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1. Annexes
1.1 Annex 1

The list of reference complexes of antenna measurements created in 1971-80 in the all-Union research

Institute of radio-physical measurements and stored in the scientific center of Aragats.

1. SSRS'-0.25

2. SSRS-1

3. SSRS-0.5
4. SSRS -2

5. SSRS-16/18
6. SSSS2-0.2
7. SSSS-0.5

8. SSPSA -1
9. SSPSA -2
10. SSPSA -3
11. SSPSA-4

These reference systems for measuring antennas were the first in the world and were recognized as
state standards of the USSR, then as national standards of the Republic of Armenia.

1 SSRS - State standard of the radition sphere;
2 SSSS - State standard o the scattering sphere, SSPSA - State standard of the phase shift angle
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1.2 Annex 2

Decision XXVI of the General conference of weights and measures

Since May 20, 2019, the platinum and iridium ingot stored in the International Bureau of weights and
measures has ceased to designate a kilogram. It turned out that the ingot, stored under three sealed

caps, still changed, losing about 50 micrograms per 100 year.

Since the standard was unstable, the XXVI General conference of weights and measures, which was
held in November 2018, decided to use the Planck constant for determining the kilogram, not a
material object. This physical constant determines the relationship between the energy of radiation
quanta and frequency.

Now, this unit of mass will be determined using the Planck constant, using the existing reference
values of length and time. Now the kilogram should be such that the Planck constant is 6.626069 * 10-3+
joules per second. Joules are output in kilograms, meters, and seconds. For seconds and meters, the
standard is already there — a second, this is the time equal to 9 192,631,770 periods of radiation of a
cooled cesium atom, and light passes for a second 299,792,458 meters. To measure the Planck constant,
metrologists use the so-called Kibble scale. This device determines what current is needed to create an

electromagnetic field that can balance the bowl with the sample.

2|Argument CB



1.3 Annex 3
as of February 21, 2020
“JURISDICTION ARMENIA FOUNDATION”
THE PROJECT “HEROUNI UNITED SPACE CENTER”

Jurisdiction Armenia Foundation (hereinafter - JAF) in September 2017 initiated the project to create
the “Herouni United Space Center” (hereinafter — The Center) and rebooting the VVS-54/2.6
telescope. The project aims to form and develop an ecosystem of the scientific, industrial and
educational significance of the Herouni united space center" based on the Aragats scientific center,

including the rod-54/2.6 radio-optical telescope.

The process in chronological order:

Since 2018, the issue of forming a separate structural unit of state property has been actively discussed
with the Ministry of economic development of the Republic of Armenia. The Foundation has
established a stable relationship with well-known international scientists and structures, interested
organizations and donors of the sphere, signed memoranda of understanding, letters of support for the
program to launch cooperation in the framework of rehabilitation and application of radiofrequency
astrophysics, as well as to achieve comparability of the international radio interferometric network
EVN.

On February 19, 2019, Deputy Prime Minister Tigran Avinyan instructed the RA Ministry of
economic development and investment to submit to the RA government a draft decision on the
establishment of the center as a separate structural unit, which was distributed in several ministries
and other departments. According to the project, the Aragats research center should be separated from
the National Institute of Metrology (NIM) CJSC and transferred to the state Service, which should
transfer these assets to the Jurisdiction Armenia Foundation for free use for 25 years. JAF proposes to
create a separate legal unit in state ownership and is ready to form an independent structure with an
effective management mechanism within a year, transferring assets to the balance of this structure.
JAF presented a business plan for infrastructure and industry development, which will create a
developed research center.

On July 26, 2009, within the framework of the “Herouni United space center" project, a meeting was
held in the office of the RA Deputy Prime Minister Tigran Avinyan with the RA Minister of economy
Tigran Khachatryan, the management of the Foundation and the head of the "USC Herouni" project,
Professor Arevik Sargsyan, during which a package of the RA government's decision to create a

separate state institution based on consolidated assets was discussed.

On September 07, 2009, Deputy Prime Minister Tigran Avinyan also instructed to get the opinion of
the Armenian National Interests Fund (ANIF) for this project Fund in which ANIF received the

3|Argument CB



following conclusion: JSC "Fund of the state interests of Armenia" "has no objections to "Herouni

United Space Center", at the same time, part of ANIF the program does not consider it appropriate".

With the assistance of the RA Ministry of economy, JAF has currently provided scientific and
technical expertise on the current technical condition of the ROT-54/2. 6 telescope at the European
research consortium's (JIVE) ultra-high bases, its restoration and further applicability, and a business

concept for the project is being developed.
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1.4 Annex 4

About “Jurisdiction Armenia” Foundation

COMPANY DESCRIPTION

“Jurisdiction Armenia” Foundation was established on December 8, 2016 By the government of the

Republic of Armenia. Decision n 1377-N.

Number of the certificate of state registration of the organization: 222.160.941924.

1.1 Company objectives and issues

Jurisdiction Armenia Foundation objectives (according to company regulation):

1.

creating opportunities for the country's globalization ... diversification of the economy of the
Republic of Armenia,..., developing projects of legislative and Bylaw changes, promoting reforms
within the framework of their powers,

creating an attractive environment based on the best international experience for organizations that
use the solutions of the "jurisdiction of Armenia" program, and their employees and participants,
contributing to development ... educational, ... telecommunications, environmental, ... security, and
other humanitarian, infrastructure projects ... improving the international rating of Armenia as an
attractive and competitive jurisdiction,

Stimulating the development of the economy and human capital of Armenia,..., ensuring high
economic freedom, the rapid growth of financial flows and a new source of anti-crisis buffer
resources, counterbalancing internal and external risk factors by attracting financial resources,
technologies, professional opportunities..., increasing the country's investment capabilities and
attracting investment, etc.

All activities of the "Jurisdiction Armenia" Foundation will be aimed at attracting attractive foreign
legal entities and individuals to Armenia, attracting leading companies and qualified/unique

specialists to Armenia.

"Herouni United Space Center" is an institution created to implement the dedicated program activities

of the "Jurisdiction Armenia" Foundation.

1.2 Legal basis of the organization's activity

Jurisdiction Armenia Foundation is guided by the Constitution of the Republic of Armenia, the Civil

code of the Republic of Armenia, The law of the Republic of Armenia "on foundations", the Charter of

the "Jurisdiction Armenia" Foundation and other legal acts. Relations between employees of the

"Jurisdiction Armenia" Foundation are regulated by the legislation of the Republic of Armenia.
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1.5 Annex 5

Dr. Arevik Sargsyan

Arevik Sargsyan was born in 1965 in Armenia.

Arevik Sargsyan is multi professional, has three specialties: Radio Engineer, Business Trainer and

Consultant, Adult Education (Andragogy) Professional.

She is Doctor of Engineering, has more than 170 printed scientific and methodological articles, 5
books, 2 patents. She was a supervizor of 87 Bachalor Degree, 30 Master Degree and 7 Ph.D. Degree
Students.

The main occupation is National Polytechnic University of Armenia (NPUA) — 31 years’ experience,
Professor. She is owning and managing ARLIAN consulting and Training Company for 26 years, and
was elected many times during last 15 years as a President of Youth and Adult Education and Lifelong
Learning Association (NGO, Armenia). Arevik Sargsyan is a Member of Council of the Ministry of

Education and Science of RA.

As a National Expert and Trainer she was engaged in projects of World Bank, USAID, UNDP, ETF,
SME DNC, NC VETD, ANQA, State Employment Agency and others. She was invited as a Speaker,
International Expert, Trainer to Russia, USA, Germany, Greece, Norway, India, Sweden, Denmark,

Great Britain, Brazil, Spain, Italy, Kirgizstan, Belarus, Moldova, Georgia.

Arevik Sargsyan was awarded by RA Prime-minister Prize “Best Business woman in 2013 year” for the

nomination of Innovation and Initiative. She has one Son 29 years old.
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1.6 ANNEX 6

project

GOVERNMENT OF THE REPUBLIC OF ARMENIA

DECISION

N...... -N, asof __ March, 2019

ABOUT CREATION OF <HEROUNI UNITED SPACE CENTER»

Given the provisions of the program of the Government of the Republic of Armenia On the development of science

and education in the Republic of Armenia, stimulating the implementation of important projects and programs in the

Republic of Armenia, guided by article 605 of the Civil code of the Republic of Armenia, taking into account the

provisions of the law "On approval of the Program eligibility of Armenia" from 08.12.2016 G. Protocol decision No. 49-

the government of the Republic of Armenia decides:

1.

