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MeTol0 po60TV € CUCTEMHWIA aHani3 TEXHONOTIYHUX OCOBMMBOCTEN BiABEAEHHSA (hparMeHTiB KOCMIYHOro
cmiTTa (KC) 3 pobounx op6iT. HoBi pe3ynbTaTi Bifo6paaroTb MOXNMBICTb 3MiHWM KOHUEeNLii 60poTbbn 3 3a-
6pYAHEHHAM HaBKOM03eMHOr0 KOCMi4HOro mpoctopy. CyTb nonsrae B 3a6e3neyeHHi MOXAMBOCTI yTunizauii
kocMiyHoro cmitTs (KC) 3amicTb /AOro 3HWLEHHS. B cTaTTi BUKOHaHO KOPOTKWIA aHani3 pisHUX acnekTiB npo-
6nemn 60poTbbnM 3 KC B HABKOM03EMHOMY KOCMIYHOMY MPOCTOpi. PO3rnsHyTO Pi3Hi MeToan i 3acobu
3anobiraHHs yTBopeHH0 KC i 3MeHLUeHHs ioro KinbkocTi. ChopMy/ibOBaHO HayKOBI 3aBfaHHS, L0 BUHMKAKOTh
npwy po3po6Li pi3HKX 3aco6iB i METOAIB 60pOTHOM 3 3a6PYAHEHHAM BAVKHLOTO KOCMOCY.

Llenbto paboTbl ABNSETCSH CUCTEMHBI aHaNN3 TEXHONOMMYECKMX 0CO6eHHOCTEV yBOAa (PparMeHTOB KOCMU-
ueckoro mycopa (KM) ¢ pa6ounx op6uUT. HoBble pe3ynbTaTbl OTPXKAOT BO3MOXHOCTb M3MEHEHWS! KOHLLEMLMM
60pb6bI C 3arpsA3HEHeM OKOM03eMHOr0 KOCMWUYECKOro npocTpaHcTea. CyTb COCTONT B 06eCMeYeHN BOIMOXKHO-
CTV YTUAU3aLMK KocMuyeckoro mMycopa (KM) BMECTO €ro YHWUTOXeHUS. B cTaTbe BbIMOMHEH KPaTKUiA aHanus
pasNNYHbIX acnekToB Npobnembl 60pb6bl ¢ KM B OKONO3EMHOM KOCMWUYECKOM MPOCTPaHCTBE. PacCMOTPEHBbI
pasnnyHble METOAI U CPEACTBA NPeLOTBpaLLeHUs 06pa3oBaHus KM 1 yMeHbLUEHWS ero konuyectsa. Cdopmynm-
poBaHbl Hay4Hble 3aa4u, BO3HMKAIOLLME NpW Pa3paboTKe pasNyHbIX CPEACTB U MeTOA0B 60pbObI C 3arpsi3HeHM-
eM BAMKHEro Kocmoca.

The aim of this work is a system analysis of the engineering features of the deorbiting of space debris frag-
ments. New results reflect a possibility to change the concept of near-Earth space debris mitigation from space
debris elimination to space debris utilization. The paper presents a brief analysis of different aspects of the prob-
lem of space debris mitigation in near-Earth space. Different methods and means to prevent the space debris for-
mation and to reduce space debris population are considered. Scientific problems involving the development of
methods and means for near-Earth space debris mitigation are formulated.

KntoueBble cnoBa: KOCMUYECKUIA Mycop, 3alyyTa KOCMUYECKOro annapaTa,
OYNCTKA OKOMO3EMHOr0 MPOCTPAHCTBA, TPOCOBbIE CUCTEMbI, YBOJ, KOCMUYECKO-
ro Mycopa, akTUBHOe yAasieHue, KnacTep, opouTa yTunmnsaumu.

O6wwme 3ameyaHus. Mog TepMUHOM “KOCMUYECKMin Mycop, space debris"
(KM) 06bI4HO MOHUMAOT KOCMUYeCKMe 06bEeKTbl KaK UCKYCCTBEHHOrO, Tak W ec-
TECTBEHHOI 0 MPOUCXOXAEHNS, NPeKpaTMBLUME paboTy 06bEKTbI KOCMUYECKON TeX-
HUKW 1 UX (pparMeHTbl, a TaKKe 00beKTbI, NOMNaBLLNE B OKO/I03€eMHOE NPOCTPaHCT-
BO W3 rnybuH panekoro kocmoca. W Te, n gpyrvie HecyT OnacHOCTb (hYHKLMOHW-
PYIOLLMM KOCMMYECKMM KOMMJieKcam. bosee 3HaunMyto YacTb NpeSCcTaBnsaoT 00b-
eKTbl aHTPOMOreHHOr0 NPOUCXOXAEHNS, UMEHHO OHU AenatoT Npobiemy 60pb0ObI ¢
3arpsi3HeHMeM KOCMUYECKOro NPOCTPaHCTBa 0CO6EHHO akTyanbHOW [1].

