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A. B. YabaHeHko, [].C. Yacoeckux — CTyaeHTbl kadeapbl MHHOBATUKW U yPaBEHNe Ka4yeCTBOM
A. A. llleHukos (KaH[. TEXH. HAYK, A0L.) — HAYYHbIA PYKOBOAMTENb

SNEKTPOMATHUTHbIA NNA3MEHHBLIN YCKOPUTENb. NYTb K MAPCY

C Havana 1980-x rogos rpynna nog pykoBOACTBOM aMepuKaHCKOro acTpoHaBTa ®paHknuHa YaHr-
[lnaca Beget pa3paboTky MarHUTHO-NMNAa3MEHHOrO ABUraTens ¢ nepeMeHHsiM uMnynscom T VASIMR —
Variable Specific Impulse Magnetoplasma Rocket (cm. puc.1).

VASIMR

Puc. 1. MarHuTHO-NNasMeHHbIN ABUraTeNb C NepemMeHHbIM uMnynscom Tarn VASIMR

OTOT 3MEKTPOMArHUTHbIA Ma3MeHHbI YCKOPUTENb NpefHasHayeH [N PeakTUBHOTO YCKOPEHMs
KOCMUYECKOro annapara U MOXeT cTaTb B OyayLeM OCHOBOW ANs paKkeT, KOTOpble CMOryT COBEpLIATh Mo-
nétbl K Mapcy npumepHo 3a mecsu. [suratens VASIMR MOXHO paccmaTpuBaTh Kak BapuaHT Be3anek-
TPOAHOrO NMIIa3MEHHOro YCKOPUTENS, OTIIMYatoLLEerocs cnocobom yckopenust nnasmbl. OCHOBHOE Mpenmy-
LLeCTBO TAKOro ABUraTens 3akmioyaeTcs B UCKITI0YeHUM NpobnemMbl 9po3umn anekTpoaos. bonee Toro, Bce
yacTu asuratenst VASIMR 3awyyiieHbl MarHMTHLIM NOMNIEM WU HE HaXOAATCS B NPSIMOM KOHTaKTe C MOHM3K-
POBaHHOM NIa3MoM, NO3TOMY ero HaAEXHOCTb ropa3ao BbILLE MOMYMSAPHOTO Cenvac MOHHOMO ABUraTens.

[NonyyeHne peakTUBHOW CTPYU NPOUCXOAMT B TPUM dTana:

—  NpeBpaLleHue ra3a B niasmy C UCronb30BaHNEM PaANOBONHOBBIX aHTEHH;

—  BO36YXA€eHWe Nna3Mbl C NOMOLLbIO AanbHENLLErNO HAarpeBa B YCKOPUTENE;

—  UCMOMb30BaHWE 3MNeKTPOMarHUTOB A1 CO34aHWUS MarHUTHOrO COMma, KOTOpoe KOHBEPTUpYeT
NOMYYEHHYH TENMOBYO SHEPUO NIa3Mbl B KWHETUYECKYO SHEPIU0 PEAKTUBHOW CTPYM.

VASIMR ucnonb3yeTt ABe pagnoaHTEHHbI ANt MOHU3ALMM U pa3orpeBa ra3os, HanpuMep aproHa,
YCKOPEHMUS! peakTUBHON CTPYM C MOMOLLbHO CUMOBBIX fIMHUIA MarHUTHOrO nons. B oTnnune ot 06bIYHbIX XU-
Mudeckux pakeTHblx asuratenen VASIMR pa3suBaeT MeHbLUyto Tary. 10 CpaBHEHWO C pacnpocTpaHeH-
HbIM WOHHBIMW PaKETHbIMM [BUraTensMM OH JOMKeH 06nagatb 4OBOMLHO GOMbWUM YAENbHBIM UMMYTb-
coM — o0 30000 cek. — 1 CKOPOCTbIO UCTEYEHNUS peakTuBHOW cTpym Ao 300 km/c. HwkHWi npeaen aToro
[manasoHa ConoCTaBUM C HEKOTOPbIMU CYLLECTBYIOLMMU KOHLENUMAMIU WOHHBIX OBUraTenen, Hanpumep
npoektoM NASA «[lpomeTeiy, ons KOTOporo pa3pabaTbiBaeTcs MOLLHbIA UOHHLIN ABUraTeNb, NUTaOLWMIA-
Cl 9NeKTpU4ecTBOM OT HOPTOBOrO SAepHOro peaktopa. o pacyétam 8 Takux Asuratenen CMoryT paso-
rHaTb KocMudeckuit annapat 4o 90 kv/c, 4To HarnsgHo nokasbiBaeT YTo npoekT VASIMR HamHoro MolHee
1 nepcnekTueHee [1, 2].

