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EVOLUTION  OF  SPHERICITY  DISTORTIONS  OF  A  CAVITATION  BUBBLE
DURING ACOUSTIC  SUPERCOMPRESSION

© A.A. Aganin, M.A. Ilgamov, R.T. Lahey Jr., R.I. Nigmatulin,
R.P. Taleyarkhan, D.Yu. Toporkov

The paper describes theoretical results on the evolution of small deviations of a cavitation bubble from
a spherical shape during a single expansion-compression cycle under experimental conditions required for
nuclear emissions during acoustic cavitation. In the mathematical model used the bubble’s interface is the
sum of spherical harmonics (Legendre polynomials of degree n = 0, 2, 3, 4...), one of which (n = 0) corresponds
to the spherical shape while the others (n ≥ 2) to axially symmetric deviations from sphericity in the form of
the corresponding harmonics. Motion of both the vapor in the bubble and the surrounding liquid is determined
from a superposition of the spherical component with its small non-spherical perturbations. The spherical
component includes effects of the unsteady heat conductivity of the vapor and the liquid, and the non-
equilibrium evaporation-condensation on the interface. It is taken into account that in the course of expansion
phase of the bubble as well as at the beginning of its compression, which are relatively slow processes, the
vapor in the bubble behaves like an ideal gas with a nearly uniform spatial pressure distribution. Consideration
is also given to the fact that at this slow stage of the bubble dynamics the viscosity of the liquid is important
while its compressibility may be neglected. In contrast, during the rapid compression stage (i.e., implosion)
shock waves may arise inside the bubble; in this case the effects of liquid compressibility may become
significant and must be accounted for. Thus, during the stage of rapid compression these effects are taken
into consideration, as well as realistic and comprehensive equations of state are used for capturing the
physics of the phenomena occurred in the bubble and near it. The non-spherical component of the vapor and
liquid motion allows for the effects of liquid viscosity, surface tension, density of the vapor in the bubble and
the nonhomogeneity of its pressure. Estimates have been found for the maximum values of the amplitude
(relative to the initial one) of small harmonic distortions (in the form of Legendre polynomials of degree
n = 2, 3..., with wave length λn = 2πR/n, where R is the bubble’s radius) of the spherical shape of a bubble at
the instant of its collapse, i.e., the moment of maximum compression of the bubble content. In this case, the
initial distortions of the bubble’s sphericity are assumed to arise at any moment during bubble expansion.
Those estimates reveal the extent of variations of the amplitude of small initial distortions of the bubble
sphericity by the time of bubble collapse. A number of simple analytical formulas are also presented for the
radius of the bubble at the moment of maximum expansion and variation of both the radius of the bubble and
the distortion from its spherical shape under compression.

Key words: bubble dynamics, spherical shape stability, cavitation bubble, acoustic cavitation, bubble collapse.
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1. Introduction
Experimental evidence for the production of

thermonuclear neutrons and tritium nuclei during
ultrasound-induced (with a frequency of f = 2⋅104 s–1)
acoustic cavitation of deuterated acetone (C3D6O),
have been reported by Taleyarkhan et al. (2002,
2004, 2006); Xu & Butt (2005). These findings have
caused significant discussion in the scientific literature.
According to the theoretical analysis presented by
Nigmatulin, Taleyarkhan & Lahey (2002, 2004);
Nigmatulin (2005); Nigmatulin et al. (2005); Lahey
et al. (2006), in these experiments a spherical cluster,
having a radius of Rcl ≈ 1 cm. and made up of very
small bubbles with a size of several tens of
nanometers, was formed in the pressure anti-node
of an acoustic standing wave, which was in phase
with the tensioned (negative) acoustic pressure. By
the end of this growth phase, the individual bubbles
increase in sizes to Rmax ≈ 700 μm. Thereafter, in the
subsequent phase of the standing wave having a
compressive (positive) acoustic pressure, the
bubbles are strongly compressed, particularly in the
central zone of the cluster (i.e., to Rmin ≈ 25 μm). In
the final highspeed stage of compression of the central
bubbles, micro-spherical shock waves converging
to their centers occur inside them. With convergence,
the amplitude of these shock waves increases many
times. As a consequence, in a small vicinity of the
center of a bubble of radius (e.g., δr ∼ 102 nm)
during a brief period of time, δt ∼ 10–12 s states of
matter with the temperature of ∼ 108 K and density
of ∼ 10 g/cm3 appear. For this very short period of
time under such extreme conditions about 10 effective
collisions of deuterium nuclei occur to produce helium
nuclei and high energy D-D thermonuclear neutrons
(2.45 MeV), and the simultaneous production of
tritium nuclei and protons. In various sonofusion
experiments (Taleyarkhan et al. 2002, 2004; Xu &
Butt 2005) about 2⋅103 s–1 focused collapses of
bubble clusters were recorded. If one assumes that
in the central zone of the cluster there are 10–20
bubbles, in which at the time of their implosion the
thermonuclear parameters described above are
achieved, then the production of D-D thermonuclear
neutrons and tritium nuclei will be equal to about
P = (2 to 4)⋅105 s–1, which is consistent with the
range of neutron-tritium emission rates as recorded
in the above-mentioned experiments.

During numerous discussions of the results of
Taleyarkhan et al. (2002) a number of critical
comments were given by: Vazquez et al. (2001);
Didenko & Suslick (2002); Camara, Putterman &
Kirilov (2004). This led to additional experiments
and an extension of the theoretical concepts
previously proposed (Nigmatulin et al. 2002, 2004,
2005; Taleyarkhan et al. 2004; Nigmatulin 2005).
In particular, new experiments were performed
(Taleyarkhan et al. 2006) using a mixture of
deuterated benzene (C6D6), deuterated acetone
(C3D6O), and tetrachloroethylene (C2Cl4), in which
for triggering cavitation inception alpha recoils from
dissolved uranyl nitrate were used instead of neutrons
from an external source. In the process of
spontaneous decay of the dissolved uranium (238U)
nuclei, alpha particles are emitted, from which the
recoiling highly-charged nuclei of 234U deposit their
energy over a few nanometers and initiate the
formation of the bubble nuclei when the liquid is in a
tensioned metastable state. The frequency of
formation of spherical clusters of cavitation bubbles
in the experiments of Taleyarkhan et al. (2006) was
10 to102 times less (i.e., f′ ∼ (10-102) s–1) than in
the previous experiments in which an external neutron
source was used. Consequently, production of D-D
fast neutrons and tritium nuclei was also less (i.e.,
P ∼ 104 s–1). These observations have been
experimentally replicated (Forringer et al. 2006a,b;
Bugg 2006). The pulse-height neutron emission
spectra from all published successful experiments
have been compared against theoretical simulations
using validated state-of-the-art Monte-Carlo nuclear
particle transport methods and the results have
confirmed the experimental observations
(Taleyarkhan et al. 2008). In all such experiments,
spherical cluster implosions were found to be the
key for attaining supercompression. As such, it is
useful to theoretically assess the degree of deviation
from sphericity for the conditions prevalent in the
above-mentioned experimental studies.

The present paper is devoted to the study of
the degree of distortion of the spherical shape of a
bubble in conditions of the experiments on acoustic
inertial confinement bubble fusion. This investigation
was furthermore brought about by the fact that the
current theoretical results of the above-mentioned
process of supercompression of the interior
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cavitation bubbles in the central zone of a bubble
cluster were based on the hypothesis of spherically
symmetric (one-dimensional) flow of the liquid near
these bubbles and the vapor inside them, which
requires preservation of the shape of bubbles very
close to spherical during their compression. In
discussions in the literature this hypothesis was also
questioned, and not without a reason, as, for
example, instability of a spherical target at its laser
ablation is well known to be one of the causes of
failure in attempts to achieve high rates of
compression of a substance required for
thermonuclear synthesis (Ilkaev & Garanin 2006;
Lebo & Tishkin 2006). Moreover, a study of the
stability of the spherical shape of a bubble during
conditions of periodic single bubble
sonoluminescence (SBSL) shows (Hilgenfeldt, Lohse
& Brenner 1996) that for liquid pressure variation
amplitude higher than 1.5 to 2 bar, the spherical shape
of a bubble will be unstable. For conditions of the
experiments on bubble fusion based nuclear
emissions (Taleyarkhan et al. 2002) the amplitude
of the pressure wave during bubble implosion is as
much as 15 bar, or even larger due to the effect of
bubble cluster dynamics (Nigmatulin et al. 2005).

When choosing the appropriate analytical
method to investigate this phenomenon, we have used
the experience gained in the literature related to
stability of the spherical shape of a bubble during
SBSL conditions (Putterman & Weninger 2000).
A brief analysis of the spherical bubble stability in
those conditions is given in the review of Hilgenfeldt
et al. (1998). The investigation of the effect of small
deformations of the bubble’s interface during SBSL
phenomenon can be found in the work of Putterman
& Weninger (2000). Three types of instability are
usually distinguished for SBSL conditions as:
parametric instability and those of Rayleigh-Taylor
and Faraday (Kull 1991; Augsdorfer, Evans & Oxley
2000; Yuan, Chu & Leung 2001; Lin, Storey & Szeri
2002b; Kwak, Karng & Lee 2005). It is also worth
noting the works on instability of Birkhoff-Plesset,
which is caused by decrease in the bubble radius
(Plesset 1954; Plesset & Mitchell 1956; Birkhoff
1956; Eller & Crum 1970; Kull 1991; Ilgamov 2005,
2006, 2010, 2011).

With regard to results of studies of the stability
of bubble oscillations during SBSL conditions

(Hilgenfeldt et al. 1996), one might expect that
periodic oscillations of the bubbles within a cluster
in sonofusion experiments (Taleyarkhan et al. 2002)
are impossible due to the high acoustic pressure used
(e.g., 15 bar). Nevertheless, the scenario of neutron
emissions described previously (Taleyarkhan et al.
2002, 2004; Nigmatulin et al. 2002, 2004, 2005;
Nigmatulin 2005; Lahey et al. 2006) assumes that
in one acoustic cycle the production of neutrons is a
result of single expansion-compression process of
one group of interior bubbles while in the other cycles
it results from a similar expansion-compression of
another group. This means that the dynamics of the
bubbles producing neutrons in the cluster is almost
the same in every acoustic cycle. Therefore, it is
sufficient that the evolution of distortions of the
spherical shape of a bubble be studied during the
course of a single expansion-compression. As a
consequence, among the four above-mentioned
types of possible instability generating mechanisms
for deviations from the spherical shape only the
influence of Birkhoff-Plesset and Rayleigh-Taylor
modes need be considered.

A linear approximation was used in this work
to describe deviations of the bubble shape from the
baseline spherical shape. In doing so, the bubble’s
interface was presented as a sum of spherical
harmonics (Lamb 1945; Plesset 1954; Birkhoff
1954, 1956; Plesset & Mitchell 1956; Eller & Crum
1970; Plesset & Prosperetti 1977; Ilgamov 2005,
2006). Similarly, the movement of the bubble’s
interface is presented as the superposition of the
radial (spherical) component and its small
nonspherical disturbance.

The radial component of the movement of the
bubble’s interface is often described by the Rayleigh-
Plesset model, in which the liquid is assumed to be
weakly compressible, the pressure in the gas is
homogeneous (Flynn 1975; Keller & Miksis 1980;
Prosperetti, Crum & Commander 1986; Nigmatulin,
Akhatov & Vakhitova 1996), or the full
hydrodynamic model (Wu & Roberts 1993, 1994;
Moss et al. 1994; Moss, Clarke & Young 1997;
Aganin & Ilgamov 1999a,b; Aganin et al. 1999;
Aganin 2000; Nigmatulin et al. 2000, 2005, 2006;
Aganin & Ilgamov 2001, 2002). Comparison shows
(Aganin 2000) that the Rayleigh-Plesset model
becomes inadequate compared to the full
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hydrodynamic model only in the final high-speed
stage of the bubble implosion process. Therefore, in
the present work we utilize the approach (Aganin
2000; Nigmatulin 2005; Nigmatulin et al. 2005) in
which the process of the bubble expansion-
compression is divided into two stages. In the first,
low-speed stage, which covers the entire expansion
phase and a significant portion of the compression
phase, the liquid near the bubble is assumed to be
viscous and incompressible while the vapor/gas in
the bubble follows the ideal gas law and with a
uniformpressure. In the second, relatively short stage
including the final compression process, where the
compression velocities become comparable to the
speed of sound in liquid, the approximations used in
the first stage are inadequate and the full
hydrodynamic model must be used for both the
vapor/gas in the bubble and the liquid around it. In
each stage, the unsteady heat conduction in the vapor
and the liquid along with the nonequilibrium
evaporation/condensation on the bubble’s interface
are taken into añcount. Realistic equations of state
based on experimental data (Nigmatulin et al. 2005)
are also needed during the second stage. Evaluations
of the hydrodynamic equations were done using
Godunov’s method (Godunov et al. 1976) with the
use of a moving grid which was uniform in the vapor
and nonuniform in the liquid (the size of cells in the
liquid increases exponentially in the outward direction
from the bubble’s interface). The computed variation
of the bubble’s radius serves as input for evaluating
the evolution of distortions of the bubble’s shape.
Such a method was previously applied to examine
the stability of the bubble’s sphericity during SBSL
conditions (Lin et al. 2002b).

When describing the nonspherical component
of the bubble’s surface movement, the liquid in this
work, as in some others (Eller & Crum 1970;
Prosperetti 1977; Hilgenfeldt et al. 1996, 1998; Hao
& Prosperetti 1999; Ilgamov 2005; Kwak et al.
2005), was assumed to be incompressible and the
density of the bubble content was uniform throughout
the vapor volume. The effect of liquid viscosity on
the deviation of the bubble shape from spherical was
taken into account using the method of Prosperetti
(1977). There are also some other similar methods
by: Lamb (1945); Hilgenfeldt et al. (1996); Ilgamov
(2005, 2006); Aganin, Ilgamov & Toporkov (2006),

but that of Prosperetti (1977) is known to be more
accurate because it takes into account the unsteady
nature of the diffusion of liquid vorticity. Moreover,
most of the other methods, for example, that of
Hilgenfeldt et al. (1996) can be derived from the
method of Prosperetti (1977) with the help of a
number of additional simplifying assumptions. In the
method developed by Prosperetti (1977) evolution
of the deviation of a bubble shape is governed by an
ordinary differential equation of second order, in the
right hand side of which there are a few integrals of
a function characterizing the liquid vorticity. That
vorticity function is determined from partial
differential equations with an integral boundary
condition. Unlike in other works (Wu & Roberts
1998; Hao & Prosperetti 1999), the vorticity
diffusion was computed in the present paper using a
finite-difference method (Aganin & Khismatullina
2005). Solution to the ordinary differential equations
is found numerically by the Runge-Kutta method of
high order of accuracy (Hairer, Norsett & Wanner
1987), with a variable time step.

The influence of the gas density on evolution of
the radial (spherical) component of the bubble
surface is usually taken into account. However, in
describing bubble distortion it is often neglected
because the density of the bubble content is
significant only in a short temporal interval around
the time of maximum compression of the bubble when
the density of the vapor/gas can be very large
(Nigmatulin et al. 2005). Some methods of allowing
for the influence of the gas density on the nonspherical
movement of the bubble’s interface can be found in
the work of Augsdorfer et al. (2000); Yuan et al.
(2001); Lin, Storey & Szeri (2002a,b); Kwak et al.
(2005) for investigating bubble distortions during
SBSL conditions. The method of Lin et al. (2002a)
seems to be preferable for it approximately takes
into account not only the gas density but also the gas
pressure gradients in the radial motion. It should be
noted that if the dynamic gas density is included in
the model, the effect of the Rayleigh-Taylor instability,
as a rule, decreases. Anyway, in this paper the effect
of the vapor density was taken into account using
the approach of Lin et al. (2002a).

The estimates obtained in this work, concerning
the modest growth of a deflection from the original
spherical shape of a cavitation bubble to the time
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of extreme compression of the vapor/gas inside it
during sonofusion conditions (Taleyarkhan et al.
2002), are consistent with the theoretical justification
given by Taleyarkhan et al. (2002, 2004, 2006);
Nigmatulin et al. (2002, 2004, 2005); Nigmatulin
(2005); Lahey et al. (2006), concerning the
thermonuclear nature of the D-D neutron and tritium
nuclei production observed in those experiments. To
refine these estimates, further investigation is needed
with more accurate nonlinear models, such the direct
numerical simulation (DNS) approaches reported by
Nagrath, Jansen & Lahey (2005) and Aganin,
Khalitova & Khismatullina (2010).

2. Mathematical model
2.1. Bubble surface
The axially symmetric distortions of the bubble’s

sphericity are only considered in the present work. In
this case the equation of the bubble’s surface (i.e.,
interface) in the spherical coordinates r, θ, ϕ is written as

r = R(t) + 
2

( ) (cos )n n
n

a t P




 .

Here t is the time, R(t) is the radius of the spherical
component of the bubble’s shape (i.e., the bubble’s
mean radius), Pn the Legendre polynomial of degree
n, and an(t) the corresponding amplitude. It is assumed
that for any n the spherical distortions are small,

| an(t)/R(t)| = | εn| << 1.
Taking this into account, the flow of the liquid near

the bubble and the vapor inside it is presented as the
superposition of the spherical (radial) flow and its
nonspherical disturbance. Since the distortions are small,
their study is conducted separately for each εn, so that
the equation of the bubble’s surface is of the form:

r = R(t)[1 + εn (t) Pn (cosθ)].

2.2. Radial dynamics
To describe the radial component of the vapor

and liquid flow, we use the following hydrodynamic
model (Nigmatulin 1990; Nigmatulin et al. 2005):

t



(ρr2) + r



(ρwr2) = 0,

t



(ρwr2) + r



(ρw2r2 + pr2) = 2pr           (2.1)

t



(ρer2) + r



[wr2(ρe + p)] = r



2 Tr
r

   
.

Here ρ is the density, w the radial component of the
fluid velocity w, p the pressure, e the specific total
energy, T the temperature, and κ the heat
conductivity.

The equations of liquid and vapor states are
taken in the form of a sum of the potential (p(p), U(p))
and thermal (p(T), U(T)) components of the pressure
and the internal energy (Nigmatulin 1990)
respectively:

p(ρ, T) = p (p) (ρ)+ p(T) (ρ, T),
U (ρ, T) = U (p) (ρ)+U (T) (T).         (2.2)

The processes of ionization and dissociation of
the media are not taken into consideration as their
effect on variation of the bubble radius is negligible
because the duration of its manifestation is very small.

To describe the potential components p(p)(ρ),
U (p)(ρ), we use the generalized potential of Born-
Mayer (Nigmatulin 1990):

 (p) 2/3 1/3

3

( )= exp 1

'( 1) ,

p A b

C K A



 

      
      

 (p) 1/3

0

1 1

0 0

3( ) exp 1

( 1) ( 1)

AU b
b

C K



 

      

    
     

+
2' 1 33 3ln

' 2 2
A  

        


 

  + B′.

Here 0    , '    , p(p) = ρ2 (p)dU d .
The thermal components p(T), U (T) are taken in

the form:
p(T) = ρ Γ(ρ) U (T) , U (T) = cV T.

Heat capacities cV of liquid and vapor are set
constant.

Boundary conditions in the center of the bubble
(r = 0), far from it (r = r∞ >> R) and on the interfacial
boundary (r = R(t)) have the form (Nigmatulin 1990;
Nigmatulin et al. 2005)

r = 0: w = 0, 
T
r




 = 0; r = r∞: p = p∞(t), T = T0;

r = R(t): R  = wl + 
l

j
  = wg + 

g

j
 ,

pl = pg – 
4 l lw

R


 – 
2
R


,                      
(2.3)

κl
l

T
r

 
  

− κg g

T
r

 
   = jl(pg), Tl = Tg,
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where p∞(t) is the liquid pressure far from the bubble,
μl the liquid viscosity, σ the surface tension, l the
latent heat of evaporation, and j is the intensity of
phase transformations (evaporation or condensation).
The subscripts l and g refer to the parameters of the
liquid and gas (and/or vapor), respectively. The
intensity of phase transformations, j, is determined by
(Nigmatulin 1990; Nigmatulin et al. 2005):

j = 2 gR

  

( ) gS pp T
T T

 
 

 
,         (2.4)

χ = exp(− Ω2) − Ω   2

0

21 exp x dx
 

  
 
 ,

Ω = 2
g

g

j R T
p .

Here α′ is the effective accomodation coefficient,
Rg the gas constant for the vapor, and pS is the
saturation pressure.

According to (2.1), (2.3), the effect of vapor
viscosity during spherical movement is fully ignored
while the effect of liquid viscosity is taken into account
assuming that the liquid is incompressible and the
influence of the liquid viscosity on the energy change
is negligible. These simplifications are suitable
everywhere except the final stage of
supercompression.

The equations of state of the deuterated acetone
fluid (i.e., vapor and liquid) (2.2) and the
dependences of the fluid’s physical parameters μl,
σ, κl, κg, pS, l on the temperature, T, were
determined from experimental data (Nigmatulin et
al. 2005). For the effective accomodation coefficient,
α′, we take α′ = 1 (which is typical of a
hydrocarbon). To determine the radial dynamics of
the bubble, we use an effective mathematical model,
in which the process of expansion and compression
of the bubble is divided into two stages (Aganin 2000;
Nigmatulin 2005; Nigmatulin et al. 2005). In the first,
and most prolonged, low-speed stage, which
includes the entire expansion phase and the beginning
of the compression phase, instead of (2.1)–(2.3) their
simpler approximations are employed. According to
those approximations, the liquid near the bubble is
considered as viscous and incompressible and the
vapor in the bubble is supposed to be ideal with a
homogeneous distribution of pressure. During the

second, high-speed stage of compression, where
those approximations are no longer valid, use is made
of the full hydrodynamic model (2.1)–(2.3) taking
into account the liquid’s compressibility and non-ideal
nature of the vapor due to intermolecular interactions,
including the so-called cold pressure effects
(Nigmatulin 1990; Nigmatulin et al. 2005).

2.3. Deformation of the bubble
The evolution of the amplitude an of the

deviation of the bubble shape from a spherical one
has been described by Prosperetti (1977), in which
the influence of the vapor density can be taken into
account as discussed by Lin et al. (2002a)

2

2
2

3

2

3

(1 ) 3 2( 1)( 2)

4 ( 1) ( 1)(1 )

( 1) ( , ) 2 (2 1) 0,

1 , 1 ,
2 1

l
n n n

l
n n n

L n L
n nn

n
n

n n nn
R R

Rq a n n a
R R

n R Rn q a
R R

n n Q R t n R
R R R R

n Q R Rdr Q dr
n r r r



 

 
      

 
  

       
 

    
      

 
                    

 


 

 



2
2

3
0 0

( 1) ( 1)( 2), .g
n n

l l

n n nq
n R
    

  
 

Here g  is the averaged (over the bubble volume)
density of vapor derived from computing the spherical
motion of the bubble, ρl0 the unperturbed value of the
liquid density, νl = μl/ρl0 the kinematic viscosity. In
this model the vapor/gas is assumed homobaric, the
liquid is viscous and incompressible, and the rotational
motion of the liquid is taken into account. In describing
a nonspherical disturbance, the density ρl is assumed
equal to ρl0 throughout the expansion-compression.
Function Qn(r, t) is given as (Prosperetti 1977):

∇× w = 
2

( , ) (cos )n n r
n

Q r t P




 
  

 
 e ,

where er is the unit vector in the radial coordinate r.
Function Qn(r, t) is determined from,

nQ
t




 + R R2

r



2
nQ

r
 
 
   + 

νl

2

2 2
( 1) n nn n Q Q

r r
  

  
 = 0         

(2.6)

(2.5)
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and the boundary conditions

1

2 ( ) = ( 2) ( 1)
1

(2 1) ,

n n n

n
n

RQ R, t n a n a
n R

n R 


    


   






Qn (∞, t) = 0.                                   

(2.7)

The model for the evolution of an without regard
to the vapor density and nonuniformity of its pressure,
which was used by Nigmatulin et al. (2006), may be
obtained from (2.5)–(2.7) by setting qn = 0.

2.4. Pressure of liquid
The ultrasonically-forced liquid pressure far

from the bubble, p∞, is assumed to be:
p∞ = p0 – pa sin (ωt + ϕ0),         (2.8)

where pa and ω are the amplitude and the frequency
of the impressed pressure variation, p0 is the static
liquid pressure, ϕ0 the phase of pressure variation at
the moment of generation of the bubble cluster in,
for example, the experiment of Taleyarkhan et al.
(2002), (i.e., the instant of initiating the external
neutron source). In the present study, as in the
experiments of Taleyarkhan et al. (2002), it is taken
that ω = 2π×19.3 kHz, pa = 15 bar.

It should be noted that more complex
expressions for the liquid pressure oscillations have
also been used in literature to study dynamics of a
bubble within a cluster (e.g., Nigmatulin et al. 2005).
In this way one can appraise the influence of the
other bubbles in the cluster on the bubble under
consideration. Our computations show that
replacement of (2.8) by other expressions previously
used by Nigmatulin et al. (2005) does not lead to
significant changes in the level of bubble sphericity
distortion. Therefore, the results of other expressions
for the impressed liquid pressure variation are not
presented herein.

2.5. Parameters of the equation of state
Values of the parameters in the equation of state

(2.2) are taken to be in accordance with the
experimental conditions of Taleyarkhan et al. (2002).
In particular, for the liquid state:

A = 9.747·107, b = 19.07, α ≠ 1,
C = 0, K = 4.535·108,

β = 2, A′ = 0, B = 6.048·105,
cV = 1516.8 J/(kg·K),

      
1 2 3 4

3 3
5 6 7 8

Ã( ) = g exp[ ]

exp[ ] exp[ ]

g g g

g g g g

   

    

     
2 2

9 10 11 12exp[ ] exp[ ]g g g g      ,
g1 = 1.175, g2 = 0.67, g3 = 0.075, g4 = 0.205,

g5 = 0.11, g6 = 0.125,
g7 = 0.39, g8 = 1.15, g9 = 3, g10 = 0.36,

g11 = 0.045, g12 = 0.061,
and for the vapor state:
Rg = 129.9 m2/(s2 K), A = 4·107,

b = 24.028, α = 1.9394,
C = 1.7435·109, K = 1.7840·109, β = 1.9,

A′ = 1014 by   ≥ 1, A′ = 0 by   < 1,
B′ = 6.554·105,

ρ′ = 2000 kg/m3, cV = 1148.029 J/(kg⋅K),
Γ(ρ) = 0.113.

2.6. Initial data
The initial instant of time, t = 0, in our

computations is taken to be the time of initiation of
the microbubble nuclei in the experiments of
Taleyarkhan et al. (2002, 2004, 2006); Nigmatulin
et al. (2002, 2004); Nigmatulin (2005). This occurs
about 0 to 4 μs prior to when the acoustic pressure in
(2.8) reaches its minimum value. The latter corresponds
to ϕ0 = π/2 when p∞ = p0 – pa = –14 bar. In these
experiments, due to large negative stresses in the
liquid, the microbubble nuclei first increase in size to
a radius of about R = 200 to 800 μm, after which
they are compressed. A condition for implementation
of this scenario is ability of the microbubbles to
overcome the critical size Rcr ≈ 0.04 μm, at which,
from the rest state, they do not expand because of
the surface tension. In this paper, the initial radius of
the bubble, R0, is equal to the critical one, Rcr, but
with the initial velocity of expansion 0R  is nonzero.
The diversity of the bubble nuclei emerging in
experiments, which overcome the critical size in the
process of their growth, is described by the variation
of the initial velocity 0R  in the range 0 < 0R  ≤ 30 m/s.
The right boundary of this range is approximately
equal to the velocity of the bubble expansion during
the lengthy portion of the bubble growth with 0R  .

It is assumed that at the initial time (t = 0):
R = R0, R  = 0R ,

0 ≤ r ≤ R0: T(r, t) = T0, p(r, t) = pS(T0),
R0 ≤ r ≤ ∞: T(r, t) = T0, (r, t) = ρl0
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where R0, 0R , T0 = 273 K (Taleyarkhan, R. P., et al
2002), respectively are the initial values of the bubble
radius, the radial velocity and the temperature of the
liquid and the vapor, ρl0 = 858 kg/m3 is the initial
density of the liquid (these values of the liquid
temperature and density correspond to the liquid state
at the pressure p0 = 1 bar).

We take the distortion of the spherical shape
of the bubble to occur, by virtue of one or another
cause, in the stage of the bubble expansion at the
time t = to (to ≥ 0). Before this moment the bubble
is supposed to be purely spherical. At the time of
the occurrence of the distortion of the spherical shape
(at t = to) we have:

( ) , ( ) 0,n n na t a a t   

( ) : ( , ) 0.nR t r Q r t    
For (2.5)–(2.7), which describe the evolution

of the bubble’s sphericity distortion, the moment
t = to is the initial time, so that the corresponding
distortion will also be called the initial distortion.

The main objective of this work is to study the
influence of the most important parameters of the
problem under consideration (for example, the liquid
viscosity) on the evolution of disturbances of the
sphericity of a bubble during its expansion and
subsequent compression and, to get estimates of the
maximum distortions that may arise at the time of
extreme compression of the bubble for conditions in
the experiments of Taleyarkhan et al. (2002). Careful
attention was paid to the final stage of the bubble
compression process in which the values of density,
pressure and temperature of the vapor/gas in the bubble
become extremely large. At first glance it may seem
that an examination of the evolution of the distortions
with only zero values of initial velocity, na , and vorticity,
Qn, is insufficient to obtain estimates of the maximum
distortions arising in experiments. However, this is not
the case since those estimates may be found by varying
not only the velocity 

na  and the vorticity Qn but also by
changing some other parameters. In particular, in the
present work we varied, over a fairly wide range, such
parameters as the time-instant of occurrence of the initial
distortion, to (it was varied within the entire stage of the
bubble’s expansion) and the wavelength of the
disturbance, λn (the wavelength λn = 2πR/n is
determined by the number, n, of the spherical harmonic
which is varied from 2 to 10000). The spherical
distortion mainly changes during the course of the

expansion-compression of the bubble in the form of
oscillations about its zero value. This leads to quite a
large number of local extrema in dependences of the
distortions on the instant, to, and the number, n. The
estimates of the maximum distortions, in particular, at a
specified instant of time, were determined by utilizing
the envelopes of such local extrema.

3. Results
3.1. Radial movement
Figure 1 shows the time-dependences p∞(t) and

R(t) obtained during the expansion-compression of
the bubble. At the moments of maximum expansion
(tmax) and collapse (tcol) of the bubble its radii
respectively are Rmax = R(tmax) ≈ 457 μm and
Rcol = R(tcol) ≈ 14 μm. By the moment of collapse
tcol we mean the instant of the extreme compression
of the vapor inside the bubble, which corresponds
to the time of focusing the shock wave at the center
of the bubble. The radial dynamics of the bubble is
nearly independent from the initial velocity of the
radial expansion 0R  in the range 0 < 0R ≤ 30 m/s
considered. This is due the fact that the radial velocity

0R , even being initially close to zero, very quickly
(after ~ 2 ns) becomes equal to ~ 30 m/s, which
results from the large negative stresses in the liquid
(p∞ ≈ –14 bar). As a consequence, variation of the
bubble radius with 0R  = 0.01 and 30 m/s differs by
only about 0.1% in terms of Rmax (corresponding
curves in figure 1 are graphically coincident).

Figure 1. Time-dependences of the bubble radius R
(solid line) and the liquid pressure p∞ (dashed line) and
approximate function R(t) derived by equation (3.1)
(dotted line) in the phase of compression. The radii of
the bubble at the moments of its maximum expansion
(Rmax ≈ 457 μm) and collapse (Rcol ≈ 14 μm) are shown
by symbols «♦» and «o».
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It is clear that the most laborious part in
numerically evaluating (2.1)–(2.8) is computation of
the radial dynamics of the bubble during its
compression. A simplified description of the variation
of the bubble radius at the stage of the bubble
compression can be given by the following
approximate formulas (Ilgamov 2006):

1/32

2

2/5

1 , 0 ;

1 , ,

max h

c

h
h h h h

ch
c

tR R t t
t

t tR R t t t t
t

 
    

 

 
     

 

    (3.1)

where, 1/2 1/23

0

1/25
0

3

21 , ,
3

2 3 ( ) .
5 2 ( )

h
h max l

c cmax

h
h l
c max

Rt t t R
R p

Rt
p R





     
      

     

 
  

 
Here and below in other approximate formulas
the liquid pressure p∞ is assumed constant
(p∞ = const). Expressions (3.1) are approximate
solutions to the problem of collapse of an empty
cavity in inviscid incompressible liquid without
regard to the surface tension. While deriving them,
the exact expression

exR R  ,    
1/231/2

02 3 1max
ex lR p R R

      
 ,

was approximated by:
 1/2max

exR R R R   (for 0 ht t  ),

   3/21/2
02 3 max

lR p R R    (for h h h
ct t t t   ).

To ensure continuity of the radial velocity R  it
was taken that R(th) = 0.68 Rmax. The solution to
equation (3.1) at p∞ = 14 bar, which roughly
corresponds to an average pressure of the liquid in
the stage of the cavitation bubble compression, is
presented in figure 1 by the dotted curve. One can
see that for simplified estimates the approximation
given in (3.1) may be satisfactory.

The approximate value of the maximum radius
Rmax may be evaluated by the following expression:

0
0

1
2

0
0 0

2 31
3 4

2 2 ,
3 2

max

a

a

l a

pR R
p

p p
p p

 
      

  
      

which is derived from a more general formula
presented in Ilgamov (2006) by setting ϕ0 = π/2. In

the case under consideration this expression gives
Rmax = 450 μm (instead of 457 μm obtained in
computations using (2.1)–(2.8)).

The final stage of the bubble compression is
characterized by the large radial velocities of the liquid
and vapor flow. This makes a converging spherical
shock wave arise inside the bubble. Figure 2 shows
its formation, propagation and focusing into the center
of the bubble leading to appearance of a diverging
shock wave. The level of deflection of the bubble
shape from the spherical one at the moment of the
bubble collapse strongly depends on various features
of the bubble compression (for example, its duration).
That is why estimates to the level of the deflection
require a quite accurate computation of the final stage
of the bubble compression, including the value of
the bubble radius at the time of collapse Rcol. For
example, if one takes the bubble content to be
homobaric during compression, then Rcol will be
about 4 times less. As a result, the amplitude of the
ellipsoidal distortion at t = tcol will be 102 times more.

It should be noted that we are not interested in
the evolution of the bubble’s interface after the bubble
content reaches its extreme values of pressure and
temperature (i.e. after t = tcol), although the process
of bubble compression is still going on for some short
time. The bubble is compressed until the diverging

Figure 2. Spatial distribution of the pressure in the vapor
and the liquid at the end of the bubble compression: 1–
6 – formation and propagation of the converging shock
wave; 7 – extreme compression of the vapor (it defines
the instant of the bubble collapse tcol); 8 – propagation
of the diverging shock wave. Position of the bubble
surface is shown by dots «•».
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shock wave comes to the bubble surface and turns
its motion. The difference between the radii of the
bubble at the instants of extreme compression of the
vapor (Rcol) and extreme compression of the bubble
(Rmin) is insignificant (less than 5%).

Dissociation and ionization (Nigmatulin et al.
2005) only manifest themselves in a small vicinity of
the bubble center over a very short time interval
(~ 0.1 ns). As a result, their influence on evolution
of the bubble shape is insignificant, so that they are
not taken into account.

The final stage of the bubble compression,
including propagation of shock waves in its cavity, is
to a large extent determined by the mass of vapor
generated during the stage of bubble growth and
partly condensed on the bubble’s interface at the
beginning of compression, when the temperature of
the bubble’s interface is lower than the
thermodynamic critical temperature. If the
evaporation and condensation were not taken into
account, the bubble would remain empty, and its
radius R at collapse would tend to zero (R → 0)
with the radial velocity R→ ∞, which would lead to
destruction of the bubble, even though the initial
distortion of its sphericity is very small, because of
the rapid growth of the distortion amplitude.

3.2. Evolution of distortion of bubble
sphericity during expansion

Distortions of the sphericity of bubbles in a cluster
may result from the bubble interaction and coagulation,
thermal fluctuations, action of the gravity forces, etc.
The distortion of the bubble sphericity is described
by the parameter εn / n

ο . Variation of εn / n
ο  during

the course of bubble expansion for three values of
Ro = R(to), the radius of the bubble in the stage of its
expansion at which the initial disturbance of the
spherical shape n

ο  appears, is shown in figure 3 for
n = 2 and 10.

It follows from figure 3 that during bubble
expansion the distortions of the bubble’s sphericity
quite strongly decrease. Figure 3 also shows that
the distortions with earlier appearance and with less
wavelength λn (i.e. with greater n) decrease faster.
For example, in the case of Ro = 0.04 μm the relative
amplitude of the ellipsoidal distortion |ε2 / 2

ο | falls to
the end of expansion by ∼ 106 times, and when
Ro ≈ 100 μm it falls by 7 times. For n = 10 similar

reduction amounts to ~ 1020 and 20 times,
respectively.

It follows from the expression |εn / n
ο | = 

=|an / na | Ro/R that the increase of R plays an
important role in reduction of the distortions arising
at small values of Ro. For instance, in the case of
Ro = 0.04 μm the value of |ε2 / 2

ο | decreases during
expansion by 104 times due to the growth of R and
by 102 times because of reduction of the amplitude
of deviation |a2|. For Ro ≈ 100 μm the value of
|ε2 / 2

ο | falls by 4.5 due to variation of R and
1.5 times because of the change of |a2|.

Evolution of distortions may be strongly
dependent on the liquid viscosity and the surface
tension. According to (2.5), their influence may be
analyzed using the following Reynolds and Weber
numbers:

0Re
( 1)( 2)

l

l

RU
n n




  
, 

2
0We

( 1)( 2)
l RU

n n



  

,  (3.2)

where U is the characteristic speed. At the stage of
expansion it is convenient to take U in the form

 0 02 3a lU p p   . This expression corresponds
to the maximum velocity attained during the course
of expansion of an adiabatic bubble under constant
liquid pressure equal to p0 – pa < 0. In the case of
the cavitation bubble under consideration

 0 02 3a lR p p    for most of the bubble

Figure 3. Evolution of the relative distortion εn / n
ο during

the course of the bubble expansion for n = 2, 10 and
three values of the bubble radius Ro = 0.04, 6, 100 μm
(marked by dots «•») at which the initial disturbance

n
ο  of the spherical shape of the bubble appears.
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expansion process, except for its final stage where
the speed of expansion drops to zero. During
expansion the influence of the liquid viscosity and
the surface tension increases proportional to n2 and
decreases inversely proportional to R.

Computations show that if during expansion
the Reynolds number, Re, is greater than Recr ≈ 10
and the Weber number, We, is greater than
Wecr ≈ 10, where Recr, Wecr are the critical numbers,
then the influence of the liquid viscosity and the
surface tension is slight (i.e., the distortion’s amplitude
changes by no more than 15%). The critical Reynolds
number, Recr, for the cases of n = 2, 10, 50 is
achieved at Ro/Rmax = 0.0045, 0.05, 1, respectively.
During expansion the value of Re turns out to be
approximately twice the value of We so that the
critical number Wecr is achieved for twice the radius,
Ro, corresponding to Recr. For example, in the case
of Ro = 0.04 μm (Ro/Rmax = 8.6·10–5) disregard for
the liquid viscosity and the surface tension
overestimates the value of |a2| by 35 times while in
the case of Ro ≈ 6 μm (Ro/Rmax = 0.013) the
overestimate is only ≈ 1% (the similar overestimate
for n = 10 amount to 1017 and 7 times, respectively).
Similarly, neglecting the liquid viscosity and the
surface tension at Ro ≈ 100 μm leads to
overestimating |an| for n = 10 by only 5%.

It is interesting to note that the liquid vorticity
generated by its viscosity does not contribute to the
reduction of distortion, but, on the contrary, hinders
it. For example, in the case of Ro = 0.04 μm, neglect
of the liquid vorticity reduces the level of distortion
by 10 times for n = 2 and by more than 10 times for
n > 2. Significantly, with increasing Ro the influence
of the vortex motion of the liquid rapidly decreases.

It was shown in Plesset & Mitchell (1956) that
in the case of a bubble uniformly expanding in an
incompressible liquid without regard to the surface
tension the amplitude an of deflection of the bubble
from the spherical one decreases, tending to a constant.
This implies that in such an expansion |εn| ≤ n R Ro o .
For the case of the expansion of the cavitation bubble
under consideration this situation is observed for low-
frequency disturbances for most part of the expansion
process (except for the initial and final stages) because
of the influence of the liquid viscosity, since the effect
of surface tension and the radial acceleration are
negligible. In addition, for the initial and final stages

of the expansion process the distortion does not
increase since these stages differ from the main stage
of the expansion due to the presence of the damping
influence of liquid viscosity during the first stage and
the stabilizing influence of the negative radial
acceleration during the second stage. Therefore, the
estimate |εn| ≤ n R Ro o  for the amplitude of the low-
frequency distortions is valid during the entire
expansion. It follows that it is also true for high-
frequency distortions, as with growth of n the
damping effect of the liquid viscosity increases.

Influence of the initial velocity 0R  on evolution
of distortion is noticeable only for small Ro and
rapidly decreases with the growth of Ro: when
Ro = 6 μm the difference between the values of
distortion at the time of maximum expansion of the
bubble for the cases of 0R  = 0.01 m/s and 30 m/s
turns out to be less than 8% when 2 ≤ n ≤ 10.
Therefore, in what follows evolution of distortion will
be considered only for the case of 0R  = 30 m/s.

3.3. Evolution of distortion of bubble
sphericity during the compression stage

Figure 4 shows features of the evolution of
distortions of the bubble’s sphericity during the
compression stage. One can see that during
compression the bubble’s shape changes in the form
of oscillations about the spherical shape. When
n < 50, which is equivalent to the bubble’s sphericity
disturbance with the wavelength λn > R/8, the effect
of the liquid viscosity for the entire stage of bubble
compression is insignificant (no more than 15% in the
amplitude of the distortion oscillations). The influence

Figure 4. Evolution of the relative distortion εn / n
ο during the

compression stage, Ro = Rmax (thick solid and dashed lines).
Thin solid lines correspond to the amplitude of increasing
oscillations of εn / n

ο, independent of n, in approximate solution
(3.5) for the problem of the collapse of a vapor bubble in a
nonviscous liquid without surface tension. The moment of
collapse is marked by a circle, «o».
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of the surface tension is also small. Neglect of this
factor leads to overestimating the period of oscillations
by less than 10% (this results in overestimating the
amplitude of the distortion oscillations by the time of
the collapse by no more than 20%). The influence of
the radial acceleration R is much greater. For example,
when n = 50, neglect of the effect of R  makes the
frequency of increasing distortion oscillations go down
by about 10 times.

The amplitude of fluctuations of long-wave
disturbances (n < 50) increases nearly as R–5/4,
which corresponds to the case of nonviscous liquid.
At that, the increase of n from 2 to 40 causes some
nonmonotonic (due to the change in the oscillation
phase) increase of the distortion amplitude at the time
of the bubble collapse.

Viscous damping rapidly increases with
decrease of the wavelength λn of the sphericity
disturbances in the range n > 50, which leads to
reduction in the amplitude of distortion at the
compression stage and, as a consequence, at the
time of collapse. For example, for n = 200 the
viscous damping turns out to be approximately 10
times less than it is for n = 40.

3.3.1. Evolution of long-wave distortions
when the effect of the liquid viscosity is small

During the lengthy initial low-speed stage of
bubble compression the effect of liquid
compressibility is small, the vapor pressure in the
bubble is much less than the pressure of the
surrounding liquid (i.e., the dynamics of the cavitation
bubble is like that of an empty cavity). Therefore, in
the case of the long-wave distortions (n < 50) for
description of evolution of εn / n

ο , one can use the
solution of the problem of the growth of small
distortions of sphericity for an empty bubble during
its radial collapse in inviscid incompressible liquid
without regard to the surface tension. The exact
solution to this problem has the form (Plesset &
Mitchell 1956):
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(3.3)

where Ro = Rmax, η = (Ro/R)3, F − is the hypergeometric
function,

1 i
12n n     , 

1 i
12n n     ,

 1/21 24 25
12n n   , i 1  .

In Plesset & Mitchell (1956), the following
asymptotic solution for R → 0 was also obtained:
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where  3 ln /n ny R R  o , Cn, Dn are constants.
In Ilgamov (2006) an approximate solution was

found:
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It follows from (3.4) that for large n,
5/4

cosn n n
R y
R
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 

o
o .             (3.5)

According to (3.5), evolution of any distortion
does not depend on its initial velocity, n

ο .
Figure 5 gives a comparison of the solutions

given in (3.3) and (3.4) for an empty bubble with
numerical solutions to (2.1)–(2.8) for a bubble filled
with vapor for n = 40. One can see that for nearly
the entire stage of compression of the bubble the

Figure 5. Comparison of the exact solution (3.3) (dotted
line) and the approximate solution (3.4) (thin solid line)
for an empty bubble with the numerical solution to (2.1)–
(2.8) for a bubble filled with vapor (thick solid line).
The circle stands for the instant of bubble collapse,
and the cross for its approximate value given by (3.6).
The spikes directed downward in the regions where
the distortion passes through its zero values are due to
the use of the logarithmic scale for the axis of |ε40 / 40ο |.
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distortion of its sphericity increases in the form of
growing oscillations due to a Birkhoff-Plesset
instability (Plesset 1954; Birkhoff 1956; Plesset &
Mitchell 1956; Eller & Crum 1970; Ilgamov 2005).
The exact solution (3.3) for an empty bubble is in
good agreement with the numerical solution for a
cavitation bubble up to the time the bubble radius
decreases by about 10 times. Furthermore, due to
the presence of the vapor in the bubble the frequency
of growing oscillations of the shape distortion
decreases in the numerical solution while the
amplitude increases. The solution given by (3.4) is
consistent with the exact solution for the empty cavity
(3.3) except for a short initial part of the compression
process where there is significant divergence of the
periods of oscillations.

It can be noted in figure 5 that for n ≤ 50
variation of the amplitude of the distortion oscillations
up to R/Rmax ≈ 0.1 and change of their frequency in
0.7 > R/Rmax > 0.1 are quite well described by (3.5).

Solutions of (3.3)–(3.5) describe the collapse
of an empty cavity to zero while a bubble filled with
vapor compresses only to R ≈ Rcol. To get
approximate value of Rcol one can use the following
expression (valid for a homobaric adiabatic
compression):

1
3( 1)

( 1)
col max bpR R

p





 
    

,        (3.6)

where pb is the gas pressure in the bubble at the
beginning of compression. Assuming the liquid
pressure is p∞ = 14 bar, γ = 1.4 and taking into
account that pb = 0.063 bar, one can derive from
(3.6) that Rcol/Rmax ≈ 0.0238 (which is marked in
figure 5 by the cross). It follows from figures 4, 5
that the rapid increase of distortion of the bubble
sphericity starts when the bubble radius becomes
equal to 1/10 to 1/20 of Rmax (Ilgamov 2005, 2006).

3.3.2. Evolution of short-wave distortions
when the effect of the liquid viscosity is significant

When n increases in the range n > 50 then the
effects of the viscous damping and the surface tension
on the sphericity distortion during compression grow.
For their analysis in comparison with the effect of
inertia of the radial flow of the liquid one can use the
Reynolds and Weber numbers introduced previously
in (3.2). However, during compression it is more

appropriate to take the characteristic velocity U in
the form 3 3

02 ( ) 3max
a lU p R R   , which is derived

from the expression of the total energy of free
undamped radial oscillations of a spherical adiabatic
bubble in the range from Rcol to Rmax, when pa >> p0.
It should be noted that during bubble compression
(unlike expansion) the change (i.e., the increase) of
the numbers Re and We may also be due to the fact
that parameters μl and σ dependent on the increasing
temperature on the interfacial surface.

During the stage of bubble compression, as well
as during its expansion, the effects of liquid viscosity
and surface tension increase with n as n2 . At the
same time, during the course of compression, unlike
expansion, the effect of the liquid viscosity is reduced
as R 1/2, while the effect of the surface tension
decreases as R 2. Computations show that within
those portions of the bubble compression process
the effect of the liquid viscosity is insignificant when
Re > Recr ≈ 10 and the effect of the surface tension
is small when We > Wecr ≈ 10.

In that portion of the bubble compression
process where Re > Recr the amplitude of the
sphericity distortions increases during oscillations.
For example, in the abovementioned case of n < 50,
the region with Re > Recr (and with We > Wecr)
includes the entire compression, while for the case
of n > 50 it covers only a part of it. With reduction
of the number Re from Recr to Re ≈ 1, the rate

Figure 6. Evolution of the relative distortion amplitude
during compression of a cavitation bubble with (solid
curve) and without (dashed curve) regard to the liquid
viscosity (Ro = Rmax). The thin solid straight line
corresponds to (R/Rmax)–5/4. The circle stands for the
instant of bubble collapse. Dots 1-3 show the moments
when Re = 0.326 (dot 1), Re = 1 (dot 2), Re = Recr ≈ 10
(dot 3).
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of growth of the oscillation amplitudes drops to zero,
and for Re < 1 the oscillations become damped. In
particular, during bubble compression, the amplitude
of oscillations of the distortion for n = 300 (figure 6)
first (in the range 0.33 ≤ R/Rmax ≤ 1 where Re < 1)
decreases then (in the range R/Rmax < 0.33 where
Re > 1) it gradually grows so that after some time
(in the range R/Rmax < 0.1 where Re > Recr) it
becomes increasing as in the non-viscous case.

It should be noted that, without regard to the
liquid viscosity, the amplitude of oscillation of the
distortion with n = 300 grows as a power law,
however, slightly faster than dependence (R/Rmax)–5/4,
which is explained in subsection 3.3.4.

With reduction of We in the range We < Wecr,
the effect of the surface tension increases. First of all
it leads to decreasing the oscillation period while its
influence on their amplitude is small. In particular,
with neglecting the surface tension, the oscillation
period becomes overestimated by 30% for We ≈ 1
and by about 3 times for We ≈ 0.1.

The effect of the liquid viscosity during the
bubble compression on the amplitude of the sphericity
distortions at the time of the bubble collapse | col

n | in
the range of the distortion wavelengths corresponding
to 2 ≤ n ≤ 10000 is characterized by figure 7. This
figure presents dependences of | col

n / n
o | on the

number n with and without regard to the liquid
viscosity in the case of Ro/Rmax = 1. Here, col

n  means
the maximum sphericity distortion within the entire

bubble compression, which is usually attained either
at the instant of collapse or shortly prior to it. Due to
oscillations of n  during the course of compression,
the dependences of | col

n / n
o | on n appear to also be

oscillating.
In this paper the initial velocity of variation of

the deflection amplitude naο  is always zero ( naο  = 0).
Clearly it can be non-zero in reality and this fact must
be taken into account. Variations of the initial velocity

naο  would lead to alteration in the distortion amplitude
at the instant of collapse | col

n |. Computations have
shown that the dependences of max | col

n / n
ο | (of

maximum values of | col
n / n

ο | derived by variation of
naο ) on n can be approximated by the envelopes of

functions | col
n / n

ο | of n obtained with naο = 0. Such
envelopes and the method of their derivation are given
in figure 7.

With regard to the liquid viscosity the distortion
amplitude at the moment of the bubble collapse | col

n |,
with the increase of n first slightly grows and then,
after n ≈ 40, rapidly falls. If liquid viscosity is not
taken into account, then | col

n / n
o| grows without limit.

This implies that with growth of n the unit value of
| col

n | (| col
n | = 1), which is critical for the bubble

integrity (in the linear analysis it is usually assumed
that at | col

n | ≥ 1 the bubble is destroyed (Hilgenfeldt
et al. 1996)), will be achieved with more and more
small initial disturbances, n

o  (i.e. with n
o  → 0).

Thus, during the bubble compression liquid
viscosity is of primary importance in preservation of
the bubble shape close to the spherical one.

In subsection 3.3.3, it will be shown that the growth
of | col

n / n
o| with n in a nonviscous liquid does not result

from the Rayleigh-Taylor instability. The reasons for this
growth will be given in subsection 3.3.4.

3.3.3. Effect of vapor density
As can be seen from (2.5), in describing the

evolution of deviation of the bubble shape from the
spherical one, the effect of the vapor density on the
bubble sphericity distortion is governed by parameter

0( 1) ( )n g lq n n     (to be more exact, by its
value in comparison with unity). During the bubble
expansion the vapor density is significantly less than
the liquid density ( nq <<1). Therefore, during
expansion its effect is negligible.

The effect of the vapor density during the course
of bubble compression is illustrated in figure 8. This

Figure 7. Envelopes of the dependence of | col
n / n

o | on n
obtained with (thick solid line) and without (thick dotted
line) regard to the liquid viscosity, for Ro/Rmax

(fragments of those dependences are shown by thin
solid and dotted lines, respectively). At the beginning
of compression (R = Rmax) for n = 2, 20, 40 (marked
by dots) the numbers Re and We respectively are
Re = 2470, 64, 17 and We = 1312, 34, 9.
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figure presents solution with (qn ≠ 0) and without
(qn = 0) regard to the vapor density (n = 100,
Ro = Rmax). During compression the evolution of the
bubble sphericity distortion largely depends on the
radial acceleration R  (its variation is shown in the
upper part of the figure). The influence of the radial
acceleration R , as seen in (2.5), is governed by
the multiplier (1 – qn) of R . When (1 – qn) R  < 0,
the radial acceleration restricts the growth of the
distortion (like the surface tension), and when
(1 – qn) R  > 0 it contributes to its increase.

At the beginning of compression the liquid
density is significantly larger than the vapor density
(qn << 1). Therefore, the influence of the vapor
density can be neglected. In the final stage of
compression the vapor density greatly increases, and,
as a result, the sign of the difference (1 – qn) changes.
However, this change takes place nearly
simultaneously with the change in the sign of the
acceleration R. Hence, the sign of the product (1 –
 qn) R  remains the same which means that even at
the end of compression a Rayleigh-Taylor instability
does not occur. Therefore, in this case the influence
of the positive radial acceleration R  on the bubble
sphericity turns out to be stabilizing.

If however the effect of the vapor density is
not taken into account (qn = 0), then at the end of
compression, where R  > 0, a Rayleigh-Taylor
instability occurs. This explains the fast growth of
distortion near collapse in the case of qn = 0
(figure 8). With an increase of n this growth
increases. This leads to the increase of the distortion
amplitude at the time of collapse | col

n | with an

increase of n from 2 to 100, despite the fact that
for n > 50 the damping effect of the liquid viscosity
becomes more significant. With the increase of n
from 100, the value of | col

n | goes down since the
effect of the viscous damping in the course of
expansion-compression turns out to be more
significant than the influence of the Rayleigh-Taylor
instability. The neglect of the vapor density effect
leads to a shift of the maximum in the dependence
of | col

n / n
o | on n towards the short-wave

disturbances: from n = 40 (see figure 7) to n ≈ 100.

3.3.4. Reasons for growth of the distortion
amplitude at the moment of collapse with
reduction of the wavelength λn without regard
to the liquid viscosity

Without allowing for the liquid viscosity, the
value of | col

n / n
o | increases with an increase of n

without limit (see figure 7). In this case the equation
for an has the form:
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It follows from (3.7) that during a rather
prolonged initial part of compression, where qn ≈ 0
and R/Rmax << 1, the shape distortion in the case of
σ = 0 will increase as growing oscillations with the
amplitude proportional to R–5/4 (Plesset & Mitchell
1956), and in the case of σ = const > 0 and R  = 0,
computations show the amplitude is proportional
R–7/4. According to (3.7), the effect of the surface
tension is proportional to n3 (the term with σ), and
that of the radial inertia is proportional to n (the
term with R). As a result, with the increase of n,
the stabilizing effects on the bubble shape of the
surface tension and the inertia of radial flow change.
As seen in figure 9, when n ≤ 100 the inertia forces
prevail so that during the relatively long initial part
of the bubble compression process, where qn ≈ 0,
the amplitude of oscillation of | n / n

o | varies
according to the law close to (R/Rmax)–5/4. When
n ≥ 1000, the effect of surface tension turns out to
be significantly greater so that during that part of
the bubble compression where qn ≈ 0 and
σ ≈ const the amplitude of oscillation of | n / n

o |
changes by a law close to (R/Rmax)–7/4.

Figure 8. Evolution of |εn / n
ο | during compression

(n = 100, Ro = Rmax) with (thick solid line) and without
(dotted line) regard to the vapor density and variation
of the radial acceleration R  (thin solid line). Symbols
show the instant of change in the sign of the difference
1 – qn (•) and the instant of collapse (o).

  ..

..

0.010.11

R, m/s2

4101 1

0
1qn > 0

..
R > 0R < 0

R/Rmax

104

103

102

10

  1

10-1

1qn < 0
compression

|n  /n |o

n = 100



20

ÌÀÒÅÌÀÒÈÊÀ  È  ÌÅÕÀÍÈÊÀ

In the course of compression the temperature
on the bubble’s interface significantly increases. As
a result, the surface tension σ(T) drops toward zero.
When n > 1000, the growth of the amplitude of
oscillation of |εn / n

o | at the beginning of compression
is limited by the surface tension. If in this case the
surface tension σ during compression were constant,
then, as was noted, the amplitude of oscillation of
|εn / n

o | throughout the compression would vary by
the law close to (R/Rmax)–7/4, and, as computations
show, the value of |εn / n

o | would be no more than
500. Because σ drops to essentially zero due to its
dependence on the temperature, the amplitude of
oscillation of |εn / n

o | increases at the beginning of
compression slightly faster than (R/Rmax)–7/4 (see
figure 9, n = 10000). When R/Rmax ≈ 0.11 the
temperature on the interfacial boundary reaches the
critical value, after which the surface tension
disappears. Then the bubble shape is only stabilized
by the inertia forces.

Moreover, in transition from a long-term part
of compression with negative acceleration R  to a
very short final part with the positive R , the forces
of inertia of radial flow restricting the growth of the
distortion become very small (since R  ≈ 0). As a
result, at large values of n the value of | εn / n

o | near
R/Rmax = 0.033 significantly increases (see figure 9,
n = 10000), and this increase grows as n increases.

Thus, without taking into account the effect of
the liquid viscosity, the value of | col

n / n
o | increases

with an increase of n due to three reasons. First,
with an increase of n the rate of distortion growth at
the beginning of bubble compression becomes
controlled (after some value of n) by the surface
tension rather than the inertia of radial flow. Second,
during compression the surface tension can drop to
zero. Third, the inertia of radial flow, restricting the
growth of the distortion amplitude, greatly decreases
in the transition of the bubble compression from its
long-term part with the negative radial acceleration
to its very short final part with the positive radial
acceleration.

3.4. Dependence of growth of the amplitude
of the distortions at the moment of bubble
collapse on the instant of their appearance
during bubble expansion

Figure 10 presents a curve ABC which
characterizes the dependence of | col

n / n
o | on Ro. This

curve was obtained using the dependences of | col
n |,

the distortion amplitude of the bubble sphericity at
the instant of collapse, on to, the instant of appearance
of the initial nonsphericity n

  at the stage of the bubble
expansion (to ≤ tmax), for various n and the envelopes
of those dependences. In figure 10 the dependences
of | col

n | on to are presented as functions | col
n / n

o | of
Ro/Rmax. For every n these functions are to a large
extent nonmonotonic (with spikes directed
downward where | col

n | is close to zero; as n varies,
the zero value of | col

n | appears with some frequency

Figure 9. Evolution of |εn / n
o | for n = 40 (dotted

nonstraight line), 10000 (solid nonstraight line) during
the bubble collapse in the case without liquid viscosity
(νl = 0). For n = 10000 at R/Rmax ≥ 0.12, the
amplitude of growing oscillations of |εn / n

o | is shown,
rather than its evolution. The straight dotted and solid
lines present approximations of variation of the
amplitude of growing oscillations of |εn / n

o | by laws
(R/Rmax)–5/4 and (R/Rmax)–7/4, respectively.
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because of nonmonotonic change of the distortion
n  in the course of the bubble expansion-

compression). A fragment of such a nonmonotonic
function is presented in figure 10 for n = 40 (thin
solid line). At the same time, the envelope of this
function (the dashed line) is a significantly simpler
monotonically-increasing dependence. That is why
it is more convenient to use the envelopes rather than
those functions themselves. The method of derivation
of the envelopes is clear from the case of the
distortion with n = 40.

The curve ABC is, in fact, the envelope of the
envelopes corresponding to all values of n (n ≥ 2).
For a particular value of Ro/Rmax it characterizes the
maximum distortion amplitude (over all n) which can
take place at the instant of the bubble collapse. The
piece AB of the curve ABC is produced by a segment
of the envelope for n = 3, the piece BC is produced
by segments of the envelopes for n from 34 to 50
(the point C corresponding to Ro = Rmax results from
n = 40).

One can conclude from the curve ABC that
whenever (at any moment to and any radius Ro) at
the stage of the bubble expansion the initial
disturbance of the bubble sphericity, n

o , occurs and
whatever the form that disturbance has (i.e. for any
number n), the amplitude of that disturbance at the
time of the bubble collapse will not exceed its initial
value n

o  by more than 300 times. As in the course
of expansion the amplitude of the disturbance
decreases, the amplitude of those disturbances that
appear at Ro ≤ Rmax at the instant of bubble collapse
turn out to decrease with decreasing Ro to give a
maximum at Ro = Rmax. It follows that if the initial
disturbance n

o  occurs at Ro << Rmax (Ro/Rmax < 10–2),
then the disturbance at the instant of collapse col

n
will be even less than the initial one (| col

n / n
o | < 1),

as in this case, the decrease of disturbance during
the stage of expansion exceeds its growth during the
stage of compression. If the initial disturbance occurs
at Ro close to the critical radius for liquid rupture
(i.e. when Ro ≈ Rcr), the distortion amplitude at the
instant of collapse will be 103 times less than the
amplitude of the initial disturbance.

It should be noted that one of a number of
reasons for the significant reserve of stability of the
bubble to the sphericity disturbances in the case of
Ro ≈ Rcr is that the ratio Ro/Rcol is quite small

(Ro/Rcol ≈ 0.03). These results from the excess of
the mass of the liquid evaporated during the slow
stage of bubble expansion compared to the mass of
vapor condensed during the more rapid stage of the
bubble compression.

When decreasing the length of the sphericity
disturbance wave (i.e., when increasing n) the
amplitude of the disturbance at the time of the bubble
collapse usually reduces due to the damping effect
of the liquid viscosity. For small values of Ro/Rmax

this feature is typical of disturbances with any n. With
increase of Ro/Rmax the damping effect of the liquid
viscosity weakens so that this feature manifests itself
only from some number of n > 2. When Ro/Rmax

grows to unity such a number increases to 40.
As was mentioned above, the condition

|εn| < 1is usually taken as the criterion for bubble
integrity. It follows from the results presented in figure
10 that according to this criterion, the integrity of the
bubble will not be destroyed by the disturbance of
its shape in the form of any harmonic if the
disturbance with the amplitude | n

o | ≤ 10–2 appears
at the bubble radius Ro not exceeding Rmax/2.

Figure 11 shows a comparison of the envelopes
of dependences of | col

n / n
o |, the amplitude of the

relative distortion at the moment of the bubble
collapse, on the relative radius Ro/Rmax, for n ≥ 2
with (qn ≠ 0, the curve is same as in figure 10) and
without (qn = 0) regard to the vapor density effect.
One can see that the influence of the vapor density
is small. Without regard to its influence the amplitudes
of the relative distortions maximal over n for n ≥ 2
at the moment of the bubble collapse turn out to be
somewhat overestimated for small and large values

Figure 11. Envelopes of dependences of | col
n / n

o |on
Ro/Rmax for n ≥ 2 with (solid line) and without (dotted
line) regard to the influence of the vapor density.
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of Ro. In particular, when Ro ≈ Rmax they appear to
be to 2.5 times greater. Nevertheless, even without
regard to the vapor density effect the maximum (over
n) value of the ratio | col

n / n
o | does not exceed 103

for any Ro.

Note that if the influence of the vapor density is
taken into account in other ways: Prosperetti (1977);
Augsdorfer et al. (2000); Yuan et al. (2001), then
the level of the distortions in the segment AB will be
slightly higher (within 5%), while in the segment BC
it will remain unchanged.

The change of influence of the liquid viscosity on
the value of the bubble’s sphericity distortion amplitude
maxima over n ≥ 2 at the moment of the bubble collapse
with variation of the phase of the bubble’s expansion in
which the initial distortion n

o appears, is characterized
in figure 12. This figure shows a comparison of the
envelopes of the dependences of | col

n / n
o | on Ro/Rmax

obtained with (for n ≥ 2, the curve is the same as in
figure 10) and without (for n ≤ 5000 and n ≤ 10000)
liquid viscosity effect. One can see that in the case
without liquid viscosity, the amplitude of the maximum
distortion in a specified range at the moment of the bubble
collapse is increasingly overestimated with growth of
n, and the largest overestimate takes place in the case
of Ro ≈ Rmax. At that, the range of Ro corresponding to
the overestimated values of | col

n / n
o | increasingly grows

towards the lower values of Ro.

4. Conclusions
1. During expansion of a bubble, the

disturbances of its spherical shape decrease. The

earlier the shape distortions appear, the greater is
the decrement of their amplitudes by the end of the
bubble expansion process. This is a consequence of
the decrease of the bubble radius at the moment at
which the disturbance appears as well as by the
increase of the damping influence of liquid viscosity.
Due to the increase of the damping influence of the
liquid viscosity, the extent to which the amplitude of
a disturbance decreases, also increases with
reduction in the disturbance wavelength λn = 2πR/n
(where R is the bubble radius, n is the number of the
spherical harmonic).

2. Significant growth of the amplitude of the
disturbances of the spherical shape of a bubble is
possible only during its compression. The factors of
primary importance inlimiting their growth are:

(i) The vapor inside the bubble, which appears
in it at the stage of its expansion and then partly
condenses on the bubble’s interface at the beginning
of bubble compression, during the period when the
temperature of the vapor on the bubble surface is
below the thermodynamic critical temperature.

(ii) The liquid viscosity.
3. Effect of the vapor in the bubble is associated

with the fact that at the final high-speed stage of
bubble compression the pressure of the vapor in it
greatly increases (i.e., in the shock-wave mode). As
a result, the radius of the bubble during its
compression drops to a small finite value rather than
to zero. For the conditions under consideration the
radius of the bubble decreases at the stage of
compression by about 30 times, from 450 to 14 μm.
This feature ”saves” the bubble from destruction,
because otherwise, due to its collapse to the zero
radius (R = 0) it would be destroyed even though
the initial distortions of its sphericity are arbitrarily
small.

4. Due to the growth of the vapor density, a
Rayleigh-Taylor instability of the bubble shape during
the final stage of the bubble compression is not
observed. This results from the fact that at the end
of the bubble compression, when the radial
acceleration of the bubble surface is directed
outward (from the vapor to the liquid), the vapor
and the liquid at the interfacial boundary are at or
close to critical conditions with nearly equal densities.
If the influence of the vapor density is not taken into
account, the amplitude of the distortions during

Figure 12. Envelopes of dependences of | col
n / n

o | on
Ro/Rmax obtained with (solid line) and without (dashed
lines) regard to the liquid viscosity for n in the ranges
specified in the figure.
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compression may grow by about 2.5 times larger.
At that, the maximum growth will be attained by the
amplitude of the higher-frequency distortions (with
n ≈ 100).

5. Without taking into account the liquid
viscosity, the extent to which the amplitude of the
harmonic distortions of the bubble sphericity grows
at stage of the bubble compression, increases without
limit on decreasing the disturbance wavelength λn
(i.e., with increasing n), while with regard to the liquid
viscosity, it rapidly drops after n = 40.

6. During compression the damping effect of
the liquid viscosity is characterized by the Reynolds
number 0Re ( 1)( 2)l lRU n n      (where

3 3
02 ( ) 3max

a lU p R R  ). This number (Re)
increases with n as n2 and decreases with R as R 1/2.
When Re > Recr ≈ 10, which takes place throughout
the compression stage for n < 50, the effect of the
liquid viscosity is insignificant. It rapidly increases
with the decrease of Re from Recr to Re ≈ 1, so that
when Re < 1 the amplitude of the disturbances during
compression does just not grow, but it actually falls.
As a result, for the supershort-wave disturbances,
starting from n = 250, for which the value of Re
remains less than unity until the bubble radius
decreases to 0.5 Rmax, the distortion at the end of
the bubble compression becomes not more but less
than at its beginning.

7. Throughout the compression stage for the
long-wave disturbances (n < 50), for which the
liquid viscosity effect is insignificant, the influence of
the surface tension is much less than the influence of
inertia of the radial flow. In this case,
We > Wecr ≈ 10 and the sphericity distortion growth
is determined by inertia forces. For short-wave
disturbances (n > 50) the influence of the surface
tension and the inertia of the radial flow is negligible
in comparison with the liquid viscosity effect. If the
liquid viscosity effect is not taken into account, then
for sufficiently large n (> 500) the surface tension
will be of primary importance in limiting the rate of
growth of the distortion amplitude at the beginning
of the bubble compression.

8. For the conditions associated with
sonofusion experiments (Taleyarkhan et al. 2002,
2004; Nigmatulin et al. 2002, 2004; Nigmatulin
2005; Lahey et al. 2006) the amplitude of

disturbances of the shape of the spherical bubble at
the end of the bubble compression, | col

n |, cannot be
greater than at its beginning | max

n | by more than 300
times. Maximum value of the ratio | col

n / max
n | is

reached at n ≈ 40 (at which Re ≈ 17 at the beginning
of the bubble compression). The value of the ratio
| col

n / max
n | falls to 200 with the decrease of n from

40 to 2 and rapidly drops to zero with the increase
of n from 40.

9. We assume that in the experiments of
(Taleyarkhan et al. 2002) the amplitude of the
deviation of the bubble shape from spherical during
the early stage of the bubble expansion (where
Rn = 10 μm), is equal to |an| = 10–2R (which seems
to be quite plausible). According to our analysis, it
will then decrease to |an| ≤ 10–4 R by the start of
bubble compression (R = Rmax) due to the bubble
expansion. After that, during bubble compression,
it may grow, but only so that for any n at the end of
compression it may exceed the initial amplitude
(10–2R) by no more than 3%. This means that from
the point of view of stability of a spherical shape,
the possibility of thermonuclear neutron and tritium
nuclei production seen in experiments (Taleyarkhan
et al. 2002) is reasonable and within the range of
possibility from a physics viewpoint. At the same
time, it should be noted that this idea is to a large
extent based on the assumption of a spherical shock
wave generating inside the bubble and converging
to its center in the final high-speed stage of its
compression. Of course, in reality such a shock
wave may not be purely spherical. In the course of
its convergence the amplitude of its nonsphericity
could increase, exerting some influence on the
position and configuration of the region with highly
compressed and heated matter (i.e., plasma) in the
central part of the bubble, on the rate of
compression and heating, etc. This is supported
by the first DNS results by Aganin et al. (2010)
obtained using a two-dimensional extension of the
one-dimensional model of Nigmatulin et al. (2005)
which was utilized here in describing the spherical
part of the fluid flow. Therefore, to estimate the
influence of nonsphericity of the shock wave inside
the bubble, a special study of the dynamics of the
medium inside a slightly nonspherical bubble
during supercompression is recommended to
consider for the future.
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Ðàññìîòðåíà ýâîëþöèÿ ìàëûõ îòêëîíåíèé îò ñôåðè÷åñêîé ôîðìû êàâèòàöèîííîãî ïóçûðüêà â õîäå åãî îäíî-
êðàòíîãî ðàñøèðåíèÿ-ñæàòèÿ â óñëîâèÿõ ýêñïåðèìåíòîâ ïî ÿäåðíîìó èçëó÷åíèþ ïðè àêóñòè÷åñêîé êàâèòàöèè.
Â èñïîëüçóåìîé ìàòåìàòè÷åñêîé ìîäåëè ïîâåðõíîñòü ïóçûðüêà ïðåäñòàâëÿåòñÿ â âèäå ñóììû ñôåðè÷åñêèõ ãàðìî-
íèê (ïîëèíîìîâ Ëåæàíäðà ñòåïåíè n = 0, 2, 3, 4, …), îäíà èç êîòîðûõ (n = 0) ñîîòâåòñòâóåò ñôåðè÷åñêîé ôîðìå, à
äðóãèå (n ≥ 2) – îñåñèììåòðè÷íûì îòêëîíåíèÿì îò íåå â âèäå ñîîòâåòñòâóþùåé ãàðìîíèêè. Äâèæåíèå ïàðà â
ïóçûðüêå è îêðóæàþùåé æèäêîñòè îïðåäåëÿåòñÿ êàê ñóïåðïîçèöèÿ ñôåðè÷åñêîé ñîñòàâëÿþùåé è åå íåñôåðè÷åñ-
êîãî âîçìóùåíèÿ. Ïðè îïèñàíèè ñôåðè÷åñêîé ñîñòàâëÿþùåé äâèæåíèÿ ó÷èòûâàþòñÿ íåñòàöèîíàðíàÿ òåïëîïðî-
âîäíîñòü ïàðà è æèäêîñòè, íåðàâíîâåñíîñòü èñïàðåíèÿ-êîíäåíñàöèè íà ìåæôàçíîé ïîâåðõíîñòè. Ó÷èòûâàåòñÿ, ÷òî
â õîäå ìåäëåííîãî ðàñøèðåíèÿ è íà÷àëà ñæàòèÿ ïóçûðüêà ïàð â åãî ïîëîñòè âåäåò ñåáÿ êàê èäåàëüíûé ñ äàâëåíèåì,
áëèçêèì ê îäíîðîäíîìó. Ïðè ýòîì ïðèíèìàåòñÿ âî âíèìàíèå, ÷òî âÿçêîñòü æèäêîñòè âåñüìà ñóùåñòâåííà, à åå
ñæèìàåìîñòüþ ìîæíî ïðåíåáðå÷ü. Íà ñòàäèè áûñòðîãî ñæàòèÿ â ïóçûðüêå ìîãóò âîçíèêàòü óäàðíûå âîëíû, ñòàíî-
âèòñÿ ñóùåñòâåííîé ñæèìàåìîñòü æèäêîñòè. Âñå ýòî ó÷èòûâàåòñÿ â èñïîëüçóåìîé ìîäåëè. Íà ñòàäèè áûñòðîãî
ñæàòèÿ ïðèìåíÿþòñÿ ðåàëèñòè÷íûå øèðîêîäèàïàçîííûå óðàâíåíèÿ ñîñòîÿíèÿ äëÿ ïàðà â ïóçûðüêå è îêðóæàþùåé
æèäêîñòè. Ïðè îïèñàíèè íåñôåðè÷åñêîé ñîñòàâëÿþùåé äâèæåíèÿ ó÷èòûâàåòñÿ âëèÿíèå âÿçêîñòè æèäêîñòè, ïîâåð-
õíîñòíîãî íàòÿæåíèÿ, ïëîòíîñòè ïàðà â ïóçûðüêå è íåîäíîðîäíîñòè åãî äàâëåíèÿ. Ïîëó÷åíû îöåíêè ìàêñèìàëüíî
âîçìîæíûõ çíà÷åíèé îòíîñèòåëüíîé àìïëèòóäû (îòíåñåííîé ê íà÷àëüíîé) ìàëûõ ãàðìîíè÷åñêèõ (â âèäå ïîëèíî-
ìîâ Ëåæàíäðà ñòåïåíè n = 2, 3, … ñ äëèíîé âîëíû λn = 2πR/n, ãäå R – ðàäèóñ ïóçûðüêà) èñêàæåíèé ñôåðè÷åñêîé
ôîðìû ïóçûðüêà â ìîìåíò êîëëàïñà (ìîìåíò ýêñòðåìàëüíîãî ñæàòèÿ ñîäåðæèìîãî ïóçûðüêà). Ïðè ýòîì ðàññìàò-
ðèâàåòñÿ âîçìîæíîñòü âîçíèêíîâåíèÿ íà÷àëüíûõ èñêàæåíèé ñôåðè÷íîñòè ïóçûðüêà â ïðîèçâîëüíûé ìîìåíò ñòà-
äèè ðàñøèðåíèÿ. Ïîëó÷åííûå îöåíêè ïîêàçûâàþò, âî ñêîëüêî ðàç ìàêñèìàëüíî ìîæåò óâåëè÷èòüñÿ àìïëèòóäà
ìàëûõ íà÷àëüíûõ èñêàæåíèé ñôåðè÷íîñòè ïóçûðüêà ê ìîìåíòó êîëëàïñà. Ïðèâåäåí ðÿä ïðîñòûõ àíàëèòè÷åñêèõ
ôîðìóë, îïèñûâàþùèõ âåëè÷èíó ðàäèóñà ïóçûðüêà â ìîìåíò ìàêñèìàëüíîãî ðàñøèðåíèÿ, åãî èçìåíåíèå íà ñòà-
äèè ñæàòèÿ, ýâîëþöèþ èñêàæåíèÿ ñôåðè÷íîñòè ïóçûðüêà ïðè ñæàòèè.
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Ðàññìàòðèâàåòñÿ äèíàìèêà òîíêîãî ñòåðæíÿ ïðè äåéñòâèè ñæèìàþùåé ñèëû. Ýòà ñèëà âîçðàñòàåò ñêà÷-
êîì è äàëåå îñòàåòñÿ ïîñòîÿííîé. Èçó÷åíî äâèæåíèå ñòåðæíÿ â çàâèñèìîñòè îò âåëè÷èíû è ìîìåíòà âðåìåíè
ïðèëîæåíèÿ ñèëû, êîòîðûé îïðåäåëÿåòñÿ ôàçîé íà÷àëüíûõ ñâîáîäíûõ êîëåáàíèé ñòåðæíÿ. Ïîêàçàíà ñóùå-
ñòâåííàÿ çàâèñèìîñòü äèíàìèêè ñòåðæíÿ îò íà÷àëüíûõ óñëîâèé.
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1. Ââåäåíèå. Âûïó÷èâàíèå ñòåðæíÿ ïðè
áûñòðîì ïðèëîæåíèè ñæèìàþùåé íàãðóçêè
ðàññìàòðèâàëîñü âî ìíîãèõ ðàáîòàõ. Âîçìîæ-
íî, íàèáîëåå ðàííÿÿ èç íèõ – ýòî ðàáîòà [1].
Â íåé ïðèíèìàåòñÿ, ÷òî íàãðóçêà âîçðàñòàåò
ñòóïåí÷àòî è îñòàåòñÿ ïîñòîÿííîé â òå÷åíèå
íåêîòîðîãî âðåìåíè, ïîñëå ÷åãî òàêæå ñòóïåí-
÷àòî îáðàùàåòñÿ â íóëü. Äî ïðèëîæåíèÿ íà-
ãðóçêè ñòåðæåíü èìååò íà÷àëüíûé ïðîãèá è
ñâîáîäåí îò íàïðÿæåíèé. Îñíîâíîå âíèìà-
íèå áûëî óäåëåíî ñëó÷àþ äèíàìè÷åñêîé ñèëû,
ïî âåëè÷èíå, áëèçêîé ê ñòàòè÷åñêîìó êðèòè-
÷åñêîìó çíà÷åíèþ ñæèìàþùåé ñèëû, êîãäà ñó-
ùåñòâåííóþ ðîëü èãðàåò òîëüêî ïåðâàÿ ñîá-
ñòâåííàÿ ôîðìà. Áûëî èçó÷åíî âëèÿíèå âå-
ëè÷èíû è äëèòåëüíîñòè ñæèìàþùåé íàãðóç-
êè íà äèíàìè÷åñêîå âûïó÷èâàíèå ñòåðæíÿ, à
òàêæå åãî ïîïåðå÷íûå êîëåáàíèÿ ïîñëå ñíÿ-
òèÿ íàãðóçêè. Îäíèì èç îñíîâíûõ äîïóùåíèé
ÿâëÿåòñÿ âíåçàïíîå óñòàíîâëåíèå ñæèìàþùåé
ñèëû ïî âñåé äëèíå ñòåðæíÿ. Äàíî ñðàâíå-
íèå ðåçóëüòàòîâ â äèíàìèêå è ñòàòèêå. Â ïî-
ñëåäóþùåé ðàáîòå [2] äàåòñÿ áîëåå îãðàíè÷åí-
íàÿ ïîñòàíîâêà çàäà÷è. Ïîëó÷åííûå ðåçóëü-
òàòû íå âíåñëè íîâîãî â èññëåäîâàíèå ïðî-
öåññà äèíàìè÷åñêîãî âûïó÷èâàíèÿ ñòåðæíÿ,
ñîäåðæàùååñÿ â [1].

