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Abstract
The article discusses modern developments in the field of non-contact monitoring of drink-

ing water and cow’s milk quality based on resonance control methods and complex digital 
indicators of the dynamic state of the medium.

The growing need for continuous monitoring of water and milk quality under increasing 
environmental risks, stricter regulatory requirements, and higher food safety standards is em-
phasized. Particular attention is given to the limitations of traditional control methods based 
mainly on electrical conductivity measurements and the need for more comprehensive ap-
proaches to liquid parameter analysis.

The article presents technical solutions for real-time monitoring of water and milk quality, 
including devices for assessing integral quality indicators, somatic cell content, fat concentra-
tion, lactose content, gas levels, and indicators of animal diseases. Compact energy-efficient 
devices designed for stationary use and rapid field analysis are also considered.

The implementation of intelligent non-contact monitoring systems is shown to improve the 
safety, reliability, and efficiency of water and dairy production, transportation, and processing 
processes.
Keywords: Water quality; Milk quality; Monitoring; Non-contact monitoring; Develop-
ments in the field of non-contact monitoring of drinking water and cow’s milk quality based 
on the principles of electromagnetic resonance spectroscopy; Water quality control methodol-
ogy; Milk quality control methodology; Water conductivity; Milk conductivity; Technological 
conditions; Technology compliance assurance factor
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Inventions in the field of non-
contact monitoring of drinking 

water and cow’s milk quality
The quality of drinking water practical-

ly determines the quality of life. In all wa-
ter quality control methodologies, water 
conductivity is considered a  clear indicator 
of its purity.

The greater the contamination in water, 
the lower its electrical resistance, while the 
purer the water, the higher its electrical re-
sistance.

This approach satisfied everyone for 
a  long time, until international terrorism 
reached the level of prevalence observed to-
day and until general environmental pollu-
tion reached the unprecedented scale and 
magnitude currently being experienced.

These are certainly not all the factors de-
termining the urgent need for more compre-
hensive water quality control, but they are 
among the most important.

Practically all existing technologies, in-
struments, and equipment for water quality 
control have a  very narrow range of tech-
nical capabilities and do not cover all the 
parameters that need to be continuously 
monitored in order to prevent water from 
reaching consumers which, due to the rea-
sons listed above, may be contaminated to 
a degree that poses a danger to human life 
and health.

Milk is one of the most important prod-
ucts in a  balanced diet, and since a  signif-
icant proportion of its composition is also 
water, it requires equivalent mobile, reli-
able, and accurate monitoring technologies 
adapted both to increasing milk quality re-
quirements and to evolving regulatory qual-
ity standards.

When monitoring milk quality, adap-
tation to new technological conditions and 
industrial processing procedures is also of 
great importance.

Based on this incomplete set of informa-
tion, a  reasonable conclusion can be drawn 
regarding the necessity of continuous mon-
itoring of the quality condition of milk and 
water before use.

Such technologies have been developed, 
and a brief description of these technologies 
is provided below.

1. Device for real-time monitoring 
of the current quality status of drink-
ing water.

The device is intended for real-time mon-
itoring and evaluation of the current value of 
a  complex digital indicator of the dynamic 
quality status of drinking water. The device 
can be adapted for technological water quali-
ty control systems at process input stages and 
for wastewater quality monitoring before dis-
charge into sewage systems or before return-
ing the water to the process after regeneration.

The complex digital indicator of the dy-
namic state of water and aqueous solutions 
is an integral parameter which, based on 
frequency, amplitude, resistance, resonance 
phenomenon parameters, inductance, and 
a set of dynamic characteristics of the water 
flow, represents an integral equivalent of the 
current value of the content and concentra-
tion of components in water, as well as the 
relationships, including biological relation-
ships, between these components and pa-
rameters.

The device for selective real-time identifi-
cation of the current value of the complex dig-
ital indicator of the dynamic quality status of 
drinking water is a compact device designed 
for operation as part of water pipeline sys-
tems, water flow metering systems, or under 
field conditions powered by solar batteries.

The device has minimal energy consump-
tion.

The device includes functionally inter-
connected systems for water input, output, 
control, and flow transformation, where the 
water flow transformation system includes 
an aerodynamic mechanism for removing 
gases from the specified flow.

The device may be designed for station-
ary applications as well as for rapid analysis 
applications.

The device and its operating procedure 
do not require special training for the oper-
ator or user.