Y gBuratenst MOXHO perynmpoBaTth TAry, OH KOHCTPYKTMBHO MPOCT, KOMMAKTEH, FeHepupyeT OYeHb
BbICOKME YPOBHW 3Hepruun. bnarogaps atomy VASIMR moxeT obecneunts B Aecatkn pa3 6onbluyto Tary,
YeM MOHHbI ABuraTesb, NpX YCROBUM HAaMUYMs NOAXOAALLEr0o UCTOYHMKA anekTpoaHeprn. VASIMR Takke
MOXET HenpepbiBHO paboTaTb B TEYEHUE HECKOMbKUX AHEN UnW Hedenb, noTpebnsas Mano Tonnmea, 4to
No3BONSET pa3orHaTtb kopabnb 40 6OMbLUMX CKOPOCTEM, @ 3aTEM 3aTOPMO3UTL €ro. ITO COKpaLLaeT npo-
LOMXUTENbHOCTb NonéTta Ha Mapc noyTu B naThb pas.



OpHako y aBuraTens ectb U cepbesHble HepgocTaTku. [pexae Bcero, 370 He 04YeHb bonbluas no-
nesHas Harpyska, NoCKOMbKy Marblii UMNYNbC ABUraTens MeANEHHO pasroHseT MacCuBHbIN kopabib. Yem
Tshkenee kopabnb — TeM gonblie nonét. CHATb BOMPOC MacChl MOXHO 3apaHee pa3mMecTuB Ha opbute
Mapca 6ecnunoTHble rpy3oBble kopabnu, 060pyaoBaHHbIE CTbIKOBOYHBIMM Yy3riamu, KOTOpble CMOryT
obecneumnTb akunax BceM HEOBXOAMMBIM NS BbINONHEHUS Muccuu. [1Buratenb Takke cnocobeH 1enosb-
30BaTb Ooree BbICOKME YPOBHWU SHEPTUM (MeraBaTTbl) MO CPABHEHWIO C CYLLECTBYIOLMMIA KOHLENLMUSMA
noHHbIX Auratenei. Moatomy VASIMR moxeT obecneunts B AecaTki pa3 Bonbluylo TAry, Npy yCroBuu
HanM4mns NOAXOLALLEro UCTOYHMKA 3Heprm [2, 3].

VASIMR He nogxoaut ans 3anycka C NOBEPXHOCTU 3eMIn M3-3a HU3KOTO COOTHOLIEHUS TSN K
Macce, OH MOXET BbITb MCMOMNb30BaH TOMbKO B HEBECOMOCTW. OH MOXET BbITb MCMOMb30BaH B KAaYeCcTBe
nocneaHen CTyneHu, cokpallas noTpebHOCTb B TONMMBE ANns TPaHCMOPTUPOBKYX rpy30B B kocMoce. [pea-
nonaraetcs, 4to Apuratens 6yaeT cnocobeH He Tonbko obecneynBaTh 4OCTABKY rPY30B Ha NyHHYH opbu-
TY, HO 1 BbINOMHSATL TPAHCMOPTUPOBKY PY30B C BbICOKMMI CKOPOCTAMM ANS AaNbHUX KOCMUYECKUX UCCe-
[0BaTeNbCKUX AKCNeanumi.

