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FIGURE 3.

the system of evaluation of the determining mea-
surement parameters accuracy.

This accuracy is a direct function of reliability
and sophistication of the sensor screening system.

At the same time screening according to con-
ventions| principles does not ensure the required
accuracy and requires additional, alternative tech-
nical solutions that are far from the most advanced
innovative ideas in this regard.

Using the same methods and techniques of in-
novation organization of product development and
optimization project declared by Artem Tkachenko,
the author of this paper came to a fairly optimum
option — stages and phases of development of a
household appliance to control the quality of drink-
ing water.

Stages and phases of development of a house-
hold appliance to control the quality of drinking
water.

1. Basic specifications.

Basic specifications for the materials used to
manufacture the device.

Basic specifications for corrosion resistant and
decorative coatings, which will be allowed for use
in the design of the device.

Basic specifications for the elements of the de-
vice to be installed in the water supply system of a
residential unit.

Basic specifications for the ideology of drinking
water quality control.

Basic specifications for the system of mon-
itoring results and instrument sensor readings
identification.

2. Technical proposal.

Calculation and explanatory note for the stage
of the technical proposal.

Schematic diagrams of project components for
the stage of the technical proposal.

Models, mockups and prototypes of full-scale
instrument samples.

Presentation for the stage of the technical pro-
posal for the project.

3. Technical assignment.

Creation of the company — project developer.

Development and preparation of all basic doc-
uments of the company.

Creation of working groups for
implementation.

Development and coordination of the technical
design assignment.

Development and coordination of the techni-
cal assignment for the product; development of the
technical characteristics of the new product; devel-
opment of the technical assignment for manufactur-
ing of product prototypes.

Development of the technical assignment for all
stages of new product testing.

Development of the technical assignment for
the industrial design of the new product, packag-
ing, storage, transportation, composition and form
of operational documentation.

Development of the technical assignment for
the experimental and industrial documentation.

Development of the technical assignment for
the strategy of patent and license protection of the
new product and new technology.

project
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4. Preliminary design.

Calculation and explanatory note to the prelim-
inary design of the device.

Schemes, graphs, general view drawings.

Models, mockups and prototypes of the techni-
cal design stage.

Materials of presentation for the preliminary de-
sign stage.

5. Technical design.

Calculation and explanatory note to the techni-
cal design of the device.

Diagrams, graphs, general view drawings of de-
vice subassemblies.

Models of components and fragments of the de-
vice and its version for installation.

Presentation materials for the technical design
stage.

Materials of applications for inventions.

6. Working design.

Calculation and explanatory note to the work-
ing design of the device and all its components. A
complete set of technical documentation for the de-
vice and its installation options.

Models, prototypes and experimental models.

Presentation materials for the stage of the work-
ing design.

Materials of applications for inventions.

7. Manufacture of device prototypes and ele-
ments of its installation.

Preparation of operational drawings for the pro-
cess of manufacturing of the device and its compo-
nents for installation.

Preparation of instructions for all stages of man-
ufacturing and assembly, installation and mounting
of the device.

8. Preliminary tests of device prototypes.

9. Introduction of alterations to the technical,
design and technological documentation based on
the results of preliminary tests of prototypes.

10. Introduction of alterations and modification
of prototypes according to the results of preliminary
tests.

11. Coordination of technical characteristics of
prototypes with the requirements of the standards
in the area of household appliances for water treat-
ment; coordination for the compliance with health
standards for drinking water.

12. Acceptance tests of prototypes.

13. Testing program and procedure.

14. Introduction of alterations to the technical,
design and technological documentation based on
the results of acceptance tests.

15. Introduction of alterations and modification
of prototypes according to the results of acceptance
tests.

16. Development of accompanying and opera-
tional documentation.

17. Industrial design; preparation of a design
patent application and a trademark application.

18. Development of a business plan.

19. Development of the program and search for
strategic partners for pilot production.

20. Manufacturing of a development batch of
devices for pilot production.

21. Pilot production.

22. Introduction of alterations to the technical
and operational documentation on the results of pi-
lot development.

23.Release of a development commercial
batch of devices and a set of accessories.

24. Experimental commercial realization of
development commercial batch of devices on the
market.

25. Transfer of project results to mass production.

26. Preparation of the standard for the devel-
oped technology of drinking water quality control
in domestic conditions.

27. Coordincation of the draft standard.

28. Putting the standard into operation.

29. Arrangement of mass production and reali-
zation of the new product in a typical area of prior-
ity development — A.

30. Completion of the company’s intellectual
property portfolio creation.

31. Completion of the company’s intellectual
property portfolio creation by sections related to
the construction, manufacturing technology and
methods of module useage for drinking water qual-
ity control, both in the area of technologies for
household use and other systems requiring nano-
metrological technical solutions to control liquids
in pipelines and tanks, in other technical fields,
fields of technology and human vital requirements
fulfilment.

