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INTRODUCTION

The intensive development of modern science and technology, radio
engineering and radio electronics, the gradual exploration of the entire
spectrum of electromagnetic waves contribute to the spread and
implementation of the latest achievements in the field of signals generation,
transformation and amplification in telecommunication, radio
communication, radiolocation, radio navigation, radio astronomy and
meteorology systems, in physics, medicine and biology, and in industrial-
technological control systems. Such technological advance is almost
always associated with the expansion of the measurement area and the use
of low-intensity signals. In full, this applies not only to radio engineering
signals but also to low-intensity signals of the optical, acoustic, and
magnetic spectra.

The processes of generating, processing, and using weak signals are
closely connected to the necessity of developing new methods and means
of their implementation to guarantee the highlighting of the information
against background noises that are often compared to the level of these
signals. More and more attention has been paid lately to the radiometric
measurement methods and study of the information about the state of
various objects, and for this purpose high-sensitivity radiometers of both
radio and optical spectra are used [1-4, 28]. With new elements of
electronic technology and the use of computing tools and software
packages, the lack of specialized literature in the field of radiometric
equipment does not contribute to its development and practical
implementation in various areas of science and technology.

The purpose of this monograph is to summarize the scientific and
technical experience gained by the authors in the field of formation and
transformation of weak signals, separation, processing and radiometric
measurements of the parameters of these signals, based on switching
modulation transformations, the formation of low-intensity signals using
Josephson junctions and practical use of developed methods and structural
schemes.

The first section deals with low-intensity signals of the millimeter
spectrum wavelengths and examples of their use in biology and medicine.
Measuring radio engineering systems are classified by their purpose and by
the level of measuring power. It is noted that standard measuring receivers are
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used for measuring weak coherent and quasi-coherent signals with a power of
10°...10"*W, and radiometric systems (RS) are used for measuring low-
intensity noise signals with a power of less than 10™"> W. There are examples
of low-signal generating equipment in the spectrum of 30...78 GHz, its
parameters and examples of use in microwave therapy technologies. The
section addresses the issues of metrological support using certified non-
standardized RS of the millimeter spectrum with a sensitivity of 10" W. The
section shows options for the possible use of highly sensitive RS in
biomedical research and the results of experimental studies of low-intensity
electromagnetic fields and radiation of physical and biological objects that
interact with the human body.

The second section deals with the structures of formation, transformation,
and possible use of low-intensity signals of the optical spectrum. There is a
promising use of low-intensity optical therapy of a wide spectrum from
250 nm to 700 nm for medical and biological research [20, 22, 28]. The
section examines the interaction of low-intensity signals of the optical
spectrum with biological human tissue. It also shows the original functional
schemes of devices for the formation and radiation of the human body
developed by the authors, and the research results of the interaction of
luminous fluxes with organic materials. The section examines dynamic
radiation systems with modulation and determination of maximum absorption
frequency. The section shows the possibility of using switching modulation
transformation of optical signals for original schemes of highly-sensitive
optical radiometers creation, and for measuring the parameters of absorption,
reflection, and light flux transit. The results of experimental research of the
interaction between modulated light fluxes of different wavelengths and
biotissue samples are presented. The section considers metrological support of
the optical equipment of low-intensity signals. It is shown that the
measurement of optical power at a level of less than 10 W is possible using
non-standard optical radiometer systems.

The third section of the monograph addresses the physical basics and
features of switching modulation transformation of low-intensity signals to
provide high-sensitivity and accuracy of the power measurement by
radiometric systems.

The classification scheme of modulation RS of short and contact action
of the microwave band (30...112 GHz) is developed. It is shown that, in
addition to measuring the power of low-intensity monochromatic and
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broadband (noise) signals, such systems also provide an estimation of other
parameters — absorption coefficients, reflection, measurement of frequency
and time parameters and correlation function, conducting a spectral
analysis of the signal structure, which is not typical for long-range radio
systems.

