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In the frame of non-classical linearization approach using for determination of the Earth depth density 
increase, considering along with the physical and geometrical  nonlinearity of the deformation and density 
processes of the geo-environment, the formula pattern – Adams-Williamson’s is obtained.  

 
Introduction 

 
 For creation of more real models of the 
Earth and for well-grounded processing and in-
terpretation of the seismic (tomographic, seismo-
logic, etc.) information it’s necessary to use 
alongside with the earth linear physical-mechani-
cal properties and small deformation, the nonlin-
ear physical-mechanical properties, large defor-
mation, geometric and force parameters of the 
deformed earth.  
 The non-classical linearized theory on the 
deformed solid body has already ventured to 
solve the analogical objectives in tectonophysics. 
Therefore, it’s expedient to draw the given theory 
onto the determination of the earth innerior struc-
ture parameters. Taking into account all neces-
sary parameters within the limit of Parameter 
Earth Model (PEM) are distinguished by using 
formula speed of large elastic wave and the for-
mula of density depth increase, in this article by 
using these formulas the Adam Williamson’s 
equation is obtained. It was demonstrated how 
the nonlinearity deformation and intensity con-
siderably influence on earth depth density in-
crease. Quantitative corrections to generally a 
accepted values of density increase obtained 
within of deformation theories are different and 
depending on earth physical-mechanical proper-
ties reaching the substantial sizes they can bring 
to compression and de-compression.  
 Density distribution, debayev’s tempera-
ture, Grewnayzen parameter, grating part of the 
heat conductivity coefficient, earth specific en-
tropy, adiabatic temperature, melting temperature 
and their gradients, contrast entropy and heating 
effect during the cycle skip, dip of the curved 

phase equilibrium and the thermal crystallization 
for mantle and core are the main Earth inner 
structure parameters in parametrical models 
(Jarkov, 1983; Magnitskiy, 1965; Ringvud, 1982; 
Artyushkov, 1993). While the determination it’s 
necessary to know preliminarily the moveout 
density on entrails depth. Therefore, it’s impor-
tant to determine more exactly this parameter in 
real conditions. In modern models for definition 
there used the Adams-Williamson’s Equation 
(Jarkov, 1983).  

   ∆
Φ

=∆
gρρ ,                       (1) 

 where, ρ  – structure density in examined depth, 
g – gravitational acceleration corresponding to 
given depth, ρ∆  – moveout density, ∆ – 

moveout depth, 
ρ

0K
=Φ  – seismic parameter, 

µλ
3
2

0 +=K – bulk modulus; µλ,  – elastic 

module of the second order. 
 Seismic parameter Ф – helps to open the 
density formation mechanism and its increase. 
From other hand it shows the possibilities of us-
age of information on determination of elastic 
waves speed. In practice in geophysical re-
searches usually elastic waves speed is deter-
mined by the assistance of processing of seismic 
information on the basis of the linear theory of 
elasticity in homogeneous isotope earth model 
approximation in the cases of small deformation. 
In the frame of classical linearity theory it’s ac-
cepted that intensity levels don’t exceed the limit 
of linearity elasticity, the deformation is small 
(lengthening between the two points is consid-
erably less than unity; relative deformation is 1-
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2%); the angles of two linear elements during the 
deformation are nearly remained unchangeable). 
In scientific literature this situation got the name 
the first variant of small elastic deformation the-
ory. If to take into account the additional demand 
to these terms –the submission of relations be-
tween the components of stress tensor and de-
formation to Hook’s Law then it’s the second 
variant of small deformation theory. Violation of 
these terms leads to large (final) deformation the-
ory that is the nonlinearity theory. In the frame of 
elastic linearity theory    

22

3
4

sp VV −=Φ                            (2)  

µρµλρ =+= 22 ,2 sp VV                   (3) 

