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PAJUOTEJIECKOII
PATAH-600

HNTOI'U PABOTDBI

B 2013 r. pammoreneckonm PATAH-600 paGortam B
mosiHoM o0bemMe (Tabn. 8) B OCHOBHBIX INTAaTHBIX
pexxumMax. HabmoneHus npoBOAMINCH B COOTBETCTBUH C
nporpammamy, npunsateiMu  KTBT  (tabn. 9). B
HaONIONICHUSIX Y4acTBOBAJIM CEBEPHBIM W I0KHBIN
CEKTOpBl aHTEHHBI, MIOCKUN OTpa)kaTelb U BTOPUUYHBIE
3epkaia: oosrydarens Nel (KOHTHHYYM), 00ydaTens Ne2
(pamuonuuun), obmydarens Ne3 (Comnne). [lorepu
HaOTI0IATEIFHOTO BPEMEHH M3-3a MOTOAHBIX YCIOBHH U
anmapatypsl st ooirydatens Nel, Ne2 u Ne3 cocraBmmm
8.8%, 10.1% u 7.4% cOOTBETCTBEHHO.

[TpoBoannucey pabOTHI MO MOAEPKAHUIO OCHOBHBIX
IapaMeTpoB MHCTPYMEHTa HA YPOBHE IPOCKTHBIX, IO
COBEPILICHCTBOBAHUIO  PEXHMMOB  HAOMIOAEHUS U
MOJIEpPHU3AINH [TPUEMHO-U3MEPUTEIHHOMN anmapaTyphl.
M. I'. Munzanuee.
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RADIO TELESCOPE
RATAN-600

SUMMARY OF OPERATION

In 2013 the RATAN-600 radio telescope was operating
in full capacity (Table 8) in normal operation modes.
The observations were carried out in accordance with
the programmes accepted by LTPC (Table9) and
involved the Northern and Southern Antenna Sectors,
the Flat Reflector and secondary mirrors: Feed Cabin 1
(continuum), Feed Cabin 2 (radio lines), and Feed Cabin
3 (the Sun). The loss of observational time because of
weather conditions and equipment failures was 8.8%,
10.1% and 7.4% for Feed Cabin 1, 2 and 3 respectively.

Work was done to maintain the main parameters of
the instrument at the design level, to upgrade the
observational modes and to enhance the receiving and
measuring facilities.

M.G. Mingaliev.

Tabruya 8. Pacnpedenenue Habio0amenbHo20 spemeru mexcoy emopuunvimu sepxairamu PATAH-600 6 2013 2.

Table 8. Observational time distribution between the secondary mirrors of the RATAN-600 in 2013.

Bropuunoe 3ariaHUPOBaHO [Tposeneno Secondary Observations | Observations
3epKajio HaOJII0ICHUH HaOIOACHUH mirror scheduled made
Ne 1: ucrounnku 17184 15667 Ne 1: sources 17184 15667
Ne 2: uctouyHNKHN 8963 8057 Ne 2: sources 8963 8057
Ne 3: ucrouHnKH 5589 4273 Ne 3: sources 5589 4273
Hmoezo: 31736 27997 Total: 31736 27997

Tabnuya 9. Cnucox nposedennvix na PATAH-600 nabmiooamenvuvix npoepamm 6 2013 e.

3asBuTeN b HWHcTuTyT/ cTpana KpaTkoe Ha3BaHHe MPOrPaMMBbI

bepanses 1.B. CAO PAH OcTupoBKa, aHTEHHBIC M3MEPEHHUS

borox B.B. CAO PAH HVi3mepenne napaMeTpoB aHTEHHOH CHCTEMBI

borox B.B. CAO PAH HccnenoBanust Connua

T'opmkos A.T". TAUII MT'Y VccneloBaHye IepEeMEHHOCTH aKTHBHBIX IaIaKTHUECKHX sijiep
Kogasies 10.10. AKIl ®UAH; NRAO, NASA GSFC (CILIA); MPIfR (I'epmanus) HccenenoBanue neHTpanbHbIX o0JacTeil siiep aKTHBHBIX TJIAKTHK
Mydarxapos T.B.. CAO PAH DBOJTIONHUST CHHXPOTPOHHBIX PAANOCTIEKTPOB 00bEeKTOB THIa BL