In order to implement the program of industrial and infrastructure development within the framework of
public - private partnership, to create the "Herouni United Space Center" in accordance with paragraphs 2, 3,
4 of this decision, combining the property owned by the Republic of Armenia, state bodies and organizations
in accordance with Annex 1 to this decision;

After the entry of this decision into force together to ensure that the Ministry of economic development and
investments of the Republic of Armenia and the head of state property management under the Government
of the Republic of Armenia the transfer of property allocated to create a "Herouni United Space Center",
Jurisdiction Armenia Foundation and the design documents provided by the law;

The Executive Director of the "Jurisdiction Armenia" Foundation should ensure the formation of the
"Herouni United Space Center" as a separate institution within the Foundation in accordance with the
proposal submitted by the Foundation to the Ministry of economic development and investment of the
Republic of Armenia within two months after this decision comes into force;

Within one month after the entry into force of this decision, the Minister of justice of the Republic of
Armenia shall ensure the state registration of the geruni national space center institution within the
procedure established by the legislation of the Republic of Armenia;

Alienation of the transferred consolidated property or complexes that are part of it in favor of third parties is
prohibited without the permission of the government of the Republic of Armenia;

Grant the right to the "Jurisdiction Armenia" Foundation to organize fundraising and capital raising events
(including crowdfunding, preliminary dram offer, securities offer, etc.), attract partner organizations within
the framework of public-private partnership, and obtain loans and loans. The "Jurisdiction Armenia"
Foundation can attract and trade both in Armenian Drams and in foreign currencies that are not prohibited
by law, including cryptocurrencies, for the purpose of development;

Grants allocated, subsidized, appropriated or otherwise provided for the maintenance, service or
development of the property specified in Annex 1, including the allocation of AMD 45 million annually

provided by the state budget for the "preservation and development of the reference system", should be
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10.

11.

12.

consolidated and transferred to the "Herouni United Space Center" for the purpose of organizing a minimum
amount of scientific work;

Within one month after this decision comes into force, the Minister of economic development and
investment of the Republic of Armenia should submit a proposal aimed at ensuring the maintenance of the
national space center geruni for 25 years;

In order to ensure uninterrupted, accurate and unhindered operation of the VVS-54 instrument and other
antennas located on the territory of the "Heruni United Space Center", the Executive Director of the
"Jurisdiction Armenia" Foundation will submit the necessary technical conditions to the government of
Armenia within ten days after the decision comes into force;

To provide the head of the real estate cadastre Committee of the government of the Republic of Armenia
with functions related to the implementation of this decision concerning its scope, free of charge;

Within a month after the completion of the work specified in this decision, but no later than may 31, 2019,
ensure the Head of the state property management Department under the Government of the Republic of
Armenia, Minister of economic development and investment, Director of the "National Institute of
Metrology", heads of other involved state bodies and organizations that all the necessary wording, work on
the delivery and acceptance of the specified property, and the conclusion of contracts with the Fund,
establishing that the costs associated with the registration, ratification and state registration of rights arising
from the contracts are subject to implementation at the expense of the state budget;

This decision shall enter into force on the day following its official publication.

PRIME-MINISTER OF THE REPUBLIC OF ARMENIA N. PASHINYAN
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Annex
to decision of the Government of RD
N..... —-N, as of ___ March, 2019

ABOUT CREATION OF «<-HEROUNI UNITED SPACE CENTER»
LIST

of the property subject to consolidation in the frames of the decision of the Government of RA

Aragatsotn region, office address located next to the community of Orgov; 2 street no. 27 -a square with a
fence, a radio-optical telescope on this territory, other equipment, antennas, residential and non-residential
buildings, structures, unfinished structures, roads, other infrastructure units, and other property in accordance
with the inventory,

Office space in Yerevan-49 Komitas Ave. standards Department of "National Institute of Metrology" CJSC
buildings 49/4 and rooms of 6-7 floors with property and equipment, including laboratory rooms of "National
Institute of Metrology" CJSC, antennas installed on the roof of the building,

With the right of gratuitous use of the entrance and exit to the roof of the antenna located on the roof of the
building 49/4 on Komitas street, Yerevan,

"Alik" experimental plant-office address; Yerevan, 25/1 Lepsius street, with plant substructures, adjacent
buildings, territories provided for its operation and maintenance,

At the height of mount Aragats with adjacent buildings and a land plot with a diameter of 3.2 m.
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1.7. ANNEX 7

Professional reference on the technical data of the ROT-54/2.6 radio-optical telescope

Basic Data

1. General
Diameter of the main stationary spherical radio reflector 54m

Working diameter (for the given direction of the antenna beam) 32m

Diameter of the small radio reflector 5m
Overall error of the radio reflector (RMS error) 83 mcm
Diameter of optical reflector 2.6m
The angle of inclination of the entire system to the south 15°

The geographical longitude of the place (East) 40°

The geographical latitude of the place (North) 44

2.Radio-technical

Minimal length of the wave
Maximal length of the wave

on the wave 2 mm
Beam width on the wave 8 mm

on the wave 20 cm

on the wave 3 mm and 8 mm (incl. background noise)
Temperature of the
) on the wave 3 cm
self-noise

on the wave 20 cm
Geometric surface of the aperture used

on the wave 1 mm (expected)
Antenna aperture
. on the wave 2 mm
efficiency

on the wave 8 mm

on the wave 2 mm
Useful surface

on the wave 8 mm

) on the wave 2 mm

Gain factor

on the wave 8 mm
Aperture angle of the feed

Shading of the used aperture by the small reflector

3. Optical

Diffraction-limited resolution
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Current state

Without changes
Without changes
Without changes
Imm (rough estimation)
Without changes
Without changes
Without changes

Without changes

1 mm
1m
14”7

1

277
3K

9K
12K
800 m?
0.4

0.6

0.7
480 m?
550 m?
1.5*10°
1.1*108
141°
2.4%

0.2



Actual resolution

Field angle
Undistorted field angle
Collecting surface

The image sizes of point objects

4. Guidance
Apical angle of the conical view
The declinations of the observed sources from
to
Guidance rate, maximal
Acceleration, maximal
Manual mode (digit. dialling)
Guidance error Automatic mode by computer
Fine manual correction
Automatic mode by computer
Support errors
Adjusted fine manual correction
Field angle
Video-guide Nel Diameter of the lens
Apparent star magnitude
Field angle
Video-guide Ne2 Diameter of the lens

Apparent star magnitude

5. Main radio reflector of the antenna

Diameter of the reflector

Shape of the reflector

Curve radius

Inclination of the entire dish to the south
Number of reflector panels

Panel material
Panel technology

Average weight of the panel
Average size of the panel

Number of the panels sizes
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40'x 40’
10'x10°

5.3m?

120°
-35°
+85°
40°/min
1.3°/sec?
37

37

17

Y

17
2°x2°

30 mm

25°x25°
250 mm
12

54m

hemisphere

27m

15°

3800

Alloy of allum. and zinc

Casting and mechanical

treatment
80 kg
Imx Im

36



Accuracy of the panel surface (RMS error)
Accuracy of the reciprocal array of the panels
Width of the gaps between panels (aver.)
Total error of the main reflector surface (RMS error)
Distance of the panels from the concrete bowl
Length of the panel mounting legs

Diameter of the concrete hemispheric bowl
Thickness of the concrete bowl

Total weight of the concrete

Total weight of reinforcement

Total weight of aluminium

Total volume of excavation

Total volume of backfill

6. Small radio-reflector of the antenna

Diameter of the reflector

Depth of the reflector

Shape of the reflector

Distance of the centre of the main reflector from the top of the small reflector
Distance of the small reflector top from the focus
Surface of the small reflector’s aperture

Frame

Number of reflector panels

Panel material

Panel technology

Average sizes of the panels

Accuracy of the panel surface

Reciprocal array of the panels

RMS error of the small reflector’s surface

Total weight of the small reflector

7. Optical telescope

Diameter of the main reflector
Shape of the reflector’s surface
Primary focal length

Material of the main reflector
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10 mcm
+100 mcm
2 mm

58 mcm
1.8 m

1.8 m

60 m
1.5m
15,000 t
500 t

360 t
70,000 m?
57,000 m3

~5m

~2.5m
special
13.5m

3.4m

19.6 m?
Steel, hard
170

titanium
Mechanical treatment
70 x 40 cm
15 mem

By the copier
60 mcm

15t

2.6 m
parabolic
10 m

Glass ceramics



Ratio of the focal length to the diameter
Light-gathering power

Weight of the main reflector

Number of unloading mechanisms
Diameter of the secondary reflector
Shape of the secondary reflector’s surface

Total weight of the optical telescope

8. Support tripod
Length of the supports

Size of the cross section of the supports

Weight of each support

on the southern

Load on the supports

on the eastern and western

Diameter of the ring bearer
Weight of the bearer
Weight of the turning frame

Total length of the turning structure

Total weight of the counterweights of the small radio reflector

Total weight of the turning structure together with the small radio reflector and

optical telescope

Total weight of the support tripod with the turning system

9. Settings

Number of regulating bolts on each panel

Panels of the main T ;
. Limits of adjustments (course)
radio reflector

Pitch ( 10° turn of the screw)

