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Abstract. When receiving radio signals from remote spacecgsuof radio emissions by means of
reflector systems of radio telescopes and radieivecs, there is a task to identify the transfer
function of reflector systems in the conversiortuit of space sources of radio emissions — reftecto
systems — radio receivers — radio signals. To sibligeproblem, physical and mathematical models
of a radio transmission system are required. Ia #rticle, we made an attempt to get closer to
understanding the physics of processes associatbdradio emissions in order to simplify their
cybernetic interpretation. As a result, it was jlussto present the cybernetic model of the radio
transmission system in the form of a pulsed autameaintrol system and apply standard tools for its
analysis and synthesis. For this, the model oforadnissions is presented in the form of streams of
corpuscles — neutral (uncharged) radio particlé® madiation sources that left the radiation source
are not connected in any way with the electromagriid and constitute the totality of material
bodies radio particles with constant mass, movirthespeed of light plus the speed of the radiatio
source and are an independent type of matter. Rmdiacles, interacting with a substance, induces
oscillatory processes in it, similar to the sesiabck action of many solid bodies of small masson
body of large mass. Radio particles knock out ebast with a charge from the substance, and they,
in turn, cause processes in the substance, formiggals in the form of voltage, current,
electromagnetic field or other physical phenomelmat ttan be measured and estimates of the
parameters of the received radio emissions camtzned. It is believed that all wave processes and
effects inherent in the electrodynamic model (ffemce, diffraction) occur in a substance
subjected to radio emission.
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AHHOTaIII/IH. le/[ npueMe paauoCUrHajaoB OT YAaJCHHbBIX KOCMHUYCCKHUX HUCTOYHUKOB
paanuousIyd€HUd C IIOMOIIBIO OTPAXATCIBHBIX CHUCTEM PAAUOTCIICCKOIIOB W PATAONPHUECMHUKOB
BO3HHUKACT 3aJa4da BBIABICHUA HepC,Z[aTO‘{HOﬁ (bYHKI_II/II/I OTpaXaTCIbHBIX CHUCTEM B CXEMC
HpCO6p3.30BaHI/I}I KOCMHUYCCKNX HCTOYHHUKOB pPAJUOU3IYYCHHUA — OTPAXATCIbHBIX CHUCTEM —
pPaIMONPUEMHUKOB — paJWOCUTHANOB. [l pemieHus O3TOW 3amaum  HEOOXOTUMBI  (HDHU3HKO-
MATEMATHYCCKUEC MOICIN CUCTEMBI paaroncpeaadun. B HaHHOﬁ CTaTb€ MBI NPCANIPUHAIIN MONBITKY
HpI/I6HI/ISI/ITLC${ K IIOHHMMAaHUIO (l)I/ISI/IKI/I MpOLECCOB, CBA3AHHLIX C PAJAUOU3ITYUCHHUEM C LCJIbIO
YIpoumeHuss ux KI/I6epHeTI/I‘IeCKOﬁ HUHTEPIIpETALIUU. B pe3ysibTaTe MOsIBUJIaCh BO3MOXKXHOCTbH
MNpeACTaBUTh KI/I6epHeTI/['leCKy}O MOJACJIb CUCTEMbI paJguoIriepeaadn B BUAC I/IMHYHI:CHOﬁ CHCTCMBbI
ABTOMATUYCCKOTO YHNPaBJICHUA W NPUMCHUTH CTAHAAPTHBLIC CPEACTBA €€ aHaliu3a U CHUHTE3a. I[HH
OTOT0 MOJCJIb PaJAUOU3ITYUCHHA MNPEACTAaBJICHA B BHIAC IMOTOKOB KOPITYCKYJI — HeﬁTpaJ'ILHLIX
(He3apH)KeHHLIX) paguovyacTull. Hcrounuku H3JIYyUYCHHUA HUKAK HC CBA3aHbI C J3JICKTPOMArHUTHBIM
MOJIEM W TIPEJICTABJISIIOT COOOW COBOKYITHOCTh MaTepUaJbHBIX TENl PAaIAOYaCTHI] C TIOCTOSHHON
MaCCOﬁ, JBMOKYHIUXCA CO CKOPOCTBIO CBETA IINIFOC CKOPOCTHh MCTOYHHKA U3TTYUYCHHA, U ABJIAIOMIIOTCA
CaMOCTOATEIIBHBIM BHUJIOM MATCPHU. Pa,Z[I/IO‘{aCTI/IHBI, BSaHMOHCﬁCTBYH C BCUICCTBOM, BBI3BIBAKOT B
HEM KoJieOaTeNbHbIe MPOIECCHI, TTOJOOHBIC TOCIEI0BATEIHFHOMY YAApPHOMY BO3ICHCTBHIO MHOTHX
TBEPABIX TEJT MaJOH MacChl Ha Telo OOJBIIOW Macchl. PamuodacTHIbl BBIOWBAIOT JJIEKTPOHBI C
3apsJIOM M3 BEIIECTBA, a T€, B CBOIO OUYEPE/Ih, BBI3BIBAIOT MPOIIECCHI B BEMIECTBE, POPMUPYS CUTHAIIBI
B BUJIC HAIIPSAKCHUSA, TOKA, DJICKTPOMAriuTHOrO MOJIA UK APYrux (1)1/[31/I‘IGCKI/IX ﬂBJ’IeHHﬁ, KOTOpbIC
MOXHO U3MCPUTL U MNOJJYYUTH OLCHKHU IMAapaMCTPOB MPUHUMACMbBIX paﬂHOHSHy‘IGHHﬁ. C‘II/ITaeTCﬂ,
YTO BCC BOJIHOBBIC MPOLCCCHI U 3(1)(1)6KTLI, npucynue 3ﬂ€KTpOI[HHaMI/I‘I€CKOﬁ MOACIN
(untepdeperuns, TUGPAKIK), IPOUCKOIIT B BEIIECTBE, MOBEPIHYTOM PAIUOU3ITYYCHHIO.
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Introduction

The absence of clear and simple models describimgffect of deformations
of the design elements of large radio telescopdsg (Bflector systems on the time
and frequency characteristics of received radioagycaused the development of
new radio emission (RE) models and radio commuoicasystems based on
different physical principles than previously usgdist of all, it concerns the physical
nature of RE. As a result of intra-atomic processesurring in a body or from
external influences, its energy can be converteREo arising from changes in the
energy states of a large number of atoms and atsake up the radiating body.

The answer to the question about the physical eattithe RE, whether the
RE is an electromagnetic wave or a stream of rpditicles (corpuscles), cannot be
convincing without considering the interaction bBtRE with a substance (test
body) [Dergobuzov].

“The test body is one of the basic concepts ofsutas field theory, a body
that has such a small charge in the case of atr@ieagnetic field or such a small
mass when studying a gravitational field that itgleets the external field
negligibly. Additionally, it is assumed that theeaiof the test body is negligible
compared to the characteristic distances for aiqodat task, that is, taken as a
point. A theoretical consideration of fields is afstraction” [Camilleri and
Schlosshauer, 2015].

But the electromagnetic field is generated by tiierent to electrons, and there
are no electrons in the RE. According to Maxwellisory of electrodynamics, REs
are a specific continuous medium propagating incepat the speed of light.
According to this theory, radiation sources emittgdh single source can interact in a
vacuum, or other medium, with radiation sourcesttechiby other sources without
the aid of charges and matter. And the resulthisfibteraction, such as interference,
diffraction, polarization, can be registered by tast body” or by any element
sensitive to this RE. The electromagnetic fieldsttionary or uniformly moving
charged particles is inextricably linked with thgsarticles. With the accelerated
movement of charged patrticles, the electromagrielit “breaks away” from them
and exists independently in the form of electronetignvaves, not disappearing with
the removal of the source (for example, radio wal@esot disappear even if there is
no current in the antenna that radiated them) [fFeyn 2006].

