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BM3HAYEHHA MAPAMETPIB BIBPAL|I KOCMIUHOIO AMAPATA HA
AKTUBHIW lNnAHUI MOJIbOTY PAKETN-HOCIA HA OCHOBI BOTHEBUX
BUTMPOBYBAHbL PIAVNIHHOI O PAKETHOIO ABUTYHA

IHCTUTYT TexHiuHOi MexaHikv HauioHanbHoT akagemii Hayk YKpaiiu
i [lep>KaBHOro KOCMIYHOTO areHTCcTBa YKpaiHu,
Byn. Jlewko-Monens, 15, 49005, AHinpo, YkpaiHa; e-mail: dnikolayev@gmail.com

Y nepiog BMBeeHHN Ha pobo4i opbiTy KOHCTPYKLISA pakeTu Ta Ti KocMiuHuid anapat (KA) nigaaroTbes exc-
TpemManbHUM AVHaMiYHWM BNAVMBaM. Y Lieli nepiod Ha KOHCTPYKLO pakeTy Ta KOCMIYHWIA anapat MOXyTb AiaTu
BiGPOaKYCTUYHI HaBaHTaXXEHHSA (Bif KOMMBaHb TAMM PaKeTHOI ABWIYHHOI YCTaHOBKWU Ta Bij aepoAvHamiyHuUX
BM/IMBIB), L0 3A4aTHI MPM3BECTW A0 MOPYLUEHb (PYHKLiOHYBaHHA MPUAaAiB Ta MILHOCTI NErKMX TOHKOCTIHHUX
KOHCTPYKLi/ KocMiYHOro anapata. CTaTTa npuceayeHa po3pobLi NigXoAy 40 NPOrHo3yBaHHS AWHaMIYHOrO HaBa-
HTaXeHHs Ha KA, 110 BMBOAATLCA Ha po60oYi op6iTh pakeTamMmu-Hocismm (PH) pisHNX KOMMOHYBa/IbHUX CXEM, MpK
KOMMBAHHSX TAMW PIANHHOI paKeTHOT ABUMYHHOT ycTaHoBKM (PPAY) Ha akTVBHIN AinaHui nonboTy PH.

Po3po6neHo nigxif A0 NPOrHO3yBaHHA AWHAMIYHOrO HaBaHTaXXEHHS KOCMIYHMX anaparis, L0 BUBOAATLCA
Ha po6oui op6iTK 3a gonomororo PH pisHUX KOMMOHYBanbHMX cxeM. Migxin f03BONSE OLiHUTU BENMYMHW ANHA-
MiYHMX HaBaHTaXeHb (CMEKTPasIbHKX LLisIbHOCTEN NOTYXXHOCTI BiGPONPUCKOPEHb) KOHCTPYKLIT KOCMiYHUX anapa-
TiB Npy KonmMBaHHsAX Tarn PPAY, wo aitoTb Ha Kopnyc PH Ha akTUBHIl AinsHUi nonboTy piguHHoi PH. Migxig
BK/KOYaE MaTemMaTyHe MOZENOBaHHS MPOCTOPOBMX KOMMBaHb KOHCTPYKLIT pakeTu-Hocis BignoBiAHO 0 Ti KOHC-
TPYKTUBHO-KOMMOHYBaJIbHOI CXeMU, MOMNEePeHE eKCrieprMeHTalbHe BU3HAYEHHS CMEeKTPalbHOT LiIbHOCTI NOTY-
XKHOCTI KOHCTPYKLii pakeTHOro AguryHa. MpavesfaTHicTb 3anponoHOBaHOrO Migxoay A0 NPOrHO3yBaHHA AyHaMi-
YHOro HaBaHTXKEHHs KOCMiYHMX anapaTiB NPoAEMOHCTPOBaHa Ha NPVKagi po3paxyHKOBOro aHaniy CrekTpab-
HWX LLINbHOCTEN KOMMBAHb KOHCTPYKUiA KA, WO BUBOAATLCS pakeTamMM-HOCIAMU 3 Pi3HUMU KOHCTPYKTUBHO-
KOMMOHYBabHAMU CXeMaMul.

Moka3saHo, L0 3a AONOMOroH0 LbOro NiAXOAY BXe Ha Mo4aTKOBOMY eTani NpoeKTyBaHHA PH npu BuKopuc-
TaHHI BI6POaKyCTUUYHMX XapakTepUCTVK PiAMHHOrO pakeTHoro gsuryHa (PP) (BifOMMX Ha OCHOBI pe3ynbTarTis
Aoro BOrHEBMX BUMPOOYBaHb) MOXHa BMKOHATV MPOrHO3yBaHHS MapameTpiB BibpoHaBaHTaXXeHHS KA B pisHi
MOMEHTY Yacy po6otu PP/ nepLuoro ctyneHst PH 3 ypaxyBaHHSIM CXeMU KOMMOHYBaHHS pakeTu (3 KA) i Ti KoHC-
TPYKTUBHUX 0CO6/IMBOCTEN.