To check the above principles and recommen-
dations in practice, the author brings the reader’s
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attention to the conclusions made on the basis of
the experimental results of testing such a technol-
ogy and device that implement similar tasks in the
area of milk quality control:

1. The technology of impedance resonance
control can distinguish samples of whole milk at
the initial, middle and final phases of the milking
process by the integral complex indicator with the
required accuracy.

2. The technology of impedance resonance
control can distinguish samples of whole milk at
the initial, middle and final phases of the milking
process by the integral complex indicator with the
required accuracy and can distinguish the sam-
ples that have different periods of storage at room
temperature.

3. The technology of impedance resonance
control can distinguish samples of whole milk at
the initial, middle and final phases of the milking
process by the integral complex indicator with the
required accuracy and can distinguish the samples
that have different periods of storage at room tem-
perature and that also include certain blood units.

4. The technology of impedance resonance
control can distinguish samples of whole milk at
the initial, middle and final phases of the milking
process by the integral complex indicator with the
required accuracy and can distinguish the sam-
ples that have different periods of storage at room
temperature and that also include certain dextrose
units.

5. The technology of impedance resonance
control can distinguish samples of whole milk at
the initial, middle and final phases of the milking
process by the integral complex indicator with the
required accuracy and can distinguish the samples
that have different periods of storage at room tem-
perature and that also include certain urea units.

6. The technology of impedance resonance
control can distinguish samples of whole milk at
the initial, middle and final phases of the milking
process by the integral complex indicator with the
required accuracy and can distinguish the samples
that have different periods of storage at room tem-
perature and that also include certain units of butter
fat.

7. The technology of impedance resonance
control can distinguish samples of whole milk at

the initial, middle and final phases of the milking
process that have different concentrations of so-
matic cells by the integral complex indicator with
the required accuracy and can distinguish the sam-
ples that have different periods of storage at room
temperature.

8. The technology of impedance resonance
control can distinguish samples of whole milk at
the initial, middle and final phases of the milking
process that have different concentrations of so-
matic cells by the integral complex indicator with
the required accuracy, can distinguish the samples
that have different periods of storage at room tem-
perature and can also determine and distinguish the
acidity level of the same samples of milk.

9. The experiments confirmed the correctness
of the strategy chosen for preliminary tests that in-
volves at least a two-step system of resonance sen-
sor calibration. The first step presupposes the level
of an integral signal based on characteristics of
impendance phenomena in milk, and the second
one — the level of a selected combination of the
resonance of the most prominent frequency and
capacitative and amplitude integrated character-
istics in the samples of milk under consideration
typical for each of the monitored parameters and
characteristics.

10. In general, the system demonstrated high
susceptibility to sent signals, high selectivity when
separating and comparing signals, a sufficient level
of results repeatability, steady work following the
accepeted technique, sufficient accuracy in deter-
mining integral components of signals, sufficient
autonomy and independence from external influ-
ences and interference, a possibility enabling the
operator to control the system in a stable, sustain-
able and confident way even if he or she does not
have any special professional competence.

11. The results of preliminary studies give
grounds for the conclusion that in the next stage
of the project it will be possible to proceed to ap-
plications of selective control of all required milk
parameters and design of all required applications
of resonance sensors.

12. Results of adjustment and modification of
operating parameters of sensors, the general nature
of control and digital testing of the sensor and its
entire infrastructure allows coming to a conclusion
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that it is possible to implement guaranteed remote
control of operation of sensors, sensor groups in-
cluding synchronization of their basic measure-
ment and analytical functions and a possibility of

sensor adaptation in accordance with the specific
character and various conditions for dairy farms
and dairy plants

Appendix 1
United States Patent Application 20130173180
Kind Code Al
July 4, 2013

Determination of Attributes of Liquid Substances

Abstract. A monitoring unit (100) that determines parameters (p1, p2) of an attribute (P) of a liquid
substance flowing (F) through a dielectric conduit (110) includes plural coil members (121, 122) encircling
the dielectric conduit (110) that subjects a flow of the liquid substance to plural different electromagnetic
fields (B(f)), and under influence thereof measuring circuitry registers corresponding impedance measures
(z(f)) of the liquid substance. A processor (130) derives the parameters (p1, p2) of the attribute (P) based on
the registered impedance measures (z(f)).

