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Cexknusg 1. MaJgbie Tei1a CoJTHEYHOH CHCTEMBI

Anémun B. I1., banera lO. 10., BeckakoroB A. C., JIpsuenko B. B., Makcumos A. ®.
Crnexn-uarepdepomerpus actepouaa 3200 daston

bakanac E. C., bapabanos C. 1., Hukonenko 1. B., Kpioukos C. B. ®@otomerpudeckue
Habmonenuss Mapc-kpoccepo B MHACAH

bapa6anos C. W. ITouck Ten AeKaMeTpoBOro pa3Mepa B METEOPOUIHBIX MOTOKAX

bapa6anos C. 1., Bonkos U. M., Kpasnosa A. C., Huxonenko Y. B., Kproukos C. B.
Pesynbratel ¢poromerpuueckux Habmoxenuit AC3 Ha 1-m teneckomne B Cumense B
2011 u 2019 rr.

bonpaps 0. A., 3axapuenko B. JI., Kapnukosa 1. A., Kusoxkypuena I1. 1.,
KoBasienko M. I. CepxObicTpasi OILIGHKa Jy4e€BOH CKOPOCTH IOTEHIIMAILHO
OMacHBIX s 3eMIM acTepOUIOB METOJOM JApOOHOro JudepeHINpOBaHUS
JOTIEPOBCKOIO CUTHaja

bycapes B. B. ®u3nko-MUHEPATIOTHYECKUE CBOMCTBA M BEPOATHOE IPOUCXOKICHUE
acTepou10B BHYTpeHHEN yacTu COJTHEYHOU CUCTEMBbI

BoabBau A. E., Boapay JI. H., Manamesuu C. B. Habmonenus na PT-22 KpAO
MazepHbix auHuid OH Ha aymune Boaubl 18 cM u H20 nHa mynune BosHbl 1.35 cm
B komete 21P/Giacobini-Zinner

lanymuna T. FO., Jletnep O. H. O Binusnuu sddekra SpkoBcKoro Ha JIBUKCHHE
aCTEPOUIOB C MAJIBIM MEPUTECIIUUHBIM PACCTOSTHUEM

I'nazayeB JI. O., Ilomo6nas E. JI., Tlomosa O.II., Cgsernos B. B., Illyanos B. B.
Macmrabupyroniye COOTHOIICHUS ISl OLIEHKH dPPEKTOB M3ITYICHUS JJIs1 OOJBIITNX
BO3/IYIIHBIX B3PHIBOB U MAJIBIX KpaTepo-00pa3yoIuX yAapoB

I'poxoBckuii B. K., IlactyxoBuu A. FO. AHTapkTHaa — KJIaa0oBasgs KOCMHYECKOTO
BEILIECTBA

I'ymues A. C., KacymoB A. A. O BIUSHUYM COTHEYHOW aKTUBHOCTU HA OTKPHITUE KOMET
Pa3IMYHBIX KJIACCOB

Epernosa O. B., lynopos A. E. Craructuka najgeHuii METEOPUTOB U OOTUIOB

WpanoB A. JI., VBanoB B. A., Jlvicenko B. E., HBanoa H. B., fxoBenko H. A.
UccnenoBanne m3bpaHHbIX actepouzoB u komer B 2019 roxy B oOcepBaropuu
Ky6anckoro rocynusepcurera «C40»

Kosanenko U. I'., 3axapuenko B. /1., KupokypiieBa [1. U. AnroputM cBepXOBICTPOTO
pacuera ApoOHON MPOM3BOJHOW Mopsiaka 1/2 mns pemieHus 3aqadyd MPHUIETHEHOTO
KHHETHYECKOTO TapaHa OMacHOTO IS 3eMJIU aCTepOU/Ia: CKOPOCTh UMEET 3HAUCHUE

Konosanosa H. A, T'op6anes 10. M., JlaBpykoB H. X. DBomtonust opoUT MeTEOpPUTO-
00pa3yromux Tpyni U X POJAUTEIbCKUX TEI

Koporemkun JI. B.,  IllepctiokoB O. H.,  Kana6anoB C. A.,  HmmypartoB P. A.,
Bamnymma ®@. C.  PaamonabmonieHuss MeTeopHBIX 1oTokoB B 2017-2018 rr.
Ha MeTeopHOM paaape B Kazanu

Koxuposa I'. I, MBanosa O. B., bypues A. M., Xampoes VY. X., Paxmarymiaesa @. 1.
Pesynbrarel HaOmonenuit komersl 29P/IlIBaccmana-Baxmana 1 B oOcepBaTopuu
Canrnox

KoxupoBa I'. 1.,  BabamkanoB I1. b.,  XampoeB V. X.,  Jixonmyxammaau A. W.,
Kynaes U. B. Oxoit03eMHBbIE aCTEPOU/IBI, CBS3aHHBIE C KOMILJIEKCOM Buprunna

Koxwupona I'. Y., babamxanos I1. b., XampoeB Y. X., ®aiizos III. b., Jlatunos M. H.
JlnHaMu4yecKkre CBOMCTBA MOTEHIIMAIIBHO METEOPUTOOOPA3YIONTUX METEOPOUIOB TIO
HaOmoieHusIM 00uIHOM ceTn TaKuKkucTaHa

Koxuposa I'. ., babamxanos [1. b., Xampoe V. X., ®aiizos III. b., Jlatunos M. H.
du3nyeckue CBONCTBA MOTEHIIMATBLHO METEOPUTOOOPA3yIOIIUX METEOPOHUIOB IO
HaOJIroqeHnsIM 0oy aHOM cetu TaUKUKUCTaHa

KoxwupoBa I'. ., Bypue A. M., PaxmarynnaeBa @. JI. Jlunamuueckue u pusuveckue
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cBoiictBa komerel C/2015V2 JxoHcoHa mo HabmogeHusM B ['nccapckoi
aACTPOHOMHUYECKOH 00cepBaTOpru

Koxuposa I'. 1., BypueB A. M., XampoeB Y. X. Pe3ynbraTsl HaONIOAEHUN KOMETHI
21P/Ixaxobunu-lluaaepa

Koxuposa I'. 1., JlurBunos C. II., XawmpoeB V. X., Jlatunos M. H. Pe3ynbraTsl
OoNMIHBIX HAOMOAeHUH B Ta/pKUKUCTaHe

KoxuposaI'. U., PaxmarynnaeBa @. JIx., Hganosa O. B., bypues A. M.,
XampoeB Y. X. Pesynbrarhl HaOMIOACHUN MMOTEHIIMAIBLHO-AaKTUBHOTO acTepouja
3552 Don Quixote B acTpoHOMUYecKO# oocepBaropun CaHTIIOX

Kpyrmukos H. A.,  I'poxoBckuii B. M.,  Tlerpoa E. B., Mydraxeraunosa P. ®.,
Hanunenko M. A., Hudonros P. B. CnekTpanbHble XapaKTEepUCTHKH XOHIPHTOB
MOCJIE TEMJIOBOIO U PaIMAIIMOHHOTO BO3ACHCTBUI

Mengenes 1O. /1., Murynoa M. C. Perynmupyemslii BRIOPOC BEIIECTBAa C IMOBEPXHOCTH
Jlynbl

MyprazoB A. K. [TpoGaeMbl ydeTa METCOPOMIHOTO PUCKA B OKPECTHOCTIX 3eMIIH

Hap3ueB M. Kpusbie nonuzamuu u opOuThl 450 paguoMeTeopoB MO HAOMIOACHUSAM C 4-5
myakToB B [ UCAO (TamxukucTan)

Hapsues M., Yebortapes P. I1. KaTanor pajinaHToB, CKOPOCTEH, OPOUT U aTMOCHEPHBIX
TPAEKTOPUHN PAIMOMETEOPOB, HAOIIOACHHBIX B Ta/DKMKHUCTAHE

Hap3zues M., Ye6orapes P. I1., Monek T. I., Hecayiman JI., [Topy6uau B., CBopens 1.,
XymxkanazapoB X. @., bubapcos P. IIl., Hpkaesa Ill. H., HWcamyraunos I11.0.,
Konmako B.M. Paamomereopnbie JiaHHbIe [Hccapckoii oOcepBatopuu B 0Oasze
nansbix [IMJI MAC

Huxkonenko 1. B., KproukoB C. B. Pa3puTue KoMmmjekca METPOBOTO TeJecKora
B CuMensckoit o0cepBaTopun

Opexosa H. B., beckuuI'. M., buprokos A.B., boumaps C. ®., HsanoB E. A.,
Kapmos C. B., Karkoga E. B., TlepkoB A. B., Cacwok B. B. ba3ucubie Habm01eHHS
MeTeopoB Ha MMT-9

ITepos H. U., ITaxombrueBa B. 3. O Mex)3BE3AHBIX METEOPAX ¢ MAIBIMU CKOPOCTSIMU

[Mono6uas E. JI., Tonosa O. I1., Hartmann W. K., Breton S., Quantin C., Daubar 1.,
I'mazaueB JI. O. HenaBHO oOpa3oBaBimecs yaapHbIe KpaTepbl M KIacTepbl Ha Mapce

PorukoB /1. A., Koportkuit C. A., Buna JI. OnbeiT pa3BEPThIBAHUS METEOPHOU CETH
Ha tore Poccumn

CadapoB A. I'., Aro6os JI. K. DOpomtoruss (OTOMETPUYECKUX IMAPAMETPOB KOMETHI
7P/Tlonc-BrHHEKe U COTHEYHAs! aKTUBHOCTD

Cadapos A. I'., MU6anunoB X. . Mexanu3msl 00pa3oBaHMsI aHOMAJIBHOT'O XBOCTa KOMET

CokonoBa M. I'., Cepruenko M. B. Panguantel M 31eMEHTBI OpPOUT METEOPOHUIOB
KoMIuiekca O-KaHkpuasl

Coxkonosa M. T'., Cepruenko M. B. Ctpykrypa meTeopHOro kommiekca do-Kankpun

XamutoB U. M., bukmaes U. ®@., I'ymepos P. ., Menbnukos C. C., Uptyranos 3. H.,
OkysH O., OkysH I'. KomiuiekcHbie uccnenoBanust AC3 KHIOMETPOBOrO pa3Mepa Ha
1.5 m poccuiicko-Typenkom Teneckorne PTT150

XymxanazapoB X. @., Hap3ue M. [loToku n accoumanuu METEOPOUIOB, BBISIBICHHBIE
1o pe3ynbratam paanonadmoaenuii B  1CAO 3a nexadbpp 1969 r.

[lTemaroBuy B. M. KocMuueckne Muccum K acTepouIaMm - EPBbIE pe3yJIbTaThl

Hlep6una M. I1., Bycapes B. B. ITlocnennue pe3ynbTaTbl HCCIIEIOBAaHUI acTEpOUIIOB
C CyOIMMaIMOHHON aKTHBHOCTHIO

Ceknus 2. ACTEpOHIHO-KOMETHAsI ONACHOCTh

bBanses . A. MHOTOMEpHOE BapbUPOBAHNUE HAYAJIBHBIX TAHHBIX OMACHBIX aCTEPOUTIOB

T'yoIl., HMeamkux B. B., Kynemos 1O. I1. Ananns 3a1a4u OIpeaecIeHUs
W OPOTHO3WPOBAHHSI  MMApPaMETPOB  JIBUKEHUSA  OMACHBIX  aCTEPOHMAOB MO

3




MozenupoBanuto uaMepenuit cucremsl <KHEBOCBO/»

KeneznoB H. b., Akcum JI. A., be3pykos . A.. bonnapenko 0. C., KoveroBa O. M.,
Kysnenos B. b. Karanor maneix mianer Ha caiite UITA PAH

HnaroB C. U., PeoktucroBa E. A., CpernioB B. B. OueHkn HW3MEHEHUs] YHUCIEHHOCTH
OKOJIO3€MHBIX OOBEKTOB HA OCHOBE BO3PACTOB JIYHHBIX KpaTepoOB B TCUCHHE
MOCJIEIHET0 MUJIMApAa JIET

[Manacrok M. W., Jlunynos B. M., Ceeprunos C. 1., l'op6osckoii E. C.,
KopuunoB B.I'.,  TlerpoB B.JI., Ya3zos B.B., Smwmn U. B.  MoHuTOpUHT
acCTepOMJIHOM OIIaCHOCTU M KocMHuecKoro mycopa B npoekre MI'Y « YHUBEPCAT-
COKPAT»

ITetpos H. A., Coxkounos JI. JI. CONMKEHMSI ONTACHBIX aCTEPOUIOB C 3eMIeit

CasenbeB M. U., Cokonosa M. I'. ACTPOHOMHYECKHE M OQJUTUCTUYECKHUE ACTICKThI PHCK-
OPUEHTUPOBAHHOTO  TOJXO0Ja K  MPEAYNPEKICHUIO  acTepOUTHO-KOMETHOU
OMAaCHOCTHU

Caernios B. B., lllysanos B. B. TermtoBoe Bo31eiCTBHE yAapOB KOCMHYECKUX TEI

Cepruenko M. B., Cokonosa M. I'. MHOrogakTopHas METOJMKa MOUCKa OJU3KUX OpPOHT
MaJIbIX TEeJ

XommeBuukoB K. B., Ocpkuna K. U., Cannukosa T. H., Tutos B. b. O BO3M0XHOCTH YBOJA
acTepoua C TOMOUIBIO IBUTATENS MAJION TATH

llIycroB b. M. O crekTpax Macc acTepoHIOB, METEOPOUOB U O0OBEKTOB KOCMUYECKOIO
Mycopa

Cexkuus 3. HeGecHo-MexaHnuyeckme 3a1a4u

A6nynemsiros T. P. Manbie Tena ComTHEYHON CUCTEMbI Kak apTe(daKThl 3TaoB SBOIOIHH
IIPOTOIJIAHETHBIX JUCKOB

Brinnkosa E. B., Tommiosa U. B. MccnenoBanue IuHAMUYECKOW CTPYKTYpbl oOjactei
HU3KOOPOUTAIEHBIX PE30HAHCOB CO CKOPOCTHIO BPAILICHHUS 3eMIIH

['ymueB A. C., I'ynues P. A. T'unore3a o KpynHOM IJIaHETHOM Tele Ha mepudepuu
CosHEeYHOW CUCTEMBI

Emenbsnenko B. B. KoMeTsl Kak MHAMKATOPBl TUHAMHYECKHUX IPOLIECCOB BO BHEIIHEH
yacTu paHnHe COJIHEUHON CUCTEMBI

Emenbsinerko H. 0. Hu3kockopocTHbIEe COMMKEHUS MaJIbIX TEJI C MJIaHETaMH

Edumos C. C., Tlpursikun 1. A., Cupopenko B. B. Iukner KaccruHu BO BpamaTeabHOM
IBUKEHUH reofiesndeckoro cryTHrka AJISAI

Edumos C. C., Cunopenko B. B. BekoBasi 3BoNIONMS PE30HAHCHBIX OOBEKTOB TIOsica
Koiinepa

XKenesznos H. b., Kouerosa O. M. IIpumeHeHune meTona BHYTPEHHUX TOYEK B 3ajadye
OINpelEICHUS BO3MYIIAIOLINUX MacC

Hnaro C. 1. BepoSITHOCTH CTOJIKHOBEHUI IUIAHETE3UMAJIEH M3 PA3HBIX YaCTE€d 30HBI
NUTAHUS TUIAHET 3eMHOM rpynmsl ¢ GopMupyrOIIMMUCS TUlaHeTaMu, JIyHOH n ux
3apoAbIIaMu

Kanunuuesa O. B., Uepnerenko 0. A. BiausiHue maccuBHbIX Ten B obOiake Oopra (mosice
Koiinepa) Ha pacnpenenenne opOUT 10JITONEPUOTNIECKIX KOMET

Kpacasun JI. C., AnexcanapoBa A. I'. Tommioa M. B. IIpuMeHeHHE HCKYCCTBEHHBIX
HEHWPOHHBIX CETEM B 3aJa4ax aHalIM3a JMHAMUYECKON CTPYKTYpPBI OKOJIO3EMHOTO
OpOUTANILHOTO MPOCTPAHCTBA

Ky3nenoB D. /1., Pozaes A.E., IlnaBaioBaE. OneHka Bo3pacta Iap acTepoOUIOB
Ha OJM3KuX opOHTax

Kyp6acosa I'. C. Kputnueckue ToUky Ha Tpadrikax CMEIIEHUH CEBEPHOTO MOTI0ca 3eMII

Mapos M. 4., Unaros C. Y. Murpanuus IUlaHeTe3UMaJed M3 30HBl INHUTAHUS IIJIAHET-
TUTAHTOB K TJIaHETaM 3€MHOM rpynnsl U JIyHe

IMotockyeB A. D., Kysnenos D. JI. HccnenoBanue NMHAMHUYECKOM DBOJIIOLUU  Iap
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acTepoOHJIOB Ha OJIM3KUX OPOUTAX B OKPECTHOCTH PE30HAHCOB

Cunopenko B. B. O cBolicTBax peTporpaaHoro KOopOUTaaIbHOTO ABHKEHUS

Cxpunnuyenko I1. B., Kyzuenos 3. JI. HccrnenoBanue IUHAMHYECKOW 3BOJIIOLIUH
acTepoOMJIOB, HCIBITHIBAIOIIUX coBMecTHOe BiusiHue s¢dexra Jlugosa—Kozau
u 3¢ dexra SproBcKoro

Ycanun B. C. K Bompocy o cymiectBoBaHuu ceMmelictBa (CarypHa: ITOCTOSIHHBIC
Pamsuesckoro-Tuccepana st komet Jdappe u Tytis

Cexknus 4. UC3 u kocMuuecknii Mmycop

Hudec R. Miniature scientific payloads/cameras for cubesatellites

Aranos B. M., JlaBbroB JI. B., Jlanmmu A. 1O., 3as A. A. Konnenmnus
aBTOMATHU3UPOBAHHOU MH(OPMALMOHHO-U3MEPUTEIHHOM ceTH cbopa
nmaHHbIX 00 o0ctanoBke B OKII

Axcenos O. 10., Beanamunos C. C., fxy6osckuii C. B., Y6oxenko /1. 0., Kononenko H. @.
OO0 onmacHOCTH MEJIKOTO0 KOCMHUYECKOTO Mycopa

Anemud B. I1., I'pumnun E. A., Kopmiynos B. C., ITumenos U. JI., [llapropoackuii B. 1.
WNHTerpupoBaHHbId KOMIUIEKC aBTOHOMHOTO OOHApy>KE€HUS — pacro3HaBaHUS
KOCMUYECKMX OOBEKTOB Ha 0a3e MIHUPOKOIMOJBHOTO «OBICTPOro» 0030pHOTrO
TEJIECKOIa TPEXMETPOBOTO KJlacca

bakanac E. C., bBaxmer T. 1., Kouy6eii JI. K., Bekpenes O.B. AHaiM3 KauecTBa MOJy4aeMbIX
nzobpaxxenuii ¢ KA Dnextpo-JI Ne 2 u BnusiHuEe COTHEUHOW aKTHBHOCTH Ha padoTy
KA

benkun C. O., Ky3nernoB D. /1. O ¢unmmax opOUT KOCMHYECKOTO Mycopa B o0iacTu
rNI00aNbHBIX HABUTALMOHHBIX CIIYTHHKOBBIX CHCTEM IIOJl JECMCTBHEM CBETOBOTO
JABIICHUS

Boasd A. B., Jlonatkun B. M., Kammmnckuii A. E.  HaOGmrogeHuss TEXHOTCHHBIX
KOCMHUYECKHX 00heKTOB B bapHayie

Epemun E. O., XykoB A. O. Meroguka ydera ypOBHS Je€rpajallud  ONTHKO-
AJIEKTPOHHOTO MPUOOpa KOCMUUECKOT0 0a3UpOBAHMS MPU MPOBEICHUNA ONTHYECKUX
HaOIIOICHUH

Epemun E. O., KykoB A. O., Kprouko C. B. Ornenka BO3MOXXHOCTH HCIOIB30BAHUS
I13C-xamep coBmectHO ¢ QuibTpamu MK-amamaszona st Ha3eMHBIX JHEBHBIX
Habmonenuit UC3 1 kocMU4YecKkoro Mmycopa

WpanoB A. JI., HBanoB B. A., Jlvicenko B. E., UBanosa H. B., flxoBenko H. A..
MonotoB U. E., Boponaes B. A., 3axBatkun M. B. Ha6monenus KA «CIIEKTP-
PI'» B KybanckoM rocyapcTBEHHOM YHHUBEPCUTETE

Wzmaiinos U. C. ActpoMerpuueckue HabmoaeHus HuskoopourtansHbix MC3 B pexxnme
MMOTOKOBOTO BUJIEO

Kapmos H. B., IlTaxosckoit JI. H., Kucenes H. H., Jlonronosnos A. B., Antonok K. A.,
Pozen6ym B. K., VBanos 10. C., Tapaamii B. K., Konecuukos C. H. HoBeie
JByXKaHaJbHbIe (OTOANEKTpUYeCcKue moiaspuMerpsl ans teneckona 3THI 2.6 m
Kpeivmckoit  actpodusuueckoit obcepatopun u 2 M Zeiss RCC  rtemeckoma
obOcepBaropuu Ha MUKe TepCKOII: KOHCTPYKIIUS U PE3YIHTAThl IEPBHIX HAOIIOICHUN

Karkosa E. B., Beckun I'. M., BuprokoB A.B.. |[Boumapp C.®), Jlasbimos JI. B.,
UBanoB E. A., Kapno C. B., OpexoBa H. B., TlepkoB A. B., Cacmwok B. B.
®oromerpust UC3 na MMT-9 B Teuenue naru net

Kokuna T. H., Mennoca JI. A.. Cenas P.. Koknua E. JI. HaOmroneHne KocMHAYECKOTO
Mycopa u actepounioB B obcepBaropun Kocana Acrponomuueckoro Lentpa AYC

Kokina T. N., Mendoza D. A., Celaya R., Kokina E. D., Molotov I. E. Results of
participation of the astronomical center of the autonomous university of Sinaloa in
the exploration of space debris in the frame of the international network of optical
observations (scientific network of optical instruments for astrometric and
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photometric observations)

Komb6aes T. III. IIpoekTHBII 0OJWK KOCMHUYECKOTO ammapara i HCCIIeIOBaHUs
oobektoB Trna 11/2017 Ul, npoxoasmux yepe3 COTHEUHYIO CHCTEMY

Koxuposa I'. 1.,  baxturapaes H. C.,  JleBkunall. A., Yazo B.B.,  XawmpoeB VY. X.
OcoOeHHOCTH UW3MEHEHUs 0OJiecka KOCMHUYECKOro Mycopa IO HaOII0IeHUsIM
B obcepBaTopuu CaHTI0OX

Jeskuna I1. A., baxturapaes H. C., Poixsioa JI. B., TopmkoB A.Il., CepreeB A. B.,
Kapmos H. B., Yasos B. B. Habnroaenust MmaiopasMepHbIX (PparMeHTOB KOCMUYECKOTO
Mycopa B Tepckonbckoit oobceparopuu B 2018-2019 1.

Jlekuna I1. A., Yysamos U. H. JlonroBpeMeHHass OpOWTaIbHAS JBOJIONHUS OOBEKTOB
KOCMHMYECKOT0 Mycopa

Matseesa C. H.  UucrneHHOE MOJEIMPOBAHWE KPUBBIX  OJIeCKA HUCKYCCTBEHHBIX
KOCMHUYECKHX 00BEKTOB

Mbimes A. B. @pakraibpHble METOAbI M TEXHOJOTMH OOpabOTKM M aHajgu3a OOJBIINX
ITOTOKOB aCTPOHOMUYECKHUX JaHHBIX

IInaxyta A. C., KatkoBa E. B., Boupaps C. @., OpexoBa H. B., WpanoB E. A.,
Cpaysxanuna A. O. beictpast poromerpust KO na [eticc-600

Honanmonyno H. A.,  Anekcanaposa A.I'., Bopaosunsiga T. B. YwncieHdbple MoOIeIHN
JBIKEHUS MCKYCCTBEHHBIX CIYTHUKOB 3eMiaud M JIyHBI W BO3MOXKHOCTH HX
WCII0b30BAHUS

Caksa H. B. AHanu3 HEKOOpAWHATHOH WH(GOpMANUU 00 OKOJO3EMHBIX KOCMHYECKHX
00BEKTaX HA JUIMTEIBHBIX HHTEPBATAX BPEMEHH JJ1s1 POPMUPOBAHUS XaPAKTEPUCTHK
Y TIPU3HAKOB COCTOSIHUS STUX OOBEKTOB

CokonoB . C. HccnenoBaHue TOYHOCTH  M3MEPEHUM  ONTUYECKHX  TEJIECKOIOB
C UCIOJIb30BaHUEM 3TAIOHHBIX CITYTHUKOB

Xytoponckwuit 3. H., JIykbanoB, A. I1., Illwmu B. JI., Konecca A. E., Ilnutaneauk M. I1.,
Copoxkun K. B. D¢h()eKTHBHOCTh ONTUYSCKUX HAOIIOJACHUNA KOCMHUYECKHX OOBEKTOB
teneckonnamu ITAO "MAK "Beimnen" B 2016-2019 romax wu meponpusitus,
oOecnieunBIINE €€ TOBBIILIEHUE

IllemeneB A. A., Porun A. B. OnpeienieHre XapakKTepUCTUK OPOUTAIbHBIX OOBEKTOB IO
CHEKTpaJIbHOU nH(pOpMaLuu

Imanel C. E., Monotos U. E.. Bopomnaes B. A.. I'paimmanu ®. Onrudeckue HAOIIOIEHUS
KOCMHYECKOT0 Mycopa u Maibix Tea ComHeuHo# cucteMbl B oocepBaropun ISON-
Kacrenbrpanne

IOpacos B. C., Hazapenko A. U. Omnpenenenue Bpemenu mnaaenus KA Tiangong-1
C MCTIOIb30BaHUEM Pa3IMYHbIX MOJIeJIel aTMOC(epbl U METOIOB MPOTHO3UPOBAHUS

Cekuus S. Kocmuyeckoe Haciaenue

Hudec R. Astrophotography and sky surveys

Bukmaes 1. ®. CoBpeMeHHbIe HaboAaTenbHble BO3MOKHOCTH KazaHckoit acTpoHOMUUN

Mopo3zosa C. I'., Tpeiaaun E. H. @upma TpeiHanHbIX B ncTopun Poccniickoit acTpOHOMUH

Hedenpes 0. A. Actponomuueckoe Hacnenue AOD

Cuzosa M. /1., Bepemarnuu C. B., IIIyctoB b. M., Yynouna H. B., Epmosa A. I1.,
Ocunenko B. [1. ®otorpaduyeckne Habmonenuss komersl Xusikyrake (C/1996 B2
Hyakutake) B 3Benuropo ckoii oocepBaropuu

Conun I'. B., Tlerposa P. JI. O ponu nuneraHTtoB B pa3Butuu Hayku (Ot I'epmiens mo
®dpenepukca)

Inexkns M. U. bacceiin "FOxnbiii [Tomoc — DiiTkeH" oT nepBbIX u3mMepeHuit («30H1-6»,
1968) mo mocanku nmepBoro Jlynoxona («Hauwar-4», 2019)




CEKIHA 1. MAJIBIE TEJIA COJTHEYHOM CUCTEMBI

CHEKJI-UHTEP®EPOMETPUSA ACTEPOUIA 3200 “DPAITOH”

B. IT. Anéwun’*, 1O. IO. Baneza®, A. C. Beckaxomog’, B. B. ﬂb;meHKOZ, A. @. Maxcumos®
1AO «HIIK «CITIT» MockBa, Pq),2 CAO PAH noc. Huxuuit Apxsi3, PO

E-mail: aleshin_vli@mail.ru

[Tocne Beictymnenuss T. TamymwmHol Ha mnpensinymei koHgpepenumn «OZA2017» nHac
3auHTepecoBall actepoui 3200 «Pa’rToH» ¢ TOYKH 3PEHUS UCTIOIb30BaHUS BO3MOKHOCTEHN CIEKII
unteppepomerpun. 16 nexabps 2017 ymamock mNpPOBECTH CceaHC HAOMIONEHHS —CIEKIT
uHTepdepomeTpoM BUAMMOTO Auamnazona. Pabora mpomomxaer uccnepoanus CAO PAH mno
acTepousiHOM Temaruke, Hadatele B 90-x romax (bamera, Makcumos, [lmyxnuk, [lynuHos,
JpsiueHKoO). brina MpoBeCHa OucCHeKTpanbHas obOpaboTka MOJTy4YEHHBIX
KOPOTKOAKCIO3UITMOHHBIX H300pakKCHUIA, aHAU3 pPe3y/lIbTaTOB M CPAaBHCHHE C alpPHOPHON
uHpopManvelt u HabmogeHUsMH pagapa Apecubo. OIleHEHBI pa3Mmephl acTepousa U
aCUMMETpUs U300paKeHUH.

SPECKLE INTERFEROMETRY OF ASTEROID 3200 “PHAETON”

V.P. Aleshin?, Yu.Yu. Balega?, A.S. Beskakotov?, V.V. Dyachenko?, A.F. Maximov?

13C "PRC "PSI", Moscow, Russia Moscow, Russia, > SAO RAS, Nizhny Arkhyz, Russia
E-mail: aleshin_vi@mail.ru

After T. Galushina’s report at the previous OZA2017 conference, we were interested in asteroid
3200 Phaeton from the point of view of using the capabilities of speckle interferometry.
December 16, 2017 was able to conduct a session of speckle interferometer visible range. The
work continues the investigations of SAO of the Russian Academy of Sciences on asteroids,
started in the 90s (Balega, Maximov, Pluzhnik, Dudinov, Dyachenko). Bispectral processing of
the obtained short-exposure images, analysis of the results and comparison with a priori
information and observations of the Arecibo radar were carried out. Asteroid dimensions and
image asymmetry are estimated.

OOTOMETPUUYECKUE HABJIOJAEHUS MAPC-KPOCCEPOB B UHACAH
E. C. Baxanac*?, C. 1. EapaéaHoel, HU. B. Huxonenxo', C. B. Kproukoel

'"MHACAH, A0 PKC

E-mail: oterma@yandex.ru

C 2010 r. B MHACAH Benytcs perymnsipHble (poTOMETpUUECKUE HAOIIOAECHUS aCTEpOHUIOB IO
nporpaMMe omnpefeneHuss uX (U3NYEeCKUX XapakTepucTHK. OCHOBHas 4acThb MPOrpaMMbl —
actepounbl, commkaroruecss ¢ 3emieit (AC3). Kpome AC3 mo maHHOW mporpamMme ObLTH
npoBesieHbl B Cumense QoroMeTpuyeckue HaOMIOJEHUS acTEpOHMIOB, CONMKAIOLIMXCS MU
nepecekaommx opouty Mapca — Mapc-kpoccepel. OHH  TPEACTaBISAIOTCS HaM OYEHb
UHTEPECHBIMU OOBEKTaMH, HAXOSIIUMHCS B TPOMEXKYTOYHOH OOJIACTH MPOCTPAHCTBA OT
['maBHOTO TOsICa acTEPOUIOB O 3eMIIH, MIPH OMPEIACICHHBIX YCIOBUSIX MMEIOIINX HEKOTOPYIO
BEPOSTHOCTH MOJOWTH Ommyke K 3emiie, PH 3TOM, BO3MOXKHO, IOPOXKJICHHbIE KomMeTamu. B
paboTe mMpeACTaBlIIeM pe3yJlbTaThl MCCIEAOBAaHUN TakWX OOBEKTOB M TPOBEAEH 0030p
COBOKYITHOCTH JaHHBIX O Mapckpoccepax 1o cpaBHeHuto ¢ AC3.
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MNOUCK TEJ JEKAMETPOBOI'O PASMEPA B METEOPOU/IHBIX IIOTOKAX
C.U. bapabanos
NHACAH

HpI/IBO,[[SITCSI PE3YIbTAThI HCCICAOBaAHUA OTACJIBbHBIX MCTCOPOUAHBIX IIOTOKOB u
ACCOLIMUPOBAHHBIX C HUMH METOAAMH KJIACTEPHOTO aHajIM3a C HCIIOJIb30BAaHHEM KPHUTEPHUEB
0JIN30CTH aCTEPOUJIOB.

SEARCH OF DEKAMETER SIZE BODIES IN METEOROID STREAMS
S.l. Barabanov
INASAN

Results of the association study for meteoroid streams and small asteroids obtained by criterions
of orbit vicinity are presented for selected meteoroid streams.

PE3YJIbTATBI ®OTOMETPUYECKWX HABJIIOJEHUM AC3

HA 1-M TEJIECKOIIE B CUMEMU3E B 2011 U 2019 I'T".

CHU. Eapa6aH061, U.M. Bonkoé?, A.C. Kpaeuoeaz, U.B. Huxonenxo®, C.B. Kpio'—moel,
E.C. Bakanac*?

"MHACAH, “TAUIII, *AO PKC

[TpencraBieHsl pe3yabTaThl aHanm3a (oToMeTpuueckux HabmoneHnii AC3, BBITOJHEHHBIX Ha
1-m Teneckone B Cumense ¢ BVRI ¢punbTtpamu u marpuned FLI PL 16803 B 2011 u 2019 rr.

PHOTOMETRIC OBSERVATIONS OF NEOS AT THE INASAN
Barabanov S.1., Volkov 1.V., Kravtsova A.C., Nikolenko I.V., Kruchkov S.V.
INASAN

We present the results of photometrical measurements for near-Earth asteroids which were
observed in 2011 and 2019 years with the 1-m Simeiz telescope of Institute of Astronomy RAS.

CBEPXBBICTPAS OIIEHKA JIYYEBOK CKOPOCTH NOTEHIIUAJIBHO
ONMACHBIX JJIAA 3EMJIN ACTEPOU10B METOJAOM JIPOBHOI'O
JUOPEPEHIIUPOBAHMUSA JOIIJIEPOBCKOI'O CUT'HAJIA

bonoapw I0.A., 3axapuenko B./[., Kapauxosa U.A., Kusoxypyesa I1.U., Kosanenxo U.T".
Bonrorpaackuil rocy1apcTBeHHbIN YHUBEpPCUTET, Bosrorpan, Poccus

CokpalieHre BPEMEHHBIX 3aTpaT Ha IIOJYYEHHE OLIEHKM CpEIHEHd 4YacTOThl CHEKTpa
JOTIEPOBCKUX CHTHAJIOB B 33/1a4€ M3MEpPEHUsT MTHOBEHHOM CKOPOCTH ONACHBIX OKOJIO3EMHBIX
KOCMHYECKHX O0BEKTOB SIBJISIETCS BAKHBIM IIIarOM Ha IyTH CO3/1aHUS CPEACTB MPOTHUBOCHCTBUS
aCTEepPOUTHO-KOMETHOM yrpo3e. BbIcokas CKOpOCTh OIIEHOK HeoOXoauma ISl TOTO, YTOOBI
OLIEHUTH MapaMeTphbl ABIKEHHUsS acTepoua Ha 3aKIIOYMTEIBHOM 3Tamne COMMKEHHs Cpe/CTBa
MopakeHHsI ¢ acTepouJioM. B ciyuae, korjja actepou]1 Bpalaercsi Wik KyBbIpKaeTcsl (CoBepIlaeT
BpallleHUusl MO TPEM B3aMMHO MEPHNEHAUKYISIPHBIM OCSIM C HECOpPa3MEpPHBIMH YacTOTaMH),
JOTIEPOBCKUM curHai ymupeH. [lo monokeHuio HeHTpa TSKECTH CHEKTpa B PaJMOIOKaldd
oTpeieNsIeTCs IyueBasi CKOPOCTh 0OBEKTa.

[ToxazaHo, YTO MONOXKEHHE LEHTpPa TSHKECTU CIEKTpa JIOTUIEPOBCKUX CHUTHAJIOB MOKHO
OIpeNeNiATh IyTeM HCIOIb30BaHUS OINepaluii BO BpEeMEHHOM oOmacTu 0e3 CreKTpaabHON
o0OpaboTtku [1]. IloBblmieHue OBICTPOAEHCTBUSA aIrOpUTMa OLIEHUMBAHUSA CpPEIHEH YacTOThI
CHEKTpa JIOCTUTAETCSl IMyTeM BBIYMCICHHUS APOOHONW MPOM3BOJHON JOIJIEPOBCKOIO CHTHaa
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nopsiaka 1/2, KOTOpYI0 MOXHO OCYHIECTBISTH C IOMOIIBIO JUHEWHOro ¢umibTpa. Takum
00pa3oM, TOYHasl OLIEHKA MOJIOKEHUS LIEHTPA TSHKECTH CIEKTpa AOIJIEPOBCKUX CUTHAIOB MOKET
OBITH IOJIy4€Ha BO BPEMEHHOM 00JacTH MO Mepe NOCTYIUIEHUSI CUTHAJIa B PEKUME PEAIBLHOTO
BpeMeHH. Kak Moka3bIBalOT OLEHKH, BBIUTPHII B OBICTPOJCHCTBUM MOKET JAOCTUIATh IIECTH
HOPSJIKOB 10 CPABHEHMIO C BBIYUCICHUSMH IYTEM CIIEKTpanbHOro aHanusa [1,2]. Paccmorpena
peanu3anus apoOHO-auddepeHnupyomero ¢GuabTpa mopsaka 1/2 B BuUIE aHAJIOTOBOM H
muppoBoli  CTpyKTyp. QPuUIBTp B aHAIOroBOH (GopMe MPEICTaBIE€H COBOKYIMHOCTBIO
ACTaTUYECKUX 3BEHHEB aBTOMATHUKH, YTO 3HAUUTEIHHO YIPOILIAET MPAKTUYECKYIO pealli3alluio
[3]. UudpoBoili ¢mibTp MNOCTPOSH IO TPAHCBEPCATbHON CTPYKType pacuera JIpoOHOM
npou3BoAHON curHana [4]. IIpemayiokeH ONTUMAaIbHBIA AJITOPUTM peaau3aluud CTPYKTYpPhl U
aHaJIOTOBOTO, U HU(POBOro (UIBTPOB IO KPUTEPUI0 MHHHMYMa CpPEIHEKBAIPATUYECKON
omn6Oku. Ilonydensl cooTHomeHUs Mg KOI(DPUIMEHTOB KBaApaTyphl, OMPEIENIIOMINX
cTpykTypy ¢unbtpa. CTpykTypa aHajoroBoro apoOHo-muddepenmpyromero GuibTpa
3amuiieHa narenrom P® [5]. PaboTa BeimonHeHa nmpu ¢puHaHCOBOM moanepkke rpanta PODOU u
Anvunuctpanuu Bonrorpanckoit obmactu Nel9-47-340005-p a u rpanta Boal'V Ne§-2018-
a/UMUT.

Jlureparypa
1. Zakharchenko V. D., Kovalenko I. G. On protecting the planet against cosmic attack: ultrafast
realtime estimate of the asteroid's radial velocity // Acta Astronautica. 2014. V. 98. P. 158-162.
2. KuBokypuesa I1. . Anroputm cBepXObIcTporo pacuera ApoOHOMN MPOU3BOAHOM mopska 1/2
JUISL pEeLIeHUs 3a/1a4Ml MIPULIEIbHOT0 KUHETUYECKOT0 BO3JEHCTBYS HA acTEPOU: CKOPOCTh UMEET
sHaueHne// Marepuansl XXII PerumonanbHOW KOH(MEPEHIIMM MOJOMABIX HCCiea0BaTeneh
Bonrorpaa. o6mactu, Bomrorpan, 17-21.12.2018. W3n-Bo Bonrorpaackoro yu-ta, 2019.
C. 19-21.
3. Zakharchenko V. D., Kovalenko I. G. Best Approximation of the Fractional Semi-Derivative
Operator by Exponential Series // Mathematics. 2018. V. 6(1), id 12.
4. Jleeuyk 0. A., Koanemxko MW. T., 3axapuenko B. JI. IudpoBoii npobHO-
T pepeHIMPYOMUi GUIBTP Uil CBEPXOBICTPOM OLEHKH JIy4eBOW CKOPOCTH MOTEHLHAIBHO
omacHbIX Jya 3emau acrepounos// M3Bectuss ['maBHOM acTpoHOMHUYECKOW oOcepBaTopuu B
[Tynxose. Tpyast VII IlynakoBckoit MOIOICKHOM acTpoHOMUYECKOH KoHpepeHMH. 28 — 31 masd
2018 roma. M3p-Bo I'maBHoil (IlynkoBckoii) actpoHomudeckoit obcepBatopus PAH. Cankr-
[TerepOypr. 2018. Ne 226. C. 32-34.
5. 3axapuenko B.Jl., BepcrakoB E.B., Kopamenko W.I'.  [IpobHO-muddepenunpyromuit
aNeKTpuuYeckuii ¢uibTp mopsiaka 2 mo merony Ilponw// Ilarent Ha wuzobperenue (PD)
Ne2645445 ot 26.02.2015. Omy6a. 21.02.2018. broir. Ne6.

SUPER-FAST ESTIMATION OF RADIAL SPEEDS OF POTENTIALLY HAZARDOUS
FOR EARTH ASTEROIDS BY THE METHOD OF A FRACTIONAL
DIFFERENTIATION OF THE DOPPLER SIGNAL

Yu. A. Bondar, V. D.Zakharchenko, I. A. Karlikova, P. I. Kivokurtseva, I. G. Kovalenko
Volgograd State University, Volgograd, Russia

Reducing the time spent on obtaining an estimate of the average frequency of the Doppler
spectrum in the task of measuring the instantaneous velocity of hazardous near-Earth space
objects is an important step towards creating means to counter the asteroid-comet threat. A high
estimation rate is necessary in order to estimate the parameters of the asteroid's motion at the
final stage of approach of the weapon to the asteroid. In the case when the asteroid rotates or
tumbles (rotates along three mutually perpendicular axes with disproportionate frequencies), the
Doppler signal is broadened. The radial velocity of the object is determined by the position of the
center of gravity of the spectrum in radar.

It is shown that the position of the center of gravity of the Doppler spectrum of signals can
be determined by using operations in the time domain without spectral processing [1]. Improving
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the performance of the algorithm for estimating the average frequency of the spectrum is
achieved by calculating the fractional derivative of the Doppler signal of order 1/2, which can be
performed using a linear filter. Thus, an accurate estimate of the center of gravity position of the
Doppler waveform can be obtained in the time domain as the signal arrives in real time. As the
estimates show, the gain in speed can be up to six orders of magnitude compared with
calculations by spectral analysis [1,2]. The implementation of a fractional-differentiating filter of
order 1/2 in the form of analog and digital structures is considered. The filter in analog form is
represented by a set of astatic automation links, which greatly simplifies the practical
implementation [3]. The digital filter is constructed according to the transversal structure for
calculating the fractional derivative of the signal [4]. An optimal algorithm for the
implementation of the structure of both analog and digital filters according to the criterion of the
minimum mean square error is proposed. Relations are obtained for the quadrature coefficients
that determine the structure of the filter. The structure of an analog fractional filter is protected
by a patent of the Russian Federation [5]. This study was supported by the grant 19-47-340005-
r_a from RFBR and the Government of VVolgograd region and by the grant 8-2018-a/IMIT from
Volgograd State University.

OU3UKO-MHUHEPAJIOTMYECKHUE CBOMCTBA U BEPOSITHOE
NPOUCXOXKIEHUE ACTEPOUI0OB BHYTPEHHE YACTHU COJTHEYHOM
CUCTEMBbI

B. B. bycapes

I'AHWII MI'Y, Mocksa, Poccus

E-mail: busarev@sai.msu.ru

CorynacHO JaHHBIM CHCTEMbl 66 paaMOTENEeCKONOB MUUIMMeTpoBoro auanazoHa ALMA,
TUIIUYHAS CTPYKTypa MPOTO-IUIAHETHBIX IUCKOB Y MOJIOABIX 3BE€3] SBJIAETCA JIOCTATOYHO
perynsipHoii, TOJOOHOW  BIOXKEHHBIM  Kojibllam  (Hamp., [l]), d9To  corjacyercs
C 3aKOHOMEpHOCThIO (WK mpaBwioM) Tunumyca-bone s paauycoB IUIAHETHBIX OpOUT B
Conneunoil cucreme. Bo3moxkHOe 00bsicCHEHHE (PU3MUECKOTO CMBIC/IAa 3TOM 3aKOHOMEPHOCTHU
COCTOUT B TOM, 4YTO YyXe Ha craguu Havaina QopmupoBanuss CoOJIHEYHOH CHCTEMBI
IpaBUTALIMOHHBIE BO3MYIIEHUS, BEI3BAHHBIE SIpaMU IIPOTOIJIAHET, U UX pe3oHaHchl ¢ CosHLeM
(Ipy 3TOM BO3HUKAIOT MPUJIUBHBIE CHJIBI U SHEPrHs OpOMTAIBHOIO [JBMDXKEHHUS TpAaTHTCA Ha
NPWIMBHOE YCKOPEHHUE WJIM 3aMeJIIEHHE BpallleHUsl MPOTOIUIAHEThI) o0ecneunin o0pa3oBaHuE
PETYyJISIpHOM CTPYKTYphl M3 UepeayoUIuxcs o0nacTeif, B KOTOPHIX MOIVIM WJIM HE MOIJIHU
CYIIECTBOBaTh CTaOWJIbHBbIE OPOUTHI COIVIACHO IpaBUJIaM OpPOMUTAIBHBIX PE30HAHCOB. BBICTpbIN
poct mporto-lOmurepa (<I MuH. ner) Osarogapss BBICOKOM KOHIEHTpallMM BeELIecTBa 3a
«CHETroBOM JIMHHEI» MOT BBI3BaTh IOSIBIEHHWE aHAJIOTMYHON MHOTOKOJIBLIEBON PE30HAHCHOM
CTPYKTYpbI BellleCTBa B coceqHei 30He ¢opmupoBanus I'nmaBHoro mosica acrepouaoB (I'TIA),
PAacIoJIOKEHHOTO 10 «CHETOBOM JIMHUMY, B PE3YJIbTATE YEro 00pa30BaJIOCh MHO20 POJAUTEIIbCKUX
tes acteponnioB (PTA) cunukarHoro cocraBa. Becbma BeposTHO, uTo mocnenyroumii poct PTA
OBLI OCTaHOBJIEH BO3MYULIECHHUSIMH NpoTo-tOmnuTepa M OOJBIIUMU KaMEHHO-JEISHbIMH TEJIaMH,
BbIOpacChIBa€MbIMU UM U3 €ro 30HbI GpopmupoBanus B ['TIA [2]. DTuM oOBsCHSETCS HE TOJIBKO
ynaneHue 06mbIIei yacTu cuiMkatHoro BemectBa u3 I'TIA, HO U JocTaBKa Ty/Ja 3HAUYNUTEIbHON
Macchl JibJja. YTOMSAHYTble (AKTOPBl COIIACYIOTCA C COBpeMeHHOH cTpykrypoir [TIA,
TeJINOIEHTPUYECKUM paclpe/lelIeHHeM CIEKTPAIIbHBIX TUIIOB aCTEPOUIOB, UX MHUHEpajoruei, a
TaK)K€ 3HAUUTENbHBIM COAEPKAHMEM BOJSHOIO JIbJAa B BELIECTBE ACTEPOUAOB MPUMHUTHUBHBIX
THTOoB [3].

[1] Zhang K. et al. (2016) Astroph. J. Lett., 818: L16-L22. [2] Cadponor B.C., 3urimna 1.H.
(1991) Actpon. BectH., 25: 190-199. [3] Bycapes B.B u mp. (2019) Actpon. BecTH., 53: 273~
290.
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PHYSICAL AND MINERALOGICAL PROPERTIES AND PROBABLE ORIGIN
OF ASTEROIDS IN THE INNER SOLAR SYSTEM

V. V. Busarev

SAI MSU, Moscow, Russia;

E-mail: busarev@sai.msu.ru

According to the data of the millimeter/submillimeter of 66 radio telescopes’ array ALMA, the
typical structure of proto-planetary disks near young stars is quite regular, similar to nested rings
(e. 9., [1]) which is in accordance with the empirical regularity (or rule) of Ticius-Bode for the
radii of planetary orbits in the Solar system. Plausible explanation of the physical meaning of
this pattern is that already at the stage of the beginning of Solar system formation, gravitational
disturbances caused by the nuclei of protoplanets and their resonances with the Sun (tidal forces
arise and the energy of orbital motion is spent on tidal acceleration or deceleration of the rotation
of the protoplanets). It provided the formation of a regular structure of alternating areas in which
stable orbits could or could not exist according to the rules of orbital resonances. A rapid growth
of proto-Jupiter (<1 Myr) due to a high concentration of matter behind the "snow line" could
cause the appearance of a similar multi-ring resonance structure in the neighboring zone of
formation of main asteroid belt (MAB) before the "snow line" resulting in the formation of many
parent bodies of asteroids (PBAs) of silicate composition. The subsequent growth PBAs was
likely stopped by the disturbances of proto-Jupiter and large stone-ice bodies thrown by it from
its formation zone to the MAB [2]. It explains not only the removal of most of silicate matter
from the MAB but also the delivery of a considerable mass of ice there. The mentioned factors
are consistent with the current structure of the MAB, the heliocentric distribution of asteroid
spectral types, their mineralogy, and a significant quantity of water ice in the matter of primitive
type asteroids [3].

[1] Zhang, K. et al. (2016) Astroph. J. Lett., 818: L16-L22. [2] Safronov, V.S. and Ziglina, I.N.
(1991) Sol. Syst. Res., 25: 139-146. [3] Busarev, V.V. et al. (2019) Sol. Syst. Res., 53: 261-277.

HABJIIOJEHUS HA PT-22 KPAO MA3EPHBIX JIMHUM OH HA JI/IMHE BOJIHBI
18 CM 1 H20 HA JJIMHE BOJIHBI 1.35 CM B KOMETE 21P/GIACOBINI-ZINNER
A. E. Bonvsau, JI. H. Bonveau, C. B. Manawesuuy

Kprimckas actpodusuueckast oocepBaropus, Anta, Kpeim

Ha 22-merpoBom panuoteneckone B Cumense peajin30BaHa BO3MOXHOCTb IPOBEICHUS
HCCJIEIOBAaHUM MPAaKTHUECKHU BCeX KOcMHuUecKux MaszepoB (mazepsl OH, maszepsr H20, mazepsl
MmetaHoina, SiO Mazepbl), a TakKe CIEKTPalIbHBIX HAOMI0JeHUH B Anana3oHe 4acToT oT 85 I'Tny
no 115 ITTu. DT HOBOBBEACHHUS TO3BOJWIM HadaTh W3y4deHHE Oo0yiee ClIa0bIX HCTOYHUKOB
KOCMHUYECKOI0 PaJInOU3Iy4ECHHs], B TOM YUCIIE KOMET.

Komera 21P/Giacobini-Zinner sBnsercs KomeTod cemelictBa FOmurtepoB, KoTopas
o0agaeT cBoeoOpa3HON MPUPOION KaK Ul JeTy4uX, TaK U JUIs MbUIeBbIX yacTull. Komera Obuia
otkpbiTa Mumenem J[xakoounu B 1900 roxy, He3aBHCHMMO OTKpbITa DpHCTOM lluHHEpoMm B
1913 rony u 6bU1a OOHapyXeHa BO BCEX SIBICHUSX C MOMEHTA €€ OTKPBITHS, 32 MCKIIOYEHUEM
HeOmaronpusaTHeIX B 1907, 1920 u 1953 ronax.

[IpencraBnensl pe3ynbrarbl HaOmroneHuid KomeThl 21P/Giacobini-Zinner 1-20 ceHTs0ps
2018 roma c¢ momompto panuoteneckona PT-22 B mabopartopun panuoactrponomun OI'BYH
«KpAO PAH» B nepuoj npoxoKACHUsI KOMETON MEPUreIHsi © MUHUMAJIBHOTO PacCTOSHUS OT
3emnu. Komera nabmroganace B muaun OH na A=18 cm u auaun H20 ua A=1.35 cm. Ornenena
ra3onpou3BOAUTEIBHOCTh KOMETHI 1o MoJiekyiaam H20 u OH.
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OBSERVATIONS ON THE RT-22 CRAO OF OH MASER LINES

AT AWAVELENGTH OF 18 CM AND H20 AT A WAVELENGTH OF 1.35 CM
IN COMET 21P/GIACOBINI-ZINNER

A. E Volvach,, L. N. Volvach, S. V. Malashevich

Crimean Astrophysical Observatory, Yalta, Crimea

The 22-meter radio telescope of Crimean Astrophysical Observatory has implemented the
possibility of carrying out studies of almost all space masers (OH masers, H20 masers, methanol
masers, SiO masers), as well as spectral observations in the frequency range from 85 GHz to 115
GHz. These innovations made it possible to begin the study of weaker sources of cosmic maser
radio emission including in cometary atmospheres.

Comet 21P/Giacobini-Zinner is a Jupiter-family comet that displays a peculiar nature for
both volatiles and dust grains. Comet was discovered in 1900 by Michel Giacobini, was re-
discovered independently by Ernst Zinner in 1913, and was recovered in all apparitions since its
discovery with the exception of the unfavorable ones in 1907, 1920, and 1953.

The observations of H20 emission lines at 22.2 GHz and OH emission lines at 1.6 GHz of
the comet 21P/Giacobini-Zinner were performed during September 1-20, 2018 with usage of 22-
m radio telescope CrAO during the cometary period and the minimum distance from Earth are
presented. The gas production of the comet was estimated using the H20 and OH molecules.

O BJIUAHUU DPPDEKTA APKOBCKOI'O HA IBUKEHUE ACTEPOU/10B
C MAJIBIMM NEPUTEJTUHHBIMHA PACCTOSSHUAMU

T. IO. I'anywuna, O. H. Jlemuep

Tomckuii rocy1apcTBEHHBIN YHUBEPCUTET, T. ToMck, Poccus

E-mail: volna@sibmail.com

Oddext SApKOBCKOTO CBSA3aH C MEPEU3TYICHUEM TEIUIOBOM SHEPTHH, M TIOATOMY MaKCHMaJIbHOE
BIMSHUE OKa3bIBaeT NpPHU MNPOXoxaeHuH actepouaa Omu3ko k Connuy. Ilo stoit mpuumHe
IPEJICTaBISIETC BaXHBIM OLIEHUTHh €ro BO3JEWCTBHE HA JIBUYKEHUE acCTEPOUIOB C MajbIM
HepUreaniHbIM pacctosHueM. OCHOBHOM Mpo6ieMot sBiseTcst TOT (DaKT, YTO AAHHBIA AP PEeKT
3aBUCUT OT (PM3MYECKUX MapaMeTpoB, KOTOPbIE HW3BECTHBI JJIs OUYEHb HEOOJBIIOro 4Hcia
paccMaTpUBaeMbIX OOBEKTOB.

B nannoit pabote paccMoTpeHo aBmkeHne 40 acTepouIoB ¢ MEPUTETUIHBIM PacCTOSHUEM
He Oonbiue 0.15 a.e. [ Bcex acTepouIoB MOJYyYEHO 3HAUYEHUE TPAHCBEPCAIBHOTO YCKOPEHHUS,
0o0yclIOBIIEHHOE Hu3y4aeMbIM 3G (EeKTOM, U3 YCIOBUS MHHHMMYyMa CpeIHEKBaJIpaTHYecKOi
ommOKK mpencTaBieHus HaOmoneHui. Ilokazano, yto yuer BiausiHUS 3(dexTa SpKoBCKOTrO
B OOJIBIIMHCTBE CITy4aeB MPHUBOJUT K YMEHBIIEHUIO pa3Mepa JoBepuTelbHOW oOmactu. bonee
noApOOHO paccCMOTpeHo ABMxkeHue actepouaa 137924 2000 BD19.

Jns obneryeHust aHaiu3a pe3ysibTaTOB pa3pabOTaHbl MPOLEAYPbl aBTOMAaTHYECKOTO
noctpoeHue rpa@ukoB. IlomyueHHBIE pe3yibTaThl HCCIEIOBAaHUS PE30OHAHCHOTO JIBUKEHUS
acrepouaa 137924 2000 BD19 B nanbHeiimeM OyAyT MCIOJIB30BaHbI KaK 4acTh OOydaroei
BBIOOPKU /17151 MAIIMHHOM Kilaccu(UKAIlMY PE30HAHCHOTO M HEPE3OHHOT'O TTOBEICHUSI.

Pabora BbeimonHeHa npu ¢gunHancoBoit nmoaaepxxke PH® B pamkax HayyHOro mpoekrta Ne
19-72-10022
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ABOUT THE INFLUENCE OF THE YARKOVSKY EFFECT ON MOTION
OF THE ASTEROIDS WITH A SMALL PERIHELIAN DISTANCES*

T. Yu. Galushina, O. N. Letner

Tomsk State University, Tomsk, Russia

E-mail: volna@sibmail.com

The Yarkovsky effect is associated with the thermal energy reemission. Therefore, it has a
maximum effect when the asteroid passes close to the Sun. For this reason, it is important to
evaluate its influence on motion of the asteroids with a small perihelion distance. The main
problem is that this effect depends on the physical parameters that are known for a very small
number of objects under consideration.