B HacTosLLee BpeMs Ha opbuTax ¢ BbicoTaMu 40 2000 KM NeTatoT HECKO/bKO
COTEH ThbICAY (PparMeHTOB Kocmmueckoro mycopa (PKM). OueHku Konuyectsa
®KM 3aBUCAT OT pasMepoB Y4UTbIBAEMbIX ()parmeHToB. CTONKHOBEHWE 0buTae-
MbIX CTaHUMIA U KOCMUYECKMX annapaToB (4uanasoH OTHOCUTENIbHbIX CKOPOCTENA
[0 16 KM/C 1, COOTBETCTBEHHO, OFPOMHbIE 3anacbl KWUHETUYECKOW 3Heprum) c
(hparmeHTamy KM NpMBOAMT K KaTacTpO(MUYECKUM NOCNeACTBUAM.

Oc06€eHHO BbICOKa MNOTHOCTL KM Ha Tak HasblBaeMblX paboymx opbuTtax:
TeX, KOTOpble MaKCMMa/lbHO COOTBETCTBYIOT (YHKLMOHAbHOMY Ha3HaYeHUto
KocMmyeckoro annapata (KA). 91o Tpu AnanasoHa BbicoT opouT (300-800) Km,
(1500-2000) km 1 36000 km [1].

CyLLecTBYIOT pa3nnyHble Noaxofbl K Knaccugpukaumm KM: no pasmepam,
(hYHKLMOHa/IbHBIM O0COGEHHOCTAM, N0 0pbuTam, MO KOH(Urypauuu, no Maccam.
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icnonb3ys CnoXxusLUMECs MOAXOAbI, MOXHO YKa3aTb TEXHOreHHble 06bEeKTbI pas-
JINYHOTO COCTOAHMA U 06/IMKa. K HUM OTHOCATCA (yHKLMOHMpYtowwme KA, Hepas-
PyLLEHHble He(hyHKLMOHMpYoLwme KA, dparmMeHTbl paspyLleHHbIX KOCMUYECKMX
06bEKTOB, NOCNefHVe CTyMNeHW pakeT-HocuTenein (PH), octaswmecs Ha paboumx
opbutax nocne otaeneHus KA, KOHCTPYKTUBHbIE 3/1eMeHTbI PH, oTaenvBLUneCs B
rnonere.

Pa3mMepbl 1 Maccbl YKa3aHHbIX 06bEKTOB HaXOAATCA B [OCTATOYHO LUVPOKOM
AvanasoHe — OT [ONel MWIMMETPA O HEeCKONbKMX MeTpoB. O6beKTbl 0T 5 MM
MOTYT HabnoaaTbCa ONTUYECKUMU U PaAMONIOKaLMOHHBIMK CrCTeMaMn Habnoae-
HMs. O6beKTbl 0T 10 cM KaTasornsnpoBaHbl. MUHMMasbHBIA pasmep 06bLEKTOB,
AOCTYMHbIA ANs HabNtogeHVs, onpefenseTcs BbICOTOW opbuTsl. [ns reoctaumo-
HapHbIX Op6uT 310 20 CM, ANA HU3KMX — 60/ee 5 cM. Mo 3ToiN NpuyMHe Habnto-
paemblin KM cocTtaBnsieT npumepHo (14 — 16) % Bcero KM, npucyTcTBYIOLLENO B
OKO0/103eMHOM KOCMMWYEeCKOM MNpOCTpaHCTBe. B CBA3N C 3TUM aKTya/lbHbl 0pbu-
Ta/lbHble CUCTEMbl HAOMOAEHNSA, KOTOPble B COCTOAHWMM HabMo4aTh U OLEHMBATD
pacnpegeneHne KM B npocTpaHcTBe, (DOPMUPYS MH(OPMALMOHHOE Mone, 40MNos-
HAIOLLiEe CUCTEMY Ha3eMHOr0 Hab/ro4eHuA.