But the electromagnetic field is created by chargedies, the potential of
which decreases in proportion to the square ofitkiance, and the RE in the form
of a flux of radio particles (RP) propagates to inity. Consequently,
electrodynamics describes the processes of shageractions of charged bodies
creating an electromagnetic field, and radio comication processes are carried
out far beyond their interaction. This means tfatic communication at remote
distances is realized either by the specific ebeotignetic environment of Maxwell
or by the flux of RP, which are no longer assodatéth the charges and the field
created by them. Therefore, the processes of raniission and radio reception
should be considered separately from the fieldateckby charged bodies [Maxwell
and Clerk, 1865].
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Let us list the main physical laws that describe thehavior of an
electromagnetic field and its interaction with e bodies in a local zone, which
takes into account its decreasing depending onligtance from these bodies. The
listed laws are not fundamentally connected with piocesses of radiation, they
are experimentally substantiated and are widelyg us@ractice.

— Gaussian law for the electric field, which deter@s the generation of an
electrostatic field by charges.

— The law of closure of magnetic field lines; ithe Gauss law for a magnetic
field.

The Faraday induction law, which determines theegmion of an electric
field by an alternating magnetic field.

— An expression for the Lorentz force, which detees the force acting on a
charge that is in an electromagnetic field.

— Joule-Lenz law, which determines the amount aft hess in a conducting
medium with a finite conductivity, in the preserafean electric field in it.

— Coulomb’s law — in electrostatics — the law tiietermines the electric field
(intensity and/or potential) of a point charge; theulomb’s law is also called a
similar formula that determines the electrostahteraction (force or potential
energy) of two point charges.

— The Biot—Savart law — in magnetostatics — thdacbksv describing the
generation of a magnetic field by a current (simitaits role in magnetostatics to
the Coulomb law in electrostatics).

— Ampere’s law, which determines the force actinglte elementary current,
placed in a magnetic field.

— The law of conservation of charge — the algelbsam of the charges of an
electrically closed system is preserved.

For the physical interpretation of the effectsitgisig to the wave nature of
light, a theory of RE transformation on the bordetwo media into processes of a
different physical nature inside the substance esfsdive elements was created
[Browne, 2013].

The electromagnetic theory of light made it possiial explain many optical
phenomena, such as interference, diffraction, paton, etc. However, this theory
did not complete the understanding of the naturkgbt. Already at the beginning
of the 20th century, it became clear that this themas insufficient to interpret
phenomena of atomic scale arising from the intevacof light with matter. To
explain such phenomena as blackbody radiation, phetoelectric effect, the
Compton effect, etc., the introduction of quantuomaepts was required. Science
has returned to the idea of corpuscles — light tudvioreover, without a test body,
it has not yet been proved that these effectscatisig the wave nature of light,
occur in space, and not in the substance itselfy which the RE interact.

REs take the greatest simplicity and clear physmwaining when they are
represented in the form of a stream of particlage(ice) [https://dic.academic.ru/
dic.nsf/ruwiki/1167669].
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Fluence — a physical quantity, time integral of thensity of a stream of
particles or energy. Sometimes the synonymous teanny” is used.

In the case of a patrticle ray, the fluence of phati is the ratio of the number
of particles that crossed an elementary area pdipdar to the ray over a given
period of time to the area of this area. In theecaka diffuse particle field, the
fluence at a point is defined as the ratio of thwnber of particles that have
penetrated the elementary sphere with its centthisipoint to the cross—sectional
area of this sphere.

REs that have left the radiation source are in ry wonnected with the
electromagnetic field and constitute the totalifynmaterial bodies (RP) having a
constant mass, moving at the speed of light plassgifeed of the radiation source
and are an independent type of matter [Jia e2@L4]-[Jabs, 2017].

In the middle of the 20th century, quantum elegtr@inics was created — one
of the most accurate physical theories, which seasethe foundation and model
for all modern theoretical concepts in particle giby.

In our opinion, the RE wave properties manifesintbelves only in the
substance with which it interacts, as in a mediuorardense than the RP (radio
particle) flux. It is believed that RP are neutdadve no charge, have a constant
mass. Due to the small size of the RP, the proibaluf their collisions is very
small, so it is considered that the RP does netact with each other. The RP flux,
interacting with a substance, causes oscillatooggsses in it, similar to the serial
impact of many solid bodies of small mass on adargass body. An elementary
process of RP interaction with a substance is sgmted as a model of an oscillator
(substance), which is affected by a pulsed sighalvariable duty cycle.

The theoretical basis for the interaction of RFhvaitsubstance is the formula
E =hv, linking the kinetic energ¥, n of RP with a total massn=myn, and

energy hv, transmitted to an element (pixel) of a substapreportional to the
frequency of irradiation of this pixel=n/t, where:my mass of one RPy —
coefficient of proportionality (Planck’s constant);- the time it takes for a pixel to
dropn RP.

For a mechanical system consisting of one RP, timetik energy is

E, =m,c®/2, thenm, = 2h/c?, wherecis the speed of light.

Considering that the speed of the RP relative ® sburce of the RE is
constant and equal to the speed of light, we calade that the mass of the RP is
constant. However, the speed of the RP relativegaeceiver may differ from the
speed of light if the relative speed of the souned receiver differs from zero. This
means that the energy transmitted by the RP pixgllne more or less thdia.

The physical model of RE interaction with a subséacorresponds to the
notion that, in a substance on which the RE flulksfaoscillatory processes of
temporal changes occur: temperature, RP absorptecpndary RP emission,
electron knocking out and other effects, confirreggerimentally.

The simplest mathematical interpretation of thecpss of interaction
between an RE and a substance is an oscillatollléisg element) model that is
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affected by a signal as a sequence of pulses,asitoilthe signal of temporal pulse
modulation (TPM), when, in accordance with the RBtridbution along the
direction of propagation of the RE, the pulsestdidng the time axis.

The impact of a separate RP on a substance omtbeakis corresponds to a
pulse. The pulse width corresponds to the timengdact interaction of RP with
matter. Amplitude corresponds to the power of extdon, and the area of the pulse
is the kinetic energy of the RP. The period is aeieed by the distancebetween
adjacent RP, i.el = A/c. At the output of the oscillator, depending on tlgyscal
properties of substances, a signal is generatatieiform of voltage, current or
other physical processes, which can be measuredrenave estimates of the
parameters of the received PE.

The flow structure of the RE of a point source ingi@en direction is
represented as a sequence of RP (ray) moving eeethé other at the speed of
light at a distance of stép= c/v. According to the terminology adopted in the RE
wave theoryj coincides with the wavelength. Under the wavefisithe geometric
location of the points in the form of a sphere @iane in which the RP are located.
The flow of RE in the transverse direction is a odyrays, the density of which
determines the intensity of the RE. Therefore, #atistical concept of the
longitudinal and transverse spectral densitieshefgarticle distribution along and
across the flow, obeying the statistical laws dtrdbution, can be applied to the
RE. The spectral density of the particle distribatis determined by the properties
of the RE source and is of primary interest wheanidying spectral parameters
and polarizing this source [Browne, 2013], [Bergeal., 2016]-[She and Capasso,
2016].

Rays in a stream can be coherent, i.e. mutual siemsly of the location of
the RP in each ray. An important characteristicRE is its polarization. In
electrodynamics, the polarization of particles icharacteristic of the state of
particles, due to the presence of their own angulamentum — spin. The concept
of spin in the exchange interaction of identicaitigkes is taken into account in
quantum mechanics and is a purely quantum effduthandisappears when passing
to the limit to classical mechanics.