Number of regulating bolts on each panel

Panels of the small . :
Limits of adjustments (course)

reflector
Pitch ( 10° turn of the screw)
Support tripod Limits of the manual regulation of the leg length
(3 mechanisms) Pitch of the screw
Limits of the Pitch ( 1 turn of the motor )

automated regulation

of the leg length
Hanger of the small Limits of the length regulation

reflector (3 Step ( 1 step of the step motor )
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Accuracy of autostabilization of the lengths of the legs

3.85

0.26

421t

28

0.4 m
hyperbolical
12t

=27 m
1.2x0.8 m
12t

70t
each 30 t
6 m

20t

75t

30 m

6t

70t

130t

+25 mm

14 mcm

+15 mm
14 mem
+250 mm
10 mm

0.5 mm
20 mcm

+60 mm

10 mcm



mechanisms)

Limits of regulation of the angular position
Step ( 1 step of the step motor )
Limits of travel in the X and Y axes

Step ( 1 step of the step motor )

Mechanisms of radio- Limits of travel in the Z axis

focus

Step (1 step of the step motor )
Limits of turning round the axis Z
Turning step

Limits of travel in the X and Y axes

Step ( 1 step of the step motor )

Mechanisms of optjcal Limits of travel in the Z axis

focus

Step (1 step of the step motor )

Limits of turning round the axis Z

10”
+75 mm
10 mcm
+50 mm
10 mcm
360°

1°

+35 mm
10 mcm
+50 mm
10 mem

360°

Turning step

10. Automatic control system

Error of guidance and support
Total number of electric drives

digital
Including: laser

servo- systems
Number of digital sensors angle-code
Error of sensors angle-code
Number of control panels

Number of observation panels

N W N NN O

The central control unit carries out in the manual and | guidance, support, scanning, applications, adjustments,

automatic (computer) modes:

Control panel Radio-1 carries out:

Control panel Optica-1 carries out:

Observation panels Radio-2 and Optica-2 carry out:

11. Radio receiving equipment

control and indication, communication

scanning, adjustments, control and indication, control of
servicing systems
fine correction, adjustments, control and indication,

control of servicing systems

registration of signals, indication, selection of the signal

processing modes in the computer, control

Wave length, mm/ Frequency, GHz

Radiometers of ROT 2/138
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Self-noise, K 6400 1900 2300 100 260 200

Sensitivity K (at 7 =1 sec, Tu=300K) 0.3 0.1 0.06 0.02 0.16 0.2
Free transmission range, MHz 1000 1000 3800 800 25 14
Path length to the focus, mm 164 241 221 250 250 250

Stream sensitivity, (W/m?*Hz)*10-%

16.5 5.5 B 1.1 8.8 11
(at Se=500 m?)
Nonlinearity in the dynamic range 25 dB, dB  0.03 0.03 0.03 0.03 0.03 0.03
Input VSWR 1.3 1.2 1.15 1.1 1.1 1.1

These conventional, uncooled radiometers were manufactured in the All-union Scientific Research Institute of

Radio-physical measurements under the leadership of Paris Herouni.

12. Storage of time

Frequency and time standard 91-69

Nominal value of the output signal frequency 5 MHz, 1 MHz, 100 kHz
Relative error of output signals by frequency within the limits +2*10°1
Relative systematic change in frequency in a day within the limits 21710

13. Servicing systems

Underground pipe to drain water from the bowl:

diameter 1m
length 120m
Snow removing system:

number of heaters with fans (under the main reflector) 60
total power 1 MW
average number of snowing days in a year 20
Number of lifts 3
Folding platform to the radio focus 1

lighting, washing of the main reflector,
communication and messaging, cryogenics,
. o measurements, control of covers of the
List of other servicing systems: . .
optical telescope, photo guides, and cameras
of optical focus, blinds, etc., waterworks,

weather station, geodesic points, etc.

14. The ranges of view and the time of observations

The critical aspect angle o, is determined by the touch-down of the used and geometric apertures. However, in

practice, certain losses of the area (up to 10%) may be acceptable for the sake of increasing that angle.
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Calculations show that the increase of the critical angle in degrees is numerically equal to the approximate loss of
the area in percentage terms.

The possibility of observing these or those celestial sources with the given tool is determined by the view ranges
of the antenna, the width of the installation site ¢, the source declination, the angle of the possible inclination of
the tool towards the south on the whole from Zenith in the plane of the local meridian 1.

The useful time of observation of the given source depends on the same factors, considering that it is not
accepted to work at low dispositions of the source over the horizon as in the thick of the atmosphere with strong
gradients, a substantial absorption of the signal and distortions because of the refraction take place. That is why,
the sources are usually observed at angles 10-20° (and even 30°) above the horizon.

The mentioned facts refer to both the radio-range and the optical range of the electromagnetic radiation.

In case of ROT-54/2.6, ¢ = 40°,3p = 15°,2 o, = 120°, i.e. there is an effective possibility for observing the
sources with declinations from 8=-35"to 6=+85°. The sources located “lower” than the pole, towards the north
horizon in the zone “inaccessible” to observation by ROT, after some time, rotating around the polar axis, will
enter the zone of the ROT-54/2.6 observation themselves. Besides, having a gimbal, but not the azimuthal
mounting system, ROT does not have a “dead” (“blind”) zone around the Zenith point as its axes look at the
points on the horizon line, and these points are outside the observation zone.

The observation time for the sources with declinations from 6=-34" to 6=+84" ranges from 3 to 11 hours a day.
The current state of the systems ROT-54/2.6

Electromechanics:

The state of the mechanical systems of the radio-telescope is satisfactory. It is necessary to maintain some
irregularities in cardan system.

The accuracy of the surface of the small reflector has remained unchanged (RMS error = 60 mcm).

The accuracy of the panel surface of the antenna’s main radio-reflector and the accuracy of the reciprocal array
of the panels have deteriorated, thus alignment and adjustment works are required.

The motors of the gimbal mounting system installed on the antenna operate normally. The small motion motors

at the bases of the tripod legs, the radio-focus and optical focus corrections are in the working state.

Control systems:
Most electric drives, digital sensors, and servo-systems are out of order. All the control and observation panels

need to be replaced. Many cables, connecting the units of the antenna with the controlling building are lacking.

The computer system needs to be updated. It is necessary to develop new software products.

Radio equipment:

At present, the radiometers are inoperative. In case of further application, it is necessary to reconstruct and
repair the entire radio-receiving system.
Electronic digital acquisition system:

Digital acquisition system is lacking. There is a device of analogue acquisition (recorder).

Stabilization systems:
The ruby frequency standard is in an operating state. However, it is necessary to renew the cable system and to

develop up-to-date transformation devices. The hydrogen standard is out of order.
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Optical telescope:

The cables connecting the control systems of the reflector cover, video-guides, and the video-camera with the
control board are lost.

Because of the impossibility of opening the telescope cover mechanically (it is opened only by an automatic
command from the control board), it is not possible to estimate the surface of the reflector.

The cooler of the reflector is lacking.
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ROT-542.6 facilty after completion of the
project described above;

Supuubng;

wgushnsy EVN-h buplpummigiudph
odullnulnpynin b huwwbbhnpdn’ EWN-h Yonshg
uinbadiusd ganduinludiut dbhuwbhqdbbph b
wpwlpnhlywlstinh hengnd:

St Susbwlihglbng hududuybby B pugaby nwby

observational infrastructure through the
‘operational mechanisms and practices
‘established by the EVN.

The meeting’s participants agreed to accept as
and a starting-point of the

bruinus wndbpbén U
bluuplyushls e 500 000 tuneyhg ns pund s

Lunbihg Snindhgn L28g, o undonuwpun sunhnwunnunuulh
bl 2ubwgandiul Swhuut in gapdanacpl wiwphU
dby

it s £
ounhuibng L Ubpanduss wpdbph 10%-p:

Ujlnuasbiagbp. wwwnhu o u n wBh b, puds

opblynh thanngh wwwwwummwuq
Enl mnqpLbrng

Lbnbe, Sl g3, in VLBH h owbmusghot

‘evaluation of the project investment at the level
of up 10 500 kEuro.

Leonid Gurvits noted that a “rule of tomb” for
annual operational cost of a radio astronomy
facilty during the first decade of its operations
is at the level of 10% of the total capital
investment cost o the facilty.

Homever, he warned that this is no mare than
an estimate; the actual value should be based
on factual assessment of the facily and might
vary in both directions.