Ýêñïåðèìåíòû ñ ïîäâîäíûìè âçðûâàìè
ïîêàçàëè, ÷òî òðóáêà â âîäå òåðÿåò óñòîé÷è-
âîñòü ñ îáðàçîâàíèåì òåì áîëüøåãî êîëè÷å-
ñòâà âîëí ïî îêðóæíîñòè, ÷åì áîëüøå äèíà-
ìè÷åñêîå äàâëåíèå íà íåå ïî ñðàâíåíèþ ñî

çíà÷åíèåì ñòàòè÷åñêîãî êðèòè÷åñêîãî äàâëå-
íèÿ [3]. Ýêñïåðèìåíò ïî ïðîäîëüíîìó äèíà-
ìè÷åñêîìó ñæàòèþ ñòåðæíÿ òàêæå óêàçûâàåò
íà çàâèñèìîñòü ÷èñëà ïîëóâîëí èçãèáà îò îò-
íîøåíèÿ ñæèìàþùåé ñèëû Ð ê ñòàòè÷åñêîé
êðèòè÷åñêîé ñèëå ÐÅ. Èñõîäÿ èç ýòèõ äàííûõ
â [3] áûëà ïîñòðîåíà òåîðèÿ äèíàìè÷åñêîãî
âûïó÷èâàíèÿ ñòåðæíÿ ïðè ñòóïåí÷àòîé ñæè-
ìàþùåé ñèëå, êîòîðàÿ äàëåå îñòàåòñÿ ïîñòî-
ÿííîé (ïî-âèäèìîìó, àâòîðàì [3] íå áûëè
èçâåñòíû èññëåäîâàíèÿ [1, 2]). Ïðè ýòîì áûëè
ïðèíÿòû ñëåäóþùèå äîïóùåíèÿ: ñòåðæåíü
ÿâëÿåòñÿ òîíêèì, ñæàòèå îõâàòûâàåò ñòåðæåíü
ïî âñåé äëèíå ìãíîâåííî, ãàðìîíèêè íà÷àëü-
íîãî ïðîãèáà ïî àìïëèòóäå èìåþò îäèíàêî-
âûé ïîðÿäîê. Â ðàáîòå [3] òåîðåòè÷åñêè è ýê-
ñïåðèìåíòàëüíî ðàñêðûòà îñíîâíàÿ îñîáåí-
íîñòü äèíàìè÷åñêîãî âûïó÷èâàíèÿ – çàâèñè-
ìîñòü âîëíîîáðàçîâàíèÿ îò îòíîøåíèÿ Ð/ÐÅ.

Â ýòèõ ðàáîòàõ çàäà÷à ðàññìàòðèâàëàñü â
ëèíåéíîé ïîñòàíîâêå. Â òîì ñëó÷àå, êîãäà çà-
äàåòñÿ íå ñèëà, à ïåðåìåùåíèå êîíöà ñòåðæ-
íÿ, çàäà÷à ñòàíîâèòñÿ íåëèíåéíîé, äàæå åñëè
ïðîãèáû ñðàâíèòåëüíî ìàëû è äåôîðìàöèè
îñòàþòñÿ â ïðåäåëàõ óïðóãîñòè. Òàêîå ïîëî-
æåíèå ðåàëèçóåòñÿ ïðè ñæàòèè ñòåðæíÿ íà
èñïûòàòåëüíîé ìàøèíå [4]. Îáçîð ñîîòâåò-
ñòâóþùèõ èññëåäîâàíèé ïðèâåäåí â [5]. Çäåñü
ìû ðàññìàòðèâàåì ëèøü ñëó÷àé çàäàíèÿ ñèëû
ñæàòèÿ è âûïó÷èâàíèÿ ñòåðæíåé.

Â ïîñëåäóþùèõ ðàáîòàõ â ýòîì íàïðàâ-
ëåíèè â ðàçëè÷íûõ ïðèáëèæåíèÿõ èçó÷àëîñü
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ïîâåäåíèå òîíêèõ ñòåðæíåé, â ÷àñòíîñòè, îñó-
ùåñòâëÿëñÿ ó÷åò ñäâèãà è èíåðöèè âðàùåíèÿ
ïîïåðå÷íîãî ñå÷åíèÿ, ðàñïðîñòðàíåíèÿ ïðî-
äîëüíîé âîëíû ïî ñòåðæíþ [6, 7]. Â [8] èçó-
÷åíî âëèÿíèå íà ïðîöåññ ìàññû è ñêîðîñòè
óäàðà òåëà íà òîðåö ñòåðæíÿ. Ïîêàçàíû ñëîæ-
íàÿ äèíàìèêà ñòåðæíÿ, òðàíñôîðìàöèÿ ôîð-
ìû âûïó÷èâàíèÿ, îñîáåííî â íà÷àëå ïðîöåñ-
ñà. Â [8] ïðèâåäåí òàêæå ÷àñòè÷íûé îáçîð
èññëåäîâàíèé. Äàí àíàëèç ïàðàìåòðè÷åñêîãî
ðåçîíàíñà ïðè ó÷åòå ïðîäîëüíûõ âîëí, áîëü-
øèõ ïåðåìåùåíèé ñòåðæíÿ [9]. Â [10, 11] ðàñ-
ñìàòðèâàåòñÿ çàâèñèìîñòü ðåøåíèÿ îò ðàçíûõ
íà÷àëüíûõ óñëîâèé, à òàêæå ïðîèçâîäèòñÿ
ðàíæèðîâàíèå íà÷àëüíîãî ïðîãèáà ïî ãàðìî-
íèêàì, ÷òî îáåñïå÷èâàåò ïåðåñòðîéêó ãàðìî-
íèê â õîäå âûïó÷èâàíèÿ.

2. Ïîñòàíîâêà çàäà÷è. Çäåñü äàåòñÿ àíà-
ëèç êàðòèíû âûïó÷èâàíèÿ ñòåðæíÿ, ñîâåðøà-
þùåãî ñâîáîäíûå èçãèáíûå êîëåáàíèÿ, ïðè
äåéñòâèè ñòóïåí÷àòîé ñæèìàþùåé ñèëû, ÷òî,
íàñêîëüêî èçâåñòíî, íå ðàññìàòðèâàëîñü. ×òî-
áû ÷åò÷å âûäåëèòü îñîáåííîñòè ïîâåäåíèÿ
ñòåðæíÿ, çàäà÷à ñòàâèòñÿ â ïðèáëèæåíèè [1 –
3]. Ñòåðæåíü ñ÷èòàåòñÿ òîíêèì, âðåìÿ âîçðàñ-
òàíèÿ ñæèìàþùåé ñèëû è ïðîäîëüíîãî îáæà-
òèÿ åãî íàìíîãî ìåíüøå, ÷åì âðåìÿ çàìåòíîãî
âîçðàñòàíèÿ ïðîãèáà. Òàê êàê íàèáîëüøèé ïå-
ðèîä ïðîäîëüíûõ êîëåáàíèé ðàâåí 2L/ñ,

à ïîïåðå÷íûõ êîëåáàíèé   22 12 L hc ,
ãäå h è L – òîëùèíà è äëèíà ïîëîñû ïðÿìîó-
ãîëüíîãî ñå÷åíèÿ, ñ – ñêîðîñòü âîëíû, òî èõ
îòíîøåíèå èìååò ïîðÿäîê h/L. Ïîýòîìó äëÿ
òîíêèõ òåë ìîæíî ïðèáëèæåííî ïðèíÿòü, ÷òî
ñèëà Ð óñòàíàâëèâàåòñÿ ìãíîâåííî ïî âñåé
äëèíå ñòåðæíÿ.

Ëèíåéíîå óðàâíåíèå äèíàìè÷åñêîãî èç-
ãèáà èìååò âèä

4 2 2

4 2 2 0.w w wD P F
x x t

  
  

         (1)

Çäåñü ρ, F, D – ïëîòíîñòü, ïëîùàäü ïîïåðå-
÷íîãî ñå÷åíèÿ, æåñòêîñòü íà èçãèá ñòåðæíÿ,
x, t – êîîðäèíàòà âäîëü ñòåðæíÿ è âðåìÿ. Ñæè-
ìàþùàÿ ñèëà Ð ïðèêëàäûâàåòñÿ â ìîìåíò
t = 0 è äàëåå îñòàåòñÿ ïîñòîÿííîé. Ïðèíèìà-

þòñÿ óñëîâèÿ ñâîáîäíîãî îïèðàíèÿ êîíöîâ
ñòåðæíÿ w = ∂

2w/∂x2
 = 0 (x = 0, L). Òîãäà ðåøå-

íèå (1) ïðè Ð = 0 èìååò âèä

 sin sinon nw W t n x     ,

 2 4 4 /n n D F    , β = π/L,
ãäå ωn (n = 1, 2, …) – ñîáñòâåííûå ÷àñòîòû
èçãèáíûõ êîëåáàíèé, ϕ – ôàçà, êîòîðàÿ ìåíÿ-
åòñÿ â ïðåäåëàõ 0 ≤ ϕ ≤ π. Ïîýòîìó íà÷àëüíû-
ìè óñëîâèÿìè äëÿ çàäà÷è óäàðà ñèëîé Ð ÿâëÿ-
þòñÿ

sin sin ,        
/ cos sin

on

on n

w W n x
w t W n x
  

        (t = 0)    (2)

Ïðèíèìàÿ ðåøåíèå çàäà÷è (1), (2) â âèäå
sinnw W n x  , äëÿ àìïëèòóä Wn èìååì

 

2

0

2
0

2

0

sin cos cos sin  ( ),

sin cos   ( ),

sin cosh cos sinh  ( ),

n n n n
n

n n

n n n n
n

nW W n

W W n n

nW W n

 
          

      

 
           

ãäå ïðèíÿòû îáîçíà÷åíèÿ

PE = Dβ2, τ2 = t2PEβ2/(ρF), η2 = P/PE,
2 2 2 2( )n n n    ,

ïðè÷åì â ïåðâîì âûðàæåíèè (3) 2 2 2 2( )n n n   .

3. Èçãèáíûå êîëåáàíèÿ ñòåðæíÿ. Åñëè
îòíîøåíèå äåéñòâóþùåé äèíàìè÷åñêîé ñèëû
Ð ê ñòàòè÷åñêîé êðèòè÷åñêîé ñèëå PE ìåíüøå
÷èñëà ïîëóâîëí n(η < n), çàäàííîãî íà÷àëüíû-
ìè óñëîâèÿìè (2), òî ïðîèñõîäÿò êîëåáàíèÿ
ñòåðæíÿ ñ ÷àñòîòàìè, ðàâíûìè 21 ( ) ) nn   .
Íàèáîëüøåå îòëè÷èå èõ îò ÷àñòîò ωn íà÷àëü-
íûõ êîëåáàíèé èìååò ìåñòî ïðè n = 1 è áîëü-
øîì îòíîøåíèè P/PE < 1. Íà ðèñ. 1 äàåòñÿ çà-
âèñèìîñòü êîëåáàíèé îò ïàðàìåòðîâ η è ϕ ïî
ïåðâîìó âûðàæåíèþ (3). Ïðèíÿòî η2 = 0.84,
n = 1 è ϕ = 0; π/4, π/2, 3π/4. Öèôðàìè 1, 2, 3, 4
îáîçíà÷åíû êðèâûå, ñîîòâåòñòâóþùèå ýòèì
çíà÷åíèÿì ϕ. Ïðè ϕ = π ïðîöåññ ñîâïàäàåò ñ
òåì, ÷òî ïðè ôàçå ϕ = 0 (ñ ïðîòèâîïîëîæíûì

(3)
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çíàêîì). ×àñòîòà êîëåáàíèé ðàâíà 0.4ω1, à àì-
ïëèòóäû çíà÷èòåëüíî îòëè÷àþòñÿ îò àìïëè-
òóäû ñâîáîäíûõ êîëåáàíèé äî óäàðà, êîãäà
Wn / W01 = 1. Íàèáîëüøàÿ àìïëèòóäà êîëåáàíèé
èìååò ìåñòî ïðè ôàçå ϕ = 0, ò.å. êîãäà óäàð ïðî-
èñõîäèò â ìîìåíò ïðÿìîëèíåéíîé ôîðìû
ñòåðæíÿ è íàèáîëüøåé ñêîðîñòè åãî ïîïåðå-
÷íîãî äâèæåíèÿ.

Êîëåáàíèÿ ïðîãèáîâ ïðè ϕ = π/4 è ϕ = 3π/4
ñ îäèíàêîâûìè ïðîãèáàìè â íà÷àëå óäàðà (íî
ïðè ýòîì ñ ðàâíûìè, íî ïðîòèâîïîëîæíûìè
ñêîðîñòÿìè), ïðîèñõîäÿò ïî÷òè â ïðîòèâîôà-
çå (êðèâûå 2 è 4). Ïðè ϕ = 3π/4 ñòåðæåíü ñðàçó
ïðîãèáàåòñÿ â ïðîòèâîïîëîæíóþ ñòîðîíó ïîä
äåéñòâèåì èíåðöèîííîé ñèëû.

Ïðè η = n ÷àñòîòà êîëåáàíèé îáðàùàåòñÿ
â íóëü. Êàê âèäíî èç âòîðîãî âûðàæåíèÿ (3),
òîãäà â ëèíåéíîé ïîñòàíîâêå çàäà÷è ïðîãèá
âîçðàñòàåò íåîãðàíè÷åííî ïî ëèíåéíîìó çà-
êîíó. Èíòåíñèâíîñòü ýòîãî âîçðàñòàíèÿ òåì
áîëüøå, ÷åì áîëüøå ÷èñëî ïîëóâîëí íà÷àëü-
íûõ èçãèáíûõ êîëåáàíèé ñòåðæíÿ. Ïðè ôàçå
π/2 âîçðàñòàíèÿ íå ïðîèñõîäÿò, ðåàëèçóåòñÿ
ñòàòè÷åñêèé ïðîãèá ñòåðæíÿ, êîòîðûé â ñðåä-
íåé åãî òî÷êå ðàâåí W1 = W01.

4. Âûïó÷èâàíèå ñòåðæíÿ ïðè ϕϕϕϕϕ = 0.
Áîëåå ïîäðîáíî ðàññìîòðèì ñëó÷àé ýêñïîíåí-
öèàëüíîãî âîçðàñòàíèÿ ïðîãèáà (η > n), îïè-
ñûâàåìûé òðåòüèì ðåøåíèåì (3). Ïðè ϕ = 0,
÷òî ñîîòâåòñòâóåò ñëó÷àþ óäàðà ñèëîé Ð ïî
ïðÿìîìó ñòåðæíþ, èìåþùåìó àìïëèòóäó ñêî-
ðîñòè W0n ωn ñâîáîäíûõ êîëåáàíèé, äâèæåíèå
ñðåäíåé òî÷êè îïèñûâàåòñÿ âûðàæåíèåì

2

0 sinhn n n
n

nW W  
 .             (4)

Ãàðìîíèêà ñ ÷èñëîì n, ïðè êîòîðîé ïðî-
èñõîäèò íàèáîëåå áûñòðîå âîçðàñòàíèå ïðî-
ãèáîâ, îïðåäåëÿåòñÿ èç óñëîâèÿ ∂Wn / ∂n = 0 èëè

 2 2 2tanh 2n nn        .       (5)
Ïðè μnτ < 1, ïðèíèìàÿ ðàçëîæåíèå ôóí-

êöèè tanhμnτ= μnτ– (μnτ)3/3, ïîëó÷àåì èç (5)

In   .                            (6)
Ýòî ðàâåíñòâî ïðîòèâîðå÷èò óñëîâèþ,

ïðè êîòîðîì ñïðàâåäëèâî òðåòüå ðåøåíèå (3),
ïîýòîìó îêðóãëåíèå çíà÷åíèÿ EP P  äî
öåëîãî ÷èñëà íåîáõîäèìî äåëàòü â ìåíüøóþ
ñòîðîíó. Åñëè, íàïðèìåð, η2 = 26, òî n = 5.

Ïðè μnτ > 3, ïîëàãàÿ â (5) tanhμnτ ≈ 1, íàõî-
äèì

 
12

2 2 2 211
2In n

n
 

     
.

Âòîðîå ñëàãàåìîå â áîëüøèõ ñêîáêàõ
ïðåäñòàâëÿåò ñîáîé ïîïðàâî÷íûé ÷ëåí. Ïðè-
íèìàÿ â ïåðâîì ïðèáëèæåíèè 2

In  = η2/2 è ïîä-
ñòàâëÿÿ ýòî çíà÷åíèå In  âî âòîðîé ÷ëåí, ïî-
ëó÷àåì

2

2

11
2In  

    
.               (7)

Â (7) íåîáõîäèìî äåëàòü îêðóãëåíèå äî
áëèæàéøåãî öåëîãî ÷èñëà. Íàèáîëåå áûñòðî
âîçðàñòàþò ïî âðåìåíè ãàðìîíèêè ñ öåëûìè
÷èñëàìè, íàõîäÿùèìèñÿ íèæå è âûøå çíà÷å-
íèÿ (7). Â ïðèìåðå ñ η2 = 26 â ñîîòâåòñòâèè ñ
(6) è (7) â íà÷àëüíûé ïåðèîä ïîñëå ïðèëîæå-
íèÿ ñæèìàþùåé íàãðóçêè áûñòðåå ðàñòåò ãàð-
ìîíèêà ñ n = 5, à çàòåì ïàðà ãàðìîíèê ñ ÷èñ-
ëàìè n = 4 è n = 3. Òàêèì îáðàçîì, â ïðîöåññå
äèíàìè÷åñêîãî âûïó÷èâàíèÿ ìîæåò ïðîèñõî-
äèòü ïåðåñòðîéêà ãàðìîíèê. Ýòè îñîáåííîñ-
òè âûïó÷èâàíèÿ âèäíû íà ðèñ. 2, ïîñòðîåí-
íîì ïî (4).

5. Âûïó÷èâàíèå ñòåðæíÿ ïðè ϕϕϕϕϕ = πππππ/2.
Ïðè ôàçå ϕ= π/2, ñîîòâåòñòâóþùåé ñëó÷àþ
ïðîäîëüíîãî óäàðà ïî ñòåðæíþ â ìîìåíò åãî
ìàêñèìàëüíîãî îòêëîíåíèÿ îò ïðÿìîé ëèíèè
ïðè ñâîáîäíûõ êîëåáàíèÿõ, èç òðåòüåãî âû-

Ðèñ.  1
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ðàæåíèÿ (3) àìïëèòóäà âûïó÷èâàíèÿ ðàâíà
W0n cosh μnτ.

Ïðåäñòàâëÿåò èíòåðåñ ñðàâíåíèå ýòîãî
çíà÷åíèÿ ïðîãèáà ñî çíà÷åíèåì äëÿ ñëó÷àÿ
óäàðà ñèëîé ïî ïðåäâàðèòåëüíî íåíàïðÿæåí-
íîìó ñòåðæíþ ñ òîé æå àìïëèòóäîé W0n. Ïî-
ñëåäíåå ðåøåíèå èçâåñòíî [1, 2, 8]

 
2

0
2 2 cosh 1n

n n
WW

n


   
  .

Äëÿ çíà÷åíèé μnτ > 3 îòíîøåíèå ïðîãè-
áîâ ïðåäâàðèòåëüíî íåíàïðÿæåííîãî ñòåðæ-
íÿ ñ àìïëèòóäîé W0n è ñòåðæíÿ, ñîâåðøàþ-
ùåãî ñâîáîäíûå êîëåáàíèÿ ñ òîé æå àìïëè-
òóäîé W0n (ñëåäîâàòåëüíî, èìåþùåãî íåíóëå-
âûå íàïðÿæåíèÿ â ìîìåíò óäàðà), ïðèáëèæåí-
íî ðàâíî   12 2 2n


   . Åñëè η2 = 26, òî äëÿ

n = 1, 2 îíî ìàëî ïðåâûøàåò åäèíèöó, íî äëÿ
n = 3, 4, 5 ðàâíî ñîîòâåòñòâåííî 1.5, 2.6, 26.
Ñòîëü áîëüøàÿ ðàçíèöà â ðåçóëüòàòàõ ïðè îä-
íèõ è òåõ æå çíà÷åíèÿõ Ð è W0n (ñëåäîâàòåëü-
íî, èçãèáàþùåãî ìîìåíòà îò ñèëû Ð) îáúÿñ-
íÿåòñÿ òîðìîçÿùèì âëèÿíèåì íàïðÿæåíèé
èçãèáà è îòðèöàòåëüíîãî óñêîðåíèÿ â ìîìåíò
τ = 0. Ââèäó ýòîãî ïðîèñõîäèò çàìåäëåíèå âû-
ïó÷èâàíèÿ ïðåäâàðèòåëüíî êîëåáëþùåãîñÿ
ñòåðæíÿ, îñîáåííî â íà÷àëå ïðîöåññà. Êðîìå
òîãî, ïðè ϕ= π/2 íàèáîëåå èíòåíñèâíîå âû-
ïó÷èâàíèå ïðîèñõîäèò ñ ÷èñëîì ïîëóâîëí

2In   ,                      (8)
íåò çàâèñèìîñòè îò âðåìåíè è, ñëåäîâàòåëü-
íî, ïåðåñòðîéêè ãàðìîíèê. Ýòè ýôôåêòû ïî-
äîáíû òåì, êîòîðûå óñòàíîâëåíû â [3] è ïî-
ñëåäóþùèõ ðàáîòàõ, õîòÿ â íèõ íå ñòàâèòñÿ çà-
äà÷à, ðàññìàòðèâàåìàÿ çäåñü. Óêàçàííûå îñî-
áåííîñòè âèäíû èç ðèñ. 3, ïîñòðîåííîãî

ïî (3) ïðè ϕ = π/2. Äëÿ η2 = 26 áëèæàéøåå ê
çíà÷åíèþ nI = 3.6 ãàðìîíèêè n = 4 è n = 3,
êîòîðûå âîçðàñòàþò íàèáîëåå áûñòðî.

Îòíîøåíèå ïðîãèáîâ ïðè ϕ = 0 è ϕ = π/2
ðàâíî

 
1

2 2 2 th nn n


    .
Â íà÷àëå ïðîöåññà ýòî îòíîøåíèå èìååò

ïîðÿäîê n2τ, ÷òî îáúÿñíÿåòñÿ íàëè÷èåì íåíó-
ëåâîé íà÷àëüíîé ñêîðîñòè ïðè ϕ = 0. Äëÿ
μnτ > 3 îáà ñðàâíèâàåìûõ ïðîöåññà ðàçâèâà-
þòñÿ îäèíàêîâî ïî âðåìåíè (thμnτ → 1), íî ñ
ïîñòîÿííîé ðàçíèöåé.

Èíòåíñèâíîñòü âûïó÷èâàíèÿ ñèëüíî çà-
âèñèò îò çíà÷åíèÿ η2 è íîìåðà ãàðìîíèêè.

Ïðè η2
 = 26 ìíîæèòåëü  

1
2 2 2n n


   èçìåíÿ-

åòñÿ îò 0.2 äëÿ n = 1 äî 5 äëÿ n = 5. Òàêèì îáðà-
çîì, êîãäà ïðîäîëüíûé óäàð ïðîèñõîäèò â
ìîìåíò ïðîõîæäåíèÿ ñòåðæíåì ñðåäíåãî ïðÿ-
ìîëèíåéíîãî ïîëîæåíèÿ, íàèáîëüøèé óðî-
âåíü ïðîãèáîâ ðåàëèçóåòñÿ ñ áîëüøèì ÷èñëîì
ïîëóâîëí, à íàèìåíüøèé – ñ ìàëûì ÷èñëîì n
(ïðè óñëîâèè îäèíàêîâîñòè W0n ïî n).

6. Âûïó÷èâàíèå ñòåðæíÿ ïðè ϕϕϕϕϕ = πππππ/2
è ϕϕϕϕϕ = 3πππππ/4. Íà ðèñ. 4 ïîêàçàíî ñðàâíåíèå çà-
âèñèìîñòåé ïðîãèáîâ îò âðåìåíè äëÿ ñëó÷à-
åâ ôàç ϕ = π/4 è ϕ = 3π/4. ×èñëà ïîëóâîëí n = 3
è n = 4 âçÿòû ââèäó òîãî, ÷òî ïðè ýòîì èìåþò-
ñÿ ìàêñèìàëüíûå ïðîãèáû (äëÿ η2 = 26).

Ïðè ϕ = π/4 ñæèìàþùèé óäàð ïðîèñõî-
äèò â ìîìåíò äâèæåíèÿ ñòåðæíÿ îò åãî ïðÿ-
ìîãî ïîëîæåíèÿ, à ïðè ϕ = 3π/4 – äâèæåíèÿ â
íàïðàâëåíèè ê ïðÿìîìó ïîëîæåíèþ. Ýòèì
îáñòîÿòåëüñòâîì îáúÿñíÿåòñÿ ðàçíèöà ìåæäó
äâóìÿ ðàññìàòðèâàåìûìè ñëó÷àÿìè.

Ðèñ.  2
Ðèñ.  3
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Ì.À. Èëüãàìîâ. Âûïó÷èâàíèå êîëåáëþùåãîñÿ ñòåðæíÿ ïðè ïðîäîëüíîì óäàðå

Ïåðâûé èç íèõ áëèçîê ê ñëó÷àÿì ϕ = 0 è
ϕ = π/2. Õàðàêòåð çàâèñèìîñòè Wn/W0n îò áåç-
ðàçìåðíîãî âðåìåíè τ ïðè ϕ = 3π/4 äðóãîé.
Â íà÷àëå äâèæåíèÿ ïîñëå óäàðà ïðîãèá ïî ãàð-
ìîíèêå n = 3 óìåíüøàåòñÿ è òîëüêî ïîñëå
τ ≈ 0.1 íà÷èíàåò âîçðàñòàòü, à ïî n = 4 ïðîèñ-
õîäèò áûñòðîå óìåíüøåíèå è çàòåì èçìåíå-
íèå çíàêà ïðîãèáà. Òàêîé õàðàêòåð äâèæåíèÿ
îáóñëîâëåí ïðåâûøåíèåì ñèë èíåðöèè íàä
òîðìîçÿùèìè óïðóãèìè ñèëàìè è èçãèáàþùèì
ìîìåíòîì îò ñèëû óäàðà. Ýòî ñîîòíîøåíèå ñèë
ïðîÿâëÿåòñÿ ïî-ðàçíîìó äëÿ ðàçíûõ ãàðìîíèê.
Äëÿ îïðåäåëåíèÿ ýòèõ ðàçëè÷èé ïðèâåäåí
ðèñ. 5 ñ ðàâíîìåðíîé øêàëîé (η2 = 26). Êàê âèä-
íî, âûïó÷èâàíèå ïî ãàðìîíèêàì n = 1, 2, 3 ïðî-
èñõîäèò â òó æå ñòîðîíó, ÷òî íà÷àëüíûé ïðî-
ãèá ïðè τ = 0, à ïî n = 4 è 5 – â ïðîòèâîïîëîæ-
íóþ ñòîðîíó. Äî τ ≈ 0.35 ïðåîáëàäàåò ãàðìî-
íèêà n = 5, çàòåì n = 4.

7. Õàðàêòåðíûå çíà÷åíèÿ ôàçû. Äëÿ
òîãî ÷òîáû îïðåäåëèòü òå çíà÷åíèÿ ôàçû
π/2 < ϕ < π, êîãäà îòäåëüíûå ãàðìîíèêè ìåíÿ-

Ðèñ.  4

þò çíàê, èç óñëîâèÿ Wn = 0 â (3) ïîëó÷àåì ñî-
îòíîøåíèå

2

tan tanh n
n

n
    

 .

Êðèòè÷åñêîå çíà÷åíèå ôàçû îáîçíà÷èì
÷åðåç ϕI. Åñëè ϕ > ϕI, ãäå

2arctan cotanh
2

n
I nn

       
 

,        (9)

òî ïðîèñõîäèò ïåðåõîä â äðóãóþ ñòîðîíó îò
ïîëîæåíèÿ ïðè τ = 0. Ðåçóëüòàò ïî (9) è äàí-
íûå èç ðèñ. 5 íàõîäÿòñÿ â ñîãëàñèè.

Ïðåäñòàâëÿåò èíòåðåñ òàêæå òî çíà÷åíèå
ôàçû ϕ íà÷àëüíûõ êîëåáàíèé, êîãäà âûïó÷è-
âàíèå ïðè óäàðå ïðîèñõîäèò íàèáîëåå áûñ-
òðî. Ïðèðàâíÿâ íóëþ ïðîèçâîäíóþ îò ïîñëå-
äíåãî âûðàæåíèÿ (3) ïî ϕ, íàõîäèì

2tan cotanhn
nn


    .          (10)

Âèäíî, ÷òî â íà÷àëå âûïó÷èâàíèÿ ýòî çíà-
÷åíèå ôàçû çàâèñèò è îò âðåìåíè, à äàëåå (êîã-
äà ñotanhμnτ → 1) – òîëüêî îò η2 è ÷èñëà îáðà-
çóþùèõñÿ âîëí. Åñëè η2 = 26, òî ïðè μnτ > 3 è
n = 1, 2, 3, 4, 5 èç (10) ïîëó÷àåì ñîîòâåòñòâåí-
íî ϕ ≈ 79°, 66°, 54°, 39°, 11°.

Ñëåäîâàòåëüíî, íàèáîëåå áûñòðîå âû-
ïó÷èâàíèå ïðè μnτ > 3 ïðîèñõîäèò íå â ñëó-
÷àå, êîãäà íà÷àëî äåéñòâèÿ ñèëû Ð ñîâïàäà-
åò ñ ìîìåíòîì íàõîæäåíèÿ êîëåáëþùåãîñÿ
ñòåðæíÿ â ïðÿìîì ïîëîæåíèè (ϕ = 0), è íå
â åãî êðàéíåì ïîëîæåíèè (ϕ = π/2), à â íå-
êîòîðîì ïðîìåæóòî÷íîì ïîëîæåíèè. Ïðè-
÷åì ýòî ïîëîæåíèå ðàçíîå äëÿ ðàçíûõ ãàð-
ìîíèê.

Òàêèì îáðàçîì, ïðîöåññ âûïó÷èâàíèÿ
êîëåáëþùåãîñÿ ñòåðæíÿ âñëåäñòâèå äåé-
ñòâèÿ ñòóïåí÷àòîé ïî âðåìåíè ïðîäîëüíîé
ñæèìàþùåé ñèëû ñóùåñòâåííî çàâèñèò îò
õàðàêòåðà íà÷àëüíûõ óñëîâèé îòíîñèòåëü-
íî ïðîãèáà è åãî ñêîðîñòè. Ïîñëåäíèå îï-
ðåäåëÿþòñÿ ìîìåíòîì âðåìåíè (èëè ôàçîé),
êîãäà ïðîèñõîäèò ïðîäîëüíûé óäàð ïî êî-
ëåáëþùåìóñÿ ñòåðæíþ. Ôóíêöèÿ ïðîãèáà
ïîñëå óäàðà ñîñòîèò èç ñóììû ðàçíûõ ãàð-
ìîíèê, çàâèñÿùèõ îò ñâîéñòâ ìàòåðèàëà
ñòåðæíÿ, åãî ðàçìåðîâ, ïðèêëàäûâàåìûõ
íàãðóçîê, ðàñïðåäåëåíèÿ ïî ãàðìîíèêàì
íà÷àëüíûõ îòêëîíåíèé.

Ðèñ.  5
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AXIAL  IMPACT  BUCKLING  IN  A  VIBRATING  THIN  ROD

© M.A. Ilgamov

Mavlyutov Institute of Mechanics, Ufa Scientific Centre, RAS,
71, prospekt Oktyabrya, 450054, Ufa, Republic of Bashkortostan, Russia

Consideration is given to the dynamics of a thin rod under the effect of compression force. This force
increases jumpwise and then remains constant. The motion of the rod has been studied depending on the magnitude
and time of force application determined by the initial free vibration phase of the rod. An essential dependence is
shown to exist between the dynamics of the rod and the initial conditions.

 Key words: thin rod, flexural vibrations, compression force, phase, buckling.
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ÓÄÊ 576.5:57.085

ÁÀËÀÍÑ  ÝÍÄÎÃÅÍÍÛÕ  È  ÝÊÇÎÃÅÍÍÛÕ  ÃÎÐÌÎÍÎÂ  È  ÏÓÒÈ
ÌÎÐÔÎÃÅÍÅÇÀ  Â  ÀÍÄÐÎÊËÈÍÍÛÕ  ÊÀËËÓÑÀÕ  ÏØÅÍÈÖÛ  IN  VITRO

© Î.À. Ñåëüäèìèðîâà, Í.Í. Êðóãëîâà

Ïðàêòè÷åñêàÿ çíà÷èìîñòü áèîòåõíîëîãè÷åñêèõ ìåòîäîâ êóëüòóðû in vitro, â òîì ÷èñëå ðåãåíåðàöèÿ ðàñ-
òåíèé â êàëëóñàõ, îïðåäåëÿåòñÿ îáðàçîâàíèåì íà êîíå÷íîì ýòàïå ïîëíîöåííûõ ôåðòèëüíûõ ðàñòåíèé-ðåãåíå-
ðàíòîâ. Ðåøåíèå ýòîé çàäà÷è ñâÿçàíî ñ âûÿâëåíèåì ïóòåé ìîðôîãåíåçà in vitro êàëëóñîâ è âîçìîæíîñòüþ
ðåãóëÿöèè ýòèõ ïóòåé â íóæíîì áèîòåõíîëîãó íàïðàâëåíèè â êîíòðîëèðóåìûõ ýêñïåðèìåíòàëüíûõ óñëîâèÿõ
in vitro. Èññëåäîâàíèå ïîñâÿùåíî ðàçðàáîòêå ñïîñîáà ðåãóëÿöèè ïóòåé ìîðôîãåíåçà êàëëóñîâ, ïîëó÷åííûõ
â êóëüòóðå in vitro èçîëèðîâàííûõ ïûëüíèêîâ ðÿäà ãåíîòèïîâ ÿðîâîé ìÿãêîé ïøåíèöû. Ïðîàíàëèçèðîâàíî
ñîäåðæàíèå ÈÓÊ â êàëëóñàõ èçó÷àåìûõ ãåíîòèïîâ ÿðîâîé ìÿãêîé ïøåíèöû ïåðåä èíîêóëÿöèåé íà ïèòàòåëü-
íóþ ñðåäó. Âûÿâëåíû è èçó÷åíû ïóòè ìîðôîãåíåçà in vitro êàëëóñîâ: ýìáðèîèäîãåíåç, ãåììîðèçîãåíåç,
ãåììîãåíåç, ðèçîãåíåç è ãèñòîãåíåç. Óñòàíîâëåíî, ÷òî èíäóêöèÿ îïðåäåëåííîãî ïóòè ìîðôîãåíåçà in vitro
îïðåäåëÿåòñÿ ãëàâíûì îáðàçîì áàëàíñîì ìåæäó ñîäåðæàíèåì ýíäîãåííîãî (â êàëëóñàõ ïåðåä èíîêóëÿöèåé
íà ïèòàòåëüíóþ ñðåäó) è êîíöåíòðàöèåé ýêçîãåííîãî (â ñîñòàâå ïèòàòåëüíîé ñðåäû) àóêñèíà ÈÓÊ. Ïîêàçàíà
ïðèíöèïèàëüíàÿ âîçìîæíîñòü ðåãóëÿöèè ïóòåé ìîðôîãåíåçà in vitro êàëëóñîâ ïóòåì ïîäáîðà äëÿ êàæäîãî
ãåíîòèïà àäåêâàòíîãî äëÿ èíäóêöèè êîíêðåòíîãî ïóòè áàëàíñà ýíäîãåííîãî è ýêçîãåííîãî àóêñèíîâ.

Êëþ÷åâûå ñëîâà: Triticum aestivum L., êóëüòóðà ïûëüíèêîâ in vitro, êàëëóñ, ïóòè ìîðôîãåíåçà, ÈÓÊ.

ÑÅËÜÄÈÌÈÐÎÂÀ Îêñàíà Àëåêñàíäðîâíà – ê.á.í., Èíñòèòóò áèîëîãèè Óôèìñêîãî íàó÷íîãî öåíòðà
ÐÀÍ, å-mail: seldimirova@anrb.ru
ÊÐÓÃËÎÂÀ Íàòàëüÿ Íèêîëàåâíà – ä.á.í., Èíñòèòóò áèîëîãèè Óôèìñêîãî íàó÷íîãî öåíòðà ÐÀÍ,
å-mail: Kruglova@anrb.ru

Ñîâðåìåííûå áèîòåõíîëîãèè êàðäèíàëü-
íî ìåíÿþò ïðîöåññ ãåíåòèêî-ñåëåêöèîííîé
ðàáîòû ïî âûâåäåíèþ íîâûõ âûñîêîïðîäóê-
òèâíûõ ñîðòîâ îñíîâíîãî õëåáíîãî çëàêà Ðîñ-
ñèè – ÿðîâîé ìÿãêîé ïøåíèöû, óñòîé÷èâûõ ê
íåáëàãîïðèÿòíûì ôàêòîðàì êîíêðåòíîãî ðå-
ãèîíà (äëÿ Þæíîãî Óðàëà ýòî – çàñóõîóñòîé-
÷èâîñòü, ñêîðîñïåëîñòü, êîðîòêîñòåáåëüíîñòü,
óñòîé÷èâîñòü ê áîëåçíÿì). Äëÿ ðåøåíèÿ ïðè-
êëàäíûõ çàäà÷ êîììåð÷åñêîé ñåëåêöèè õîçÿé-
ñòâåííî öåííûõ çëàêîâ, â òîì ÷èñëå ÿðîâîé
ìÿãêîé ïøåíèöû, ðàçðàáàòûâàþòñÿ è èñïîëü-
çóþòñÿ ðàçëè÷íûå áèîòåõíîëîãè÷åñêèå ìåòî-
äû êóëüòóðû in vitro è, â ÷àñòíîñòè, ðåãåíåðà-
öèÿ ðàñòåíèé â êàëëóñàõ, ïîëó÷åííûõ â êóëü-
òóðå in vitro èçîëèðîâàííûõ ïûëüíèêîâ íà
îñíîâå áèîëîãè÷åñêîãî ôåíîìåíà àíäðîêëèí-
íîé ãàïëîèäèè [1–8].

Ïðàêòè÷åñêóþ çíà÷èìîñòü áèîòåõíîëîãè-
÷åñêèõ ìåòîäîâ êóëüòóðû in vitro, â òîì ÷èñëå

íà îñíîâå àíäðîêëèííîé ãàïëîèäèè, îïðåäå-
ëÿåò îáðàçîâàíèå íà êîíå÷íîì ýòàïå ïîëíî-
öåííûõ ôåðòèëüíûõ ðàñòåíèé-ðåãåíåðàíòîâ.
Îñíîâíàÿ ïðîáëåìà, ñâÿçàííàÿ ñ ðàçðàáîòêîé
ýôôåêòèâíîé áèîòåõíîëîãèè ìàññîâîãî ñòà-
áèëüíîãî ïîëó÷åíèÿ ôåðòèëüíûõ àíäðîêëèí-
íûõ ðàñòåíèé-ðåãåíåðàíòîâ â êàëëóñíîé êóëü-
òóðå, ñîñòîèò â èõ íèçêîì âûõîäå. Ðåøåíèå
ýòîé ïðîáëåìû íàïðÿìóþ ñâÿçàíî ñ âûÿâëå-
íèåì ïóòåé ìîðôîãåíåçà in vitro êàëëóñîâ è
âîçìîæíîñòüþ ðåãóëÿöèè ýòèõ ïóòåé â íóæ-
íîì áèîòåõíîëîãó íàïðàâëåíèè â êîíòðîëè-
ðóåìûõ ýêñïåðèìåíòàëüíûõ óñëîâèÿõ in vitro.

Ïøåíèöà, êàê è âñå çëàêè, îòíîñèòñÿ ê
ãðóïïå ãîðìîíîçàâèñèìûõ îáúåêòîâ êóëüòè-
âèðîâàíèÿ in vitro [2]. Ïîäáîð îïòèìàëüíîé
êîíöåíòðàöèè îïðåäåëåííûõ ãîðìîíîâ, ââî-
äèìûõ â ñîñòàâ ïèòàòåëüíîé ñðåäû – îäèí èç
êëþ÷åâûõ ýòàïîâ â ðàáîòå ñ êóëüòóðîé in vitro
[9]. Îäíàêî òàêîé ïîäáîð, êàê ïðàâèëî, íîñèò



34

ÁÈÎËÎÃÈß,  ÁÈÎÕÈÌÈß  È  ÃÅÍÅÒÈÊÀ

äîñòàòî÷íî ñëó÷àéíûé õàðàêòåð: èññëåäîâà-
òåëü ïðîâîäèò ïåðåáîð äîâîëüíî øèðîêîãî
äèàïàçîíà êîíöåíòðàöèé ðàçëè÷íûõ ãîðìî-
íîâ è èõ ñî÷åòàíèé äðóã ñ äðóãîì. Â ðåçóëüòà-
òå ïîäáîð îïòèìàëüíîé êîíöåíòðàöèè ãîðìî-
íîâ îêàçûâàåòñÿ äîñòàòî÷íî òðóäîåìêèì è
äîðîãîñòîÿùèì ïðîöåññîì. Íåîáõîäèì ïîèñê
íàäåæíîãî ïîäõîäà ê ïðîãíîçèðîâàíèþ ýòî-
ãî ïàðàìåòðà íà îñíîâå îïðåäåëåííûõ ôèçè-
îëîãè÷åñêèõ ïîêàçàòåëåé èíîêóëèðîâàííûõ in
vitro ýêñïëàíòîâ.

Ôèòîãîðìîíû èãðàþò ðîëü îñíîâíûõ ðå-
ãóëÿòîðîâ ìîðôîãåíåçà êàê â åñòåñòâåííûõ óñ-
ëîâèÿõ, òàê è â óñëîâèÿõ êóëüòóðû in vitro. Ó÷è-
òûâàÿ áîëüøîå çíà÷åíèå áàëàíñà ýíäîãåííûõ
ôèòîãîðìîíîâ â îïðåäåëåíèè òîòèïîòåíòíîñ-
òè [10–12], åñòåñòâåííî ïðåäïîëîæèòü, ÷òî êîì-
ïåòåíòíîñòü êëåòîê êàëëóñà ê ðåãåíåðàöèè ðàñ-
òåíèé â çíà÷èòåëüíîé ñòåïåíè îáóñëîâëåíà êî-
ëè÷åñòâîì â íåì ýíäîãåííûõ ôèòîãîðìîíîâ.

Â ëèòåðàòóðå âîïðîñ î ñîîòíîøåíèè ýí-
äîãåííûõ ôèòîãîðìîíîâ (â ñîñòàâå ýêñïëàí-
òà) è ýêçîãåííûõ ôèòîãîðìîíîâ (â ñîñòàâå
ïèòàòåëüíîé ñðåäû) â ðåãóëÿöèè ïóòåé ìîð-
ôîãåíåçà in vitro ïîñòàâëåí äîñòàòî÷íî äàâíî
[13–18], îäíàêî èçó÷åí íåäîñòàòî÷íî. Îñíîâ-
íûå ïðè÷èíû ýòîãî – ñëîæíîñòü è òðóäîåì-
êîñòü òðàäèöèîííûõ ìåòîäîâ îïðåäåëåíèÿ
ñîäåðæàíèÿ ýíäîãåííûõ ôèòîãîðìîíîâ â ðà-
ñòåíèÿõ. Èçáåæàòü ýòèõ òðóäíîñòåé ñïîñîá-
ñòâóåò ïðèìåíåíèå ìåòîäà òâåðäîôàçíîãî
èììóíîôåðìåíòíîãî àíàëèçà (ÈÔÀ) ðàñòè-
òåëüíûõ îáðàçöîâ, ðàçðàáîòàííîãî â Èíñòè-
òóòå áèîëîãèè Óôèìñêîãî íàó÷íîãî öåíòðà
ÐÀÍ ïðîô. Ã.Ð. Êóäîÿðîâîé ñ ñîàâò. [19].

Õîðîøî óñòàíîâëåíî, ÷òî îáÿçàòåëüíû-
ìè ó÷àñòíèêàìè êîîðäèíàöèè ïðîöåññîâ ìîð-
ôîãåíåçà ÿâëÿþòñÿ àóêñèíû, â ÷àñòíîñòè èí-
äîëèë-3-óêñóñíàÿ êèñëîòà (ÈÓÊ), îêàçûâàþ-
ùàÿ âëèÿíèå íà äåëåíèå, ðàñòÿæåíèå è äèô-
ôåðåíöèàöèþ êëåòîê, ò.å. ïðîöåññîâ, êîòîðûå
ëåæàò â îñíîâå ìîðôîãåíåçà [12]. Ýêñïåðè-
ìåíòàëüíî õîðîøî îáîñíîâàí òîò ôàêò, ÷òî
ãåíîòèï äîíîðíîãî ðàñòåíèÿ – îäèí èç îñíîâ-
íûõ ôàêòîðîâ, äåòåðìèíèðóþùèõ ïåðåêëþ÷å-
íèå ïðîãðàììû ðàçâèòèÿ ìèêðîñïîðû ñ ãàìå-
òîôèòíîé in vivo íà ñïîðîôèòíóþ in vitro, â
òîì ÷èñëå ÷åðåç ýòàï ôîðìèðîâàíèÿ àíäðî-

êëèííîãî ìîðôîãåííîãî êàëëóñà (òàêîãî ðîäà
äàííûå íà ïðèìåðå ÿðîâîé ìÿãêîé ïøåíèöû
îáîáùåíû â ìîíîãðàôèÿõ [2, 8]). Îäíàêî èñ-
ñëåäîâàòåëè çà÷àñòóþ îãðàíè÷èâàþòñÿ ëèøü
êîíñòàòàöèåé ýòîãî ôàêòà, ñîîáùàÿ î ãåíîòè-
ïè÷åñêèõ âàðèàöèÿõ îòçûâ÷èâîñòè ýêñïëàí-
òà íà óñëîâèÿ êóëüòèâèðîâàíèÿ in vitro.

Â ñâÿçè ñ ýòèì öåëü èññëåäîâàíèÿ ñîñòî-
ÿëà â ýêñïåðèìåíòàëüíîé ðàçðàáîòêå ñïîñîáà
ðåãóëÿöèè ïóòåé ìîðôîãåíåçà â êóëüòóðå in
vitro àíäðîêëèííûõ êàëëóñîâ ðÿäà ãåíîòèïîâ
ÿðîâîé ìÿãêîé ïøåíèöû íà îñíîâàíèè âûÿâ-
ëåíèÿ áàëàíñà êîíöåíòðàöèé ýíäîãåííîé (â
ñîñòàâå êàëëóñà) è ýêçîãåííîé (â ñîñòàâå ïè-
òàòåëüíîé ñðåäû) ÈÓÊ. Ñëåäóåò îòìåòèòü, ÷òî
âïåðâûå ýòîò ìåòîäè÷åñêèé ïîäõîä ðàçðàáî-
òàí íà ïðèìåðå èíîêóëèðîâàííûõ ïûëüíèêîâ
ïøåíèöû è äîêàçàí Â.Þ. Ãîðáóíîâîé [13, 20].

Ìàòåðèàë è ìåòîäû èññëåäîâàíèÿ.
Ìàòåðèàëîì äëÿ èññëåäîâàíèÿ ïîñëóæèëè
ñîðòà ÿðîâîé ìÿãêîé ïøåíèöû (Ñêàëà, Æíè-
öà, Ìîñêîâñêàÿ 35, Áàøêèðñêàÿ 26, Ñàëàâàò
Þëàåâ è Ýêàäà 70) è ãèáðèäíûå ëèíèè
(Ë42938 × Ñàëàâàò Þëàåâ, Äóýò × Áàøêèð-
ñêàÿ 26, Ý43018 × Òóëàéêîâñêàÿ çîëîòèñòàÿ,
Ë42809 × Ë42866, Ë42875 × Ýêàäà 70, Áàø-
êèðñêàÿ 26 × Ýêàäà 70, Ë42875 × 76/98a, Âî-
ðîíåæñêàÿ 16 × Ë42833, Áîåâ÷àíêà × Áàøêèð-
ñêàÿ 26), èñïîëüçóåìûå â ñåëåêöèîííî-ãåíå-
òè÷åñêèõ ïðîãðàììàõ Áàøêèðñêîãî ÍÈÈ ñåëü-
ñêîãî õîçÿéñòâà ÐÀÑÕÍ (ã. Óôà) êàê ïåðñïåê-
òèâíûå äëÿ êëèìàòè÷åñêîé çîíû Þæíîãî
Óðàëà. Ñåìåíà ïåðåäàíû àâòîðàì ñîãëàñíî
äîãîâîðó î ñîòðóäíè÷åñòâå ìåæäó Èíñòèòó-
òîì áèîëîãèè Óôèìñêîãî íàó÷íîãî öåíòðà
ÐÀÍ è Áàøêèðñêèì ÍÈÈ ñåëüñêîãî õîçÿéñòâà
ÐÀÑÕÍ íà 2011–2015 ãã. Äîíîðíûå ðàñòåíèÿ
âûðàùèâàëè â ïîëåâûõ óñëîâèÿõ íàó÷íîãî
ñòàöèîíàðà Èíñòèòóòà áèîëîãèè Óôèìñêîãî
ÍÖ ÐÀÍ (Óôèìñêèé ðàéîí).

Ñîãëàñíî ôåíîòèïè÷åñêèì êðèòåðèÿì îò-
áèðàëè äîíîðíûå ðàñòåíèÿ, íàõîäÿùèåñÿ íà
VII ýòàïå îðãàíîãåíåçà (ïî ïåðèîäèçàöèè
Ô.Ì. Êóïåðìàí [21]), ïåðâûå (íèæíèå) öâåò-
êè êîòîðûõ â ñðåäíåé òðåòè êîëîñà ñîäåðæàëè
ïûëüíèêè ñ ìèêðîñïîðàìè â ñèëüíîâàêóîëè-
çèðîâàííîé ôàçå (ïî ðàçðàáîòàííîé íàìè ïå-
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ðèîäèçàöèè [22]). Ðàíåå áûëî ïîêàçàíî, ÷òî
èìåííî òàêèå ìèêðîñïîðû, íàõîäÿùèåñÿ â êðè-
òè÷åñêîé ôàçå ðàçâèòèÿ, ìîðôîãåíåòè÷åñêè êîì-
ïåòåíòíû ê èíäóêöèè àíäðîêëèíèè [2, 20, 23].

Ïûëüíèêè êóëüòèâèðîâàëè ñîãëàñíî ìå-
òîäó êóëüòóðû in vitro ïûëüíèêîâ ÿðîâîé ìÿã-
êîé ïøåíèöû, îñíîâàííîìó íà ïðèìåíåíèè
äàííûõ ýìáðèîëîãèè ðàñòåíèé [24]. Ïîëó÷à-
ëè êàëëóñû, ñïîñîáíûå ê äàëüíåéøåìó ìîðôî-
ãåíåçó in vitro è ðåãåíåðàöèè ðàñòåíèé. Òàêèå
êàëëóñû, íàçâàííûå ìîðôîãåííûìè, ïåðåíî-
ñèëè íà ïèòàòåëüíóþ ñðåäó, ñîñòàâëåííóþ ïî
ïðîïèñè Áëåéäçà [25], ãîðìîíàëüíûé êîìïî-
íåíò êîòîðîé áûë ïðåäñòàâëåí ÈÓÊ â ðàçëè÷-
íûõ êîíöåíòðàöèÿõ. Äî ïåðåíîñà íà ïèòàòåëü-
íóþ ñðåäó ÷àñòü êàëëóñîâ èññëåäîâàëè ìåòî-
äîì òâåðäîôàçíîãî èììóíîôåðìåíòíîãî àíà-
ëèçà äëÿ âûÿâëåíèÿ ñîäåðæàíèÿ ýíäîãåííîé
ÈÓÊ (â íã/ã ñóõîé ìàññû) ñîãëàñíî [26].

Âñå ýêñïåðèìåíòû ïðîâîäèëè â òðåõ ïî-
âòîðíîñòÿõ. Ñòàòèñòè÷åñêóþ îáðàáîòêó ïîëó-
÷åííûõ ðåçóëüòàòîâ âåëè ñ ïðèìåíåíèåì ïðî-
ãðàììû Microsoft Office Excel 2010.

Ðåçóëüòàòû è îáñóæäåíèå. Ìîðôîãåí-
íûå êàëëóñû ïîÿâëÿëèñü íà ïîâåðõíîñòè
ïûëüíèêîâ, êóëüòèâèðóåìûõ in vitro íà èíäóê-
öèîííîé ïèòàòåëüíîé ñðåäå, íà 26–28-å ñóò-
êè îò ìîìåíòà èíîêóëÿöèè ïûëüíèêîâ.

×àñòü ìîðôîãåííûõ êàëëóñîâ èññëåäîâà-
ëè ìåòîäîì òâåðäîôàçíîãî èììóíîôåðìåíò-
íîãî àíàëèçà. Ïîëó÷åííûå äàííûå, îòðàæåí-
íûå â òàáëèöå, ñâèäåòåëüñòâóþò î çíà÷èòåëü-
íûõ ðàçëè÷èÿõ èçó÷åííûõ ñîðòîâ è ãèáðèä-
íûõ ëèíèé ÿðîâîé ìÿãêîé ïøåíèöû ïî ñîäåð-
æàíèþ ýíäîãåííîãî àóêñèíà ÈÓÊ â êàëëóñàõ.
Òàê, ãåíîòèïû Ñêàëà, Áàøêèðñêàÿ 26, Ýêàäà
70, Ý43018 × Òóëàéêîâñêàÿ çîëîòèñòàÿ,
Ë42809 × Ë42866 õàðàêòåðèçóþòñÿ êàê âûñî-
êîàóêñèíîâûå, ãåíîòèïû Æíèöà, Ìîñêîâ-
ñêàÿ 35, Ñàëàâàò Þëàåâ, Äóýò × Áàøêèðñêàÿ
26, Ë42875 × Ýêàäà 70, Áàøêèðñêàÿ 26 × Ýêà-
äà 70, Ë42875 × 76/98a, Áîåâ÷àíêà × Áàøêèð-
ñêàÿ 26 – êàê íèçêîàóêñèíîâûå.

Îñòàâøèåñÿ êàëëóñû ïåðåíîñèëè íà ïè-
òàòåëüíóþ ñðåäó, ïîäãîòîâëåííóþ ïî ïðîïè-
ñè Áëåéäçà [25], ãîðìîíàëüíûé êîìïîíåíò êî-
òîðîé áûë ïðåäñòàâëåí ÈÓÊ. Èñïîëüçîâàëè
íåñêîëüêî âàðèàíòîâ êîíöåíòðàöèè ýêçîãåí-
íîé ÈÓÊ â ñîñòàâå ñðåäû: 0.1, 0.25, 0.5, 1.5 è
2.0 ìã/ë. Â õîäå êóëüòèâèðîâàíèÿ íà ïèòàòåëü-
íîé ñðåäå â àíäðîêëèííûõ ìîðôîãåííûõ êàë-
ëóñàõ èññëåäîâàííûõ ñîðòîâ è ãèáðèäíûõ ëè-
íèé ÿðîâîé ìÿãêîé ïøåíèöû áûëî âûÿâëåíî
íåñêîëüêî ïóòåé ìîðôîãåíåçà in vitro (ðèñ.).

Ýìáðèîèäîãåíåç in vitro ñîñòîÿë â ôîðìè-
ðîâàíèè è ðàçâèòèè çàðîäûøåïîäîáíûõ ñòðóê-

Ò à á ë è ö à

Ñîäåðæàíèå ýíäîãåííîãî àóêñèíà ÈÓÊ â àíäðîêëèííûõ ìîðôîãåííûõ êàëëóñàõ èññëåäîâàííûõ
ñîðòîâ è ãèáðèäíûõ ëèíèé ÿðîâîé ìÿãêîé ïøåíèöû

Ï ð è ì å ÷ à í è å. Âñå ïîêàçàòåëè çíà÷èìû íà 5%-ì óðîâíå.

Cîðò/ëèíèÿ Ñîäåðæàíèå ýíäîãåííîé ÈÓÊ,  
íã/ã ñóõîé ìàññû 

Ñêàëà 424.6 ± 54.2 
Æíèöà 72.4 ±13.5 
Ìîñêîâñêàÿ 35 87.9 ± 9.3 
Áàøêèðñêàÿ 26 301.2 ± 7.6 
Ñàëàâàò Þëàåâ 84.5 ± 10.3 
Ýêàäà 70 395.8 ± 19.2 
Ë42938  Ñàëàâàò Þëàåâ 105.7 ± 8.5 
Äóýò  Áàøêèðñêàÿ 26 79.6 ± 6.9 
Ý43018  Òóëàéêîâñêàÿ çîëîòèñòàÿ 286.6 ± 12.7 
Ë42809  Ë42866 354.8 ± 11.6 
Ë42875  Ýêàäà 70 58.3 ± 7.9 
Áàøêèðñêàÿ 26  Ýêàäà 70 88.2 ± 8.5 
Ë42875  76/98a 130.4 ± 11.3 
Áîåâ÷àíêà  Áàøêèðñêàÿ 26 75.8 ± 9.6 
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òóð – ýìáðèîèäîâ. Ýìáðèîèäîãåíåç â êàëëó-
ñàõ âûñîêîàóêñèíîâûõ ãåíîòèïîâ ïøåíèöû
èíäóöèðóåòñÿ ïðè êîíöåíòðàöèè ýêçîãåííîé
ÈÓÊ â 0.1 ìã/ë, à â êàëëóñàõ íèçêîàóêñèíîâûõ
ãåíîòèïîâ ïøåíèöû – ïðè êîíöåíòðàöèè ýê-
çîãåííîé ÈÓÊ â 0.5 ìã/ë. Ãåììîãåíåç in vitro
ñîñòîÿë â ôîðìèðîâàíèè ïî÷åê. Ãåììîãåíåç â
êàëëóñàõ âûñîêîàóêñèíîâûõ ãåíîòèïîâ ïøåíè-
öû èíäóöèðóåòñÿ ïðè êîíöåíòðàöèè ýêçîãåí-
íîé ÈÓÊ â 0.25 ìã/ë, à â êàëëóñàõ íèçêîàóêñè-
íîâûõ ãåíîòèïîâ ïøåíèöû – ïðè êîíöåíòðà-
öèè ýêçîãåííîé ÈÓÊ â 1.0 ìã/ë. Ðèçîãåíåç
in vitro ñîñòîÿë â ôîðìèðîâàíèè êîðíåé. Ðèçî-
ãåíåç â êàëëóñàõ âûñîêîàóêñèíîâûõ ãåíîòèïîâ
ïøåíèöû èíäóöèðóåòñÿ ïðè êîíöåíòðàöèè
ýêçîãåííîé ÈÓÊ â 1.5 ìã/ë, à â êàëëóñàõ íèçêî-
àóêñèíîâûõ ãåíîòèïîâ ïøåíèöû – ïðè êîíöåí-
òðàöèè ýêçîãåííîé ÈÓÊ â 2.0 ìã/ë. Ãåììîðè-
çîãåíåç in vitro ñîñòîÿë â îäíîâðåìåííîì ôîð-
ìèðîâàíèè ïî÷åê è êîðíåé. Ãåììîðèçîãåíåç â
êàëëóñàõ âûñîêîàóêñèíîâûõ ãåíîòèïîâ ïøåíè-
öû èíäóöèðóåòñÿ ïðè êîíöåíòðàöèè ýêçîãåí-
íîé ÈÓÊ â 0.5 ìã/ë, à â êàëëóñàõ íèçêîàóêñè-
íîâûõ ãåíîòèïîâ ïøåíèöû – ïðè êîíöåíòðà-
öèè ýêçîãåííîé ÈÓÊ â 1.5 ìã/ë. Ãèñòîãåíåç in
vitro ñîñòîÿë â ôîðìèðîâàíèè â ìàññå êàëëóñà
ýëåìåíòîâ ïðîâîäÿùåé òêàíè. Ãèñòîãåíåç â
êàëëóñàõ âûñîêîàóêñèíîâûõ ãåíîòèïîâ ïøåíè-

öû èíäóöèðóåòñÿ ïðè êîíöåíòðàöèè ýêçîãåí-
íîé ÈÓÊ â 2.0 ìã/ë, à â êàëëóñàõ íèçêîàóêñè-
íîâûõ ãåíîòèïîâ ïøåíèöû – ïðè êîíöåíòðà-
öèè ýêçîãåííîé ÈÓÊ â 2.5 ìã/ë.

Ïîëó÷åííûå íàìè ýêñïåðèìåíòàëüíûå
äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî êîíöåíò-
ðàöèÿ ýêçîãåííîãî àóêñèíà ÈÓÊ, íåîáõîäèìàÿ
äëÿ èíäóêöèè òîãî èëè èíîãî ïóòè ìîðôîãå-
íåçà in vitro àíäðîêëèííûõ êàëëóñîâ, áûëà
ðàçëè÷íà ó èçó÷åííûõ ñîðòîâ/ãèáðèäíûõ ëè-
íèé ïøåíèöû. Óñòàíîâëåíî, ÷òî äëÿ èíäóê-
öèè îäíîãî è òîãî æå ïóòè ìîðôîãåíåçà â àí-
äðîêëèííûõ êàëëóñàõ ïøåíèöû âûñîêîàóêñè-
íîâûõ ãåíîòèïîâ òðåáóåòñÿ áîëåå íèçêàÿ, ÷åì
â àíäðîêëèííûõ êàëëóñàõ ïøåíèöû íèçêîàóê-
ñèíîâûõ ãåíîòèïîâ, êîíöåíòðàöèÿ ýêçîãåííî-
ãî àóêñèíà ÈÓÊ. Òàêèå îñîáåííîñòè ãîðìî-
íàëüíîé èíäóêöèè ïóòåé ìîðôîãåíåçà in vitro
ìû îáúÿñíÿåì ðàçëè÷íûì ñîäåðæàíèåì ýí-
äîãåííîé ÈÓÊ â àíäðîêëèííûõ êàëëóñàõ âî
âðåìÿ èõ èíîêóëÿöèè.

Èññëåäîâàíèÿ âçàèìîñâÿçè ýíäîãåííûõ è
ýêçîãåííûõ ãîðìîíîâ â èíäóêöèè è ðåãóëÿöèè
ïóòåé ìîðôîãåíåçà ðàñòåíèé in vitro ïðèâëå-
êàþò âíèìàíèå èññëåäîâàòåëåé, ïðè ýòîì èñ-
ïîëüçóþòñÿ ðàçëè÷íûå ìåòîäè÷åñêèå ïðèåìû
(íàïðèìåð, [27, 28]). Â òî æå âðåìÿ èìåííî
ïðåäâàðèòåëüíûé àíàëèç ýêñïëàíòîâ ìåòîäîì

Ðèñ.  Ñõåìà ïóòåé ìîðôîãåíåçà in vitro â àíäðîêëèííûõ ìîðôîãåííûõ êàëëóñàõ âûñîêî- è íèçêîàóêñèíîâûõ ãåíîòè-
ïîâ ïøåíèöû
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ÈÔÀ ïîçâîëÿåò, íà íàø âçãëÿä, êàê èçáåæàòü
ìíîãèõ ìåòîäè÷åñêèõ òðóäíîñòåé, òàê è óñêî-
ðèòü ïîëó÷åíèå ýêñïåðèìåíòàëüíûõ äàííûõ.

Òàêèì îáðàçîì, àíàëèç ïîëó÷åííûõ äàí-
íûõ ñâèäåòåëüñòâóåò î ïðèíöèïèàëüíîé âîç-
ìîæíîñòè ðåãóëÿöèè ïóòåé ìîðôîãåíåçà in vitro
àíäðîêëèííûõ êàëëóñîâ ïøåíèöû ïóòåì ïîä-
áîðà äëÿ êàæäîãî ãåíîòèïà, àäåêâàòíîãî äëÿ
èíäóêöèè íåîáõîäèìîãî ïóòè áàëàíñà ìåæäó
ñîäåðæàíèåì ýíäîãåííîé ÈÓÊ â êàëëóñå è êîí-
öåíòðàöèåé ýêçîãåííîé ÈÓÊ â ñîñòàâå ïèòà-
òåëüíîé ñðåäû. Òàêîé ïîäõîä ïîçâîëÿåò îïòè-
ìèçèðîâàòü ïðîöåññ ìàññîâîãî òèðàæèðîâàíèÿ
àíäðîêëèííûõ ãàïëîèäîâ íà îñíîâå èñïîëü-
çîâàíèÿ ìîðôîãåííûõ êàëëóñîâ.

Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ïîä-
äåðæêå ãðàíòà Ïðåçèäåíòà Ðîññèéñêîé Ôå-
äåðàöèè ïî ïðîãðàììå «Âåäóùèå íàó÷íûå øêî-
ëû Ðîññèè» (2014–2015 ãã., ¹ ÍØ-5282.2014.4,
ëèäåð – ÷ë.-êîðð. ÐÀÍ Ò.Á. Áàòûãèíà).
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BALANCE  OF  ENDOGENOUS  AND  EXOGENOUS  HORMONES  AND  IN  VITRO
MORPHOGENESIS  PATHWAYS  IN  WHEAT  ANDROCLYNIC  CALLI

© O.A. Seldimirova, N.N. Kruglova

Institute of Biology, Ufa Scientific Centre, RAS,
69, prospekt Oktyabrya, 450054, Ufa, Republic of Bashkortostan, Russia

The practical significance of biotechnological methods of in vitro culture, including the regeneration of plants in
calli, is dictated by the formation of fertile regenerants. The solution to this problem involves identifying in vitro
morphogenesis pathways in calli and the possibility to regulate these pathways in the desired biotechnological direction
under controlled in vitro experimental conditions. Our research is devoted to developing a method for the regulation
of morphogenesis pathways in calli obtained from in vitro isolated anther culture of several spring wheat genotypes.
Analysis of the IAA content in calli of the spring wheat genotypes under study was conducted before their inoculation
onto the culture medium. The in vitro morphogenesis pathways in calli were identified and explored, including
embryoidogenesis, gemmorhizogenesis, gemmogenesis, rhizogenesis and histogenesis. It has been established that
induction of a certain in vitro morphogenesis pathway is primarily determined by the balance between the content of
endogenous auxin IAA (in calli before inoculation onto the culture medium) and the concentration of exogenous auxin
IAA (in the culture medium). The possibility in principle is shown to regulate in vitro morphogenesis pathways in calli
by selecting adequate balance between endogenous and exogenous auxins for each genotype.

Key words: Triticum aestivum L., anther culture in vitro, callus, morphogenesis pathways, IAA.
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Ôîñôîð ÿâëÿåòñÿ îäíèì èç âàæíåéøèõ áèîãåííûõ ýëåìåíòîâ, îïðåäåëÿþùèõ ðàçâèòèå ðàñòåíèé. Îä-
íàêî â ïî÷âå ôîñôîð íàõîäèòñÿ â îñíîâíîì â âèäå íåäîñòóïíûõ äëÿ ðàñòåíèé íåîðãàíè÷åñêèõ è îðãàíè-
÷åñêèõ ñîåäèíåíèé. Â óâåëè÷åíèè äîñòóïíîñòè  ôîñôîðà  âåäóùàÿ ðîëü ïðèíàäëåæèò ïî÷âåííûì ìèêðî-
îðãàíèçìàì. Èñïîëüçîâàíèå áàêòåðèé, ñïîñîáíûõ ïåðåâîäèòü ôîñôîð â óñâîÿåìóþ  ðàñòåíèÿìè ôîðìó,
ñ÷èòàåòñÿ îäíèì èç ïåðñïåêòèâíûõ è ýêîëîãè÷åñêè ïðèåìëåìûõ ïóòåé óâåëè÷åíèÿ ýôôåêòèâíîñòè ìîáè-
ëèçàöèè ôîñôîðà ïî÷âû. Èçâåñòíî, ÷òî ìíîãèå ìèêðîîðãàíèçìû ñïîñîáíû ñòèìóëèðîâàòü ðàçâèòèå ðàñòå-
íèé è çà ñ÷åò ïðîäóêöèè ôèòîãîðìîíîâ.  Îòáîð áàêòåðèé, ïåðñïåêòèâíûõ äëÿ ðàçðàáîòêè íà èõ îñíîâå
ðîñòîñòèìóëèðóþùèõ áèîïðåïàðàòîâ, äîëæåí áàçèðîâàòüñÿ íà îöåíêå êàê êëþ÷åâîãî ïàðàìåòðà – ñïîñîá-
íîñòè ìîáèëèçîâàòü ñîåäèíåíèÿ ôîñôîðà, òàê è âîçìîæíîñòè àêòèâèçèðîâàòü ðàçâèòèå ðàñòåíèé çà ñ÷åò
äðóãèõ ìåõàíèçìîâ, âêëþ÷àÿ ïðîäóêöèþ ôèòîãîðìîíîâ. Öåëüþ ðàáîòû áûë ïîèñê áàêòåðèé, ñïîñîáíûõ
ìîáèëèçîâàòü ôîñôîð èç íåîðãàíè÷åñêèõ è îðãàíè÷åñêèõ ñîåäèíåíèé è îäíîâðåìåííî ñèíòåçèðîâàòü ðàç-
ëè÷íûå ôèòîãîðìîíû.

 Ïðîâåäåí ñêðèíèíã áàêòåðèé, ñïîñîáíûõ ðàñòâîðÿòü íåîðãàíè÷åñêèå è îðãàíè÷åñêèå ñîåäèíåíèÿ ôîñ-
ôîðà (îðòîôîñôàò êàëüöèÿ è ôèòèí) è ïðîäóöèðîâàòü àóêñèíû. Èçó÷åíû 6 øòàììîâ  ðîäà  Pseudomonas,
âûäåëåííûõ èç ãðóíòà ïåùåðû Êèíäåðëèíñêàÿ è 2 øòàììà Paenibacillus èç êîëëåêöèè Èíñòèòóòà áèîëîãèè.
Ïîêàçàíî, ÷òî èçó÷åííûå ïñåâäîìîíàäû àêòèâíåå ðàñòâîðÿëè ôîñôàòû, ÷åì ñïîðîîáðàçóþùèå áàêòåðèè.
Âñå èçó÷åííûå áàêòåðèè ñèíòåçèðîâàëè àóêñèíû ïðè êóëüòèâèðîâàíèè â æèäêèõ ñðåäàõ. Èçó÷åíà äèíàìèêà
ñèíòåçà àóêñèíà øòàììîì Pseudomonas sp. IB-K 13-1À, ìàêñèìàëüíàÿ ïðîäóêöèÿ ãîðìîíà íàáëþäàëàñü
÷åðåç 72 ÷àñà. Íàèáîëåå àêòèâíûì ïðîäóöåíòîì  àóêñèíà ñðåäè ñïîðîîáðàçóþùèõ êóëüòóð áûë øòàìì
P. illinoisensis IB-1087. Øòàììû Pseudomonas sp. IB-K 13-1À è P. illinoisensis IB-1087 ìîãóò áûòü èñïîëüçî-
âàíû äëÿ óëó÷øåíèÿ îáåñïå÷åíèÿ ðàñòåíèé ôîñôîðîì è ñòèìóëÿöèè èõ ðîñòà.