¥Yrpo3a CTONKHOBEHWS C OpOuTa/bHbIM MYCOPOM A/1s feicTByoLwmMX KA nm
MUNOTUPYeMbIX Kopabnell ABNAETCA OAHUM U3 OCHOBHbIX (DaKTOPOB 6€30MacHOCTU
(hYHKLMOHMPOBAHNS KOCMUYECKMX CUCTEM B OKO/I03eMHOM NpocTpaHcTBe. Knac-
CUYECKMM NPUMEPOM TaKOoW CUTyaLun MOXET CNYXWUTb CTONKHOBEHWE BblLLeLLE-
ro U3 CTPOsi POCCUIACKOro cnyTHUKa "Kocmoc-2251" 1 annapata Iridium 33 B des-
pane 2009 rofa, 4To NPMBESO K 3HAYMTENIbHOMY POCTY yMcna 06/10MKOB Ha op6u-
Te. B BefyLUMX KOCMUYECKUX [epxaBax co3faHa cucTeMa KOHTPOIS KOCMUYeCKo-
ro NpoCTPaHCTBa, NpefHasHayeHHas Ans NnonyyveHUs HeobXoAMMON MHABopMaLmm
0 KOCMUYECKMX 00beKTax, C LeNbio JOPMUPOBaHNSA HEOOXOAMMBIX BO3LENCTBUIA
Ha yKa3aHHble 00beKTbl. B paiioHe 0K0/103eMHbIX OPOUT [0 BbICOT 0KO/M0 2000 KM
Haxo4uTcs, Mo pasHbIM oueHkaM, nopsaaka 220 Teic. (300 TbiC. MO AaHHLIM ¥YTpaB-
nexHnss OOH no Bonpocam KOCMMYeCKoro npoctpaHcTea, 2009 [2]) TEXHOreHHbIX
06beKTOB 06Lelt Maccoi go 5800 TOHH. Yuncno o6bekToB 60ee 1 cM He onpefe-
NeHo 1 MmoxkeT gocturate 60000 — 100000. MprmepHo 10 % BHeCEHbI B KaTasiorn ¢
MOMOLLbIO Ha3eMHbIX PajMOoNOKaLMOHHbBIX U ONTUYECKUX cpeicTB. Hanbonee us-
BECTHbI Katanoru crparernyeckoro komaHgosaHus CLUA (katanor U.S. Strategic
Command USSSTRATCOM) u poccuiickuid katanor. Oduc EBponeinickoro koc-
MWYECKOro areHTCTBa, OTBETCTBEHHbIA 328 KOCMUYECKWIA Mycop, NpefocTasnser
MPOrHO3bl COObLITUIA U OLEHKY PUCKa CTO/IKHOBEHWI B Ka4YeCTBe cepBumca 419 MUC-
cuid. O6beKTbl oTcnexumsatroTes US Space Surveillance Network, koTopas cocTas-
NAeT Katasior KOCMMYeckoro mycopa ot 5 o 10 caHTMMeTPOB Ha HU3KOM OKO/O-
3eMHoli op6uTe 1 [0 1 MeTpa Ha reoctauyoHapHoin opbute. Mo pasHbIM OLEHKaMm,
KO/IM4eCcTBO 06/I0MKOB pa3MepoM Mopsifka OAHOro MWIIMMETpa UCYMCNSeTCH
MUITIMOHAMW.

PacnpegeneHve gparmeHToB KM. [lBe TpeTU KOCMUYECKOro Mycopa npu-
xogutcs Ha Poccnto n CLUA. Ha cuety Poccum opreHTupoBovHo 5900 dparmeH-
TOB KOCMMUYecKoro mycopa, Ha cuety CLUA — 5000. 3400 thparmeHTtoB KM npu-
HaaneXxut Kutato. MeHblue y ®paHumm (okono 500 dparmeHtoB KM), y AnoHum
npumepHo 200, y NHaum 190, y EBPONEncKoro KOCMMYecKoro areHTcTsa okoso 100,
K Apyrum ctpaHam oTHocaTcs noyuty 600 dparmeHTOoB. MpuBeaeHHbIE AaHHbIE HOCST
NPUBNXKEHHBI XapaKTep, UX OLEHKM AOCTaTOYHO BbICTPO NpeTeprneBatoT U3MEHEHNS,
CBAA3aHHbIE KaK C MHTEHCUBHOW MYCKOBOW [eATeNbHOCTbIO, MPOoLieccamm B3auMofencT-
BYSt (hparMeHTOB No Keccnepy (HOBbI MyCOp, BOHUKAOLLMIA NPY CyYaliHbIX CTOSK-
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HOBEHMAX KOCMUYECKNX 0OBEKTOB Ha 0pbuTax), Tak v C NOCTOSHHO COBEPLLEHCTBY!O-
LYIMMCS METOAMI HaG/MHOAEHNS, NoACYeTa U MogenmpoBaHus [1, 2].

PacnpegeneHne mMycopa no pasmepam Ha HU3KMX opbuTax NpUMEpHO cneayet
CTENEHHOMY 3aKOHY, Ffje KONMYECTBO (PParMeHTOB PE3KO BO3PaCTaeT C YMEHbLLE-
HWeM pasmepa. M03TOMy OCHOBHas yrpo3a CTO/IKHOBEHWI MCXOAUT OT MESIKMX
(hparMeHToB Mycopa. JT¥ YacTULLbl Mycopa C/IMLLKOM MaJibl, YTOObI OTCNEXMUBATb-
cA cpefcTBaMu HabnoaeHns, HO 06/1a4atoT LOCTaTOYHON KMHETUYECKON aHepru-
eid, YTOObI HapyLMTb PaboTy aKTUBHbLIX KA.

Cneumngunyeckyro onacHocTb HeceT B cebe nageHne KM Ha 3emnto. KpynHble
00bEKTbI, HAXOAALMECH HA HWU3KUX OKON03eMHbIX OpbuTax, MOCTENEHHO CHMXa-
tOTCA M Yepe3 Kakoe-TO Bpems BXOAAT B atmoctepy. HekoTopble UX (hparMeHTbl
[OCTUratoT NoBepxHocTM 3emnu. MageHns ®KM MoXeT NprBeCTU K paspyLUeHnIo
onacHbIX 06LEKTOB Ha MOBEPXHOCTM 3emnn. HebonbLune 06beKTbl KOCMUYECKOTO
Mycopa nonafatoT B N/IOTHbIE CNOM aTMOC(epPbl NMPaKTUYECKN exXefHEBHO, 6onee
KpYMHble — HECKO/bKO pa3 B mecsl,. Mo gaHHbiM Nicholas Johnson (HACA), nou-
TV €XEerogHo OTAe/bHble (hparMeHTbl CNYTHUKOB WM pPakeT AOCTUralOT MOBEpX-
HOCTW. B cBA3M € 3TM MeXareHTCK1UM KOOpAMHaUMOHHbIM KOMUTETOM paspaba-
TbIBAETCA KOHLENUMA aKTUBHOIO yaaneHus mycopa (active debris removal, ADR).

