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MOJEJTI PYXY KOCMIHYHNX OB’EKTIB HA OCHOBI HACOBUX PALIB
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CBoeyacHe BUSIBMIEHHS 3MiHW XapaKTepuCTUK 06'EKTIB paKeTHO-KOCMIUHOT TEXHIKM B X0gi iX TpMBanoi ekc-
nnyatauii € 04HWM 3 OCHOBHMX 3aBaHb Npy po3po6Li i ocnigkeHHI 60pTOBUX cUCTeM MIATPUMKN eDeKTUBHOCTI
X (PyHKUiOHyBaHHSA. P03p0o6neHo CTaTUCTUYHWUIA METOL MOAENOBaHHS PYXY KOCMIYHMX 06'eKTIB (KOCMiYHMX
anapariB i BignpaLboBaHUX CTYMNeHIB pakeT-HOCIB) B Knaci aBToperpeciiiHnx mogeneid. Metog A03BoNisiE NigBy-
LMTW AKICTb ONWCY Ta NPOrHO3YBaHHA PYXY KOCMIYHMX 06'EKTIB Ha OCHOBI MOENOBaHHA YacoBWX psAAiB iX TLE-
enemeHTiB (Two-line orbital element sets). MeTa gaHoi po60TW — NiABULLEHHA TOYHOCTI MaTeMaTUYHUX MOZeneit
CMOCTEPEeXYBAHOI0 pyXy KOCMIYHMX O6'EKTIB B 3adadvax BW3HAYEHHS Yacy iX BiABEAEHHS, NPOrHO3yBaHHSA 3iTK-
HEHHsl CYNYTHMKIB, KaTanorisaLii KOCMiYHOro cMiTTs. PO3po6/1eHO CCTEMY MOZENMOBaHHS PyXy KOCMiYHMX 06'e-
KTiB, fiKa [03BO/SAE BUPILLYBATU HACTYMHI 3afayi: BU3HAYEHHS ONTUMaNbHOrO 06CAry HaBYabHUX BUOGIPOK Npu
MOJeNoBaHHI YacoBuX pafiB TLE-enemeHTIB; BUABNEHHS NOPALKY aBTOPerpecii i BiflyKaHHA ONTUMAaNbHOI
CTPYKTYPU MOZENi Ans KOXHOro enemeHTa-3MiHHOT; iAeHTudikalis napameTpis Mofeneli B yMOBax HepiBHOBI-
[aIeHNX CMOCTEPEXEHb; BCTAHOBNEHHS 0COGNMBOCTEN NOBeAiHKM (32 YacoM) cepefHbOKBaAPaTUUHMX MOMUIOK
no6yA0BaHNX aBTOPErpeciiHNX MOAeNei Ha OCHOBI PO3BUTTS BUXiAHUX YacoBux pagis TLE-enemeHTiB Ha nocni-
[IOBHIi iHTEpBa/IM HaBYaHHS; OTPYMAaHHS NPOrHO3HMX OLIHOK 3HaYeHb eNeMeHTIB-3MiHHMX. Po3pobneHnii cTatuc-
TUYHWIA METOL, MOAENIOBAaHHS PYXy KOCMIYHUX 06'EKTIB MOXe ByTW peKOMeHA0BaHUIA 418 ONKCY | NPOrHO3yBaH-
HS PyXy KOCMi4HMX anapaTiB i BianpaLb0oBaHUX CTYMNEHIB PaKeT-HOCIIB, MpeACcTaBneHnx YacoBumMu psgamu TLE-
enemMeHTIB (SIKi OMepaTMBHO OHOBIOKOTHLCS | 3HAXOAATLCA Y BiAKPUTOMY [OCTYMI). 3acTOCyBaHHS po3pobieHoro
CTaTUCTMYHOIO METOAY NifBULLMTL TOUHICTb MaTEMaTUUHUX MOZESEN CMOCTEPEXYBAHOTO PyXy KOCMiYHUX 06'€K-
TiB B 33a4ax BM3HaYeHHS Yacy iX BiABeAeHHs, NPOrHo3yBaHHS 3iTKHEHHS CYMYTHWKIB, KaTanorisaLii KoCMiuYHOro
CMITTS.

Kntoyosi cnosa: yacosi psagn TLE-enemeHTiB, HepiBHOBIAAANEHI CMOCTEPE>XKEHHSs, aBTOPerpeciiiHi moge-
ni, 6eTa-po3nogin, CTPYKTYPHA HEBU3HAYEHICTb, METOZ rPYMNOBOrO YpaxyBaHHs aprymMmeHTiB.