Êëþ÷åâûå ñëîâà: Pseudomonas, Paenibacillus, ìîáèëèçàöèÿ ôîñôàòîâ, ôèòîãîðìîíû.
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Î÷åíü âàæíûì ýëåìåíòîì áèîñôåðû, îï-
ðåäåëÿþùèì ðîñò è óðîæàéíîñòü ðàñòåíèé, ÿâ-
ëÿåòñÿ ôîñôîð. Åãî íåäîñòàòîê ñåðüåçíî íàðó-
øàåò ðàçâèòèå ðàñòåíèé. Â ïî÷âàõ ôîñôîð â îñ-
íîâíîì ïðåäñòàâëåí â âèäå îðãàíè÷åñêèõ ñî-
åäèíåíèé (ôèòèí, ãëèöåðîôîñôàò, îñòàòêè íóê-
ëåèíîâûõ êèñëîò è äð. ñîåäèíåíèé) è â âèäå
òðóäíîðàñòâîðèìûõ íåîðãàíè÷åñêèõ ôîñôàòîâ,
êîòîðûå íåäîñòóïíû äëÿ óñâîåíèÿ ðàñòåíèÿ-
ìè. Â óâåëè÷åíèè äîñòóïíîñòè ñîåäèíåíèé
ôîñôîðà âåäóùàÿ ðîëü ïðèíàäëåæèò ïî÷âåí-
íûì ìèêðîîðãàíèçìàì [1]. Èñïîëüçîâàíèå áàê-
òåðèé, ñïîñîáíûõ ïåðåâîäèòü ôîñôîð â äîñ-
òóïíóþ äëÿ ðàñòåíèé ôîðìó, ñ÷èòàåòñÿ îäíèì
èç ïåðñïåêòèâíûõ è ýêîëîãè÷åñêè ïðèåìëåìûõ
ïóòåé ïîâûøåíèÿ ýôôåêòèâíîñòè ìîáèëèçà-
öèè ôîñôîðà ïî÷âû. Ìîáèëèçîâàòü ôîñôîð èç
íåîðãàíè÷åñêèõ è îðãàíè÷åñêèõ ñîåäèíåíèé
ñïîñîáíû ìíîãèå ìèêðîîðãàíèçìû. Ýòî ïðî-
èñõîäèò çà ñ÷åò âûäåëåíèÿ èìè â ñðåäó êèñ-
ëûõ ìåòàáîëèòîâ [2] èëè ïðîäóêöèè ùåëî-÷íûõ
ôîñôàòàç [3, 4].

Ìåõàíèçìû âëèÿíèÿ ïî÷âåííûõ áàêòåðèé
íà ðàñòåíèÿ íå îãðàíè÷èâàþòñÿ ëèøü ïðåâðà-
ùåíèåì ýëåìåíòîâ ìèíåðàëüíîãî ïèòàíèÿ â
äîñòóïíóþ äëÿ ðàñòåíèé ôîðìó. Ìíîãèå ìèê-
ðîîðãàíèçìû ñïîñîáíû ñèíòåçèðîâàòü ñîåäè-
íåíèÿ, êîòîðûå ÿâëÿþòñÿ ðàñòèòåëüíûìè ãîð-
ìîíàìè [5]. Â ðåçóëüòàòå âîçäåéñòâèÿ ôèòîãîð-
ìîíîâ ìèêðîáíîãî ïðîèñõîæäåíèÿ íà ðàñòå-
íèÿ ìîæåò èçìåíÿòüñÿ ïîòîê êîðíåâûõ ýêññó-
äàòîâ, â ñîñòàâå êîòîðûõ ïðèñóòñòâóþò îðãà-
íè÷åñêèå êèñëîòû, ÷òî òàêæå ñïîñîáñòâóåò
ïîâûøåíèþ ðàñòâîðèìîñòè ôîñôàòîâ [6]. Äëÿ
ðàçðàáîòêè ïîäõîäîâ îïòèìèçàöèè ïîãëîùå-
íèÿ ôîñôîðà ðàñòåíèÿìè ïðåäñòàâëÿþòñÿ ïî-
ëåçíûìè äàííûå î ñòèìóëÿöèè ðîñòà ðàñòåíèé
àóêñèíïðîäóöèðóþùèìè áàêòåðèÿìè [7]. Èñõî-
äÿ èç èçëîæåííîãî, îòáîð áàêòåðèé, ïåðñïåê-
òèâíûõ äëÿ ðàçðàáîòêè íà èõ îñíîâå ðîñòî-
ñòèìóëèðóþùèõ áèîïðåïàðàòîâ, äîëæåí áàçè-
ðîâàòüñÿ íà îöåíêå êàê êëþ÷åâîãî ïàðàìåòðà –
ñïîñîáíîñòè ìîáèëèçîâàòü ñîåäèíåíèÿ ôîñôî-
ðà, òàê è âîçìîæíîñòè àêòèâèçèðîâàòü ðàçâè-
òèå ðàñòåíèé çà ñ÷åò äðóãèõ ìåõàíèçìîâ, âêëþ-
÷àÿ ïðîäóêöèþ ôèòîãîðìîíîâ.

Öåëüþ ðàáîòû áûë ïîèñê áàêòåðèé, ñïî-
ñîáíûõ ìîáèëèçîâàòü ôîñôîð èç íåîðãàíè÷å-

ñêèõ è îðãàíè÷åñêèõ ñîåäèíåíèé è îäíîâðåìåí-
íî ñèíòåçèðîâàòü ðàçëè÷íûå ôèòîãîðìîíû.

Îáúåêòû è ìåòîäû èññëåäîâàíèé.
Îáúåêòàìè èññëåäîâàíèé ñëóæèëè èçîëÿòû
ãðàìîòðèöàòåëüíûõ áàêòåðèé, âûäåëåííûõ èç
ãðóíòîâ ïåùåðû Êèíäåðëèíñêàÿ è ãðàìïîëî-
æèòåëüíûõ ñïîðîîáðàçóþùèõ áàêòåðèé, âû-
äåëåííûõ èç ïî÷â, íàõîäÿùèõñÿ â ñåëüñêîõî-
çÿéñòâåííîì îáîðîòå èç êîëëåêöèè ìèêðîîð-
ãàíèçìîâ Èíñòèòóòà áèîëîãèè ÓÍÖ ÐÀÍ. Âñå-
ãî áûëî èññëåäîâàíî 6 èçîëÿòîâ, îòíåñåííûõ
ê ðîäó Pseudomonas è 2 øòàììà àýðîáíûõ
ãðàìïîëîæèòåëüíûõ ñïîðîîáðàçóþùèõ áàêòå-
ðèé – Paenibacillus illinoisensis IB-1087 è
P. ehimensis IB-Xb.

Ñïîñîáíîñòü èññëåäóåìûõ êóëüòóð ðà-
ñòâîðÿòü îðòîôîñôàò êàëüöèÿ – Ca3(PO4)2
è/èëè ìîáèëèçîâàòü ôîñôîð îðãàíè÷åñêèõ ñî-
åäèíåíèé – èíîçèòîëãåêñàôîñôàòà – îöåíè-
âàëè íà òâåðäîé ïèòàòåëüíîé ñðåäå Ìóðîì-
öåâà [8]. Èññëåäóåìûå êóëüòóðû ìèêðîîðãà-
íèçìîâ âûñåâàëè íà ïîâåðõíîñòü ñðåäû ìèê-
ðîáèîëîãè÷åñêîé èãëîé â 4-êðàòíîé ïîâòîð-
íîñòè. Çàñåÿííûå ÷àøêè Ïåòðè ïîìåùàëè â
òåðìîñòàò è èíêóáèðîâàëè ïðè +22°Ñ íà
20 ñóòîê, åæåäíåâíî êîíòðîëèðóÿ íà÷àëî ïî-
ÿâëåíèÿ çîí ïðîñâåòëåíèÿ ñðåäû. Èíòåíñèâ-
íîñòü ìîáèëèçàöèè ôîñôàòîâ îöåíèâàëè ïî
ïëîùàäè çîí ïðîñâåòëåíèÿ íà 20 ñóòêè èí-
êóáàöèè.

Äëÿ îïðåäåëåíèÿ ñïîñîáíîñòè èññëåäó-
åìûõ áàêòåðèé ê ñèíòåçó àóêñèíîâ èñïîëü-
çîâàëè æèäêèå ïèòàòåëüíûå ñðåäû. Ãðàì-
îòðèöàòåëüíûå áàêòåðèè ðîäà Pseudomonas
êóëüòèâèðîâàëè íà ñðåäå Êèíã Â [9], ãðàì-
ïîëîæèòåëüíûå ñïîðîîáðàçóþùèå áàêòå-
ðèè – íà ìîäèôèöèðîâàííîé ñðåäå Ìåíêè-
íîé (Ì) ñëåäóþùåãî ñîñòàâà, ã/ë: ãëþêîçà –
5.0; ïåïòîí – 5.0; MgSO4*7H2O – 0.3; NaCl –
0.3; KCl – 0.3; KH2PO4 – 0.1; K2HPO4*3H2O –
0.1; MnSO4*7H2O – 0.001; FeSO4*7H2O –
0.001; äèñòèëëèðîâàííàÿ âîäà – 1.0 ë. ðÍ –
7.0–7 èëè íà ñðåäå K1G, ã/ë: êðàõìàë – 10.0;
äðîææåâîé ýêñòðàêò – 5.0; ïåïòîí – 4.0; êó-
êóðóçíûé ýêñòðàêò – 1.0; NaH2PO4*2H2O – 1.0;
K2HPO4*3H2O – 1.0; äèñòèëëèðîâàííàÿ
âîäà – 1 ë; ðÍ 7.6–7.8. Êîëáû Ýðëåíìåéåðà
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ñî ñòåðèëüíîé ïèòàòåëüíîé ñðåäîé çàñåâà-
ëè 12-÷àñîâîé êóëüòóðîé èñïûòóåìûõ áàêòå-
ðèé è êóëüòèâèðîâàëè â ðîòàöèîííîì àïïà-
ðàòå âûðàùèâàíèÿ ìèêðîîðãàíèçìîâ ÓÂÌÒ-
12-250 (n = 160 ìèí–1) ïðè 28°Ñ â òå÷åíèå
3–4 ñóòîê. Îòáîð ïðîá äëÿ àíàëèçà îñóùåñòâ-
ëÿëè ÷åðåç 6–7, 24, 48, 72, 96 ÷àñîâ. Ïðîáû
îñâîáîæäàëè îò áèîìàññû öåíòðèôóãèðîâà-
íèåì ïðè n = 4000 îá/ìèí–1. Ñîäåðæàùèåñÿ â
êóëüòóðàëüíîé æèäêîñòè àóêñèíû ýêñòðàãèðî-
âàëè äèýòèëîâûì ýôèðîì è ðåýêñòðàãèðîâà-
ëè âîäíûì ðàñòâîðîì ïî ìîäèôèöèðîâàííîé
ñõåìå, îïèñàííîé ðàíåå [10]. Äëÿ îïðåäåëå-
íèÿ ñîäåðæàíèÿ àóêñèíîâ ïðèìåíÿëè ìåòîä
èììóíîôåðìåíòíîãî àíàëèçà [11].

Ñòàòèñòè÷åñêóþ îáðàáîòêó ðåçóëüòàòîâ
ïðîâîäèëè, èñïîëüçóÿ êðèòåðèé Ñòüþäåíòà
íà 5% óðîâíå çíà÷èìîñòè ñ ïîìîùüþ ïðî-
ãðàììû Microsoft Excel 7.0.

Ðåçóëüòàòû è èõ îáñóæäåíèå. Îöåíêà
ñïîñîáíîñòè âûáðàííûõ äëÿ èññëåäîâàíèÿ
èçîëÿòîâ ïñåâäîìàíàä è äâóõ øòàììîâ
àýðîáíûõ ñïîðîîáðàçóþùèõ áàêòåðèé ê ìî-
áèëèçàöèè ôîñôîðà èç îðãàíè÷åñêèõ è íå-
îðãàíè÷åñêèõ ñîåäèíåíèé ïîäòâåðäèëà èç-
âåñòíûé ôàêò î ðàñïðîñòðàíåííîñòè äàííî-
ãî ñâîéñòâà ó ïðåäñòàâèòåëåé ðîäîâ
Pseudomonas è Paenibacillus. Âìåñòå ñ òåì
ñëåäóåò îòìåòèòü èíäèâèäóàëüíûå îòëè÷èÿ
(îñîáåííîñòè) ðàçëè÷íûõ êóëüòóð. Êàê ñëå-
äóåò èç äàííûõ, ïðåäñòàâëåííûõ â òàáë., âñå
èçó÷åííûå íàìè ïñåâäîìîíàäû ðàñòâîðÿëè
êàê íåîðãàíè÷åñêèå, òàê è îðãàíè÷åñêèå ñî-
åäèíåíèÿ ôîñôîðà (ñì. òàáë.). Çîíà ïðîñâåò-
ëåíèÿ ó áîëüøèíñòâà øòàììîâ ïîÿâëÿëàñü
óæå íà 1–2 ñóòêè ðîñòà. Ìàêñèìàëüíàÿ ìî-
áèëèçóþùàÿ àêòèâíîñòü â îòíîøåíèè îðòî-
ôîñôàòà êàëüöèÿ ïðîÿâèëàñü ó èçîëÿòà
Pseudomonas sp. IB-K 13-1À. Èçâåñòíî, ÷òî
ïðåâðàùåíèå íåðàñòâîðèìûõ ôîðì ìèíå-
ðàëüíûõ ôîñôàòîâ ìèêðîîðãàíèçìàìè â ðà-
ñòâîðèìûå ïðîèñõîäèò â ðåçóëüòàòå ïðîöåñ-
ñîâ çàêèñëåíèÿ ïî÷âåííîãî ðàñòâîðà, ñâÿ-
çûâàíèÿ êàòèîíîâ â îðãàíîìèíåðàëüíûå
êîìïëåêñû (õåëàòèðîâàíèå), èîíî-îáìåí-
íûõ ðåàêöèé [12] è âûäåëåíèÿ ãëþêîíîâûõ
êèñëîò [13].
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Òàêæå âñå èññëåäîâàííûå ïñåâäîìîíà-
äû áûëè ñïîñîáíû ãèäðîëèçîâàòü ôèòèí.
Íàèáîëüøàÿ àêòèâíîñòü îòìå÷åíà ó èçîëÿòîâ
Pseudomonas sp. IB-K 11-2, Pseudomonas sp.
IB-K 13-1À è Pseudomonas sp. IB-K 13-2. Îä-
íàêî ïîñëåäíèé èçîëÿò îòëè÷àåòñÿ òåì, ÷òî
â áîëüøåé ñòåïåíè ñïîñîáåí ìîáèëèçîâàòü
ôîñôîð èç îðãàíè÷åñêèõ, ÷åì íåîðãàíè÷åñ-
êèõ ñîåäèíåíèé. Çîíà ðàñòâîðåíèÿ îðòîôîñ-
ôàòà êàëüöèÿ ïðîÿâëÿëàñü ëèøü íà 12 ñóòêè
îò íà÷àëà êóëüòèâèðîâàíèÿ, à ãèäðîëèç ôè-
òèíà îòìå÷àëñÿ óæå ÷åðåç ñóòêè. Äàííûé ôå-
íîìåí, âîçìîæíî, îáóñëîâëåí òåì, ÷òî ñïî-
ñîáíîñòü ðàñòâîðÿòü íåîðãàíè÷åñêèå ôîñôà-
òû òðàäèöèîííî ñâÿçûâàþò ñ ïðîäóêöèåé
áàêòåðèÿìè íèçêîìîëåêóëÿðíûõ îðãàíè÷å-
ñêèõ êèñëîò, â îñíîâíîì ãëþêîíîâûõ è êåòî-
ãëþêîíîâûõ êèñëîò [14]. Ó áîëüøèíñòâà ãðàì-
îòðèöàòåëüíûõ áàêòåðèé, â òîì ÷èñëå è ïñåâ-
äîìîíàä, ýòè êèñëîòû ñèíòåçèðóþòñÿ â ïå-
ðèïëàçìàòè÷åñêîì ïðîñòðàíñòâå ïî ïóòè
ïðÿìîãî îêèñëåíèÿ ãëþêîçû (íå ïî ôîñôîðè-
ëàçíîìó ïóòè îêèñëåíèÿ ãëþêîçû) ïðè ó÷àñ-
òèè õèíîïðîòåèí ãëþêîçîäåãèäðîãåíàçû è
õèíîïðîòåèí ãëþêîíàòäåãèäðîãåíàçû (ÊÔ
1.1.5.2) ñîîòâåòñòâåííî [15]. Îáðàçóþùèåñÿ
òàêèì îáðàçîì â ïåðèïëàçìàòè÷åñêîì ïðî-
ñòðàíñòâå áàêòåðèàëüíûõ êëåòîê êèñëîòû
ìîãóò äèôôóçèîííî âûñâîáîæäàòüñÿ â îêðó-
æàþùóþ ñðåäó è ðàñòâîðÿòü íåîðãàíè÷åñêèå

ôîñôàòû. Î÷åâèäíî, ýòîò ïðîöåññ ïðîòÿæåí
ïî âðåìåíè è, âåðîÿòíî, ñâÿçàí ñ äèíàìè-
êîé ðîñòà ïîïóëÿöèè. Íàïðîòèâ, ãèäðîëèç
îðãàíè÷åñêèõ ôîñôàòîâ îñóùåñòâëÿåòñÿ ïîä
äåéñòâèåì ýêñòðàöåëëþëÿðíûõ ôåðìåíòîâ,
íàïðèìåð ôèòàçû (ÊÔ 3.1.1.8), êèíåòèêà ïðî-
öåññà êîòîðîãî îïèñûâàåòñÿ óðàâíåíèåì
Ìèõàýëèñà–Ìåíòåí è îïðåäåëÿåòñÿ êîíöåí-
òðàöèåé ñóáñòðàòà.

Èçâåñòíî, ÷òî àýðîáíûå ñïîðîîáðàçó-
þùèå áàêòåðèè òàêæå ñïîñîáíû ìîáèëèçî-
âàòü ôîñôîð èç îðãàíè÷åñêèõ è íåîðãàíè-
÷åñêèõ ñîåäèíåíèé [16, 17]. Îäíàêî ñðåäè
èçó÷åííûõ íàìè áàöèëë ëèøü øòàìì
P. illinoisensis IB-1087 áûë ñïîñîáåí ðàñòâî-
ðÿòü îðòîôîñôò êàëüöèÿ, òîãäà êàê ôèòèí
ãèäðîëèçîâàëè îáà øòàììà. Ñëåäóåò îòìå-
òèòü, ÷òî ïëîùàäü çîí ïðîñâåòëåíèÿ ñðåäû
ó ñïîðîîáðàçóþùèõ áàêòåðèé áûëà ñóùå-
ñòâåííî ìåíüøå, ÷åì ó ïñåâäîìîíàä.

Â ñîîòâåòñòâèè ñ ïîñòàâëåííîé öåëüþ
èññëåäîâàíèé áûëà ïðîâåäåíà îöåíêà ñïî-
ñîáíîñòè îòîáðàííûõ øòàììîâ áàêòåðèé ê
ñèíòåçó àóêñèíîâ. Ñèíòåç ôèòîãîðìîíîâ
øòàììàìè áàêòåðèé èçó÷àëè ïðè ðîñòå â ïå-
ðèîäè÷åñêîé êóëüòóðå, ðåçóëüòàòû ïðåäñòàâ-
ëåíû â òàáë. è íà ðèñ. Âñå èññëåäîâàííûå
ïðåäñòàâèòåëè ðîäà Pseudomonas ïðîäóöè-
ðîâàëè àóêñèí. Ìàêñèìàëüíîå êîëè÷åñòâî
ýòîãî ãîðìîíà ñèíòåçèðîâàë øòàìì

Ðèñ. Äèíàìèêà ðîñòà è  ïðîäóêöèè àóêñèíà øòàììîì Pseudomonas sp. IB-K 13-1À( D630-îïòè÷åñêàÿ ïëîòíîñòü
êóëüòóðàëüíîé æèäêîñòè, ïðè äëèíå âîëíû 630 íì, ÊÎÅ – êîëîíèåîáðàçóþùèå åäèíèöû, àóêñèí – êîíöåíòðàöèÿ
àóêñèíà â êóëüòóðàëüíîé æèäêîñòè)
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Pseudomonas sp. IB-K 13-2. Äðóãèå øòàììû
ïî ñïîñîáíîñòè îáðàçîâûâàòü ýòîò ãîðìîí
ðàñïîëàãàëèñü â ðÿäó (ïî óáûâàíèþ)
Pseudomonas sp. IB-K 11-1, Pseudomonas sp.
IB-K 13-1À, Pseudomonas sp. IB-K 13-1Á,
Pseudomonas sp. IB-K-19. Ïðè ñîïîñòàâëå-
íèè ïîëó÷åííûõ äàííûõ ìîæíî çàêëþ÷èòü,
÷òî ñðåäè ïñåâäîìîíàä íàèáîëåå ïåðñïåê-
òèâíûì øòàììîì äëÿ ðàçðàáîòêè ðîñòîñòè-
ìóëèðóþùèõ áèîïðåïàðàòîâ ÿâëÿåòñÿ
Pseudomonas sp. IB-K 13-1À. Ó ýòîãî øòàì-
ìà âûÿâëåíà âûñîêàÿ ñïîñîáíîñòü ê ðàñòâî-
ðåíèþ ðàçëè÷íûõ ñîåäèíåíèé ôîñôîðà è
çíà÷èòåëüíàÿ ïðîäóêöèÿ àóêñèíà.

Íàìè áûëà èçó÷åíà äèíàìèêà ðîñòà è
ïðîäóêöèè àóêñèíà êóëüòóðîé Pseudomonas sp.
IB-K 13-1À ïðè êóëüòèâèðîâàíèè â æèäêîé
ïèòàòåëüíîé ñðåäå. Ïðîäîëæèòåëüíîñòü ýêñ-
ïîíåíöèàëüíîé ôàçû ðîñòà ñîñòàâèëà 6 ÷à-
ñîâ (ñì. ðèñ.). ×åðåç 24 ÷àñà êóëüòóðà äîñòèãà-
ëà ñòàöèîíàðíîé ôàçû ðîñòà, è ê ýòîìó ìî-
ìåíòó â êóëüòóðàëüíîé æèäêîñòè áûë îáíà-
ðóæåí àóêñèí. Â õîäå ïðîäîëæåíèÿ ïðîöåññà
èíêóáàöèè íà ôîíå ïðåêðàùåíèÿ äåëåíèÿ êëå-
òîê è ïðèðîñòà áèîìàññû ïðîäóêöèÿ àóêñèíà
ïðîäîëæàëàñü è ê 72 ÷àñó îò íà÷àëà èíêóáà-
öèè äîñòèãëà îêîëî 600 íã/ìë.

Èçó÷åííûå ñïîðîîáðàçóþùèå áàêòå-
ðèè òàêæå áûëè ñïîñîáíû ê ñèíòåçó àóê-
ñèíîâ, îäíàêî åãî ïðîäóêöèÿ íå ïðåâûøà-
ëà 100 íã/ìë. Íàèáîëåå àêòèâíûì ïðîäó-
öåíòîì ñðåäè ýòèõ êóëüòóð áûë øòàìì
P. illinoisensis IB-1087.

Ïðîâåäåííûå èññëåäîâàíèÿ ïîçâîëÿþò
âûäåëèòü äâà øòàììà áàêòåðèé, ïåðñïåêòèâ-
íûõ äëÿ èñïîëüçîâàíèÿ ñ öåëüþ îïòèìèçàöèè
ôîñôîðíîãî ïèòàíèÿ ðàñòåíèé è ñòèìóëèðî-
âàíèÿ èõ ðîñòà, Pseudomonas sp. IB-K13-1À
è P.illinoisensis IB-1087.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîä-
äåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ
èññëåäîâàíèé, ãðàíò ¹14-04-97049.
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NEW  STRAINS  OF  PHOSPATE  MOBILIZING  AUXIN  PRODUCING  BACTERIA  AS
PROMISING  MICROORGANISMS  FOR  AGRICULTURAL  BIOTECHNOLOGY

© L.Yu. Kuzmina, L.B. Vysotskaya, N.F. Galimzyanova, E.A. Gilvanova,
A.S. Ryabova, A.I. Melentyev

Institute of Biology, Ufa Scientific Centre, RAS,
69, prospekt Oktyabrya, 450054, Ufa, Republic of Bashkortostan, Russia

Phosphorus is one of the essential nutrients responsible for plant growth and development. However, soil
phosphorus occurs mainly in the form of mineral and organic compounds unavailable or slightly available for
plants. Soil microorganisms play a major role in promoting phosphorus availability. Application of bacteria capable
of transforming phosphorous compounds into plant-assimable forms is considered one of the most promising and
environmentally friendly strategies to increase the efficiency of soil phosphorus mobilization. It is known that
many microorganisms are also capable of promoting plant growth through phytohormone production. Selection of
bacteria able to serve as a basis for the development of plant growth biostimulators should lean, as a key criterion,
upon their ability to mobilize phosphorous compounds and promote plant growth through other mechanisms,
including phytohormone production. The objective of the research was to find out bacteria capable of mobilizing
phosphorus from mineral and organic compounds and producing different phytohormones at the same time.

We performed screening of bacteria capable of dissolving mineral and organic phosphorous compounds
(calcium orthophosphate and phytin) and producing auxins. Six bacterial strains of the genus Pseudomonas from
soil of Kinderlinskaya Cave and two strains of Paenibacillus from the Microbial Collection (Institute of Biology,
RAS) were selected and studied. It was shown that pseudomonades under study dissolved phosphates more
actively as compared to spore-forming bacteria. All of these bacteria produced auxins during cultivation in liquid
media. The dynamics of auxin production by the strain Pseudomonas sp. IB-K 13-1À was studied, with maximum
hormone production observed after 72 hours of cultivation. The strain P. illinoisensis IB-1087 was the most active
auxin producer among spore-forming bacteria. Thus, the strains Pseudomonas sp. IB-K 13-1À and P. illinoisensis
IB-1087 can be used to improve phosphorus intake by plants and promote plant growth.

Key words: Pseudomonas, Paenibacillus, phosphate solubilization, phytohormones.
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ÑÎÑÒÀÂ ÆÈÐÍÛÕ  ÊÈÑËÎÒ  ÊËÅÒÎ×ÍÎÉ  ÑÒÅÍÊÈ  ÁÀÊÒÅÐÈÈ
 Paenibacillus  ehimensis  IB-739

© Ò.Þ. Êîðøóíîâà, Ñ.Ã. Êîâàëüñêàÿ, Î.Í. Ëîãèíîâ, À.È. Ìåëåíòüåâ

Äëÿ áîëåå ïîëíîãî òàêñîíîìè÷åñêîãî îïèñàíèÿ èññëåäîâàí ñïåêòð æèðíûõ êèñëîò êëåòî÷íîé ñòåíêè
ïðîìûøëåííî çíà÷èìîé áàêòåðèè Paenibacillus ehimensis IB-739 (ÂÊÌ Â-2680D) – ïðîäóöåíòà ôåðìåí-
òà öèêëîäåêñòðèíãëþêàíîòðàíñôåðàçû è âûñîêîâÿçêîãî ýêçîïîëèñàõàðèäà àëüãèíàòíîãî òèïà. Ñ ïîìî-
ùüþ ãàçîâîé õðîìàòîãðàôèè-ìàññ-ñïåêòðîìåòðèè  èäåíòèôèöèðîâàíû 19 ñîåäèíåíèé ñ äëèíîé öåïè îò
14 äî 20 àòîìîâ óãëåðîäà. Äîìèíèðóþùåé ÿâëÿëàñü àíòåèçî-ïåíòàäåêàíîâàÿ (Ñai15:0) (÷òî õàðàêòåðíî äëÿ
âñåãî ðîäà Paenibacillus), ñîñòàâëÿþùàÿ 46.46% îò ñóììû âñåõ æèðíûõ êèñëîò. Ñëåäóþùèìè ïî ñî-
äåðæàíèþ áûëè àíòåèçî-ãåïòàäåêàíîâàÿ (Ñai17:0) – 20.47% è ãåêñàäåêàíîâàÿ êèñëîòà (Ñ16:0)  – 9.04%.
Âûÿâëåíû íàñûùåííûå êèñëîòû, òàêèå êàê òåòðàäåêàíîâàÿ (Ñ14:0) (0.87%), ãåïòàäåêàíîâàÿ (Ñ17:0) (0.12%),
îêòàäåêàíîâàÿ (Ñ18:0) (2.29%) è ýéêîçàíîâàÿ (Ñ20:0) (0.12%). Ñîåäèíåíèÿ ñ ðàçâåòâëåííîé óãëåðîäíîé
öåïüþ (Ñi15:0, Ñi16:0 è Ñi17:0) ïðèñóòñòâóþò â ñïåêòðå æèðíûõ êèñëîò øòàììà P. ehimensis IB-739  â êîëè÷å-
ñòâå 6.79, 2.35 è 5.15% ñîîòâåòñòâåííî. Ó èññëåäóåìîé êóëüòóðû íàéäåíû êîðîòêîöåïî÷å÷íàÿ ðàçâåò-
âëåííàÿ íàñûùåííàÿ êèñëîòà Ñi14:0 (0.40%) è ñëåäîâûå êîëè÷åñòâà ðàçâåòâëåííûõ íåíàñûùåííûõ êèñ-
ëîò – èçîãåêñàäåöåíîâîé (Ñi16:1) è èçîãåïòàäåöåíîâîé (Ñi17:1). Îáíàðóæåíû ìèíîðíûå êîìïîíåíòû – ýòî
èçîìåðû îêòàäåöåíîâîé êèñëîòû (Ñ18:1) ñ ðàçíûì ïîëîæåíèåì äâîéíîé ñâÿçè, ñîäåðæàíèå êîòîðûõ ïðàê-
òè÷åñêè îäèíàêîâî: Ñ18:1w9 – 1.66% è Ñ18:1w7 – 1.61% è  îêòàäåêàäèåíîâàÿ êèñëîòà (Ñ18:2) (0.94%). Åùå
îäíîé õàðàêòåðíîé îñîáåííîñòüþ P. ehimensis IB-739 ÿâëÿåòñÿ íàëè÷èå â æèðíîêèñëîòíîì ñîñòàâå ñïèð-
òîâ – Ñ16alc (0.55%) è Ñ18alc (0.27%).

Êëþ÷åâûå ñëîâà:  Paenibacillus ehimensis IB-739, æèðíûå êèñëîòû.

Îñîáåííîñòè õèìè÷åñêîãî ñîñòàâà êëåòîê
ìèêðîîðãàíèçìîâ øèðîêî èñïîëüçóþòñÿ äëÿ
îïðåäåëåíèÿ èõ ðîäà èëè âèäà. Óæå áîëåå
30 ëåò ñïåêòð æèðíûõ êèñëîò íàðÿäó ñ ñîñòà-
âîì ïîëÿðíûõ ëèïèäîâ è õèíîíîâ óñïåøíî
ñëóæèò îäíèì èç êðèòåðèåâ ïðè òàêñîíîìè-
÷åñêîì îïèñàíèè è èäåíòèôèêàöèè ìèêðîîð-
ãàíèçìîâ [1, 2]. Æèðíûå êèñëîòû êëåòî÷íûõ
ñòåíîê èìåþò ñïåöèôè÷åñêèå îñîáåííîñòè ó
ïðåäñòàâèòåëåé ðàçíûõ ñèñòåìàòè÷åñêèõ
ãðóïï (äëèíà è ðàçâåòâëåíèÿ óãëåðîäíîé
öåïè, ðàçëè÷íîå ïîëîæåíèå äâîéíûõ ñâÿçåé,

ñîîòâåòñòâèå îñíîâíûõ è íàëè÷èå õàðàêòåð-
íûõ ìèíîðíûõ êîìïîíåíòîâ) [3, 4]. Èõ ñîäåð-
æàíèå è ñîîòíîøåíèå ãåíåòè÷åñêè äåòåðìè-
íèðîâàíû è òàê æå êîíñåðâàòèâíû, êàê è ÄÍÊ,
÷òî ïîäòâåðæäàåòñÿ ïàëåîíòîëîãè÷åñêèìè
èññëåäîâàíèÿìè [5]. Íà ñåãîäíÿøíèé äåíü
ñîñòàâ æèðíûõ êèñëîò êëåòî÷íûõ ñòåíîê ìíî-
ãèõ ìèêðîîðãàíèçìîâ èçó÷åí, äîêàçàíà èõ
ðîäî- è âèäîñïåöèôè÷íîñòü [3].

Ðàíåå èç ñåðîé ñðåäíåãóìóñíîé ïî÷âû
Ðåñïóáëèêè Áàøêîðòîñòàí áûë âûäåëåí øòàìì
Âacillus sp. IB-739, ñïîñîáíûé ê ïðîäóêöèè
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çíà÷èòåëüíîãî êîëè÷åñòâà öèêëîäåêñòðèíãëþ-
êàíîòðàíñôåðàçû (ÖÃÒàçà, ÊÔ 2.4.1.19) [6].
Ôåðìåíò êàòàëèçèðóåò ðåàêöèè, ïðèâîäÿùèå
ê îáðàçîâàíèþ öèêëîäåêñòðèíîâ, èñïîëüçóå-
ìûõ â ïèùåâîé è êîñìåòè÷åñêîé ïðîìûøëåí-
íîñòè, ôàðìàöåâòèêå, îðãàíè÷åñêîì ñèíòåçå,
íåôòåäîáû÷å è ñåëüñêîì õîçÿéñòâå [7]. ÖÃÒàçà
óêàçàííîãî øòàììà îáëàäàåò øèðîêèì ñïåê-
òðîì äåéñòâèÿ, èíèöèèðóÿ ïðåâðàùåíèå êðàõ-
ìàëà â ñìåñè, ïðèãîäíûå äëÿ îäíîâðåìåííîãî
ïîëó÷åíèÿ òðåõ öèêëè÷åñêèõ äåêñòðèíîâ [8].
Òàêæå ýòà áàêòåðèÿ ÿâëÿåòñÿ ïðîäóöåíòîì âû-
ñîêîâÿçêîãî ýêçîïîëèñàõàðèäà àëüãèíàòíîãî
òèïà, îáëàñòè ïðèìåíåíèÿ êîòîðîãî î÷åíü ðàç-
íîîáðàçíû – îò çàãóñòèòåëåé â ïèùåâîé ïðî-
ìûøëåííîñòè è ïëàçìîçàìåíèòåëåé â ìåäè-
öèíå äî êîìïîíåíòîâ áóðîâûõ ðàñòâîðîâ ïðè
íåôòåäîáû÷å [9, 10].

 Â äàëüíåéøåì ïî ñîâîêóïíîñòè ôåíîòè-
ïè÷åñêèõ è áèîõèìè÷åñêèõ ïðèçíàêîâ èçó÷àå-
ìûé øòàìì áûë èäåíòèôèöèðîâàí êàê áëèç-
êèé ê òèïîâîé êóëüòóðå Paenibacillus ehimensis
ÊÑÒÑ 3748(Ò) (=IFO 15659(T)) [11–13]. Áûëà
îïðåäåëåíà, ïðîàíàëèçèðîâàíà è äåïîíèðîâà-
íà â Genbank ïðàêòè÷åñêè ïîëíàÿ íóêëåîòèä-
íàÿ ïîñëåäîâàòåëüíîñòü ãåíà, êîäèðóþùåãî 16S
ðÐÍÊ (íîìåð FN582329), óñòàíîâëåíû ôèëî-
ãåíåòè÷åñêèå îòíîøåíèÿ øòàììà ñ äðóãèìè
âèäàìè ðîäà Paenibacillus, â ò.÷. îáëàäàþùè-
ìè ÖÃÒàçíîé àêòèâíîñòüþ. Íà îñíîâàíèè ðå-
çóëüòàòîâ ïðîâåäåííûõ èññëåäîâàíèé óêàçàí-
íàÿ êóëüòóðà áûëà îòíåñåíà ê âèäó Paenibacillus
ehimensis. Øòàìì Paenibacillus ehimensis IB-739
äåïîíèðîâàí âî Âñåðîññèéñêîé êîëëåêöèè
ìèêðîîðãàíèçìîâ ïîä íîìåðîì Â-2680D [13].
Íî òàêñîíîìè÷åñêîå îïèñàíèå òàêîãî âàæíîãî
ñ ïðàêòè÷åñêîé òî÷êè çðåíèÿ ìèêðîîðãàíèçìà
ÿâëÿåòñÿ íåïîëíûì áåç ñâåäåíèé î ñîñòàâå
æèðíûõ êèñëîò êëåòî÷íîé ñòåíêè. Öåëüþ íà-
ñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ âîñïîëíåíèå
ýòîãî ïðîáåëà.

Äëÿ àíàëèçà ñîñòàâà æèðíûõ êèñëîò èñ-
ïîëüçîâàëè ãàçîâûé õðîìàòîãðàô Agilent 6890N
ñ ìàññ-ñåëåêòèâíûì äåòåêòîðîì Agilent
5973inert (Agilent Technologies, ÑØÀ), êîòîðûé
áûë îñíàùåí ñèñòåìîé àâòîìàòè÷åñêîãî ââî-
äà ïðîá è óïðàâëÿëñÿ ñ ïîìîùüþ ïðîãðàìì-
íîãî îáåñïå÷åíèÿ MSD Chem Station (Agilent

Technologies, ÑØÀ), âêëþ÷àþùåãî â ñåáÿ ïà-
êåò äëÿ îáðàáîòêè äàííûõ Data Analysis. Âå-
ùåñòâà â õðîìàòîãðàôè÷åñêèõ ïèêàõ èäåíòè-
ôèöèðîâàëè ñ ïîìîùüþ áèáëèîòå÷íûõ ïðî-
ãðàìì áàçû äàííûõ ìàññ-ñïåêòðîâ Íàöèî-
íàëüíîãî èíñòèòóòà ñòàíäàðòîâ è òåõíîëîãèé
(NIST, ÑØÀ) (http://webbook.nist.gov/chemistry).

Øòàìì âûðàùèâàëè ïðè 30îÑ â òå÷åíèå
48 ÷ íà ñðåäå, ñîäåðæàùåé ñîåâóþ ìóêó – 5 ã,
õëîðèä íàòðèÿ – 5 ã, òðèïòîí – 15 ã, àãàð-
àãàð – 15 ã, âîäó – 1000 ìë. Ïðîáó ñóõîé áèî-
ìàññû êëåòîê (3–5 ìã) ïîäâåðãàëè êèñëîòíî-
ìó ìåòàíîëèçó (1Ì HCl/ÌåÎÍ 400 ìêë, 80°Ñ,
45 ìèí). Ïðîäóêòû ýêñòðàãèðîâàëè í-ãåêñà-
íîì (1 × 400 ìêë), âûñóøèâàëè 3–4 ìèí ïðè
80°Ñ. Ñóõîé îñòàòîê äåðèâàòèçèðîâàëè
N,Î-áèñ(òðèìåòèë-ñèëèë)-òðèôòîðàöåòàìè-
äîì (20 ìêë, 80°Ñ, 15 ìèí). Ðåàêöèîííóþ
ñìåñü ðàçáàâëÿëè í-ãåêñàíîì (60 ìêë), ðà-
ñòâîð àíàëèçèðîâàëè ìåòîäîì ãàçîâîé õðî-
ìàòîãðàôèè-ìàññ-ñïåêòðîìåòðèè.

Õðîìàòîãðàôè÷åñêîå ðàçäåëåíèå ïðîáû
(1 ìêë) îñóùåñòâëÿëè íà êàïèëëÿðíîé êîëîí-
êå ñ ôàçîé HP-5MS (30 ì × 0.25 ìì × 0.25 ìêì),
ãàç-íîñèòåëü – âîäîðîä. Òåìïåðàòóðíàÿ ïðî-
ãðàììà ãàçîâîãî õðîìàòîãðàôà: 135–320°Ñ,
ñêîðîñòü ïîäúåìà òåìïåðàòóðû ëèíåéíàÿ –
7°Ñ/ìèí. Èîíèçàöèÿ ìåòîäîì ýëåêòðîííîãî
óäàðà (70 ýÂ). Òåìïåðàòóðà èñòî÷íèêà 230°Ñ,
òåìïåðàòóðà êâàäðóïîëÿ 150°Ñ. Ðåãèñòðàöèÿ
ïðîâîäèëàñü â ðåæèìå ñåëåêòèâíûõ èîíîâ
ïðè ïåðèîäè÷åñêîì ñêàíèðîâàíèè äî òðèä-
öàòè èîíîâ â ïÿòè èíòåðâàëàõ âðåìåíè.

Âñåãî ó øòàììà P. ehimensis IB-739 íàìè
èäåíòèôèöèðîâàíî 19 ñîåäèíåíèé ñ äëèíîé
öåïè îò 14 äî 20 àòîìîâ óãëåðîäà (ðèñ.). Äî-
ìèíèðóþùåé ÿâëÿëàñü àíòåèçî-ïåíòàäåêàíî-
âàÿ (Ñai15:0) (÷òî õàðàêòåðíî äëÿ âñåãî ðîäà
Paenibacillus), ñîñòàâëÿþùàÿ 46.46% îò ñóì-
ìû âñåõ æèðíûõ êèñëîò. Ñëåäóþùèìè ïî ñî-
äåðæàíèþ áûëè àíòåèçî-ãåïòàäåêàíîâàÿ
(Ñai17:0) – 20.47% è ãåêñàäåêàíîâàÿ êèñëîòà
(Ñ16:0) – 9.04%. Ó òèïîâîãî øòàììà âèäà
Paenibacillus ehimensis ÊÑÒÑ 3748(Ò) òàêæå
ïðåâàëèðîâàëà àíòåèçî-ïåíòàäåêàíîâàÿ êèñ-
ëîòà (52.9%), íî êîëè÷åñòâî ãåêñàäåêàíîâîé
êèñëîòû è àíòåèçî-ãåïòàäåêàíîâîé áûëî
áëèçêî (7.1 è 8.0% ñîîòâåòñòâåííî) [12].
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Íàñûùåííûå êèñëîòû, òàêèå êàê òåòðàäåêà-
íîâàÿ (Ñ14:0) (0.87%), ãåïòàäåêàíîâàÿ (Ñ17:0)
(0.12%), îêòàäåêàíîâàÿ (Ñ18:0) (2.29%) è ýéêî-
çàíîâàÿ (Ñ20:0) (0.12%) âûÿâëåíû òîëüêî øòàì-
ìà P. ehimensis IB-739. Ñîåäèíåíèÿ ñ ðàçâåò-
âëåííîé óãëåðîäíîé öåïüþ (Ñi15:0, Ñi16:0 è Ñi17:0)
ïðèñóòñòâóþò â ñïåêòðå æèðíûõ êèñëîò êàê ó
èçó÷àåìîãî (6.79%, 2.35% è 5.15% ñîîòâåò-
ñòâåííî), òàê è ó òèïîâîãî øòàììà P. ehimensis
ÊÑÒÑ 3748(Ò) (8.1%, 8.6% è 3.3% ñîîòâåò-
ñòâåííî) [12]. Ó èññëåäóåìîé êóëüòóðû îáíà-
ðóæåíû êîðîòêîöåïî÷å÷íàÿ ðàçâåòâëåííàÿ íà-
ñûùåííàÿ êèñëîòà Ñi14:0 (0.40%) è ñëåäîâûå
êîëè÷åñòâà ðàçâåòâëåííûõ íåíàñûùåííûõ
êèñëîò – èçîãåêñàäåöåíîâîé (Ñi16:1) è èçîãåï-
òàäåöåíîâîé (Ñi17:1). Òàêæå íàìè èäåíòèôè-
öèðîâàíû è ìèíîðíûå êîìïîíåíòû – ýòî èçî-
ìåðû îêòàäåöåíîâîé êèñëîòû (Ñ18:1) ñ ðàçíûì
ïîëîæåíèåì äâîéíîé ñâÿçè, ñîäåðæàíèå êî-
òîðûõ ïðàêòè÷åñêè îäèíàêîâî: (Ñ18:1w9) –
1.66% è (Ñ18:1w7) – 1.61% è îêòàäåêàäèåíîâàÿ
êèñëîòà (Ñ18:2) – (0.94%). Åùå îäíîé õàðàêòåð-
íîé îñîáåííîñòüþ P. ehimensis IB-739 ÿâëÿ-
åòñÿ íàëè÷èå â æèðíîêèñëîòíîì ñîñòàâå
ñïèðòîâ – (Ñ16alc) (0.55%) è (Ñ18alc) (0.27%).

Íåîáõîäèìî îòìåòèòü, ÷òî ðåçóëüòàòû îï-
ðåäåëåíèÿ êîëè÷åñòâåííîãî è êà÷åñòâåííîãî
ñîäåðæàíèÿ æèðíûõ êèñëîò, ïîëó÷åííûå ðàç-
íûìè àâòîðàìè äëÿ îäíèõ è òåõ æå âèäîâ, ìî-
ãóò çíà÷èòåëüíî ðàçíèòüñÿ, ÷òî ñâÿçàíî ñ óñëî-
âèÿìè êóëüòèâèðîâàíèÿ, îñîáåííî ñ ñîñòàâîì
ïèòàòåëüíûõ ñðåä [3, 4]. Ïîýòîìó îòëè÷èÿ â
ñïåêòðå æèðíûõ êèñëîò øòàììà P. ehimensis
IB-739 è òèïîâîãî øòàììà P. ehimensis ÊÑÒÑ
3748 (Ò) [12] ìîãóò áûòü îáúÿñíåíû òåì, ÷òî â
íàøåì ñëó÷àå èñïîëüçîâàëàñü íå ñòàíäàðòíàÿ
ãîòîâàÿ ñðåäà, ñîäåðæàùàÿ ïàïàèíîâûé ãèä-
ðîëèçàò ñîåâîãî øðîòà, à ñðåäà, êîìïîíåíòîì
êîòîðîé ÿâëÿëàñü îáåçæèðåííàÿ ñîåâàÿ ìóêà.
Òàêæå âûñîêàÿ ÷óâñòâèòåëüíîñòü ïðèáîðà ïî-
çâîëèëà íàì âûÿâèòü â ñîñòàâå æèðíûõ êèñ-
ëîò êëåòî÷íîé ñòåíêè P. ehimensis IB-739 ñî-
åäèíåíèÿ, íå çàÿâëåííûå ó òèïîâîãî øòàììà.
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CELLULAR  FATTY  ACID  COMPOSITION  OF  BACTERIUM
Paenibacillus  ehimensis  IB-739

© T.Yu. Korshunova1, S.G. Kovalskaya2, O.N. Loginov1, A.I. Melentyev1
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In order to make a more complete taxonomical description, we have investigated the spectra of fatty acids of
a cellular wall of industrially significant bacterium Paenibacillus ehimensis IB-739 (BKM B-2680D), a producer of
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enzyme cyclodextrin glucanotransferases and high-viscosity exopolysaccharide of the alginate type. Using gas
chromatography – mass spectrometry methods, we have identified 19 compounds with chain length from 14 to 20
carbon atoms. Anteisopentadecanoic acid (Cai15:0) prevailed (which is typical for the whole genus Paenibacillus),
making up 46.46 pc of the sum of all fatty acids. Next in order of content were anteisoheptadecanoic (Cai17:0)
(20.47 pc) and hexadecanoic (C16:0) (9.04 pc) acids. Saturated acids were found, such as tetradecanoic (C14:0)
(0.87 pc), heptadecanoic (C17:0) (0.12 pc), octadecanoic (C18:0) (2.29 pc) and icosanoic (C20:0) (0.12 pc). Compounds
with branched carbon chains (Ci15:0, Ci16:0 and Ci17:0) occurred in the spectra of fatty acids of the strain P. ehimensis
IB-739 to the extent of 6.79, 2.35 and 5.1 percent, respectively. The culture under investigation had short-chain
branched saturated Ci14:0 (0.40 pc) acid and trace amounts of branched nonsaturated isohexadecenoic (Ci16:1) and
isoheptadecenoic (Ci17:1) acids. Minor components were also revealed. These were isomers of octadecenoic acid
(C18:1) with different positions of double bonds and almost identical contents: C18:1w9 – 1.66 pc and C18:1w7 – 1.61 pc.
The content of octadecadienoic acid (C18:2) was 0.94 pc. One more characteristic feature of P. ehimensis IB-739
was the occurrence of alcohols C16alc (0.55 pc) and C18alc (0.27 pc) in the fatty acid composition.

Key words: Paenibacillus ehimensis IB-739, cellular fatty acids.
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Ïðåäñòàâëåíû ìàòåðèàëû ïî âîäíîìó äåôèöèòó ëèñòâåííèöû Ñóêà÷åâà â óñëîâèÿõ ïîëèìåòàëëè-
÷åñêîãî çàãðÿçíåíèÿ Ñòåðëèòàìàêñêîãî ïðîìûøëåííîãî öåíòðà. Öåëüþ äàííîé ðàáîòû ÿâèëîñü îïðåäå-
ëåíèå ñîäåðæàíèÿ âîäû â õâîå ëèñòâåííèöû Ñóêà÷åâà â óòðåííèå, ïîëóäåííûå è ïîñëåïîëóäåííûå ÷àñû,
îöåíêà îòíîñèòåëüíîãî ñîñòîÿíèÿ äðåâåñíûõ ðàñòåíèé â óñëîâèÿõ çàãðÿçíåíèÿ Ñòåðëèòàìàêñêîãî ïðî-
ìûøëåííîãî öåíòðà è â çîíå óñëîâíîãî êîíòðîëÿ, òàêæå èññëåäîâàíèå êîðíåâûõ ñèñòåì äðåâåñíûõ
ðàñòåíèé. Îáúåêòîì èññëåäîâàíèé áûëè ëèñòâåííè÷íûå íàñàæäåíèÿ, ðàñïîëîæåííûå íà ðàçëè÷íîì óäà-
ëåíèè îò ïðîìûøëåííûõ ïðåäïðèÿòèé ã. Ñòåðëèòàìàêà. Â ðåçóëüòàòå âûÿâëåíî, ÷òî â óñëîâèÿõ Ñòåðëèòà-
ìàêñêîãî ïðîìûøëåííîãî öåíòðà (ÑÏÖ) è â çîíå óñëîâíîãî êîíòðîëÿ (ÇÓÊ) ó ëèñòâåííèöû Ñóêà÷åâà â
ïîëäåíü ñ óâåëè÷åíèåì òåìïåðàòóðû âîçäóõà è óìåíüøåíèåì îòíîñèòåëüíîé âëàæíîñòè âîçäóõà ðàñõîä
âëàãè óâåëè÷èâàåòñÿ, äîñòèãàÿ ìàêñèìàëüíîãî âîäíîãî äåôèöèòà â äíåâíîå âðåìÿ ñ 13–15 ÷. Êàê ïîêà-
çûâàþò íàøè èññëåäîâàíèÿ, â èþíå–àâãóñòå âîäíûé äåôèöèò â óñëîâèÿõ ÑÏÖ â ðàñòåíèÿõ íà 5–10%
ïðåâûøàë äàííûé ïîêàçàòåëü ó êîíòðîëüíûõ ðàñòåíèé. Æèçíåííîå ñîñòîÿíèå íàñàæäåíèÿ ëèñòâåííèöû
Ñóêà÷åâà â óñëîâèÿõ çàãðÿçíåíèÿ Ñòåðëèòàìàêñêîãî ïðîìûøëåííîãî öåíòðà îöåíåíî êàê «îñëàáëåí-
íîå», à â ÇÓÊ êàê «çäîðîâîå». Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé óñòàíîâëåíî, ÷òî â óñëîâèÿõ
çàãðÿçíåíèÿ Ñòåðëèòàìàêñêîãî ïðîìûøëåííîãî öåíòðà ïðîèñõîäèò óõóäøåíèå æèçíåííîãî ñîñòîÿíèÿ,
ïîíèæåíèå äîëè ïîãëîùàþùèõ êîðíåé ëèñòâåííèöû Ñóêà÷åâà, îòìå÷àþòñÿ çíà÷èòåëüíûå èçìåíåíèÿ ïî-
êàçàòåëåé âîäíîãî äåôèöèòà.

Êëþ÷åâûå ñëîâà: ëèñòâåííèöà Ñóêà÷åâà, âîäíûé äåôèöèò, êàòåãîðèÿ æèçíåííîãî ñîñòîÿíèÿ, ïîãëî-
ùàþùèå êîðíè, Ñòåðëèòàìàêñêèé ïðîìûøëåííûé öåíòð.

Âîäà – ãëàâíàÿ ñîñòàâëÿþùàÿ ÷àñòü òåëà
ðàñòåíèé. Âîäà íåîáõîäèìà äëÿ ïîääåðæàíèÿ
ñòðóêòóðíîé öåëîñòíîñòè áèîëîãè÷åñêèõ ìî-
ëåêóë è, ñëåäîâàòåëüíî, öåëîñòíîñòè êëåòîê,
òêàíåé è âñåãî îðãàíèçìà. Îíà òàêæå ÿâëÿåò-
ñÿ ðàñòâîðèòåëåì: ìèíåðàëüíûå è ïðî÷èå ïè-
òàòåëüíûå âåùåñòâà ïåðåìåùàþòñÿ â ðàñòå-
íèè â âèäå ðàñòâîðîâ [1].

Ôîðìèðîâàíèå âîäíîãî äåôèöèòà â ðàñ-
òèòåëüíîì îðãàíèçìå ïðîèñõîäèò êàê â òå÷å-
íèå ñóòîê, òàê è â òå÷åíèå âåãåòàöèîííîãî ïå-
ðèîäà [2].

Ðàñòåíèÿ ïðîìûøëåííûõ òåððèòîðèé
çà÷àñòóþ îêàçûâàþòñÿ â ñëîæíûõ è äàæå êðè-
òè÷åñêèõ óñëîâèÿõ âîäîîáåñïå÷åíèÿ, êîòî-
ðûå ñîïðîâîæäàþòñÿ âîçäåéñòâèåì íà íèõ

òåõíîãåííûõ çàãðÿçíèòåëåé ðàçëè÷íîé ïðè-
ðîäû [3].

Âîçäåéñòâèå ïðîìûøëåííûõ çàãðÿçíèòå-
ëåé ïðèâîäèò ê ñóùåñòâåííûì èçìåíåíèÿì â
ñòðóêòóðå äðåâåñíûõ ðàñòåíèé. Ïðåæäå âñåãî
îòìå÷àåòñÿ ñíèæåíèå ãóñòîòû êðîíû çà ñ÷åò
ïðåæäåâðåìåííîãî îïàäåíèÿ èëè íåäîðàçâè-
òèÿ ëèñòüåâ (õâîè), èçðåæèâàíèÿ ñêåëåòíîé
÷àñòè êðîíû è ò.ä. [4, 5].

Ëèñòâåííèöà Ñóêà÷åâà – áûñòðîðàñòóùàÿ
ïîðîäà èç õâîéíûõ ëåñîîáðàçîâàòåëåé Óðà-
ëà, îáëàäàåò òàêèì öåííûì ñâîéñòâîì, êàê
ñïîñîáíîñòü ê âîññòàíîâëåíèþ ôîòîñèíòåòè-
÷åñêîãî àïïàðàòà ïðè ðàçëè÷íîãî ðîäà ïî-
âðåæäåíèÿõ [6]. Øèðîêî èñïîëüçóåòñÿ â îçå-
ëåíåíèè Ñòåðëèòàìàêà â ïàðêàõ, ñêâåðàõ, ñà-
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íèòàðíî-çàùèòíûõ çîíàõ ðÿäà ïðîìûøëåí-
íûõ ïðåäïðèÿòèé [7].

Îäíà èç îñíîâíûõ çàäà÷, êîòîðóþ ìû
ïîñòàâèëè ïåðåä ñîáîé â õîäå èññëåäîâàíèé –
èçó÷èòü âîäíûé äåôèöèò ëèñòâåííèöû Ñó-
êà÷åâà â óñëîâèÿõ çàãðÿçíåíèÿ Ñòåðëèòàìàê-
ñêîãî ïðîìûøëåííîãî öåíòðà (ÑÏÖ). Ìû ïî-
ëàãàåì, ÷òî îäíîé èç ïðè÷èí óâåëè÷åíèÿ çíà-
÷åíèé âîäíîãî äåôèöèòà ó ëèñòâåííèöû Ñó-
êà÷åâà â óñëîâèÿõ ÑÏÖ ìîæåò ÿâëÿòüñÿ ñíè-
æåíèå êîðíåíàñûùåííîñòè ïî÷âû ïîãëîùà-
þùèìè êîðíÿìè è óõóäøåíèå æèçíåííîãî ñî-
ñòîÿíèÿ äåðåâà.

Ìåòîäû èññëåäîâàíèÿ. Èññëåäîâàíèÿ
ïðîâîäèëèñü â ëèñòâåííè÷íûõ íàñàæäåíèÿõ,
ðàñïîëîæåííûõ íà ðàçëè÷íîì óäàëåíèè îò
ïðîìûøëåííûõ ïðåäïðèÿòèé ã. Ñòåðëèòàìà-
êà è â çîíå óñëîâíîãî êîíòðîëÿ. Îáúåêòàìè
èññëåäîâàíèÿ áûëè äåðåâüÿ ëèñòâåííèöû
Ñóêà÷åâà (âîçðàñò 50–51 ãîä).

Äðåâåñíûå ðàñòåíèÿ, ïðîèçðàñòàþùèå â
óñëîâèÿõ ïðîìûøëåííîãî öåíòðà, íåäîñòàòîê
âëàãè èñïûòûâàþò íà ôîíå âëèÿíèÿ çàãðÿç-
íåíèÿ. Â ëåòíèå ìåñÿöû (èþíü, èþëü, àâãóñò)
â õâîå ðàñòåíèé îòìå÷àåòñÿ âîäíûé äåôèöèò.
Îò ñòåïåíè âûðàæåííîñòè âîäíîãî äåôèöè-
òà çàâèñèò óñòîé÷èâîñòü è ïðîäóêòèâíîñòü êàê
îòäåëüíûõ äåðåâüåâ, òàê è íàñàæäåíèÿ â öå-
ëîì [8].

Îïðåäåëÿëè ñîäåðæàíèå âîäû â ëèñòüÿõ
â óòðåííèå (Ì1) è ïîëóäåííûå ÷àñû (Ì2). Ðàç-
íèöà â ýòèõ ïîêàçàòåëÿõ Ì1 > Ì2 çà îïðåäå-
ëåííûé ïåðèîä âðåìåíè óêàçûâàëà íà îòðè-
öàòåëüíûé âîäíûé áàëàíñ.

Óáûëü âîäû â äíåâíûå ÷àñû (Ì1 – Ì2) –
ýòî âîäíûé äåôèöèò, êîòîðûé âûðàæàåòñÿ â
ïðîöåíòàõ îò îáùåãî ñîäåðæàíèÿ âîäû â ëè-
ñòüÿõ [9].

Îöåíêó æèçíåííîãî ñîñòîÿíèÿ äåðåâüåâ
îïðåäåëÿëè ïî ìåòîäèêå Â.À. Àëåêñååâà
(1990) [10].

Ïðè èññëåäîâàíèè íàñàæäåíèé â êàæäîì
ýêçåìïëÿðå ëèñòâåííèöû Ñóêà÷åâà ïðîáíîé
ïëîùàäêè (ÏÏ) îöåíèâàëèñü ãóñòîòà êðîíû
(â % îò íîðìàëüíîé ãóñòîòû), íàëè÷èå íà
ñòâîëå ìåðòâûõ ñó÷üåâ (â % îò îáùåãî êîëè-
÷åñòâà ñó÷üåâ íà ñòâîëå), ñòåïåíü ïîâðåæäå-

íèÿ ëèñòüåâ òîêñèêàíòàìè, ïàòîãåíàìè è íà-
ñåêîìûìè (ñðåäíÿÿ ïëîùàäü íåêðîçîâ, õëîðî-
çîâ è îáúåäàíèé â % îò ïëîùàäè ëèñòà èëè
õâîè).

1 2 3 4100 70 40 5
n

n n n nL
N

  
 ,

ãäå  Ln – îòíîñèòåëüíîå æèçíåííîå ñîñòîÿíèå
äðåâîñòîÿ, ðàññ÷èòàííîå ïî ÷èñëó äåðåâüåâ;

n1 – ÷èñëî çäîðîâûõ äåðåâüåâ íà ïðîá-
íîé ïëîùàäè;

n2 , n3 , n4 – òî æå äëÿ îñëàáëåííûõ, ñèëü-
íî îñëàáëåííûõ è îòìèðàþùèõ äåðåâüåâ ñî-
îòâåòñòâåííî;

100, 70, 40, 5 – êîýôôèöèåíòû, âûðàæà-
þùèå (â ïðîöåíòàõ) æèçíåííîå ñîñòîÿíèå
çäîðîâûõ, îñëàáëåííûõ, ñèëüíî îñëàáëåííûõ
è îòìèðàþùèõ äåðåâüåâ;

N – îáùåå ÷èñëî äåðåâüåâ íà ïðîáíîé
ïëîùàäè (âêëþ÷àÿ ñóõîñòîé).

Ïðè çíà÷åíèè îòíîñèòåëüíîãî æèçíåí-
íîãî ñîñòîÿíèÿ îò 100 äî 80% äðåâîñòîé îöå-
íèâàåòñÿ êàê «çäîðîâûé», ïðè 79–50% – «îñ-
ëàáëåííûé», ïðè 49–20% – «ñèëüíî îñëàáëåí-
íûé», ïðè 19% è íèæå – «ïîëíîñòüþ ðàçðó-
øåííûé».

Èññëåäîâàíèå êîðíåâûõ ñèñòåì ëèñòâåí-
íèöû Ñóêà÷åâà â óñëîâèÿõ ÑÏÖ è â çîíå óñ-
ëîâíîãî êîíòðîëÿ ïðîâîäèëè ìåòîäàìè êîëè-
÷åñòâåííîãî ó÷åòà: ìåòîäîì ìîíîëèòîâ [11, 12].

Ðåçóëüòàòû è èõ îáñóæäåíèå. Â òå÷å-
íèå íåñêîëüêèõ ëåò íàìè èçó÷åíû îñîáåííî-
ñòè âîäíîãî äåôèöèòà ëèñòâåííèöû Ñóêà÷å-
âà â óñëîâèÿõ çàãðÿçíåíèÿ ÑÏÖ è â çîíå óñ-
ëîâíîãî êîíòðîëÿ ïî íåäîñòàòêó âîäû â ðàñ-
òåíèÿõ äî ïîëíîãî íàñûùåíèÿ, îáðàçóþùèõ-
ñÿ âñëåäñòâèå ïðåâûøåíèÿ ðàñõîäîâàíèÿ
âîäû íàä ïîñòóïëåíèåì.

Ñðåäíèå äàííûå çà ëåòíèå ìåñÿöû
(òàáë. 1), ïîçâîëÿþò îòìåòèòü, ÷òî ëèñòâåí-
íèöà Ñóêà÷åâà â óñëîâèÿõ ÑÏÖ èñïûòûâàåò
áîëüøîé âîäíûé äåôèöèò ïî ñðàâíåíèþ ñ
çîíîé óñëîâíîãî êîíòðîëÿ (ÇÓÊ).

Ïðè èçó÷åíèè çàâèñèìîñòè âîäíîãî äå-
ôèöèòà îò ïàðàìåòðîâ âíåøíåé ñðåäû â ðàç-
íûõ óñëîâèÿõ áûëî âûÿâëåíî, ÷òî óòðåííèé
âîäíûé äåôèöèò (ñ 9.00 äî 11.00 ÷) ó ëè-
ñòâåííèöû Ñóêà÷åâà, èññëåäîâàííîé â èþíå
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2012 ã. íà îäíèõ è òåõ æå îáúåê-
òàõ, ñîñòàâèë 10.1%.

Âîäíûé äåôèöèò â óñëîâèÿõ
ÑÏÖ – 18.6%, à â ÇÓÊ – 11.7%, ò.å.
â óñëîâèÿõ ÑÏÖ ïðåâûøàåò íîð-
ìó íà 5%.

Êàê ïîêàçûâàþò ðåçóëüòàòû
óòðåííåãî è âå÷åðíåãî èññëåäî-
âàíèé âîäíîãî äåôèöèòà, áîëü-
øèõ ðàçëè÷èé ìåæäó ðàñòåíèÿìè
ÑÏÖ è ÇÓÊ íå íàáëþäàåòñÿ. Îä-
íàêî îòìå÷åíà òåíäåíöèÿ ê óâå-
ëè÷åíèþ âîäíîãî äåôèöèòà ó ðà-
ñòåíèé â óñëîâèÿõ ÑÏÖ íà 2.1–
2.3%.

Â 2012 ã. èþëü è àâãóñò áûëè
äîâîëüíî çàñóøëèâûìè. Îòíîñè-
òåëüíàÿ âëàæíîñòü âîçäóõà â ïî-
ëóäåííûå ÷àñû ïàäàëà äî 27–30%,
à òåìïåðàòóðà âîçäóõà ïîäíèìà-
ëàñü äî 26–33°Ñ.

Â óñëîâèÿõ ÑÏÖ è â ÇÓÊ ó
ëèñòâåííèöû Ñóêà÷åâà â ïîëäåíü
ñ óâåëè÷åíèåì òåìïåðàòóðû âîç-
äóõà è óìåíüøåíèåì îòíîñèòåëü-
íîé âëàæíîñòè âîçäóõà ðàñõîä âëà-
ãè óâåëè÷èâàåòñÿ, äîñòèãàÿ ìàê-
ñèìàëüíîãî âîäíîãî äåôèöèòà â
äíåâíîå âðåìÿ ñ 13–15 ÷.

Â âå÷åðíèå ÷àñû ñ 17–19 ÷ âîäíûé äå-
ôèöèò â ÇÓÊ ó ëèñòâåííèöû ñíèæàåòñÿ.

Êàê ïîêàçûâàþò íàøè èññëåäîâàíèÿ
(ñì. òàáë. 1), â èþíå–àâãóñòå âîäíûé äåôè-
öèò â óñëîâèÿõ ÑÏÖ â ðàñòåíèÿõ íà 5–10%
ïðåâûøàë äàííûé ïîêàçàòåëü ó êîíòðîëüíûõ
ðàñòåíèé. Íàèáîëüøèå ðàçëè÷èÿ âîäíîãî äå-
ôèöèòà ó êîíòðîëüíûõ è ðàñòåíèé ÑÏÖ îò-
ìå÷åíû â 2012 ã. â ïîëóäåííûå ÷àñû.

Â íî÷íûå ÷àñû, êîãäà òðàíñïèðàöèÿ ïî-
÷òè îòñóòñòâóåò, ñîçäàâøèéñÿ âîäíûé äåôè-
öèò êîìïåíñèðóåòñÿ ïîñòóïëåíèåì âîäû èç
ïî÷âû ÷åðåç êîðíè ðàñòåíèé. Ýòî íàáëþäà-
åòñÿ â ñëó÷àå íàëè÷èÿ â ïî÷âå äîñòóïíîé äëÿ
ðàñòåíèé âëàãè [9]. Îäíàêî â èþëå è àâãóñòå
2012 ã. â óñëîâèÿõ ÑÏÖ â óòðåííèå ÷àñû âîä-
íûé äåôèöèò ó ëèñòâåííèöû ñîñòàâèë 14.6–
16.9%, à â ÇÓÊ– 9.8–10.1%. Âèäèìî, â óñëî-
âèÿõ ÑÏÖ ó èçó÷åííûõ äåðåâüåâ â íî÷íûå

÷àñû ðàñõîä âîäû íå ïîêðûâàåòñÿ åå ïîñòóï-
ëåíèåì, ïîýòîìó ñëåäóþùèé äåíü íà÷èíàåò-
ñÿ ñ íåêîòîðûì âîäíûì äåôèöèòîì.

Âëàæíîñòü ïî÷âû â óñëîâèÿõ ÑÏÖ â èþëå–
àâãóñòå â âåðõíåì ñëîå ïî÷âû 0–20 ñì ñîñòàâ-
ëÿåò 13–16%. Ïðè óìåíüøåíèè âëàæíîñòè ïî-
÷âû âîäà ñòàíîâèòñÿ âñå ìåíåå äîñòóïíîé äëÿ
ðàñòåíèé, è ñîïðîòèâëåíèå åå ïåðåäâèæåíèþ
ïî íàïðàâëåíèþ ê êîðíÿì ïîâûøàåòñÿ [13].

Èþëü è àâãóñò 2012 ã. áûëè çàñóøëèâû-
ìè. Òîëüêî â êîíöå àâãóñòà âûïàëè íåáîëü-
øèå îñàäêè.

Â óñëîâèÿõ ÑÏÖ çàâèñèìîñòü âîäíîãî äå-
ôèöèòà ðàñòåíèé îò âëàæíîñòè ïî÷âû õîðî-
øî ïðîñëåæèâàåòñÿ â èþëå è àâãóñòå. Â ïå-
ðèîä íàáëþäåíèé â 2012 ã. â òå÷åíèå ñåçîíà
âëàæíîñòü ïî÷âû èçìåíèëàñü â ïðåäåëàõ
8–9%. Âëàæíîñòü ïî÷âû â èþíå â ñëîå
0–10 ñì ñîñòàâëÿåò 24%, à ê êîíöó ñåçîíà ïîíè-
çèëàñü â ñëîå 0–10 ñì íà 9% è ñîñòàâèëà 15%.

Ò à á ë è ö à  1

Âîäíûé äåôèöèò ëèñòâåííèöû Ñóêà÷åâà (Larix Sukaczåwii Dyl.)
â óñëîâèÿõ ÑÏÖ è â ÇÓÊ â % ê âåñó âîäû â íàñûùåííîé õâîå

ïðè 120-ìèíóòíîì íàñûùåíèè

Âàðèàíòû Ìåñÿö/ãîä ×àñû íàáëþäåíèé, ÷ 
9–11 13–15 17–19 

ÑÏÖ èþíü, 2012 ã. 10.1 18.6 8.9 
ÇÓÊ 7.8 11.7 6.8 

 Ò, Ñ 18–24 31–28 26–21 
Í, % 45–32 28–33 34–45 

ÑÏÖ èþëü, 2012 ã. 16.9 25.7 18.5 
ÇÓÊ 10.1 15.3 12.7 

 Ò, Ñ 20–26 30–33 28–25 
 Í, % 42–33 27–24 32–39 

ÑÏÖ àâãóñò, 2012 ã. 14.6 19.8 15.5 
ÇÓÊ 9.8 14.7 11.8 

 Ò, Ñ 17–21 26–23 20–17 
 Í, % 52–47 33–36 37–48 

ÑÏÖ èþíü, 2013 ã 7.8 14.4 6.3 
ÇÓÊ 3.3 8.8 2.1 

 Ò, Ñ 19–24 28–26 24–17 
 Í, % 54–41 34–31 35–46 

ÑÏÖ èþëü, 2013 ã. 6.3 19.8 9.7 
ÇÓÊ 4.2 9.3 4.8 

 Ò, Ñ 19–26 29–26 24–19 
 Í, % 48–43 36–29 35–43 

ÑÏÖ àâãóñò, 2013 ã. 4.1 5.3 3.7 
ÇÓÊ 2.2 3.1 2.4 

 Ò, Ñ 16–18 22–21 20–16 
 Í, % 68–58 52–54 60–65 
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Äëÿ îáúÿñíåíèÿ ðàçëè÷èé â âîäíîì ðå-
æèìå äåðåâüåâ, ïðîèçðàñòàþùèõ â ðàçëè÷íûõ
óñëîâèÿõ, ïðèâåäåíà îöåíêà ñîñòîÿíèÿ êîð-
íåâûõ ñèñòåì ëèñòâåííèöû â óñëîâèÿõ ÑÏÖ
è ÇÓÊ.

Îñíîâíûì èñòî÷íèêîì ñîïðîòèâëåíèÿ
òðàíñïîðòó âîäû ÿâëÿåòñÿ êîðåíü è âñå ôàê-
òîðû, óâåëè÷èâàþùèå ïîòåíöèàë êîðíÿ, êî-
òîðûå âûçûâàþò èçìåíåíèå èíòåíñèâíîñòè
òðàíñïèðàöèè [13]. Óñòàíîâëåíî, ÷òî â óñëî-
âèÿõ ïðîìûøëåííîãî çàãðÿçíåíèÿ ÑÏÖ îòìå-
÷àåòñÿ ñíèæåíèå êîðíåíàñûùåííîñòè ïî÷âû
ïîãëîùàþùèìè êîðíÿìè ëèñòâåííèöû Ñóêà-
÷åâà ïî ñðàâíåíèþ ñ êîíòðîëåì (ðèñ.).

Êàê ïîêàçàëè íàøè èññëåäîâàíèÿ (ñì.
ðèñ.), â óñëîâèÿõ ïðîìûøëåííîãî çàãðÿçíåíèÿ
ÑÏÖ îòìå÷àåòñÿ ñíèæåíèå êîðíåíàñûùåííî-
ñòè ïî÷âû ïîãëîùàþùèìè êîðíÿìè â ñëîå
ïî÷âû 0–20 ñì ïî÷òè â 2–3 ðàçà ïî ñðàâíå-
íèþ ñ êîíòðîëåì. Íà ðèñóíêå ïîêàçàíî, ÷òî â
çîíå óñëîâíîãî êîíòðîëÿ âûðàæåíî ïîâåðõ-
íîñòíîå ðàñïðîñòðàíåíèå âñàñûâàþùèõ êîð-
íåé. Ðåçóëüòàòû êîëè÷åñòâåííîãî ó÷åòà ïîãëî-
ùàþùèõ êîðíåé ëèñòâåííèöû Ñóêà÷åâà ïî-

êàçàëè, ÷òî îñíîâíàÿ èõ ìàññà ñîñðåäîòî÷åíà
â âåðõíåì ñëîå ïî÷âû (0–30 ñì).

Ñëåäîâàòåëüíî, îäíîé èç ïðè÷èí óâåëè-
÷åíèÿ óòðåííåãî, ïîëóäåííîãî è ïîñëåïîëó-
äåííîãî âîäíîãî äåôèöèòà ó ëèñòâåííèöû
Ñóêà÷åâà â óñëîâèÿõ ÑÏÖ ìîæåò ÿâëÿòüñÿ ñíè-
æåíèå êîðíåíàñûùåííîñòè ïî÷âû ïîãëîùà-
þùèìè êîðíÿìè.

Â óñëîâèÿõ ïðîìûøëåííîãî çàãðÿçíåíèÿ
âîäíûé äåôèöèò ìîæåò âûçâàòü è óõóäøåíèå
îòíîñèòåëüíîãî æèçíåííîãî ñîñòîÿíèÿ
(ÎÆÑ) äåðåâüåâ. Äëÿ äåðåâüåâ â îòíîñèòåëü-
íî õîðîøåì ñîñòîÿíèè óòðåííèé âîäíûé äå-
ôèöèò ñîñòàâèë 7–10%, à ïîëóäåííûé
11–14.7%. Ïðè èññëåäîâàíèè ÎÆÑ íàñàæäå-
íèÿ ëèñòâåííèöû Ñóêà÷åâà îöåíèâàëàñü ãóñ-
òîòà êðîíû, íàëè÷èå íà ñòâîëå ìåðòâûõ ñó-
÷üåâ, ñòåïåíü ïîâðåæäåíèÿ õâîè (õëîðîçû, íå-
êðîçû). Æèçíåííîå ñîñòîÿíèå íàñàæäåíèÿ
ëèñòâåííèöû â óñëîâèÿõ çàãðÿçíåíèÿ ÑÏÖ
îöåíåíî êàê «îñëàáëåííîå», à â ÇÓÊ êàê «çäî-
ðîâîå» (òàáë. 2).

