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INTRODUCTION

The main purpose of this book — to show the general scheme
of the implementation of the TRIZ projects.

Also, this book presents the basic TRIZ instruments

that are needed for projects.

Addition 1s examples of patents which was obtained

as a result of TRIZ projects.

This book is not complete.
Many tools for TRIZ Projects are tested now.
They will be published later.

This book was prepared by the group
«COMCON*TRIZ & FRT Corporationy
for research and educational purposes only.

This book is not intended for sale.

Your questions and suggestions you can send to:
editor@ERTRIZ.com

Scientific Editor

Riga, April, 2015
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Place of the TRIZ

in the System of Sciences
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| Biology Chemistry Physics History Economy |+—

TRIZ unites the general, philosophical approach for a problem
with the concrete approaches of fundamental sciences and applied sciences
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General structure of the TRIZ

System of the Information Funds

ARIZ-85V
The System of Standards-77

", SLCP

This tools use all TRIZ-elements

The Vepol Models Trends for Development
of Systems

All elements of TRIZ are connected among themselves
and unprofitable to use them separately.

ARIZ-85V, the System of Standards-77, SLCP — it’s the major TRIZ tools.

Structure for use of TRIZ

Application of TRIZ

\/

Researches in TRIZ, Studying and training in TRIZ

Best application of TRIZ - it is researches and studying in TRIZ also.

Best researches in TRIZ - it is application and studying in TRIZ also.

Best studying in TRIZ - it is application and researches in TRIZ also.




Main task and questions
Before start

1. Formation Information Facility
classical and "non-classical") - common to all systems.

2. Formation artist - general requirements (LSCP, including QCP).
Start

1. Formation Information Facility
classical and "non-classical") - common to all systems.

2. Formation artist - general requirements (LSCP, including QCP).
3. Use technology tools (classical and "non-classical").

4. Use organizational tools (classical and "non-classical").

For explanation for levels of solutions

How to receive the necessary level of the solution.

What tools are necessary for this purpose.

What quantity and level of personnel are necessary for this purpose.
Key parameter of system needs to be normalized

The size of the profit from realization of system
needs to be normalized.



The project: (Name)
Requirements to the project.

1. The customer

1.1. Division.

1.2.1. A name of the employee which accepts work.

1.2.2. The phone.

1.2.3. Email.

1.3.1. A name of the employee which gives the additional information.
1.3.2. The phone.

1.3.3. Email.

2. The description of system

2.1. The main purpose of system.

2.2. Basic elements of system.

2.3. Key parameters of all system and its elements (switching - cost).
2.4. In what these parameters are measured.

2.5. What values (size) of these parameters are available now.

3. Requirements to the system

3.1. What parameters should be changed.

3.2. What values of parameters are necessary for receiving.

3.3. It is impossible to change what values of other parameters (necessary restrictions).

4. Execution time of the project

4.1. Date of reception of the information on items 1, 2, 3.

4.2. Dates of reception of the additional information and preliminary discussion of decisions.
4.3. Date of final presentation.

Explanation for levels of solutions
a) &

b

How to receive the necessary level of the
solution.

What tools are necessary for this purpose.

5
What quantity and level of personnel are //\
necessary for this purpose. //\/
Key parameter of system needs to be o
normalized

Levels of solutions are discrete.

N I/

The quantity of solutions needs to be
normalized.

The size of the profit from realization of —
system needs to be normalized.




History of the TRIZ Instruments

cience was created in antique Greece. The great, but modest Aris-

totle considered the person by name Thales as the first among all

scientists. This is the same Thales from Miletus who turned phi-
losophy, mathematics and astronomy into real sciences. Certainly, many
things were known hundreds of years before Miletus Ionian School, but
Thales and his students started using not only observations and not only
reasonings to apply to reception of new knowledge. They were the first
who used proofs.

The new approach, new techniques for intellectual work not only
allowed to discover something new, but also permitted to accurately eval-
uate, determine and sometimes even predict new events. Thales was the
one to teach his friends sailors to use the Polar Star as an orientation point.
He was the one to find out how to measure the distance from the ship to
the shore. Even the solar eclipse was for the first time predicted by Thales.

Thales' main interest was the science itself and the process of justi-
fying it. He also discussed the justification process with his own students.
For the science and for his students, whose number grew with each year,
Thales left all other activities, such as traveling, structural design and mil-
itary art, although in all these areas he achieved excellent results.
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As it commonly happens, the new work was not immediately rec-
ognized. Exercising pure science, which is what Thales was doing, often
causes misunderstanding and calls forth mockery and even hostility from
others. New students, who were only starting their studies, had the hard-
est time. It was difficult for them to prove to others and to themselves that
what they were doing really was time worthy. Under such conditions, it
was hard to think about science. Eventually, it got to a point when scold-
ing went too far...

When the time came, Thales successfully solved that problem. He
proved that exercising science might indeed be very useful; moreover, it
could give a financially profitable result. But more about this later.

This book talks about one of many sciences. Of course, it does not
cover all of it, for no science can be fully covered with just one book.
Here, we only talk about history of basic instruments of TRIZ.

The title of the theories is an abbreviation for Theory for Solving
Innovative Problems. Then came the difficulties present in every science.
What is a mechanic? Fixing a bike is job for a specialized mechanic. To
design plans of a big ship is also a job for a mechanic. Calculating the
flight trajectory from Earth to Saturn is practically pure mechanics. Nev-
ertheless, it is clear that these jobs are very different from one another. In
each case, a high order qualification is required, but they are all different
kinds of qualification.

TRIZ also requires different kinds of qualification. There are many
types of innovative problems whose solutions depend on relatively simple
instruments. But a hard problem can be understood only after its solu-
tion is known. Thus, it is impossible to identify the necessary instruments
and their use right away. Moreover, many problems change halfway
through the solution process, —and often enough they do not become eas-
ier.

There is one solution: You must prepare yourself for hard work
from the very beginning. Every Student can become a Master.



This does not mean that every Student must become a Master.
Moreover, it is simply not possible, because there is plenty of work for
every level of qualification. It is not possible to create a strong army con-
sisting of only generals. There must be officers, even more sergeants and
the most privateers. Yet, a good soldier must understand his general,
because only then he can accomplish what is required of him. This is the
way any group functions. This is the way of life.

Thales from Miletus took a very trivial approach. Together with his
students, he developed a plan in order to justify the value of science. And
then he followed it.

At first, 1t started with astronomical observations and calculations.
They showed that next year will have very rich crops of olives. After that,
the science team mobilized all the financial resources and purchased
almost all the machines for producing olive oil from Miletus and its sur-
rounding areas. Of course, there was a high risk factor associated, but in
less than a year these machines were overloaded with daily work, and
Phales with his students became some of the richest people in Asia Minor.

There was nothing non-trivial with this plan. All it required was to
do exactly what the science predicted. Also, one must discover, under-
stand and learn to properly use this science. It is not important what task
you have at hand, what is important is how accurately, skillfully and pro-
fessionally you are doing it.

TRIZ — 1s the theory for the practical work.
This is new chance for you.

The science can not be useless.

11
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First step into the new Sscience

mer of 1956. An article «Psychology of innovative creativity» was
published in soviet journal «Psychology Questions» #6, 1956,
p.37-49. The authors by G.S. Altshuller” and R.B Shapiro” (Baku city).

T he first step into the New Science of TRIZ was made in the sum-

The process of solving innovative problems, as well as the process
of developing new technical systems, was always of interest. Moreover,
the notion technique (technology) does not only refer to automobiles,
ships or cellular phones. It also describes actions taking by a football play-
er or a boxer, playing violin and painting a composition.

Technique — it is all the instruments
that a man designed for altering nature.

Certainly, articles and books about how techniques developed and
evolved have been published before. However, they described one sided
process: either purely psychological, social or purely naturalistic. The
world of technique, undoubtedly, was created by the world of humans
from the world of nature, but it is a separate world 1n itself. It has specif-
ic objects, which can be described with specific models that are governed
by specific laws.

G.S.Altshuller and R.B.Shapiro were the first to talk about this in
their article. With this work they opened a door into a new science

" The phonetic transcription of surnames: [al’tlu:ller], [[api:ro].

13
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Analogues situations are present in other sciences as well. For
example, the formulas that A.Einstein used to describe his Special Theo-
ry of Relativity were known long before and were published by different
scientist. Yet, A.Einstein was the first to point out the importance of these
formulas, which in turn discovered new laws of nature (speed of light is
constant in all frames of reference). So A.Einstein is considered the sci-
entist who discovered the Theory of Relativity.

TRIZ - it is a science, which studies the development of techniques
as co-action of humans and nature.

The co-action of nature, humans and technique can be demonstrat-
ed with the problem of three intertwined rings. With a careful look, one
can see that only together the three rings form a system. If even one of the
three elements is removed the system falls apart. Each of the rings 'retains
individuality', since it is not tied or connected to the others, but only
together they form a reliable and stable system.

This is similar to the three poles that are used for a base of a tipi.”
Each pole is held up by the other two and cannot stand on its own.

One of the characteristics of TRIZ is the detection and application
of contradictions, simultaneous «presence-absence» of some action.

) A tipi — a version of a wigwam, dwelling of aboriginals of America.



So going back to the original publication, the following quotation
demonstrates the vital changes that authors made:

«...The study of psychology of the innovative creativity cannot be
done separately from studies of general laws of technique development.
The objective of the inventor should be directed towards creating new
inventions, the inventor is part of the technical progress. Hence, the men-
tality of the innovative creativity is understood only with extensive knowl-
edge of the laws of technique development. The above mentioned certain-
ly does not indicate that the researcher must only be involved in studying
the mechanism of the technical progress. Unique psychology of the inno-
vative creativity, as with any scientific discipline lies in the necessity to
simultaneously take into consideration objective interconnections among
technical development and subjective, psychological factors. First of all,
the psychology of the innovative creativity is a subsection of psychology.
Thus, the centre of its attention is the psychological actions taken by the
inventor, inventor who perfects and completes the technique. The psy-
chology of the innovative process is a bridge between the subjective world
of human psychology and the objective world of technology and so it must
take into account in the studies of the innovative process the laws of tech-
nique development.

The process of developing a new invention has two sides: the mate-
rialistic and psychological. In order to identify the materialistic side of
the invention it is necessary to know the history of how the technique
developed and understand the basic laws of a technical process. Studying
such history material and analysis of specific inventions happen to be one
of the most important sources of psychology of technical process.

In order to identify the psychological laws of invention systematic
observation of the process of the innovative work by the inventor is nec-
essary, as well as generalizing the innovator experience and experimen-
tal examination of the innovative creation process through experiment
conduction in conditions closest to genuine ones...»

15
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Take a closer look at the last paragraph. It introduced some terms
that are important to experimental research of creative processes. It is nat-
ural to expect some tool to be developed for such research, but first some
of the important basic principles of creative work must be formed:

«..Every creative solution of a new technical problem, regardless
of which area it belongs to, has three core moments:

1. The posing of the problem and identifying the contradiction,
which prevents solving the problem using a common, well known
approach.

2. Eliminating the cause of the contradiction with the goal of
achieving a new — more involved — technical effect.

3. Introducing other elements of the perfected system in accor-

dance with the changed elements (the system takes on a new form, cor-
responding to the new purpose).
In consensus with this, the creative solving process of technical prob-
lems typically includes three — different according to their goal and
method — stages, which can be conditionally called analytical, opera-
tional and synthetic.»

So now there exists an instrument for practical work:

«Based on everything described previously, the creative process
scheme can be presented as follows:

1. Analytical Stage

1. Select a problem.

2. Determine the goal of the problem.

3. Identify the contradiction preventing the solution.
4. Determine the cause of the contradiction.



11. Operational Stage
1. Examine the typical solution approaches:

a) in nature
b) in technology

2. Search for new solution approaches through modifying:

a) within the limits of the system
b) in the surrounding environment
c) among the connected systems

111. Synthetic Phase

1. Introduce the functionally favourable changes into the system.

2. Introduce the functionally favourable changes into the methods
of using the system.

3. Assess the applicability of the principle to the solutions of other
creative problems.

4. Evaluate the new invention.»

This citation describes the very first ARIZ (Algorithm for Solving
Innovative Problems). This classification appears in G.S.Altshuller's
works a few years later, but even in the original publication it is a real
working instrument. Of course it differs from the modern model ARIZ -
85V in the same way the plane built by brothers Wright differs from a
modern aircraft. Nevertheless, it has (even if they are not very prominent)
all the important elements of an instrument: process of identifying and
eliminating contradictions, control over the psychological factors, and
usage of previously obtained information.

17



From the very beginning of TRIZ, ARIZ was and still remains its
most important instrument. As science develops, the old instruments
change and some new ones are introduced; however, not all of them are
equally effective.

Some of the instruments always give positive results (that is if they
are used properly). They are «classical» instruments of TRIZ. As a rule,
this effectiveness (besides other factors) is ensured by successful applica-
tion to many problems in different TRIZ-groups. Other instruments, even
when used correctly, cannot guarantee such reliable results. They are
«non-classical» instruments of TRIZ. They may be new and so must
undergo active crosschecking to eventually become «classical». Although
it is possible that they are the old, merited, formerly «classical» instru-
ments, which reached their improvement quota and migrated into the
other group.

The Vepol models (BITM) The Laws of development

ARIZ-85V (APHU3-85B) SLCP (ZKCTJI)
(Strategy for the Life
of Creativity Person)
Ll | A% b QS
The table ' | ; The Qualities
of receptions ! - The Multi- of the
'
for elimination 1 ! screen Creativity
of physical . | model Person
contradictions ! :
o e e e T e (A Ay AR sl | p—— ] S
' I
I v S e e o B The Account of
The table of graphic | ! ' The table of receptions | | The Method Personal Time
models for typical ! : for elimination ) ! . ol:’l;llod(-lling|e
nfli cro peoples
e a i b of technical ) -3 e The Phantasy»
v ESDEEe 0 | Scale
— o ——¢ emm o — — : ............ | — — — — g e —p———
1
Principles of phantasing The Morphological The STC Operator
analysis (Space, Time, Cost)

This chart demonstrates the correlation between the «classical»
instruments of TRIZ. Blue frame corresponds to technological instru-
ments, , red - informational instru-
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ments. A more detailed explanation of the differences between these
instruments will be given in later sections. A broken frame indicates that
this instrument is starting to lose its effectiveness and becomes a "candi-
date" for transfer to the other group. Broken arrows between instruments
also indicated insufficient effectiveness.

The red horizontal dashed-dotted line separates different levels of
instruments. The most important instruments are higher up on the chart.
Hence, strictly speaking from the chart it follows that laws of develop-
ment and Vepol models are more important than ARIZ. It is true that
these elements are very important, but they are no longer considered to be
just instruments. They are now intended for identifying new directions in
science, where as solving problems is a job for a fundamental instrument,

such as ARIZ.
[ Classical TRIZ tools I
-
|
|
.......... b oo ¢ e ¢ e ¢ e b — — w— ww— s o fo— ¢ — ¢ S—  S— v w— —
‘ '
R N oA i N Pt Y :
| " The Analysts | | The Topology «Non-classicab
| ¥ |
;| of Operations l ! _ofStructures | Information Fund
bt Sttt }_ _t
_________ 4 — — — w— w— v w— v ww— w— 0 — — of — . e— w—
R N T T . L Yyt
| |
Floor» The Register
! £ ¢
: Trh‘:ianalz)sis f ;[;d“ I for Development 1 designing for fantastic
: of diversions or Research of Systems : ideas
Principles
DCI-Course (RTV) (Development of Creative Imagination) of
(Without Classical Parts) phantasing

B oo o e e e e e e e . e G S e G W e S e e G G e G G G G G G G G e G e G e G e e e e

The «non-classical» instruments chart has quite a few broken
lines. Most of these elements require a serious and time consuming con-
firmation.

An exception 1s methods of activization of innovative imagination,
which did not become part of the CID (Creative Imagination Develop-
ment). These quasi-instruments have no future in TRIZ.
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TRIZ - it is an applied dialect,
mathematical philosophy.

Such an understanding of this science did not come with the first
day. Far too many years, for different people, TRIZ remained simply a
convenient method of solving problems. The proper place of science of
TRIZ in the complete hierarchy of science will be understood only after
one is familiar with its fundamental instruments. So the chart given below
is for now only a chart and it will be justified later...

Philosophy
[ TRIZ J *—*L Mathematics J
~—»: Biology Chemistry Physics History Economy |+«—
Mechanics Optics Magnetism

This book is a very short version of the history of instruments of
TRIZ, a guide for first time introduction. The next step into this science
would be solving a spectrum of different problems, but first, lets discuss
the backbone present in every science — information funds.



Information Funds

ny self-respecting investigation begins with information gather-
ing. TRIZ 1s no exception. Moreover, this particular science

devotes a lot of attention to collecting and organizing informa-
tion..

This could not be any other way. TRIZ is a science about develop-
ment of technical systems and how this development can be controlled. In
order to have full control it is necessary to know the laws of development,
to see and understand the system models. This can be achieved only
through studying an enormous amount of information about these techni-
cal systems.

One could say that TRIZ got lucky. Altshuller began his work when
he was employed at the patent burro (invention inspection burro) in
Caspian flotilla of the Soviet Navy. When Einstein was doing similar
work he got the idea for the Theory of Relativity. Altshuller got his ideas
for TRIZ.

It was soon understood that work at a patent burro requires more
than just well written papers for the invention. More often than not the
new invention had to be improved or even completely redesigned. New
technique of creating the same invention is needed. But first, one must
collect and analyze a lot of information about a variety of already existing
solutions.