2. Device for real-time monitoring 
of the current quality status of cow’s 
milk.

The device is intended for real-time mon-
itoring and evaluation of the current value of 
a  complex digital indicator of the dynamic 
quality status of cow’s milk.
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The complex digital indicator of the dy-
namic state of cow’s milk is an integral pa-
rameter which, according to criteria of fre-
quency, amplitude, resistance, inductance, 
and a  set of dynamic characteristics of the 
milk flow, serves as an integral equivalent 
of the current content and concentration of 
components in cow’s milk and the relation-
ships, including biological relationships, be-
tween these components.

The device for its selective real-time iden-
tification is a  compact device intended for 
operation under dairy farm conditions or in 
field conditions powered by solar batteries.

The device has minimal energy consump-
tion.

The device includes functionally inter-
connected systems for input, output, moni-
toring, and transformation of the milk flow, 
where the milk flow transformation system 
includes an aerodynamic mechanism for gas 
removal from the milk flow.

The device may be designed for station-
ary applications as well as for rapid analysis 
applications.

3. Complex integral indicator of wa-
ter and aqueous solution quality and 
a device for its real-time identification.

The digital indicator of the dynamic qual-
ity status of drinking water, which, through 
comparison of an impulse directed to the 
sensor according to criteria of frequency, 
amplitude, resistance, inductance, and cor-
responding parameters generated in the 
pipeline by resonance phenomena within the 
flow, together with a set of dynamic charac-
teristics of the water flow, serves as an inte-
gral equivalent of the current content and 
concentration of components in water.

The device for its selective real-time iden-
tification is a  compact device intended for 
operation in urban or main water supply sys-
tems or under field conditions powered by 
solar batteries.

The device has minimal energy consump-
tion.

The device includes functionally inter-
connected systems for input, output, moni-
toring, and transformation of the water flow 
supplied for monitoring, where the water 
flow transformation system includes an aero-
dynamic mechanism for gas removal from 
the flow.

The complex integral water quality indi-
cator also includes a complex integral sensor 
indicator which, for each sensor type, its de-
sign parameters, and the signal parameters 
supplied to the sensor, is a constant value, as 
confirmed by the results of a  series of tests 
involving more than 1,000 cycles using four 
types of sensors.

The device may be designed for station-
ary applications as well as for rapid analysis 
applications.

4.	 Complex integral indicator of 
cow’s milk quality and a device for its 
real-time identification.

The digital indicator of the dynamic state 
of cow’s milk which, according to criteria 
of frequency, amplitude, resistance, induc-
tance, and a set of dynamic characteristics of 
the milk flow, serves as an integral equivalent 
of the current content and concentration of 
components in cow’s milk.

The device for its selective real-time iden-
tification is a  compact device intended for 
operation under dairy farm conditions or in 
field conditions powered by solar batteries.

The device has minimal energy consump-
tion.

The device includes functionally inter-
connected systems for input, output, moni-
toring, and transformation of the milk flow, 
where the milk flow transformation system 
includes an aerodynamic mechanism for gas 
removal from the milk flow.

The device may be designed for station-
ary applications as well as for rapid analysis 
applications.

5. Dynamic indicator of the current 
value of somatic cell count in cow’s 
milk and a  device for its selective re-
al-time identification.

The digital indicator of the dynamic state 
of cow’s milk which, according to criteria 
of frequency, amplitude, resistance, induc-
tance, and a set of dynamic characteristics of 
the milk flow, serves as an integral equivalent 
of the current content and concentration of 
somatic cells in cow’s milk.

The device for its selective real-time iden-
tification is a  compact device intended for 
operation under dairy farm conditions or in 
field conditions powered by solar batteries.

The device has minimal energy consump-
tion.
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The device includes functionally inter-
connected systems for input, output, moni-
toring, and transformation of the milk flow, 
where the milk flow transformation system 
includes an aerodynamic mechanism for gas 
removal from the milk flow.

The device may be designed for station-
ary applications as well as for rapid analysis 
applications.

6. Dynamic complex indicator of 
the current fat concentration value in 
cow’s milk and a device for its selective 
real-time identification.

The digital indicator of the dynamic state 
of cow’s milk which, according to criteria 
of frequency, amplitude, resistance, induc-
tance, and a set of dynamic characteristics of 
the milk flow, serves as an integral equivalent 
of the current content and concentration of 
fat or fatty acids in cow’s milk.