Leonid Gurvits stressed that the experience of

huuslyungh wnbrdduls (nndp whtunwashbhnnbl establishing an operational VLI facity
gl ghunpu U invariably leads o cresting 3 favourable
hudwp environment for development of national mukti-
Uy ksl gyl bttt ranging from fundamental astrophysics to
hunugninnepyodibg Uhbsl S8, biblynpabilugh, planetary science and space exploration 1o

relevant technology spin-offs in T, electronics,
i, atc.

s wy:
Chnaqus gnpdonnipgmiblbn’ Action items:
1) Ubugh 2018p-f wuynhih 1- Uplhly Uwspguyabp JIVE-h 1). Arevik Sargsyan to provide to EVN CBO via
Uhgngn. JIVE the.

g, g Ugspuanng £ 105426
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luph (TOG)
Lwnnuwpbins Uigueling:

Cubbugdass Vi € munidshpt 101-542.6
MWW‘NMW‘- hnalih U nbnubph (h6uwlp. Umpmagity
¥ nwd

m:n»un 6 awnfnousnhlywliut nhunbh EVN
bbby P dbngulyy Sheuaguts gubgh

The aim of the meeting was 1o inspect the current
state of the ROT-5472.6 facity and of the site, and
to design and organize further joint work in
achieving by the ROT-5472.6 technical capabities
compatible with the EVN operations.

and

2018p-h dupunh 7-hts Supunabh Uogubl
e

wnbsough Ui EVH 4 JVERL: Lo opp

JIVE at the National Polytechnic Universit of
Aml.nilﬂ'ﬂmhma.ﬂn'-wm&].l
8roup of the meeting's participants visited the ROT-

ungtybl £ NO-542.6-h inbruiipg: 5426 site for an in situ inspection
huusnusnnud £ waguiht bufuugh Developr

sy ondbng Luguanaly il bbb NO-542.6  intention to undertake a national project, The
nunhnounblywlyst ol EVN partes are aiming to achieve operations!
wnhohtanbn$bnadtnnulyul Shewaqushl gulgh ‘compatibility of the ROT-5472.6 faclty with the

hunbunpbihoguli: Uy, bnabp plingdbght'
* bnuwahi H0'-542.6 nunhnougshiuiuls phavuli
huiuglb npw dwlpwnnuwl dhgwaquahth' qBpbpluin

EVN. In particular, they stressed their intention to:
* reconstruct the ROT-54/2.6 to the level
compatible with joint radio sstronomy

puwquyny Panbr$bnndbunbnad (VLBI) (Very Long Baseline Interferometry, VLSI)
the
Vpwnaluboh husdup EVN' husduul wl specifications worked out jointly with the
EVN and JIVE;

o
EVNIVE-h Lbnluswgnighybbnh nndhg husdwnbin;
bbby <Bpndine Ybbuapnb;

‘establish Herouni Center.
render and obtajn assistance in a form of

* gmguphnby 4 winitug N0 ROT-5426
ruanh 203 wpuligniml JVE & EVN TOG- nndhg reconstruction project from JIVE andior
unphnquandaiayul wtiugny; EWT0G;

* grigupbn L by « render and a

asbiip: group in Armenia;

* gmguptinty b wnubiu) wpwlgnipn N0-542.6
nunhnounahlyulpud nhoslh EVN
AanhahnbpEradbnnwlLl Shewagusht gubigh
bbbyl qnppUpwgh ansulLbpnd
wdUwlpuqdh Jbpugnmwaniul hudup:

Lbnuhn, Seihgn haubnhugbuls danbulhgbbnhl dnfuwbgby
EVA-h W JIVE-h pundn hbmwpnopdunusndip H01-542.6
numhrouunhlywlau nhuwlh hon Yudwd Ybank
Ul UBARY huutibe hungna: Vwubudapwiybu, bu
E"w\hq IVEh ujunnpusnwluinggnin

* render and get asistance n training of
personnel which will be involved in EVN-
compatible operations of the ROT-542.6
facilty.

Leonid Gurvits conveyed to the participants of the
meeting the high interest of the EVN and JIVE in
achieving the goals of the ROT-54726 as described
above. In particular, he stressed the JIVE's readiness.
o

wgwhnuby Bt w Ywhuwgdnu dhewaquil * assist in organising international

Iunphpnuwadniguls Yuqwlbpundp: ﬂxnm.uy 10 the project described above;
« hhdugand dbnght 5 P . the project-

Uhuwguwd wunnunhuwpwbbbipng Uwlwanhy related VLBI-specific mstrumentation

\spgaandud pbpwgbl dhéuwlp:
2 IVE-p (Lnube, Srendhag) 2018-h dugha widpl
Gwpatuahp

Apri, 2018.

2). JIVE (Leonid Gurvits) to present 10 the next
EVN CBO meeting in May 2018 a request o the

VoYl «Supnaith . *“Jurisdiction Armenia’” Foundation for
hbdbwnusdh huwpgnedp’ wndwpdtind dpwash addressing project implementation items
Drwlputbusgleats oty Ytnbng: described above.
3) Sl wbnhumdsbn, Yobplanby, 3. Further mestings, contacts, exchange of
nbnblyanenprals oo, U wi: information, etc
—— s qunqugls i
Uananalbh Uuhununngpnl awnnnhunbn$epmibonhuh hudwbinmywlul
“Cusunuh g Puunpuaun - JIVE
y o VLB ERIC - JIVE
the Republic of Armenia

“Jurisdiction Armena” Foundation

Uzoun Vgt o
By Ashot Aslanyan, CEO

Lainbha Snundhg, pusdb nblyuuwn
By Leonid Guryits, Head of Department



oae April 13th, 2018
Ourreterence  PV/18.0005
Contact peron Prof.dr.ir. P.N.AM. Visser
Tekphajx 431 (0)15 272595
Emal  P.n.a.m.visser@tudelft.nl
subeet  radio-optical telescope ROT-54/2.6

Mr. Ashot Aslanyan
Foundation Jurisdiction Armenia

<7
TUDelft

Delft University of Technology

Faculty of Aerospace Engineering
Astrodynamics & Space Missions

5a Mher Mkrtchyan Str. Visiting address

YEREVAN 0010 Kluyverweg 1

Armenia 2629 HS Delft
Postal address
P.0. Box P.0. Box 5058
2600 GB Delft

The Netherlands

http://wvevi.Ir.tudelft.nl/as

Dear Mr. Aslanyan,

1t gives me great pleasure to express our support to the developments related to the
scientific and technological legacy of Academician Paris Herouni. In particular, we are very
encouraged by the Intention to resurrect the radio-optical telescope ROT-54/2.6. As we
have learned recently, there is intention to establish a new entity, the Herouni Center as a
research and educational organization. We find this intention timely and very promising.
Based on the information made available to Prof. Leonid Gurvits during his recent visit in
Armenia, the ROT-54/2.6 facility is In the state that makes its upgrade to an operational
state very feasible, especially its radio segment. Such the operational facility with a 54-m
radio reflector could play an important role in advanced radio astronomy studies, in Very
Long Baseline Interferometry (VLBI) regime in particular. The near-field modification of
VLBI known as Planetary Radio Interferometry and Doppler Experiment (PRIDE) would
benefit significantly from Involvement of ROT-54/2.6 In VLBI observations in the interests
of planetary and space science.

1 would like to also stress the educational potential of the ROT-54/2.6 facility. Space
sclence and astronomy are among most fascinating and attractive science disciplines for
young people. A modern operational facility offering unique opportunities in both radio and
optical domains of the spectrum would serve as a very efficient seed for developing
creativity spreading above and beyond the Immediate area of astronomy and space sclence
research, It will be a natural advanced addition to the well established in Armenia and
accomplished educational facilities, such as the Ayb Educational Foundation and Tumo
Center for Creative Technologies.

1 would like to wish every success in establishing the Herouni Center and upgrading the
ROT-54/2.6 facility, and look forward for prospective collaborative opportunities in the
near future.

Yours sincerely, o
iV
i Lyt
i

Prof.dr.ir. P.N.A.M. Visser
Head Astrodynamics & Space Missions

Pagefof  1/1
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Memorandum of Understanding

This MOU is made with effect on May 17", 2018 in Armenia and entered into between:

Acronis International GmbH, a limited liability company (Gesellschaft mit beschrankter Haftung) organized
and existing under the laws of Switzerland with its registered office in Neuhausen am Rheinfall, with its
domicile at Rheinweg 9, 8200 Schaffhausen, Switzerland, registered under company number CHE-113.666.835
{hereinafter to as “Acronis")

and

“JURISDICTION ARMENIA” FOUNDATION, a company duly incorporated under the laws of Republic of
Armenia, whose registered office is at 5 Mher Mkrtchyan str., Ministry of economic development and
investments of RA, 514-517 offices (hereinafter to as “JA Foundation”),

Acronis and JA Foundation are each hereinafter also referred to as the “Party” and, collectively, as the
“Parties”.