The basis of the information fund, information cards, may be very
simple. On one side of a sheet of paper write down the initial state of the
system, and on the other write down what 1s obtained in the process of
solution, that is changes, improvements, development and etc. Also, indi-
cate the purpose of these changes, or reasoning behind them.

21



22

While there is a few of these cards, it is simply a collection of iso-
lated solutions with no connection between them. Then from the large
mass of information the shape of a particular system gradually comes
through.

Altshuller wrote that from 1961 to 1969 he selected and analyzed
more than 40 thousand high class invention. To achieve this he had to
work though almost the whole patent fund that USSR had at the time. But
the product of his work was worth the efforts.

As it turns out, all the inventions can be classified into five levels.
The first (lowest) level uses an already existing solution. The next one
picks out one solution out of a few available ones. The third corresponds
to the initial solution being significantly modified. Then follows the case
when a completely new solution arises, and finally, on the fifth level a
completely new course of actions comes to life. The choice of a problem
and the development of a solution also can be classified in terms of dif-
ferent levels.

Eventually one can see some similarities between the methods
which give the strongest solutions. They are the methods of eliminating
technical contradictions and can be considered to be the first, although
not very effective at the time, instruments of TRIZ. Already then Alt-
shuller noticed statistical dependence of using such methods and con-
structed the first tables for their application.

Of course, these were still some of the simplest instruments of
TRIZ, now they cannot even be considered «classical» to the full extent.
Nevertheless, this work made the important step and began the formula-
tion of the first systematic information funds of TRIZ. Gradually, the
enormous body of potent data began forming an organized structure of the
new science.



The Account of Personal Time

ime is our greatest treasure. Time rewards everyone equally, it can-
not be bought or lost and hence, there is never enough of it.

Collection of the information, analysis and systemization of the
information cards are all time consuming processes. Tens of thousands of
selected inventions mean years of constant daily cumbersome work. Such
work requires not only determination and talent but also precise organi-
zation, or account of personal time.

Since 1975 the account of personal time is a must for everyone who
studies or applies TRIZ. This account of time is done using a technique
first introduced by Alexander Alexandrovich Lubishchev, hence, it is
often called Lubishchev System. This is described in more detail in a
book by Daniel Granin «This Strange Life»..”

The idea behind the account of time is to constantly keep track of
used personal time. Every day is digested by the minute, as to what the
time was spent on. However, this is only the first step in creating the infor-
mation fund about personal time. Afterwards, comes the analysis process.

The time spent on main (scientific) work, on additional supportive
work, on reading various literatures and obtaining other information is
recorded in separate sections in a specifically designed cumulative chart.

Y This book is translated to some languages, including on Korean.
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Just as important is to account for lost time. Here, one indicates the
time that was not spent productively: repeated work, waiting time or
«empty» conversations...

Such track keeping over a few days, weeks and months shows the
correlation between positive, productive time usage and unproductive
losses. These losses may be in the future turned into a particular «reserve»
of time and partially or even fully use it for main (scientific) work.

The cumulative table over a week must contain a list of all read
books and articles along with their short abstract overview.

It is interesting to see the practical application of this system. Here
is what Altshuller has to say about it:

«For quite some time I was following a bad system. It started back
in school, in grade 9 when [ started to keep track of read pages. Eventu-
ally I brought the plan from 100 to 300 pages per day. I discovered that
too much quantity over quality; there was too much «lighty reading. |
switched to recording the number of hours... and the system worked right
away. So I had to give some thought to what is «useful time» and what are
«lossesy, and they cannot be identified without formulating the life goals
and without a system of plans.

Very soon it was clear that the system does not allow taking away
or adding time. So you either have to give up the system and admit your
defeat (and then you cannot profess to anything), or start fighting the time
losses... and go deeper into the system. I kept track of time (even the
details of this track keeping was similar to the form proposed by Lubis-
chev) for about 15 years, until 1956. This also included the 4 and half
years up north. During the good years, the wasted time added up to 12-
13 hours per day, which is a lot. Up north it was on average 7 hours a day
and this was incommensurably more difficult the usual 12-13 hours. After
this I have no sympathy for complains about lack of time. I stopped keep-
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ing track when I felt that I no longer need to write things down. I devel-
oped a quality to simply feel the flow of time. I know how much one or
another job «costsy». I can feel to what extent the time is productive and if
this extent is not great enough I associate it with physical discomfort.»

By itself, keeping track of time is an . At
first glance it does not have a direct effect on the process of solving prob-
lems, but only helps to control one's action (via psychological factors).

Accurate account of personal time makes it difficult and even
impossible to waste time. An individual unwillingly feels necessity to plan
ahead the use of time, and thus, plan ahead his or her work. At the begin-
ning such planning forecasts the next few days or weeks, but with time the
planning extends to months and years ahead. Eventually it comes to a
moment when the whole life needs to be planned out. Though for this the
Lubishchev system is not enough, but the whole complex of qualities of
a creative person must be used.



Qualities of the Creative Person

he fastest runner cannot overtake the slowest turtle. By the time

I the runner gets to where the turtle is now, the turtle moves up

ahead by at least some amount. So if all the runner is doing is
catching up with the turtle, it is not possible for him to overtake it.

The solution to this contradiction was found back in ancient times.
It is important to set a long term goal. This large and serious Goal is the
most important quality of a creative person.

The Level of a Creative Person can be easily identified by the goals
set in front of that person. The goals of remarkable people go «beyond the
horizon» and it takes longer than one lifetime to accomplish them. It is
remarkable that today it became impossible to achieve serious and valu-
able results without setting one's goals so highly.

It 1s still not enough to simply have a great goal. To achieve it one
must have a whole complex of detailed and well selected plans; prefer-
ably, to span the whole path towards the goal. It is difficult to produce
such plans and even harder to consistently carry them accurately. So con-
stant self control and account of personal time becomes a great aid.
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High work efficiency, the ability to perform a large amount of work
in a short period of time 1s a typical requirement. However, for a Creative
Person there is another important characteristic: the emphasis is not sim-
ply on work efficiency, or «overall productivity», but only on the work,
which contributes to the realization of the proposed plans.

The famous science fiction author Jules Verne for many years col-
lected and analysed various scientific information; which he then used to
create some of his most interesting novels. He composed a library of 20
thousand notebooks. The information fund collected by Altshuller can be
just as impressive, and not only with its size and the quantity of work.
This fund was necessary for the foundation and development of TRIZ,
and this makes such a fund very valuable.

Still, the Great Goal, detailed plans and even high work efficiency
do not guarantee valuable results. One more important quality of a Cre-
ative Person is the problem solving technique. It is essential to be able to
properly use all instruments of TRIZ - technological, organizational and
informational. The ability to see the laws of system development and
modelling, contradictions in the systems and ways to overcome them - all
this pertains to the problem solving technique and it must be studied very
seriously for a long time.

All of the above listed qualities are necessary for creative scientif-
ic work, but by themselves they do not guarantee success. There are many
obstacles on the path towards the Great Goal and these obstacles must be
overcome. As they say, «stand your ground», not be afraid to defends
one's solutions and be able to realize them in any outcome.



And so only when all of these five qualities are present, and can
achieve the necessary productivity. It must be remembered that the results
do not come right away and not to the full extent. On the path towards the
posed Goal some of the smaller results come first and then later they
become more and more significant.

Through careful organization of work one can be producing results
many years later. For example, Jules Verne's son used the information
fund organized by his father to prepare for press a few novels that the
writer was unable to finish.

Going back to the beginning, that is, to the most important quality
of a Creative Person, one might ask: Which goal would be considered
worthy enough to spend one's whole life striving towards it? Of course,
everyone has their own goal, but general signs of a Worthy Goal (WQ)
can be identified.

First of all the goal must be positive, oriented towards improvement
of life. Unfortunately, in quiet a few cases the goal also has negative and
harmful consequences. So while achieving a goal, one must always strive
to minimize the damage and maximize the positive effect.

WG must be original. Else, the means of achieving it must be orig-
inal.

A well posed goal is infinite. It may be expanded like a tree grows
from a sprout. Then the trees can be put together to make «a forest...

As arule, a truly Worthy Goal 1s not easily accepted by other peo-
ple at first; it contradicts the familiar ideas and standard beliefs. Thus, it
is very important for the WG to be very specific, so it can be evaluated
from the very beginning and the path towards achieving it can be con-
trolled.
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Such a distant and unusual goal has an advantage as well: it does
not compete with the goals of other people. So there is no need to haste
the progress and carefully follow through with all the steps. This is very
important when starting unusual and at first difficult work.

Nevertheless, even with such advantageous conditions, it is still
important to demand constant realization of the steps, at least small ones.
One a path has been chosen, it must be followed through.

In order to achieve any serious goal it is important to have a large
information fund. Sometimes it is possible to use pre-existing information
collected by others, though quite frequently one has to spend a lot of time
and effort to create personal «information storage».

Finally, the WG can almost always be made independent, that is not
requiring high cost and sophisticated equipment for its realization. The
core part of the work can be done independently.

Studying and developing in oneself the qualities of a Creative Per-
son has been part of the TRIZ course for many years. The study of
grounds for choosing a goal began in 1983. The Fund of Worthy Goals is
constantly reformulated (for both educational and practical purposes). All
this allowed identifying certain correlations, which are the base of Strate-
gy for the Life of a Creative Person.



Strategy for Life

ealization of the Qualities of a Creative Person requires a certain
technique. This technique is known as LSCP — Life Strategy of
Creative Person.

According to the main idea of LSCP, the whole life of a Creative
Person (CP) is an ongoing battle with the «External Obstacles» (EO).
These «obstacles» may come in form of various objects and actions by
those objects: acts of nature, inner problems or external circumstances.

Still, EO is not represented as «absolute evil». EO exist in their own
world and abide their own laws. EO interfere with the goal only by not
aiding it. For example, rain can prevent arriving on time to an important
meeting, however, one mustn't try to fight rain or get offended by it: to
prevent being late one must simply take into account the possibility of
such interference.

LSCP is written out in form a few dozens of «steps», grouped into
four main categories. In each part of his/her life, CP sets specific goals for
himself/herself. EO can interfere with realizations of these goals trough its
actions (its «steps»). In return, CP plans ahead the counter steps to prevent
the negative effect of EO. This is similar to a typical chess game. More-
over, separate stages of this «game» are indeed named using the chess ter-
minology, though some important differences are present.

Debut — the choice of a future «gamey, the choice of the Goal. How
can the circumstances interfere? Evidently this interference can push
towards alternative, lesser goals. This is similar to obtaining a narrow spe-
cialization with no possibility to broaden it further to «vast science». It is
important for a CP to be able to choose and then independently identify
and develop his or her Goal.
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The Debut of LSCP has two parts, both of which have their own
main conflicts. The EO of the first conflict steer one towards typical
behaviour, towards standard high school and university education. The
aspiration of CP towards more serious goals should force CP to obtain
more advanced education and develop independence between the through
process and behaviour. The second conflict is the battle for time, or more
specifically for the right to manage one's time. EO take this time away and
the CP must find ways to save it and use it productively.

The Creative Person prevails if a Worthy Goal is chosen and tran-
sition to the next stage is successful.

Mittelspiel (middle of the game) begins from the moment the Goal
has been chosen. So now it is important to obtain a minimal result which
may be of use to others.

Mittelspiel has three part (and three main conflicts).

The first conflict is again the battle for time. CP strives to maximize
the time saved for working towards achieving the Goal. EO still force the
CP to spent time on many other unproductive activities.

The second conflict is the incompatibility of social status of the
Creative Person and the important Goal that CP is working towards. This
is rather common in any type of work.

The third conflict comes from the group that forms around the Cre-
ative Person. The group is an asset, but at the same time it creates addi-
tional complications.

The Creative Person prevails if the group for realization of the Goal
is created (formation of a scientific school) and transition to the next stage
is successful.

Endspiel (end of the game) presents the development of the system
of Goals. CP accomplishes results even if their life span prevents further
work.



This stage has two main parts (and two main conflicts).

The first conflict comes from the fact that it is no longer one school
working towards the Goal, but a group of schools. A large number of new
people can perform more work, but at the same time there are more pos-
sibilities for errors and distortions.

The second conflict 1s that it takes too much time to reach this
stage, sometimes a whole lifetime, and the work is not yet finished.

One again, the Creative Person prevails if transition to the next
stage 1is successful.

Post Endspiel. This is not possible in a game of chess — a game
after a game is finished, but in Life Strategy it can happen.

Post Endspiel has two parts (and two main conflicts).

The Creative Person is now physically absent; yet, certain results
are still produced due to the steps accomplished earlier.

The scientific movement becomes a group of movements («super-
motion»). The number of people rapidly increases and even more rapidly
decreases the overall quality of work. The «super-motion» takes on a new
form of «External Obstaclesy.

The very first version of LSCP came out in 1985. Finalized ver-
sions have been published in various books.” Every stage of this game is
comprised of numerous «steps» taken by both the External Obstacles and
the Creative Person. Many cases also introduce additional reinforcing
steps. The total is 88, but it should be noted that many of the «steps» can
be made several times during different stages of this giant «game» and
most importantly, this total cannot be complete. As life evolves, new pos-
sible interactions between the Creative Person and the External Obstacles
come through. They must be studied and used.

*) More in detail about these books look in section 22 «The Literature».
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G. S. Altshuller considered LSCP to be one of the most important
sections of TRIZ. It 1s impossible to create a genuine Creative Person
without such an instrument and so it is impossible to effectively solve
problems. A detailed study of LSCP demands a lot of time (and regular
use demands a lifetime), but a brief overview of the main stages of this
instrument is necessary even at the introductory level.

Implementation of LSCP requires combined efforts from many
instruments of TRIZ. On the other hand, even the basic familiarization
with LSCP allows for better understanding of the key instrument of TRIZ
— Algorithm of Innovative Problem Solving (ARIZ).



ARIZ

he most important instrument of TRIZ is the Algorithm for Solv-
I ing Innovative Problems. All other instruments only assist ARIZ
and provide work for it.

One could say that ARIZ was already present in the very first TRIZ
publication,” though the term itself did not come until some time later, in
1965. And the familiar acronym along with its numerical index was first
used in the first edition of G. S. Altshuller's book «Innovation Algo-
rithmy.

ARIZ has been actively developing over the years. This develop-
ment was ensures by the large number of groups, and then later TRIZ
schools, which created TRIZ-motion. Every group and school used a cer-
tain general strategy to solve a vast amount of problems. The records of
these solutions were studied in detail and analysed. This in turn provided
specifications and additions to ARIZ.

For example, more than 5 thousands records analysing a variety of
about 150 problems were used for the transfer from ARIZ-68 to ARIZ-71.
ARIZ's further development used even a larger information fund.

ARIZ-85V is the latest version of ARIZ, which had to go through a
complete and detailed examination. So this is the version used in solving

practical and study problems. The study problems in this book are also
analysed using ARIZ-85V. ™

2 More in detail about these books look in section 01 «First step into new science».
™) More in detail about these books look in section 24 «Education tasks».
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All of the versions of ARIZ, although different in their spans and
volume, contain three main elements:

1. The Program. ARIZ is a logical sequence of actions, which is
directed towards finding the solution of a given problem.

2. Information Availability. ARIZ contains a large amount of infor-
mation, which is needed for constructing the solution. One part of the
information i1s contained within different instruments, and the other part
takes the form of footnotes and references to specific information funds.

3. Control over Psychological Factors. ARIZ as a whole or as parts
of different instruments is intended for controlling psychological factors.

So ARIZ happens to simultaneously be a technological,
as well as informational instrument.

Originally ARIZ was used only for solving technological problems,
but with further development of TRIZ (mostly the increase of the infor-
mational funds) it became possible to use ARIZ for solving problems of
different nature, for example, socially-economics problems.

Minimal knowledge of ARIZ (including analysis of study prob-
lems) is a must even for most basic beginner stages of studying TRIZ.
Application of any other instruments, without the logic of ARIZ, can
cause difficulties and it is less likely to get useful results.



Method MMP

ethod MMP is the method of modelling with «micro people» or
M method «Modeling with Micro People».

Task N.6.12.” Many foods must be stored at low temperature in
order to be preserved. If the food is stored for a long time, then the owner
must have a way of finding out that the temperature has not increases (and
the food didn't go bad).

How can this be accomplished? The use of regular thermometers in
this case is insufficient.

When applying the method MMP the most important part are the
actions taken by the person solving the problem, and the less important
part are the problem conditions and properties of the system which must
be changed. Hence, the method MMP is an instrument.

This instrument is a must in ARIZ (step 4.1). On the other hand, in
order to get the best results with method MMP, one has to first analyze the
problem with the first three parts of ARIZ. This analysis brings forwards
the technical contradictions of the problem, conflicting pair (item and
instrument), the actions of the Eks-element, operational zone and opera-
tional time, ideal final result and physical contradictions in the problem.
Now, to eliminate the physical contradiction from the operational zone,
one has to transform components of the system. This is best achieved with
the method MMP.™

) Tasks of N series are taken from the separate collection prepared by authors.

™) The explanatory of some terms look in section 25 «Terms which are used in
TRIZ».
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In the task N.6.12 this can be viewed the following way:

There exists a conditional «thermal field»”, temperature, which can
change. It is necessary to know for certain whether the temperature went
up or not (above a certain threshold). This can be determined with some
sort of instrument (a regular thermometer may be unreliable). Therefore,
wherever the «thermal field» is active (and where the food must be pre-
served) some sort of particles must be present (parts of the instrument or
the Eks-element). These are the particles that will be the micro people.

This problem requires the micro people to react to the change in
temperature. This reaction may be expressed only through interactions
and displacement of the «micro people» because these are the only things
that can be shown in a drawing.

There must be at least two drawings: the state at the allowed (low)
temperature and the state at the not allowed (high) temperature.