Scientists have discovered particles with spin/B, 1, 3/2 and 2. In order to
present visually, albeit in a simplified way, thgirsas a property of an object,
consider the following example.

Let the object have a spin of 1. Then such objalitreturn to its original
position when rotated 360 degrees. On the plameptiject can be a pencil, which,
after turning 360 degrees, will be in the initiasgion. In the case of zero spin,
with any rotation of the object, it will always Ikdhe same, for example, a one—
color ball.

For spin 1/2 one needs an item that retains itpesivehen you turn 180
degrees. It can be all the same pencil, only symecadlyy ground on both sides. A
spin of 2 will require shape retention when rotaf®d degrees, and 3/2 - 540
degrees [Lisboa and Piqueira, 2016].
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In our theory, the polarization of the radio pdeidself is absent due to its
small linear dimensions. It characterizes not thdiges, but the structure of the
flow in cross section and determines the degraesaymmetry (or asymmetry) in
space. We have assumed that the RE is called padiaifi the location of the RP in
the cross section of the flow is uneven and thgrsome preferential direction in
which the density of particles in this section pert area is greater than in other
directions. This direction is called the polaripatidirection. Obviously, polarized
REs possess the property that allows one to daterthie spectral density of the
distribution of particles across the flow in diéet directions. This is carried out as
a result of the interaction of the RE with a certaubstance, endowed with such
quality or technical device specifically designeddetermine the structure of the
cross section of the RE.

The effect of RP on a substance (target, test baglyg shock, and the
interaction time is much less than the RP resppes®d, therefore, for a single
ray, the mathematical model of the process of caimgeRE into a radio signal is
presented in the form of passing through a frequéinand-pass) filter of the delta—
pulse sequence (Dirac function). Each RP on the t@xis corresponds to a delta
pulse with an infinite instantaneous amplitude, andenergy numerically equal to
Eo. Influencing an oscillator, this impulse triggergesponse at its output in the
form of a pulsed transient response. For a pulsguesee, its transient
characteristics are added with the time shiftsrdateed by the intervals (periods)
of the RP following in the ray. In the general cabe intervals between the RP in
the ray are randomly distributed according to aatestatistical model. The sum of
the impulse responses at the oscillator output faosimgle ray forms a useful radio
signal, except for noise. Each ray corresponds separate oscillator, from the
output of which a separate radio signal is taked, @ combination of radio signals
forms, conditionally speaking, a “radio image” of RE source (images on multi—
element semiconductor CCD matrices).

The charge—coupled devices that form the basis otlem television
technology use the characteristics of “quantunciefficy and quantum efficiency
of the CCD array”. The quantum yield is the ratfdlee number of photoelectrons
formed in or near the semiconductor as a resuthefphotoelectric effect to the
number of photons that fell on this semiconductQuantum efficiency is the
guantum output of the light-recording part of theceiver multiplied by the
photoelectron charge conversion factor into thésteged useful signal [Neizvestny
and Nikulin, 2019]. CCDs respond to light with warggths from a few angstroms
(gamma and X-ray radiation sources) to 1100 nm RIR- This huge range is
much larger than the spectral range of any othterctie known to date.

Such characteristics can be introduced to assessfflctiveness of the
interaction of the RE with a substance not onlythe operating range of CCD
matrices, but also in the radio band after rep@ggihotons at RP and corresponding
renormalization of physical quantities.

The main task of the system of reception of radmissions (RE) is to
determine the estimates of their characteristiad parameters. Obtaining such
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estimates depends on the selected models, methddsals of the RE observation
process. The main elements involved in the observaand for which a physical
and mathematical description is required in expfaim, are:

the received RE flow (RFRE),

the reflector system (RES) of the antenna devadidrtelescope) RT,

the guidance system of RT,

sensitive of solid—state multi—pixel element (SE)tlwe receiving device,
which converts the RFRE into a signal. It determiiee required estimates by
means of a radio receiver (RR).

RES is designed to focus the ray on the plane efsdmsitive element to
increase their density. In an ideal SE scheme,rdlys converge at one point.
Deformations of the RT design lead to defocusing, i0 the deviation of the
lengths of the optical paths of the rays from theai. As a result, the focal point on
the plane of the sensitive element shifts and “estd

The set of points of intersection of the rays witk SE plane form a region
(spot), the position and diameter of which servestsnates of the effectiveness of
the focusing properties of the RES.

At the points of intersection of the rays with tp&ane of the SE, the
substance of which it consists is subjected to BeguRP effect with a pulse
repetition rate determined by the distances betwleeRP along the ray.

The difference in the lengths of the optical pathshe rays determines the
delay in the arrival of pulses and manifests itgelfhe phase displacements of the
pulsed transient characteristics of the signalsridkom the SE and influences their
resulting parameters and characteristics.

The proposed approach to calculating estimateseoétfect of deformations of
the RT structure on the parameters and charaatergdtthe RFRE makes it possible,
by measuring these deformations, to eliminate @uce their harmful effect.

In Fig. 1 a mathematical model of the RE transrarssind reception system is
given over a communication channel, which is cotiveally one ray. A pulse
generator simulates the RE of a sequence of pofsamstant amplitude with a given
carrier frequency. The Variable Transport Delay ckloperforms time—pulse
modulation of these pulses by the time delay ofinf@rmational useful signal fed to
the control input. The other block Variable Transgdelayl carries out a delay of
pulses by a constant value proportional to theeifice in the lengths of the optical
paths of the rays, counted from the front of thefRi to the points of intersection
of the rays of this flow with the surface of thensiive element of the receiver. All
rays have the same structure. The useful signais &ach ray after their oscillators
are added together, forming the total useful siffbabarenko, 2016].

The described approach to estimating the effedhefdisplacements of the
elements of the radio telescope’s reflector systemthe characteristics of the
received RE was applied to assess the effectivasfdbg threereflector RT system
with a main reflector diameter of 70 meters. Thaiation patterns of the RES RT
and the diagrams of the dependence of its transmissoefficients on the
displacement of the counter reflector and the nmaftector were calculated. The
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estimates were determined by the time and frequehayacteristics of the useful
signal.

RADIO RECEIVER

Pulse generator
frequency emumitter
1
Useful signal of To é{ T3t “2Tgs=1
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Fig. 1. Simulink block-diagram of the corpusculasdel of reception and
transmission of radio emissions on one ray

The adoption of a corpuscular model, the basistothvare RP, which do not
interact with each other, means the abandonmethiediield theory of light and the
interpretation of the physical effects associateth wt, without the interaction of
radioactive substances with matter. The corpuseeewdualism was invented in
order to eliminate the contradictions associatdtl thie manifestation of light wave
properties, which were attributed to light withatst influence with matter. In fact,
all known effects of the wave properties of ligahonly be explained by means of
a target, a test body, emission, etc. That is xper@nent with light without matter
is impossible. Therefore, a point of view is lemisite, and accordingly, a model in
which the wave properties are shown not by theatami source, but by the
substance when interacting with it. The expresSphoton at a given frequency”
loses its meaning, and in the formia mc = hv, m should be understood as the
total mass of RP emitted or received per unit tiEgsentially, the photon is an RP
tuple following each other at a distarite ¢/v [Muthukrishnan et al., 2008].

The stated interpretation of the processes of teme@nd transmission of
radio emission does not violate the laws of enexgyservation in the interaction of
RP with matter, but simplifies the calculations tife frequency and time
characteristics of radio signals. Significantly plified are the calculations of
estimates of the effect of deviations (or deforovad) of structural elements of the
antenna reflector systems on the indicated charsiite of useful signals,
including on radiation patterns, spectra, instrutagon, etc.

