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(57) Abstract: The invention relates to the field of creating systems for processing, storing and mining astronomical measurement
data. The technical result is that of improving the efficiency of observational radio astronomy methods by increasing the accuracy of
absolute measurements and accounting for and minimizing the effect of systematic measuring errors of a single instrument (telescope)
and the influence of the variability of non-thermal radio emission from objects on a result. This technical result is achieved using
methods of processing and systematizing simultaneous multi-frequency measurements. The claimed method incorporates steps that
involve the use of. methods of monitoring the systems of a radio telescope and variation in the effective area of an antenna and the
width of the main beam thereof by on-the-fly measurement of secondary calibration standards; a method of eliminating excess noise
using a digital infinite impulse response filter based on a zero-phase Butterworth filter; methods of mining and statistically analyzing
broadband measurements, and methods of measuring instantaneous continuous radio spectra of objects and long-term light curves;
and sets out a method of creating a distributed file system for reliably storing observation data, backing up results and exporting data
between computational nodes of a system.

(57) Pedepar: Mzo0pereHne oTHOCHTCS K 001acTH ()OPMHPOBAHIA CHCTEMEI 00pabOTKH, XPAHCHHA H HHTC/UICKTYTEHOTO AHATH3a
JAHHBIX ACTPOHOMHUCCKHX H3MEpEeHUH. TeXHUUECKHIT PE3yIbTaT - HOBHIMCHAE H(DYEKTHBHOCTH METOI0B HAOTIOAATEILHON PAagHO-
dACTPOHOMHH 34 CUCT IMOBBIIICHUA TOUYHOCTH a0COFOTHEIX HSMGpGHHf[, YUCTd I MUHUMU3AUUHA BIWAHUA CUHCTCMATHICCKUX orrHOoOK
H3MEPEHHI OTHOTO HHCTPYMEHTA (TEIECKOIA) H BIITHIA IIEPEMEHHOCTH HETEIUIOBOTO PATHOM3IIYYCHHA OOBEKTOB HA Pe3yIbTar. Pe-
3YJIBTAT JOCTHTACTCSA 33 CUET METOJAO0B O0PAOOTKH M CHCTEMATH3ALMH MHOTOYACTOTHEIX OZHOBPEMECHHBIX H3MEPEHHH. 3asMBIIICMBII
CHOCO0 HHTETPUPYET B ITOT MPOLECC ITAIEI IMPHMEHEHHS: METOA0B KOHTPOIII CHCTEM PAAHOTEICCKONA - H3MEHEHMS Y(P(eKTHBHOM
TUTIOINAOH U IIHPUHEL TJTABHOTO JICICCTKA AUAT DAMMBI HATPABJICHHOCTH AHTCHHEI ITYTEM ONEPATUBHOTO U3MECPCHUSA BTOPUIHBIX Kauo-
POBOYHEIX CTAHJAPTOB; METOAA YCTPAHEHIA H30BITOYHOTO NIyMa Iy TEM NMPUMEHEHU S U(PPOBOTO (PHUIBTPA ¢ GECKOHETHON HMITYJIbC-
HOH XapaKTepUCTHKOI HAa OCHOBE (puibTpa baTrepBopTa ¢ Hy IeBOH (ha30BOi XAPAKTEPHCTUKOI, METO0B HHTEIUICKTYATIEHOTO H CTATH-
CTHHUCCKOTO aHAIU3d IMHPOKOTHATIA30HHBIX HSMGpGHHfI', MCTOJ0B U3MEPCHUA MTHOBCHHBIX KOHTHHY AJTBHBIX PATHOCIICKTPOB 00BCKTOB
H JOJITOBPEMCHHBIX KPUBBIX OJIECKA; PETIAMEHTHPYET CIIOCO0 CO3TaHUA pachpeaciIcHHOH (HaliioBoif CHCTEMEI 11 HANCKHOTO XpaHe-
HHA JAHHBIX H&6J’HOHGHI/II>1 U PE3CPBHOTO KOMUPOBAHUA PE3YIBTATOB, SKCIIOPTA JAHHBIX MCKIY BBMUC/IUTCIEHBIMU Y 31AMU CUCTCMEL.
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CITOCOB ®OPMHPOBAHUS KATAJIOI' A U3MEPEHUI
I[TAPAMETPOB PAJIMOM3JIYUEHHM S BJIASAPOB

Obnacms mexHuxu

N300peTeHne OTHOCUTCS K oOnacTd (OPMHUPOBAHUS CHCTEMEI
00paboTKH, XpaHEHHS W  HMHTEJUIEKTyaJlbHOrO  aHaliv3a  JaHHBIX
acTpoHOMHYeCKHX H3MepeHHid. Crocod mpeaHasHadeH IS UCIOJIb30BaHMS
KOJUIEKTHBAMH acTPOQHM3UKOB B HAYyYHBIX MCCJIEJOBAHMAX B KadecTBeE
KIIOYEBOTO  MHCTPYMEHTa Ui pellleHMs  3aJa4  HabGmojarensHOM
paguoactpoHoMuu, TpeOytomux: (1) MaccoBoifi 00pabOTKM  JaHHBIX
U3MEPEHUH HIMPOKOIOJIOCHBIX pPaJMOMETPOB KOHTUHYyMa C IIOMOIIBIO
CHEIMATN3UPOBAHHBIX  alropuT™MoB;  (2)  HCIOAB30BaHUSA  METOJOB
ABTOMATUYECKUX pPAaCcYeTOB IapaMeTPOB HETEIUIOBOTO PaJuOU3ITyUYeHUS
00BEKTOB IT0 MX MTHOBEHHBIM M3MepeHUsM Ha paauoteneckone PATAH-600
Ha uvactoTtax 1.1, 2.3, 4.7, 8.2, 11.2 u 22.3 I'Tu ¢ npuBjic4YeHNEM AAHHBIX
BHELIHUX KaTajoroB ajig OoNbIIMX BBHIOOPOK O1a3apoB, NOJNYyYEeHHBIX B
KpYIHBIX 0030pax ¥ B IIporpaMmMax MOHUTOPHUHIa WHAWBUIYaJIbHBIX
00BEKTOB B paiHOAHana3oHe.

Ipeowecmeyrowuil yposeHb mexHuKu

CymecTBytonime cpencTsa obpabotku U MpeACTaBICHUS
ACTPOHOMHYECKUX JTAHHBIX, HAXOAIIMECSH B OTKPHITOM JIOCTYIEe, CYMMUPYIOT
MHOTOYaCTOTHBIE HW3MEpPEHHUs, NOJYyUYECHHbIE OJHOBPEMEHHO Ha pPa3HbIX
WHCTPYMEHTaX WM HW3MEPEHHsS C OJHOr0 MHCTPYMEHTa Ha OJHON 4acToTe.
Takue cpencTBa  He OPEeNOCTaBNAT  AOCTYyD K TEKyILIUM
IIMPOKOIUANIA30HHEIM W OZHOBPEMEHHBIM JaHHBIM paauoHabmogeHuil, a
MIPENOCTABSIOT U300paKEeHUs CIIEKTPOB/KPUBBIX OJieCKa WJIM JOCTYIl K yXe
OMyOJIMKOBAaHHBIM NaHHBIM HM3MEPEHHi. AHAJIOrOM H300peTeHUs SBIIAETCS
crocob  ¢opmuposanust karanora Multi-frequency Catalogue of Blazars,

packpeITelii B pabotax Massaro u gap. [1-2] (opUTHHaJBHBI TEKCT Ha
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https://ui.adsabs.harvard.edu/abs/2009A%26A....495..69 1 M/abstract C

poctynHo#  pdf-epcueit), Massaro u  ap., 2015Ap&SS.357..75M
(https://ui.adsabs.harvard.edu/abs/2015Ap%26SS.357...75M/abstract).

Karanor coxmepxur xknaccuduxammo 3651 Omazapa, OCHOBaHHYIO Ha
HabmogaTeNnbHBIX JaHHBIX B PaJiM0, ONTHKE U IaMMa-IHama3oHax, COOePIKUT
UX W3MEpeHHs U3 ONyOJIIMKOBaHHBIX JaHHBIX KPYMHBIX 0030pOB,
NpeNOCTaBiIseT CEPBUC IS MOCTPOEHUS W aHanuza kpuBbix SED (spectral
energy distribution). IIpouecc myGnukaiyy Karajaora BKIIOYAeT CTAHIAPTHEIE
aTanbl pa3paboTKy 0a3bl JaHHBIX M IPOrPaMMBbIl, MOAXOASIIUX IS 3arpy3KH U
obpaboTku MOJTy4aeMBIX JaHHBIX. Karaynor pa3MelneH Ha

https://www.asdc.asi.it/bzcat/.

AmnHaynoramu NpEaAIOKEHHOTO criocoba gBiseTCS rpymnia KarajloroB

(https://www.ssdc.asi.it/) Ha moprane [lenTpa manapix Space Science Data

Center (SSDC) Hranesnckoro kocmuyeckoro arenrctsa ASI (Italian Space
Agency), TMpeACTaBISIOMIEM MHOTO(QYHKIMOHAIBHBIA ILIEHTP HAYYHBIX
ornepauuii, 0o06pabOTKU U apXHUBUPOBAaHUS JaHHBIX, OOECIEYHBAIOLIEM
NOANEPKKY HAyYHBIX KOCMHYECKHX MHccHuil. CHcTeMa peau3yeT JOCTYI K
OIMyOJIMKOBaHHBIM JIaHHBIM KPYITHBIX 0030poB Heba B BEICOKOIHEPTETHUSCKIX
nuana3oHax snekTpomarautHoro crekrpa (Swift, AGILE, Fermi, NuSTAR u
AMS), npoBoAUT KpocC-UJEHTHPHUKALUIO OOBEKTOB B pa3HBIX Karajorax,
HOJKITIOYAeT BHEIIHHE KaTajord, pealiu3yeT (QMIBTPAIHI0 H3MEPEHHH [0
snoxaM HalOIoJIeHu, KOHCTpyupyeT KpuBble SED U paccuuThIBaeT uX
XapaKTepUCTUKH.

K HemocTaTkaM BblllI€yKa3aHHBIX KaTaJOrOB OTHOCSTCS: OTCYTCTBHUE
OIHOBPEMCHHBIX M3MEPeHHMH Ha HECKOJBKHX YacTOTax CM-AHalla30Ha,
OTCYTCTBHE IIMPOKOANANa30HHBIX U3MEepEeHUl 61a3apoB B paJiOKOHTHHYYME,
OTCYTCTBHE BO3MOXHOCTH IIOCTPOEHHS KpHUBBIX Ojiecka OOBEKTOB KaTaslora,

OTCYTCTBHUEC BO3MOXHOCTHU IOCTPOCHHA PANUOCIICKTPOB 00BEKTOB KaTajora.
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Takue w3MepeHHs HUCMONB3YIOTCA acTpou3uKaMu Uil MOCTPOESHHS MOJTHON
KapTUHbI IIEPEMEHHOCTH HETEIUIOBOrO H3JIy4€HHUsl aKTHBHBIX SIAEP TajakTHUK
(AMT’), nna ompeneneHUs BPEMEHHBIX 3a/lepKeK MEPHOAOB aKTHBHOCTH H
KOppEJSILMKA IIPOLIECCOB HA pasHbIX 4YacToTax, /Js BbIABICHUS CBS3U
JJIEKTPOMAarHUTHOTO HU3JIY4YEHHS B  Pa3NUYHBIX 00JacTIX OOBEKTOB.
ITogxmroyaeMble  BHEIIHHE paJUOKATaJOrd B  yKa3aHHBIX CHCTEMax
CyMMI/Ip}.IIOT U3MEPEHUSI C pa3HbIX MHCTPYMEHTOB B pa3HbIe JIIOXHU
HaOJIOEHU, YTO He TMO3BOJSET HCKIIOYHUTH Bnnﬂﬁm CUCTEMAaTHYECKHUX
omuOOK OTJIENBbHBIX U3MEPEHHUH U MePEMEHHOCTH HCCIEAyEeMBIX OOBEKTOB Ha
pe3ynbTar.