Lacertae

Iapuiickuii FO.H.
actpoHoMuu (BenukoGpuTaHus)

CAO PAH, AKI|®UAH, HUucruryr H.bopa ([anus); Hucruryr I'enernueckuii Kox Beenennoit

Peiixokaiinen A. DuHIAHIUA

MOHI/ITOPI/IHF SAPKUX MICTOYHUKOB JJIsi MUCCUN IInanx

Cotrukosa }10.B.  CAO PAH

MHoroBosiHOBOE HccienoBanne GPS-NCTOYHNKOB U KaHAMIATOB

CAO PAH; Yuusepcurer Kembpumka (Benukobpuranns);
CNRS (Dpanms)

Cronspos B.A.

HccnenoBanue SZ-3¢pdexra B ckoruiennun A2319

Tpymkun C.A. CAO PAH; SAO (CIIA); CIFS (Uranus);

VYuusepcuter [apuxa (Ppanims)

MOHHUTOPHHT PajinONIePEMEHHOCTH MHUKPOKBAa3apoB
(J1819-254, 1825-14, J1911404, J1915+105, J1956+35, J2032+40)

Table 9. List of observational programs carried out with RATAN-600 in 2013.

PI Institution / Country Short program title

Berlizev I.V.. SAO RAS Adjustment, antenna measurements

Bogod V.V. SAO RAS Measurements of the antenna parameters

Bogod V.V. SAO RAS Study of the Sun

Gorshkov A.G. SAI MSU Study of variability of active galactic nuclear

Kovalev Yu.Yu. ASC FIAN, NRAO, NASA GSFC (USA); MPIfR (Gemany) Study of central regions of AGN cores

Mufatkharov T.V.  SAO RAS Evolution of synchrotron spectra of BL Lacertae objects

Parijskij Yu.N.

SAO RAS, Borh Insitute (Denmark); Cambridge University (UK)

Genetic code of the Universe

Riehokainen A. Finland The Monitoring of Bright Sources during the Planck Mission (Planck
WG6n)
Sotnikova Yu.V. SAO RAS Multi-wave study of GPS sources and candidates

Stolyarov V.A. SAO RAS, Cambridge University (UK), CNRS (France)

Investigation of SZ effect in A2319 cluster

Trushkin S.A.

SAO RAS, SAO (USA), CIFS (Italy), Paris University (France)

Monitoring of microquasar radio variability (J1819-254, 1825-14,

J911+04, J1915+105, J2033+40)
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TEXHUKA U METO/bI
PAAMOACTPOHOMMUHA

IlepeBenenst HOBYIO  DJIEMEHTHyI0  0a3y
MaJIOIIyMsIIHe HEOXJIAXK IaEMBIE TPaH3UCTOPHBIE
YCHIMTENH HAa TETEPOCTPYKTypax - JBa KPHOTE€HHBIX
pagroMeTpa BOAOPOTHOTO YPOBHS OXJAXKACHHS (BOJHBI
2.7 u 3.6 cM). CpaBHEHHE COBPEMEHHBIX YCUIMTENEH MO
IIYMOBBIM XapaKTEPUCTHKAM ITO3BOJIMIIM C/IENaTh BEIOOP B
none3y obopynoBanust HII® «Muxkpan» (r. Tomck).
Ceituac Ha OTOH »dieMeHTHOW O0aze padOTAIOT WAThH
pamuomerpoB PATAH-600, paHee HCMOJIb30BaBIIMXCS B
KPHOTE€HHBIX pexkumax. [Ipu He3HauuTenpbHON moTepe
YyBCTBUTEIBHOCTH CYIIECTBEHHO MOBBIIICHA
SKCIUTyaTallMOHHAs HaJe)KHOCTh PaJUOMETPOB U CHHKEHBI
3aTpaThl Ha UX 00CITyXHBaHHE.

[IpomomkeHsl paboOThl MO0 MOHHUTOPUHTY W HaKOIUICHHIO
uH(OpMaIMK O MOMexXax B HAOIIONATEIbHOM [Hana3oHe
PATAH-600, a Takxe 3KCHEPUMEHTHl MO aJalTUBHOU
¢unbTpanMK NOMEX B YCIOBHSX OypHOTO pOCTa CPEACTB
MaCCOBBIX KOMMYHUKAaIIHUM.