AKTya/ibHble NPo6/ieMbl. AHaNN3 N3BECTHbLIX B HACTOALLEe BPeMs KOHLern-
LMIA yBOZA KOCMWUYECKOro Mycopa ¢ OpbuT No3BONSET CHOPMY/IMPOBaTL TPU KItO-
yeBble NPo6/EMbI:

— 3KOHOMMYECKas 1 (hn3nyecKas XMU3HeCNOCOOHOCTbL Npea/iaraeMoi CUCTeMbl
60pbL6bI ¢ KM;

— MVHUMW3ALUMSA OMepaLyoHHbIX PUCKOB, B TOM YuUCfie MUHUMK3ALMS Yrpo3
[ONOJTHUTENIBHOT O 3aCOPeHUs OpouT paboyero ananasoHa;

— He0OXOAMMOCTb CO34aHNst COOTBETCTBYIOLLE HOPMAaTUBHO-NPaBOBOW 6a3bl
419 yBOAa 0TpaboTaHHbIX 00bEKTOB, NMPUHALNEXALLMX Pa3/IMYHbIM BNafe/bLam.

AKTyaNibHOCTb 3agayn obecrneyeHns 6e30nacHOCTY KOCMUYECKUX MOMETOB B
YCNOBUSAX TEXHOTEHHOrO 3arpA3HeHUs OKO/03eMHOM0 KOCMUYECKOro MPOCTPaHCT-
Ba (OKIT) 1 CHMWXeHWUA onacHOCTY AnA 06LEKTOB Ha 3emie Npu HEKOHTPOMpYe-
MOM BXOX[EHUN KOCMUYECKNX 0OBEKTOB B M/IOTHbLIE C/IOM aTMOCHepbl N X naje-
HWUM Ha 3eM/I0 CTPeMUTENbHO pacTeT. [oaToMy MeXayHapo4HOe COTPYLHUYECTBO
no npob6siemMaTrike "KOCMUYECKOro Mycopa™ pa3BMBaeTCs Mo CreayroLwmum npuopu-
TETHbLIMW HarpasneHUsM:

— aKonorunyeckuii moHutopuHr OKI, Bktoyas 061acTb reocTauyoHapHow
opoutbl (FCO): HabnoAeHWe 3a "KOCMUYECKMM MYCOPOM™ W BefieHWe Katasora
00bEKTOB ""KOCMUYECKOr0o Mycopa”;

— MaTemaTnyeckoe MOLeNMpoBaHve "'KOCMMUYeCKoro Mycopa” 1 cosgaHue me-
XAYHapPOAHbIX MH(OPMAaLMOHHBIX CUCTEM A4/ NPOrHo3a 3acopeHHocT OKI u ee
0MacHOCTY A5 KOCMUYECKUX MOMETOB, a TakXXe MH(POPMAaLMOHHOIO COMPOBOXAe-
HWS1 COObITMIA ONAcCHOr0 CONMXKEHUS KOCMMYECKUX 06bekToB (KO) 1 MX HEKOHTPO-
NMPYeMOro BX0ZAa B NOTHbIE C/IOM aTMOCHEPbI;

— pa3paboTka crnocoboB 1 CPeACTB 3auTbl KOCMUYECKMX annapaToB OT BO3-
[eiCTBMS BbICOKOCKOPOCTHbIX YacTuL, "KOCMUYECKOro Mycopa';

— pa3paboTka 1 BHefpeHWe MeponpuATUi, HanpaBieHHbIX Ha CHUXKEHWe 3aco-
peHHocTy OKI1 [1 - 3].

MeXXayHapoAHbIi U OpPUANYECKUIA acneKTbl. Mpo6rema KOCMUYECKOrO
Mycopa MMEEeT HECKO/IbKO COCTaB/ISIOLLMX: HayuyHYH, TEXHWYECKYHO, Hopuanue-
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CKYH0, 3KOMOTMYECKYHO U TEXHOMOMMYECKYH0. PasninyHble acnekTbl npobnemsl KM
MepuoAnYeckn 06CYXKAAKTCA Ha MHOTOYMC/IEHHbIX KOMUTETaX U KOMUCCUAX MEX-
AYHapOAHbIX OpraHun3auuin, Takux kak MexzayHapofHas acTpoHaBTMYecKas gege-
pauus (IAF), KomuteT no VccnegoeaHnio KocMU4yeckoro npoctpaHcTea Mexay-
HapogHoro coeTa HayuHbix coto30B (COSPAR), MeXayHapoaHbIil COO3 31EKTPO-
cesAsn (ITU), MexayHapoaHblii MHCTUTYT Kocmmyeckoro npasa (ICJ). MocneaHue ae-
CATUNETMA Npobnema M3y4vaeTcs WM MOABEPraeTCs MEXAYHapOo4HON KOOpAMHauMKN B
MeXareHTCKOM KOOpAMHaLMOHHOM KOMUTETE MO KocMuuyeckomy Mycopy (IADC)
1 HayuHo-TexHnyeckom nogkomutete Kommrteta OOH Mo 1CMnonb308aHMIO KOCMUYe-
CKOro NpocTpaHCcTBa B MUPHbIX Uensx (STCS UN COPUQS).