Ñðåäíèå çíà÷åíèÿ óòðåííåãî, ïîëóäåííî-
ãî è âå÷åðíåãî âîäíîãî äåôèöèòà ó ëèñòâåí-

Ðèñ.  Íàñûùåííîñòü ïî÷âû ïîãëîùàþùèìè êîðíÿìè ëèñòâåííèöû Ñóêà÷åâà (Larix Sukaczewii Dyl.) â óñëîâèÿõ
çàãðÿçíåíèÿ Ñòåðëèòàìàêñêîãî ïðîìûøëåííîãî öåíòðà è â çîíå óñëîâíîãî êîíòðîëÿ
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íèöû â óñëîâèÿõ ÑÏÖ èçìåíèëèñü â ïðåäå-
ëàõ 5–10%, ïî ñðàâíåíèþ ñ ÇÓÊ. Ïîëó÷åí-
íûå íàìè ðåçóëüòàòû ñîãëàñóþòñÿ ñ äàííûìè
Ò.À. Ñàçîíîâîé è äð. (2007) [14]. Ñëåäñòâèåì
óâåëè÷åíèÿ çíà÷åíèé âîäíîãî äåôèöèòà ó äðå-
âåñíûõ ðàñòåíèé â óñëîâèÿõ ïðîìûøëåííî-
ãî çàãðÿçíåíèÿ ÿâëÿåòñÿ óõóäøåíèå æèçíåííî-
ãî ñîñòîÿíèÿ äåðåâà.

Â òå÷åíèå äâóõ ëåò íàìè ïðîâîäèëèñü èñ-
ñëåäîâàíèÿ ðàçëè÷íûõ ïîêàçàòåëåé âîäíîãî
äåôèöèòà ëèñòâåííèöû Ñóêà÷åâà â óñëîâèÿõ
çàãðÿçíåíèÿ ÑÏÖ è ÇÓÊ. Íåñêîëüêî èíàÿ êàð-
òèíà íàáëþäàåòñÿ â çíà÷åíèÿõ âîäíîãî äåôè-
öèòà äðåâåñíûõ ðàñòåíèé â 2013 ã. â óñëîâè-
ÿõ ÑÏÖ è â ÇÓÊ. Çà ëåòíèå ìåñÿöû ñðåäíèå
äàííûå, ïðåäñòàâëåííûå â òàáë. 1, ïîêàçû-
âàþò, ÷òî ðàñòåíèÿ â óñëîâèÿõ ïðîìûøëåí-
íîãî çàãðÿçíåíèÿ ÑÏÖ è â ÇÓÊ â 2013 ã. èñ-
ïûòûâàþò çíà÷èòåëüíî ìåíüøèé âîäíûé äå-
ôèöèò ïî ñðàâíåíèþ ñ 2012 ã. Â 2013 ã. èþíü
áûë çàñóøëèâûì, à êîíåö èþëÿ è âåñü àâãóñò
áûëè äîâîëüíî âëàæíûìè. Â ïåðèîä âûïà-
äåíèÿ îñàäêîâ â èþëå è àâãóñòå îòíîñèòåëü-
íàÿ âëàæíîñòü âîçäóõà â ïîëóäåííûå ÷àñû
ïîâûøàåòñÿ äî 68%, à òåìïåðàòóðà ïàäàåò äî
16–22°Ñ.

Óòðåííèé è âå÷åðíèé âîäíûé äåôèöèò
õâîè ëèñòâåííèöû Ñóêà÷åâà ñðàâíèòåëüíî
íèçêèå (ñì. òàáë. 1). Ìàêñèìàëüíûå çíà÷åíèÿ
îòìå÷àþòñÿ â èþëå (19%) â ïîëóäåííûå ÷àñû.
Âîäíûé äåôèöèò â óñëîâèÿõ ÑÏÖ ó ëèñòâåí-
íèöû â èþíå, èþëå â ïîëóäåííûå ÷àñû íà
 6–8% âûøå, ÷åì â ÇÓÊ. Â àâãóñòå â óñëîâèÿõ
ÑÏÖ è â ÇÓÊ âîäíûé äåôèöèò ó ëèñòâåííè-

öû íàìíîãî íèæå, ÷åì â èþíå è èþëå. Ïðè-
÷èíîé óìåíüøåíèÿ âîäíîãî äåôèöèòà äåðå-
âüåâ â àâãóñòå áûëè èçìåíåíèÿ ïîãîäíûõ óñ-
ëîâèé â äíåâíîå âðåìÿ.

Òàê, âëàæíàÿ ïîãîäà â òå÷åíèå àâãóñòà íå
ïðèâåëà ê çíà÷èòåëüíûì êîëåáàíèÿì âîäíîãî
äåôèöèòà äåðåâüåâ. Ñëåäóåò îòìåòèòü, ÷òî âî
âëàæíûå àâãóñòîâñêèå äíè, õàðàêòåðèçóþùè-
åñÿ íåáîëüøèì âîäíûì äåôèöèòîì è åãî ñëà-
áûìè êîëåáàíèÿìè, âåëè÷èíà âîäíîãî äåôè-
öèòà ìàëî çàâèñåëà îò êàòåãîðèè ñîñòîÿíèÿ
äåðåâà. Êàê ïðàâèëî, â óñëîâèÿõ ÑÏÖ âîäíûé
äåôèöèò ó äåðåâüåâ ëèñòâåííèöû Ñóêà÷åâà
ðàñòåò îò 1.8 äî 2.2%, ïî ñðàâíåíèþ ñ ÇÓÊ.

Èç ïðîâåäåííûõ èññëåäîâàíèé ñëåäóåò,
÷òî â ïîäàâëÿþùåì áîëüøèíñòâå ñëó÷àåâ âå-
ëè÷èíà âîäíîãî äåôèöèòà ïî ðÿäó ëåò â óñëî-
âèÿõ çàãðÿçíåíèÿ ÑÏÖ íà 8–10% ïðåâûøàëà
äàííûé ïîêàçàòåëü ó êîíòðîëüíûõ ðàñòåíèé.
Ñðåäíèå äàííûå ëåòíèõ ìåñÿöåâ çà 2012–
2013 ãã., ïðåäñòàâëåííûå â òàáëèöàõ, ïîêàçû-
âàþò, ÷òî ëèñòâåííèöà Ñóêà÷åâà â óñëîâèÿõ
ÑÏÖ èñïûòûâàåò çíà÷èòåëüíî áîëüøèé âîä-
íûé äåôèöèò, ÷åì â ÇÓÊ.

Çíà÷åíèå âîäíîãî äåôèöèòà õâîè ëè-
ñòâåííèöû Ñóêà÷åâà â óñëîâèÿõ ÑÏÖ â ñðåä-
íåì çà ïåðèîä èññëåäîâàíèé â 2012 ã. ïðåâû-
øàåò çíà÷åíèå âîäíîãî äåôèöèòà â óñëîâèÿõ
ÇÓÊ â 1.5–2 ðàçà, à â èþíå è íà÷àëå èþëÿ
2013 ã. – íà 1.6–2.1%, à â êîíöå èþëÿ è â àâãó-
ñòå – â 1.7 ðàç.

Òàêèì îáðàçîì, ñëåäóåò îòìåòèòü, ÷òî
ïðè÷èíîé èçìåíåíèé âîäíîãî äåôèöèòà õâîè
ëèñòâåííèöû Ñóêà÷åâà ÿâëÿþòñÿ èçìåíåíèÿ

Ò à á ë è ö à  2

Îòíîñèòåëüíîå æèçíåííîå ñîñòîÿíèå íàñàæäåíèé ëèñòâåííèöû Ñóêà÷åâà
â ñàíèòàðíî-çàùèòíîé çîíå ÑÏÖ è â çîíå óñëîâíîãî êîíòðîëÿ

Ìåñòîïîëîæåíèå / 
Гîä ïîñàäêè íàñàæäåíèé 
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ÑÏÖ, 1963 ã. 30 20 26 3 25 2 0 71.0 îñëàáëåííîå 
ÇÓÊ, 1963 ã. 30 24 28 22 6 1 1 88.8 çäîðîâîå 
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ïîãîäíûõ óñëîâèé â äíåâíîå âðåìÿ. Òàê, ñó-
õàÿ æàðêàÿ ïîãîäà â 2012 ã., âûñîêàÿ òåìïåðà-
òóðà âîçäóõà è ìèíèìàëüíîå êîëè÷åñòâî îñàä-
êîâ ñôîðìèðîâàëè çíà÷èòåëüíûé âîäíûé äå-
ôèöèò. Â óñëîâèÿõ ÑÏÖ óâåëè÷åíèå âîäíîãî
äåôèöèòà äðåâåñíûõ ðàñòåíèé òàêæå çàâèñèò
îò âëàæíîñòè ïî÷âû. Ïîäîáíûé ýôôåêò ïðî-
ÿâëÿåòñÿ òàêæå è ïðè óìåíüøåíèå äîëè ïî-
ãëîùàþùèõ êîðíåé ëèñòâåííèöû Ñóêà÷åâà â
óñëîâèÿõ íà ãëóáèíå 0–30 ñì.

Ñîâîêóïíûé àíàëèç õàðàêòåðèñòèê âîä-
íîãî ðåæèìà, ñîñòîÿíèÿ êîðíåâûõ ñèñòåì è
îòíîñèòåëüíîãî æèçíåííîãî ñîñòîÿíèÿ äåðå-
âüåâ ëèñòâåííèöû Ñóêà÷åâà ãîâîðèò î âçà-
èìíîé îáóñëîâëåííîñòè ýòèõ ïàðàìåòðîâ,
÷òî â öåëîì îáåñïå÷èâàåò óñïåøíîå ïðîèç-
ðàñòàíèå äåðåâüåâ â óñëîâèÿõ çàãðÿçíåíèÿ
îêðóæàþùåé ñðåäû.
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WATER  DEFICIENCY  IN  LARCH  (Larix  Sukaczåwii  Dyl.)
UNDER  INDUSTRIAL  POLLUTION

© R.Kh. Giniatullin

Institute of Biology, Ufa Scientific Centre, RAS,
69, prospekt Oktyabrya, 450054, Ufa, Republic of Bashkortostan, Russia

The article presents materials on larch (Larix Sukaczewii Dyl.) water deficiency under polymetallic pollution
in the Sterlitamak industrial centre. The purpose of this work is to determine the water content in larch needles in
morning and afternoon hours, to assess relative vital condition of woody plants under pollution of the Sterlitamak
industrial centre and within the control zone and to investigate root systems of woody plants. The subjects of
investigation were larch stands located at different distances from industrial enterprises of Sterlitamak. As a result,
it was revealed that under conditions of the Sterlitamak industrial centre and within the control zone larch trees
showed higher water consumption at noon as air temperature increases and relative humidity reduces, with water
deficiency reaching its maximum between 13 p.m. and 15 p.m. Our research demonstrates that in June, July and
August water deficiency in the trees under conditions of the Sterlitamak industrial centre exceeded this indicator in
the control trees by 5 to 10 percent. Vital conditions of the larch stands near the Sterlitamak industrial centre is
assessed as «weakened» and those within the control zone as «healthy». The reason for the increase in water
deficiency values observed in the larches under industrial pollution is the deterioration of their growing conditions.
Based on the results of our investigation, it was established that a marked shift in water deficiency values can be
seen under pollution of the Sterlitamak industrial centre associated with deterioration of growing conditions and a
decrease in the share of absorbing roots of Larix Szukaczewii Dyl.

Key words: larch, water deficiency, growing condition category, absorbing roots, Sterlitamak industrial
centre.
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Â Áîòàíè÷åñêîì ñàäó ã. Óôû (Áàøêèðñêîå Ïðåäóðàëüå) ìàññîâûì è ñðåäíèì óðîâíåì âîçîáíîâëåíèÿ
õàðàêòåðèçóþòñÿ ñëåäóþùèå èíòðîäóöèðîâàííûå âèäû êëåíà: Acer negundo L., A. campestre L. è A. tataricum L.,
à òàêæå ìåñòíûé A. platanoides L. Ñàìîñåâ è ïîäðîñò ñåâåðîàìåðèêàíñêîãî A. negundo âñòðå÷àåòñÿ íà âñåé
òåððèòîðèè áîòàíè÷åñêîãî ñàäà (ðàçìåð ïîïóëÿöèîííîãî ïîëÿ íå ìåíåå 18.3 ãà). ×èñëåííîñòü èíòðîäóêöèîí-
íîé ïîïóëÿöèè íà ëåñîïîêðûòîé ïëîùàäè (â äåíäðàðèè áîòàíè÷åñêîãî ñàäà) ñîñòàâëÿåò 14.2 òûñ. øò. íà ãà.
Ïëîòíîñòü ïîïóëÿöèè ïðè ïåðåñ÷åòå íà îáùóþ ïëîùàäü áîòàíè÷åñêîãî ñàäà, îòðàæàþùàÿ ïîòåíöèàëüíóþ ÷èñ-
ëåííîñòü ñàìîñåâà è ïîäðîñòà â ãîðîäñêèõ ïàðêîâûõ è ëåñîïàðêîâûõ çîíàõ, ñîñòàâëÿåò 1.1 òûñ. øò. íà ãà. Âèä
èìååò ÿðêî âûðàæåííûé êîíòàãèîçíûé (ãðóïïîâîé) òèï ðàçìåùåíèÿ îñîáåé. Åâðîïåéñêèé À. campestre ôîð-
ìèðóåò èíòðîäóêöèîííóþ ïîïóëÿöèþ íåáîëüøîãî ðàçìåðà (0.32 ãà, ìàêñèìàëüíàÿ äëèíà ïîïóëÿöèîííîãî
ïîëÿ 90 ì, øèðèíà – 58 ì) ñ îòíîñèòåëüíî íåâûñîêîé ïëîòíîñòüþ íàñåëåíèÿ (2.9 òûñ. øò. íà ãà; â íàèáîëåå
ïëîòíîé ÷àñòè ïîïóëÿöèè – âáëèçè ìàòî÷íèêîâ – 14.1 òûñ. øò. íà ãà). Êîíòàãèîçíûé òèï ðàçìåùåíèÿ îñîáåé
âûðàæåí ìåíüøå, ÷åì ó A. negundo. Ñêîïëåíèÿ ñàìîñåâà è ïîäðîñòà ïðèóðî÷åíû ê ìèêðîó÷àñòêàì ïîä
ïîëîãîì ëåñà ñ ëó÷øèìè óñëîâèÿìè îñâåùåíèÿ è óâëàæíåíèÿ. Èíòðîäóêöèîííàÿ ïîïóëÿöèÿ âîñòî÷íî-åâðî-
ïåéñêîãî A. tataricum èìååò íåñêîëüêî áîëüøèå ðàçìåðû, ÷åì ó A. campestre (1.74 ãà, ìàêñèìàëüíàÿ äëèíà
ïîïóëÿöèîííîãî ïîëÿ 324 ì, øèðèíà – 119 ì). Ïëîòíîñòü ïîïóëÿöèè ìåíüøå è ñîñòàâëÿåò 1.7 òûñ. øò. íà ãà.
Ðàñòåíèÿ âîçîáíîâëåíèÿ â ïîïóëÿöèè ðàçìåùåíû ñëó÷àéíî. Íåçíà÷èòåëüíûå ðàçìåðû è íåâûñîêàÿ ÷èñëåí-
íîñòü ïîïóëÿöèé A. campestre è A. tataricum ñâèäåòåëüñòâóþò îá îòñóòñòâèè îïàñíîñòè îáðàçîâàíèÿ èíòðî-
äóêöèîííûõ ïîïóëÿöèé èíâàçèâíîãî òèïà â óñëîâèÿõ Áàøêèðñêîãî Ïðåäóðàëüÿ. Òàêèì îáðàçîì, èíòðîäóê-
öèîííûå ïîïóëÿöèè òðåõ âèäîâ êëåíà â ðàéîíå èññëåäîâàíèé ðàçëè÷àþòñÿ ïî ñâîåé ïëîùàäè, ïëîòíîñòè è
õàðàêòåðó ðàçìåùåíèÿ îñîáåé.

Êëþ÷åâûå ñëîâà: êëåí, èíòðîäóêöèîííàÿ ïîïóëÿöèÿ, ïîïóëÿöèîííîå ïîëå, Áàøêèðñêîå Ïðåäóðàëüå.

Âî ìíîãèõ èíòðîäóêöèîííûõ ïóíêòàõ
ñðåäè íàèáîëåå àêòèâíî âîçîáíîâëÿþùèõñÿ
ñàìîñåâîì êëåíîâ ôèãóðèðóþò A. negundo L.,
A. platanoides L., A. ginnala Maxim.,
A. campestre L. è A. tataricum L., ÷òî ñâèäå-
òåëüñòâóåò î âîçìîæíîñòè ôîðìèðîâàíèÿ ýòè-
ìè âèäàìè èíòðîäóêöèîííûõ ïîïóëÿöèé [ïî:
1–3]. Èç ïåðå÷èñëåííûõ âèäîâ â Óôèìñêîì
áîòàíè÷åñêîì ñàäó ìàññîâûì è ñðåäíèì óðîâ-
íåì âîçîáíîâëåíèÿ õàðàêòåðèçóþòñÿ
A. negundo, A. campestre è A. tataricum, à òàê-
æå ìåñòíûé A. platanoides [2, 3].

Âàæíûìè ïîêàçàòåëÿìè èíòðîäóêöèîí-
íûõ (è èíûõ) ïîïóëÿöèé ÿâëÿþòñÿ ðàçìåð ïî-

ïóëÿöèîííîãî ïîëÿ, ïëîòíîñòü ïîïóëÿöèè è
õàðàêòåð ïðîñòðàíñòâåííîãî ðàçìåùåíèÿ îñî-
áåé [4, 5]. Â íàñòîÿùåé ðàáîòå íàìè áûëà ïî-
ñòàâëåíà çàäà÷à îöåíèòü óêàçàííûå ïîïóëÿ-
öèîííûå õàðàêòåðèñòèêè òðåõ èíòðîäóöèðî-
âàííûõ âèäîâ êëåíà íà òåððèòîðèè Óôèì-
ñêîãî áîòàíè÷åñêîãî ñàäà, òåððèòîðèàëüíî
ðàñïîëîæåííîãî â öåíòðàëüíîé ÷àñòè Áàø-
êèðñêîãî Ïðåäóðàëüÿ.

Ïîïóëÿöèîííîå ïîëå âèäîâ îïðåäåëÿëè
êàê ïëîùàäü ìíîãîóãîëüíèêà, âû÷åð÷åííîãî
ïî íàèáîëåå óäàëåííûì îò ìàòî÷íûõ ýêçåì-
ïëÿðîâ ðàñòåíèÿì âîçîáíîâëåíèÿ, ïëîòíîñòü
ïîïóëÿöèè – êàê ÷èñëî ðàñòåíèé íà åäèíèöó
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ïëîùàäè, õàðàêòåð ðàçìåùåíèÿ ðàñòåíèé îöå-
íèâàëè ïîñðåäñòâîì êîýôôèöèåíòà äèñïåð-
ñèè (îòíîøåíèå äèñïåðñèè ê ñðåäíåìó êîëè-
÷åñòâó ñåÿíöåâ) [4–7]. Äëÿ îïðåäåëåíèÿ ïëîò-
íîñòè ïîïóëÿöèé íà òåððèòîðèè äåíäðàðèÿ,
ãäå ñîñðåäîòî÷åíî îñíîâíîå êîëè÷åñòâî ñàìî-
ñåâà è ïîäðîñòà, çàêëàäûâàëè ïðîáíûå ïëî-
ùàäêè ðàçìåðîì 2×2 ì è òðàíñåêòû (4 òðàíñåê-
òû 1×47–53 ì, 1 òðàíñåêòà – 1×260 ì) [2, 3, 8];
çà òåððèòîðèåé äåíäðàðèÿ ïðîâîäèëè ñïëîø-
íîé ïåðå÷åò ðàñòåíèé [1].

Ïîñêîëüêó ñàìîñåâ è ïîäðîñò A. negundo
âñòðå÷àåòñÿ íà âñåé òåððèòîðèè áîòàíè÷å-
ñêîãî ñàäà, ðàçìåð ïîïóëÿöèîííîãî ïîëÿ óñ-
ëîâíî ñîîòíåñëè ñ îáùåé ïëîùàäüþ áîòàíè-
÷åñêîãî ñàäà, ðàâíîé 18.36 ãà (òàáë.).
A. campestre ïî ñðàâíåíèþ ñ A. negundo èìå-
åò îãðàíè÷åííîå ïîïóëÿöèîííîå ïîëå (ñì.
òàáë.): ðàçìåð åãî ïî êðàéíèì ýêçåìïëÿðàì
ñîñòàâëÿåò 0.32 ãà ïðè ìàêñèìàëüíîé äëèíå
ìíîãîóãîëüíèêà â 90 ì è øèðèíå â 58 ì.
Ó A. tataricum ïëîùàäü ïîïóëÿöèîííîãî ïîëÿ
ñîñòàâèëà 1.74 ãà, ìàêñèìàëüíàÿ äëèíà è øè-
ðèíà åãî ñîîòâåòñòâåííî – 324 è 119 ì.

Ïëîòíîñòü îñîáåé A. negundo â ïåðåñ÷å-
òå íà âñå ïîïóëÿöèîííîå ïîëå, ñ÷èòàÿ åãî «ëå-
ñîïîêðûòîé ïëîùàäüþ» (ñîïîñòàâèìîé ïî
ëåñîðàñòèòåëüíûì óñëîâèÿì ñ äåíäðàðèåì),
ñîñòàâèëà 14.2 òûñ. øò. íà ãà, èëè 1.42 øò. íà
êâ. ì (ñì. òàáë.). Òî åñòü óðîâåíü âîçîáíîâëå-
íèÿ âèäà, îïðåäåëåííûé íàìè â äåíäðàðèè è
ýêñòðàïîëèðîâàííûé íà âñå ïîïóëÿöèîííîå
ïîëå, ïðåäñòàâëÿåò ñîáîé âîçìîæíóþ (ïðè-

÷åì íå ñàìóþ âûñîêóþ) ãóñòîòó ñàìîñåâà è
ïîäðîñòà íà ëåñíûõ òåððèòîðèÿõ (â ïåðâóþ
î÷åðåäü â ïðèãîðîäíûõ ëåñíûõ íàñàæäåíè-
ÿõ). Åñëè æå ïåðåñ÷èòàòü îáùåå ÷èñëî ðàñòå-
íèé âîçîáíîâëåíèÿ íà ïëîùàäü áîòàíè÷å-
ñêîãî ñàäà ñ ðåàëüíîé èíôðàñòðóêòóðîé (íà-
ëè÷èå äîðîæåê, îòêðûòûõ ïðîñòðàíñòâ, çàñò-
ðîåííîé ÷àñòè), òî ïëîòíîñòü ïîïóëÿöèè ñî-
ñòàâèò 1.1 òûñ. øò. íà ãà, èëè 0.11 øò. íà êâ. ì
(ñì. òàáë.). Ýòà âåëè÷èíà ïðèáëèçèòåëüíî õà-
ðàêòåðèçóåò ïîòåíöèàëüíóþ ÷èñëåííîñòü ñà-
ìîñåâà è ïîäðîñòà â ãîðîäñêèõ óñëîâèÿõ â ïàð-
êîâûõ è ëåñîïàðêîâûõ çîíàõ, ñîïîñòàâèìûõ
ïî èíôðàñòðóêòóðå ñ òåððèòîðèåé áîòàíè÷å-
ñêîãî ñàäà.

Ñïîñîáíîñòü A. negundo ê àêòèâíîìó è
íåêîíòðîëèðóåìîìó ðàññåëåíèþ îòìå÷àþò
áîëüøîå êîëè÷åñòâî àâòîðîâ [10–16]. Ðàíåå
äëÿ òåððèòîðèè Áàøêèðñêîãî Ïðåäóðàëüÿ è
Çàóðàëüÿ ïðèâîäèëèñü ïîêàçàòåëè ÷èñëåííî-
ñòè ñàìîñåâà A. negundo ïîä ïîëîãîì èñêóñ-
ñòâåííûõ íàñàæäåíèé (ëåñîïîëîñ, ëåñíûõ
êóëüòóð) è íà îòêðûòûõ ìåñòàõ (4–101 øò. íà
êâ. ì) [17–19], êîòîðûå çíà÷èòåëüíî ïðåâû-
øàþò óñòàíîâëåííûå íàìè çíà÷åíèÿ äëÿ óñ-
ëîâèé Óôû. Ýòî ëèøíèé ðàç ïîäòâåðæäàåò
âûñîêóþ èíâàçèâíîñòü äàííîãî âèäà, êîòîðàÿ
â ëåñíûõ àãðîëàíäøàôòàõ ìîæåò äîñòèãàòü åùå
áîëüøåé ñòåïåíè ïî ñðàâíåíèþ ñ óðáàíèçè-
ðîâàííîé ñðåäîé.

Ñëåäóþùèé âèä-èíòðîäóöåíò –
A. campestre – èìååò ïëîòíîñòü ïîïóëÿöèè (ñ
äîáàâëåíèåì 155 øò. íà ãà çà ïðåäåëàìè äåí-

Ò à á ë è ö à

Õàðàêòåðèñòèêè èíòðîäóêöèîííûõ ïîïóëÿöèé òðåõ âèäîâ êëåíà â Óôèìñêîì áîòàíè÷åñêîì ñàäó

Ï ð è ì å ÷ à í è ÿ. * 18.36 ãà – ïëîùàäü áîòàíè÷åñêîãî ñàäà, çà êîòîðóþ óñëîâíî ïðèíÿòà ïëîùàäü èíòðîäóêöè-
îííîé ïîïóëÿöèè (ïîïóëÿöèîííîãî ïîëÿ) A. negundo, ïðèíèìàÿ åå çà «ëåñîïîêðûòóþ»; ** ïëîòíîñòü ïîïóëÿ-
öèè â ïåðåñ÷åòå íà ïëîùàäü áîòàíè÷åñêîãî ñàäà ðåàëüíîé èíôðàñòðóêòóðû; *** õàðàêòåð ðàçìåùåíèÿ ðàñòå-
íèé âîçîáíîâëåíèÿ â ïîïóëÿöèîííîì ïîëå èíòðîäóêöèîííûõ ïîïóëÿöèé: êîýôôèöèåíòû äèñïåðñèè 18.4
(F-êðèòåðèé = 75.6 > Fòàáë. = 1.1) è 8.7 (F = 19.3 > Fòàáë. = 2.34) äîñòîâåðíî îòëè÷àþòñÿ îò 1; êîýôôèöèåíò äèñïåðñèè
2.3 (F=2.49 < Fòàáë. = 2.74) ñòàòèñòè÷åñêè íå îòëè÷àåòñÿ îò 1 [9].

Âèä 
Ðàçìåð 

ïîïóëÿöèîííîãî 
ïîëÿ, ãà 

Ïëîòíîñòü â ïåðåñ÷åòå íà ðàçìåð 
ïîïóëÿöèîííîãî ïîëÿ 

Êîýôôèöèåíò 
äèñïåðñèè*** 

A. negundo 18.36* 14156 øò./ãà, èëè 1.42 øò./êâ. ì 
1142 øò./ãà, èëè 0.11 øò./ êâ. ì** 18.4 > 1 

A. campestre 0.32 2851 øò./ãà, èëè 0.28 øò./êâ. ì 8.7 > 1 
A. tataricum 1.74 1725 øò./ãà, èëè 0.17 øò./êâ. ì 2.3  1 
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äðàðèÿ) â ïåðåñ÷åòå íà ïëîùàäü ïîïóëÿöèîí-
íîãî ïîëÿ – 2.9 òûñ. øò. íà ãà, èëè 0.28 øò. íà
êâ. ì (ñì. òàáë.). Èòàê, åñëè â íàèáîëåå ïëîò-
íîé ÷àñòè ïîïóëÿöèè (âáëèçè ìàòî÷íèêîâ)
äàííûé âèä ìîæåò äîñòèãàòü ãóñòîòû
14.1 òûñ. øò. íà ãà, òî ñ ó÷åòîì íàèáîëåå äàëü-
íåãî ðàñïðîñòðàíåíèÿ ñåìÿí (ñåÿíöåâ) ïëîò-
íîñòü ïîïóëÿöèè ðåçêî ñíèæàåòñÿ.

Ó A. tataricum ïëîòíîñòü ïîïóëÿöèè (ïðè
îïðåäåëåíèè ïëîòíîñòè äîïîëíèòåëüíî ê òåð-
ðèòîðèè äåíäðàðèÿ ó÷òåíû 29 øò. ðàñòåíèé
íà ãà) ðàâíÿåòñÿ 1.7 òûñ.øò. íà ãà, èëè 0.17 øò.
íà êâ. ì (ñì. òàáë.). Òàêèì îáðàçîì, ïî ñðàâ-
íåíèþ ñ A. campestre èíòðîäóêöèîííûå ïî-
ïóëÿöèè A. tataricum ìîãóò èìåòü íåñêîëüêî
áîëüøèå ðàçìåðû (ñì. âûøå), îäíàêî ïëîò-
íîñòü èõ ìåíüøå.

Ðàçìåùåíèå îñîáåé â èíòðîäóêöèîííîé
ïîïóëÿöèè èíâàçèâíîãî A. negundo õàðàêòå-
ðèçóåòñÿ êàê ãðóïïîâîå (êîíòàãèîçíîå) (ñì.
òàáë.): âûñîêèé êîýôôèöèåíò äèñïåðñèè ïî-
êàçûâàåò, ÷òî äàííûé òèï ðàçìåùåíèÿ âûðà-
æåí î÷åíü ÿðêî. Àíàëîãè÷íûé õàðàêòåð ðàñ-
ïîëîæåíèÿ îñîáåé âûÿâëåí òàêæå ó
A. platanoides êàê â äåíäðàðèè, òàê è íà ó÷àñò-
êå êëåíîâíèêà [1].

Ó A. campestre òèï ðàçìåùåíèÿ îñîáåé
òàêæå êîíòàãèîçíûé, íî âûðàæåí îí ìåíüøå,
÷åì ó A. negundo. Ñëåäîâàòåëüíî, A. campestre
â óñëîâèÿõ Áàøêèðñêîãî Ïðåäóðàëüÿ ñïîñîáåí
ôîðìèðîâàòü èíòðîäóêöèîííûå ïîïóëÿöèè
íåáîëüøîãî ðàçìåðà ñ îòíîñèòåëüíî íåâûñî-
êîé ïëîòíîñòüþ ïîïóëÿöèîííîãî íàñåëåíèÿ,
ïðè÷åì îñîáè â ïîïóëÿöèÿõ îáðàçóþò (òàêæå
êàê ó A. negundo, ñì. âûøå) ñêîïëåíèÿ òîãî
èëè èíîãî ðàçìåðà. Ýòè ñêîïëåíèÿ ìîãóò áûòü,
íàïðèìåð, ïðèóðî÷åíû ê ìèêðîó÷àñòêàì ïîä
ïîëîãîì ëåñà ñ ëó÷øèìè óñëîâèÿìè îñâåùå-
íèÿ («îêíàì») è óâëàæíåíèÿ, êàê ýòî îòìå÷à-
åòñÿ, â ÷àñòíîñòè, â åñòåñòâåííûõ íàñàæäå-
íèÿõ A. platanoides [20]. Ó A. tataricum ðàçìå-
ùåíèå ñàìîñåâà, â îòëè÷èå îò äâóõ ïðåäûäó-
ùèõ âèäîâ, ñëó÷àéíîå, ÷òî, î÷åâèäíî, îáúÿñ-
íÿåòñÿ ìàëîé ãóñòîòîé îñîáåé.

Òàêèì îáðàçîì, êëåíû A. negundo,
A. campestre è A. tataricum ôîðìèðóþò èí-
òðîäóêöèîííûå ïîïóëÿöèè, ðàçëè÷àþùèåñÿ
ñâîåé ïëîùàäüþ, ïëîòíîñòüþ è õàðàêòåðîì

ðàçìåùåíèÿ îñîáåé. Ðàçìåðû ïîïóëÿöèîííî-
ãî ïîëÿ è ïëîòíîñòü ïîïóëÿöèé äâóõ ïîñëå-
äíèõ âèäîâ íàìíîãî óñòóïàþò ïåðâîìó.
A. negundo è A. campestre îáðàçóþò ïîïóëÿ-
öèè ñ êîíòàãèîçíûì ðàçìåùåíèåì îñîáåé,
A. tataricum – ñî ñëó÷àéíûì. Íåçíà÷èòåëüíûå
ðàçìåðû è íåâûñîêàÿ ÷èñëåííîñòü ïîïóëÿöèé
A. campestre è A. tataricum ñâèäåòåëüñòâóþò
î òîì, ÷òî ýòè âèäû êëåíà íå ïðåäñòàâëÿþò
îïàñíîñòè â ïëàíå îáðàçîâàíèÿ èíòðîäóêöè-
îííûõ ïîïóëÿöèé èíâàçèâíîãî òèïà â óñëî-
âèÿõ ã. Óôû (Áàøêèðñêîå Ïðåäóðàëüå).
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DENSITY AND SIZES OF MAPLE INTRODUCED POPULATIONS

© N.A. Ryazanova, V.P. Putenikhin

Botanical Garden-Institute, Ufa Scientific Centre, RAS,
195, korp. 3, ulitsa Mendeleeva, 450080, Ufa, Republic of Bashkortostan, Russia

In the Ufa Botanical Garden (Bashkir Cis-Urals), the following introduced maple species are characterized by
mass and medium level of regeneration by seeds. These are Acer negundo L., A. campestre L., A. tataricum L. and
A. platanoides. Self-seeding plants and regrowth of North-American A. negundo take place all over the territory of
the Botanical Garden (the population area is no less than 18.3 ha). The introduced population in the forest-covered
area (Arboretum of the Botanical Garden) consists of 14.200 trees per ha. On recalculating for the total area of the
Botanical Garden, the population density reflecting the potential quantity of self-seeding plants and regrowth in the
urban parks and forests consists of 1.100 trees per ha. The species has a clearly defined contagious (group) type
of its spatial distribution. European À. campestre forms a small-size introduced population (0.32 ha, maximum
length of the population area is 90 m and width is 58 m) with relatively low density (2.900 trees per ha, and 14.100
trees per ha in the densest part of the population near mother plantations). The contagious type of their distribution
is expressed somewhat less than in A. negundo. Accumulations of the self-seeding plants and regrowth are confined
to very small plots under the forest cover with better lighting and moisture conditions. The introduced population
of East-European A. tataricum is larger in size as compared to A. campestre (1.74 ha, maximum length of the
population area is 324 m and width is 119 m). The population density is lower and consists of 1.700 trees per ha.
New plants have a random distribution within the population area. Modest sizes and low distribution of A. campestre
and A. tataricum give evidence to the absence of danger concerning the formation of their invasive populations
under conditions of the Bashkir Cis-Urals. Thus, the introduced populations of three maple species in the region
under investigation differ from each other by their area, density and type of distribution.

Key words: maple, introduced population, population area, Bashkir Cis-Urals.
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Îñâåùàåòñÿ êðàòêàÿ èñòîðèÿ ïîÿâëåíèÿ è êóëüòèâèðîâàíèÿ ïèîíîâ â Ðîññèè è ñòðàíàõ áëèæíåãî çàðóáå-
æüÿ (Óêðàèíà, Ëèòâà, Êèðãèçèÿ, Êàçàõñòàí è äð.), ðàññêàçûâàåòñÿ î ñëîæíîì ïóòè ðàçâèòèÿ èíòðîäóêöèîííûõ
è ñåëåêöèîííûõ èññëåäîâàíèé, ñîîáùàåòñÿ î âåäóùèõ ó÷åíûõ è ñïåöèàëèñòàõ, ïðèâîäÿòñÿ âàæíåéøèå äîñòè-
æåíèÿ îòå÷åñòâåííûõ ñåëåêöèîíåðîâ-ïèîíîâîäîâ. Îïèñûâàþòñÿ îñíîâíûå ýòàïû, íàïðàâëåíèÿ, ìåòîäû è ðå-
çóëüòàòû ñåëåêöèîííîé ðàáîòû ó÷åíûõ Áîòàíè÷åñêîãî ñàäà Áîòàíè÷åñêîãî èíñòèòóòà èì. Â.Ë. Êîìàðîâà (Ñàíêò-
Ïåòåðáóðã), Áîòàíè÷åñêîãî ñàäà Ìîñêîâñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà, Ãëàâíîãî áîòàíè÷åñêîãî ñàäà
èì. Í.Â. Öèöèíà ÐÀÍ (Ìîñêâà), ÃÍÓ ÍÈÈ ñàäîâîäñòâà Ñèáèðè èì. Ì.À. Ëèñàâåíêî (Áàðíàóë), Íîâîñèáèðñêîé
çîíàëüíîé ñòàíöèè ñàäîâîäñòâà ÐÀÑÕÍ, Áîòàíè÷åñêîãî ñàäà-èíñòèòóòà Äàëüíåâîñòî÷íîãî îòäåëåíèÿ ÐÀÍ (Âëà-
äèâîñòîê) è öâåòîâîäîâ-ëþáèòåëåé (Ñ.Ä. Êóïîëÿí, Ò.È. Ôîìèíà, À.Ã. Ìàðêîâ, Í.Ì. Âèíîãðàäîâ, À.Ê. Êîëïà-
êîâ, Í.Ä. Åðîõèí, Ì.È. Àêèìîâ, À.À. Ñêàêîäóá, Â.Ì. Äóáðîâ) ïðè ñîçäàíèè íîâûõ ôîðì äðåâîâèäíûõ è
òðàâÿíèñòûõ ïèîíîâ. Äàþòñÿ êðàòêèå èòîãè ñåëåêöèîííîé ðàáîòû, ïåðå÷èñëÿþòñÿ ñàìûå ïîïóëÿðíûå ñîðòà.
Íàèáîëåå ïîäðîáíî ïðåäñòàâëåíà ðàáîòà óôèìñêèõ ñåëåêöèîíåðîâ çà ïîñëåäíèå 60 ëåò. Îïèñûâàåòñÿ èñòîðèÿ
ñîçäàíèÿ ôîíäà ãèáðèäíûõ ñåÿíöåâ ïèîíà, èñïîëüçóåìûå ñïåöèàëèñòàìè ìåòîäû ñâîáîäíîãî îïûëåíèÿ è èñ-
êóññòâåííîé ãèáðèäèçàöèè (ìåæâèäîâîé è ìåæñîðòîâîé), à òàêæå èñõîäíûå ðîäèòåëüñêèå ôîðìû. Àíàëèçèðó-
åòñÿ âêëàä âåäóùèõ ñåëåêöèîíåðîâ Áîòàíè÷åñêîãî ñàäà-èíñòèòóòà Óôèìñêîãî íàó÷íîãî öåíòðà Ðîññèéñêîé
àêàäåìèè íàóê â èçó÷åíèå ïðîöåññîâ íàñëåäîâàíèÿ õîçÿéñòâåííî-öåííûõ ïðèçíàêîâ ïèîíà, ðàñøèðåíèå ôîíäà
ãèáðèäíûõ ñåÿíöåâ è ñîçäàíèå íîâûõ âûñîêîäåêîðàòèâíûõ ñîðòîâ ñ ðàçíûìè ñðîêàìè öâåòåíèÿ, óñòîé÷èâûõ ê
íåáëàãîïðèÿòíûì ïîãîäíûì óñëîâèÿì, áîëåçíÿì è âðåäèòåëÿì. Â êîíöå ñòàòüè ïðèâîäÿòñÿ õàðàêòåðèñòèêè
íåêîòîðûõ ñîðòîâ ïèîíà ãèáðèäíîãî ïî âûñîòå, äèàìåòðó è îáëèñòâåííîñòè êóñòà; îêðàñêå, ôîðìå, äèàìåòðó,
àðîìàòó è óñòîé÷èâîñòè ê âûãîðàíèþ öâåòêà; ñðîêàì è ïðîäîëæèòåëüíîñòè öâåòåíèÿ; çèìîñòîéêîñòè, çàñóõî-
óñòîé÷èâîñòè è æàðîâûíîñëèâîñòè. Äàþòñÿ ðåêîìåíäàöèè ïî èõ èñïîëüçîâàíèþ â çåëåíîì ñòðîèòåëüñòâå ãî-
ðîäîâ è äðóãèõ íàñåëåííûõ ïóíêòîâ Ðåñïóáëèêè Áàøêîðòîñòàí è Ðîññèéñêîé Ôåäåðàöèè.

Êëþ÷åâûå ñëîâà: ïèîí ãèáðèäíûé, ñâîáîäíîå îïûëåíèå, èñêóññòâåííàÿ ãèáðèäèçàöèÿ, èñòîðèÿ ñåëåêöèè.

Â Ðîññèè ïèîí âñåãäà ïîëüçîâàëñÿ íåèç-
ìåííîé ïîïóëÿðíîñòüþ, è ñåé÷àñ íà òåððè-
òîðèè ÐÔ âûðàùèâàþòñÿ áîëåå 1000 ñîðòîâ.
Èçâåñòíî, ÷òî äî ñåðåäèíû ïðîøëîãî âåêà
ñåëåêöèîííàÿ ðàáîòà ñ ïèîíàìè â Ðîññèè íå
ïðîâîäèëàñü. Íà÷àëàñü îíà òîëüêî â ïîñëåâî-
åííîå âðåìÿ, êîãäà îñóùåñòâèëñÿ ñáîð êîëëåê-
öèé ëó÷øèõ çàðóáåæíûõ ñîðòîâ [1].

Îòå÷åñòâåííûõ ñîðòîâ ïèîíà î÷åíü
ìàëî. Ê íà÷àëó XXI â. â ðåãèñòðå ïèîíîâ èõ
íàñ÷èòûâàëîñü íå áîëåå 200. Ñ îäíîé ñòîðî-
íû, ýòî îáúÿñíÿåòñÿ áèîëîãè÷åñêèìè îñîáåí-

íîñòÿìè ïèîíîâ (äîëãèé ïåðèîä ïðîðàñòàíèÿ
ñåìÿí, öâåòåíèå ñåÿíöåâ íà÷èíàåòñÿ òîëüêî
íà 5–8 ãîä æèçíè). Ñ äðóãîé ñòîðîíû, ìåñò-
íûå ñåëåêöèîíåðû íåäîñòàòî÷íî çàíèìàëèñü
âûâåäåíèåì íîâûõ ñîðòîâ ýòèõ çàìå÷àòåëü-
íûõ ðàñòåíèé [2].

Ïåðâûå äðåâîâèäíûå ïèîíû áûëè çàâå-
çåíû â Ðîññèþ â 1863 ã. â ïåòåðáóðãñêèé áî-
òàíè÷åñêèé ñàä, ãäå â òå÷åíèå 80 ëåò èõ âû-
ðàùèâàëè â ãîðøå÷íîé êóëüòóðå â õîëîäíûõ
îðàíæåðåÿõ è òîëüêî â 1939 ã. ïåðåíåñëè â
îòêðûòûé ãðóíò [3]. Èìåííî â ýòî âðåìÿ
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â ïàðêå Áîòàíè÷åñêîãî èíñòèòóòà èì. Â.Ë. Êî-
ìàðîâà À.À. Êíÿçåâûì áûëè íà÷àòû îïûòû
ïî ïðîðàùèâàíèþ ñåìÿí ïèîíà ïîëóêóñòàð-
íèêîâîãî, ñîáðàííûõ ñ ìàòî÷íûõ ðàñòåíèé
ìåñòíîé ðåïðîäóêöèè. Ïîñëå âîéíû îí ïî-
ëó÷èë ïåðâûå ñîðòà: Áåëûå Íî÷è, Þíîñòü,
Àíäðåé Êíÿçåâ. Äàííûå êóëüòèâàðû îòëè÷à-
ëèñü ìîðîçîñòîéêîñòüþ, òàê ÷òî óêðûòèå íà
çèìó íå òðåáîâàëîñü.

Â Áîòàíè÷åñêîì ñàäó ÌÃÓ ðàáîòà ñ äðå-
âîâèäíûìè ïèîíàìè áûëà íà÷àòà â 1950–
1952 ãã. XX â. ïîä ðóêîâîäñòâîì À.À. Ñîñíî-
âåö è Â.Ô. Ôîìè÷åâîé, â ðåçóëüòàòå ÷åãî
áûëî ïîëó÷åíî íåñêîëüêî ïåðñïåêòèâíûõ ñå-
ÿíöåâ. Îñíîâíûìè ìåòîäàìè ñåëåêöèîííîé
ðàáîòû ñ äðåâîâèäíûìè ïèîíàìè áûëè ñëå-
äóþùèå: èñïîëüçîâàíèå äèêèõ âèäîâ, íåñó-
ùèõ ãåí óñòîé÷èâîñòè ê õîëîäó; ïîñåâ ñåìÿí
îò ñâîáîäíî îïûëÿåìûõ èíòðîäóöèðîâàí-
íûõ ðàñòåíèé äëÿ ïîëó÷åíèÿ íåîäíîðîäíîé
êóëüòóðíîé ïîïóëÿöèè. Ñëàáûå áîëüíûå ñå-
ÿíöû ïåðâîãî ïîêîëåíèÿ âûáðàêîâûâàëè.
Ñåìåíà, ïîëó÷åííûå îò æèçíåñïîñîáíûõ
ñåÿíöåâ, ïîäâåðãàëè âîçäåéñòâèþ ðàçëè÷íûõ
äîç îáëó÷åíèÿ è îáðàáàòûâàëè õèìè÷åñêè-
ìè ìóòàãåíàìè. Ñåÿíöû âòîðîãî ïîêîëåíèÿ
òùàòåëüíî îòáèðàëè ïî íåñêîëüêèì ïàðàìåò-
ðàì: óñòîé÷èâîñòè ê õîëîäó, çàñóõå, ãðèáíûì
çàáîëåâàíèÿì, à òàêæå ïî äåêîðàòèâíûì êà-
÷åñòâàì [4]. Â íàñòîÿùåå âðåìÿ ïðîäîëæàåò
ðàáîòó ñ ïèîíàìè Ì.Ñ. Óñïåíñêàÿ, ñîçäàâ-
øàÿ ðÿä èíòåðåñíûõ ñîðòîâ ïèîíà äðåâîâèä-
íîãî ñ öâåòêàìè ðàçëè÷íîé ôîðìû (ïðîñòûå,
ïîëóìàõðîâûå, ìàõðîâûå) è îêðàñêè (îò ÷è-
ñòî-áåëîé äî ïóðïóðíî-êðàñíîé): Àâãóñò,
Èðèíà, Ìàðèàííà, Ñòåôàí, Àíàñòàñèÿ Ñî-
ñíîâåö, Ïåòð Âåëèêèé, Ëþáîâü è äð. Â ðå-
çóëüòàòå çà 45 ëåò åþ áûëî âûäåëåíî 30 ãèá-
ðèäîâ, êîòîðûå çàíåñåíû â Êàòàëîã ñîðòîâ,
äîïóùåííûõ ê èñïîëüçîâàíèþ â ïðîèçâîä-
ñòâå â Ðîññèéñêîé Ôåäåðàöèè (Áàòòåðôëÿé,
Áðèãàíòèíà, ÇÁÑ 100, Âëàäèìèð Ìàÿêîâ-
ñêèé, Äìèòðèé Êàïèíîñ, Ëîìîíîñîâ è äð.).

Â Íèêèòñêîì áîòàíè÷åñêîì ñàäó ñ 1958 ã.
òàêæå ïðîâîäèëèñü ðàáîòû ïî èçó÷åíèþ ñå-
ÿíöåâ äðåâîâèäíûõ ïèîíîâ, ïîëó÷åííûõ îò
âíóòðèâèäîâûõ è ìåæâèäîâûõ ñêðåùèâàíèé.
Èñõîäíûìè ôîðìàìè ñëóæèëè ïèîíû ïîëó-

êóñòàðíèêîâûé è æåëòûé. Âñåãî ïîëó÷åíî
áîëåå 200 ñåÿíöåâ. Â ðåçóëüòàòå áûëè îòîáðà-
íû öåííûå ñîðòà (Ãåðîÿì Àäæèìóøêàÿ, ßë-
òèíñêàÿ Âåñíà, Ëåáåäèíîå Îçåðî) è ôîðìû,
çàñëóæèâàþùèå âíèìàíèÿ ñàäîâîäîâ [5].

Êðîìå ñåëåêöèîííîé ðàáîòû ñ äðåâîâèä-
íûìè ïèîíàìè, â íàøåé ñòðàíå íàèáîëåå øè-
ðîêî âåëèñü èññëåäîâàíèÿ ñ èñïîëüçîâàíèåì
òðàâÿíèñòûõ ïèîíîâ. Òàê, ñ 1949 ã. â Ãëàâíîì
áîòàíè÷åñêîì ñàäó ÐÀÍ Í.Ñ. Êðàñíîâîé áûëè
íà÷àòû ðàáîòû ïî îòäàëåííîé ãèáðèäèçàöèè
òðàâÿíèñòûõ ïèîíîâ. Îñíîâíûìè çàäà÷àìè
äàííîãî ñåëåêöèîííîãî ïðîöåññà ÿâëÿëèñü:
ïîëó÷åíèå êóñòà êîìïàêòíîé ôîðìû ñ êðåï-
êèìè, ïðÿìîñòîÿ÷èìè ñòåáëÿìè è âûñîêîäå-
êîðàòèâíûìè êà÷åñòâàìè ñàìîãî öâåòêà, ñî-
çäàíèå ñðåçî÷íûõ ñîðòîâ ñ äëèíîé öâåòîíî-
ñà 35–40 ñì è ïîëó÷åíèå ïèîíîâ êàê ðàííèõ,
òàê è ïîçäíèõ ñðîêîâ öâåòåíèÿ [6]. Â äàëüíåé-
øåì ýòè ðàáîòû ïðîäîëæåíû Å.Ñ. Ãîëóáèí-
ñêîé. Â ðåçóëüòàòå áûëè ïîëó÷åíû 33 ñîðòà:
Àëåøà Ïîïîâè÷, Àðêàäèé Ãàéäàð, Ïàìÿòè
àêàäåìèêà Öèöèíà, Âàðåíüêà, Âàëüñ, Ïåðâå-
íåö, Ñíåãóðî÷êà, Ïåðâûé Áóêåò, Âåñåííèé,
Ìèðàæ, Ìîñêâè÷, Ïàìÿòè Ãàãàðèíà è äð.

Â Áîòàíè÷åñêîì ñàäó Ìîñêîâñêîãî óíè-
âåðñèòåòà ñ 1951 ã. À.À. Ñîñíîâåö è Â.Ô. Ôî-
ìè÷åâîé ïðîâîäèëàñü ñåëåêöèîííàÿ ðàáî-
òà ïî âûâåäåíèþ íîâûõ îòå÷åñòâåííûõ ñîð-
òîâ ñ äëèòåëüíûì ïåðèîäîì öâåòåíèÿ è îðè-
ãèíàëüíîé îêðàñêîé öâåòêîâ, ïðèñïîñîáëåí-
íûõ ê ïî÷âåííî-êëèìàòè÷åñêèì óñëîâèÿì
Ìîñêâû. Â ñâîåé ðàáîòå ñ ïèîíàìè îíè èñ-
ïîëüçîâàëè ñâîáîäíîå îïûëåíèå, ìåæñîðòî-
âîå è ìåæâèäîâîå ñêðåùèâàíèå íàèáîëåå äå-
êîðàòèâíûõ ñîðòîâ è âèäîâ. Èòîãîì ðàáîòû
ñòàëè 23 ñîðòà À.À. Ñîñíîâåö (Àéñáåðã, Àêà-
äåìèê Êóð÷àòîâ, Àðêòèêà, Áåëûé Ïàðóñ, Áî-
ãàòûðü, Âå÷åðíÿÿ Ìîñêâà, Âåñíà, Çîëóøêà,
Êðåéñåð Àâðîðà, Êîñìîñ, ßáëî÷êèíà è äð.) è
6 ñîðòîâ Â.Ô. Ôîìè÷åâîé (Ôàêåë, Îðëåíîê,
Ïàìÿòè Êîñìîíàâòîâ, Íàõîäêà, Ìàðñèàíèí,
Ñîëüâåéã) [7]. Ïðîäîëæèëà ñåëåêöèîííóþ
ðàáîòó ñ òðàâÿíèñòûì ïèîíîì â Áîòàíè÷å-
ñêîì ñàäó ÌÃÓ Ì.Ñ. Óñïåíñêàÿ. Òàê, â 1996 ã.
ñòàòóñ ñîðòà ïîëó÷èë ïåðñïåêòèâíûé ãèáðèä
Èâàí Ãîðîæàíêèí, â 2006 ã. – Çàðíèöà, Çâåç-
äî÷êà, Êèòàéñêèé Ôîíàðèê, Íåæíîñòü, Îãî-
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íåê, â 2008 ã. – Àëåêñàíäðà, Ìèõàèë Ëîìîíî-
ñîâ, Î÷àðîâàíèå Îëüãè.

Â ÃÍÓ ÍÈÈ ñàäîâîäñòâà Ñèáèðè
èì. Ì.À. Ëèñàâåíêî ñ 60-õ ãã. ïðîøëîãî âåêà
ñåëåêöèåé ïèîíîâ çàíèìàëàñü Ç.È. Ëó÷íèê.
Åé óäàëîñü ïîëó÷èòü ãèáðèäû îò ñêðåùèâà-
íèÿ ïèîíà ìîëî÷íîöâåòêîâîãî è ïèîíà óêëî-
íÿþùåãîñÿ. Òàêèì îáðàçîì, îíà âûâåëà 3 ñîð-
òà: Àëòàéñêèé Ðàííèé, Ïðèâåò Àëòàÿ è Íî-
âîñòü Àëòàÿ. Ïîñëåäíèé ïðèçíàí ãîðäîñòüþ
îòå÷åñòâåííîé ñåëåêöèè [8]. Â 2001 ã. íà áàçå
äàííîãî èíñòèòóòà áûëè ïîëó÷åíû åùå 6 íî-
âûõ ñîðòîâ ïèîíà: Àëòàéñêàÿ Çîðüêà, Âäîõ-
íîâåíèå, Âåðî÷êà, Î÷àðîâàíèå, Ïàìÿòè Âëà-
äà, Óòðåííèé Ðàññâåò.

Íà Íîâîñèáèðñêîé çîíàëüíîé ñòàíöèè
ñàäîâîäñòâà ÐÀÑÕÍ ñåëåêöèîííàÿ ðàáîòà ñ
ïèîíîì òðàâÿíèñòûì âåäåòñÿ ñ 1976 ã. Îíà
íàïðàâëåíà íà ïîëó÷åíèå âûñîêîïðîäóêòèâ-
íûõ ôîðì ñ ÿðêèì, ÷èñòûì ïî òîíó öâåòêîì,
õîðîøî ðàñêðûâàþùèìñÿ áóòîíîì, íåïîëåãà-
þùèì ñòåáëåì, ðàííåãî è ïîçäíåãî ñðîêîâ
öâåòåíèÿ. Ñåëåêöèîíåðàìè Ò.Ì. Íàçàðîâîé è
Ã.À. Ðàçóìîâîé ïîëó÷åí ðÿä èíòåðåñíûõ ñîð-
òîâ: Áåëûé Íîâîñèáèðñêèé, Êðàñíûé Øàð,
Ìå÷òà, Ãëîáóñ, Ïàìÿòè Íàçàðîâîé, Ñèðåíå-
âûé Òóìàí è äð. [9].

Â Áîòàíè÷åñêîì ñàäó-èíñòèòóòå Äàëüíå-
âîñòî÷íîãî îòäåëåíèÿ ÐÀÍ òàêæå óäåëÿþò
áîëüøîå âíèìàíèå èíòðîäóêöèè è ñåëåêöèè
ïèîíîâ. Íà÷àëî êîëëåêöèè òðàâÿíèñòûõ ïè-
îíîâ áûëî ïîëîæåíî ñòàðåéøèì ñîòðóäíèêîì
ñàäà À.Ñ. Ïðîøèíîé. Ïîëó÷àÿ ìíîãî÷èñëåí-
íûå ñîðòà èç áîòàíè÷åñêèõ ñàäîâ Ñîâåòñêîãî
Ñîþçà, îíà àïðîáèðîâàëà èõ â óñëîâèÿõ ìóñ-
ñîííîãî êëèìàòà. Äàëüíåéøèå èññëåäîâàíèÿ
ïî èíòðîäóêöèè òðàâÿíèñòûõ ïèîíîâ òàì æå
ïðîâîäèëà Í.Â. Ìàêåäîíñêàÿ. Ñ 1981 ã. èíò-
ðîäóêöèåé è ñåëåêöèåé òðàâÿíèñòûõ ïè-
îíîâ çàíèìàåòñÿ Ë.Í. Ìèðîíîâà [10]. Åþ ïî-
ëó÷åíû ñîðòà Øàõòåðñêèé Îãîíåê è ßïîí-
ñêèå Ìîòèâû.

Â íàøåé ñòðàíå ïî-ïðåæíåìó ïîïóëÿð-
íû ñîðòà îðèãèíàòîðîâ èç ó÷ðåæäåíèé ñòðàí
áëèæíåãî çàðóáåæüÿ. Â Öåíòðàëüíîì ðåñïóá-
ëèêàíñêîì áîòàíè÷åñêîì ñàäó Óêðàèíû áûëà
ñîçäàíà öåëàÿ êîëëåêöèÿ íîâûõ ïåðñïåêòèâ-
íûõ ñîðòîâ ñåëåêöèîíåðàìè Å.Ä. Õàð÷åíêî

(21 ñîðò – Àíòàðêòèäà, Áóðåâåñòíèê, Ïàðêî-
âûé, Äàð Ïîáåäå, Êàçà÷îê, Ëþáèìåö Ïàðêîâ,
Íàõîäêà, Òàëèñìàí è äð.) è Â.Ô. Ãîðîáåö
(10 ñîðòîâ – Àíòåé, Äóêàò, Îôåëèÿ, Ñâèòî÷,
ßñî÷êà è äð.). Â Áîòàíè÷åñêîì ñàäó Èíñòèòó-
òà áîòàíèêè ÀÍ Ëèòâû ñåëåêöèîííóþ ðàáî-
òó ñ ïèîíàìè âåëà Î.È. Ñêåéâåíå. Åþ ñîçäà-
íû òàêèå ñîðòà, êàê Âèðãèëèóñ, Ïðîôåññîð
Ê. Ãðèáàóñêàñ, Äàðèóñ Ãåðåíàñ è äð. Â Áîòà-
íè÷åñêîì ñàäó Êèðãèçñêîé Ðåñïóáëèêè òàêæå
ïîëó÷åíû âûñîêîäåêîðàòèâíûå ñîðòà – Ðóáèí,
Àñåëü, Ðàññâåò è äð. [11].

Íåìàëî èíòåðåñíûõ ñîðòîâ òðàâÿíè-
ñòûõ ïèîíîâ áûëî âûâåäåíî ïèîíîâîäàìè-
ëþáèòåëÿìè: Ñ.Ä. Êóïîëÿíîì (Ãàëèíà Óëà-
íîâà, Ïîáåäà), Ò.È. Ôîìèíîé (Ïåíà, Ñíåæ-
íûé Øàð, Áåëîñíåæêà, Æåì÷óæèíà, ×åðíî-
ìîðñêàÿ ×àéêà), À.Ã. Ìàðêîâûì (Áàáî÷êè,
Ïàìÿòü î Ãåîðãèè), Í.Ì. Âèíîãðàäîâûì (Ïðå-
ìüåðà), À.Ê. Êîëïàêîâûì (ÌÝÈ), Í.Ä. Åðî-
õèíûì è äð. Áîëüøîé âêëàä âíåñ òàêæå òà-
ëàíòëèâûé ñåëåêöèîíåð Ì.È. Àêèìîâ. Îí
ñîçäàë áîëåå 60 ñîðòîâ (Àìóð, Áîðîäèíî,
Èãðóøêà, Ìóçà, Ñàäêî, Ñëàâà, Ñíåæîê, Ëàäà,
Ëàãóíà, Ðîññèÿ, Íàäåæäà, Äÿäÿ Âàíÿ, Âàëåí-
òèíà Òåðåøêîâà è äð.). Â Êàçàõñòàíå ïèîíî-
âîä-ëþáèòåëü À.À. Ñêàêîäóá ñîçäàë áîëåå
äåñÿòêà èíòåðåñíûõ ñîðòîâ (Àäìèðàë, Ñàõà-
ëèí, Ñâåòëàíà Ñåäîâà, Àëìà-Àòà è äð.).
Ê ñîæàëåíèþ, îíè ó íàñ ïðàêòè÷åñêè íåèç-
âåñòíû. Ñ 1958 ã. è ïî ñåé äåíü íàä ñîçäàíè-
åì ñîðòîâ ðàáîòàåò çàìå÷àòåëüíûé ñåëåêöè-
îíåð-ëþáèòåëü Â.Ì. Äóáðîâ. Ìíîãèå åãî ñîð-
òà ïîëüçóþòñÿ ïîïóëÿðíîñòüþ ó öâåòîâîäîâ,
îòìå÷åíû â ðàçëè÷íûõ íîìèíàöèÿõ íà ìîñ-
êîâñêèõ âûñòàâêàõ ïèîíîâ (Êóðèëüñêèå Îñ-
òðîâà, Ñâåòëàíà Óäèíöåâà, Ìàìèíî Ñåðäå÷-
êî, Àêâàðåëü, Âå÷íî Æèâûå è äð.) [12].

Íåîáõîäèìî îòìåòèòü, ÷òî îòå÷åñòâåííûå
ñîðòà íè÷åì íå óñòóïàþò ïðåäñòàâèòåëÿì çà-
ðóáåæíîé ñåëåêöèè: îíè áîëåå óñòîé÷èâû ê
áîëåçíÿì è íåáëàãîïðèÿòíûì ïîãîäíûì óñëî-
âèÿì, áûñòðåå ðàñòóò è ðàçâèâàþòñÿ.

Â Áàøêèðèè ñ 1955 ã. ñåëåêöèåé ïèîíîâ
çàíèìàëàñü Î.À. Êðàâ÷åíêî. Ñ èñïîëüçîâàíè-
åì ìåòîäîâ ñâîáîäíîãî îïûëåíèÿ è èñêóññò-
âåííîé ãèáðèäèçàöèè (ìåæâèäîâîé è ìåæ-
ñîðòîâîé) åþ ñîçäàí áîëüøîé ãèáðèäíûé
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ôîíä (áîëåå 800 ñåÿíöåâ), èç êîòîðûõ â 1965 ã.
ðåñïóáëèêàíñêîé ýêñïåðòíîé êîìèññèåé áûëî
âûäåëåíî 25 ãèáðèäîâ – êàíäèäàòîâ â íîâûå
ñîðòà. Â 1969 ã. áûëî îòîáðàíî åùå 25 ïåðñ-
ïåêòèâíûõ ãèáðèäíûõ ñåÿíöåâ. Â 1970, 1971
è 1972 ãã. ÷àñòü ãèáðèäîâ ïåðåäàíà íà ãîñó-
äàðñòâåííîå ñîðòîèñïûòàíèå [13].

Î.À. Êðàâ÷åíêî áûëè èçó÷åíû íåêîòîðûå
îñîáåííîñòè íàñëåäîâàíèÿ îñíîâíûõ ïðèçíà-
êîâ äèêîðàñòóùèõ è ñîðòîâûõ ïèîíîâ. Âûÿâ-
ëåíî, ÷òî íàèáîëüøèé èíòåðåñ äëÿ äàëüíåé-
øåé ñåëåêöèîííîé ðàáîòû ïðåäñòàâëÿåò ñêðå-
ùèâàíèå ëó÷øèõ ñîðòîâ ïèîíà êèòàéñêîãî
èëè èõ ãèáðèäíûõ ñåÿíöåâ ïåðâîãî ïîêîëå-
íèÿ ñ äèêîðàñòóùèìè âèäàìè [14]. Â 1970 ã.,
â ñâÿçè ñ óõîäîì Î.À. Êðàâ÷åíêî íà ïåíñèþ,
êîëëåêöèÿ áûëà ïåðåäàíà Ë.Ñ. Íîâèêîâîé. Åþ
áûëà ïðîäîëæåíà ðàáîòà ïî ïîïîëíåíèþ è
èçó÷åíèþ ãèáðèäíîãî ôîíäà ïèîíîâ, à òàêæå
ïî ðàçìíîæåíèþ è ïåðåäà÷å íà ãîññîðòîèñ-
ïûòàíèå ñåÿíöåâ – êàíäèäàòîâ â ñîðòà.

Â 1974 ã. îäèííàäöàòü ãèáðèäíûõ ñåÿíöåâ
áûëè ïðåäñòàâëåíû Ãîñóäàðñòâåííîé ýêñïåð-
òíîé êîìèññèè ÂÄÍÕ ÑÑÑÐ, èç êîòîðûõ ÷åòû-
ðå ïîëó÷èëè âûñîêóþ îöåíêó è ïåðåäàíû íà
ãîññîðòîèñïûòàíèå. Ñåÿíöàì «Àïïàññèîíàòà»
è «Þáèëåé Ðåâîëþöèè» áûë ïðèñâîåí ñòàòóñ
ñîðòà. Ñ 1986 ã. îíè ðàéîíèðîâàíû ïî ÐÑÔÑÐ.
Â 1988 ã. åùå ïÿòü ãèáðèäîâ ïèîíà ïîëó÷èëè
âûñîêóþ ïåðâè÷íóþ îöåíêó íà ÂÄÍÕ ÑÑÑÐ
è â 1992 ã. ïåðåäàíû íà ãîñóäàðñòâåííîå èñ-
ïûòàíèå. Â ðåçóëüòàòå â 1998 ã. ñòàòóñ ñîðòà áûë
ïðèñâîåí ñåÿíöàì «Þæíûé Óðàë», «Óòðî Ðî-
äèíû», «Íàäåæäà», «Âåòåðàí» [15].

Â 1999 ã. ñåëåêöèîííàÿ ðàáîòà ïî ïèî-
íàì (â òîì ÷èñëå ñ ãèáðèäàìè, ïîëó÷åííûìè
Î.À. Êðàâ÷åíêî) áûëà ïðîäîëæåíà Ë.Í. Ìè-
ðîíîâîé è Ë.À. Òóõâàòóëëèíîé, à ñ 2003 ã. –
À.À. Ðåóò. Äëÿ ïîïîëíåíèÿ ôîíäà ãèáðèäíûõ
ñåÿíöåâ áûëè ñîáðàíû è âûñåÿíû â îòêðû-
òûé ãðóíò ñåìåíà îò ñâîáîäíîãî îïûëåíèÿ
12 ñîðòîâ: Àäîëüô Ðóññî, Àòðîñàìãèîìåà,
Ìýðè Âóäáåðè Øåéëîð, Ðîçåà Ýëåãàíñ, Êàðë
Ðîçåíôèëä, Ìñüå Æþëü Ýëè, Ôåëèêñ Êðóññ,
Äþøåññ äå Íåìóð, Ôåñòèâà Ìàêñèìà, Íèãðè-
êàíñ, Æàííà ä’Àðê, Þáèëåé Ðåâîëþöèè, à
òàêæå îò ïðèíóäèòåëüíîãî îïûëåíèÿ 8 ñîð-
òîâ: Ìýðè Âóäáåðè Øåéëîð, Ôðàíñóà Îðòåãà,

Àïïàññèîíàòà, Àâàëàíø, Æàííà ä’Àðê, Ôå-
ëèêñ Êðóññ, Þáèëåé Ðåâîëþöèè, Ìñüå Æþëü
Ýëè. Â ðåçóëüòàòå áûëî âûðàùåíî òðàäèöè-
îííûì ìåòîäîì (ïîñåâ ñåìÿí â îòêðûòûé
ãðóíò) 507 ñåÿíöåâ îò ïðèíóäèòåëüíîãî îïû-
ëåíèÿ è 586 – îò ñâîáîäíîãî îïûëåíèÿ [16].
Â 2005–2007 ãã. îíè äîñòèãëè ãåíåðàòèâíîé
ôàçû ðàçâèòèÿ. Èç íèõ ïî äåêîðàòèâíûì è
õîçÿéñòâåííî-öåííûì ïðèçíàêàì âûäåëåíî
219 ãèáðèäîâ ñ êðóïíûìè è ñðåäíèìè ïî ðàç-
ìåðó öâåòêàìè ðîçîâèäíîé, êîðîí÷àòîé, øà-
ðîâèäíîé, àíåìîíîâèäíîé è ÿïîíñêîé ôîð-
ìàìè; êðàñíîé, ðîçîâîé, êðåìîâîé è áåëîé
îêðàñêîé, à òàêæå ïðîìåæóòî÷íûõ òîíîâ. Íàè-
áîëåå èíòåðåñíûå ñåÿíöû áûëè ïåðåäàíû äëÿ
äàëüíåéøåãî èçó÷åíèÿ â Ãîñóäàðñòâåííóþ
êîìèññèþ ÐÔ ïî èñïûòàíèþ è îõðàíå ñåëåê-
öèîííûõ äîñòèæåíèé. Â 2008 ã. 17 èç íèõ
ïîëó÷èëè ñòàòóñ ñîðòà è áûëè çàíåñåíû â
Ãîñóäàðñòâåííûé ðååñòð ñåëåêöèîííûõ äîñ-
òèæåíèé, äîïóùåííûõ ê èñïîëüçîâàíèþ. Ýòî
ñîðòà – Àâðîðà, Àðêàèì, Èðåìåëü, Ëþäìèëà
Ìèðîíîâà, Ìå÷òà Ñ.Ï. Êîðîëåâà, Ìóñòàé
Êàðèì, Îëüãà Êðàâ÷åíêî, Ïåñíÿ Êóðàÿ, Ïîëÿð-
íèê-8, Ðóäîëüô Íóðååâ, Ñàáàíòóé, Ñàøåíüêà,
Òîðíàäî, Óðàë-Áàòûð, Óôèìåö, ×àê-×àê, ×èí-
ãèç Õàí. Â 2011 ã. åùå 8 ñîðòîâ áûëè ïåðåäà-
íû íà ãîññîðòîèñïûòàíèå (Èþíü, Óòðî Òó-
ìàííîå, Áàøêèðñêèé, Ñåðåæà, Óðàëåö, Îãíè
Óôû, Ðîçîâàÿ Äûìêà, Ñàëàâàò). Â 2013 ã. íà
íèõ ïîëó÷åíû àâòîðñêèå ñâèäåòåëüñòâà è ïà-
òåíòû. Âñå íîâûå ñîðòà óñòîé÷èâû ê íåáëà-
ãîïðèÿòíûì ïîãîäíûì óñëîâèÿì, áîëåçíÿì è
âðåäèòåëÿì, çèìîñòîéêè, çàñóõîóñòîé÷èâû è
æàðîâûíîñëèâû. Ðåêîìåíäóþòñÿ äëÿ âûðà-
ùèâàíèÿ â ñðåäíåé ïîëîñå Ðîññèè [17]. Íèæå
ïðèâîäÿòñÿ õàðàêòåðèñòèêè íåêîòîðûõ ñîðòîâ
ïèîíà ãèáðèäíîãî ñåëåêöèè Áîòàíè÷åñêîãî
ñàäà-èíñòèòóòà ÓÍÖ ÐÀÍ.

ÁÀØÊÈÐÑÊÈÉ (àâòîðû: Êðàâ÷åí-
êî Î.À., Ìèðîíîâà Ë.Í., Íîâèêîâà Ë.Ñ., Ðå-
óò À.À.; àâòîðñêîå ñâèäåòåëüñòâî ¹ 57142).
Êóñò âûñîòîé 70 ñì, äèàìåòðîì 70 ñì, ïðÿ-
ìîñòîÿ÷èé, ïîëóðàñêèäèñòûé, ñî ñðåäíåé îá-
ëèñòâåííîñòüþ. Öâåòîíîñû äëèíîé 90 ñì,
ïðÿìûå, ïðî÷íûå, ïî 4 öâåòêà íà öâåòîíîñå.
Öâåòêè ìàõðîâûå, ðîçîâèäíîé ôîðìû, äèà-
ìåòðîì 14 ñì, ðîçîâûå. Àðîìàò ñðåäíèé. Öâå-
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òîê ñëàáî âûãîðàåò. Öâåòåíèå ñðåäíå-ïîçäíåãî
ñðîêà, ïðîäîëæèòåëüíîñòüþ 12 äíåé.

ÈÞÍÜ (àâòîðû: Êðàâ÷åíêî Î.À., Ìèðî-
íîâà Ë.Í., Íîâèêîâà Ë.Ñ., Ðåóò À.À.; à.ñ.
¹ 57136). Êóñò âûñîòîé 45 ñì, äèàìåòðîì
70 ñì, ïðÿìîñòîÿ÷èé, ïîëóðàñêèäèñòûé, ñî
ñðåäíåé îáëèñòâåííîñòüþ. Öâåòîíîñû äëè-
íîé 60 ñì, ïðÿìûå, ñëàáûå, ïî 2 öâåòêà íà
öâåòîíîñå. Öâåòêè ìàõðîâûå, ïîëóøàðîâèä-
íîé ôîðìû, äèàìåòðîì 16 ñì, áåëûå. Ðûëüöå
áåëîå. Àðîìàò ñëàáûé. Öâåòîê íå âûãîðàåò.
Öâåòåíèå ñðåäíåãî ñðîêà, îáèëüíîå, ïðîäîë-
æèòåëüíîñòüþ 13 äíåé.

ÎÃÍÈ ÓÔÛ (àâòîðû: Êðàâ÷åíêî Î.À.,
Ìèðîíîâà Ë.Í., Íîâèêîâà Ë.Ñ., Ðåóò À.À.; à.ñ.
¹ 57140). Êóñò âûñîòîé 60 ñì, äèàìåòðîì
70 ñì, ïðÿìîñòîÿ÷èé, ñîìêíóòûé, ñî ñëàáîé
îáëèñòâåííîñòüþ. Öâåòîíîñû äëèíîé 80 ñì,
ïðÿìûå, ïðî÷íûå, ïî 4 öâåòêà íà öâåòîíîñå.
Öâåòêè ìàõðîâûå, ðîçîâèäíûå, äèàìåòðîì
15 ñì, ñèðåíåâî-ðîçîâûå. Òû÷èíî÷íûå íèòè
æåëòûå, ðûëüöå ðîçîâîå. Àðîìàò ñðåäíèé.
Öâåòîê íå âûãîðàåò. Öâåòåíèå ñðåäíåãî ñðî-
êà, îáèëüíîå, ïðîäîëæèòåëüíîñòüþ 12 äíåé.