OCHOBHbIM pa3paboTyMKOM 3MEKTPONNa3MEHHbIX MarHUTHbIX yckopuTtenen sensetcs «Ad Astra
Rocket Company Rocket Company». MocneaHss mogens asuratens, VF-200, gomkHa ObiTb ycTaHOBMEHA
Ha MKC. [suratens Gyget uMeTb cucteMHyto addekTnBHoCTb 60...65 % u yposeHb Tarn 5 H. OnTtumans-
HbIV yOenbHbIM MMNynbc npegnonaraetcs Ha yposHe 5000 ¢ Mcnonb30BaHWEM B kayecTe paboyero Te-
na aproHa. YaenbHas MOWHOCTb oueHnBaeTcs B 1 Kr/kBT, UTo 03HavaeT, 4to Bec aaHHon Bepcumn VASIMR
Bynet coctasnsaTb Bcero 300 kr [4]. Mpu paspaboTke cyLlecTBOBaNoO HeCKOmNbko Npobrem, ogHa 13 KoTo-
PbIX 3aKroyanack B ToM, 6ydeT unu He ByaeT ropsyas nnasma Haxo4uTCs Ha PaccTOSHUM OT ABUraTens.
[pyroit npobnemoit ABNSANOCH ynpasneHne BblAeNsieMbIM TENNOM Npu paboTe 1 peLleHne aTon Nnpobnembl
KPUTUYECKM BaXHO AN NPOLOSIKUTENBHOTO (hyHKUMoHMpoBanus asuratens VASIMR. OgHako komnaHum
YZanoch yCneLHo peLumnTb 3T Npobnems! 1 NPOBECTM UCMbITaHUe Nna3meHHoro asuratens B 2009 roay.

HenaBHO koMnaHusa npoBesia nepeble UCMblTaHUsA nnasmeHHoro asuratens VX-200 Ha ceepxnpo-
BOAALWMX MarHuTax. Mpeabiaywme ucnbiTaHus, ¢ 0BbIYHBIM MarHUTOM, KOTOpble MPOBOAUINCH OCEHbIO
2008 ropa, no3sonunM gokasaTb paboTocnocobHOCTL ABuraTens. Mcnonb3oBaHWe CBEPXNPOBOAALLETO
aHarora nosBonuso ysenuuutb MowHocTtb VX-200 npumepHo B 10 pas.

Puc. 2. UcnbiTanus nnasmerHoro asuratens VX-200 Ha cBepXNpoBOAALLMX MarHUTax

Pa3paboTunku nnaHupyoT NpoBeCTH UCTbITaHUs NpoToTuna-gemorcTpatopa VASIMR B ycnosusix
kocmuyeckoro noneta. «Ad Astra Rocket Company Rocket Company» 3akmtounna koHTpakT ¢ NASA Ha
onpeaeneHne pacnonoxexnsi u ucnbitaxdue nonetHon sepcum VASIMR VF-200 Ha MKC.

B 6yaywem VASIMR Tak xe ByaeT npurogeH Ans TpaHCNOpTMPOBKM rpy30B. KocMunyeckui Bykeup,
yckopsiembin ogHumM VF-200, 6bin 661 cnocobeH nepemMectutb 7 T rpy3a C HU3KOM 3€eMHOM OpOUTbI Ha HI3-
Kyt0 NyHHYt0 OpbrTy NPUMEPHO 3a LWecTb MecsaLeB noneTa. Bpems noneta 6ykcupa MoxeT BbITb CoKpalLe-
HO 3a CYET noneTa ¢ MeHbLUMM rpy30M UK eCrin UCNoNb3oBaTh GorbLUe aproHa B ABUraTensx ¢ 6onbwmm
pacxofom TonnuBa (Mpy MeHbLLEM yAenbHOM umnynbcee). Hanpumep, nycton Gykeup npu BO3BpALLEHUM K
3emne JOomKeH NOKpbIBaTh 3TO paccTosHKe 3a 23 AHSA Npy ONTUMArbHOM yaensHom umnynbce 5000 ¢ nnm
3a 14 gHen npu ygensHoM umnynece 3000 ¢. BaxHbIM JOCTOMHCTBOM [ABUraTens SBnseTcs BOSMOXHOCTb



