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HabniopatenbHas nporpamma no oOHapy>KeHUI0 TPaH3UTHbIX
3K30MnJaHeT B PACCEeAHHbIX CKOMJIEeHUAX

Tapacenkor A.H., Hapoenkos C.A., Hajmekun M.A.

HUnemumym acmpornomuu PAH, Mockea, Poccus

B crarbe obcyzkiaercst cTpaTerusi 1 METOMKA [TOUCKa IK30IIJIAHET B PACCESHHBIX CKOIUJIEHUSX HA POOOTU3UPOBAHHBIX TeJIe-
ckonax UHACAH rpansurabiM MeTooM. V3-3a BBICOKOI 3BE3[HOMN IJIOTHOCTU U PACIIOJIOXKEHUIO BOIM3H 1110cKOCTH [amak-
THUKHM PACCesiHHbIE CKOIUJIEHWsI He BCErJa MOI'YT YCIEIIHO Habsronarbest Kocmudeckoit muccueit TESS, oqnako moryT 6bITh
JIEIKO HMCCJIe/IOBAHbI Ha HEOOJIBIINX HA3EMHBIX TeJEeCKOIlaxX. B paMkax Halreil porpaMMbl Mbl IPOBOUM (POTOMETPUYECKUI
MOHMTOPUHT N30PAaHHBIX IJIOMIAIOK B OJIM3KNX PACCEsTHHBIX CKOIIEHUsIX Ha poborn3upoBanHOM Testeckorre Astrosib RC500.
B pesysibrare 06paboTKU IJIAHUPYETCH BBISBATH 3BE3/[bI-KAH/INIATHI, JEeMOHCTPUPYIOIIHE IIEPUOMIecKre Bapruaiuu Oec-
Ka, 110 pOpMe U aMILUIATYJE COOTBETCTBYIOIIVE TPAH3UTaM 9K3OIUIaHeT. B ciryuae oOHapy»KeHusl TaKUX KaHIUJIATOB Oymer
pa3BepHyTa POrpaMMa IOATBEPKACHU I1yTeM (POTOMETPUIECKUX, CIIEKTPOCKOINYIECKHUX U CIEKJI-HHTEP(hEPOMETPUIECKUAX
HaOJIIOJIEHNIT Ha POCCHIICKUX TesiecKonax. Tak»Ke B pe3yJsibrare pean3aliii IporpaMMbl OY/Ly T HCCIIEI0OBAHbI YK€ N3BECTHDIE
[IepeMeHHbIe 3Be3/(bl HaOJII0aeMbIX CKOIJICHU U 0OHADY?KEHbI HOBBIE.
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Observational program to detect transiting exoplanets in open clusters
Tarasenkov A.N., Naroenkov S.A., Nalivkin M.A.
Institute of Astronomy of the RAS, Moscow, Russia

In this paper we discuss the strategy and methodology of searching for exoplanets in open clusters on INASAN robotic
telescopes using the transit method. Due to the high stellar density and location near the galactic plane, open clusters
cannot always be successfully observed by the TESS space mission, but can be easily studied with small ground-based
telescopes. As part of our program, we conduct photometric monitoring of selected fields in nearby open clusters on
the Astrosib RC500 robotic telescope. As a result of processing, it is planned to identify candidate stars demonstrating
periodic brightness variations, corresponding in shape and amplitude to exoplanet transits. If such candidates are found, a
confirmation program will be launched by photometric, spectroscopic and speckle interferometric observations on Russian
telescopes. Also, as a result of the program implementation, already known variable stars of the observed clusters will be
studied and new ones will be discovered.
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1. BBenenune

Tpau3uTHbIil MeTOI 0OHADY JKEeHMs 9K30ILIAHET ObLI IIpeIIoKeH erie B 1952 romy 1], 1 Ha maHHBI MOMEHT SBJIAETCS
nanbosee 3pHEKTUBHBIM — C €ro MOMOIIBI0 OOHAPYKEHO OOJIBIITMHCTBO M3BECTHBIX HA JTAHHBIII MOMEHT 9K30ILIa-
Her [2]. JlaHHBII MeTO/] OCHOBAH Ha TIOJIyI€HNI KPUBBIX OJIeCKa 3BE3]1 C BBICOKON TOUHOCTHIO 1 OOHADYYKEHUH B HUX
[IEPUOINIECKUX Bapuanuii 0jiecka, o popMe U aMIUIUTYJIE COOTBETCTBYIOIMMX TPaH3UTaM 3K30ILIaHeT. BriepBbie
TPAH3UTHI SK30ILUIAHETHI BhIsiBIeHbl B 1999 romy v 3Be3asr HD 209458 [3, 4]. Ha ocHoBe manHOrO MeTO/1a paboTain
TaKWe BBIJAIOIINECs IPOEKTHI 10 MOUCKY dK3omaaneT, kKak WASP [5], KELT [6], kocmnaeckas muccust Kepler [7].
B nacrosimee Bpems na opbure paboraer kocmudeckuii annapar TESS [8], ocymecrsisioniuii 0630p IpakTHYeCKH
Bcero Heba ¢ IENIbI0 TIONCKA IK30IIAHET TPAaH3UTHBIM MeTosioM. B Poccun cymecrBoBan Koyposckuit 0630p do-
TOMETPHYECKOr0 TIONCKa 3K301utaner [9], a cefiuac 3anymen 0630p Ha poborusuposanHbix Teseckonmax CAO PAH
JUTsl IOMCKA 9K30IIaHeT MeToioM (oTomerpun TpansuTos [10, 11].

Db deKTUBHOCTD TPAH3UTHOIO METO/a TE€M BBIIIE, UeM ILUIOTHee Habuogaemoe mose. OaHako 0030p Muccuu
TESS mHe oxBaTblBaeT ILUIOTHBIE MOJIA BOMM3W TEHTPA [AJaKTUKU, MOCKOJIBKY €ro MPUEMHUKHA UMEIOT ITHKCEJIN
OOJIBIIIOTO YTJIOBOTO pa3Mepa, W B IUIOTHBIX MOJisX OH HedddekTueH. [ToaTomy misi 0630pa IIOTHBIX 3BE3THBIX
I10JIeli IPUMEHSIIOTCSI Ha3eMHbIe HHCTPYMEHThI HEOOJIBIIIOrO pasMepa.

B nanHOiT paboTe MBI TPOBOAMM 0030p OJIM3KUX PACCESTHHBIX CKOILJIEHU C IeJIbIO [TOUCKa IK3011aHeT. JlanHast
cTpaTerusi UMeeT psijl [IPEUMYIIECTB:

1) Paccesinnble CKOIUIEHUST UMEIOT BBICOKYIO KOHIEHTPAIIUIO 3BE3], YTO IIOBBINAET IIAHCHl OOHAPYKEHUS K-
30TIIAHET.

2) 3Be3/Ipl CKOIUIEHUST HAXOIATCsI Ha TIPUOJIN3UTEIBHO OIMHAKOBBIX paccTosiHusx oT COJIHIA, TOSTOMY 3BE3/[bI-
e 0630pa, ITOTEHIMAIBLHO 00JIaIA0IIIe IK30IIaHeTaMy (KapJIUKH CIEeKTpaiIbHbIX Ki1accos K-F), nmetor masbrit
pasbpoc MO BUAMMBIM BEJIMYMHAM, YTO IIO3BOJISIET IOJ00PATh IKCIO3UIINI0 TAaK, YTOOBI HAaMbOJiee sipKue 3Be3JIbl
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HE OKAa3aJIiCh ITEPEKOIIEHBI, & caMble ciabble UMesn JO0CTaTOYHO Bhicokuit SNR 171 meTeKTupoBanms mIaHEeTHBIX
TPAH3UTOB.

3) PaccestHHBIE CKOILIEHUsI JIOCTATOYHO MOJIOJIbIE OOBEKTHI, i UX 3BE€3/Ibl UMEIOT BBICOKYI0 METAJIINIHOCTb, UTO
[IOBBIIIAET BEPOSITHOCTh HAJIMYMS BOKPYT HUX IK3OILIAHET.

4) IMapamerpsl 3Be37] B PACCESTHHOM CKOIUICHUH OIIPEJIEJIEHbI TOYHEee, YeM OJUHOUYHBIX, IIOCKOJIBKY CYIIECTBYeT
00JIbIIIOE KOJIMIECTBO METO/IOB KOMILIEKCHON OIEHKHU aCTPOMU3NIECKUX CBOWCTB YIEHOB CKOILJICHUS.

5) Haburo/ieH1e paccestHHOrO CKOILIEHWsI B TeUEHHE JITIMTEIbHOTO BDEMEHH MO3BOJISIET He TOJIBKO UCCIIEI0BATD
y2Ke U3BECTHbBIE IIePeMEeHHbIE 3B€3/[bl CKOILJIEHUs 1 OOHAPYKUTH HOBBIE, HO U YTOYHUTH P/l HAPAMETPOB CKOILJIEHMSI.

6) PaccesiHHBIE CKOIUIEHUST MOT'YT UMETh HEGOJIBIINE YIJIOBBIE PA3MEDHI U TIONAJATh B [OJIE TEJIECKOIA TIEJINKOM,
9TO J]AeT BO3MOXKHOCTD HE JIEJINTh UX HA HECKOJBKO ILIOMAI0K U YMEHBIIUTD 3aTPAadeHHOE HAOIIOIATETbHOE BPEMS,
IPU TOM K€ YHUCJIe U3MEPEeHUuN I KaXKJI0i 3BE3/Ibl.

Habronenust paccessHHBIX CKOILIEHUI C IIeJIBI0 MOWCKA 9K30ILIAHET BemyTcst yxke okoso 20 mer. Omuoit u3
nepBbIX 10/00HBIX nporpamm 661 0630p EXPLORE [12], B paMKax KOTOPOTO GBLIN MCCJIEIOBAHBI CKOILJIEHUST
NGC 2660 u NGC 6208 [13], omHako mepsast 9K30IUIaHETa B PACCESTHHOM CKOILIEHUH ObLIa OOGHAPYKEHA METOOM
JiyueBbIX ckopocreil y 3se3zpl Epsilon Tau [14]. Cpeau naunbosee yClenHbX IPOEKTOB 110 MOUCKY U UCCIIEIOBAHUIO
9K30IUIAHET B PACCESIHHBIX CKOILIEHUAX CTOUT OTMETUTH MexkyHapoaubiii npoekt YETI [15, 16, 17, 18], B koTopom
OB 33/eICTBOBAHBI TEJIECKOIIBI TI0 BCeMy MUpPy. B paMKax 3TOT0 mpoeKTa MCCIeI0BAJNCh CKOtLteHust Trumpler
37 [19], NGC 7243 [20] u IC 348 [21]. Cpemn KocMuUecKHX OG30POB PACCESIHHBIX CKOILIEHHII CTOMT OTMETHUTH
ZEIT, ocuoBaHHBIH Ha JaHHBIX Muccnu K2 [22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34]. B nacrosimee
BpeMsI 9K30TLJIAHETHI B PACCESTHHBIX CKOILIEHUAX 00HAPYKUBAIOTCS M UCCJIEIYIOTCS HA OCHOBE JTAHHBIX KOCMUYIECKUX
muccuii Kepler [35, 36] u TESS [37, 38, 39, 40]. Ho crour orMerurhb, 9T0 KOCMUYECKHE OO30PBI HE SIBJIAIOTCS
BceHebecHBIMU — Ha Hebe ecTh 00J/1acTH, He OXBaYeHHbIE UX HAO/IIONEeHUsIMA. B pamMKax HaIrero HaOJI0IaTeIbHOTO
IIPOEKTa, MBI UCCJIEIyeM KaK Pa3 CKOILIEHUS, PACIIOJIOXKEHHbBIE B TMTOTO0HBIX 00/IaCTSIX.

2. ObopynoBaHue

C 2014 rona 8 THACAH cosnaercst ceTh MHOTO3aJIa9HBIX POOOTH3MPOBAHHBIX Teseckonos [41, 42|. JlanHble WH-
CTPYMEHTBI CIOCOOHBI PAOOTATH B JIMCTAHITHOHHOM M POOOTH3MPOBAHHOM PEKUMaX, MTPOBOJS (POTOMETPUIECKHU Ha-
6J1r0/IeHUsT OO'bEKTOB, BKJIFOUEHHBIX B IIPOIPAMMY, a TaK-Ke HabJIoeHns Tpan3neHToB. CrenuabHoe IPOrpaMMHOe
obecrieueHne no3BoJIsieT ABTOMATHYECKH YIIPABJIATH BCEMU CUCTEMaMU ([IPUEMHUKOM H3JIy9€HUsl, KOJIECOM (DUIIb-
TPOB, MOHTHPOBKO#i, (POKYCHPOBOYHBIM Y3JIOM U KYIIOJIOM) U OTCJIEKHMBATH IIOIOJHBIE YCJIOBUs, IPEKPAIAsl Bbl-
TIOJTHEHUS TIJTaHA HAOIIOIECHUN TIPU YXY/IIIEHUN TTOTO/IbI.

B kadecTBe OCHOBHOIO MHCTPYMEHTa JIJIsl HACTOSIIErO MCCJIEIOBaHUsS HUCIOJb3yeTcs H0-cM Tejeckon Acrpo-
cu6 RC500, ycranossennsiii Ha HOBO# o6cepsaropun MHACAH na mwiarto ITarpkarmas nox Kuciosoackom [43].
Teneckon obopymosan sSCMOS-kemepoit ZWO ASI6200MM Pro ¢ koiecom dpunbrpoB UBVRI cucremsr [Ixxoncona-
Beccesnst. Vcnonb3oBanne kKaMepsbl ¢ MEPTBBIM BpeMeHEM MeHee 1 CEeKyH/IbI TI03BOJISIeT YBEJINIUTh TOTHOCTD (POTO-
METPHUH 34 CYUeT MOBBIMIEHNs CKBAXKHOCTU HAO/II0naTe bHoro paga. Jurst 120-ceKyHIHBIX 9KCIO3UIAN TpeIe/bHas
3Be3aHas Beanynta B puabTpe V pasna 20.2™ npu SNR=5, mrs 38e311 16™ crangapTHOE OTKJIOHEHNE M3MEPEHUIi
cOCTaBJIsIeT OKOJIO 1 IIPOIIEHTa IIOTOKA, YTO IMO3BOJISET JIETEKTUPOBATEH HanboJiee riryboKue TpaH3uThl. 3aBUCUMOCTD
CTAHIAPTHOTO OTKJIOHEHUS OT 3BE3HON BEJUYIUHBI JJIs OIHOTO W3 HADJIIOMEHHBIX HAME IOJIEl IpeCcTaB/IeHa Ha
puc. 1.

Jlsist moTBEpKACHS OOHAPYKEHHBIX KAHINIATOB B TPAH3UTHBIE SK30IIAHETHI MBI INIAHUPYEM HCIIOIb30BATD
npyrue poborusnposannsle Teeckonbl MTHACAH: na 3enuroposckoii o6cepsaropun [41], Ha o6cepsaropun ITuk
Tepckoa [42], Poccuitcko-Ky6uHekmit Teseckon [44], a Tak-»ke HOBble (POTOMETPUIECKIE TEJIECKOIBI, HAXOSAIIHECS]
B pa3paboTKe, B TOM UHCJie YeThIpeXKaHAJIbHBIH dhoroMerprueckuii kiactep [45], crocobGubI obecneanTs n3Me-
penne riIyOWHBI TPAH3WTA MMAPAJUIETbHO B YeThIPEX PA3HBIX (DOTOMETPUUYECKHUX II0JIOCAX U OTOPOCHTDH 3aTMEHUS
B HEKOTOPBIX JBOWHBIX 3BE3/IHBIX CHCTEMaX, KOTOPbIE, B OTJUYATE OT IK3O0ILUIAHETHBIX TPAH3UTOB He SBJISIOTCH
aXPOMATUIHBIMH.

3. Bribop miionia/Iok M MeToauKa NpoBeaeHus 0030pa

Jlu1st 0T60pA paccessHHBIX CKOILIEHUI /15T HAGJII0aTeIbHOMN IPOrpaMMBbl MbI nccteoBadu 6a3y qanasix WEBDA [46,
47], B KOTOPOIi arpernpoBaHbl HapaMeTPhl GOJIBITHHCTBA N3BECTHBIX 3BE3/IHBIX CKOILIEHUH. MBI 0TOUpan CKOoILIe-
HUS TI0 CJIEAYIONIAM KPUTEPUSIM:

1) Bumsocrs k Courtily: paccrosiHue 10 PACCESHHOIO CKOILIEHUs! JIOJIZKHO OBITh TAKUM, 4TOOBI 3BE3/IbI [JIAB-
HOH IOCJIETIOBATEILHOCTH CHEKTPaJbHOrO Kiaacca G-F Obuin 10cTaTovHo fpKu, 9T00BI JOCTUTHYTH HEOOXOMIMMOI
JUIsT JIeTEKTUPOBAHMS TPAH3UTOB TOYHOCTH. JIJIsT m0JIcUeTa IKCIO3UIUN UCITOIBb30BAJICS CIIEIINAIbHBIN KAJIBKYJIs-
TOP, KOTOPBIi obecrieduBasi, YTOObI 9T 3B€3/bI He ObLIN IEPEKOIIEHb! JJIsi HanboJjiee OJIM3KUX CKOILJIEHU, U [IPU
9TOM cJjiabble KpacHble KapJUKU UMeJd Obl MaKCHMAaJbHO BBICOKOE OTHOIIEHWE CUTHAJA K IIIyMYy, 9TOOBI UMETh
BO3MOXKHOCTb OOHAPYKUTh TPAH3UTHL U Y HUX.
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Puc. 1: 3aBucumocTs CTaHIAPTHOTO OTKJIOHEHUS OT 3BE3HON BEJIMIMHBL B TIOJIOCE V IS TIJIOMIAIKNA B PACCESHHOM
ckorteHnn Stock 2, cusiToit ¢ skcmo3unmit 120 cexyHm,

2) IlnorHOCTDL 3BE37;: HanbOJIEE 3aCEJICHHBIE IUIOMIAAKY [OJIYYal0oT OOJIBINUI IPUOPUTET, IOCKOJIbKY BEPOsT-
HOCTb OOHADY?KEHUS SK30ILIAHET B HUX BBIIIIE.

3) KoopauuaTel: uccjeyeMble CKOIUIEHUS JIOJKHBI UMETh JOCTATOYHO GOJIBIIOE CKJIOHEHUE, YTOObI HADJIIO-
JaThcs Ha BbIcoTe Oosiee 30 IpajlycoB HECKOJIBKO YACOB. DTO MO3BOJISET N30eXKaTh NCKAYKEHUIl 1 ONMMOOK, BO3HU-
KAIOIUX [IPH HAGIIONEHN 00bEKTOB Ha GOJIBINNX BO3/YIIHBIX Maccax (PasMbITHe, MOTJIONEHNE U OKPACHEHNE) 1
YXYIIAIONUIX TOYHOCTD (DOTOMETPHUH.

4) UccrenyeMbie IIOMAIKE JOJZKHBI HAXOAUTHCS B 30HaX BOJIM3M HEHTPaIbHON obstacTu [ajlakTuky, He OXBa-
JeHHBIX HabmogeHuaMu Muccnn TESS, min kommaectBo nabmonennit TESS m101KHO OBITH HEBEJIHMKO.

00630p WIOIMAJIKN ITPOU3BOIUTCS IO CJIEYIONIEMY AJITOPUTMY: HAOJIIOIEHNST HAYNHAIOTCSI, KAK TOJBKO 3aKOH-
JaTCs HABUTAIIMOHHBIE CyMEPKH MJIM HAOJIOJaeMast ILIOIAIKA JJOCTUTHET BBICOTHI 30 IpajIycoB, U MPOIOIZKAIOTCS
JI0 HACTYILJIEHUS YTPEHHUX HABUTAIIMOHHDBIX CYMEPEK WJIN YMEHBITTEHUs BBICOTHI LT ku 10 30 rpasrycos. Habitio-
JIEHUsT MOTYT TPEPBIBATHCS B CIIydae HEOOXOIMMOCTHU HAOJIIOIATH BHICOKOIIPUOPUTETHBIE WJIH AJePTHBIE OOBEKTHI.

4. O6paboTKa HaOJIIOIATEJIbHBIX JaHHBIX

IMocne cranmaprroit kaaubposku (bias, dark, mrockoe mosie) Bce 1moJydeHHbIE KaJAPbl 06PabATHIBAIOTCSI IIPOIPAM-
moit VaST [48], koropasi HCIIOJIb3yeT psijl aJlrOPUTMOB Jjisl BblsiBJIeHUs (boToMeTpudeckoil nepemennocru. O6ua-
py?KeHHbIe B pe3ysbraTe 00paboTKN epeMeHHbIe 3Be3bl mposepsitores o 6azam OKII3 [49] u VSX [50] ¢ nesbio
OIIPEJIEJIUTD, SBJISIIOTCS JIN OHU YK€ M3BECTHBIMU UJIM HOBOOTKPBITHIMHU. JJIsl MOATBEpKIeHNE paHee HEM3BECTHBIX
MePEMEHHBIX 3Be3]] TIOMUMO (POTOMETPHH, MOJIYICHHON B paMKax HabJIIOATEbHON KAMIAHUN, MOYKET HCIIOJIb30-
Barbes dhoromerpus ZTF [51], ussneuennasa ¢ nomompio WEB-uncrpymenra SNAD [52].

Hanbrelinas 06paboTKa IPOBOAUTCS ¢ MOMOIILIO HporpaMMbl Astrokit [53], co3ganHoil cienuaabHO JJisd Bbl-
JIeJIeHUsT TPAH3UTOB dK301uTaHeT. [Tornck n Bamianyst 00HAPYKEHHBIX TPAH3UTOB IIPOU3BOUTCS C IIOMOIIIBIO TAKETA
TLS [54]. 3Be3/1p1, 1eMOHCTPUPYIOINE [IEPUOMIECKIe U3MEHEHUsT BJIECKA, TI0 AMILIUTY/IEe, (hOpMe U JIUTETHLHOCTH
COOTBETCTBYIOIHE TPAH3UTAM IK30ILUIAHET OTMEYAIOTCS KaK KaHIUIaThl. JlJist nX HMOATBEDIKIEHUS Pa3BOpAINBa-
ercs HADJIIOAaTe/IbHAas TPOrPaMMa; MPOBOJIUTCS MOHUTOPHMHT Ha MaJjbix Tejmeckonax UHACAH mapasiensHo B
HECKOJIBKUX (DOTOMETPUYECKUX TIOJIOCAX, YTOOBI MIPOBEPUTH MOBTOPSIEMOCTH COOBITHUSI TI0 PACCIUTAHHBIM dheme-
PUJIaM U UCKJIIOYUTH 3aTMEHHbBbIE [T€pEMEHHBbIE 3BEe3J1bl, 3aTMEHUsI KOTOPBIX He axpoMarudHbl. Ilocje mpoBepku
METOJIAMY HPENU3UOHHON (DOTOMETPUH HMPOBOJUTCS CHEKTPOCKOIMS BBICOKOTO PA3pENIeHus C IeJIbI0 U3MEPEHUs
MacCC IJIAHET U CHEKJI-IOJISIPIMETPUIECKIe HADJIIOIEHNS C TIeJbI0 OT/AEJNTh BO3MOYKHYIO KOHTAMUHAIIAIO OJIN3KU-
MU 3Be3JaMu (DOHA, HE PA3penaeMbIMi TPU (POTOMETPUIECKUX HAOJIIOICHUSIX.
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Puc. 2: Kpusbie 6secka B mosoce V (3a 0jiHy HOYb) NEPEMEHHBIX 3Be37l, 00HAPYYKEHHBIX B PACCESHHOM CKOILICHUU

Stock 2.

5. IlepBble pe3yabTaThl U OLIEHKN 3P PHEKTUBHOCTHU

B TecToBOoM pekume MBI mpoBesin HAOIOAEHNS IBYX pacceanubix ckomtennit — Collinder 359 u Stock 2. Habstro-
JIeHUST TTPOBOIMINCEH B Ttostoce V ¢ s3kcrosunmeit 120 cexynm. [Lmomanka B ckommenun Collinder 359 mabmomaaach
B Teuenne 12 Houeit, Stock 2 — B Teuenne 22 noueit. [IpoBenena nepBuynas 0O6pabOTKa KaIPOB € MOMOIIBIO IIPO-
rpammbl VaST. Pesynbrars! anamsa mokasaJin, 9To [epeMeHHble 3Be3/bl ciiabee 17™ u amiumryoit Mmernee 0.05™
YBEPEHHO JleTeKTupytorcs. Kpupbie 6j1eCKa HEKOTOPBIX U3 HUX IMOKA3aHbI HA PUC. 2.

VuuThiBast, 9TO UCIIOJIb3yeMble HAMK TEJIECKOIBI MOI'YyT 00ECIIeUYNTh JIETEKTUPOBAHNE TPAH3UTa KPYIIHON IK-
30IJIAHETH ¥ 3Be37 ciaabee 16™, momxomsimue i HAOJIOMEHUN B paMKax HAIell MPOrpaMMbl CKOILJIEHUS OYIyT
JlexkaTh Ha paccrogaun Mmenee 2 Kuk or Cosana. B 6aze ganasix WEBDA conepxkurcst okosio 900 ckorieHwmit,
VJIOBJIETBOPSAOIINX JIAHHOMY KPUTEPUIO. Y YMTHIBAs BEPOSITHOCTD HAJIMYNsT KPYIHBIX IJIAHET B TPAH3UTHOM KOHMU-
rypaluy, MOYKHO IIPEJIIOJIOKUTE, YTO JIJIs JeTEKTUPOBAHMS MOT'YT ObITh JIOCTYIIHBI HECKOJIBKO THICSY IK3O0ILIAHET.

6. akJirodyeHue

B pabore npejicraBiena KOHIENINS 0030pa PACCETHHBIX 3BE3/IHBIX CKOIICHWI C IIEJbI0 OOHAPYKEHUs] TPAH3UT-
HBIX 9K30IIaHET ¢ TOMOIIbI0 poboTusupoBanubix Teseckonax MHACAH. Ipeanonaraercss HAOIIOATD IOMAIKA
B CKOIJICHUSX, He MOmaBImux B mosie 0063opa TESS, mwin mHabmogaBmmecs 3To KOCMUYIECKON MUCCHEH B TeUeHHE
HEJIOCTATOYHOTO JIJIs TIOJTHOTIEHHOTO aHa n3a BpeMs. AHain3 Bo3MoxKHOCTel Testeckona Acrpocut RC500, ucmonb-
3yeMOT0 B KadecTBe IVIABHOI'O MHCTPYMEHTA, JIIsl IPOBEJICHIsT 0030pa, TTOKa3aJl, 9To y 3Be3/ spde 16™ BO3MOKHO
0OHAPYYKUTH TPAH3UT KPYIHBIX 9K30IIAHET (TUIA «TOPSIMil FonUTEDP» ). BN IPOBEIEHB! TEeCTOBbIE HAGIIOAECHNUST
U [IPOTECTHPOBAHBI AJTOPUTMbBI 0OPAOOTKHU KaJPOB W IIOMCKA KAHIUIATOB B TPAH3UTHBIE SK30ILIaHeThl. IIpemo-
JlaraeTcst, YTO KpoMe OOHAPYKEeHMs IK3OIIAHET JAHHBIN 0030D IMO3BOJUT OTKPBITH OOJIBINOE KOJUIECTBO HOBBIX
IMEPEMEHHBIX 3Be3/I, JETAJBHO MCCJIEIOBATD YK€ M3BECTHBIE, U YTOYHUTDH apaMeTPbl HAOIIOMAEMbIX CKOILJICHIH.
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NccnepoBaHue psifoB NoIo>KeHUs1 reoueHTpa, NoayYeHHbIX
B pe3ysbTtate 0opaboTkn namepenun DORIS RINEX

Kyszun C.II.