WHEREAS, Acronis s a leading backup software, disaster recovery, and secure data access provider to
consumers, small-medium businesses, and enterprises. Acronis solutions include physical, virtual, and cloud
server backup software, software-defined storage, secure file sharing, and system deployment. Powered by
the Acronis AnyData Engine, Acronis products provide easy, complete, and safe solutions for data in local,
remote, cloud, and mobile devices.

WHEREAS, JA Foundation specialized in strengthening of economic relations between Switzerland and
Armenia and in attracting investments in the development of high-technology sectors of the Armenian
economy.

WHEREAS, the Parties hereto desire to line up some key activity principles and procedures for the
performance of such joint activities,

NOW THEREFORE, the Parties make the following declarations of their intentions with respect to the Herouni's
Radiotelescope project:

Section 1 - Purpose of the MOU

To point up the mutual interest in Joint project in high technology sector, specifically in the sphere of ICT, on
the basis of a separate specialized legal entity (Herouni Space Center) in Armenia (*Space Center Entity”).

Section 2 - Roles and commitments of the Parties

JA Foundation Intends to initiate the process of establishing of a separate specialized legal entity (Herounl
Space Center) in Armenia.

‘Section 6 - Negotiation of contracts

After the pre-initial phase of the preparation and the preliminary design of the Project, negotiations on the
contract are expected to be started.

Section 7 - Propriatary Information - Confidentiality

In order to ensure the most favorable conditions for the implementation of the joint Project, the Parties are
determined to conclude 3 separate Non-Disclosure Agreement (NDA) In accordance with the established
procedure.

the all information transmitted

Section 8 - Term and Termination/Extension

The arrangements made by the Partners by this Memorandum shall remain in place from May 14, 2018 until
May 14, 2028. the Partners,

Section 9 - Representations and Warranties

Contact person on behalf of Acronis
Name: Robert Schlegel

Title: Director of strategic project and operation

‘Address: 3, Dolgoprudnenskoe sh., PhystechPark, Moscow, Russia
Phone: +7 (495) 6481427, (075376)

Email: rob@acronis.com

Name: Karine Darbinyan
Tite: Chief oerating officer (COO)

Address: 53, Mher Mkrtchyan str., 5* floor, 514:517 offices, building of Ministry of economic development and
Investment of

Phone: +374 (1) 597 160

Email: k darbinyan@]urisdiction.am o info@ jurisdiction.am

‘The Parties undertake not to disclose any Information relating to the provisions of this Agreement without the
prior consent of the ather Party, unless such disciosure s required by virtue of the requirement of the
applicable Law or judicial decision, a5 well a5 the disclosure of confidential information to the subsidiaries and
affiliates of the Parties.

The Parties take into account the sovereignty of the national law of each of the Parties and act in accordance
with the applicable jurisdiction in the specific territory for the implementation of projects arising from this
Agreement.

‘Section 10 - Limitation of Liability

of this Memorandum.
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Subject to a separate agreement to be executed by the Parties, Acronis intends to invest in the Herouni’s

Radiotelescope investment project (hereinafter “Project”) as follows:

a.  For up to ten (10) years Acronis will provide a software-defined cloud storage solution with a storage

limit of up to two (2) TB per day valued at i 00);

b, Acronis may investin required for of the Project; and

¢ Acronis’ investment in the Project may be conditioned on the JA Foundation or Space Center Entity

making a certain independent investment in the Project, or purchasing certain support and maintenance

services from Acronis, or buying certain professional services from Acronis, or making payments for Acronis’
storage solution, or any combi the foregoing.

The Part that notwi thing t y is created
between them by this Memorandum. The Parties intend to work together in the true spirit of partnership to
ensure that there is a united visible and responsive leadership of the Project and to demonstrate financial,
administrative and managerial commitment to the Project.

Section 3 - Exclusivity on Project Basis

Neither Party may assign or transfer the responsibilities or agreement made herein to any party other than the
assignor’s affillates and subsidiaries without the prior written consent of the non-assigning Party, which
approval shall not be unreasonably withheld.

Section 4- Legal effect of

If any provision of this Memorandum Is found to be Invalid or unenforceable for any reason, the remaining
provisions will continue to be valid and enforceable. If a court finds that any provision of this Memorandum is
invalid or unenforceable, but that by limiting such provision it would become valid and enforceable, then such
provision will be deemed to be written, construed, and enforced as so limited.

This may be ded
under this Memorandum.

In writing, If the writing is signed by the party obligated

This Memorandum constitutes the entire Memorandum between the parties relating to this subject matter
and supersedes all prior or discussions, and
whether written or oral.

f this that:

Itis mutually agreed upon by and among

a To the extent determined by a separate written agreement between the Parties, Each Partner will
work together in a coordinated fashion for the fulfillment of the Project.

b. To the extent determined by a separate written agreement between the Parties, each Partner will
participate in the development of the Project.

< Nothing in this Memorandum shall obligate any Partner to the transfer of funds. Any endeavor
Involving reimbursement or contribution of funds between the Partners of this Memorandum will be handled
in accordance with applicable laws, regulations, and procedures. Such endeavors will be outlined in separate
agreements that shall be made in writing by representatives of the Partners involved and shall be
independently authorized by appropriate statutory authority. This Memorandum does not provide such
authority.

d. Notwithstanding anything to the contrary, this Memorandum is not intended to and does not create
any right, benefit, or trust responsibility.
3 This Memorandum will be effective upon the signature of both Partners.
f. Any Partner may in this i
notice to other Partner.

liability by providing written

Pag.2

Section 11 - Governing Law

This Memorandum shall be construed in secordance with the laws of the Republic of Armen

Section 12 - Natices

Ay notice or communication required ar permitted undar this Memerandum shall be sufficieatly given if
delivered In person or by certified ma, raturn receipt requested, ta the address set forth in the opening
paragraph or Lo $uth othar address as ang garty miay Nave furniihed to the ather in writing

, the
MOU affective as of the date indicated on the first p
Acranis Intemational GmbH
Signature:

Printed:  SEAG]

Title:

Bate:

hecata have, through

Biractor Tile:  Executive dir

May 7%, 2018 Date: May 17", 2018
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1.9. ANNEX 9

Expert opinion of independent expert Kees Van Klooster on the state of the ROT-54/2.6 radio-

optical telescope

From: Ir. MSc. C.G.M. van ‘t Klooster Voorhout, 27 Sept 2018
Antenna Specialist, formerly with European Space Agency (ESA) in Estec, Noordwijk, The Netherlands

ROT 54/2.6

This report presents observations made with pictures explaining a status. There is a main issue to be repaired and
carefully inspected (cardan suspension of assembly carrying optical telescope and sub-reflector). Its feasibility of
repair is a very important task to be realized as soon as possible. Only then, the sub-sequent tasks can be carried
out, like new cabling, control and calibration of angular control. This report describes the importance of the
repair in the contaxt of the telescope status.

The details provided about ROT 54 are in the attachment. Many more observations and pictures are available.
The main observation related to the cardan suspension is important here.

The radio-telescope exploits a fixed spherical mirror and a secondary mirror, which is dimensioned such that a
secondary focus is created in a location in which a radio frequency feed is mounted.

The secondary mirror assembly with its supporting structure and 3 struts has a weight of 130 ton. The turning
structure consists of the sub-reflector (15 ton) and total counterweight (12 ton + 6 ton for the optical telescope
and additional counterweight respectively). The cardan bearing is 20 ton mounted on top of 3 supporting struts
of each 12 ton. The struts are not straight but curved. This is beneficial for the allowable angular range. It has an
electromagnetic benefit as well: the diffraction of the plane wave is spread out and does not form diffraction
cones as severe as would be the case for a straight support.

Mass figures are broken down, but it requires a verification. It is clear that there is a loading on the axes in the

cardan suspension, which is heavy. It must be precise as it determines pointing of the beam.

Fig. 1 - Views from Nord towards South with the church in village “Teger” on the Nord-South line
Fig. 2 - Schematic view East - West (ICAP 1989, P.M. Herouni “The First Radio Optical Telescope™)

igiasi

CONTROL HOUSE

AXIS of
SYNNETRY

ROTATING
STHUCTURE =

Picure 3 of 1cal ROT=32/54/2.6
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The counter-ballast is usefully exploited with an optical telescope pointing into the same direction as the radio
beam. It realized the first radio-optical telescope, explaining the short notation ROT 54/2.6 for the diameters of
the main radio spherical mirror and the optical telescope mirror.

A particular important, main property of the spherical reflector is that it is fixed in the ground. No need for “a
homologous designs” or “Finite Element Method” optimization for an accurate and light supporting construction
as for a steerable main reflector. The main spherical reflector has a surface error which follows from a budget
comprising mainly the error in the installation of the panels and the actual panel surface errors. The latter main
reflector surface error is not subject to any deviation during a pointing operation of the radio telescope in

principle.