MepBOil M COBEPLUEHHO MOHSATHON NPO6MEMOI ABNSETCA NpefynpexnaeHue
Aa/lbHelilero HakonieHnss KM Ha 0K0M03eMHbIX opbuTax. 3T0 03Ha4aeT HeobXxo-
OMMOCTb  CTPOroro BbIMOJIHEHUS  PYKOBOAALMX MPUHLMMOB, pa3paboTaHHbIX
IADC. BMecTe C TeM BO3HUKAET KO/IMU3MSA, CBA3aHHAA C HeobA3aTeIbHOCTbIO Bbl-
MONHEHMA 3TUX TpebOoBaHUI CTpaHaMK, peasim3yHoLMMN KOMUYECKE TEXHONOT N
1 obecneumBaroLLMMN KocMuyeckmne ycnyr. OCO6eHHO KPUTUYHBIMU ABNAKOTCA
TEXHONOrUW ABOMHOIO 1 BOEHHOTO Ha3HaYeHus, B XOLe peannsaumm KOTopbIX He
Bcerfa 06ecrneymBaroTCs MHTEPECHI MEXAYHApPOAHOr0 CO06LLecTBa.

Ele ogHa npobiiema 0UMCTKM KOCMUYECKOrO MPOCTPaHCTBa CBA3aHa C opu-
AMYECKMM CTaTyCOM KPYMHbIX (MAEHTU(PULMPOBAHHBIX) (hparMeHTOB KOCMUYECKO-
ro mycopa. HecaHKLMOHMPOBaHHBI YBOL, (hparMeHTOB MOXKET ObITb MOBOAOM /15
MEeXJyHapOoAHbIX NPaBOBbIX KONU3WiA [1 — 4].

3awmTta KA. OgH1M 13 nocneacTBuiA Takoro coctosHua gen ¢ KM asunacb
TeHAeHUMA pas3paboTkn 3awmtbl KA, nosbllleHne Tpeb6oBaHWUi K MPOYHOCTHLIM
XapakTepucTukam. MoHATHO, Y4TO abCoNtOTHYHO 3amTy KA opraHu3oBaTth KpaiiHe
C/TIOXKHO, YYMTbIBasA KUHETUYECKYIO 3HEPTU0 faxke HebosblumX ¢parmMeHToB KM.
BmecTe ¢ TeM HOBble TEXHONOMMW NPOEKTUPOBAHUA MpeLnonaraloT MUHUMN3ALNIO
Bpesa (PYHKLMOHa/IbHbIM BO3MOXHOCTAM KA Mpy NOKaSIM30BaHHbIX paspyLUeHnsaxX
yacTu annaparta. [pyroe HanpasneHve 3awntbl KA OT paspyLUeHuns cBa3aHo C Bbl-
60pOM MeHee HanpsXKeHHbIX B acrekte KM opbuT, a Takke NOBbILEHNEM MaHEeB-
peHHoCTM KA ans m3bexxaHws CTONKHOBEHWN. [MocneaHee 0COGEHHO KacaeTcs
06/TaeMbIX KOCMUYECKMX CTaHuui. Takke crnefyeT UMeTb B BUAY, YTO 3HAuUU-
TeNlbHaA Macca 00BLEeKTOB [BMXKETCA MO opbuTam B MPUMEPHO COBMAJAOLLMX Ha-
rnpasfieHNAX, TO ECTb OHW UMEIOT AOCTATOYHO Maslble pasfinyung no CKOpoCcTAM ABU-
YKEHWS B IOKa/IbHbIX 30HaX Mo Kputeputo 611M3ocTn opbut [1, 3].