NAAAA ARARAR

Before After

(low temperature) (high temperature)

When the temperature rises, the «micro people» stop holding hands
and even step away from each other. This is easy to notice and can have
both physical and technical correspondence.

However, there is a problem: after some time the temperature may
drop again and «micro people» will start holding hands again. How can
one know if they ever stopped holding hands?

" The modern physics considers four fundamental fields. But for the description of
technical systems is allowable to use many other conditional «fields». These quasi-
fields which can be the most different by the nature, do the description of systems by
more simple, and the solution of tasks easier. Certainly, thus it is necessary to remem-
ber always, that these «fields» are conditional.



Evidently, when the «micro people» let go something irreversible
must happen. It is very important that this is expressed only through the
actions of the «micro people».

MAMAMAN

Before After
(low temperature only) (after high temperature)

At the low temperature, «micro people» pile up into two layers
(two storeys). At each level they are holding hands and so the top layer is
standing at the bottom one and does not fall through.

Yet, as soon as the temperature goes up (exceeds the threshold) they
let go of the hands and the «micro people» of the top layer fall through to
the bottom level

Now if the temperature does decrease again (below the threshold)
«micro people» will not be able to form two layers, although they will be
holding hands. Such a change in the number of levels («storeys») would
be a sign that at some point in time the temperature increased and the food
may have gone bad.

The easiest technical solution is to use the available resources, a
substance that is already present in the system and can perform the desired
task. In the fridge, such a substance may be ice.

If there are pieces of ice piled up into two layers or a little pyramid.
Then after the sudden defrosting (undesired temperature rise) there will be
only one layer of ice left and it will be instantly noticed.
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More rigid rules of using the method MMP are described in ARIZ
as follows:

a) build the schematic of the conflict using the method MMP;

b) modify the scheme so that the «micro-people» acted without
causing a conflict,

c) move on to the technical scheme.

Remark:

31. The essence of modeling with «micro people» method (method
MMP) is schematically presenting the conflicting demands in form of a
drawing (or a number of consecutive drawings) of a large number of
interacting «micro people» (a group, a few groups, «hordey). The «micro
peopley should represent only the changing parts of the problem model
(instrument or Eks-element).

«Conflicting demandsy is a conflict arising from the model of the
problem or opposite physical states, specified in step 3.5. It is possible
that the latter is preferred, since it would be easier to illustrate the «con-
flicty in the model of the task, but there are no solid rules governing the
transfer from the physical problem (3.5) to MMP.

Step 4.1b can be done by putting two illustrations on the same
drawing: the bad action and the good action. If events develop with time,
then one should consider having a few consecutive pictures.

Attention!
It is easy to make a common mistake by limiting the drawing to
quick and rough sketches. A good drawing should be:

a) Self-explanatory and easily understood without word;
b) Provide additional information about the physical contradiction
and point to possible ways of eliminating it.

32. Step 4.1 is secondary. It is needed to give a better understand-

ing of what the particles must do in and around the operational zone
before VPR mobilization. The method MMP helps to see the ideal action
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(«what needs to be done») without the physics («how to do it»). This
removes the psychological inertia and focuses on the creative work.
Hence, MMP is a psychological method. Nevertheless, because the mod-
eling with «micro people» accounts for laws of system development, it
often leads to a technical problem solution. In this case the solution
shouldn't be interrupted and the mobilization of VPR (vepol resources or
object-field resources) must be carried through

This 1s the step 4.1 in ARIZ-85V.

An earlier version ARIZ-82 also used the method MMP (in step
3.5), but back then it was not detailed enough and its use was less accu-
rate. For the first time, the «micro people» appeared in 1977 in the book
«Inspiration by Order»” (by A.B.Selutskij and G.I.Slugin). G.S.Alt-
shuller wrote the chapter on the course «Development of Creative Imagi-
nation» for this book.

A direct and immediate application of the method MMP helps to
solve more that simple problems.

Task N.6.11. Typical lubricant «freezes» when temperature is low-
ered: its viscosity increase and the lubricating properties decrease.
How can one make the lubricant resistant to the temperature drop?

Certainly, at absolute zero any lubricant would freeze (except for
greasing from helium), but in practice such low temperatures rarely occur.
Sometimes a change in temperature as little as 10 degrees may be very
important. And the help of the «micro people» is important here as well.

Let's carefully look at the «Before» and «After» pictures. At high
temperatures the layers of the lubricant can easily move (slide); they don't
interfere with each other, although in the layer itself they firmly hold
hands. This is the «Before» picture. At low temperatures (the «After» pic-
ture) the interactions between «micro people» is increased and the layers
start to cause interference, prevent motion, and cling together.

" More in detail about TRIZ books look in section 22 «Literature..
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Before After
(high temperature) (low temperature)

The «micro people» need help. Of course when the temperature is
lower they hold on to each other more firmly, but this interaction can be
controlled. Let the «micro people» hold hands tighter, but this connection
shouldn't prevent the sliding of separate layers.

The result is a rather unusual middle layer: «micro people» are stur-
dily bound together, but their connection forms rings. Note that the size of
a ring may be greater than three. Not only can these rings slide along the
adjacent layers, but they can also roll along them. Friction is significant-
ly reduce, which in turn reduces the overall viscosity of the lubricant.

Here, a new problem arises: How can one force the «micro people»
into forming rings? Typically they only do whatever is convenient and
does not require extra effort. Hence, a new substance must be introduced
into the lubricant to «bring order» among the horde of already present par-
ticles. That is, this new addition should easily form an ordered structure
or already posses such a structure, while still following the laws of system
development and rules for Vepol model construction.
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Before After
(high temperature) (low temperature)

It is not hard to find a whole group of such substances in the Sys-
tem of effects used by TRIZ. They are aromatic carbon compounds, which
are known for their benzene rings. Although this connection may seem
crude, benzene rings do play a role of a peculiar roller-bearing at molec-
ular levels, which reduces the friction among separate layers of the vis-
cous liquid.

Thus, the solution of this problem requires the use of aromatic com-
pounds, like methylcyclohexane or toluene...And use of «micro people».
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Operator STC

perator STC (space — time — cost) has grown from the morpho-
I logical analysis. The main task for this operator — to change usual
representation about system.

In most cases the basic attributes (properties, parameters) any sys-
tem only three. It is the spatial linear size, time of course of processes and
cost. Value of each of these attributes precisely can be described some
number. For solution of many tasks it is very important to know these
numbers. But the paradoxicality, discrepancy of a situation is, that the
same exact values very much frequently prevent.

Let's consider such task: (from card file of G.S.Altshuller):
On a slope of mountain accurately it is necessary to put a pipe from
concrete. Length of a pipe — 30 meters, diameter — 2 meters. To use com-

plex mechanisms in this case it is impossible. To execute a pipe at once in
inclined position too it is impossible. What it is necessary to make?

-

30 meters is a height of a multi-storey house. Accurately «to put
sideways» the whole house — psychologically a complicated problem.
Especially, if it is impossible to use special engineering. Therefore — the
pipe accurately itself should be lowered on a slope of mountain...
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It is necessary to know sizes of two more parameters. The concrete
pipe was necessary for hydroelectric power station. On conditions of a
real task, on such construction it was allocated two years of time and hun-
dred millions dollars.

i
4
sl

The rule of performance of operator STC is the following: we take
by turns each of three parameters (space, time, cost) and twice we change
its numerical value — from existing size up to zero and from existing size
to infinity.

During performance of each of these of six operations it is neces-
sary to check up — as the task has changed. In new conditions its solution
can become more difficult and can become easier.

It is very important to not limit itself only to extreme values (zero
and infinity). It is necessary to describe a situation for several intermedi-
ate values. For example, intervals of time in one day, one month and one
year can have essential, qualitative differences. Such differences are con-
nected to occurrence and disappearance of various processes on various
«floors» of an axis of time. It concerns all parameters of the operator.

Not less essential requirement is, that all actions with the operator
are necessary for writing down in detail. Such records further can be used
and during the decision of other tasks, and for updating information funds.



Check up itself — make independently all six records of changes of
parameters for a problem(task) about stacking of a pipe. For more exact
use of operator STC be guided by such control answer:

The ice place between a pipe and a slope of mountain place ice.
This ice «catch» the pipe. Then ice gradually warm up (defreeze) on the
part of a slope of mountain. As a result of it ice smoothly falls and simul-
taneously accurately stacks a pipe on a slope of mountain.

-

For the better to estimate advantages of operator STC — enter the
additional requirement: the decision should be idealer. Ice should appear
itself... And then independently to thaw. It is necessary to keep money to
construction, but it will be necessary «to pay» for it an expenditure of time
and space...

Operator PAN many years was used as a separate step in various
versions of Algorithm for Solurion of the Invetion’s tasks (switching
ARIZ-77). Further such step from ARIZ was removed, but thus the idea
of change of values of various parameters of system has appeared in other
steps of ARIZ. It not only helps to strengthen the received solution, but
also allows to present all system more full. Accumulation of the informa-
tion on application of operator STC was the important element in creation
of the Multiscreen Scheme.

At the same time, operator STC («classical» tool of TRIZ) and its
separate elements remain the important part of the general «nonclassical»
rate of Development of Creative Imagination.
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Originally this rate consist of the most different methods of man-
agement of psychological factors. It is a lot of such methods, but their
quality not always happens sufficient (even for a «nonclassical» level).
Therefore during teaching and application TRIZ these methods were in
part eliminated, in part transformed, in part replaced new.

As a rule, new elements of rate STC were based on the information
funds received at use of «classical» tools of TRIZ. In particular, change of
values of various parameters (including the space, time and cost) can see
in many receptions of imagination. Use of operator STC and for «floor»
designing is essential.



«Floors designing

of a rate of Development of Creative Imagination. This rate
allowed to use for technical solutions not only patent, the inven-
tion information, but also fantastic (including literary) ideas.

V ery simple at first sight «floor» designing is one of basic elements

The First book about application of a fantasy in invention was pub-
lished in Tambov (USSR) in 1964 year.” Then regular updating informa-
tion fund of fantastic ideas began. The analysis of fund has allowed to for-
mulate such principles of «floor» designing for fantastic ideas:

1. It is necessary to choose inanimate object. To execute the fore-
cast of its development.

2. The object should be fantastic, an artificial origin. The object
needs to be considered on all «floorsy.

3. To formulate the purposes which it is necessary to reach, using
the given object. To specify purpose of object.

In the information fund such list of «floors» was revealed:

The ground Floor: one fantastic object is used.

The Second floor: such objects (in huge quantity, everywhere) are
used many.

The Third floor: the specified purpose is reached without use of this
object.

The Fourth floor: situations when absolutely disappears necessity
for achievement of the planned purpose are created.

2 V.N.Zhuravliova. The inventions, ordered by dream.
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«Floor» designing for the first time has allowed to create fantastic
ideas systematically, organized, ordered. Also at regular application of
this tool the new information fund — fund of use of «floor» designing col-
lected.

Appeared, that this tool is applicable not only for fantastic ideas,
but also for real inventions tasks. Moreover, the tool developed, became
more detailed, exact and has soon turned to new powerful means of the
analysis of systems — the Multiscreen circuit.

At the same time even the initial version of «floor» designing con-
tinues to remain one of the strongest ways of creation and development of
fantastic ideas. In rate DCI many instruments are shared with «floor»
designing.

Therefore acquaintance to the brief systematized list of principles
of phantasing simultaneously is continuation of work with «floors» and
preparation for the multiscreen analysis.



Principles of phantasing

a fantasy. On the one hand it has resulted in creation of «The Reg-

ister of science-fiction ideas». On the other hand - this work has
helped to reveal receptions of imagination for designing new technologi-
cal, é¢i a0aoacaéiinéeo ideas.

R esearch of the ideas found in a fantasy has allowed to systematize

The List of receptions of imagination contains some groups.
The First group is made with «floor» designing which is the com-
plex(difficult) complex tool.

The Second group represents various updatings the morphological
analysis, including operator STC (space — time — cost).

The Third group 1s a change of fantastic and real object with the
help of receptions of overcoming of technical contradictions.

The Fourth group — a method of fantograme — is qualitatively new
association of the second and third groups.

The Fifth group - updatings of principles for overcoming of psy-
chological inertia.

The Sixth group — a scale «Phantasi.

The Seventh group — the Multiscreen scheme.
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The two first and two last groups of this list are shown separately.
In this section the third, fourth and fifth groups of principles of phantas-
ing are briefly examined.

Principless for overcoming of technical contradictions — one of the
first micro-instrumentation of TRIZ.  Such receptions some tens were
revealed. G.S.Altshuller studied statistics of use of these tools and on the
basis of such analysis has constructed the Table for application of prin-
ciples for elimination of technical contradictions. Different versions of
tables defined various quantity of technical contradictions. The quantity
of receptions which were used in the table was various also. The final ver-
sion which was included in ARIZ-77, contained 40 principles. In devel-
opment of TRIZ this table began less effective in comparison with new,
stronger tools, therefore in further versions ARIZ it was not used. Some
principles of elimination of technical contradictions (especially non-tables
which have numbering from «41» to «50») were included in the new tool
— system of standards.

On a basis of more simple receptions and G.S.Altshuller's trans-
formed table has constructed the phantogrammes. These are the tables
intended for creation of fantastic ideas. Columns and lines of the table
represent various universal parameters and principles for transformation
of these parameters.

For elementary education G.S.Altshuller recommended such

parameters:

1 — substance (a chemical compound, a physical condition);

2 — a microstructure (that is a subsystem of object from consid-
ered(examined) set);

3 — object;

4 — super-structure (that is system which includes object from con-
sidered set);

5 — a direction of development;

6 — reproduction;

7 — a feed by energy;

8 —a way of movement;



9 — sphere of distribution;
10 — a level of the organization and management;
11 — the purpose, the sense of existence.

Principles for the educational purposes were recommended such:

1 — to increase, reduce;

2 — to unit, separate;

3 — «on the contrary» (that is to replace the given property
«antiproperty»);

4 — to speed up, be slow;

5 — to displace in time forward to displace in time back;

6 — to change dependence «property — time» or «structure — timey;

7 — to separate function from object;

8 — to replace connection between objects and environment (includ-
ing replacement of environment);

9 — to change a quantity indicator (constant).

Principles («methods») for elimination of psychological inertia
which are used in rate DCI, as a rule are created outside of TRIZ. They
concern to «nonclassical» organizational tools and consequently them
apply only to educational, training problems.

Most frequently on employment by OPE C use:

The method of focal objects;

The method of associations;

The method of «gold fish» (or «the gin — executor of desires»);

The method by Arnold (search of the Eks-factor on a planet closed
by «conditional clouds»).
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Scale «Q’ﬁantasy»

ence-fiction literature is strong means of development of imagina-

tion. But only it is not enough one reading. The literature on a fan-
tasy is necessary for analyzing, investigating. The scale «Phantasy» is the
instrument for such research.

T he phantasy is necessary for any creative work. Reading of the sci-

The First, initial versions of this tool have appeared in 60th years
of the last century. Further the scale «Phantasy» varied and in final vari-
ant 1s used thus.

In the beginning each science-fiction product is estimated on such
parameters:

Novelty;

Persuasiveness;

Value for studying the person;

Art value.

To these parameters control value judgment is added.

Each of these of five parameters is estimated on a scale from four
points:

1 — «it’s bad» (there is no novelty and there is no persuasiveness,
there is no value);

2 — «it’s satisfactory» (the minimal novelty, persuasiveness and
value);

3 — «it’s good» (the big, significant novelty, persuasiveness, value);

4 — «t’s very good» (that is higher than the previous point).
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Value judgment can be received thus:

1 — nothing it was pleasant;

2 — any more it was not pleasant, than it was pleasant;
3 — it was pleasant more, than it was not pleasant;

4 — all was pleasant.

Certainly, it only the most simple model of a scale «Phantasy».
For professional use detailed and exact criteria of an estimation of each
point are developed.

The Following stage is reception of the general estimation: points
on all to five parameters are multiplied.

Having received an estimation for some of science-fiction products
it 1s necessary to collect them in the general table, necessarily having
specified not only the general(common) estimation, but also values for all
parameters.

The operational Experience with a scale «Phantasy» shows, that
exact use by different experts of detailed, detailed criteria does total esti-
mations practically identical. Thus, using for comparison existing tables
of estimations of science-fiction products, the own understanding of a fan-
tasy independently is possible to estimate.

In G.S.Altshullera's opinion, each estimation of the science-fiction
story or even one idea represents mental microresearch. Having executed
some such microresearches are possible to get a certain experience of ana-
lytical, system thinking, very important for TRIZ



Tepol Models

ach science has the «language». From the elementary particles this
E language there are most complex, big structures. Such big struc-

tures can be much and understand them, not get confused in com-
plex elements — in the beginning it is necessary to understand structures
simple.

Vepol models is «language» of TRIZ. According to this «language»
any system can be presented as set of elementary models from «sub-
stances» and «fields». Thus of «substance» and «fields» in vepol models
not always correspond to real substances and fields.

The Minimal system should contain three elements. Usually it is
two «substances» (A) and one «field» (I ), however there are also other
models.

I Iq
Al D — AZ Al <—A2A3

I,

It was originally revealed five key rules of transformation
4ai 1 €iil G 0 models (other name — rules of the vepol analysis). Further the
quantity of such rules has increased. New kinds of vepol models also were
received: complex, double, chain...
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Separate elements of vepol models changed (developed) also. Tran-
sition to disperse and structured «substances» was revealed, structured
«fields» more effectively worked. The most interesting results are
received from application of fepol structures at which there is a magnetic
field, and one of substances is disperse ferromagnitic.

