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True theory cannot be linear 

A.Einstein 
From Editorial Board 

Unity in Diversity 

V.Lakshmikantham 
 

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 (1994-2015). 

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 phenomena. 

 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 120-th 

Anniversary was celebrated in 2012). And Mechanics 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 and nanotechnology, stability and sustaining development, problems of risk 

and information security, operation research, …). 
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“… 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 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 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 (43), 

т.21, 2015) 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, including European Conferences on operational 

Researches, within invited scientific Sessions “Problems and methods of modelling and 

analysis in Complex multidisciplinary Systems Dynamics”, devoted to 120-th Anniversary of 

“Stability theory of A.M.Lyapunov” and to Memory of great, brilliant Scientists – 

N.G.Chetayev; NOBEL LAUREATE I.R.Prigogine, V.M.Matrosov; XXV, XXVI 

International Scientific Workshops on problems of modelling and dynamics of complex 

multidisciplinary systems. The subjects represented in these works: methods and models are  

following to important gnosiological view points of V.I.Vernadskiy, Academician of 

Russian Academy of Science , Founder of novel theory about “Noosphere”: 

 

“…We specialize not on Sciences, but on Problems. These Problems do not pack in frames 

single, determined, established Science…”; 

“… It is empirical generalizations, which are the acknowledging fact, not having for it the 

explanation…”, - V.I.Vernadskiy. 

 

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; International Center for numerical methods in engineering (CIMNE). 
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Links between consciousness and the physics of time 

P.J. Werbos 

Room 525, National Science Foundation 

Arlington, VA 22203, USA 

 
This paper gives a personal response to the question: “What does new knowledge about the physics of 

time and quantum mechanics really tell us about the nature and capabilities of consciousness?”  The 

introduction provides a starting point, unifying traditional concepts from philosophy and the scientific 

method. The next section reviews the varieties of quantum physics, and new experiments likely to 

change our understanding of time, the multiverse and quantum mechanics, and lead to new 

technologies. The final section discusses neural networks from computer programs to consciousness 

and the soul. It argues that the concept of noosphere , with some capabilities forward and backward in 

time, is physically plausible, mathematically meaningful and necessary to make sense of the full range 

of our experience. 

 

1. Introduction: a question and a starting point 

 

What does new knowledge about the physics of time and quantum mechanics really tell us 

about the nature and capabilities of consciousness? 

There is certainly no consensus on the answer to this question, even among leaders in the 

relevant disciplines; therefore, any completely honest effort to fully address this question at 

the present time will depend somewhat on the personal experience of the author. Each of the 

papers in this issue will be presenting possible positions. In my own case, I am drawing 

mainly on the cutting edge of three different disciplines, which usually do not understand each 

other very well: (1) the physics of time in quantum mechanics, for which there are important 

new experiments in process now which seem likely to change and crystallize a lot of the 

diffuse concepts now in play [1,2,3]; (2) the neural network field, which provides a path to 

functional, mathematical understanding of intelligent systems and consciousness ranging from 

some simple computer programs to levels of intelligence and consciousness beyond what 

human brains possess [4,5,6]; (3) hard-core mysticism, which, through discipline of the mind, 

attempts to get a clearer understanding of the levels of consciousness and the capabilities and 

values which it entails [7].  I am grateful to Dr. Menas Kafatos for asking me to provide a 

balanced personal response to this question, drawing on all three disciplines, without the 

truncations and partial truths which are unavoidable within the usual constrained “stovepipes” 

and provincial cultures of this world. 

The question above was phrased carefully, to be focused and broad, but not so broad as to 

bring in other important topics, such as the role of pacemakers or clocks in governing learning 

in the brain [5]. 

Different schools of thought in these three disciplines and different schools of philosophy 

tend to make very different assumptions about how we can answer questions like the one I am 

addressing here. No sets of ultimate assumptions or axioms in words can be proven or 

disproven by logical arguments in words and mathematics alone. Nevertheless, some sets of 

axioms do lead to internal contradictions or to outcomes such as total destruction or the 

mental hospital. Based on a combination of direct personal experience and efforts to 

understand that experience in a coherent way, I have ended up with a starting point illustrated 

in Figure 1: 
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Figure 1. My starting point, Foundation 
 

Of course, the things I have learned on the right side of this figure have looped back, and 

changed how I discuss the issues on the left; this is a natural part of how learning and 

intelligence work. 

 

1.1. My being 

 

Going from left to right in Figure 1, I start out with the deepest foundation in direct personal 

experience and a sense of complete personal freedom of choice.  That is the same foundation 

which any cat in the forest starts from, and which existential philosophers like Nietzsche and 

Heidegger advocated and became reaware of with great effort. Of course, the cat understands 

that some choices can lead to unpleasant consequences, and tries hard to learn how such 

things work in its environment. In college, when I first read Nietzsche, I worried that such a 

sense of total freedom might lead people into very ugly behavior and ugly consequences – but 

then realized that we start out by not wanting to create ugly consequences, by definition, even 

if cats sometimes seem more successful than some existentialist philosophers in that regard.  

We naturally drive towards trying to create consequences which some describe as “pleasure,’ 

others as “the light [7],” and still others as “utility [4]” – best understood if we can see how all 

three words can refer to the same thing, and if we link what we see in the mirror of science 

with what we feel directly.  

 

1.2. Sanity or ZhengQi (“Integrity”) 

 

If we are all like cats, in a way, can we avoid being crazy cats? Our work in neural networks 

and consciousness [5,8] suggests that humans possess a unique ability to lose touch with 

reality, and go to war with themselves in a way which hurts all their selves, compared with all 
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other mammals on earth.  Conversely, if humans learn a system of axioms and skills which I 

would refer to as “sanity” or “zhengqi” they can achieve a level of consciousness and 

effectiveness far beyond what most people imagine [5].  

The key issue is how we deal with words, mathematics and other symbols of reasoning. If we 

have a kind of magical faith in words (as in the earlier Wittgenstein and much of the theory of 

Chomsky) or if we treat them as nothing but meaningless additional variables in our world (as 

in the later Wittgenstein and theories of B.F. Skinner), either way we rest on an unrealistic 

foundation, which impairs our ability to do the best we can with these tools of thought. 

Humans are not born with full sanity, full ability to integrate words and other symbols into 

our natural intelligent thinking, for two reasons: (1) we are at an early stage of the biological 

evolution of making use of words and mathematics, far too early for logic to be in our genes; 

(2) sanity requires learning and honing many skills and details, which tends to require 

challenging learning through experience in any case  (yea unto learning calculus). 

Freud’s concepts of “sanity” and Confucius’ concepts of “integrity” were associated, 

historically, with all kinds of florid details which I do not mean to advocate here. Here I refer 

to the core common concepts, reviewed in [5], such as the concept of asking “what would I do 

if I were wise?”, which requires some understanding of the self. It entails a sensitivity to 

primary feelings like “light” and “utility,” and an ability to distinguish them from emotions 

which are more secondary, like means to an end. It entails a seamless two-way translation and 

consistency between symbols and direct nonverbal life, so that one is always prepared to 

“speak from the heart” in a reflective manner when it would not predictably cause pain or 

confusion in the minds of those one is speaking to. And it entails learning not be the kind of 

person who is easily confused or aberrated when others speak from the heart. It entails being 

able to project the full power of one’s will and emotions into challenges or questions which 

the whole self, verbal and nonverbal, has agreed on. It entails an openness to experience and 

feelings and a sense of responsibility  far beyond that of the artificial robots which some 

employers try to turn their employees into, at great loss to their larger enterprise[5,9].  It 

entails the mental energy to be able to do creative, independent thinking, driven by deep 

questions and motivations, not constrained by social taboos, as needed to generate value 

added in one’s thinking. And it entails the ability to be honest to oneself about realities like 

our uncertainties. It entails a full understanding of the concept of rational decision-making 

developed by Von Neumann [10], explained and elaborated on by Raiffa [11] and others, 

which is just as fundamental as the concepts of logical reasoning developed by Socrates. 

Ultimately, full sanity and self-awareness requires full understanding of how our own minds 

work, yea unto the details and the mathematics. 

 

1.3. Bayesian attitude and objective reality 

 

Going one step further to the right on Figure 1, I have learned through sanity and experience 

to take a Bayesian attitude towards life, and to have faith in the existence of objective reality.  

At this level of depth in my foundation, I am not (yet) proposing a specific model for how we 

should use Bayesian principles in learning about life and our world. That comes later, when 

we flesh out the science and try to see more precisely what fits our brains and what works in 

engineering [6,12]. 

For now, I am simply asserting the view that no one I know of on earth is justified in making 

a commitment of 100% to any of the options on the far right of Figure 1, or to any of the 

alternatives to them. There are some people who claim to be scientists, who will look at a 

menu of five theories of physics, and will energetically work to arrive at “an opinion” – a 

choice of one of the five which they will then commit their entire life to defending, yea unto 
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making war on anyone who would even dare to test their darling. In truth, I have seen an NSF 

panel where a leading scientist said: ‘We cannot fund X because it is a high risk proposal. It is 

high risk because it carries a risk that they will disprove my theory.” We do need to form 

personal impressions, in order to make decisions about our work, but the sane and rational 

approach [10,11] is to try to understand our uncertainty, to formulate subjective probability 

estimates which we are ready to update, and to make a special effort to seek evidence which 

helps us improve our probability estimates.  We do not need precision to two decimal places, 

or consensus in society, in these kinds of probability estimates. 

Of course, excessive insane claims of certainty and empty words in the realm of spirit and 

mysticism can be even more damaging than those in the realm of science.  The growing 

threats of religious and cultural wars all over the earth should make this point painfully 

obvious to anyone sane enough to care about the continued existence of humans on earth. If 

any readers feel personally insulted by these words, they might want to ask themselves why 

they feel that they are the ones making insane claims of certainty grounded only in empty 

words. A new way of thinking is needed, not only for the sake of truth and human potential, 

but also for the sake of simple survival. 

The psychology of these problems is worth examining further. People with low tolerance of 

cognitive dissonance [13] often overcommit themselves to one particular theory, ideology or 

religion dogma. People with high tolerance of cognitive dissonance sometimes commit 

themselves to several mutually contradictory things at once, and imagine they have found an 

answer when they have only built an incoherent inconsistent collage which weakens their 

ability to do anything. Even worse, some ideologies combine both kinds of weakness. The 

discipline of sanity is important for all of us, across the whole spectrum of personality types. 

With regards to objective reality, it is important to remember that objective reality is not just a 

matter of what we see from moment to moment with our eyeballs.  Faith in objective reality is 

essentially the belief that there exists some fundamental mathematical representation of the 

total state of the cosmos we are living in (including all space and time), that the cosmos 

follows some kind of universal mathematical law, and that our brains, minds and experience 

can be explained as emergent phenomena within that cosmos driven by that law. Core 

Western mystics have often said: “Nothing we are studying is supernatural; it is all about 

understanding the higher laws of nature.” 

The traditional Copenhagen version of quantum mechanics asserted that objective reality is no 

longer a tenable concept in physics, but strong empirical evidence across many fields of 

technology has strongly disproven that particular variation of quantum mechanics [14].  In 

today’s practical and empirical quantum mechanics, as developed to predict a large range of 

experiments in electronics, photonics and condensed matter physics, it works better to assume 

that wave functions over infinite dimensional space represent possible specific states of the 

cosmos, of the “multiverse,” and that we need to calculate probability distributions (density 

matrices) over such possible wave functions in order to correctly predict experiments [14,15]. 

The multiverse is one concept of what objective reality might be like.  

I do not claim to have proven even to myself that objective reality exists. However, it is still 

part of the foundation I use, because experience tells me: (1) nothing in physics or life 

contradicts the idea as yet; (2) it is a very rich and fruitful concept in making sense of 

experience; (3) it is natural for us to try to understand what lies behind our experience as well 

as possible, and it is very premature at best for us to give up on the very possibility of an 

understandable cosmos.  
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1.4. Three specific viewpoints and the plan for this paper 

 

What do the physics of time and quantum mechanics tell us about the nature and capabilities 

of consciousness? 

The answer to this question depends on which of the three alternative viewpoints on the right 

side of Figure 1 happens to be true, in objective reality. But none of us on earth in this century 

really know which of the three is true. Many of us, with different databases of experience to 

draw on, would rationally want to include other alternatives besides the three on the right side 

of Figure 1. Therefore, this paper will discuss different possible answers to the question, as a 

function of which viewpoint we choose. It will also discuss what we can do more to learn 

more about the answer, by active research aimed at reducing our uncertainty and surviving 

while we do so. 

The differences between the three viewpoints at the right of Figure 1 largely reflect 

uncertainties about the underlying laws of physics. Therefore section 2 will focus on the 

issues in physics in more detail. Section 3 will discuss neural network models of 

consciousness, levels of consciousness and the role of time in that context. 

For many years, I have worked to flesh out the Minimal Model (MM) mentioned in Figure 1. 

This has included developing the mathematics and analyzing the implications for rational 

action in the world we live in, including both the local aspects and the aspects which people 

term psychic or spiritual. Yet I would only estimate p1 to be about 10 percent, from my 

viewpoint now.  It is rational for most of us to base more than half our energy and activity on 

MM at this time, because we simply do not know enough about the concrete aspects of the 

other possibilities. MM itself is already complex enough to be a great challenge for the 

coming century or more, and rich enough to support much greater progress, both human 

progress and technological progress (and hazards), to the utmost of what we are capable of at 

present. MM is already so complex that I usually must divide it up into pieces, living parallel 

lives to support different aspects of what it calls us to do and what it calls us to understand 

better. 

MM unifies some aspects which some would view as extremely materialistic and 

conservative, and other aspects which even Karl Pribram would hesitate to discuss for fear of 

being labeled “too way out.”  The physics aspect is far more conservative, on balance, than 

the mainstream today, but MM also suggests how “paranormal” abilities can exist even within 

such conservative physics. The key idea is that “paranormal” ability and “spiritual” realities 

are simply just aspects of the huge realm of life which can emerge naturally in a large and 

complex universe [16,17], even in 3+1 dimensions. 

As this paper goes to press, I am raising my personal estimate of the probability that MM 

might be the whole truth. The reason is that new mathematics [38] shows me that the 

emergent behavior possible in a 3+1-dimensional universe is even richer than I had 

appreciated a month ago. In the new stochastic path formulation of physics, the example of 

studying a photon propagating through a polaroid polarizer shows us how alternative possible 

“scenarios” or “paths” can have real effects, similar in some ways to the parallel universes of 

the more classical “multiverse” models [15,21]. 

 

2. The physics of time in a quantum cosmos 

 

What do recent results in quantum physics tell us about the nature of time, potentially relevant 

to consciousness? 
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2.1 Varieties of quantum physics in general 

 

Again, as in Section 1, there are different viewpoints out there. Quantum theory, like the 

theory of democratic institutions, is not one specific theory or model of how the universe 

works.  Figure 2 depicts four families of quantum field theories which are important in 

mainstream mathematical physics today.  

QFT: Four Ways to Skin Schrodinger’s Cat
1. The claws: the canonical version resting on

creation/annihilation operators (claws), the first version, KQFT.

Schrodinger
Picture:
Right claws 

Heisenberg
Picture:
Left claws

2. The quivering tail or
Path: the Feynman path 
integral (functional 
integral)
Version -- FQFT

3. The back used to roll over –
Wick transforms used to roll over (rotate)
From a Euclidean random lattice to Minkowski space

4. Spinning head or all-
seeing eye:
Streater & Wightman, 
“PCT, Spin, Statistics 
and All That”

(A cat is not a spider. The
legendary third picture, the 
Interaction Picture, is said 
not to really exist. But Haag’s 
Theorem is trickier than that.)

 
Figure 2. Four families of quantum field theories (QFT) 

 

The two versions which are used most widely today, in making empirically testable 

predictions, are the canonical quantum field theory (KQFT) and the Feynman path approach 

(FQFT) [18].   

FQFT tends to dominate high energy theory lately, but KQFT still seems to be the main 

foundation of massive empirical efforts in photonics, electronics, quantum computing and the 

like. Many have faith in the convenient belief that KQFT and FQFT always give the same 

predictions, such that we can use either one without worrying which one is true. Personally, I 

doubt this, because of some recent results [18,19]. For simplicity, in this paper I will focus on 

KQFT, the version which won the Nobel Prize for Feynman, Schwinger and Tomonaga, and 

on a neoclassical version I have developed myself. 

 

2.2. Review of technical properties of KQFT and neoclassical field theory 

 

In classical physics, and in the neoclassical theory, we assume that the cosmos has only four 

dimensions, three of space and one of time. More precisely, we assume that the state of the 

cosmos across all space time is fully specified by specifying a function (t, x) or (x), where 

 is a mathematical vector (just an ordered array of numbers), where t is time, and where x is 

a point in three-dimensional space. The notation “x” refers to a pair of t and x, and makes it 

easier to build specific theories which obey Einstein’s theories of relativity. 

In KQFT, we assume that space has an infinite number of dimensions. In the realistic version 

of KQFT [15,21], which led to the development of quantum computing [22], the state of the 

cosmos at any time t is defined by only one complex number , but  must be specified as a 
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function of an infinite dimensional space called “Fock space.” In KQFT, the word 

“multiverse” is basically just a euphemism for Fock space. 

Realistic KQFT is made up of two or three pieces: (1) the modern “Schrodinger equation”: 

 )()( XiHX
t

 



 (1) 

where X is a point in Fock space, where (X) is called “the wave function,” and where H is a 

linear operator called the Hamiltonian; and (2) a “measurement formalism” used to predict 

what happens at a macroscopic level when we perform a measurement, and to read out 

predicted probabilities for the results of an experiment.  Because we usually do not know the 

actual state of the cosmos (X), we actually perform calculations on probability distributions 

for what the wave function might be; more precisely, we use a density matrix , which we 

may think of as (X, Y), to represent probability distributions of possible values of the wave 

function across Fock space [14,19]. 

In the neoclassical approach, we use the well-known Lagrange-Euler equations or 

Hamiltonian dynamic equations for classical fields [18] instead of equation 1, to define the 

dynamics of the cosmos. 

 

2.3. How backwards time physics changes things, and experiments 

 

2.3.1. Einstein round one: Bell’s theorem experiments 

 

Then comes the interesting part. 

 

It is important to note, both for KQFT and for the neoclassical approach, that theories of 

physics which have been used to make predictions in the past are agglomerations of two very 

different sets of assumptions, which do not fit together very well. In both cases, it has been 

assumed that the dynamics of the cosmos are governed by equations (like equation 1) which 

are symmetric with respect to time. (More precisely, the symmetry is perfect for the case of 

electrons and light, but there is a tricky very tiny partial asymmetry for certain kinds of 

nuclear experiments.) In both cases, the dynamics gives us no reason to expect that causality 

should always run in one direction in time. The “movie of space and time” should look the 

same and follow the same laws even if the movie is played backwards.  

Why, then, should it ever appear that causality only runs forwards in time? There is only one 

sensible answer: because of boundary conditions, such as “initial” and “final” boundary 

conditions in time [14]. Yet if time is like a river, in our neighborhood, flowing in one 

direction because there is a supply of water high up in the hills in another part of the cosmos, 

should it not be possible to build dams and local whirlpools? Could there be other regions less 

like a river and more like an ocean?  

Years ago, Einstein proposed a decisive experiment, the Einstein-Podolsky-Rosen 

experiment, to let us decide between “classical physics” and “quantum mechanics.”  Einstein 

previously said that “common sense is the collection of prejudices acquired by age eighteen.”  

But in this case he relied heavily on common sense in proposing the experiment. In predicting 

this experiment, he assumed a combination of Lagrange-Euler dynamics, and of classical 

assumptions about causality in time-forwards statistics. Later, when Einstein’s idea was 

turned into a real experiment, illustrated in Figure 3, his prediction was thoroughly disproven 

[2,3]. 
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Figure 3. Schematic of the first “Bell’s Theorem” experiments [2,3] 

 

“Quantum mechanics”  correctly predicted the outcome of this experiment. More precisely, 

KQFT made a prediction which has been verified to a high degree of precision in recent 

experiments: 

 R2/R0 = (1/2) cos
2
(a - b), (2) 

where a and b are the angles which the polarizers are set to and R2/R0 is the rate at which 

photons are detected on both sides, relative to the rate at which pairs of entangled photons are 

produced by the source.  The calculations by “quantum mechanics” assumed a combination of 

Schrodinger’s equation and the usual KQFT measurement model, which is commonly called 

“the collapse of the wave function.” 

After the victory of KQFT in these experiments, J. S. Bell [23] declared that it is impossible 

to construct a “local realistic” theory of physics consistent with these results. Either one must 

give up the idea of objective reality altogether, or one must assume some kind of action at a 

distance, very different from what Lagrange-Euler equations predict. 

Bell missed a crucial detail. For many years [14], I have pointed out that the actual theorem 

used in this experiment allowed for a third possibility – the possibility that classical ideas 

about time and causality are wrong. In other words, the Bell experiment itself may be creating 

something like a local whirlpool in time. This year, to prove the point, I have constructed 

three very simple local realistic models [2,3] which do in fact yield correct predictions for this 

experiment. The third of these models, MRF3, appears to make sense as an approximation of 

more fundamental Lagrange-Euler field models [2,3]. 

 

2.3.2. Einstein’s revenge coming soon? 

 

Can local causal models also perform well in predicting more complicated experiments? In 

[2] and [3], I point out that KQFT and the neoclassical approach clearly disagree for the three-

photon experiment illustrated in Figure 4: 
 

 
 

Figure 4: Three-photon experiment, for a “GHZ” source k(|0>|1>|1>+|1>|0>|0>) 
 

More precisely, KQFT clearly predicts that R3/R0(a, b, c, p) will depend on the permutation 

p, on the order of times of when photons reach different polarizer/counter pairs. All of the 

local realistic models predict that it does not. This experiment is now being set up at one of 

the three laboratories in the world which has previously succeeded in generating these kinds 

of GHZ three-photon entangled states [1]. The function R3/R0 is certainly interesting in any 

case, and I only know of two ways available now to predict it – standard KQFT, and the local 

realistic models. 
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Personally, I consider it very unlikely that KQFT will win this round. When we compare the 

neoclassical approach, without the “common sense” assumption about time-forwards 

statistics, versus KQFT with the assumption of collapse of the wave function, I doubt that 

KQFT will win. If it did, it would violate restrictions against communication faster than the 

speed of light, which seem to be built into the dynamic part of KQFT so far as we know. I do 

hope that MRF3 will predict the experiment correctly, making it the only game now left in 

town.  