Packpeimue cywynocmu uzobpemenus

IIpouecc 00pabOTKH KOHTHHYaJIbHBIX W3MEPCHHH paIrOUCTOYHHKOB,
OLIEHKH XapAaKTEPUCTUK UX HETEILIOBOI'O U3Ny4YEHUsI COCTOUT U3 CTaHAAPTHBIX
3TamoB: MepBUYHasE o0OpaboOTKa CHIPBIX pPaJAOMETPUUECKUX JaHHBIX,
NpUMeHEeHHEe  alTOPUTMOB  TIOBBIILIEHHUS  OTHOIIEHUS  CUTHAI/IIYM,
JOKaNnu3alus WCTOYHHKA, U3MEpPEHUE aMIUTUTYIbl M TOJYIIMPUHBI OTKIIHKA,
KaniuOpoBKa M  pacueT CHEKTPaJbHOM IUIOTHOCTH IIOTOKAa, pacyeT
cneKTpaﬁLHLIX XapaKTepUCTHK PaJUOU3TyYEHHUS.

3asgBisieMblil CIOCO0 UHTETPUPYET B STOT npoueéc STamnbl IPUMEHEHHUS:
METOIOB KOHTpPOJISI CHCTEM paJHoTeNecKona - u3MeHeHus 3¢deKTuBHOH
IUIOIIAIM W IOUPHUHBl [JIABHOTO JIEMeCcTKa AuarpamMMbl HaIpaBli€HHOCTH
AHTEHHBl IIyTEM OIEPATUBHOIO W3MEpPEeHHUs BTOPHUUYHBIX KaIUOPOBOUYHBIX
CTaHAApTOB; METOJAa YCTpaHEHHUS H30BITOYHOrO IIyMa IyTEM INPUMEHEHHS
udpoBoro GUIbTpa ¢ OCCKOHEYHOW HMMITYJIbCHOH XapaKTEepPHCTHKOW Ha
ocHoBe (QuiubTpa batTepBopTa C HyNeBod (a3oBoil XapaKTEPHCTHUKOI;
METOJIOB HMHTEIIEKTYyalbHOTO 17} CTaTUCTHYECKOTO aHaju3a
IMUPOKOANANA30HHBIX UW3MEPEHUN; METOJOB U3MEPEHHs] MIHOBEHHBIX

KOHTUHYAJIbBHBIX PaiHOCIICKTPOB O0OBEKTOB H AOJITOBPEMECHHBIX KPHBBIX
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Oiiecka; perjaMeHTHpPYeT CIoco0 Cco3aHus pacrpeleneHHoi daitnoBoit
CUCTEMBI JUIS HAJEXKHOIO XpaHEHWs NaHHBIX HAOJIONEHWH M pEe3epBHOTO
KOHUPOBAaHUS pPE3YyJIbTaTOB, JKCIOPTa AAHHBIX MEXIY BBIYUCIUTEIHHBIMH
y3JlaMl CHUCTEMBI. 3a CYEeT MNPEJIOKEHHOW apXUTEKTYPhl PEeATH3YHOTCS:
orlepaTuBHasi 00paboTka OOJBIIMX MAaCCHBOB PagHOACTPOHOMHYECKUX
U3MEpPEHU OJTHOBPEMEHHO Ha IecTH yactoTax (1.1, 2.3, 4.7, 8.2, 11.2 1 22.3
I'Tu), oleHka CTaTUCTUYECKUX PaIMOCBOMCTB OONBIIMX BBIOOpKH Oiazapos,
CLEHapHUM HacTpauBaeMoOil OOpabOTKM C YYETOM COCTOSIHHSI CHCTEM
paguoTeNIeCKoNa, aKTyalu3allds XapaKTepUCTHK OOBEKTOB C YYETOM HX
TEKYILIETO COCTOSHHS, XPaHEHHE IOJIOBPEMEHHBIX HU3MEPEHMH BTOPMYHBIX
KaIMOpOBOYHBIX CTaHJapTOB. lIpessioxxeHHas apXUTEKTypa obecrneduBaeT
BBICOKUH YPOBEHb COXPAaHHOCTH [AaHHBIX, UX OINEPATUBHOIO YIpaBlIeHUS U
BO3MOXHOCTh HE3aBUCUMBIX BBIYUCIIEHHH OTJENBHBIX y3J10B CUCTEMBI.

3amadei 3asgBILEMOro H300peTEHHMs SBISETCS CO3/[aHHe crocoba
bopMHUpOBaHUS MHOTOYACTOTHOTO  KaTajiora MW3MEpeHUH IapaMeTpoB
paavousydyeHust Oia3apoB IS aBTOMATH3AlMM HAYYHBIX HCCIIEJIOBaHU B
acTpodusuke.

Texnuueckuit  pe3ynbTaT, [JOCTUTAEMBIA MpPU  HUCIIOJIH30OBAHUU
3aSBJISIEMOTO H300pETEHHs, 3aKIIOYaeTCs B TMOBBIIEHUH 3 (HEKTUBHOCTU
METO/IOB HalJIO/IaTeNFHON paiMOaCTPOHOMHUHM 3a CUET MNOBBIILIEHUS TOYHOCTH
a6COJ'IIO”[:HI>IX U3MEpEeHUH, ydeTa 1 MUHUMHU3ALUN BIUSHUS CHUCTEMAaTHUECKUX
OIIMOOK H3MEepeHWH OIHOro HHCTPyMeHTa (Teleckoma) W  BIUSHUSA
MEPEeMEHHOCTH HETEIUIOBOTO PpPaJuOU3NydYeHHsi OOBEKTOB Ha pe3yJbTart.
I'maBHBIM pe3ynbTaToM croco0a SBISETCS MacCOBOCTh, MHOIOYACTOTHOCTh U
OZTHOBPEMEHHOCTh U3MEPEHUH.

OTanuuTenbHOM OCOOEHHOCTBIO IIOCTPOEHHsSI crocoba  sBIsAeTcs
apXUTEeKTypa cHCTeMbl O00pabOTKH, OCYIIECTBISIIONIEH MHOIOIOTOKOBYIO

06paboTKy ¥ KaJuOpOBKY IIMPOKOMOJIOCHBIX [AHHBIX pajHuOMETPOB
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KOHTMHYyMa M CTaTUCTUYECKHM aHalM3 JaHHBIX aCTPOHOMMYECKHUX
HaOmonenut. Slapom cucrems! siBiasiercs Habop PHP-monyneit, xotopsie
aKTUBUPYIOTCA yepe3 BeO-MHTepdelc W BBHIOJHSIOT 3aJa4dd, CBA3aHHEIE C
3any01<01;4 BHELIHUX MporpamMm oOpabOTKH CHUTHAJIOB, C B3aHMOJCHCTBHEM C
HOJIb30BaTeIeM 4Yepe3 BU3yalIM3allMI0 [polecca W TNPEICTaBIeHHUS
pe3yIbTaToB, ¢ B3auMozeicTBUEM ¢ 0a30il JaHHBIX cHCTeMBI Yepe3 MySQL-
cepBep.

TexHUYecKUI pe3ynpTaT AOCTUraercs 3a CYeT OUHOU apXHUTEeKTYpHl
CUCTEMBl M HCIIOJIB30BaHUS paclipe/ieieHHOW (aioBod cucteMbl. Jlus
KaXJ0ro M3 IIaroB Impoiecca oOpaboOTKM W aHaimM3a acCTPOHOMHYECKHX
JNaHHBIX - MOATOTOBKA CHIPHIX MAHHBIX, GUILTpALMS, YOAJICHHE JTHHEHHBIX
COCTaBJSIIOLMX (OHA, BEKTOPHOE CIOXEHHE OJHOMEPHBIX CKaHOB,
JOKanu3aluss M JETEeKTUPOBaHHWE paJMOMCTOYHUKA, KanuOpoBKa, pacyeT
CHEeKTPaJIbHOW IUIOTHOCTHU MOTOKA, KPOCC-UACHTUPUKALMS 00BEKTOB, SKCIIOPT
BHEIIHAX KaTaJloTOB, pacueT CIEKTPATbHBIX XapaKTePUCTHK - Peal30BaHbI
COOTBETCTBYIOIIME AJTOPUTMBI B CHCTEME o6pa6oﬁ<1/1 MHOTOYaCTOTHBIX
OJIHOBPEMEHHBIX aCTPOHOMMYECKUX M3MEPEHUH M HpeI[CTaBJIeHI/IH JaHHBIX B
MHTEPAKTMBHOM Kartajore 6J1a3apos.

3asBiieHHbIA cnoco® (GopMUpOBaHMS KaTajora 0ja3apoB BKJIHOYAET
CIIEeIy¥OLIHUE 3TANbI:

a) ABTOMaTH3MpOBaHHasT  MHOTONOTOKOBas  CHCTEMa  OLIEHKHU
napaMeTpoB paJuOUCTOYHUKOB, HA0IIOAaeMbIX Ha PaIMOMETPAaX KOHTUHYyMa
paguoTeNecKoIa PATAH-600. Ilpencrasnser cobon KOMILIEKC
nporpaMmHoro  obecnedenus (I10), oObemuHsIOmMUA  HporpaMMHBIE
KOMIIOHEHTBI IITAaTHOTO Mmaketa odpaborku Habmonennit PATAH-600 B cpene
Linux - FADPS [3] u T1O, pa3zpaboranHoe aBTOpamMu. AJITOPUTMBI 00pabOTKH
JAaHHBIX peann3oBaHbl Ha s3bikax C u C++. B CHCTEMe HCIIOB30BaHa CYb/[

MySQL AJI1 YHUBEPCAJIIBHOCTH AOCTYIIa K HCXOIHBIM H TIOABIAIOULIMMCH B
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npouecce o00paboTky HaOMIOACHHH HaHHBIM, a TaKkKe IS XpaHEHHs
KOHQUrypalMu CHUCTEMBI, HHOOPMAlUd O KaIHOPOBOUHBIX OOBEKTaX,
XapaKTEePUCTUK pagHOTEJIeCKoNa U PaJdOMETPOB, XPAHEHHUS IIOJYyYEHHBIX
pe3ynbTatoB. CBs3p cucteMbl o00pabotku ¢ CVYDB]J] opranmsoBaHa c
Hcrojib3oBanueM si3plka  PHP.  Jlns  B3auMojeidcTBus ¢ CHCTEMOH
IIOJIB30BATENI0 MpenocTaBieH BeO-uHTepdeiic. B mpomecce o6paboTku
Habmrofarenp 3aaeT BXOJHONW MacCHB JAHHBIX, a TaKke KOHTPOIHPYET BCE
nocienyiome oJramsl OOpabOTKH: OIEHKY KadecTBa HabtoJaTeIbHOro
MaTepvalia, OIEHKH I[apaMeTpOB  KaJIMOPOBOYHBIX  pPaJHOMCTOYHHKOB,
HONy4YeHHe KATHOPOBOYHBIX XAPAKTEPUCTHK pAaJHOTENECKONa M OLEHKH
[IapaMeTpoB UCcieayeMbIX 00BekTOB. OrieHKa MmapaMeTpoB paIdiONCTOYHHKOB
COJEPXKUT IIAru: JIOKanu3alus pagUOUCTOYHHKA;, BBIYMTAHUE JIMHEWHOTO
TpeHIa u (OHOBOU KpHBOH Oosiee BBICOKOrO TOpsAAKa; GUIBTpalds s
NOBBIUICHUST OTHOLICHWS YPOBHS CHUTHAJ/IIYM IIyTeM [PUMEHEHUS
pazpabotaHHoro I1uppoBoro GuiabTpa C OECKOHEYHOW HMITYJILCHOM
XapaKTepUCTUKOM Ha ocHOBe (uibTpa barrepBopra ¢ HyneBoi (a3oBoit
XapaKTEPUCTUKON; BECOBOE BEKTOPHOE YyCpeJHEHHEe OIHOMEPHBIX CKaHOB;
JIETEKTUPOBAaHME CHUTHANIA; PacdeT aMILIUTYAbl M IOJYyLIIMPHHBI IayccoBa
OTKJIMKA' HEMTOABIXKHOIO PaHOTENeCKOIIa Ha MPOXOXKACHUE PaJUuONUCTOYHUKA
Yyepe3 AuarpaMMy HampaBJIeHHOCTH; pacdeT KaJHOPOBOYHBIX 3aBHCUMOCTEH
Ha BCEX YacTOTaX HM3MEPEHWH, MPeACTABISIIOIMX YCPEeOHEHHYIO 3a BpeMs
HUKJIa  HaOmOJeHWd  CyMMapHyl0  3aBHCHMOCTh  KajJuOpPOBOYHOTO
ko3p¢uimenTa 3a arMocepHoe mnoryomeHue u 3PQPeKTHBHOHN IUTOIMAIU
TEJECKONa, KOHTpPOJIb NapaMeTpOB aHTEHHBIX W TIPHEMHBIX CHCTEM IIO
M3MEPEHUSIM BTOPHUYHBIX KanMOpPOBOYHBIX cTaHnapToB [4-7], abconroTHEBIE
U3MepeHHsI 00bEKTOB MO CIIEKTPAIbHOM TUIOTHOCTH IMOTOKA.