HUnemumym acmpornomuu PAH, Mockea, Poccus

B pabore nmpoBejieH rapMOHUYECKUI aHAJIN3 HEJIEJIbHBIX PSIJIOB IIOJIOXKEHNsI NeOIEHTPA, IOy YeHHbIX B pe3yJsbrare o6padboT-
ku DORIS wusmepennit popmara RINEX. Tapmonuveckuii anajimn3 HeleqbHBIX KOJIEOAHWUI PSAJIOB MeoleHTpa JJist 00bein-
HEHHBIX DENIeHNil, BKIIIOYAIOIUX IIIECTh CIlyTHUKOBBIX Muccuii (cmyTnuku Cryosat2, Jason3, Saral, Sentinel3a, Sentinel3b,
Sentinel6a) nposoguica va narepsase 2022.0-2024.5 rr. CeKTpaJbHbIH AHATA3 OCIMJLIAIMI TEOIEHTPA BBIIIOJIHEH C TIOMO-
IIbIO IIPOIPAMMHOI'O IIAKETa, HAIIMCAHHOI'O aBTOPOM CTaThu. B pe3ysbpraTe JIMHEHHOIO PErpPeCCHOHHOIO aHAJIN3a OIIEHUBAJINCH
CMeIleHne, TPEH, aMIUTATYIbl U (Pa3bl TOIOBBIX U MOJYTOJOBBIX TAPMOHUK ITOJIOYKEHUsI TEOIEHTPA, KOTOPbIEe TPUCYTCTBY-
10T B O0'bE/IMHEHHBIX CIIyTHUKOBBIX perneHnsix. OIeHeHHble aMIUIUTY/ bl I'0/IOBBIX KOMIIOHEHTOB IIOJIOYKEHUSI I'€OIeHTPa JIJIst
00'bEIMHEHHOIO PellleHusl UMEIOT 3HadeHus 2.8 MM, 3.6 MM u 7.2 MM st KOMIOHEHTOB X, Y # Z, COOTBETCTBEHHO. AM-
IIUTYIBI ITOJIyTOJOBBIX TAPMOHHUK OObeIMHEHHOrO pelreHus pasHbl 1.6 MM, 4.4 MM 1 2.6 MM juia X, Y ¥ Z KOMIIOHEHTOB,
COOTBETCTBEHHO.

Tlocrynuna B pemakiuio 18.09.2024 r. Ilpunsara B nmeuars 27.11.2024 1.
Karoueswie caosa: cucmema DORIS, gopmam DORIS RINEX, noaootcenue 2eouenmpa

Study of geocenter position series obtained as a result of DORIS RINEX measurements
processing

Kuzin S.P.
Institute of Astronomy of the RAS, Moscow, Russia

The paper presents a harmonic analysis of weekly series of geocenter position obtained by processing of DORIS RINEX
measurements. A harmonic analysis of weekly oscillations of the geocenter series was performed for a combined solutions
including six satellite missions (Cryosat2, Jason3, Saral, Sentinel3a, Sentinel3b and Sentinel6a satellites) over the interval
of 2022.0-2024.5. The harmonic analysis of geocenter oscillations was carried out using a software package written by the
author of the paper. As a result of the linear regression analysis, the offset, trend, amplitudes and phases of the annual and
semi-annual harmonics of the geocenter position, which are present in a combined solutions, were estimated. The estimated
amplitudes of the annual components of the geocenter position for the combined solution have values of 2.8 mm, 3.6 mm
and 7.2 mm for the components X, Y and Z, respectively. The amplitudes of the semi-annual harmonics of the combined
solution are 1.6 mm, 4.4 mm and 2.6 mm for the X, Y and Z components, respectively.
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Keywords: DORIS system, DORIS RINEX format, geocenter position
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1. BBenenune

[Tox, reoreHTPOM TIOHUMAIOT TEHTP MACC IJIAHETHI 3eMJIsl, BKJIIOUYAsl €€ TBEPIOTEIbHYI0, OKEAHUIECKYIO U aTMO-
cdepnyio 06om0ukn [1]. Teoperndecku 10/I0KeHEE TEONEHTPA SABJISIETCS XOPOIIO OIPEIEIEHHBIM, HO IPAKTHIECKH
[IPEJICTABJISIETCS TPY/AHOAOCTYITHBIM. B IIpakTUYecKoil reo/ie3un TeOleHTD OIPEeIeIsieTCs TOCPEICTBOM KOOP/IMHAT
r7100aJIbHOM CeTH 3aKPeIJIEHHBIX Ha IIOBEPXHOCTH 3eMJin cTaHmumii. [IoaToMy peasibHO MeoleHTP IPeICTaBsieT ool
[EHTP MHOTOI'DAHHUKA, B BEPIIIMHAX KOTOPOI'0 PACIIOJIOXKEHBI CTAHIIUU HabJIIOIeHUsI. Te0peTuIecKy OIpe Ie/IeHHOe
MMOJIOXKEHKE MeOIIEHTPA U €r0 MPAKTHIECKash PeAN3alins He COBIAJIAIOT MeX 1y coboit. /BuzKeHme 1eHTpa Macc Ha-
Ieil MJIAHEeTHl OTHOCUTENIHHO MEHTPa (DUTypPhl, 00PA30BAHHON CTAHIMSAMU HADJIIOICHUST, HA3BIBAETCS MOJIOKEHIEM
reoreHTpa. 1TpexMepHblii BEKTOD IIOJIOZKEHHSI T€OIEHTPa BapbUPYETCsI B IIPejiesiaX HECKOJIbKUX MHUJLIMMETPOB, U4TO
SIBJISIETCS 3HAUUMOM BEJIMIMHON IIPU COBPEMEHHBIX TOYHOCTSIX KOCMUYECKON Te0IE3UH, U JOJIZKEH YUUTHIBATHCS IIPU
00paboTKe U3MEPEHN PA3JIMIHBIX TEXHOJIOTHIA CIIy THUKOBOI MeoIe3un.

Henrp anamuza DORIS-uzmepennit THACAH (MHcruryr ACTponomuu Poccuiickoit Akagemuu Hayk) Bol-
[OJIHSJT OIEHKY CMEINEeHuil reoleHTpa, UCnob3ysd usMmepenus cucrembl DORIS «craporo» dopmara (dopmar
doris2.2). g o6paborku DORIS-manubIX HCIIOAB30BAICA 1 UCIIOJIb3YeTcs nporpamMubiil maker GIPSY-OASIS 11
(Jet Propulsion Laboratory, JPL, CIIIA). Pesynbrars anamusa mosoxkerns: reornerTpa DORIS-usmepennii dop-
mata doris2.2 npusenensl B paborax [2, 3]. Hauunas ¢ 3amycka cuyTHuka Jason2 (2008 r.), Bce mocieyromme
Muccuu O0OOPYIOBAHBI IIPUEMHUKAMU HOBOro mokosieHnst Tuna DGXX, mMo3BOISIOMUME TPOU3BOINTE KOJIOBBIE U
da30BbIe U3MepeHNs, MOI0O0HO U3MEPEHUIM TJIO0ATBHBIX HABUTAIIMOHHBIX CIIyTHUKOBBIX CHCTEM, KOTOPbIE MOYKHO
Bbipa3uTh B obmmenpunsaToM dhopmare RINEX (Receiver INdependent EXchange format) [4, 5]. K coxanenuro, uc-
nostb3yemast Bepcusi iporpamMmMbl GIPSY-OASIS 11 #e nosBoJisier o6pabarsiBars DORIS m3Mmepenusi, BhIpaskeHHBIE

Hayunwie Tpyast UTHACAH, 2024, Tom 9, Boimyck 4



UccaenoBaane psiioB HOJIOXKEHUST TEOIEHTPA, 131

B dopmare RINEX. Jlna ocymectBienus: Bo3moxkuoctu obpaborku DORIS-uzmepennit popmara RINEX rpym-
noit koemuueckoit reojiesun MHACAH 6buta peasmsobana Merouka oopaborku RINEX-usmepennit [6], koTopast
UCIIOJIb3YeTCs 10 HacTosdmee BpeMs. [lebio JaHHOM pabOThI SIBJISETCS UCCTAETOBAHUE TOJIOYKEHUST TEOIEHTPA, st
usmepennit Hoporo dopmara DORIS-nannbix (dbopmara RINEX) 1yist 06beIMHEHHOTO CIly THUKOBOI'O PEIIEeHNSI.

2. MeTtomuka obpaboTKM JaHHBIX

st ncciienoBanns MOJIOXKeHUsT reorieHTpa 6bn oopaboranbl RINEX-nanubie cucrembr DORIS, BbInosiHsieMbie
MeCThIO AeficTByommME cnyTHUKOBBIMU Muccusivu (Cryosat2, Jason3, Saral, Sentinel3a, Sentinel3b, Sentinel6a).
WNarepBan 06paboTKy mjist KaxKI0H OTIEIBHON CIIyTHUKOBOM MUCCHUU COCTABJISET IMOYTH 2.5-TOMOBOIT TPOMEXKYTOK
Bpemenn 2022.0-2024.5 rr. IlpegBapurenbras o6pabOTKa OTIEIBHBIX CIIyTHUKOBBIX IIPOEKTOB HEOOXOIMMA JJIsi
OTIEHKN OPOUTABHBIX TAPAMETPOB MUCCHI U BBISIBJIEHUS TPOOJIEMHBIX PE3YJIBTATOB, KOTOPhIE MOTYT BOSHUKHYTH B
pesyabrare 06paboTKu (MaHEBDHI CILyTHUKOB, OTCYTCTBHE M3MEPEHNUH 1 JIPYIUX MPUIKH). 3aTeM ObLIN MOy YeHbI
oO'beIMHEHHBIE CILyTHUKOBbIE pereHusi (coBMmecTHas obpaborka cuyraukoB Cryosat2, Jason3, Saral, Sentinel3a,
Sentinel3b, Sentinel6a) Ha nnTepsase 2022.0-2024.5 rr. Mamepenust orienbHbiX cryTHHKOB nmpoekta DORIS xpa-
Harcd B Buge cyrounnix daitios dhopmara RINEX u ckauusasucs ¢ caitra https://cddis.nasa.gov.

O6paborka n3aMepeHuil OCyIIeCTBIIIACH ¢ TTOMOIIbI0 nporpammuoro nakera GIPSY-OASIS IT (version 6.4).
Crenyer ormerutb, yro nuporpammubiii naker GIPSY-OASIS II #e crnocoben obpabarbiBarh JaHHBIE (OpMATa
RINEX. JIns ocymiecTB/IeHHsT BO3MOXKHOCTH 0O6paboTku m3Mmepenunit popmara RINEX Ob11 paspaboran oTaesb-
HBIH MOmysb ux 06paborku [7]. Meroguka o6paborkn DORIS-maHHBIX cOCTOsIA B OCIEN0BATENBHON 06paboTKe
CYyTOYHBIX M3MEPEHUN /I KayKJI0ro CIyTHUKA. Ha exKeTHeBHOI OCHOBE OIEHMBAJINCH KOODAWHATHI CTAHITHI, KOOP-
JWHATHI CITyTHUKOB, TAPAMETPhI BPAIIEHUS 3eMJIN U P, APyrux napaMmerpos. CyTodHble perrenust 00beMHINCh
B HeJIEJIbHBIE PellleHNs], IPOEKTUPOBAINUCEH (yIAJIsINCh HEOPEJIEJEHHOCTH, CBA3aHHbIE CO CBOOOIHO OIIPEIeIeHHO
CHCTEMOM KOODJMHAT) U TPAHCHOPMHUPOBAJINCH B «XOPOIIO» ONPEJIETEHHYI CUCTEMY KOODAUHAT (OOBIYHO B CH-
cremy ITRF (International Terrestrial Reference Frame)) [8]. IIpu omepaimn TparcdOpMUPOBAHUST OIEHUBAJINCH
ceMb mmapaMerpoB TpaHcdopMmanun XeabMmepTa. 1pu mapaMerpa mepeHoca JAHHOTO IPeoOPA30BAHUS U SABJISIOTCS
KOMIIOHEHTAMU [TPOCTPAHCTBEHHOTO BEKTOPA ITOJIOYKEHUS T€OIEHTPA.

B kadecTBe 0CHOBHBIX MOJIesieli (apaMerpoB) 06paboTKH UCIIOIL30BAIKUCE:

1) Mo/Iesh TPABUTAIMOHHOTO TI0JIsT 3emun — goco02s.fit2.all;

2) yros orceukn namepenuit — 10 rpajycos;

3) yuer TponocdepHoii 3aepKKE pacnpocrpanenus curaaia — mozaenb GMF (Global Mapping Function);

4) ucnoab30BaHue KBATEPHUOHOB (TOJIBKO JJIsl CIly THUKA Jason3; cjieyeT OTMEeTUTD, YTO KBATEPHUOHBI CYIIECTBY-
10T He JIJIs BCeX CIlyTHUKOB);

5) npuMeHeHne KOppeKiuii st ha30BbIX IEHTPOB CIIyTHUKOBBIX M HA36MHBIX AHTEHH;

6) nonocdepHasi KOppeKIysl N3MEPEHNi;

7) MOJIeJIb yueTa HEeNPUJINBHBIX M3MEHEHNUH MoTeHIana 3eMin 3a cueT repepacipeieieHns: aTMOChEPHBIX U OKe-
aangecknx Macc (Mogear AOD1B RLO6);

8) meficTByIONIME MAKPOMOJIE/IN BBINEYKA3AHHBIX CIIYTHUKOB;

9) ampmopHBIe 3HAYCHHUS KOODAMHAT M cKopocteit crannmii — DPOD2020 (version 015) (Doris Precise Orbit
Determination 2020).

3. Aranu3 pe3ybTaToOB 00pabOTKM

[To BeimenpuBeenHoit MetToauke 6bpun 00padoTansl RINEX-u3mepenust cucrembr DORIS mitst mectn ykasaHHBIX
CIlyTHUKOB U 00'beJMHEHHOrO perenns. Ha pucyHke 1 IpUBeEHBI OIYI€HHBIE KOMIOHEHTHI (DPsIJbI) TTOJOXKEHMUSI
reOIeHTPa JIJIsi O0'bEIMHEHHOTO CITyTHUKOBOT'O PEIIeHHs C BBIJIEJIEHHBIMU T'OJIOBBIMU U IIOJIYI'OJIOBBIMU COCTABJISIIO-
M.

J1J1st TapMOHIYIECKOTO aHAJIM3a BPEMEHHBIX OCIEI0BATEIbHOCTEN BAPUAIIUI T€OIEHTPa ABTOPOM CTAThHU OBbLIa
Hanucana nporpamma Period, mo3BOJISONIAS OIIPEETIATh TAPAMETPBI TOIOBLIX U HOJTYyTOJOBBIX TADMOHUK TIOJIOXKE-
HUs TE€OTIEHTPA, €CJIU TAKOBBIE IIPUCYTCTBYIOT B PSIax TeOIeHTPa. B KadecTBe mapaMeTpOB OIEHUBAIUCEH AMILIUTY-
Jibl ¥ (pa3bl TAPMOHIUYECKHUX COCTABJISIOINX COBMECTHO C TPEHJIOM M IOCTOSIHHBIM CMEIeHreM. Psiibl OCIUIIIsATHiz
reoIeHTPa allIPOKCUMUPOBAJIMCH (DYHKITAEH

2
S(t) =ao + bo(t —to) + Z Ao, sin(27(t — to)/Ti + 0, ),

i=1

rje ap — cMemenue; by — Tpeng; Ap, — aMIuIITyga i-onpenessemoro mepuona; T; — i-IepHoJ CUTHANIA; Qo, —
HadasbHas (dasa (-OLUPEeIessIeMOro epHoja; ¢ — BpeMsl; tg — [IPOU3BOJILHO BBIODAHHOE HAYAJIBHOE BpeMs (MBI
6pasu to 1 ssHBApS).

ITo npusenennoit hopMyITe OIEHNBAIIICE TaPAMETPHI ANIPOKCUMAIINH [JIsT TOIOBOI I IIOJIyTOZ0BOI COCTABIISIO-
mux Bapuanuii reorerrpa. IIpemecTByomnue nccie0BaHns [3] MOKA3BIBAIOT, YTO JJAHHBIE KOMIOHEHTHI SIBJISIOTCS
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Merge (combined solution)

Years

Puc. 1: Bpemennbie psipl KOMIIOHEHTOB TIOJIO2KEHUST T€OTIEHTPA JJIsI 00 bEINHEHHOTO CITy THUKOBOTO pernenusi. Kpac-
HOM M CHHeH JMHUAMU ITOKa3aHbI BbIJEJEHHBIE IOJOBbIE U MOJIYTOJ0BbIe KOMIIOHEHTHI IIOJIOZKEHHUS I'eOIleHTpa, CO-
OTBETCTBEHHO.

HauboJIee 3HAUNMBIMHI C TOYKHI 3peHHA BCJIMINHBbI aMIIJINTYAbI 1 HepeHOCI/IMOfI MOIITHOCTH, I10 CPaAaBHEHUIO C APYTUMHA
IEePpUOINICCKUMHI COCTaBJIAIOIMMU. Pe3yﬂbTaTbI BBIYUCIECHUAN IIPpUBEICHBI B TabJi. 1.

Tabmuna 1: AMmuTyasl 1 pasbl TOLOBBIX U HOJIYTOI0BLIX KOMIIOHEHTOB IIOJIOXKEHHS IT'eOLEHTPA IJIst 00beJUHEHHOIO
CIIYyTHHKOBOT'O DEIIIeHUsI.

Permenne WMurepsan Kowmmonent Tomosoit mepuos [TosyromoBoit mepuos,
Amur.(mm) | @aza(rpax.) | Ammr(vmm) | @aza(rpar.)
Merge X 28+1.0 79.5+£14.1 1.6+0.8 174.54+34.5
(obbenunennoe | 2022.0-2024.5 Y 3.6£1.5 242.24+7.8 4.4£1.5 24.248.0
pelieHue) Z 7.240.1 151.5£26.2 2.6£1.8 105.8+66.6

PesynbraTel, mpuBeeHHbie B TabJ. 1, TOKA3bIBAIOT, UTO OIEHEHHDBIE aMILTUTY/IbI TOJOBBIX KOMIIOHEHTOB IIO-
JIOYKEHUsI TEOIEHTPA JIJIsT 00beIMHEHHOTO PelieHus paBHbl 2.8 MM, 3.6 MM U 7.2 MM JiJisi KOMIIOHEHTOB X, Y u Z,
coorBercTBeHHO. OT1ieHeHHbBIEe (DA3bI MOIOBBIX KOMIIOHEHTOB paBHBI 79.5 rpamycos, 242.2 rpamyca u 151.5 rpajycos
ist X, Y 1 Z KOMIIOHEHTOB, COOTBETCTBEHHO. AMIITUTY/IBI TIOJIYTOIOBLIX TAPMOHUK OIEHUBAIOTCS BeJmanHamu 1.6
MM, 4.4 MM 7 2.6 MM st X, Y u Z KOMIIOHEHTOB, cOOTBeTCTBeHHO. Pa3bl MOYyro0BbhIX FAPMOHUK OIEHUBAIOT-
csa BemuauHaMu 174.5 rpajycos, 24.2 rpanyca u 105.8 rpajgycoB aiasg X, Y u Z KOMIIOHEHTOB, COOTBETCTBEHHO.
[TosryrooBbie aMILIATYIbI UMEIOT MEHbINNE 3HAYEHUs, 9eM [OJIOBbIE AMILIUTYIbI Jijids X U 7 KOMIIOHEHTOB. AM-
WIMATYA6I Y KOMIOHEHTA JJI TOJOBBIX M IOJIYTOOBBIX COCTABJISIONINX ITOJIOKEHUS T€OIEHTPA MMEIOT BEJTUINHBI
OJTHOTO TIOPSIIKA.

4. 3akJrodyeHue

B pabore npuBesensr pe3yabTaThl TApMOHIYIECKOTO aHAJIN3A HEIEJBHBIX PSIOB TOJIO2KEHUsT TeOIEHTPA, IIOJTy YeH-
Hble B pe3ysibrare 00paborku DORIS usmepennit popmara RINEX. BpemeHHBIE Psijibl IOJIOXKEHUsI T€OIIEHTPa ObLIN
mojty4ueHbl mytem coBMecTHOi 06paborku DORIS RINEX m3mepennii mectu JeidCTBYOMMX CIIY THUKOBBIX MHCCHMN
(cuyrauku Cryosat2, Jason3, Saral, Sentinel3a, Sentinel3b, Sentinel6a) na Bpemennom nnarepsase 2022.0-2024.5
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rr. Beimosinen rapMoHuUecKuit aHaM3 HeNEJbHBIX KOJIeOaHWil PsIOB T'eONEHTPA i OObeIMHEHHBIX PEIIeHui,
BKJIIOYAIONINX IMIECTh BBINIEYKA3AHHBIX CIIyTHUKOBBIX MMPOEKTOB Ha mHTepBaje 2022.0-2024.5 rr. lapmonuteckunii
aHAJIN3 OCITUJLISTIAN TeOTIEHTPA ITPOBOJIUIICS C ITIOMOIIBIO TPOIPAMMHOIO MAKeTa, HAITUCAHHOTO aBTOPOM CTAaThu. B
pe3ysibTaTe JUHEHHOTO PErPeCCUOHHOTIO aHAJIM3a OIEHUBAJINCH CMEITIEHNE, TPEH I, aMILIUTYIbI U (ba3bl TOJIOBBIX U
MIOJTyTOJOBBIX TAPMOHUK TIOJIOZKEHIS T€OIEHTPA, KOTOPBIE IIPUCYTCTBYIOT B O0bEIMHEHHOM CITy THUKOBOM DEIIEHUN.
OrneHeHHBIE AMILIUTYABI TOIOBBIX KOMIIOHEHTOB ITOJIOYKEHUS TeOIEHTPA [IJIsi O0bEINHEHHOTO PEIeHNs NMEIOT 3Ha-
genus 2.8 MM, 3.6 MM 1 7.2 MM 1711 KOMIIOHEHTOB X, Y 1 Z, cooTBeTCTBEeHHO. Pa3bl TOOBBIX KOMIIOHEHTOB PABHDI
79.5 rpajycos, 242.2 rpajyca u 151.5 rpajycos ist X, Y u Z KOMIIOHEHTOB, COOTBETCTBEHHO. AMILIUTY/IBI TIOJIYTO-
JIOBBIX TAPMOHUK OIeHUBAIOTCS BemanHaMmu 1.6 M, 4.4 MM u 2.6 MM jy1st X, Y 1 Z KOMIIOHEHTOB, COOTBETCTBEHHO.
®Da3bl MOTYTOIOBBIX TAPMOHUK MMeIOT 3Hadenusi 174.5 rpagycos, 24.2 rpagayca u 105.8 rpagycoB misa X, Y u Z
KOMIIOHEHTOB, cOOTBeTCTBEeHHO. CJie/lyeT OTMETUTD, YTO UCCIEeIyeMbIe PSIbl UMEIOT OTHOCATEIHFHO KOPOTKUI IPO-
MeKyTOK BpemeHu — 2.5 roma. [loydenune Oosiee IIUTENBHBIX PSAIOB MOJIOXKEHUST TEOIEHTPA TO3BOJIAT MTOJIYIUTh
0oJiee HAJEKHBIE OIEHKH CIIEKTPAJBHOTO COCTaBa Ps0B. PabOThI B 9TOM HAIPaBJICHUHU Oy/IyT ITPOJIOIKEHBI.

Crucok aureparypsbl

. G. Petit and B. Luzum, IERS Technical Note, 36, 179, 2010.

. S. P. Kuzin, S. K. Tatevian, S. G. Valeev, and V. A. Fashutdinova, Advances in Space Research, 46, 1292, 2010.
. S. Kuzin and S. Tatevian, Advances in Space Research, 58, 2561, 2016.

. W. Gurtner, GPS World, 5, 48, 1994.

. F. Mercier, L. Cerri, and J.-P. Berthias, Advances in Space Research, 45, 1441, 2010.

. S. Kuzin, INASAN Science Reports, 4, 99, 2019.

. S. Kuzin, INASAN Science Reports, 7, 237, 2022.

. Z. Altamimi, P. Rebischung, X. Collilieux, K. Metivier, and L. Chanard, Journal of Geodesy, 97, 47, 2023.

0 O U= W



134

YHUKanbHbIi METEOPUTOOOpa3yloWnii poii BHYTpn opbuTtbl 3emnn
Tepentoesa A.K.1, Jleonos B.A.12

! Wnemumym acmporomuu PAH, Mockea, Poccuas
2BHHHUTH PAH, Mocxea, Poccua

Brisiiien yHuUKaIbHBIN GOJUIHBIN poit 7w-JleoHu ¢ opbuTOii, HAXOISIIENCS IeJTMKOM BHYTpHU opbuthbl 3emuyin. OH mMmeer
aCTEpOUHOE TPOMCXOXKICHNE 1, 10 BCEH BUIMMOCTH, 00IaaeT HadaabHoi (moarmocdepHoii) maccoit 6osee 4 Tonn. Kpome
Toro, cpeau acreponsioB NEO (okosiozemHble 0OOBEKTHI) HaliJIEHO YeThIpe acTepouja IPylIbl ATOHA ¢ OopOUTAMU, TAK¥Ke
PACIIOJIOXKEHHBIMU BHYTPU OPOUTBHI 3€MJIU, COCTABJISIONUX €IMHYI0 ACTEPOUIHYIO ACCOIUAIIUIO, CBI3AHHYIO C OOJIUIHBIM
poem m-Jleorus. V3ydeHne moJydeHHBIX OPOUTABHBIX XapPAKTEPUCTUK TO3BOJISIET C JOCTATOYHOMN CTENEHBI0 BEPOSITHOCTH
3aKJIIOYUTh, YTO BCE ITU TEJA NPEACTABJILIOT CODOM IPYIIy CBI3aHHBIX MEXKJY CODOH OOBLEKTOB. DTO, B CBOIO OYEPEIb,
MIPUBOJIUT K BBIBOJLY, YTO METEOPUTOOOPA3YIOIIME POU UIIH OT/IEIbHBIE METEOPUTOOOPA3YIOIIUE TEIA MOTYT OBITH PE3YJIBTATOM
ApobJieHust 9TUX OIU3KUX K 3eMJie aCTEPOUJIOB WJIM UMETh C HUMH O0IIee IPOUCXOXK ICHIE.

Ilocrynuna B pemakiuio 18.10.2024 r. Ilpunsara B meuars 11.11.2024 1.

Kanouesvie caosa: 60audkvili poti, MEMEOPUMOOOPA3YIOWEE MENO, ACMEPOUD, opduma

A unique meteorite-forming stream inside the Earth’s orbit
Terentjeva A.K.!, Leonov V.A.12

! Institute of Astronomy of the RAS, Moscow, Russia
2VINITI of the RAS, Moscow, Russia

A unique 7-Leonid bolide swarm with an orbit located entirely inside the Earth’s orbit has been identified. It has an asteroid
origin and, most likely, has an initial (pre-atmospheric) mass in excess of 4 tons. In addition, among the NEA asteroids
(near-Earth objects), 4 asteroids of the Aton group were found with orbits also located inside the Earth’s orbit, and forming
a single asteroid association related to the m-Leonid bolide swarm. The study of the obtained orbital characteristics allows
us to conclude with a sufficient degree of probability that all these bodies represent a group of probably interconnected
objects. This, in turn, leads to the conclusion that meteorite-forming swarms or individual meteorite-forming bodies may
be the result of fragmentation of these asteroids nearby to Earth or may have a common origin with them.
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1. BBenenue

O Tom, uro Oiuxkaiimue K 3emiie acTePOUJIbl MOT'YT OBITh UCTOYHHKOM METEOPHUTOOOPA3YIOIIMX TeJI, U3BECTHO
nmasHo [1]. JauHast paboTa sIBJIsIeTCsl TIPOJIOJKEHIEM Psijia HAIIMX MCCIe0BaHUi B 9TOM HampasieHun [2, 3|.

2. PEByJ'IbTaTI)I nccJjie10BaHunud

Cpeam 78 Gonmaabix poes Karasora Fireball Streams [4] naiinen yHuKaabHbI 6omaabi poit 7-Jleonus (cM. Tabi.
1). Ero opbura nenukom Jiexkur BHyTpu opourhl 3emuu. Junamudeckuii napamerp Tuccepana (BoaMmyIaromiast
mnarera — IOmurep) [5] T; = 7.60, T.e. poit uMeeT acTeponnHoe MponucxoxAenne. Kpome Toro, ¢ sTuM GOIMIHBIM
poeM MOKeT ObITh CBI3aHO JOBOJIBHO KDYIIHOE MeTeopuToobpasyiomiee teno (cm. tabiu. 1) [6], koropoe nmeno
HavaJbHyIo (JoaTMocdepHyio) Maccy Gosee 4 Toun. unamudeckuil napamerp Tuccepana mis mero 1; = 7.95,
T.e. OHO TaKKe aCTEePOUJIHOIO IPOUCXOXKIEHUs. 3HavdeHune m3pectHoro Kpurepusi Cayrsopra-Xoxkumuca Dgy [7],
BBIMHCJIEHHOE JJIS JAHHOTO METeOpUTO00pa3yIomniero reia u boauaaoro pos mw-Jleornmm, cocrasaser 0.17. Takum
00pa3oM, ¢ TOCTATOYHON CTENEHBIO BEPOATHOCTH MOXKHO IOJIATATh, UYTO JIBA ITUX OOBHEKTA CBA3AHBI MEXKIY CODOi
u OosuHbIi poit m-Jleonnn sBIsIeTCS MeTeOpUTOOOPA3YIOMIUM. XOTsI TAKOBBIM OH MOXKET OBIThH U CaM II0 cebe, T.K.
UMeeT aCTEPOUIHOE IIPOUCXOXKIEHNE M MOXKET COJIepXKaTh B cebe KPYIIHbIe (DpaKITUH.