Ha

PAJIMOMETP IOJIHOM MOIIIHOCTHU

HOJ’Iy‘IeHLI MOJIOKUTCIIbHBIC PE3YyJIbTAaThl IIPH OCBOCHUUN

paHee HE MPUMEHSBIIETOCS H3-3a HECOBEPLICHCTBA
JNIEMEHTHOH  0a3bl  pexuma paboThl  pPaJHOMETPOB
CaHTHMETPOBOTO  IMAalla30Ha, KOTOPBI COCTOUT B
perucTpanuyd  MOJHOH  MOIIHOCTH  HPHUHHUMAaeMOro

u3nyuenusi. Cefiuac B OMBITHOW SKCIUTyaTal[ik paboOTar0T
B OTOM PECKUMCE IBa MIPUEMHHKA.

2013 SAO RAS REPORT

TECHNIQUES AND METHODS
OF RADIO ASTRONOMY

Two cryogen radiometers of the hydrogen level
cooling (the wavelengths 2.7 and 3.6 cm) were shifted
to a new element base low-noise uncooled
heterostructures-based transistor amplifies.
Comparison of noise characteristics of modern
amplifies allowed us choosing in favor of equipment
by the Research and Production Company «Mikran»
(Tomsk). Five RATAN-600 radiometers used
previously in cryogen modes are operating on this
element base now. In spite of slight loss in sensitivity,

the maintainability of radiometers increased
considerably, and the service cost reduced.
We continued the work on monitoring and

accumulation of information on interferences in the
RATAN-600 observational range and the experiments
on adaptive filtration of interferences under the
conditions of rapid growth of communication media.

TOTAL POWER RADIOMETER

Positive results were obtained in adoption of a new
mode of operation of centimeter-range radiometers,
which was not used earlier because of imperfection of
the element base. This mode is the registration of the
total power of received radiation.

Now two receivers operate in this test mode.
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Puc. 45. Cnesa - uzmepenmuvie 3Hauenusi CNeKmMpos MOWHOCU 0emeKmopos Ha Hu3Koobapvepnom ouode I[llommixu
(HIBI) u na myuHenbHblX O0U00AX, CHPABA - CPABHEHUE pPeanu3yemol 4y8CMEUmenbHOCmu MOOVIAYUOHHOLO

paouomempa u paouomempa nOJHOU MOWHOCMU

Fig. 45. Lefi: the measured values of power spectra of detectors on the Schottky low-barrier diode (SLBD) and on
tunnel diods, right: comparison of implemented sensitivity of the modulation radiometer and total-power radiometer.

HccnenoBanus pa3inyHbIX IIYMOB B paJuOMETpax, a TaKxke
3JIEMEHTHOH 0a3bl, KOTOpask BKIIOYAECT YCHINTEIBHBIE MOILYIH
(HII® «Mukpan»), HABII (®I'VII HHUIIN «KBAPIL»),
TYHHEJbHBIE 00palleHHbIe JUOABI M ONepallHOHHBIE auto-Zero

YCHITUTEH,

MO3BOJMIN CJIENaTh HEOXKHJAHHBIE BBIBOABI O TOM, 4YTO
OCHOBHBIM HCTOUHHMKOM ryma 1/f sisiercst CBU-nerexrop Ha
HBAII (puc. 45, ciesa), a paJioMeTp MOJHON MOIIHOCTH Ha

The study of different noises in radiometers and the
element base, which includes amplification units

(RPC «Mikrany»), SLBDs (The Institute of
Electronic  Measurements KVARZ), tunnel
backward diodes and operation auto-zero

amplifiers, allowed us drawing an unexpected
conclusion that the main source of the 1/f noise is
the SHF SLBDs detector (Fig. 45, left), and the
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MpaKTHUKE ITOKa3bIBaeT Ha MacmTabax BpeMeHH 10 50 cexyHn
qyBCTBUTEIBHOCTh BBIIIE, YEM MOIYJISIHMOHHBIN paguoMeTp
(puc. 45, cnipasa).