In this paper, we considered the motion of 40 asteroids with a perihelion distance of no
more than 0.15 AU. For all asteroids, the value of transverse acceleration due to the studied
effects is obtained from the minimum condition of the mean square error of the observations
representation. We’ve shown that generally taking into account the influence of the Yarkovsky
effect reduces the size of the confidence region. The motion of the asteroid 137924 2000 BD19
Is considered in more detail.

We’ve developed scripts for an automatic graph plotting to simplify the analysis of the
results. The study results of the resonant motion of the asteroid 137924 2000 BD19 will be
further used as part of the training data set for the machine classification of resonant and non-
resonant behavior.

This work was supported by the Russian Science Foundation (Scientific Project Ne 19-72-
10022)

MACHITABUPYIOIIIUE COOTHOHIEHMA JJIsI OIEHKHA DP®®EKTOB
N3JIYUEHUA JJIs1 BOJIBIIUX BO3JAYIHIHBIX B3PBIBOB U MAJIBIX KPATEPO-
OBPA3YIOIIIUX YJIAPOB

. O. I'mazaues, E. /. [looodnas, O. I1. Ilonosa, B. B. Céemyos, B. B. Illysanos

WuctutyTt nunamuku reocep Poccuiickoit akagemun Hayk (MAI" PAH), Mocksa, Poccus
E-mail: GlazachevD@gmail.com

N3nydyenune, BO3HUKAIOIIEE HM3-3a B3aUMOJEHCTBHS C aTrMoc(epoll KOCMHUUYECKOro O0BEKTa W
BBIOPOCOB M3 00pasyrollerocss Kparepa, SABiseTcs OAHUM U3 OCHOBHBIX OMACHBIX MOCIEICTBUHA
KpaTepooOpa3yoIux yaapoB. B ciyudae BO3IyIIHOTO B3pbIBA, €IMHCTBEHHBIM HCTOUYHUKOM
3ppeKTOB M3NIydeHMs SBISETCS B3auMojelcTBue Tenma ¢ arMmocdepoit  3emun.  Jlns
KpaTepooOpa3yolux yaapoB 00e cTaauu (MpoJjieT CKBO3b arMocdepy M BhIOpOC IUIIOMA W3
KpaTepa) BbI3BIBAIOT TEIUIOBOE U3IyuyeHue. B 3Toi paboTe, Mbl npezsiaraeM MaclTabupyromume
COOTHOILIEHUS /JIsl OLIEHKH 3()(PEKTOB M3IIyueHUs AJI MEePEXOIHbIX BapUAHTOB, TJe 00€ CTaauu
UTPAIOT BAXKHYIO POJIb.

O} PeKTUBHOCTbIO U3TYyYEHHUS HA3BIBAIOT JIOJII0 KHHETHYECKOM SHEpPruud METEOpOouJa,
npeoOpa3yemMyto B M3JIyueHHE B KOHKPETHOM Iojioce WM BceM crekTpe. [ljis OTHOCHTENbHO
MaJblX YJApHUKOB OHA OMPENEIAETCS MPOJIETHOW CTaAUEN U PacTeT ¢ KHHETUYECKON SHEPrUeH.
ITpu nanpHelIEM pocTe KUHETHMYECKON SHEPrUU MMIIAKTOP JOCTUTAET MOBEPXHOCTH 3EMIIM C
HE3HAYUTENIbHBIMH TOTEPSIMU SHEPruM U 3(P(PEKTUBHOCTh M3JIyUEHHUs IMpHU MPOJeTe Maaaer.
OO0pa3zyercst kpatep, M 3TO NPUBOAUT K OOpa30BAHUIO IUIIOMA, KOTOPBIA TaKkKe SBISETCS
MCTOYHUKOM TETJIOBOTO U3ITyYEHHS, UTO MPUBOJIUT K POCTY MOJIHOM 3(PPEKTUBHOCTH U3ITyUEHUSI.
JlanpHelilee yBENMYEHHME DSHEPIMM yIapHUKA NPUBOAUT K IIOCTENEHHOMY CHMIKEHUIO
s dextuBHOCTH. Ha OcHOBaHMM HabOpa Pe3ynbTaTOB CEPUITHOTO YHCICHHOTO MOJEITUPOBAHUS
ObUIM TOCTPOEHBI MAacIITaOUPYIOIIME COOTHOIICHUS MJIsi OBICTPONM OIIGHKM IapaMeTpoB
TEUIOBOr0 H3aydeHusi. OHU HCIONB3YIOTCS B IMpoekTe BeO-KanmbKysasTop «lmpact effectsy
(http://AsteroidHazard.pro)
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SCALING RELATIONS FOR RADIATION EFFECTS FROM LARGE AIR-BURST
AND SMALL CRATER-FORMING IMPACTS

D. O. Glazachev, E. D. Podobnaya, O. P. Popova, V.V.Svetsov, V. V. Shuvalov

Institute of Geosphere Dynamics, Moscow, Russia

E-mail: GlazachevD@gmail.com

Radiation produced due to the deceleration of a cosmic object in the atmosphere and due an
emission of a plume of vapor generated by crater-forming impacts is one of the main dangerous
consequences of a crater-forming impact. In the case of a fireball event the flight through the
atmosphere is the only reason of thermal radiation effects on the ground. In the case of a small
crater forming event the both stages: the flight through the atmosphere and the emission of the
plume cause radiation effects. In this work, we suggest scaling relations for estimating the effects
of thermal radiation for transitional cases, where both stages are important.

Radiation efficiency is the fraction of the kinetic energy of a meteoroid that is converted to
radiation in a specific band or the entire spectrum. For relatively small impactors, it is
determined by the flight stage and grows with kinetic energy. With a further increase in kinetic
energy, the impactor reaches the Earth's surface with insignificant energy losses and the radiation
efficiency decreases during the passage. A crater forms, and this leads to the formation of a
plume, which is also a source of thermal radiation, which leads to an increase in the total
radiation efficiency. A further increase in projectile energy leads to a gradual decrease in
efficiency. The efficiency decreases with energy for large objects, unlike the dependence for
small bodies. Based on the set of the serial numerical simulation results, scaling relations were
constructed for a quick estimate of the parameters of thermal radiation effects. They are used in
the web calculator project «Impact effects» (http://AsteroidHazard.pro)

AHTAPKTHUJA - KIITAJOBASA KOCMHUYECKOI'O BEHIECTBA

B. U.I'poxosckuu, A. FO. [lacmyxoeuu

PU3UKO-TEXHOJIOTMYECKUI HHCTUTYT, Y panbCKkuidl denepabHblli Y HUBEPCUTET,
E-mail: a.iu.pastukhovich@urfu.ru

MeTeopuThl M KOCMHYECKass TbUIb - 3TO OCHOBHOE JOCTYITHOE BENIECTBO BHE3EMHOTO
MIPOUCXOXKICHHS, TPEACTABISIIONIEE HMHTEPEC MJis HCCienoBareyed, padoTarolMX B CaMbIX
pa3HBIX 001acTAX 3HaHWH. M3ydeHHMe METCOPUTHOTO BEIISCTBA IMO3BOJIAECT PEIIaTh MPOOJIEMbI
MJIAHETOJIOTUM M aCTPOHOMHH, aCTEPOUIHON OMACHOCTH M acTpOOUOJIOTHH, MUHEPAJIOTHU U
MaTepUAIOBEICHUS.

B AHTapkTuae orpoMHbIE IUIONIAAN AHTAPKTUYECKUX JIEITHUKOB SIBJISIFOTCS €CTECTBEHHBIMU
HaKONUTEISIMU KOCMHYECKOI'O BEIIECTBA HA MPOTSHKEHUHM MHOTMX MUJUIMOHOB JeT. [Ipu atom
JICAHUKH HAXOISITCSI B MOCTOSHHOM JBHXKEHHUH, TO €CTh OHHM HE TOJIHKO HAKaIlIMBalOT B CBOCH
ToIIe 00pa3Ibl METEOPUTOB, HO U «TPAHCHOPTUPYIOT» MX. Ecau Ha myTH NbJa OKa3bIBAIOTCS
TOpbl, CKaJbHBIE TPAIbl WIM HYHAaTakud (OJWHOYHBIC CKAJIbHBIE BBIXOMABI) - JEA HAYMHACT
HAIOJ3aTh HA HUX, IIPH STOM B pe3yibTare aONAlUU JIbAa MO BO3JIECHCTBHEM KaTabaTUYECKUX
BETpOB cKkopocThio 0 200-250 kM/4 B 3MMHHE NEPUOJbI M COJHEYHOM pajuallvd B JIETHHE
METEOPUTHl HAKAIIMBAIOTCS Ha yYacTKax Toay0oro Jbaa BOMHM3U TOPHBIX CKJIOHOB. Cyxoit
BO3JIyX W HHU3KHE TeMIIepaTyphl 00€CIIeUnBAIOT XOPOIITYI0 COXPAHHOCTh YIAaBIIUX METEOPUTOB
Ha MPOTSKEHUU MHOTHUX JIET.

B noxmame paccMaTtpuBarOTCS BOMPOCHI HCTOpUHM OOHAPY)KEHHSI METEOPHTOB B
AHTapKTHE, aKTyalbHBIE BOMPOCHI COOpa KOCMHYECKOTO BEIIECTBA, HAXOIKH METEOPHUTOB
poccuiickumu yueHbIMH (0T MeTeopuTa JlazapeB 10 meTeoputHOM skcienunuu YpdDY). Ocobrbie
MEXaHHU3Mbl HAKOIUJICHHUSI METEOPUTOB OOHAPYKEHBI HE TOJHKO B XOJOJHBIX AHTAPKTHYECKHX
MYyCTBIHAX, HO W B TOPSYUX TYCTHIHAX Pa3IUYHBIX pailoHOB 3emiu. B mociemnwe rombl
VYpanbckuii @enepaibHblil Y HUBEPCUTET IIPOBET METECOPUTHBIE IKCIEAULMU B IIyCThIHU JlemTe-
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Jlyr (Upan), Arakama (UYnnm) u ['o6u (Mouronus). B pe3ynbrare mpoBEACHHBIX YKCIEAUIIAN
HAKOIUIEH OTPOMHBIM ONBIT MOMCKOBBIX pabOT, cOOpaHO 3HAYMTENIBHOE KOJIWYECTBO OOPa3IOB
METEOPUTOB PA3HBIX THIIOB.

CTATUCTHUKA MAJIEHUMA METEOPUTOB U BOJINJI0OB
O. B. Epemnosa, A. E. /[yoopos

UYensOuHCKUH Tocy1apcTBEHHBIA yHUBEpcuTeT, Yensounck, Poccus
E-mail: eretnova@csu.ru

Ha ocnoBe [1-3] coctaBnen kataigor 926 METEOpUTOB, MAJCHUSI KOTOPBIX 3apETUCTPUPOBAHBI C
1860 mo 2017 rr. C DOMOIIBID CTAaTHCTHYECKOTO aHaJM3a KaTrajora IIOKa3aHo, 4YTO
pacrpezieieHue METEOpPUTOB IO MaccaM allpPOKCUMHUPYETCS JIOTHOPMAIbHBIM 3aKOHOM.
[IpoBesneHa oleHKa CpeAHErOJJOBOTO MOTOKA METEOPUTHOIO BEIIECTBA HA MOBEPXHOCTh 3€MIIH,
M, =(13+26)1/r, 1 cpemHEro0BOro MOTOKAa METCOPOMIHOTO BEIECTBA B aTMOChepy 3emilH,

M ™ ~ (4.3+8.6)-10* T/T. Cpennuii MHTEpBaI MEXKIYy TMaJCHUSIMH METEOPUTOB, IOJO0OHBIX

200

mereoputy Chelyabinsk, cocraBnsier ~ 25 ner. Pacnpenencnue yucia najgeHuii METCOPUTOB T10
roJiaM sIBJISIETCS HEPaBHOMEPHBIM. ABTOKOPPEISILIMOHHBIM METOJ0M OoOHapyskeHa 10+11-neTHsis
MEePUOJUYHOCTh Yy Tpymnbl H-XOHIPHUTOB, KEIE3HBIX M IKEIC30KaMEHHBIX METCOPUTOB Ha
unrepBaie ¢ 1860 mo 1960 roxa. PacnpeneneHus uucia mnajJeHUl METEOPUTOB IO TOJIaM,
MecsAllaM W BpPEMEHHM CYTOK COIOCTABJICHbI C aAHAJOTUYHBIMHM pacnpeneineHusmMu st 714
0omuI0B, 3aperucTpupoBaHHbIX ¢ 1995 mo 2017 rr. [4]. MakcumanbHOE YHUCIO OOJIMIIOB
npuxogutcs Ha 2005 m 2015 Tox, yTOo MO3BOJISET MPEANONOXKUTh Hamuuue 10+11-metHei
MUKJIMYHOCTH B pACHpeeeHHH 4uciaa O0oauaoB 1o roxam. OTmedeHo, uTto 66% maaeHui
METEOPUTOB MPUXOJAUTCS HA UHTEPBAJI BPEMEHH OT IMOJIY/IHS /10 TOJIyHOUH, a 58% — Ha BECEHHE-
JeTHUM nepuoi. Yucao perucTpupyeMbix OOJIHAOB HE 3aBUCUT HU OT BPEMEHH CYTOK, HU OT
BpPEMEHU ToJ1a.

1. Meteoritical Bulletin Database \ www.lpi.usra.edu/meteor/

2. Jlabopatopust Mereoputuku ' EOXU PAH \ www.meteorites.ru/

3. Aynopos A.E., EperHoBa O.B. BectHuk YensiOMHCKOrO rocylapCTBEHHOI'O YHHBEpPCUTETA.
2014. Nel (330). ®uzuka. Bemm. 19. C. 58-67.

4. www.cneos.jpl.nasa.gov/fireballs/

THE STATISTICS OF METEORITE AND BOLIDE FALLS
O. V. Eretnova, A. E. Dudorov

Chelyabinsk State University, Chelyabinsk, Russia

E-mail: eretnova@csu.ru

Based on [1-3], a catalog of 926 meteorite falls registered from 1860 to 2015 is compiled. Using
statistical analysis of the catalogue, it is shown that the mass distribution of the studied
meteorites is approximated by log-normal law. The flux of meteoritic material to the Earth’s
surface, M, ~(13+26)ton/yr and meteoroid material into the Earth’s atmosphere,

M2 ~(4.3+8.6)-10*ton/yr are estimated. The average interval between fallings for meteorites

year
similar to Chelyabinsk one is equal to 25 years. The distribution of meteorite falls over years is
not uniform. 10+11-year periodicity for H-chondrites, iron and iron-stone meteorites is found
since 1860 to 1960 using the autocorrelation method. The distributions of meteorite falls over
years, months and time of the day are compared with the same for 714 bolides, registered
between 1995 and 2017 [4]. Maxima of the number of bolides are on 2005 and 2015 that allows
as to suppose of 10+11-year cycle in the distribution of bolide falls over year. It is note, that 66%
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of meteorite falls are registered from midday to midnight and 58% — in the spring-summer
period. The number of registered bolides are not depend on the time of day or the time of year.

1. Meteoritical Bulletin Database \ www.lpi.usra.edu/meteor/

2. The Laboratory of Meteoritics Vernadsky Institute of Geochemistry and Analytical Chemistry
RAS \ www.meteorites.ru/

3. Dudorov A.E., Eretnova O.V. Chelyabinsk State University Bulleting, 2014. No. 1 (330),
Physics. Issue 19. P. 58-67.

4. www.cneos.jpl.nasa.gov/fireballs/

THIOTE3A O KPYITHOM INTIAHETHOM TEJIE HA IEPU®EPUU COJTHEYHON
CUCTEMDbI
A. S. Guliyev, R. A. Guliyev

PaccmarpuBaroTcsi OTHENbHBIE aCEKThl TUIOTE3bl ['ynreBa O BO3MOXKHOCTH CYIIIECTBOBAHUS
KPYITHOTO TUTAHETHOTO Tena Ha paccrostHum 250 — 400 a.e. u ero Tpancdepa HaOIIOIAEMBIX
KoMeT. B 3Toif TurmoTe3e OCHOBHOM aKIEHT JENAaeTCs Ha 3aKOHOMEPHOCTH B JIBUKCHHUH KOMET,
OPUXOAAIIMX C JaJeKux oOjacTel conHeuHoM cucrembl. B Hacrosimed pabore aHanus
oxBatbiBaeT 1249 xomer, HabmrogaBmumxcs 10 2017 roaa. [Tokazano, 4To CyIIECTBYET IIIOCKOCTh
BOJIM3U KOTOPOW MMEET MECTO KOHIICHTpAIMs KOMETHBIX repurenreB. OHa MMEET MmapamMeTphbl
Ip= 860.2; Qp = 271°7 u cormacuo TUIOTE3bl, SBIAETCS CIEACTBUEM JIEHCTBUS KPYIHOTO
IUIaHeTHOTo Tena Ha paccrostHuu 250-400 a.e. B 3rom uHTEpBane KoyinyecTBO adenueB U
JAJIIEKNX Y3JI0B KOMETHBIX OpOMT 3aMeTHO (B Mpelenax CTaTUCTUYECKHX JOCTOBEPHOCTEM)
npeBbIIaeT oxugaemblidi GoH. Ha 6a3e coOpaHHOr0 KOMETHOTO MaTepuasa OIEHEHBI JIEMEHTBI
MpeanojaraeMoro mianetoro tena: ¢ = 337 a.e.; e =0.14; o = 570; Q = 2720.7; | =86°.

HYPOTHESIS ON THE LARGE PLANETARY BODY ON THE PERIPHERY
OF THE SOLAR SYSTEM
A. S. Guliyev, R. A. Guliyev

Selected aspects of the Guliyev’s hypothesis about the existence of the large planetary body on
distance of 250 - 400 AU as, a factor of comets transfer, are considered. In this hypothesis the
main emphasis is on the regularities in the motion of comets coming from distant regions of the
solar system. The analysis covers 1249 comets observed until 2017. It is shown that there exists
a plane near which the concentration of cometary perihelion. According to the hypothesis this
plane having parameters Ip = 86°.2; Qp = 271°.7 is result of the influence of giant planetary body
at the distance of 250 - 400 AU. It shows that number of aphelia and distant nodes of cometary
orbits within this limit (within statistical validity) significantly exceeds the expected background.
On the basis of collected cometary data, we have estimated orbital elements of the hypothetical
planetary body: a =337 a.e.; e=0.14; 0 = 57% Q =272°7; 1=86".

HNCCIEJOBAHUE U3BPAHHBIX ACTEPOUI0OB U KOMET B 2019 I'OAY

B OBCEPBATOPUU KYBAHCKOI'O TOCYHUBEPCHUTETA «C40»

A. JI. Heanos*, B. A. Heanos*, B. E. Jlvicenxo *, H. B Hsanosa.?, H. A. HAxosenro .
'Ky6Ganckuit rOCYJapCTBEHHBIN YHUBEPCUTET, D04 OO0 HarpoHanbHoe AcTpoHOMHYECKOE
ATEeHTCTBO

B 2019 romy B o6GcepBaropun KyoI'Y «C40» coBmectHo ¢ obOcepBaropueii MPC D04,
NPOBOJIWINCH HAOMIOJCHUS AacTEpPOMIOB M KOMET, B TOM YMHCJIE MOTEHIMAIbHO OMACHBIX
actepouioB. Ormpe/eseHbl KOOPMHATHI M 3BE3JHBIE BEIMYMHBI aCTEPOUIOB, JaHHBIC TepeIaHbl
B MeXAyHapoHbIi LleHTp Manbix miiaHer. J{1st KoMeT ObUT BBHINOJIHEH aHalIM3a KPUBBIX Oyiecka
[0 TIOJyYEHHBIM OLleHKaM Ha acTpodusnyeckom komiuiekce Kyol'Y (Puun-Kperben, nuamerp
510 MM, dpokycHoe pacctosiuue 4016 mm, kamepa FLI16803) u teneckomne odcepsaropun MPC
D04 (MAK 254 mm, okycHoe paccrosiaue 1208 MM, kamepa FLI8300).
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THE STUDY OF SELECTED ASTEROIDS AND COMETS IN 2019 AT
THE OBSERVATORY OF KUBAN STATE UNIVERSITY "C40”

A.L. lvanov?, V. A. lvanov !, V. E. Lysenko !, N. V. Ivanova 2, N. A. Yakovenko *
! Kuban state University

2D04, 000 National Astronomical Agency

In 2019 in the Observatory of the Kuban state University "C40" together with MPC D04
observatory carried out observations of asteroids and comets including potentially hazardous
asteroids. The coordinates and stellar values of asteroids were determined, the data were
transferred to the international center of minor planets. For the comets it was performed the
analysis of the light curves according to the obtained estimates of the astrophysical complex
KUBSU (Ritchey-Chretien diameter 510 mm, focal length 4016 mm, FLI116803 camera) and the
telescope observatory mpc d04 (Mac 254 mm, focal length 1208 mm, the camera FLI8300).

AJIOPUTM CBEPXBBICTPOI'O PACYETA JPOBHOM ITPOU3BOJHOMN
HOPAIKA 1/2 IJ1sA PEHIEHUSA 3AJAYY TPULHEJIBHOI'O KHHETHYECKOI'O
TAPAHA OITACHOTI'O AJisA 3BEMJIN ACTEPOUJIA: CKOPOCTb UMEET
3HAYEHUE

U. I'. Kosanenxo, B. /1. 3axapuenxo, I1. U.Kusoxypyesa

Bonrorpanackuii rocynapcTBeHHbld yHUBEpcuTeT, Bonrorpan, Poccus

E-mail: ilya.g.kovalenko@gmail.com

B nepcnekTHUBHBIX CHCTEMax HPOTUBOJEHCTBUS aCTEPOUIHO-KOMETHOM OIIACHOCTH 3ajaya
MaKCHUMaJIbHO TOYHOT'O HaBeJIeHUs] KUHETHYECKOT0 UMITAKTOpa (TOYKa MPHUIIOKEHHs SHEPTUU Ha
TeJe acTepouaa JOJDKHA HaXOJUTHCS Ha MPSMON, IPOXOIIEH Yepe3 ero LeHTp Macc) JAO0JKHA
pelaTbcs aBTOHOMHO U OIIEpaTUBHO, OCKOJIbKY Ha MOATOTOBKY MHCCHUU MOT'YT OTBOJUTHCS HE
roJibl, Kak B ciydae pa3zpadbarsiBaemoro B Hacrosiee Bpemss HACA npoekra DART, a mecsiibt
WIA HeNIeNH, MO3TOMY HCMOJIb30BaHUE IOATNOTOBUTEIBHBIX Mporenyp (o0ier acrepouaa ¢
BbIOOPOM ONTHMAIbHOW TOYKHM BCTPEUH, YCTAHOBKM Ha acTEpOHU] MOCAJAOUYHBIX pPaAHOMAasKOB)
MOJKET OKa3aTbCsl TEXHUYECKHM HEBO3MOXKHBIM. C yd4eTOM TOr0, YTO OTHOCUTENBHBIE CKOPOCTH
JBYOKEHUS MITakTopa OymyT Benuku (B muccu DART ~ 6.5 kM/c), 1 TOBTOPHBIN 3aX0/1 HA IIETh
HEBO3MOJXKEH, 1I€Ha OIIMOKH MPU OMpPEaesIEHNH MOJ0KEHUS [IEHTPa MacC acTepomJia BO3pacTaeT
MHOTOKpaTHO. Takum o00pa3oMm, UYpe3BbIUAHHO BaXKHOW CTAaHOBUTCS 3ajadya COKpaIICHUS
BPEMEHHBIX 3aTpaT Ha OIpeJleIeHue TPAEKTOPUU U CKOPOCTH OBICTPOABMIKYIIETOCS OIACHOTO
KOCMHUYECKOI'0 Tela.

[IporHo3 nBuxkeHHs acTepouaa YAOOHO NIPOU3BOJUTH IO H3MEPEHUI0 MTHOBEHHOMU
CKOPOCTH acTepouJa Ha OCHOBE aHalu3a JAOIUIEPOBCKOTO CJIBHMra 4YacTOTHl OTPaKEHHOTO
PaaAMOIOKAllMOHHOTO CUTHaja. B ciiydae ymmpeHHOro crekrpa (eciu acTepoH]i Bpallaercs) B
KAaueCTBE JOIIEPOBCKOM YacTOThI HCIOJB3YETCS LIEHTP TSKECTH IHEPreTHUECKOTO CIIEKTpa
JIOTIIIEPOBCKOIO CUTHAJIA, Yepe3 KOTOPBIN ONpeAenseTcs ABMKEHNE LEHTpa Macc JIBHXKYILErocs
00BeKTA.

Hamu B paGotax [1,2] ObpUIO MOKa3aHO, YTO pacyeT CpeiHed YacTOThl MOXKET ObITh
BBINOJIHEH 0€3 CIEeKTpaJbHOro MpeoOpa3oBaHUsl CHTHAla MOCPEICTBOM HHTETPUPOBAHUS I10
BCEMY BpEMEHHM IpHUeMa CUTHAJIa KBaJpaTa MPOM3BOIHON mopsiaka 1/2 ot curHama. B [2]
OTMEUEHO, YTO TAaKOM pacueT MOKET AaTh BBIUIPHILI 10 CKOPOCTH BBIYHCIEHUM 110 CPAaBHEHUIO C
0o0buHBIM TpeoOpa3zoBanueM @Dypre no 10° pa3. i Toro, 4roObl KOHKYpPHpPOBAaTh IO
ObIcTpoeiicTBUIO ¢ OBICTpEIM MpeoOpazoBanueM Dypwe (BIID), anroputm pacuera apoOHON
MIPOU3BOJHON JTOJKEH OBITh OPraHM30BaH KaK CXeMa CKBO3HOTO CUeTa TaKUM 00pa3oM, 4TOObI
IIPOU3BOJUTH BBIUMCIIEHHUS [0 MEpE IOCTYIUIEHUS OTCUETOB CHTHajla B PEKHUME PEAIbHOTO
BpeMeHH. B oTinume oT 3TOro anroput™m mnpeodpazoBanusi dypbe TpedyeT 10 00paboTKU
MOCTYIJIEHUS] BCETO MacCUBAa JIaHHBIX.
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B [3] npeanoxeHa anmpokcuMarys APOOHON MPOM3BOAHON mopsiaka 1/2 KOHEYHOH
CyMMOW W3 3aTyxarwImux 3KCrmoHeHT. [Ipemmaraemas B HacTosimed pabore uaess ObICTPOro
BBIUMCJIEHMSI LIEHTPAa TSDKECTU CIEKTPa CBOJAUTCSA K pealu3alid HEKOTOPOM pPEKyppEeHTHOM
IPOLEAYPHI, YTO IPUBOJUT K BHIUUCIUTENBHOM ciokHOCTH anroputMa ~ N, rae N - konnyecTBo
OTCYETOB CHUTHaJa, 4To 3ameTHO ObicTpee BIID, xoropoe 3aneiictByer ~ N l0goN oneparuii.
OneHky MOKa3bIBaIOT, YTO JUISl JOCTHXKEHUS TOYHOCTH B 1% BBIUTPHILI B OBICTPOJICHCTBUU IO
cpaBHeHuto ¢ BII® cocrasmsier ~ 30 pas.

Pabota BeImosHeHa npu nozyepxkke rpanta POOU u Anmunanctpanun Bonrorpaackoit
obnactu Ne19-47-340005-p a.

1. 3axapuenko B.JI. OneHka cpemHell 4acTOTBI JOTUIEPOBCKUX CHTHAJIOB METOIOM APOOHOTO
nuddepennupoBanus // ®u3nKa BOJHOBBIX MPOIECCOB M PaJMOTEXHUYECKHUE cucTteMbl. 1999.
T.2, Ne3-4. C.39-41.

2. Zakharchenko V. D., Kovalenko I. G. On protecting the planet against cosmic attack: ultrafast
real-time estimate of the asteroid's radial velocity // Acta Astronautica. 2014. VV.98. P.158-162.

3. Zakharchenko V. D., Kovalenko I. G. Best Approximation of the Fractional Semi-Derivative
Operator by Exponential Series // Mathematics. 2018. V.6, Issue 1. id 12. P.1-12.

THE SUPERFAST FRACTIONAL DERIVATIVE OF ORDER 1/2 CALCULATION
ALGORITHM FOR SOLVING THE PROBLEM OF THE KINETIC IMPACT

OF A POTENTIALLY HAZARDOUS FOR EARTH ASTEROID: SPEED DOES
MATTER

I. G. Kovalenko, V. D. Zakharchenko, P. I. Kivokurtseva

Volgograd State University, Volgograd, Russia

In promising systems to counter the asteroid-comet hazard, the task of the most accurate
guidance to the point of collision the kinetic impactor (the point of application of energy on the
body of the asteroid should be on a straight line passing through its center of mass) must be
solved autonomously and quickly, since the preparation of the mission may not take years, as in
the case of the DART project currently being developed by NASA, but months or weeks, so the
use of preparatory procedures (flying around an asteroid with a choice of the optimal point of
impact, sending to the asteroid landing beacons) may be technically impossible. Taking into
account the fact that the relative speeds of the impactor will be high (in the DART mission ~
6.5 km/s), and re-approaching an asteroid is impossible, the cost of an error in determining the
position of the center of mass of the asteroid increases many times. Thus, the task of reducing the
time spent on determining the trajectory and speed of a fast-moving dangerous cosmic body
becomes extremely important.

It is convenient to predict the asteroid's motion by measuring the instantaneous velocity of
the asteroid based on the analysis of the Doppler shift of the frequency of the reflected radar
signal. In the case of the broadened spectrum (if the asteroid rotates), the center of gravity of the
energy spectrum of the Doppler signal is used as the Doppler frequency, through which the
motion of the center of mass of the moving object is determined.

We have shown in [1,2] that the calculation of the average frequency can be performed
without spectral transformation of the signal by integrating over the entire reception time of a
signal a square of a derivative of the order of 1/2 of the signal. In [2] it is noted that such a
calculation can give a gain in computation speed as compared with the usual Fourier Transform
up to 10° times. In order to compete in speed with the Fast Fourier Transform (FFT), the
algorithm for calculating the fractional derivative should be organized as a real time calculation
procedure. In contrast, the Fourier Transform algorithm requires an entire array of data before
processing.

In [3], an approximation of a fractional derivative of order 1/2 by a finite sum of decaying
exponents was developed. The idea proposed in the present study to quickly calculate the center
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of gravity of the spectrum implies the implementation of a certain recurrent procedure, which
leads to the computational complexity of the algorithm ~ N, where N is the number of signal
samples, which is much faster than the FFT, which involves ~ N log,N operations. Estimates
show that in order to achieve an accuracy of 1%, the gain in speed compared to the FFT
Is ~ 30 times.

This study was supported by the grant from RFBR and the Government of VVolgograd
region 19-47-340005-r_a.

IBOJIIOOUSA OPBUT METEOPUTO-OBPA3YIOIUX I'PYIIII

N UX POAUTEJBCKHUX TEJI

H. A. Konosanosa®, FO. M. I 0p6aH662, H. X. [laspyxos !

1I/IHCTI/ITyT actpodusuku Axamemuu Hayk Pecriyonuku TampkukucTan
2ACTpOHOMHqGCKavI obcepBaropust Onecckoro HanronanpHOro YHUBEpCcUTETa, Y KpanHa
E-mail: nakonovalova@mail.ru

Msbl mpencTaBiasieM pe3yibTaThl aHalu3a HBOJIOLNUM KOMETONOJOOHBIX OpOUT cemelicTBa
IOmnuTepa mecT METEOPUTO-NPOU3BOISIINX TPYII, BKIIOYAIOUINX CIOPATUYecKue OOMUIbI U3
MereopHorr 0a3el ganHblx IAU MDC-2007, cnopamnueckne mereopbl u3 SonataCo 6a3wbl
JaHHBIX, OOBIKHOBEHHbIE XOHApUTH TUma HYS, L3.5, nHabmromaBuivecs MHCTPYMEHTAlIbHO, U
OKOJIO3€MHBIE€ aCTepoubl — MOTEHUHMAJIbHBIE POAUTEIILCKUE Tella UCCIeI0BAaHHbBIX Ipymil. Mbl
BBIMIOJIHWJIA YWCIIEHHOE WHTETPHUPOBAHWE OpPOHMTAIBHOTO JBM)KCHHS UJICHOB METEOPUTO-
OPOM3BOMALIMX TPYNI B TEUCHHE HECKOJbKUX ThicaueneTuil. VccienoBanue NpoBOAUIIOCH
KOJIMYECTBEHHO C HCIOJB30BAaHMEM TIporpamMmMHoro obOecredenuss Halley, umncnennoe
UHTETPUPOBAHUE YPAaBHEHUI JABMKEHMS BBIIOJIHAIOCH METOJOM OBepxapra 11-ro mopsaxa.
Ananu3 sBomonuu 3a 5000 neT mokasbplBaeT, YTO MEPUTEITUH, SKCLIEHTPUCUTETHI U aPTyMEHTbI
HEepUTeNHsl YBOJIOLUOHUPYIOT aHAJIOTUYHBIM 00pa3oM 3a 3TOT Mepuos BpeMeHH. Dsy-kpurepuii
ocraercst Hike 0.3 B TeueHue mpumepHo 5000 ser B rpynmax mereoputoB Neuschwanstein u
Mason Gully u npumepno 3500 - 4500 ner B rpynmax mereoputoB Benesov u Park Forest
[TonydeHHbIE WHTEpBAIBI BPEMEHHM YKa3blBalOT HA OTHOCHUTEIBHO HeIaBHee oOpa3oBaHWe
METEOPUTO-IIPOU3BOIALIMX TPYII B pe3yibTaTe (pparMeHTalluu UX POAUTENBCKUX Tel.

ORBITAL EVOLUTION OF THE METEORITE-PRODUCING GROUPS
AND THEIR PARENT BODIES

N. A. Konovalova®, Yu. M. Gorbanev?, N.H. Davrugov'

YInstitute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan,
?Astronomical Observatory Odessa National University, Ukraine.

E-mail: nakonovalova@mail.ru

We present the results of the analysis of evolution of cometary-like orbits of six meteorite-
producing groups containing sporadic fireballs from the IAU MDC database 2007, sporadic
meteors from the SonataCo database ordinary chondrites type H5, L3.5 known from instrumental
observations and their potential parent bodies — near-earth asteroids. In order to test link between
meteorite-producing groups and potential parent bodies, we performed numerical integrations of
their orbits backwards in time over several millennia. The integrations were performed using the
Halley software. Numerical integration of the equations of motion is performed by Everhart's
method of 11-th order. Analysis of evolution over 5000 yr shows that the perihelia, eccentricities
and argument of perihelia evolve similarly for this time period. The Dsy- stays below 0.3 for
about 5000 yr in the groups of meteorites Neuschwanstein and Mason Gully and approximately
3500 - 4500 years in the groups of meteorites BeneSov and Park Forest The obtained time
intervals indicate a relatively recent formation of meteorite-producing groups as a result of the
fragmentation of their parent body.
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PAJUOHABJIIOAEHUSA METEOPHBIX IIOTOKOB B 2017-2018 I'T' HA
METEOPHOM PAJIAPE B KA3SAHU

/. B. KOpOMbZWKqu, 0. H.lllepcmmxoel, C. A.Kaﬂa6aH061, P. A. Hmmypamoez,
. C. Baﬂuyfmuﬂl

"Kasamckuit ®denepanbHblil YHUBEpPCUTET, I'. Ka3anb

’KasaHckuit rOCyJ1IapCTBEHHBIN SHEPreTUUECKUN YHUBEPCUTET, T. KazaHb

E-mail: dmitry-kor@mail.ru

Hauunas ¢ 2015 rona na mereopuom panape Kazanckoro ®enepanbHOro YHUBEpPCUTETa THUIIA
Skiymet Kazanu (56N, 49E) npoBoauTCcss MOHUTOPUHT METCOPHON aKTUBHOCTU. B Xome »Tux
pPaIMOMETCOPHBIX  HAONIOJCHUH  MPOBOISATCS  OLEHKA TapaMeTPOB  WHIAWBHUIYAIbHBIX
pPaIuoOOTPAKEHUI: YIJIOBBIE KOOPAWHATHI, CKOPOCTh MeTeopa M T.1. B pabore mpencraBieHb
pe3yibTaThl BBIACICHUS PAJUAHTOB OCHOBHBIX U MAJbIX METEOPHBIX MOTOKOB C IMOMOIIbIO
CTaTUCTUYECKOIO METOJa «CBEPTKW», MpeiokeHHoro Morton u Jones B 1982 ¢ ydetom
HEKOTOPBIX TMOCJICAYIOIMUX J0padOTOK (B TOM YHCIIE WCIOJIB30BAaHUE OICHOK CKOPOCTH
METEOpPOB Ui YIY4YlIEHHUS CeJIeKTUBHOCTH). PaszpaboTaHHble M aganTHUpPOBAHHBIE METOAMKHU
MO3BOJIAIOT OLEHUBAaTh CPEAHEBEPOSITHOCTHYIO CKOPOCTb METEOpa, H3MEHEHHE CYTOYHOMN
YHCIEHHOCTH MeETeopoB, aApeid panuanta. [lomyueHHble pe3ynbTaThl MNOATBEPKIAAIOT U
YTOUHSAIOT JaHHBIE O paJaHTaX METEOPHBIX MOTOKOB APYTUX METEOPHBIX pagapoB. Kpome Toro,
C MOMOUIBIO TAHHOM METOJMKHU MPOAHAIU3UPOBAHBI CIIOPAJAMYECKAE METEOPhl M BBISBICHBI UX
HMCTOYHHKHU.

RADIO OBSERVATIONS OF METEOR SHOWERS IN 2017-2018 ON THE METEOR
RADAR IN KAZAN

D. V. Korotyshkin®, O. N. Sherstyukov?, S. A. Kalabanov?, R. A. Ishmuratov?, F. S. Faliullin®
'Kazan Federal University, Kazan, Russian Federation

’Kazan State Power Engineering University, Kazan,

E-mail: dmitry-kor@mail.ru

Since 2015, meteor activity monitoring has been carried out on the meteor radar of the Kazan
Federal University of the Skiymet type. In the course of these radio-meteor observations, the
parameters of individual radio reflections are estimated: angular coordinates, meteor speed, etc.
The paper presents the results of the separation of the radiants of the main and minor meteor
showers using the statistical “convolution” method proposed by Morton and Jones in 1982,
taking into account some subsequent improvements (including the use of meteor speed estimates
to improve selectivity). The developed and adapted methods allow us to estimate the average
probability speed of the meteor, the change in the daily number of meteors, and the radiant drift.
The obtained results confirm and refine the data on the radiants of meteor showers by other
meteor radars. In addition, sporadic meteors were analyzed using this technique and their sources
were identified.

PE3VJIbTATHI HABJIFOJEHUI KOMETHI 29P/IIIBACCMAHA -

BAXMAHA 1 B OBCEPBATOPUU CAHI'JIOX

I'. U. Koxuposa, O. B. Hsanoea*, A. M. Bypues, V. X. Xampoes, . [oc. Paxmamynnaesa
WNuctutyt actpodusuku Akanemuun Hayk Pecriyonuku Tamkukucran, Pecmybnuka
Tamxukucran, 1. [{ymante

E-mail: kokhirova2004@mail.ru

*Actponomudeckuil ”HCTUTYT CroBarikoi Akajgemun Hayk, Tarpancka Jlomauna, CrnoBarkas
Pecniybnuka
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B Mexnynapoanoit actponommuueckoir obOcepBaropun Canrmox (MAOC) MHuctutyTa
actpodusuku AH PT npoBenensr actpomerpudeckue U GOoTOMETPUIECCKHUE HAOTIOCHUS KOMETHI
29P/IIBaccmana-Baxmana 1 8 2017 r. Ilo nabmoaenusm kometsl 29P B o6cepBaropun CaHriox
OIpe/ieIeHbl KOOPAMHATBI, T'€OLEHTPUYECKass TPaeKTOpus U OpOuTa KOMETHI, KOTOpbIE
cornacytorcsi ¢ ganHeiMu MPC. Haiinen Buaumblii Oneck xometsl B ¢umibTpax BVRI u
IIOCTPOEHBI KpUBbIe Ojecka Mo HaOMoJeHUsM NATH Houyed. OmpeneneH aOCONMIOTHBIM Oieck
komeTbl B uiabTpax BVRI, ero 3aBucumMocTh OT BpeMEHH CBUAETENBCTBYET 00 OTCYTCTBUHU
HEperyJIsipHOCTeN B Ojiecke KOMEThl B nepuo]i HaOmtoneHuil. [loka3zaTens 1BeTa COOTBETCTBYET
JMara3oHy 3HAYeHUU Uil aKTUBHBIX OOBEKTOB I'PYIMIIBI KEHTaBPOB M TMOKA3bIBAET, YTO B KOME
KOMEThI Ipeo01ajaeT MbuieBasi KOMIOHEHTa OoJiee KpacHas 10 OTPa)kaTeIbHOW CIIOCOOHOCTH.
Pasmep sinpa KoMeThl 10 HalMM HAOJIOJEHHUSAM COOTBETCTBYET HMMEIOIIMMCS B JIUTEpaType
OLIEHKAaM.

RESULTS OF OBSERVATIONS OF COMET 29P/SCHWASSMANN-WACHMANN 1 IN
SANGLOKH OBSERVATORY

G. I. Kokhirova, O. V. lvanova*, A. M. Buriev, U. Kh. Khamroev, F. Dzh. Rakhmatullaeva
Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

*Astronomical Institute, Slovak Academy of Sciences, Tatranska Lomnica, 05960 Slovak
Republic

E-mail: kokhirova2004@mail.ru

Astrometric and photometric observations of comet 29P were carried out in the International
astronomical observatory Sanglokh of the Institute of Astrophysics of the AS RT in July-August,
2017. In spite of short period the comet is classified as Centaurs group object. The coordinates of
comet were determined and the orbit was calculated, apparent and absolute magnitudes in BVRI
bands, and color-indexes were found as well the diameter of comet nucleus was estimated. The
results of observations in the Sanglokh observatory are in good agreement with the data of
accessible observations.

OKOJIO3EMHBIE ACTEPOU/IBI, CBSI3AHHBIE C KOMIIVIEKCOM BUPT'MHU ],
Koxuposa I''U., babaoscanos I1.b., Xampoes V. X., [[icoumyxammaou A.U., Kynaee U.B.
UnuctutyT actpodusuku Axkanemuu Hayk Pecniyonuku Tamxukucran, Pecnybnuka

Tamxkukucran, r./lymanbe
E-mail: kokhirova2004@mail.ru

Mereopousbpiii poil BuprunHug mnopoxnaer psa  METEOPHbIX IIOTOKOB M CyOIOTOKOB,
HaOroaeMbIX Ha 3eMJiie eXeroJHo B nepuoj ¢ ¢gespans no mMail. PoauTensckas koMeTa post He
YCTaHOBJIEHA, HO POJCTBEHHAas CBA3b MEXJIYy HEKOTOPhIMU IOTOKAaMM M acTepOMJiaMH,
commpkaroMucs ¢ 3emiel, paHee yxe Obiia oOHapykeHa. Takas CBsI3b BBISBIICHA MEXITY
CesepubiMu 1 HOxxHbIMH v-Buprunugamu u acrepouaoM, commkaroummes ¢ 3emueir (AC3)
2004CK39, a taxke CesepubiMu U FOxHbIMU M-Bupruannamu u AC3 2007CA19, Ha ocHOBe
Yero CHEJIaHO MPEANOIoKEHHEe O KOMETHOW mpupojne 3Tux actepounoB [1-2]. Msl mpoBenu
HOBBII nouck AC3, mpUHAUIEKAIMX acCTEPOUIHO-METEOPOUTHOMY KoMIuiekcy Buprunua. Ilo
pe3yibTaTaM BbIUMCICHHUS HBoMOIMH opoutr psga AC3 u omnpenenceHUs TEOPEeTHUYECKHX
apaMeTpoB MX POJICTBEHHBIX MOTOKOB BBIMOJHEH MOMCK HAOIIONAaeMbIX aKTHBHBIX MOTOKOB
CXOXKHX C TEOPETHUECKH TPEJCKAa3aHHBIMH BO BCEX OMYOJMKOBAaHHBIX 0a3aX JaHHBIX.
Oxkazanoch, 4YTO MpeJACKa3aHHbIE METEOpHbIE IOTOKH, pojacTBeHHble ¢ 25 AC3, Obutn
OTOX/IECTBJICHBI C aKTUBHBIMH MMOTOKaMU KOoMIUIekca Buprunug. BeisiBiaeHHas CBsA3b yKa3bIBaeT
Ha KOMETHOE ITPOUCXOXkKACHHUE paccMOTpeHHBIX AC3, KOTOpbIE IBUraroTcs B poe Buprunun u c
BBICOKON BEPOSTHOCTBIO SIBJIIOTCS yraciMMH (pparMeHTaMu KPYIMHOM POIUTENIbCKOW KOMETHI
aCTEpOMIHO-METEOPOUAHOIO KOMIUIEKca Buprununa.
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NEAR-EARTH ASTEROIDS OF COMETARY ORIGIN ASSOCIATED WITH

THE VIRGINID COMPLEX

G. I. Kokhirova, P. B. Babadzhanov, U. H. Khamroev, A. I. Zhonmuhammadi, I. V. Kulaev
Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan, Tajikistan
E-mail: kokhirova2004@mail.ru

The Virginid meteoroid stream produces a series of meteor showers and sub-showers active
annually during February-May. A certain parent comet is not found but a related association of
some showers with near-Earth asteroids was previously established. Such a link between the
Northern and Southern v-Virginids and NEA 2004CK39, the Northern and Southern n-Virginids
and NEA 2007CA19 was defined and a cometary origin of these asteroids was suggested [1-2].
We performed a new search for NEAs belonging to the Virginid asteroid-meteoroid complex. On
the base of calculation of orbital evolution of a sample of NEAs and determination of theoretical
features of related showers a search for observable active showers close to theoretically predicted
ones was carried out. As a result, predicted showers of 25 NEAs were identified with the
showers of the Virginid complex. Revealed association points to a cometary nature of NEAs that
are moving within the stream and may be considered as extinct fragments of a larger comet-
progenitor of the Virginid asteroid-meteoroid complex.

[1] P.B. Babadzhanov, I.P. Williams, G.I. Kokhirova, MNRAS, 2012, 420, 2546;
[2] P.B. Babadzhanov, G.I. Kokhirova, Yu.V. Obrubov, A&A, 2015, 579, A119.

JJMUHAMUWYECKHUE CBOMCTBA

MNOTEHHUAJIBHO METEOPUTOOBPA3YIOIIUX METEOPOU10OB

O HABJIIOJAEHUSM BOJUJTHOM CETU TAJKUKUCTAHA

I'. U. Koxuposa, I1. b. babaoycanos, V. X. Xampoes, ILl. b. @aiizos, M. H. Jlamunog
Wuctutyt actpodusuku Akanemuun Hayk Pecniyonuku Tamkukucran, PecriyOmnrka
Tamxukucran, 1./]ymante

E-mail: kokhirova2004@mail.ru

[IpencraBieHsl  pe3ynbTaThl  OOpaOOTKM  HaOMIOAATENbHBIX  JAHHBIX 25  OONUAOB,
choTtorpadupoBaHHBIX 00U IHOM CEThIO TamxukucTana B 2006-2011 IT.,
KIACCU(UIIMPOBAHHBIX KaK MOTEHIHUAIbHO MeTeopuTtooOpasywomue. JlaHHble OomuaHbBIE
SIBJICHHS TIPEATIONOKUTEIIEHO MOTJIM 3aBEPIUTHCS BBIMAJICHHEM METEOPUTOB C MaccaMu OT 1 710
100 r. IlpuBeneHsl pe3yabTaThl ONMpPENEIeHHs] TPAeKTOPUH, CKOpOCTel, OpOuT, 6iecka 60108
1 BHEATMOC(EPHBIX MacC METEOPOUIOB U BBISBIEHA 3aBUCUMOCTh Mex a1y HUMU. [lokazaHo, 4To
OCHOBHOHIl HPUTOK METEOPUTOO0OPA3YyIOUIMX METEOPOUIOB B 3EMHYIO aTMoc(epy CBs3aH C
TeJaMU aCTEPOUIHOTO MPOUCXOXKACHUS, OAHAKO HEKOTOPbIE METEOPUTHI, BO3MOYKHO, MOTYT
MPOU30UTH OT TEJN, UMEIOIIUX KOMETOIMOJOO0HBIE OpPOWTHI U, C BBICOKOH BEpPOSTHOCTHIO,
KOMETHOMW MPUPOIBI.

DYNAMICAL PROPERTIES OF PRESUMED METEORITE-DROPPING
METEOROIDS BY OBSERVATIONS OF THE TAJIKISTAN FIREBALL NETWORK
G. I. Kokhirova, P. B. Babadzhanov, U. Kh. Khamroev, Sh. B. Faizov, M. N. Latipov

Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

E-mail: kokhirova2004@mail.ru

The results of studying the observational data of 25 fireballs photographed by the Tajikistan
fireball network in 2006-2011 and classified as potentially meteorite-producing are presented.
These fireballs, supposedly, could be terminated by the dropping of meteorites with masses from

22



1 to 100 g. The data on fireballs trajectories, velocities, orbits, brightness and preatmospheric
masses of meteoroids are given and strong correlation between them is found. It is shown that
the main influx of meteorite-dropping meteoroids into the Earth’s atmosphere is providing by the
bodies of asteroidal origin. However, possibly, some meteorites may originate from bodies
having comet-like orbits, and, very likely, of a cometary nature.

®U3NYECKHE CBOVCTBA NOTEHIIMAJIBHO METEOPUTOOBPA3YIOIINX
METEOPOMJIOB 11O HABJIOJEHUAM BOJIMJTHOM CETHU TAJIDKUKHCTAHA
I'. U. Koxuposa, I1. b. babaodacanos, V. X. Xampoes, Ill. b. @aiizos, M. H. Jlamunog
Wuctutyt acrpodusuku Axagemun Hayk Pecryomuku TamkukucTas,

734042, Pecnybnuka Tamxukuctas, r.Jlyman6e, yi.byxopo, 22

E-mail: umed-1982@mail.ru

[lpuBenensl  naHHBIE, XapakTepusylomme (uU3MYecKre CBOWcTBa 25  METEeopOHuIOB,
KJIacCU(UIIUPOBAHHBIX KaK MOTEHIIMAILHO METEOPUTO0Opa3yIoLIHe 110 HaOI0ACHUSIM OOJIUIHOM
cetu Tamxukucrana B 2006-2011 rr.: kpuBble Oyiecka M OCOOCHHOCTH CBEYEHHUSI OOJHIOB,
(doTromeTpuyecKkre Macchl M IUIOTHOCTH METEOpOMJI0B. BHeaTMocdepHble Macchl HaXoAdTcs B
untepBasie or 120 r go 13 xr, koHeuHsle (oTomerpuueckue maccel — oT 1 go 100 r wu,
HPEMNOI0KUTENbHO, OOJHMIHBIE SBICHHUS MOIVIM 3aBEpIIUTHCS BBINAJACHUEM METEOPUTOB C
TakUM Juana3oHoM Macc. I[lokazaHa 3aBHCHMOCTb MEXIYy SPKOCTbIO M IE€pBOHAYaIbHBIMU
MaccaMu, KOHEYHbIMH MaccaMy U KOHEYHBIMH BbIcOTaMH. COTJIaCHO SMIUPUYECKOMY KPUTEPHIO
KOHEUYHBIX BBICOT Bce Oonuael mpuHaiexkar | u |l GomuaueiM rpymnmnaMm u, clieqoBaTelbHO,
HOPOXK/IEHBl METEOPOUJAMH, COCTOSIIIUX U3 XOHJIPUTOB, KOTOPHIE OTHOCATCS K acCTEPOUIAHOMY
MaTepuany. BbICOkas IJIOTHOCTb CYOCTAHLMU ISTH METEOPOMIOB C KOMETONOJIOOHBIMU
opOUTaMM, NPUHAIIESKAIIUM H3BECTHBIM METEOPHBIM IIOTOKAaM, SBJISETCS HETUIMMYHOW JUIs
KOMETHBIX Tej. CrenaH BbIBOJI, YTO OCHOBHOM NMPUTOK METEOPUTOOOPA3YIOLIUX METEOPOUIOB B
3eMHYI0 aTMocdepy CBf3aH C TeJlaMH aCTePOMJIHOTO MPOMCXOXKIEHUs, OJHAKO HEKOTOphIE
METEOPHUTHI, BO3MOKHO, MOTYT MPOU30MTH OT TEJ, UMEIOIINUX KOMETONOJ00HbIE OpOUTHI H, C
BBICOKON BEPOSATHOCTBbIO, KOMETHOW MPUPOJIBI.

PHYSICAL PROPERTIES OF PRESUMED METEORITE-DROPPING METEOROIDS
BY OBSERVATIONS OF THE TAJIKISTAN FIREBALL NETWORK

G. I. Kokhirova, P. B. Babadzhanov, U. Kh. Khamroev, Sh. B. Faizov, M. N. Latipov

Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

E-mail: umed-1982@mail.ru

A study of the observational data of 25 fireballs photographed by the Tajikistan fireball network
in 2006-2011 and classified as potentially meteorite-producing is continued. The data on
meteoroids physical properties: light curves and features of luminosity, photometric masses and
densities of meteoroids are given. Initial masses range from 120 g to 13 kg, terminal photometric
masses lie in the interval from 1 to 100 g and these fireballs, supposedly, could be terminated by
the dropping of meteorites with this mass range. Correlations between some dynamical and
physical properties are shown. According to the empirical criterion of end heights all fireballs
belong to | and Il fireballs groups and, consequently, were produced by the meteoroids
consisting of chondrites which relate to the asteroidal material. High density of five meteoroids
with comet-like orbits belonging to the known meteor showers is not typical for cometary
bodies. It is concluded that the main influx of meteorite-dropping meteoroids into the Earth’s
atmosphere is providing by the bodies of asteroidal origin, however, possibly, some meteorites
may originate from bodies having comet-like orbits, and, very likely, of a cometary nature.
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JTUHAMWYECKHE CBOUCTBA

HNOTEHIIUAJIBHO METEOPUTOOBPA3YIOIIUX METEOPOU/10B

IO HABJIIOJAEHUAM BOJIUJTHON CETU TAJIKUKNCTAHA

I'. U. Koxuposa, I1. b. babaocanos, V. X. Xampoes, Ill. b. @aiizos, M. H. Jlamunog
Wuctutyt acrpodusuku Axagemun Hayk Pecriydmuku TamkukucTas,

Pecniyoiuka TamxukucraH, r.Jlyman6e
E-mail: kokhirova2004@mail.ru

[IpencraBiaensl  pe3yibTaThl  OOpaOOTKM  HAOMIOAATENBbHBIX  JAHHBIX 25  00NMIOB,
choTorpadupoBaHHBIX 00U IHOM CEThIO TamxukucTana B 2006-2011 IT.,
KJIacCU(UIIMPOBAHHBIX KakK MOTCHUUAIBHO MeTeopuTooOpasyrome. JlaHHbIe OOMUAHbBIE
SIBJICHUS MIPEATNOIOKUTEIFHO MOTJIM 3aBEPILUTHCS BBINAJCHUEM METEOPUTOB C MaccaMu OT 1 1o
100 r. IlpuBeneHs pe3yabTaThl ONMPEACICHHS] TPACKTOPUI, CKOPOCTEH, OpOUT, Oiiecka 60T I0B
U BHEATMOC(EPHBIX Macc METEOPOUIOB U BBISIBICHA 3aBUCUMOCTh MeX 1y HUMU. [lokazano, 4To
OCHOBHOM HPUTOK METEOPUTOOOPA3YIOMIMX METEOPOHMIIOB B 3E€MHYIO arMochepy CBsi3aH C
TeJIaMH acTEPOUJIHOTO MPOUCXOXKACHUS, OJHAKO HEKOTOPbIE METEOPUTHI, BO3MOXKHO, MOTYT
IPOM30MTH OT TeJl, UMEIIIMX KOMETONOAOOHbIE OpOUTHI M, C BBICOKOH BEPOATHOCTHIO,
KOMETHOU MIPUPOJIBI.

