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THE SECOND STAGE OF SOLVING PRIORITY SCIENTIFIC
PROBLEMS ON PRELIMINARY ADJUSTMENT OF THE
RADIO-OPTICAL TELESCOPE ROT-54/2.6

N.H. Hambardzumyan
National Polytechnic University of Armenia

One of the primary tasks for the successful reboot of the ROT-54/2.6 radio-optical
telescope is the alignment and adjustment of the antenna. The initial step in addressing this
involves assessing the current state of the telescope's physical, mechanical, and radio engi-
neering parameters. Once these parameters are accurately measured, they must be com-
pared to the data from the ROT-54/2.6 specifications documented over 30 years ago when
the telescope antenna was first constructed, to determine the scope of work required for
alignment and adjustment. A clear action plan has been established to conduct this work.
Currently, practical assessments of the antenna’s condition cannot proceed, as the telescope
has been transferred to the National Institute of Metrology under the Ministry of Economy
of Republic of Armenia, with which certain disagreements remain unresolved. Before im-
plementing the developed action plan, a comprehensive software package was created, ena-
bling a range of measurements to be conducted in a virtual environment with simulated
results. This software package includes an accurate three-dimensional model of the radio-
optical telescope antenna, along with simulation programs incorporating components that
generate random results within a specific range of measurement errors. Through the practi-
cal application of this measurement method, the software package will expedite the process
of assessing the antenna’s condition, allowing for a more precise evaluation of the required
alignment and adjustment work.
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Introduction. The ROT-54/2.6 radio-optical telescope constructed between
1980 and 1987 by a team led by Academician Paris Heruni operated until 2012.
Afterwards it was preserved and transferred to the National Institute of Metrology
under the Ministry of Economy of Republic of Armenia. Over the years, the radio-
telescope has facilitated numerous astronomical measurements, the reception of
signals from distant radio sources, and several studies related to the antenna tech-
nology [1-4].
It should be noted that during the conservation period, changes in the antenna's
physical, mechanical, and radio-technical parameters may have occurred due to
various intrinsic and biogenic factors, necessitating precise documentation and as-
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sessment. Specifically, one of the support brackets for the east-west axis of the an-
tenna structure failed in 2015 and, instead of being researched and repaired, was
simply welded to keep the axis stationary. Consequently, the small reflector of the
telescope can only move by rotating around one axis.

The successful reboot of the radio-optical telescope will create opportunities
for scientists in Armenia and around the world to study the universe, monitor space
debris, ensure communication with distant space, and conduct many other scientific
investigations [5].

To reboot the radio-optical telescope, it is necessary to carry out the alignment
and adjustment of the antenna. The action plan aimed at accomplishing this work
includes a sequence of several complementary steps. These steps include the crea-
tion of an accurate three-dimensional model, determination of the precise center of
the antenna, and software simulation of the center determination [6].

To verify the precise geometric center of the radio-optical telescope antenna
and the alignment of the rotation axis of the small reflector, two methods have been
developed by Professor A. Sargsyan [5]. The first of the methods designed for de-
termining the geometric center of the large reflector of the antenna, is presented in
an article devoted to addressing the priority scientific tasks of the antenna's align-
ment [7].

This article is devoted to the technology of applying the second method aimed
at determining the center of the sphere and its alignment, as well as the software
simulation.

The problem statement and justification of the methodology. To achieve the
greatest precision in actions and effective operation, it is advisable to divide the
research conducted using the method into clear sequential steps:

e precise determination of the north-south and east-west axes;

e running a metallic invar wire with a diameter length of the circular rigger;
marked every 20 c¢m, over the surface of the rigger, perpendicular to these
axes;

e running perpendicular wires and measuring their lengths five times for
each wire;

e comparing the obtained results with the calculated data.

The first step involves the accurate determination of the north direction with
precision to seconds, which will allow to establish the directions for the antenna
and position the north-south and east-west axes. For measurements taken during
the day, the sole source of light used is the position of the Sun. In nighttime condi-
tions, the position of the Polar Star is used for calculations. Formula (1) is applied
for performing calculations based on the position of the Polar Star:

Hpol = Ogiq — Apol » (D
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where H,,; — star hour angle; 6g;4 - sidereal time; @, ; — right ascension.

