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From Editorial Board 

International Journal “Problems of Nonlinear Analysis in Engineering Systems” is an 

interdisciplinary bilingual scientific periodical Edition, which represents the research of 

nonlinear problems in general, in the whole diversity of fundamental and applied sciences, 

including the disciplines of natural science and the Humanities. 

Note, close interdisciplinary relation between the fundamental and applied fields of science, 

between different disciplines has vital importance for the development of our Knowledge in 

whole. Fundamental science “MECHANICS” and its sections play an important role from 

this point. 

Prominent role of Mechanics as a fundamental basic scientific discipline for all another 

disciplines and for our Knowledge in whole is unquestionable. Science “Mechanics” is 

investigating the motion and interactions of objects; and “Mechanics” supplies us with models 

and methods that are covering all areas of theory and engineering: 

“Newtonian mechanics is an unequalled achievement of physics (natural philosophy), 
the whole history of human civilization. It is everlasting. Its powerful tree is sprouting more 
and more branches. Among them there are the branches that have grown from scions grafted 
on this tree and cultivated in other natural sciences”, - G.G.Chyorny, Academician of Russian 
Academy of Science (Chairman of Russian National Committee on theoretical and applied 
mechanics, 2011). 

 Mechanics has been the main tool for the research of celestial bodies and all the processes 

in near-Earth and outer Space. 

 “Mechanics” provides powerful tools for description of processes at micro level; also – for 

description of complex processes inside the Earth, in geodynamics; in the study of 

volcanic eruption processes, hurricane dynamics; in Arctic exploration,… 

 Methods and models of Mechanics are giving very effective approaches for 

multidisciplinary engineering applications, including various domains: medicine, robot-

technique, biomechatronics, mechanics of materials, nano-biotechnology, complex 

problems of designing in aviation and space technique, … 

 The Mechanics is «the main foundation» to development of all adjacent disciplines, in 

which studied objects are the interdisciplinary systems requiring knowledge from various 

scientific areas. Exactly on boundary between different disciplines the new hypotheses are 

generated, that providing deep knowledge of World around, with understanding of 

occurring phenomenas. 

 Without Mechanics, without close interdisciplinary relations between theoretical and 

applied areas, between different disciplines of the Science, the deepening our Knowledge in 

whole is impossible. 

Moreover exactly Mechanics is promoting the development of “mathematical constructions of 

exclusive beauty”: the dynamic systems theory, A.M.Lyapunov stability theory (which 125-th 

Anniversary will be celebrated in 2017)…. And it plays in all this the major role, with uniting 

efforts of theorists and engineers, with development and synthesis of methods for the solving 

problems in interdisciplinary spheres of a science, education and engineering practice, in the 

research of nonlinear problems in general, in the whole diversity of fundamental and 

applied sciences including the disciplines of natural science and the Humanities 

(mathematics, mechanics, physics, chemistry; engineering, biological, medical, social, 

political sciences; ecology, cosmology; economics and financial mathematics; nanoscience 

True theory cannot be linear 

A.Einstein 
Unity in Diversity 

V.Lakshmikantham 

 



P R O B L E M S  O F  N O N L I N E A R  A N A L Y S I S  I N  E N G I N E E R I N G  S Y S T E M S  

International Journal Kazan 

 

and nanotechnology, stability and sustaining development, problems of risk and information 

security, operational researchs, …). 

“… The stability theory and dynamic properties analysis of nonlinear systems – it is 
magnificent tree, possessing the classical stem, the deep strong roots from Mechanics, …, from 
important engineering problems,…”, - V.M.Matrosov, Academician of Russian Academy of 
Science (President of Academy of nonlinear sciences, 2001). 

In this direction it is very important the A.M.Lyapunov-N.G.Chetayev methodology, 

developed for problems of modelling and analysis in Mechanics, in Engineering practice 

and for extending our Knowledge in whole. The A.M.Lyapunov stability theory is giving 

for us the constructive mathematical tool, and it is confirming: 

“mathematics is an effective “transport” which is able to provide significant 

breakthrough in understanding of the essence of Environment, with deep penetration of its 

approaches, generated by mechanics, into all the spheres including the unconventional ones”. 

“…I always believed that the objective character of Self Organization and 

Irreversibility should be based on some qualitative properties of Dynamics; …Universe is a 

construction in progress, in which we participate”, - I. Prigogine, Nobel Laureate. 

The current issue of “Problems of Nonlinear Analysis in Engineering Systems” (№1 (45), 

т.22, 2016) carries articles, analytical researchers and authors results, scientific and 

information papers that reflect the views of specialists and highlight some topical 

interdisciplinary problems of present and future. 

Among them it is presented the papers and reviews of interdisciplinary subjects, scientific 

research and interdisciplinary spheres generated by the needs of fundamental science and 

engineering applications. These articles are prepared in the development of the researches 

results discussed at the International scientific forums and conferences, years); at International 

Scientific Workshops on problems of modelling and dynamics of complex multidisciplinary 

systems. 

The subjects represented in these works are reflecting this multi-disciplinarity: optimal control 

problems for spacecrafts spatial orientation; dispersion effects and delay in the mathematical 

models of mechanics; Gauss principle and problem of Chaplygin sleigh motion on an inclined 

non-smooth surface; on hypothetical model of Mankind development in astronomical scenario 

of Earth evolution ; dispersion effects in the collective interaction of particles; software 

development of applied 3D model in the oil industry; artificial intelligence methods to 

designing of data processing and management systems; 200 year history of Mechanics at 

Kazan University; Problems of Continuum Mechanics. 

 

The submitted articles will undoubtedly promote the cooperation of specialists in theory and 

applications, support the synthesis of approaches to the solution of problems in 

interdisciplinary spheres of science, education and engineering practice. 

The issue is prepared with support of our Partners: International Federation of Nonlinear 

Analysts, Academy of Nonlinear Sciences, International Nano-biotechnology Center (INT), 

Kazan Federal University (KFU), N.E.Bauman Moscow State Technical University, Moscow 

Aviation Institute (National Research University),V.F.Trapeznikov Institute of control 

problems of RAS, A.A.Dorodnitsyn Computing Centre of RAS; Concern CSRI Elektropribor, 

JSC; TsNIImash., CIMNE (International Center for Numerical Methods in Engineering). 
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In final remark we note : the passing Century’s dominating trend consisting in separateness 
between the disciplines and deepening specialization in spheres of knowledge, is gradually 
changing. The gap and separation between different disciplines in science and arts steadily 
diminish. The ideal which can already be real consists in joining of productively and seriously 
working scientists from two or three absolutely different disciplines (for instance, 
mathematics and anthropology, political sciences and music, chemistry and philosophy, 
history and mathematics). 
Of course, it is necessary to keep on extending academic specialization but it is also important 

to integrate Knowledge in general. The reconstruction of perfectly entire, coordinated 

Knowledge as the main essence of science and education is a quickly spreading idea. 

Moreover, the tendency to understand nonlinear World is prevailing in the majority of 

mathematical sections. In this Mechanics has the specific role that in solving problems of 

modelling different processes jointly with   Mathematics will dominate in the coming 

Century, with extending the borders of its application to all spheres of Knowledge. 

The special “function “of Mechanics in solving of the problems of modelling surrounding 

world, which together with mathematics gives us efficient “worker instrument “for possibility 

of the deepening of our  Cognition  in whole, with increasing borders of its using on all area 

of the Knowledge, was confirmed also on XI All-Russian Congress on fundamental problems 

of  theoretical and applied mechanics (the August, 22-26, 2015г., Kazan). In welcoming 

Speeches Prof. I.R.Gafurov (KFU Rector); Prof. Yu.F.Gortyshov (the KNRTU-KAI 

President); the Corresponding Member of the RAS D. A. Gubaidullin (Director of the 

Institute of mechanical engineering  and machine-building of Kazan Scientific Centre  of 

RAS) were reflecting in the whole fullness the leading role of Mechanics for 

interdisciplinary  investigations, in all variety of naturally-scientific and humanitarian 

disciplines. 

Not enumerating here all names, relating to Kazan scientific Schools of Mechanics, as 

conclusion about the leading role of Mechanics  we  note only : 

in Kazan Science, in Kazan University development it is selected  two "Epochs":  

Epoch of N.I. Lobachevskiy , the rector of the University, great mathematician, which read 

the lectures for students on mechanics – on  theoretical mechanics, on  hydraulics, on the 

other sections of mechanics; 

 and Epoch of M.T. Nuzhin, the University  rector, specialist in the field of mechanics.The 

brilliant  rector of Kazan University, Professor M.T. Nuzhin spoke: "Mechanics is  “an alloy” 

of  mathematics with good senses". Moreover, great  Isaak Newton noted: “…the all 

difficulty in whole is contained in what, that it is necessary on motion phenomena to 

understand the forces of Nature, and after on these forces – to explain the another 

phenomena”, – Isaak Newton. And exactly Mechanics, a fundamental science on ART of 

Modelling for any area of the Knowledge, allows to possess  this Art, this “know-how”… 

 

"Theoretical mechanics is a fundamental science; it   is a key subject in training 

engineers, mathematicians, physicist -applied oriented  and physicist-theorist… For 

engineers it  is a base of their special sciences;  

for mathematicians it is  “way”  to modern generalizations;  

for physicists – it is "prelude" to theories of relativity, to statistical and quantum 

mechanics ",-  

 

R.Xill, Principles of Dynamics,Oxford,1964. 
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About optimal control problems  

of spacecraft spatial orientation 

M.V. Levskii 

Research Institute of Space systems, Khrunichev State research and production Space Center 

Tihonravov street, 27, Korolev, Moscow region, 141092, Russia 

Abstract. This paper is continuation of [1], where the universal approach to a solving the optimal 

control problems of spacecraft orientation on basis of the Pontryagin's maximum principle is 

developed, and we have shown that in cases when a criterion of optimality not includes (in an explicit 

form) angular coordinates (position parameters), the final resulting solution and optimal motion of a 

spacecraft do not depend from a choice of parameters describing angular position of a spacecraft in a 

space. Canonical form of conjugate equations corresponding to kinematics of spacecraft rotation is 

presented [1], and the universal characteristics (as analogues of conjugate variables) have been 

specified, allowing to formalize the necessary conditions of optimality independently from a way of 

description of kinematics of spacecraft rotation. Basing on the schemes of constructing optimal control 

designed in [1] for different variants of a choice of system of kinematic parameters (the directing 

cosines, quaternions, etc), solution of known problems of optimal control concerning spacecraft 

motion by the developed method is presented, and results of numerical modeling of optimal turn are 

given; they confirm efficiency of variables replacement made by us.  

Key words. optimal control, spatial orientation, spacecraft. 

As well as earlier [1], we mean that control of spatial reorientation is a transfer of the axes 

ОXYZ, which are bound with the spacecraft body, from one known angular position into another 

known (usually prescribed) angular position. Thus attitude of the right-hand rectangular 

coordinate system ОXYZ (both its initial ОXstYstZst and final ОXfYfZf angular positions) is 

defined relative to a chosen reference basis I [2]. In this paper, we consider the widespread 

case when the reference basis coincides with inertial coordinate system ОXinYinZin (ICS). 

Technology of a solving the optimal control problems concerning spatial orientation of a 

spacecraft with use of uniform mathematical approach independently from a choice of the 

kinematic parameters specifying angular position of solid body relative to inertial coordinate 

system (reference basis) when the necessary optimality conditions are formulated according 

to the maximum principle [3] is demonstrated in [1]. 

In the first part of paper [1], questions of unification of a solving the problems of optimal 

control for spacecraft reorientation are stated, and universal method for formalization of 

necessary optimality conditions in the form of maximum principle independently from a type 

of variables describing angular position of a spacecraft, and from a form of the kinematic 

equations is developed. The described method uses special variables which are interpreted as 

conjugate variables corresponding to phase coordinates of spacecraft position. Constructive 

scheme of a solving the optimization problems as result of theoretical designing is given. 

Further (as continuation of research begun in [1]) we offer to consider example of a solving 

the problem of optimal turn if angular motion of a spacecraft is described by the directing 

cosines. Theoretical conclusions are illustrated by numerical solution of optimal control 

problem of spacecraft turn and by results of mathematical simulation of motion dynamics. 

1. Equations of motion and main statements of the used method 

Let us remind basic relations and formulations which are received and presented in paper [1]. 

It is supposed that control of spacecraft attitude is carried out at the expense of torques created 



About optimal control problems of spacecraft spatial orientation 

 

 13 

relative to principal central axes of spacecraft's inertia. The equations of rotary motion of a 

spacecraft as a solid body have the form [2, 4] 

   1322311 MJJJ   ,    2313122 MJJJ   ,    3211233 MJJJ     (1) 

where Ji are the spacecraft principal central moments of inertia, Мi are the projections of the 

principal momentum of the forces M onto principal central axes of the spacecraft inertia 

ellipsoid;  i are the projections of the absolute angular velocity vector  onto the axes of the 

spacecraft body basis E formed by the principal central axes of the spacecraft inertia ellipsoid 

(i = 1, 2, 3 ). 

Motion of the spacecraft body basis Е relative to the reference basis I usually is specified by 

the quaternion  [5] or by a matrix of the directing cosines [4, 6]. For definiteness, the basis I 

is considered inertial. We investigate the case when the optimality criterion reflecting a 

purpose of optimization is determined by the integrated functional 

 
T

gdtG

0

   (2) 

where  g  is nonnegative time function not depending from spacecraft position; Т is the time 

of an ending  the transfer of the spacecraft body basis into required position (the cases when 

the function g depends from angular coordinates is not considered). 

Presence of the integrated index (5) allows to solve the problem of optimal control with use 

Pontryagin's maximum principle [3] and to write out necessary optimality conditions in final 

form – in the form of the equations (differential and algebraic). If relative position of the body 

coordinate system and reference (inertial) coordinate system is determined by the matrix of 

the directing cosines then the following differential equation  

AA   

is valid [4], where ikаА  is the matrix of the directing cosines (i = 3,1 , k = 3,1 );  

0

0

0

12

13

23













  is the matrix of angular velocities in the body coordinate system 

(BCS); aik  is cosines of the angle between i-axis of BCS and k-axis of ICS (reference basis). 

Let us write kinematic equations in the expanded form 

31221311 aaa   ,  32222312 aaa   ,  33223313 aaa    

 11331121 aaa   ,  12332122 aaa   ,  13333123 aaa   (3) 

21111231 aaa   ,  22112232 aaa   ,  23113233 aaa    

(they are known equations by Puasson [6]). 

According to the method [1] we introduce conjugate variables r1 , r2 , r3 , and the Hamiltonian 

is formed as 332211din ωωω rrrHgH  , where Hdin is dynamical part of the 

Hamiltonian [1, 5]. For dynamic problem of a turn, we have  
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where 
i  are the conjugate variables corresponding to variables i (i = 3,1 ); 0din Н  if 

kinematic problem of a turn is solved. 

Variation of the vector },,{ 321 rrrr  is determined by a solving the following system of 

equations [1] 

 32231 rrr   ,  13312 rrr   ,  21123 rrr     (4) 

or, in vector form, 

rωr   

where ri are projections of the vector r onto axes of the body coordinate system. The 

magnitude const|| r , it is obvious. 

For conjugate variables i corresponding to variables i (i = 3,1 ), equations are transformed to 

the form 

 13322231 rnn  , 23311132 rnn  , 32211123 rnn   (5) 

where 1321 /)( JJJn   , 2132 /)( JJJn   , 3213 /)( JJJn   are constant coefficients. 

The equations (5) participate in designing of optimal control when dynamic problem of a turn 

is solved (if the controlling functions are the torques Мi ). 

In the previous work [1], mathematical instruments of constructing the optimal control of 

spacecraft attitude based on use of universal variables ri was shown on example of dynamic 

problem of a turn (when the controlling functions are the moments of forces Мi relative to 

three axis of a spacecraft). Now we will consider the problem of spacecraft's optimal turn 

when the controlling function is angular velocity (t). 

2. Example of solving the kinematic problem of a turn 

We assume that relative position of orthogonal bases Е and I is described by the directing 

cosines. We will investigate one practically important problem of maximum fast response at 

which time of a turn T is minimized. For definiteness we consider that the controlling 

variables i  are limited by the condition 

 2
0

2
33

2
22

2
11 )ω()ω()ω( HJJJ     (6) 

where 00 H  is the maximum admissible magnitude of the angular momentum of spacecraft 

body.  

Constraint in the form (6) is important for a spacecraft controlled by inertial actuators, i.e. 

powered gyroscopes (system of gyrodynes) [2, 711 ]. In this case, control of a spacecraft turn 

is achieved by redistributing the angular momentum between the system of gyrodynes and the 

spacecraft body; the total angular momentum of the spacecraft as a rigid body with rotating 

masses is equal to or close to zero. Control of a system of gyrodynes in order to produce the 

programmed motion of a spacecraft by creating the necessary torques М1 , М2 , М3 is a 

separate, independent problem (these problems are not considered here). We merely note, for 

an assigned spacecraft reorientation regime to be executed without having to use other 

actuators (beside the gyrodynes), for example, rocket engines, the total angular momentum of 

the gyro system must lie within the closed region Q (it depends on the design characteristics), 

which determines the controlling possibilities of the gyro system, over the entire control 

interval [0, Т ]. Usually, during the designing, analysis, perfection, and simulation of 

algorithms for the attitude control of a spacecraft with control moment gyroscopes, it is 
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assumed that the region Q of admissible angular momentum of the system of control moment 

gyroscopes is confined to a sphere. This assumption is used by many researchers [811]; it is 

valid for a large number (if not the majority) of spacecrafts [911] (such as the Mir orbital 

station, the Gamma astrophysical laboratory, the Alpha International Space Station and 

others). Since the use of control moment gyroscopes in a turn regime presumes that the total 

angular momentum of the gyro system would not exceed the admissible value, a constraint, 

which is formalized for the angular velocity vector, is imposed on the motion of the 

spacecraft. If the condition 0gyr HL , where L is the angular momentum of spacecraft 

body, Нgyr is the angular momentum of the system of control moment gyroscopes, is taken 

into account, satisfaction of the constraint (6) means that the evolution of the vector Нgyr of 

the gyro system during the spacecraft motion will satisfy the condition that it lies within a 

region confined by a sphere; therefore, the turn occurs using only the control moment 

gyroscopes (the vector Нgyr does not extend beyond this region without additional input to the 

action of the control engines). 

We specify the motion of the body coordinate system relative to inertial coordinate system 

(the reference basis) by the matrix of the directing cosines А(t). In this case, equations (3) are 

true. The boundary conditions which concretize maneuver of a turn have the form  

 stA)0(А   ,  fA)(А T   (7) 

The problem of optimal control is formulated in the following statement: it is necessary to 

transfer a spacecraft from the position corresponding to the left equality in (7) to the position 

corresponding to the latter equality in (7) in accordance with equations (3) in the presence of 

constraint (6) with the condition that the time Т of turn termination is minimum. Solution (t) 

is sought in the class of piecewise continuous functions of time. 

In the problem (3), (6), (7) formulated above, the function g in the functional (2) is equal g = 1 

and it does not depend explicitly from position coordinates. Therefore we have the right to 

take advantage of variables replacement offered in the method [1] and to use the vector r 

introduced in paper [1] as conjugate variables corresponding to kinematics of motion. Earlier 

it has been proved [1] that use of the vector r (the variables r1 , r2 , r3 ) allows to find not only 

necessary optimality conditions and to formalize them, but also to determine character (key 

properties) of optimal control and to project optimal motion (t) satisfying to the given 

criterion of optimality. 

We will solve the problem using Pontryagin’s maximum principle [3] and necessary 

optimality conditions (4) written for the vector r [1]. The Hamiltonian of our control problem 

has the form 1ωωω 332211  rrrH . The boundary-value problem for the maximum 

principle is to determine such value r(0) for which the solution to system of differential 

equations (1), (3), (4) (with initial conditions in the form shown by the first equality in (7)) 

with the simultaneous maximization of the Hamiltonian H at each point in time t subject to 

constraint (6) satisfies the latter equality in (7). To obtain equations that define the optimal 

solution, we make a replacement of variables. We designate iii JL ω  and iii Jrq /  

(i = 3,1 ). We then have  

1332211  qLqLqLH  

It is easy to see that the function Н clearly takes a maximum value (under the condition (6)) if 

the vectors L = {L1 , L2 , L3 } and  q = { q1 , q2 , q3 } have identical direction, and the relations 

2
3

2
3

2
2

2
2

2
1

2
1

0

/// JrJrJrJ

rH
L

i

i
i
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are satisfied.  

The optimal motion of the spacecraft is completely specified by the system consisting of 

differential equations (4) and the equations 

 
2
3

2
3

2
2

2
2

2
1

2
1

2

0

/// JrJrJrJ

rH

i

i
i


   (i = 1, 2, 3)  (8) 

when the equalities (7) are ensured for the solution А(t) of equations system (3). 

We notice, the solution (with account the equations (3)) 

 r = А cE ,  где  cE = const = 0
T
stA r   (9) 

satisfies the equations (4) for the vector r of the universal variables ri ( )0(0 rr   is the value 

of the vector r at the initial point in time t = 0 ). 

Boundary conditions and conditions of a maximum for the function H (within the limits of 

admissible control) determine optimal motion (t); initial and final positions (Ast and Af ) 

determine solutions А(t) and r(t). The vector function r(t) should satisfy to the formula 

0t
T
stf A)0(AA)( rrr T , where )0(0 rr  ; 

T
stft AAA   is the matrix of the directing 

cosines for axes of the body coordinate system at final moment of time relative to position of 

the body coordinate system at initial moment of time (upper index Т means that this matrix is 

transposed). 

The problem of turn optimization to be solved is optimal control problem with fixed left and 

right endpoint of motion trajectory, and, for satisfaction of the transversality conditions, it is 

enough to have inequalities 0|)0(| r  and 0|)(| Тr  [1]. Key property of the vector r is 

constancy of its size const|| r  (owing to presence of the necessary optimality conditions in 

the form of the equations (4)). Optimal solution of a turn problem is constructed under the 

condition 0r . We have |)0(||)(| rr Т , therefore optimal motion will satisfy the 

transversality conditions if 00 r . 

Let us show that for optimal motion we have equality 

 0constωωω 332211  rrr   (10) 

The left-hand side of the above equality is equal to 2
3

2
3

2
2

2
2

2
1

2
10 /// JrJrJrH rω . We 

take the derivative of the expression standing under a square-root in the right-hand side of last 

equality. As a result we will have (taking into account (4) and (8)) 

 2
333

2
222

2
111 /// JrrJrrJrr   

= 0/ω/ω/ω/ω/ω/ω 3
3321

3
3312

3
3312

3
2321

3
2321

3
3321  JrrJrrJrrJrrJrrJrr  

from which the validity of the statement regarding the constancy of the scalar product of the 

vectors  and r follows. That fact that the vectors  and r form a sharp angle at the optimal 

solution is obvious (it follows from inequality 00 H ). Hence, the statement (10) made 

above is true. 

The optimal turn of a spacecraft in the minimum time occurs with the maximum admissible 

angular momentum. The problem of constructing the optimal control is reduced to finding 

such a law of variation of the vector r(t) for which boundary condition corresponding to the 

latter equality in (7) is satisfied as a result of spacecraft motion according to the equations (3), 

(4), and (8) with the initial condition corresponding to the first equality in (7). 
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Main task is to find such value of the vector r(0) for which the equalities (7) would become 

true as a result of spacecraft motion according to the equations (1), (3), (4), and (8). It is 

practically impossible to determine the general solution to the above system of equations. The 

difficulty lies in determining the boundary values r(0) and r(T) which are interconnected by 

the relationship 

)0(A)0(AA)( t
T
stf rrr T . 

In the course of the optimal motion (in sense minT under the constraint (6)), the endpoint 

of the angular velocity vector  slides along the intersection curve of two surfaces 

 2
0

2
3

2
3

2
2

2
2

2
1

2
1 ωωω HJJJ     and 

const)////(||ωωω 2
3

2
3

2
2

2
2

2
1

2
1

2
0

22
3

4
3

2
2

4
2

2
1

4
1  JrJrJrHJJJ r  

which represent two ellipsoids with one center but with different form. 

We notice that, at restriction (6), direction of the vector r does not coincide with direction of 

angular momentum L (as in the case [12]) or direction of angular velocity (as in [5]), except 

for the cases when one of diagonal elements of the matrix At is equal to unit. The system (3), 

(4), (8) has the analytical solution in elementary functions only for dynamically symmetrical 

and dynamically spherical bodies. The problem of optimal control for a spherical body in 

similar formulation has been considered in detail [5]. For a dynamically symmetrical body 

J1  J2 = J3 , solution r(t) can be found in analytical form. We know that, in this case, the 

above surfaces become ellipsoids of rotation with the same axis of symmetry which is passing 

through the beginning of the body coordinate system. The circle, the plane of which is 

perpendicular to their axis of symmetry will be a line of crossing of these ellipsoids. 

Therefore angular velocity about longitudinal axis of a spacecraft OX will be constant, and 

projection of the angular velocity vector  onto the transverse plane YOZ has constant 

modulus and makes regular circular motion (with constant angular velocity) around 

longitudinal axis OX. The programmed values of the controlling functions i (t ) are as 

follows: 

 cos101
  

 )sin(sin 022  tp    (11) 

)cos(sin 033  tp      

where  is the angle between the longitudinal axis of the spacecraft and the vector r;   is the 

angular velocity of intrinsic rotation (about the longitudinal axis), and   is the angular 

velocity of precession (around the vector r ); 30200 /tg rr  ; ||/ rii rp   (i = 3,1 ).  

In the case of regular precession we have const , const , const  and const|| ω . 

We present the optimal vector function r(t) as  

 101 rr  ,   sincos 30202 rrr  ,   cossin 30203 rrr      (12) 

where )0(0 rr  , 0σσ  t , 2
30

2
2010

2
3

2
21 /constα rrr  . 

Concrete value r0 is determined exclusively by requirement that solution of the equations (3) 

with initial conditions corresponding to the first equality (7), as a result of spacecraft rotation 

according to the equations (4), (8) with the initial conditions 
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0)0( rr   ,  
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 , 

is satisfied to the second equality (7). Solution of the system (4), (8) has the form of regular 

precession [4] (conical precession motion). Conditions of optimality for the parameters  ,  , 

and   take the form 

2
0

222
2

22
1 sin)cos( HJJ   ,  maxcos   . 

In the case of a spacecraft with dynamical symmetry (J2 = J3), expressions (12) together with 

equalities (11) form a solution to system of the equations (3), (4), (8) under the condition (6). 

The vector r circumscribes a cone around the longitudinal axis OX in the body coordinate 

system. At such type of control, an axisymmetrical body moves along a «conical trajectory» 

[4]. The spacecraft is transferred from the position Ast into the position Af  by its 

simultaneously rotation about the vector сЕ, immovable relative to inertial basis I, through the 

angle  and about its longitudinal axis through the angle . Turn time is estimated by the 

quantity 

 0
222

2
22

1 sin)cos( HJJT      (13) 

The calculated angular velocities of precession and intrinsic rotation are  

T/ ,  T/ . 