Takum o00pa3om, MOSBHIACh MEPCICKTUBA B Oibkaiiiiee
BpeMs  HE  TOJIBKO  pealu3oBaTh  YyBCTBUTEIBLHOCTH
pamtuOMETPOB, IOOCTHXKUMYIO TOJIBKO IIpU KPUOTEHHBIX
TeMIeparypax, HO U IPeB30iTH ee, mpuieM 0e3 IpUMEeHEeHHUs
JIOPOTOCTOSIINX U CIIOKHBIX B 00CTY)KHBaHUH KPHOCHUCTEM.
ILI. IIuioynes, M.B. [{yeun, A.b. bepaun, H.A. Huscenvckuil,
A.B. Kpamoes, P.JIO. Yoosuyxuii.

MOJEPHU3ANINA CUCTEMbBI CBOPA JTAHHBIX U
YHOPABJIEHUA KOHTUHYYMA

Ha  coBpeMeHHOM  ammapaTHO-IPOrPaMMHOM  YpOBHE
3aBeplIieHa MOJEpHHU3allMs CUCTEMbl cOopa MJaHHBIX U
ynpaBneHust (puc. 46, cieBa) Uig BCEX PaTUOMETPUUYECKUX
KoMILIeKCcOB KoHTHHYyMa Ha PATAH-600.
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sensitivity of the total-power radiometer is in
practice higher than that of the modulation
radiometer on the time scale up to 50 seconds
(Fig. 45, right).

Thus, there appears a prospect not only to
implement in the nearest time the radiometer
sensitivity achievable only at cryogen temperatures,
but even to surpass it without applying expensive
and difficult-to-maintain cryosystems.

P.G. Tsybulev, M.V. Dugin, A.B. Berlin, N.A. Nizhelsky,
D.V. Kratov, R.Yu. Udovitsky.

MODERNIZATION OF THE DATA-GATHERING
AND CONTINUUM CONTROL SYSTEM

Modernization of the data-gathering and control
system on the modern hardware and software level
(Fig. 46, left) was completed for all RATAN-600
continuum radiometric complexes.
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Puc. 46. Cnesa - apxumexmypa HOGOU cucmemvl cOOpa OAHHBIX U YNPAGIEHUs, CHpasa - CNocod pesucmpayuu
OMOENbHBIX NOJYREPUOO08 MOOYIAYUU (OMIONHCEHHOE YUPPOBOE CUHXPOHHOE OeMEeKMUPOBAHUE).

Fig. 46. Left: architecture of a new data-gathering and control system; right: the recording technique of separate

modulation half-periods (delayed digital synchronous detection).

HoBelii moaxol K perucTpauuy JaHHbIX, COCTOSIIUU B
pa3fenbHOIl 3amucH  TOJIYNEepHOJOB MOAYIALUHU (puc. 46,
CIIpaBa), perucTpaly Ha MOCTOSHHOM TOKE U B OTCYTCTBHUE
myma Buja 1/f B camoit n3amepuTenbHO# cuctemMe, o3BOJISIeT:

® YIOPOCTUTH  KOHCTPYKIHIO  pajdOMeTpa, HalpuMep,
UCTIONB30BaTh  NPOTPaMMHYI0  OaJaHCHPOBKY BMECTO
anmnapaTHOM;

® T[POBOAUTH  ONEPATHUBHYIO  JHMATHOCTHKY  COCTOSHHSA
paauoMeTpa;

® CCIIeZIOBAaTh OT/AEIBHBIC Y3JIBI M KaCKaIbl pafuoMeTpa s
BBISIBJICHUSI M YCTPAaHEHUSI UCTOYHHKOB HECTAOMIBHOCTEH.
C mnomompr 3TOW  METOAWKH yOaloch  yCTPaHUTH
TEMIEPaTYPHYIO 3aBHCHMOCTh TaKHX BaKHBIX JJIEMEHTOB
paaroOMeTpPOB, KaK p-i-n aTTEeHIOATOPOB.

IL.T. Ileioynes, M.B. [{yeun, A.b. bepnun,
/.B. Kpamos, P.1O. Yooeuyxkuii.