Here, sp VV ,  - accordingly, the velocities of 
elastic primary and secondary (P and S) waves. 
In this case (1) is true only within the limit of 
reliability (3). To enlarge the limit of applicabil-
ity (1) it’s also necessary to take into account the 
nonlinearity process of deformation and earth 
intensity while defining the velosities of elastic 
waves and make corresponding changes in (1) 
and (3). No more so, the results of the experi-
ments (Klarca, 1969; Bayuk etc., 1982) show that 
the physical characteristics within the changing 
thermobaric conditions are remained unfixed (as 
accepted in linearity theories), but on nonlinearity 
ones they are changed in considerable intervals. 
Under these terms the usage of (1) is able to 
cause significant misrepresent (distort) in scien-
tific notion on Earth inner structure in general, 
and in qualitative changes of separate parameters 
too. And that’s why, in given article proceeding 
from the provisions of non-classical linearization 
theory, for definition of density depth increase 
was obtained the equation as Adams-William-
son’s with due regard for geometrical and physi-
cal earth non-linearity deformation and intensity.  
 

About the Earth Density 
 
 One of the fundamental parameters of 
Earth inner structure is the medium density of the 
Earth entrails. It characterizes the mass quantity 
in unit volume and is usually experimentally de-
termined by the atmosphere pressure and the 
room temperature. In the frame of phenomenol-
ogical approach the unit volume is also signifi-
cant, and because of it in isotropy and anisotropy 

model limitations the medium density is accepted 
stable (unchangeable). Each rock (earth material) 
alongside with other physical, petrophysical ones 
has got its own definite density.  
 With the change of thermobaric conditions 
the density and as the other medium (rock) 
physical properties are also undergo changes. Till 
definite thermobaric level changes (till the phase 
skip) despite the meaning variations of above 
mentioned parameters, nevertheless, the tested 
rocks keep their own denominations (names). For 
example, granite by the atmosphere pressure and 
under the pressure of 2 (Гпa), it’s called just the 
same - the granite. However, in numerical sense 
the physical and density properties, correspond-
ing to these pressures, significant diverge are ob-
served experimentally, in other words, the neces-
sary terms of invariability are broken. Accumu-
lated great deal of experimental results (Klarca, 
1969; Bayuk etc., 1982) demonstrates that the 
changes of the medium physical-mechanical and 
density properties with the thermobaric altera-
tions have nonlinearity character. The pointed 
variations are connected with the deformation 
process and its nonlinearity has geometrical (link 
between deformations and transference) and 
physical (link between intensity (pressure) and 
deformations) nature. That’s why only the linear-
ity theories have opportunity to take into account 
the changes in such fundamental parameters that 
in classical theory limitation they are considered 
to unchangeable.  
 By unit volume invariability, the density 
variability within the considered volume happens 
by increasing (compression – density increase) or 
decreasing (decompression) the mass quantity. 
Within unchangeable mass quantity, the density 
variety occurs by changing the size of the unit 
volume. By their increase the decompression 
process, but by their decrease- the process of 
compression will be described (density increase). 
It’s observed that the medium physical-mechani-
cal and density properties within the changing 
thermobaric conditions stay unfixed, but can vary 
in considerable intervals. Such condition brings 
(leads) to ambiguity in solving the aims of inertia 
in seismic researches. The data of various earths 
(rock) is found in interval varieties. Such invari-
ability is connected firstly with nonlinearity 
process of deformation and preliminary earth in-
tensity. The density changes are realized when 
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the stress - state drops out the boundaries that 
ground, the base of classical linearity theory.  