If that happens, can we resurrect KQFT? In either case, with KQFT or with Einsteinian 

physics, once we throw away the barnacles which led to bad predictions, we are left with 

dynamical theories which are absolutely symmetric with respect to time. In that case, I would 

have much more hope for the neoclassical alternative, because it is much simpler, and because 

I have no evidence to justify the extra complexity of Fock space. Nevertheless, more 

empirical work needs to be done here, starting perhaps with analyzing tunable spin gates in 

spintronics or quantum optics, which are very similar to macroscopic polarizers and may 

allow new technologies in computing, communication and even energy harvesting, if we get 

the modeling right. There is a lot of work to be done at this level, before we move on to the 

more complex, energetic and explosive extensions to the nuclear domain.  It seems very likely 

that there are new phenomena to be discovered here, even before we move on to mysteries 

like dark energy and dark matter.  
 

2.4. Where might the new physics lead us? 

 

If w jump ahead a few months, and assume that backwards time physics [14] is confirmed in 

the new experiment, what kinds of technologies could it allow? What can we do if we can 

reverse the time arrow locally?  

Ultimately, in the greater cosmos, time-symmetric physics would probably allow the 

evolution of life forms whose life cycle would be symmetric with respect to time, such that 

“birth” and “death” are usually mirror images of each other, and actions are chosen equally 

for their effects on the past and their effects on the future [24].  More definitely, a number of 

specific technologies begin to become possible here, too complex to do justice to here. 

Nevertheless, in the 3+1-D model (or in the usual KQFT dynamics), it is not possible to 

change what the past was, when we know what it was. Action can change probabilities for the 

past and for the future, but only within the envelope of what is possible relative to what we 

already know.  If we tried to make the past different from we knew it was, the model predicts 

that the Lagrange-Euler equations would be very “clever” in arranging things so as to prevent 

the kinds of paradoxes described in traditional science fiction.  In some sense, the MM model 

assumes that the universe itself is more intelligent than we are as humans, because we can 

only approximately optimize or maximize the things we care about, while the universe can 

find an exact solution to the Lagrange-Euler equations even when the boundary conditions we 

impose require an extremely tortuous path. Intuitively, this leads to a modern picture similar 

in spirit depicted in two more recent novels, Chronoliths [25] and Blackout/All-Clear [26]. 

All of this discussion is part of MM, which is similar in spirit to what Willis has called “the 

Oxford standard model of time travel” [26]. But the two other alternatives in Figure 1 might 

well allow real changes to what was previously true in the past and in the future, depending 

on how the details work out. The box in the middle right of Figure 1 may appear to include 

today’s superstring models, but that is only because I could not fit more words into the box 

conveniently.  

I have several times asked myself: If extra dimensions exist which would allow us to change 

the past, how could we know? All of the options I can think of involve the development of 
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temporal technology based on MM, followed by tests aimed to uncover its limits, exactly as 

hinted at in [26].  My personal experience is of course very limited and equivocal here, but it 

is the reason why I only estimate p1 as 10% at present. 

Everything in this section is part of the first step in the development of the physics aspects of 

MM. A more complete specification of MM requires the exploration of possible Lagrangian 

functions capable of explaining other aspects of physics, beyond just electronics and light. In 

[27] and [28], I discussed a few possibilities, but have found a more plausible possibility since 

then; however, the details of that extension go well beyond the scope of this paper.  

 

2.5. Some recent extensions 

 

A thorough exploration of the full triphoton experiment as I have proposed it will also be 

essential to the field of analog quantum computing [39], which has considerable practical 

potential, above and beyond the (questionable) goal of actually building intelligent machines 

more conscious than the individual human brain.  I hope that those applications will motivate 

a thorough exploration of this area.  

Also, it should be noted that Karl Popper proposed some other experimental ideas [40], which 

have already been validated by experiment [41], which provide another important testbed for 

competing versions of quantum mechanics. 

 

3. Neural networks: from computers to consciousness and the soul 

 

The title of this section seems to call for a book, not a section, but it is possible here to 

summarize prior work extending over more than one book. 

In the First International Conference on Consciousness, and in the neural network meetings 

which fed into it, there was a lot of debate on the question: “What is consciousness? In my 

chapter of the conference book [8], I first reminded people that “consciousness” has many 

legitimate definitions, and that it is silly to waste time debating which is the “right” one. (Also 

see [29].) My chapter and my work focuses on the issues of consciousness qua mind, which is 

essentially a synonym for “intelligent systems,” once we accept the concept of objective 

reality and the value of looking at ourselves through the mirror of scientific thinking. 

There are two types of scientific thinking essential to this enterprise. There is the usual third-

person approach to science, described eloquently by Thomas Kuhn [30]. Third person science 

relies heavily on experiments which can be replicated by “anyone,” and on information shared 

by all. In effect, third person science assesses the probabilities of theories and beliefs, 

conditional upon the database of what is shared by everyone. There is also first person 

science, which is equally serious and rational, but which tries to understand as much as we 

can, conditional upon the larger database of what is shared universally plus what we can learn 

from first person experience or information limited to a smaller community. Many journals 

and research programs properly focus on third-person science, because it allows cooperation 

and dialogue between people with different bases of experience (and different levels of 

sanity). It is important that some venues allow a more complete dialogue, including first-

person science, as I am attempting here. 

In the discussion of consciousness qua mind, many theorists would look at a computer 

program or device and ask: “Yes, it does interesting things but is it conscious or is it not?” I 

have argued [8] that this question itself is out of touch with reality. Consciousness as we see it 

in nature, in our shared experience, is not a binary attribute, or a simple matter of degree, but 

a matter of levels.  We see levels of consciousness or intelligence both in nature, and in those 
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computer designs which fit a strict definition of “intelligence.” This is illustrated in Figure 5, 

based on [5]. 

From Brain to Mind: What Can We Learn Of Use 

Beyond

the Level of the Mouse Brain?
True symbolic or 

“semiotic” (fuzzy?)

Intelligence?

1st Generation

Universal

Intelligence: 

“Vector

Intelligence”

Mouse-level

General 

Intelligence

Human-Brain

General

Intelligence

Add: mirror neurons,

empathy, your 

“training set” includes

experience of others Add: spatial

complexity,

time complexity,

Creativity (BLISS)

Quantum &

Collective

Intelligence

(Jung,Dao,

Atman…)?

 
Figure 5. Levels of Intelligence 

 

For hard core mathematical, third party science, I have argued that the grand challenge for the 

coming century is to fully understand and replicate that level of higher intelligence which 

exists in the brain of the smallest mouse [4,6,12,31], not considering whatever level of social 

or spiritual intelligence mice possess. I remember those researchers in artificial intelligence 

who promised to build an artificial Einstein within 20 years (starting in the 1960’s); it seemed 

as if it should be easy to them, in part because they had not really engaged with the underlying 

mathematical issues. 

Thanks to enormous progress in understanding the mathematics, we now have a better idea of 

what is required, and a workable roadmap all the way to the mouse level, but at the present 

rate of progress it seems optimistic to imagine we might be able to master each of the four key 

steps in 25 years each, and make it to mouse level as soon as a century from now. And so, one 

of my “parallel lives” is that of a hard-core scientist, trying to push people ahead to the mouse 

level. It is curious how many researchers and funders suffer from aberrations which my 

sometime collaborator, the neuroscientist Walter Freeman, calls “category confusions.” For 

example, they start by saying they want to understand brain intelligence, even at the level of 

the mouse, “on a realistic, physical basis.” 

 

3.1. From vector intelligence to the mouse level of intelligence 

 

But they sometimes follow up by trying to model thoughts as simple physical phase changes 

or synchronization, as if the function of the brain could be captured by modeling it as a block 

of ice which periodically melts and refreezes. If we cannot even understand smart phones that 

way, how could we imagine that brains or souls would be so simple? Clearly we need to 

understand the functional, cybernetic information level, to make sense of learning in the brain. 

Yes, there must be a physical substratum, as with computers, but to understand how the 

system works, it is important to understand a mathematical level above that, the type of 

design which the hardware implements.   
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3.2. From the mouse to the top of the mountain – Sanity, Integrity 

 

Beyond the level of the mouse -- as a member of human society, I do not feel obligated to 

squeak like a mouse, even though I have learned a lot about myself from understanding the 

mouse as well as I do.  Since the time when I first really understood and internalized the 

concept of “integrity,” at age 15, I have led a second life, trying to assist the effort of humans 

and society to progress from the mouse level to the top of the mountain depicted here. This is 

also possible within the realm of third party science, if one includes less precise activities like 

social science as part of third-party science, but the rules are different. In [5], I elaborate on 

what we know about the fundamental differences between human brains and mouse brains, 

and how they feed into the concept of sanity and human potential.  

In my view, there is very little chance that the physics of time and quantum mechanics have 

anything at all to do with the systems-level capabilities of the mammal brain, yea even unto 

the peak of the mountain in Figure 5.  This was discussed in great detail within NSF, when we 

constructed the last effort to directly address the challenge of functional understanding of 

mouse-level intelligence [31]. Because science needs to be open-minded, we agreed to open 

the door to research which takes a serious empirical approach to trying to prove that neurons 

can learn things which are beyond what could be learned within the realm of truly classical 

physics; however, even Pribram’s concept of dendritic field computing can be understood 

within a classical approach [32].   

We challenged researchers to try to prove that individual neurons in culture could learn things 

well beyond lagged, weighted sums and such, or local networks of the same.  No one rose to 

the challenge. However, in all fairness, the methods for training neurons in culture are at a 

surprisingly primitive level in general, and it may be worth trying again after improving those 

methods.  

Many theoretical papers have appeared arguing that brain hardware could somehow employ 

special quantum demolition operators and the like, to avoid the decoherence effects which 

immediately seem to suggest that quantum computing in the brain is a silly idea.  Yet why is 

it that the best technological efforts, using more controllable technology and deeper 

understanding of the physics, have not been able to do the same as yet, to a significant 

degree? While Hameroff has at times argued that the Hameroff-Penrose ORCH model may be 

crucial to consciousness even at the level of a sea urchin, Penrose has emphasized that it is 

really just a placeholder to flag a need for us to remain open-minded to complexities we do 

not yet understand with the human mind.  

 

3.3. A third life – beyond the mundane 

 

From age 15 to age 19, I believed in the mundane viewpoint which totally excludes the 

possibility of real paranormal, psychic or spiritual phenomena. Having read the Bayesian 

critique of parapsychology by D.O. Hebb [33], one of the grandfathers of the neural network 

field, and having taken graduate courses in logic from Alonzo Church at Princeton, I fully 

understood and supported the powerful arguments which persuade many scientists to reject 

the field.  As Sagan said, “extraordinary claims require extraordinary justification.” Of course, 

it did not help that the religions of the world make very strong, very confident assertions, 

which contradict each other in ways which erase the evidential value of the assertions.  The 

sheer physical impossibility of such things convinced me it would be a waste of time to try to 

explain why there appeared to be evidence for psi, even in the face of personal experiences 

which might have made most people more open-minded [34]. 
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However, in March of 1967,  direct personal experience became so compelling to me that I 

felt I had no choice but to attribute a 50% probability to the possibility that paranormal events 

are real [17].  Curiously, that experience involved memory of the words of a speech by Mao 

TseTung, which I quoted to friends the day before it was given [17]. I do not put this forward 

as an argument for other people to change their views, but it was a major factor in my own 

explorations, first in scouring the literature of parapsychology, then in starting to do first 

person experiments myself, and finally in casting a wide net to learn what I could from other 

sources around the world and in learning more about what is actually physically possible. 

Precisely because I understood how problematic these experiences are, I understood the 

importance of trying to understand them better. 

In a first effort to find physical explanations, I naturally considered the old idea that some part 

of the body might have evolved to interface with some little known force fields or quantum 

effects, in much the same way that the eye evolved to detect light. After all, if we were a 

species of blind people, the whole idea of an eye might seem rather fantastic, little connected 

to what we would “see” in everyday life. (H.G. Wells wrote a story, the Country of the Blind, 

on this theme.) Evolution might well have found special molecular systems, unlike what is 

common in our technology today, for this organ, just as it found a unique arrangement in the 

eye itself. However, this type of model simply did not seem powerful enough to explain either 

the best-verified data available at the time from parapsychology [35], or my own experience.  

The data seemed to call for a very powerful kind of signal processing here, to direct 

information from one point of the earth to another. I tried to remain open-minded to this 

conservative option for many years, but it simply did not work well enough.  The phenomena 

seemed to be impossible to explain, without the assumption of some kind of complex matrix 

between the two points in communication, or even more extreme and improbable 

modifications of the laws of physics. 

In the end, I converged on the basic “MM” concept alluded to in Figure 1. I converged on the 

view that the complex matrix is simply a living matrix, and that we humans are a symbiotic 

life-form, partly based on the biology that everyone knows about, and partly based on 

something similar to the “noosphere” described by people like Vernadsky [42] Teilhard de 

Chardin [43, 44]. The noosphere, more properly, is the nervous system or mind of the entity 

which we are in symbiosis with; though it has a physical basis, and physical inputs and 

outputs, our interface is primarily a matter of information flow within the noosphere, at the 

cybernetic level rather than the physical level.  For us, it is reasonable to speak of “the” 

noosphere, but logic suggests that any organism must be one member of a larger species, 

presumably across a larger field of the cosmos.  

This idea takes some getting used to, but so does quantum mechanics, backwards-time 

physics, or even relativity.  It can accommodate most of the core experiences described by 

cultures all over the earth. For example, the central concept of “qi” or “tao” in Chinese 

mysticism clearly fits very well with the notion of cybernetic-level “psychic energy” 

described by Freud, for which we now know the mathematics [5], which is quite distinct from 

the concept of energy in physics.  It is consistent with many of the views expressed in the 

Upanishads, in which it is said that our most powerful experiences seem to be those of being 

inside a greater Mind or Self, and that many of the lesser experiences can be explained as 

shadows of the greater Mind. The old fuzzy word “soul” can be seen as a way of talking about 

this other side of our selves. The Western concept of “alchemical marriage” can be seen as the 

goal of a kind of rational Pareto optimal path in the symbiosis. In this view, sanity at a 

mundane level naturally leads us to an openness to experience, which leads to this next level, 

where we still maintain effective individual thought but also couple more effectively into a 
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kind of global inner dialogue, with patterns of connectivity not unlike that in a neural 

network. 

All of this certainly goes beyond the realm of consensus, third party science. However, as a 

model it can be useful in guiding experiments in parapsychology (hinted at in [5]), and it 

offers some greater hope for survival in considering where humanity may be going as a 

species in confronting many obvious mundane threats to its very existence. Mobilizing a 

higher level of consciousness may be essential to meeting some of the new threats to our 

existence, from sources such as nuclear conflict, climate change, sheer entropy and misuse of 

technology, aggravated by difficult cultural, social and political problems [36].  

I am intrigued by evidence that the majority of productive PhDs in the US have also had 

experiences which drive them beyond the usual mundane viewpoint – even though fear and 

social convention limits their ability to follow up or discuss the matter [37]. 

Still, Figure 5 suggests two aspects of this viewpoint which are within the scope of third-party 

science.  Within the realm of third party science, it is clear that there are two qualitatively new 

capabilities which can be added even to the top of the mountain, to yield a level of 

intelligence beyond what the human brain can achieve on its own.  One is a full use of what 

can be achieved in true quantum neural networks, embodying the technology hinted at section 

2. Another is a more complete implementation of the principle of symmetry [4], which leads 

to a kind of multimodular design far beyond the simple-minded multiagent systems now 

being developed.  True multimodular intelligence implements something like direct transfer 

of skills and functions between agents, but within a context of gated, smooth rational learning. 

In my view, our noosphere – for all its evident lack of maturity at present – possesses both of 

these important capabilities. Also, it is possible to build computer systems which do the same. 

But individual human brains do not. Therefore, for humans to keep up with the levels of 

consciousness and effectiveness which computers could be built to have, they would need to 

develop more fully the capabilities which they possess as part of the noosphere.  

Cultures throughout the world have included efforts to develop these capabilities. Now, 

through the development of deeper understanding, and use of the scientific method, which 

help us understand what is real and what is not in this realm, there is hope that we could do 

much better in the future as in the past, and accelerate the progress of our minds both at the 

mundane and the noetic level. Schools which fully exercise the brain, the body and the soul of 

all students, of all classes and genders, may be crucial to this hope. 
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Methodology of Societal Complexity and Operational Research for Development are branches and 

Working Groups of the Operational Research community of EURO. The field of Methodology of 

Societal Complexity focuses on developing knowledge and methods for handling real-life problems. 

Many such problems are of a complex societal nature, such as environmental problems and 

healthcare issues. Handling such problems is a difficult task for decision makers such as politicians. 

They need the support of scientists who have methodologies that can handle this fruitfully. One of 

the scientific methodologies for handling complex societal problems is the Compram methodology. 

This methodology advocates a multidisciplinary approach which takes into account knowledge, 

power and emotions. Operational Research for Development is concerned with the use and further 

preparation of results and methods of Operational Research in order to improve the living conditions 

of the people on earth, through advances in education, economy, public sector, environment and 

politics. Both branches are closely related and reaching out to a service in the world of today and 

tomorrow, as being expressed, e.g., by projects and publications of various kinds and formats [1-41]. 

In this article, we introduce the foundations of Methodology of Societal Complexity and refer to 

some of its relations with Operational Research for Development. 

 

1. Introduction
1
 

 

The field of Operational Research started in 1949 as an academic specialization supporting 

the military sector for defense in the time of the Cold War, and then gradually grew to a very 

lively worldwide interdisciplinary domain of academic and practical life with tremendous 

contributions to societies, economies and the environment in order to improve the well-

understanding and collaboration. Today, the many developed branches can be found in all 

over the world. There are twenty-seven recognized Main Areas as we learn e.g. from the call 

for the 27th European Conference on Operational Research, July 12-15, 2015, Glasgow, UK 

(http://www.euro2015.org/). Some of these advocate only developmental and pacifistic issues, 

such as the branches of Methodology of Societal Complexity, Operational Research for 

Development and Operational Research and Ethics. 

The field of Methodology of Societal Complexity was founded 25 years ago by Dorien 

DeTombe. Until then little attention was paid to a multidisciplinary approach of real life 

societal problems. Scientific attention was often only directed to parts of a societal problem. 

No special scientific field directed attention to the overall real life societal problems that you 

find discussed in quality newspapers. Based on her dissertation Dorien DeTombe [1994] 

started this new multidisciplinary field of scientific attention, the field of Methodology of 

Societal Complexity. One single scientific field does not have enough knowledge to tackle  

complicated real life problems. Real-life problems are complex and can only be fruitfully 

addressed by combining the knowledge from different scientific fields. This can be done by 

                                                           
1
 Some statements of this article - see references of Dorien DeTombe (1994,2001,2015). 
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exchanging knowledge between fields [DeTombe, 2014; DeTombe, et.al., 2010, 2013, and 

2014; Tolordava, et.al., 2013]. This idea has been developed by Dorien DeTombe [1994, 

2001, 2014 and 2015] as an approach to support politicians in their handling of complex 

societal problems. She subsequently designed and developed the Compram methodology and 

started an International Research Society on Methodology of Societal Complexity. 

In Europe, the field of Methodology Societal Complexity became a EURO Working Group on 

Methodology of Societal Complexity (http://www.euro-online.org/web/ewg/19/ewg-

methodology-for-complex-societal-problems). EURO is The Association of European 

Operational Research Societies (http://www.euro-online.org/web/pages/1/home) and exists 

within IFORS, the International Federation of Operational Research Societies 

(http://ifors.org/web/). EURO’s aim is to promote Operational Research throughout Europe. 

The goal of the field of Methodology of Societal Complexity is to extend and to create new 

methods and tools to support of the policy of handling complex societal problems. The means 

to reach this goal include the organizing of workshops and conferences, and publishing 

proceedings, articles and books on this topic. 

The area of Development and, in fact, of the Developing Countries, is a special scope of 

Operational Research and of EURO, in particular the Methodology of Societal Complexity 

and its EURO Working Group. In this paper, we are going to introduce this field and 

demonstrate some of these relations and collaborations within it. 

 

2. Complex societal problems; their methodology and handling 

 

2.1. What are complex societal problems? 

 

Complex societal problems are large, and important real-life problems such as global 

environmental problems, flooding problems, traffic congestion, water quality and supply 

problems, healthcare problems, and organizational problems of international firms. 

In each country, each continent and worldwide, decision makers, such as top managers, 

leaders of organizations and politicians, have the task to handle problems. They are expected 

to provide solutions to the problems and issues that occur. Handing complex societal 

problems is difficult. It is not easy to determine when the problems begin, or when they will 

be solved. Because many factors impinge on these problems, there is usually no immediately 

available simple and satisfactory solution. As well, this type of problem changes as it 

develops [DeTombe, 1995]. 

Figure 1 provides a definition of a complex societal problem and summarizes its features. 

 

2.2. Problem handling 

 

Each problem handling process comprises several phases, which are, in principle, the same 

for every problem handling case, both small and large problems. Because complex societal 

problems are often so large and important, it is necessary to distinguish several phases in the 

problem handling process. By identifying phases, it is possible to recognize the phase the 

problem handling process is in, what action to take, and what to do next (see Fig. 2). Each 

phase should be carefully addressed in sequential order, although it is often necessary to 

return again to former phases of the problem handling process, to review and revise the 

actions taken. [DeTombe, 1993]. 

 

 

 

http://www.ifors.org/
http://www.euro-online.org/web/pages/197/what-is-or


 
D. DeTombe and G.-W. (Willi) Weber 

38 

A complex societal problem is a real life problem, which has a large and often different 

impact on different groups of society. The problem has often an impact on all levels of society, 

on micro-, meso- and macro-level.  

The problem can be in the present or in the (near) future, latent or manifest, structural or 

incidental. The problem can be urgent or less urgent. 

It is often difficult to become aware of the problem. It often seems that the problem suddenly 

‘pops-up’. 

The future development of the problem is uncertain.  

The problem is often undefined or ill-defined. The problem is dynamic; it changes during its 

development and is imbedded in a dynamic environment. 

The problem has knowledge, power and emotional components.  

The problem is interdisciplinary: the problem concerns many domains. Often there is a lack 

of knowledge, the data are incomplete, uncertain, in contradiction with each other or only 

partly available. 

The problem consists of many phenomena which are complicated and intertwined and in 

which non-linear feedback loops are producing unpredictable results. 

There are many actors involved. Each actor has a different view on the problem, a different 

definition of the problem and has different goals and desires. The actors often have different 

‘solutions’ for the problem. The different actors involved have different power over the 

problem.  

The problem often provokes much emotion in society. 

The desired situation is not always clear and difficult to find and differs from actor to actor. A 

’solution’ is not easy at hand. These problems can mostly be only partly and/or temporarily 

solved, and can seldom be solved completely. A complex societal problem cannot be solved 

only be changed.  

The problem is unique and never handled before in this way.  

Due to the many aspects of the problem, the uniqueness the interdisciplinarity, the complexity, 

complex societal problems can be considered as difficult to analyze, to define, to interfere and 

to change, therefore it is difficult to handle complex societal problems.  