The next step to substantiate the above approathdsnduct experimental
studies and compare the results with the resutemda on electrodynamic models.

Obviously, objections of physicists, astrophysg&ehd astronomers in the form
of references to the theory of elementary partide®pted by the scientific
community will be against the stated theory of tdogpuscular radio broadcasting
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system: “The standard model is a theoretical coosin elementary particle physics,
describing the electromagnetic, weak, and strortgrantion of all elementary
particles. The standard model is not a theory arghing, because it does not
describe dark matter, dark energy and does noudeclgravity. Experimental
confirmation of the existence of intermediate vetimsons in the mid-80s completed
the construction of the Standard Model and its ado@s the main one. The need for
a slight expansion of the model arose in 2002 after discovery of neutrino
oscillations, and the confirmation of the existerafethe Higgs boson in 2012
completed the experimental detection of the predi&tandard Model of elementary
particles” (Fig. 2) [https://elementy.ru/LHC/HEPM&eyondSM].

Elementary particies
Substance Higgs boson Interaction carriers
I ' | I ' T
Quarks qu)tons Photons W:-andZe-bosons Ghions — Gravitons(7)
‘ Electrons | | |
Hadrons | Electromagnetism Wealk Sﬁrﬂg Gralwt}r
' |
Mesons Baryons electrodynamics chromodynamics gravity
= . 7]
Nucleon — Electrowea]c theory
B, e Grand Unified Theory (2)
! ‘ J e
Moleciles Theory of everything (7}
Compound particles Interactions and theory

Fig. 2. Block diagram of elementary particles

At present, it is considered proven that a singddfuniting all types of
interaction can exist only at extremely high pagtienergies unattainable in modern
accelerators. Such large energies particles coaNe bnly the very early stages of
the Universe, which arose as a result of the sea¢dig Bang. Cosmology — the
science of the evolution of the universe — suggtststhe Big Bang occurred 18
billion years ago. In the standard model of thel@wan of the Universe, it is
assumed that in the first period after the explodize temperature could reach
10°%K, and the particle enerdy = kT could reach 15GeV . During this period,
matter existed in the form of quarks and neutrireog] all types of interactions
were combined into a single force field. Gradua#lg,the universe expanded, the
particle energy decreased, and the gravitatiortatantion first emerged from the
single field of interactions (at particle energiegl0'°GeV), and then the strong
interaction separated from the electroweak (atgnerder 1&'GeV). At energies
of the order of 18GeV, all four types of fundamental interactions turred to be
separated. Simultaneously with these processesfoth@ation of more complex
forms of matter — nucleons, light nuclei, ions,na$p etc. was going on. Cosmology
in its model tries to trace the evolution of theikémse at different stages of its
development from the Big Bang to the present daget on the laws of elementary
particle physics , as well as nuclear and atomigsigs [Camilleri and
Schlosshauer, 2015].
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Calculation of the Difference Between the Long Optial Paths the Radio
Emission Fluxes

The flux of radio emission (RF) will be considerad a combination of
individual rays. Due to the large distances from Harth to the space sources of
radio emission (SSR), the incoming front can besmared flat, monochromatic;
all the rays in such a RF are parallel to eachrpthed the intensity of the energy
transferred by a RF per unit of time through a wfitarea perpendicular to the
direction of propagation obeys the laws of flueffu#ps://dic.academic.ru/dic.nsf/
ruwiki/1167669]. In the case of a particle ray, thence of particles is the ratio of
the number of particledN, that intersect the elementary acskerpendicular to the
ray over a given period of time to the area of #iea. In the case of a diffuse
particle field, the fluence at a point is definexthe ratio of the number of particles
that have penetrated into the elementary spheteitsitcenter at this point and the
cross-sectional area of this sphéxg= dN/dS

The fluence of particles (particle flux density) defined as the time
derivative of the fluence accumulated over tim® = do\/dt.

Each point of the ray is associated with its owrnvimg coordinate system,
the origin of which is determined by the vectoratele to the base stationary
coordinate system (BCS) of the entire control syst€éheZ axis is oriented in the
direction of the RF propagation, th¢ axis lies in the RF front parallel to the
horizon line. TheXYZcoordinate system is right.

When rays hit the reflecting surface, it is coneede that the ray is
completely, without loss, reflected from the inted between two media. The
reflected ray lies in the reflection plane passingugh the incident ray and the
normal vector to the reflecting surface at the poinincidence. It is assumed that
the Snell law is observed, according to which thgle@ between the normal and the
incident ray is equal to the angle between the abmnd the reflected ray. The
front of the reflected RP is considered to be tw$ of the points of the reflected
rays with an equal length of optical paths fromaahitrarily chosen initial front
along each individual ray.

In the millimeter range, with large sizes, theeefing surfaces of the RES of
the family of reflected rays are tightened almospoints or areas with small linear
dimensions.

The main object of study of geometric optics is tag. A ray is a geometric
line along which the energy transmitted by radiossion propagates. Since the
medium is homogeneous, the ray is a straight line.

All coordinate systems (CS) that are used in bogdithe model are

determined by rotating the BCS by the angles ofsingplest rotations §°, 6°,
a), X-Y-Z sequence and the vector of parallel translatibrwith the coordinate
column in the BCS,*° =(x"°, y°°,z°°)" , where the superscript is the identifier of

the original CS, and the superscript is the idemtibf the new CS, obtained by
transferring to this vector, the second supersatgiotes the basis of the CS in
which the coordinate column is defined.
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The transition from CS with indeixto BCS will be described by a rotation
matrix:

1 0 0 cos@’) 0 sin@®’)
c?(B?,G?,a?)z 0 cos@’) -sin@®)|x| O 1 0 |x
0 sin@’) cos@’) | |—sin®’) 0 cos@’)

cos@’) -sin@’) O
x| sin@’) cos@)) O}
0 0 1
The wavefront has a CS, which will be denoted AGB$.CS, the direction of
propagation of the front rays is parallel to thesa®z and is set by the front
guiding vectorey with a coordinate colume; = (001)".
We introduce the CS of the incident ray (RCS), imlatd by transferring the
FCS to the vector of the beginning of the rgy with the coordinate column,'.
The equation of the incident ray in the FCS is gileg the equation:
R =1y +Hye
where R”"" is vector coordinate columR?', specifying the position of the point
lying on the incident rayy, is a parameter characterizing the length of the ray
The position of the FCS in the BCS is determinedHgyvectorr ?° with the

coordinate column and the rotation matdk (L8C° + 9 ,0,a%) from the angles of

orientation of the fronf3?,a9 . The coordinate column of the vector in the BCS is

calculated as
RYO=cIRY" +r?°.

In order to determine the position of the mainewfr (MR) in space, it is
necessary to introduce the following auxiliary GBe to the design of the RES:
AZCS is CS azimuthal axis, whose position in theSHE characterized by a rotation
matrix c¢J (0,0,a?) from the azimuth angle}; EACS is CS of the elevation axis, the

position of which in the AZSK is characterized byector r;, with a coordinate
column r2%; BSCS is CS base, whose position in EACS is cheniaed by a

ea !

rotation matrixc;*(B;* ,00)from the elevation angl@;®; from the elevation angle
ro with a coordinate column?”. To determine the point of incidence of the ray on

the MR, it is necessary to write the expressiorterray in the PCS:
br,p — ~eaTr0Tpbr0 _,.aaj3_,.bb _,.pp p — ~eal A0T~0, f,f
Rin _Cb [Ca Rin rea] rp _rbr +p’inef _Cb Ca Cfrbr +
+CpTCHCl P~ A 1+, e cle

ea

roP =[x&P, y&P, z8P1"; ef = (xP, yP, zP)". (1)
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In the PCS, the paraboloid equation has the sihfuas:
(x,)* +(y,)* =2pz,, (2
wherex,, Yp, % are coordinates in the PCS of the point lying anghraboloidp is

a paraboloid parameter.
The parametric paraboloid equation in the PCSkweiIas follows:

R (1.0,) = ”

= (X ¥piZ,)" ®3)

p'p

where R is the coordinate column of the vector defining tpoint of the
paraboloid;r, is the distance to the projection of the pdfgton theX,Yy; ¢, is an
angle specifying the position of the point on tlaegboloid.