DYNAMICAL PROPERTIES OF PRESUMED METEORITE-DROPPING
METEOROIDS BY OBSERVATIONS OF THE TAJIKISTAN FIREBALL NETWORK
G.l. Kokhirova, P.B. Babadzhanov, U.Kh. Khamroev, Sh.B. Faizov, M.N. Latipov

Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

E-mail: kokhirova2004@mail.ru

The results of studying the observational data of 25 fireballs photographed by the Tajikistan
fireball network in 2006-2011 and classified as potentially meteorite-producing are presented.
These fireballs, supposedly, could be terminated by the dropping of meteorites with masses from
1 to 100 g. The data on fireballs trajectories, velocities, orbits, brightness and preatmospheric
masses of meteoroids are given and strong correlation between them is found. It is shown that
the main influx of meteorite-dropping meteoroids into the Earth’s atmosphere is providing by the
bodies of asteroidal origin. However, possibly, some meteorites may originate from bodies
having comet-like orbits, and, very likely, of a cometary nature.

JJAHAMMYECKHWE U ®U3NYECKHE CBOMCTBA KOMETHI C/2015 V2
JUKOHCOHA IO HABJIOJEHUSIM B THCCAPCKOY ACTPOHOMUYECKOM
OBCEPBATOPUU

I''U. Koxuposa, A.M. bypues, @./[rc. Paxmamynnaesa

WuctutyT actpodusuku Akanemuun Hayk Pecniyonuku TamkukucTan, PecriyOnnka

Tamxukucras, r.Jlymanoe
E-mail: kokhirova2004@mail.ru

[IpencraBieHbl pe3yabTaThl aCTPOMETPHUECKUX W (POTOMETPUUYECKHX HAOIIONEHUH KOMETHI
C/2015 V2 JIxoHcona, mpoBeneHHBbIX Ha Teneckorne A3T-8 ['mccapckoit acTpoHOMHYECKOM
oOcepBaropun Muctutyra actpodusuku AH PecnyOnuku Tamxukucran. B pesynbrate
aCTPOMETPUYECKON 00pabOTKH M300pakeHUIl ompeneneHbl KOOpAWHATHl U opOUTa KOMETHI Ha
MOMEHT HaOJIOJCHUH, KOTOphIE COOTBETCTBYIOT JpYrMM HaOmoneHusM. B pe3yibrare
dboromeTpuyeckoit 00paboTku HAOMIOAEHUI ompeAeNeH BUAUMBIA U aOCOMIOTHBIN OJecK B
¢unbTpax BVRI, nmonydena onenka ee quamerpa M nokasaTesu IBeTa.
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DYNAMIC AND PHYSICAL PROPERTIES OF COMET C/2015 V2 JOHNSON BY
OBSERVATIONS IN THE GISSAR ASTRONOMICAL OBSERVATORY

G.l. Kokhirova, A.M. Buriev, F.Dzh. Rakhmatullaeva

Institute of Astrophysics, Academy of Sciences of the Republic of Tajikistan, Republic of
Tajikistan, Dushanbe

E-mail: kokhirova2004@mail.ru

The results of astrometric and photometric observations of comet C/2015 V2 Johnson carried out
on the AZT-8 telescope of the Gissar Astronomical Observatory of the Institute of Astrophysics
of the Academy of Sciences of the Republic of Tajikistan are presented. As a result of
astrometric processing, the coordinates and orbit of the comet at the time of observation are
determined. As a result of the photometric processing, apparent and absolute magnitude in the
BVRI filters were determined, the diameter and color indices were estimated.

PE3YJIbTATBI HABJIIOAEHU KOMETbI 21P/ I KAKOSUHU-IINTHHEPA
I'U. Koxuposa, A.M. Bypues, Y. X. Xampoes
Huctutyt actpodusuku Akanemuu Hayk Pecriyonuku Tamkukucran,734042 PecniyOnuka

TamxukucraH, r.Jlyman6e, yn.byxopo,22
E-mail: kokhirova2004@mail.ru

B MexnayHnaponnoit actpoHomuueckoii obcepBatopun Canrnox (MAOC) u T'mccapckoit
actpoHoMmuueckoit obcepBatopun (I'mcAO) Wucrutyra acrpopusuku AH PT nposenenst
KBa3UCUHXPOHHBIE aCTPOMETPUYECKUE " doromerpuyeckue HaOJIr01eHUS
KOPOTKOIIEPHOIUYECKOMN komeTel 21P/]xakobunu-Iluanepa B 2018 1. OmnpeneneHs
KOOP/IMHATBl KOMETHI U BBIYMCIIEHA OpOUTA, HAaliIeH BUAUMBINA U aOCOIIOTHBIN Osieck B (pUIIbTpax
BVRI, a Takxe MHCTpyMEHTaJbHBIM MOKAa3aTelb LBETA KOMETHI, IOJIY4YEHA OLICHKA JUaMeTpa
anpa kometsl. Pesynbrarel HabmoaeHnii B MAOC u I'ncAO HaxoasTcs B y10BIETBOPUTEITLHOM
COOTBETCTBUU MEXY COOOH, a TaK)Ke C JAaHHBIMU MUPOBBIX HaOmoaeHui. CrenaHo 3aKkiioueHue
0 cTaOMJIBHOCTH KOMEThI HAa MOMEHT HaOJI0ACHUH.

OBSERVATION RESULTS OF COMET 21P/GIACOBINI-ZINNER

G.l. Kokhirova, A.M. Buriev, U.Kh. Khamroev

Institute of Astrophysics, Academy of Sciences of the Republic of Tajikistan, Republic of
Tajikistan, Dushanbe

E-mail: kokhirova2004@mail.ru

Quasisynchronous astrometric and photometric observations of the short-period comet
21P/Giacobini-Zinner were carried out at the Sanglokh International Astronomical Observatory
(IAQS) and the Gissar Astronomical Observatory (GisAO) of the Institute of Astrophysics of the
Academy of Sciences of the Republic of Tajikistan, in 2018. The coordinates of comet were
determined and the orbit was calculated, apparent and absolute magnitudes in BVRI bands, and
color index were found, the size of cometary nucleus was estimated. The results of observations
in IAOS and GisAO are in satisfactory agreement with each other, as well as with available
observations. The conclusion is made about the stability of comet during observation.
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PE3YJIbTATHBI BOJIMJIHBIX HABJIOJAEHUM B TAJI’KUKUCTAHE
I'. U. Koxuposa, C. I1. Jlumsunos, ¥. X. Xampoes, M. H. Jlamunos

Wuctutyt actpodusukn AH Pecnybnuku Tamkukuctan

E-mail: umed-1982@mail.ru

B nmaHHOW craThe NPUBOAATCS pe3yabTaThl HAOMIOACHUN OONHMIOB, a TaKXKe JaHHBIC
acTpoMeTpudeckoil U (hoTomeTpuueckoir 0O0pabOTKM MONlydeHHOro marepuaia. B 06paboTky
BOIIUTH KaK CIIOPaJMYEecKHe, Tak ¥ MOoToYHble Oommmael — [lepcenapl, AkBapuabl, [ eMUHHUIBI 1
ap., cororpadupoBannsie B 2006-2011 rr. m 2017-2018 rr. Ompenenensl aTmochepHbIe
TPAaEKTOPUH, KOOPAMHATHI PaJHMAaHTOB, CKOPOCTH, OPOUTHI, KPUBBIC OJIECKa, MAacChl U CTPYKTYpa
BeulecTBa MeTeopousioB. [loka3aHo, YTO OCHOBHOM BKJIag B OOJUAHYIO aKTUBHOCTb
NPUHAJICKUT IIOTOYHBIM METCOPOHIaM.

RESULTS OF FIREBALLS OBSERVATIONS IN TAJIKISTAN

G.l. Kokhirova, S.P. Litvinov, U.Kh. Khamroev, M.N. Latipov

Institute of Astrophysics, Academy of Sciences of the Republic of Tajikistan
E-mail: umed-1982@mail.ru

The results of observations of fireballs, as well as data from astrometric and photometric
processing of the obtained material are presented in the paper. The processing included Both
sporadic and shower’s fireballs - Perseids, Aquarids, Geminids, etc. photographed in 2006-2011
and 2017-2018 were included into the reduction. As a result, atmospheric trajectories, radiant
coordinates, velocities, orbits, light curves, masses, and the structure of meteoroid matter were
determined. It was shown that the main contribution to the fireball activity belongs to shower’s
meteoroids.

PE3YJbTATBI HABJIIOJEHUM MOTEHIIUAJIBHO-AKTUBHOI'O ACTEPOHUJIA

3552 DON QUIXOTE B 2018 I'O1Y

ria Koxupoeal, O.B. Hsanosa*>, D.Joc. PaxMamleﬂaeeal,

AM. Eypueel, VX XaMpoee1

1I/IHCTI/ITyT actpo¢usuku Axagemun Hayk Pecnnyonuku Tamxukucran, Tamkukucran
AcTtpoHomuuecknii UHCTUTYT ClioBalKoOl akageMuu HayK, CloBakus

*I'naBHast actpoHoMuueckas ooceparopust HAH Ykpaunsl, Ykpanna

E-mail: firuzakhon.co@mail.ru

YroOBl Jy4llle MOHATHh paHHIO UCTOPHIO COTHEYHOHN CUCTEMBI, ¢ HAYYHOM TOUKH 3pEHHS BaXKHO
M3YYUTh KOMETHI U aKTUBHBIE aCTEPOU/IbI, KOTOPbIE, KaK IMOJararoT, ABJISIOTCS OCTaTKaMU MO0XHU
bopmMHpOBaHUS.

B oroif pabore MBI mpeacraBisieM pe3yibTaTbl (OTOMETPUUYECKUX HaOIIOAeHUM
NOTEHIMATLHO-aKTUBHOTO acTepouaa 3552 Don Quixote, mpoBenennbie Ha Teneckone Lleiicc-
1000 MexmyHapoaHO# acTpoHOMUYeCcKOi oOcepBaropun Canriox B niepuon 14, 23, 24 wtons
2018 r. Pe3ynbraThl 00paboTku HabroaeHui B punbTpax VRI, mokasan, 4ro konebanus Onecka
actepousia BapbupyioT OoT +14.4 mo +16.7 3B. BenwuwmHbl. [logoOHBIE W3MEHEHUs Orecka
MOKa3bIBAIOT, YTO ACTEPOUJ HAXOAMJICS B COCTOSIHUM BCIBIIIKH, T.€. Mbl 3a(QUKCHPOBAIHN €rO
AKTUBHOCTD.
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RESULTS OF OBSERVATIONS OF A POTENTIALLY ACTIVE ASTEROID 3552 DON
QUIXOTE IN 2018

G.1. Kokhirova® A.V. lvanova??®, F.Dzh. Rahmatullaeva®,A.M.Buriev* U.Kh. Khamroev*

1~ Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan

2 Astronomical Institute of Slovak Academy of Sciences;

$Main Astronomical Observatory of NAS of Ukraine

E-mail: firuzakhon.co@mail.ru

In order to have a better understanding of the early history of the solar system, it is scientifically
important to study comets and active asteroids, which are believed to be leftovers from the
formation epoch.

This paper presented the results of photometric observations of asteroid 3552 Don
Quixote conducted on the meter telescope International astronomical Observatory of Sanglokh
in the period from 14,23,24 July 2018. The results of processing observations in VRI filters
showed that the brightness of asteroid is changed +14.4 to +16.7 m. This indicates that the
asteroid has been active.

CIHHEKTPAJIBHBIE XAPAKTEPUCTUKHU XOHAPUTOB

IOCJIE TEIIVIOBOI'O M PAJIMAITMOHHOT' O BO3JIEMCTBUM

Kpyanukos HAY3 I POXOBCKULL B.U*, Ilemposa E.B. ' Myg¢maxemounosa P. 0.1
Janunenxo U.A. ! Hudghoumos PB!

1)Ypanbsckuii penepanpHblii yaHuBepcuteT uMenu nepsoro [Ipesuaenta Poccun

b.H. Enbuuna, r.ExarepunOypr, Poccusi, e-mail: gizrozka91@bk.ru

2)UuctutyT Qusuku metauioB umeHu M.H. Muxeesa Ypanbsckoro otnenenus PAH,
r.Exarepun0ypr, Poccus, e-mail: nick@imp.uran.ru

3)Ypanbsckuii rocy1apcTBEHHBIN 9KOHOMUYECKHI yHUBepcuteT, Exkatrepun0Oypr, Poccus

CoBpemennast kinaccudukamusi actepousioB baca-/I[eMeo ocHoBana Ha anHamuze (Gopmbl
CIEKTPOB OTPaXEHUS aCTEPOUJIOB, IOIY4aeMbIX METO/IaMU Ha3€MHOM aCTPOHOMUU B BUAMMOM U
ommwkaem WK numanasone. dakTuyecku TaKCOHOMHs OIpeNeNsieT TpaHMIbl KJIacTepoB B
IPOCTPAHCTBE NPHU3HAKOB Kilaccuukanuu. Takas TakcoHOMHs Oblla paccuMTaHa Ha
UCIMOJIb30BaHUE OPOMTAIBHBIX TEJIECKONOB, HO KOJUYECTBO HAOIIONATEIbHOTO BPEMEHH Ha
TaKUX TeJleckonax KpaifHe orpanudeHo. IlosToMmy, wamie Bcero, A HaOMOJAEHUM ¢
WCIIOJIb30BAHUEM HA3E€MHBIX TEJIECKONIOB HCIOJIB3YETCSl YyCOBEPIIEHCTBOBAHHASI TAKCOHOMMS
baca-buH3zens ans BUaAMMoro quana3zoHa, OCHOBaHHas Ha ucnonb3oBanuu [13C matpui.

IIo mepe HakoruieHHs HaOJMIOJATENbHOIO MaTepualla KiIacCU(pUKaIMs acTepoUOB
MOCTOSTHHO YCJIOKHSIETCSI, TOCKOJIBKY (hopMa CIIEKTPOB BEChbMa pa3HooOpa3zHa. M0kHO ObLIO ObI
IPEeUIOKUTh KJIacCU(UKaLMIO He 1Mo (opMe CIeKTpa, a 10 COCTaBy U CTENEHH MeTaMmopdu3ma.
To ecth knmaccudukanus moria Obl CTPOUTHCS Ha Ooyiee OOIIMX MpPUHIMMAX. TaKo MOIX0.
OTKPBIBAET BO3MOXKHOCTh YIPOIIEHUS TaKCOHOMMU. HO 17151 3TOro HeoOX0uM CyIIeCTBEHHBIN
00beM 11a00OpaTOPHBIX HCCIEIOBaHUM, MPOBOAMMBIX Ha 3emiie. VIMEHHO 3TO MBI HbITaeMCS
pean30BaTh Ha BEIIECTBE OOBIKHOBEHHBIX XOHAPUTOB, 00J1aIal0NINX HEINIOXOW OTpaskaTeIbHOU
CIIOCOOHOCTBIO B HEMETaMOP(PHU3UPOBAHHOM COCTOSIHMM. WX CHEKTphl OTpa)KeHHs] MOKHO
accoIlMMpoBaTh C acrepougamu S-tuma. Ha HacTosmiem sTame Mbl IBITaeMCsS HCIOJIb30BaTh
CHEKTPOCKOINHUI0O B BUAMMON 00JIaCTH, MOCKOJBKY, OOBEKTOB, [JIsi KOTOPBIX IPOBEICHBI
JTUCTAaHIIMOHHBbIE HAOMIOAEHUsT B O3TOM obmactu cymecTtBeHHo Oomnbine. Kpome Toro,
MPEJICTaBIISIET UHTEPEC CPABHEHUE CIIEKTPOB OTPAKEHMSI XOHAPUTOB CO CHEKTPAMU OTPaKEHUS
acrepouioB  R-THma, TOCKOJIbKY, HMMEHHO OTOT THUI  IPUHATO  CBS3bIBaTh  C
MeTaMopGU3UPOBAaHHBIM BEIIECTBOM IO COCTABY OJIM3KUM K XOHAPUTAM.

HccnenoBanue BBIMONHEHO TNMpH (puHAaHCOBOM mojaepxkke PODPU B pamkax HayqyHOTroO
npoekta No 18-38-00598, a Ttakke mpu momnepxkke MHUHHCTEpCTBA OOpa3OBaHHUS W HAYKH
Poccuiickoit  ®eneparun  (Ilpoextsr  5.4825.2017/6.7, 5.3451.2017/4.6), u B pamkax
roCyJIapCTBEHHOTO 3a1aHus (TemMa «JlaBinenue», Noe AAAA-A18-118020190104-3)
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PEI'YJIMPYEMBbBIN BHIBPOC BEIIIECTBA C TIOBEPXHOCTH JIYHbBI
10.J1. Meoseoes, M.C. Mueynosa
UITA PAH, r. Cankr-IletepOypr, Poccus

Hccnenyercs BO3MOXKHOCTB OCJIA0JICHHsI TIOTOKA COJHEYHOH pajualuy IBUIEBBIM 00JaKoM,
BbUICTAIOIMX ¢ MoBepXHOCTH JIyHbl. PaccMoTpeHbl [Ba BapHaHTa, YCJIOBHO Ha3BaHHBIE
«UCKYCCTBEHHAsi KOMETa» U «TOp». B mepBom BapuaHTe («MCKYCCTBEHHAsi KOMETa») BBIOpPOC
BellecTBa ¢ JIyHbI OCYILECTBIIAETCSI B HAlpaBICHUU Ha 3€MJII0 B MOMEHTBI HOBOJYHMM, Korna
Jlyna u ConHie uMelT ONM3KUE SKIMNTHYEeCKue HoaroTel. [lpeamonaraercs, uto B obiake B
OCHOBHOM OyJ1yT NBUIMHKM MUKPOHHOT'O ¥ CYyOMHUKPOHHOTO pa3Mepa.

Bropoii BapuaHT - «IbUIEBOM TOpP», B 3TOM Cllydae MPEAIONAracTcs, 4TO IMbUIEBBIC
YyacTUlbl OyIyT JBUTATHCS B IUIOCKOCTU SKJIMIITUKU, 00pa3ys MbLIEBON TOp € LEHTPOM B 3eMIIE.
Pasmepsl u paguycoMm OT LeHTpa 3eMIIM 10 LIEHTPa TOPOUAAIBHON TPYOKH paBHBIM PAAUYCY
JYHHOH OpOMUTBHI M pajuycoM TPYOKM paBHBIM paaumycy 3emid. B 3ToM ciydae momosHeHHe
OBUIBI0 HEOOXOIUMO OyayT NMpPOM3BOAWUTH B MOMEHTHI, Korja JlyHa mepecekaeT IUIOCKOCTh
SKJIMNTUKUA. B 3TOM BapuanTe HEOOXOIMMO OCYHIECTBIATH BbIOpoc ¢ JIyHbl Oosiee KpyHHBIX
OBUIMHOK — MHIJUIMMETPOBOTO M CYOMWJUTMMETPOBOTO pa3Mepa. Takwe MbUIeBbIE YaCTHIIBI
MEHbIIE TOJBEPKEHbl HErPAaBUTALIMOHHBIM BO3MYILEHHSM M JOJbIlE IBUraroTcs B TOpe. B
paboTe crenaHbl OLIEHKH BPEMEHH XKU3HH MBUTMHOK B TOPE M MYTH UX JaTbHEUIICH 3BOJIIOINH,
BBIUUCIICHBl TPAEKTOPUU IBUIEBBIX YAaCTUI[ B CIy4ae «HMCKYCCTBEHHOM KOMETBI», ONpeEIeIeHO
TpeOyeMoe KOJIMYECTBO BEIECTBA Ui OCIAa0JIEHMsI CBETa, MAaJalollero Ha 3emillo B 000OMX
BapHUaHTax.

REGULATED EJECT OF SUBSTANCE FROM THE LUNAR SURFACE
Yu.D. Medvedev, M.S. Migunova
IAA RAS, St. Petersburg, Russia

The possibility of weakening the solar radiation flux by a dust cloud emitted from the lunar
surface is investigated. Two variants are considered, conditionally called “artificial comet” and
“torus”. In the first variant (“artificial comet”), the substance is ejected from the Moon in the
direction to the Earth at the time of the new moon and close to it, when the Moon and Sun have
the same ecliptic longitude. It is assumed that there will be mainly dust particles of micron and
submicron size in the cloud.

The second option is the “dust torus”, in this case it is assumed that the dust particles moved
in the ecliptic plane with the center into the Earth. It is assumed with the radius from the center
of the Earth to the one of the torus tube be the radius of the lunar orbit and the radius of the tube
be the radius of the Earth. In this case, the replenishment of dust must be made in moments when
the Moon crosses the ecliptic plane. In this variant, it is necessary to eject larger particles of dust
from the Moon — millimeter and submillimeter in size. Such dust particles are less susceptible
to non-gravitational perturbations and longer moving in the torus.

We estimated the lifetime of dust particles in the torus and their dynamical evolution,
calculated the trajectories of dust particles in the case of an “artificial comet”, and determined
the required amount of matter to weak the light falling on Earth in both considered variants.
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ITPOBJIEMbBI YYETA METEOPOU/IHOI'O PUCKA B OKPECTHOCTAX 3EMJIN
A.K. Mypmasos

Ps3anckuii rocynapcrsensblil yausepcurer umenu C.A. Ecenuna, Pss3ans, Poccus

E-mail: a.murtazov@365.rsu.edu.ru

OaHMM W3 METOJOB HCCICAOBAHUS METCOPOHMIHOM OMACHOCTH SIBJIICTCA ONTHYCCKUH
MOHI/ITOpI/IHI‘ OITIACHBIX MGTGOPOI/II[OB METOAaMHU MeTeOpHOﬁ aCTPOHOMI/II/I, HOSBOJ’IHIOH.[I/Iﬁ
MOJIYYUTh YCPEIHEHHBIC JAHHBIC O COJACPKAHUH U PACIIPEICICHIH HX B METCOPHBIX ITOTOKAX.

[TpencraBieHbl pe3yabTaThl pacyeTa METEOPOUIHOTO PHCKA B OKOJIO3EMHOM MPOCTPAHCTBE
JUIsT HanOoJiee aKTHBHBIX MOTOKOB (KBaapanTumabl, 3Ta-AkBapuibl, [lepcennpl, ['eMuHmMIbI) 32
nocneanue 10 JieT.

OHM TMOKa3bIBAIOT, YTO KOJMYECTBO COYAAPEHUH OIACHBIX METCOPOHIOB C TelaMH B
OKOJIO3EMHOM IPOCTPAHCTBE HEBEIUKO, OJHAKO BEIWYMHA WHIUBUIYATHHOTO METECOPOHIHOTO
pHUCKa JOCTATOYHO OJM3Ka K 3HAUCHHUIO IMPEACIBLHOr0 JONMycTUMOro pucka. COOTBETCTBEHHO,
METEOPOUTHASI OTTACHOCTH B OKOJIO3EMHOM MPOCTPAHCTBE TPEOYET MOCTOSIHHOTO yUeTa.

OO6cyxmaercss BOIPOC O MPOBEIECHUU COBMECTHOTO ONTHYECKOTO MOHHTOPHHIA SPKUX
METEOpOB M BCObllIeK Ha JIyHe, pe3ynbTaThl KOTOPOrO IO3BOJAT YTOYHUTH I1APaMETPBI
pacrpe/ie/icHUsl OMAaCHBIX METECOPOMJIOB B OKOJIO3€MHOM IPOCTPAHCTBE, TOYHEE OLEHHUTh HMX
COI[ep)KaHI/Ie B IIOTOKAX U IMOBBICUTH 3HAYMMOCTDH pGSyHBTaTOB.

PROBLEMS OF METEOROID RISK MANAGEMENT IN NEAR-EARTH SPACE
A.K. Murtazov

Ryazan State University named for S. Yesenin, Ryazan, Russia

One of the meteoroid danger research methods is the optical monitoring of dangerous meteoroids
using the meteor astronomy methods, which makes it possible to obtain the data on their number
and distribution in meteor streams.

Herein, the results of calculating the meteor risk in the near-Earth space for the most active
streams (Quadrantids, eta-Aquariids, Geminids, Perseids) over the past ten years are presented.

They show that the number of collisions between dangerous meteoroids and bodies in the
near-Earth space is not big, but the individual meteoroid risk is close to the maximum allowable
risk. Consequently, the meteoroid danger in the near-Earth space requires permanent control.

The question of joint optical monitoring of bright meteors and impact flashes on the Moon,
which would make it possible to specify the parameters of dangerous meteoroid distribution in
the near-Earth space, to more precisely assess their number in the streams and raise the
significance of the results is under discussion now.

KPUBBIE NOHU3ALIUU U OPBUTHI 450 PAAMOMETEOPOB I10
HABJIIOJIEHUSAM C 4-5 ITIYHKTOB B I'ucAO (TAJZKUKUCTAH)
M. Hap3ues

Uuctutyt acrpopusuku AH PT, /lyman6e, Tagxukucran

E-mail: mirhusseyn_narzi@mail.ru

[TpuBoaATCS pe3ynbTaThl U3MEPEHUs PaJAMaHTOB, CKOPOCTEH, OpOMT M JaHHBIE aTMOC(HEPHBIX
TpaekTopuili 450 pagmomMeTeopoB, 3apETUCTPUPOBAHHBIX € 4-5 MPUEMHBIX CTAHIIMN B MEPUOJIBI
JCWCTBHS TJIABHBIX €XKETOAHBIX MeTeopHbIXx NmoTokoB C. & AxBapuabl, 10. & AxBapunisl, | —
AxBapupsl, o-Kanpukopuuast B 1979 r. B 'ucAO Uucturyra actpopusuku AH PT. Pacctosnue
MEXIy IByMs HanOoJiee yJaleHHBIMU CTAaHIMSAMHU COCTABIISIO 15 KM, YTO MPH 3€HUTHBIX yIiiax
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45° MO3BOJISLIO 3apEeTUCTPUPOBATH OTPE30K HMOHU3AIMOHHBIX KPUBBIX METEOPOB UIMHOW M0
7.5 kM.

BrisiBiieHsl 5 Tpynn cerMEHTOB MOHU3ALMOHHBIX KPUBBIX: @) CETMEHTOB, MPUHA IICKAIIINE
BOCXOJSIIUM BeTBAM -3%, 0) cerMeHThl BOCXOMSAIIMX BETBEH M 4acThb 0OJACTH MaKCHUMyMa
noHm3aImu -7%, B) CErMEHTHl 00JacTh MaKCHMyMa HOHM3AIMHM HAPSAY C BOCXOMISAIIUMHU U
HUCXOSIIMMHU ydacTkamu - 63.6%, r) cerMeHThl 00JIacTh MaKCUMyMa HMOHHM3AIUH Hapsy C
HUCXOIAIUMH y4dacTKamMu - 20% u J) CerMeHTHl, OTHOCSIIMECS TOJIbKO K HHUCXOJSALIUM
ydacTkam - 6.4%.

[TpousBenena knaccuukanus HOHU3AMOHHBIX KPUBBIX 1O (GOpMEe pactpeaeICHUs
JIMHEMHON »BJIEKTPOHHOW IUIOTHOCTH BIOJbL cliefa MeTeopoB, mnonydeHHbiX B ['ucAO. B
MPUIOKEHUU TPUBOISATCS: KaTajJor KPUBBIX MOHU3AIMU, BKIFOUAsl BHICOTHI Hayajia, MaKCUMyMa
M KOHLA cJela, BeNWYMHA JIMHEWHOM JIIEKTPOHHOM IUIOTHOCTH Ha BBICOTE MaKCHMyMa
MOHM3AINH, Macca METEOPOUIa HAPSAY C paAMaHTaMU, CKOPOCTSIMU M 3JIEMEHTaMU OPOUTHI.

POINTS IN HisAO (TAJIKISTAN)

M. Narziev

Institute of Astrophysics, Academy of Sciences of the Republic of Tajikistan,
Dushanbe, Tajikistan

E-mail: mirhusseyn_narzi@mail.ru

The results of measurements of radiants, velocities, orbits, and atmospheric trajectories of 450
radio meteors recorded from 4-5 receiving stations during the periods action of the main annual
meteor showers: N. & Aquarids, S. 8 Aquarids, i - Aquarids, a-Capricornids in 1979 in HisAO
Institute of Astrophysics of the Academy of Sciences of the RT, are presented. The distance
between the two most distant stations was 15 km, which at zenith angles of 45 ° made it possible
to recorded a segment of ionization curves of meteors up to 7.5 km long.

Five groups of segments of ionization curves were identified: a) segments belonging to
ascending branches — 3%, b) segment of ascending branches and part of the region of maximum
ionization — 7%, c) region of maximum ionization along with ascending and descending
sections — 63.6%, d) region the ionization maximum along with the descending sections is 20%;
and e) the segments relating only to the descending sections are 6.4%.

The ionization curves were classified by the shape of distribution the linear electron
density along the trail of meteors obtained in the HisAO. In the appendix: a catalog of ionization
curves, including the heights of the beginning, maximum, and end of the trail, the linear electron
density at the height of the maximum ionization, the mass of the meteoroid along with the
radiants, velocities, and orbit elements, are presented.

KATAJIOT PAIMAHTOB, CKOPOCTEM, OPBUT U ATMOC®EPHBIX
TPAEKTOPUI PAJMOMETEOPOB, HABJIIOJJEHHBIX B TATJKUKUCTAHE
M. Hapsues, Hebomapes P. H.‘

Wuctutyt acrpopuszuku AH Tamkukucran, Jyman6e, TamkukucTas,

E-mail: mirhusseyn_narzi@mail.ru

OnyOnvMKOBaHHBIE paHEe KaTaJOTH paJMOMETEOPOB IO pe3yabTaTaM paJruOJIOKAIIMOHHBIX
nabmonenuit B lapsapae (CIIA), OtraBe (Kananme), XapokoBe (Ykpaune), B OOHUHCKE
(Poccust)  T.1., OCHOBaHBI, HA UMITYJIHCHO-TU(PAKIIMOHHOM METOJIE M3MEPEHHs PATHAHTOB U
CKOPOCTeH WHAMBUAYAIbHBIX MeTeopoB. OJHAKO HUMMIYIbCHO-TU(PPAKIIMOHHBI  METO.
npuUMeHUM i1 o0paboTku 15-25% mMereopoB, YTO MPUBOIUT K MOTEpE LIEHHOW MH(pOpManuu
0O0JIBIIOr0 KOJHMYECTBa HAONIOJAaTeNIbHOrO MaTepuasna. KpoMe TOro morpemHocTb M3MepeHus
KOOPJWHAT PaJUaHTOB C POCTOM 3€HUTHOTO pAacCTOSIHUA paauanTa a0 60°-70° yBenuuuBaercs B
2-3 pa3a, a IpH JaJIbHEHIIIEM poCTe pacTeT elle ObICTpee, TaK YTO U3MEPEHHUS] TEPAIOT CMBICI.
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IleneHraniMOHHO-BPEMEHHOM PaAMOMETO/] U3MEPEHUS PAJUAHTOB U CKOPOCTEH METEOpPOB,
pa3pabOTaHHBIM W MPUMEHSIEMBIN BHepBbie HaMu B MHcTUTYyTE acTpodu3mku AKaJaeMHH HAayK
PecnyOnuku TamkukucTad, Kak IO TOYHOCTH M3MEPEHHsS, TaK WU 10 YYyBCTBHTEIBHOCTH
MPEBOCXOJUT HUMIYJIbCHO-IUGPAKIUMOHHBI  MeTon. [lpuueM morpemHocTs U3MepeHus
36HUTHOT'O PACCTOSIHUSI paIMaHTa HE 3aBUCUT OT €r0 IOJI0XKEHHUS.

B karanore, Hapsiny ¢ paJuaHTamMH, CKOPOCTSMU M 3JIEMEHTaMH OpOWT, BIIEpBbIE MPUBO-
JATCSl JIaHHBIE O BBICOTE, BEIMYMHE JIMHEWHOH 3JEKTPOHHOM IJIOTHOCTH, PAJUOBEINYUHE U
Macce Kaxaoro u3 8916 pamnomMeTreopoB, 3aperdCTPUPOBAHHBIX ¢ Aekadps 1968 mo nmexkabpb
1969 r.

CATALOGUE OF RADIANTS, VELOCITIES, ORBITS AND ATMOSPHERIC
TRAJECTORIES OF RADIO METEORS OBSERVED IN TAJIKISTAN

M. Narziev, R. P. Chebotarey|

Institute of Astrophysics of the Academy of Sciences of Tajikistan

E-mail: mirhusseyn_narzi@mail.ru

The previously published catalogs of radio meteors based on the results of radar observations in
Harvard (USA), Ottawa (Canada), Kharkov (Ukraine), Obninsk (Russia), etc., are based on the
pulse-diffraction method of measuring radians and velocities of individual meteors. However,
the pulse-diffraction method is applicable for processing 15-25% of meteors, which leads to the
loss of valuable information of a large amount of observational material. In addition, the error in
measuring the coordinates of the radiant with an increase in the zenith distance of the radiant to
60 ° -70 ° increases by 2-3 times, and with further growth it grows even faster, so the
measurements lose their meaning.

The direction finding-time radio method for measuring radians and meteor velocities,
developed and used for the first time by us at the Institute of Astrophysics of the Academy of
Sciences of the Republic of Tajikistan, surpasses the pulse-diffraction method in both
measurement accuracy and sensitivity. Moreover, the error in measuring the zenith distance of
the radiant does not depend on its position.

In the catalog, along with radiants, velocities, and orbital elements, data for the first time
on height, linear electron density, stellar magnitudes and mass of each of 8916 radio meteors
recorded from December 1968 to December 1969 are presented.

PAJIMOMETEOPHBIE JAHHBIE THCCAPCKOM OBCEPBATOPHUU B BA3E
JAHHBIX OMJI MAC

M. Hap3ueel, , lP 11. Yebomapes L T.U. Honex? JI. HeCJzymaH3, B. Hopy6uaH3, . C60p€Hb3,
X.®. Xyoocanaszapos', P.III. Bubapcos’, III.H. Hpraesa®, I1I.O. Heamymounos™

B.M. Koamaxog*

1I/IHCTI/ITYT actpodusuku AH PT; 2I/IHCTI/ITyT aACTPOHOMMYECKOI 00cepBaTOpr, Y HUBEPCUTET
Anama MunkeBnya; 3ACTp0H0MI/IquKHI71 MHCTUTYT, CIOBAIKOMN aKaJIeMUU HayK

E-mails: mirhusseyn_narzi@mail.ru; jopek@amu.edu.pl; ne@ta3.sk; porubcan@fmph.uniba.sk;
svoren@astro.sk; habibjon_2012@mail.ru

B pabore oObsBasiercs 00 oOHOBiIeHMH O0a3bl MeTeopHBIX naHHBIX MAC c mobaBieHueM
BbIOOpKHU U3 8916 pagroMeTeOpHBIX JaHHBIX, HAOMIOJCHHBIX ¢ 4 MyHKTOB Ha koMIuiekca MIP-2
(METeOpHBIN HMITYILCHBIM pajap BTOPOTO TOKOJIGHHWs])) B ['HMccapckod acTpOHOMHUYECKOM
obcepBaropun, Jlyman6e, Tamkukucran ¢ gexadbps 1968 mo nexadbpp 1969 rr. B oriauuwne ot
paHee onyOJIMKOBAaHHBIX KaTaJIOrOB paJMOMETEOPOB U MPUHATHIX CTAaHAAPTOB PaHO METEOPHBIX
nanHbix B MAC, 'nccapckue paguoMeTeopHble 00pasiibl, Hapsay ¢ KOOpAWHATAMU PaJHaHTOB,
CKOPOCTSIMH M 3JIEMEHTaMU OpOUT, COJEp’KaT JaHHbIE O BBICOTAX, JIMHEHHBIX 3JIEKTPOHHBIX
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TUTIOTHOCTSIX, 3BE3/IHBIX BEJIMUMHAX M Maccax MeTeopouoB. [IpeacraBneHsl pe3yapTaThl aHAIH3a
JIBYMEPHOTO DPACTpeeiCHUsI METEOPOB 10 SKBATOPUAIBHBIM W AKIUNTUYECKUM KOOpIWHATAM
paZinaHTOB, PACIPECIICHUS IO CKOPOCTSIM U JIaHHBIE aTMOC(EPHON TPACKTOPUU METEOPOUIOB.
O6HnomneHHass Bepcusi 0a3bl ganHbix MAC IIMJI B 2018 romy conepxur 4873
¢dororpadpuuecknx, 110521 Bumeo u 8916 pammo mereopnsix 3ammceil. OOHOBIeHHas Oa3a
IaHHBIX  HaXOIUTCS B CBOOOJHOM  jocTynme Ha  BeO-caiiTe mo  azapecy
https://www.astro.sk/~ne/IAUMDC/PhVR2018/.

RADIO-METEOR DATA FROM THE HISSAR OBSERVATORY IN THE IAU MDC
DATABASE

M. Narzievl, R. P. Chebotarev{l, T. J Jopekz, L. Neslusan®, V. Porub'can®, J. Svorevn?’,
H.F Khujanazarov’, R.Sh. Bibarsov', Sh.N. Irkaeva®, Sh.O. Isamutdinov® V.M. Kolmacov*
YInstitute of Astrophysics of Academy of sciences of Tajikistan; 2Astronomical Observatory
Institute, Adam Mickiewicz University; *Astronomical Institute, Slovak Academy of Sciences
E-mails: mirhusseyn _narzi@mail.ru; jopek@amu.edu.pl; ne@ta3.sk; porubcan@fmph.uniba.sk;
svoren@astro.sk; habibjon_2012@mail.ru

The work announces the update of the IAU meteor database with the addition of a sample of
8916 radio meteor data observed (received) from 4 points at the MIR-2 complex (second-
generation meteor impulse radar) in the Hissar Astronomical Observatory, Dushanbe, Tajikistan
from December 1968 to December 1969 years. In contrast to the previously published catalogs
of radio meteors and accepted standards for radio meteor data in the IAU, the Hissar radio
meteor samples, along with the coordinates of the radiants, velocities and elements of the orbits,
contain data on heights, linear electron densities, magnitudes and masses of meteoroids. The
results of the analysis of the two-dimensional distribution of meteors to the equatorial and
ecliptic coordinates of the radiant, velocity distributions, and data on the atmospheric trajectory
of meteoroids are presented.

The updated version of the database of the IAU MDC in 2018 contains 4873 photographic,
110521 videos and 8916 radio meteor records. The updated database is freely available on the
website at https://www.astro.sk/~ne/IAUMDC/PhVR2018/.

PA3ZBUTUE KOMIIJVIEKCA YIIPABJIEHUS TEJECKOIIOM ZEISS-1000
C.B. Kproukos, U.B. Hukonenxo
MHACAH

[IpencraBieHo omucaHue HOBOM CHCTeMBl ympaBieHus Tteneckonom ZEISS-1000 Ha
Cumensckoit oocepBatopuu MTHACAH u nepcniekTuBbI ee pa3BUTHSL.

DEVELOPMENT OF THE ZEISS-1000 TELESCOPE CONTROL COMPLEX
S.V. Kryuchkov, I.V. Nikolenko
INASAN

The description of the new control system for the ZEISS-1000 telescope at the INASAN Simeiz
Observatory and its development prospects are presented.
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BA3BUCHBIE HABJIIOJAEHUSA METEOPOB HA MMT-9

Opexosa H.B. ! Beckun I'M.*® buprokos AB3, \Eom)apb C.D. lL Heanos E.A.Y,
Kapnos C.B.3, Kamxoesa E.B. 1, Ilepkos A.B. 1, Caciox B.B.>®

'AO HIIK «CIII» «COH «Apxsi3», “CAO PAH, *®I'AOY BO KOV,
*CEICO Institute of Physics, 000 «Ilapaiakcy

E-mail: meteors@mmt9.ru

[IInpoKOyroNbHBI MHOIOKaHAJIbHBIM TEJIECKOIl BBICOKOIO BPEMEHHOIO paspemieHus MuHu-
MeraTOPTOPA (MMT-9) npoBoauT MOHUTOPUHT ceBepHOro Heba ¢ 2014 roma. 3a 3T0 Bpems
Kaxaas obnacte miomansio 900 KB. TpagycoB HaOM0Ianach OT HECKOJIBKUX JCCATKOB JIO
TBICSIUM pa3. bBbUIM 3aperucTpupoBaHbl TPAH3UEHTHBIE COOBITHS Pa3IMYHOM HPHUPOABI U
JUIMTEIIBHOCTA - HA4MHAs C 3JIEMEHTOB KOCMHYECKOTO Mycopa M KOHYas ONTHYECKUMHU
KOMIIaHbOHAMHU TaMMa-BCILIECKOB.

B wactHOCTH, 0a3a JaHHBIX METEOPOB COACPKHUT Ha KoHer aBrycta 2019 6Gonee 250
Thics'd  coObiTuii. B 2018 romy OBUI BBEJAGH B OKCIUTyaTalldI0 MOJCPHU3UPOBAHHBIN
mupokoyroiabHbiil Teneckonn FAVOR ¢ monem 3penust 400 kB. rpagycoB U MPOBEIEH ITUKI
Oa3ucHbIXx HabmoneHut cuHxpoHHO ¢ MMT (paccrosiHue Mexay HHCTpyMEHTaMu 3.8 KM).
basucHble HaOMI0IEHNS TO3BOJIMIM IEPEUTH B IPOCTPAHCTBO OPOUT U UCCIIEIOBATh METEOPHbBIE
pou. beuio 3apeructpupoBaHo okono 100 MeTEOpHBIX TpPEeKOB C OieckoM 10 7 3BE3qHOU
BEJIMYUHBI.

Jns pacdyera u aHanmu3a TPaeKTOpUN OOHAPYKEHHBIX METEOpOB OBbLIO CO3/aHO
CHelralIn3upoBaHHOE MIPOrpaMMHOE obecrieueHue. B nokiane npuBoaaTcs pe3ysibTaThl aHATU3a
3TUX METEOPOB.

DOUBLE-STATION OBSERVATIONS OF METEORS USING MMT-9 INSTRUMENT
Orekhova N.V.%, Beskin G.M.>*, Biryukov A.V.?, , lvanov E.A.%,

Karpov S.V.%, Katkova E.V.}, Perkov A.V.}, Sasyuk V.V.*

1JS RPC PSI, O0S «Arkhyz», ’SAO RAS, *Kazan University,

*CEICO Institute of Physics, S (Parallax» Enterprise

E-mail: meteors@mmt9.ru

The wide-field high temporal resolution multichannel telescope Mini-MegaTORTORA
(MMT-9) performs monitoring of Northern sky since 2014. Over the lapse of the years passed
every 900 square-degree area has been repeatedly observed from tens to thousand times. Many
transient events of various origin and duration were detected, ranging from space debris flash
sightings to observations of gamma burst optical companions.

In particular, as of the end of August, 2019, the detected meteor database contains over 250
thousands of events. In 2018, the modified wide-field telescope FAVOR with 400 square-degree
field of view has been put into operation, and series of double-station observations in
synchronization with the observations using MMT-9 were performed (the distance between the
two instruments is 3.8 km.) Those double-station observations have allowed us to find the spatial
location and movement of the meteoroids of the detected meteors and consider their orbits, thus
enabling us to study meteor streams. We detected about 100 meteor tracks with visible
magnitudes down to 7.

A special software was created to calculate and analyze trajectories of the detected
meteors. The report contains the summary of our analysis we performed on those meteors.
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O MEK3BE3/IHBIX METEOPAX C MAJIBIMU CKOPOCTSAMU
llepos H.U., Ilaxombiuesa B.D.

I'AVK 510 «lentp umenu B.B. Tepeuikosoii», Apocnasib, Poccus
ATTLY um. KA. Ymmuckoro, SApocnasib, Poccus

E-mail: perov@yarplaytna.ru

B pamkax HeOeCHOMEXaHMYECKOW MOENH, YYUTHIBAIOIIEH rpaBUTannoHHOE BiusHue ColHIa,
cBeToBoe JaBieHue u 3¢¢ext IlolinTuHra - PoGeprcoHa, ompenenum yciioBUs, NPU KOTOPIX
METEOp TaJlaKTUYeCKOH MpUPOABI IepecedeT OopOuTy 3eMiM €O CKOPOCTBIO, IPEBBIIIAIOIIEH
reJIMOLEHTPUYECKYIO TapaboIudecKy0 CKOPOCTh, MM CO CKOPOCTBIO, OJIM3KOM K HYJIEBOM.

[IpencraBuM ypaBHEHUE IBUKEHUS YaCTULBI B BUJIE

d2r/dt?=-GM'r/r®-2b'vcos(u)e,/r>-b'vsin(u)edr? .

31ech, V — CKOPOCTh paccMaTpUBAEMOM YacTHULbI, U — Yroi MEXIy BEKTOPOM CKOpPOCTH V U
TeJINOLCHTPUYECKUM PaJUyCOM-BEKTOPOM IOJIOKEHUS YaCTULBI I, € U € — EAMHUYHBIE BEKTOPBI
paHaNbHON ¥ TAHTEHIHMANBHON KOMIIOHEHT BEKTOpAa yCKOpeHHs dactuisl, b'=nRqrse?/(Mc?),
M'=Ms - nRquSEZ/ (GMc), G — rpaBuTaiiMoHHas MOCTOSIHHAS, C — CKOPOCTh CBeTa, R — paaunyc
YacTHUIlbl, (| — COJHE4Has moctosinHas, M' — pemynupoBanHas macca Comnnia, Ms — macca
Comnna, M — mMacca yacTuisl, r'sg —paccrosituue 3emuss — CouHIle.

JInst IpAMOJIMHEMHBIX TPAcKTOPUM METEOPOMIOB, IIOJYYEHO BBIPAXKEHUE [UIS X
cKopocTel, BOIM3M OpOMTHI 3eMilM, BbIpaKEHHBIX depe3 (yHkuuu JlamOepra, 3aBHCALINX, B
CBOIO O4Yepellb, OT HA4YAJIbHBIX YCIOBHM, IUIOTHOCTEN M paanycoB dactul. [loguepkuBaercs,
YTO MOMCK TaJIaKTUYECKUX METEOpPOB, TOJbKO Ha OCHOBAHMM BBICOKMX CKOpPOCTEH YacTHIl, HE
MO3BOJIIET YCTAHOBUTH  BO3MOXHOE MEK3BE3HOE IPOUCXOXKIECHUE METEOPHBIX YacTHUIl C
HU3KMMH CKOPOCTSIMHU.

ON INTERSTELLAR METEORS WITH LOW VELOCITIES

N. I. Perov, V. E. Pakhomycheva

State Autonomous Organization of Culture and Education named after VV.V. Tereshkova,
Yaroslavl, Russia;

Yaroslavl’s State Pedagogical University named after K.D. Ushinskii, Yaroslavl, Russia
E-mail: perov@yarplaneta.ru

Taking into account the gravity of the Sun, light pressure and effect of Pointing-Robertson the
conditions for which galactically meteors with initial velocities greater than dozens kilometers
per second cross the Earth’s orbit with zero velocity are stated. So, interstellar meteors near the
Earth may have as negligible low velocities as well high velocities.

HEJABHO OBPA3OBABIHINECS YIAPHBIE KPATEPBI U KJIACTEPBI HA MAPCE
E. ITooobnas®, O. Ionosa®, W. K. Hartmann?, S. Breton®, C. Quantins, l. Daubar“,ﬂ. Tazaues®
1 Uucturyt Aunamuxu I'eochep PAH, Mocksa, Poccust

2 Planetary Science Institute, Tucson, USA

3 University of Lyon, Lyon, France

4 Jet Propulsion Lab, Pasadena, USA

E-mail: epodobnaya@gmail.com

3a mocnenHue roabpl Ha Mapce ObuUlo OOHapykeHO okoino 700 CBEXMX  MECT MajaeHUs
METEOPOUIOB, TPHUBEAIMNX K OOpPa30BaHUIO OJMHOYHBIX KpPAaTEPOB W KpaTEPHBIX TOJICH, C
pa3mepamu kpatepoB oT 1 10 50 m. brnaromaps 6onee paspexxeHHOM (IO CpaBHEHHUIO ¢ 3eMIIeil)
atMocdepe Mapca, nmajgarimne METEOpOuIsl MEHBIIE pa3pymarTcsa. TeMm He MeHee, okoio 50%
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METEOpOHI0B (pparMeHTHpYIOT B MapcuaHckoil atmochepe U 00pa3yioT KpaTepHbIe MOJS.
CpaBHeHHE C 3eMHBIMU OOJHMJIaMU TO3BOJSET MPEANONOXUTb, 4To B 40-50% cmydyaeB
AHAJIOTMYHBIC OOBEKTHl MpHBENIM OBl K OOpa3oBaHHWIO KpaTepHBIX Tmoyied Ha Mapce.
[IpenBapuTenbHblil aHaIM3 KpaTepHBIX TIOJEH MOKa3bIBaeT, YTO (parMeHTanus MOKET
MPOUCXOJUTh IO Pa3jMYHBIM CIieHapusM. Macca HauOoblIero ¢parMeHTa MOXKET OBITh
MOIXOJAIIeH XapaKTepUCTHKOW g ux onucanus. MccrnemoBanue kpatepoB Ha Mapce
MO3BOJISIET M3Yy4aTh JETaau (parMeHTAIlMH, KOTOPbIe HE MOTYT ObITb OOHapYXEHBI B 3€MHBIX
YCIOBUSIX.

FRESH IMPACT CRATERS AND CLUSTERS ON MARS

E. Podobnaya®, O. Popova®, W. K. Hartmann?, S. Breton®, C. Quantin®, I. Daubar?,
D. Glazachev*

1 Institute for Dynamics of Geospheres RAS, Moscow, Russia

2 Planetary Science Institute, Tucson, USA

3 University of Lyon, Lyon, France

4 Jet Propulsion Lab, Pasadena, USA

E-mail: epodobnaya@gmail.com

In recent years, about 700 fresh meteoroid impact sites have been discovered on Mars, leading to
the formation of single craters and crater fields, with crater sizes from 1 to 50 m. Due to the more
rarefied (compared to Earth) Mars atmosphere, falling meteoroids are less destroyed. However,
about 50% of meteoroids are fragmented in the Martian atmosphere and form crater fields.
Comparison with terrestrial fireballs suggests that in 40-50% of cases, similar objects would lead
to the formation of crater fields on Mars. A preliminary analysis of the crater fields shows that
fragmentation can occur in different scenarios. The mass of the largest fragment may be a
suitable characteristic for their description. The study of craters on Mars allows us to study the
fragmentation details that cannot be detected in terrestrial conditions.

OIIBIT PA3ZBEPTBIBAHUSI METEOPHOM CETH HA IOT'E POCCUHA
Il A. Poiukos®, C. A. Kopomkuﬁz, Jlenuc Budd®

'000 «I"aznpom Tpancras Kpacuogap»,

206c¢epsaropus Ka-Ilap, *University of Western Ontario,

E-mail: *dmitr.rychkov@gmail.com, Zastro.stas@gmail.com, 3dvida@uwo.ca

WMHnnpaTUBHON IpymnIoi tro0uTeneil acTpOHOMUM pa3BEPHYTa METEOPHAsi CETh HAa TEPPUTOPUHU
IOxnoro u Cesepo-KaBkasckoro @enepanbubix oOkpyroB. IlepBas kamepa cetu Oblia
ycTaHoOBJIeHa B I'. AHana B HosiOpe 2018r., Ga3ucHble HabmoAeHus HayaTsl B anpene 2019r. [lo
coctosiHUIO Ha aBrycT 2019r. mocTossHHO paboTaroT 4 METEOpHbIE CTAaHLWU Ha TEPPUTOPUU
Kpacnonapckoro kpas (r. AHnama, cT. A3zoBckasi) u KapawaeBo-Uepkecckoit PecnyGnuku
(. Huxuanit Apxei3 - o0cepBaropust Ka-/lap, n. Opken-1llaxap), Bcero B pabote AeBATh Kamep.
Benyrcs 6asucHble HaONIOJACHMS, PACCTOSHUS MEXIY COCEIHUMH ITYHKTaMHM HaOIIOJeHUN
COCTaBJISIIOT OKOJIO cTa KHUJIOMETpoB. Kamepbl HOBOW KOHCTPYKIMHU TO3BOJISIOT MOJIYy4aTh
npoHunanue 10 6,5M no 3Bé€3maMm u 10 4,8M no mereopaM Ipu nosie 3peHus 53°x32°. s
00paboTKK HAOIIOCHHI HUCIONB3YIOTCS HEOPOrHe OJHOIUIATHBIE KOMIbIOTEphl Raspberry Pi.
[Iporpammuoe obecneuenue, paspaboranHoe J[lenncom Buna (yHuBepcuter 3amagHoro
Onrapuo, Kanana) BBINOMHSET MOJHOCTHIO aBTOMATUYECKYIO pabOTy METEOpHOM CTaHIMU —
3aI1Ch, JETEKIUI0 METEOPOB, aBTOMATHUYECKYIO aCTPOMETPHUIO U (HOTOMETPHIO OOHAPYKEHHBIX
SBJIEHUH, OTCBIJIKY JAHHBIX Ha LIEHTPaJIbHBIN cepBep.

3a maTh MecsueB paboTel cetu noiydeHo 6osee 3000 opOUT METEOpOB, U3 HUX OKOJIO
1500 mo mereopHomy moToky Ilepcenasl. OpOuTh, BBIpAaOOTaHHBIE KaMepaMU CETH, OBLIH
MCIIOJIb30BaHbl B LENAX MOATBEpXKIEHUs MeTeopHoro mnoroka JEO#459 m ortoxaecTBieHus c

35


mailto:epodobnaya@gmail.com
mailto:dmitr.rychkov@gmail.com
mailto:astro.stas@gmail.com
mailto:3dvida@uwo.ca

poautensckumu Tenamu. Kamepoii cetu B r. Anama 30 sHBaps 2019 Obun 3apeructpupoBaH
KPYIHBIA 00JIHI, IBIICHUE TTOTYYIIIO ITHUPOKYIo orytacky B CMU.

[Ipemiaraercss MCHONB30BAaTh JaHHBIC BBIPAOOTAHHBIE CETHIO JUISI HAYYHO 3HAYMMBIX
HUCCIIENOBAHUMN.

EXPERIENCE OF DEPLOYMENT OF A METEOR NETWORK IN THE SOUTH
OF RUSSIA

D.A. Rychkov!, S. A. Korotky?, Denis Vida®

'Gazprom Transgaz Krasnodar LLC, Ka-Dar Observatory, *University of Western Ontario,
E-mail: *dmitr.rychkov@gmail.com, 2astro.stas@gmail.com,*dvida@uwo.ca

An initiative group of amateur astronomers has deployed a meteor network at the territory of the
South and North Caucasus Federal Districts. The first network camera was installed in Anapa in
November 2018, pair observations began in April 2019. As of August 2019 4 meteor stations are
constantly operating in the Krasnodar Region (Anapa, Azovskaya stanitsa) and the Karachay-
Cherkess Republic (Nizhny Arkhyz, Ka-Dar Observatory, Erken-Shakhar), there are nine
cameras in total. Pair observations are being carried out, the distances between neighboring
observation points are about one hundred kilometers. Newly designed cameras provides limited
magnitude of up to 6.5m for stars and up to 4.8m for meteors with a field of view of 53° x32°.
For processing observations, inexpensive single-board Raspberry Pi computers are used. The
software developed by Denis Vida (University of Western Ontario, Canada) performs fully
automatic operation of a meteor station — recording, detecting meteors, automatic astrometry
and photometry of detected frames, sending data to a central server.

Over the five months of the network’s operation, more than 3,000 meteor orbits were
calculated, of which about 1,500 from the Perseid meteor shower. The orbits generated by the
network cameras were used to confirm the JEO#459 meteor shower and identify with the parent
bodies. On January 30, 2019, a large bolide was registered with the camera in Anapa, the
phenomenon was widely publicized in the media.

It is proposed to use the data generated by the network for scientifically significant
research.