H.A. Huoicenovckuii,

BOPbBBA C IOMEXAMMU HA
BBICOKOCKOPOCTHBIX CUCTEMAX CBOPA
JAHHBIX

TpaguunoHHBIE CHCTEMBI 00paboTKn
npefHa3HaYeHHbIE JUIS  HM3BICUYCHUS

CHUTHAJIOB,
nHpOpPMAIMN W3

A new approach to the data recording, which is the
separate recording of modulation half-periods
(Fig. 46, right), the recording on direct current
without the 1/f noise in the system itself, enables
us:

o to simplify the radiometer construction, e.g. to
use the software balancing instead of the
hardware one;

e to make the on-line diagnosis of radiometer
state;

e to study separate units and cascades of
radiometer for detection and removal of
instability sources. With this technique, we
managed to remove the temperature dependence
of such important radiometer elements as p-i-n
attenuators.

P.G. Tsybulev, M.V. Dugin, A.B. Berlin, N.A. Nizhelsky,

D.V. Kratov, R.Yu. Udovitsky.

INTERFERENCE SUPPRESSION IN HIGH-
SPEED DATA-GATHERING SYSTEMS

Traditional systems of signal processing meant for
extraction of data from a coming signal, e.g.
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MOCTYMAIOIIET0  CHTHAJNA,  HANpUMEp,  COTJIACOBAHHBIC
GuIbTPHI, PabOTAIOT MO MPUHIMITY PA30MKHYTOTO KOHTYpa, a
MMEHHO, Ha JaHHOM MWHTEpBajJe BpPEeMEHU Juisi 00pabOTKH
CHTHajJa MWCHOJIB3YETCSl TOT JK€ METOJ HE3aBHCUMO OT
pe3ynbTara, HOJTyYeHHOIO Ha MPEALIECTBYIOIEM HHTEpBae.
WHaye roBopsi, MCHONB3YyeTCS MAOMYLIEHHE O TOM, YTO
MCKaXCHUE CHUTHAaja SIBJISETCS M3BECTHBIM M WHBAapPHAHTHBIM
BO BPEMCHHU.

Wnes amantuBHOTO (MIBTpa AN PagHOaCTPOHOMHUECKHX
HaOromeHuit 3akimodaeTcs B ToM, uro obpasery RFI (Radio-
Frequency Interference) curnama, mOTy4eHHBIH OTIEIHHBIM
HE3aBUCHMBIM «KaHAJIOM IOMEXW» J00aBIE€H K JOPOXKKE
IITAaTHOTO NPHUEMHHKA B MPOTHBOIOJIOXKHON (a3e u paBHOM
aMIUTUTYZE.

[TockonbKy pagrOTENIECKON U UCTOYHHK ITOMEXH HE SIBIISIOTCS
NOCTOSIHHBIMH, TO (ha3a M aMIUIMTy/a CHTHala C KaHaia
IOMEXHU  JOJI)KHBI OBITh IIOCTOSIHHO alaliTUPOBAHbBI K
u3MeHsoleiics ammumryae u ¢asze RFI-curnana.

M.I'. Munzanues, H.A. Husicenvckuii.

AHTEHHBIE N3MEPEHUSA

IIpoBenensl pabOTBI 1O H3MEPEHUIO KHHEMAaTHYECKHX
XapaKTepUCTHK paJHaibHBIX BUHTOB CEBEPHOIO CEKTOpa IS
OOHOBJIEHHS 0a3bl JAaHHBIX U YBEJIMYEHHUS KOJINYECTBA TOYEK
nonpaBok. PaGoTel MPOBOAMNHCE €  HCHOJB30BAHHUEM
KOOP/AMHATHO-U3MEPUTENBHOM CHUCTEMBl Ha 0a3e Jla3epHOTo
Tpekepa Tracker3 mpomsBomctBa ¢upmer AP, KOTOpEI,
OJTHaKO, TI0 TEXHWYECKUM XapaKTEpHCTHKaM OKa3ajcsi He
BIIOJTHE MTOJXO/ISIIUM JJIs TOJOOHBIX padoT.

[Tocne mnaHOBOTO peMOHTa NMPHUBOJOB TPYIIIBI JIEMEHTOB
I0)KHOTO CEKTOpa IIpOBEJECHa TIeoje3nyeckas OCTHPOBKA
MIUTOB M0 YTy a3uMyTy W pajguycy. s rocTHpoBKH ObuH
MPOBEIECHBl HM3MEpPEHHs] ITyHKTOB TIeOJe3MYeCKOM CeTH Ha
I0XKHOM CEKTOpe.