Hauee, B karasore acreponsioB NEO (oxosozemHble 06beKThI) [8] HaMu ObIIM HafiJIeHBl YeThIpE aCTEPOHIA
rpymmbl ATOHa, MMeOIre OTHOIIeHNE K OOIMIHOMY POt 7-JIeOHMI U COCTABJISAMOIINE KaK OBl €UHYI0 acTePOUI-
HYIO aCCOIMAIIIO. DJIEMEHTHI OPOUT STUX ACTEPOUIOB IpuBeIeHbl B Tabi. 2. VIx opOUTHI pacmoiozKeHbI BHYTPH
opbutsr 3emyn. Heobxommmo 3ameruts ciemyromiee. Hamu 6b11n mpocMoTpeHbl Hanbojiee 3HAYUTEIbHBIE U3 OILy0-
JIMKOBAHHBIX KATAJIOTOB OPOUT METEOPOUIHBIX poes: paborsl [9, 10, 11, 12] u ap., a TakyKe U3BECTHBIE KATAJIOTU
249 mereoponubix poes A.K. Tepentrseroii [4]. Hu 0 HOr0 METEOPOUIHOTO POsI, CXOIHOTO ¢ PACCMATPUBAEMBIME
HAMH YeTBIPbMs acTepoujamMu rpyibl AToHa, He ObLIO HaiimeHo. TakuMm 0Opa30M, CYyIIECTBOBAHUE TAKUX POEB,
KakK 7-JIeOHUIbI, BHYTPU OPOUTHI 3eMJIH, 9TO PEAKOCTD, XOTs CyIIECTBOBAHIE OTIEIbHBIX METEOPUTOOOPA3YIONINX
Test B 910i obstactu COTHEIHON CHCTEMBI PEIKOCTHIO HE SBJISICTCS.

Hayunwie Tpyast UTHACAH, 2024, Tom 9, Boimyck 4
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Tabauna 1: DeMeHTH OPOUT U JpPyTHe MapaMerpbl OOJUIHOTO post w-JIeOHMIT U METeOpPUTOOOPA3YIOIIErO TEeJIa
(J 1950). 3a 50 ser pasHUIA U3-3a IPEIIECCHU COCTABJIsIET MeHee 1°, UTO He CyIEeCTBEHHO.

O6BbekT Jata Teonentp. Voo @s e
paauaHT KM/cC a.e.
a, d,
yIJI. Tp. | yIJL. T'p.
Boauambrit
poit 25.10-06.11 146 +8 12.6 0.756 0.324
m-Jleonu
Mereopuro- | 5 11 1966 | 1664 3.6 14.6 0.714 0.43
06pa3. TeJsio
OBmeKT q, w, Q, Ty R HNcrou-
a.e. yOJI. Tp. | yIil. Tp. | yIJI. ©p. | yIJI. TP. | HHUKH
Bosmaubrit
poit 0.51 189 37.4 4 926.4 4]
m-Jleonna
Mereopurro- 0.405 196.7 42 3.4 238.7 [6]
obpa3s. Tesro

Tabmuna 2: DyiemeHTsl OPOUT YeThIpex acTepousos rpyibl Arona (J 2000). Dnoxa 2460200.5 (13.09.2023) TDB.

O6o3Ha4eHNnE @ e % Q,
a.e. a.e. a.e.
415713 (1998XX2) 0.74113 0.36764 0.46867 1.0136
(2001WF49) 0.75205 0.37076 0.47322 1.03088
524522 (2002VE68) 0.72364 0.41013 0.42686 1.02042
(2015WZ12) 0.72182 0.41248 0.42408 1.01955
O6o3Ha4eHHnE “ 2, b ™
yIiL Tp. | yria. rp. | yria. rp. | yra. rp.
415713 (1998XX2) | 153.0983 | 74.3823 6.9719 227.4805
(2001WF49) 358.4263 | 239.6321 17.9518 238.0584
524522 (2002VE68) | 355.4059 | 231.4703 9.0365 226.8762
(2015WZ12) 346.3805 | 251.0577 3.6361 237.4382

Urak, Mbl ©MeeM Jjisi UCCIIEIOBAHUS IIeCTh 00beKTOB. st Kaxkmoit mapbl opouT n3 3Tux 6 0O0BHEKTOB OBLIH
BbIUUCJIeHbl 3Hadenus kpurepus Cayrsopra-Xokunca Dgy (15 BO3MOXKHBIX BapuanToB). B Tabi. 3 upuseieHb
3nadenns Dgp f1j1d Tex nap opobut, y Kotopbix Dgp < 0.21.

Tabauna 3: S3uagenns kpurepusi CayrBopra-Xokuuca Dgyy f1st 60u1HOTO post 7-JIeoHm 1, MeTeopuTO0OPA3yIOIIero
TeJla U YeThIpEX acTepPOMJIOB IPyIibl AToHA.

OG6beKTHI Dsy

Bosmmambrit poit — mereopuroobpazytoriee teo | 0.17
Boauanbrit poit — 1998XX2 0.10
Bosmmanmerit poit — 2015WZ12 0.19

Meteopuroobpazyioriee Teo — 1998XX2 0.14
Meteopuroobpaszyromee Teso — 2015WZ12 0.12

1998XX2 — 2015WZ12 0.21
2015WZ12 — 2002VE6G8 0.13
2001WF49 — 2002VE68 0.19

W3 tabia. 3 BUIHO, 9TO OPOUTHI OOIUITHOTO Post m-JIeoHMT U METEOPUTOOOPA3YIOIIErO TejIa XOPOIIO COrIacy-
IOTCsT MEXKTy co0oit u ¢ opbutamu 1Byx acreponnos 1998XX2 u 2015WZ12, koTopbie Tak:Ke COTJIACYIOTCH MEXKTY
coboit. Opbura acreponma 2015WZ12 cornacyercs ¢ opouroit 2002VEGS, a nocimemuss — ¢ opburoit 2001 WF49.
B upusesennoit Boiie padore [7] aBTOpbI Ha IPUMEpE UCCJIEIOBAHUS JeCATKA GOJBIINX METEOPOUIHBIX POEB 10~
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Ka3aJju, 9To Oym3kue opOuTHI B poe mafor 3uadenusi kpurepus Dgg ot 0 mo 0.2. Bosee paccesiHHble pOM MMEOT
Dg = 0.21 + 0.28. Takum o6pa3oM, B Pe3yIbTaTE UMEETCS TPYIIIa U3 YeThIPEX BEPOSITHO B3aUMOCBSI3aHHBIX 00b-
eKkTOB: T-JIeoHUbI, MeTeopuTOOOpa3yioIlee TejIo u JiBa acreponga 1998XX2 u 2015WZ12. Samerum, 9T0 3THU JIBA
acTeponjia IpeacTaBisior coboi N u S BeTBHU, AHAJIOIUYHBIE TAKOBBIM B METEOPOHUIHBIX POSIX (BOCXOJISIIIHE Y3JIbI
Q 1 apryMeHTbl epuresiues w oraudaTced Ha £180°, Torga Kak J0JIroThl IIEPUTEIHeB T IIOCTOSHHBI).

Jlajee MbI 0OPATHIINCH K OJHOMY M3 M3BECTHBIX MHBAPUAHTOB — IMOCTOsiHHOI Tuccepana

1 2 .
C = o + (m) \/pcosi

(Bo3mymaromias ianera — Omurep) B ee KiaccuueckoM Beipazkernu [13, 14]. Dra nocrosgunasa Tuccepana sKBuBa-
JIEHTHA TTOCTOSTHHOM MHTerpasta JIkobn B OrpaHnvIenHoli 3a1a9€e Tpex TeJl. Paciperesenne o BeTNIHHE TOCTOTHHOM
Tuccepana C' GbUIO CJ€TTAHO HAMH JUIS PA3JIMIHBIX TOMYJIsIui Masbix Tea [6]. B tabiu. 4 npubeneHbl 3HAUEHUS
nocrostaHoi Tuccepana C' 111 BceX MeCTH 00LEKTOB JIAHHON pabOTHI.

Tabmuma 4: 3uavenus nocrosunoit Tuccepana C' st mectn 06bEKTOB U3 JAHHON pabOTHI.

O6beKT C

Bonumaubrit poit 7-Jleonunn, 1.46
Meteopuroobpasyrorriee Tesio  1.53
Acrepony 1998XX2 1.48
Acreponn 2001 WEF49 1.46
Acrepony 2015WZ12 1.52
Acrepon 2002VEGS 1.51

N3 Ttaba. 4 BUAHO, 9TO MOYKHO BBIAEINTDH JBE TMOATPYIILI IO TP OOHEKTa C MOYTH PABHBIMU 3HATCHUSIMUI
nocrosiauoil Tuccepana: bommanbiit poit ¢ nByms acrepougamu C' = 1.46 + 1.48 u MeTeopuTo0Opa3yIOIIee TEJIO C
apymst acrepougamu C' = 1.51 =+ 1.53. PaBencrso koHcTanT Tuccepana C; u Cy 03HaYaeT, 9TO HEKOTA JIAHHBIE
TeJia MOTJIN JIBUTAThCS 110 O/IHOI opbure. Eciin 2Ke cMOTpeTh B IIEJIOM, TO BCSI I'PYIINA STUX MIECTU 0O'BEKTOB UMEET
omm3Kkue 3HadeHust C, U IOTOMY MOYKHO IIPEJIIIOJIOXKHUTh, YTO OHU MOI'YT ObITh B3aUMOCBSI3aHBI.

3. 3akJiroueHue

1. CymrecTBOBaHME TAKUX B3aNMOCBSI3aHHBIX OObEKTOB ¢ OPOUTAME, HAXOIAIIUMUCST BHYTPH OPOUTHI 3eMJIH, IPUBO-
JIUT K BBIBOJLY, 9TO METEOPUTOOOPA3YIONINE POU WK OT/IEIbHBIE METEOPUTOO0PA3YIOIINE TeIa MOTYT OBITh PE3YJib-
TATOM JPOOJICHNUS BBIMIEYKA3AHHBIX ACTEPOUIOB. TaKuM 0Opa3oM, BHyTPH 3€MHOI OpOUTHI MOXKET CYIIECTBOBATH
[IOCTOSIHHBIN MCTOYHUK 0Opa30BaHUsI METEOPUTOOOpa3yoImuX Tej. V Tak Kak Cpeau HUX MOI'YT HaXOIUTbCS J10-
CTATOYHO KPYIHBIE Tejia, OHU MOI'YT OBITh HEGe30MMacHBIME IPU UX BeTpede ¢ 3emteii. [loaToMmy maHHas 3a1a4a
JIOJIZKHA OBITH B IIEHTPE BHUMAaHUSI UCCJIEI0BATE el METEOPHBIX SIBJIEHUN U TEX OPraHU3aIluil, KOTOPhIe 3aHUMAIOTCSI
poOJIEMOT KOCMIYIECKUAX YTPO3.

2. C mOMOIIBI0 METEOPHBIX MATPyieil Mo (HOTO- U BUIACOHADIONCHUSAM HEOOXOIUMO BBISCHUTDH, HACKOJIBKO
aKTUBEH U PeryJisipeH OoJIMIHbINi poii 7m-JleoHu .
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NccnepoBaHne B3anmMoaencTBma naaHeTbl 3eMHOIM MaccChbl
N njaHeTe3nMasbHOro Aucka

Outeitauk O.C., Emenbsanenko B.B.

HUnemumym acmpornomuu PAH, Mockea, Poccus

B nacrosiiee Bpemsi mpejionaraercs, 9T0 OCKOJIOYHbIE OKOJIO3BE3/HbIE JIMCKU SIBJISIIOTCS PE3Y/IBTATOM CTOJKHOBEHUS ILJIa-
HeTe3nMaJIell, OCTABIIUXCS TocJie (DOPMHUPOBAHUS IJIAHET. B pe3ysibrare TAKUX CTOJIKHOBEHUN POXKIAETCS MUKPOHHAST IbLIb,
HabJII0/1aeMast B OCKOJIOUHBIX JUCKAX. DTO BOZMOXKHO, €CJIM OPOUTHI IJIaHeTe3eMaJIeil BO30Y K IeHbI B JIOCTATOYHOI cTenenu. B
JTAHHOI paboTe MPeJIoyKEeH MEXaHN3M BO30YK/IEHUS IMCKA BCIEICTBHE IPABUTAIIMOHHOTO B3AMMO/IEHCTBUS ILIAHETHI 3€MHOI
MAacChl C BHEITHUM JIMCKOM ILJIaHEeTe3UMaJieil. YCTAHOBJIEHO, YTO B PE3yJIbTaTe 3TOI0 B3aUMOJEHCTBUS IIJIAHETa MOXKET MU-
rPUPOBATH BHYTPH Aucka. [Ipu aToM mmaneTa HECKOIBKO Pa3 MPOXOINUT Yepe3 BeCh JUCK, MEHsIsI HAIIPABJICHIE MUTDAIIAN ITPH
JIOCTU>KeHHUU rpanur] gucka. [1oj eiicTBueM 1miaHeTHBIX BO3MYIIIEHUN SKCIIEHTPUCUTETHI M HAKJIOHBI OPOUT IJIaHeTe3nuMaIeit
YBEJIUYIUBAIOTCS JIO 3HAYEHUI, IOCTATOYHBIX JJIsI TOTO, YTOOBI CTOJIKHOBEHUS IJIAHETE3NMAJIEN CTAJIHN Pa3PYIIUTETbHBIMA 1
ITPUBOJIUJIN K TIOSIBJIEHUIO IIBLJIEBBIX CTPYKTYP.
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Study of the interaction between an Earth-mass planet and a planetesimal disk
Oleynik O.S., Emel’yanenko V.V.
Institute of Astronomy of the RAS, Moscow, Russia

It is presently assumed that circumstellar debris disks are a result of collisions of planetesimals, which are leftovers of
the planet formation. In such collisions, micron-sized dust forms, which is observed in debris disks. This is possible
if planetesimal orbits are sufficiently excited. In this work we suggest a mechanism of the disk excitation due to the
gravitational interaction of an Earth-mass planet with an outer planetesimal disk. It is shown that the planet can migrate
to the inner part of the disk because of this interaction. In the process, the planet crosses the entire disk switching
the migration direction upon reaching the disk borders. Under the action of planetary perturbations eccentricities and
inclinations of planetesimal orbits increase up to values sufficient to make planetesimal collisions violent enough so that
they lead to formation of dust structures.
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1. BBenenune

Ockosounbtit guck (debris disk) — 910 9T KU3HU OKOJIO3BE3HOTO IAUCKA, CIEIAYIONINUIA TOCJIE TOMO, KAK OCHOB-
Has YaCTbh €ro ra30BOH COCTABJISIONIEH pacceeTcs. B HACTOANNI MOMEHT M3BECTHO 00Jiee TBHICAIN OCKOJOUHBIX
qckoB [1]. OHu BUmHBI 3a cueT u3JydeHus NbLIEBbIX dactul B umHbpakpacHom (UK) nuamnasone B pesysibrare
TIOTJIOIIEHNST U3JTyYeHUs 3BE3/IbI.

[Tb11€BO KOMIIOHEHT OCKOJIOYHOTO JUCKA HEOOXOINMO BOCIIOJIHSATH, IOCKOJBKY BPEMsl YKU3HU HAOJIIOIaeMOit
[bLIY MEHBIIIE BO3PACTa CUCTEMBI 3Be3/1a-1UCK |2, 3]. OCHOBHBIM MEXaHU3MOM BOCIOJIHEHUS IIBLJIH, 110 BCE BUIMMO-
CTH, SBJISIOTCS CTOJIKHOBEHUS MEXK Iy IutaneresuMasiamu |4, 5]. g o6pasoBanust UbLIM BCIEICTBHAE CTOJIKHOBEHUIT
HeOOXOIMMBI JIOCTATOYHO BBICOKME 3HAYEHUsI OTHOCUTENBHBIX CKOPOCTEH IiaHeTesnmasteil [5], Bo3HUKaomue npu
3HAYUTESHHOM OTJIMINU SKCIEHTPUCUTETOB U HAKJIOHOB OpOUT OT HyJs [6].

CymrecTByoT 1Ba HamboJilee 9AaCTO YIOMUHAEMBIX B JUTEPATYPE MEXaHM3Ma JUHAMIIECKOTO BO30YKICHUS
opbutr vactur gucka. OgHAKO KaXkKJbli M3 HUX UMEET CBOU HEIOCTATKH. llepBhlii MeXaHM3M BO3MYIIEHUS OPOUT
YACTHI 33 CYeT CAMOIDABUTALUM ILIaHeTe3uMajieil TpeGyeT HepeaaucTUYHO GOoJIbIIoi Macchl jaucka [7]. Bropoit
MEeXaHU3M, OCHOBAHHBIN Ha BEKOBBIX BO3MYIIEHUSIX IIAHETE3NMAJIEH IaHeTON-TUTAHTOM, TPeOyeT OOIBITOTO KC-
[EHTPUCATETa OPOUTHI IIITAHETHI [8].

Mpr nipejjaraeM HOBBINT MEXaHM3M BO30YKJICHUS TJIAHETE3UMAJLHOTO JIUCKA, B KOTOPOM OPOUTHI ILIaHETE-
3uMaJiell BO3MYIIAIOTCs [JIAHETON ¢ OTHOCUTEJNLHO HeBOJIbIIOi Maccoil (HopsiKa Macchl 3eMiIn), HaXosmeics
BOJIN3U BHYTPEHHEH I'DAHUITHI JTUCKA.

2. Moneib

Kak u B ciryuae nosica Koitepa B CostHewHO# crcTemMe, TUIMYHBIN OCKOJOYHBIN MMCK, IO BCEH BUIUMOCTH, IIPEJI-
CTaBJISIET COOOM KOJIBIIO MBLICOOPA3YIONINX IJIaHEeTe3NMAaJIeH, PACIIOIO?KEHHOE Ha PACCTOSTHIH HECKOJIbKIX JIECSITKOB
ACTPOHOMUYECKUX enuHuIl oT 38e37p! [9, 10, 11]. Takue jqucku HasbBaroTcst BHemHUME [5]. B Hacrosimeit cratbe
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PACCMATPUBAETCS TPABUTAIIMOHHOE B3aUMO/IEHCTBIE IIJIAHETE3NMAILHOTO JUCKA OKOJIO 3BE3/IbI C COTHEYHOM MaCCOi
U IUIAHETHI ¢ Maccoli pasHoit My (Macca Semum), Haxonsmefics BOIM3M BHYTPEHHEH IPAHUIBI BHEITHETO JIUCKA.

Mpb1 u3ydyaeMm JUHAMUYECKUI IIPOIECC HA PAHHEM STalle SBOJIOIUU IIJIAHETHON CHCTEMBI IIOCJIE MCUE3HOBEHUSI
razoBoro jgucka. OCHOBHas IieJib JAHHON pPabOThl — BBISICHUTH CTEIleHb BO30YXKJIEHUS [LJIAHETE3UMAJIBHOTO JINCKA
BCJIEJICTBUE MPABUTAIMOHHOTO BJIUSHUS MUTPHUPYIOMIEH IaHeTbl. [[09ToMy MBI pacCMOTPESH MTPOCTYIO MOJIENb, B
KOTOPOI B HAYAJIHHBIA MOMEHT ILJIAHETa HAXOIUTCS Ha TOYTH KPYTOBO OpOUTE HEAIEKO OTHOCUTEIHLHO BHEITHETO
JcKa (Ha PACCTOSTHUM OJHOTO pajuyca cdepbl Xuiuia OT BHYTPEHHETO Kpasl JUCKA). DTO MO3BOJISIET COKOHOMUTH
BBIUKCJINTEIbHBIE PECYPCHI JIJIsl JIOCTUXKEHUs] OCHOBHOI I1eJi pabOThl, HE PACCMATPUBasl IMPEIbIYILYI0 UCTOPUIO
JIBUZKEHUA I1aHeThl. Hadanbnoe 3Havenne 60IbII0M OIYOCH IIAHETHI apl = 29.7 a.e., sxcrnenTpucurera e = 0.01,
naksiona 0.05°. B HagaIbHBI MOMEHT TIJIAHETE3NMAJIH TAKKe JBUYKYTC 110 TOYTH KPYroBbiM opouTaMm. HaganbHbre
3HAYEHUS IKCIIEHTPUCUTETOB M HAKJIOHOB OPOUT IJIaHeTe3UMaJIeil ObLIN pacpeieieHbl PABHOMEPHO B HHTEPBAJIAX
(0, 0.01) u (0°, 0.5°), coorBercrBeHHO. BoOJbINNE MOJYOCH IUIAHETE3UMAJIEH ¢ PACIPEIENIAINCH 110 CTEIEHHOMY
3aKony a~ ! B unTepBase or 30 a.e. 710 40 a.e. Takue HauaJIbLHBIE YCIOBUS SIBJISIOTCS €CTECTBEHHBIMH IS CUCTEMEI,
0o0pa30BaBIIeil B Ia30MbLIEBOM JIMCKE, U I0JI00HBIE IIPEJIITOJIOKEHNS IPUMEHSJINCh B OOJIBIIOM 4KcJie paboT 1o
UCCJIEIOBAHUIO MUTDAIMU IUIAHET B IUIAHETE3UMAJbHBIX JucKax (Hampumep, [12, 13, 14, 15]). Havanpuas macca
nucka Boibpana pasaoit 40 Mg, 6iuskoil K Macce jucka 3a opburoii Henryna B momesn Humupr (manpumep, [13,
15, 16)).

B umciieHHBIX 3KCIEpUMEHTAX ILJIAHETE3MMAJIbHBIN JUCK cojepxka 8982 oObEeKTOB, UMEMIIUX OJUHAKOBYIO
Maccy. Bpemsi uHTerpupoBaHusi ypaBHeHUI JIBUKEeHUsI BHIOpaHOo paBHbIM 20 MujummoHaMm JjeT. [IpoBoauiock duc-
JIEHHOE pellleHne ypaBHeHnl qBrKeHns B 3a7ade N Tesl ¢ IOMOIIBI0 CUMILIEKTUIeCKOTo uHTerparopa [17]. Tlpu-
MEHSIJICS IUPOKO PACIPOCTPAHEHHbIH 1101x0/1 [13, 15|, B KOTOPOM IIOJIHOCTHIO YUUTHIBAETCs PABUTAIIMOHHOE B3aU-
MoJIeficTBIe MEXKJTy IIAHETON U IJIAHETe3UMAJISME, HO [JIAHETE3UMAJIN He B3aUMOEHCTBYIOT MeX Iy coboit. O6b-
€KTBI yJIaJISIINCh U3 UHTETPUPOBAHUA, €C/ii 60JbInas moayoch a > 1000 a.e. win MEPUIIEHTPUIECKOE PACCTOSTHUE
q < 0.05 a.e.

3. PesynbTaThl

BenencrBre rpaBUTAITMOHHOTO B3AMMOICHCTBHUS C TIJIAHETE3UMAJIBHBIM JIMCKOM TIJIaHeTa MUTpHUpyeT. ['paduk Mu-
rpaIuy IJaHeThl TpeJCcTaBIeH Huxke Ha puc. 1. [I1anera 3axoauT BHYTPh JIMCKA, MEHSIET HAIIPABJICHNE MUTPAITIH,
JIBAZKJIBI JIOXOJIA /10 BHEITHETO Kpad Jucka. Ha MoMmeHT BpeMenn ¢ = 10° jreT mianeTa JOXOINUT JIO CEPETHHBI JUCKA.
(36 a.e.) u pasBopauuBaeTCs. 3aTeM, J0XOJ J0 BHYTPEHHErO Kpas JUCKA, ILUIAHETA CHOBA MEHsIET HAIIPABJICHHE
MUTpanid. BHeIIHero Kpas JUCKa IUIaHeTa BIIEpBbIe jocTuraerT B MoMeHT t = 1.1 - 10% mer, Bropoit pas — B Mo-
MeHT t = 1.5 - 107 sier. Ilanera cTpeMHUTCsS MUTPUPOBATEH CKBO3b BECh JIUCK, IIPH 3TOM, JOXOJS JIO0 €ro Kpasl, OHa
He TIOKHUJAET JUCK, a8 MEHseT HalpaBjeHue murparuu. [Iporecc B3anMoeificTBus IUIAHETHI U JINCKA, a TaKXKe U
9BOJIIOIIAN OPOUTHI TIJIAHETHI, UMEET KaK CHCTEMATHIECKYIO, TaK M CIYIailHyIo cocTraBisiontyio. JleiicTBuTeIbHO,
KaK BUJIHO Ha puC. 1, 3aBUCUMOCTDb PACCTOSTHUS TIJIAHETHI OT BPEMEHHU UMEET XaOTUIECKYIO COCTABJISIONIYIO, OJTHAKO
BO3MOYKHO BBIIEIATD OOIIN TPEH U CYAUTH O HAIIPABJICHUN MUTPAIIAMN.
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Puc. 1: Murparus miraners ¢ Mmaccoit 1 Mg B gucke ¢ maccoit 40 Myg.
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Puc. 2: Dpoutiornus 3aBUCHMOCTH IKCIIEHTPHCUTETOB OT OOJIBIION TIOJIyOCH IIaHeTe3nMaseil (KpacHble TOUKH) IPH
MUTPAIMA IIaHeTHl ¢ Maccoit 1 My (duepHast To4UKa).
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Puc. 3: DBosmolus 3aBUCHMOCTH HAKJIOHOB OT GOJIBIION [OJIyOCH IIaHeTe3uMadIeil (KpaCHbIe TOUKN) IPU MUTPAIIH
iaHeTsl ¢ Maccoit 1 My (uepHasi Touka).

Buepsble siBiienre o6paTuMoit Murpanun 6bl10 0OHAPY?KeHO aBTopamu pabotsl [18]. B Heil paccmarpusasicst
JMHAMIYECKUI POIECC ¢ YIaCTHeM ILIAHETHI ¢ Maccoil mopsiika Macchl Henrryna. B HacTostiieit pabore Mbl OKa-
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Puc. 4: DBoJmronust 3aBHCHMOCTH SKCIEHTPUCHTETOB IIaHeTe3NMaIeil (KPacHbIe TOUKH) OT PACCTOSHUS [P MATDa-
I IUtaHeTsl ¢ Maccoit 1 My (depHas Touka).

3aJIi, YTO B INIAHETE3NMMAJIBHOM JIMCKE MOXKET IPOUCXOIUTH 00paTHMAasi MUTPAIUS U ILUIAHETHI ¢ TOPAa30 MEHbIeH
Maccoii (IOps/IKa Macchl 3eMIIN).

ITpu B3anMoeificTBIN ¢ TUIAHETOH pacipenesenne YacTull (IUIaHeTe3nMaJiel) B Jucke MeHsiercs. Ha puc. 2 u 3
IIPEJICTABJIEHBI PACIIPE/IEJIEHUST IKCIIEHTPUCUTETOB ¥ HAKJIOHOB YaCTHI] B 3aBUCHMOCTHU OT 60JbII0# mosryocn. s
aHaJn3a HabJII0JaTeIbHBIX OCKOJIOYHBIX JUCKOB 00Jiee MHTEPECHBIMU SBJISIIOTCS PACHIpPEeIeHU SKCIIEHTPUCUTETOB
¥ HAKJIOHOB OPOUT B 3aBUCHUMOCTH OT PACCTOSHUN /10 3B€3/bI, KOTOPBIE IIPeICTaBIeHbl Ha puc. 4 u 5. Buano, uro B
pe3yabrare AefiCTBUS IIAHETHBIX BO3MYIIEHUI TPAHUIBI [IAHETE3MMAJILHOTO UCKA pasaBuraiorcs. Jlo MomeHTa
t = 3-10% ;mer op6UTHI YACTHII B YACTH IHCKA, GIM3KOI K €ro BHEIIHEMY KDAalo, OCTAIOTCA HEBO3OYIKICHHBIMI
(puc. 2 u 4). [elicTBuTesbHO, KakK MOKA3aHO HA PHUC. 1, K 9TOMY MOMEHTY BPEMEHH ILJIAHETa BIEPBBIE YCIIEBAET
IIPOHTH Yepe3 BeCh JVCK.