IBOJIIOOUA DPOTOMETPUYECKUX ITAPAMETPOB KOMETHI
7P/IIOHC-BUHHEKE U COJTHEUYUHAS AKTUBHOCTbD

AT Caqbapoel, JI.K. Ai0606*

1Taz[>KHKCKI/I171 HAI[MOHAJBHBIA YHUBEPCUTET, TaIKUKHUCTaH, T. Jlymanoe
ZI/IHCTI/ITyT actpodusuku AH Pecniyonuku Tamxukucran, 1. lyman0e
E-mail: aj_safarov@mail.ru

OBOJIIOLIMOHHBIE TIPOLIECCHl B KOMETax OINpeneisercs, IJaBHbIM 00pa3oM XHMHUYECKUM
COCTaBOM, CTPYKTYpPOH M CBOMCTBAMH HX SAEP, U NPUTOKOM COJHEYHOM HSHEPIHM Ha SApPO
koMeThl. KoMeTHOE sSp0 B OCHOBHOM COCTOMUT M3 BOJASIHOIO JIbJja M TYrOIUIABKMX BEILECTB.
Onno w3 Haubosiee BEPOSTHOIO TAKOTO BapuaHTa ABOJIIOIUM SApa CUYUTAETCS M3IIydYEHUE
Counnna. ITockonbKy B OCHOBHOM HaOJIOJ€HHE KOMET MPOUCXOAUT M3 MOBEPXHOCTU 3eMJIH TO
camMoO SIpO KOMEThl HaONIoAaTh O4YEHb TPYAHO. 3eMHOW HaOMIOJaTeNlb BCErja OIpenesseT
doromerpuueckuii pazmep siapa. [losromy sBomtonus (HOTOMETPUUYECKUX IapaMeTpoB SIpo
KOMETBl 10 cux Top sBisiercs aktyanbHoud. Komera 7P/Ilonc-BunHeke sBisiercs
KOPOTKOIIEpHOInYecKoil komeTbl cemeiictBa lOmurepa.llepmon oOpaiieHne KOMEThI BOKPYT
Connue B cpenneM cocrasisier 6,7 ner. C Bpems oTkpbitusi komera 7P/Ilonc-Bunneke no
HacTosIero BpeMs HabOmogancs 24 pa3. @oToMeTpudecKuil mapaMeTp KOMETbl C MOMEHTa
OTKPBITHS 10 TIOCTIEIHEr0 HAOIIOACHUS JIEKUT B Tiepesieniax oT 3 10 ~9,a abcomnoTHas 3Be3/1Has
BenmuurHa coctapnger~8" no 15". Ha ocHOBe HaOMIOATENbHBIX JaHHBIX, U3y4€Ha M3MEHECHHE
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HEKOTOPBIX MapamMeTpoB OpOUT OT BpeMEHH, (POTOMETPUYECKUX IapaMeTpoB M aOCOIIOTHas
3B€3qHAas BenWumHA. llocTpoeHa rpadUKM HM3MEHEHHE JJIEMEHTOB OpOWT OT BpPEMEHH,
doromeTpuyeckuii mapaMeTp U aOCOTIOTHAS 3BE3/AHAS BEIMYMHA OT yrcia Bonbda n BeruucieHa
KO3 PUITMEHT KOPPEAUUA KOMETHI.

THE EVOLUTION OF THE PHOTOMETRIC PARAMETERS OF COMET
7P/PONS-WINNEKE AND SOLAR ACTIVITY

A.G. Safarov, D.K. Ayubov*

Tajik National University, Dushanbe, Tajikistan

*Institute of Astrophysics, Academy of Sciences of the Republic of Tajikistan, Dushanbe
E-mail: aj_safarov@mail.ru

The evolutionary processes in comets are determined mainly by the chemical composition,
structure and properties of their nuclei and the influx of solar energy into the comet's nucleus.
The cometary nucleus consists mainly of water ice and refractory substances. One of the most
likely such variants of the evolution of the nucleus is considered to be radiation from the Sun.
Since basically the observation of comets comes from the surface of the Earth, the nucleus of the
comet itself is very difficult to observe. The Earth observer always determines the photometric
size of the nuclei. Therefore, the evolution of the photometric parameters of the cometary
nucleus is still relevant. Comet 7P/Pons-Winnecke is a short-period comet of the Jupiter family.
The period of revolution of a comet around the Sun averages 6.7 years. Since the discovery of
Comet 7P/Pons-Winnecke, it has been observed 24 times to date. The photometric parameter of
the comet from the moment of discovery to the last observation lies in the range from 3 to 9, and
the absolute magnitude is 8™ to 15™. Based on observational data, the change in some parameters
of the orbits with time, photometric parameters, and absolute magnitude were studied. The
graphs of the change in the elements of the orbits with time, the photometric parameter and the
absolute magnitude of the Wolf number were plotted, and the comet correlation coefficient was
calculated.

MEXAHHW3MbI OBPA30BAHUA AHOMAJIBHOI'O XBOCTA KOMET
AT Caqbapoel, X.U. H6adunos®

' TauKHKCKHH HAMOHAHHBIN yHUBEpCcUTeT, T. Jlymanoe

ZI/IHCTI/ITyT actpodpusuku AH PecniyOnuku Tamxukucran, r. Jyman6e

E-mail: aj_safarov@mail.ru

PaccmaTpuBaroTcs ycinoBUS M 3aKOHOMEPHOCTH OOpa30BaHMsI aHOMAJbHOTO XBOCTa KOMET.
BrisicHeHa OCTOBEPHOCTh aHOMAJIBLHOTO XBOCTa. COCTaBJIEH KaTaJoOr KOMET C aHOMAaJbHBIM
xBocToM. Katanor Bkiouaer 80 komer, u3 HUX 47 KOMET ABMXKYTCs BOKpyr CoOJIHIIA MOYTH MO
napaboauyeckuM opOutaM, 31 KomeTa SBISIIOTCS MEPUOJUYECKHUMH M 2 KOMETBHI CUHUTAIOTCS
ucue3HyBmuM. COOTHOIIIEHHE KOMET C PACCTOSIHHSIMH mepurenus opoutsl q < 1 u q > 1
cocrapisieT 52:28. PaccTosiHus mepurenuss UX OpOUT pacmoiiokeHbl B uHTepBajie ot 0.062 o
3.38 a.e. CooTHOIIEHUSI OPOUT C MPSIMBIM U 00paTHBIM JBHXeHUAMHU paBHO 60:20. Ompenenena
CKOPOCTh M3BEPKECHUsSI U3 sipa KOMETHI YaCTHIl aHOMaJbHOTO XBocTa. [Ipemnoxensr Hanbomee
BEpOSATHBIE MEXaHW3Mbl 0O0pa3OBaHUs TaKOTO XBOCTa OTAENBHBIX KOoMeT. B oOpazoBanue
AHOMAJIPHOTO XBOCTa BAXXHYIO POJIb UTPAIOT CTOJKHOBEHHE Sipa C APYTHM TEJIOM, MPUITUBHOE
BoznelicTBre CostHIIA 1 00JIBIIIast CKOPOCTh JAC3UHTETPAINH sIIpa KOMET.
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MECHANISMS OF FORMATION OF ANOMALOUS TAIL OF COMETS

A. G. Safarov* H. I. Ibadinov ?

'Tajik National University, Republic of Tajikistan, Dushanbe

2 Institute of Astrophysics, Academy of Sciences of the Republic of Tajikistan, Dushanbe
E-mail: aj_safarov@mail.ru

The conditions and patterns of the formation of the anomalous tail of comets are considered. The
reliability of the anomalous tail was found. A catalog of comets with an anomalous tail has been
compiled. The catalog includes 80 comets, of which 47 comets move around the Sun in almost
parabolic orbits, 31 comets are periodic and 2 comets are considered to have disappeared. The
ratio of comets with perihelion distances of the orbit g < 1 and q > 1 is 52:28. The perihelion
distances of their orbits are in the range from 0.062 to 3.38 AU. The ratio of the orbits with
forward and reverse movements is 60:20. The velocity of ejection of anomalous tail particles
from the comet's nucleus was determined. The most probable mechanisms of the formation of
such a tail of individual comets are proposed. An important role in the formation of the
anomalous tail is played by the collision of the nucleus with another body, the tidal action of the
Sun and the high velocity of comet nucleus disintegration.

PAJUAHTHBI U DJIEMEHTBI OPBUT METEOPONI0B KOMIIVIEKCA
0-KAHKPU1bI

M. I'. Cokonosa, M. B. Cepeuenxo

Kazanckuit (ITpuBomkckuit) ¢penepanbublii yauBepcuret, Kazanb, Poccus
E-mail: smarina.63@mail.ru, maria_sergienko@mail.ru

MerteopHnsriii motok d-Kankpun Habmonaercs B nepuos ¢ 1 staBaps no 30 ssHBapsi M UMeEET J1Be
BeTBU ceBepHylo NCC (xox #96) u roxuyro SCC (kox #97. IloTok mano u3ydeH U HE UMEeT
YCTaHOBJICHHOT'O POJUTEIHLCKOTO Telia. Ha OCHOBE TEJICBU3MOHHBIX KATAIOTOB METEOPHBIX OPOUT
Snonckoit MeteopHoit cetu SonatoCo (nanee SonatoCo) u cetu xamep o63opa CAMS v.2.0
(mamee CAMS) wu3yyeHa CTPyKTypa paJMaHTOB BETBEH TIOTOKA, BBHINIOJHEH aHAJIU3
pacnpefienieHuit OONBIIUX TONYOCe U JKCIEHTPUCUTETOB OpPOUT METEOPOUJOB IMOTOKA B
3aBUCHUMOCTH OT HMX MacChl, IOJYYCHBI OIEHKH Bo3pacta O-KaHkpuja 3a cder aelcTBUS
HerpaBuTaimoHHoro 3¢ dekra [lolinTunra-Pobeprcona. KoopamHare! paguaHToB BeTBEH MpsiMoe
Bocxoxaenue (RA), ckiionenne (DE), ux cyrounsie cmemienus (ARA), (dDe) paBub
NCC RA =130.4°+3.4° DE =21.7+1.6° dRA =1.05°+0.00° dDe =-0.12°+0.00° CAMS

RA =130.0%+3.1° DE =19.8+2.8° dRA =0.22°+0.00° dDe =-0.03°+0.00° SonatoCo
SCC RA=128.4°+24° DE=13.9+1.7° dRA =1.11°+0.00° dDe =-0.21°+0.00° CAMS

RA =128.2°+6.0° DE =13.3+2.0° dRA =0.11°+0.00° dDe =-0.06°+0.00° SonatoCo
Cy6paaunantel NCC, SCC B 3aBUCUMOCTH OT MacChl METEOPOUIOB JOCTOBEPHO HE BBIJCIISIOTCS.

Hnst opout NCC no karaiory CAMS B anana3zoHe HaOII0JaeMbIX 3BE€3/IHBIX BEJIUYHH OT -
2™ no +3™ nonyuensl uzMeHeHus Gonbmmx momyoceit Ha 0.192 (a.e.), SKCLEHTPUCHTETOB Ha
0.023 B cTOpOHY UX YMEHBIICHHUS C YMEHBIIICHHEM Macchl MeTeopouoB. Bospact BetBu NCC
cocraBnsieT mopsaka 25-30 TeIC. T AN METEOPOMIIOB YIVIEPOJHOTO M KPEMHHEBOTO
XUMCOCTaBOB.

RADIANTS AND ORBITAL ELEMENTS OFMETEOROIDS COMPLEX 8-CANCRID
M. V. Sergienko, M. G. Sokolova

Kazan Federal University, Kazan, Russia

E-mail: smarina.63@mail.ru, maria_sergienko@mail.ru

Meteor shower 8-Cancrid observed in the period from 1 to 30 January, and has two branches the
Northern NCC (code #96) and South SCC (code #97. The shower is poorly understood and has
no reliably established parent body. The structure of the radiant branches of the shower,
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distribution of semi-major axeses and eccentricities of the orbits of meteoroids in depending on
their masses were studied on basis on the television catalogues of meteor orbits to the Japanese
meteor network SonatoCo (SonatoCo) and network surveillance cameras CAMS v.2.0 (CAMS).
The estimates of the 6-Cancrid’s age due to the action of non-gravitational effect of Poynting-
Robertson were obtained also. Coordinates of radiants of branches direct ascension (RA),
declination (DE), their daily displacements (dRA), (de) are equal to
NCC RA =130.4°+3.4° DE =21.7+1.6° dRA =1.05°+0.00° dDe =-0.12°£0.00° CAMS
RA =130.0°%+3.1° DE =19.8+2.8° dRA =0.22°+0.00° dDe =-0.03%+0.00° SonatoCo
SCC RA=128.4°+2.4° DE =13.9+1.7° dRA = 1.11°40.00° dDe =-0.21°+0.00° CAMS
RA =128.2°46.0° DE =13.3+2.0° dRA =0.11°+0.00° dDe =-0.06%+0.00° SonatoCo
The subradiants NCC, SCC in depending on the mass of meteoroids are not reliably detected.

On basis the catalog CAMS for NCC orbits in the range of observed stellar magnitudes
from -2™ to +3™ the changes in the semi-major axis by the value 0.192 (a.u.) and eccentricite of
by 0.023 in the direction of their reduction with a decrease in the mass of meteoroids were
detected. The age of the NCC branch is about 25-30 thousand years for meteoroids of carbon and
silicon chemical compositions.

CTPYKTYPA METOPHOI'O KOMIIJVIEKCA 8-KAHKPU L

M. I'. Cokonosa, M. B. Cepeuenko

Kazanckuii (IIpuBomkckuit) henepanbueiii ynusepcutet, Kazans, Poccus
E-mail: smarina.63@mail.ru, maria_sergienko@mail.ru

[To BusyanpHbiM HaOmogeHusM 1987-2006 rr. MexayHapoJgHOW METEOpHOH OpraHu3aluu
(IMO, http://www.imo.net/data/visual) wuccieqoBaHa aKTHBHOCTHP M MPOCTPAHCTBEHHAs
IUIOTHOCTh MeTeopHoro komiuiekca O-Kankpunbr (DCA). [lns MeTreopoB ¢ MHUHHUMAaIbHOU
peructpupyemoii 3Be3qHOi Bemuumuoii +3™ u spue makcumym aktuBHOcTH ZHR=8.6+1.8
nabmromaercs Ha gonrore Comuma 298.5%+1.2°. TTapamerp r (yHKIMH CBETHMOCTH 3a MEPHOL
neiictBus noroka ¢ 1 nmo 30 sHBaps u3MmeHsercs B uHtepBane 3HaueHuil 1.50-2.0. [lonoxenue
MaKCHMaJIbHOW aKTUBHOCTH 110 AoaroTe CojHIa COBNAAaeT ¢ MIMPOKUM MUHUMYMOM IIapaMeTrpa
S, 4TO yKa3bIBaeT Ha KOHLEHTPAIMIO OoJjiee KPYIHBIX METEOPOUIOB HA JAHHOM Y4acTKe OpOUTHI
MOTOKAa. DTO JAeT OCHOBAHME IMPENIOJIOKHUTb, YTO B MEpuoja 00pa3oBaHUs posi opoOuTa
poauTenbekoro Tena 6-Kankpu Moria UMeTh AONTOTY y3/ia B MHTEpBaJie 3HAYSHUM 298°-299°,

Pacuer mpoduneil akTUBHOCTM M NPOCTPAHCTBEHHOW IUIOTHOCTM moTokKa O-KaHkpua
(DCA) nst pa3nu4HbIX Macc METEOPOUJIOB TIOKa3ajl, YTO MOMEHTHI HACTYIICHUS! MaKCUMaTbHON
AKTUBHOCTH METEOPOUJOB C MACCAMHU MEHBIIIE, YEM 102 I, HaOJII0Iar0TCs MOo3aHee Ha 1°-1.4° no
nonarore ConHua. [l Oonee  KpPYMHBIX YacTUL C M>10"r MaKCHUMyM aKTHUBHOCTHU
crabumsupyercst B unrepsate gonror Comuna 298%-299°. TIpocTpaHCTBeHHAs IUIOTHOCTD O-
Kankpupa TakoBa, 4TO 0/IHA YacTHUIAa MAacCOU Mmopsiika | T MPUXOTUTCS B MPOCTPAHCTBE Ha KYO C
pedpom okosio 1000 kM.

THE STRUCTURE OF METEOR COMPLEX 6-CANCRID
M. V. Sergienko, M. G. Sokolova

Kazan Federal University, Kazan, Russia

E-mail: smarina.63@mail.ru, maria_sergienko@mail.ru

The activity and the spatial density of meteor complex 3-Cancrid (DCA) is studies by visual
observations in the interval 1987-2006 of the International Meteor Organization (IMO
http://www.imo.net/data/visual). In the interval of observations 1987-2006 the average
maximum activity of the §-Cancrid, the brightness of which was higher than +3™, was

39


mailto:smarina.63@mail.ru
mailto:maria_sergienko@mail.ru
http://www.imo.net/data/visual
mailto:smarina.63@mail.ru
mailto:maria_sergienko@mail.ru
http://www.imo.net/data/visual

ZHR=8.6+1.8 meteors per hour in zenith. The peak position in the longitude of the Sun is
298.5°+1.2°. For the entire period of validity of the shower from 1 to 30 January parameter r of
the luminosity function changes in the range of values 1.50-2.0. The position of maximum solar
longitude activity coincides with a wide minimum of the parameter S of the mass distribution of
meteoroids which indicates the concentration of larger meteoroids in this part of the flow orbit of
the shower. This suggests that during the formation of the stream, the orbit of the parent body &-
Cancrid could have a node longitude in the range of 298°-299°.

The calculation of activity profiles and spatial flux density &-Cancrid (DCA) for different
meteoroid masses showed that the moments of maximum activity of meteoroids with masses less
than 10 g were observed later by 1°-1.4° at the longitude of the Sun. For larger particles with
M>10" g maximum activity is stabilized in the range of solar longitudes 298°299°. The spatial
density 8-Cancrid is such that one particle with a mass of about 1 g falls in space per cube with
an edge of about 1000 km.

SPECTROSCOPIC AND POLARIMETRIC STUDIES OF NEAS AT THE RTT150

Irek Khamitov *?, Rustem Gumerov®, Ilfan Bikmaev®®, Sergey Melnikov*®, Eldar Irtuganov®?,
Gizem Okuyan !, Oguzhan Okuyan'

'TUBITAK National Observatory, Antalya, Turkey

?Kazan Federal University, Kazan, Russia

$Academy of Sciences of Tatarstan, Kazan, Republic of Tatarstan, Russia

Asteroid families of main belt, which formed due to collisional catastrophic disruption of larger
parent bodies, are identified using statistical information on its proper orbital elements. The
probability of forming a kilometer sized Near Earth Asteroids (NEAS) obtained on the base of
the collisional model of a large main belt asteroid, well describes the observed population
(Bottke et al., 2002, 2005) NEAs about 1000. However, unlike to the main belt asteroids, it is
impossible to trace the evolution of the orbital elements of the NEA to the moment of the
collision event. Thereby, studying the physical characteristics of these bodies is the only method
to investigate their nature. The relevance of the study of NEAs is related to the origin of the
Solar system, the potential danger of collision with the Earth, and also the practical interest in the
near future of using them as source of useful minerals and metals.

Spectroscopic and Polarimetric observations of NEAs are carrying out on the RTT150
regularly since 2018 in frame of scientific project: “Studies of physical parameters and
ephemeris refinement of kilometer sized NEAs by the RTT-150 telescope”. An experimental
study as full as possible sample of kilometer sized NEAs involves the estimations of physical
parameters of the asteroids such as geometric albedo, brightness, taxonomic class and diameters
of NEAs. The objects are observed in the period of their closest approach to the Earth with the
apparent magnitudes brighter 18 mag and phase angles more than 40 degrees. We present
observational results of the project performed in 2018. In total, there were made 106
photometric, spectral and polarimetric observations for 34 asteroids. The polarimetric and
spectral observations were performed for the first time for 25 of them. There were got 11
reflective spectra in the range from 4700A to 10000A for 8 NEAs. The spectral observations for
these asteroids were got for the first time. There were analyzed polarimetric and photometric
observations in the V filter for 32 NEAs observed at RTT150 during the period of their close
approach to the Earth from August 2014 to June 2018. To determine the albedo of NEAs, we
offer an original method based on a limited number of polarimetric observations of asteroids at
high phase angles. We preselected asteroids larger than 1 km in size using diameter estimations
made before. The asteroids are divided into two groups with low and moderate albedo, within
each group the normalized density function of NEAs with respect to the perihelion distance was
calculated and analyzed. We suspect a slight increase of moderate albedo NEAs with the
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perihelion distance. To eliminate the selection effect due to the small size of the sample, this
feature will be investigated using the new observational data. The observations of kilometer-
sized NEAs in frame of the project are ongoing in 2019.

Acknowledgements. This work was supported by the Russian Foundation for Basic
Research (project no. 18-02-00105 A). Authors thank TUBITAK, KFU, AST, and IKI for partial
support in using RTT150 (the Russian-Turkish 1.5-m telescope in Antalya). This work was
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HOTOKHU U ACCOUUALIUN METEOPOU 0B, BBISIBJIEHHBIE 110
PE3YJIbTATAM PAJJMOHABJIIOJEHUMA B TUCAO 3A TEKABPD 1969 T
X @. Xyoorcanazapos, M. Hap3ues

HNucturyt actpoduszuku AH PT, [ymanbe, Tamkukucran

E-mail: habibjon_2012@mail.ru

Karamorn moTOKOB M accolyanuy pagroMEeTeoOpoB B OCHOBHOM 0a3WpoOBaIHMCh Ha 00paboTKe
JTaHHBIX HAOTIOJEHUN HMMITYyJIbCHO-IU(PpaKIUOHHBIM MeTonoM. OJHAaKO 3TOT METOJ], KaK IO
YyBCTBUTEIBHOCTH, TaK MU MO TOYHOCTH HM3MEPEHHUS PAJAMAHTOB U CKOPOCTEH yCTymaer
MEJICHTaIl[MIOHHO-BPEMEHHOMY PaJMOMETOly, pa3pabOTaHHOMY M HPHUMEHSIEMOMY BIIEPBBIC B
WNucturyre acrpodpuszuku AH PT. Jlnsg u3ydeHus TOTOKOB MU acCOLMAIM METEOPOHJIOB B
HacToAlIel paboTe HAMHM MCIOJB30BaHbl JaHHBIE PaaUaHTOB, ckopocTel u opout 2317 paauo
METEOPOB, KOTOPBIC U3MEPEHBI MEJICHTallMOHHO-BpeMeHHBIM MeTofioM B ['ucAO B nexadbpe 1969.

Wnentudukaus METeOpOHI0B K MOTOKAM U acCOIMAIMSIM OCYIIECTBIISIIACH B JIBA ATara:
a) rpaduuecKuM, TO €CTh, MO THUCTOTPAaMMaM JIBYXMEPHOTO pacIpeieeHUs] METEOpOB IO
KOOpJMHATaM PaauaHTOB (0, Or) U CKOPOCTEH U 0) onpenenaeHus MPUHAAIC)KHOCTH METEOPOB K
TIOTOKAM MJIM ACCOLMALIAM IIyTeM IHpUMeHeHus kpuTepueB CayrBopra XOoykkumca u Mormeka.
B pesynbraTe n3ydenus HaOM0AaTeILHOIO MaTepraia 3a aekadbps 1969 BreisBieHb cBbIme 115
MaJIBIX MTOTOKOB W accoruaruu. [lorydeHHbie pe3yabTaThl IPEICTABICHBI B BHIC TaOIHUIIBI, T
JUIS KaXJO0ro IMOTOKAa M acCOIMaluu MPEJICTaBIEHbl JaHHbIE O KOOpAMHATaX paJHaHTOB,
CKOPOCTEH U 3JIEMEHTOB OPOUT METEOPOHIOB.

SHOWERS AND ASSOCIATIONS OF METEOROIDS IDENTIFIED BY THE
RESULTS OF RADAR OBSERVATIONS IN HISAO FOR DECEMBER 1969
H.F. Khujanazarov, M. Narziev

Institute of Astrophysics, Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

E-mail: habibjon_2012@mail.ru

The catalogs of showers and associations of radio meteors were mainly based on the processing
of observational data by the pulse diffraction method. However, this method, both in sensitivity
and in the accuracy of measuring radiants and velocities, is inferior to the bearing-time radio
method developed and used for the first time at the Institute of Astrophysics of the Academy of
Sciences of the Republic of Tajikistan. To study the streams and associations of meteoroids in
this work, we used the data of radians, velocities and orbits of 2317 radio meteors, which were
measured by the time-finding method in the HISAO in December 19609.

The identification of meteoroids to streams and associations was carried out in two stages:
a) graphic, that is, by histograms of the two-dimensional distribution of meteors by the
coordinates of the radiant (ar, or) and velocities, and b) determination of the generality
(belonging) of meteors to streams or associations by applying the criteria Southworth Hawkins
and Jopek. As a result of studying observational material for the month of December, over 115
small flows and associations were revealed. The results are presented in the form of a table,
where for each stream and association data on the coordinates of the radiant, velocities and
elements of the orbits of the meteoroids are presented.
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KOCMHWYECKHWE MUCCHUHU K ACTEPOUJIAM - IIEPBBIE PE3YJIBTATHBI
B.U. Illemamosuu

WuctutyT actponomuun PAH

E-mail: shematov@inasan.ru

Maunbie Tena CoTHEUHON CUCTEMbI aKTUBHO M3Y4alOTCs IOCPEICTBOM KaK KOCMUYECKHUX MUCCHUH,
TaKk M HA3eMHBIX CPEJICTB HAOJIOJICHUH, TaK Kak MPEACTaBISIOT COOOM Tela OTHOCHTEIHHO
HEOOJIBIIOTO pa3Mepa, 00pa30BaBIIMECS Ha paHHUX CTaaAusX 3BooUUU COJIHEYHOW CHUCTEMBbI
nopsiaka 4,6 MUJUTHAPAOB JIeT TOMY Ha3ad. OHHM 4acTo pacCMaTPUBAIOTCS KaK HOCUTEH BOXKHOMN
nH(pOpMaIlMU O IEPBUYHOM BEIIECTBE BO BpeMs 00pazoBaHusi CONHEYHOU CUCTEMBI.

B noxmane oOCyXmaroTCs HOBBIE JaHHBIE O (PU3MYECKHX CBOMCTBaX acTEpOHIIOB B
ConHeuHo cucTeme, MoJIy4eHHbIE B HEJJaBHUX KOCMUYECKUX MUCCHUSIX K acTepousiam. byner
JaH 0030p MEpBBIX M Hambosiee MHTEPECHbIX pe3yiabTaroB muccuii KA JAXA Hayabusa-2 x
acrepouny Prory (1999 JUs Ryugu) u KA NASA OSIRIS-REX k acrepouny benny (101955
Bennu). IlomyueHHbie pe3ynbTaThl 3TUX MUCCUH JAIOT KIIOYHM K MOHAMAHUIO KaK MEXaHU3MOB
(dbopMUPOBaHUS U HBOJIIOLIUU ACTEPOUIOB KaK OJHUX U3 CAMBIX PAHHUX M COXPAHUBILIUXCS MTOYTH
B [IEPBO3JAHHOM BHJIe MAJIBIX TeJl COJTHEYHOU CHCTEMBI, TaK B OCOOCHHOCTEH MCTOPUU TIJIAHECTHI
3emisi. Hampumep, o MpoUCXO0KIEHUH BOJBI HA Halllel IUIaHEeTe - KOMETHOE MPOUCXOXKICHHE,
aCTEPOUIHOE WJIH, HAIIPOTUB, H3HAYAIBHO IJIAHETHOE?

FIRST RESULTS OF THE CURRENT SPACE MISSIONS TO ASTEROIDS
V.1. Shematovich

Institute of Astronomy, Russian Academy of Sciences

E-mail: shematov@inasan.ru

Small bodies of the Solar system are studied by means of both space missions and ground-based
observing capabilities, because they represent a body of relatively small size formed in the early
stages of evolution of the Solar system about 4.6 billion years ago. They are often considered as
carriers of important information about the pristine matter during the formation of the Solar
System.

The new data about the physical properties of asteroids in the Solar system, results from
recent space missions to asteroids will be discussed in the talk. The first and most interesting
results of JAXA Hayabusa-2 spacecraft to the asteroid Ryagu (1999 JU; Ryugu) and u KA
NASA OSIRIS-REXx spacecraft to the asteroid Bennu (101955 Bennu) will reviewed. Current
results of these missions provide the keys to understand both the mechanisms of asteroid
formation as ones of the earliest and preserved pristine bodies of the Solar System, and
peculiarities of the early history of the Earth. For example, what is the origin of water on the
Earth - cometary or asteroid?

NOCJIIEJHUE PE3YJIbTATBI I/ICCJIEI[OBAHI/Iﬁ ACTEPOHU OB
C CYE.JII/IMAI_II/IOHHOI?I AKTHUBHOCTBIO

M. II. ll]epbuna, B. B. bycapes

AN MI'Y, r. Mocksa, Poccus

E-mail: morskayaa906@yandex.ru

B Hacrosimiee BpeMs H3BECTHO, UYTO CYLIECTBYIOT TaK Ha3bIBa€Mble AKTHBHBIE ACTEPOUIBI,
IpeJCTaBisIoe co0oii HeOecHble Teja, JABIXKYIIMECS IO OpOuTaM, XapaKTepHBIM s
acTepousioB, HO, B TO € BpeMs, JEMOHCTPUPYIOIIME BPEMEHHYIO aKTUBHOCThH, MOJO00HO
kometaMm. Cumraercd, 4To d3(P¢GEKT MOXKET ObITh BbI3BAH HECKOJbKUMHU Pa3IUYHBIMU
MEXAaHU3MaMH, W3 KOTOPBIX JUAMPYIOIIUM IO YUCIY HOATBEPKICHHBIX SBICHUH  SIBISAETCS
cyOIMMalMOHHas aKTUBHOCTDh aCTEPOHIaA.
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Hcnonb3ys nanuble, nonyueHHsle Ha oocepBaTopusix «Iluk Tepckom» (MHACAH), «Canrnok»
(Tamxukucran) u «Kpeimckas mabopatopus ['AUII», ynanochk BBISBUTH M TMOATBEPAHUTH
CyONIMMAllMOHHYIO aKTUBHOCTh JIJIi HEKOTOPBIX  aCTEpOMJOB TNPHUMUTUBHBIX  KIJIACCOB.
Pe3ynbrarel paboThl OyIyT MpeAcTaBiIeHbI B JOKIIAIE.

LATEST RESULTS OF RESEARCHES OF ASTEROIDS WITH SUBLIMATION
ACTIVITY

M. P. Shcherbina, V. V. Busarev

SAIl MSU, Moscow, Russia

E-mail: morskayaa906@yandex.ru

Nowadays it is known that so-called active asteroids are celestial bodies moving in orbits
characteristic of asteroids, but showing temporary activity, like comets. It is believed that the
effect can be caused by several different mechanisms, of which the leading in terms of the
number of confirmed phenomena is the asteroid sublimation activity.

Using data obtained at the observatories "Pik Terskol" (INASAN), "Sanglok™ (Tajikistan)
and the "Crimean laboratory of the SAI", it was possible to identify and confirm sublimation
activity for some asteroids of primitive classes. The results of the work will be presented in the
report.
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CEKIUA 2. ACTEPOUTHO-KOMETHASA OITACHOCTD

MHOI'OMEPHOE BAPBUPOBAHUE HAYAJIBHBIX TAHHBIX OITACHBIX
ACTEPOHUJI0OB

U A. banses

CIIoI'Y, Poccus

E-mail: balasteravan@yandex.ru

Bombioe KonM4ecTBO OKOJI03€MHBIX aCTEPOUJIOB OTKPHITO CPABHUTEIHLHO HEJABHO, TAK YTO JJIS
MHOTUX M3 HHUX DS HaONIOJEHUH HE JOCTaTOYEH, YTOOBl MOJATBEPAUTH WJIM OMNPOBEPTHYTH
cToyikHOBeHHE C 3emici. OmHOMEpHOE BapbHUPOBAHHME HAYAIBHBIX JAHHBIX B OKPECTHOCTH
HOMHMHAJILHOM OpOMUTHI TMO3BOJSET BBIIBUTH MHOXECTBO BO3MOJXKHBIX CTOJIKHOBEHUU. B
HACTOSIICH paboTe paccMaTpUBAIOTCS NPHUBOMASIINE K CTOJKHOBEHHMIO OOJacTu (IIeiau) B
[IECTUMEPHOM MPOCTPAHCTBE KOOPAMHAT U CKOpocTed. B KkadecTBe pesynbrara MOTy4YEHBI
MOJIMHOMHAJTLHBIC alITPOKCHMAIINH, JIOKATHHO OIMHCHIBAIOITIE (GopMy TIemei.

MULTIDIMENSIONAL VARIATION OF INITIAL DATA OF HAZARDOUS
ASTEROIDS

I.A. Balyaev

SPbSU, Russia

E-mail: balasteravan@yandex.ru

A large number of near-Earth asteroids has been discovered relatively recently, so for many of
them a number of observations are not enough to confirm or refute the collision with the Earth.
The one-dimensional variation of the initial data in the vicinity of the nominal orbit reveals many
possible collisions. We consider the collision regions in the six-dimensional space of coordinates
and velocities. As a result, polynomial approximations are obtained that locally describe the
shape of the collision regions.

AHAJIN3 3AJIAYU ONNPEJAEJEHHUS U TIPOITHO3UPOBAHUS TAPAMETPOB
JIBUKEHUS OITACHBIX ACTEPOMJIOB 11O MOJIEJIUPOBAHUIO N3MEPEHUN
CUCTEMBbI «<HEBOCBO/1»

I'vo IT**, Heawiun B.B.* 25 Kynewos FO.IT.* 6

"MIIM um. M.B. Kenasina PAH, Mocksa, Pocenst

MITY um. H.D. baymana, Mocksa, Poccus

’AO Kopnopauus «Komera», Mocksa, Poccust

E-mail: “869792831@qg.com ; ®ivashkin@keldysh.ru ; ®yrkulesh@yandex.ru

Pa3paboTka KOCMHUYECKOW CHCTEMBI C TENeCKOMaMH, MpeAHAa3HAuYeHHOW JUIsi OOHapy>KeHUs,
ompenesieHusT OpOUTHI M KaTaJOTH3AIlMi HEOECHBIX OOBEKTOB, CONMKAIOMUXCSA C 3eMIEH,
SBIISIETCSl aKTyaJlbHOM 3a/1aueil B 00ecrieueHnr acTepOUIHO-KOMETHON Oe3omacHocT 3emnn. B
paboTe HCCIEAYIOTCS HABUTAIIMOHHBIE XapaKTEPUCTHKUA pa3pabaThiBAaeMOW Koproparuen
«Komera» kocmuueckor cuctembl «HeOocBom». [las  BBIABIEHUS  HAaBUTAI[MOHHBIX
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XapaKTepUCTUK  JaHHOW  cuctembl  «HebocBom»  paccMOTpeHBI 3a/1a4l MOJICIUPOBAHUS
JBUKEHUS, HAOIIOACHNS, U3MEPEHUH, OIIpe/IeJIeHHs TapaMeTPOB OPOUTHI OMTACHOTO acTepoua U
OIICHKM TOYHOCTA HABUTALIMM MO pe3yjbTaTaM »dSTUX HU3MEPEHHM C YYE€TOM pealbHBIX
OTpaHWYEHUH Ha TIPOBEICHUE HAOIIOICHUN U U3MEPCHUA.

B nmoxmanme mpuBeneHbl pe3yNbTaThl aHATN3a BO3MOKHOCTEH BBITIOJHEHUS HAOTIOICHUN 1
MOJIyYaIOLUXCsl  TOYHOCTEHM HaBUraluu Mpu  NpUMEeHeHuu cuctembl «HebOocBom» s
HAOMIO/IEHUsT ¥ W3MEPEHUN HEKOTOPBIX COMMKAIIIUXCS ¢ 3eMilel peallbHBIX aCTCPOHIOB —
actepounia Amnoduc, YensOunckoro mereoputa u acrepouna 2008 TC3. Ananm3 moxasain
MOTCHIMATBHYI0O BO3MOXXHOCTh HAOIOJCHWI TAaHHOW CHCTEMOH Jaxe <«IHEBHBIX» HEOECHBIX
Ten, npulmmkaromuxcst kK 3emiie co ctoponbl CoiHIA MpU 00eCTIeYeHUH TOBOJIBHO XOPOLIMX
TOYHOCTEW HABUTALIWH.

ANALYSIS OF THE PROBLEM OF DETERMINING AND PREDICTING THE
MOTION PARAMETERS OF HAZARDOUS ASTEROIDS BY MODELING
MEASUREMENTS FROM THE “NEBOSVOD” SYSTEM

Guo P.#, lvashkin V.V.} 2% Kuleshov Yu.P.>®

'M.V. Keldysh IAM, RAS, Moscow, Russia

N.E. Bauman MSTU, Moscow, Russia

$"Comet" corporation, Moscow, Russia

E-mail: “869792831@gqg.com ; ’ivashkin@keldysh.ru ; Syrkulesh@yandex.ru

The development of a space system with telescopesto detect, determine the orbits, and
catalog Near-Earth objects is an important task to ensure the asteroid-comet safety of the Earth.
The paper studies the navigation characteristics of the ‘“Nebosvod” space system, which is
being designed by the “Comet” corporation. To identify the navigation characteristics of this
system, the tasks of modeling of motion dynamics, observation, measurements,
determining the orbital parameters of a hazardous asteroid, and assessing the navigation
accuracy using the results of these measurements, taking into account the actual limitations on
conducting observations and measurements, are considered in the presentation.

The report presents the results of analysis of the possibilities to carry out observations and
the resulting navigation accuracy when using the “Nebosvod” system for observing and
measuring some actual Earth-approaching asteroids - the asteroid Apophis, the Chelyabinsk
meteorite and the asteroid 2008 TC3. The analysis showed the potential possibility to
observe by this system even hazardous celestial bodies approaching the Earth from the daytime
sky while ensuring well enough navigation accuracy.

KATAJIOT MAJIBIX INTAHET HA CAUTE UIIA PAH

H. b. JKenesnos, /]. A. Axcum, U.A. Bespykos, FO. C. bonoapenxo, O. M. Kouemoaa,
B. b. Ky3neyos

UITA PAH, r. Cankr-IletepOypr, Poccus

znb@iaaras.ru

Karanor wmanbix muiaHeT, KoTopblii  Oyzaer pa3menied Ha  caiite UIIA PAH, saBnsercs
PYCCKOSI3bIYHBIM UCTOYHUKOM CBEICHHUM O JUHAMUKE MAJIbIX IUIAHET, OMUPAIOIIUMCS B IIEPBYIO
ouepe/lb Ha OpUTHHAJIbHBIE UCCIIEA0BAHUS U TporpaMMel, pazpadoTtanusie B IIIA PAH.

Wudopmanus o HaOMOAECHUSAX ManbiX Tenl noctynaer B Mucrutyt c caiita Llentpa
MaJbIX IJIAHET U CIIY’KUT OCHOBOM [UIsl YTOUHEHMSI OpOUT 3TUX Tl M MPOTHO3MPOBAHUS HX
nBIKeHUs BOKpYyr COJHIIA Ha MPOTSHKEHUH OMMKaMIIuX JBalaTH JeT.

Karasor cmokeT npenocTaBisaTh nH(popmManuio
0 IapameTpax OpOUTHI, BU3YyaU3alUI0 OPOUTHI, HCTOPHIO OTKPHITHS M HAMMEHOBAHUS MaJIOH
wiaHeTsl. /g omacHbIX  OOBEKTOB MpPENAIoJaraeTcs pasMEIICHUE B PEXHUME peallbHOro
BpeMeHHU MH(popMaruu 00 00CTOATENBCTBAX UX COMMKEHUH 1M naaenuil Ha 3emumo u JIyHy.
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MINOR PLANETS CATALOGUE ON THE IAA RAS WEBSITE

N. B. Zheleznov, D. A. Aksim, I.A. Bezrukov, Yu. S. Bondarenko, O. M. Kochetova,
V. B. Kuznetsov

IAA RAS, Saint Petersburg, Russia

E-mail: znb@iaaras.ru

The Minor Planets Catalogue which will be posted on the IAA RAS website is a Russian-
language source of information on minor planets dynamics based primarily on the
original research and software of the IAA RAS.

Observational data for the small bodies come from the Minor Planets Center website in
real time and are used to improve the orbits of the small bodies and to predict
their motion around the Sun within the next twenty years.

The Catalogue will provide information on the orbital parameters, visualization of the
orbit, discovery and naming histories of the minor planet. For dangerous objects the information
on their upcoming approaches and impacts with Earth and the Moon in real time is expected to
be posted to the Catalogue.

OUHEHKU UBSMEHEHUSA YUCJTEHHOCTHU OKOJIOBEMHbBIX OB BEKTOB HA
OCHOBE BO3PACTOB JIYHHBIX KPATEPOB B TEUEHHUE ITOCJIEJHEI'O
MWJIJINAPIA JIET

C.U. Unamos*, E.A. ®eoxmucmosa®, B.B. C@emuoe3

1I/IHCTI/ITyT reoXuMuu 1 aHanuTuyeckot xumuu uM. B.1. Bepuanckoro PAH, Mocksa
zrocyﬂapCTBeHHBIﬁ actpoHoMuueckuil nHCTUTYT uM. I1.K. IlITepubepra, MI'Y, Mocksa
3I/IHCTI/ITyT nuHamuku reochep PAH, Mockga, Poccust

E-mail: siipatov@hotmail.com

[IpoBeneHO cpaBHEHHE KOJUYECTBA JIYHHBIX KpaTepoB C JauaMeTpoM OonpmuMm 15 kM u
BO3pacToM MeHee 1.1 MiIpA. JIeT ¢ OLIEHKaMHu YHucila KpaTepoB TaKMX pa3MepoB, KOTOPbIE MOTH
obpasoBarbcs 3a 1.1 Mapa. jiet, eciii Obl YMCII0 OKOJI03EMHBIX OOBEKTOB U IJIEMEHTHI HX OpOUT
3a 3TO BpeMs PaBHSUIMCh UX COBPEMEHHBIM 3HaueHUs M. CpaBHEHHE MPOBOJMIIOCH /ISl KpaTepoB
Ha Bcell moBepxHocTH JIyHbl U Juist obnactu B paiione Oxeana bypp (Oceanus Procellarum) u
Mopeil BunuMon cTopoHsl JIyHsl. IIpu 3THX OlLleHKaX HMCHOJIb30BATIMCH 3HAYCHUS XapaKTEPHBIX
BpPEMEH, NPOLIEIIINX J0 CTOJIKHOBEHHUH 3THX 00beKTOB ¢ JIyHOH, M 3aBUCHMOCTH AMAMETPOB
KpaTepoB OT AMAaMETPOB yJapHUKOB. Hammm oLeHKH He HpOoTHBOpEYaT YBEJIWYEHHUIO YHUCclia
OKOJIO3€MHBIX OOBEKTOB TIOCIE BO3MOMKHBIX KaTacTpOQUUECKUX pa3pylIeHUN OOIbIINX
acTepOMJIOB TJIABHOTO MOsICa, KOTOPBIE MOTJIM MPOU30MTH B TeueHue nocieanux 300 miH. net. B
YaCTHOCTH, OHU COTJIACYIOTCSI C BBIBOJIOM PAa0OTHI [1] 0 TOM, YTO BEpOSITHOCTb CTOJIKHOBEHHS C
Jlynoit Bo3pocna B 2.6 paza 290 muH. et Ha3an. Yuciao KpaTepoB ¢ Bo3pacToM MeHnee 1.1 mupg.
JeT Ha eAMHUIE IUIOMAa Juid obnacTu B pailoHe OkeaHa Byps u Mopel BUAMMON CTOPOHBI
JlyHbI IpeBBILIAET aHAIOTMYHOE CpelHee YUCIOo [ Bcel moBepxHocTH JIyHbl. [l Kpatepos ¢
JMaMeTpOM He MeHee 15 KM OTHOIIeHHMEe 3THX YucelN paBHsUIOCH 1.45 u 3.5 mias 1ByX MeTo/10B
[1,2] onmpeneneHust BO3pacta KpaTepoB.

1. Mazrouei S., Ghent, R.R., Bottke W.F., Parker, A.H., Gernon, T.M. Earth and Moon
impact flux increased at the end of the Paleozoic // Science. 2019. V. 363. P. 253-255.

2. Losiak A., Kohout T., O’Sullivan K., Thaisen K., Weider S. Lunar Impact Crater Database.
Lunar and Planetary Institute, Lunar exploration Intern Program. 2009. Updated by Ohman T.
2015, https://www.lIpi.usra.edu/scientific-databases/.
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ESTIMATES OF VARIATIONS IN THE NUMBER OF NEAR-EARTH OBJECTS
BASED ON THE AGES OF LUNAR CRATERS OVER THE PAST BILLION YEARS
S.1. Ipatov’, E.A. Feoktistova®, V.V. Svettsov®

VW.1. Vernadsky Institute of Geochemistry and Analytical Chemistry of RAS, Moscow
siipatov@hotmail.com

’p K. Sternberg State Astronomical Institute, Moscow State University, Moscow

%Institute of Geosphere Dynamics, Russian Academy of Sciences, Moscow, Russia

The number of lunar craters with a diameter greater than 15 km and the age of less than 1.1
billion years has been compared with estimates of the number of craters of such sizes that could
have formed over 1.1 billion years if the number of near-Earth objects and their orbital elements
during this time were equal to their present values. Comparison was made for craters on the
entire surface of the Moon and for the region of the Ocean of Storms (Oceanus Procellarum) and
the seas of the visible side of the Moon. In these estimates, we used the values of the
characteristic times that passed before the collisions of these objects with the Moon, and the
dependence of the diameters of the craters on the diameters of the impactors. Our estimates do
not contradict to the increase in the number of near-Earth objects after possible catastrophic
destruction of large asteroids of the main belt, which could have occurred over the past 300
million years. In particular, they are consistent with the conclusion of [1] that the probability of a
collision with the Moon increased 2.6 times 290 million years ago. The number of craters with
an age of less than 1.1 billion years per unit area for the region of the Ocean of Storms and the
seas of the visible side of the Moon exceeds the similar average number for the entire surface of
the Moon. For craters with a diameter of at least 15 km, the ratio of these numbers was 1.45 and
3.5 for two methods [1, 2] for determining the age of craters.

MOHHUTOPUHI' ACTEPOUJTHOH OITACHOCTU U KOCMHUYECKOI'O MYCOPA B
IMPOEKTE MI'Y « YHUBEPCAT -COKPAT»

M. HaHaC}OKl'Z, B.M. Jlunynoe B.M.l’g, cu Ceepmuﬂoel’z, E.C. Fop606a<0b73,
B.F.KopHquoel’3, B.JIL Hempoez, B.B. Yazo06®, U.B. Huun®

1 — MockoBckuii rocyapcTBeHHbIH yHHUBepcuTeT uMeHn M.B. JlomoHocoBa, husnueckuii
dakyabTeT

2 — MockoBckuit rocyiapcTBeHHbI yHuBepcuteT umenn M.B. JlomonocoBa, HayuHo-
UCCIIeI0BATEIbCKUI HHCTHUTYT siepHoi Gusuku umenu J1.B. CrobenbiibiHa, Sis@coronas.ru

3 - MockoBckHii TocyapCcTBeHHbIN yHUBepcuTeT nMeHu M.B. JlomoHocoBa, ['ocynapcTBeHHBIIH
actpoHoMuueckuil nHCTUTYT uMenu I1.K. IlItepuGepra

[Tpoekt MockoBckoro yHupepcutera «YHuBepcarT-COKPAT)» mnpennonaraer pa3paboTKy u
CO3/laHMe TPYNIHMPOBKH MaJbIX CIYTHUKOB J[UIi MOHHUTOPHUHTAa B pPEaJbHOM BpPEMEHHU
MNOTCHUUAJIBHBIX YI'PO3 B OKOJO3€MHOM IHPOCTPAHCTBE, B TOM YHUCIIC KOCMHYECKOH paauanuu,
OTaCHBIX O0BEKTOB, BKJIIOUYAs aCTEPOUAbl 1 KOCMUYECKHHA Mycop, a TaKKe JIEeKTPOMarHuTHbIE
TpaH3ueHTHI. J[J1s1 yKa3aHHBIX Leleid Ha CIIyTHHKaX IPYNIHPOBKU JOJHKHA OBITH YCTAHOBIIEHA
amnmaparypa JUlsl perucTpaldy SHEPTrHYHBIX 3apsDKEHHBIX YacTHUI, AETEKTOpPhl MH(paKpacHOro,
yIbTPaPUOIETOBOTO, PEHTTEHOBCKOTO W TaMMa H3Jy4YeHHUs, a TaKXKe ONTHYECKHE KaMephbl
IIMPOKOTO TOJII 3peHust M poOOThl — Teseckombl. PaccMmarpuBaroTcs (U3MKO-TEXHUYECKHE
XApaKTEPUCTUKU OINTUYCCKUX KaMCp H pO6OT - TEJECKOIIOB MW HX BO3MOXHOCTH IIO
HaOJII0ICHUSAM MMOTEHLIMAIBHO OMACHBIX 0OBEKTOB B OKOJI03€MHOM IIPOCTPAHCTBE.
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MONITORING OF ASTEROID DANGER AND SPACE DEBRIS IN MSU PROJECT
UNIVERSAT-SOCRAT

M.I. Panasyuk'?, V.M. Lipunov*?, S.I. Svertilov'?, E.S. Gorbovskoii®, V.G. Kornilov'?, V.L.
Petrov?, V.V. Chazov®, I.V. Yashin?

1 —M.V. Lomonosov Moscow State University, Physical Department

2 — M.V. Lomonosov Moscow State University, D.V. Skobel’tsyn Institute of Nuclear Physics,
sis@coronas.ru

3 - M.V. Lomonosov Moscow State University, P.K. Shternberg State Astronomical Institute

The Moscow University project Universitat-SOCRAT involves the elaboration and
manufacturing of a constellation of small satellites for real-time monitoring of potential hazards
in near-Earth space, including space radiation, hazardous objects, including asteroids and space
debris, as well as electromagnetic transients. For these purposes, the satellites of the constellation
should have equipment for detecting energetic charged particles, infrared, ultraviolet, X-ray and
gamma ray detectors, as well as wide field optical cameras and robotic telescopes. The physical
and technical parameters of optical cameras and robotic telescopes and their capabilities for
observing potentially dangerous objects in near-Earth space are considered.

CBJMNKEHHUS OTACHBIX ACTEPOU10B C 3EMJIEN
H.A. I[lempos, JI.JI. Cokonos

CIIoI'Y, Poccus

E-mail: Isok@astro.spbu.ru

COmmxennss ¢ 3emiield OMAcHBIX acTEPOMAOB (A1 KOTOPBIX BEPOSTHOCTH CTOJKHOBEHHS C
3emiell OTIMYHA OT HYyJs) NPEACTaBISIFOT OCOOBI MHTEpeC, MOTOMY 4YTO CHOCOOCTBYIOT
OOHApY)KEHHIO paHEee HEW3BECTHBIX, a TaKXKE IOTEPSHHBIX OMACHBIX OOBEKTOB, a TaKKe
YTOUHEHUIO UX OpOMT M3 HaOmojeHui. TecHble CONMXKEHHs IMPelOCTaBISIIOT BO3MOXKHOCTb
UCTIONB30BaHUs (P deKTa rpaBUTAIIMOHHOTO MaHEBpa I YBOAA acTEpOUa OT COyIapeHHs IpU
CPaBHUTENBHO MalbIX 3aTpaTrax »OSHEpruM, ©Oe3 sAEpHbIX B3pHIBOB. MUHUMaJbHbIC
TEOLEHTPUUECKUE PACCTOSHUSA MOTYT CIYXHTh «Mapkepamu» Oyaymux coynapeHuid. Ha
OpUMepe psla OMACHBIX acCTepOUJIOB IOKA3aHO, YTO TPAEKTOPUH, BEAYIIHE K COYAAPCHHSIM,
0OBIYHO coziepkaT 0oJiee TeCHbIE COMMKEHMSI, YeM HOMHHAIBHbBIE TPASKTOPHH. J{JIs1 HEKOTOPHIX
acTepouIOB TOJYYEHbl OIEHKM BEJIMYMHBI HM3MEHEHUS CKOPOCTH, HEOO0XOAWMBIE s
NPEIOTBPALICHUS COYIapeHus, ¢ yueToM 3(dekTa rpaBUTallmOHHOTO MaHEBpa.
Hacrosimas pabota noxnepxana rpantom Poccuiickoro Hayunoro ®@onza 18-12-00050..

APPROACHES OF HAZARDOUS ASTEROIDS TO THE EARTH
N.A. Petrov, L.L. Sokolov

SPbSU, Russia

E-mail: Isok@astro.spbu.ru

Approaches of hazardous asteroids (with collision probability more than zero) are especially
interesting, because approaches are favourable to detection unknoun or lost objects, as well
refinement of its orbits. Close approaches gives the possibility to use fly-by effect for asteroid
deflection with relatively small energy input, without nuclear explosions. Minimum geocentric
distances are marks of future collisions. We have shown for some hazardous objects, that
collision trajectories usually have more close approaches, than nominal trajectory. For some
asteroids we have derived value of velocity change, needs for asteroid deflection, using fly-by
effect.
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ACTPOHOMMNYECKHUE U BAJVMIMCTUYECKHUE ACIIEKTBI
PUCK-OPUEHTUPOBAHHOI'O ITIOAXOJA K ITPEAYIPEXJIEHUIO
ACTEPOMJTHO-KOMETHOM OITACHOCTH

MU Ca6€ﬂb€61, M.I". Coxonoea®

l®rpy BHUU TOYC (®L1), Mockga, Poccus,

? KasaHcKuii (ITpuBomxckuii) henepanpHbId yHUBEpcUTET, Kazans, Poccus
E-mail: savelev-22@mail.ru

PaccmarpuBaeTcs pUCK-OpUEHTUPOBAHHBIN MOAXO K IIPEAYIPEKICHUIO aCTEPOUTHO-KOMETHOMN
OMACHOCTH B YCJIOBUSIX JIMHAMUKU JBM)KCHUSI OMACHBIX HEOECHBIX Tel, COJNMKAIOUIMXCA C
3emnieit. Mccnenyercs mepexo] reoleHTPUYECKO OpOUTE HEOECHOTO Tela Ha 0aUTMCTUYIECKYTO
TpPaeKTOpUI0 aTMoc(hepHOro ydactka 3emild, YCIOBHS €ro MOHUTOPUHTA W TapaMeTpbl
TPaeKTOPUHU BO3MOKHOT'O CTOJIKHOBEHHUS C TOBEPXHOCTHIO 3emiu [1].

[Io  pe3ynpTaTamM  HcCCIENOBAaHUS  JWHAMUKM  OPOMT  OMAacHOro  HeOecHOro
TEIAONPENEISIIOTCS PUCKU JJI1 HACelIEeHHUs M TEPPUTOPUM B 3aBUCUMOCTH OT IIapaMeTpOB
0aJTMCTUYECKOM TPACKTOPUH B Cllydae BO3MOKHOTO €r0 CTOJIKHOBEHHsI ¢ 3emIeit [2].

B pabore puCcKO-OpUEHTHPOBAHHBIN MOJAXOJA NPUMEHEH K MapUpOBAaHUIO OMACHOCTH B
YCIIOBUSAX BO3MOXHBIX CTOJIKHOBUTEIHHBIX TPACKTOPUIN acTEPOUIOB, COMMKAIOMIMXCS C 3emien
B Onmkaiime ronapl Ha pacctosHue menee 0.0007 a.e., 1 METEOPOMIOB METEOPHBIX IOTOKOB,
OpOUTHI KOTOPBIX MEPECEKAIOT OPOUTY 3eMITH.

1. CaenseB M. U., Cokonoa M.I". Puck-opueHTUPOBAHHBIN MOIX0/] K IPEAYITPEKICHUIO
ACTepOHUIHO-KOMETHON OMAacHOCTH. ACTpPOHOMHUYECKHE acheKThl //TeXHONOruu rpaxaaHcKou
6e3omacuocTr. 2019. T. 16. Ne 1 (59). C. 20-24. (http://elibrary.ru/title_about.asp?id=26731).

2.CaBenbeB M.U. Puck-opueHTHpOBaHHBIA MOAXOJ K MPEAYNPEKICHUIO acTePOUJIHO-

KOMETHOW OTMacHOCTH. baimmcruueckne acmekThl. //TeXHOJIOTHH TpakIaHCKOW 0e30MacHOCTH.
2018. Ne 3 (57). C. 34-38.(http://elibrary.ru/title_about.asp?id=26731).

ASTRONOMICALANDBALLISTICASPECTSRISKBASEDAPPROACH

TO THE PREVENTION OF ASTEROID-COMET HAZARD

M. I. Savelyev !, M. G. Sokolova 2

! All-Russian Research Institute for Civil Defenseand Emergencies, Moscow, Russia
2 Kazan (Volga region) Federal University, Kazan, Russia

E-mail: savelev-22@mail.ru

A risk-oriented approach to the prevention of asteroid-comet danger in the dynamics of
dangerous celestial bodies approaching the Earth is considered. The transition of the geocentric
orbit of a celestial body to the ballistic trajectory of the atmospheric part of the Earth, the
conditions of its monitoring and the parameters of the trajectory of a possible collision with the
earth's surface are studied [1].

According to the results of the study of the dynamics of the orbits of a dangerous celestial
body, the risks for the population and territory are determined depending on the parameters of
the ballistic trajectory in the event of a possible collision with the Earth [2].

In this paper, a risk-based approach is applied to parry the danger in the conditions of
possible collision trajectories of asteroids approaching the Earth in the coming years at a distance
of less than 0.0007 AU, and meteoroids of meteor showers whose orbits cross the earth's orbit.

1. Savelyev M. 1., Sokolova M. G. Risk-oriented approach to the prevention of asteroid-
comet danger. Astronomical aspects // Civil Security Technologies. 2019. Vol. 16. Ne 1 (59). P.
20-24.(ISSN 1996-8493). (http://elibrary.ru/title_about.asp?id=26731).