From (13) we clearly see that minimum time Т of the maneuver finishing is found by 

selection of such values of angles , ,  satisfying to the boundary conditions of a turn (7) 

for which the value  

 222
2

22
1 sin)cos( JJ  

is minimum (under condition that Н0 is fixed). 

Thus, the kinematic problem of reorientation of a spacecraft (as solid body) has been solved 

completely. Optimal control of angular position of a spacecraft is realized using the 

previously proposed method [13]. For an arbitrary spacecraft (J1  J2  J3), the solution of 

system of the equations (3), (4), and (8) is found by numerical methods only (e.g., using the 

method of successive approximations [14], transfer method, Thomas algorithm, etc.). The 

vector r0 is determined by solving the boundary-value problem with the conditions (7) taking 

into account the equations (3), (4), (8) imposed on the motion. For a dynamically symmetrical 

spacecraft (J1  J2 = J3), the problem of a time-optimal turn in formulation (3), (6), (7) is 

solved completely. 

3. Results of mathematical simulation 

At last, we will present the numerical solution of the problem of optimal control of spacecraft 

turn using the directing cosines for description of kinematics of rotation about the centre of 

mass. First of all, we will set initial data (conditions of a turn): initial angular position of the 

body coordinate system coincides with inertial coordinate system, final position of a 

spacecraft corresponds to a matrix of the directing cosines Аf with elements  

а11 = 0.066142 ;  а12 = 0.985828 ;  а13 = 0.160516 ;  а21 = 0.631516 ;  а22 = 0.165908 ;  

а23 = 0.758722 ;  а31 = 0.773828 ;  а32 = 0.051134 ;  а33 = 0.632908 , 
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mass and inertial characteristics of a spacecraft have values 

J1 = 17600 kgm
2 

;  J2 = 63200 kgm
2
 ;  J3 = 60100 kgm

2
 

The problem of a turn is formulated in the statement (3), (6), (7) at which concrete value is 

Н0 = 500 Нмс , and turn time T is minimal.  

Taking into account that the equations (4) have the known analytical solution (it is described 

by the dependence (9)), the boundary-value problem for the maximum principle is to 

determine such value r0 for which the solution of the equations (3), (8) and 

0
T
st)AA()( rr tt   

satisfies the boundary conditions stA)0(А  , fA)(А T . 

The adopted conditions of a turn (a combination of matrixes Аst and Аf in equalities (7)) 

correspond to the version when the vector of final turn (Euler's axis) forms the same angle 

with the longitudinal axis OX and with the plane which is perpendicular to this axis, i.e., this 

case reflects the apparently most difficult case of reorientation of solid body that does not 

have spherical symmetry. As a result of solving the boundary-value problem corresponding to 

transfer of a spacecraft from the position А(0) = Ast into the position A(Т) = Af (the problem 

of optimal turn in impulse statement), we obtained the calculated value of the vector r0 

}939.0,030.0,344.0{0 r  

Data of mathematical simulation of dynamics of spacecraft motion under time-optimal control 

are presented in Figures 1, 2, 3. In fig.1, the plots of angular velocities in the body coordinate 

system 1(t), 2(t), 3(t), as functions of time, are represented. The entire turn is completed in 

a time Т = 200 seconds. As a result a spacecraft was turned by 150 degrees. At all interval of 

time 0 < t < T angular velocity  is continuous functions of time. We give dynamics of 

variation of the interfaced variables r1(t), r2(t), r3(t) in fig.2. And, finally, fig.3 shows 

variation of the parameters determining current attitude of a spacecraft during rotary 

maneuver. Instead of the matrix of the directing cosines, as indicators for graphic display, we 

take cosine of the turn angle  around the vector of final turn (Euler's axis) from basic I to the 

spacecraft body basis E and three components of the unit vector е along positive direction of 

Euler's axis (for convenience, in fig.3 we designate  cose4
). Dependence of the elements  , 

е1 , е2 , е3  from the elements аij of the matrix of the directing cosines A has the following form: 

1cos2 332211  aaa  ,  sine2 13223 aa ,  sine2 21331 aa ,  sine2 32112 aa , 

where е1 , е2 , е3 are the projections of the unit vector r onto axes of the basis Е;  is the angle 

of a turn around Euler's axis. 

It is convenient to represent rotary motion of solid body using the variables cos  , е1 , е2 , е3 

because only four parameters are involved (as well as at the description by quaternion 

variables), and, besides, all of them are the normalized functions which vary inside of the 

interval from 1 until 1 (only this circumstance requires use of trigonometric functions 

instead of angle values). As well as ri , the variables е1 , е2 , е3 , е4 are dimensionless 

quantities. 

The calculated values of the control torques Мi  in the time interval 0 < t < T is determined by 

solving the inverse dynamical problem under the condition that the spacecraft moves along an 

assigned kinematic trajectory. Substituting expressions (8) into the equations (1), we obtain  

)( 2
1

2
111

2
  iiiiii JJJ  ,  i = 1, 2, 3 ; or, in vector form ))(( 21 ωωω JJJ   ; 
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whence we have  

))(()( 21 ωωωωМ JJJ   , 

where ),,(diag 321 JJJJ   is the inertia tensor of the spacecraft, and the vector  is the 

solution of system of the equations (4) and (8). 
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Fig. 3. 

The variables  , е1 , е2 , е3 , and ri are smooth functions of time. A characteristic feature is a 

much lesser change of projection r1 in comparison with projections r2 and r3 ; the component 

of angular velocity 1 within the segment of nominal rotation (in interval of time when 

angular momentum has constant magnitude) also varies lesser than velocities 2 and 3 . This 

confirms that the axis OX is the longitudinal axis. The following rule is observed for the 

functions 1 (t) and r1 (t) which correspond to the longitudinal axis of a spacecraft: for any 

combinations of the values of Ast and Af , these functions are always sign-invariant and of 

same sign.  

As result, we have visual demonstration of practical application of the designed approach [1] 

to a solving the optimal control problems over spacecraft motion raising efficiency of use of 

the maximum principle and expanding its possibilities. 
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4. Conclusion 

Key relations obtained at the designing the unified method of the solving the problems of 

optimal control for spacecraft attitude [1] were shortly repeated. After the done reminder, 

topical problem of optimal turn of a spacecraft has been formulated and solved for the case 

when angular position of a spacecraft relative to fixed coordinate system is specified by the 

directing cosines, and spacecraft motion about a center of mass is described by the kinematic 

equations in the form of equations by Puasson. Optimal control program is constructed on the 

basis of the Pontryagin's maximum principle. 

Analytical solution of the considered problem was received using universal variables [1] and 

their property of independence from a choosing the kinematic parameters of motion (and from 

a form of representing the kinematics of rotation). Properties of optimal motion during a turn 

were described and studied in details, and key relationships and the calculated expressions 

which are necessary for the constructing the programmed control were written. Conjugate 

system of the equations corresponding to kinematics of rotation, and the Hamiltonian were 

written in canonical form [1] (this fact has considerably simplified a solving our problem of a 

turn). For a dynamically symmetrical spacecraft, complete solution of the problem of optimal 

turn is presented in the closed form; law of variation of angular velocity during rotary 

maneuver is given in an analytical form. 

The done theoretical constructions are illustrated by concrete example of the numerical 

solving the problem of spatial (three-dimensional) turn and results of mathematical simulation 

of spacecraft motion under optimal control. 
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Dispersion effects and delay 

in the mathematical models of mechanics 

E.V.  Prozorova 

Mathematics & Mechanics Faculty, St. Peterburg State University 

University av. 28, Peterhof, 198504, Russia 

Annotation. Analysis of the mathematical models that can write the influence of the angular 

momentum and delay in mechanics: under interaction of many particles, in continuous mechanics, in 

kinetic theory, in processes of decay particle.  Non-symmetrical stress tensor is obtained as results of 

influence of angular momentum for continuous medium.  The role of discrete medium at writing of  

kinetic theory and interaction of discrete and continuous environment, the method of calculation the 

collective interactions of many particles are suggested. Attention pays on delay for processes discrete 

mediums. Analytical results are received for cases of large gradients. General consideration all effects 

give us cumbrous system of equations. So it is need to select main effects for concrete situation. Two 

examples are made for problem of kinetic theory. Appearance of striping structures are obtained for 

some regimes of flows on external boundary of boundary layer. Analysis of positing modified 

problems are discussed for elastic theory. 

Key words: mathematical modeling, delay, continuous mechanics 

1. Introduction 

In classical mechanics, the basic laws are the law of conservation of mass, momentum and 

energy. The law of conservation of angular momentum is carried out indirectly on the basis of 

the law of the balance of power. The paper analyzes the provisions of the underlying 

mathematical models of continuum mechanics and the kinetic theory. We propose to include 

in the new model two types of effects: nonlocal effects and dispersion, i.e. we examine the 

impact of non-locality in time and space and the effect of the angular momentum on the 

processes occurring in the gas and liquid; we give a new interpretation of the conservation 

law of motion, which does not contain the arbitrary choice of the axis of rotation of the 

elementary volume. Each of the effects is considered separately. The role of the delay 

observed in experiments with shock waves in a rarefied gas, in lasers based on polyatomic 

gases, in chemical reactions. This issue was first raised in [1]. Delay effect is due to the nature 

of the definition of derivative as the limit, while rarefied gas is discrete with large distances 

among molecules. This question of the relationship of a discrete medium with its description 

using continuum mechanics is important both in the processing of experimental data, and the 

transition from the continuum model to the discrete in computational mechanics and physics. 

The role of angular momentum is manifested in all processes related to the uneven 

distribution of the particles. It seems that the cause of the turbulence is precisely exchange 

angular momentum. The impact must occur at the twisting the ends of nanomaterials, with the 

growth of cracks, in the equations of state of structured liquids (water), etc. Previously was 

obtained modified energy equation, continuity and momentum for particles without structure, 

taking into account the effects of the change of the angular momentum in the elementary 

volume. The equations follow from the modified Boltzmann equation. This equation should 

have a modified Liouville equation. For solid-state was used a classical phenomenological 

theory, but treatment was changed [2-7]. Another option is the construction of no symmetric 

tensor was proposed in [8]. The stress tensor in the proposed system of equations obtained 

nonsymmetric. It was established the need to use the equation for the angular momentum 

explicitly. As a result, the third derivative in the equation of motion and the second derivative 
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in the equation of continuity were added to the equation of motion and to the equation of 

continuity. Qualitative and quantitative assessment of using a classic Chapman-Enskog 

method for calculating local-equilibrium distribution function of  the macro parameters 

(density, velocity and temperature) is given, that is calculated by the zero approximation (of 

the Euler equations), without further adjustment of the results using the Navier-Stokes 

equations [9-13]. Gilbert pointed existence of the problem of matching macroparameters in 

solving the Boltzmann equation by a series expansion in the small parameter. We have 

proposed an algorithm for matching of macroparameters locally equilibrium distribution 

function. In the classical theory believe 

  0φ ξ ( ) ,f d fd        

Here β – macroparametr, 

   
(3/2)(0) 2( , , ( , , )) / 2 exp / 2f t x f t x n m kT mc kT     , 

 2 2 2 2

1 2 3 ,c c c c u      

as 

2
0 1 1

2 5

  
     

  

ij i
i j i

p m q m mc
f f c c c

pkT pkT kT
  

and the value determined by the total distribution function. Hereinafter, ƒ – distribution 

function, t – time, u –speed, T – temperature, q – heat flux, P – the tensor of viscous pressure, 

X – force. The Boltzmann equation is invariant with respect to the choice of macro 

parameters. Therefore, the coincidence of the Navier-Stokes equations and the construction is 

of formal nature, order of approximation for the parameters in a locally equilibrium 

distribution function different. Consequently, for the construction of the first approximation in 

the Chapman-Enskog (Navier-Stokes equations) is necessary to specify the values of the 

density, velocity and temperature with matching orders of approximation. Therefore, the first 

order terms in the equations will responsible for the order of macro parameters. They cannot 

be throw away due to their definitions in the kinetic theory. However, after factorization 

formal form of the function of equilibrium does not change, but macro parameters meet 

macro parameters Navier-Stokes equations. A formal kind of approximate values of viscosity 

does not change. Field description (continuum mechanics) involves a transition from a 

discrete to a continuous medium with the distances between the atoms (molecules) seeks to 

zero. In the rarefied gas unusual situation arises when for describing the derivatives we use 

the limit of the ratio of the increment function to the increment argument. It turns out that for 

recording the time derivative in the final terms we take into account takes into account only 

the high-speed components, as slow collisions do not have time to occur. Therefore there is a 

need on a second term of a Taylor series for inclusion in the work of the other component or 

to use the mean value of the time derivative, i.e. we have to take averages over time for all the 

terms in the equations, averages in space  due to the withdrawal are defined. If the Knudsen 

number is order of unity in the collision integral it is also necessary to take into account the 

"lag". It becomes relevant the question of the impact of discrete media when considering the 

relaxation of complex molecules. The additional term is calculated, given the orders of 

magnitude. In integral we can use locally-equilibrium distribution function. This means that 

you can find the new kernel Navier-Stokes equations. In all cases, in the classical theory is 

considered the limiting case when the volume-to-point, but a material point (particle) is a 
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simple physical model in mechanics - the ideal body size and rotation of which can be 

neglected. You can also consider the size of the body is infinitely small compared to other 

dimensions or distances within the assumptions of the problem. In the second transition to the 

classical theory of conservation laws is carried out by use of the density of the sum of the 

delta function of the difference (xi –x) [1], similar to the line up for the conservation laws of 

momentum and energy. Elemental volume can rotate around the axis of inertia or to be 

involved in the rotational movement. In both cases the flow density varies across the border 

on the value 
 

  ...


  
d u

r r
dr

 by the rotation of the elementary volume. The contribution of 

other components is small, taking into consideration a little volume and the absence of 

rotation at the axis. Thus, the transition of a discrete medium and back is carried out without 

regard to the spatial distribution of physical quantities, point is static. A similar situation 

exists in quantum mechanics. Perhaps the best option is for continuum theory at discrete 

approach (through the record of the conservation laws for the elementary cell in integrated 

form), which requires further study. For solid materials is likely due to the fact that the theory 

of plasticity is working with high velocities of the distribution function. They identify a 

harbinger of a shock wave and fracture of materials under equilibrium conditions. High-

energy molecules are always present, they can be a little, but so the process is slow. It is often 

assumed that to ensure the correctness of calculations, for example, the interaction potentials 

in a solid or plasma, enough to support on account of the pairwise interaction of particles. 

That's right, if we consider the potential for equilibrium conditions without temperature 

fluctuations.  At the non-equilibrium conditions: cracks, perturbations in the plasma, etc. 

manifest the collective effects of the interaction through the formation of an uneven 

distribution of physical quantities. When mechanical stress on the crystal body (compressive, 

tensile) rebuilt the crystal lattice and the electron distribution within the volume and on the 

surface. In our opinion there is an inaccuracy in the calculation of the Lagrangian function as 

a sum of pairwise interacting particles [14]. The not symmetry of the stress tensor requires a 

revision of certain provisions of the theory of elasticity. For example, you can not find the 

main directions of the axes of the elementary volume. They are obtained for each point of 

their own. All this must be considered when large gradients of parameters. Thus, in general, 

three positions are important for understanding the causes of modifications theory [1-4]: 

In an equilibrium conditions is necessary to take a more general condition, the condition of 

equilibrium of moments of forces, although the condition of the balance of force remains, but 

in view of the nonsymmetry of the stress tensor.  2. Replacing the decomposition velocity of 

deformation around the  some axis of the unit cell decomposition by decomposition about 

inertia  axis of elementary volume. 3. Delay. 

The first condition is due to the need to fulfill the laws of conservation of mass, momentum, 

energy, law of conservation of angular momentum explicitly. Modern rejection of a more 

general equilibrium conditions, the conditions of equilibrium of moments leads to a private 

formulation of equilibrium conditions, for stress tensor the condition is symmetry and is 

violation of "continuity" of the environment. The proposed equations are of a higher order 

and require additional conditions. In this paper they are discussed. Dimensionless parameter 

of equations are still the Reynolds number and Mach. This is due to the fact that the 

considered problem statement does not include the new dimension parameters. 

The second condition is used if the axis around which established the velocity of rotation is 

the elementary volume is be the axis of inertia of the elementary volume or inertia of its 

rotation axis. With today's interpretation that each elementary volume revolves independently 
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on another as point is an arbitrary point, no tube current cannot be. Third that environment 

discrete.  

In the study it is an important step averaging. In the derivation of the conservation laws in 

integral form averaging is over space, time-averaging is not what makes a mismatch of the 

proposed effects. These are related to the effects of the delay observed in some experiments. 

The analysis is complemented by new results of computational experiments. 

2. Equations 

Presented in previous papers the equations of motion, energy and angular momentum have 

been obtained earlier, but the use of the conditions of the balance of power does not require 

the calculation of the moment. The modified equations 

0
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Here are: f –distribution function, t  time, xi – location, u – speed, n – density, T – 

temperature, qi – heat flux, Pij  the tensor of viscous pressure force, R – gas constant. 

The latter equation is used to determine the degree of asymmetry of the stress tensor. The 

issue arose when writing the law of conservation of density. We will try to get it out of the 

phenomenological principles. The modified equation for the density was obtained from the 

kinetic theory in the form of 

0
   

   
    

i i
i

i i i

u u
x

t x x x
 

Figure 1 shows that the velocity u = ω× (r' – r) is the velocity with respect to the point M for 

the quasi-solid movement around the axis r without forward speed. The point M may itself be 

engaged in rotation around the axis of inertia. Formula u = ω× (r' – r) for elementary volume 

means that the rotation occurs around the axis of inertia, but the axis of rotation can lie 

outside the volume. So we get to the elementary volume 

 

Fig.1 

M 

r 

r 
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( ) ( )

      c cns s
u r r ds div u r r dv   

The degree of nonsymmetrical of the tensor obtained from the law of conservation of 

momentum (in projections) (σ = τ). Standard notation 
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The procedure of calculation the degree of non symmetry of the stress tensor consists  in 

definition it from the last equation and substituting these values in the rest of the equations. 

The equation of state remain the same as the higher-order corrections. 

Interestingly, some provisions of the theory of elasticity disappear for symmetric stress 

tensor. For example, we have two opposite sides of the elementary volume of its direction of 

principal stresses 1

2
tg 2


 

 

xy

x y

, 2

2
tg 2


 

 

xy

x y

 and since   xy yx  we get different 

results. Thus, at each point exists its main direction of stress. 

3. The effects of delay 

In the kinetic theory when considering the role of the delay should be to deal with the 

question of what measures the experiment: the instantaneous values or averaged. If the 

experiment is dealing with averages, it is important to choose the time and scale of averaging. 

At the agreed time, in this case to take into account the delay is not necessary, except in cases 

of co-measurement of relaxation times and delay.  

The length of the path of the molecules i-th group of molecules with respect to the j-th group 

is in classical mechanics 
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With that said the Boltzmann equation can be written as 
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In the formulas chosen averages, although you can enter a calculation for individual speeds 

and consider their sum. Similar values are calculated with a primed, since the molecule must 

reach beyond the mean free time, and the mean free path and travel time of the molecule 

before the collision and after can be different  , , ,     , can also vary the value of the 

incident and impinging molecules (with an index of one). 

1 1
1 1 1 1 1 1 1 1

1 1
1 1 1 1

...

... ...
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In general, this formula is necessary to write in this way, but at small gradients for easy gas 

can be limited by one long and by one  free movement time. However, for structural gas, for 

example, at heights of more than 120 km of the mean free time for three Mach numbers, i.e. 

lag time 10
–8

 s and more that can be comparable with the relaxation time. In fact, the 

expression can be simplified, given the orders of magnitude. Then 
00 0

0 0 0 01 1
1 1 1 1 1 1 1 1

0 00 0
0 0 01 1

1 1 1 1

...

... ...
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f ff f
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The integrals are calculated, and you can find the corresponding core Navier-Stokes 

equations. For small and medium gradients mean one free time and the mean free path as for a 

one-component gas. Significant differences are in the interaction of gases with very different 

properties. So for some organic molecules the relaxation time and the time lag on the mean 

free path are comparable (about 10
–9

 – 10
–8

 s). 

4. Interaction of two homogeneous flows 

The simplest interaction is two homogeneous flows that moving in the same direction at 

different speeds. The classical formulation proposed in [17]. 
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Fig. 2. The overall picture of the interaction of two streams 

The problem is on the singularity. Two singularities dictate (the boundary conditions are set at 

infinity) a non-standard method of solution. Approximation boundary conditions at zero, and 

then the iterative process to satisfy the boundary conditions. The problem was solved by 

student of fourth-year A. G. Garaev 
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Once we have the dimensionless equations 
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Then we have 

2 2 0         

With boundary conditions 

 0 0,    0 1 ,  a     0 0 ,          a . 

The analytical solution has been found. Numerical results are presented in Fig. 

Conclusion 

We propose the modified equations of continuum and Boltzmann equation taking into 

account dispersion and delay, as well as the position of the center of inertia of the elementary 

volume. The possibility to describe discrete medium in the framework of continuum 

mechanics. Set the role of dispersion and delays in physical and chemical relaxation 

processes.  The results of the numerical solution of the modified problem of interaction of two 

parallel streams moving in the same direction are given. 
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Gauss principle and problem of Chaplygin sleigh motion 

on an inclined non-smooth surface 

R.Р. Moshkin 

Moscow State University named after M. V. Lomonosov,  

Leninskie Gory, d. 1 (main building), Moscow, 119991, Russia 

Abstract. Consider the classical definition of the Gauss principle and its interpretation in the works of 

the K.F. Gauss, G. Scheffler, I. I. Rakhmaninov, M.V. Ostrogradsky, A.E. Bolotov and N.G. Chetaev, 

as well as consider the example of Gibbs. 

Principle of least constraint expressed by K. F. Gauss in 1829 [12], is the most General variational 

principle of mechanics, applicable to both holonomic and non-holonomic (linear and nonlinear) 

systems. Gauss principle has had wide development. A generalization of the Gauss principle 

associated with the work N. G. Chetaev [3-5] related to nonlinear nonholonomic systems. However 

this is the most simple application principle. Finding equations of motion by the principle of least 

constraint Gauss is reduced to finding the extremum of functions of the second degree relative 

acceleration, called the Gauss constraint (Zwang) 
2

3

1

.
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K. F. Gaussian belongs only to the verbal formula, namely: “the Motion of a system of material points, 

connected in an arbitrary manner and subject to any influences, in every moment happens in the most 

perfect possible harmony with that movement, what would possess these points, if they all become 

free; that is, with the least possible coercion when the coercive measures applied during the 

infinitesimal moments, take the sum of the mass of each point by the square of the magnitude of its 

deviation from the provisions which she would, if I were free. 

Let , ', '',...m m m – mass points, , ', '',...a a a – accordingly their status, , ', '',...b b b – places that would have 

taken after a certain period of time under the influence of forces acting on them and the speed acquired 

by the beginning of this period. 

The above principle States that the provisions of , ', '',...c c c  the point is (from all provisions of the 

permitted bonds imposed on them), such that the sum 
2 2 2

' ' ' '' '' '' ...  mbc m b c m b c  
is a minimum”. 

Key words: principle of least constraint, zwang, the variational principle of mechanics, holonomic and 

nonholonomic systems 

1. An analytic expression of the Gauss principle.  

Different interpretation of the Gauss principle and the stages of its development 

The analytical expression of the principle usually associated with the name G. Scheffler. In 

1958, G. Scheffler gave analytical expression to the principle of least constraint Gauss. The 

magnitude of the Forcing is computed in the coordinate form. The work of Scheffler [13] 

presents a detailed study of the Gauss principle in which the known analytical expression for 

coercion in Cartesian rectangular coordinates. Move the Scheffler reasoning is as follows. 

Let the point a  at the moment t  has coordinates zyx ,, ; she has the speed, the projections 

which are, respectively, derived zyx  ,,  on coordinates, time, and acceleration, the projection 

of which is equal to the second derivative zyx  ,,  from the coordinates; the projection acting 

on a point force – ZYX ,, . Then move the point a  in the direction of the coordinate axes 

during a time interval dt  with accuracy to terms of second order of smallness, respectively 
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If the point a  at the moment t  became free, the movement in the direction of the coordinate 

axes over the same period, have had expressions 
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Therefore, the vector cb  deflection points from the free motion has a projection 
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Therefore, coercion Z , Gaussian is equal to the sum of 
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analytically represented by the expression 
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Dropping the multiplier 
4

4dt
, not affect the extremum of coercion, Scheffler under duress 

systems understands the value 
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In other words, if the point mass im , belonging to the coupled system, are active power 

projection iii ZYX ,, , and the initial velocity at each point has a projection iii zyx  ,, , after 

expiration of the time element dt  point in free movement will come to the position with 

coordinates (we write out only one of them): 

2

2

1
dt

m

X
dtxx

i

i
ii   , 

here are held only members up to the second order of smallness. Coordinate of a point on the 

expiration of that time the true movement of the associated system is written as: 

2

2

1
dtxdtxx iii

  , 

where iii zyx  ,,  - projection acceleration point (issued only one coordinate). Subtracting these 

two expressions Schaeffler receives the projection of the “deviation” of the points in the true 

movement of free movement during the infinitesimal time interval dt . Further, he multiplies 

the squares of these deviations at the respective mass points, summarizes points, and 

coordinates and receives the expression “coercion”: 
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Fig. 1. Gauss’ Principle 

2 min i

i

mbc , m – weight point; ci – the possible 

trajectories; b – if there was no connections. 

Fig. 2. Gauss’ principle 

Rachmaninoff 

After that, Gauss’ principle is expressed as a condition for local minimality of coercion in 

relation to all kinematically possible motions (of those provisions with the same initial 

velocity). The variations are only the projections of the accelerations of points. Formally, the 

final account of the principle of Gauss-Scheffler not only expresses a minimality condition of 

coercion: 

       0
1

 iiiiiiiiiiii

i

zzmZyymYxxmX
m

Z    . 

For the first time the principle of Gauss was generalized to systems with nonstationary 

constraints I. I. Rachmaninoff [9]. 

Let iO  – the position of the point im  system at time t , iA - a provision that would have taken 

a point m  at the moment dtt   under the influence of speed  , reached by the time 

t , iB - a provision that would have taken a point im  at the moment dtt  , if it was only 

active power 
iF . By the force of 

iF  and speed 
i  free point im  at the time dtt   would be 

in the position iC . Since the point im  not free , in the actual movement at the moment  dtt   

she will be in the position iF (see Fig. 2). 

Let ii ED  a virtual movement that defines Rachmaninoff in the spirit of Ostrogradsky as such, 

which in conjunction with the actual move gives the allowed connections. Last Rachmaninov 

calls possible. Inequality 
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express the Gauss principle: at any point in the motion the deviation of the actual movement 

from a free less than is kinematically possible movement, Rachmaninov gives the energy 

interpretation, representing the forcing system Gaussian 
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in the form 
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where iP  - the amount of power lost, and ip - the magnitude of the displacement that would 

have made the power lost if the point system was free, iii CEp  . Therefore, 




n

i
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there is work that would produce lost of power, if a material point were free. Inequality (1) 

thus expresses the sentence: ”In the motion of a system of material points the work that the 

lost power could produce, if a material point were completely free, has minimal value; the 

increment of this work from full travel, which, combined with the actual movement, would 

have given the movement its best to be positive”[9, p. 11]. 