The point of incidenceR)" simultaneously belongs to the ray and the
paraboloid, andR{"® =R =R2?, therefore, in order to find it, we substitute
equation (1) into (2):

()7 + (Y7) 1) + 20635 + YPYEP = 2pZ] )M, + (6 °)° + (¥5P)° = 2pz° =0

Having solved the resulting equation, we find tiadue of the parameter, and
we find Rp".

At the point of incidence we introduce the tangéft of a paraboloid (TCS)
formed by the tangent plane and its normal, thedinate columns of which are

orts ey, €, €, in the PCS are defined by the expressions

_ oo Y
R, (r,,0,)= rpcosq)p,rpsmq)p,z—p ;

& = (e xey)”;
exr = ORp(1:0,) JR (500 )|

P dr, ‘ dr,
e = dR,(r,.0,) |dR (r,.0 )|
P dr, ‘ dr,
v = AR, (1 0,) _ o oy
=Tt o,
R
ey’ :w =[-1,sind,,r,cosp, 0]";

where (e}, xey)" is the coordinate column of the vector producbuds €& in
the PCS. The position of TCS in PCS is determined bectorRp and a rotation
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matrix c; =[e;",&)",e:"]. We introduce the reflection CS (RCS), the coaatéin

columns of which are ortg’,e’,e’ are determined by the expressions:
e = [00]; €% = (e, x€)”; e = (¢! x€)".
The position of RCS in TCS is determined by theatioh matrix
c’? =[e®,e’® e**]. The angle betweene’ and - e, is defined as
6, =arccostef'e™), wheree? =cP'e .
Then the expression for the reflected ray in th& @l take the form:
RE®=RpP+uel,
where | is the parameter characterizing the length of ¢fiected ray.
In order to determine the position of the CR incgpahe following auxiliary
CSs should be introduced, due to the MR design: £RCCS of the CR drive,

whose position in the FCS is characterized by @ovet with coordinate column
r>® and rotation matrixc’ (B2 ,0,a°). ECS is the CS of an ellipsoid, whose position

in the CRCS is characterized by a vectgrwith a coordinate columm;“. To
determine the point of incidence of the ray reféectrom the MR ray on the CR, it
is necessary to write the expression for the rapénECS:

R = GBT[REP +11, €0 + 110 =] =1 e =1+ €f =

C e

=cLTREP +elry? TP e
Mot =065 Y 21 s € =X, y7, 2T 4)
In ECS, the paraboloid equation has the simplegt:fo
a’ a’
(z)* +F(><e)2 +F(ye)2 =a’, ()

whereXe, Ve, Z are coordinates in the ECS point lying on the sdlig; a andb are
ellipsoid parameters.
The parametric equation of an ellipsoid in ECSsisadlows:

R.(W..$.) = (bcosyp, cosh,,bcosy, sind,,asiny,)" = (%, e, z)",  (6)
where (x.,Y.,z,)" is the coordinate column of the vector definihg point of the
paraboloid;¢,, P, are angles that set the position of a point oal&psoid.

The point of incidenceR;® simultaneously belongs to both the ray and the

ellipsoid, andR™* =R_=R$°, and therefore, to find it, we substitute equatié) (
into (5):

%, oo, @ e ey2 2 a’ ee a’ ee ee
F(Xr) +F(yr) +(Zr) (ur) +2F)§extp +Fyreytp +Zeztp p'r+

a2 ee ee
+ (0607 + (vg?)-a =0,
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Having solved the resulting equation, we find tiadue of the parameter, and
substituting it into (1) we findR;°.

At the point of incidence we introduce the tangéft of the ellipsoid (ECS)
formed by the tangent plane and the normal tdé,doordinate columns of which

are ortse,,el, e in the PCS are defined by the expressions:
R.(W,.,$.) =[bcosy, cosd,,bcosd, sind,,asing.]” =(x.,Y..2.)";

ee = (e xel)";

etX,e — dRe(LIJe’q)e)/ dRe(qJe!q)e)

; dy, dy,
ety,e - dRe(qJe’q)e)/ dRe(qJe’q)e)

) do, do,
dR. (W, b)

do,
dR. (Y. %.)

dy,
where (e}, xe))° is the coordinate column of the vector producbds €,€e), in
ECS. The position of the CECS in the ECS is deteechby the vectoR:° and the

rotation matrix c;, =[e:°,e’°,ez° 1 We introduce the reflection CS (RCS), the

=[-bcosy,sind,,bcosy, cosp. 0] ;

=[-bsiny, cosp,,~bsiny,_sind,,acosp, ] ;

e

coordinate columns of the ortg;°,e’%,e:° of which are determined by the
expressions:
e = [00]"; el = (g, xe%,)"; e = (e}, xel,)".
The position of the RCS in the CCS is determinedth®y rotation matrix
Cre =[€0e. €00, er]. The angle betweene, and - e is defined as

pe ' “~pe ' “pe
6,. =arccostel®’ eiy) , whereel = e’ .

Then the expression for the reflected ray in theSBAIl take the form:
RS =R+ €, where u, — is a parameter characterizing the length of the

reflected ray.
To find the coordinates of the points of intersatof the rays with the plane
of the irradiator, we introduce the irradiator @SS), whose position relative to the

CCS is determined by a vectof with a coordinate columm’ and a rotation

matrix € (B> ,0,a’ ).
The feed plane in the ICS is set in a parametno fas follows:
R, =ue/" +ve;"; €" =[100]'; e/" = [001]"
whereu,v are linear dimensions of the feed.

To determine the point of incidence of the rayaetfd from the CR ray on the
plane of the irradiator, it is necessary to wiite €xpression for the ray in the ICS:
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Jgr — AbTr.b b,b
Rte"_c' [C [Ree+ureere+r ]+r - ]

Ir

|r Jir +ure " _CchbRee+CbT cc+CbT bb ,Tcge +ur |rTcEere1

re" —[><'{ SRR ART A LN PR A 4
The pomt of |nC|denceRIr ™ simultaneously belongs to the ray and the plane:
e’ +u.el =R =ue" +vel",
Having solved the resulting equation, we find tiadue of the parametere,
and substituting it into the equation of the plareefind R} ™" .

The concept of the irradiator plane is conditionials further assumed that
the multi-pixel matrix of the radio receiver is pél in this plane.

The next task is to develop a model of the proc#ssiteraction of radio
emission with the substance of a sensitive elerfpexel).

Suppose an input signal is fed to the input of sbnear system. In this case,
a signal is observed at the output of this sysiEme. question is how to simulate the
work of the “black box” knowing the input and waitatp) the output signals? Since
it is possible to choose any input signals, we feidd the delta pulse input:

5() :{l atn=0,
0, else

At the output, we obtain a certain sequeh@g, which is called a response to
a single input action, or a pulsed response. Duthaolinearity of the system, a
change in the scale of the delta pulse will leac teimilar change in the output
sequenceh(n), i.e. L[ad(n)] = ah(n). In this case, any discrete signals can be
considered as a sequence of delta pulses withre@iffescalesx(n)do(—n). Give the
input of the linear system a sequence of deltagsuén) = 6(—n). Each input signal
samplex(n) will generate a shifted sequertg@ — m) (Fig. 3).