The Main Spherical Reflector and Panel Configuration

The main-mirror is mounted on concrete, fixed in the ground (Fig.2). The radio optical telescope ROT 54/2.6 has
a 54 m non-movable spherical reflector, consisting of some 3800 panels of ca 1 by 1 meter (3700 m”"2 = 2pi r"2
for a half-sphere 004580 m”2 for R=27m): some panels are larger. Panel mounting is on 4 tuning screws: panel
errors at the rim are larger by a ratio (panel size)/(screw separation).

All panels are made of aluminum-magnesium-zinc alloy. Eventually the absorption and emission coefficients for
such material is needed in a thermal distortion analysis to assess gradients in temperatures, but this is for later.
Steel mounting rods and panels are assumed to be well thermally conductive.

Panels are milled towards a spherical shape with a final error at panel level of +10u. With a radius of 27 meter
and a panel sizing of 1 by 1 meter, the deviation of a flat panel from a spherically milled panel is 27000000*(1-
cos(n)), with n=1/54 (1/2m at 27 m, assuming a 1by1l m panel) or about 4.63 millimeter.

With 180 panels in the upper rings there is an adaptation with such machining to circular shape. If it was a flat
panel, the periodic deviation would equal 4.63/2 mm = 2.3 mm peak-peak across the panel and “sqrt(2) more in
diagonal sense. It would be e= 2.3/(sqrt(3))=1.328mm across. (If we assume a uniform error distribution for
convenience). It is a good first estimate order for rms, to be refined.

For a minimum wavelength Amin =20 * 1.328 it results that such a reflector would still be reasonably good at X-
band (one could have used flat panels up to ~ X-band or 30 mmm wavelength), provided the panels are “perfectly
mounted” perpendicular to the radius of main reflector. It shows perspective for higher bands !! In other words, a
panel surface accuracy might be no issue below X-band, but the panel setting accuracy in terms of “rms” should
not exceed a smaller value. How much? It depends.

The error in the panel setting can be much smaller obviously, given a systematic required spherically shaped
panel surface. Accordingly the reflector would allow operation up to millimeter wave regime.

Given a secondary mirror of 75 meter diameter and about ~+60° subtended angle, a small feed would be needed
at centimeter wavelength below X-band (no allowance for a long feed-horn) resulting into a secondary pattern
with a higher first side-lobe due to a predominant main aperture distribution with its maximum shifting towards
the outer radius (relative high first side-lobe near to — 10 a -15 dB. At low frequency accommodation has to be
complied with.

The panels have been precision milled with +10 p rms on a carousel-milling machine. All separate panels are
mounted on a metal tube which is anchored into the concrete below the spherical main reflector. The distance
between the 4 bolts is approximately 30 centimeter. Accordingly an error in the setting of a bolt of +15u would
be magnified by a factor 2 to 3 at the panel edge to say ~+45p.

Accordingly an estimate can be made for a total rms surface error for the spherical mirror.
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A very suggestive observation is made from the reflection of the Sun into the reflector. Panels are machined in a
systematic manner leaving observable rings on the panel surface. The sun reflection observed over a number of
panels is indicative for a reasonable good panel setting, because of the regularity of the characteristic sun
reflection over more panels, caused by the separate panels and additionally a diffraction behavior in the optical
domain due to circular rings observed at panel level (manufacturing process). An example is shown in Fig. 4.
Slightly tilted panels could be found in this way.

Fig. 4 - The Sun reflected from spherical mirror.

An Indicative regular pattern from panel to panel results with a small
white band on each panel. The orientation of such band varies
gradually from panel to panel and is a reasonable indication that even
today the panel setting might well be acceptable for operation in the
centimeter wavelength regime. Displacement of the bright location
varies over time due to Sun movement or by walking around the main
reflector rim...

Obviously, a refined measurement approach has to confirm precise

details, with a laser in the center of the half-sphere.

Fig.4 shows also the small platform on which the RF feed assembly has to be mounted.

Clearly, the access to the RF front-end is a situation to be taken into account, when considering the illumination
of the secondary reflector. One should not go too much below 5 GHz, possibly 3 GHz (A=10 cm), given the
physical sizing of even low-gain RF-feeds and accommodation needed. Given such observations, the spherical
mirror would be in a reasonable status even today for centimeter wavelength observations, with perspective for

higher frequencies.

The sub reflector surface and secondary RF platform

The surface of the sub-reflector is shaped according to a precise required geometry (spherical aberration
correction) and a location to be precise with respect to the main spherical reflector. The claim of inventing such
correction has been made at the same time by Dr. P. M. Herouni and by specialists involved in the Arecibo
reflector. With a perspective for utilization up into the millimeter wave regime, the ROT 54 radio telescope can
be “electrically “larger than the Arecibo antenna.

The RF feeding point has to be located accurately with respect to the sub-reflector geometry. Being a low-gain

RF feeding point, not much deviation in the RF coordinates is allowed. It has to be within about +0.1 a 0.2 A.
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This needs verification. It would be as a crude estimation +3mm a +6 mm in X-band. It is clearly more
demanding in the millimeter wave regime. It demonstrates the criticality of a precise cardan suspension needed
and bending aspects (already addressed in the book of P. Herouni) as function of pointing for higher frequencies.
Resulting deviations can be decomposed into statistical and systematic deviations, to be entered in calibration
tables. This is for future work.

The sub-reflector assembly and its revival of control capability
It is noted that the total mass of the tripod support and movable mass is 71 ton, resting on 3 positioners as strut
support locations with a total of 130 ton with a major loading of the south strut due to the off-zenith direction of

the main axis of symmetry.

Behavior of the beam direction due to systematic gravity influence

The movement of the secondary reflector provides a beam direction by putting it into a desired direction (0-180)°
for a main-beam into direction 0°, the angles measured with respect to the symmetry axis of the spherical
reflector. The main symmetry axis is oriented towards a direction +25° to “South” leaving 15° with respect to the
local zenith at 40°, the latitude of the location of the telescope. A beam pointing is available from 35° elevation
(“South”) to 85° elevation (“Nord”).

All pointing deviations are due to bending and pointing errors of the movable structure of the sub-reflector. Such
errors are in part systematic and can be calibrated. Given the mass and length of the pendulum-like structure this
will be important. Given the off-zenith symmetry and loading of the “South” support strut, there will be a
systematic behavior in the calibration table for angular errors due to (linear) bending.

A useful area of 32 meter diameter is selected from the spherical reflector. With a secondary reflector correcting
the spherical aberration an aperture of 32 meter with a blockage of “6 meter diameter is available, to be
illuminated by a spherical small feed over ~"+a°, with o leaving a little bit illumination thus side-lobe control.
Given the aperture blockage and o towards a=60°. Room for side-lobe control is limited an needs optimization
(efficiency is high). The first side-lobe is 7-15 dB. The effect on the pattern has been investigated already (ICAP

paper P. Herouni 1989) and particular choices of RF illuminating feeds are related obviously.

The RF front-end equipment

There has been no discussion about RF front-end equipment, neither IF and backend. This subject needs
elaboration. Priority has been given to discussion of the main cardan suspension and its current status.
Reception of a simple but accurate and systematically known beacon signal for propagation measurements
(narrow band CW) might be a very suitable way to assess a large number of error contributions and subsequent
assessment of impact or improvement.

Reception of the Alfasat beacon at 19.7 GHz and 39.4 GHz could be a consideration at a later stage. Relevant
background information about the propagation payload on Alfasat has been provided. Alfasat is positioned at 25°

East in a slightly inclined orbit, thus virtually moving Nord-South daily over a couple of degrees.

A direct reception with a ROT 54 antenna pointed in a fixed position towards the satellite at 25° East would
permit already 1 D pattern cuts, because the satellite is moving in a daily pattern (over ~ +3°) in a systematic
manner. Precise ephemeris data are provided on request (there are sometimes satellite control operations also). In
this way a 1D (quasi) Nord-South pattern could be monitored, nicely related to predominantly one axis in the
cardan system. It would require initial assessment and provision of RF reception capability for the CW signals.

Alfasat propagation payload is available for some time more in the upcoming year and possibly after. The CW
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carriers are rather stabile according to the information provided. Given a stabile 19.7 GHz CW signal, a direct
reception by ROT 54 in comparison with a reception of the same signal with a much lower gain antenna can
allow for holographic measurements. It would provide additional investigation capability and further fine tuning

of the radio telescope.

Recapitulating

The spherical main reflector is in a very reasobale state, with perspective for further improvement

-a- The current status of the control of the sub-reflector and telescope assembly (movable part) is, that there is no
control possible.