N e\

Ay — A, Ay — A%

In G.S.Altshuller's book «Creativity as the exact science» is
shown 18 typical vepol models and transformations. On the basis of these
elementary structures the system of standards for the solution of inven-
tion’s problems is constructed. Vepol models are used for formation of
modern information funds of various effects.

The first works about vepol models were prepared by students of
the Azerbaijan institute of invention’s creativity under G.S.Al'tshullera's
management in 1973.

Vepol models are very closely connected to laws of development
of systems. On the one hand — development of vepol models occurs
according to these laws. On the other hand — laws take into account vepol
character of systems.



Laws of development

n the table of interrelation of «classical»of instruments TRIZ laws of
development are near to vepol models — at the uppermost level. Actu-
ally it is special «instruments for creation of instrumentsy.

Revealing laws of development is traced since the very first works
about TRIZ. These laws were entered into a training course in 1976, and
then published in G.S.Altshuller's book «Creativity as the exact sci-
ence.

For technical systems there are laws of viability (G.S.Altshuller
named their laws of «statics») and actually laws of development (laws of
«kinematics» and «dynamicsy).

Laws of viability:

1. The law of completeness of parts of system.
The Necessary condition of basic viability of technical system is
presence and the minimal serviceability of the basic parts of system.

2. The law of «power conductivity» systems.
The Necessary condition of basic viability of technical system is
through pass of energy by all parts of system.

The Important value has consequence from this law:
That the part of technical system was controlled, it is necessary to
provide power conductivity between this part and controls.
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3. The law of the coordination of rhythmics of parts of system

The Necessary condition of basic viability of technical system is
the coordination of rhythmics (frequency of fluctuations, periodicity) all
parts of system.

Laws of development of systems:

4. The law of increase of a degree of ideality of system

Development of all systems goes in a direction of increase of a
degree of ideality.

All elements of system are superseded to a subsystem, and func-
tions — to supersystem.

It is the main law of development of systems. Other laws «pro-
vide» its action.

5. The law of non-uniformity of development of parts of system
Development of parts of system goes non-uniformly; the more dif-
ficultly system, the more non-uniformly development of its parts.

6. The law of transition to supersystem

Having exhausted opportunities of development, the system is
included to supersystem as one of parts; thus the further development
goes already at a level of supersystem.

7. The law of transition from a macrolevel to a microlevel
Development of working bodies of system goes to mlacrolev, and
then at a microlevel.

8. The law of increase a degree of vepoling

Development of technical systems goes in a direction of increase
of a degree of vepoling.

Non-vepol systems aspire to become as vepol.

In a vepol systems development goes in such directions:

Mechanical fields pass to electromagnetic;

The degree of dispersiveness of substances is increased;

The number of connections between elements is increased;

«Responsiveness» between elements is increased.



Researches show, that practically all laws of development of tech-
nical systems are feasible also for other systems. Only it is necessary to
take into account specificity of systems in one of items of the law 8.
Instead of «Mechanical fields pass to electromagnetic» (that typically for
technical systems) is allowable to specify — «the degree of controllability
fields 1s increased.

In different time numbering of laws of development was various.
The version underlining special value of the law of aspiration to ideality
here is used.

Graphic lines of development, and also interrelation of lines of
development with other parameters of systems (quantity of inventions,
levels of inventions, cost of realization) — these questions are considered
in more detailed rates.

Laws of development, vepol models and information funds form
uniform system by which it is constructed TRIZ.
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System of Standards

ractically all instruments of TRIZ are intended for revealing and
P elimination of contradictions in system.

Originally this process was carried out in each task. But further
when the disassembled tasks began much, similar contradictions and sim-
ilar ways of their elimination have started to collect.

The following step became formation of fund of typical models of
tasks and standard ways of their solution. Thus revealing and elimination
of contradictions was not carried out for each task as this action was exe-
cuted beforehand.

So standards for the decision inventioms tasks have appeared. In
the beginning, in 1975, them was all a little, but they had all necessary ele-
ments. In them in common, is interconnected physical effects, the
strongest receptions of imagination were used 4ai 1 €iii ( & models.

In 1975 to the book «Creativity as the exact science» was pub-
lished ten standards and the next years the quantity of new standards grew
promptly. By 1985 of them became 77. It is natural, that such quantity
could not be simple «warehouse», «heap», therefore standards have
formed system. This system operates and now.

Now the system of standards consists of five basic classes, each of
which has the internal structure. It is very important, that standards are
built according to some laws of development of systems.

63



64

tems.

tems.

Now the system of standards has such structure:

The Class 1. Construction and destruction of vepol systems.
The Subclass 1.1. Synthesis of vepols.
The Subclass 1.2. Destruction of vepols.

The Class 2. Development of vepol systems.

The Subclass 2.1. Transition to complex vepols.

The Subclass 2.2. Forcing up of vepols.

The Subclass 2.3. Forcing up by the coordination of rhythmics.
The Subclass 2.4. Fepols (in a complex-forced vepols).

The Class 3. Transition to supersystem and to a microlevel.
The Subclass 3.1. Transition to be-systems and to poly-systems.
The Subclass 3.2. Transition to a microlevel.

The Class 4. Standards for detection and measurement of sys-

The Subclass 4.1. Roundabout ways.

The Subclass 4.2. Synthesis of measuring systems.

The Subclass 4.3. Speeding up «measuring» of vepols.

The Subclass 4.4. Transition to fepol’s measuring systems.

The Subclass 4.5. A direction of development of measuring sys-

The Class 5. Standards for application of standards.
The Subclass 5.1. Features of introduction of substance.
The Subclass 5.2. Introduction of fields.

The Subclass 5.3. Use of phase transitions.

The Subclass 5.4. Features of application 0 €¢yo 6 aédi a.
The Subclass 5.5. Experimental standards.

Usually the system of standards (as well as other tools TRIZ) is

used not independently, and in a complex with ARIZ. In this case it’s effi-

ciency really high. It is very important, that the text of each standard of
G.S.Altshuller started with the warning: «To not apply before studying
ARIZ and the vepol analysis».



System of Effects

evelopment of TRIZ analysis of a plenty of tasks allowed to
D increase information funds constantly. In due course these funds

became specialized — on separate, especially important themes.

Very important information funds are funds of effects. In them the
information in physics, chemistry, mathematics, and some other sciences
is collected, but this information is organized unusually, not how it is done
in traditional directories.

Funds of effects show how it is possible to use various scientific
knowledge for elimination of contradictions in systems, for the solutions
of the inventions tasks.

First such funds have started to be developed since 1969. Some
groups of researchers of TRIZ were engaged in collecting and ordering of
the information. Further tables for most productive use of various effects
were constructed. Effects were examined and described in language of
laws of development of systems and vepol models. The system of effects
thus was generated.

In text of ARIZ-85V it is recommended to use the most developed
and checked up part of system of effects — «the Index of physical
effects» which sections were published in the Moscow magazine «The
Technic and the Science» in 1981 and 1983, and also in the book «Impu-

dent formulas of creativity» (publishing house «Karelia», Petrozavodsk,
1987).
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The Register for fantastic ideas

he fantasy, creative imagination are very important for the solution

I of the most different serious problems. Therefore studying of the
literature on a fantasy — an obligatory training course in TRIZ. The
important element of this rate — revealing and ordering of fantastic ideas.

From the very beginning of development of TRIZ there were no
problems with the information about patents — the detailed, systematized
descriptions in which inventions were divided into classes and groups on
areas of engineering were constantly published. Work of the researcher
thus was facilitated even in the sense that it was not necessary to carry out
classification itself.

With fantastic ideas all was more difficult. These ideas are a part
of a literary work and long time occurred to nobody to allocate of idea
from texts, to make their full list, to lead classification.

In many countries already for a long time there were encyclopedias
on a fantasy in which their history and structure were described various
sub-genre and directions, However even in the most full encyclopedias
there were no attempts of the description and classification of concrete
ideas.

At G.S.Al'tshullera frequently arose then innovetio ideas adjoining
to a fantasy. In such cases long it was necessary to prove, that the inven-
tion all the same is real. It was sometimes easier to write and publish the
fantastic story, using idea of the invention.
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And then G.S.Altshuller has made the decision to not be engaged
more applications for the invention, and the beginnings to write fantastic
stories. He argued as follows: if successfully it is possible to solve scien-
tific technical problems with help of TRIZ why to not apply an algorith-
mic method of the solution for problems of scientific and scientific-art?

G.S.Altshuller has submitted last application at the end of 1958.
Then has written and has published the first fantastic story. He has quick-
ly reached(achieved) the big popularity. For example, in 1965 of him
printed more, than any of other writers in the USSR.

But for G.S.Altshullera the fantasy was not only the literature, but
also serious scientific work. He wrote the fantasy and simultaneously was
engaged in studying of fantastic ideas of other writers. Together with wife
V.N.Zhuravlyova (also the known fantastic writer) he writes the big sci-
entific articles about technical forecasts of different authors.

Studying G.S.Altshuller's fantasy has prepared the big list of ideas
and has decided to systematize them. And to break on classes and groups
how it was accepted in invention.

The Systematized list of ideas has received the name «the Regis-
ter of science-fiction ideas» .

The «Register» is not only the list, the list. It is the systematized
fund of the most different ideas from the science-fiction literature.

In the «Register» science-fiction ideas are divided into eleven
classes:

1. Space;

2. Earth;

3. The person;
4. A society;



5. Cybernetics;

6. Other-planets reasonable essences;
7. Fantastic animals and plants;

8. Time and space;

9. Fantastic initial situations;

10. Scientific and technical i1deas;

11. Ecology.

All classes are in addition broken on subclasses, groups and sub-
groups.

The «Register» was created first of all for classification and study-
ing of ideas of science fiction. Therefore here there is no such, for exam-
ple, popular sub-genre in fantastic literature, as the fantasy, the fairy tale
fantasy, an the erotic fantasy.

Active work for the «Register» has borrowed more than ten years.

The first version was prepared for the publication in 1974 under
the name «the Register of fantastic ideas and situationsy.

The «Register» replenished with ideas till 1980, various groups of
TRIZ experts participated in this work.

G.S.Altshuller always hoped, that researches in the field of science
fiction will be continued. These researches in his opinion should allow to
formulate the general laws of development of intellectual systems.
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The Multiscreen Scheme

important place — sit directly ensures the functioning of ARIZ and

I n the table of classical tools TRIZ the Multiscreen scheme takes the

SLCP.

Each system consists of some elements - and each system can be

an element of more general structure.

Super-System
(Now)

!

System
(Now)

!

Sub-System
(Now)

Besides each system is examined now, and also in the past and in

the future.

System
(Past)

System
(Now)

System
(Future)
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Thus, according to the Multiscreen scheme each system is exam-
ined in a complex: at different hierarchical levels and in different times.

In the minimal case to such scheme corresponds 9 screens.

Super-System Super-System Super-System
(Past) (Now) ( Future)
System System System
(Past) (Now) ( Future)

Sub-System Sub-System Sub-System
(Past) (Now) ( Future)

The similar scheme 1s built also for anti-system (system with oppo-
site characteristics). It increases the minimal picture up to 18 screens.

Even the most simple analysis under the minimal scheme allows to
receive many new interesting results. But for complex systems are not
limited to the minimal scheme — construction conduct «upwards» and
«downwards» on the many levels of hierarchy, and also in the past and the
future on many steps.

Training in drawing up of multiscreen schemes should be carried
out constantly, on the most different systems.



Ideal strateqy of creative

S erious creative work, as a rule, is carried out at three levels.

At the very first level are solved concrete technical (including tech-
nological) tasks.

When the quantity of the solved of tasks becomes very big (at high
quality of solutions) — work passes to the second level. Now it is neces-
sary to formulate and solve tasks general technic and general scientific.

Development of general technic and general scientific tasks results
in an output far beyond initial system. Now there are the social, universal
problems connected to development of former tasks and solutions of these
tasks.

Ideal creative strategy consists in a correct combination of work at
all three levels. Carrying out the solution of any specific target, it is nec-
essary to see the nearest and perspective consequences of this solution. If
necessary in time it is necessary to be able to pass from one level of work
to another even if it looks difficult or in general impracticable process.

The Special rate devoted to ideal creative strategy, was developed

simultaneously with Strategy of Live for the Creative Person. This rate is
necessary for most productive use TRIZ.
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«IRIZ teams»
ork with application of TRIZ — is qualitatively new kind of cre-
s ’s / ative activity. And results of such work also unusual.

Many researchers mark, that active and exact use TRIZ during long
time allows to create the strong, qualified teams. Such teams cope with
practical problems much fastly and more successfully. Participants such
«TRIZ-teams» realize ideal creative strategy much more often.

On the other hand — only «TRIZ-teamsy, and it is even better —
interaction of such teams allows to develop a science to receive new
results for perfection of TRIZ.

Formation and saving serviceability of «TRIZ-teams», certainly,
demands significant efforts from its participants. But there is no other way

to receive from TRIZ really serious, significant result.

«TRIZ-teams» — is the major instrument of a science.
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Further development of TRIZ

evelopment of TRIZ occurs in the usual way for a science. There

are two interconnected directions of development. On the one

hand any science aspires to cooperate with «environmenty —
other sciences as much as possible.

The Second direction — perfection of internal mechanisms, devel-
opment of old tools and creation new.

| The Topology | «Non-classicab»

of Structures

Information Fund

Principles
DCI-Course (RTV) (D of Creative of

(Without Classical Parts) phantasing
.

The necessary condition of such perfection is presence and the
minimal serviceability « TRIZ-teams» .
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History of TRIZ development

he beginning of researches in TRIZ concerns to 40-th years of 20-
I th century. About this time first information fund TRIZ is formed.

1956 — the first publication about TRIZ in magazine, the first pub-
lications on a fantasy, a formulation of concepts of ideality of systems,
contradictions in development of systems, the first ARIZ.

1957 — the first educational and practical TRIZ seminars.

1961 — the first book about TRIZ, formation of «G.S.Altshullera's
school».

1969 — the beginning of work on special funds (physical effects).

1971 — creation of the Azerbaijan institute of inventions creativity
(Baku).

1973 — the beginning of works by vepol models.

1975 — a formulation of system of laws of development of techni-
cal systems, the beginning of work by standards, the beginning of forma-
tion of system of schools («TRIZ movementy).

1979 — the book «Creativity as the exact science», the beginning of
work of Public laboratory of the theory of invention, the beginning of a
plenty of regular seminars and publications by TRIZ.

1981 — the beginning of work by SLCP.

1985 — are prepared ARIZ-85V and System of standards-77.

1990 — sharp reductions of regular seminars and quantities of work-
ing schools (the reason not dependent from TRIZ, «external» — economic
and social), braking of development of «TRIZ movementsy.

1996 — occurrence TRIZ in the Internet.

1998 — G.S.Altshullera's last circular.

2003 — the beginning of formation of new TRIZ schools in the dif-
ferent countries.
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The Literature

or qualitative studying and application of TRIZ it is necessary to
F use the full original text of basic instruments of TRIZ. Analyses of

tasks and comments in this textbook were carried out only on the
basis of such texts.

Full texts of basic tools TRIZ in the original look in such editions
(other sources are not recommended):

ALGORITHM for SOLUTION of INVENTIONS TASKS
ARIZ-85V. G.S.Altshuller. Rules of game without rules / ARIZ
— the victory means. — Petrozavodsk: Karelia, 1989. with. 9-50.

STANDARD SOLUTIONS for INVENTIONS TASKS
(76 standards). G.S.Altshuller. A string in a labyrinth / the Small
immense worlds. — Petrozavodsk: Karelia, 1988. with. 168-230.

STRATEGY for LIVE for the CREATIVE PERSON
(SLCP). G.S.Altshuller, I.M.Vjortkin. How to become the heretic
/ How to become the heretic. — Petrozavodsk: Karelia, 1991. with. 9-184.

Theoretical questions of TRIZ are shown in such books:

G.S.Altshuller. Creativity as the exact science. — Moscow: the
Soviet radio, 1979.

81



82

G.S.Altshuller. To find idea. — Novosibirsk: the Science, the Siber-
ian branch, 1991.

G.S.Altshuller. Algorithm of the invention. The edition 2 cor-
rected and added — Moscow: the Moscow worker, 1973.

For initial acquaintance with OPE C the book is recommended:

G.Altov. And here the inventor has appeared. — Moscow: the
Children's literature, 1984.

It 1s necessary to take into account, that at the moment of prepara-
tion of this book there is no satisfactory translation of books of G.S.Alt-
shullera from Russian. All seen translations contained the important, basic
mistakes.

In the Internet also there are no full and exact texts of books of
G.S.Altshullera and descriptions of separate instruments of TRIZ.



Education Plan

riteria of quality educational preparations are formulated by
‘ G.S.Altshuller (for example, in the book «To find idea», p. 176):

1 level. General time of occupations — till 40. Written works are not
present. The purpose of training — acquaintance with principles of the the-
ory, attraction to the further study. For occupations it is necessary 60-70
pages of teaching materials on each student.

2 level. General time of occupations — 60-80 (half-year at occupa-
tions once a week or a fortnight seminar with a separation from work).
Written works — domestic tasks. The purpose of training — profound
acquaintance with principles; partial development of working instruments
of TRIZ. Materials — 120 pages.

3 level. General time of occupations — 120-140 (year at occupa-
tions once a week or a monthly seminar with a separation from work).
Written works — domestic tasks, examination. The purpose of training —
development of basic working instruments of TRIZ and the solution with
their help of one industrial task (with the subsequent registration of the
patent application); development of some skills of creative thinking.
Materials — up to 200 pages.