ÐÎÇÎÂÀß ÄÛÌÊÀ (àâòîðû: Êðàâ÷åí-
êî Î.À., Ìèðîíîâà Ë.Í., Íîâèêîâà Ë.Ñ., Ðå-
óò À.À.; à.ñ. ¹ 57138). Êóñò âûñîòîé 50 ñì,
äèàìåòðîì 70 ñì, ïðÿìîñòîÿ÷èé, ïîëóðàñêè-
äèñòûé, ñî ñëàáîé îáëèñòâåííîñòüþ. Öâåòî-
íîñû äëèíîé 75 ñì, ïðÿìûå, ñðåäíåé ïðî÷-
íîñòè, ïî 3 öâåòêà íà öâåòîíîñå. Öâåòêè ìàõ-
ðîâûå, ðîçîâèäíûå, äèàìåòðîì 14 ñì, áåëûå.
Àðîìàò ñèëüíûé. Öâåòîê íå âûãîðàåò. Öâå-
òåíèå ñðåäíå-ïîçäíåãî ñðîêà, îáèëüíîå, ïðî-
äîëæèòåëüíîñòüþ 13 äíåé.

ÑÀËÀÂÀÒ (àâòîðû: Êðàâ÷åíêî Î.À.,
Ìèðîíîâà Ë.Í., Íîâèêîâà Ë.Ñ., Ðåóò À.À.; à.ñ.
¹ 57130). Êóñò âûñîòîé 60 ñì, äèàìåòðîì
65 ñì, ïðÿìîñòîÿ÷èé, ñîìêíóòûé, ñî ñëàáîé
îáëèñòâåííîñòüþ. Öâåòîíîñû äëèíîé 80 ñì,
ïðÿìûå, î÷åíü ïðî÷íûå, ïî 3 öâåòêà íà öâå-
òîíîñå. Öâåòêè ìàõðîâûå, áîìáîâèäíûå, äè-
àìåòðîì 13 ñì, áåëî-ðîçîâûå. Àðîìàò ñðåä-
íèé. Öâåòîê íå âûãîðàåò. Öâåòåíèå ñðåäíåãî
ñðîêà, îáèëüíîå, ïðîäîëæèòåëüíîñòüþ
11 äíåé.

ÑÅÐÅÆÀ (àâòîðû: Êðàâ÷åíêî Î.À.,
Ìèðîíîâà Ë.Í., Íîâèêîâà Ë.Ñ., Ðåóò À.À.; à.ñ.

¹ 57134). Êóñò âûñîòîé 65 ñì, äèàìåòðîì
70 ñì, ïðÿìîñòîÿ÷èé, ñîìêíóòûé, ñî ñðåäíåé
îáëèñòâåííîñòüþ. Öâåòîíîñû äëèíîé 75 ñì,
ïðÿìûå, ïðî÷íûå, ïî 3 öâåòêà íà öâåòîíîñå.
Öâåòêè ìàõðîâûå, ðîçîâèäíûå, äèàìåòðîì
14 ñì, áåëî-ðîçîâûå. Àðîìàò ñëàáûé. Öâåòîê
íå âûãîðàåò. Öâåòåíèå ñðåäíå-ïîçäíåãî ñðî-
êà, îáèëüíîå, ïðîäîëæèòåëüíîñòüþ 12 äíåé.

ÓÐÀËÅÖ (àâòîðû: Êðàâ÷åíêî Î.À., Ìè-
ðîíîâà Ë.Í., Íîâèêîâà Ë.Ñ., Ðåóò À.À.; à.ñ.
¹ 57132). Êóñò âûñîòîé 50 ñì, äèàìåòðîì
60 ñì, ïðÿìîñòîÿ÷èé, ñîìêíóòûé, ñ ñèëüíîé
îáëèñòâåííîñòüþ. Öâåòîíîñû äëèíîé 70 ñì,
ïðÿìûå, ïðî÷íûå, ïî 2 öâåòêà íà öâåòîíîñå.
Öâåòêè ìàõðîâûå, ðîçîâèäíûå, äèàìåòðîì
16 ñì, ñåðåáðèñòî-ðîçîâûå. Àðîìàò ñëàáûé.
Öâåòîê ñëàáî âûãîðàåò. Öâåòåíèå ñðåäíå-ïî-
çäíåãî ñðîêà, îáèëüíîå, ïðîäîëæèòåëüíîñòüþ
10 äíåé.

ÓÒÐÎ ÒÓÌÀÍÍÎÅ (àâòîðû: Êðàâ÷åí-
êî Î.À., Ìèðîíîâà Ë.Í., Íîâèêîâà Ë.Ñ., Ðå-
óò À.À.; à.ñ. ¹ 57128). Êóñò âûñîòîé 55 ñì,
äèàìåòðîì 90 ñì, ïðÿìîñòîÿ÷èé, ïîëóðàñêè-
äèñòûé, ñ ñèëüíîé îáëèñòâåííîñòüþ. Öâåòî-
íîñû äëèíîé 80 ñì, ïðÿìûå, ñëàáûå, ïî
4 öâåòêà íà öâåòîíîñå. Öâåòêè ìàõðîâûå, øà-
ðîâèäíûå, äèàìåòðîì 16 ñì, áåëî-ðîçîâûå.
Ðûëüöå ðîçîâîå. Àðîìàò ñëàáûé. Öâåòîê íå
âûãîðàåò. Öâåòåíèå ïîçäíå-ñðåäíåãî ñðîêà,
îáèëüíîå, ïðîäîëæèòåëüíîñòüþ 12 äíåé.

Âûøåïåðå÷èñëåííûå ïîêàçàòåëè íîâûõ
ñîðòîâ ïèîíà ãèáðèäíîãî äàþò âîçìîæíîñòü
èñïîëüçîâàòü èõ â ãîðîäñêîì îçåëåíåíèè äëÿ
îôîðìëåíèÿ êëóìá, ãðóïïîâûõ ïîñàäîê, ìàñ-
ñèâîâ, áîðäþðîâ, ðàáàòîê, à òàêæå èñïîëüçî-
âàòü äëÿ ñðåçêè. Ïðè íàëàæåííîì ïðîèçâîä-
ñòâå ïîñàäî÷íîãî ìàòåðèàëà ñîðòà ñåëåêöèè
ÁÑÈ çàéìóò äîñòîéíîå ìåñòî ñðåäè äåêîðà-
òèâíûõ òðàâÿíèñòûõ êóëüòóð, èñïîëüçóåìûõ
â çåëåíîì ñòðîèòåëüñòâå ÐÔ.
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ACCOMPLISHMENTS  OF  RUSSIAN  PEONY  BREEDERS

© L.N. Mironova, A.A. Reut

Botanical Garden-Institute, Ufa Scientific Centre, RAS,
195, korp. 3, ulitsa Mendeleeva, 450080, Ufa, Republic of Bashkortostan, Russia

This article presents a brief history of the arrival and cultivation of peonies in Russia and former Soviet
Republics (Ukraine, Lithuania, Kyrgyzstan, Kazakhstan, etc.). It describes the hard path toward the development
of introduction and breeding research and tells about leading scientists, experts and the most important achievements
of peony breeders in the USSR. It also highlights main stages, trends, methods and results of the breeding work
conducted in the Botanical Garden of the Komarov Botanical Institute (St. Petersburg), the Botanical Garden of the
Moscow State University, the Tsitsin Main Botanical Garden of the Russian Academy of Sciences (Moscow), the
Lisavenko Research Institute of Horticulture for Siberia (Barnaul), the Novosibirsk Horticulture Zonal Station of
the Russian Academy of Agricultural Sciences, the Botanical Garden-Institute of the Far East Branch of the
Russian Academy of Sciences (Vladivostok) and amateur flower breeders (S.D. Kupolyan, T.I. Fomin, A.G. Markov,
N.M. Vinogradov, A.K. Kolpakov, N.D. Erokhin, M.I. Akimov, A.A. Skakodub, V.M. Dubrov) when creating new
forms of tree and herbaceous peonies. A brief summary is given on peony breeding activities, with the lists of the
most popular varieties. The efforts of Ufa selectionists over the past six decades are shown in detail. The article is
concerned with the creation of a hybrid seedling fund, methods of open pollination and artificial hybridization
(interspecies and intervarietal) used by experts, as well as the original parent forms. It analyzes contributions made
by leading breeders of the Botanical Garden-Institute in Ufa to research of the processes of inheritance of valuable
agronomic traits, enlargement of the hybrid seedling fund and creation of new highly ornamental varieties with
different flowering times, resistant to adverse weather conditions, diseases and pests. The article ends with a
consideration of the characteristics of some hybrid peony varieties: bush height, diameter and foliage mass; flower
colour, shape, diameter, scent and fade resistance; time and duration of flowering; winter hardiness, drought and
heat tolerance and contains recommendations on how to use them in greening cities and other settlements of the
Republic of Bashkortostan and the Russian Federation.

Key words: hybrid peony, open pollination, artificial hybridization, history of breeding new varieties.
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Ñòàòüÿ ïîñâÿùåíà èññëåäîâàíèþ ãåîõèìèè è ãåíåçèñà ãàçîâî-æèäêèõ ôëþèäîâ ãëóáîêèõ ÷àñòåé íåäð
ãëàâíûõ òåêòîíè÷åñêèõ ýëåìåíòîâ (ìåãàçîí) Óðàëà: Çàïàäíî-Óðàëüñêîé âíåøíåé çîíû ñêëàä÷àòîñòè, Öåíò-
ðàëüíî-Óðàëüñêîãî ïîäíÿòèÿ è Ìàãíèòîãîðñêîãî ìåãàñèíêëèíîðèÿ. Âåðòèêàëüíàÿ ãåîõèìè÷åñêàÿ çîíàëüíîñòü
è ïðîèñõîæäåíèå ãëóáèííûõ ãàçîâî-æèäêèõ ôëþèäîâ ãîðíûõ ñòðàí ÿâëÿåòñÿ îäíîé èç àêòóàëüíûõ, íî ìàëî-
èçó÷åííûõ òåîðåòè÷åñêèõ ïðîáëåì ñîâðåìåííîé ãèäðîãåîõèìèè. Èçäàâíà óòâåðäèëèñü ïðåäñòàâëåíèÿ îá
îðîãåííûõ îáëàñòÿõ â öåëîì è îá Óðàëå â ÷àñòíîñòè êàê î ãèäðîãåîëîãè÷åñêè îòêðûòûõ ñòðóêòóðàõ, â
êîòîðûõ äîìèíèðóþùåå ðàçâèòèå ïîëó÷èëè êèñëîðîäíî-àçîòíûå ïðåñíûå ãèäðîêàðáîíàòíûå âîäû, ôîðìè-
ðóþùèåñÿ ïîä âîçäåéñòâèåì ãèïåðãåííûõ ôàêòîðîâ. Â îñíîâó ñòàòüè ïîëîæåíû ñîáñòâåííûå ðàçðàáîòêè
àâòîðîâ, áàçèðóþùèåñÿ íà íàòóðíûõ èññëåäîâàíèÿõ ìèíåðàëüíûõ èñòî÷íèêîâ è ãèäðîìèíåðàëüíûõ ìåñòî-
ðîæäåíèé ðåãèîíà, à òàêæå ðåçóëüòàòû èçó÷åíèÿ èîííî-ñîëåâîãî è ãàçîâîãî ñîñòàâà ïîäçåìíûõ âîä ãëóáî-
êèõ ñêâàæèí, ïðîáóðåííûõ ðàçëè÷íûìè ãåîëîãè÷åñêèìè îðãàíèçàöèÿìè â îñíîâíîì íà Þæíîì è Ñðåäíåì
Óðàëå. Îñîáîå âíèìàíèå óäåëåíî àíàëèçó ïðè÷èí ïîÿâëåíèÿ îïðåñíåííûõ âîä, ñîçäàþùèõ ãèäðîãåîõèìè-
÷åñêèå èíâåðñèè â ãèäðîëèòîñôåðå. Ïîä÷åðêèâàåòñÿ àññîöèàöèÿ çàëåæåé óãëåâîäîðîäîâ ñ ìàëîìèíåðàëè-
çîâàííûìè âîäàìè â çîíå ñî÷ëåíåíèÿ îðîãåíà è ïðîãèáà. Àíàëèç è îáîáùåíèå ýòèõ äàííûõ ïîçâîëÿåò ðàñ-
ñìîòðåòü âîïðîñ î ãåîõèìè÷åñêèõ îñîáåííîñòÿõ ãàçîâî-æèäêèõ ôëþèäîâ ãëóáîêèõ ÷àñòåé ðàçðåçà, èõ ïðè-
ðîäå, õàðàêòåðå ãèäðîãåîõèìè÷åñêîé çîíàëüíîñòè ðåãèîíà.

Êëþ÷åâûå ñëîâà: ðàññîëû, îïðåñíåííûå ãëóáèííûå âîäû, ãåîõèìèÿ, ãåíåçèñ, Óðàë, Ïðåäóðàëüñêèé
ïðîãèá.
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Ôëþèäîãåîõèìèÿ (ãåîõèìèÿ ïîäçåìíûõ
âîä, ãàçîâ è íåôòåé) ãëóáîêèõ çîí çåìíîé
êîðû ÿâëÿåòñÿ âàæíåéøèì òåîðåòè÷åñêèì íà-
ïðàâëåíèåì ñîâðåìåííîé ãåíåòè÷åñêîé ãèä-
ðîãåîõèìèè [1]. Îñíîâû åãî áûëè çàëîæåíû
ôóíäàìåíòàëüíûìè òðóäàìè À.Å. Ôåðñìàíà
è Â.È. Âåðíàäñêîãî, à â äàëüíåéøåì ðàçâèòî
â ðàáîòàõ È.Ê. Çàéöåâà, Í.È. Òîëñòèõèíà,
Å.Â. Ïîñîõîâà, Â.À. Êèðþõèíà, Å.À. Áàñêîâà
è äð. Îñîáåííî ïëîäîòâîðíî ôëþèäîãåîõè-
ìè÷åñêîå íàïðàâëåíèå ðàçâèâàëîñü â ïîñëå-
äíèå äåñÿòèëåòèÿ, áëàãîäàðÿ èññëåäîâàíèÿì
â îáëàñòè íå òîëüêî ãèäðîãåîëîãèè, íî è ëè-
òîëîãèè, ãåîõèìèè, íåôòÿíîé ãåîëîãèè è äðó-
ãèõ ñìåæíûõ íàóê. Âìåñòå ñ òåì íåäîñòàòî-
÷íî ðàçðàáîòàííûìè îñòàþòñÿ öåëûé ðÿä àñ-

ïåêòîâ, êàñàþùèõñÿ âåùåñòâåííîãî ñîñòàâà
è ïðîèñõîæäåíèÿ ãàçîâî-æèäêèõ ôëþèäîâ
ãëóáîêèõ ÷àñòåé íåäð ïëàòôîðìåííûõ è îñî-
áåííî îðîãåííûõ îáëàñòåé. Îñîáûé èíòåðåñ
ïðåäñòàâëÿþò âîïðîñû ôîðìèðîâàíèÿ è ãå-
íåçèñà ìàëîìèíåðàëèçîâàííûõ ãëóáèííûõ
ïîäçåìíûõ âîä, êîòîðûå ìîãóò ñîçäàâàòü ïîë-
íûå èëè ÷àñòè÷íûå èíâåðñèè â ïîãðóæåí-
íûõ çîíàõ ãèäðîëèòîñôåðû.

Íåñìîòðÿ íà êàðäèíàëüíûå ðàçëè÷èÿ â
ãåîëîãè÷åñêîì ñòðîåíèè, ãèäðîãåîëîãè÷åñêèõ
óñëîâèÿõ è èñòîðèè ðàçâèòèÿ Óðàëà è Ïðåä-
óðàëüñêîãî ïðîãèáà, îáùåé ÷åðòîé èõ ÿâëÿåò-
ñÿ íîðìàëüíàÿ (ïðÿìàÿ) ãëóáèííàÿ ãèäðîãåî-
õèìè÷åñêàÿ çîíàëüíîñòü, ÿâëÿþùàÿñÿ îäíèì
èç ãëàâíûõ çàêîíîâ ñóùåñòâîâàíèÿ âîäû
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â íåäðàõ Çåìëè. Îíà âûðàæàåòñÿ â çàêîíîìåð-
íîì ðîñòå ñ ãëóáèíîé ìèíåðàëèçàöèè (Ì) è
èçìåíåíèè õèìè÷åñêîãî ñîñòàâà ïîäçåìíûõ
âîä ïî ìåðå óìåíüøåíèÿ ñêîðîñòåé èõ äâè-
æåíèÿ, âïëîòü äî óñòàíîâëåíèÿ â ãëóáîêîïîã-
ðóæåííûõ çîíàõ êâàçèçàñòîéíîãî ãèäðîãåîäè-
íàìè÷åñêîãî ðåæèìà. Íà õàðàêòåð ãåîõèìè-
÷åñêîé çîíàëüíîñòè ïîäçåìíûõ âîä âìåñòå ñ
ãèäðîãåîäèíàìè÷åñêèì ôàêòîðîì áîëüøîå
âëèÿíèå îêàçûâàåò òàêæå è ëèòîëîãî-ôàöè-
àëüíûé ñîñòàâ îñàäî÷íûõ ôîðìàöèé.

Ïðè íîðìàëüíîé ãèäðîãåîõèìè÷åñêîé
ñòðàòèôèêàöèè ñåäèìåíòàöèîííûõ áàññåé-
íîâ, èñïûòàâøèõ â ñâîåì ðàçâèòèè ïðîöåñ-
ñû ìîðñêîãî ãàëîãåíåçà, ôîðìèðóþòñÿ íàèáî-
ëåå ïîëíûå ãèäðîãåîõèìè÷åñêèå ðàçðåçû (ïî-
ÿñà), âêëþ÷àþùèå çîíû ïðåñíûõ âîä – À1,
ñîëåíûõ âîä – Á36 è ðàññîëîâ – Â>36 ñ ïîäçî-
íàìè Â75, Â150, Â320, Â500

1. Íåçàâèñèìî îò ïîë-
íîòû ãèäðîãåîõèìè÷åñêèõ ïîÿñîâ, îñîáåííî
îò÷åòëèâî ãëóáèííàÿ çîíàëüíîñòü ïðîÿâëÿåò-
ñÿ â àðòåçèàíñêèõ ñòðóêòóðàõ ïëàòôîðìåííî-
ãî òèïà ñ ïëàñòîâûìè ñêîïëåíèÿìè âîä. Îðî-
ãåíè÷åñêèå îáëàñòè, ïðåäñòàâëåííûå ãèäðî-
ãåîëîãè÷åñêèìè ìàññèâàìè ðàçëè÷íîãî ïðî-
èñõîæäåíèÿ ñ òðåùèííûìè è òðåùèííî-
æèëüíûìè ñêîïëåíèÿìè âîä, ïðîøëè áîëåå
ñëîæíûé ïóòü ãåîëîãè÷åñêîãî ðàçâèòèÿ,
âêëþ÷àþùåãî ñåäèìåíòîãåíåç è ëèòîãåíåç,
ñêëàäêîîáðàçîâàíèå è äèçúþíêòèâíûé òåêòî-
ãåíåç, ìàãìàòèçì è ìåòàìîðôèçì.

Ãëóáîêèå íåäðà ãîðíûõ ñòðàí â öåëîì è
Óðàëà â ÷àñòíîñòè èçó÷åíû â ãèäðîãåîëîãè-
÷åñêîì îòíîøåíèè äîâîëüíî ñëàáî, ïîýòîìó
ïðåäñòàâëåíèÿ îá èõ ãëóáèííîé ãèäðîãåîõè-
ìè÷åñêîé çîíàëüíîñòè íîñÿò ôðàãìåíòàðíûé
õàðàêòåð. Òåì íå ìåíåå àíàëèç è îáîáùåíèå
ïîêà åùå äàëåêî íå ïîëíûõ, îòðûâî÷íûõ ãèä-
ðîãåîõèìè÷åñêèõ äàííûõ, ïîëó÷åííûõ â ðå-
çóëüòàòå áóðåíèÿ ãëóáîêèõ ñêâàæèí (ïàðàìåò-
ðè÷åñêèõ, ðóäî-, íåôòåïîèñêîâûõ è äð.) â
ñêëàä÷àòî-íàäâèãîâîì ïîÿñå Óðàëà, äàþò îñ-
íîâàíèå óòâåðæäàòü, ÷òî êèñëîðîäíî-àçîòíûå
ìàëîìèíåðàëèçîâàííûå HCO3-Ca âîäû çîíû
ãèïåðãåíåçà íà ãëóáèíå áîëåå 500–1000 ì ñìå-

íÿþòñÿ àçîòíûìè ñîëåíûìè Ñl-Na âîäàìè, à
íà ãëóáèíå áîëåå 2000–3000 ì – ìåòàíîâûìè
ðàññîëàìè Ñl-Ña òèïà, ñîäåðæàùèìè ñïåêòð
ãàëîôèëüíûõ è áèîôèëüíûõ ìèêðîýëåìåíòîâ.
Ðàññîëû ñâÿçàíû ñ ìåòàîñàäî÷íûìè, âóëêàíî-
ãåííî-îñàäî÷íûìè è îñàäî÷íûìè òîëùàìè
ïàëåîçîÿ è ïîçäíåãî ïðîòåðîçîÿ, êîòîðûå â
ñèëó íàäâèãîâîãî (àëëîõòîííîãî) ñòðîåíèÿ
îêàçàëèñü òåêòîíè÷åñêè è ëèòîëîãè÷åñêè ýê-
ðàíèðîâàííûìè îò âîçäåéñòâèÿ ïîâåðõíîñò-
íûõ ôàêòîðîâ. Â ñâîåì áîëüøèíñòâå ðàññîëû
ÿâëÿþòñÿ ïðîäóêòîì ñåäèìåíòîãåíåçà â òàëàñ-
ñîãåííûõ ïàëåîáàññåéíàõ ðàçëè÷íîé ñîëåíî-
ñòè è ïîñëåäóþùåé ìåòàìîðôèçàöèè â ïîðî-
äàõ çà ñ÷åò ýïèãåíåòè÷åñêèõ ïðîöåññîâ [2].

Â êîíòåêñòå ñ îáñóæäàåìîé ïðîáëåìîé
ðàññìîòðèì ãåîõèìè÷åñêèå îñîáåííîñòè ãëó-
áîêîçàëåãàþùèõ ðàññîëüíûõ âîä ãëàâíûõ ãåî-
ëîãè÷åñêèõ ñòðóêòóð Óðàëà.

Âî âíåøíåé çîíå ñêëàä÷àòîñòè Þæíî-
ãî Óðàëà íà Èøòóãàíîâñêîé (ñêâ. 4), Ìóðà-
äûìîâñêîé (ñêâ. 18) , Àðõëàòûøñêîé (ñêâ. 2,
4) ïëîùàäÿõ íà ãëóáèíàõ äî 2690 ì â âåðõíå-
äåâîíñêî-òóðíåéñêèõ îòëîæåíèÿõ îáíàðóæå-
íû àçîòíî-ìåòàíîâûå Cl-Ca-Na ðàññîëû ñ Ì
äî 203 ã/ë, îòíîøåíèÿìè rNa/rCl 0.53–0.56,
rSO4·100/rCl 0.16–0.37, ñîäåðæàíèåì CaCl2
33–41%. Ñâÿçàííàÿ ñ íèìè íåôòü, ñóäÿ ïî åå
ïëîòíîñòè (ñ 0.86 ã/ñì3), íå ïðåòåðïåëà ñóùå-
ñòâåííûõ ãèïåðãåííûõ èçìåíåíèé. Ðàññîëû
áëèçêîãî ãåîõèìè÷åñêîãî îáëèêà áûëè âñêðû-
òû íåôòåðàçâåäî÷íûìè ñêâàæèíàìè è â êà-
ìåííîóãîëüíûõ îòëîæåíèÿõ çàïàäíîãî ñêëî-
íà Ñðåäíåãî Óðàëà [3]. Çäåñü èì òàêæå ñâîé-
ñòâåííû âûñîêèå Ì (> 200 ã/ë) è ìåòàìîðôè-
çàöèÿ (rNa/rCl 0.56-0.59), íèçêàÿ ñóëüôàòíîñòü,
íàëè÷èå NH4

+, Br– è âûñîêèå êîíöåíòðàöèè
I– (211 ìã/ë). Ðàññîëàì ñîïóòñòâóåò ìàëîñåð-
íèñòàÿ ëåãêàÿ íåôòü ñ ñ 0.79 ã/ñì3.

Ýòè äàííûå ïîçâîëÿþò ãåíåòè÷åñêè
èäåíòèôèöèðîâàòü Cl-Ca-Na ðàññîëû, âñêðû-
òûå â ïåðåäîâûõ ñêëàäêàõ Óðàëà, ñ ïëàñòîâû-
ìè ðàññîëàìè íåôòåíîñíûõ êîìïëåêñîâ ñðåä-
íåãî-âåðõíåãî äåâîíà è íèæíåãî êàðáîíà Âîë-
ãî-Óðàëüñêîé îáëàñòè. Îíè èìåþò ñåäèìåí-

1 Óçëîâûå òî÷êè Ì 75, 150, 320 è 500 ã/ë îòâå÷àþò íà÷àëó ñàäêè ñîîòâåòñòâåííî äîëîìèòà, ãèïñà, ãàëèòà
è áèøîôèòà ïðè èñïàðèòåëüíîì êîíöåíòðèðîâàíèè ìîðñêîé âîäû ñ íîðìàëüíîé ñîëåíîñòüþ (36 ã/ë).
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òîãåííî-ýïèãåíåòè÷åñêîå ïðîèñõîæäåíèå è
îáðàçîâàëèñü ãëàâíûì îáðàçîì â ðåçóëüòàòå
ïðîöåññîâ ìåòàñîìàòè÷åñêîé äîëîìèòèçàöèè
èçâåñòíÿêîâ ïîä âîçäåéñòâèåì Cl-Mg-Na ðàñ-
ñîëîâ ëàãóííî-ìîðñêèõ ïàëåîáàññåéíîâ ïà-
ëåîçîÿ [4].

Â Çèëàèðñêîì ñèíêëèíîðèè Öåíòðàëü-
íî-Óðàëüñêîé ìåãàçîíû íà Àñòàøñêîé íåô-
òåðàçâåäî÷íîé ïëîùàäè ñêâàæèíàìè 6 è 2 íà
ãëóáèíàõ ñîîòâåòñòâåííî 2194–2222 è 2600–
2700 ì â íèæíåêàìåííîóãîëüíûõ êàðáîíàò-
íûõ ïîðîäàõ îáíàðóæåíû â ðàçíîé ñòåïåíè
ìåòàìîðôèçîâàííûå (rNa/rCl 0.38–0.81)
Cl-Na-Ca âîäû ñ Ì 13.7–42.9 ã/ë, êîíöåíòðà-
öèÿìè Br– 43.8, I– 2.5, K+ 70.4, NH4

+ 21 ìã/ë.
Îíè îáëàäàþò îòíîñèòåëüíî íèçêîé ñóëüôàò-
íîñòüþ (rSO4·100/rCl 0.48–1.8) è çàëåãàþò â
àâòîõòîíå ïîä ýêðàíèðóþùåé ïîâåðõíîñòüþ
íàäâèãà íà êîíòàêòå ñ ãëèíèñòûìè ïîðîäàìè
çèëàèðñêîé ñâèòû (D3

 fm). Ñåäèìåíòîãåííûé
îáëèê âîä, íåñìîòðÿ íà ðàçáàâëåíèå èõ áóðî-
âûì ðàñòâîðîì, âïîëíå î÷åâèäåí.

Âî ìíîãèõ ñòðóêòóðíî-ïîèñêîâûõ ñêâà-
æèíàõ (1, 2, 3, 6 è äð.) íà ãëóáèíàõ 1670–
3796 ì îòìå÷àëèñü ïðîÿâëåíèÿ óãëåâîäîðîä-
íûõ (ÓÂ) ãàçîâ ðàçëè÷íîé èíòåíñèâíîñòè (äî
3–10 òûñ. ì3/ñóò). Îíè ñâÿçàíû êàê ñ ïîðîäà-
ìè êàðáîíà àâòîõòîííûõ ÷àñòåé ðàçðåçà, òàê
è ñ òåððèãåííûìè ïîðîäàìè çèëàèðñêîé ñâè-
òû, ñëàãàþùèìè àëëîõòîí. Ñðåäè ÓÂ ãàçîâ
ïðåîáëàäàåò ÑÍ4 (86–98%), ñîäåðæàíèå åãî
ãîìîëîãîâ (C2H6+C3H8) < 2%, à N2 < 12%, ÷òî
ñâîéñòâåííî íåôòåãàçîâûì çàëåæàì Ïðåäóðà-
ëüÿ. Ýòî óêàçûâàåò íà âîññòàíîâèòåëüíûé
õàðàêòåð ãåîõèìè÷åñêîé ñðåäû è ãèäðîãåîëî-
ãè÷åñêóþ çàêðûòîñòü ãëóáîêèõ ÷àñòåé ïàëåî-
çîéñêîãî ðàçðåçà, îáåñïå÷èâàþùèõ ñîõðàíå-
íèå ñåäèìåíòîãåííûõ ðàññîëîâ è ÓÂ ãàçîâ.

Â Áàøêèðñêîì ìåãàíòèêëèíîðèè ïðÿ-
ìûå äàííûå î ãåîõèìèè ãëóáèííûõ ðàññîëîâ
îòñóòñòâóþò. Íî íà ñåâåðå åãî, â Èíçåðñêîì
ñèíêëèíîðèè íàõîäÿòñÿ Àññèíñêèå ìèíåðàëü-
íûå èñòî÷íèêè, ïðèóðî÷åííûå ê ìåòàîñàäî-
÷íûì òåððèãåííî-êàðáîíàòíûì îáðàçîâàíèÿì
êàòàâñêîé è èíçåðñêîé ñâèò âåðõíåãî ðèôåÿ.
Òåðìîãåîõèìè÷åñêàÿ ñðåäà èõ õàðàêòåðèçóåòñÿ
ñëåäóþùèìè ïîêàçàòåëÿìè: Ì 16.8–20.5 ã/ë,
Ò 15.0–15.3îÑ, ðÍ 6.7–7.0, Åh +20…+40 ìÂ.

Èñòî÷íèêè èìåþò ãåîõèìè÷åñêèé òèï ìîð-
ñêîé âîäû (NaCl 74.6–76.5 %, MgCl2 6.5–8.0%)
è áëèçêóþ ê íåé âåëè÷èíó îòíîøåíèÿ rNa/rCl
(0.89–0.91). Êàê óñòàíîâëåíî ãåëèåâûìè è ãåî-
òåðìè÷åñêèìè èññëåäîâàíèÿìè [5], îíè ÿâëÿ-
þòñÿ äåðèâàòàìè ãëóáèííûõ ðàññîëîâ, ðàçãðó-
æàþùèõñÿ ïî çîíå ðàçëîìà ñ ãëóáèíû 950–
1000 ì èç òåððèãåííûõ ïîðîä çèëüìåðäàêñêîé
ñâèòû, ñëàãàþùåé íèçû âåðõíåãî ðèôåÿ.

Â Ìàãíèòîãîðñêîì ìåãàñèíêëèíîðèè
î ãåîõèìè÷åñêîì ñîñòîÿíèè ôëþèäîâ ãëóáî-
êèõ ÷àñòåé íåäð ìîæíî ñóäèòü ïî ðåçóëüòàòàì
îïðîáîâàíèÿ ñêâàæèí Óðàëüñêîé íåôòåðàçâå-
äî÷íîé ïëîùàäè è Ìóëäàêêóëüñêîãî ãèäðîìè-
íåðàëüíîãî ìåñòîðîæäåíèÿ, íàõîäÿùèõñÿ â
Êèçèëüñêîé ñòðóêòóðíî-ôîðìàöèîííîé çîíå,
âûïîëíåííîé ýôôóçèâíî-îñàäî÷íûìè ïîðî-
äàìè íèæíåãî-ñðåäíåãî êàðáîíà ìîùíîñòüþ
áîëåå 5 êì. Óðàëüñêèìè ñêâàæèíàìè 2 è 4 â
àâòîõòîííîé ÷àñòè ðàçðåçà, ïðåäñòàâëåííîé
êèçèëüñêîé (D3fm-C1t) è áåðåçîâñêîé (Ñ1t-v)
ñâèòàìè, íà ãëóáèíàõ 2020–3932 ì óñòàíîâ-
ëåíû ìåòàíîâûå Cl-Na-Ca ñîëåíûå âîäû è
ðàññîëû ñ Ì 18.7–65.9 ã/ë (íå èñêëþ÷åíî, ðàç-
áàâëåííûå áóðîâûì ðàñòâîðîì) ïîâûøåííîé
êîíöåíòðàöèåé Br– (51.8 ìã/ë), áëèçêîé ê òà-
êîâîé â ìîðñêîé âîäå ñ íîðìàëüíîé ñîëåíîñ-
òüþ (Br– 65 ìã/ë, Ì 36 ã/ë). Ñóäÿ ïî îòíîøå-
íèÿì rNa/rCl (0.41–0.59) è Cl/Br (196), èñõîä-
íûìè äëÿ íèõ ÿâëÿþòñÿ ñåäèìåíòîãåííûå
ðàññîëû êàìåííîóãîëüíîãî îñàäî÷íîãî áàñ-
ñåéíà, çàõîðîíåííûå â ïîðîäàõ è ïðåòåðïåâ-
øèå ìåòàìîðôèçàöèþ â ïðÿìîì íàïðàâëåíèè
(ñ îáðàçîâàíèåì ÑàÑl2). Âàæíî îáðàòèòü âíè-
ìàíèå íà ìíîãî÷èñëåííûå íåôòå- è áèòóìî-
ïðîÿâëåíèÿ â ïàëåîçîéñêèõ îòëîæåíèÿõ Êè-
çèëüñêîé çîíû, ñâèäåòåëüñòâóþùèå î âîçìîæ-
íîé íåôòåãàçîíîñíîñòè ðàçâèòûõ â åå ïðåäå-
ëàõ ñòðóêòóð.

Íà Ìóëäàêêóëüñêîì ãèäðîèíæåêöèîííîì
ìåñòîðîæäåíèè â ïåñ÷àíèêàõ ÿíãåëüñêîé ñâè-
òû (Ñ3-Ð1) îáíàðóæåíû Cl-Ñà-Na è ñëîæíûå
ïî ñîñòàâó âîäû ñ M äî 37.2 ã/ë, ñîäåðæàíèåì
ÑàÑl2 äî 50–80%. Îíè çàëåãàþò íà ãëóáèíå
100–500 ì â ÿäðå êóïîëîâèäíîé ãèäðîãåîõè-
ìè÷åñêîé àíîìàëèè, ïðèóðî÷åííîé ê çîíå
ðàçëîìà, ïî êîòîðîìó ïðîèñõîäèò ðàçãðóçêà
ôîðìàöèîííûõ ðàññîëîâ èç îòëîæåíèé íèæ-
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íåãî êàðáîíà. Íà ýòî óêàçûâàþò âûñîêèå êîí-
öåíòðàöèè Íå (äî 3·10–2 ìë/ë), íàëè÷èå Br– (äî
34 ìã/ë) è I– (äî 2 ìã/ë), à òàêæå èçîòîïíûé
ñîñòàâ Í è Î âîäû (δD‰ –101…–78,
δ18Î‰ –11…–13) [6].

Êîñâåííûå äàííûå î ãåîõèìèè ãëóáèííûõ
âîä ïîëó÷åíû òàêæå Óðàëüñêîé ñâåðõãëóáîêîé
ñêâàæèíîé ÑÃ-4, ïðîáóðåííîé â ñåâåðíîé ÷à-
ñòè Òàãèëî-Ìàãíèòîãîðñêîãî ïðîãèáà è
âñêðûâøåé ýôôóçèâíî-îñàäî÷íûå îáðàçîâàíèÿ
ñèëóðà íà ãëóáèíó 5780 ì. Â áóðîâîì ðàñòâîðå
è â âîäíûõ âûòÿæêàõ èç ïðîá âóëêàíîãåííî-
òåððèãåííîé ôëèøåâîé òîëùè, çàëåãàþùåé â
èíòåðâàëå 3057–5337 ì, îáíàðóæåíà ñîëü CaCl2
[7], ÷òî ìîæåò áûòü èñòîëêîâàíî êàê íàëè÷èå
â ïîðîäàõ ëèòîãåííûõ âîä Cl-Ca òèïà.

Ïðåäóðàëüñêèé êðàåâîé ïðîãèá â ïðå-
äåëàõ èññëåäóåìûõ Ñîëèêàìñêîé, Þðþçàíî-
Ñûëâèíñêîé è Áåëüñêîé äåïðåññèé, ïðîòÿãè-
âàþùèõñÿ â ñóáìåðèäèîíàëüíîì íàïðàâëåíèè
âäîëü ñêëàä÷àòîãî Óðàëà íà ðàññòîÿíèå îêî-
ëî1200 êì ïðè øèðèíå 25–80 êì, ïðåäñòàâ-
ëÿåò ñîáîé êðàåâóþ ïåðèêðàòîííóþ ÷àñòü Âî-
ñòî÷íî-Åâðîïåéñêîé ïëàòôîðìû. Âûïîëíåí
ìîùíîé òîëùåé (äî 10–12 êì) ïðåèìóùå-
ñòâåííî òåððèãåííûõ îòëîæåíèé ïîçäíåãî
ïðîòåðîçîÿ è òåððèãåííî-êàðáîíàòíûõ ïîðîä
ïàëåîçîÿ. Â âåðõíåé ÷àñòè ðàçðåçà Ñîëèêàìñ-
êîé è Áåëüñêîé âïàäèí çàëåãàåò ñîëåíîñíàÿ
òîëùà (äî 2000 ì) êóíãóðñêîãî âîçðàñòà.

Ïðîãèáó â öåëîì ñâîéñòâåíåí ïðÿìîé
òèï ãëóáèííîé ãèäðîãåîõèìè÷åñêîé çîíàëü-
íîñòè. Ñâåðõó âíèç íàáëþäàåòñÿ òàêàÿ ïîñëå-
äîâàòåëüíîñòü çîí: À1Á36Â290. Äîìèíèðóþùåå
ïîëîæåíèå â îñàäî÷íîì ÷åõëå çàíèìàåò çîíà
êðåïêèõ ìåòàíîâûõ Cl-Cà-Na (Na-Ca) ðàññî-
ëîâ, êðîâëÿ êîòîðîé ðàñïîëîæåíà íà ãëóáèíå
1200–1500 ì. Âûøå íåå çàëåãàþò Cl-Na
cåðîâîäîðîäíûå ðàññîëû. Îáùàÿ ìîùíîñòü
çîíû ðàññîëîâ â ïîäñîëåâûõ êîìïëåêñàõ ïà-
ëåîçîÿ è ïðîòåðîçîÿ äîñòèãàåò 6–10 êì.

Ïðèâåäåííàÿ èíôîðìàöèÿ êàñàåòñÿ ãåî-
õèìèè ðàññîëüíîé çîíû ãîðíîñêëàä÷àòîãî
Óðàëà è ñîïðåäåëüíîé ÷àñòè Ïðåäóðàëüÿ. Îá-
ðàòèìñÿ òåïåðü ê ôàêòàì îáíàðóæåíèÿ â ãëó-
áîêèõ íåäðàõ îðîãåíà è ïðîãèáà àçîíàëüíûõ
îòíîñèòåëüíî ìàëîìèíåðàëèçîâàííûõ âîä
èíâåðñèîííîãî õàðàêòåðà.

Â çàïàäíîé ÷àñòè Áàøêèðñêîãî àíòè-
êëèíîðèÿ, â îñëîæíÿþùåé åãî Êóëãóíèíñêîé
ñèíêëèíàëè ìåòàìîðôèçîâàííûå êàðáîíàòíî-
òåððèãåííûå ïîðîäû ðèôåÿ, ïðîðâàííûå äàé-
êàìè äèàáàçîâ è ãàááðîèäîâ, íà ãëóáèíó
5154 ì áûëè ïðîéäåíû ïàðàìåòðè÷åñêîé
ñêâàæèíîé 1 Êóëãóíèíñêîé ïëîùàäè. Ñ ãëó-
áèíû 940 è 3215–3218 ì ñîîòâåòñòâåííî èç
çèëüìåðäàêñêîé (RF3zl) è þøèíñêîé (RF1js)
ñâèò áûëè ïîëó÷åíû ïðèòîêè âîä ñëåäóþùå-
ãî ñîñòàâà:

3 472 22 61.2 ,
89 6 5

HCO Cl SOM
Na Ca Mg

4 336 33 3111.3 .
85 13 2

SO HCO ClM
Na Ca Mg

Âñëåäñòâèå îòñóòñòâèÿ áîëåå ïîëíûõ
äàííûõ î ãåîõèìè÷åñêîì ñîñòîÿíèè ýòèõ âîä
ãåíåòè÷åñêàÿ äèàãíîñòèêà èõ çàòðóäíåíà.
Ðàíüøå îíè ñ÷èòàëèñü èíôèëüòðàöèîííûìè,
ñâÿçàííûìè ñ ïîñòóïëåíèåì ïðåñíûõ âîä èç
çîíû ãèïåðãåíåçà. È åñëè òàêîå äîïóùåíèå
åùå êàê òî ìîæåò áûòü ïðèíÿòî äëÿ Cl-ÍÑÎ3-
Na âîä âåðõíåãî èíòåðâàëà, òî îíî âðÿä ëè
ïðèåìëåìî äëÿ Cl-ÍÑÎ3-SO4-Na âîä íèæíå-
ãî èíòåðâàëà. Èìåÿ â âèäó õàðàêòåð ãèäðàâ-
ëè÷åñêîé ñâÿçè ðåãèîíàëüíî-òðåùèííûõ âîä
çîíû âûâåòðèâàíèÿ è òðåùèííî-æèëüíûõ
âîä çîí ðàçëîìîâ, íåóêëîííîå ñíèæåíèå ñ
ãëóáèíîé ïðîíèöàåìîñòè ïîðîä, à òàêæå
ýíåðãåòè÷åñêèå âîçìîæíîñòè íèçêîãîðíîãî â
ýòîì ðàéîíå ðåëüåôà Óðàëà (âûñîòû ìåíåå
600 ì), òðóäíî äîïóñòèòü ïðîíèêíîâåíèå âîä
ñîâðåìåííîé èíôèëüòðàöèè íà ãëóáèíû 1.0–
1.5 êì, íå ãîâîðÿ óæå î 3 êì è áîëåå.

Âàæíî îòìåòèòü, ÷òî â îáîèõ ñëó÷àÿõ
âîäû îòíîñèòñÿ ê õîðîøî âûðàæåííîìó ñî-
äîâîìó òèïó (NaHCO3 äî 61% èëè 2.5 ã/ë), íå
ñâîéñòâåííîìó çîíå ãèïåðãåíåçà Óðàëà. Íî (è
ýòî ãëàâíîå) îíè îòëè÷àþòñÿ î÷åíü âûñîêîé
ùåëî÷íîñòüþ (ÍÑÎ3

– 678 è 3242 ìã/ë), çíà-
÷èòåëüíî ïðåâûøàþùóþ òàêîâóþ èíôèëüòðî-
ãåííûõ HCO3-Ñà âîä çîíû ãèïåðãåíåçà
(ÍÑÎ3

– 20–200 ìã/ë). Âåëè÷èíà îòíîøåíèÿ
rNa/rCl äîñòèãàåò 4.1.

Ïðèðîäà âûÿâëåííîãî ãèäðîãåîõèìè÷åñ-
êîãî ôåíîìåíà, ïî íàøåìó ìíåíèþ, ñâÿçàíà ñ
ñîõðàíåíèåì â äðåâíèõ ìåòàîñàäî÷íûõ òîë-
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ùàõ Óðàëà ðåëèêòîâ âîçðîæäåííûõ ëèòîãåí-
íûõ è ìåòàìîðôîãåííûõ âîä, ýìèãðèðîâàâ-
øèõ èç òåððèãåííûõ ãëèíèñòûõ ïîðîä ïðè èõ
äåãèäðàòàöèè â ðàíåå ñóùåñòâîâàâøèõ äî-
âîëüíî íàïðÿæåííûõ PT-óñëîâèÿõ ëèòîãåíå-
òè÷åñêèõ çîí àïîêàòàãåíåçà è ìåòàãåíåçà. Ïî
ïðåäñòàâëåíèÿì [1, 8–11 è äð.], ãëàâíûì ïðî-
öåññîì, âåäóùèì ê îáðàçîâàíèþ ýòèõ âîä, ÿâ-
ëÿåòñÿ òðàíñôîðìàöèÿ ìîíòìîðèëëîíèòà, ñî-
äåðæàùåãî äî 24% êðèñòàëëèçàöèîííîé
âîäû, â èëëèò è äðóãèå ãèäðîñëþäû, â êîòî-
ðûõ ñîäåðæàíèå õèìè÷åñêè ñâÿçàííîé ìåæ-
ñëîåâîé âîäû ìåíåå 10%. Ãëóáèíà ðåàëèçà-
öèè ýòîãî ïðîöåññà îïðåäåëÿåòñÿ ãåîòåðìè-
÷åñêèì ðåæèìîì íåäð, à òàêæå çàâèñèò îò áà-
ðè÷åñêèõ è ãèäðîãåîäèíàìè÷åñêèõ óñëîâèé,
ëèòîëîãèè, âîçðàñòà ïîðîä è äðóãèõ ôàêòîðîâ.
Ïîýòîìó îíà èçìåíÿåòñÿ â ïðåäåëàõ îòäåëü-
íûõ ãåîëîãè÷åñêèõ ñòðóêòóð.

 Ïðîöåññû äåãèäðàòàöèè ìîíòìîðèëëî-
íèòà íàèáîëåå èçó÷åíû â îñàäî÷íûõ áàññåé-
íàõ ïëàòôîðì. Â ìåçîçîå Ïðèêàñïèéñêîé âïà-
äèíû èíòåíñèâíàÿ ãèäðîñëþäèçàöèÿ ïðîèñ-
õîäèò íà ãëóáèíå 1.6 êì, ïàëåîãåíå Òåðñêî-
Êóìñêîé âïàäèíû – 3.7 êì [12], äåâîíå Ïðè-
ïÿòñêîãî ïðîãèáà – 3.0–3.2 êì [8], ïàëåîãåíå
Ìåêñèêàíñêîãî áàññåéíà – 1.4–2.7 êì [10, 11,
13, 14]. Ñîîòâåòñòâåííî, Ò íà÷àëà ãèäðîñëþ-
äèçàöèè ìîíòìîðèëëîíèòà ñîñòàâëÿåò 70–
140°Ñ è âûøå. Ñðåäíÿÿ ãëóáèíà íà÷àëà ïðî-
ÿâëåíèÿ ýòîãî ïðîöåññà îïðåäåëåíà â 1 êì.

Îñîáåííîñòè ôîðìèðîâàíèÿ è ãåîõèìè-
÷åñêèå ñâîéñòâà âîçðîæäåííûõ âîä îáóñëîâè-
ëè èõ ðåäêóþ âñòðå÷àåìîñòü â «÷èñòîì» âèäå.
Îáû÷íî ê íèì îòíîñÿò ÍÑÎ3-Cl-Na è Cl-Na
ñîëîíîâàòûå è ñîëåíûå âîäû ñ Ì îò íåñêîëü-
êèõ äî 20–30 ã/ë, êîòîðûå ïî ñâîåé ãåíåòè÷å-
ñêîé ñóòè ÿâëÿþòñÿ ñìåñÿìè â ðàçëè÷íûõ ïðî-
ïîðöèÿõ ñîáñòâåííî âîçðîæäåííûõ ëèòîãåí-
íûõ ðàñòâîðîâ ñ äðóãèìè ãåíåòè÷åñêèìè òè-
ïàìè ïðèðîäíûõ âîä. Îòëè÷èòåëüíûìè ãåî-
õèìè÷åñêèìè ÷åðòàìè âîçðîæäåííûõ âîä, êðî-
ìå îòíîñèòåëüíî íèçêîé Ì, ÿâëÿþòñÿ âûñîêàÿ
ùåëî÷íîñòü (ÍÑÎ3

– + ÑÎ3
2– äî 3–8 ã/ë), íèçêàÿ

ñóëüôàòíîñòü (SO4
2– < 50 ìã/ë), ìèíèìàëüíàÿ

êîíöåíòðàöèÿ Ñà2+ (10–50 ìã/ë), íàëè÷èå I–, B+,
NH4

+ [1]. Âûäåëèâøèñü èç ïîðîä, îíè ñðàçó æå
ïðåòåðïåâàþò ãåîõèìè÷åñêèå èçìåíåíèÿ ïðè

ñìåøåíèè ñ äðóãèìè âîäàìè è âçàèìîäåéñòâèè
ñ ïîðîäàìè, çàèìñòâóÿ èç íèõ ðàçëè÷íûå êîì-
ïîíåíòû. Òàê, ïîâûøåííûå êîíöåíòðàöèè â
èññëåäóåìûõ âîäàõ SO4

2– (äî 2.74 ã/ë), Ca2+ (äî
0.41 ã/ë) è Cl– (äî 1.74 ã/ë), íàäî ïîëàãàòü, ñâÿ-
çàíû ýêñòðàêöèåé ñîîòâåòñòâóþùèõ ñîëåé èç
ïîðîä.

Ê âîçðîæäåííûì âîäàì, êðîìå ëèòîãåí-
íûõ, îòíîñÿòñÿ òàêæå è ïðèðîäíûå ðàñòâîðû,
ïîÿâëÿþùèåñÿ â õîäå ïðîöåññîâ ðåãèîíàëü-
íîãî ìåòàìîðôèçìà, êîãäà â ðåçóëüòàòå ïåðå-
êðèñòàëëèçàöèè ãëèíèñòûõ ìèíåðàëîâ ïðî-
èñõîäèò îêîí÷àòåëüíîå èõ îáåçâîæèâàíèå çà
ñ÷åò âûäåëåíèÿ êîíñòèòóöèîííîé âîäû (â
ôîðìå ãèäðîêñèëüíîãî èîíà ÎÍ–), ñîäåðæà-
íèå êîòîðîé â ìîíòìîðèëëîíèòå ñîñòàâëÿåò
10–12%, à â ãèäðîñëþäå è õëîðèòå – äî 25–
28%. Ñ÷èòàåòñÿ [9], ÷òî ýòîò ïðîöåññ ïðîòå-
êàåò íà âñåõ ñòàäèÿõ ìåòàìîðôèçìà, âêëþ÷àÿ
ýïè-, ìåçî- è êàòàìåòàìîðôèçì. Îäíàêî íàè-
áîëåå èíòåíñèâíî ïîòåðÿ âîäíûìè ìèíåðà-
ëàìè õèìè÷åñêè ñâÿçàííîé âîäû ïðîèñõîäèò
íà ñðåäíåé ñòàäèè ìåçîìåòàìîðôèçìà (Ò 500–
1000îÑ, Ð 500–1000 ÌÏà), êîãäà îáðàçóþòñÿ
ýïèäîò-àìôèáîëèòîâàÿ è àìôèáîëèòîâàÿ ôà-
öèè.

Íà Óðàëå, ñóäÿ ïî ëèòîëîãèè ïîðîä ðåãè-
îíàëüíîãî ìåòàìîðôèçìà (ãëèíèñòûå, ñëþäÿ-
íûå è äð. ñëàíöû, ôèëëèòû, êâàðöåâûå ïåñ÷à-
íèêè è àëåâðîëèòû, êâàðöèòû, êðèñòàëëè÷å-
ñêèå è ìðàìîðèçîâàííûå èçâåñòíÿêè è ïð.) è
íàëè÷èþ ìèíåðàëîâ-èíäèêàòîðîâ â ïîðîäàõ
ðèôåÿ Êóëãóíèíñêîé ñêâàæèíû [15], îáðàçîâà-
íèå èõ ïðîèçîøëî íà íà÷àëüíîé çåëåíîñëàí-
öåâîé ñòàäèè ýïèìåòàìîðôèçìà â óñëîâèÿõ
äîâîëüíî íèçêèõ Ò (< 500îÑ) è Ð (< 500 ÌÏà).
Íà ýòîé ñòàäèè ìåõàíè÷åñêèé ïðîöåññ âûäå-
ëåíèÿ ôèçè÷åñêè-ñâÿçàííûõ âîä èç ãëèíèñòûõ
ïîðîä ïðåîáëàäàåò íàä õèìè÷åñêèìè ïðîöåñ-
ñàìè îáåçâîæèâàíèÿ ìèíåðàëîâ. Ïîä âëèÿíè-
åì ãåîñòàòè÷åñêîãî äàâëåíèÿ è ïîâûøåííîé Ò
(100–150îÑ) èç ïîðîä, íà÷èíàÿ ñ ãëóáèíû 1 êì,
óäàëÿåòñÿ ïðåæäå âñåãî àäñîðáèðîâàííàÿ è
ïëåíî÷íàÿ âîäà è çíà÷èòåëüíî â ìåíüøåé ñòå-
ïåíè – õèìè÷åñêè ñâÿçàííàÿ çà ñ÷åò äåãèäðà-
òàöèè ìîíòìîðèëëîíèòà.

Âìåñòå ñ òåì ñëåäóåò îòìåòèòü, ÷òî â Áå-
ëîðåöêîì è Çëàòîóñòîâñêîì ìåòàìîðôè÷åñêèõ
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êîìïëåêñàõ Áàøêèðñêîé ìåãàçîíû, ñóäÿ ïî
ïðèñóòñòâèþ â íèõ ýïèäîò-àìôèáîëèòîâîé è
àìôèáîëèòîâîé ôàöèé, îíè âîçíèêëè íà ñòà-
äèè ìåçîìåòàìîðôèçìà. Íà Óðàëå ïðîöåññ
äåãèäðàòàöèè ãëèíèñòûõ ìèíåðàëîâ è îáðà-
çîâàíèÿ âîçðîæäåííûõ âîä ïðîòåêàë â îñíîâ-
íîì â äîîðîãåííóþ ñòàäèþ ðàçâèòèÿ.

Äàííûå ïî ìåòàìîðôèçìó îñàäî÷íûõ
ïîðîä Áàøêèðñêîãî àíòèêëèíîðèÿ âïîëíå ñî-
ãëàñóþòñÿ ñ êîíöåïöèåé âîçðîæäåííûõ ëèòî-
ãåííûõ è ìåòàìîðôîãåííûõ ìàëîìèíåðàëè-
çîâàííûõ âîä, çàëåãàþùèõ íà ãëóáèíàõ 1–3 êì.
Ýòî ïðèíöèïèàëüíîå ïîëîæåíèå, ïîñêîëüêó
ïðèñóòñòâèå âîçðîæäåííûõ, òåì áîëåå ìåòà-
ìîðôîãåííûõ ðàñòâîðîâ â ãëóáîêèõ íåäðàõ
äðåâíèõ ñêëàä÷àòûõ îáëàñòåé ñ÷èòàëîñü êðàé-
íå ìàëîâåðîÿòíûì.

Â ñâÿçè ñ èçëîæåííûìè äàííûìè âîçíè-
êàåò âîïðîñ î âîçìîæíîñòè ñîõðàííîñòè âîç-
ðîæäåííûõ âîä â ãëóáîêèõ íåäðàõ ãåðöèíñêî-
ãî Óðàëà. Ñëåäóåò ïîëàãàòü, ÷òî óñëîâèÿ, íå-
îáõîäèìûå äëÿ êîíñåðâàöèè â ïîðîäàõ ýòèõ
âîä, âïîëíå ðåàëüíû, ïîñêîëüêó íåçàâèñèìî îò
òèïà ãèäðîãåîëîãè÷åñêèõ ñòðóêòóð è íà ïëàò-
ôîðìàõ, è â îðîãåíàõ ðîñò ãëóáèíû âñåãäà ñî-
ïðîâîæäàåòñÿ ñíèæåíèåì ñêîðîñòåé äâèæå-
íèÿ ïîäçåìíûõ âîä, óâåëè÷åíèåì ïðîäîëæè-
òåëüíîñòè âîäîîáìåíà â ãîðíûõ ïîðîäàõ è ðî-
ñòîì àáñîëþòíîãî âîçðàñòà ïîäçåìíûõ âîä.
Ãèäðîãåîäèíàìè÷åñêàÿ çîíàëüíîñòü, êàê è ãå-
íåòè÷åñêè ñâÿçàííàÿ ñ íåé ãèäðîãåîõèìè÷å-
ñêàÿ, ïðèíàäëåæàò ê êàòåãîðèè ôóíäàìåíòàëü-
íûõ ñâîéñòâ çåìíîé êîðû. Â ïðèìûêàþùåé ê
Óðàëó ÷àñòè Ðóññêîé ïëèòû óñëîâèÿ çàòðóäíåí-
íîãî âîäîîáìåíà è çàñòîéíîãî ãèäðîãåîäèíà-
ìè÷åñêîãî ðåæèìà ñîçäàþòñÿ óæå íà ãëóáèíàõ
1000–1500 ì â âåðõíåì ïàëåîçîå (Ñ1, D), ãäå
ðàñïðîñòðàíåíû ñåäèìåíòîãåííûå ðàññîëû
Ñl-Ñà òèïà è àññîöèèðóþùèåñÿ ñ íèìè íåôòÿ-
íûå ìåñòîðîæäåíèÿ. Èçíà÷àëüíî òàëàññîãåí-
íûå ðàññîëû, ïî äàííûì ãèäðîãåîõðîíîëîãè-
÷åñêèõ èññëåäîâàíèé, ïðåòåðïåëè ìåòàìîðôè-
çàöèþ â ïîðîäàõ, íî ñîõðàíèëèñü íà ïðîòÿæå-
íèè, ïî ìåíüøåé ìåðå, 250 ìëí ëåò [16]. Íà
òàêèõ æå è íåñêîëüêî áîëüøèõ ãëóáèíàõ íèæå
áàçèñîâ ýðîçèè, ñóäÿ ïî âñåìó, äîñòèãàþòñÿ
óñëîâèÿ âåñüìà çàòðóäíåííîãî âîäîîáìåíà è â
ãèäðîãåîëîãè÷åñêèõ ñòðóêòóðàõ Óðàëà.

 Ñóùåñòâóþò òàêæå ñóæäåíèÿ, ÷òî ñî-
õðàííîñòü îò äåñòðóêöèè íåôòÿíûõ çàëåæåé
íà âîñòîêå Ðóññêîé ïëèòû îáåñïå÷èâàåòñÿ
èñêëþ÷èòåëüíî áëàãîäàðÿ íàëè÷èþ â ïàëåî-
çîéñêîì ðàçðåçå ýêðàíèðóþùåé òîëùè êóíãóð-
ñêèõ ñîëåé. Êóíãóðñêèé ôëþèäîóïîð â ôîð-
ìèðîâàíèè ïîäçåìíûõ âîä è çàëåæåé ÓÂ,
íåñîìíåííî, èãðàåò âåñüìà çíà÷èìóþ ðîëü.
Îäíàêî çàëåæè íåôòè ðàñïðîñòðàíåíû, êàê èç-
âåñòíî, íå òîëüêî â ðàéîíàõ íèæíåïåðìñêîãî
ãàëîãåíåçà, íî è äàëåêî çà èõ ïðåäåëàìè. Òàê,
íà Ïåðìñêî-Áàøêèðñêîì ñâîäå, ãäå ñîëåíîñ-
íûå êóíãóðñêèå îñàäêè âîîáùå îòñóòñòâóþò,
îíè îáíàðóæåíû â íèæíåì êàðáîíå è äåâîíå
íà ãëóáèíàõ 1300–1700 ì. Áîëåå òîãî, ñîïðî-
âîæäàþùèå íåôòÿíûå çàëåæè âåñüìà êðåïêèå
ïëàñòîâûå ðàññîëû çäåñü èìåþò íàèáîëåå
âûñîêóþ Ì (290–310 ã/ë) è ìåòàìîðôèçàöèþ
(rNa/rCl 0.43–0.48, ÑàÑl2 45–52%) âî âñåé Âîë-
ãî-Óðàëüñêîé îáëàñòè. Ïîäîáíàÿ êàðòèíà íà-
áëþäàåòñÿ è â Þðþçàíî-Ñûëâèíñêîé âïàäè-
íå ñ ãàçîíåôòÿíûìè è ãàçîêîíäåíñàòíûìè
ìåñòîðîæäåíèÿìè â ñðåäíåì è âåðõíåì êàð-
áîíå. Âñå ýòî óêàçûâàåò íà ãèäðîãåîëîãè÷å-
ñêóþ çàêðûòîñòü ãëóáîêèõ íåäð.

Â íàñòîÿùåå âðåìÿ â ðàéîíå Êóëãóíèí-
ñêîé ñêâàæèíû íå âïîëíå ÿñíà ñòåïåíü Ì è
ãåîõèìèÿ ïîäçåìíûõ âîä, çàëåãàþùèõ íèæå
è âûøå ìàëîìèíåðàëèçîâàííûõ ñîäîâûõ âîä.
Îäíàêî, ó÷èòûâàÿ, ÷òî â ñåâåðíîé ÷àñòè àí-
òèêëèíîðèÿ íàõîäÿòñÿ Àññèíñêèå ìèíåðàëü-
íûå âîäû, èñòî÷íèêîì êîòîðûõ ÿâëÿþòñÿ õëî-
ðèäíûå òàëàññîãåííûå ðàññîëû, çàëåãàþùèå
â ìåòàîñàäî÷íûõ ïîðîäàõ RF3zl íà ãëóáèíå
îêîëî 1000 ì, Êóëãóíèíñêèå ñîäîâûå âîäû â
îáðàçîâàíèÿõ RF3zl è RF1js ïðåäñòàâëÿþò, ñêî-
ðåå âñåãî, çâåíî èíâåðñèîííîé ãèäðîãåîõè-
ìè÷åñêîé çîíàëüíîñòè òèïà À1Á36Á10Á36Â>36.

Â Ìàãíèòîãîðñêîì ìåãàñèíêëèíîðèè
ðàíåå áûëè îïèñàíû ðàññîëû Ñl-Ca òèïà,
âñêðûòûå íà Óðàëüñêîé ïëîùàäè Êèçèëüñêîé
ñèíôîðìû â âóëêàíîãåííî-îñàäî÷íûõ îáðàçî-
âàíèÿõ êèçèëüñêîé è áåðåçîâñêîé ñâèò (D3fm-
C1v), ñëàãàþùèõ ïîäíàäâèãîâóþ ÷àñòü ïàëåî-
çîéñêîãî ðàçðåçà. Â àëëîõòîíå â ýòèõ æå, à òàê-
æå â áîëåå ìîëîäûõ óðòàçûìñêèõ (C2b-m) ïî-
ðîäàõ ñêâàæèíàìè 1, 4 è 5 íà ãëóáèíàõ 1152–
1606 ì îáíàðóæåíû îòíîñèòåëüíî ìàëîìèíå-



78

ÍÀÓÊÈ  Î  ÇÅÌËÅ

ðàëèçîâàííûå (1.7–8.6, èíîãäà äî 14.0 ã/ë)
âîäû ÍÑÎ3-Ñà-Na, ÍÑÎ3-Ñl-Na è Ñl-Na ñî-
ñòàâà. Îíè ïðèíàäëåæàò ê ñîäîâîìó, èíîãäà ê
õëîðìàãíèåâîìó òèïàì. Îáðàùàþò âíèìàíèå
âûñîêèå êîíöåíòðàöèè ÍÑÎ3

– (äî 2–3 è äàæå
5 ã/ë) è çíà÷åíèÿ îòíîøåíèÿ rNà/rCl (4.0–6.9).
Èëëþñòðàöèåé ñëóæèò õèìè÷åñêèé ñîñòàâ
âîäû, âûâåäåííîé ñêâàæèíîé 1 èç êèçèëü-
ñêîé ñâèòû ñ ãëóáèíû 1500–1606 ì:

3 488 10 24.6 .
69 23 8

HCO Cl SOM
Na Ca Mg

Áëèçêèå ïî ñîñòàâó ñîäîâûå âîäû óñòà-
íîâëåíû è íà Þáèëåéíîì ìåäíîêîë÷åäàí-
íîì ìåñòîðîæäåíèè â âóëêàíîãåííî-îñàäî-
÷íûõ ïîðîäàõ äåâîíà íà ãëóáèíàõ 600–1350 ì.
Ñîäåðæàíèå â íèõ NaHCO3 ñîñòàâëÿåò 57%
(4.2 ã/ë), à èîíà HCO3

– – 62.2% (3.4 ã/ë):

3 462 24 146.7
95 4 1

HCO Cl SOM
Na Ca Mg  ðÍ 7.1.

Ñîäîâûå âîäû ïàëåîçîÿ Êèçèëüñêîé
çîíû â ãåîõèìè÷åñêîì îòíîøåíèè áëèçêè ê
ãëóáèííûì âîäàì ìåòàìîðôè÷åñêèõ òîëù
ðèôåÿ Áàøêèðñêîãî àíòèêëèíîðèÿ, êîòîðûå
ãåíåòè÷åñêè èäåíòèôèöèðîâàëèñü ñ âîçðîæ-
äåííûìè äåãèäðàòàöèîííûìè ðàñòâîðàìè.
Íåëüçÿ ïîëíîñòüþ èñêëþ÷èòü ýòè ïðîöåññû
è â Ìàãíèòîãîðñêîé ìåãàçîíå. Îäíàêî ìåíü-
øàÿ ãëóáèíà çàëåãàíèÿ çäåñü ñîäîâûõ âîä ïî-
çâîëÿåò ïðåäëîæèòü è àëüòåðíàòèâíîå ðåøå-
íèå âîïðîñà ïî ïîâîäó èõ ïðîèñõîæäåíèÿ.
Îíî ñîñòîèò â ïðèçíàíèè ñëåäóþùèõ ïîñ-
ëåäîâàòåëüíî ïðîòåêàþùèõ ïðîöåññîâ: 1) ïî-
ñòóïëåíèå ïî çîíàì ðàçëîìîâ ïðåñíûõ
HCO3-Mg-Ñà âîä èç çîíû ãèïåðãåíåçà íà ãëó-
áèíó ïîðÿäêà 1 êì; 2) ðàçëîæåíèå ãèäðîêàð-
áîíàòîâ êàëüöèÿ è ìàãíèÿ â óñëîâèÿõ ïîâû-
øåííûõ Ò: Ñà(ÍÑÎ3)2 → ÑàÑÎ3↓ + Í2Î +
+ ÑÎ2 è Ìg(ÍÑÎ3)2 → MgÑÎ3↓ + Í2Î + ÑÎ2;
3) óãëåêèñëîòíîå âûùåëà÷èâàíèå íàòðèåâûõ
àëþìîñèëèêàòîâ ñ ó÷àñòèåì èîíà Í+, îáðà-
çóþùåãîñÿ çà ñ÷åò äèññîöèàöèè âîäû è
óãîëüíîé êèñëîòû: 2NaAlSi3O8 (àëüáèò) +
+ 2ÑÎ2 + 11H2O → Al2Si2O5(OH)4 (êàîëè-
íèò) + 2Na+ + 2HCO3

– + 4H4SiO4.
Ãèäðîëèòè÷åñêèå ïðîöåññû â ýòîì ñëó-

÷àå ïîäîáíû òåì, ÷òî ïðîòåêàþò â çîíå âû-
âåòðèâàíèÿ êðèñòàëëè÷åñêèõ ïîðîä Óðàëà

è âåäóò ê îáðàçîâàíèþ ïðåñíûõ HCO3-Ca (Na-
Ca) âîä ñëàáîâûðàæåííîãî ñîäîâîãî òèïà. Íî
îòëè÷èòåëüíîé îñîáåííîñòüþ ãëóáèííûõ ñî-
äîâûõ âîä ñëóæàò óñëîâèÿ âåñüìà çàòðóäíåí-
íîãî ãèäðîäèíàìè÷åñêîãî ðåæèìà, â ðåçóëü-
òàòå ÷åãî óâåëè÷èâàåòñÿ ïðîäîëæèòåëüíîñòü
âçàèìîäåéñòâèÿ âîäû ñ ïîðîäîé. Ôàêòîð âðå-
ìåíè êàê ðàç è ñïîñîáñòâóåò áîëåå ãëóáîêîé
ãåîõèìè÷åñêîé ïåðåðàáîòêå àëþìîñèëèêàòíî-
ãî âåùåñòâà è íàêîïëåíèþ â âîäàõ õîðîøî
ðàñòâîðèìîé ñîëè NaHCO3.. Ðåàëèçàöèÿ ýòî-
ãî ïðîöåññà â ãëóáèííûõ óñëîâèÿõ çàíèìàåò
ñîòíè–òûñÿ÷è ëåò.

Â Ïðåäóðàëüñêîì ïðîãèáå îïðåñíåííûå
âîäû â ãåîõèìè÷åñêîì è ãåíåòè÷åñêîì îòíî-
øåíèÿõ êàðäèíàëüíî îòëè÷àþòñÿ îò ìàëîìè-
íåðàëèçîâàííûõ ãëóáèííûõ ãàçîâî-æèäêèõ
ôëþèäîâ Óðàëà. Õîðîøî èçó÷åíû îíè â Ñî-
ëèêàìñêîé äåïðåññèè. Â öåíòðàëüíîé è þæ-
íîé åå ÷àñòÿõ íàáëþäàåòñÿ ïðÿìàÿ ãèäðîãåî-
õèìè÷åñêàÿ çîíàëüíîñòü âèäà À1Á36Â290. Ìàê-
ñèìàëüíàÿ Ì ïîäçåìíûõ âîä çàôèêñèðîâàíà
â äåâîíñêèõ îòëîæåíèÿõ íà ãëóáèíå 2.5–2.7 êì
(ðèñ. 1). Ñ ãëóáèíîé ïðîèñõîäèò ðîñò ìåòà-
ìîðôèçàöèè ðàññîëîâ (rNa/rCl 0.95…0.60) è
êîíöåíòðàöèè Br– (äî 1450 ìã/ë), ñíèæàåòñÿ
ñóëüôàòíîñòü (rSO4·100/rCl 2.5…0.1). Ñîäåð-
æàíèå I– â ðàññîëàõ îòíîñèòåëüíî íåâûñîêîå
(< 20 ìã/ë).

Â òî æå âðåìÿ ñåâåðíàÿ íàèáîëåå ãëóáî-
êàÿ, ïðèìûêàþùàÿ ê ñêëàä÷àòîìó Óðàëó ÷àñòü
âïàäèíû, â ïðåäåëàõ êîòîðîé ðàñïîëîæåíû
Ãåæñêàÿ, Êèñëîâñêàÿ, ßçüâèíñêàÿ, Ñåâåðíàÿ,
Âåðõíåñîëèêàìñêàÿ è äðóãèå íåôòåðàçâåäî-
÷íûå ïëîùàäè, èìååò îò÷åòëèâî âûðàæåííóþ
èíâåðñèîííóþ ãèäðîãåîõèìè÷åñêóþ çîíàëü-
íîñòü: À1Á36Â260Â<36Â290. Îíà ïðîÿâëÿåòñÿ ñíà-
÷àëà â ðîñòå M âîä ñ ãëóáèíîé (äî 260 ã/ë), à
çàòåì â åå ðåçêîì ñíèæåíèè (< 80–30 ã/ë),
âûçâàííîì óìåíüøåíèåì ñîäåðæàíèÿ ãëàâ-
íûõ èîíîâ (Cl–, Na+, Cà2+), ñîïðîâîæäàþùè-
ìèñÿ èçìåíåíèåì êîíöåíòðàöèé Br–, I–, ñòå-
ïåíè ìåòàìîðôèçàöèè, ñóëüôàòíîñòè âîä è
äðóãèõ ãåîõèìè÷åñêèõ ïîêàçàòåëåé è
ñâîéñòâ. Íàèáîëåå îïðåñíåííûå ðàññîëû
ïðèóðî÷åíû ê êàðáîíàòíîìó ðèôîãåííîìó
ôðàíñêî-ôàìåíñêî-òóðíåéñêîìó êîìïëåêñó
(D3-C1) íà ãëóáèíàõ 1900–2400 ì (ðèñ. 2).



79

Ð.Ô. Àáäðàõìàíîâ, Â.Ã. Ïîïîâ. Ãåîõèìèÿ è ïðèðîäà ãëóáèííûõ ìàëîìèíåðàëèçîâàííûõ âîä Óðàëà...

Ðèñ.  3.  Èçìåíåíèå êîíöåíòðàöèè
ÍÑÎ3

– ñ ãëóáèíîé
Ðèñ.  1.  Ïîâåäåíèå Ì ïðè íîð-
ìàëüíîé ãèäðîãåîõèìè÷åñêîé
çîíàëüíîñòè

Ðèñ.  2.  Ïîâåäåíèå Ì ïðè èíâåðñè-
îííîé ãèäðîãåîõèìè÷åñêîé çîíàëü-
íîñòè

Ðèñ.  4.  Èçìåíåíèå êîíöåíòðàöèè Âr–

ñ ãëóáèíîé
Ðèñ.  5.  Èçìåíåíèå êîíöåíòðàöèè I–

c ãëóáèíîé

Ðèñ.  6.  Âëèÿíèå Ì ðàññîëîâ íà ñîäåðæàíèå I– Ðèñ.  7.  Ñâÿçü ìåæäó êîíöåíòðàöèÿìè I–

è NH4
+ â ðàññîëàõ
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Òàê, ñêâàæèíîé 11 Êèñëîâñêîé ïëîùàäè èç
ôàìåíñêèõ îòëîæåíèé èç èíòåðâàëà 2010–
2062 ì ïîëó÷åíà âîäà ñëåäóþùåãî ñîñòàâà:

ÑÍ4 Br 225 I 66,

4 393 6 135.7
63 24 13

Cl SO HCOM
Na Ca Mg

 pH 6.37.

Ñ ãëóáèíîé ïî ìåðå óìåíüøåíèÿ Ì âîä
ìåòàìîðôèçàöèÿ èõ ñíèæàåòñÿ (rNa/rCl 0.39–
0.90), à ñóëüôàòíîñòü, íàïðîòèâ, óâåëè÷èâàåòñÿ
(rSO4·100/rCl 0.3–6.4). Ýòè èçìåíåíèÿ ñîïðîâîæ-
äàþòñÿ óñèëåíèåì ùåëî÷íîñòè âîä (HCO3

– 50–
1200 ìã/ë), óìåíüøåíèåì êîíöåíòðàöèè Br–

(1450–100 ìã/ë), è (÷òî ñîâåðøåííî íåîæèäàí-
íî) ðîñòîì ñîäåðæàíèÿ I– (5…140 ìã/ë) (ðèñ. 3–
6). Âàæíî óêàçàòü, ÷òî ãèäðîãåîõèìè÷åñêàÿ èí-
âåðñèÿ àññîöèèðóåòñÿ ñ ãàçîêîíäåíñàòíûìè è
íåôòåãàçîâûìè çàëåæàìè.

Â ðàáîòå [16] ïðèâåäåí êðèòè÷åñêèé îá-
çîð ñóùåñòâóþùèõ ïðåäñòàâëåíèé î ôîðìèðî-
âàíèè ðàçëè÷íûõ ãåîõèìè÷åñêèõ òèïîâ ðàññî-
ëîâ Ïðåäóðàëüÿ è èíâåðñèîííûõ ãèäðîãåîõè-
ìè÷åñêèõ ðàçðåçîâ. Ïîêàçàíî, ÷òî èíôèëüòðà-
öèîííûå è ýíäîãåííûå ïðîöåññû íåïðè÷àñò-
íû ê îáðàçîâàíèþ ãëóáèííûõ îïðåñíåííûõ
ðàññîëîâ Ñîëèêàìñêîé äåïðåññèè. Ñ ïîìîùüþ
ãèäðîãåîõèìè÷åñêîãî è ãåîëîãî-ñòðóêòóðíîãî
àíàëèçà âûïîëíåíà ãåíåòè÷åñêàÿ äèàãíîñòèêà
ýòèõ ðàñòâîðîâ, ïîçâîëèâøàÿ èäåíòèôèöèðî-
âàòü èõ ñ ïðèðîäíûìè âîäàìè êîíäåíñàòîãåí-
íîãî ïðîèñõîæäåíèÿ. Ìåõàíèçì ôîðìèðîâàíèÿ
èõ íàèáîëåå ïîëíî èçëîæåí â [17].