B pesysibTaTe pacCMOTPEHHOTO IUHAMUYECKOTO IIPOIECCa IIJIaHeTa BO3BPAIIAeTCsd K BHYTPEHHEMY KPalo JINCKA,
e OHa yXKe €jabo B3amMOeicTByeT ¢ miraHere3nMajsmu. OCHOBHAS 9acTb IJIAHETE3UMAJEll COXPAHSETCH Ha
opburax ¢ 3KCIeHTpucuTeTamu, nocruramoimumu 0.3, 1 HaKJIoHaAMA, TpeBbimaomumMu 10°.

4. 3akjaoyeHue

UccremoBano rpaBUTAIIMOHHOE B3AMMOAEHCTBHSA IJIAHETHI 36MHON MACChl C BHENIHAM MUCKOM ILIAHETE3UMAJIEH.
Haiineno, 9yro B pe3y/ibrare 3TOrO B3aUMOJIEHCTBUS IIJIAHETa MOYKET MUTPUPOBATh BHYTPb Jaucka. Ilo meiicrBuem
BO3MYIIEHUIT OT IJIAHETHI SKCIIEHTPUCUTETHI U HAKJIOHBI OPOUT IJIaHeTe3nMaJIeil yBeIMIMBAIOTCS JI0 3HAYEHUI, J10-
CTATOYHBIX JJIE TOTO, YTOOBI CTOJIKHOBEHUS IJIAHETE3NMAJIEH CTAJIN PA3PYIITUTEIbHBIMI U TPUBOIMIN K TIOSIBJIEHATO
MBLIEBBIX CTPYKTYP.

Boraucnenus mpoBenenst ¢ ucnosb3oBanuneM cymepkomibiorepa MBC-10I1 lenTpa KoieKTUBHOTO TOJIB30-
Banusi MexXBeJIOMCTBEHHOTO CyliepKoMITbioTepHoro nenrpa PAH. ABTopsl 6J1aroapHbl PeleH3eHTy 3a I0JIe3HbIe
3aMeYaHUs.
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Puc. 5: DBosonus 3aBUCHMOCTH HAKJIOHOB IJTAHETE3NMAJICH (KpacHbIe TOYKN)
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NccnepoBanusa xpomocdepHoi aktusHocTu 3Be3gbl FK Com Ha ocHoBe
CnekTpanbHbIX HAbAOAEeHNA

[Iysun B.B.!, Casanos U.C.!, JIzan C.23, Banr X.23, Illyrapos A.C.!, Banr /I3.%3

L Bnemumym acmporomuu PAH, Mocxkea, Poccus
2 Hayuonanvras obeepsamopusn Kumas, Kumatickas axademus nayk, Hexun, Kumat
3 Vnusepcumem Kumatickoti axademuu nayx, Hexun, Kumad

B pabore mpeicraBiienbl pe3yabTaThl aHAIN3a HOBBIX CIIEKTPAJIBHBIX HaOII0IeHnit xpomocdepHo-akTusHOU 3Be3161 FK Com,
nposesieHHbIX B anpese 2024 roxa Ha obcepsaropun Cunsonr (Xinglong, NAOC, Kurait). IIpoananusupoBana SBOJIIOIHUS
npoduneit muanun Ha B cnekrpe FK Com B paiione a3z 0.18 u 0.57. Hosble Habiio/1eHUsT OKA3BIBAIOT, YTO 3aPEruCTPU-
poBaHHbIe HaMu ITpoduayn JuHun Ha uMmeroT ciiokHyI0 cTpyKTypy (DOPMUPYEMYIO PA3IMYHBIMUA XPOMOC(EPHO-aK THBHBIMI
permonamu armocdepbl 3Be31bl. [Ipoduns muann Ho 3HaunTebHO M3MeHsIeTCA CO BpPEeMEHEM, CPABHUMBIM C IIEPHOIOM
Bpatenns 38e316l FK Com. Tem He Menee, cpaBHeHMe podueil JIMHANA C TAKUME Ke ITPOMUIISMY, Oy YeHHBIMA HAMUI
paHee U MOIyYEeHHBIMU B MCCJIEIOBAHUAX APYTUX ABTOPOB, CBUIETEILCTBYET B MOJB3Y TOTO, YTO MEPEMEHHOCTH CTPYKTYPBI
npoduns smann Ho He nMeer BbIparKeHHOI [T€PUOIMYHOCTH U BEPOSITHEE BCErO He 3aBUCUT OT (a3bl BpallieHns 38e31bl. Ma-
Jiasi THTEHCUBHOCTD M3JIydeHus B uann Ho, ycTaHOB/IEHHAST IPYU HOBBIX HAOJIIO/IEHNSIX, YKA3bIBAET HA HU3KYIO AKTUBHOCTD
3Be3/Ibl Ha [IEPUO/L IPOBEECHUs HADIIIOIEHNIA.

Ilocrymuna B pemakmuio 02.09.2024 r. [Ipuusara B neuars 08.10.2024 1.
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Studies of the chromospheric activity of the FK Com star based on spectral observations
Puzin V.B.!, Savanov 1.S.!, Jiang X.23, Wang H.?:3, Shugarov A.S.!, Wang J.?:3

! Institute of Astronomy of the RAS, Moscow, Russia
2 National Astronomical Observatories, Chinese Academy of Sciences (NAOC), Beijing, China
3 University of Chinese Academy of Sciences (UCAS), Beijing, China

The paper presents the results of new spectral observations of the chromospherically active star FK Com conducted in
April 2024 at the Xinglong Observatory in China. The evolution of the Ha line profiles in the spectrum of FK Com in
the regions of phases 0.18 and 0.57 was analyzed. New observations have revealed that the recorded profiles of the Ha line
have a complex structure formed in various chromospheric active regions on the star’s surface. The Ha line profile changes
significantly over time comparable to the rotation period of FK Com, but a comparison with previous observations and
those obtained by other researchers suggests that the variability in the Ha profile structure is not periodical and likely does
not depend on the rotational phase of the star. The lower intensity of the new Ha profile indicates minimal activity at the
time of observation.
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1. BBenenune

Cpenn MHOT00Opa3ns MePeMEHHBIX 3Be3]T 0C000e MECTO 3aHMMAET MAJOUNCIEHHBIA KJIACC OAUHOIHBIX OBICTPOBpPAa-
MIAIOIINXCS TUTAHTOB TO3IHETo crekTpaabaoro kiacca G-K — mepemennbnie 3Be3anl Tumna FK Com. B nacrosiiee
Bpems K guciy 3Be3n tuna FK Com ¢ yBepernocTsio orHOCAT Tpu 3Be3apl: FK Com — mpororumn kitacca mepe-
MeHHBIX 3Be3/, V1794 Cyg (HD 199178) u ET Dra (BD+70959). Hecmorpst Ha 60JIbIIOH HHTEPEC K 3BE3/aM TUIIA
FK Com u nccieioBanusi IX BO3MOXKHO 9BOJIOIMOHHON ¢Bs3u ¢ epemenHbivu tuna W UMa [1], sBosronnonssrit
cTaTyc 3Be3]l JI0 CHX 0P OJIHO3HAYHO He olpejiesieH u HOBbIX 3Be3 Tuna FK Com J10CcTOBEpHO HE YCTAHOBJIEHO.
3Be3IbI MTOKA3BIBAIONINE aKTUBHOCTD, MOA00HY0 3Be3maM Tuna FK Com, m3HavaIbHO MPUYIMUCIEHHBIE K JTaHHON
rpyIe, B MOCAEAYIONINX UCCACTOBAHNS OBLIN UCK/IIOYEHBI U3 Hee M3-3a 00HAPYKEHHOM ABOiicTBeHHOCTH. B cepun
HaImx pabor [2, 3, 4, 5], MOCBsIIEHHBIX NOUCKY KaHauaaToB B 38e37p1 Tuna FK Com 1o hoToMeTpuiecKnm JaHHBIM
KOCMHUYECKOro Tejieckona Kerep, 6bLIM yCTAHOBJIEHBI KaH/IAIATHI, IOKA3BIBAIONIME (DOTOMETPUYECKHE IIPOSIBIIE-
Husi 110700HbIe 3Be37aM Tuia FK Com,Ho Tpebyrolue yToYHeHUsT CTaTyca JIBORCTBEHHOCTH W JIOTIOJHUTEbHBIX
JI0Ka3aTeIbCTB IpuHaIIeKkHoCcTH K 3Be3maM tuna FK Com.

Opnunounas 6srcTpoBpammatomasics 3se3aa FK Com cunekrpaasroro kiaacca G4ITI-G5III, npossistonas cuiib-
HYIO XpPOMOC(EPHYI0 aKTHBHOCTD, SIBJISETCS SIPKAM TPEICTABUTEIEM M ITPOTOTUIIOM ITOTO KJIACCa MEPEMEHHBIX
3Be3y [6, 7]. Besmunaa npoekun CKOPOCTH BpAIleHUs! Ha Jiyd 3peHust V sind & 160 KM/¢ SBIAsSETCS YHUKAIBHON
JIst OMHOYHBIX TuradToB. s 3eesapl FK Com siBjisiercst xapaKTepHBIM IpucyTcTBre auddepeHiuaabHOro Bpa-
ieHns yeranosjenHoro Ha yposae A = 0.08 pau/cyr. Porocdepa 38e3/bI HOKPHITA OOITUPHBIME 3aIIATHEHHBIME
00TaCTAME ¢ OHMZKEHHON TeMITEpaTypOi, IJIoMma s KoTopbix gocruraer 30% mosepxuoctn. 3a 6osee wem 40 jret

Hayunwie Tpyast UTHACAH, 2024, Tom 9, Boimyck 4
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uccaenoannii 3se3np6l FK Com mHakomnier 00bInoit MaccuB (hOTOMETPUIECKAX JAHHBIX, HA OCHOBAHUU KOTOPBIX
BBISIBJIEHA TIEPEMEHHOCTD IOJI0YKEHNUH JI0JTOThI aKTUBHON IsATeHHOH obsactu (cMmerenne npumeprHo Ha 180°), B
JlaJIbHERIIeM TaKkoe siBjieHue oy ansio Haszsanue «flip-flop» [8]. Takxke 1o doromerpuyeckum JaHHBIM ObLIN yCTA-
HOBJIEHBI TUKJIBI akTuBHOCTH FK Com mpo/o/KuTe/IbHOCTBIO OT HECKOJIBKUX JIET JI0 JIeCATUJIETHs. ' TeM He MeHee
Il yTOYHEHUS JJIUTEIbHBIX UKJIOB AKTUBHOCTH HEOOXoauM 6oJtee urenbHblil paa qannsix |9, 10, 11, 12]. Xpo-
MocepHas aKTUBHOCTH 3BE3/IbI sIPKO MPOstBJIsieTcs B crekTpax smuccunonubix juuuit H, K, Call b Bomopommbx
JMHUSIX GasbMepoBCKoit cepun. B pabore [13] nposesien aHam3 GOJIBIIONO MACCHBa CIIEKTPAJIBHBIX JIAHHBIX, OXBa-
TeiBatomnii 6osiee 10 jier. AHasu3 ObLI OCHOBAH Ha COIOCTAaBJIeHWH IiepeMeHHOCTH JinHuu Ha ¢ dporocdepHbIME
kapramu. Ilo criekTpaM HM3KOrO paspelleHusi OOHAPYKEeHbI XPOMOC(EpPHbIE U3MEHEHNsI Ha BPEMEHHOM MacIITabe
HECKOJIBKO JacOB U MeHbIe. [[o crekTpaM BBICOKOTO pPa3peleHns YCTAHOBJIEHO HAJn4dne IpoTyOepaHiies, copas-
MEPHBIX C PAANYCOM 3BE€3Jbl U CTAOUIBHBIX B TEYCHWHM HECKOJIBKHX IIEPHOIO0B oOpareHust 3Be3abl. Kakoit smbo
YeTKOI CBSA3M MATEHHON aKTUBHOCTHU C IEPEMEHHOCTHIO mpodusieit mann Ha ycranosieno e Ob1m0. CekTporo-
JIIpUMeTPUYecKre HAOJIIOIeHNs [ToKa3a/m Hajmmare y 3Be316l FK Com MarHuTHOrO 110J1s1, KOTOPOE MEHSIeTCsI OT CTa
1o tpexcor Laycc [14, 15]. Ha ocrose ynbrpaduosneroseix Habmomenuii [16] ycranosiaeHa obmupHas U aKTUBHAS
KOPOHA CO CTPYKTypPaMu, KOTOPBIE BO3MOXKHO MOJNUTHIBAIOTCS 38 CUET MOBEPXHOCTHON aKTUBHOCTH U BCIIBIIIEK.

B nmameit pabote mpeacTaBieHbl PE3yIbTATH HOBBIX CIEKTPAIbHBIX Habomennit 38e3161 FK Com, BeimosHeH-
ubix B anpese 2024 roga ua obcepsaropun Cumionr (Xinglong, NAOC, Kurait).

2. Habaronenuss m oopadborka

Harmmn mHoBbIe nccnenoBanus xpomocdepnoit aktusuoctr 38e3161 FK Com ocHOBaHbBI Ha HAOIIOIEHUSX, TIOJTY I€HHBIX
B amnpese 2024 roga na 2.16-m Teneckore obceparopun Curionr HanmonaabHONW acTpPOHOMUYECKONH 0bcepBaTo-
pun Kunras (NAOC, Xinglong) ¢ ucrnosnb3oBaHneM ONTOBOJIOKOHHOTO crieKTporpada Bbicokoro paspemmenus: High
resolution Fiber-fed Spectrograph (HRS) [17].

Cuexrporpad HRS — 310 onToBosiokoHHBIH D1tesiie crieKTporpad BHICOKOTO PA3PEIeHNs, CPEIHEE Pa3perie-
Hue 10 auanasony Jym BosH (365-1000 aM) npu mesu 0.19 MM cocrasisier RA~50000. Kanubposka 1o jjmHam
BOJIH OCYIIeCTBJIsieTCsI 110 crieKTpy ThAT jtaMIibl, 77151 BBICOKOIIPUIIE3UOHHBIX CIIEKTPAJIbHBIX MCCJIEIOBAHUI UCIIOJIb-
3yercs Kaymbposka Astro-Comb ¢ gacroroit 25 I'T'ii, msrorossiennoit kommanueii Menlo Systems. Perucrpartus
cuekTpoB npousdBoanTces Ha [13C-kamepy ¢ anmom obpaTHoit 3acBeTkn E2V 203-82 ¢ yurydImeHHO Ty BCTBUTEIHHO-
CTBIO B cuHell obsactu, pasmep unna 4096 x 4096 mukcesneit, pasmep nukcess cocrapisger 12 Mukpor. OCHOBHBIE
HaIpaBJIEHUs WMCCIEIOBAHUIMA, /TSI KOTOPBIX ucHojb3yercs crekrporpad HRS — msyduenume sk3ommanmer, anasms
XUMHUYIECKOTO cocTaBa aTMocdep 3Be3/, aKTUBHOCTH 3B€3]1, ACTPOCEHCMOIOTUST U T.JI.

2Kypnaun nabmogennit FK Com npesgcrasien B Tabma. 1. Habuogenus npoBeieHbl B TedeHNn JBYyX Ho4eit, 20-T0
u 21-ro ampensi. B mepByio HaOIIOIATEIBLHYIO HOYb MOJIyYeHBI 12 CIEKTPOB, BO BTOPYIO 5 CIIEKTPOB. JKCIIO3UIINN
JIJIST BCeX CIeKTpoB coctasiasan 1800 c.

Tabauna 1: 2Kypuas cuekrpasnbubix Habsogennit 3se3zp1 FK Com nposenennbix B anpesie 2024 r. (2.16-m Tesieckorn
o6cepsaropun Cunsionr, HRS).

Ne aitna| obbexT ara HJD skcnosunwst, |S/N | phase
202404+ Habsrogenuii| 2460000+ ¢ rot.

20047 |FK Com| 2024.04.20 |0420.99846 1800 70 |0.137
20048 |FK Com| 2024.04.20 |0421.02069 1800 41 10.146
20049 |FK Com| 2024.04.20 |0421.04291 1800 38 [0.155
20050 |FK Com| 2024.04.20 |0421.06513 1800 33 |0.165
20051 |FK Com| 2024.04.20 |0421.08735 1800 37 10.174
20052 |FK Com| 2024.04.20 |0421.10957 1800 38 [0.183
20053 |FK Com| 2024.04.20 |0421.13110 1800 31 10.192
20054 |FK Com| 2024.04.20 |0421.15332 1800 33 10.201
20056 |FK Com| 2024.04.21 |0421.19776 1800 39 (0.220
20057 |FK Com| 2024.04.21 |0421.21999 1800 35 (0.230
20058 |FK Com| 2024.04.21 |0421.24707 1800 33 [0.240
20059 |FK Com| 2024.04.21 |0421.26929 1800 37 10.250

21044 |FK Com| 2024.04.21 |0421.99704 1800 20 |0.552
21045 |FK Com| 2024.04.21 |0422.01927 1800 37 10.562
21046 |FK Com| 2024.04.21 |0422.04149 1800 25 10.571
21047 |FK Com| 2024.04.21 |0422.06371 1800 40 10.580
21048 |FK Com| 2024.04.21 |0422.08593 1800 51 [0.590
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O6paborka HOJTy9IeHHBIX KaJApoB mpousBoauiach B nporpammvuom nakere DECH (Dech95, Dech-fits) [18].
[TepBoHaua/ibHas peLyKIUsl CIIEKTPOB 3aKJ/II0YAJIACh B ydeTe KaJIpoB «biasy, MOCTPOEHUs] MACKU JJIsl SKCTPAKIIAN
U y4eTa paccessHHOIO CBeTa B cIeKTporpade, JejleHre Ha CIIEKTP IJIOCKOro IoJis. [IpuBsi3ka CIEKTPOB K JIJIMHAM
BOJIH IIpou3BejieHa 10 crekrpaM ThAr-jaMibl, TOYHOCTh pelleHusl JIUCIIEPCUOHHON KPHUBOI COCTABUJIA ITOPSJIKA
0.003 A. JIunus Ho nonagaer na Kpasi CMEXKHBIX MOPSIKOB, OITOMY JJIs IIOCJIeAYIONero anaan3a jguaunsg Ha
YCPeIHSIACH 110 ABYM IOPSIKAM C yIeTOM Beca KpaeBoro 3hpdeKkTa 1 HOPMUAPOBAJIACH HA, €IMHUAILY.

B pesyabraTe 0OpabOTKHU JaHHBIX OBLIX ITOJIyYeHBI JiBa Habopa JaHHBIX cocrosmme u3 12 u 5 upodusei
smann Ha B auanaszone das spamenus 3se3761 0.137-0.25 u 0.55-0.59, coorsercrienHo (Tabu. 1). @a3bl BpaiieHust
3Be3/1bl ObLIN PACCUNTAHBI HA CEPEJMHY IKCIIO3UIMI ¢ ucroiab3oBanneM sdbemepuast HID = (2439252.895+0.01)
+ (2.40002466£0.0000056) X E [11]. B Ta6a. 1 ykasanbl IOpAIKOBBI HOMED KaJpa CIIEKTPA, UM 00bEKTa, JIaTa
HAOJIO/ICHNI, IOJIMAHCKAS JIATA CEPEIMHBL SKCIIO3UIUN, BeJUYNHA BPEMEHH IKCIIO3UIIN, COOTHOIIIEHUE CUI'HAJL/ IITyM
B paiione mmann Ha, daza Bpaimenusi, paccCauTannas HA CEPEIUHY IKCIIO3UIINM.

3. ObcyxeHne pe3ysIibTaToOB

Ha puc. 1 u 2 npeacrasnensr npodbuan juann Ha 3Be3gpr FK Com, momygermsie 20 u 21 anpens 2024 rozga.
ITpoduiin jiuHrE HOPMUPOBAHBI HA eAUHUILY (BepTUKAJbHAdA OCh). Ha HuzKHEll ropu30HTaIbHOl ocu rpadbuKoB OT-
JIO2KEHa ITKaJIa CKOPOCTEeN OTHOCUTEIBHO JITHHBI BOJTHBI 6562.8 A, 3HaYEHUe CKOPOCTHU yKa3aHbl B KM/ c. Ha Bepxueit
FOPU30HTAIIBLHOMN 0CH yKa3aHbl IuHbl BoH B A. IIpodmmm mmHnn Ho HaHECEHBI ¢ yIETOM IeJIMOLEHTPHIECKOI T10-
[IPABKU CKOPOCTH Ha MOMEHT CEPeIMHbBI SKCITO3UIMK. TOHKUMY CEPBIMU JIMHUSIMUA OOO3HAYEHBI €JIUHUYHBIE CIIEKTPHI,
“epHOil JInHUE! HAHECEHBI yCPEIHEHHbIE CIIEKTPHI 10 12 1 5 CIeKTpaM COOTBETCTBEHHO.

Kak Bumuo u3 rpadukos, npoduan suann Ho B 00oux ciiydasix MMEIOT CJIOXKHYIO CTPYKTYPY, C SIPDKO BbI-
paxkeHHo#t 1ByropbocTbio. CTaOUIbHBIN «IIPOBAJI» HA OKOJIOHYJIEBOI CKOPOCTH, 10 BUIUMOMY, CBUJIETETHCTBYET O
HAJIMYUHM OKOJIO3BE3HOIO Jucka. ¥ mpoduieil suann Ho Habsrogaercs 3sHaYUTEIbHAS IEPEMEHHOCTD JBYTropOOoii
CTPYKTYPBI Ha pa3/IMdHbIX (pa3ax, YTO CBUJIETEIHLCTBYET O HEOHOPOIHOCTH U HECTAIIMOHAPHOCTH OKOJIO3BE3IHOTO
JINCKa M €0 CJIOXKHOM B3amMoieiicTeuu ¢ porocdepoii 3Be3bl. CiioxkHast cTpykTypa jguaunn Ho o6yciioBiieHa pas-
HOODOpa3neM IMPOsiBJICHNS MArHUTHOI aKTHMBHOCTHU 3BE3JIbl, MATEHHON AKTUBHOCTHIO, IPOTyOepaHamu, (hakesamMu
u T.7. (CM. CCBUIKH BBIIIE), KOTOPbIe UMEIOT 3HAYUTEIbHBIE PAa3MePhl U BEPOSITHO BIUAIOT HA CTPYKTYPY KOPOHBI
U OKOJIO3BE3JIHOI'O JucKa. KpoMme TOro, BCIBIIIKA B PA3JIUYHBIX 00JIACTSIX 3BE3JIbl IPUBOJIST K HEPABHOMEPHOCTH
[IPOTPEBa JINCKA, YTO TaKyKe OTpaykaeTcsl Ha CJIoxKHOCTU npoduis quauu Ho. Kak yxke 6bLIO OTMEYEHO BO BBe-
JleHUn, B uccienoBanusx [13] mecmenosanack dbazoBas cOrIacOBAHHOCTD NepeMeHHOCTH JmHuM Ha ¢ msiTeHHOMN
AKTUBHOCTHIO (hoTocdepbl. ABTOpPBI pabOThI Ha OCHOBE CIIEKTPOB HU3KOTO Pa3peIeHrs] yCTAHOBUJIN, YTO aKTUB-
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Puc. 1: Hopmuposannsre npoduan quaun He, momydennsie 20 ampess 2024 r. CepbIMu TOHKUMUA JUHASIMA 000-
3Ha4YeHbl equHUIHbIe cieKTPbl (ph=0.137-0.25), yepHoii junueii ob6o3uaden ycpeauennsiii npodumis (ph=0.18).
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Puc. 2: Hopmuposauubre npoduiu quaun Ho, nomydennsie 21 ampestst 2024 r. CepbIMu TOHKUMU JIMHUSIMUA 000-
3HAYEHbI eMHIYIHBIe clIeKTphl (ph=0.55-0.59), uepHoii suHMelt 06o3HaYeH ycpeaHeHHblii npodusb (ph=0.57).
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Puc. 3: Hopmuposauubie npoduan juaurn Ho. CepbiMy TOHKMME JIMHUSMEA OOO3HAYEHBI €JIMHUYHBIE CIIEKTPHI,
noJydennbie panee Ha daszax 0.17-0.195, gepuoil junueit — ycpenuennsiii npoduis (ph=0.18) mosyuennbiit B
ampese 2024 .
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Puc. 4: Hopmuposauubie npoduan juaurn Ho. CepbiMy TOHKMME JIMHUSMEA ODO3HAYEHBI €JIMHUYHBIE CIIEKTPHI,
nosiyueHHble panee Ha dasax 0.56-0.587, uepHoit suHUel — ycpeanenusiii npoduias (ph=0.57) mosyveHHBIN B
ampese 2024 1.

HOCTBb XpOMOCQEPHI IIPOUCXOIUT HA BPEMEHHBIX MAcCIITabaX B HECKOJIBKO YacOB U MeHbIne. 110 crieKTpaM BHICOKOTO
pa3pereHns yCTAHOBJIEHO HAJUYNE MPOTYyOEePAHIEB HA BBICOTAX JO OJHOTO PAJMYCA 3BE3/bI, KOTOPBHIE OCTAIOTCS
CcTaOMIBHBIME JIO HECKOJBKHUX HEMIEJb U MOTYT OKa3bIBATH BJUSHUE HA IIPOIECCH IIPOTEKAIOIINE B OKOJIO3BE3THOM
mcke. [loaydennsre Hamu npoduim juHun Ho aHAJOIMYIHBL Oy YeHHBIM paHee IPpyTUMHU apropamu (puc. 3 u 4).

Ha puc. 3 u 4 nokazausl npoduin guann Ha (o6osnauenns u macmralb oceil anajorndssl puc. 1 u 2), 3a-
perucrpupoBaHHble HaMu B anpese 2024 roga (vepuble suaust, daspl 0.18 u 0.57 COOTBETCTBEHHO) U MOy I€HHBIE
Japyrumu aBropamu B nepuog ¢ 1997-2010 r. (ronkue cepble junuu). g anamusa Obuin BoIOpaHbl paHee OIy0-
JukoBanuble fgannbie g das 0.17-0.195 (puc. 3) u 0.56-0.587 (puc. 4). CpaBuenue npodueil MOKa3bIBALT, UTO
B 000X CJIydasiX €CTh KaK CXOJICTBO, TaK 1 orymane (popMm KpbuibeB juHun. OIHAKO B 000UX CJIydasX WHTEHCHUB-
HOCTB JIMHUU HAXOJUTCs Ha HU3KOM YPOBHE, YTO MOXKET CBHUJETEJIbCTBOBATH 00 YMEHbIIIEHUN aKTUBHOCTU 3BE3JIbI
Ha [I€PUO/I IIPOBEJIeHNs] HAOJIFO/IEHUIA.

KosmekTuB aBTOpPOB BhIparkaeT OJIArOAAPHOCTD cOTpyAHUKAaM 2.16 MeTpoBoro reseckorna obcepBaropun Cun-
gonr (Xinglong NAOC) 3a nomoinp B IpoBeAeHNH HAGJIOICHUIA.
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BapuaHT peanusauum cncrembl npuema n KOHTpoas nHcpopmaunm
ONs1 Ha3eMHoro komnsekca npoekta «Cnektp-Y®»

Apxanrenbcknit P.H., Nocunenko C.B.