Further, in the work of Rachmaninov followed by a derivation of the equations of motion 

from the beginning of the lowest lost work. Finally, the connection between the principle of 

the lowest lost work and the principle of virtual displacements in conjunction with the 

D'alembert principle for systems with nonstationary constraints. 

N. E. Zhukovsky appreciated the work of his pupil E. A. Bolotov. The most significant work 

of E. A. Bolotov on analytical mechanics is the study of the most General variational 

principle – principle of least constraint Gauss. E. A. Bolotov owned a generalization of the 

principle of least coercion, which formed the basis for further research of the principle 

scientists of the Kazan school of mechanics (N. G. Chetaev). Zhukovsky was evaluated 

Bolotov "About the Gauss principle" as a doctoral dissertation. Nonlinear nonholonomic 

system work Bolotov was not affected. 

E. A. Bolotov gave a generalization of the Gauss principle, corresponding to the new view on 

the release of material systems. If Gauss is considered a complete release of all bonds, 

Bolotov – partial, consisting in the release of all not-holding and part holding of relations. 

The idea to compare the deviation of the actual and the possible motion of a system of 

material points not with free movement and with the movement when releasing the system 

from part ties Bolotov has an analytical expression. And it is not confined only to holonomic 

systems, but were considered and linear nonholonomic system. Generalized Gauss principle 

in the formulation of Bolotov is that “the deviation of the actual motion of a system from its 

actual movement, resulting in the discarding of all not-holding connections and an arbitrary 

number of holding, less than the deviation of any of groups”[6, p. 99]. In summary, the 

principle Bolotov replaces coercion by the amount 

        lk

n

i

kzlzkylykxlxi S
dt

jjjjjjm
dt

44

4
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222
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, (2) 

taken as a measure of deviation k -th movement from l -th, where kzkykx jjj ,,  and, 

respectively, lzlylx jjj ,,  – the projection of the acceleration of point im  system on the 

coordinate axis in k - th and l - th movements in the moment t , the coordinates and velocity 

of points of the system in these two movements at the time t  the same. 

If l -th motion to understand the motion of the system, freed from the bonds under the action 

of external forces, and under k -th – one possible for the system motion, then the expression 

(2) coincides with the expression for the forcing of the Gauss principle in its conventional 

form. 
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The basis for the proof of the generalized principle of least constraint in Bolotov are the 

principle of virtual displacements in conjunction with the D'alembert principle (the principle 

of D'alembert-Lagrange) and the following two positions: 

the virtual displacement of the system when data relationships are among virtual movement of 

the system, freed from all arbitrary and not-holding number of holding relations; 

2)  there is a virtual displacement, is proportional to the difference of the acceleration in 

potential and actual movements. 

These two provisions set forth Bolotov, formed the basis for subsequent generalizations of the 

Gauss principle. 

Generalized Gauss principle Bolotov used to address the complex issue of the weakening, 

not-holding connections. Bolotov also demonstrated proof of the generalized Gauss principle 

in the theory of shock occurring or from the action of an external shock pulse, or from a 

sudden imposition of new connections, and in General the joint action of these two factors is 

in all cases limited to holonomic and linear nonholonomic systems. Nonlinear nonholonomic 

system work Bolotov was not affected. 

The next stage in the generalization of the Gauss principle associated with the work N. G. 

Chetaev related to nonlinear nonholonomic systems [4]. For nonlinear nonholonomic 

systems, as shown by Appel and Delussu, the principle of virtual displacements in 

conjunction with the principle of D'alembert and Gauss ' principle incompatible. The most 

common is the Gauss principle, which is valid for nonlinear nonholonomic systems. The 

essence of the question, as noted by N. G. Chetaev, is the very definition of virtual 

displacements, which coincides with the definition of virtual displacements for holonomic 

and nonholonomic systems and in which the principles of D'alembert-Lagrange and Gauss are 

compatible. 

Chetaev also developed a new point of view on the release of material systems. Gauss 

considered a complete release of the material system, Bolotov – the release of parts of 

relations, Chetaev were considered the so-called parametric release of material system, i.e. 

every transformation, obeying a certain mathematical algorithm, namely such that if the actual 

movement of the projection of velocities of points of the system are defined by the formulas 

 SSii qqtax  ,, , 

 SSii qqtby  ,, , 

 SSii qqtcz  ,, , 

we in the liberation movement – formulas 

   rrSSSii qtqqtax   ,,,,,  , 

   rrSSSii qtqqtby   ,,,,,  , 

   rrSSSii qtqqtcz   ,,,,,  , 

where iii  ,,  – arbitrary functions of the indicated variables, with the number of new 

variables is equal to the number of new freedoms acquired by the system. 

N. G. Chetaev proved that they at a given axiomatic definition of virtual displacements and 

liberation and for nonlinear nonholonomic systems the deviation of the actual motion of a 

system from the actual movement of the released system less than the deviation of any of the 

possible movements from the same liberated movement. 
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When parametric release on Chetaev geometric meaning of generalized coordinates Sq  if the 

release is subject to change. 

Chetaev interpretation refers to systems with holonomic and nonholonomic linear (ideal) 

relationships. 

For valid and varied Gaussian for the time dt  the motion of a system he builds an elementary 

cycle consisting of direct movements in the field of the forces iii ZYX ,,  and return movement 

in a force field sufficient to create the actual movement, if the system was free, i.e. in field 

strength with projections 

ii xm  ,      ii ym  ,      ii zm   

and proves, using the principle of Gauss in the usual form, that the work on the elementary 

cycle the actual movement maximum. 

The study of the Gauss principle in the works of Chetaev refers to systems with ideal 

constraints. 

2. Not-holding connections in the case of a Chaplygin sleigh on an inclined concave-

convex non-smooth surface. Example of Gibbs 

Let a solid body in the form of a plate rests on an inclined plane semicircular sharp blade, 

rigidly connected with the plate. It is assumed that the fulcrum of the blade can move freely 

along the plane along the tangent to the blade but cannot move in the perpendicular direction; 

the projection of the center of gravity of the plane may coincide with the pivot point S of the 

blade. Find the equations of motion of a mechanical system constructed using the generalized 

Lagrange's function, linear differential forms, structural coefficients, a closed system of 

infinitesimal linear operators and a generalized nonpotential force. 

Considered the main example is the Chaplygin sleigh on an inclined plane [14]. Uses a 

generalized equation of Poincaré and Chetaev nonholonomic systems for in cases 
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where *L  – a generalized Lagrange function, s – linear differential forms, m

rsc  – structural 

coefficients, sX  - a closed system of infinitesimal linear operators, *

sQ  – generalized 

nonpotential force. Is the General solution [1]: 
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As an example of the use of a new form of Poincare equations now consider the rolling of a 

Chaplygin sleigh on an inclined concave-convex non-smooth surface (Fig. 3). Allowed the 

complex movement of the Chaplygin sleigh with not-holding connections. To understand the 
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complex motion planar rigid body with a not-holding connections are possible, see for 

example Gibbs. 

Let the given surface which passes through the origin perpendicular to x-axis and with the 

concave side facing in the positive direction of x-axis. Moving material point of mass m  at 

the time 0t  passes the origin at a speed of  . The condition that determines the evolution of a 

material point at the moment 0t , is that it can leave the surface in the direction of the positive 

x-axis. The possible displacement allowed this relationship, such that  0x , and y and z  

arbitrary (see Fig. 3). 

From a combination of the principle of virtual displacements by D'alembert principle 

       0 zzmZyymYxxmX     (3) 

should 

 Yym  ,         Zzm  ,            
m

X
x     (4) 

 

 

2 mini

i

mbc  , m – points mass 

Fig. 3. Not-holding connections in the case of a Chaplygin sleigh on an inclined 

concave-convex non-smooth surface. 

Given the limitation on the projection of the acceleration of the link 

R
x

2
 , 

z,  y 
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where R  – the radius of curvature of the cross section of the surface by a plane passing 

through the speed   and the x-axis, Boltzmann concludes that the relation (4) obtained from 

(3), determines the acceleration, if 

Rm

X 2
 , 

and does not answer the question whether a point is separated from the surface for 

R

m
X

2
 . 

It is necessary to consider the movement that would be in the next time. If dot came down  

from the surface, in the free movement of its acceleration x  in the direction of the x-axis 

would be equal to 
m

X
, i.e. less 

R

2
, so, the point should again be on the surface. Therefore, 

for values 
R

m
X

2
  the point cannot go from the surface. Using the principle of least 

constraint, this fact is seen directly. Since variations y and z  arbitrary, the ratio 

      0 zzmZyymYxxmX    

is to mind 

   0 xXxm   .   (5) 

For x  have the following conditions: if 
R

x
2

 , then 0x , but if 
R

x
2

 , then x  arbitrarily. 

Then the principle of least constraint, is given by the relation (5), gives the following: 

1. Let 0X  or 
R

m
X

2

0


 . Then the relation (5) the first factor positive 

0 Xxm  , 

as 

R
x

2
 . 

Case 
R

x
2

  excluded, because under this condition x , and consequently, the left part of 

relation (5) can be negative. So, 
R

x
2

 , i.e. the material point remains on the surface. 

2.    
Rm

X 2
 . If  

R
x

2
 , then 0 Xxm  . As in this case x  can have only positive values, 

then the relation (4) fails. If 
R

x
2

 , then x  can have positive and negative values, and the 

relation (5) only takes place if 

Xxm  , 
m

X
x  . 

Hence, the point detached from the surface and moves as free. 

3.   
Rm

X 2
  . For 

R
x

2
  the relation (5) is not fulfilled: the variation x  can be negative, 

and  0 Xxm  . Therefore, 
R

x
2

 . Then the ratio 
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Xxm  , 

i.e. the point is moving free, and the trajectory of its contact with the surface at the origin. So, 

if the projection X  all existing on the point of strength increases continuously from values 

smaller 
R

m 2
 big, point moving on the surface away with it at values 

R

m
X

2
  with 

acceleration 
m

X
. 

On the basis of the considered example of Gibbs, Boltzmann and then conclude that for 

systems with not-holding connections the Gauss principle of the wider principle of virtual 

displacements in conjunction with the principle of D'alembert [10]. This statement Gibbs 

called Boltzmann theorem of Gibbs, could not be considered fair. 

The principle of virtual displacements in conjunction with the principle of D'alembert in the 

form given Ostrogradsky (Gibbs and Boltzmann, obviously, did not know the work of 

Ostrogradsky), to the same extent, to decide on the motion at not-holding connections as 

Gauss ' principle, and in this example even more compact. 

The principle of virtual displacements in conjunction with the principle of D'alembert in the 

form of  Ostrogradsky is written in the form 

       
 


n

i

n

iiiiiiiiiiii LzzmZyymYxxmX
1 1

0


  , 

where   – multipliers, linkages, and 

  0
1




n

i

iiiiii zcybxaL           m,...,2,1  

there are conditions imposed in the General case not-holding connections to the virtual 

displacement of points in the system. Ostrogradsky showed that the multipliers of relations   

in the case of not-holding connections are non-negative, and gave a graceful method for their 

determination. 

If all the multipliers of relations during the whole time of motion is non-negative, the 

connection is not loose, if at some point of time 0t  multiplier connection   vanishes and 

then becomes negative, since 0t  the system comes with the appropriate connection. 

Apply the Ostrogradsky algorithm for example Gibbs. The motion of a particle of mass m  

subject to not-holding connection 

0),,( zyxf . 

The expression for the multiplier connection   take in the form of G. K. Suslov [11, p.191–194]. 

2

2

gradf

fmDFgradf 
 , 

where fD2 - set members with partial derivatives of second order in the expression for 
2

2

dt

fd
: 

fDgradf
dt

fd
22

2

  ;       zyx  ,, . 
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If at the moment 0t  the point is on the surface, then 

0
2

2


dt

fd
 

and, therefore, 

 gradffD2
. 

Then   will be in the form 

2
gradf

mgradfFgradf 



 . 

If the axis x  be directed normal to the surface, 

gradf

R

m
X

2




 . 

It is now easy to determine for what values X  the point separates from the surface and moves 

like free. Let the projection of force on normal X  continuously increases from values smaller 

R

m 2
, to values, a large 

R

m 2
. 

At the moment 0t  the point is on the surface and has the speed  . If, 

R

m
X

2
 , 

then 0 , and the point remains on the surface. If  
R

m
X

2
 , then 0 , but in the next 

moment 

R

m
X

2
  and 0 . 

Therefore, when the value 

R

m
X

2
  

the point coming off from the surface and moves as free. 

3. Gauss’ principle of Buchholz 

The principle of Gauss is locally-variational principle and the variational integral is not, 

because the summation is pointwise. In the Gauss principle in the Buchholz 


2

1

2

t

t

S TdtA  –  isoenergetical parameter, 

where tdyy   - full isochronous variation (see Fig. 4) 
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Fig. 4. Gauss ' principle of Buchholz 

4. The example of M. V. Ostrogradsky 

 

Fig. 5. The Example of  M. V. Ostrogradsky 
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Abstract. In Bible two persons appear whose origin is mysterious as well as their relation with 

patriarchs: Job and Melchizedek. In this paper we claim that Job in his advanced age was known as 

Melchizedek. He took the title of Lord of Justice, after overcoming difficult experiences, of 

astronomic origin in our interpretation.  The astronomic event is the super Tunguska explosion of the 

object named in Job’s book Behemoth, by Greeks Typhon that we date at 2033 BC. By this event we 

also explain Terach and Abraham’s migration from Ur/Uri, to Haran, both towns by us located in 

Kashmir. Then we consider Abraham move to Canaan, by us, following Salibi, located in Arabia 

Felix, meeting on the way Abraham. Finally we explain in the Typhon scenario why the works at 

Tower of Babel ended in a strange way.   

Key words: super-explosion, astronomical scenario, Earth evolution. 

1. On the identity of Typhon with Behemoth and Leviathan 

The Book of Job is one of the most fascinating and mysterious books of Old Testament. There 

has been much discussion on its dating, some claiming it very ancient, others recent, others a 

fake, others, as in Talmud, see Cohen (1935), a parable. For a discussion till Qumran texts see 

Garuti (2004). In this paper we assume the content of the book as basically authentic, the 

described events dated at 2033 BC. In Talmud Job is claimed to have met Abraham and to 

have lived 200 years,  close to the 175 of Abraham, see Genesis. That the two great men lived 

at about the same time appears e.g. in the Abraham Testament, a Judaic-Christian apocryphal 

book, see Rabbah Genesi 57-14, Città Nuova, 1995. 

 Job, the main figure in his book, is not a Hebrew, but a man believing in one God, thus a 

monotheist before Moses, if our dating around 2000 BC  is correct. He is described while 

living a difficult time, lasting 12 months according to Talmud, see Cohen (1935).  He loses 

his great properties, his sons, is affected by a terrible illness, but recovers becoming again rich 

and powerful. In his talk with God two strange monstrous animals are named, Behemoth and 

Leviathan. Losses of his cattle, slaves and sons take place in a catastrophic setting. 

We present the main Job’s events quoting from Book of Job, edition La Bibbia 

interconfessionale, Editrice Elledici, 2000, our translation into English. Of course there are 

variants in other editions, the problem of the correct original biblical text being essentially 

unsolved. 

In the region of Uz a man lived whose name was Job. He was honest and just, he rejected ill 

doing because he respected God… he was the most important man among those living east of 

Israel… lighting came and killed his cattle [7000 sheep and many camels, she-asses,   ,]… his 

sons and daughters were banqueting in the house of the elder son when suddenly a very 

strong wind arose, from the desert. It destroyed the house, all inside were killed… woe to the 

day I was born and to the night I was conceived!... for me no more calm or rest, only torments 
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I suffer… days of man on earth are a torment… I am covered with vermin and crusts, my skin 

if full of ulcers… miserable people attack me,  make me run away, plan to destroy me… 

The quoted text below translates Behemoth and Leviathan respectively as hippo and 

crocodile, but we use the original term. There is a long dialogue of Job with God, one of the 

greatest moments in world literature, whose nature we do not discuss. It follows discussions 

of Job with his friends, only a part of it given here. 

How I created you, so I created Behemoth, who eats grass like an ox. Look how strong he is 

in his back and in his stomach! His tail is erect as the trunk of a cedar… he can be downed 

only be me, his creator, by my sword… he consumes the grass of whole mountains… no one 

can approach him nor anyone can make a hole in his nose with an iron, nor put on his nose a 

hook to tame him!  

Can you capture Leviathan with a bait, or grab him by his tongue and pull him with a rope? 

… may fishers bring him to the market and may the vendors cut him into pieces? … no animal 

on earth is like him, nothing scares him, he dominates over all wild animals, he is the king of 

animals. 

Then the Lord granted to the prayer of Job, freed him from his suffering and gave him twice 

what he had before… He blessed him in his late years. Job got 14.000 sheep, 6000 camels, 

1000 pair of oxen and 1000 she-asses. Moreover he had 7 more children and 3 daughters 

[nothing said about wife or wives]. He lived 140 more years, having enjoyed a long and 

happy old age. 

On Behemoth, there are several interpretations in literature, e.g.: a mysterious animal,  giant 

elephant or hippo,  dyno, or the symbolic meaning of God’s supremacy. In Baruc’s Syriac 

Apocalypse, an apocryphal of first century, one reads that the flesh of Behemoth and 

Leviathan, killed by God’s power, will be eaten by just men in a banquet at the end of time. 

Also on Leviathan the many interpretations include that of a giant crocodile, possibly related 

to Egyptian god Sobek, or to the Sumerian goddess Tiamat destroyed by god Marduk. About 

Tiamat and other ancient myths explained within a new astronomic scenario of solar system 

recent evolution, see Spedicato (2016a). 

Our interpretation, possibly never considered in literature, sees Behemoth as a small celestial 

body, size unknown. That body entered Earth atmosphere after possibly previous interactions, 

whose description is beyond our power, exploding as a super Tunguska object not too far 

from where Job lived. The body called Behemoth in Bible, we claim was the Typhon, or 

Typheus, of Greek mythology, possibly the Apophis in Egyptian one. Typhon was associated 

to earthquakes or volcanic eruptions. He had a complex story that we cannot consider in this 

paper, probably related to an origin from an impact on Jupiter in 6910 BC, see again 

Spedicato (2016a). A similar body in our interpretation was Phaethon of Greek mythology, 

that exploded over Eider river in northern Germany, Eridanus in myth. An explosion, see 

Spedicato (2014), that occurred in 1447 BC, explaining the Deucalion Flood and part of the 

Exodus events. Behemoth probably was not a single body, but consisted of several bodies 

from fragmentation of the original body, with emission of gases, dust, material… 

In the book of Job no explosion seems to be recorded, which can have various explanations. 

The simplest one is that Job was staying in a closed place and was not worried by 

earthquakes, at that time certainly common, but rarely quoted in Bible. Preliminary question 

is where Typhon exploded.  Greek mythology quotes several places, e.g. Lebanon or 

especially Aetna, where parts of Typhon under the volcano are claimed to be the cause of that 

volcano eruptions. Main references are however to the east Egypt delta, near the 

Mediterranean coast. It is claimed that where Typhon exploded, the great fortified city of 

Avaris was later built, center of the Hyksos power; close to it the city Pi Ramses was later 
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built by Ramses II. The different places associated to Typhon explosion can be explained by 

fragmentation of Typhon, each piece exploding or impacting in a different place. This 

recently happened with the comet Shumaker Levy, impacting Jupiter in about twenty 

fragments. Notice that an explosion in atmosphere leaves almost no traces on the soil, see for 

the 1908 event in Tunguska Rubtsov (2009).  Lebanon, north delta and Aetna lie 

approximately on an east-west line, associated to the object trajectory (whether moving from 

east or west unknown). Before exploding, Typhon and its parts might have passed over 

Babylonian sky, with the effects discussed below on the Tower of Babel. Notice that, from 

Boslogh et al (2008), Tunguska and super Tunguska events are more frequent than impacts 

and have more serious effects. 

Let us consider Typhon explosion over delta. The important effects, whose exact quantitative 

value is not available, are: 

A strong earthquake destroying buildings within hundreds km from explosion. Giza 

monuments already existed at explosion time, dated, see later, at 2033 BC. While pyramids 

were probably little damaged, possibly losing part of their stone cover, Sphynx was probably 

seriously damaged. According to Temple (2009),  Sphynx had the body of a jackal and the 

head of god Anubis. Due to the elongated shape of the Anubis head, with big ears, head was 

prone to damage. Also body was damaged, a great mid body fissure appeared, closed with 

cement by Selim Hassan about 1930.  By doing so, Hassan blocked the access to a room 

below Sphynx that was covered by hieroglyphs according to archaeological inspection. If 

Job’s tragic events relate to Typhon’s explosion, the death of his children in a fallen building 

can be attributed to the earthquake and the strong wind that followed the explosion 

A strong hot wind, with speed and temperature decreasing with distance from the explosion 

point. Initial temperature possibly over 1000°, fires starting up to 1000 km away. Most areas 

around the explosion were sea or desert, with significant vegetation in Egypt only along the 

Nile and in the delta, thus no fires over very large areas were produced. Large scale fires, for 

million square km, see Spedicato (2015), involved Mexico, Guatemala and southern present 

United States when about 10.500 BC a super Tunguska explosion took place over the Great 

Lakes, then covered by an ice layer 3-4 km deep.  The very hot wind due to Typhon 

explosion, whose intense light people may have associated to lighting, could however 

incinerate the cattle of Job and his guardians. Job was probably at that time living in 

Palestine, a few hundred km away from the explosion. He survived the explosion due to the 

special place he was staying, see later. The house, under whose ruins his children died, was 

destroyed by combined earthquake and wind. Notice that the wind might have brought dust 

from the exploded body, containing possibly radioactive substances; a possible cause of the 

skin plagues that Job lamented. 

If the explosion took place near the place where Avaris was later built, a short distance from 

Mediterranean coast, the atmospheric wave from explosion would push Mediterranean waters 

towards north. A tsunami flooded then the north coasts of that sea (the Ogyges flood of Greek 

memory), a return tsunami then the southern parts, including, Palestine. For someone 

observing from a high place, the tsunami front would have looked like a water wall, with an 

almost vertical front, moving fast in the shape of a giant snake. That vision led to the idea of 

the giant monster Leviathan, made of water. Talmud states that Leviathan was broken by the 

power of God and that his pieces were eaten by wild people. The breaking into pieces is the 

breaking of the tsunami front when reaching the coast. Notice that in some low lying coasts 

the tsunami could reach inside for a long distance, maybe over a hundred km. Wild people 

can be identified with ancient tribes living on sea, such as the Ichthyophagi of classic 

geographers. In Peryplus of Erithrean sea these people are described as living on the shores 
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of the Indian Ocean. They were stark naked, ate mussels and any beached fish, sometimes had 

cows fed with fish, their huts were made from whales bones. They did some trade, selling 

grey amber (a perfumed body product of sperm whales) collected on beaches, or corals, 

pearls…. It is possible that two thousand years before the time of Peryplus, at Job time, these 

people lived also on some Mediterranean shores. From withdraw of coastal waters, they knew 

about the approaching tsunami. Then they would escape to higher land, returning to catch the 

fish and seafood brought by the giant wave. This behavior was noted during the recent 

Bengali sea tsunami, that killed some half million people, but not a single aboriginal of the 

Andaman islands. They fled to the higher areas, about 800 meters elevation, jungle covered, 

full of leeches, 108 found on the body of Heinrich Harrer (teacher of Dalai Lama during his 

seven years in Tibet),  who first climbed the highest peak in the Andaman. The tsunami front, 

seen by Job or described to him by survivors, looked as a giant snake, broken on reaching 

coast, pieces eaten by Ichhyophagi. 

 

The tsunami we associate to Typhon appears is the oldest flood remembered in Greek 

tradition, apart from the unnamed flood associated to Atlantis destruction. It is Ogyges Flood, 

dated by Solinus, see bibliography, to 600 years before the Deucalion flood, and associated 

with days of darkness, possibly due also to an immense eruption of Aetna.  Deucalion flood, 

see Spedicato (2014), occurred at time of Exodus, dated by internal Bible chronology, at 1447 

BC, say 480 years before the construction of Solomon temple began. Thus Ogyges should be 

dated at about 2050 BC, later we claim an exact date of 2033 BC. Darkness was due partly to 

dust from the explosion point, partly to volcanic eruptions within thousand km from the 

explosion, induced by the explosion. 

Between Ogyges and Deucalion floods, Greek tradition recalls Inachus flood, seven 

generations before Deucalion’s, say around 1630 BC, time possibly of the Thera or Santorini 

volcanic eruption with caldera collapse. After Deucalion’s, Greeks put Dardanus flood, 

perhaps in the 8th century BC, a period of migrations. Etruscan migration from Lydia to 

Tuscany was stated by Herodotus and recently confirmed by genetic analysis, see Ghirotto et 

al (2013). Another confirmation for Ogyges flood at about 2050 is in Censorinus, see Vieni 

(2011), who states that Ogyges flood took place 400 years before Inachos, in agreement with 

the previous estimates. 

Varro, in his lost De natura deorum, quoted by Augustin, states that, at time of Ogyges event, 

planet Venus changed in form and color, a phenomenon that we cannot explain presently. 

Radlof (1823, 2006) notices from De civitate Dei of Augustin that Venus changed also orbit 

at Ogyges time, quoting Adrastus of Cyzicus and Dion of Naples. Moreover weather at that 

time became very cold and snow fell; cooling effects certainly are expected in presence of 

much dust in atmosphere, recall the year 1840 without a summer after the Tambora explosion 

in Java of 1815. 

In the event of Typhon explosion, Greece too was also very heavily affected, by tsunami, fires 

and dust; probably most of the inhabitants died, population recovering after a few generations. 

Delos is claimed to have been the first place where light returned, possibly because people 

survived in sacred caves, see Isidore of Seville (2006). It is also claimed that the town of 

Jobbe, later called Jaffa, one of the oldest towns in Palestine, survived the catastrophe. In next 

section we consider its association with Job. Jobbe survival can be explained if the tsunami 

did not reach the town that was built on top of a small hill, and further protected by probably 

strong and high walls, as typical on those times. 