 
About the Parametrical Earth models (PEM) 

 
 The real models of the Earth inner struc-
ture and the so called modern models of PEM 
leads (brings) to good agreement with the data on 
field geophysical measurements (Abasov etc, 
1992). It’s noted that in PEM limitation the den-
sity distribution in the Earth depth 670 kilometers 
is submitted to (1) and the deviation of real data  
from the results of this equation don’t exceed 
0,2%. Despite the good correspondence with the 
data of measurement, (1) doesn’t permit to reveal 
fully the density variety mechanism on depth. 
Seismic parameter Φ  is defined through the ve-
locities of elastic compressional pV  and shear sV  
waves according to (2) by (3). In practice the ve-
locities of elastic waves are determined in real 
Earth where the conditions are considerably 
complicated than those are required during the 
withdrawal of (3). Great deal of lab experiments 
show (Klarca, 1969; Bayuk etc., 1982) that the 
volume of these kinematics (traveltime character-
istics) parameters of elastic waves alongside with 
physical-mechanical properties significantly de-
pend on nonlinearity physical-mechanical, force 
and structural parameters of the deformed sys-
tem. These states are stipulated to use nonlinear-
ity theory. The aim of drawing in the nonlinearity 
theory, from one hand is to clarify the classical 
model parameters, and from other hand, to de-
termine the other additional informative parame-
ters on physical-mechanical, force and geometri-
cal properties. 
 One of the main dignities of PEM along-
side with adequate of their theoretical results with 
the results of measurements, are simplicity of 
their significant states and theoretical description. 
On this regard, attracting nonlinearity theory for 
determination of the Earth inner structure some-
how complicates the model construction and di-
minishes their simplicity. For keeping the sim-
plicity of the theory and clearness of achieved 
results there were suggested numerous hybrid 
approaches based on classical theories states and 
on additional empiric results (lab and field re-
sults). In separate cases, especially when the 
learned processes can stand the visual measure-
ments (engineering geology and geophysics) or 

even if can stand the direct results evaluation in-
direct measurements (seismic exploration, seis-
mic tomography and so on), such approaches al-
low to get not bad practical results, though in 
theoretical sense they are not accurate. The main 
practical shortcomings of such approaches are the 
impossibility to transfer these Law conformities 
and dependence in concrete cases on other ana-
logical ones. Every time it’s needed to carry out 
lab and field experiments.  
 In different branches of physics, including 
the solid (compact) medium in mechanics are met 
the analogical situations. In comparison with ge-
ology these branches mathematically are more 
formalized, so they give considerable opportunity 
to advance in working out the fundamental, as 
well as the practical problems. Significant role in 
this point belongs to the disturbance theory.  
 Nearly in all modern Earth models the 
theoretical principle for determination of its inner 
structure parameters the density theory is used, 
and this theory plays great role in investigations 
of structural geology, tectonics, geodynamics, 
geophysics and so on. The process of nonlinear-
ity deformation within the disturbance theory is 
introduced in the forms of stage consistency of 
indeformed natural, deformed elementary and 
deformed actual states. The last two stages can 
embrace as small as well as large deformations, 
in other words, they can be described as linearity 
and nonlinearity theories. The density linearity 
theory is the zero approximation to density 
nonlinearity theory. In this case linearization is 
held in small environs of the elementary de-
formed state. And what is more, in practical ap-
plications mainly the second variant of small de-
formation. Without using additional information 
from other branches of science, in tectonophysics 
drawing in the mechanic linearity theory on de-
formed solid body is theoretically possible to de-
termine only the medium linearity physical-
mechanical properties and the primary density 
(which remains unchangeable during the defor-
mation process). In the frame of this theory the 
medium petrophysical properties are also deter-
mined through the elastic linearity parameters. As 
an example the (3) can be given. This case em-
braces the stages of natural and elementary (and 
this is within the small deformations) deformed 
states and by outer (external) loading the body 
reverts to its natural state. Determined just within 
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these states the constant Liam characterizes the 
earth linearity physical-mechanical properties (in 
geology they adequately determine lithology) and 
according to them the rocks (earth materials) 
have got names. Therefore, it presents scientific 
and practical interest in synthesis of properties of 
linearity physical-mechanical parameters and me-
dium density, when the levels of deformation and 
intensity are related to the actual state level by the 
nonlinearity deformation and there’s no opportu-
nity to carry out direct quantitative evaluation. To 
achieve this aim it’s suggested to proceed from the 
non-classical linearization theory.  