 

Fig. 1. Definition of a complex societal problem [DeTombe, 2015]: 

 

The first sub-cycle of the problem handling process centers on determining the nature of the 

problem and its features. The second sub-cycle of the problem handling process focuses on 

what changes are possible, the development of interventions, and the implementation and 

evaluation of the interventions. This process can take a few months, or even continue over a 

period of years.  

3. The Compram methodology 

 

In order to get some insight into what is happening in a complex societal problem, the basic 

knowledge from many disciplines is necessary. This needs an adequate methodology, which 

can be used to guide the handling process. The Compram methodology is such an approach, 

and is based on scientific theories from several different disciplines. Compram is a 

prescriptive frame-work methodology used to analyze, guide and evaluate complex societal 

problems. Although predicting the future of a complex societal problem is only possible to a 

certain extent, this methodology provides the possibility of predicting the outcomes of 

particular aspects of such a problem [DeTombe, 1992]. 
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 Sub-cycle I:        defining the problem 

 Phase 1.1  becoming aware of the problem and forming a (vague) mental idea  

 Phase 1.2 extending the mental idea by hearing, thinking, reading, observing, 

discussing and asking questions  

 Phase 1.3  putting the problem on the political agenda and deciding to handle it 

 Phase 1.4  forming a problem handling team and starting to analyze the problem 

 Phase 1.5  gathering data, exchanging knowledge and formulating hypotheses  

 Phase 1.6 formulating the conceptual model  

  

 Sub-cycle II:      changing the problem 

 Phase 2.1 constructing the empirical model and establishing the desired goal 

 Phase 2.2 defining the handling space 

 Phase 2.3 constructing and evaluating scenarios  

 Phase 2.4 formulating hypotheses and suggesting interventions 

 Phase 2.5 implementing interventions 

 Phase 2.6 evaluating interventions and the problem handling process 

 

Fig. 2. The sub-cycles and phases of the problem handling process in linear view [DeTombe, 

1994] 

 

In the Compram methodology complex societal problems are handled by teams guided by a 

facilitator. The use of a team is required because of the complexity, the different fields 

involved, the different actors involved and the impact that complex societal problems have on 

society. The teams consist of knowledge experts from the different fields as well as 

representatives of the actors involved in the problem. The Compram methodology emphasizes 

communication among all interested parties, and, particularly, takes account of the power 

structure and emotions associated with the problem. The objective of the process is to find 

mutually acceptable interventions into the problem situation. 

The Compram methodology emphasizes the need to define the problem before changing it, 

otherwise there is the danger of handling the wrong problem. Often In real-life, not enough 

time and effort is taken to define the problem first before interventions are suggested. Most 

people tend to skip the first sub-cycle of the problem handling process or only want to handle 

the phases in a shallow manner in order to move as fast as possible to the phases of changing 

the problem, this might lead to a totally wrong view of the problem and therefore a wrong 

‘solution’ 

 

3.1. Three basic elements of the Compram methodology: knowledge, power and emotion 

 

The Compram methodology realizes that complex societal problems contain three basic 

elements: knowledge, power and emotion. 

 

Knowledge 

Knowledge includes lack of knowledge, data with an uncertain status, missing data, 

contradictory data, white spots and blind spots. Knowledge includes knowledge of the 

disciplines involved, field knowledge and knowledge about the actors and the phenomena. 

The way the Compram methodology deals explicitly with knowledge is to start analyzing the 

problem with a team of experts. Complex societal problems involve many disciplines, many 

fields, many phenomena and many actors. The knowledge needed to analyze and handle this 
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is too much for any one person to possess. Therefore, a team of people each with knowledge 

of a different field must analyze the problem and find interventions. The experts have the 

ability to interpret the knowledge from other areas and determine the knowledge for 

consequences in their own field of expertise. The knowledge experts are, in contrast to the 

actors, neutral towards the outcome of the problem handing process. 

 

Power 

Complex societal problems involve actors and the actors have direct interest in certain 

outcomes of the problem. Power plays an important role in coming to an agreement among 

actors. Power is the second basic element in handling complex societal problems. Each actor 

has particular interests, goals and ideas toward which direction the problem should change. 

Each actor or group of actors has his/her/their own steering instruments to support, change or 

prevent changes. 

The problem owner is a special actor who initiates the problem handling process. This person 

must have legal or social rights to handle the problem, otherwise the other actors will not 

cooperate or will ignore the outcome of the problem handling process. The problem owner 

alone cannot handle a complex societal problem. Other actors involved in the problem are 

needed for handling the problem. These actors need to be included in the problem handling 

process, because without them the problem cannot be changed. 

Each actor has a specific relation to the other actors. Some relations between the actors are 

based on common interests, others on law. Law institutionalizes some rules between actors. 

Law specifies the rights, duties, and procedures to be followed. Here, law specifies the power; 

however, there is a large area in which the law is not followed or rights are not specified. 

Here, the actors should come to an agreement with each other, or to a “best” one in a sense to 

be decided, too. In this context, we refer to collaborative game theory under uncertainty and 

research done on it by Alparslan Gök, et al. [2013 and 2014], and Palanci, et al. [2012, 2013, 

2014]. 

 

Emotion 

Complex societal problems are handled by teams of people; therefore, emotion is the third 

basic component in handling complex societal problems. Where people are involved emotions 

are involved. Emotions can stimulate or block certain changes [Kets de Vries, 1995]. 

Emotions play a role or become visible when one’s personal interests are attacked or one feels 

that one’s personal interests are being attacked [Frijda, 1986]. Emotions play a role in 

reaching a certain goal or being included or excluded in a problem handling process, or in like 

and dislike of certain persons in the team or of certain actors. Emotions are also involved in 

different views on society and prioritizing certain changes. 

The Compram methodology deals with emotion by prescribing that the process is led by a 

well skilled facilitator trained in handling group processes in order to avoid group conflicts. 

Negative emotions can be provoked by excluding persons or actors from the problem 

handling process. Including the involved organized and non-organized actors at an early stage 

in the problem handling process can prevent avoidable obstruction. 

 

3.2. The seven-layer communication model 

 

Communicating with persons from different fields and different backgrounds is not easy. 

There are often misunderstandings which could be avoided with better communication. 
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Therefore the communication between the persons of the different teams should be carefully 

guided and be as optimal as possible. This can be done with a method specially developed for 

communication, the seven-layer communication model [DeTombe, 1994]. In the seven-layer 

communication model the problem is expressed in different ways to maximize mutual 

understanding and communication about the problem (cf. Figure 3). The seven-layer 

communication model is the central communication tool of the Compram method. Using the 

seven-layer communication model, the problem can be expressed in different ways, using 

different equivalent, further or sub-models and different languages. In this way, experts and 

actors from different backgrounds can understand each other and recognize their own familiar 

way of expressing the problem. Expressing the problem in different ways and in different 

languages also makes it easier to see what is missing. It helps to adjust the models and to 

make clear how the phenomena are related.  

Natural language is at the beginning of defining the phenomena and concepts and making a 

semantic model. The semantic model makes it easier to adjust the description of the problem. 

The seven-layer communication model is also created to avoid some of the often occurring 

pitfalls, such as verbalism and collective blind spots.  

Each team, the expert team as well as each actor team express their definition of the problem 

using the following seven-layer communication model. Here, all teams are guided by the 

facilitator. 

In Layer I, the problem is described in a natural language, in words, that each team member 

understands.  

In Layer II, the concepts and the phenomena used in the description of the problem in Layer I 

are defined. In this way the team members are stimulated to operationalize and define the 

concepts and phenomena they use. This gives other team members the opportunity to learn the 

concepts of other professions, and prevents verbalism
2
. 

In Layer III, the relations between the concepts and the phenomena of the problem are 

described in natural language. These relations can be based on theories, hypotheses, 

assumptions, experiences or intuition. This indicates the status of the knowledge. This layer is 

related to the description of the problem in Layer I, to the definition of the concepts and the 

phenomena in Layer I and to Layers IV, V, VI and VII. 

Layer IV shows the knowledge islands. This is a graphic representation of the knowledge of 

the problem that is needed for handling the problem. The way the knowledge islands are filled 

indicates the completeness of the knowledge. 

In Layer V a semantic model of the problem is made. A semantic model is a graphic 

representation of the relations between the concepts and the phenomena of the problem 

described in layer I. 

In Layer VI, a graphic representation of the causal relations between the concepts and the 

phenomena of the problem is shown. 

Layer VII contains a system dynamic model of the problem based on the causal model in 

Layer VI. The system dynamic model contains non-linear connections because of the 

repetitive interactions between the phenomena and the actors of the model.  

                                                           
2
  Verbalism is using words without knowing what they mean. 
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Fig. 3: The seven-layer communication model [DeTombe, 1994] 

 

Parts of the problem and of the different domain knowledge can be worked out in more detail 

in sub-sheets of the Layers I to VII. The sub-sheets of one domain are connected and are 

connected to the overall problem. It is often necessary to focus on a part of the problem in 

detail to get a better view. Otherwise, the models were too large to comprehend. The seven-

layer communication model can be used to support the first sub-cycle of the problem handling 

process as well as the second sub-cycle. 
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3.3. The six steps of the Compram methodology 

 

Step 1:  analysis, description and suggesting changes of the problem by a team of  

             neutral content experts 

Step 2:  analysis and description of the problem by different teams of actors 

Step 3:  identification of interventions by experts and actors  

Step 4:  anticipation of the societal reactions 

Step 5:  implementation of the interventions 

Step 6:  evaluation of the changes 

 

Fig. 4. The six steps of the Compram methodology [DeTombe, 1994] 

 

The Compram methodology distinguishes six steps in the problem handling process, as we 

present in the following.  

Step 1 is to consider the problem as a knowledge problem. The problem is analyzed by a team 

of neutral knowledge experts, who try to get a clear and unbiased picture of the problem. Step 

2 is to consider the problem as an interest and power problem. The problem is discussed by 

the main actors involved in the problem. Each actor discusses the problem with her or his 

team. Step 3 is to combine the knowledge, power and various viewpoints. A representative 

selection of the actors is conducted and experts work together to arrive at a set of possible 

interventions that are mutually acceptable. Step 4 is to anticipate the reactions of society that 

the selected interventions may provoke. This is to prevent large amounts of money being 

wasted on a ‘solution’ that is not acceptable. Step 5 is to implement the interventions. Step 6 

is to evaluate the implementation. Each step consists of several sessions in which the teams 

prepare themselves and discuss the new insights and possible interventions. A facilitator 

guides the problem handling process.  

The Compram method does not support all the phases of the problem handling process. It sets 

off with Phase 1.4 of the problem handling process, that is, after awareness of a problem and 

after the problem is put on the political agenda. Within Steps 1 and 2 of Compram, the experts 

and the actors proceed through Phases 1.4 to 2.2 separately. Phases 2.3 and 2.4 are done in 

Steps 3 and 4. Steps 5 and 6 cover the Phases 2.5 and 2.6. Depending on the complexity of the 

problem, the entire problem handling process can take a few months, or even continue over a 

period of years.  

 

4. Aspects of application of methodology of societal complexity 

 

Decision makers at all stages of the private or public sectors, national ones and international 

ones, are welcome to apply the Compram methodology. The active service of the EURO 

Working Group on Methodology of Societal Complexity has been continuously offering the 

use of Compram in EURO, in the European countries, in IFORS and worldwide. In fact, at the 

United Nations, Compram has already become accepted in an official way [OECD, 2006]. 

Yet, we are working on a further introducing and commenting on the methodology in order to 

jointly overcome given misunderstandings and entropies which still mean an obstacle for its 

fruitful application. What is more, a special training is offered by Dorien DeTombe and her 

colleagues to interested sides E-course Methodology (http://www.complexitycourse.org/ 

complexitycourse.html). This offer has been used already in many parts of the world. Among 

those applicants and international partners does also belong Institute of Applied Mathematics 

of METU, Ankara, Turkey. Here, collaboration has been documented in [Weber and 
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DeTombe, 2008] and [Gökmen, et al., 2004]. The latter article introduces into some efforts 

made in Anatolia on sustainable living, supported by the EURO Working Group on 

Methodology of Societal Complexity. In fact, those local efforts in Turkey were a great 

motivation for us also to apply with our colleagues, particularly from the UK, to apply to 

EURO for the establishment of the EURO Working Group on OR for Development 

(http://www.euro-online.org/web/ewg/29/or-for-development-ewg-ord). This application 

became accepted and the EURO working group was founded at the occasion of the conference 

EURO 2006 in Reykjavik, Iceland. The first two chairs of the EURO working group were 

Prof. Dr. Leroy White and Dr. Honora Smith; their service is very much appreciated and the 

contributions of the other managing board members are recognized likewise. The third chair 

is Dr. Elise del Rosario who also have us a forum at IFORS, where also Dr. Sue Merchant 

supported OR for Development and Developing Countries a lot; the two friends are 

recognized by us likewise. One main expression of our work at IFORS is IFORS Developing 

Countries OR Resources Website at http://ifors.org/developing_countries/index.php? 

title=Main_Page, where you are welcome to submit your valuable material. 

Furthermore, we would like to mention again the research and development work on 

sustainable living and sustainable development in Turkey, described by Gökmen, et al. 

[2006], and Summers et al. [2011]. For further research and service to the community by our 

two EURO working groups, we recommend the following the work of Kljajic, et al. [2010], 

and Kljajic and Weber [2012] on systems, decision making, education, collaborative work 

and learning and other complex problems. The work of Pickl, et al. [2007 and Leopold-

Wildburger, et al. [2009 and 2013] illustrates an application of Operational Research for 

better management of development. The works of DeTombe, et al. [2009, 2010, 2013 and 

2014], Pedamallu, et al. [2010, 2012 and 2014] and Smith, et al. [2009] are other examples of 

the interdisciplinary contributions of the two working groups and their service to the 

international community of Operational Research and for humankind. 

 

5. Conclusion and outlook 

 

The scientific community of EURO has been very fruitful in combining and simulating 

research in many areas. It became a multidisciplinary field in which more and more highly 

qualified researchers senior and junior feel attracted to in order to exchange their knowledge 

and learn from each other. 

The yearly conferences, many regular workshops and the many publications are very 

stimulating in this way, and they are serving humankind. 

The three specified branches of the Euro Working Groups on Methodology of Societal 

Complexity, OR and Ethics and OR for Development, stimulate to make the world a better 

place to live. This is truly a hard task - for many reasons. Among those reasons, there is the 

multiple entropy of lack of readiness or willingness of decision makers and politicians; this is 

a reason that goes beyond the power of scientists. However, on our side, making clear which 

problems are going on, and offering fruitful scientific proven methods and tools to help 

willing politicians to handle problems in a way that could improve the living situation in the 

world, in the highly industrialized world as well as in the developing world, is an effort well 

worth to dedicate one’s research time too. Handling complex societal problems is not easy 

and needs the cooperation of many scientist in the world from many scientific fields. 

We do appreciate if you would feel stimulated to follow our research ideas and to become a 

member of one of our research groups and of our partner and befriended EURO working 

groups under http://www.euro-online.org/web/pages/1458/euro-working-groups and 

http://www.complexitycourse.org/detombemembereuro.html/ 
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The available automation facilities for designing are meant for developing graphic models of newly-

built items. However, for defining the conception of modern complicated technological systems the 

resources of graphic modelling are not sufficient. The new methodological approaches to designing 

are combined with construction of organizing and controlling models. And this opens new 

opportunities for creating automation facilities for designing. 

 

In the present article designing will be considered as the definition and adjustment of the 

conception of a newly-built technological system on its model. This definition, not 

contradicting to the others [1, 8, 11-13, etc.], focuses our attention at the role of the modelling 

support in this process. In fact, the transition from the adjustment of the decision on the 

structure of a real newly-built item to its model, which happened in the middle of the 19th 

century, marked the beginning of designing as a kind of man’s activity. Let’s point out that 

fundamental property typical exactly for designing models. A designing model is the basis for 

taking a decision about the production of a newly-developed item. This peculiaritydefines the 

requirements to the substance of the designing model (it does not only characterize the 

structure of a created item, but the order of creation as well), the requirements to the details 

and minuteness of the description of the designed technological system in this designing 

model and to the scheme and sequence of works on building this model. And these 

requirements are fixed in the normative-technical documentation which has the status of law. 

Nowadays, the building of designing models is based on graphic modelling. It was formed in 

the middle of the 19
th

 century when the objects for designing were mainly various 

mechanisms and constructions. And to depict themthe general drawing with some necessary 

detailing was quite sufficient. The increase of scales of developed items resulted in the 

increase of drawing hierarchy levels (general drawings, module composition, drawings of 

certain units and components, detailing). However, even in that case the drawing model was 

quite sufficient for taking a decision to start the production. 

In graphic methodology a newly-developed item is described as a summation of geometric 

forms of components which make a combined geometrical form, describing the item as a 

whole. In the completed form the designing model of a newly-developed item is a set of 

technical documentation, which structure and content are regulated by government standards. 

The high level of formalization of the process of developing technical documentation, the 

development of graphic and computing potential of the modern equipment have promoted 

creating the modern means for automation of designing, which are divided into the following 

categories: 
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- CAD – computer-aided design, meant for automating 2D and/or 3D geometrical designing, 

for developing designing and/or technological documentation; 

- CAE – computer-aided engineering, meant for automating engineering calculations, as well 

as for analysis and simulation of physical processes and dynamic modelling; 

- CAM – computer-aided manufacturing, meant for technological preparation for producing 

items, provides the automation of programming and controlling the equipment with program 

numerical control or for flexible automated manufacturing systems. 

In the second half of the 20
th

 century a qualitative change in the structure of designed 

engineering systems occurred. And the leading role in it passed to non-mechanical processes. 

For example, considering a spaceship, they are photoelectric, thermal, gas-dynamic and other 

processes, which finally applyconflicting requirements on its construction. The graphic 

methodology describing the item as a summation of geometric forms is not meant for 

depicting these processes in principle. Of course, the final result of any development will be 

the layout diagram and its technical design. However, for the support of taking decisions 

previous to the formation of these final results drawing models were not sufficient (see for 

example [5-7, 9, 10]). In other words, the graphic methodology could not provide the support 

to forming the conception of such engineering systems. 

For a positive way-out from this situation an idea for new methodology of forming a 

designing model is needed. This idea has been developed in the well-known A.A. Bogdanov’s 

work “Tectology (a universal organizational science)”. Its initial thesis is “Any human activity 

is fairly organizing or disorganizing. It means that any human activity – technical, social, 

cognitive, artistic – can be considered as certain material of organizing experience and studied 

from the organizing point of view”. Being guided by this thesis and its following 

development, we can speak about organizing and controlling methodology of modelling. At 

that we must emphasize that it is not the negation of the graphic methodology. The 

relationships between these methodologies can be characterized appealing to another A.A. 

Bogdanov’s thesis [4]: ‘Mechanism’ is an understood organization (structure), and that is all. 

A machine is “no more than a mechanism”, because its organization is realized by Man and 

therefore is known to us in principle”. It becomes obvious (see figure 1) that the graphic 

model is that exactly representation of the developed item, which gives the basis for taking 

the decision about the start of the production, and it is produced. 

Organizing and controlling model describes a developed item as “an understood 

organization”. The addition of the term “controlling” emphasizes that modelling is not only 

aimed at the organization of the item but also at the use of this organization in the item’s 

functioning. It is worth noting that the notions of “organization” and “controlling” work 

together. The notion of organization is an infrastructural characteristic, while the conception 

of controlling describes the use of this infrastructure in certain conditions during the process 

of achieving the aim. Going back to the definition of designing given at the beginning of this 

article, we could say that, due to its higher abstraction level, organizing and controlling 

modelling can be used for organizing the conception of an engineering system and for 

working-off it. For working-off the realization of the conception we need a transition to 

graphic modelling. 
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From the above thesis of A.A. Bogdanov generalizing the notion of “mechanism” it follows 

that by organizing the conception in the view of its contents any item can be considered as an 

organizing and controlling mechanism – a mechanism for appropriate organization of 

interaction between circumstances of different nature and different kinds of reality (the Greek 

ένέργεια – energy or reality, the category introduced by Aristotle for defining existence or 

presence of something) and for purposeful use of them. 

Forming

the conception
Working-off the conception Developing the realization

of the conception

Organizing and controlling modelling

Graphic modelling

Description of the developed article

as an organizing mechanism

Description of the construction

of the developed article
 

 

Figure 1 - Interaction of the organizing and controlling (organizational-operational) 

description and the graphic description of the designed item 

 

After working-off the conception, the abstracted description of the developed organizing and 

controlling mechanism and its characteristics become the basis for developing a graphic 

model, describing the real construction. 

However, this article’s purpose is not only the explication of a new idea for the methodology 

of design modelling. It is possible and necessary to show that this methodology is 

formalizable and that it is compatible with the automation of design works performed in 

accordance with this methodology. 

We should start with stating the task of modelling. For that let’s get back to the generalizing 

thesis “‘Mechanism’ is an understood organization, and that is all.” What we are used to 

calling ‘a mechanism’ in its initial meaning is an instrument for organizing circumstances of 

only mechanical nature. Appealing to these circumstances, influencing them and operating 

with them a classical mechanism provides the controlled advance to the aim. A classical 

mechanism is described as the interaction of space geometric forms. The generalization 

formulated by A.A. Bogdanov helps to extend this conception and corresponding experience 

of model description to the sphere of heterogeneous circumstances. In order to achieve the 

aim, in this sphere we have to operate with circumstances in coordination, but now with 

circumstances of different nature. And for that we have to create a mechanism, but it is not a 

mechanism in its classical realization.  But describing the created item as an organizing and 

controlling mechanism, we consider it as a mechanism with understandable interaction of 

possibilities of influencing heterogeneous circumstances and as a mechanism of using these 

possibilities in the current situation. Having these influences, an organizing and controlling 
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mechanism accomplishes the move to the aim against the background of indeterminate 

change of these circumstances. These influences, i.e. the possibilities of surrounding 

circumstances included into the organizing and controlling mechanism will be called 

‘controlling resources’. And this inclusion is that in its structure there will be an instrument 

for using this resource – the controlling mechanism. 

Now we can introduce the method of describing the process of achieving the aim in the 

organizing and controlling methodology of modelling. 

- Action Top

- Event Top

Initial 

situation

Intermediate

situation

The aim is 

achieved

Intermediate

situation
Intermediate

situation

Final 

situation

The aim is 

not achieved

 
 

Figure2 - Description of the process to achieve the aim in the organizing and controlling 

methodology of modelling 

 

In a certain initial situation, reasoning from the necessity of achieving the aim, a probable 

course of surrounding events and the availability of controlling possibilities (resources), the 

choice is made and the action directed the trajectory is performed. The influence of the real 

course of events deflects the trajectory and forms the deflection. To level it a new choice is 

made. And this continues until the aim is achieved or there arises a situation when the aim is 

unachievable. 

