêèõ
ôóíêöèé (ÍÏÔ) êîíñòàíò ñêîðîñòåé ðåàêöèé,
äîïóñêàþùèõ îäíîçíà÷íóþ îöåíêó ïî êèíåòè-
÷åñêîìó ýêñïåðèìåíòó ðàçíûõ òèïîâ [11].

Îñíîâíûì ðåçóëüòàòîì íàñòîÿùåé ðàáî-
òû ÿâëÿåòñÿ ïîñòðîåíèå ìåòîäîëîãèè àíàëè-
çà èíôîðìàòèâíîñòè êèíåòè÷åñêèõ èçìåðå-
íèé ïðè ðåøåíèè îáðàòíûõ çàäà÷, ïîçâîëÿþ-
ùåé âûäåëèòü ÷èñëî è âèä íåçàâèñèìûõ êîì-
áèíàöèé êîíñòàíò ñêîðîñòåé ðåàêöèé ïðè
ïîìîùè àëãîðèòìà äåêîìïîçèöèè ìåõàíèçìà
ñëîæíîé ðåàêöèè íà ðÿä áîëåå ïðîñòûõ ñî-
ñòàâëÿþùèõ [13–14].

Â çàâèñèìîñòè îò òèïà ýêñïåðèìåíòà ñè-
ñòåìà äèôôåðåíöèàëüíûõ óðàâíåíèé õèìè÷å-
ñêîé êèíåòèêè ïðèíèìàåò ðàçëè÷íûå ôîðìû:

1. Íåñòàöèîíàðíûé ñëó÷àé:
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2. Êâàçèñòàöèîíàðíûé ñëó÷àé:
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3. Ðàâíîâåñèå:
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Ðàññìîòðèì ñèñòåìó êèíåòè÷åñêèõ óðàâ-
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Áóäåì ñ÷èòàòü, ÷òî x’=x+F(x,ε), ãäå ôóí-
êöèÿ F(x,ε) çàêëþ÷àåò â ñåáå èíôîðìàöèþ î
ïîãðåøíîñòè èçìåðåíèÿ, 0≤ε≤ε1, ãäå ε1 – ïðå-
äåëüíî äîïóñòèìàÿ ïîãðåøíîñòü ýêñïåðèìåí-
òà. Ïàðàìåòð  âõîäèò â âåêòîð îïðåäåëÿåìûõ
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ïàðàìåòðîâ k’=k’(k,ε). Ýòî çíà÷èò, ÷òî ε
(0≤ε≤ε1) ñòàíîâèòñÿ äîïîëíèòåëüíûì ïàðà-
ìåòðîì ñèñòåìû, õîòÿ îí è íå âõîäèò â ñèñòå-
ìó óðàâíåíèé, à âõîäèò â âûðàæåíèå äëÿ èç-
ìåðÿåìîãî îòêëèêà [11]. Íîâûé âåêòîð îïðå-
äåëÿåìûõ ïàðàìåòðîâ ïðè ðåøåíèè îáðàòíîé
çàäà÷è áóäåò çàâèñåòü è îò ε è áóäåò èìåòü âèä
k’=k’(k,ε). Äðóãèìè ñëîâàìè, åñëè ε èçìåíÿ-
åòñÿ â ïðåäåëàõ, äîïóñòèìûõ 0≤ε≤ε1, òî x’ íà-
õîäèòñÿ âíóòðè íåêîòîðîãî êîðèäîðà
x’=x+F(x,ε). Îòñþäà ñëåäóåò, ÷òî è k’ äîëæ-
íî îïðåäåëÿòüñÿ âíóòðè íåêîòîðîãî èíòåðâà-
ëà. Âîçíèêàåò àíàëîãèÿ ñî ñòàòèñòè÷åñêèì
äîâåðèòåëüíûì èíòåðâàëîì.

Äëÿ ðåøåíèÿ çàäà÷è îïðåäåëåíèÿ âèäà
ÍÏÔ äîñòàòî÷íî èññëåäîâàòü ìàòðèöó

  1

1 1 2 2f f f fU
k y y k


                        

,

ÿâíûé âèä êîòîðîé îïðåäåëÿåòñÿ ïðàâûìè
÷àñòÿìè ñèñòåìû (1). Ñëåäîâàòåëüíî, ñóùå-
ñòâóåò íåíóëåâàÿ ìàòðèöà A, çàâèñÿùàÿ îò k è
ε, òàêàÿ, ÷òî U.À≡0. Åñëè ýòà ìàòðèöà íàéäå-
íà, òî áàçèñ íåçàâèñèìûõ ÷àñòíûõ ðåøåíèé
ñèñòåìû:

0A
k

 


,

ãäå ρ1(k,ε),…, ρm(k,ε) – ñèñòåìà íåëèíåéíûõ
ïàðàìåòðè÷åñêèõ ôóíêöèé, m – ÷èñëî ëèíåé-
íî íåçàâèñèìûõ ñòîëáöîâ ìàòðèöû ßêîáè.
Ìàòðèöó A íàçûâàþò ìàòðèöåé ñâÿçåé.

Î÷åâèäíî, ïîäîáíîãî ðîäà çàäà÷è â âû-
÷èñëèòåëüíîì ïëàíå êðàéíå òðóäîåìêè. Òðóä-
íîñòü ñîñòîèò â òîì, ÷òî èñïîëüçîâàíèå ýòîé
òåîðèè ñâÿçàíî ñî ñëîæíûìè àíàëèòè÷åñêè-
ìè âû÷èñëåíèÿìè, ïðèìåíåíèå êîòîðûõ
ñèëüíî çàòðóäíÿåòñÿ èç-çà áîëüøîé ðàçìåðíî-
ñòè â ðåàëüíûõ çàäà÷àõ ïîñòðîåíèÿ êèíåòè-
÷åñêèõ ìîäåëåé.

Ïðè äåêîìïîçèöèè ìåõàíèçìà ñëîæíîé
ðåàêöèè êàæäàÿ èç ñîñòàâëÿþùèõ, îòâå÷àåò çà
ñàìîñòîÿòåëüíîå ôèçèêî-õèìè÷åñêîå ñîäåðæà-
íèå. Âìåñòî îäíîé ñëîæíîé ñèñòåìû èññëå-
äóþòñÿ íåñêîëüêî ñóùåñòâåííî áîëåå ïðîñòûõ
ñõåì ðåàêöèé. ×èñëî òàêèõ ïðîñòûõ ïîäñèñ-
òåì ðàâíî ÷èñëó íåçàâèñèìûõ ìàðøðóòîâ. Âèä

ïîäñèñòåì îïðåäåëÿåòñÿ âèäîì íåçàâèñèìûõ
ìàðøðóòîâ.

Ìàðøðóò áûë ââåäåí êàê âåêòîð, óìíî-
æåíèå ýëåìåíòîâ êîòîðîãî íà ñîîòâåòñòâóþ-
ùèå ñòàäèè ìåõàíèçìà ñëîæíîé ðåàêöèè âìå-
ñòå ñ ïîñëåäóþùèì ñëîæåíèåì ñòàäèé ïðè-
âîäèò ê ñóììàðíîìó óðàâíåíèþ ðåàêöèè, êî-
òîðîå óæå íå ñîäåðæèò ïðîìåæóòî÷íûõ âå-
ùåñòâ [12].

Â ðàáîòå [13] ïðèâåäåíà ãðàôè÷åñêàÿ èí-
òåðïðåòàöèÿ ìàðøðóòîâ ðåàêöèè íà îñíîâå
àíàëèçà ìàòðèöû èíöèäåíòíîñòè. Àíàëèç
ïðîâîäèëñÿ íà ãðàôå ñëîæíîé ðåàêöèè, ââå-
äåííîì À.È. Âîëüïåðòîì, ñ öåëüþ èçó÷åíèÿ
êà÷åñòâåííîãî ïîâåäåíèÿ ðåøåíèÿ ñèñòåì
äèôôåðåíöèàëüíûõ óðàâíåíèé õèìè÷åñêîé
êèíåòèêè [15].

Îïèøåì òåîðåòèêî-ãðàôîâûé àëãîðèòì
ïîèñêà íåçàâèñèìûõ ìàðøðóòîâ è âûïèñû-
âàíèÿ ñóììàðíûõ óðàâíåíèé ñëîæíûõ õèìè-
÷åñêèõ ðåàêöèé ïî ìàòðèöå èíäåêñîâ.

1) Ïîñòðîåíèå ãðàôà Âîëüïåðòà äëÿ ñèñ-
òåìû õèìè÷åñêèõ ðåàêöèé. Èíäåêñàöèÿ âåð-
øèí ãðàôà Âîëüïåðòà [15].

Èíäåêñàöèÿ âåðøèí ãðàôà ïîçâîëÿåò
îòûñêàòü ìàðøðóòû ñëîæíîé ðåàêöèè.

2) Íàõîæäåíèå öèêëà ïî ìàòðèöå èíäåê-
ñîâ.

Ïîä ìàòðèöåé èíäåêñîâ áóäåì ïîíèìàòü
(m×n2)-ìàòðèöó, ýëåìåíòàìè êîòîðîé ÿâëÿþò-
ñÿ èíäåêñû âåðøèí ãðàôà ñëîæíîé ðåàêöèè
âçÿòûå ñî çíà÷êîì «–» äëÿ èñõîäíûõ âåùåñòâ
äàííîé ñòàäèè, ïðîäóêòîâ ðåàêöèè – ñî çíà-
êîì «+»:

( )ijS s ,  1 i m  ,   21 j n  ,
ãäå m – ÷èñëî ñòàäèé, n2 – ÷èñëî ïðîìåæó-
òî÷íûõ âåùåñòâ (â êàòàëèòè÷åñêèõ ðåàêöèÿõ
ìàðøðóò ïðîõîäèò ÷åðåç âåðøèíû-ðåàêöèè è
âåðøèíû-ïðîìåæóòî÷íûå âåùåñòâà). Åñëè
âåùåñòâî íå ó÷àñòâóåò â äàííîé ñòàäèè, òî
ñîîòâåòñòâóþùèé åìó ýëåìåíò â ìàòðèöå èí-
äåêñîâ îáîçíà÷àåòñÿ   . Òàêèì îáðàçîì, ñòðî-
êàì ïîñòàâëåíû â ñîîòâåòñòâèå ñòàäèè, ñòîë-
áöàì – ïðîìåæóòî÷íûå âåùåñòâà.

Ïîèñê öèêëà íà÷èíàåì ñî ñòîëáöà, îáî-
çíà÷àþùåãî âåðøèíó-âåùåñòâî. Îñóùåñòâëÿ-
åì ïåðåõîä îò (Wq, Yi) ê (Wk, Yi), äàëåå îò (Wk,
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Yi) ê (Wk, Yj) è ò.ä. (1≤q≠k≤m, 1≤i, j≤n2). Ïðî-
öåññ ïðîäîëæàåì äî òåõ ïîð, ïîêà íå ïðèäåì
ê (Wq, Yi), ñ êîòîðîãî íà÷àëè «äâèæåíèå». Ïðè
ïåðåõîäå ê ñëåäóþùåìó ýëåìåíòó ìàòðèöû
èíäåêñîâ çàïîìèíàåì «àäðåñ» ïðåäûäóùåãî.
Ñîïîñòàâëÿÿ ïîñëåäîâàòåëüíîñòü ýëåìåíòîâ
ìàòðèöû ñ ãðàôîì ðåàêöèè, ïîëó÷àåì öèêë,
ò.å. ïîñëåäîâàòåëüíîñòü âåðøèí-ðåàêöèé è
âåðøèí-âåùåñòâ, âõîäÿùèõ â íåãî.

4) Ïðîâåðêà áàëàíñíûõ ñîîòíîøåíèé
óðàâíåíèé, ñîîòâåòñòâóþùèõ íàéäåííûì
ïîäãðàôàì. Ñóììà âåñîâ èñõîäÿùèõ è âõîäÿ-
ùèõ äóã â âåðøèíó-ïðîìåæóòî÷íîå âåùåñòâî
äîëæíà áûòü ðàâíà íóëþ. Èíà÷å íàäî ïîäî-
áðàòü êîýôôèöèåíò, ïðè óìíîæåíèè íà êîòî-
ðûé âûïîëíÿåòñÿ äàííîå óñëîâèå.

Èñïîëüçîâàíèå ãåîìåòðè÷åñêîé èíòåð-
ïðåòàöèè ìàðøðóòîâ ïîëåçíî äëÿ ïðîãðàìì-
íîãî îáåñïå÷åíèÿ. Íàïðèìåð, èñïîëüçóÿ ãðà-
ôè÷åñêèå àíàëîãèè, áûëà íàïèñàíû ïðîãðàì-
ìû îïðåäåëåíèÿ ìàðøðóòîâ [16], âûäåëåíèÿ
áàçèñà êëþ÷åâûõ âåùåñòâ [17–18].

Îñíîâíûì ðåçóëüòàòîì ÿâëÿåòñÿ ñëåäóþ-
ùàÿ òåîðåìà.

Ñîâîêóïíîñòü ñòàäèé õèìè÷åñêîé ðåàê-
öèè ìîæíî ðàçáèòü íà ïîäñèñòåìû, â êîòî-
ðûå âõîäÿò ÷àñòè ñòàäèé èñõîäíîãî ìåõàíèç-
ìà. ×èñëî òàêèõ ïîäñèñòåì ðàâíî ÷èñëó íåçà-
âèñèìûõ ìàðøðóòîâ. Ñîåäèíåíèå U-ìàòðèö
äëÿ êàæäîé ïîäñèñòåìû ïîçâîëÿåò âûïèñàòü
U-ìàòðèöó âñåé ñèñòåìû è íàéòè áàçèñ ÍÏÔ
èñõîäíîé ñëîæíîé ñèñòåìû ðåàêöèé.

Èç òåîðåìû ñëåäóåò àëãîðèòì:
1. Íàõîæäåíèå ìàðøðóòîâ õèìè÷åñêîé

ðåàêöèè, ðàçëîæåíèå èñõîäíîé ñèñòåìû íà
ïîäñèñòåìû, ñîîòâåòñòâóþùèå ìàðøðóòàì.

2. Íàõîæäåíèå ìàòðèöû U äëÿ êàæäîé èç
ïîäñèñòåì. Îáúåäèíåíèå U-ìàòðèö.

3. Íàõîæäåíèå áàçèñà ÍÏÔ êèíåòè÷å-
ñêèõ ïàðàìåòðîâ äëÿ èñõîäíîé ñèñòåìû.

Òàêèì îáðàçîì, ïîíÿòèå íåçàâèñèìîãî
ìàðøðóòà ñòàíîâèòñÿ ïðèíöèïèàëüíî âàæ-
íûì ïðè èññëåäîâàíèè èíôîðìàòèâíîñòè
èçìåðåíèé â îáðàòíûõ çàäà÷àõ õèìè÷åñêîé
êèíåòèêè.

Îïèñàííûå â íàñòîÿùåé ðàáîòå àëãîðèò-
ìû ëåãëè â îñíîâó ìàòåìàòè÷åñêîãî îáåñïå-
÷åíèÿ ðåøåíèÿ îáðàòíûõ çàäà÷ õèìè÷åñêîé

êèíåòèêè. Ðåçóëüòàòû àïðîáèðîâàíû íà êîí-
êðåòíûõ ïðèìåðàõ îïðåäåëåíèÿ êèíåòè÷åñêèõ
ïàðàìåòðîâ äëÿ ðåàêöèè ïèðîëèçà ýòàíà, ìå-
õàíèçìà ãåòåðîãåííî-êàòàëèòè÷åñêîãî äåãèä-
ðèðîâàíèÿ áóòàíà, öèêëîàëþìèíèðîâàíèÿ
îëåôèíîâ òðèýòèëàëþìèíèåì â ïðèñóòñòâèè
êàòàëèçàòîðà, ðåàêöèè îêèñëåíèÿ ñåðîâîäî-
ðîäà ñ ó÷åòîì àäñîðáöèè êèñëîðîäà è ñåðî-
âîäîðîäà.
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This paper deals with inverse problems of chemical kinetics. Systems of non-linear ordinary differential,
differential algebraic, or algebraic equations, depending on the conditions of the experiment, namely, non-stationary,
stationary, or equilibrium cases, constitute the mathematical object of the study.

The insufficient informativity of the actually available arrays of kinetic measurement data results in the non-
uniqueness of inverse problem solution. It is important to know which individual constants are unambiguously
determined in an experiment with predefined structure, which ones are only determined as functional combinations,
how many independent combinations are there, and what their explicit form is. It is clear that problems of this kind
are highly laborious in computational respect. The difficulty is that the use of this theory involves complex analytical
calculations, the use of which is hampered considerably due to high dimensionality in real tasks of kinetic model
building.

The main result involves building a methodology for analyzing the informativity of kinetic measurements in
the solution of inverse problems, which would allow one to determine the number and form of independent
combinations of reaction rate constants. Thus, we have developed an algorithm for decomposing complex reaction
schemes into sub-schemes, each corresponding to a reaction route. Naturally, the number of such sub-schemes
equals the number of independent routes. The basis of routes is selected in such a way that each subscheme has
a much smaller dimensionality. Analysis of the informativity of kinetic measurements for the initial complex scheme
is thus reduced to analysis of the informativity of each sub-scheme.

Key words: kinetic model, inverse problem, informativity, the constants of rate reaction.
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Èçó÷åíèå êàâèòàöèè æèäêîñòåé èìååò
áîëüøîå òåîðåòè÷åñêîå è ïðèêëàäíîå çíà÷å-
íèå â ñèëó øèðîêîãî ïðèìåíåíèÿ æèäêîñòåé
â êà÷åñòâå ðàçíîîáðàçíûõ ðàáî÷èõ ñðåä. Êà-
âèòàöèÿ áîëüøå èçâåñòíà êàê íåæåëàòåëüíîå
ÿâëåíèå, âîçíèêàþùåå â ðàáî÷åé æèäêîñòè
òàì, ãäå åå äàâëåíèå îïóñêàåòñÿ íèæå íåêîòî-
ðîãî êðèòè÷åñêîãî óðîâíÿ. Åñëè â êàêîé-ëèáî
îáëàñòè æèäêîñòè äàâëåíèå óäåðæèâàåòñÿ
íèæå ýòîãî óðîâíÿ äîëüøå îïðåäåëåííîãî
âðåìåíè, à çàòåì âíîâü ïîäíèìàåòñÿ âûøå
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Ðàçðàáîòàíà ìåòîäèêà ÷èñëåííîãî èññëåäîâàíèÿ íàïðÿæåíèé è äåôîðìàöèé â ïðèïîâåðõíîñòíîì ñëîå
òåëà â çàâèñèìîñòè îò äèíàìèêè êàâèòàöèîííîãî ïóçûðüêà â åãî îêðåñòíîñòè. Ðàñ÷åò óäàðíîãî âîçäåéñòâèÿ
ñõëîïûâàþùåãîñÿ êàâèòàöèîííîãî ïóçûðüêà íà ïðèïîâåðõíîñòíûé ñëîé òåëà ñîñòîèò èç òðåõ ýòàïîâ. Ýòàï 1
ïîñâÿùåí îïðåäåëåíèþ èçìåíåíèÿ ïîëåé äàâëåíèÿ è ñêîðîñòè æèäêîñòè, à òàêæå äåôîðìàöèé ïóçûðüêà â
õîäå íèçêîñêîðîñòíîé ñòàäèè åãî ñæàòèÿ. Ýòà ñòàäèÿ çàâåðøàåòñÿ â ìîìåíò êîíòàêòà îáðàçóþùåéñÿ íà ïî-
âåðõíîñòè ïóçûðüêà êóìóëÿòèâíîé ñòðóè æèäêîñòè ñî ñòåíêîé òåëà (åñëè ïóçûðåê íåïîñðåäñòâåííî êàñàåòñÿ
òåëà) èëè ñ áëèæíåé ê òåëó ÷àñòüþ ïîâåðõíîñòè ïóçûðüêà (åñëè ìåæäó ïóçûðüêîì è òåëîì èìååòñÿ ñëîé
æèäêîñòè). Íà ýòàïå 2 îïðåäåëÿþòñÿ èçìåíåíèÿ ïîëåé äàâëåíèÿ è ñêîðîñòè æèäêîñòè â õîäå ïîñëåäóþùåé
âûñîêîñêîðîñòíîé ñòàäèè ñæàòèÿ ïóçûðüêà. Ýòàï 3 ïðåäíàçíà÷åí äëÿ îïðåäåëåíèÿ èçìåíåíèÿ ïîëåé íàïðÿ-
æåíèé è äåôîðìàöèé, çîí òåêó÷åñòè â ïðèïîâåðõíîñòíîì ñëîå òåëà ïðè ðàññ÷èòàííîì íà ïåðâûõ äâóõ ýòàïàõ
çàêîíå èçìåíåíèÿ äàâëåíèÿ íà ïîâåðõíîñòè òåëà. Âûÿâëåí ðÿä çàêîíîìåðíîñòåé äèíàìèêè ñôåðîèäàëüíîãî
ïóçûðüêà ïðè åãî ñæàòèè ó òâåðäîé ñòåíêè è âëèÿíèÿ íåîäíîðîäíîñòè íàãðóæåíèÿ ïîâåðõíîñòè òåëà ïðè
óäàðå ñòðóè íà ïîëÿ íàïðÿæåíèé â òåëå, ïîëîæåíèå è êîíôèãóðàöèþ çîí ñ èíòåíñèâíîñòüþ íàïðÿæåíèé íà
óðîâíå ïðåäåëà òåêó÷åñòè.

Êëþ÷åâûå ñëîâà: êàâèòàöèÿ, êîëëàïñ ïóçûðüêà ó ñòåíêè, êàâèòàöèîííîå ðàçðóøåíèå, âîçäåéñòâèå êà-
âèòàöèè íà ñòåíêó.

ýòîãî óðîâíÿ, òî âîçíèêàþùèå â ýòîé îáëàñ-
òè êàâèòàöèîííûå ïóçûðüêè ñíà÷àëà ìíîãî-
êðàòíî óâåëè÷èâàþòñÿ â ðàçìåðàõ, à çàòåì
ñèëüíî ñæèìàþòñÿ (êîëëàïñèðóþò). Ïðè êîë-
ëàïñå ïóçûðüêà êèíåòè÷åñêàÿ ýíåðãèÿ ñæèìà-
þùåãî ïóçûðåê ñëîÿ æèäêîñòè êóìóëèðóåòñÿ
ëèáî â âèäå ïîòåíöèàëüíîé è òåïëîâîé ýíåð-
ãèè ïàðîãàçîâîé ñðåäû ïóçûðüêà, ëèáî â âèäå
êèíåòè÷åñêîé ýíåðãèè òîíêîé (ïî ñðàâíåíèþ
ñ ðàçìåðàìè ïóçûðüêà) ñòðóéêè æèäêîñòè,
âîçíèêàþùåé íà ïîâåðõíîñòè ïóçûðüêà.
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Îäíîé èç íàèáîëåå îñòðûõ ïðîáëåì, ñâÿ-
çàííûõ ñ êàâèòàöèåé, ÿâëÿåòñÿ êàâèòàöèîí-
íîå ðàçðóøåíèå (ýðîçèÿ). Â ÷àñòíîñòè, êàâè-
òàöèîííîé ýðîçèè ïîäâåðæåíû ëîïàñòè ãðåá-
íûõ âèíòîâ ñóäîâûõ äâèæèòåëåé [1–2], ñòåí-
êè ïðîòî÷íûõ êàíàëîâ òðóáîïðîâîäíûõ ñèñ-
òåì [3], ëîïàñòè ãèäðîòóðáèí [4], ñòåíêè âî-
äîñëèâíûõ êàíàëîâ ãèäðîýëåêòðîñòàíöèé [5],
äåòàëè ãèäðîíàñîñîâ [4] è ò.ä. Â ðàçâèâàþ-
ùåéñÿ â ìåäèöèíå ëàçåðíîé ìèêðîõèðóðãèè
êàâèòàöèîííîå ðàçðóøåíèå îðãàíè÷åñêèõ òêà-
íåé ìîæåò áûòü ñåðüåçíûì ïîáî÷íûì ýôôåê-
òîì [6]. Áîëüøîé ðàçðóøèòåëüíûé ïîòåíöè-
àë êàâèòàöèè ìîæíî íàïðàâèòü è íà ðåøåíèå
ðàçëè÷íûõ ïðàêòè÷åñêèõ çàäà÷. Íàïðèìåð,
êàâèòàöèþ èñïîëüçóþò â ïðîìûøëåííîñòè è
òðàíñïîðòå äëÿ î÷èñòêè îò îòëîæåíèé òðóá
òåïëîîáìåííûõ àïïàðàòîâ [7], äåòàëåé òîï-
ëèâíîé àïïàðàòóðû (ïîðøíåé, ôîðñóíîê) [8],
íåôòåïðîìûñëîâîãî îáîðóäîâàíèÿ (ñòåíîê
ñêâàæèí, íàñîñíî-êîìïðåññîðíûõ òðóá, ñèñ-
òåì òðàíñïîðòèðîâêè íåôòè) [9], â ìåäèöè-
íå – äëÿ äðîáëåíèÿ êàìíåé â ïî÷êàõ [10] è ò.ä.

Íàèáîëüøèå ðàçðóøåíèÿ â òåëå âîçíèêà-
þò, ïî-âèäèìîìó, â ðåæèìå èìïóëüñíîãî âîç-
äåéñòâèÿ ïóçûðüêîâ, ïðè êîòîðîì â ôèíàëü-
íîé ñòàäèè èõ ñæàòèÿ â æèäêîñòè è ïðèïî-

âåðõíîñòíîì ñëîå òåëà âîçíèêàþò óäàðíûå
âîëíû. Èññëåäîâàíèþ îñîáåííîñòåé ýòîãî
ðåæèìà ïîñâÿùåíî äîâîëüíî áîëüøîå ÷èñëî
ïóáëèêàöèé (ñì., íàïðèìåð, îáçîðû â [11–15]).
Äâà èçâåñòíûõ ñöåíàðèÿ òàêîãî âîçäåéñòâèÿ
ñõåìàòè÷íî èçîáðàæåíû íà ðèñ. 1–2.

Â ïåðâîì ñöåíàðèè (ðèñ. 1) ïóçûðåê ñæè-
ìàåòñÿ íà îòíîñèòåëüíî áîëüøîì óäàëåíèè îò
òåëà. Â ýòîì ñëó÷àå ôîðìà ïóçûðüêà â êîíöå
ðàñøèðåíèÿ è â õîäå ïîñëåäóþùåãî ñæàòèÿ
áëèçêà ê ñôåðè÷åñêîé (ðèñ. 1, a). Â ðåçóëüòàòå
ñèëüíîãî ïî÷òè ñôåðè÷åñêîãî ñæàòèÿ ïóçûðü-
êà â åãî îêðåñòíîñòè âîçíèêàåò ðàñõîäÿùàÿñÿ
óäàðíàÿ âîëíà (ðèñ. 1, b). Âñêîðå ýòà âîëíà äî-
ñòèãàåò ñòåíêè òåëà è âîçäåéñòâóåò íà íåå
(ðèñ. 1, b, c). Âñëåäñòâèå ýòîãî â æèäêîñòè âîç-
íèêàåò îòðàæåííàÿ óäàðíàÿ âîëíà, à â ïðèïî-
âåðõíîñòíîì ñëîå òåëà ôîðìèðóþòñÿ ðàñõî-
äÿùèåñÿ îò ìåñòà âîçäåéñòâèÿ âîëíû ïðî-
äîëüíûõ è ñäâèãîâûõ íàïðÿæåíèé (ðèñ. 1, d).

Âî âòîðîì ñöåíàðèè (ðèñ. 2) ïóçûðåê íà-
õîäèòñÿ íà íåáîëüøîì ðàññòîÿíèè îò òåëà, òàê
÷òî íàëè÷èå òåëà îêàçûâàåò ñóùåñòâåííîå
âëèÿíèå íà äåôîðìàöèè ïóçûðüêà. Â ýòîì ñëó-
÷àå â ïðîöåññå ñæàòèÿ ïóçûðüêà íà ïðîòèâî-
ïîëîæíîé ê òåëó ÷àñòè åãî ïîâåðõíîñòè ìî-
æåò îáðàçîâàòüñÿ íàïðàâëåííàÿ ê òåëó âûñî-

Ðèñ.  1.  Êîëëàïñ ïóçûðüêà íà îòíîñèòåëüíî áîëüøîì ðàññòîÿíèè îò òåëà. Øòðèõîâîé ëèíèåé âûäåëåí ôðàãìåíò òåëà
è æèäêîñòè â îêðåñòíîñòè ïóçûðüêà. Îáëàñòè, çàêðàøåííûå ñåðûì öâåòîì, – ïóçûðåê, áåëûì – æèäêîñòü, ÷åðíûì –
òåëî, ÷åðíûå ëèíèè – óäàðíûå âîëíû â æèäêîñòè, áåëûå ëèíèè – óäàðíûå âîëíû â òåëå, ñòðåëêè óêàçûâàþò íàïðàâëåíèå
ðàñïðîñòðàíåíèÿ âîëí

Ðèñ.  2.  Êîëëàïñ ïóçûðüêà âáëèçè òåëà (a, b – ôðàãìåíò â îêðåñòíîñòè ïóçûðüêà, c–e – ôðàãìåíò â îêðåñòíîñòè êîíöà
ñòðóè). Îáîçíà÷åíèÿ òå æå, ÷òî è íà ðèñ. 1
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êîñêîðîñòíàÿ ñòðóÿ æèäêîñòè (ðèñ. 2, a, b).
Îíà áüåò ïî ñëîþ æèäêîñòè ìåæäó ïóçûðü-
êîì è ñòåíêîé òåëà (ðèñ. 2, c), â ðåçóëüòàòå ÷åãî
â æèäêîñòè âîçíèêàþò äâå óäàðíûõ âîëíû:
îäíà, ðàñïðîñòðàíÿþùàÿñÿ îò ñòåíêè òåëà, –
â ñòðóå, äðóãàÿ, ðàñïðîñòðàíÿþùàÿñÿ ê ñòåíêå
òåëà – â ñëîå æèäêîñòè ìåæäó ïóçûðüêîì è
òåëîì (ðèñ. 2, d). Ïðè âîçäåéñòâèè âòîðîé èç
ýòèõ âîëí íà ïîâåðõíîñòü òåëà â æèäêîñòè
âîçíèêàåò îòðàæåííàÿ óäàðíàÿ âîëíà, à â ïðè-
ïîâåðõíîñòíîì ñëîå òåëà ôîðìèðóþòñÿ âîë-
íû ïðîäîëüíûõ è ñäâèãîâûõ íàïðÿæåíèé,
ðàñõîäÿùèåñÿ îò ìåñòà âîçäåéñòâèÿ (ðèñ. 2, e).

Èç ëèòåðàòóðû ñëåäóåò, ÷òî âîçìîæíû
ìíîãî÷èñëåííûå âàðèàöèè ïðèâåäåííûõ íà
ðèñ. 1–2 ñöåíàðèåâ óäàðíîãî âîçäåéñòâèÿ ïó-
çûðüêà. Íàïðèìåð, â ïåðâîì ñöåíàðèè âîç-
äåéñòâóþùàÿ íà òåëî óäàðíàÿ âîëíà ìîæåò
áûòü ðåçóëüòàòîì ñæàòèÿ íå îäíîãî, à íåñêîëü-
êèõ ïóçûðüêîâ. Â ðàìêàõ âòîðîãî ñöåíàðèÿ
ìíîãîå çàâèñèò îò ôîðìû ïóçûðüêà â íà÷àëå
ñæàòèÿ, åãî óäàëåííîñòè îò òåëà, óïðóãèõ
ñâîéñòâ òåëà. Òàê, ñæàòèå ïóçûðüêà ìîæåò
ïðîèñõîäèòü áåç âîçíèêíîâåíèÿ è ñ âîçíèê-
íîâåíèåì ñòðóè. Â ïîñëåäíåì ñëó÷àå ìîãóò
ñèëüíî âàðüèðîâàòüñÿ ôîðìà ñòðóè, åå øèðè-
íà è ñêîðîñòü, ìîãóò èçìåíÿòüñÿ ìåñòî îáðà-
çîâàíèÿ ñòðóè íà ïîâåðõíîñòè ïóçûðüêà, åå
íàïðàâëåííîñòü (ê òåëó èëè îò íåãî). Ïóçû-
ðåê â õîäå ñæàòèÿ ìîæåò ðàñïàäàòüñÿ íà äâà
ñîîñíûõ ïóçûðüêà. Ñðåäè íèõ áëèæíèé ê
ñòåíêå ïóçûðåê ìîæåò áûòü êàê áîëüøå, òàê è
ìåíüøå äàëüíåãî. Áëèæíèé ïóçûðåê ìîæåò
ñæèìàòüñÿ ïî ñöåíàðèþ ðèñ. 2, à äàëüíèé –
ïî çåðêàëüíî ïðîòèâîïîëîæíîìó ñöåíàðèþ,
ò.å. ñ ïðîòèâîïîëîæíî íàïðàâëåííîé ñòðóåé.
Ïðè îïðåäåëåííûõ óñëîâèÿõ òîðîîáðàçíûé
ïóçûðåê (ñì. ðèñ. 2, b) ðàñïàäàåòñÿ íà ìíîæå-
ñòâî ìåëêèõ ïóçûðüêîâ. Èõ ïîñëåäóþùåå ñî-
âìåñòíîå ñõëîïûâàíèå çíà÷èòåëüíî óñèëèâà-
åò ñèëîâîå âîçäåéñòâèå íà ñòåíêó òåëà. Â ðå-
çóëüòàòå âçàèìîäåéñòâèÿ ðàñïðîñòðàíÿþùèõñÿ
ââåðõ ïî ñòðóå íàâñòðå÷ó åå äâèæåíèþ óäàð-
íûõ âîëí (ñì. ðèñ. 2, e) ñ ãðàíèöåé ýòîé ñòðóè
ìîãóò âîçíèêàòü ñõîäÿùèåñÿ ê îñè ñèììåòðèè
ñòðóè öèëèíäðè÷åñêèå âîëíû ðàçãðóçêè.
Ñõîæäåíèå ýòèõ âîëí â âåðõíåé ÷àñòè ñòðóè
ìîæåò ïðèâîäèòü ê îáðàçîâàíèþ òàì êàâèòà-

öèîííîé ïîëîñòè. Ñõëîïûâàíèå ýòîé ïîëîñ-
òè òàêæå óñèëèâàåò óäàðíîå âîçäåéñòâèå íà
ñòåíêó òåëà.

Ïóçûðåê ìîæåò íåïîñðåäñòâåííî êàñàòü-
ñÿ òåëà. Â ýòîì ñëó÷àå âîçíèêàþùàÿ íà åãî
ïîâåðõíîñòè ñòðóÿ æèäêîñòè áüåò ïðÿìî ïî
ñòåíêå. Óäàð îêàçûâàåòñÿ áîëåå ñèëüíûì, òàê
êàê èãðàþùèé ðîëü äåìïôåðà ñëîé æèäêîñòè
ìåæäó ïóçûðüêîì è ñòåíêîé çäåñü îòñóòñòâó-
åò. Â ñëó÷àå êàñàíèÿ ïóçûðüêà ñòåíêè âñêîðå
ïîñëå óäàðà ñòðóè íà ãðàíèöå îáëàñòè åå êîí-
òàêòà ñî ñòåíêîé âîçíèêàåò òîíêàÿ öèëèíäðè-
÷åñêàÿ ñòðóéêà æèäêîñòè, ðàäèàëüíî ðàçëåòà-
þùàÿñÿ ïî ñòåíêå îò öåíòðà îáëàñòè êîíòàêòà
(ñî ñêîðîñòüþ â 10 è áîëåå ðàç ïðåâûøàþùåé
ñêîðîñòü áüþùåé ïî ñòåíêå ñòðóè). Â ðåçóëü-
òàòå íà ïîâåðõíîñòè òåëà âîçíèêàþò çíà÷è-
òåëüíûå ñäâèãîâûå íàïðÿæåíèÿ, ïðèâîäÿùèå
ê åãî äîïîëíèòåëüíûì ðàçðóøåíèÿì. Îáðàçî-
âàíèå öèëèíäðè÷åñêîé ñòðóéêè æèäêîñòè íà
ïåðèôåðèè îáëàñòè êîíòàêòà ìåæäó ñòðóåé è
ñòåíêîé òåëà ÿâëÿåòñÿ ðåçóëüòàòîì âîçíèêíî-
âåíèÿ â ïðèïîâåðõíîñòíîì ñëîå æèäêîñòè íà
ãðàíèöå îáëàñòè êîíòàêòà ìåæäó ñòðóåé è
ñòåíêîé öèëèíäðè÷åñêîé ðàäèàëüíî ñõîäÿ-
ùåéñÿ âîëíû ðàçðåæåíèÿ. Èç-çà ñõîæäåíèÿ
ýòîé âîëíû â ïðèïîâåðõíîñòíîì ñëîå æèä-
êîñòè â îêðåñòíîñòè öåíòðà îáëàñòè êîíòàêòà
ìîæåò âîçíèêàòü êàâèòàöèîííàÿ ïîëîñòü. Åå
ïîñëåäóþùåå ñæàòèå óñèëèâàåò ðàçðóøèòåëü-
íîå âîçäåéñòâèå.

Ïðè óäàðíîì âîçäåéñòâèè êàâèòàöèîí-
íûõ ïóçûðüêîâ íà òåëî â åãî ïðèïîâåðõíîñò-
íîì ñëîå â îêðåñòíîñòè ìåñòà âîçäåéñòâèÿ
ìîãóò âîçíèêàòü ïëàñòè÷åñêèå äåôîðìàöèè,
ìèêðîâìÿòèíû è òðåùèíû. Ìíîãîêðàòíî ïî-
âòîðÿþùèåñÿ âîçäåéñòâèÿ ïóçûðüêîâ ïðèâî-
äÿò ê ýðîçèè ïîâåðõíîñòè è îòêîëüíûì ðàç-
ðóøåíèÿì.

Íåñìîòðÿ íà áîëüøîå ÷èñëî ðàáîò, ïîñâÿ-
ùåííûõ óäàðíîìó âîçäåéñòâèþ ïóçûðüêîâ íà
òåëî, òàêàÿ âàæíàÿ äëÿ óÿñíåíèÿ ìåõàíèçìîâ
êàâèòàöèîííîãî ðàçðóøåíèÿ ïðîáëåìà, êàê çà-
âèñèìîñòü âîçíèêàþùèõ â ïðèïîâåðõíîñòíîì
ñëîå òåëà íàïðÿæåíèé è äåôîðìàöèé îò îñîáåí-
íîñòåé äèíàìèêè ïóçûðüêà, èçó÷åíà åùå î÷åíü
ìàëî. Òðóäíîñòè êàê ýêñïåðèìåíòàëüíîãî, òàê è
òåîðåòè÷åñêîãî èññëåäîâàíèÿ ñèíõðîíèçèðî-



56

ÌÀÒÅÌÀÒÈÊÀ  È  ÌÅÕÀÍÈÊÀ

âàííûõ ïî âðåìåíè ïðîöåññîâ â æèäêîñòè è
òåëå, ñêîðåå âñåãî, îáóñëîâëåíû áîëüøèì èçìå-
íåíèåì ïðîñòðàíñòâåííî-âðåìåííûõ ìàñøòà-
áîâ äèíàìèêè ïóçûðüêà. Â ÷àñòíîñòè, óäàðíîå
âîçäåéñòâèå îïðåäåëÿåòñÿ ìàêñèìàëüíûìè ëè-
íåéíûìè ðàçìåðàìè ïóçûðüêà è âðåìåíåì åãî
ñæàòèÿ. Ðåàëèçóåòñÿ æå ýòî âîçäåéñòâèå â îê-
ðåñòíîñòè òî÷êè ïîâåðõíîñòè òåëà ðàäèóñîì â
äåñÿòûå äîëè ðàäèóñà ñòðóè (ò.å. â ñîòûå äîëè
ìàêñèìàëüíîãî ðàäèóñà ïóçûðüêà) è â ïðîìåæóò-
êå âðåìåíè, çà êîòîðûé óäàðíàÿ âîëíà â òåëå ïðî-
áåãàåò ýòó îêðåñòíîñòü.

Ïîä ðóêîâîäñòâîì àâòîðîâ ðàçðàáîòàíà
ìåòîäèêà ÷èñëåííîãî èññëåäîâàíèÿ óêàçàí-
íîé ïðîáëåìû, à èìåííî, çàâèñèìîñòè íàïðÿ-
æåíèé è äåôîðìàöèé â ïðèïîâåðõíîñòíîì
ñëîå òåëà îò äèíàìèêè êàâèòàöèîííîãî ïó-
çûðüêà â åãî îêðåñòíîñòè. Âûÿâëåí ðÿä çàêî-
íîìåðíîñòåé äèíàìèêè ñôåðîèäàëüíîãî ïó-
çûðüêà ïðè åãî ñæàòèè ó òâåðäîé ñòåíêè è
èññëåäîâàíî âëèÿíèå íåîäíîðîäíîñòè íàãðó-
æåíèÿ ïîâåðõíîñòè òåëà ïðè óäàðå ñòðóè íà
ïîëÿ íàïðÿæåíèé â òåëå, ïîëîæåíèå è êîí-
ôèãóðàöèþ çîí òåêó÷åñòè.

Ðàçâèâàåìûé ïîäõîä ê ÷èñëåííîìó èññëå-
äîâàíèþ óäàðíîãî âîçäåéñòâèÿ ñõëîïûâàþùå-
ãîñÿ êàâèòàöèîííîãî ïóçûðüêà íà ïðèïîâåðõ-
íîñòíûé ñëîé òåëà ñîñòîèò èç òðåõ ýòàïîâ.

Ýòàï 1. Îïðåäåëåíèå èçìåíåíèÿ ïîëåé
äàâëåíèÿ è ñêîðîñòè æèäêîñòè, à òàêæå äåôîð-
ìàöèé ïóçûðüêà â õîäå íèçêîñêîðîñòíîé ñòà-
äèè åãî ñæàòèÿ. Õàðàêòåðíàÿ ñêîðîñòü çäåñü
îïðåäåëÿåòñÿ ñêîðîñòüþ ñòðóè. Íèçêîñêîðîñ-
òíàÿ ñòàäèÿ çàâåðøàåòñÿ â ìîìåíò êîíòàêòà
îáðàçóþùåéñÿ íà ïîâåðõíîñòè ïóçûðüêà êó-
ìóëÿòèâíîé ñòðóè æèäêîñòè ñî ñòåíêîé òåëà
(åñëè ïóçûðåê íåïîñðåäñòâåííî êàñàåòñÿ òåëà)
èëè ñ áëèæíåé ê òåëó ÷àñòüþ ïîâåðõíîñòè
ïóçûðüêà (åñëè ìåæäó ïóçûðüêîì è òåëîì
èìååòñÿ ñëîé æèäêîñòè).

Ýòàï 2. Îïðåäåëåíèå èçìåíåíèÿ ïîëåé
äàâëåíèÿ è ñêîðîñòè æèäêîñòè â õîäå ïîñëå-
äóþùåé âûñîêîñêîðîñòíîé ñòàäèè ñæàòèÿ
ïóçûðüêà. Õàðàêòåðíàÿ ñêîðîñòü çäåñü îïðå-
äåëÿåòñÿ ñêîðîñòüþ âîçíèêàþùèõ â æèäêîñòè
óäàðíûõ âîëí.

Ýòàï 3. Îïðåäåëåíèå èçìåíåíèÿ ïîëåé
íàïðÿæåíèé è äåôîðìàöèé, çîí òåêó÷åñòè â

ïðèïîâåðõíîñòíîì ñëîå òåëà ïðè ðàññ÷èòàí-
íîì íà ïåðâûõ äâóõ ýòàïàõ çàêîíå èçìåíåíèÿ
äàâëåíèÿ íà ïîâåðõíîñòè òåëà.

Íà íèçêîñêîðîñòíîé ñòàäèè ñæàòèÿ ïó-
çûðüêà âëèÿíèå ñæèìàåìîñòè æèäêîñòè íå-
çíà÷èòåëüíî. Ïîýòîìó íà ïåðâîì ýòàïå èñ-
ïîëüçóåòñÿ ìîäåëü äèíàìèêè íåñæèìàåìîé
æèäêîñòè. Íà ýòîé ñòàäèè ìàëà è íåîäíîðîä-
íîñòü ïàðîãàçîâîãî ñîäåðæèìîãî ïóçûðüêà.
Â ñèëó ýòîãî äàâëåíèå â ïóçûðüêå ñ÷èòàåòñÿ
îäíîðîäíûì.

Íà âûñîêîñêîðîñòíîé ñòàäèè ñæàòèÿ ïó-
çûðüêà è â æèäêîñòè, è â ïàðîãàçîâîé ñðåäå
ïóçûðüêà ìîãóò âîçíèêàòü óäàðíûå âîëíû.
Â ñèëó ýòîãî íåîáõîäèìî ó÷èòûâàòü âëèÿíèå
ñæèìàåìîñòè æèäêîñòè è íåîäíîðîäíîñòè
äàâëåíèÿ â ïóçûðüêå. Ïîýòîìó íà âòîðîì ýòàïå
äëÿ îïèñàíèÿ äâèæåíèÿ æèäêîñòè è ïàðîãà-
çîâîãî ñîäåðæèìîãî ïóçûðüêà èñïîëüçóåòñÿ
ìîäåëü ãàçîâîé äèíàìèêè.

Íà ïåðâîì è âòîðîì ýòàïàõ íå ó÷èòûâà-
åòñÿ âëèÿíèå âÿçêîñòè æèäêîñòè è äåôîðìà-
öèé ñòåíêè òåëà. Ýòî ñîîòâåòñòâóåò äîñòàòî÷-
íî áîëüøèì ïóçûðüêàì è òåëàì, ïî ñâîéñòâàì
áëèçêèì ê ìåòàëëè÷åñêèì.

Íà òðåòüåì ýòàïå ïðèìåíÿåòñÿ ìîäåëü äè-
íàìèêè èäåàëüíîãî óïðóãî-ïëàñòè÷åñêîãî òåëà.
Ëèíåéíûå ðàçìåðû ïóçûðüêîâ îáû÷íî çíà÷è-
òåëüíî ìåíüøå ëèíåéíûõ ðàçìåðîâ òåë, íà êî-
òîðûå îíè âîçäåéñòâóþò. Ïîýòîìó òåëî ìîäå-
ëèðóåòñÿ ïîëóïðîñòðàíñòâîì. Â êà÷åñòâå çàêî-
íà íàãðóæåíèÿ ïîâåðõíîñòè òåëà ïðèíèìàþò-
ñÿ ëèáî ðåçóëüòàòû ðàñ÷åòîâ ïåðâûõ äâóõ ýòà-
ïîâ, ëèáî èõ àíàëèòè÷åñêèå àïïðîêñèìàöèè.

Íà ïåðâîì ýòàïå ïðèìåíÿåòñÿ ìåòîä ãðà-
íè÷íûõ ýëåìåíòîâ. Çäåñü ýòîò ìåòîä íàèáî-
ëåå ýôôåêòèâåí è øèðîêî ïðèìåíÿåòñÿ â ëè-
òåðàòóðå. Íà âòîðîì ýòàïå â ñèëó ñóùåñòâåí-
íîãî âëèÿíèÿ ñæèìàåìîñòè æèäêîñòè áîëåå
ýôôåêòèâíûì îêàçûâàåòñÿ ÷èñëåííîå èíòåã-
ðèðîâàíèå óðàâíåíèé ãàçîâîé äèíàìèêè ìå-
òîäîì êîíå÷íûõ ðàçíîñòåé íà ýéëåðîâûõ ñåò-
êàõ. Ïðè ýòîì ìåæôàçíûå ãðàíèöû ðàññ÷èòû-
âàþòñÿ áåç ÿâíîãî âûäåëåíèÿ ïîñðåäñòâîì
÷èñëåííîãî ðåøåíèÿ óðàâíåíèÿ ïåðåíîñà ôóí-
êöèè-èäåíòèôèêàòîðà ñðåäû. Óðàâíåíèÿ äè-
íàìèêè èäåàëüíîãî óïðóãî-ïëàñòè÷åñêîãî
òåëà òðåòüåãî ýòàïà ðàññ÷èòûâàþòñÿ ìåòîäîì
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Ñ.Ê. Ãîäóíîâà. Îðèãèíàëüíîñòü ìåòîäèêè
ðàñ÷åòà äèíàìèêè æèäêîñòè è ïàðîãàçîâîé
ñðåäû ïóçûðüêà ïðè åãî ñæàòèè ó ñòåíêè çàê-
ëþ÷àåòñÿ â ñî÷åòàíèè ìåòîäîâ ãðàíè÷íûõ
ýëåìåíòîâ è êîíå÷íûõ ðàçíîñòåé. Îáû÷íî
ïðèìåíÿåòñÿ îäèí èç íèõ.

Ñ ïðèìåíåíèåì ìîäåëè è ìåòîäà ðàñ÷å-
òà ïåðâîãî ýòàïà èññëåäîâàíî èçìåíåíèå ïî-
ëåé äàâëåíèÿ è ñêîðîñòè æèäêîñòè, õàðàêòå-
ðèñòèê âîçíèêàþùåé íà ïîâåðõíîñòè ïóçûðü-
êà êóìóëÿòèâíîé ñòðóè æèäêîñòè â õîäå íèç-
êîñêîðîñòíîé ñòàäèè ñæàòèÿ êàâèòàöèîííî-
ãî ïóçûðüêà â çàâèñèìîñòè îò åãî íà÷àëüíîé
íåñôåðè÷íîñòè (ðèñ. 3–4). Ïóçûðåê ñðåäíåãî
ðàäèóñà 1 ìì â íà÷àëå ñæàòèÿ êàñàåòñÿ òåëà,
æèäêîñòüþ ÿâëÿåòñÿ âîäà ïðè êîìíàòíûõ óñ-
ëîâèÿõ. Óñòàíîâëåíî, ÷òî ïî ìåðå óâåëè÷åíèÿ
âûòÿíóòîñòè ñôåðîèäà âäîëü îñè ñèììåòðèè,
õàðàêòåðèçóåìîé îòíîøåíèåì e = b / a åãî âåð-
òèêàëüíîé ïîëóîñè b ê ãîðèçîíòàëüíîé a,
ñðåäíÿÿ ñêîðîñòü êîíöà ñòðóè â ìîìåíò åå êà-
ñàíèÿ òåëà óìåíüøàåòñÿ îò 580 äî 100 ì/c, åå

äèàìåòð óâåëè÷èâàåòñÿ îò 30 äî 330 ìêì, äàâ-
ëåíèå â ïóçûðüêå â êîíöå íèçêîñêîðîñòíîé
ñòàäèè ñæàòèÿ âîçðàñòàåò îò 1 äî 33 áàð.

Ðèñ.  3.  Êîëëàïñ êàñàþùåãîñÿ òåëà ïóçûðüêà, èìåþùåãî â íà÷àëå ñæàòèÿ âèä ñëåãêà ïðèïëþñíóòîãî ñôåðîèäà (a),
ñôåðû (b) è âûòÿíóòîãî ñôåðîèäà (ñ). Íà÷àëüíûé ñðåäíèé ðàäèóñ ïóçûðüêà 1 ìì. Èçìåíåíèå ôîðìû ïóçûðüêà â
îñåâîì ñå÷åíèè â õîäå êîëëàïñà (âåðõíèé ðÿä), ôðàãìåíòû ïîëåé ñêîðîñòè è äàâëåíèÿ (â áàðàõ) (íèæíèé ðÿä) â
æèäêîñòè â ìîìåíò êàñàíèÿ ñòðóè æèäêîñòè ïîâåðõíîñòè òåëà. Òåëî çàêðàøåíî ÷åðíûì öâåòîì

Ðèñ.  4.  Ñêîðîñòü êîíöà êóìóëÿòèâíîé ñòðóè æèäêîñòè vz
(ñïëîøíàÿ êðèâàÿ), âîçíèêàþùåé ïðè êîëëàïñå
ïóçûðüêà, è äàâëåíèå â ïóçûðüêå p (øòðèõîâàÿ êðèâàÿ)
â ìîìåíò êàñàíèÿ ýòîé ñòðóè ïîâåðõíîñòè òåëà â
çàâèñèìîñòè îò îòíîøåíèÿ ïîëóîñåé e íà÷àëüíîé
ñôåðîèäàëüíîé ôîðìû ïóçûðüêà
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Ñ ïðèìåíåíèåì ìîäåëè è ìåòîäà ðàñ÷å-
òà âòîðîãî ýòàïà èññëåäîâàíî èçìåíåíèå ïî-
ëåé äàâëåíèÿ (ðèñ. 5) è ñêîðîñòè æèäêîñòè, à
òàêæå äàâëåíèÿ íà ïîâåðõíîñòè òåëà (ðèñ. 6)
â õîäå óäàðíîãî âîçäåéñòâèÿ öèëèíäðè÷åñêîé
êóìóëÿòèâíîé ñòðóè æèäêîñòè, âîçíèêàþùåé
íà ïîâåðõíîñòè êàâèòàöèîííîãî ïóçûðüêà â
òå÷åíèå åãî íèçêîñêîðîñòíîé ñòàäèè ñæàòèÿ.
Êîíåö ñòðóè ïðèíÿò ïîëóñôåðè÷åñêèì, ñêî-
ðîñòü ñòðóè – 500 ì/ñ, ðàäèóñ – 20 ìêì, äàâëå-
íèå – 1 áàð. Ïðîöåññ âîçäåéñòâèÿ ñòðóè íà
òåëî âî ìíîãîì îïðåäåëÿåòñÿ âîçíèêàþùåé â
æèäêîñòè íà ïîâåðõíîñòè òåëà óäàðíîé âîë-
íîé, ðàñïðîñòðàíÿþùåéñÿ ââåðõ ïî ñòðóå. Ïðè
ýòîì ñíà÷àëà (äî ìîìåíòà 2, ðèñ. 5, b) áîêî-
âàÿ ãðàíèöà ýòîé âîëíû ñîâïàäàåò ñ ãðàíè-
öåé ðàñøèðÿþùåéñÿ îáëàñòè êîíòàêòà ñòðóè
è ñòåíêè òåëà. Çàòåì â ìîìåíò 2 áîêîâàÿ ãðà-
íèöà óäàðíîé âîëíû îòðûâàåòñÿ îò ñòåíêè

è ðàñïðîñòðàíÿåòñÿ ââåðõ ïî áîêîâîé ïîâåð-
õíîñòè ñòðóè. Â ðåçóëüòàòå ýòîãî â ïðèñòåíî÷-
íîé îáëàñòè íà ïåðèôåðèè îáëàñòè êîíòàêòà
âîçíèêàåò òîíêàÿ ñòðóéêà öèëèíäðè÷åñêè ðà-
ñòåêàþùåéñÿ æèäêîñòè (ðèñ. 5, ñ). Óñòàíîâëå-
íî, ÷òî â öåíòðå îáëàñòè êîíòàêòà äàâëåíèå
æèäêîñòè ñíà÷àëà ðåçêî âîçðàñòàåò äî
~10 êáàð, à çàòåì ïëàâíî óìåíüøàåòñÿ. Â îá-
ëàñòè êîíòàêòà äàâëåíèå æèäêîñòè âîçðàñòà-
åò îò öåíòðà ê ïåðèôåðèè. Ýêñòðåìàëüíîå çíà-
÷åíèå äàâëåíèÿ íà ïåðèôåðèè ýòîé îáëàñòè
ïðèìåðíî â 2 ðàçà ïðåâûøàåò ýêñòðåìóì äàâ-
ëåíèÿ â åå öåíòðå, è äîñòèãàåòñÿ îíî â óçêîé
êîëüöåâîé îáëàñòè ðàäèóñîì ïîðÿäêà 1/5 ðà-
äèóñà ñòðóè.