 
The non-classical linearized theory of density 

 
 Alongside with the classical linearization 
in small environs of the elementary state, non-
classical linearization in small environs of arbi-
trary (at will) point of actual state is found its 
large applicability (Biot, 1965; Guz, 1986). And 
within this approach there appear the linearity 
approximation in nonlinearity theory. This is the 
specific first approximation. The specification of 
it is that this approximation doesn’t start from the 
final point of elementary stage but starts from the 
small environs of the arbitrary (at will) point of 
the actual state. In the case of homogenous ele-
mentary intensive stage the main equations on 
movement of non-classical linearization theory 
by their outward shapes are identical with those 
that in classical theory. This identity is formal. 
Firstly, the constant coefficients in these equa-
tions are formed by linearity and nonlinearity 
physical-mechanical properties, force, geometri-
cal parameters and medium density, describing 
all previous process of deformation and distur-
bance in small environs of examined point. Sec-
ondly, these equations are obtained concerning 
on disturbances. At the same time the equation of 
the classical theory is obtained concerning the 
transference of the elementary state, and the coef-
ficients characterize only the linearity physical-
mechanical properties of the earth and density. 
Hence, the non-classical and classical lineariza-
tion theories describe considerably different from 
each other processes. So far as only the first was 
obtained by more successive and strict lineariza-
tion, but when determining the parameters of the 
Earth inner structure the preference is given to 

non-classical approach, the more so, it’s enough 
simple in use.  
 The non-classical linearization approach 
allowed theoretically to predict about the exis-
tence of whole planetary folds, lateral faults in 
the earth’s interior, possibility of formation and 
development of sedimentary basins only by 
means of the inner energetic, destruction of the 
earth’s interior structure by exfoliation and so on 
(Kuliev etc., 1989; Kuliev etc., 1991; Abasov 
etc., 1992; Kuliev etc., 1995; Kuliev etc., 1996a; 
Kuliev etc., 1996b; Kuliev, 1998a; Kuliev etc., 
1998; Kuliev and Jabbarov, 1998; Kuliev, 1998b; 
Kuliev, 1998c; Kuliev, 1998d; Kuliev, 2000; Ku-
liev and Jabbarov, 2000; Kuliev and Djevanshir, 
2000; Abasov etc, 2000; Kuliev, 2005). Within 
the frame of the given approach the conception of 
non-stability in geodynamics is presented accord-
ing to that all the processes and phenomena are 
examined not in traditional geology, but as in a 
new geophysical medium. It’s introduced that the 
traditional geological medium within the geo-
logical time is already under the impact of cos-
mogenous, exogenous (at the same time, the 
technogenous) and endogenous physical fields of 
various nature and the learned processes and 
phenomena happen in this background, that is the 
learned processes are examined in the form of 
disturbance relatively to the background (elemen-
tary) state parameters. This state is reflected in 
the linearization method, in the structure of main 
equations and edge conditions and in the methods 
by which the researched objectives are going to 
be solved (Guz, 1986; Kuliev, 2005).  
 The most general formula for the definition 
of kinematic and dynamic characteristics of re-
flected and refracted elastic waves in triaxial 
stressed medium within the three-dimensional 
linearized elastodynamics with involving of dif-
ferent elastic potentialities for compressive ani-
sotropic medium in the case of small and large 
deformations is got in (Kuliev and Jabbarov, 
1998). It’s accepted that the directions of the 
elastic symmetry of the anisotropy medium, main 
intensity and the wave front transmission differ 
from each other. The elastic wave speed is de-
fined as  
 

( ) ;sin

2
2

3113333313311111

31133333
2

αα

α

θωωωω

ωωρ

Ω±−−++

++=V
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( )[{ −×−=Ω αα θωω 2

13311111 sin  

( ) ] +−−
22

31133333 cos αθωω  

( ) }2
1

222
31131333 cossin4 αα θθωω ++  

θωθωρ 2
3223

2
1221

2 cossin +=SHV ,          (4) 
 