0) ®opmupoBaHUe Karajora 051a3apoB ITyTeM 3KCIOpTa IOJy4EeHHBIX

HSMGpCHHﬁ B BHAC DKBAaTOpPpHAJIBHBIX KOOPAWHAT OG’BCKTOB, C18(0).¢ HBMCPGHHﬁ,
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3HAYeHHUH CHEKTPaTbHBIX [UIOTHOCTEH MOTOKOB. OTOXIECTBIEHHE OOBEKTOB
chOpPMHpPOBAaHHOrO  KaTajora 01a3apoB ¢  OOBEKTAMH  KATAJIOrOB
paAroacTPOHOMUYECKUX O0030pOB M OMYOJHMKOBAHHBIX HWHIWUBHIYaJIBHBIX
U3MEpPEeHU OOBEKTOB Ha OCHOBE KpPOCC-MJIECHTH(GHUKAIMH KOOpAHHAT C
3aJaHHBIM OKHOM IOMCKA.

B) VIHTepakTUBHBIN pacueT CHEKTPAIbHBIX MHIEKCOB (CpeIHUX H TIO
UHAUBUIYaTbHBIM 3I0XaM HaONMIOACHUH) ¥ HWHICKCAa IEPEMEHHOCTH Ha
3aadHBIX 4acToTax. JlaHHBIM 23Tam BKJIIOYAET CHEAYIOUIME  IIaru:
UHTEPAKTUBHBIA pacueT paJMOCBETUMOCTH Ha OCHOBE MOMYyYEHHOW cpemHeH
CIEKTpaJbHOM IIJIOTHOCTU IIOTOKA M CIEKTpalbHOro uHaekca Ha 4.7 ITi;
pacyeT CTaTUCTUKU IapaMeTpoB BHIOOPKH 01a3apoB: KOJNUYECTBO U3MEPEHHH,
KPacHOE CMEILEHHe, 3BE3/IHAs BEIMYHMHA, PaJOCBETHMOCTh M PaJHONOTOK;
HOCTPOEHHE KBA3HOJHOBPEMEHHBIX PaJHOCIEKTPOB C YYETOM JaHHBIX
BHEUIHMX KaTaJOroB, IIOCTPOEHHME MHOI'OYACTOTHBIX KpPHUBBIX OJiecka,
¢bunprpanus rpaduyeckux H300paKeHHH MO BpPEMEHHBIM TMEPHOIAM;
peanm3anus 3KCIOpTa JAHHBIX [JIAaBHOW Tabiuubl Karajora ¢ 0a30BBIMH
napaMeTpaMu 6J1a3apoB, BKIIOYAIOIIUMHA W3MEPEHHUS U3 JIMTEPATYPhl, JaHHBIX
m3mepennit PATAH-600, naHHbIX BHEIIHMX KaTajoroB, AAHHBIX pacuyeTOB
CIIEKTPaJIbHBIX HHAEKCOB M MHIESKCOB IEPEMEHHOCTH.

r) Peanuzamus  yHHUBEpPCAJIBHOTO  JIOCTyIa K  HCXOAHBIM H
TIOSIBJISFOIIUMCS. B TIporiecce 0OpabOTKU JaHHBIM, K JaHHBIM JUIS XpaHEHUs
KOH(QUIrYpalluld CHCTeMBbI, HH(pOpMAIUKU O KaJuOPOBOYHBIX OOBEKTaX,
XapaKTEepPUCTUK PAJUOTENECKONa U PaJUOMETPOB, XPAHEHHUS TOMYUYEHHBIX
pesynpTatoB. (CoxpaHeHHe B pachpelelieHHOW (¢ailloBod  cucreme
PEe3yNbTaTOB TPOMEXYTOYHBIX M (PUHAIBHBIX BBIYUCIICHHH CIIEKTPAIBHBIX
IUIOTHOCTEH MOTOKOB, KOOPAMHAT U 310X HabIIoeHuid, rpadudeckux (aitnos
pe3ynbTaToB, CGHOPMHUPOBAHHOIO  Karajora, CoOJepXKallero 3HauYeHHUs

aTpuOyTOB OOBEKTOB.
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Dtanbel  a)-r) MNOBTOPSIOTCA MHOTOKPaTHO JUIS  KaXAOro I[HKIa
HaOMIOAEHUN IS KaXXJAOH YacTOThl W3MEPEHHH JTalbl BOCIIPOU3BOISTCS
OJIHOBPEMEHHO.

K ‘mpenmyniecTBam NpeAsOXEHHOTO croco0a OpraHM3allMM KaTajiora
OTHOCHUTCSI BO3MOXKHOCTH MOJIYYUTh MaKCUMAJIBHO IMOTHYH HWHGOPMAITHIO 00
0o0BEeKTaxX KaTajlora B paluoJuana3oHe, Onaromaps OpraHd3al[dd JOCTyIa K
6azam pmanuerx NED, SIMBAD, VizieR u CATS. DTo mo3BoysieT OLEHUTH
3BOMOLIMI0O OoOBekTa Ha Macmrabax Bpemenn 20-30 ner. IlpeanoxeHnHsril
cnoco® ¢GopMHpOBaHHS KaTajora HalleleH Ha MOJy4YeHHe, aHalu3 u
CUCTEMAaTH3alHI0 MHOIOYaCTOTHBRIX U3MEPEHHUH MapaMeTpOB PaIHON3ITyUeHHUS
OyiazapoB, nmoiy4yeHHBIX Ha dacrorax 1.1, 2.3, 4.7, 8.2, 11.2 u 223 ITn
OJIHOBPEMEHHO, BBIINIOJTHEHHBIX C UCIIOJB30BaHUEM OJTHOTO WHCTPYMEHTA, YTO
NO3BOJIET HCKIIOYUTH BIUSHUE CHCTEMATHYCCKHUX OIIMOOK HM3MEpeHW Ha
NOJIy4eHHBIA pe3ynpTaT. K JOCTOMHCTBY JAHHOTO KaTajiora MOXHO OTHECTH
npeszTaBnehHe U3MEpPEHUH IJIOTHOCTEW MOTOKOB B BHJE KPUBHIX Ojecka W
PaAMOCIIEKTPOB, YTO MO3BOJSIET BU3yallbHO OIIEHWUTH IOBEJEHHE OOBEKTa.
IlpencraBneHHble B Karajore WHTEPAKTUBHBIE pPACUYETHl CIIEKTPAIBHBIX
WUHJIEKCOB U MHAEKCOB MEPEeMEHHOCTH OCHOBAHBI HAa U3MEPEHHUSX, CHEIaHHbIX
OIHOBPEMEHHO (3-5 MHHYT) Ha HIECTH 4YacTOTax, YTO HaeT IPEUMYIIECTBO
UCKIIOYaTh BIIMSHUE IIEPEMEHHOCTH paJuOM3IIyuYeHHs Ha I0ydyaeMble
napaMmeTphl paIuoOU3TydeHHUS.

Kpamxkoe onucanue wepmeorcetl

CyurHocth n300peTeHUS MOSICHAETCS YEPTEKAMH, TIe:

Ha ¢ur. 1 npeacraBieHa CTPYKTypa NPOrpaMMHOIO OOecredeHus
aBTOMATU3UPOBAaHHON CHUCTEMBI OLICHKH MapaMEeTPOB PaTHONCTOYHHUKOB IIO
Ha6moneHHﬁM Ha paguoreneckorne PATAH-600;

Ha ¢ur. 2 npeacraBieHa CTPYKTypHas cxeMa CHCTeMBbl 0OpaboTKH H

(opMHpOBaHHUS KaTajora rmapaMeTpoB paIuOH3IyIcHHS 01a3apoB;
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Ha Qur.3 mpencraBieHa cxeMa alropuTMa OOpabOTKH OJHOMEPHOIO
CKaHa U3MEPEHUH IHUPOKONOJIOCHOTO PaIUOMETPUUECKOTO KOMILIEKCA.

Ha ¢urypax mpuHsTHI clieayronire 0003HaYeHHS:

1 - nonp30BaTeNnbCKUid HHTEPPEIic HA OCHOBE BeO-Opay3epa;

2 - KIIMEHTCKUI cepBep, Ha KOTOPOM MHULIMUpPYeTCcs 00paboTKa;

3 - sapo cepBepa cucTeMbl B Buje Habopa PHP-monyneli, kotopbie
aKTI/IBI/Ip'}’IOTC}I nosp30BaTeNieM depe3 BeOuHTepdeidic U BBIMOIHSIOT
npouexypsl o0pabotku (4);

4 - sranel 00paboOTKM - 3allyCK BHEUIHHX TMPOrpaMM oOpabOTKH
CUTHaja, B3auMOJEICTBUE C MOJIb30BATEIIEM;

5 - MySQL-cepBep ans popMupoBaHus u 00pabOTKH 3aIIPOCOB;

6 - BCTpoeHHas B cucTeMy 0asa IaHHBIX, colepkaias Habop Tabmuw co
CIUCKaMM W IIapaMeTpaMH pPaJUOUCTOYHMKOB, IMOJIeKAIUX 00paboTke B
TeKkyuieM ceaHce; ¢ uHbopmanueit u3 FITS-3aromoBkoB BXOAHBIX (aitios;
¢u3nyeckre mapaMerpsl paTioacTPOHOMUYECKIX 00BEKTOB: SKBATOPHAIIEHBIE
KOOPAWHATHI, aJIbTEPHATUBHOE UM, KpACHOE CMEILEHUe, 3Be3/IHasl BeJIMYUHA,
tun AL cucrema uaeHTUGULIMpPYET OOBEKTHI BXOAHOrOo Habopa HaHHBIX C
o65ema£vm 3TOM Tabnuubl MO0 KoopAuHAaramM ¢ OkHOM 30x30 cexkyHa mo
NpSAMOMY  BOCXOXJIEHHIO U CKJIOHEHHIO; Té6nnua napameTpoB
KaJIMOpPOBOYHBIX OOBEKTOB; TabiHIla MapaMeTpOB AHTEHHBI U pPaguoOMETPOB;
Tabmuna co Ciy)XeOHbIMM KOHCTaHTaMH, WUCIIOJIb3YEMBIMH TIPH peaji3aluu
AITOPUTMOB 00pabOTKH: 3HAUYEHHs pabOYUX OKOH 3ammucel, OKOH BBIYUTAHUA
JUHEHHOro U HellMHelHoro ¢hoHa u JIp.;

7 - D3KCHOPT HUCXOJHBIX JAHHBIX HaOMOJAEHWM U3 apxusa
HaOIO1aTeNbHBIX TaHHBIX B BHae MHorodyactoTHoro RFLEX dopwmara [8];

8 - co3ganme BXOAHOrO HaboOpa JAHHBIX - CIIHCKA OOBEKTOB B 33JaHHOM
WHTEpBaJle IaT W BPEMEHU C YYETOM KOHQUTYypallid aHTeHHBI (CEKTOp

pafNoOTENeCKONa, HOMEP BTOPUYHOIO 3epkKajla) C YYEeTOM aBTOPCTBA
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HablofaTenpbHOM mNporpaMMbl W TpeOyeMOoro 4YacTOTHOrO —[Hara3oHa
HaOJIFOIEHUH

9 - cosmanue HaboOpa CUCTEMHBIX OMIIUHN, KOTOPBIE UCIONB3YIOTCS MPH
UCIIOJTHEHUH aJITOPUTMOM 00paboOTKM CUTHajla, TaKue, KaK KPUTEPHH JIst
OIlpeieNIEHUs] JIOXKHBIX IO OLEHKE HaOII0JaeMoro BpPeMEHH KYJbMHHAIIHH
0o0BeKTa ¥ MONYUIMPUHBl TAyCCOBOTO OTKJIMKA, BBOJA JOMOJHHTEIBHBIX
omMOOK  U3MEpEeHHH INpH  HEOOXOAHMOCTH, PeXHM  IPOLELYPHI
NETEeKTUPOBAHMS CUTHAJA 10 eUHUYHOMY H3MEPEHHIO U 10 YCPETHEHHOMY,

10 - 60K IIOCJIeIOBATEeNbHBIX omepanuil  o0paboTku UG POBOro
pPazroacTPOHOMUYECKOTO CUTHATIA,