Formula (2) is used to calculate the sidereal time:

A Tyrc
Osig = O+ —= + ——UIC__ 2
sid 0" 150 " 100273790935’ 2)

where 6, - is the Greenwich Sidereal Time (GST) at 00:00 UTC; A - is the longi-
tude of the observation point in degrees; Tyrc - is the Universal Coordinated Time
of the observation.

The azimuth of the North Star (Polaris) is determined using formula (3):

sin Hpop

Apor = tan™1(

) A3)

€OS Hpop*sin ¢ —tan §por*cos ¢

where ¢ - is the latitude of the observation point; &,,; - is the declination of Pola-
ris (89.39).

A
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Figll 111 The measurement execution scheme

The precise determination of the geometric north-south axis is carried out af-
ter the determination of the north direction. The second step of the research in-
volves running the invar wire along the surface of the circular rigger in the direc-
tion of the true north-south axis. The diameter of the wire should not exceed 3 mm.
The diameter of the circular riggel is 6 m, and the installation of wire of the same
length is possible thanks to a special opening in the central part of the metallic
frame that holds the small reflector, in the north-south direction. In the east-west
direction, this opening is absent; therefore, the installation of the wire in this direc-
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tion will be carried out in two sections: the wire will be dropped from both sides of
the riggel and secured to the metallic frame by wrapping it around one full turn.

When running the invar wire in the east-west direction, it is necessary to check
the alignment of the wire with the axes twice, for both sides, since, as a result of
passing it around the frame, the field of view is obstructed to the west. Consequent-
ly, when passing the wire from the west, it is essential to make the adjustment by
observing from the frame toward the west, and on the other side, from the frame
toward the east. Prior to running the wire along the axes, a special mark is made at
every 0.2 m length of the wire. After aligning the wire along the north-south axis,
another wire is installed perpendicularly every 20 cm along the length of the wire,
connecting both sides of the rigel to determine the lengths of segments AB depict-
ed in Fig. 1. The lengths are measured from each end of the rigel to the mark at a
distance of 2 meters, taking into account the diameter of the metallic frame carry-
ing the small reflector, data obtained from the passport of the ROT-54/2.6 com-
piled at the time of the construction of the radio-optical telescope [1]. To carry out
the measurements with a theodolite, it is necessary to verify that the angle formed
by the wire is exactly 90 degrees. After completing the measurements along the
north-south axis, similar measurements are taken with the wire laid out in the east-
west direction. Considering the presence of the metallic frame in the central part of
the wire-laying path, the last mark on the wire used for measurement is accepted at
a distance of 2 m from each end.

The results of the study. Measurements are conducted five times for each
mark, after which the measurement results are compared with the calculated data,
and the root mean square error of these measurements is calculated using formula

“):
MSE =~ 5%, (i +¥{)2. @

where y; - the actual value; yl-/\ - the ideal value; n - the number of measurements.
The calculated data presented in the Table are obtained using formula (5):

c= 2Jr?—(r—-h)?, (5)

where c - the length of the chord; r - the radius of the circle; h - the height of seg-
ment.
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Table
Calculated chord length data

Height of Length of chord
segment (m) (m)
0.2 (5.8) 2.15
0.4 (5.6) 2.99
0.6 (5.4 3.6
0,8 (5[12) 4.08
1(5 4.47
1002 (4018) 4.8
1.4 (4.6) 5.08
106 (404) 5.31
108 (4.2) 5.5
24 5.66

After comparing the measurement results with the calculated data and calcu-
lating the root mean square error, the next step is to compare the measurement re-
sults from the first stage of solving the alignment and adjustment tasks [6]. The
simulation created in the first stage represented the determination of the precise
geometric center of the large mirror sphere using the measuring base and the the-

odolite.
Input height and
radius (as const)
> Loop rep!ats every —]
measuri times

Generating measurement results and

pushing into an array

1:

Calculating the mean squared error and differ-
ence between ideal data

C End of the programm)

Figl1211 Flowchart of the programm
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The data obtained from the measurement simulation are compared with the
simulation data from the second stage, specifically when the measuring base and
the theodolite are located on the same side of the ring truss. Along with the angular
dimensions of the measuring base, the lengths of the perpendicular wires of the
ring truss are additionally calculated, which allows for refining the measurement
results obtained by the method of determining the center of the sphere in the first
stage [7].