Appendix 2
United States Patent Application 20130178721
Kind Code Al
July 11, 2013

Vivo Determination of Acidity Levels

Abstract. A bolus for use in a ruminant animal’s reticulum includes a cavity (100) configured to receive
ruminal liquids present in the stomach. The cavity has walls (110) of a dielectric material and is encircled by
a coil member (120), which is configured to subject the ruminal liquids to an electro-magnetic field. A Sen-
sor element (310) measures the electromag-netic field’s influence on the ruminal liquids and thus register
an electromagnetic property representative of an acidity level of said liquids. A transmitter (410) transmits
a wireless output signal (SD) reflecting the acidity measure.

Appendix 3
United States Patent 8,694,091

April 8, 2014

In Vivo Determination of Acidity Levels

Abstract. A bolus for use in a ruminant animal’s reticulum includes a cavity (100) configured to receive
ruminal liquids present in the stomach. The cavity has walls (110) of a dielectric material and is encircled
by a coil member (120), which is configured to subject the ruminal liquids to an electro-magnetic field. A
Sensor element (310) measures the electromagnetic field’s influence on the ruminal liquids and thus register
an electromagnetic property representative of an acidity level of said liquids. A transmitter (410) transmits
a wireless output signal (SD) reflecting the acidity measure.
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Appendix 4
United States Patent 9,316,605
April 19, 2016

Determination of Attributes of Liquid Substances

Abstract. A monitoring unit (100) that determines parameters (p1, p2) of an attribute (P) of a liquid sub-
stance flowing (F) through a dielectric conduit (110) includes plural coil members (121, 122) encircling the
dielectric conduit (110) that subjects a flow of the liquid substance to plural different electromagnetic fields
(B(f), and under influence thereof measuring circuitry registers corresponding impedance measures (z(f))
of the liquid substance. A processor (130) derives the parameters (p1, p2) of the attribute (P) based on the
registered impedance measures (z(f)).

Appendix 5
United States Patent 6,188,151
February 13, 2001

Magnet Assembly with Reciprocating Core Member and Associated Method of Operation

Abstract. An electromagnetic assembly includes a casing, a solenoid disposed inside the casing, a
stationary magnetic core, and a movable magnetic core. The stationary magnetic core is disposed at least
partially inside the solenoid and is fixed relative to the solenoid and the casing, while the movable mag-
netic core is disposed for reciprocation partially inside the solenoid along an axis. The stationary magnetic
core, the movable magnetic core, the solenoid, and the casing have rectangular or square cross-sections in
planes oriented essentially perpendicularly to the axis.

Appendix 6

Abstract of WO2012105897 (A1). A monitoring unit (100) determines an attribute (P) of a liquid sub-
stance (L) flowing (F) through a non-magnetic conduit (110). To this aim, a helical coil (125) encircles
the non-magnetic conduit (110). The helical coil (125) imposes an electromagnetic field (B) on the liquid
substance (L) and registers fluctuations in the electromagnetic field (B) caused by the liquid substance (L).
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Said fluctuations are indicative of at least one electromagnetic property (z) of the liquid substance (L), and
based on the at least one electromagnetic property (z), in turn, a processor (170) derives the attribute (P). For
enhanced efficiency and reduced interference, a magnetic shield (150) is arranged around the helical coil
(120), which magnetic shield (150) concentrates the electromagnetic field (B) towards the non-magnetic
conduit (110) inside the helical coil (125).

Appendix 7

Abstract of WO2012105897 (A1). A monitoring unit (100) determines an attribute (P) of a liquid sub-
stance (L) flowing (F) through a non-magnetic conduit (110). To this aim, a helical coil (125) encircles
the non-magnetic conduit (110). The helical coil (125) imposes an electromagnetic field (B) on the liquid
substance (L) and registers fluctuations in the electromagnetic field (B) caused by the liquid substance (L).
Said fluctuations are indicative of at least one electromagnetic property (z) of the liquid substance (L), and
based on the at least one electromagnetic property (z), in turn, a processor (170) derives the attribute (P). For
enhanced efficiency and reduced interference, a magnetic shield (150) is arranged around the helical coil
(120), which magnetic shield (150) concentrates the electromagnetic field (B) towards the non-magnetic
conduit (110) inside the helical coil (125).
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Abstract. Questions of construction of regular algorithm of adaptive estimation and control of dynamic objects
based on predictive models. These regular estimation algorithms do not require a complete priori knowledge

of the controlled object, the conditions of its operation, can be easily implemented with the help of modern
computing facilities. In order to increase the efficiency of the estimation procedure are very constructive concepts
and methods of regularization. The practical implementation of the algorithm will improve the accuracy of
formation of control actions and indicators of the quality control processes.

Keywords: dynamic objects of management, predictive models, adaptive estimation and control, regular
algorithms.