10.1 - nokanu3amust HCTOYHMKA HA OJHOMEPHOHW 3alllCH IIyTEM
BBIZIETICHUS 3aJaHHOTO OKHA OTHOCUTEJIBFHO PacieTHOTO ITOJIOKEHHU O0BEKTA;

10.2 - BEIYMTaHKME TUHEHHBIX COCTABJIIONIMX (POHA OMHOMEPHOTO CKaHa
Ha Maciurabe Bcero HaOJIOAEHHUS;

10.3 - BbUMTaHHE COCTaBISIONMX (POHA BTOPOrO HIIM TPETHETO
NopsJIKa Ha MaclITade BBIIEJICHHOTO OKHA MECTA JIOKTH3AI[HH NCTOYHHKA,;

10.4 - npumeHeHue (UIbTpa HIDKHUX 4acTOT (Ha OCHOBE (MIBTpa
bartepBopTa) 1)1 NOBBILIEHHS] OTHOLIEHUS CUTHAN/IIIYM;

10.5- onpenenenyie aMIUIUTY bl CUTHAIAa METOJIOM TaycCc-aHalu3a;

11 - 6ueHKa NapaMeTPOB aHTEHHOW U NPHUEMHBIX CUCTEM IO 00paboTKe
KaIMOPOBOYHBIX HCTOYHHMKOB. TaKHX, KaK IIMpPHHa TIJIaBHOTO JiEMecTKa
nuarpaMMbl HanpaBineHHocTH JIH Teneckoma, w3MmeHeHwe 3¢¢heKTHBHOI
IUIOLLIA I CO BPEMEHEM, U3MEPEHUE X0Aa YCUJIEHUS PaJiOMETPOB;

12 - pacder xanuOpOBOYHBIX 3aBUCHUMOCTEH Ha BCeX 4YacTOTax
HU3MEPEHHI;

13 - pacyer cpeAHMX W/WIM E€IWHUYHBIX 3HAYEHWH CIEKTPaIbHBIX
IJIOTHOCTEM MOTOKOB 3a IIMKJI Ha BCEX YacTOTaX U3MEPEHHH M UX OLIUOOK,

CPCAHUX J3IOX Ha6J'IIO,HeHI/II71, MNOCTPOCHHUE MIHOBCHHBIX PaJIWOCIIEKTPOB U
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KpHUBBIX Oliecka OOBEKTOB, CO3/JaHUE M 3allMCh TaOJIMIIbI U3MEPEHHH 00BEKTOB
IU1s1 SKCTOpTa B 0a3y JaHHBIX HHTEpPaKTUBHOTO KaTaiora BLcat;

14 - 3arpy3ka 3KCHOPTHOHM TabJUIBI B Kartajgor Ha Www.sao.ru/blcat/,

WHTEPAKTUBHBIN pacyeT NapaMeTpOB pajuoU3IyyeHus 0ObEKTOB Ha 3aITaHHBIX
4acTOTax;

15 - oroxnectBiaeHue oO6bekTOB Tabmmupl dtama (14) ¢ obvekramu
BHEIIHUX KaTajJjoroB IIyTeM KpOCC-UAEHTU(UKAIMH OSKBATOPHAIBHBIX
KOOPJIUHAT C 3aJaHHBIM OKHOM;

16 - otoxnecteieHne 00BEKTOB Tabmmiel 3Tama (14) ¢ obGwpekTaMu
6a3oBoro crnucka 0ya3apoB IyTeM KpOCC-UACHTHGHUKAIUK 3KBATOPHAIBHBIX
KOOPJIMHAT C 3aJaHHBIM OKHOM;

17 - UHTepaKTUBHOE TIOCTPOEHME PaJVOCIIEKTPOB H KPUBBIX Gliecka Ha
HECKOJIBKUX YacTOTaX, BU3yaJIU3allusl, IOIKITIOYCHHE BHELUHHAX KaTaloros;

18 - HHTEepaKTUBHOE MOCTPOCHHE TUCTOrPaMM pacipeie/IeHUs BETHINH
U3 [VIaBHOM TaOJIMIIbI KaTajora, pacieT CTAaTHCTUKH, BH3yaJIH3aIlus;

19 - co3nanue Habopa JaHHBIX AJIS SKCHOPTA.

Ocywecmenenue uzobpemenus

Jns ogHO3HA4YHOI TPaKTOBKU IMOJIOXKEHHUM HacTosAIIed 3asBKH HIDKE
NpPUBEJACHBl OCHOBHBIE ONpeNeNeHusl, MHCNOoJb3yeMble IPH  OIKUCAHHH
U300peTeHHUs.

brazapbl - aKTUBHBIE S/Ipa rajlakTUK, PEISITUBUCTCKUM JHKET KOTOPBIX
HampasjieH ONM3Ko Mo Jydy 3peHus HaOmomarens [9], Gnaromaps 3ToMy
O1a3apsl AETEKTUPYIOTCS BO BCEM JHAIa3oHe 3JIEKTPOMATHUTHOIO CIIEKTpA -
OT pafHoOBOJIH JI0 FraMMa-ITy4en.

CrniekTpasibHasl INIOTHOCTH HOTOKA - MOIHOCTh M3/ydeHHUs B MHTEpBae
yactoT 1 I'u, npuHuMaemas miomanakoi 1 M2 3a eTUHULYY BPEMEHH, €IUHUIIA

u3Mmepenus Auckui, 1 An = 10-26 Bt/ M2 I'n.
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AHTeHHasi TeMmmepaTypa - BeIWYMHA, XapaKTEPHU3yIollas MOUIHOCTH
3JIEKTPOMAarHATHOTO H3Ty4YCHHs, TPUHUMAECMOIO AHTCHHOW, 3KBHBAJIECHTHAS
TEMIepaType abCOMIOTHO YEpHOro Tejaa, KOTOpPOe Ha BBIXOAE IPUEMHOMN
CHCTEMBI /JaeT TAKyIO JKe MOIIHOCTD H3JTy4eHHs, KaK HCCIIeAyeMBbli OOBEKT.

Hmarpamma HampaBieHHocTu Teneckoma (JIH) - 3aBucuMOCTH
MOIIHOCTH IPUHMUMAEMOI0o CUTHAJIa OT HallpaBJICHHUS.

RFLEX ¢aiin - RATAN-FLEX daiin, rne FLEX (FLexible EXchange)
- ¢hopmart rubxoro oOMeHa JJaHHBIMU, SBJISIETCS MHOTOYaCTOTHBIM (popMarom,
KOrJja B OJHOM (aille XpaHsATCS [AaHHbIE, MOJy4€HHble Ha pa3HbIX
paaguoMeTpax.

F-dbopmar sBusercs mnogmuoxecTBoM FITS-dbopmara naHHBIX ¥H
npeactaBisger  coOO  OJNHOMEpPHBIM  MaccMB  (BPeMEHHOH  psn),
COOTBETCTBYIOILIMH ONHOMY HaONMIONEHWIO Ha ONHOM ANMHE BOJHBI OIHHM
paauoMeTpoM (B oTiinume oT «MHorodactotHoro» RFLEX-¢dopMara gaHHBIX).

FADPS - mrarHeii mnaker Mopyned — s oOpabOTKM JaHHBIX
IINPOKOTIOIOCHBIX PaTHOMETPOB KOHTHHYYMa [3].

Bropuunble  KanmuOpOBOYHBIE  CTaHAApTBl -  BHETaJlaKTHYECKHUE
PaIMOUCTOYHUKH, HCIONb3yeMble JUIsi aOCONIOTHON TNPUBS3KHA  IIKAJIbI
CIEKTpaJbHBIX  IUIOTHOCTEH  IMOTOKOB,  KOTOpblE  XapaKTEPHU3YHOTCA
CTallMOHAPHBIM PaJMOU3IIyYeHHEM C HM3BECTHOM C BBICOKOH TOYHOCTBIO
CIEKTPAJIIbHOW IUIOTHOCTBIO IOTOKA, TMOJspU3alued H  JIMHEHHBIMU
pasmepamu.

KannbpoBka W3MEpeHHU# 10 CIEeKTPAIbHOM IJIOTHOCTH IOTOKa - Habop
K03 PUIMEHTOB, KOTOpbIE HCIIOJNB3YIOTCS IMpU Mepecdere aHTEHHBIX
TEMIlepaTyp B €IMHMULBl CHEKTPaJIbHOM IUIOTHOCTH IIOTOKA HA BBICOTE
HcclleyeMoro o0beKTa Ha Kaxmod uyactore. KammbpoBouHass kpusas
(balcmqecm oTpakaeT u3MeHeHHe 5(Q(EKTUBHOHU IUIOMAAM TeJleCKona OT

BBICOTEI.
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PaguocBeTHMOCTE - KOJHUYECTBO JHEPIruM, HCIycKaemoe OOBEKTOM 3a
€JMHUIIY BPEMEHH B pagHOIHAIIa30HE B €IUHHYHOM HHTEPBAJE YacTOT, €.
n3Mepenus Br/I'w.

CrekTpalbHEIH HWHAEKC - TIIOKa3aTellb CTEINeHH O B BbIpaXKEHHH

S(v )~v ™, xapakTepu3yIomuil U3MeHeHHe CIEKTPaNbHOMN MIOTHOCTH MTOTOKA
KocMHUecKOro o0bekra S(V ) ¢ u3MeHeHHMeM dYacToThl V. CBs3aH ¢

[IOKa3aTejieM JHEPreTUYecKOro CHeKTpa B pachnpelelieHWH 3JIEKTPOHOB IO
3Hepm;n'vx N(E)=const E” B Teopuu CHHXpPOTPOHHOIrO H3Ny4eHMs, rae y=(o-
1)/2.

AxtuBHble  sapa  ramaktuk  (ASD) - BHEraJlakTH4YECKHUe
PaZiMOMCTOYHHMKH, OOJbIIas JONS  HETEIUIOBOTO  3JIEKTPOMArHUTHOTO
U3JIyYeHHUs] KOTOPBIX ompenenseTcss BKIaAoM siapa. Ilpoucxojsdinye B HHX
IIPOLIECCHl MOIIHOIO JHEProBBIJAEICHUS HE OOBICHIIOTCS aKTUBHOCTBIO
HaxOJSIIMNXCS B HUX OTJENBHBIX 3BE3]l U Fa30BO-TIBUIEBBIX KOMILJIEKCOB.

bazoBas 06paboTka paguoMeTpUIECKOrO CUTHANIA COJEPKUT OCHOBHEIE
ATalbl: CHCTEMa  pErucTpalii  NOPOU3BOAUT  OLEHKY  aMILTHTYJbBI
KaTWOpOBOYHOrO CHTHama Ui Kaxnaoro pamuomerpa. Jlns  ydera
HeCTaOWIBHOCTH YCUJICHUS paliOMETPOB MPUMEHSIETCS KaJIHOpOBKa CHUTHAJA
pazIHOMéTpa, KOTOpasl 3aKiovaercsl B Iojade KaIMOPOBOYHOIO CHUTHAja C
IIOCTOSSHHOM MOILHOCTBIO Ha BXOJ pazu/IOMeTpa‘ OyTeM BKJIIOUYECHHUS
kanubpoBouHoro redeparopa myma (I'11]) B Hagaile ¥ B KOHIlE HAOJIOICHHUS
Kaxzaoro paauoucroyHuka. Momuocts [Tl nocrosHHa W uU3BECTHA B
rpagycax 3KBUBAJIEHTHOM IIIyMOBO# TeMIiepaTyphi (B rpaxycax KensBuHa, K).
B kxoHIe Kaxa0ro HabMIONEHUs CHCTeMa PEruCTPallid MPOU3BOJUT OLICHKY
Benu4nHbBI Ay (B orcuetax ALIIT) - oTkimka pagpioMeTpa Ha KaTHOPOBOYHBIH
curHai ¢ ammautyaod Ty (K). IMapel uucen A ¥ Tryp 3anuchiBaroTcs B
3aronioBok RFLEX-daiina qis xaxgoro pammomerpa. B manpHeimem 3T

OLCHKH TNPHUMEHAIOTC IJIA KaJII/I6pOBKI/I YCHIJICHUA paauoOMETPOB U IICpCBOAA
13
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JaHHBIX * B HaTYypaJbHYIO WIKaJly €AWHUI - SKBUBAJIEHTHYIO IIIyMOBYIO
Temneparypy B rpaaycax KensBuHa. Takxke, cuCTeMa perdcTpalliu
IPOM3BOJIMUT BBIYMCIIEHUE CPETHETO 3BE3JHOIO BPEMEHH, COOTBETCTBYIOIIErO
HaOIIIOEHHIO, TTOJy4eHHOMY B aToMHO#l mikame TAI, u BeIpaxkaeT BpeMs
Hayajla HaOJIONEHHs M BPEMEHHOW MHTEPBAT MEXIY OTCUETAMH B ILIKAJIE
CPEIHEro 3BE3JHOr0 BpeMEHH. ATOMHAs HIKalla BPEMEHH IMOIAEPKUBACTCS
CUHXPOHHU3alMeN 110 CIyTHUKOBOM cucteme GPS.