2.Savelyev M. |. Risk-oriented approach to the prevention of asteroid-comet danger.
Ballistic aspects. //Civil security technologies. 2018. Ne 3 (57). P. 34-38.
(http://elibrary.ru/title_about.asp?id=26731).
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TEILIOBOE BO3JEVCTBHUE YJIAPOB KOCMUYECKHWX TEJI
B. B. Ceemyos, B. B. [llysanos

Wuctutyt nunamuku reochep PAH, Mocksa

E-mail: svettsovO7@rambler.ru

Mpsl pa3zpaboTanyu KOMIIBIOTEPHBIE MPOTpaMMbl, KOTOpbIE MO3BOJSIOT PACCUUTHIBATH MOTOKU
U3JTY4EHUs], UCITyCKaeMOT'0 HarpeToil 001acThio BO3AyXa U napa (yIapHbIM ILUTIOMOM, OTHEHHBIM
1apoM) IpU yaapax KaMEHHBIX acTepoMJIOB M KOMET 1o 3emie. BbruncieHHbIe MIOTHOCTH
TEIUIOBBIX TOTOKOB HA MOBEPXHOCTH 3€MJIM TO3BOJMIIM OIPEICIUTh CTENEHb OMAacCHOCTH,
CBS3aHHOM C M3Jy4eHHEM, (BO3JIEHCTBHME Ha TPYHT U OOBEKTHI, BOSHUKHOBEHHE IOKapOB) B
HIMPOKOM JHAMa30He Pa3MEpPOB yIApSIOUINX TeI — OT HECKOJBKUX JECATKOB METPOB IO TpeX
KUJIOMETpOB. B nanHOM f0KI1aze Mbl Oojiee moApoOHO paccMaTpUBaeM BO3JICHCTBUE U3ITyUEHUS
Ha KpEeMHE3eM C IIeNbl0 OOBSICHUTh BO3HMKHOBEHHME JIMBUHCKOTO CTEKIa — CTEKJISTHHBIX
¢dparmMeHToB BO3pacToM 29 MIIH. JIeT ¢ O4YeHb OoJbImUM cojaepxanuem SiO;, paccesHHBIX B
JluBuiickoil mycThIiHE Ha IOIMAaAU OKojo 6500 kM’ B momne paccestHusg M €ro OKpEeCTHOCTH He
0o0HapyXeHO yIapHBIX KpaTepOB COOTBETCTBYIOIIETO BO3pacTa, HO T'€OXMMHUYECKHUE aHAIU3bI
MOKa3bIBAIOT, YTO CTEKJIO COJCPKHT METCOPUTHYIO KOMIIOHEHTY, 4YTO IPEAIoJiaraeT yaap
KOCMHUYECKOI0 Tejla, KOTOPO€ 3aTOPMO3HIOCH BOJIM3HM MOBEPXHOCTH 3eMiH. MBI MpOBENU
YHCIICHHOE MOJIEIMPOBAHHAE YAAPOB KAMCHHBIX TEN C IUIOTHOCTBIO 3 I/CM° M JICISHBIX TEI C
IUIOTHOCTBIO 1 T/cM® TpH pasHBIX CKOPOCTAX M yrnax Bxojga B arMmocdepy. U3 psga
paccUMTaHHBIX BAPUAHTOB MbI BBIOPATH T€, B KOTOPBIX Kparep He 00pa3yeTcsi, OTHEHHBIN map
KacaeTcsl MOBEPXHOCTH, a IUIOWAAb PACIUIABICHHOW MHIIEHH COOTBETCTBYET IUIOLIAAM OIS
paccesiHus TUBUHCKOTO cTekia. [loaxoasie BapHaHThl BKIIOYAIOT YAap acTeponia AMaMETPOM
300 M, co ckopocTbio 35 KM/c 1 yriom Bxoja 8° u koMeTHble Tena quameTpom ot 150 1o 300 M,
ckopoctsimu ot 50 mo 70 xM/c m yrimamm Bxonma ot 15 mo 45°. MakcumanbHas TiyOMHA
pacIuIaBIeHHOTO KpeMHe3eMa B 3MUIIeHTpe aocTturaeT 10 cM mpu KOMETHBIX ynapax u 3—4 cM
pu actepouHoM yaape. [lnaBienue npoucxoaur B TeueHue nepuoaa spemenu ot 50 go 400 c.

THERMAL EFFECTS OF THE IMPACTS OF COSMIC OBJECTS
V. V. Svetsov, V. V. Shuvalov

Institute of Geosphere Dynamics RAS, Moscow

E-mail: svettsovO7@rambler.ru

We have developed computer codes, which allow us to calculate the fluxes of radiation emitted
by a heated volume of air and vapor (impact plume, fireball) during the impacts of stony
asteroids and comets on the Earth. Calculated densities of heat fluxes on the Earth’s surface
made it possible to determine the degree of danger associated with the radiation (action on soil
and objects, occurrence of fires) in a wide range of sizes of impacting bodies — from several tens
of meters to three kilometers. In this report, we consider in more detail the action of radiation on
silica in order to explain the origin of Libyan Desert Glass - 29-million-year-old glass fragments
with a very high content of SiO, scattered in the Libyan Desert over an area of about 6500 km?.
No impact craters of the corresponding age were found in the strewn field and in the vicinity, but
geochemical analyses show that the glass contains a meteorite component, which implies the
impact of a cosmic body that decelerated near the surface of the Earth. We conducted numerical
simulations of the impacts of stony bodies with a density of 3 g/cm® and icy bodies with a
density of 1 g/cm? at different speeds and angles of entry into the atmosphere. From a number of
calculated variants, we selected those in which a crater does not form, a fireball touches the
surface, and an area of molten target corresponds to the area of the Libyan Desert Glass strewn
field. Suitable variants include the impact of an asteroid with a diameter of 300 m, a speed of 35
km/s, and an entry angle of 8°; and cometary bodies with diameters from 150 to 300 m, speeds
of 50-70 km/s and entry angles from 15 to 45°. The maximum depth of molten silica at ground
zero reaches 10 cm with the cometary impacts and 3—4 cm with the asteroidal impact. Melting
occurs over a period of time from 50 to 400 s.
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MHOT'O®PAKTOPHAS METOAUKA TIOUCKA BJIU3KUX OPBUT MAJIBIX TEJI
M.B. Cepeuenko, M.I' Cokonosa

Kazanckuii (IIpuBomkckuit) henepanbHblii yHUBEPCUTET

E-mail: maria_sergienko@mail.ru, smarina.63@mail.ru

IIpy wu3ydyeHHn CBsi3el KOMETHO-aCTEPOMJHOIO KOMIUIEKCA € METEOPHBIMM IOTOKaMU
UCCIIEN0BATENN IPUMEHSIOT Pa3Hble METObI, YTO IPUBOJUT K HEOJHO3HAYHBIM pE3yibTaTaM U
OJIMH U TOT K€ METCOPHBIN MOTOK OTOKIECTBIIACTCA ¢ Pa3HbIMM KOMETaMHU WJIM aCTEPOUIAMHU.
[TosToMy pa3zpaboTka HOBBIX IMOJXOOB IMPOBEPKH THUIIOTE3 O OJIM30CTH OPOUT MaJbIX Tel
ABJIAETCS BaXHBIM HAIIPABICHHEM B M3YyYEHUHU CBSA3€H METEOPHBIX IIOTOKOB C aCTEPOUIHO-
KOMETHBIM KOMILIEKCOM.

B pabore ycoBeplieHCTBOBaHAa METOAMKA IIOMCKA BEPOATHBIX CBA3eH HAOII0AaeMBbIX
METEOPHBIX TIOTOKOB C OKOJIO3€MHBIMH OOBEKTaMH (aCTEPOMJaMM, MOTYXIIMMUA KOMETaMHU WA
OCKOJIKAaMH MX pa3pyulieHus). J{iast OTOKAECTBICHUS UCIOIb30BaHA COBOKYIHOCTh KpuTepuen: D
Kputepuii mogodust opoutr Jpymmonga, wmerpuka mnpoctpanctBa K.B. XommeBHukoBa,
napamMeTpbl JUHAMUYECKOH 3BOJIOLMM OPOUT KakK CJIEACTBHUE PELICHHsI OrpaHUYEHHON 3a1auun 3-
x ten. [loporoBsle 3HaUEHUSI KPUTEPHUEB U TAPAMETPOB ONPEAEIICHBI C YI€TOM JUCIIEPCHUA OPOUT
METEOPOMJIOB KaK 3a CYET HAayaJbHBIX YCJIOBHUH HX BBIOPOCOB M3 POAUTENIBCKOIO Tela, TaK U
nocneayroueil ux spomonuu. [Ipu ordbope KaHIMIaTOB POAUTEIBCKUX TET METEOPHBIX TOTOKOB
IIPUMEHEH BEPOSITHOCTHBIN ITOAXO0Jl HA OCHOBE MHTEPBAJIBHBIX OLICHOK CPEIHMUX KBaJPaTHUECKUX
OTKJIOHEHUI MOPOroBbIX 3HAuU€HUN KpuTepueB. J[OCTOBEpHOCTh TMIOTE3bl O OJIM30CTU ABYX
opOUT 3a7aBaach 3HAYCHNUEM ITOJIHOM BEPOATHOCTH BHIMOJIHEHUS BCEX 3a/IaHHBIX KPUTEPHUEB.

Ha ocHOBe MHOTO(aKTOPHON METOIMKH B TPYMIIAX OKOJIO3EMHBIX aCTEPOUI0B ATIOJIIOHBI,
AMypbl, ATUpPBI, ATOHBI BBIIIOJHEH MOUCK OJIM3KUX OpOUT /Ui 14 ManbIX METEOPHBIX IOTOKOB,
Ul KOTOPBIX HE YCTAHOBJICHO POAMTEIBCKOE TEIO CPEIAM KOMET. BBINOIHEHO CpaBHEHHE
IIOJIyYEHHBIX PE3YyJIbTaTOB C JAHHBIMH IPYTUX HCTOUYHUKOB.

MULTIFACTOR METHOD FOR SEARCHING NEAR BODIES OF SMALL BODIES
M. V. Sergienko, M. G. Sokolova

Kazan Federal University, Kazan, Russia

E-mail: maria_sergienko@mail.ru, smarina.63@mail.ru

It is present that two bodies can have a common origin if the distance between their orbits in the
phase orbital space is less than some given threshold value D.. Researchers use different
approaches and, as a result, the same meteor shower is identified with different comets or
asteroids. Therefore, the development of new approaches to testing hypotheses about the
connection of small bodies is an important direction in the study of the relationships of meteor
showers with an asteroid-comet complex.

The technique of searching for probable relationships of meteor shower orphans with near-
Earth objects (asteroids, extinct comets or fragments of their destruction) has been improved. For
identification, a set of criteria was used: the Drummond criterion D, the metric space of the
Kholshevnikov, and the parameters of the dynamic evolution of orbits. The threshold values of
the criterions are determined taking into account the dispersion of the orbits of the meteor
shower, both due to the initial conditions of their emissions from the parent body and the
subsequent dynamics of their orbits. When selecting candidates for the search for parent body
orphan showers, a probabilistic approach is applied based on the fulfillment of each criterion
using interval estimates of their standard deviation. The adoption of the hypothesis of the
proximity of two orbits is based on the value of total probability of fulfilling all the criteria.

On the basis of multivariate techniques in the groups of near-earth asteroids the Apollo,
Cupids, Satyrs, Aton search for orbits close to 14 small meteor showers that do not have a parent
body among comets. The obtained results are compared with the data of other sources.
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O BO3MOXHOCTH YBOJIA ACTEPOUJIA C IOMOIIBIO IBAT ATEJISI MAJIOM
TATU

K.B. Xomuesnuxos, K.U. Ocvxkuna, T.H. Cannuxosa, B.b. Tumos.

ActporHomuueckuii ”HCTUTYT M. B.B.Cob6onesa CIIOIY,

C.IlerepOypr, Poccus,

E-mail: kvk@astro.spbu.ru

Paccmotpena 3a1aua yBojja OnacHOTo acTepoua ¢ OpOUTHI CTOJIKHOBEHUS C 3eMIel ¢ TOMOIIbIO
neurarenss manoi Taru. l[locnmemnuit MokeT OBITh CMOHTHPOBAaH Ha acTepoujie, WIH Ha
"rpaBuTaliuoOHHOM TArade". llenbro sBIsAE€TCA YCTAHOBJIEHUE NPUHLUINHAIBHON BO3MOXKHOCTH
(MM HEBO3MOXKHOCTH) YBOJIa acTepoua Ha 0€301acHOE PacCTOSHUE 3a BpeMs MOpsiIKa Mecsia
U rojia. JTO MpUEMIIEMO, IOCKOJIbKY MajieHue actepouaa nuamerpom 100 M u Oosee cpasy nmocie
€ro OTKPBITHUS MaJIOBEPOSITHO. MBI OrpaHUYMIIMCh MOJCIIBHOW MOCTAaHOBKOM 3aJjauyM: JIBUTaTEIb
oOecrieunBaeT IOCTOSHHOE YCKOpEHHWE acTepouja IO TpaHCBepcalu K  opOure.
CooTBeTCTBYIOIIME YpaBHEHUs TuMa Jiiepa ObutM mpeoOpa3oBaHbl METOAOM ocpeaHeHus. Mx
penieHue (aJiekBaTHOE Ha BpeMEHaX [0 MOJYTOpa ThICAY JIET) MOJYy4eHO METOJOM PSAIO0B IO
creneHsM '"MemseHHoro BpeMeHu". Ilepuoguueckue BO3MYIIEHMSI TaKKE YUHUTHIBAIUCH.
Oka3asnoch, 4TO aCTEpOUIbI 10 55 METPOB B IMAMETPE MOKHO YBECTH 3a IOJI [P TATE IBUTATENS
B 1 H. [Ipu Tare B 20 H acrepounsl 1o 50 MeTpoB B 1uaMeTpe MOXKHO YBECTH 33 MECSIL, a C
muameTpoMm 10 150 meTtpoB - 3a roi. YBoa Ooliee KPYMHBIX acTepoH]IOB TPeOYIOT Oosblie
BpEMEHU UJIU 00JIee MOIIHBIX JIBUTATENCH.

ON THE POSSIBILITY OF DEORBITING OF AN ASTEROID
USING LOW-THRUST ENGINE

K. V. Kholshevnikov, K. I. Oskina, T. N. Sannikova, V. B. Titov
Sobolev Astronomical Institute, Saint-Petersburg State University,
Saint-Petersburg, Russia,

E-mail: kvk@astro.spbu.ru

A problem of a hazardous asteroid distraction from a colliding with the Earth orbit using a low
thrust is considered. The engine can be installed on the asteroid, or on a “gravitational tractor”.
Our goal is to establish a principal possibility (or impossibility) of the asteroid’s distraction to a
secure distance in the time of a month, or a year. It is reasonable as a fall of a 100-metre asteroid
immediately after its discovery is hardly probable. We confine ourselves to a model scenario: the
engine provides a constant acceleration of the asteroid along the transversal to its orbit. The
corresponding equations of Euler type have been transformed using the averaging method. Their
solution (adequate over a time-scale till 1500 years) is found by the method of series in powers
of a «slow time». Periodic perturbations have been also taken into account. It turns out that
asteroids up to 55 m size can be deorbited during a year using 1 N thrust. The 20 N thrust
permits to deorbit asteroids up to 50 m size during a month, and asteroids up to 150 m size
during a year. Deorbiting of more large asteroids demands more time, or more powerful engines.
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O CIIEKTPAX MACC ACTEPOUJOB, METEOPOUJAOB U OBBEKTOB
KOCMHUYECKOI'O MYCOPA

b. M. Illlycmos

Nuctutyt actponomuun PAH, Mocksa, Poccust

E-mail: bshustov@mail.ru

[To pe3yapTaramMm KpaTkoro o0030pa  TEOPETUYECKUX M HAOMIOJATENbHBIX  padoT
poaHaNU3UPOBaHbl (OPMBI (HAKIOHBI) CIIEKTPOB Macc HaceleHui Manbix Ten ColHedHON
CHCTEMBI, BKJIIOYas KOCMHYECKH Mycop. B memnom, ¢opmbl ciekTpoB B auddepeHInaaTsHOM
Buzae Ommsku K dN oc M'ZdM, rae dN - xomudecTBO 00bEKTOB B HHTEpBaie macc [M, M+dM].
[Toka3zarenp HakioHa -2 (0a30BBIM), OTPaKAET CTATUCTUYECKHE CBOHCTBA Oejoro Iryma u
ABIIIETCSl CIIEJICTBUEM TOTO, YTO MHOKECTBO KOHKYPHPYIOIIMX IPOLECCOB 00pa3oBaHUs U
paspylieHus OObEKTOB  MOXHO OIHMCATh B IEJIOM HA s3BIKE CIIYYalHBIX MpormeccoB. Ha
HEKOTOPBIX 3TANax MOTYT JOMHHHUPOBATh T€ WM MHbIE ()AaKTOPbI, U TOTJa MOXKHO TOBOPUTH 00
OTIpe/ICIIEHHON (BBIACICHHOM) «(PHU3UKE MPOIIECCay», BBI3BIBAIOIIEH OTKIOHEHUS OT CIy4alHOCTH.
OO0cyXalTcsi KOHKPETHbIE MPUMEpPbl OTKJIOHEHHS OT 0a30BOro BUAA CIEKTpa U (HaKTOPHI,
JOMHHHPYIOIIAE TPH 00pa30BaHWM W JAITBHEHUIICH SBOJIIONMH PA3IMYHBIX HACEICHUN MAaJIbIX
Te.

ON THE MASS SPECTRUM OF ASTEROIDS, METEOROIDS AND SPACE DEBRIS
Shustov B.M.
Institute of Astronomy of the RAS, Moscow, Russia

The forms (slopes) of the mass spectra of the populations of minor bodies of the Solar system,
including space debris, are analyzed based on the results of a brief review of theoretical and
observational works in the field. In general, the forms of the spectra in differential form are close
to dN oc M?dM, where rae dN is a number of objects in mass interval [M, M+dM]. The slope
index -2 (basic) reflects the statistical properties of white noise and is a consequence of the fact
that many competing processes of formation and destruction of objects can be described as a
random process. At some stages, certain factors may dominate, and then we can talk about a
certain (selected) "physics of the process”, causing deviations from randomness. Specific
examples of deviations from the basic type of spectrum and the factors dominating the formation
and further evolution of different populations of small bodies are discussed.
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CEKIUA 3. HEBECHO-MEXAHUYECKHE 3ATIAYHN

MAJIBIE TEJIA COJTHEYHOM CUCTEMBI KAK APTE®AKTBI DTAIIOB
IBOJIOIMH ITPOTOIVIAHETHBIX IUCKOB

Aboynomsanos T.P.

Ka3zaHckuil rocy1apCTBEHHBIN YHEPreTUYECKU yHuBepeurer, Kasans, Poccus
E-mail: abdulmyanov.tagir@yandex.ru

Ha craguy KOHBEKTMBHOI'O C)KAaTHsl 3BOJIOLMOHHBIM TpEeK 3BE3]l MOXET OBITh CIIOXKHBIM.
CrnenoBaTenbHO, IO JAHHBIM HAaOIIOAEHUH 3B€3]] HEBO3MOXKHO BOCCTAHOBUTD MPEABICTOPUIO UX
3BOJIIOLIMK 0 BCTYIUIEHHMs Ha [naBHyro mnocienoBaTesbHOCTh [3]. OgHAKO MHpenbIicTOpUs
HBOJIIOLIMU 3BE€3J] MOXKET IHPOSABISTHCS U COXPAHUTHCA Ha HKBATOPUAIBHOM IIJIOCKOCTH
BpallleHus IPOTO3Be3/. B 3TOM cilydae naHHbIe O AMHAMUKE MaJbIX Ted U 1uiaHeT CoJaHeuHoH
CHUCTEMbl MOTYT JaTh HaOJIIOJATENbHYI0 OCHOBY /Jii MOJEIMPOBAHUS M HCCIEI0BAHUS
npensicropur CoNHLIA U APYTUX 3BE3.

PesynpTarel HAOMIOACHUH TBIJIEBBIX JTUCKOB BOKPYT MOJIOABIX 3BE3[ MOKA3BIBAIOT, YTO
KpYyIHOMAacIITaOHbIE CTPYKTYPhl Ia30MbLIEBBIX JAMCKOB MOAPA3JEISAIOTCS Ha JIBE OTAEJbHBIC
IPYIIIBI: Ha MMEIOLIME KOJIbLIeoOpa3Hylo (parMEeHTAlUI0 U CIUpaleBUAHYI0. ['a3o0mblieBbie
nucku Bokpyr 3Be3n TW Hya, HD 163296, HD 16 9142, HD 97048 umeroT KoniblieoOpa3Hyto
¢parmenTranuio. POpMHUpPOBAHUE TaKOW CTPYKTYpPbl IUCKOB OOBSCHAETCS YCTONYMBOCTHIO
paBHOBECHsI Ta30MbUIEBBIX 000J0YEK MNpoTo3Be3n [2]. 'a3omblieBble JUCKH BOKPYT 3BE3]
MWC 758, HD 100453, HD 135344B umeroT cnupaleBUAHYIO CTPYKTYypy. IlosBiieHne Takmx
CTPYKTYp y JUCKOB MOJXET OBbITh CII€JCTBHEM HM3MEHEHHUS YCIOBHUS YCTONYHMBOCTH M CMEHBI
peXumMa paBHOBECHS 000JIOUKH HA PEKUM CIKATHS TPOTO3BE3HI [2].

[Ipy BBINONIHEHUU YCIOBUS YCTOMYMBOIO paBHOBecHs [2], B mbUIeBOM 00o0s0uUKe
pOTO3BE3]bl OYAyT (QOPMUPOBATHCSA IJIOTHOCTHBIE BOJHBL. MakCMMyMbl BOJIH IUIOTHOCTHU
UMEIOT KoJibIieo0pa3Hyto ¢popMy. Bapuanus mioTHOCTH (M JaBJIEHMS) MOXKET OBbITh MPUUMHOMN
Hayajla [EepeXOJHBIX MPOILIECCOB: KOHJEHCALMM, KPUCTAJUIM3ALUU, KOAryiasuuu U Jp.
KonzneHncupyronye rasonblieBble 4acTHIBI OyAyT OCelaTh Ha 3KBATOPUAIBHYIO IUIOCKOCTb
BpalleHHs IPOTO3BE3/bl, GOPMUPYS MPOTOIIAHETHBIE KOJIBIIA.

JanpHeilmuii mpouecc akKyMyJSIIUM YacTUI[ MbUIM M raza OyJeT MNpPOUCXOAUTh B
DKBATOpUAIBHBIX AUCKax. [Iponecc akkymyassiM¥ MOYKHO IPEICTABUTh NPU MOMOIIU MOAEIN
OTpaHMYEHHOM 3aJaud Tpex Tea WiIM B 0Oojee CI0XKHOM MOJENH, YYHUTHIBAIOIIEH
KMHEMAaTH4ECKYyI0 BsA3KOCTh. IIpu omnpeneneHHol NIOTHOCTM pacmpeneneHus yactul [1] B
npoliecce (QopMUpOBaHUS U pocTa Tean OyAeT MAecTBOBaTH MEXaHU3M OpOUTAIbHOIO
pe3oHaHca. B ciydyae GonpIIoi CKOPOCTH aKKperuH (aKKpEeUHOHHbIE AUCKH), OPOUTHI YaCTHUI]
HKBATOPUAIBHOIO JUCKa OyayT UMETh OoJblINe dKCIEeHTpUCHUTETHI. [lo TakuM opbuTtam Oyner
o0ecrieunBaTbcs POCT Macchl sjpa NpoTo3Be3nbl. I[lpm Mamoil CKOpOCTH —aKKperuu
(TpoTOTIJIaHETHBIC TUCKW) SKCIEHTPUCHUTETHI OPOUT YACTHUIl OyAyT MaldbIMH. TOTHa YacTHIIbI
OyayT «3axBaueHbl» B OpOMTANbHBIE PE30HAHCHl U OyOyT y4acTBOBaTh B (POPMHUPOBAHUH H
pOCTE MaJbIX TEJ U «3apOAbILIEH» MIaHET B SKBATOPUATIbHOM MIIOCKOCTH.

Cornacno mozaenu Cagponosa [4], bopMUpOBaHKE U POCT MACC MAJIBIX TEJ MPOUCXOAUT B
pe3ysibTaTe HEYNPYyruxX B3aUMHBIX CTOJIKHOBEHHH MaslbIX Tell. BeposSTHOCTH CTOJIKHOBEHUS C
«3apoJiplllIaMMU» OTIpesiessieTcss mo ¢Gopmyse nr’/Qop [4]. B omnmume ot Mosenn CagpoHnona

54


mailto:abdulmyanov.tagir@yandex.ru

IPEIIOJIOKUM, YTO MAJEHUE TEJI Ha «3apOJBIININ» IUIAHET IMPOUCXOIUT HE IO CIIy4alHbIM
TPACKTOPHSIM, a TIO PETYJSIPHBIM opOuTaM pe3oHanca 1/1. B Takoi momenu «3apoAsimmy» OyayT
¢dopmupoBatbcs [4] Ha OJHON M3 BEPUIMH PaBHOCTOPOHHErO TpeyroibHuka SLE, rae S — uentp
IpoTO3BE3/1bl, L — 0Ha U3 1BYX TpeyronbHbIX Touek Jlarpanxa L4 u Ls, E — «3apogsimm.

1. A6oynvmsanos T.P. // Becthuk MY. Cepus 3. ®uszuka. Acrporomus. 2014, Ne 6. C. 115.

2. Aboynvmarnos T.P. // CoBpemennas 3Be3aHas actponomus 2018., TAUII MI'Y. 2018, C. 68.
3. bamypun B.A. u dp. // ’Ku3nb u Bcenennas. KomiektusH. moHorpadus. M., 2017.

4. Cagppornos B.C. DBomronus A0TJIaHETHOTO o0j1aka u oOpazoBanue 3eMiu U tianet. M., 1969.

NCCJEJOBAHUE TUHAMUYECKOM CTPYKTYPBI OBJIACTEM
HU3KOOPBUTAJIBHBIX PE3OHAHCOB CO CKOPOCTBIO BPAILIEHU S 3EMJIN
E. B. baunxosa, Y. B. Tomunosa

HU TT'Y, r. Tomck, Poccus

E-mail: zbizk322@mail.ru; irisha_tom@mail.ru

Pabora nocesiieHa akTyajlbHON TeMe UCCIIEJOBAHMS TUHAMUYECKON CTPYKTYpPhl OKOJIO3EMHOIO
OpOUTANIBHOTO MPOCTPAHCTBA B 00JIACTH HU3KOOPOUTAIBHBIX PE30HAHCOB C BpPALEHUEM 3eMIIN.
Ota 001aCTh OKOJIO3EMHOT0 KOCMHUYECKOTO MPOCTPAHCTBA Majlo M3ydeHa. B To ke Bpems oHa
MOYET OBbITh HUCIOJIb30BaHA KaK Ul pa3BepPThIBAHUs CIyTHUKOBBIX CUCTEM CBSI3U M HaBHUTallUH,
TaKk U JUIs mapkuHra orpadotaBmux o0bekToB cucteMbl I JIOHACC. [Ins toit u apyroi 3amay
HEOOXOMMO  3HAHUE JMHAMHYECKOW CTPYKTYpbl JaHHOW oOmactu. MccnenoBaHue
OCYILECTBIISICTCS IYyTEM YWCIEHHOTO MojenupoBaHusi. OmpeneneHbl 00JIaCTH CYIIECTBOBAHUS
PE30HAHCOB IO OOJBIION MOITYOCH.

B nokmagme mnpencraBienst MEGNO-kaptel m  auHaMu4eckne KapTUHBI HBOJIOIUH
3JIEMEHTOB OpOUTHI Ha BpeMeHHOM ydacTtke 100 mer mis oOmacreir pesonanca 1:3 m 1:4 co
CKOpPOCTBIO BpalleHHs] 3eMIIM, a TaK)Ke Pe3yJIbTaThl HMCCIEIOBAaHMS YKa3aHHBIX O0JIacTel Ha
HaJINYMe YCTOWYMBBIX KOMIIOHEHT OpOUTAIbHOTO PE30HAHCAa U BEKOBBIX aIllCH1abHO-HOJAbHBIX
PE€30HAHCOB.

Pa6ota BeimonneHa no rpanty PODU 18-32-00735 mon_a «VccnenoBanue ocooeHHOCTEH
JTUHAMHUKU OKOJIO3EMHBIX KOCMUYECKUX OOBEKTOB B YCIOBUSIX HAJOKEHUS! PE30HAHCOB
Pa3IUYHBIX TUIIOBY.

THE STUDY OF THE DYNAMIC STRUCTURE OF REGIONS OF LOW-ORBIT
RESONANCES WITH THE SPEED OF ROTATION OF THE EARTH

Blinkova Evgenia Vladimirovna

Tomsk State University, Tomsk, Russia

E-mail: zbizk322@mail.ru ; irisha_tom@mail.ru

The work is devoted to the actual topic of the study of the dynamic structure of the near-earth
orbital space in the field of low-orbital resonances with the rotation of the Earth. This area of
near-earth space is poorly understood. At the same time, it can be used both for deployment of
satellite communication and navigation systems, and for parking of the fulfilled objects of
GLONASS system. For both tasks it is necessary to know the dynamic structure of this area. The
study is carried out by numerical simulation.

The report presents MEGNO maps and a dynamic pictures of the evolution of orbital
elements over a 100-year period for the resonance regions 1: 3 and 1: 4 with the Earth's rotation
speed, as well as the results of a study of these regions for the presence of stable components of
the orbital resonance and secular apsid-nodal resonances .

This work was carried out under the RFBR grant 18-32-00735 mol_a “Study of the dynamics
of near-Earth space objects under conditions of superposition of resonances of various types”.
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TNIOTE3A O KPYITHOM INIAHETHOM TEJIE HA TIEPU®EPUN COJTHEYHON
CUCTEMDbI
A. S. Guliyev, R. A. Guliyev

PaccmarpuBatoTcsi OT/AeNIbHBIE aCHEKThl TUIOTE3bl ['yiareBa O BO3MOXKHOCTU CYILIECTBOBAHUS
KpYIHOTro IUTaHeTHOro Tena Ha paccrosHun 250 — 400 a.e. m ero TpaHcdepa HaOIIOAAECMBIX
KOMeT. B 3Toli runore3e OCHOBHOW aKLIEHT JEJIaeTCs Ha 3aKOHOMEPHOCTH B JBM)KEHHU KOMET,
OPUXOAAIIMX C JajeKkux oOjacteld conHeyHo cucTteMbl. B Hacrosiedr pabore aHaiu3
oxBatbiBaeT 1249 xomer, HabmrogaBmmxcs g0 2017 roxa. [TokazaHo, 94TO CYIMIECTBYET IIOCKOCTh
BOJIM3U KOTOPOW MMEET MECTO KOHIIEHTpalHsl KOMETHbIX nepurenueB. OHa umeer napamerpsl Ip
= 86°.2; Qp = 271°7 W cornacHo THIOTE3bI, SBISETCS CIIEACTBHEM JCHCTBHS KPYITHOTO
MIaHeTHOTO Tena Ha paccrosHuu 250-400 a.e. B 3ToM wmHTEpBaje KOJIMYECTBO adenuneB U
JATIEKUX Y3JIOB KOMETHBIX OpOHUT 3aMeTHO (B Mpejenax CTaTUCTUYECKUX JTOCTOBEPHOCTEH)
npesbllIaeT oxxuaaemblii poH. Ha 6a3e coOpaHHOr0 KOMETHOr0 MaTepuasa OLECHEHbI dJIEMEHTHI
MpeIoiaraeMoro IianetHoro rena: a = 337 a.e.; e =0.14; v = 570; Q = 2720.7; | =86°

HYPOTHESIS ON THE LARGE PLANETARY BODY ON THE PERIPHERY
OF THE SOLAR SYSTEM
A. S. Guliyev, R. A. Guliyev

Selected aspects of the Guliyev’s hypothesis about the existence of the large planetary body on
distance of 250 - 400 AU as, a factor of comets transfer, are considered. In this hypothesis the
main emphasis is on the regularities in the motion of comets coming from distant regions of the
solar system. The analysis covers 1249 comets observed until 2017. It is shown that there exists
a plane near which the concentration of cometary perihelion. According to the hypothesis this
plane having parameters Ip = 86°.2; Qp = 271°.7 is result of the influence of giant planetary body
at the distance of 250 - 400 AU. It shows that number of aphelia and distant nodes of cometary
orbits within this limit (within statistical validity) significantly exceeds the expected background.
On the basis of collected cometary data, we have estimated orbital elements of the hypothetical
planetary body: a=337 a.e.;e=0.14; o = 570; Q= 2720.7; | = 86°.

KOMETbBI KAK UHIAUKATOPBI JUHAMMWYECKUX INTPOLTECCOB BO BHEIIHEN
YACTH PAHHEN COJTHEYHON CUCTEMBI

B. B. Emenvsanenxo

Wuctutyt actponomuu PAH, Mocksa, Poccus

E-mail: vwvemel@inasan.ru

HoBble naHHBIE O CBOMCTBaxX KOMET M paclpelesieHUH JajeKuX TPaHCHENTYHOBBIX OOBEKTOB
YKa3bIBAlOT Ha BAXXHOCTh JAMHAMHYECKUX TIPOIECCOB BO BHENIHEH YacTH IMPOTOIUIAHETHOTO
mucka B ¢opmMupoBaHuu HabOmrogaemod CTpykTypsl ConHeyHOW cucTeMbl. Pe3ynmbTaTsl
KocMuueckor wmuccuu  “‘Rosetta” mokaspIBarOT, YTO aKKpemwss KOMET TPOMCXOJaujia ¢
Ype3BbIUAITHO MaJIbIMM CKOPOCTSIMH, a MEpexoJ]l Ha OpOUTHI C OOJIBIIMMHU SKCLHEHTPUCUTETAMH,
XapakTepHble TSI 00BEKTOB TPAHCHENTYHOBOTO paccessHHOro aucka (scattered disc) m oGiaka
Oopta (mpeamnonaraeMble HMCTOYHHKM HAONIONAEMBIX KOMET), MPOUCXOMMWJI  3HAYUTEIHHO
ObicTpee, yeMm B momyssapHoi monenu “Hunuer”. B 0630pe o0cyxaatoTcs HOBbIE MPOOIEMBI,
KOTOpPbIE 3TU Pe3yJbTaThl MOCTABHIN B TEOPHH JWHAMHYECKOW SBOJIIOLUHU U MPOHCXOMKIACHUSL
KOMET, ¥ BO3MOKHBIE TIYTH HX pelieHus. B gacTHOCTH, paccMaTpuBaeTCcss BOZMOKHOE BIIHSHUE
TUFAHTCKUX  Ta30BBIX  CTYUIGHHWH, OOpa3ylomMxcsi B pe3yiabTare TI'paBUTALMOHHOM
HEYCTOHYHMBOCTH M (pparMeHTalMy OKOJIO3BE3JHOTO JMCKA, HA OpOWTAJIbHOE paclpeneieHue
MOy MaJbIX Tesl BO BHEIIHEeH yacTu COIHEUHOM CUCTEMBI.
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COMETS AS INDICATORS OF DYNAMICAL PROCESSES IN THE OUTER PART
OF THE EARLY SOLAR SYSTEM

V. V. Emel ’yanenko

Institute of Astronomy, RAS, Moscow, Russia

New data on the features of comets and the distribution of distant trans-Neptunian objects
indicate the importance of dynamical processes in the outer part of the protoplanetary disk for
the formation of the observed structure of the Solar system. The results of the Rosetta space
mission show that the accretion of comets occurred at extremely low velocities, and the
transition to orbits with high eccentricities, typical for the objects of the trans-Neptunian
scattered disk and the Oort cloud (suggested sources of observed comets), occurred significantly
faster than in the popular Nice model. The review discusses new problems that have appeared in
the theory of dynamical evolution and origin of comets, and possible solutions. In particular, the
possible influence of giant gas clumps formed as a result of gravitational instability and
fragmentation of a circumstellar disk on the orbital distribution of the population of small bodies
in the outer Solar system is considered.

HU3KOCKOPOCTHBIE CBJIMKEHUS MAJIBIX TEJI C IINTAHETAMUAX
H. IO. Emenvanenxo

Wuctutyt actponomuu PAH, Mocksa, Poccus

E-mail; nyuemel@inasan.ru

Omnpenensiercs napamerp Tuccepana B MOJIE/IbHBIX HU3KOCKOPOCTHBIX cOmkeHusx. [lokazano,
YTO B TaKUX CONIMIKCHUSX 3HAYCHHE TTapameTpa Tuccepana 3aBUCUT TOJIBKO OT SKCIEHTPUCHTETA
opOUTHI Masioro tena. B atom ciydae napamerp Tuccepana OTHOCUTENBHO NPOU3BOIBHOM
IUTAHETHI OJIM30K K TPEM

LOW-VELOCITY ENCOUNTERS OF SMALL BODIES WITH PLANETS

N.Yu. Emel’yanenko
Institute of Astronomy, RAS, Moscow, Russia

The Tisserand parameter is determined in models of low-velocity encounters. It is shown that in
such encounters, the value of the Tisserand parameter depends only on the eccentricity of the
orbit of a small body. In this case, the Tisserand parameter relative to an arbitrary planet is close
to three

HUKJIBI KACCUHHU BO BPAINATEJIBHOM JIBUKEHUU I'EOJAE3NYECKOI'O
CITYTHHMKA AJISAI

C. C Eqbwvzoel, . A. Hpumblkuuz, B. B. Cu()opeHK03

"MockoBckuii (U3UKO-TEXHUUECKUN HHCTUTYT, 2CKOIKOBCKHiT WHCTUTYT HAYKHU U TEXHOJIOTUI
*WnctuTyT npuktaHoil Matematruki uM. M.B. Kenmerma PAH (vvsidorenko@list.ru)

Marematuueckoe MOJEIMPOBAHUE W PE3YyibTaThl HAOMIOJEHHS BpaLIaTeIbHOTO JIBUXKEHUS
KPYIHBIX 00BEKTOB KOCMHUYECKOTO Mycopa Ha opbuTax ¢ BeicoramMu B uHTepBaie 500-1500 kM
YKa3bIBalOT Ha TO, 4YTO B JIOJITOBPEMEHHOM 5BOJIOIUU D3TOTO JBH)KEHUS HMEIOTCS
NEPUOANYHOCTH, Ha3BaHHBIX Hamu Iukiaamu Kaccunum [1]. [uknel KaccuHu xapakTepusyroT
B3alIMHOE BJIMSIHUME Ha BpalleHHe O0BbEKTa IPaBUTALMOHHBIX MOMEHTOB U MPELECCHUH OPOUTHI.
OcHoBbIBasgch Ha omnyOnaukoBaHHOW B [2,3] wuHpopmMamMu O BpaIIaTEIbHOM JIBUKECHUU
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STIOHCKOTO T'€0JIC3UYECKOro CIyTHHKa Ajisal, MOXHO YTBEp)XIaTh, YTO M B 3TOM Cilydac B
BEKOBO BOJIONNH HAIPABJICHHUS OCH BPAIICHNSI MOXKHO BBIIETHUTH UK Kaccunn.
Pabota BeinosiHeHa npu GpuHaHCOBOM moanepkke POOU (mpoext Nel7-01-00902).

[1] Efimov, S., Pritykin, D., Sidorenko, V., Celest. Mech. Dyn. Astron., 130 (10), 62 (2018)
[2] Kucharski, D., Kirchner, G., Otsubo, T., et. al, Adv. Space Res., 57, 983-990 (2016)
[3] Koshkin, N., Shakun, L., Burlak, N., et. al, Adv. Space Res., 60, 1389-1399 (2017)

CASSINI CYCLES IN THE ATTITUDE MOTION OF THE GEODETIC SATELLITE
AJISAI

S. S. Efimov', D. A. Pritykin?, V. V. Sidorenko®

'Moscow Institute of Physics and Technology, Skolkovo Institute of Science and Technology,
*Keldysh Institute of Applied Mathematics RAS (vvsidorenko@list.ru)

Attitude motion of large space debris objects in orbits with altitudes ranging from 500 to
1500 km exhibit certain periodicities found both in the observation data and mathematical
modeling. These periodicities that we named Cassini cycles [1] occur in the attitude motion of
celestial bodies as a result of the interplay of the gravity-gradient torque and the orbit precession.
Presence of Cassini cycles is also indicated by the available information on the rotation evolution
of the Japanese geodesic satellite Ajisai, published in [2, 3].

This work was supported by RFBR (grant 17-01-00902).

[1] Efimov, S., Pritykin, D., Sidorenko, V., Celest. Mech. Dyn. Astron., 130 (10), 62 (2018)
[2] Kucharski, D., Kirchner, G., Otsubo, T., et. al, Adv. Space Res., 57, 983-990 (2016)
[3] Koshkin, N., Shakun, L., Burlak, N., et. al, Adv. Space Res., 60, 1389-1399 (2017)

BEKOBAS DBOJIIOIIUA PE3OHAHCHBIX OFBEKTOB ITOSICA KOUIIEPA
C.C Eqbumoel, B.B. CudopeHKo2

"MockoBckuii bu3uKO-TeXHNYeCKU MHCTUTYT, Jlonronpyauslii, Poccus
(efimov.ss@phystech.edu),

WNucturyt npuknaanoi matematuku um. M.B. Kenasima PAH, Mocksa, Poccus

3HauyMTenbHas 1071 00bekToB mosica Koifnepa HaxoIuTcs B pe30HAaHCAX CPEAHUX JIBUKEHUH
(PCH) c HentynoMm. Hanbonee npumeuaTenbHbIMU BIsIOTCS cemeiicTBa minytuHo (PCJ 2:3) u
tytuHo (PCJI 1:2). Mbl M3y4uiu BEKOBYIO SBOJIIOLMIO OPOUT IUTYTHHO M TYTHHO, MCIIOJIB3YS
npeioxkeHHyro Jx. Yuszgomom metonuky ananusa auHaMmuku npu PCJI [1]. Ocoboe BHUMaHue
Mbl yrenunn spdexty Kozaum-JIugoBa: Kak oKa3aloch, BO3MOXHBI TaKU€ BapUaHThl €ro
MPOSIBJICHUS, KOTOPBIE B MPEAIIECTBYIOIINX UCCIEA0BAHNUAX HE BCTPEUAIIHCH.

Metoauka VYusznoma Takke NO3BOJIMIA HAaM IIPOBECTH TEOPETHYECKOE MCCIIEN0BAHUE
MexaHu3MoB (popmupoBanus xaoca npu PCJl 2:3 u 1:2. MoxHo yTBep>KaaTh, YTO B JAHHOM
cllydyae Mbl UMEEM JIeJIO C TaK Ha3bIBAEMBIM «aJuadaTHYecKUM Xaocom» [2]. Panee xaoTuzanus
TuHaMUKU pu oocyxaaembix PCJI n3yuanach ToJbKO 4ucieHHo [3].

YucneHHOE WHTETPUPOBAHUE YPAaBHEHUM JABW)KEHUS IOATBEPXKIAET, UYTO OINMCAaHHBIE
BEKOBbIE 3(DPEKThI JeHCTBUTENHFHO BO3MOXHBI B IMHAMHKE peabHbIX 00beKTOB nosica Koiinepa.

[1] Wisdom, J., Icarus, 63, 272-289 (1985)

[2] Neishtadt, A.l., PMM USSR, 51, 586-592 (1987)
[3] Wisdom J. and Sussman G.J., Bulletin of the American Astronomical Society, 20, 901 (1988)
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SECULAR EVOLUTION OF RESONANT KUIPER BELT OBJECTS

S.S. Efimov?, V.V. Sidorenko?

"Moscow Institute of Physics and Technology, Dolgoprudny, Russia (efimov.ss@phystech.edu),
?Keldysh Institute of Applied Mathematics RAS, Moscow, Russia

A significant fraction of Kuiper belt objects exist in mean motion resonances (MMR) with
Neptune. Most noteworthy populations are plutino (MMR 2:3) and twotino (MMR 1:2). We
have studied the secular evolution of orbits of plutino and twotino, using the approach for the
resonant dynamics analysis developed by Wisdom [1]. A special attention was paid to Kozai-
Lidov effect — as it turned out, there are some types of the cycles, which appears to be new and
unique.

The Wisdom’s method also allows studying the chaos in MMR 2:3 and 1:2. In such case
we are dealing with what is known as adiabatic chaos [2]. Previously the chaos within the MMRs
in question was studied only in numerical simulations [3].

Numerical integration of motion equations confirms that many described secular
dynamical effects are indeed possible to observe in dynamics of actual Kuiper belt objects.

[1] Wisdom, J., Icarus, 63, 272-289 (1985)
[2] Neishtadt, A.l., PMM USSR, 51, 586-592 (1987)
[3] Wisdom J. and Sussman G.J., Bulletin of the American Astronomical Society, 20, 901 (1988)

NPUMEHEHUE METOJA BHYTPEHHUX TOUYEK B 3AJJAUYE OIIPEAEJIEHU S
BO3SMYHIAKOIHINX MACC

H. B. JKenesnos, O. M. Kouemosa,

UITA PAH, r. Cankr-IletepOypr, Poccus

E-mail: znb@iaaras.ru

B 3anade ompezneneHus BO3MYIIAIOIIMX MacC 4acTO MPUXOAMTCS HCHOJIb30BaTh HaOIIOAEHUS
00JBIIOr0 YKciIa BO3MYILIAEMBIX TeEJ, YTO NPUBOAUT K HEOOXOAUMOCTH pellaTh CUCTEMBI,
UMEIOIME TUIOXYI0 OOYCIIOBIEHHOCTh. PellleHMe TakuX CHUCTeM MOXKET NPUBOIUTH K
HEYJIOBJIIETBOPUTEIbHBIM pe3ysbTaTaM, HampuMep, K OTPHULATENbHbIM 3HAYEHMUSIM Macc
BO3MYILAKOLIMX Tel. B 3TOM ciydae NpUXOANUTCSA BBOIAUTH JOIOJHUTENIBHBIE OTPAHUUYEHUS AJIS
MOJIyYEHUs Pa3yMHBIX pe3ysbTaToB. B paboTe npu pemeHnn Takux CUCTEM UCIOIB3YETCS METO
BHYTPEHHUX TOueK. Mnes anropuTMOB BHYTPEHHHX TOYEK COCTOUT B HUCKIIIOUEHUH W3 3aladu
OTrpaHUYEHUI- HEPAaBEHCTB IyTeM BBEJEHHS IITpapHBIX KOA((UIMEHTOB 3a MPUOIMKEHHE K
IpaHUIlaM JOMYCTHUMBIX 3apaHee 3aJaHHBIX 00JIacTeH.

B pabote mpuBonATcs HmpUMEphl MCHOJIb30BAaHUS 3TOTO METOJa MpU YIYYIIEHUH Macc
acTepouIOB, BXOIAIIMX B JAMHAMHUYECKyl0 Mojens s¢pemepuasl EPM2017, paspaboTtaHHyio B
UITA PAH. B kauecTBe HaualbHBIX 3HAUYEHUIH BO3MYIIAIOIIUX MAacC MCIOJb30BAJIUCH 3HAUECHUS
Macc BO3MYINAIOUIMX acTepousoB u3 spemepuasl EPM2017. Bo3myiiaemble Tena oTOMpannuch
no BemuuHe MOID ¢ Bo3mymaromumu MaibiMu 1uiaHetamu. Ommbku B onpeaeneann MOID
TOKE YUUTHIBAIIUCH.
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APPLICATION OF THE METHOD OF INTERIOR POINTS IN THE PROBLEM
OF DETERMINING THE PERTURBING MASSES

N. B. Zheleznov, O. M. Kochetova
IAA RAS, Saint Petersburg, Russia

E-mail: znb@iaaras.ru

In the task of determining of the perturbing masses, it is often necessary to use the observations
of a large number of perturbed bodies. It leads to the need to solve systems that have poor
conditionality. The solution of such systems can lead to unsatisfactory results, for example, to
negative values of the masses of perturbing bodies. In this case, it is necessary to impose
additional restrictions to obtain reasonable results. In the work when solving such systems, the
method of interior points is used. The idea of interior point algorithms is to exclude constraints-
inequalities from the problem by introducing penalty coefficients for approaching the boundaries
of admissible predetermined areas.

The paper gives examples of using this method for improving the masses of asteroids that
are part of the ephemeris dynamic model EPM2017 developed in IAA RAS. As the initial values
of the perturbing masses we have been used the values of the masses of perturbing asteroids
from the ephemeris EPM2017. Perturbed bodies were selected by MOID value with perturbing
minor planets. The errors of MOID are also taken into account.

BEPOSITHOCTH CTOJIKHOBEHHMM IVIAHETE3UMAJIEN U3 PA3SHBIX YACTEN
30HBI INTAHUSA IVIAHET 3EMHOM I'PYIIIBI C ®OPMUPYIOIUMUCSI
IJIAHETAMM, JIYHOM U UX 3APOJIBILLIAMUA

C. U. Unamos

HNuctutyT reoxumuu U ananutuueckod xumuu uM. B.U. Bepuaackoro PAH, Mocksa, Poccus
E-mail: siipatov@hotmail.com

YucneHHO MOAETUpPOBaach IBOIIOIMS OPOUT ITaHETe3UMalIe B 30HE MUTAHUS TUIaHET 3eMHOU
rpynnsl [1]. Ilpu 3TOM yuuThIBamoCh TpaBUTALlMOHHOE BIMSHUE IUIAHET WM UX 3apOJbIIIEH.
BeposATHOCTH CTOJIKHOBEHUH IUIAHETE3UMAJEH C IUIAHETAMM WM C HUX 3apoAblllaMu
BBIUMCIISUINCHh HA OCHOBE MAacCHUBOB 3JIEMEHTOB OpOUT MUTPUPOBABIIMX IUIaHETE3UManel. bpuio
MIOKa3aHo, YTO 3apOJIBIIIH IJIAHET 3€MHOM IpyMIbl C MaccaMu, KOTOpPbIe COCTaBIsUIM He Ooiiee
0.1 macc mnaHeT, aKKyMyJupOBaJM B OCHOBHOM MaTepual W3 OKPECTHOCTEH HX OpOWT.
CymmapHas macca IUIakHeTe3uMallel U3 pasinyHbIX 4acted 30Hb1 oT 0.7 1o 1.5 a.e. ot ConHua,
CTOJIKHYBIIMXCS € MOYTH cpopmupoBaBuieiics 3emneld u Benepol, oTnuyanach I 3THUX
IUTaHET, BEPOSTHO, HEe Oosiee YeM B JiBa pa3a. BHyTpeHHue cion Kax/10i 3eMHOM MIaHeThl MOTJIN
aKKyMyJIUpOBaTb B OCHOBHOM IUIAaHETE3WMalIM U3 OKPECTHOCTH OPOUTHI STOW IIAHETHI.
Bremnue cinon 3emsin 1 BeHepsl MOINIM aKKyMyJIMpPOBaTh AHAJOTHYHBIE IUIAHETE3MMANU W3
pa3HbIX oOJsiacTeil 30HbI MUTAHUS IUIaHET 3eMHOM rpynnbl. [Ipu oTHOUIEHUU Macc 3apojbliien
3emiu u Jlynel, paBHoM 81 (oTHomeHue macc 3emuid u JIyHBI), OTHOLIEHHE BEpPOSITHOCTEH
IJIAaHETE3UMAJIE CTOJIKHYBIIMXCSL C 3apojpimamu 3emiun u JlyHsl He mnpeBbimaiio 54.
HccnenoBanust pocra Mapca u Mepkypust Obutn mojaepskansl [Iporpammoit  Poccuiickoit
Axkanemun Hayk Ne 12. HccnemoBanusi QopmupoBanus cuctembl 3emisi-Jlyna Obuin
nojyiep>kansl rpanToM Poccuiickoro HayuHoro ¢onga N 17-17-01279.

1. Unmatos C.1. BeposATHOCTH CTOJIKHOBEHUH TUTAHETE3UMAJIeH U3 pa3IuyHbIX 001acTel 30HBI
OUTAHUS TUIAaHET 3EeMHOW Tpynmbsl ¢ QopMupyromuMucs 1iaHetramMd W Jlynoit  //
AcTtpoHomudeckuii BectHUK, 2019, T. 53, Ne 5, ¢. 349-379.
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PROBABILITIES OF COLLISIONS OF PLANETESIMALS FROM DIFFERENT
PARTS OF THE FEEDING ZONE OF THE TERRESTRIAL PLANETS WITH THE
FORMING PLANETS, THE MOON, AND THEIR EMBRYOS

S. I. Ipatov

V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian Academy of
Sciences, Moscow, Russia

E-mail: siipatov@hotmail.com

Computer simulations of the evolution of orbits of planetesimals were made for the feeding zone
of the terrestrial planets [1]. The gravitational influence of planets or their embryos was taken
into account. The probabilities of collisions of planetesimals with planets or their embryos were
calculated based on the orbital elements of migrated planetesimals. It was shown that the
embryos of the terrestrial planets with masses which were not more than 0.1 of masses of the
planets accumulated mainly material from neighbourhoods of their orbits. The amount of
material from different parts of the zone from 0.7 to 1.5 AU from the Sun, which collided with
almost formed the Earth and Venus, differed for these planets, probably, by no more than a
factor of two. Inner layers of each terrestrial planet could accumulate mainly planetesimals from
the neighbourhood of the orbit of this planet. The outer layers of the Earth and Venus could
accumulate similar planetesimals from different regions of the feeding zone of the terrestrial
planets. At the ratio of the masses of the embryos of the Earth and the Moon equaled to 81 (the
ratio of the masses of the Earth and the Moon), the ratio of probabilities of planetesimals collided
with the embryos of the Earth and the Moon in the considered calculations did not exceed 54.
The studies of the growth of Mars and Mercury were supported by the Program of Russian
Academy of Sciences Ne 12. The studies of the formation of the Earth-Moon system were
supported by the grant of Russian Science Foundation N 17-17-01279,

1. Ipatov S.l. Probabilities of collisions of planetesimals from different regions of the feeding
zone of the terrestrial planets with the forming planets and the Moon // Sol. Syst. Res. 2019. V.
53. Ne 5.

BJIUSTHUE MACCHUBHBIX TEJI B OBJIAKE OOPTA (IIOSICE KOHUIIEPA) HA
PACHPEJAEJEHUE OPBUT AOJT'ONEPUOJUYECKUX KOMET

1 2

Kanunuuesa O.B., “Uepnemenxo FO.A.

'Bosoroxckuii roCyJIapCTBEHHBbIN YHUBEpCHUTET, Bonorna, Poccuiickas @enepanus
AIIA PAH, 1. C. —IletepOypr, Poccuiickas deneparus

E-mail: olga_kalinicheva@mail.ru, cya@iaaras.ru

B pabore wuccnenyercs pacnpenenenue adenue gonromnepuoanueckux komet (I1K),
pacrionokeHHbIX B mosice Koiinepa u Bo BHyTpeHHeW obOnactu obnaka Oopra (adenbHble
paccrostaus Q Haxomsrcs B wHTepBae 50 — 2000 a.e.). B paccmorpenue BrimroueHo 490
KoMeTHbIX opOut. Ilokazano, uro ademuu JIIK pacnpenenensl HepaBHOMepHO. HaiineHbl
napaMeTpbl HECKOJBKHMX IJIOCKOCTEH, OTHOCUTENIBHO KOTOpPHIX HAOIIOJAeTCsl yBEJIUYEHHE
koHueHtpauun adenuen JIIK. IlogoOHbIl XapakTep pacrpeneneHus agenneB MOXeT ObITh
OOBSICHEH HAJUYMEM OJHOrO0 JHOO HECKOJIbKMX MACCUBHBIX TeJ, IBMWXKYLIUXCS B O3THX
IWIOCKOCTAX M Bo3Mymaromux opoutsl JAIIK. B HalIeHHBIX TIUIOCKOCTSX ONpeeNeHbI
BO3MOXKHBIE TapaMeTpbl OpOUTHI (0OJbIIAs MOITYOCh, SKCIIEHTPUCUTET, apryMEHT IMEepUTEIIus)
TUIIOTETUYECKMX MACCUBHBIX TEll.

BBuny cnoxHOCTM JBHKEHHS KOMET, OOYCIIOBJIEHHOTO BIMSHHMEM LEJIOro psijia
JNEHCTBYIOIMX Ha HUX CWI, MpejaraeMoe HaMu OOBSICHEHHE NPUYMHBI HEPABHOMEPHOTO
pacnpenenenus adenues JITK moxxHO paccmaTpuBaTh TOJBKO KaK OJHO U3 BO3MOXKHBIX.
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INFLUENCE OF MASSIVE BODIES IN THE OORT CLOUD (KUIPER BELT) ON THE
DISTRIBUTION OF THE ORBITS OF LONG-PERIOD COMETS

'Kalinicheva O.V., 2Chernetenko Yu.A.