KntoyoBi cnoa: BiGPONPUCKOPEHHS KOCMIYHOrO anapaTa, piAvHHa pakeTHa yCTaHOBKa, MaTeMaTUuyHe
MOZE/MOBAHHS, CNeKTpasbHa WiNbHICTb, KOAMBAHHS TAM pake THOTO ABUryHa.

1. Flight-loads measurements during launch and exit. NASA/SP-8002, NASA (Washington, DC, USA). 1964. 8 p.
URL:http://everyspec.com/NASA/NASA-SP-PUBS/NASA_SP-8002_4235/ (gaTa 38epHeHHs 21.12.23).

2. Crocker M. J. The Vibroacoustic Environment of Spacecraft During Launch and Flight. Sound and Vibration.
2002. Vol. 36. No. 6. P. 5.

. Kabe A. M., Kim M. C., Spiekermann C. E. Loads Analysis for National Security Space Missions. The Aero-
space corporation of magazine of advances in aerospace technology. Crosslink. Winter 2003/2004. Vol. 5.
No. 1. P. 20-25.

4. Load Analyses of Spacecraft and Payloads. NASA Technical Standard. NASA-STD-5002. 1996. P. 14. URL:

https://standards.nasa.gov/sites/default/files/standards/NASA/A/0/nasa-std-5002a.pdf (gaTa 3BepHeHHs 7.01.24).

w

5. Spacecraft dynamic environment testing. NASA technical book. NASA-HDBK-7008. NASA. Washington. DC
20546-0001. 2014. P.134. URL: http://everyspec.com/NASA/NASA-NASA-HDBK/NASA-HDBK-
7008_52000/ (pata 3BepHeHHs 7.01.24).

6. Cepatok B. K. MNpoeKTMpoBaHUe pakeT-HOCUTe/eli KOCMUYECKMX annapaToB: y4ebHuK. Mocobue ans By30B.
MatumHocTtpoeHue. 2009. 504 p.

7. Antares User’s Guide. Northrop Grumman Corp. Release 3.1. September 2020. URL:
https://www.northropgrumman.com/wp-content/uploads/Antares-User-Guide-1.pdf (gata 38epHeHHs 7.01.24).

8.Soyuz at the Guiana Space Centre User’s Manual Issue 2 — Revision 0 March 2012. URL:

https://www.arianespace.com/wp-content/uploads/2015/09/Soyuz-Users-Manual-March-2012.pdf (gata 3Bep-
HeHHs 7.01.24).

9. Falcon User’s Guide. Space Exploration Technologies Corp. (SpaceX). 2021-09. URL:
https://www.spacex.com/media/falcon-users-guide-2021-09.pdf (gata 38epHeHHs 21.12.23).

10. Tuma, Margaret & Chenevert, Donald & Leahy, Bart Objectives and Progress on Ground Vibration Testing
for the Ares Launch Vehicles. Conference: 47th AIAA Aerospace Sciences Meeting including The New
Horizons Forum and Aerospace Exposition. URL: https://doi.org/10.2514/6.2010-2026 (paTta 3BEPHEHHs
14.12.23).

11. Boeing Changes Delta Il Control Software, Boeing News Release October 1998. URL:
https://boeing.mediaroom.com/1998-10-15-Boeing-Changes-Delta-111-Control-Software ~ (gata  3BepHeHHs
14.12.23).

12. De Selding, Peter B. Harsh Report Issued on Ariane 5 Failure. Space News. 2003. January. P. 3.

13. Mnagkuii B.®. JyHamuKa KOHCTPYKLMK pakeTbl-HocuTens. M.: Hayka.1969. 496 p.



14. Mumvnexko O. B., Mpokonuyk A. A., flonrononos C. W., Xopsk H. B., Hukonaes A. [l., MucapeHko B. 1O., Ko-
Ba/ieHKo B. H. MaremaTtnyeckoe MofienMpoBaHne 1 aHain3 yCTORYMBOCTM HU3KOYACTOTHBIX NPOLIECCOB B Map-
Lwesom XXP/J, ¢ foXuraHnem reHepatopHoro rasa. BectHuK agsuratenectpoeHus. 2017. Ne 2. C. 34-42.