The main control room is out of order. Cables have been cut and it is likely that a new cabling is required.
Control capability and associated cabling requires detailed assessment and repair.

-b- There has been no movement of the cardan suspension in the last 6 years.

-c- A main issue is, that one side of the East-West axis inside the cardan housing has a defect control arm.

This needs priority as without a repair there is no control of the East West axis possible. The current
understanding is, that the lever for control of the angle of the latter axis is loose from the axis, with a bracket
with broken bolts. How this has happened is unclear.

-d- A careful inspection is needed.

Just repairing the bracket alone is not a guarantee for a free and smooth and accurate movement of a secondary
reflector assembly (with telescope included) and eventual control. The latter movement is required as the
angular pointing of the RF-beam depends on that movement.

Only after inspection and repair of the bracket and careful mechanism investigation, linear actuators for moving
the East-West axis (and Nord South axis) might again be considered for movement.

Obviously the control capability can only be considered after such a repair and (successful) inspection.

In summary:

As there has not been any movement in the last 6 years, a lubrication of moving parts is important and might not
directly guarantee accurate movement, given a status of materials and movable parts.

Currently the East-West axis is blocked on purpose with welded brackets. It must be inspected the exact status of
the mechanical parts within the cardan suspension, which carried the large mass of more than ~ 30 ton with two
perpendicular axes and a central controllable tube to which on one side the sub-reflector assembly is mounted
and on the other side the optical telescope.

The importance of the latter is also understood from the main criticality of positioning the sub-reflector with RF-
plateau accurately within limits. The stability of the positioning has to be within limits dictated by the allowable
error in the directivity.

The latter positioning error is more critical if a stabile phase behavior has to be realized over an angular interval
of movement, as could be the case for a tracking of a radio source in a VLBI observation. Such phase deviation if
any should be calibrated out for a major part by using calibration tables, based on systematic deviations.

The major ball-bearings have to be inspected.

The major control capability for the heavy sub-reflector + optical telescope is directly important and related to
deviations in precision and is more demanding obviously at higher frequency bands.

Only after a repair of control bracket (west —side EW axis), inspection and preventive actions (lubrication ?) of all
movable parts inside the cardan housing and attachment to struts, the behavior with angle can be derived in

more detail.
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Accordingly an initial operation might preferably be at longer wavelength, for instance in X-band, for which
there is also experience in observations. Possibly the 19.7 GHz beacon of Alfasat is very interesting and

permitting analyses of various error sources with subsequent fine-tuning.

The summary of the opinion states: after correcting the little mechanical defect of the antenna cardan system,
the antenna radio telescope is completely ready to work with short-range santimeters radio waves. Moreover,
the surface of the mirror is excellent even in today's unfilled state, which is proved by the clarity of optical
reflection.

This short report has been written by:

Ir. MSc. C.G.M. van ‘t Klooster

Formerly Antenna Specialist European Space Agency (ESA), technical center Estec, Noordwijk, NL.

Email: kvtklooster@gmail.com

On request some details are given below

C.G.M. (Kees) van ‘t Klooster received an IR-degree in 1978 in Electrical Engineering from Eindhoven
University and a MSc-degree in Space System Engineering in 2001 from Delft University. He is Lifetime IEEE
Member and author or co-author in more than 150 papers.

In 1978 he joined Physics Laboratory TNO as antenna engineer with as topics ferrite phase shifters, waveguide
based phased array antennas and planar near-field testing. In 1984 he joined European Space Agency (ESA-Estec)
in the Technical Directorate covering subjects like antennas for satellite projects (remote sensing and scientific)
including Meteosat, European Remote Sensing (ERS) and other satellites. He was responsible in ESA R+D
contract studies on slotted waveguide antennas, feeds and feed-arrays, SAR- and radiometer antennas in early
and later phases, antenna testing aspects and various activities on and advancement of large deployable antennas
for radio astronomy, remote sensing and telecommunication. He was awarded ESA Douglash Marsh fellowship in
1993, which he spent in Moscow at Lebedev Physical Institute in Radio-Astron space-VLBI project team.
Achievements include initiation of dedicated new panel technology for ALMA with industry (Media-Lario) as a
spin-off from X-ray telescope space technology and initiation of investigations with the institute JIVE into VLBI
tracking of the Huygens probe during its landing on Titan. The work has been realised excellently by JIVE.

After retirement in 2015 he continues part time with antenna activities in universities and some consultancies.
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1.10. ANNEX 10

«<6MNRLNAN URGUSPL ShEREMPULUL UELSMNL» LUKUSTPL UhS
ShSULUL <ULatLUdnN1INdh NPNENhU

«Qwjwunwuh hpwywgnpnigniu» hhduwnpwdp (wjunthbin' <h<) 2017p. ubwywnbdptnhg bwiuwsbnuby
b «&bpniint wqquiht whbgbpwlw Yeunpnts-h (wjunthti'® Yeuwnpnt) unbinddwu b NHOM-54/2.6
wunnwnhnwyh bpwgnpéwnpydwl uwhiwghdp: Lwhiwgdh twwunwlu b duwynpb; b qupguguby
«lbpnunt wqquiht whtiqbipwlwt Yeunpntuy  ghnwwpownpulwt b Gppwlwt  pwbwyniyejwl
Eynhwdwlwpgl Upwaqwdh ghunwluw Yaunpnuh, win pynd’ FOH-54/2.6 nwnhnowwnhlywlwl nhinwyh
hhdwu Jpw:

<< Eynundplwih bwfuwpwpnipjwt hwuduwpwpnipjudp <h<-p dby wdhu wnwy wwwhpty &
Uwluwgdh phqubiu  Ynugbuwinh  dowynwip  dpgnipwih Yupgny  punpws  funphppwndulwl
puytipniejwup: Wn thwunweninep Ywdpnnowlwuwgyh u.p. dwpwnh Jtpehu:

MO%-54/2.6 nwnhnnhunwlh  gnpdwénipiwl,  Yapwagnpdwplbne  huwpwynpnygiwt  Jbpwpbipuwg
nwpwdynn  wublynububiph, hpwlwunpjwu  hbn Yww sniubignn,  wnbwqu ufuw) Gupdhpubiph
onowlwnnipniup  nunwpbgubng  hugwbu bwb Ywawduwpwlwy pwpdp wnwulbpnd <Gpniint
nwnhnnhunwyh whunwubhnyejwl Yepwpbnjw) Ghoun Yupdhp duwynpbint bywwnwyny <h<-p hpwyhpb
£ WbLwnpnuh unbnddwu dpwapht Yhg Fhunwlwl hwuduwdnnny (wjunthtin' &<):

G<-nd pungpywd  BU Cwjwunwuh  <wupwybnnipiwl U wprnwuwhdwuh  wnwowwnwp
ghnuwlwutbp,  nnpnh pwpdpwlwpg  Jwubwgbinubp b wwnbdhwlwl  hwupnpjwu
utipyuwjwgnighgutin: S< wunpwuhl Uhuwnp wbinh niubgwy 2020p. thtwnpdwnph 27-hu:

Q<-p npnokig.

hwuduwpwpl] <h<-hu wwwdhpbp GYpnwywlywt hEnwgnunuwywt  Ynuunpghnwdh  gbptplwp
pwquubtpny nwnphnhunbpbbpndbnphwih hiunphnnunpt (VLB ERIC (JIVE)) hpwlwbwgtb N0
54/2.6 nhnwyh ubplwihu wbtpyuwt  JpSwlh, fpw  JEpwlwiquiwt U hEnwqw
Yhpwnbihnipjw Ybpwpbpjuy ghnwunbfuthwlwb thnp&wputinipynit: Cunhwunip
thnpéwplunipjwl juwwpdwy swiuubkpp hnquint Jepwpbpyu <h<-htt wnwowplynid | pwuwlghy
JIVE-h hbw:
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0.q.1., wpndbunp
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Swpunwpwybnnypjwl I 2htwpwpnipjwu
Cwjwunwh wqquiht hwdwuwpwl

dwhwt Uk hujwt %

n.q.n., wypndbunp

EBpuwuh Ywwh dhengubiph  ghwnwhbunwgnunwywu
htuwnhinnun,

Cw-Nnwwlwl hwdwuwpwu
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Certified ISO9001 Quality Manager,
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Upbpn Wniywt

<< JUU whwntdhynu, wn.g.n., ypndtiunp [/Ll "
Mrwnhnbhahyuwih b Bilupnuhuygh huunhunun
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Updhub Udbwnhujwt

n.q.1., wpndbunp,

Cwjwuinwuh wqguwjhu wnhuinbfuthywywu /
hwdwuwpwuh 7
SGhunwlwl  wptuwwnwlplbph  dwnwjnipyniuubph U /"/6/'

hundwghnt hGwnwgnunniuubph Yeunpnuh whn

Unipbu unipwybpnyw

n.q.n., ypntiunp,

Lwjwunwuh wqquwjhu wnihnbuthywywu
hwdwuwpwuh

SLSUE huunhunnunh Ywwh hwdwlwpgbp, wdphnup
uwinhg

<nyghwuubu Gndgju

\n.q.1., wpnlunp, c./(
Lwjwunwuh wqqujhu wnhwnbuuhlwlywu

hwdwuwpwuh
S4Suk  huuwnpwinunh  Mwnhnuwppwynpnidutiph
wdphnth Juinhs

Uplhly Vwpquywt
n.q.p., ypnptiunp,

Cwjwunwuh waqqwhu wnhwnbuuhywlwu
hwdwuwpwy, /
Qwj-Nuwlwl hwdwuwpwu P .