Ñ ïðèìåíåíèåì ìîäåëè è ìåòîäà ðàñ÷åòà
òðåòüåãî ýòàïà èññëåäîâàíû îñîáåííîñòè óï-
ðóãî-ïëàñòè÷åñêîãî äåôîðìèðîâàíèÿ òåëà èç
íèêåëåâîãî ñïëàâà ïðè ïðèëîæåíèè ê åãî ïî-
âåðõíîñòè íàãðóçêè, õàðàêòåðíîé äëÿ óäàðà êó-
ìóëÿòèâíîé ñòðóè æèäêîñòè, îáðàçóþùåéñÿ íà
ïîâåðõíîñòè ïðèìûêàþùåãî ê òåëó êàâèòàöè-
îííîãî ïóçûðüêà ïðè åãî ñõëîïûâàíèè. Â êà-
÷åñòâå çàêîíà íàãðóæåíèÿ (ðèñ. 7, a) âçÿòà àíà-
ëèòè÷åñêàÿ àïïðîêñèìàöèÿ èçìåíåíèÿ äàâëå-
íèÿ íà ïîâåðõíîñòè òåëà, ïîëó÷åííîãî ïðè
÷èñëåííîì ðåøåíèè çàäà÷è íà âòîðîì ýòàïå.
Ñêîðîñòü ñòðóè – 100 ì/ñ, ðàäèóñ – 20 ìêì,
ïëîòíîñòü ìàòåðèàëà òåëà – 8000 êã/ì3, ïðå-
äåë òåêó÷åñòè Y0 – 1250 áàð, ìîäóëü óïðóãîñ-
òè – 196 ÃÏà, êîýôôèöèåíò Ïóàññîíà – 0.3.
Íåêîòîðûå ðåçóëüòàòû ðàñ÷åòîâ ïðèâåäåíû íà
ðèñ. 7, b–d. Óñòàíîâëåíî, ÷òî ïî ìåðå ðîñòà
ìàêñèìóìà íàãðóçêè íà ïåðèôåðèè îáëàñòè
âîçäåéñòâèÿ èíòåíñèâíîñòü íàïðÿæåíèé σi

Ðèñ.  5.  Èçîëèíèè äàâëåíèÿ (òîíêèå ñïëîøíûå ëèíèè) è ïîâåðõíîñòü ïóçûðüêà (æèðíàÿ øòðèõîâàÿ ëèíèÿ – íà÷àëüíîå
ïîëîæåíèå, æèðíàÿ ñïëîøíàÿ ëèíèÿ – òåêóùåå ïîëîæåíèå) ïðè èìïóëüñíîì âîçäåéñòâèè íà ïîâåðõíîñòü òâåðäîãî
òåëà öèëèíäðè÷åñêîé ñòðóè æèäêîñòè (âîäû) ñ ïîëóñôåðè÷åñêèì êîíöîì â òðè ïîñëåäîâàòåëüíûõ ìîìåíòà âðåìåíè
1–3 (a–c). Ñòðóÿ íàïðàâëåíà âåðòèêàëüíî âíèç. Ïðåäñòàâëåíà ïîëîâèíà îñåâîãî ñå÷åíèÿ

Ðèñ.  6.  Ðàäèàëüíûå ïðîôèëè äàâëåíèÿ æèäêîñòè íà
ïîâåðõíîñòè òâåðäîãî òåëà ïðè óäàðíîì âîçäåéñòâèè
ñòðóè æèäêîñòè ñ ïîëóñôåðè÷åñêèì êîíöîì â òðè
ìîìåíòà âðåìåíè, ïðèâåäåííûå íà ðèñ. 5
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â ïðèïîâåðõíîñòíîé îáëàñòè òåëà ðàñòåò, åå
çíà÷åíèå äîñòèãàåò ñâîåãî ìàêñèìóìà – ïðå-
äåëà òåêó÷åñòè Y0, ñî âðåìåíåì â òåëå ïîÿâ-
ëÿþòñÿ ïëàñòè÷åñêèå äåôîðìàöèè. Íà
ðèñ. 7, b–d çîíà, ãäå âåëè÷èíà èíòåíñèâíîñ-
òè íàïðÿæåíèé ðàâíà ïðåäåëó òåêó÷åñòè, çà-
òåíåíà, åå ãðàíèöà îáîçíà÷åíà æèðíîé ëèíè-
åé. Ñíà÷àëà ýòà çîíà â îñåâîì ñå÷åíèè ïðåä-
ñòàâëÿåò ñîáîé óçêóþ äóãîîáðàçíóþ ïîëîñêó,
ïðîñòèðàþùóþñÿ îò êðàÿ íàãðóæåííîé îáëà-
ñòè ïîâåðõíîñòè òåëà äî îñè ñèììåòðèè
(ðèñ. 7, b, ñ). Äàëåå, ñ óâåëè÷åíèåì ðàäèóñà
íàãðóæåííîé îáëàñòè è ðîñòîì âåëè÷èíû
íàãðóçêè äî ñâîåãî ìàêñèìàëüíîãî çíà÷åíèÿ
(ðèñ. 7, ñ) çîíà, ãäå σι = Y0, óâåëè÷èâàåòñÿ. Ïðè
ýòîì åå âíåøíÿÿ ãðàíèöà ñîâïàäàåò ñ êðàåì
íàãðóæåííîé îáëàñòè ïîâåðõíîñòè òåëà. Çà-
òåì ïðè óìåíüøåíèè âåëè÷èíû íàãðóçêè ýòà
çîíà îòðûâàåòñÿ îò ïîâåðõíîñòè òåëà, óäàëÿ-
åòñÿ îò íåãî è óìåíüøàåòñÿ â ðàçìåðàõ

(ðèñ. 7, d). Âñêîðå ïîñëå ìîìåíòà 3 ìàêñèìóì
èíòåíñèâíîñòè íàïðÿæåíèé ñòàíîâèòñÿ
ìåíüøå ïðåäåëà òåêó÷åñòè.

Èç-çà êðàòêîâðåìåííîñòè ïðîöåññà âîç-
äåéñòâèÿ ñòðóè íà òåëî íåîäíîðîäíîñòü íà-
ãðóæåíèÿ îáû÷íî èãíîðèðóþò. Îäíàêî â òà-
êîì ñëó÷àå ïðîñòðàíñòâåííî-âðåìåííûå õà-
ðàêòåðèñòèêè çîíû, ãäå èíòåíñèâíîñòü íà-
ïðÿæåíèé ðàâíà ïðåäåëó òåêó÷åñòè, îêàçû-
âàþòñÿ íåñêîëüêî èíûìè (ðèñ. 8). Â ÷àñòíî-
ñòè, áåç ó÷åòà íåîäíîðîäíîñòè íàãðóæåíèÿ
ýòà çîíà âîçíèêàåò ðàíüøå, èìååò áóëüøóþ
òîëùèíó â îêðåñòíîñòè îñè ñèììåòðèè è
èñ÷åçàåò ïîçæå.

Áîëåå ïîäðîáíîå èçëîæåíèå ïðåäñòàâ-
ëåííûõ â äàííîé ðàáîòå ðåçóëüòàòîâ ìîæíî
íàéòè â [16–26].

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå
ÐÔÔÈ (êîä ïðîåêòà 12-01-00341-à).

Ðèñ.  7.  Ðàäèàëüíûå ïðîôèëè äàâëåíèÿ íà ïîâåðõíîñòè òåëà (â òðè ïîñëåäîâàòåëüíûõ ìîìåíòà âðåìåíè) ñ
íåîäíîðîäíîñòüþ, õàðàêòåðíîé äëÿ óäàðíîãî âîçäåéñòâèÿ ñòðóè ñ ïîëóñôåðè÷åñêèì êîíöîì (a), è ñîîòâåòñòâóþùèå
ïîëÿ èíòåíñèâíîñòè íàïðÿæåíèé σi (â ÌÏà) (b–d). Çäåñü R – ðàäèóñ ñòðóè, p – äàâëåíèå íà ïîâåðõíîñòè òåëà,
p* ≈ ρ0c0U, ρ0, c0 – íåâîçìóùåííûå ïëîòíîñòü è ñêîðîñòü çâóêà â æèäêîñòè, U – ñêîðîñòü ñòðóè, r, z – ðàäèàëüíàÿ è
îñåâàÿ êîîðäèíàòû, σi – èíòåíñèâíîñòü íàïðÿæåíèé. Æèðíûìè ëèíèÿìè ïîêàçàíà ãðàíèöà çîíû, ãäå σi  ðàâíî
ïðåäåëó òåêó÷åñòè Y0

Ðèñ.  8.  Òî æå, ÷òî íà ðèñ. 7, íî áåç ó÷åòà íåîäíîðîäíîñòè ðàäèàëüíûõ ïðîôèëåé äàâëåíèÿ íà ïîâåðõíîñòè òåëà
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MODELING  OF  CAVITATION  BUBBLE  IMPACT  ON  A  BODY

© A.A. Aganin, T.S. Gyseva, L.A. Kosolapova, V.G. Malakhov, N.A. Khismatyllina

Institute of Mechanics and Engineering, Kazan Science Center, Russian Academy of Sciences,
Kazan, Russian Federation

A numerical technique for studying stresses and strains in the near-surface layer of a body as functions of
cavitation bubble dynamics in its vicinity has been developed. Computation of shock-wave impact of a collapsing
bubble on the near-surface layer of a body comprises three stages. Stage 1 is devoted to calculating variation of the
liquid pressure and velocity fields as well as deformation of the bubble in the low speed phase of its collapse. This
stage ends at the moment of contact of cumulative liquid jet arising on the bubble surface with the body wall (if the
bubble directly touches the body) or with the part of the bubble surface nearest to the body (if there is a liquid layer
between the bubble and the body). In stage 2, variation of the liquid pressure and velocity fields in the course of the
following high-speed phase of the bubble collapse is determined. Stage 3 serves for computing variation of the
stress and strain fields, yield zones in the near-surface layer of a body under the body surface pressure variation
law calculated in the first two stages. A number of features of dynamics of the spheroidal bubble during its collapse
near a rigid wall and influence of non-uniformity in load of the body surface under jet strike on the fields of
stresses in the body, position and configuration of the zones with stress intensity at the yield level has been
revealed.

Key words: cavitation, collapse of a bubble near a wall, cavitation damage, cavitation impact on a wall.

25. Àãàíèí À.À., Ãóñåâà Ò.Ñ. Ðàñ÷åò óäàðíûõ âîëí
â ïåðåìåííûõ ïëîòíîñòü, ñêîðîñòü, äàâëåíèå // Âåñò-
íèê Êàçàíñêîãî òåõíîëîãè÷åñêîãî óíèâåðñèòåòà. 2013.
Ò. 16, ¹ 22. Ñ. 104–109.

26. Àãàíèí À.À., Ãóñåâà Ò.Ñ.  Ðàñ÷åò êîíòàêò-
íîãî âçàèìîäåéñòâèÿ ñæèìàåìûõ ñðåä áåç ÿâíîãî
âûäåëåíèÿ ìåæôàçíûõ ãðàíèö // Âåñòíèê Áàøêèð-
ñêîãî óíèâåðñèòåòà. 2013. Ò. 18, ¹ 3. Ñ. 646–661.



62

ÑÏÈÂÀÊ Ñåìåí Èçðàèëåâè÷ – ä.ô.-ì.í., Èíñòèòóò íåôòåõèìèè è êàòàëèçà Óôèìñêîãî íàó÷íîãî
öåíòðà ÐÀÍ, e-mail: semen.spivak@mail.ru
ÊÀÍÒÎÐ Îëüãà Ãåííàäèåâíà – ê.ô.-ì.í., Èíñòèòóò ñîöèàëüíî-ýêîíîìè÷åñêèõ èññëåäîâàíèé Óôèì-
ñêîãî íàó÷íîãî öåíòðà ÐÀÍ, e-mail: o_kantor@mail.ru
ÞÍÓÑÎÂÀ Äàðüÿ Ñåðãååâíà, Áàøêèðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, e-mail: kazakova_d_s@mail.ru

ÌÀÒÅÌÀÒÈÊÀ  È  ÌÅÕÀÍÈÊÀ

ÈÇÂÅÑÒÈß  ÓÔÈÌÑÊÎÃÎ  ÍÀÓ×ÍÎÃÎ  ÖÅÍÒÐÀ  ÐÀÍ.  2014.  ¹ 2.  Ñ.  62–67

ÓÄÊ 519.87        Ê 80-ëåòèþ ÷ëåíà-êîððåñïîíäåíòà ÐÀÍ  Ì.À. Èëüãàìîâà

ÎÖÅÍÊÀ  ÏÎÃÐÅØÍÎÑÒÈ  È  ÇÍÀ×ÈÌÎÑÒÈ  ÈÇÌÅÐÅÍÈÉ  ÌÅÒÎÄÀÌÈ
ËÈÍÅÉÍÎÃÎ  ÏÐÎÃÐÀÌÌÈÐÎÂÀÍÈß

© Ñ.È. Ñïèâàê, Î.Ã. Êàíòîð, Ä.Ñ. Þíóñîâà

Ðàññìàòðèâàåòñÿ çàäà÷à îïðåäåëåíèÿ ïàðàìåòðîâ ëèíåéíûõ ìàòåìàòè÷åñêèõ ìîäåëåé ïî èìåþùèìñÿ
ýêñïåðèìåíòàëüíûì äàííûì, òî÷íîå ðåøåíèå êîòîðûõ íå óäîâëåòâîðÿåò íåêîòîðûì îáúåêòèâíûì óñëîâèÿì.
Â ðàáîòå ïðåäëîæåí ìåòîä ïîëó÷åíèÿ ïðèáëèæåííûõ ðåøåíèé, ïîçâîëÿþùèé îñóùåñòâëÿòü îöåíêó âåëè÷è-
íû ïîãðåøíîñòè èçìåðåíèé è èõ çíà÷èìîñòè, ÷òî, â ñâîþ î÷åðåäü, ïðåäîñòàâëÿåò âîçìîæíîñòü ñîâåðøåí-
ñòâîâàòü èññëåäîâàíèÿ íà ñòàäèè ïëàíèðîâàíèÿ ýêñïåðèìåíòîâ â ÷àñòè óòî÷íåíèÿ íåêîòîðûõ ýêñïåðèìåí-
òàëüíûõ äàííûõ èëè èõ èñêëþ÷åíèÿ èç ðàññìîòðåíèÿ ïðè íåïîñðåäñòâåííîì ïîñòðîåíèè ôóíêöèîíàëüíûõ
çàâèñèìîñòåé. Ïðèâåäåíû ðåçóëüòàòû àïðîáàöèè ïðåäëàãàåìîãî ïîäõîäà.

Êëþ÷åâûå ñëîâà: çàäà÷è âîññòàíîâëåíèÿ ëèíåéíûõ çàâèñèìîñòåé, ïîãðåøíîñòü èçìåðåíèé, çíà÷èìîñòü
èçìåðåíèé.

Ïðåäìåòîì ðàññìîòðåíèÿ â äàííîé ðàáî-
òå ÿâëÿþòñÿ ñèñòåìû ëèíåéíûõ àëãåáðàè÷å-
ñêèõ óðàâíåíèé âèäà:

ÀÕ = Â,                          (1)

ãäå  ijA a  è  iB b  – ýêñïåðèìåíòàëüíûå
äàííûå (i = 1, ..., m,  j = 1, ..., n), à X = (x1, x2, ...
xn)

T – èñêîìûå ïàðàìåòðû ìîäåëè.
Ê ðåøåíèþ òàêèõ çàäà÷ ñâîäÿòñÿ çàäà÷è

âîññòàíîâëåíèÿ ëèíåéíûõ çàâèñèìîñòåé ïî
ýêñïåðèìåíòàëüíûì äàííûì, âîçíèêàþùèå
ïðè èññëåäîâàíèÿõ â ðàçëè÷íûõ îáëàñòÿõ íà-
ó÷íîé è ïðàêòè÷åñêîé äåÿòåëüíîñòè. Òî÷íîå
ðåøåíèå ñèñòåìû (1) ìîæåò íå óäîâëåòâîðÿòü
îãðàíè÷åíèÿì ìîäåëè èëè íåêîòîðûì äðóãèì
òðåáîâàíèÿì. Â ýòîé ñâÿçè àêòóàëüíûì ÿâëÿ-
åòñÿ îïðåäåëåíèå ïðèáëèæåííîãî ðåøåíèÿ
òàêèõ ñèñòåì è îöåíêà âåëè÷èíû ïîãðåøíîñ-
òè èçìåðåíèé, ïîä êîòîðîé áóäåì ïîíèìàòü
ðàñõîæäåíèå çíà÷åíèé ðàñ÷åòíûõ è ýêñïåðè-
ìåíòàëüíûõ âåëè÷èí íå â êàæäîì îòäåëüíîì
íàáëþäåíèè, à â öåëîì ïî âñåé ñîâîêóïíîñ-

òè íàáëþäåíèé. Â ñâîþ î÷åðåäü ýòî îáóñëîâ-
ëèâàåò íåîáõîäèìîñòü èçó÷åíèÿ ñïîñîáîâ
ôîðìàëèçàöèè òàêèõ çàäà÷.

Áóäåì ïðåäïîëàãàòü, ÷òî íà ïàðàìåòðû
ìîäåëè X íàëîæåíû óñëîâèÿ íåîòðèöàòåëü-
íîñòè:

X ≥ 0.                            (2)

Äîñòàòî÷íî ÷àñòî íà çíà÷åíèÿ ïàðàìåò-
ðîâ íàêëàäûâàþòñÿ îãðàíè÷åíèÿ, âûðàæàþ-
ùèå èõ ïðèíàäëåæíîñòü êàêîìó-ëèáî ìíîæå-
ñòâó çíà÷åíèé, ïîýòîìó áóäåì ñ÷èòàòü, ÷òî
ïàðàìåòðû ìîäåëè òàêæå óäîâëåòâîðÿþò ñè-
ñòåìå îãðàíè÷åíèé:

CX ≥ D,                           (3)

ãäå C = (clj) – ýòî ìàòðèöà, ñîñòîÿùàÿ èç êî-
ýôôèöèåíòîâ ïðè ïàðàìåòðàõ ìîäåëè â ñèñ-
òåìå îãðàíè÷åíèé (l =  1, ..., k, j = 1, ..., n), à
D = (dl) – êîíöû ïðîìåæóòêîâ çíà÷åíèé, êî-
òîðûì ïðèíàäëåæàò ïàðàìåòðû ìîäåëè
(l =1, ..., k).
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Òîãäà çàäà÷à îïðåäåëåíèÿ ïðèáëèæåííî-
ãî ðåøåíèÿ ñèñòåìû (1) ñ ó÷åòîì îãðàíè÷å-
íèé (2) è (3) ìîæåò áûòü ñâåäåíà ê çàäà÷å ëè-
íåéíîãî ïðîãðàììèðîâàíèÿ:

min
AX B                       (4)

CX D
0X  .

Çäåñü ε – ïàðàìåòð, õàðàêòåðèçóþùèé
âåëè÷èíó ïîãðåøíîñòè èçìåðåíèé.

Â ðåçóëüòàòå ðåøåíèÿ çàäà÷è (4) äîëæíû
áûòü îïðåäåëåíû ïàðàìåòðû ìîäåëè, óäîâëåò-
âîðÿþùèå òðåáóåìûì îãðàíè÷åíèÿì è âåëè-
÷èíà ïîãðåøíîñòè èçìåðåíèé.

Îòìåòèì, ÷òî ìàòðèöû A è B ôîðìèðó-
þòñÿ ïî ðåçóëüòàòàì íàáëþäåíèé, à ïîòîìó íå
ìîãóò ðàññìàòðèâàòüñÿ êàê àáñîëþòíî òî÷íûå,
òàê êàê ðåçóëüòàòû èõ èçìåðåíèé íåìèíóåìî
ñîïðÿæåíû ñ íåêîòîðûìè îøèáêàìè, êîòîðûå
ïðèâîäÿò ê îòêëîíåíèÿì èçìåðÿåìûõ çíà÷å-
íèé âåëè÷èí A è B îò èõ èñòèííûõ çíà÷åíèé.

Â ñëó÷àå ïðåäïîëàãàåìûõ îøèáîê â ìàò-
ðèöå B, ðàçëè÷íûõ äëÿ êàæäîãî îòäåëüíîãî
èçìåðåíèÿ i = 1, ..., m, çàäà÷à îïðåäåëåíèÿ ïà-
ðàìåòðîâ ìîäåëè, îáåñïå÷èâàþùèõ ìèíè-
ìàëüíîå îòêëîíåíèå îò ýêñïåðèìåíòàëüíûõ
âåëè÷èí  ib  ìîæåò áûòü ñâåäåíà ê çàäà÷å ëè-
íåéíîãî ïðîãðàììèðîâàíèÿ:

min
AX B 
CX D                           (5)

0X 
1i    , 1, , .i m  

Çäåñü ε – ýòî âåëè÷èíà ïîãðåøíîñòè èç-
ìåðåíèé, à Δ – äèàãîíàëüíàÿ ìàòðèöà, íà ãëàâ-
íîé äèàãîíàëè êîòîðîé ñòîÿò ýëåìåíòû i
(i = 1, ..., m) – íåèçâåñòíûå âåëè÷èíû, îòîæ-
äåñòâëÿåìûå ñ ïàðàìåòðàìè, õàðàêòåðèçóþ-
ùèìè îøèáêè â èçìåðåíèÿõ ýëåìåíòîâ ìàò-
ðèöû B. Âåëè÷èíû ε è i  ñâÿçàíû î÷åâèä-
íûì ñîîòíîøåíèåì: max 1ii

    .
Â ñëó÷àå ïðåäïîëàãàåìûõ îøèáîê â êàæ-

äîì ýëåìåíòå ìàòðèöû A çàäà÷à (1) ìîæåò
áûòü ôîðìàëèçîâàíà â ñëåäóþùåì âèäå:

min
A X B 

CX D                            (6)
0X 

1ij    ,  1, ,i m   ,  1, , .j n  

Çäåñü ìàòðèöà  ij ijA a    (i = 1, ..., m,
j = 1, ..., n).

Çàäà÷à (6) ÿâëÿåòñÿ íåëèíåéíîé, ïîñêîëü-
êó â âûðàæåíèè A X B   ýëåìåíòû âåêòîðà
X – íåèçâåñòíûå âåëè÷èíû, à A  – ìàòðèöà,
êîòîðàÿ çàâèñèò îò m×n íåèçâåñòíûõ âåëè÷èí.
Äàííîå îáñòîÿòåëüñòâî ñîçäàåò ñóùåñòâåííûå
ïðîáëåìû äëÿ ÷èñëåííîé ðåàëèçàöèè ìîäå-
ëè (6) è íå ÿâëÿåòñÿ ïðåäìåòîì ðàññìîòðåíèÿ
äàííîé ðàáîòû. Âìåñòå ñ òåì îòíîñèòåëüíî
ýëåìåíòîâ ìàòðèöû A ìîæåò áûòü èçâåñòíà
èíôîðìàöèÿ, êîòîðàÿ ïîçâîëèò óïðîñòèòü
ïðîöåññ ïîëó÷åíèÿ ðåøåíèÿ, íàïðèìåð, ïðè
íàëè÷èè èíäèâèäóàëüíûõ ñèñòåìàòè÷åñêèõ
îøèáîê ïðè èçìåðåíèè êàæäîé èç íàáëþäàå-
ìûõ âåëè÷èí èëè èíäèâèäóàëüíûõ îøèáîê
êàæäîãî îòäåëüíîãî íàáëþäåíèÿ. Ïåðâàÿ èç
ïåðå÷èñëåííûõ âûøå ñèòóàöèé îòðàæàåòñÿ â
ïðîïîðöèîíàëüíûõ èçìåíåíèÿõ âñåõ ýëåìåí-
òîâ êàæäîãî èç ñòîëáöîâ ( A A   ,  jj   ,
j = 1, ..., n), ÷òî íèêàê íå îòðàæàåòñÿ íà ïî-
ãðåøíîñòè èçìåðåíèé ε, à âëèÿåò òîëüêî íà
ïàðàìåòðû X, à âòîðàÿ – ñòðîê ( AA   ,

 ii   , i = 1, ..., m), ÷òî ñâîäèò çàäà÷ó îïðå-
äåëåíèÿ íåèçâåñòíûõ ïàðàìåòðîâ ê çàäà÷å (5).

Âàæíîå ïðàêòè÷åñêîå çíà÷åíèå èìååò
îöåíêà âëèÿíèÿ ïîãðåøíîñòè ýêñïåðèìåí-
òàëüíûõ äàííûõ ìîäåëè íà ïîãðåøíîñòü èç-
ìåðåíèé ε [1], ÷òî ïîçâîëÿåò îñóùåñòâëÿòü
àíàëèç èíôîðìàöèîííîé öåííîñòè èçìåðå-
íèé è, êàê ñëåäñòâèå, âûÿâëÿòü òå, êîòîðûå
ñëåäóåò ðàññìàòðèâàòü êàê íàèáîëåå íåäîñòî-
âåðíûå èëè çíà÷èìûå è ïð. Ðåçóëüòàòàìè òà-
êîãî àíàëèçà ìîãóò áûòü, íàïðèìåð, âûâîäû
î íåîáõîäèìîñòè, ïðè íàëè÷èè ñîîòâåòñòâó-
þùèõ âîçìîæíîñòåé, óòî÷íåíèÿ íåêîòîðûõ
ýêñïåðèìåíòàëüíûõ äàííûõ èëè ðåêîìåíäà-
öèè îá èõ èñêëþ÷åíèè èç ðàññìîòðåíèÿ ïðè
íåïîñðåäñòâåííîì ïîñòðîåíèè ôóíêöèîíàëü-
íûõ çàâèñèìîñòåé.

Èçâåñòíî, ÷òî ïðè ðåøåíèè çàäà÷ ëèíåé-
íîãî ïðîãðàììèðîâàíèÿ äëÿ ýòèõ öåëåé èñ-
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ïîëüçóåòñÿ òåîðèÿ äâîéñòâåííîñòè [2]. Ïðè-
ìåíèòåëüíî ê èññëåäóåìîé â íàñòîÿùåé ðà-
áîòå ïðîáëåìå ðåøåíèå ñîîòâåòñòâóþùèõ
äâîéñòâåííûõ çàäà÷ ïîçâîëèò îöåíèòü âëèÿ-
íèå ýëåìåíòîâ ìàòðèöû ýêñïåðèìåíòàëüíûõ
äàííûõ B è ìàòðèöû îãðàíè÷åíèé íà ïàðà-
ìåòðû ìîäåëè D â ïðÿìûõ çàäà÷àõ ëèíåéíîãî
ïðîãðàììèðîâàíèÿ íà âåëè÷èíó ìèíèìàëü-
íîãî çíà÷åíèÿ ïîãðåøíîñòè èçìåðåíèé ε.
Äâîéñòâåííàÿ çàäà÷à äëÿ çàäà÷è ëèíåéíîãî
ïðîãðàììèðîâàíèÿ (4) èìååò âèä:

     1 2 3, , , maxB y B y D y  

1 2 3 0T T TA y A y C y               
(7)

1 2

1 1
1

m m

i i
i i

y y
 

  

1 0y  , 2 0y  , 3 0y  .

Çäåñü  1 1
iy y ,  2 2

iy y  (i = 1, ..., m),
 3 3

ly y  (l =  1, ..., k) – âåêòîðû îïòèìàëüíî-
ãî ðåøåíèÿ äâîéñòâåííîé çàäà÷è.

Çàìåòèì, ÷òî â çàäà÷å (4) äëÿ îöåíêè ñòå-
ïåíè âëèÿíèÿ i-ãî ñîîòíîøåíèÿ èç ñèñòåìû
íåðàâåíñòâ AX B    íà çíà÷åíèå ïîãðåø-
íîñòè èçìåðåíèé ε íåîáõîäèìî ðàññìîòðåòü
ñîîòâåòñòâóþùèå êîìïîíåíòû âåêòîðîâ 1y  è

2y , ÿâëÿþùèõñÿ ðåøåíèåì çàäà÷è (7), è âûá-
ðàòü èç íèõ ìàêñèìàëüíûé.

Àíàëîãè÷íûì îáðàçîì ìîæåò áûòü âû-
ïèñàíà äâîéñòâåííàÿ çàäà÷à äëÿ çàäà÷è ëè-
íåéíîãî ïðîãðàììèðîâàíèÿ (5).

Îïèñàííûé âûøå ïîäõîä èñïîëüçîâàë-
ñÿ ïðè ðåøåíèè çàäà÷è íàõîæäåíèÿ ðàñïðå-
äåëåíèÿ ìîëüíûõ äîëåé ôðàãìåíòîâ ôóëëåðå-
íà â ìàêðîöåïÿõ ïîëèìåðîâ [3], êîòîðàÿ ñâî-
äèòñÿ ê ðåøåíèþ êâàäðàòíîé ñèñòåìû ëèíåé-
íûõ àëãåáðàè÷åñêèõ óðàâíåíèé (1). Ýëåìåí-
òàìè êâàäðàòíîé ìàòðèöû A ÿâëÿþòñÿ ìîëÿð-
íûå ýêñòèíöèè ÿäåð íåñâÿçàííîãî ôóëëåðåíà,
è ÿäåð, êîâàëåíòíî ñâÿçàííûõ îäíîé, äâóìÿ è
n-ñâÿçÿìè ñ ìàêðîöåïÿìè ñîîòâåòñòâåííî, à
â ðîëè B – êîýôôèöèåíòû ïîãëîùåíèÿ îäíîãî
ìîëÿ ôóëëåðåíîâûõ ôðàãìåíòîâ. Èñêîìûå ïà-
ðàìåòðû X – ýòî ñîäåðæàíèå ôóëëåðåíîâ â
ìàêðîöåïÿõ ïîëèìåðîâ.

Äëÿ ýòîé çàäà÷è ìàòðèöû A è B èìåþò
âèä:

54000 30800 35800 28500 30900
30900 22800 28300 27900 28800

;19600 21000 21800 18500 16050
50500 24370 17630 15070 11800
60780 24150 15350 13000 11700

A

 
 
 
 
 
 
 
 

2, 453
2,001
1, 475
1, 435
1, 408

B

 
 
 
 
 
 
 
 

.

Ðåøåíèå, ïîëó÷åííîå ìåòîäîì îáðàòíîé
ìàòðèöû, ñëåäóþùåå:




7 5 5

6 5

5,067 10 ;3,554 10 ;1,211 10 ;

3,096 10 ;3,19 10 .
T

X   

 

   

  

Òàêîå ðåøåíèå íå èìååò ñìûñëà, òàê êàê
íå âñå ýëåìåíòû âåêòîðà X íåîòðèöàòåëüíû.
Ïîýòîìó îïðåäåëÿëîñü ïðèáëèæåííîå ðåøå-
íèå ïîñðåäñòâîì ñâåäåíèÿ èñõîäíîé ïðîáëå-
ìû ê çàäà÷å ëèíåéíîãî ïðîãðàììèðîâàíèÿ
âèäà (4):

min

AX B                       (8)

0X  .

Ðåøåíèå çàäà÷è (8): X = (9,504·10–7;
3 , 3 3 3 · 1 0 – 5; 1 , 2 7 4 · 1 0 – 5; 0 ; 2 , 9 6 4 · 1 0 – 5) Ò ,
ïàðàìåòð ε, õàðàêòåðèçóþùèé âåëè÷èíó ïî-
ãðåøíîñòè èçìåðåíèé, â ýòîì ñëó÷àå ðàâåí:
ε=0,002786. Ðåøåíèå äâîéñòâåííîé ê íåé çà-
äà÷è (ñì. ìîäåëü (7)):

 1 0,044;0;0,177;0;0, 284 Ty  ,

 2 0;0,098;0;0,397;0 Ty  .

Êîìïîíåíòû ðåøåíèÿ äâîéñòâåííîé çà-
äà÷è ïîêàçûâàþò, ÷òî íàèáîëüøèé âêëàä â
çíà÷åíèå ïîãðåøíîñòè èçìåðåíèé ε â çàäà÷å
(8) âíîñèò ÷åòâåðòûé ýëåìåíò ìàòðèöû B,
à íàèìåíüøèé – ïåðâûé.
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Â ñëó÷àå ïðåäïîëàãàåìûõ îøèáîê â ìàò-
ðèöå B ðàññìàòðèâàëàñü çàäà÷à ëèíåéíîãî
ïðîãðàììèðîâàíèÿ âèäà (5):

min
AX B                           (9)

0X 
1i    ,  1, , 5.i  

Ðåøåíèå çàäà÷è (9): X = (1,031·10–6;
3,301·10–5;1,379·10–5;0;2,859·10–5)Ò. Ïàðàìåò-
ðû, õàðàêòåðèçóþùèå îøèáêè â ýêñïåðèìåí-
òàëüíûõ äàííûõ, ðàâíû: δ1 = δ2 = δ3 = δ5=
= 0,9986; δ4 = 1,0014.

Ïîãðåøíîñòü èçìåðåíèé â ýòîì ñëó÷àå
ðàâíà: ε=0,001396 èëè ε=0,1396%. Ðåøåíèå
äâîéñòâåííîé ê íåé çàäà÷è:

ó1 = (0,029;–0,064;0,115;–0,259;0,109)Ò,

ó2 = (0;0,128;0;0,371;0)Ò,

ó3 = (0,07;0;0,169;0;0,261)Ò.

Ïîëó÷åííîå ðåøåíèå òàêæå ïîêàçûâàåò, ÷òî
íàèáîëüøèé âêëàä â çíà÷åíèå ïîãðåøíîñòè èç-
ìåðåíèé ε â çàäà÷å (9) îïðåäåëÿåòñÿ ïîãðåøíî-
ñòüþ ÷åòâåðòîãî ýëåìåíòà ìàòðèöû B, à íàè-
ìåíüøèé – ïåðâûì. Èç ýòîãî ñëåäóåò, ÷òî íàè-
ìåíåå äîñòîâåðíûì ñëåäóåò ïîëàãàòü èçìåðå-
íèå âåëè÷èíû B â ÷åòâåðòîì ýêñïåðèìåíòå.

Àíàëîãè÷íûé ïîäõîä áûë ïðèìåíåí äëÿ
îïðåäåëåíèÿ ñòåïåíè âëèÿíèÿ ïîãðåøíîñòåé
íàáëþäàåìûõ âåëè÷èí íà ïîãðåøíîñòü èçìå-
ðåíèÿ ïðè ðåøåíèè çàäà÷è ìîäåëèðîâàíèÿ
÷èñëåííîñòè íàñåëåíèÿ Ðîññèéñêîé Ôåäåðà-
öèè ìåòîäîì ñèñòåìíîé äèíàìèêè [4–7]. Îá-
ùèé âèä èññëåäîâàííîé ìîäåëè ñèñòåìíîé
äèíàìèêè ñëåäóþùèé:

1 1 1 2 2 2
1 2

dN a N D I a N D I
dt

      

3 3 3 4 4 4
3 4

dD a N D I a N D I
dt

            (10)

5 5 5 6 6 6
5 6

dI a N D I a N D I
dt

       ,

ãäå N – ÷èñëåííîñòü íàñåëåíèÿ ÐÔ; D – äóøå-
âûå äîõîäû çà ãîä; I – èíäåêñ ïîòðåáèòåëü-

ñêèõ öåí. Èíôîðìàöèîííóþ áàçó èññëåäîâàíèÿ
ñîñòàâèëè äàííûå îôèöèàëüíîé ñòàòèñòè÷å-
ñêîé îò÷åòíîñòè çà ïåðèîä ñ 1998 ïî 2009 ãã.

Ïî ðåçóëüòàòàì ñïåöèàëüíî îðãàíèçîâàí-
íîãî ÷èñëåííîãî ýêñïåðèìåíòà áûëà ïîëó÷å-
íà ìîäåëü ñëåäóþùåãî âèäà:

0,05 2 0,33 0,3
22

2 0,38,139 10 64,01dN N D N D
dt I I

  
    

0,35560 9900dD D I
dt

                (11)

0,092 0,092
0,4

0,0920,131 0,0072dI N DI
dt I

 
    .

Ìîäåëü (11) ñ äîñòàòî÷íî âûñîêîé òî÷íî-
ñòüþ îïèñûâàåò ýêñïåðèìåíòàëüíûå äàííûå,
î ÷åì ñâèäåòåëüñòâóþò íèçêèå çíà÷åíèÿ ñðåä-
íèõ îøèáîê àïïðîêñèìàöèè äëÿ êàæäîãî èç
óðàâíåíèé ìîäåëè: 0,13%NA  , 3,33%DA  ,

5,86%IA  .
Âìåñòå ñ òåì, êàê ïîêàçûâàåò ïðàêòèêà

èñïîëüçîâàíèÿ ñòàòèñòè÷åñêîé èíôîðìàöèè,
èñõîäíûå äàííûå äëÿ ìîäåëè (10) íåëüçÿ ðàñ-
ñìàòðèâàòü êàê àáñîëþòíî òî÷íûå. Ýòî îáóñ-
ëîâëåíî ðÿäîì ïðè÷èí îáúåêòèâíîãî õàðàê-
òåðà: çàïàçäûâàíèå ñáîðà è îáðàáîòêè äàííûõ,
íåòî÷íîñòè (à èíîãäà è óìûøëåííûå èñêàæå-
íèÿ) ïðåäîñòàâëÿåìîé èíôîðìàöèè, àêêóìó-
ëèðóåìîé îðãàíàìè ñòàòèñòèêè, è ïð. Â ýòîé
ñâÿçè, íåñìîòðÿ íà õîðîøóþ òî÷íîñòü ïîñò-
ðîåííîé ìîäåëè, öåëåñîîáðàçíîé ÿâëÿåòñÿ
îöåíêà çíà÷èìîñòè èìåþùèõñÿ ýêñïåðèìåí-
òàëüíûõ äàííûõ. È îäíèì èç âîçìîæíûõ ñïî-
ñîáîâ ðåàëèçàöèè ýòîãî ÿâëÿåòñÿ îïèñàííûé
â íàñòîÿùåé ðàáîòå ïîäõîä.

Íèæå ïðèâîäèòñÿ îïèñàíèå åãî ïðèìåíå-
íèÿ äëÿ ïåðâîãî óðàâíåíèÿ ìîäåëè (10). Äëÿ
ýòîãî ïîòðåáîâàëîñü îñóùåñòâèòü ëèíåàðèçà-
öèþ äàííîãî óðàâíåíèÿ, äëÿ ÷åãî áûëî èñïîëü-
çîâàíî ðàçëîæåíèå â ðÿä Òåéëîðà ñ öåíòðîì â

òî÷êå  0 , 0, 0, 0 , 1,2i i i ia i       :

0 0
1 1 1 1 1

0 0
1 1 2 2 2
0 0
2 2 2 2

ln ln

ln ln
ln ln .

N a a N a D
a I a a N
a D a I

        

        

      
   (12)
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Áûëè ââåäåíû ñëåäóþùèå îáîçíà÷åíèÿ:
1 1x a , 2 2x a , 3 1x   , 4 2x   , 5 1x   ,
6 2x   , 7 1x   , 8 2x   . Íà îñíîâàíèè èñõîä-

íîé èíôîðìàöèè äëÿ îïðåäåëåíèÿ ïàðàìåò-

ðîâ  , , , , 1, 2i i i ia i     áûëè ñôîðìèðîâà-
íû ìàòðèöû A è B:

Ñ ó÷åòîì âñåõ íåîáõîäèìûõ òðåáîâàíèé
ê ïàðàìåòðàì ìîäåëè, çàäà÷à îïðåäåëåíèÿ
ïðèáëèæåííîãî çíà÷åíèÿ ïàðàìåòðîâ ìîäå-
ëè áûëà ôîðìàëèçîâàíà â ñëåäóþùåì âèäå:

min
AX B  

10 3x 

21,948 2,050x 

1 514151439,74 23,4x x           (13)

60 1x 
0 5px  , 3,4,7,8p 

5 0x  .

Ðåøåíèå çàäà÷è (13): X = (0;1,948;5;5;
395119,963;0;5;5)Ò, ïîãðåøíîñòü èçìåðåíèé
ε=402804,23, ðåøåíèå äâîéñòâåííîé ê íåé
(ñì. ìîäåëü (7)):

ó1 = (0;0;0;0;0;0,5;0;0;0;0;0;0;)Ò,

ó2 = (0;0;0;0;0;0;0;0;0;0;0;0,5)Ò,

  ó3 = (0;0;0,001;0,0595;0,0015;0;
3,5724;0,87;0;0)Ò

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëèëè ñäå-
ëàòü âûâîä î òîì, ÷òî ïîãðåøíîñòü èçìåðå-
íèé â áîëüøåé ñòåïåíè îïðåäåëÿåòñÿ âåðõíèì
îãðàíè÷åíèåì íà ïåðåìåííóþ x7
( 3

7 3,5724y  ), â ìåíüøåé 6-ì è 12-ì ýëåìåí-
òàìè ìàòðèöû B ( 1

6 0,5y   è 2
12 0,5y  ), âåðõ-

íèìè îãðàíè÷åíèÿìè íà ïåðåìåííûå 4x , x5,
x8 ( 3

4 0,0595y  , 3
5 0,0015y  , 3

8 0,87y  ) è
íèæíèì îãðàíè÷åíèåì íà ïåðåìåííóþ x3
( 3

3 0,001y  ). Äàííàÿ èíôîðìàöèÿ ìîæåò áûòü
èñïîëüçîâàíà ïðè ïëàíèðîâàíèè äàëüíåéøèõ
ýêñïåðèìåíòîâ ñ èññëåäóåìîé ìîäåëüþ. Ïðè
ýòîì äîëæåí ñîáëþäàòüñÿ ñëåäóþùèé ïðèí-
öèï: â êàæäîì ïîñëåäóþùåì ýêñïåðèìåíòå
èíôîðìàòèâíîñòü íîâûõ èçìåðåíèé äîëæíà
áûòü íå ìåíåå çíà÷èìà, ÷òî äîëæíî îòðàæàòü-
ñÿ ïðè ôîðìèðîâàíèè ñîîòâåòñòâóþùèõ óñ-
ëîâèé. Òàê, íàïðèìåð, ñóæåíèå äèàïàçîíîâ
çíà÷åíèé ïåðåìåííûõ x4, x5, x7, x8 öåëåñîîá-
ðàçíî ïðîâîäèòü çà ñ÷åò óâåëè÷åíèÿ íèæíèõ
ãðàíèö, à ïåðåìåííîé x3 – âåðõíåé.

Èññëåäîâàíèå âûïîëíåíî ïðè ôèíàíñî-
âîé ïîääåðæêå ÐÔÔÈ (ïðîåêò ¹ 13-01-00749
«Êà÷åñòâî ìîäåëåé ìàòåìàòè÷åñêîé îáðà-
áîòêè íàáëþäåíèé â ñîöèàëüíûõ è ýêîíîìè-
÷åñêèõ ñèñòåìàõ»).
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ERROR  ESTIMATES  AND  SIGNIFICANCE  MEASURED
BY  LINEAR  PROGRAMMING
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The problem of determining the parameters of linear mathematical models of the available experimental data,
which has not an exact solution satisfies certain objective conditions, is shown. A method to obtain approximate
solutions is represented in this paper. It allows to obtain estimates of the measurement errors and their significance.
Also it provides an opportunity to improve research in the planning stage of the experiments in clarifying some of
the experimental data or their exclusion from consideration in the direct construction of functional dependencies.
Results of testing the proposed approach are given.
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Ââåäåíèå. Ê ÷èñëó íàèáîëåå çíà÷èìûõ
îáúåêòîâ ñ áîãàòûì áèîðàçíîîáðàçèåì â
Þæíî-Óðàëüñêîì ðåãèîíå ñëåäóåò îòíåñòè
óíèêàëüíûå ïàëåîðèôû – øèõàíû Òðà-òàó è
Þðàê-òàó, êîòîðûå ÿâëÿþòñÿ ïàìÿòíèêàìè
ïðèðîäû Ðåñïóáëèêè Áàøêîðòîñòàí.

Ïî äàííûì ãåîëîãîâ îáðàçîâàíèå øèõà-
íîâ íà÷àëîñü îêîëî 300 ìëí ëåò íàçàä è ïðî-
èñõîäèëî íà ïðîòÿæåíèè 40–50 ìëí ëåò, êîã-
äà íà òåððèòîðèè ñîâðåìåííîãî Áàøêîðòîñ-
òàíà áûëî ìîðå. Îáðàçîâûâàëèñü îíè â ðå-
çóëüòàòå äåÿòåëüíîñòè áîëüøîé ãðóïïû îðãà-

ÓÄÊ 502.75

Ê  ÕÀÐÀÊÒÅÐÈÑÒÈÊÅ  ÔËÎÐÛ  È  ÐÀÑÒÈÒÅËÜÍÎÑÒÈ  ØÈÕÀÍÎÂ
ÒÐÀ-ÒÀÓ  È  ÞÐÀÊ-ÒÀÓ

© À.À. Ìóëäàøåâ, Â.Á. Ìàðòûíåíêî

Ïðèâîäèòñÿ èíôîðìàöèÿ îá îñîáåííîñòÿõ ôëîðû è ðàñòèòåëüíîñòè óíèêàëüíûõ ïàëåîðèôîâ – øèõàíîâ
Òðà-òàó è Þðàê-òàó, êîòîðûå ÿâëÿþòñÿ ïàìÿòíèêàìè ïðèðîäû Ðåñïóáëèêè Áàøêîðòîñòàí (ÐÁ). Êðàòêî îñâå-
ùåíà èñòîðèÿ èçó÷åíèÿ ôëîðû è ðàñòèòåëüíîñòè øèõàíîâ. Ôëîðà ãîðû Òðà-òàó íà ñåãîäíÿ âêëþ÷àåò 402 âèäà
âûñøèõ ñîñóäèñòûõ ðàñòåíèé, îòíîñÿùèõñÿ ê 60 ðîäàì, ñïèñîê ôëîðû ãîðû Þðàê-òàó âêëþ÷àåò 366 âèäîâ,
îòíîñÿùèõñÿ ê 58 ðîäàì. Íåñìîòðÿ íà òî ÷òî ãîðû ðàñïîëàãàþòñÿ íà îòíîñèòåëüíî íåäàëåêîì ðàññòîÿíèè
äðóã îò äðóãà è îáëàäàþò ñõîäíûìè ïðèðîäíûìè êîìïëåêñàìè, èìååòñÿ ðÿä ñóùåñòâåííûõ ðàçëè÷èé ïî
ñîñòàâó âèäîâ. Ïðè ñðàâíåíèè ôëîðû ýòèõ ãîð âûÿâëåíî 286 îáùèõ âèäà.

Íà Òðà-òàó è Þðàê-òàó îáíàðóæåíî ïðîèçðàñòàíèå 17 âèäîâ èç Êðàñíîé êíèãè ÐÁ, 9 èç êîòîðûõ çàíåñå-
íû â Êðàñíóþ êíèãó Ðîññèè. Ïðè÷åì ïîïóëÿöèè íåêîòîðûõ èç íèõ íàñ÷èòûâàþò äåñÿòêè è ñîòíè òûñÿ÷
îñîáåé. Êðîìå òîãî, íà Òðà-òàó ïðîèçðàñòàþò ïîïóëÿöèè 12 ðåëèêòîâûõ è 21 ýíäåìè÷íûõ âèäîâ âûñøèõ
ñîñóäèñòûõ ðàñòåíèé, à íà Þðàê-òàó – 10 è 15 ñîîòâåòñòâåííî.

Ðàñòèòåëüíûé ïîêðîâ øèõàíîâ Òðà-òàó è Þðàê-òàó ñóùåñòâåííî îòëè÷àåòñÿ îò îáùåé ðàñòèòåëüíîñòè
ðàéîíà, îí îáëàäàåò âûñîêîé ìîçàè÷íîñòüþ è îáóñëîâëåí õàðàêòåðîì ðåëüåôà, ýêñïîçèöèåé ñêëîíîâ è ñòå-
ïåíüþ ðàçâèòîñòè ïî÷â. Â öåëîì ïðåîáëàäàþò ðàçëè÷íûå âàðèàíòû ñòåïåé è ëóãîâî-ñòåïåé. Íà êðóòûõ ñêëî-
íàõ ñ âûõîäîì ïëèòíÿêà, íà íåðàçâèòûõ ïî÷âàõ ðàñïðîñòðàíåíû ñîîáùåñòâà ãèïåðïåòðîôèòíûõ ñòåïåé.
Â íèæíåé ÷àñòè ðàñïðîñòðàíåíû çàêóñòàðåííûå ñòåïè è îñòåïíåííûå ëóãà. Ñåâåðíûå ñêëîíû ïîêðûòû òèïè÷-
íûìè íåìîðàëüíûìè øèðîêîëèñòâåííûìè ëåñàìè. Íà øèõàíàõ âñòðå÷àþòñÿ ýíäåìè÷íûå òèïû ðàñòèòåëüíûõ
ñîîáùåñòâ, àíàëîãîâ êîòîðûõ â ÐÁ íåò.

Êëþ÷åâûå ñëîâà: øèõàíû Òðà-òàó è Þðàê-òàó, ïàìÿòíèêè ïðèðîäû, ðåäêèå âèäû ðàñòåíèé.

Ïîñâÿùàåòñÿ 80-ëåòèþ
Ìàðàòà Àêñàíîâè÷à Èëüãàìîâà – àêòèâíîãî

ñòîðîííèêà ñîõðàíåíèÿ øèõàíîâ

íèçìîâ, êîòîðûå èçâëåêàëè èç ìîðñêîé âîäû
êàëüöèé è ñîçäàâàëè èçâåñòíÿê [1–2].

Íà ñåãîäíÿøíèé äåíü ñòåðëèòàìàêñêàÿ
ãðóïïà øèõàíîâ ÿâëÿåòñÿ íåáîëüøîé ÷àñòüþ
ãðàíäèîçíîé ñèñòåìû äðåâíèõ ðèôîâûõ ìàñ-
ñèâîâ, êîòîðàÿ ïðîñëåæèâàåòñÿ îò Ïðèêàñïèÿ
äî Ñåâåðíîãî Ëåäîâèòîãî îêåàíà. Îñîáåííî-
ñòüþ Ñòåðëèòàìàêñêèõ øèõàíîâ ÿâëÿåòñÿ òî,
÷òî â ðåçóëüòàòå òåêòîíè÷åñêèõ äâèæåíèé
áîëåå 20 ìëí ëåò íàçàä îíè áûëè âûäâèíóòû
íà äíåâíóþ ïîâåðõíîñòü, â òî âðåìÿ êàê íà
îñòàëüíîì ïðîñòðàíñòâå ðèôû èëè ïëîõî îá-
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íàæåíû èëè ïåðåêðûòû áîëüøîé òîëùåé áî-
ëåå ìîëîäûõ îòëîæåíèé [1–2].

Ñòåðëèòàìàêñêàÿ ãðóïïà øèõàíîâ ïðåä-
ñòàâëåíà ÷åòûðüìÿ ãîðàìè-îñòàíöàìè: Òðà-òàó
(Òîðàòàó), Þðàê-òàó, Êóø-òàó è Øàõ-òàó (íûíå
óæå íå ñóùåñòâóåò, òàê êàê ðàçðàáîòàí).

Ãîðà Òðà-òàó ðàñïîëîæåíà â Èøèìáàé-
ñêîì ðàéîíå ÐÁ. Èìååò àáñîëþòíóþ âûñîòó –
402 ì íàä óð. ì. è îòíîñèòåëüíóþ – 270 ì (îò
óðîâíÿ ðåêè Áåëîé). Äëèíà – 1200 ì, øèðè-
íà – 800 ì. Ôîðìà êîíóñîâèäíàÿ. Ïëîùàäü
ïðîåêöèè ãîðû ñîñòàâëÿåò îêîëî 42 ãà. Ïîñòà-
íîâëåíèåì Ñîâåòà Ìèíèñòðîâ Áàøêèðñêîé
ÀÑÑÐ ¹ 465 îò 17 àâãóñòà 1965 ã. «Îá îõðàíå
ïàìÿòíèêîâ ïðèðîäû Áàøêèðñêîé ÀÑÑÐ» ãîðà
Òðà-òàó ó÷ðåæäåíà êàê ïàìÿòíèê ïðèðîäû ïîä
íàçâàíèåì «Ãîðà Òðà-Òàó». Ïàìÿòíèê áûë
îðãàíèçîâàí ñ öåëüþ îõðàíû âñåõ ïðèðîäíûõ
êîìïëåêñîâ (ãîðû-îñòàíöà, ðàñòèòåëüíîñòè è
ôëîðû), ïîýòîìó â ïîñòàíîâëåíèè îí óêàçàí
êàê «êîìïëåêñíûé» [3].