Thus, the next part of the software for the preliminary alignment and adjust-
ment of the ROT-54/2.6 antenna involves verifying the coincidence of the rotation
center of the metallic frame carrying the small reflector with the actual geometric
center of the large mirror sphere through the generation of simulation data. The
computer program uses the Mersenne Twister MT19937 function [8] to generate
pseudorandom data within a specified error margin. For the method mentioned
in the article, the allowable error probability is set at +0.125%. The simplified
block diagram of the created simulation program is presented in Fig. 2.

Conclusion. The research conducted in this article helped create a more pre-
cise plan for the sequence of actions for carrying out measurements in practice. It
assisted in predicting the probable errors in measurements. The magnitude of the
errors can be input in the simulation as variables, allowing for more flexible calcu-
lations in case of any probable deviations. Considering the dependence of the
measurement results on the initial data, and the fact that all data used in the soft-
ware environment are introduced as variables, it becomes possible to improve the
measurement methodology and automate the calculations of their results in a virtu-
al environment, establishing a connection between several different measurement
outcomes. This completes the assessment of the current state of the radio-optical
telescope's antenna and the scope of work directed at its adjustment.
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no1-54/2. 6 NUYPNOMNShLULUL HhSUUP LULULUL UV ULUrUUL
unuaLucer@ L ruerh LOAROUUL GRUrnfa eNkLe

L.<. Cwdpwpanidjw

N0Y-54/2. 6 nwnhnowywnhywlwu nhwnwlyh hwenn YbGpwagnpdwpldwuu ninnws
wnwouwjhu fuunhpubiphg Gu wuwnmbuwih hwdwwpnwp b Ywpgqupbpnwp: Wn fuunph
(MUl wnwoht  pwyp nwnhnowywhlwlwu nhuowyh  ubplwihu  Jpwlp'  npw
$hghywlwu, dbjuwuhlwywu b nwnhnnbuthjwlwu wwpwdbnpbph quwhwwndu k:
LUoywd wwpwdbiwnpbph Gogphin wpdbipubph unwgnudhg hbnn npwup wuhpwdton k
hwdbdwwnb) nwnhnowwhywlwu nhnwyh wunbuwh Yunngdwt wwhpt' wybh pwu 30
wnwph  wnwyg, lJwqiwd wudwuwgnph  wndjwiubph  hbw, quwhwwbint  hwdwp
hwdwwpdwu  nt Jwpgqupbpdwt  woluwwmwupubpph  dwqwip:  Wn  wofuwwnwuph
hpwlywuwgdwu hwdwp dawyyt| £ hunwly gnpdnnnigyniuutiph wwu: LEpYw pnejwdp
wuwnbuwih ypbwyh quwhwndwu gnpduwywt wotuwwnmwupubph Yuwnwpnwip wuhuwp E,
pwuh np nwnhnoywhlwlwu nhunwyp hwududws £ ph wwh << EYynundhlwgh
wfuwpwpnipjwu 2withwghnnyEjwt wqqwiht huunhwnnunht, nph hbn wnlw Gu dp
owpp wnwpwdwjunuygyniuubp: Uhus dJowyqwd gnpdnnnueyniuubph wwup hpwgnpéndp’
untindyti| £t hwdwihp Spwgpwihu thwebe, npp huwpwynpnienu £ wwihu Jhpunuwg
dhowywjpnid Yuwwpby dh owpp swihnudubp' npwug  wpryniupubph uhdngugdwdp:
Opwgpwiht thwebep uUbpwnnd £ nwnhnoywplwlwu nhnwlyh wuwmbuwh G2gphn
Gnwswih dnnbh  wwwpwuwnnd, huy  swihnudubph updnyugdwu  hwdwp gpyb) Gu
updniyughnt hwdwwpgswihu dpwapbp' swiinwdubph ufuwwuph npnawlh Jhowlwypny
wwwwhwlwlu  wpryniup  gbubpwgunn  Yndwnubuwmubpny: 2wihdwu  wju  dbennh
gnpduwlwu Yhpwndwu nbwpnid dpwgpwiht hwdwihp thwebep Ywpwguguh wunbuwh
Yypéwlyh quwhwwndwu gnpdpupwgp’ huwpwydnpnyeyniu twiny wybih ded dogpuiniejudp
quwhwwnbint hwdwjwpdwup b wpgupbpdwut ninnjwd wofuwwnwupubph dwywip:

Unwugpuyhti pwnbp. nwnhnowywplwlwu nhwnwly, NON-54/2. 6, wuwnbuw,
hwdwwpdwu dbpnnubp:
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BTOPOW D3TAII PEINEHUA NPUOPUTETHBLIX HAYUHBIX 3AJIAY
MPEJABAPUTEJBbHON IOCTUPOBKH PAJTMOOIITUHYECKOT O
TEJIECKOIIA POT-54/2.6

H.A. AMO6apuymsH

IlepBocTeneHHOM 3a1auell YCIEHOro Mepe3aycka paauooNTHYECKOr0 TEJIECKOIa
POT-54/2.6 sBisieTcst 1OCTUPOBKA M HACTPOMKA aHTEHHBL. [IepBbIM 11aroM B pelIeHHH 3TOMH
po0IeMBbl SIBISIETCS OLIEHKA TEKYIIEro COCTOSHMS PaJHMOONTHYECKOI0 TEJECKOIa, ero
(bu3MUECKUX, MEXaHUUECKHX U PaJIMOTEXHUYECKUX TapaMeTpoB. [locie monyyeHuns: TOYHbIX
3HAYCHUH YKa3aHHBIX I1apaMCcTpPOB HeO6XOZ[l/IMO CpaBHUTbL HMX C OaHHBIMU MacropTa,
cocrasieHHoro Oosee 30 yier Ha3al, B MOMEHT CTPOWTEIbCTBA aHTEHHBI, YTOOBI OLIEHUTH
00BeM padoOT IO FOCTUPOBKE U HACTpPOiiKe. [Jis BBIMOIHEHHS 3TOH PaboThl ObLT pa3paboTaH
YeTKU 1iaH JedctBuil. Ha naHHBIE MOMEHT MPAaKTUUYECKOE BBIIIOJIHEHUE OLEHOYHBIX
paboT COCTOSTHMSI AHTEHHBI HEBO3MOJKHO, TIOCKOJIBKY PaJIMOONTHYECKHI TEJIECKOII IepeiaH
Ha XpaHeHHe HannoHaTPHOMY WHCTHTYTY METPOJOTHH MUHHCTEpCTBA 3KOHOMHKHU
PecnyGnuku ApMeHus, ¢ KOTOPBIM HMeeTcs psii pasHorjaacui. B oxxumanum peanusanuu
pa3paboTaHHOro IUIaHa JAEHCTBUIM OBUI CO34aH KOMIUIEKCHBIH IIPOrPaMMHBIA MaKerT,
KOTOPBII MO3BOJISIET B BUPTYaJIbHOW CpEJle BBIIOJIHATD PSIi U3MEPEHUI ¢ UX CUMYJIALIUEH.
[IporpamM-MHBIf TIaKeT BKIOYA€T B CE0S MOATOTOBKY TOYHOM TPEXMEPHOW MOJIEIH
AQHTEHHBI PAMOONTHYECKOTO TEJIECKONA, a JJISl CUMYJIILMNA M3MEPEHHH OBbLIM HallMCaHBI
KOMIOBIOTEPHBIE MPOTPaMMEI, TEHEPUPYIOIINE CIyIalHBIC PE3yNbTAaThl C ONMPEACICHHBIMU
JlMana3oHamMu MorpenHocte usmepeHuit. [lpu npaktTuyeckoM NpUMEHEHUH 3TOr0 METO/a
U3MEpPEHUH NPOTrpaMMHBIA KOMIUIEKC YCKOPHUT IPOLIECC OLEHKH COCTOSIHHS AHTEHHBI,
MIPEIOCTABIAS BO3MOXKHOCTh 0OJiee TOYHO OLEHHTH O0BbEM padOT, HANpaBICHHBIX Ha
FOCTHUPOBKY U HACTPOMKY.

Knrouesvie cnosa: panuoontwueckuit Teneckorn, POT-54/2.6, anTeHHa, METOBI

FOCTHPOBKH.
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