Bl O
[ 1 1 T ()= h(n—i)
ARAT A |

-

Fig. 3. Formation of the output signal in lineas®ms with constant parameters

Therefore, with an arbitrary input signal of a Bnesystem with constant
parameters, the output will be determined by thEession

Y = 3 x(k)h(n-k). ™)

k=—00

Thus, the operation of a linear system is completidtermined by the
impulse responsin) of this system. _

Consider the response of a linear system to art k{pu= €“", that describes
a complex sine wave with a frequencyAfter substitution of the given expression
into expression (7), we obtain
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y(n) = > e¥nh(n-k) =D e hi)=e> n(i)e’” =e""H(jw),(®8)
k=—c0 i=n-k j=—c0 j=—00

whereH(jo) is the frequency response of the system. Thussipg the complex
sine wave through a linear system, we obtain thmesaine wave, but with a
modified amplitude and phasHjo).

Frequency response can be written in the folloviomm:

H(jw) =r(we”,

where ¢ is the initial phase;

r(@)y (IMm(H (ja) + ReH (jw))? =|H (jw)].
The initial phase can be expressed through théiae$hip of the imaginary
and real parts of the frequency response:
Im(H (jo)
Re(H (jw))
Since the frequency responB§jo) is related to the impulse resporg@)
through the Fourier transform, where

@=arcta

h(n) =%{ j H (jo)e™ dw. (9)

If [Hjo)] = 1 then complex sinusoids of this frequency pass tynothe
linear system without distortion. Accordingly, H(jo)| = 0, then sine waves of this
frequency are not skipped. Using this propertyhaf frequency response, you can
filter the signals. For example, with perfect lowsp filtering you can put

o _JL0sw<m
H(Jw)_{o,nsux 2n

From expression (9), the impulse response of sufilbea h(n) = sirc(n) is
defined on interval {w;0). Therefore, in the general case, it is impossible to
implement an ideal low—pass filter in practice. ikitar expression of the impulse
response can be obtained for a high-pass filteigiwis also unrealizable.

The convolution calculation (7) can be performedhi@ frequency domain. It
is known that the signad(n) is associated with its image in the frequency aiom
by the Fourier transform:

X(jo) =Y (e ™ ; x(n) :%TIX(jw)ej‘*’”dw.

Moreover, if we apply a sequen)&@w)e’“’”, to the input of a linear system, then
we get a respong’"X(jm)H(jw). Using the inverse Fourier transform, we obtain

17, i
Y(n) = [ X(je)H (jw)e""doo
T[—T[
or in the frequency domain
Y(jo) = X(jo)H (ju). (10)

Thus, the convolution in the frequency domain isnaltiplication of the
signalX(jo) by the frequency response of the filt§jo).
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When receiving radio signals (RS) from remote spaoarces of radio
emission (SSR) by means of reflector systems (RE®dio telescopes (RT) and
radio receivers (RRS), there is the task of idgimif the transfer function of the
RES in the SSR-RES-RRS-RS transformation chain.sdlee this problem
requires a physical and mathematical model of thsin of reception and
transmission. On the other hand, the RES is amrattgart of the RT guidance
system (GS), so the task can be formulated diffgrelnow does the GS RT affect
the process of receiving and transmitting radiossions (RE)? The RE model is
considered in the form of streams of neutral (ungbd) radio particles (RP). The
flow of RP, interacting with substance of the segselement (SE) of a radio
receiver, causes in it oscillatory processes, amib the serial impact of a
multitude of solids of small mass on a large mastybThe elementary process of
RP interaction with a substance is represented rasdel of an oscillating circuit
(substance), which is affected by a pulsed sigralaovariable duty cycle
[Dubarenko et al., 2019].

I"(D Radio emission D geq

_.ll\'_ R r‘
Pixel electric charge =
- : e Current

1s DK _"UP

Active resistance

Number of electrons qr el
knocked out by received
radio emission

Sensing element Ewf of induction (3 Emf of self-induction

N
Quantity RP
Radio flux

Fig. 4. Mathematical model of the pixel of the mateceiver of radio emissions

RES is designed to focus the ray on the plane efsimsitive element to
increase their density. In an ideal RES scheme,rdlge converge at one point.
Deformations of the RT design lead to defocusing, i0 the deviation of the
lengths of the optical paths of the rays from tdeal. The set of points of
intersection of the rays with the SE plane formegion (spot), the position and
diameter of which serve as estimates of the effent@ss of the focusing properties
of the RES. At the points of intersection of thgsravith the plane of the SE, the
substance of which it consists is subjected to BeguRP effect with a pulse
repetition rate determined by the distances betwbenRP along the ray. The
difference in the lengths of the optical pathshe tays determines the delay in the
arrival of pulses and manifests itself in the phdssplacements of the pulsed
transient characteristics of the signals taken fribvea SE and influences their
resulting parameters and characteristics. Evalnatidhe effect of deformations of
the RT design on the parameters and characteristitke RE flow allows, by
measuring these deformations, to eliminate or redleir harmful effect, that is, to
perform automatic control of the reflector systemtoéocusing. When elements of
the RES deviate from their theoretical position armgkn the focal axis of the main
reflector deviates from the direction of the SSH2 Bome to the focus spot at
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different times, or, as applied to the impulse oese, the imprint sensitivity of the
receiver is in a different phase. The addition afnhonic signals of the same
frequency with different phases is equivalent te ttonversion to a harmonic
signal, the amplitude of which as a function of thlease varies periodically
[Goncharova et al., 2017], [Matviychuk, 2016].

In plane 4-6, passing through the focus 1, theimafrthe sensitive element
of the radio receiver is usually placed. In the mamge of the RE and small angles
of deviation of the focal axis from the directianthe SSR, the rays from the frontal
plane 13-5 converge almost at one point — focuBul their optical paths from this
plane will be different, that is, they will come focus 2 different times, with a
delay. The difference in the lengths of the optmaths of the rays forms the phase
delay of the shock interaction of the corpusclethwhe sensitive substance of the
matrix. The total interaction of all particles fraime plane of the reflector aperture
for one oscillation period, in which they excitesie oscillations, will depend on the
difference in the lengths of the optical paths. Amith their significant values,
oscillations at the output of the oscillator cameoout of phase, zeroing the output
signal [Polozov and Rashchikov 2018], [VIadimirataal., 2018].