4 level. General time of occupations — 220-280 (two years of occu-
pations once a week or two monthly seminars with a separation from
work). Written works — domestic tasks, control and course works, final
work upon termination of a rate, degree work upon termination of the sec-
ond rate. The purpose of training — development modern TRIZ and the
solution of several industrial tasks (with registration of applications for
patents); development of skills of creative thinking; preparation of teach-
ers and developers of TRIZ. Materials — 400 and more pages.
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Quality of practical application of TRIZ is easily checked on con-
trol to questions of ARIZ (the step 7.2).

Criteria of quality of research work in the TRIZ are formulated by
G.S.Altshuller. These are six control questions:

1. Whether the methodology offered in is based the book on any
information fund? If there is no information fund to speak there is noth-
ing.

2. If on patent fund, whether that levels of the solution are
revealed?

3. Whether «instrumented» given recommendations? What for all
this? How it to use?

4. Whether recommendations practically are checked up? Whether
such check is possible? Such recommendations are sometimes given to
check up which efficiency is impossible. Such recommendations are
senseless.

5. Whether there correspond conclusions and the recommendations
given in the book to what has already settled?

We admit, that the person on good patent fund proves, that there is
no law of increase of ideality, and there is any other law. There should be
a conformity with already known. Infringements are extremely interest-
ing. It or the indication on existence of something new, or the indication
on hack-work.

6. Typical attributes of the bad publication: quasi-science, «out-
mind», abundance of a unnecessary terminology, super-mathemating (any
formule are resulted, it is not known for what in which not integrate, will
not receive) for demonstration of learning of the author. Superfluous cit-
ing «classicsy, at the slightest pretext (in one clever book are not quoted
in succession classics). Bulky proofs of positions not requiring for the
proof.



Education Tasks

S s any exact science, TRIZ is difficult enough. For master the

main thing — classics of TRIZ, it is necessary a minimum two

years of regular jobs under the direction of the skilled teacher. It
is necessary to read many books, articles, other additional materials. But
the most important — needs to be solved, carefully to disassemble many
educational tasks.

The minimal norm — one task by ARIZ-85V per one week (not
including two-three weekly tasks and exercises on application of other
instruments of TRIZ). Each this analysis should be checked up by the
teacher, mistakes are eliminated, remarks are taken into discounted — in
new record of the text of analysis of a task. Thus, for two years the base
from hundred independently disassembled educational tasks should col-
lect.

The structure of domestic tasks also necessarily includes copies of
cards from constantly filled up personal card file (not less than three cards
into one week), an estimation on a scale «Phantasy» of science-fiction
products (a minimum of one per one week) and the table of the constant
account of personal time.

Presence and the constant control, check of such tasks by the
teacher — the certificate of quality for educational process. Accordingly,
their absence speaks about opposite...

But it’s — educational processonly only. The complete set of work
in the TRIZ consists of three elements:

Training and studying of TRIZ;

Applications, uses of TRIZ;

Researches in the TRIZ.
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Such complex is characteristic for serious work in any science, but
in the TRIZ insufficiency any of elements has especially clearly an effect
for decrease of the general results.

Certainly, not for all tasks it is necessary TRIZ, there are many spe-
cialized problems which are solved other means. In such cases it is nec-
essary to use these means and to not create at all visibility of application
TRIZ. Especially — it is inadmissible «to mask as TRIZ» inventions solu-
tions , but received without TRIZ, other means.

By the way, presence of such solutions — quite normal phenome-
non for the creative worker in any area. Eventually, Thomas Edison has
received more than thousand patents for excellent solutions — and in one
of them did not use TRIZ. Was not in its time of such science...

Unfortunately, even by qualitative educational preparation the
good form in TRIZ can be lost for one year — one and a half if not to carry
out the most necessary «creative traning». Elements such traning the
same, as at qualitative study: regular updating of a personal card file;
reading (and an estimation) science fiction; the constant account of per-
sonal time. But the most important — careful analysis educational, and
then and practical tasks in steps ARIZ-85V.



Terms which are used in TRIZ

In it is additional” — section the general-system terms used in TRIZ
are shown. Special TRIZ terms are shown 1n a full training course.

Attention: not all terms shown in section, are classical for TRIZ.
They are shown to give representation about possible system of TRIZ
terms.

The explanatory of each term is given in such sense in what this
term is used in TRIZ in general and in ARIZ in particular. In some cases
the same term is used in TRIZ in various senses — these a situation each
time are explained separately. Use of different terms for identical concepts
also 1is separately explained.

All explanatories of terms — whenever possible short, help.
Detailed, full explanations together with necessary examples are shown in
a full training course. Latin conformity are shown for simplification of
translation.

Object (objectum).

Any part of space, and also change of a part of space in time
(process) can be object. Generally coordinates of space and time can have
any nature (natura).

") This section is not obligatory for elementary education, but acquaintance to it facil-
itates understanding of TRIZ.
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Property (proprietas).
Some action made by object and causing changes in other objects
or in the given object refers to as Property.

Interaction (interactio).

Process of change of properties of objects as a result of action of
objects against each other refers to as interaction. Various interactions
between the same objects are possible.

The Combination (combinatio).

The Certain accommodation of objects in space not resulting
(bringing) to interaction refers to as a combination. Various combinations
of the same objects are possible.

System (systema).

Some objects refer to as system in that case when their interaction
or a combination has some property which is not to properties of one of
these objects. The objects forming system, refer to as elements of this sys-
tem.

Complex system (compositus systema).

The System refers to complex if it has (shows) some various prop-
erties which are not reduced to one of properties of this system. In turn
properties of one or several systems can be elements of new system (can
form new system).

The Environment (externa).

Objects and the interactions which are not included in the given
system, refer to as an environment concerning the given system. Elements
of an environment can form some other systems. In some cases elements
of an environment can be placed inside system or inside its separate ele-
ments without interaction. Elements of an environment also can cooper-
ate with elements of the given system or with all system (thus it is formed
one or several new systems).



Process of reception the information on system.

Any action allowing the external observer to define property of
system, its elements, and also properties of these elements, refers to as
process of reception of the information on this system. For reception of
one «standard unit» of change of the information action which twice
reduces uncertainty of a condition of system for the external observer is
accepted.

The External observer (externus observator).

The Object (a part of an environment), having an opportunity to
influence system for reception of the information on this system, refers to
as the active external observer. The object (a part of an environment) not
having an opportunity to influence system for reception of the information
on this system, but receiving such information, refers to as the passive
external observer. The external observer can be any object of an environ-
ment having necessary properties.

Operation (operatio).
Any change in the system, caused by the active external observer,
refers to as operation.

Properties of system.

For the external observer of property of system can be obvious and
unevident. In the second case elements of system can look like vaguely
long time group of objects independent from each other (can be an envi-
ronment the friend for the friend). However properties of system are
objective, i.e. these properties exist irrespective of the external observer.
At the same time, process of active supervision can make changes to sys-
tem (in its elements and properties). Character and size of these changes
depend on objective properties of the system and process of supervision.

Elements of system (elementum ...).

Each element of system in turn can be system. On the other hand -
each system can be an element of other system. Elements of system can
change under influence of internal and external influences change the
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interaction and a combination. Such changes can result in change of prop-
erties of system.

Model of system (schema ...).

Each system it is possible to describe as model in which elements
are conditional «substancesy», and influences — conditional «fields». Such
models refer vepol. Thus conditional «substances» can be any objects
(including real fields or processes), and conditional «fields» — any
processes. Models of simple systems can coincide with systems practical-
ly. For construction of model of complex system, as a rule, are limited to
its one property and those elements which provide this property.

Levels of systems (gradus ...).

Each system a priori is considered system of a base level (a level
«zeroy). In this case its(her) elements have a under — system level (a level
«a minus unit»), and systems into which it enters as an element, have an
above — system level (a level «plus unit»). Each system can have unlim-
ited quantity(amount) of positive and negative levels. Changes at one
level of system can result in changes at other levels (positive and nega-
tive). Character and size of these changes depend on objective properties
of various levels of system, and also from objective properties of interac-
tion of these levels.

Layers (floors) of a level of system (stratum ...).

At one level of system its(her) elements can be divided and be unit-
ed, forming new groups, but not creating thus of qualitatively new prop-
erty — there is only a quantitative change of property existing. Such groups
refer to as layers (floors) of the given level of system. At each level of sys-
tem there can be some layers (floors).

Development of systems (evolutio ...).

Under action of external and internal influences of system vary.
Changes of systems (their elements and properties at different levels)
occur naturally. Each observably(notice) law of change of systems repre-
sents model of some process which is carried out under certain conditions.
These laws operate simultaneously, influence against each other and in
turn form system.



Objectivity of laws of development of systems.

Laws of development of systems depend on objective properties of
systems and do not depend on the external observer. For the external
observer these laws can be obvious and unevident. Process of supervision
and controlled change of properties and elements of system can not
change laws of development of systems. Therefore the result of develop-
ment of system due to controlled change depends first of all on objective
natural development of this system. Constantly it is necessary for active
external observer to collect the information on systems to reveal laws of
development (to do their obvious) for systematic purposeful development
of systems.

Ideal system (perfectus ...).

If properties of system are obvious to the external observer, and
elements of this system for it are unevident (are not-observably), such sys-
tem refers to ideal. Ideality can depend on properties of the external
observer (subjective ideality), but also can be real, objective feature of the
system. In the second case property ( properties) of system at a base level
is realized by elements of sublevels (negative levels) that allows to reduce
quantity of elements of system of a base level. The size of ideality of sys-
tem is directly proportional to quantity of properties of system and in
inverse proportion to quantity(amount) of elements of a base level.

Interaction of systems.

Systems of one level can have the general(common) elements. In
that case ideality of each of these systems can raise. At the same time
additional interactions between elements of systems can cause additional
conflicts. In other cases (if the general(common) elements are not present)
systems are the friend for the friend an environment.
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Conflicts and contradictions (conflictus, controversia).

Interaction of elements of system creates various properties of this
system. Thus active change of one of properties is accompanied by pas-
sive changes of other properties. Such phenomenon refers to as the con-
flict. Conflicts are objective (are independent of the external observer)
and are defined(determined) by properties of elements and the interac-
tions causing this conflict. In development of system both parties of the
conflict can change quantitatively (without occurrence of new property)
and is qualitative (with occurrence of new property). At qualitative
changes conflicting elements or their interactions always have opposite
properties. Such phenomenon refers to as the contradiction.

Development of systems - process of elimination of contradic-
tions.

Development of system is qualitative change of this system (its
properties and elements). Such change occurs by elimination (removal) of
the objective contradictions arising in this system.

Natural, social and technical systems (natura, civilis, technicus).

All systems, arising and consisting of natural (natural) elements a
priori refer to as natural way natural (natural). Natural systems for the
development use ready external objects. Systems which for the develop-
ment will transform external objects (systems), refer to as i 81 01 -social
systems. These systems can have biological (albuminous) or not biologi-
cal (not albuminous) structure. As a rule, such systems are capable to
reproduction (creation self-like systems). The systems creating new (dis-
tinct from) the systems intended for transformation of external objects,
refer to as social systems. Social systems contain social or proto-social
elements. The systems created by social systems for transformation of
external objects, refer to as technical systems.



The Subjective factor (subjectum factor).

The Overactive external observer can influence elements of vari-
ous systems for the directed change of properties of these systems (in
view of the general information on systems as laws and models, and also
the concrete information on the given system). Such overactive observer
refers to «the subjective factor». For realization of the directed influences
the subjective factor uses technical systems. The subjective factor is social
system.

The Solution of a task, approximation (approximare).

Complex process of subjective influence on objective development
of systems of a different nature and a various level refers to as Approxi-
mation. The basic result of such process is objective reception (creation)
of system with subjectively given properties. As a rule, reception of such
system occurs by gradual approach — approximation to some ideal system
having only given property ( properties). At transition from initial system
to ideal a lot of objective contradictions comes to light and eliminated.
Process of approximation is complex system of operations. Usually, this
process in TRIZ refers to as the decision of a task.

Quality of result and process of approximation (qualitas).

Quality of result of approximation is defined by size of ideality of
the received system, and also in direct ratio to a maximum level of the
changed above - system (concerning a base level). Quality of process of
approximation also depends on a maximum level of the changed subsys-
tem and in direct ratio to the module of this level.

Tools of approximation (instrumentum ...).

Elements (subsystems) of process of approximation refer to as
tools of approximation. Technological the tools focused mainly on sys-
tems which is exposed to change refer to. Organizational the tools focused
mainly on the subjective factor refer to. Process of reception of the infor-
mation is the separate tool group having both technological, and organi-
zational properties. All tools are divided(shared) also on «classical» and
«non-classical». Classical tools which at correct application practically
always give a sufficient degree of quality refer to. The numerical size of
a sufficient degree of quality can be various for different systems, and also
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for one system in different time. Generally separate tools can pass from
one group in another.

Resources (supellex).

All conditional «substances» and «fields» which can be used for
creation of system with the given property, refer to as resources. As a rule,
the degree of availability of resources is inversely proportional to the
module of a level of resources concerning a base level of created system.
There can be other special conditions also influencing a degree of avail-
ability of resources.

Conditions of a problem(task) (conditio).

The List of necessary and existing elements of process refers to as
conditions of a problem(task). In most cases initial conditions are not suf-
ficient for reception of the decision (existing elements insufficiently, nec-
essary all are known not). Conditions of a problem(task) form system
which will transform to minimally necessary model.

Types of models of problems(tasks) (typus ...).

There Are three basic such as models of the problems(tasks) decid-
ed(solved) during approximation:

1. Construction of the system having given property, at presence of
the certain resources (in an ideal - reception of the given property without
construction of new system).

2. Definition of the resources necessary for construction of system
with given property (in an ideal — reception of the given property without
use of resources).

3. Definition of properties of systems which can be constructed
from existing resources (in an ideal — a maximum quantity of new prop-
erties for the given quantity(amount) of resources).

Kinds of problems(tasks) (species ...).

The Trivial problem(task) — concrete conditions, concrete opera-
tions for the given conditions and concrete result earlier were known. For
the decision it is necessary to execute concrete operations precisely.

The Standard problem(task) — the model of the conditions, typical
operations for the given models of conditions and model of result earlier



were known. For the decision it is necessary to transform typical opera-
tions in concrete (for the given concrete conditions) with the help of
known tools.
All other problems(tasks) - non-standard. For the decision it is nec-
essary to create new operations with the help of known or new tools.
Standarding and a non-standarding of tasks can be objective and
subjective.

System of tasks.

For development of complex(difficult) system it is necessary to
solve many problems which also can form system. At this system there
can be various kinds and types of problems(tasks).
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Altshuller

t him was two variants of " usual day ". As at the accumulator:
charging and discharging.

The First variant - the day up to the top filled with the information.
Books on a history of engineering, the patent literature, a fantasy. And still
- philosophy, psychology, cybernetics... Letters... On the average it(he)
spent For them till four per day. Some thousand letters monthly!

The Second variant - day, " when something you write ". Here the
superfluous information only in harm. It is important to sustain the style
to not get off from idea, to write so that at once it was possible to
learn(find out) the author. In one of such dayshave appeared "Legends
about star captains", "Port of stone storms... And in the same days -
"Algorithm of the invention", "Creativity as the exact science"... Thos
books is different, unlike one on one. But the author at them one —
Gengikh Saulovich Altshuller.
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" Among inventors the greatest impression on me has made
AMdi 0ed Altos " is a fragment from Arcady Strugatskogo's interview, the
known writer - visionary. A little bit further, speaking about features of
this person, he will note: "... Bright talent, irrepressible bent for to cre-
ativity. And still - precise realization of plans... ". G.Al'tov - G.S.Al't-
shuller's pseudonym. The inventor. And can, the visionary? Not you see
his stories are placed in the Anthology of a fantasy. So the visionary or the
imventor?

That G.S.Al'tshuller writes:

- I do not think myself neither the inventor, nor the writer. My spe-
ciality, - the theory of development of technical systems. Something sim-
ilar to the general(common) biology, only sphere of application - engi-
neering, instead of alive organisms. As if to invention and a fantasy... To
invent I start then when it is necessary to test a new method, reception.
And in a fantasy I am engaged, when I want to consider a problem for
which scientific decision else there are no conditions., say, a problem of
universality of knowledge. Strong solutions for inventive problems
(tasks) are always hidden far from that area for which the problem (task)
is formulated. The inventor should not be afraid to leave for limits of the
narrow speciality, but if necessary is not afraid to go deep into "another's"
areas, is able to borrow therefrom interesting ideas, methods.

We shall Bring attention to the question question more widely: and
whether it is impossible to refuse specialization in general? Or it is possi-
ble to prepare universales which all would be able? Here we at once enter
area of a fantasy. One life is given to the person. And somewhere on a
slope of years there is an idea: and there were other, not less interesting
ways!.. But already never it will be possible to live other life. The trade
demands full feedback - differently will not become the Master. And all
other opportunities remain non-realized. The problem 1s obvious, but
meanwhile she(it) can be investigated only means of art, a fantasy...

Many years Genrikh Altov wrote the story have appeared "The
Third millenium". Action 1s developed(unwrapped) in XXII century. It is
epoch of superspecialization, but there are daredevils who put the first



experiments with preparation universales... The Theme for the author not
casual. Even it is more - the third millenium really began in G.S.Al't-
shuller's already mentioned book " Creativity as the exact science ". The
book has a subtitle " the Theory of the solutions of inventive problems
(tasks) ". But it is interesting not only to inventors.

And again - G.S.Al'tshulleru's word:

- the theory of the solutions of inventive problems (tasks) is a the-
ory of thinking during the decision of creative problems(tasks) in engi-
neering. But creative problems (tasks) exist in all spheres of activity of the
person. Work on creation of the first algorithms of the decision of scien-
tific problems (tasks) already is now conducted... Further inevitably there
will be a General Theory of Creative Thinking. The next century the per-
son necessarily will learn to operate process of thinking.