Hwuxe mnpencraBieHO MoOIIaroBoe omHcaHHE 3asBISEMOIO CIOCo0a,
OIIMCaHUe CXEMBI YCTPOUCTBA, pealnu3yeMoro JaHHOTO crocoba.

HccnegoBanue HETEIUIOBOIO HM3TyYEHUS KOCMHYECKMX OOBEKTOB
TpeOyeT HX OINEpaTHBHBIX HW3MEPEHHH OIHOBPEMEHHO HA HECKOJIBKUX
YACTOTAX B MOMEHT AKTUBHOCTH, BBICOKOM TOYHOCTH aOCOIOTHBIX
U3MEPEHHMM, HaIM4YUsl PaBHOMEPHBIX BPEMEHHBIX PSAOB. OJTO CBA3aHO C
[IOBBILIEHHBIM HHTEPECOM K 0Jia3apaM B CBETE YCTAHOBJIEHHUA CBA3H aKTHBHBIX
Alep TaJIaKTUK U BHETAIAKTUHECKMX HCTOYHHKOB HEHTPHUHO CBEPXBBICOKHX
snepruii (PeV). Jlns wuccinenoBaHus (U3MKM TakoW CBS3H IIOJyYeHHE
UH(OpPMAIMK O HETEIJIOBOM paJHOU3y4YeHHH 6/1a3apoB Ha yacToTax or Ml
1o npecatkoB I'T'h ABseTCs kpaiiHe akTyallIbHOH 3a7adell aCTpPOHOMHH.

Jns  peanmzanuu  crocoba mpousBoauTcs HuMdpoBas oOpaboTKa
aCTPOHOMHMYECKOI'0 CHUTHajla IIHPOKOIIOJIOCHBIX PaglOMETPOB KOHTHHYyMa
PATAH-600 nns m3amepenuii napameTpoB paguonctodHukoB. Ctpykrypa ITO
CHCTEMBl aBTOMAaTH3UPOBAaHHOM OLIEHKH TIapaMeTpoB PaJHOHCTOYHHKOB
o6be/MRTeT IIPOrpaMMHBIe KOMIIOHEHTHl INTAaTHOro Iakera o00paboTKu
KOHTHHYalIbHBIX u3MepeHudd FADPS [3] u nporpammHOe obecmedenue,
paspaboranHoe aBTopaMu. Ctpykrypa ITO cucremsr 06paGOTKH CXEMATHIHO
nokasaHa Ha ¢wur. 1. Jlng peanusauud BeIOpaHa apXHUTEKTypa «KJIMEHT-
cepBep», 00paboTKa MHULIMUPYETCS MOJIb30BaTe]eM Ha KIUEHTCKONW CTOPOHE

yepe3 BeO-uHTEpdeiic (6sok 1, ¢ur. 1) u BemosHseTCS Ha cTopoHe Apache-
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cepBepa (Onok 2, dwur. 1). ApxuTekTypa peaausyeT LIeHTPaIA30BaHHOE
conpoBoxaenne ITO Ha cepBepe. B ciydae HEOOXOOUMOCTH B POJU H
KJIWEHTa, M CcepBepa MOXET BBICTYNAaTh OJWH M TOT € KOMIIBIOTEp.
OCHOBHBEIM S7IpoM cepBepa cuctemsl (650K 3, ¢dwur. 1) sBusercs Habop PHP-
MOJyJIeli, KOTOpble aKTHBHPYIOTCS IIOJIb30BaTeNeM uepes BeO-uHTepdeiic u
BBIMIOJIHSIOT BCE 3a/laud, CBS3aHHbE C MPOLENYpOM: 3allycK BHEIIHHUX
nporpaMMm oOpabOTKHU CHUTHaJIOB, B3aMMOJEWCTBHE C IOJB30BaTeNIEM Yepes3
Apache-cepBep - Busyanuzaums npoiecca obpabotku (6nox 4, ¢ur. 1) u
IIpeICTaBIIEHUs pe3yJbTaToB, B3auMozeiicTBhe depe3 MySQL-cepsep (Omox
5, dwur. 1) ¢ 6a30ii nanHBIX cucTemsl (650K 6, ¢ur. 1). BctpoenHas B cucteMy
0a3a JaHHBIX COJEPXKUT HAOOp TaOIHILI:

BxonHo#i Habop HaHHBIX - CIHCOK PATUOMCTOYHHMKOB, MOZJIEKAIIUX
00paboTKe B TEKYIEM CeaHCe; XPaHWUT BCIO WH(OPMALUIO, NOMYyYEHHYIO W3
FITS-3aroi0BKOB BXOMHEIX (aiijIoB; KITIOUYEBBIM IOJIeM TaOMWIBI SBISIOTCSH
VHHKAJIbHBIE MMEHa HCTOYHHKOB, ONpEIeNsieMble KOOpAWHATAaMH H JaTOH
HaOJIIOIEHUH;

W3BecTHbIe PafHOUCTOYHUKU - pusnyeckue apameTpsl
paHoacCTPOHOMHYECKHX OOBEKTOB 0a3pl JAHHBIX CHCTEMBI: KOOPAMHATHI,
abTEPHATHBHOE MMsI, KpacHOe CMEUICHHE, 3Be3Hast BelTuurHa B R ¢puisTpe 1
tun ASD; cucreMa uaeHTHOUIEPYET 00beKTH BxoaHoro Habopa JaHHBIX C
o0beKTaMH 3TOM Tabmuipl MO KoopAuHaTaM ¢ OKHOM 30x30 cexkyHI o
IIPSIMOMY BOCXOXACHHUIO U CKJIOHEHHUIO;

ITapameTpsl KATHOPOBOYHBIX OOBEKTOB;

IlapameTpsl aHTEHHBI H PaJJUOMETPOB;

CnyxeOHble KOHCTaHTHI, UCIIOJIb3YeMbIe TIPH peain3aiiil alrOpUTMOB
00paboTKH: 3HAUEHUS pabOUNX OKOH 3aIluceil, OKOH BBIYUTAHUS IMHEMHOIO U

HeNmuHelHoro ¢(oHa, MIMPHHA TOJOCHl cpe3a (UIbTpa HU3KHX YacTOT.
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OObpaboTka 1MGPOBOro CHUrHajga HaOMIOAATEIbHBIX JAHHBIX TPOHU3BOIUTCS
SJIpOM CHCTEMEI B Osioke 4, ¢wur. 1.

Ha HaganpHOM 3Tane olieHKU mapaMeTpoOB PaJHONCTOYHHKOB B CUCTEMY
UMIIOPTHPYIOTCSL «CBHIpble» HaOJtolaTeNbHble MaHHbIE PaAHOKOHTHHYYMa
(610okx 7, dur. 2), npeacrapnstomue coboii muorodactotHeie RFLEX daiisl.
JU1s OCTpOEHUS OKOHYAaTEeNbHOTO CHUTHala pajdoMeTpa MpH TEePBHYHOH
00paboTKe BBINIOIHSETCS] €r0 CUHTE3 B BHJE IIOJIyCYMMBI JIBYX OJHOMEPHBIX
BPEMEHHBIX ~ PSZIOB, K&X/bIA M3 KOTOPBIX COOTBETCTBYET  OJHOMY
nonynepuony Moayisuuu paguomerpa [10].

Ha cnenyromem 3tane onpenensieTcs BXOAHOW HaboOp HaHHBIX, OJIOK 8
(dwur. 2) - comepKUT CUHTE3 BBIXOAHBIX CHTHAJIOB PAIHOMETPOB COTJIaCHO HX
TEKyIeHd apXUTEKType, nepecyeT KOOPAWHAT U MPUBSI3KAa BPEMEHHOM IIKaJIbI
Ha 310Xy J2000 115 00BbEKTOB, 3aMOIHEHHE TaOMHUIBI 0a3bl JaHHBIX CHCTEMBI
napaMeTpaMHu 3aroyioBkoB F-¢aitnoB, ¢dopMupoBaHHe TUPEKTOPHIH s
¢u3uUecKoro XpaHeHHs HCXOMHBIX W TPOMEXYTOYHBIX [JAHHBEIX H
OKOHYATEJBHBIX pe3ynsTaToB. Ha 3TOM 3Tane mpou3BOOUTCS aBTOMaTHYeCKas
UACHTADUKALNS PAAMONCTOYHUKOB 10 KOOPJHHATAM C 33JaHHOM TOYHOCTHIO
c Tabnurneil u3BecTHHIX 00BEKTOB. DOPMHUPYETCS CMHUCOK KAIHOPOBOYHBIX
VCTOYHUKOB HaOMIOAATENBHOIO IHKJIA MyTeM HIACHTH(PHUKAIIUH OOBEKTOM CO
cruckoM KainGpoBOYHBIX HCTOYHUKOB B 06a3e JaHHBIX CUCTEMBI.

HManpHelmas o6paboTKka CBOAUTCS K MOJyYCHHIO MTApaMeTPOB JIJIs IBYX
JOTUYECKUX  NOIMHOXECTB:  KJIMOPOBOYHBIX  pPAJHOHMCTOYHHKOB M
ucciefnyeMblx 00bekToB. Js aBTOMaTH3MpPOBAaHHON MpOLEIYpPHI MPH
OOpalleHUH K KaXI0My OJHOMEPHOMY CKaHYy U3MEPEeHUH U3 TaOJHIL JaHHBIX C
CHUCTEMHBIMU KOHCTAHTaMH CUUTHIBaIOTCS (00K 9, ¢ur. 2) mapaMeTpsl s
peau3alyy KaX10ro JeHCTBUS alropuTMa o0paboTKH.

MaccuBbl OByX IOAMHOXECTB (HCCllelyeMble W KaJIuOpPOBOYHBIE

OOBEKTHI) HANPABISIFOTCS B OJHY M Ty )K€ aBTOMAaTU4YecKyro npouenypy (6yiok

16



10

15

20

25

WO 2023/075632 PCT/RU2021/000473

10, dur. 2) oneHKH yKa3aHHBIX MApPaMETPOB, KOTOpPas BKJOYAET: BbIACICHHE
ydacTKa 3alucH, cojJepxauiero paguoucTounuk (6imoxk 10.1, dwur. 3),
BbIIC/IEHAE Ha BHIOpaHHOM y4dacTKe JMHeWHoro TpeHaa (6iok 10.2, dwur. 3), a
Takxke (poHOBOH KpuBoii Gonee BrIcokoro mnopsaka (6nok 10.3, ¢ur. 3). Ilpu
00paboTKe "ycTpaHsercs M30BITOYHBIA IIyM MyTeM NpPUMEHEHHs (HIBTpa
(6n0kx 10.4, ¢ur. 3) Hu3kux yactor (OPHY), B xauecTBe KOTOPOro MpUMEHEH
uuppoBoil GUILTp ¢ OECKOHEYHON MMITYJIHCHOH XapaKTePUCTUKON HA OCHOBE
¢uneTpa barrepBopra ¢ HyneBoit (a3oBoii xapakrepucTHkoi. CBONCTBO
HylneBol  daszoBoil  xapaktepuctuku @OHY obecneuuBaercs myTem
IBYXKpaTHOW (UIbTpallud CUTHajla (UIBTPOM BABOE MEHBINETO IOPSJIKa,
IpUYEM Ilepel BTOPBIM IHaroM (pUIbTpallud NPOM3BOAMTCA «oOpaIeHue
BpeMeHW» MaccuBa JAaHHbIX. [locnme HYU-unmbTpanmmu mpousBoautces
anIpOKCUMAalusl OTKIMKAa Ha UCTOYHMK rayccuanou (6sok 10.5, dur. 3). B
pe3yJbTaTe sl BCEX OOBEKTOB MOJy4YeHbl MCKOMBIE OILICHKH MapaMeTpOB:
aMIUIMTYABl (aHTEHHas Temreparypa 1,) U HOJYIIHPHHBI rayccoBa OTKIIHKA
Ha BCeX IIECTH JUIMHAaX BOJH OZHOBPEMEHHO i . Bce monydyeHHble Ha JaHHOM
sTane 06paboTKM OLUEHKM MapaMeTPOB HCTOYHMKOB 3aHOCATCS B 6a3y MaHHBIX
CHUCTEMBI JUIsl HCIIONB30BaHUS MX Ha clenymooulem srtarne obpabotku. Jlis
KaIHOPOBOUYHBIX UCTOYHHKOB IOJIyYeHHBIE 3HAYEHUSI BHOCSATCS B OTHENBHYIO
TaOJIMIy U TPOU3BOAUTCSA pacyeT KAJIMOPOBOYHBIX 3aBHCHMOCTEH Ha IIECTH
4acToTax i JaHHoro uukia (6iok 11, dur. 2).