Ãîðà Þðàê-òàó ðàñïîëîæåíà â Ñòåðëèòà-
ìàêñêîì ðàéîíå ÐÁ, â 2,2 êì ê çàïàäó îò
ä. Þðàêòàó. Àáñîëþòíàÿ âûñîòà – 338,4 ì íàä
óð. ì., îòíîñèòåëüíàÿ (îò óðîâíÿ ïðèëåãàþ-
ùèõ ñòàðèö ðåêè Áåëîé) – îêîëî 216 ì. Äëè-
íà – 2200 ì, øèðèíà – 1800 ì. Ôîðìà êîíè-
÷åñêàÿ, ñêëîíû êàìåíèñòûå êðóòûå, çàïàä-
íûé – ñêàëèñòûé, îáðûâèñòûé. Ïëîùàäü ïðî-
åêöèè ãîðû Þðàê-òàó ñîñòàâëÿåò îêîëî 64 ãà.
Ïîñòàíîâëåíèåì Ñîâåòà Ìèíèñòðîâ Áàøêèð-
ñêîé ÀÑÑÐ 26.12. 1985 ã. çà ¹ 212 «Îá îõðàíå
äèêîðàñòóùèõ ðàñòåíèé íà òåððèòîðèè Áàø-
êèðñêîé ÀÑÑÐ» ó÷ðåæäåíà êàê ïàìÿòíèê ïðè-
ðîäû «Ãîðà Þðàê-Òàó». Ïàìÿòíèê ïðèðîäû
èçíà÷àëüíî áûë âûäåëåí êàê áîòàíè÷åñêèé,
ïî îõðàíå «âñåé ðàñòèòåëüíîñòè», â íàñòîÿ-
ùåå âðåìÿ îí ÿâëÿåòñÿ êîìïëåêñíûì. Íà
Þðàê-òàó îáíàæåí îäèí èç ëó÷øèõ ðàçðåçîâ
íèæíåé ïåðìè. Ïîä âîñòî÷íûì ñêëîíîì ðàñ-
ïîëàãàåòñÿ óíèêàëüíîå ñôàãíîâîå áîëîòî â
êàðñòîâîé âîðîíêå [3].

Êðàòêàÿ èñòîðèÿ èçó÷åíèÿ ôëîðû è
ðàñòèòåëüíîñòè øèõàíîâ. Øèõàíû âñåãäà
ïðèâëåêàëè âíèìàíèå ïóòåøåñòâåííèêîâ,
ãåîëîãîâ è áîòàíèêîâ. Ïåðâîå óïîìèíàíèå î
Ñòåðëèòàìàêñêèõ øèõàíàõ â íàó÷íîé ëèòåðà-

òóðå âñòðå÷àåòñÿ â 1762 ã. ó Ï.È. Ðû÷êîâà [4].
Îí ïðèâåë îáùèå ñâåäåíèÿ î íèõ, â ÷àñòíî-
ñòè, îòìåòèë áåçëåñíîñòü ãîð Òðà-òàó è Þðàê-
òàó. Âïåðâûå èç èññëåäîâàòåëåé â 1770 ã. íà
øèõàí Òðà-òàó ïîäíèìàëñÿ È.È. Ëåïåõèí [5] –
ó÷àñòíèê àêàäåìè÷åñêîé ýêñïåäèöèè íà Óðàë
è Ñèáèðü. Îí äàë îáùåå ãåîìîðôîëîãè÷åñêîå
îïèñàíèå ãîðû è óêàçàë íà ïðîèçðàñòàíèå íà
âåðøèíå ìîææåâåëüíèêà êàçàöêîãî.

Â 1892 ã. ôëîðó ã. Òðà-òàó èññëåäîâàëè
ìîñêîâñêèå áîòàíèêè Á.À. è Î.À. Ôåä÷åíêî
[6]. Â 1900 ã. áûâøèé Ñòåðëèòàìàêñêèé óåçä
ïîñåòèë èçâåñòíûé ðóññêèé áîòàíèê
Â.È. Òàëèåâ, êîòîðûé íàðÿäó ñ äðóãèìè ïóí-
êòàìè îáñëåäîâàë ãîðû Øàõ-òàó è Òðà-òàó.
Áîëüøîé èíòåðåñ ïðåäñòàâëÿþò äàííûå ïî
øèõàíó Øàõ-òàó, î áûëîé ôëîðå êîòîðîãî ìîæ-
íî ñóäèòü ïî ãåðáàðíûì ñáîðàì è ïóáëèêà-
öèè Â.È. Òàëèåâà [7].

Áîëüøóþ êîíöåíòðàöèþ ýíäåìèêîâ íà
Ñòåðëèòàìàêñêèõ øèõàíàõ îòìå÷àë ñàìûé
êðóïíûé èññëåäîâàòåëü è çíàòîê ôëîðû è ðà-
ñòèòåëüíîñòè Óðàëà Ï.Ë. Ãîð÷àêîâñêèé [8]
Ïîñëå 60-õ ã. ÕÕ â. íà ãîðàõ Òðà-òàó è Þðàê-
òàó èññëåäîâàíèÿ ïðåèìóùåñòâåííî ïðîâîäè-
ëè ñîòðóäíèêè Èíñòèòóòà áèîëîãèè ÓÍÖ ÐÀÍ.

Åêàòåðèíáóðãñêèé ñèñòåìàòèê Ì.Ñ. Êíÿ-
çåâ ñ ã. Þðàê-òàó îïèñàë íîâûé äëÿ íàóêè óç-
êîýíäåìè÷íûé âèä – êëàóñèÿ àãèäåëüñêàÿ
(Clausia agydeliensis Knjasev) [9], à â 2001 ã. îí
æå îïèñàë íîâûé âèä ïîä íàçâàíèåì îñòðî-
ëîäî÷íèê áàøêèðñêèé (Oxytropis baschkiriensis
Knjasev) [10]. Ýòîò âèä â ÐÁ âñòðå÷àåòñÿ íå
áîëåå ÷åì â 10 ïóíêòàõ, â òîì ÷èñëå íà ã. Òðà-
òàó. Â ðåçóëüòàòå ãîðíûõ ðàçðàáîòîê áûëà ïîë-
íîñòüþ óíè÷òîæåíà ïîïóëÿöèÿ ýòîãî âèäà íà
ã. Øàõ-òàó (ñîõðàíèëèñü ãåðáàðíûå ñáîðû
1942 ã. ýâàêóèðîâàííûõ óêðàèíñêèõ áîòàíèêîâ).

Íåêîòîðûå ñâåäåíèÿ î ðàñòèòåëüíîñòè
ãîð Òðà-òàó è Þðàê-òàó âñòðå÷àþòñÿ â ðàáîòå
Å.Ñ. Ñìèðíîâîé [11]. Îíà ïðèâåëà îñíîâíûå
ðàñòèòåëüíûå ñîîáùåñòâà è îòìåòèëà çàêîíî-
ìåðíîñòè èõ ðàñïðåäåëåíèÿ â çàâèñèìîñòè îò
ýêñïîçèöèè è êðóòèçíû ñêëîíîâ.

Â 2007 ã. è â ïîñëåäóþùèå ãîäû ðàñòè-
òåëüíîñòü ãîð Òðà-òàó è Þðàê-òàó èçó÷àëàñü â
õîäå ýêñïåäèöèé ëàáîðàòîðèè ãåîáîòàíèêè è
îõðàíû ðàñòèòåëüíîñòè Èíñòèòóòà áèîëîãèè
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ÓÍÖ ÐÀÍ ñ öåëüþ åå êëàññèôèêàöèè ñ èñïîëü-
çîâàíèåì ñîâðåìåííûõ ïîäõîäîâ.

Õàðàêòåðèñòèêà ôëîðû øèõàíîâ. Ñïè-
ñîê ôëîðû ã. Òðà-òàó íà ñåãîäíÿ âêëþ÷àåò
402 âèäà âûñøèõ ñîñóäèñòûõ ðàñòåíèé, îòíî-
ñÿùèõñÿ ê 60 ðîäàì, ÷òî ñîñòàâëÿåò îêîëî 23%
îò îáùåãî ÷èñëà âèäîâ ôëîðû ÐÁ. Ñïèñîê
ôëîðû ã. Þðàê-òàó âêëþ÷àåò 366 âèäîâ, îòíî-
ñÿùèõñÿ ê 58 ðîäàì, ÷òî ñîñòàâëÿåò îêîëî 22%
îò îáùåãî ÷èñëà âèäîâ ôëîðû ÐÁ.

Íåñìîòðÿ íà òî ÷òî ãîðû ðàñïîëàãàþòñÿ
íà îòíîñèòåëüíî íåäàëåêîì ðàññòîÿíèè äðóã
îò äðóãà è îáëàäàþò ñõîäíûìè ïðèðîäíûìè
êîìïëåêñàìè, èìååòñÿ ðÿä ñóùåñòâåííûõ ðàç-
ëè÷èé ïî ñîñòàâó âèäîâ. Ïðè ñðàâíåíèè ôëî-
ðû ýòèõ ãîð âûÿâëåíî 286 îáùèõ âèäà. Ýòî
îçíà÷àåò, ÷òî íà ã. Òðà-òàó ïðîèçðàñòàåò
118 âèäîâ, êîòîðûõ íåò íà ã. Þðàê-òàó, è, íà-
îáîðîò, – íà ã. Þðàê-òàó ïðîèçðàñòàåò 82 âèäà,
êîòîðûõ íåò íà ã. Òðà-òàó.

Ó÷èòûâàÿ òî, ÷òî íà ñòîëü íåáîëüøîé
ïëîùàäè êàæäîé ãîðû âñòðå÷àåòñÿ ïî÷òè
÷åòâåðòü ôëîðû ÐÁ, åå ñëåäóåò ïðèçíàòü ÷ðåç-
âû÷àéíî áîãàòîé è óíèêàëüíîé. Äëÿ ñðàâíå-
íèÿ îòìåòèì, ÷òî íà òåððèòîðèè ãîðíîãî
ìàññèâà Èðåìåëü, èìåþùåãî ïëîùàäü áîëåå
5000 ãà è âàðüèðîâàíèå âûñîò áîëåå 300 ì,
ïðîèçðàñòàåò 370 âèäîâ âûñøèõ ñîñóäèñòûõ

ðàñòåíèé. Ôëîðà Þæíî-Óðàëüñêîãî ãîñóäàð-
ñòâåííîãî ïðèðîäíîãî çàïîâåäíèêà (ïëîùà-
äüþ 252 òûñ. ãà) âêëþ÷àåò 698 âèäîâ, ïðè-
ðîäíîãî ïàðêà «Ìóðàäûìîâñêîå óùåëüå»
(ïëîùàäü 23, 6 òûñ. ãà) – 502 âèäà, Áàøêèðñ-
êîãî ãîñóäàðñòâåííîãî çàïîâåäíèêà (ïëîùàäü
49,6 òûñ. ãà) – îêîëî 700 âèäîâ. Íà âñåõ øè-
õàíàõ, âêëþ÷àÿ è ðàçðàáîòàííóþ ãîðó Øàõ-
òàó, îòìå÷åíî îêîëî 510 âèäîâ ðàñòåíèé.

Âñåãî íà øèõàíàõ Òðà-òàó è Þðàê-òàó
ïðîèçðàñòàåò áîëåå 40 âûñøèõ ñîñóäèñòûõ
âèäà, îòíîñèìûõ ê ðåäêèì ðàñòåíèÿì Óðàëà
è Ïðèóðàëüÿ [12–13]. Èç íèõ 17 âèäîâ âêëþ-
÷åíû â Êðàñíóþ êíèãó ÐÁ [14] è 8 âèäîâ – â
Êðàñíóþ êíèãó Ðîññèè [15], òî åñòü èìåþò
ãîñóäàðñòâåííóþ îõðàíó.

Âî ôëîðå ã. Òðà-òàó âûÿâëåíî 12 ðåëèê-
òîâûõ âèäîâ, èç êîòîðûõ 3 âèäà ÿâëÿþòñÿ äî-
ëåäíèêîâûìè (ïëèîöåíîâûå), à îñòàëüíûå
ðåëèêòû ïðîíèêëè íà Þæíûé Óðàë â ïëåé-
ñòîöåíå è íà ðàííèõ ñòàäèÿõ ãîëîöåíà
(òàáë. 1). Íà ã. Þðàê-òàó ïðîèçðàñòàåò 10 ðå-
ëèêòîâûõ âèäîâ, èç êîòîðûõ 2 âèäà ÿâëÿþòñÿ
äîëåäíèêîâûìè (ïëèîöåíîâûå).

Âî ôëîðå ã. Òðà-òàó âûÿâëåí 21 ýíäåìè-
÷íûé âèä. Èç íèõ áåäðåíåö ðàçðåçàííîëèñò-
íûé ÿâëÿåòñÿ óçêîëîêàëüíûì ýíäåìèêîì è
âñòðå÷àåòñÿ òîëüêî íà ã. Òðà-òàó (òàáë. 2). Âî
ôëîðå ã. Þðàê-òàó âûÿâëåíî 15 ýíäåìè÷íûõ

Ò à á ë è ö à  1

Ðåëèêòîâûå âèäû âî ôëîðàõ øèõàíîâ Òðà-òàó è Þðàê-òàó

Âèäû Òðà-òàó Þðàê-òàó 
Íåìîðàëüíûå (ïëèîöåíîâûå) ðåëèêòû åâðîïåéñêîãî ïðîèñõîæäåíèÿ 

Festuca altissima  + – 
Geranium robertianum  + + 
Campanula trachelium  + + 

Ïëåéñòîöåíîâûå ñêàëüíûå è ãîðíî-ñòåïíûå ðåëèêòû  
ñèáèðñêîãî ïðîèñõîæäåíèÿ 

Carex pediformis  + + 
Allium rubens  + + 
Orostachys spinosa  + + 
Alyssum lenense  + + 
Thalictrum foetidum  + + 
Artemisia santolinifolia  + + 

Ïëåéñòîöåíîâûå ëåñíûå è ëóãîâûå ðåëèêòû ñèáèðñêîãî ïðîèñõîæäåíèÿ 
Geranium pseudosibiricum  + – 
Artemisia sericea  + + 

Ïëåéñòîöåíîâûå ñêàëüíûå ðåëèêòû åâðîïåéñêîãî ïðîèñõîæäåíèÿ 
Schivereckia hyperborea  + + 
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âèäîâ, èç êîòîðûõ 12 âèäîâ ÿâëÿþòñÿ ýíäå-
ìèêàìè ñ øèðîêèì àðåàëîì («ñóáýíäåìèêè»).

Óçêîëîêàëüíûìè ýíäåìèêàìè ÿâëÿþòñÿ 3, èõ
àðåàë â îñíîâíîì îãðàíè÷åí Þæíûì Óðàëîì
è Áàøêèðñêèì Ïðåäóðàëüåì.

Ïî äàííûì ïîñëåäíèõ ó÷åòîâ, ïðîâå-
äåííûõ ãðóïïîé ñïåöèàëèñòîâ ëàáîðàòîðèè
ãåîáîòàíèêè è îõðàíû ðàñòèòåëüíîñòè Èí-
ñòèòóòà áèîëîãèè ÓÍÖ ÐÀÍ è ëàáîðàòîðèè
äèêîðàñòóùåé ôëîðû è èíòðîäóêöèè òðàâÿ-
íèñòûõ ðàñòåíèé Áîòàíè÷åñêîãî ñàäà-èíñòè-
òóòà ÓÍÖ ÐÀÍ, íà øèõàíàõ Òðà-òàó è Þðàê-
òàó ïðîèçðàñòàåò áîëüøîå êîëè÷åñòâî ðåäêèõ
è íóæäàþùèõñÿ â îõðàíå âèäîâ âûñøèõ ñî-
ñóäèñòûõ ðàñòåíèé, çàíåñåííûõ â Êðàñíóþ
êíèãó ÐÁ [15]. Ïîïóëÿöèè íåêîòîðûõ èç íèõ
äîñòèãàþò äåñÿòêè è ñîòíè òûñÿ÷ îñîáåé
(òàáë. 3).

Õàðàêòåðèñòèêà ðàñòèòåëüíîñòè øè-
õàíîâ. Â ñîîòâåòñòâèè ñ ãåîáîòàíè÷åñêèì
ðàéîíèðîâàíèåì ÐÁ, ãîðû Òðà-òàó è Þðàê-
òàó íàõîäÿòñÿ â Ñòåðëèòàìàêñêî-Ìóðàïòàëîâ-
ñêîì ðàéîíå êðàñèâåéøå-êîâûëüíûõ è êðàñ-
íîâàòî-êîâûëüíûõ ñòåïåé Áóçäÿêñêî-Ìåëå-
óçîâñêîãî îêðóãà ñåâåðíîé ïîäçîíû êðàñèâåé-
øå-êîâûëüíûõ ñòåïåé Ïðåäóðàëüÿ ñòåïíîé
çîíû ÐÁ [16].

Ò à á ë è ö à  2

Ýíäåìè÷íûå âèäû âî ôëîðàõ øèõàíîâ
Òðà-òàó è Þðàê-òàó

Âèä Òðà-òàó Þðàê-òàó 
Koeleria sclerophylla  + + 
Dianthus acicularis  + + 
Minuartia krascheninnikovii  + – 
Otites baschkirorum  + + 
Aconitum nemorosum  + + 
Clausia agydeilensis  + + 
Astragalus helmii  + + 
Astragalus wolgensis  + – 
Hedysarum grandiflorum  + + 
Lathyrus litvinovii  + + 
Oxytropis baschkiriensis  + – 
Oxytropis spicata  + – 
Linum uralense  + – 
Pimpinella tomyophilla + – 
Thymus cimicinus  + + 
T. punctulosus  + + 
Thymus talijevii  + + 
Pedicularis uralensis  + + 
Asperula petraea  + + 
Serratula gmelinii  + + 
Tanacetum uralense  + + 

Ò à á ë è ö à  3

×èñëåííîñòü ðåäêèõ è íóæäàþùèõñÿ â îõðàíå ðàñòåíèé íà øèõàíàõ (òûñÿ÷ îñîáåé)

Âèä ã. Òðà-òàó ã. Þðàê-òàó 
Koeleria sclerophylla P. Smirn. – Òîíêîíîã æåñòêîëèñòûé 192 51 
Stipa korshinskyi Roshev. – Êîâûëü Êîðæèíñêîãî 0,2 – 
S. pennata L. – Ê. ïåðèñòûé 160 48 
S. pulcherrima C. Koch – Êîâûëü êðàñèâåéøèé 135 7 
S. sareptana A. Beck. – Êîâûëü ñàðåïòñêèé 2 – 
S. zalesskii Wilensky – Êîâûëü Çàëåññêîãî – 0,03 
Fritillaria ruthenica Wikstr. – Ðÿá÷èê ðóññêèé 100 2 
Tulipa biebersteiniana Shult. et Schult. fil. – Òþëüïàí 
Áèáåðøòåéíà 61 64 

Minuartia krascheninnikovii Schischk. – Ìèíóàðöèÿ 
Êðàøåííèíèêîâà 42 – 

Astragalus helmii Fisch. – Àñòðàãàë Ãåëüìà 27 36 
Hedysarum grandiflorum Pall. – Êîïåå÷íèê êðóïíîöâåòêîâûé 26 3 
Oxytropis baschkiriensis Knjasev – Îñòðîëîäî÷íèê 
áàøêèðñêèé 9 – 

Linum uralense Juz. – Ëåí óðàëüñêèé 72 – 
Dictamnus gymnostylis Stev. – ßñåíåö ãîëîñòîëáèêîâûé 1 – 
Thymus cimicinus Blum ex Ledeb. – Òèìüÿí êëîïîâûé 56 33 
Artemisia salsoloides Willd. – Ïîëûíü ñîëÿíêîâèäíàÿ 0,06 – 
Pimpinella tomyophilla (Woronow) Stank. – Áåäðåíåö 
ðàçðåçàííîëèñòíûé íåò äàííûõ – 
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Ðàñòèòåëüíûé ïîêðîâ ýòèõ ãîð ñóùåñòâåí-
íî îòëè÷àåòñÿ îò îáùåé ðàñòèòåëüíîñòè ðàéî-
íà, îí îáëàäàåò âûñîêîé ìîçàè÷íîñòüþ è îáóñ-
ëîâëåí õàðàêòåðîì ðåëüåôà, ýêñïîçèöèåé ñêëî-
íîâ è ñòåïåíüþ ðàçâèòîñòè ïî÷â. Â öåëîì ïðå-
îáëàäàþò ðàçëè÷íûå âàðèàíòû ñòåïåé è ëóãî-
âî-ñòåïåé. Íà êðóòûõ ñêëîíàõ ñ âûõîäîì ïëèò-
íÿêà, íà íåðàçâèòûõ ïî÷âàõ ðàñïðîñòðàíåíû
ñîîáùåñòâà ãèïåðïåòðîôèòíûõ ñòåïåé. Â íèæ-
íåé ïîëîãîé ÷àñòè øèõàíîâ, ãäå ðàíåå ïðàêòè-
êîâàëñÿ âûïàñ ñêîòà, ðàñïðîñòðàíåíû çàêóñòà-
ðåííûå ñòåïè è îñòåïíåííûå ëóãà. Ñåâåðíûå
ñêëîíû ïîêðûòû òèïè÷íûìè íåìîðàëüíûìè
øèðîêîëèñòâåííûìè ëåñàìè èç äóáà, êëåíà è
ëèïû (íà Òðà-òàó ëèøü ôðàãìåíòàðíî).

Îáà øèõàíà èìåþò âûñîêîå ðàçíîîáðà-
çèå ðàñòèòåëüíîñòè, èõ îáùåå áåòà-ðàçíîîá-
ðàçèå (íà óðîâíå âàðèàíòîâ) ñîñòàâëÿåò
32 òèïà, ðàçíîîáðàçèå íà óðîâíå àññîöèà-
öèè – 21 òèï. Àíàëèç âñòðå÷àåìîñòè ðàçëè-
÷íûõ òèïîâ ðàñòèòåëüíûõ ñîîáùåñòâ ïîêàçàë,
÷òî íàèáîëüøåå ðàçíîîáðàçèå ðàñòèòåëüíîñ-
òè íàáëþäàåòñÿ íà ã. Þðàê-òàó êàê ïî âàðèàí-
òàì, òàê è ïî áîëåå êðóïíûì ñèíòàêñîíàì íà
óðîâíå àññîöèàöèè (òàáë. 4).

Êàê âèäíî èç òàáë. 4, èññëåäîâàííûå øè-
õàíû îáëàäàþò îðèãèíàëüíîé ðàñòèòåëüíîñ-
òüþ, ñõîäñòâî ñîîáùåñòâ íà óðîâíå âàðèàí-
òîâ íå ïðåâûøàåò 20%, à íà óðîâíå áîëåå êðóï-
íûõ åäèíèö (àññîöèàöèé) – 33%. Ýòîãî è ñëå-

Ò à á ë è ö à  4

Ïðèóðî÷åííîñòü ðàçëè÷íûõ òèïîâ ðàñòèòåëüíûõ ñîîáùåñòâ âûÿâëåííûõ íà øèõàíàõ
Òðà-òàó è Þðàê-òàó

Íàçâàíèå ñèíòàêñîíà Òðà-òàó Þðàê-òàó 
Brachypodio-Quercetum roboris + + 
Brachypodio pennati-Betuletum pendulae – + 
Aegopodio podagrariae-Tilietum cordatae + + 
Brachypodio pinnati-Tilietum cordatae – + 
Ñîîáùåñòâî Pteridium aquilinum – + 
Ñîîáùåñòâî Melica transsilvanica – + 
Ñîîáùåñòâî Rubus caesius-Humulus lupulus – + 
Spiraeo-Amygdaletum nanae, âàðèàíò typica + – 

Âàðèàíò Dictamnus gymnastylis + – 
Âàðèàíò Artemisia dracunculus + – 

Spiraeo crenatae-Festucetum pseudovinae + + 
Fragario viridis-Caraganetum fruticis – + 
Spiraeo crenatae-Melicum transsilvanicae – + 
Fragario-Festucetum typicum, âàðèàíò typica + – 

Âàðèàíò Melica transsilvanica – + 
Âàðèàíò Seseli libanotis + – 
Âàðèàíò Stipa capillata – + 

Fragario-Festucetum festucetosum pratensis – + 
Stipo pennatae-Centauretum sibiricae, âàðèàíò typica + + 

Âàðèàíò Stipa zalesskii – + 
Carici pediformitis-Tanacetum uralensae, âàð. typica + + 

Âàðèàíò Ephedra distachya + – 
Alysso lenensis-Festucetum valesiacae – + 
Ñîîáùåñòâî Centaurea ruthenica-Carex pediformis + – 
Artemisio-Festucetum, âàðèàíò typica + + 

Âàðèàíò Valeriana rossica – + 
Âàðèàíò Festuca valesiaca – + 

Trinio-Centauretum, âàðèàíò Goniolimon speciosum – + 
Trinio-Centauretum, âàðèàíò Minuartia krascheninnikovii + – 
Schivereckiî hyperboreae-Abietinellietum abietinae – + 
Ñîîáùåñòâî Melica transsilvanica-Artemisia santolinifolia + – 
Polygonetum avicularis + – 
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äîâàëî îæèäàòü, òàê êàê ýòè ãîðû-îñòàíöû
èçîëèðîâàíû äðóã îò äðóãà è ðàçâèòèå ðàñòè-
òåëüíîñòè íà êàæäîé èç íèõ îïðåäåëÿëîñü
ñâîèì íàáîðîì ýêîëîãè÷åñêèõ ôàêòîðîâ, â
ïåðâóþ î÷åðåäü ïðîöåññàìè âûâåòðèâàíèÿ
ãîðíûõ ïîðîä è ôîðìèðîâàíèÿ ïî÷âåííîãî
ãîðèçîíòà, à òàêæå àíòðîïîãåííûì èñïîëüçî-
âàíèåì.

Íà èçâåñòíÿêîâûõ îáíàæåíèÿõ øèõàíîâ
ðàñïðîñòðàíåíû óíèêàëüíûå ýíäåìè÷íûå
ñîîáùåñòâà ïåòðîôèòíûõ ñòåïåé, êîòîðûå íå
âñòðå÷àþòñÿ â äðóãèõ ðàéîíàõ Þæíî-Óðàëü-
ñêîãî ðåãèîíà. Äàííûå ñîîáùåñòâà îòíåñå-
íû ê àññîöèàöèè Trinio muricatae-
Centauretum sibiricae, îïèñàííîé â ñòàòüå
Ñ.Ì. ßìàëîâà ñ ñîàâòîðàìè [17]. Òàêæå ê
óíèêàëüíûì ñîîáùåñòâàì, àíàëîãîâ êîòîðûõ
â ÐÁ íåò, ñëåäóåò îòíåñòè ðàñòèòåëüíîñòü
çàìøåëûõ îñûïåé àññîöèàöèè Schivereckiî
hyperboreae-Abietinellietum abietinae. Ïîõî-
æèå ñîîáùåñòâà áûëè îïèñàíû íà îñûïÿõ
êðóòûõ áåðåãîâ ðåêè Áåëîé, íî îíè ïî÷òè âñå
óøëè ïîä âîäó Þìàãóçèíñêîãî âîäîõðàíèëè-
ùà [18].

Çàêëþ÷åíèå. Íå ñåêðåò, ÷òî â íàñòîÿ-
ùåå âðåìÿ íà ðàçðàáîòêó ãîð Òðà-òàó è Þðàê-
òàó ïðåòåíäóþò ïðîèçâîäèòåëè ñîäû. Îä-
íàêî íàäî ïîíèìàòü, ÷òî ýòè øèõàíû ïðåä-
ñòàâëÿþò ïðèðîäíîå íàñëåäèå íå òîëüêî
ðîññèéñêîãî, íî è ìèðîâîãî óðîâíÿ. Îíè
óíèêàëüíû è íåïîâòîðèìû âî ìíîãèõ îò-
íîøåíèÿõ: ãåîëîãè÷åñêîì, áîòàíè÷åñêîì,
çîîëîãè÷åñêîì, àðõåîëîãè÷åñêîì, ýòíî-êóëü-
òóðíîì è ïð. Ïîýòîìó ó÷åíàÿ îáùåñòâåí-
íîñòü äîëæíà ñôîðìèðîâàòü ÷åòêóþ ïîçè-
öèþ â âîïðîñå ñîõðàíåíèÿ øèõàíîâ è âñÿ-
÷åñêè îòñòàèâàòü èõ.
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ON  THE  CHARACTERISTICS  OF  FLORA  AND  VEGETATION  OF  SHIKHAN
MOUNTAINS  TRA-TAU  AND  YURAK-TAU

© A.A. Muldashev, V.B. Martinenko

Institute of Biology, Ufa Scientific Center, Russian Academy of Sciences, Ufa, Russian Federation

The paper contains information about peculiar features of flora and vegetation on unique paleoreef shikhan
mountains Tra-tau and Yurak-tau, natural monuments of the Republic of Bashkortostan. The history of flora and
vegetation research is shown. Today the flora of Mountain Tra-tau includes 402 species of vascular plants related
to 60 genera; the list of flora of Mountain Yurak-tau includes 366 species related to 58 genera. Despite the fact that
the two mountains are located relatively close to each other and have similar natural complexes, there are some
essential differences in their species compositions. The comparison between the floras of these mountains shows
286 species in common. The floras of the shikhans are very peculiar. Seventeen species from the Red Data Book
of Bashkortostan (and eight species from the Red Data Book of Russia) have been found on Tra-tau and Yurak-tau.
The populations of some of these species include tens and hundreds of thousands of plants. Besides, the populations
of 12 relic and 21 endemic vascular plant species occur on Tra-tau and 10 relic and 15 endemic species are found
on Yurak-tau.

The vegetation cover on Tra-tau and Yurak-tau differs much from that of the adjacent areas. It has a highly
mosaic arrangement and depends on terrain characteristics, slope exposure and the degree of soil development. By
and large, different types of steppes and meadow steppes prevail. Hyperpetrophyte steppe communities are spread
on steep slopes with flagstone outcrops and thin, undeveloped soils. Shrub steppes and steppe meadows occur on
former pastures down the slopes. Typical nemoral broad-leaved forests with oak, maple and lime cover the
northern slopes. Endemic types of plant communities found on the shikhans have no analogues in the Republic of
Bashkortostan.

Key words: shikhans Tra-tau and Yurak-tau, natural monuments, rare plant species.
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18. Ñîëîìåù À.È., Ìàðòûíåíêî Â.Á., Áàèøå-
âà Ý.Ç., Æóðàâëåâà Ñ.Å., Îíèùåíêî Ë.È. Õàðàêòå-

ðèñòèêà ôëîðû è ðàñòèòåëüíîñòè â çîíå âëèÿíèÿ
Þìàãóçèíñêîãî âîäîõðàíèëèùà è ïóòè åå ñîõðàíå-
íèÿ // Ýêîëîãè÷åñêèå àñïåêòû Þìàãóçèíñêîãî âî-
äîõðàíèëèùà. Óôà: Ãèëåì, 2002. Ñ. 93–113.
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Ïðåäëàãàåìàÿ ê îïóáëèêîâàíèþ ñòàòüÿ
íàïðàâëåíà íà ïðîäîëæåíèå âûÿñíåíèÿ äàâ-
íî äèñêóòèðóåìîé ïðîáëåìû þæíîãî îêîí÷à-
íèÿ Óðàëüñêîé ñêëàä÷àòîé îáëàñòè.

Ìû óæå ïðèâîäèëè ðåçóëüòàòû èññëåäî-
âàíèé ïî äàííîìó âîïðîñó, â îñíîâó êîòîðûõ
çàëîæèëè ôîðìàöèîííûå, ñòðóêòóðíûå è ãåî-
ôèçè÷åñêèå ìàòåðèàëû, ïîëó÷åííûå ïðè àíà-
ëèçå ñòðóêòóðíîé ãåîëîãèè ïåðåäîâûõ ïðîãè-
áîâ, îáðàìëÿþùèõ Âîñòî÷íî-Åâðîïåéñêóþ
ïëàòôîðìó ñ âîñòîêà è þãà [1]. Èñïîëüçîâàëèñü
è èçâåñòíûå òî÷êè çðåíèÿ âûäàþùèõñÿ ïðåä-
ñòàâèòåëåé ãåîëîãè÷åñêîé íàóêè: À.Ï. Êàðïèí-
ñêîãî, À.Ä. Àðõàíãåëüñêîãî, À.Ë. ßíøèíà è äð.
Â èòîãå ïðèøëè ê âûâîäó, ÷òî âçãëÿäû íà ñòðóê-
òóðíîå ñî÷ëåíåíèå Ïðåäóðàëüÿ ñ Ïðèêàñïèåì
è äàëåå ê çàïàäó ñ Ïðåääîíáàññêèì ïðîãèáîì
íàèáîëåå îáîñíîâàíû. Ïî ñîñòàâó, ñòðîåíèþ
è âîçðàñòó ôîðìèðîâàíèÿ ýòè ðåãèîíàëüíûå
ñòðóêòóðû èäåíòè÷íû. Íàèáîëåå àêòèâíàÿ â
ïàëåîçîå ñêëàä÷àòàÿ çîíà Þæíîãî Óðàëà, åãî
âîñòî÷íûé ñêëîí, êîòîðûé ðàíüøå, ñîãëàñíî
ãåîñèíêëèíàëüíîé òåîðèè, íàçûâàëè ýâãåîñèí-
êëèíàëüþ, íàïðàâëÿåòñÿ íà âîñòîê, ê Òÿíü-
Øàíþ. Ãëàâíûé Ãèïåðáàçèòîâûé ïîÿñ Óðà-
ëà, ìàðêèðóþùèé ãðàíèöó ìåæäó çàïàäíûì
è âîñòî÷íûì ñêëîíîì ýòîãî ãîðíîãî ñîîðó-
æåíèÿ, ê þãó îáíàæàåòñÿ â îáëàñòè Ñóëòàí-

ÓÄÊ 551.24                                            Ê 80-ëåòèþ ÷ëåíà-êîððåñïîíäåíòà ÐÀÍ  Ì.À. Èëüãàìîâà

ÌÅÒÀÌÎÐÔÈ×ÅÑÊÈÅ  ÊÎÌÏËÅÊÑÛ  ÄÎÌÅÇÎÇÎß
ÁÎËÜØÎÃÎ  ÊÀÂÊÀÇÀ  È  ÞÆÍÎÃÎ  ÓÐÀËÀ
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Ñðàâíèâàåìûìè îáúåêòàìè ÿâèëèñü òåððèòîðèàëüíî ñáëèæåííûå ìåòàìîðôè÷åñêèå îáðàçîâàíèÿ: ñ îä-
íîé ñòîðîíû – áëûáñêèé è àöãàðèíñêèé êîìïëåêñû Ïåðåäîâîãî õðåáòà Êàâêàçà, ñ äðóãîé – ñóâàíÿêñêàÿ è
ìàêñþòîâñêàÿ çîíû Óðàëòàó Þæíîãî Óðàëà. Íàçâàííûå ñòðóêòóðû çíà÷èòåëüíî îòëè÷àþòñÿ îò ñîïðåäåëü-
íûõ ñ íèìè ïëîùàäåé èíòåíñèâíîñòüþ äåôîðìàöèé è áîëåå ãëóáîêèì ìåòàìîðôèçìîì ïîðîä. Ïðèâîäÿòñÿ
ìàòåðèàëû îá èäåíòè÷íîñòè ñòðóêòóðíîé ïîçèöèè, ñòèëÿ òåêòîíèêè, õàðàêòåðà ìåòàìîðôèçìà, ñîñòàâà ñóá-
ñòðàòà è ãåîõðîíîëîãè÷åñêèõ äàííûõ ñðàâíèâàåìûõ îáúåêòîâ, ÷òî ñâèäåòåëüñòâóåò î âîçìîæíîé îáùíîñòè
èñòîðèè èõ ãåîäèíàìè÷åñêîãî ðàçâèòèÿ.

Êëþ÷åâûå ñëîâà: êîìïëåêñ, ôîðìàöèÿ, àëëîõòîí, ñîñòàâ, ñóáñòðàò, ìåòàìîðôèçì, äîêåìáðèé, ïàëåîçîé.

Óèçäàãà, ãäå èçâåñòåí òèïè÷íûé ñåðïåíòèíè-
òîâûé ìåëàíæ óðàëüñêîãî òèïà. Ïðåäïîëàãà-
ëîñü, ÷òî ÷àñòè÷íî çàïàäíàÿ è âñÿ öåíòðàëü-
íàÿ ÷àñòè Þæíîãî Óðàëà ïåðåêðûâàþòñÿ íà
þãå ïåðèêëèíàëüíûìè ïðîãèáàìè, âûïîëíåí-
íûìè ìîëàññîé, êàê ýòî ïîëàãàëè À.Ë. ßíøèí
è Ð.Ã. Ãàðåöêèé. Íî óæå òîãäà íàìè áûëî âûñ-
êàçàíî ñîîáðàæåíèå, ÷òî ìíåíèå Í.Ñ. Øàò-
ñêîãî î âîçìîæíîì ïðîäîëæåíèè þæíîé îêî-
íå÷íîñòè Óðàëà íà Êàâêàçå äîëæíî áûòü îñ-
ìûñëåíî ñ ó÷åòîì ôîðìàöèîííîãî àíàëèçà,
ãåîäèíàìè÷åñêèõ àñïåêòîâ è ïîâûñèâøåãîñÿ
óðîâíÿ çíàíèé ïî ãåîëîãèè íàçâàííûõ ñêëàä-
÷àòûõ îáëàñòåé.

Îñíîâíûì îáúåêòîì èçó÷åíèÿ íà Êàâêà-
çå ÿâèëàñü Òðàíñêàâêàçñêàÿ ìåðèäèîíàëüíàÿ
çîíà, ñòðóêòóðíîå ïîëîæåíèå è òåêòîíè÷å-
ñêîå ñòðîåíèå ñëàãàþùèõ åå ñòðóêòóðíî-ôîð-
ìàöèîííûõ åäèíèö. Ýòà çîíà, ïðîñòèðàþùà-
ÿñÿ ñ ñåâåðà íà þã ÷åðåç âåñü öåíòðàëüíûé
ñåêòîð Áîëüøîãî Êàâêàçà îò Ìàíû÷ñêîãî ïðî-
ãèáà íà ñåâåðå äî Äçèðóëüñêîãî âûñòóïà íà
þãå âêëþ÷èòåëüíî, ñëîæåíà äîêåìáðèéñêèìè
è ïàëåîçîéñêèìè îáðàçîâàíèÿìè, ñîïîñòàâè-
ìûìè ñ îäíîâîçðàñòíûìè ôîðìàöèÿìè Þæ-
íîãî Óðàëà. Ñðàâíèòåëüíîìó àíàëèçó ñòðóê-
òóðíîé ãåîëîãèè îäíîãî èç ýòèõ îáúåêòîâ, â
÷àñòíîñòè, Áå÷àñûíñêîé çîíå Ëàáèíî-Ìàë-

ÊÀÇÀÍÖÅÂÀ Òàìàðà Òèìîôååâíà – ä.ã.-ì.í., Èíñòèòóò ãåîëîãèè Óôèìñêîãî íàó÷íîãî öåíòðà ÐÀÍ,
å-mail: ktt@ufaras.ru
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êèíñêîãî ñòðóêòóðíîãî áëîêà Êàâêàçà ñ Áàø-
êèðñêèì àíòèêëèíîðèåì è ñ Çèëàèðñêèì ñèí-
êëèíîðèåì Þæíîãî Óðàëà, ïîñâÿùåí íàø
äîêëàä íà ïðåäûäóùåì ñîâåùàíèè [2]. Â ïðåä-
ëàãàåìîì ìàòåðèàëå ïðîäîëæàåòñÿ ñðàâíè-
òåëüíûé àíàëèç ñòðóêòóðíîé ãåîëîãèè ïàëåî-
çîÿ Áîëüøîãî Êàâêàçà è Þæíîãî Óðàëà. Ñðàâ-
íèâàåìûìè îáúåêòàìè â äàííîì ñëó÷àå ÿâè-
ëèñü ñáëèæåííûå òåððèòîðèàëüíî ìåòàìîð-
ôè÷åñêèå îáðàçîâàíèÿ: áëûáñêèé è àöãàðèí-
ñêèé êîìïëåêñû Ïåðåäîâîãî õðåáòà Êàâêàçà ñ
ìàêñþòîâñêèì è ñóâàíÿêñêèì õðåáòà Óðàëòàó
Þæíîãî Óðàëà.

Ïåðåäîâîé õðåáåò Áîëüøîãî Êàâêàçà.
Â ïàëåîçîéñêîé ñòðóêòóðå Ïåðåäîâîãî õðåáòà
Áîëüøîãî Êàâêàçà, íà÷èíàÿ ñ 70-õ ãã. XX â.,
âûäåëÿëèñü ãåðöèíñêèå àëëîõòîíû, ïîñëåäî-
âàòåëüíî ïåðåêðûâàþùèå äðóã äðóãà. Îíè
ñëîæåíû ðàçëè÷íûìè ñòðóêòóðíî-âåùåñòâåí-
íûìè êîìïëåêñàìè, ïðåäñòàâëåííûìè çåëå-
íîêàìåííî èçìåíåííûìè ïîðîäàìè, ñóùå-
ñòâåííî îòëè÷àþùèìèñÿ êàê ïî ëèòîëîãèè,
òàê è ïî ñòåïåíè ìåòàìîðôèçìà. Ôîðìèðîâà-
íèå èõ îñóùåñòâëÿëîñü â ðàçëè÷íûõ ãåîäèíà-
ìè÷åñêèõ îáñòàíîâêàõ. Ïî äàííûì Å.Â. Õàè-
íà [3], Â.Ë. Îìåëü÷åíêî [4], Ì.Ë. Ñîìèíà,
Â.À. Ëàâðèùåâà [5] è ìíîãèõ äðóãèõ, çäåñü
âûäåëÿþòñÿ íåñêîëüêî àëëîõòîíîâ (ðèñ. 1).

Íàèáîëåå èçâåñòíûìè çäåñü ÿâëÿþòñÿ
ñëåäóþùèå àëëîõòîíû: Òîõàíñêèé, ñëîæåí-
íûé ôèëëèòèçèðîâàííûìè àëåâðîëèòàìè è
àðãèëëèòàìè, ãðàóâàêêîâûìè ïåñ÷àíèêàìè
(ñðåäíèé-âåðõíèé äåâîí), êðàñíîöâåòíûìè
ïåñ÷àíèêàìè, èçâåñòíÿêàìè (òóðíåéñêèé ÿðóñ
íèæíåãî êàðáîíà). Êèçèëêîëüñêèé-Óðóïñêèé
(íèæíèé äåâîí – òóðíå) ïðåäñòàâëåí íåñêîëü-
êèìè òèïàìè ðàçðåçîâ: âóëêàíè÷åñêîãî, âóë-
êàíî-êëàñòè÷åñêîãî è îñàäî÷íîãî ïðîèñõîæ-
äåíèÿ. Ìàðóõñêèé äàòèðóåòñÿ ðàííèì ïàëåî-
çîåì, ñîñòîèò èç íåñêîëüêèõ òåêòîíè÷åñêèõ
ïëàñòèí, â êàæäîé èç êîòîðûõ ïðèñóòñòâóåò
îôèîëèòîâûé êîìïëåêñ ñ ñîïóòñòâóþùèìè
åìó îëèñòîñòðîìîâûìè îáðàçîâàíèÿìè, âîç-
ðàñò êîòîðûõ íå äðåâíåå òóðíåéñêîãî ÿðóñà.
Àöãàðèíñêèé ïîêðîâ, ñëîæåííûé ìåòàìîðôè-
òàìè, äëÿ êîòîðûõ õàðàêòåðíû èçìåíåíèÿ îò
çåëåíûõ ñëàíöåâ äî àìôèáîëèòîâîé ôàöèè.
Âîçðàñò äèñêóòèðóåòñÿ â ïðåäåëàõ îò äîêåìá-
ðèÿ äî ñðåäíåãî ïàëåîçîÿ. Áëûáñêèé ìåòàìîð-
ôè÷åñêèé êîìïëåêñ, ïðåäñòàâëåííûé êðèñòàë-
ëè÷åñêèìè ñëàíöàìè, àìôèáîëèòàìè ñ òåëà-
ìè ýêëîãèòîâ è îòäåëüíûìè âûõîäàìè ãèïåð-
áàçèòîâ. Âîçðàñò åãî òàêæå äèñêóññèîíåí – îò
ïðîòåðîçîÿ äî ñðåäèíû ïàëåîçîÿ. Â.Ë. Îìåëü-
÷åíêî â ðàáîòå «Î ìåñòå ïîðîä áëûáñêîãî êîì-
ïëåêñà â äîìåçîçîéñêîé ñòðóêòóðå çîíû Ïå-
ðåäîâîãî õðåáòà (Ñåâåðíûé Êàâêàç)» [Ãåîòåê-

Ðèñ.  1.  Ñõåìà ñòðîåíèÿ çîíû Ïåðåäîâîãî õðåáòà Ã.È. Áàðàíîâà. Ïî Ì.Ë. Ñîìèíó è äð. (2009), ñ íåáîëüøèìè
èçìåíåíèÿìè. Íåîàâòîõòîííûå îáðàçîâàíèÿ ñíÿòû.
Êîìïëåêñû: 1 – áå÷àñûíñêèé ìåòàìîðôè÷åñêèé, 2 – òîõàíñêèé ïðåèìóùåñòâåííî îñàäî÷íûé, 3 – êèçèëêîëüñêèé
(óðóïñêèé) – âóëêàíîãåííî-îñàäî÷íûé, 4 – ìàðóõñêèé – îôèîëèòîâûé, 5 – àöãàðèíñêèé ìåòàìîðôè÷åñêèé; 6 –
áëûáñêèé ìåòàìîðôè÷åñêèé; 7, 8 – ìàêåðñêèé, ãîíäàðàéñêèé è ëàáèíñêèé Ãëàâíîãî õðåáòà; 9 – ïîäîøâà îñíîâíûõ
ïîêðîâîâ; îñíîâíûå ðàçëîìû Áîëüøîãî Êàâêàçà: I – Ñåâåðíûé, II – Ïøåêèø-Òûðíûàóçñêèé, III – Ãëàâíûé Êàâêàçñêèé
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òîíèêà. 2007. ¹ 4] íà îñíîâàíèè èíòåðïðå-
òàöèè ãåîëîãè÷åñêèõ äàííûõ â ðóñëå ìîáè-
ëèñòñêîãî íàïðàâëåíèÿ ïðèâîäèò îáîñíîâà-
íèå åãî ïðèíàäëåæíîñòè ê ãåðöèíñêèì àëëîõ-
òîíàì.

 Þæíûé Óðàë. Çîíà Óðàëòàó. Óðàëòà-
óñêàÿ ñòðóêòóðà âûäåëÿåòñÿ êàê îñåâàÿ çîíà
Óðàëà, ïðîòÿãèâàþùàÿñÿ ñóáìåðèäèîíàëüíî
íà ìíîãèå ñîòíè êèëîìåòðîâ ïðè øèðèíå îò
5 äî 25 êì. Íà âñåì ïðîòÿæåíèè îíà ñîñòîèò
èç äâóõ òåêòîíè÷åñêèõ ïëàñòèí, íàäâèíóòûõ
äðóã íà äðóãà ñ âîñòîêà. Çàïàäíàÿ èç íèõ –
Þìàãóçèíñêàÿ – ñëîæåíà ïîðîäàìè ñóâàíÿê-
ñêîãî êîìïëåêñà, à âîñòî÷íàÿ – Èòêóëîâñêàÿ –
ñîñòîèò èç îáðàçîâàíèé ìàêñþòîâñêîãî êîì-
ïëåêñà. Ñóâàíÿêñêèé êîìïëåêñ íà âîñòîêå ïî
ßíòûøåâñêî-Þëóêñêîìó íàäâèãó, ïîä÷åðêíó-
òîìó òåêòîíèçèðîâàííûìè ñåðïåíòèíèòàìè,
ãðàíè÷èò ñ ìàêñþòîâñêèì êîìïëåêñîì, êîòî-
ðûé íà âîñòîêå ñîñåäñòâóåò ñ Ìàãíèòîãîð-

ñêîé ñèíôîðìîé ïî Ãëàâíîìó Óðàëüñêîìó íàä-
âèãó. Ïî [6], ñòðóêòóðíàÿ ãåîëîãèÿ çîíû Óðàë-
òàó õàðàêòåðèçóåòñÿ ïëàñòèí÷àòî-íàäâèãîâûì
ñòðîåíèåì. Íàäâèãàíèå àëëîõòîíîâ ïðîèñõî-
äèò ïðåèìóùåñòâåííî ñ âîñòîêà íà çàïàä
(ðèñ. 2).

Ha âcåì ïðîòÿæåíèè õðåáåò Óðàëòàó íà-
äâèíóò c âîñòîêà íà ñìåæíûå ñòðóêòóðû çàïàä-
íîãî ñêëîíà Óðàëà. Ïîëîãèé íàäâèã âäîëü çà-
ïàäíîãî êðûëà àíòèêëèíîðèÿ âî ìíîãèõ ìåñ-
òàõ ïðîÿâëåí âåñüìà îò÷åòëèâî. Íàäâèãàíèå ñ
âîñòîêà ñëþäÿíî-êâàðöåâûõ ñëàíöåâ óêøóê-
àðâÿêñêîé ñâèòû âåðõíåãî ðèôåÿ íà ðàçëè÷íûå
ãîðèçîíòû ñèëóðà è äåâîíà ñî ñðåçàíèåì èõ
ïðîñòèðàíèÿ ïî÷òè ïîä ïðÿìûìè óãëàìè óñ-
òàíîâëåíî â ðàéîíå ã. Áåëîðåöêà. Ìåæäó ýòèì
ãîðîäîì è ñ. Êèðÿáèíñêîå, â ñèíêëèíàëüíîì
ïðîãèáå, îáðàçîâàííîì äîêåìáðèéñêèìè òîë-
ùàìè Áàøêèðñêîãî àíòèêëèíîðèÿ, ñîõðàíèëñÿ
àëëîõòîííûé ïîêðîâ ìåòàìîðôè÷åñêèõ îáðà-
çîâàíèé çîíû Óðàëòàó. Ñðåäíÿÿ ÷àñòü åãî ñëî-

Ðèñ.  2.  Ãåîëîãè÷åñêàÿ êàðòà ó÷àñòêà õðåáòà Óðàëòàó â ðàéîíå øèðîòíîãî òå÷åíèÿ ð. Ñàêìàðà, ä. ßíòûøåâî è ðàçðåç
ïî ëèíèè I–I. Ïî Ì.À. Êàìàëåòäèíîâó [6]:
1 – çèëàèðñêàÿ ñâèòà (ôàìåíñêèé ÿðóñ âåðõíåãî äåâîíà – íèçû íèæíåãî êàðáîíà): ãðàóâàêêîâûå ïåñ÷àíèêè,
àëåâðîëèòû, àðãèëëèòû; 2–3 – ñèëóðèéñêèå îòëîæåíèÿ (2 – ãëèíèñòûå ñëàíöû ïîäíàäâèãà; 3 – êðåìíèñòûå
ñëàíöû àëëîõòîíà); 4 – ñðåäíèé è âåðõíèé îðäîâèê: êâàðöåâûå ïåñ÷àíèêè; 5 – âåðõíèé ðèôåé, áåëåêåéñêàÿ ñâèòà:
êâàðöèòû; 6–8 – ñðåäíèé ðèôåé (6 – êàðàìàëèíñêàÿ ñâèòà: ìóñêîâèòî-õëîðèòî-êâàðöåâûå è ãðàôèòèñòûå
ñëàíöû, ïà÷êè êâàðöèòîâ; 7 – þìàãóçèíñêàÿ ñâèòà: õëîðèòî-ìóñêîâèòî-êâàðöåâûå ñëàíöû è êâàðöèòû; 8 –
êàéðàêëèíñêàÿ ñâèòà: ãðàôèòèñòûå è ñëþäèñòûå êâàðöèòû è àêòèíîëèòî-õëîðèòî-àëüáèòîâûå ñëàíöû); 9 –
ãåîëîãè÷åñêèå ãðàíèöû; 10 – òåêòîíè÷åñêèå êîíòàêòû
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æåíà íèæíå- è ñðåäíåïàëåîçîéñêèìè òîëùà-
ìè, îáðàçóþùèìè ñèíêëèíàëü, èçâåñòíóþ ïîä
íàçâàíèåì Òèðëÿíñêîé ìóëüäû.

Â.È. Êîçëîâ, äåòàëüíî èçó÷èâøèé ýòîò
ïîêðîâ, îòìå÷àåò ñðåçàíèå èì ðÿäà ñòðóêòóð
Áàøêèðñêîãî àíòèêëèíîðèÿ, êîòîðûå, î÷åâèä-
íî, «íûðÿþò» ïîä àëëîõòîí. Ðÿä êàðòèðîâî-
÷íûõ ñêâàæèí, ïðîáóðåííûõ âî ôðîíòàëüíîé
çîíå íàäâèãà óðàëòàóñêèõ ìåòàìîðôèòîâ,
âñêðûë ïîä íèìè íà ãëóáèíàõ äî 150 ì ïîðî-
äû çèãàçèíî-êîìàðîâñêîé è ìèíüÿðñêîé ñâèò.
Ñàì êîíòàêò ïðåäñòàâëåí áðåê÷èåé ãåìàòèòè-
çèðîâàííûõ îáðàçîâàíèé ìîùíîñòüþ äî 1 ì.
Ïàäåíèå ïîäîøâû øàðüÿæà, ïî äàííûì íà-
çâàííîãî àâòîðà, îðèåíòèðîâàíî íà âîñòîê
ïîä óãëàìè 45–50°. Î áîëåå ïîëîãîì åå çàëå-
ãàíèè ñâèäåòåëüñòâóåò êðàéíå èçâèëèñòàÿ çà-
ïàäíàÿ ãðàíèöà ïîêðîâà, îáðàçóþùàÿ â ïëà-
íå òåêòîíè÷åñêèå îêíà è ïîëóîêíà. Â áîëåå
þæíûõ ðàéîíàõ íàäâèã ïîðîä õðåáòà Óðàë-
òàó ôèêñèðóåòñÿ äàííûìè ñåéñìîðàçâåäêè,
ïîêàçàâøèìè, ÷òî îñàäî÷íûé êîìïëåêñ ïà-
ëåîçîÿ çèëàèðñêîãî ñèíêëèíîðèÿ â âåðõîâüÿõ
ð. Áîëüøîé Èê ïîãðóæàåòñÿ íà âîñòîê ïîä âåð-
õíåðèôåéñêî-ïàëåîçîéñêèå ìåòàìîðôè÷åñêèå
ñëàíöû ïîä óãëàìè 10–20° [6].

Ó÷èòûâàÿ ðåçêîå ðàçëè÷èå â ñîñòàâå,
ñòðîåíèè è ìîùíîñòè îáðàçîâàíèé, ñëàãàþ-
ùèõ çîíó Óðàëòàó è ïðèìûêàþùèõ ñòðóêòóð,
ñëåäóåò ïîëàãàòü, ÷òî àìïëèòóäà øàðüÿæà çíà-
÷èòåëüíàÿ.

Íèæå ïðèâåäåì íåîáõîäèìûå ñâåäåíèÿ
î ãåîëîãèè ìåòàìîðôè÷åñêèõ îáðàçîâàíèé ñ
îäíîé ñòîðîíû Áëûáñêîãî è Àöãàðèíñêîãî
êîìïëåêñîâ Ïåðåäîâîãî õðåáòà Áîëüøîãî Êàâ-
êàçà è Ìàêñþòîâñêîãî è Ñóâàíÿêñêîãî – ñ äðó-
ãîé ñòîðîíû.