Vologda State University, Vologda, Russia

2 IPA RAS, St. Petersburg, Russia

E-mail: olga_kalinicheva@mail.ru, cya@iaaras.ru

In this work we study the distribution of aphelia of long-period comets (LPCs) located in the
Kuiper belt and in the inner Oort cloud (the aphelion distances Q are in the range of 50 — 2000
AU). A total of 490 comet orbits are included into consideration. It is shown that the aphelia of
the LPCs are distributed unevenly. The parameters of several planes are found, relative to which
an increase in the concentration of aphelia of the LPCs is observed. A similar distribution of
aphelia can be explained by the presence of one or several massive bodies moving in the found
planes and disturbing the orbits of the LPCs. On the found planes the possible parameters of the
orbits (semi-major axes, eccentricity, argument of perihelion) of hypothetical massive bodies are
determined.

Since the motion of comets depends on many reasons, then our explanation of the uneven
distribution of aphelia of the LPCs can be considered only as one of possible.

NMPUMEHEHUE UCKYCCTBEHHBIX HEMPOHHBIX CETEMN B 3AJTAYAX
AHAJIN3A Z[I/IHAMI/I‘IECKOﬁ CTPYKTYPBI OKOJO3EMHOI'O OPBUTAJIBHOI'O
INPOCTPAHCTBA

/. C. Kpacaesun, A. I'. Anexcanoposa, . B. Tomunosa

HU TT'Y, r. Tomck, Poccus

E-mail: iosfixed@gmail.com; aleksann@sibmail.com; irisha_tom@mail.ru

N3yueHne 1MHAMHUYECKOH CTPYKTYpPhl OKOJI03€MHOT0 OpOUTAIBHOTO MPOCTPAHCTBA HAUMHAETCH,
KaK IpaBUJIO, C UCCIEA0BaHMs PE30HAHCHOM CTPYKTYpBI 3TOrO IMpOCTpaHcTBa. s 3Toro mpu
IOMOIIM  METOAOB  YHCICHHOTO HWHTETPUPOBAHMS  IMPOTHOZUPYIOT  HBOJIOLUIO  OpOUT
OKOJIO3€MHBIX TeJl Ha JUIUTEIbHBIX MHTEPBAJaX BPEMEHH, a 3aTE€M BBIYUCISIIOT U3MEHEHHE BO
BPEMEHHU DPE30HAHCHBIX M KPUTHYECKHE apryMEHTOB OPOUTAJIBHBIX U BEKOBBIX PE30HAHCOB.
AHanu3upysi BpEMEHHBIE pSIbl, CBSI3aHHBIE C JBOJIOLMENH KPUTHUECKHUX apryMEHTOB MOXKHO
BBISIBUTh YCTOMUMBBIE PE30HAHCHI. Y3KHM MECTOM B ATOM IIPOLECCE SBISETCA PYYHON IOMUCK
IMOpanuyu Cpeu BCEX BPEMEHHBIX PSJIOB, KOJMYECTBO KOTOPBIX MOMKET IPEBBINIATH JIECATKU
ThICAY. AHAJTUTUYECKUE METOBI MOUCKA JUOpanuu He 00laJaoT JOCTATOYHOW TOYHOCTBIO IS
TOT0, YTOOBI aBTOMAaTU3UPOBATh 3TOT MPOILIECC.

B kauecTBe aJIbTEpPHATMBHOIO IMOAXOJA IpEIJIaracTcsd HCIOJIb30BaHUE METO/0B
MAaIIMHHOTO 00y4€eHHs, a UMEHHO KJIaccu(UKaTOp Ha OCHOBE UCKYCCTBEHHBIX HEHPOHHBIX CeTel
(MHC) cBéprounoil apxutekTypbl. OOyueHHe Takoro kiaccupukaTopa MPOUCXOIUT MO CXeMe
oOyuenuss c¢ yuutenem (supervised learning). [lis sToro mnoxaroraBiauBaeTcs oOywarouias
BBIOOpKA, CO/IeprKallias BpeMEHHbBIE PSA/Ibl C SBOJIIOLIMEH KPUTHUYECKUX apryMEHTOB, pa3ieIEHHbIE
YeJIOBEKOM Ha JIBE€ KaTeropuu - HaJIMYUe YCTONYMBOIO pe30HaHca U ero orcyrcteue. O0yueHHas
Ha Takux gaHHbIX MHC crocoOHa ¢ BBICOKOH TOYHOCTBIO BBISBIIATH YCTOMYMBBIE PE30OHAHCHI KaK
opOuTaNbHbIe, TaKk U BeKoBble. TOYHOCTH Takoro kiaccuduxartopa cocrasiser ~0.97 AU ROC
Ha BaJIMJIAIIMOHHON BBIOOPKE, YTO MPEBOCXOIUT JJa’ke TOUHOCTh PYYHOTO MOUCKA.

PaGora BeimonHeHa npu puHancoBoil nogaepxke PH® B pamkax HayuHoro npoekra Ne
19-72-10022
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ARTIFICIAL NEURAL NETWORKS FOR NEAR-EARTH SPACE DYNAMICAL
STRUCTURE ANALISYS

Krasavin Dmitriy, Aleksandrova Anna, Tomilova Irina

National Research Tomsk State University, Tomsk, Russia

E-mail: iosfixed@gmail.com; aleksann@sibmail.com; irisha_tom@mail.ru

Exploration of the near-Earth orbital space dynamical structure primarily starts with the
investigation of the resonance structure of this space. At first, a long-term evolution of the orbits
is forecasted by using numerical integration methods. Next step is computing time series
corresponding to resonance ratios and critical arguments of the orbital and secular resonances to
identify stable ones further. Manual search of the librating ones among this time series is the
bottleneck of this pipeline due to the tremendous number of the time series. Analytical
approaches is not reliable because of poor accuracy in time series classification.

On the other hand, there are machine learning approaches and artificial convolutional
neural networks (ACNN) in particular. Training such network is based on supervised learning.
Training set of positive (librating) and negative (other) examples of time series is gathered by
manual labeling by human. The ACNN trained on this dataset is able to split time series to two
classes: containing libration and others. Quantitative estimation of model precision is a 0.97
ROC AUC score on the validation dataset which exceed precision of manual approach.

OLEHKA BO3PACTA HAP ACTEPOU10OB HA BJIMBKUX OPBUTAX
2. /1. Ky3Heu061, A. E. Posaeé®, E. Inasanosa’

1YpanLCKHI7I denepanbublil yauBepcuret, ExatepunOypr, Poccus

25IpocnaB<:K1/H71 roCyAapCTBEHHBIN YHUBEpPCUTET, SIpociasib, Poccus
*Maremaruueckuit uHcTUTyT CloBalIKOM akageMuu Hayk, bpatucnasa, CnoBakus
E-mail: eduard.kuznetsov@urfu.ru, hegem@mail.ru, plavalova@komplet.sk

B MOCJICAHEC BpPEMA 3HAYUTEIbHBIN HHTCPEC BBI3LIBACT HU3Y4YCHHEC TCCHLIX ITap aCTCpOnOOB,
BEChbMa BEPOSITHO HUMEIOIUX o0lee MNpoucxoxaeHHe. UMCICHHBIM METOJOM HCCIE0BaHa
JTMHAMAYECKasi dBOJIOIHS HECKOJBKO Map ¢ Bo3pactoM MeHee 20 Teicsy jer. Vcmonmp3oBacs
uHTerpaTop Mercury. YuuTheIBaquCh BO3MYILEHUSI OT OOJBIIUX IMJIAHET U YEThIpeX MajbIX Tell:
(1) Uepepa, (4) Becra, (2) IMammanma, (3) Onona. [ns xaxmoro acrepouaa wuccieioBaHa
HBOJIOLIMSI HOMHUHAJIBLHOW OpPOMTHI, a TakK€ BOCEMb BApUAHTOB, PA3NUYAIONINXCA CKOPOCTHIO
npeiida OomibInoi mosyocHu, o0ycioBieHHOro 3hdexrom SpkoBckoro. OLEHKH MaKCHUMyMa
MOJyJsl CKOpOCTH Apeiida OonbLIION MOSYyOCH MONY4E€Hbl Ha OCHOBE COOTHOIIEHUH MEXIY
napameTpsl uccieayemoro acrepousa u acreponsia (101955) benny. Pesynbrars! a1 Hanboee
WHTEPECHBIX Map TpPUBEICHBI B Ta0NHIle B CPaBHEHWU C JaHHBIMU JAPYTrUX aBTOpoB. Jlns
MOJIOZIBIX Map 3P PeKT SApKOBCKOro ci1abo BIUSET HAa OLIEHKY BO3pacTa, 0JIHAKO, €ro y4eT BechMa
Ba)XEH JJISI OTpeIeJICHHs] MUHUMAJIBbHOTO PACCTOSIHUS TIPH CONMYKEHUH aCTEPOUTIOB.

Tabauna. OLieHKH Bo3pacTa 1ap acTepouJIoB

MuHUMAaNIBbHOE PACCTOSIHUE, KM Bo3pacr, Thic. 1€T
be3 yueta C yueTroMm aHHas THE aBTOPHI
Mapa acrepomon 3d)(byeKTa 3(1}),d)e1<Ta §a60Ta ey b

SIpKOBCKOTO SIpKoBCKOTO
(87887) 2000 SS286 — (415992) 2002 AT49 4 040 1200 7.3+0.1 7.4+03[1]
(6070) Rheinland — (54827) 2001 NQ8 12 270 6 730 16.2+0.2 | 16.33[2]
(5026) Martes — 2005 WW113 114 290 2540 175+0.6 | Okoo 18 [3]
(356713) 2011 UK160 — 2014 QX220 3440 630 10.2+0.1 —

1. Zizka J., Galad A., Vokrouhlicky D. et al. Asteroids 87887 — 415992: the youngest known
asteroid pair? // Astron. and Astrophys. 2016. V. 595. P. A20.

2. Galad A. Effect of main belt perturbers on asteroid-pair age estimation // Astron. and
Astrophys. 2012. V. 548. P. A25.

3. Pravec P., Fatka P., Vokrouhlicky D. et al. Asteroid pairs: a complex picture.
arXiv:1901.05492v1 [astro-ph.EP] 10 Jan 20109.
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AGE ESTIMATION OF ASTEROID PAIRS WITH CLOSE ORBITS

E. D. Kuznetsov?, A. E. Rosaev?, E. Plavalova®

'Ural Federal University, Yekaterinburg, Russia

2Yaroslavl State University, Yaroslavl, Russia

*Mathematical Institute of the Slovak Academy of Sciences, Bratislava, Slovakia
E-mail: eduard.kuznetsov@urfu.ru, hegem@mail.ru, plavalova@komplet.sk

Recently, a significant interest is the study of close pairs of asteroids, very likely having a
common origin. We numerically investigated several such pairs with age less than 20 kyr.
Mercury integrator was used taking into account disturbances from major planets and four small
bodies (1) Ceres, (4) Vesta, (2) Pallas, (3) Juno. The nominal orbit was integrated for each of the
asteroids as well as eight variants for different rates of the semimajor drift due to the Yarkovsky
effect. We have estimated the maximum absolute value of the semimajor drift rates based on the
parameters for understudy asteroids and the 101955 Bennu. The results for the most interesting
pairs are given in the table in comparison with the data of other authors. The Yarkovsky effect
has weakly influence in the age estimations; however, one is essential to a determinate minimal
distance for asteroid approaches.

KPUTUYECKUE TOYKU HA TPA®UKAX CMEIEHUIA CEBEPHOT'O ITOJIIOCA
3EMJIN
Kypbacosa I'. C.

['eomerpuueckass KapTHHA IMOSIBIEHUS KPUTUYECKMX TOYEK CBfA3aHA C H3MEHEHUSIMHU
COOTHOLIEHUN MEXJy YIpaBSAIOIMMH [apaMeTpaMH BpalleHUs B cucreMe 3emisd. OTu
U3MEHEHUs OTpaxaroTcs B cdepax, CBSI3aHHbBIX C 3eMiI€H OOMEHHBIMU SHEPreTHUYECKHMMHU
poueccamMu. HaOJl0JlaéMbleé CKAauKd B T€OMarHUTHOM II0Jie, SKCTpEMallbHble W3MEHEHUs
YIJI0BOTO MOMEHTa arMocdepsl. [IBIKeHHE MOJroca MO MOBEPXHOCTH 3eMIIM COMPOBOXKIACTCS
MOSIBJICHHEM OCOOEHHOCTEH € TOYKaMH BO3BpaTa IpU OTOOpPaKEHHWU STOro JABM)KEHHS Ha
IJIOCKOCTB.

AHanu3 xapakTepa 0coOE€HHOCTEW, BO3HHMKAIOUMX Ha rpadukax koopauHaT CeBepHOro
NOJIF0ca 3€MJIM B TIIPOLECCE €€ MOCTYNATENbHO — BPALATEIbHOIO JBMKEHUS, MOKa3aj, 4TO Ha
paccMaTpuBacMOM BPEMCHHOM MHTCPBAJIIC KPUTUUYCCKHUEC TOYKH IIOABJIAIOTCA B PE3YIbTATC
IPOEKIMH Ha MIIOCKOCTb IIAAKONW (PYHKIIMN U3MEHEHUsI KOOPAMHAT Ha MOBEPXHOCTH 3eMJIH.

MUT PALIIMS TINTAHETE3UMAJIEN U3 30HbI MUTAHUS IIJTAHET-TUTAHTOB K
IJIAHETAM 3EMHOM I'PYIIIIBI M JIVHE

M. . Mapos, C. . Hnamoe
WNHuctuTyT reoxumun u aHanutuaecko xumun uM. B.M. Bepnanckoro PAH, Mocksa, Poccust
E-mail: marovmail@yandex.ru, siipatov@hotmail.com

PaccmoTpena murpanus miuaHetesumaniell ¢ pasauuHbiX (oT 2.5 no 40 a.e.) paccTossHUN OT
ConHIa ¥ BEpOSTHOCTH CTOJIKHOBEHUH TAKMX IUIAHETE3UMAJIEH ¢ IUIaHETaMU 3€MHOW TPYIIIbI U
Jlynoii. YuuTheIBanoch rpaBUTAallMOHHOE BiusHHE 7 muiaHeT (ot Benepsr mo Henrtyna) wim 5
wianer (ot Benepbr 1o Carypna). HauanbHble 3HaueHUs 8, OOJBIIMX MOIXyocedl opOUT
IUTaHEeTe3UMaJiell BapbUPOBAIIUCH OT 8min IO 8max, IPUUEM YHCIIO MCXOJHBIX IJIaHETE3UMaseu ¢
8o OBLIO MPOMOPIMOHATIEHO a0, B Hammx pacueTax amax=amint2.5 a.€. ¥ Amin BAPbUPOBAIIOCH C
mrarom 2.5 a.e. ot 2.5 no 40 a.e. HauanbHble SKCLIEHTPUCHUTETHI €, OpPOUT IJIaHETe3UMalel
passsutuch 0.05 wnu 0.3. HauanbHble HAKJIIOHEHUS! OPOUT PaBHSUTUCH €y/2 paj. DJIEeMEHThI OpOUT
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MUTPHUPOBABIINX IJIAHETE3UMAJIEH 3aMKMCHIBAIUCh B KOMIBIOTEPHYIO MAMSThH C I1arOM PaBHBIM
500 nmer. OCHOBBIBAsICh Ha ATHUX MAcCCHBAaX 3JEMEHTOB OpPOWT, MbI BBIYUCIISUTH BEPOSTHOCTH
CTOJIKHOBEHUW IUIaHETE3UMAaJeld C IUIaHETaMH 3€MHOM rpynnbl, JIyHOW M HMX 3apOJbIILIaMH.
Pacuersl moka3zanu, 4yTO KOJMYECTBO MaTepuaia, IOCTaBIEHHOro u3-3a opOuthl IOmnutepa Ha
3eMITi0, MOXET MPEBBIIATh MAcCy 3€MHBIX OKeaHoB. Hekoropas dacth (Bo3MoxkHO 1/3) 3Toro
MaTepuaia CcocTosla W3 BOAbBl U JeTyuux BemecTB. OOmas wmacca IUIaHeTe3UMaleH,
MUTPHPOBABIIUX K3-3a opOuTH HOmuTepa u cronkuyBmuxcs ¢ Jlynoit, Opiia B 16 wnum 17 pa3
MEHbIIIE, YeM IPH CTOJKHOBEHMSIX 3THUX Tel C¢ 3emied. Macca BemecTBa, JOCTaBIEHHOIO Ha
IUTaHEeTY, K Macce IUIaHeThl it Mapca Oblia MpUMepHO B JiBa pas3a 0oJjblle, YeM A 3eMid, U
Takue oTHoweHus ans Mepkypus u Benepsl Obutn HemHOro Oosblie, yeM g 3emnu. PaGora
nojiepkaHa rpaHtoM  Poccmiickoro HayyHoro ¢Qonma Ne  17-17-01279  (murpanus
mianeresumanied k Jlyne) m Ilporpammoii Poccuiickoii Akamemun Hayk Ne 16 (Murparus
IUTAHETEe3UMaJIeH K TUIaHeTaM 3€MHOU IPYIIIIbI).

MIGRATION OF PLANETESIMALS FROM DIFFERENT DISTANCES FROM THE
FEEDING ZONE OF THE GIANT PLANETS TO THE TERRESTRIAL PLANETS AND
THE MOON

M. Ya. Marov, S. I. Ipatov

V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian Academy of
Sciences, Moscow, Russia

E-mail: marovmail@yandex.ru, siipatov@hotmail.com

We considered the migration of planetesimals from different (from 2.5 to 40 AU) distances from
the Sun and the probability of collisions of such planetesimals with the terrestrial planets and the
Moon. The gravitational influence of 7 planets (from Venus to Neptune) or of 5 planets (from
Venus to Saturn) was taken into account. Initial semi-major axes a, of orbits of planetesimals
varied from amin to amax With @ number of initial planetesimals with a, proportional to a,". In our
calculations amax=amin+2.5 AU and an;, varied with a step of 2.5 AU from 2.5 to 40 AU. Initial
eccentricities e, of planetesimals equaled to 0.05 or 0.3. Initial inclinations i, equaled to e,/2 rad.
The orbital elements of migrated planetesimals were recorded in computer memory with a step
of 500 years. Based on these arrays of the orbital elements, we calculated the probabilities of
collisions of planetesimals with the terrestrial planets, the Moon, and their embryos. The
calculations showed that the amount of material delivered from beyond the Jupiter’s orbit to the
Earth could exceed the mass of Earth’s oceans. Some fraction (may be 1/3) of this material was
composed of water and volatiles. The total mass of planetesimals migrated from beyond the
Jupiter’s orbit and collided with the Moon was by a factor of 16 or 17 smaller than that for the
Earth. The mass of the material delivered to a planet to the mass of the planet for Mars was about
two times greater than that for the Earth, and such ratios for Mercury and Venus were a little
greater than that for the Earth. The work was supported by the grant of Russian Science
Foundation Ne 17-17-01279 (migration of planetesimals to the Moon) and by the Program of
RAS Ne 16 (migration of planetesimals to the terrestrial planets)

NCCIEJOBAHHUE I[HHAMHHECKOfI IBOJIIOUU ITAP ACTEPOUI0OB HA
BJIN3KHUX OPBUTAX B OKPECTHOCTHU PESOHAHCOB

A. D. Ilomockyes, 3. /. Ky3neyos

VYpanbsckuii penepanpHblii yausepcuteT, EkarepunOypr, Poccus

E-mail: aleksander.potoskuev@gmail.com, eduard.kuznetsov@urfu.ru

AcTepounpl, ABIXKYIIMECS Ha OJNM3KMX OpOMTax, MOTYT HMETh O0O0Iee MPOUCXOXKIECHHE.
[TpoxoxxaeHus yepe3 pe30HaHChl MOTYT IEPEBECTH MX Ha OpOUTHI, JIeKallue B 001acTy IUIAHET
3eMHOM rpymnmbl. B OKpecTHOCTH pe30HAHCOB HAOIIOJAIOTCS TECHBIE Mapbl acTEpPOMAOB, HO
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CpeIM HW3BECTHBIX aCTEPOMJOB, COMIDKAIONIMXCS ¢ 3eMileld, TECHBIX Map He Ha0J0JaeTcs.
YucneHHbIM METOAOM HCCIeA0Bajach JUHAMHUYECKasl HBOJIIOLMS Map BOIM3M PE30HAHCOB Ha
untepBasiax 100 Teic. eT B mpomwioe u Oyaymiee nocpeactsoM mporpammel Orbit9 komruiekca
OrbFit. [Ipu MoaenupoBaHUN YUUTHIBAIUCH BO3MYIIEHUS OT OONBIIKX IUIaHET, cxarue ColHIa,
pensTUBUCTCKUE d(¢exTl U apeld OombpIoi moiyocH opOuThl BeaencTBue dddexra
SpxoBckoro. [l OIEHKM MaKCHMMAalbHOTO 3HAa4YeHHs Moyl apeiida Oonpiiol momyocu
UCTIOJIB30BAJIOCh COOTHOILEHHE, CBsA3bIBaIoNIee apei¢ OoMbIIoi moiyocn M (uU3NYecKue
napameTpbl  acteponaa (101955) benny ¢ mapamerpaMu  HMCCIEIyEMBIX  aCTEPOMJIOB.
HccnenoBauchy CrieHapuu OpOUTATBbHON SBOJIOIUK Tap MPU Pa3InYHBIX 3HAYCHHUSX CKOPOCTH
npeiiba Oonbimoir  momyocu. PaccMorpensl mapel  actepousoB  (195807) 2002 QF17 —
(243587) 1998 DU9 u (263389) 2008 CR210 — (370095) 2001 SY238, opOHWTBI KOTOPBIX
HaXOJsTCSI B OKPECTHOCTHM pPE30HAHCOB cpeaHux JaBwkeHud 1:4 u 1:3 ¢ HOnurepowm,
COOTBETCTBEHHO. DBOJIIOLUS OPOUT MpPHU MPOXOXKICHUH YEpe3 PE30HAHCHl YYBCTBUTEIbHA K
3HaueHuto Apeidda Oonpmioi moinyocu. Merpuku XONIIEBHUKOBA il OpOUT acTepOHJIOB,
BXOJISIIIUX B Maphl, YBEIMYUBAIOTCS TPU UHTETPUPOBAHUM B OyayIlee U B psjie CLIEHAPUEB MPH
WHTETPUPOBAHUY B Mpoluioe. MUHUMAaNIbHBIE OIICHKH BO3PAcTOB Map cocTaBisitoT 55 u 30 ThIC.
JIET, COOTBETCTBEHHO.

DYNAMICAL EVOLUTION RESEARCH FOR ASTEROID PAIRS IN CLOSE ORBITS
NEAR RESONANCES

A. E. Potoskuev, E. D. Kuznetsov

Ural Federal University, Yekaterinburg, Russia

E-mail: aleksander.potoskuev@gmail.com, eduard.kuznetsov@urfu.ru

Asteroids sharing close orbits might have common origin. Their orbits may be shifted towards
inner planet region due to passing through resonances. Close pairs of asteroids have been
observed in the vicinities of the resonances, but there is lack of such pairs among known near-
Earth asteroids. We performed numerical simulations to investigate dynamical evolution of
asteroid pairs around the resonances within 100 kyr interval in the future and the past via Orbit9
software as a part of OrbFit distribution. Major planets’ perturbations, oblateness of the Sun,
relativistic effects and semimajor axis drift due to the Yarkovsky effect were taken into account.
We used relation between drift value and physical parameters of asteroid (101995) Bennu and
asteroids’ parameters in order to estimate their maximal drift values. Evolution scenarios with
altered semimajor axis drift values were investigated. Asteroid pairs (195807) 2002 QF17 —
(243587) 1998 DU9 and (263389) 2008 CR210 — (370095) 2001 SY238 were studied, whose
orbits located in the vicinities of Jovian mean motion resonances 1:4 and 1:3, respectively.
Orbital evolution appeared to be sensitive to the semimajor axis drift value alterations.
Kholshevnikov metrics, which were applied to the paired asteroids’ orbits, increased in the
prospective simulations and in the past for some cases of integrations. Minimal age estimations
for these pairs are 55 and 30 kyr, respectively.

O CBOMCTBAX PETPOI'PAJTHOT'O KOOPBUTAJIbHOT'O JBUKEHMS
B.B. Cudopenxo

WNuctutyT npuknangnoi matematuku um. M.B.Kenasima PAH

E-mail: vvsidorenko@list.ru

Jis runoreTHyeckoro HaOMIoaTeNns, PacloJiaraiolierocs B CEBEPHOM IOJIOCE AKIUMTHKH,
00nbpmMHCTBO 00BeKTOB CoslHEUHOM cucTembl Bpamaercss BOKpyr CoJsiHIIa MPOTUB YacoBOM
cTpenku. Tem He MeHee, €CThb U TakHe OOBEKTHI, KOTOPBIE BPAIIAIOTCS B MPOTHUBOMOIOXKHYIO
CTOpPOHY (ABM)KEHHME pEeTporpagHoro Tuma). PerporpagHoe opOUTanbHOE IBUKEHHE Mayoro
HEOeCHOro Tena MOXeT OBITh B pe30HaHCe C OpPOUTAIBHBIM JIBM)KEHHEM OJHOM W3 IJIaHET
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Conneunoii cucremsl. Hanpumep, actepoun 2015BZ503 naxonutcst B peTporpajHOM pe30HaHCe
cpenanx gaBwkeHuir 1:1 ¢ IOmurepom (perporpamHoe KoopOuTambHOE JBIKEHHE)[1].
TeopeTrueckue WCCICIOBAHMS IMOKA3bIBAIOT, YTO TAaKOW PE30HAHC MOXKET NPEIOTBPATUTH
CTOJIKHOBEHHUE C IUIaHETOW W 0O0ecneuuTh JUIUTENbHOE NpeObIBaHHE acTepouaa B JIAHHOM
PEKHUME JTBUKCHHSL.

[1] Wiegert, P., Connors, M., Veillet, C.: A retrograde co-orbital asteroid of Jupiter. Nature, Vol.
543, pp. 687-689, 2017.

ABOUT PROPERTIES OF RETROGRADE CO-ORBITAL MOTION
V.V. Sidorenko

Keldysh Institute of Applied Mathematics RAS

E-mail: vsidorenko@list.ru

Most of objects in the Solar system move around the Sun in the anticlockwise manner when seen
from above the north ecliptic pole. And only a small number of celestial bodies move in opposite
direction (retrograde motion). Similar to prograde motion, the retrograde motion of a celestial
body can also be in resonance with one of the major planets. For example, the asteroid 2015
BZ509 is in retrograde 1:1 mean motion resonance with Jupiter [1]. Theoretical studies
demonstrated that such a resonance can prevent collision with the planet and ensure a long stay
of the asteroid in this mode of motion.

[1] Wiegert, P., Connors, M., Veillet, C.: A retrograde co-orbital asteroid of Jupiter. Nature, Vol.
543, pp. 687-689, 2017.

HCCJIEJJOBAHUE JJMHAMHAYECKOM 3BOJIIOIIMA ACTEPOUIOB,
HUCHBITBIBAIOIINX COBMECTHOE BJIUAHUE DODPEKTA JIMIOBA-KO3AU U
IDPPEKTA APKOBCKOI'O

I1. B. Cxpunnuuenxo, 3. /]. Ky3ueyos

VYpansckuii penepanbublii yausepcutet, ExarepunOypr, Poccus

E-mail: savl.silverheart@gmail.com, eduard.kuznetsov@urfu.ru

HccnenoBana AMHaMHUYECKasi SBOTIOLUS OPOUT aCTEPOHI0B, UCIIBITHIBAIOLINX BIMSHUE 3P PeKTa
JIunosa—Ko3au, npu ogHoBpeMeHHOM yuere 3¢ dekra SpkoBckoro. PaccmoTpeHs! cueHnapuu
HBOJTIOIMH, PA3IMYAIONIMECcss CKOPOCThIO Apeiida OobIoi moryocu opOUTHI, 00YCIOBIEHHOTO
BrusiHUEM 3 dekTa ApkoBckoro. beumn oToOpansl 160 acTeponioB, 3MEMEHTHl OPOUT KOTOPBIX
YIIOBJIETBOPSIIOT YCIIOBUIO CYILIECTBOBAHUS JHOpaluii aprymeHTa nepuueHTpa g (Heobxoaumoe
yCIIOBHE HPOﬂBneHI/Iﬂ sddekra JTumoBa—Kozan): ¢; <0.6 u C; <0, rme ¢ = (1 — ez) cos’i u ¢, = €2
(2/5 — sin“i sin’g) — wunTerpanst JIngoBa—Ko3am; €, | — SKCLEHTPUCHUTET U HAKIOH OPOHTHL.
JIBikeHne OOBEKTOB MOAETHpOBaioch ¢ momoinbto nporpammsl Orbit9 kommuekca OrbFit.
DJIeMEeHTBl HOMHUHAJIBHBIX OpOUT acTtepousioB u3 0a3bl MaHHBIX AstDyS wucnonws3oBamuch B
KaueCcTBE HaYallbHBIX TpU HHTErpupoBaHur. (COBMECTHO WHTETPUPOBAIHNCH YypaBHEHUS
JIBUKEHUS BOCbMM Oonpuinx IiaHer W Ilmyrona. Jlnsg  OonbImIMHCTBA  OOBEKTOB,
paccMaTpuBaNOCh CeMb BapHaHTOB apeida Oomnbiioil momyocu mon JneiictBueM s¢ddekra
Spxosckoro: 0, +1-107°, +1-107, +1-1073 a.e./(mmH ner). B cmydasx, ecnmm yder addexra
SIpKOBCKOTO MPUBOAMI K CYIIECTBEHHBIM HW3MEHEHHMSIM DHJIEMEHTOB OpOMUT acTepOHJIOB,
KOJIMYECTBO BapUAHTOB Jpeiida yBenrmunBaioch 10 100, ¢ paBHBIM I1aroM BHYTpHU HHTEpBaIa (—
1-10°3, +1-10_3) a.e./(mnH net). PaccMotpensl TecHble cOmpkenus (Menee 0.1 a.e.) ¢ mmaHeramu
3eMHOT0 THNa U MeHee | a.e. ¢ miaHeTaMH-TUTaHTaMU. B kauecTBe TMIIOTE3bl MpeAroIaraeTcs
HaJIMYME CBS3M MEXKIYy MU3MEHEHUEM IOJIOKEHHUSI HKCTPEMYMOB KOJIeOaHUI SKCIIEHTPUCUTETA U
HaKJIOHA CO BPEMEHEM B 3aBHCHUMOCTH OT 3HaKa jperida 00nbIIoN MoIyoCH.
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DYNAMICAL EVOLUTION RESEARCH FOR ASTEROID WHICH EXPERIENCED
THE LIVOV-KOZAI EVVECT AND THE YARKOVSKY EFFECT

P. V. Skripnichenko, E. D. Kuznetsov

Ural Federal University, Yekaterinburg, Russia

savl.silverheart@gmail.com, eduard.kuznetsov@urfu.ru

This paper presents results of research of asteroids, which experienced the Lidov-Kozai effect
with a different model of perturbation factors distinguished by drift velocity of semimajor axis,
induced by the Yarkovsky effect. Dynamic properties of 160 asteroids which have orbital
elements that fulfil the condition of libration of the argument of periapsis g (it is the necessary
condition for the Lidov-Kozai effect realization): ¢; < 0.6 and ¢, < 0 are presented. Here ¢, = (1 —
e®) cos’i and ¢, = e® (2/5 — sin?i sin’g) are the Lidov-Kozai integrals; e, i are eccentricity and
orbit inclination. Movement of objects was modeled with the use of the program Orbit9 from
OrbFit software. Elements of nominal orbits of asteroids from AstDys database were used as
initial in integrating, equations for movement of eight planets and Pluto were integrated jointly.
For most objects, evolution variants contained seven values for the semimajor axis drift induced
by the Yarkovsky effect 0, +1-107°, +1-10*, +1-10" au/Myr. Close approaching (less than
0.1 au) to terrestrial planets to outer planets (less than 1 au) was examined. There is a hypothesis
about the connection between changes of location of extremum of the eccentricity and
inclination in time and the sign of the semimajor axis drift.

K BOITPOCY O CYIHIECTBOBAHUU CEMEMCTBA CATYPHA: IOCTOSIHHBIE
PAZIBUEBCKOI'O-TUCCEPAHA JJ151 KOMET JAPPE U TYTJIA

B. C. Vcanun

Kazanckuit (IIpuBomkckuit) Gpenepanbublii yauBepcuret, Kazanb, Poccust

E-mail: Vladimir.Usanin@kpfu.ru

Panee cuuranoch o0menpusHaHHBIM JieJieHue KoMeT Ha cemeiicTBa FOmurepa, Carypna, Ypana
u Henrtyna. CoBpemeHHas KiaccH(UKAIMs OCTaBIseT TOJNbKO ceMmeiictBo IOmurepa, a
NEpUOANICCKUC KOMETEI C OOJIBIINMU a(i)CJ'II/II\/'IHI)IMI/I PACCTOAHHUAMU OTHOCATCA K TaJIlICCBCKOMY
tuny. [lepexon oT crapoil kinaccupukayu K HOBOH 10 CHUX 1OP BbI3bIBAET KPUTHUKY. B kauecTBe
OI[HOI\/JI N3 XapaKTCPUCTUK HHHaMHHGCKOﬁ CBA3M KOMCET C IINIAaHCTaMHU IIpeajiarajicsd KpI/ITepI/Iﬁ
PanzueBckoro-Tuccepana. Jta MOCTOSIHHASL B paMKaxX OrpaHUYEHHOM 3a/1au TPEX TeEJl BEIUYHMHA
MMEET CMBICI OO0JBILION MOTYyOCH OPOUTHI BTOPOTO Tea, TO €CTh BO3MYLIAONIEH MiIaHeThl. XOTs
KPUTEPUN YK€ TPUMEHSIICS NPaKTUYECKH, KOHKPETHAasT METOJMKA €ro MCIOJIb30BAaHUS IS
KOMET, Ha6J'IIOI[aBHII/IXC${ BO MHOI'MX IIOSABJICHUAX, IIOKa OTCYTCTBOBajd, 4YTO CTaBHJIO IIOQ
COMHEHHE IMOJydYeHHbIe pe3yibTaThl. B maHHo#l pabote kputepuit Pansmenckoro-Tuccepana
paccMOTpeH BHavajie Ha mpumepe koMmeThl Jlappe (6P), 1oCTOBEpHO OTHOCAIIEHCS K CEMEUCTBY
IOnurepa. BpIsgBieHbI apaMeTpsl paclpeneacHusl KOJUYECTBa Map MOSABICHUI M0 3HAYEHUSIM
noctosiHHOM  PamsueBckoro-Tuccepana, spnsmoomuecs Oojiee  yCTOWYMBBIMU M JIydlle
oOHapy>xuBatoimue npucyrcreue FOnurepa. [lanee Ta ke MeToauka npuMeHeHa k komete TyTis
(8P), Hanbosiee M3y4eHHOM U3 T€X, YTO MOTJIM Obl OTHOCUTHCS K cemeiicTBy CarypHna. [lokasaHo,
4TO C TOYKHU 3peHUs Kputepus PansueBckoro-Tuccepana OCHOBHBIM BO3MYILAIOLIUM TEJIOM IS
koMeThl Tytas sBisiercs FOmuTep, B o6mactu 6osb1ion moyocu opoutsl CaTypHa 0COOCHHOCTH
pacripesiesieHUs] OTCYTCTBYIOT. Takum 00pa3zoM, OATBEPIKIAaeTCs HOBas KiaccuuKaus.
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CONCERNING THE EXISTENCE OF THE SATURN FAMILY: RADZIEVSKIJ-
TISSERAND CONSTANTS FOR COMETS 6P/D'ARREST AND 8P/TUTTLE

V. S. Usanin

Kazan (Volga region) Federal University, Kazan, Russia

E-mail: Vladimir.Usanin@kpfu.ru

Earlier, the division of comets into the families of Jupiter, Saturn, Uranus and Neptune was
regarded as undoubted. The modern classification retains only the Jupiter family, and comets
with larger aphelion distances belong to the Halley type. The transition from the old
classification to the new one still raises criticism. The Radzievskij-Tisserand criterion was
proposed as a measure of the dynamical relation of comets to planets. This quantity, which is
constant within the framework of the restricted three-body problem, fits the orbital semimajor
axis of the second body, that is, the perturbing planet. Although this criterion was already
applied practically, the exact technique of its use for comets observed in multiple apparitions was
not still elaborated, which made obtained results doubted. The present work starts with the
application of the Radzievskij-Tisserand criterion to 6P/d'Arrest as an example of an undoubted
Jupiter-family comet. The most robust and the most sensitive to the Jupiter’s presence
parameters of the distribution of apparition pairs in Radzievskij-Tisserand constant are revealed.
Next, the same technique is applied to 8P/Tuttle which is the most studied of the presumed
Saturn family comets. It is shown that, in the aspect of the Radzievskij-Tisserand criterion,
Jupiter is the main perturbing body for 8P/Tuttle. Any feature of the distribution in the Saturn’s
semimajor axis vicinity is not present. So, the new classification is confirmed.
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CEKIIUA 4. ©UC3 U KOCMUYECKHI MYCOP

MINIATURE SCIENTIFIC PAYLOADS/CAMERAS FOR CUBESATELLITES

R. Hudec (1,2,3)

(1) Czech Technical University in Prague, FEL, Technicka 2, 160 00 Praha 6, Czech Republic
(hudecren@fel.cvut.cz)

(2) Astrononomical Institute AV CR, CZ-251 65 Ondrejov, Czech Republic

(3) Kazan Federal University, Kazan, Russian Federation

In this paper, we focus on application of pico and cubesatellites in astronomy and astrophysics
including near Earth astronomy. Motivation for application of picosatellites in astrophysics and
astronomy is that the recent situation in experimental satellites is not very promising due to
funding constraints. Hence, minisatellites are expected provide valuable scientific results.
However, there are the following strict requirements for the scientific payload for picosatellites.
It must fit a small volume, typically 30x10x10 cm or less (3U, i.e. 3 cubesat modules). It must be
low weight, less than 1 kg, with low power consumption of about 10 Watts or less. Clearly,
minisats are suitable for technological tests: TRW increase, flight demonstration, etc. But
nowadays we can propose reasonable science as well, as shown on the example of miniature
Lobster Eye (LE) X-ray monitor onboard the VZLUSAT minisatellite (Pina et al., 2015, Daniel
et al., 2019). Wide field X-ray monitors of Lobster Eye type were demonstrated to play an
important role in modern astrophysics. The most important scientific cases are briefly
summarized below. (1) A long-term (months) measurement of the light curves of bright
persistent X-ray binaries in the direction toward the center of the Galaxy in the soft X-ray band,
and (2) Detection and measurement of the light curves of bright transient events of X-ray
binaries in the direction toward the center of the Galaxy in the soft X-ray band.

The miniature satellites are recently in development at many institutes and universities,
mostly with a participation of students (Schilling, 2006). The fast development of the related
techniques and technologies enables to consider miniature scientific payloads for these satellites.
The application area is more recently extended due to recent progress in control engineering
allowing to consider tandem and formation flying (cubesats fleets).

The CubeSat standard size is 1 liter volume, i.e. 10x10x10 cm, and typical weight is 1.3
kg. Multiple modules are possible, i.e. 3U = 3 modules/units, i.e. 10x10x30 cm, typically up to
12U. The typical masses are as follows: femtosatellite — 10 to 100 g, picosatellite — 0.1 to 1 kg,
nanosatellite — 1 to 10 kg, microsatellite — 10 to 100 kg.

[1] Schilling, K., Design of Pico-Satellites for Education in Systems Engineering. In: IEEE
Aerospace and Electronic Systems Magazine 21 (2006), S. 9-14, 2006

[2] Pina, L.; Hudec, R.; Inneman, A. et al., X-ray monitoring for astrophysical applications on
Cubesat, Proceedings of the SPIE, Volume 9510, id. 951005 9 pp. (2015).

[3] Daniel, V.; Inneman, A.; Vertat, I. at el., In-Orbit Commissioning of Czech Nanosatellite
VZLUSAT-1 for the QB50 Mission with a Demonstrator of a Miniaturised Lobster-Eye X-Ray
Telescope and Radiation Shielding Composite Materials, Space Science Reviews, Volume 215,
Issue 5, article id. 40, 20 pp, 2019.
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KOHIENIHUS ABTOMATU3UPOBAHHOW NH®OPMAIIMOHHO-
W3MEPUTEJIbHOM CETH CBOPA JTAHHBIX O OBCTAHOBKE B OKII.
B.M. Azanos, Jasvioos /].B., Jlanwun A.IO., 3asy A.A.

AO «ActpoHoMuueckuii HaydHbIi eHTP» (AO «AHLL»)

E-mail: davydov@ancprotek.ru

Poccuiickoit kommanueit AO «AHLl» pa3paboTana KOHUENIHMS aBTOMAaTU3MPOBAHHOU
MH(POPMALIMOHHO-U3MEPUTEIbHON ceTu cOopa JAaHHBIX 00 OOCTaHOBKE B OKOJIO3EMHOM
KOCMUYECKOM IIPOCTpaHCTBE. B cocTaB ceTw BXOAAT LEHTPAJIbHBIA y3€ll YIpaBIEHUS U
yIaJeHHBbIE M3MEPUTEIbHBIC ITyHKTHl BBICOKOM CTEIIEHM AaBTOMATU3allUU, pa3MELICHHBIE B
pa3IMyYHbIX paiioHaxX 3eMHOIO I1apa.

ABTOMaTU3UPOBAHHBIC YNAJICHHBIE H3MEPUTENbHBIC ITYHKTBI IIO3BOJIIIOT IIOJy4YaTh
pa3nu4HbIe BUIABI MHPOPMAIIMU O HAXOSAIIMUXCA B OKOJO3EMHOM IPOCTPAHCTBE TEXHOTEHHBIX
KOCMHMYECKMX O0ObeKkTax. LleHTpaibHbI y3en oCyllecTBIseT IIJIaHWPOBAaHUE HAOJIIOJCHUM,
yrpapieHue WH(OOPMAMOHHBIM OOMEHOM, BEACT MEPBUYHYIO OO0pabOTKy TMOTydaeMoil Ha
yIAIEHHBIX IyHKTaX u3MepuTesnbHoM uH(opManuu. Ilpu HEOOXOAMMOCTH BO3MOXKHO
yIpaBieHUE YAaJIEHHbIMU TYHKTAMH C UCII0JIb30BAHUEM TEJIEOIEPATOPOro pexkuma.

B nokmane npencraBieH 0030p  TEKYIIEro  COCTOSIHMSL — pabOT IO Pa3BUTHIO
aBTOMATHU3UPOBAHHOW MH(POPMALIMOHHO-U3MEPUTEIBHOM CETH.

CONCEPT OF AUTOMATED INFORMATION AND MEASURING NETWORK

OF DATA COLLECTION ON THE ENVIRONMENT IN THE NEAR-EARTH SPACE
Agapov V.M., Davydov D.V., Lapshin A.Yu., Zayats A.A.

«Astronomical Scientific Center» (ASC), JSC

E-mail: davydov@ancprotek.ru

Russian company ANC JSC has developed the concept of automated information and measuring
network of data collection on environment in the near-Earth space. The network consists of the
central control node and the remote tracking stations of high automation ratio located in various
regions of the globe.

Automated remote tracking stations allow for acquisition of different types of information
regarding technogenic space objects located in the near-Earth space. The central node carries out
observations planning, information exchange management, and primary processing of the
measurement information acquired at the remote stations. If required, remote stations can be
controlled using the teleoperator mode.

The report provides an overview of the current status of work on the development of
automated information and measuring network.

OBb OIMTACHOCTHU MEJIKOI'O KOCMHUYECKOI'O MYCOPA
Axcenos O. IO., Benuamunos C. C., Axybosckuii C. B., Yooorcenxo /[. 0., Kononenko H. .
HUUI] [THUH BBKO MO P®

PaccMmoTpeHna nctopusi IporpecCUBHOTO 3aCOPEHUSI OKOJIO3EMHOTO KOCMHYECKOI0 IIPOCTPAHCTBA
(OKII) xpymHbIM M MenkuUM KocMmudeckuM wmycopoM (KM), wuccnenyroTcs HpUYMHBI U
IOCJIENCTBUS DTOrO SBJICHUA I KOCMHYECKOH JeATeNbHOCTH M dkoioruu 3emimm u OKII.
[ToxazaHo, 4yTO pocT KoiuuecTBa M Macchl Menkoro KM mpoucxoauT cTpeMHTENbHEE, ueM
KPYIHOTO. AHaIU3UPYIOTCS pa3MuHble acHeKThl omacHOcTH Menkoro KM (B orinuyme oT
KPYITHOIO) Ha OCHOBE aHajM3a M3BECTHBIX pEaIbHbIX COOBITUH, JOCTYNHBIX JaHHBIX
HaOmoZieHU u  MozenupoBaHus. OOCYKITAIOTCS BO3MOMKHBIE METOJbI MPOTHUBOJACHCTBUS
npoueccy TexHoreHHoro 3acopeHust OKII. Ormedaercss CynieCTBEHHBIM HEIOCTATOK CPEICTB
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MoHUTOpHHTa Menkoro KM U OTCYTCTBHE €ro KOHTPOJII BO MHOTMX OpOHMTaJbHBIX OOJIACTSX.
OOOCHOBBIBACTCS aKTYaJbHOCTh WHTCHCHU(PUKAIMK H3y4YeHHS Menkod ¢pakmun KM u
pa3paboTKH cIIOcOO0B MPOTUBOJACHCTBUS MPOLIECCY ee 00pa3oBaHus, OCOOCHHO C YYETOM SIBHOM
HEJIOOIIEHKH €€ OMAaCHOCTH U JAe(PUIIUTa COOTBETCTBYIOIIUX U3MEPECHUH.

ON THE HAZARDS OF SMALL SPACE DEBRIS

Aksenov O., Veniaminov S., Yakubovsky S., Ubozhenko D.

Scientific Research and Test Center of Central Research Air-Space Defense Institute of Ministry
of Defense, Moscow, Russia

The history of progressive near-Earth space (NES) contamination with large and small space
debris (SD) is analyzed as well as the causes and consequences of this phenomenon for space
activity and ecology of the Earth and NES. The amount, mass, and dynamics of the small orbital
debris population in low Earth orbits (LEO) are estimated as well as the consequences of multi-
satellite communication space systems deployment being planned now. The latter makes the
study of this area particularly relevant. Various aspects of the consequences of technogenic
contamination of NES are considered, as well as the danger of small space debris for space
activities and the ecology of the Earth and near-Earth space in comparison with the danger of
large debris. A significant lack of complete and reliable information about small SD due to a
shortage of sensors that can observe it is substantiated, which is one of the main reasons for the
paucity of our knowledge about this population of SD.

MUHTEI'PUPOBAHHBIN KOMIIJIEKC ABTOHOMHOI'O OGHAPY KEHUS -
PACIIO3HABAHUSA KOCMHNYECKHUX OFBEKTOB HA BA3E

I POKOITOJIBHOI'O «bBICTPOI'O» OB30PHOI'O TEJECKOIIA
TPEXMETPOBOT' O KJIACCA

B.I1. Anewun, E.A. I puwun, B.C. Kopwynos, U.JI. [lumenos, B./]. lllapeopodckuii,
AO HIIK «CIIII» Mocksa , P®

E-mail: aleshin_vi@mail.ru

[IpennaraeMplii IIUPOKOMONBHBIM O030pHBI TENECKON TPEXMETPOBOTO Kiacca MO3BOJIUT
o0ecneunTh BHICOKO3(DPEKTUBHOE HAOIIOACHNE 32 MUKPOCITYTHUKAMU U KOCMUYECKHM MYCOPOM
BO BCEM JMana3oHe BBHICOT, B TOM 4YHCI€ B TEOCHHXPOHHOW 00jIacTy U B 30HAX
CpPEIHEOPOUTAILHBIX HABUTAIMOHHBIX M BBICOKODJUTMNTHYECKUX CBSI3HBIX KA (10 23" s
TpexMeTpoBoro BapuaHTa). CyYIIECTBEHHO YBEIMUYMBAIOTCS BO3MOXKHOCTH OINEPATUBHOTO
oOHapyxeHHus: (akTa M pe3yJbTaTOB CTOJKHOBEHUN C KOCMHUYECKHM «MYCOPOM». «BBICTpBIi»
TEJECKON CMOXKET MPOBOJUTH HECKOJIbKO 0030p0oB HeOecHoW cdepsl 3a HOYb. Teneckor
MO3BOJISIET ~ OCYIICCTBJISITh ABTOHOMHOE OOHApy>KeHHE Majopa3MepHBIX OOBEKTOB B
KOCMHUYECKOM MPOCTPAHCTBE, HE 3aHECEHHBIX B KAaTAJIOTH.

B noxmame paccmaTpuwBarOTCS BO3MOJKHBIE albTEPHATHUBBI peaTN3alUd  MOJ00HOTO
TEJEeCKONa ¢ YYeTOM OmbITa Teneckona KOHTPOJNs KocMudeckoro mpoctpaHcTBa (SST) u
BosnbIiioro 063opHoro cunontudeckoro reieckomna (LSST)

Teneckon mnpeasaraeTcsi peann3oBaTh Ha AJTACKOM ONTHKO-JIa3€pHOM IEHTPE, 4YTO
MO3BOJIUT CO37aTh YHUKAIBHBIM HMHTETPUPOBAHHBIA KOMIUIEKC aBTOHOMHOTO OOHapyKEHUS-
pacro3HaBaHMsl M OLEHKH KOCMHUYECKOW OOCTAaHOBKH C HCIOJB30BAHHEM ITHMHHO(DOKYCHOTO
teneckona THU 3.12
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INTEGRATED COMPLEX AUTONOMOUS DETECTION - RECOGNITION OF
SPACE OBJECTS BASED ON THE THREE METER WIDE-FIELD “FAST” SURVEY
TELESCOPE

V.P. Aleshin, E.A. Grishin, V.S. Korshunov, I.L. Pimenov, V.D. Shargorodsky

JC "PRC "PSI", Moscow, Russia

E-mail: aleshin_vli@mail.ru

The proposed wide-field telescope of the three-meter class will provide highly efficient
observation of microsatellites and space debris in the whole range of altitudes, including in the
geosynchronous region and in the zones of mid-orbit navigation and high-elliptical
communications spacecraft (up to 23™ for the three-meter version). Significantly increases the
possibility of rapid detection of the fact and the results of collisions with space debris. The “fast”
telescope will be able to conduct several surveys of the celestial sphere overnight. The telescope
allows autonomous detection of small-sized objects in outer space that are not listed in the
catalogs.

The report discusses possible alternatives for the implementation of such a telescope,
taking into account the experience of the Space Surveillance Telescope (SST) and the Large
Survey Synoptic Telescope (LSST)

The telescope is proposed to be implemented at the Altais Optical Laser Center, which
will allow a unique integrated set of autonomous detection-recognition and assessment of the
space situation using the T1 3.12 long-focus telescope

AHAJIN3 KAYECTBA MOJIYYAEMbBIX U30BPAKEHUM C KA «3JIEKTPO-JI» Ne 2
1 BJIUSTHUE COJTHEUHOU AKTUBHOCTH

bakanac E.C., baxmem T.U., Kouybeii JIL. K., bexpenes O.B.

Hayunblit nentp oneparusHoro Mmouuropunra 3eminn AO «Poccuiickue KocCMU4ecKHe
cucrteMbl», MockBa, Poccus

E-mail: oterma@yandex.ru

Kocmuueckuit anmapar «Qnektpo-JI» Ne 2 6bin 3amymen 11 nekaOps 2015 r. OcHoBHOe
Ha3Ha4YeHHe - cOOp JTaHHBIX O TeMOoreopU3nYecKo 0OCTAaHOBKE Ha T€OCTAIIHOHAPHON OpOuTe U
MOJIydeHUE HW300paKEHHI AUCKa 3eMJIM, MO3BOJISIONIMX OIICHUBATh OOJIAYHOCTh U JIpyrUe
rugpoMereoanHble. HayuHbIil 1LIEHTp ONEpaTMBHOIO MOHUTOPUHIa 3€MJIM  SIBISETCS
OTIEPATOPOM B IIETIOYKE IMOJYYEHUs MaHHBIX C OJeKTpo-JI 2, MpOBOAUT OIEHKY Ka4decTBa
MoNydyaeMbeIXx u300pakeHud, mnpuHumaeMbix B HI[ OM3. Omneparopbl (UKCHPYIOT Bce
MOSIBIISIFOIIMECS] Ha W300paKEHUAX JEPEKTHl C IENbI0 BBIICHEHUS WX BO3MOXKHBIX TMPUYHH -
0ocoOeHHOCTE paboThl OopToBOM ammaparypbl. M300paxeHuss TOCTYMarOT Ha MPHEMHBIN
KOMILJIEKC B CBIPOM BHJIE, TTOJBEpTatoTcsi 00padoTke. B centsiope 2017 roga Ha M300pa’keHUSIX C
«Onektpo-JI» Ne 2 mOSBUIUCH CTPYKTYHPOBAHHBIE IOMEXH - TOPHU3OHTAIbHBIE IOJIOCHI
Pa3IMYHON WHTEHCUBHOCTH, OHHM TPOSBISUINCH B pa3HBIX ceaHcax Ha m3oOpaxkeHusx B MK-
kaHanax. PazpaboTunkamu ObLTH BHECEHBI HEOOXOMMbIC U3MEHEHHS B TPOTPAMMHBIN KOMILIEKC
U Ha U300pKEHMUSIX TMOciae OOpaOOTKM ATH HMCKKEHUS TPAKTUYECKH HcYe3nu. B mokiane
AHATM3UPYIOTCS MOSBICHUE NaHHBIX MMOMEX Ha M300pakeHUsX B ceancax ¢ 1 suBaps 2019 roga
mo 30 urons. BoisBiaeHBI OCOOEHHOCTH IMOSIBICHHS HMCKAKEHHWH OaHHOTO BUIA W BO3MOXKHAaS
KOPPEJSIHS C COTHEYHON aKTMBHOCTBHIO. 3HAHHWE MPUYUH TMOSIBICHUS MOMEX HEOOXOIAMMO MPHU
MOJATrOTOBKE K 3aITyCKY HOBBIX allapaToB cepun «NeKTpo-JI».
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O ®JIMITAX OPBUT KOCMHUYECKOI'O MYCOPA B OBJIACTHU I'VIOBAJIBHBIX
HABUTAIITMOHHBIX CITYTHUKOBBIX CUCTEM IIOJI JEHCTBUEM
CBETOBOI'O JABJIEHUS

C.O. Feaxun®, 2./ Ky3HeL;062

"MockoBckuii (U3UKO-TEXHUYECKUN MHCTUTYT (HAI[MOHAIBHBIA UCCIIEI0BATEIbCKHMA
yauBepcutet) (HUY M®TH), r. Mocksa, Poccuiickas deneparus

ZYpaHLCKHﬁ dbenepanbubiit yausepcuret (Yp®@YV), r. ExarepunOypr, Poccuiickas Oeneparnus

HccnenyroTest GuuIbl TIOCKOCTH OpOUTHI (TIEpexo]] OT MPSAMOTO JBHXKEHUS K OOpaTHOMY U
o0paTHO), OOyCIOBIIEHHBIE CBETOBBIM JaBiieHHEM. PaccMaTpuBaeTcs OKpPEeCTHOCTh 00JIacTH
JBWDKEHUS CIYTHUKOB TJOOQJIBHBIX HABUTALMOHHBIX CHUCTeM. JlMHaMu4eckas SBOJIOLHUS
KOCMHYECKOI'0 Mycopa U3y4aeTcsi Ha OCHOBE YMCIIEHHOTO MojieirpoBanus. HauanbHble ycnoBus
BBIOpaHbI B 00J1aCTH JIBUKEHHUS CIIYTHHKOB TNT00anbHbIX HaBurannoHHbex cucreM (IJIOHACC,
GPS, boaiinoy, 'anmuneo), a takke Ha 450—1100 kM BbIIIE HOMHUHAIBHOW OOJBIIONW MOTYOCH
HaBUTAIIMOHHBIX OpOUT. Dnumnbl 3apUKCHUPOBAHBI JUII OOBEKTOB B OKPECTHOCTH OpOUT
cnytHukoB cucteMbl ['JIOHACC u Bblie OpOUT CIYTHHUKOB CHUCTEMbI ['anmmieo, MMErOIIUX
OTHOIIICHUE MUJIECJIEBA CEUYeHUSI K Macce Oosee 16 Mz/Kr, U1 HAa4aJbHBIX 3HAYCHHIH JTOJTOTHI
BOCXOJIALLETO y37a B oKpecTHOCTH 180°.