The section shows methods of sensitivity control, developed by the
authors, through the use of positive and negative feedback communication,
which allows reducing the fluctuation threshold of sensitivity of such RS to
107*...10* W / Hz. The section presents the original single and dual-pass
measuring RS and systems with advanced functions. The section addresses
the sources of errors of highly sensitive RS and gives recommendations to
reduce them. The analysis of the metrological support of the RS developed
by the authors at 37...53 GHz and 53...78 GHz frequency range is
conducted. It is shown that such systems can be tested using a substitution
method or using reference noise generators (NG). The section shows results
of the RS verification using certified NG developed by the authors, which
provides a higher (2...2,5 times higher) accuracy of the check. The section
addresses the methods and means of the construction of highly sensitive
radiometric systems of the receiving and radar type, shows the original
authors’ schemes of the RS for the use in both the biomedical research field
and other fields of science and technology. The patents of Ukraine protect
most of the developed schemes of the modulation radiometers of the radio
and optical spectrum, presented in the monograph.

The fourth section of the monograph focuses on methods and means of
formation, processing, and application of low-intensity signals using
Josephson junctions. The mathematical model of Josephson junctions is
considered. The section shows the possibility of the construction of digital
devices for receiving and processing low-intensity microwave signals
based on Josephson junctions, including analog-to-digital converter, clock
pulse generators, superconducting quantum interferometers, balance
comparators. The section shows the results of using Josephson junction for
the construction of the devices for receiving and processing of low-
intensity microwave signals on the examples of microwave filters,
frequency mixers, pulse-steady to frequency-pulse signals converters. The
section considers the possibility and perspectives of using highly sensitive
superconducting quantum interferometers for the study of biomedical
signals.
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Expert’s awareness of the results of prospective research and
development presented in the monograph will contribute to further
development and improvement of the use of weak signaling equipment in
telecommunication, radio communication systems, physics, biology,
medicine, materials science, and other applied fields of science and
technology.

The authors express their appreciation and to the reviewers: Prof.
Burmistenkov O. P., Prof. Boiko J. M., Prof. Krizhanovski V. G. for
participating in the discussion of the monograph and their valuable
comments on improving the structure and content of the book.

The authors note (posthumously) the great contribution of Professor
Skrypnyk Y. O. and his active participation in the development of highly
sensitive switching and modulation radiometric systems for measuring the
parameters of low-intensity microwave signals and medical devices.

The authors are also grateful to their colleagues:| Prof. Sytko S. P.,
As. Prof. Peregudov S. N., As. Prof. Golovchanska A. D., med. practitioner
Fedotova 1. V., As. Prof. Semenova O. A., As. Prof. Shtofel D. Kh.,
As. Prof. Zozulia 1. Ye. for their participation in our projects, rendering
qualified assistance in the practical implementation of the developed

particular technical devices and their use, conducting experiments and
measurements, translating and organizing the text of the monograph.

The authors will be grateful to readers for criticisms and suggestions
regarding the content of the book sent by e-mail:

op291(@meta.ua

vmkychak(@gmail.com
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SECTION 1 LOW-INTENSITY MICROWAVE SIGNALS
AND THEIR APPLICATION IN BIOLOGY, MEDICINE
AND SCIENTIFIC RESEARCH

Preliminary remarks

The intensive development of radio-frequency engineering, radio
electronics, optoelectronics, nanotechnics and other scientific and technical
directions contribute to the widespread distribution and implementation of
the latest radio-frequency engineering and optoelectronic achievements in
processes of generation, transformating and amplifying signals in devices
and systems of telecommunication, radio astronomy and meteorology,
physics, biology and medicine. The list of fields of science and technology
is closely linked to application of low-intensity signals from a wide
frequency range. It was facilitated by the emergence of new semiconductor
elements of electronic technology, namely IMPATT diodes, Gunn diodes,
Schottky diodes, Josephson junction elements, and so on.

These achievements promoted to the gradual exploitation of the wider
frequency bandwidth of electromagnetic waves in the radio and optical
range, acoustic waves in the ultrasonic range, magnetic fields and radiation.
All of these achievements are fully utilized to create new medical
equipment, enhance its capabilities and functions. Most of the
characteristics of such equipment are related to application and
measurement of energy parameters of low-intensity signals.