TexHO/I0rMM OYMCTKU OKOM03eMHOF0 MPOCTPAHCTBA OT ()parmMeHToB KM,
Pa6oTa Haj pasnMYHbIMK acnekTamy npo6nembl KM npriBena K OXWUBMEHWIO WC-
CNefioBaHNi B 3TUX HanpaBfieHnsiX, NMPUBeKas BHUMaHWe LUMPOKOW Hay4HOI 06-
LecTBEHHOCTW. OfHAKO 3TO MO MPEXHEMY He CHUXKAeT aKTyaslbHOCTV NPOGIEMbI
OUNCTKM BNIKHETO OKOMI03EMHOI0 MPOCTPaHCTBa. oaxodbl K OUKCTKE CYLLECT-
BEHHbIM 06pa30M 3aBUCST OT pa3MepoB (parmeHToB KM, uTo, B CBOKO Ouepespb,
npeAnonaraeT pasBuUTME COOTBETCTBYIOLMX afeKBaTHbIX TEXHOMOrWiA. Bce Buapl
TEXHOMOTUIA MOXHO Pa3buTb Ha fBa 6OMbLUMX KNacca: KOHTAKTHbIE U GECKOHTaKT-
Hble. KOHTaKTHblE TEXHOMOrMY NPEeANonaratoT Hasmume CTbIKOBOYHBIX U Cy6CTbI-
KOBOUHbIX OMepaLuii, 4To BAeYeT HeOGXOAMMOCTb PELLEHWS MOKANbHLIX W F/o-
6a/bHbIX HaBUTaLWOHHbIX 3a[a4, UCMO0/b30BaHKS COOTBETCTBYIOLLErNO 060pYyA0Ba-
HIS U 3HEPreTMYECKOro 06ecreUeHus.
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[ns 6eCKOHTAKTHbLIX TEXHOMOIMIA TpeboBaHUA NO CONMMKEHMIO hparMeHTa KM
M 06CNY>KUBAKOLLErO arnnapata Mardye M Habop BO3MOXHbIX TEXHOMOMMYECKMX
noAxoAoB no yganeHnto KM, Bugumo, wipe.

B Tekywuii neprog nNpeanoXxeHo J0CTaTOMHO MHOMO NMOAXOA0B K peanv3aLmm
pa3nYHbIX cNocoboB 6opbbbl ¢ KM 1 passuTie COOTBETCTBYHOLWMX CNOCO6GOB U
TEXHUYECKMX peann3ayuii NPOUCXOANUT aKTUBHO M MHTEHCUBHO. TEeXHOMOMMYeCcKM
onepauun yBofa CNOXHbl U OMacHbl. Kocmumueckne 0610MKM pa3HOO6pasHbl Mo
(hopMe 1 MexaHU4ecKnM cBoMcTBaM. OHU XapaKTepu3ytoTCA CNOXHbLIM ABVKEHU-
eM BOKpPYT LieHTpa macc (6ecrnopsiouHoe BpalleHre, NI0CKoe BpalleHune, Koneba-
HWA C BOMbLUMMMW aMMNANTYLaMU U T. [.), YTO YCMIOXKHSET CTbIKOBKY. [lpyroe Bo3-
MOXXHO€ peLleHre COCTOUT B TOM, YTOGbI BbINOMHWUTL OMNepaLuio 3axeata ¢ NoOMo-
LLbKO BCMIOMOraTe/IbHbIX YCTPOMCTB (HanpumMep, CeTb UAKN FrapryH), BbIMYLLEHHbIX C
KA [1 - 3]. B aTom cny4ae rnaBHas TPyAHOCTb, BOSMOXHO, CBA3aHa C pa3BepTbl-
BaHMEM M HaBefjeHMeM YyCTPOICTBa 3axBaTa, KOTOpoe, KpoMe TOro, 6b1no 6bl TPy -
HO MCNOMb30BaTh B Aa/IbHEMLIEM A/ NOBTOPHBIX Onepayuii yaaneHus.

KoHuenums yaaneHns 06/10MKOB, OCHOBaHHas Ha MMMY/IbCHO-Na3epPHbIX CUC-
Temax, MeeT B 3TOM C/lyyae CyLLeCTBEHHOE NPeVMYLLECTBO, MOCKO/bKY MO3BO/IS-
eT YNpaBnAaTb AaNEKUMU LefsMn Ha opbuTe, BOSMOXHO aaxe ¢ 3emaun. K coxane-
HWIO, Ma/leHbKWIA UMMNYNbC, MOMYYEHHbI MpW abnauuy matepuana, He MOXeT
ObITb 3P PEKTUBHBIM A1 06BEKTOB € pasMepom 6onbLue 20 cm [1 - 3].

BeckoHTakToe yaaneHne KM. CylleCcTBYeT HeCKO/IbKO NOAXOM4O0B K yaarne-
HU0 KM 6eCcKOHTaKTHbIMW MeToAaMu. K ymcy nx OTHOCATCA METOAbl Ha OCHOBE
MCMOMb30BaHUA MOHHOMO My4yKa, KOTOPbIA (HOPMUPYETCS C MOMOLLBIO 3M1EKTPO-
PeaKTUBHOro ABWUraTens Wau CTPyW rasa, MeTofbl, OCHOBaHHbIe Ha MPUMEHEHUM
nasepa; MeTopl, 0CHOBaHHbIE Ha MPYMEHEHUM MarHUTHbLIX B3aMMOAENACTBUN C (K-
31YEeCKVMM MONAMMU.

OfHMM 13 NOAXO0A0B ANA peleHns npobnembl KM sBseTcs Mcnosib3oBaHue
KA — nactyxa ¢ UoHHbIM nydom (MIAN) [4 — 6] ans yaaneHnss KOCMUYECKOro My-
copa 60bLIMX Pa3MepoB 13 NePenosiHeHHbIX 061aCTei HU3KNX OKOM03eMHBbIX Op-
6uT (HOO). OCHOBHO NPUHLMN 3TON KOHLENLUMMN 3aKN04aeTCs B UCMO/b30BaHNN
MOTOKa MOHOB 3/1IEKTPOPeakTUBHOro asurartens (SP/) B kauecTse CpeacTBa, nepe-
[atoLLero crnnoBoi nMnynbc 06bekTy KM ans ero TopmoxkeHus. KoHuenums MAJ
NMeeT psAg MPevMyLLecTB No CPaBHEHWIO C APYTUMU KOHLENUUAMK, a VMEHHO:
3(hheKTMBHOCTb YBOAA, HU3KUI YPOBEHb PUCKA, BO3MOXHOCTb MOBTOPHOIO MC-
Mo/1b30BaHNA, TEXHOMOMMYECKAs TOTOBHOCTb.