The device for its selective real-time iden-
tification is a  compact device intended for 
operation under dairy farm conditions or in 
field conditions powered by solar batteries.

The device has minimal energy consump-
tion.

The device includes functionally inter-
connected systems for input, output, moni-
toring, and transformation of the milk flow, 
where the milk flow transformation system 
includes an aerodynamic mechanism for gas 
removal from the milk flow.

The device may be designed for station-
ary applications as well as for rapid analysis 
applications.

7. Dynamic complex indicator of 
the current lactose content value in 
cow’s milk and a device for its selective 
real-time identification.

The digital indicator of the dynamic state 
of cow’s milk which, according to criteria 
of frequency, amplitude, resistance, induc-
tance, and a set of dynamic characteristics of 
the milk flow, serves as an integral equivalent 
of the current lactose content in cow’s milk.

The device for its selective real-time iden-
tification is a  compact device intended for 
operation under dairy farm conditions or in 
field conditions powered by solar batteries.

The device has minimal energy consump-
tion.

The device includes functionally inter-
connected systems for input, output, moni-

toring, and transformation of the milk flow, 
where the milk flow transformation system 
includes an aerodynamic mechanism for gas 
removal from the milk flow.

The device may be designed for station-
ary applications as well as for rapid analysis 
applications.

8. Complex integral indicator of 
mastitis in cows and a device for its re-
al-time identification.

The digital indicator which, according to 
criteria of frequency, amplitude, resistance, 
and inductance, serves as an integral equiva-
lent or indicator of the occurrence of mastitis 
in cows.

The device for its real-time identification 
is a  compact device intended for operation 
under dairy farm conditions or in field condi-
tions powered by solar batteries.

The device has minimal energy consump-
tion.

The device includes functionally inter-
connected systems for input, output, moni-
toring, and transformation of the milk flow, 
where the milk flow transformation system 
includes an aerodynamic mechanism for gas 
removal from the milk flow.

The device may be designed for station-
ary applications as well as for rapid analysis 
applications.

9. Device for selective real-time 
identification of cow’s milk quality 
during its transportation to a  collec-
tion tank after milking.

A compact device intended for operation 
under dairy farm conditions or in field condi-
tions powered by solar batteries.

The device has minimal energy consump-
tion.

The device includes functionally inter-
connected systems for input, output, moni-
toring, and transformation of the milk flow, 
where the milk flow transformation system 
includes an aerodynamic mechanism for gas 
removal from the milk flow.

10. Device for non-contact moni-
toring of cow’s milk condition param-
eters.

The device includes systems for supply-
ing milk for monitoring, removing the milk 
flow from the monitoring zone, and a sensor-
based electronic integrated monitoring mod-
ule with an interface.
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The device may include a  signal identi-
fication system and a  device for rapid com-
parison of identified signals with a reference 
standard.

11. Device for simultaneous moni-
toring of multiple cow’s milk condition 
parameters during transportation.

The device has two configurations.
The first configuration is intended for in-

stallation on tanks for monitoring milk qual-
ity during transportation and during transfer 
of milk for processing into dairy products.

The second configuration is intended 
for installation on flexible or rigid pipelines 
through which milk is directed into storage 
tanks; this configuration may additionally 
include real-time temperature measurement 
functions.

12. Device for rapid analysis of 
cow’s milk quality.

The device is a  mobile compact instru-
ment with an internal chamber into which 
milk (or  any other liquid) is introduced for 
analysis.

A  sensor selectively tuned to a  specific 
parameter of milk or any other liquid is posi-
tioned around the chamber.

The device does not require adjustment 
or calibration and has several levels of pro-
tection.

13. Device for selective rapid anal-
ysis of cow’s milk quality parameters.

The device is a  mobile compact instru-
ment with an internal chamber into which 
milk (or  any other liquid) is introduced for 
analysis.

A  sensor selectively tuned to a  specific 
parameter of milk or any other liquid is posi-
tioned around the chamber.

The device does not require adjustment 
or calibration and has several levels of pro-
tection.

14. Non-contact milk level sensors 
in containers.

The device monitors the level of milk 
(or any other liquid) in a dedicated pipeline 
section connected to the container in which 
the liquid level is being monitored.

The device has several configuration op-
tions.

It may be located inside the liquid con-
tainer, outside the container, and may have 
different sensor configurations.

15. Device for comprehensive mon-
itoring of milk level in containers with 
simultaneous evaluation of the inte-
gral milk quality indicator at that level.