 Óñòàíîâëåíî, ÷òî ïðîöåññû ãåíåðàöèè
ãàçîîáðàçíûõ ÓÂ è äèñòèëëÿöèè â íèõ âîäû
ïðîòåêàþò íà ãëóáèíàõ 5–7 êì (Ò > 100°Ñ,
Ð > 50 ÌÏà) â äåâîíñêî-âåíäñêèõ îòëîæåíè-
ÿõ çîíû ïîãðóæåíèÿ Ñîëèêàìñêîé äåïðåññèè
ïîä àëëîõòîííûå ñòðóêòóðûÓðàëà. Îòñþäà èç
çîíû ãàçîîáðàçîâàíèÿ ïðîèñõîäèò âîñõîäÿùàÿ
ñóáâåðòèêàëüíàÿ ìèãðàöèÿ çíà÷èòåëüíûõ êî-
ëè÷åñòâ âîäîóãëåâîäîðîäíûõ ñìåñåé â áîëåå
ìÿãêèå ÐÒ-óñëîâèÿ (Ò 30–40 îÑ, Ð 20–25 ÌÏà)
ðèôîâûõ ìàññèâîâ D3-C1, ýêðàíèðîâàííûõ
ôëþèäîóïîðíûìè âèçåéñêèìè ãëèíàìè. Ïðè
ýòîì îòíîñèòåëüíî êîðîòêèå ïóòè ìèãðàöèè
(òûñÿ÷è ìåòðîâ) è âûñîêèå ñêîðîñòè äâèæå-
íèÿ âîäîóãëåâîäîðîäíîãî ôëþèäà ïî ïðîíè-
öàåìûì ðàçëîìàì, îïðåäåëÿþùèå òåìïû ñíè-

æåíèÿ Ò è èíòåíñèâíîñòü âûäåëåíèÿ ñâîáîä-
íîé âîäû èç ÓÂ, ïðåïÿòñòâóþò äèôôóçèîí-
íîìó è êîíâåêöèîííîìó ðàññåÿíèþ ôëþèäà.

Ñàì ìåõàíèçì ôîðìèðîâàíèÿ êîíäåíñà-
òîãåííûõ âîä è ïîñëåäóþùèå ïðîöåññû âçà-
èìîäåéñòâèÿ ñ êðåïêèìè ïëàñòîâûìè ðàññî-
ëàìè õîðîøî îáúÿñíÿþò ãåîõèìè÷åñêóþ ñïå-
öèôèêó îáðàçóþùèõñÿ ïðîìåæóòî÷íûõ âîä: èõ
ïîíèæåííóþ îòíîñèòåëüíî îêðóæàþùèõ ôî-
íîâûõ ðàññîëîâ Ì, îáîãàùåííîñòü ÍÑÎ3

–,
îáåäíåííîñòü Br– è äð. Êàê ïîêàçàëè ýêñïåðè-
ìåíòàëüíûå èññëåäîâàíèÿ [17], ïðè èñïàðåíèè
ïëàñòîâîãî ðàññîëà â ÓÂ ôàçó ïîëíîñòüþ ïå-
ðåõîäÿò èîíû ÍÑÎ3

– è ÑÎ3
2–, òîãäà êàê I– è Br–

îñòàþòñÿ â èñõîäíîì ðàñòâîðå. Ïîýòîìó ïî
ìåðå ðàçáàâëåíèÿ êîíäåíñàòîãåííûìè âîäàìè
ïëàñòîâûõ ðàññîëîâ êîíöåíòðàöèÿ Br– â íèõ
äîëæíà íåèçáåæíî ñíèæàòüñÿ, à ÍÑÎ3

– – âîç-
ðàñòàòü, ÷òî è ïðîèñõîäèò â ïðèðîäíîé ñèòó-
àöèè (ñì. ðèñ. 3–4). Ïðè ýòîì àíîìàëüíî âû-
ñîêàÿ éîäîíîñíîñòü îïðåñíåííûõ âîä â Ñîëè-
êàìñêîé äåïðåññèè îáóñëîâëåíà ýêñòðàêöèåé I–

èç îðãàíîìèíåðàëüíûõ ñîåäèíåíèé ïîðîä äå-
âîíà è âåíäà êàê â ïðîöåññå âåðòèêàëüíîé ìèã-
ðàöèè âîäîóãëåâîäîðîäíûõ ñìåñåé èç çîíû ãà-
çîîáðàçîâàíèÿ â ãëóáîêèõ ÷àñòÿõ íåäð Óðàëà â
âûøåëåæàùóþ çîíó ãàçîíàêîïëåíèÿ, òàê è ïðè
âçàèìîäåéñòâèè ýòèõ âîä ñ ïîðîäàìè íåïîñðåä-
ñòâåííî â ãàçîâîé çàëåæè â óñëîâèÿõ ìÿãêîãî
òåðìîëèçà. Íà ýòî óêàçûâàåò ïðÿìàÿ êîððåëÿöè-
îííàÿ çàâèñèìîñòü ìåæäó I– è NH4

+, êîòîðûå ÿâ-
ëÿþòñÿ ïðîäóêòîì äåñòðóêöèè àçîòñîäåðæàùå-
ãî ÎÂ (ðèñ. 7). Ïðè÷åì õàðàêòåð ñâÿçè ìåæäó
ýòèìè êîìïîíåíòàìè ðàçëè÷åí äëÿ êðåïêèõ ðàñ-
ñîëîâ ðàéîíîâ ñ íîðìàëüíîé ãèäðîãåîõèìè÷å-
ñêîé çîíàëüíîñòüþ è îïðåñíåííûõ âîä â ïðå-
äåëàõ ãèäðîãåîõèìè÷åñêîé èíâåðñèè, ÷òî ïîä-
÷åðêèâàåò èõ ãåíåòè÷åñêèå ðàçëè÷èÿ.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ñóùå-
ñòâåííûå ðàçëè÷èÿ ôèçèêî-õèìè÷åñêèõ
ñâîéñòâ íåôòåé êàðáîíàòíîãî êîìïëåêñà
D3-C1 äëÿ ðàéîíîâ Ñîëèêàìñêîé äåïðåññèè ñ
ðàçëè÷íûì õàðàêòåðîì ãèäðîãåîõèìè÷åñêîé
çîíàëüíîñòè. Óñòàíîâëåíî [18], ÷òî èìåííî
ê ñåâåðî-âîñòî÷íîé ÷àñòè åå è ïåðåäîâûì
ñêëàäêàì Óðàëà ïðèóðî÷åíû íå ïðåòåðïåâ-
øèå çàìåòíûõ ãèïåðãåííûõ èçìåíåíèé íàè-
áîëåå ëåãêèå (ñ < 0.80 ã/ñì3) íåôòè íàôòåíî-
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âî-ìåòàíîâîãî òèïà, îòëè÷àþùèåñÿ ìåíü-
øèì ñîäåðæàíèåì ñåðû, ñìîë, àñôàëüòåíîâ
è áîëüøèì ñîäåðæàíèåì áåíçèíîâûõ ôðàê-
öèé. Â åå ïðåäåëàõ, â îòëè÷èå îò ñîïðåäåëü-
íûõ ðàéîíîâ Âîëãî-Óðàëüñêîãî íåôòåãàçî-
íîñíîãî áàññåéíà, â íåôòÿõ ïðàêòè÷åñêè îò-
ñóòñòâóþò ìåòàëëîïîðôèðèíû (âàíàäèåâûå
è íèêåëåâûå êîìïëåêñû) è îòíîøåíèå ïðè-
ñòàí/ôèòàí â ñîñòàâå èçîïðåíîèäíûõ ÓÂ äî-
ñòèãàåò ìàêñèìàëüíûõ çíà÷åíèé (> 2–3). Âñå
ýòî îáúÿñíÿåòñÿ ó÷àñòèåì ïðîöåññîâ êîíäåí-
ñàòîîáðàçîâàíèÿ â ôîðìèðîâàíèè çàëåæåé
ÓÂ â óñëîâèÿõ áîëåå âûñîêèõ ñòàäèé êàòàãå-
íåòè÷åñêèõ ïðåîáðàçîâàíèé íåôòåãàçîìàòå-
ðèíñêèõ ïîðîä.
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This paper is based on investigation into the geochemistry and genesis of gaseous–liquid fluids from deep interiors
of the main tectonic elements (megazones) of the Urals: the West Ural outer zone of folding, the Central Ural uplift, and
the Magnitororsk Megasynclinorium. Vertical geochemical zoning and the origin of deep gaseous–liquid fluids of mountain
areas are important, but poorly studied theoretical problems of modern hydrogeology. For a long time, there were ideas
on orogenic areas as a whole and the Urals in particular as hydrogeologically open structures, with prevailing oxygen–
nitrogen fresh hydrocarbonate waters formed under the influence of hypergenic factors. The paper presents our own
results based on field observations of mineral sources and hydromineral deposits of the region, as well as results on ion–
saline and gas composition of underground waters in deep holes drilled by different geological organizations mainly in the
South and Middle Urals. Special attention is paid to analyzing the reasons for the occurrence of freshened waters
creating hydrogeochemical inversions in the hydrolithosphere. Consideration is given to the association of hydrocarbon
deposits and poorly-mineralized waters within the conjunction zone between the orogene and the trough. Analysis and
generalization of these data allow us to consider geochemical peculiarities of gaseous–liquid fluids from deep parts of the
section, their nature, and the type of hydrogeochemical zoning of the region.

Key words: brines, freshened deep groundwaters, geochemistry, genesis, Urals, Cis-Ural Trough.
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Íà îñíîâå îïóáëèêîâàííûõ è àðõèâíûõ èñòî÷íèêîâ äàåòñÿ ýòíîêóëüòóðíàÿ õàðàêòåðèñòèêà ôèííî-óãîð-
ñêèõ íàðîäîâ Ðåñïóáëèêè Áàøêîðòîñòàí. Èç ôèííî-óãîðñêèõ íàðîäîâ çäåñü ïðîæèâàþò ìàðèéöû, ìîðäâà,
óäìóðòû è ýñòîíöû. Âñå ýòè ãðóïïû íàñåëåíèÿ îáðàçîâàëèñü â õîäå ìèãðàöèîííûõ ïðîöåññîâ XVIII–XIX ââ.
Âìåñòå ñ òåì ýòè íàðîäû íå ïðåäñòàâëÿþò åäèíûå  ìîíîëèòíûå îáðàçîâàíèÿ, à ðàñïàäàþòñÿ íà ðÿä ýòíîëî-
êàëüíûõ, äèàëåêòíûõ è êîíôåññèîíàëüíûõ ãðóïï. Íàïðèìåð, ìàðèéöû ïðåäñòàâëåíû ïðèáåëüñêîé è èêñêî-
ñþíüñêîé ãðóïïàìè, ðàçãîâàðèâàþò íà ïÿòè äèàëåêòàõ, åñòü ìàðèéöû êðåùåíûå è èñïîâåäóþùèå òðàäèöèîí-
íóþ ðåëèãèþ. Òàêèå ïîäðàçäåëåíèÿ ïî ýòíîêóëüòóðíîìó, ëèíãâèñòè÷åñêîìó è êîíôåññèîíàëüíîìó ïðèçíà-
êàì õàðàêòåðíû è äëÿ äðóãèõ ôèííî-óãîðñêèõ íàðîäîâ.

Â ýòíîêóëüòóðíîì ïðîñòðàíñòâå Ðåñïóáëèêè Áàøêîðòîñòàí èìååòñÿ ìîùíûé ôèííî-óãîðñêèé ïëàñò.
Çäåñü äåéñòâóþò íàöèîíàëüíî-êóëüòóðíûå îáúåäèíåíèÿ, ñóùåñòâóþò ôîëüêëîðíûå êîëëåêòèâû, èçäàþòñÿ
ãàçåòû, â øêîëàõ èçó÷àþòñÿ íàöèîíàëüíûå ÿçûêè. Â ðåñïóáëèêå òàêæå ïðîâîäÿòñÿ ôèííî-óãîðñêèå ìåðîï-
ðèÿòèÿ ìåæäóíàðîäíîãî ìàñøòàáà.

Êëþ÷åâûå ñëîâà: ôèííî-óãîðñêèå íàðîäû, ìàðèéöû, ìîðäâà, óäìóðòû, ýñòîíöû.

Òåððèòîðèÿ Ðåñïóáëèêè Áàøêîðòîñòàí
ÿâëÿåòñÿ îäíèì èç ðåãèîíîâ êîìïàêòíîãî ïðî-
æèâàíèÿ ôèííî-óãîðñêèõ íàðîäîâ. Ïî äàííûì
ïåðåïèñè íàñåëåíèÿ 2010 ã., â ðåñïóáëèêå ïðî-
æèâàþò 103 658 ìàðèéöåâ, 20 300 ìîðäâû,
21 477 óäìóðòîâ [1, ñ. 19–23]. Ñ êîíöà XIX â.
îòìå÷àåòñÿ òàêæå íåáîëüøàÿ ãðóïïà ýñòîíöåâ,
â 2010 ã. èõ íàñ÷èòûâàëîñü 219 ÷åëîâåê [1,
ñ. 25]. Â ðåñïóáëèêå äåéñòâóþò íàöèîíàëüíî-
êóëüòóðíûå öåíòðû è àâòîíîìèè ôèííî-óãîð-
ñêèõ íàðîäîâ, ñóùåñòâóþò ôîëüêëîðíûå êîë-
ëåêòèâû, èçäàþòñÿ ãàçåòû, â øêîëàõ èçó÷àþò-
ñÿ íàöèîíàëüíûå ÿçûêè. Â íàó÷íûõ ó÷ðåæäå-
íèÿõ ðåñïóáëèêè íàêîïëåí áîãàòûé îïûò èçó-
÷åíèÿ ôèííî-óãîðñêèõ íàðîäîâ, â ôîíäàõ ìó-
çååâ ñîáðàíû óíèêàëüíûå êîëëåêöèè [2, 3]. Ðåñ-
ïóáëèêàíñêàÿ ãîñóäàðñòâåííàÿ ïðîãðàììà «Íà-
ðîäû Áàøêîðòîñòàíà», ðàçðàáîòàííàÿ ïîä ðó-
êîâîäñòâîì ÷ë.-êîðð. ÐÀÍ Ð.Ã. Êóçååâà, ïðåäóñ-
ìàòðèâàåò ñîõðàíåíèå è âîçðîæäåíèå ÿçûêîâ
è êóëüòóð ôèííî-óãîðñêèõ íàðîäîâ.

Ñ 1993 ã. ïî íà÷àëî 2010-õ ãã. îñóùåñò-
âëÿëà ñâîþ äåÿòåëüíîñòü Àññîöèàöèÿ ôèííî-

óãîðñêèõ íàðîäîâ Ðåñïóáëèêè Áàøêîðòîñòàí.
Â 2005 ã. ó÷ðåæäåíà Àññàìáëåÿ ôèííî-óãîð-
ñêèõ íàðîäîâ ÐÁ, âõîäÿùàÿ â ñîñòàâ Àññîöèà-
öèè ôèííî-óãîðñêèõ íàðîäîâ Ðîññèéñêîé
Ôåäåðàöèè. Òàêèì îáðàçîì, â ýòíîêóëüòóðíîì
ïðîñòðàíñòâå Áàøêîðòîñòàíà èìååòñÿ ìîù-
íûé ôèííî-óãîðñêèé ïëàñò. Â ñâÿçè ñ ýòèì â
ðåñïóáëèêå òàêæå ïðîâîäÿòñÿ ôèííî-óãîðñêèå
ìåðîïðèÿòèÿ ìåæäóíàðîäíîãî ìàñøòàáà: â
ôåâðàëå 1999 ã. çäåñü ñîñòîÿëîñü çàñåäàíèå
Ñîâåòà ìåæäóíàðîäíîé Ìîëîäåæíîé Àññî-
öèàöèè ôèííî-óãîðñêèõ íàðîäîâ (ÌÀÔÓÍ)
[4], à â ôåâðàëå 2005 ã. – çàñåäàíèå Êîíñóëüòà-
òèâíîãî êîìèòåòà ôèííî-óãîðñêèõ íàðî-
äîâ [5]. Â äàííîé ðàáîòå ïðåäïðèíÿòà ïîïûò-
êà äàòü êðàòêóþ ýòíîêóëüòóðíóþ õàðàêòåðèñ-
òèêó ôèííî-óãîðñêèõ íàðîäîâ Ðåñïóáëèêè
Áàøêîðòîñòàí.

Ìàðèéöû. Ìàðèéöû Áàøêîðòîñòàíà îò-
íîñÿòñÿ ê ýòíîãðàôè÷åñêîé ãðóïïå âîñòî÷íûõ
ìàðèéöåâ (ýðâåë ìàðèé). Âûäåëÿþòñÿ ÷åòû-
ðå ïîäãðóïïû âîñòî÷íûõ ìàðèéöåâ: ïðèêàì-
ñêèå (÷îëìàí ìàðèé) – Òàòàðñòàí, Óäìóðòèÿ;
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óðàëüñêèå (óðàë ìàðèé) – Ñâåðäëîâñêàÿ îá-
ëàñòü, Ïåðìñêèé êðàé; èêñêî-ñþíüñêèå (áåëå-
áåé ìàðèé) – Áàêàëèíñêèé, Òóéìàçèíñêèé è
Øàðàíñêèé ðàéîíû ÐÁ; ïðèáåëüñêèå (óïî ìà-
ðèé) – Áàëòà÷åâñêèé, Áèðñêèé, Áëàãîâåùåí-
ñêèé, Äþðòþëèíñêèé, Êàðàèäåëüñêèé, Êàë-
òàñèíñêèé, Êðàñíîêàìñêèé, Ìèøêèíñêèé,
Íóðèìàíîâñêèé, ßíàóëüñêèé ðàéîíû ÐÁ [6,
ñ. 17].

Â Ðåñïóáëèêå Áàøêîðòîñòàí ìàðèéöû
ÿâëÿþòñÿ íîñèòåëÿìè êàëòàñèíñêîãî, áèðñêî-
ãî, áåëåáååâñêîãî, áàëòà÷åâñêîãî è ïðèáåëü-
ñêîãî ãîâîðîâ âîñòî÷íîãî äèàëåêòà ëóãîâî-ìà-
ðèéñêîãî ÿçûêà.

Ìàðèéöû Áàøêîðòîñòàíà ÿâëÿþòñÿ îä-
íîé èç ëîêàëüíûõ ãðóïï ýòîãî íàðîäà, êîòî-
ðûå ïðèäåðæèâàþòñÿ ñâîèõ òðàäèöèîííûõ
âåðîâàíèé. Ñðåäè ïðè÷èí ìèãðàöèè ìàðèé-
öåâ íà áàøêèðñêèå çåìëè – ñòðåìëåíèå ñîõðà-
íèòü âåðó ñâîèõ ïðåäêîâ. Îòäåëÿÿ ñåáÿ îò êðå-
ùåíûõ ìàðèéöåâ, îíè íàçûâàþò ñåáÿ «÷è
ìàðè» – «èñòèííûå ìàðèéöû». Îäíó èç ïðè-
÷èí ñîõðàíåíèÿ ñðåäè ìàðèéöåâ Áàøêîðòîñ-
òàíà âûñîêîãî ýòíè÷åñêîãî ñàìîñîçíàíèÿ èñ-
ñëåäîâàòåëè âèäÿò èìåííî â èõ ïðèâåðæåí-
íîñòè òðàäèöèîííîé ðåëèãèè [7, s. 223].

Íåáîëüøàÿ ÷àñòü ìàðèéöåâ Áàøêîðòîñòà-
íà âñå æå ïîäâåðãëàñü êðåùåíèþ. Â êîíöå
XIX – íà÷àëå XX â. öåíòðàìè ðàñïðîñòðàíå-
íèÿ ñðåäè âîñòî÷íûõ ìàðèéöåâ ïðàâîñëàâèÿ
ñòàëè ñ. Íèêîëî-Áåðåçîâêà Áèðñêîãî óåçäà è
óåçäíûé öåíòð ã. Áèðñê. Â ñ. Íèêîëî-Áåðåçîâ-
êå äåéñòâîâàë ìóæñêîé Êàìñêî-Áåðåçîâñêèé
Áîãîðîäèöêèé ìèññèîíåðñêèé îáùåæèòåëü-
íûé ìîíàñòûðü, íàñòîÿòåëåì êîòîðîãî áûë
èãóìåí Àíàñòàñèé, ìàðèåö ïî ïðîèñõîæäå-
íèþ, ïðè ìîíàñòûðå äåéñòâîâàëà ÷åðåìèññêàÿ
öåðêîâíî-ïðèõîäñêàÿ øêîëà. Â 1895 ã. áûëà çà-
ëîæåíà, à â 1899 ã. îñâÿùåíà ò.í. «èíîðîä÷å-
ñêàÿ» öåðêîâü â Áèðñêå, îñíîâíûìè ïðèõîæà-
íàìè êîòîðîé ÿâëÿëèñü ó÷àùèåñÿ Áèðñêîé
èíîðîä÷åñêîé ó÷èòåëüñêîé øêîëû è êðåùåíûå
«÷åðåìèñû» Áèðñêîãî óåçäà.

Ïî ñòàòèñòè÷åñêèì äàííûì, íà íà÷àëî
XX â. êðåùåíûå ìàðèéöû â Áèðñêîì óåçäå
ïðîæèâàëè â 28 íàñåëåííûõ ïóíêòàõ, âõîäèâ-
øèõ â ñîñòàâ 10 ïðèõîäîâ. ×èñëî êðåùåíûõ
ìàðèéöåâ îöåíèâàëîñü â 3145 ÷åëîâåê îáî-

åãî ïîëà. Â Óôèìñêîé åïàðõèè íàñ÷èòûâàëîñü
5 ñâÿùåííèêîâ-ìàðèéöåâ, íî äâîå èç íèõ ñëó-
æèëè â ðóññêèõ ïðèõîäàõ [8, ñ. 55]. Íûíå, ïî
íàøèì ïîëåâûì äàííûì, êðåùåíûå ìàðèé-
öû (êðýøèí) ïðîæèâàþò â ñëåäóþùèõ íàñå-
ëåííûõ ïóíêòàõ: Íèêîëüñêîå, Àðëàí, Êóâàêè-
íî, Áèêòèìèðîâî, Àïàñåâî, Àìçÿ, Øóøíóð
Êðàñíîêàìñêîãî ðàéîíà.

Â ïîñòñîâåòñêèå ãîäû íàáëþäàåòñÿ îï-
ðåäåëåííûé èíòåðåñ ìàðèéöåâ ê ëþòåðàí-
ñêîé ðåëèãèè. Â äàííîì ñëó÷àå ìèññèîíåðà-
ìè âûñòóïàþò ôèíñêèå ëþòåðàíå. Â ã. Áèðñêå
ïîñòðîåíà ëþòåðàíñêàÿ öåðêîâü.

Íå èçáåæàëè ìàðèéöû Áàøêîðòîñòàíà è
âëèÿíèÿ ñî ñòîðîíû èñëàìà. Ìóñóëüìàíñêàÿ
ìèññèÿ îñîáåííî óñèëèëàñü â êîíöå XIX –
íà÷àëå XX â. Ïåðåéäÿ â èñëàì, ìàðèéöû ìå-
íÿëè òàêæå ñâîå ýòíè÷åñêîå ñàìîñîçíàíèå,
âëèâàÿñü â ñîñòàâ òàòàð. Â íàñòîÿùåå âðåìÿ
ïîòîìêè ïðèíÿâøèõ èñëàì ìàðèéöåâ ñ÷èòà-
þò ñåáÿ òàòàðàìè.

Ïåðâûå îáùåñòâåííî-ïîëèòè÷åñêèå
îðãàíèçàöèè ìàðèéöåâ áûëè îáðàçîâàíû ñðå-
äè âîñòî÷íûõ ìàðèéöåâ â Óôèìñêîé ãóáåð-
íèè: â 1917 ã. äåéñòâîâàëè Óôèìñêîå ãîðîä-
ñêîå îáúåäèíåíèå ìàðè è Áèðñêîå îáùåñòâî
÷åðåìèñ [9, ë. 9, 37–45]. Ïåðâûé Âñåðîññèé-
ñêèé ñúåçä íàðîäà ìàðè ñîñòîÿëñÿ â èþëå
1917 ã. â Áèðñêå Óôèìñêîé ãóáåðíèè. Íà íåì
ïðèñóòñòâîâàëî 178 äåëåãàòîâ èç ðàçíûõ ãó-
áåðíèé, íàñåëåííûõ ìàðèéöàìè [10, ñ. 82–83].
Áîëüøåâèêè èç ÷èñëà ìàðèéöåâ è óäìóðòîâ
Óôèìñêîé ãóáåðíèè â íîÿáðå 1919 ã. ïðîâåëè
â Óôå ïåðâûé Óôèìñêèé ãóáåðíñêèé ìàðè-
âîòñêèé ñúåçä [11, ñ. 103]. Â 20-å ãã. XX ñòîëå-
òèÿ â Óôèìñêîé ãóáåðíèè äåéñòâîâàëè Ìà-
ðèéñêèé ïîäîòäåë Ãóáåðíñêîãî îòäåëà ïî äå-
ëàì íàöèîíàëüíîñòåé è Ìàðèéñêàÿ ñåêöèÿ
ãóáêîìà ÐÊÏ(á). Â ìàðòå 1925 ã. â Áèðñêå áûëà
ïðîâåäåíà ìàðèéñêàÿ êðåñòüÿíñêàÿ áåñïàð-
òèéíàÿ êîíôåðåíöèÿ. Â 30-å ãã. íà òåððèòî-
ðèè Áàøêèðñêîé ÀÑÑÐ Ìèøêèíñêèé è Êàë-
òàñèíñêèé ðàéîíû èìåëè ñòàòóñ íàöèî-
íàëüíûõ.

Íàöèîíàëüíîå äâèæåíèå ìàðèéöåâ Áàø-
êîðòîñòàíà âîçðîäèëîñü â 80-å ãã. ïðîøëîãî
ñòîëåòèÿ. Íåîáõîäèìî îòìåòèòü, ÷òî ýòî ïðî-
èçîøëî ðàíüøå, ÷åì â ñàìîé Ìàðèéñêîé
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ÀÑÑÐ. Â êîíöå 1988 ã. ïî èíèöèàòèâå ìàðèé-
ñêîé èíòåëëèãåíöèè áûë ñîçäàí Óôèìñêèé
ãîðîäñêîé êëóá ìàðèéñêîé êóëüòóðû «Ìàðè».
Â èþëå 1989 ã. íà ðåñïóáëèêàíñêîì ñîâåùà-
íèè ìàðèéñêîé îáùåñòâåííîñòè â Óôå áûëî
ñîçäàíî Ìàðèéñêîå ðåñïóáëèêàíñêîå îáùå-
ñòâî. Ïðåäñåäàòåëåì áûë èçáðàí Ã.È. Èáóëà-
åâ. Ñ èþíÿ 1991 ã. îáùåñòâî áûëî ïåðåèìå-
íîâàíî â Ìàðèéñêèé îáùåñòâåííûé öåíòð
Ðåñïóáëèêè Áàøêîðòîñòàí, à ñ îêòÿáðÿ
1994 ã. – â Ìàðèéñêîå îáùåñòâåííîå îáúåäè-
íåíèå «Ìàðèé Óøåì» Ðåñïóáëèêè Áàøêîðòî-
ñòàí. Çàäà÷àìè îðãàíèçàöèè ÿâëÿëèñü: ñîçäà-
íèå íåîáõîäèìûõ óñëîâèé äëÿ ñâîáîäíîãî
ðàçâèòèÿ è ïðèìåíåíèÿ ìàðèéñêîãî ÿçûêà â
ÐÁ, ñîõðàíåíèå è ðàçâèòèå äóõîâíîé è ìàòå-
ðèàëüíîé êóëüòóðû ìàðèéñêîãî íàðîäà, èçó-
÷åíèå è âîçðîæäåíèå ìàðèéñêèõ íàðîäíûõ
òðàäèöèé, îáû÷àåâ, ôîëüêëîðíîãî íàñëåäèÿ.
Ñ 2004 ã. îáùåñòâåííàÿ îðãàíèçàöèÿ ìàðèé-
öåâ áûëà ïðåîáðàçîâàíà â Ðåãèîíàëüíóþ ìà-
ðèéñêóþ íàöèîíàëüíî-êóëüòóðíóþ àâòîíî-
ìèþ «Ýðâåë Ìàðèé». Ðóêîâîäèòåëåì èçáðàí
Ï.È. Áèêìóðçèí. Â òîì æå ãîäó áûë ñîçäàí
ìàðèéñêèé èñòîðèêî-êóëüòóðíûé öåíòð «Ñåëî
Ìèøêèíî» â Ìèøêèíñêîì ðàéîíå, êîòîðûé
ïðèçâàí ñîõðàíÿòü è ðàçâèâàòü ÿçûê è ýòíè-
÷åñêóþ êóëüòóðó ìàðèéöåâ Áàøêîðòîñòàíà.

Â íàñòîÿùåå âðåìÿ ðàçëè÷íûå ìåðîïðèÿ-
òèÿ ïî ïîääåðæêå ìàðèéñêîé êóëüòóðû ïðîâî-
äÿòñÿ â ñ. Ìèøêèíî Ìèøêèíñêîãî, ñ. Êàëòàñû
Êàëòàñèíñêîãî ðàéîíîâ, ãã. Áèðñêå è Íåôòåêàì-
ñêå. Íà÷èíàÿ ñ 1991 ã. â Íåôòåêàìñêå åæåãîäíî
ïðîâîäèòñÿ ðåñïóáëèêàíñêèé ôåñòèâàëü ìà-
ðèéñêîé êóëüòóðû «Ìóðïåëåäûø». Òàêæå
ñòàëî òðàäèöèåé ïðîâåäåíèå â ýòîì ãîðîäå
ôåñòèâàëÿ íàöèîíàëüíûõ êóëüòóð è èñêóññòâ
ôèííî-óãîðñêèõ íàðîäîâ «Ñàìîöâåòû Ïðèêà-
ìüÿ». Â ðåñïóáëèêå ê íàñòîÿùåìó âðåìåíè óñ-
ïåøíî ðàáîòàþò áîëåå 50 ìàðèéñêèõ õóäîæå-
ñòâåííûõ êîëëåêòèâîâ, 17 èç íèõ óäîñòîåíû
çâàíèÿ «íàðîäíûé». Îñîáîé ïîïóëÿðíîñòüþ
ïîëüçóåòñÿ ñðåäè íèõ àíñàìáëü òàíöà «Ýðâåë»
èç Ìèøêèíñêîãî ðàéîíà.

Ìàðèéñêèé ÿçûê è ëèòåðàòóðó èçó÷àþò â
198 øêîëàõ è èõ ôèëèàëàõ [12, ñ. 21]. Òðàäè-
öèÿ ïîäãîòîâêè ó÷èòåëåé äëÿ ìåñòíûõ ìàðèé-
ñêèõ øêîë òàêæå èìååò äëèòåëüíóþ èñòîðèþ.

Ñ 1870 ïî 1891 ãîä ðàáîòàëà Óôèìñêàÿ ÷åðå-
ìèññêàÿ øêîëà. Ñ 1882 ïî 1918 ãîä äåéñòâî-
âàëà Áèðñêàÿ èíîðîä÷åñêàÿ ó÷èòåëüñêàÿ øêî-
ëà, â 1918 ã. îíà áûëà ïðåîáðàçîâàíà â Ìà-
ðèéñêóþ ó÷èòåëüñêóþ ñåìèíàðèþ, îñåíüþ
1919 ã. – â Ìàðèéñêèå ïåäàãîãè÷åñêèå êóðñû.
Ñ 1920 ã. ó÷åáíîå çàâåäåíèå áûëî ïåðåâåäåíî
â ñ. Íèêîëî-Áåðåçîâêó, ãäå ñ 1921 ã. ïðåîáðàçî-
âàíî â ïåäòåõíèêóì, à â 1924 ã. âíîâü âîçâðà-
ùåíî â ã. Áèðñê (Áèðñêèé ïåäòåõíèêóì).
Ñ 1934 ã. ó÷åáíîå çàâåäåíèå âíîâü ôóíêöèîíè-
ðîâàëî â Íèêîëî-Áåðåçîâêå (Êðàñíîêàìñêîå ïåä-
ó÷èëèùå), à â 1956 ã. ïåðåâåäåíî â ã. Áëàãîâå-
ùåíñê (Áëàãîâåùåíñêîå ïåäó÷èëèùå, íûíå ïåä-
êîëëåäæ). Â íàñòîÿùåå âðåìÿ ìàðèéñêîå îòäå-
ëåíèå ïåäêîëëåäæà ãîòîâèò ó÷èòåëåé íà÷àëüíûõ
êëàññîâ. Â 1993 ã. îòêðûòî ìàðèéñêîå îòäåëå-
íèå ôèëîëîãè÷åñêîãî ôàêóëüòåòà Áèðñêîãî
ïåäèíñòèòóòà (íûíå Áèðñêèé ôèëèàë ÁàøÃÓ).

Áîëüøóþ ðîëü â ñîõðàíåíèè è âîçðîæ-
äåíèè ìàðèéñêîé êóëüòóðû è ÿçûêà èãðàþò
ãàçåòû. Èçäàíèå ãàçåò íà ìàðèéñêîì ÿçûêå â
Áàøêèðèè èìååò äàâíèå òðàäèöèè. 28 ìàÿ
1919 ã. â Óôå áûë èçäàí ïåðâûé íîìåð ãàçåòû
«Øåìåð-Ïàøàçå» («Òðóäÿùèéñÿ-ðàáî÷èé») –
ïå÷àòíûé îðãàí ïîëèòîòäåëà 5-é àðìèè. Âû-
øåäøèé 17 ñåíòÿáðÿ 1919 ã. òðåòèé íîìåð ãà-
çåòû áûë èçäàí ïîä íàçâàíèåì «Ñîâåò óìëàí-
äûðûìàø» («Èçâåñòèÿ Ñîâåòîâ»). Ãàçåòà, èç-
äàâàåìàÿ ìàðèéñêèì ïîäîòäåëîì Ãóáåðíñêî-
ãî îòäåëà ïî äåëàì íàöèîíàëüíîñòåé âûõî-
äèëà äî 15 ÿíâàðÿ 1921 ã., çàòåì îíà áûëà ïå-
ðåèìåíîâàíà â «Ìàÿê». Â 1922 ã. «çà îòñóòñòâè-
åì ñðåäñòâ è áóìàãè» âûïóñê ãàçåòû «Ìàÿê»
ïðåêðàòèëñÿ. Ââèäó ýòîãî â ãàçåòå «Áèðñêàÿ
ïðàâäà» îòâîäèòñÿ ñïåöèàëüíûé «Óãîëîê
ìàðè» [13, ñ. 87–95].

Â 1930-å ãã. â ÁÀÑÑÐ íà÷àëè èçäàâàòüñÿ
äâå ðàéîííûå ãàçåòû íà ìàðèéñêîì ÿçûêå.
Â 1930 ã. âûøåë ïåðâûé íîìåð êîëõîçíîé ãà-
çåòû «Êîììóí êîðíî», êîòîðûé â äàëüíåéøåì
ñòàë ðàéîííîé ãàçåòîé Ìèøêèíñêîãî ðàéîíà.
Â íàñòîÿùåå âðåìÿ îíà èçäàåòñÿ ïîä íàçâà-
íèåì «Äðóæáà». Ñ 1932 ã. èçäàåòñÿ ðàéîííàÿ
ãàçåòà Êàëòàñèíñêîãî ðàéîíà «Óæàðà»
(«Çàðÿ»). 24 àïðåëÿ 1991 ã. â Íåôòåêàìñêå áûë
èçäàí ïåðâûé íîìåð îáùåñòâåííî-ïîëèòè-
÷åñêîé ãàçåòû íà ìàðèéñêîì ÿçûêå «×îëìàí»
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(«Êàìà»). Â 1993 ã. îíà ïðèîáðåëà ðåñïóáëè-
êàíñêèé ñòàòóñ.

Ìîðäâà. Îñíîâíàÿ ÷àñòü ìîðäâû Áàøêîð-
òîñòàíà – ýðçÿ; ìîêøà ñîñòàâëÿåò ëèøü íåçíà-
÷èòåëüíóþ äîëþ. Ìîêøàíñêèìè ÿâëÿþòñÿ
íàñåëåííûå ïóíêòû Êóçüìèíîâêà è Áóëÿêàé
Ôåäîðîâñêîãî ðàéîíà. Â Ðåñïóáëèêå Áàøêîð-
òîñòàí ïðîæèâàåò íåçíà÷èòåëüíàÿ ãðóïïà
ìîðäâû-ýðçÿ, êîòîðàÿ èìåíóåò ñåáÿ «ìóðçà».
Ïðîæèâàþò îíè â ä. Êîæàé-Àíäðååâî Òóéìà-
çèíñêîãî è ä. Êîæàé-Ìàêñèìîâî Áèæáóëÿê-
ñêîãî ðàéîíîâ. Æèòåëè ýòèõ äåðåâåíü õîòÿ è
îòíîñÿò ñåáÿ ê ýðçå, íî îòìå÷àþò, ÷òî «ìû –
ìóðçà». Ãëàâíîå îòëè÷èå îò îñòàëüíûõ ýðçè,
ïî èõ ìíåíèþ, çàêëþ÷àåòñÿ â èõ ÿçûêå, ãäå
î÷åíü ìíîãî ðóññêèõ çàèìñòâîâàíèé [14].
Ì. Áóðäóêîâ â íà÷àëå XX â. ïèñàë, ÷òî «ìîðä-
âà ä. Êîæàé-Àíäðååâîé ñ÷èòàåò ñåáÿ ïîòîì-
êàìè êàêîãî-òî ìîðäîâñêîãî êíÿçÿ (ìóðçû)»
[15]. Â äðóãîé ïóáëèêàöèè òîãî æå âðåìåíè
îòìå÷àåòñÿ, ÷òî «Ñ ñëîâîì “ìîðäâèí” ñîåäè-
íÿåòñÿ ïîíÿòèå î öåëîì èçâåñòíîì íàðîäå, à
ñî ñëîâàìè “ýðçÿ”, “ìîêøà” è “ìóðçà” ñîåäè-
íÿþòñÿ ïîíÿòèÿ îá îòäåëüíûõ ïëåìåíàõ ýòî-
ãî íàðîäà». Äàëåå îí îòìå÷àåò, ÷òî «íàðå÷èÿ
ýðçÿíñêîå è ìóðçèíñêîå î÷åíü ñõîæè, òîëüêî ó
ìóðçû âîøëà â óïîòðåáëåíèå ìàññà ðóññêèõ
ñëîâ» [16].

Ìîðäâà â Ðåñïóáëèêå Áàøêîðòîñòàí
ïðåäñòàâëåíà ðàçíûìè êîíôåññèîíàëüíûìè
ãðóïïàìè. Îñíîâíàÿ ìàññà ìîðäâû-ýðçè ñ÷è-
òàåò ñåáÿ ïðàâîñëàâíûìè, íåçíà÷èòåëüíàÿ
÷àñòü – ñòàðîîáðÿäöàìè è ìîëîêàíàìè. Ìîê-
øà òàêæå ïðèäåðæèâàåòñÿ ïðàâîñëàâíîé
âåðû.

Õðèñòèàíèçàöèÿ ìîðäâû íà÷àëàñü ñî
âõîæäåíèåì èõ çåìåëü â ñîñòàâ Ðóññêîãî ãî-
ñóäàðñòâà. Ìîðäâà íà Þæíûé Óðàë ïåðåñå-
ëèëàñü óæå êðåùåíîé. Â îôèöèàëüíûõ äîêó-
ìåíòàõ èõ èìåíîâàëè «íîâîêðåùåíàìè». Âî
âòîðîé ïîëîâèíå XIX – íà÷àëå XX â. âî ìíî-
ãèõ ìîðäîâñêèõ íàñåëåííûõ ïóíêòàõ áûëè
ïîñòðîåíû ïðàâîñëàâíûå öåðêâè è ÷àñîâíè.
Íî, ê ñîæàëåíèþ, ïî÷òè âñå îíè â 30-å ãã.
XX ñòîëåòèÿ áûëè óíè÷òîæåíû. Â íàñòîÿùåå
âðåìÿ ïðàâîñëàâíûé õðàì èìååòñÿ â ñ. Êàìåí-
êà Áèæáóëÿêñêîãî ðàéîíà. Äåðåâÿííàÿ öåðêîâü
Ìèõàèëà Àðõàíãåëà áûëà ïîñòðîåíà â 1914 ã.

íà ìåñòå ñãîðåâøåé. Ëåòîì 2004 ã. áûëî çà-
âåðøåíî ñòðîèòåëüñòâî öåðêâè â ÷åñòü Ìè-
õàèëà Àðõàíãåëà â ýðçÿíñêîì ñåëå Àíäðååâêà
Êàðìàñêàëèíñêîãî ðàéîíà. Íóæíî îòìåòèòü,
÷òî îíà âîçâåäåíà íà ìåñòå õðàìà, ãäå ñëóæèë
À.Ô. Þðòîâ, ïåðâûé ìîðäîâñêèé ïðîñâåòè-
òåëü, ìîãèëà êîòîðîãî íàõîäèòñÿ òóò æå, â öåð-
êîâíîé îãðàäå.

Â êîíöå XIX â. â Óôèìñêîé è Îðåíáóðã-
ñêîé ãóáåðíèÿõ ìîðäâû-ñòàðîîáðÿäöåâ íàñ÷è-
òûâàëîñü 3073 ÷åë. [17, ñ. 41]. Æèëè îíè êîì-
ïàêòíûìè ãðóïïàìè â íåñêîëüêèõ íàñåëåííûõ
ïóíêòàõ. Ñðåäè ìîðäâû Áàøêîðòîñòàíà ðàñ-
ïðîñòðàíåíî ñòàðîîáðÿä÷åñòâî ñïàñîâñêîãî è
ðÿáèíîâñêîãî ñîãëàñèé.

Ìîðäâà-ìîëîêàíå ïðîæèâàþò â äåðåâíÿõ
Ïåòðîâêà è Èâàíîâêà Ôåäîðîâñêîãî ðàéîíà.
Íûíå ýòè íàñåëåííûå ïóíêòû ÿâëÿþòñÿ ñìå-
øàííûìè, ìîëîêàí â íèõ îñòàëîñü ïðèìåðíî
5–6 ñåìåé â êàæäîì. Íåñìîòðÿ íà òî, ÷òî ìîð-
äâà ïîäâåðãëàñü õðèñòèàíèçàöèè è ïðàâî-
ñëàâíàÿ îáðÿäíîñòü è âåðîó÷åíèå äîñòàòî-
÷íî ãëóáîêî óêîðåíèëèñü â íàðîäíîì ñîçíà-
íèè, òàêæå ñîõðàíèëèñü íåêîòîðûå ÿçû÷åñêèå
ïðåäñòàâëåíèÿ è âåðîâàíèÿ.

Â ôåâðàëå 1924 ã. áûëà ñîçäàíà ìîðäîâ-
ñêàÿ ñåêöèÿ Áàøîáêîìà ÐÊÏ(á), êîòîðàÿ â ìàð-
òå 1925 ã. â Ñòåðëèòàìàêå ïðîâåëà Ìîðäîâ-
ñêóþ îáëàñòíóþ áåñïàðòèéíóþ êîíôåðåíöèþ
[18, ë. 68–81].

Â Ðåñïóáëèêå Áàøêîðòîñòàí â 1996 ã.
áûëà ïðîâåäåíà ó÷ðåäèòåëüíàÿ êîíôåðåíöèÿ,
íà êîòîðîé áûë îñíîâàí Ðåñïóáëèêàíñêèé
ìîðäîâñêèé (ýðçÿíî-ìîêøàíñêèé) íàöèîíàëü-
íî-êóëüòóðíûé öåíòð. Ó èñòîêîâ îáùåñòâåí-
íîé îðãàíèçàöèè ñòîÿë åå ïåðâûé ðóêîâîäè-
òåëü À.Â. Ãîðøå÷íèêîâ. Â 2003 ã. öåíòð áûë
ïðåîáðàçîâàí â Ìîðäîâñêóþ íàöèîíàëüíî-
êóëüòóðíóþ àâòîíîìèþ Ðåñïóáëèêè Áàøêîð-
òîñòàí, ðóêîâîäèòåëåì êîòîðîé áûë èçáðàí
Í.Ä. Ãåðàñèìîâ. Îñíîâíàÿ öåëü îáùåñòâåí-
íîé îðãàíèçàöèè – âîçðîæäåíèå è ñîõðàíå-
íèå êóëüòóðû è ÿçûêà ìîðäâû Áàøêîðòîñòà-
íà. Â 2012 ã. îòêðûò Èñòîðèêî-êóëüòóðíûé
öåíòð ìîðäâû ÐÁ «Ñåëî Ôåäîðîâêà», êîòîðûé
ïðèçâàí ñîõðàíÿòü è ðàçâèâàòü êóëüòóðó, òðà-
äèöèè è ÿçûê ìîðäîâñêîãî íàñåëåíèÿ Ðåñïóá-
ëèêè Áàøêîðòîñòàí.
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Öåíòðàìè âîçðîæäåíèÿ è ðàçâèòèÿ íàöè-
îíàëüíîé êóëüòóðû ìîðäâû â Áàøêîðòîñòàíå
ñòàëè Ôåäîðîâñêèé è Ñòåðëèòàìàêñêèé ðàé-
îíû. Â 1998 ã. â Ôåäîðîâñêîì ðàéîíå âïåð-
âûå áûë îðãàíèçîâàí ðàéîííûé ôåñòèâàëü
ìîðäîâñêîé íàðîäíîé ïåñíè. Ñ òåõ ïîð ïðî-
âåäåíèå ôåñòèâàëåé ìîðäîâñêîé êóëüòóðû ñòà-
ëî òðàäèöèåé. Èç áîëåå ÷åì 20 ìîðäîâñêèõ
ñàìîäåÿòåëüíûõ òâîð÷åñêèõ êîëëåêòèâîâ, ÷å-
òûðå óäîñòîåíû çâàíèÿ «íàðîäíûé».

Åæåãîäíî â ðåñïóáëèêå ïðîâîäèòñÿ áîëü-
øîå êîëè÷åñòâî ìåðîïðèÿòèé, íàïðàâëåííûõ
íà ñîõðàíåíèå è ðàçâèòèå êóëüòóðû ìîðäâû.
Ýòî Äíè ìîðäîâñêîãî ÿçûêà è êóëüòóðû
(ã. Ñòåðëèòàìàê, Àóðãàçèíñêèé ðàéîí); ìîð-
äîâñêèé ôîëüêëîðíûé ïðàçäíèê «Ýðçÿíü
îéìå» (ã. Ñòåðëèòàìàê); ìàñòåð-êëàññû ïî îáó-
÷åíèþ ìîðäîâñêîé âûøèâêå (Ôåäîðîâñêèé
ðàéîí), ìîðäîâñêèé äåòñêèé ýòíîãðàôè÷åñêèé
ëàãåðü «×è» (Êàðìàñêàëèíñêèé ðàéîí) è ò.ä.

Â Ðåñïóáëèêå Áàøêîðòîñòàí ýðçÿíñêèé
ÿçûê èçó÷àþò â 13 øêîëàõ è ôèëèàëàõ.
Â 1996 ã. ïðè ñòåðëèòàìàêñêîì ïåäàãîãè÷åñêîì
ó÷èëèùå è ñàëàâàòñêîì ïåäàãîãè÷åñêîì êîë-
ëåäæå áûëè îòêðûòû ìîðäîâñêèå îòäåëåíèÿ,
ãîòîâÿùèå ó÷èòåëåé íà÷àëüíûõ êëàññîâ. Â íà-
ñòîÿùåå âðåìÿ äåéñòâóåò òîëüêî ìîðäîâñêàÿ
ãðóïïà ïðè ñòåðëèòàìàêñêîì ïåäêîëëåäæå.

Óäìóðòû. Ïî íåêîòîðûì ëèíãâèñòè÷å-
ñêèì è ýòíîêóëüòóðíûì îñîáåííîñòÿì óäìóð-
òû Áàøêîðòîñòàíà îáúåäèíÿþòñÿ â íåñêîëüêî
ïîäãðóïï. Ñàìàÿ êðóïíàÿ èç íèõ – áóéñêî-òà-
íûïñêàÿ, êîòîðàÿ â ñâîþ î÷åðåäü ñàìà ïîä-
ðàçäåëÿåòñÿ íà íåñêîëüêî ïîäãðóïï: áóéñêóþ,
òàíûïñêóþ, êàíëèíñêóþ, òàøêè÷èíñêóþ.
Ê áóéñêîé ïîäãðóïïå îòíîñÿòñÿ óäìóðòû íå-
ñêîëüêèõ äåðåâåíü ßíàóëüñêîãî ðàéîíà. Ê òà-
íûïñêîé ïîäãðóïïå îòíîñèòñÿ íàñåëåíèå óä-
ìóðòñêèõ äåðåâåíü ßíàóëüñêîãî ðàéîíà, à òàê-
æå óäìóðòû Êàëòàñèíñêîãî, Áóðàåâñêîãî è
Áàëòà÷åâñêîãî ðàéîíîâ. Êàíëèíñêóþ è òàø-
êè÷èíñêóþ ïîäãðóïïû ñîñòàâëÿþò ñîîòâåò-
ñòâåííî æèòåëè ä. Êàíëû Êóøíàðåíêîâñêîãî
è ä. Òàøêè÷è Èëèøåâñêîãî ðàéîíîâ. Ê ïî-
ñëåäíåé îòíîñÿòñÿ òàêæå óäìóðòû ä. Äàâëå-
êàíîâî Áóðàåâñêîãî ðàéîíà.

Äðóãóþ êðóïíóþ ñàìîñòîÿòåëüíóþ ïîä-
ãðóïïó ñîñòàâëÿþò òàòûøëèíñêèå óäìóðòû,

â êîòîðóþ âõîäÿò æèòåëè óäìóðòñêèõ äåðåâåíü
Òàòûøëèíñêîãî ðàéîíà. Êðåùåíûõ óäìóðòîâ
äåðåâåíü Âîòñêèé Ìåíåóç è Êíÿçü-Åëãà Èëè-
øåâñêîãî ðàéîíà ìîæíî îáúåäèíèòü â êíÿçü-
åëãèíñêóþ ïîäãðóïïó. Æèòåëè ä. Êóï÷åíååâî
îòíîñÿòñÿ ê áàâëèíñêîé ïîäãðóïïå, êóäà òàê-
æå îòíîñèòñÿ íàñåëåíèå óäìóðòñêèõ äåðåâåíü
Áàâëèíñêîãî ðàéîíà Òàòàðñòàíà.

Âñå ïîäãðóïïû óäìóðòîâ Áàøêîðòîñòàíà
âõîäÿò â ñîñòàâ çàêàìñêîé ãðóïïû óäìóðòñêî-
ãî íàðîäà, êóäà òàêæå îáúåäèíÿþòñÿ óäìóðòû
Êóåäèíñêîãî ðàéîíà Ïåðìñêîãî êðàÿ, Êðàñíî-
óôèìñêîãî ðàéîíà Ñâåðäëîâñêîé îáëàñòè è
Áàâëèíñêîãî ðàéîíà Òàòàðñòàíà.

ßçûê óäìóðòîâ Áàøêîðòîñòàíà îòíîñèò-
ñÿ ê ïåðèôåðèéíî-þæíîìó äèàëåêòó þæíî-
óäìóðòñêîãî íàðå÷èÿ. Â íåì âûäåëÿåòñÿ íå-
ñêîëüêî ãîâîðîâ, ÷åòûðå èç êîòîðûõ õàðàêòåð-
íû áàøêîðòîñòàíñêèì óäìóðòàì: áóéñêî-òà-
íûïñêèé, òàòûøëèíñêèé, òàøêè÷èíñêèé, êàí-
ëèíñêèé.

Áîëüøèì ñâîåîáðàçèåì îòëè÷àþòñÿ óä-
ìóðòû Áàøêîðòîñòàíà â êîíôåññèîíàëüíîì
ïëàíå. Îñíîâíàÿ èõ ÷àñòü ïðèäåðæèâàåòñÿ
ñâîèõ òðàäèöèîííûõ âåðîâàíèé, â òî âðåìÿ
êàê óäìóðòû â Óäìóðòèè ïîäâåðãëèñü íàñèëü-
ñòâåííîé õðèñòèàíèçàöèè è ëèøü î÷åíü íå-
çíà÷èòåëüíàÿ èõ ÷àñòü ñîõðàíèëà òðàäèöèîí-
íóþ ðåëèãèþ. Ïðîòèâîïîñòàâëÿÿ ñåáÿ êðåùå-
íûì óäìóðòàì, óäìóðòû Áàøêîðòîñòàíà íàçû-
âàþò ñåáÿ «èñòèííûìè óäìóðòàìè» (÷ûí óä-
ìîðòúåñ). Â ïîñëåäíåå âðåìÿ óäìóðòû Áàøêîð-
òîñòàíà âîçðîæäàþò ñâîþ äðåâíþþ ðåëèãèþ.

Ïðîæèâàåò â Áàøêîðòîñòàíå è íåçíà÷è-
òåëüíîå ÷èñëî êðåùåíûõ óäìóðòîâ – æèòåëè
äåðåâåíü Êóï÷åíååâî Åðìåêååâñêîãî è Âîò-
ñêèé Ìåíåóç, Êíÿçü-Åëãà Èëèøåâñêîãî ðàéî-
íîâ. Óäìóðòû ä. Êóï÷åíååâî îòìå÷àþò ìíî-
ãèå ïðàâîñëàâíûå ïðàçäíèêè, â òî æå âðåìÿ
îíè ñîõðàíÿþò è òðàäèöèîííî óäìóðòñêèå
ïðàçäíèêè è îáðÿäû. Óäìóðòû äåðåâåíü
Êíÿçü-Åëãà è Âîòñêèé Ìåíåóç âîñïðèíÿëè
õðèñòèàíñòâî â áîëüøåé ñòåïåíè. Â 1895 ã. â
Êíÿçü-Åëãå áûëà ïîñòðîåíà öåðêîâü â ÷åñòü
öåëèòåëÿ è ñâÿùåííîìó÷åíèêà Ïàíòåëåéìî-
íà [19, ñ. 152]. Æèòåëè ýòèõ äâóõ íàñåëåííûõ
ïóíêòîâ â íàñòîÿùåå âðåìÿ îòäåëÿþò ñåáÿ îò
óäìóðòñêîãî ýòíîñà, èõ ñàìîíàçâàíèå «êðý-
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øèí», ïðè ýòîì óêàçûâàþò, ÷òî èõ ïðåäêàìè
áûëè «àðû», ò.å. óäìóðòû. Êðåùåíî-òàòàðñêîå
îêðóæåíèå, ñ êîòîðûì îíè ïîääåðæèâàëè òåñ-
íûå ñâÿçè, îáóñëîâèëî ïåðåõîä èõ íà òàòàð-
ñêèé ÿçûê.

Â ïðîøëîì íåìàëî óäìóðòîâ Óôèìñêîé
ãóáåðíèè ïðèíÿëî èñëàì è ïîäâåðãëîñü òþð-
êèçàöèè. Ìîæíî ïðèâåñòè öåëûé ñïèñîê äå-
ðåâåíü, æèòåëè êîòîðûõ óäìóðòû ïî ïðîèñ-
õîæäåíèþ, â ðåçóëüòàòå ñìåíû ðåëèãèè ñòàëè
ñ÷èòàòü ñåáÿ òàòàðàìè.

Â 20-å ãã. XX â. â Óôèìñêîé ãóáåðíèè
äåéñòâîâàëè Âîòñêèé ïîäîòäåë Óôèìñêîãî
ãóáèñïîëêîìà è Ìàðè-âîòñêàÿ êîëëåãèÿ Áèð-
ñêîãî ãóáêîìà ÐÊÏ(á). Â íà÷àëå ìàðòà 1925 ã.
â ñ. Êðàñíûé Õîëì áûëà ïðîâåäåíà I Áèðñêàÿ
êàíòîííàÿ êðåñòüÿíñêàÿ áåñïàðòèéíàÿ êîíôå-
ðåíöèÿ íàðîäà óäìóðò (âîòÿêîâ) [20, ë. 33–42].

Ïîñëå ïðîâåäåíèÿ I Âñåñîþçíîãî ñúåçäà
óäìóðòîâ (1991 ã., ã. Èæåâñê), â Òàòûøëèí-
ñêîì ðàéîíå ÐÁ áûëà ñîçäàíà òåððèòîðèàëü-
íàÿ îðãàíèçàöèÿ Îáùåñòâà óäìóðòñêîé êóëü-
òóðû «Äýìåí» [21, ñ. 31]. Â àâãóñòå 1996 ã. íà
ó÷ðåäèòåëüíîé êîíôåðåíöèè â ñ. Íîâûå Òà-
òûøëû áûë ñîçäàí Íàöèîíàëüíî-êóëüòóðíûé
öåíòð óäìóðòîâ Áàøêîðòîñòàíà. Îñíîâíîé
öåëüþ äàííîé îáùåñòâåííîé îðãàíèçàöèè
ñòàëî ïðîâåäåíèå ìåðîïðèÿòèé, ñïîñîáñòâó-
þùèõ ñîõðàíåíèþ è ðàçâèòèþ ÿçûêà, òðàäè-
öèé, îáû÷àåâ óäìóðòîâ Áàøêîðòîñòàíà. Ïðåä-
ñåäàòåëåì Öåíòðà áûë èçáðàí Ð.Á. Ãàëÿìøèí.
Â èþíå 2000 ã. ñîñòîÿëñÿ II ñúåçä óäìóðòîâ
Áàøêîðòîñòàíà (ïåðâûì ñúåçäîì ñ÷èòàåòñÿ
ó÷ðåäèòåëüíàÿ êîíôåðåíöèÿ ÍÊÖ óäìóðòîâ
Áàøêîðòîñòàíà, ïðîâåäåííàÿ â àâãóñòå 1996 ã.).
Â äåêàáðå 2005 ã. è îêòÿáðå 2011 ã. ñîñòîÿëèñü
ñîîòâåòñòâåííî III è IV îò÷åòíî-âûáîðíûå
êîíôåðåíöèè îáùåñòâåííîé îðãàíèçàöèè (êî-
òîðûå ïî òðàäèöèè òàêæå íàçûâàþòñÿ ñúåç-
äàìè óäìóðòîâ Áàøêîðòîñòàíà). Ê íàñòîÿùå-
ìó âðåìåíè âî âñåõ ðàéîíàõ ïðîæèâàíèÿ óä-
ìóðòîâ èìåþòñÿ îòäåëåíèÿ ÍÊÖ, íàëàæåíû
ñâÿçè ñî Âñåóäìóðòñêîé àññîöèàöèåé «Óäìóðò
Êåíåø».

Ñ íà÷àëà ñâîåé äåÿòåëüíîñòè ÍÊÖ óäìóð-
òîâ Áàøêîðòîñòàíà âåäåò ìíîãîãðàííóþ äåÿ-
òåëüíîñòü ïî ñîõðàíåíèþ è ðàçâèòèþ óäìóð-
òñêîé êóëüòóðû. Ìíîãèå ìåðîïðèÿòèÿ ñòàëè

òðàäèöèîííûìè: Äíè óäìóðòñêîé êóëüòóðû â
ðàéîíàõ è ãîðîäàõ ïðîæèâàíèÿ óäìóðòîâ;
Ìåæðåãèîíàëüíûé ôåñòèâàëü ìîëîäûõ èñ-
ïîëíèòåëåé óäìóðòñêîé ïåñíè «Æóæàñü êèçè-
ëèîñ» («Âîñõîäÿùèå çâåçäû»); äåòñêèå
ñïîðòèâíûå îëèìïèàäû ó÷àùèõñÿ óäìóðòñêèõ
øêîë ÐÁ; äíè ñåëà è ïðàçäíèêè ðîäîñëîâíîé;
ðåñïóáëèêàíñêèé êîíêóðñ êðàñîòû «×åáåðè-
íà»; ñëåò óäìóðòîâ Áàøêîðòîñòàíà, èìåþùèõ
ïðàâèòåëüñòâåííûå íàãðàäû è ïî÷åòíûå çâà-
íèÿ; ðåñïóáëèêàíñêèé ôåñòèâàëü óäìóðòñêèõ
ôîëüêëîðíûõ êîëëåêòèâîâ «Äóíî ìàðçàíúåñ»
(«Äðàãîöåííûå æåì÷óæèíû»); ôåñòèâàëü äåò-
ñêîãî òâîð÷åñòâà ñðåäè ó÷àùèõñÿ óäìóðòñêèõ
øêîë ÐÁ; îðãàíèçàöèÿ äåÿòåëüíîñòè ïðîôèëü-
íîãî ìåæðåãèîíàëüíîãî òâîð÷åñêîãî ëàãåðÿ
«Óñòî÷èêàð» («Ãîðîä ìàñòåðîâ»); óäìóðòñêèå
ìîëåíèÿ ìåð âîñü è ýëåí âîñü; ñîðåâíîâàíèÿ
ïî âîëåéáîëó è ëûæíûå ãîíêè è ò.ä.

Â äåêàáðå 2004 ã. â ñ. Íîâûå Òàòûøëû
Òàòûøëèíñêîãî ðàéîíà ñîñòîÿëîñü îòêðûòèå
Èñòîðèêî-êóëüòóðíîãî öåíòðà óäìóðòîâ Áàø-
êîðòîñòàíà. ÈÊÖ óäìóðòîâ Áàøêîðòîñòàíà
«Íîâûå Òàòûøëû» ôóíêöèîíèðóåò êàê ôèëè-
àë Äîìà Äðóæáû íàðîäîâ ÐÁ, ýòî ìåòîäè÷å-
ñêèé è êîîðäèíàöèîííûé öåíòð ýòíîêóëüòóð-
íîé ðàáîòû ñðåäè óäìóðòîâ ÐÁ [22, ñ. 47].

Öåíòðîì âîçðîæäåíèÿ óäìóðòñêîé êóëü-
òóðû â Áàøêîðòîñòàíå ñòàë Òàòûøëèíñêèé
ðàéîí. Òàòûøëèíñêèå óäìóðòû, è â ñîâåòñêîå
âðåìÿ ïðîÿâëÿâøèå àêòèâíîñòü â íàöèîíàëü-
íîì âîïðîñå, ñ íà÷àëîì ïðåîáðàçîâàíèé â
ñòðàíå ñòàëè óñèëåííî çàíèìàòüñÿ âîçðîæäå-
íèåì íàöèîíàëüíîé êóëüòóðû. Â èþíå 1990 ã.
ïî èíèöèàòèâå Ìèíèñòåðñòâà êóëüòóðû è
ìåñòíîé àäìèíèñòðàöèè â ñ. Íèæíåáàëòà÷å-
âî Òàòûøëèíñêîãî ðàéîíà áûë ïðîâåäåí ïåð-
âûé Ðåñïóáëèêàíñêèé ôåñòèâàëü óäìóðòñêîé
êóëüòóðû. Â äàëüíåéøåì ïðîâåäåíèå òàêèõ
ìåðîïðèÿòèé ñòàëî òðàäèöèåé. Íà ñåãîäíÿø-
íèé äåíü â ðåñïóáëèêå èìåþòñÿ ðÿä ôîëüê-
ëîðíûõ êîëëåêòèâîâ, øåñòü èç êîòîðûõ óäîñ-
òîåíû çâàíèÿ «íàðîäíûé».

Óäìóðòñêèé ÿçûê è ëèòåðàòóðó èçó÷àþò
â 22 îñíîâíûõ øêîëàõ è 21 ôèëèàëå. Â 1996 ã.
ïðè íåôòåêàìñêîì ïåäêîëëåäæå îòêðûòî óä-
ìóðòñêîå îòäåëåíèå, ãîòîâÿùåå ïðåïîäàâàòå-
ëåé óäìóðòñêîãî ÿçûêà â íà÷àëüíûõ êëàññàõ.
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Â äåëå ñîõðàíåíèÿ è ðàçâèòèÿ ÿçûêà è
êóëüòóðû óäìóðòîâ ðåñïóáëèêè çíà÷èòåëüíóþ
ðîëü èãðàåò åæåíåäåëüíàÿ ðåñïóáëèêàíñêàÿ
îáùåñòâåííî-ïîëèòè÷åñêàÿ ãàçåòà «Îøìåñ»
(«Ðîäíèê»), èçäàþùàÿñÿ ñ 1999 ã. â ñ. Âåðõ-
íèå Òàòûøëû Òàòûøëèíñêîãî ðàéîíà. Ó èñ-
òîêîâ ãàçåòû ñòîÿë åå ïåðâûé ãëàâíûé ðåäàê-
òîð À.Â. Ãèëüìàåâ. Íåîáõîäèìî îòìåòèòü, ÷òî
ãàçåòà «Îøìåñ» íå ÿâëÿåòñÿ ïåðâûì ïåðèî-
äè÷åñêèì èçäàíèåì íà óäìóðòñêîì ÿçûêå,
èçäàþùåìñÿ íà òåððèòîðèè Ðåñïóáëèêè Áàø-
êîðòîñòàí. Ñ 1936 ïî 2001 ãîä èçäàâàëàñü íà
óäìóðòñêîì ÿçûêå îáùåñòâåííî-ïîëèòè÷å-
ñêàÿ ãàçåòà Òàòûøëèíñêîãî ðàéîíà «Àçüëàíü»
(«Âïåðåä»).

Ýñòîíöû. Ïåðâûå ýñòîíñêèå ïîñåëåíèÿ
â Áàøêèðèè ïîÿâèëèñü â ñàìîì êîíöå XIX â. –
â 1890-å ãã. Ïåðåñåëåíèå ýñòîíöåâ íà Þæíûé
Óðàë áûëî îáóñëîâëåíî îáùèìè òåíäåíöèÿ-
ìè ìèãðàöèîííîãî äâèæåíèÿ îáåççåìåëåí-
íûõ ïðèáàëòèéñêèõ êðåñòüÿí â âîñòî÷íûå ãó-
áåðíèè Ðîññèéñêîé èìïåðèè â êîíöå XIX–
íà÷àëå XX â. Â Óôèìñêîé ãóáåðíèè ñëîæè-
ëèñü äâà êîìïàêòíûõ î÷àãà ðàññåëåíèÿ ýñòîí-
ñêèõ ïåðåñåëåíöåâ: â Àëüøååâñêîé âîëîñòè
Áåëåáååâñêîãî è Àñêèíñêîé – Áèðñêîãî óåçäîâ.

Â 1950-å ãã. â ÁÀÑÑÐ èìåëèñü òàêèå ýñ-
òîíñêèå íàñåëåííûå ïóíêòû: â Àëüøååâñêîì
ðàéîíå – ï. Êðûìñêèé, ñ. Ñàêàëû-Ýñòîíñêèå,
ä. Ëèíäà; â Äàâëåêàíîâñêîì ðàéîíå – ï. Êîéò,
ñ. Ñÿäý; â Ñòåðëèáàøåâñêîì ðàéîíå – ýñòîí-
ñêî-ëàòûøñêàÿ ä. Áàíêîâêà. Èç ýòèõ íàñåëåí-
íûõ ïóíêòîâ â íàñòîÿùåå âðåìÿ ñóùåñòâóþò
òîëüêî ï. Êðûìñêèé è ä. Áàíêîâêà, íî ýñòîí-
öû â íèõ óæå íå ïðîæèâàþò.

Â íàñòîÿùåå âðåìÿ ýñòîíöû Áàøêîðòî-
ñòàíà íå ïðåäñòàâëÿþò ñîáîé ñïëî÷åííóþ ýò-
íè÷åñêóþ îáùíîñòü è íå èìåþò ñâîè íàöèî-
íàëüíî-êóëüòóðíûå îáúåäèíåíèÿ. Íî â ïåðâûå
ãîäû ñîâåòñêîé âëàñòè, êîãäà ýñòîíöû ïðåä-
ñòàâëÿëè åùå çíà÷èòåëüíóþ äèàñïîðíóþ
ãðóïïó, â Óôèìñêîé ãóáåðíèè ñóùåñòâîâàëè
íåñêîëüêî ýñòîíñêèõ «îáúåäèíåíèé». Â ìàðòå
1920 ã. íà îáùåì ñîáðàíèè ýñòîíöåâ Óôèì-
ñêîé ãóáåðíèè áûë îáðàçîâàí «Óôèìñêèé êî-
ìèòåò äëÿ çàùèòû èíòåðåñîâ ëèö ýñòîíñêîãî
ïðîèñõîæäåíèÿ». Â èþíå 1920 ã. áûë ñîçäàí
ýñòîíñêèé ïîäîòäåë ïðè Îòäåëå ïî äåëàì

íàöèîíàëüíîñòåé Óôèìñêîãî ãóáèñïîëêîìà.
Îñíîâíîé çàäà÷åé ïîäîòäåëà áûëî âåäåíèå
ðàçúÿñíèòåëüíîé ðàáîòû ñðåäè ýñòîíñêèõ êî-
ëîíèñòîâ ñ öåëüþ ïðîâåäåíèÿ ñîâåòñêèõ ïðå-
îáðàçîâàíèé. Ïîäîáíàÿ æå ðàáîòà ïðîâîäè-
ëàñü ýñòîíñêîé ñåêöèåé Óôèìñêîãî ãóáêîìà
ÐÊÏ(á), îáðàçîâàííîãî òàêæå â 1920 ã. Â ôåâ-
ðàëå 1921 ã. ïî èíèöèàòèâå ýñòîíñêîãî ïîäîò-
äåëà è ñåêöèè áûëà ïðîâåäåíà áåñïàðòèéíàÿ
êîíôåðåíöèÿ «óôèìñêèõ êîëîíèñòîâ ýñòîâ».
Ñîáðàâøèåñÿ íà íåå 17 àêòèâèñòîâ îáñóæäà-
ëè ðàçëè÷íûå âîïðîñû, ñâÿçàííûå ñ æèçíüþ
ýñòîíöåâ â Óôèìñêîé ãóáåðíèè [23, ñ. 58–61].

Ê íàñòîÿùåìó âðåìåíè â ñâÿçè ñ èñ÷åçíî-
âåíèåì ýñòîíñêèõ ïîñåëåíèé è êðàéíåé äèñ-
ïåðñíîñòüþ èõ ðàññåëåíèÿ ýòíè÷åñêèå òðàäè-
öèè ýñòîíöåâ Þæíîãî Óðàëà óòðà÷åíû. Ëèøü
íåêîòîðûå ïîæèëûå ëþäè ñòàðàþòñÿ îòìå÷àòü
íàèáîëåå âàæíûå ðåëèãèîçíûå ïðàçäíèêè.
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FINNO-UGRIC  PEOPLES  IN  ETHNO-CULTURAL
AND  CONFESSIONAL  STRUCTURE  AMONG  THE  POPULATION

OF  THE  REPUBLUIC  OF  BASHKORTOSTAN

© R.R. Sadikov

Kuzeev Institute for Ethnological Studies, Ufa Scientific Centre, RAS,
6, ulitsa Karla Marksa, 450077, Ufa, Republic of Bashkortostan, Russia

Based on published and archival sources, the article provides a brief description of the ethno-cultural
characteristics of Finno-Ugric peoples living in the Republic of Bashkortostan. There are the Mari people, Mordvinians,
Udmurts and Estonians. All these groups were formed during the migration process in the 18th and 19th centuries.
However, they do not represent a single monolithic formation, but split themselves into a number of ethnic and
local, dialect and religious groups. For example, the Mari people are represented by the Pribelsky and Ik-Syun
groups and speak in five dialects. There are the Maris who are baptized and those who profess traditional religion.
Such groups according to their ethno-cultural, linguistic and religious characteristics are also typical of other
Finno-Ugric peoples.

The ethno-cultural space of the Republic of Bashkortostan has a large Finno-Ugric component with national-
cultural associations, folk music companies, newspapers and native languages taught in schools. The Republic
also held Finno-Ugric events on international scale.

Key words: Finno-Ugric peoples, the Mari people, the Mordva, the Udmurts, the Estonians.
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Â íàñòîÿùåå âðåìÿ îáùåïðèçíàííûìè â íàóêå ÿâëÿþòñÿ ðÿä ïàðàäèãì: ïðîñòðàíñòâåííî-âðåìåííàÿ,
òåððèòîðèàëüíàÿ, ãåîñèñòåìíàÿ. Òàê, ïðîñòðàíñòâåííî-âðåìåííàÿ ïàðàäèãìà ñâÿçàíà ñ ñèñòåìíûì îïðåäå-
ëåíèåì è àíàëèçîì «ãåíåòè÷åñêîãî êîäà» ýòíîñà, êîòîðûé ñôîðìèðîâàë òîò èëè èíîé ïðèðîäíî-õîçÿéñòâåí-
íûé ëàíäøàôò. Ãåîñèñòåìû â ýòîì ñëó÷àå íåîáõîäèìî ðàññìàòðèâàòü ñ ó÷åòîì èõ «ïðèðîäíîé» (ëàíäøàôò-
íîé) ñîñòàâëÿþùåé è îñîáåííîñòåé ïðèðîäîïîëüçîâàíèÿ ãëàâíûõ «ïðèðîäîïîòðåáèòåëåé» – ýòíîñîâ. Â ðå-
çóëüòàòå âçàèìîäåéñòâèÿ ýòíîñèñòåì è ãåîñèñòåì ôîðìèðóþòñÿ èíòåãðàëüíûå îáðàçîâàíèÿ, êîòîðûå ìîæíî
îïðåäåëèòü êàê «ýòíîãåîñèñòåìû».

 Ýòíîãåîñèñòåìû – ýòî óñòîé÷èâûå ýòíè÷åñêèå îáùíîñòè ëþäåé, îáðàçóþùèåñÿ â õîäå îñâîåíèÿ òåððè-
òîðèè «ìàòåðèíñêèõ» ëàíäøàôòîâ (ïðèðîäîïîëüçîâàíèÿ è õîçÿéñòâîâàíèÿ) è èõ «îáùåæèòèÿ».

 Íà îñíîâå ðàçðàáîòàííîé àâòîðàìè êîíöåïöèè ýòíîãåîñèñòåìíîãî àíàëèçà òåððèòîðèè Þæíîãî Çàóðà-
ëüÿ, ïðåäëàãàåòñÿ èíòåãðàëüíûé ñèñòåìíî-ñòðóêòóðíûé ïðîñòðàíñòâåííûé àíàëèç ýâîëþöèè ïðèðîäîïîëüçî-
âàíèÿ è ýòíîêóëüòóðíîãî ïðîñòðàíñòâà Êóðãàíñêîé îáëàñòè.

Àâòîðàìè áûëè âûäåëåíû ñïåöèôè÷åñêèå îñîáåííîñòè è çàêîíîìåðíîñòè ðàçâèòèÿ òåððèòîðèè ëåñî-
ñòåïíîãî Çàóðàëüÿ íà ïðîòÿæåíèè ïîñëåäíåãî òûñÿ÷åëåòèÿ, â ÷àñòíîñòè, ïðèíöèï ñòðóêòóðíîé ýòíîêîíòàêò-
íîñòè â ôîðìèðîâàíèè òþðêî-ñëàâÿíñêîé ýòíîêîíòàêòíîé çîíû, ïðèíöèï áèíàðíîñòè â ðàçâèòèè è äðóãèå
ñïåöèôè÷åñêèå ýòíîêóëüòóðíûå îñîáåííîñòè ðàçâèòèÿ äàííîé òåððèòîðèè.