HUnemumym acmpornomuu PAH, Mockea, Poccus

IIpuBomuTCs a/lbTEPHATUBHBIN BapUAHT pPeAJU3AIMKM CUCTEMBI IIpUEMa, IPEIBAPUTETHLHON 00pabOTKU, KOHTPOJIsS HHOOP-
Maluy JJIsi HA3eMHOTO Hay4IHOro Komiuiekca npoekta «Crekrp-Y®», KOTopbiii MOr Obl ObITH peain30BaH COOCTBEHHBIMU
cuytamu MHACAH. Onucan npejyiaraemMblii cOCTaB ajJbTePHATHBHOIO BaAPUAHTA, COAEPIKAIIUN MAJIONTY MSIIUN YCUITUTED C
npeobpazoBanueM 4actorbl, AT, mprueMHUK-1€MOIYJISITOD, TPOrPAMMHBIH JIEKOEP U IPOrPAMMHBIA CEPBUCHBIH MEHEIXKED.
JList KarXk10#1 U3 yKa3aHHBIX COCTABHBIX YacTell CHCTEMBI IPUEMa, MPeIBAPUTEIBHON 00pabOTKM, KOHTPOJIST WHMOPMAIIMI
[puBeJleHa KpaTKas WHQOpMAaIys 110 BO3MOXKHOM TEeXHMYECKON pean3aliu, YUUTBHIBAIOIAsI B TOM YUCJIE BO3MOYKHOCTH
pa3MelleHusi 9acTu 0bOpy/IoBaHusi B J1abopaTOpHOM Kopiryce 3BeHuropojckoii obcepsaropun MHACAH. Ilpenioxennsrit
BapUaHT XapaKTEPU3YETCsl BHICOKOW CTEITEHBI0 aBTOMATH3AIlUM, MEHbINEl CTOMMOCTBIO M TOBBIIIEHHON HAJIEXKHOCTHIO CH-
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An alternative version of the implementation of the system of reception, preliminary processing, control of information for
the ground-based scientific complex of the Spektr-UV (Spectrum-UV) project is presented, which could be implemented
by INASAN. The proposed composition of an alternative variant containing a low-noise frequency conversion amplifier, an
ADC, a demodulator receiver, a software decoder and a software service manager is described. For each of these components
brief information is provided on possible technical implementation, including the possibility of placing part of the equipment
in the laboratory building of the Zvenigorod INASAN Observatory. The proposed option is characterized by a high degree
of automation, lower cost and increased reliability of the system. The described system can be implemented by INASAN
forces when making the appropriate decision together with the customer.
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1. BBeaenue

B pamkax npoekTa 1o co3manuo Kocmuaeckoi obcepparopun «Crexrp-Y®» MHACAH [1], B ToM umcie, cosmaer
Haszemnbiit Hayunsiit kommuieke (HHK) st ynpasiennst kommsiekcom Hayasoi anmaparypsl (KHA), mosyvenns,
00paboTKu, aHaJN3a, apXUBAPOBAHNS M PACIIPOCTPAHEHUs IIOJIy9YeHHON ¢ Hero HaydJHO# MHQOPMAIMK B PaMKaX
Hay4HOli porpaMMel [2]. Aunaparypa npuema HaydHbix gaHabix (AITHJT) Gyxer pasmeniena Ha JABYX HA3€MHBIX
crannusx Ha 6aze 3penuropojckoit u Cumensckoit obceparopuit MTHACAH. AO «HITIO JlaBoukunas siisieTcst
COMCITOJTHUTE IEM PaboT U pazpabareiBaer CucreMy IpreMa, IIpeiBapuTeIbHON 00paboTKU, KOHTPOJIst HHMpOpMAaInn
(CIIN) s HHK. B nanHO# cTaThe NpejCTaBJIeH ajJbTePHATUBHBIN BADUAHT CHCTEMbBI IPUEMA, TIPEBAPUTETHHOMN
06paboTKN 1 KOHTPOJIsA nHpopMaruu, npeanoxkennbiit THACAH, koTopsiit Mor 661 OBITH CO3JaH COOCTBEHHBIMU
CUJIAMY WHCTHUTYTA.

B Bapuanre npemnoxennom MHACAH neranpio mpopaboTana WHTErpamysi ITPOrpaMMHOIO 00eCIedeHusl B
undopmarmonnyio crpykrypy HHK [3]. Tak:ke B oT/ingue oT IPEIJIOZKEHHOTO COUCIIOIHUTEISIMEA BAPUAHTA, 3aJ10-
2K€H TIPUHIUII BHICOKOABTOMATU3UPOBAHHON CUCTEMBI, HE TPEOYIOIINII IIOCTOSHHOIO JEXKYPCTBA OIEPATOPOB. DTO
B CBOIO OYepejib 3HAYUTEbHO Y/EIIeBJIseT MCIIOJIb30BaHIe CUCTEMBI, YIIPOIIAeT PabOTy OIepaTOPOB U IOBBIIIAET
ee HaJEeXKHOCTD.

2. ®opmupoBanue cocrtasa LI/ 1-YD

B cocraB anprepHATHBHOrO BapHaHTa CHCTEMBI IIPUEMA, [IPEIBAPUTEIHHON 00pabOTKN M KOHTPOJIS HHMOPMAIAN
(CIIN) Bxomut:
® MAJIOIILY MUl ycuuresib ¢ npeobpazosanneM dacrorsl (MIITY);

o AT,
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® PUEMHUK-IEMOLYJIATOD (IPOrpaMMHBIA UM BHEIIHUIN 1 POBOIi);
® IIPOT'PAMMHBIN JIEKOJIED;
® IIPOT'PAMMHBIN CEPBUCHBIN MeHEJIZKeP.
Hajiee mpuBeieM KpaTKyo HH(MOPMAIMIO 10 BhIIIEyKA3aHHBIM OCHOBHBIM cocTaBHbIM dacTsm CITH.

2.1. Masrowymawud ycusument

C y4eTOoM BO3MOXKHOCTH Pa3MeIeHnsi 9acTu 000pYA0BaHus B JIaDOPATOPHOM KOPIIyCe 3BEHUTOPOJICKOI 00CcepBaTO-
puu MTHACAH, BBINOTHSATONEr0 POJIb MIMJIOHA CTAHIIAH, IIPEJIToIaraeTcst HCIoab3oBanue narerpuposanroro MIITY,
KOTOPBIil TIOCJIE/IOBATEILHO BBITIOJTHSIET CJIEIYIONIAE 33/ IAN:
® IIpe/BAPUTENLHO YCUIINBAET CUIHAJ B JIMANIA30HE NCTIOIb3yeMbIX 3bupHbX gactoT (7.2-7.8 T'T);

OTPAHIYIUBAET IMOJIOCY YACTOT C ITOMOIIBIO TTOJIOCOBOTO (BUIBLTPA;

IEPEHOCUT 9acToTy B L-1mamnasown;

YCUJIMBAET CATHAJI C IOMOIIBIO BBIXOIHOTO YCHUJIUTEJIS;

MOJIYJIUPYET CUTHAJ JJIs MEPEIAYN 110 BOJOKOHHO-OITAIECKUM JIMHUSAM CBSA3M.
ITapamerpsr MIITY mpusenennt gajigee B Tadba. 1. OnTudecKuii TpaHCUBEP MOXKET OBITh BBIIOJIHEH B BUIE
OTJIEJTLHOTO OJIOKA.

Tabaumna 1: [Tapamerpsr MIITY.

| ITapamerp | 3Hauyenue
IIymoBas Temmeparypa, He 6ostee 40 K
Kosdpdunuenr ycunenust 40-60 nb
Hepasnomeprocrs AHX +0.5 1b
KCBH Ha Bxose, He 60s1ee 1,25
Brixoaasi MomHocTh, HE MeHee 10 xbmBT
Twun Bxojsa BoustroBo

Hacrpotiku nomocosoro duibrpa (IITI®D) 3aBucsaT or napamerpos npeasapureiabroro tpakrta MITY u men-
TpasbHOit YacTorbl. Baocumbre IIII® B TakT moTepu He MO/KHBI MPEBHINATH 1 1B, KOJIMIeCTBO PE30OHATOPOB —
He MeHee 5.

B ocHOBe MeMaKOHBEpTEpa I MCIIOJIb30BaHMs BOJIOKOHHO-onTHYecKnx juHuil ceszu (BOJIC) maxopurest
JIA3EePHBIN JIMOM, KOTOPBI (DOPMHUPYET MOIYIMPOBAHHBIN ONTHYECKHIl cUTHAJ. KOHBEpPTED SIBJISIETCSI CEPUITHBIM
[IPOMBIIILJIEHHBIM YHUBEPCAJIbHBIM YCTPONCTBOM, pabOTAONIEM B IIMPOKOM JUAINA30HE YACTOT W MOJLYJIMPYOIIUM
110 aMIUTATY/IE JIA3€PHOE M3JIydeHne ¢ JnHo#M BosHbl A = 1310 mM.

MuoromomoBblii (MM OZHOMOJIOBBI — 3aBUCHT OT peajid3alldi TPAHCUBEDPA, HA PBIHKE IIPUCYTCTBYIOT 06a
BapUaHTa) BOJIOKOHHO-OITHYECKUIT Kabesb ol 0k0s10 150-200 M (15 uMeroreficss cXeMbl pa3MeIleHnst B 3Be-
HUTOPOICKOi 06cepBaTopun) u okoso 900 M (muis Cumensckoii obcepBaropun) 06ecneInBaeT MOCTYIIIIEHNE CUTHAIIA
Ha BXOJ[ AHAJIOTMYHOT'O PECHBEPaA Ha CTOPOHE pa3MeIleHUs OCHOBHOI'O aKTUBHOIO 06opyaoatusi. CoOCTBEHHBIMU
norepsmu i guann BOJIC npu takoit ayimae MoxxuO npenedbpedb. CyImecTBEHHBIM 3HAYEHUEM SIBJISIETCST HEPAB-
nomeprocth AXY camoro TpaHcuBepa B HCIOJB3yeMOH MOJOCE YAaCTOT U ero KO3 MUIMEHT ITyMa, KOTOPBIA He
nokeH ObITh 6ostee 7-8 nB. Vcnosb3oBanme 60JIee CIIOKHBIX TPAHCUBEPOB CO CIIEKTPAJBHBIM YILIOTHEHUEM CUTHA~
Jla B TaHHOM TIpoeKTe He Tpedbyercsa. Koncrpykims MIITY ¢ nmpeobpazoBanneM 4acTOTHI 03HAYAET UCIIOIH30BAHIE
[IPOMEXKYTOYHOI'O IIpeobpa3oBaTe isi 4aCTOTHI B L-Iuaras3oH.

2.2. Anan02060-yudposoti npeobpasosament

B kaugecrBe AIIIl npumensiercsi cepuitHO IIPOU3BOAMMBIN Me30HWHHBIN MOIy/ab Insys FM214x1GTRF, xkoropsrii
WMeeT CJIEYIOIIe BO3MOYKHOCTH:

o nBa kanaja AIIIl 14 6ur 1 [T

® KBaIpPATyPHAS JEMOJLYISIINT;

e 1psiMoe NTpeobpa30BaHue CUTHAJIA.

Yacrorablii quanaszon Bxogaabix curaaioB AIIIT or 0.01 go 1.2 I'T'1, 9T0 1103BOJISIET UCIIOIB30BATE €I'0 B CXEME
armaparypbl npuema HaydHbix ganubix (AITH/T) mocse nmonmzkaromiero kouBeprepa. MakcuMasbHas 10JI0ca IPU-
numaemoro curuana — 580 MI'u. Msrorosuresem nojyep:kusaerca yaobusiii Habop uncrpymentos (DAQ Tools),
KOTOPBIIf MOXKHO HCITOJIb30BATH TAK2KE IIPHU CO3JAHUN COOCTBEHHOT'O CIENHUAJIBLHOTO IPOrPAMMHOIO ODeCIedeHms
(CIIO) nin mHTErpupoBaTh HACTPOHKN U KOHTPOJILHBIE napaMerpsl B dbopmyiaspsr ATTH/I

Koucrpykrusho jgauubiii AT ucrions3yercs: B Habope ¢ BHenHuM aBToHOMHBIM FMC-6/10k0M Insys FMC130E.
IMepenaya JaHHBIX B AeMOLYIATOD HpousBoauTcs 110 unrepdeiicy USB (pu jI0KaabHOM TECTHPOBAHUM WU UC-
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noJab3oBannu HOyTOyKa) miu 110 unrepdeiicy Ethernet 1000Base-T (upu ycranoBke B IITATHYIO CTOHKY ). Vcmosinb-
3oBanue coppemernbix mogeseil AIIIl ¢ SFP-moysisiMu 1103BOJIsIET UCIIOJIB30BaTh BOJIOKOHHO-OIITUYECKH KabeJib
110 JIPYTOi cxeMe, He UCIOJIb3ysl CUIHAJ Pabodeil 4acTOThI. DTO TaKKe 3aBUCUT OT THIIA YK€ UMEOIIerocst KabeJis
U MHBIX 0CODEHHOCTEN TpaKTa.

2.3. Ipuemmnux-demodysamop

JleMOmyIaTOp B COBPEMEHHO PEATN3AINH 3aUACTY IO U3TOTABINBAETCSI BMECTE C JIEKOJIEPOM U CEPBUCHBIM MEHEI2Ke-
POM B paMKax eIuHOro mudpoBoro 6JI0Ka CTAHINE TejaeMeTpuieckoro obecredenusi. Biaok nmeer 11 mocrarounoit
[IPOM3BO/INTEILHOCTH, [TO3BOJIAONIEN JEeMO/ Y/ IMPOBATh [IPUHUMAaEMbIe JlaHHbIe. [Ipu 9TOM HCIIOJIB3yeTcsT BXOI 10-
cJie TIpeobpa30BaHus Ha CTAHJAPTHYI0 pabouyio dacrory 75 [T, aHAJOrMIHO CepuitHBIM 3apyOeKHBIM MOJLYJISIM
TT&C Tumna Zodiac Cortex. Perucrparop moxker padoraTh B Iape ¢ JIOOBIM IIPOMBIILIEHHBIM [IPUEMHUKOM, 103-
BOJISTIOIIIUM [TPOU3BO/IUTH O POBKY CUTHAJA pabodeil 4acTOThI, MO0 UCIOIH30BaTh BCTpoeHHyo miaty [TATI.

B AITH/I mianupyercst HCOIb30BaTh OPUTHHAJIBHBIN MPOTPAMMHBIN PECUCTPATOP-IEMOYIATOD Pa3paboOTKN
NHACAH, paboratommeit Ha cTanIapTHON cepepHoil anmaparnoii miardopme Intel Xeon Scalable smro6Goro mo-
KOJIEHUsI C TIOJJIEPYKKON OTHOCUTEJIBHO OblcTpoil maMsitu (He xy:ke DDR4-2400) u ¢ dyuxmmsavu IIIT RDT/SST
(MOBBOJISIET TIeJIEHATIPABIIEHHO KOHIIEHTPUPOBATH BBIUUC/INTENHHYI0 HAIPY3KY HECKOJIBKUX fJIED B <«3ala3/bIBAI0-
[IEM» IIPOIIECCe).

Tax, Ipy UCIIOJBL30BAHUU IIPOIECCOPA MO BTOPOro MOKOJIeHHs 1 «cpeauero» yposus Gold 6230 (Cascade
Lake) ¢ 20 sapamu u 40 norokamu, ¢ 6a3oBoii yacroroii 2.1 I'T'i, perucrparop nossosser GOpMUPOBATH KBaIpa-
TYPHBIH CUTHAJI, & JeMOJIYJIATOD mo3BoJiseT Aemo ryanposars QPSK /BPSK-curnas co ckopocrsivu 710 100 M6ur/c,
YTO IepeKpbiBaeT HoTpedHoCTH IpoeKTa «CriekTp-YD».

Yro6bI peann3oBaTh Bce (MYHKIMH TEJIEMETPUYECKON CHCTEMBI B PAMKAX OJIHOI'O KOHCTPYKTHBA, PEKOMEH/Iy-
€TCsl UCIIOTb30BATD JIBYXIIPOIIECCOPHBIE CHCTEMBI.

2.4. Hexodep

Jlexomep nipeicTaBisierT coboit HabOP UNIX-TIPOIECCOB, apXUTEKTYpHO coBMecTuMbIX ¢ API nemomynsitopa u mo3Bo-
JISTFOTIUX TIPOBOJUTH Jekouposanne curtasna (LDPC, Typ6o-Kopl), BbIJIeIeHRe KaIPOB TeJIeMeTPUIecKoii nHMOD-
Malluy, Iepeiady KaJpoB B CEPBUCHBIN MOJY/Ib U COXpaHEHHE CTATUCTUYECKON MH(MOPMAIUHU JIJIsi OTOOPaYKEHUST
Ha web-dopmax oobekTuBHOrO KoHTpO st AITH/I. Jlekoep ucrosb3yer JoCTyIHbIE (DYHKIUN aBTOMATHIECKOH Ha-
srancupoBKu Harpy3ku Intel Scalable mis 6GeckondmuKTHONI pabOTHI BMECTE € JEMOIYJISATOPOM B PAMKAX €IMHOMN
xocT-cucTeMbl. Pazmenenne MyHKINI ¢ TOMOIMBIO TUIIEPBA30PA MOXKET YIYUIIATH YIPABISEMOCTh U HAJIEKHOCTH
CUCTEMBI 38 CYeT HEKOTOPOTO CHUXKEHUs OO0IIeil TPOU3BOIUTETHHOCTH.

2.5. Cepsucnoiti modyas

CepBUCHBIT MOJIY/Ib peau3yer CJeyomue Oy HKIIN:

unTepdeiica obMeHa ¢ abOHEHTOM-TIOTpebuTeIeM 110 yipoinenHomy SLE-tiporokosty;

unTepdeiica 0OMeHa Te/IeyKa3aHIIME JIJIsi HABEIEHUsI AHTEHHON CHCTEMBb;

noruduranuu (u3semenns) HHK o cobprrusax ATTHJT;

MeKoTepaTopckoro obmena mepcorana ATTH/T;

oTobpakeHusi ”H(MOPMAIUH [JIAHUPOBAHUS 3aJIefiICTBOBaHUs CTAHINI U OrPAHUIEHUIA;

unTepdeiica ynpasienus cocrapabivu dacTamu AITH/T;

JIOCTYIIa M BOCIIPOM3BEJIEHIS apXUBHOM TeJleMeTpUYecKoil NH(MOPMAIMH U CTATUCTUIECKUX JAHHBIX.
CepBUCHBIIT MOIY/Ib PEKOMEHIYETCsT PA3MEIIATh B BUJIE OTMIEJbHON BUPTYAJIHHON MAIIWHBI O] YIIPABICHAEM
runepsuzopa AITH/I. TIporpammuoe obecriedenne CepBUCHOTO MOTYJIsI CIaH0 3aBUCUT OT OCODEHHOCTEH ATAPATHBIX
cpeacts AITH/I. B nacrosimiee Bpemst MTHACAH umeer 3aj1es1 110 pesysbrataM padboOT MPEAbIIYIIUX JIET, BKIOYast
unTepdeiicHble n DyHKIMOHATbHBIE MAKeThI IporpamMuoro obecniedenust (I10). HanbGosee BaskHast 9aCTh CEPBUC-
Horo ITO — SLE kommoneHT 1 cucrema ynasnenHoro yupasienusi (RCS) — umeer KINEHT-CEPBEPHYIO aPXUTEKTY DY
¢ «TperbuM 3BeHOM» B coorBercTBum ¢ pekoMernamusamu CCSDS. «Tperwve 3Beno» mmeer obozunadenune CRCS u
pacnosnaraercs Ha annapaTtabix cpeacrBax B LIOJ] HHK. Cranmuonnsie komitektsl [10 obosznagarorcs LRCS u
PACIIOJIATAIOTCS B ITyJIe BUPTYaJIbHBIX MAIIWH HEMOCPEJICTBEHHO Ha Kaxkao# cranmun ATTH/I. Kaxapiit KoMIiekT
LRCS cBszan ¢ CRCS. MakcuMasibHO TexHOJOrnIeckn jomycrumoe KosmtaectBo LRCS — He menee 6.

CRCS saBisiercst Toukoit npepocrasjenus: ceppuca AITH/I. ApxurekTypa ompeie/isieTcss HEKOTOPbIM HabopoM
nHTEep@EHCOB, KOTOPBIE 00ECIIEINBAIOT:
® B3aNMOJIEHCTBHE C MOTPEOUTETIEM;
® IIPOCTOTY IEPEKJIIOYEHUsT MEXKLY CTAHITUSIME;
e MouuTopuHT ¢ pabounx mect HHK ycerpoiicTs n obopymoBanust CTaHIHA;
[}

YiipaBJjeHUE Ha3€MHBIMU CTAHIIUAMN (B TOM YHCJI€ yIIpaBJIEHHUE aJIT'OPpUTMaMN aBTOI\/Ia.TI/ISaLH/II/I);
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rapanTupoBanHoe nosydenne TMU npu Hagmamum curxasia HeoOXOIMMOTO KadeCcTBa;

pacder u 1epejady IejeyKasaHuii;

dbopMupoBaHUe U 1epeiady padbounx rpauKoB 3a/1efiCTBOBAHNS] CTAHIIUIA;

[IOJIyYeHUE OTYETOB O IIPOBEJIEHHBIX CEaHCaX CBSA3MU.
CRCS yupasisiercs cOGCTBEHHBIME HACTPOIKAME, UMeeT COOCTBEHHBII ITapaMeTpudecKuil apxus (110 HEKOTO-
poit anasoruu ¢ undopmalmonto-rejaeMerpudeckum obecredenrnem HHK) u apxus cobbrruit. Dxzemiiap CRCS
CIIEIUAJIBHO HE PEe3EPBUPYETCs, KpOMe KaK OOIUMHU CPeJICTBAMK 0DeCIIeYeH s OTKA30yCTONIMBOCTH, UCIIOJIb3YEeMO-
ro B nieHTp obpaborku ganubix (I1O/1) runepsuszopa.

Bzaumoneiictsue CRCS u LRCS cokerno-opuentuposannoe. HHK aBroMaTndeckn mim ¢ HCIIOJIL30BAHUEM
BeO-kymmenTa 4epe3 RCS ornpaiiser KOMaHIbI U 3AIIPOCHI, KOTOPBIE OTPAOATHIBAIOTCS HA CTOPOHE, KAK COOCTBEHHO
LRCS, Ttak 1 HA CTAHIIMOHHON aIIapaType.

CRCS — 3710 mporpamMmmHoe obecriedenne, «IeHTPAJbHASY 9aCTh CHUCTEMbl YIAJEHHOTO yIIpaBJeHus, pabora-
romas o yupasjierarnem UNIX-cucrembr ojHoit n3 Bupryaiabsbix mamme 11O/ HHK. CRCS npoekrupyercst Kak
OTHOCHUTEJILHO YHUBEpCaJbHOE cpeacTBO jyist paborsl ¢ CCSDS SLE-coBMecTuMbIMU HA3€MHBIMU CTAHIUSIMU. B Ha-
crosimee Bpemss CRCS cymmecTByer B Busie TporpaMMHOTO IPOTOTHUIA, PA3PAOOTAHHOTO C UCIIOIH30BAHUEM CPEJIBI
Figma. B mporpammuoit mrardopme SCOS-2000 cyrecTByeT OTAeIbHBIN MPOAYKT st (DOPMUPOBAHUS CIIEITHAIb-
HBIX cpencTB MoruTopuaTra Indra Genius, KOTOPBI COmEPKUT TOTOBbIE HAOOPHI JAHHBIX JJIs HA3EMHBIX CTAHIIHIA.
Hecmorpst Ha TO 4TO caM MHCTPpYMEHT B HacTosiiliee Bpemst HepocryieH st THACAH, anaiu3 JaHHBIX [TO3BOJISIET
neranbho npopaborars UX /Ul-noruky B 10601t y06HOH Cpejie TPOTOTANINPOBAHMYSL.

CRCS Bruitouaer B cebds:

® sJIpO, KOTOpOE 3aHuMaeTcsa (popMupOBaHEEM U 06pabOTKO aBOHEHTCKUX 3allPOCOB,/OTBETOB, paboTaeT ¢ Xpa-
HUMBIME CTPYKTYPaMU JAHHBIX;

e JIMHEHHBIH MOIYNb (MM NPOKCH-MO/IYJIb ), KOTOPBIi 3aHnMaercst o6paborkoit nanueix ¢ LRCS;
nosb3oBaTesbekuit uarepdeiic (HMI), Briodas dbaiiabl mabgoHOB, cTUIel, IpeCTaBIe s U T.J[. — B 3a-
BUCHMOCTH OT BBIOPAHHOIO (ppeiiMBOpKA.

CepBepHble BEO-KOMIIOHEHTHI MOTYT paciosiararbes Ha eauaom Beb-cepBepe HHK. CrpykTypHas cxema moka-
3aHa Ha puc. 1.

1) i MILIY, CY,
CrpykTypel Mansex (M1, apxis) . thaininl 5 sl
| MOHHTOPHHT neﬂ::;ﬂ*lﬂx
TTpokcu »- AATCp
- > 5 lons
I ot ABTOMATHY 0 coOBITHA M CHIHAE
ofmen HMI - - AlTapatyre
CRCS LRCS ATIH]{
.
Bet-unrepdeiic

Oneparop ATIHJI (LIOHH , PPITOHN)

RCS

Puc. 1: Crpykrypnas cxema CRCS.

IMosnb3oBarensekuii maTEpdEiic (M. puc. 2) orpazkaer JOTUKY pabOThI ¢ CHCTEMON M BKJIIOUAET B cebsl CaIery-
FOIIUE 30HBI:
® OCHOBHasl 00JIaCTh IpaduUecKoro (GpopMmyssipa, 0ToOparkKarolasi KOHTPOJUPYEMYI0 CUCTEMY HUJIU €€ YacCTh,
KaxKJIasl CTaHIHsl 0TOOpazkaeTcsd KaK UMeIomuil 1BeT (B COOTBETCTBUM CO CTATYCOM ycTpoiicTBa) Habop 6J1o-
KOB;
® 006Js1acTh 0TOOPAXKEHUsT KOHTEKCTHBIX apaMeTpoB (BepXHssl CTATyCHas CTPOKA), 0TODpasKaronas MoJab30Ba-
resnist HHK u ero npusmiernn, pexkum paBotsl co cranmueii AITH/T (oKaJbHBIH WK yaJeHHbIH), PeXKUM
3aIUCH [IAPaMeTPOB, CTATYC KOHTEKCTHOM CUCTEMBI U T.JI.;
® 30HA YBEJOMJIEHWI, PACIOJIOXKEeHHAs BHU3Y KPaHa U COCTOLANIAd U3 BKJAIOK [0 YPOBHSAM BaxKHOCTU (B
npumMepe — coobienns (messages), TPEBOXKHbIE CUTHAJBI (alarms) u oTpaboTaHHbIE CUTHAJILI);
e 00JIaCTh MEHIO, PACIIOJIOKEHHAS B IIPAaBOil IACTH, T/Ie HAXOISITCA OCHOBHBIE TPYIIIBI 3aa .
st CRCS onpejiesieHbl TOJIBKO JBa yPOBHSI IPUBUJIETHI — aMUHUCTPATUBHBIN U I10JIb30BATEbCKUIA.
OrpejiesieHbl 6 OCHOBHBIX IIBETOBBIX KOJOB COCTOSIHUIA:
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|General Parameters L3

User / Level LRCS1-COMM LRCS2- COMM Recording File Broadcast L. 3

~
£
UserAccess
)

Scheduler

Messages Alarms Acknowledged Alams
Date / Tme Item Level Type Source Description WE

Puc. 2: O6muit Bug nnrepdeiica CRCS.

® 3eJIeHDBIH, cUCTeMa aKTUBHAS ¥/Miau HaxoiauTcd B mrarHoM pexkume — LCRS nosayuaer crarycuyo uadop-
MAITUIO 110 JAHHOMY OJIOKY, OHA TOJIHOCTBIO COOTBETCTBYET OXKUIAEMBIM 3HAUCHUSIM;

e KpacHbIil, TpeBoxkHbBI curaags — LCRS nomydaer crarycnyio nadopmaiuio mo JaHHOMY OJIOKY M, KaK M-
HUMYM, 3HAYEHUE OJIHOTO U3 MAPAMETPOB BBINLIO 34 JOMYCTUMbIE 3HAYMCHMUS;

® ODAHYKEBBIN, COOTBETCTBYET KPACHOMY yPOBHIO, HO JIJIsi KOTOPOT'O OIIEPATOD IMOCTABUI OTMETKY <«IIPUHSATO K
CBEJIEHUIO> ;

e cuHUiT, OJIOK HA OOC/IY?KUBAHAU — TAKON CTATYC IPUCBAMBAETCH BPYIHYIO OIIEPATOPOM;

® OeJIblil WJIM CBETJIO-CEPHIit, OJI0K (DAKTHIECKH OTCYTCTBYET — TAKON CTATYC IPUCBAMBAECTCS BPYUHYIO OIlepa-
TOPOM;

e KopuuHeBHIi, HeT cBsa3u — LCRS He mosiyvyaeT MaHHBIX ¢ 9TOr0 OJIOKA.

