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Pedepar:

1. TIpoBeneHO aHai3 pO3BUTKY Ta [IEPCIIEKTUB BUBEEHHS TPYIIU MAJIMX KOCMIYHMX arlapariB BiATIOBIIHO 0
BUKOHYBaHMX HUMU 3aBJIaHb Y KOCMIYHOMY IIPOCTOPi. 3’9COBAHO, 11J0 3aCTOCYBAaHHSI KOCMIYHOTO OYKCUPY 3
€JIEKTPOHArPiBHOIO PYIIIMHOI YCTaHOBKOIO B Cy4YaCHUX JOCJIIPKEHHAIX KOCMIYHOTO ITPOCTOPY € NEPCIIEKTUBHUM
3aBaHHSIM, SIK€ BKJIIOYA€ B cebe JOTPUMaHHSI BUMOT 3MiHU OpO6iTasbHOI 03ul1lii, BiTHOCHO OIIOPHOI, 3 JONYCTUMUM
HEeY3TO/I)KEHHSM KyTOBOT'O MTOJIOXKEHHS BEKTOPY TATH, YaCOM POOO0TU i OOMEXKEHHSM 32 BapTiCTIO MaHEBPY,
BiAITIOBiTHO 110 LiJIbOBOTO IIpr3Ha4YeHHs. OCHOBHOIO BUMOTOIO 10 (OPMYBaHHS € CTBOPEHHS OpOiTaIbHUX MO3ULIIN
CYIIyTHUKIB B TPy, 110 HE MAIOTh PyLIiIHUX YCTAHOBOK, 3 BiATIOBITHMMU KEIJIEPOBUMU €JIeMEHTaMu i OpOiTalIbHUM
yacoM. AHaJIi3 3p06JI€HO 33 PO3IJIsIOM BUKOPUCTAHHS i 32CTOCYBaHHS 6a30BUX KOCMIYHUX IIJIATHOPM, SKi SIBIISIOTh
€06010 KiHIIEBY CYKyIHICTb CJIy>KOOBHUX MiiCUCTEM, HEOOXiTHUX IJ1s1 BUKOHAHHS II€BHOTO 3aBJIaHHS B KOCMiYHOMY

npocTopi. Haiibinbi macoBoo cepen HUX € niatdopMa min 3aranbHuM TepmiHom «CubeSat». YMoBu GopMyBaHHS