 Â ñòàòüå äåòàëüíî àíàëèçèðóåòñÿ è ñîâðåìåííàÿ ýòíè÷åñêàÿ è ÿçûêîâàÿ ñòðóêòóðà íàñåëåíèÿ Êóðãàí-
ñêîé îáëàñòè è ñóùåñòâóþùèå ïðîáëåìû ýòíîêóëüòóðíîãî ðàçâèòèÿ ÿçûêîâîé ñðåäû.

 Êëþ÷åâûå ñëîâà: ýòíîãåîñèñòåìíûé è ïðîñòðàíñòâåííî-âðåìåííîé àíàëèç, ðàññåëåíèå, ýòíîêóëüòóð-
íîå ðàçâèòèå è òðàíñôîðìàöèÿ, ýòíîêîíòàêòíàÿ çîíà, ýòíè÷åñêàÿ è ÿçûêîâàÿ ñòðóêòóðà íàñåëåíèÿ.

Îòêðûòèå Â.È. Âåðíàäñêèì êóëüòóðíîé
áèîõèìè÷åñêîé ýíåðãèè èëè ýíåðãèè ÷åëîâå-
÷åñêîé êóëüòóðû êàê âûñøåé èçâåñòíîé íàì
ôîðìû áèîõèìè÷åñêîé ýíåðãèè îáúÿñíÿåò
ìíîãèå ÿâëåíèÿ è ñîîòíîøåíèÿ ôèçèêî-õèìè-
÷åñêîãî, áèîëîãè÷åñêîãî è ñîöèàëüíîãî. Ïî
ìíåíèþ Â.È. Âåðíàäñêîãî, òåêó÷åñòü ïðî-
ñòðàíñòâà – âðåìåíè â æèâîì âåùåñòâå ñ íå-
èçáåæíîñòüþ ïîðîæäàåò íîâûé âèä ìèãðà-
öèè õèìè÷åñêèõ ýëåìåíòîâ – êóëüòóðíóþ áèî-
õèìè÷åñêóþ ýíåðãèþ, èëè ýíåðãèþ ÷åëîâå-
÷å-ñêîé êóëüòóðû [1]. Èìåííî ýíåðãèÿ ÷åëî-

âå÷åñêîé êóëüòóðû ÿâëÿåòñÿ òåì ñâÿçóþùèì
çâåíîì, ïðè ïîìîùè êîòîðîãî öèâèëèçàöèÿ,
êóëüòóðà âîçäåéñòâóþò íà âñå ïðîöåññû. Ñ åå
ïîìîùüþ ïðîèñõîäèò àêòóàëèçàöèÿ, èçâëå÷å-
íèå èç ãåíåòè÷åñêîé ïðîãðàììû ýòíîñà çíà-
íèé, ïðèâû÷åê, ñïîñîáîâ âûæèâàíèÿ.
Â.È. Âåðíàäñêèé ïðèâîäèò íàñ ê òàêîìó ïî-
íèìàíèþ «ïðîñòðàíñòâà – âðåìåíè, â êîòî-
ðîì ïðîñòðàíñòâî ÿñíåéøèì îáðàçîì ïåðåñòà-
åò áûòü íåïîäâèæíûì ïðîñòðàíñòâîì ãåî-
ìåòðèè. Îíî ñòàíîâèòñÿ íåóñòîé÷èâûì, äè-
íàìè÷åñêèì, òåêó÷èì ïðîñòðàíñòâîì» [2].
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 Â íàñòîÿùåå âðåìÿ îáùåïðèçíàííûìè â
íàóêå ÿâëÿþòñÿ ðÿä ïàðàäèãì: ïðîñòðàíñòâåí-
íî-âðåìåííàÿ, òåððèòîðèàëüíàÿ, ãåîñèñòåì-
íàÿ. Ïðîñòðàíñòâåííî-âðåìåííàÿ ïàðàäèãìà
ñâÿçàíà ñ îïðåäåëåíèåì ñâîåãî «ãåíåòè÷åñêî-
ãî êîäà» òîãî èëè èíîãî ïðèðîäíî-õîçÿéñòâåí-
íîãî ëàíäøàôòà ðåãèîíà, ýòíîñà. Î ðåàëüíî-
ñòè ýòíè÷åñêîãî ïðîñòðàíñòâà êàê «ñâîåîáðàç-
íîãî ïîðÿäêà ñóùåñòâîâàíèÿ è îñóùåñòâëåíèÿ
÷åðåç ñîöèàëüíûå ôîðìû ãåíåòè÷åñêè òîæäå-
ñòâåííîãî ñîîáùåñòâà» ñâèäåòåëüñòâóþò âû-
âîäû È.Þ. Ãëàäêîãî [3].

Îíî îõâàòûâàåò ãåíåòè÷åñêèé, ýêîëîãè-
÷åñêèé, ñîöèîêóëüòóðíûé ïîðÿäîê áûòèÿ ýò-
íîñà. ×åðåç ýòíè÷åñêîå ïðîñòðàíñòâî ðåàëè-
çóþòñÿ è ýòíîñ, è ýòíîôîðìû â åäèíñòâå âçà-
èìîäåéñòâèÿ áèîëîãè÷åñêîãî è ñîöèàëüíîãî
(«êðîâè è ïî÷âû»).

Òåððèòîðèàëüíàÿ ïàðàäèãìà ðàññìàòðè-
âàåò òåððèòîðèþ êàê «àðåíó âçàèìîäåéñòâèÿ»
è «êîëûáåëü» ýòíîñîâ, ðàçëè÷íûõ äâèæóùèõ
ñèë è ôàêòîðîâ â ðàçâèòèè ïðèðîäû è îáùå-
ñòâà, èõ îáóñëîâëåííîñòü è ñîïðÿæåííîñòü.
Ãåîñèñòåìíàÿ ïàðàäèãìà, áàçèðóÿñü íà ïîëî-
æåíèÿõ îáùåé òåîðèè ñèñòåì, ïîçâîëÿåò ðå-
øàòü âîïðîñû êîìïëåêñíîãî è öåëîñòíîãî
ôóíêöèîíèðîâàíèÿ ãåîñèñòåì (ïðèðîäíûõ,
ñîöèàëüíûõ, ýêîíîìè÷åñêèõ, èíòåãðàëüíûõ
è äð.), îïðåäåëÿòü ôàêòîðû èõ óñòîé÷èâîñòè
è èçìåí÷èâîñòè. Ïî ìíåíèþ Ë.Í. Ãóìèëåâà,
îáùåñòâî ÿâëÿåòñÿ ãëîáàëüíîé ýòíîñèñòåìîé,
â êîòîðîé áàçèñíóþ ðîëü èãðàþò ïðîöåññû
ýòíîïðèðîäíîãî âçàèìîäåéñòâèÿ, ýâîëþöèÿ
ýòíîñîâ â «êîðìÿùèõ» ëàíäøàôòàõ [4].

Èíòåãðàëüíûé ñèñòåìíî-ñòðóêòóðíûé
ïðîñòðàíñòâåííûé àíàëèç ýòíîêóëüòóðíîãî
ðàçâèòèÿ òîãî èëè èíîãî ðåãèîíà ïîçâîëÿåò
âêëþ÷àòü èñòîðè÷åñêèå, ãåîãðàôè÷åñêèå, äå-
ìîãðàôè÷åñêèå è îáùåñòâåííûå ôàêòîðû è
óñëîâèÿ ðàçâèòèÿ ïðèðîäû è îáùåñòâà (ïðè-
ðîäîïîëüçîâàíèÿ è õîçÿéñòâîâàíèÿ, äåìîãðà-
ôè÷åñêèõ ïðîöåññîâ è ðàññåëåíèÿ), ýòíîêóëü-
òóðíóþ òðàíñôîðìàöèþ â åäèíîå öåëîå, ÷òî
ïîçâîëÿåò ëó÷øå âèäåòü ñîâðåìåííûå òðåí-
äû ðàçâèòèÿ. Íà îñíîâå ýòîãî ïîäõîäà áûë
ïðåäëîæåí è àïðîáèðîâàí ýòíîãåîñèñòåìíûé
ìåòîä àíàëèçà òûñÿ÷åëåòíåãî ðàçâèòèÿ è ýâî-
ëþöèè ýòíîãåîñèñòåì ëåñîñòåïíîãî Çàóðà-

ëüÿ [5]. Îí ïîçâîëèë ïîäòâåðäèòü ðÿä ïðèí-
öèïèàëüíûõ çàêîíîìåðíîñòåé ýòíîêóëüòóðíî-
ãî ðàçâèòèÿ, â ÷àñòíîñòè, ïðèíöèï ñòðóêòóð-
íîé ýòíîêîíòàêòíîñòè â ôîðìèðîâàíèè â
ýòîì ðåãèîíå (Þæíîì Çàóðàëüå) òþðêî-ñëà-
âÿíñêîé ýòíîêîíòàêòíîé çîíû. Êðîìå òîãî,
áûë ñôîðìóëèðîâàí ïðèíöèï áèíàðíîñòè â
ðàçâèòèè è âûäåëåíû äðóãèå ñïåöèôè÷åñêèå
îñîáåííîñòè ýòíîêóëüòóðíîãî ðàçâèòèÿ äàí-
íîé òåððèòîðèè.

Ðàçâèòèå òåððèòîðèàëüíûõ ñòðóêòóð â
ïîëèýòíè÷åñêèõ èëè ýòíîêîíòàêòíûõ ðåãèî-
íàõ (ê òàêîâûì èñòîðè÷åñêè îòíîñèòñÿ è òåð-
ðèòîðèÿ ëåñîñòåïíîãî Çàóðàëüÿ) ïðîèñõîäèò,
êàê ïîêàçàë àíàëèç, â îñîáûõ óñëîâèÿõ. Ãåî-
ñèñòåìû â ýòîì ñëó÷àå íåîáõîäèìî ðàññìàò-
ðèâàòü ñ ó÷åòîì èõ «ïðèðîäíîé» (ëàíäøàôò-
íîé) ñîñòàâëÿþùåé è îñîáåííîñòåé ïðèðîäî-
ïîëüçîâàíèÿ ãëàâíûõ «ïðèðîäîïîòðåáèòå-
ëåé» – ýòíîñîâ. Â ðåçóëüòàòå âçàèìîäåéñòâèÿ
ýòíîñèñòåì è ãåîñèñòåì ôîðìèðóþòñÿ èíòåã-
ðàëüíûå îáðàçîâàíèÿ, êîòîðûå ìîæíî îïðå-
äåëèòü êàê «ýòíîãåîñèñòåìû».

Ýòíîãåîñèñòåìû – ýòî óñòîé÷èâûå ýòíè-
÷åñêèå îáùíîñòè ëþäåé, îáðàçóþùèåñÿ â õîäå
îñâîåíèÿ òåððèòîðèè «ìàòåðèíñêèõ» ëàíä-
øàôòîâ (ïðèðîäîïîëüçîâàíèÿ è õîçÿéñòâîâà-
íèÿ) è èõ «îáùåæèòèÿ».

Ýòíîãåîñèñòåìû ÿâëÿþòñÿ ôóíäàìåí-
òàëüíîé áàçîé ðàçâèòèÿ ýòíîêîíòàêòíûõ òåð-
ðèòîðèé. Êîíòàêòíûå çîíû, ñ îäíîé ñòîðî-
íû, ñîõðàíÿþò êîíòèíóàëüíîñòü (åäèíñòâî)
ïðîñòðàíñòâà, ñ äðóãîé ñòîðîíû, ïîä÷åðêè-
âàþò åãî äèñêðåòíîñòü. Ïîÿâëåíèå êîíòàêò-
íîé çîíû ïî ñóùåñòâó îçíà÷àåò ïîÿâëåíèå
êà÷åñòâåííî íîâîãî îáúåêòà ñî ñâîèìè çàêî-
íîìåðíîñòÿìè è âçàèìîñâÿçÿìè, âûðàñòàþ-
ùèìè èç ïðîøëîãî, íî â êîòîðûõ çàëîæåíû
óæå èíûå êà÷åñòâåííûå è êîëè÷åñòâåííûå
îòíîøåíèÿ è ñîïðÿæåíèÿ. Ïðèìåðîâ êîíòàêò-
íûõ çîí (ýêîòîíîâ) â ãåîâåðñóìå ìíîæåñòâî.
Òàêèì îáðàçîì, ïîÿâëåíèå ýòíîñîâ, èõ ðàññå-
ëåíèå, îñâîåíèå òåððèòîðèè íà îñíîâå ðàç-
íîîáðàçíûõ ñðåäîôîðìèðóþùèõ è ðåñóðñî-
âîñïðîèçâîäÿùèõ ñâîéñòâ ìàòåðèíñêèõ ëàíä-
øàôòîâ – «îáèòåëåé» ýòíîñîâ – ïðèâîäèò ê
ôîðìèðîâàíèþ èíòåãðàëüíûõ ýòíîãåîñèñòåì,
ñî âñåìè âûòåêàþùèìè ýòíîêóëüòóðíûìè
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àòðèáóòàìè (ñèñòåìàìè ðàññåëåíèÿ, õîçÿé-
ñòâîâàíèÿ, ïðèðîäîïîëüçîâàíèÿ).

Ýâîëþöèÿ ýòíîãåîñèñòåì åñòü ïðîöåññ
ðàçâèòèÿ ïðîñòðàíñòâåííî-âðåìåííîé è
ñòðóêòóðíîé îðãàíèçàöèè â ðåçóëüòàòå ñìåíû
èííîâàöèé â ïðèðîäîïîëüçîâàíèè (ðåñóðñî-
çàìåùåíèÿ), ñìåíû òåõíîëîãè÷åñêèõ óêëàäîâ.
Â òî÷êàõ áèôóðêàöèé (âûáîðà) ðàçâèòèÿ â ýò-
íîãåîñèñòåìàõ äåéñòâóþò íå ñëó÷àéíîñòè, à
ýòíîêîíñòàíòû (êóëüòóðíûå êîäû ýòíîñîâ, èõ
àðõåòèïè÷åñêèå îñîáåííîñòè), âîêðóã êîòîðûõ
è ñòàëêèâàþòñÿ ðàçëè÷íûå âàðèàíòû âûáî-
ðà. Íà èõ îñíîâå è âûêðèñòàëëèçîâûâàåòñÿ
ïðèåìëåìûé ïóòü ðàçâèòèÿ. Òàêèì îáðàçîì,
ýòíîêóëüòóðíîå ðàçâèòèå îçíà÷àåò ýâîëþöè-
îííî-çàäàííûé, íåîáðàòèìûé ïðîöåññ ñòðóê-
òóðíîãî óñëîæíåíèÿ è ñîâåðøåíñòâîâàíèÿ
ýòíîãåîñèñòåì, èõ êà÷åñòâåííîãî èçìåíåíèÿ.

Èçó÷åíèå ïîëîæèòåëüíîãî îïûòà ñîâìå-
ñòíîãî ìèðíîãî ñîñóùåñòâîâàíèÿ è âçàèìî-
äåéñòâèÿ òþðêñêèõ è ñëàâÿíñêèõ íàðîäîâ
Þæíîãî Çàóðàëüÿ â òå÷åíèå XVIII–XX ââ.,
îñâîåíèÿ èìè çàóðàëüñêèõ çåìåëü èìååò íå-
ïðåõîäÿùåå çíà÷åíèå. Ôåíîìåí êóëüòóðíîé
ñìåøàííîñòè, ãèáðèäíîñòè ýòíè÷åñêèõ êóëü-
òóð â íàñòîÿùåå âðåìÿ îñòàåòñÿ ìåíåå èçó÷åí-
íûì ÿâëåíèåì â îòëè÷èå îò èññëåäîâàíèé
ìåæýòíè÷åñêîé êîíôëèêòîëîãèè.

Ñîâðåìåííàÿ ýòíîêóëüòóðíàÿ ñèòóàöèÿ â
ðåãèîíå íà ðóáåæå XX è XXI ââ. õàðàêòåðèçó-
åòñÿ âñå áîëüøåé âíåøíåé óíèôèêàöèåé è
òðàíñôîðìàöèåé îñíîâíûõ ôîðì æèçíåäåÿ-
òåëüíîñòè ýòíîñîâ, íî ýòî òîëüêî âèäèìàÿ
÷àñòü àéñáåðãà, ãîðàçäî áîëüøàÿ åãî ñîñòàâ-
ëÿþùàÿ – ýòíîêóëüòóðíàÿ, êîòîðàÿ ãîðàçäî ñëà-
áåå ïðîÿâëÿåòñÿ êîëè÷åñòâåííî è, òåì áîëåå,
êà÷åñòâåííî.

Äëÿ ïðèìåðà ðàññìîòðèì ýòíè÷åñêóþ
ñòðóêòóðó íàñåëåíèÿ Êóðãàíñêîé îáëàñòè íà
îñíîâå ïîêàçàòåëåé Âñåðîññèéñêèõ ïåðåïèñåé
íàñåëåíèÿ 2002 è 2010 ãã. Äëÿ îïðåäåëåíèÿ
òåððèòîðèàëüíîñòè â ðàçìåùåíèè îñíîâíûõ
ýòíîñîâ Êóðãàíñêîé îáëàñòè íàìè áûë èñ-
ïîëüçîâàí êîýôôèöèåíò ëîêàëèçàöèè. Êîýô-
ôèöèåíò ëîêàëèçàöèè (Êë) âû÷èñëÿåòñÿ êàê
ñîîòíîøåíèå äâóõ îòíîñèòåëüíûõ âåëè÷èí:
À – ÷èñëåííîñòü ïðåäñòàâèòåëåé êîíêðåòíî-
ãî ýòíîñà â ïðåäåëàõ òîãî èëè èíîãî àäìèíè-

ñòðàòèâíîãî ðàéîíà ê ÷èñëåííîñòè äàííîãî
ýòíîñà â îáëàñòè; Â – îáùàÿ ÷èñëåííîñòü íà-
ñåëåíèÿ ðàéîíà ê ÷èñëåííîñòè íàñåëåíèÿ îá-
ëàñòè: Êë=À/Â [6].

×èñëîâûå çíà÷åíèÿ êîýôôèöèåíòà ëîêà-
ëèçàöèè, ïðåâûøàþùèå åäèíèöó, ãîâîðÿò îá
«èçáûòêå» ÿâëåíèÿ: ÷åì áîëüøå çíà÷åíèå êî-
ýôôèöèåíòà ëîêàëèçàöèè, òåì áîëüøå êîíöåí-
òðàöèÿ äàííîãî ýòíîñà â ðàéîíå (ðèñ. 1).

 Ñðåäè îáëàñòåé Óðàëüñêîãî ðåãèîíà â
Êóðãàíñêîé îáëàñòè íàèáîëåå âûñîê ïðîöåíò
ðóññêîãî íàñåëåíèÿ – 90.8% (2010 ã): Ñâåðä-
ëîâñêàÿ îáëàñòü – 90.6%, Ïåðìñêèé êðàé –
87.1%, ×åëÿáèíñêàÿ îáëàñòü – 83.8%, Îðåí-
áóðãñêàÿ îáëàñòü – 75.9%, Ðåñïóáëèêà Óäìóð-
òèÿ – 62.2%, Ðåñïóáëèêà Áàøêîðòîñòàí –
36.32%, ïðåâûøàåò ýòîò ïîêàçàòåëü è ñðåä-
íèé ïî Ðîññèè – 83% [7].

 Ðóññêèå ïðåîáëàäàþò âî âñåõ ðàéîíàõ è
ãîðîäàõ îáëàñòè, çà èñêëþ÷åíèåì Ñàôàêóëåâ-
ñêîãî ðàéîíà, ãäå îíè ëèøü òðåòüè ïî ÷èñëåí-
íîñòè. Â Àëüìåíåâñêîì ðàéîíå ðóññêîå íàñå-
ëåíèå ñîñòàâëÿåò òðåòü. Âûøå ñðåäíåîáëàñò-
íûõ ïîêàçàòåëåé èìåþò òðèíàäöàòü ðàéîíîâ
îáëàñòè (öåíòðàëüíûå, ñåâåðíûå, ñåâåðî-çà-
ïàäíûå), åùå ÷åòûðå ðàéîíà (âîñòî÷íûå è
çàïàäíûå) – áëèçêè ê ýòîìó ïàðàìåòðó. Ñîãëàñ-
íî ðàñ÷åòàì, Êë ðóññêîãî íàñåëåíèÿ õàðàêòå-
ðèçóåòñÿ ðàâíîìåðíîñòüþ (â 22 ðàéîíàõ èç
24), îí ñîñòàâëÿåò îò 1 äî 2.

Ïîêàçàòåëè óäåëüíîãî âåñà òàòàðñêîãî íà-
ñåëåíèÿ (1.9%) â ýòíîêóëüòóðíîì ïðîñòðàí-
ñòâå îáëàñòè ìåíüøå, ÷åì â öåëîì ïî Ðîñ-
ñèè (3.83%). Îíè ìèíèìàëüíû è ñðåäè ðå-
ãèîíîâ Óðàëà, òàê, â Ðåñïóáëèêå Áàøêîðòîñ-
òàí – 24.14%, Îðåíáóðãñêîé îáëàñòè – 7.6%,
Ðåñïóáëèêå Óäìóðòèÿ – 6.7%, ×åëÿáèíñêîé
îáëàñòè – 5.4%, Ñâåðäëîâñêîé îáëàñòè –
3.5%, Ïåðìñêîì êðàå – 4.6%. Ñîãëàñíî ìàòå-
ðèàëàì ïåðåïèñåé (2002, 2010), 2/3 òàòàð
Êóðãàíñêîé îáëàñòè ïðîæèâàþò â ñåëüñêîé
ìåñòíîñòè. Òåððèòîðèàëüíî òàòàðû ñîñðåäî-
òî÷åíû â Àëüìåíåâñêîì (20%), Ñàôàêóëåâñ-
êîì (30%) ðàéîíàõ, ïðåâûøåíèå ñðåäíåîá-
ëàñòíîãî ïîêàçàòåëÿ ïî óäåëüíîìó âåñó òà-
òàðñêîãî íàñåëåíèÿ íàáëþäàåòñÿ åùå â øåñ-
òè ðàéîíàõ îáëàñòè (Çâåðèíîãîëîâñêîì, Öå-
ëèííîì, Øàäðèíñêîì, Øàòðîâñêîì, Øóìè-



95

Î.Ã. Çàâüÿëîâà, È. Â. Àáðîñèìîâà. Ñèñòåìíî-ñòðóêòóðíûé ïðîñòðàíñòâåííûé àíàëèç...

õèíñêîì, Ùó÷àíñêîì). Ïîêàçàòåëè êîýôôèöè-
åíòà ëîêàëèçàöèè òàòàð òàêæå ñâèäåòåëüñòâó-
þò î êîìïàêòíîñòè ðàçìåùåíèÿ òàòàðñêîãî
íàñåëåíèÿ â ïÿòè ðàéîíàõ îáëàñòè, ñðåäè
êîòîðûõ âûäåëÿþòñÿ Ñàôàêóëåâñêèé è Àëü-
ìåíåâñêèé ðàéîíû, ãäå Êë ñîñòàâëÿåò 18.7 è
13.6 ñîîòâåòñòâåííî. Â ÷èñëå ëèäåðîâ ïî
ïîêàçàòåëþ Êë òàòàð ñòîèò è Øàäðèíñêèé
ðàéîí – 2.1–2.3.

 Òðåòüèì ïî ÷èñëåííîñòè ýòíîñîì Êóð-
ãàíñêîé îáëàñòè ÿâëÿåòñÿ áàøêèðñêèé ýòíîñ –
13.66 òûñ. ÷åëîâåê. Îòíîñèòåëüíûå ïîêàçàòå-
ëè ÷èñëåííîñòè áàøêèðñêîãî íàñåëåíèÿ ñî-
ñòàâëÿþò 1.4%, ÷òî áîëüøå ñðåäíåãî ïî Ðîñ-
ñèè – 1.15%, à â Óðàëüñêîì ðåãèîíå îáëàñòü
çàíèìàåò ÷åòâåðòîå ìåñòî, óñòóïàÿ Ðåñïóáëèêå
Áàøêîðòîñòàí (29.76%), ×åëÿáèíñêîé îáëàñ-

òè (4.8%), Îðåíáóðãñêîé (2.3%), ïðåâûøàÿ
ïîêàçàòåëè Ïåðìñêîãî êðàÿ (1.29%), Ñâåðäëîâ-
ñêîé îáëàñòè (0.83%), Ðåñïóáëèêè Óäìóðòèÿ
(0.2%).

 Ñðåäè ðàéîíîâ îáëàñòè ëèäåðàìè ïî
óäåëüíîìó âåñó è êîíöåíòðàöèè áàøêèðñêî-
ãî íàñåëåíèÿ ÿâëÿþòñÿ Ñàôàêóëåâñêèé è Àëü-
ìåíåâñêèé ðàéîíû, â êîòîðûõ ïðîæèâàåò
îêîëî 62% âñåõ áàøêèð. Äàííûå ðàéîíû
èìåþò è ñàìûå âûñîêèå ïîêàçàòåëè êîýôôè-
öèåíòà ëîêàëèçàöèè áàøêèð – 32.68 è 21.95
ñîîòâåòñòâåííî. Âûøå ñðåäíåîáëàñòíîãî
ïîêàçàòåëÿ óäåëüíîãî âåñà áàøêèð èìååò Ùó-
÷àíñêèé ðàéîí, Êë 2.6. Ýòè äàííûå ñâèäå-
òåëüñòâóþò î äîñòàòî÷íî êîìïàêòíîì ðàçìå-
ùåíèè ïðåäñòàâèòåëåé áàøêèðñêîãî ýòíîñà
â ïðåäåëàõ îáëàñòè.

Ðèñ.  1.  Ýòíè÷åñêàÿ ñòðóêòóðà  íàñåëåíèÿ Êóðãàíñêîé îáëàñòè
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 Êàçàõñêîå íàñåëåíèå îáëàñòè èìååò ïî-
âûøåííóþ äîëþ (1.3%) ïî ñðàâíåíèþ ñ Ðîñ-
ñèåé (0.45%) è áîëüøèíñòâîì ðåãèîíîâ Óðà-
ëà, óñòóïàÿ òîëüêî Îðåíáóðãñêîé îáëàñòè
(6.0%). Â îñòàëüíûõ ñóáúåêòàõ Óðàëüñêîãî ðå-
ãèîíà äîëÿ êàçàõñêîãî íàñåëåíèÿ êðàéíå íèç-
êà, â ñèëó ãåîãðàôè÷åñêèõ è èñòîðè÷åñêèõ îñî-
áåííîñòåé ðàçâèòèÿ. Êîíöåíòðàöèÿ êàçàõîâ
ïî ðàéîíàì îáëàñòè íå ïðåâûøàåò 13% (Ìà-
êóøèíñêèé è Êóðòàìûøñêèé ðàéîíû – ïî
12.1% â êàæäîì, Çâåðèíîãîëîâñêèé, Ïîëî-
âèíñêèé ðàéîíû – ïî 8.3%, à â îñòàëüíûõ
ðàéîíàõ – ìåíåå 8%). Êîýôôèöèåíò ëîêàëè-
çàöèè êîëåáëåòñÿ îò 0.16 â Ñàôàêóëåâñêîì äî
6.6 â Çâåðèíîãîëîâñêîì ðàéîíå. Ïÿòü ðàéî-
íîâ èìåþò Êë âûøå åäèíèöû, áîëüøàÿ ÷àñòü
ïðåäñòàâèòåëåé äàííîé ýòíè÷åñêîé ãðóïïû
òÿãîòååò ê ïîãðàíè÷íûì, ýòíîêîíòàêòíûì ñ
Êàçàõñòàíîì ðàéîíàì îáëàñòè (Ïðèòîáîëü-
íûé – îê. 3%, ×àñòîîçåðñêèé – 5%, Ìàêóøèí-
ñêèé – 8.3%, Çâåðèíîãîëîâñêèé – 9.9%).

 Êàçàõñêîå íàñåëåíèå äèñïåðñíî, íå îá-
ðàçóåò êîìïàêòíûõ ðàéîíîâ ïðîæèâàíèÿ.
Äèñïåðñíîñòü ðàññåëåíèÿ êàçàõîâ îáúÿñíÿåò-
ñÿ òåì, ÷òî îíè çíà÷èòåëüíî ïîçæå îáðàçîâû-
âàëè ïîñòîÿííûå ïîñåëåíèÿ, ò.ê. äàííàÿ òåð-
ðèòîðèÿ ïðîäîëæèòåëüíîå âðåìÿ âõîäèëà â
ñîñòàâ òàòàðñêîãî Ñèáèðñêîãî õàíñòâà.

Òàêèì îáðàçîì, íåñìîòðÿ íà äîâîëüíî
ïðîäîëæèòåëüíîå ïî âðåìåíè è èñòîðè÷åñêè
ðàçíîîáðàçíîå ýòíîêóëüòóðíîå ïðîñòðàíñòâî,
ñîâðåìåííàÿ ñèòóàöèÿ â Êóðãàíñêîé îáëàñòè
îòëè÷àåòñÿ çíà÷èòåëüíîé óíèôèêàöèåé îñ-
íîâíûõ ôîðì ýòíîêóëüòóðíîé æèçíåäåÿòåëü-
íîñòè.

Îòìå÷àåòñÿ äîìèíèðîâàíèå ðóññêîãî
ÿçûêà, ÷òî ñâÿçàíî ñ åãî èíòåãðàòèâíîé è ýò-
íîêîíòàêòíîé ðîëüþ. Ðóññêèé ÿçûê âûñòóïà-
åò â êà÷åñòâå óíèâåðñàëüíîãî ñðåäñòâà êóëü-
òóðíîãî äèàëîãà. Íàèáîëåå âûñîêèé óðîâåíü
èíòåãðèðîâàíèÿ (99–100%) îòìå÷àåòñÿ ó èç-
íà÷àëüíî íåðóññêîÿçû÷íûõ ïðåäñòàâèòåëåé
ñëàâÿíñêîé ãðóïïû (óêðàèíöåâ, áåëîðóñîâ), à
òàêæå ýòíîôîðîâ òàòàð, áàøêèð è êàçàõîâ, êî-
òîðûå â ñèëó èñòîðè÷åñêèõ ïðè÷èí äîëãîå
âðåìÿ âçàèìîäåéñòâîâàëè ñ ðóññêèìè â Þæ-
íîì Çàóðàëüå. Ê ìåíåå èíòåãðèðîâàííûì îò-
íîñÿòñÿ ïðåäñòàâèòåëè ýòíè÷åñêèõ îáðàçîâà-

íèé, ÿâëÿþùèåñÿ âûõîäöàìè èç àçèàòñêèõ
ñòðàí, êàê âõîäÿùèõ, òàê è íå âõîäÿùèõ â ñî-
ñòàâ ÑÍÃ.

 Â çàâèñèìîñòè îò âëàäåíèÿ ðóññêèì ÿçû-
êîì è ÿçûêîì ñâîåé íàöèîíàëüíîñòè ñðåäè
ïðåäñòàâèòåëåé (ýòíîôîðîâ) èçíà÷àëüíî íå-
ðóññêîÿçû÷íûõ ýòíîîáðàçîâàíèé ìîæíî âû-
äåëèòü òðè òèïà «ÿçûêîâûõ êîëëåêòèâîâ»:

– âëàäåþùèõ êàê ðóññêèì ÿçûêîì (â ðàç-
íîé ñòåïåíè), òàê è ÿçûêîì ñâîåãî ýòíîñà (â
ðàçíîé ñòåïåíè);

– âëàäåþùèõ òîëüêî ðóññêèì ÿçûêîì;
– âëàäåþùèõ òîëüêî ÿçûêîì ñâîåé íàöè-

îíàëüíîñòè.
Ïî èòîãàì ïåðåïèñè 2010 ã., íà âëàäåíèå

òàòàðñêèì ÿçûêîì óêàçàëè 59.6% îò ÷èñëåí-
íîñòè äàííîãî ýòíîñà, áàøêèðñêèì – 67.7%,
êàçàõñêèì – 49.5, óêðàèíñêèì – 36.6%. Ìàê-
ñèìàëüíóþ ñòåïåíü âëàäåíèÿ ðîäíûì ÿçûêîì
ïîêàçûâàþò æèòåëè ñåëüñêîé ìåñòíîñòè, âëà-
äåþùèõ òîëüêî ÿçûêîì ñâîåãî íàðîäà â Êóð-
ãàíñêîé îáëàñòè íåìíîãî – îêîëî 1% .

Ìàòåðèàëû ñîöèîëîãè÷åñêîãî îïðîñà
ñâèäåòåëüñòâóþò î íåñêîëüêî áîëüøåì âëàäå-
íèè: òàê, ïåðâûå äâà òèïà ÿçûêîâûõ êîëëåê-
òèâîâ ïðåäñòàâëåíû ñîîòâåòñòâåííî: ó òàòàð –
73 è 27%; ó áàøêèð – 84 è 16%; ó êàçàõîâ – 97
è 3%; ó óêðàèíöåâ – 44 è 56%; ó áåëîðóñîâ –
35 è 65%. Â 1993–1994 ãã. ñðåäè òàòàðñêîãî
íàñåëåíèÿ äîëÿ âëàäåþùèõ ðóññêèì ÿçûêîì
è ÿçûêîì ñâîåãî íàðîäà áûëà åùå áîëüøåé –
81%, ó áàøêèð – 89%.

Âìåñòå ñ òåì âëàäåíèå ðóññêèì ÿçûêîì
èçíà÷àëüíî ó íåðóññêîÿçû÷íûõ ïðåäñòàâèòå-
ëåé íå âñåãäà îçíà÷àåò, ÷òî îíè ïðèçíàþò ðóñ-
ñêèé ÿçûê ðîäíûì. Òàê, â êà÷åñòâå ðîäíîãî
ÿçûêà íà ðóññêèé óêàçûâàþò: ñðåäè òàòàð îêî-
ëî 9%, áàøêèð – 5, êàçàõîâ – 2%. Â áîëüøèí-
ñòâå ñëó÷àåâ ðóññêèé â êà÷åñòâå ðîäíîãî ÿçû-
êà õàðàêòåðåí äëÿ ãîðîäñêèõ æèòåëåé.

Òàêèì îáðàçîì, ìû ñòàëêèâàåìñÿ ñ ÿâëå-
íèåì ýòíè÷åñêîé ðåèíäèôèêàöèè. Ïðîöåññû
ýòíè÷åñêîé ðåèíäèôèêàöèè (óâåëè÷åíèå äîëè
ÿçûêîâîãî êîëëåêòèâà, íàïðèìåð, âëàäåþùå-
ãî òîëüêî ðóññêèì ÿçûêîì ñðåäè íåðóññêèõ
ýòíè÷åñêèõ îáðàçîâàíèé) ñâèäåòåëüñòâóþò î
ãëóáîêèõ òðàíñôîðìàöèîííûõ ïðîöåññàõ
âíóòðè ýòíè÷åñêèõ ãðóïï. Óòðàòà çíàíèÿ íà-
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öèîíàëüíîãî ÿçûêà (äàæå ÷àñòè÷íàÿ) ãðîçèò
ðèñêàìè ýòíîêóëüòóðíîé óòðàòû.

Îòðèöàòåëüíîå âëèÿíèå íà ðàçâèòèå ÿçû-
êîâîãî êîìïîíåíòà îêàçàëà è ñóùåñòâîâàâøàÿ
â ðàìêàõ ÑÑÑÐ ïîëèòèêà ÿçûêîâîé ðóñèôè-
êàöèè. Ðàçâèâàëàñü òåíäåíöèÿ âûòåñíåíèÿ
íàöèîíàëüíûõ ÿçûêîâ â ñôåðó ñåìåéíî-áûòî-
âîãî îáùåíèÿ, çà÷àñòóþ â ôîðìå ñìåøàííîé
(ðóññêî-òàòàðñêîé, ðóññêî-áàøêèðñêîé è ò.ä.)
ðå÷è. Òàê, â ðàéîíàõ êîìïàêòíîãî ïðîæèâà-
íèÿ áàøêèðñêîãî è òàòàðñêîãî ýòíîñîâ â ðàì-
êàõ îáëàñòè òîëüêî 42% òàòàð è 24% áàøêèð
èñïîëüçóþò ÿçûê ñâîåé íàöèîíàëüíîñòè â
ïðîôåññèîíàëüíîé äåÿòåëüíîñòè.

Îäíàêî äàííûå àññèìèëÿöèîííûå òåí-
äåíöèè âî ìíîãîì ÿâëÿþòñÿ âûíóæäåííûìè,
«ëîæíûìè» â ñèëó íåäîñòàòî÷íîñòè èçó÷åíèÿ
ÿçûêîâ â øêîëàõ, öåíòðàõ íàöèîíàëüíûõ êóëü-
òóð. Òàê, â 30–40-õ ãã. ÕÕ â. íà òåððèòîðèè
ñîâðåìåííûõ Àëüìåíåâñêîãî è Ñàôàêóëåâñêî-
ãî ðàéîíîâ íàñ÷èòûâàëîñü 67 òàòàðî-áàøêèð-
ñêèõ øêîë, â ò.÷. 9 íåïîëíûõ ñðåäíèõ è 58 íà-
÷àëüíûõ, îáó÷åíèåì ðîäíîìó ÿçûêó áûëî îõ-
âà÷åíî 87% äåòåé òàòàðñêîé è áàøêèðñêîé
íàöèîíàëüíîñòåé. Â íàñòîÿùåå æå âðåìÿ òà-
êèõ øêîë íàñ÷èòûâàåòñÿ 21. Êðîìå òîãî, îäíà
â Øàäðèíñêîì ðàéîíå, ãäå ÿçûê èçó÷àåòñÿ êàê
ñàìîñòîÿòåëüíûé ïðåäìåò, åùå â îäíîé øêî-
ëå êàçàõñêèé ÿçûê èçó÷àåòñÿ ôàêóëüòàòèâíî
(Ïåòóõîâñêèé ðàéîí) è ðàáîòàåò ò.í. âîñêðåñ-
íàÿ øêîëà â ð.ï. Ëåáÿæüå.

Ïî íàöèîíàëüíûì ÿçûêàì øêîëû ðàñ-
ïðåäåëÿþòñÿ ñëåäóþùèì îáðàçîì: áàøêèð-
ñêèé ÿçûê – 18 øêîë, òàòàðñêèé ÿçûê – 5 øêîë,
êàçàõñêèé ÿçûê – 2 øêîëû. Ïîìèìî øêîë, íà-
öèîíàëüíûå ÿçûêè èçó÷àþòñÿ ïðè öåíòðàõ
íàöèîíàëüíûõ êóëüòóð è â Äîìàõ íàðîäíîãî
òâîð÷åñòâà. Â ÷àñòíîñòè, êàçàõñêèé ÿçûê èçó-
÷àåòñÿ â ñåëàõ êîìïàêòíîãî ïðîæèâàíèÿ êà-
çàõîâ: Îáóòêîâñêîå, Äåóëèíî, Áîëüøîå Ïðè-
þòíîå, Êàìàíãàíñêîå, Ëåáÿæüå. Áåëîðóñ-
ñêèé, óêðàèíñêèé ÿçûêè ïðåïîäàþòñÿ ïðè
öåíòðàõ íàöèîíàëüíûõ êóëüòóð «Áàòüêîâùè-
íà» è «ßñåíü» â ã. Êóðãàíå, ïðè êîòîðûõ äåé-
ñòâóþò âîñêðåñíûå øêîëû è ëèíãâèñòè÷å-
ñêèå êóðñû.

Òàêèì îáðàçîì, ñèñòåìíûì èçó÷åíèåì
íàöèîíàëüíûõ ÿçûêîâ îõâà÷åíà òîëüêî

òðåòü øêîëüíèêîâ. Â ðåãèîíå â öåëîì è â
îòäåëüíûõ åãî ðàéîíàõ çà÷àñòóþ íàáëþäà-
åòñÿ èñêóññòâåííîå ñóæåíèå îáëàñòè èõ
ïðèìåíåíèÿ, ÷òî ïðèâîäèò ê ðèñêó óòðàòû
è îáåäíåíèþ ýòíîêóëüòóðíîãî ïðîñòðàí-
ñòâà ðåãèîíà.

Ðàáîòà âûïîëíåíà â ðàìêàõ ãðàíòà
ÐÔÔÈ 14-46-00008 Òåîðèÿ è ìåòîäîëîãèÿ
îöåíêè ïðîôåññèîíàëüíûõ ðèñêîâ ðàáîòíèêîâ
ïðîìûøëåííîãî êîìïëåêñà ÐÔ.
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SYSTEM-STRUCTURAL  SPATIAL  ANALYSIS  OF  ETHNO-CULTURAL
DEVELOPMENT  IN  THE  SOUTHERN  TRANS-URALS  (WITH  THE  KURGAN

REGION  USED  AS  AN  EXAMPLE)

© O.G. Zavyalova, I.V. Abrosimova

Kurgan State University,
25, ulitsa Gogolya, 640000, Kurgan, Russia

Today there are a number of paradigms recognized in science, such as spatio-temporal, geographical and
geosystemic. Thus, the spatio-temporal paradigm is associated with the systemic definition and analysis of the
«genetic code» of an ethnic group that has formed a particular natural and economic landscape. In this case,
geosystems should be considered with regard to their «natural» (landscape) component and peculiar features of
nature management performed by ethnic groups as major «nature consumers». The interaction between
ethnosystems and geosystems results in the formation of integrated units, which can be defined as
«ethnogeosystems».

Ethnogeosystems are stable ethnic communities formed during the development of «parent» landscapes
(natural resource management) and their «symbiosis».

Based on their own concept of ethnogeosystemic analysis of the Southern Trans-Urals, the authors propose
an integrated system-structural spatial analysis of the evolution of nature management and ethno-cultural space in
the Kurgan region.

The authors reveal specific characteristics and regular features in the development of the forest-steppe
Trans-Urals during the past millennium, in particular, the principle of structural ethnic contactness in the formation
of the Turkic-Slavic ethno-contact area, the binarity principle in the development and others.

The paper thoroughly analyzes contemporary ethnic and linguistic composition of the population in the
Kurgan region as well as the existing problems in ethnic and cultural development of the language environment.

Key words: ethnogeosystemic and spatio-temporal analysis, resettlement, ethno-cultural development and
transformation, ethno-contact area, ethnic and linguistic composition of the population.
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Èññëåäóåòñÿ ïðîáëåìà ñîñòîÿíèÿ çäîðîâüÿ íàñåëåíèÿ, îáóñëîâëèâàåòñÿ àêòóàëüíîñòü âûáðàííîé òåìû,
ðàñêðûâàåòñÿ åå ïðèîðèòåòíûé õàðàêòåð äëÿ îáùåñòâà è ãîñóäàðñòâà. Îòìå÷àåòñÿ, ÷òî ñîñòîÿíèå çäîðîâüÿ
íàñåëåíèÿ è óñïåøíîå ðàçâèòèå ñèñòåìû îòå÷åñòâåííîãî çäðàâîîõðàíåíèÿ â ïåðâóþ î÷åðåäü çàâèñÿò îò ñî-
öèàëüíîé óñòîé÷èâîñòè ñîâðåìåííîãî ðîññèéñêîãî îáùåñòâà, îò ñòåïåíè ñîöèàëüíîé áåçîïàñíîñòè è êà÷å-
ñòâà æèçíè â öåëîì.

Ðàñêðûâàþòñÿ îñîáåííîñòè ïîíÿòèÿ çäîðîâüÿ, ìíîãîîáðàçèå ïîäõîäîâ åãî îïðåäåëåíèÿ. Àíàëèç ïðåä-
ñòàâëåííûõ òðàêòîâîê ïîêàçàë, ÷òî íàèáîëåå òî÷íî ïîíÿòèå çäîðîâüÿ îòðàçèëîñü â êîíöåïöèè öåííîñòíî-
ñîöèàëüíîé ìîäåëè, ïðåäëîæåííîé Ï.È. Êàëüþ.

Âûäåëåíû âèäû çäîðîâüÿ, ïîäðàçäåëÿþùèåñÿ íà èíäèâèäóàëüíîå è îáùåñòâåííîå. Â ñîîòâåòñòâèè ñ
íèìè ðàçðàáîòàíû ðÿä ïîêàçàòåëåé îöåíêè åãî ñîñòîÿíèÿ. Îñîáîå âíèìàíèå òðåáóþò ïîêàçàòåëè îöåíêè îá-
ùåñòâåííîãî çäîðîâüÿ, ïîñêîëüêó â íèõ ñêîíöåíòðèðîâàíà ñîöèàëüíàÿ ñîñòàâëÿþùàÿ äàííîé ïðîáëåìû.
Èíäèâèäóàëüíûå ïîêàçàòåëè îöåíêè â îñíîâíîì õàðàêòåðèçóþòñÿ â ðàìêàõ ìåäèöèíñêîé íàóêè. Êðîìå òîãî,
â ðàìêàõ ñòàòüè î÷åð÷åíû ôàêòîðû, âëèÿþùèå íà ñîñòîÿíèå çäîðîâüÿ íàñåëåíèÿ (óñëîâèÿ è îáðàç æèçíè
ëþäåé, ñîñòîÿíèå îêðóæàþùåé ñðåäû, ãåíåòè÷åñêèå ôàêòîðû, ìåäèöèíñêîå îáåñïå÷åíèå), âûÿâëåíû èõ ïðî-
öåíòíîå ñîîòíîøåíèå è óðîâåíü çíà÷èìîñòè â ñîîòâåòñòâèè äðóã ñ äðóãîì.

 Êëþ÷åâûå ñëîâà: çäîðîâüå íàñåëåíèÿ, çäðàâîîõðàíåíèå, ôàêòîðû, äåòåðìèíèðóþùèå çäîðîâüå ÷åëî-
âåêà, öåííîñòíî-ñîöèàëüíàÿ ìîäåëü.

Îäíèì èç ôàêòîðîâ ñîöèàëüíîé óñòîé-
÷èâîñòè ÿâëÿåòñÿ ñîñòîÿíèå çäîðîâüÿ íàñåëå-
íèÿ. Îíî ïðåäñòàâëÿåò ñîáîé ñâîåîáðàçíûé
èíäèêàòîð, ïîêàçûâàþùèé êàê èçìåíåíèÿ â
ñîöèàëüíîé æèçíè îòðàæàþòñÿ íà íàñåëåíèè
â öåëîì, à òàêæå íà ðàçâèòèè ñèñòåìû îòå÷å-
ñòâåííîãî çäðàâîîõðàíåíèÿ â ÷àñòíîñòè. Óðî-
âåíü ñîñòîÿíèÿ çäîðîâüÿ íàñåëåíèÿ ÿâëÿåòñÿ
ðåàêöèåé íà íîâûå óñëîâèÿ æèçíåäåÿòåëüíî-
ñòè ëþäåé. Íåñìîòðÿ íà òî, ÷òî äàííàÿ ïðî-
áëåìà â ÐÔ íè ðàç áûëà ïðèçíàíà ïðèîðè-
òåòíîé, åå îñòðîòà è àêòóàëüíîñòü ïðîäîëæà-
þò îñòàâàòüñÿ íà ïðåæíåì óðîâíå. Åñòåñòâåí-
íî, ÷òî ñîñòîÿíèå çäîðîâüÿ íàñåëåíèÿ è óñ-
ïåøíîå ðàçâèòèå ñèñòåìû îòå÷åñòâåííîãî
çäðàâîîõðàíåíèÿ â ïåðâóþ î÷åðåäü çàâèñÿò îò
ñîöèàëüíîé óñòîé÷èâîñòè ñîâðåìåííîãî ðîñ-
ñèéñêîãî îáùåñòâà, îò ñòåïåíè ñîöèàëüíîé
áåçîïàñíîñòè è êà÷åñòâà æèçíè â öåëîì.

Ñîñòîÿíèå è ïåðñïåêòèâû ðàçâèòèÿ çäðà-
âîîõðàíåíèÿ Ðîññèè âî ìíîãîì îïðåäåëÿþò-
ñÿ óðîâíåì çäîðîâüÿ íàñåëåíèÿ è ñîöèàëüíî-
ýêîíîìè÷åñêèìè ïðåîáðàçîâàíèÿìè, ïðîèñ-
õîäÿùèìè â îáùåñòâå. Ýòî ïðîÿâëÿåòñÿ â òà-
êèõ ïðîöåññàõ, êàê äåìîíîïîëèçàöèÿ ñèñòå-
ìû çäðàâîîõðàíåíèÿ, äåöåíòðàëèçàöèÿ óï-
ðàâëåíèÿ îòðàñëüþ, âîçíèêíîâåíèå íîâûõ
ýêîíîìè÷åñêèõ îòíîøåíèé, ðàçâèòèå ñîâðå-
ìåííûõ ôîðì îêàçàíèÿ ìåäèöèíñêîé ïîìîùè
è òåõíîëîãèé [1].

Åñëè íå ðåøàòü ïðîáëåìó ñîñòîÿíèÿ çäî-
ðîâüÿ íàñåëåíèÿ, òî åå ñîöèàëüíûì ñëåäñòâè-
åì ìîæåò áûòü ðîñò çàáîëåâàåìîñòè, èíâàëè-
äèçàöèè, ñìåðòíîñòè, ïðè÷åì íå òîëüêî
âçðîñëûõ, íî è äåòåé. Ïîýòîìó ñîñòîÿíèå çäî-
ðîâüÿ íàñåëåíèÿ, à òàêæå ñàìà ñèñòåìà çäðà-
âîîõðàíåíèÿ ÐÔ íóæäàåòñÿ â ïðèñòàëüíîì
èññëåäîâàòåëüñêîì âíèìàíèè.
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Ýòà òåìà òðåáóåò âíèìàíèÿ è èçó÷åíèÿ
åùå è ïîòîìó, ÷òî âûõîä ñòðàíû íà òðàåêòî-
ðèþ èííîâàöèîííîé ýêîíîìèêè ïðåäïîëàãà-
åò ñîçäàíèå êà÷åñòâåííî íîâîé ðàáî÷åé ñèëû,
÷åëîâåêà, îáëàäàþùåãî íå òîëüêî ïðîôåññèî-
íàëüíûìè çíàíèÿìè, íî è ïñèõîôèçèîëîãè-
÷åñêîé óñòîé÷èâîñòüþ, ïîçâîëÿþùèìè ïðè-
íèìàòü åäèíñòâåííî âåðíîå ðåøåíèå â ñëîæ-
íûõ íåñòàíäàðòíûõ ñèòóàöèÿõ. Ôîðìèðîâà-
íèå òàêîãî ÷åëîâåêà íà÷èíàåòñÿ ñî çäîðîâîãî
îáðàçà æèçíè è äîëæíî ñòàòü ïðèîðèòåòíîé
çàäà÷åé ãîñóäàðñòâà.

Îïðåäåëÿÿ ïîíÿòèå çäîðîâüÿ, íåîáõîäè-
ìî îáðàòèòüñÿ ê èñòîðè÷åñêîìó àñïåêòó õàðàê-
òåðèñòèêè ýòîãî òåðìèíà. Òàê, íàïðèìåð, â
ýíöèêëîïåäè÷åñêîì ñëîâàðå Áðîêãàóçà è Ýô-
ðîíà äàåòñÿ ñëåäóþùåå îïðåäåëåíèå «çäîðî-
âüÿ»: «Çäîðîâüå (sanitas) – åñòü ñîñòîÿíèå
îðãàíèçìà, âñå ÷àñòè êîòîðîãî íîðìàëüíî ðàç-
âèòû è ïðàâèëüíî ôóíêöèîíèðóþò. Òàêîå ñî-
ñòîÿíèå àáñîëþòíîãî çäîðîâüÿ åäâà ëè ñóùå-
ñòâóåò, òàê êàê òðóäíî íàéòè îðãàíèçì, âñå
÷àñòè êîòîðîãî èìåëè áû íîðìàëüíûå âåëè-
÷èíó, ñèëó, ôîðìó è ñòðóêòóðó è âñå îòïðàâëå-
íèÿ êîòîðûõ ñîâåðøàëèñü áû âïîëíå ïðàâèëü-
íî. Â æèçíè äîâîëüñòâóþòñÿ íå èäåàëüíûì,
íî îòíîñèòåëüíûì çäîðîâüåì, ïðè êîòîðîì
ðàçâèòèå è îòïðàâëåíèå îäíèõ ÷àñòåé õîòÿ è
áûâàåò ñèëüíåå äðóãèõ, íî íåäîñòàòêè ïîñëåä-
íèõ íå îòçûâàþòñÿ âðåäíî íà âñåì îðãàíèç-
ìå. Çäîðîâüå â óêàçàííîì ñìûñëå çàâèñèò îò
óñëîâèé íàñëåäñòâåííîñòè, âëèÿíèé âíåøíå-
ãî ìèðà íà æèâîé îðãàíèçì, ïðàâèëüíîãî ôè-
çè÷åñêîãî è óìñòâåííîãî âîñïèòàíèÿ, îêðóæà-
þùåé ñðåäû è ïðî÷. Âñå ýòè âëèÿíèÿ ïîäðîá-
íî èçó÷àþòñÿ íàóêîé î çäðàâîîõðàíåíèè, ò.å.
ãèãèåíîé, ïðàâèëà êîòîðîé ïðèîáðåëè â íàøå
âðåìÿ ïîëíîå ïðàâî ãðàæäàíñòâà» [2].

Ýòî îïðåäåëåíèå ïðåäñòàâëÿåò ñîáîé
îäíó èç ïåðâûõ ïîïûòîê íàó÷íîãî îñìûñëå-
íèÿ òàêîãî ìíîãîóðîâíåãî ïîíÿòèÿ, êàê «çäî-
ðîâüå».

Â 1948 ã. Âñåìèðíàÿ îðãàíèçàöèÿ çäðà-
âîîõðàíåíèÿ (ÂÎÇ) â ñâîåì Óñòàâå îõàðàêòå-
ðèçîâàëà çäîðîâüå êàê «ñîñòîÿíèå ïîëíîãî
ôèçè÷åñêîãî, äóõîâíîãî è ñîöèàëüíîãî áëàãî-
ïîëó÷èÿ, à íå òîëüêî îòñóòñòâèå áîëåçíåé è
ôèçè÷åñêèõ äåôåêòîâ» [1]. Òàêàÿ õàðàêòåðèñ-

òèêà òåðìèíà «çäîðîâüå» ÿâëÿåòñÿ îñíîâîé,
ïðèíÿòîé â áîëüøèíñòâå ñòðàí ìèðà. Íåñìîò-
ðÿ íà ýòî, ñ íàøåé òî÷êè çðåíèÿ, îíî íå ðàñ-
êðûâàåò âñåãî ðàçíîîáðàçèÿ è ãëóáèíû ñîîò-
âåòñòâóþùåãî ïîíÿòèÿ, ïîñêîëüêó â íåì îò-
ñóòñòâóåò ïîíèìàíèå öåííîñòè çäîðîâüÿ, åãî
âàæíîñòè äëÿ ÷åëîâåêà.

Â 1975 ã. àêàäåìèê ÐÀÌÍ, ïðîôåññîð
Â.Ï. Êàçíà÷ååâ (1975) äàë ñëåäóþùåå îïðå-
äåëåíèå äàííîãî ïîíÿòèÿ: «Çäîðîâüå – ýòî
ïðîöåññ ñîõðàíåíèÿ è ðàçâèòèÿ áèîëîãè÷åñ-
êèõ, ïñèõè÷åñêèõ, ôèçèîëîãè÷åñêèõ ôóíêöèé,
îïòèìàëüíîé òðóäîñïîñîáíîñòè è ñîöèàëü-
íîé àêòèâíîñòè ÷åëîâåêà ïðè ìàêñèìàëüíîé
ïðîäîëæèòåëüíîñòè åãî àêòèâíîé æèçíè» [3].

Äàííîå îïðåäåëåíèå áîëåå ïîëíî ïîä-
÷åðêèâàåò è ðàñêðûâàåò ñóùíîñòü êàòåãîðèè
«çäîðîâüÿ», åãî íàèâûñøóþ öåííîñòü äëÿ ÷å-
ëîâåêà.

Íåîáõîäèìî îòìåòèòü, ÷òî òàêàÿ ñëîæíàÿ
è ìíîãîóðîâíåâàÿ êàòåãîðèÿ, êàê çäîðîâüå, íå
ìîæåò áûòü îïèñàíà äâóìÿ-òðåìÿ îïðåäåëåíè-
ÿìè. Òàê, íàïðèìåð, èññëåäîâàòåëü Ï.È. Êàëüþ
â ðàáîòå «Ñóùíîñòíàÿ õàðàêòåðèñòèêà ïîíÿòèÿ
«çäîðîâüå» è íåêîòîðûå âîïðîñû ïåðåñòðîéêè
çäðàâîîõðàíåíèÿ: îáçîðíàÿ èíôîðìàöèÿ» ðàñ-
ñìîòðåë 79 ñîîòâåòñòâóþùèõ îïðåäåëåíèé,
ñôîðìóëèðîâàííûõ â ðàçíûõ ñòðàíàõ ìèðà, â
ðàçëè÷íîå âðåìÿ è ïðåäñòàâèòåëÿìè ðàçëè-
÷íûõ íàó÷íûõ äèñöèïëèí [4].

Ñðåäè îïðåäåëåíèé âñòðå÷àþòñÿ ñëåäó-
þùèå [5]:

1. Çäîðîâüå – íîðìàëüíàÿ ôóíêöèÿ îðãà-
íèçìà íà âñåõ óðîâíÿõ åãî îðãàíèçàöèè, íîð-
ìàëüíûé õîä áèîëîãè÷åñêèõ ïðîöåññîâ, ñïî-
ñîáñòâóþùèõ èíäèâèäóàëüíîìó âûæèâàíèþ
è âîñïðîèçâîäñòâó.

2. Äèíàìè÷åñêîå ðàâíîâåñèå îðãàíèçìà
è åãî ôóíêöèé ñ îêðóæàþùåé ñðåäîé.

3. Ó÷àñòèå â ñîöèàëüíîé äåÿòåëüíîñòè è
îáùåñòâåííî ïîëåçíîì òðóäå, ñïîñîáíîñòü ê
ïîëíîöåííîìó âûïîëíåíèþ îñíîâíûõ ñîöè-
àëüíûõ ôóíêöèé.

4. Îòñóòñòâèå áîëåçíè, áîëåçíåííûõ ñî-
ñòîÿíèé è èçìåíåíèé.

5. Ñïîñîáíîñòü îðãàíèçìà ïðèñïîñàáëè-
âàòüñÿ ê ïîñòîÿííî èçìåíÿþùèìñÿ óñëîâèÿì
âíåøíåé ñðåäû.
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Ñîãëàñíî Ï.È. Êàëüþ, âñå âîçìîæíûå
õàðàêòåðèñòèêè çäîðîâüÿ ìîãóò áûòü ñâåäåíû
ê ñëåäóþùèì êîíöåïöèÿì:

• Ìåäèöèíñêàÿ ìîäåëü – äëÿ îïðåäåëå-
íèé, ñîäåðæàùèõ ìåäèöèíñêèå ïðèçíàêè è
õàðàêòåðèñòèêè; çäîðîâüå êàê îòñóòñòâèå áî-
ëåçíåé è èõ ñèìïòîìîâ.

• Áèîìåäèöèíñêàÿ ìîäåëü – îòñóòñòâèå
ñóáúåêòèâíûõ îùóùåíèé íåçäîðîâüÿ è îðãà-
íè÷åñêèõ íàðóøåíèé.

• Áèîñîöèàëüíàÿ ìîäåëü – âêëþ÷àþòñÿ
ðàññìàòðèâàåìûå â åäèíñòâå ìåäèöèíñêèå è
ñîöèàëüíûå ïðèçíàêè, ïðè ýòîì ïðèîðèòåò
îòäàåòñÿ ñîöèàëüíûì ïðèçíàêàì.

• Öåííîñòíî-ñîöèàëüíàÿ ìîäåëü – çäî-
ðîâüå êàê öåííîñòü ÷åëîâåêà.

Òðóäíî ïåðåîöåíèòü çíà÷åíèå êàòåãîðèè
«çäîðîâüÿ» äëÿ ÷åëîâåêà, ïîýòîìó öåííîñòíî-
ñîöèàëüíàÿ ìîäåëü òðàêòîâêè ýòîãî ïîíÿòèÿ
äîëæíà áûòü ïîëîæåíà â îñíîâó ãîñóäàð-
ñòâåííîé è ñîöèàëüíîé ïîëèòèêè â ñôåðå
çäðàâîîõðàíåíèÿ. Òàêîå ïîíèìàíèå çäîðîâüÿ
äîëæíî äåòåðìèíèðîâàòü öåëè ãîñóäàðñòâåí-
íîé ñîöèàëüíîé ïîëèòèêè, íàïðàâëåííûå íå
òîëüêî íà ñíèæåíèå îáùåãî óðîâíÿ çàáîëåâà-
åìîñòè, ñìåðòíîñòè â ñòðàíå, íî è íà äîñòè-
æåíèå âûñîêîãî êà÷åñòâà æèçíè, îáùåãî ñî-
öèàëüíîãî áëàãîïîëó÷èÿ. Ñîâîêóïíîñòü ýòèõ
ôàêòîðîâ â öåëîì è îïðåäåëÿåò ñîöèàëüíóþ
óñòîé÷èâîñòü ðåãèîíà.

Îñíîâûâàÿñü íà ïðèâåäåííûõ îïðåäåëå-
íèÿõ êàòåãîðèè «çäîðîâüÿ», íåîáõîäèìî âû-
äåëèòü ñëåäóþùèå åãî ïðèçíàêè.

1. Îïòèìàëüíîå ôóíêöèîíèðîâàíèå
îðãàíèçìà íà âñåõ óðîâíÿõ åãî îðãàíèçàöèè –
êëåòî÷íîì, ãèñòîëîãè÷åñêîì, îðãàííîì è äð.
Íîðìàëüíîå òå÷åíèå ôèçèîëîãè÷åñêèõ è áèî-
õèìè÷åñêèõ ïðîöåññîâ, ñïîñîáñòâóþùèõ èí-
äèâèäóàëüíîìó âûæèâàíèþ è âîñïðîèçâîä-
ñòâó.

2. Äèíàìè÷åñêîå ðàâíîâåñèå îðãàíèçìà,
åãî ôóíêöèé è ôàêòîðîâ âíåøíåé ñðåäû èëè
ñòàòè÷åñêîå ðàâíîâåñèå (ãîìåîñòàç) îðãàíèç-
ìà è ñðåäû. Êðèòåðèåì îöåíêè ðàâíîâåñèÿ
ÿâëÿåòñÿ ñîîòâåòñòâèå ñòðóêòóð è ôóíêöèé
îðãàíèçìà îêðóæàþùèì óñëîâèÿì.

3. Ñïîñîáíîñòü ê ïîëíîöåííîìó âûïîë-
íåíèþ ñîöèàëüíûõ ôóíêöèé, ó÷àñòèå â ñîöè-

àëüíîé äåÿòåëüíîñòè è îáùåñòâåííî ïîëåç-
íîì òðóäå.

4. Ñïîñîáíîñòü ÷åëîâåêà ïðèñïîñàáëè-
âàòüñÿ ê ïîñòîÿííî ìåíÿþùèìñÿ óñëîâèÿì
ñóùåñòâîâàíèÿ â îêðóæàþùåé ñðåäå (àäàïòà-
öèÿ). Çäîðîâüå îòîæäåñòâëÿþò ñ ïîíÿòèåì
àäàïòàöèè, òàê êàê, ÷òîáû ñèñòåìà ìîãëà ñî-
õðàíÿòüñÿ, îíà äîëæíà èçìåíÿòüñÿ, ïðèñïî-
ñàáëèâàòüñÿ ê ïåðåìåíàì, ïðîèñõîäÿùèì â
îêðóæàþùåé ñðåäå.

5. Îòñóòñòâèå áîëåçíåé, áîëåçíåííûõ
ñîñòîÿíèé è áîëåçíåííûõ èçìåíåíèé.

6. Ïîëíîå ôèçè÷åñêîå, äóõîâíîå, óì-
ñòâåííîå è ñîöèàëüíîå áëàãîïîëó÷èå, ãàðìî-
íè÷åñêîå ðàçâèòèå ôèçè÷åñêèõ è äóõîâíûõ ñèë
îðãàíèçìà, ïðèíöèï åãî åäèíñòâà, ñàìîðåãó-
ëÿöèè è ãàðìîíè÷íîãî âçàèìîäåéñòâèÿ âñåõ
åãî îðãàíîâ [3].

Çäîðîâüå êàê ñîöèàëüíîå ÿâëåíèå èìååò
ìíîãîóðîâíåâóþ ñòðóêòóðó. Ïîýòîìó âûäåëÿ-
þò èíäèâèäóàëüíîå è îáùåñòâåííîå çäîðî-
âüå. Ñóùåñòâóþò ðàçíîîáðàçíûå ïîêàçàòåëè
îöåíêè îïðåäåëåííûõ âèäîâ çäîðîâüÿ. Íàó÷-
íî îáîñíîâàííîå ïîíèìàíèå ïðîáëåìû ñî-
ñòîÿíèÿ çäîðîâüÿ íàñåëåíèÿ õàðàêòåðèçóåòñÿ
äâóõàñïåêòíûì àíàëèçîì îöåíêè çäîðîâüÿ.
Ìåäèöèíñêèé àñïåêò ïîíèìàíèÿ ïðîáëåìû
ïðåäñòàâëåí ïîêàçàòåëÿìè îöåíêè èíäèâèäó-
àëüíîãî çäîðîâüÿ, à ñîöèàëüíûé – ïîêàçàòå-
ëÿìè îöåíêè îáùåñòâåííîãî çäîðîâüÿ, èññëå-
äóåìûìè ñ ïîìîùüþ ñòàòèñòè÷åñêèõ äàííûõ.

Ïîêàçàòåëè îöåíêè èíäèâèäóàëüíîãî
çäîðîâüÿ:

– àíòðîïîìåòðè÷åñêèå (ðîñò, âåñ, îáúåì
ãðóäíîé êëåòêè, ãåîìåòðè÷åñêàÿ ôîðìà îðãà-
íîâ è òêàíåé);

– ôèçè÷åñêèå (÷àñòîòà ïóëüñà, àðòåðèàëü-
íîå äàâëåíèå, òåìïåðàòóðà òåëà);

– áèîõèìè÷åñêèå (ñîäåðæàíèå õèìè÷å-
ñêèõ ýëåìåíòîâ â îðãàíèçìå);

– áèîëîãè÷åñêèå (íàëè÷èå âèðóñíûõ è
èíôåêöèîííûõ áîëåçíåé) è äð. [6].

 Ïîêàçàòåëè îöåíêè îáùåñòâåííîãî çäî-
ðîâüÿ:

– ïîêàçàòåëè çàáîëåâàåìîñòè íàñåëåíèÿ;
– èíâàëèäíîñòè;
– ïîêàçàòåëè çäîðîâüÿ ìàòåðè è ðåáåíêà

(ìàòåðèíñêàÿ è äåòñêàÿ ñìåðòíîñòü).
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Çàáîëåâàåìîñòü íàñåëåíèÿ – ýòî âàæ-
íåéøàÿ ñîñòàâëÿþùàÿ êîìïëåêñíîé îöåíêè
çäîðîâüÿ íàñåëåíèÿ. Ó÷åò çàáîëåâàåìîñòè
âåäåòñÿ ïðàêòè÷åñêè âñåìè ìåäèöèíñêèìè
ó÷ðåæäåíèÿìè. Àíàëèç çàáîëåâàåìîñòè íåîá-
õîäèì äëÿ âûðàáîòêè óïðàâëåí÷åñêèõ ðåøå-
íèé êàê íà ôåäåðàëüíîì, òàê è íà ðåãèîíàëü-
íîì è ìóíèöèïàëüíîì óðîâíÿõ óïðàâëåíèÿ
ñèñòåìîé çäðàâîîõðàíåíèÿ. Òîëüêî íà åå îñ-
íîâå âîçìîæíû ïðàâèëüíîå ïëàíèðîâàíèå è
ïðîãíîçèðîâàíèå ðàçâèòèÿ ñåòè ó÷ðåæäåíèé
çäðàâîîõðàíåíèÿ, îöåíêà ïîòðåáíîñòè â ðàç-
ëè÷íûõ âèäàõ ðåñóðñîâ. Ïîêàçàòåëè çàáîëå-
âàåìîñòè ñëóæàò îäíèì èç êðèòåðèåâ êà÷åñòâà
ðàáîòû ìåäèöèíñêèõ ó÷ðåæäåíèé, ñèñòåìû
çäðàâîîõðàíåíèÿ â öåëîì.

Òàê, íàïðèìåð, íà òåððèòîðèè ÐÔ â ÿí-
âàðå–ôåâðàëå 2014 ã., ïî ñðàâíåíèþ ñ ñîîò-
âåòñòâóþùèì ïåðèîäîì 2013 ã., ýïèäåìèîëî-
ãè÷åñêàÿ îáñòàíîâêà õàðàêòåðèçîâàëàñü ðîñ-
òîì çàáîëåâàåìîñòè íàñåëåíèÿ ïî ðÿäó èíôåê-
öèîííûõ çàáîëåâàíèé, â èõ ÷èñëå: áîëåçíü,
âûçâàííàÿ âèðóñîì èììóíîäåôèöèòà ÷åëîâå-
êà, è áåññèìïòîìíûé èíôåêöèîííûé ñòàòóñ,
âûçâàííûé âèðóñîì èììóíîäåôèöèòà ÷åëî-
âåêà (ÂÈ×), îñòðûé ãåïàòèò À, îñòðûé ãåïà-
òèò Ñ, áàêòåðèàëüíàÿ äèçåíòåðèÿ.

Â ôåâðàëå 2014 ã., ïî ñðàâíåíèþ ñ ñîîò-
âåòñòâóþùèì ìåñÿöåì 2013 ã., íà 22.4% áîëü-
øå âûÿâëåíî ïàöèåíòîâ ñ áîëåçíüþ, âûçâàí-
íîé âèðóñîì èììóíîäåôèöèòà ÷åëîâåêà, è
áåññèìïòîìíûì èíôåêöèîííûì ñòàòóñîì,
âûçâàííûì âèðóñîì èììóíîäåôèöèòà ÷åëî-
âåêà (ÂÈ×), íà 21.9% – ñ îñòðûì ãåïàòèòîì A,
íà 4.2% – ñ îñòðûì ãåïàòèòîì Ñ, íà 0.7% – ñ
îñòðûìè êèøå÷íûìè èíôåêöèÿìè.

Ñðåäè çàáîëåâøèõ èíôåêöèîííûìè áî-
ëåçíÿìè â ÿíâàðå–ôåâðàëå 2014 ã. äåòè â âîç-
ðàñòå 0–17 ëåò ñîñòàâëÿëè: ïî êîêëþøó –
96.4%, îñòðûì êèøå÷íûì èíôåêöèÿì –
71.8%, ìåíèíãîêîêêîâîé èíôåêöèè – 66.5%,
ïàðîòèòó ýïèäåìè÷åñêîìó 60.9%, îñòðîìó ãå-
ïàòèòó A – 29.2%, êðàñíóõå – 11.8%.

Â ÿíâàðå–ôåâðàëå 2014 ã. çàðåãèñòðèðî-
âàíî 11 079 ÷åëîâåê ñ áîëåçíüþ, âûçâàííîé
âèðóñîì èììóíîäåôèöèòà ÷åëîâåêà, è ñ áåñ-
ñèìïòîìíûì èíôåêöèîííûì ñòàòóñîì, âûç-
âàííûì âèðóñîì èììóíîäåôèöèòà ÷åëîâåêà

(ÂÈ×), â òîì ÷èñëå äåòåé â âîçðàñòå 0–17 ëåò –
182 ÷åëîâåêà. Áîëåå ïîëîâèíû (51.3%) âñåõ
âûÿâëåííûõ áîëüíûõ ÂÈ×-èíôåêöèåé ó÷òå-
íî â 11 ñóáúåêòàõ ÐÔ: â Êåìåðîâñêîé îáëàñ-
òè, Ñàíêò-Ïåòåðáóðãå, Èðêóòñêîé, Ñàìàðñêîé
îáëàñòÿõ, Êðàñíîÿðñêîì êðàå, Íèæåãîðîäñêîé
îáëàñòè, Ðåñïóáëèêå Áàøêîðòîñòàí, Ïåðìñêîì
êðàå, Ñâåðäëîâñêîé, Îìñêîé è Íîâîñèáèð-
ñêîé îáëàñòÿõ [7].

Ïîêàçàòåëè èíâàëèäíîñòè ñëóæàò âàæ-
íûìè ìåäèêî-ñîöèàëüíûìè èíäèêàòîðàìè
îáùåñòâåííîãî çäîðîâüÿ, õàðàêòåðèçóþò ýêî-
ëîãè÷åñêîå ñîñòîÿíèå òåððèòîðèè, óðîâåíü
ñîöèàëüíî-ýêîíîìè÷åñêîãî ðàçâèòèÿ îáùå-
ñòâà. Â ÐÔ íà ó÷åòå â îðãàíàõ ñîöèàëüíîé çà-
ùèòû íàñåëåíèÿ ñîñòîèò ñâûøå 10 ìëí èí-
âàëèäîâ. Åæåãîäíî âïåðâûå ïðèçíàþòñÿ èí-
âàëèäàìè ñâûøå 1 ìëí ÷åëîâåê [1].

Óðîâåíü èíâàëèäèçàöèè íàñåëåíèÿ îöå-
íèâàåòñÿ ïîêàçàòåëåì ïåðâè÷íîé èíâàëèäè-
çàöèè. Â 2012 ã. â ÐÔ ýòîò ïîêàçàòåëü ñîñòà-
âèë 69.1 íà 10 òûñ. íàñåëåíèÿ [8]. Äëÿ àíàëè-
çà èíâàëèäíîñòè ïî ïðè÷èíàì ðàññ÷èòûâà-
þò ïîêàçàòåëü ñòðóêòóðû ïåðâè÷íîé èíâà-
ëèäíîñòè ïî çàáîëåâàíèÿì.

Â ñòðóêòóðå ïåðâè÷íîé èíâàëèäíîñòè
âçðîñëîãî íàñåëåíèÿ çà 2012 ã. ïåðâîå ìåñòî
çàíèìàþò áîëåçíè ñèñòåìû êðîâîîáðàùåíèÿ
(25.1 íà 10 òûñ. ÷åë. íàñåëåíèÿ), äàëåå – çëî-
êà÷åñòâåííûå íîâîîáðàçîâàíèÿ (15.8), áîëåç-
íè êîñòíî-ìûøå÷íîé ñèñòåìû è ñîåäèíèòåëü-
íîé òêàíè (6.9), ïñèõè÷åñêèå ðàññòðîéñòâà è
ðàññòðîéñòâà ïîâåäåíèÿ (2.9), áîëåçíè íå-
ðâíîé ñèñòåìû (2.5) è ò.ä. [8].

Ñ ïîìîùüþ ïîêàçàòåëåé çäîðîâüÿ ìàòå-
ðè è ðåáåíêà ïðîèçâîäèòñÿ êà÷åñòâåííàÿ
îöåíêà ñîñòîÿíèÿ çäîðîâüÿ íàñåëåíèÿ. Äàí-
íûå ïîêàçàòåëè ïðåäñòàâëåíû óðîâíåì ìàòå-
ðèíñêîé è äåòñêîé ñìåðòíîñòè.