ORBITAL FLIPS DUE TO SOLAR RADIATION PRESSURE IN THE VICINITY
OF THE GLOBAL NAVIGATION SATELLITE SYSTEMS REGION

S.0. Belkin®, E.D. Kuznetsov®

"Moscow Institute of Physics and Technology (MIPT), Moscow, Russian Federation
2Ural Federal University (UrFU), Yekaterinburg, Russian Federation

Orbital plane flips (flips from prograde to retrograde motion or vice versa) phenomenon due to
solar radiation pressure are investigated. We consider the vicinity of orbits of the Global
Navigation Satellite Systems (GNSS). Dynamical evolution of space debris is studied from a
numerical simulation. Initial conditions for the objects are chosen in the GNSS orbit regions
(GLONASS, GPS, BeiDou, Galileo) as well as 450-1100 km above with respect to nominal
semi-major axes of the navigation orbits. Flips of the orbits due to the effect of solar radiation
pressure have been observed in the vicinity GLONASS orbits and above the Galileo orbits in
case of the area to mass ratio is more than 16 m2/kg for the initial value of the longitude of
ascending node near 180°.

HABJIOJAEHUS TEXHOT'EHHBIX KOCMUYECKUX OFBEKTOB B BAPHAYIJIE
A.B. Bonvgh, B.M. Jlonamkun, A.E. Kanaunckuu
AnTalicKkuil TOCyIapCTBEHHBIN TIeJaroruueckuii yHuBepcuTeT, r. bapHayn, Poccus

E-mail: aw@altspu.ru

B 1957-1963 rr. B bapHaynbckoM neguHCTUTYTE paboTall MyHKT BU3yalbHbIX HAOII0IEHUI 3a
NC3 nox pykoBoicTBOM J1o1ieHTa Kadeapsl puszmku, k.¢.-m.H. ['.B. Kurynuna.

C nauvana 2015 rona B bapnayne nocie nepeo0opyioBaHus aCTPOHOMHUYECKOM MIIOMIa KK
B aBTOMAaTU3UPOBAHHYIO aCTPOHOMHUYECKYI0O 0OCepBaTOpHI0 B pamMKax mporpamMmbl Haywnoit
CEeTH ONTHUYECKUX MHCTPYMEHTOB acTpoMeTpUUecKux 1 potomerpuueckux Habmonenuii (HCOU
A®H; ISON) Bo300OHOBIEHb HabOmoAeHUs reoctaunoHapHbix cnytHukoB (I'CC) wu
KOCMHYeCcKOro mycopa. OCHOBHas 1Lielb 3THX HAOMIOJCHUN - ONpejeieHue JeHCTBUTENbHOM
YUCIIEHHOCTH  OOBEKTOB  TEXHOT€HHOTO  IPOUCXOXKIEHHS HA  TEOCTAllMOHApHBIX U
BBICOKODJUTMITUYECKMX OpOMTaX, BKIIOYAIONIEE acTpPOMETpHUYECKHe M  (poToMeTpuuecKue
HUCCIIENOBAHUS ITUX OOBEKTOB.
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Jis HaOMIOACHNH MCTIONIB3YeTCs aBTOMAaTU3MPOBAHHBIN ONTHKO-3JIEKTPOHHBIA KOMILIEKC,
COCTOSIIIUNA U3 3epKATBHO-THH30BOTO Teneckona cucteMbl Kiesiora TAJI-250K (anmeptypa 250
MM, pokycHoe paccrosiaue 2140 mm) n mudposoit kamepsl FLI MicroLine ML11002 B kayectBe
npuémuuka usnydenus. Kamepa ocnamena [13C-marpunieii ON Semi KAI-11002 ¢ pasmepom
nukcens 9 Mkm, obecrieunBaromieii mone 3penus 39'x58'. Komrieke ycTaHOBICH Ha OMOPHO-
1oBOpoTHEIN MexaHu3sM NEQ6-W Pro, ympaBieHHe KOTOPbIM OCYIIECTBIISETCS MPOrpaMMHbBIM
monyieM CHAOS. Bpemennas cuHxpoHu3anus HabmoneHuit ocymectBiusercs GPS-
npuéMHukoM Ha 0a3e momyns Trimble Resolution T. Jlns BBICOKOTOYHOW aBTOMAaTHYECKOM
00paboTKH, a Takxke 3heMepuaHOTo odecrieueHus: HaOII0IeHUH NCIIOIB3yeTCs pa3paboTaHHBIN B
[TynkoBckoii oOcepBaTOpuM YHUBEpCaIbHBIN mporpaMMHblii kKoMmiuieke Apex II. IlenmeBbie
Habmonenuss ['CO mpoBoasTcss B mosioce IHUPUHON OT 7° 10 -22° OTHOCHUTEIBHO HEOECHOTO
9KBaTOpa M B JOJTOTHOM MHTepBasie 52-148° B.n. Ha xonen 2018 ronxa npousseaeHo 6osee 100
ThIC. U3BMEPEHUH MOI0KEHUN 0OBEKTOB.

OBSERVATIONS OF TECHNOGENIC SPACE OBJECTS IN BARNAUL
A.V. Wolf, V.M. Lopatkin, A.E. Kaplinsky
Altai State Pedagogical University, Barnaul, Russia

E-mail: aw@altspu.ru

In 1957-1963 Barnaul Pedagogical Institute conducted visual observations of the artificial Earth
satellites under guidance of Associate Professor of the Department of Physics, Ph.D. G.V.
Zhigulin.

Since 2015, after conversion of astronomical observation site into automated astronomical
observatory, in the framework of International Scientific Optical Network (ISON) we renewed
the observations of geostationary satellites (GSS) and space debris in Barnaul. The main goal of
these observations is to determine the real number of technogenic objects on geostationary and
high elliptical orbits, including astrometric and photometric studies of these objects.

The automated optical-electronic setup consisting of Klevtsov TAL-250K mirror-lens
telescope (aperture 250 mm, focal length 2140 mm) and digital camera FLI MicroLine ML11002
as optical sensor are used for observations. The camera is equipped with a CCD ON Semi KAI-
11002 with a pixel size 9 um, providing a field of view 39'x58". The setup is installed on NEQ6-
W Pro mount, which is controlled by CHAOS software module. Time synchronization of
observations is carried out using a GPS receiver based on the Trimble Resolution T module. For
high-precision automatic processing, we use Apex Il universal software, developed in the
Pulkovo Observatory. Targeted observations are conducted in the declination bandwidth from 7°
to -22° with respect to the celestial equator and in the longitude interval 52-148 °E. Up to the end
of 2018 we produced more than 100 thousand measurements of the positions of objects.

O EHKA BOSMOXHOCTHU UCITOJIB3OBAHUSI II3C-KAMEP COBMECTHO C
OUNJIBTPAMU UK-IUAITA30OHA IJISI HASBEMHBIX /ITHEBHBIX HABJIIOI[EHI/Iﬁ
HNC3 U KOCMHUYECKOI'O MYCOPA

Epemun E.O. ! Kykoes A4.0.1%3 Kprouxos C.B?

IPTY MUPDA, 2MHACAH, *TAULL MT'Y, r. Mocksa, Poccus

E-mail: aozhukov@mail.ru

B noxmane o0cykmaroTcst pe3ylbTaThl SKCIIEPUMEHTAIBHBIX CEPHil JHEBHBIX ()OTOMETPUIECKHX
HaOmroeHuit ¢ ucnonpzoBanueM kamepbl QHY 6 u psna undpakpacusix (KC-19, y3kononocHsie
Ha 795HM u 895HM) GUIABTPOB.

OmnuceIBaeTcss METOIMKA IPOBEICHUS HAOIOICHUH U UX 00paboTKH.

JlenaroTcst BBIBOJBI O BO3MOXKHOCTH peanibHOro npuMeHenus I13C-kamep u Teneckonon
JTIOOUTENBCKOTO YPOBHS ¢ OT(PUIBTPOBBIBAHMEM BUAMMOTO JMAra3oHa CIEKTpa Uil THEBHBIX
HaOJIOICeHUH pa3TMIHBIX OOBEKTOB B PEKMME HETPEPHIBHOTO MOHUTOPHHTA.
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POSSIBILITY OF USING CCD CAMERAS WITH IR FILTERS FOR DAYTIME
TERRESTRIAL OBSERVATIONS OF SATELLITES AND SPACE DEBRIS

Eremin E.O., Zhukov A.0.*3, Kryuchkov S.V.2

IRTU MIREA, 2INASAN, 3SAI MSU, Moscow, Russia

E-mail: aozhukov@mail.ru

The report discusses the results of experimental series daytime photometric observations using
the QHY6 camera and several infrared (KS-19 narrowband on 795um and 895um) filters.

The method of observations and their processing is described.

Conclusions are drawn about the possibility of real application of CCD cameras and
amateur-level telescopes with filtering of the visible spectrum range for day observations of
various objects in the continuous monitoring mode.

METOAUKA YYETA YPOBHJI JET'PAJAIIMUA OIITUKO-3JIEKTPOHHOI'O
MNPUBOPA KOCMHUYECKOI'O BASUPOBAHMUSI ITPU ITPOBEJTEHUN
OIITUYECKHUX HAE.JIIOI[EHI/II?I

Epemun E.O. ! Kykoes 4.0.%3

IPTY MUPDA, 2UHACAH, TAULL MI'Y, r. Mocksa, Poccus

E-mail: aozhukov@mail.ru

B nmporecce 3KkcIuIyaTaldd  ONTHKO-3JIEKTPOHHBIE MIPHOOPHI KOCMHYECKOIO 0Oa3upoBaHUs
MOJIBEPTalOTCST  BO3JCUCTBUIO psiga (AKTOPOB, HETATUBHO BIMSIONIMX HA TEXHUYECKUE
XapaKTePUCTUKH, YTO, B CBOK oOdYepedb, BEAET K CHIDKCHHIO KadecTBa PeIICHUs
(GYHKIIMOHATBHBIX 33124, BO3JIO)KCHHBIX HAa KOHKPETHBIN TIpHUOOp.

B nHacrosmieit paboTe NpUBOIUTCS KpaTKUi 0030p BHEIIHHX (PAKTOPOB, OKA3bIBAIOIIMX
MOpaXKaroIIee BO3JACHCTBHE B KOCMUYECKOM TPOCTPAHCTBE HA ONTHKO-JICKTPOHHBIC TTPHOOPHI,
Ha 0aze CCD (um mpousBomgubix TexHonoruii), CMOS, a rtaxxe ¢oronerekropoB mist NMK-
nuana3ona (KOpoTKO-, CpellHe- U JUTMHHOBOJIHOBOTO IO/ I/THANIa30HOB).

[IpennaratoTcs M OMUCHIBAIOTCS MPOIEAYPHI EPHOJUUECKON MOJTETHON OIIEHKHU MepeyHs
3HAUEHUH TapaMEeTPOB  ONTHKO-3JICKTPOHHOTO MPUOOpa, XapaKTePU3YIOMIMX KadeCTBO
dbopMupyeMoro UM n300pakeHus (MHTerpajgbHasi, ClIeKTpaibHas, IOPOroBas YyBCTBUTEIHLHOCTH,
YaCTOTHO-KOHTPACTHAsT XapaKTePUCTUKAa W JIp.) B pa3HBIX (DOHOBBIX YCIOBHSX. BpemMeHHBIC
TPEHIIbI M3MEHEHMsI OICHMBAEMbBIX XapaKTEPUCTUK MO3BOJIAIOT JENaTh BBIBOJLI 00 YpOBHE
JIerpajaliid  Tpubopa W TUIAHUPOBATH  JajbHEHIIee €ro TNpPHUMEHEHHE C  Yy4eTOM
OKCTPAMOIMPOBAHUS 3HAYCHUN €T0 XapaKTEPUCTHUK.

METHOD OF ACCOUNTING FOR THE DEGRADATION’S

LEVEL OF SPACE-BASED OPTOELECTRONIC DEVICE DURING OPTICAL
OBSERVATIONS

Eremin E.O.%, Zhukov A.0.}?3

IRTU MIREA, 2INASAN, *SAI MSU, Moscow, Russia

E-mail: aozhukov@mail.ru

During operation, space-based optoelectronic devices are exposed to a number of factors that
adversely affect the technical characteristics, which, in turn, leads to a decrease in the quality of
solving functional tasks assigned to a particular device.

This paper provides a brief overview of the external factors that have a striking effect in
space on optoelectronic devices based on CCD (and derived technologies), CMOS, as well as
photodetectors for the IR range (short -, medium-and long - wave sub-bands).
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Procedures for periodic flight evaluation of the list of optoelectronic device parameters
characterizing the quality of the image formed by it (integral, spectral, threshold sensitivity,
frequency-contrast characteristic, etc.) in different background conditions are proposed and
described. Time trends of changes in the estimated characteristics allow to draw conclusions
about the level of degradation of the device and plan its further using, taking into account
extrapolation of the values of its characteristics.

HABJKOJIEHUS KA «CITEKTP-PI'’» B KYBAHCKOM I'OCYJAPCTBEHHOM
YHUBEPCHUTETE

Heanoe A.JL.}, Hsanoe B.A., Jlicenxo B.E.}, Heanosa H.B.2, Slxosenxo H.A.*, U.E. Monomos”,
B.A. Boponaee3, M.B. 3axeamxun’®.

'Ky6Gauckuii rocynaperBensblii yausepeuter, D04 000 HauponansHoe ACTpOHOMHYECKOE
ATeHTCTBO, SHUIM um. M.B. Kennrima PAH

[TpuBomutcs meroauka HaOmoaenuii KA «CIIEKTP-PI'», a Takke pe3ynabTaThl M OIICHKA
TOYHOCTH U3MepeHuil 3a nepuof ¢ 13 uronsg 2019 no 28 asrycra 2019 rona no cornacoBaHuio ¢
JaHHBIMU OT OayumcTryeckoro neHTpa UIIM um. M.B. Kennpima.

OBSERVATIONS OF THE SPACECRAFT “SPEKTR-RG” AT KUBAN STATE
UNIVERSITY

lvanov A. L.}, Ivanov V. A, Lysenko V. E.}, Ivanova N. V.2, Yakovenko N. A.%, Molotov I. E.%,
Voropaev V. A3, Zakhvatkin M. V.2

! Kuban state University

2 D04, 000 National Astronomical Agency

% Keldysh Institute of Applied Mathematics

The article discusses the methods of observations of the spacecraft "SPEKTR-RG", results and
evaluations of measurement accuracy for the period from 13.07.2019 to 28.08.2019 by the
agreement with the data from the ballistic center of the Keldysh Institute of Applied
Mathematics.

ACTPOMETPUYECKHUE HABJIOJAEHUSI HU3KOOPBUTAJIBHBIX NC3 B
PEKUME ITOTOKOBOI'O BUJEO

HMzmaiinos U. C.

I'maBnas (IlynkoBckas) actponomudeckas ooceparopusi PAH,

Cankr-IlerepOypr, Poccus,

E-mail: i_izmailov@mail.ru

Kak u3BecTHO, HU3KOOpOUTANBEHBIE MIC3 00s1a1a10T 3HAYUTEIBHBIM COOCTBEHHBIM JIBUKEHUEM
o HeOy — 710 HECKOJIBKUX TPaaycoB B ceKyHIy. OauH U3 BO3MOXKHBIX CIIOCOOOB HAOIIOACHUN
TaKuX 0ObEKTOB B ONTHYECKOM JHara3oHe 3TO HaOIroieHue ¢ HeOOBIION IKCIO3ULIUEH, TAKUM
o0Opa3oMm, uTOObI HU300paxKeHHs] OOBEKTOB HE YCIEBAJIM CUJIBHO PacCTIHYTbCSA, 3a BpeMs
JKCHO3ULMHU. B mocnenHee Bpemsi MOSBWIOCH BO3MOXKHOCTh HaOMIOaTh aCTPOHOMHUYECKHE
00BEKTHI B peKHME TOTOKOBOTO BUJIEO, KOTIa CheMKa KaJIpOB MPOUCXOANUT OAMH 3a IPYyruM 0e3
nepepbiBa Mexay kajapamu. OCHOBHOH TPYIHOCTBIO IpU 0O0pabOTKe SBISETCS 3HAYUTEIbHBIN
00beM, TTOTY4EHHOTO TaKUM CITIOCOOOM HaOII0aTEIHhHO MaTeprara.

B IlynkoBckoit obcepBaropuu, pa3paboTaHa crieliaibHas BEpCHs MPOrpaMMHOTO MakeTa
Izmced, mpenocraBinsioiias BO3MOXKHOCTh B aBTOMATHYECKOM pPEXHME 00padaThiBaTh MOTOK
U300pakeHU CO CKOPOCTBIO CPaBHMMOM CO CKOpPOCTBIO TOJYYEHHUS MOTOKAa COBPEMEHHBIMHU
"opicTphIME" Kamepamu. [lo TpeM mociaeaoBaTebHBIM KaapaM, TaKeT aBTOMATHYECKU BBIJIETISET
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U U3MepsAeT U300paKeHHs JBUXKYIIUXCS OOBEKTOB, BBIACIAT H300paXKEHHUS 3Be3A H 110
CTaHJapPTHBIM aCTPOHOMHYECKHM QJITOPUTMaM BBIUMCISET NMPSIMOE BOCXOXJACHHUE M CKIOHEHHUE
NCs.

Hns tectupoBanus TexHojoruu HaOmoaeHud MC3 Obuta ucmosib30BaHa Kamepa co
CJICAYIOIIMMHU XapaKTePUCTUKAMHU:

dokycHoe paccrosiHue 00bekTuBa - 300 MM,

noJie 3penus - 4.5 Ha 7 rpagycos,

Mmacirtab - 5.1 "/mukcerns.

[TporpaMMHO-anmapaTHBI KOMIUIEKC (UKCHUpYeT 3a HalmomaTenbHyl0 HOYb 110 150
MIPOXOXKICHUIA 4Yepe3 moje 3peHus HuzkoopoutanbHbix MC3. CpenHsis BHYTPEHHSST TOYHOCTH
aCTPOMETPUYECKUX KOOPAMHAT JUIsl OJHOTO Kajpa Ionepek TpaekTopuu cocrasiser 1".02,
BJIOJIb TpaeKTopuu - 6".86.

HOBBIE JIBYXKAHAJIBHBIE ®OTOJ3JEKTPUYECKHUE MOJISAPUMETPHBI J1JI5
TEJIECKOIIA 3TII 2.6M KPBIMCKOM ACTPO®N3NYECKO OBCEPBATOPUH U
2 M ZEISS RCC TEJIECKOITA OBCEPBATOPUM HA ITUKE TEPCKOJI:
KOHCTPYKIMS U PE3YJIbTATHI IEPBBIX HABJIIOJEHUN

H. B. Kapnos** JUH. HlaXOBCKoﬁ3, H.H. KHCCH6B3'4, A.B. I[onrorIOJIOB3, K.A. AHTOHIOKS, B.K.
P03eH6ym4'5, 10.C. UBanos™*, B.K. Tapamxn?ll’z, C.H. Konecuukos®

MBI nipeacTaBisieM HISHTHYHBIC JABYXKaHAJIbHBIE (OTOIIEKTPUUCCKUE TOISIPUMETPHI, KOTOPHIE
co3manbl ans 2.6 m 3THI Teneckonma KpeiMckoit actpodusnyeckoit obcepBaTOpuu U 2-M
Teneckona obcepBaropun Ha nuke Tepckon. Ilomspumerpsl pazpaOoTaHbl JUIsl U3MEpPEHUH ¢
BBICOKOM TOYHOCTBIO U 3((eKTUBHOCTBIO mMapameTpoB CTOKCa Kak OT TOYEYHBIX, TaK MU
IPOTSKEHHBIX O00BEKTOB pasmepamu 10 30 yria. CeKyHJI OJHOBPEMEHHO B JIBYX
doromeTpuyeckMX IMojiocax. B KpacHOM KaHalle yCTaHOBIEH oxJaxaaembli DOV
HAMAMATSU- R943-02, xoropsiii obecnieunBaer m3mepenuss B8 UBVRI momocax, B T0 *xe
BpeMsa B cuHeM KkaHaie POV EMI 9502B wusmepser nomspuzanmio B UBV monocax.
HabGmronenus 38e31 — CTaHIapTOB € Majoi M OOJIBIION CTETIEHBIO MOISPHU3AIMN ITOKa3aIl OYeHb
Malyl0 HHCTpyMEHTaldbHyto momspuzanuio (MeHee 0.02%) u cTaOMIBHOCTH B pazIUYHbBIE
nepuoabl HaOmoaeHui. Pe3ynbrarhl nepBbIX HaOmojeHuil cnyTHHkoB lOnutepa, kKoMmeT u
acTepouI0B Ha moJisipuMeTpax B nepuoa anpens 2018 — mapt 2019 npencrasnens! B padoTe.

NEW TWO-CHANNEL PHOTOELECTRIC POLARIMETERS OF THE 2.6 M ZTSH
TELESCOPE OF THE CRIMEAN ASTROPHYSICAL OBSERVATORY AND 2M
ZEISS RCC TELESCOPE OF THE PIK TERSKOL OBSERVATORY: DESIGN AND
RESULTS OF THE FIRST OBSERVATIONS

N. Karpov™? in collaboration with

D. Shakhovskoj®, N. Kiselev**, V. Dolgopolov®, K. Antoniuk®, V. Rosenbush*®, Yu. lvanov**, V.
Taradiy*?, S. Kolesnikov®

! International Center for Astronomical, Medical and Ecological Research of the NASU,
Ukraine; 2 Terskol Branch of INASAN of RAS; *Crimean Astrophysical Observatory, Nauchnij,
Crimea; “Main Astronomical Observatory of the NAS of Ukraine, Kyiv, Ukraine

*Taras Shevchenko National University of Kyiv, Kyiv, Ukraine ; ®Astronomical Observatory of
Odessa 1. I. Mechnikov National University, Odessa, Ukraine

We present two identical two-channel photoelectric polarimeters designed for the 2.6 m ZTSH
telescope of the Crimean Astrophysical Observatory and 2m RCC telescope of the Pik Terskol
Observatory. These polarimeters are designed to measure with a high accuracy and efficiency of
the Stokes parameters of optical radiation of point astrophysical objects and extended objects
with a size up to 30 angular seconds simultaneously in two photometric bands. A cooled
photomultiplier HAMAMATSU- R943-02 is used in the red channel that provides the
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polarization measurements in the UBVRI photometric bands, whereas a photomultiplier EMI
9502B is used in the blue channel providing the measurements of polarization in the UBV bands.
Observations of polarimetric standard stars with a small and large degree of polarization showed
very small instrumental polarization (less than 0.02%) and stable in different periods of
observations. The first observations of the satellites of Jupiter and comets carried out with these
polarimeters in the period April 2018 — March 2019 will be discussed.

OOTOMETPHUSA UC3 HA MMT-9 B TEYUEHHME IIATHU JIET

Kamxosa E.B.", Beckun I'M.**, Bupioxos A.B.%, 1, IHaevioos J.B.°, Heanos E.A.",
Kapnos C.B.2‘4, Opexosa H.B.l, llepros A.B.l’g, Caciox B.B.°"

'HIIK CIIIT COH «ApXbI3», 2CAO PAH, 000 «[Tapamnakcy, *Kasanckwuii (ITpuBomxckuit)
®denepaabHbli YHUBEPCUTET, A0 “AHILL”

E-mail: mmt.satellite@yandex.ru

C 2014 roma mnpoBOAUTCS OKCIUTyaTalus 9-KaHaJbHOM CHUCTEMBI BBICOKOTO BPEMEHHOIO
pazpemienuss Mini-MegaTORTORA (MMT-9), npunagnexamein Kazanckomy denepanpsHomy
YHUBEpPCHUTETY, U TIOMOJHSICTCA 0a3a NaHHBIX (POTOMETPUUYCCKUX XAPAKTEPUCTHK H3MEPEHHBIX
cytHukoB: http://mmt9.ru/satellites. Ha nmauubIii MOMEHT B 0a3e COAEPXKHUTCS HHGPOPMAIHS
6osee uem mo 6000 MC3. B nokiane mpenactaBieHbl AaHHBIE O TeMIaxX MOMOJHEHUSAX 0asbl
JTAHHBIX, pacCMAaTPUBAIOTCA Hanboliee UHTEpECHbIe B (POTOMETPUUECKOM CMBICIIE TPYNIUPOBKU
CITyTHUKOB.

PHOTOMETRY OF ARTIFICIAL SATELLITES ON MMT-9

DURING FIVE LAST YEARS

Katkova E.V.}, Beskin G.M.>* Biryukov A.V.* Bondar S.F.!, Davydov D.V.%, Ivanov E.A.%,
Karpov S.V.2* Orekhova N.V.}, Perkov A.V.*3, Sasyuk V.V.>*

1 0JS RPC PSI, O0S “Arkhyz”, * SAO RAS, ® “Parallax” Enterprise, * Kazan Federal University
E-mail: mmt.satellite@yandex.ru

Since 2014 we operate 9-channel Mini-MegaTORTORA (MMT-9) wide-field monitoring
system with high temporal resolution, belonging to Kazan Federal University, and populate the
database of photometric characteristics of artificial satellites it detected. The database is publicly
available at http://mmt9.ru/satellites and contains the information on more than 6000 satellites.
Here we discuss the rate of increase of information in the database, and present the groups of
satellites most interesting by their photometric properties.

HABJIOJAEHUE KOCMUYECKOI'O MYCOPA U ACTEPOUI0OB

B OBCEPBATOPUUN KOCAJIA ACTPOHOMHUYECKOI'O HEHTPA AYC
T.H. Koxuna, /]. A. Menooca, P. Cenas,E./[. Koxuna,

Ilentp ActpoHOMUN ABTOHOMHOTO YHuBepcutera CuHanoa, Mekcurka.

HE. Monomos, UTIIM um M.B. Kennsima PAH, TAO PAH

B AsronomHom VYHuuepcutere Cunanoa (YAC) mnpogomkaer paboty Llentp
Actponomun. Bomusu ropona Kocana Ha Beicote 600 M peryssipHO paboTaeT aCTpOHOMUYECKas
obcepBaropusi [IAAVC, «kortopas TpUHHMaeT aKTUBHOE YydacTHe B  HAOIIOJACHUSIX
mexaynapoanoi cetu HCOM ADH/ISON. B mae 2012 B maBWIbOHE C OTKAaTHOW KPBIIIECH OBLT
ycraHoBieH 25cm Teneckon OPU-25. 3a 7 ner paGoThl ObUTH BBIMOJHEHBI HAOIIOJIEHUS B
TeueHue 877 HOUEH, B pe3ysbTaTe KOTOPBIX ObuI0 mosydeHo 1 057 363 uzmepenuii mo oobekTam
KOCMHUYECKOI0 MyCOpa M CITyTHHKaM Ha BBICOKMX opoOutax. Ob6cepBatopus Kocanma mpunsia

79


mailto:mmt.satellite@yandex.ru
http://mmt9.ru/satellites
mailto:mmt.satellite@yandex.ru

aKTUBHOE y4yacTue B oOHapykeHHe 19 HexaTamorn3upoBaHHBIX OOBEKTOB. BhImosHeHs pabOThI
10 HAXOXACHUIO 24 MOTEPSIHHBIX 00BEKTOB.

Habmonenus na OPU-25 npoBoasTcst aBTOMaTHu4yecku B 0030pHOM pexume. [lomyueHnble
n3Mepenus noctymnart B 60azy manueix MIIM um. M.B. Kengeima PAH, rae ucnonyrores st
MPOTHO3a OIMACHBIX CHTYaIlMd CO CHYTHUKAMH POCCHICKOM W MEKCHKAaHCKOW OpOUTanbHON
TPYHIEPOBKH.

B 2018 nocraBunu u Havan padorats Teneckon TAJI -250K B pexxume LIY T'CO/BDO.

THE OBSERVATION OF SPACE JUNK AND ASTEROIDS AT THE OBSERVATORY
COSALA ASTRONOMICAL CENTER AUS

T.N. Kokina, D. A. Mendoza, R. Celaya, E. D. Kokina, Center for Astronomy, Autonomous
University of Sinaloa, Mexico.

I.E. Molotov, IMP named MV Keldysh RAS, GAO RAS.

At the Autonomous University of Sinaloa (UAS), the Astronomy Center continues working. The
astronomical observatory TSAAUS regularly operates at the altitude of 600 m near the city of
Cosala, which takes an active part in the observations of the international network NSOI
AFS/ISON. In May 2012, in the pavilion with a retractable roof, the 25 cm telescope ORI-25
was installed. Over 7 years of work, there were made 877 nights observations, as a result
1,057,363 measurements were obtained for space junk objects and satellites in high orbits.
Cosala Observatory took an active part in the discovery of 19 non-cataloged objects. Perform
work on finding 24 lost objects.

Observations at the ORI-25 are carried out automatically in a viewing mode. The obtained
measurements are transferred to the IPM database. Mv Keldysh RAS, where they are used to
predict dangerous situations with satellites of the Russian and Mexican orbital grouping.

In 2018, the 25 cm telescope TAL-250K was installed and started to operate in the CGU
GSO/VEO mode.

RESULTS OF PARTICIPATION OF THE ASTRONOMICAL CENTER OF THE
AUTONOMOUS UNIVERSITY OF SINALOA IN THE EXPLORATION OF SPACE
DEBRIS IN THE FRAME OF THE INTERNATIONAL NETWORK OF OPTICAL
OBSERVATIONS (SCIENTIFIC NETWORK OF OPTICAL INSTRUMENTS FOR
ASTROMETRIC AND PHOTOMETRIC OBSERVATIONYS)

T. N. Kokina, D. A. Mendoza, R. Celaya, E. D. Kokina, The Astronémica Center of the
Autonomous University of Sinaloa, Mexico.

I. E. Molotov, Keldysh Institute of Applied Mathematics RAS.

The astronomical center of the Autonomous University of Sinaloa (AUS) continues working.
Near Cosala at altitude of 600 m the astronomical observatory takes active part in observations
of international network ISON. In the astronomical pavilion with the movable roof 25-cm
telescope ORI-25 started working in May, 2012. During 5 years the observations were made for
600 nights, 767 559 measurements. The astronomical center studied of space debris and satellites
in high orbit. The Astronomical Center carried out detecting 16 not-cataloged objects. In work
progress 6 lost objects were detected.

Obtained measurements are supplied to the database of Keldysh Institute of Applied
Mathematics Russian Academy of Sciences for prediction of dangerous proximities with
satellites.
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IMPOEKTHBIN OBJIMK KOCMHUYECKOI'O AIIIMAPATA JIJISI HCCJIEIOBAHUS
OBBEKTOB THIIA 11/2017 U1, MPOXOAALINUX YEPE3 COJTHEYHYIO CUCTEMY
T.1l. Kombaes

®unuan AO «HIIO JlaBoukunay» r. Kanyra, Poccus, r. Kanyra

E-mail: kombaew@vya.ru

B 2017 romy Obu1 0OHapy>keH mepBbId Mex3BE3AHBIN 00bekT 11/2017 Ul, nposerarommii yepe3
Conaeunyro cuctemy. OOBEKT UMEET THIEePOOTMYECKHid M30BITOK CKOpocTH Oomnee 26 Km/C,
npomén nepurennii Ha pacctosinuu 0,255 a.e. ot CoiHIIA U B HACTOSIIEE BpeMsl yAAJISIETCA MO
runepOonudeckoid Tpaekropur. OOBEKTHI TAKOTO THUIIA TPEICTABISIOT OCOOBIA WHTEpEC IS
byHIaMEHTaIbHBIX HAY4HBIX HcclieoBaHUUA. OJHUM U3 MHCTPYMEHTOB HUCCIIEJOBAHMS TaKUX
O0OBEKTOB MOTYT OBITh aBTOMATHYECKHE KOCMHYECKHE ammapaThl, MPOJICTAIONINE B
HENOCPEACTBEHHON Oyn3ocTd OT HHUX. Pa3paboTaHHble B HAcCTOAIIEE BpeMs KOCMHUYECKHE
anmapatsl Ui UcCiIeoBaHusT ManblX Ten CONHEYHOW CHUCTEMBI HE 00JalaloT HEeOOXOAMMBIMU
XapaKTePUCTUKAMU JJIs1 CONMKEHUS C TAKUMHU O0BbEKTaMH, JABMKYILIMMUCS 10 TUIIEPOOTMYECKUM
TPACKTOPHUSM, U KaK CJIEACTBHE, Ha OONBIIMX CKOPOCTSAX. B Hacrosmieit paboTe ucciemyercs
BO3MOXXHOCTh CO3J]aHMSI KOCMHUYECKOTO ammnapara JUJisl UCCIEeOBaHUS MEX3BE3AHBIX OOBEKTOB,
nposerapmux depe3 CoaHedHyro cucteMy. PaccMOTpEeHBI HECKOJIBKO THUIIOB aBTOMATHYECKHX
KOCMHUYECKHX amMapaToB, KaK Ha OCHOBE CYIIECTBYIOIIMX JIEKTPOPAKETHBIX TBUTATENEH, TaKk U
HA  OCHOBE TEPCIEKTUBHONW  TEXHOJOTMM -  MarHUTHOIO  Tapyca Ha  OCHOBE
BBICOKOTEMIIEPATYPHBIX CBEPXIIPOBOTHUKOB.

THE DESIGN OF THE SPACECRAFT FOR EXPLORATION OBJECTS OF TYPE
11/2017 U1 PASSING THROUGH THE SOLAR SYSTEM

T.S. Kombaev

Branch of the Lavochkin Association, Russia, Kaluga

E-mail: kombaew@ya.ru

The first interstellar object 11/2017 U1 passing through the Solar System was detected in 2017.
The object has a hyperbolic excess velocity of more than 26 km/s, it passed perihelion at a
distance of 0.255 AU from the Sun and is currently moving along a hyperbolic trajectory. This
type objects are of particular interest for fundamental space research. One of the research tools of
such objects can be automatic spacecraft flying in close proximity to them. The spacecraft,
developed at the present time, for exploration of small bodies of the Solar System do not have
the necessary technical specifications to transfer for close approach orbital trajectories with such
objects, because these objects have hyperbolic trajectories and, as a result, high velocities. This
paper assesses the possibility of building a spacecraft for exploration of interstellar objects
passing through the Solar System. Several types of automatic spacecraft are considered, both on
the basis of existing electric propulsion system, and on the basis of advanced technology -
magnetic sail based on high-temperature superconductors.
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OCOBEHHOCTU UBMEHEHUSA BJIECKA KOCMUYECKOI'O MYCOPA

IO HABJIIOAEHUSAM B OBCEPBATOPUU CAHI'JIOX

Koxuposa rut baxmueapaes H.C. 2 Jleexkuna I1.A.% Yazos B.B,°, Xampoes 0. &
1I/IHCTI/ITyT actpodusuku AH Pecniyonuku Tamkukuctan (MA AH PT), r. lyman6e,
Pecnyonuka Tamkukucran, Kokhirova2004@mail.ru

*UncruryT actporomun Poccniickoil akagemun Hayk, . Mocksa, Poceus, nail@inasan.ru
3Focyz[apCTBeHHHﬁ acrponomuyeckuit uHCTUTYT UM. [1.K. IlITepuGepra,

MockoBckul rocynapcTBeHHbINM yHUBepcuTeT uM. M.B. JloMmoHocoBa, r. MockBa, Poccus,
vadimchazov@yandex.ru

Bapuanuu 6necka ¢pparMeHToB KocMudeckoro mycopa (KM) sBisiroTcst BAXKHBIM HHCTPYMEHTOM
JUIs  ompeneneHuss uxX (pu3MuecKkux XapakTepucTtuk. OOHapykeHHe 3aKOHOMEPHOCTEU
BpAIaTeIbHOTO JBW)KCHHUS IO3BOJIICT YTOYHATH JIOJTOCPOUYHYIO 3BOJdIONHMi0 opoutr KM. B
asrycre 2019 r. B MexnyHapoaHoit actpoHommuueckoit obcepBaropun Canrnox WHctuTyTa
actpodusuku AH PT Obumn mpomosmkensl Habmomenust Cupmo-1 Ne 1977-080A, Fengyun
2D Deb Ne 2006-053D u Heckoiabkux 00bekTOB KM ¢ OONBIIMM OTHOIICHHEM ILIOMIAIN
MUJICJICBOTO ceueHHuss K Macce. [IpuBoasaTcss KpuBble OJiecKa, BBISBICHHBIC OCOOCHHOCTH
3aBUCHUMOCTH 0Jiecka oT (Da30BOTro yriia, nepuoabl U3MEHEHUs Oyiecka HaOMOIEHHBIX OOBEKTOB.

FEATURES OF SPACE DEBRIS BRIGHTNESS VARIATIONS

USING MEASUREMENTS AT THE SANGLOKH OBSERVATORY

Kokhirova G.1. *, Bakhtigaraev N.S.%, Levkina P.A.2, Chazov V.V.%, Hamroev U.H.!

YInstitute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan, kokhirova2004@mail.ru

?Institute of Astronomy of the Russian Academy of Sciences, Moscow, Russia. nail@inasan.ru.
$Lomonosov Moscow State University, Sternberg Astronomical Institute, Moscow, Russia
E-mail: vadimchazov@yandex.ru

The brightness variations of space debris (SD) fragments is an important tool for determining
their physical characteristics. Analysis of the mechanism of rotational motion allows us to
precise the long-term evolution of the SD orbits. In August 2019 at the International
astronomical observatory Sanglokh of the Institute of Astrophysics of the Academy of Sciences
of the Republic of Tajikistan were continued observations of Syrio-1 Ne 1977-080A, Fengyun
2D Deb Ne 2006-053D and some objects with a high area-to-mass ratio. The light curves,
features of the relation of brightness — phase angle, periods of brightness variations of the
observed objects, are given in the article.

HABJIIOAEHUA MAJIOPASMEPHBIX ®PATMEHTOB KOCMHUYECKOI'O
MYCOPA B TEPCKOJIbCKOH OGCEPBATOPHUU B 2018-2019 I'T
Jlesxuna IY.A.l, baxmueapaes H.C. 1, Puvixnosa JI.B. 1, T'opwixos A.H.3, Cepeees A.B.> 3,
Kapnos H.B*3 Yazoe B.B.*

1I/IHCTI/ITyT actpoHomuu Pocculickoil akanemuu Hayk, Mocksa, Poccusi,
ayvazovskaya@inasan.ru

MexayHapOoAHBINA HEHTP aCTPOHOMUYECKUX U MEAUKO-IKOJIOIMYECKUX UCCIEJOBAHUN,
Kues, Ykpanna
3TepCK0JILCI<1/H7I ¢wman Muctutyra actpoHoMuu Poccuiickoit akaieMun HayK,
Tepckou, Poccust
4F00yz[apCTBeHHLII7I actrpoHomuyeckuiit ”HCTUTYT UM. [1.K. IlITepuGepra MI'Y,
Mocksa, Poccus
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B pamkax mexayHaponHOW mporpamMMbl «ActpoHoMus B [IpuansOpycbe» Ha HaOIIOAATEIBHOM
KoMIuiekce — Tenmeckorma  Zeiss-2000  Tepckonbckoit — oOcepBaTOpUM  OCYIIECTBIISFOTCS
UCCIICIOBAaHUS ~ 3aCEJIEHHOCTH  TI'eOCTAlMOHAPHOM  30HBI  MAJIOPAa3MEPHBIMU  OOBEKTaMHU
kocMuueckoro mycopa (KM) mpu momomm ontuyeckux usmepeHuil. Bo Bpemsi HaOmoaeHW B
doromeTpruueckrue HOUM OOHAPYKUBAIOTCS 4-5 paHee He HaOMoaBIIMXCs pparMeHToB OT 17-i
1o 21-# 3B€3qHOM BenuuuHbBL. B manHON paboTe mMpUBOASATCS IapaMmeTpbl OpOUT U (PU3HYECKUE
XapaKTePUCTUKU HECKOJIBKUX Manopa3MepHbix (parmentoB KM, oOHapyXeHHBIX TpU
HaOmoaeHusx B Tepckonbekoit oocepBaTopun B 2018-2019 rr.

PabGora Beimonnena mpu noanepxke rpanta Ilpesuaenta Poccuiickoit denepanuu ass
rOCyIapCTBECHHOM MOMIEPIKKH MOJIOABIX poccuiickux yuensix (MK-6640.2018.2).

OBSERVATIONS OF SMALL FRAGMENTS OF SPACE DEBRIS

AT THE TERSKOL OBSERVATORY IN 2018-2019

Levkina P.A.}, Bakhtigaraev N.S.}, Rykhlova L.V.}, Gorshkov A.P.3, Sergeev A.V.%?,
Karpov N.V.23, Chazov V.V.*

YInstitute of Astronomy of the Russian Academy of Sciences, Moscow, Russia,
ayvazovskaya@inasan.ru,

?International Center for Astronomical, Medical and Ecological Research of the National
Academy of Sciences of Ukraine, Kiev, Ukraine

3Terskol branch of the Institute of Astronomy of the Russian Academy of Sciences,
Terskol, Russia

*Sternberg Astronomical Institute of Moscow State University, Moscow, Russia

The population of the small-sized space debris on geostationary region are studied using the
telescope Zeiss-2000 of the Terskol observatory within the framework of the international
program «Astronomy in the Elbrus region». During observations in photometric nights 4-5
previously not observed fragments from the 17" to the 21% magnitude are found. This paper
presents the parameters of the orbits and physical characteristics of some small fragments
detected during observations at the Terskol observatory in 2018-2019.

This work was supported by a grant from the President of the Russian Federation for state
support of young Russian scientists (MK-6640.2018.2).

JOJITOBPEMEHHASA OPBUTAJIBHASA 3BOJIOLUA
OBBEKTOB KOCMHUYECKOI'O MYCOPA

Jlesxuna I1.A., Yysawoe U.H.

HNucturyT actporomuu Poccuiickon akaneMun Hayk, Mocksa, Poccus
E-mail: ayvazovskaya@inasan.ru

B pabote paccmarpuBaercst opOuTaibHas 3BONIONMS OOBEKTOB KOCMHYECKOTO Mycopa Ha
JUINTETbHBIX MHTEpBaiax BpeMeHH. OCOOEHHOCTBIO ITHX OOBEKTOB SIBJISETCS HaJUYME Yy HHUX
0O0JIBIIIOr0 OTHOIIEHUS IUIOLIAM MUJEIEBOr0 CeUeHUs K Macce — Kod(puureHTa napycHOCTH.
W3-3a niuTenbHOro BO3JEHCTBUS CBETOBOTO JABJICHUS OpOUTAlbHBIE MapaMmeTphbl TaKHUX
00BEKTOB MEHSIOTCSI JOCTATOUYHO OBICTPO, 3HAYCHHE IKCIIEHTPUCUTETA BO3pACTaeT, U opOuTa u3
KpPYTroBOW MpPEBpPALIAeTCs B BBITAHYTYIO JUTUITUYECKYIO. DTO MOXET NMPUBOAUTH K MOSBICHUIO
CTOJIKHOBUTEJIBHBIX TPACKTOPUH € JEHCTBYIOIMMHU CIIyTHUKAMH WM CTOJIKHOBEHHIO C JPYTMMHU
00BbEeKTaMU KOCMHUYECKOTO MyCOpa.

Ha naHHbII MOMEHT AJ11 HEKOTOPBIX TaKUX OOBEKTOB cOOpaH OONBIION HAOIIOAATENbHBIH
MaTepuain, KOTOpBIM IO3BOJIIET MOJYyYUTh HE TOJBKO OpOUTY, HO MU MOCTPOUTH MOJEh
cBeToBOro JnamieHusi. OOpaboTka HaOMIOJEHMH, MONTYYEHHBIX Ha JUIMTENBHBIX HMHTEpBajax
BPEMEHH, BBISBISET AMHAMUKY HW3MEHEHUsI OpOUTAIbHBIX MapaMeTpOB OOBEKTOB, BBHI3BAHHYIO
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CBETOBBIM JaBJICHUEM. AHAIU3 HBOJIOIHMM IOKAa3bIBAET, YTO CO BpPEMEHEM OPOUTHI TaKHX
00BEKTOB HAUHYT MepecekaTh OPOUTHI JEHCTBYIOMINX CITYTHUKOB 3E€MIIH.

Pabora BemmonHena npu noaaepxke rpanra Ilpesunenta Poccuiickoit ®@enepanuu it
rOCyIapCTBEHHOM MOAIEPIKKH MOJIOABIX poccuiickux yuensix (MK-6640.2018.2).

LONG-TERM ORBITAL EVOLUTION OF SPACE DEBRIS OBJECTS
Levkina P.A., Chuvashov I.N.

Institute of Astronomy of the Russian Academy of Sciences, Moscow, Russia
E-mail: ayvazovskaya@inasan.ru

The paper considers the orbital evolution of space debris objects over long time intervals. A
feature of these objects is the presence of the high area-to-mass ratio. Due to the prolonged
exposure of light pressure, the orbital parameters of such objects change quite quickly, the value
of the eccentricity increases, and the orbit from a circular one turns into an extracted elliptical.
This can lead to collision trajectories with active satellites or collision with other space debris
objects.

At the moment, a large observational material has been obtained for some of these objects,
which allows us to obtain not only an orbit, but also to develop a model of light pressure.
Processing of observations obtained over long time intervals reveals the dynamics of changes in
the orbital parameters of objects caused by light pressure. An analysis of evolution shows that
over time, the orbits of such objects will begin to cross the orbits of the active satellites of the
Earth.

This work was supported by a grant from the President of the Russian Federation for state
support of young Russian scientists (MK-6640.2018.2).

YUCJIEHHOE MOJIEJIUPOBAHUE KPUBBIX BJIECKA NCKYCCTBEHHBIX
KOCMHNYECKHUX OFBEKTOB

Mameeesa C.H.

Jlaboparopus kocmuyeckoit nadpopmarukn HY MOTU, Mocksa, Poccus
matveeva.sn@phystech.edu

B nanHoi#t pabore paccMaTpuBarOTCS MPOOJIEMbl YHCIEHHOTO MOJAETUPOBAaHUS KPUBBIX Olecka
KocMHuuecknx o0bekToB (kak MC3, Tak m kocMuueckoro Mmycopa) B BUANMOM criektpe. [Iporecc
MOJIeTTMPOBaHUS pa30UBaeTCs Ha HECKOJIBKO CTAaIUH, TS KaXI0H U3 KOTOPHIX BHIOMPAIOTCS CBOU
MHCTPYMEHTHI U pelieHus. B kauecTBe MojiennpyemMbix 00bEKTOB pacCMAaTPUBAIOTCS pa3IUUHbIE
NC3, xak paelcTByIOIMe, TaK M HaXOSAIIMECs B CBOOOJHOM JABM)KCHHH. AHaIU3UpyeTCs
np06neMaTm<a MMPOBEACHUA MOJCIUPOBAHHA KPHUBBIX Oiecka JJIA O6’B€KTOB, MMpUHAJJICKAIINX
pa3iauuHbIM opoutam. [IpoBoaUTCS cpaBHEHHE CMOJICITUPOBAHHBIX U PEANIbHBIX TaHHBIX KPUBBIX
Osiecka.

In this paper, we consider the problems of numerical modeling of the light curves of space
objects (both satellites and space debris) in the visible spectrum. The modeling process is divided
into several stages, for each of which its own tools and solutions are selected. As simulated
objects, various satellites are considered, both active and in free movement. The problems of
modeling light curves for objects belonging to different orbits are analyzed. The simulated and
real data of the light curves are compared.
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®PAKTAJIBHBIE METO/IbI U TEXHOJIOI'MU OBPABOTKHU U AHAJIN3A
BOJIbHIUX NIOTOKOB ACTPOHOMMNYECKHUX TAHHBIX

A. B. Mviwes

HanuonansHbIM HccnenoBaTenbCKui suepHbiid yauBepcuteT (MUDU) — OOHMHCKUN UHCTUTYT
atomuo# suepreruku (MATI),00uunck, Poccus,

E-mail: mishev@iate.obninsk.ru

B pabote paccmarpuBaroTCs HOBBIE MOIXOIbl K MOCTPOEHUIO MOJIEIEH U JIOTMYECKUX CXEM
QITOPUTMOB ¥ TIpolenyp HHPOPMALMOHHBIX TEXHOJOTHH 00paboTKM, aHamm3a u
KJIacCU(UKaUU OOJBIIUX MOTOKOB AaCTPOHOMMYECKUX JAHHBIX 00 OpOUTax M TPAEKTOPHUAX
ManbIX Tell. MeTonoJIorusl MOCTPOEHUsl TaKMX MOJENEH M CXEM OCHOBAaHAa Ha IIOCTPOEHUU
OILICHOK KpUTepueB OJM30CTH U CBSI3aHHOCTU OPOUT U TPAEKTOPHIA B MPOCTPAHCTBE BO3ZMOXKHBIX
COCTOSIHUH C TIOMOIIBIO COOTBETCTBYIOLIETO MAaTEeMAaTHYECKOTO ammapara (pakTalbHBIX
pazmepHocteil. Jlormdeckasi, anropuTMuyeckas U CoJAep)KaTelbHas CYIIHOCTH METOAOB U
TEXHOJIOTUH (DpaKTaJbHON MapagurMbl 3aKJIIOYalOTCS, BO-TIEPBBIX, B 00pabOTKE W aHanIM3e
MOTOKA JIaHHBIX OPOUT U TPAEKTOPUHN C TeM, YTOOBI OMpeAeNnTh, 00pa3yeT i1 OH (PPaKTAIBHYIO
CTPYKTYpY (eciu Aa, TO He0OXOIMMO ONPEACTUTh IEHTPHI (PPaKTAIBHONW CBI3aHHOCTH IOTOKA U
MOJIYyYUTh OICHKM HWHAEKCAa WH(GOPMAIMOHHON CBS3aHHOCTH OpPOUT WM TPaeKTOpHii), BO-
BTOPBIX, B BBIICICHUA MOHO(PAKTAIBHBIX CTPYKTYp B IOTOKE M KIACCU(PHUKAINH HX TII0
MpU3HAKY MPUHAATIEKHOCTH K JIaccaM MepKOJIUpYIoero gpakrana uin GpakTalbHOTO arperara.
OpakranbHasi MapagurMa B METOJOJOTHH pa3padOTKH M pean3alud  WH(POPMALUOHHBIX
TEXHOJIOTHI 00pabOTKH, aHaln3a U Kilaccu(PUKAIMK OONBIINX MOTOKOB JAHHBIX B OTIUYHE OT
TPAaJUIIMOHHBIX METOJO0B M CHOCOOOB ITO3BOJISIET YYUTHIBATH KAaK CBOMCTBA DPErYyISAPHOCTH U
HEPETYJISIPHOCTU CTPYKTYPHl MPOCTPAHCTBA COCTOSIHMM HH(OPMAIIMOHHOW WIKANbI JTAHHBIX
MOTOKA, TaK ¥ UX TUHAMUYECKYIO M HH()OPMAIIHOHHYIO CBSI3aHHOCTb.

PaccmaTtpuBaembie B paboTe JOTHYECKHE CXEMbl alTOPUTMOB M MPOLENYp TEXHOJIOTUMN
00paboTkH, aHamM3a W KiaccH(UKAIUU OONBIIMX MOTOKOB JAHHBIX IHOCTPOCHBI Ha OCHOBE
TEOpUH  (pPaKTAIbHBIX pa3MEpHOCTEHl MPOCTPAHCTBEHHBIX U  BPEMEHHBIX  CTPYKTYD,
QIrOpUTMUYECKasi U COJEprKaTelibHas CYLIHOCTh KOTOPBIX 3aKirodaercss B cienyrouiem. Bo—
HepBbIX, 00pabOTKa MOTOKAa JAaHHBIX COCTOMT B TOM, YTOOBI OIpENEeNUTh: 00pa3yeT JU OH
dpakraneHyto cTpykTypy? Eciu ma, To onpenenuTs HeHTphl (PpaKTaIbHON CBA3aHHOCTH MOTOKA
JTAHHBIX U MOJYYUTh OLEHKH MHJEKCa NHPOPMALMOHHON CBSI3aHHOCTU. BO—BTOPBIX, alNrOPUTMBI
U TpoLENypbl TEXHOJOIMM aHanmu3a U kiaccuduxanuu oOpabOTaHHOIO MOTOKA IO3BOJISIOT
BBIJICIUTh MOHO(PAKTAIbHBIE CTPYKTYPHI, €CIM IOTOK o0pa3dyeT MyabTH(pakTan, U
KJIaCCU(UIIMPOBATh UX IO MPU3HAKY MPUHAJIEKHOCTH K KJlaccaM NEpKOJIUPYIOIIEro gppakrana
WK (ppaKTabHOTO arperara, a Takke OLEHUTh MEPY PACXOXKIECHHUS MEXKIY FeOMETPUUYECKUMHU U
UHPOPMAIMOHHBIMA ~ (PaKTATBHBIMH  PAa3MEPHOCTSIMH, KaK  HMHIWKATOpa  €IUHCTBA
KOJINYECTBEHHBIX U KAUECTBEHHBIX XaPaKTEPUCTUK MOTOKA.

FRACTAL METHODS AND TECHNOLOGIES FOR PROCESSING AND ANALYZING
LARGE FLOWS OF ASTRONOMICAL DATA

A.V. Myshev

National Research Nuclear University MEPhI (IATE), Obninsk, Russia,

E-mail: mishev@iate.obninsk.ru

In the paper the fractal paradigm of constructing models and logical schemes of algorithms and
procedures for information processing, analysis and classification of large flows of astronomical
data on the orbits and trajectories of small bodies is considered. The methodology for
constructing such models and schemes is based on the construction of estimates of proximity and
connectivity criteria for orbits and trajectories in the space of possible states using the
corresponding mathematical apparatus of fractal dimensions. The logical, algorithmic and
substantial essence of the fractal paradigm is as follows. First, the processing and analysis of the
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data flow of orbits and trajectories is to determine whether it forms a fractal structure? If yes,
then determine the centers of fractal connectivity of the flow and obtain estimates of the index of
information connectivity of orbits or trajectories. Secondly, isolate the monofractal structures in
the flow and classify them according to the attribute of belonging to the classes of a percolating
fractal or a fractal aggregate.

BBICTPASI ®OTOMETPHSA KO HA IIEMCC-600.

Inaxyma A.C., Kamkosa E.B., |bonoapv C.®D., Opexosa H.B., Heanos E.A., I payscanuna A.O.
HIIK CIIIT COH «ApxsI3

E-mail; zeiss600@yandex.ru

B 2019 romy na teneckome Ileiicc-600 COH “ApxpI3” Obula peaan3oBaHa BO3MOKHOCTH
OBICTpPON  (POTOMETPUU BBICOKOOPOUTATBHBIX OOBEKTOB, HMMEWIIUX Oneck 10 15 mag.
DOTOMETPUPOBAHNUE MPOU3BOAUTCA MapajUIeIbHO C TMOJYyYEHHUEM YIVIOBBIX KOOPAMHAT.
Bpemennoe paspemienue 0.128 cekyHIbl MO3BOJSET BBISBIATH KPATKOBPEMEHHBIE M3MEHEHUS
0Jiecka y KOCMHUYECKUX OOBEKTOB.

B noknazne mpencraBicHbl TaHHBIE O (POTOMETPHUYECKUX XapaKTEPUCTHKAX CIyTHUKOB CEpUi
DSP u Canyon, a Tak e Bpallalooluxcs OOBEKTOB KocMuueckoro mycopa. [IpuBoautcs
uHpopManus o AMHaMUKe GoToMeTprudeckoro nepuoa apapuiinoro KA Intelsat-29e.

FAST PHOTOMETRY OF ARTIFICIAL SATELLITES ON ZEISS-600

Plakhuta A.S., Katkova E.V., Bondar S.F., Orekhova N.V., lvanov E.A., Grauzhanina A.O.
OJS RPC PSI, OOS “Arkhyz”

E-mail: zeiss600@yandex.ru

In 2019, a possibility to perform the fast photometry of objects with visible magnitudes up to
15 mag traveling in High Earth Orbit, have been introduced using Zeiss-600 instrument
belonging to Arkhyz Optical Observation Station. The photometric measurements of the target
are carried out in parallel with its angular coordinates' acquisition. The temporal resolution of
0.128 seconds allows to capture short duration variations in the visible magnitude of the target
space object.

The report presents obtained photometric profile data on DSP and Canyon series
satellites, as well as on tumbling space garbage fragments. There is also an information on the
time course of the photometric period of Intelsat-29e spacecraft, which had suffered a
malfunction.