Introduction

One of the tasks of adaptive control systems with the current development of methods for identification
of a so-called combined control synthesis [1,2]. Assumed separability of the identification and control.
Currently, due to the complexity of the development of technology-driven facilities in developed and de-
signed control system is significantly increased. The structure of most modern control objects such that a
precise mathematical description of the objects is either absent or varies widely. In such circumstances, the
incompleteness of information on the mathematical model imposes significant restrictions on the use of
control synthesis methods. To meet the challenges of management in the conditions of uncertainly are the
control system based on robust and adaptive approaches that improve system reliability, and reduce the
technological requirements for the design.

Adaptive management is a rapidly developing area of modern control theory, which reflects an objec-
tive tendency of modern automation to solve increasingly complex problems and universal management of
industrial objects. In connection with the intensification of technological processes, increasing demands for
quality management processes and reproducibility of the processes themselves, the increasing complexity
of the dynamics of objects of control, increasing the proportion of non-stationary and nonlinear objects of
control, adaptive management is playing an increasingly prominent role in addressing the above-mentioned
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processes control. Depending on the method of achieving adaptive control systems are divided into two
classes: the system with reference model and systems with customized models. These classes correspond to
the direct and identification approaches.

The principle of synthesis of adaptive control systems based on custom models has long attracted
the attention of researches. Visibility and versatility are important advantages of the method customizable
model. In such systems, algorithms need to configure based on current information about the input and
output signals of the object to bring the behavior of the model to the behavior of the object. Despite the
theoretical validity of adaptive optimal algorithms in the classical sense of parametric estimation and man-
agement, their practical implementation in a number of cases is ineffective. The main disadvantage of a
custom model is the difficulty of obtaining terms of efficiency of the system. To overcome the difficulties
there are two ways. The first — the adoption of special measures to enrich the spectrum of the input sig-
nal in order to ensure the convergence of estimates to the true values. The first path is commonly used to
achieve complex control purposes, in particular for optimal synthesis systems. The second way consist in
refusal of a strong solvency of estimates of parameters, that is of convergence of estimates to true values.
Justification system health conducted, to the weaker subject for adaptation — close outputs or states of the
model and the object. At the same time, as a rule, can not provide optimal systems and have to be limited
to weaker management objective, such as the stabilization of the system. This is due to the fact that many
of the problem identification and synthesis of control actions are classified correctly. In this situation, the
problem of synthesis methods and algorithms for evaluation should be considered in terms of the theory of
inverse problems when determining structure calculation algorithms and their parameters are performed on
the basis of the principle of regularity. This approach allows us not only to ensure the proximity of outputs
or states of the model and the object, as well as the strong convergence of estimates to the true values, that
allows you to save the synthesized performance management system, at least at low exposures unrecorded
in the initial synthesis of the factors that have a rude towards them. In this regard, the development of the
methods and algorithms for synthesis of adaptive control systems with customized models based on the
principle of regularity seems relevant.

Analysis of the scientific literature in recent years in research on the development of methods and algo-
rithms of adaptive control of dynamic systems indicates that achieving significant theoretical and practical
results in the field. There are various ways of building developed highly adaptive control systems operating un-
der varying degrees of uncertainty a priori. However, there are still not fully resolved issues related to the tasks
of synthesis of algorithms of adaptation — computational algorithms identify objects and settings in the main
control circuit of the adaptive system. There are several reasons for this state of affairs in the adaptive man-
agement, the integral effect of which is manifested in the poor and poorly controlled processes as adaptive
systems, the need to use the time derivatives or filtered signals form the available measurement component
of the state vector in the adaptation algorithm, which often leads to a significant increase in the order of the
system and manifest itself in practice in the use of regulatory laws in the main circuit, do not satisfy the de-
sired and natural developer synergistic principle of least intervention in the natural state of the object. Knows
methods for solving these problems, the standard formulation of the problem, where the goal is achieved the
control asymptotic vanishing target functional due to the choice of a suitable controller in the main loop, and
adjust its settings according to the algorithm of adaptation in the form of various modifications of the gradient
descent procedures using interruption and shift controls on a finite time interval. To ensure the efficiency of
adaptive systems in the above-mentioned conditions, the procedures coarsening adaptation algorithms with
respect to small influences and interference factors unaccounted for. Thus the key to achieving optimum per-
formance and ensure adaptive systems is a strong consistency desired parameter estimates of the object and
the regulator. This circumstance makes the urgent need to address a number of methodological problems of
synthesis of adaptive control systems with customized models, in particular involving the concepts of inverse
problems of the dynamic of managed objects and regular methods. Let us consider the problem of optimal
control of a linear non-stationary objects [3], whose motion is described by equations
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