15. Katorgin B. I., Chvanov V. K., Chelkis F. J. and Michael Popp, Lawrence G. Tanner, Robert C. van
Giessen, Scott J. Connally RD-180 Engine Production and Flight Experience. 40th
AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit 11 — 14 July 2004. Fort Lauderdale,
Florida. URL: https://arc.aiaa.org/doi/book/10.2514/MJPC2004 (fata 3BepHeHHs 21.12.23).

16. Begishev A. M., Zhuravlev V. Y., Torgashin A. S. Features and modernization methods of thrust measurement
devices for liquid rocket engine test stands. Siberian Journal of Science and Technology. 2020. Vol. 21. No. 1.
P. 62-69. URL: https://doi.org/10.31772/2587-6066-2020-21-1-62-69 (aata 38epHeHHs 7.01.24).

17. FnukmaH b. ®. ABTOMaTUYECKOE perynmpoBaHiie XXUAKOCTHbIX PaKeTHbIX ABuraTeneid. 2—e nsgaHuve, nepepad.
1 gon. M.: MawmHocTpoeHue. 1989. 296 c.

18. Katorgin B. 1., Semyonov V. I., Chvanov V. K., Chelkis F. Yu Engine RD171M. Conversion in mechanical
engineering. 2006. N 1. URL: http://Ipre.de/resources/articles/history.htm (gata 38epHeHHs 7.01.24).

19. becekepckuii B. A., Monos E. M. Teopus ccTem aBTOMATAYECKOro perynupoBaHus. M.: Hayka. 1972. 507 c.

20. Michael Cerna, Audrey F. Harvey The Fundamentals of FFT-Based Signal Analysis and Measurement.
340555B-01. National Instruments Corporation. July 2000. URL:
https://www.sjsu.edu/people/burford.furman/docs/mel120/FFT_tutorial_NI.pdf (nata 3BepHeHHs 14.12.23).

21. ferTsapes A. B. PakeTHast TexHuKa. Mpobnemsl 1 nepcnekTvsbl. JHenponeTposck.: APT-MPECC. 2014. 420 c.

22. Hukonaes A. [1., Xopsik H. B. OnpeaeneHne napameTpoB COBCTBEHHbIX MPOAO/bHbIX KONe6aHWi KOHCTPYKLM
Kopnyca XMAKOCTHbIX pakeT-HOCUTENel C y4eToM AnccunaLum aHepriv. ABMaLMOHHO-KOCMUYECKas TeXHMKa
1 TexHonorus. 2004. Ne 4 (12). C. 62-73.

23. Hukonaes A. [1., Xopsk H. B., CepeHko B. A., KnumeHko [, B., XogopeHko B.®., Bawmmin W1. [. YueT gucevna-
TVBHbIX CWUA NPY MaTemMaTU4yecKOM MOAENMPOBaHWM MPOAOSbHBLIX KOnebaHUin Kopryca XMAKOCTHOW pakeThbl.
TexHuyeckas MexaHuka. 2016. Ne 2. C. 16-31.

24. Oppenheim B. W., Rubin S. Advanced Pogo Stability Analysis for Liquid Rockets. Journal of Spacecraft and
Rockets. 1993. Vol. 30. No. 3. P. 360 — 383. https://doi.org/10.2514/3.25524

25. bawmii N. A., Hukonaes A. [l. MaTemaTuyeckoe MOAENMPOBaHKE NPOCTPAHCTBEHHbIX KonebaHuii o6onoue-
YHbIX KOHCTPYKLWIA C XKMAKOCTHIO C UCMO/b30BaHNEM COBPEMEHHBIX CPEACTB KOMMbIOTEPHOrO MPOEKTUPOBa-
HUA 1 aHanm3a. TexHnyeckas MexaHuka. 2013. Ne 2. C. 18-25.

26. Kohnke P. Ansys Inc. Theory Manual. 001369. Twelfth Edition Canonsburg: SAS IP. 2001. 1266 p.

27. MumneHko B. B., 3agoHues B. A., HaTaH3oH M. C. KaBuTaLWoHHble KonebaHus U AMHaMyKa rMapoCcUCTeM.
M.: MawmwuHocTpoeHue. 1977. 352 c.

28. Krebs Gunter Dirk  "Tsiklon".  Gunters Space Page. Retrieved 2016-07-05. URL:
https://space.skyrocket.de/doc_lau/tsiklon.htm (gata 38epHeHHs 7.01.24).

29. Pylypenko O. V., Khoroshylov S. V., Nikolayev D. O. Development of vibration protection systems of
spacecraft — state of the art and perspectives. KocmiuHa Hayka i TexHonoris. 2023. Ne 29(5). C. 003-019.
https://doi.org/10.15407/knit2023.05.003

OTpumaHo 11.01.2024,
B ocTaTouHoMy BapiaHTi 01.03.2024