The dependence of the radio signal power at theubwtf the oscillator of the
input filter of the radio receiver for one osciltat period on the magnitude of the
mismatch between the angular direction to the REtSthe direction of the focal
axis of the reflector is called the radiation patte

Radio Telescope Receiving Antenna Directivity Pattea (RT DP)

RT DP is the most important characteristic of théector system of the RES
RT, numerically determining its directional propest In the corpuscular model of
radio emission, all the rays of the radio emisdlor are parallel to the targeting
vector, and the radio particles (RP) in the froplahe of the flux are coherent. This
means that in the ideal case, with a symmetric R&$%/ork, when the geometric
position of the RES corresponds to the theoretioaition, and the vector of the focal
axis is collinear to the target designation vecatirparticles from the frontal plane of
the stream will pass on the multipixel array of theeiver into one focus point (one
pixel), forming a single pulse at the entranceh® oscillator, whose amplitude is
proportional to the number of rays in the streahre period of alternation of pulses is
inversely proportional to the carrier frequencytbé radiation. With the angular
mismatch of the target designation vectors anddbal axis, the RP paths along the
corresponding rays will be different, that is, thegtical paths of the rays will be
different. The arrival of each RP per pixel of tieeeiver matrix is equivalent to the
pulse effect on the oscillator, from which outpusignal in the form of a pulse
transient response is taken. The pulse model entak the delta function, and the
oscillator model of the pixel sensing element ighie form of an oscillatory circuit
tuned to the carrier frequency of the radio emissibhe sum of all RP impulse
characteristics belonging to one of the planehefradiation front forms a complex
signal in the form of their sum with shifted phadesa simplified version, this is the
sum of the sines shifted in time by the amounteshyl The magnitude of the delay
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depends on the difference in the lengths of thealppaths of the RP, and they, in
turn, on the mismatch between the targeting veetodsthe focal axis. Let us find the
expression for the sum of sines at the oscillattpwt for estimating the power of the
received signal as a function of the deviationhaf tocal axis from the direction to

the radio source [Dubarenko et al., 2019].
Plane of the stream of radio. . ———+- ’_,_.»-‘"’
SIS ST PO SonTCE = 1=

omlal -
t—cu:us 13 s‘Focus2

,f*"'
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1\_ X _ S

e

Paraboloid =g I
1. The top of the reflector.
2. The point of intersection of the vertically ident ray 3-2 with a parabolic surface.
3. Point on the conditional instantaneous plan¢heffront of the flux of radio emission (FREF)
point of a remote source of radiation.
4. Focus of the first reflector. The point at whahthe rays reflected from the paraboloid surface
(for example, 2-4, 12-4, 1-4) from vertically ineiat rays (3-2, 11-12, 5-1) from one remote space
source of radio emission (SSR).
5. The point of intersection of the normal 2-5 wiitle surface of the paraboloid at point 2.
6. Focus of the second reflectors. The point atclvtall the rays reflected from the paraboloid
surface (for example, 2-6, 12-6, 1-6) from obliquat an angle a of incident rays (5-2, 13-12, 10-1)
converge.
7. The intersection point of the normal 2-5 withaizontal plane passing through the vertex of the
paraboloid (point 1).
8. The point of intersection of the reflected ray 2vith a horizontal plane passing through the
vertex of the paraboloid (point 1).
9. The point of intersection of the focal axis ¥#th the horizontal plane passing through point 2.
10. Point on the FREF, inclined from the horizom@asition at an angle 11-5-18=
11. Point on FREF vertically incident ray 11-12.
12. Point on FREF, inclined from the horizontal iioa at an angle 11-5-185of the ray 10-1,
passing through the top of the paraboloid.
13. Point on the FREF, inclined from the horizopiasition at an angle 11-5-18=of the ray 13-12.

Fig. 5. The path of the rays in a parabolic refiect

To find the amount of the form

Sl:cos¢+cos@+a)+...+cos@+na):Zn:cos@+ka), (11)

S =sind +sin@ +a) +...+sin(@ + na) = Zn:sin(q) +ka) . (12)

Consider the expression
S=5+S, (13)

and transform it using Euler’s formula:
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e® =cosp +ising.
S=) cosf +ka) +isin@ +ka) =D @), (14)
k=0 k=0

The right side of the last equation is a geomeprogression with a
denominatog®. The sum of the members of such a progression ial égu
i ~i(NH)a _
S= e (e_ 1 .
e’ -1
Multiply the numerator and denominator of the fractin the right side of (5)
by (-i€'“?). Then the denominator of this fraction becomes aedltakes the form

o . o
—i(€*? —e™'?) = 2sin—.

(15)

Then we transform the numerator of the fractiomaishe Euler formula:

) 1
. T L, 1(o+(n+3)a) (6=
_Ielalzenb (el(n+1)cx _1) - —I(e 2 +e|(¢ 0(/2)) —

. 1 . a . 1 . a
icos@+(n+ 2)0() sind 5 +sin(@ +(n+ 2)0() sm(q) 2].
Considering that
S =ReS; §=ImS,
sin+ (n+ 2)o) ~sind - %)
we get S = 2 2_, (16)
Zsing

cos@ —;) —cos@ +(n+ ;)a)

2sin %
2
Using trigonometric identities

: . . a- +
sina —sinB = 25|naTcosa—ZB;

COSO —COSB = ZsinO(—;BsinO(—;B .

transform the sine and cosine differences in thekties (16) and (17):

sin +(n+ ) -singp - 5) = 25in (" CO{ ¢+%j;

cos@ —%) —cosf +(n +%)0() = 2sin (n +21)0( sin(q) +%) .

Thus, we have
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| sini(n +21)O( co{q) +r120(j
Slzgcos(wka): — :
- sin—
2
\ sini(nﬂ)a sin(q) +n;j
S = sin( +ka) = (18)
— . a
sin—
2
The average power over a gap of lengik calculated by the formula
R
P(t,,T) == tj [ X(t)?]dt . (19)

If power is considered as a function of time, tliteis called time power or
simply power. Power can also be represented asm@idn of frequency. In this
case, it is called frequency power or spectral poBpectral power is often called
spectral density or spectrum. The names “temparadep’ and “frequency power”
although, unfortunately, are rarely used, they noameectly reflect the relationship
between the time and frequency representationshefsignal compared to the
common names “power” (in the case of the tempaptesentation) and “spectral
density” (in the case of frequency representation)

In our case, the ray is characterized by a tempqgoakver. Time interval
T = 1/ is determined by the carrier frequency of the raahmssionfy. This is the
time between two successive fronts of radio emimssfosignalS; is a function of
three arguments:

n is the number of in the frontal plane of the radmtflux incident on the
surface of the main reflector;

ne is a phase of maximum time shift pulsed charadtesiof the oscillator
for a given angle of deviation of the focal axierfr the direction to the source of
radio emissionyp = 2rfet is a current angle of the sinusoidal componenthef t
oscillator impulse response.

Only one argumenp(t) of these three depends on time. Therefore, theage

signal powess, over an interval of length is determined by the expression:
totT

1 2
P(t,,T) = j [S,(t)*]dt, (20)
1% (sin(h+Da/2)), . _
P(to,T)—; tj ( sin@/2) j (sin( +na /2))"dt =;
sin(@ /2) T sin(@ /2) '
%totjt (sin(@ +na /2))%dt; (21)
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whereK is a constant normalizing factor.
RT DP as a function of the mismatch of targetingtees and the focal axis is
determined by the expression

2
sin((n+Da /2
pNA= | SN +Da/2) ) (22)
sin(@ /2)
‘ - e - - =
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Fig. 6. RT AP as a function of the mismatch of ¢dirtg vectors and focal axis

Fig. 6 demonstrates how the shape of the RT APgdwmdepending on the
parameters of the reflector system and the frequehthe radiation source.

The estimate of the phase dependence of the san#ie output of the
oscillator on the difference between the opticathpaof the rays can be
approximately written as follows:

& =E iBin(w[ﬂ'"ZTnmLi _Lmin)+¢ij;

W =%Eﬂ|-i ~Luin) * 0, (23)

whereV is a phasel; is the optical path length ofray RE;Lnyin is the minimum
length of the optical path of all the rays.

The computational scheme for calculating the optmath length of a ray
(radio particle) from the plane of the front of meam of radio emission in a 3-
reflector system of the RT-70 radio telescope qonttd according to the Nesmith
scheme is shown in Fig. 7:

— the main reflector is a paraboloid of rotation,
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— counter reflector is an ellipsoid of rotation,
— periscopic reflector is a plane,

— receiving matrix is a plane.