Such idea can seem too optimistic. But we shall recollect: more
recently improbable other idea - about an opportunity to do(make) the
invention with the help of " any algorithm " seem. The first publications
on TRIZ it is far from being all were met with enthusiasm and under-
standing.

- what the theory of invention can give? - sceptics asked. - What
effect from it?

G.S.Al'tshuller's Opinion:

- it 1s difficult to result exact figures of economy, quantity(amount)
of concrete inventions. You see the main source of the information about
TRIZ - books. There come many letters from those who, having read the
book, starts to use TRIZ in the work. But you see write it is far from being
all.

In 1974 in the USSR passed scientific - practical conference
"Heuristics". In recommendations of this conference it is told: during
1971-1974 years graduates of schools TRIZ have made hundreds inven-
tions. I shall note: then there were only six schools. Now them more than
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hundred.. More perfect updating ARIZ - algorithm of the solution of
inventive problems (tasks) Is used. And to train TRIZ we became much
better. So figure 1000 of inventions " under the theory " annually - is min-
imal. Already there are experts who have made more than on hundred
inventions everyone with use of the theory. It is difficult to list everyone,
at whom quantity(amount) of inventions more than ten.

In the Theory of invention actively are interested in many coun-
tries. Books on TRIZ are transferred(translated) in Germany, USA,
Poland, Bulgaria, Japan. The book " Creativity as the exact science " has
left simultaneously to the USSR, GDR, Hungary and Czechoslovakia...

It not seems to you, what we give too many time not to the person,
and his( business? Probably, for someone the hobby which prevents work
" would be expedient to search for another secret "points", any ". You see
played Einshtein on a violin simply so, for itself. At Genrikh Saulovich-
has the hobby and work many years supplemented each other. The theory
of the solutions for inventive problems (tasks) - his speciality and hobby.
TRIZ frequently name " technique of Altshuller ". It not so. The theory of
invention for a long time became the exact science.

Certainly, to one person work on development of the whole science
would be not under force. Many years were engaged in development
TRIZ Public laboratory of the theory of invention. In it(her) scientists,
engineers, inventors worked. Results of this work 11 81 4G 4ap ¢ thousand
inventors of the country. A feedback between them and laboratory - a
pledge of further perfection TRIZ, bail of increase of its(her) efficiency.
Supervised over work of laboratory of G.S.Al'tshuller. The person keen.
The person borrowed(occupied) with the business.

100



Genrich Saulovich Altshuller
The basic dates of life.

15.10.1926 — the first day of his life, Tashkent (Uzbekistan).

1931 — together with parents comes to Baku (Azerbaijan).

1943 — after the ending of professional school it is called up for military
service, serves in inspection on invention of the Caspian flotilla.

1943 — creates the first invention (with co-authors).

1945 — after the ending of the Second world war continues service in a
military flotilla, occurrence of the first ideas about creation TRIZ.

1950 — becomes the younger officer of a military flotilla, it is arrested and
condemned on false accusation.

1954 — the prisoner is released as unduly. Comes back in Baku.

1956 — the first publication by TRIZ in magazine, the first publications on
a fantasy.

1957 — the first educational and practical seminars on TRIZ, G.S.Alt-
shuller's marriage with V.N.Zhuravlyova.

1961 — the first book about TRIZ.

1971 — creation of the Azerbaijan institute of inventions creativity (Baku).
1979 — creation of Public laboratory of the theory of invention, the begin-
ning of regular seminars and publications by TRIZ.

1990 — the moving to Petrozavodsk (Russia) in connection with war in
Azerbaijan.

24.09.1998 — Petrozavodsk (Russia), last day his lifes.
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The Information Fands

Laws of Dvvelogmeent

TRIZ is exact science.
G.S.Altshuller.

ARIZ is the tool for thinking,
but not instead of thinking.
G.S.Altshuller.




ARIZ - education text
(short)

ATTENTION!

ARIZ is a complicated tool. Do not apply it to solve new practi-
cal problems without at least for 80 academic hours of preliminary
study.

ARIZ is a tool for thinking, but not instead of thinking. Do not
hurry! Consider each step carefully. Besides, note obligatory all con-
siderations (at margins), appearing in process of the problem's solv-
ing.

ARIZ is a tool for solving non-typical problems. Let's check:
may your problem be solved using the System of Standard Solutions
for Inventive Problems (Inventive Standards)?

PART 1. ANALYZING THE PROBLEM

The main purpose of Part 1 is the transition from an indefinite ini-
tial problem situation to the clearly formulated and extremely simplified
description (model) — Problem Model.

1.1. formulate the mini-problem
Formulate the "mini-problem" conditions (without special terms)
accordingly to the following pattern:

A technical system for <state the purpose of the system> includes
<list the main parts of the system>.

Technical contradiction 1 (TC-1): (identify).

Technical contradiction 2 (TC-2): (identify).
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It is necessary with minimum changes to the system, to <state the
required result>.

Example:

The technical system <for receiving of radio waves> includes
<radio telescope's antenna, radio waves, lightning, and lightning rods>.

TC-1: if there are many lightning rods, then they reliably protect the
antenna from lightning, but absorb radio waves.

TC-2: if there are few lightning rods, then there is no remarkable
absorption of radio waves, but the antenna is not protected from lightning.

It is necessary with minimum changes to the system, to <protect the
antenna from lightning without radio waves' absorption>.

(For this definition it should be replaced the special term "lightning
rod" to "conducting rod", "conducting column" or simply "conductor").

Comments:

1. The mini-problem is obtained from the initial problem situa-
tion by introducing the restrictions: "Everything in the system remains
unchanged or becomes simpler, while the required action (or property)
appears or a harmful action (or property) disappears. The transition from
the problem situation to the mini-problem does not mean intention to
solve small problem. Quite the contrary, introduction of additional
requirements (result has to be achieved "without nothing") directs to
intensify conflict, and cuts the paths to compromise solutions.

2. While formulating step 1.1, it should be indicated not only
the technical parts of the system but also the natural ones that interact with
the system. In the problem of protection the telescope antenna the natural
parts are lightning and received radio waves (if they are emitted by natu-
ral cosmic objects).

3. The Technical contradictions (TC) denote the interaction in
the technical system when the useful actions create the harmful ones. In
other words, introduction (or improvement) a useful action or elimination
(or reducing) a harmful action cause degradation (in particular, complica-
tion) either all or part of the system as result.
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Technical contradictions are formulated by identifying (write
down) one state of a system element with explanation of both the good
and bad results of this state. Then the opposite state of the system element
is identified, along with its associated explanation.

Sometimes for problem situation is given only the product. There is
no a technical system (a tool) and therefore there is no clear technical con-
tradiction (TC). In this case the TC can be identified by considering two
states of the product, even if one of the states is impossible to achieve.

For example a problem is given: "How to watch the micro-particles
in a sample of an optically clean liquid with the naked eye; the particles
are so small, that the light flows around them?"

TC-1: if the particles are small, then the liquid is optically clean,
but it is impossible to watch the particles by the naked eye.

TC-2: if the particles are big, then they are well watched, but the
liquid is not optically clean, this is unacceptable consequence.

It seems that the problem definition excludes considering TC-2: it
is prohibited to change product! In fact we will consider only TC-1 for
this problem, but TC-2 will give us an additional requirements for prod-
uct: small particles have to be small and have to be also become large.

4. To reduce mental inertia, special terms associated with the
tool and environment should be replaced with easy words, because spe-
cial terms:

* impose old concepts about working principles of the tool: for
example, "the icebreaker breaks ice", when it possible to move through
ice without breaking its;

* can hide certain properties of the elements described in the prob-
lem situation: "mould" (to form concrete) this is not plain "wall", but "iron
wall";

* narrow the range of possible states of a substance: the term
"paint" impose to imaging liquid or solid paint, although paint may be
gaseous.
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1.2. define the conflicting elements

Identify and write down the conflicting pair: a product and a tool.

Rule 1.

If the tool according problem situation conditions can be in two
states, it 1s necessary to indicate the both of these states.

Rule 2.

If the problem situation include several similar pairs of interacting
elements, it is enough to consider only one pair.

Example:
Product: lightning and radio waves.
Tool: conducting rods (many rods or a few rods).

Comments:

5. The product is the element that needs to be processed (man-
ufactured, moved, changed, improved, protected from a harmful influ-
ence, revealed measured etc.) according the problem conditions. For
problems about detection and measurement some element considered as
tool (according its base function), can be considered as product (e.g.,
grinding wheel).

6. The tool is the element that directly interacts with the prod-
uct (e.g., mill rather than a milling machine; fire rather than a burner). In
particular, a part of the environment can be considered as a tool. The stan-
dard parts from which the product is assembled can be considered as a
tool too (e.g., meccano this is tool to create of various "product").

7. One of the elements in the conflicting pair can be doubled.
For instance, two different tools are given, and they have to act on the
product simultaneously, where one tool interferes with the other. Or two
products are given, and they have to be processed with the same tool,
where one product interferes with another.

1.3. describe graphic models for technical contradictions

Build graphic models for conflicts for TC-1 and TC-2 using Table
1. Typical Graphic Models of Technical Contradictions.
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Example:
TC-1: Many conducting rods

B ghning

C (radio waves)

TC-2: A few conducting rods

»B
-~

’I

A r
{ ~C
Comments:
8. The Table 1 contains graphic models of typical conflicts. It is
acceptable to use original (atypical) graphic models if they describe the

meaning of conflict clearly.

9. Some problems can be described by multi-linked graphic
models, for example:

A./_\B C

e e e e §

hmmw o .

Such models can be converted as two one-linked graphic models:
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If B is considered as a modified product or the basic property (or
state) of A is transferred on B.

10.  The conflict can be considered in time as well as in space.

11. Steps 1.2 and 1.3 specify the general problem situation descrip-
tion. Therefore it is necessary to return to the step 1.1 after step 1.3 and to
check if there is any discordance in the sequence 1.1 - 1.2 - 1.3. If a dis-
cordance exists, it is necessary to remove its and set up the sequence.

1.4. select a graphic model for further analysis

From the two graphic models of conflict it is necessary to choose
the one, which provides the best performance for the Main Manufacturing
Process (i.e., the main function of technical system as indicated in the
problem description). Indicate what the Main Manufacturing Process
(MMP) is.

Example:

In the problem of protection the radio telescope antenna the Main
Manufacturing Process is receiving of radio waves. Therefore it should
choose the TC-2: in this case the conducting rods do not absorb the radio
waves.

Comments:

12. When choosing one of the two graphic conflict model, it is
chosen one state of the tool from its two opposite states. Further problem
solving efforts should be related to this state. It is prohibited to replace
few conductors by some optimal number of conductors.

ARIZ requires intensifying the conflict rather than smoothing it
over.

Holding one state of the tool, it is necessary in future to achieve the
required positive property for the tool in this state (needed property inher-
ent in another state of the tool).

There are few conductors and we will not increase their number,
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but as a result of solving problem the lightning has to be eliminated in the
same manner as if there were many conductors.

13.  From time to time, it 1s difficult to define MMP for measure-
ment problems. Ultimately, measurements are almost always performed
for modification purpose, i.e. to process a product, to produce something,
etc. Therefore the MMP for measurement problems is the MMP of the
whole system, not just its measuring part.

For instance, it is necessary to measure gas pressure inside electric
bulbs. MMP - to produce electric bulbs rather than to measure gas pres-
sure.

However, some problems of measurement for scientific purposes
can be considered as exception.

1.5. intensify the conflict
Intensify the conflict by indicating the extreme state (action) of the
elements.

Rule 3.

Most problems contain the following types of conflicts: "many ele-
ments" versus "few elements" ("strong element" versus "weak element"
etc.). The conflict about "few elements", should be converted into form
"no elements" ("absent element") only.

Example:
Let's consider that instead of "few conductors" there 1s "absent con-
ductor" in TC-2.

1.6. describe the problem model

Formulate the Problem Model to indicates the following:

1) the conflicting pair;

2) the intensified definition of conflict;

3) what has to do the X-element introduced to solve problem (what
the X-element should keep, eliminate, improve, provide, etc.).

Example:
It is given an absent conductor and a lightning. The absent conduc-

109



tor does not produce interference (when antenna receives the radio waves)
and does not provide protection from lightning.

It is required to find an X-element that will keep ability of the
absent conductor does not produce interference (for antenna) and will pro-
vide protection from lightning.

Comments:

14.  The Problem Model is a type of abstraction with artificially
selected only some of the elements of the technical system. Other ele-
ments are implied only.

For instance, in the Problem Model of antenna protection it was
selected only two of the four elements (the antenna, radio waves, the con-
ductor and a lightning). The another two elements are just implied - they
could be ignored at all.

15.  After step 1.6 it is required to return on step 1.1 and check
the creation logic of the Problem Model. Generally, it is possible to define
more exactly the chosen graphic model of conflict by indicating the action
of the X-element, for instance:

)

Xe Xl_-lc

16. The X-element is not necessarily the new material part of the
system. The X-element this is some modification in system, something
basically unknown - X. For instance, it may be temperature changes or
phase state changes for some part of system or the environment.

1.7. apply the inventive standards

Check possibility to apply the System of Standard Solutions for
Inventive Problems for solving the Problem Model. If the problem has not
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been solved, go to Part 2 of ARIZ (i.e., steps 2.1 - 2.3). If the problem has
been solved, go to Part 7 of ARIZ. Although in this case, it is recom-
mended to continue the analysis through Part 2 too.

Comment:

17.  The analysis performed in Part 1 of ARIZ and developing of
the Problem Model makes problem clear and in many cases allows iden-
tifying standard (typical) properties for non-typical problems. It gives a
possibility to use the Inventive Standards more effectively than for initial
problem situation description.

PART 2. ANALYZING THE PROBLEM MODEL

The main purpose of Part 2 is to identify available resources (space,
time, substances, and fields) that may be useful for problem solving,.

2.1. define the operational zone (0z)
Analyze and describe the Operational Zone (OZ).

Comment:

18. In the simplest case the Operational Zone this is the space
where the conflict indicated in Problem Model appears.

Example:
In the problem about protection of antenna the OZ is the space pre-
viously occupied by the lightning conductor, 1.e., mentally defined as the

"empty" rod, or "empty" column.

2.2. define the operational time (ot)
Analyze and describe the Operational Time (OT).

Comment:

19.  The operational time there are available resources of time:
the time when conflict occurs - T1 and the time before the conflict - T2.
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A conflict (especially high-velocity, short-term) can usually be eliminated
(prevented) during T2.

Example:

In the problem about protection of antenna the Operational Time
consists of the time T1' (during lightning discharge) and the time T1"
(before next lightning discharge). The T2 is not considered here..

2.3. define the substance-field resources (sfr)
Define the Substances and Fields Resources (SFR) of the analyzing
system, the environment, and the product. Compose a list of SFR.

Comments:

20. Substance and Field Resources (SFR) there are substances
and fields that already exist or may be easily obtained according to the
problem conditions. There are three types of SFR:

1. System (internal) resources:
a) SFR of the tool;
b) SFR of the product.

2. Available (external) resources:

a) SFR of the environment that are particular for the problem con-
ditions, for instance, in the problem about small particles in an optically
clean liquid, water is SFR;

b) SFR common for any environment, including "background"
fields, for instance gravity and magnetic field of the Earth.

3. SFR of super-system:

a) waste materials of some outside system (if available according
problem conditions);

b) very cheap outside resource, which cost may be ignored.

During solving a Mini-Problem it is necessary to achieve needed

result with minimum expenditure of SFR. Therefore, the utilization of
internal (system) SFR should first be considered. However, when it is nec-

112



essary to develop solution concepts and/or solve problem about forecast-
ing (i.e., Maxi-Problems), the maximum of various SFR should be con-
sidered.

21. It is known that the product is the unchangeable element - so
what kinds of resources can be it has? Indeed the product can not be
changed, 1.e. it is unsuitable to change product while solving the Mini-
Problem. However, sometimes the product can:

a) change itself;

b) allow consumption (i.e. modification) of part, when the product
amount 1s unlimited (for instance, wind etc.);

c¢) allow transition to the super-system (for instance, brick has not
changed, but house has changed);

d) allow application of micro-level structures;

e) allow being combined with "nothing", i.e. with void;

f) allow temporary modification.

Therefore, the product can be considered as SFR only in rare cases
if product can be easily modified "without modification".

22.  The SFR are available resources and thus they should be uti-
lized first. If there are not enough available resources other substances and
fields can be considered. The analysis of SFR in step 2.3 is preliminary.

Example:

In the problem about protection of antenna the "absent lightning
conductor" is considered. Therefore the SFR contain only substances and
fields of environment. In this case SFR this is the air.

PART 3. DEFINING IDEAL FINAL RESULT (IFR) AND
PHYSICAL CONTRADICTION (PhC)

As result of applying Part 3 should be formulated the image of Ideal
Final Result (IFR). The Physical Contradiction (PhC) that prevents from
achievement of IFR should be identified too. The ideal solution is not
always achievable, but the IFR indicates the direction to the most power-
ful solution.
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3.1. formulate ifr-1
Formulate and describe the IFR-1 using the following pattern:

The X-element, without complication of a system and without
harmful side effects, eliminates

<to indicate the harmful action>

during the <Operational Time>

inside the <Operational Zone>,

and keeping the tool's ability to provide

<to indicate the useful action>.

Example:

The X-element without complication of a system and without
harmful side effects, eliminates

<"non-attraction" of lightning by the absent conducting rod>

during the <Operational Time>

inside the <Operational Zone>,

and keeping the tool's ability to provide

<not hinder the antenna's reception>.

