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Abstract. Above-background measurements are used for detection and evaluation
of power or intensity of superlow signals the level of which is much less than the
cigen-noises power of the measuring equipment and the external noises. In this
case, the relation of measured signal to noise is considerably less than a unity and
so its direct amplification is inefficient due to still bigger reduction of this rela-
tion at the amplifier’s output caused by additional eigen-noises. If the signal to be
measured is determinated, for example, it is harmonic with the known frequency
and phase, then it can be distinguished against the background of noises and jam-
ming by way of synchronous detection at the expense of increasing the time of
the output signal averaging. If the measured signal is random with wide frequen-
cy spectrum, then it is statistically indiscernible against the background of noises
that are also a wideband process. That is why it is impossible to detect by classif-
ical methods the low-intensity informative random signal at the background of
eigen-noises and equipment jamming.

Above-background measurements are based on superposition of the measured
signal over a background signal which is much stronger than the measured one and
then follows scaling and functional transformation of the summed signal and picking
out of informative component, proportional to the measured signal. For this purpose
three special methods are used laying the base for radiometric equipment: compen-
sation, correlation and modulation ones. In compensation method, the amplified
voltage of eigen-noises in the absence of the signal being measured is compensated
by the voltage from additional source of the stable voltage. However, inevitable fluc-
tuations of an amplifier’s coefficient of amplification and other elements of radio-
metric channel do not allow for the complete compensating of the background sig-
nal by the constant voltage due to instability of the background signal. Under such
conditions, it is extremely difficult to detect very little increase of the amplified sig-
nal at the incoming of the measured signal to the radiometric channel’s input.
Prolongation of the time of difference signal averaging for fluctuation suppression is
inefficient, since in the noise spectrum there prevail lowfrequency components whose
intensity is especially great in the vicinity of zero frequency.

The correlation method envisages dividing of the measured signal into two
antiphase signals, amplification of these signals by two independent amplifiers, mul-
tiplication and averaging of the amplified signals. The averaging results in suppres-
sion of the influence caused by noncorrelated noises of an amplifier, but correlated
noises and voltage fluctuations at zero of multiplying scheme remain unsuppressed.

The modulation method is based on periodic interruption of the measured sig-
nal at the input of radiometric channel directly after receiving antenna, quadratic
detection of the amplified combination of the eigen-noises with the received noise
signal, picking out from the noises of a low-frequency envelope with interruption fre-
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quency of the measured signal and subsequent synchronous detection of the mixture
of envelope voltage with low-frequency noise [2]. And here, in the capacity of the
reference signal of a synchronous detector the use is made of low-frequency voltage
controlled by interrupter-modulator of UHF-signal. Rather high modulation fre-
quency is chosen (1 KHz and above) in order to be able to leave the domain of high-
intensity low-frequency noises and to neutralize only thermal noises in the vicinity of
modulations frequency having much lower intensity as compared to the noises in the
vicinity of zero frequency.

All the three methods are widely used in radioastronomy for investigation of
superlow signals received from cosmos, and also for measurements of radiothermal
and plasmic radiations [2]. For this purpose the use is made of huge stationary anten-
nas and special electronic amplifiers with artificial cooling.

The main parameter of a radiometer is a fluctuation sensitivity threshold which
is estimated for noise signals by the minimal spectral power density registered by an
operator. To reduce it is necessary to increase substantially the time of averaging of
an output signal picked out from the noises by way of synchronous detection. That
is why the time of averaging of the output signal in modulation radiometers used in
radioastronomic observations is chosen to be prolonged (up to 24 hours). The time
averaging (accumulation of useful signal) allows to pick out and measure superlow

noise signals with spectral power density 10* W /Hz:cm?® The further reducing of
fluctuation sensitivity threshold is limited by the receiving antenna dimensions,
UHF—modulator errors and non-identity of parameters of antenna equivalent and
the antenna itself, which is periodically switched to the radiometer amplifier at the
moments of switching out of the antenna.