1.1 Classification of means for measuring the parameters
of low-intensity radio frequency signals

In modern conditions the rapid development of science and technology
stimulates the widespread use of low-intensity signals, as well as means
and systems for their generation and amplification, reception, selection and
conversion of signals, processing and evaluation of final information.

The classification of the radio systems (Fig. 1.1) using low-intensity
information signals is primarily determined by their purpose:

information  transmission  systems (radio telemetry, radio
communication, radio control, etc.);

information allocation systems (radiometry of physical and biological
objects, radio astronomy, radar, etc.);

radio counteraction systems, etc. [1-4].
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The received RTS signals can be divided by type into two large classes:
for reception of quasi-coherent signals and incoherent ones, mainly radio
thermal radiation, these are radiometric systems. The first larger class
includes RTS for transmission and destruction of information, active radar
and radio navigation systems. The second class of RTS includes RS, which
are used in remote and contact control of composition and properties of
physical and biological objects, radiolocation, radio astronomy, for object
detection on background surfaces, etc.

Radio technieal
systems

v

Information transfer Information extraction Information destruction
Systems for receiving quasi- Receiving systems for
coherent signals incoherent signals
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Figure 1.1 — Classification of radio engineering systems by their purpose

Evaluation of the attenuation coefficient, absorption and reflection
coefficient, full impedance of high frequency circuits, determination of the
standing wave coefficient, transmission coefficient or gain of high
frequency nodes and other parameters are closely related to direct
measurement of energy parameters and indirect determination of
corresponding coefficients and characteristics of microwave devices [5].

Depending on the level of the estimated power, the meters can be
divided into several groups (Fig. 1.2).
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Power Meters
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Figure 1.2 — Classification of power meters for radio frequency signals

In this case, the average value of the power level is used for measuring
the energy parameters of monochromatic signals, while the total and
spectral value of the power level are used for measuring the energy
parameters of noise signals. The average power of a monochromatic signal
during the oscillation period can be determined using the well-known
formula [6]:

1 1
P =?J.U(t)-i(t)dt=?J.U2(t)/Rndt, (1.1)
0 0

where T — is the harmonic signal oscillation period; U (¢), i() — are voltage

and current of harmonic oscillations respectively; R, is the load resistance.

Using a quadratic diode converter it is possible to obtain on its output
load the average value of the total signal power:

P=U:IR, (1.2)

where U, is the effective voltage of the signal.

Measuring the energy parameters of random (noise) signals is
associated with determining the power spectral density of the signal or total
power. The power spectral density of noise electromagnetic radiation
(EMR) is determined by the expression:

Gf:PC/Af, (13)
taking into account (2.2) we obtain:
G, =U; /A (1.4)
12
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The total noise power is determined by the expression:
P=>G,(f)n, (1.5)

where n — 1, 2, 3... is a number the noise power spectral density
measurements in the radiometer’s operating frequency range.

The product of voltages of two noise signals (U,U,) and the cross-
correlation coefficient ( © ) determines the power level for the correlated

signals:
P = pUU,. (1.6)

Measuring the energy parameters of signals with total power of 10~
W or more is provided by standard means of transmitting and absorbing
power. However, it should be mentioned that when analyzing the
interaction of objects with electromagnetic radiation of the microwave
range, it i1s often necessary to measure signals whose total power is less
than 10> W, for example, when studying physical or biological objects
according to the level of their own thermal radiation [4]. To solve this
problem, non-standard radiometric equipment must be developed and
utilized applying new methods and means of converting, extracting and
measuring the power of extremely weak microwave signals, which
intensity is less than the intrinsic noise level in radiometers. Moreover,
such equipment should provide high sensitivity and measurement
accuracy in a wide range of operating frequencies. These requirements
were especially acute during exploiting the microwave range (mm waves)
and its use for construction and operation of medical equipment.

1.2 Therapeutic equipment and specialized sources
of low-intensity microwave signals of the mm-range

Currently, therapy with mm-range signals use about 25-30 types of
specialized medical equipment [7].

Creation of the mm-wave band generators with low output associated with
the solution of a number of complex technical problems. The main ways of
obtaining low-intensity signals from devices for practical medicine are [7]:

— create generators for tens mW with subsequent reduction of power via
attenuators;
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— use second harmonic generator with resetting output by applying on its
output high pass filter;

— use the frequency multipliers for the formation and allocation n-th
harmonic signal;

— use of heat and spark generators.