È â òîì è äðóãîì ñëó÷àå îíè ïðåäñòàâëÿ-
þò ñîáîé îáúåêòû, çíà÷èòåëüíî îòëè÷àþùè-
åñÿ îò ñîñåäñòâóþùèõ ñ íèìè ïëîùàäåé áî-
ëåå ãëóáîêèì ìåòàìîðôèçìîì ïîðîä, â ñâÿçè
ñ ÷åì ðàíåå èõ ñ÷èòàëè áîëåå äðåâíèìè, äî-
êåìáðèéñêèìè îáðàçîâàíèÿìè.

Ñîïîñòàâèìîñòü ïðîâîäèëàñü ïî ñëåäó-
þùèì ïîçèöèÿì. Îáùèé ñòèëü òåêòîíèêè,
îñîáåííîñòè ïëàñòèí÷àòî-íàäâèãîâîãî ñòðî-
åíèÿ è èíäèâèäóàëüíîñòü äèñëîöèðîâàííî-
ñòè. Ôîðìàöèîííàÿ ïðèíàäëåæíîñòü è òèïû

îäíîâîçðàñòíûõ âåðõíåïðîòåðîçîéñêèõ è ïà-
ëåîçîéñêèõ îáðàçîâàíèé. Ïåðâè÷íûå ñîñòà-
âû ñóáñòðàòà. Õàðàêòåð è èíòåíñèâíîñòü ïðî-
ÿâëåíèé ìåòàìîðôèçìà. Ãåîõðîíîëîãè÷åñêîå
îáîñíîâàíèå ïåðèîäèçàöèè ãåîëîãè÷åñêèõ
ñîáûòèé ñ ïîâûøåííûì âíèìàíèåì ê àáñî-
ëþòíîé ãåîõðîíîëîãèè âåùåñòâåííûõ êîìï-
ëåêñîâ, îñîáåííî óñòàíàâëèâàåìûõ ïî öèð-
êîíàì. Èçâåñòíî, ÷òî ýòîò ìèíåðàë ñ÷èòàåòñÿ
èäåàëüíûì ìàòåðèàëîì äëÿ ðàäèîìåòðè÷å-
ñêîãî îïðåäåëåíèÿ âîçðàñòà ïàëåîçîéñêèõ è
äîêåìáðèéñêèõ ïîðîä. Â ïîñëåäíåå âðåìÿ
öèðêîíîëîãèè ïðèäàåòñÿ îñîáîå çíà÷åíèå, òàê
êàê âîçðàñò öèðêîíîâ ìîæåò îòâå÷àòü êàê âðå-
ìåíè êðèñòàëëèçàöèè èñõîäíîé ïîðîäû, òàê
è ïåðèîäàì ïðîÿâëåíèÿ ìåòàìîðôèçìà è äå-
ôîðìàöèé. Â ýòîì ñëó÷àå âàæåí çîíàëüíûé
öèðêîí, êàæäàÿ êàéìà êîòîðîãî îòðàæàåò îï-
ðåäåëåííóþ ýïîõó ïðåîáðàçîâàíèé. Òàêèì
îáðàçîì, êðèñòàëëû öèðêîíîâ ñîäåðæàò ðàç-
íîñòîðîííþþ èíôîðìàöèþ î âðåìåíè è ïîñ-
ëåäîâàòåëüíîñòè ñîáûòèé â ãåîëîãè÷åñêîé
èñòîðèè òîãî èëè èíîãî ðåãèîíà. Ïðèâåäåíà
ñâîäêà èìåþùèõñÿ ãåîõðîíîëîãè÷åñêèõ äàí-
íûõ, ïîëó÷åííûõ ïî öèðêîíó â ñðàâíèâàåìûõ
ñêëàä÷àòûõ îáëàñòÿõ.

Áëûáñêèé ìåòàìîðôè÷åñêèé êîìï-
ëåêñ Ïåðåäîâîãî õðåáòà íàõîäèòñÿ ìåæäó ðå-
êàìè Áåëîé íà çàïàäå è Áîëüøîãî Çåëåí÷óêà
íà âîñòîêå. Ñàìûå êðóïíûå âûõîäû åãî èç-
âåñòíû â áàññåéíå ð. Áîë. Áëûá, â ìåæäóðå-
÷üå Ìàë. Ëàáà è Áîë. Ëàáà (Áëûáñêîå ïîäíÿ-
òèå), à òàêæå â ïðåäåëàõ ìàññèâîâ: Áåñêåñ-
ñêîãî, Ñàõðàéñêîãî è Äàõîâñêîãî (ðèñ. 3).

Äî íåäàâíåãî âðåìåíè ñ ó÷åòîì óñëî-
âèé çàëåãàíèÿ è ñòåïåíè ìåòàìîðôèçìà îí
ðàññìàòðèâàëñÿ êàê ïàðààâòîõòîííûé äî-
êåìáðèéñêîãî îñíîâàíèÿ çîíû Ïåðåäîâîãî
õðåáòà. Êîíòàêò ìåæäó áëûáñêèì êîìïëåê-
ñîì è ïåðåêðûâàþùèìè åãî îáðàçîâàíèÿ-
ìè áîëüøèíñòâîì ãåîëîãîâ ïðèçíàåòñÿ òåê-
òîíè÷åñêèì, ñ ïàäåíèåì íà ñåâåðî-âîñòîê
ïîä óãëàìè 15–20°. Ñëåäîâàòåëüíî, èõ íàäî
ñ÷èòàòü àëëîõòîíîì. Ýòè äàííûå, ïðèâå-
äåííûå Â.Ë. Îìåëü÷åíêî, ïîçâîëèëè åìó
ñóäèòü íàäâèãîâîì õàðàêòåðå Áëûáñêîãî
òåêòîíè÷åñêîãî íàðóøåíèÿ (ðèñ. 4).
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Ðèñ.  3.  Ñõåìà ãåîëîãè÷åñêîãî ñòðîåíèÿ çîíû Ïåðåäîâîãî õðåáòà â ìåæäóðå÷üå Áåëîé è Áîëüøîãî Çåëåí÷óêà. Ïî
Ì.Ë. Ñîìèíó è Â.À. Ëàâðèùåâó [5], ñ íåáîëüøèìè èçìåíåíèÿìè.
Áóêâû â êðóæêàõ: Áë – Áëûáñêîå ïîäíÿòèå; ìàññèâû: Áñ – Áåñêåññêèé, Äõ – Äàõîâñêèé, Ñõ – Ñàõðàéñêèé; Äæ –
âûñòóï ãîðû Äæóãà, Ý – âûñòóï ãîðû Ýêñïåäèöèÿ. Ãåîëîãèÿ çàøòðèõîâàííîé ãîðèçîíòàëüíûìè ëèíèÿìè ïëîùàäè
îòîáðàæåíà íà ðèñ. 4. Îñò. óñë. îáîçí. ñì. ðèñ. 4

Ðèñ.  4.  Ñòðóêòóðíî-ëèòîëîãè÷åñêàÿ ñõåìà áàññåéíà ðåê Áîëüøàÿ Ëàáà, Áîëüøîé Áëûá, Çàêàí.
Ïî Â.Ë. Îìåëü÷åíêî [4], ñ óïðîùåíèåì:
1 – ìåçîçîé-ñðåäíèé êàðáîí: òåððèãåííûå ïîðîäû, êðàñíîöâåòíûå êîíãëîìåðàòû, èçâåñòíÿêè; 2 – íèæíèé äåâîí-
íèæíèé êàðáîí – ïîðîäû Êèçèëêîëüñêîãî ïîêðîâà: à – èçâåñòíÿêè, êðàñíîöâåòíûå êîíãëîìåðàòû, òåððèãåííûå
ïîðîäû, òóôû, êðåìíè, á – âóëêàíèòû, ïðåèìóùåñòâåííî îñíîâíîãî ñîñòàâà; 3 – ãèïåðáàçèòû Ìàðóõñêîãî
ïîêðîâà; 4 – îáðàçîâàíèÿ Àöãàðèíñêîãî ïîêðîâà: à – êðèñòàëëè÷åñêèå ñëàíöû, ãðàóâàêêè, á – ãðàíîäèîðèòû
ñðåäíåãî ïàëåîçîÿ; 5 – îáðàçîâàíèÿ Áëûáñêîãî êîìïëåêñà: à – êðèñòàëëè÷åñêèå ñëàíöû, ãíåéñû, êâàðöèòû,
ýêëîãèòû ñðåäíåãî ïàëåîçîÿ, á – ãðàíèòîèäû è äèîðèòû ñðåäíåãî ïàëåîçîÿ; 6 – ìåòàñîìàòèòû â îñíîâàíèè
Áëûáñêîãî íàäâèãà; 7 – îáðàçîâàíèÿ çîíû Ãëàâíîãî õðåáòà; 8 – ãëàâíûå íàäâèãè (â êðóæêàõ): Á – Áëûáñêèé,
À – Àöãàðèíñêèé, Ì – Ìàðóõñêèé, Ê – Êèçèëêîëüñêèé, Ç – Çàêàíñêèé
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Ñóùåñòâóþò ïðåäñòàâëåíèÿ, ÷òî áëûá-
ñêèé êîìïëåêñ ÿâëÿåòñÿ îäíèì èç àëëîõòîíîâ
â ñîñòàâå òåêòîíè÷åñêèõ ïëàñòèí Ïåðåäîâî-
ãî õðåáòà, ðàñïîëàãàþùèéñÿ â èõ îñíîâàíèè.
Äðóãèå ðàññìàòðèâàþò åãî êàê îäíó èç âåðõ-
íèõ òåêòîíè÷åñêèõ åäèíèö. Ïèøóò, ÷òî ïåð-
âîíà÷àëüíî îí ðàñïîëàãàëñÿ íà çíà÷èòåëüíîì
óäàëåíèè îò îñòàëüíûõ àëëîõòîíîâ Ïåðåäî-
âîãî õðåáòà, à â ðåçóëüòàòå ïîñëåäóþùèõ ïå-
ðåìåùåíèé ïðèâåäåí ñ íèìè â ñîïðèêîñíî-
âåíèå. Â ýòîì ñëó÷àå âûñîêóþ ñòåïåíü åãî
ìåòàìîðôèçìà îáúÿñíÿþò áîëüøèìè àìïëè-
òóäàìè ãîðèçîíòàëüíûõ ïåðåìåùåíèé.

Îñíîâíîé ïîðîäíûé ñîñòàâ äàííîãî ìå-
òàìîðôè÷åñêîãî êîìïëåêñà ïðåäñòàâëåí êðèñ-
òàëëè÷åñêèìè ñëàíöàìè, ïëàãèîãíåéñàìè ñ
ïîä÷èíåííûì êîëè÷åñòâîì àìôèáîëèòîâ (â ò.÷.
è ãðàíàòîâûõ) è îòäåëüíûìè òåëàìè ýêëîãè-
òîâ. Íàáëþäàåòñÿ ïðèñóòñòâèå ìíîãî÷èñëåí-
íûõ íåáîëüøèõ ïî ðàçìåðó òåë ãèïåðáàçèòîâ.

Ïî È.Ï. Ãàìêðåëèäçå, Ä.Ì. Øåíãåëèà [7],
áëûáñêèé êîìïëåêñ ñîñòîèò èç äâóõ ñâèò: àð-
ìîâñêîé è áàëêàíñêîé. Àðìîâñêàÿ ñâèòà ïðåä-
ñòàâëÿåò ñîáîé «ñîâìåùåíèå òåêòîíè÷åñêè
ïåðåìåøàííûõ, ðàçëè÷íûõ ïî ãåíåçèñó äðåâ-
íèõ èçâåðæåííûõ è îñàäî÷íûõ ïîðîä, ìåòà-
ìîðôèçîâàííûõ, ñêîðåå âñåãî, â äîñðåäíåïà-
ëåîçîéñêóþ ýïîõó, à çàòåì èñïûòàâøèõ ìîù-
íóþ ìåòàñîìàòè÷åñêóþ ïåðåðàáîòêó» (ñ. 192).
Îíà ñëîæåíà ïåðåñëàèâàíèåì ãðàíàò-ñëþäÿ-
íûõ è êâàðö-àëüáèò-õëîðèò-ýïèäîò-ìóñêîâè-
òîâûõ ñëàíöåâ. Ïðèñóòñòâóþò òàêæå àìôèáî-
ëèòû è ñåðïåíòèíèçèðîâàííûå ãèïåðáàçèòû,
ñ êîòîðûìè ñâÿçàíû òåëà ýêëîãèòîâ. Â áàëêàí-
ñêîé ñâèòå ïðåèìóùåñòâåííî ðàçâèòû ãðàíà-
òîâûå àìôèáîëèòû. Âåðõíÿÿ ÷àñòü ðàçðåçà
ñëîæåíà ãðàíàò-äâóñëþäÿíûìè ñëàíöàìè è
ãíåéñàìè. Ãðàíàòîâûå àìôèáîëèòû ðàçâèòû
â ïðåäåëàõ Áëûáñêîé ñòðóêòóðû, à òàêæå èç-
âåñòíû â Äàõîâñêîì è â Áåñêåññêîì ìàññèâàõ.

Ïîä÷åðêíåì, ÷òî õàðàêòåðíåéøåé îñî-
áåííîñòüþ ñîñòàâà áëûáñêîãî ìåòàìîðôè÷å-
ñêîãî êîìïëåêñà ÿâëÿåòñÿ ïðèñóòñòâèå â íåì
íà ðàçíûõ óðîâíÿõ ðàçðåçà ýêëîãèòîâ è àìôè-
áîëèçèðîâàííûõ ýêëîãèòîâ, à òàêæå â ðàçíîé
ñòåïåíè ñåðïåíòèíèçèðîâàííûõ ãèïåðáàçè-
òîâ. Â âåðõàõ ðàçðåçà ðàñïðîñòðàíåíû êèàíèò-
ãðàíàòîâûå ìåòàïåëèòû.

Ïî Â.Þ. Ãåðàñèìîâó, ýêëîãèòû îáðàçóþò
ëèíçîâèäíûå òåëà ñðåäè ãðàíàòîâûõ àìôèáî-
ëèòîâ. Ìèíåðàëüíûé ñîñòàâ èõ ïðåèìóùå-
ñòâåííî: ãðàíàò è îìôàöèò, ñ ïîä÷èíåííûìè
â êîëè÷åñòâåííîì îòíîøåíèè ðîãîâîé îáìàí-
êîé, ýïèäîòîì, êâàðöåì, ïàðàãîíèòîì, ôåíãè-
òîì è ðóòèëîì. Àìôèáîëèçèðîâàííûå ýêëî-
ãèòû (ðàéîí áàññåéíà ð. Á. Ëàáà) ïðåäñòàâëå-
íû áóäèíèðîâàííûìè òåëàìè ìîùíîñòüþ îò
ïåðâûõ äåöèìåòðîâ äî 15 ì. Ïî ñîñòàâó – ýòî
ïîëîñ÷àòûå ãðàíàò-îìôàöèò-ýïèäîò-êèàíèò-
ðóòèë-êâàðöåâûå ïîðîäû.

Åñòü ìíåíèå, ÷òî ïîëîñ÷àòîñòü, ïàðàë-
ëåëüíàÿ êîíòàêòàì ýêëîãèòîâûõ òåë, õàðàêòå-
ðèçóåò ïåðâè÷íóþ ïîëîñ÷àòîñòü ìåòàïåñ÷à-
íèêîâ èëè òóôîãåííûõ ïîðîä, ïî êîòîðûì îíè
îáðàçîâàëèñü. Ì.Ë. Ñîìèí æå ñ÷èòàåò, ÷òî
îñíîâíàÿ ÷àñòü àðìîâñêîé ñâèòû îáðàçîâàëàñü
ïî âóëêàíîãåííûì ïîðîäàì îñíîâíîãî è êèñ-
ëîãî ñîñòàâà, ïðè ñêðîìíîì ó÷àñòèè ìåòàïå-
ëèòîâ è ìåòàòåððèãåííûõ ïîðîä. Îñíîâàíè-
åì òîìó ÿâëÿåòñÿ íèçêîå ñîäåðæàíèå öèðêî-
íîâ â ñëàíöàõ è ãíåéñàõ.

Êàê ïèøåò Â.Ë. Îìåëü÷åíêî [4], ìåòàìîð-
ôèçì áëûáñêîãî êîìïëåêñà îòíîñèòñÿ ê ôàöèé
äèñòåíîâûõ ãíåéñîâ è àìôèáîëèòîâ ñ ëîêàëü-
íûìè ïåðåõîäàìè ê ýêëîãèòîâîé ôàöèè ïî
Í.Ë. Äîáðåöîâó, à ïî Ä.Ì. Øåíãåëèÿ – ïîðî-
äû êîìïëåêñà ìåòàìîðôè÷åñêè èçìåíåíû íà
óðîâíå ñòàâðîëèòîâîé ôàöèè êèàíèò-ñèëëè-
ìàíèòîâîãî òèïà ãëóáèííîñòè.

È.Ï. Ãàìêðåëèäçå è Ä.Ì. Øåíãåëèà [7]
ïðèøëè ê âûâîäó, ÷òî èñõîäíûå ïîðîäû êîì-
ïëåêñà îáðàçîâàëèñü â äîêåìáðèè. Ìåòàìîð-
ôèçì ïðîãðàäíûé, âûñîêîòåðìîáàðè÷åñêèé
îñóùåñòâèëñÿ ïðè òåìïåðàòóðå 650–700°Ñ è
äàâëåíèè 16–17 êáàð. Ïåðèîä åãî ïðîòåêà-
íèÿ – îò ðàííåêàëåäîíñêîãî äî ïîçäíåêàëå-
äîíñêîãî.

Êàê âèäèì, îñíîâíîé äèñêóòèðóåìîé
ïðîáëåìîé ÿâëÿåòñÿ âðåìÿ ôîðìèðîâàíèÿ
ïåðâè÷íîãî ñîñòàâà áëûáñêîãî êîìïëåêñà –
äîêåìáðèé èëè ïàëåîçîé. Íå äî êîíöà âûÿñ-
íåíà è ïåðèîäèçàöèÿ èõ ïîñëåäóþùèõ ìåòà-
ìîðôè÷åñêèõ ïðåîáðàçîâàíèé. Íà ýòîò ñ÷åò
ïðèâîäÿòñÿ ñëåäóþùèå ìàòåðèàëû.

Ïî [7], èñõîäíûå ïîðîäû êîìïëåêñà îò-
íîñÿòñÿ ê äîêåìáðèþ. Âîçðàñò ìåòàìîðôè÷å-
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Ò.Ò. Êàçàíöåâà. Ìåòàìîðôè÷åñêèå êîìïëåêñû äîìåçîçîÿ Áîëüøîãî Êàâêàçà è Þæíîãî Óðàëà...

ñêèõ ïîðîä åãî ñâèò (áàëêàíñêîé è àðìîâñêîé)
ïî Ê-Ar è Rb-Sr-ìåòîäàì íàõîäèòñÿ â ïðåäå-
ëàõ îò 354 äî 460 ìëí ëåò. Èíòåðâàëû ìåòà-
ìîðôè÷åñêèõ ïðåîáðàçîâàíèé ñîîòâåòñòâóþò
354±10–385+18 è 350–370±40 ìëí ëåò. Ìåòà-
ïëàãèîãðàíèòû êîìïëåêñà, èññëåäîâàííûå
Ä.Ç. Æóðàâëåâûì è È.Ñ. Êðàñèâñêîé Sm-Nd
èçîõðîííûì ìåòîäîì ïîêàçàëè 400±11 ìëí ëåò
(ñ èñïîëüçîâàíèåì îðòèòà è ñôåíà) è 460 ìëí
ëåò (âìåñòî ñôåíà ó÷èòûâàëñÿ àïàòèò).

Äàòèðîâêè ðåãèîíàëüíîãî ìåòàìîðôèçìà,
îïðåäåëåííûå ïî öèðêîíàì, îòðàæàþò âðå-
ìÿ, ðàâíîå 410±10 ìëí ëåò, ÷òî ñîîòâåòñòâóåò
è U-Pb-âîçðàñòó. Êàê ïèøóò Ì.Ë. Ñîìèí è
Â.À. Ëàâðèùåâ [5], âûïîëíåííûå â ÈÃÅÌ
ÐÀÍ ìíîãî÷èñëåííûå îïðåäåëåíèÿ àðãîíîâî-
ãî âîçðàñòà ìåòàìîðôèòîâ Ïåðåäîâîãî õðåá-
òà ïðèõîäÿòñÿ íà èíòåðâàë 370–320 ìëí ëåò.
Â ÷àñòíîñòè, äàòèðîâêà áåëîé ñëþäû èç ñèí-
ìåòàìîðôè÷åñêîé êâàðöåâîé æèëû â Áëûá-
ñêîé ñòðóêòóðå ðàâíà 355±8 ìëí ëåò ïðè ñî-
äåðæàíèè Ê 7,61%. Âûñîêîêàëèâûå áèîòèò è
ìóñêîâèò èç îðòîãíåéñà Ñàõðàéñêîãî ìàññèâà
ïîêàçàëè 338±6 è 334±6 ìëí ëåò ñîîòâåò-
ñòâåííî. Èñïîëüçîâàíèå Sm-Nd-, Ar-Ar- è Lu-
Hf-ìåòîäîâ ïðèìåíèòåëüíî ê ñèñòåìå ãðàíàò-
ïîðîäà èç ýêëîãèòîâ áàññåéíà ð. Óðóøòåí
(Áëûáñêàÿ ñòðóêòóðà) äàëî çíà÷åíèÿ âîçðàñòà
322–303 ìëí ëåò. Íå óêëàäûâàåòñÿ â îáùóþ
ñõåìó äàòèðîâêà 450 ìëí ëåò ïî ôëîãîïèòó èç
êîíòàêòîâîé çîíû ãðàíîäèîðèòîâ è óëüòðàáà-
çèòîâ Áåñêåññêîãî âûñòóïà. Êðîìå òîãî, «èçî-
òîïíîå äàòèðîâàíèå ïîðîä êàê â Áëûáñêîì,
òàê è â íåáîëüøèõ Äàõîâñêîì è Áåñêåññêîì
ìàññèâàõ ïîêàçàëî, ÷òî SHRIMP è TIMS U-Pb
äàòèðîâêè ìàãìàòè÷åñêèõ öèðêîíîâ èç ïÿòè
ïðîá îðòîïîðîä êèñëîãî ñîñòàâà è ãàááðî àì-
ôèáîëèòà íàõîäÿòñÿ â èíòåðâàëå 400–323 ìëí
ëåò. Â îäíîì ñëó÷àå, ïî íåñêîëüêèì òî÷êàì â
òåõíèêå SHRIMP II, ïîëó÷åíî òðåáóþùåå ïîä-
òâåðæäåíèÿ çíà÷åíèå âîçðàñòà îêîëî 460 ìëí
ëåò. Êëàñòåð 374±2 ìëí ëåò (ïîçäíèé äåâîí)
õàðàêòåðèçóåò âîçðàñò ãðóïïû èç ñåìè çåðåí
öèðêîíîâ, èçâëå÷åííûõ èç ìåòàòåððèãåííûõ
ñëàíöåâ áëûáñêîãî êîìïëåêñà. Âîçðàñò ìåòà-
ìîðôèçìà ïîðîä îïðåäåëÿëñÿ ñ ïîìîùüþ
K-Ar, Rb-Sr, Lu-Hf è Sm-Nd ìåòîäîâ, à òàêæå
íåäàâíî À.Í. Êîíèëîâûì ïî ìîíàöèòó ñ èñ-

ïîëüçîâàíèåì ìåòîäà CHIME. Âñå äàòèðîâêè
íàõîäÿòñÿ â èíòåðâàëå 360–290 ìëí ëåò ñ ÷åò-
êèì ìàêñèìóìîì 320 ìëí ëåò äëÿ K-Ar ìåòî-
äà» [8, ñ. 368]. Áîëüøèíñòâî èç ïðèâåäåííûõ
äàííûõ ñâèäåòåëüñòâóåò â ïîëüçó ñðåäíå-ïî-
çäíåïàëåîçîéñêîãî âîçðàñòà ìåòàìîðôèçìà.

Ìàêñþòîâñêèé ìåòàìîðôè÷åñêèé
êîìïëåêñ ïðîñëåæèâàåòñÿ âäîëü âîñòî÷íîé
÷àñòè õð. Óðàëòàó â ñóáìåðèäèîíàëüíîì íà-
ïðàâëåíèè ïî÷òè íà 200 êì ïðè øèðèíå 5–
10 êì. Ñåâåðíåå ä. Àáäóëêàðèìîâî îí ïåðå-
êðûò àëëîõòîíîì Ìàãíèòîãîðñêîé ñèíôîðìû.
Íà çàïàäå – ãðàíè÷èò ñ ñóâàíÿêñêèì êîìïëåê-
ñîì ïî ßíòûøåâñêî-Þëóêñêîìó ðàçëîìó
(Öåíòðàëüíî-Óðàëòàóñêèé íàäâèã), âäîëü êî-
òîðîãî â ñîïðèêîñíîâåíèå ïðèâåäåíû ðàçíî-
ôàöèàëüíûå è ðàçíîâîçðàñòíûå òîëùè, èìå-
þùèå ðàçíûå ñòðóêòóðíûå ïëàíû è ðàçëè-
÷íóþ ñòåïåíü ìåòàìîðôèçìà. Ïëîñêîñòü ñìå-
ñòèòåëÿ êðóòî ïîãðóæàåòñÿ ê âîñòîêó ïîä óã-
ëîì îêîëî 60°. Âîñòî÷íîé ãðàíèöåé ÿâëÿåòñÿ
Ãëàâíûé Óðàëüñêèé íàäâèã, èìåþùèé â öå-
ëîì ïîëîãîå ïàäåíèå íà âîñòîê ïîä óãëàìè îò
10 äî 50°. Îí ìàðêèðóåòñÿ ìîùíîé çîíîé ìå-
ëàíæà, â êîòîðîì ñîõðàíèëèñü äîâîëüíî êðóï-
íûå ãèïåðáàçèòîâûå ìàññèâû. Ýòî Ñàëàòèì-
ñêî-Êåìïèðñàéñêèé ãèïåðáàçèòîâûé ïîÿñ
(Êåìïèðñàéñêèé íà Þæíîì Óðàëå).

Çäåñü ñ ñåâåðà íà þã âûäåëÿëèñü êðóï-
íûå àíòèêëèíàëè: Ãàëååâñêàÿ, ßêóïîâñêàÿ è
Êóâàøëèíñêàÿ, îñëîæíåííûå ìåëêîé ñêëàä÷à-
òîñòüþ, ÷àñòî èçîêëèíàëüíîé.

Íàçâàííûå àíòèêëèíàëè ñëîæåíû îáðà-
çîâàíèÿìè ãàëååâñêîé, êàéðàêëèíñêîé, þìàãó-
çèíñêîé è êàðàìàëèíñêîé ñâèò, â ñîñòàâå êîòî-
ðûõ ïðåîáëàäàþò êâàðöèòû, ÷àñòî ñëþäèñòûå,
èíîãäà ñ ãëàóêîôàíîì, ãðàíàòîì, õëîðèòîì, ýïè-
äîòîì è àêòèíîëèòîì, ðåæå ãðàôèò-êâàðöåâû-
ìè, ãðàôèòèñòûìè è ìóñêîâèò-êâàðöåâûìè
ñëàíöàìè, à òàêæå ìåòàìîðôèçîâàííûìè âóë-
êàíèòàìè îñíîâíîãî ñîñòàâà. Èíîãäà îòìå÷à-
þòñÿ ëèíçû ìðàìîðèçîâàííûõ èçâåñòíÿêîâ.

Èññëåäîâàíèÿìè Î.À. Çàõàðîâà è Â.Í. Ïó÷-
êîâà [9], Î.À. Çàõàðîâà è Ì.Þ. Àðæàâèòèíîé
[10] óñòàíîâëåíî, ÷òî ìàêñþòîâñêèé êîìïëåêñ
ïðåäñòàâëåí íåñêîëüêèìè ðàçíîâåëèêèìè òåê-
òîíè÷åñêèìè ïëàñòèíàìè (ðèñ. 5 è 6).
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Èçó÷åíèå îòëîæåíèé ìàêñþòîâñêîãî êîì-
ïëåêñà è õàðàêòåðà èõ ìåòàìîðôèçìà, ïðîâå-
äåííîå Ä.Ã. Îæèãàíîâûì, Ñ.Ñ. Ãîðîõîâûì,
À.È. Äåì÷óêîì, Â.È. Ëåííûõ, À.À. Àëåêñååâûì
è äð., ïîêàçûâàåò, ÷òî ïðåèìóùåñòâåííûì ðàñ-
ïðîñòðàíåíèåì ïîëüçîâàëèñü îñàäî÷íûå è ÷à-
ñòüþ âóëêàíîãåííûå îáðàçîâàíèÿ îñíîâíîãî
ñîñòàâà, ñ òåëàìè îñíîâíûõ è óëüòðàîñíîâíûõ
ïîðîä. Â ðåçóëüòàòå ìåòàìîðôèçìà ïåñ÷àíûõ è
ïåñ÷àíî-ãëèíèñòûõ îòëîæåíèé âîçíèêëè
êâàðöèòû è ñëþäÿíî-êâàðöåâûå ñëàíöû, à èç-
âåñòêîâèñòûå îñàäêè áûëè ïðåîáðàçîâàíû â
ìðàìîðèçîâàííûå èçâåñòíÿêè è ìðàìîðû. Çå-
ëåíûå ñëàíöû ôîðìèðîâàëèñü ïî îñíîâíûì
âóëêàíîãåííûì è ÷àñòüþ èíòðóçèâíûì ïîðî-
äàì èëè ïî ïðîäóêòàì èõ ìåòàìîðôèçìà, ÷òî
ïîäòâåðæäàåòñÿ ðåçóëüòàòàìè ïåòðîãðàôè÷å-
ñêèõ è ïåòðîõèìè÷åñêèõ èññëåäîâàíèé.

Çíà÷èòåëüíîå ðàçâèòèå â ñîñòàâå êîìï-
ëåêñà ýêëîãèòîâ è ãëàóêîôàíîâûõ ñëàíöåâ

ïðèíåñëî åìó øèðîêóþ èçâåñòíîñòü â ñâÿçè ñ
òåì, ÷òî ýòè ïîðîäû ñëóæàò èíäèêàòîðíûìè
ïðè îïðåäåëåíèè ãåîäèíàìè÷åñêèõ óñëîâèé
ôîðìèðîâàíèÿ ñîäåðæàùèõ èõ îáðàçîâàíèé.
Îíè ïðèñóòñòâóþò âî âñåõ ñâèòàõ îïèñûâàå-
ìîãî êîìïëåêñà, èñêëþ÷àÿ ãàëååâñêóþ. Ýêëî-
ãèòû ïðåäñòàâëåíû çäåñü ìàññèâíûìè ëèáî
ãðóáîðàññëàíöîâàííûìè ïîðîäàìè òåìíî-
çåëåíîé îêðàñêè. Îáÿçàòåëüíûì ìèíåðàëîì â
èõ ñîñòàâå ÿâëÿþòñÿ ïîðôèðîáëàñòû ãðàíàòà
(ãðàíàò-àëüìàíäèí). Ïðèñóòñòâóþò òàêæå:
îìôàöèò, ãëàóêîôàí, îáûêíîâåííàÿ ðîãîâàÿ
îáìàíêà, àêòèíîëèò, õëîðèò, ýïèäîò, êëèíî-
öîèçèò, ìóñêîâèò, ñôåí è ðóòèë. Íàèáîëåå èç-
âåñòíû ýêëîãèòû â ðàéîíå ää. Êàðàÿíîâî,
Ìàêñþòîâî, Øóáèíî, ð. Ñàáàëàèð.

Ê îáùèì îñîáåííîñòÿì ãåîëîãèè ìàê-
ñþòîâñêîãî ìåòàìîðôè÷åñêîãî êîìïëåêñà
À.À. Àëåêñååâ è äð. [11] îòíîñÿò: «Ïðåèìó-
ùåñòâåííî ñèàëè÷åñêèé è òåððèãåííûé õà-
ðàêòåð ñóáñòðàòà ìåòàìîðôè÷åñêèõ ïîðîä; â
ñîñòàâå êîìïëåêñà äîëÿ îðòîïîðîä ðàçëè÷-
íîé ôàöèàëüíîé ïðèðîäû ñîñòàâëÿåò â ñðåä-
íåì îêîëî 10–12% è â êîíêðåòíûõ ðàçðåçàõ
íå ïîäíèìàåòñÿ âûøå 20% îò ìîùíîñòè âñå-
ãî ðàçðåçà êîìïëåêñà…». Íå ìåíüøå ïîëîâè-
íû ìîùíîñòè ðàçðåçà ñëîæåíî ãëèíèñòî-ïåñ-
÷àíûìè âûñîêîçðåëûìè òåððèãåííûìè ïî-
ðîäàìè, ïðåâðàùåííûìè ïðè ìåòàìîðôèçìå
â ñëþäÿíî-êâàðöåâûå è ñëþäèñòûå êâàðöè-
òû. À äàëåå: «Îðòîïîðîäû êîìïëåêñà ïî ïåò-
ðîõèìè÷åñêèì è ãåîõèìè÷åñêèì õàðàêòåðè-
ñòèêàì ñîîòâåòñòâóþò êàê âíóòðèïëèòíûì
êîíòèíåíòàëüíûì áàçàëüòàì, òàê è áàçàëüòàì
ñðåäèííî-îêåàíè÷åñêèõ õðåáòîâ è íåäèôôå-
ðåíöèðîâàííûì íàòðèåâûì áàçàëüòàì îôè-
îëèòîâîé àññîöèàöèè» (ñ. 138). Òàêèì îáðà-
çîì, ìàêñþòîâñêèé êîìïëåêñ, â ñîîòâåò-
ñòâèè ñ êîíòðàñòíîñòüþ åãî ñîñòàâà, âêëþ-
÷àåò íèæíþþ òåððèãåííî-îñàäî÷íóþ òîëùó
(äîêàðàìàëèíñêàÿ ÷àñòü ðàçðåçà) è âåðõíþþ
îôèîëèòîâóþ ÷àñòü (êàðàìàëèíñêàÿ ñâèòà),
òåêòîíè÷åñêè ñáëèæåííûå. Òåðìîáàðè÷å-
ñêèå óñëîâèÿ èõ ôîðìèðîâàíèÿ, ïî ýòèì æå
àâòîðàì, îöåíèâàþòñÿ êàê óìåðåííî âûñî-
êèå – 300–550°Ñ ïî òåìïåðàòóðå è îò 5–6 äî
14 êáàð ïî äàâëåíèþ. Äëÿ íàèáîëåå âûñîêî-
áàðè÷åñêèõ êâàðö-æàäåèòîâûõ ïîðîä – 500–

Ðèñ.  5.  Ñõåìà ãåîëîãè÷åñêîãî ñòðîåíèÿ ñåâåðíîé
÷àñòè ìàêñþòîâñêîãî ìåòàìîðôè÷åñêîãî êîìïëåêñà.
Ïî Î.À. Çàõàðîâó è Â.Í. Ïó÷êîâó [9]:
1 – ìåëàíæ Ãëàâíîãî Óðàëüñêîãî íàäâèãà è
âóëêàíîãåííî-îñàäî÷íûå îòëîæåíèÿ Ïðèñàêìàðñêîé
çîíû Ìàãíèòîãîðñêîé ñèíôîðìû (Ðz1-2); 2 – óòêàëüñêàÿ
ñâèòà (Ðz1ut); 3 – êàðàìàëèíñêàÿ ñåðèÿ (Pz1krm); 4 –
þìàãóçèíñêàÿ ñâèòà (R2jm); 5 – ìåòàãàááðîèäû
þëóêñêîãî êîìïëåêñà; 6 – ñåðïåíòèíèòû; 7 –
ýêëîãèòû; 8 – ßíòûøåâñêî-Þëóêñêèé ðàçëîì; 9 –
Ãëàâíûé Óðàëüñêèé íàäâèã; 10 – íàäâèãè
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550°Ñ è äî 22, à èíîãäà è äî 25 êáàð äëÿ êîý-
ñèòñîäåðæàùèõ ýêëîãèòîâ.

Ïðîáëåìà âîçðàñòà ñóáñòðàòà ìàêñþòîâ-
ñêîãî ìåòàìîðôè÷åñêîãî êîìïëåêñà ÿâëÿåòñÿ
âåñüìà äèñêóññèîííîé. Â ñîîòâåòñòâèè ñ óíè-
ôèöèðîâàííûìè ñõåìàìè, óòâåðæäåííûìè
ÌÑÊ (1993), íàçâàííûé êîìïëåêñ, ïðåäñòàâ-
ëåííûé ãàëååâñêîé, êàéðàêëèíñêîé, þìàãóçèí-
ñêîé è êàðàìàëèíñêîé ñâèòàìè, ðàññìàòðè-
âàëñÿ êàê ñðåäíåðèôåéñêèé. Îïðåäåëåíèå åãî
äîêåìáðèéñêèì áûëî îñíîâàíî íà îñíîâàíèè
êîððåëÿöèè ñ âåùåñòâåííûìè êîìïëåêñàìè
Áàøêèðñêîãî àíòèêëèíîðèÿ, âðåìÿ îáðàçîâà-
íèÿ êîòîðûõ îïðåäåëÿëîñü öèôðàìè îò 1050
äî 1400 ìëí ëåò. Êðîìå òîãî, áûëè ïîëó÷åíû
äàòèðîâêè ïî öèðêîíàì èç êâàðöèòîâ ãàëååâ-
ñêîé è þìàãóçèíñêîé ñâèò, êîòîðûå ïî äàí-
íûì Â.È. Êîçëîâà, îöåíèâàëèñü îò 960 äî
2130 ìëí ëåò. Ñåé÷àñ ïðèíÿòî äóìàòü, ÷òî ýòè
öèðêîíû ïðèâíåñåíû ñ îáëàñòè ñíîñà, à ïî-
òîìó ïðèíèìàòü èõ âî âíèìàíèå íå ñëåäóåò.
Ïî öèðêîíàì èç ìåòàìîðôè÷åñêèõ ïîðîä þæ-
íîé ÷àñòè Óðàëòàó (êàðàìàëèíñêàÿ ñâèòà) îï-

ðåäåëåí àáñîëþòíûé âîçðàñò â èíòåðâàëå îò
705 äî 880 ìëí ëåò, íà îñíîâàíèè ÷åãî ýòà
ñâèòà îòíåñåíà ê ïîçäíåìó ðèôåþ. Î âîçìîæ-
íîì äîêåìáðèéñêîì âîçðàñòå ìàêñþòîâñêîãî
êîìïëåêñà ãîâîðÿò èçîòîïíûå äàííûå
À.À. Êðàñíîáàåâà, ïîëó÷åííûå ïî ìàãìàòè-
÷åñêèì öèðêîíàì èç àïîðèîëèòîâ, à òàêæå íà-
ëè÷èå äðåâíèõ ðåëèêòîâûõ èçîòîïíûõ ñîîò-
íîøåíèé â íåêîòîðûõ ýêëîãèòàõ [12].

Ñîãëàñíî À.À. Àëåêñååâó è äð. [11], äëÿ
ýêëîãèòîâ ìàêñþòîâñêîãî êîìïëåêñà ïîëó÷å-
íû äâå ãðóïïû äàòèðîâîê. Sm-Nd ìåòîäîì –
396–358 ìëí ëåò. U/Pb – ïî ðóòèëó è àïàòèòó,
à Sm-Nd – ïî ãðàíàòó, îìôàöèòó, ðóòèëó è àïà-
òèòó âðåìÿ ïðîÿâëåíèÿ âûñîêîáàðè÷åñêîãî
ìåòàìîðôèçìà îöåíèâàåòñÿ ñðåäíèì äåâî-
íîì, îêîëî 380 ìëí ëåò.

Ïî äàííûì Ñ.Ã. Êîâàëåâà è Å.À. Òèìî-
ôååâîé [13], ýòàïíîñòü ìåòàìîðôè÷åñêèõ ñî-
áûòèé ìàêñþòîâñêîãî êîìïëåêñà îïðåäåëåíà
Í.Ë. Äîáðåöîâûì â ÷åòûðå èíòåðâàëà, ñîîò-
âåòñòâóþùèõ ÷åòûðåì ýòàïàì äåôîðìàöèé è
ìåòàìîðôèçìà. Ýòî: 440–400, 370, 340–330,

Ðèñ.  6.  Ñõåìàòè÷åñêèé ãåîëîãè÷åñêèé ðàçðåç Èòêóëîâñêîãî ñòðóêòóðíîãî ïðîôèëÿ. Ïî Î.À. Çàõàðîâó è Ì.Þ. Àðæà-
âèòèíîé [10]:
1 – óòêàëüñêàÿ ñâèòà (Ðz1ut): ñåðèöèò-õëîðèò-êâàðö-àëüáèòîâûå («ðÿá÷èêîâûå») ñëàíöû, ñåðèöèòîâûå
êâàðöèòû; 2 – êàðàìàëèíñêàÿ ñâèòà (Pz1krm.): ïåðåñëàèâàíèå õëîðèò-ìóñêîâèò-ãðàôèò-êâàðöåâûõ, ìóñêîâèò-
õëîðèò-àêòèíîëèò-àëüáèòîâûõ ñëàíöåâ, ìóñêîâèòîâûõ è ãðàôèòèñòûõ êâàðöèòîâ; 3–5 – þìàãóçèíñêàÿ ñâèòà
(R2 jm): 3 – ãðàíàò-ãëàóêîôàí-ìóñêîâèò-êâàðöåâûå ñëàíöû, ìóñêîâèòîâûå êâàðöèòû; 4 – ìóñêîâèò-êâàðö-
ìèêðîêëèíîâûå ìåòàìîðôèòû (îðòîãíåéñû); 5 – ïðîñëîè ãðàôèòèñòûõ ñëàíöåâ ñðåäè ãðàíàò-ãëàóêîôàí-
ìóñêîâèò-êâàðöåâûõ ñëàíöåâ è ìóñêîâèòîâûõ êâàðöèòîâ; 6 – ñåðïåíòèíèòîâûé ìåëàíæ çîíû Ãëàâíîãî Óðàëüñêîãî
íàäâèãà; 7 – ìåòàãàááðîèäû Þëóêñêîãî êîìïëåêñà; 8 – ëèíçû ñåðïåíòèíèòîâ â îñíîâàíèè òåêòîíè÷åñêèõ ïëàñòèí;
9 – áóäèíû ýêëîãèòîâ; 10 – ãåîëîãè÷åñêèå ãðàíèöû: à – äîñòîâåðíûå, á – ïðåäïîëàãàåìûå; 11 – òåêòîíè÷åñêèå
ãðàíèöû: à – äîñòîâåðíûå, á – ïðåäïîëàãàåìûå; 12 – çîíà áðåê÷èðîâàíèÿ; 13 – ñêâàæèíà, åå íîìåð è ãëóáèíà
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300(?) ìëí ëåò. Èç òîãî æå èñòî÷íèêà – Á. Áî-
ñòèê ñ êîëëåãàìè òàêæå âûäåëÿåò ÷åòûðå èí-
òåðâàëà îò 390 äî 300 ìëí ëåò, à Ä. Áðàóí ñ
ñîàâòîðàìè óñòàíîâèëè, ÷òî íà ðåãðåññèâíîé
ñòàäèè âûäåëÿåòñÿ òðè èíòåðâàëà îò 300 äî
376 ìëí ëåò.

Èìåþòñÿ ñâåäåíèÿ î íàõîäêàõ Ê.À. Ëüâî-
âûì â ìðàìîðèçîâàííûõ èçâåñòíÿêàõ êàðàìà-
ëèíñêèõ îòëîæåíèé ôàóíû àðõåîöèàò, à
À.Ì. Ìèêðþêîâûì – îáëîìîê êîíîäîíòà ïî-
çäíåêåìáðèéñêîãî âîçðàñòà. Íàõîäêè êîíîäîí-
òîâîé ôàóíû íå äðåâíåå îðäîâèêà â ìðàìî-
ðèçîâàííûõ èçâåñòíÿêàõ ìåòàìîðôèòîâ ìàê-
ñþòîâñêîãî êîìïëåêñà, â ÷àñòíîñòè â ðàéîíå
ä. Þëóê, ïðèíàäëåæàò Î.À. Çàõàðîâó. Ýòîò æå
èññëåäîâàòåëü èç ëèíçû êàéðàêëèíñêèõ ìðà-
ìîðîâ, âçÿòîé â óð. Àëüìóõàìåòîâî, îáíàðó-
æèë è îáëîìêè êîíîäîíòîâ, êîòîðûå ïî îï-
ðåäåëåíèþ Î.Â. Àðòþøêîâîé è Ò.Ì. Ìàâðèí-
ñêîé, íå äðåâíåå îðäîâèêà [10].

Ïðèâåäåííûå äàííûå ñîãëàñóþòñÿ ñ ïðåä-
ñòàâëåíèÿìè î äâó÷ëåííîì ñòðîåíèè ìàêñþ-
òîâñêîãî êîìïëåêñà. Â.È. Ëåííûõ, íàïðèìåð,
ðàññìàòðèâàåò åãî êàê êîëëèçèîííî-øîâíóþ
çîíó, ñîñòîÿùóþ èç òåêòîíè÷åñêè ñîâìåùåííûõ
äâóõ òîëù. Íèæíÿÿ èç íèõ – êîíòèíåíòàëüíîãî
ïðîèñõîæäåíèÿ, ñóùåñòâåííî òåððèãåííîãî
ñîñòàâà. Âåðõíÿÿ – îôèîëèòîâîãî ñîñòàâà. Ïî
Î.À. Çàõàðîâó è Ì.Þ. Àðæàâèòèíîé, ìàêñþ-
òîâñêèé êîìïëåêñ òàêæå ïðåäñòàâëåí äâóìÿ
ñåðèÿìè: íèæíåé – þìàãóçèíñêîé, à âåðõíåé –
êàðàìàëèíñêîé. Íèæíÿÿ ñåðèÿ ñëîæåíà êâàð-
öèòàìè è ãðàíàò-ìóñêîâèò-ãëàóêîôàí-êâàðöå-
âûìè ñëàíöàìè ñðåäíåðèôåéñêîãî âîçðàñòà.
Îíà îòíåñåíà ê êîðå êîíòèíåíòàëüíîãî òèïà.
Âåðõíÿÿ ïðåäñòàâëåíà ãðàôèòèñòûìè ñëàíöà-
ìè è ìåòàáàçàëüòàìè ñ áóäèíàìè ñåðïåíòèíè-
òîâ è ëèíçàìè èçâåñòíÿêîâ. Îíà ðàññìàòðèâà-
åòñÿ êàê ïðîèçâîäíàÿ êîðû îêåàíè÷åñêîãî òèïà.
Âîçðàñò ñóáñòðàòà åå, ïî Â.Í. Ïó÷êîâó, – ïî-
çäíåñèëóðèéñêî-ðàííåäåâîíñêèé. Êîíòàêò
ìåæäó ñåðèÿìè òåêòîíè÷åñêèé. Â ñîîòâåòñòâèè
ñ ýòèìè âçãëÿäàìè ãåíåçèñ âûñîêîáàðè÷åñêèõ
ýêëîãèò-ãëàóêîôàíñëàíöåâûõ ïîðîä ðàññìàò-
ðèâàåòñÿ êàê ðåçóëüòàò âçàèìîäåéñòâèÿ ïîãðà-
íè÷íîé çîíû ïàëåîêîíòèíåíò – îêåàí.

Õîðîøî ñîïîñòàâèìû êðèòåðèè ñðàâíè-
òåëüíîñòè ìàêñþòîâñêîãî ìåòàìîðôè÷åñêîãî

êîìïëåêñà çîíû Óðàëòàó Þæíîãî Óðàëà è
áëûáñêîãî êîìïëåêñà Ïåðåäîâîãî õðåáòà Áîëü-
øîãî Êàâêàçà. Ïîäìå÷åíû ñëåäóþùèå îáùíî-
ñòè. Àëëîõòîííîå ñòðóêòóðíîå ïîëîæåíèå,
ïëàñòèí÷àòî-íàäâèãîâûé ñòèëü òåêòîíèêè.
Îñîáûé ïîðîäíûé ñîñòàâ êîìïëåêñà, õàðàê-
òåðèçóþùèéñÿ ïðèñóòñòâèåì ýêëîãèòîâ è
îôèîëèòîâ. Êîíòðàñòíîñòü ïåðâè÷íîãî ñîñòà-
âà ñ ó÷àñòèåì ñóáñòðàòà êîíòèíåíòàëüíîãî è
îêåàíè÷åñêîãî ïðîèñõîæäåíèÿ. Ðàâíîçíà÷-
íîñòü ìåòàìîðôè÷åñêèõ ïðåîáðàçîâàíèé (äî
âûñîêèõ ñòóïåíåé). Âîçðàñò ïåðâè÷íûõ ïîðîä
(äîêåìáðèé ëèáî ïàëåîçîé). Íåñêîëüêî ïåðè-
îäîâ èõ ìåòàìîðôèçàöèè, áëèçêî îäíîâîçðà-
ñòíûõ äëÿ ñðàâíèâàåìûõ îáúåêòîâ â èíòåð-
âàëàõ íèæíåãî–âåðõíåãî ïàëåîçîÿ.

Àöãàðèíñêèé ìåòàìîðôè÷åñêèé êîì-
ïëåêñ áîëüøèíñòâî ñîâðåìåííûõ èññëåäîâà-
òåëåé Áîëüøîãî Êàâêàçà ñ÷èòàþò òåêòîíè÷å-
ñêîé ïëàñòèíîé (àëëîõòîíîì) â ñîñòàâå ïàêå-
òà ãåðöèíñêèõ ïîêðîâîâ Ïåðåäîâîãî õðåáòà
(ñì. ðèñ. 4). Îí ïðîòÿãèâàåòñÿ ñ ïåðåðûâàìè
îò âåðõîâüåâ påê Êÿôàð-Àãóðà è Áîëüøîãî Çå-
ëåí÷óêà íà âîñòîêå äî ð. Áåëîé íà çàïàäå, çà-
ëåãàÿ íà äåâîíñêèõ è íèæíåêàìåííîóãîëüíûõ
îòëîæåíèÿõ ëèáî íà ïîðîäàõ îôèîëèòîâîãî
êîìïëåêñà [14–16].

Ïî ñðàâíåíèþ ñ Áëûáñêèì îí ñëîæåí
îáðàçîâàíèÿìè, ïîäâåðãøèìñÿ ìåíüøèì ñòó-
ïåíÿì ìåòàìîðôèçìà. Â íåì ïðåîáëàäàþò
ìåòàòåððèãåííûå ñëþäÿíûå ñëàíöû, ìèêðî-
ãíåéñû è ôèëëèòû, îáðàçîâàâøèåñÿ ïî ïåñ-
÷àíèêàì è àëåâðîëèòàì. Åãî ðàñ÷ëåíÿþò íà
àöãàðèíñêóþ è êÿôàðñêóþ ñâèòû [17] ëèáî
àáèøèðî-àõóáñêóþ, àöãàðèíñêóþ, êÿôàðñêóþ
è ðå÷åïñòèíñêóþ òîëùè [18]. Ïî È.Ï. Ãàìê-
ðåëèäçå, Ä.Ì. Øåíãåëèà [7], Àöãàðèíñêèé àë-
ëîõòîí ñîñòîèò èç íåñêîëüêèõ ñàìîñòîÿòåëü-
íûõ ïëàñòèí, îòëè÷àþùèõñÿ ìåæäó ñîáîé
ñîñòàâîì èñõîäíûõ ïîðîä è ñòåïåíüþ ðåãèî-
íàëüíîãî ìåòàìîðôèçìà. Âûäåëÿþò ÷åòûðå
ñàìîñòîÿòåëüíûõ ïëàñòèíû: àöãàðèíñêóþ,
àáèøèðî-àõóáñêóþ, ÷èëèêñêóþ, êÿôàðñêóþ, ñ
ïëîùàäüþ âûõîäîâ åå îò 5 äî 25 êì2. Ìåæäó
ïëàñòèíàìè êàðòèðóþòñÿ òåêòîíè÷åñêèå íà-
ðóøåíèÿ, ìàðêèðóåìûå ìîùíûìè çîíàìè
ìèëîíèòîâ è ìåñòàìè õîðîøî âûðàæåííûì
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ñòðóêòóðíûì íåñîãëàñèåì ìåæäó ïîðîäàìè
ïîêðîâà (ðèñ. 7).

Ìåòàìîðôèòû, ñëàãàþùèå òåêòîíè÷å-
ñêèå ïëàñòèíû, îòëè÷àþòñÿ ïî ñîñòàâó èñõîä-
íûõ ïîðîä è ïî ñòåïåíè ðåãèîíàëüíîãî ìåòà-
ìîðôèçìà. Êðàòêèå ñâåäåíèÿ î íèõ ïðèâîäÿò-
ñÿ ïî [7].

Ïåðâàÿ, ñàìàÿ íèæíÿÿ ïëàñòèíà â êîìïëåê-
ñå Àöãàðèíñêîãî ïîêðîâà, íàäâèíóòà íà âåðõ-
íåäåâîíñêèå-íèæíåêàìåííîóãîëüíûå îòëîæå-
íèÿ, îòíîñÿùèåñÿ ê Êèçèëêîëüñêîìó òåêòîíè-
÷åñêîìó ïîêðîâó, èëè íà ïîêðîâ îôèîëèòîâ, è
îòäåëåíà òåêòîíè÷åñêèìè íàðóøåíèÿìè îò
äðóãèõ ïëàñòèí. Ïðåäñòàâëåíà îíà ìåòàìîðôè-
çîâàííûìè ñëàíöàìè, ìèãìàòèòàìè è ÷èëèê-
ñêèìè ãðàíèòîèäàìè, ÷òî îòëè÷àåò åå îò äðó-
ãèõ ïëàñòèí. Ñîñòîèò èç êàòàêëàçèðîâàííûõ è
ðåòðîãðàäíî èçìåíåííûõ ìåòàïåëèòîâ, íàñû-
ùåííûõ Ê2Î. Ïîðîä, áîãàòûõ CaO, â íåé ìàëî.
Ýòî ïëàãèîêëàçîâûå è ïèðîêñåí-ïëàãèîêëàçî-
âûå àìôèáîëèòû, â êîòîðûõ àìôèáîëû ïðåä-
ñòàâëåíû áóðûìè èëè áóðîâàòî-çåëåíûìè ðî-

ãîâûìè îáìàíêàìè. Ñòåïåíü ðåãèîíàëüíîãî
ìåòàìîðôèçìà ïîðîä ïåðâîé ïëàñòèíû ñîîò-
âåòñòâóåò ôàöèè áèîòèò-ìóñêîâèòîâûõ ãíåé-
ñîâ. Òåìïåðàòóðà ìåòàìîðôèçìà ñîñòàâëÿåò
560–600°Ñ, à äàâëåíèå – 3–3,2 êáàð.