Plane of the front of the
- stream of radio emission

il Ellipsoid
—

-

e
2R -

Reflective ﬁlane of L }
a peroscopic mirror Radio matrix plane

Fig. 7. The optical path of the radio particlehe 8B-reflector system of the radio
telescope RT-70

The scheme and formula (23) define a simple algarifor the numerical
calculation of the influence of the displacemenfs RES elements on the
characteristics of the total output signal of aereer carrying useful information
about the SSR. To this end, the frontal plane efridiation flux in the aperture of
the main reflector is divided into a given numbérays and, for each ray, the RP
optical path is calculated using geometric optiethuds. The path is recalculated
into the phase, the phases are added up and @tyntite magnitude of the change
in the amplitude of the total radio signal from tfeectors deviating the RES
elements from their theoretical position or dewatfrom the direction to the SSR
(multilobe pattern in estimating signal strengtl)determined. If the points of
intersection of the rays are not focused in onelpx the receiving matrix, then the
optical path of the smallest length is chosen fralinthe optical paths of the
particles. And the point of intersection of thiy iia taken as the phase center. The
difference of optical paths is taken into accouhtew calculating the total power of
the received radiation. The accuracy of the guidasfdahe RES RT is provided by
the control system, which includes a system forsugag the state vector of the
structural elements of the RT relative to the gelkccoordinate system and
compensation for guidance errors [Dubarenko efall4].

Fig. 8 shows the relative intensity of the maximumthe phase center of the
secondary focus of the RES with umbrella defornmatidateral displacements of
the RC and its displacement.

The intensity distribution in the plane of the diaor can be approximated
by the expression
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I (eres’qir 1 X y) = A(eres’qir ’X’y)Sin2 (6(eres’qir )p(eres’qir 1 X y))/

(24)
/(6(eres!qir )p(eres!qir 1 X y))Z’
wheree . = (A, ,Ada, A%, Ay, Az, 0B, A8,,);

Aamr, APy are focal axis pointing errors (FA) MR;

AXe, AY., AZ; are linear mismatch foci CR and MR;

AB¢, AOc are angular mismatch between FA MR and MR CR,;

X, y are coordinates defining a point in the plane efféed;

q, =(&x, .y, ,Az, 0B, ,08,)" — linear and angular deviations of the
irradiator from the adjustment position;

p2 = (X+Axir + 61AG mr + 6ZABC + 6SAXC + 64AZcAec) +

+ y(y+Ayir + 61Aer + 6ZAec + 63Ayc + 64AZCABC)’

6 = 65 - 66 (AZ“, + 67Azc + 6BABir + 6BABir + 6QABcAyc + 69A6CAXC) ;

A= 610 - 611(Ayc(X_AXir ) + 612Axc(y_Ayir ) + 513AXC(X—AX" )) +

+0,,(Ay (Y -4y, ) + 0,77, ;

i IS weighting factors are determined during modelng verified by means
of radio holography.

The research results showed that the mm-band tathscope, by analogy
with photo-optical devices, can be considered ds\ace for obtaining images of
remote point and long-range SSRs. In the planehefitradiator, on which the
observed object is projected through the RES, #itteerl is characterized by the
distribution of the intensity of the received rademission. For RT-70 at a
wavelength of 1 mm, the width of the DNA for theingareceiver at the half power
level was calculated. It is equal to 3 arc.s [Deb#o et al., 2014].

In the absence of deformations of the structure,réfdio image of the point
SSR, when its angular position changes, will mdeagthe receiving matrix in the
form of a “spot” covering one or several pixelseTgize of this spot varies slightly
to the periphery. At a wavelength of 1 mm and aguéar error of 1 arc.s, the linear
displacement of the spot is 2.24 mm. With an apersize of the receiving array of
50 mm, the field of view of the error will be ab&§i arc. s.

One of the main modes of operation of the RT foR%Sthe accumulation of
a signal during long exposure (up to several hoBshulation has shown that in
this case the use of a single receiver with antapeiarea larger than the width
DNA, radiation from several sources can get inmriceiver, making it difficult to
identify them. On the other hand, reducing the arfethe aperture of the irradiator
will lead to extremely stringent requirements foe taccuracy of MR guidance,
which is problematic in creating tracking driveslanmeasuring system. The use of
matrix receivers (MRU), which is a package of iresdrs packaged in a matrix like
a CCD used in optics, is an effective way to conspén for the effects of
deformations of the RT design and can significanéiguce the requirements for
precision MR and simultaneously increase the réieoluby simultaneously
receiving a signal several pixels of the receivamgay. For the MRU, it is possible
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to provide a reconstruction of the radio signahfrthe point SSR using sequential
recording of signal frames from the MRU and usinfpimation about the likely
position of the RES image on the MRU obtained usiregmodel for estimating the
effect of guidance errors and deformations of thecture on the ray.
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i % * to the radiation source
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Fig. 8. Dependence of the received signal powéneémphase center of the
secondary focus of the RES on the MR umbrella dedtions, transverse and
longitudinal displacements of the CR

To expand the visibility of the SSR, either a malie ray or a ray scan with
respect to the line of the selected direction t® 85R is required. Below is a
description of a conical DP (directivity patterrgaaning system by means of the
main guides of the RT-70 telescopic system.

Conclusion

The theory of corpuscular radio communication basedhe representation
of radio radiation in the form of the flow of radparticles was developed. Impact
of particles on the radio receiver in the form odge sequence, and the receiver
itself in the form of an oscillator were consideréthis model of the radio system
has made it easier to structure the radio recearsd how to assess radio
communications.

The research was carried out over a period of Hdsyas part of the “Suffa”
research project, involving 15 organisations. Theult of the research was a
calculated and hardware justification for the modetellectual system of logical
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control of RT-70 with an adaptive surfaces. Thdeyshas four circuits of control:
the main reflector control circuit, the control itd adaptive surface, the hexapod-
based counter-reflector circuit, and the contratwit of the third (periscope)
reflector. The control system allows, by autofongselements of the RT reflector
system, using laser, gyroscopic and optical measemes, to provide in the
observation mode cosmic objects the following valoé angular resolution at a
wavelength of 1 mm:

— for single receiver — 3 angular seconds;

— for the matrix multipixel balometric receiver 28.angular seconds.

The most important problems that had to be solveckw

— the creation of computer models of RT design dyna and guidance
drives (state identifiers) to obtain estimates it coordinates not available for
direct measurement;

— the creation a system of damping RT’s own medamfiequencies through
gyroscopic angular velocity sensors;

— the creation of a matrix multipixel balometricceever, the presence of
which in the contour of the control system remotresproblem of accuracy of the
guidance of the optical axis of RT better than §udar seconds and opens up the
possibility of autonomous control of individual shis of the adaptive surface of
the main reflector similar to optical telescopes.

The results of the research were presented thmeestin 2003, 2012, and
2015 at the Bureau of Energy, Mechanical EngingeriMechanics and
Management Processes of the Russian Academy aicesieinder the direction of
the members of the Russian Academy of SciencesRoEov and A.N. Lagarkov
was approved and included in the REPORTS of theidecy of the Russian
Academy of Sciences on Fundamental Research. A®fptre project to create the
international astronomical observatory “Suffa” psbéd a monograph (Reviewer
corresponding member of the Academy of Scienced). Dndeitsev). The
monograph lays out the basics of creating and teahimplementation of mm
frequency antenna systems to detect remote codmecte and optimally receiving
information from them by increasing the resolutminreception systems devices
and the accuracy of reflectorguided systems. Theciptes of the theory of
corpuscular radio communication and the problemtie guidance of radio
telescopes on the sources of radio radiation haea kested in the foreign press.
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