MpeaBapuTenbHbIE OLEHKM NOKa3aiKn, YTo Macca 'nactyxa” ¢ TonJvMBoM He By-
[et 6onee 10 % OT mMacchbl YBOAMMbIX 06beKTOB. Tak, Ana ysoga 1,5- TOHHOro 06b-
eKTa C Kpyrosoii opouTbl BbicoToin 1000 KM Ha opbuTy BbicoToi 500 KM NOTpedyeT-
CA OKOJI0 23 Kr paboyero Tena (KCeHoHa). Takoro e nopsgka macca notpedyercs v
Ans sToporo asuratend. C y4eTom Beca KOHCTpYKuuy KA 1 apyrux ero nogcucTem
oXngaemas mMacca "nactyxa" He 6yaet npesocxoguTb 150 Kr. 15 cpaBHEHWSt OTMe-
TM, 4TO 150 Kr — 370 NpM6AN3MTENIBHO Macca TONNBa BEPXHUX CTyneHel PH ans
OAHOMMMYNbCHOrO NepeBoda MX Ha opouty ¢ nepureem 50 kv [7 — 13]. Huskwii
YPOBEHb PUCKa CBA3aH C OTCYTCTBMEM MPAMOr0 KOHTaKTa ¢ 00beKTOM. HOMWHanb-
HOe pacCTosHME MeXAy OOBLEKTOM M “MacTyxoMm™ Mo npeaBapuTe/bHbIM OLEeHKaM
coctasmT (10 — 20) m [12, 13]. MepenaBaemMblit UMMY/LC HE 3aBUCUT OT (HOPMbI 1
COOCTBEHHOIO [BWXeHUA 00beKTa. ITO NMPEeMMYLLIECTBO MPeLCTaB/IsAeTCA BECbMa Cy-
LLLeCTBEHHbIM, MOCKO/IbKY MeXaHUYeCKMe KOHTaKTbl C HeCTabunmnsmpoBaHHON (Bpa-
LatoLLelics) Lenblo NMopoXaatT TPYAHOCTM B3auMogeicTaus. CyLecTBEHHbIM Mo-
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NOXMWTENbHbIM KaYeCTBOM TaKXe ABNAETCA BO3MOXHOCTb MHOIOKPaTHOro MCMosb-
30BaHMA. KonmuecTBOo Muccuii ByaeT onpegensTbeca 3anacamMu paboyero Tena Ha
6opTy.

O6nyyeHne Heb0/bLLIOTO 06/10MKa /1a3epOM B TeYeHMe Yaca TO/MbKO 3a CYeT
[aBNeHns CBeTa NPUBOAUT K U3MEHEHUIO TPAeKTOPUM LBVXKeHMs 06bekTa 1 fasb-
HeiiLeMy ero cxofy ¢ opouTbl. YacTuyHOe ncnapeHne 06BbEKTOB CO3AaeT ABUXKY-
LLYH CUNY, YMEHbLUAET KONMYECTBO KMHETUYECKON 3Heprum dparmMeHta KM u, B
pe3ynbTate, 06ecrneymBaeT yBoj ero ¢ opbutbl. OAHAKO crefyeT 3aMeTuTb, YTO
pasBUTVE 3TOI TEXHOMOTNM HECET B cebe CO6MasH YHUUTOXeHMS "uyxunx" KA. Bme-
CTe C TeM Nla3epHas TEXHONOMNA MOXET OKa3aTbCs BeCbMa 3(PEKTUBHON 1 0becre-
4nTb GO/LLLYHO NPON3BOANTENBHOCTL Onepaumii yeoga KA ¢ paboumx opouT.