Âòîðàÿ ïëàñòèíà ðàñïîëîæåíà íà îôèî-
ëèòàõ è ïîðîäàõ ïåðâîé ïëàñòèíû. Îíà ñëî-
æåíà áîãàòûìè ÑàÎ ðàçíîâèäíîñòÿìè, ñðå-
äè êîòîðûõ ðàçëè÷àþòñÿ ïëàãèîêëàçîâûå è
ýïèäîòîâûå àìôèáîëèòû, íåðåäêî ñî ñôåíîì
è õëîðèòîì, à òàêæå õëîðèò-ýïèäîòîâûå ñëàí-
öû ñî ñôåíîì, ýïèäîò-àêòèíîëèòîâûå ñëàí-
öû è ãîðíáëåíäèòû. Ðåäêî âñòðå÷àþòñÿ ìå-
òàïñàììèòû è áèîòèò-êâàðö-ýïèäîò-ïëàãè-
îêëàçîâûå ñëàíöû. Ïî ìèíåðàëüíûì ïàðàãå-
íåçèñàì ñòåïåíü ðåãèîíàëüíîãî ìåòàìîðôèç-
ìà âòîðîé ïëàñòèíû ñîîòâåòñòâóåò ñòàâðî-
ëèò-õëîðèòîèäíîé ñóáôàöèè ñòàâðîëèòîâîé
ôàöèè, à äèàôòîðèçîâàííûõ ðàçíîâèäíîñ-
òåé – çåëåíîñëàíöåâîé ôàöèè.

Òðåòüÿ ïëàñòèíà ñîñòîèò èç äâóõ ÷àñòåé.
Â ñîñòàâå íèæíåé ïðåîáëàäàþò ïîðîäû, áî-

Ðèñ.  7.  Ñõåìà ãåîëîãè÷åñêîãî ñòðîåíèÿ âåðõîâüåâ ðð. Êÿôàð è Àöãàðà. Ïî Ä.Ì. Øåíãåëèà è äð. [19], ñ èñïîëüçîâàíèåì
ìàòåðèàëîâ Å.Â. Õàèíà, Â.Ô. Ñèäîðåíêî, Ã.Ë. Äîí÷åíêî è äð.:
1 – èçâåñòíÿêè, ôèëëèòû è çåëåíûå ñëàíöû ôàìåíà-òóðíå; 2 – ìèêðîãíåéñû, ãðàôèòîâûå ñëàíöû; 3 – àìôèáîëèòû;
4 – äâóñëþäÿíûå ãðàíàò-ñòàâðîëèòîâûå ñëàíöû (Êÿôàðñêàÿ òåêòîíè÷åñêàÿ ïëàñòèíà); 5 – ãíåéñû ñ ïðîñëîÿìè
àìôèáîëèòîâ; 6 – ìèãìàòèòû ÷èëèêñêîãî êîìïëåêñà; 7 – ãàááðî-äèîðèòû; 8 – ãàááðîèäû; 9 – áàçàëüòîâûå
ïîðôèðèòû, ñïèëèòû, äèàáàçû; 10 – ñåðïåíòèíèçèðîâàííûå ãèïåðáàçèòû; 11 – íàäâèãè; 12 – ðàçðûâû; 13 –
ñòðàòèãðàôè÷åñêè íåñîãëàñíûå. I, II, III è IV – òåêòîíè÷åñêèå ïëàñòèíû Àöãàðèíñêîãî ïîêðîâà
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ãàòûå ÑàÎ, à â âåðõíåé ÷àñòè – Ê2Î. Ñðåäè
ïîðîä íèæíåé ÷àñòè ïðèñóòñòâóþò ðîãîâîîá-
ìàíêîâûå ñëàíöû ñ ïîâûøåííîé ìåòàìîðôè-
çàöèåé. Ñòåïåíü ðåãèîíàëüíîãî ìåòàìîðôèç-
ìà ñîîòâåòñòâóåò áèîòèòîâîé ñóáôàöèè çåëå-
íîñëàíöåâîé ôàöèè. Òåìïåðàòóðà ìåòàìîð-
ôèçìà ñîñòàâëÿåò 340–480°Ñ.

Îñíîâíàÿ ÷àñòü ÷åòâåðòîé ïëàñòèíû ñëî-
æåíà íàñûùåííûìè Ê2Î ìåòàïåëèòàìè. Âòî-
ðîñòåïåííóþ ðîëü èãðàþò áîãàòûå ÑàÎ ïî-
ðîäû. Âñòðå÷àþòñÿ äâóïîëåâîøïàòîâûå ãíåé-
ñû è ãðàôèòîâûå êâàðöèòû. Ñòåïåíü ðåãèî-
íàëüíîãî ìåòàìîðôèçìà ïîðîä Êÿôàðñêîé
ïëàñòèíû ñîîòâåòñòâóåò ñòàâðîëèò-õëîðèòî-
âîé ñóáôàöèè ñòàâðîëèòîâîé ôàöèè. Òåìïå-
ðàòóðà ìèíåðàëîîáðàçîâàíèÿ îöåíèâàåòñÿ â
500–600°Ñ.

Ïî óñëîâèÿì äàâëåíèé ìåòàìîðôè÷åñêèå
ïîðîäû òåêòîíè÷åñêèõ ïëàñòèí Àöãàðèíñêî-
ãî ïîêðîâà ïðèíàäëåæàò ê óìåðåííîìó áàðè-
÷åñêîìó òèïó.

Íà ñîñòàâ èñõîäíûõ ïîðîä ìåòàìîðôèòîâ
Àöãàðèíñêîãî ïîêðîâà ñóùåñòâóþò ðàçíûå
òî÷êè çðåíèÿ. Ïî ìíåíèþ îäíèõ èññëåäîâà-
òåëåé [17; 20], ïàðàãíåéñû ïîêðîâà îáðàçîâà-
ëèñü çà ñ÷åò ïåñ÷àíèêîâ è àëåâðîëèòîâ. Ñòàâ-
ðîëèòîâûå è äðóãèå ñëàíöû ÿâëÿþòñÿ ïðåîá-
ðàçîâàííûìè ãëèíèñòûìè îñàäêàìè, à àìôè-
áîëèòû – âóëêàíîãåííûìè ïîðîäàìè îñíîâ-
íîãî ñîñòàâà. Ã.È. Áàðàíîâ è È.È. Ãðåêîâ ñ÷è-
òàþò, ÷òî ïîêðîâ ïðåäñòàâëÿåò ñîáîé ÷àñòü
ëèòîñôåðíîé ïëèòû ñèàëè÷åñêîãî êîíòèíåí-
òàëüíîãî òèïà. Íà ñóùåñòâåííî ñèàëè÷åñêèé
ñîñòàâ Àöãàðèíñêîãî ïîêðîâà óêàçûâàåò è
Ì.Ë. Ñîìèí. Ïðîòèâîïîëîæíûõ òî÷åê çðåíèÿ
ïðèäåðæèâàþòñÿ Ø.À. Àäàìèÿ è äðóãèå, ñ÷è-
òàÿ ìåòàìîðôèòû ìåòàîôèîëèòàìè íåêîåãî
îêåàíè÷åñêîãî áàññåéíà. Ïî ìíåíèþ È.Ï. Ãàì-
êðåëèäçå è Ä.Ì. Øåíãåëèà ñîñòàâ èñõîäíûõ
ïîðîä äëÿ ðàçíûõ ïëàñòèí ðàçëè÷íûé. Íî
ëèøü â ÷åòâåðòîé è âòîðîé èç íèõ îí â íå-
áîëüøèõ îáúåìàõ îòìå÷àåò ìåòàâóëêàíèòû
îñíîâíîãî è ñðåäíåãî ñîñòàâà.

Áîëüøèíñòâî èññëåäîâàòåëåé îòëîæåíèÿ
Àöãàðèíñêîãî ïîêðîâà ïðåäïîëîæèòåëüíî
äàòèðóþò äîêåìáðèåì [7; 17], à Å.Â. Õàèí
[16] – íèæíèì ïàëåîçîåì. «Ê-Àã âîçðàñò ìå-
òàìîðôèòîâ Àöãàðèíñêîãî òåêòîíè÷åñêîãî ïî-

êðîâà, îïðåäåëåííûé Ì.Ì. Àðàêåëÿíö ïî ìà-
òåðèàëàì Ì.Ë. Ñîìèíà: ïî ìóñêîâèòàì èç ìå-
òàïåëèòîâ Êÿôàðñêîé ïëàñòèíû – 390, 387±10
è 368±10 ìëí ëåò, à èç ïåãìàòèòà, ïðîðûâàþ-
ùåãî ýòè ñëàíöû, – 364+11 ìëí ëåò; ïî ðîãî-
âîé îáìàíêå èç äâóõ ïðîá íåìåòàìîðôèçîâàí-
íîé äàéêè ëàìïðîôèðà, ñåêóùåé ñëàíöû ýòîé
æå òåêòîíè÷åñêîé ïëàñòèíû – 400±12 è
394±14 ìëí ëåò, è áèîòèòà èç òîé æå ïîðî-
äû – 366±10 ìëí ëåò. Ì.Ë. Ñîìèí ñ÷èòàåò, ÷òî
ýòè öèôðû áëèæå ê èñòèííîìó âîçðàñòó ðå-
ãèîíàëüíîãî ìåòàìîðôèçìà. Íàèáîëåå âûñî-
êîå çíà÷åíèå Ê-Ar âîçðàñòà – 470±14 ìëí ëåò
(Å. Õàèí) ïîëó÷åíî ïî ðîãîâîé îáìàíêå èç
àìôèáîëèòà, âåðîÿòíî, àáèøèðî-àõóáñêîé åäè-
íèöû (Ñîìèí è äð.), èëè æå âòîðîé ïëàñòè-
íû (Øåíãåëèà è äð.) Àöãàðèíñêîãî òåêòîíè-
÷åñêîãî ïîêðîâà» [7, ñ. 211].

Ñóâàíÿêñêèé êîìïëåêñ. Ìåòàìîðôè-
÷åñêèå ïîðîäû êîìïëåêñà ïðîñëåæèâàþòñÿ
áîëåå ÷åì íà 400 êì îò õðåáòà Óéòàø (ðàéîí
ñåâåðíåå ñ. Êèðÿáèíñêîå) íà ñåâåðå äî øè-
ðîòíîãî òå÷åíèÿ ð. Óðàë íà þãå. Ãåîëîãè÷å-
ñêîå ñòðîåíèå è ìåòàìîðôèçì êîìïëåêñà îñ-
âåùàëèñü Ä.Ã.Îæèãàíîâûì, Ñ.Ñ. Ãîðîõîâûì,
Â.È. Ëåííûõ, Â.È. Êîçëîâûì, À.À. Àëåêñåå-
âûì è ìíîãèìè äðóãèìè.

Â þæíîé ÷àñòè Óðàëòàóñêîé ñòðóêòóðû
ðàíåå Ä.Ã. Îæèãàíîâûì â ñîñòàâå íèæíåé
÷àñòè ñóâàíÿêñêîãî êîìïëåêñà, îòíîñèìîãî èì
ê ñðåäíåìó è ïîçäíåìó ïðîòåðîçîþ, âûäåëÿ-
ëèñü: óòêàëüñêàÿ, êóðòàøñêàÿ, òóïàðãàññêàÿ,
ìàçàðèíñêàÿ è óêøóê-àðâÿêñêàÿ ñâèòû. Ïîçæå
Â.È. Êîçëîâûì çäåñü íàçûâàëèñü: óòêàëüñêàÿ,
êóðòàøñêàÿ, àêáèèêñêàÿ è áåëåêåéñêàÿ ñâèòû.
Êðàòêèå ñâåäåíèÿ î íèõ ïðèâîäÿòñÿ ïî äàí-
íûì ýòîãî àâòîðà [21].

Óòêàëüñêàÿ ñâèòà ïîëüçóåòñÿ áîëüøèì
ðàñïðîñòðàíåíèåì, íåïðåðûâíî ïðîòÿãèâàÿñü
÷åðåç âñþ Óðàëòàóñêóþ çîíó – îò ñ. Êèðÿáèí-
ñêîå íà ñåâåðå äî áàññåéíà ð. Áàðàêàë íà þãå.
Â ñîñòàâå åå ïðåîáëàäàþò ñëþäÿíî-õëîðèò-
ïëàãèîêëàç-êâàðöåâûå ñëàíöû, ïåðåñëàèâàþ-
ùèåñÿ ñ ñóùåñòâåííî êâàðöåâûìè ðàçíîñòÿ-
ìè, êâàðöèòàìè è èíîãäà ãðàôèò-êâàðöåâû-
ìè ñëàíöàìè. Ñóùåñòâåííûìè ïðèçíàêàìè
ñâèòû ÿâëÿåòñÿ ðèòìè÷íûé õàðàêòåð ïåðåñëà-
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èâàíèÿ ïîëåâî-øïàòîâûõ è êâàðöåâûõ ðàçíî-
ñòåé ñëàíöåâ è êâàðöèòîâ, à òàêæå íàëè÷èå
ïîðôèðîáëàñòîâ àëüáèòà, ïðèäàþùèõ ïîðî-
äå «ðÿá÷èêîâûé îáëèê».

Êóðòàøñêàÿ ñâèòà ïðåäñòàâëåíà íå-
ñêîëüêèìè òîëùàìè, ñâÿçàííûìè ìåæäó ñî-
áîé ïîñòåïåííûìè ïåðåõîäàìè. Â ñîñòàâå åå
ïðåîáëàäàþò êâàðöèòû, ìóñêîâèò-êâàðöåâûå
ñëàíöû, êâàðöèòî-ïåñ÷àíèêè è ñëþäÿíî-
êâàðöåâûå ñëàíöû. Èíîãäà ïðèñóòñòâóþò ãðà-
ôèòèñòûå è êàðáîíàòñîäåðæàùèå ðàçíîñòè.
Ñåâåðíåå ð. Ñóâàíÿê ñâèòà ðàñ÷ëåíÿåòñÿ íà
äâå òîëùè, íèæíÿÿ èç êîòîðûõ êâàðöèòîâàÿ,
à âåðõíÿÿ – ïðåèìóùåñòâåííî ñëàíöåâàÿ.

Àêáèèêñêàÿ ñâèòà èìååò ñëîæíîå ñòðîåíèå
è íåäîñòàòî÷íî îáíàæåíà. Â åå ñîñòàâå ïî ðð.
Ñóâàíÿê, Áàðàêàë è Áåòåðÿ âûäåëÿþò: êâàðöè-
òî-ïåñ÷àíèêè, êâàðöèòû ñ ëèíçàìè ãðàâåëè-
òîâ è ïðîñëîÿìè ôèëëèòèçèðîâàííûõ ñëàíöåâ
ñåðèöèò-õëîðèò-êâàðöåâîãî ñîñòàâà; ïëîé÷à-
òûå ìóñêîâèò-êâàðöåâûå ñëàíöû, ðèòìè÷íî
ïåðåñëàèâàþùèåñÿ, ïðîñëîÿìè èçâåñòêîâèñ-
òûå. Â ðàçðåçå ïî ð. Ñóâàíÿê âûäåëÿþò äâå òîë-
ùè: êâàðöèòî-ïåñ÷àíèêîâóþ – íèæíþþ è ïðå-
èìóùåñòâåííî ñëàíöåâóþ – âåðõíþþ.

Áåëåêåéñêàÿ ñâèòà çàâåðøàåò ðàçðåç ìå-
òàìîðôè÷åñêèõ òîëù ñóâàíÿêñêîãî êîìïëåêñà.
Îíà ðàñïðîñòðàíåíà îò èñòîêîâ ð. Ì. Ñóâà-
íÿê íà ñåâåðå äî øèðîòíîãî òå÷åíèÿ ð. Ñàê-
ìàðà íà þãå. Ñ ïîäñòèëàþùåé àêáèèêñêîé
ñâèòîé îíà ñâÿçàíà ïîñòåïåííûìè ïåðåõîäà-
ìè è îòëè÷àåòñÿ ïðåîáëàäàíèåì ñëàíöåâ, ÷à-
ñòî ïî÷òè íå ìåòàìîðôèçîâàííûõ, à òàêæå
ñèðåíåâîé îêðàñêîé ïîðîä íèæíåé ÷àñòè ðàç-
ðåçà, ìàðêèðóþùèõ íèæíþþ ãðàíèöó ñâèòû.

Ñóáñòðàò ìåòàìîðôè÷åñêîãî êîìïëåêñà
íàçâàííûõ âûøå ñâèò ïðåäñòàâëåí ïî÷òè èñ-
êëþ÷èòåëüíî òåððèãåííûìè ïîðîäàìè. Àïî-
âóëêàíè÷åñêèå îáðàçîâàíèÿ òèïà çåëåíûõ
ñëàíöåâ è îñîáåííî êàðáîíàòíûå ïîðîäû
èìåþò î÷åíü íåçíà÷èòåëüíîå ðàçâèòèå.

Ïî À.À. Àëåêñååâó è äð. [11], ìåòàìîð-
ôè÷åñêèå ïîðîäû êîìïëåêñà ïî õèìèçìó îò-
âå÷àþò îñàäî÷íûì ïîðîäàì ïåñ÷àíî-ãëèíè-
ñòîãî ñîñòàâà è îòëè÷àþòñÿ íèçêîé èçâåñòêî-
âèñòîñòüþ, ïðåîáëàäàíèåì êàëèÿ íàä íàòðè-
åì â ñîñòàâå ùåëî÷åé, ïîâûøåííîé è èíîãäà
âûñîêîé (â ôèëëèòàõ) ãëèíîçåìèñòîñòüþ. Àëü-

áèòñîäåðæàùèå ïàðàñëàíöû, îòëè÷àþùèåñÿ
ïî÷òè ðàâíûìè ñîäåðæàíèÿìè íàòðèÿ è êà-
ëèÿ, îáðàçîâàëèñü, âåðîÿòíî, ïî àëåâðîëèòî-
ãëèíèñòûì ïîðîäàì ñ ïåðâè÷íî ïîâûøåííûì
ñîäåðæàíèåì íàòðèÿ.

Ìåòàìîðôèçì ñóâàíÿêñêîãî êîìïëåêñà
õàðàêòåðèçóåòñÿ îòíîñèòåëüíî íèçêîãðàäèåí-
òíûì, ñëàáîçîíàëüíûì ðåãèîíàëüíûì ìåòà-
ìîðôèçìîì â óñëîâèÿõ ôèëëèòîâîé è çåëåíî-
ñëàíöåâîé ôàöèé, âûäåðæàííûì íà áîëüøèõ
ïëîùàäÿõ. Íàáëþäàåòñÿ ïîñòåïåííîå óñèëå-
íèå ñòåïåíè ìåòàìîðôèçìà ïîðîä êîìïëåêñà
âíèç ïî ñòðàòèãðàôè÷åñêîìó ðàçðåçó – îò òè-
ïè÷íîé ôèëëèòîâîé ôàöèè (áåëåêåéñêàÿ è
àêáèèêñêàÿ ñâèòû) äî ìóñêîâèò-õëîðèòîâîé è
ìåñòàìè äî áèîòèò-ìóñêîâèòîâîé ñóáôàöèè
çåëåíîñëàíöåâîé ôàöèè (ñâèòû îò óòêàëüñêîé
è íèæå), à òàêæå ñ þãà íà ñåâåð – îò ôèëëèòî-
âîé äî çåëåíîñëàíöåâîé ôàöèè. Ñ÷èòàþò, ÷òî
íàáëþäàåìîå â íåêîòîðûõ ó÷àñòêàõ ïðèñóò-
ñòâèå õëîðèòîèäñîäåðæàùèõ ïîðîä óêàçûâà-
åò íà îáóñëîâëåííîñòü èõ ëîêàëüíûìè ïðî-
ÿâëåíèÿìè ñòðåññ-ìåòàìîðôèçìà.

Ñîãëàñíî [11], ñîâðåìåííûå ïðåäñòàâëå-
íèÿ î âîçðàñòå ñëàãàþùèõ ñóâàíÿêñêèé ìåòà-
ìîðôè÷åñêèé êîìïëåêñ ñòðàòèãðàôè÷åñêèõ
ïîäðàçäåëåíèé äèñêóññèîííû. Â Óíèôèöèðî-
âàííûõ è êîððåëÿöèîííûõ ñòðàòèãðàôè÷åñêèõ
ñõåìàõ Óðàëà óòêàëüñêàÿ ñâèòà îòíåñåíà ê
ñðåäíåìó ðèôåþ, à îñòàëüíûå ñâèòû êîìïëåê-
ñà – ê âåðõíåìó ðèôåþ, êóäàøó è îò÷àñòè ê
âåíäó. Âàæíàÿ èíôîðìàöèÿ äëÿ êîððåëÿöèè
ðàçëè÷íî ìåòàìîðôèçîâàííûõ òîëù áûëà ïî-
ëó÷åíà ïðè èçó÷åíèè òèïîìîðôèçìà îáëî-
ìî÷íîãî öèðêîíà è îïðåäåëåíèè åãî èçîòîï-
íîãî âîçðàñòà. Â ÷àñòíîñòè, áûëî óñòàíîâëå-
íî íàëè÷èå â îòëîæåíèÿõ ðèôåÿ ñòðàòîòèïè-
÷åñêèõ ðàçðåçîâ Áàøêèðñêîãî àíòèêëèíîðèÿ è
â îäíîâîçðàñòíûõ èì ìåòàìîðôè÷åñêèõ îáðà-
çîâàíèÿõ Óðàëòàóñêîãî àíòèêëèíîðèÿ òðåõ
åäèíûõ óðîâíåé ðàäèîëîãè÷åñêîãî âîçðàñòà
äåòðèòîâîãî öèðêîíà [21]. Íèæíèé óðîâåíü
(çèãàëüãèíñêàÿ ñâèòà Áàøêèðñêîãî àíòèêëèíî-
ðèÿ ñîïîñòàâëÿåòñÿ ñ óòêàëüñêîé ñâèòîé õð.
Óðàëòàó) îïðåäåëÿåòñÿ ðàäèîëîãè÷åñêèì âîç-
ðàñòîì ìàëèíîâî-êðàñíûõ, êðàñíûõ è òåìíî-
êðàñíûõ öèðêîíîâ îò 1600–2100 äî 2300–
2600 ìëí ëåò. Ñðåäíèé óðîâåíü – âîçðàñòîì
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òåìíî-ðîçîâûõ è ðîçîâûõ öèðêî-
íîâ îò 1100–1400 äî 1600–
1700 ìëí ëåò. Âåðõíèé óðîâåíü
(óêñêàÿ, óðþêñêàÿ, áàñèíñêàÿ, êóê-
êàðàóêñêàÿ, àðøèíñêàÿ ñâèòû
Áàøêèðñêîãî àíòèêëèíîðèÿ ñðàâ-
íèâàþòñÿ ñ àêáèèêñêîé è áåëåêåé-
ñêîé ñâèòàìè Óðàëòàó) – âîçðàñ-
òîì ðîçîâûõ (îò 1300–1500 äî
1700 ìëí ëåò), ìàòîâûõ (2400 ìëí
ëåò) è êðàñíûõ (îò 2050–2300 äî
2400–2600 ìëí ëåò) öèðêîíîâ.
Îïðåäåëåíèå ðàäèîëîãè÷åñêîãî
âîçðàñòà öèðêîíà èç ãðàíèòîâ Áà-
ðàíãóëîâñêîãî ìàññèâà
(660±15 ìëí ëåò, Pb-Pb è U-Pb
ìåòîäû) ïîçâîëèëî óòî÷íèòü âîç-
ðàñò ìàçàðèíñêîé ñâèòû Óðàëòàó,
êîòîðóþ ýòè ãðàíèòû ïðîðûâàþò,
à çíà÷èò, è â öåëîì ïîðîä Óðàë-
òàóñêîãî àíòèêëèíîðèÿ.

Ê íàñòîÿùåìó âðåìåíè èçâå-
ñòíî äîñòàòî÷íî ìíîãî äàííûõ î
ðàçâèòèè â ñîñòàâå ñóâàíÿêñêîãî
êîìïëåêñà îáðàçîâàíèé ïàëåî-
çîéñêîãî âîçðàñòà. Òàê, ïðè ãåî-
ëîãè÷åñêîé ñúåìêå â çàïàäíîé
÷àñòè Óðàëòàóñêîé ñòðóêòóðû â
1960 ã. Ä.Ä. Êðèíèöêèì è
Â.Ì. Êðèíèöêîé, à 1967 ã. –
Þ.Â. Êàçàíöåâûì â ôèëëèòàõ áå-
ëåêåéñêîé ñâèòû áûëà âûÿâëåíà
ôàóíà ãðàïòîëèòîâ âåíëîê-ëóä-
ëîâñêîãî âîçðàñòà. Ýòî ïîçâîëè-
ëî èì îòíåñòè ÷àñòü îòëîæåíèé
áåëåêåéñêîé ñâèòû ê ñèëóðó è
ïðåäïîëîæèòü íèæíåîðäîâèê-
ñêèé âîçðàñò îòëîæåíèé àêáèèêñêîé ñâèòû. Íà
îñíîâàíèè íàõîäîê ôàóíû êîíîäîíòîâ â ðÿäå
ïóíêòîâ, âïåðâûå ñäåëàííûõ Â.Í. Ïó÷êîâûì
â 1975 ã., îòëîæåíèÿ ñóâàíÿêñêîãî êîìïëåêñà
îòíåñåíû ê ïàëåîçîþ – îò âåðõíåãî êåìáðèÿ
(óòêàëüñêàÿ ñâèòà) äî ñèëóðà (áåëåêåéñêàÿ ñâè-
òà). Ïàëåîçîéñêèé âîçðàñò îòëîæåíèé ñóâà-
íÿêñêîãî êîìïëåêñà áûë ïîäòâåðæäåí ïðîáó-
ðåííîé â çàïàäíîé ÷àñòè Óðàëòàóñêîé ñòðóê-
òóðû ñêâàæèíîé Óðàëòàóñêàÿ-1, êîòîðàÿ çàáó-
ðèëàñü â ìåòàìîðôè÷åñêèõ îáðàçîâàíèÿõ áå-

ëåêååâñêîé ñâèòû, à íà ãëóáèíå 700 ì âñêðû-
ëà ìîùíóþ ñëàíöåâóþ òîëùó (äî ãëóáèíû
4600 ì). Èçó÷åíèå åå ïîêàçàëî, ÷òî ïîðîäû
çäåñü ñëîæíî äèñëîöèðîâàíû, îòìå÷àåòñÿ
ïëîé÷àòîñòü, ìíîãî÷èñëåííûå çåðêàëà ñêîëü-
æåíèÿ, à íà ãëóáèíå 2120 ì – ìèëîíèòû. Íèæå
ýòîãî èíòåðâàëà Å.Â. ×èáðèêîâîé îáíàðóæå-
íû â áîëüøîì êîëè÷åñòâå è õîðîøåé ñîõðàí-
íîñòè ðàñòèòåëüíûå ìèêðîôîññèëèè, à òàêæå
àêðèòàðõè. Îíè õàðàêòåðèçóþò âîçðàñò âìå-
ùàþùèõ èõ òîëù êàê ìîëîæå êåìáðèéñêîãî.

Ðèñ.  8.  Ãåîëîãè÷åñêèé ðàçðåç ðàéîíà ñêâ. Óðàëòàóñêàÿ-1.
Ñîñòàâèë Þ.Â. Êàçàíöåâ:
1 – ñåðèöèò-êâàðöåâûå è ñåðèöèò-õëîðèò-êâàðöåâûå ñëàíöû ñ
ïðîñëîÿìè ìåëêîçåðíèñòûõ êâàðöèòî-ïåñ÷àíèêîâ; 2 – ãëèíèñòûå
ñëàíöû ñ ïðîñëîÿìè è ïà÷êàìè êâàðöåâûõ àëåâðîëèòîâ; 3 – ïåñ÷àíèêè;
4 – êðåìíèñòûå è ãëèíèñòûå ñëàíöû (ïåðåñëàèâàíèå); 5 – èçâåñòíÿêè;
6 – íàäâèãè; 7 – ìåñòî îòáîðà ïðîáû ñ îïðåäåëèìûìè
ìèêðîôîññèëèÿì; 8 – ñêâ. Óðàëòàóñêàÿ-1
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Ìîùíóþ òîëùó ïàëåîçîéñêèõ ãëèíèñòûõ
ñëàíöåâ, âñêðûòóþ Óðàëòàóñêîé ñêâàæèíîé,
ìû îòíåñëè ê ðàíåå íåèçâåñòíîé íà Þæíîì
Óðàëå ñòðóêòóðíî-ôîðìàöèîííîé çîíå, òåêòî-
íè÷åñêè ïåðåêðûòîé ñ âîñòîêà àëëîõòîíîì äî-
êåìáðèéñêèõ ïîðîä õð. Óðàëòàó (ðèñ. 8).

Ïî ëèòîëîãè÷åñêîìó ñîñòàâó, óñëîâèÿì
îñàäêîíàêîïëåíèÿ, âîçðàñòó è õàðàêòåðó äèñ-
ëîöèðîâàííîñòè ýòè îáðàçîâàíèÿ ñîïîñòàâ-
ëÿëèñü ñî ñëàíöåâîé òîëùåé Ëåìâèíñêîé
ñòðóêòóðíî-ôîðìàöèîííîé çîíû Ïîëÿðíîãî
Óðàëà [21], õîðîøî îïèñàííîé Â.Í. Ïó÷êîâûì.

Ïî äàííûì Ñ.Ñ. Ãîðîõîâà, Ë.Í. Îâ÷èí-
íèêîâà, À.À. Àëåêñååâà, ðàäèîëîãè÷åñêèå îï-
ðåäåëåíèÿ êàëèé-àðãîíîâûì ìåòîäîì âîçðà-
ñòà ìåòàìîðôè÷åñêèõ ïîðîä ñóâàíÿêñêîãî êîì-
ïëåêñà ñîîòâåòñòâóþò çíà÷åíèÿì îò 290 äî
555 ìëí ëåò. Îíè ãðóïïèðóþòñÿ â èíòåðâàëû
490–555, 350–425 è 290 ìëí ëåò, ÷òî èíòåð-
ïðåòèðóåòñÿ êàê ñâèäåòåëüñòâî ïðîÿâëåíèÿ
âåíäñêîãî è êàëåäîíñêîãî ýòàïîâ ìåòàìîðôèç-
ìà. Íàèáîëåå ìîëîäàÿ äàòèðîâêà â 290 ìëí
ëåò ïîëó÷åíà ïî ìóñêîâèò-õëîðèòîèäíîìó
ñëàíöó ìàçàðèíñêîé ñâèòû â Òèðëÿíñêîì ðàé-
îíå. Îíà ñâèäåòåëüñòâóåò î ëîêàëüíîì ïðî-
ÿâëåíèè â çîíå Óðàëòàó è ïîçäíåïàëåîçîé-
ñêîé ôàçû ìåòàìîðôèçìà.

Èòàê, ãåîëîãèÿ ìåòàìîðôè÷åñêîãî ñóâà-
íÿêñêîãî êîìïëåêñà çîíû Óðàëòàó Þæíîãî Óðà-
ëà è àöãàðèíñêîãî – Ïåðåäîâîãî õðåáòà Áîëü-
øîãî Êàâêàçà èìåþò ñëåäóþùèå îáùèå ÷åðòû.
Êàê ýòî ïîêàçàíî âûøå, èõ ñòðóêòóðíîå ïîëî-
æåíèå – àëëîõòîííîå, à âçàèìîîòíîøåíèÿ ñ ñî-
ïðåäåëüíûìè ñòðóêòóðíûìè ýëåìåíòàìè – òåê-
òîíè÷åñêèå. Îíè õîðîøî ñîïîñòàâëÿþòñÿ ïî
îñîáåííîñòÿì ïëàñòèí÷àòî-íàäâèãîâîãî ñòè-
ëÿ òåêòîíèêè. Â ïåðâè÷íîì (äî ìåòàìîðôèç-
ìà) ñîñòàâå èõ ïðåîáëàäàþò ïîðîäû ïðåèìó-
ùåñòâåííî îñàäî÷íîãî ãåíåçèñà. Âûÿâëÿåòñÿ
îáùíîñòü â õàðàêòåðå ìåòàìîðôè÷åñêèõ ïðå-
îáðàçîâàíèé ñðàâíèâàåìûõ êîìïëåêñîâ. Ýòî
äîâîëüíî íèçêèå ñòóïåíè ìåòàìîðôèçìà. Äèñ-
êóòèðóåòñÿ ïðîáëåìà âîçðàñòà ñóáñòðàòà – äî-
êåìáðèé ëèáî ïàëåîçîé. Íà ñîâðåìåííîé ñòà-
äèè èçó÷åííîñòè ðåøåíèå ýòîãî âîïðîñà íà-
õîäèòñÿ íà ðàâíîçíà÷íîé íåîïðåäåëåííîñòè
êàê ïî äàííûì ãåîõðîíîëîãèè, òàê è ïî ïàëå-
îíòîëîãè÷åñêèì íàõîäêàì.

Èçëîæåííîå âûøå ñâèäåòåëüñòâóåò î õî-
ðîøåé ñîïîñòàâèìîñòè ãåîëîãèè ìåòàìîðôè-
÷åñêèõ êîìïëåêñîâ äîìåçîçîÿ õðåáòà Óðàëòàó
Þæíîãî Óðàëà è Ïåðåäîâîãî õðåáòà Áîëüøîãî
Êàâêàçà, à ñëåäîâàòåëüíî, î âåðîÿòíîé îáùíî-
ñòè èñòîðèè èõ ãåîäèíàìè÷åñêîãî ðàçâèòèÿ.
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The comparison involves geographically close metamorphic formations. These are the blybsky and atsgarinsky
complexes of the Front Range of the Caucasus, on the one hand, and the suvanyaksky and maksyutovsky zones
of the Uraltau Range of the Southern Urals, on the other. The mentioned structures are significantly different from
the adjacent areas by intensity of deformations and deeper metamorphism of the rocks. The article contains
materials about the identity of the structural position, tectonic style, the nature of metamorphism, the nature of the
substrate and geochronological data of the compared objects, which shows possible generality of the history of
their geodynamic development.
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Àõóíîâî-Êàðàãàéñêàÿ ãðàíèòíàÿ èíòðó-
çèÿ ñ ïðèëåãàþùèìè ê íåé âóëêàíîãåííî-îñà-
äî÷íûìè ïîðîäàìè ðàñïîëîæåíà â ñåâåðíîé
÷àñòè âîñòî÷íîãî êðûëà Ìàãíèòîãîðñêîãî ìå-
ãàñèíêëèíîðèÿ. Ñëîæåí ó÷àñòîê äåâîíñêèìè
è íèæíåêàìåííîóãîëüíûìè âóëêàíîãåííûìè
è âóëêàíîãåííî-îñàäî÷íûìè ïîðîäàìè, ïðî-
ñòèðàþùèìèñÿ â ñóáìåðèäèîíàëüíîì íà-
ïðàâëåíèè (ðèñ. 1). Íèæíåêàìåííîóãîëüíûå
ôèëëèòîâûå è çåëåíûå ñëàíöû âûõîäÿò íà
âîñòîêå ðàéîíà. Ê çàïàäó îíè ñìåíÿþòñÿ ñíà-
÷àëà íèæíåäåâîíñêèìè àíäåçèòî-áàçàëüòàìè,
çàòåì ñðåäíåäåâîíñêîé áàçàëüò – àíäåçèò –
äàöèò – ðèîëèòîâîé òîëùåé è, íàêîíåö, ôëè-
øîèäíûìè êðåìíèñòî-îáëîìî÷íûìè ïîðîäà-
ìè âåðõíåãî äåâîíà è èçâåñòíÿêàìè íèæíåãî
êàðáîíà. Ê çàïàäó îò èíòðóçèè â çîíå Àãûðî-
Áóéäèíñêîãî ðàçëîìà ðàçâèòû áîëåå äðåâíèå
êðåìíèñòûå ïîðîäû è äèàáàçû ñèëóðà, ïðî-
ðâàííûå ìíîãî÷èñëåííûìè äàéêàìè ãàááðî –
äèàáàçîâ, ãàááðî – äèîðèòîâ, ãðàíèò – ïîð-
ôèðîâ [1].

Â ïëàíå Àõóíîâî-Êàðàãàéñêèé ìàññèâ
ñîñòîèò èç äâóõ ÷àñòåé, ñîåäèíåííûõ ìåæäó
ñîáîé óçêîé ïåðåìû÷êîé. Çàïàäíóþ ÷àñòü ïðè-
íÿòî íàçûâàòü Àõóíîâñêèì ìàññèâîì, à âîñ-
òî÷íóþ – ìàññèâîì Óéñêîãî Áîðà. Ìåæäó
íèìè ðàñïîëîæåí Ïåòðîïàâëîâñêèé ìàññèâ
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Ðàñêðûâàåòñÿ ïðîáëåìà ñòàíîâëåíèÿ Àõóíîâî-Êàðàãàéñêîãî ãðàíèòíîãî ìàññèâà, ðàñïîëîæåííîãî â
âîñòî÷íîé ÷àñòè Ìàãíèòîãîðñêîãî ìåãàñèíêëèíîðèÿ. Ïîêàçàíî, ÷òî çîíû èçîòåðìè÷åñêîé ñòàáèëèçàöèè òåð-
ìîãðàäèåíòíîãî ïîëÿ ñëóæèëè êîíöåíòðàòàìè ðóäíûõ ïîëåçíûõ èñêîïàåìûõ. Ðàññìîòðåíû óñëîâèÿ ôîðìè-
ðîâàíèÿ ãðàíèòîâ, äëèòåëüíîñòü èõ êðèñòàëëèçàöèè, äèíàìèêà ðàçâèòèÿ òåïëîâîãî ïîëÿ. Ìàòåìàòè÷åñêîå
ìîäåëèðîâàíèå ïîçâîëèëî íå òîëüêî ïî íîâîìó âçãëÿíóòü íà ìåòàëëîãåíèþ îáðàìëåíèÿ Àõóíîâî-Êàðàãàé-
ñêîãî ãðàíèòíîãî ìàññèâà, íî è îöåíèòü åãî ïîòåíöèàëüíóþ ðóäîíîñíîñòü.

Êëþ÷åâûå ñëîâà: Àõóíîâñêèé ìàññèâ, ãðàíèòû, òåïëîâîå ïîëå, îðóäåíåíèå, äèíàìèêà êðèñòàëëèçàöèè.

äèîðèòîâ (ðèñ. 1). Àõóíîâî-Êàðàãàéñêèé ìàñ-
ñèâ íåîäíîðîäåí ïî ñîñòàâó. Â åãî ñëîæåíèè
ïðèíèìàþò ó÷àñòèå ìíîãî÷èñëåííûå ïåòðîã-
ðàôè÷åñêèå ðàçíîñòè ïîðîä, ñðåäè êîòîðûõ
íàèáîëåå øèðîêî ðàñïðîñòðàíåíû ìèêðîêëè-
íîâûå, ïëàãèîêëàçîâûå è ïåãìàòîèäíûå ãðà-
íèòû. Ãëàâíàÿ ðîëü ïðèíàäëåæèò íîðìàëü-
íûì ìèêðîêëèíîâûì ãðàíèòàì. Âîçðàñò ìàñ-
ñèâà ïî ðàäèîëîãè÷åñêèì äàííûì äàòèðóåò-
ñÿ ðóáåæîì ñðåäíåãî è âåðõíåãî êàðáîíà [2].

Ïî ïåðèôåðèè Àõóíîâî-Êàðàãàéñêîãî ìàñ-
ñèâà èçâåñòíî çíà÷èòåëüíîå ÷èñëî ñâÿçàííûõ
ñ íèì ðåäêîìåòàëüíûõ (âîëüôðàìîâûõ è çîëî-
òûõ) ðóäîïðîÿâëåíèé, ñîñðåäîòî÷åííûõ â
áîëüøèíñòâå ñâîåì íà Áóéäèíñêîì ó÷àñòêå,
ïðèìûêàþùåì ê èíòðóçèâíîìó òåëó ñ ñåâåðî-
çàïàäà (ñì. ðèñ. 1). Êðîìå òîãî, íà Òàø-ßðñêîì
ó÷àñòêå (ñåâåðíàÿ ÷àñòü ýêçîêîíòàêòà) èçâåñò-
íû îäíîèìåííîå êîë÷åäàííî-ïîëèìåòàëëè-
÷åñêîå ìåñòîðîæäåíèå, èñïûòàâøåå çíà÷èòåëü-
íîå ïåðåîòëîæåíèå ðóäíîãî âåùåñòâà, è ðÿä
ñõîäíûõ ïî ñîñòàâó ðóäîïðîÿâëåíèé.

Äëÿ óñòàíîâëåíèÿ ñâÿçè ìåæäó ðóäíûìè
îáúåêòàìè è òåïëîâûì ïîëåì Àõóíîâî-Êàðà-
ãàéñêîãî ìàññèâà íàìè áûëî ïðåäïðèíÿòî èçó-
÷åíèå òåìïåðàòóðíîãî ðåæèìà åãî ôîðìèðî-
âàíèÿ ñ ïîìîùüþ ìåòîäà îáúåìíîãî ìîäåëè-
ðîâàíèÿ. Èñõîäíûå äàííûå äëÿ ðàñ÷åòà, à òàê-
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æå äèíàìèêà êðèñòàëëèçàöèè è
ýâîëþöèè òåïëîâîãî ïîëÿ Àõóíî-
âî-Êàðàãàéñêîãî ìàññèâà ðàñ-
ñìîòðåíû ðàíåå â ñòàòüå [3], ïî-
ýòîìó â äàííîé ðàáîòå îñòàíî-
âèìñÿ íà íèõ î÷åíü êðàòêî.

Èññëåäîâàíèåì çàòâåðäåâ-
øèõ âêëþ÷åíèé ðàñïëàâà â êâàð-
öå ìèêðîêëèíîâûõ ãðàíèòîâ óñ-
òàíîâëåíî, ÷òî îí êðèñòàëëèçî-
âàëñÿ ïðè òåìïåðàòóðàõ 890–
920°Ñ. Ó÷èòûâàÿ, ÷òî êâàðö âû-
äåëÿåòñÿ èç ðàñïëàâà â îñíîâíîì
ïîçäíåå ïîëåâûõ øïàòîâ, òåì-
ïåðàòóðà ìàññîâîé êðèñòàëëèçà-
öèè ðàñïëàâà ïðè ðàñ÷åòàõ ïðè-
íÿòà 950°Ñ, à íà÷àëüíàÿ åãî òåì-
ïåðàòóðà – 1000°Ñ. Ñîïîñòàâëÿÿ
ïàðàìåòðû ïåðâè÷íûõ ãàçîâûõ
âêëþ÷åíèé ñ òåìïåðàòóðàìè ãî-
ìîãåíèçàöèè çàòâåðäåâøèõ
âêëþ÷åíèé, áûëî îïðåäåëåíî,
÷òî êðèñòàëëèçàöèÿ ãðàíèòîè-
äîâ, íàõîäÿùèõñÿ íà ñîâðåìåí-
íîì ýðîçèîííîì ñðåçå, ïðîèñõî-
äèëà íà ãëóáèíå 3 êì. Èñõîäÿ èç
ñðåäíåçåìíîãî òåìïåðàòóðíîãî
ãðàäèåíòà, òåìïåðàòóðà âìåùà-
þùèõ ïîðîä çäåñü ïðèíÿòà ðàâ-
íîé 90°Ñ. Ïðè ðàñ÷åòàõ äëÿ áî-
ëåå ãëóáîêèõ ãîðèçîíòîâ òåìïå-
ðàòóðíûå ïàðàìåòðû ãðàíèòíî-
ãî ðàñïëàâà îñòàâàëèñü ïîñòî-
ÿííûìè, à òåìïåðàòóðà âìåùà-
þùèõ ïîðîä óâåëè÷èâàëàñü ñî-
ãëàñíî ïðèíÿòîìó òåìïåðàòóð-
íîìó ãðàäèåíòó.

Äëÿ ïðîâåäåíèÿ ðàñ÷åòîâ
òåïëîâûõ ïîëåé íåîáõîäèìî
çíàíèå òåïëîôèçè÷åñêèõ ïàðà-
ìåòðîâ ãîðíûõ ïîðîä. Â Èíñòè-
òóòå ãåîëîãèè ÓÍÖ ÐÀÍ èçó÷å-
íû òåïëîåìêîñòü, òåïëîïðî-
âîäíîñòü è òåìïåðàòóðîïðî-
âîäíîñòü ãëàâíûõ ðàçíîâèäíî-
ñòåé ãîðíûõ ïîðîä, ñëàãàþùèõ
ðàññìàòðèâàåìóþ òåððèòîðèþ
(òàáë. 1).

Ðèñ.  1.  Ñõåìà ãåîëîãè÷åñêîãî ñòðîåíèÿ îáðàìëåíèÿ Àõóíîâî-Êàðàãàñêî-
ãî ìàññèâà (ñîñòàâëåíà Ï.Ô. Ñîïêî è äð. [1]):
1 – ôèëëèòîâûå è çåëåíûå ñëàíöû; 2 – ôëèøîèäíûå êðåìíèñòî-òåððè-
ãåííûå ïîðîäû; 3 – îñàäî÷íî-âóëêàíîãåííûå ïîðîäû; 4 – áàçàëüò – àí-
äåçèò – äàöèò – ðèîëèòîâàÿ ôîðìàöèÿ; 5 – òóôîãåííûå ïåñ÷àíèêè ñ
ïðîñëîÿìè áàçàëüòîâ; 6 – àíäåçèò-áàçàëüòîâûå ïîðîäû; 7 – ãðàíèòû;
8 – äèîðèòû; 9–12 – ìåñòîðîæäåíèÿ è ðóäîïðîÿâëåíèÿ: 9 – ñåðíîêîë÷å-
äàííûå; 10 – ìåäíîêîë÷åäàííûå; 11 – êîë÷åäàííî-ïîëèìåòàëëè÷åñêèå;
12 – øååëèòîâûå; 13 – çîíà ìàêñèìàëüíîãî ðàçâèòèÿ èçîòåðìû 400°Ñ;
14–18 – çîíû èçîòåðìè÷åñêîé ñòàáèëèçàöèè: 14 – 600°Ñ; 15 – 500°Ñ;
16 – 400°Ñ; 17 – 350°Ñ; 18 – 250°Ñ; 19 – çîíû èçîòåðìè÷åñêîé ñòàáèëè-
çàöèè, âûíåñåííûå ñ ãëóáèíû 2,5 êì (çíàê âíóòðè àíàëîãè÷åí ñðåçó 0 êì);
20 – ìèãðàöèÿ âî âðåìåíè öåíòðà ìàêñèìàëüíûõ òåìïåðàòóð (âðåìÿ â
ìëí ëåò); 21 – ìèãðàöèÿ âî âðåìåíè ãðàíèöû òâåðäàÿ ôàçà-ðàñïëàâ,
ñîäåðæàùèé êðèñòàëëû (âðåìÿ â òûñ. ëåò)
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Ãåîëîãè÷åñêîé îñíîâîé ìîäåëèðîâàíèÿ
ÿâèëèñü ïðåäñòàâëåíèÿ î ãëóáèííîì ñòðîåíèè
ðàññìàòðèâàåìîé òåððèòîðèè [4]. Ïî ãåîôè-
çè÷åñêèì äàííûì Àõóíîâñêèé ìàññèâ ÿâëÿ-
åòñÿ áàòîëèòîì, âåðòèêàëüíàÿ ìîùíîñòü êî-
òîðîãî ñîñòàâëÿåò ïîðÿäêà 12–13 êì. Ïî ãåî-
ëîãè÷åñêèì íàáëþäåíèÿì è ãåîôèçè÷åñêèì
ìàòåðèàëàì êîíòàêòû ãðàíèòîâ ñ âìåùàþùè-
ìè ïîðîäàìè â áîëüøèíñòâå ñëó÷àåâ èìåþò
êðóòûå (÷àñòî ïî÷òè âåðòèêàëüíûå) óãëû ïà-
äåíèÿ. Ëèøü â ñåâåðíîé ÷àñòè íà îòíîñèòåëü-
íî íåáîëüøîì ðàññòîÿíèè ãðàíèòû ïîãðóæà-
þòñÿ ïîëîãî ïîä âìåùàþùèå âóëêàíîãåííûå
îáðàçîâàíèÿ, îäíàêî çàòåì êîíòàêò âíîâü ñòà-
íîâèòñÿ âåñüìà êðóòûì. Â ñâÿçè ñ òàêèìè îñî-
áåííîñòÿìè ìîðôîëîãèè ìàññèâà áûë ïðèìå-
íåí ìåòîä îáúåìíîãî ìîäåëèðîâàíèÿ â åãî
äâóìåðíîì âàðèàíòå, ðàññ÷èòàâ òåïëîâûå
ïîëÿ äëÿ òðåõ ãîðèçîíòîâ: ñîâðåìåííûé ýðî-
çèîííûé, ñðåçû 2,5 êì è 5 êì îò äíåâíîé ïî-
âåðõíîñòè. Îñíîâûâàÿñü íà èçëîæåííûõ ãåî-
ëîãè÷åñêèõ äàííûõ, çàäà÷à äëÿ êàæäîãî èç òðåõ

ãîðèçîíòîâ ìàòåìàòè÷åñêè ìîæåò áûòü ñôîð-
ìóëèðîâàíà àíàëîãè÷íî òîìó, êàê ýòî ñäåëà-
íî â ðàáîòå [5]. Îòëè÷èå çàêëþ÷àåòñÿ ëèøü â
òîì, ÷òî çäåñü ó÷èòûâàëàñü çàâèñèìîñòü òåï-
ëîôèçè÷åñêèõ ïàðàìåòðîâ îò òåìïåðàòóðû.

Äèíàìèêà êðèñòàëëèçàöèè ìàññèâà.
Ïðîöåññ êðèñòàëëèçàöèè Àõóíîâñêîãî ìàññèâà
ïðîäîëæàëñÿ áîëåå 800 òûñ. ëåò. Íàèáîëåå áû-
ñòðî êðèñòàëëèçîâàëèñü ïðèêîíòàêòîâûå ó÷àñ-
òêè è âåðõíèå ãîðèçîíòû èíòðóçèè. Ðàñïëàâ
äëèòåëüíîå âðåìÿ (1 ìëí ëåò) ñîõðàíÿëñÿ íà ãî-
ðèçîíòå 5 êì. Íà ãîðèçîíòå 2,5 êì ðàñïëàâ çàê-
ðèñòàëëèçîâàëñÿ çà 850 òûñ.ëåò, à íà óðîâíå ñî-
âðåìåííîãî ýðîçèîííîãî ñðåçà (óñëîâíî ãîð. 0)
êðèñòàëëèçàöèÿ çàêîí÷èëàñü ïðèìåðíî ÷åðåç
800 òûñ. ëåò. Íà âñåõ ãîðèçîíòàõ â ïåðâóþ î÷å-
ðåäü çàòâåðäåâàëà ïåðåìû÷êà, ñîåäèíÿþùàÿ çà-
ïàäíóþ è âîñòî÷íóþ ÷àñòè ìàññèâà. Ýòî ïðî-
èñõîäèëî â òå÷åíèå ïåðâûõ äåñÿòêîâ òûñÿ÷ ëåò.
Â äàëüíåéøåì çàïàäíàÿ è âîñòî÷íàÿ ÷àñòè ìàñ-
ñèâà êðèñòàëëèçîâàëèñü êàê ñàìîñòîÿòåëüíûå

Ò à á ë è ö à  1

Èñõîäíûå äàííûå äëÿ ðàñ÷åòà òåïëîâûõ ïîëåé

Îñíîâíûå  
ðàçíîâèäíîñòè  

ïîðîä 

Ïëîò-
íîñòü, 
ã/ñì3 

Òåïëîåì-
êîñòü,  

êàë/ã *ãðàä 

Òåïëîïðîâîä-
íîñòü, (êàë/ñì 

*ñåê*ãðàä) 
10–2 

Òåìïåðàòóðà 
â ìîìåíò 

âíåäðåíèÿ, 
°Ñ 

Òåìïåðàòóðà 
íà÷àëà êðè-
ñòàëëèçà-
öèè, °Ñ 

Çåëåíûå è ôèëëèòîâûå 
ñëàíöû 2,78 0,260 0,617 90 – 

Ïåðåñëàèâàíèå çåëåíûõ 
ñëàíöåâ è áàçàëüòîâûõ 
ïîðôèðèòîâ 

2,84 0,264 0,630 » – 

Òóôû è òóôîáðåê÷èè 
àíäåçèòîâîãî ñîñòàâà 2,80 0,212 0,590 » – 

Òóôû è òóôîáðåê÷èè 
êèñëîãî ñîñòàâà 2,77 0,178 0,502 » – 

Òóôû è òóôîáðåê÷èè 
áàçàëüòîâîãî ñîñòàâà 2,83 0,239 0,577 » – 

Òóôîãåííûå ïåñ÷àíèêè 2,54 0,156 0,492 » – 
Îñíîâíûå ýôôóçèâû 
(èçìåíåííûå) 2,80 0,241 0,589 » – 

Ýôôóçèâû êèñëîãî  
ñîñòàâà 2,71 0,153 0,556 » – 

Ìèíäàëåêàìåííûå  
áàçàëüòîâûå  
ïîðôèðèòû 

2,87 0,218 0,585 » – 

Ýôôóçèâû ñðåäíåãî  
ñîñòàâà 2,78 0,241 0,572 » – 

Äèîðèò 2,80 0,152 0,703 » – 
Ãðàíèò 2,64 0,225 0,726 1000 950 
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èíòðóçèè õîòÿ è îêàçûâàëè äðóã íà äðóãà, à îñî-
áåííî íà îáëàñòü, ðàñïîëîæåííóþ ìåæäó íèìè,
çàìåòíîå âëèÿíèå. Çàïàäíàÿ ÷àñòü êðèñòàëëè-
çîâàëàñü íà âñåõ òðåõ ãîðèçîíòàõ ïðèìåðíî â
1,5 ðàçà äîëüøå, ÷åì âîñòî÷íàÿ.

Ýâîëþöèÿ òåìïåðàòóðíîãî ïîëÿ.
Òåìïåðàòóðíîå ïîëå Àõóíîâî-Êàðàãàéñêîãî
ìàññèâà èìåëî ÷åòêî âûðàæåííûé ñåâåðî-
âîñòî÷íûé ýêñöåíòðèñèòåò (ðèñ. 1, 2), ÷òî
îáúÿñíÿåòñÿ âûñîêîé òåïëî- è òåìïåðàòóðî-
ïðîâîäíîñòüþ ôèëëèòîâ.