There are several developed apparatus generating mm-range waves for
medical purposes [7]:

— sets of harmonic signals with fixed operating frequencies, «SBb-1»
(«Yav-1»),  «Onexkrponuka-KBY»  («Electronics-UHF»),  «PAME]-
OKCIIEPT» («RAMED-Expert);

— «broadband generators» of the harmonic signals, «AMPT-
O0IX(«AMRT-01»), «AMPT-02»(«AMRT-02»), later types of devices
«Enextponika» («Electronics»), «AMT-Kosept-04» («AMT-Covert-04»),
«ARIA-SCx;

— «broadband devices» of noise signals «Ilopir-1» («Porig — 1»), «Ilopir-
3» («Porig -3»), «llopir-3M» («Porig -3M»), «Apmax» («Artsakhy),
«Inmem»(«Shlem (Helmet)");

— combined devices generating as noise so harmonic signals, «KAMPT-
0I»(«AMRT-01»), «Aprax»(«Artsakhy);

— devices with additional modes of quasi noise signals formatting due to
«spill» the spectrum of harmonic signals, frequency sweeping within the
operating frequency range «AMT-Kosept-04» («AMT-04 Covert «),
«ARIA-SC». This mode is easily implemented in new devices with
embedded microprocessor (microcomputer).

The main types of such devices and their parameters are given in
Table 1.1.

By operating frequency range of equipment located mainly in the 37 to
78 GHz, some devices (mainly noise signals generators) cover bands up to
90 GHz and 118 GHz even.

Apparatus for millimeter therapy

There are attempts to create devices designed at more high frequency,
which work even in the range of terahertz waves. The level of power
generated also varies widely and covers the area from 10 mW to 1 nW for
monochromatic and 1-10® to 1:10° W/Hz for noise signals.

14
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Table 1.1

Name of the Country of Type of Operating | Output power, W
device origin signal range, GHz
«AMRT-01» Ukraine, harmonic, 58...62 310°
Kharkiv noise 53...78
«Electronics- Ukraine, —// - 59...63 510°
UHF»-101» Kyiv 57...65 5107
(2 modification)
«Artsakh» Armenia, YRFE — /- 59...61, 5 mW/c*
(4 modification) NAS 42...95 10" W /Hz
«AMRT-02» Ukraine, harmonic, 52...62 110™
Kharkiv quasinoise
«ARIA-SC» Ukrainp, _y_ 53..64 510
Kharkiv
LDK «Sharmy, Russia, ) 42.2; 1'10*
«Yav-1»), 53,5
«Stela- 2» Russia, Tomsk —// - 59...63 110™
(«Porog -3» Ukraine, noise 53...78 10" 710" W /Hz
(4 modification) Kyiv
«Covert -01» |Russia, Moscow —// - 53...78 10“W /Hz
MU-2001 Switzerland —//— 42...78 110" W /Hz
«Electronics-UHF ~ Ukraine, quasinoise 57...65 510
-011, 013» Kyiv
(2 modification)

Fig. 1.3 shows the distribution of power and frequency range of devices
for millimeter therapy.

P, W [4W /Hz
12 1| 2 %
o
104 AVMPT01 o2
AMPT-02
10° I - 0"
ARIASC | |
108 ="
LA Porog-3| |
107" I } 110"
102 102
A
10" - m'fa
10%

3 35 40 45 A0 55 60 65 7O 75 80 fGHz

Figure 1.3 — Distribution of power and frequency range of devices Microwave resonance
therapy: 1 — «Yav-1»), 2 — «Alenushkay, (Ukraine), 3 —«Electronics-UHF»), (Ukraine);
I'HTB — «Porog-NT» (Ukraine); 'BTB — «Porog-VT»(Ukraine);
the line AB — power level natural human radiation
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The information about the feasibility of the submillimeter range signals
usage in practice of medicine has appeared recently.

Fig. 1.4 shows two types of noise generators with low-intensive output
signals, positive flow «Porog-VT» and negative flow «Porog-NT.

il

@ 5
o
_—

{5l

i

g
1 o

O
.