From figure 2 it is seen that there are a number of variants of trajectories to achieve the aim. It 

is formed due to variety of the course of events and due to that number of possibilities to use 

it which the organizing and controlling mechanism has. It should be noted that the variety of 

using the controlling resources is formed both due to its composition and due to the 

organization of their interaction. 

The scheme presented in figure 2 helps to formulate the statement of the task for organizing 

and controlling modelling as forming a quantity of trajectories of the process for achieving the 

aim and the development of an organizing and controlling mechanism making the choice of 

the trajectory in certain conditions and the use of the controlling resources for performing the 

advance along the trajectory. 
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Being guided by the above-introduced notions for the controlling resource and controlling 

mechanism, we can form a conceptual description of an organizing mechanism what helps us 

to understand the structure and formation of the technical documentation set, which is formed 

during organizing and controlling modelling. 
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Figure 3. Conceptual description of an organizing and controlling (organizational-operational) 

mechanism 

 

As an integral formation, a designed item considered as an organizing and controlling 

mechanism in the view of its contents is described by the notion of ‘a system’. The thesis 

“‘Mechanism’ is an understood organization, and that is all” explains the need for the notion 

of ‘a system’. Initially, before the above-mentioned changes in the structure happened in the 

second half of the 20
th

 century, a designed item was named as a ‘mechanism’ or 

‘construction’. And these notions described both its technical content and a completed design 

of the item. In particular, for such a kind of items the graphic methodology for creating design 

models was sufficient. However, for items, where different kinds of energy are ‘working’ 

together, such a combination of technical nature’s name and completed form is not 

compatible. If we in the view of its contents indicate them as an organizing and controlling 

mechanism, for indicating them as integral completed formations we use the notion ‘system’ 

introduced into the scientific use by Ludwig von Bertalanffy [3]. In the context of this article, 

being guided by his ideas a system can be defined as an integral mechanism for organization 

of interaction between circumstances of different nature with the property of equifinality (the 
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capability to achieve a certain final state from an uncertain initial state under the conditions of 

uncertain course of events). The purpose of this definition is to show a possibility of using the 

combination of A.A. Bogdanov’s and L. von Bertalanffy’s ideas for creating a scheme for 

forming a set of technical documentation in the organizing and controlling methodology of 

design modelling. 

A complex of possibilities to influence the course of events, which determines the choice for 

every certain situation in the course of the process of achieving the aim, is a system 

controlling resource. It is controlled by the organizing and controlling mechanism. And these 

are two basic parts of the organizing and controlling mechanism. 

At this point, as a digression, it is worth noting that decomposition (splitting the whole into 

parts) is a methodical way that helps to ensure the understanding of the whole. “The very 

notion of ‘elements’ for organizing science is entirely relative and conventional: they are just 

the parts as a result of splitting the item in accordance with the purpose of the study; they can 

be however large or small, they can continue the splitting or not – there are  no limits to the 

analysis” [4]. 

Returning to the main idea of the article, we can see that in order to make a description which 

would answer the requirements to the designed model we need a further decomposition 

providing the understanding of both the system controlling resource and the integral 

controlling mechanism. The objects of the lowest level of decomposition, ‘details’ for making 

such a description, will be elemental controlling resources and elemental controlling 

mechanisms brought into correspondence with them. At that, the total of elemental controlling 

resources taking into consideration their interaction caused by natural properties of the 

corresponding processes forms a system controlling resource. Thus, turning on the equipment, 

besides the corresponding response, also causes heat emission, the functioning of positioning 

thrusters can simultaneously cause some micro-deviation of the orbit etc. However, the 

picture of synthesizing an integral controlling mechanism is much more complicated. To clear 

it up, let’s come to figure 4. 

An integral controlling mechanism is not just a unit of elemental controlling mechanisms. It 

describes: 

- decisions on controlling the system considered in the view of its contents as an organizing 

and controlling mechanism on the whole; 

- the set of elemental controlling mechanisms; 

- the structure of ties between the decisions on controlling the system as a whole and 

elemental controlling mechanisms. 

It should be noted that the main problem we need to solve for making the description of an 

integral controlling mechanism is the description of ties between the decisions of the highest 

level and the ones on controlling elemental resources – the outline of a structural and 

functional organization. In fact, decisions on controlling the system as a whole are determined 

from analyzing the scheme of the process of achieving the aim, and elemental controlling 

mechanisms are determined by the corresponding elemental controlling resources. 

The presented conceptual description helps to understand the composition and the general 

sequence of composing (a set of) technical documentation in organizing and controlling 
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methodology of design modelling as well as its interaction with (the set of) technical 

documentation developed in accordance with the graphic methodology of design modelling. 

...

...

...

...

System controlling resource

Elemental controlling resources

Function

Elemental controlling mechanisms

Structure

Integrative controlling mechanism

Complex of decisions 

and initialization instruments

Arguments

 
 

Figure 4. Conceptual characteristic of an integral controlling mechanism 

 

A set of technical documentation in organizing and controlling methodology of design 

modelling includes: 

- formulating the aim of functioning of the designed item and the indexes describing the 

achieving of the aim and the estimation of their quantitative values; 

- describing the set of decisions on controlling the designed item as a whole (the description 

of responses for a possible scenario of development of the course of events, which are the 

background for the advance to the aim); 

- describing elemental controlling mechanisms, corresponding to every elemental controlling 

resource (algorithmic schemes describing the use of a certain elemental controlling resource 

under certain conditions); 

- describing the scheme of a structural and functioning organization, describing the 

connection between decisions on controlling the item as a whole and decisions on the control 

on elemental controlling resources (aims of control, describing every level of decomposition; 
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responses aimed at their achievement, being algorithms for combining elemental controlling 

mechanisms). 

The given description of a set of technical documentation describes in fact the succession of 

its formation as well. However, besides the formation of model description, it is necessary to 

perform tests in order to get the confirmation that the designed item is capable to perform its 

purpose. For that, we can use the models with the general view, which is described by 

equation  system (1) 

0];[
~

XXF  

)],})},({{,(),,([
.

tSpRXUtXWfX   

 

(1) 

Their use is conditioned by the fact that the statement of the task of organizing and controlling 

modelling as the formation of a quantity of trajectories of the process for achieving the aim 

and the development of an organizing and controlling mechanism making the choice of a 

trajectory in the certain conditions and the use of controlling resources for performing the 

advance to it can be considered as a generalization of the well-known task of the synthesis of 

the control. 

In (1) the first equation is an aim condition, and the second one is a system of differential 

equations, describing the controlled movement of the designed item. X is the coordinates, 

describing the position of the item in the course of the process of achieving the aim; 
~

X  is the 

coordinates describing the position of the aimed area; F is a function of general view. ),( tXW  

is the description of the course of events in the model; ),})},({{,( tSpRXU is the description of 

the organizing and controlling mechanism; })}({{ pR is a system controlling resource, }{p is a 

number of parameters, describing the use of controlling resources in the organizing and 

controlling mechanism; S is the description of the scheme of the structural and functional 

organization; t is the time. 

Equation system (1) describes the synthesis of the process of achieving the aim in current 

conditions – the choice of a trajectory in certain conditions and the use of controlling 

resources for performing the advance along this trajectory. Its solution is a description of 

building-up an organizing and controlling mechanism complying with the criterion condition 

крPXtSpRXUtXWP  }{)]),})},({{,(),,([
~

 (2) 

where P is the probability of the fact that at certain indefinite starting conditions in the course 

of the indefinite change of circumstances the coming to the aimed area will be provided; крP is 

a criterion index of equifinality. 

From the given description of the set of technical documentation it can be seen that in the 

context of the organizing and controlling methodology the designed item is described as a 

complex algorithm, which describes the conditions and the order of choosing ‘a path’ for 

achieving the aim and responses to indefinite changes of environment. 

Now we should dwell on the question of continuity at transition from organizing and 

controlling modelling of the designed item to graphic modelling. A quantity }{p is the 

parameters determining the requirements to the instrumental and aggregate equipping of the 
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designed item, its block-by-block set and construction. A complex algorithm, which is a 

description of an organizing and controlling mechanism, becomes a reason for developing 

softwarefor the designed item and its devices in the course of its development in the context 

of the graphic methodology. 

The description of the organizing and controlling methodology of designing presented in this 

article let us conclude that with its help we can provide formalization of the process of taking 

designing decisions on the functioning and structure / arrangement of newly developed items, 

sufficient for developing the resources of automatized support for forming a set of technical 

documentation. We should emphasize the presence of some analogies in creating the sets of 

technical documentation for graphic and organizing and controlling methodologies of 

modelling. In the first case the item is presented as a complex space form, in the latter case as 

a complex mechanism. For showing the item’s details in the first case a hierarchical set of 

technical drawings is formed – general compositions, modules’ compositions, assembly 

drawings of individual components and this way down to detailing. In the latter case we have 

algorithms of responses for deviations from the aims of different levels of decomposition – 

down to the description of system elements. 

Organizing and controlling methodology of design modelling is a considerable innovation 

revealing new possibilities for improving the practice of developing modern complex items. 

More fullythe methodologydescribedin [2].Besides, due to this possibility of formalization it 

can be a basis for developing new instruments for automation of design functioning before we 

start the work of the known CAD (computer-aided design) and the preparation of input data. 
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StaffLogic [1-6] is Workforce Optimization (WFO) software that allows automated shift scheduling, 

analytics management reporting and payroll system integration. StaffLogic offers corporations of all 

sizes a streamlined scheduling and reporting procedure. It also consolidates all necessary data for 

employment planning, scheduling, reporting and analysis. As with any planning, this procedure draws 

together enterprise management, human resources and budgeting. The purpose of this paper is to give 

an overview of the methods of solution and realization of these tasks. Ant Colony Optimization 

algorithm is used in the core of the software. 

 

1. History and development 

 

Workforce scheduling is a known important issue, which is becoming important for 

increasing the efficiency of enterprises. In 2009, Estonian Air Navigation Services Company 

asked from Nortal AS Ltd [4] help for automatization of workforce planning and rostering 

actions. A working group consisting of several researchers of the University of Tartu and 

Nortal Ltd was established and by the end of 2010 the first version of StaffLogic was 

launched. The main starting window is shown on the Figure 1. 

Today we speak about contemporary workforce optimization software that allows for 

automated shift scheduling, human resources analytics and management reporting and payroll 

system integration. StaffLogic offers corporations of all sizes a streamlined scheduling and 

reporting procedure, also consolidates all necessary data for employment planning, 

scheduling, reporting and analysis. 

Figure 1 - Stafflogic: Planning result. 

 

The complex planning algorithm for creation the best possible work schedule for the customer 

organisation consists of three stages. At first the Ant Colony Optimization (ACO) algorithm 

[1, 2] starts. This gives as output a first version of the working schedule according to user-

defined Objective Function (see the next section). The ACO methods are based on the 

behaviour of nature ants and can usually produce a reasonably good feasible solution for a 

wide range of input data in a limited amount of running time. A metaheuristic is a set of 
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algorithmic concepts that can be used to define heuristic method applicable to the 

optimization problem under consideration. In StaffLogic the Max-Min version of the ACO is 

realized. ACO begins with initialization step and continues with algorithmic components, 

construction of ant solutions, some daemon actions and pheromones updating. The activation 

of these steps is regulated by the software according to user-defined settings and the 

construction is repeated until a termination criterion is met. Possible criteria are a maximum 

number of iterations or a maximum CPU time. 

 

Figure 2 - Planning settings window of StaffLogic. 

 

In the second stage, the special part of software adds the individual patterns with individual 

holiday and hour preferences of workers, which are not taken into account yet. Then in the 

third stage of optimization, the local search approach is used.  

The main general features of StaffLogic are automated shift scheduling, human resources 

analysis, human resources reporting and integration into existing databases and information 

systems.  Shift scheduling rules realized in the software are scheduling according to business 

volumes, staff competences and skills. After that, law enforced off time and breaks are 

included into roster draft. StaffLogic generates optimized shift schedule with one-click after 

settings are fixed.  

StaffLogic allows for better human resources management with employee productivity 

analysis and activity reporting. Managers have all needed data for decision making. 

StaffLogic reports include shifts and work hours counts, workforce size and qualifications, 

human resources costs and salary, absence monitoring and also overview of plan vs real 

reports. 

Existing System Integration feature means that StaffLogic integrates impeccably with existing 

IT infrastructure. It uses information from human resources, access control or business 
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intelligence systems. Data from StaffLogic can be effectively utilized by payroll and other 

systems. Benefits for integrated system: no manual data entry; workflow automation and 

optimization, real-time overview and monitoring. 

 

2. Method, constraints and objective function 

 

Ant colony optimization (ACO) is a population-based metaheuristic method that can be used 

to find approximate solutions to difficult optimization problems [1]. In ACO, a set of software 

agents called artificial ants search for good solutions to a given optimization problem.  As a 

rule, the number of ants in this set is fixed for all optimization procedure. To apply ACO, the 

optimization problem is transformed into the problem of finding the best path on a weighted 

constructional graph. These artificial ants build solutions as paths by moving on the graph. 

The solution construction process is stochastic and is based on a pheromone model. In the 

construction process, each ant starts from a randomly selected vertex of the construction 

graph. At each construction or iteration step, ant moves along the edges of the graph, keeping 

the memory of its path, and in subsequent steps it probabilistically chooses among the edges 

that do not lead to vertices that it has already visited. The probabilistic rule is biased by 

pheromone values and heuristic information. The higher the pheromone and the heuristic 

value associated to an edge, the higher the probability an ant will choose that particular edge.  

Once all ants from the agent set have completed their tour, the current iteration step is 

finished and the pheromone amounts on the edges of the construction graph are updated. By 

the end of the iteration step we have one solution per ant. The aim of the pheromone update is 

to increase the pheromone values associated with good solutions and to decrease those that 

are associated with bad ones. Each of the pheromone values of edges is initially decreased by 

a certain percentage called the rate of pheromone evaporation. Each edge then receives an 

amount of additional pheromone proportional to the quality of the solutions to which it 

belongs. The quality of every solution is estimated by the value of objective function. This 

procedure is repeatedly applied until a termination criterion is satisfied. 

Automated shift scheduling is an important Operation Research problem, the complexity of 

which is well known [3]. The high number of constraints that must be satisfied cause large 

search space. These constraints are often conflicting. In the final solution, final roster 

accepted, some of the constraints are allowed to be violated, though it is generally 

undesirable. These violations of constraints involve the inclusion of penalty terms in the 

objective function. Often there is a distinction between so called hard and soft constraints. 

Examples of hard constraints are the demands that a worker cannot attend two shifts 

simultaneously in the same timeslot and only one event can be assigned per timeslot. In 

StaffLogic, the constraints are not classified in this way and from the algorithmic point of 

view are considered as one set. This allows the user to use subjective approach and determine 

the importance of demands by the balance of penalty weights in initial settings. The 

constraints, which must be applied independently to each line of work, usually vary 

significantly between different organisations and these differences give rise to the great 

variety of rostering problems and models. These individualised problems are set up according 

to the needs of user and it is appropriate to distinguish the constraints by these penalties or 

weights in the objective function. The weights or priorities of constraints are set up in the 

window shown on the Figure 2. 

In order to compare two solutions of workforce scheduling and rostering system we have to 

use an objective or fitness function. This is defined according to constraints for the solutions, 

which can often be conflicting with each other and because the feasible solution can violate 
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some of them. Mention that the workforce scheduling and rostering problems are 

overconstrained as a rule, so that to find assignments to decision variables without violating 

any constraints is usually impossible. The initial specification of the problem has to provide 

for the relative importance of constraints so that a solution to the problem is allowed to violate 

a few constraints according to definite priority orders of constraints. The rates of possible 

allowed violation in StaffLogic are determined by the user with the sliders in special graphical 

user interface window. 

Let us give an overview also of the input data of StaffLogic. At first, mention the statistical 

data about previous planning periods concerning different working activity needed from 

workers during the month, week, day or shell. It is possible to use more than one time series 

on input. The sample data prediction and preprocessing scheme is found at the web page [5]. 

The data from previous service periods, given in EXCEL worksheet, are extrapolated with 

statistical methods to the next planning period and the predicted dynamics of working 

intensity is taken into account for generating new schedule and roster. This tool is a part of the 

whole software and makes it possible to give also subjective, human-centred data about 

desires and behaviour peculiarities of clients e.g. Very important data group are the 

formalizations of law demands with the parameters of calendar (state holidays etc.). Naturally, 

the individual patterns of workers and information about their qualifications and skills are 

among the initial data. 

 

3. Implementation results 

 

StaffLogic as an applied software product is completely installed on the user's server and 

completely managed by specialists of the client organisation. The most important are skills 

and knowledge about fixation of weights for violation priorities of constraints. As the 

constraints vary significantly between different enterprises, there is not possible to give 

universal hints for all users and because the teaching of clients is strictly individual. The 

planning and roster management always contains creational moments. Usually there are 

numerous solutions, which are acceptable for real application, and to distinguish them is not 

only the software problem but also the possibility of the user.  

In the initial specification of StaffLogic, at first the user administrator has the possibility to 

determine the requirements to the iteration process at large. The radio buttons are seen to 

choose the number of general complex planning schemes: ant algorithm – pattern recognition 

– local search. The choice "Normal" means one loop, "Good" starts this loop three times from 

the beginning; "Very Good" lets the choice of loops number to the software and "Find 

Maximum" allows to fix the overall CPU time for looping. 

From the points of view of application and implementation, the second stage of the complex 

planning algorithm is very important. The individual patterns of workers are inserted into the 

first output version of ACO by special part of the algorithm. This reviews the whole schedule 

towards the time direction, from the left to the right, excludes contemporarily the main rules 

and restrictions and fixes the patterns. The coding of patterns is possible using special 

graphical user interface and the time frameworks have wide variety from hour-based up to the 

week or month duration. It is possible take into account also statistically predicted patterns 

obtained with the tool [5].  

Final output of the StaffLogic is given to the user as a coloured timetable, the filled shift 

templates with the names of workers. In addition, the total account table of all violations of 

the constraints is computed. An example of the output is on the Figure 3. 
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The list of clients and users of the StaffLogic is wide. The Estonian Air Navigation Services 

Company uses actively this software and is an example of the most complicated clients 

because of the very strict demands of scheduling on some important workplaces in the chain 

of flight control.  

In the end of 2009, Securitas Estonia and Nortal signed a contract to implement StaffLogic. 

The system is used in live since the end of 2010. The project goal was to create a cost-

efficient, automated and end-to-end WFO solution for Securitas Estonia. The proven results 

of the project are 1,7% savings in labor cost reduction including reduced overtime hours from 

6,6% to 4,6% (30,3% reduction), three times faster salary calculation and substantial 

reduction in time spent on planning and scheduling. This case study was done in May 2011. 

Mention also the biggest user of StaffLogic, Estonian Energy Group with more than 7000 

employees. The cooperation was introduced in 2010 and the main result to point out is the 

efficient integration of this new scheduling and rostering complex algorithm with the existing 

information systems and databases. The same planning procedure, software and approach are 

in use in all subdivisions of the Estonian Energy Group. 
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Nomenclature 

V1 = velocity of the free flow, m / s. 

M1 = Mach number of the current flow, dimensionless. 

c = solid cone semi-angle, radians. 

s = shock wave semi-angle, radians. 

 = spherical coordinates, azimuth angle, radians. 

VLím = highest dimensional velocity that the h0 enthalpy flow can reach, m / s. 

VR = component of velocity in the radial direction, m / s. 

V = component of velocity in the tangential direction, m / s. 

dV//d = derivative of tangential velocity with  as variable, dimensionless. 

Ps = pressure at shock wave, N / m
2
.
 

P02 = static pressure after the shock wave, N / m
2
. 

Ps /P02 = pressure ratio, dimensionless. 

(  )c = velocity or pressure properties over the solid cone. 

(  )s = velocity or pressure properties over the shock wave. 

Ms = Mach number at the shock wave, dimensionless. 

Cp , Cv = specific heat at constant pressure and at constant volume, J / kg / K. 

 = ratio of specific heats, dimensionless. 

a = velocity of sound, m / s. 

ho = total enthalpy, m
2
 / s

2
. 

 = dislocation function, dimensionless. 

e = internal energy per unit mass, J / kg. 

V  = velocity vector, m / s. 

  = density function, kg / m
3
. 

P  = pressure function, N / m
2
.
 

.

q  = rate of heat added per unit of mass, J / kg . s. 

f  = body force per unit of mass, N / kg. 

s  = entropy function, J / K. 

h = enthalpy, m
2
 / s

2
.  

R = spherical coordinate, radial direction (m) 

w = spherical coordinate, polar angle, radians 

f = arbitrary function of  

, ,  = real functions, dimensionless 

a = derivative of sound velocity, dimensionless  

 = potential function. 
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1. Introduction 

 

A review of the state of the art for the Taylor-Maccoll boundary value problem is presented, 

which describes the availability of recent analytical closed form solutions for solving the 

inviscid supersonic flow past a solid cone at zero incidence. In addition, theoretical 

knowledge is discussed and referenced in order to show undesirable crossing regions and 

jumps, to propose a new lower boundary and to mention a recent relevant discovering of an 

infinite amount of closed form solutions for the problem. The aim of the present paper is to 

illustrate the recent past and the current state of the analytical tools in this area in order to 

understand the latest progress in a temporal perspective and to suggest some future necessary 

steps. The Taylor-Maccoll formulation is a second-order non-linear ordinary differential 

equation with boundary restrictions [1], whose associated numerical solution has existed since 

1933. Although numerical solutions, [2-3], tables and charts and analytical approximate 

solutions such us perturbation and expansions, [4-8], which present solutions to the Taylor-

Maccoll have been available for many decades, the closed form solutions should be the 

preferred method when the purpose is to determine explicitly and exactly the global 

relationships between the physical variables (namely C  , S  and 
1M ). Despite any analytical 

closed-form solution can offer a deep insight into understanding the fundamentals of the 

associated theory, it is not always available at a particular time. In fact, there was no closed 

from solution for the Taylor-Maccoll equation from 1933 until 2012, [4-14]. Then, in 2012, 

the first closed form solution, namely the Conic Solution or CS solution, was analytically 

anticipated [15] by a diversification technique and then the same solution was discovered [16-

17] after applying a new proposed Local Dislocation Method (LDM). 