The similar complications occur in the study of a human electromagnetic field
which manifests itself in environmental space as a kind of noise. Dominating com-
ponent of this radiation constitutes radiothermal radiation stipulated by equilibrium
processes in a human body at the temperature (35-40) °C. The maximum intensity of
the spectrum of this radiation resides predominantly in the domain of infrared range.
But there is also a radiowave component whose intensity decreases with the increase
of the wave length. Radiowave radiation in cm-wave length range is measured by
modulation radiometers and small-size contact antennas. In particular, it is possible
to determine the temperature of internal organs and tissues of a human by way of
measuring the radiation intensity within three-centimeter frequency range [3]. The
required temperature sensitivity is provided with the use of a low noisy input UHF-
amplifier, the wide passband of this amplifier and narrow passband of the amplifier
of modulation frequency voltage. The increasing of precision of the modulation
radiometer is achieved with the use of zero modulation method where the signal
received by antenna is compensated by a noise signal from the reference UHF-noise
generator. The similar effect is attained in case of introduction of the deep negative
feedback into a modulation radiometer with subsequent transformation of the direct
current output signal into the noise signal. But in this case, the radiometer sensitiv-
ity considerably decreases, because not total, but difference signal is amplified in a
radiometric channel.

The situation is still more complicated when we deal with detection and meas-
urement of nonequilibrium electromagnetic radiation generated by the living objects
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within mm-wave range [4,5]. Small sizes of the antenna, intensive radiothermal radi-
ation (equilibrium) determined by a biological object’s temperature, the superhigh
frequencies range (millimeter waves), for which nowadays there are no small size
cooled amplifiers, solid particularly, the necessity in commutational electric equiva-
lent of an antenna, poor decoupling of the levers of switcher-modulators in the super
high frequency range, etc., all these factors do not allow to measure equilibrium as
well as nonequilibrium electromagnetic radiation, which is weaker than radiothermal
one with respect to intensity.

The problems of measurement of mm-range nonequilibrium radiation are dis-
cussed in papers [6,7]. We suggested the new method of dividing the equilibrium and
noneqilibrium radiation eminating from the living organisms based on design-tech-
nological division of the received signal into two signals. One of the signals includes
the equilibrium and nonequiblirium components, and the second signal only the
equilibrium component. This is reached because the second signal is generated by
the special metal-ceramic filter that detains both components of a human body’s
radiation, but reproduces only a radiothermal component, proportional to the tem-
perature of a body’s skin parts being investigated [8].

Both components are interrupted in turn with the help of two UHF-keys oper-
ating in antiphase and are summed at the radiometric channel input, forming the sin-
gle composed signal, modulated by amplitude. Low-frequency envelope of such a sig-
nal is proportional to the intensities difference of the above-mentioned two signals.
The subsequent quadratic detection and synchronous detection with averaging allow
for picking out of the direct current signal, proportional only to nonequivalent com-
ponent of the received radiation. The required fluctuation sensitivity threshold of a

radiometric system (10 *' <10 W /Hz-cm® ) is reached by way of heterodyne
transformation of mm-wave frequency modulated signal with amplification at the
intermediary frequency (100-200 MHz).

The carried out research showed that a nonequilibrium radiation component
reflects the intemal processes taking place in a living organism. It correlates with the
influence of the external unfavourable factors (smoking, alcohol, poor nourishing,
etc.). The availability of measuring of nonequilibrium radiation of a human makes it
possible to diagnosticate physiological state of a patient and to provide the dynamic
control in the process of treatment with the aid of microwave resonance therapy
(MRT) — the modern technology of quantum medicine in dependence of the affect-
ing parameters: the choice of frequency, intensity, polarization, coherence degree,
monochromatics of radiation, time of action, etc.

HAZPOHOBI BUMIPIOBAHHSI HAACJIABKUX CUTHAJIIB — IHCTPYMEHT
TII3BHAHHA XKUBOI'O (METOJOJIOI'TYHI ACITIEKTH)

CITbKO C.IT., CKPUITHHK 10.0.