Ìîäåëèðîâàíèå ïðîâîäèëîñü íà áàçå
ìàòåðèàëîâ, ïî òî÷íîñòè îòâå÷àþùèõ ìàñø-
òàáó 1:200 000. Â ñâÿçè ñ ýòèì íàìè ïðîâåäå-
íî ñîïîñòàâëåíèå ðåçóëüòàòîâ ìîäåëèðîâàíèÿ
ñ äàííûìè ãðàíàò-áèîòèòîâîãî è ãðàíàò-êîð-
äèåðèòîâîãî òåðìîìåòðîâ [6] äëÿ ðîãîâèêîâ
ðàéîíà Òàø-ßðñêîãî ìåñòîðîæäåíèÿ. Ñîñòà-
âû ìèíåðàëîâ ïîëó÷åíû ñ ïîìîùüþ ðåíòãå-
íîâñêîãî ìèêðîàíàëèçàòîðà (òàáë. 2). Ñõîäè-
ìîñòü òåìïåðàòóð, îïðåäåëåííûõ ïî ìèíå-
ðàëüíûì òåðìîìåòðàì è â ðåçóëüòàòå ìîäåëè-
ðîâàíèÿ, óäîâëåòâîðèòåëüíàÿ (òàáë. 3).

Çàêîíîìåðíîñòè ðàçìåùåíèÿ îðóäåíå-
íèÿ â òåìïåðàòóðíîì ïîëå Àõóíîâñêîãî
ìàññèâà. Â ïðåäåëàõ ðàññìàòðèâàåìîé íàìè
òåððèòîðèè èçâåñòåí ðÿä êîë÷åäàííûõ, ðåä-
êîìåòàëüíûõ è çîëîòûõ ðóäíûõ îáúåêòîâ. Ïåð-
âûå òåñíî ñâÿçàíû ñ äåâîíñêîé âóëêàíîãåí-
íîé äåÿòåëüíîñòüþ. Âñå îíè, çà èñêëþ÷åíè-
åì Òàø-ßðñêîãî ìåñòîðîæäåíèÿ, ðàñïîëîæå-
íû çà ïðåäåëàìè ðàçâèòèÿ èçîòåðìû 400°Ñ
òåðìàëüíîãî ïîëÿ Àõóíîâñêîãî ìàññèâà.

Ñîïîñòàâëåíèå ðåçóëüòàòîâ ìàòåìàòè÷å-
ñêîãî ìîäåëèðîâàíèÿ ñ ðàçìåùåíèåì äðóãèõ
ðóäíûõ îáúåêòîâ ïî ïåðèôåðèè Àõóíîâî-Êà-
ðàãàéñêîãî ìàññèâà ïîçâîëèëî óñòàíîâèòü, ÷òî
ïîäàâëÿþùåå èõ áîëüøèíñòâî ñòðîãî ëîæàòñÿ
â çîíû èçîòåðìè÷åñêîé ñòàáèëèçàöèè òåìïå-
ðàòóð 350–550°Ñ. Îñîáîãî âíèìàíèÿ çàñëóæè-
âàþò Òàø-ßðñêèé, Áóéäèíñêèé, Êàðàãàéñêèé,
Ñåâåðî-Êóðîñàíñêèé ó÷àñòêè (ðèñ. 3).

Òàø-ßðñêèé ó÷àñòîê. Îïûò èññëåäîâà-
íèÿ êîíòàêòîâî-òåðìàëüíûõ ïðåîáðàçîâàíèé

Ðèñ.  2.  Ðàçâèòèå âî âðåìåíè èçîòåðì 250°Ñ (à), 350°Ñ
(á), 500°Ñ (â), 600°Ñ (ã). Âðåìÿ â òûñ. ëåò

Ò à á ë è ö à  2

Õèìè÷åñêèé ñîñòàâ è òåìïåðàòóðà îáðàçîâàíèÿ ðîãîâèêîâ

Ï ð è ì å ÷ à í è å. 1X öèôðîé îáîçíà÷åí íîìåð òî÷êè íàáëþäåíèÿ.

Îêèñëû,  
ìèíåðàëû 

Ñêâ. 
¹ SiÎ2 Al2O3 

(FeO 
+Fe2Î3) 

MnO MgO CaO XX
Mg T, °Ñ 

Áèîòèò-1x 1254 33,8 20,6 22,3 – 5,9 – 0,32 710–730 
Ãðàíàò-1 – 38,2 21,3 30,5 1,7 3,7 2,4 0,18 – 
Êîðäèåðèò-1 – 48,7 32,4 14,4 0,1 5,8 – 0,42 720–740 
Áèîòèò-2 827 34,6 19,4 21,1 – 7,2 0,2 0,38 620–680 
Ãðàíàò-2 – 37,3 22,2 33,5 3,3 2,42 2,1 0,11 – 
Êîðäèåðèò-2 – 49,3 33,2 11,4 0,3 6,5 – 0,48 620–640 
Áèîòèò-3 1251 35,2 19,8 22,3 – 8,4 0,4 0,40 550–560 
Ãðàíàò-3 – 37,2 21,7 34,2 0,9 1,86 1,2 0,09 – 
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êîë÷åäàííûõ ìåñòîðîæäåíèé ïîêàçûâàåò, ÷òî
îùóòèìûå èçìåíåíèÿ â ñîñòàâå ðóäíûõ òåë è
èõ ïåðåðàáîòêà ïðîèñõîäÿò, íà÷èíàÿ èìåííî
ñ òåìïåðàòóð ïîðÿäêà 400°Ñ è âûøå. Ñîãëàñ-
íî âûïîëíåííûì ðàñ÷åòàì, íà ó÷àñòêå Òàø-
ßðñêîãî ìåäíîêîë÷åäàííîãî ìåñòîðîæäåíèÿ,
íàõîäÿùåãîñÿ â ñåâåðíîì ýêçîêîíòàêòå èíòðó-
çèâà, áûëà òåìïåðàòóðà 700°Ñ. Îäíàêî îíà
ñóùåñòâîâàëà êîðîòêèé ïðîìåæóòîê âðåìåíè.
Ãîðàçäî äîëüøå çäåñü ñîõðàíÿëèñü òåìïåðà-
òóðû 500–550°Ñ. Çîíà, îêîíòóðåííàÿ èçîòåð-
ìîé 500°Ñ è âûòÿíóòàÿ íà 9 êì â ñåâåðî-âîñ-
òî÷íîì íàïðàâëåíèè, íàõîäèëàñü â ðàéîíå
ìåñòîðîæäåíèÿ ïî÷òè 1 ìëí ëåò. Òàø-ßðñêîå
ìåñòîðîæäåíèå ïðèóðî÷åíî ê åå öåíòðàëüíîé
÷àñòè. Ìåñòîðîæäåíèå ïðåäñòàâëåíî ñåðèåé
ìåëêèõ ñóáìåðèäèîíàëüíûõ æèë. Ãëàâíûå
ðóäîîáðàçóþùèå ìèíåðàëû-ïèðèò, ñôàëåðèò,
õàëüêîïèðèò, ïîä÷èíåííûå – ãàëåíèò, ïèððî-
òèí, ìàãíåòèò. Â îêîëîðóäíûõ âìåùàþùèõ
ïîðîäàõ øèðîêî ðàçâèòû áèîòèò, ãðàíàò, êîð-
äèåðèò, òóðìàëèí. Òàø-ßðñêîå ìåñòîðîæäå-
íèå èìååò äëèòåëüíóþ èñòîðèþ ôîðìèðîâà-
íèÿ, â êîòîðîé ìîæíî âûäåëèòü ïî êðàéíåé
ìåðå äâà ýòàïà: äîèíòðóçèâíûé è ïîñòèíòðó-
çèâíûé. Â ïåðâûé ýòàï îáðàçîâàëèñü âóëêà-
íîãåííûå êîë÷åäàííûå ðóäíûå òåëà. Âî âòî-
ðîé – ïðîèñõîäèëà èõ ïåðåêðèñòàëëèçàöèÿ è
ïåðåîòëîæåíèå. Ýêñòðàêöèÿ ðóäíîãî âåùåñòâà
èç ïåðâè÷íûõ âóëêàíîãåííûõ ðóä ïðîòåêàëà,
âåðîÿòíî, â òåìïåðàòóðíîì èíòåðâàëå 740–
660°Ñ íà ïðîãðåññèâíîé ñòàäèè êîíòàêòîâî-
ãî ìåòàìîðôèçìà. Ïðè ýòîì èç-çà ñóùåñòâî-
âàíèÿ çíà÷èòåëüíûõ òåìïåðàòóðíûõ ãðàäèåí-
òîâ ðóäíûå êîìïîíåíòû ðàñïûëÿëèñü âî âìå-
ùàþùèõ ïîðîäàõ. Â ñâÿçè ñ òåì, ÷òî íà÷èíàÿ
ïðèìåðíî ñ òåìïåðàòóðû 500°Ñ çäåñü íà äëè-
òåëüíîå âðåìÿ óñòàíîâèëèñü íóëåâûå ãðàäè-
åíòû òåìïåðàòóð, âîçíèêëè óñëîâèÿ äëÿ êîí-

öåíòðàöèè âûñîêîòåìïåðàòóðíîé ñóëüôèäíîé
ìèíåðàëèçàöèè. Ïîñêîëüêó êðóïíûõ çîí òåð-
ìîñòàòèðîâàíèÿ â ïðåäåëàõ êîíòóðà Ò=400°Ñ
íåò, òî âñòðåòèòü çäåñü ðåãåíåðèðîâàííûå
êîë÷åäàííûå ðóäû êðóïíåå Òàø-ßðñêîãî ïðåä-
ñòàâëÿåòñÿ ìàëîâåðîÿòíûì.

Áóéäèíñêèé ó÷àñòîê, çàíèìàþùèé ïëî-
ùàäü îêîëî 35–40 êâ. êì, ðàñïîëîæåí â çàïàä-
íîì ýêçîêîíòàêòå ãðàíèòíîé èíòðóçèè è òàê
æå, êàê è Êàðàãàéñêèé ó÷àñòîê ïðèóðî÷åí ê
çîíå Àãûðî-Áóéäèíñêîãî ðàçëîìà, âûòÿíóòîé
â ìåðèäèîíàëüíîì íàïðàâëåíèè. Ãåîëîãè÷å-
ñêîå ñòðîåíèå ó÷àñòêà äîâîëüíî ïðîñòîå. Öåí-
òðàëüíàÿ åãî ÷àñòü, çàêëþ÷åííàÿ ìåæäó äâóìÿ
êðóïíûìè ðàçëîìàìè, ñëîæåíà â îñíîâíîì
ñèëóðèéñêèìè, íèæíåäåâîíñêèìè ïîðîäàìè
îñíîâíîãî, ñðåäíåãî è êèñëîãî ñîñòàâà, ïðî-
ðâàííûìè ñëîæíûìè ïî ìîðôîëîãèè äàéêà-

Ðèñ.  3.  Ðåêîìåíäóåìûå ïëîùàäè íà îáíàðóæåíèå
îðóäåíåíèÿ. Ó÷àñòêè: 1 – Áóéäèíñêèé; 2 – Êàðàãàéñêèé;
3 – Ñåâåðî-Êóðîñàíñêíé; 4 – Òàø-ßðñêèé

Ò à á ë è ö à  3

Ñîïîñòàâëåíèå çíà÷åíèé òåìïåðàòóð, ïîëó÷åííûõ ðàçíûìè ìåòîäàìè

Ïî äàííûì ìîäåëèðîâàíèÿ  Ïî äèàãðàììàì ôàçîâîãî ñîîòâåòñòâèÿ 
óäàëåííîñòü  
îò ìàññèâà òåìïåðàòóðà óäàëåííîñòü  

îò ìàññèâà òåìïåðàòóðà 

ó êîíòàêòà 700°Ñ ó êîíòàêòà 710–740°Ñ 
700–800 ì 600°Ñ 700–800 ì 620–640°Ñ 

1000–1400 ì 550°Ñ 1200–1300 ì 550–560°Ñ 
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ìè ãàááðî, ãàááðî – äèîðèòîâ, ãàááðî – äèà-
áàçîâ. Âîñòî÷íåå, áëèæå ê êîíòàêòó ãðàíèò-
íîãî ìàññèâà, øèðîêîé ïîëîñîé ïðîòÿãèâà-
þòñÿ ñðåäíåäåâîíñêèå (ýéôåëüñêèå) ýôôóçè-
âû áàçàëüòîâîãî è ðèîëèòîâîãî ñîñòàâà, ïîä-
âåðãíóòûå èíòåíñèâíîìó êîíòàêòîâîìó ìåòà-
ìîðôèçìó. Äàëåå íà çàïàä îò ñóëóðèéñêî-íèæ-
íåäåâîíñêèõ îòëîæåíèé ðàçâèòû ñðåäíå-äå-
âîíñêèå òóôû è òóôîáðåê÷èè êèñëîãî è îñ-
íîâíîãî ñîñòàâà. Â çîíå ðàçâèòèÿ Àãûðî-Áóé-
äèíñêîãî ðàçëîìà, òðàññèðóþùåãîñÿ íà ïîâåð-
õíîñòè ëèíçàìè ñåðïåíòèíèòîâ, è â ìåíüøåé
ìåðå çà åå êîíòóðàìè ïîðîäû ñèëüíî ðàññëàí-
öîâàíû, à ìåñòàìè ïîäâåðãëèñü çíà÷èòåëü-
íûì ïðîÿâëåíèÿì áåðåçèòèçàöèè è ëèñòâå-
íèòèçàöèè.

Â ïðåäåëàõ Áóéäèíñêîãî ó÷àñòêà èçâåñò-
íî íåñêîëüêî íåáîëüøèõ ìåñòîðîæäåíèé è ðÿä
ðóäîïðîÿâëåíèé ðåäêèõ ìåòàëëîâ (âîëüôðàìà,
çîëîòà). Âñå îíè ïðåäñòàâëåíû çàëåãàþùèìè
â áåðåçèòàõ è ðåæå â ëèñòâåíèòàõ øååëèòî- è
çîëîòîíîñíûìè êâàðöåâûìè æèëàìè. Øååëè-
òîâàÿ ìèíåðàëèçàöèÿ â êâàðöå ðàñïðîñòðàíå-
íà ãíåçäîîáðàçíî. Â àññîöèàöèè ñ íåé îòìå-
÷åíà è íåáîëüøàÿ âêðàïëåííîñòü ñóëüôèäîâ.
Ïðîòÿæåííîñòü æèë íåçíà÷èòåëüíàÿ, â ïðåäå-
ëàõ íåñêîëüêèõ äåñÿòêîâ ìåòðîâ. Ïðîñòèðàíèå
èõ â îñíîâíîì ñåâåðî-âîñòî÷íîå, áëèçêîå ê
ìåðèäèîíàëüíîìó, ïàäåíèå çàïàäíîå. Ìíîãèå
èç ýòèõ æèë áûëè âûðàáîòàíû åùå â ïðîöåññå
ðàçâåäêè, ÷òî íå ïîçâîëÿåò ïðîâåñòè èõ ïåðå-
äîêóìåíòàöèþ. Î ïðîèñõîæäåíèè æèë íåò åäè-
íîãî ìíåíèÿ. Íåêîòîðûå èññëåäîâàòåëè ñâÿ-
çûâàþò èõ ôîðìèðîâàíèå ñ ãèäðîòåðìàëüíîé
äåÿòåëüíîñòüþ Àõóíîâî-Êàðàãàéñêîãî ìàññè-
âà, äðóãèå ñ÷èòàþò áîëåå ðåàëüíîé ñâÿçü ñ áëèç-
ðàñïîëîæåííûì ãàááðîíäíûì èíòðóçèâíûì
òåëîì [2]. Àâòîðû ñêëîííû ïîääåðæèâàòü ïåð-
âóþ òî÷êó çðåíèÿ.

Ïðîñòðàíñòâåííî âñå ðóäîïðîÿâëåíèÿ
Áóéäèíñêîãî ó÷àñòêà ìîæíî ðàçäåëèòü íà äâå
ãðóïïû, ïåðâàÿ èç êîòîðûõ, íàèáîëåå óäàëåí-
íàÿ îò êîíòàêòà Àõóíîâî-Êàðàãàéñêîãî ìàññè-
âà, ïðèóðî÷åíà ê çîíå ñóáìåðèäèîíàëüíîãî
ðàçëîìà (Ãàíååâñêîå, Âîðîíöîâñêîå. Áåëàÿ
æèëà, Èãíàòüåâñêîå è äð.), âòîðàÿ ðàñïîëîæå-
íà ëèáî â âîñòî÷íîé ÷àñòè ãàááðîèäíîé èíò-
ðóçèè, ëèáî â çîíàõ ðàññëàíöåâàíèÿ ñðåäíå-

Îñòðàÿ ãîðêà, Àðñëàìáàåâñêîå è äð.). Âàæíî
îòìåòèòü, ÷òî ïî÷òè íè îäíî ðóäîïðîÿâëåíèå
ïåðâîé ãðóïïû íå ñîäåðæèò øååëèò, òîãäà êàê
â ðóäîïðîÿâëåíèÿõ âòîðîé ãðóïïû øååëèò
ðàçâèò î÷åíü øèðîêî. Ðàçâèòèå çäåñü êîíòðà-
ñòíîé ïàðû êèñëûõ è îñíîâíûõ âóëêàíèòîâ
äàåò âîçìîæíîñòü ðàññ÷èòûâàòü íà íàõîæäå-
íèå íå òîëüêî ðåäêîìåòàëüíûõ è çîëîòîðóä-
íûõ ïðîÿâëåíèé, íî è ìåäíûõ è ìåäíîöèí-
êîâûõ. Íà âîçìîæíîå îòêðûòèå íà Áóéäèí-
ñêîì ó÷àñòêå íîâûõ ìåñòîðîæäåíèé è ðóäîï-
ðîÿâëåíèé óêàçûâàåò åùå è òî, ÷òî øååëèò è
çîëîòî âñòðå÷åíû çäåñü è âî ìíîãèõ øëèõàõ,
âçÿòûõ èç ìåñò âíå ñôåð âëèÿíèÿ èçâåñòíûõ
øååëèòîïîñíûõ æèë.

Íàëè÷èå íà Áóéäèíñêîì ó÷àñòêå çîí ñòà-
áèëèçàöèè òåìïåðàòóð äåëàåò ýòó îáëàñòü
î÷åíü ïåðñïåêòèâíîé íà âûÿâëåíèå âûñîêî-
òåìïåðàòóðíîãî ãèäðîòåðìàëüíîãî îðóäåíå-
íèÿ. Èíòåðâàë âðåìåíè ñòàáèëèçàöèè èçî-
òåðì 600 è 500°Ñ îõâàòûâàåò 350–850 òûñ.
ëåò, òîãäà êàê äëÿ èçîòåðì 400, 350 è 250°Ñ
îí íåñêîëüêî èíîé: 550–1350 òûñ. ëåò. Ýòî
äàåò ïðàâî ñ÷èòàòü ïåðñïåêòèâíûìè äëÿ îá-
íàðóæåíèÿ ãèäðîòåðìàëüíûõ ðóä âñþ îá-
ëàñòü, ðàñïîëîæåííóþ ìåæäó çîíàìè ñòàáè-
ëèçàöèè èçîòåðì 250 è 500°Ñ. Âàæíîñòü è
ïðàâèëüíîñòü äàííîãî ïîëîæåíèÿ çàêëþ÷à-
åòñÿ åùå è â òîì, ÷òî ïðîöåññ ðóäîîòëîæå-
íèÿ, êàê èçâåñòíî, õàðàêòåðèçóåòñÿ íå îäíîé
êàêîé-òî ôèêñèðîâàííîé òåìïåðàòóðîé, à
îõâàòûâàåò íåêîòîðûé èíòåðâàë. È íå ñëó-
÷àéíî âñå øååëèòîâûå è çîëîòûå ðóäîïðî-
ÿâëåíèÿ Áóéäèíñêîãî ó÷àñòêà ëåæàò ñòðîãî
â ïðåäåëàõ óêàçàííîé îáëàñòè. Òîëüêî äâà ðó-
äîïðîÿâëåíèÿ (â 400 è 500 ì îò ìàññèâà)
ðàñïîëàãàþòñÿ âíóòðè îáëàñòè ñòàáèëèçàöèè
èçîòåðì âûøå 500°Ñ. Îáðàçîâàíèå èõ, âåðî-
ÿòíî, ñëåäóåò îáúÿñíèòü ïåðåãðåòûì ñîñòî-
ÿíèåì âîäíûõ ðàñòâîðîâ â ïåðèîä ôîðìè-
ðîâàíèÿ øååëèò-êâàðöåâûõ æèë.

Äâóìåðíîå ìîäåëèðîâàíèå òåïëîâîãî
íîëÿ Àõóíîâî-Êàðàãàéñêîãî ãðàíèòîèäíîãî
ìàññèâà ñðàçó íà íåñêîëüêèõ ãèïñîìåòðè÷å-
ñêèõ óðîâíÿõ (0–2,5 è 5 êì) ïîçâîëèëî âïëîò-
íóþ ïðèáëèçèòüñÿ ê îáúåìíîé ìîäåëè, ÷òî
èìååò áîëüøîå çíà÷åíèå íå òîëüêî äëÿ ïðî-
ãíîçíîé îöåíêè ãèäðîòåðìàëüíîãî îðóäåíå-
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íèÿ íà ãëóáèíó, íî è äëÿ âûÿâëåíèÿ åãî ýëå-
ìåíòîâ çàëåãàíèÿ, íåîáõîäèìûõ äëÿ ïðàâèëü-
íîãî âåäåíèÿ ïîèñêîâûõ ðàáîò [7].

Ïðèìåðîì òîìó ìîæåò ñëóæèòü îáúåìíîå
èçó÷åíèå äèíàìèêè òåïëîâîãî ïîëÿ íà Áóé-
äèíñêîì ó÷àñòêå. Çäåñü íà ãîðèçîíòå 0 êì (ñî-
âðåìåííûé ýðîçèîííûé ñðåç) çîíà èçîòåðìè-
÷åñêîé ñòàáèëèçàöèè òåìïåðàòóðû 500°Ñ òÿ-
íåòñÿ âäîëü êîíòàêòà ãðàíèòíîãî ìàññèâà íà
16 êì (ñì. ðèñ. 1). Äëÿ áîëåå íèçêèõ òåìïåðà-
òóð ïðîòÿæåííîñòü çîí ñòàáèëèçàöèè óìåíü-
øàåòñÿ. Òàê, äëÿ òåìïåðàòóðû 400°Ñ îíà íå
ïðåâûøàåò 10 êì, à äëÿ òåìïåðàòóðû 850°Ñ –
7 êì. Èçîòåðìû 250 è 120°Ñ ðàçâèâàëèñü âî
âðåìåíè ìîíîòîííî è íå èìåëè íà äàííîì
ó÷àñòêå êàêèõ-ëèáî çîí ñòàáèëèçàöèè. Ýòî ãî-
âîðèò îá óìåíüøåíèè ïåðñïåêòèâíîñòè ïëî-
ùàäåé ó÷àñòêà ñ óäàëåíèåì îò êîíòàêòà ìàñ-
ñèâà. Äëÿ ãîðèçîíòà 2,5 êì êàðòèíà íåñêîëüêî
èíàÿ. Çîíû èçîòåðìè÷åñêîé ñòàáèëèçàöèè äëÿ
ðàçíûõ òåìïåðàòóð áëèçêè ïî ïðîòÿæåííîñ-
òè è íå ïðåâûøàþò 5–6 êì. Ïðîäîëæèòåëü-
íîñòü ñîõðàíåíèÿ çîí òåðìîñòàòèðîâàíèÿ íà
äàííîì óðîâíå íåñêîëüêî ìåíüøå, ÷åì íà ñðåçå
0 êì. Âàæíî îòìåòèòü è ñåâåðî-çàïàäíûé ýê-
ñöåíòðèñèòåò çîí ñòàáèëèçàöèè ñðåçà 2,5 êì
ïî îòíîøåíèþ ê ñîâðåìåííîìó ýðîçèîííîìó
ñðåçó. Â ñðåäíåì çîíû ñòàáèëèçàöèè ñìåùå-
íû íà 1–1,2 êì ê ñåâåðî-çàïàäó. Òàêîå ðàçâè-
òèå òåïëîâîãî ïîëÿ ñ ãëóáèíîé ïîçâîëÿåò
îæèäàòü íà Áóéäèíñêîì ó÷àñòêå ìèíåðàëèçî-
âàííûå ñèñòåìû òðåùèí ñóáìåðèäèîíàëüíî-
ãî ïðîñòèðàíèÿ ñ êðóòûì (55–70°) çàïàä – ñå-
âåðî-çàïàäíûì ïàäåíèåì. Òåðìîóïðóãèå íà-
ïðÿæåíèÿ ìîãëè ïîðîäèòü çäåñü ñèñòåìû òðå-
ùèí, îðòîãîíàëüíûå ê ðàññìîòðåííûì, ñ ñóá-
øèðîòíûì ïðîñòèðàíèåì. Äëÿ ãîðèçîíòà 5 êì
çîíû èçîòåðìè÷åñêîé ñòàáèëèçàöèè òåìïåðà-
òóð ìåíåå 600°Ñ âîîáùå îòñóòñòâóþò, ïîýòî-
ìó òðóäíî ãîâîðèòü î êàêîé-ëèáî ïåðñïåêòèâ-
íîñòè ó÷àñòêà íà òàêèõ ãëóáèíàõ. Ñáëèæåí-
íîñòü çîí òåðìîñòàòèðîâàíèÿ äëÿ ðàçíûõ òåì-
ïåðàòóð ñðåçîâ 0 è 2,5 êì ìîãëè ïðèâåñòè ê
òåëåñêîïèðîâàííîñòè ãèäðîòåðìàëüíîãî îðó-
äåíåíèÿ íà ó÷àñòêå (îñîáåííî â ïðèáëèæåí-
íûõ ê ìàññèâó ÷àñòÿõ Áóéäèíñêîãî ó÷àñòêà).

Êàê óæå îòìå÷àëîñü ðàíåå, äëÿ óïðîùå-
íèÿ ðåøåíèÿ òåïëîâîé çàäà÷è íàìè èñïîëü-

çîâàëñÿ äâóìåðíûé âàðèàíò ìîäåëèðîâàíèÿ.
Îäíàêî, êîãäà áûëî çàìå÷åíî, ÷òî çîíû ñòà-
áèëèçàöèè âåäóò ñåáÿ íà ðàçíûõ óðîâíÿõ ïî-
ðàçíîìó, áûë ïðèìåíåí èñêóññòâåííûé ïðè-
åì, ïðîìåæóòî÷íûé ìåæäó äâó- è òðåõìåðíûì
ìîäåëèðîâàíèåì. Òåïëîâûå ïîëÿ, ñ âûáðàí-
íûìè â èõ ïðåäåëàõ èçîòåðìàìè, äëÿ ãîðè-
çîíòîâ 0 è 2,5 êì íàìè àïïðîêñèìèðîâàíû
ïîëèíîìàìè, è ðàññ÷èòàíû òåïëîâûå áàëàí-
ñû ìåæäó ýòèìè ãîðèçîíòàìè. Çàâèñèìîñòü
äëèòåëüíîñòè ñóùåñòâîâàíèÿ çîí ñòàáèëèçà-
öèè äëÿ èçîòåðì 350, 400 è 500°Ñ îò ãëóáèíû
ïîêàçàíà íà ðèñ. 4. Íåòðóäíî âèäåòü, ÷òî íàè-
áîëüøàÿ äëèòåëüíîñòü â 1–1,5 ìëí ëåò, íà-
áëþäàåòñÿ íà ãëóáèíàõ ïîðÿäêà 700–1200 ì.
Ýòîò èíòåðâàë ãëóáèííîñòè, âèäèìî, íàèáî-
ëåå ïåðñïåêòèâåí íà îáíàðóæåíèå ðåäêîìå-
òàëüíûõ è çîëîòûõ ðóä. Ïðîäîëæèòåëüíîñòü
ñîõðàíåíèÿ çîí òåðìîñòàòèðîâàíèÿ ïà ìåíü-
øèõ ãëóáèíàõ íåñêîëüêî íèæå, õîòÿ è äîñòè-
ãàåò äàæå íà íóëåâîì óðîâíå íå ìåíåå
0,85 ìëí ëåò, ÷òî òàêæå óêàçûâàåò íà âîçìîæ-
íîå îáíàðóæåíèå çäåñü èíòåðåñíûõ â ïðî-
ìûøëåííîì îòíîøåíèè ðóäíûõ òåë. Â öåëîì
ðåäêîìåòàëüíîå è çîëîòîå îðóäåíåíèå Áóé-
äèíñêîãî ó÷àñòêà íà ñðåçå 0 êì ïðåäñòàâëÿåò,
âåðîÿòíî, âåðõíèå ÷àñòè ìèíåðàëèçîâàííîé
çîíû, ïåðñïåêòèâíîñòü êîòîðîé ñ ãëóáèíîé
âîçðàñòàåò.

Ðèñ.  4.  Çàâèñèìîñòü äëèòåëüíîñòè ñòàáèëèçàöèè
èçîòåðì 350, 400, è 500°Ñ îò ãëóáèíû íà Áóéäèíñêîì
ó÷àñòêå
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Êàðàãàéñêèé ó÷àñòîê íàõîäèòñÿ þæíåå
Áóéäèíñêîãî ó÷àñòêà óæå â ïðåäåëàõ ×åëÿáèí-
ñêîé îáëàñòè (ñì. ðèñ. 1). Çäåñü íà þæíîì ïðî-
äîëæåíèè çîíû Àãûðî-Áóéäèíñêîãî ðàçëîìà
èçâåñòíî íåñêîëüêî ðåäêîìåòàëüíûõ è çîëîòî-
ðóäíûõ ïðîÿâëåíèé (Êàðàãàéñêèå æèëû è äð.).
Òåïëîâîå ïîëå íà Êàðàãàéñêîì ó÷àñòêå ðàçâè-
âàëîñü áëèçêî ê òîìó, ÷òî ìû âèäèì íà Áóé-
äèíñêîì ó÷àñòêå. Îòëè÷èå çàêëþ÷àåòñÿ â çàìåò-
íî ìåíüøèõ çíà÷åíèÿõ òåìïåðàòóð â åãî ïðå-
äåëàõ. Â ñâÿçè ñ ýòèì Ñåâåðî-Êóðîñàíñêèé, Âî-

ñòî÷íî-Ïåòðîïàâëîâñêèé è Ïàïàïèí-
ñêèé ó÷àñòêè, ðàñïîëîæåííûå íà òåð-
ðèòîðèè ×åëÿáèíñêîé îáëàñòè, òàêæå
ïåðñïåêòèâíû íà îáíàðóæåíèå ãèäðî-
òåðìàëüíîãî îðóäåíåíèÿ.

Íàèáîëåå èíòåðåñíûì èç íèõ ÿâ-
ëÿåòñÿ Ñåâåðî-Êóðîñàíñêèé ó÷àñòîê.
Â îòëè÷èå îò Áóéäèíñêîé ïëîùàäè íà
Ñåâåðî-Êóðîñàíñêîì ó÷àñòêå çîíû
èçîòåðìè÷åñêîé ñòàáèëèçàöèè ãîðè-
çîíòà 2,5 êì äëÿ ðàçíûõ òåìïåðàòóð ïî
îòíîøåíèþ ê ãîðèçîíòó 0 êì ñìåùà-
ëèñü â ïðîòèâîïîëîæíûå ñòîðîíû
(ñì. ðèñ. 1). Òàê, åñëè äëÿ òåìïåðàòó-
ðû 500°Ñ ñìåùåíèå ïðîèçîøëî â ñòî-
ðîíó êîíòàêòà ãðàíèòíîãî ìàññèâà, òî
äëÿ òåìïåðàòóðû 350°Ñ – íà þãî-âîñ-
òîê îò íåãî. Ïîýòîìó íà Ñåâåðî-Êó-
ðîñàíñêîì ó÷àñòêå ìîæíî îæèäàòü
ñèñòåìû çîí ìèíåðàëèçàöèè ñ ðàç-
ëè÷íûìè óãëàìè ïàäåíèÿ. Â ïðèêîí-
òàêòîâîé ÷àñòè ïàäåíèå ìèíåðàëèçî-
âàííûõ çîí äîëæíî áûòü ñåâåðî-çà-
ïàäíûì, à â óäàëåííûõ – þãî-âîñòî-
÷íûì. Íåçíà÷èòåëüíûå ñìåùåíèÿ çîí
ñòàáèëèçàöèè ãîðèçîíòà 2,5 êì ïî îò-
íîøåíèþ ê ñðåçó 0 êì ïîçâîëÿþò ãî-
âîðèòü î áîëåå êðóòûõ óãëàõ ïàäåíèÿ,
÷åì íà Áóéäèíñêîì ó÷àñòêå. Íàèáîëåå
ïåðñïåêòèâíûìè íà îáíàðóæåíèå
ãèäðîòåðìàëüíûõ ðóä íà Ñåâåðî-Êó-
ðîñàíñêîì ó÷àñòêå ÿâëÿþòñÿ, êàê ýòî
ñëåäóåò íà ðèñ. 5, ãëóáèíû ïîðÿäêà
400–1000 ìåòðîâ, ÷òî ñâÿçàíî ñ î÷åíü
áîëüøîé äëèòåëüíîñòüþ ñîõðàíåíèÿ
íà ýòèõ ãëóáèíàõ òåïëîâîãî ïîëÿ. Òåì-
ïåðàòóðà 500°Ñ, íàïðèìåð, ñîõðàíÿ-

ëàñü ïîñòîÿííîé íà ãëóáèíå 800 ì îò ñîâðå-
ìåííîãî ýðîçèîííîãî ñðåçà â òå÷åíèå 1,7 ìëí
ëåò; òåìïåðàòóðà 350°Ñ ïðîñóùåñòâîâàëà íå-
ñêîëüêî ìåíüøèé èíòåðâàë âðåìåíè, îõâàòû-
âàþùèé 1 ìëí ëåò. Íà ïðåâûøàþùèõ êèëî-
ìåòð ãëóáèíàõ ïåðñïåêòèâíîñòü ó÷àñòêà íà îá-
íàðóæåíèå ãèäðîòåðìàëüíûõ ðóä çàìåòíî ñíè-
æàåòñÿ. Ýòî ïðîÿâëÿåòñÿ íå òîëüêî â óìåíü-
øåíèè äëèòåëüíîñòè ñòàáèëèçàöèè òåìïåðà-
òóð ñ ãëóáèíîé, íî è â óìåíüøåíèè ðàçìåðîâ
è ïëîùàäåé èõ ëîêàëèçàöèè. Òàê, åñëè íà ñðåçå

Ðèñ.  5.  Çàâèñèìîñòü äëèòåëüíîñòè ñòàáèëèçàöèè èçîòåðì 350 è
500°Ñ îò ãëóáèíû íà Ñåâåðî-Êóðîñàíñêîì ó÷àñòêå

Ðèñ.   6.   Õàðàêòåð ñâÿçè ÷èñëà ðóäîïðîÿâëåíèé (â % îò èõ îáùåãî
êîëè÷åñòâà) ñ óäàëåííîñòüþ îò çîí òåðìîñòàòèðîâàíèÿ
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0 êì çîíû ñòàáèëèçàöèè èçîòåðì 350 è 500°Ñ
ïðîòÿãèâàþòñÿ âäîëü êîíòàêòà Àõóíîâî-Êàðà-
ãàéñêîãî ìàññèâà ñîîòâåòñòâåííî íà 10 è 5 êì,
òî íà ñðåçå 2,5 êì èõ ïðîòÿæåííîñòü óìåíü-
øàåòñÿ äî 4,5 è 3,5 êì (ñì. ðèñ. 1).

Íåñêîëüêî ðóäíûõ îáúåêòîâ ðàñïîëîæåíî
âíå çîí òåðìîñòàòèðîâàíèÿ Àõóíîâî-Êàðàãàé-
ñêîãî ìàññèâà (ðèñ. 6). Îíè ëèáî ðàñïîëîæå-
íû âíå çîíû åãî âëèÿíèÿ, ëèáî ñâÿçàíû, âåðî-
ÿòíî, ñ Âîðîíèíñêèì ãðàíèòíûì ìàññèâîì,
ðàñïîëîæåííûì ñåâåðíåå ìàññèâà Óéñêîãî
Áîðà, òåïëîâîå ïîëå êîòîðîãî íå ðàññ÷èòûâà-
ëîñü. Ïî ïåðèôåðèè Àõóíîâî-Êàðàãàéñêîãî
ìàññèâà, êðîìå ïåðå÷èñëåííûõ, âûÿâèëñÿ åùå
ðÿä ó÷àñòêîâ, â ïðåäåëàõ êîòîðûõ óñòàíîâëå-
íû êðóïíûå çîíû òåðìîñòàòèðîâàíèÿ, ÷òî äå-
ëàåò èõ âåñüìà ïåðñïåêòèâíûìè íà ïîèñêè
ñêðûòîãî îðóäåíåíèÿ. Íà ýòèõ ó÷àñòêàõ â áëè-
æàéøåå âðåìÿ òàêæå íåîáõîäèìî ïðîâåñòè
ïîèñêîâûå ðàáîòû. Ïðè ýòîì ñëåäóåò ó÷èòû-
âàòü ðåøàþùóþ ðîëü «áàðüåðà òåìïåðàòóðî-
ïðîâîäíîñòè» íà ëèòîëîãè÷åñêèõ è òåêòîíè-
÷åñêèõ êîíòàêòàõ ïðè ëîêàëèçàöèè ðóäíîãî âå-
ùåñòâà [8]. Ïðèóðî÷åííîñòü øååëèòîâûõ è äðó-
ãèõ ðåäêîìåòàëüíûõ ðóäîïðîÿâëåíèé íà Áóé-
äèíñêîì ó÷àñòêå ê òàêîãî ðîäà êîíòàêòàì ïî-
ðîä è òåêòîíè÷åñêèõ íàðóøåíèé ïîäòâåðæäà-
åò ïðàâèëüíîñòü âûñêàçàííîãî ïîëîæåíèÿ.
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Ïî äàííûì ïîñëåäíèõ ïåðåïèñåé â Ðåñ-
ïóáëèêå Áàøêîðòîñòàí (ÐÁ) çàôèêñèðîâàíî
áîëåå 100 ÿçûêîâ, ïðåäñòàâèòåëè 11 èç êîòî-
ðûõ èìååò ïîñòîÿííóþ ñðåäó îáèòàíèÿ è âîç-
ìîæíîñòè åñòåñòâåííîãî ðå÷åâîãî îáùåíèÿ.
Â ýòî ÷èñëî âõîäÿò òþðêñêèå (áàøêèðñêèé,
òàòàðñêèé, ÷óâàøñêèé), ñëàâÿíñêèå (ðóññêèé,
óêðàèíñêèé, áåëîðóññêèé), ôèííî-óãîðñêèå
(ìàðèéñêèé, óäìóðòñêèé, ìîðäîâñêèå) ÿçûêè.
Êðîìå ïåðå÷èñëåííûõ, ïðåäñòàâëåíû íåìåö-
êèé è ëàòûøñêèé ÿçûêè, íîñèòåëè êîòîðûõ
òàêæå ïðîæèâàþò êîìïàêòíî â îòäåëüíûõ
ðàéîíàõ è íàñåëåííûõ ïóíêòàõ Ðåñïóáëèêè
Áàøêîðòîñòàí [1, ñ. 9].  Â ñâÿçè ñ òåì, ÷òî ïðåä-
ñòàâèòåëè îñòàëüíûõ ýòíîñîâ ðàññåëåíû äèñ-
ïåðñíî, âîçìîæíîñòè åñòåñòâåííîãî ðå÷åâî-
ãî îáùåíèÿ äëÿ íèõ ìîãóò äàòü òîëüêî ñîá-
ñòâåííûå ñåìüè.

Â óñëîâèÿõ Áàøêîðòîñòàíà ïî÷òè âñå
âûøåïåðå÷èñëåííûå ÿçûêè ÿâëÿþòñÿ íàöèî-
íàëüíûìè äëÿ ñâîèõ ýòíîñîâ. Òîëüêî ðóññêèé,
áàøêèðñêèé è òàòàðñêèé, ñóäÿ ïî äàííûì ñî-
öèîëèíãâèñòîâ, ÿâëÿþòñÿ íå òîëüêî ðîäíû-
ìè, íî è ÿçûêàìè ìåæíàöèîíàëüíîãî îáùå-
íèÿ. Òàê, íàïðèìåð, ñóäÿ ïî äàííûì ïåðåïè-
ñè 2002 ã., 96,4% íàñåëåíèÿ ðåñïóáëèêè âëà-
äåëî ðóññêèì ÿçûêîì. Â 2010 ã. ýòîò ïîêàçà-

ÓÄÊ 81,27(470,57)                                 Ê 80-ëåòèþ ÷ëåíà-êîððåñïîíäåíòà ÐÀÍ  Ì.À. Èëüãàìîâà

ßÇÛÊÈ  ÍÀÐÎÄÎÂ  ÐÅÑÏÓÁËÈÊÈ  ÁÀØÊÎÐÒÎÑÒÀÍ:
ÑÎÑÒÎßÍÈÅ  È  ÏÅÐÑÏÅÊÒÈÂÛ
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Ñòàòüÿ ïîñâÿùåíà ñîöèîëèíãâèñòè÷åñêîé õàðàêòåðèñòèêå ÿçûêîâ íàðîäîâ Áàøêîðòîñòàíà. Îïèñàíû
ÿçûêè ìåæíàöèîíàëüíîãî (ðóññêèé, áàøêèðñêèé, òàòàðñêèé) îáùåíèÿ, ðîäíûå ÿçûêè íàèáîëåå êðóïíûõ
ýòíîñîâ ÐÁ. Óêàçàííûå ïðîáëåìû ðàñêðûòû â èõ ôóíêöèîíèðîâàíèè. Äàíû ïðåäëîæåíèÿ äëÿ ñîõðàíåíèÿ
è ðàçâèòèÿ ÿçûêîâ íàðîäîâ ÐÁ.

Êëþ÷åâûå ñëîâà: Ðåñïóáëèêà Áàøêîðòîñòàí, ÿçûêîâàÿ ñèòóàöèÿ, áàøêèðñêèé ÿçûê, ðóññêèé ÿçûê, ïå-
ðåïèñü, ýòíîñû, ÿçûêè íàðîäîâ Ðîññèè, ðîäíîé ÿçûê, âëàäåíèå ÿçûêîì, àññèìèëÿöèÿ.

òåëü ñîñòàâèë óæå áîëåå 98%, ÷òî, áåçóñëîâ-
íî, ñâèäåòåëüñòâóåò î ðóññêîì ÿçûêå êàê ÿçû-
êå ìåæíàöèîíàëüíîãî îáùåíèÿ â ðåñïóáëè-
êå [2].

Äîâîëüíî âûñîê ïîêàçàòåëü âëàäåíèÿ
ðóññêèì ÿçûêîì ó êîðåííîãî áàøêèðñêîãî íà-
ñåëåíèÿ Ðåñïóáëèêè Áàøêîðòîñòàí. Â ÷àñòíî-
ñòè, èç 1 172 287 ÷åë. áàøêèðñêîãî íàñåëåíèÿ
ÐÁ 1 130 432 ÷åë., ïî ïåðåïèñè 2010 ã. âëàäå-
þò ðóññêèì ÿçûêîì. Ñëåäóåò îòìåòèòü, ÷òî ó
áàøêèðñêîãî íàñåëåíèÿ äðóãèõ ðåãèîíîâ Ðîñ-
ñèè ýòîò ïîêàçàòåëü åùå âûøå. Â ÷àñòíîñòè,
â ×åëÿáèíñêîé îáëàñòè èç 162 513 áàøêèð ðóñ-
ñêèì ÿçûêîì âëàäååò 160 327. Â îñòàëüíûõ
ðåãèîíàõ ýòè ñîîòíîøåíèÿ ñëåäóþùèå: Îðåí-
áóðãñêàÿ îáëàñòü: 46 696 – 46 110, Òþìåíñêàÿ
îáëàñòü: 46 405 – 46 170, Õàíòû-Ìàíñèéñêîì
ÀÎ: 35 428 – 35 253, Ñâåðäëîâñêàÿ îáëàñòü:
31 183 – 31 001, Ïåðìñêèé êðàé: 32 730 –
31 565, Êóðãàíñêàÿ îáëàñòü: 12 257 – 12 058,
ßìàëî-Íåíåöêàÿ ÀÎ: 8297 – 8 251, Òàòàðñòàí:
13 726 – 13 583, Ñàìàðñêàÿ îáëàñòü: 7 290 –
7 210, Ñàðàòîâñêàÿ îáëàñòü: 3 489 – 3 475, Óä-
ìóðòñêàÿ Ðåñïóáëèêà: 3 454 – 3 444 ÷åë. Â öå-
ëîì ïî Ðîññèè èç 1 584 554 áàøêèð ðóññêèì
ÿçûêîì âëàäååò 1 537 677 ÷åëîâåê [3].  Èñõîäÿ
èç èçëîæåííîãî, ìîæíî êîíñòàòèðîâàòü, ÷òî
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ðóññêèé ÿçûê ÿâëÿåòñÿ ÿçûêîì ìåæíàöèîíàëü-
íîãî îáùåíèÿ ïî÷òè äëÿ âñåãî áàøêèðñêîãî
íàñåëåíèÿ ÐÔ.

×òî æå êàñàåòñÿ Áàøêîðòîñòàíà, òî â íåì
ðóññêèé ÿçûê êàê ÿçûê ìåæíàöèîíàëüíîãî îá-
ùåíèÿ ôóíêöèîíèðóåò âî âñåõ ñôåðàõ æèçíå-
äåÿòåëüíîñòè ýòíîñà.

Â Áàøêîðòîñòàíå îäíèì èç ÿçûêîâ ìåæ-
íàöèîíàëüíîãî îáùåíèÿ, êàê óæå ãîâîðèëîñü
âûøå, ÿâëÿåòñÿ áàøêèðñêèé ÿçûê. Ïî äàííûì
ïåðåïèñè 2002 ã., áàøêèðñêèì ÿçûêîì, êðîìå
áàøêèð, âëàäåëî 14 765 ðóññêèõ, 109 799 – òà-
òàð, 556 – óêðàèíöåâ, 9 126 – ÷óâàøåé, 2 921 –
óäìóðòà, 3 548 – ìàðèéöåâ, 321 – ìîðäâû [2].
Â 2010 ã., ñóäÿ ïî ïåðåïèñè, âëàäåþùèõ áàø-
êèðñêèì ÿçûêîì ñòàëî: ðóññêèõ – 20 258, òà-
òàð – 131 950, óêðàèíöåâ – 524, ÷óâàøåé –
6 276, óäìóðòîâ – 1 630, ìàðèéöåâ – 3 211,
ìîðäâû – 261 ÷åë. Ïî ïåðåïèñè 2010 ã., êîëè-
÷åñòâî âëàäåþùèõ áàøêèðñêèì ÿçûêîì óâå-
ëè÷èëîñü çà ñ÷åò 1 953 êàçàõîâ, 1 279 óçáåêîâ,
404 òàäæèêà, 361 àçåðáàéäæàíöà [3]. Âñåãî ê
2010 ã. 169 067 ÷åë. íåáàøêèðñêîãî íàñåëåíèÿ
ÐÁ âëàäåëî áàøêèðñêèì ÿçûêîì, äëÿ êîòîðîãî
áàøêèðñêèé ñòàë îäíèì èç ÿçûêîâ ìåæíàöè-
îíàëüíîãî îáùåíèÿ. Ïî-âèäèìîìó, òàêàÿ ÿçû-
êîâàÿ ñèòóàöèÿ ðàñïðîñòðàíåíà â ñåëüñêèõ
ðàéîíàõ ÐÁ ñ ïðåîáëàäàþùèì áàøêèðñêèì
íàñåëåíèåì.

Îäíèì èç ÿçûêîâ ìåæíàöèîíàëüíîãî îá-
ùåíèÿ â Áàøêîðòîñòàíå ÿâëÿåòñÿ è òàòàðñêèé
ÿçûê. Òàê, íàïðèìåð, ïî äàííûì ïåðåïèñè
2002 ã., òàòàðñêèì ÿçûêîì âëàäåëî 34% íàñå-
ëåíèÿ ÐÁ, ò. å. 1 396 947 ÷åëîâåê. Â òîì ÷èñëå
òàòàðñêèì ÿçûêîì âëàäåëî 859 748 òàòàð,
449 207 áàøêèð, 21 519 ðóññêèõ, 22 345 ÷óâà-
øåé, 27 330 ìàðèéöåâ, 1 197 óêðàèíöà,
919 ìîðäâû, 8623 óäìóðòà [2].

×òî æå êàñàåòñÿ ðîäíûõ ÿçûêîâ, òî, ïî
äàííûì ïåðåïèñè 2010 ã., â Áàøêîðòîñòàíå
75,4% íàñåëåíèÿ â êà÷åñòâå ðîäíîãî óêàçàëè
ÿçûê ñâîåé íàöèîíàëüíîñòè, 45% – ðóññêèé
ÿçûê [2]. Â ÷èñëî ýòèõ 45%, ïî-âèäèìîìó, âõî-
äèò è áîëüøàÿ ÷àñòü êîðåííîãî íàñåëåíèÿ ðåñ-
ïóáëèêè, ò. ê. èç 1 172 287 áàøêèð ëèøü
881 672 íàçâàëè ðîäíûì ÿçûê ñâîåé íàöèî-
íàëüíîñòè. Ñëåäóåò äîáàâèòü, ÷òî 90 302 áàø-
êèðà íàçâàëè ðîäíûì ðóññêèé, 197 119 – òà-

òàðñêèé, 626 – ìàðèéñêèé, 180 – ÷óâàøñêèé,
116 – óäìóðòñêèé ÿçûêè. Ñòîèò îòìåòèòü îñî-
áî òîò ôàêò, ÷òî â êà÷åñòâå ðîäíîãî áàøêèðñ-
êèé ÿçûê, êðîìå áàøêèð, íàçâàëè 6 883 òàòà-
ðèíà, 611 ðóññêèõ, 139 ÷óâàøåé, 56 ìàðèéöåâ,
36 óêðàèíöàåâ, 26 óäìóðòîâ, 8 ìîðäâû [2].

×èñëî óêàçàâøèõ ðîäíûì áàøêèðñêèé
ÿçûê, ò. å. ÿçûê ñâîåãî ýòíîñà, íàìíîãî ìåíü-
øå â äðóãèõ ðåãèîíàõ ÐÔ, ÷åì Áàøêîðòîñòà-
íå. Â ÷àñòíîñòè, â Îðåíáóðãñêîé îáëàñòè èç
46 696 áàøêèð ëèøü 35 531 íàçâàëè áàøêèðñ-
êèé ÿçûê ðîäíûì, 10 293 ÷åë. â êà÷åñòâå ðîä-
íîãî óêàçàëè íà ðóññêèé ÿçûê. Â Ñâåðäëîâñ-
êîé îáëàñòè ñèòóàöèÿ ñ ðîäíûì ÿçûêîì åùå
õóæå. Èç 31 183 áàøêèð, ïî ïåðåïèñè 2010 ã.,
áàøêèðñêèé íàçâàëè ðîäíûì ëèøü 13 278 ÷åë.,
14 946 áàøêèð â êà÷åñòâå ðîäíîãî óêàçàëè íà
ðóññêèé ÿçûê, ò. å. ïî÷òè ïîëîâèíà áàøêèðñ-
êîãî íàñåëåíèÿ îáëàñòè ïåðåñòàëà ñ÷èòàòü
ÿçûê ñâîåãî ýòíîñà ðîäíûì. Â ×åëÿáèíñêîé
îáëàñòè èç 162 513 áàøêèð áàøêèðñêèé ÿçûê
íàçâàëè ðîäíûì 117 988, 43160 ÷åë. óêàçàëè
íà ðóññêèé ÿçûê. Ïëîõàÿ ñèòóàöèÿ ñ áàøêèðñ-
êèì ÿçûêîì è ó áàøêèð Ïåðìñêîãî êðàÿ. Èç
32 730 áàøêèð êðàÿ ëèøü 6 187, ò. å. ëèøü ïÿ-
òàÿ ÷àñòü áàøêèð, ïðèçíàëè ðîäíûì ÿçûê ñâî-
åãî ýòíîñà [3]. Â ðåãèîíàõ ñ äèñïåðñíûì ðàñ-
ñåëåíèåì áàøêèð äîëÿ ëþäåé íàçâàâøèõ ÿçûê
ñâîåãî ýòíîñà â êà÷åñòâå ðîäíîãî, åùå íèæå.
Òàêèì îáðàçîì, ñóäÿ ïî äàííûì ïåðåïèñè
2010 ã., ïîçèöèÿ áàøêèðñêîãî ÿçûêà êàê ðîä-
íîãî óõóäøàåòñÿ. Äëÿ íàãëÿäíîñòè ìîæíî ïðè-
âåñòè òàáë. 1 ðàñïðåäåëåíèÿ íàñåëåíèÿ íàè-
áîëåå ìíîãî÷èñëåííûõ íàöèîíàëüíîñòåé
Áàøêîðòîñòàíà ïî ðîäíûì ÿçûêàì [2].

Ñóäÿ ïî òàáëèöå, èç ÿçûêîâ íåðóññêèõ
íàðîäîâ Áàøêîðòîñòàíà òîëüêî òàòàðñêèé, óä-
ìóðòñêèé è ìàðèéñêèé íå óòðàòèëè ñâîè ïî-
çèöèè. ßçûêîâîé àññèìèëÿöèè â áîëüøåé ñòå-
ïåíè ïîäâåðãëèñü óêðàèíñêèé è áåëîðóññêèé
ÿçûêè. Ýòî ñâÿçàíî ñ òåì, ÷òî äàííûå ýòíîñû
ñî âðåìåíè ïåðåñåëåíèÿ â Áàøêîðòîñòàí â
îñíîâíîì ïðîæèâàëè â ñìåøàííûõ ðóññêî-
óêðàèíñêèõ, ðóññêî-óêðàèíñêî-áåëîðóññêèõ
íàñåëåííûõ ïóíêòàõ. Ïîçäíåå ýòîìó ïðîöåñ-
ñó ñïîñîáñòâîâàëè àêòèâíàÿ óðáàíèçàöèÿ è
ôàêòîð ÿçûêîâîé áëèçîñòè òðåõ âîñòî÷íîñëà-
âÿíñêèõ ýòíîñîâ. Â ðåçóëüòàòå ê ïåðåïèñè
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2010 ã. ëèøü 231 ÷åëîâåê óêðàèíñêîé íàöèî-
íàëüíîñòè íàçâàë â êà÷åñòâå ðîäíîãî óêðàèí-
ñêèé ÿçûê. ×òî æå êàñàåòñÿ áåëîðóññêîãî, òî
åãî ñóäüáà åùå õóæå, ò. ê., ñóäÿ ïî òàáëèöå,
ëèøü 122 áåëîðóñà íàçâàëè ðîäíûì áåëîðóñ-
ñêèé ÿçûê, 875 ÷åë. èç 1 000 óêàçàëè íà ðóñ-
ñêèé ÿçûê.