Due to the Conic Solution (CS) some explicit theoretical results are now available and new 

questions have been formulated to clarify possible misunderstandings concerning the classical 

knowledge in this area. For example, it is now possible to selectively access the information 

and to determine analytical knowledge of the radial velocities  
CRV , RV ,  

SRV , the 

tangential velocities  
C

V , V ,  
S

V  and the pressure ratios  
cS PP 02/ ,  02/ PPS , 

 
SS PP 02/  in the physical  region C < < S . At the same time, it is clear that the classical 

analytical lower boundary curve in the ( C , S , 
1M ) chart, which is  

)sin(/1)0(1 SсМ    , introduces absurdness in the theory such us an undesirable 

discontinuity, jumps and crossing regions (see [17]). Therefore, a different analytical lower 

boundary had to be proposed when this theoretical context was presented, as the validity of 

the traditional lower boundary is questionable, at least under the theoretical hypothesis and 

analytical results.  The fact that the Mach line )sin(/1)0(1 SсМ    , as mentioned above 

may generate analytical absurdness [17], implies that scientific agreement is now needed in 

order to provide confidence in the analytical curve )sin(/1)0(1 SсМ    , which 

overcomes contradictory discontinuities, crossing regions and jumps, as it is shown in this 

paper.  

Although the handy Conic Solution (CS) was the first closed form solution for the problem, it 

only has been demonstrated to be good for small cone angles. To overcome this shortcoming, 

a new closed-form solution for large cone angles in good agreement with existing numerical 

results, was provided in a recent work, [18], which has been named the Extended Conic 

Solution (ECS). In the same paper, in 2013, Ferreyra showed that an infinite number of 

closed-form solutions exist whatever the conical angle was, [18]. 
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To sum up, from 1933 to 2011, almost eight decades, the world accepted the fact that there 

was no closed form solution for the Taylor-Maccoll boundary value problem. Then, because 

of the following three papers related to: a diversification process applied to traditional 

analytical techniques [15], the Local Dislocation Method (LDM), [16-17], and further 

analytical developments [18], the amount of available analytical tools changed and also 

changed the perspective. In fact, in 2012 the Conic Solution (CS) and the Local Dislocation 

Method (LDM) appeared. Now, in 2013, there is an infinite number of closed form solutions 

(CFS), [18]. In particular, for large cone angle the Extended Conic Solution (ECS) is 

available, whereas for small cone angles the Conic Solution is preferred. Both these tools can 

be applied for predictions and for design. In addition, a new analytical lower boundary is now 

available for the ( C  , S , 
1M ) chart. All of these analytical results are now available, for 

solving the problem and for analyzing similar ones. The main goal of this paper is to briefly 

summarize these facts. 

2. The Model 

 

The differential equations of momentum, continuity and energy for inviscid flows and the 

definition of enthalpy have the following form: 
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The flow is adopted with zero vortex, thus  

  









2
.0

2V
x VVV  

Also, the flow is assumed to be adiabatic ( 0
.

q ), with no body forces ( 0f ), steady (d/dt = 

0), and iso-entropic ( 0s ). The relationship between pressure and density is adopted in the 

form 
kp  , where k  is a constant value and   is the ratio of specific heats. The velocity 

of the sound satisfies 


 р
а 2 . Therefore, the momentum, continuity and energy equations 

can be rewritten as: 
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 (6) 

 

Crocco’s theorem establishes that tVVVVhsТ  )(0 . Now, since 0 t , 

0 t , 0 Vx  and 0s , then 00 h . Equation (6) implies a level of enthalpy 

called 0h , defined throughout the kinetic energy as  22

limV  and associated to a fixed reservoir 
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condition. In fact, when this condition is reached, the flow has expanded to zero temperature, 

and hence 0h . 

         22

)( 2

lim

2

0

VV
hh 



 
(7) 

Note that 
limV  is a constant for the flow obtained from 0h , and the equation. 

limV  is the 

highest dimensional velocity that the flow can reach under the hypothesis of a constant 

enthalpy expansion process with a value of 0h .  

Combining the momentum and continuity equations (4) and (5), and considering a calorically 

perfect gas, the equations (4), (5), and (7) become: 
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For a potential function   such that V  exists, then the vector velocity in spherical 

coordinates has the form  
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1
,

1
,V , 

and the hypothesis of conical flow is established as    R . If an axis-symmetric flow 

exists, then the derivatives with respect to   must be zero, i.e. 0  , 

)0,)(),((  V , and consequently )0,)(),((  V . This implies that 

 RV ,  ddVV R , 0V  and 
222

VVV R  , and that the flow properties are constant 

along a ray from the vertex 0 R . Since the non-dimensional Mach number is aVM  , 

then from (9): 
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(10) 

From (8) and (9), and using the non-dimensional velocity lim/VVV  , the dimensionless 

equation of Taylor-Maccoll can be written in the following form: 

Notice that Eq. (11) is of the second order, of third degree in ddVR / , ordinary and non-

linear.  

The unknown terms of equation (11) are the radial and transversal components of velocity. 
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(11) 

The transversal component, V , is considered null on the surface C  . This ensures that 

the fluid cannot pass through the cone surface. Therefore, 

  0CV   
(12) 

Now, the boundary conditions associated with the conic shock angle s   must be imposed. 

The radial component of the velocity,  SRV  , is tangent to the shock wave, and thus, 
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   SSR VV  cos1

 
(13) 

As the transversal component at the shock wave,  SV  , must satisfy the equation 
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(14) 

Then, equations (13) and (14) come from typical physical and geometrical considerations at 

the shock wave, and they are usually referred to as the Rankine-Hugoniot shock conditions. 

The symbol 
1V represents the free stream velocity, while the symbol 

1M  is the corresponding 

Mach number. The set of equations (11), (12), (13) and (14) define the boundary value 

problem to be considered, and the aim is now to find an approximate analytical solution for 

this set of equations. Noticed that Eq. (11) has the form  

          VTt   (15) 

Where , is the second derivative of the unknown  RV  with respect to θ.  The other factor in the 

right member is 

                

 22 1
2

1

2

1
RVVT 







 








 





 
(16) 

Where 22 / dVdt R , is the tangential component of the velocity. The left member is 

described by 
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where  θ is an angle between the cone angle c  and the shock angle S . Notice that 
 0CS  . Finally, noticed that equations (12), (13) and (14) involve derivatives of the 

unknown function evaluated at different boundaries.  

 

3. New analytical methodologies 

 

In this paper, three strategies are proposed. The first one is adapted from the most elemental 

well known characteristic theory. Then, a diversification process is carried out in order to 

solve some nonlinear partial differential equations of the second order. The starting point of 

this study is the simplest analytical model in the field of nonlinear partial differential 

equations of the first order with two independent variables 
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where 15 RRD F

F   is a given function, 12 RRD z

F   is the dependent unknown 

variable with partial derivatives ,/ xz  yz  /  , and (x,y) are the independent variables. The 

integral surface S is the graph of the unknown variable z, and S is required to contain the 

prescribed curve ),,()( zyxxГ   in the original Cauchy problem, [19]. This theory, however, 

is not able to solve this problem, as the restrictions have derivatives of the unknown variable 

and are imposed at different boundaries, with the equation to be solved being of the second 

order. Therefore, at the beginning of 2012, an attenuated characteristic strategy was presented 

over different boundaries conditions and for the second order nonlinear partial differential 

equations, [15]. The aim of that paper was the application of a short path based on the 

characteristic scheme, with the procedure being tested by solving analytically the Taylor- 
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Maccoll equation, which was interpreted as a partial differential equation. This was solved by 

the proposed short path, and then compared with the available numerical solutions. The 

procedure used was very simple and is briefly explained here: Equation  (18) is extended to 

the second order in a suitable manner for the characteristic scheme.  
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(19) 

As a consequence, Eq. (19) generates new necessary information from the model.  It should 

be noted that x=r, y=θ, and z=VR. In addition, using Eq. (19), the three second order 

derivatives are available. Thus, three new equations are obtained when deriving Eq. (19) with 

respect to r, s, and t, respectively.   
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where, 22 / xzr  , yxzs  /2 , 22 / yzt   are second order derivatives. Since the 

Taylor-Maccoll equation has the form  

       0,,,,,,,  VTttsrqpzyxF  (23) 

it follows from Eq. (23) that 0 SR FF , and TFt  . These results applied to Eqs. (20), 

(21), and (22), allow T=0 to be obtained as a possible solution. Both equation T=0 and Eq. 

(23) imply V=0.  Next, there is a system defined for the four equations: V=0 and equations 

(20), (21) and (22), and if this system is considered, a closed form solution is obtained. 

Therefore, the Cauchy characteristic method has become unnecessary, even when the type of 

V=0 is the same as the type as that of Eq. (18). The surface Mach number MS and the free 

stream Mach number M1 are given in Fig. 1. 

 
Figure 1. Surface Mach number versus free stream Mach number 
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Eq. (24) was also applied for every θ value, thus in obtaining the graph of Ms as a function of 

M1 

                 

 
   

1

22

2 1
1

1

2



























VV
M

R  

(24) 

Figure 1 contains a set of numerical computations from the Taylor-Maccoll boundary value 

problem named Reference Numerical Solutions (RNS), compared with the ones derived from 

the analytic solution, Eqs. (12), (13), (14), (20), (21), (22) and (23), which were named the 

Proposed Analytical Solutions (PAS). Every curve in Fig. 1 is obtained for a different conic 

angle, θc and the correlation between the numerical and analytical M2 values was very good 

for all θc and M1 values.   

The second proposed methodology is an analytical Dislocation Method named the Local 

Dislocation Method (LDM).  Suppose that 

               
  0yf  (25) 

is a nonlinear differential equation and   01 yB , ..,   0yB
n  are the set of boundary 

conditions associated to the physical problem. If there exists  Sy   such that    0:   Sf  

and    0:  SBi i , then S  is the exact solution of the boundary value problem. In addition, 

if f  and S  are analytic, then it is always possible to write   0yf  in the form of the 

expansion      00

1
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##  . It therefore follows that,         0###   SfSf  or more 

simply 

                
      0***   ff  

(26) 

It is defined that a dislocation happens when something leaves its original location. S0,   is 

called the dislocation function and     **f  is called the dislocated term. This 

methodology requires that the dislocation term satisfies the limiting process 

                
      00 **

0   f
 

(27) 

For this method for instance, in searching for the roots of   012 f , the option 

    0221
2

 f , where    2* 1 f ,   2** f , and   1 , show that 

the first root of  *f  is 1 . Also, the equations     0221
2

 f , 

   2* 1 f ,   2** f  and   1 , show that the second root of  *f  is 1 . In 

consequence, the roots of  f  are now known and the problem has been solved. Now, let us 

consider LDM applied to a Taylor-Maccoll Model. The analytic functions  sin  and  cos   

both satisfy the Taylor-Maccoll equation. However, the fact that these functions do not satisfy 

the Taylor-Maccoll boundary value problem (as this is given above) is essential to the 

analysis. The availability of undetermined constants in the solution is necessary due to the fact 

that some arbitrary constants must be consumed by the restrictions. An analytic solution 

 RV  with the three undetermined constants  1,, VCs   is sufficient, since there are three 

boundary conditions to be satisfied. To facilitate the procedure, the condition   0CV   must 

receive an early consideration. Thus, an analytical approximation,  *

RV , for the boundary 

value problem is proposed as: 
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     CCsRR VVV   cos,, 1

**

 
(28) 

 

where  1

* ,, VV CsR   still has to be determined.  By replacing the proposed solution, Eq. (28), 

into the original equation VTt  , and by adding, removing and resetting terms from the 

equation VtT . , it is then easy to construct an equivalent expression in the form: 

 

               0)( ******  VtTVtT   (29) 

 

which satisfies the LDM requirements. In addition,  *

RV  can be identified from boundary 

conditions,  
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Now, since for every   value the relation      CRR
VVV 



222   is satisfied and  CRV   is a 

constant value,  

           

    CRVa 
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(31) 

 

then Eq. (31) shows that the velocity of sound is always constant under the conic solution 

(CS). Since LDM provides the scheme, the sets of terms   *T , 
*V , **T , 

**V and   are 

known. In other words, the CS solution helps in transforming the Taylor-Maccoll equation 

VTt   through the degenerative process, in which   0**** VT . 

Every curve in the region 
20C  should be considered a good approximation after using 

CS. The condition 
 206,11  C  was recognized as a band in which there are no crossing 

regions, see [15, 17]. Although the curve )sin(/1)0(1 cсМ     generates undesirable 

crossing regions, the curve ))sin(/(1)0(1 cсМ     does not generate crossing regions 

(see section IV). By adopting the curve ))sin(/(1)0(1 SсМ     as the new lower 

boundary for the chart  1,, MCs  , then 
 200  C  is the actual domain of validity of the 

Conic Solution. Thus, the CS, given by LDM, should not be interpreted as a curve of any 

perturbation scheme. This result is stronger since it can be observed that LDM provides a 

family of curves represented by a thick band that covers an important region of the chart.   

The third methodology is to select two closed form solutions in order to reproduce numerical 

results in the  1,, MCS   chart. Then, to propose a short explicit form for CS and ECS (It was 

proved that an infinite number of closed form solutions for the Taylor-Maccoll boundary 

value problem exists, with two of these being selected to reproduce numerical results, see 

[18]). The Extended Conic Solutions, ECS (
20C ) for large con angles, and the Conic 

Solution, CS (
 020  C ) for small cone angles, are given respectively as follows 
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Figure 2.  Mach number of the free flow as a function of the shock angle for different 
C . 

 

To obtain the New Lower Boundary (NLB), Mach line, the relation is 

1( 0 ) 1/ ( sin( ))с SМ      , and to obtain the Classical Lower Boundary (CLB), Mach 

line, it is well known that  1 1/ sin SM  . In addition, it should be noted that a New Region 

(NR) appears in between CLB and NLB. The following chart, Fig. 2, summarizes all these 

results. 
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4. Jumps, crossing regions and a new lower boundary 

The set of solutions obtained from the Conic solution were demonstrated to be valid not only 

for lower cone angles  020 C   , but also inside the whole physical region 


 CS  . 

This solution allows crossing regions to be obtained for  010 C   . The Conic Solution 

and all boundary conditions provide the following relationship between 
1M , S  and C .  
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(34) 

To reproduce the curves for 
0C , the ( ) signs are explicitly included in Eq. (34), 

because the (+) sign generates a discontinuity at 
0C . That is to say, if the (+) sign is 

included in the analysis, then there is a jump condition when 
0C . The (-) sign is 

associated with the physical flow as it can be seen in Fig. 3. 
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Figure 3. Physical meaning of the minus sign of the tangential velocity 
V . 

Table 1 shows that two possible curves (CLB and NLB) can be obtained from 
0C  and 

also shows a global perspective by associating the (+) sign with the Crossing Regions CR, 

which have an infinite number of crossing points, Jumps of Intensity JI, and a Contact Point 

CP.   

The Taylor-Maccoll curve for 
0C  (Classical boundary solution) is represented as 

 01 

CM   and analytically obtained here from the (+) sign in Eq. (34). Moreover, the curve 

 01 

CM   is a New Lower Boundary, NLB. Notice that as     00
11

 

CC MM  , 

then in principle a kind of discontinuity exists from the analytical point of view when the 

Classical Lower Boundary curve is considered.  

By selecting the (+) sign in Eq. (34) and the Conic Solution CS, then the Classical Lower 

Boundary is obtained for 0C , where in the interval 
 6.110  C  every curve has a 

primary crossing point and a secondary one. However, for the curve 
6.11C , there is only 

one crossing point which is neither primary nor secondary. Finally, for 
6.11C , the curves 
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do not cross the classical line 
0C . 

 

Table 1. Consequences of the (+) sing in Eq. [34], its meaning, and a global perspective 

 

Physical Condition Sign in Eq. (34) Meaning 
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Figure 4. Primary and secondary crossing regions, where 

 160  C . 

 

On the other hand, by selecting the (-) sign in Eq. (34) and the Conic Solution CS, then the 

New Lower Boundary is obtained for 
0C . There is no Crossing Region when the (-) sign 

is selected. Figure 4 summarizes these results when both CLB and NLB curves are 

simultaneously considered.  
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To conclude, it has been shown from the Conic Solution that crossing regions appear under 

the condition 
 6.110  C , with the assumption of the classical boundary. If a new 

physical boundary (NLB) is defined, then crossing regions, jumps and the contact point will 

disappear and a non-trivial extension of the classical analytical region is obtained. Therefore, 

the proposed New Lower Boundary NLB, ))sin(/(1)0(1 SсМ    , should be 

considered as the analytical one for lower cone angles.  

 

5. Conclusions 

 

In this paper, three new  analytical tools dealing with the Taylor-Maccoll boundary value 

problem were examined. The first one, for solving second order ordinary and partial 

differential equations restricted to multiple boundaries, has been cited, proposed, and applied. 

This method was tested by solving the Taylor-Maccoll equation, and the analytical predictions 

were in good agreement with the numerical results. The proposed strategy is quite simple and 

can be applied either when a fast prediction is needed or, because of its simplicity, to avoid 

more complex computations.  The second analytical tool, a non-trivial dislocation process 

(LDM) is illustrated, adopted and applied to obtain the Conic Solution (CS) which is now a 

recognized closed form solution for an approximate Taylor-Maccoll boundary value problem 

suitable for a supersonic cone at zero angle of attack, and also for lower cone angles. In 

addition, it is known that there exists an infinite number of closed-form solutions for the 

Taylor-Maccoll problem, and the third analytical tool is provided by selecting closed-form 

solutions for large and small cone angles of the Taylor-Maccoll model.  The solution given by 

the third method for large cone angles, the Extended Conic Solution (ECS) has been 

demonstrated in the literature to give a good correlation with numerical curves. CS and ECS, 

both analytical solutions, can also be used to extrapolate results in the physical region to solve 

the flow field between the real supersonic cone and the shockwave.  

Although the curve )sin(/11 SМ   generates undesirable crossing regions, a contact point 

and senseless jumps, the small cone angle solution CS helps to understand the analytical 

problem and generates a desirable continuous new lower boundary ))sin(/(11 SМ   . 

Next, it was proved that all negative consequences disappear by removing CLB after 

assuming continuity. Probably, for lower cone angles, scientific agreement will recognize  

))sin(/(11 SМ    as the actual physical lower boundary for the compressible inviscid 

fluid model, as discontinuities would introduce absurdness to the basal theory. Finally, both 

the large and small cone angle solutions (CS and ECS, respectively) were identified as being 

powerful tools for the classical analysis of supersonic conical bodies at zero angle of attack. 

In future, the presented methodologies and the derived tools can be applied to a wide variety 

of fields of nonlinear knowledge. 
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Introduction 

 
For many decades the task to make a buckling analysis technique of shells more accurate has 

been the key target in advancing math models and getting new analytical methods on their 

basis [1-6]. However, the developed finite elements method practically exhausted possible 

advancing of the available math models. Nevertheless, a representative scope of data on 

critical loads due to verification of various shell forms designed with different analytical 

methods have been accumulated during the long history of operation of the shell structures in 

industry, especially in rocketry. The experimental data were used mainly to refine coefficients 

of stability for design dependences. Therefore, the task for further development of effective 

statistical analysis of experimental data to get design dependences which give significantly 

better agreement of theoretical and experimental results is practically useful. 

1. Statement of a problem and a method of analysis 

The correcting functions with the product of normalized design parameters to the powers 

estimated by successive cyclic minimization of a coefficient of variation of the random 

variable ε of experimental data sampled by the ravine method, are proposed in [1, 2], 

including methods [4, 5], to improve methods of analysis. The method firstly applied in 

statistical analysis to process experimental data [1] considerably excels the least-square 

method in wider capabilities to minimize the coefficient of variation in the number of powers 

and numerical values and absence of the need to solve a system of linear algebraic equations 

with high dimensions. Moreover, the ravine method unlike the least-square method allows 

also to minimize the coefficient of variation to powers and numerical values of complex 

expressions, included in correcting functions, e.g., coefficients and powers of variable 

polynomials without their preliminary processing. And minimum of the coefficient of 

variation and corresponding powers of parameters of the correcting function estimated with 

two methods in [2] for their small number practically coincide. Hence, the ravine method is 

the most universal to efficiently use experimental data for improvement of design 

dependences with correcting functions. 

The conducted investigations showed that a correcting function in each particular case gives 

the least coefficient of variation of a random variable and the least safety coefficient for 

failure free operation of a structure, bringing a design load nearer to the operation load and 

reducing mass of a developing shell as a result. The accuracy of design dependences is 

noticeably increased due to compensation of disadvantages of math models, on which basis 

the methods of analysis are based, with correcting functions. In this case the methods of 

analysis formally can be expressed:    j
kj
j

T
qT XFXf, , where 2ErT pT

T  , Eq pT
q   

– theoretical normalized parameters of the axial force and external pressure; э
б

p TkT  , 

э
б

p qkq   – calculated axial force and external pressure; T
э
, q

э
 – operational axial force and 
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external pressure; kб – safety factor;  jXF  – method of analysis; jX  – normalized design 

parameters;  

  



z

j

kj
j

kj
j XXf

1

 

– correcting function; kj – power j of a design parameter; z – number of design parameters in 

the method of analysis; E – elasticity modulus of the shell material; r – shell radius. The 

random variable is expressed as the ratio of the experimental and theoretical critical loads 

ε=ρ
o
/ρ

T
. 

However, each design dependence has its limiting accuracy due to several statistical factors 

(variations in fabrication technique, mechanical properties of the material, test hardware, etc.).  

To overcome the restriction the method of analysis is proposed to supplement with a load 

parameter to the power v. In this case 

                                 
     j

kj
j

vT
qT

T
qT XFXf,,   .     (1) 

A discrete increment in the power v with replacement of T
T  by о

T   and proper estimation 

for each v powers of design parameters of the correcting function and numerical values by the 

criterion of minimum of coefficient of variation of the random variable of the experimental 

data lets us to form methods of analysis with the given level of accuracy replacing о
T  by T

T . 

The limiting accuracy of methods of analysis (1) is reached at power v close to 1. And it is 

necessary that in synthesis each refined in this way method of the analysis provides the 

variation of the shell design parameters matched with the variation of the random variable . 

In other words, if <1, in synthesis for the load parameter o
T

T
T    the theoretical parameter 

of the total shell section height   rhT
h    with other equal design parameters should be 

lower the analog parameter o
h  of an experimental shell. And on the opposite side, if ε>1, 

then in synthesis for the load parameter ,o
T

T
T    it is required that 

o

h

T

h   . In the 

expression for :T

h  h means the height of ribs in the axial and circumferential directions, δ – 

the skin thickness between ribs. 

It should be noted that the proposed method for improvement can be extended to correction of 

methods of buckling analysis of smooth shells and other methods of analysis which limiting 

accuracies are restricted by statistical factors.  

 

2. Improvement of methods of analysis of buckling of stiffened 

cylindrical shells under axial compression. 