Who was Ogyges is an interesting question. Ogyges, Greek Ωγυγος, seems to mean old, but 

its origin might be not Greek. An Ogia appeared in the lost apocryphal Book of Ogia who 



E. Spedicato 

 

 68 

defeated the dragon after the Flood, see Sacchi (1971). Ogia as a name might relate to 

Ogyges or to Og, a giant of the Refaim family in the land of Canaan, appearing in 

Deuteronomy. The name might also be applied to the giant in Genesis, Nimrud, a great hunter 

who became king of Babylon and more lands. Nimrud may be a Biblical name for Ninus of 

Diodorus or the king in Akkadian tablets named Sargon the Great, whose great capital city 

Agade is yet to be discovered. An Ogyges with multiple references possibly. Greek traditions 

tell of at least three Ogyges or Ogygo, one a Titan defeated by Zeus, one father of Eleusis, 

one founder of Thebes in Greece at the time of a flood before Deucalion’s, which might well 

be the event following the explosion of Typhon. We suspect that Ogia was Ogyges or Ninus 

or Nimrud, and that the dragon in the Book of Ogia was the Behemoth - Leviathan to whose 

destruction Ogyges survived. The empire of Ogyges or Sargon the Great included areas where 

the explosion effects were not serious, so the king and its empire probably survived the 

catastrophe.  

In this paper we neglect other effects of Typhon explosion in the Mediterranean area, of 

possible archaeological interest, including the Veneti from Central Europe moving to other 

areas, even in eastern Mediterranean. Certainly the most affected area was Egypt delta. There 

was almost total destruction, the tsunamic waters reaching possibly south of Heliopolis and 

Memphis, main cities then built where the Nile narrow valley opens into the delta. Ogyges 

flood is a best explanation for the mysterious and little understood end of the Ancient 

Kingdom. This Kingdom, after the First Intermediate period of complex analysis, was 

followed by the Middle Kingdom, considered by many the greatest Egyptian period, once 

population recovered and the effects of the catastrophe were forgotten. 

Typhon explosion effects were important also far away. Later we provide a natural 

explanation in terms of Typhon of the story of Tower of Babel and of languages 

multiplication. We also will briefly cite expected effects on the Indus-Sarasvati civilization, 

where the tsunami induced by the explosion affected much of the low Indus valley, drying the 

Sarasvati river bed. 

2. Job, who were you ? 

It is natural to ask some questions about Job, where given answers have differed among 

scholars. Our proposal on who Job was seems to be new, in geographic and chronologic 

terms. We explain by Typhon explosion facts about Behemoth and Leviathan as in Job’s 

book. 

Let us first consider the original land of Job. Notice that at the time of the special events here 

considered, Job was a mature man, about sixty, who lived 140 further years, thus seeing, see 

Ceronetti (1997), four generations. In the quoted biblical version Job is called a man from Uz. 

Same statement in Septuaginta, the biblical version that we prefer, in good company of 

Church Fathers. In the Masoretic text Job originated from the region of Gus. Both names in 

our opinion point to the Turkish people, originally divided into 12 tribes. Turkish people call 

themselves Ghuz, see Koestler’s (1980); there are arguments that the Magi of the Gospel 

came from a region sacred to the Turkish, and other people, say the Altai mountains, between 

Siberia and Mongolia, see Spedicato (2015). Magi, according to an apocryphal book, departed 

to meet Jesus accompanied by 12 chiefs and 12.000 men, possibly chiefs of the Turkish 

tribes. 

Word ghuz is a common component in Turkish words, especially in family names, see e.g. 

Eröl Orghuz. This is the name of the Turkish geo-morphologist who, from satellite 

photographs, discovered that the basin of Takla Makan, now a sandy desert larger than 

France, north of Tibet, was once filled with water, most probably sweet water. A water that 
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originated  from Tibetan plateau, Pamir, Tien Shan and other surrounding mountains, when 

ices melted rapidly at the end of Ice Age, about 9450 BC, the time when Atlantis also 

disappeared. Part of the melted water did not reach oceans, since the heart of Asia has no 

outlet to oceans. The region probably called Abzu in Sumerian records, this being a hybrid 

name from Persian Ab = water, and Sanskrit zu = sweet. The additional associated meaning of 

abyss resulting from the fact that the huge sweet water basin was seen as lying on a deep 

bottom from the surrounding mountains of Kunlun, Tien Shan and so on. For a Sumerian 

original land north of Tibet, see Spedicato (2001a,b, 2004). 

Intriguingly, gus is the name of the dish of our old people that is still now prepared once a 

month in the village of Corteno Golgi, where Nobel Medicine Prize laureate Golgi was born. 

Corteno lies in Central Alps, eastwards of the Aprica pass, between Val Camonica (location 

of the great Camuni civilization, begun possibly at Atlantis time) and Valtellina, a valley very 

rich in fruit, grasses, cereals, on the way from Italy to Germany. Gus consists of sheep meat 

cooked the whole night without water or herbs; a very tasty dish. A dish typically of steppes, 

cooked using animal dung, no water, only the natural juices of the flesh. That dish recalls that 

a number of Turkish people, escaping Genghis Khan onslaught that covered the steppes with 

innumerable skeletons, reached the Alps. Mongols would not follow them, not due to 

distance, but because they never entered forests or swamps. According to Koestler (1980), 

about two hundred villages were founded by escaped Turks in Carinthia, but clearly some 

Turkish people reached Italian Alps at least up to Corteno Golgi. Turkish tribes religion was 

monotheism. God was considered the creator of everything, but he was not interested in 

human affairs, so Turks prayed spirits and ancestors. Turks lived in an area of over ten 

million square km, between Russia, Mongolia, Tibet, much of Siberia. From the northern 

original areas, where the Altai region was possibly the most sacred place, they occupied the 

steppes of present Kazakhstan, Tajikistan, Turkmenistan, and Uzbekistan, where we notice to 

root Uz. As Turanian (a word of probable Sanskrit derivation, meaning the strong ones, seen 

in India in the Turanian navigators), they lived between the two great rivers Syr Darya (river 

of Lion)  and Amu Darya (river of Adam?  Also called Oxus, Gihon…). Turan had great 

cities in the eastern part, as Bokhara and Samarkand, close to the ranges of Pamir and Tien 

Shan. In the southern part Turkmen lived as bandits assaulting the villages and towns of the 

Iranian plateau, till a couple of centuries ago, see Vambery (2004). 

Above arguments support our claim that Job was a man of the vast Turkish gent, noting 

additionally: 

In the city of Bokhara, glory of medieval Islamic civilization and of extremely old origin, due 

to the abundance of water, a monument was still visible before second world war, the so 

called Job fountain, or Chasma Ayub, see Maillart (2002). If such a tradition has a historical 

basis, then Job spent part of his life, probably his young years, in Turan. Now Turan is 

crossed by the two main silk roads, the difficult one from north-east, via Zungaria, the easier 

one from Kashgaria, south-east. Southern silk road passes by present city of Mazar-i-Sharif, 

branching to Kashmir and Panjab, thus to Indus and Ganges valley, and elsewhere. Around 

2000 BC was a period of great civilization in China and India. Thus Job, certainly a member 

of the Ghuz élite, in terms of commercial and shamanic activities, might have been in Turan 

for several reasons. One to trade with China, especially in the very expensive silk. Second to 

keep contacts with other religious leaders, for instance by attending shamans meetings, that 

took place perhaps regularly. Notice that till recently a sacred island of lake Bajkal was the 

place for regular meetings of shamans from much of northern and central Asia…. In one of 

such meetings he might have met the father of Abraham, Terach, from Kashmir, land of 

shamans and magicians and of Vedic tradition; Terach himself might have been interested in 
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taking part in such meetings. He could have brought Abraham, one of his three sons, if the 

eldest one is unknown to this author, possibly to make him successful in religious knowledge 

and activity. Thus Abraham might have met Job and be influenced by his monotheism. Here 

possibly lies the origin of his break with his father and his move to Canaan. 
 

Turks are monotheist, believing in an absolute God, creator of everything. They call him 

Tengri, Ten possibly related to Chinese Tien, meaning sky. Their idea of God is found in 

many other people, see the Mongols, where a discussion on this concept is given in William 

of Rubruk, who visited emperor Mongu not long after death of Genghis. The presentation of 

God by Mongu is to this author of a depth unrivalled by Church Fathers. The monotheistic 

idea is found moreover among many so called primitive people, see for instance the Muria of 

central India, in Elwin (1963), or the Kafiri Kalasha of Hindukush, Cacopardo (2010). God is 

for them the supreme Being, the creator of universe and of sentient beings …, but he leaves 

creatures to their own affairs. This leads to venerate and pray other created beings, supposed 

to be more powerful than us, like angels, demons, souls of deceased humans. According to the 

Apocryphal book of Athanasius, Tourniac (2012), Melchizedek, whom we claim to be just Job 

in advanced age, discovered God by looking at the starry sky. Here thus a relation between 

the God named Tengri by Turks and the sky. The night sky over Turkish lands is usually 

deeper and fuller of stars than over European or Mediterranean areas, being a sky over deserts 

or elevated lands. 
 

Above considerations justify Job as a monotheist, well before Moses, with a strong feeling of 

God. He might have been a shaman, with powers later enhanced by his special story. That he 

was a depositary of very ancient knowledge, a fact reserved in past generally to religious 

people, can be seen in Job 25.5 or in Psalm 72.5. There an intriguing statement is attributed to 

Job, namely his reference to God as one who was feared before Moon existed, before Moon 

shed her light, generations and generations in the past. This sentence is usually considered a 

poetical utterance, but, in our new astronomic scenario of solar system since about 10.500 

BC, it is the description of the capture of a satellite, that became Moon, from a planet passing 

near Earth, the Metis of Greek mythology, about 9500 BC. See Spedicato (2013, 2014, 

2016a). Before acquiring Moon, Earth’s satellite was Mars, lost in 6910 BC when Metis 

impacted Jupiter and Mars was removed from gravitational tie with Earth due to the push 

received when large Jovian mass hit it, provoking inter alia a depression on one hemisphere 

and a bulge on the other one. 

We have argued that Job was a man of Turkish stock, who lived some time in Bokhara region. 

When the Typhon catastrophe occurred, and when Job dialogued with God, he had moved to 

the Mediterranean coast, most probably to Palestine, where he was a richman of great 

authority. We come to this conclusion from the following arguments: 
 

There is in Jerusalem a so called Job’s well, see Schalom ben Chorim (1997) 
 

According to Isidore of Seville (2006), in Idumea a source existed called Job’s source, 

Idumea being south east of Palestine, in present Jordan. This statement, if true, indicates that a 

large area was subject to Job. Notice however that it was normal, and has been so till recent 

times in Tibet or Mongolia, for shepherds to move their flocks for thousands kilometers. 

Idumea was a region once settled by Edomites, who descended from Esau, brother of Jacob, 

son of Isaac. It is a rugged region, of difficult access, that can be defended by few soldiers. 

Romans conquered it after a century of attempts. In our book on Exodus, Spedicato (2014), 

we claim that Moses, after escaping the pharaoh in present Nuweiba area of eastern Sinai, 

brought his people to Idumea to escape from another even more serious danger. The death of 
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the pharaoh in Nuweiba was a marginal event for Egypt compared to the devastation of the 

delta brought by the Ogyges flood and by arrival of Turanian tribes, the Amu of previous 

raids, the Amalekites of Bible, the Hyksos of Manetho. These tribes had some 400.000 

warriors, too many for Moses. He defeated about a thousand of them, those born on the day of 

battle, poetically claims Talmud, but wisely decided to wait several years, probably the 

famous 40, in the well protected Idumea. There signs of his presence are seen in Wadi Musa, 

Ain Musa, Jebel Haroon, namely Source, Valley of Moses, Mount of Aronne, Moses brother. 

Ain Musa, existing at Moses time, was possibly the original Job Source, name changed in 

honor of Moses. Moses sojourn in that area was costly and paid with the gold he had taken in 

the sanctuary of Baal Sefon, dedicated to Shiva, the god of the Indian navigators, the Pani 

Tiranians, involved in the trade between India and Egypt. 
 

The extremely ancient town of Jaffa, from whose port ships left to Egypt, might have 

interested Job for trade reasons. If he had lived in Bokhara, he realized that silk could be 

marketed to Egypt. Extending silk road to Palestine was no problem. Certainly a trade route 

existed from Bokhara to Egypt for sale of the lapislazuli of Badakshan (eastern Bactria, 

present Afghanistan); lapislazuli were very important in Egypt as sacred stones and as 

component of medicines. Gold, emeralds, other precious stones, musk were also traded via 

that road. Quality animals, as horses from Fergana, camels, falcons (the Pamir giant eagle 

used to hunt wolves and bears till Middle Ages…) and other objects could use that trade way. 

Finally, notice that the name for Jaffa may be a modification of old name Joppe. 
 

The apocryphal Book of Athanasius, see Tourniac (2012), states that Job lived seven years on 

mount Tabor, in Palestine. Veneti were present with fortifications not only in central Europe 

but in several places along eastern Atlantic coast, as Vendee in France, and along eastern 

Mediterranean coast, see Tomasiz et al (2007).  In their language Tabor means fortification. If 

the place where Job lived some years is mount Tabor in Palestine, is an open question. Mount 

Tabor is famous for Christians because of Jesus transfiguration, when he appeared to Peter 

and John with Moses and Elijah. Veneti were great navigators, on European rivers, on seas 

and on Atlantic. They might have used a fortification on top of the mount Tabor as a safe 

place to support their presence and trade. If they had relations with Job can only be pure 

guess. 
 

According to the quoted apocryphal, Job left Tabor after his family was destroyed by a 

catastrophe, including apparently loss of his parents, not cited in Bible, thus his nickname of 

man without father and mother. We have suggested that Job was a shaman, possessing 

knowledge and techniques often transmitted from father to son. Bible is silent on such 

capacities of Job, probably subject to censorship when the book of Job got final revision in 

times of classical Mosaic monotheism.  
 

If we are right in identifying aged Job with Melchizedek, then he might have been on top of 

mount Tabor when the Typhon-Behemoth-Leviathan catastrophe occurred.  It is unclear if 

Typhon, passing more or less over Tabor, before explosion over delta, was seen by Job, or if 

the description of Behemoth pertains only to his dialogue with God. Job did not witness 

directly the destruction of his sons and cattle. Now mount Tabor, height some 600 meters, is 

some 400 meters over the valley below, originating north of present Haifa, reaching with slow 

inclination from the coast, some 70 km away. So he was safe from the return tsunami, say 

from Ogyges flood effects on the coasts of Syria, Lebanon, Palestine. He could see the fast 

moving tsunami front, speed possibly over 100 km/h (tsunamis in open sea may be faster than 

500 km/h).  The wave possibly reached the basis of Tabor mount, going up for some extent.  
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Similarly we proposed that Deucalion, see Spedicato (2014), watched the tsunami from 

Delphi, some 600 m on the southern side of Parnassus. King Deucalion’s memory is the basis 

of the Greek story of the most recent flood described by Plato, the oldest one being the 

Atlantis flood. 

Finally, we give a tentative explanation of the name Job. We suggest a relation with the 

etymon of the words Jovis, archaic, and Jupiter, Latin words for the great planet and god. 

These names have never been fully explained, as philologist Luigi Lehnus confirmed me. A 

natural explanation comes within the astronomical VAS scenario, see Spedicato (2016a), 

extending approaches by Immanuel Velikovsky and John Ackerman. VAS explains the Greek 

myth of Athena born from the head of Jupiter as the consequence of a planetary body, in 

mythology the goddess Metis  wife of Jupiter, impacting Jupiter, where now is the Red Spot. 

The impact projects into space part of Jupiter mass. The largest expelled material forms 

Athena, developing into planet Venus. Other material, part consisting of water, recalled as the 

cosmic water, on reaching Earth produced tsunamis, floods, violent rains. In this context the 

names Jovis and Jupiter, are explained as hybrid names. There we see a Chinese part, JU, 

meaning rain,  a Latin VIS, meaning force, and PATER ~PITER, meaning father, in Latin and 

Sanskrit. Note that Latins, part of the Arian people, came most probably from northern Asia. 

There they lived not far from the originators of the Han or Chinese civilization, who in 

ancient times were located in the high and middle Yellow River valley. Similar hybrid names 

are seen in Himalayas, for instance in Gorishanta, the name of Everest before the British 

dedicated those mountains to the chief of their mapping office. Gorishanta originates from 

GORI, white dressed lady, in Sanskrit and Urdu and…, and SHAN = mountain, TA = great, 

in Chinese. Hybrid names are also common in Tien Shan, from Turkish and Chinese, see for 

instance Maillart (1934).  Job name can be interpreted via JOB = JO – B = JO – AB = JU – 

AB, JU as before meaning rain in Chinese, AB meaning water in Persian (A – water in 

Sumerian). A name possibly recalling the cosmic waters that from Jupiter impact in 6910 BC 

reached Earth, including desert parts where rain almost never came. 

We close this section with the following synthesis of previous arguments: 

Job was a man from some Turkish tribes, originally located between Siberia, Mongolia, Tibet, 

Urals and reaching via Turan the Iranian – Afghan  mountains. Their religion was basically 

monotheistic, but in practice spirits and ancestor souls were venerated.  He probably belonged 

to a rich family, preserver of ancient knowledge, and was a shaman, so a pagan, in Ben 

Chorim evaluation. He probably lived some years in the Bokhara region, moving later to 

Palestine, where possibly he lived in a fortified place on top of mount Tabor. His activity 

included trade, possibly even of silk, in addition to animal breeding. His abode on mount 

Tabor was probably motivated  by religious reasons, top of mountains often chosen as a best 

place to pray, and also as a safe place for his merchandise  
 

Due to Typhon explosion over delta, whose effects were dramatic to Egypt and to the Indus-

Sarasvati civilization, dramatic events affected also Palestine. Among these, a very strong 

earthquake and especially the wind, of high speed and temperature, associated to the 

atmospheric pressure wave were produced by the explosion. The house where Job’s children 

died was leveled by both earthquake and wind. Cattle and servants were incinerated due to the 

high temperature of the wind. Job survived, see below, but probably he had skin plagues, 

possibly due to dangerous elements in the exploded body, that made him suffer greatly and 

complain to God.  
 

Job’s dialogue with God is one of the highlights in religious literature. We do not comment on 

it. We just point out that Job, if of Turkish stock and a family of shamans, could address God, 
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or some high being, in many ways, apart from a direct talk as Moses had with JHWE. My 

personal opinion is that Job’s dialogue refers to a true experience, not a metaphoric or 

symbolic event. 
 

The book of Job deals with events in the maturity of Job, let us assume about 2050 AC, 

actually 2033 from below. Job lived 140 more years according to the book. He became again 

powerful, rich in cattle and sons, and famous for his recovery and dealing with God. He 

attained a great authority, becoming known, see below,  as Melchizedek, say King of justice, a 

gift following his being blessed by God.  He received Abraham under this title, Melchizedek 

not being a proper name. The title of Melchizedek appears in the apocryphal book Secret of 

Enoch, referring to events before the Noachian flood, see Sacchi (2015). Whether this title 

was then transmitted to others, up to Jesus as it is suggested in a letter of Paul, will be 

discussed in a following paper. 
 

Ceronetti (1997) cites a tradition stating that Job was in a prison wherefrom God liberated 

him. Prisons in antiquity often consisted of a deep empty cistern. Joseph son of Jacob spent 

about three years in such a cistern before becoming minister of pharaoh; even recently former 

Chinese president Liu Shao Chi was put in such a place, where he died of cold and hunger. If 

Job was imprisoned in such a cistern, then he could have survived the hot wind that did not 

affect the bottom of the cistern. In the eruption of volcano Pelè in the Caribbean island of 

Martinique in 1902, one of the four survivors was a prisoner in the cave of the prison. That 

man spent the rest of his life in the Barnum circle as a living miracle. 

3. Melchizedek, who are you? 

Melchizedek is one of the most mysterious persons in Bible. He appears in Genesis, receiving 

Abraham, who gives him one tenth of the loot from his defeated enemies, and is blessed by 

him; but some claim that it was Melchizedek to offer values to Abraham. He appears in a 

letter of Paul, who claims Jesus to belong to the order of Melchizedek. In Ethiopian texts, 

included the quoted Enochian one, Methuselah, son of Enoch, appears to be the first High 

priest of God. He transmits this quality, depending on the source, either to Noah aged ten, or 

to younger brother of Noah, Nir. According to some traditions, in Targum, by Samaritans and 

Luther, the first Melchizedek was Shem, son of Adam, or the son of a prostitute, see Tourniaq 

(2012).  

Leaving aside the question of the original Melchizedek and how the title was transmitted up 

to Jesus, we quote the following, from the quoted Bible text, about Melchizedek that we 

identify with Job: 

After having defeated Chadorlaomer and the other kings with him, Abram was going back 

[from Coba, north of Damascus, after liberating his nephew Lot ]… Melchizedek, king of 

Salem, came bringing bread and wine. He was priest of God the Highest. He blessed Abram 

with these words: God, the Highest, creator of Heaven and Earth, may He bless you, Abram! 

And God the Highest be blessed since he made you win over your enemies. Then Abram gave 

Melchizedek one tenth of everything in his possession. 

The quoted Bible text and the letter of Paul place Melchizedek in an extremely high position 

role in the context of monotheism. By his blessing of Abraham and receiving one tenth of his 

possessions, Melchizedek appears to be greater than Abraham. Their meeting suggests that 

both knew each other, and not only for hearsay.  

In this section we develop the hypothesis that Melchizedek, or Malek Sadok, King of Justice, 

is a title given to Job once he overcame his troubles, became again powerful and rich, a man 

of authority also for his dialogue with God; a title he may have obtained just as a kind of 
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nickname, but more probably was conferred to him when anointed as a new Melchizedek, as 

Noah was anointed by his grandfather. A title possibly shared with someone else, not known 

to us from the considered documents. The possibility that two persons were Melchizedek at 

the same time is confirmed by coexistence of Methuselah and Noah, and, at the moment of 

writing, by two Popes in the Catholic Church.  We have no clue as who anointed Job, he 

might have be a great shaman in Turkish tribes, who could have reached Job in Palestine after 

traveling thousands of kilometers, a problem for ancient people.   

We notice that the meeting of Abraham with Job-Melchizedek takes place in our scenario 

several years after the Typhon explosion, 14 years, see below, passed by Abraham in Haran, 

12 years in Damascus, plus some time for travel. The meeting was therefore of two persons in 

full maturity, but many years before their death at a patriarchal age. Abraham having left 

Haran at 75 was at least 87 when meeting Melchisedek, who was probably of similar age. 

On the origin of Job, hence of Melchizedek, we already argued. A confirmation of Job as a 

possible Melchizedek is in the Chronicon Paschale, stating that Melchizedek belonged to the 

race of Cham, on this side of the Garden of Eden. In Spedicato (2004) the Garden of Eden is 

identified with Hunza valley in northern Pakistan, between Hindukush and Karakorum.  

Turan would be “on this side”, if seen from Palestine. If race of Cham would mean a dark 

skin, then such a skin characterizes not only Africans, but the Dravidian people, living in 

India, Iran and other places. 

More information from Tourniaq: 

Melchizedek was not circumcised, as declared by Abraham. Circumcision predates Moses, 

being practiced in much of Africa since millennia, for unknown reasons; it was not practiced 

in Asia, a fact in agreement with our proposal that Job belonged to a Turkish tribes. In a 

following paper we will propose for circumcision, as well as for female mutilations, an origin 

from the observation of a special astronomic event, related to Mars when it had an orbit 

bringing it close to Earth every 54 years, till about 800 BC 

Rebecca, daughter of Nachor, brother of Abraham, and wife of Isaac son of Abraham and 

Sarah, met Melchizedek, according to the book The cave of treasures; a meeting quite 

possible in view of Job-Melchizedek living 200 years, 25 more that Abraham, both dying 

about the same time. Rebecca may have met Melchizedek on the way from Nachor home, 

likely in Kashmir, see below, to the Canaan land where Abraham and Isaac lived 

the woman of mystical experiences, Martha Emmerich, who lived in 19
th

 century and was 

known for her visions,  claimed that Melchizedek owned a castle that was later visited by 

John the Baptist. Melchizedek had white clothes, like priests in India, Egypt, and Druids, 

Essenes, Christian popes… 

In the book Enoch of Hebrews, Melchizedek has a mother, but not a father, as for Jesus  

In Peregrinatio Silviae of Jerome, the meeting between Abraham and Melchizedek occurs in 

Salem in Samaria. There were probably several Salem, one is known near Jordan river. The 

cited Sichem is found near present Nablus and mount Garizim, sacred to Samaritans. 

4. Abraham, wherefrom did you come and where did you settle? 

Abraham is, with Adam, Enoch, Noah, Moses, Joseph and Salomon, one of the Bible persons 

of greatest interest to this author. Leaving aside the religious and political aspects in his life, 

we investigate the regions where he lived originally and where he ended his long life, 175 

years old according to Genesis. 

From quoted Bible we take some lines, whose geographical analysis will lead to a conclusion 

differing from the usual one. Notice the name Abram instead of Abraham, Abram being the 

initial name, changed later by God, etymon discussed above. 
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Terach took with himself his son Abram, Lot, son of his brother Aran, Sarai, wife of Abram, 

and left Ur of Chaldeans, aiming to reach the land of Canaan. But when they arrived in the 

town of Carran they settled there, where Terach died aged 205. 

Then God said to Abram: leave this land, your tribe, the family of your father and go to the 

land I will show you.  I will arise from you a very numerous people … by you I will bless all 

people in Earth. Abram left Carran following the order of the Lord. 

They reached Canaan and Abram went through that land till Sichem, stopping at the Oak of 

Moreh. 

Some time later Abram went to Egypt, due to a food shortage. He met the pharaoh (clearly 

meaning he was a well known person), to whom he offered his wife, declaring her to be his 

sister. She was actually a half sister, being the daughter of a second wife of Terach. She was 

extremely beautiful, probably with the additional attraction of blond or reddish hair, 

transmitted to her nephew Esau. Curiously, marrying a half sister is prohibited by Moses, with 

death penalty!  

We consider the geography and the motivations of Abraham trip, not given clearly in Genesis. 

In the used version of Genesis we read that he left from Ur of the Chaldeans; in Septuaginta, 

see Éditions du cerf, 1994, he left from the land of the Chaldeans, one of thousands of 

variants between Septuaginta and the Masoretic text. When the Sumerian city of Ur, in 

present southern Irak, was discovered in the nineteenth century, archaeologists thought and 

claimed that they had found the Ur of Genesis. They assumed that Chaldeans were the people 

of that area, despite they are known from Anabasis of Xenophon to live in eastern Anatolia, 

albeit many centuries later. Chaldeans were known as expert in magic arts, divination, 

astronomy. Recall that Paul defied in his town Tarsus and won against magicians from 

Anatolia. Then he collected and burnt their books. Genesis does not explain why Terach left 

Ur.  Charran is usually identified with the city of Harran, presently in southern Turkey, close 

to the very old town of Urfa, named Edessa by Alexander, presently Urfa Sanlury, say Urfa 

the Glorious. Harran was in past dedicated to the Akkadian god Sin, god of the Moon, and its 

population consisted of Sabei, devoted to magical arts. Incidentally, we consider the name 

Sabei, as well as the name Saba of the Queen who visited Solomon, related to Siva, Shiva, 

pointing to an origin of both from India. 

We now give a new explanation why Terach migrated with Abraham and from where, and we 

discuss the route that Abraham may have taken to the land of Canaan. Our scenario is tied 

with the one concerning Job.  