The device monitors the level of milk 
(or any other liquid) in a dedicated pipeline 
section connected to the container in which 
the liquid level is being monitored.

The specified pipeline section simultane-
ously serves as a resonance sensor configured 
for monitoring and evaluating the integral 
quality indicator of milk (or any other liquid) 
and as a level sensor.

The device may also simultaneously 
monitor any physical characteristics of milk 
or liquid, such as conductivity, density, and 
acidity level.

16. Device for comprehensive mon-
itoring of milk level in containers with 
simultaneous evaluation of the somat-
ic cell count in milk at that level.

The device monitors the level of milk 
(or any other liquid) in a dedicated pipeline 
section connected to the container in which 
the liquid level is being monitored.

The specified pipeline section simulta-
neously serves as a resonance sensor config-
ured to monitor the number of somatic cells 
and as a level sensor.

The device may also simultaneously 
monitor any physical characteristics of milk 
or liquid, such as conductivity, density, and 
acidity level.

17. Device for comprehensive mon-
itoring of milk level in containers with 
simultaneous evaluation of fat content 
in milk at that level.

The device monitors the level of milk 
(or any other liquid) in a dedicated pipeline 
section connected to the container in which 
the liquid level is being monitored.

The specified pipeline section simulta-
neously serves as a  resonance sensor con-
figured to monitor fat concentration and as 
a level sensor.

18. Device for comprehensive mon-
itoring of milk level in containers with 
simultaneous evaluation of lactose 
content in milk at that level.

The device monitors the level of milk 
(or any other liquid) in a dedicated pipeline 
section connected to the container in which 
the liquid level is being monitored.
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The specified pipeline section simulta-
neously serves as a resonance sensor config-
ured to monitor lactose concentration and as 
a level sensor.

19. Device for comprehensive mon-
itoring of milk level in containers with 
simultaneous evaluation of blood trace 
content in milk at that level.

The device monitors the level of milk 
(or any other liquid) in a dedicated pipeline 
section connected to the container in which 
the liquid level is being monitored.

The specified pipeline section simulta-
neously serves as a resonance sensor config-
ured to monitor blood concentration and as 
a level sensor.

The device monitors the level of milk 
(or any other liquid) in a dedicated pipeline 
section connected to the container in which 
the liquid level is being monitored.

The specified pipeline section simultane-
ously serves as a resonance sensor configured 
to monitor parameters and as a level sensor.

20. Device for comprehensive mon-
itoring of milk level in containers with 
simultaneous evaluation of the con-
centration of several basic compo-
nents in milk at that level.

The device monitors the level of milk 
(or any other liquid) in a dedicated pipeline 
section connected to the container in which 
the liquid level is being monitored.

The specified pipeline section simultane-
ously serves as a resonance sensor configured 
to monitor parameters and concentrations of 
components in milk or any other liquid and 
includes several sensors, each configured to 
monitor one parameter, with each sensor si-
multaneously functioning as a level sensor.

21. Device for changing the turbu-
lence level of milk flow.

The device is intended for the conversion 
and dynamic transformation of a  turbulent 

milk flow with the formation of a local lam-
inar flow zone in which milk monitoring is 
performed using a resonance sensor.

In addition, during flow transformation, 
the device releases air from the milk flow 
and stabilizes its hydrodynamic character-
istics.

22. Device for preparing milk flow 
for real-time monitoring of condition 
parameters.

The device is intended for the conversion 
and dynamic transformation of milk flow 
with the formation of a  local laminar flow 
zone in which milk monitoring is performed 
using a resonance sensor.

23. Device for real-time monitoring 
of gas content levels in milk.

The device is a resonance sensor that de-
tects changes in a set of parameters in milk 
depending on the concentration of air or any 
other gas contained in it.

The device may simultaneously monitor 
the filling level of the pipeline through which 
the milk flow moves and the turbulence level 
of the milk flow within the pipeline.

24. Milk aeration process control 
system with real-time monitoring of 
air content in milk.

The milk aeration process control system 
with monitoring of air content levels in milk 
includes feedback with a  resonance sensor 
and changes the parameters of compressed 
air depending on the concentration of air in 
the milk.

The system includes a resonance sensor, 
an interface, and a converter that transforms 
sensor signals into control signals for the 
compressed air source, through which the 
pressure and flow rate of compressed air are 
adjusted.

The system also includes an aerodynamic 
function for introducing air into the milk.
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