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Pedepar:

1. EnexTpuyHi JBUTYHHI yCTaHOBKU MIMPOKO BUKOPUCTOBYIOTHCS Ha O0OPTaxX CYIYTHUKIB [J1s1 BUPillleHHS IPo6jieM
opieHTauii Ta ctabinizauii, NiATPUMKYU Ta 3MiHM OPOITH, raJIbMyBaHHS CYIIyTHUKA MiCJIs 3aKiHU€HHS] BUKOHAHHS MiCii.
3 posmmpeHHIM Jiana3ony X], 3HayHe 30i/IbIIE€HHS] CYMapHOTO iMITyJIbCY TAaKOX IiTKPEC/II0€ HEOOXiIHICTh
PO3pOOKU BUCOKONIPOAYKTUBHUX X]I. 3arajipbHOBIOMO, 10 eKCILTyaTauiiHui pecypc X1 BU3HAYa€ThCs KibKICTIO
4acy, IIPOTATOM SIKOTO ABUTYH MOXKE IIPALOBATU [I0 TOTO, 5K IJIa3Ma B KaHaJIi [IOIIKOLUTb MarHiTHy cucremy. Ilics
IIOBHOI epo3ii [ieJIeKTPUYHOT0 BUXOAY 3 PO3PSIHOrO KaHaly iOHHUH 1leiid B3aeMOJi€ 3 BHYTPIIIHIM i 30BHIIIHIM
MarHiTHMMMU IIOJII0CaMMU 1 BUKJIMKA€E IIPOrPECY0Yy €po3il0 MarHiTonposoay. HoBa MaraiTaa ToroJsiorid Iij, Ha3Boxo

"martiTHe ekpanyBaHHs" (ME) 6y7a onrcana 1ijisl pi3Koro 3MeHILIeHHsI epo3ii KaHaly, 110 MOXKe [IPU3BeCcTd 1o



YCYHEHHS LIbOrO PeXXUMY BiiMoBU X]I. MeTOI0 pO60TH € BU3HAUYEHHS MOKJIMBOCTI MiJIBULIEHHS TSITOBO-
€HEPreTUYHUX Ta PECYPCHUX XapaKTEPUCTUK X]] MJISXOM ONTUMI3alii mapameTpiB Ta TONOJIOTii MarHiTHOTO MOJIS B
IBUTYHi; PO3pO6Ka PEKOMEHAALIIM 1010 TPOEKTYBaHHS MarHiTHUX CUCTEM NepCrneKTUBHUX X]I. BUkopucTaHH
Cy4aCHHUX IIPOTpaM [03BOJISIE BUBHAYATH a3MMYTAJIbHUI PO3MNOLi i KOHGIrypalio MarHiTHOTO NOJIs B
IIPUCKOPIOBAJIbBHOMY KaHaJi Ta B nepudepiiiHiil 30Hi IBUTYHA, a TAKOXX OTPUMYBATU PE3yJIbTaTH, HANOIMKYI 0
peasbHUX. Y 3B'S3KY 3 IIUM Y L1iil po6OTi AJ1s1 IPOBELleHHs! NOCiIPKeHb MarHiTHoOro nosist X1, ik MeToJ, OCiI>KeHHs,
0yJi0 06paHO METOJ, MaTEMAaTUYHOI'O MOJEJIIOBAHHS. B nporpami HEOOXiHO CTBOPUTH KOPUCTyBayeM reOMeTpii
IOCJIiIKYBAaHOTO 00'€KTa, 3aBAAHHSI BJIACTUBOCTEN MaTepiasliB, METOAY Ta TOYHOCTI pO3paxyHKy. Takum 4MHOM, 3
ypaxyBaHHSM creludiky JociIKyBaHUX 00'€KTIB repe, IpOBeleHHSIM LOCiIpKeHb BUHUKJIA II0Tpeba y
BiAlIpalloBaHHI METOJIMKYU MOJIe/Il0BaHHs MarHiTHux cuctem XI1 y ANSYS Maxwell. CpopmynboBaHi 3aBraHHs: 1.
[IPOBEJIEHH aHaJIi3y repeBar Ta HeJoJliKiB iCHYI0YMX KOHCTPYKLIM Ta TapaMmeTpiB MarHiTHux cucrem X/I; 2.
po3pobJieHHs Ta Bepudikalliss METOAUKYU PO3PAXyHKY IBOBUMIPDHUX Ta TPMBUMIPHUX PO3PAXyHKOBUX MOEIEN
MAarHiTHMX CUCTEM 3 YpaxyBaHHSIM HaCU4YEHHs MarHiTOIIPOBOAY; 3. IDOBEJIEHHS aHaJIi3y B3a€EMO3B'SI3Ky
reOMETPUYHUX XapaKTEPUCTUK 30H €PO3ii CTIHOK PO3PSIIHUX KaMEP JBUTYHIB 3 BEJIMUMHOIO i TOIOJIOTIEI0
MarHiTHOTO NOJIS1 y PO3PSIHOMY KaHaJli IUX JABUTYHIB Ta IPOTHO3y FEOMETPUYHUX XapPaKTEPUCTHK 30HU €po3ii 3a
pe3yJbTaTaMu PO3PaxyHKy MapaMeTpiB i TomnoJsiorii MarHiTHOro nosst; HaykoBa HOBU3HA pOOOTH I10JISTAE B
HACTYITHOMY: 1. yZIJOCKOHAJIEHO PO3PAaxXyHOK MOOYA0BU MOJieIell MarHiTHUX cucTeM X]I 10 03BOJISIOTh CITPOCTUTH
MOJIE/IIOBaHHS Ta 00YKMCJIEHHS Ta MiHIMI3yBaTH Yyac PO3PaxyHKy; 2. BUBHAYEHO KiJIbKiCHUI B3a€MO3B'SI30K MiX
BEJIMYMHOIO Ta KOHPIrypalier MarHiTHOro mnoJis, napaMmeTpaMu poob0TU ABUTYHA i IPOTSDKHICTIO, i OJIOXKEHHSIM
mapy ioHi3anjii Ta IPUCKOPEHHS B pO3PAIHOMY KaHaul X1, 110 BU3BHAYaI0Th MEXi 30H €po3ii CTIHOK PO3psAaHOi
KaMEepH, a caMe: ® BCTAaHOBJIEHO, 110 MeKi 30H epo3ii Ha 30BHIllIHIl Ta BHYTPIlIHIl CTiHKaxX po3psAHOi KaMepu 3 60Ky
aHoO[Ia 3HAaXOIAThCA Ha MEPETHHI OAHIET «TPaHUYHOI» CUJIOBOI JIiHil MarHiTHOrO 10J14 31 CTiIHKaMU, HATIpYTy PO3psay,
dbopmu MarHiTHOI J1iH3H, BeJIMYMHY iHAYKLI] Ta MaTepiany po3psiHOi KaMepy; ® ITOJIOKEHHS i€l «TpaHUYHOI»
CUJI0BO] J1iHii 06YMOBJIIO€ETHCS BenunHOI0 kxBrmax no cepezHiii siHii pospsnHoi kamepu (PK). 3. nokazaso, 1m0
IiABUILEHHS TAr0BOi €(PEKTUBHOCTI Ta 3HM>KEHHS PO3MIpiB 30HM €po3ii CTIHOK po3psiHOi KaMepHy y ABUTYHI