Let us consider again Typhon’s explosion over Egyptian delta, dated below at 2033 BC. The 

explosion devastated Egypt especially, terminating the Ancient Kingdom and activating the 

little known First Intermediate Period. It affected also Middle East, but less seriously than 

Egypt, since the hot wind from the explosion moved over a mainly desert area, and the 

tsunami in the Mediterranean was spent on the hills and mountains in Syria, Lebanon and 

Palestine. We estimate that the explosion occurred at the time of the great Assyrian empire of 

Sargon the Great, also known in our interpretation as the Ninus of Diodorus and the biblical 

Nimrud, see below. Other great civilization at that time was that of the Indus-Sarasvati, in 

western India, mainly in Panjab and in Kashmir. The ruins of over a hundred towns have been 

detected, especially near the now dry Sarasvati river, see Kak et al (1995). Such a civilization 

ended suddenly, by a likely catastrophic event, some authors even speculating an atomic war 

involving extraterrestrial powers. A consequence of the catastrophe was that river Sarasvati 

dried up, its bed filled with sands. Kak dates the event at 1900 BC, but an earlier date is 

certainly a possibility. We also note that the so called BAM, Bactria-Margiana, civilization 
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was thrived in the Turanian region, but exploration of the ruins of its many towns, with 

evidence found of a local script, is just beginning. 

The end of the Indus-Sarasvati civilization and the drying up of the Sarasvati river can be 

explained by Typhon explosion. First observe that the southern coast of Pakistan, especially 

the Makran area south of the Baluchistan eastern province, is rich in methane hydrates, being 

one of the three richest coastal areas of such material. The two other areas are the Sea of 

China coast and the northern Caribbean coast. In such areas there are sands containing 

methane hydrates, whose study is relatively recent. It has been estimated that there is more 

methane there than in any other place. Methane hydrate, present in other planets, especially in 

Jupiter, is an unstable combination of methane and water. The tie between the two molecules 

may suddenly break, under changes in temperature or vibrations from an earthquake. In 

Spedicato (2014), the sudden end of great civilization of Tennessee and Ohio is attributed to a 

giant tsunami from the Caribbean that reached 2000 km inland, dated precisely at 1447 BC 

and following the Phaethon explosion over northern Germany. This claim results from 

analysis of satellite photographs due to Stuart Harris, private communication. 

If a similar tsunami was generated from the coasts of Makran and Sindh, then much of the 

lowland around the lower part of the Indus river was affected, tsunamic waters running up to 

the mountains of Kashmir. Most of the population of the Indus-Sarasvati civilization perished, 

cities destroyed by flood and earthquake. The Sarasvati river dried up, from sand filling its 

bed, a fact possibly enhanced by local bradisism.  Some destruction expected also in the lower 

parts of Kashmir. Overall, a devastation not as absolute as in the Egyptian delta but anyway 

of dramatic size. Also the BAM civilization, where ruins have been found of a hundred of 

towns, some of large size, was greatly affected, by earthquake mainly.  

We know from Talmud that Terach made statues of idols. Most probably not in stone but in 

the beautiful wood of Cedrus Deodara, the holy wood, the only wood allowed in Asia for 

statues of gods and for construction of temples. Such a wood has a fine reddish color and 

cannot be attacked by insects; moreover it resists water action for some 300 years. Deodar’s 

main habitat is Kashmir, growing best between 1500 and 3000 meters elevation; it is found 

also in other places like Himalayas slopes and Tibet where tall trees are found up to 4500 

meters elevation. We note the existence of one of two special deodar woods in Kashmir till 

half 19
th

 century near Uri, see Pithawalla (1953), possibly once a sacred wood for growing 

deodar for trade or sacred works. Whole trunks could be floated down the nearby river 

Jhelum, the richest of water of the five rivers forming Indus, for sale possibly even to over sea 

lands. 

Here we assume that Terach was, inter alia, a builder of sacred objects, statues and so on, 

made with the sacred deodar wood. He possibly sold also deodar tree trunks for construction; 

and he possibly was in jewels construction and trade. Thus not a shepherd as usually assumed, 

but a rich man with contacts with foreigners and special capacities. Let us note that Joseph, 

father of Jesus, was also a rich man, an expert in construction of great buildings and probably 

also of special granulated jewels, see Spedicato (2016b). 

It is natural to think that Terach left the Uri region after the tsunami induced by the Typhon 

earthquake. Septuaginta, but not the Masoretic version of Genesis, states that he left after his 

son Arran died in front of him, see the edition by Sacchi (2012), which may refer to his death 

in the catastrophe. Terach may have left Uri because of severe local destruction and the 

disappearance of the usual market. He may also have faced reactions of the survivors that 

observed that the statues, or idols, had given no protection; a popular reaction seems to have 

occurred in Egypt during the first intermediate period, when religious structures were 

destroyed, as well as statues both of gods and of pharaohs. 
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Uri of Kashmir had an important commercial position, in the southern part of Kashmir on the 

main road from Panjab, from Rawalpindi to Srinagar, then via a high Karakorum pass, to 

present Chinese Turkestan. This road was followed by the medical doctor and explorer 

Bellew working for the British military. Bellew (2013) notices that Ur (Uri has the Persian 

final i) is a word that in Sanskrit means water, with reference to rather special types of water, 

even of cosmic origin, pani being the more usual name, extended even to navigators (and 

surviving in Bengali, Hindi, Urdu, Sinti…). Uri may have taken this name being located near 

the Jhelum river, the richest of water of the fiver rivers that enter Panjab and join forming 

Indus. Kashmir is a land rich of rivers, lakes, forests, considered a Paradise on Earth, related 

to the Vedic civilization of fourth millennium BC and to the Bon civilization still extant, 

famous for magical rituals and knowledge. Kashmir is famous also for the beauty of his 

women. It is possibly the original land of the Queen of Sheba who visited Solomon. She was 

probably after some years visited by Solomon on his trips to return his many wives to their 

families, see Spedicato (2008).  Uri is on the way from Panjab to Srinagar, the capital of 

Kashmir, located in a most beautiful setting. In Srinagar there is the most famous of the 

several Takht-e-Suleiman, or Thrones of Solomon, found in Asia. Below that monument there 

is Rozabal, a shrine that tradition associates with Jesus. 

Ur of Chaldeans, or Land of Chaldeans as in Septuaginta, may refer not to the name of the 

Chaldeans as the local populations, but to a tribe of magicians, present in great number in that 

land or town, but also in different parts of the ancient world. Now Kashmir has always been 

known as a land of magicians. Kashmir was moreover related with the Zhang Zhung kingdom 

that, before Buddhism spread in Tibet, controlled the south west part of Tibet and parts of 

Kashmir, connected to Tibet via Baltistan, a valley dominated by the K2 mountain, called also 

Little Tibet. The religion dominating that area and most of Tibet was before Buddhism the 

Bon religion, still surviving in some parts of Tibet.  Bon was known for the many practices of 

White and Black magic, see David Néel (2006). Thus a reference to Chaldeans would be to 

special magicians, possibly more present in Kashmir and Tibet than in Mesopotamia or 

Anatolia. 

Genesis states that Terach from Ur moved to Charran, or Harran, usually identified with the 

city of that name in southern Turkey now, near to Urfa Sanluri. But in Kashmir, between Uri 

and Srinagar, there is one of the most important towns of Kashmir, namely Haran, elevation 

about 1600 m, latitude about 34 degrees. In Haran a meeting of some 500 Buddhists monks 

took place in second century AD, convened by emperor Kanishka, to discuss the correct 

interpretation of the teachings of Buddha (differences were not solved and Buddhism split). 

Haran of Kashmir can be considered as the place where Terach stopped, remaining there for 

the rest of his life, death taking him at age 205 according to Septuaginta. He probably 

returned to his previous work of idol making, using local deodar wood. Market would again 

be available, in view of the very high birth rates of that time. Knowing that such a great man 

had lived in Haran may explain why the Buddhist meeting took place there. For more, see 

Matlock (2000). 

In the Book of Jubilees, see Sacchi (2011), it is stated that Abraham stayed 14 years in Haran. 

When Abraham left, he was 75 years old, his father was 145; so Abraham had arrived from 

Uri aged 61. This age is interesting, because if Abraham date of birth is correctly given by us 

at 2094 BC and if he left Uri immediately after the Typhon-Ogyges catastrophe, than we can 

date this catastrophe at 2033. Which, if true, has the important consequence that: 

- Ancient Kingdom collapsed year 2033 BC 

- Indus-Sarasvati civilization collapsed 2033 BC 

- Job tragic events took place 2033 BC 
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- Tower of Babel construction, see below, ended in a strange way 2033 BC 

- Other discontinuities took place around 2033 BC. 

Abraham departed after a clash with his father, when he destroyed his idols, according to 

Talmud. Abraham had received from God, how and when we do not know, the order to go to 

the Land of Canaan. This land has always been taken to be Palestine, which would put it in 

contrast with Melchizedek, formerly Job. We agree with Kamal Salibi (1996) that the land of 

Canaan was the Asir region in Arabia Felix. There settlements from India probably existed, 

even from the fourth millennium BC, the time of the great Vedic civilization associated to the 

epics of Ramayana and Mahabharata. 

It is possible that Abraham knew the story of Job, say his survival to the Typhon catastrophe, 

his relation with God, his becoming again rich and powerful and of great authority. He knew 

he was honored as Melchizedek. So Abraham was interested in meeting him and be blessed 

by him. If Job had spent some years in Bokhara, as we have surmised, then a contact between 

them might have been possible, when Terach and his son attended religious meetings, traded 

idols and other precious objects with neighboring countries. Bokhara could be reached in a 

few weeks of travel, being on the main way from India to Turan and beyond. And ancient 

people traveled a lot, for trade or for religious purposes. 

It would be of utmost interest to know the arguments that Abraham and Melchizedek 

discussed, speaking either in Sanskrit or Zhangzhung or… but we miss even the content of 

the long night dialogue between Jesus and Nicodemus, unless part of it entered some gnostic 

Gospels. 

Having left Melchizedek, Abraham reached the land of Canaan, being in good relations with 

the local king Abimelek. The place where he settled, the Oak of Mambre, was possibly in 

Wadi Jalil, say Valley of Galilee. There many Hebrew lived at the time of Herod the Great, 

including the family of Jesus, see Salibi (2007). Wadi Jalil is about a hundred km from 

Mecca. Near Mecca the two small hills Safah and Merua are according to the Koran the place 

where Abraham was going to sacrifice Ismael  (Isaac in Genesis). Abraham reached the place 

of the sacrifice of Isaac in three days, see also Cosma Indicopleustes (1992), corresponding to 

about one hundred kilometers. Note that Safah and Merua are names suggesting the sacred 

Indian names of the god Siva and the holy mountain Meru, actually Kailash in Tibet, on 

whose summit Siva sits embraced with one of his wives, usually Parvati. A geographic 

connection between Mecca and India, to which others can be added. 

We do not know by which route Abraham reached the land of Melchizedek once he left 

Haran. We guess the following: 

First in west Kashmir he reached the principal town of Hindukush, now called Gilgit. From 

Gilgit going north by the trail that till recently was considered the most difficult in the world, 

a hundred kilometers along the vertical walls of a canyon in places over 3000 meters deep, 

one reaches Hunza valley, the place of the Garden of Eden according to Spedicato (2004). If 

Abraham knew that Garden of Eden had been there, he might have attempted to reach it. That 

feat was performed by Gilgamesh, in the scenario of Spedicato (2001a,b), probably at a 

younger age, and helped by Enkidu, who knew that valley.  We note that the old name of 

Gilgit was Sargin. Name Sargin might originate from the great Assyrian king Sargon the 

Great, the Ninus of Diodorus and the biblical Nimrud, whose empire most probably included 

that area. Nimrud was a great hunter and the region of Gilgit was rich of interesting game, say 

fast running wild asses, yaks, bears, Marco Polo sheep able to move on very rugged and steep 

terrain. Wild asses were specially hunted for their delicious meat. They were the preferred 

game for the great Persian hunter Rostam, the hero of Shanamah, the Book of Kings, who 

died falling from horse while hunting them. 
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From Gilgit Abraham possibly reached Bokhara region, where he may have met Job years 

before; he inquired about Job and possibly bought silk from China. On the way there he 

passed by the valley of river Pishon, now having different names from the local towns 

(Konar, Chitral, Mastuj). Then probably he passed by present Afghan city of Mazar-i-Sharif. 

This city was probably visited by the Magi on their way from Altai to Jerusalem, see 

Spedicato (2015). The grave of Zoroaster was possibly there, later attributed to Ali, see  

Vambery (1994). Dating Zoroaster is an open problem, also in view that it was not the name 

of a single person, but a title, as Melchizedek. 

From Bokhara region, Abraham reached Damascus via Persia, where he spent 12 years 

according to a tradition. Then he met Melchizedek after defeating some enemies. 

We give without discussion some additional information on Abraham, certainly a small part 

of what could be retrieved by a full search in ancient texts. 

Cristoforetti (2006) studies the 360 idols that were located around Kaaba, near Mecca, before 

their destruction by Mohammad (who did not destroy the other 360 in the dual temple of the 

white stone near Asir, later destroyed by Wahabite king Ibn Saud). He recalls a local tradition 

that Kaaba was built by Abraham and that there were reproductions of Abraham, his son 

Ishmael, Jesus and Mary 

Abraham grave was in the Mambre cave, near the Oak of Mambre, his body put there by both 

his sons, Ishmael, born when Abraham was 86 years old, 11 years after leaving Haran 

(implying a stay in Damascus less than traditional 12 years?), and, Isaac, born when he was 

99, Sarah 90. When Sarah died, aged 140, Abraham, aged 150, married her servant Keturah, 

who had from him several children 

In the book Myths of the Hebrew, of Graves and Ratai (1998), amply taken from Talmud, it is 

said that Nimrud wanted to kill Abraham. Then Terach gave him a slave claiming he was 

Abraham. Abraham hid in a cave for 13 years, perhaps most of the 14 years he was in Haran, 

and was not found by Nimrud. The contact between Nimrud and Terach can be understood 

within a traditional scenario with Sargon the Great, alias Ninus, alias Nimrud, a conqueror of 

an empire between the Mediterranean and India. He might have conquered the Hindukush, 

building there Sargin, later to be Gilgit. He might have tried to conquer Kashmir or Panjab. 

His attempts may have stopped after the Typhon explosion  

The fact that the color of the hair of Esau, grandchild of Abraham, was reddish, suggests that 

the hair of either Abraham, or more probably his wife Sarah, was also reddish or blonde. A 

Sarah with such unusual hair color would be of supreme beauty to people used to women with 

black hair. This fact could explain why Abraham thought that Sarah would greatly attract both 

pharaoh and Abimelech. In Kashmir there are people of different races, not many Dravidians 

of dark skin, many Arians of white skin. Thus Barbiero (1988) appears to be right in claiming 

that Abraham was an Arian.  

We recall the statement of Clearchus of Soli that Hebrew descend from the wise men of India. 

Wise men of India were the Brahmins, of Vedic religion, whose origin as Arians from 

northern Asia has been claimed by many, see for instance Tilak (1994).  In the sands of 

deserts north of Tibet mummies have been found in perfect conditions of the Tocarians, a 

tribe of Arians, noted for great stature, blue eyes and blond or reddish hair. 

Finally note that Abraham is the new name given by God after he left Haran. His previous 

name was Abram, whose etymon can be seen in AB = water, river in Persian, and RAM = 

Rama, the great king of Ramayana. So there is a reference to the river Jhelum near Uri, where 

Abraham was probably born, a river that was possibly the richest in water in the whole empire 

of Rama. Terach if not a Brahmin was a man close to the Hinduist religion and well 

acquainted of the ancient traditions of India. 
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A corollary of the above is that the original language of Abraham was most probably Sanskrit 

or Pahlavi, present Kashmiri language being a mixture of Sanskrit, Persian, some Turkish and 

Dravidian. Hebrew as a Semitic language was thus learnt by him and his descendants in the 

centuries spent in Arabia Felix, Asir, where the best Arabian is still now spoken. 

5. Typhon and the end of Tower of Babel construction 

In previous sections we have seen how the Typhon event explains facts of Job and Abraham. 

The explosion affected of course not only whole regions and their political powers, especially 

the kingdom of Egypt, the empire of Sargon the Great, the Indus-Sarasvati civilization; it 

probably affected also other empires at that time, as the Chinese, the BAM, and in Europe that 

of the Veneti, who controlled not only central Europe with the great mines of iron and salt, 

but were able navigators with colonies in faraway places. 

Now we consider a special event in the empire of Sargon the Great, the biblical Nimrud. 

According to tradition, Nimrud was a giant, first a hunter, then becoming king of an empire 

over lands between Egypt and India. His capital city, Agade, is still to be found, in one of the 

several thousands of tells yet to be excavated. Note that during the war against Saddam 

Hussein an American bomb over a tell brought to light tablets inscribed in cuneiform 

characters, showing that a library existed there, the tablets now sold on the international 

antiquarian market. Of Sargon we have a portrait, in granulated gold, a technique also used by 

Etruscans, rediscovered by Mario Pincherle. Small spherules of gold are obtained by pouring 

melted gold into a water container, then they are attached to a gold lamina using a glue of 

myrrh, then the lamina with the spherules is covered by incense and cooked in an oven. Gold, 

myrrh and incense, the three items that Magi offered to Joseph, when they visited him and 

Jesus and Mary. 

Sargon is again not a proper name, but a title, meaning Lord that cannot be destroyed. We 

motivate here why he should be identified with two Assyrian kings known by another name: 

Diodorus presents a great king of Assyria, named Ninus, whose wife is Semiramis. Ninus 

created a great empire, further developed by his wife when he died, reaching from Egypt to 

India. He built the great cities of Babylon and Ninive, whose original size was double the size 

when they were reconstructed. Diodorus states that Ninus lived 1300 years before 

Sardanapalos, known also as Assurbanipal, famous for his library found almost intact. 

Assurbanipal according to standard chronology lived between 668 and 631 AC, thus giving 

for Ninus a date around 2000 BC that we can consider in agreement with our scenario. 

According to Talmud, Nimrud, who failed to kill Abraham, was killed by Esau, son of Isaac, 

son of Abraham, possibly in revenge of his attempt to kill Abraham.  

Eusebius of Caesarea (2001) states that Nimrud built Edessa, and tried to build near Babylon 

the highest tower in the world, a project whose failure we discuss below. 

Let us consider the Tower of Babel, usually considered to be a symbolic fact. Here we use the 

name Nimrod for the king. We observe that Egypt is not among the countries forming 

Nimrod’s empire. Ancient kings were used to travelling, for instance when giving their 

daughters in marriage to some king their neighbor. So Nimrod likely visited Egypt and 

admired the Giza pyramids. They already existed since some 1440 years, a construction date 

of about 3440 following from C14 analysis (by ETH laboratory, unpublished), from dating 

stones via quantum optics technique developed by Ioannis Liritzis, see Temple (2011), from 

four stellar alignment found by Giancarlo Duranti (2003) and from the statements in several 

medieval Arab historians that pyramids were built 300 years before Flood (of Noah). Noah’s 

Flood can be dated, Spedicato to appear, to 3161 AC. A man like Nimrod, who from a hunter 
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arose to be one of the greatest kings of his time, was possibly envious of such great structures 

in the Egyptian kingdom. So he decided to build one even higher and more beautiful. 

How high was the tower he planned and started to construct near Babylon is not known to this 

author, but an educated guess would be 360 royal cubits. Royal cubit, about 52 centimeters, 

was a common measure in the ancient western world, geometrically related to the remen and 

to the megalithic yard. Number 360 was important in ancient cultures, being related to the 

number of days of the year before the Flood. We see that number in many constructions in 

India, in the number of god statues around the Kaaba and its dual temple in Asir, see, for a 

collection of ritual numbers and their astronomic origin, Spedicato (2016b). With a height of 

360 cubits, Nimrod’s tower would be some 20 meters higher than Cheops pyramid. Diodorus 

states that 700.000 workers were involved in the construction, a high number, but less than 

the workers some 2000 years later involved in the construction of the Great Wall, completed 

in a few years for a length of over 2000 km. The workers, probably prisoners, had to carry 

stones from the mountains in the east, over 200 km away, since the soil near Babylon is mud 

and sand. 

Genesis states that the tower was never finished because the workers started speaking 

different languages and could no more understand the received orders. This fact is seen as a 

miracle due to action of God to punish the arrogance of Nimrod. 

What Genesis states would actually be a miracle if such a languages multiplication took place 

really. But in our scenario there is a natural explanation. 

Before exploding over Egyptian delta, Typhon was captured in an orbit spiraling around 

Earth, as later happened to Phaethon. An orbit not passing exactly over the same places at 

each round, due to several reasons, including fragmentation. Since Typhon and parts of it 

exploded in at least three known places, Lebanon, Egyptian delta and Aetna, an orbit on an 

east to west line or west to east, is suggested. Babylon is more or less on that line. We can 

assume that a passage took place with the object in the sky quite close to Babylon. It could 

have descended so much as to touch the atmosphere. Then two effects would be expected: 

Compression of the air, damaging the ear drums, in people who would not be protected by 

being inside a building. It is clear that if the object was seen, repair would be given to the 

officers and not to the slave workers 

A very strong sound, damaging or destroying the about two thousands hair cells of the 

hearing nerve. 

Due to the above effects workers became deaf and could no more understand their orders. So 

no miracle, no multiplication of languages, but a hearing problem. 

6. Conclusions 

In this paper we have argued for the following interpretation of facts in Genesis: 

That the oldest of the catastrophes memorized by Greeks, say that of Typhon and related 

Ogyges flood, explains not only discontinuities in the Egyptian and India history, but the 

special events concerning Job, Abraham and the Tower of Babel 

That the Typhon explosion occurred in 2033 BC, a date that also signals the end of the Ancient 

Kingdom of Egypt, the Indus-Sarasvati civilization, the tragic events in Job’s life, the departure 

of Terach and Abraham from Uri to Haran, the end of the construction of the Babel Tower 

That Job in his advanced age was known as Melchizedek and that Abraham, born in Uri in 

Kashmir in a family important for economic and religious role, left Haran in Kashmir to the 

land of Canaan, located in Arabia Felix as claimed by Lebanese historian Kamal Salibi. Thus 

Hebrew, who are descendants of Abraham, are exactly what Clearchus of Soli claimed, namely 

they descend from the wise men of India. Thus they are of Arian origin, not of Semite origin 
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That the story of the Tower of Babel may be true, the story of the language multiplications 

being consequence of a loss of hearing. 

Our conclusions are rather tentative. Future elements about the scenario may come from 

geological evidence that an explosion occurred over Egyptian delta and a tsunami devastated 

the Mediterranean coasts and the Indus lowland about 2000 BC. 

Another question about Job becoming Melchizedek is that he probably had to be anointed to 

such a role, by someone with the authority to perform this operation.  Related question is 

whether Jesus was also anointed in the Melchizedek order, as Paul states. A question 

considered in another paper, Spedicato (2016c). 
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Dispersion effects in the collective interaction of particles 

O. Yu. Galaev, E.V. Prozorova 
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Annotation. The influence of the angular momentum and the delay are investigated in the 

mechanics for: the interaction of many-particle, continuum mechanics, kinetic theory, the 

decay of particles. As a result of the action of the angular momentum for continuous 

environment obtained non-symmetrical stress tensor. Attention is drawn to the delay process, 

which is important in describing the discrete space. The analysis of the recording of the 

Lagrangian function for the collective interaction of the particles with the change of the center 

of inertia of the moving particles and the effect influence angular momentum are made. For 

the limiting case of large gradients of analytical formulas were received. The total 

consideration of the effects leads to a cumbersome system of equations, and therefore requires 

the allocation of the major effects in a particular situation. Study is continued of the Faulkner-

Scan problem with a constant vortex at the outer edge of the boundary layer and with 

changing the vortex. The emergence of "banded" structures revealed under certain conditions 

of flow at the outer edge. 

Key words: angular momentum conservation laws, unbalanced stress tensor, the decay of 

particles, potential, boundary layer,  Faulkner-Scan equations, delay 

1. Introduction 

Right now are studying widely the effects the influence of the angular momentum and the 

delay in the entire mechanics, including in quantum mechanics. Action angular of 

momentum, i.e., torque greatly depends on the position of the axis of inertia (center of mass). 

Angular momentum gives emergence of additional forces that can play the role of small 

perturbations affecting the stability of the structure. The resulting effects may affect in a 

critical and near a critical modes of aircraft, rockets, various devices, structures, as well as in 

some of the natural processes. The value of the additional force is determined by the gradient 

of physical quantities (density, velocity, momentum). Action of angular momentum, i.e. 

torque depends substantially on the axis of inertia (center of mass). Moment is a vector 

magnitude. To a volume element is important both its rotation about its center of inertia, and 

involvement in rotation of larger volume. The idea of the presentation of divergence and the 

vortex velocity during the decomposition with respect to an arbitrary point inside the 

elementary volume is incorrect, as is the component of the vortex of the speed relative to the 

axis of inertia of the elementary volume. In the experiments are often observed not only larger 

eddies but and ripples. In the mechanics consider made equally the Lagrange function for non 

interacting and collectively interacting particles that is in doubt, especially in the metal and 

for the ionic bonds. In classical continuum mechanics had an opinion on the relatively small 

contribution of surface forces, as their action has a volume character. However, long bodies 

and large gradients of parameters contribution is significant and can be a cause of instability, 

leading to changes in the flow structure or destruction of the body. The second important 

effect-lag. The delay in the mechanics plays an important role in case of commensurability of 

relaxation times and delays. New offers options accounting delay is to consider the difference 

between the time derivative as a limit, and the final value of the mean free path in a rarefied 

gas. This situation is typical for discrete space, the transition from discrete to continuous 
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environment is a key issue of Mechanics and Computational Mathematics. The central 

interaction is usually considered for structureless particles, i.e. case, where the angular 

momentum cannot play any role. For other cases were proposed the semi-empirical theories 

[1-4]. These ideas are received from consideration the volume as exclusive. In [5-8] the 

influence of the angular momentum on the equations of continuum mechanics was received. 

The proposed theoretical method of accounting for the angular momentum without new 

empirical constants, which is based on the fact that we not have new dimensions to the 

angular momentum with respect to position and momentum entering into the equation in the 

classic version. Another method has been proposed in [9]. Given that the above equations is 

more order that is pointing that boundary conditions is requiring revision. The total 

consideration of the effects leads to a cumbersome system of equations, and therefore requires 

the allocation of the major effects in a particular situation. Examples were given, 

demonstrating the contribution of the asymmetric part of the stress tensor in the simplest 

problems of the theory of elasticity and boundary layer. 

The output of the modified equations for gas based on the kinetic theory, for which was 

suggested that the angular momentum introduce as an additional variable; use a more precise 

asymptotic approximation with the resolution of Hilbert's paradox. As already mentioned, a 

volume element or may itself be rotated about the axis of inertia or to be involved in the 

rotational movement. In both cases, the density of the flow across the border is changed to the 

value
 

  ...
d u

R r
dr


   by turning the volume element. The contribution of other components 

is small, taking into consideration a little volume and the absence of rotation at the axis. This 

paper analyzes using the classical assumptions, which can result in a conclusion which can do 

about the possibility of neglecting the angular momentum; continued study of the effects 

associated with the effect of angular momentum in the modified problem Falkner-Scan. It is 

often assumed that to ensure the correctness of calculations, for example, the interaction 

potentials in a solid or plasma enough to stay on account of the pairwise interaction of particles. 