Where the symbol "+" in front of Ω  corresponds 
to quasi-compressional Р wave and in this case 

pVV =α ; but the symbol " – " in quasi-shear SV 
wave and then svVV =α ; ijnmω  – the tensor com-
ponents of the fourth level characterizing the me-
dium linearity and non-linearity physical- me-
chanical properties and the elementary intensive 
state, they’re defined by concretization of the 
structure of the elastic potentialities; αθ – the an-
gle of incidence, quasi-compressional wave Р and 
quasi-shear wave; index α  is chosen as follow-
ing: 0=α  for incidence quasi-Р waves in the 
first medium; 1=α  for reflected quasi-Р waves 
in the first medium; 2=α  for passing quasi -Р 
waves of the second medium; 3=α  for inci-
dence quasi-SV waves of the first medium; 

4=α  for passing quasi-SV waves of the second 
medium; the word “quasi” means that the waves 
are distributed in previously intensive isotropic 
and anisotropic mediums. When the intensity is 
absent, they pass on to usual waves.  
 For concluding the equation like Adams 
Williamson with due regards the medium inten-
sity and non-linearity process deformation let’s 
consider the case 0=θ  within the comprehen-
sive compression. Then,  
 

3223
222 ωρρρ === shsvs VVV  and 3333

2 ωρ =pV . (5) 
 

 According to the (5), for the definition of 
the seismic parameterΦ , under the (2), we found  
  

       ⎟
⎠
⎞

⎜
⎝
⎛ −=Φ −

32233333
1

3
4ωωρ .               (6) 

 
In this case the equation of Adams-Williamson 
has such an affect  

∆
−

=∆
32233333

2

3
4ωω

ρρ g ,                  (7) 

 
which is main in learning density increase of the 
earth material with the increase of the depth with 
advance consideration of the medium intensity, 
physical and mechanical non-linearity defor-
mation. Analogically can be learned the non-
compressed models of the elastic with the appli-
cation of the approach generalized on continuous 
loading of elastic-plastic models and quasi-
statistical approach of viscoelastic medium mod-
els (Guz, 1986).  
 In the considered problem the geodynamic 
aspect is characterized with the specificity of the 
deformation process realization in various geo-
logical mediums, geological conditions under the 
influence of different force/power factors of 
cosmogenous, exogenous and endogenous nature. 
The specific role plays the deformation ability of 
various earth materials from different lithological 
and stratigrahpic groups. In connection with it, in 
geodynamic problems it’s necessary in appropri-
ate accordance to model the law on earth’s mate-
rial deformation. Here by analogy of the de-
formed solid body mechanics is considered that 
by sufficient level of accuracy these laws can be 
established by the help of elastic potentialities for 
compressed and non-compressed mediums.  
 In the limit of such approach while defin-
ing the component αβωij  there are allocated three 
different variants depending on deformation size 
in elementary state, that is, in the state before the 
wave processes appear:  
 
 а) large (final) elementary deformation 
theory 

[ += βαβααβ δδλλω iijjij A  
]++−+ ijjijiij µδδδδδ αββα ))(1(  

0
ββαβδδ Sji+ ,                          (8) 

 
 b) the first variant of small elementary de-
formation theory (  shift and lengthening are 
small in comparison with  unit)   
 

[ += βαβααβ δδλλω iijjij A  
]++−+ ijjijiij µδδδδδ αββα ))(1(  

0
ββαβ σδδ ji+ ,                         (9) 
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 c) the second variant of the small elemen-
tary deformation (in additional to the first variant 
of the small elementary deformations is consid-
ered that the tensor intensity and deformation 
components are submitted to Hook Law).   
 