Ìàòåðèíñêàÿ ñìåðòíîñòü – ýòî ñìåðòü
æåíùèíû, íàñòóïèâøàÿ â ïåðèîä áåðåìåííî-
ñòè, íåçàâèñèìî îò åå ïðîäîëæèòåëüíîñòè,
èëè â òå÷åíèå 42 äíåé ïîñëå îêîí÷àíèÿ áåðå-
ìåííîñòè âíå çàâèñèìîñòè îò ïðè÷èíû, ñâÿ-
çàííîé ñ áåðåìåííîñòüþ, îòÿãîùåííîé åþ èëè
åå âåäåíèåì, íî íå îò íåñ÷àñòíîãî ñëó÷àÿ èëè
âíåçàïíî âîçíèêøåé ïðè÷èíû. Äàííûé ïî-
êàçàòåëü ïîçâîëÿåò îöåíèòü âñå ïîòåðè áåðå-
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ìåííûõ (îò àáîðòîâ, âíåìàòî÷íîé áåðåìåí-
íîñòè è ò.ä.), à òàêæå ðîæåíèö è ðîäèëüíèö â
òå÷åíèå 42 äíåé ïîñëå îêîí÷àíèÿ áåðåìåí-
íîñòè. Çà ïîñëåäíèå 5 ëåò êîýôôèöèåíò ìà-
òåðèíñêîé ñìåðòíîñòè (íà 100 òûñ. ðîäèâøèõ-
ñÿ æèâûìè) â ÐÔ çíà÷èòåëüíî ñíèçèëñÿ:
2009 ã. – 22; 2010 ã. – 16.5; 2011 ã. – 16.2;
2012 ã. – 11.5 [9].

Ïîêàçàòåëè äåòñêîé ñìåðòíîñòè õà-
ðàêòåðèçóþò íå òîëüêî ñîñòîÿíèå çäîðîâüÿ
äåòñêîãî íàñåëåíèÿ, íî è óðîâåíü ñîöèàëüíîé
óñòîé÷èâîñòè îáùåñòâà â öåëîì. Ïðàâèëüíûé
è ñâîåâðåìåííûé àíàëèç äåòñêîé ñìåðòíîñ-
òè ïîçâîëÿåò ðàçðàáîòàòü ðÿä êîíêðåòíûõ ìåð
ïî óëó÷øåíèþ çäîðîâüÿ áåðåìåííûõ è äåòåé,
îöåíèòü ýôôåêòèâíîñòü ïðîâîäèìûõ ïðîôè-
ëàêòè÷åñêèõ ìåðîïðèÿòèé, ðàáîòó ìåñòíûõ
îðãàíîâ óïðàâëåíèÿ çäðàâîîõðàíåíèåì ïî
îõðàíå ìàòåðèíñòâà è äåòñòâà. Äåòñêàÿ ñìåðò-
íîñòü èìååò ñëîæíóþ ñòðóêòóðó, äåòåðìèíè-
ðîâàííóþ ïðè÷èíàìè ñìåðòè è âîçðàñòîì
óìåðøèõ äåòåé. Â ñòàòèñòèêå äåòñêîé ñìåðò-
íîñòè âûäåëÿþò ìëàäåí÷åñêóþ ñìåðòíîñòü
(ïîêàçàòåëè ñìåðòíîñòè äåòåé íà 1 ãîäó æèç-
íè) è ïîêàçàòåëè ñìåðòíîñòè äåòåé â âîçðàñ-
òå îò 1 ãîäà äî 17 ëåò âêëþ÷èòåëüíî [1]. Âàæ-
íîé ñîñòàâëÿþùåé ýòîãî ïîêàçàòåëÿ ÿâëÿåòñÿ
ìëàäåí÷åñêàÿ ñìåðòíîñòü. Ïî ìíåíèþ ÂÎÇ,
ïîêàçàòåëè ìëàäåí÷åñêîé ñìåðòíîñòè îòðàæà-
þò çðåëîñòü è ýôôåêòèâíîñòü íàöèîíàëüíîé
ñèñòåìû çäðàâîîõðàíåíèÿ.

Àíàëèçèðóÿ äèíàìèêó ìëàäåí÷åñêîé
ñìåðòíîñòè, ñëåäóåò ïîä÷åðêíóòü, ÷òî â êîí-
öå 2011 ã. áûë äîñòèãíóò ñàìûé íèçêèé åå óðî-
âåíü çà âñþ èñòîðèþ íàøåé ñòðàíû – 7.4 ïðî-
ìèëëå íà 1000 ðîäèâøèõñÿ æèâûìè ïî îòå-
÷åñòâåííûì êðèòåðèÿì. Âàæíî ïîä÷åðêíóòü,
÷òî â ðåãèîíàõ ÐÔ ñ êà÷åñòâåííî âûñòðîåí-
íîé ñèñòåìîé ñëóæáû ðîäîâñïîìîæåíèÿ è
íåîíàòîëîãèè, èìåþùèõ äåéñòâóþùèå ïåðè-
íàòàëüíûå öåíòðû, ìëàäåí÷åñêàÿ ñìåðòíîñòü
ïðîäîëæàåò ñíèæàòüñÿ, íåñìîòðÿ íà íîâûå
êðèòåðèè ðåãèñòðàöèè, è äîñòèãëà îò 4.3 äî
6.5 ïðîìèëëå íà 1000 ðîäèâøèõñÿ æèâûìè,
òîãäà êàê â äðóãèõ ðåãèîíàõ óâåëè÷èëàñü äî
12–21 ïðîìèëëå [10].

Îäíàêî åñòü è íåãàòèâíûå òåíäåíöèè.
Òàê, ïî äàííûì Ôåäåðàëüíîé ñëóæáû ãîñó-

äàðñòâåííîé ñòàòèñòèêè, ðîñò ìëàäåí÷åñêîé
ñìåðòíîñòè ïðîèçîøåë âî âñåõ ôåäåðàëüíûõ
îêðóãàõ ÐÔ, â áîëüøåé ñòåïåíè â Ïðèâîëæ-
ñêîì Ôåäåðàëüíîì îêðóãå (íà 22.2%) [11].

Èññëåäóÿ êîýôôèöèåíòû ìëàäåí÷åñêîé
ñìåðòíîñòè â ÐÁ, íóæíî ïîä÷åðêíóòü, ÷òî íà
ïðîòÿæåíèè ïîñëåäíèõ ëåò íàøà ðåñïóáëèêà
îòíîñèòñÿ ê ÷èñëó ðåãèîíîâ ñ óñòîé÷èâûì
ñíèæåíèåì óðîâíÿ äàííîãî ïîêàçàòåëÿ. Íî
â íåêîòîðûõ ðàéîíàõ Áàøêîðòîñòàíà ïîêàçà-
òåëè èç ãîäà â ãîä îñòàþòñÿ âûñîêèìè è äàæå
óõóäøàþòñÿ. Â öåëîì ïî ðåñïóáëèêå ýòîò ïî-
êàçàòåëü ñîñòàâëÿåò 7.6 ïðîìèëëå, ÷òî çàìåò-
íî íèæå, ÷åì â ñðåäíåì ïî Ðîññèè (8.4) è
Ïðèâîëæñêîìó Ôåäåðàëüíîìó îêðóãó (8.2).
Öåëåâîé ïîêàçàòåëü ìëàäåí÷åñêîé ñìåðòíî-
ñòè íà 2014 ã. â ÐÁ – 7.4 ïðîìèëëå [12].

Òàêàÿ ïëà÷åâíàÿ ñèòóàöèÿ ñâÿçàíà ñ íå-
óäîâëåòâîðèòåëüíûì óðîâíåì çäðàâîîõðàíå-
íèÿ â ðåñïóáëèêå. Â ÷àñòíîñòè, ïî äàííûì
Ìèíçäðàâà ÐÁ, îäíèì èç ãëàâíûõ íåãàòèâíûõ
ôàêòîðîâ, îáóñëîâëèâàþùèõ ðîñò ìëàäåí÷å-
ñêîé ñìåðòíîñòè, ÿâëÿåòñÿ íèçêàÿ óêîìïëåê-
òîâàííîñòü ó÷ðåæäåíèé çäðàâîîõðàíåíèÿ
âðà÷àìè ïî öåëîìó ðÿäó ñïåöèàëüíîñòåé. Òàê,
óêîìïëåêòîâàííîñòü àêóøåðàìè-ãèíåêîëîãà-
ìè ñîñòàâëÿåò 60%, íåîíàòîëîãàìè – 50%,
ïåäèàòðàìè – 63%, ðåàíèìàòîëîãàìè-àíåñòå-
çèîëîãàìè – 47% [12]. Åñòåñòâåííî, ÷òî íå-
äîñòàòîê äåòñêèõ âðà÷åé íåãàòèâíî ñêàçûâà-
åòñÿ íà âñåé ñèñòåìå çäðàâîîõðàíåíèÿ äåòåé,
â ÷àñòíîñòè, ïðèâîäèò ê óâåëè÷åíèþ ìëàäåí-
÷åñêîé ñìåðòíîñòè.

Ñîñòîÿíèå çäîðîâüÿ íàñåëåíèÿ äåòåðìè-
íèðîâàíî âëèÿíèåì ôàêòîðîâ, õàðàêòåðèçóþ-
ùèõ íàñëåäñòâåííîñòü, îáðàç æèçíè ÷åëîâå-
êà, ñðåäó åãî îáèòàíèÿ è, íàêîíåö, ñàìó ñèñ-
òåìó çäðàâîîõðàíåíèÿ. Âûäåëåíû ôàêòîðû,
âëèÿþùèå íà çäîðîâüå ÷åëîâåêà, è èõ ïðîöåíò-
íîå ñîîòíîøåíèå: óñëîâèÿ è îáðàç æèçíè
ëþäåé (50–55%); ñîñòîÿíèå îêðóæàþùåé ñðå-
äû (20–25%); ãåíåòè÷åñêèå (15–20%); ìåäè-
öèíñêîå îáåñïå÷åíèå (10–15%) [3].

Àíàëèç ïðåäñòàâëåííûõ ôàêòîðîâ äå-
ìîíñòðèðóåò, ÷òî èìåííî ñîöèàëüíàÿ ñðåäà,
êà÷åñòâî æèçíè, ñîöèàëüíàÿ áåçîïàñíîñòü â
öåëîì äåòåðìèíèðóþò íåîáõîäèìûé óðîâåíü
çäîðîâüÿ íàñåëåíèÿ. Åñòåñòâåííî, ÷òî ñîñòî-
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ÿíèå îêðóæàþùåé ñðåäû, íàñëåäñòâåííàÿ
ïðåäðàñïîëîæåííîñòü ê îïðåäåëåííûì çàáî-
ëåâàíèÿì òàêæå èãðàþò íå ïîñëåäíþþ ðîëü
â íàó÷íîì îñìûñëåíèè ôàêòîðîâ ðîñòà îáùåé
çàáîëåâàåìîñòè, íî ñîöèàëüíîå ñàìî÷óâñòâèå
÷åëîâåêà, êà÷åñòâåííîå ïèòàíèå, ñîöèàëüíî
àäàïòèðîâàííûé îáðàç æèçíè ÿâëÿþòñÿ ïðè-
îðèòåòíûìè â ñíèæåíèè çàáîëåâàåìîñòè.
Èíòåðåñíî, ÷òî òàêîé, êàçàëîñü áû, âàæíûé
ôàêòîð, êàê ñîñòîÿíèå çäðàâîîõðàíåíèÿ ñòðà-
íû, ïîñòàâëåí ýêñïåðòàìè íà ïîñëåäíåå ìåñ-
òî. Â ýòîé ñèòóàöèè ñíîâà ïðîñëåæèâàåòñÿ
äåòåðìèíèðóþùåå âîçäåéñòâèå ñîöèàëüíûõ
ôàêòîðîâ, ïîñêîëüêó êà÷åñòâåííîå çäðàâîîõ-
ðàíåíèå àïðèîðè íåâîçìîæíî áåç ñîîòâåò-
ñòâóþùåãî óðîâíÿ æèçíè íàñåëåíèÿ, åãî ñî-
öèàëüíîé àäàïòàöèè.

Â ïðàêòè÷åñêîé äåÿòåëüíîñòè îáû÷íî
îöåíèâàåòñÿ çäîðîâüå îòäåëüíîãî ÷åëîâåêà,
íî äëÿ ïðèíÿòèÿ óïðàâëåí÷åñêèõ ðåøåíèé
íóæíî àíàëèçèðîâàòü çäîðîâüå îïðåäåëåííûõ
ìíîãî÷èñëåííûõ ãðóïï ëþäåé. Ïðàâèëüíî
ñîáðàííûå è ïðîàíàëèçèðîâàííûå ñòàòèñòè-
÷åñêèå äàííûå î ñîñòîÿíèè çäîðîâüÿ íàñåëå-
íèÿ îïðåäåëÿþò ïëàíèðîâàíèå îçäîðîâèòåëü-
íûõ ìåðîïðèÿòèé ïî ñîõðàíåíèþ è óêðåïëå-
íèþ çäîðîâüÿ íà ãîñóäàðñòâåííîì è ìóíèöè-
ïàëüíîì óðîâíÿõ, ðàçðàáîòêó ñîâðåìåííûõ
ôîðì è ìåòîäîâ ðàáîòû îðãàíèçàöèé çäðàâî-
îõðàíåíèÿ, êîíòðîëÿ èõ ýôôåêòèâíîñòè.

Èòàê, ñîáñòâåííî æèçíü, ïñèõîôèçèîëî-
ãè÷åñêîå è ñîöèàëüíîå çäîðîâüå ÷åëîâåêà,
îáåñïå÷åíèå îïòèìàëüíûõ âîçìîæíîñòåé åãî
ñîöèàëèçàöèè êàê íåîáõîäèìîãî óñëîâèÿ ôîð-
ìèðîâàíèÿ ëè÷íîñòè, åå àêòèâíîé æèçíåííîé
ïîçèöèè, ãðàæäàíñòâåííîñòè, ïðîôåññèî-
íàëüíîé çðåëîñòè äåëàþò ðåøåíèå ïðîáëåì
çäîðîâüÿ ïðèîðèòåòíûìè äëÿ ãîñóäàðñòâà è
àêòóàëüíûìè äëÿ èññëåäîâàíèÿ.
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HEALTH  CONCEPT.  INDICATORS  OF  PUBLIC  HEALTH  ASSESSMENT

© Yu.V. Migunova

Institute for Social and Economic Studies, Ufa Scientific Centre, RAS,
71, prospekt Oktyabrya, 450054, Ufa, Republic of Bashkortostan, Russia

The paper investigates the problem of public health, substantiates the relevance of the chosen topic and
reveals its priority for the state and society. It is noted that public health and successful development of the national
healthcare system are primarily dependent on social sustainability of the modern Russian society and the degree of
social security and quality of life in general.

The paper describes the peculiar features of health concept and diverse approaches to its definition. Analysis
of the interpretations suggests that health concept has found its finest reflection in the social value model proposed
by P.I. Kalyu.

Types of health are highlighted and subdivided into individual and community ones. Accordingly, a number of
indicators have been developed to assess health status. Special attention are given to the indicators of public health
assessment, as they concentrate the social component of the problem. Individual assessment indicators are generally
characterized as part of medical science. In addition, the paper outlines the factors affecting health status (people’s
living conditions and lifestyle, state of the environment, genetic factors, health service support) and determines
their percentage and the level of importance.

Key words: population health, public healthcare, factors determining human health, social value model.
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Ðàññìàòðèâàåòñÿ ñîöèàëüíîå ïîëîæåíèå äåòåé-ñèðîò è äåòåé, îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, â
óñëîâèÿõ ñîöèàëüíî-ýêîíîìè÷åñêîé íåóñòîé÷èâîñòè îáùåñòâà. Íåñòàáèëüíîñòü ñîöèàëüíî-ýêîíîìè÷åñêîé
è ïîëèòè÷åñêîé æèçíè çíà÷èòåëüíî ðàñøèðèëà êðóã ðàçëè÷íûõ ôàêòîðîâ, àêòèâíî ñòèìóëèðóþùèõ ñèðîò-
ñòâî, îñîáåííî ñîöèàëüíîå ñèðîòñòâî. Íåîáõîäèìîñòü èçó÷åíèÿ ñèðîòñòâà êàê ñîöèàëüíîé ïðîáëåìû îáóñ-
ëîâëåíà ïîñòîÿííûì ðîñòîì ÷èñëà äåòåé-ñèðîò è äåòåé, îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, à òàêæå îáî-
ñòðèâøåéñÿ ïðîáëåìîé ñîöèàëüíîãî ñèðîòñòâà â ñîâðåìåííîì îáùåñòâå. Îïðåäåëåíî, ÷òî îñíîâíóþ ìàññó
äåòåé-ñèðîò ñîñòàâëÿþò ñîöèàëüíûå ñèðîòû.

Âûäåëåíû îñíîâíûå ïðè÷èíû ïîÿâëåíèÿ äåòåé-ñèðîò â ñîâðåìåííîì ðîññèéñêîì îáùåñòâå: èçìåíåíèå
öåííîñòíûõ îðèåíòàöèé â îáùåñòâå; ïàäåíèå ïðåñòèæà èíñòèòóòà ñåìüè; íàðóøåíèå ñòðóêòóðû è ôóíêöèé
ñåìüè; óõóäøåíèå óñëîâèé ñîäåðæàíèÿ äåòåé â ñåìüå; óâåëè÷åíèå ÷èñëà ðîäèòåëåé, âåäóùèõ àìîðàëüíûé
îáðàç æèçíè; ðîñò âíåáðà÷íîé ðîæäàåìîñòè; ìàòåðèàëüíûå è æèëèùíûå òðóäíîñòè ñåìåé è äðóãèå. Ñîâðå-
ìåííàÿ ñåìüÿ êàê ñîöèàëüíûé îðãàíèçì ïîäâåðãëàñü ðàçðóøèòåëüíîìó âîçäåéñòâèþ ðàçëè÷íûõ ñîöèàëüíûõ
ýêñïåðèìåíòîâ. Ôîðìàëüíî âåäóùèå ôóíêöèè ñåìüè ñîõðàíèëèñü, íî ðåàëèçàöèÿ èõ ñòàëà èíîé. Ñíèæåíèå
óðîâíÿ âîñïèòàòåëüíîãî âîçäåéñòâèÿ ñåìüè ïðèâåëî ê òîìó, ÷òî åå ïîçèöèè â äóõîâíîì, ñîöèàëüíîì è ïñè-
õîëîãè÷åñêîì ñòàíîâëåíèè íîâîãî ïîêîëåíèÿ ïîòåñíèëè äðóãèå ñóáúåêòû è èíñòèòóòû.

Ïðèâîäÿòñÿ ñòàòèñòè÷åñêèå äàííûå î ïîëîæåíèè äåòåé-ñèðîò â Ðîññèéñêîé Ôåäåðàöèè è Ðåñïóáëèêå
Áàøêîðòîñòàí. Ïîêàçàíî, ÷òî ïðèîðèòåòíîé ôîðìîé óñòðîéñòâà äåòåé, îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé,
ÿâëÿåòñÿ ïåðåäà÷à èõ â ñåìüè: óñûíîâëåíèå (óäî÷åðåíèå), îïåêà (ïîïå÷èòåëüñòâî) èëè ïðèåìíàÿ ñåìüÿ.

Êëþ÷åâûå ñëîâà: äåòè-ñèðîòû, äåòè, îñòàâøèåñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, ïðè÷èíû ïîÿâëåíèÿ äåòåé-
ñèðîò, ñîöèàëüíûå ïðîáëåìû äåòåé-ñèðîò, ñîöèàëüíîå ïîëîæåíèå äåòåé-ñèðîò.

Â óñëîâèÿõ ñîöèàëüíî-ýêîíîìè÷åñêîé íå-
óñòîé÷èâîñòè îáùåñòâà ñèòóàöèÿ ñ äåòüìè-ñè-
ðîòàìè ñêëàäûâàåòñÿ êðàéíå íåáëàãîïîëó÷íî.
Íåñòàáèëüíîñòü ñîöèàëüíî-ýêîíîìè÷åñêîé è
ïîëèòè÷åñêîé æèçíè çíà÷èòåëüíî ðàñøèðèëà
êðóã ñîöèàëüíûõ, ýêîíîìè÷åñêèõ, ïñèõîñîöè-
àëüíûõ, ïåäàãîãè÷åñêèõ ôàêòîðîâ, àêòèâíî
ñòèìóëèðóþùèõ ñèðîòñòâî, îñîáåííî ñîöèàëü-
íîå ñèðîòñòâî. Ñîâðåìåííàÿ ñåìüÿ êàê ñîöè-
àëüíûé îðãàíèçì ïîäâåðãëàñü ðàçðóøèòåëüíî-
ìó âîçäåéñòâèþ ðàçëè÷íûõ ñîöèàëüíûõ ýêñ-
ïåðèìåíòîâ. Ôîðìàëüíî âåäóùèå ôóíêöèè ñå-
ìüè ñîõðàíèëèñü, íî ðåàëèçàöèÿ èõ ñòàëà èíîé.
Ñíèçèëñÿ óðîâåíü ðåïðîäóêòèâíîãî ïîâåäåíèÿ
æåíùèí. Ñâîåîáðàçíûì ìåòîäîì ñîöèàëüíîé

çàùèòû âçðîñëûõ ðîññèÿí ÿâèëñÿ îòêàç îò ðîæ-
äåíèÿ äåòåé. Íàáëþäàåòñÿ ñíèæåíèå ïðî÷íî-
ñòè ñåìåéíûõ óç, íàðàñòàíèå ðàâíîäóøèÿ ÷ëå-
íîâ ñåìüè äðóã ê äðóãó. Ïðåîáëàäàíèå â êà÷å-
ñòâå òèïè÷íîé ðîññèéñêîé ñåìüè ìàëîäåòíîé
ÿ÷åéêè, ãäå «êàæäûé ñàì ïî ñåáå», ñïîñîáñòâî-
âàëî ðàñïðîñòðàíåíèþ ñðåäè äåòåé øêîëüíî-
ãî âîçðàñòà ôåíîìåíà ñîöèàëüíîãî îäèíî÷å-
ñòâà, ïîâûøåííîé òðåâîæíîñòè, íèçêîé ñïî-
ñîáíîñòè ê ýìïàòèè (ñîïåðåæèâàíèþ). Ñíè-
æåíèå óðîâíÿ âîñïèòàòåëüíîãî âîçäåéñòâèÿ
ñåìüè ïðèâåëî ê òîìó, ÷òî åå ïîçèöèè â äóõîâ-
íîì è ïñèõîëîãè÷åñêîì ñòàíîâëåíèè íîâîãî
ïîêîëåíèÿ ïîòåñíèëè ñðåäñòâà ìàññîâîé èí-
ôîðìàöèè è íåôîðìàëüíûå ãðóïïèðîâêè [1].
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Îñíîâíóþ ìàññó äåòåé-ñèðîò ñîñòàâëÿþò
íå ïðÿìûå ñèðîòû, ó êîòîðûõ ðîäèòåëè óìåð-
ëè ïî êàêèì-ëèáî ïðè÷èíàì, à äåòè, ÷üè ðî-
äèòåëè æèâû, íî ïî êàêèì-òî æèçíåííûì îá-
ñòîÿòåëüñòâàì îòêàçûâàþòñÿ îò âîñïèòàíèÿ
äåòåé. Ìàññîâûé õàðàêòåð ýòîãî ÿâëåíèÿ ïî-
ðîäèë íîâûé òåðìèí – «ñîöèàëüíîå ñèðîò-
ñòâî», ò.å. ñèðîòñòâî ïðè æèâûõ ðîäèòåëÿõ (áî-
ëåå 80% äåòåé-ñèðîò â Ðîññèè ÿâëÿþòñÿ ñîöè-
àëüíûìè ñèðîòàìè). Ïîíÿòèå ñîöèàëüíîãî
ñèðîòñòâà îïðåäåëÿåòñÿ êàê ñîöèàëüíîå ÿâëå-
íèå, îáóñëîâëåííîå íàëè÷èåì â îáùåñòâå äå-
òåé, ðîäèòåëè êîòîðûõ óìåðëè, à òàêæå äåòåé,
îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé âñëåä-
ñòâèå ëèøåíèÿ èõ ðîäèòåëüñêèõ ïðàâ [2, ñ. 335].

Ïðè÷èíàìè ïîÿâëåíèÿ äåòåé-ñèðîò è
äåòåé, îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé,
ÿâëÿþòñÿ: èçìåíåíèå öåííîñòíûõ îðèåíòà-
öèé â îáùåñòâå; ïàäåíèå ïðåñòèæà èíñòèòó-
òà ñåìüè; íàðóøåíèå ñòðóêòóðû è ôóíêöèé
ñåìüè; óõóäøåíèå óñëîâèé ñîäåðæàíèÿ äåòåé
â ñåìüå; óâåëè÷åíèå ÷èñëà ðîäèòåëåé, âåäó-
ùèõ àìîðàëüíûé îáðàç æèçíè; ðîñò âíåáðà-
÷íîé ðîæäàåìîñòè; ìàòåðèàëüíûå è æèëèù-
íûå òðóäíîñòè ñåìåé è äðóãèå [3, ñ. 107–113].
Ïðè÷èíàìè îòêàçà îò ðåáåíêà ÿâëÿþòñÿ òàê-
æå ñîöèàëüíàÿ íåñîñòîÿòåëüíîñòü ðîäèòåëåé,
îáóñëîâëåííàÿ òÿæåëîé áîëåçíüþ ðåáåíêà
(ñèíäðîì Äàóíà, ìèêðîöåôàëèÿ, ÄÖÏ è äðó-
ãèå); îòñóòñòâèå óñëîâèé äëÿ ñîäåðæàíèÿ è
âîñïèòàíèÿ äåòåé; òÿæåëàÿ áîëåçíü ñàìèõ ðî-
äèòåëåé (ðîæäåíèå äåòåé ó ïñèõè÷åñêè áîëü-
íûõ è óìñòâåííî îòñòàëûõ ëèö ïî÷òè â òðè
ðàçà ïðåâûøàåò ñðåäíèé óðîâåíü ðîæäàåìî-
ñòè â ñòðàíå); ðîñò æåíñêîé ïðåñòóïíîñòè,

êîãäà ðåáåíîê îñòàåòñÿ áåç ìàòåðè, è äðóãèå
[4, 5]. Åùå îäíîé èç ñóùåñòâåííûõ ïðè÷èí ïî-
ÿâëåíèÿ ñîöèàëüíûõ ñèðîò ÿâëÿåòñÿ íåáëàãî-
ïîëó÷íàÿ îáñòàíîâêà â ñåìüå, àëêîãîëèçì ðî-
äèòåëåé, íàðêîìàíèÿ, ïðîñòèòóöèÿ è ò.ä.
Ýòî ñåìüè, ãäå íå çàíèìàþòñÿ âîñïèòàíèåì
ðåáåíêà, îòñóòñòâóåò ýëåìåíòàðíàÿ çàáîòà î
íåì [6, ñ. 15–23].

Â Ðîññèéñêîé Ôåäåðàöèè êîëè÷åñòâî äå-
òåé-ñèðîò è äåòåé, îñòàâøèõñÿ áåç ïîïå÷åíèÿ
ðîäèòåëåé, â 2010 ã. ñîñòàâèëî 665 òûñ. ÷åë.,
â 2011 ã. – 654 òûñ. ÷åë., â 2012 ã. – îêîëî
650 òûñ. ÷åë. [7, 8]. Â Ðåñïóáëèêå Áàøêîðòî-
ñòàí íà íà÷àëî 2013 ã. íàñ÷èòûâàëîñü
18 336 äåòåé ñèðîò è äåòåé, îñòàâøèõñÿ áåç
ïîïå÷åíèÿ ðîäèòåëåé [9].

Â òàáë. 1 ïðèâåäåíà äèíàìèêà ÷èñëåí-
íîñòè âûÿâëåííûõ äåòåé-ñèðîò è äåòåé, îñ-
òàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, èõ èíäåê-
ñû ðîñòà (èçìåíåíèå ÷èñëåííîñòè ïî ñðàâíå-
íèþ ñ ïðîøëûì ãîäîì) è ïðèðîñòà (èçìåíå-
íèå ÷èñëåííîñòè ïî ñðàâíåíèþ ñ áàçèñíûì,
ò.å. ñ 2008 ã.) çà 2008–2012 ãã. â Ðåñïóáëèêå
Áàøêîðòîñòàí è Ðîññèéñêîé Ôåäåðàöèè â öå-
ëîì. ×èñëåííîñòü âûÿâëåííûõ äåòåé-ñèðîò
êàê â Ðîññèè â öåëîì, òàê è â Áàøêîðòîñòàíå,
ñ êàæäûì ãîäîì ñíèæàåòñÿ. ×òîáû ïðîèëëþ-
ñòðèðîâàòü ñîîòíîøåíèå ÷èñëåííîñòè âûÿâ-
ëåííûõ äåòåé-ñèðîò è äåòåé, îñòàâøèõñÿ áåç
ïîïå÷åíèÿ ðîäèòåëåé, â ÐÔ è ÐÁ, íà ðèñ. 1
ïðèâåäåíà äèíàìèêà ÷èñëåííîñòè äàííîãî
ïîêàçàòåëÿ íà 10 000 ÷åëîâåê íàñåëåíèÿ [7, 9].

Ïî ðèñ. 1 âèäíî, ÷òî ñ êàæäûì ãîäîì
ñíèæàåòñÿ êîëè÷åñòâî âûÿâëåííûõ â îò÷åò-
íîì ãîäó äåòåé-ñèðîò, ïðèõîäÿùèõñÿ íà

Ò à á ë è ö à  1

Äèíàìèêà ÷èñëåííîñòè âûÿâëåííûõ äåòåé-ñèðîò è äåòåé,
îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, çà 2008–2012 ãã.

Ãîäû 2008 2009 2010 2011 2012 
ÐÔ 115 627 106 716 93 806 82 177 74 724 

Òåìï ðîñòà – 0.92 0.88 0.88 0.90 
Òåìï ïðèðîñòà – 0.92 0.81 0.71 0.64 

ÐÁ 4 166 3 933 3 367 2 982 2 544 
Òåìï ðîñòà – 0.94 0.86 0.89 0.85 
Òåìï ïðèðîñòà – 0.94 0.81 0.72 0.61 
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10 000 ÷åëîâåê íàñåëåíèÿ, ñ òåìïîì â 5%.
Ê 2012 ã., ïî ñðàâíåíèþ ñ 2008 ã., èõ êîëè÷å-
ñòâî ñíèçèëîñü ïðàêòè÷åñêè â 1.5 ðàçà (â ÐÔ
íà 24%, â ÐÁ íà 33%), ÷òî ãîâîðèò î ïîëîæè-
òåëüíîé ñòîðîíå äàííîãî ïîêàçàòåëÿ. Â Ðåñ-
ïóáëèêå Áàøêîðòîñòàí ÷èñëåííîñòü äåòåé-
ñèðîò íà 10 000 ÷åëîâåê áîëüøå, ÷åì ïî Ðîñ-
ñèéñêîé Ôåäåðàöèè â öåëîì.

Äàëåå, ÷òîáû îïðåäåëèòü, íå ñâÿçàíî ëè
ñíèæåíèå âûÿâëåííîãî êîëè÷åñòâà ñèðîò ñ
ðîæäàåìîñòüþ, íà ðèñ. 2 ïðåäñòàâëåíî îòíî-
øåíèå ïðèõîäÿùèõñÿ äåòåé-ñèðîò è äåòåé,

îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, íà 1000
ðîæäåííûõ äåòåé çà 2008–2012 ãã. [7, 9].

Äàííûé ïîêàçàòåëü ÷èñëåííîñòè äåòåé-
ñèðîò, ïðèõîäÿùèõñÿ íà 1000 ðîæäåííûõ äå-
òåé, åæåãîäíî ñíèæàåòñÿ, ïðèòîì ÷òî îòíî-
ñèòåëüíûå ïîêàçàòåëè ê 2012 ã. ïðàêòè÷åñêè
ñðàâíèâàþòñÿ, ÷òî ÿâëÿåòñÿ ïîëîæèòåëüíûì
ýôôåêòîì, íî äëÿ áîëåå ïîäðîáíîãî îïèñàíèÿ
â òàáë. 2 ïðèâåäåíû èíäåêñû ðîñòà è ïðèðî-
ñòà ïîêàçàòåëåé.

Ïî òàáë. 2 âèäíî, ÷òî êîëè÷åñòâî ñèðîò,
ïðèõîäÿùèõñÿ íà 1000 ðîæäåííûõ äåòåé, â
Ðåñïóáëèêå Áàøêîðòîñòàí ñ êàæäûì ãîäîì
ñíèæàåòñÿ ïðèìåðíî íà 7–19% (â ÐÔ äî 14%),
à ê 2012 ã., ïî ñðàâíåíèþ ñ 2008 ã., àíàëèçè-
ðóåìûé ïîêàçàòåëü ñíèçèëñÿ ïðàêòè÷åñêè â
2 ðàçà (44% – ìàêñèìàëüíîå ñíèæåíèå).
Â ñâîþ î÷åðåäü, äàííûé ïîêàçàòåëü ïî ÐÁ çíà-
÷èòåëüíî âûøå, ÷åì ïî Ðîññèè â öåëîì íà 26%
(â 0.4 ðàçà), ïðèòîì òîì ÷òî ðîæäàåìîñòü íà
1000 ÷åëîâåê íàñåëåíèÿ â Ðåñïóáëèêå Áàø-
êîðòîñòàí âûøå, ÷åì ïî Ðîññèè, íî âñå æå ê
2012 ã. ýòîò ïîêàçàòåëü âîññòàíàâëèâàåòñÿ.
Ýòî ãîâîðèò î òîì, ÷òî â ðåñïóáëèêå ýôôåêòèâ-
íîñòü äåÿòåëüíîñòè ïî ñíèæåíèþ ñèðîòñòâà
áûëà íèæå, ÷åì ïî Ðîññèéñêîé Ôåäåðàöèè â öå-
ëîì, íî ê 2012 ã. ïðîâîäèìûå ìåðîïðèÿòèÿ ïî
óìåíüøåíèþ êîëè÷åñòâà äåòåé-ñèðîò è äåòåé,
îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, ñòàëè ýô-
ôåêòèâíåå, ÷åì â ïðîøëûõ ãîäàõ.

Äåòüìè, îñòàâøèìèñÿ áåç îïåêè ðîäèòå-
ëåé, çàíèìàþòñÿ îðãàíû îïåêè è ïîïå÷èòåëü-
ñòâà. Íà íèõ âîçëàãàþòñÿ îáÿçàííîñòè ïî âû-
ÿâëåíèþ, ó÷åòó è èçáðàíèþ ôîðì óñòðîéñòâà
äåòåé, îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé,
à òàêæå ïî êîíòðîëþ çà óñëîâèÿìè èõ ñîäåð-
æàíèÿ, âîñïèòàíèÿ è îáðàçîâàíèÿ. Äåòè,

Ðèñ.  1.  Äèíàìèêà ÷èñëåííîñòè äåòåé-ñèðîò, ïðèõîäÿ-
ùèõñÿ íà 10 000 ÷åëîâåê íàñåëåíèÿ

Ðèñ.  2.  ×èñëåííîñòü äåòåé-ñèðîò, ïðèõîäÿùèõñÿ íà 1000
ðîæäåííûõ äåòåé

Ò à á ë è ö à  2

Èíäåêñû ðîñòà è ïðèðîñòà êîëè÷åñòâà äåòåé-ñèðîò, ïðèõîäÿùèõñÿ íà 1000 ðîæäåííûõ äåòåé

Ãîäû 2008 2009 2010 2011 2012 
Òåìï ðîñòà 

ÐÔ – 0.90 0.86 0.87 0.92 
ÐÁ – 0.93 0.83 0.90 0.81 

Òåìï ïðèðîñòà 
ÐÔ – 0.79 0.77 0.68 0.62 
ÐÁ – 0.93 0.77 0.70 0.56 
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îñòàâøèåñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, ïîäëå-
æàò ïåðåäà÷å íà âîñïèòàíèå â ñåìüþ, à ïðè
îòñóòñòâèè òàêîé âîçìîæíîñòè – â ñîîòâåò-
ñòâóþùèå ó÷ðåæäåíèÿ. Íà ðèñ. 3 ïðèâåäåíà
äèíàìèêà ÷èñëåííîñòè äåòåé, âîñïèòûâàþ-
ùèõñÿ â èíòåðíàòíûõ ó÷ðåæäåíèÿõ [7].

Ïî ðèñ. 3 âèäíî, ÷òî áîëåå 40% äåòåé-
ñèðîò è äåòåé, îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðî-
äèòåëåé, ñîäåðæàòñÿ â äåòñêèõ äîìàõ, â 2 ðàçà
ìåíüøå (20%) – â øêîëàõ-èíòåðíàòàõ äëÿ äå-
òåé ñ îãðàíè÷åííûìè âîçìîæíîñòÿìè çäîðî-
âüÿ. Íàáëþäàåòñÿ òåíäåíöèÿ ðîñòà êîëè÷åñòâà
äåòåé, âîñïèòûâàåìûõ â äåòñêèõ äîìàõ, ïî

ñðàâíåíèþ ñ äðóãèìè èíòåðíàòíûìè ó÷ðåæ-
äåíèÿìè, ïðèòîì ÷òî êîëè÷åñòâî äåòñêèõ äî-
ìîâ è ÷èñëåííîñòü äåòåé, âîñïèòûâàåìûõ â
äåòñêèõ äîìàõ, ñ êàæäûì ãîäîì óìåíüøàåòñÿ
â ñðåäíåì íà 4–6%.

Íà ðèñ. 4 ïðèâåäåíà äèíàìèêà êîëè÷å-
ñòâà äåòåé è ïîäðîñòêîâ, êîòîðûå íàõîäÿòñÿ
íà âîñïèòàíèè â ñåìüÿõ, â ïðîöåíòàõ îò îá-
ùåãî ÷èñëà óñòðîåííûõ äåòåé-ñèðîò è äåòåé,
îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, ïî Ðîñ-
ñèéñêîé Ôåäåðàöèè [7].

Áîëåå ïîëîâèíû äåòåé-ñèðîò è äåòåé,
îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, ïðèíÿ-

Ðèñ.  3.  Ïðîöåíòíîå ñîîòíîøåíèå ÷èñëåííîñòè äåòåé-ñèðîò, âîñïèòûâàþùèõñÿ â èíòåðíàòíûõ ó÷ðåæäåíèÿõ

Ðèñ.  4.  ×èñëåííîñòü äåòåé è ïîäðîñòêîâ, íàõîäÿùèõñÿ íà âîñïèòàíèè â ñåìüÿõ â % îò îáùåãî ÷èñëà óñòðîåííûõ
äåòåé
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òûõ íà âîñïèòàíèå â ñåìüè, îòäàíû ïîä îïå-
êó (ïîïå÷èòåëüñòâî). Ñ êàæäûì ãîäîì ðàñòåò
÷èñëåííîñòü äåòåé, ïðèíÿòûõ â ïðèåìíûå ñå-
ìüè. Íà 2011 ã. 20% óñòðîåííûõ äåòåé óñû-
íîâëåíû, íî, ê ñîæàëåíèþ, ÷èñëåííîñòü óñû-
íîâëåííûõ äåòåé â îòíîøåíèè ê îáùåìó ÷èñ-
ëó óñòðîåííûõ äåòåé ñ êàæäûì ãîäîì óìåíü-
øàåòñÿ â ñðåäíåì íà 2%.

Ïðèîðèòåòíîé ôîðìîé óñòðîéñòâà äåòåé,
îñòàâøèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, ÿâëÿ-
åòñÿ ïåðåäà÷à èõ â ñåìüþ. Ñåìåéíûé êîäåêñ
Ðîññèéñêîé Ôåäåðàöèè óñòàíàâëèâàåò, ÷òî
äåòè, îñòàâøèåñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé,
ïîäëåæàò ïåðåäà÷å íà âîñïèòàíèå â ñåìüþ –
íà óñûíîâëåíèå (óäî÷åðåíèå), ïîä îïåêó (ïî-
ïå÷èòåëüñòâî) èëè â ïðèåìíóþ ñåìüþ, à ïðè
îòñóòñòâèè òàêîé âîçìîæíîñòè – â ó÷ðåæäå-
íèÿ âñåõ òèïîâ (âîñïèòàòåëüíûå ó÷ðåæäåíèÿ,
â òîì ÷èñëå äåòñêèå äîìà ñåìåéíîãî òèïà, ëå-
÷åáíûå ó÷ðåæäåíèÿ, ó÷ðåæäåíèÿ ñîöèàëüíîé
çàùèòû íàñåëåíèÿ è äðóãèå àíàëîãè÷íûå ó÷-
ðåæäåíèÿ).

Â Ðåñïóáëèêå Áàøêîðòîñòàí òàê æå, êàê è
ïî Ðîññèè â öåëîì, áîëüøèíñòâî äåòåé ïåðå-
äàíû íà áåçâîçìåçäíóþ ôîðìó îïåêè, ïðè÷åì
ñ êàæäûì ãîäîì äàííûé ïîêàçàòåëü ñíèæà-
åòñÿ. Äåòåé, ïåðåäàííûõ íà âîçìåçäíóþ ôîð-
ìó îïåêè, â ÐÁ â 1.5 ðàçà áîëüøå, ÷åì ïî Ðîñ-
ñèè, à òåíäåíöèÿ ðîñòà äåòåé, ïåðåäàííûõ â

ïðèåìíûå ñåìüè, ïðàêòè÷åñêè íà îäíîì óðîâ-
íå â îáîèõ ðåãèîíàõ. Â ÐÁ ïðåîáëàäàåò óñò-
ðîéñòâî äåòåé â ïàòðîíàòíûå ñåìüè (â 5–6 ðàç
áîëüøå, ÷åì ïî Ðîññèè â öåëîì). Ïðè÷åì äàí-
íûé ïîêàçàòåëü ñ êàæäûì ãîäîì ñíèæàåòñÿ,
íàèáîëüøàÿ ÷àñòü äåòåé â ïàòðîíàòíûõ ñåìü-
ÿõ íàáëþäàëàñü â 2009 ã. [10, ñ. 66–71].

Äàëåå íàìè ðàññìîòðåíî óñòðîéñòâî äå-
òåé-ñèðîò ïîä îïåêó â Ðåñïóáëèêå Áàøêîðòî-
ñòàí, ïî ñðàâíåíèþ ñ Ðîññèéñêîé Ôåäåðàöè-
åé (2008–2011 ãã.) [7] (ðèñ. 5).

Òàêèì îáðàçîì, íåîáõîäèìîñòü èçó÷åíèÿ
ñèðîòñòâà êàê ñîöèàëüíîé ïðîáëåìû îáó-
ñëîâëåíà ïðåæäå âñåãî ïîñòîÿííûì ðîñòîì
÷èñëà äåòåé-ñèðîò è äåòåé, îñòàâøèõñÿ áåç
ïîïå÷åíèÿ ðîäèòåëåé, à òàêæå îáîñòðèâøåé-
ñÿ ïðîáëåìîé ñîöèàëüíîãî ñèðîòñòâà [11,
ñ. 98–103]. Â ïåðâóþ î÷åðåäü âñå óñèëèÿ íóæ-
íî íàïðàâèòü íå òîëüêî íà óëó÷øåíèå óñëî-
âèé ñîäåðæàíèÿ äåòåé-ñèðîò è äåòåé, îñòàâ-
øèõñÿ áåç ïîïå÷åíèÿ ðîäèòåëåé, èõ îáó÷åíèå
è âîñïèòàíèå, íî è íà óñòðàíåíèå îðèåíòè-
ðîâ, ñïîñîáñòâóþùèõ ðîñòó ñîöèàëüíîãî ñè-
ðîòñòâà [12, ñ. 100–104]. Èíà÷å ãîâîðÿ, íóæ-
íî áîðîòüñÿ ïðåæäå âñåãî íå ñ óñòðàíåíèåì
íåáëàãîïðèÿòíûõ ïîñëåäñòâèé, à íåïîñðåä-
ñòâåííî ñ ñàìîé ïðè÷èíîé [13, ñ. 107–114]. Â
ñîâðåìåííûõ óñëîâèÿõ ïåðñïåêòèâû ðàçâè-
òèÿ äåòåé áóäóò çàâèñåòü îò òîãî, íàñêîëüêî

Ðèñ.  5.  Óñòðîéñòâî äåòåé ïîä îïåêó â Ðåñïóáëèêå Áàøêîðòîñòàí è Ðîññèéñêîé Ôåäåðàöèè â % îò îáùåãî ÷èñëà
óñòðîåííûõ äåòåé
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óñïåøíî ïðîâîäèòñÿ ðàáîòà ïî èõ çàùèòå è
ïîääåðæêå ñåìåé, âîñïèòûâàþùèõ äåòåé.
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SOCIAL  STATUS  OF  ORPHANS  AND  CHILDREN  LEFT  WITHOUT  PARENTAL
CARE  UNDER  SOCIO-ECONOMIC  INSTABILITY

©  R.M. Sadykov

Institute for Social and Economic Studies, Ufa Scientific Centre, RAS,
71, prospekt Oktyabrya, 450054, Ufa, Republic of Bashkortostan, Russia

The author examines the social status of orphans and children left without parental care in the context of the
society’s social and economic instability. The instability of the socio-economic and political life has significantly
expanded the range of different factors that stimulate actively orphanhood, especially social orphanhood. The need
to study orphanhood as a social problem is caused by constant increase in the number of orphans and children left
without parental care, as well as the aggravating problem of child abandonment in modern society. It is revealed
that social orphans constitute the majority of parentless children.

The basic causes for the occurrence of orphans in the modern Russian society include changes in social
value orientations; declining prestige of the family institution; deformation of the family structure and functions;
worse conditions of child support in family; increase in the number of parents leading an immoral lifestyle; growth
of out-of-wedlock births; financial and housing problems and others. Modern family as a social organism has
undergone a destructive impact of various social experiments. Formally, the leading functions of the family are still
preserved, but their actualization has become quite different. Reduced impact of family upbringing has led to the
fact that its positions in spiritual, social and psychological development of a new generation have become almost
superseded by other subjects and institutions.

Statistical data on the status of orphans in the Russian Federation and the Republic of Bashkortostan are given
as well. It is shown that the preferred family placement of children without parental care is adoption, custody or
foster family.

Key words: orphans, children left without parental care, causes of orphanhood, social problems of orphans,
social status of orphans.
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20 ÿíâàðÿ 2014 ã. â Áîñòîíå (ÑØÀ) íà
94-ì ãîäó æèçíè ñêîí÷àëàñü Ñîôèÿ Àëåêñàíäðîâ-
íà Àâèæàíñêàÿ – ôîëüêëîðèñò, ìóçåîëîã, ýòíîëîã,
êðóïíûé ñïåöèàëèñò ïî òðàäèöèîííîé êóëüòóðå
íàðîäîâ Âîëãî-Óðàëüñêîãî ðåãèîíà, âíåñøèé áîëü-
øîé âêëàä â êîìïëåêòîâàíèå áàøêèðñêèõ ýòíî-
ãðàôè÷åñêèõ êîëëåêöèé â Ðîññèéñêîì ýòíîãðàôè-
÷åñêîì ìóçåå (ã. Ñ.-Ïåòåðáóðã) è â èçó÷åíèå äå-
êîðàòèâíî-ïðèêëàäíîãî èñêóññòâà áàøêèð.

Ñîôüÿ Àëåêñàíäðîâíà ðîäèëàñü 5 äåêàáðÿ
1920 ã. â ã. Ïåòðîãðàäå â ñåìüå ñëóæàùèõ. Â 1938 ã.
ïîñëå îêîí÷àíèÿ øêîëû îíà ïîñòóïèëà â Ëåíèí-
ãðàäñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò íà ýòíî-
ãðàôè÷åñêîå îòäåëåíèå ôèëîëîãè÷åñêîãî ôàêóëü-
òåòà. Â 1945 ã. Àâèæàíñêàÿ ïîä ðóêîâîäñòâîì âû-
äàþùåãîñÿ ôîëüêëîðèñòà è ýòíîãðàôà
Â.ß. Ïðîïïà çàùèòèëà äèññåðòàöèþ ïî ìàòåðèà-
ëàì ðóññêîãî ýïîñà íà ñîèñêàíèå ó÷åíîé ñòåïåíè
êàíäèäàòà ôèëîëîãè÷åñêèõ íàóê. Åå äèññåðòàöèÿ
áûëà ïîñâÿùåíà ðóññêîìó ôîëüêëîðó, â ÷àñòíî-
ñòè, èçó÷åíèþ ýïè÷åñêèõ æàíðîâ. Ïîñëå ýòîãî îíà
ñòàëà ðàáîòàòü íàó÷íûì ñîòðóäíèêîì â Ãîñóäàð-
ñòâåííîì ìóçåå ýòíîãðàôèè íàðîäîâ ÑÑÑÐ (â íà-
ñòîÿùåå âðåìÿ Ðîññèéñêèé ýòíîãðàôè÷åñêèé ìó-
çåé). ×åðåç ãîä Ñîôèÿ Àëåêñàíäðîâíà ñòàëà ñòàð-
øèì íàó÷íûì ñîòðóäíèêîì Îòäåëà íàðîäîâ Ïî-
âîëæüÿ è Ïðèóðàëüÿ. Â 1964 ã. Ñ.À. Àâèæàíñêóþ
íàçíà÷èëè çàâåäóþùåé ìåòîäè÷åñêèì ñåêòîðîì
ÃÌÝ, à åùå ÷åðåç äâà ãîäà – çàìåñòèòåëåì äè-
ðåêòîðà ïî íàóêå. Ñîôüÿ Àëåêñàíäðîâíà 35 ëåò
ïëîäîòâîðíî ðàáîòàëà â âåäóùåì ýòíîãðàôè÷åñ-
êîì ìóçåå ñòðàíû, â 1980 ã. îíà âûøëà íà çàñëó-
æåííûé îòäûõ è âïîñëåäñòâèè âûåõàëà íà ïîñòî-
ÿííîå ìåñòî æèòåëüñòâî â ÑØÀ.

Ðàáîòàÿ â Îòäåëå íàðîäîâ Ïîâîëæüÿ è Ïðè-
óðàëüÿ, Ñ.À. Àâèæàíñêàÿ âíåñëà áîëüøîé âêëàä â
áàøêèðñêóþ ýòíîãðàôèþ. Â 50-õ ãã. ïîñëå äëèòåëü-
íîãî ïåðåðûâà áûëè âîçîáíîâëåíû, íà÷àòûå åùå
Ñ.È. Ðóäåíêî ïîýòàïíûå, ñèñòåìàòè÷åñêèå ïîëå-
âûå ýòíîãðàôè÷åñêèå èññëåäîâàíèÿ òðàäèöèîííîé
êóëüòóðû áàøêèð, îõâàòèâøèå îñíîâíûå òåððèòî-
ðèè èõ ðàññåëåíèÿ: ÁÀÑÑÐ, Êóðãàíñêîå è ×åëÿáèí-

ñêîå Çàóðàëüå. Â 1956–1959 ãã. ñîâìåñòíî ñ ñîòðóä-
íèêàìè ÈÈßË ÁÔ ÀÍ ÑÑÑÐ (Ð.Ã. Êóçååâûì,
Í.Â. Áèêóáóëàòîâûì, Ñ.Í. Øèòîâîé, Ò.Ì. Ãàðèïî-
âûì, Ñ.Ô. Ìèðæàíîâîé è äð.) Ñ.À. Àâèæàíñêàÿ
îñóùåñòâèëà ÷åòûðå ýòíîãðàôè÷åñêèå ýêñïåäèöèè.
Â ýêñïåäèöèè 1956 ã. â ñåâåðíûå ðàéîíû ÁÀÑÑÐ
îò ÐÝÌ âìåñòå ñ Ñ.À. Àâèæàíñêîé ðàáîòàëà
Ò.À. Êðþêîâà – èçâåñòíûé ýòíîãðàô, ñïåöèàëèñò
ïî òðàäèöèîííîé êóëüòóðå íàðîäîâ Ïîâîëæüÿ. Ýê-
ñïåäèöèÿ 1957 ã. îõâàòûâàëà öåíòðàëüíûå ðàéîíû
ÁÀÑÑÐ, ýêñïåäèöèÿ 1958 ã. – þæíûå è âîñòî÷íûå,
1959 ã. – ñåâåðíûå ðàéîíû ÁÀÑÑÐ è ñîïðåäåëüíûå
òåððèòîðèè Ñâåðäëîâñêîé îáëàñòè, ÷åëÿáèíñêîå è
êóðãàíñêîå Çàóðàëüå. Â 1969 ã. ïîñëå äåñÿòèëåòíå-
ãî ïåðåðûâà Ñ.À. Àâèæàíñêàÿ âíîâü ïðèíèìàåò
ó÷àñòèå â ýòíîãðàôè÷åñêîé ýêñïåäèöèè îòäåëà ýò-
íîãðàôèè ÈÈßË â çàïàäíûõ è þãî-çàïàäíûõ ðàéî-
íàõ ÁÀÑÑÐ.

Èòîãîì ïðîâåäåííûõ ýòíîãðàôîì èññëåäî-
âàíèé ñòàëè 6 êîëëåêöèè ïî ýòíîãðàôèè áàøêèð â
ôîíäàõ ÐÝÌ îáùåé ÷èñëåííîñòüþ 279 ïðåäìå-
òîâ (êîëëåêöèè ¹¹ 6910, 6973, 7082, 7145, 7892,
8387), à òàêæå 7 êîëëåêöèé ïîëåâûõ ôîòîãðàôèé â
ôîòîòåêå ÐÝÌ, êîòîðûå çíà÷èòåëüíî äîïîëíÿþò
ñîáðàííûå âåùåâûå ìàòåðèàëû (ôô. 163, 213,
214, 305, 330, 406). Öåííîñòü ñîáðàííîãî ýòíîãðà-
ôîì ìàòåðèàëà çàêëþ÷àåòñÿ â òîì, ÷òî îíè ïî-
çâîëèëè âîñïîëíèòü ïðîáåëû ïðåäûäóùèõ ñîáðà-
íèé ïî áàøêèðàì è âî âñåì ìíîãîîáðàçèè ïîêàçà-
ëè ñîõðàíåíèå è ðàçâèòèå íàöèîíàëüíûõ òðàäèöèé
â óáðàíñòâå æèëèùà, îäåæäå è äåêîðàòèâíî-ïðè-
êëàäíîì èñêóññòâå áàøêèð â ñåðåäèíå ÕÕ â.

Íî ãëàâíûì ðåçóëüòàòîì ïðîâåäåííûõ ìíî-
ãîëåòíèõ èññëåäîâàíèé, âåñîìûì âêëàäîì â áàø-
êèðñêóþ ýòíîãðàôèþ ñòàëà êîëëåêòèâíàÿ ìîíî-
ãðàôèÿ Ñ.À. Àâèæàíñêîé, Í.Â. Áèêáóëàòîâà,
Ð.Ã. Êóçååâà «Äåêîðàòèâíî-ïðèêëàäíîå èñêóññò-
âî áàøêèð» (1964). Â îñíîâó êíèãè ëåãëè ìàòåðè-
àëû ýêñïåäèöèé è áàøêèðñêèå êîëëåêöèè, õðàíÿ-
ùèåñÿ â ìóçåéíûõ ôîíäàõ. Çíà÷èòåëüíàÿ ÷àñòü
ìàòåðèàëà äëÿ êíèãè áûëà ñîáðàíà â ýêñïåäèöèè
1956–1959 ãã. À ïðîñïåêò áóäóùåé êíèãè áûë íà-
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ïèñàí ïðÿìî â ïîëå. Íèêîãäà ðàíåå áàøêèðñêîå
íàðîäíîå èñêóññòâî íå ïðåäñòàâàëî ïåðåä ÷èòà-
òåëåì â òàêîé ïîëíîòå. Ýòà êíèãà ñòàëà ýòàëîí-
íîé äëÿ èññëåäîâàòåëåé-ñîâðåìåííèêîâ è èññëå-
äîâàòåëåé áóäóùèõ ïîêîëåíèé. Óíèêàëüíîñòü èç-
äàíèÿ çàêëþ÷àåòñÿ â ðåäêîì ñî÷åòàíèè øèðîòû
îõâàòà (â íåé ðàññìîòðåíû âñå îñíîâíûå âèäû
äåêîðàòèâíîãî òâîð÷åñòâà áàøêèð) ñ ïîäðîáíîñ-
òüþ è äåòàëüíîñòüþ â îïèñàíèè êàæäîãî èç âè-
äîâ, ÷òî ïîçâîëÿåò ïîëó÷èòü íå òîëüêî îáùèå
ïðåäñòàâëåíèÿ î õóäîæåñòâåííûõ òðàäèöèÿõ, íî
è î èõ ëîêàëüíûõ îñîáåííîñòÿõ, ïðîÿâëÿþùèõñÿ
â òåõíîëîãèè, îðíàìåíòå, òåðìèíîëîãèè. Ïðè ýòîì
ýòíîãðàôè÷åñêàÿ ïîäðîáíîñòü â êîëëåêòèâíîé
ìîíîãðàôèè – íå ñàìîöåëü, îíà ïîçâîëÿåò îñóùå-
ñòâèòü àíàëèç èñòîêîâ òðàäèöèè. Îãðîìíûé êîð-
ïóñ ñîáðàííûõ ìàòåðèàëîâ íå ïîä÷èíèë ñåáå èñ-
ñëåäîâàòåëåé, íå ñòàë ñàìîöåëüþ, íî ñòàë îñíî-
âîé äëÿ ãëóáîêîãî èñòîðè÷åñêîãî àíàëèçà è îáîá-
ùåíèé. Ñ.À. Àâèæàíñêîé áûëè ïîäãîòîâëåíû ðàç-
äåëû «Óçîðíîå âÿçàíèå», «Õóäîæåñòâåííàÿ îáðà-
áîòêà ìåòàëëà», «Óêðàøåíèÿ èç êîðàëëîâ, áèñåðà
è ìîíåò». Ýòà êíèãà äî ñèõ ïîð ñîõðàíÿåò ñâîþ
íàó÷íóþ àêòóàëüíîñòü. Ôîðìàò èçäàíèÿ íå ïîçâî-
ëÿë íàñûòèòü åãî öâåòíûìè èëëþñòðàöèÿìè âû-
ñîêîãî êà÷åñòâà. Âïåðâûå áàøêèðñêîå èñêóññòâî
ïðåäñòàëî âî âñåì ìíîãîöâåòèè â àëüáîìå «Íà-
ðîäíîå èñêóññòâî áàøêèð» (1968 ã.), ïîäãîòîâëåí-
íîì òåìè æå àâòîðàìè íà ìàòåðèàëàõ ïðåèìóùå-
ñòâåííî ìóçåéíûõ ñîáðàíèé.

Ñîôüÿ Àëåêñàíäðîâíà Àâèæàíñêàÿ ìíîãî
ñäåëàëà äëÿ ñèñòåìàòèçàöèè ýòíîãðàôè÷åñêèõ
êîëëåêöèé ïî íàðîäàì Ïîâîëæüÿ è Ïðèóðàëüÿ, â
òîì ÷èñëå êîëëåêöèé ïî áàøêèðñêîé ýòíîãðàôèè.
Â 1975 ã. Ñ.À. Àâèæàíñêîé â ñîàâòîðñòâå ñ
Ì.À. Áðàóí è Ò.À. Êðþêîâîé áûë îïóáëèêîâàí
êàòàëîã-óêàçàòåëü è êðàòêîå îïèñàíèå ýòíîãðà-

ôè÷åñêèõ êîëëåêöèé îòäåëà Ïîâîëæüÿ è Ïðèóðà-
ëüÿ. Ïðè åå àêòèâíîì ó÷àñòèè â ìóçåå áûëè ïîä-
ãîòîâëåíû òàêæå äåñÿòêè ïîñòîÿííûõ è âðåìåí-
íûõ âûñòàâîê ïî áàøêèðñêîé ýòíîãðàôèè.

Ñîôèþ Àëåêñàíäðîâíó Àâèæàíñêóþ, âíå-
ñøóþ êðóïíûé âêëàä â áàøêèðñêóþ ýòíîãðàôèþ,
â èñòîðèþ êîìïëåêòîâàíèÿ ìóçåéíûõ êîëëåêöèé
ïî ýòíîãðàôèè áàøêèð, âñåãäà áóäóò ïîìíèòü áó-
äóùèå ïîêîëåíèÿ îòå÷åñòâåííûõ èññëåäîâàòåëåé,
âñå, êòî áóäåò ñîïðèêàñàòüñÿ ñ êóëüòóðîé è áû-
òîì áàøêèðñêîãî íàðîäà.

Îñíîâíûå òðóäû Ñ.À. Àâèæàíñêîé:
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ìèðîâîãî çíà÷åíèÿ ÃÌÝ íàðîäîâ ÑÑÑÐ // Ìóçåéíîå
äåëî â ÑÑÑÐ.  Ì., 1980. Ñ. 105–112.
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12–14 ìàÿ 2014 ã. â ã. Óôå ñîñòîÿëàñü
VI Âñåðîññèéñêàÿ òþðêîëîãè÷åñêàÿ êîíôåðåí-
öèÿ ñ ìåæäóíàðîäíûì ó÷àñòèåì «Óðàë–Àëòàé:
÷åðåç âåêà â áóäóùåå» ñ ó÷àñòèåì âåäóùèõ ñïå-
öèàëèñòîâ èç Áàøêîðòîñòàíà, äðóãèõ ðåãèî-
íîâ Ðîññèéñêîé Ôåäåðàöèè. Â ðàáîòå êîíôå-
ðåíöèè ñ äîêëàäàìè ïðèíÿëè ó÷àñòèå ó÷åíûå
èç Àçåðáàéäæàíà, Òóðöèè.

Êîíôåðåíöèþ îòêðûëà äèðåêòîð Èíñòè-
òóòà èñòîðèè, ÿçûêà è ëèòåðàòóðû ÓÍÖ ÐÀÍ,
äîêòîð ôèëîëîãè÷åñêèõ íàóê, ïðîôåññîð
Ô.Ã. Õèñàìèòäèíîâà. Íà ïëåíàðíîì çàñåäà-
íèè, â ñåêöèÿõ è íà ñèìïîçèóìå áûëî çàñëó-
øàíî áîëåå 130 äîêëàäîâ è âûñòóïëåíèé.
Ñðåäè íèõ îñîáåííî àêòóàëüíî ïðîçâó÷àëè
äîêëàäû äîêòîðà èñòîðè÷åñêèõ íàóê, ïðîôåñ-
ñîðà Ë.Ò. ßáëîíñêîãî (Ìîñêâà), ïîñâÿùåííî-
ãî þáèëåþ «Ñàðìàòñêîãî ñîâåùàíèÿ», äîêòî-
ðà ôèëîëîãè÷åñêèõ íàóê, ïðîôåññîðà Ò.Ã. Âëà-
äûêèíîé (Èæåâñê), îòðàçèâøåé â ñâîåì äîê-
ëàäå ïîíÿòèéíî-òåðìèíîëîãè÷åñêóþ ñèñòåìó
ìèðîâîççðåí÷åñêèõ àñïåêòîâ òðàäèöèîííîé
êóëüòóðû, äîêòîðà ôèëîëîãè÷åñêèõ íàóê, ãëàâ-
íîãî íàó÷íîãî ñîòðóäíèêà ÈÈßË ÓÍÖ ÐÀÍ
(Óôà) Ð.À. Ñóëòàíãàðååâîé, ïðåäñòàâèâøåé
íàó÷íîå èññëåäîâàíèå æèâûõ òðàäèöèé èñ-
ïîëíåíèÿ è íîâûå ñâèäåòåëüñòâà ïî ìèôîïî-
ýòèêå è àíòðîïîëîãèè ýïîñà «Óðàë-áàòûð»
è äð. Áîëüøîé èíòåðåñ âûçâàëà ïðåçåíòàöèÿ
êíèãè «Ãðàììàòèêà áàøêèðñêîãî ÿçûêà» äëÿ
òóðåöêèõ ñòóäåíòîâ çàìåñòèòåëÿ äèðåêòîðà
Èíñòèòóòà Åâðàçèè Ñòàìáóëüñêîãî Óíèâåðñè-
òåòà, äîêòîðà ôèëîëîãèè Èñìåòà Áèíåðà.

Íà êîíôåðåíöèè ðàáîòàëè íàó÷íûå ñåê-
öèè è ñèìïîçèóìû ïî ñëåäóþùèì íàïðàâëå-
íèÿì: èñòîðèÿ, ìàòåðèàëüíàÿ è äóõîâíàÿ êóëü-
òóðà, ÿçûêîçíàíèå, ôîëüêëîðèñòèêà è ëèòåðà-
òóðîâåäåíèå. Ðàáîòà ñåêöèé è ñèìïîçèóìà
ïîäòâåðäèëà âûñîêèé óðîâåíü ïðåäñòàâëåí-
íûõ èññëåäîâàíèé. Â îáëàñòè ÿçûêîçíàíèÿ

ÓÐÀË–ÀËÒÀÉ:  ×ÅÐÅÇ  ÂÅÊÀ  Â  ÁÓÄÓÙÅÅ

îñîáî îòìå÷åíû äîêëàäû ê.ô.í Í.Ñ. Óðòåãå-
øåâà (Íîâîñèáèðñê), ê.ô.í. Ø.Â. Íàôèêîâà
(Óôà), ê.ô.í. Í.Í. Ôåäèíîé (Íîâîñèáèðñê),
Ê.Ñ. Ñàäûêîâà (Òîáîëüñê) è äð. Èõ âûñòóïëå-
íèÿ äîêàçûâàþò, ÷òî èññëåäîâàíèå ïðîáëåì
ÿçûêîçíàíèÿ âûøëî íà êà÷åñòâåííî íîâûé
óðîâåíü, ïîäòâåðæäàÿ ïåðñïåêòèâíîñòü íà-
ïðàâëåíèé íàó÷íîãî ïîèñêà. Äîêòîð ôèëîëî-
ãè÷åñêèõ íàóê, çàâåäóþùèé îòäåëîì ëèòåðàòó-
ðîâåäåíèÿ ÈÈßË ÓÍÖ ÐÀÍ Ì.Õ. Íàäåðãóëîâ
(Óôà) îçíàêîìèë ïðèñóòñòâóþùèõ ñ äîêëàäîì
«Ëåãåíäà è áûëü áàøêèðñêèõ òàðèõíàìå»;
ê.ô.í. Â.È. Ãàðèôóëëèíà (Íàáåðåæíûå ×åëíû)
âûñòóïèëà ñ äîêëàäîì íà òåìó «Ñâîåîáðàçèå
ïåðâûõ ñàòèðè÷åñêèõ æóðíàëîâ», áîëüøîé
èíòåðåñ âûçâàë äîêëàä ê.ô.í. Å.Ò. ×àìçûðûí
(Òóâà) «Ðîëü íàðîäíîé ïîýòèêè â ïîâåñòè “Áå-
ëîëîáûé ðûæèé êîíü” Ìîíãóøà Êåíèí-Ëîï-
ñàíà» è äð. Â îáëàñòè èñòîðè÷åñêèõ èññëåäî-
âàíèé îñîáî îòìå÷åíû äîêëàäû ä.è.í. Ð.Í. Ñó-
ëåéìàíîâîé (Óôà) «Îáðàùåíèÿ íàñåëåíèÿ
Áàøêèðèè â 1953 – íà÷àëå 1960-õ ãã. êàê ïîêà-
çàòåëü îòíîøåíèÿ ê âëàñòè», ä.è.í. Ð.À. Õàçè-
åâà «Ðûíî÷íûé àíêëàâ â Áàøðåñïóáëèêå è
“òàéíûå ìèëëèîíùèêè” íà Óðàëå â ïåðèîä
“âîåííîãî êîììóíèçìà”», ê.ïåä.í. Ñ.Ï. Òàãè-
åâà (Áàêó) «Òþðêñêèå õðèñòèàíñêèå ïàìÿòíè-
êè â Àçåðáàéäæàíå» è äð. Ïðîáëåìàì ðàçâè-
òèÿ ìàòåðèàëüíîé è äóõîâíîé êóëüòóðû óðà-
ëî-àëòàéñêèõ íàðîäîâ áûëî óäåëåíî îñîáîå
âíèìàíèå. Çäåñü ñëåäóåò îòìåòèòü äîêëàäû
ä.è.í. Þ.Á. Ñåðèêîâà (Íèæíèé Òàãèë) «Çîëî-
òûå áëÿøêè ãóííñêîãî ïåðèîäà íà Óðàëå»,
ê.è.í. Â.Ã. Êîòîâà (Óôà) «Óðàëî-Àëòàéñêèå
ñâÿçè â ðàííåì æåëåçíîì âåêå: ñåìàíòèêà ñöå-
íû íà Ôèëèïïîâñêîì àêèíàêå», ê.è.í.
Ç.Ì. Äàâëåòøèíîé (Óôà) «Îáùèå ÷åðòû â
êóëüòóðå êî÷åâíèêîâ-ñêîòîâîäîâ è îñåäëûõ
îâöåâîäîâ Åâðàçèè». Ñèìïîçèóì «Ôîëüêëîð-
íîå íàñëåäèå íàðîäîâ óðàëî-àëòàéñêîãî ðåãè-
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îíà: òðàäèöèè è ñîâðåìåííîñòü» îòðàçèë âàæ-
íåéøèå íàïðàâëåíèÿ â îáëàñòè ôîëüêëîðèñ-
òèêè, ïîäûòîæèâ ìíîãîëåòíèå ïëîäîòâîðíûå
èññëåäîâàíèÿ â äàííîé ñôåðå ó÷åíûõ èç ðàç-
íûõ ðåãèîíîâ Óðàëî-Àëòàÿ.

Íà êîíôåðåíöèè áûë ðàçðàáîòàí ïðîåêò
ðåçîëþöèè, â êîòîðîì ó÷àñòíèêè ôîðóìà, ó÷è-
òûâàÿ àêòóàëüíîñòü ïðîáëåì, ñâÿçàííûõ ñ èçó-
÷åíèåì èñòîðèè, ÿçûêà è êóëüòóðû íàðîäîâ
Óðàëî-Àëòàéñêîãî ðåãèîíà, â öåëÿõ äàëüíåé-
øåãî ñîõðàíåíèÿ íàó÷íîãî è êóëüòóðíîãî íà-
ñëåäèÿ íàðîäîâ Ðîññèè, ïðèíÿëè ñëåäóþùèå
ðåøåíèÿ:

– óêðåïèòü ìàòåðèàëüíî-îðãàíèçàöèîí-
íóþ îñíîâó äëÿ ïðîâåäåíèÿ íà áàçå ÈÈßË
ÓÍÖ ÐÀÍ ðåãóëÿðíûõ òåìàòè÷åñêèõ êîíôåðåí-
öèé äëÿ Óðàëî-Àëòàéñêîãî ðåãèîíà ïî ðàç-
ëè÷íûì ïðîáëåìàì ãóìàíèòàðíîãî çíàíèÿ â
öåëÿõ äàëüíåéøåãî ðàçâèòèÿ ñîçèäàòåëüíîé
äåÿòåëüíîñòè ñïåöèàëèñòîâ-ãóìàíèòàðèåâ,
îáìåíà íàó÷íûìè äîñòèæåíèÿìè;

–  íà óðîâíå ôåäåðàëüíûõ îêðóãîâ è
ñóáúåêòîâ Ðîññèéñêîé Ôåäåðàöèè ïîñëåäîâà-
òåëüíî îñóùåñòâëÿòü ïðîãðàììû ïîääåðæêè
êóëüòóð è ÿçûêîâ ìàëûõ íàðîäîâ è çàùèòû íà-
öèîíàëüíûõ ìåíüøèíñòâ, íàðÿäó ñ ïðîãðàì-
ìîé ðàçâèòèÿ ðóññêîãî ÿçûêà è îáùåðîññèé-
ñêîé êóëüòóðû íà âñåé òåððèòîðèè ñòðàíû;

–  íåîáõîäèìà ðåàëèçàöèÿ öåëåâûõ äîë-
ãîâðåìåííûõ ïðîãðàìì â îáëàñòè ãóìàíèòàð-
íûõ íàóê íà Þæíîì Óðàëå (ñîçäàíèå åäèíîé
áàçû äàííûõ àðàáîãðàôè÷íûõ ðóêîïèñåé è èõ
ïåðåâîä íà ñîâðåìåííûé áàøêèðñêèé, ðóñ-
ñêèé è àíãëèéñêèé ÿçûêè, óãëóáëåííîå àí-
òðîïîëîãè÷åñêîå èññëåäîâàíèå ýòíè÷åñêèõ

ìàññèâîâ â ðåãèîíå, âûÿâëåíèå è ïóáëèêàöèÿ
èñòîðè÷åñêèõ èñòî÷íèêîâ ïî ðàçëè÷íîìó êðó-
ãó ïðîáëåì);

– îðãàíèçîâûâàòü ñîâìåñòíûå èññëåäî-
âàíèÿ ïî ÿçûêó è ôîëüêëîðó òþðêñêèõ íàðî-
äîâ Óðàëî-Àëòàÿ. Ñîçäàòü åäèíóþ áàçó äàí-
íûõ è èíôîðìàöèîííûõ ðåñóðñîâ ïî äóõîâ-
íîé êóëüòóðå íàðîäîâ óðàëî-àëòàéñêîãî ðåãè-
îíà, ïðè ñîäåéñòâèè êîìïëåêñíûõ èíòåãðà-
öèîííûõ ïðîåêòîâ ðàçëè÷íûõ ðåãèîíàëüíûõ
íàó÷íûõ öåíòðîâ;

– íåîáõîäèìî ïðîâåäåíèå ðàáîòû ïî èçó-
÷åíèþ è èçäàíèþ áàøêèðñêèõ ýïîñîâ íà ÿçû-
êè íàðîäîâ ÑÍÃ, âûäåëåíèå çíà÷èìûõ îáúåê-
òîâ ìàòåðèàëüíîé è äóõîâíîé êóëüòóðû áàø-
êèðñêîãî íàðîäà äëÿ âíåñåíèÿ â ñïèñîê îáúåê-
òîâ, îõðàíÿåìûõ ÞÍÝÑÊÎ (êóðàé, áàøêèð-
ñêèé ýïîñ è ò.ä.).

Êàê îòìåòèëè ó÷àñòíèêè êîíôåðåíöèè,
ñîñòîÿâøèéñÿ íàó÷íûé ôîðóì âíåñ çíà÷è-
òåëüíûé âêëàä â èññëåäîâàíèå àêòóàëüíûõ
ïðîáëåì ãóìàíèòàðíûõ è îáùåñòâåííûõ íàóê
Ðîññèè è Áàøêîðòîñòàíà. Ìàòåðèàëû íàó÷íîé
êîíôåðåíöèè ñâèäåòåëüñòâóþò, ÷òî Èíñòèòóò
èñòîðèè, ÿçûêà è ëèòåðàòóðû Óôèìñêîãî íà-
ó÷íîãî öåíòðà Ðîññèéñêîé àêàäåìèè íàóê ÿâ-
ëÿåòñÿ êîîðäèíàöèîííûì öåíòðîì, îáúåäè-
íÿþùèì ó÷åíûõ Óðàëî-Àëòàéñêîãî ðåãèîíà,
ñîõðàíÿÿ çàñëóæåííóþ ðåïóòàöèþ êðóïíîãî
öåíòðà àêàäåìè÷åñêîé íàóêè Ðîññèéñêîé Ôå-
äåðàöèè.

Ê íà÷àëó êîíôåðåíöèè áûë ïîäãîòîâëåí
è èçäàí ñáîðíèê ìàòåðèàëîâ «Óðàë–Àëòàé: ÷å-
ðåç âåêà â áóäóùåå» îáúåìîì 48.13 óñë.-ïå÷. ë.
(414 ñ.)

Ìàòåðèàëû ñîîáùåíèÿ
ïîäãîòîâèëà ê ïå÷àòè

Í.Â. ÀÕÌÀÄÈÅÂÀ, ê.è.í.
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