That's right, if we consider the potential for equilibrium conditions. The non-equilibrium 

conditions: cracks, perturbations in the plasma, etc. manifest the collective effects of the 

interaction through the formation of the uneven distribution of physical quantities. When 

mechanical stress on the crystal body (compressive, tensile) the crystal lattice and the electron 

distribution rebuild within the volume and on the surface. In our opinion there is an inaccuracy in 

the calculation of the Lagrangian particle as a sum of pairwise interacting particles. Position of the 

axis of inertia under equilibrium conditions and under non-equilibrium conditions is different, 

which causes to the collective effects. It is interesting that the effects of angular momentum and 

changing the position of the center of mass can be important in quantum mechanics when 

considering the decay of particles into three or more particles writing potential in the Schrödinger 

equation. Earlier received results for the problem of Faulkner-Scan are supplemented by new 

research. We are comparing simulation results under different boundary conditions at the outer 

edge of the boundary layer; writing potential in the Schrödinger equation. 

Earlier received results for the problem of Faulkner-Scan are supplemented by new research. 

We are comparing simulation results under different boundary conditions at the outer edge of 

the boundary layer. 

2. Equations 

From the received modified equation of the kinetic theory is obtained, the theory of elasticity 

is proposed. For gas from the modified equation of the kinetic theory our equation is obtained, 

the proposed theory of elasticity. The moment has Lagrangian formulation. 
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It is possible to demand the full implementation of the law of conservation of angular 

momentum, leading to the proposed theory. The basic equation was modified to include the 

angular momentum [5-8]. For gas 
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In the theory of elasticity applied last three equations. The relationship between the stress 

tensor and strain rates (equation of state) is previous, as another additives are obtained of a 

higher order. Dimensionless parameters in equations are still the Reynolds numbers and 

Mach. This is due to the fact that the considered problem does not include the new dimension 

parameter. 

Here I would like to highlight some of the issues of theoretical mechanics. In the theoretical 

mechanics the Lagrangian form is considered [10,11] 

 
2

1 2, ,...
2

  a i

i

m v
L U r r . 

Here I would like to highlight some of the issues of theoretical mechanics. In the theoretical 

mechanics the Lagrangian form is considered [10,11]. Always implicitly assumed that 

 1 2, ,...U r r  – the full potential of the interaction of all particles, but in practice it is usually 

known interaction potentials of the two particles, and we use their sum. At equilibrium, or at 
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small strains, but under non-equilibrium thermodynamic effects and perturbations lead to an 

uneven distribution of the physical parameters and the role of collective effects, that 

determined by the growing influence of the angular momentum. In addition, when these 

strains change position of the center of mass of elementary volume, that sign 
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In view of the time we are invited to consider force formula 
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R – the current radius. This formula is transformed with the permutability derivatives and 

directions of forces in the formula 
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Usually, however, such as the Hamiltonian system of two interacting molecules after 

separation of the center of mass is represented as the sum of the Hamiltonians of isolated 

molecules 0  A BH H H  operator and their electrostatic interaction [12-15] 0 H H V   

1 1 1 1 1 1 1 1
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where the indices A, B numbered core indices i, j - the electrons of molecules A, B, 

respectively, the atomic units. 

3. Modified the problem of Faulkner-Scan 

As an example, consider the results of the additional numerical study deals with the problem 

of Faulkner-Scan with the traditional continuity equation, with given friction, but with an 

additional vortex at the outer edge   m
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This task contains as a special case the decision of the plate with a uniform external flow and 

interesting as an example of accelerated (m> 0) or delayed (m <0) movements in the external 
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flow. In solving the problem with traditional scaling of the boundary conditions the automodel 

problem is still present, as there is no new dimensions [16]. The results are shown in Fig. 1. 

Results with eddy constant boundary conditions at the outer edge of the boundary layer.  

At fig.1 horizontal line-stretch coordinate  

   mu cx , 
 1 /2

 


mc
yx , 

   1 /2
  

m
v cx V  

  
(а) m = –0.05; w = 0.2202      (b) m = 0.33; w = 0.7575   

Fig. 1 

The velocity profiles for a constant swirl velocity at the outer boundary formed by 

multiplying the number of ε to the value of the vortex on the previous layer (fig.2,3) 
 

Profile of the horizontal velocity component along the 

vertical axis: m = –0.04; w = 0.5 

Profile of the vertical velocity component:  

m = –0.04; w = 0.5 

   
Fig.2 

The velocity profiles for a variable swirl velocity at the outer boundary formed by multiplying 

the number of ε to the value of the vortex on the previous layer. 
 

The vertical component of the velocity on the vertical 

axis: m = –0.04; w = 0.5 

Profile of the horizontal velocity component along the 

vertical axis: m = –0.04; w = 0.5 

   
Fig. 3 
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Profile of the horizontal components along the vertical 

axis: m = 0.04; w = 0.5 

Profile of the component along the vertical axis:  

m = 0.04; w = 0.5 

   
Fig. 4 

Profile of the horizontal and vertical l components along the vertical axis: m = 0; w = 0.5 

 
Fig. 5 

Profile u and v: m = –0.07; w = 0.5 

  
Fig.6 

 

Fig. 7. The stream function for the last layer 
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Presentation of flow at the outer edge in the form of sum simulates the effect of the vortex 

component with respect to the third coordinate. The role of this component is significant, 

even at low values. The formation the local reverse flow inside the boundary layer is perhaps 

The results suggest the importance of the vertical velocity component and a more rapid 

separation of the flow at low velocity gradients. Thus, under certain conditions in the 

boundary layer can be structure which is observed in experiments [17]. 

4. Some other tasks 

a) the problem of kinetic theory. Gas in stationary force field with potential φ (analogue of the 

problem [18]): 
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, T = const.  

Thus, an exact solution of the modified Boltzmann equation was received. 
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b) The collapse of the particles. In considering the collapse of the particle used: mass and 

energy laws. A change of the center of inertia and angular momentum it is not considered. 

Angular momentum can lead to the rotation of the particles, which is dictated by the presence 

of the angular momentum relative to the moving center of mass of the two particles and zero 

of the total value in a closed system. 

The total angular momentum will then be saved. For clarity, we repeat the classical solution: 

10 20M      imparted energy  1 2m m M  , impulse 10 20 0p p   hence 2 2

10 20p p  or 

2 2 2 2

10 1 20 2m m     . 

Considering the two particles together as a complex system, we will find the speed of its 

motion as a whole 

1

1 2

pp
V

m
 
  

. 

Of particular interest is the collapse of the particles into three particles. Theoretically, the 

situation may be different situation 

Conclusion 

It was investigated the effect of the delay in the discrete environment in the transition to a 

continuous (field) for a description of trends in the rarefied and transient condition. A 

modification of a slightly rarefied gas equations to calculate the core of the Navier-Stokes 

equations was suggested. The effect of angular momentum and, as a consequence, the non-

symmetrical of the stress tensor in the elementary volume was received. A model of the 

collective effects in the Lagrangian function was build. In work was showed the influence of 

new effects in continuum mechanics and in quantum mechanics. The results of the calculation 

of a new variant of the boundary conditions in the problem of Falkner-Scan. 
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Abstract. One of the problems of modern science in the field of information technology is the 

development of simulation models during the design of industrial information systems. 

The report provides a demo version of the applied prototyping 3D model in the oil industry developed 

during the practical work on the training course “Object-oriented analysis and design”. 

The model is a visual representation of the pumpjack works, the oil extraction process itself, 

volumetric representation of the soil in the cross-section and the course of the production process of 

oil extraction. All of it allows us to obtain the information about the components of the model in 

dynamics. 

In the design of a software implementation of the model were used the best methods, tools and 

software engineering technologies. 

The model consists of two parts: 

1. The training part is the visualization of the oil extraction process. 

2. Information part which gives opportunity to get acquainted of description of the process and the 

parts of the model.  

A separate part of the application is the 3D model of a pumpjack and animated process of the oil 

extraction. 

Implementation of the system is provided by the visual 3D engine Unity3d and the C# programming 

language. 

The model can be used in the educational process of specialists training both in the in the field of oil 

production and in the field of computer graphic specialists training. 

Key words: model, visual representation, pumpjack, the oil extraction process. 

1. Introduction 

Nowadays, oil production holds a key position in the sphere of economy and energy. Also it 

is an important factor in the development of Russia. There are several areas of oil production:  

Khanty-Mansi Autonomous Okrug, Yamalo-Nenets Autonomous Okrug, The Republic of 

Tatarstan, Orenburg region, etc. Oil production consists of multiple processes including 

geological exploration, drilling, well construction, oil refining. 

Therefore, necessity of having highly qualified specialists in this area , implementation of 

training, retraining qualification improvement of the  personnel in the  oil and processing 

industry is more than ever pressing tasks. 

It is important to form the practical skills in work with oilfield equipment during the training 

of the specialists in the oil industry. Such skills as detection of defects and malfunctions of 

oilfield equipment, technical inspection and troubleshoot, producing lubrication operation, 

ability to turn on and off equipment, leadership skills. 

Oil and gas companies are constantly equipped with new equipment as well as the 

technological and labor processes are changing. Due to that, it is necessary to continuously 

training professionals the ability to deal with the new production equipment and to conduct 

new technological processes safe and sound. 

For example, an operator of oil and gas should be familiar with the pumpjack.  

Emergency situations may arise during the work of equipment so it's highly important for the 

operator to see data on the devices and reflect clearly as well as be able to fix critical 
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situations if one's occur. One of the methods of solving problems is the 3D modeling using 

advanced technologies of IT industry. 

This model allows you to visualize representation of a pumpjack work, the oil extraction 

process itself, volumetric representation of the soil in the cross-section. Software 

implementation of the model provides information on the constituent parts of the machine in 

the dynamics. 

2. Basic concepts used in the implementation of the model    

The initial data used by us in the development of models such as the oil extraction ways, a 

deep-well pump installation (both ground and underground equipment). Let us reveal them: 

Oil extraction ways  

These methods can be distinguishing from the ways of extraction the well fluid: 

- Fountain(fluid output by the difference in pressure in the layer at the wellhead) 

- Artificial lift well using different types of pumps: 

1. Installation of the electrical centrifugal pump 

2. Installation of the electric-screw pump 

3. Installation  of the sucker-rod pump 

We have chosen the sucker-rod pump as the object of model because of the widespread use in 

the field of oil production and a number of features listed below: 

1. Let us allocate the main advantages of the sucker-rod in the following properties:  

2. Simplicity of design. 

3. High reliability. 

4. Low own weight. 

5. High efficiency. 

6. Ease of maintenance and repair in field conditions. 

7. Easy adjustment. 

8. Serviceability of the unit by low-skilled workers. 

9. The possibility of operation of wells with small diameters. 

These are the main sucker-rod pump parts: 

Pumping unit for the ground equipment, orifice equipment, Control block. 

Oil well tubing for the underground equipment, sucker rod, sucker-rod pump and various 

safety devices, improving operation of the unit in complicated conditions. 

3. Underground equipment 

Modern pumpjacks are powered by a prime mover. This is commonly an electric motor, 

but internal combustion engines are used in isolated locations without access to electricity. 

Common off-grid pumpjack engines run on casing gas produced from the well, but 

pumpjacks have been run on many types of fuel, such as propane and diesel fuel. In harsh 

climates, such motors and engines may be housed in a shack for protection from the elements. 

The prime mover of the pumpjack runs a set of pulleys to the transmission which drives a pair 

of cranks, generally with counterweights on them to assist the motor in lifting the heavy string 

of rods. The cranks raise and lower one end of an I-beam which is free to move on an A-

frame. On the other end of the beam is a curved metal box called a horse head or donkey 

head, so named due to its appearance? A cable made of steel—occasionally, fiberglass—

called a bridle, connects the horse head to the polished rod, a piston that passes through 

the stuffing box. 

https://en.wikipedia.org/wiki/Grid_(electricity)
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The polished rod has a close fit to the stuffing box, letting it move in and out of the tubing 

without fluid escaping. (The tubing is a pipe that runs to the bottom of the well through which 

the liquid is produced.) The bridle follows the curve of the horse head as it lowers and rises to 

create a nearly vertical stroke. The polished rod is connected to a long string of rods called 

sucker rods, which run through the tubing to the down-hole pump, usually positioned near the 

bottom of the well. 

 

 
Fig. 1. The model of a pumpjack sideways: 1 – horsehead 2 – walking beam;  

3 – walking beam saddle; 4 – counterweight and crank; 5 – control station;  

6 – polished rod; 7 – the pumpjack’s foundation; 8 – electric motor 

 
Fig. 2. The pumpjack model on top 

4. Underground equipment 

This pump has two ball check valves: a stationary valve at bottom called the standing valve, 

and a valve on the piston connected to the bottom of the sucker rods that travels up and down 

as the rods reciprocate, known as the traveling valve. Reservoir fluid enters from the 

formation into the bottom of the borehole through perforations that have been made through 

the casing and cement (the casing is a larger metal pipe that runs the length of the well, which 

has cement placed between it and the earth; the tubing, pump, and sucker are all inside the 

casing). 

When the rods at the pump end are traveling up, the traveling valve is closed and the standing 

valve is open (due to the drop in pressure in the pump barrel). Consequently, the pump barrel 

fills with the fluid from the formation as the traveling piston lifts the previous contents of the 

barrel upwards. When the rods begin pushing down, the traveling valve opens and the 

standing valve closes (due to an increase in pressure in the pump barrel). The traveling valve 
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drops through the fluid in the barrel (which had been sucked in during the upstroke). The 

piston then reaches the end of its stroke and begins its path upwards again, repeating the 

process. 

Often, gas is produced through the same perforations as the oil. This can be problematic if gas 

enters the pump, because it can result in what is known as gas locking, where insufficient 

pressure builds up in the pump barrel to open the valves (due to compression of the gas) and 

little or nothing is pumped. To preclude this, the inlet for the pump can be placed below the 

perforations. As the gas-laden fluid enters the wellbore through the perforations, the gas 

bubbles up the annulus (the space between the casing and the tubing) while the liquid moves 

down to the standing valve inlet. Once at the surface, the gas is collected through piping 

connected to the annulus. 

 

 
Fig. 3. A diagram of a pumpjack 
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Fig. 4.  The sucker-rod pump operating principle scheme 

5. The sucker-rod pump operating principle  

At first the plunger is stationary at the bottom of its stroke (pic. 5). At this moment both the 

suction and discharge valves are closed. Liquid column in the production tubing creates a 

hydrostatic pressure above the suction valve.   

 

 

Fig. 5. The sucker-rop pump working principle 

The load on the polished rod is only the weight of the sucker-rod.  The plunger check valve 

remains closed at movement upward and sucker-rod takes on weight of the fluid in the 

tubing string. The pressure between the discharge and suction valve decreases with a 

minimum leakage between the plunger and the PUMP-BARREL so the suction valve opens 

and fluid from the wellbore enters the PUMP-BARREL.  The plunger stopping at the top of 

the working stroke and both valves are closed again wherein the liquid weight falls back on 

the plunger and the discharge valve. Let us assume that the PUMP-BARREL filled with 

liquid and the liquid is incompressible. The induction-valve opens at the beginning of 

plunger’s movement. The weight of the liquid column in the tubing string will be transferred 

to the suction valve and the working tube and the load on the polished rod and pump-
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assembly will again consist of only weight rods. Further downward movement of the plunger 

will force the liquid to flow from the cylinder into the plunger through the check valve. The 

return of the plunger in the lowest point of the working stroke will finish the cycle. 

6. Training and demo version of applied prototyping 3D models 

The sucker-rod has been implemented in software application using initial data presented in 

the second part the article  

The model is a visual representation of the pumpjack works, the oil extraction process itself, 

volumetric representation of the soil in the cross-section and the course of the production 

process of oil extraction. All it allows us to obtain on the components of the model in 

dynamics. 

Software development of the model consists of two parts: 

– Training part :  

1. Models and animation have been implemented based on visual schemes (pic. 6). 
 

 

Fig. 6.  Common model 

2. The sucker-rop pump working principle is modeled on this picture (pic. 7). 

 

Fig. 7. Model in cross-section 
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3. The warning of possible emergencies at low or too high loads are also implemented in the 

program (pic. 8) 

 

 

Fig. 8. Emergency situations 

4. Description of the model components (pic. 9).  

 

 

Fig. 9.  General description 

– Information part of the model provides an opportunity to get acquainted with the description 

of processes and parts of the model also the opportunity to extend notes and to zoom in will 

be add in the later builds of the model. 
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7. Control of the model 

For the process control and visualization of simulations are used the basic functionality of 

standard computer devices and also the possibilities of a touch screen tablet devices. 

Among the main features distinguish:  

– Left mouse button - action (within the region) 

- (double-click) Left mouse button - the approach of the camera to the object 

- Mouse Wheel - distancing / approaching the camera. 

- Create an emergency; you are in a field located on the top left of the screen. 

Notes: 

- The ground is displayed in the section If the camera is below ground level, 

- Green button next to the model is responsible for the stop / start the machine. 

- Meters, showing the approximate oil and other data. 

8. Main tools 

Unity is a cross-platform game engine developed by Unity Technologies
[2]

 and used to 

develop video games for PC, consoles, mobile and websites. First announced only for OS X, at 

Apple’s Worldwide Developers Conference in 2005, it has since been extended to target more 

than fifteen platforms. It is now the default software development kit (SDK) for the Wii U. 
 

Blender is a professional free and open-source 3D computer graphics software product used 

for creating animated films, visual effects, art, 3D printed models, interactive 3D applications 

and video games. Blender's features include 3D modeling, UV unwrapping, texturing, raster 

graphics editing, rigging and skinning, fluid and smoke simulation, particle simulation, soft 

body simulation, sculpting, animating, match moving, camera tracking, rendering, video 

editing and compositing. Alongside the modeling features it also has an integrated game 

engine. 
 

The program code on C# language. 

9. Conclusion 

The work shows the importance of applying 3D modeling during the training oil industry 

specialists, as these models allow us to visually display all stages of the pumpjack and 

possible emergencies. It allows you to receive information on the constituent parts of an 

industrial complex in the dynamics. 

10. Closing part 

This work gives the software implementation model and the visual representation of the 

pumping unit which allows training specialist of the oil industry on examples of 

manufacturing processes including emergencies. 
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Abstract. The article discusses the use of expert systems for solving problems of system design and 

acquisition of new information technologies as applied to data processing and management systems. 

Described ExPRO 4 tooling system for the development of expert systems.   

Key words: information technologies, artificial intelligence methods. 

Using of artificial intelligence methods is an important direction of the enhancement of 

information technologies. They are widely used in manufacturing of aircraft production and 

space activities. 

Expert systems are used to solve hard to formalize tasks. These systems are based on domain 

expert's knowledge and artificial intelligence methods. 

Preparation of specialists in development and application expert systems is an important 

direction of educational activities. 

Any expert system has the following typical components: 

1. Knowledge base editor 

2. Inference engine 

3. Explanation system 

Tooling systems are used for reduce development costs of expert systems. Knowledge 

engineer need to develop only the knowledge base to solve tasks with these systems. All other 

typical components already were included in tooling system. Examples of tooling systems are 

CLIPS [1], ExSys Corvid, G2[3] etc. Systems developed by foreign companies are expensive 

and it is hard to adapt them for russian users. So there is a problem of import substitution of 

these systems. 

Specialists of KNIAT conducted a study of the development of expert systems for 

technological preparation of the aircraft production. 

These researches were continued in KPFU and KNRTU-KAI. As a result instrumental expert 

system ExPRO was created [2-5]. This system helps to solve hard tasks in different areas: 

1. Design systems and processes 

2. Fault diagnosis in technical systems 

3. Education and knowledge testing 

The structure of the system ExPRO 4 is represented at pic. 1. 

Expert, knowledge engineer and user interact with system through the user interface in two mode: 

knowledge base creation, task solving. Special editor is used for knowledge base creation. 

Inference engine generates execution order, checks conditions of the rules and executes 

actions of rules. Inference engine of the ExPRO 4 use backward and forward chaining. 

Explanation system generate explanation tree from logs of rules execution. User can see rules 

execution order, names of the defined variables and it's values. Explanation system is used for 

knowledge base debugging. 

Knowledge engineer can use production rules and object-oriented knowledge representation. 

Structure of the knowledge base is shown at pic. 2. 
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Pic. 1. The structure of the system ExPRO 4 

Object-oriented knowledge representation allows to create classes and objects. Classes define 

groups of the entities with similar properties. Objects describe entities with defined values of 

the properties. 

Declarative and procedural knowledge are both can be described in classes. 

Declarative knowledge are described as properties of classes (attributes which object will 

have). Any property have some parameters: name, scope (allow to use in internal rules only or 

in all rules), comment. 

Procedural knowledge are described as internal production rules. These rules can check and 

modify only properties of their objects and describe internal state changes.  

  

 
Pic. 2. Structure of the knowledge base of the system ExPRO 4 

Library of the internal functions include: data input and output (I/O); file I/O; inference 

process management; math functions; string functions; tables functions; graph functions; 

artificial neural networks; formulas; forms. 
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Advantages of IES ExPRO: 

1. Integration with other program tools. ExPRO module is developed for existing program 

system. Integration ways: internet (http queries), databases (mdb files), files, tables etc; 

2. Integration between domains. Knowledge base of the ExPRO can contain knowledge 

from different domains. So ExPRO can replace some groups of other systems with all their 

functionally and rules of their interaction; 

3. Structure. Knowledge base are split on knowledge modules. Every module can contain 

all knowledge base elements (include module). Production representation allow to describe 

rule-based relations and actions without algorithm. So knowledge base can be simple expand 

and understand; 

4. Internal documentation subsystem of interim and final results. System ExPRO has 

template editor and formatting functions. All documents are in one place and can be easily 

inspected; 

5. Integration with other artificial intelligence methods. System ExPRO has artificial 

neural networks subsystem (creation, learning, execution). This method is useful when 

statistics exists, but no any formalized knowledge. So such knowledge can be included to 

ANN and used in any rules. ANN can be automatically learnt on new data. 

Instrumental expert system ExPRO 4 is used in educational process in KNRTU-KAI for 

preparation of specialists and conducting of research works. Practical experience of solving 

following tasks was accumulated: 

1. Design technology: technology design process, cutting tools design, technical documentation; 

2. Production quality assessment; 

3. Training system of artificial intelligence; 

4. Knowledge testing of "Basics of interchangeability" 

5. Mathematical modeling of fluid flow 

Knowledge base of modeling of fluid flow contains different mathematical models and tools 

to manage them. Couette flow and it's expansions are represented in the knowledge base. 

Streamlines, velocity of the particles and pressure change are defined and displayed during 

inference for every variant of fluid flow and input parameters. 

Structure of knowledge base of modeling of fluid flow is shown at pic. 3. 
 

 
Pic. 3. Structure of knowledge base of modeling of fluid flow 

One of the mathematical models by G.V. Druzhinin is represented below: 

0 1 2 2    U A A x A xy  
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Examples of rules from the knowledge base are shown in table 1. 

Table 1. Rules from the knowledge base of modeling of fluid flow 

Rule name Conditions Actions 

Calculate parameters of 

Couette flow by Druzhinin 

type = "parallel plate" Params = MathModel 

Druzhinin("params", {x=x, y=y, 

A0=A0, A1=A1,) 

A2=A2}) 

Calculate parameters of 

expanded Couette flow by 

Schlichting 

type = "wedge" Params = MathModel 

Schlichting("params ", {x=x1, 

y=y1}) 

Define cut value cutType="top" cut=h 

 

Graph of the selected parameters are displayed as a result of system work. One of the graphs 

is represented at pic. 4. 

 

 

Pic. 4. Graph of the pressure for expanded Couette flow (flow in wedge). Input 

data values: L = 35454.33, h1 = 454.55, h2 = 100 

Knowledge base of knowledge testing of "Basics of interchangeability" works by following scheme: 

1. Sign up (input data: name, study group); 

2. Select test (25 variants are represented in knowledge base);  

3. Testing (Test contains 4 questions from 4 sections); 

4. Output result (Result document contains grade). 

Knowledge base contains following categories of the rules: user survey; check the correctness of 

the answer; displaying images; calculate grade; generate tasks and check the correctness of the 

process of their solving (manufacturing tolerance definition, degree of accuracy definition etc.); 

Knowledge base is integrated with Microsoft Access database. All typical questions (one 

question and several defined answers) and it's answers are stored in the database. More 
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difficult tasks and methods of their solving are formalized with production and object-

oriented knowledge representation and stored in knowledge base. 

Advantages of using the system ExPRO for knowledge testing are shown below: 

1. Knowledge base can contain knowledge from different professors. So expert system can 

get a new result based on combined knowledge. 

2. Generating task based on learning method. Knowledge engineer formalized different methods 

of solving tasks. So modules of generating tasks based on this methods can be easily created. 

3. Check the process of practical task solving. This is possible because knowledge base 

contains different methods of task solving and can combine them. 

Knowledge base of cutting tools design helps to design drill. Input parameters are treated 

material, the hole diameter and depth. Tool design contains: drill material and list of other 

allowed materials; shank type and list of other allowed types; flute, neck and shank length; 

diameters; flute geometry. Knowledge base contains: domain object model; material selection 

rules; rules of tool elements size calculation; documentation and output rules. 

Domain object model is shown at pic.5. 

 

 
Pic. 5. Domain object model of cutting tools design task 

Examples of the rules shown in table 2. 

Table 2. Examples of the rules from the knowledge base for cutting tools design task 

Name Conditions Actions 

Select material  

1 

surface.hole.depth >10* surface. 

hole.diameter 

surface.material = "Carbon and 

alloy steel" 

drill.material 

=["Т5К12","ВК8","Т15К6"] 

Calculate 

diameter 

 drill.structure.diameter 

=0.9*surface.hole.diameter 

Calculate 

central 

diameter 

drill.structure.diameter <1.25 drill.structure.centerDiameter =(1-( 

drill.structure.diameter-

0.25))*0.08+0.2 
 

System ExPRO is used in educational process in ASDPC department for learning discipline 

"Facilities of human interaction with the information system". Students learn the capabilities 

of the system by performing laboratory works. These works help to get skill in knowledge 

formalization, knowledge engineering and knowledge base development. Students model and 

create intelligent interfaces of human-computer interaction using the system. 
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Conclusion 

Quality of design and education are improved by using intelligence methods. 

Experts systems help to: individualize education (assembling materials for every student); get 

practical skills (explain every step of task solving, tips to choose solve way, show errors); 

expand knowledge testing (check correctness of solving process, using weakly formalized 

answers). 

Expert systems accumulate experience and knowledge of different specialists and professors. 

This provides the continuity of experience, possibility to solve more difficult tasks by 

combinations of different methods. 