CrenmanuctamMu  pupmsl  «IIpomblmieHHass  reoae3us»
BBINOJIHEHB M3MEPEHUS IUIAHOBBIX IIYHKTOB  ONOPHOH
re0JIe3UYECKOM CeTH JUId  OMNpEeZeNeHUus] CTaOMIbHOCTU
HEHTPAJBHOTO  pemepa  paguoTeneckoma.  M3mepenus
MPOBOJMIINCH C HCIIOJIB30BAaHHEM a0COJIIOTHOTO JIa3€PHOTO
Tpekepa Leica AT401 u BBICOKOTOYHOTO TaxeoMeTpa Leica
TDRAG6000. JlazepusiM ckaHepoMm Surphaser poBeAeHO
CKaHMPOBaHWE  MOBEPXHOCTEH  BTOPUYHOIO  3epKaia
oburygaresst Ne2 ¥ HECKOJIBKUX IIIUTOB IUIOCKOTO OTpa)kaTells.

Ilpy mnoaroroBke K aBTOKOJUIMMAIMOHHOW OCTHPOBKE
CEBEPHOTO CEKTOpa TMpPOBEIAEHBI TMPOOHBIE  W3MEPEHHUs
[JIJAHOBO-BBICOTHBIX MYHKTOB €ro OIMOPHOW T'e0/1e3NYeCKOn
cetn. CpaBHEHUsI C TPEABIYIIAMHA W3MEPEHUSIMHU TTOKA3aIH
eIMHUYHBIE OTKIOHEHNS He Ooee 0.3 MMm.

[IpoBenena mnaHOBas aBTOKOJUIMMAI[MOHHAS IOCTUPOBKA
9JIEMEHTOB TIJIaBHOTO 3€pKajla Ha I0KHOM M CEBEPHOM
CEKTOpax paauoTesieckona. B pe3ynbraTe I0OCTUPOBKH OTKIHK
aHTeHHbl yBenuuuiicss Ha 20%. BBIIBIEHBI 3JEMEHTHI,
TpeOyIOMmKe OMONHUTEIBPHOTO HW3YyYCHHsS KHHEMATHYCCKHX
XapaKTEPUCTHK.

B.U. ’Kapoe, U.B. bepnuses.
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matched filters, operate on the open circuit
principle, namely, the method used for signal
processing in a given time interval does not depend
on the result obtained in a previous interval. In
other words, it is supposed that the signal distortion
is known and invariant in time.

The idea of an adaptive filter for radio astronomical
observations is that a sample of Radio Frequency
Interference (RFI) signal received by a separate
“interference” channel is added to the channel of a
standard receiver with identical amplitude in the
opposite phase.

Since the radio telescope and an interference
source are not constant, the signal phase and
amplitude from the interference channel must be
permanently adopted to the changing amplitude and
phase of the RFI signal.

M.G. Mingaliev, N.A. Nizhelsky.

ANTENNA MEASUREMENTS

To update the data base and to increase the number
of correction points, the kinematic characteristics of
radial screws of the Northern Sector were
measured. The work was done with the help of the
coordinate measuring system based on the API
laser tracker Tracker3. But its technical
characteristics turned out to be not quite suitable
for such operation.

After the scheduled repair of drives of a group of
elements in the Southern Sector, the geodetic
adjustment of panels in azimuth and radius was
carried out. To do that, the points of geodesic
network in the Southern Sector were measured.

To determine stability of the radio telescope
central reference, specialists of the «Industrial
Geodesy» company measured the horizontal
pointes of geodesic reference network. The
measurements were carried out with the help of the
absolute laser tracker Leica AT401 and the high-
precision tacheometer Leica TDRA6000. The
surfaces of the secondary mirror, Feed Cabin 2 and
several panels of the flat reflector were scanned
with the laser scanner Surphaser.

During preparation to the autocollimation
adjustment of the Northern Sector, the test
measurements of horizontal and vertical points of
its geodesic reference network were done.
Comparison with previous measurements showed
isolated deviations of not more than 0.3 mm.

The scheduled autocollimation adjustment of
elements of the main mirrors in the Southern and
Northern Sectors was fulfilled, which resulted in
the antenna response enhancement by 20%. The
elements demanding additional investigation of
their kinematic characteristic were revealed.

V.I. Zharov, LV. Berlizev.