PosrasiHyro ocobnauBocTi HaadOHOBHX BHUMIPIOBAHb, 34 JONOMOrOI0 SKHX
BUSARISIETbCA TA PEECTPYETHCA CHUTHAT Bia (i3UuHUX 4M OionoOriyHUX 00’€KTIB pPiBEHb KOTO
3HAYHO C1aOKiWMWM, HLK BIacHI LWIyMM BUMIPIOBWIbHOI amnapatypu. [lopiBHIolOThCS TpU
METOAU BHUMIPIOBAHHA: KOMICHCALLIHHUM, KOpeNsUiMHUNA Ta MOAY.IAUIHHHU, ceped SKHUX
MOAYAALIHHUA Ma€e HAHMHUAXYMU GNIOKTYauiHHUH MOPIr YyTIMBOCTI. AHANI3YEThCA CUTYyaLlis
MpH BUMIPIOBAHHI HEPIBHOBAXHOIO €JACKTPOMATHITHOIO BUITPOMIHIOBAHHSA JIOAMHH HA ¢OHI
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iHTeHCHBHIlIOro pagiorenaoBoro. OnucaHO HOBMH MeTOad BHUMIPIOBAHHA ‘‘XKHBOro”
BUIIPOMIHIOBAHHS, 3aCHOBAHMI Ha TMOPIBHAHHI 3arajlbHOrO BUIIPOMIHIOBAHHS JIIOAMHH 3
palioTEeI/IOBUM BHUIMPOMIHIOBAHHAM, 3[iHCHIOBAHOrO 3a [AOINOMOrOI CelialbHOro
MeTanokepamiuHoro ¢inbTpa. IlpoBeaecHi OLIIHKH paXioTEMJIOBOrO BUIIPOMiHIOBAHHS
JIOOUHHM B JiarnasoHi MI1IMETPOBHUX XBUJb TAa BHUIPOMIHIOBaHHSf, TEHEPOBAHOIrO il
€J1eKTPOMArHiTHUM KapkacoM. OcTaHHe 3a0e3ledye ONEpaTUBHMIT KOHTPOAb y Mpolieci
JIIKYBAHHS 33 AOIIOMOrOIO TEXHO.IOT KBAHTOBOI MEAHLIMHHU.

HAI®OHOBBIE U3BMEPEHUSA CBEPXCJIABbIX CUTHAJIOB — HHCTPYMEHT
IMO3HAHHA XKXKNUBOT'O (METOAOIOTMYECKHE ACITEKTDI)

CHUTDBKO C.II., CKPUITHHK IO.A.

PaccMoTpeHbl OCOOCHHOCTM HaAGOHOBBIX HM3MEPEHHH, C TOMOILLbIO KOTOPbBIX
OBHAPYXKMBACTCS U PEMMCTPUPYETCSA CUTHAN OT (HU3NUECCKUX WM OHONOrHYcCKUX OOBEKTOB,
KOTOphle 10 YPOBHIO 3HAuMTEJIbHO ciabee COOCTBEHHBIX LIYMOB HW3MEPHTEIBHON
annaparypel. CpaBHMBalOTCA TPH  METOJa  HU3MEPCHHs.  KOMIICHCALHOHHBIH,
KOpPEJALHMOHHBIH M MOAYIALHOHHBIN, U3 KOTOPBIX MOAYJALUOHHBIM obnajaeT Hauboslee
HU3KHUM (IIIOKTYalIMOHHBIM TOPOrOM YYBCTBHUTE/IbHOCTH. AHA/IM3MPYETCS CHUTyaLMsl NpPH
H3MEPEHHU 3JEKTPOMATHUTHOTO H3NydYeHHUs uesloBeka Ha ¢oHe ero Gojee MHTEHCHBHOIO
paauoTennosoro. OnucaH HOBbIH METOJ U3MEPEHHUA ‘“KHUBOro” MITYyYCHHMS, OCHOBAHHBIH Ha
CpaBHCHMHU OOIUEr0 H3IYyYEHHUs YEJOBEKA C PpPalHOTEILIOBBIM H3ITyYEHHEM, KOTOpPOE
BOCTIPOH3BOAUTCS C I[TOMOLUbIO CIIELMAIbHOrO MeETalioKepaMHUueckoro &uibTpa.
[IpoBeacHbl OLEHKM pPAaJUOTEILIOBOrO H3JYYEHHS YEJOBEKA B AMAINA30HE MUJUIMMETPOBBIX
BOJH M HANYy4YcHMs, TCHEPUPYEMOro €ro 3JeKTPOMarHUTHBIM KapkacoMm. [lociegHee
[TO3BOJACT OCYLUECTRISITh OMEPAaTUBHbIH KOHTPO/Ib B IMpOLECCE JICHEHHS C TOMOLIBIO
TEXHOJIOTMH KBAHTOBOW MEAMLIMHBIL.
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