Expert systems are efficient to scientific research. These systems help to formalize theory or 

model and verify its behavior. 

Tooling system ExPRO 4 used to reduce development costs of expert systems. This system 

accumulate and organize knowledge of professors. Also ExPRO used for automation 

execution of scientific researches. 
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Abstract. This article is representing brief survey on the history of Mechanics development in Kazan 

University, with analysis of fundamental scientific researches in theory and applications on 
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1. Origination of researching and teaching Mechanics 

The origination of Mechanics researching and teaching as well as establishment of the 

Department of Mechanics at Kazan Imperial University is connected with the name of a 

student, professor and Rector – Nikolay Lobachevsky. 

”Nikolay Lobachevsky is the most outstanding person in bicentennial famous history of the 

Russian universities. If he had not written any line of his individual research, nevertheless, we 

would have had to remember him as our most outstanding university figure - the person who 

endowed Professor’s and Rector’s  positions with such a content  like no one before him, in 

his time or after his death. Besides, Nikolay Lobachevsky was an ingenious scientist, and if 

he had not been such a scientist with his great gift of creativity and creative experience, he 

could not have been the person he actually was in his pursuit of teaching and management”. 

Moscow University alumni Kartashevsky (1779 - 1840), Zapolsky (1773 – 1810), Nikolsky 

(1785 – 1844) and invited professors Renner (1780 – 1816) and M. F. Bartels (1769 – 1836) 

had influenced the system of teaching including teaching of mechanics a lot. After graduation 

from Moscow University, Gregory Kartashevsky was appointed a teacher at Kazan Grammar 

School. In 1805, he became the first junior research assistant of higher mathematics at the 

University.  I.Zapolsky was a junior research assistant in applied mathematics and physics. 

Both of them were teachers of Nikolay Lobachevsky and Ivan Simonov. Johann Martin 

Christian Bartels worked in Kazan from 1808 to 1820. When he was young, he lived in 

Braunschweig not far from Professor Karl Gauss and helped him to master mathematics. 

Sergey Rumovsky (1734 – 1812), one of the first Russian academicians, astronomers and 

mathematicians and a student of Mikhail Lomonosov and Professor Euler, invited Bartels to 

Kazan. Rumovsky was an appointed trustee of Kazan educational district and supervised 

establishment of Kazan University. 

Since October 1811, Bartels taught Lobachevsky; among others, they studied Laplace’s 

“Celestial mechanics”. In 1811, Lobachevsky presented his work "The Theory of Elliptic 

Celestial Motion". It was noted in Bartels's review: "… the ideas offered by famous Laplace 

were not only studied by master students (Lobachevsky and Simonov) with special diligence, 

but they also found better application in many cases". 

2. Mechanics at Kazan University in the 19th century 

Besides mathematics, N. Lobachevsky (1792 – 1856) showed interest in mechanics, physics 

and astronomy; he "was pleased by these sciences like those endowed with taste to wise and 

fine  are pleased by order and life poured in human nature " (A.F.Popov). N. Lobachevsky 

delivered lectures on mechanics, including hydrostatics and hydraulics, carried out some 

research in mechanics during 1825-1833. In 1828, Lobachevsky published his work  “On 

http://kpfu.ru/main_page?p_sub=9800
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Resonance or Mutual Fluctuation of Air Columns’ in Kazanskiy Vestnik (Kazan Herald). In 

1835, he published his work "Conditional Equations for Achievement and Positioning of 

Main Axes of Rotation in Solid Systems" in Uchenye Zapisky (Scientific Notes) of Moscow 

University. In the first part of this work N.Lobachevsky established the equations for motion 

of continuum (later it was made by Lagrange) and examined the theory of main inertia axes. 

N.Lobachevsky treated important issues of mechanics with great attention. His notebooks 

with lectures on mechanics are indicative of it (in 1825 –  statics and dynamics, in 1826 –  

statics and mechanics of solid and liquid bodies according to Lagrange and Poisson, in 1827 –  

hydrostatics and hydraulics according to Lagrange, theory of equilibrium and motion of gas 

according to Laplace). Later Brashman (1796 – 1866) and Kotelnikov (1809 – 1879) taught 

mechanics using his lectures. 

In 1845, N.Lobachevsky carried out a detailed analysis of doctoral thesis "On integration of 

the differential equations of hydrodynamics brought to a linear form" by master student 

Popov and obtained a lot of individual conclusions. 

Alexander Popov was a student of N.Lobachevsky. In 1835, he graduated from Kazan 

University; in 1846, he was invited to the University and replaced Lobachevsky at the 

Department of Abstract Mathematics upon his recommendation. Alexander Popov taught for 

20 years, and his students remember him for his clear and fascinating manner of delivering 

material. His scientific activity was mainly devoted to hydrodynamics, theory of waves, 

theory of elasticity, theory of sound. After he defended his PhD thesis (August 25, 1845) "On 

integration of differential equations of hydrodynamics brought to a linear form", Alexander 

Popov was conferred the degree of Doctor of mathematics and mechanics. Alexander Popov 

works granted him the deserved respect and authority in research community. In 1866, he was 

elected a corresponding member of Saint Petersburg Academy of Sciences and honorary 

member of Kazan University. 

N.Lobachevsky’s colleague, P.Kotelnikov, was a great teacher and lecturer. One of his 

students, F. Suvorov, listened to Kotelnikov’s lectures and later described his affection to 

teaching: "If these lectures would have been published, they would have presented a brief, but 

at the same time comprehensive course of mechanics, his manner of presenting was 

amazing..." 

At the end of the 19th century, the Department of Physics and Mathematics of Kazan University 

comprised 11 departments, where lectures on theoretical and applied mechanics were delivered. 

Professor Fedor Suvorov (1845 – 1911), Professor Ippolit Gromeka (1851 – 1889) and Professor 

Alexander Kotelnikov (1865 – 1944) were most well-known professors of this faculty. 

In 1880, hydromechanics was extensively developed at Kazan University. This was mainly 

due to the efforts of Moscow University graduate Ippolit Gromeka, who laid the foundations 

of modern mathematical theory of capillarity. 

N.Zhukovskiy gave a vivid characteristic of his research activity: "Unfortunately, works of 

Kazan University Professor Ippolit Gromeka are not widely-known; meanwhile, they solve 

many issues in hydromechanics. He has given an original exposition of theory of capillary 

phenomena, investigated vortices moving on a sphere, movement of drops, movement of 

viscous fluid in pipes…”. USSR Academy of Sciences published a complete collection of 

works by Ippolit Gromeka on his 100
th

 anniversary. His book was published in 1952. To 

present day, Gromeka has been one of the most cited specialists in mechanics of Kazan 

University. He could have made much more for science, but his heart stopped when he was 

only 38 years old. 

Alexander Kotelnikov was Ippolit Gromeka’s and Alexander Vasiliev’s student; he worked 

on projective theory of vectors. Kotelnikov taught at the University in 1888-1914. In his 
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master thesis "Screw theory" (Scientific notes of Kazan University, 1895) and PhD thesis 

"The projective theory of vectors" (Kazan Society of Physics and Mathematics, 1899) he laid 

the foundations of construction of vector calculus and mechanics in non-Euclidean spaces and 

investigated the connection of Lobachevsky’s geometry with theory of relativity. 

Noticeable role in teaching mechanics and studying hydromechanics in 1879-1893 belongs to 

Georgy Shebuyev (1850 – 1900). After Ippolit Gromeka passed away, he taught all 

compulsory courses at the Department of Applied Mathematics, including theoretical 

mechanics. Eugenie Bolotov recalled later: “Everyone who knew Georgy Shebuev was 

amazed by his erudition, its extensiveness and depth; it allowed him to give courses on 

various branches of mathematical physics and theoretical mechanics". 

In his research, Georgy Shebuyev obtained results in fluid flow interacting with thermal field. 

Two authors of that time – Ippolit Gromeka and Georgy Shebuyev - were notable for 

outstanding research publications in editions published by Kazan University. Numerous 

references state incorrect information that Georgy Shebuyev graduated from Moscow 

University while he actually graduated from Kazan University. 

3. Mechanics at Kazan University in 1900 - 1930 

N.Parfentyev (1877 – 1943), who was a famous scientist and outstanding teacher, had great 

influence on development of Kazan schools of mathematics and mechanics. He graduated 

from Kazan University with honours and began teaching in 1904. After his return from 

foreign business trip (Goettingen, Munich, Bordeaux), Parfentyev defended his thesis on 

mathematical analysis, which was rich with ideas, but his further research concerned 

mechanics. He investigated the history of mechanics, founded the first laboratory for optical 

methods of stress analysis in Kazan. Professor V.Bulygin recalled: "Nikolay Parfentyev 

delivered lectures on five subjects. The course on mechanics was the most interesting. He 

happened to be abroad: “…the last time I saw Poincare in Zurich, he was a very old man … 

54 years old … hard work led him hereto. I visited places where Aristotle had stayed...". The 

variety of N.Parfentyev’s scientific interests and erudition contributed to training students 

who specialized in various fields of research afterwards (P. A. Shirokov, B. M. Gagayev, 

V.A. Yablokov, K.P. Persidsky, K.Z. Galimov). 

D.Zeyliger (1864 – 1936) played an important role in the development of education and 

teaching of mechanics. He was a Professor at the Department of Mechanics since 1895. In 

1910, being the Head of Mechanics Department, he established an aeronautic group at Kazan 

University. In 1927, on his initiative, students studying mechanics started their specialization 

in aerodynamics. The theory of motion of a variable body was the main area of research 

activity of Dmitry Zeyliger. He developed statics, kinematics and dynamics of such bodies. 

E.Bolotov (1870 – 1922) was invited to the University upon the recommendation of Professor 

Alexander Kotelnikov, Professor Dmitry Dubyago, Professor Dmitry Goldgammer and 

Professor Nikolay Parfentyev.  Bolotov was Georgy Shebuyev’s student; he began his 

research and teaching activities in 1890 at Moscow secondary schools and higher educational 

institutes, including the Department of Theoretical Mechanics headed by Nikolay 

Zhukovskiy. In 1914, upon Zhukovskiy’s recommendation, he was invited to Kazan 

University for a position of a professor; later, in 1921, he headed the Department of 

Mechanics. The most considerable work by Bolotov included the research on analytical 

mechanics with generalization of Gauss's principle of least constraint in the case of partial 

release taking into account some unilateral and some bilateral constraints. This work was 

highly appreciated by Zhukovskiy. Gauss's principle was further developed by Chetayev, 

Kochin, Aminov and Rumyantsev. E.Bolotov was a Rector of the University in 1918-1921. 
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Zhukovskiy and Chaplygin gave their recommendations to support him; Professor Chaplygin 

called Evgeny Bolotov an outstanding Russian scientist in mechanics. 

In 1920-1930, Nikolay Chetayev worked at the University. He was an outstanding researcher 

in Mechanics, corresponding member of the USSR Academy of Sciences and one of Dmitry 

Zeyliger’s students. In 1929, he was sent to Goettingen to Professor Prandtl. In 1930, he was 

appointed an Associate Professor and the Head of Department of Mechanics (after Dmitry 

Zeyliger left Kazan) at the University. He founded an aerodynamic department, among the 

first alumni of which were future Professors G.V.Kamenkov (1908 – 1966) and S.G.Nuzhin 

(1902 – 1953). He studied the issues of stability of movement as a postgraduate student and 

later in his business trip to Goettingen. On his return to Kazan, he organized a scientific 

workshop which was very productive in 1930s. Many complex issues of stability theory were 

discussed there. The group created by Chetayev, his students and participants of the workshop 

known as "Kazan or Chetayev’s School of Stability Theory" gained wide recognition. He 

developed the research program on stability theory of motion, which is known as "Kazan 

program of Chetayev".  His work contributed much to the development of the aviation 

industry. In early 1930s, Chetayev was engaged in active establishment of aerodynamic 

division of Kazan Aviation Institute at the Department of Physics and Mathematics of the 

University. In 1940, Chetayev moved to Moscow where he worked as a deputy director and 

then a director of the Institute of Mechanics of the USSR Academy of Sciences and headed 

the Department of Theoretical Mechanics at MSU until he died. 

Hamid Mushtari (1900 – 1981) established a research school of nonlinear theory of shells. Its 

bright representatives were his students: Doctors of Sciences N.Ganeev, M.Ganeeva, 

M.Ilgamov, M.Kornishin, A.Sachenkov, I.Svirsky, I.Teregulov. H.Mushtari (like a graduate 

of Kazan Commercial College, son of the University Professor, Mikhail Lavrentiev) had the 

same chance to get into the first post-revolutionary group of Kazan University. Later, he 

continued his studies at postgraduate school of Moscow University under supervision of 

Professor Chaplygin. In 1934 - 1938, Mushtari developed the fundamentals of nonlinear 

theory of thin shells. These results were presented in his well-known Doctoral thesis "Some 

generalizations of the theory of thin shells with annexes to a problem of stability of elastic 

balance" (published in Russian in Izvestia Physiko-Matematicheskogo Obshchestva (News of 

Physics and Mathematics Society), Issue 3. 1938. Volume. 11. Page 71-150), which was 

successfully defended in 1938 at Moscow University. Mushtari headed Kazan Physical 

Technical Institute of Kazan Branch of the USSR Academy of Sciences for a long time (from 

1946 to 1972) and taught mechanics at higher educational institutions in Kazan. After his 4
th

 

year at the university, M.Lavrentyev transferred to MSU because his father was invited as a 

Professor of Mathematics invited his father to Moscow University. 

Alexey Ilyushin was a student of Kazan University. He was not of a workers' and peasants' 

origin, therefore he had to work as a lathe operator at a ship-repair plant to enter the 

University. Ilyushin studied at the University for one semester, and then was transferred to 

MSU since the Moscow relatives agreed to give him a room in their apartments. Mikhail 

Lavrentyev and Alexey   Ilyushin are two outstanding experts in Mathematics and Mechanics 

of the 20
th

 century, who did not work at Kazan university, but were its students, and therefore 

they are mentioned here. 

Kurban Galimov (1909 – 1986) was a founder of nonlinear theory of shells and plates like 

Humid Mushtari. Among his students were professors Y.Zhigalko (1937 – 2002) and 

N.Guryanov. Kurban Galimov was inspirer and organizer of the edition of scientific works 

collection “Research of Theory of Shells and Plates". The edition was so reputable that 

leading Soviet scientists considered it as honour to be published there. The collection was 
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reviewed in Europe and USA. Its mailing list included about one and a half thousand 

addresses. Kurban Galimov told his employees: "Publish your best articles in our collection. 

Other articles just submit to scientific journals”. 

4. Foundation of Research Institute of Mathematics and Mechanics (RIMM). 

RIMM is one of the oldest higher educational institutions in the country. It was founded on 

September 01, 1934. The idea to organize RIMM in Kazan, which was to keep the traditions 

of Physical and mathematical society at the university, appeared in 1920. Soon after the 

famous algebraist N. G.Chebotarev had arrived in Kazan in 1927, the idea got considerable 

support. At that time, D. N. Zeyliger and N. N. Parfentyev had great influence on 

development of mathematics and mechanics in Kazan. By that time, their students P. 

A.Shirokov, B. M.Gagayev,   K.P.Persidsky, N. G.Chetayev, I.G.Malkin, B. A. Fuchs and 

others conducted important original research and founded new independent scientific fields in 

mathematics and mechanics. N.G.Chebotarev raised a question of the Institute establishment 

and was supported at the Second All-Union Mathematical Congress (Leningrad, June 24 - 30, 

1934). 

The scope of problems developed at the Institute was of theoretical nature and belonged to 

new fields of mathematics and mechanics. Such outstanding scientists as N.G.Chebotarev, 

N.G.Chetayev, P.A.Shirokov, N.N.Parfentyev, I.D.Ado, N.N.Meyman, B.M.Gagayev, 

M.I.Almukhamedov, V.V.Morozov, B.L.Laptev, G.H.Maksudov, F.D.Gakhov, 

K.P.Persidsky, V.A.Yablokov, I.G.Malkin, L.I.Gavrilov, G.G.Tumashev, M.T.Nuzhin, 

A.P.Norden, S.N.Andrianov, A.Z.Petrov, P.I.Petrov, S.F.Saykin and many others worked at 

RIMM. Schools of sciences created by them are developing nowadays. In 1947, the name of 

N.G.Chebotarev was given to RIMM. 

5. Mechanics at Kazan University in 1940-1990 

In 1941, specialization in mechanics was abandoned; almost all professors and students were 

at the front line. The Head of the Department N. N.Parfentyev died in 1943. Only 

K.Z.Galimov remained to work at this Department. In 1944, G.G.Tumashev (1910 – 1984) 

was invited from the Aeronautical Institute to head the Department of Mechanics. He brought 

forth the urgent topic of aerodynamic design of airfoils. His great achievement was the 

method of solving the so-called inverse aerohydrodynamic boundary value problems. 

G.G.Tumashev's students, who later became Doctors of Sciences, were V.Ya.Bulygin, 

R.S.Galeyev, G.V.Golubev, P.G.Danilayev, A.V.Kuznetsov, O.M.Kiselev, A.V.Kosterin, 

L.M.Kotlyar, Yu.M.Molokovich, M.T.Nuzhin, S.F.Saykin, S.I.Filippov, V.M.Fomin, 

E.G.Sheshukov. 

In 1951, the Government of the Republic of Tatarstan appealed to Kazan scientists with a 

request to help the young petroleum industry of Tatarstan. A scientific workshop was 

organized to study these issues. This workshop gave birth to the famous Kazan school of 

subsurface hydromechanics. 

In 1954, Mikhail T. Nuzhin (1914 - 1983) defended his doctoral thesis. The approach to the 

solution of inverse boundary value problems developed by him turned out to be so general 

that it became a basis for a new branch of mathematical physics. M. T. Nuzhin was a 

scientific supervisor of R. B. Salimov, N.B. Ilyinsky, V. V. Klokov, who became Doctors of 

Physical and Mathematical sciences later. 

In 1954, the Department of mechanics was divided into two departments: Department of aero 

and hydromechanics headed by G.G. Tumashev and Department of theoretical mechanics 
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headed by M. T. Nuzhin, who was also the dean of the Faculty of Mechanics and 

Mathematics, and later the University Rector (1954 – 1979). In Kazan University, it is 

considered that there have been two most productive periods in the University history: 

Lobachevsky's period – the formation period (19 years) and Nuzhin's period – the period of 

post-war development (25 years). There is a monument to N. I. Lobachevsky beside the main 

building of the University on Lobachevsky Street and a monument to M. T. Nuzhin on 

Nuzhin Street. 

Publication of the fundamental monograph by Kh.M.Mushtari and K.Z.Galimov titled 

"Nonlinear Theory of Thin Elastic Shells", the first-ever paper in this area of mechanics, has 

become a big event in shell mechanics. Later it was published in English on the initiative of 

NASA. It was also translated to Chinese and published in China. High appreciation was given 

to this monograph by the world's leading foreign specialists in the theory of shells. Professor 

V.T.Koyter wrote the following in the preface to the English edition of this book: "This 

translation of the comprehensive Russian monograph is the first book devoted to the nonlinear 

theory of shells that appeared in the Western world". This monograph has become a reference 

book for researchers and engineers of the new equipment. 

In 1979, the Department of Theoretical Mechanics was headed by A.V.Sachenkov (1928 – 

1988). His works were devoted to the theory of elasticity, theory of plasticity, stability and 

fluctuations of single-layer and multilayered shells, theoretical and experimental method of 

shell analysis. A.V.Sachenkov was fascinated by science, he was a brilliant lecturer, perfectly 

knew history, poetry, had a good sense of humour, and it is not surprising that many students 

dreamt of becoming his graduate students. He supervised 40 PhD students in physics and 

mathematics. Yu.P.Artyukhin, Yu.G.Konoplev, I.V.Mitryaykin, A.K.Shalabanov (1944-

2013), A.I.Golovanov (1956 – 2010), V.A.Kostin, who got the doctoral degrees later, were 

among them. 

In 1988, the Department of Theoretical Mechanics was headed by professor Yu.G. Konoplev, 

whose research interests were solution of nonlinear problems in deformable body mechanics, 

theoretical and experimental methods of research into stress-strain state, stability and 

vibrations of inhomogeneous shells, biomechanics. He was the University Rector in 1990 – 

2001, when it was hard time for science and education in Russia. 

After G. G.Tumashev, the Department of Aerohydromechanics was headed by professors   

Yu.M.Molokovich (1932 – 2007), V.V.Klokov (1937 – 2009), A.V.Kosterin. At the present 

time, the Department is headed by Professor A.G.Egorov. 

6. Main research trends in mechanics  

in the second half of the 20
th 

and early 21
st 

century 

Important fields of mechanics were developed through research conducted at higher education 

institutions and research institutes of Kazan. We have listed only those, which have been done 

at Kazan University and the Research Institute of Mathematics and Mechanic (Professors and 

Doctors of Sciences, the supervisors of these studies, are mentioned in parentheses). 

Motion Stability Theory and Theoretical Mechanics: 

motion stability and analytical mechanics (N.G.Chetaev, P.A.Kuzmin); 

motion stability according to Lyapunov and small parameter method (I.G.Malkin); 

probability theory, differential equations and motion stability (K.P.Persidsky); 

aerodynamics and variable mass mechanics (M.Sh.Aminov); 

motion stability and nonlinear system oscillations (G.V.Kamenkov). 
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Deformable solid mechanics research: 

nonlinear theory of elastic shells (Kh.M.Mushtari, K.Z.Galimov); 

theory of elasticity, theory of plasticity, theory of stability and fluctuations of single-layer 

and multi-layered shells, math prototypes in mechanics, theoretical and experimental 

methods of shell analysis (A.V.Sachenkov); 

mathematical and physical simulation of nonlinear deformation of shells and plates with 

heterogeneous structure, development of theoretical and experimental methods for solving 

problems of shell stability in nonlinear subcritical state, oscillation of structural elements 

under non-classical boundary conditions, biomechanics of human joints (Yu.G.Konoplev); 

algorithms for finding exact solutions to problems of the theory of elasticity, and plate and 

shell deformation under localized impacts (N.G.Guryanov); 

theory of multi-layered orthotropic shells under local force and temperature effects, contact 

of thin-walled structural elements, numerical and analytical methods for analysis of plates 

and shells of complex geometry (Yu.P.Artyuhin); 

finite element method in problems of nonlinear deformable solid mechanics; variation and 

numerical methods in nonlinear mechanics of thin-walled elements and structures 

(A.I.Golovanov); 

deformation of smooth and ribbed shells under localized impacts, oscillation of shells with 

added masses and dampers, interaction between shells and local radiant energy fluxes 

(Yu.P.Zhigalko); holographic methods of deformation study (A.K.Shalabanov); 

Inverse Boundary-Value Problems: 

determination of the fluid flow boundary shape by a given velocity or pressure distribution, 

the method to solve the inverse boundary value problem of aerohydrodynamics (G.G. 

Tumashev); 

inverse boundary value problems and their applications (G.G.Tumashev, M.T.Nuzhin); 

methods for graphing underground contours of hydraulic structures (M.T.Nuzhin, 

N.B.Ilyinsky); 

basic recontouring problems in the theory of analytical functions and their application in 

fluid mechanics (R.B.Salimov); 

boundary value problems of the explosion theory (N.B.Ilyinsky, A.V.Potashev); 

regularization and optimization of solutions to inverse boundary-value problems, 

quasisolutions to inverse boundary-value problems (A.M.Elizarov); 

quasisolutions to inverse boundary value problem of aerohydrodynamics (A.M.Elizarov,        

N.B.Ilyinsky, A.V.Potashev); 

aerodynamic design and optimization of airfoil configuration and hydrodynamic grating 

using inverse boundary-value problem methods (A.V.Potashev, A.D.Fokin, 

D.F.Abzalilov); 

analytical method of drawing hydraulic profiles by the given cavitation diagram 

(F.G.Avkhadiev, D.V.Maklakov); 

hydrodynamic analogy in the theory of dimensional electrochemical shaping 

(V.V.Klokov); 

Subsurface Hydromechanics, Filter Theory and Heat and Mass Transfer: 

the problem of oil-bearing contour shrinking; pressure field determination in a piecewise 

homogeneous strata (G.G.Tumashev); 



200 year history of Mechanics at Kazan University 

 

 175 

linear and nonlinear programming in the theory of rational oil field development, heat and 

mass transfer in porous media (M.A.Pudovkin); 

oil stratum hydromechanics; oil filtration under interaction between chemical reagents 

(V.Ya. Bulygin); 

plane stationary problems of filtration with initial gradient, filtration with limiting gradient 

(L.M. Kotlyar, E.V.Skvortsov); 

stationary and non-stationary linear and nonlinear relaxation filtration 

(Yu.M.Molokovich); 

simulation of advance of the oil-water contact (S.F.Saykin); 

variation theorems for problems with depression curves (N.D.Yakimov); 

filtration in heterogeneous strata (A. N.Chekalin); 

models of nonlinear fluid filtration (E.G.Sheshukov);  

mechanics and thermodynamics of mass transfer in media (V.A.Chugunov); 

filtration consolidation and mass transfer, fluid filtration in deformable oil strata; 

consolidation and acoustic waves in saturated porous media; relaxation processes of 

moisture transfer in unsaturated porous media (A.G.Egorov, A.V.Kosterin, 

E.V.Skvortsov); 

mathematical models with memory for the processes of mass transfer in porous media; 

study of mechanisms of "fingering" during fluid infiltration into porous medium 

(R.Z.Dautov, A.G. Egorov); 

ill-conditioned problems of the filter theory (P.G.Danilaev); 

mechanics of non-Newtonian media (V.F.Sharafutdinov); 

migration of fluids with different densities in water-bearing strata of complicated structure  

(V. M.Konyukhov, A. N.Chekalin, M. G.Khramchenkov). 