Ecsin ¢ ocHoBHOrO 9Kkpana nepeiitu K GhopMyssipy KOHKpPeTHOH crannuu (IpocTo BeIOpaB ee), To Gymer 0To6-
pakeHa ee ycjoBHasi MHeMOcxeMa. Ha puc. 3 moka3aHa yCIOBHAS CTAHIIAsI, COCTOSINAS U3 7 JIEMEHTOB KOHTPOJIS,
5 U3 KOTOPBIX YKA3aHbI KAK «Ha 00C/Iy:KUBAHUA», OJUH YKa3aH Kak OTcyTcTByiomuii, 1 Tosbko g ACU (cucrema
YIIPABJIEHAS] IPUBOJIOM ) BBICTABJIEH CTATYC «HOPMAy.

ITpu yxasanun Ha cuctemy ACU BeribiBaer oKHO (cM. puc. 4) KOHTPOJIBHBIX IIAPAMETPOB JIAHHOTO GJ0Ka (B
JIAHHOM CJIy4ae HaMMEeHOBaHUs apaMeTpoB Obuin B3aThl u3 BJ1 SCOS-2000).

s kaxkmoro orobpazkaeMoro napamerpa ykasano suadenne M (mounuropunr), C (mapamerp 3ajaercs Kak
4acTh Ipolecca yupasienus ycrpoiicrsoMm) wim M&C (Monuropunr u yupassenue). Jano TekcroBoe onmcanue
napaMeTpa, ero Tekyllee 3HadeHne u dusndeckas sejmanna. [lo asoiiHoMy mmemduky Ha crpoke M&C-napamerpa
OTKPBIBAETCSI OKHO M3MEHEHUsT 3HATEHHUSI.

Kazk b1t KoHTpOIMpyeMBblii TapaMeTp MOXKeT ObITh BbIOpaH u3 6as3bl qanabix apxusa AITH/I. Hemocpencrsen-
HO B OKHE ITOMCKa MOYKHO HACTPOUTH PEXKUM 3aIUCU JAHHOTO ITapaMeTpa:

® 3aMCHIBATD BCETA, KAXKIbIe N CEKYHJI, HA MPOTSKEHNN YKA3AHHOTO KAJEHIAPHOIO IIEPUO/IA;

® 3aMNCHIBATH TOJBKO €CJIU 3HAUYEHUE ITapaMeTpa N3MEHIIOCH;

® 3aIMCHIBATH TOJBKO €CJIU 3HAUYEHHE ITapaMeTpa H3MEHUJIOCH OoJiee, YeM Ha YKAa3aHHOE 3HAUEHUE;
® 3AMNCHIBATH TOJBKO IIPU BBIIOJIHEHNN OIPEIEICHHBIX YCIOBHIA.

Kpome Toro, MoxKHO yKa3aTh orpanudenus s (pOpMUPOBaHUs IIPEIyIpe:KIeHns 1 Tpesoru (warning/alarm
limits) g mamHOrO MApAMETDA.

[TpocMoTp 3anucaHHbIX JAHHBIX JOCTYIIEH depe3 MyHKT Data mento Archive. zmenenue mapamerpa oTobpa-
JKaeTCsl KaK B TAOJIMIHOM, Tak U rpadudecKoM Buje (CM. pUC. 5 Ha IPUMEpPE YIVIOB MeCTa M a3UMyTa aHTEHHBI ).
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User / Level

Storage Operation mode MJO tag

Ground Station 1

CRCS

]

Feed

LMA System

Puc. 3: [Ipumep cTaHIIMOHHON MHEMOCXEMBI.

M Local/Remote Remote

M&C |User Level [2 ]

M | Tracking Mode ENABLED

M |Tracking Submode |ENABLED |

M&C | Antenna Name Antenna
|M&C | Position [Az] 50.0000 'Degrees

Position [El]

M&C |Position [Pol] 10.0000 Degrees
M | Time of the measurement position [12

M&C | Soft limit enabled ENABLED |

M Last steptrack peak time |1.0 Degrees
M | Last steptrack peak [E]] ] 1.0 [Degrees
M |Laststeptrack peak [Az] 1.0 Degrees
M&C |RF Input (10 |

MS&C | Attenuation |10

MBC | Active Steptracking |ON ]

c Tracking Receiver Frequency |

C |Antenna stop [ |

E Resume tracking |

C | Stop tracking [ ]

£ Acknowledge and attempt to dear all syste...

Ll

]

[>)

Puc. 4: Tlpumep orobpazkenus u 3aJiaHusl KOHTPOJIbHBIX TapaMeTpoB CY MpUBOIOM.

A

User Access

o

Controlier

O

Scheduler

B sape RCS naxoaurcs obmmuii cepsep neneykazanuii AITH /I, KoTopbiii T03BOJISIET PACCIUTHIBATE U PACCHLIATH
U3MEHEHHUsI HA BCE CTAHIUU [TPOEKTA.
[Tpokcu-momysb npeaHasHader st peajusanuu oomenoB Mexkiy CRCS u LRCS nocpejcrBoMm yeTbipex oc-

nosHbIX TCP-cokeTos:
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o | Table |

25/1/2010 10,08 63,031

Marker 1

i 1005
Tue 26 Jan 2010 Date / Time.

[of I 3

[we [ em Eport | [Mantensnce | [ selecton || cose

Puc. 5: [IpocmoTp 3amucaHHbIX TapaMeTPOB.

® COKeT MOHUTOpWHTA, nakeThl npuxonsaT or LRCS kaxapiit pa3 1o (hakTy M3MeHeHUs TapaMeTpa;
e coker komau, LRCS npuanmaeTr makeThbl OT aBTOPU30BAHHBIX XOCTOB;
® COKeT COOBITHIl U COKET TpeBOrHd, NakeThl Beex codbiTuii mpuxoasaT ot LRCS; CRCS zamucsiBaer 3tu nanube
B apXUB COOBITHIL.
Otnenpro dopmupyiorcst keepalive-iakeTbl, KOTOPBIE MEPEIAIOTCS PETYJISIPHO JIJISI IIPOBEPKH JIOCTYITHOCTH
cepuca LRCS. LRCS orBedaer nakeraMu Ha J[Ba COKETa — KOMAH/IHBII 1 MOHUTOPUHTOBBI.

3. 3akJjrodyenue

MHACAH npecrabiieH aJlbTepHATUBHBIN BADHAHT PEAJU3AIMN CUCTEMBI IPHEMA, MIPEIBAPUTEILHON 06paboTKY 1
KOHTPOJIs mH(bopManuu. OnucanHnas B TAHHON cTaThe cucTeMa MOXKeT ObITh peaju3oBana cuiamu VHACAH npu
MPUHSTUU COBMECTHO € 3aKA3YMKOM COOTBETCTBYIOIIETO PEIIEHUsI O MePEPaCIPeIeIEHIN PAbOT MEXKJTY COUCTIOTHI-
TeJISIMA. DTO TO3BOJIUT CJEJATH CUCTEMY BBICOKOABTOMATH3UPOBAHHON, HE TPEOYIOIIHII MOCTOSHHOTO JIEKYPCTBA
OIIEPATOPOB, YTO MO3BOJIUT YJIEIIEBUTD YKCILIYATAIIUIO CHCTEMBI, YIIPOCTUTH pabOTy OIEPATOPOB U MOBBICUTH Ha-
JIEYKHOCTb.

Cricok ureparypbl
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2. M. Sachkov, S. Sichevsky, and E. Kopylov, Proceedings of the SPIE, 13094, 1309457, 2024.
3. Minstroj Rossii, Metodicheskie rekomendacii po proektirovaniyu centrov obrabotki dannyh, 2019.



155

MpuHunnel pyHKUMOHNPOBaHUA LEeHTpPa 00paboTku Hay4HOA
nHdopmaunn npoekta «Cnektp-YD>»

Apxanrenbcknit P.H., Nocunenko C.B.

HUnemumym acmpornomuu PAH, Mockea, Poccus

MHACAH sBiisieTcst rOJIOBHBIM HUCITOJTHUTENIEM TI0 CO3/IAHUI0 HA36MHOI'O HAy YHOI'O KOMILIEKCA JIJIsl YIIPABJIEHNST KOMILIEKCOM
Hay9HOHN anmmnapaTypsl B pamkax npoekrta «Cuexktp-Y®P». B coctaB ykazaHHOr0 HA3€MHOTO HAYYHOTO KOMILIEKCA, B TOM YHC-
Jie, BXOJIUT IEHTP 06paboTKM HaydIHON MHMOPMAINH, BHITIOJTHSIONINA 3a/1a9u 110 (POPMUPOBAHKIO IPOrPAMMBbI HADJTIOIEHUIA,
a Tak»Ke IpeaBapuTe/IbHON 00pabOTKM, XPAaHEHUIO U JaJbHelel mepegade HabogaTe/bHoi nadopmarun. B ganHoit cra-
The TPUBOIUTCS OMUCAHNE JIOTUKU (DYHKIIMOHUPOBAHUsI, OPTAaHU3AIMOHHOM CTPYKTYPHI, & TaK¥Ke NH(MOPMAIIHS O CEPBEPHOM
u cereBOM obecriedeHnn paboIux MECT IeHTpa 00pabOTKU HAYyUYHBIX JAHHBIX M3 COCTABA HA3EMHOIO HAYYHOIO KOMILIEKCA
npoekTa «CrekTp-Y®P». B KoHIE jle/1aeTcst 3aKII0YEHNE O BO3MOKHOCTH TEXHUIECKON peaiu3aiiuu mpeIIosKEeHHBIM CII0CO-
O0M, a TakKe O HaJu4dne TPYIHOCTEN B peau3aliiy OPraHM3aIlMOHHOM CTPYKTYPHI C pa3/ie/IeHueM 3a/1a9 U OTBETCTBEHHOCTHU
MEKJy UCHOJHUATEJISIMUA.

Ilocrynuna B pemakiuio 29.11.2024 r. Ilpunsara B nevars 13.12.2024 1.

Kmoueswie caosa: YD-acmporomus, Ha3emmuuili nayunowd Komnaeke, «Cnexmp-YDs

Operating principles of the scientific data processing center of the Spektr-UV project
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1. BBeaenue

B pamkax coszmanns Hazemuoro nHayunoro kommuiekca (HHK) mast ynpasiieHust KOMIIIEKCOM HaydHOM alapaTyphl
(KHA), nosnyuenusi, 06paboTKu, aHAJIN3a, apXUBUPOBAHUSI U PACIPOCTPAHEHUs MOJIyUeHHOW B PAMKAX IIPOEKTa
«Crektp-Y®» [1] nayunoit uadopmarmn THACAH paspaGoran BapuaHT neHTpa 06paboTKu HaydHON nHbOpMa-
muu (ITOHU), koropsiit Mor 6b1 6eiTh co3man uncruryToM coBmectao ¢ AO «HITO JlaBoukunas [2]. Heobxomumo
orMeTuTh, uT0 B coctaB HHK BxomaT cxoxkue o Ha3BaHUIO, HO OTIMIAIONTHECH IO (PYHKIIMOHAJY COCTABHBIE YACTH:
neHTp obpaborku nayunoil undopmarmu (IIOHI), obecrieunBaronuii HEIIOCPEICTBEHHbIE TEXHUYECKHE PAbOTHI C
MHCTPYMEHTOM U POCCHACKMII permoHasbHBIH 1ieHTp 00padorku HayuHol nndopmanun (PPIIOHN), obecneunsa-
foruit HaydHoro norpeburess. @yuknuun [TOHU:

® yIpaBJ/ieHre KOMILIEKCOM HAYJHOI anmapaTyphbl;

e (bopMupoBaHUE MPOrPAMMBI HAOJIOICHMIA;

e TpegBapuTeIbHAS 00pabOTKa HAOJIIOIATETLHON HH(MOPMAIINH;

e nepenavya B PPIIOHU obpaborantoit napopmauy;
XpaHeHue HabJII0ATeIbHON HHMOOPMAIINN.
Oyukuun PPITOHU:

e (opMupOBaHME IEPEYHsT 3asBOK Ha HAOJIIOICHUST;

e 00paboTKa, XpaHeHNE U MepeIada yIaCTHUKAM IPOTPaMMbI HAOIIONATEHbHON HH(OOPMAIIUH.

B sanHOIT cTaThe NpUBEIEHBI OCHOBHBIE IPUHIINIIBI (DYHKIIMOHUPOBaHUs U TexHudeckoe onmcanne [TOHI.

2. Jloruka ¢pyHKIIMOHUPOBAHUS

B cocras HOHU dyHKITMOHAIBHO BXOJISIT:
e cucrema rTexHosorndeckoro mwianuposanus (CTII), koTopast o6 beauHsieT (DYHKIMA FreHepaTopa KPaTKOCPOU-
HOIO HAyYHOrO IUtaHa (uMeromiero rexunosnorundeckuii sug POS-daiina) u KoMIuisTopa HayIHON KOMAHIHO-
MporpaMMHO#l nHMOpMaIym;

Hayunwie Tpyast UTHACAH, 2024, Tom 9, Boimyck 4




156 P.H. Apxanrenbckuii u C.B. Hocumerko

e cucrema uHbOpManuoHHO-TeIeMeTpryeckoro obecnedenus (M1TO).

ITOHU orBeuaer 3a TEXHOJOTMYECKOE IJIAHUPOBaHME PabOT C TOYKM 3pPEHUsl IeJIeBOr0 HasHAJYeHUsI 0bcep-
Baropuu. dt1o o3Havaer, uro [IOHW npemocrasisier cpejcTBa IITATHONW IOJITNOTOBKH MPOrPaMMbl paboT — Kak
kparkocpounoii (STP), Tak u gonrocpounoii (LTP).

Taxxke IIOHU umeer Bcio TexHOMOTMIECKYI0 WHAMOPMAIUIO i (GOPMUAPOBAHUSA ONTHMU3UPOBAHHOTO (aii-
sma DBOB — daitra nabimogarepHbIx Bo3MOXKHOCTEH, KoTophIit mo3Bosisger HHK makcnvmmsuposaTs oTmady ot
WHCTPYMEHTOB U CILJIAHUPOBATb, B TOM YHCJIE, KAJIUOPOBOYHBIE CEAHCHI, HEOOXOIUMBIE JIJIsi JTOCTUKEHUST Hay YHBIX
neJiei.

Cucrema TexHoJsiormdeckoro mianuposanus [TOHU:

® IIPEOCTABIISIET ABTOMATH3NPOBAHHBIE IPOI'PAMMHEbBIE CPECTBA [IJIs IJIAHUPOBAHIUS;

® UCIOJIb3YeT 3adBKU U XPAHMILYIOCS B HUX MHMOPMANUIO O HAOIIOJeHUAX (CONEePKUT CBOM YIPOIIEHHBIA Me-
HeszKep 3adaB0K, paboratommii ¢ COF-daiinamu);

® 1CIIOJB3yeT CKBO3HON pabounii mwian (SSF), KoTOphIil Tak»Ke CONEPKUT TEHW, 3aCBETKU M WHTEPBAJBl 30H
BUJIMMOCTY HA3€MHBIX CTAHIIWIL; UCIIOJIb3YeT TEXHOJOINYECKHEe JaHHbIE O COCTOSIHUU OopToBOro 3V, 3HEpro-
basamce, maneBpax KA;

o opMuUpyeT IPUIOIHBIN il UCIIOJIb30BaHu B leHTpe yipasienus nojeramu (ITVII) daiin kparkocpouroro
wiana (POS), B KOTOPOM B IIpUBSA3KE KO BPEMEHU HAXOATCH BCe HEOOXOAMMbBIE OLEPAIHU.

Ecyin ucnonb3yercst mocrpoenHasi Ha 6ase mporpammuoro obecrnedenusi [LIYIT HITO JlaBoukuna enuHast cu-
creMa rraHupoBanusi, T0 POS-daiis mpocto oTkpbiBaercs oreparopoM LIVII st manbHeimeii KOMIOHOBKI TPeX
JIMPEKTUBHBIX (DafiyioB — cOGCTBEHHO MHTErPUPOBAHHOTO MACCHBA KOMaHHO-TIporpamMMuol nadopmaimu (PTF),
daitna ceanca mig 3aknanku Ha Hazemuyto craniuio (OTF) u nabopa komans jyisa Hazemubix crammuit (STF).

JlJist 9TOr0 MCIIOB3YIOTCS JOMIOHUTEIbHBIE TaHHbIE, N3HAYAJIHHO C(OPMUPOBAHHBIE CHCTEMON OAJLUIMCTHKO-
HABUTAIMOHHOTO 00eCIevYeHnsl crenuaabHoro nporpammuoro obecnievernust IIYVIL (daitn FPP). TTockoabKy KOM-
IUIeKC GaJlIIMCTUKO-HABUTAIMOHHOTO O0ECIIeueHnsl He UMeeT TPsSIMOTo nocTyna K Haygnomy apxusy (HA) HHK,
Takue JaHHble cuHXpoHm3upytorcs nocpeacrsom [TOHU. Ouesngno, uro nanaeie OTF/PTF He n0/KHBI KOH-
dmukToBath ¢ FPP. Takas mpoBepka mpoBoauTCs aBTOMATHYECKH. V3HAYAILHOTO yUueTa JAHHBIX OUDAHMIEHUN
IIPU BEPCTKE CEAHCA HEIOCTATOYHO, T.K. Janube FPP MoryT 6bITh m3MeHEHBI B IPOU3BOILHBIN MOMEHT, aCHHXPOH-
HO C JIIOOBIME JIPYTUMHU COOBITHSAMHY [LJIAHUPOBAHUS.

O/iHaKO, CTOUT OTMETHUTH, YTO HWCIIOJIb30BaHUE €IUHOIO IIPOrPAMMHOIO O0ECIedeHUs! IIJIAHUPOBAHMS HE SIB-
JISIeTCs TTAaTHBIM BapuaHToM st KA Ha mrardopme «HaBuratops, rie UCIOIb3yeTcs TEXHOJIOIUYIECKas CBI3Ka
mporpaMMHoOe obecriedenre IannpoBanns + unadopmanunonno-jgorudeckuii creanx MOKB «Mapces. Ckopee Bcero,
noTpebyeTcs AOMOJTHUTEIbHOE MPeodpPa30BaHne MAaHHBIX. B OT/iintdne 0T MMEIOIeiicss TeEXHOJIOTHH PabOTHL ¢ ILIAT-
dopmoit «Hasurarop», B «Crektp-YP» TakKe UCIOIB3YETCsT ABTOMATU3NPOBAHHBIN TIJIAH 33/1€fiICTBOBAHNS CTAH-
1Uif, T71e mapaMeTphbl CTAHIMH (KOMIIJIEKTHI, JIATEPHI, DEsKUMBI U T.11.) 33/IAF0TCs HA dTalle IIAHUPOBaHusl. B 1iessx
obecriedeHnsT eIMHOIO IOX0/a K HMCIIOJIb30BAHUIO HAa3eMHBIX cpejcTB, omneparop ITOHUW moxker m3MeHATH HEKO-
TOpBIE JIAaHHBIE, KACAIOIIMECs] CTAHINI AIIapaTyPhl IPUEMA HAYYHBIX JAHHBIX, & TAKXKe CIIPABOYHO UCIIOJIb30BaTh
ocrasbayo nadopmanuo STF.

Nudopmannonnast cxema CHCTEMBI TEXHOJOTMIECKOTO INIAHNPOBAHUS [TOKAa3aHa Ha puc. 1.

Heobpaborannas renemerputeckas nadopmanus nocrynaer B [IOHU 3 1Byx nCTOYHUKOB: CO CTAHITHIT TIPH-
eMa HayuHbIX JaHHBIX U co craniuit HKY. Henocpencrsennbim abonenTom HKY, BaumosneiicrBytormum ¢ IIOHN
SIBJISIETCSI CEKTOP IVIABHOI'O KOHCTPYKTOPA.

Tenemerpruaeckyro naHMOPMAINIO OT CTAHIUI MpUEMa HAYIHBIX JAHHBIX [TOJYYA0T U 00pPabATHIBAIOT CPEIl-
cra U'TO IIOHU, pacnosoxennsie B nienrpe obpaborku nanubix (IIO1) HHK. Dro uckiogaer xybaupoBanue
TeJIEMETPUIECKHX IOTOKOB, CHUKAET 3aI€PKKU IIPU TOJIY I€HUU THMOOPMAIIUH.

OTKpPBITBHIM BOIIPOCOM SIBJISIETCSI IIITATHOE PA3MeIleHUe IPOTPAaMMHOIO KJIMEHTa, yIPABJIEHIs CTAHIIUAME IIPH-
eMa Hay4YHBIX JIAHHBIX U COOTBETCTBYOIINE (DYHKIMN aIMUHUCTpUpoBaHus. C OJHOI CTOPOHBI, IIJIAHUPOBAHKE HA
YPOBHE KOMAaH,I JIJIsl HA3eMHBIX craniuit — npeporarusa IIOHU; ¢ npyroii cTOpoHBI, IpyU OTCY TCTBUH IIPAKTUIECKOM
uarerparmn HKY n HHK opranmsanuonno mpemacrasisiercss nanbosee 3pdEKTUBHON paboTa TEXHOIOTUIECKON
rpymsl B 3BEHUTOPOJICKON 00CEePBATOPHH.

3. OpranuzamnuonHas crpykrypa IIOHU

Ipeacrasisiercsa ontumasbhoit pabora nepconasa IIOHU ma cpencrsax nenrpa yupasienus moseramu (IIVII) B
HIIO JlaBoukuna, a pa3merienue ceppeproro obopyraosanusi [IOHM — Ha cpeicTBax 1MEeHTPaJbHOIO y3Jjia CBSA3U
(ITYC, TTOI) HIIO JlaBoukuHa, jijisi KOTOPOrO YIPOIIAETCS 3a/ada OPraHU3allnl KaHAJOB CBsI3H, 0DeCIiedeH sl
pPeXKUMa U IPOIECCOB KBAJUMUIMPOBAHHON IKCILTyaTAIInH 000PYIOBAHUS.

B cnyaae, ecan o kakum-sm6o npuunuam pasmertenne [IOHU 8 HITO JlaBoukuua HEBO3MOXKHO, TO 000pY-
JnoBaHue u pabodre MecTa Pa3MenaiTcs B JabOPATOPHOM KOpIryce 3BeHUTropockoit obcepsaropun THACAH.

I'paduk paborel cMeH: pabodee BpeMsi, ¢ yIeTOM BBIXOIHBIX IHeil (cokpameHHasi cMeHa). Herpynoemknii
KOHTPOJIb KPyIJIOCyTOYHOro aproMmarudeckoro npuema B [IOHM TMMU co cranmuii npueMa HAyYHBIX JAHHBIX MO-
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Ceprep — mamuaaTop/ KOMIMIASTOR

Pegaktop ceanca MoJynE 3aAB0K
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|
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Puc. 1: Uadbopmanmonnast cxema CTIT ITOHU.

JKEeT BBIMOJHATHL obmmias jgexxypHast cmena LIYIT HITO Jlasoukuna wim nepconans MHACAH B 3Benuropojckoii
obcepBaTopn (IO COTIACOBAHMIIO).

ITepconasn ITOHU paGoraer Ha Tunosbix pabounx mMectax (PM) ¢ ncnonb3oBanneM cepBepHOTO 1 CeTEBOr0 060~
pytoBaHus, 00CIyKUBAHIE U IKCILIyaTAI[MI0 KOTOPOI'o IMPOBOIUT ciIyxkba sKciuryararuu [[YIT HITO JlaBoukuna.
B pabore jiexkypHOil cMeHBI 3a/1efiCTBOBAHO TpU pabOUNX MecTa:

o wianuposiwk [TOHU (umxenep-uccienosarens HHK);
o anayuzarop LIOHU (unxenep-uccienosaress HHK);
e texnoior (crenmanucr ITVII).

Pa6oune mecra B3ammozamensiembie. [Ipu #Heobxoaumoctu npucyrcrsust B IIOHU HaydHoro crenuaJmcra, emy
BPEMEHHO BBIJIEJISIETCsT OHO M3 YKa3aHHBIX paboumx MecT. Paboune MecTa OCHaIEHBI HEOOXOIUMBIMU CPEJICTBAMU
I MOKyMeHTHpOoBaHusd u cBsizu. OpraHmsyercs: 30HA I Pa3MEIeHNs CPEICTB KOJLUIEKTUBHOTO OTOOPAXKEHUS.
Jia ITYTI HHU W Mmarm gomyckaercs opragusarys oaHoro pabodero mecra rexuosiora IIOHU (cunenumanucr HITOJI
wn [THW W mamm). Hosnmocrsio aybiauposars cekrop IIOHU B ITVII e tpebyercs. [lepconan IIOHU pasmernaercst
B ornenbroM momMemniennu LIYIT HITO JlaBoukuna, miomais 15-25 M2,

4. CepBepH0e N ceTeBoe 06ecnequI/Ie, obecnedyeHue pa60‘-II/IX MecCT

B kareroputo 060pyioBaHmsI CEPBEPHOI CTOMKHM BXOJIST:
e 3 ammaparHBIX cepBepa, 00beIMHEHHBIX B IIyJI C IIOMOIIBIO THIIEPBU30pa XCcp-ng, copmectumoro ¢ PPITOH;
® 2 cuCTeMBbl XPAHEHUs JAHHBIX JIJI OPTaHM3aIuu OJIOYHBIX JINCKOB;
® 2 KOMMYTaTOpa;
e xommyTaTop SAN;
e He0oOXO0IMMOe MOHTAXKHOE, CETeBOe, KabeabHOe 000pYyI0BaHNE, KOHCTPYKTUB.
Honrocpounoe xpanenne nHMOPMAIIN TPOU3BOAUTCS Ha cpeactax PPIIOHN.
OcHOBHBIE TEXHOJIOTUIECKIE OCOOEHHOCTH:
e obmensr [IOHU ¢ PPIIOHU undopwmarueil miaHnpoBaHus WHTETPUPOBAHBL B CIEIUAIBHOE IIPOrPAMMHOE
obecriedenre JIaHNPOBAHS;
® J1jIsl 0DECIIeUeH s TEMIIEPATYPHOTO PEsKUMa, MOHTAXK alllapaTypbl OCYIIECTBJISIETC B ITKadax, BHITOJTHEHHBIX
o craugapry MIK297;
® YACTh BBIYMCJIATENHHON HAMPY3KH (IPeXKJIe BCero NHQMOPMAIMOHHO-TEIEMETPIHIECKOT0 00ECIIEYeH sI) MOYKET
BerHOCuThCA B 110/ HHK.
Cocras Texanaeckux cpeqcts LIOHU npusesnen na puc. 2.
[IpenpapuresbHbIi TepeYeHb KOMILIEKTYONUX [IPEJCTaBIeH B TabJ1. 1.
BapuanT pacrnosnoxenusi padounx mect IIOHU s ITVII HITIO Jlasouknua (ITYII-JI) nokasan Ha puc. 3.
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Puc. 2: Cocras texanaeckux cpemacrs [TOHU.

Tabsmuma 1: [Tapamerpsr MIITY.

| Ne /o | Hanmenosanune | KommuecTso
CepBepHas cTOiKa
1.1 CepBep CTOEYHBI 3*
1.2 Cucrema xpaHeHus: JaHHBIX (KoMIulekT ¢ guckamu or 20 T6) | 2*
1.3 YupapisieMblii KOMMYTaTOD 2%
1.4 Kommyrarop SAN 1*
1.5 Wcrounuk Gecriepeboitnoro nuranust croednbiii or 2.5 KBr 2%
1.6 Koncons ynpasienus croednast 1
1.7 MapiupyTusaTop 1*
1.8 Kabenpubrit koMIIexT 1
1.9 Ikad cepBepHbIit 1
Pa6oune mecra
2.1 Mownob6si0k paboyero mecra
2.2 Moy 1
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Puc. 3: Pacmosiozkenne PM ITOHU B 3ase ITYIT HITO JlaBoukuma.