IOCSITHYTO 32 PAaXyHOK ONTMMIi3allii mapaMeTpiB i TOMOJI0rii MarHiTHOTO IOJISL.

2. Electric propulsion systems are widely used on board satellites to solve the problems of orientation and
stabilization, maintaining and changing the orbit, braking the satellite after the completion of the mission. With the
expansion of the CD range, the significant increase in total momentum also emphasizes the need to develop high-
performance CDs. It is well known that the operational resource of the HD is determined by the amount of time
during which the engine can operate before the plasma in the channel damages the magnetic system. After
complete erosion of the dielectric output from the discharge channel, the ion plume interacts with the inner and
outer magnetic poles and causes progressive erosion of the magnetic conductor. A new magnetic topology called
"magnetic shielding" (ME) has been described to dramatically reduce channel erosion, potentially eliminating this
HD failure mode. The purpose of the work is to determine the possibility of increasing the traction-energy and
resource characteristics of the HD by optimizing the parameters and topology of the magnetic field in the engine;
development of recommendations for the design of magnetic systems of prospective HDs. The use of modern
programs allows determining the azimuthal distribution and configuration of the magnetic field in the acceleration
channel and in the peripheral zone of the engine, as well as obtaining results that are close to real ones. In this
regard, in this work, the method of mathematical modeling was chosen as a research method for conducting
research on the magnetic field of HD. In the program, the user must create the geometry of the object under
study, the assignment of the properties of the materials, the method and the accuracy of the calculation. Thus,
taking into account the specifics of the researched objects, before conducting research, there was a need to
practice the methodology of modeling magnetic systems of HD in ANSYS Maxwell. Formulated tasks: 1. conducting
an analysis of the advantages and disadvantages of existing structures and parameters of magnetic systems of HD;
2. development and verification of the methodology for calculating two-dimensional and three-dimensional
calculation models of magnetic systems taking into account the saturation of the magnetic field; 3. conducting an
analysis of the relationship between the geometric characteristics of the erosion zones of the walls of the



discharge chambers of motors with the magnitude and topology of the magnetic field in the discharge channel of
these motors and the prediction of the geometric characteristics of the erosion zone based on the results of
calculating the parameters and topology of the magnetic field; The scientific novelty of the work is as follows: 1. the
calculation of the construction of models of magnetic systems of HD has been improved, which allows to simplify
modeling and calculations and minimize the calculation time; 2. the quantitative relationship between the
magnitude and configuration of the magnetic field, engine operation parameters and length, and the position of
the ionization and acceleration layer in the HD discharge channel, which determine the boundaries of the erosion
zones of the discharge chamber walls, is determined, namely: ¢ it was established that the boundaries of the
erosion zones on the outer and inner walls of the discharge chamber from the anode side are at the intersection of
one "boundary” line of force of the magnetic field with the walls, the discharge voltage, the shape of the magnetic
lens, the amount of induction and the material of the discharge chamber; * the position of this "limit" line of force
is determined by the value of kxBrmax along the middle line of the discharge chamber (LC). 3. it is shown that
increasing the traction efficiency and reducing the size of the erosion zone of the walls of the discharge chamber
in the engine is achieved due to the optimization of the parameters and topology of the magnetic field.
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