+= βαβαβ δδω iijij A  
++−+ ijjijiij µδδδδδ αββα ))(1(  

0
ββαβ σδδ ji+ .                       (10) 

 
 In (8)-(10): iλ  (i=1,2,3) - lengthening co-
efficient lengthways of the coordinate axis ix ; 

ijδ - Cronerker’s  symbols; 0
ββS - co-variants con-

taining Lagrange intensity  tensor concerning the 
basic vectors of the elementary state; 0

ββσ  - coef-
ficient of the usual intensity tensor.  The 
sizes βiA , ijµ  and  0

ββS  (or 0
ββσ ) are  existed for 

each variant (8)-(10) under certain form. Espe-
cially, in the case of hyper-elastic isotopic mate-
rials, that is, in hypothesis about the existence of 
an elastic potentiality 0Φ , they are defined by   

( ) 02 Φ+ΣΣ= iiiiji BA ββββ δ ;  
0Φ= ijij Bµ ; 00 ΦΣ= ββββS ;  

   ( )0
3

0
2

0
1

0 ,, AAAΦ=Φ ,          (11) 
 

where the following differential  expressions are 
entered 

( ) 0
3

20
0
2

0
0
1

32
AAA iiiiii ∂
∂

+
∂
∂

+
∂
∂

=Σ εε ; 

( ) 0
3

00
0
2 2

3
AA

B jjiiij ∂
∂

++
∂
∂

= εε .        (12) 

 
 In (11), (12) 0

iA  (i=1,2,3) –the algebraic 
invariants of Green deformation tensor in ele-
mentary state; 0

ijε - containing the Green defor-
mation tensor that are defined by various ways 
within the small and large deformation theory. 
While researching the natural distribution of elas-
tic waves in the states of elementary deformation, 
two cases of plane harmonic waves are distin-
guished. In the first case - the distance changes 
between the material particles because of elemen-
tary deformation aren’t taken into account, and 
the wave velocity distribution is called the “natu-

ral” velocity (Trurston and Brugger, 1964). In the 
second – the distance changes between the mate-
rial particles because of elementary deformation 
are taken into account, the wave speed/velocity 
distribution is called the “real” velocity. In con-
nection with the above said, comparing the theo-
retical results based on (7), on the results of the 
experimental (lab) and field seismic researches, 
it’s necessary to distinguish all these nuances. 
For further researches it’s necessary to concretize 
the structure of the elastic potentiality. The ex-
periments carried out previously in compressed 
mediums (Trurston and Brugger, 1964) and 
analyses of the results (Guz, 1986) showed that 
for the explanation of the observed acoustoelastic 
effect onto the wave theory, the elastic potentiali-
ties containing the three algebraic invariants of 
Green deformation tensor must be involved in it, 
which predetermine the calculation of the non-
linearity process of deformation. The acoustoe-
lastic effect describes the variety of the character 
and the velocity reaction degrees distribution of 
various polarization of the shear elastic wave on 
preliminary medium intensity. Due to it for get-
ting quantity estimation, later the case on com-
pressed medium submitted to Murnagan’s type of 
elastic potential is considered. In this case (7) 
acquired the form  
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

∆
≈

+
∆

=∆
00

2

0

2

1
K
NP

K
lg

PNK
lg ρρρ ,       (13) 

 
here the designations are accepted: 1. “Natural” 
speeds a) the theory of large (final) and the first 
variant of small elementary deformation theory 
and II. “Real” speeds: b) the second variant of 
small elementary deformation theory.   
 