YUCJIEHHBIE MOAEJIN IBUKEHUS HCKYCCTBEHHBIX CITYTHHUKOB 3EMJIN
N JIYHBI U BOBMOKHOCTH UX UCITOJb30OBAHUA

H. A. Ilonanoonyno, A. I'. Anexcanoposa, T. B. Bopoosuyvina

HU TT'Y, r. Tomck, Poccus

E-mail: nikas.popandopulos@gmail.com, aleksann@sibmail.com, tvbord@sibmail.com

[IpencraBneno onucanue pazpadboranHbeix B HUTIMM HUTITY uncneHHbIX Monenei TBHKEHHS
uckycctBeHHbIX cnyTHUKOB 3emiu (MC3) u Jlynsr (MCJI) m moka3aHbl BO3MOXKHOCTH HX
UCIIOJIb30BAaHUSl B PEUICHUM 3a/ad CIYyTHUKOBOW AMHAMUKH. KpaTkoe ommcaHue MOCIEAHHUX
BEpPCUI aITOPUTMOB U MPOrpaMM, MpeAHa3HAUCHHBIX JUIs uccaenoBanus asuwxenus MC3, nano B
(Anexcanaposa, bopnosuieina, Uysamos, 2017). B npeacraBisiemyio 3/1eCh BEPCUIO MPOTrpamMMBbl
BHECEHO JIONOJHEHHE, KOTOPOE IIO3BOJIAET OJHOBPEMEHHO C YMCIEHHBIM HWHTErPUPOBAHHEM

86


mailto:zeiss600@yandex.ru
mailto:zeiss600@yandex.ru
mailto:nikas.popandopulos@gmail.com
mailto:aleksann@sibmail.com
mailto:tvbord@sibmail.com

JIBIKEHUSI B TPSIMOYTOJIbHBIX KOOPJAMHATAX BBIYUCIATH CKOPOCTH M3MEHEHHS JIOJITOTHI
BOCXO/IAIIETO y3J1a ¥ IOJTOTHI IEPULICHTPA OT y3Ja.

Uro kacaercs uncnennoi moaenu asuxenus UCJII, To 3To ee nepBoe npeacTaBicHuUE.
[Iporpamma yduThIBae€T BO3MYIIEHHUS OT CeJICHO oTeHIrana, 3emnn u CosHia. B mporpammy
BHECEHA BO3MOKHOCTb BBIYUCIISITH CKOPOCTH U3MEHEHUSI YKA3aHHBIX BBIIIE JIOJITOT. DTH 3HAHUS
HEOOXOMMBI IPH UCCIICIOBAHUH BEKOBBIX pe3oHaHcoB B nuHamuke C3 u UCJIL.

OO6cyxnaroTcs puMepsl MpUMEHEHHs Mojieniel B 3anadax nuaamuku UC3 u UCJIL.

Pabota BeimonHeHa npu ¢puHaHcoBO# noanepkke PH® B pamkax HaydHOTO MPOEKTa
Ne 19-72-10022.

NUMERICAL MODELS OF MOTION OF ARTIFICIAL SATELLITES OF THE
EARTH AND THE MOON AND OPPORTUNITIES FOR THEIR USE
Popandopulo N. A., Alexandrova A. G., Bordovitsyna T. V.

TSU, Tomsk, Russia

E-mail: nikas.popandopulos@gmail.com, aleksann@sibmail.com, tvbord@sibmail.com

A description of the numerical models of the motion of artificial Earth satellites (AES) and of
artificial lunar satellites (ALS) developed at the Scientific Research Institute of Applied
Mathematics and Mechanics of TSU is given and the possibilities of their use in solving satellite
dynamics problems are shown. A brief description of the latest versions of algorithms and
programs designed to study the AES motion is given in (Alexandrova, Bordovitsyna,
Chuvashov, 2017). An addition is made to the version of the program presented here, which
allows simultaneously with the numerical integration of the movement in rectangular coordinates
to calculate the rate of change of the longitude of the ascending node and the longitude of the
pericenter from the node.

As for the numerical model of the movement of the ALS, this is its first presentation. Ehe
program takes into account perturbations from the lunar potential, the Earth, and the Sun. The
program includes the calculation of the rate of change of longitudes indicated above. This
knowledge is important in the study of secular resonances in the dynamics of the AES and the
ALS.

Examples of the application of both models in various problems of the dynamics of the
AES and the ALS are discussed.

This work was supported by the Russian Science Foundation (Scientific Project Ne 19-72-
10022).

AHAJIN3 HEKOOPIUHATHOM WH®OPMAIIMA OF OKOJIO3EMHBIX
KOCMHUYECKHUX OBBEKTOB HA IVIMTEJbHBIX HHTEPBAJIAX BPEMEHMU J1JIA
O®OPMUPOBAHUSA XAPAKTEPUCTUK U ITPU3HAKOB COCTOAHUA OTUX
OBBEKTOB

Cakea H. B.

Axunoneproe O6mectBo "ActpoHomuueckuit Hayunsiii Lientp", Mocksa, Poccust

E-mail: nick@sakva.ru

B Xxone exXeqHEeBHOrO KOHTPOJS OKOJO3EMHOIO0 KOCMHYECKOTO IPOCTPAHCTBA HA3eMHBIMU
TEJIECKOIIAMHU MTPOU3BOAATCS THICSYM M3MEPEHUN KOOPAMHAT KOCMUYECKUX 00BEeKTOB. IloMumo
KOOpJMHAT 3TH W3MEPEHHS BKIIOYAIOT SPKOCTU HAOINI0/IaeMbIX OOBEKTOB, XOTS OMNpEeIeHUe
APKOCTH OCYILECTBIISIETCSI C HE CIMILIKOM BBICOKOW TOYHOCTBIO. IlokazaHo, 4TO Ha OCHOBE
00paboOTKKM MacCHBOB JIaHHBIX (DOTOMETpHUUECKON MH(pOpMaUK 3a AIUTENbHbIN nepuon (2013-
2019 roppl), MONYyYEHHBIX B XOJ€ KOOPIMHATHBIX H3MEPEHUH (C HEBBICOKOH TOUYHOCTHIO
onpejeNeHusi SPKOCTH)  MOMKHO OIIEHUTh PsJI IMapaMeTPOB OKOJIO3EMHBIX KOCMHUYECKHUX
00bexToB. IlpeanoskeHsl MeTOAbI A aHaidu3a Takod uH(popmanuu. [IpennokeHHbIe METOIbI
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ObUIM MCTOJB30BaHBI Ul aHAJM3a Kak JEHCTBYIOIIMX, TaK W BBIBEJCHHBIX W3 JKCIUTyaTalluu
KOCMMYECKHX amlaparoB, a TaKXkKe KocMHuYeckoro mycopa. [Ipu 3ToM yuuThIBaeTcs OCBElICHUE
00BEKTOB NPSIMBIM COJIHEYHBIM M3JIYyYEHHEM M CBETOM, OTPaKEHHBIM OT 3eMiu. PaccMmoTpeHo
BIMsHUE  3(P(PEKTOB  3€pKATBHOCTH,  OTPAKEHMsI  YIrOJKOBBIMH  OTpaXaTelsiMU U
KpPYIMHOraOapUTHBIMHU PEHIETYATHIMUA KOHCTPYKIIUSMH.

C nmomoIipl0 3TUX METOJOB B Psifie CIydaeB YAaeTcsl OLEHHUTh pa3Mepbl, ONTHYECKHE
XapaKTEePUCTHKN  TOKPBITHHA, XapakTep CTaOWIM3alli¥, OPHEHTAllMI0 M  KHUHEMAaTHKY
Ha0JI01aeMbIX O0BEKTOB M MX KPYIHBIX COCTaBIISIOIIMX 4YacTell (aHTEHH, NaHeJIed COJHEUHBIX
Oarapeil W T.M.). DTH JaHHBIE MOTYT OBITh BOCTPEOOBAHBI, HANPUMEP, NPU aBAPUUHBIX U
HEIUTaTHBIX CUTyallUAX ¢ KOCMMYECKHMMHM annapaTamy. Taxke MpeasoKeHHbIE MOAX0bl MOI'YT
OBITh MCIOJB30BAHBI JJISI KJIACCH(PHUKAIIMA KOCMHYECKMX OOBEKTOB B aBTOMATHUECKOM H/HIIU
aBTOMATH3UPOBAHHOM pEeXHMME IPU CO3AAHMM  KaTaJora HEKOOPIMHATHBIX CBOMCTB
Ha0JII01aeMBIX KOCMUYECKHUX OOBEKTOB.

NEAR-EARTH SPACE OBJECTS NON-COORDINATE LONG-TERM DATA
ANALYSIS FOR ESTIMATION OF OBJECTS PROPERTIES AND CONDITIONS
Sakva Nikolay

Astronomical Research Center, Moscow, Russia. E-mail: nick@sakva.ru

Daily sky control provides a lot of measurements of space objects positions. Object brightness
also measured though with low precision. It is possible to estimate some parameters of near-
Earth space objects with analysis of large long-term (2013-2018) data arrays obtained while
coordinate (low brightness precision) measurements. Methods for analysis of this information
are proposed. Direct solar light and solar light reflected from Earth are considered. Reflection
effects of corner reflectors and large lattice antennas are described.

The proposed methods were used for analysis of photometric data  operational and
decommissioned satellites and space debris. Estimation of dimensions, optical characteristics,
stabilization, attitude and cinematics of the observed objects and their parts (antennas, solar
panels, etc.) is possible with the proposed methods. These data are important while failures and
accidents with “non-cooperative” space vehicles. Also the proposed approaches may be used for
classification of observed space objects in an automated mode to create a catalog of non-
coordinate characteristics of observed space objects.

UCCJEJIOBAHUE TOYHOCTHU UBMEPEHU ONITUYECKHUX TEJECKOIIOB C
HNCITOJIb30BAHUEM 2OTAJIOHHBIX CITYTHUKOB

Coxkonog U. C.

MockoBcKkuil (U3NKO-TEXHUYECKUI UHCTUTYT (HAI[MOHAJIbHBINA UCCIIE0BATEIbCKUN
yausepcurter), [IAO «MAK «Bbemmnemn»

E-mail: vansokol@mail.ru

BbicOKOTOUHBIE U3MEPEHUS JBHKEHUS KOCMHUYECKHMX OOBEKTOB HEOOXOIMMBI JI pelIeHus
MHOTMX HAay4yHBIX M MPUKIAJHBIX 3a/ad: HCCIEeNOBaHMA MoOjeneil BAusgHUA aTMocdepsl Ha
TOPMOXKEHHE CIIyTHUKOB M HMX COBEpIICHCTBOBAHWE, IIOBBIIIEHUE TOYHOCTH PabOTHI
HAaBUTALMOHHBIX CIIYTHUKOBBIX CHCTEM, IPEAYIPEXKICHHUS C BBICOKOM TOYHOCTBIO OIIACHBIX
CONMMKEHUI KOCMUYECKUX 0OBEKTOB U APYTUX.

OnTuyeckue TeNecKonbl 00J1a1al0T TPUHIUITHATBHON BO3MOKHOCTBIO TOTY4aTh YIIIOBbIE
U3MEpPEHUS TOJOXKEHUH KOCMUYECKMX OOBEKTOB C BBICOKOM TOYHOCTHIO, OJHAKO HHOTJA
BO3HHUKAIOT CHCTEMAaTH4YEeCKHE€ W AaHOMaJlbHble OIIMOKH. JIJii TOBBIIEHUS JIOCTOBEPHOCTH
ONTUYECKUX U3MEPEHHUI HEOOXOIUM PETYSIPHBINA KOHTPOJIb UX KauecTBa. KOoHTposb ciydaiiHoit
COCTaBJIAIOLIECH OMIMOKH M BBISIBIIEHHE aHOMAJIbHBIX U3MEPEHUH MOKHO MPOBOJUTH aBTOHOMHO,
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a CHUCTeMaTH4ecCKas COCTABJISIIONIAsl OMIMOOK HE MOXKET KOHTPOJIHPOBATHCS O€3 MPHUBICUCHUS
BHEIIIHUX JaHHBIX.

TakuMu JaHHBIMHU SIBJISIFOTCS JIA3EPHBIE U3MEPEHUS JATbHOCTA MEXIYHAPOIHOW J1a3epHOU
cetu ILRS, ummeroniye caHTHMETPOBYIO TOYHOCTh. J[JIsI MX OINEPaTUBHOTO HCIOIB30BaHUS
yaanoch pa3paboTarh W MPOrPaMMHO PEATH30BATh AJITOPUTM BBICOKOTOYHOTO OIEHUBAHUS
napaMeTpoB OpPOWUT 3TAIOHHBIX CIIYTHHKOB IO 3THM JIaHHBIM, OMHPAsSCh Ha MPOBEAEHHBIN
KOJIMYECTBEHHBIII aHAIIN3 (bI/I?;I/I‘-IeCKI/IX SIBJICHI/If/’I, BBI3BIBAOIIHUX TMOrpC€lIHOCTL MOJCIIA
JBWKEHUs. Pa3paOoTaHHBIN anropuT™M oOecreYrBaeT MPOTHO3 JABMKECHHUS 0OBEKTOB Ha HHU3KUX
opOuTax Ha BpeMeHa MOpsIKAa CYTOK C MOTPEIIHOCThIO He Oonee 1 merpa (mopsiaka pasmepa
HC3).

RESEARCH OF THE ACCURACY OF MEASUREMENTS OF OPTICAL
TELESCOPES USING REFERENCE SATELLITES

Sokolov Ivan Sergeevich

Moscow Institute of Physics and Technology, OJSC «MAK «Vimpel»

E-mail: vansokol@mail.ru

Measurements with high accuracy of the motion of space objects are necessary to solve many
scientific and applied problems: researches and improvement of the models of the atmospheric
influence on the deceleration of satellites, and enhancement of the accuracy of navigation
satellite systems, warnings with high accuracy of dangerous proximity of space objects and
others.

Optical telescopes have the fundamental ability to obtain angular measurements of the
positions of space objects with high accuracy, but sometimes systematic and anomalous errors
occur. To increase the reliability of optical measurements regular monitoring of their quality is
needed. The control of the random error component and the detection of anomalous
measurements can be carried out autonomously, and the systematic error component cannot be
controlled without external data.

Such data are laser range measurements of the International Laser Ranging Service (ILRS),
which has centimeter accuracy. It was possible to develop and programmatically implement an
algorithm for high-precision estimation of the parameters of the orbits of reference satellites with
these data, based on a quantitative analysis of the physical phenomena that cause errors in the
motion model. The developed algorithm provides a forecast of the movement of objects in low
orbits for times of the order of a day with an error of no more than 1 meter (of the order of the
satellite’s size).

IOPEKTUBHOCTHh ONTUYECKUX HABJIIOJAEHUIA KOCMHUYECKHUX
OBBEKTOB TEJECKOIIAMMH ITAO "MAK "BBIMIIEJI" B 2016-2019 T'OJJAX U
MEPOIIPUATHSA, OBECIIEYUBIINE EE MOBBIIIEHUE

3.H. Xymopoecxuﬁl, Al Hykbﬂuoel’ 2 B.JI. [ununt, A.E. Konecca®?, M. Inumanvhux’,
K.B. COpOKqu

TTIAO «MAK «Beimren»,  MocKoBCKHiA (bU3UKO-TEXHUYECKUI UHCTUTYT (TOCY1apCTBEHHBII
YHHUBEPCUTET)

E-mail:kikkolo@mail.ru

B 2016-2019 romax rpaxIaHCKME HW3MEPUTEIbHBIE OINTHYECKHE CPEACTBA Pa3IMYHON
BEJIOMCTBEHHON mpuHaiexkHocTH, U ITAO «MAK «Bpimmen B TOM 4Mcie, NPUBIEKAIUCH
cucteMoi KoHTpoJsi kocMuyeckoro npocrpanctsa (CKKII) ans pemenust 3agaun nojaaepskanus
karajora KO. XapakrepucTukaMu KauecTBa pelIeHUs 3a7au MOAIEp/KaHus KaTajaora sBIISIOTCS
MIOJIHOTA, TOYHOCTh W ONEPATUBHOCTh. 3a/Jadyell ONTHYECKUX CPEJICTB SIBISAETCS IMOIAECpKAHUE
JTUX XapaKTEPUCTUK Ha MAKCUMAJIbHO BO3MOKHOM YPOBHE.
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B noknane npeacraBieHbl U 00CYKAAIOTCA Pe3yiIbTaThl aHATN3A, BKIIOYAIOIINE OLIEHKU
3¢ (PEeKTUBHOCTH  ONTHYECKUX CPEICTB  Pa3jIMYHON  BEJOMCTBEHHON MPHUHAJIEKHOCTH.
[TpoBoauTCa aHaMM3 MHPOPMALMOHHOTO BKJIAJa PA3IUYHBIX ONTHYECKUX CPEACTB B pEIICHUE
koHkpeTHBIX 3a1au4 CKKII u ux conmocraBienue ¢ 3HEeKTUBHOCTHIO ONTHYECKUX cpeacTB [TAO
«MAK «Bosimnen». O6cyxaaroTcs MEponpusiTHs, 00eCieYnBarOIINe €€ MOBBIIICHHUE.

ANALYSIS OF CONTRIBUTION OF OPTICAL FACILITIES IN THE WORK OF THE
SPACE SURVEILLANCE SYSTEM IN 2016-2017

Z.N. Khutorovsky®, A.P. Lukyanov* 2, V.D. Shilin®, A.E. Kolessa® 2, M.C. Shpitalnik®,

K.V. Sorokin®

1 OISC “MAK “Vimpel”, > Moscow Institute of Physics and Technology
E-mail:kikkolo@mail.ru

In 2016-2019, civil measuring optical instruments of various departmental affiliation, including
0JSC “MAK “Vimpel”, were involved in solving task of the Space Monitoring System (SMS) -
maintaining catalog of space objects. Characteristics of quality of solving the task of maintaining
the catalog are completeness, accuracy and efficiency. The task of contributing optical facilities
is to maintain these characteristics at the highest possible level.

The report presents and discusses the results of the analysis, including performance
evaluations of optical instruments of various departmental affiliation. An analysis of the
information contribution is carried out. It includes estimation of information contribution of
various optical instruments to the solution of specific problems of the SMS, and its comparison
with the contribution of OJSC “MAK “Vimpel” instruments. Discussed activities to ensure its
increase.

OINPEJAEJIEHUE XAPAKTEPUCTUK OPBUTAJIBHBIX OB BEKTOB I10
CHEKTPAJIBHOU NH®OPMAILINU

Llemenes A.A., Pooun A.B.

M®THU, Mocksa, Poccust

E-mail: shemeneval@gmail.com

B nmannO#l paboTe paccMaTpuBaeTCsl 3ajJada BOCCTAHOBJICHUS IapaMEeTPOB KOCMHYECKOTO
00BEKTa MO €ro CIEKTPATbHBIM U (OTOMETPUUYECKHUM XapaKTepucThkaMm. bombinoe BHUMaHue
YIIENSETCS OTIPEICICHUI0 MaTepHralia TOBEPXHOCTH 00BEKTa C MMOMOIIBIO aHaJH3a CIIEKTPATbHON
uHpopmanuu. s 3TOro craBUTCA 3a/aya CO3JAHUS CIEKTPaIbHOW OMOTUMOTEKH IIMPOKO
HCIIOJIB3YEMBIX B KOCMHYECKOU IMPOMBINIJICHHOCTH MaTCpUajlOB MU CHHTE3a @OTOMeTquCCKOﬁ
CUCTEMBbI, ONTHUMAJLHOW NJIs OmpejeNeHuss Marepuana. bubnnoreka MmoixydeHa ¢ MOMOIIBIO
crektpopaauomerpa ASD FieldSpec® 3 u cmermuanbHO CO3MaHHOW JUIsi 3TOTO YCTAHOBKOM.
[IpoBeneH aHanM3 CHEKTPOB U (a30BBIX XapaKTEPUCTUK 00pasioB. MeToloM TIaBHBIX
KOMIIOHCHT YJaJOCh ITOHU3UTH Pa3SMEPHOCTb HMCXOAHOI'O IIPU3HAKOBOI'O IIPOCTpaHCTBA U
pa3aeNnuTh COEKTPHl Pa3UYHBIX MAaTEPHAIOB B HOBOM MPOCTPAHCTBE. AHAJIOTHYHBIN pe3ylbTar
MOJIy4eH C TOMONIBIO KJIACTEPHOTO aHanm3a. beima copMynmpoBaHa M YHCICHHO peIIeHa
3a/1a4a HaXO0XJICHUS ONTUMATBHBIX MapaMeTpoB (POTOMETPUUECKOM cucTembl. ITorom siBisercs
QITOPUTM OTPEJCIICHUS IMapaMeTpoB (OTOMETPHUECKON CHUCTEeMBI W TaOJIMIa Pe3yJbTaTOB
paboThI ATOTO ANTOPUTMA JJISL CUCTEM U3 2, 3 U 5 CBETOBBIX (PUIILTPOB.
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DETERMINATION OF CHARACTERISTICS OF ORBITAL OBJECTS BY SPECTRAL
INFORMATION

Shemenev A.A. Rodin A.V.

MIPT, Moscow, Russia

E-mail: shemenval@gmail.com

In this paper we consider the problem of reconstructing the space object parameters by its
spectral and photometric characteristics. Much attention is paid to determining the surface
material of an object by analyzing spectral information. For this, the task is to create a spectral
library of materials widely used in the space industry and to synthesize a photometric system that
is optimal for determining the material. The library was obtained using an ASD FieldSpec® 3
spectroradiometer and a specially designed setup for this. An analysis of the spectra and phase
characteristics of the samples was carried out. Principal component analysis could reduce the
dimension of the original feature space and separate the spectra of different materials in the new
feature space. A similar result was obtained using cluster analysis. The problem of finding the
optimal parameters of the photometric system was formulated and numerically solved. The result
is an algorithm for determining the parameters of the photometric system and a table of the
results of this algorithm for systems of 2, 3 and 5 light filters.

OIITUYECKHUE HABJKOAEHUA KOCMHUYECKOI'O MYCOPA 1 MAJIBIX TEJI
COJIHEYHOM CUCTEMBbI B OGCEPBATOPUU ISON-KACTEJIbI'PAHJIE

HImanvy Cepeeii Eszenvesuy™, Monromos Heopw Eszenvesuy®, Boponaee Buxmop Anamonvesuy’,
I payuanu Dununno®

L IIIM um. M.B . Kenapima PAH, Muycckas . 4, Mocksa, 125047, Poccus,
sergiuspro77@gmail.com

>YITIM um. M.B Kengpia PAH, Muycckas mi. 4, Mocksa, 125047, Poccust, im62@mail.ru
$YTIM . M.B.Kenasiia PAH, Muycckas m. 4, Mocksa, 125047, Poccus,
voropaev@keldysh.ru4 GAUSS S.r.l., Via Sambuca Pistoiese 70, Roma, 00138, Uramnus,
filgraziani@gmail.com

C oktsa6ps 2017 roma B pamkax mpoekrta CastelGAUSS — corpyaamuectso MIIM PAH,
UTaIbsIHCKONH dYacTHOW kommanuu GAUSS S.rl. u kommynsl Kacrtenbrpanme — BBeIcHa B
IKCIUTyaTallnio Ha peryisipHoit ocHoBe oOcepBaropust ISON-Kacrenerpane B 1oxHON WMTanmu.
B utone 2018 roma obcepBaropust nomyunia ko L28 Llentpa manbix mianet (MPC).

OCHOBHBIMU HampaBleHUSIMU PaOOTHI 00CEPBATOPUHN SIBIISIOTCSI ONTHYECKUE HAOIIOEHUS
UCKYCCTBEHHBIX CITyTHUKOB 3€MJIM U KOCMHYECKOTO Mycopa U MaJiblxX Tesl COJHEYHOH CHCTEMBI.
[TpoBoasiTcst actpoMeTprudecKue U (POTOMETPUIECKIE HAOTIOICHHUS.

[IpeacraBnensl  oOuiye pe3ynbTarhl  paOOThI, KpPaTKOCPOUYHbIE (POTOMETpUYECKHE
XapakTepUCTHKH BepxHux ctynenerr Falcon 9 R/B u Atlas V Centaur R/B, nocr-aBapuitHbie
doromerpudeckue HaOmomenus KO I'CO Intelsat 29E, a Ttaxke wmerox QoromeTpun
OBICTpOBpANIAIOIINXC 00BbEKTOB 03 ncnonb3oBanus [13C-kamepsl OBICTPOTO CUUTHIBAHUS.
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OPTICAL OBSERVATIONS OF SPACE DEBRIS AND MINOR BODIES OF THE
SOLAR SYSTEM AT THE ISON-CASTELGRANDE OBSERVATORY

Schmalz Sergei®, Molotov Igor?, Voropaev Viktor®, Graziani Filippo*

L KIAM RAS, Miusskaya sq. 4, Moscow, 125047, Russia, sergiuspro77@gmail.com
2KIAM RAS, Miusskaya sq. 4, Moscow, 125047, Russia, im62@mail.ru

$KIAM RAS, Miusskaya sg. 4, Moscow, 125047, Russia , voropaev@Kkeldysh.ru

* GAUSS S.1.1., Via Sambuca Pistoiese 70, Roma, 00138, Italy, filgraziani@gmail.com

Since October 2017, the ISON-Castelgrande Observatory had started its regular work in South
Italy within the scope of the CastelGAUSS Project — a collaboration of KIAM RAS, a private
Italian company GAUSS S.r.l. and the comune of Castelgrande. In June 2018 the observatory
was assigned the code L28 by the Minor Planet Center (MPC).

Primary fields of the work at the observatory include optical observations of artificial
satellites and space debris and of minor bodies of the Solar system. Both astrometric and
photometric observations are carried out.

Presented are general results of the work, short-term photometric characteristics of upper
stages Falcon 9 R/B and Atlas V Centaur R/B, post-anomaly photometric observations of the
GEO satellite Intelsat 29E, as well as a photometry method of fast rotating objects without usage
of a fast read-out CCD camera.

OIIPEJEJIEHUE BPEMEHU NAJIEHUSA KA TIANGONG-1 C UCITOJIb30OBAHUEM
PA3JIMYHBIX MOJEJIEM ATMOC®EPHI H METOJIOB ITPOIrHO3UPOBAHUS
FOpacos B.C., Hazapenko A.U.

Axk1monepHoe obmiectBo «HaydHo-npon3BoacTBeHHast kopropaius «CucTeMbl MPEU3nOHHOTO
npubopocTtpoeHus», Mocksa, Poccust

E-mail: vyurasov@mail.ru

[TpuBoATCS  CpaBHUTENBHBIE PE3YyNbTAThl JOJITOCPOYHOIO IPOTHO3UPOBAHUS BpPEMEHU
cymectBoBanusi KA Tiangong-1, moiydeHHbIE C WCIOJIb30BAHHEM PA3JIHYHBIX METOJIOB
NPOTHO3UPOBAHUA U Mojesell aTMocdepsl. B kauecTBe ncTOYHMKA OpOUTANBHONW MH(pOpMaUU
JUIs pacdeToB ucnosb3oBamuck TLE nmanubie ¢ caiita JSpOC space-track.org. Otu opOUTHI
paccMaTpUBAINCh B KauecTBE HW3MEPEHUH TIpH ONPEAEJICHHUU CIVIAKEHHBIX OpOUT H
COOTBETCTBYIOIIUX Oa/NIMCTUYECKUX KOA(P(UIMEHTOB, HCHOIb3YEMbIX B JaJbHEUIIEM B
KaueCTBE HaYaJIbHBIX YCIIOBUH JJIs pacyeTa BpeMEHU U MecTa najaeHus KA.

WnrerpupoBanue ypaBHeHHH JBuxkeHHs KA ocCyliecTBisgoch YMCIEHHBIM METOJOM
OBepxapTa ¢ aBTOMaTHYECKUM BBIOOPOM IlIara MHTEIPUPOBAHMS U YHHBEPCAJIbHBIM YHCIEHHO-
QHAINTUYECKUM MeTonoM. [l OLEHKH BIMSHMS MOJIeNed IUIOTHOCTH aTrMocdepbl Ha
pe3ynbTaThl pACYETOB UCIONb30BATUCH TpU AuHamudeckue moaenu: [OCT-1984, T'OCT-2004 u
NRLMSIS-00. B aTux mMomensx BXOJHBIMHU ITapaMeTpaMu JJIsi pacdyera IUIOTHOCTH aTMochepbl
SBJIAIOTCSA WHJEKCHI COTHEYHOW aKTMBHOCTU Fig97 M reomarHutHO# Bo3mymieHHOCTH Ky(Ap). B
Ka4ecTBe MCTOYHHMKA ITHUX T'eJIMOTeOMArHUTHBIX JaHHBIX ObLT BeIOpaH Web-caiit celestrak.com.

Pacuersr mo KA Tiangong-1 npoBoaminck, HaYMHAS C MSATUMECSYHOTO MHTEPBAJIA 10
€ro najJieHusi, B peKuMe BpeMEeHH OJIM3KOM K peabHOMY. Pe3ynbTarhl pacyeToB MyOJuKOBaINCh
C ONpeeNICHHON MepHOANYHOCTHIO B Or0JIeTeHaX B IHTepHeTe U pacchuIaIiCh MO AJIEKTPOHHON
rouTe.
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REENTRY TIME EVALUATION FOR TIANGONG-1 SPACECRAFT USING
DIFFERENT ATMOSPHERE MODELS AND PREDICTION METHODS
Yurasov V.S., Nazarenko A.l.

Stock Company Research-and-Production Corporation

“Precision Systems and Instruments”, Moscow, Russia

E-mail: vyurasov@mail.ru

The results of the long-term reentry prediction for Tiangong-1 spacecraft are presented in this
paper. These results were obtained using different atmosphere models and satellite prediction
methods. JSpOC’s space-track.org site was used as the source of TLE orbital data. These orbits
were considered as the measurements for determination of smoothed orbits and appropriate
ballistic coefficients that were used as initial data for reentry time calculation.

The satellite motion predictions were produced using the Everhart numerical method
and universal semi-analytical method. Three dynamic atmospheric models such as GOST-84,
GOST-2004 and NRLMSIS-00 were used to estimate their influence on the results. Fio7 solar
activity and Kp(Ap) geomagnetic indices are considered as input parameters for these models.
Celestrak.com web-site was used as the source for these indices.

Reentry predictions for Tiangong-1 spacecraft were executed in the near real-time mode
starting with five-month interval before its decay. The results have been published in the Internet
bulletins and posted via e-mail with certain periodicity.
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CEKIUA 5. KOCMHUYECKOE HACJIEIUE

ASTROPHOTOGRAPHY AND SKY SURVEYS

R. Hudec (1,2,3)

(1) Czech Technical University in Prague, FEL, Technicka 2, 160 00 Praha 6, Czech Republic
(hudecren@fel.cvut.cz)

(2) Astrononomical Institute AV CR, CZ-251 65 Ondrejov, Czech Republic

(3) Kazan Federal University, Kazan, Russian Federation

In this contribution | describe the current status of the efforts to digitize the archives of
astronomical photographic plates and negatives worldwide in order to allow effective data
mining and scientific analyses in these databases for the first time.

| have visited and investigated numerous (nearly 70) worlds photographic astronomical
archives with glass plates (and in smaller extend plastic negatives). My recent estimate is that
there are more than 10 million astronomical negatives (on glass and/or plastic substrates)
worldwide (Hudec, 2018).

Albeit stellar fields represent the dominant fraction of these databases, there are also
numerous collections with images of Sun, planets, and other solar system bodies.

The digital historical astronomical data represents unique and valuable addition to the
recent (and future) sky surveys performed by modern methods. Most important is the extension
of the time coverage to the history, as with astronomical plates one can easily achieve the time
coverage of 100 or even more years, i.e. significantly more than modern surveys based on
electronics receptors.

There are two recent essential and major plate scanning projects, both accompanied by
automated data analyses pipelines, namely the DASCH in the USA (Harvard plates,
http://dasch.rc.fas.harvard.edu/project.php, current status 361 000 digitized plates), and
APPLAUSE in Germany (Bamberg, Hamburg, and Potsdam plates, in total 85 000,
https://www.plate-archive.org/applause/). Also the Sonneberg plate collection (250 000 plates)
was fully digitized. In addition to that, about 50 000 plates from different observatories in
Europe, USA, Mexico, and China with various targets were digitized by my team with
transportable device based on digital camera.

| have found that archives with photographic Moon images are very rare as most of
collections focus on stars, Sun, and planets. | note that major photographic plate collection with
Moon images is located at the Engelhardt astronomical observatory (Nefedyev et al., 2016).

[1] R. Hudec, Astrophysics with digitized astronomical plate archives Astronomische
Nachrichten, Volume 339, Issue 5, pp. 408-411, 2018

[2] Y.A.Nefedyev, N.Y.Demina, A.O.Andreev, Ground-based and space photographies of the
Moon: production, reduction, storage. Proceedings ASTROPLATE2016, Prague, in press, 2016.
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COBPEMEHHBIE HABJIIOJIATEJBHBIE BO3MOKXHOCTH KASAHCKOM
ACTPOHOMUH

buxmaes U.D.

Kazanckuit penepanbubpiii yauBepcutet, Kazanb, Poccus,

E-mail: ibikmaev@yandex.ru

OkcrnepuMeHTallbHasg ~ 0a3a  Ka3aHCKOM  acTpOHOMHHM  pa3MellleHa Ha  HECKOJbKHX
HAOJII0IaTENIbHBIX IIOLIAAKaX. B yacTHOCTH, HA TEPPUTOPUM 3aropoAHON ACTPOHOMHUYECKOMN
O6cepBaTopuu uM. DHrensrapara B 2013 roxy 6s11 moctpoen [lnanerapuit KOV, ocHameHHbIN
TeneckonaMu ¢ auamerpamu 3epkai ot 10 1o 50 cm. Eme B 1974 rony na Ceseprom Kaskaze
(6mu3 6-M teneckona BTA CnenuansHoit actpodusnyeckoin oocepparopuu PAH) Oplia co3nana
Cesepo-KaBkasckas acrponomuueckas ctanuus Kasanckoro ynusepcutera. Pagom co CKAC u
BTA coBmectHo ycranoBieHna cucrema MiniMegaTortorra, cocrosimas u3 9-Tu HEGOJBIINX
TEJIECKONOB ¢ o0muM monem 3perus 900 KBajpaTHBIX T'paycoB, NpeAHA3HAYCHHAs IS
perucTpanuu OBICTPONPOTEKAIOIINUX MPOIIECCOB B OJIMDKHEM M JalibHeM KocMmoce. B 1995-2000
rT. B ropax Ha tore Typuuu Ha tepputopun Harmonansnoit o6cepBatopun THOBUTAK 6but
YCTaHOBJIEH Teseckon Ka3aHCKOro yHHMBepcHUTeTa ¢ AMaMETpoM IaBHOro 3epkana 150 cm. On
OCHAIIIEH COBPEMEHHBIM HAy4YHBIM O00OpyJOBaHHEM - Onarojapst BKIIOYCHHIO €ro B
MexayHapoanslid npoekt PTT-150 ¢ yuactuem Kazanckoro ynusepcurera, Akagemuu Hayk PT,
Nucturyra xocmuueckux uccienoBanuit PAH, Hammonansnoit o6cepBaropun TIOBUTAK. C
nomombto Teneckona PTT-150 y Kazanckoro yHuBepcuTeTa MOSBWIACH BO3MOXKHOCTH
y4yacTBOBaTh B IIporpaMMax [0 HAa3eMHOH NOAAEPKKE KOCMUYECKHX OpOUTAJIbHBIX
obcepBaropuit (INTEGRAL, SWIFT, Chandra, Planck). 13-ro uronst 2019 rona ¢ xocmoapoma
baiikonyp Oblia 3amyimieHa poccuiickasi opoutanbHas odcepBaTopus ( ¢ yyactuem ['epmaHum )
"Cnextp-Pentren-I'amma". C moMomibio AByX peHTI€HOBCKHUX TeneckornoB - eRosita (['epmanus)
u ART-XC(Poccus), ata kocMuueckasi 00cepBaToprs CMOXKET OOHAPYKUTh B OJIM>KaWIINE TObI
OTPOMHOE€ KOJIMYECTBO HOBBIX PEHTTEHOBCKMX HMCTOYHHMKOB BO BcCeneHHOM - aKKpeuupyromux
HEUTPOHHBIX 3BE3]], CBEPXMACCHUBHBIX UEPHBIX JAbIP, MACCUBHBIX CKOIUIEHMH TajakTuk. C
nomoteio Poccuiicko-Typenkoro teneckona PTT-150 actponomsl KOV OynyT BHINONHATH
paboTy MO ONTHYECKOMY OTOXKIECTBJIEHHUIO W HCCIEJOBAHMIO HOBBIX PEHTIEHOBCKHX
UCTOYHUKOB, 0OHapyxuBaembix CPI.

MODERN OBSERVATIONAL FACILITIES OF THE KAZAN ASTRONOMY
Bikmaev I. F.

Kazan Federal University, Kazan, Russia,

E-mail: ibikmaev@yandex.ru

The experimental base of the Kazan astronomy hosted by multiple observational sites. In
particular, on the territory of the Engelhardt Astronomical Observatory the Planetarium of
Kazan Federal University was built in 2013, equipped with telescopes with diameters of mirrors
from 10 cm to 50 cm. Back in 1974, the North Caucasian astronomical station of Kazan
University was established in the North Caucasus (near the 6-m BTA telescope of the Special
astrophysical Observatory of the RAS). Near to SKAS and BTA “MiniMegaTortorra” telescopic
system is installed, consisting of 9 small telescopes with a total field of view of 900 square
degrees, designed for detection of fast processes in the near and distant space. In 1995-2000, an
optical telescope of Kazan University with a diameter of the main mirror of 150 cm was
installed in the mountains in the South of Turkey on the territory of the TUBITAK National
Observatory. Telescope is equipped with modern research equipment and being included in the
international project RTT-150 with the participations of Kazan University, the Tatarstan
Academy of Sciences, Space research Institute of Russian Academy of Sciences, TUBITAK
National Observatory. With the help of the RTT-150 telescope Kazan University has an
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opportunity to participate in programs for ground support of space orbital observatories
(INTEGRAL, SWIFT, Chandra, Planck).

On July 13, 2019, the Russian orbital Observatory ( with the participation of Germany )
"Spectrum-X-ray-Gamma" (SRG) was launched from the Baikonur cosmodrome. With the help
of two X-ray telescopes - eRosita (Germany) and ART-XC (Russia), this space Observatory will
be able to detect in the coming years a huge number of new X-ray sources in the Universe -
accreting neutron stars, supermassive black holes, massive clusters of galaxies. Using the
Russian-Turkish RTT-150 telescope, KFU astronomers will carry out works on optical
identifications and investigations of the new X-ray sources discovered by SRG satellite.

OUPMA TPBIHAWUHBIX B UCTOPUUA POCCHUHUCKON ACTPOHOMUNH
C.I'. Mopo3sosa, E.H. Tpvinoun

ITonurexnnueckuii myzer, Mocksa, Poccust

E-mail: entryndin@polytech.one

[IpencraBiaeHa ucTopus U AeSITEIbHOCTh ceMeitHOM GpupMbl TpbIHANHBIX B MOCKBE SBIISAIOIIASCS
BBIIAIOIIMMCSL TIPUMEPOM y4yacTHsl MpeANpUHUMATENed B PpPa3BUTUM U PaCIpOCTPAHEHUU
TEeXHUKU 751 acTpO(PHU3UUECKUX HCCIIEAO0BAaHUM, B MPOJBI)KEHUN aCTPOHOMHUYECKUX 3HAHUH B
Poccun.

OcHoBanue ¢upmbl otHocutcs k koHmy XVIII B. K 1820 r. ¢dupma namaguna
IPOM3BOJICTBO NpPOCTEHIIMX acTpoHoMuueckux mpubopoB. K cepemmne XIX B. ¢upma
TpeIHOAMHBIX CTana KpPYNHbIM ONTHYECKUM HpeAnpusTHeM B MOCKBE U ydacTBOBaja B
OonpmmHCTBE poccuiickux BbIcTaBOK. C 80-x romoB XIX B. cpenu mpomaBaeMbIxX (GupMon
ACTPOHOMMYECKMX MHCTPYMEHTOB — acTpOJSIOUH, COJIHEYHBIX YacOB, CEKCTAHTOB, OKTAHTOB U
T.II. MOABJISIIOTCA Teseckonsl. dupma TecHO coTpyaHuyana ¢ actpoHomamu B.K. Ilepackum u
I1.K. lTepubeprom, noj pykoBOJCTBOM KOTOPBIX ObLIO pa3pabOTaHO HECKOJIbKO KOHCTPYKLIUH
IITaTUBOB JUIS TEJIECKOIOB M OCBOCHO HMX MPOM3BOACTBO. B 1885 r. B 3manum ¢upmbl Obuia
o0opynoBaHa oOOIIEOCTYyNHAs acTpOHOMHMUecKas oOcepBaTopus, nepenaHHas B 1909 r. B
0e3B03Me3THOE TOb30BaHNE MOCKOBCKOMY KpYxkKY JroouTtenein actponomun (MKIJIA). Tlocne
peBomoniuu  obcepsaropust 10 1998 r. mpuHaanexana MOCKOBCKOMY TOCYIapCTBEHHOMY
neparornyeckomy uHcturyty (MITIN).

DOOTOIPAOUNYECKHUE HABJIOJAEHUSA KOMETDI XAAKYTAK?D (C/1996 B2
HYAKUTAKE) B 3BBEHUT'OPOJICKOH OBCEPBATOPUH

M. Cuzosa, C.B. Bepewaeun, 5.M. [lIycmos, H.B. Yynuna, A.I1. Epwosa, B.Il. Ocunenxo
NHACAH

[IpencraBieHbl paHee HEOMYOIUKOBAHHBIE PE3YNbTaThl (poTOrpaduueckux HaOIIOAEHUNH KOMETHI
Xsxyrakd (C/1996 B2). Habntonenust mpoBenensl Ha actporpade Lleiicc-400 3BeHuropoackoit
oOcepBatopun Muctutyra actpoHomuun PAH (MHACAH). Ilonywenst 28 un3o0pakeHuil 3a
nepuon ¢ 14.03.1996 mo 15.04.1996. OundpoBanHbie H300paKEeHUS HAXOAATCS B OTKPHITOM
noctyne. Ha MHOTHX HM300pa)KEHUSX XOPOIIO PAa3IHUYMMbl MENKHE ETaId XBOCTa M KOMBI
KOMETBI, MpPHYEM OTMEYAlOTCAd TMPOSIBICHUS Ta30MHAMHYECKONH aKTHBHOCTH KOMETHI
(BO3MyIIEHHs TIOTHOCTH, OTPbIB (parMeHTa u T.1.). CaenaHbl OLEHKH DPa3MEpPOB KOMETHI,
CKOPOCTH HCTEYEeHMs BellecTBa U3 sAApa (KOMBI), Pa3MEpOB MbUIEBBIX YaCTHIl U JIPYIHX
napameTpoB. Pa3zMepsl nzoOpaxenus (xBocta) komeTsl Ha cHUMKe 09.04.1996 nocturarot 5° (Ha
MacTUHKE - 18 cM), 4TO COOTBETCTBYET IJIMHE XBOCTa KOMETHl 55.3 MiH. KM. Buauwmbrii
nuaMmetp koMbl Ha 23:42:00 UT  25.03.1996 coctaBun 54 Thic. kM. CKOpPOCTh HCTEUCHHS
BEllleCTBA KOMBI Ha HavaJIbHOM JTale IMOSBIEHUS XBOCTa cOCTaBrmiia He MeHee 151 wm/c, 4urto
COIJIacyeTcsl ¢ MOJIEJIIMU TBUIM pa3Mepamu B auanazoHe 1 Mxm — 1 mm. Ha Oonee mo3muei
craguu (¢ 9 Ha 10 ampens 1996 r) XopoIio 3aMEeTHBIN Ta30BbIi ()parMEHT XBOCTA MOT JBUTATHCS
CO CKOPOCTBIO B HECKOJIBKO JECATKOB KM/C.

96


mailto:entryndin@polytech.one

O POJIM AUJIETAHTOB B PA3SBUTUHU HAYKHU (OT 'EPLIEJIA 10 ®PEJEPUKCA)
Conun I'ennaouti Braoumuposuu, Ilemposa Pumma Jlanunosna

Kaszanckuit @enepanbHblii yHUBEPCUTET. 1 'eonorndeckuii My3en

E-mail: g_sonin@mail.ru; Rimma.Petrova@kpfu.ru

Breimyckauk Kazanckoro HMwmmepartopckoro yauBepcuteta 1913 r Gapon ®pemepukc ObLI
He3aypsIHBIM 4esoBeKoM. OH ObUT HE TOJIBKO CHEHUATUCTOM B CTPATUTpapHH U NaJCOHTOIOTHH
BEPXHEIrO Maje030s, HO U OTKPBUI HAJBUTU U IIAPBSKHBIE CTPYKTYPBl aJbIUICKOTO THUIIA HA
VYpane. OOomoukn B Heapax 3eMilM, OTKPBHITBIE CEHWCMOJOraMH, OH paccMaTpuBal Kak
HOJATBEPXKIEHUE TUIOTE3bl BCEOOLIEro pacmajaa nepeosjieMeHra Pt - mpoTokocMusi, KOTOPBIH
COXpaHWJICS B AJpe 3eMJIM U POXKAAET HE TOJbKO U3BECTHBIC YPAHOBBIM, aKTUHO-YPAHOBBIM U
panueBblil pabl, HO M BCE IPOYUE 3IeMEHTHI Tabuuiel MeHeneena.

Ero nmybGnukammu 1924-28 rr. noaaepXuBaluch yUY€HBIMHU, U THIIOTE3a BOILIA B YYCOHHKH
reosioruu ([I.M.MymkeroB, 1934) xak Ha4aso HOBOW SIIOXHM B DHEPreTHKE 3eMJIM M IUIaHET. 3a
pyOeKOM aHAIOTHYHYIO UACKO «1epBoaromay aboar XKopxk Jlemerp npemioxwi B 1927-31 1r., u
oTpullaHue ee A.DUHIITEHHOM MPOUTHOPUPOBAIL.

I'eopruii I'aMOB BHadajle CKIIOHSJICA K TaKOM K€ MBICIM, HO BBICOKHME TeMIIepaTyphl
Bonbiioro B3ppiBa He 00ECIEUMBAIOT COXPAHHOCTb AJep TsKeaee renus W autus. Tak uues
BCeOOIero pacraga Marepuu Hadaja XX B. HE ONpaBiajach W Mo Teopuu ofy Tabnuua
MenneneeBa TBOPUTCS ITyTEM TEPMOSIIEPHOIO CUHTE3a U3 BOAOPOJA B HEAPAX 3BE3], a TAKEIbIE
A]Ipa TPAHCKEIE3HBIX 3JIEMEHTOB ITyTEM HEPAaBHOBECHOT'O CUHTE3a B CBEPXHOBBIX.

[ToBOPOT B KOCMOT'OHUH OT MJIEH BCEOOLIETO paciafa K peakiusM CUHTE3a U Hellpruemiemas
JUISL COBETCKMX TI'€0JIOIOB TEOpHUsSl TEKTOHUKU Ypana, obouuinch ®penepuxcy U MyIIKeToBY
CJIMIIKOM J0poro, B 1938r nux oOBUHMIIM B 3ar0OBOpE U PACCTPEISUIN KaK BparoB Hapo/a.

Cnyctss MHOro Jer mpejackazanus dpenepukca ¢ IUIyTOHHUEBBIM DPsIOM ONpaBaaiuch. B
JlyGHe Obl1 HOJy4eH M MPEANoJIaraéMblii UM S5Ka-IPOTOKOCMMH - CBEPXTSKENbIH 3J1€MEHT
OraHecoH ¢ aTOMHBIM BecoM 294 co cBoOWCTBaMM HMHEPTHOro ra3a (KaHAuAaT Ha TEMHYIO
martepHio). ['eonoruueckue cbeMku 1:50000 macmtaba u cBepXrirybokoe OypeHHue NoATBEPININ
CYILIECTBOBaHHE HAJBUIOB Ypaiga Ha Pycckyio mnatdopmy (3uIaupckuil CHHKIMHOPUH,
Youmckoe mnato u IlomronoB kpsxk). Ha npumepe myssikanrta ['epriens, nucarens 3.A. Ilo,
reosora ®dpexepuxca, abbara JlemeTpa W «IO3BE3IHOTO BEIIECTBa» AMOapIlyMsHa Mbl
00cyX1aeM poJib TUJIETAHTOB B Pa3BUTHH KOCMOTOHUY BceeneHHoi.

ON THE ROLE OF AMATEURS IN THE DEVELOPMENT OF SCIENCE (FROM
HERSCHEL TO FREDERICKYS)

A graduate of the Kazan Imperial University in 1913, Baron Fredericks was an outstanding man.
He was not only an expert in the paleontology and stratigraphy of the upper Paleozoic, but found
the latter thrusts and structure of Alpine in the Urals. Shells in the bowels of the Earth,
discovered by seismologists, he considered as confirmation of the hypothesis of the universal
decay of the primary element Pt - protocosm, which is preserved in the earth's core and gives rise
not only to the known uranium, actino-uranium and radium series, but also all other elements of
the periodic table.

His publications of 1924-28 were supported by scientists, and the hypothesis was included
in the textbooks of Geology (D. I. Musketov, 1934) as the beginning of a new era in the energy
of the Earth and planets. Abroad, a similar idea of "proatom" Abbe Georges Lemaitre proposed
in the years 1927-31, and the denial of her of A. Einstein ignored.

George Gamow initially inclined to the same idea, but the high temperatures of the Big
Bang do not ensure the safety of nuclei heavier than helium and lithium. So the idea of universal
decay of matter of the early twentieth century did not materialize and according to the theory of
afy periodic table going through thermonuclear fusion of hydrogen in the interiors of stars and
heavy nuclei transuranic elements by non-equilibrium synthesis in supernovae.
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Turn in the cosmogony from the idea of universal decay to the synthesis reactions and
unacceptable to Soviet geologists, the theory of tectonics of the Urals, has managed Fredericks
and Mushketova too expensive, in 1938, they were accused of conspiracy and shot as enemies of
the people.

After many years of predictions of Fredericks with plutonium close to justified. In Dubna
has been received and its ECA-protokoli - superheavy element Ohanneson with an atomic weight
of 294 with the properties of an inert gas (a candidate for dark matter). Geological surveys of
1:50,000 scale and ultra-deep drilling confirmed the existence of the Ural's thrusts on the Russian
platform (Zilair Synclinorium, the Ufa plateau and The Poludov ridge). On the example of the
musician Herschel, writer E. A. PoE, geologist Fredericks, Abbot Lemaitre and "starry
substance” of Ambartsumyan we discuss the role of Amateurs in the development of the
cosmogony of the Universe.

BACCEWH "HOKHBIN MOJIIOC - SUTKEH" OT NEPBBIX UBMEPEHUI
(«30H/I-6», 1968) 1O ITOCAJIKH ITEPBOI'O JIYHOXO/JA (<4AHBI-4», 2019)
HInexun M.U.

Kazanckuit ¢penepalibHbIil YHUBEPCUTET

E-mail: MichaelS1@yandex.ru

B noxnane paccmoTpena xpoHosorust uzyuenus 6acceiina "FOxusiii [lomtoc - Dittken" 3a 50 net
MPOLIEIINX C €r0 OTKPBITUSA 10 HAlMX JHEH. ABTOPY JOKJIaJa JIOBEJIOCh HEMOCPEICTBEHHO
y4acTBOBAaTh B UCCJIEI0BAHUN CHUMKOB, U3MEPEHUS] KOTOPBIX IPUBEIU K OTKPBITHIO TUTAHTCKON
HU3MEHHOCTH Ha 00patHOil cropoHe JlyHbl. DToit paboroit pykoBoaun mpodeccop bopuc
HukonaeBua PoroHOB, KOTOPBI BMECTE CO CBOMMH KOJIJIETaMU eIlle Oyaydd MperogaBaTeiieM
MUUI'AuK paspaboran cxemy dotorpadupoBanus JlyHsl ¢ 60pra KOCMUYECKHX Kopabiei
cepun «30H1», a TaKKe MOATOTOBUJI alapaTypy AJid opOUTanbHON cheMKU. Mes mocMoTpersh
Ha JlyHy «B mpo¢uib» okas3alach BecbMa IUIOAOTBOPHOM, TaK Kak MMEHHO TaKoi crocol
OpOUTAILHON ChEeMKH, Korjia oOpaTHast cTopoHa JIyHbI BUAHA B CEUEHUSAX MEPIEHIUKYISIPHBIX
BUAMMBIM C 3€MJIM, TIO3BOJIWJI OTKPBITh pPaHEE HEM3BECTHYIO OOLIMPHYIO HHU3MEHHOCTb,
Ha3BaHHYIO aBTopamu «Huzmennocts FOro-3amannasy. JlanpHelinee nzydyeHue oOHapyKEHHON
HU3MEHHOCTH OBIJIO CBSI3aHO C JIa3epHBbIM AIbTUMETPOM Ha OOpTy «ArmoiuioHa-15», a Takke
aHan30M (pOTOCHUMKOB M KapT JIyHbI, co3naHHbIX A0 noyeTta «30Haa-6». B pe3ynbrate yueHsbie
OPULUIM K BBIBOAY, 4YTO HHM3MeHHOcTh «lOro-3amagHas» mnpezacTaBiser coOOM U
LEHTPaJIbHYI0 YacTh OOJIBIIOTO YJAapHOTO MHOT'OKOJIBLEBOIO OacceliHa Ha OOpaTHOHl cTOpoHe
JIynsl, a cam OacceitH momyums coBpeMmeHHoe Has3BaHue "IOxubiii Ilomoc - Diftken". K
COKaJIeHHI0, 00 aBTOpax OTKPBITUS Kak-TO ObicTpo 3a0butn. Tak, Hampumep, B cTaTbhe
Bukuneauu, mocBsiieHHONH OacceliHy KMMeHa aBTOpPOB OTKPBITHUS HU3MEHHOCTH BOOOIE He
YIIOMUHAIOTCS.

BcnoMHUTE 00 MCTOpUU OTKPBITUS OacceiiHa MHTEPECHO MMEHHO CETOfHs, KOrja IO €ro
JIHY JIBHDKETCSI MCCIIEIOBATEIBCKUI YIIPABIsEMbIN ¢ 3eMiin KuTaickuil «JIyHoxom» «Hauba-4».
BrniepBbie B McTOpHUM JIyHHBIX MCCIIEJOBAaHMM KOCMMUYECKHH ammapaT yCIEHIIHO MPUIYHWICS Ha
00paTHO¥ CTOPOHE W MPUCTYMHJI K BBHITOJTHEHUIO HAYYHOW MPOTrpaMMBbl. Y CIIeNTHas MOCaJKa Ha
JTHO OacceifHa CONMpOBOXKJIANach CO3JaHMEM TaK Ha3biBaeMoro «Copoubero MocTa», KOTOPBIH
yepe3 NajapHIo TOUKy Jlarpanxka cBsizan oOpatHyto ctopony JIynsr ¢ 3emieit. [1ogo6HbINH MOCT
CO3/1aH BIIEPBBIE B NIPAKTHUKE KOCMHUYECKUX MCCIENO0BAHUN M OTKPBIBAET HOBBIE NEPCIIEKTUBBI B
n3y4yeHuu JIyHBIL.

The report reviewed the chronology of the study of the basin "South Pole - Aitken" for 50 years
past from its discovery to the present day. The author of the report had the opportunity to directly
participate in the study of images, the measurements of which led to the discovery of a giant
lowland on the far side of the Moon. This work was supervised by Professor Boris Nikolayevich
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Rodionov, who, together with his colleagues while still a teacher at MIIGAIK, developed a
scheme for photographing the Moon from the spacecraft of the Zond series, and also prepared
equipment for orbital imaging. The idea of looking at the Moon “in profile” proved to be very
fruitful, since it was this orbital survey, when the reverse side of the Moon is visible in sections
perpendicular to visible from Earth, allowed to open a previously unknown vast lowland called
by the authors “South-Western Lowland”. Further study of the detected lowland was associated
with a laser altimeter onboard the Apollo 15, as well as an analysis of photographs and maps of
the Moon created before Zonda-6 flight. As a result, scientists came to the conclusion that the
South-Western lowland is only the central part of a large impact multi-ring basin on the far side
of the Moon, and the basin itself has received the modern name South Pole-Aitken.
Unfortunately, the authors of the discovery were somehow quickly forgotten. For example, in the
Wikipedia article devoted to the basin, the names of the authors of the discoveries of the lowland
are not mentioned at all.

It is interesting to recall the history of the discovery of the basin precisely today, when the
Chinese “Lunokhod” “Chang'e-4”, which is controlled from Earth, moves along its bottom. For
the first time in the history of lunar research, the spacecraft successfully descended on the far
side and began to carry out a scientific program. A successful landing at the bottom of the basin
was accompanied by the creation of the so-called “Magpie bridge”, which connected the far side
of the Moon to the Earth via the far Lagrange point. This bridge was created for the first time in
the practice of space research and opens up new perspectives in the study of the Moon.
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