Comment:

23.  There are other conflicts besides the conflict "a harmful
action is associated with a useful one", for instance "introducing a new
useful action results in complicating the system" or "one useful action is
incompatible with another one". Therefore the formulation of IFR, iden-
tified in step 3.1 this is just a pattern to write down the IFR.

Basic meaning for any definition of the IFR is the following: a use-
ful feature's obtaining (or a harmful feature's eliminating) should be
achieved without other features' deterioration (or a harmful feature's

appearing).
3.2. intensify definition of ifr-1

Intensify the formulation of IFR-1 by introducing additional
requirement:
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the introduction of new substances and fields into system is pro-
hibited, it is necessary to use the SFR only.

Example:

There is no tool in the Problem Model about the antenna protection
("absent lightning conductor"). According to Comment 24 it should be
introduced the environment into definition of IFR-1, i.e. it is necessary to
replace an X-element by the word "air" (or, more exactly: "the air column
where the absent lightning conductor was").

Comment:

24.  According to Comments 20 and 21, SFR should be consid-
ered in the following order during problem solving process:

* SFR of the tool (system/internal resources);

* SFR of the environment (available/external) resources);

* SFR of super-system;

* SFR of product (if it is not prohibited by Comment 21).

The above types of resources (SFR) determine four directions of
further analysis.

In practice, the problem conditions cut off some directions. When
solving the Mini-Problem, it is enough to develop analysis up to the point
where a solution concept is obtained; for instance, if a concept was
obtained on the "tool line" (first line, above), then the other directions
need not be considered. When solving the Maxi-Problem, it is necessary
to consider all available directions. Thus, if you have found a concept on
the "tool line", it should be considered the directions for environment
SFR, for super-system SFR, and for product SFR.

When mastering ARIZ, a sequential, linear analysis is gradually
being replaced by parallel analysis: ability to transfer the solution concept
from one "line" to another. This kind of ability called a "multi-screen
thinking": possibility to analyze changes for super-system, system, and
subsystems simultaneously.
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ATTENTION!

The problem solving is accompanied by breaking down of old con-
ceptions. New concepts appear, which often can not be adequately
described in words. For instance, how to describe a property of paint to
dissolve, without dissolving (to paint, without painting)?..

Applying ARIZ, it is necessary to describe analysis using simple,
non-technical, even "childish" words, avoiding special terms (they
increase the mental inertia).

3.3. identify the physical contradiction for the macro-level
Identify and describe the Physical Contradiction at macro-level
using the following pattern:

the <Operational zone>,

during the <Operational time>,

has to... <indicate physical macro-state, for example "hot">

in order to perform <indicate one of the conflicting actions> and

has to... <indicate the opposite physical macro-state, for example
"cold">

to perform <to indicate another conflicting action or requirement>.

Comments:
25. The Physical contradiction this is opposite requirements to
physical state of Operational Zone.

26. Ifitis difficult to describe a complete definition for the Phys-
ical Contradiction, it is allowed to compose the brief PhC according to the
following pattern:

The element (or a part of it in the operational zone)

Has to be <feature> to perform <indicate> and

Does not have to be <feature> to perform <indicate>.

Example:

the <air column>, during the Operational Time

has to be <conducting> to <remove the lightning> and

does not have to be <conducting> to <prevent absorption of the
radio waves>.
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This definition suggests the answer: the air column has to be elec-
trically conductive when a lightning discharge and does not have to be
conductive when all the rest of the time. Lightning discharge occurs rela-
tively seldom and it acts quickly. The Law of coordination the rhythm of
systems parts: periodicity of the lightning conductor appearance has to be
same as the periodicity of lightning strike.

Obviously, this is not a complete solution concept. For instance: How

can the air column be transformed into conductor when lightning dis-

charges? How can the conductor be made to disappear immediately
after the lightening has discharged?

ATTENTION!
When solving problem using ARIZ, the solution concept develops
slowly (gradually).
It is risky to interrupt the problem solving process when an idea first
appears or you may later find yourself fixing a half-developed idea.
Carry the solving process through to the end of ARIZ!

3.4. identify the physical contradiction for the micro-level
Identify and describe the Physical Contradiction at micro-level
using the following pattern:

there should be particles of a substance <indicate their physical
state or action> in the Operational Zone

in order to provide <indicate the macro-state according to step 3.3>

and there should not be the particles (or particles should have the
opposite state or action)

in order to provide <indicate another macro-state according to step
3.3>

Example:

There should be <free charges> in the Air Column (when a light-
ning strikes)

to provide <electrical conductivity to "remove" the lightning>

and there should not be <free charges> (when the rest time)

to provide <prevent absorption of the radio waves>.
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Comments:

27. It is not necessary in step 3.4 to precisely define the term
"particles". For instance, the domains, molecules, ions etc. can all be con-
sidered as particles.

28.  The particles may be:

a) particles of a substances;

b) combination of particles and field, or
c) "particles of a field" (seldom).

29. If the problem has solution only on the Macro-Level, there
may be difficulties to formulate step 3.4 because definition PhC on micro-
level provides additional information: the problem is solved for on macro-
level. In other words, attempting to formulate the Physical Contradiction
for the micro-level can prove beneficial, if only because it provides us
with the additional information that the problem has to be solved at the
macro-level.

ATTENTION!

The first three parts of ARIZ essentially change the initial problem.
The step 3.5 summarized this change. By formulating the Ideal Final
Result [FR-2, we obtain an entirely new problem, a physical one. From
this point we have to focus on this new problem!

3.5. formulate ifr-2
Identify and describe the Ideal Final Result (IFR-2) using the fol-
lowing pattern:

The Operational Zone <indicate>
has to provide <indicate the opposite macro- or micro-states>
itself during the Operational Time <to indicate it>.

Example:
The <neutral molecules in the air column> has to <transform them-
selves into free charges> during <the lightning strikes>, and <the free
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charges> has to <transform itself into the neutral molecules> <after the
lightning strikes>.

The meaning of this new problem is as follows: for the duration of
the lightning discharge the free charges should appear on their own inside
the air column; in this case the column of ionized air acts as the lightning-
conductor and "attracts" the lightning. Immediately after discharge the
free charges in the air column should, on their own, become neutral mol-
ecules again. To solve this problem a knowledge of middle-school physics
is need.

3.6. apply the inventive standards to resolve physical contra-
diction

Check possibility to apply the Inventive Standards to solve the new
Physical Problem that formulated as the IFR-2. If after doing this, the
problem is still unsolved, go to Part 4. If problem is solved using Inven-
tive Standards it 1s possible to go at Part 7, however it is recommended to
continue analysis through Part 4 anyway.

PART 4. MOBILIZING AND UTILIZING OF SUBSTANCE-
FIELD RESOURCES (SFR)

At the step 2.3, the available resources, which can be used "free of
charge", were identified. Part 4 of ARIZ includes systematic procedures
to increase availability of resources. It is considered the derivative SFR
that can be obtained almost free of charge through slight modification of
the already available resources. Steps 3.3-3.5 began the transition from
the problem to the solution based on applying of physics; Part 4 continues
this direction.

Rule 4.

Particles of any kind that are in one state have to perform one func-
tion only. In other words, rather than using "A" particles to perform func-
tions 1 and 2, they have to perform function 1, and "B" particles have to
be introduced for the purpose of performing function 2.

Rule 5.
Introduced "B" particles may be divided into two groups: B-1 and
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B-2. This provide possibility to perform a new function 3 as "free of
charge" by arranging an interaction between two "B" groups.

Rule 6.

If the system has to include only "A" particles, these can be divid-
ed into two groups as well: one group of particles remains in the previous
state; the main parameter of the other particles are changed according to
the problem.

Rule 7.

Groups of particles that are divided or introduced have to become
identical to each other or to previously existing particles after they realize
their functions.

Comment:

30. Rules 4 through 7 apply to all Part 4 of ARIZ.

4.1. simulation with little creatures
Method of Simulation with Little Creatures

a) describe graphic model of conflict using the Simulation with Lit-
tle Creatures (SLC);

b) modify this graphic model so that "Little Creatures" act without
conflict.

Comments:

31. Simulation with Little Creatures includes of imaging the
conflicting requirements as drawing that describe how the Little Creatures
operate (in group, several groups, a crowd, etc.). Model can includes one
or sequence of figures. The Little Creatures have to represent changeable
elements of the Problem Model (the tool and/or the X-element).

"The conflicting requirements" describe the conflict in the Problem

Model or the opposite physical states indicated in step 3.5. The latter is
perhaps the best, but there are no exactly rules for transition from the
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physical problem (step 3.5) to the Little Creatures model. To describe
Problem Model conflict is usually easier.

Sometimes it is preferable to modify the graphic model (step 4.1b)
of the conflict by combining two figures in one drawing: the "bad action"
and the "good action". If the events evolve in time, making several con-
sequent drawing is appropriate.

ATTENTION!

The most common mistake in this step is to draw careless. Good
figures meet the following properties: a) they are expressive and under-
standable without words; b) they provide additional information about
Physical Contradiction and indicate general ways that it can be resolved.

32.  Step 4.1 is an auxiliary step. Its function is to visualize before
SFR mobilizing the needed actions of the particles in the Operational
Zone and around the OZ. Simulation with Little Creatures perform to clar-
ify the ideal action ("what should be done") without the physics ("how it
should be done"). It also decreases mental inertia and improves the imag-
ination. Thus, the SLC this is a psychological method. However, simula-
tion with the help of "Little Creatures " is realized according to the Laws
of Evolution of Technical Systems. Therefore the SLC often leads to solu-
tion concept. It is not recommended to stop solving process here, the
mobilization of the SFR has to be performed.

Example:

A. The Little Creatures inside the mentally selected air column are
the same as the air Little Creatures outside the column. Both groups are
neutral (by convention, the Little Creatures hold each other hand-in-hand;
their hands are busy, and thus they can not "catch" the lightning).

7
KA KA

KAl KA
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B. According to the rule 6, it is necessary to divide the Little Crea-
tures into two groups: the Little Creatures outside the column remain
unchanged (neutral); Creatures inside the column remain in pairs (i.e.
remaining neutral), but each Little Creature release one hand, suggesting
its desire to catch the lightning.

:
/
KX| KA
KK KA

(Other graphic models are possible as well. In any case however, it
1s clearly necessary to divide the Little Creatures into two groups and
change the state of group inside the column air).

C. The neutral state of the molecules inside the column should be
favorable to ionization, to decomposition. The simplest way to achieve
this is to reduce the air pressure inside the column.

ATTENTION!

The purpose of resources mobilization for Mini-Problem solving
process is not to apply all resources. The purpose is contrary it is neces-
sary to achieve solution concept with a minimum expenditure of
resources.

4.2. to take a "step back" from ifr

If 1t 1s known what the desired system has to be (from description
of problem conditions) and the problem is to find way to achieve this sys-
tem, it might be helpful to "step back" from the Ideal Final Result. The
desired system is described, after which some minimum disassembling
change is applied.
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For instance, if according to IFR two elements have to contact each
other, the "step back from IFR" would propose a gap between them. A
new micro-problem then appears: How to eliminate this defect?

This problem is usually easy to solve, and the problem solution
concept provides hint for solving the main problem.

4.3. using combination of substance resources
Consider possibility to use a mixture of the substance resources.
Comments:

33. If it was possible to solve problem using available substance
resources, the problem would never have appeared or would have been
solved "automatically". Usually it is necessary to introduce the new sub-
stances, but introducing new substances results in a more complicated
system, the rising of harmful side effects etc. The subject of SFR analysis
in Part 4 is to resolve this contradiction - to introduce substance without
introducing them.

34.  The step 4.3 recommends (in the simplest case) a transition
from two mono-substances to a heterogeneous (not uniform) bi-sub-
stance.

The question then arises: is it possible to transit from mono-sub-
stance to heterogeneous bi-substance or poly-substance? System transi-
tion analogous to homogeneous bi- and poly-systems are widely used and
described in Inventive Standards 3.1.1. However this Standard consider
with combination of systems rather than substances, which are called for
step 4.3. The result of integration of two systems is a new system. The
result of integration of two substances - two "pieces" of system - is one
piece and an increased volume of substance.

One of the techniques for creating a new system by integrating sim-
ilar systems is to keep the borders of the integrated systems in the new
system. For instance, the single page of paper this is mono-system, the
notebook this is poly-system, but a thick page of paper is not poly-system.
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Therefore, keeping of boundaries requires the introduction of a second
substance - a "border" substance - even if this substance is empty space

Thus step 4.4 represents the creation of a heterogeneous quasi-
poly-system, with empty space as a second border substance. However,
the empty space (void) is unusual substance. When a substance and empty
space are mixed, the borders are not always clearly recognized - but a new
feature appears that is required result.

4.4. using "void"

Consider possibility to solve problem by replacing the existing sub-
stance resources with an empty space or a mixture of substance resources
and empty space.

Example:

Mixture of air and empty space this is rarefied air. It is well known
from physics that reducing of pressure of gas results in a reducing of the
voltage required for discharge. Thus, the solution concept for problem
about antenna is obtained completely.

It is proposed to make radio-transparent lighting conductor from
dielectric hermetically-sealed tube, with the air pressure inside the tube
chosen so as to provide the minimum gas-discharge gradient created by
the lightning's electrical field [A.c.177497].

During a storm, the rarefied gas inside dielectric rod becomes ion-
ized. The ionized air inside tube will conduct the lightning currents to the
ground. After storm the ions recombine, gas becomes to neutral state.
From this case the lightning conductor does not distort the radio waves.

Comment:

35. The empty space is an extremely important type of substance
resources. It is always available in unlimited quantities, is very cheap, and
easily mixed with the available substances to create hollow or porous
structures, foam, bubbles, etc.

124



Empty space is not necessarily a vacuum. If the substance is solid the

empty space inside it may be filled with liquid or gas. If the substance

is liquid the empty space inside it may be a gas bubble. For substance
structures of a particular level, lower-level structures may serve as empty
space (see Comment 37). For instance, separated molecules can be con-
sidered as empty space for crystal lattice; atoms can be considered as
empty space for molecules, etc.

4.5. using derived resources
Consider possibility to solve problem using derived substance
resources or by mixture of derived substances with empty space.

Comment:

36. Derived resources of substance can be obtained by changing
of phase state for existing substance resources. For instance, if there is liq-
uid as substance resource, the derived resources can be considered ice and
vapor. On the other hand, the products of decomposition the substance
resources can be considered as derived resources as well. For instance,
hydrogen and oxygen are derived resources for water. The components
are derived resources for multi-component substances. Substances
obtained as a result of the decomposition or combustion of substance
resources are derived resources too.

Rule 8.

If it is required to obtain substance particles (e.g., ions) but it is
impossible to obtain them directly according to the problem conditions,
they should be obtained by decomposition a substance of a higher struc-
tural level (e.g., molecules).

Rule 9.

If it 1s required to obtain substance particles (e.g., molecules) but it
is impossible to obtain them directly or by using Rule 8, they should be
obtained by building up or integrating the particles of a lower structural
level (e.g., 1ons).

Rule 10.

The easiest way to apply Rule 8 is by decomposition the nearest
higher "complete" or "excessive" structural level (e.g., negative ions); the
easiest way to apply Rule 9 is by completing the nearest lower "incom-
plete" structural level.
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Comment:

37. The substance can be regarded as multi-layer hierarchical
system. With sufficient for practical application accuracy, it is possible to
consider the following hierarchy:

* minimally-processed substance (a simple material, for instance,
wire);

* "super-molecules", such as crystal lattices, polymers, associations
of molecules, etc.;

* complex molecules;

* molecules;

* parts of molecules, groups of atoms;

* atoms;

* parts of atoms;

* fundamental particles;

* fields.

The kernel of rule 8: the new substance can be obtained through
bypass (indirect) way by decomposition of large structures of either sub-
stance resources or substances that can be introduced into the system.

The kernel of rule 9: it is available also another way by completing
smaller structures.

The kernel of rule 10: it is recommend to decompose "complete"
particles (such as molecules or atoms), because incomplete particles (e.g.,
positive 1ons) are already partially decomposed and thus resist further
destruction; conversely, the building up of "incomplete" particles is rec-
ommended, because these tend to be more easily restored.

The Rules 8-10 indicate effective direction to obtain derived sub-
stance resource from "depths" of existing or easily-implemented sub-
stances. These Rules point to the required physical effects for particular
conditions.
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4.6. using an electrical field
Consider possibility to solve problem using introduction of an elec-
trical field or two interacting electrical fields instead of substance.

Example:

A well-known method of testing the strength of a pipe is to twist it
until it breaks. [A.c.182627]. this method requires that the pipe be
mechanically clamped, but clamping deforms the pipe.

It 1s proposed to produce twisting torque by electrodynamic forces
inside the pipe. [A.c.342759]

Comment:

38. If conditions of problem situation have restrictions to use
available and derived substance resources, the electrons (electrical cur-
rent) can be applied. Electrons this is "substance" that exists inside any
object. Moreover, electrons are associated with a field that is well con-
trollable.

4.7. using a field and field-sensitive substance

Consider possibility to solve problem using pair: "field + substance
additive that responsive to this field".

For instance: "magnetic field + ferromagnetic substance", "ultravi-
olet radiation + phosphor", "heat + shape-memory metal", etc.

Comment:

39. In step 2.3. was explored available SFRs. The steps 4.3-4.5
was considered about derived (for available SFRs) resources. Step 4.6 is
a partial deflection from available and derived SFRs: it is introduced "for-
eign" fields. Step 4.7 is next partial deviation: it is introduced "foreign"
substances and fields.