13
1 NN −−= ; 

bacn
K
nN 33

3
1;

3
2

0
1 ++== ,     (14) 

 
 In the case: II “Real” speeds: a) theory of  large 
(final) and the final variant of small elementary 
deformation theory  
 

11 NN −−=                       (15) 
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And in the case: I. “Natural” speeds b) The second 
variant of small elementary deformation theory 
 

13
1 NN −= .                       (16) 

 
Here – the constant a,b,c – the third order elastic-
ity modules introduced to the theory through the 
Murnagan’s type of elastic potential. 
 So, not breaking down the generality of all 
theories and variants mentioned above, moveout 
density by increasing the depth in Earth interior 
can be defined by the help of the following equa-
tion:    

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++

∆
≈∆

000

2

3
2

3
1

K
nm

K
P

K
lgρρ ,      (17) 

 
here  m= 1 at (9); m=3 at (10); m= - 1 at (11). 
 From these results proceeds that in the case 
of physical non-linearity absence ( )01 =N  the 

change character of the parameter 12
0 −
∆
∆

lg
K
ρ

ρ  is 

proportional to the change 
0K

P , and the propor-

tionality coefficient for various deformation the-
ory variants is different. From the (13), (16) and 
(17) proceeds that in the case of б) in I, if the in-
fluence of physical non-linearity ( 0=== cba ) 
isn’t taken into account, so the pressure size 
growth leads to moveout density reduction. Ap-
parently, the given result is connected with inac-
curacy of deformation process approximation in 
small elastic deformation only by involving in the 
geometrical non-linearity (at the same time the 
usage of Hook Law is demanded). In the case of 
three-dimensional tasks this is the rough ap-
proach. In mechanics, thin-walled bodies’ re-
search processes (plates and crust) in many appli-
cations such approaches are sufficiently used, 
where the occurrence of geometrical non-
linearity is connected with large flexibility of 
thin-walled constructions.  
 From the (17) is followed that depending on 
size of numerical importance and the parameter 

mark n  and m, with the growth 
0K

P
, joint im-

pact/influence of physical and geometrical non-
linearity on moveout density can be various.  

Numerical results and discussion 
 

 By the external form (17) for “natural” and 
“real” velocity/speed and for various variants of 
the deformation theory doesn’t differ. However, 
the elastic modules have significantly various 
qualitative meanings for these velocities/speeds 
and for the variants of the deformation theory as 
well. That’s why according to the calculation due 
to the (17) all the same various results are got for 
these theories and variants. For example, proceed 
from the data (Guz, 1986)) that for organic glass 
with the n size in the case of “real” veloc-
ity/speed within the frame of large deformation 
and the first variant of small elementary deforma-
tion theory is equal to 38,21⋅103 МПа, but within 
the frame of the second variant of small elemen-
tary deformation theory is equal to 10,78⋅103 

МПа. Hence, they differ from each other 3,54 
times. The pressure size module for this material 
is 3

0 1031,5 ⋅=K МПа. Some qualitative results 
about the influence of pressure changes on 
moveout density are reflected in the fig. 1. From 
the given results is seen that by the growth of 
pressure the size of moveout density is reduced 
within the frame of all analyzed deformation the-
ory variants and within the notion of harmonic 
waves. Hence, the speed of compression process 
is reduced. In the case with “real” velocity/speed 
(fig. 1 line 1) this reduction, in other words, the 
compression process, by achieving certain size 

0K
P , stops. The future pressure growth brings to 

uncompression process. The difference in quanti-
tative results for various variants of deformation 
theory is considerably sufficient. In the case with 
“natural” velocity/speed (fig. 1 line 2) this phe-
nomenon isn’t observed. The dotted line corre-
sponds to Adams-Williamson’s equation. Here 
given results are applied within the limit of 

36,0
0
≤

K
P  as by violating this setting with or-

ganic glass then “inner” instability process takes 
place (Biot, 1965; Guz, 1986) and dependences 
of non-classical linearization approach in the 
elastic deformation level are not applied.  
  While evaluating the quantitative numbers 
got in the frame of non-classical linearization 
approach, the most reliable one can be considered 
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the results that correspond to the case 3=m , as 
in this case the shapes of the waves are modeled 
more grounded and the deformations in theore-
tical aspect are approximated more systematically 
and strictly. Accordingly the second and third 
ones out of this case can be considered 1=m  and 