IIporpamMHoe  ofecrieueHue I JaHHOTO JTama  00pabOTKH
aBTOMAaTU3HPYeT MPOLECC BbI30BA HEOOXOIUMBIX METOJIOB M IMOJrOTOBKH
BXOJHBIX JAHHBIX JUISl HUX, a TaKKe XpaHEHHE MIPOMEXYTOUYHBIX U BBIXOIHBIX
pesynbratoB. Ilpu 3ToM rpaduueckudt uHTEpdeiic oroOpakaeT BCIO
HeoOxomumylo  uH(poOpManuro: TaOMMIBI C  OIEHKaMH  IapaMeTpoB

PairuOUCTOYHUKOB, HCXOJHBIE K 06pa6OTaHHI>Ie CUT'HaJIbl paIUOUCTOUYHHNKOB.

17



10

15

20

25

WO 2023/075632 PCT/RU2021/000473

Ilocie omnpeneneHUsT OCHOBHBIX XapaKTEPHUCTHUK PaIHMOUCTOYHHUKOB
(nata, aHTEeHHas TeMIepaTypa, CHOEeKTpajbHas IUIOTHOCTh ITOTOKA)
NOJIyYEHHBIE 3HAUYEHUS 3allUChIBAIOTCS B 6a3zy U ¢hopmupyertcs daitn sxcriopra
IUIst 2JIeKTpOoHHOro Karanora BLcat (60k 14, dur. 2), koTopslit 3arpyxaeTcs
B KaTaJIOT MOJIh30BaTeleM.

Ilpoyedypa kanubpoexu uzmepenuii TO CIHEKTPAJIbHON IIOTHOCTH
IIOTOKa JAeTaJbHO pacKpbiBaeTcs. KammOpoBka aMIUTMTYABI HCCIEAYEMBIX
00BeKTOB (6J10K 11, dur. 2) mo crnekTpanbHOHN IUTIOTHOCTH MMOTOKA HU3ITyYEHHUS
IPOU3BOAUTCSI Ha OCHOBE HaOMIOJIEeHWH BTOPHYHBIX KaJTHOPOBOYHBIX
pasuoucTOYHMKOB. CoHCOK  KanrOpOBOYHBIX ~ OOBEKTOB,  3HAYEHHSA
CIIEKTPAJIbHBIX IIOTHOCTEH IOTOKOB, MONpPaBKHA Ha JIMHEWHYIO MOJISPH3AI[UIO
M YIIOBOH pa3Mep XpaHsATcs B 0a3e [JaHHBIX CHCTEMBI M  MOTYT
aKTyalnu3supoBaTeCs  aaMuHUcTpaTopoM cucteMbl. Jlngs PATAH-600
3pdexTuBHas mIomEanb Aegy(h) 3aBHCHT OT BBICOTH HabIIOJAEMOTO
ucroynuka. HaOmomaemast crnekTpanbHas IUIOTHOCTB IOTOKA S, i
OIpeAesisieTcs U3 U3BECTHOTO COOTHOUICHHS:

Sv,viszsza,v/ Aeffsv (h) = 8v (h)Ta,v
rae
: g(h) = 2kAs,(h)
3neck T,, - aHTeHHas Temmeparypa, k - mocrossHHas bombiimana, g(h) -
KO3 OUIUEHT, OTpakaloIUi n3MeHeHre 3¢ GeKTHBHON ILIOMATd aHTEHHBI C
BeICOTOH A. IIpu mocTpoeHNH KanHOPOBOYHBIX KPUBBIX BUAMMBIH MOTOK S i
OT KaJIMOPOBOYHOTO pagUOMCTOUYHHMKA IIEPECUUTHIBAETCS K HMCTHHHOMY
panuonoToky S cornacHo ¢hopmye:
S:gngSv,vis

rre Ko3QQUIMEeHT g, - YUYATHIBAET YIJIOBBIe pa3Mepbl, a KOo3(h(dUIIUEHT g -
TIOJISIPU3ALUIO KaJTMOPOBOYHBIX HCTOYHUKOB. Koaddunpentst

PACCUMTHIBAIOTCS 3apaHee (WM 3aUMCTBYIOTCS U3 JIMTEPATYPhl) H BHOCATCS B
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0a3y [JaHHBIX CHCTEMBI. Y4YeT MNOJSpH3alUd KaJIuOPOBOYHOIO HCTOYHHKA
IIPOU3BOJUTCS COTJIACHO U3BECTHOH opMyire:
gr=(1-p)/2+p cos’(v/2)

31eCh Y - Yron MeXay IUIOCKOCTBIO TOJISpHU3aliy UCTOYHHWKA U aHTEHHBI Ha
chepe Ilyankape. Benwuuna g, siBiseTcs Ko3(QPHUIUEHTOB CBA3M BOJIHBI OT
HCTOYHMKA C aHTEHHOU. [IJI1 HICTOYHUKOB, MONSIPU30BAHHBIX TOJIBKO JIMHEHHO
y=2(A,-Ai), T1i€ @ U | - MO3MLIUOHHBIE YTIIBI IOJIAPU3alMH HCTOYHUKA AHTEHHBI.
B cinyuae, xorma ucciemyemble HCTOYHHKHM HE SBJISIOTCS TOYEUHBIMH,
BBOJMTCsA IIONIPaBKa Ha «KOHEYHOCTB» pa3MepOB HCTOYHHMKA, KOTOpas
MpUHUMaeT 3HaueHus OGoibuie 1 (YrIoBele pasMephl HCTOYHMKA Oolblie
pasmepoB JIH Ttemeckoma @>>@F). [l HCTOYHMKA C TIayCcCOBBIM
pacupeneneHdeM pPaJUOSPKOCTH TpU aIlllPOKCHMAIlWM IayCCHAHON Takas

rnompaBka K OIIPEACIIACTCA COOTHOIICHUEM !

0, > 9, \
K = 1+(¢"‘) 1+(¢“)
Fx Fy
TO€ @ix U @y - TOPU3OHTAJIBHBIN M BEPTUKAIBHBIH YIJIOBBIE pa3MeEpHI
UCTOYHHKA, Qpx U @y - TOPU3OHTAIBHBIA U BEPTHKAIBHBIH YIIIOBBIE pa3Mephl
JHarpamMMbl, KOTOpBIE MOXHO OIpPENEIHTh [0 W3BECTHBIM TOYEYHBLIM
HUCTOYHHKAM.

Iomyuennsle KanmMOpOBOYHbIE KPUBbIE ISl BRIOPAHHOM KOH(DUIYpaLUH
pamuoTeNecKona W UId BCEX IJIMH BOJH IMPUMEHSIOTCA MPH I[Epecyere
AHTEHHBIX TEMIEpaTyp B IUIOTHOCTH IOTOKOB IS BCEX UCCIIEAYEMBIX
00BEKTOB AaHHOro HabmropatensHoro cera (6iok 13, dur. 2), coriacHo
dbopmye:

Su,i = Kgu(h.)T

a.vi

r1¢ HHACKC «1» OTHOCHUTCH K InmapaMeTpaM UCCIEaYEMOTI'0 oOBexTa.
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CyMMapHas MOTpeuUIHOCTh HW3MEPEHHH CIEKTPAIbHOM ILIOTHOCTH
IOTOKA YYHTHIBAET MOTPELIHOCTE ONpPENEICHUs aHTEHHOM TeMIIEpaTyphl IpH
alIIpOKCHUMAallUM KPHUBOM INPOXOXIAEHHUS HCTOYHHUKA TIayCCHaHOH, OIIHOKY
OLICHKM KaJMOpOBOYHOM KpUBOHM, OIIMOKY ONpelnejceHHs aHTECHHOM
TEMIIEpaTypbl 110 3TAJIOHHOMY HWCTOYHMKY HIYMOBOH MOIIHOCTH B
panuomerpe. OOlas OTHOCUTENbHAsi CpemHEKBaJpaTHYHAas  OIIMOKa

CHGKTpaJIBHOﬁ IINTOTHOCTH IIOTOKaA ONIPEACIIACTCA U3 COOTHOLICHHUA !

Gt‘ o-c' 2 om
) + ()

rae t - 3HauyeHHe aOCOJIIOTHOM MOTPEITHOCTH CIEeKTPAJIBHOM IUIOTHOCTH

2

IOTOKa S, ¢ - cTaHJapTHas OMMOKa KATHOPOBOYHOW KPHUBOW, COCTABJISIOIIAL
2-15% Ha pa3HbIX yriax B 3aBUCHMOCTH OT JUIMHBI BOJHBI, M - CTaHJApTHAS
ommnOKa M3MepeHHs aHTeHHOM temneparypel T,,, g.«(h) - Jyakuus
3aBHCHUMOCTH KamTUOpOBOYHOTO KOB((HUIHMEHTA OT. BBICOTHI YCTaHOBKH
aHTEeHHB! Ha YacTOTe.

Cuctema 00paboTku IpefocTaBisieT WHPOPMALMIO O HaApamempax
AHMEHHOU cucmemsl, TaKMX KaK TONYIIMpHHA TIJaBHoro Jjenectka JIH,
n3MeHeHne 3(QeKTHBHON IUIOmAan Ay, CO BpEMEHEM M IapaMeTpH
paguoMeTpuyeckoro komiuiekca (Omox 9, c¢wur. 2). Jlngs u3MepeHuit
[lapaMeTpoB aHTeHHOH cucteMmbl (Omok 12, ¢wur. 2) HCOONB3yIOTCA
HaOnrofeHusT  NBEHaAllaTH  CTAHIAPTHBIX TOYEYHBIX  KaIMOPOBOYHBIX
0o0BbekToB. ExenHeBHBIE W3MepeHHs KaTuOpPOBOYHBIX OOBEKTOB MO3BOJAIOT
CBOCBPEMEHHO BBIABIATH OTKJIOHEHHE OSKCICPUMEHTAIBHBIX 3HAYEHH
YKa3aHHBIX BEJIMMH OT PaCYETHBIX Ha KaXIOH BBICOTE.

Taxxe cUCTEMa 06paboTku rpapudecku NpeJICTaBIseT
HOPMHUPOBaHHBIE 3HAYEHUS CUTHaIa KaTHOPOBKH U CPEIHEr0 YPOBHS CHTHaja
Ul KaXJIOro W3 paAUOMETPOB TOJHOM MOIIHOCTH, 4YTO MO3BOJISET

OMEPAaTUBHO pearnpoOBaTh Ha BO3MOXKHEIC HCHCIIPABHOCTH B paguOMETpax.
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HpI/I ITOCTOAHHOM KaJII/I6p0BOqHOM CHUrHaJIC U NICPEMEHHOM YCHIICHHH B
paauoMETPE HAIIPSDKCHUEC Ha BBIXOAC pagHoMeTpa IMOJTHOH MOIIHOCTH MOXXHO

3anmcath B hopme:

Vsys(t) = kTSySByG (t)
rie ToNHOE ycusenue G(t) MeHseTcs co BpeMeHeM. 31ech k - MOCTOsSHHAas
bonbumana, Ty - Temneparypa cucteMa «pa,ILI/IOTeJIe(‘;KOH'*'paIII/IOMeTp», B -
CBY-nonoca paguomerpa, - BOJBT-BaTTHAS xapaKTepHCTHKa KBaJ[paTUIHOTO
netekTopa. IIpy BKIIOUYEHUM MOCTOSHHOTO KaJTMOPOBOYHOrO cHrHama Vg,
HaNpsOKEHUE Ha BBIXOAE paJliOMETPa IoJydaeT J0OaBKY paBHYIO:

Vearn(® = kT, BYG(1)

OTa BenMYMHA HaNpsDKEHHS W3MEPSeTCs BO BpEMsS IPOLIEAYPHI
KanuOpoBKU paguoMmerpa. Ecim 3aduKcHpoOBaTh B IPOM3BOJIBLHBIN MOMEHT
BpeMeHH t=t; 3HaYeHHe Vi uin(t) (HazoBeM ero Vi up, 0) - 3T0 HampsKeHue
OyZeT COOTBETCTBOBaTh KaKOMY-TO KOHKPETHOMY YCHIIEHHIO, Ha30BEM €ro