5. 3akJiroueHue

B cratbe xparko Obuta ommcaHa JIOrHKa (DYHKIIMOHUPOBAHWS W OPTAHM3AIMOHHAS CTPYKTYpPa, JTAHO OIUCAHUE
obecriedenust paboUIMX MeCT MeHTpa 00pabOTKN HAyIHBIX JaHHBIX. B 1mejgom cozmanune [IOHU apasiercs Texande-
CKHU peaju3yeMoil 3ajadeil, mpu 3TOM OOJbINAsA CJIOKHOCTH CIIEHAPUEB HCIOJb30BAHUS OOyC/IABJINBAET HAJIAINE
TPY/AHOCTElH B Peau3aliiii OPraHU3aIMOHHOM CTPYKTYPBI C pa3/ieJIieHIeM 33/1a9 U OTBETCTBEHHOCTH MEXK/Ty UCIIOJ-
HUTEJISIMH.

Crcok aureparypbl

1. M. Sachkov, B. Shustov, and A. I. Gomez de Castro, Proceedings of the SPIE, 9144, 914402, 2014.
2. M. Sachkov, S. Sichevsky, and E. Kopylov, Proceedings of the SPIE, 13094, 1309457, 2024.
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doTomeTpunyeckoe uccsiegoBaHue KapJIMKOBOW HOBOWA

TCP J18173469+4-1803499

Tapacenkos A.H.!, Coxomosexmit K.B.23, Koporkmit C.A.*%, Hapoenkos C.A.!

L Bnemumym acmporomuu PAH, Mocxkea, Poccus
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Mper npezcrasiasem uccienoBanue Kapsaukosoi Hosoit TCP J18173469+1803499. Ouna 6bl1a o6HApy»KeHa BO BPeMs HMIUPO-
komnosbHOro 0630pa New Milky Way (NMW) na Acrpodepme Acrposeprsl, 1 B TedeHne 9 HOUedl Mbl BBIIOIHAIN (HOTO-
METPUYIECKN MOHHTOPHUHT 3TOro obdbekTa B nmomocax BVRI ¢ momompio HoBOro 50-cMm poboruanpoBanHOro Teseckomna Kuc-
soBojickoit o6cepBaropun UHACAH. Bouin o6uapy»kenbl cBepxropbbr ¢ nepuogom 0.0592 cyTok, KOTOpBIE MMEIN MaJlylo
aMIUIUTY/Ly B HadaJje BCIBIIIKA, HO HA 9 CYyTKH IOCJIe HavYasIa BCIBIIIKN IPUOOpeH OOJIBIIYIO aMIIUTY/Ly ¥ CHMMETPUIHYIO
mutoobpasuyo dpopmy. Mbl mpoanamsupoBaau (gporomerpudeckoe moseaenne TCP J18173469-+1803499 mo pesyabraTam
namunx Habmonenuit. Hannane cBepXxrop6oB 1 aMIUIMTY/[a BCIBIIIKY, COCTABIISIONAs 0ojiee 8 3BE€3/JHBIX BEJIUTIUH IO3BOJIAIOT
OTHECTH 9TOT OOBEKT K KapJIMKOBBIM HOBbIM Tuiia WZ Sge.

Ilocrymuna B pemakmuio 20.10.2024 r. [Ipuusara B nevars 12.12.2024 1.

Kanoueswie caosa: kapaukosvie Hosvie, omomempusa, urdusudyasvroti obsexm: TCP J18173469+1803499

Photometric study of dwarf nova TCP J18173469+1803499
Tarasenkov A.N.!, Sokolovsky K.V.?3, Korotkiy S.A.*?, Naroenkov S.A.!
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We present analysis of a dwarf nova TCP J18173469+1803499. It was discovered during the New Milky Way (NMW)
wide-field survey at Astroverty astrofarm, and during 9 nights we performed photometric monitoring of this object in BVRI
bands with a new 50-cm robotic telescope of Kislovodsk observatory of the Institute of Astronomy of the RAS. We detected
superhumps with a period of 0.0592 days, with a small amplitude at the beginning of the outburst. However, on the 9th
day after the start of the outburst they acquired a large amplitude and a symmetrical sawtooth shape. We analyzed the
photometric behavior of TCP J18173469+1803499 based on our observations. The presence of superhumps and a flare
amplitude of more than 2 magnitudes allow us to classify this object as a dwarf nova of the WZ Sge type.
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1. BBenenune

KapukoBbie HOBbIE — KAaTAK/IM3MUIECKUE [T€PEMEHHBIE, TIPEICTABJISIONINE N3 ce0sl CHCTEMbBI U3 AKKPEIUPYIOITUTO
6eJ10r0 KapJiuKa 1 3B€3/bl JJOHOPA — 3Be3/IbI IJIABHOII [T0CJIeI0BATEILHOCTH UJIH CyOrHranTa CIEeKTPAIBLHOTO KIACCca,
K nmm M. 3Be3ma-JIoHOD 3aII0JIHSET MOJIOCTH POoIlla M HOCTABIISIET BEIIEeCTBO Ha OEJIbIil KapJinK, BOKPYT KOTOPO-
ro dopmupyercst akKperonHsiii guck [1]. Kapankossle HOBBIE JEMOHCTPUDPYIOT BCIBIMIKH, AMIIATYIA KOTOPBIX
Moxker gocrurath 10™ u 1o ¢opme KpuBbIX GJECKA KOTOPBIX OOBIYHO KJIACCU(DUIMPYIOT JAHHBIE 00BHEKTHI [2].
Bousbiias aMminTyma BCOBIIIEK U OTCYTCTBHAE Y€TKOTO IEPUOA X MOBTOPEHUS JIEJAI0T KaPJIUKOBbIE HOBBIE BarK-
HBIMU TEJISIMHA JIJTsT MAJIBIX TesIeCKOIoB [3]. Iist nx HabIIOIeHus CO3IAI0TCsI IIEHTPhI KOOD/IMHAIINY HAOJIIOIeHIH Ha
HeGOMbIMX MHCTPYMeHTax, Hanpumep VSNET [4].

Yacro B 110/106HBIX HAOJIIOATEIbHBIX KAMIIAHUSIX [IPUHAMAIOT yYacTHe KaK JIOUTe/IbCKIe, TaK U IPodeccu-
OHAJIbHBbIE 0DCEPBATOPUN, U ONPEIEIIIONUMI (DAKTOPAME YCIIEITHBIX HAOJIONEHUI SBJIAIOTCH HAJUYINE CACTEMbI
OBICTPOrO OMOBEIIEeHNsT HAOIIOATe el ocie OOHAPY2KEHNUST BCIBIIITKI U aBTOMATU3AIINST CAMOTO HAOJIIOIATEIHHOTO
mporiecca. IHCTpyMeHTHI, 3a1efiICTBOBAHHBIE B HACTOSIIEM UCCJIEIOBAHNN, KAK PA3 SBJIAIOTCH POOOTH3NPOBAHHBIMH,
YTO TO3BOJIUJIO YCIIEITHO IIPOBeCTH (POTOMETPUIECKUE HCCIe0BaHus Kapukosoit HoBoit TCP J18173469-+1803499.

Hayunwie Tpyast UTHACAH, 2024, Tom 9, Boimyck 4
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2. Obnapyxenne oobekrta TCP J18173469+1803499

Bo Bpems o630opa New Milky Way (NMW) [5] ¢ nomorpbio 0630pHOit Kamepsl (Ha OCHOBE Tesieo0beKTuBa 135 MM,
£/2.0 u TI3C-kamepsr SBIG STL-11000M), ycranosiensno#t nHa Acrpodepme Acrposeprsr, 2024-09-27.8058 UT
GBI OOHAPYIKEH HCTOUHHK C OsieckoM 12.6™ B 6estom ceere!. Ha cHEMKAX, HOJYUEHHBIX IPEAbLIYINEHl HOULIO B
2024-09-26.7722 UT, obbekT 6bL1 ciiabee 14™.

Cucrema aBrozeTekTupoBanus Ha ocHoBe makera VaST [6] obHapyzKuBaeT MOsBJIEHIE HOBOTO OOBEKTA, CPAB-
HUBasl CIIUCKY 3BE3]T, BUIUMBIX HA Tape KaJIPOB, TOJYIEHHBIX CO CJIBUTOM, CO CIIMCKOM 3BE3]I, HAWIEHHBIX HA OTIOP-
HOM KaJjipe. Boranranume m300parkenniit He ucroab3yercs. s oOHapyKeHus 3Be31 1 n3Mepenns ux gproctu VaST
ucnonbayercst maker SExtractor [7]. Cusur mexkmy mapoif KaJapoB BTOPOH 31I0XU MOMOTaeT OTINIUTE JeeKThI
u300pazkeHust (IIOJI0KEHNe KOTOPBIX dukcuposano oTHocuTenbHO 1I3C meTekTopa) OT 06bEKTOB, HEIIOBUKHBIX
oTHOCHTETHHO HebOa. OMOPHBIN Kaap MpeACcTaBiseT co00i TUIyOOKUT CHUMOK, MOJIy9IeHHBIH C TOH 2Ke KaMepoil B
xoporx ycaoBusx. CbheMka npousBogutcs 6e3 dbuibrpa ¢ axcnozunueit 20 cek. Hyb-iyHKT WHCTpYMEHTAILHOIM
IKAJIBI 3BE3/IHBIX BEJIMYNH YCTAHABIUBACTCS UCIIOJB3Ysl Beanduubl V 3Be3z u3 karaiora Tycho-2 [8], Buaumbix na
CHUMKaX. AcTpoMeTpudeckas IPUBsI3Ka CHUIMKOB OCYIIECTBIISIETCS ¢ IOMOIIBIO Koia Astrometry.net [9] ¢ nocieny-
IOIIUM OIIpejieJIEeHNEM JIOKAJIbHBIX MOIPABOK K OOIIEMY acTPOMETPUYECKOMY PEIIEHUI0 KaJpa B pailoHe KarKIoro
u3MepsaeMoro oobekra. Takoit MeToJ1 II03B0JIAeT JOCTHYL TOYHOCTH OlIpe e leHIsl KOOpAUHAT mopsiaka 2" mpu mac-
mrrabe u3obpazkenusi 0630puoii kameps! 13.8” /pix (mose 3penus kamepsl cocrasisier 15° X 10°).

Ucrounuk oroxaecrsien co 3pesmoit Gaia DR3 4523672311648740992 (18:17:34.807 +18:03:48.84 J2000;
G=21.0; BP=21.0; RP=21.2 [10]) u nosyums o6oznauenne TCP J18173469+1803499. T. Banmionctep coobmmi?
06 obuapyxkenun ceepxropoos y TCP J18173469+ 1803499 Ha ocHose HabmrozeHuit, nmosyueHHbx 29/30 ceHTsIODS,
U Ha OCHOBAHWM 3TOTO CJEJIaJl BBIBOJ O IIPUHAJJIEXKHOCTHA 00'beKTa K KapaukoBbiM HOBbIM Tuita SU UMa.

3. Habmonennss B Kuciaosozackoii oocepsaropun MTHACAH

Msr mpoBoguu doromerpudeckuit Mmouuropuar TCP J18173469+1803499 B monocax BV RI ¢ 28 cenrsibps 1o
12 okrs6pst 2024 . B Teuenue jeBsaTu Houeit Ha 50-cMm Teseckomne Astrosib RC500 Kucnosomckoit obcepsaropun
NMHACAH. Teneckon ob6opymosan sCMOS-kamepoit ZWO ASI6200MM Pro, mossoJisiioneit moaydaTh KaJapbl ¢
MEpPTBBIM BpeMeHeM MeHee 1 CEeKyHJIbI, UTO BaXKHO JiJIsi HabJIro/leHus OBICTPO ITepeMeHHbBIX 00beKTOB. 11ojie 3peHust
uncrpymenta — 20 x 30", pazmep mukcens — 0.377" upu 6unnunre 2. Teseckolr criocobeH MpoBOIUTEL HAGIIIONCHNS
B JIICTAHIMOHHOM U POGOTH3MPOBAHHOM pexkumax [11].

Habmronenust npoBomumcs ¢ sxcnodurmeii 90 cekyHI W TOCTEI0BATEILHON CMEHON (OUIBTPOB. 3a BpeMs
naburoennit mosrydena 1271 orenka Osrecka. OOmiast kpuBas Ostecka mpuBenena Ha puc. 2. Poromerpus TCP
J18173469+1803499 Ha moIyUEHHBIX Kajpax MPOU3BOJMIACH C IIOMOIINBIO mporpaMMmbl Astroimage] [12], paspa-
OOTaHHOI JJIsI BBICOKOTOYHON (DOTOMETPUHU U IO3BOJISIONIE HEITOCPEICTBEHHO BO BpeMsi 00paboTKU HaOJIIOIeHU
0TOPOCUTH 3BE3/IbI CPABHEHUsI, Y KOTOPBIX BbISIBJIEHA [IEPEMEHHOCTD.

B kagecTBe 3Be31 cpaBHeHHMs OBLIM BBIOPAHBI OJU3KUE 3BE3IBI MOJI, WX 3BE3HBbIE BEJIMIMHBI OPAJINCH U3
karajiora Syntphot Gaia DR3 [10], kak 13 e JMHCTBEHHOIO HCTOYHUKA, COIEPIKAIIETI0 3BE3IHBIE BEJIMIUHBI 60JIee YeM
200 ThICSY 3Be3 BO BCEX IMUPOKO UCIOJIb3YeMBIX (oToMeTpuieckux cucremax, B Tom unciae UBVRI JIxkoncona-
Kosunca, ¢ raybunoit 1o 18 Besmumnbl B duibrpe V. IlonckoBast Kapra ¢ OTMEUYEHHBIM IIOJIOXKEHHEM OOBEKTA U
3Be3/I-CTaH/IaPTOB IIPUBEJIEHa Ha puc. 1.

4. Anann3 KpuBoii 6Jyiecka

Mps1 npoanasimsupoBasu dporomerpudeckoe mosegerne TCP J18173469+41803499 ¢ 1ieibio MOATBEPKIEHUS KJIAC-
cudukarmm 00beKTa U UCCIIEIOBAHNS €r0 XapaKTEPUCTHUK. B TeueHne mepBbixX 7 CYTOK ¢ MOMEHTA HAYAJIa BCIIBIII-
KU 3Be37[a JIEMOHCTPUPOBAJIa MOHOTOHHOE ajenne Oecka. Ha KpuBoil Ojiecka MpUCyTCTBOBAJIN HE3HAYUUTEIHHBIE
Bapuamnuu ¢ ammntyaoi meree 0.05™; SBHOM MEPUOAUIHOCTU U3MEHEHUs OJIECKA HA JTAHHOM STAIE BCIIBIIIKHU BbI-
SABJIEHO He ObLT0. 5 OKTsA0ps 2024 roja Ha KPUBOH OJECKA CTAJU MPOIBIITHCS cBepXropowl. Ha cieayionyo HOUb
nx ammnTyaa gocturaa 0.11™, u ctasa gBHO BUIHA XapaKTepHas HuIoobpasHas (dopMa KpuBoil Osecka. 7 OK-
TAOPS AMILTUTY/Ia CBePXropOoB Oblia MakcuMaabHOil — 0.25™, 3aTeMm Hadasa yMmeHbIMAThHCA. CBEPXTOPOBI MMEIOT
ACHMMETPUIHYIO (DOPMY: HUCXOISIAsl BETBh IPUMEPHO B IBA pa3a J0JIbIle, deM Bocxosdinas. Kpusas Oecka BO
BCIIBIIIIKE aXpoOMaTHIHa — Hokasareb sera B — V pasen 0.3™, a V — R u R — [ 6sim3ku k 0™. Ha pazamaabix
dazax cBepxropboB MoKa3aTen [BETa HEU3MEHHBI. AMILINTY @ BCIBIIIKA cOCTaBjsgeT 8.5™ B 10JIOCE ¢ 110 JaHHBIM
AAVSO VSX. Hayimune cyrnepxaMIiOB U BBICOKasi AMILIMTY/IA BCIBIIIKY IO3BOJISIIOT OTHECTU 9TOT OObEKT K KAPJIH-
KOBBIM HOBBbIM Tuiia W7 Sge Kpussie 6jtecka oT 6, 7 u 9 okrsiopst 2024 1., rie cBepxXropobl BUIHBI HanboJiee siBHO,
TIPUBEJIEHBI HA, PUC. 3.

Thttp://www.cbat.eps.harvard.edu/unconf/followups/J18173469-+1803499.html
2http:/ /ooruri.kusastro.kyoto-u.ac.jp/mailman3/hyperkitty /list /vsnet-alert@ooruri.kusastro.kyoto-u.ac.jp
/message/SFSKMXDHYYJ25NXEFX4RFJIEUWNUZZSQ/
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A.H. TapaceHKOB u Jp.

Puc. 1: IlouckoBas kapra st TCP J18173469+1803499, coznannas Ha ocHOBe Kaapa B moJsioce V. Ucciemyembrit

00'bEKT OTMEYEH 3€JICHBbIM, 3B€3/Ibl CDaBHEHUA — KPAaCHbIMU KPY2KKaMU.

MBI OIpeeIiIn Mepruo CBEPXrop6os ¢ moMomibio nporpaMmbl WinEFK?, ocHOBHBIE aaropuTMEl KOTOPOit
onmcanbl B padore [13]. Iys 9TOro MCIOMB30BAINCH PEAN30BaHHbIE B IporpaMMe ajgroputMel Jnvuara [14] u
Jadrepa-Kunamana [15]. Tlepuos cBepxrop6oB cocTaBui 0.0592¢, kpusas 6i1ecka or 6 oxkTabpst B duinTpe V,
CBEpHyTas C JIAaHHBIM IIEPUOJIOM, IOKa3aHa Ha puc. 4.

5. Obcyxk1eHne

Ob6napy:kenue cBepxropbos Ha Kpupoii 6jiecka TCP J18173469-+1803499 rmo3BoJisieT KJIacCU(MUIUPOBATH 3TOT 00b-
eKkT Kak KapJjimkoyto HOBYyI0 Tuna SU UMa. Oxrako 60jiee rirybOKoe MCCIIeIOBaHIE, B YaACTHOCTH — HAXOXKJIEHUe
opOUTaILHOTO IepHoa, MOTPEOYET JIOMOJHUTEIbHBIX HAOJIIOJIEHNI Ha KPYIHBIX TeJIECKOIIaX BHE BCHBIMNKHA. Ho

3http:/ /www.vgoranskij.net/software/ WinEFengVers2015-09-08.zip

BVRI lightcurve of TCP J18173469+1803499
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Puc. 2: Kpusas 61ecka TCP J18173469-+1803499, nonyquennas na Astrosib RC500.
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Superhumps of TCP J18173469+1803499
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Puc. 3: Kpussie 61ecka TCP J18173469+1803499 Bo Bpemst oTaebHbIX HOUYeil. OO03HATEHNS TIOJIOC KAK HA PUC. 2.

yIKe ceiidac MOYKHO CIEJATh BBIBOJ, UTO OpOUTAIbHBIN mepuos 6m3ok kK 0.06%, mOCKOMBKY mepuos cBepXrop6os
OTJIIMYAETCs OT OPOUTATIBHOIO Ha HECKOJIBLKO IIPOIEHTOB [16].

Anamms mabmonennit ZTF [17] upu nomomu maTepakTusHOro nHTepdeiica SNAD [18] mokaszan orcyrcTBHe
BCIIBIIIEK 32 3 TOjia, HpemmecTsoBasinx Habmogernsm. CorsacHo naHHbIM o630pa ASAS-SN [19], o6bekT He
JIEMOHCTPUPOBAJI BCIIBIIIEK 33 IMepro, Kak MuHuMyM 10 JieT, IpeaimecTBy IOMuX OMNCaHHOMY Bbiire cobbiTuio. Cire-
JIOBATEbHO, JJIUTEIbHOCTD CYIEPITUKIIA MOXKET OBITh OYeHb BeJUKa. BMecTe ¢ OOJIBIION AMIIUTY/I0M BCIBIIIEK ITO
YKa3bIBAET HA IIPUHAJIEXKHOCTh 00beKTa K 3Be31aM Tuna WZ Sge — moarumy 38e3n SU UMa, xapakrepusyemMomy
HAPsIy C HAJIMIMEM CYIEPBCIIBIIIEK OTCYTCTBUEM OOBIYHBIX BCIIBIIIEK M CYTEPIMKIIOM JJIUTEIbHOCTBIO B JIECSITKA
aer [20].

W3 3a penkoctu u GOJIBINON aMILJIUTY bl BCIIBIIIEK, BIIEpBble OOHAPYXKEHHAs! BCIIBIIIKA PaHee HEU3BECTHOM
KapJINKOBO# HOBOI Tmma WZ Sge MOxKeT OBITH CIlyTaHa C JAPYTUMHU THUIAMHA TPAH3MEHTOB, B MEPBYIO OYepEIb
¢ KJIacCHMYeCKMMU HOBbIMU [21], a Takxke ¢ Gojiee peIKMMU KPACHBIMU HOBBIMU [22], ONTUYECKUMU BCIBIIIKAME
MAJIOMACCUBHBIX PEHTTEHOBCKUX JIBOWHBIX CHCTEM («DEHTTEeHOBCKHE HOBBIE» [23|) M BCHBIIIKAME MOJIOJIBIX 3BE3J]
tuna FU Ori u EX Lup [24].
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CrekTpocKonnieckne HAOIIONEHNsT SBIISIIOTCS HAMIY UMM CIIOCOOOM MOHATH IIPUPOJLY BHOBbH OOHADYKEHHOIM
BCIIBIIIKA, HO B UX OTCYTCTBUE HAJIEXKHO KJIACCU(PUITUTPOBATH HOBBIH OOBEKT YACTO IMO3BOJIAIOT (POTOMETPUIECKHE
HabstioeHus. KapankoBble HOBbIE MOYKHO OTJIMYUTH OT KJACCUIECKUX IO IBETaM U HADJIIOAeMOi 3BE3/THON BeJIN-
qnHe. J{JIst KapJIUKOBBIX HOBBIX BO BCIIBINIKE XapaKTEPHDI OeJIble IIBETA TOPIIero aKKpEIuoHHoro Jucka. Kiaccude-
CKHUe HOBBIE CPa3y 110CjIe MaKCUMyMa OJiecka [25] Toxke Gesible, HO OHU Oy T WM OYeHb SIPKUMU (TUIINIHAS] HOBASI
Oyaer sapue 10™ Ha paccroguun 15 1K B OTCYTCTBUE HOIVIOMIEHUS ), UK UCIIBITHIBATH 3HAYUTEILHOE IOKPACHEHHUE.
OGHapy:KeHMe »Ke CBepXIropOOB SIBJISIETCS HAJIE’KHBIM IIPU3HAKOM TOI'0, YTO OOBEKT SIBJISI€TCSI UMEHHO KapJIUKOBOMN
HOBOIi (XOTsI HATTOMUHAFOIIAsT CBEPXTOPOBI IIEPEMEHHOCTD HABIIOAIACh U B PEHTTeHOBCKOI JIBOIHOM cucTeme [26]).

6. akiroyeHue

IIposenennbie HaMu HabJoaeHnsa KapankoBoit HoBoit TCP J18173469+1803499 siBasiorcs 10Ka3aTeIbCTBOM -
(EKTUBHOCTH MAaJIbIX MHCTPYMEHTOB JIJIsl UCCJIEIOBAHIS KAPJIMKOBBIX HOBBIX 3Be31l. DPOTOMETPUS, IOy YeHHAS Ha
TeJECKOITaX MOJyMEeTPOBOTO KJacca, MO3BOJISET CIeJaTh BBIBOABI HE TOJHKO O THIE O0BHEKTa, HO W O TAKUX €ro
BasKHBIX CBOMCTBaX, KaK IMEPHOJ CBEpXropOOB, MOKA3aTe/N IIBETa, CKOPOCTh 3aTyxanus. OaHako Mg Hanbosee
[IOJTHOT'O WMICCJIEJIOBAHUST KaPJIMKOBBIX HOBBIX HEOOXOJMMBI CKOOD/IMHUPOBaHHBbIE HAOJIIOIEHUs] MHOXKECTBA HEDOJIb-
IIUX UHCTPYMEHTOB. Y YMThIBasi BO3MOYKHOCTD HAIIKMX TEJIECKOIIOB BECTU HAOJIIOJIEHUSI B aBTOMATHIECKOM PEXKUME,
MBI ILJIAHUPYEM B OYIyIIEM IIPUCOEIUHUTHCSA K IOJOOHOMY IPOEKTY, OPraHU30BAHHOMY SITOHCKUME aCTPOHOMa-
mu [27].

Mg BeIpaxkaeM OsaromapaocTh V.B. Bosommunoit 3a meHHbIe COBETHI IO HAOIIOAEHUIO U MCCJIEIOBAHIIO Kap-
JmKOBBIX HOBBIX 3Be31 u B.I1. Toparckomy 3a BO3MOXKHOCTE uciob30Banns nporpamymbl WinEFK.
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HabnioperHune ceepxHoBoii SN2023ixf B TedeHue roga
nocsie ee BCMNbILLKN

Hukonenko M.B.!, Apmmuukun C.C.', Macnos U.A .2, [llenaspun B.I.3

L Bnemumym acmporomuu PAH, Mocxkea, Poccus

2 Mnemumym wocmuveckur uccaedosanuis PAH, Mocksa, Poccus

3 Mockoscruii zocydapemeenmonti yrusepcumem um. M.B. Jlomonocosa, Tocydapcmeenmoili acmpoHoMuseckutd, uHcmumym
um. 1. K. IImepnbepea, Mockea, Poccus

B mae 2023 r. na reseckone Ileitcc-1000 (Cumensckas obcepsaropuss THACAH) 6bln BBeeH B 9KCILIYATAIMIO MIOJISPU-
MeTp Il HAOJIIOIEHUsT TPOTIKEHHBIX 00bEeKTOB (IMIaBHBIM 06pa3oM komer). C 9THM MOISIPUMETPOM MBI MIPOBEJIU CEPUIO
nabsonennii ceepxuoBoit SN2023ixf ¢ mrosst 2023 1. o mrosib 2024 r. Kpome Toro Mbl ciiesiaiy HECKOJIBKO M3MEPEHUi 3TOi
cBepxHOBOii, ncnonb3ysa VK-doromerp Kpbmvckoii acrponomudeckoit cranmun AUII (KAC MI'Y). 3nxecs npusoggarcs
pPe3yJIbTaThl U3MEPEHU SIPKOCTUA CBEPXHOBOM B crieKTpasibHbIX mmojocax UBVRIJHKLM u orneHKu BeJIMYIUHbBL JIMHEHHOM 110~
JISPUBAINN JJId CIEKTPAJIbHBIX Jjis clieKTpaiabibix mosioc BVRI, kak camoit CBepxXHOBOI, Tak ¥, PACIIOJIOXKEHHON PsJIOM C
ueit, obsnactu ranaktuku M101. B cenrsabpe 2023 r. CBepxHoBasi 3aMeTHO IOKpacHesa, a B Mae-utosie 2024 r. ocsabia 10
YPOBHS, CPABHUMOT'O C COCEJHUMH UCTOYHUKAMU B TaJIAKTUKE.

Ilocrynuna B pemakiuio 06.09.2024 r. Ilpunsara B nmevars 12.12.2024 1.

Kamouesvie caosa: noaapudayuormsie nabaodernus, ceeprrosas SN2023izf, cnekmparvbHuili nomok, AUHETHAA NOAAPUSAYUUA

Observation of a Supernova SN2023ixf within a year after its outbreak
Nikolenko I.V.!, Arshinkin S.S.!, Maslov I.A.2, Shenavrin V.13

! Institute of Astronomy of the RAS, Moscow, Russia
2Space Research Institute of the RAS, Moscow, Russia
3 Sternberg Astronomical Institute, Moscow State University, Moscow, Russia

In May 2023, a polarimeter was commissioned on the Zeiss-1000 telescope (Simeiz INASAN Observatory) to observe
extended objects (mainly comets). With this polarimeter, we conducted a series of observations of the Supernova SN2023ixf
from July 2023, to July 2024, In addition, we made several measurements of this Supernova using the infrared photometer
of the Crimean Astronomical Station GAISH (CAS MSU). Here are the results of measurements of the brightness of the
Supernova in the spectral bands UBVRIJHKLM and estimates of the magnitude of linear polarization for the spectral
bands BVRI, both the Supernova itself and the region of the galaxy M101 located next to it. In September 2023, the
supernova turned noticeably red, and in May-July 2024, it weakened to a level comparable to neighboring sources in the
galaxy.