 

A representative sample of 135 experimental data for critical axial force of the experimental 

stiffened shells and three methods to estimate coefficients of stability with empirical 

dependences from the parameter of experimental load that also improve smoothing of 

experimental data with corresponding methods of analysis, is given in [3]. For example, for a 

method of analysis described by the correcting function 
28.0

2
15.0

1
91.040.1  ry

T
T k ,  (2) 

an empirical dependence for the coefficient of stability estimated for a sample of experimental 

data from [3] is    T
T

T
Tyk 93001302.0  . At  = 0.125 coefficient of variation kв of the 



 
Development of statistical method for experimental data analysis with ultimate accuracy 

143 

sample reduces from 7.12 to 4%. In the method of analysis: rr   ;  h ; 

iii lc 2  – normalized parameters of the skin thickness , height and the rib width; ci – rib 

width; li – distance between ribs; i=1 – axial direction; i=2 – circumferential direction. 

The rise in power v of the empirical dependence for the coefficient of stability up to 0.95 

varies powers of the correcting function and numerical values, when minimizing the 

coefficient of variation of a random variable of the sample of experimental data in [3], as 

mentioned above, and the method of analysis (2) turns into: 

009.0
2

0032.0
1

031.0045.0

95.0

4501
756.0 




 rT

T

T
TT

T 











  (3) 

The coefficient of variation of method (3) is kв =0.13%. 

The improvement of the method of analysis (2) in correspondence with expression (1) at the 

power of the load parameter v=0.95 results in the following change of the method: 

  018.0
2

013.0
1

065.0094.095.0
009.1  r

T
T

T

T   (4) 

with coefficient of variation kв=0.31%. Though the power of the load parameter of method (4) 

is the same as of method (3), its coefficient of variation is higher the coefficient of variation 

of method (3). 

Fig. 1 illustrates curves for coefficients of variation of methods (3, 4) against discrete values 

of powers v (curves 1, 2). In so doing, zero power v corresponds to the coefficient of variation 

in cross points of curves 1 and 2 with the Y-axis, the power v equals to 0.95 – coefficients of 

variation in the rightmost points of curves 1 and 2. As it can be seen in Figure, the coefficients 

of variation of method (3) are lower the analog ones of method (4) for all powers v>0. Thus, 

for synthesis of the shell structure under axial compression method of analysis (3) is 

preferable. 

 
Fig. 1 

 

Fig. 2 (in coordinates: the vertical axis – h; the horizontal axis – power v) shows curves 1, 2 

with the section height T
h  defined for the load parameters о

T  of the experimental shell with 

<1, in synthesis based on methods (3) and (4) with powers v, varying from 0 on the vertical 

axis to 0.95. The lower horizontal line in the Figure corresponds to o
h   of the experimental 

shell. The Figure demonstrates that the theoretical height of the shell cross section for all v is 

lower the height of the experimental shell section, i.e., one of the above conditions is met (at 

<1 of the shell o
h

T
h   ). 

1 

2 
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Fig. 2 

 

The second horizontal line reproduces the total height of the experimental shell section, for 

which >1. Lines 3, 4 describe change in the theoretical height of the section T
h  defined 

similarly for the load parameter of the shell о
T  in synthesis with methods (3) and (4) for v 

varying from 0 to 0.95. As it can be seen in the Figure, lines 3, 4 all the way are higher the 

upper horizontal straight line that witnesses on fulfillment of the second condition (at >1 
o

h

T

h   ). 

Hence, with methods (3) and (4) both of the above conditions are met, and they can be used 

for synthesis of the stiffened shells under axial compression. 

For lines 5, 6 the theoretical height of the shell section is defined with methods (3) and (4) for 

the design load 
о
Tб

P
T k   . Here о

T  – load parameter for the experimental shell with <1, kб 

– safety coefficient derived from the equation in [6] 

в
б

k
k




1

1
,   (5) 

where θ=3.15 for probability of the failure-free operation of the shell structure of 0.999. The 

safety factor is defined for methods of analysis (3) and (4) for each discrete power v. For 

example, at v=0.95 for methods (3) and (4) the safety factors are 1.0042 and 1.0099 

correspondingly. The location of lines 5, 6 above the horizontal line for all v indicates that in 

qualification of shells with the section height the critical load will exceed the corresponding 

critical load of the experimental shell from the sample with the specified probability. 

Fig. 3 demonstrates practically ideal smoothing of the experimental data from the sample with 

method of analysis (3) with rather even distribution of the experimental data along the 

theoretical curve. The horizontal axis corresponds to 
T
Ts  , while the vertical axis 

corresponds to 
21 sp

T   for the theoretical curve and 
3so

T
p
o    for experimental data. 

The reduction of the safety factor with methods (3, 4) against its directive value of 1.3, 

identified for design, with the corresponding method of analysis in [4] permits decreasing the 

shell mass up to 19% by reduction of the skin thickness and width of the reinforcing ribs 

depending on the size of the reinforcing skeleton of the experimental shell. If the rib width 

should be intact, e.g., if the rib width is equal to the technological restriction, the mass can be 

reduced by the skin thickness and the rib height, however, the percent of the mass reduction 

will be lower.  

3 

4 

5 

6 

1 

2 



 
Development of statistical method for experimental data analysis with ultimate accuracy 

145 

 

Fig. 3 

 

3. Improvement of methods of analysis of buckling of the stiffened  

cylindrical shells under external pressure 

 

The samples of experimental data for different construction types are given in article 

Appendix. Appendix 1 shows a sample of 94 experimentally obtained critical pressures of the 

stiffened cylindrical shells. For external pressure the experimental critical load to the power is 

included into methods of analysis of the stiffened shells, as stated in (1), and its power 

increases simultaneously with adequate change in powers of parameters of the correcting 

function as a result of minimization of the coefficient of variation of the random variable of 

the above mentioned sample of experimental data. 

When the load power is v=0.95, methods of analysis in [4, 5] and the method of analysis in 

the form of the correcting function are expressed as follows: 

  
154.0

2
069.0

1
73.0105.1

249.0
23

1
376.2

1
2
1

95.0 2890070





r

T
qy

T
q sssk  , (6) 

where 
63.095.078.2

1 851.2 rs  ;   5.2
11   ; 

0.333 0.5

0.44 1.41
0.57

 
   ;   25.03

21  ; 

 









h
. The coefficient ky=2837.8 and the coefficient of variation kв=0.63% are derived 

from the statistical analysis of the sample of experimental data; 

  
385.0

2
725.0359.1

348.0016.0
1

23
2

3846.2
2

2
2

95.0 2860070





r

T
qy

T
q sssk  , (7) 

where 
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2
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1
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        2
211

22
1 121.1311.1   hhhd  ;     hd 2133.0183.0

2
211   ; 

        hhhd 121.1311.1 122
22

2
2

2    ;      hс 2
11.1  ;   

hс 66.06.21  ;     hс 2
22 1.1  ;      11.01.11.1 21  h ;   
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       hb 21.111.11 1221    ;      2
11 2133.0   hb  ;   

  hb 2133.0 2
22    ;     2ii  . 

The critical number of waves n in circumferential direction is defined calculating numerically 

the algebraic equation of the 12th power with one positive root 

       05,0432 1
3

2
2

2
4

1
22

42
343

11
3

4
21

12   cbbbbdnccbcnbbbnd rrr  ; 

4
21

2
3 nbbbnb  ;   4

214 nbbb  ;   4
2

2
13 ncnccc  ;   4

2
2

14 32 ncnccc  . 

The numerical coefficient ky=441.84 and the coefficient of variation kв=0.62% of method (7) 

are estimated, when one random variable is excluded by virtue of the 3 law; 

  
342.0

2
948.0149.1

027.0
1

297.0
23

3
379.2

3
2
3

95.0 2912070





r

T
qy

T
q sssk  , (8) 

where 
64.005.0

1
74.0

2
07.252.2

3 462.0  rs  . The numerical coefficient ky=2830.45 and the 

coefficient of variation kв=0.50% of method (8) are estimated, when one random variable is 

excluded by virtue of the 3 law. 

It should be noted that the proposed methods of analysis (6–8) have polynomials, power of 

variable of the negative term and numerical coefficients of each of which are determined as a 

result of minimization of coefficients of variation by the ravine method as well as powers of 

parameters of the correcting functions. 

Fig. 4 illustrates curves 1–3 of coefficients of variation of methods (6–8) versus the power v 

of the load parameter. As it can be seen in Figure, the curves are practically linear with a light 

relative displacement reducing, when v tends to 1. 

 

 
Fig. 4 

 

Fig. 5 presents the estimated theoretical height of the shell section that confirms methods (6–

8) meet the required conditions (lines 1–3 and 4–6), even in synthesis for the design load 

(lines 7–9). However, it should be mentioned that for method (7) at the load power of 0.80 the 

random variable of the experimental shell gets lower 1 =0.999 and line 7 goes below the 

upper horizontal straight line. The fact emphasizes matching of variations in random variable 

and theoretical total height of the shell section with methods (6–8). 

1 

2 
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Fig. 5 

 

Fig. 6 demonstrates the smoothing of the experimental data from the sample with method of 

analysis (7) that witnesses minimum displacement of the theoretical and experimental results 

and sufficiently even distribution of the experimental results along the theoretical curve. The 

horizontal axis corresponds to 
T
qs  , while the vertical axis corresponds to 21 sp

T   for 

the theoretical curve and 
3so

q
p
o    for experimental data, where 

o
q  is experimental 

critical pressure from Appendix 1. 

 

 
Fig. 6 

 

If the probability of failure-free operation of the shell structure is taken to be 0.999 with the 

reliability quantile θ=3.15, the safety factor estimated under formula (5) for methods (6–8) are 

1.02, 1.2, 1.016 correspondingly. The values are much lower the safety factor of 1.3 specified 

as a directive to calculate a design load with the method of analysis in [4]. And the efficiency 

of methods (6-8) to reduce the design load is estimated by decrease in mass of a developed 

shell caused by lower skin thickness and width of the reinforcing ribs at the same section total 

height. For example, for the experimental shell from the sample 3.1б
o
q

p
q k  , where kб – 

safety factor of each method (6–8) the mass can be decreased up to 17.5% depending on a 

method of analysis and parameters of the experimental shell from the sample. 

4 
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4. Improvement of methods of analysis of buckling of the stiffened 

spherical shells under external pressure 

 

The method of analysis in [4] improved by the load parameter to the power v=0.95 and the 

correcting function with powers of parameters properly defined by successive cyclic 

minimization of the coefficient of variation of the random variable from the representative 

sample of experimental data (Appendix 2) can be expressed as follows: 

  ,001.0
2

003.0
1

019.0028.0072.095.0
 r

T
Tу

T

q k  (9) 

where  kу = 0.805 – numerical coefficient,   211   ,   5.0
21  , 

3.13.14.0 5.03333.0   . The coefficient of variation of the method is kв =0.46%. 

The method of analysis described by the correcting function after improvement of the load 

parameter to the power v=0.95 and powers of parameters of the function properly defined by 

the criterion of minimum of the coefficient of variation of the random variable from the 

sample of experimental data is derived as follows: 

  ,009.0
2

011.0
1

064.0076.095.0
 r

T
Tу

T

q k  (10) 

where kу
 
= 0.821 – coefficient; the coefficient of variation of the method is kв =0.47%. 

Fig. 7 illustrates curves 1, 2 of the reduction of coefficients of variation of methods (9, 10) 

versus the increase in power v of the load parameter. As it can be seen from the Figure, curves 

1, 2 are linear inclined practically at 30 with the abscissa axis. Their small relative deviation 

at low power values v is reduced to 0, when the power approaches 1. 

 

Fig. 7 

 

 

Fig. 8 
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Fig. 8 illustrates the results confirming the methods (9, 10) meet the required conditions (lines 

1, 2 and 3, 4) and the fact that the methods can be used for synthesis of the stiffened spherical 

segments (lines 5, 6). 

Fig. 9 demonstrates smoothing of the experimental data of the sample by method (9) and their 

distribution along the theoretical curve. The horizontal axis corresponds to 
T
qs  , while the 

vertical axis corresponds to 21 sp
T   for the theoretical curve and 

3so
q

p
o    for 

experimental data, where 
o
q  is experimental critical pressure from Appendix 2. 

 

Fig. 9 

 

The efficiency of methods (9, 10) in development of shells, as in the previous cases, lies in 

significantly lower safety factors derived from equation (5) as against its directive value of 

1.3 identified for design with the corresponding method of analysis in [4]. The fact ensures, as 

the synthesis results demonstrate, the relative drop in mass of the stiffened segments up to 

20% due to reduction in the skin thickness and width of the reinforcing ribs at the same 

section total height.  

 

5. Improvement of methods of analysis of buckling of the stiffened 

conical shells under external pressure 

 

As a result of improvement with equation (1) of the corresponding method of analysis in [4] 

by the load parameter to the power 0.95 and properly defined powers of the correcting 

function using the experimental data from the sample (Appendix 3) the following method of 

analysis is derived: 

   ,/ 012.0439.0
2

164.0
1

881.1081.095.0
 r

T
Tу

T

q k    (11) 

where kу=0.701 – numerical coefficient; an expression for ω similar to given in paragraph 3. 

The coefficient of variation of the method is kв =0.60%. The powers of parameters of the 

correcting functions, the numerical coefficient and coefficient of variation are obtained, when 

nine random variables are excluded by virtue of the 3σ law for experimental shells (5, 6, 9, 23, 

62, 88, 122, 124, 131) from the sample. It should be mentioned that unlike the method of 

analysis in [4] method (11) does not contain the cosine of a gradient angle of the conical shell 

generatrix and the parameter depending on the ratio of the lower and higher bases of the shell, 

while parameters δr and γ in the sample of experimental data are calculated with the shell 

average radius. 

S10-6  
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Fig. 10 illustrates a curve demonstrating the reduction of the coefficient of variation with the 

increase in power v of the load parameter. 

 

 
Fig. 10 

 

Fig. 11 shows method (11) meets the required conditions (lines 1, 2) to make synthesis of the 

stiffened conical shells for the design load (line 3). 

 

 
Fig. 11 

 

Fig. 12 illustrates smoothing of experimental data of the sample with the proposed method of 

analysis and distribution of experimental data along the theoretical curve. 

 

 
Fig. 12 
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As in the previous case, minimum deviation of experimental data of the critical loads from the 

theoretical curve should be mentioned. The horizontal axis corresponds to 
T
qs  , while the 

vertical axis corresponds to 21 sp
T   for the theoretical curve and 

3so
q

p
o    for 

experimental data, where 
o
q  is experimental critical pressure from Appendix 3. 

 

5.1 Analysis of efficiency of synthesis of the stiffened conical 

shell with the improved method of analysis 

 

The analysis is conducted to confirm conclusions of the above paragraph on possible 

significant decrease in mass due to lower safety factors estimated with the proposed methods 

of analysis. 

One shell from the sample with the following load parameter and design parameters is taken 

as an object for the analysis: 
510586.1 o

q ;   310566.21 o
h ;   310621.2 r ; 3

11 10574.3  rc ;  

3
22 10243.5  rc ;     119.15.2 11  lr ;     885.15.2 22  lr ; 

;10010.5 3m    =13;   ;620.32 ch    =8.230;  (12) 

where i – parameters describing a distance between the ribs at i=1 in axial direction, at i=2 in 

circumferential direction; m = r (1+λ1+λ2+Δm) – the mass thickness parameter, the design 

dependence for Δm is given in [2];  – gradient angle of the conical shell generatrix. 

The shell is developed with the method given in [4] with the parameter described by the ratio 

of the shell lower and higher bases equal to 1. 

,  cos 5.1
5.2





 r

yq k   (13) 

where kу=0.275 – numerical coefficient that gives the total height of the shell section 
310566.21 o

h  with the method (13) at design load 
510586.1 o

q . The directive safety 

factor for the method is kб=1.3. In this case the skin thickness was calculated on the 

assumption of its local stability between ribs 

  20

5.0
/ o

qуr k , 

where kу=1.517 – numerical coefficient estimated using data (12) with the account for the 

cosine of a gradient angle of the conical shell generatrix;  20 202.5 2.305r l    ; 

20 2 2 0 02 ;l l c r r    technological radius between ribs and skin for the mechanical milling. 

The results of synthesis of the stiffened shell on the basis of method (13) at the relative 

change in distance between circumferential ribs are shown in Fig. 13 with curve 1. The 

inclined length of the curve marks the design shell with parameters (12). 
The safety factor for method (11) estimated with equation (5) for probability of the failure-

free operation of the shell structure 0.999 and the quantile of reliability θ=3.15 is equal to 

1.035.  In this case the design load .10244.13.1/035.1 5 o
q

p
q   

The results of development using method of analysis (11) are presented by curves 2 и 3. And 

curve 2 is constructed for the width of the reinforcing ribs of the experimental shell from (12). 

The inclined length of the curve marks the design shell with value τ2 of the experimental shell. 

Mass of the shell version reduces by 4.97% due to lower skin thickness and the height of the 

reinforcing ribs as against the version marked in curve 1.  
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Curve 3 describes the results of the developed shell with width of the reinforcing ribs 
3

21 10860.2  . The relative drop in mass of the design version marked by the inclined 

length in curve 3 with parameters =8.760 and 290.62 ch  is 19.97%. 

 

 
Fig. 13 

 

In this case the shell mass is decreased due to lower skin thickness and width of the 

reinforcing ribs. And the total height of the design shell section 310310.20 T
h  is by 

1.256·10
-3

 (mm) less the total height of the design shell section from (12). It should be also 

mentioned that at power v=0.90 the relative drop in mass is 19.15 %. That is the reason why 

the rise in power v up to 0.95 does not considerably decreases mass of the design shell. 

 

Conclusion 

 

The method of analysis supplemented with the load to the power close to 1 and powers of 

parameters of the correcting function properly defined by successive cyclic minimization of 

coefficients of variation of the random variable from the representative sample of 

experimental data by the ravine method permits fully overcoming several statistical factors 

and obtaining methods of analysis with the ultimate accuracy. 

The ravine method applied for the first time in statistical analysis of the experimental data 

provides the global minimum of the coefficient of variation of the random variable at the 

unlimited number of varying powers of design parameters of the correcting functions, 

including the powers of variables and coefficients of polynomials with no need to solve linear 

equations with high dimensions and perform the preliminary processing as in the least-square 

method. 

The proposed methods of analysis with the load parameter close to 1 in synthesis of each shell 

from the sample for its critical load change the section total height with other equal design 

parameters that matches with the variation of the random variable for the experimental shell 

similar to the original methods at zero power of the load parameter.  

Moreover, the height of section of design versions defined in synthesis for design loads close 

to operational with the proposed methods of analysis exceeds the height of section of 

experimental shells. The results confirm the possibility for synthesis of the stiffened shells 

with methods of analysis improved in this manner. 

1 3 

2 
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The lower safety factors for the specified probability of failure-free operation of the shell 

structure as compared with their directive values significantly reduce mass due to lower skin 

thickness and width of the reinforcing ribs. 

The method proposed for processing of the experimental data can be applied in other 

technical fields to form design dependences with maximum possible accuracy. 

 

Appendixes 1, 2, 3 give the experimental data samples. 
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Appendix 1.   94 samples of experimental data for critical pressure of stiffened cylindrical 

shells 
 

№ r10
-3  1 2  

О

Т
10

-6
 

1 2.611 0.255 0.217 0.398 3.787 5.029 

2 2.578 0.255 0.236 0.445 4.216 5.314 

3 2.500 0.255 0.236 0.446 4.267 4.900 

4 2.378 0.255 0.227 0.270 5.776 4.900 

5 2.522 0.255 0.291 0.447 5.366 5.814 

6 2.133 0.435 0.230 0.292 6.604 2.857 

7 2.111 0.292 0.208 0.210 6.658 2.686 

8 2.367 0.475 0.217 0.344 5.836 3.029 

9 2.778 0.681 0.183 0.183 3.608 1.223 

10 2.418 0.255 0.249 0.296 5.664 5.000 

11 2.333 0.255 0.245 0.467 4.667 4.371 

12 2.744 0.449 0.201 0.361 3.656 2.720 

13 2.111 0.342 0.164 0.339 5.079 3.229 

14 1.944 0.278 0.233 0.303 7.269 3.200 

15 2.306 0.282 0.172 0.205 6.084 2.857 

16 2.198 0.278 0.158 0.193 6.310 2.800 

17 1.944 0.435 0.253 0.330 7.286 2.757 

18 2.278 0.400 0.232 0.431 4.854 3.229 

19 2.720 0.605 0.179 0.344 4.765 3.114 

20 2.267 0.405 0.131 0.306 4.637 2.429 

21 2.522 0.255 0.333 0.503 4.352 5.643 

22 2.500 0.255 0.252 0.445 4.333 4.457 

23 2.500 0.412 0.194 0.337 4.333 3.100 

24 2.256 0.492 0.296 0.296 4.675 1.429 

25 2.467 0.255 0.201 0.268 5.486 4.357 

26 2.556 0.255 0.203 0.354 5.304 5.686 

27 2.022 0.435 0.214 0.293 6.995 2.743 

28 2.189 0.291 0.179 0.217 6.513 2.714 

29 2.467 0.475 0.197 0.326 5.532 3.471 

30 2.444 0.255 0.374 0.513 4.400 5.171 

31 2.400 0.414 0.182 0.363 4.532 2.857 

32 2.411 0.255 0.343 0.530 4.599 5.643 

33 2.567 0.255 0.328 0.483 4.147 5.357 

34 2.333 0.255 0.377 0.554 4.733 5.429 

35 2.378 0.401 0.198 0.366 4.621 3.171 

36 2.400 0.255 0.348 0.527 4.514 5.586 

37 2.322 0.414 0.199 0.390 4.742 3.200 

38 2.456 0.255 0.345 0.514 4.430 4.643 

39 2.500 0.414 0.199 0.356 4.333 3.143 

40 2.467 0.255 0.211 0.367 5.509 5.714 

41 2.389 0.223 0.218 0.272 5.698 4.643 

42 2.389 0.475 0.200 0.329 5.698 3.571 

43 2.111 0.435 0.201 0.272 6.579 3.286 

44 2.000 0.302 0.209 0.212 7.056 3.286 

45 2.179 0.322 0.434 0.201 7.411 3.643 

46 2.147 0.322 0.217 0.211 7.539 3.643 

47 2.958 0.261 0.128 0.243 5.299 6.786 

№ r10
-3  1 2  

О

Т
10

-6
 

48 2.958 0.219 0.143 0.240 5.317 6.786 

49 2.489 0.255 0.323 0.503 4.357 5.600 

50 2.444 0.414 0.183 0.366 4.455 3.071 

51 2.511 0.255 0.278 0.443 5.385 5.957 

52 2.322 0.255 0.223 0.297 6.043 4.671 

53 2.056 0.435 0.210 0.297 6.870 2.957 

54 2.022 0.291 0.171 0.206 6.940 2.957 

55 2.400 0.475 0.217 0.346 5.667 3.486 

56 2.478 0.255 0.221 0.370 5.556 5.600 

57 2.367 0.255 0.227 0.299 5.718 4.829 

58 2.089 0.435 0.213 0.292 6.739 3.000 

59 2.011 0.283 0.188 0.238 7.149 2.886 

60 2.344 0.475 0.208 0.339 5.863 3.414 

61 2.322 0.255 0.230 0.291 6.024 5.400 

62 2.078 0.435 0.215 0.277 6.786 3.000 

63 2.100 0.291 0.187 0.211 6.757 2.957 

64 2.353 0.475 0.226 0.283 5.785 3.171 

65 2.556 0.255 0.239 0.433 4.239 4.186 

66 2.467 0.255 0.332 0.514 4.405 5.429 

67 2.244 0.340 0.136 0.308 4.703 2.429 

68 2.300 0.255 0.216 0.285 5.908 4.543 

69 2.311 0.255 0.214 0.289 5.875 4.543 

70 2.444 0.255 0.232 0.372 5.550 5.757 

71 2.100 0.435 0.221 0.276 6.690 3.143 

72 2.133 0.291 0.184 0.202 6.542 3.000 

73 2.389 0.475 0.210 0.282 5.698 3.256 

74 2.444 0.255 0.183 0.260 5.568 5.043 

75 2.578 0.255 0.251 0.426 5.250 6.029 

76 2.056 0.435 0.212 0.293 6.919 2.943 

77 2.111 0.291 0.183 0.211 6.684 2.943 

78 2.389 0.475 0.203 0.277 5.791 3.571 

79 2.356 0.255 0.198 0.265 5.816 4.671 

80 2.078 0.435 0.203 0.290 6.861 2.929 

81 2.111 0.291 0.181 0.208 6.605 2.829 

82 2.389 0.475 0.204 0.278 5.814 3.571 

83 2.500 0.255 0.203 0.394 5.387 6.500 

84 2.367 0.255 0.209 0.274 5.770 5.357 

85 2.011 0.302 0.253 0.214 7.000 2.671 

86 2.444 0.475 0.203 0.271 5.564 3.371 

87 2.567 0.255 0.242 0.443 4.238 4.557 

88 2.559 0.255 0.347 0.473 4.198 5.200 

89 2.300 0.414 0.204 0.398 4.812 2.786 

90 2.378 0.255 0.237 0.275 5.785 4.514 

91 2.533 0.255 0.203 0.360 5.412 5.986 

92 2.211 0.435 0.230 0.286 6.256 3.200 

93 2.218 0.291 0.173 0.197 6.270 2.943 

94 2.366 0.475 0.206 0.287 5.764 3.286 



 
Development of statistical method for experimental data analysis with ultimate accuracy 