«Porog-VT» Patent of Ukraine Ne 265 «Porog-NT» Patent of Ukraine Ne 53743
(Bullet Ne 2 from 25.07.1994) (Bullet Ne 2
from 7.02.2003)

Figure 1.4 — Noise generators with low-intensive output signals,
positive flow «Porog-VT» and negative flow «Porog-NT»

1.3 Metrologic apparatus software and technologies
of low-intensive microwave therapy

One of the problems to be solved in quantum medicine technologies are
providing metrology and inspection of the equipment attribution during its
operation. It should be noted that the lack of standard tools for measuring
such small capacities does not allow to provide metrological support the
equipment for quantum medicine and for biomedical research in the
millimeter wavelength range [7]. Radiation of the ultra-low levels is
monochromatic so noise signals are used in the new microwave
technologies. The minimum values of integral power of monochromatic
signals can be 107'°-10"*Wt (eg, ,ARIA-SC, AMPT-02), and the power
spectral density of the noise signal is 107°-10*'Wt/Gz («ITopor3»,
«IToporBT», «IToporHT», «KoBept-01» («Porog3», «Porog-VT» , «Porog-
NT» «Covert-01»). To measure such power levels, it is necessary to
radiometric sensitivity setting was at least an order of magnitude higher,
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and the measurement accuracy is not worse than the standard equipment of
the same long-range power, ie 10...15 % [8, 9].

To solve this problem have been developed and certified by Standards
Committee of Ukraine two highly sensitive radiometric systems (RMS)
with a modulation transportation of the signal in frequency bands
37...53 GHz and 53...78 GHz, which provided Metrology maintenance
and measurement of specialized medical mm range equipment in Ukraine
[7,10].

The radiometric measuring (on frequency bands 37...53 GHz)
arrangement provides the following technical characteristics, which are
verified by metrological certification:

— power measurement diapason, W ......... 0.310"...0.5107;

— relative error tolerance, as maximum, dB ............ +3.0;

— relative frequency error tolerance, as maximum, %..+ 2.5;

— sensitivity threshold, as maximum, W ................. 3107,

— frequency band, as maximum, MHz ....................... 100;

— operating frequency diapason, as minimum, GHz .... 37-53.

Figure 1.5 — Appearance of the radiometric unit
on frequency bands 37...53 GHz
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1.4 Technologies of therapy with low-intensive microwave signals.
Peculiarities and appliance fields of millimeter therapy

The use of mm-range signals in the practical medicine stimulated the
emergence of several types of medical technologies that practically used
[7]. Classification of the main technological directions of mm-range signals
treatment is shown in Fig. 1.6.

Quantum
medicine technologies
Microwave
resonance therapy Sitko - MRT Informatinn - wave mm-range therapy
(MRT) therapy

Figure 1.6 — Classification of main technologies of quantum — medicine

Despite the different names, these technologies have in common is that
their use of millimeter wave signals using low intensity level reaches 10—
102" W/Hz*cm® [8].

The most common among these technology areas is microwave
resonance therapy (MRT), which by order of the Ministry of Health of
Ukraine Ne 136 from 06.22.1989, 1s officially recommended for
implementation in the hospitals of the country in separate MRT-cabinets
[10]. The use of MRT is characterized by a general positive impact on the
functional systems of the human body, and therefore used in various areas
of practical medicine fig. 1.7 [11].

Practical medicine Chronic
—_— — aleoholism

arcas and narcotism

,."l

| /
Orthopedics and / Digestive system Urology
traumatology / diseases \\\\

Cardiclogy

Endocrinology

Oncology ‘

Figure 1.7 — Applications areas of Quantum Medicine

18

3amoBuTH Lo KHUry  https://press.vntu.edu.ua/index.php/vntu/catalog/book/598
BupaasHuUTBO BiHHMUbKOro HaLiOHaNbHOrO TEXHIYHOrO yHiBepcuTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




The most practical checking of the effectiveness of MRT was conducted
in such areas of the medical practice: orthopedics and traumatology,
gastroenterology, hematology, oncology. Promising is the use of MRI in
cardiology in acute coronary disease — heart attacks, strokes and other
diseases of the cardiovascular system. The experience of the Ambulance and
infarction branch Department of the National Medical Academy for
Advanced Training on over 100 patients in which MRT was used, along
with the use of pharmacological agents significantly improves patient's state:
decreases blood pressure, decreases tachycardia, stroke and minute cardiac
output, as peripheral vascular resistance normalizes [11]. The use of MRT
dramatically increases the effectiveness of pharmaceuticals.