Èç ôèííî-óãîðñêèõ ÿçûêîâ ÐÁ íàèáîëü-
øåé àññèìèëÿöèè ïîäâåðãñÿ ìîðäîâñêèé
ÿçûê. Êàê ïîêàçûâàåò òàáëèöà, ïî÷òè ïîëî-
âèíà ìîðäâû â êà÷åñòâå ðîäíîãî íàçâàëè ðóñ-
ñêèé ÿçûê.

Ê êðèòè÷åñêîé ÷åðòå ïîäîøëè áàøêèðñ-
êèé è ÷óâàøñêèé ÿçûêè. Êñòàòè, ñóäÿ ïî ñî-
êðàùåíèþ ÷èñëåííîñòè ÷óâàøåé â Ðåñïóáëèêå
×óâàøèÿ, â ñóäüáå ÷óâàøñêîãî ÿçûêà ïðîèçîø-
ëè ñóùåñòâåííûå èçìåíåíèÿ. Åñëè ÷óâàøñêî-
ìó ÿçûêó óãðîçó ïðåäñòàâëÿåò òîëüêî ðóññêèé
ÿçûê êàê êîììóíèêàòèâíî ìîùíûé ÿçûê, ÿçûê
ïðåîáëàäàþùåãî, ãîñóäàðñòâîîáðàçóþùåãî
ýòíîñà, òî áàøêèðñêîìó ñîçäàåò óãðîçó äåìîã-
ðàôè÷åñêè ìîùíûé áëèçêîðîäñòâåííûé òà-
òàðñêèé ÿçûê. Îñîáåííî îïàñíàÿ ñèòóàöèÿ äëÿ
áàøêèðñêîãî ÿçûêà ñëîæèëàñü â ãîðîäàõ è
ðàéîíàõ ñåâåðî-çàïàäíîãî ðåãèîíà ÐÁ. Åñëè
â ãîðîäàõ â ñèëó ìàëî÷èñëåííîñòè, ïîçäíåé
óðáàíèçàöèè áàøêèðàì óãðîæàåò ÿçûêîâàÿ
àññèìèëÿöèÿ ñî ñòîðîíû ðóññêîãî è ðóññêî-
ÿçû÷íîãî íàñåëåíèÿ, òî íà ñåâåðî-çàïàäå óã-
ðîçà èñõîäèò îò òàòàðñêîãî è òàòàðîÿçû÷íîãî

íàñåëåíèÿ ðåãèîíà. Èñòîðè÷åñêè ñëîæèëîñü,
÷òî ýòîò ðåãèîí óæå ïî÷òè ñòî ëåò ïîäâåðãà-
åòñÿ ÿçûêîâîé è ýòíè÷åñêîé àññèìèëÿöèè. Ýòî
ñâÿçàíî ñ îáó÷åíèåì â øêîëàõ íà òàòàðñêîì
ÿçûêå, èñïîëíåíèåì ðåëèãèîçíûõ îáðÿäîâ íà
äàííîì ÿçûêå, ðàñïðîñòðàíåíèåì ñìåøàííûõ
â ÿçûêîâîì ïëàíå ïîñåëåíèé, ïðåîáëàäàíè-
åì ìåæíàöèîíàëüíûõ áðàêîâ è ò. ä., Íåñìîò-
ðÿ íà ïðèíÿòèå Çàêîíà î ÿçûêàõ, â êîòîðîì
áàøêèðñêèé, íàðÿäó ñ ðóññêèì, îáúÿâëåí ãî-
ñóäàðñòâåííûì, Ãîñïðîãðàììû ïî ñîõðàíå-
íèþ è ðàçâèòèþ ÿçûêîâ ÐÁ íà 2000–2005,
2006–2010, 2012–2016 ãã., ðÿä óêàçîâ Ïðåçè-
äåíòà, ïîñòàíîâëåíèé ïðàâèòåëüñòâà è äð.
íîðìàòèâíî-ïðàâîâûõ àêòîâ, ïðîöåññ ÿçûêî-
âîé àññèìèëÿöèè êàê â ãîðîäàõ, òàê â ñåâåðî-
çàïàäíîì ðåãèîíå ÐÁ íå ïðèîñòàíîâëåí. Îñî-
áåííî òÿæåëàÿ ñèòóàöèÿ ñ áàøêèðñêèì ÿçû-
êîì ñëîæèëàñü â ïîñëåäíèå ãîäû. Óñòàíîâêà
ãîñóäàðñòâà íà ðàâíîïðàâèå ÿçûêîâ íå ñïî-
ñîáñòâóåò ñîõðàíåíèþ íåðóññêèõ ÿçûêîâ Ðîñ-
ñèè, ò. ê. äåìîãðàôè÷åñêè, è ïîëèòè÷åñêè ìîù-
íûé, ïðåñòèæíûé ðóññêèé ÿçûê îêàçûâàåòñÿ
â áîëåå ëó÷øåì ïîëîæåíèè, íåæåëè ìèíîðè-
òàðíûå ÿçûêè ÐÔ.

Ñòàáèëüíûé ðîñò áàøêèðñêîãî íàñåëåíèÿ
â ãîðîäàõ òàêæå ÿâëÿåòñÿ ïðè÷èíîé ÿçûêîâîé
àññèìèëÿöèè. Ñåãîäíÿ áîëåå 46% áàøêèð ñòà-
ëè ãîðîæàíàìè [4, ñ. 201–206]. Àíàëîãè÷íàÿ
ñèòóàöèÿ ñëîæèëàñü è ñ äðóãèìè ýòíîñàìè êàê
Áàøêîðòîñòàíà, òàê è Ðîññèè â öåëîì.

Êàê ïîêàçûâàþò ìèðîâûå óðáàíèçàöèîí-
íûå ïðîöåññû, óðáàíèçàöèÿ â Ðîññèè áóäåò
ïðîäîëæàòüñÿ. Â ñëîæèâøåéñÿ ñèòóàöèè,
åñëè íå áóäóò ïðèíÿòû ñîîòâåòñòâóþùèå
ìåðû íà ôåäåðàëüíîì óðîâíå, ÿçûêîâàÿ àññè-
ìèëÿöèÿ íåðóññêèõ íàðîäîâ Ðîññèè ìîæåò
ñòàòü íåîáðàòèìîé. Ñëåäóåò òîëüêî âñïîì-
íèòü, ÷òî òàêèå êðóïíûå ÿçûêè êàê áàøêèðñ-
êèé, áóðÿòñêèé óæå ïîïàëè â ñïèñîê «óÿçâè-
ìûõ ÿçûêîâ». Â ÷àñòíîñòè, â 2009 ã. áàøêèðñ-
êèé ÿçûê áûë âêëþ÷åí â èçäàííûé ÞÍÅÑ-
ÊÎ «Àòëàñ ÿçûêîâ ìèðà, íàõîäÿùèõñÿ â îïàñ-
íîñòè» (UNESCO Atlas of the World’s Languages
in Danger), ïîëó÷èâ ñòàòóñ «óÿçâèìûé» [5,
ñ. 279].

Ïðåçèäåíò Ðîññèéñêîé Ôåäåðàöèè
Â.Â. Ïóòèí ãîâîðèë î òîì, ÷òî â Áàøêîðòî-

Ò à á ë è ö à  1

Ðàñïðåäåëåíèå íàñåëåíèÿ Ðåñïóáëèêè
Áàøêîðòîñòàí ïî ðîäíûì ÿçûêàì (íà 1000 ÷åë.)

Íàöèîíàëüíîñòü ßçûêè ñâîèõ 
ýòíîñîâ Ðóññêèé Äðóãèå 

ÿçûêè 

Ðóññêèå 998 – 2 

Áàøêèðû 753 77 169 

Òàòàðû 853 139 7 
×óâàøè 766 225 8 

Ìàðèéöû 884 111 5 

Óêðàèíöû 231 765 4 

Ìîðäâà 567 431 2 

Óäìóðòû 896 86 18 
Áåëîðóñû 122 875 3 
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ñòàíå, êàê â êàïëå âîäû, îòðàæàåòñÿ âñÿ ìíî-
ãîíàöèîíàëüíàÿ Ðîññèÿ ñ ìíîãîîáðàçèåì
êóëüòóð, ÿçûêîâ, òðàäèöèé, ïðîáëåì. Äåéñòâè-
òåëüíî, â îáëàñòè ñîõðàíåíèÿ ÿçûêîâ íåðóñ-
ñêèõ íàðîäîâ Ðîññèè è Áàøêîðòîñòàíà äî-
âîëüíî ìíîãî ïðîáëåì.

Áåçóñëîâíî, ðåñïóáëèêàìè äåëàåòñÿ äî-
âîëüíî ìíîãî äëÿ ñîõðàíåíèÿ ÿçûêîâ ñâîèõ
íàðîäîâ. Â ÷àñòíîñòè, â Áàøêîðòîñòàíå, êàê
óæå ãîâîðèëîñü âûøå, ïðèíÿò Çàêîí î ÿçû-
êàõ íàðîäîâ ÐÁ, âíåñåíû èçìåíåíèÿ â Êîí-
ñòèòóöèþ ÐÁ, Çàêîí îá îáðàçîâàíèè ÐÁ, ïðè-
íÿòû ðåñïóáëèêàíñêèå ïðîãðàììû ïî ñîõðà-
íåíèþ è ðàçâèòèþ ÿçûêîâ íàðîäîâ ÐÁ [6,
ñ. 308].  Àíàëîãè÷íûå çàêîíû, ïðîãðàììû ïî
ðåàëèçàöèè Çàêîíà î ÿçûêàõ ñóùåñòâóþò è â
äðóãèõ ðåñïóáëèêàõ [1, ñ. 7–9]. Îäíàêî àíà-
ëèç ðåçóëüòàòîâ âíåäðåíèÿ çàêîíîâ î ÿçûêàõ
â æèçíü ïîêàçûâàåò, ÷òî, âî-ïåðâûõ, ìíîãèå
ñòàòüè çàêîíà íå ðåàëèçîâàíû ïî ðàçëè÷íûì
ïðè÷èíàì, ÷àùå ñîöèàëüíî-ïîëèòè÷åñêèì è
ýêîíîìè÷åñêèì. Âî-âòîðûõ, ðÿä ñòàòåé êàê
ôåäåðàëüíîãî, òàê ðåñïóáëèêàíñêèõ Çàêîíîâ
î ÿçûêàõ ïðîòèâîðå÷àò íîâîìó ôåäåðàëüíî-
ìó çàêîíó ¹ 309-ÔÇ. Â ÷àñòíîñòè, â Ðåñïóá-
ëèêå Áàøêîðòîñòàí ðåàëèçàöèÿ ýòîãî çàêîíà
ïðèâåëà ê íåáëàãîïðèÿòíûì íîâîââåäåíè-
ÿì äëÿ ôóíêöèîíèðîâàíèÿ áàøêèðñêîãî ÿçû-
êà â ñôåðå îáðàçîâàíèÿ. Òàê, 28 íîÿáðÿ 2008
ã. áûë ââåäåí â äåéñòâèå Ïðèêàç ¹ 362 Ìè-
íèñòåðñòâà îáðàçîâàíèÿ è íàóêè ÐÔ î ïðî-
âåäåíèè èòîãîâîé àòòåñòàöèè âûïóñêíèêîâ
òîëüêî íà ðóññêîì ÿçûêå. Òàêæå â ïåðå÷íå
ïðåäìåòîâ, ïî êîòîðûì ïðåäóñìàòðèâàåòñÿ
ãîñóäàðñòâåííàÿ èòîãîâàÿ àòòåñòàöèÿ, îòñóò-
ñòâóþò ðîäíûå ÿçûêè.

Â Ðåñïóáëèêå Áàøêîðòîñòàí ïîñëå ïðè-
íÿòèÿ ýòîãî çàêîíà áàøêèðñêèé ÿçûê ñòàë
ïðåäìåòîì, ïî êîòîðîìó ãîñóäàðñòâåííàÿ èòî-
ãîâàÿ àòòåñòàöèÿ ñòàëà ôàêóëüòàòèâíîé. Íà
îñíîâàíèè åæåãîäíûõ ïîñòàíîâëåíèé Ïðàâè-
òåëüñòâà Ðåñïóáëèêè Áàøêîðòîñòàí ïðîâîäèò-
ñÿ åäèíûé ðåãèîíàëüíûé ýêçàìåí ïî áàøêèð-
ñêîìó ÿçûêó. Åäèíûé ðåãèîíàëüíûé ýêçàìåí
(ÅÐÝ) ïî áàøêèðñêîìó ÿçûêó, êàê óæå ãîâîðè-
ëîñü âûøå, äî ñèõ ïîð íå âõîäèò â ÷èñëî îáÿ-
çàòåëüíûõ ýêçàìåíîâ. Ìèíèñòåðñòâî îáðàçî-
âàíèÿ ÐÁ îáðàòèëîñü â Ìèíèñòåðñòâî îáðà-

çîâàíèÿ è íàóêè ÐÔ è Ãîñóäàðñòâåííóþ Äóìó
ÐÔ ñ ïðåäëîæåíèåì ââåñòè ýêçàìåí ïî ðîä-
íîìó ÿçûêó â ÷èñëî îáÿçàòåëüíûõ äëÿ ó÷àùèõ-
ñÿ íàöèîíàëüíûõ øêîë.

 Îäíàêî, ñóäÿ ïî Ïîñòàíîâëåíèþ Ïðà-
âèòåëüñòâà ÐÁ «Î ïðîâåäåíèè ÅÃÝ è ÅÐÝ
ïî áàøêèðñêîìó ÿçûêó â ÐÁ» îò 31 ÿíâàðÿ
2014 ã., â êîòîðîì ïðèíöèï äîáðîâîëüíîñ-
òè îñòàëñÿ, íè Ìèíèñòåðñòâî îáðàçîâàíèÿ
è íàóêè ÐÔ, íè Ãîñóäàðñòâåííàÿ Äóìà ÐÔ
ïîëîæèòåëüíîãî îòâåòà íå äàëè. Êàê ðåçóëü-
òàò, ÷èñëî äåòåé, âûáèðàþùèõ áàøêèðñêèé
ÿçûê äëÿ ñäà÷è ÅÐÝ, ñîêðàùàåòñÿ. Åñëè â
2010 ã. ÅÐÝ ñäàâàëî 415 ÷åë., òî â 2012 ã. –
âñåãî 180. ÅÐÝ ðåäêî âûáèðàåòñÿ äëÿ ñäà÷è
äàæå âûïóñêíèêàìè ïðîôèëüíûõ øêîë ñòî-
ëèöû ðåñïóáëèêè – Óôû. Ôîðìó ÅÐÝ âû-
áèðàþò òå, êòî ïëàíèðóåò èçó÷àòü ýòó äèñ-
öèïëèíó â âóçå. Ïîñëåäíèå äâà ãîäà æåëà-
þùèõ íå áûëî. Â áàøêèðñêîì ëèöåå ¹ 136
ã. Óôû â ïðîøëîì ãîäó ïðåäìåò ïî äàííîé
ôîðìå ñäàâàëè ÷åòûðå ÷åëîâåêà. Âñå îíè
ïëàíèðîâàëè ïîñòóïàòü íà ôàêóëüòåò áàø-
êèðñêîé ôèëîëîãèè è æóðíàëèñòèêè Áàø-
êèðñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà. Â
2012/13 ó÷åáíîì ãîäó â ýòîì ëèöåå ÅÐÝ ñäà-
âàë ëèøü îäèí ó÷åíèê [5, ñ. 79].

Ê ñîæàëåíèþ, òàêîå îòíîøåíèå ê ÿçûêàì
íàðîäîâ Ðîññèè ïðîèñõîäèò äàæå ïîñëå óò-
âåðæäåíèÿ Ïðåçèäåíòîì Ðîññèè «Ñòðàòåãèè
ãîñóäàðñòâåííîé íàöèîíàëüíîé ïîëèòèêè
Ðîññèéñêîé Ôåäåðàöèè íà ïåðèîä äî 2025 ã.»,
â êîòîðîé «Ñîõðàíåíèå è ðàçâèòèå êóëüòóð è
ÿçûêîâ íàðîäîâ ÐÔ, óêðåïëåíèå èõ äóõîâíîé
îáùíîñòè» âûäåëåíû êàê îñíîâíûå ïðèíöè-
ïû íàöèîíàëüíîé ïîëèòèêè Ðîññèéñêîé Ôå-
äåðàöèè» [7].

Ïîñëå óòâåðæäåíèÿ «Ñòðàòåãèè ãîñóäàð-
ñòâåííîé íàöèîíàëüíîé ïîëèòèêè Ðîññèéñêîé
Ôåäåðàöèè íà ïåðèîä äî 2025 ã.» âûøëî Ðàñ-
ïîðÿæåíèå Ïðàâèòåëüñòâà ÐÔ îò 15.07.2013
¹ 1226-ð «Îá óòâåðæäåíèè ïëàíà ìåðîïðèÿ-
òèé ïî ðåàëèçàöèè â 2013–2015 ãã. «Ñòðàòåãèè
ãîñóäàðñòâåííîé íàöèîíàëüíîé ïîëèòèêè Ðîñ-
ñèéñêîé Ôåäåðàöèè íà ïåðèîä äî 2025 ã.».
Â ïëàíå ìåðîïðèÿòèé, ñîñòîÿùåì èç 82 ïóíê-
òîâ, îïðåäåëåíû 12 ïðèîðèòåòíûõ íàïðàâëå-
íèé, â ÷èñëå êîòîðûõ îäíèì èç ïåðâûõ ñòîèò
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íàïðàâëåíèå «Ñîõðàíåíèå è ðàçâèòèå êóëüòóð
è ÿçûêîâ íàðîäîâ ÐÔ» [8].

Â öåëîì 2013 ã. â Ðîññèè ÿâèëñÿ çíàêî-
âûì â ðàçðàáîòêå íîðìàòèâíî-ïðàâîâûõ àê-
òîâ ïî íàöèîíàëüíîé ïîëèòèêå. Êðîìå ïðå-
äûäóùåãî äîêóìåíòà, îá ýòîì ñâèäåòåëüñòâó-
åò ðàçðàáîòêà è ïðèíÿòèå â àâãóñòå 2013 ã. Ôå-
äåðàëüíîé öåëåâîé ïðîãðàììû «Óêðåïëåíèå
åäèíñòâà ðîññèéñêîé íàöèè è ýòíîêóëüòóðíîå
ðàçâèòèå íàðîäîâ Ðîññèè (2014–2020 ãã.)», â
êîòîðîé â ïóíêòå «Ïîääåðæêà ÿçûêîâîãî ìíî-
ãîîáðàçèÿ íà òåððèòîðèè Ðîññèéñêîé Ôåäå-
ðàöèè» ïðåäóñìîòðåíû ìåðîïðèÿòèÿ, íàïðàâ-
ëåííûå íà ðåàëèçàöèþ ÿçûêîâîé ïîëèòèêè â
Ðîññèè  [9]. Íà äàííóþ ïðîãðàììó çàïëàíè-
ðîâàíî 6,7 ìëðä ðóá. Îäíàêî, ñóäÿ ïî ñîäåð-
æàíèþ, ðåàëüíîé ðàáîòû, êîíêðåòíûõ ìåð ïî
ñîõðàíåíèþ ÿçûêîâ íàðîäîâ ÐÔ â ôåäåðàëü-
íîé öåëåâîé ïðîãðàììå íå ïðåäóñìîòðåíî. Â
ïðîãðàììå áîëüøîå ìåñòî óäåëåíî ïðîâåäå-
íèþ ðàçëè÷íûõ ñîâåùàíèé, ñåìèíàðîâ, êîí-
ôåðåíöèé, ôåñòèâàëåé. Ê òîìó æå, ñóäÿ ïî
òåêñòó, êðèòåðèè ýôôåêòèâíîñòè, ïðåäñòàâ-
ëåííûå â «Ïðîãðàììå», íîñÿò ôîðìàëüíûé
õàðàêòåð. Ïîýòîìó, íà íàø âçãëÿä, íè íà ñî-
õðàíåíèå ÿçûêîâ íàðîäîâ Ðîññèéñêîé Ôåäå-
ðàöèè, íè íà óêðåïëåíèå åäèíñòâà ðîññèéñ-
êîé íàöèè äàííàÿ Ôåäåðàëüíàÿ öåëåâàÿ ïðî-
ãðàììà âðÿä ëè áóäåò ðàáîòàòü. Åñëè äàæå
îïðåäåëåííûå íàïðàâëåíèÿ ïðîãðàììû çàðà-
áîòàþò, âðÿä ëè îíè áóäóò ðàáîòàòü â ïîëíóþ
ñèëó êàê è ìíîãèå çàêîíû ïî íàöèîíàëüíîé
ïîëèòèêå, êîòîðûõ â Ðîññèè äîâîëüíî ìíîãî.
Â ñëîæèâøåéñÿ ñèòóàöèè äëÿ ñîõðàíåíèÿ è
ðàçâèòèÿ ÿçûêîâ íàðîäîâ ÐÔ, âî-ïåðâûõ, íå-
îáõîäèìî âñå çàêîíû Ðîññèè ïî íàöèîíàëü-
íîé ïîëèòèêå ïðèâåñòè â ñîîòâåòñòâèå ñ Çà-
êîíîì ÐÔ «Î ÿçûêàõ íàðîäîâ Ðîññèéñêîé
Ôåäåðàöèè». Âî-âòîðûõ, íà ðîññèéñêîì
óðîâíå íåîáõîäèìî ðàçðàáîòàòü è ïðèíÿòü
ôåäåðàëüíóþ öåëåâóþ ïðîãðàììó ïî ñîõðà-
íåíèþ è ðàçâèòèþ ÿçûêîâ íàðîäîâ ÐÔ, àíà-
ëîãè÷íóþ ïðîãðàììå «Ðóññêèé ÿçûê» íà
2011–2015 ãã. [10]. Ïîääåðæèâàÿ ïðèíÿòèå
ïðîãðàììû «Ðóññêèé ÿçûê», õîòåëîñü áû îò-
ìåòèòü, ÷òî â çàùèòå íóæäàþòñÿ è ÿçûêè äðó-
ãèõ íàðîäîâ. Ìåñòíûå çàêîíû, ïðîãðàììû íå
ìîãóò ðåøèòü àðõèâàæíûå äëÿ öåëîñòíîñòè

Ðîññèè âîïðîñû ÿçûêîâîé ïîëèòèêè. Äëÿ
òîãî ÷òîáû íàðîäû Ðîññèè ÷óâñòâîâàëè ñåáÿ
êîìôîðòíî, íå ÷óâñòâîâàëè óùåìëåíèÿ ñâî-
èõ ÿçûêîâûõ ïðàâ, Ðîññèÿ íå äîëæíà òàêîé
âàæíûé âîïðîñ, ñâÿçàííûé ñ íàöèîíàëüíîé
áåçîïàñíîñòüþ ñòðàíû, äåëåãèðîâàòü â ðåãè-
îíû, ðåñïóáëèêè. Ïîýòîìó ïðîãðàììà «ßçû-
êè íàðîäîâ Ðîññèè» äîëæíà íîñèòü òîëüêî
ôåäåðàëüíûé õàðàêòåð. Òîëüêî â ýòîì ñëó÷àå
åñòü ïåðñïåêòèâû ñîõðàíåíèÿ ìèíîðèòàð-
íûõ ÿçûêîâ íàðîäîâ Ðîññèè.
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Îãëÿäûâàÿñü íàçàä è ñòðåìÿñü îñìûñëèòü
ïðîøåäøóþ æèçíü, ïûòàþñü ÷àñòî ïðåäñòà-
âèòü ìèðîîùóùåíèå òåõ âûäàþùèõñÿ ëþäåé,
êîòîðûõ âñòðåòèë íà ïðîòÿæåíèè ñâîåé æèç-
íè. Âåäü îíè â êàêîé-òî ìåðå ñëåïîê, îòðàæå-
íèå çàãàäî÷íîé èñòîðèè ñòðàíû ñ íàçâàíèåì
êðàòêèì ÑÑÑÐ.

Îäíà èç ñàìûõ çàãàäî÷íûõ ôèãóð äëÿ
ìåíÿ – íàó÷íûé ðóêîâîäèòåëü ìîåé êàíäèäàò-
ñêîé äèññåðòàöèè Ìàðàò Àêñàíîâè÷ Èëüãà-
ìîâ. Íåìíîãî íàéäåòñÿ ëþäåé ñ òàêèìè ðàç-
íîñòîðîííèìè òàëàíòàìè è èíòåðåñàìè. Áûë
â ìîåé æèçíè ïåðèîä, êîãäà ÿ äîñòàòî÷íî
áëèçêî ñîïðèêîñíóëñÿ ñ íàó÷íîé ñòîðîíîé
äåÿòåëüíîñòè Ìàðàòà Àêñàíîâè÷à. Ýòî áûëè
ãîäû ñ 1965 ïî 1972. Äðóãèå ïåðèîäû åãî æèç-
íè – þíîñòü è âçðîñëåíèå, à çàòåì ñòðåìè-
òåëüíûé àäìèíèñòðàòèâíûé ðîñò – ìíå íå-
çíàêîìû. ×òî ñòîèò çà ñòðåìèòåëüíûìè ïî-
âîðîòàìè åãî ñóäüáû, òîëüêî ëè âíåøíèå îá-
ñòîÿòåëüñòâà?

Âåðíåìñÿ â 1965–1972 ãã. Ýòî áûëî ñà-
ìîå áëàãîïðèÿòíîå äëÿ æèçíè âðåìÿ ñóùå-
ñòâîâàíèÿ ÑÑÑÐ, êîãäà âîçìîæíîñòè äëÿ
òâîð÷åñòâà, ó÷åáû, äëÿ íàó÷íîãî ðîñòà è äåÿ-
òåëüíîñòè åùå ñîõðàíÿëèñü è äàæå ðàñøèðÿ-
ëèñü. Ñ îäíîé ñòîðîíû, ýòî îïðåäåëÿëîñü â
òå÷åíèå 50–70-õ ãã. ôóíäàìåíòàëüíûìè èäåÿ-
ìè, ëåæàùèìè â îñíîâå ïëàíîâ ðàçâèòèÿ
Ñòðàíû Ñîâåòîâ. Ñ äðóãîé ñòîðîíû, òåì ìèê-
ðîêëèìàòîì, êîòîðûé ñóùåñòâîâàë òîãäà â
óíèâåðñèòåòñêîé ñðåäå è, ìîæåò áûòü, â åùå
áîëüøåé ñòåïåíè – â àêàäåìè÷åñêîì îáùåñòâå.
Êàê ýòîò ìèêðîêëèìàò ñôîðìèðîâàëñÿ è ñî-
õðàíÿëñÿ – äëÿ ìåíÿ çàãàäêà. Âîçìîæíî, îí ñî-
õðàíèëñÿ ñ ëþäüìè, îñòàâøèìèñÿ ñ äîðåâî-
ëþöèîííûõ âðåìåí. Çàòåì ýòî îáùåñòâî ïî-
ïîëíÿëîñü â çíà÷èòåëüíîé ìåðå èäåàëèñòàìè,
ïðèõîäèâøèìè â íàóêó ñ öåëüþ ñëóæèòü åé.

ÐßÄÎÌ  È  ÂÄÀËÅÊÅ

Êîíå÷íî, è òîãäà âëèÿíèå âëàñòè íà àêà-
äåìè÷åñêóþ íàóêó áûëî î÷åíü âåëèêî. Åå âëè-
ÿíèåì îáúÿñíÿåòñÿ ïîÿâëåíèå â ðÿäàõ àêàäå-
ìèè, âèäèìî, íàèáîëåå èçâåñòíîãî íà Çàïàäå
«ó÷åíîãî» – Òðîôèìà Ëûñåíêî, à òàêæå íåìà-
ëîãî êîëè÷åñòâà ïîäîáíûõ åìó ëèö. Ýòî âëè-
ÿíèå òàêæå âûçâàëî ðåçêèé ðîñò êîëè÷åñòâà
÷ëåíîâ àêàäåìèè. Âìåñòå ñ òåì èìåííî âëàñòü
ôîðìóëèðîâàëà ïðîáëåìû, èìåþùèå áîëüøîå
çíà÷åíèå äëÿ ñóùåñòâîâàíèÿ ñòðàíû, ðåøåíèå
êîòîðûõ ïîâûñèëî àâòîðèòåò àêàäåìèè â
1950–1960-õ ãã. Èìåííî â òå ãîäû â íàóêó âëè-
ëàñü âòîðàÿ âîëíà èäåàëèñòîâ, ê êîòîðûì, âíå
ñîìíåíèÿ, ïðèíàäëåæàë Ìàðàò Àêñàíîâè÷
Èëüãàìîâ.

Â êàêîé-òî ìåðå ê ýòîé âîëíå ïðèíàäëå-
æèò è àâòîð ýòèõ âîñïîìèíàíèé. Êîíå÷íî,
â òîé âîëíå áûëè ëþäè ðàçíûõ ñïîñîáíîñ-
òåé è óñòðåìëåíèé. Ê êîíöó 60-õ ãã. ìíîãèå
ïîíÿëè, ÷òî è â àêàäåìè÷åñêîé ñðåäå ïðå-
êðàñíî ðàáîòàþò ïðîñòåéøèå ïðàâèëà ÷åëî-
âå÷åñêîãî îáùåæèòèÿ. Íî ïëîäû ðàáîòû ýòèõ
ïðàâèë ìû åùå íå ñèëüíî îùóùàëè â òå äà-
ëåêèå ãîäû!

ß îêîí÷èë Êàçàíñêèé óíèâåðñèòåò ïî
ñïåöèàëüíîñòè «Ìåõàíèêà» â 1964 ã. Äî ýòî-
ãî ïðîõîäèë ãîäîâóþ ñòóäåí÷åñêóþ ïðàêòè-
êó â Ïîäìîñêîâüå, íà çàêðûòîì ïðåäïðèÿòèè,
ñâÿçàííîì ñ êîñìè÷åñêîé è âîåííîé òåõíè-
êîé, àêòèâíî ðàçâèâàâøåéñÿ â òî âðåìÿ.
Èìåííî çíàêîìñòâî ñ ðåàëüíûì ïðîèçâîä-
ñòâåííûì ïðîöåññîì óáåäèëî ìåíÿ â òîì, ÷òî
÷åëîâåê ìîåãî ñêëàäà òàì íå íóæåí. Ïîýòî-
ìó, ïîëó÷èâ ðàñïðåäåëåíèå íà óêàçàííîå
ïðåäïðèÿòèå, ÿ íà÷àë èñêàòü ñåáå äðóãîå íà-
ïðàâëåíèå äåÿòåëüíîñòè. Ýòî ïðèâåëî ê
âñòðå÷å ñ Èëüãàìîâûì, êîòîðûé ðàáîòàë òîã-
äà â Êàçàíñêîì ôèçèêî-òåõíè÷åñêîì èíñòè-
òóòå (ÊÔÒÈ) Êàçàíñêîãî ôèëèàëà Àêàäåìèè
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íàóê. Ïàìÿòü íå óäåðæàëà îáñòîÿòåëüñòâ ïåð-
âîé âñòðå÷è. Âèäèìî, îíà ïðîèçîøëà áóê-
âàëüíî â êîðèäîðå, è ó Èëüãàìîâà ñëîæèëîñü
çðèòåëüíîå ïðåäñòàâëåíèå îáî ìíå. Íåñîì-
íåííî, áûëè çíàêîìûå, õëîïîòàâøèå çà ìåíÿ
ïåðåä íèì, çíàþùèå, ÷òî åìó – îäíîìó èç ñà-
ìûõ ïåðñïåêòèâíûõ ëþäåé ÊÔÒÈ – íóæíû
ñîòðóäíèêè. Âèäèìî, ñàìûì âàæíûì èç íèõ
áûë Ðàøàä Ãàäååâè÷ Ñóðêèí, ñîòðóäíèê Êà-
çàíñêîãî ôèëèàëà ÀÍ ÑÑÑÐ, êîòîðûé çà 5 ëåò
äî ýòîãî ñïîñîáñòâîâàë ïîñòóïëåíèþ Èëü-
ãàìîâà â ÊÔÒÈ. Âî âñÿêîì ñëó÷àå, êàêîãî-
ëèáî îáñóæäåíèÿ ìîèõ çíàíèé è ïîäãîòîâ-
êè ê áóäóùåé äåÿòåëüíîñòè èëè ââåäåíèÿ
ìåíÿ â îáëàñòü áóäóùèõ çàíÿòèé íå áûëî. Â
îïðåäåëåííîé ìåðå ÿ îáúÿñíÿþ ýòî èñêëþ-
÷èòåëüíîé äåëèêàòíîñòüþ õàðàêòåðà Ìàðà-
òà Àêñàíîâè÷à. Îí íå áûë ãîòîâ âûñòóïàòü
â ðîëè ñóäüè ÷åëîâå÷åñêîé ëè÷íîñòè, îöåíè-
âàþùåãî ïîòåíöèàë áóäóùåãî èñïîëíèòåëÿ
åãî íàó÷íûõ ïëàíîâ. Âìåñòå ñ òåì îïðåäå-
ëåííàÿ ïðîâåðêà ìîåãî ïîòåíöèàëà ñîñòîÿ-
ëàñü: êàêîå-òî âðåìÿ (îêîëî äâóõ ìåñÿöåâ),
ïîêà âûáèâàëàñü äëÿ ìåíÿ ñòàâêà ìëàäøåãî
ëàáîðàíòà, ÿ ðàáîòàë, íå ïîëó÷àÿ çàðïëàòû.
Èëüãàìîâ âèäåë, ÷òî ÿ ìîãó ñèäåòü çà ñòîëîì
ñ óòðà äî íî÷è, äàæå íå çàèêàÿñü î äåíüãàõ!

Êàê áû òî íè áûëî, ÿ î÷óòèëñÿ â êîìíà-
òå, çàíèìàåìîé â îñíîâíîì ãðóïïîé Èëüãà-
ìîâà. Â åå ñîñòàâ âõîäèëè ÿ è äâà ñòóäåíòà.
Îäèí èç íèõ, Àáðèê Êàìàëîâ, îñòàëñÿ â ãðóï-
ïå, è ÿ ìíîãèå ãîäû îáùàëñÿ ñ íèì êàê â èí-
ñòèòóòå, òàê è äðóæåñêè.

Â ïîñëåäóþùèå ãîäû ãðóïïà Èëüãàìîâà
ñòðåìèòåëüíî óâåëè÷èâàëàñü. Ýòî áûëî ñâÿ-
çàíî ñ òåì, ÷òî åãî òåìàòèêà, ñâÿçàííàÿ ñ ïðî÷-
íîñòüþ ðàêåòíûõ ñèñòåì, áûëà òîãäà î÷åíü
âîñòðåáîâàíà. Èìåþòñÿ äâà ïóòè ðàçâèòèÿ ðà-
êåòíîé òåõíèêè: ïåðâûé, èñïîëüçóþùèé æèä-
êîñòíûå äâèãàòåëè, îñíîâàííûé íà ãîðåíèè
ñìåñè æèäêèõ òîïëèâ â ñïåöèàëüíîé êàìåðå
ñãîðàíèÿ. È âòîðîé, èñïîëüçóþùèé òâåðäîå
òîïëèâî, êîòîðîå ñàìî ôîðìèðóåò êàìåðó ñãî-
ðàíèÿ. Â îáîèõ ñëó÷àÿõ äèíàìèêà êàê ãîðåíèÿ,
òàê è âîçíèêàþùèõ â êàìåðå ñãîðàíèÿ êîëå-
áàíèé î÷åíü ñëîæíà, è â òå ãîäû áûëà ïëîõî
èçó÷åíà. Ïåðâàÿ êíèãà Èëüãàìîâà áûëà ïîñâÿ-
ùåíà ýòèì êîëåáàíèÿì.

Ìàðàò Àêñàíîâè÷ åùå â ãîäû ðàáîòû â
Óôå íà àâèàöèîííîì ïðåäïðèÿòèè ïðèîáðåë
óíèêàëüíûé îïûò èçó÷åíèÿ äèíàìèêè è ïðî÷-
íîñòè êîíñòðóêöèè äâèãàòåëÿ. Çàòåì â Êàçà-
íè ýòîò îïûò ïîñòåïåííî óëîæèëñÿ â íåêîòî-
ðûå ìàòåìàòè÷åñêèå ñòðóêòóðû. Ïðèáëèçè-
òåëüíî â 1964–1965 ãã., âèäèìî, Ìàðàò Àêñà-
íîâè÷ íà÷àë ðàáîòàòü íàä êíèãîé, â êîòîðîé
çàìûñëèë ñîáðàòü ìàòåðèàë, ñâÿçàííûé ñ äè-
íàìè÷åñêîé ïðî÷íîñòüþ êàê æèäêîñòíûõ, òàê
è òâåðäîòîïëèâíûõ ðàêåò. Òàê êàê ïóáëèêà-
öèé ïî ýòîé òåìå áûëî íåìíîãî, â îñíîâíîì
â çàðóáåæíûõ æóðíàëàõ, Èëüãàìîâó ïðèøëîñü
óñèëåííî çàíÿòüñÿ ðàçðàáîòêîé òåîðèè. Ïðè
ýòîì îí ó÷èòûâàë, ÷òî äèíàìèêó ðàêåòíûõ
ñèñòåì íåëüçÿ ðàññìàòðèâàòü êàê íåêîòîðóþ
ñóììó êîëåáàíèé îòäåëüíûõ ýëåìåíòîâ êîí-
ñòðóêöèè. Íóæíî ó÷èòûâàòü, íàïðèìåð, âçà-
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èìîäåéñòâèå îáîëî÷êè êàìåðû ñãîðàíèÿ è
ïðîöåññà ãîðåíèÿ. Ïðè ïîëåòå ýòè ýëåìåíòû
ñèñòåì ñòàíîâÿòñÿ âçàèìîñâÿçàííûìè. Â ÷à-
ñòíîñòè, îñîáóþ ðîëü íà÷èíàåò èãðàòü âçàè-
ìîäåéñòâèå ñòåíîê áàêîâ ñ òîïëèâîì è âçà-
èìîäåéñòâèå êîëåáàíèé ïîâåðõíîñòè òâåð-
äîãî òîïëèâà ñ ïðîöåññîì ãîðåíèÿ. Âåñü ýòîò
îãðîìíûé êîìïëåêñ âîïðîñîâ Èëüãàìîâ
ñòðåìèëñÿ ðàññìàòðèâàòü êàê åäèíûé ïðî-
öåññ. Êîíå÷íî, åìó íóæíû áûëè ïîìîùíè-
êè, êîòîðûå ìîãëè áû ïðîâîäèòü íåîáõîäè-
ìûå ðàñ÷åòû è äàæå, ïîä åãî ðóêîâîäñòâîì,
íàó÷íûå èññëåäîâàíèÿ. Ïîýòîìó â åãî îêðó-
æåíèè â òå÷åíèå 1965–1969 ãã. ïîÿâèëîñü
ìíîãî íîâûõ ñîòðóäíèêîâ. Íåêîòîðûå èç íèõ
îáëàäàëè áîëüøèì èññëåäîâàòåëüñêèì òà-
ëàíòîì. Ñðåäè íèõ õî÷åòñÿ âûäåëèòü Áîðè-
ñà Ãóëèíà è Æàâäàòà Ñàõàáóòäèíîâà. Îíè
äàâíî óøëè èç æèçíè, íî â ìîåé ïàìÿòè îñ-
òàíóòñÿ êàê ëþäè, îáëàäàâøèå óäèâèòåëüíû-
ìè è ðàçíîñòîðîííèìè ñïîñîáíîñòÿìè, êî-
òîðûå â ïîëíîé ìåðå ïðîÿâèëèñü â ïðîöåñ-
ñå ó÷åáû ó Ìàðàòà Àêñàíîâè÷à è ïîñëåäóþ-
ùåãî ìíîãîëåòíåãî ñîòðóäíè÷åñòâà ñ íèì.

Êîíå÷íî, âñå ìû ñêëîííû èäåàëèçèðî-
âàòü âñå, ÷òî ñâÿçàíî ñ íàøèìè ìîëîäûìè ãî-
äàìè. Ïëîõîå çàáûâàåòñÿ, õîðîøåå ñîõðàíÿåò-
ñÿ, ïî êðàéíåé ìåðå, òàê óñòðîåíà ìîÿ ïàìÿòü.
Íî â òå ãîäû, î êîòîðûõ ÿ ïèøó, íàäåæäû ìî-
ëîäîñòè (îíè áûëè òîãäà íå ñëèøêîì ïðåòåí-
öèîçíûìè) èìåëè øàíñû ó ìíîãèõ ðåàëèçî-
âàòüñÿ – ïî êðàéíåé ìåðå, â íàóêå. Àñïèðàíòà
èëè ñîòðóäíèêà âûáèðàëè äîâîëüíî òùàòåëü-
íî. Êîíå÷íî, ïðîñüáà ñòàðîãî ïðèÿòåëÿ, íà-
÷àëüíèêà èìåëà çíà÷åíèå, êàê, íàïðèìåð, â
ìîåì ñëó÷àå, íî ýòî áûëî íåòèïè÷íî. Î òîì,
÷òîáû êîãî-òî âûäåëÿòü, äàâàòü ïðåèìóùå-
ñòâî, íå îïðåäåëÿåìîå ÿâíûìè çàñëóãàìè, â
íàøåì êîëëåêòèâå íå ìîãëî áûòü è ðå÷è. Ýòî
îïðåäåëÿëîñü ïðèðîäíûì äåìîêðàòèçìîì è
äîáðîïîðÿäî÷íîñòüþ Èëüãàìîâà. Îí ñåðäå÷-
íî îòíîñèëñÿ êî âñåì íàì. Îäíèì èç ïàìÿò-
íûõ ìíå ïðèìåðîâ åãî âûñîêîé ïîðÿäî÷íîñ-
òè è áåñêîðûñòèÿ ñëóæèò èñòîðèÿ ñ ñîòðóä-
íèêîì ñîñåäíåé ëàáîðàòîðèè. Åìó íå äàëè
ïðè ðàñïðåäåëåíèè êâàðòèðó, íà êîòîðóþ îí
èìåë âñå ïðàâà. Ìåñòêîì îòäàë åå ñîòðóäíè-
êó, æåíàòîìó íà äî÷åðè î÷åíü óâàæàåìîãî ïðî-

ôåññîðà Êàçàíñêîãî óíèâåðñèòåòà. Ìàðàò Àê-
ñàíîâè÷ áóðíî ïðîòåñòîâàë è äîáèëñÿ îòìå-
íû íåïðàâèëüíîãî ðåøåíèÿ. Êîíå÷íî, îí áûë
òîãäà ñîâñåì ìîëîäîé (ìåíåå 35 ëåò) è âåðèë,
÷òî åñòü ïðàâäà íà çåìëå. Íî äëÿ ìåíÿ òîò ïî-
ñòóïîê áûë àêòîì àáñîëþòíîãî áåñêîðûñòèÿ
è ñëóæåíèÿ ñïðàâåäëèâîñòè. È íóæíà áûëà
ñìåëîñòü. Êîíå÷íî, ýòî íå ñìåëîñòü êóëà÷íî-
ãî áîéöà! Íå äóìàþ, ÷òî Èëüãàìîâ ëþáèë
äðàòüñÿ â ìîëîäîñòè, íî åãî ñïîñîáíîñòü ê
ñìåëûì è ðåøèòåëüíûì äåéñòâèÿì â ðåøàþ-
ùèé ìîìåíò ÷óâñòâîâàëàñü.

Êàê-òî ÿ ïðèøåë íà ðàáîòó è ðàññêàçàë
èñòîðèþ, ñëó÷èâøóþñÿ ñî ìíîé ïðîøåäøåé
íî÷üþ: ÿ âûøåë íà óëèöó, ÷òîáû åùå ðàç îá-
äóìàòü ìîå ïðåäñòîÿùåå âûñòóïëåíèå íà
ôèëîñîôñêîì ñåìèíàðå. Âî âðåìÿ ïðîãóëêè
íà ìåíÿ íàïàëè ÷åòâåðî, íî ñëó÷àéíûé ïðî-
õîæèé ïîìîã ìíå – êàê ïîòîì âûÿñíèëîñü,
åãî òîæå çàäèðàëà ýòà ÷åòâåðêà – è ìû âìå-
ñòå ðàçîãíàëè èõ ïî óãëàì è äâîðàì. Â êðî-
âîïîäòåêàõ ÿ ÿâèëñÿ óòðîì íà ðàáîòó â äåíü
äîêëàäà. Èëüãàìîâ ñ òàêèì èíòåðåñîì ñëó-
øàë îïèñàíèå ìîåãî íî÷íîãî ïðèêëþ÷åíèÿ,
÷òî, êàçàëîñü, æàëåë, ÷òî ñàì â íåì íå ïî-
ó÷àñòâîâàë.

Â íàóêå è ëè÷íîé æèçíè îí íå ðàç øåë íà
ñìåëûå ýêñïåðèìåíòû. Ìû æèëè â îäíîé ãî-
ñòèíèöå â 1992 ã. â Àìåðèêå. Ìû áûëè òàì
ïî ïðèãëàøåíèþ àìåðèêàíñêèõ óíèâåðñèòå-
òîâ, òî åñòü â êàêîé-òî ìåðå ôèíàíñîâî îáåñ-
ïå÷èâàëèñü. Íî Ìàðàò Àêñàíîâè÷ íå ðàç âñïî-
ìèíàë ïåðâóþ ïîåçäêó â ÑØÀ â 1982 ã. Ýòî
áûëî âðåìÿ òÿæåëîãî êðèçèñà â îòíîøåíèÿõ
ÑÑÑÐ è ÑØÀ. Èëüãàìîâ áûë, ïî åãî ñëîâàì,
åäèíñòâåííûì ïîääàííûì ÑÑÑÐ íà òåððè-
òîðèè ÑØÀ. Ôèíàíñèðîâàëàñü ïîåçäêà ýòà,
âèäèìî, ïî ìèíèìóìó. Íî ýòî, êàê ìîæíî ëåãêî
ñîîáðàçèòü, áûë åäèíñòâåííûé øàíñ ïîðàáî-
òàòü â Àìåðèêå. È Ìàðàò Àêñàíîâè÷ ðèñêíóë
ïóñòèòüñÿ â òðåõìåñÿ÷íîå ïóòåøåñòâèå ïî
Àìåðèêå, èìåÿ ìèíèìóì ñðåäñòâ, ñëåäóÿ äå-
øåâåéøèì ìàðøðóòàì è îñòàíàâëèâàÿñü â
äåøåâûõ ãîñòèíèöàõ. À ïîäîáíîå ñâÿçàíî ñî
ñòðàøíûì ðèñêîì. Ãäå-íèáóäü â Íîâîì Îð-
ëåàíå (è íå òîëüêî òàì) â ïîèñêàõ æèëüÿ èëè
â ïðèñòóïå ëþáîçíàòåëüíîñòè ìîæíî ñëó÷àé-
íî çàéòè â íåãðèòÿíñêèé èëè ïóýðòî-ðèêàí-
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ñêèé êâàðòàë è íå âûéòè èç íåãî. ß óæå èìåë
ïðåäñòàâëåíèå î æèçíè â ÑØÀ, è íå ðàç âçäðà-
ãèâàë, ïðåäñòàâëÿÿ åãî àâàíòþðó.

Ó Èëüãàìîâà áûëî ïðàâèëî: äàòü ñîòðóä-
íèêó ìàêñèìàëüíî áûñòðî ïîêàçàòü ñâîå
ëèöî. Â ïðàêòèêå ýòî ñâîäèëîñü ê òîìó, ÷òî
ñòðåìÿùèéñÿ ê ñàìîñòîÿòåëüíîñòè è îðèãè-
íàëüíîñòè ñîòðóäíèê äîâîëüíî áûñòðî ìîã
îïóáëèêîâàòü ñòàòüþ ïîä ñâîèì èìåíåì,
õîòÿ èäåÿ èññëåäîâàíèÿ öåëèêîì ïðèíàäëå-
æàëà Èëüãàìîâó. Òî æå ñàìîå îòíîñèëîñü ê
ìàòåìàòè÷åñêîìó ìåòîäó, îïèñàíèþ ðåçóëü-
òàòà, îáñóæäåíèþ è îôîðìëåíèþ ñòàòüè. Òàê
áûëî è â ìîåì ñëó÷àå. Òðóäíî ïðåäñòàâèòü,
êàê òàêîå îòå÷åñêîå îòíîøåíèå âäîõíîâëÿëî
ìåíÿ. Íàäî ñêàçàòü, ÷òî è â øêîëå, è â óíè-
âåðñèòåòå ÿ íå áëèñòàë ñïîñîáíîñòÿìè è óñ-
ïåõàìè. Íå íàäåÿëñÿ ÿ íà ïîñëåäíèå, âõîäÿ â
ñòåíû ÊÔÒÈ. Ó÷åíûé ñåêðåòàðü èíñòèòóòà
êàê-òî çàìåòèë íîâîãî ñîòðóäíèêà, êîòîðûé
ñòàðàåòñÿ áûòü íåçàìåòíûì íàñòîëüêî, ÷òî
äâèãàåòñÿ ïî êîðèäîðó, ïûòàÿñü âòåðåòüñÿ â
ñòåíêó. Â øêîëå ÿ íå ìîã ïîâåðèòü, ÷òî ìîãó
ïîëó÷èòü îöåíêó «ïÿòü». Çäåñü æå íå ìîã ïî-
âåðèòü, ÷òî ìîãó íàïèñàòü íàó÷íóþ ñòàòüþ.
Íî ýòî â êîíöå êîíöîâ ïðîèçîøëî. Òîëüêî
ñåé÷àñ, èìåÿ ïðåäñòàâëåíèå î æèçíè äðóãèõ
íàó÷íûõ êîëëåêòèâîâ, ïîíèìàþ, êàêàÿ óäà-
÷à, ÷òî ÿ ïîïàë òîãäà â äîáðîæåëàòåëüíûå
ðóêè Èëüãàìîâà!

Ïîìíþ, îí ïðèâîäèë ìåíÿ â òðåïåò, êîã-
äà çà íåñêîëüêî ìèíóò íàõîäèë îøèáêè â ìîèõ
ìíîãîäíåâíûõ è òùàòåëüíûõ ìàòåìàòè÷åñêèõ
âûêëàäêàõ. Ýòî êàçàëîñü âîëøåáñòâîì: âåäü ó
ìåíÿ òîãäà äàæå íå áûëî ïðåäñòàâëåíèÿ îá
èñïîëüçîâàíèè ðàçìåðíîñòåé ôèçè÷åñêèõ ïå-
ðåìåííûõ äëÿ îöåíêè ïðàâèëüíîñòè ôèçè÷å-
ñêèõ ôîðìóë.

Â ïåðâûå ãîäû, êîãäà íàñ áûëî íåìíîãî,
îí èçðåäêà ïðèãëàøàë íàñ ê ñåáå äîìîé.
ß ïîìíþ íîâîãîäíèé âå÷åð 1966 ã. Ìû âû-
øëè èç äîìà ãóëÿòü è øëè ìèìî îáùåæèòèÿ,
ãäå âåñåëèëàñü, òàíöåâàëà è ñìåÿëàñü ìîëî-
äåæü. ß óäèâèëñÿ, êàê çàèíòåðåñîâàííî íà-
áëþäàë çà íåé Èëüãàìîâ. Ìíå ïî÷óäèëîñü, ÷òî
íå òàê ìíîãî áûëî òàêèõ æå ÷àñîâ âåñåëüÿ â
åãî ìîëîäîñòè, êîãäà îí ïðèåõàë â Óôó èç äå-
ðåâíè è áûë ïîãëîùåí ó÷åáîé è ðàáîòîé. Êî-

íå÷íî, îí õîòåë èìåòü ÷òî-òî ðàäîñòíî-ìîëî-
äîå â Êàçàíè. Õîòÿ îí áûë äàëåê îò ñïîðòà, íî,
ïîìíþ, ñ ýíòóçèàçìîì ó÷àñòâîâàë â èíñòèòóò-
ñêèõ ëûæíûõ âûëàçêàõ. Ìîðîç, èíåé è áåñêî-
íå÷íàÿ ëûæíÿ ïî Âîëãå è ëåñó. Ïîòîì ñîáèðà-
åìñÿ â êàêîì-íèáóäü ïðîìåðçøåì äîìèêå, ãäå íå
òåïëåå, ÷åì íà óëèöå, íî åñòü ãîðÿ÷èé ÷àé. Óäè-
âèòåëüíîå äåëî, ÿ íå ïîìíþ íà òàêèõ âûëàçêàõ
óïîòðåáëåíèÿ àëêîãîëÿ. Îáùåèçâåñòíî, ÷òî òîã-
äà åùå íå áûëî ïîãîëîâíîãî ïüÿíñòâà!

Íåçàáûâàåìûå ãîäû! ß âèæó ñåáÿ ñïó-
ñòèâøèìñÿ âìåñòå ñ Èëüãàìîâûì íà áåðåã Êà-
çàíêè (ëåòî 1965 ã.). Ñòîÿë ðåäêîñòíî ñâåòëûé
è æàðêèé äåíü, òàêèå áûâàþò òîëüêî â ìîëî-
äîñòè. Òàì áûë ïèðñ, ñ êîòîðîãî ìû ïðûãàëè
â âîäó. Ýòî çàêîí÷èëîñü òåì, ÷òî î÷êè Èëüãà-
ìîâà óòîíóëè ó ïèðñà, è íå ñðàçó áûëè íàéäå-
íû. Êàê ó ìíîãèõ áëèçîðóêèõ ëþäåé, åãî ëèöî
áåç î÷êîâ ïðèîáðåòàëî óäèâèòåëüíî äîáðîå è
áåççàùèòíîå âûðàæåíèå.