GO. Torpa nng moboro Ipyroro MOMeHTa BpEMEHH MOXHO 3alIHCATh:

® =kT ., BYGg®) =V . g(t)

calib

rie g(t) - nepeMeHHas 9acTh yCHIEHUS, T€:

JEMOHCTPUPYET OTHOCHUTENIbHBIE H3MEHEHHS YCHJICHHS CO BpEMEHH
(oTHOCUTENBHO ycuneHust Gy). YcuiieHHe B paquoMeTpe sBIsdeTcs QyHKIHeH
TEMIIEpATYpPhl OKpyXarollell cpenbl. Inankoe mnoBeneHue 3TON KPHUBOM
rOBOPHUT 00 OTCYICTBHH HEHCIPAaBHOCTEW B CHCTEME KaJIWOpPOBKH
paguoMeTpa. CyTOUYHBIM XOJ OTCIIEKMBaeTCs Ha KPUBOH OTHOCHTEIHHOTO
YPOBHs CHTHalla paJjUOMeTpa IIOJHOW MOIIHOCTH. Toria BhIpaKeHHe IS

1/13Mep;1e'M0fo HaIIpsPKEHUST Ha BBIXOJE palruoMeETpa IMOJIHOM MOIUHOCTH C
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y4E€TOM M3MEHEHMI TeMIepaTypbl CHUCTEMBl «PaJHOTEIeCKON+paguoMeTp
(ATsys) u ycuneHus co BpeMeHeM:
Vsys(t) = kTSys(t)BG(t)y

Tak Xe, KaK U JJI1 HOCTPOEHUS KPUBOH OTHOCHTEIHLHOIO YCHJICHUS,
¢bukcupyeTrcs MOMEHT BpeMEHH t;, KOTOPOMY COOTBETCTBYeT ycuieHue Gy u
TeMIepatypa CHCTeMbl Tsys,0 ¥ BBIXOJHOE HampsHKEHHE paJuoOMeTpa
Vsy5,0=kTsys,§BGoy. Torna B nr060it npyroit MoMeHT BpeMeHH ycuieHnue G(t)
Oyner paBHO Gog(t), a Temneparypa cucTeMsl OyaeT paBHa TgysotTsys(t). Ilpu
NOACTaHOBKE B GopMyly mns Vg OTHX 3aBUCHUMOCTEH W JeJeHHH

MMOJIYY€HHBIX BBIpaXKeHHUH Ha VS 5,0 OKOHYATEIIBbHO ITOJIYHAeTCA:
ys>0

Vsyx,(} Tsys,ﬁ

vV_(©® AT_(®
- = (1 + = )g(t)

M3 3TOrO0 BBIpa)K€HUS BHIHO, YTO OTHOCHUTEIbHBIE M3MEHEHHS YpPOBHS
CHUTHAJIa paTMOMETPA II0JIHOH MOLIHOCTH OTPaXkaroT ImpousBeneHue Tys(t)g(t).
M3mepenuss xojga yculieHHs paadoMeTpa NpPeACTaBISIOTCA BMeECTE C
MU3MEpEeHUsAMH (U3MYecKoll TemrepaTypbl B NMPHEMHOM KaOWHE BTOPHUYHOIO
3epKajla U IO3BOJIIOT YUCJICHHO OIEHHTHh TEMIIEPaTypHYI 3aBHCHMOCTD
yculleHnus paauoMeTpoB (okxono 1.1% ma 1 C° B paboueM TemmneparypHOM
nuanaszoHe paguoMerpoB 10-30 C°). OneHku nmapaMeTpoB CHUCTEM TelecKoma
MI03BOJIIOT MMOBBICUTH TOYHOCTh U3MEPEHHH paJHuOUCTOYHHUKOB.

Anzopummer  cucmemamuzayuu U 0bpabomku  napamempos
Hemenno68020 paououznyyenus oaazapos kamanozca BLcat. Ha craguu
3arpy3KHu 3KCIIOPTHOTO daiina ¢ pacCUYMTaHHBIMHU 3HAYEHUSIMH CHEKTPAIbHBIX
IUIOTHOCTEH NOTOKOB Ola3apoB Ha IIECTH YacTOTaX U CPEJHHUMH 3IOXaMHU
u3MepeHuil Tabnmma W3MepeHWi 3amuchiBaeTcs B 0a3y HaHHBIX Karajora,
IIPOU3BOAMTCS OTOXIecTBIeHue (6mox 15, dur. 2) o6bekTOB TAOMHIEI C

o0pekTaMu 0azoBoro crnucka 6mazapoB (u3 katasora Roma-BZCAT) mytem

KpOCC-I/I)leHTI’I(bI/IKaHI/II/I OKBaTOPHAJIBHBIX KOOPAHWMHAT C 3aJaHHBIM OKHOM;
22
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TaK>Xe NPOU3BOJMUTCS OTOXAecTBiIeHUue (010K 16, dur. 2) oObEKTOB TAGIHIIBI
C O0BEeKTaMH BHEIIHUX KAaTaJOTOB IyTeM KpOCC-HAEHTH(HKALMU

JKBATOPHUAJIBHBIX KOOpAHWHAT C 3aJaHHBIM OKHOM. BremHue xaranoru

otobuparocs u3 6as3el gaHHbEIX NED (https://ned.ipac.caltech.edu/), CATS

(www.sao.ru/cats) u Vizier (https://vizier.u-strasbg.fr/viz-bin/VizieR).

HHTepakTHBHOE OCTPOCHHE PAJAMOCIIEKTPOB M KPUBBIX Ojiecka Ha 6-TH
yactotax PATAH-600 ocymectBisieTcs Ha 3Tane oOpallieHus IMoJb30BaTens K
pasneny Ilouck nmanubpix (Data explorer, 6ok 17, dur. 2), Ha 3TOM 3Tare
BU3yaJIM3allisl U IOJK/IIOYEHHWE BHEUIHUX KATaJIOrOB OCYLIECTBISETCS B
OTIEJIBbHOM OKHE, JaHHbIE BHEIIHUX KaTaJlorOB JOCTYITHBI ISl CKAYWBAHUS B
BH/JIE TEKCTOBBIX (haifiioB.

OObexThl TaOMUIBl 0Na3apoB, 3KCIOPTUPOBAHHEIE U3 CHCTEMBI
00paboOTKU 3anmuchIBalOTCS B I TaBHYIO TaONUWIly Katajiora ¢ akTyalu3aluei
CPEIHETO 3HAUEHUS CIEKTPAIbHOM IJIOTHOCTH MOTOKA M PaJMOCBETUMOCTH
(610k 18, dur. 2). [Tapametpsr 6:1a3apoB 0TOOPaXKAIOTCI B KOJIOHKAX I JIaBHOM
TaOJULIBI C BO3MOXHOCTBIO (WIBTpAllMH, pacyeTa W BH3YyaIH3alMH
CTaTUCTHKH 110 KosioHKaMm (6ioxk 19 - co3gaHue Habopa MAaHHBIX IS
IKCTIOPTA).

CrpykTtypa KaTajiora

Tekyimas Bepcus katanora Bkitodaet 6osee 1600 6i1azapoB BceX THIIOB,
peanusyer bacqu [apamMeTpOB UX HETEIJIOBOTO PaIuON3Iy4YEHHUs], CTATUCTHUKY
1o BEIOOpKe OJ1a3apoB, ONEepPaTUBHBIN AOCTYI K AaHHBIM H3MepeHuit PATAH-
600, naHHBIM H3MEpeHHi BHEIIHWX KaTaJoroB, 3KCIOPT AaHHBIX. CHHCOK
OOBEKTOB C OCHOBHBHIMH TapamerpamMd W usMmepenusmMu PATAH-600
IpeACTaBlIeH B OHIalH (opmare. VHTEpaKTUBHO MNPOM3BOAMTCS pacyer
BEJIMYMH CIEKTPAJIBHBIX MHAEKCOB M aMIUIUTYAbl NEPEMEHHOCTH Ha IIECTH
4acToTax, paAuoCcBeTUMOCTH 00beKTOB Ha "actoTe 4.7 I'T1. Kartanor cocrout

U3 JIBYX OCHOBHBIX qacTeH.
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I'nmaBHas tabauia otobpaxaeT (6yok 17, ¢ur. 3) KOIHYECTBO LIMKIOB
Habmonenud Ha PATAH-600, skBaTopHaibHBle KOOPAMHATHI (HA O3IOXY
J2000.0) 1 wmsa Gnasapa, xpacHoe cmemienue (NED database), 3Be3nuyro
BenuuuHy B R-punetpe (NED), cpenHee 3HaueHMe ClIEKTPAIbHOM ITOTHOCTH
notoka Ha 4actote 4.7 ITu, paccumtannoe u3 u3Mmepenuii PATAH-600,
CpelHee 3HadeHue paauocBeTuMocT, TN Onaszapa (BL Lac, BL Lac
candidates, BL Lac.g.dom, FSRQ (flat spectrum radio quasars), blazars
uncertain type). Ha ©0a3ze InaBHO# Tabnuilel paboTaer CTaTHCTHKA IIO
KOJIOHKaM: COpPTHPOBKA, pacdeT MeIUaHHBIX, cpeaHux 3HadeHuid ¢ CKO
(cpenHeKBaZpaTHUECKOE€ OTKJIOHEHWE) TI0 TOABBIOOPKaM, ITOCTPOEHHE
pacnpenenenudi BenuuuH. [lo BbIOpaHHBIM OOBEKTAM pacCUUTHIBAIOTCS
CHEKTPAlIbHble MHIEKCHl M aMIUIUTYIbl NEPEMEHHOCTH, JOCTYIEH 3KCIIOPT
I'1aBHO# TaOMHLBI ¥ PaCUETHBIX BEJMYHH B popmatax csv, latex u raw text.

Bropas gacte kartanora (6:10k 18, ¢ur. 2) cyMMupyeT MHOTOYaCTOTHBIE
HU3MEPEHMs CIEKTPATBHBIX IUIOTHOCTEH IMOTOKOB, MONYYEHHBIE HA YacTOTaX
1.1, 2.3, 4.7, 7.7/8.2, 11.2 u 21.7/22.3 I'Ty na PATAH-600 omHOBpeMeHHO.
JUis  u3MepeHMH  NpuBeleHbl CpeJHHE  HaONoJaTelbHBIE  JIOXH,
paccuMTaHHbIE B CUCTEME aBTOMaTU3UPOBAHHOM ob6paboTku
aCTPOHOMHUYECKOI0 CHTHala i AAaHHBIX IIMPOKOIIOJIOCHBIX PaIMOMETPOB
koHTHHyyMa PATAH-600. B o3Toi wacTu Karajora HWHTEPaKTHBHO
GOpMHpPYIOTCS ~ KOHTHHYyalbHElE pajJUOCTIEKTPHl M  KpUBBIE  Oliecka
paguousnydeHus 6iazapoB, nomydyernHsie Ha PATAH-600, noaximodarorcs
M3MEpEHHS ‘B PaJJUOKOHTUHYYME U3 BHEIIHUX OITyOJMKOBAHHBIX KaTajiOroB,
nponsBo}lnTCﬂ ¢bunpTpanus JaHHBIX [0 3M0XaM H3MEPEHHH H 3KCIIOPT
BHEIIIHUX JaHHBIX (010K 19).

Crucok 00beKTOB U HX napaMeTpbl U3 [ JIaBHOH TaGIHUIIBI JOCTYIIEH IS
skcropra (6nok 19, ¢ur. 3) B pazmuunbeix ¢opmarax (csv, latex, raw) mpu

HaxxaTul KHonku «Export the main Table and RATAN-600 data». B atom
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pa3ziesie pacCUMUTHIBAIOTCS KBa3HOJHOBPEMEHHBIE CIIEKTPAJIbHBIE HHIEKCEHI
OpazapoB no naHHeiM PATAH-600, cumrtaiorcs CpeaHHe CHEKTPaIbHEBIE
HHIEKCBl M HHAEKC IIEPEMEHHOCTHM Ha BbIOpaHHBIX dYacToTax. Pacders
JOCTYIHBI 1t oKcnopTa (610K 19, dur. 3). lanusie PATAH-600 moctynHEI B
(¢opMe CHeKTpOB paAMOKOHTHHYyMa W KPHBBIX OjIecKa, TaGJHI[ IIOTHOCTEMN
IIOTOKOB NpH HaxaTuu Ha kHomku «Data Explorer» wnmm «Export the main
Table and RATAN-600 datay.