The fewer the resources (SFRs) consumed, the more ideal the solu-
tion concept is likely to be. However, it is not always the case that a prob-
lem can be solved with small expenditure of resources. Sometimes it is
necessary to step back and consider introduction of "foreign" substances
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and fields. This should be done only when absolutely necessary, if it is
impossible to apply available SFRs.

PART 5. APPLYING THE KNOWLEDGE BASE

In many cases, Part 4 of ARIZ helps to achieve a solution concept,
so it is possible to go to Part 7 of ARIZ. If no solution is achieved after
step 4.7, Part 5 is recommended.

The purpose of Part 5 of ARIZ is to mobilize all experience accu-
mulated in the TRIZ knowledge base. The problem is significantly clear-
er at this point so it is very likely that direct utilization of the knowledge
base will be successful.

5.1. applying the system of standard solutions for inventive
problems

Consider possibility to solve problem (formulated as IFR-2, keep-
ing in mind the SFRs considered in Part 4) by applying Inventive Stan-
dards.

Comment:

40. Actually, return to the Inventive Standards takes place in
steps 4.6 and 4.7. Before these steps the main idea was to utilize available
SFRs, without introduction of new substances and fields wherever possi-
ble. If it is impossible to solve problem utilizing available and derived
SFRs only, it is necessary to introduce new substances and fields. Most of
the Inventive Standards introduce techniques for introducing the addi-
tives.

5.2. applying the problems-analogous

Consider possibility to solve problem (formulated as [FR-2, keep-
ing in mind the SFRs considered in Part 4) by applying solution concepts
to non-standard problems, that have already been solved using ARIZ.

Comment:

41.  Although there is an infinite number of inventive problems,
there are comparatively few Physical Contradictions associated with
them.
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Therefore drawing an analogy from a problem that contains an
analogous contradiction can solve many problems. The problems might
appear to be different, and therefore the appropriate analogy can be dis-
covered only as the result of analysis on the level of the Physical Contra-
diction.

5.3. applying Principles for Physical Contradictions Elimina-
tion

Consider possibility to resolve Physical contradiction using the typ-
ical transformations (see Table 2. Principles for Physical Contradictions)

Rule 11.
Only solution concepts that completely match the IFR or come
close to it are acceptable.

5.4. applying the pointer to physical effects and phenomena

Consider possibility to resolve Physical contradiction using the
Pointer to Physical effects and phenomena.

Comment:

42. Parts of the Pointer to Physical effects and phenomena was
published in journal "Technika 1 nauka" (1981-1983), books:

* DARING FORMULAS OF CREATIVITY, Karelia, Petrozavod-
sk/ Selutsky A. B., ed.: 1987;

* A THREAD IN THE LABYRINTH, Karelia, Petrozavodsk/
Selutsky A. B., ed.: 1988.;

* RULES OF A GAME WITHOUT RULES, Karelia, Petrozavod-
sk/ Selutsky A. B., ed.: 1989.

PART 6. CHANGING OR SUBSTITUTING THE PROBLEM

Simple (typical) problems can be solved through directly elimina-
tion of Physical Contradiction, for instance, by separation of conflicting
properties in space or in time. Complex (non-typical) problems solving is
usually associated with changing the problem statement, that is, with
removing the initial restrictions created by mental inertia — those that
seem obvious from the beginning.
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For instance, to resolve problem about increasing the speed of "ice-
breaker" it is necessary to transit to "iceNObreaker".

Infinity "paint" can be obtained by transition to "NOpaint" - elec-
trolysis, gas bubbles were created. The bubbles themselves provide an
adequate marker. Mental inertia had dictated that "painting" the model's
trial improve the use of actual paint rather than another type of marker.

To correctly understand a problem it has to be solved; inventive
problems can not be precisely formulated at the outset. The process of
problem solving is the process of correcting (reformulation) the problem
statement.

6.1. transition to the technical solution

If the problem is solved, transfer the physical solution concept into
a technical one: formulate the principle of action and develop a schemat-
ic diagram of device that implements this principle.

6.2. checking the problem formulation for combination of sev-
eral problems

If the problem is not solved, check to see whether the description in
Step 1.1 represents a combination of several problems. In this case, it is
necessary to reformulate the step 1.1, by extracting separated problems.
Those problems have to be solved one after another (often it is enough to
solve just a main problem).

Example:

It is necessary to solder sections of very thin gold chains. One meter
of a chain of this type weighs only a gram. A method is needed by which
hundreds of meters of a chain can be soldered per day.

This problem can be decomposed into the following sub-problem:s:

a) How to introduce the micro-doses of solder into the gaps of the
links?

b) How to heat the introduced micro-doses of solder without harm-
ing the chain?

¢) How to remove excessive solder, if any?

The main problem is to introduce the micro-doses of solder into the

gaps.
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6.3. changing the problem
If the problem is not solved, change the problem by selecting
another Technical Contradiction in step 1.4.

Example:

If a problem of measurement and/or detection is solved, to choose
another TC often means that it is necessary to discard improvement of the
measurement part and try to change the entire system so that the need for
measurement disappears (Standard 4.1.1)

For instance, it is necessary to transport different types of oils
through same pipeline. If it is used liquid separator, or directly trans-
portation (without separator), the problem is "How to increase precision
of measurement for 'joint' section of 0il?"

This "measurement" problem was changed into "modification" prob-
lem: "How to eliminate mixing of oils and liquid separator?"

Solution: the liquid separator can mix with oils free, but liquid separa-
tor has to be transformed into gas and to be eliminated from container
itself, when 1t needs.

Required properties of liquid separator:

* 1t 1S not dissolved with oils;

* 1t 1s neutral to hydrocarbon substances;

* 1t has density equal to density of transported oils;

* 1t 1s not frozen up to —500C;

* it 1s cheap and safe.

The ammonia was found through the reference book.

[see: G.S.Altshuller: 1973, ALGORITHM OF INVENTION,

Moscowskiy Rabochy, Moscow, p.207-209; 270-271]

6.4. reformulation of mini-problem

If the problem is not solved, return to step 1.1 and reformulate the
Mini-Problem with respect to the super-system. If necessary, repeat this
reformulation process with the next several successive super-systems.

Example:

Typical example for these step this is solution concept about gas-
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heat-reflecting suit (rescue suit). [see: G.S.Altshuller: 1973, ALGO-
RITHM OF INVENTION, Moscowskiy Rabochy, Moscow, p.105-110].

Originally, this problem was formulated about development of
refrigerating suit. However, to provide required power of refrigeration for
fixed weight of suit was impossible, according physical principles.

This problem was resolved using transition to the super-system. It
was proposed to make gas-heat-reflecting suit by providing simultane-
ously functions of cooling system and respiratory system. The rescue suit
works using liquefied oxygen. The liquefied oxygen is evaporated at first
and works as cooler. After transformation to the gas the oxygen is used in
respiratory system. [A.c.111144]

Transition to the super-system provides possibility to enlarge limits
of weight at 2-3 times.

PART 7. ANALYZING THE METHOD OF RESOLVING THE
PHYSICAL CONTRADICTION

The main purpose of Part 7 of ARIZ is to check quality of obtained
solution concept. The Physical Contradiction should be resolved almost
ideally, "without nothing". It is better to spend an additional two or three
hours to obtain a new, more powerful solution concept than to fight half
of lifetime with weak, difficult to implement idea.
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7.1. checking the solution concept

Check the solution concept. Consider each introduced substance
and field. Is it possible to apply available or derived SFRs instead of intro-
ducing the substances/fields? Can self-controlled substances be applied?
Correct obtained technical solution accordingly.

Comment:

43.  Self-controlling substances are substances that modify their
state in a specific way in response to changes in environmental conditions
(e.g., loose their magnetic properties when heated above the Curie point).
Applying the self-controlling substances allows the system to be changed
or its state modified without any additional devices.

7.2. preliminary estimation of the solution concept

Check the solution concept preliminary.

Control questions:

a) Does the solution concept provide the main requirement of IFR-
1 (the element without complication of a system...)?

b) Which Physical Contradiction (if any) is resolved by the solution
concept?

c) Does the new system contain at least one easily controlled ele-
ment? Which element? How is it controlled?

d) Does the solution concept found for "single-cycle" Problem
Model fit the real conditions, multi-cycle conditions?

If the solution concept does not comply with all of the above, return
to step 1.1.

7.3. checking the priority of the solution concept through patent
funds
Check the novelty of the solution concept via patent search.

7.4. estimation of sub-problems to implement obtained solution
concept

What sub-problems might appear during embodiment design of the
new technical system?

Write down those possible sub-problems that might require inven-
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tion, design, calculation, the overcoming of organizational challenges,
etc.

PART 8. APPLYING THE OBTAINED SOLUTION

The real innovative idea not only solve the particular problem, but
also provides a universal "key" to many other analogous problems. The
purpose of Part 8 of ARIZ is to maximize utilization of resources unveiled
by obtained solution concept.

8.1. estimate of changes for super-system
Define how the super-system that includes the changed system
should be changed.

8.2. find new application for obtained solution
Check whether the changed system or super-system can be applied
in a new fashion.

8.3. apply solution concept for other problems

Apply the solution concept to solving other problems:

a) Formulate a general Solution Principle.

b) Consider direct application of the Solution Principle to other
problem solving.

c) Consider applying the opposite Principle to other problems.

d) Create a morphological matrix (e.g. "parts location" versus
"phase states of the product" or "applied fields" versus "phase states of the
environment", etc.) that includes all possible modification of the solution
concept, and consider every combination produced by the matrix.

e) Consider the modifications to the Solution Principle that would
result from changing the dimensions of the system or its main parts, imag-
ing the result if dimensions were to approach zero or stretch toward infin-

1ty.

Comment:

44.  If the purpose of work is not just solving a particular techni-
cal problem, careful following step 8.3 might initiate the development of
a general theory based on the Solution Principle.
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PART 9. ANALYZING THE PROBLEM SOLVING
PROCESS

9.1. compare proposed process and real
Compare the real process of problem solving with the theoretical
one (that is, according to ARIZ). Write down all, if any, differences.

9.2. compare obtained solution concept and knowledge from TRIZ

Compare the obtained solution concept to the information in the
TRIZ knowledge base (Inventive Principles, Inventive Standards, and
Pointer to Physical effects and phenomena).

If the knowledge base does not include a principle that applies to
obtained solution concept, document this principle into preliminary
knowledge base.

ATTENTION!

ARIZ-85C has been tested on many problems — on nearly every
available problem fund — and utilized for studying/teaching. Some
users forget this and suggest improvements to ARIZ based on their
experience in solving one problem. Even assuming that a given sug-
gestion is good for a particular problem, as a rule, improving the solv-
ing of one problem renders the solving of other problems more diffi-
cult...

For this reason, any suggestions should first be tested outside
ARIZ, as was case, for instance, with the Simulation with Little Crea-
tures. Then, after being included in ARIZ, any change should be test-
ed by solving at least 20-25 reasonable challenging problems.

ARIZ is constantly being developed and therefore needs new
ideas. But these ideas should first be carefully tested.
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HaobpeTeHue OTHOCHTCS K CPEACT-
BaM HHAMBHAYAJbLHOR TasoTenjaoBoi
BAUMTEL, NPHMEHSEMBIM [IPH BEACHHH
ropHocnacarespiex  pator non zem-
Jgell, npH JHKBHAAUMH TOJA3EMHBIX NMO-
WAPOB, 4 TAKIKE UPH TOPAYEM PEMOH-
TE PA3NHYHON annapatypsl.

OcobBeHHoCTLI0 NPeANardeMoro  ra-
Z0TENJ03aUIHTHOTD anmapara sBafeT-
€51 MCTIOJIb30OBAHHE B HeM AJf AniXa-
HHa oTpaboTansore B XOJOIHJILHOM
CHCTEMe KHcaopojaa, Gaarogaps Yemy
YCTPaHARTCH HeOOXOAMMOCTh B CRELH-
aJbLHBIX pecnupatopax.

Ha dur. 1 naobpaxena cxema npei-
JIAr4eMOr0 Ta30Ter03auHTHOTO anna.
para; Ha (ur. 2— KOHCTPYKUHA pesep-
BYapa MHAKOTO KHCIOPOAA.

Annapar cocToHT M2 KoMBuuesona |/,
waeMa 2, CoeaMHHTENRHOrO KoJibla 3,
pesepeyapa 4 KMIAKOr0 KHCIOpOZAE,
IOBIXATENBHOrO MEMmKa & # Macku 6.

OrBoa BHEWNero TENJONPHTOKA A0-
CTHTAETCA 33 CYET TENJONOrACHIeHHA
nps rasMQEKatin KHAKOTO KHCAOPO-
Aa H [OpH NOCAELYIOUIEM HarpeBaHHuM
X0J0KOro Fa3000pasHoro KHcJaopoia.

Yacre Mcnapuswerocs nog Hebodb-
WHM H3OBITOYHBIM AABJICHHEM KHCAO-
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poia u3 pesepsvapa 4 nocTvinger uepes
ABIXATCIBHEIEA  Mewox J W rodpupo-
BaNHYIO TPYOKY 7 B MACKy 6, a apyras
yacTh NPOXOAKT B HHMexTOp 8, pacno-
A0 10 OCH CKBO3HOIO WHIHHA-
pHuecKoro xanana 9 pesepeyapa 4.

X0A0AHLIH KHCAOPOL, BHITEKAs u3
conga nuxekTopa 8, sacacwBaer ten-
JBIE BO3AYX  HOAKOCTIOMHOTO 11pO-
CTPARCTHA ., CMEUIHBAACH ¢ HUM, OX-
JAANAET Ero.

Has peryanpoBakus wivciHeusHOCTH
XOJOAHABHOTO  geficTBHA  anmapaca
CAYMHT JApOcCcenbHas 3acaoHka J[f,
ynpaBaseMas Maxoeuuxkowm 12, ¢ no-
MOLIBIO KOTOPOTO MOMHO H3MEHHTH
KO3 OHUHEHT HIMCKIAN | T€M CaMBiM
PeryJHpoBaTth TENJONPHTOK BHYTPb
pesepayapa.

Han obGecnedyenns HopMaJbHOTG ra-
300TBOAA NPH JIOOHIX NOJONKEHHAX pe-
3epPByapa, 3aN0THACMOr0 KHCJAOPOIOM
Ha °/s cB000IHOrO 06BEMA, 0CIeIHN
HMEET UYeTHIPEe Ta3o0TBOAHLIX OTBep-
crua 13, 14, 15 u 16, pacnonomennbx
no ero Bepwn#asm. YroGn npesoxpa-
HHTb KOCTIOM OT 3aJHBaHus KHCJIOPO-
JAOM 4epe3 BCEe M4ernlpe OTBEPCTHS,
KaM/A0e H3 HHX CHAOMKEHO rascoTsoi-
HOH TpyOko#i I7, orubalomeii pesep-
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Byap MoCAeNoBaTe/bHC Hajl BCeMH OT-
BEPCTHAMM, OJaaroaaps uYeMmy xum-
KOCTh HEe MOXeT NpoHTH no Tpydxe,

Mpeawer

|. Annapar Aas HHAHBHAY&JbLHOI
rasoTenioBOH 3AUHTH, COCTOALIHE R3
repMeTH3HPOBAHHOTO  KOMOHHE30HA,
uiieMa, COeHHHTENBHOIO KOMbLa, k-
XaTeJbHOTO MellKa, Mackd H pasMme-
IMEHHOTO B [OJKOCTIOMHOM NPOCTPAaH-
CTBC pesepByapa MHAKOro KHCAOPOAa,
OTAHYaWIWHHCA TeM, d9TO AIA
yCTpaHeHns HeoOXOAHMOCTH B CHEnH-
aJbHBIX pecnuparopax, orpaboraHkbii
B XOJIOAWIBLHOH CHCTEME ras i#cnogb-
3YeTCR A AbIXaHud.

2. dbopma BENOAHEHHH pesepByapa
/i XpAHEHHA ¥ FrasHQHKaUHH KUIKO.
ro gucjaopopa non. l, oTdAHY AW-
magcd TeM, 9T0, ¢ Uedbi odecne-
YeHMA Tas00TBOMA TMpH JIOBHIX fono-

el s

TaK KaxK OHO H3 OTBEpPCTHH Boerga
Bhillle VPOBHA JKHIOKOCTH, a TpyOKa
BHHIIE OTBEPCTHA:

H3obperevus

JKEHHAX pezepsyapa, [peHasKHbe 07-
BEPCTHA PACNONOMKEHB! MO €ro BepLIH-
HaM, a ApeHaxuHsle TpyOKH, BBIXOLA-
IHE U3 KAXKIOro OTBEPCTHH, Orudaior
pesepeyap, NpoOXoas NOCAEAOBATeNbHO
Hal OCTAJbHBIMH ApPCHAMHLIMY OTBEp-
CTHAMH.

3. dopma BBIMOJIHEHHR YCTPOHCTBA
J4JI8 PeryJHpOBKH HHTEHCHBHOCTH ra-
supukand no 1. l, oTaAMYE AW
Hiasics Tewm, 4TO pesepsyap HMeer
CKBO3HOHA KaHAJ ¢ PAacloJ0oXKeHHBIM

BHYTPH Hero HHMKEKTOPOM, H3IMEHEHH-
eM KoshPuUHeHTa HHMKEKIHE KOTOPO,
TO JOCTHTAETCA PETrYJIHPOBKAa TEnJao-
NPHTOKA BHYTPbL Pe3epByapa.
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(54) Composite cooking Apparatus

(57) A composite cooking apparatus having a body
(10), a heating unit (30), and an induction heating unit
(40). The heating unit (30) is positioned in the body to
generate heat used to heat food. The induction heating
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and an insulating plate (40). The heating unit (30) is po-
sitioned in the body (10) to generate heat used to heat
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