Òåïåðü ìíå êàæåòñÿ, ÷òî Èëüãàìîâ â ÷åì-
òî âûäåëÿë ìåíÿ ñðåäè ñîòðóäíèêîâ, õîòÿ ÿ
äîñòàâëÿë åìó íåìàëî õëîïîò è íåïðèÿòíî-
ñòåé ñâîåé èçëèøíåé ïðÿìîòîé â âûñêàçûâà-
íèÿõ è ýãîöåíòðèçìîì. Ñíà÷àëà ÿ óõèòðèëñÿ
èñïîðòèòü íàâñåãäà îòíîøåíèÿ ñ Ñóðêèíûì,
êîòîðûé, íàïîìèíàþ, áûë ìîèì õîäàòàåì
ïåðåä Èëüãàìîâûì ïðè ïðèåìå íà ðàáîòó.
Ïîòîì ÿ ñòàë îòëè÷àòüñÿ àíòèñîâåòñêèìè
âûñêàçûâàíèÿìè. Ïî-âèäèìîìó, ýòî äîøëî è
äî Èëüãàìîâà. Íà ïðåäëîæåíèå ñåêðåòàðÿ
ïàðòêîìà îòäåëà, âñåìè î÷åíü óâàæàåìîãî ÷å-
ëîâåêà, âñòóïèòü â êîìïàðòèþ ÿ îòâåòèë îò-
êàçîì. Âåäü ñàì Èëüãàìîâ áûë áåñïàðòèéíûì.
ß óåçæàë íà ëåòíèå ìåñÿöû íà ïîèñêè ïðè-
êëþ÷åíèé è äåíåã íà Ñåâåð, â Ñèáèðü è íà
Êàì÷àòêó, ìàëî çàáîòÿñü î âðåìåíè îòïóñêà.
Ïîäîáíîå, äóìàþ, îòìå÷àëîñü ó ðóêîâîäñòâà
îòäåëà, à ìîæåò, èíñòèòóòà, è, êîíå÷íî, íèêî-
ãî íå ðàäîâàëà ìîÿ àáñîëþòíàÿ íåïðåäñêàçó-
åìîñòü.

Îäíàêî ýòî íèêàê íå ñêàçûâàëîñü íà ëè÷-
íîì îòíîøåíèè Èëüãàìîâà è ñîòðóäíèêîâ êî
ìíå. Õîòÿ ïðèâåëî ê òîìó, ÷òî çàùèòà ìîåé
êàíäèäàòñêîé äèññåðòàöèè ñòàëà íåâîçìîæ-
íîé â ðîäíîé Êàçàíè, è ìíå ïðèøëîñü çàùè-
ùàòü åå â Ëåíèíãðàäñêîì óíèâåðñèòåòå â
1971 ã. Íî ÿ ïî-ïðåæíåìó áûâàë â ñåìüå



110

ÏÎÐÒÐÅÒ  Ó×ÅÍÎÃÎ

Èëüãàìîâà. Ïîìíþ, îí ïðèãëàñèë ìåíÿ ïîãî-
ñòèòü íà äà÷å, êîòîðóþ ñíèìàë íà áåðåãó Âîë-
ãè. Íåçàáûâàåìûå ñîëíå÷íûå, ïàõíóùèå
ñîñíàìè äíè, – òàêîãî çàïàõà íåò â Íîâîé Çå-
ëàíäèè! Íî, ìîæåò, åãî íåò óæå è â Ðîññèè!

Îäíàêî îòíîøåíèå êî ìíå óæå âïîëíå ñëî-
æèëîñü, è ïðåäïîëàãàòü ìîé äàëüíåéøèé íà-
ó÷íûé ðîñò â ñòåíàõ èíñòèòóòà áûëî òðóäíî.
Â ÷àñòíîñòè, ñ 1966 ã. äî ìîåãî óâîëüíåíèÿ èç
èíñòèòóòà ÿ áûë íà äîëæíîñòè èñïîëíÿþùåãî
îáÿçàííîñòè ìëàäøåãî ñîòðóäíèêà , õîòÿ ê êîíöó
ýòîãî ñðîêà ìíå óæå ñòóêíóëî 30 ëåò, ÿ èìåë
ó÷åíóþ ñòåïåíü è îïðåäåëåííóþ íàó÷íóþ ðå-
ïóòàöèþ. Âñïîìèíàþ, ÷òî ìåòîä óäåðæàíèÿ ñî-
òðóäíèêà íà ñòàâêå, íå ñîîòâåòñòâóþùåé åãî íà-
ó÷íûì çàñëóãàì, áûë ðàñïðîñòðàíåííûì ïðè
ðàáîòå âëàñòè ñ êàäðàìè. Óâàæàåìûé âñåìè
íàìè Èîñèô Âåíèàìèíîâè÷ Ñâèðñêèé, áóäó-
÷è èçâåñòíûì äîêòîðîì íàóê, îêàçûâàëñÿ íà
äîëæíîñòè ìëàäøåãî ñîòðóäíèêà, êîãäà ÷åì-òî
íå óäîâëåòâîðÿë íà÷àëüñòâî.

ß, êîíå÷íî, ïî ñâîåé ïðîñòîòå âñå ýòî íå
ïîíèìàë, äà è íå çàäóìûâàëñÿ î ñâîåì áóäó-
ùåì, îäíàêî Èëüãàìîâ ïðåäñòàâëÿë ýòî õîðî-
øî. Ïî-âèäèìîìó, âñåì ñêàçàííûì âûøå
îáúÿñíÿåòñÿ òî, ÷òî îí ñòàë àêòèâíî ñïîñîá-
ñòâîâàòü ìîåìó ïåðååçäó â Êèåâ, êóäà ÿ ïåðå-
åõàë â êîíöå 1972 ã. Íèêòî òàì íå âñòðåòèë
ìåíÿ ïèðîãàìè, îäíàêî íàó÷íàÿ øêîëà Èëüãà-
ìîâà ïîçâîëèëà âûæèòü è òàì.

Âïëîòü äî ìîåãî îòúåçäà îòíîøåíèå êî ìíå
Èëüãàìîâà áûëî âïîëíå äîâåðèòåëüíûì.
Ïîìíþ, ÷òî ëåòîì 1972 ã. îí ñ ñåìüåé íà íå-
ñêîëüêî íåäåëü óåõàë â îòïóñê è îñòàâèë ìåíÿ
æèòü â ñâîåé êâàðòèðå. Êîãäà ÿ ïðèõîäèë â
êâàðòèðó îñîáåííî ãîëîäíûé, òî ëåç â èõ õî-
ëîäèëüíèê, ãäå õðàíèëèñü óäèâèòåëüíî âêóñ-
íàÿ äåðåâåíñêàÿ ñìåòàíà è ãðàíàòîâûé ñîê.

Ê ìîåìó îòúåçäó â Êèåâ Èëüãàìîâà îêðó-
æàëà öåëàÿ ïëåÿäà òàëàíòëèâûõ âîñïèòàííè-
êîâ. Íî, âèäèìî, ÿ ñðåäè íèõ âûäåëÿëñÿ. Êî-
íå÷íî, íå ñïîñîáíîñòÿìè. Ñêîðåå âñåãî, ñìå-
ëîñòüþ ïûòàòüñÿ ðåøàòü çàäà÷è, â êîòîðûõ èç-
íà÷àëüíî íè÷åãî íå ïîíèìàë. Ó÷èòûâàÿ ýòó
ñìåëîñòü (íàõàëüñòâî?), Ìàðàò Àêñàíîâè÷ ïî-
ñûëàë ìåíÿ â íåêîòîðîì ñìûñëå â ïîèñêîâûå
èññëåäîâàíèÿ, êîòîðûå, âîçìîæíî, íà òîò ìî-
ìåíò íå áûëè äëÿ íåãî ãëàâíûìè, íî êîòîðûå

îêàçàëèñü äëÿ ìåíÿ î÷åíü è î÷åíü âàæíûìè,
îïðåäåëèâøèìè ìîþ íàó÷íóþ ñóäüáó. Âèäè-
ìî, Èëüãàìîâó áûëà ñèìïàòè÷íà íåêîòîðàÿ
àâàíòþðíîñòü ìîåãî õàðàêòåðà, è îí ïîäûñ-
êèâàë ìíå çàäà÷è, ñîîòâåòñòâóþùèå åìó.

Äàëåå ÿ ïîïûòàþñü îïèñàòü è ïðîèëëþ-
ñòðèðîâàòü äâå èäåè Èëüãàìîâà, êîòîðûå äî
ñèõ ïîð îïðåäåëÿþò ìîè íàó÷íûå èíòåðåñû.

Ïåðâàÿ èäåÿ – èññëåäîâàíèå âîëíîâûõ
ïðîöåññîâ â ðåçîíàíñíûõ îáëàñòÿõ. Ñëîæ-
íîñòü ïðîáëåìû â òîì, ÷òî ëèíåéíàÿ òåîðèÿ
äàåò â ýòèõ îáëàñòÿõ áåñêîíå÷íûå àìïëèòóäû
âîëí. Ñèòóàöèÿ íå óëó÷øàåòñÿ, åñëè ó÷èòû-
âàòü íåëèíåéíûå ýôôåêòû. Â ïîñëåäíåì ñëó-
÷àå òðàäèöèîííàÿ òåîðèÿ âîçìóùåíèé äàåò
áåñêîíå÷íûå àìïëèòóäû äëÿ óâåëè÷èâàþùå-
ãîñÿ êîëè÷åñòâà âîçíèêàþùèõ â ðåçîíàíñíîé
îáëàñòè ãàðìîíèê.

Ìíîãî ïîçäíåå ìû îñîçíàëè, ÷òî âñòðå-
òèëèñü ñ ôóíäàìåíòàëüíîé ïðîáëåìîé – ïðî-
áëåìîé ïîÿâëåíèÿ áåñêîíå÷íîñòåé â ìåòîäå
âîçìóùåíèé. Ýòà òðóäíîñòü âîçíèêàåò âî
ìíîãèõ îáëàñòÿõ ôèçèêè è òåõíèêè, è îíà íå
ïðåîäîëåíà äî ñèõ ïîð. Â ÷àñòíîñòè, àíàëî-
ãè÷íàÿ ïðîáëåìà âîçíèêàåò ïðè ðàçâèòèè îá-
ùåé òåîðèè «âåëèêîãî îáúåäèíåíèÿ çàêîíîâ
ôèçèêè». Çíàìåíèòûé ôèçèê Ðè÷àðä Ôåéí-
ìàí äî êîíöà æèçíè èññëåäîâàë ïðîáëåìó êà-
òàñòðîôè÷åñêèõ áåñêîíå÷íîñòåé, ïðåïÿòñòâó-
þùèõ ãàðìîíè÷íîìó îáúåäèíåíèþ ãðàâèòà-
öèè è êâàíòîâîé ìåõàíèêè. Îí îòìåòèë: «Ïî
ìîèì îùóùåíèÿì – õîòÿ ÿ ìîãó è îøèáàòü-
ñÿ – ñóùåñòâóåò íå îäèí ñïîñîá ðåøåíèÿ ýòîé
çàäà÷è. ß íå äóìàþ, ÷òî åñòü òîëüêî îäèí
ñïîñîá, êîòîðûì ìû ìîæåì èçáàâèòüñÿ îò
áåñêîíå÷íîñòåé».

Â êîíöå 60-õ ãã. ïðîøëîãî âåêà ìû íàìå-
òèëè ïóòü ðåøåíèÿ ýòîé ïðîáëåìû íà ïðèìå-
ðå î÷åíü ÷àñòíîé ðåçîíàíñíîé ïðîáëåìû, ÷òî
îòðàæåíî â íàøåì ñîâìåñòíîì òðóäå (Ø.Ó.  Ãà-
ëèåâ, Ì.À. Èëüãàìîâ, À.Â. Ñàäûêîâ. Î ïåðè-
îäè÷åñêèõ óäàðíûõ âîëíàõ â ãàçå // Èçâ. ÀÍ
ÑÑÑÐ. Ìåõàíèêà æèäêîñòè è ãàçà.  1970. ¹ 2.
Ñ. 57–66).

 Âñÿ ìîÿ ïîñëåäóþùàÿ àêòèâíîñòü ñâåëàñü
â çíà÷èòåëüíîé ìåðå ê àíàëèçó èäåè Ìàðàòà
Àêñàíîâè÷à î âîëíîâîì ðåçîíàíñå. Ðàçâèòèþ
ýòîé èäåè ïîñâÿùåíû ìîè îñíîâíûå êíèãè.
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Èìåííî íà ýòîé èäåå áûëà ïîñòðîåíà ìîÿ
êàíäèäàòñêàÿ äèññåðòàöèÿ, íàïèñàííàÿ ïîä
ðóêîâîäñòâîì Ìàðàòà Àêñàíîâè÷à. Õî÷åòñÿ
ïîä÷åðêíóòü, ÷òî ÿ áûë ïåðâûì êàíäèäàòîì
íàóê, ïîäãîòîâëåííûì èì.

Êîíå÷íî, íåïðîñòî ðàçãëÿäåòü ïåðâîíà-
÷àëüíûå èäåè íàøåé ïóáëèêàöèè 1970 ã. çà
íàãðîìîæäåíèåì ôîðìóë è àíàëîãèÿìè ìîèõ
ïîñëåäóþùèõ ïóáëèêàöèé. Íî Ìàðàò Àêñà-
íîâè÷ ñêëîíåí âîñïðèíèìàòü ýòî êàê íåèç-
áåæíóþ èçäåðæêó ðàçâèòèÿ íàóêè. Îí ðàäó-
åòñÿ óñïåõàì äðóãèõ è ñòàðàåòñÿ ðàçãëÿäåòü
îñíîâíîå â èññëåäîâàíèè, åñëè îáñóæäàåò
åãî. Ìíå ëåñòíî, ÷òî îí íàøåë âðåìÿ äëÿ
òîãî ÷òîáû îçíàêîìèòüñÿ ñ ìîåé ïîñëåäíåé
êíèãîé è ïðîàíàëèçèðîâàòü åå â øèðîêîì
èñòîðè÷åñêîì êîíòåêñòå â ñëåäóþùèõ ðå-
öåíçèÿõ:

1. Èëüãàìîâ Ì.À. Ìîäåëèðîâàíèå ïðè-
ðîäíûõ ÿâëåíèé ìåòîäàìè íåëèíåéíîé äè-
íàìèêè (î êíèãå Ø.Ó. Ãàëèåâà «Ãåîôèçè÷å-
ñêèå ñîîáùåíèÿ ×àðëüçà Äàðâèíà êàê ìîäåëè
òåîðèè êàòàñòðîôè÷åñêèõ âîëí») // Èçâåñòèÿ
ÓÍÖ ÐÀÍ. 2012. ¹ 1. Ñ. 64–68.

2. Èëüãàìîâ Ì.À. Î ñòîëåòèè è äâóõñîò-
ëåòèè ×àðëüçà Äàðâèíà // Âåñòíèê ÀÍ ÐÁ.
2012. Ò. 17, ¹ 2. Ñ. 66–69.

Âòîðàÿ èäåÿ áûëà ñîâåðøåííî äðóãîãî
ðîäà. Êàê óæå îòìå÷àëîñü, âåñ è õàðàêòåðèñ-
òèêè ìíîãèõ ðàêåò îïðåäåëÿþòñÿ âåñîì æèä-
êîãî òîïëèâà, çàïîëíÿþùåãî ñïåöèàëüíûå
áàêè. Â ñâîþ î÷åðåäü, ïàðàìåòðû áàêîâ îïðå-
äåëÿþòñÿ âçàèìîäåéñòâèåì èõ ñòåíîê ñ òîï-
ëèâîì. Òðàäèöèîííî ïîëàãàëîñü, ÷òî âëèÿíèå
ýòîãî âçàèìîäåéñòâèÿ íå î÷åíü âåëèêî. Îä-

íàêî Èëüãàìîâà âñåãäà èíòåðåñîâàëè ñèëüíûå
âçàèìîäåéñòâèÿ. Â äàííîì ñëó÷àå – âçàèìî-
äåéñòâèå ïðè ñèëüíîì ïåðåìåùåíèè (äåôîð-
ìàöèè) ñòåíêè êàìåðû è òðóáîïðîâîäà ñ ãà-
çîì, æèäêîñòüþ è òâåðäûì òîïëèâîì.

Ïîä ðóêîâîäñòâîì Ìàðàòà Àêñàíîâè÷à
áûëà ñîçäàíà ñîîòâåòñòâóþùàÿ ýêñïåðèìåí-
òàëüíàÿ óñòàíîâêà äëÿ èññëåäîâàíèÿ ãèäðî-
äèíàìè÷åñêîé øòàìïîâêè òîíêîñòåííûõ ýëå-
ìåíòîâ êîíñòðóêöèé. Óæå ïåðâûå ýêñïåðè-
ìåíòû äàëè íåîæèäàííûå ðåçóëüòàòû, à
èìåííî: áûëè îáíàðóæåíû ïî÷òè ñëó÷àéíûå
ïóëüñàöèè äàâëåíèÿ â æèäêîñòè, âîçíèêàþ-
ùèå ïðè áûñòðîé ïëàñòè÷åñêîé äåôîðìàöèè
òîíêîé ñòåíêè. Ñ ïåðâîãî âçãëÿäà îáúÿñíèòü
ýòè ïóëüñàöèè áûëî íåïðîñòî. Ïîýòîìó Èëü-
ãàìîâ ïðèâëåê ìîå âíèìàíèå ê ýòèì äàííûì.
Ýòî áûëî â 1974 ã.

Ýòè ïóëüñàöèè ìåíÿ î÷åíü çàèíòåðåñî-
âàëè. ß çíàë, ÷òî â æèäêîñòè ìîæåò âîçíè-
êàòü êàâèòàöèÿ. È âñïîìíèë î íåêîòîðîé èäåå
ðàñ÷åòà êàâèòàöèîííûõ ÿâëåíèé, êîòîðóþ ÿ
ìíîãî ëåò äî òîãî èçëàãàë óíèâåðñèòåòñêèì
îäíîêàøíèêàì.

Ýòî áûë ìîé çâåçäíûé ÷àñ. Ïîëîæèâ â
îñíîâó ðåçóëüòàòû, îïóáëèêîâàííûå â ðàáî-
òå Èëüãàìîâà è Ïàâëîâà, ÿ äîâîëüíî áûñòðî
íàïèñàë äîêòîðñêóþ äèññåðòàöèþ. Ïðîöåññ
åå çàùèòû è óòâåðæäåíèÿ ÂÀÊîì áûë íåïðî-
ñòûì. Ïðåäëàãàåìûé ìåòîä èññëåäîâàíèÿ
îêàçàëñÿ íàñòîëüêî íåòðàäèöèîííûì, ÷òî
Ìîñêîâñêèé óíèâåðñèòåò âûñòóïèë ðåçêî
ïðîòèâ äèññåðòàöèè. Ñèòóàöèþ ðàçðÿäèëî
ïèñüìî èç Ìèíèñòåðñòâà îáîðîíû ÑØÀ ñ
ïðîñüáîé ðàçðåøèòü ïåðåâîä ìîåé äèññåð-
òàöèè íà àíãëèéñêèé ÿçûê.
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Âîò òàêàÿ öåïü ñëó÷àéíîñòåé, èíèöèèðî- Âîò òàêàÿ öåïü ñëó÷àéíîñòåé, èíèöèèðî-
âàííàÿ èíòåðåñîì Èëüãàìîâà ê ñèëüíî íåëè-
íåéíûì ïðîöåññàì â íåñòàöèîíàðíî äåôîð-
ìèðóåìîì áàêå, ïðèâåëà ê ïîëó÷åíèþ ìíîé
äîêòîðñêîé ñòåïåíè, à çàòåì – êâàðòèðû â
Êèåâå, äîëæíîñòè çàâåäóþùåãî íàó÷íûì îò-
äåëîì è, âîçìîæíî, îòêðûëà ìíå ïóòü ê ýìèã-
ðàöèè â Íîâóþ Çåëàíäèþ.

Ñêàçàííîå âûøå, êîíå÷íî, ñîñòàâëÿåò
î÷åíü ìàëóþ ÷àñòü ïðîøëîãî è ëèøü ÷àñòè÷-
íî ðàñêðûâàåò ìàñøòàá ëè÷íîñòè Ìàðàòà Àê-
ñàíîâè÷à. Íàøè ïóòè ðàçîøëèñü. ß ïåðååõàë,
êàê óæå ñêàçàíî, â Êèåâ, à çàòåì â Íîâóþ Çå-
ëàíäèþ, à îí – â Óôó. Åãî çàãàäêà äëÿ ìåíÿ
íåðàçðåøèìà. Íî îí âñåãäà âïåðåäè. Îí âñå-
ãäà ñðåäè ëþäåé è äëÿ íèõ. Â ÷åì-òî ìîæíî ñ
íèì íå ñîãëàøàòüñÿ. Íî ìåíÿ íåñêàçàííî îá-
ðàäîâàëî, êîãäà â 2005 ã. ÿ óâèäåë åãî ÷èòàþ-
ùèì Æàí-Æàêà Ðóññî. Îí âñåãäà â äóõîâíîì
ðîñòå. Ìàðàò Àêñàíîâè÷ – ýòî âûñîêèé ïðè-
ìåð ÷åëîâåêà äëÿ ìíîãèõ èç íàñ.

Ø.Ó. ÃÀËÈÅÂ,
ïðîôåññîð

Îêëåíäñêîãî óíèâåðñèòåòà,
Íîâàÿ Çåëàíäèÿ
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(21.01.1933 – 25.04. 2013)

Â 1968 ã. èç ã. ×èìêåíò Êàçàõñêîé ÑÑÐ â
Èíñòèòóò îðãàíè÷åñêîé õèìèè Áàøêèðñêîãî
ôèëèàëà Àêàäåìèè íàóê ÑÑÑÐ áûë ïðèãëà-
øåí íà äîëæíîñòü çàâåäóþùåãî ëàáîðàòîðè-
åé ìîëîäîé êàíäèäàò õèìè÷åñêèõ íàóê Ãåí-
ðèõ Àëåêñàíäðîâè÷ Òîëñòèêîâ. Èíñòèòóò â òî
âðåìÿ âîçãëàâëÿë âèäíûé õèìèê ïðåêðàñíûé
îðãàíèçàòîð íàóêè, àêàäåìèê ÀÍ Êàçàõñêîé
ÑÑÐ, ïðåäñåäàòåëü Ïðåçèäèóìà ÁÔÀÍ ÑÑÑÐ
Ñàãèò Ðàóôîâè÷ Ðàôèêîâ. Äëÿ ðàçâèòèÿ íàóêè
â Áàøêèðèè îí ïðèãëàñèë íà ðàáîòó ìîëîäûõ
ó÷åíûõ èç ðàçíûõ óãîëêîâ ñòðàíû.

Ìàéñêèì ëåòíèì äíåì 1968 ãîäà â Èí-
ñòèòóòå ïîÿâèëñÿ âûñîêèé, ñòðîéíûé ìîëî-
äîé ÷åëîâåê ñ ðîñêîøíîé øåâåëþðîé ðóñûõ
âîëîñ. Ýòî áûë Òîëñòèêîâ. Â ðóêàõ îí íåñ òóãî
íàáèòûé ïîðòôåëü. Ïîçäíåå ìû óçíàëè, ÷òî â
ïîðòôåëå áûëà åãî äîêòîðñêàÿ äèññåðòàöèÿ,
êîòîðóþ îí óñïåøíî çàùèòèë â 1969 ãîäó. Ãåí-
ðèõ Àëåêñàíäðîâè÷ ñðàçó æå âêëþ÷èëñÿ â ðà-
áîòó. Îí ñòàë ïåðâûì ïîìîùíèêîì Ðàôèêîâó.
Åãî îòëè÷àëè öåëåóñòðåìëåííîñòü è áîëüøàÿ
ðàáîòîñïîñîáíîñòü.

Èíñòèòóò áûñòðî íàáèðàë îáîðîòû: ïî-
ÿâèëèñü íîâûå íàó÷íûå íàïðàâëåíèÿ (âûñî-
êîìîëåêóëÿðíûå ñîåäèíåíèÿ, îðãàíè÷åñêàÿ
õèìèÿ, õèìè÷åñêàÿ ôèçèêà è äð.), ñîçäàâàëèñü
íîâûå îòäåëû è ëàáîðàòîðèè. Èíñòèòóò îðãà-
íè÷åñêîé õèìèè ñòàë Èíñòèòóòîì õèìèè
ÁÔÀÍ ÑÑÑÐ. Â èíñòèòóòå ïðîâîäèëèñü íà-
ó÷íûå èññëåäîâàíèÿ âûñî÷àéøåãî óðîâíÿ è
ñîçäàâàëèñü íîâûå ìàòåðèàëû è òåõíîëîãèè
(ïîëèìåðû, ïðåïàðàòû äëÿ ìåäèöèíû è ñåëü-
ñêîãî õîçÿéñòâà). Êàæäàÿ ëàáîðàòîðèÿ ïðè
ëè÷íîì ó÷àñòèè Òîëñòèêîâà áûëà íàöåëåíà íà
ñîâðåìåííîå íàó÷íîå íàïðàâëåíèå. Èíñòèòóò
õèìèè ÁÔÀÍ ÑÑÑÐ ñòàíîâèòñÿ îäíèì èç âå-
äóùèõ öåíòðîâ íåôòåõèìèè è ïîëèìåðîâ â
Ñîâåòñêîì Ñîþçå.

Â 1971 ã. Òîëñòèêîâ áûë íàçíà÷åí çàìåñ-
òèòåëåì äèðåêòîðà èíñòèòóòà, à â 1977 ã. ñòà-
íîâèòñÿ åãî äèðåêòîðîì. Ïîñëå îòúåçäà Ðàôè-
êîâà èç Óôû îí áûë íàçíà÷åí è íà äîëæíîñòü
Ïðåäñåäàòåëÿ Ïðåçèäèóìà ÁÔÀÍ ÑÑÑÐ –
íûíå Óôèìñêèé íàó÷íûé öåíòð ÐÀÍ. Ãåíðèõ
Àëåêñàíäðîâè÷ óñïåøíî ñîâìåùàåò ðàáîòó ïî
ðóêîâîäñòâó èíñòèòóòîì è ôèëèàëîì Àêàäå-
ìèè íàóê. Çà âûäàþùèåñÿ äîñòèæåíèÿ â íà-
óêå îí èçáèðàåòñÿ ÷ëåíîì-êîððåñïîíäåíòîì,
à çàòåì è àêàäåìèêîì ÀÍ ÑÑÑÐ. Òàêîå ñòðå-
ìèòåëüíîå âîñõîæäåíèå ïî ñòóïåíüêàì íàóêè
áûëî çàêîíîìåðíûì. Ñàìà ïðèðîäà äàëà åìó
òàêèå êà÷åñòâà: êèïó÷àÿ äåÿòåëüíîñòü, îãðîì-
íàÿ ýíåðãèÿ, òåðïåíèå, ìóæåñòâî, äîáðîæåëà-
òåëüíîñòü, öåëåóñòðåìëåííîñòü â íàó÷íîì
ïîèñêå. Íåñìîòðÿ íà áîëüøóþ çàãðóæåííîñòü
íàó÷íîé ðàáîòîé è àäìèíèñòðàòèâíî-õîçÿé-
ñòâåííûìè âîïðîñàìè (êàê ðàç â ýòî âðåìÿ
äîñòðàèâàëñÿ áèáëèîòå÷íûé êîðïóñ), Ãåíðèõ
Àëåêñàíäðîâè÷, óåçæàÿ äîìîé, íàãðóæàë ñâîé
ïîðòôåëü íàó÷íûìè æóðíàëàìè, ÷òîáû îïå-
ðàòèâíî èçó÷èòü è óçíàòü, ÷òî äåëàåòñÿ â ìèðå
â îáëàñòè õèìè÷åñêèõ íàóê. Êàæäîå óòðî, ïðè-
õîäÿ íà ðàáîòó, ó÷åíûé ñòðåìèòåëüíî, ÷åðåç
äâå ñòóïåíüêè âçáåãàë íà 2-îé ýòàæ ëàáîðà-
òîðíîãî êîðïóñà, ãäå ïðîâîäèëèñü ýêñïåðè-
ìåíòû. Ñâîåé íåèññÿêàåìîé ýíåðãèåé, ÷óòêîé
íàó÷íîé èíòóèöèåé, ïëàìåííîé ñòðàñòüþ è
ëþáîâüþ ê íàóêå Òîëñòèêîâ íàãëÿäíî ïîêàçû-
âàë ðàñòóùåìó êîëëåêòèâó êàê íàäî ïîä÷èíèòü
âñå îäíîé öåëè – ñëóæåíèþ íàóê.

Ïîñëå ëàáîðàòîðèé îí âõîäèë â êàáèíåò
äèðåêòîðà, ãäå ïðîâîäèë ó÷åíûå ñîâåòû, ñî-
âåùàíèÿ ñ çàâåäóþùèìè ëàáîðàòîðèé è ïðè-
íèìàë ïîñåòèòåëåé, äèðåêòîðîâ èíñòèòóòîâ
è ñîòðóäíèêîâ Ôèëèàëà. Îí áûë èçáðàí äå-
ïóòàòîì Óôèìñêîãî Ãîðñîâåòà, ðåøàë âîïðî-
ñû ãðàæäàí. Ïðèõîäèëîñü ðàáîòàòü äî ñàìîãî
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ïîçäíåãî âå÷åðà. Ê íåìó øëè çâîíêè èç ðàç-
íûõ ãîðîäîâ ñòðàíû.

Çà êîðîòêèå ñðîêè â Èíñòèòóòå õèìèè
ïîä ðóêîâîäñòâîì Ã.À. Òîëñòèêîâà âûðîñëî
áîëüøîå ÷èñëî õèìèêîâ âûñîêîé êâàëèôèêà-
öèè (êàíäèäàòû è äîêòîðà íàóê). Íàèáîëåå
äîñòîéíûå èç íèõ ñòàëè ÷ëåíàìè-êîððåñïîí-
äåíòàìè è àêàäåìèêàìè ÐÀÍ è Àêàäåìèè íàóê
ÐÁ. Áîëüøèíñòâî åãî ó÷åíèêîâ ðàáîòàþò â
Áàøêîðòîñòàíå, â èíñòèòóòàõ Ñèáèðñêîãî è
Óðàëüñêîãî îòäåëåíèé ÐÀÍ. Íàèáîëåå òàëàí-
òëèâûé åãî ó÷åíèê Äæåìèëåâ Óñåèí Ìåìå-
òîâè÷, ÷ëåí-êîððåñïîíäåíò ÐÀÍ è àêàäåìèê
ÀÍ ÐÁ – íûíå ïðåäñåäàòåëü Óôèìñêîãî íàó÷-
íîãî öåíòðà ÐÀÍ. Äîêòîð õèìè÷åñêèõ íàóê,
òàêæå âîñïèòàííèê Òîëñòèêîâà – Øàðèïîâ
Ãëþñ Ëÿáèáîâè÷ – çàìåñòèòåëü Ïðåäñåäàòå-
ëÿ Ïðåçèäèóìà ÓÍÖ ÐÀÍ, äîëãèå ãîäû ðàáî-
òàë â êà÷åñòâå ãëàâíîãî ó÷åíîãî ñåêðåòàðÿ
Àêàäåìèè íàóê Ðåñïóáëèêè Áàøêîðòîñòàí.
Îäèí èç åãî ó÷åíèêîâ È.Á. Àáäðàõìàíîâ, àêà-
äåìèê ÀÍ ÐÁ, íàïèñàë ê 80-ëåòèþ Ãåíðèõà
Àëåêñàíäðîâè÷à äâà ñòèõîòâîðåíèÿ: «Åñòü
âñòðå÷è äàííûå ñóäüáîé» è «Ïîíèìàíèå».
Ïðèâîæó îòðûâîê îäíîãî èç íèõ.

Åãî âñå âäîõíîâëÿåò ñëîâî
Áåçóìíî ðàä ÿ – îí ñî ìíîé
È âíîâü êëóáèòñÿ ôîðìóë ðîé
Õîòü âïåðåäè åùå ïîðîãè
Íî âìåñòå ñ íèì ìû èõ ïðîéäåì.
Åãî âû íå ïðèçûâàéòå, áîãè
Ìû íà Çåìëå âñåãäà ïðè íåì.

Ïðè âðó÷åíèè ýòèõ ñòèõîâ Ãåíðèõ Àëåê-
ñàíäðîâè÷ áûë ðàñòðîãàí è ñêàçàë, ÷òî áóäåò
õðàíèòü èõ ñ ñàìûìè öåííûìè ñâîèìè äîêó-
ìåíòàìè. Ðàáîòàÿ äëèòåëüíîå âðåìÿ ðåôåðåí-
òîì Ã.À. Òîëñòèêîâà, ÿ åæåäíåâíî ïîðàæàëàñü

åãî òðóäîëþáèþ, âíèìàòåëüíîìó è óâàæè-
òåëüíîìó îòíîøåíèþ ê ëþäÿì, ëþáâè ê ñâî-
åé ñåìüå – æåíå Ëîðå Ôåäîðîâíå, äî÷åðè Òà-
òüÿíå è ñûíó Ñàøå.

Ã.À. Òîëñòèêîâ – àâòîð è ñîàâòîð 12 ìî-
íîãðàôèé, ìíîãî÷èñëåííûõ ïóáëèêàöèé â
îòå÷åñòâåííûõ è çàðóáåæíûõ æóðíàëàõ, â òîì
÷èñëå 30 îáçîðîâ, ñâûøå 500 àâòîðñêèõ ñâè-
äåòåëüñòâ è ïàòåíòîâ. Îí îäèí èç êðóïíåé-
øèõ õèìèêîâ-îðãàíèêîâ, äîêòîð õèìè÷åñêèõ
íàóê, ïðîôåññîð, àêàäåìèê ÀÍ ÑÑÑÐ. Ëàóðåàò
Ãîñóäàðñòâåííûõ ïðåìèé ÑÑÑÐ è Ðîññèé-
ñêîé Ôåäåðàöèè â îáëàñòè íàóêè è òåõíèêè;
îáùåíàöèîíàëüíîé Äåìèäîâñêîé ïðåìèè.
Êàâàëåð îðäåíîâ Çíàê ïî÷åòà, Äðóæáû íàðî-
äîâ, Çà çàñëóãè ïåðåä Îòå÷åñòâîì IV-îé ñòå-
ïåíè è áûë íàãðàæäåí ìíîãèìè ìåäàëÿìè.

Â 1993 ã. Ã.À. Òîëñòèêîâ â ñâÿçè ñ èçìå-
íèâøåéñÿ ñèòóàöèåé óåõàë â ã. Íîâîñèáèðñê,
ãäå ïðîäîëæàë òðóäèòüñÿ äèðåêòîðîì Èíñòè-
òóòà îðãàíè÷åñêîé õèìèè èì. Í.Í. Âîðîæöî-
âà, ïåðâûì çàìåñòèòåëåì Ïðåäñåäàòåëÿ Ñè-
áèðñêîãî îòäåëåíèÿ ÐÀÍ. Áûë èçáðàí ÷ëåíîì
Ïðåçèäèóìà ÐÀÍ.

Ãåíðèõ Àëåêñàíäðîâè÷ Òîëñòèêîâ áûë
ïðåêðàñíûì îðãàíèçàòîðîì ñ âûñîêèì àâòî-
ðèòåòîì, ÿðêîé ëè÷íîñòüþ. Ñâîèì èíòåëëåê-
òîì, áîãàòûì âíóòðåííèì ìèðîì îí ïðèòÿ-
ãèâàë ê ñåáå ëþäåé, öåíèë äðóæáó. Êðàñèâûé,
óìíûé, íåîáûêíîâåííî äîáðûé ÷åëîâåê.

Ñêîí÷àëñÿ âèäíûé ó÷åíûé 25 àïðåëÿ
2013 ãîäà, â ã. Íîâîñèáèðñêå, ãäå è ïîõîðî-
íåí.

Ïîêëîíèìñÿ ñâåòëîé ïàìÿòè Ãåíðèõà
Àëåêñàíäðîâè÷à Òîëñòèêîâà, âûäàþùåãîñÿ
ó÷åíîãî õèìèêà-îðãàíèêà, ÷åëîâåêà ñ áîëü-
øèì ùåäðûì ñåðäöåì.

Ò.È. ÏÅÍÜÊÈÍÀ
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ÂÑÏÎÌÈÍÀß  Ã.À.  ÒÎËÑÒÈÊÎÂÀ

Ó÷èòåëü, ïåðåä èìåíåì òâîèì
ïîçâîëü ñìèðåííî ïðåêëîíèòü êîëåíè!

Âðåìÿ ëåòèò íåóìîëè-
ìî, âðåìÿ ñæèìàåòñÿ, è ïî-
ðîé êàæåòñÿ, ÷òî òî, ÷òî
áûëî äàâíî, ïðîèñõîäèëî
òîëüêî â÷åðà. À âåäü ïðî-
øëî áîëåå òðèäöàòè ëåò.
Îò÷åòëèâî ïîìíþ òîò ÷óä-
íûé âåñåííèé äåíü, êîãäà â
âîçäóõå çâåíåëà êàïåëü, êîã-
äà â äóøå ïåëè ñîëîâüè, è
ñåðäöå áûëî íàïîëíåíî
ïðèëèâîì ñèë, îùóùåíèåì
ëþáâè è ðàäîñòè êî âñåìó
îêðóæàþùåìó ìèðó. ß âîø-
ëà â êîðèäîð Ïðåçèäèóìà
Áàøêèðñêîãî ôèëèàëà ÀÍ
ÑÑÑÐ è óâèäåëà áûñòðî èäóùåãî ìíå íà-
âñòðå÷ó ìóæ÷èíó ïðèÿòíîé âíåøíîñòè, â
ðàñïàõíóòîì ïèäæàêå ñ ðàçâåâàþùåéñÿ øàï-
êîé ïûøíûõ âîëîñ. Îí ñòðåìèòåëüíî ëåòåë
ïî êîðèäîðó. Èíîãäà îí çäîðîâàëñÿ ñî
âñòðå÷íûìè, ïðèîñòàíàâëèâàëñÿ, ïîæèìàë
ðóêó, íî íåóêëîííî ïðîäîëæàë ïóòü ê ñâîå-
ìó ðàáî÷åìó êàáèíåòó.

Ýòî áûë îí – Ãåíðèõ Àëåêñàíäðîâè÷ Òîë-
ñòèêîâ. Êîãäà îí ïðèáëèçèëñÿ êî ìíå, ÿ óâè-
äåëà ñâåðêàþùåå óëûáêîé ëèöî è óïàâøóþ íà
âûñîêèé ëîá ñåðåáðèñòóþ ïðÿäü ñåäûõ âîëîñ,
êîòîðàÿ, êñòàòè, ïðèäàâàëà åìó îïðåäåëåííûé
øàðì. Îí çàäîðíî òðÿõíóë ãîëîâîé, è ïðÿäü
ñåäûõ âîëîñ óëåòåëà ñ ãëàç íà çàòûëîê. ß íå-
âîëüíî îáðàòèëà íà íåãî âíèìàíèå. Îí èçëó-
÷àë âíóòðåííåå îáàÿíèå. Ýòî áûëà íàøà ïåð-
âàÿ âñòðå÷à, è ìîå ïåðâîå âïå÷àòëåíèå áûëî
íåçàáûâàåìûì.

Íà äâîðå ñòîÿë 1980 ãîä. Êàê ðàç â ýòî
âðåìÿ ÿ óñòðîèëàñü íà ðàáîòó â ïîëèêëèíèêó
ÁÔÀÍ ÑÑÑÐ. ×óòü ïîçæå ÿ óçíàëà âñå «ðåãà-

ëèè» ÷åëîâåêà, ñëó÷àéíî
âñòðå÷åííîãî â êîðèäîðå.
Äîêòîð õèìè÷åñêèõ íàóê,
äèðåêòîð Èíñòèòóòà õèìèè,
ïðåäñåäàòåëü Ïðåçèäèóìà
Áàøêèðñêîãî ôèëèàëà Àêà-
äåìèè íàóê ÑÑÑÐ.

Ãåíðèõ Àëåêñàíäðîâè÷
ïîçíàêîìèâøèñü ñî ìíîé,
äîâîëüíî ñêîðî ïîíÿë, ÷òî ÿ
íå ïðîñòî âðà÷, ðàáîòàþùèé
îò çâîíêà äî çâîíêà, ÷òî íà-
çûâàåòñÿ, äëÿ «ãàëî÷êè», íî
åùå è ÷åëîâåê, ïîñòîÿííî
áûâàþùèé â áèáëèîòåêå,
ñòðåìÿùèéñÿ ïîäíÿòü ñâîé

ïðîôåññèîíàëüíûé óðîâåíü. Ãåíðèõ Àëåêñàíä-
ðîâè÷ íåîäíîêðàòíî äàâàë ìíå âîçìîæíîñòü
åçäèòü íà ïîâûøåíèå êâàëèôèêàöèè â Ìîñêâó,
Ëåíèíãðàä. Òàøêåíò, Íèæíèé Íîâãîðîä. Íà
ïðîòÿæåíèè 12 ëåò ìîåé ðàáîòû â àêàäåìè÷åñ-
êîé ïîëèêëèíèêå, ÿ ìíîãî ðàç ïîâûøàëà ñâîþ
êâàëèôèêàöèþ è âî ìíîãîì áëàãîäàðÿ ó÷àñòèþ
ñî ñòîðîíû Ãåíðèõà Àëåêñàíäðîâè÷à ÿ ïîëó÷è-
ëà â èòîãå ïåðâóþ êàòåãîðèþ âðà÷à-íåâðîëîãà.

Êîíå÷íî, â ðàáîòå ñëó÷àëîñü âñÿêîå.
Äà, êîãäà ðÿäîì åñòü òàêèå íàäåæíûå áîéöû

«íåâèäèìîãî ôðîíòà», êîòîðûå ïîìîãàþò, ïîääåð-
æèâàþò, íàïðàâëÿþò – æèòü ìîæíî. ß ýòèì ëþ-
äÿì áëàãîäàðíà. Òàêèå ëþäè íå äàþò óíèçèòü è
ðàñòîïòàòü äðóãîãî. Ýòî òàê âàæíî â æèçíè. Òå-
ïåðü êîíå÷íî, äëÿ ìåíÿ ýòî âñå óæå ïîçàäè.

Ãåíðèõ Àëåêñàíäðîâè÷ áûë íå òîëüêî
÷óòêèì è âíèìàòåëüíûì ê ïðîáëåìàì ñâîèõ
êîëëåã ðóêîâîäèòåëåì, íî è ïðåêðàñíûì ñå-
ìüÿíèíîì. ß çíàëà íå ïîíàñëûøêå åãî ñå-
ìüþ – íåñêîëüêî ðàç ìíå äîâåëîñü âñòðå÷àòü-
ñÿ ñ åãî ñóïðóãîé Ëîðîé Ôåäîðîâíîé è åãî



116

ÏÀÌßÒÈ  Ó×ÅÍÎÃÎ

ñûíîì Ñàøåé. Ýòî áûëè çàìå÷àòåëüíûå
ëþäè, èíòåëëèãåíòíàÿ, êóëüòóðíàÿ ñåìüÿ ñî
ñâîèìè óñòîÿâøèìèñÿ, ìîæíî äàæå ñêàçàòü,
ïàòðèàðõàëüíûìè òðàäèöèÿìè. Ãëÿäÿ íà íèõ
áûëî ïîíÿòíî, îòêóäà ÷åðïàåò ñâîþ ñèëó, ñâîå
âäîõíîâåíèå òàêîé êðóïíûé ó÷åíûé è îðãà-
íèçàòîð íàóêè, êàê Ãåíðèõ Àëåêñàíäðîâè÷. Îí
âñåãäà áûë ïðèìåðîì ìíå è ïóòåâîäíîé çâåç-
äîé â ìîåì ïðîôåññèîíàëüíîì ðîñòå. ß ïî-
íèìàëà, ÷òî íóæíî ìíîãî ðàáîòàòü, ÷òîáû
÷åãî-òî äîáèòüñÿ. Íóæíî ðàáîòàòü êàê Ãåíðèõ
Àëåêñàíäðîâè÷ íà ñâîåì ìåñòå. Òàê ÷òî â
æèçíè âñå íå çðÿ! Âñòðåòèâ ïðèìåð äîñòîé-
íîãî ÷åëîâåêà, ìû èùåì åãî è â äðóãèõ è, ê
ñ÷àñòüþ, íàõîäèì. Õîðîøèõ ëþäåé âñå-òàêè
áîëüøå, ÷åì ïëîõèõ.

ß ðàäà, ÷òî ìíå â æèçíè âñòðåòèëñÿ òà-
êîé çàìå÷àòåëüíûé ÷åëîâåê, êàê Ãåíðèõ Àëåê-
ñàíäðîâè÷, è ÷òî ìíå äîâåëîñü îáùàòüñÿ ñ
íèì. ß âñåãäà çíàëà, ÷òî îí ãäå-òî ðÿäîì, è
âñåãäà ïðîòÿíåò ðóêó ïîìîùè.

Å.Ì. ÊÀÉÍÎÂÀ
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14 ìàÿ 2014 ãîäà íàäîëãî çàïîìíèòñÿ
óôèìñêèì ó÷åíûì, ñîáðàâøèìñÿ äëÿ ïðàçä-
íîâàíèÿ Äíÿ Óôèìñêîãî íàó÷íîãî öåíòðà Ðîñ-
ñèéñêîé àêàäåìèè íàóê. Ýòîìó çíàìåíàòåëü-
íîìó ñîáûòèþ áûëè ïîñâÿùåíû äâà ìåðî-
ïðèÿòèÿ.

Áîëüøîå âïå÷àòëåíèå íà ïðèñóòñòâî-
âàâøèõ ïðîèçâåëà öåðåìîíèÿ îòêðûòèÿ ìå-
ìîðèàëüíûõ äîñîê, ïîñâÿùåííûõ ñâåòëîé
ïàìÿòè äâóõ êðóïíûõ äåÿòåëåé óôèìñêîé è
áàøêîðòîñòàíñêîé íàóêè, âíåñøèõ îãðîìíûé
âêëàä â ñòàíîâëåíèå è ðàçâèòèå õèìèè è
ôèçèêî-õèìèè âûñîêîìîëåêóëÿðíûõ ñîåäè-
íåíèé – àêàäåìèêà Þðèÿ Áîðèñîâè÷à Ìî-
íàêîâà è ÷ëåíà-êîððåñïîíäåíòà ÐÀÍ Âàëå-
ðèÿ Ïåòðîâè÷à Êàçàêîâà. Íà îòêðûòèè âûñ-
òóïèëè ïðåäñåäàòåëü ÓÍÖ ÐÀÍ, ÷ëåí-êîð-
ðåñïîíäåíò ÐÀÍ Óñåèí Ìåìåòîâè÷ Äæåìè-
ëåâ; ñîâåòíèê ÐÀÍ, ÷ëåí-êîððåñïîíäåíò
ÐÀÍ Ìàðàò Àêñàíîâè÷ Èëüãàìîâ; çàìåñòè-
òåëü ïðåäñåäàòåëÿ ÓÍÖ ÐÀÍ, äîêòîð õèìè-
÷åñêèõ íàóê Ãëþñ Ëÿáèáîâè÷ Øàðèïîâ –
ñîðàòíèêè è êîëëåãè êîðèôååâ, ïàìÿòü î êî-
òîðûõ áûëà çàïå÷àòëåíà íà ìåìîðèàëüíûõ
äîñêàõ. Â ñâîèõ ðå÷àõ îíè ðàññêàçàëè îá
îñíîâíûõ ýòàïàõ äåÿòåëüíîñòè áåçâðåìåí-
íî óøåäøèõ îò íàñ ó÷åíûõ, ïîäåëèëèñü ëè÷-
íûìè âîñïîìèíàíèÿìè.

Ó.Ì. Äæåìèëåâ îòìåòèë, ÷òî äåíü îò-
êðûòèÿ ìåìîðèàëà ÿâëÿåòñÿ íå ïðîñòî çíà-
ìåíàòåëüíûì, íî è ïå÷àëüíûì äëÿ íàñ äíåì,
ïîñêîëüêó â ëèöå Þ.Á. Ìîíàêîâà è Â.Ï. Êà-
çàêîâà ðîññèéñêàÿ è ìèðîâàÿ íàóêà óòðàòèëà
êðóïíåéøèõ ó÷åíûõ â ñâîèõ îáëàñòÿõ.
Âñïîìíèë Óñåèí Ìåìåòîâè÷ è î ÷ëåíå-êîð-
ðåñïîíäåíòå ÀÍ ÑÑÑÐ Ñàãèòå Ðàóôîâè÷å Ðà-
ôèêîâå, äîëãèå ãîäû âîçãëàâëÿâøåì Áàøêèð-
ñêèé ôèëèàë Àêàäåìèè íàóê ÑÑÑÐ. Èìåííî
îí ïðèãëàñèë íà ðàáîòó â Óôó Þðèÿ Áîðèñî-
âè÷à è Âàëåðèÿ Ïåòðîâè÷à, êîòîðûå äî ýòîãî
ðàáîòàëè â Êàçàõñòàíå è Ñèáèðè. Ó.Ì. Äæå-
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ìèëåâ îòìåòèë îãðîìíûé âêëàä Ñ.Ð.  Ðàôè-
êîâà, Ã.À. Òîëñòèêîâà, Þ.Á. Ìîíàêîâà è
Â.Ï. Êàçàêîâà â ñîçäàíèå íîâûõ íàïðàâëå-
íèé â õèìèè è ôèçèêî-õèìèè, ðàçðàáîòêå è
âíåäðåíèè îðèãèíàëüíûõ òåõíîëîãèé, êîòî-
ðûå íàøëè ñâîå ïðèìåíåíèå â ïðîèçâîäñòâå.
Èõ ðàáîòû áûëè èçâåñòíû äàëåêî çà ïðåäå-
ëàìè íàøåé ñòðàíû.

Òîðæåñòâåííàÿ öåðåìîíèÿ çàâåðøèëàñü
âûñòóïëåíèÿìè ó÷åíèêîâ è êîëëåã Þ.Á. Ìî-
íàêîâà è Â.Ï. Êàçàêîâà ïî Èíñòèòóòó îðãàíè-
÷åñêîé õèìèè ÓÍÖ ÐÀÍ: äîêòîðà õèìè÷åñêèõ
íàóê Í.È. Ñèãàåâîé è Ñ.È. Êóçíåöîâà, âîçëî-
æåíèåì öâåòîâ è ïàìÿòíûìè ôîòîãðàôèÿìè.

Âî âðåìÿ òîðæåñòâåííîé öåðåìîíèè îòêðûòèÿ ìåìî-
ðèàëüíûõ äîñîê àêàä. Þ.Á. Ìîíàêîâó è ÷ë.-êîðð. ÐÀÍ
Â.Ï. Êàçàêîâó. Ñëåâà íàïðàâî: ÷ë.-êîðð.ÐÀÍ, ñîâåòíèê
ÐÀÍ  Ì.À. Èëüãàìîâ; ÷ë.-êîðð. ÐÀÍ, ïðåäñåäàòåëü ÓÍÖ
ÐÀÍ  Ó.Ì. Äæåìèëåâ
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Âòîðîé ÷àñòüþ Äíÿ Óôèìñêîãî íàó÷íî-
ãî öåíòðà ÿâèëîñü òîðæåñòâåííîå çàñåäàíèå,
ïðîøåäøåå â êîíôåðåíö-çàëå ïðåçèäèóìà
ÓÍÖ ÐÀÍ. Çàñåäàíèå îòêðûë ïðèâåòñòâåí-
íîé ðå÷üþ ïðåäñåäàòåëü ÓÍÖ ÐÀÍ Ó.Ì. Äæå-
ìèëåâ. Ñâîå âûñòóïëåíèå îí ïîñâÿòèë èñ-
òîðèè ðàçâèòèÿ è ñòàíîâëåíèÿ ÓÍÖ ÐÀÍ, à
òàêæå ó÷ðåæäåíèé, âõîäÿùèõ â åãî ñîñòàâ ñ
ìîìåíòà ñîçäàíèÿ ÁÔ ÀÍ ÑÑÑÐ – ÓÍÖ ÐÀÍ.

Ïîñëå ýòîãî ñîñòîÿëàñü òîðæåñòâåííàÿ
öåðåìîíèÿ âðó÷åíèÿ íàãðàä ìîëîäûì
ñïîðòñìåíàì. Â ïîñëåäíåå âðåìÿ â ÓÍÖ
ÐÀÍ ïðîâîäèòñÿ àêòèâíàÿ ðàáîòà ïî îðãà-
íèçàöèè ñïîðòèâíûõ ìåðîïðèÿòèé ñ ïðè-
âëå÷åíèåì ìîëîäûõ ó÷åíûõ è ñïåöèàëè-
ñòîâ. Â ôåâðàëå 2014 ãîäà ñîòðóäíèêè ó÷-
ðåæäåíèé ÓÍÖ ÐÀÍ ïðèíÿëè ó÷àñòèå â îò-
êðûòîé Ñïàðòàêèàäå Ðåñïóáëèêè Áàøêîðòî-
ñòàí, ãäå ñáîðíàÿ êîìàíäà ÓÍÖ ÐÀÍ, âïåð-
âûå ïðèíèìàâøàÿ ó÷àñòèå â ïîäîáíîì ìåðî-

ïðèÿòèè, çàíÿëà ïî èòîãàì ñîðåâíîâàíèé
ïåðâîå îáùåêîìàíäíîå ìåñòî.

Áîëüøîé èíòåðåñ ó çðèòåëåé âûçâàë
ïðàçäíè÷íûé êîíöåðò ñàìîäåÿòåëüíûõ êîë-
ëåêòèâîâ óôèìñêèõ ó÷åíûõ, îðãàíèçîâàí-
íûé ïî èíèöèàòèâå îáúåäèíåííîãî êîìè-
òåòà ïðîôñîþçà ÓÍÖ ÐÀÍ è ïðè àêòèâíîì
ñîäåéñòâèè Ñîâåòà ìîëîäûõ ó÷åíûõ ÓÍÖ
ÐÀÍ, ïðîôêîìîâ ÈÁÃ ÓÍÖ ÐÀÍ è ÈÍÊ
ÓÍÖ  ÐÀÍ.

Â çàâåðøåíèå ïðàçäíè÷íîãî ñîáðàíèÿ ñ
ïðèâåòñòâåííûì ñëîâîì âûñòóïèëà ïðåäñå-
äàòåëü îáúåäèíåííîé ïðîôñîþçíîé îðãàíè-
çàöèè ðàáîòíèêîâ ÓÍÖ ÐÀÍ Ñ.Ï. Íîñàðåâà.
Â ñâîåì âûñòóïëåíèè îíà ïîæåëàëà ó÷åíûì
çäîðîâüÿ, áëàãîïîëó÷èÿ, âçàèìîïîíèìàíèÿ è
òâîð÷åñêèõ óñïåõîâ è âûðàçèëà íàäåæäó, ÷òî
â ýòî íåïðîñòîå äëÿ ðîññèéñêîé íàóêè âðåìÿ
Óôèìñêèé íàó÷íûé öåíòð ÐÀÍ âûñòîèò è
äîáüåòñÿ íîâûõ âåðøèí.