1−=m . According to this note is achieved that in 
the case 1=m , the results for the organic glass 
are underestimated for 14, 8%, and in the case 

1−=m  - 33,4% with the comparison of results of 
the case 3=m . If we suppose that according to 
the case 3=m , transition from the compression 
zone on to the uncompression zone happens in 
the depth 1000km, then according to the cases 

1=m  и 1−=m  is got that this transition is real-
ized in the depth 852 km and 666 km, in other 
words, the accepted simplification is considera-
bly rough/rude. So, in the frame of non-classical 
linearization approach more adequate modeled 
shapes of seismic waves and more exact ap-
proximation of deformation (that is, accounting 
of physical, geometrical non-linearization and the 
deformation size) are of great importance in 
qualitative and quantitative respects. 
 In literature information for rock on non-
linear elastic properties got in the frame of dy-
namic approach (that is by the usage of veloc-
ity/speed of elastic waves) isn’t so wide (or 
much) (Aleksandrov etc., 1993; Bakulin and Pro-
toseniya, 1982; Yin and Rasolofosaon, 1994). 
And what is more here isn’t mentioned at meas-
urement of which velocities – “natural” or “real”- 
they were determined. When it concerns the re-
search of velocity/speed of elastic waves at 
changeable pressure, naturally to assume that the 
“real” velocities/speeds are measured. That’s 
why while using these main data it’s expedient to 
accept them as “real” velocities/speeds. In (Yin 
and Rasolofosaon, 1994) were sited quantitative 
meanings of linear and nonlinear elastic modules 
for some rocks of Mexican bay. According to 
these explanations the following is available for 
white granite Sierra  
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 The analogical data are given in (26) for 
quartz within the Foicht approach. 
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. 
 Using these data, results (Guz, 1986) and 
the given article, (14) was carried out calculation 
to define the moveout density with increas-
ing/growing pressure. The results of calculations 
are given in the fig. 2. Dotted line is turned out 
by the classical formula Adams-Williamson’s; 
line 1 belongs to quartz, and line 2 to white gran-
ite Sierra. Evidently, the density moveout charac-
ter and velocity with the growth pressure suffi-
ciently different for various earth materials and 
changes made in classical meaning (dotted line) 
of density moveout for various earth materials 
can be considerable. For quartz skip from density 
area on to indensity one was found. The given 
results here, analogical with the case on organic 
glass, can be applied accordingly while imple-

menting the terms of 5,1
0
≤

K
P  and 16,1

0
≤

K
P  for 

granite and quartz. 
 

Conclusion 
  

 According to the results the deformation 
nonlinearity and the differentiation of medium 
intensity make great impact on moveout density 
at the Earth’s depth. The character of this impact 
for various mediums can essentially differ, that 
is, in one case the skip from compression area on 
to uncompression one can be realized, but in 
other cases only the process of compression can 
occur. For defining structure without taking into 
account such mechanisms of development and 
changes in the size density characteristics, can 
lead to doubtful results and ideas. 
 Influence of seismic parameter F in the 
case of the Earth’s non-homogeneous models 
(Properties of geomaterials and physics of the 
Earth, 2000) is the same with the homogeneous 
models, that’s non-homogeneity is related with 
the temperature field.  
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Fig. 1. Qualitative results about the pressure change impact on moveout density of 
organic glass. 
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Fig. 2. Density changes of granite and quartz at increasing pressure according to non-

classical linearization theory 
 
  Thus, enjoying the non-classical approach 
allows accurately define the character of material 
density distribution at depth, found out the 
mechanism of its formation and shed additional 
light on Earth depth structure. At suitable model-
ing the shapes of harmonic waves, that’s in the 
case of applying the “real” velocity/speed within 
the limit of all variants of elementary deforma-
tion theory, a new phenomenon was predicted: 
with pressure growth at the Earth depth for sepa-
rate types of geological subsurface the skip of 
compression process on to uncompression one 
can be realized  
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