155 

Appendix 2.  110 samples of experimental data for critical pressure of stiffened spherical 

shells 

№ r10
-3 1 2  

О

Т
10

-6
 

1 2.981 0.236 0.374 5.157 13.570 

2 3.038 0.178 0.558 4.768 13.570 

3 2.952 0.175 0.594 4.903 12.640 

4 3.286 0.185 0.423 4.470 13.570 

5 2.152 0.154 0.253 4.730 9.290 

6 2.343 0.217 0.268 5.480 9.860 

7 2.952 0.178 0.560 4.860 13.500 

8 2.352 0.195 0.225 5.580 10.140 

9 3.219 0.189 0.302 4.118 14.200 

10 2.962 0.188 0.426 5.045 13.660 

11 3.000 0.174 0.412 5.000 13.290 

12 2.848 0.196 0.445 5.064 12.930 

13 2.971 0.175 0.413 4.917 12.340 

14 2.114 0.170 0.249 4.776 7.090 

15 3.190 0.176 0.715 4.134 13.290 

16 2.257 0.198 0.286 4.506 8.790 

17 2.248 0.219 0.245 6.288 10.290 

18 2.914 0.229 0.432 4.618 13.960 

19 2.143 0.145 0.204 4.733 7.230 

20 2.971 0.161 0.387 4.753 13.430 

21 2.838 0.155 0.597 5.067 12.930 

22 2.952 0.175 0.594 4.903 12.210 

23 1.949 0.203 0.289 5.202 7.710 

24 2.095 0.163 0.223 4.909 6.730 

25 1.867 0.191 0.223 5.102 7.570 

26 3.238 0.177 0.243 3.781 9.770 

27 2.829 0.170 0.329 4.010 11.060 

28 1.876 0.228 0.264 5.020 7.570 

29 3.562 0.209 0.472 2.695 10.570 

30 3.286 0.220 0.512 2.954 10.070 

31 3.267 0.154 0.388 3.840 10.800 

32 3.019 0.144 0.270 4.268 10.860 

33 3.792 0.142 0.172 5.154 14.340 

34 3.896 0.121 0.147 4.401 14.010 

35 3.813 0.138 0.162 4.585 12.860 

36 5.146 0.084 0.102 2.834 14.270 

37 1.190 0.152 0.204 6.320 3.930 

38 1.305 0.158 0.214 5.788 4.390 

39 1.267 0.171 0.250 6.774 3.870 

40 1.403 0.133 0.211 5.375 3.800 

41 1.857 0.367 0.367 7.256 11.570 

42 3.076 0.131 0.512 4.728 14.030 

43 1.810 0.408 0.408 7.474 10.540 

44 3.038 0.128 0.508 4.643 13.710 

45 1.733 0.411 0.411 7.912 10.330 

46 2.943 0.187 0.410 4.853 12.570 

47 1.810 0.391 0.391 7.526 11.670 

№ r10
-3 1 2  

О

Т
10

-6
 

48 2.871 0.154 0.554 5.007 13.090 

49 1.733 0.410 0.410 7.901 10.740 

50 2.952 0.160 0.396 4.866 14.140 

51 2.048 0.170 0.227 5.000 7.640 

52 2.952 0.183 0.536 4.755 13.070 

53 2.086 0.217 0.159 4.886 8.640 

54 2.962 0.149 0.568 5.045 13.660 

55 1.771 0.436 0.436 7.978 11.770 

56 2.971 0.145 0.449 4.808 13.500 

57 2.352 0.196 0.224 5.579 10.060 

58 3.029 0.142 0.548 4.786 14.070 

59 1.762 0.400 0.400 7.703 10.830 

60 3.086 0.139 0.545 4.772 13.610 

61 2.029 0.171 0.222 5.033 8.300 

62 3.095 0.168 0.392 4.569 13.490 

63 2.029 0.171 0.234 5.033 7.230 

64 2.128 0.255 0.248 6.336 10.000 

65 2.569 0.212 0.655 5.089 13.710 

66 2.229 0.248 0.246 6.156 11.140 

67 2.624 0.161 0.432 4.993 12.860 

68 2.128 0.275 0.228 6.371 9.970 

69 2.663 0.146 0.423 4.923 12.710 

70 2.110 0.255 0.235 6.391 9.060 

71 2.587 0.184 0.445 5.043 13.400 

72 2.110 0.255 0.235 6.391 9.200 

73 2.606 0.154 0.427 5.004 12.110 

74 2.018 0.145 0.166 6.800 7.140 

75 2.541 0.257 0.477 5.209 13.370 

76 2.633 0.204 0.565 4.976 13.240 

77 1.908 0.153 0.151 7.269 7.330 

78 2.028 0.146 0.169 6.769 8.360 

79 2.248 0.184 0.231 5.976 10.790 

80 2.651 0.171 0.431 4.962 14.000 

81 1.963 0.155 0.140 7.014 6.960 

82 2.248 0.227 0.224 5.955 9.710 

83 3.143 0.188 0.329 4.545 12.510 

84 1.781 0.429 0.429 7.663 11.000 

85 2.661 0.194 0.584 4.931 13.290 

86 2.128 0.261 0.241 6.328 10.490 

87 2.197 0.229 0.236 6.111 10.110 

88 2.110 0.245 0.248 6.457 9.910 

89 1.276 0.168 0.235 6.388 3.360 

90 1.067 0.199 0.279 7.125 3.330 

91 1.314 0.170 0.174 6.101 3.600 

92 2.633 0.209 0.628 5.118 12.790 

93 1.238 0.153 0.233 6.077 4.260 

94 1.333 0.152 0.187 5.571 4.310 
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№ r10
-3 1 2  

О

Т
10

-6
 

95 2.128 0.144 0.167 6.478 8.890 

96 2.651 0.257 0.393 5.805 14.000 

97 2.202 0.247 0.223 6.146 9.970 

98 2.661 0.164 0.442 4.966 12.710 

99 2.046 0.170 0.261 5.006 8.640 

100 2.110 0.173 0.196 4.829 8.640 

101 4.000 0.123 0.124 4.214 14.160 

102 1.305 0.187 0.161 5.664 4.000 

№ r10
-3 1 2  

О

Т
10

-6
 

103 2.385 0.229 0.216 5.542 10.410 

104 2.578 0.585 0.185 5.068 12.400 

105 2.119 0.272 0.237 6.368 10.000 

106 2.566 0.655 0.212 5.089 13.710 

107 2.119 0.250 0.250 6.359 9.060 

108 2.587 0.445 0.184 5.043 11.140 

109 2.606 0.427 0.154 5.004 12.140 

110 1.081 0.247 0.169 7.018 3.270 
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Appendix 3.  131 samples of experimental data for critical pressure of stiffened conical shells 
 

№ r10
-3 

 1 2  
О

Т
10-6 cos 

1 2.147 0.225 0.111 0.231 4.936 2.700 0.982 

2 2.553 0.315 0.162 0.230 4.822 2.786 0.982 

3 3.478 0.418 0.122 0.643 4.600 8.914 0.961 

4 3.339 0.418 0.199 0.741 5.068 7.543 0.961 

5 4.381 0.202 0.129 0.551 2.961 10.210 0.752 

6 2.114 0.308 0.189 0.231 6.784 3.071 0.983 

7 3.382 0.435 0.123 0.821 5.100 9.714 0.961 

8 3.989 0.255 0.134 0.509 4.271 10.660 0.911 

9 4.876 0.234 0.091 0.471 3.109 13.570 0.919 

10 4.335 0.237 0.124 0.394 3.606 11.070 0.912 

11 4.676 0.332 0.198 0.175 4.615 6.629 0.705 

12 7.448 0.239 0.151 0.134 4.305 13.570 0.840 

13 3.942 0.291 0.383 0.616 7.439 15.010 0.983 

14 3.885 0.175 0.285 0.522 6.277 14.530 0.983 

15 3.712 0.175 0.257 0.533 6.715 14.000 0.983 

16 3.873 0.175 0.303 0.590 6.408 16.210 0.983 

17 4.519 0.291 0.182 0.409 5.383 12.570 0.983 

18 3.750 0.212 0.244 0.449 6.508 13.290 0.983 

19 4.250 0.212 0.254 0.424 5.860 13.290 0.983 

20 2.888 0.134 0.169 0.684 6.250 12.030 0.982 

21 3.213 0.162 0.171 0.577 6.108 12.030 0.982 

22 3.644 0.227 0.210 0.525 6.024 12.030 0.982 

23 4.067 0.179 0.214 0.479 6.317 12.030 0.982 

24 2.960 0.134 0.182 0.711 6.180 13.740 0.982 

25 3.260 0.162 0.187 0.635 6.121 13.740 0.982 

26 3.662 0.227 0.230 0.568 6.077 13.740 0.982 

27 2.917 0.134 0.161 0.670 6.228 12.630 0.982 

28 3.228 0.162 0.164 0.567 6.122 12.630 0.982 

29 3.609 0.227 0.204 0.523 6.122 12.630 0.982 

30 4.365 0.179 0.206 0.433 5.841 12.630 0.982 

31 3.018 0.134 0.155 0.675 5.722 12.600 0.982 

32 3.307 0.162 0.166 0.569 5.905 12.600 0.982 

33 3.609 0.227 0.212 0.529 6.073 12.600 0.982 

34 2.852 0.181 0.286 1.259 6.725 13.290 0.707 

35 2.942 0.181 0.258 1.198 6.489 12.570 0.707 

36 2.980 0.181 0.268 1.231 6.444 14.140 0.707 

37 2.993 0.181 0.231 1.339 6.382 13.860 0.707 

38 2.903 0.181 0.280 1.215 6.611 14.000 0.707 

39 2.942 0.181 0.274 1.233 6.445 14.140 0.707 

40 2.903 0.181 0.265 1.210 6.611 12.710 0.707 

41 2.723 0.181 0.296 1.342 7.123 14.230 0.707 

42 2.916 0.181 0.274 1.250 6.590 13.860 0.707 

43 3.019 0.181 0.263 1.224 6.349 13.570 0.707 

44 2.916 0.181 0.268 1.210 6.542 14.210 0.707 

45 2.890 0.181 0.283 1.246 6.600 14.610 0.707 

46 2.946 0.134 0.183 0.692 6.157 12.940 0.982 

47 3.291 0.162 0.186 0.613 5.976 12.940 0.982 

48 3.715 0.227 0.209 0.599 5.915 12.940 0.982 

49 2.890 0.181 0.280 0.693 6.644 13.140 0.707 

50 2.993 0.181 0.237 1.367 6.421 14.000 0.707 

51 3.019 0.181 0.274 1.249 6.368 13.570 0.707 

52 2.960 0.134 0.182 0.641 6.084 12.810 0.982 

53 3.243 0.162 0.195 0.634 6.055 12.800 0.982 

№ r10
-3 

 1 2  
О

Т
10-6 cos 

54 2.671 0.134 0.192 0.758 6.811 13.740 0.982 

55 2.992 0.162 0.193 0.648 6.605 13.740 0.982 

56 3.345 0.227 0.240 0.597 6.605 13.740 0.982 

57 4.266 0.179 0.193 0.433 5.977 13.740 0.982 

58 2.954 0.181 0.251 1.178 6.500 14.000 0.707 

59 2.729 0.134 0.224 0.716 6.661 14.030 0.982 

60 3.008 0.162 0.236 0.626 6.581 14.030 0.982 

61 3.433 0.227 0.280 0.580 6.446 14.030 0.982 

62 2.560 0.179 0.409 0.815 10.700 14.030 0.982 

63 3.032 0.134 0.193 0.718 5.871 13.630 0.982 

64 3.433 0.162 0.173 0.605 5.615 13.630 0.982 

65 3.803 0.227 0.228 0.541 5.648 13.630 0.982 

66 4.286 0.179 0.308 0.533 5.968 13.630 0.982 

67 2.954 0.181 0.258 1.225 6.500 14.000 0.707 

68 3.061 0.134 0.175 0.615 5.863 13.360 0.982 

69 3.370 0.162 0.179 0.598 5.794 13.360 0.982 

70 3.768 0.229 0.206 0.569 5.794 13.360 0.982 

71 6.835 0.203 0.102 0.101 3.891 14.290 0.840 

72 4.792 0.345 0.189 0.373 5.566 14.860 0.946 

73 4.792 0.345 0.177 0.373 5.604 12.860 0.946 

74 4.124 0.302 0.225 0.178 4.794 6.286 0.709 

75 4.517 0.302 0.199 0.155 4.326 7.571 0.709 

76 3.371 0.206 0.173 0.405 6.173 11.710 0.983 

77 2.868 0.201 0.256 0.462 7.379 15.860 0.974 

78 2.895 0.201 0.247 0.479 7.380 14.290 0.974 

79 3.248 0.220 0.336 0.434 6.689 11.000 0.755 

80 3.265 0.221 0.400 0.422 6.641 11.430 0.755 

81 4.163 0.180 0.317 0.488 6.143 15.570 0.983 

82 4.004 0.180 0.304 0.522 6.277 14.530 0.983 

83 2.614 0.134 0.195 0.755 6.901 13.290 0.982 

84 2.992 0.162 0.191 0.677 6.526 13.290 0.982 

85 3.204 0.227 0.249 0.641 6.857 13.280 0.982 

86 3.849 0.179 0.237 0.509 6.706 13.280 0.982 

87 3.493 0.221 0.283 0.504 6.260 11.190 0.751 

88 6.449 0.201 0.247 0.479 7.380 15.000 0.873 

89 4.877 0.302 0.210 0.167 3.899 6.857 0.709 

90 5.244 0.345 0.170 0.341 4.983 13.860 0.946 

91 3.627 0.206 0.143 0.369 5.725 10.710 0.985 

92 4.714 0.302 0.209 0.162 4.347 6.286 0.709 

93 4.792 0.345 0.173 0.376 5.472 13.860 0.946 

94 2.691 0.201 0.275 0.482 8.005 15.570 0.974 

95 2.609 0.173 0.238 0.577 7.151 14.640 0.974 

96 2.204 0.173 0.248 0.453 8.600 14.140 0.974 

97 2.487 0.201 0.261 0.442 8.689 14.140 0.974 

98 2.443 0.173 0.203 0.378 7.693 13.430 0.974 

99 2.478 0.173 0.195 0.390 7.558 13.510 0.974 

100 2.347 0.173 0.188 0.395 8.036 13.370 0.974 

101 2.490 0.173 0.177 0.580 7.445 14.800 0.974 

102 2.288 0.173 0.212 0.447 8.302 13.110 0.974 

103 2.347 0.173 0.209 0.462 7.985 14.570 0.974 

104 2.383 0.173 0.193 0.345 7.825 12.800 0.974 

105 2.705 0.201 0.197 0.357 7.889 12.800 0.974 

106 2.300 0.173 0.195 0.531 8.202 13.070 0.974 
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№ r10
-3 

 1 2  
О

Т
10-6 cos 

107 2.526 0.173 0.181 0.587 7.396 14.370 0.974 

108 2.502 0.173 0.183 0.485 7.452 12.400 0.974 

109 2.407 0.173 0.195 0.398 7.718 13.230 0.974 

110 2.323 0.173 0.229 0.408 8.082 12.290 0.974 

111 2.623 0.201 0.240 0.380 8.166 12.290 0.974 

112 5.275 0.298 0.179 0.284 5.271 14.340 0.911 

113 5.140 0.298 0.218 0.229 5.692 12.040 0.911 

114 5.101 0.298 0.187 0.296 5.485 13.400 0.911 

115 5.024 0.298 0.203 0.215 5.615 14.770 0.911 

116 4.908 0.298 0.216 0.228 5.819 13.840 0.911 

117 3.536 0.226 0.271 0.625 6.264 14.530 0.983 

118 3.176 0.163 0.233 0.695 6.228 14.530 0.983 

119 2.944 0.134 0.217 0.779 6.157 14.530 0.983 

№ r10
-3 

 1 2  
О

Т
10-6 cos 

120 2.502 0.173 0.238 0.443 7.495 13.770 0.974 

121 3.299 0.250 0.220 0.415 7.623 15.140 0.974 

122 4.111 0.197 0.295 0.383 8.171 17.160 0.707 

123 2.514 0.173 0.255 0.457 7.436 14.640 0.974 

124 4.153 0.197 0.330 0.373 8.185 12.330 0.707 

125 2.621 0.173 0.226 0.558 7.227 15.860 0.974 

126 4.986 0.298 0.192 0.209 5.682 12.860 0.911 

127 4.734 0.298 0.212 0.159 6.020 14.340 0.911 

128 4.587 0.298 0.219 0.255 6.372 14.270 0.911 

129 5.024 0.298 0.177 0.150 5.654 14.010 0.911 

130 3.259 0.206 0.190 0.578 6.505 12.360 0.983 

131 4.498 0.206 0.212 0.454 4.538 15.890 0.983 
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(Kazan, 2014 – 2015) 
 

D.A. Gubaidullin 
 

IME KazSC RAS  

Lobachevsky 2/31, Kazan 420111, Russia 

 

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 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 of the 

Final scientific conference of 2014.  

 

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 12, 2015. 

 

D.A. Gubaidullin, A.A. Nikiforov (IME KazSc RAS). 

The interaction of acoustic waves with a multilayer medium containing a layer of 

polydispersed bubbly liquid. 

The dynamics of the acoustic signal in discrete-layered medium comprising a layer of liquid 

with polydisperse bubbles is theoretically studied. The fundamentals of the method for 

calculating the distortion of acoustic signal at diagnostics of multilayer samples containing a 

layer of bubble liquid are presented. It is shown that special dispersion and dissipation 

properties of layer of bubble liquid influence the dynamics of acoustic signal in a multilayer 

medium, depending on central frequency of signal. 

 

D.A. Gubaidullin, R.G. Zaripov, L.A. Tkachenko (IME KazSc RAS). 

Drift of single particle at oscillations of gas in an open tube in the shock-free mode near 

resonance. 

Drift of flat particles in the tube and in the external field near open end at the oscillations of 

gas in the shock-free mode are experimentally investigated. The time dependences of 

coordinates of the particle for various amplitudes and frequencies of excitation are obtained. 

The particle placed near piston moves to the open end and at the open end – to the piston, 

making longitudinal oscillations. Outside tube the particle moves from the open end to an 
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external wave field without oscillations. Positions inside tube, in which particle oscillates 

without drift in any direction along axis are defined. 

 

D. A. Gubaidullin, P. P. Osipov, R. R. Nasyrov (IME KazSc RAS). 

The influence of drag coefficient and location of the particle on drift velocity in acoustic 

resonator. 

The question of the drift velocity of particles in an acoustic resonator at the first resonance 

frequency in standing and periodic shock wave is studied. The concept of local equilibrium 

drift velocity of the particles is introduced. A family of problems of the particle drift at 

different Mach and Reynolds numbers are numerically investigated. Graphs of dependencies 

of the particle drift velocity on the drag coefficient and particle location are presented. The 

drag coefficient corresponding to maximum drift velocity of the particles is detected. At small 

and large drag coefficients the drift velocity of the particles tends to zero. It is shown, that 

under equal conditions, the maximum drift velocity of a particle in a standing wave is by 1-2 

orders of magnitude less than that in the periodic shock wave. 

 

D.A. Gubaidullin, P.P. Osipov, R.R. Nasyrov (IME KazSc RAS). 

Numerical simulation of particle drift in standing wave with account of acoustic streaming. 

Particle drift with account of acoustic streaming of incompressible fluid induced by standing 

wave in rectangular region is investigated. The Crank-Nikolson sceme is used to solve Prandtl 

equations. At upper boundary of computational region the Neumann homogeneous condition 

is imposed to model extern flow. The trajectories of particle drift for different drag 

coefficients are calculated. It is shown that the drag coefficient has a great influence on 

deviation of the drift trajectories from streamlines of Schlichting and Rayleigh vortices. 

 

D.A. Gubaidullin, Yu.V. Fedorov (IME KazSC RAS). 

Propagation of acoustic waves in two-fraction mixture of liquids with polydispersed vapor-

gas and gas bubbles. 