«bipnunt wqquihtu whbgbpwwl YEuwnpnt» dpwgph
nehwywn

Uwpbu Uwpunhpnujw

n.q.jp., «HLSU SELEHNU» pulybipnipjwl intopbu (/%

Lpwjp Uppwhwdjw /

n. g. p., nnhgkuuwn, 3
Lwjwuwnwuh wqgwjhu wnihnbuthfwywu /
hwdwuwpw,

«Lbpniunt waquiht nhbgbpwlywu Yeunpnuy dpwgnph

nbuthlwlywu nblwdwn

Updwu Pwpinjul

L& nwnhnuwnpnh $tintpwghwih bwhiwguwh
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1.11. ANNEX 11

First image of the Black Hole

Image 1 - First Image of a Black Hole

The Event Horizon Telescope (EHT) —a
planet-scale array of eight ground-based radio
telescopes forged through international
collaboration — was designed to capture images
of a black hole. In coordinated press
conferences across the globe, EHT researchers
revealed that they succeeded, unveiling the first
direct visual evidence of the supermassive black

hole in the center of Messier 87 and its shadow.

The shadow of a black hole seen here is the

closest we can come to an image of the black

hole itself, a completely dark object from which light cannot escape. The black hole’s boundary — the event
horizon from which the EHT takes its name — is around 2.5 times smaller than the shadow it casts and measures
just under 40 billion km across. While this may sound large, this ring is only about 40 microarcseconds across —

equivalent to measuring the length of a credit card on the surface of the Moon.

Although the telescopes making up the EHT are not physically connected, they are able to synchronize their
recorded data with atomic clocks — hydrogen masers — which precisely time their observations. These
observations were collected at a wavelength of 1.3 mm during a 2017 global campaign. Each telescope of the EHT
produced enormous amounts of data — roughly 350 terabytes per day — which was stored on high-performance
helium-filled hard drives. These data were flown to highly specialized supercomputers — known as correlators
— at the Max Planck Institute for Radio Astronomy and MIT Haystack Observatory to be combined. They were

then painstakingly converted into an image using novel computational tools developed by the collaboration.

38|Argument CB



1.12. Annex 12

Ye T R I

TRAINING PROGRAM OF NEAR-FIELD ANTENNA MEASUREMENTS

The purposes of the courses give to students’ basic knowledge on the near-field antenna measurements.

Course descriptions of:

Antenna radiation field zones and make parameters;

Basic method of the antenna measurements in the corresponding zones of antenna radiation field;
Fundamentals of physics of the antenna measurements and its comparison at various scanning and
measurements types in the near field;

The near-field planar measurement theory, theoretical substantiations of potential opportunities at antenna
measurements in the near-field;

The limitation of plane of scan, problems of measurements sampling and measuring probe choose is
considered too;

Besides, of planar raster the plane-polar scanning is stated too;

Algorithms of near-field-far-field transformation at various scanning cases and measurement types;
Comparison of these algorithms on the basis of rapidity, on presence’s degree of the apriori information and
on reliability;

The structure of the near-field antenna automatic measurement equipment and the basic requirements on its
components.

The description of anechoic chamber designs and the requirements;

The more detailed describing of components of antenna near-field automatic measurement equipment: radio-
measuring system, scanning system, control system for automatic measurements and software ;

Requirements on its subassemblies and its possible realizations.

The course is finished by discussion of near-field measurements of the short millimeter waveband antennas. The

description of existing measurement approaches is given. Characteristics of components of system of automatic

measurement equipment of that range are considered.

Course program and time schedule:

Duration of the course 6 days

Zones of .
o Reactive, near and far zones of an antenna.
antenna radiation o ! .
. Characteristics of fields in these zones.
field and its . . . . . |3h
Antenna pattern, directivity, gain, efficiency factor, effective area, noise
parameters
temperature.

Monday
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Methods of

measurement of

Far-field measurement method.
Collimator or compact range method.

Frenel zone measurement method. Near-field measurement method.

antenna L.
) Planar, cylindrical and 3h
parameters and it ] ) ) )
. spherical scanning as scanning types at near-field measurements.
comparison ) . o
Comparison of measurement method depending on antenna directivity,
cost, etc.
parameters
determination accuracy, weather conditions, equipment
Fourier optics concept.
Fundamentals of Doppler beam forming concept.
physic of nearfield |Aperture synthesis concept.
antenna Comparison of measurements with planar, cylindrical and spherical 3h
measurements scanning. Onlyamplitude near-field measurements on various planes
from the antenna and the same measurements on one plane with the
help of two probes as variety of near-field measurements.
Fourier optics concept.
Fundamentals of Doppler beam forming concept.
physic of nearfield |Aperture synthesis concept.
antenna Comparison of measurements with planar, cylindrical and spherical 3h
&  |measurements scanning. Onlyamplitude near-field measurements on various planes
o .
b from the antenna and the same measurements on one plane with the
s . .
= help of two probes as variety of near-field measurements.
Transformation algorithms at different kinds of scanning and
measurement types in case of planar measurements - raster scanning,
i . plane-polar scanning, amplitude measurements on two
Near-field-farfield ) ;
. different planes and amplitude measurements on one plane, but by two
transformation ]
. different probes. 4h
algorithms . ) o ) .
Transformation algorithms at cylindrical and spherical scanning.
Comparative characteristics of algorithms on rapidity, on presence
degree of apriori information quantity about of antenna, on reliability.
The general block diagram of the near-field measurement equipment.
Its component systems.
. The radio-measuring system, its destination, composition and
Design of the : .
. ! requirements on measurement accuracy of amplitude and phase of field
automatic nearfield ] o
amplitude-phase distribution.
antenna . ) L . .
Scanning system, its destination, composition and the requirementson |2 h
measurement )
. scanning flatness.
equipment . . o o
> The automatic control system, its destination, composition and the
§ requirements on probe positioning accuracy.
3 The interface, its destination, composition and requirements on it.
= The data processing unit, it destination and composition.
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Anechoic chambers

The design of anechoic chambers.

Requirements on reflection of electromagnetic waves.

short millimeter

waveband

Designs of initial useful signal transmission lines from the stationary
equipment to a mobile probe.

Designs of radio-measuring systems depending on initial useful signal
frequency range.

Probe positional sensors.

Parameters of electromagnetic waves absorbers, it kinds and materials. |1h
Requirements on thermo-stability, humidity and pressure in the
anechoic chamber.
Estimation of main initial parameters of the radio-measuring system —
signal attenuation up to amply-phase meter input and noise frequency
band of the system.
) ) Transmission lines of reference and useful signals.
Radio-measuring ) o L
Requirements on shielding of transmission lines, on losses and on 3k
system - . . .
Y stability of transmission characteristics by amplitude and phase.
Microwave oscillator and requirements on it by power stability and by
noise performances.
Amply-phase meter. Types of the signal processing.
Requirements on amply-phase meter.
[y . Scanners with horizontal and vertical scanning planes. Frame scanners
v Scanning system
g and T-scanners. 2h
= . . . .
= Drives and carriages of scanners. Requirements on its.
System for Indication system of the probe position. A photo- and opto-sensors.
automatic control  |System for control by scanner drives. System for control by interface. 21
of measurements Requirements on systems.
Software The
software for near- . . .
The software for mathematical processing of near-field measured data. |1h
field measurement
automatic process.
Thermographic method.
Method by using of optical beam scanning of semi-conductor plate
. which is sensitive to the
Near-field
MICROWAVE.
antenna ) )
Mechanical scanning method.
measurement ) o
. ) A feature of scanning systems and it drives.
techniques in the 3h

All course includes acquaintance with near- and far-field antenna automatic measurement equipment.

Acquaintance with a radio optical telescope ROT-54/2,6.
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Estimated Cost of the course (without accommodation) is 2000 Euro per person.
For 5 and more persons the cost will be 1500 Euro per person.

Hotel cost for foreigners — 60 Euro per day.
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