CrekTpanbHble HHIEKCH pACCYUTHIBAIOTCSA IO POpMYIIE:
log Sz—{og S,

a=
logv,~logv,

rae S;u S; - cekTpanbHble ITIOTHOCTH IMIOTOKOB Ha YacToTax Vi U v,. B ciydae
HECKONBKMX 30X H3MEPEHUH INpeBaApPUTEIHLHO PACCUUTHIBAIOTCS CpPEIHHE
3HAaYE€HHUsl IUIOTHOCTEH IIOTOKOB. MHJAEKC NepeMEeHHOCTH Ha pa3juYHbIX

4acToTax paccyMThiBaeTcs no ¢opmyre [11]:

(Se—ci) _(Ss+6i) min
Vars_ (Si—ci) +(S;+°s) _

ey min

IAe Spax B Spin- MaKCUMaJIbHAs M MUHUMAJBHOE 3HaYEHHE IJIOTHOCTH ITOTOKA
3a BCE 3IOXH U3MEPEHUI; OsmaxH Osmin - UX CPEITHEKBAApPATHUECKHE OIMUOKH.
CrnexTpanbHbIH HHIEKC MOXET OBITh PACCUMTAH KaK JJIS € IMHCTBEHHOM
HabmonarenpHod smoxu Ha PATAH-600, Tak ¥ 11 IOJHOrO II€pHOIA
HaOMIOfeHUM  KaK  yCpelHeHHBIH  HMHIEKC. IIpoM3BOAMTCA  OUEHKa

MOHOXPOMAaTHYECKOU paMOCBETUMOCTH Ha dacTote 4.7 I'T1:

2 —a—1
P,,=4nDS (1+ z)

rje S47- U3MepeHHas IIOTHOCTh NoToKa Ha 4.7 [T, z - KpacHOe cMelleH e,
O - CpeIHUM cnexTpaibHbl MHAEKC Ha 4.7 I'Tn u Dy — doromerpudeckoe
paccrosinue. [Ins pacdera paccTOSHHE SPKOCTH MbI Mcnoib3oBaau CDM
KocMosioruro ¢ Hyg=67.74 KM/C'IMHK'IQm=O.3089. Heonpenenennoctu

napameTpoB (0, Vars u P4;) paccumThiBalOTCS Kak KOpPeHb KBaIpaTHbHIN M3
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CyMMBI KBaJpaTOB OTHOCHTEJBHBIX OIIMOOK MMapaMeTpoB, BKIIIOYEHHBIX B
dbopMyy.

3asgBneHHBI cnoco® pa3paboTaH B paMKax TroOCYJapCTBEHHOT'O
KOHTpakTa MHHHUCTEpPCTBA HAayKH M BbIcuiero oopazoBanus PP Ne 075-15-
2020-778 ot 30.09.2020 .

Ipomviuunennas npumeHumMocmeo

Takum o6pazoMm, OomMCaHHBEIN CHOCOO TO3BOJISET CO3JaBaTh KaTaJlOTH
U3MEpEeHH MapaMeTpoB pagvoU3ITydeHHs 0Jia3apoB, KOTOPbIE MOTYT OBITH
UCIIONIb30BaHbl KOJIJIEKTHBAMH acTPO(MHU3UKOB B HAYYHBIX MCCIIEIOBAaHUAX B
Ka4yecTBe KIIOYEBOr0 MHCTPYMEHTA IS pPeIleHUs 3aJa4y HaOMoaaTeIbHOM
PaioacTPOHOMUH.
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®opmyna uzo0pereHus

1. Cnoco6 ¢dopmupoBanus karanora Oja3apoB BKJIHOYAET ClIeAYIOIIME
3Tarbl:

- TOJNydYeHUEe HaOMOJaTeNbHBIX NaHHBIX PaJHOKOHTHHYyMa B BHJE
MHorodactotHbix RFLEX ¢daiinos;

- mepBHYHas oOpaboTka CUrHaja paJuoMeTpa IMyTEM ero CHHTE3a B
BHJIE MOJIyCyMMBI ABYX OZHOMEPHBIX BPEMEHHBIX PAIOB, KaXAbIi M3 KOTOPBIX
COOTBETCTBYET OJHOMY MOIYNIEPUOLY MOIYISAIIUU PaTAOMETPA,;

- CO37aHMe BXOAHOro Habopa AaHHBIX, COJEPIKAIIEro CIIUCOK OOBEKTOB
B 33JlaHHOM HHTEpBaJie JaT U BpEMEHU C YYETOM KOH(QUIypalMH aHTEHHBI,
Ha6nroz[éTenLHoﬁ nporpaMMmsl 4 TpebyeMOro 4YacTOTHOTO Juamna3oHa
HaOIOIEHUH; |

- uudponas o00paboTKa aCTpOHOMI/I‘-IeCKOFO‘ CUTHajla C IOMOIIBIO
AaBTOMAaTH3UPOBAaHHON MHOTOMOTOKOBOM CHCTEMBI OLEHKH IMapaMeTpoB
PalUOHMCTOYHHMKOB,  HaONIOJaeMBIX Ha  pagloMeTpaX  KOHTHHyyMa
panuoreneckona PATAH-600, xoropas npencraenser co0OH KOMILIEKC
IPOIrPaMMHOI0 o0ecredeHus; npouecc o0pabOTKU BKIIIOYAET CIEAYIOIIHE
3Talbl: OLICHKY KayecTBa HabIIOJaTeIbHOTO MaTepHaja, OlEeHKY HapaMeTpoB
KaJTMOPOBOYHBIX PalMOUCTOYHHUKOB, noJydeHue KaJTuOpOBOYHBIX
XapaKTepUCTHK pPaJUOTENeCKONa ¥ OLEHKYy IlapaMeTpOB HCCIIETyeMBIX
OOBEKTOB; IPUYEM OLIEHKA IapaMeTPOB PaJHOUCTOYHHKOB COIEPIKUT IIATH:
JIOKANTH3aLHs pPaZlMONCTOYHUKA; BBIYUTAHHE JIMHEWHOTO TpeHAa M (HOHOBOM
KpUBOM 0oJiee BBICOKOTO MOpsAKa; (PHIbTpALMS I [TOBBILIEHHS OTHOMIEHHS
YPOBHSI CUTHAJI/IIIYM IIyT€M NPUMEHEHHUS [IH(PpPOBOro d)HﬂLTpa ¢ 6ecKOHEeYHOMH
UMITYJIbCHOM XapaKTepUCTHUKON Ha ocHOBe ¢uibsTpa barrepBopTa ¢ HyJeBOMH
Gda30BoH XapakTepHCTHKOW; BECOBOE BEKTOPHOE YCPEIHEHHE OJHOMEPHBIX
CKaHOB; [ETEKTUPOBAaHUE CHUIrHAJIA; pacdyeT aMmIUIUTYyAbl W IONYIIHPUHBI

raycCcoBa OTKJIMKa HEIOABUXXHOIO PpaauOTEIIECKONIA Ha IIPOXOXKICHUEC
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PaAMOUCTOYHHKA yepe3 JuarpaMmy HaIPaBJICHHOCTH; pacyeT
KaJH/I6pOBOIiHLIx 3aBUCUMOCTEl Ha  BCEX  4YacTOTaX  H3MEpPEHHIA,
NPEACTaBIIAIOIIMX YCPEAHEHHYIO 3a BpeMs LHKiIa HaGIroJAeHuH CyMMapHYIO
3aBHCHMOCTb KaIMOpPOBOYHOrO Ko3dduimeHTa 3a artMochepHoe TOrJIOIIEHHE
1 3bGEKTUBHONW IUIOMIAAN TeNIeCKOomNa, KOHTPOJb I1apaMeTPOB aHTEHHEBIX H
IPUEMHBIX CUCTEM II0 U3MEPEHHSIM BTOPUYHBIX KAIHOPOBOYHEIX CTaH/IApPTOB,
abCOMIOTHBIE U3MEPEHUS OOBEKTOB 110 CIIEKTPAIBHOM IIIOTHOCTH IIOTOKA;

- ¢opMHupoBaHUe Karajora 0Jla3apoB IIyTEM 3KCIIOpPTa MOMYYEHHBIX
U3MEPEHUH B BHUJIE 3KBaTOPHAIBHBIX KOOPAWHAT OOBEKTOB, SIIOX H3MEPEHHH,
3HAYEHHUH CHEKTPAIBHBIX IIJIOTHOCTEH MOTOKOB; OTOXIECTBJIEHHE OOBEKTOB
cOpMHpPOBaHHOrO  Katajora Oja3apoB ¢  OOBEKTAMH  KATallOrOB
pagloacTPOHOMUYECKUX O0030pOB M OMyONMKOBAaHHBIX HHIWBHAYAIBHBIX
u3MepeHuil OOBEKTOB Ha OCHOBE KPOCC-MACHTH(DHUKALMHA KOOPAMHAT C
3alaHHBIM OKHOM TIOHCKa;

- WHTEPAKTUBHBIA pacueT CHEKTPaJbHbIX HHJEKCOB: CPEIHHX M IO
UHIUBULYAJIBHBIM 3II0XaM HaOMIOACHUN W WHAEKCAa TePEMEHHOCTH Ha
3aJaHHBIX YacTOTaX, BKIIOYAIOIIMI Clenylolue Iard: HHTEPaKTHBHBIN
pacyeT paJUOCBETUMOCTH Ha OCHOBE IIOJYUYEHHOW cpelHed CIIeKTpaTbHOH
IIJIOTHOCTH IIOTOKA M CIIEKTpalbHOro uHjaekca Ha 4.7 I'T'1; pacueT ctaTUCTUKH
napaMeTpoB BBIOOpkM Ona3apoB: KOJHMYECTBO H3MEPEHHH, KpacHOe
CMeEIleHUe, 3BE3fHas BEJIMYMHA, paJUOCBETUMOCTE W PAJAHUOIIOTOK;
NOCTPOEHUE KBa3HOJHOBPEMEHHBIX pAJUOCHEKTPOB C YYETOM JaHHBIX
BHEIIHUX KaTajJorosB, IIOCTPOCHHE MHOIOYaCTOTHBIX KpHUBBIX OJecka,
¢unbTpauus rpaguuecKMx U300paXKEHHH 110 BpPEMEHHBIM IIEPHOIAM;
peanusanus 3KCIOpPTa JAHHBIX TIJaBHOH TaOnmuIBI Kartajiora ¢ 0a30BBIMH
napaMerpaMy 0J1a3apoB, BKIIIOYAIOIIMMH U3MEpPEHUs U3 JIUTEPaTyphl, JaHHBIX
u3MmepeHni PATAH-600, naHHBIX BHEMIHWX KAaTajoOTOB, JAHHBIX pPacyeTOB

CIIEKTPAJIbBHBIX HHAEKCOB U HUHACKCOB IICPEMECHHOCTH,
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- ofecriedeHue YHUBEpPCATBHOIO JAOCTyMa K  HCXOOHBIM U
NOSIBJIAIOIIMMCS B Mpolecce o0pabOTKH MaHHBIM, K JaHHBIM IS XpaHEHHS
KOHOGUTypauuu CHUCTeMBl, HHGOPMAllMK O KalIMOPOBOYHEIX OOBEKTaX,
XapaKTEPUCTUK PAJHOTEIECKONa ¥ PaAUOMETPOB, XPaHEHHUS ITOIYYEeHHBIX
pe3y/ibTaToOB;, COXpaHEHHE B paciipesieieHHOH  (haloBoi cucTeMe
pe3yNbTaToOB MPOMEXYTOUHBIX M (HUHAIBHBIX BBIYHCIIEHAH CIIEKTPaJIbHBIX
IUIOTHOCTEHN MMOTOKOB, KOOPAUHAT U 310X HabmroaeHui, rpadudeckux Qaition
pe3ysbTaToB, COHOPMUPOBAHHOTO  KaTajora, COJAEpKaIllero 3HAYECHHS
aTpuOyTOB OOBEKTOB;

[IpUYEM 3Talbl CHoco0a IMOBTOPSIOTCS MHOTOKPATHO IS KaXKIOI'o
UWKIa  HaOMIOOEHMH; JUIss  KaXXOM  4YacTOThl  M3MEPEHHH  JTarbl

BOCIIPOHU3BOAATCA ONHOBPEMECHHO.
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