Received 06.09.2024. Accepted 12.12.2024.
Keywords: polarimetric observations, supernova SN2023ixf, spectral fluz, linear polarization

DOI: 10.51194/INASAN.2024.9.4.010

1. Observations

Observations in the UBVRI spectral bands were carried out in Simeiz (Crimea) on the Zeiss-1000 telescope [1] of
the Institute of Astronomy RAS with a FLI PL16803 camera (4096 x 4096 — 9 micron pixels) in binning mode 8 x 8
through a polarising light filter rotated alternately in three positions at 120°. The advantage of the polarimeter
[2] used is the possibility to promptly remove the polarising light filter from the field of view and to carry out
ordinary photometric observations even without refocusing the telescope. The observations in the JHKLM bands
were carried out on the 1.25-m telescope of the Crimean Astronomical Station of GAISH (KAS MSU) with a
modulating photometer [3] with a liquid nitrogen-cooled single-element InSb photodiode.

2. Calibration

For photometric calibration, we used the spectral fluxes of stars from the VizieR SED service [4], which were
integrated taking into account the transmission of light filters [5] and the spectral sensitivity of the camera
(Table 1).To calibrate the measurements in the JHKLM bands, the star BS5191 was used.

3. Results

Table 2 presents the results obtained from measurements in the UBVRI bands. The flux drop from SN2023ixf
over the observation period is clearly visible. In addition to the spectral fluxes, the table shows the (B+V)/(R+I)
colour estimate. Over the interval July-September 2023 the supernova is noticeably reddened. Observations in
May and July 2024 show that its emission has weakened below the level of 107> W-m~2 . ym~!, and according to
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Table 1: Operating bands of the Zeiss-1000 equipment and the received spectral fluxes, in units of (1071° . W -
m~2 . ym~1) of the calibration stars (J2000) for these bands.

Stripe U B A% R I
Wavelength, nm 376 | 445 | 551 | 639 | 797
Equivalent width, nm | 53 | 101 | 88 | 132 | 126
14:04:02.9 454:18:18 | 106 | 144 | 135 | 115 | 88
14:03:35.9 +54:20:30 | 9 17 | 24 | 23 | 22
14:03:45.2 +54:16:16 | 56 | 85 | 89 | 73 | 56
14:03:13.4 +54:15:42 | 45 | 80 | 103 | 96 | 91

or
14 03 38.562 +54 18 41.94 (14 03 38.562+54 18 41.940),

radius : 7 arcsec
10e-1

Mouse position:
Wavelength :
1.64e+2 ym
Frequency :
1.83e+3 GHz
Energy :
10e-1§ 7.56e-3 eV
H Flux density or F(v) :
1.14e-4 Jy
VF(v) :
2.09e-18 W.m2
- - F(A): 4o 4
10e-14 1.27e-17 erg.s™'.cm™.um

VvF(v) (W.m2)

L] . 5 -,
$ = ®e

10e-17]

ADec (arcsec)
o
L]

10e-1

o
o
o

0.1 1 10 10C ARA (arcsec)
Wavelength (um) Center (R.A.+Dec.):

14 03 38.562+54 18 41.940

Figure 1: Spectral fluxes and positions of sources near the supernova from the data [4].

[4] (Fig. 1) near the position of the SN2023ixf several sources with comparable spectral fluxes are observed, which
can affect the measurement results. Table 3 shows the spectral fluxes of the SN2023ixf JHKLM bands, averaged
over the measurement periods. In February 2024 the infrared emission from the supernova was already below the
detection threshold.

Table 4 presents the linear polarization Stokes parameters [6] for SN2023ixf and the galaxy M101 in which
it erupted, obtained by averaging data from several nights of observations. The parameters were determined by
[7] correlation polarimetry, measuring the correlation between the polarisation vector components and brightness.
The 0 — 30" zone was used for SN2023ixf and the 30 — 180" zone was used for the galaxy in sectors of positional
angles 180 — 360° to the direction towards the centre of M101. The smaller polarisation value for SN2023ixf
compared to the neighbouring region of M101 indicates that it is not deeply embedded in the spiral arm of the
galaxy, while the polarisation direction of SN2023ixf for the radiation in the R band in July 2023 was perpendicular
to the polarisation direction of the galaxy.

Table 2: Spectral flux (107*-W-m~2. ym~1!) from the supernova SN2023ixf and its colour over the period of our
observations.

Date D U B v R I (B+V)/(R+T)
16-19/07/23 | 2460144 | 95+9 | 31145 | 402+3 | 397+£4 | 2672 | 1.07+0.01
21-25/07/23 | 2460149 | 94+ 14 | 254 £ 10 | 353 £ 13 | 340£35 | 2672 | 1.03+0.07
1822/09/23 | 2460208 | 20+ 13 | 22+3 | 49+5 | 86+7 | 56+£6 | 0.50+0.40
07-19/05/24 | 2460445 | 3+3 | 56+1.1 | 34408 | 44+06 | 2.7+£0.3 | 1.26+0.70
05-14/07/24 | 2460502 | —3+5 | 22+0.7 | 1.7404 | 1.3+£0.2 | 0.9+0.3 | 1.69=+ 1.08
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Table 3: Spectral flux (1071 W-m~2 . ym~!) from the supernova SN2023ixf in the infrared spectral region.

Date JD J H K L M
28-31/07/23 | 2460155 | 105+12 | 41+5 | 25+3 | 20+£9 | 2+ 19
01-02/02/24 | 2460342 9+12 0+4 3+2 3+4 | 14+12

Table 4: Estimates of linear polarisation parameters (%) pointing towards the centre of the M101 from SN2023ixf
(16-24 July 2023) and the galaxy around Supernova.

Spectral band B \% R I
SN2023ixf Q/I|-01+£06| -02+06|+06+0.2| —0.1+£0.4
0-—30"180—-360° U/I| -044+06 | —-0.1£03| —-05+0.3 | —0.1£0.5
M101 Q/I|+02+11| -05+07| -02+05| —24+0.9
30— 180" 180 —360° U/I | —0.54+1.0 | —0.6+£0.7 | —0.9+0.6 | —1.3£0.9
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OHn oTkpbITbIX ABepein B 3BeHuropoackoii oobcepsatopun MHACAH
Bube A.A.

Jlom demcrozo meopuecmsa, 3eernuzopod, Poccus

3Benuropojickas obcepBaropusi ucTturyTa acrponomun Poccuiickoit akagemun nayk ormermia B 2024 roxy csoe 65-erue.
Ha mporsizkeHun 3Tux jieT CymecTBEHHON COCTABHOM YacThiO paboThl 06CEpBATOPUN ObLIA M OCTAETCS JESITeIbHOCTD, CBs-
3aHHAas C ACTPOHOMUYECKMM O0OPa30BAHMEM U IOIyJisipu3anueil acrponomun. B obcepBaTopun Beerja MpOBOIMIIUCE JIEKIINU,
3aHSATHS CO IIKOJbHUKAMHY, CTY/IEHTAMU U KyPCaHTAMU BOEHHBIX yYUJIUIIL, ChbeMKU 00Pa30BATEIbHBIX U HOBOCTHBIX CIOXKETOB
¥ MHTEPBBIO JJIsi PA3JINIHBIX TeIeBH3UOHHBIX KaHaaoB. C 2009 roma Ba>KHBIM 3JI€EMEHTOM STOH JAEATETbHOCTH CTAJ (HeCTH-
BaJib «JlHM OTKPBITHIX JABEpeii», MPOBOAMMEI coBMecTHO WHCTUTYTOM actponomuu PAH u Jlomom merckoro TBopdyecTsa T.
3senuropo. Ilepsble gHM OTKPBITHIX JiBepeil ObLIn TpoBeeHbl B paMkax akiuu «CTo dacoB acrpoHoMuny MexyHapos-
HOT'O I0JIa AaCTPOHOMHY U OKA3AJIMCh HACTOJIBKO YCIEITHBIMU, YTO IPOBOJISITCS C TEX TIOP €XKEr0JIHO, KaXK bl pa3 IMpUBJIEKast
B 00CepBATOPUIO COTHU, & WHOTJA JAaYKe THICAYIU TOCTEe.

Tlocrynuna B pemakiuio 04.10.2024 r. Ilpunsara B nevars 16.12.2024 1.

Karoueswie caosa: nonyaAApu3auYUA acCmpoHomMuUU, donoaHumesbHOE 06[)(1306(1Hu67 M06UMeNbCrAA acmpoHoOMU

Open door events at the INASAN Zvenigorod Observatory
Wiebe A.A.

House of Children’s Creativity, Zvenigorod, Russia

The Zvenigorod Observatory of the Institute of Astronomy of the Russian Academy of Sciences celebrated its 65th anniver-
sary in 2024. Over the years, activities related to astronomical education and popularization of astronomy have been and
remain a significant part of the observatory’s agenda. The observatory has always hosted lectures, classes with schoolchil-
dren, students and cadets of military schools, filming educational and news stories and interviews for various TV channels.
Since 2009, an important element of this activity is the festival “Open Doors Days”, held jointly by the Institute of As-
tronomy of the Russian Academy of Sciences and the House of Children’s Creativity of Zvenigorod. The first Open Doors
Days were held as part of the “One Hundred Hours of Astronomy” campaign of the International Year of Astronomy and
were so enormously successful that they have been held annually since then, each time attracting hundreds, and sometimes
even thousands, of guests to the observatory.

Received 04.10.2024. Accepted 16.12.2024.
Keywords: communicating astronomy, supplementary education, amateur astronomy

DOI: 10.51194/INASAN.2024.9.4.011

1. BBenenune

3Benuroposckas obceparopust Uucrturyra acrponomun Poccniickoit akagemun nayk ormermwia B 2024 romy cBoe
65-1etue. Ha npoTsizkeHnn BceX 3TUX JIeT BaXKHBIM JIEMEHTOM paboThl 0bcepBaTOpun ObLIa U OCTAETCSI JIesITeJIb-
HOCTb, CBsI3aHHAsI C aCTPOHOMHYECKUM OOpa30BaHWEM U IIOIyJisipu3aliieil acTpoHOMHUH. B obcepBaropun Bcerja
[IPOBO/IMJINCH JIEKIIUHU, 3aHSITHS CO IMKOJbHUKAMU, CTYJIEHTAMEN U KypPCAHTAMU BOEHHBIX YUYMJIAII, CheMKH 00pa3o-
BATEJIbHBIX U HOBOCTHBIX CIO2KETOB U MHTEPBBIO [JIsi PA3JNIHBIX TejaeBu3noHHbX KaHayutoB. C 2009 roma BaKHBIM
3JIEMEHTOM 3TOU JeATeTbHOCTH CcTajl hecTuBaab «JHU OTKPBITHIX JBepeity, TPOBOANMBIH coBMecTHO HCTHTYTOM
acrpornomuu PAH u /Tomom jerckoro TBopdectsa r. 3BeHUropoJl. IlepBble JIHU OTKPBITHIX JABEPEil OBLIN OpraHu-
30BaHBI B paMKax akimn «CTo 4acoB acTpoHOMEI» MesK IyHapOIHOIO T'O/la ACTPOHOMUN' 1 OKA3AJINCh HACTOJIBLKO
VCIEIIHBIMA, YTO IIPOBOISITCS C TEX IOP €XKEroJHO, KaxKJbIi pa3 IIpuBJeKas B 00CEpBATOPUIO COTHH, & WHOIJA
TazkKe TBICSTIN TOCTEN.

2. IIporpammMma JiHelt OTKPBITBIX JBepeit

NznagaabHo ecTrBAIN JIAINCH IO YeTHIPe THS — C YeTBEpra 10 BOCKPECEHbe, — OTHAKO MPAKTHUKA IMOKa3aJIa,
9TO JOCTATOYTHO IMPOBOIUTH UX TOJBKO B BBIXOTHBIE. [TOCKOIBKY THU OTKPBITBHIX ABEPEH YMECTHO TMOCBATHTD JTHIM
OCEHHET'0 M BECEHHErO PABHOJIEHCTBUSI, UX JATHI BHIOMPAIOTCS B CEHTAOPE-OKTSOpEe W MapTe-alpese M0 BO3MOXK-
HOCTH OJIM2Ke K BHJAUMOCTH JIyHBI B TIepBOit YeTBepTu. B KaxKAbIil u3 JHel hecTuBaIN OPTaHU3yeTCs TPU CeaHCa
(IrecTh ceaHCOB 3a JIBa JIHS), PACCUNTAHHBIX Ha JiBa Yaca. Ha Ka)KJoM ceaHce IIPH MACMYyPHOI MOroJie IpOBOJISIT-
Csl 9KCKYPCHUsI IO 00CEepBATOPUH W HayIHO-TIONMYJIApHAas JeKius. [Ipn sscHoM Hebe BO BpeMsl JHEBHBIX IKCKYPCHI
MOYKHO TTocMOTpeTh Ha CoJiHIle, BO BpeMsT BEIEPHUX CEAHCOB IIPOBOIATCS TOJIHKO HAOJIIONCHMS.

Bo Bpems skckypcun 1mo o6cepBaTOPUN IKCKYPCAHTHI MOCEIIAIOT (POTOMABUIBLOH ¢ UCTOPUIECKUMU HHCTPY-
MEHTAMU W MABUILOHBI ¢ MPOMECCUOHAIBHBIMUA U JTIOOUTETHLCKUMU TEJIECKOIIAMU M Y3HAIOT 00 MX HA3HAYEHUHN U

Thttps: //www.iau.org/public/oao/100-hours-of-astronomy /

Hayunwie Tpyast UTHACAH, 2024, Tom 9, Boimyck 4
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Puc. 1: Bo Bpems skckypcun Ha acTporpade.

pabore. POTOMABMILOH ITPUBJIEKAET K cebe BHUMAHIE KAK COYETAHNE MACTEPCKOIl m My3es. B HeMm ecTh mapa mc-
TOPUIECKUX WHCTPYMEHTOB M HECKOJBKO HOBBIX, MCIIOJIb3YEMbIX [JIsI PA3JIMIHBIX OTJIATOYHBIX U UCHBITATETbHBIX
pabotr. OHK APKO MOKA3BIBAIOT, KAK CUJIBLHO U3MEHUJINCH TPUOOPHI 38 HUUTOXKHBIN cpoK — Beero 65 ser! [Ipu sicrom
Hebe 31ech MOXKHO tocmorperh Ha Counrle, JIyHy, TIaHeTBI U 3B€3/bI B CAMBIIl CTApbIil IpUbOp 0bcepBaTOPUN —
Bunokynsapayio mopcekyio Tpydy BMT-110.

B 6amme acrporpada — enuncTBeHHOTO pedhpakTOpa B 06CEPBATOPUN — OKA3bIBAETCS YMECTHBIM pacckas 00
WCTOPUU PA3BUTHUs aCTPOHOMUYIECKON TEXHUKH. 37E€Ch K€ MOYKHO B ITOAPOOHOCTSX TPOMJLIIOCTPUPOBATH IIPOBE/IE-
HIIE€ aCTPOHOMUYECKUX HAOIONEHUN B «JONU(MPOBYIO 3MIOXY», KOTIA «POMAHTUYIECKAS», XOTS M TAXKeJas PyIHAS
pabora ¢ TeJIecKONnoM ObLIa Ky/1a OOJIbIIe MOX0XKa Ha OOBITHOE IIPEJICTABIEHHE O paboTe aCTPOHOMA, MAKCUMAJIHLHO
HAIIOMUHAIOMIEH He BBICOKYIO HAayKy, a MAHUIYJISIAK 3Be3j04era (puc. 1).

Kamepa BAY Bcerya npousBoauT 60JIbIIOE BlIeYaTIeHHe CBOMMEI OIPOMHBIME pasMepamu. OHa yKe He UCIIOJIb-
3yeTcs i MPOBEJEHUS MPOMECCHOHAIBHBIX HAOIONCHUI, ee 3JaHNe SBJISIETCS NCTOPUIECKNM, U 00yCTPOHCTBO
KOMHATHI HAOJIIO/IATE ST TAKIME YK€ MCTOPUIECKUMHU SKCIIOHATAMU, TPUOOPAMHI U COIYTCTBYIOITUMH TPEIMETAMEI
MIPUBJIEKAET OOJIBITOE BHUMAHNE YKCKYPCAHTOB BO3MOXKHOCTBIO HEITOCPEICTBEHHO MPUKOCHYTHCH K HEJTABHEMY, HO
y2Ke XOPOIIO 3a0BITOMY IIPOIILIOMY.

Teneckon «Ileitcc-600» siByIsteTCsT MPEKPACHBIM IPUMEPOM COBPEMEHHOTO TPUMEHEHNUsT HEOOJIBIITOTO TEJIECKOTIa
JUIsE OTPAOOTKU M HAJIAJKA CAMBIX MOCIETHUX Pa3pabOTAHHBIX TPUOOPOB, KOTOPHIE Oy/IyT MPUMEHSITHCA HA KPYII-
HBIX TeJiecKonax n obcepBaropusx. [lomemntenne Teseckona mepesaer pabouyio 0OCTAHOBKY U CEPbE3HbIE HAYIHBIE
HCCJIEIOBAHNUSI, IYTO BCETIA BBI3BIBAET MHOTO PA3HOOOPA3HBIX BOIIPOCOB YKCKYPCAHTOB.

B 2009 r. B obcepBaTopun nosiBusics teseckon «Meades — coBpeMeHHBI JTIOOUTEIHCKUIT HHCTPYMEHT, TTPUo6-
peTeHre KOTOPOro He TO CHJIAM PsJIOBOMY JIIOOUTENIO0 ACTPOHOMUH, [TO9TOMY HAJIMYHE €ro Ha 00CepBATOPUU JIaeT
IPOMAJIHOE TTPEUMYIIECTBO IIPU HAOIOIeHUsIX. 40-CAaHTUMETPOBBIN 00 BEKTUB TEJIECKOIIA, TIO3BOJISIET HACIAXKIATHCS
«IporyJaKaMu» 1o JIyHe, KOTOpyIo MOXKHO pakTudecku noTporarh! Ho 910 He e IMHCTBEHHOE JJOCTOMHCTBO TEJIECKO-
ma. He MeHbInit mHTEpEC U [TarKe a2KMOTaXK BBI3BIBAET BO3MOXKHOCTb CBOMMH PYKAMU OKPYTUTH KYTIOJI TABUILOHA,
— He3a0BIBAEMOE 3PEJTHIIE U MOTPSICAIONTIE SMOIINH JJIs JJAJIEKUX OT aCTPOHOMUH Jiojieit. MBI 4acTo BCcTpedaeMcst ¢
[TOCETUTEJISIME, KOTOPBIE TPUE3KAIOT Ha 00CEPBATOPUIO HEOTHOKPATHO, YTOOBI CHOBA BCE 3TO YBUAECTDH U OIIYTHTH.

Teneckon-poboT, crpsTaBOIAiiCs B TaBUIbOHE-TIAPUKE, HEJOCTYIEH JIJIsi OCMOTPA, IIO3TOMY PACCKa3bl O HEM
cpoguu Mudam u Jserergam. [losHocThIO aBTOMaTHIeCcKNEe HAOIIOEHNS, O0€3 yIacThs YeJI0BEeKa, He CMYIIAIT CO-
BPEMEHHBIX «KOMITBIOTEPU3NPOBAHHBIX» JIIO/EI, HO BOT KOTJA TEJIECKOII MHOTJA BO BPEMs BEUEPHUX CEAHCOB CaM
OTKPBIBAET «3a0pajio» W HAUMHAET BPAIATLCS — 3PEJIUINE MPOU3BOIUT HA BCeX MOTpsicaromuit a¢dexr!

HewusmeHnHO 0OJIBINOI MHTEPEC Y TIOCETUTENIEH BBI3BIBAIOT NOPU30HTAJIbLHBIE COJTHEYHBIE YACHI, U3TOTOBJIEHHBIE
CHENUAIBHO JI7IsT 00CepBATOPUE 00y IAIOMIUMUCS ACTPOHOMUYIECKOT0 00be/InHeHnsT «['ajJakTukay U CTYIUH Xy 107Ke-
crBenHoit kepamuku «Cupun» (pykosoguress .A. Kyupugnosa) Joma 1eTckoro rBopuecTsa ropojia 3BeHUropo,
B 2018 romxy. Hacs! SBASIOTCS YHUKAJIBHBIM HHCTPYMEHTOM, C MX ITOMOIIBIO HATJISITHO JEMOHCTPUPYETCH OT/IMINE



182 A.A. Bube

MECTHOT'O UCTUHHOTO COJTHETHOTO BPEMEHU OT I'PAXKIAHCKOTO0, O0bIICHSIOTCS IPUIAHBI 9TOTO OTJIMIHNA — JEKPETHOE
BpeMsl, HEPABHOMEPHOCTD JIBHKeHHsT 3emyin BOKpyr CoJHIa, J0JroTra Mecta. Takyke Ha COJTHEYHBIX YacaX M300-
paxkeHbI 13 3HAKOB, M3 HUX 12 3HAKOB 301Maka. J[J1s MHOTHX SBJIE€TCS OTKPBITHEM, YTO JAThl 3HAKOB 30/IMAKa
HE COBIAJAIOT C JaTaMu poxoxkeHus COJHIA 0 COOTBETCTBYIONUM 30/IMAKAIHHBIM CO3BE3AUsIM. TaK MOYKHO
HAIVISIHO TTOKA3aTh, 9YTO ACTPOJIOTMIECKNE TPOTHO3BI HE MMEIOT HUKAKOTO OTHOIIEHUS K HAYKe.

Kak npaBuito, mocite Brie9aTiIsiionieil 9KCKyPCUU MHOTHE 9KCKYPCAHTHI OCTAIOTCS OTJIOXHYTH U MTOC/IYIIATD 110~
myJsipable acTponommuydeckue jeknuu. Ux gurator corpyauukn MHACAH u negaror Jloma j1eTCKOro TBOPYECTBa
(aBrop aroit crarhu). Caymarenn ysuator nogpobroctn o Comile, JIyHe, 3Be37ax, 9K30IIaAHETAX, KOCMUIECKIX
yIrposax, HOBOCTH 00 ucciefoBanusax CosHeqHO crucTeMbl n MHOTOE Apyroe. [locie ek S5KCKypCAHTBI 33/1a10T
aCTPOHOMAM BOJIHYIOIINE UX BOIIPOCHI, HAIIPUMED, O MEPCIEKTUBAX PA3BUTHUS ACTPOHOMUH, O POCCHIICKAX ACTPOHO-
MUYeCKUX ITPOEKTaX, O COBPEMEHHOM aCTPOHOMUYIECKOM OOPA30BAHUU IMKOJHHUKOB M MHOTOM JpyroM. [ljis jek-
TOPOB 3TO XOPOIIast BO3MOXKHOCTD IIPEJICTABUTH HEOOJIBITION ayINTOPUU HOBYIO JIEKIUIO, BHIIBUTH €€ JIOCTOMHCTBA,
U HEeJOCTATKH, IOHATHh NHTEPEC U CKJIOHHOCTU CETOMIHAINIHUX CIIyIIaTesell K TeMaTHKe JEKIUH.

Habsronenns — camasi MHTEpeCHasI 9acTh CEAHCA — IIPOBOJSATCS TOJIBKO IIpu sicHOM Hebe. Ha nHeBHBIX cean-
cax BO BPEMsl 9KCKYPCHIl TIOCETUTEISM MPEJOCTABIIAETCS BOZMOKHOCTD TocMOTperh Ha COJIHIE B JIIOOUTETHCKIE
testeckonbl «CesiecTpory, actporpad, a Takyke B coHeIHBIN Tejeckon «Koponamo», mpemocrasiaseMbrii Jomom
JIETCKOTO TBOPYECTBA, ONEHUTH aKTUBHOCTH COJTHITA 10 HAJUYHUIO HA HEM COJIHETHBIX IsITEH, (DaKeJbHBIX MOJIell 1
poTyOepaHIeB u y3HaTh 00 ux npoucxoxjaennu. Kpome CoJHila HHOTIA HA JIHEBHOM Hebe y1aeTcst pacCMOTPETh
Benepy u ee daazy.

Ha Beuepnux HabJIOIeHASAX TO0ceTUTe M B acTporpad, «Meades, «Cestectpons u B 6unokysssp BMT-110 moryT
paccmotrpers Jlyny, Mapc, FOnurep u CarypH co criyTHUKaMu, JBOHHBIE W PA3HOIBETHBIE 3BE3JIbI, TYMAHHOCTH
(Koubnio, Tanrens, Bonmbmas tymannocrs Opuona), ckomwnenus (h u y Ilepces, Iliespl, maposoe ckoujeHue
M13), ranaktuxy TymaunrocTs AHapOMe HI. HeMHOIIE MOTYT OXBACTATHCS ONMBITOM HAOIIONEHNH, TIO9TOMY TAKKe
MEPOIPHUSTHUST BCETJIA TOJb3YIOTCs HEN3MEHHBIM yCIIeXoM. JacTo Ha (heCTHBAIIN IPUE3KAIOT JIOOUTEIN aCTPOHOMUAN
13 MOCKOBCKOTO acTpOKJ/IybOa CO CBOMME MHCTPpYMeHTaMU. Bce JKeJraloliye MOI'YT 3aIVIAHYTh B HUX U CDaBHHUTH
Ka9eCTBO M300parkeHnsl aCTPOHOMUIECKAX 0OBEKTOB B OOJIBINNE U MAJIEHHKIE TEJIECKOIIDI.

Ha mastx OTKPBITHIX JBEpEil CIydaioTCsd MHTEPECHBIE TIOTOMHbIE U aTMOchepHbe sBieHus. Tak B mapre 2022
rofia MpoILIa KOPOTKasd U OypHas MeTeJb ¢ TPOMOM, a B ampese 2023 roga Bo BpeMs BedepHUX HaOofennit JIyHbr
u Beneper Haj| 06cepBaTOpHeil pasropesioch modspHoe cusiHue (puc. 2). MHoroumucieHHbIe TOCTH 06CEepBATOPUI
OBLIM OIIIEJIOMJIEHBI TAKMM HEOXKUJIAHHBIM U 32BOPAKUBAIOIINM 3PEJIHIIEM.

Puc. 2: Habmronenus Jlyust u Benepsr (B sieBoii yactu Kaapa) 23 anpesst 2023 . CONPOBOXKIAIUCH SPKUAM TIOJISIPHBIM
custaneM (dHoTo aBTOpa CTATHH).
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3a nBa mus obcepsaropuio nocemaeT ot 300 1o 2000 wesroBek w3 Mockebl 1 MoOCKOBCKO#T 001aCTH, 1 MHOTHE
U3 HUX ODEIaT IpuexaTh emle. Bece rocTu 09apoBaHbl PAJLYIIIUEM U MOPSTYUM T'OCTEIIPUUMCTBOM 06CEPBATOPUU U
C PHTY3Ma3MOM [IPUHUMAIOT yJIaCTHe B SKCKYPCUSIX, JIEKIUIX U HAOJIFO/IEHUSIX.

3. 3akiaroyeHue

JIHM OTKPBITHIX JBepeil HA 3BEHUTIOPOJICKON 06CepBaTOPUU IMIOMOTAIOT IIPUBJIEYb OOJIbINE JleTell Ha 3aHSTUs B
aCTPOHOMUIECKIE KPY2KKH, 3AaMHTEPECOBATH UX PAbOTO yIEHOT0-aCTPOHOMA, & TAKKe IPEIOCTABATH BO3MOXKHOCTD
3a7aTh WHTEPECYIONINE BOIPOCHI, MPOSICHUTh HESICHOCTH, YBUMETh ACTPOHOMUYECKHE OOBbEKTHI CBOMMU IJIA3aMH,
«BXKUBYIO», U IPUKOCHYTHCH K TAKOMY 3araIOYHOMY W HEM3MEHHO MHTEPECHOMY 3BE3IHOMY HEDY.

Xouercst BBIPA3UTh OIPOMHYIO 6J1arogapHOCTb BeeM coTpyiauukaM MucturyTa acrponomun PAH u ocoberno
COTPYTHUKAM 00CEPBATOPHUHU, KOTOPhIE TIOMOTAIOT B BOILIOIIEHUN TAKON BOCTPEOOBAHHON M HECOMHEHHO IE€PCITEK-
TUBHOMU JIeATE/ILHOCTHA — IIPOCBEIeHNN HaceeHns. HyKHoit, B IepBYI0 049€pe/ib, /I TOIPACTAIONIEr0 TIOKOJICHNUS,
9TOOBI CyMeTh BIIOXHYTH B HET'O JyX POMAHTHUKH, JTIOOOIBITCTBA, 3AIEIUTh U YBJIETh CAMBIM 00 bEKTUBHBIM CIIOCOOOM
TO3HAHUA MUPA — HAYKOIL.
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