W3MEHSATb UN MOZYNMPOBaTb UCTEYEHWE Nra3Mbl AN NogaepXaHus ONTUManbHOW ABUraTenbHoON ag-
tekTuBHOCTW. CoKpalleHue AnuTenbHOCTH NONETa MO3BOMUT CHU3WUTL BO3AEMCTBME KOCMUYECKOrO W3fy-
YeHns Ha kocmoHaBToB. lNpeanonaraetcs yuto 10...20-meraBaTTHbI Asuratens knacca VASIMR cmoxert
OCYLLECTBNATL MUCCUM MO JocTaBke Nogen k Mapcy Bcero 3a 39 AHei, N0 CPaBHEHWIO C LLIECTLIO MecsLa-
MW, KOTOpble TpebyTCs TPAAULIMOHHBIM pakeTam.

[nsa pabotel VASIMR notpebyetcs cuctema, cnocobHas obecneunsatb ero okono 12 MBT anek-
Tpo3aHeprun. Kocmuyeckuir kopabnb ¢ asuratenem VASIMR B Teuenne 30 gHen Byget no cnupanu nog-
HUMAaTbCS C HWU3KOW OpBUTLI Ha BbICOKYIO, 85 AHER YCKOpATLCS, a 3aTeM - TOPMO3UTLCA Ha nyTh K Mapcy.
Takum obpasom, nyTewecTBre kK Mapcy 3ailMeT B [jBa pa3a MeHbLUe BPEMEHU, YEM NpU UCMONb30BaHUM
TPaANLMOHHBIX XUOKOCTHbIX PAKETHBIX ABUraTenen.

[NepcrneKTuBbI CO34aHNs KOMNAKTHOrO peakTopa BecbMa xopolwue. B 2003 rogy ctypeHTsl Macca-
YyCEeTCKOrO TEXHOMOMMYECKOr0 UHCTUTYTa NPEeLnoXUM NPOEKT KOMMAKTHOMO COMNEBOro SAEPHOro peaktopa
Ha BbICTPbIX HEMTPOHaX C anbon MeHee 3 Kr/kBT. /X npoekTHbI 0bpasel, nmeeT MoLHOCTL 4 MBT, BeC
sapa — scero 185 kr, a pasmepbl — 20X20X20 cm. ELLe 0anH MHTepeCHbI BapuaHT — 3T0 NpeCTaBIEHHbIN
B Hayane 2010 roga npoekT MUHMpeakTopa komnaHuw Hyperion, maclitabHoe NpoM3BOLACTBO KOTOPOrO
HauHeTcs B 2013 rogy. 970 KOMNAKTHbIA peakTop pasmepom 1,5x2,5 meTpa, MoLHOCTLH 25MBT 1 anbgon
2 Kr/kBT.

Takke BecbMa nepcnekTMBHbI 4518 KocMoca TopueBble peakTopbl Kapno Py6bua. B Hux spepHas
peakuus 3anyckaeTcs npu MOMOLLM YCKOPUTENS YacTul, YTO AenaeT peakTop KOMMakTHbIM, abComoTHO
Be3onacHbIM ¥ He TpebytoLmM TSXeNoro akpaHMpoBaHus. LLnpokoe BHeApeHUEe TON TEXHOMOMMM «3anna-
HupoBaHo» Ha 2025 — 2030 rogp!.
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