The use of MRT in endocrinology at stages I-1I of diabetes mellitus and
insulin-independent diabetes with manifestations of diabetic macro-and
micro angiopathies, polyneuropathy normalizes hemodynamic parameters
in the lower extremities, increased pulse blood current, improves the
conduction of nerve impulses in peripheral nerves.

MRT is effective in treatment of pain and paraesthetic syndromes in
Dentistry. We have experience of good effect of MRT using in treatment of
glossodynia (burning mouth syndrome) and in neuropathy of inferior alveolar
nerve.

In addition, MRT gives a therapeutic effect without the deductive use
of drugs, which reduces the load side and a negative impact on the patient
of pharmatheutical therapy. The method can be widely used in the hospital
and in the outpatient treatment of diabetes. The course of treatment is
10...15 sessions duration of 30...50 minutes of MRT.

MRT provides high efficiency in the treatment of stomach ulcers,
enshrined on clinical examination in more than 6000 patients [11]. The
results of MRT show favorably high therapeutic effect — complete healing
of gastric ulcers by gastroduodenoscopy observed in 80...85 % of patients.

The process of treatment (10...15 sessions) accompanied by relief of
pain syndromes, the normalization of the secretory and motor functions of
the stomach, decreasing the concentration of hydrochloric acid and the
volume of gastric juice. Concentration of the adrenaline and cortisol in the
blood decreases, and levels of prolactin and aldosterone increases, which
ensures normalization of fluid and electrolyte metabolism.

Promising is the use of MRI technology and Sitko-MRT in the
treatment of cancer patients in stage III-IV, who received standard
treatment [10, 11]. If the cancer disease is characterized by significant pain,
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which is facilitated by the use or docked pharmaceuticals containing
narcotic substances with following violations. The use of MRT allows
decrease the dose of narcotic medicines.

Quantum medicine technologies can be a good alternative to
pharmacological methods of pain relief, with a significant improvement in
the «quality» of life. The example, of more than 40 cancer patients in stage
III-IV who received standard treatment and were treated at the Center of
quantum medicine «Feedback» [10, 11] shows that Sitko-MRT provides
quick anesthetic effect, even for a few minutes, common state of patients
improves; after treatment with MRT course of 10...20 sessions 85 % of
cancer patients report decrease of pain during 10 and more days [10]. After
using of MRT immune-modulating effect was received: the amount and
subpopulation correlation of immunocompetent cells normalized, their
functional activity increased. In fact, MRT technologies effectiveness does
not yield to traditional medicinal preparations.

At the last time diseases of bronchopulmonary system become
widespread. MRT can be a good assistant in the treatment of nonspecific
lung diseases with bronchial obstructive syndrome because bronchodilator
medicines usage in great quantity can lead complications.

MRT technologies allow receive positive effect without complications
in acute and chronic bronchitis, pneumonia, asthma, in breath insufficiency
I-1T stages. In these cases use of MRT improve health in more than 80 %
patients simultaneously to abolition of pharmaceutical medicines.

Reliably recorded changes and the effects of the applications of micro wave Radiotechnical

systems
Immune system Blood formula Fluid and electrolyte Biometrical
figures figures methabolism figures figures

v v v ¥

Normalization of the microelements levels, repairing the acid-base balance (pH). gas exchange,
carbogydrate and protein metabolism figures improvement. ESR and lymphocytes decrease,
leukocyte formula and hemoglobin normalize.

Effects temperature decrease, anesthetic. rejection of pharmaceuticals, improve hemodynamics

Figure 1.8 — Effects of Quantum Medicine

The results of the use of MRT in some diseases listed in the table. 1.2 [12].
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