A mathematical model determining the propagation of sound waves in the two-fraction 

mixture of a liquid with polydisperse vapor-gas and gas bubbles with account of phase 

transformations is presented. The system of integro-differential equations governing the 

disturbed flow of the two-phase mixture is written, the dispersion equation is derived, and the 

equilibrium speed of sound is determined. The equilibrium speed of sound is shown to 

decrease with increase in the vapor concentration. The theoretical predictions are compared 

with the available experimental data on the phase velocity in the water with vapor bubbles 

and in the mixture of freon with vapor bubbles. 

 

D.A. Gubajdullin, R.N. Gafiyatov (IME KazSC RAS). 

The propagation of weak waves in multifraction mixtures of liquid with bubbles. 

The propagation of weak waves in multifraction mixtures of liquid with vapor–gas and gas 

bubbles of different sizes and compositions with phase transformations has been studied. A 

system of the differential equations of the motion of the mixture is presented, and the 

dispersion relation is deduced. The evolution of the weak pulsed perturbations of the pressure 

in this mixture was calculated numerically. It is shown that the dispersion and dissipation of 

waves is significantly affected by consist of disperse phase of bubbles. 

 

E.A. Teregulova (IME KazSc RAS). 

Acoustic waves in multifractional gas-suspensions without mass exchange. 
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The propagation of acoustic waves in multifractional gas-suspensions when each fraction of 

particles is polydisperse is investigated. The mathematical model is presented, the dispersion 

relation is received, and dispersion curves are calculated. Influence parameters of a disperse 

phase on a dissipation and a dispersion of acoustical waves is analysed. Comparison with 

experiment is carried out. 

 

A.L. Tukmakov (KNRTU n.a. A.N. Tupolev), R.I. Bayanov (IME KazSc RAS), 

D.A. Tukmakov (IME KazSc RAS). 

The current of the polydisperse gas-suspension in the channel, accompanied by the 

coagulation in the nonlinear wave field. 

Numerical modeling of a current of an aerosol of polydisperse structure in the flat channel in 

which the resonant acoustic fluctuations directed across a stream are generated is executed. 

Regularities of the current accompanied by coagulation and change of distribution of particles 

by the sizes are described. Modeling of the carrying agent is made by means of system of the 

equations of Navier-Stokes for compressible heat-conducting gas. The dynamics of a 

polydisperse phase is described by systems of the equations including the equations of 

continuity, preservation of an impulse and internal energy. The equations of movement of the 

carrying agent and disperse fractions are written down taking into account an interphase 

exchange of an impulse and energy. The Lagrangian model is applied to the description of 

process of coagulation. Change of dispersion in a gas-suspension stream under the influence 

of resonant for the cross section of the channel of acoustic fluctuations is analyzed. 

 

D.A. Gybajdullin, D.A. Tukmakov (IME KazSc RAS). 

Numerical model of dynamics of a gas-suspension with the two-component carrying agent. 

In this work the Riemann problem in two-component homogeneous gas mixture and 

scattering of a gas-suspension with the two-component carrying agent are numerically 

simulated. Uniform mixture of gases was modeled as the viscous compressible heat-

conducting environment. At numerical studying of dynamics of a gas-suspension with the 

two-component carrying agent the movement of the carrying phase was described by system 

of the equations of Navier - Stokes. The mathematical model of dynamics of the 

heterogeneous environment considers interphase power interaction and interphase heat 

exchange. Comparison of experimental results, known from literature, with the numerical 

calculations describing scattering of a gas-suspension in a shock tube was made. 

 

R.I. Bayanov, A.L. Tukmakov (IME KazSc RAS). 

Numerical simulation of a dynamics of vapor-droplets mixture in a channel with variable 

cross-section. 

In this work the results of numerical simulation of a dynamics of vapor-droplets mixture in a 

planar channel with variable cross-section are presented. As a solution method for the 

equation of gas-dynamics the scheme of MacCormak is chosen. A curvilinear coordinate 

system is constructed, which is adapted to the channel profile. A comparison with 

experimental data with condensation of a vapor with varied temperature in the channel is 

carried out. The accuracy is better than 3.5%. 

 

A.A. Aganin (IME KazSC RAS). 

Strong compression of a bubble created by coalescence of cavitation inclusions. 

Dynamics of a bubble created by coalescence of two equal spherical cavitation microcavities 

is considered during its strong expansion and subsequent compression. Deformation of the 
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bubble and the shock waves in it is studied as a function of the size of the microcavities. The 

convergent shock wave in the bubble is found to remain close to the spherical one only if the 

radius of the coalescencing microcavities is much less than the radius of the bubble at the end 

of its expansion. 

 

A.I. Davletshin (IME KazSc RAS). 

A mathematical model of spatial interaction of spherical gas bubbles in an acoustic field. 

Equations of spatial interaction of spherical gas bubbles in liquid in an acoustic field are 

presented. They are of the fourth order of accuracy relative to a small parameter, which is the 

ratio of the sum of the bubble radii to the distance between the bubble centers. Applicability 

of those equations has been illustrated with a number of test problems. 

 

D.Yu. Toporkov (IME KazSc RAS). 

Evolution of small deviations from the spherical shape of a vapor bubble during its strong 

compression. 

The growth of small deviations from the spherical shape of a vapor bubble during its strong 

compression in water and acetone was studied. To describe the motion of the liquid and 

vapor, a mathematical model with decomposing into spherical component and a small non-

spherical perturbation is used. The spherical component is described by the gas dynamics 

equations with the transient heat conduction, non-equilibrium evaporation-condensation at the 

interface and the realistic equations of state. It has been found that the vapor bubble 

nonsphericity can increase up to 3400 times in water and 60 times in acetone to the end of the 

bubble compression. 

 

T.S. Guseva (IME KazSc RAS).  

Computation of shock waves in media with contact boundaries on Soroban-grids. 

A technique of computing problems with shock waves and contact boundaries of gas-liquid 

type has been realized based on a modification of the CIP-CUP method on adaptive Soroban-

grids. For its illustration, problems of jet impact on a rigid wall or a liquid layer on the wall 

are considered in conditions close to cavitation damage. The technique is shown to ensure 

sufficient grid resolution in the areas with solution singularities by using significantly less 

number of cells than when applying stationary Cartesian grids. 

 

L.A.Kosolapova, V.G.Malakhov (IME KazSc RAS). 

Dynamics of cavitation bubble near a rigid wall at its expansion - compression. 

The process of collapse of a gas bubble near a rigid wall under the action of the difference of 

the pressure inside the bubble and the surrounding liquid is considered. The liquid is 

incompressible, its flow being potential. It is assumed that at the initial time the pressure in 

the bubble is higher than the pressure in the liquid. An algorithm based on the Euler scheme 

and the boundary element method is used. Influence of spheroidal perturbations of the initial 

shape of the bubble and the distance between the bubble and the wall on the dynamics of the 

system bubble - liquid is examined. 

 

N.A. Khismatullina (IME KazSc RAS). 

Dynamics of subsurface layer of elastic-plastic body under a liquid jet impact. 

Elastic-plastic deformations in a body resulting from two successive impacts of high-velocity 

cumulative liquid jets arising during collapse of cavitation bubbles attached to the body are 

considered. The body is simulated as perfect elastic-plastic semi-space. In constructing the 
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law of loading, the cumulative liquid jet is assumed to be a cylindrical column with the semi-

spherical end. Main attention in the study is drawn to dynamics of zones in which stresses are 

at yield point arising in the body, its surface deformations and influence of residual stresses. 

 

M.S. Ganeeva, V.E. Moiseeva, Z.V. Skvortsova (IME KazSc RAS). 

Nonlinear Bending and Stability of Circular Plates under the Liquid Pressure and 

Temperature. 

The results of the study of nonlinear bending and stability of the circular plates under the 

pressure of heated or cooled liquid (when the working environment of the apparatus is 

compressed under the high pressure) are presented. Cases of substantial differences between 

working and initial temperatures are examined. It is presented that the nonlinear deformation 

of the plate has monotonic and continuous nature at subcritical temperatures and non-

monotonic character including the jump at the post-critical temperatures. 

 

A.I. Malikov (IME KazSc RAS). 

State estimation and stabilization of continuous time systems with uncertain nonlinearities 

and perturbations.  

The conditions of stability and boundedness on a finite time interval of time varying systems 

with uncertain nonlinearities and bounded perturbations are presented. The ways of state 

estimation in the form of evolving invariant ellipsoids and transient performance are given on 

the basis of matrix comparison systems and differential linear matrix inequalities. The 

stabilizing control synthesis technique in the form of a state feedback, providing attenuation 

of initial deviations and uncertain external perturbations are offered for considered systems. 

 

February 13, 2015 

 

B.A. Snigerev (IME KazSc RAS). 

Numerical simulation of isothermal turbulent bubble flow. 

Isothermal turbulent bubble flow in vertical pipe is considered. Numerical modeling is based 

on method, which is based on two-phase approach with different kind of force for interphase 

interactions. Model is supplied with two parametric model of turbulence for continuous phase. 

Numerical results are compared with experimental data. The investigations of polydispersed 

bubble flows, which are performed with this model give detail information for structures of 

turbulent flows and distribution the size of particles. 

 

I.V. Morenko, V.L. Fedyaev (IME KazSc RAS). 

Isothermal viscous cross-flow around the composite square cylinder.  

The isothermal viscous flow around the cylinder with an impermeable core coated by a 

porous layer, fully permeable, permeable hollow cylinders was studied. The complete system 

of Navier-Stokes and energy equations was integrated numerically. The effect of the 

permeability of the porous layer on the flow, heat exchange was investigated at a moderate 

Reynolds number. The approximation formula for the average Nusselt number as a function 

of Reynolds number and Darcy number was presented. 

 

 

M.N. Shamsiev, A.A. Talipova (IME KazSc RAS). 

Interpretation of the results of thermohydrodynamic research of vertical gas well. 
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A method for interpreting the results of thermo-hydrodynamic research of vertical wells based 

on the theory of incorrectly posed problems of mathematical physics is proposed. It is shown 

that by the results of measurements of the temperature on the bottom of the well after the 

start-up the thermophysical and filtration-capacitive reservoir parameters can be assessed. 

 

V.R. Gadilshina (IME KazSc RAS). 

Estimation of a condition of the vertical well bottom zone with a hydraulic fracture based on 

thermo-hydrodynamic research. 

In this paper we propose a computational algorithm for determining the filtration 

characteristics of bottom zone of the vertical well on the results of in-depth 

thermohydrodynamic research. The algorithm was tested on simulated examples and has been 

applied in the interpretation of real curves of temperature and pressure on the bottom of the 

well. Estimation of parameters of bottomhole formation zone allows us to set the need for a 

bottom hole treatment and to evaluate its effectiveness. 

 

A.I. Nikiforov, R.V. Sadovnikov (IME KazSc RAS). 

About the forces acting on the particle in filtration flow. 

In the framework of ideal porous medium in the form of a bundle of capillaries ratios 

describing the phenomenon of slip and separation of spherical particle from vibrating 

capillary wall and its removal by filtration flow were obtained. For this purpose, the particle 

equation of motion based on the forces acting on the particle such as the normal reaction force 

and a quasi-elastic force exerted by the vibrating wall of the capillary, the forces of 

hydrodynamic pressure and lift acting from incoming seepage fluid, gravity, friction of the 

particle with wall of the capillary, particle adhesion force with the surface of the capillary 

were used. The considered equations allow us to estimate the influence of the wave field on 

the multiphase fluid flow in porous media. 

 

G.A. Nikiforov (IME KazSc RAS). 

Numerical modeling of two-phase filtration flow of Non-Newtonian Fluids taking into account 

capillary and gravitational forces. 

Deviation from the linear filtration law is observed in the oil in low permeability reservoirs, 

high viscosity oil, as well as for small and large velocities of oil. Among the non-Newtonian 

fluids it is possible to distinguish two groups, nonlinear viscous liquids and liquids with 

memory. In this work the problem with the laws of the first group is numerically solved. The 

cases of fluid motion with border shear rate and pseudo plastic fluid were considered. 

Capillary and gravitational forces were reckoned. The layer of impermeable top and a bottom, 

consisting of two interlayers with lithologic contact has been calculated. The results obtained 

with the same initial and boundary conditions are compared. It was shown that the oil 

recovery rate in the calculation of filtering by a nonlinear law calculation differs substantially 

from linearly, while calculations on the selected nonlinear laws are close to each other. 

 

A.V. Elesin, A.Sh. Kadyirova (IME KazSc RAS). 

Identification of the coefficients of functions relative permeabilities layered inhomogeneous 

reservoir in a two-phase filtration. 

The identification of relative permeabilities functions coefficients for layered heterogeneous 

reservoir in a two-phase filtration is considered. This problem is reduced to residual function 

minimization. Minimization is performed by the Levenberg-Marquardt method. Model tasks 

are solved for a round reservoir partially penetrated by well. 
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A.V. Tsepaev (IME KazSc RAS). 

The decomposition methods for solving the three-phase multi-components flow equations. 

The new numerical algorithms based on domain decomposition methods have been developed 

for solving the three-phase multi-components flows (water, oil, gas, active impurities) in 

porous media with mass interchange between the oil and gas phases. Active impurities are 

transferred in water phase. These algorithms have been realized on new generation 

heterogeneous computing system, built using modern central processing units and graphics 

accelerators. 

 

N.K. Galimov, S.N. Yakupov (IME KazSc RAS). 

Deformation of a doubly connected circular plate clamped on the inner edge. 

Solutions of the problems of deformation of a doubly connected plates, clamped on the inner 

edge and loaded by presser on the circle line in linear and nonlinear formulation were 

obtained. The comparison of linear and nonlinear solutions is given. The conclusion is made 

that it is necessary to use the nonlinear solution. An experimental system for solving the 

problem was developed - the load is applied in the field of clamping, and the plate is based on 

the circle line. The results were obtained by three measurements. 

 

S.N. Yakupov (IME KazSc RAS), L.U. Harislamova (IME KazSc RAS), H.H. Valeev 

(IAM RAS). 

Changes of the mechanical properties of films and membranes in the liquid medium. 

Experimental studies of changes of the mechanical properties of the composite system 

"polymer film - cardboard" and microporous nylon membranes when they interact with a 

liquid medium were made. A significant reduction in mechanical properties during the first 

minute of interaction of the composite system "polymer film - cardboard" with a liquid 

medium was found. The strength of microporous nylon membranes that were in contact with 

the liquid medium for 25 minutes is lower than the strength of de-moisturized membranes. 

 

H.G. Kiyamov, N.M. Yakupov (IME KazSc RAS). 

The calculation of toroidal shell fragment by three-dimensional elements. 

To ensure the safe operation of structures it is necessary to determine reliably the stress strain 

state of structural elements. The calculation of toroidal shell fragment by three-dimensional 

elements is considered. A spline version of finite element method was used. The decision of 

the required variables is represented as an interpolation Hermitian cubic spline of three 

variables. Two cases of bonding of shell fragment were considered. The stress strain state of 

shell fragment with a local deepening was analysed. 

 

R.R. Giniyatullin (IME KazSc RAS). 

The influence of depth of immersion on corrosive wear of the sample, exposed to ultraviolet 

radiation. 

Deeper knowledge of effect of ultraviolet (UV) radiation on corrosive wear will allow to 

explore new and improve old ways of corrosion protection. In this paper there is a study of the 

effect of the immersion depth on corrosion wear of the sample, exposed to UV. It has been 

established that the deflection of a steel samples immersed in a greater depth in sodium 

hypochlorite liquids under the UV in the continuous period is smaller than of the samples that 

were closer to surface. 
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L.U. Sultanov, N.M. Yakupov (IME KazSc RAS). 

Stress concentrations in the panel with a local indentation. 

On the basis of educational version of ANSYS program numerical analysis of the stress-strain 

state of the extended panel from elastic material with a local indentation was performed. The 

indentation in the form of a square with size 1.5 mm x 1.5 mm and a depth with size changed 

from 0.5 mm to 1.5 mm. Three-dimensional elements in the form of a triangular pyramid 

were used. Near the defect the mesh was condensed. The changing of the maximum and 

minimum stresses in the local indentation depending on the depth of the defect was obtained. 

 

A.A. Abdyushev, N.M. Yakupov (IME KazSc RAS). 

The stress-strain state of toroidal shell fragment with an overlay. 

The changes in the stress state of toroidal shell fragment were studied. The influence of length 

of the gap, thickness of passive overlays and compression force in the active overlays was 

considered. The use of "treating" overlays is effective: active "treating" overlays on the defect 

significantly affect on distribution and magnitude of stresses in the panel. It is possible to 

choose a level of strain in the active overlays that can help to reduce the level of extreme 

stress. 

 

N.M. Yakupov (IME KazSc RAS), A.I. Rizaeva (KSUAE), A.E. Khusnutdinov (KSUAE). 

Stress distribution in a flat rod from the tensile force. 

On basis of educational version of the complex Lira the calculation of the stress-strain state of 

the flat rod (beam-wall), fixed at one end and stretched was considered. Two variants of 

calculation with different heights of the beam-wall were considered. It is noted that there is a 

redistribution of stresses at a distance equal to the height of the beam. In this case, the 

maximum tensile stresses tend to contour points in the cross section of the fixed end and 

transverse stresses tend to the center of the rod. 

 

N.M. Yakupov (IME KazSc RAS), A.Ş. Mudzhadidi (KSUAE), Dzh.Sh. Mudzhadidi 

(KSUAE). 

Stress in regions of joint of flat rods under the strain force. 

The analysis of the stress-strain state of the system was made: the rod in the form of a beam 1 

and the supporting part in the form of a beam-wall 2 fixed at three edges. Modules of 

elasticity varied for beams 1 and 2. It has been established that in the region of joint of two 

beams there is a concentration of stresses. The redistribution of stresses is considered for 

variants with the different modules. The maximal concentration of longitudinal stresses for 

the beams with equal modules is 54%, and with different modules is - 43%. 

 

Reports at the Seminar 

 

June 25, 2014. 

 

D.A. Tukmakov (IME KazSC RAS). 

Numerical research of dynamics of gas-suspensions in nonlinear wave fields. 

On materials of the thesis submitted for Candidate of Sciences Degree, specialty 01.02.05 – 

mechanics of liquid, gas and plasma. Scientific adviser: Dr Sc, corresponding member of the 

RAS D.A. Gubaidullin. Reviewer: Dr Sc, P.P. Osipov. 

In this work the dynamics of a gas-suspension in acoustic and shock-wave fields is 

numerically investigated. In the dissertation the mathematical model of dynamics of a gas-
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suspension taking into account high-speed and temperature none equilibrium of phases, 

interphase power interaction and interphase heat exchange is constructed. Influence of uneven 

distribution of a disperse phase on characteristics of a two-dimensional shock wave in a gas-

suspension is studied. Dynamics of a gas-suspension and drift of a disperse phase in the 

nonlinear wave fields generated in the acoustic resonator of the closed type and in the open 

flat channel was numerically simulated. Scattering of a gas-suspension in two-component gas 

was numerically simulated and comparison of calculations with results of physical experiment 

is carried out. 

 

June 25, 2014. 

 

T. Sh. Zaripov (KFU). 

Numerical simulation of gas-suspension flow with charged particles in porous structures. 

On materials of the thesis submitted for Candidate of Sciences Degree, specialty 05.13.18 – 

mathematical modeling, numerical methods and complexes of programs. Scientific adviser: 

Dr Sc, Professor A.G. Egorov. Reviewer: Dr Sc, V.L. Fedyaev. 

 

February 4, 2015 

 

Yu.V. Fedorov (IME KazSC RAS). 

Acoustic waves in the vapor-gas-liquid mediums and their mixtures with solid particles. 

On materials of the thesis submitted for Candidate of Sciences Degree, specialty 01.02.05 – 

mechanics of liquid, gas and plasma. Scientific adviser: Dr Sc, Corresponding Member of the 

RAS D.A. Gubaidullin. Reviewer: Dr Sc, Professor A.A. Aganin. In the work a propagation 

of acoustic waves in vapor-gas mixtures with polydispersed drops and particles, as well as in 

a mixture of liquid with polydispersed vapor-gas and gas bubbles without account and with 

account phase transformations is investigated. 

 

 

Potential participants are kindly invited for the presentation of their results at the Seminar.  

Contact address - gubajdullin@imm.knc.ru 

 

 

Damir A. 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. 
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XI ALL-RUSSIAN CONGRESS  

ON FUNDAMENTAL PROBLEMS OF THEORETICAL AND APPLIED 

MECHANICS 

 

Russian National Committee on Theoretical and Applied Mechanics together with 

Kazan Federal University, Kazan National Research Technical University of A.N.Tupolev 

name (KAI) and Institute for Mechanics and Mechanical Engineering KazSC of RAS under 

the auspices of Russian Ministry of Education and Science, Federal Agency for Scientific 

Organizations, Government of the Republic of Tatarstan, Russian Academy of Sciences and 

Russian Foundation for Basic Research are going to hold the 11
th

 All-Russian Meeting on 

basic problems of theoretical and applied mechanics on 17-21 August 2015. Third All-

Russian School for young scientists in mechanics and a session of General Assembly of 

Russian National Committee on Theoretical and Applied Mechanics will be held in the 

framework of the Meeting. 

 

Structure of the Congress program 

 

Session 1. General and applied mechanics 

I – 1. Analytical mechanics and motion stability 

I – 2. Control and optimization of mechanical systems 

I – 3. Oscillations of mechanical systems 

I – 4. Mechanics of systems of solid and deformable bodies 

I – 5. Mechanics of machines and robots 

Session 2. Fluid and gas dynamics 

II – 1. Hydrodynamics 

II – 2. Aerodynamics and gas dynamics 

II – 3. Stability of flows and turbulence 

II – 4. Physical and chemical continuum mechanics 

II – 5. Mechanics of multiphase media 

Session 3. Mechanics of deformable solid bodies 

III – 1. Theory of elasticity and viscous elasticity 

III – 2. Theory of plasticity and creep 

III – 3. Dynamic processes in deformable media 

III – 4. Mechanics of destruction and damage 

III – 5. Mechanics of contact interaction 

Session 4. Interdisciplinary problems of mechanics 

IV – 1. Problems of meso- and nano mechanics 

IV – 2. Biomechanics 

IV – 3. Mechanics of natural processes 

IV – 4. History of mechanics and issues of teaching mechanics in universities 

 

Sessions will comprise special-order reports, and subsessions will comprise oral and 

poster presentations selected by the Organizing Committee. Each author can participate only 

with one report. 

 

Authors were encouraged to submit their materials till 1 March 2015 according to the 

rules approved by the Congress, namely: abstracts not exceeding 500 characters and short 

papers not exceeding 2 pages A4. Abstracts of the approved papers will be published in the 

Congress proceedings, papers will be published online and on CDs in PDF. 

Registration forms for participants and other relevant information on the Congress will 

be uploaded to www.ruscongrmech2015.ru. 

http://www.ruscongrmech2015.ru/
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