nepenoadalTh OpOITAJIbHUI MaHEBP KOCMIYHOTO OYKCHPY 3a JOIOMOTOI0 PYIIiIHOI YCTAHOBKU 10 NOCSTHEHHS
33/1aHOi NO3ULI i BiLOKpeMJIEHHSI OKPEMUX CYIIYTHUKIB IIpU POPMYBaHHI rpynu. BCcTaHOBJIEHO, 110 BaXXJINBUM IIPU
3aCTOCYBaHHI Ha OyKCUpi €JIeKTPOHArpiBHOI PyIIifHOI yCTaHOBKU € Yac MiAlOTOBKU 10 3aIlyCKy, SIKAil [TOB'sI3aHUH 3
IVHAMIKOIO TEMJIOBOI MiATOTOBKY 6aKa 3 poO0YMM TiJIOM, IAPOT€HEePaTOpPa, JBUTYHA, Lie Ma€ OyTU Y3TOKEHO 3
JKUBJIEHHSIM BiJj 60PTOBOI €eHEpPreTUYHOi yCTaHOBKU. TaKUMM YMHOM, I1I0CTaBJIeHa HAayKOBO-TIPAKTUYHA 3a7jaya
CKOPOYE€HHS TPUBAJIOCTI MiATOTOBKU [I0 3allyCKy €JIEKTPOHATPiBHOI PYIIiMHOI YCTAHOBKHU IIPY BUKOPUCTAaHHI Ha
KOCMIYHOMY OYKCHPI € aKTyasibHOI0. [IpoBeieHO OrJIsif, MOKIMBOCTEN PaKeTHUX JBUTYHIB [IPY 3aCTOCYBaHHi Ha
KOCMIYHOMY OyKcHpi. 3'1COBaHO, 110 NEPEIbOTH MOXKHA 3[iIICHIOBATA OJHOCTYIIHYaCTUM KOMIYHUM OGYKCUPOM 3
XiMIYHUM pakeTHUM JBUTYHOM, OJHOCTYIIiIHYACTUM KOMIUHUM OYKCHPOM 3 €JIEKTPOPAKETHUM JIBUTYHOM.
[TpoBeneHo aHasi3 BUMOT 0 €J1IeKTPOPAKETHOTO ABUTYHA Ta Oro BUOOPY IPY 3aCTOCYBaHHI KOCMiIYHOTO OyKCHpa, a
TaKOXX aHaJli3 MOXJIMBOCTI 3aCTOCYBaHHS €JIEKTPOPAKETHUX [IBUTYHIB SIK 6€3[10CePeIHbO Ha MAJINX KOCMIYHNUX
araparax, Tak i Ha 6ykcupi. [IpoBesieHO po3paxyHOK po60UYrX ITapaMeTpiB OpOiTH 3 BU3HAYEHHSIM TPaCH KOCMIYHOTO
Oykcupa 3a obepTamy, IO A€ MOKJIMBICTb BCTAHOBUTU TOUYKU MaHEBPY, & TAKOXK €HepreTUYHi XapakTepUCTUKU
OyKCHUpY, 110 XapaKTepU3YIOTh 3aJI€XKHICTh 3MiHM BUCOTHU i HaXUJy OpOiTH Bil Macu KOCMiuHOro 6ykcupa Ta
3HAYE€HHS TI0YaTKOBOT'O OPOITaIbHOTO MOJIOKEHHS, 110 103BOJIMIIO PO3POOUTH KOHLEII{I0 BUKOPUCTAHHS
€JIEKTPOHArpPiBHOI pyLIiiHOI yCTAaHOBKM Ha KOCMiYHOMY GyKcupi. Po3po61eHo MaTeMaTUYHy MOJeJlb
€JIEKTPOHArPiBHOI pyLIiHOI yCTAaHOBKMA KOCMIYHOTO OYKCHPY, 110 IIPEICTaBIsie COO0I0 CUCTEMY IU(PEepeHLIHUX
PiBHSIHB Ta IepefaBanbHUX PYHKIM 3 I0YaTKOBMMH Ta TPAHMYHUMU yMOBaMu. [IpoBeieHO YuCesibHe
MOJeJIoBaHHS y cepenosulii MathlLab Ta oTpuMaHo pimeHHs, 10 T0Ka3yI0Th MOXJIUBICTb MTONIEPEIHbOI OL[iHKA
4yacy BBEJ€HHS YCTAHOBKY B [0 [1JIS1 CBO€YACHOIO 3aIlyCKY O BUKOHAHHSI MaHEBPY. PO3IJISIHYTO MOXKJIMBICTD
peasizallii Moziesi y 60pTOBOMY KOHTPOJIEPI PYIIiIiHO] yCTaHOBKU Ha IPpUKJaLi Arduino, msxoM BBEJIEHHS
CTBOPEHOTO aBTOPOM QJITOPUTMY 3allyCKy-3yIIMHKM IBUTYHA. [IpOoBeleHO NepeBipKy aleKBaTHOCTI MOZEi
€JIEKTPOHAarpiBHOI pyLIiiHOI YyCTAaHOBKY 32 pe3yibTaTaMu Qi3yHOTO eKCIIEPUMEHTY, 110 IIPOBOJUBCS Ha
eKCIIEpMMEHTAaJIbHIN MOZeJli eJIeKTPOHArpiBHOI pyLIiiiHOI yCTaHOBKU 3 BUKOPUCTaHHSIM CTeH10BOi 6a3u CB-10K
Mixrany3eBoro HayKOBO-TEXHIYHOTIO LIEHTPY KOCMIYHOi €eHepreTuku i BuryHis kapenpu 402 HanjionanbHoro
aepoKOCMIYHOTO yHiBepcuTeTy iM. M. €. J)KykoBcbkoro «XAl». BnockoHaneHo MeToau i po3po6ieHo 3acobu
€KCIIEPUMEHTAJIbHUX JIOCJiIKEHb €JIEKTPOHArpiBHUX IBUTYHIB KOCMIYHMX araparis, a CaMe METOAY BUMipIOBaHHS
TATY, METOLY BUMIPIOBaHHSI BUTPATU poO0OYOro Tijla, METOY BUMipIOBaHHS IOTYKHOCTI, 110 [1I0JAEThCS HA HarpiBayi
IBUTYHA, IaporeHeparopa i 6aky Ta MeTO[ly BUMipIOBaHHS BaKyyMy B Kamepi IPOBEE€HHS €KCIIEPUMEHTY.
ITpoBeneno aHasiz 06MeXy0YnX GaKTOPiB Py KepPyBaHHI eJIeKTPOPaKeTHUM ABUTYHOM. PO3p0o6yieHO aroputm
KEPYBaHH$ €JIEKTPOPAKETHUM JIBUTYHOM, Ha OCHOBI MOJIEJIIOBAHHS IIE€PIIOTO 3allyCKy YCTAHOBKH 3 MiHiMi3alliio 4acy
MiArOTOBKU i BMEHIIEHHSIM BUTPAT pOOOYOTO Tisla Ta eHeprii. Po3pobieHo pekoMeHaallii, 1110 40 NOoAaJbLIIOTro