Jet and Cavitation Flows: 

nonlinear problems of jet and cavitation flow around body, body movement under liquid 

surface, body submersion in fluid followed by cavity formation, two-layer and multi-layer 

fluid flotation considering the effect of fluid ponderability and surface tension, unsteady 

free-streamline flows (A.V.Kuznetsov); 

problem-solving procedures of the jet theory considering gravity forces and capillarity, 

problems of plane and axisymmetric subsonic flows of compressible fluid (O.M.Kiselev); 

nonlinear problems of jet flows of heavy liquid (O.M.Kiselev, L.M.Kotlyar); 

diagrams of cavitation flow around body (A.G.Terentiev); 

research into nonlinear problems of the theory of jet, cavitation and wave flows, extremum 

problems of the jet theory, elaboration of problem-solving procedures for nonlinear theory 

of interfacial boundary waves (D.V.Maklakov); 

numerical and analytical method of design and optimization of airfoils above a screen; 

capillary-gravity waves under circulation flow around underwater cylinder in an finite-

depth channel (S.I. Filippov); 

Physical Gas Dynamics: 

mathematical modelling of gas dynamic and gas-discharge CO2 lasers (R.S.Galeev); 

dynamics of two-phase gas-droplet vapour media (D.A.Gubaydullin); 

aerosol mechanics, mathematical modelling of aerosol particle settling (Sh.Kh.Zaripov). 
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Mathematical Modeling, Numerical Analysis and Shape Optimization Problems: 

statement and investigation of nonlinear problems in the theory of filtration of non-

Newtonian fluids on physical plane (A.D.Lyashko); 

mathematical models of continuum mechanics; mixed technique of finite elements for 

geometrically and physically nonlinear problems of the shell theory, and for accuracy 

evaluation, elaboration and study of iterative methods for their numerical implementation 

(M.M. Karchevsky); 

mathematical models in continuum mechanics; research of integral equations generated 

during mathematical modelling of separated flow around solid bodies followed by a vortex 

wake formation; research into solvability of stationary problems of the theory of soft shells 

under the conditions of uniaxial stress-strain state areas formed (R.R.Shagidullin); 

mathematical modelling and numerical analysis of free boundary problems and nonlinear 

filtering problems (A.V.Lapin); 

mathematical modelling in engineering mechanics and physics, mechanics of multiphase 

media, heat and mass transfer processes, dynamics and physics of glaciers, paleoclimatic 

interpretation of ice core analysis findings (A.N.Salamatin); 

mechanics and thermodynamics of mass transfer in media, application models of 

thermohydrodynamics of multiphase and complex media, group properties of differential 

operators as applied to models of glacier mechanics; development of numerical and 

analytical methods implementing mathematical models based on "shallow water" 

equations (V.A.Chugunov); 

shape optimization problems in aerohydrodynamics (A.M.Elizarov, A.R.Kasimov, D.V. 

Maklakov); 

modelling of hot metal working processes; development of methods for analysis of steady-

state Navier – Stokes equations system and solution of nonlinear problems of heat and 

mass transfer involving phase transitions in channels and porous media (A.B.Mazo); 

Computational Mechanics: 

solving problems of computational hydrodynamics using NVIDIA CUDA technology 

(A.G.Egorov); 

development and validation of approximate methods and algorithms for solving problems 

of diffraction of elastic (seismic) waves in layered media; elaboration and study of 

numerical methods for solving spectral problems in the theory of dielectric waveguides 

(N.B.Pleschinsky, R.Z.Dautov, E. M.Karchevskiy); 

methods to solve problems of multiphase mass transfer for simulation of clot formation 

and thrombolysis in blood vessels; clay swelling and solution filtration in clays; 

geoecological aspects of clay pollution (M.G.Khramchenkov); 

research into nonlinear problems of filtering non-Newtonian fluids with limiting shear 

gradient in anisotropic and multilayer formations in the presence of a point source 

(I.B.Badriev); 

study of solvability of balance soft grid shell equilibrium problems in the presence of point 

loads (O.A.Zadvornov); 

mathematical models and numerical algorithms for the analysis of gas dynamic and 

hydrodynamic bearings and seals, and thermal fields of scroll compressors (R.Z. Dautov, 

M.M.Karchevskiy, E.M.Fedotov); 
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The following professors worked at the departments of mechanics of Kazan University in 

recent years: Yu.P.Artyukhin, V.Ya.Bulygin, A.I.Golovanov (1956-2010), A.P.Gribov (1947-

2007), D.A.Gubaydulin, N.G.Guryanov, A.M.Elizarov, Yu.P.Zhigalko (1937-2002), 

N.B.Ilyinsky (1932-2015), R.A.Kayumov, V.V.Klokov (1937-2009), Yu.G.Konoplev,  

A.V.Kosterin, A.V.Kuznetsov (1928-2012), A.B.Mazo, D.V.Maklakov, Yu.M.Molokovich 

(1932-2007). Students are taught Mechanics and Mathematical Modelling, Applied 

Mechanics. There are postgraduate and doctoral departments and Doctoral Dissertation 

Council (specialties 01.02.04 – deformable solid mechanics and 01.02.05 – fluid, gas and 

plasma mechanics). 

The following international forums and conferences regularly held in Kazan have become a 

recognition of outstanding achievements of the Republic of Tatarstan scientists in mechanics: 

"Lavrentyev Readings on mathematics, mechanics and physics", "Theory of functions, its 

applications and related issues", Chetaev conferences "Analytical mechanics, stability and 

motion control", School of models in continuum mechanics, "Models in continuum 

mechanics, computing technology and computer-aided design in aircraft building and 

mechanical engineering", "Heat and mass transfer problems and hydrodynamics in power-

plant engineering", "Urgent problems in shell mechanics", "Nonlinear problems of 

deformable solid mechanics", etc. 

 

A.M. Elizarov, Professor, Doctor of Sciences; winner of the Prize. H. Mushtari of Tatarstan 

Academy of Sciences for the best scientific work in mathematics (1998); deputy editor of the 

international electronic mathematical journal «Lobatchevsky Journal of Mathematics», 

member of the editorial boards of "Scientific notes of the Kazan University (a series of 

physical and mathematical)", "Digital Libraries", "Information Society". member of the 

American Mathematical Society (AMS), the German Society of mathematicians and 

mechanics (GAMM) and the International Society for Industrial and Applied Mathematics 

(SIAM). Research interests area: complex analysis and mathematical modeling. 

Yu.G. Konoplev, Doctor of Physical and Mathematical Sciences, Professor; Soviet and 

Russian scientist in the field of Mechanics; Academician of the Academy of Sciences of the 

Tatarstan Republic (1991), Honored Worker of RF and RT Science; Head of the Theoretical 

Mechanics Department (Kazan State University); Chief Researcher of Institute of 

Mathematics and Mechanics named after N.G.Chebotarev. He was Kazan University Rector 

(1990-2001). Research interestsarea: experimental methods of stress analysis; theory of 

deformable systems; theoretical and experimental methods in mechanics. 
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Problems of Continuum Mechanics 
Scientific Seminar and Final Scientific Conference'2015 

(Kazan, 2015 – 2016) 

D.A. Gubaidullin 

IME KazSC RAS  

Lobachevsky 2/31, Kazan 420111, Russia 

Abstract. This article provides a brief survey of the main areas that are developed in the Kazan 

Scientific Centre in the field of continuum mechanics problems. 

Key words: continuum mechanics problems. 

The Scientific Seminar «Problems of Continuum Mechanics» works in the Institute of 

Mechanics and Engineering, Kazan Science Center RAS. The Chairman of the Seminar is 

Director of the Institute Corresponding Member of the RAS D.A.Gubaidullin. Problem 

reports and dissertations of researchers of the Institute and scientists from other organizations 

are presented and discussed at the Seminar.  

The section «Mechanics and engineering» of the Final Scientific Conference of academic 

institutes in 2015, being under the jurisdiction of the FASO, was devoted to the 70
th

 

anniversary of the academic Mechanics in Kazan and the 25
th

 anniversary of IME KazSC 

RAS. The reports, representing the achievements in the sphere of non-linear mechanics of 

thin-walled constructions, hydroaeroelastic and wave systems; dynamics of multiphase 

multicomponent media in porous structures and technological installations; non-linear 

stability theory of control systems with changeable structure, were shown on the section.  

The Ph.D theses in mechanics of liquid, gas and plasma were presented at the Seminar. 

The abstracts of the reports are presented below. 

The reports at the Final conference 

February 10, 2016. 

 

D.A. Gubaidullin, A.A. Nikiforov (IME KazSc RAS) 

Acoustic waves in water containing layers with polydispersed bubbles. 

The acoustic signal dynamics in a two-layer medium comprising two layers of fluid with 

polydisperse gas bubbles is theoretically studied. The interaction of small-amplitude pressure 

pulse disturbance with a multilayered sample containing two layers of industrial gel with 

polydisperse air bubbles is calculated. It is shown that a small amount of air bubbles (around 

0.1% by volume) in a thin layer of the gel substantially decreases the amplitude of the 

acoustic waves with frequencies close to the resonance frequencies of natural oscillations of 

bubbles 10 times or more. However, there are frequency bands, where the influence of the 

bubble layer is insignificant. 

 

D.A. Gubaidullin, P.P. Osipov, R.R. Nasyrov (IME KazSC RAS) 

Impact of drag coefficient on the dynamic of particle concentration in the acoustic resonator. 

The 2D problem of the drift of a group of particles in a standing wave of rectangular 

resonator, induced by harmonic oscillations of the left boundary at the first resonant 

frequency is investigated numerically. The impact of particle drag coefficient on the dynamics 

and distribution of the particles in the resonator is studied. For certain drag coefficients 
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acoustic traps are detected, where the own particle drift counterbalances its transfer by 

acoustic streaming. It is shown that the particles tend to the unmovable walls of the resonator. 

 

I.M. Almakayev, P.P. Osipov (IME KazSc RAS) 

Simulation of particle dynamics in acoustic resonator with CFD  package Fluent. 

The dynamics of spherical incompressible particle in the presence of periodic shock wave in 

closed tube resonator using CFD package Fluent was investigated. On the left bound of 

resonator gas velocity oscillates harmonically at the first resonant frequency. After a certain 

number of periods a periodic shock wave in tube resonator is formed. The particle trajectories 

for different drag coefficients and different velocity amplitudes were calculated. It was shown 

that by increasing the amplitude the velocity of particle drift increased and it depended 

essentially on drag coefficient. 

 

D.A. Gubaidullin, Yu.V. Fedorov (IME KazSC RAS) 

Features of the reflection and transmission of sound waves through the bubble layer 

The problem about reflection of a sound wave from the two-layer medium containing a layer 

of bubbly liquid is considered. For a mixture of water - water with air bubbles – air the 

reflection coefficient of a wave is calculated and the comparison to experimental data is 

presented. 

  

D.A. Gubajdullin, R.N. Gafiyatov (IME KazSc RAS) 

Acoustics of waves in multifraction bubbly liquids. 

The propagation of acoustic waves in multifraction mixtures of liquid with vapor–gas and gas 

bubbles of different sizes and compositions considering geometry of process has been 

investigated. A system of the differential equations of the motion of the mixture is presented 

and the dispersion relation is deduced. The effect of the parameters of the disperse phase, the 

concentration of vapor in the bubbles on the dispersion curves, has been studied. The 

evolution of the weak pulse disturbances of the pressure in this mixture was calculated 

numerically. 

 

D.A. Gubaidullin, R.G. Zaripov, L.A. Tkachenko (IME KazSC RAS), L.R. Shaydullin 

(KFU). 

Nonlinear oscillations of gas in the tubes in the transition to the shock-wave mode.  

Features of nonlinear oscillations of gas in the closed tube in the transition to the shock-wave 

mode oscillation near resonance are experimentally studied. Far from the resonance gas 

pressure epures have continuous character and they are deformed as they approach the 

resonance. In the resonance the amplitude of gas pressure oscillations increases 4 times, and 

the form of its epures becomes close to discontinuous: the steepness of the front edge is more 

than the back edge. At a resonant frequency the increase in the amplitude of the piston shift 

leads to the increase in gas pressure vibration swing different from the observed in shock 

waves formation mode. 

 

D. A. Gubaidulin, D. A. Tukmakov (IME KazSc RAS) 

Influence of properties of a disperse phase on shock wave processes in a gas-suspension. 

The computational model of dynamics of a polydisperse gas-suspension in which the firm 

phase has multifractional structure was obtained. Various problems of wave dynamics of gas-

suspensions were simulated. The influence of the volume content of the solid phase, the size 

of particles and their physical density on the characteristics of a shock wave was revealed. 
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The process of a shock wave movement on periodically distributed gas-suspension was 

studied. It is revealed that when a shock wave goes through a gas-suspension, the average 

density of which is distributed under the periodic law, the formation of the periodic structure 

of pressure and temperature of the bearing environment occurs. 

 

A.A. Aganin, D.Yu. Toporkov (IME KazSc RAS) 

Strong compression of vapor inside cavitation bubbles in water and acetone. 

Features of strong vapor compression inside cavitation bubbles in water and acetone during 

their collapse, depending on the liquid pressure in the range from 1 to 15 bars (the liquid 

temperature is 20 C) are considered. Three scenarios are implemented inside the bubble in 

acetone. In the first scenario, the vapor is compressed nearly homogeneously. In the second 

and the third ones, the vapor compression is realized by the radially converging simple and 

shock waves, respectively. The third scenario (the shock-wave one) begins with the pressure 3 

bar. When the bubble is in water, the vapor is compressed only nearly homogeneously.  

 

A.A. Aganin, T.S. Guseva (IME KazSC RAS) 

The impact of a high-speed jet on the thin liquid layer on a wall. 

Pulse impact of a high-speed jet on a rigid wall in the presence of a thin layer of liquid on it is 

studied. The numerical technique on the basis of direct numerical modeling with the 

application of the CIP-CUP method on an adaptive grid is used. It is shown that if the 

thickness of the layer is less than 0.03 of a jet radius on a wall, the distribution of pressure on 

a wall is significantly non-uniform, as well as in a case without the layer. Thus pressure 

maximum on a wall is also realized on the periphery of pulse action area and exceeds water 

hammer pressure. 

 

A.A. Aganin, N. A. Khismatullina (IME KazSc RAS) 

Deformation of the surface of an elastoplastic body under a liquid jet impact. 

Comparison of the surface deformations of bodies made of three metal alloys (the aluminum 

one, monel and steel) under an impact by a water jet with the hemispherical end is presented. 

The load is obtained by the model of compressible fluid dynamics, the body being assumed 

rigid. The results of studying the influence of the material parameters (Young modulus, 

density and yield strength) on the surface deformations of a body made of the aluminum alloy 

in comparison with those made of the steel and monel are given. 

 

L.A. Kosolapova, V.G. Malakhov (IME KazSc RAS) 

The dynamics of a cavitation bubble near a solid wall with the transition to a toroidal 

movement phase. 

A numerical technique for studying the dynamics of a cavitation bubble in ideal 

incompressible liquid near a solid wall is presented. The technique is based on the boundary 

element method and includes an algorithm of computing the dynamic and kinematic 

quantities in the toroidal phase of the bubble motion. The comparison of the results obtained 

with known theoretical solutions and experimental data is given. 

 

A.I. Davletshin (IME KazSc RAS) 

A mathematical model of spatial interaction of weakly non-spherical gas bubbles in liquid. 

A mathematical model of spatial hydrodynamic interaction of gas bubbles in liquid in an acoustic 

field, taking into account small deformations of their surfaces, effects of viscosity and 

compressibility of the liquid is presented. The working capacity of the model is illustrated by 
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comparing the results of its application with the data, computed by the axisymmetric (two-

dimensional) model in which the centers of the bubbles are assumed to be located in a straight line. 

M.S. Ganeeva, V.E. Moiseeva, Z.V. Skvortsova (IME KazSc RAS) 

Nonlinear bending of bursting spherical safety disks under the liquid  pressure and 

temperature.  

Stress strain state of thin spherical segments being under the pressure of  the heated or cooled 

liquid (which is the working environment of the dangerously  explosive apparatus) on their 

concave surfaces has been investigated. The numerical analysis has been done in terms of their 

use as bursting safety disks. The numerical simulations depending on the environment 

temperature level, material characteristics and the height of the rod bursting above the unstrained 

membrane pole were carried out; the results of these calculations have been  obtained.  

 

A.I. Malikov  (IME KazSc RAS) 

Methods of state observer synthesis and unknown inputs for some classes of nonlinear control 

systems.  

On the basis of a matrix comparison system method and the techniques of differential linear 

matrix inequalities, the methods of observer synthesis for the simultaneous estimation of a 

state and unknown inputs of system with nonlinearities and uncertain disturbances are 

offered. The estimations of unknown inputs are used for the functional diagnosing of control 

system elements, and a state estimation - for realization of the state feedback control. 

Applications to control synthesis in the output feedback form for the robot manipulator with 

the direct current motor are given. 

 

February 11, 2016. 
 

M.Kh. Khairullin, M.N. Shamsiev, E.R. Badertdinova (IME KazSc RAS) 

Thermohydrodynamic methods of research of layered reservoir.  

A mathematical model for describing thermohydrodynamic processes in a “vertical borehole–

multi-layered reservoir” system was developed. A method for determining the filtration and 

thermophysical parameters of a multi-layered reservoir and flow rates of interlayers is 

proposed. The curves of changes in the bottomhole temperature in a vertical borehole that 

were measured after its startup are used as the initial information. 
 

P.E.Morozov (IME KazSc RAS) 

Modelling of fluid influx to the radial system of horizontal chinks. 
 

A.V. Elesin, A.Sh. Kadyirova (IME KazSc RAS) 

The Levenberg-Marquardt methods to problem of reservoir parameter identifacation under 

one- and two-phase filtration. 

The identification tasks of filtration coefficient under one-phase filtration and of absolute 

permeability coefficient under two-phase filtration are considered. These tasks are reduced to 

minimization of residual function. The minimization procedure is carried out by the 

Levenberg-Marquardt method and its two-step modifications. The example of solving the 

model identification problems shows that the two-step modifications of the  Levenberg-

Marquardt method are more efficient on the computational cost. 

 

A.V. Tsepaev (IME KazSc RAS) 

The decomposition methods for solving the three-dimensional multiphase flow equations. 
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The numerical methods with domain decomposition have been developed to solve the three-

dimensional multiphase flow equation. These methods reduce the solution of an independent 

decision of problems in subdomains with fined grid and solving the problem on the sequence 

of the coarser grid covering the all area of the decision. The numerical approximation is based 

on the control volume methods. These algorithms show their efficiency on heterogeneous 

computing systems. 

 

A.I.Nikiforov, R.V.Sadovnikov  (IME KazSc RAS) 

Waves of various sizes in porous medium saturated by two immiscible liquids. 

The propagation of waves of different geometry (planar, cylindrical, spherical) in a porous 

medium saturated with two immiscible liquids with different viscosities relationship of 

phases, taking into account the capillary pressure difference in phases. On the basis of a 

uniform dispersion relation obtained by the Helmholtz decomposition of displacement field, 

the effect of low-frequency vibrations in the range of 1-50 Hz on the phase velocities of 

waves was studied. 

 

B.A. Snigerev  (IME KazSC RAS) 

Numerical simulation of the hydrodynamics of two-phase flows in column apparatuses of 

chemical technology. 

The results of numerical simulation of the flow structure of gas-liquid bubble mixture in 

vertical upward flow in the column apparatus are presented. A mathematical model is based 

on using Eulerian description of the mass conservation, momentum for liquid and gas phases 

in the framework of the theory of interacting continuum. The comparison of simulation 

results with experimental data showed that the proposed approach allows to model 

polydispersed bubbly flow in a wide range values of gas content. 

 

I.V. Morenko (IME KazSc RAS) 

Numerical calculations of the drag coefficient of the forced oscillating cylinder in the viscous 

fluid flow. 

The viscous flow of the circular cylinder performing rotational oscillatory motions is 

investigated numerically. It is shown that the rotary oscillations modify the geometry of the 

cylinder wake significantly and hence the drag coefficient. The comparison between the 

present numerical results and the experimental data is performed. 

 

N.M. Yakupov (IME KazSc RAS) 

The mechanics of thin-walled structures "treatment". 

The problems of diagnosis and "treatment" for thin-walled structures, which were affected to 

corrosion and were influenced by physical fields, as well as designs with local surface defects, 

are considered. An experimental and theoretical method for determining the mechanical 

properties of the samples with distributed defects and a spline variant of the finite element 

method in two-dimensional and three-dimensional productions are designed for diagnosis. 

The methods for corrosion protection are offered and apparatuses for reducing the level of 

stress concentration in the defective areas are created to "cure". Engineering designs were 

awarded by medals at international events and exhibitions. 

 

S.N. Yakupov, N.K. Galimov, N.M. Yakupov (IME KazSc RAS) 

Experimental and theoretical method of studying stiffness characteristics of fine structures. 
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Thin-walled structures (thin-walled elements, membranes and films) that combine high strength 

with lightness, are widely used in all sectors of production and life. It is impossible to study 

compositions with complex structure by the known uniaxial method or by using indenter method 

of composition. The experimental and theoretical method for determining the mechanical 

properties of flat and non-flat (spherical and cylindrical) thin-walled designs with complex 

structure and complex distribution of defects has been developed. The estimation of accuracy of 

the results was performed. An example of a spherical shell with holes was considered. 

 

S.N. Yakupov (IME KazSc RAS), H.H. Valiev (IPRIM RAS), E.O. Filippova (TPU).  

The study of the mechanical properties of polymeric porous films. 

The creation of new films and membranes with desired properties is one of the most 

perspective directions of development. The required qualities are provided by varying the 

structure and forming the compositions of the complex structure- "material - design." Based 

on experimental and theoretical method nylon porous membranes of 0.2 mm thick with an 

average diameter of micropores of 0.2 microns (brand «HIMIFIL»), that are used to transfer 

biologically active compounds, and porous track membranes from PETE with film thickness 

of 7-8mkm and with a pore diameter of 0.4 microns with varying degrees of sterilization were 

studied. The conclusions are presented. 

 

S.N. Yakupov, L.U. Harislamova, R.G. Nurullin (IME KazSc RAS) 

Experimental method of study of biological membranes. 

Biological membranes are widespread in natural structures, in particular exocarps - peel and 

outer shells of various fruits. The perfection of natural structures is a good example when you 

create man-made structures. There is a review of methods of studies of biological structures. 

Experimental and theoretical research method for estimating stiffness characteristics of 

exocarp of apples was developed. An experimental setup for the study of biological 

membranes of plant origin was offered. Some examples are considered. 

 

N.M. Yakupov, R.R. Giniyatullin (IME KazSc RAS) 

Study of the effect of ion implantation on the corrosion wear. 

The study of the changes in the properties of metallic materials with surface modifications, 

for example, by ion implantation method, is of great interest in science. Experimental studies 

of corrosive wear of metal samples with implanted carbon ions were submitted. It is noted 

that the tensile stiffness of the thin-implanted samples reduces slower than of the non-

implanted samples. The effect decreases if the incubation time in aggressive environment 

increases, which is caused by deterioration of protective implanted layer. Ion implantation is 

an effective way to protect designs from corrosion. 
 

N.M. Yakupov (IME KazSc RAS), I.M. Tameev (Gazprom), A.A. Abdyushev, H.G. 

Kiyamov, L.U. Sultanov (IME KazSc RAS)  

Study of the stress concentrations on cylindrical shells with defects. 

Different defects may occur in the process of construction exploitation, in particular, 

pipelines: corrosive "ulcer", cracks, scratches and other defects. This can reduce the resource 

and lead to industrial accidents. To assess the degree of stress concentration, the stress 

concentration factor is determined on the basis of numerical studies using three-dimensional 

finite elements (FEM spline version and Training version of ANSYS). Cylindrical shells with 

internal and external defects were considered. The influence of parameters of deepening on 

the value of the stress concentration is studied and conclusions are made. 
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S.N. Yakupov, T.R. Nasibullin (IME KazSc RAS)  

Influence of the type of material on the stress concentration at the panel with local deepening. 

On the basis of the training version of ANSYS a numerical model was developed and the 

stress-strain state of the panel with a local deepening, made of elastic (Hooke's model) and 

inelastic material (Neo-Hooke model proposed by Ronald Rivlin in 1948), was studied. The 

convergence of solutions, depending on the division into three-dimensional finite elements, 

was considered. It was found that with increasing depth of the defect, as well as the thickness 

of the panel, the maximum stress intensity increases, and for the Neo-Hooke's model panel 

this is significantly lower than for the Hooke's model panel. 

Reports at the Seminar 

April 2, 2015 

V.V. Sarapulova (Birsky branch BSU, Birsk). 

Features of the reflection and refraction of sound at the interface between the single-phase 

and two-phase systems. On materials of the thesis submitted for Candidate of Sciences 

Degree, speciality 01.02.05 – mechanics of liquid, gas and plasma. Scientific chief DrSc 

V.Sh. Shagapov. Reviewer PhD A.A. Nikiforov. 

The investigations of reflection and refraction of acoustic waves at the interface between the 

single-phase and two-phase systems, the effects of total internal reflection and complete 

transmission of waves are carried out. A method for the localization of the foam in the tube 

space by acoustic sounding is presented. 

April 6, 2016 

I.M. Utyashev (Mavlutov Institute of Mechanics, Ufa). 

Identification of mathematical model parameters of dynamics of elastic objects in one-

dimensional set up. On materials of thesis submitted for Candidate of Sciences Degree, 

speciality 05.13.18 – Mathematical modeling, numerical methods and program complexes. 

Scientific chief DrSc A.M. Akhtyamov. Reviewer DrSc P.P. Osipov.  
 

The identification problems of mechanical systems’ parameters which are described by the 

second order differential equations are considered in this thesis. A mathematical model of 

boundary conditions in the matrix form, defined within the accuracy of linear transformations 

of lines, is offered. On the basis of the proposed model the identification problem of strings’ 

pining was solved (within the permutations of its ends) on its own oscillation frequency that 

differs from the previously solved problems by the fact that not only the parameters but also 

the form of the boundary conditions are identified. An identification method of the force of 

changing the amplitude and wavelength of the string, oscillations of which occur under that 

tension force, is obtained. Furthermore, the inverse problem of mixed type, which defines the 

moment of impact, the length of the rod, the mass of the load and the speed by the data of a 

sensor, which records the values of rod section strain in one of its sections, was solved. 

April 6, 2016 

O.V Soloviova (Kazan State Power Engineering University, Kazan) 

The deposition of particles in the flow of gas suspension in areas with porous inclusions.On 

materials of thesis submitted for Candidate of Sciences Degree, speciality 01.02.05 – 

mechanics of liquid, gas and plasma. Scientific chief PhD Zaripov Sh.Kh. Reviewer PhD 

Fedyaev V.L. 

Mathematical models of gas suspension in areas with porous inclusions in relation to the tasks 

of the aerosol filtration were developed. Integral characteristics (efficiency of particle 
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deposition and penetration) depending on the geometry and properties of the carrier medium 

and the dispersed phase were calculated. 

Potential participants are kindly invited for the presentation of their results at the Seminar.  

Contact address - gubajdullin@imm.knc.ru 
 

Damir Anvarovich Gubaidullin, the Director of IME KazSC RAS; the Corresponding 

Member of the RAS; the specialist in the area of mechanics and thermophysics of multiphase 

media. He is Scientific Head of the Seminar and the final conference. 
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representing researches of nonlinear problems in all the diversity of basic and applied sciences. Structurally the Journal is organized as 
periodic Edition in two series (Journals), with preparing invited articles (as problematic character surveys) and also special topical issues 
on advanced scientific directions including natural sciences and the humanities (mathematics, mechanics, physics, chemistry, engineering 
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– I.V.Prangishvili, A.N.Anuashvili. The Background Principle of Detecting a Moving Object. 
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…………………………………………………………………………………………………………………………………….. 

An outstanding ability to foresee, fundamental nature, responsibility, fine qualification in the whole diversity of the problems of science, 
education and applications are the main constituents providing functional success of this ISE which contributes much in development of 
science on the whole, promotes interdisciplinary community of scientists and researchers who work in different spheres. 

Dr.Lyudmila Kuzmina, EDITOR-in-Chief                                                                                                 Lyudmila.Kuzmina@kpfu.ru 
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