1. Pérez |., San-JuanJ. F., San-Martin M., L6pez-Ochoa L. M. Application of Computational Intelligence in
Order to Develop Hybrid Orbit Propagation Methods. Mathematical Problems in Engineering. 2013. V.2013.
Article ID 631628. 11 pages. URL: https://doi.org/10.1155/2013/631628 (Last accessed: 20.03.2020).

2. Shou H. N. Orbit Propagation and Determination of Low Earth Orbit Satellites. International Journal of
Antennas and Propagation. 2014. Atrticle ID 903026. 12 pages. URL: https://doi.org/10.1155/2014/903026
(Last accessed: 22.03.2020).

3. Sharma S., Cutler J. Robust Orbit Determination and Classification: A Learning Theoretic Approach. IPN
Progress Report . 2015. V. 42-203, November 15. URL: https://ipnpr.jpl.nasa.gov/progress_report/42-
203/203D.pdf (Last accessed: 25.03.2020).

4. Vallado D., Crawford P. SGP4 orbit determination. AIAAJAAS Astrodynamics Specialist Conference and
Exhibit Proccedings. 2008. URL: https://doi.org/10.2514/6.2008-6770 (Last accessed: 30.03.2020).

5. Jochim E., Gill E., Montenbruck O., Kirschner M. GPS based onboard and onground orbit operations for small
satellites. Acta Astronautica. 1996. V. 39. P. 917-922. https://doi.org/10.1016/S0094-5765(97)00077-5

6. Lee B. Norad tle conversion from osculating orbital element. Journal of Astronomy and Space Sciences. 2002.
V. 19, Ne4. P. 395-402. https://doi.org/10.5140/JASS.2002.19.4.395

7. Capblues A. 1. VgeHTudmKauma napameTpoB CUCTEM aBTOPErPECCUOHHbIX YPaBHEHWI MPU M3BECTHbIX KOBa-
pUaLMOHHBIX MaTpuuax. MexayHapoaHbIi Hay4HO-TEXHWYECKWA XypHan “Mpobnembl ynpasneHus n MHgop-
matukmn”. 2012. Ne 3. C. 14-30. https://doi.org/10.1615/JAutomatinfScien.v44.i5.20

8. Capblues A. . JInHeliHas aBTOperpeccus Ha OCHOBE METOAA FPYnMoBOro yyéta apryMeHTOB B YC/IOBUSX KBa-
3UMOBTOPHbIX HabMOAEHUIA. VIcKycCTBeHHbI MHTennekT. 2015. Ne 3—-4. C. 105-123.

9. Capblues A. IN. MogennpoBaHue B Knacce CUCTEM aBTOPErPeCCUOHHBIX YPaBHEHUI B YCMOBUSX CTPYKTYPHOM
HeonpegeneHHOCTU. MexayHapoAHbIA Hay4HO-TEXHUYECKMIA XXypHan “MpobnemMbl ynpaBneHns U nHhopmaTm-
kn”. 2015. Ne 4. C. 79-103. https://doi.org/10.1615/JAutomatInfScien.v47.i7.60

10. Capblues AnekcaHap MogfienmpoBaHue CNOXHbLIX CUCTEM B YCOBUAX CTPYKTYPHOW HeonpeaenéHHoCTH: pe-
FPECCMOHHbIE U aBTOperpeccuMoHHble mogenu. LAP LAMBERT Academic Publishing RU. Saarbriicken.
Deutschland. 2016. 274 c.

11. Kopontok B. C., MopTeHko H. N. Ckopoxog A. B., Typ6uH A. ®. CnpaBo4H/K NO TEOPWMN BEPOATHOCTEN 1
MaTeMaTuU4eckoii ctatucTuke. Hayka. 1985. 640 c.

12. KopH I"., KopH T. CnpaBoYHUK N0 MaTeMaTvike Ans Hay4HbIX pabOTHWKOB M MHXXEHEPOB: Nep. ¢ aHrn. Hayka,
1977.831c.

13. FSCC TLE Source. URL: https://www.space-track.org/#Landing (Last accessed: 03.12.2020).

14. Sarychev O. P., Perviy B. A. Optimal regressors search subjected to vector autoregression of unevenly
spaced TLE series. CuctemHi TexHonorii. 2019. Bunyck 2. C. 95-110.

51



15. Sarychev O. P., Perviy B. A. Autoregression models of space objects movement represented by TLE elements.
CwctemHi TexHonorii. 2020. Bunyck 2. C. 103-116. https://doi.org/10.34185/1562-9945-2-127-2020-08

OtpumaHo 11.03.2021
B OCTaTo4yHOMY BapiaHTi 31.03.2021

52