PO3BUTKY Ta BUKOPMCTAaHHS €JIEKTPOHArPiBHOI PYIIiHOI yCTaHOBKMU.

2. The analysis and development of the development of a group of small spacecraft in accordance with their tasks
in outer space was carried out. It is found that the use of space tugboat with electric ohmic propulsion system in
modern space exploration is a promising task, which includes compliance with the requirements of changing the
orbital position, relative to the support, with the permissible mismatch of the angular position of the thrust vector,
the time of operation and the restriction on weight according to the purpose. The basic requirement for the
formation is the creation of orbital positions of satellites in the group without propulsion systems, with the
corresponding Keplerian elements and orbital time. The analysis is based on consideration of the use and
application of basic space platforms, which represent the finite set of service subsystems required to perform a
specific task in outer space. The most popular among them is the platform under the general term "CubeSat".
Formation conditions involve the orbital maneuvering of a space tugboat by means of a propulsion device until
reaching a predetermined position and the separation of individual satellites when forming a group. It has been
found that when preparing for the start-up and shut-down of the electric propulsion system, it is important that
the start-up and shut-down times are related to the thermal dynamics of the preparation of the working fluid with
the power supply from the on-board power plant. Thus, the scientific and practical task of reducing the duration
of preparation for the launch of the electric heating propulsion system when used on a space tug is relevant. A



glance was made over the capacities of rocket engines during stagnation on a tug boat. It’s explained that shifting
is possible with a single-stage commercially available tug with a chemical missile thruster, a one-stage
commercially available tug with an electric rocket thruster. An analysis was made of the electric rocket engine and
the same vibration during a stowed tug boat, as well as an analysis of the possibility of electric rocket propulsion
systems were always on a small spacecraft, so on a tug boat. The working parameters of the orbit were calculated
with the determination of the space of the tugboat by rotation, which made it possible to set the maneuver points,
as well as the energy characteristics of the tugboat, which characterize the dependence of the change of altitude
and inclination of the orbit on the mass of the space boat and the value of the initial orbital position, which allowed
to develop the concept electric ohmic propulsion system in space tugboat. A mathematical model of the electronic
heating installation of a space tug has been scattered, which is a system of differentiation and transmission
functions with cob and boundary minds. A numerical model was carried out at the middle of MathLab and a clear
decision was made to show the possibility of a forward estimate of the hour the unit was put into operation for an
immediate launch before the weekend maneuver. We can see the possibility of realizing the model for the on-
board controller of the thrusterinstallation on the Arduino application, using the method introduced by the author
of the engine-start-up engine shut-off algorithm. The adequacy of the model of the electric propulsion plant
according to the results of the physical experiment was conducted, which was carried out on the experimental
model of concept electric ohmic propulsion system using the bench base SV-10K of the Inter-branch Scientific and
Technical Center of Space Energy and Engines of the Department 402 of the National Aerospace University.
Zhukovsky M. E. "KhAI". The methods and experimental means of experimental research of spacecraft electric
motors have been improved, namely the method of measuring thrust, the method of measuring the flow of the
working fluid, the method of measuring the power supplied to the engine of the engine, the steam generator and
the tank, and the method of measuring the vacuum in the chamber. The analysis of limiting factors in the control
of a rocket engine is carried out. An algorithm for controlling a rocket motor is developed based on the simulation
of the first start-up of the plant with minimization of preparation time and reduction of the working fluid and
energy costs. Recommendations for the further development and use of the electric propulsion system have been
developed.
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