TexHONOrMm KOCMNYeCKOro HeBoda. 3TU TEXHONOTMM OCHOBaHbI Ha MCMOJb-
30BaHWUM CrneuuanbHOW CeTW, KOTopas npefHasHaueHa s 3axsaTta 06/10MKOB M MX
TPaHCMOPTMPOBKM B NJIOTHbIE C/10M atmocgepbl. Mpobnema coCTOMT B TOM, YTO Ana-
Ma3oH CKOpOCTel (parMeHToB KM AOCTaTOYHO LUMPOK, YTO 3aTPYAHSET MacCOBbIi
noaxog, K ysogy KM m3-3a BbICOKMX OTHOCUTENbHBIX CKOPOCTENA 1 HE06X0AMMOCTU
ObICTPOI MAEHTU(MKALUM (parMeHTOB, 0CO6EHHO He3HauMTe/bHbIX pa3mepos. 1o
3TO MpUYMHE MeTod "NoBAM HeBogoM" TpyfeH B peanmsauun. Tem He MeHee
Electro Dynamic Debris Eliminator (EDDE) pa3pa6aTbiBaeT 3Ty uaeto. Mo MHeHuto
pa3paboTYMKOB 3TOV OpraHU3aLmMm 3TOT METOA MO3BOJIUT 3aXBaTbiBaTb CMYTHUKUN U
Apyrve 06beKTbl, COMBLUMECS C NYTWU, Takol CeTbto. 10 MX OLeHKaM Takoi crnocob
OTHOCUTE/IbHO 3KOHOMWYEH, YA06EH 1N MOXET nepeBoanTb (parmeHTbl KM Ha Hu3-
Ky OKO/03eMHYH0 opbuTy. PaspaboTunku npegnonaratot, 4To EDDE mor 6b1 you-
paTb 0K0/10 150 061bEKTOB B TpW rofa, a 12 EDDE mornm 6bl yopats npumepHo 2500
06bekToB Ha HOO Becom 60s1ee 2 KUIOrpaMmoB 3a CeMb feT. K CoXaneHuto, He Bee
3TW OLEHKMN MPeLCTaBNATCA LOCTaTOYHO YOeAuTeNbHbIMM U 4acTo He COoAepar
OLIEHOK 3KOHOMMYecKux. LieHa Bompoca MOXET OblTb HeMason npu Yrny6/eHHOM
npopaboTKe NPo6/emMbl, MNOCKO/bKY U 3HEPreTUYeCKne, ¥ HaBUraLMoHHbIe MOAYNN B
[aHHOM 3aja4e MOryT 0Ka3aTbCA C/I0KHbIMM B peanusauum [1 — 3].

MapnyH Kak CpeiCcTBO CTbIKOBKW. Vfes ncnosb30BaTh rapnyH A1 CTbIKOB-
Ku parmeHTa KM ¢ KA onepatopoM obcyxjaeTcs ocTaTouHo AaBHo. PaspaboT-
KO 3TOl naen nocneaHee Bpems 3aHumaeTcst Electro Dynamic Debris Eliminator.
O6nacTb ee BO3MOXHOIO MPUMeHEHUS — KpyrnHble (parmeHTbl KM. Ho nges rap-
MyHa MOXET MOMy4nuTb W ApYyroe passBuTUe, CBA3AHHOE C AeCaHTMPOBaHWEM Ha
(hparmeHT KM cneymnasibHOro ctaH4apTM30BaHHOIO MOLYNS, KOTOPbI o6ecneunt
yxog (parmeHTa KM ¢ op6uTbl. Bonpoc pa3paboTku Taknx aBTOHOMHbIX MOAYNel
CBAI3aH C Pa3BUTUEM Pa3/IMYHbIX CNOCO60B YBOAA U COOTBETCTBYHOLMX MPOEKTHbIX
W TEXHOMOTUYECKMX PeLLEHWA.

[Opyroii cnoco6 3axBata (parmeHTa KM OCHOBaH Ha MCMOb30BaHUM CETKM,
KOTOpas, Kak W rapnyH, BbICTPENIMBAETCA B 30HY KOHCTPYKTWMBHbLIX 3/1EMEHTOB
(hparmeHTa 1 TeM CaMbIM OCYLLECTBSET HEOOXOAMMbIV KOHTaKT A1 NOC/ieyto-
Liero ysoa parmeHTa KM.

A3pognHamMmyeckme cucTeMbl yBOLAa KOCMUYECKMX OO6BEKTOB C OKOJO-
3eMHbIX OpouT [14]. KpucTuH MeiiTc Npeaioxun yBenmumBaTb aspofnHaMmMyecKoe
conpotueeHne KA 3a cueT NpUMeHeHUs HafyBHbIX KOHCTPYKLMIA C UCMONb30BaHKEM
Pa3/IMYHbIX (PU3NYECKMX MPUHLMMNOB MX peanm3aLiy, Tem cambIM NPUBOLA €ro K CHU-
XeHunto B atmocepy 3emnm (npoekt Gossamer Orbit Lowering Device, nnn GOLD
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System).Takas TEXHO/IOrMA 3HaUMTENIbHO COKPALLAeT BpeMs NpebblBaHMA HeyHKLMO-
HUPYHOLLIMX 06BEKTOB PaKETHO-KOCMUYECKOI TEXHIKI Ha paboueii opbute (puc. 1).

B nocnegHve rofbl NOSBUICA PsAf NMPOEKTOB KOCMUYECKUX HALyBHbIX KOHCTPYK-
umiA (puc. 1). HakonneHHbIA onbIT CO34aHMs HafyBHBIX KOCMUYECKMX aspoanHamMumye-
CKMX CUCTEM MOC/Y>KN CO34aHMIO LIeIoro K/iacca aspoayHaMMYecKmnx CUCTEM yBoga
(ACY). ACY MOXHO pazfennTb Ha e rpynnbl: ACY Ha OCHOBE OAMHOYHBIX WK
CrpynnupoBaHHbIX 060/104eK 1 ACY Ha OCHOBE pa3BépTbIBAaEMbIX MIEHOUHbLIX Kap-
KaCHbIX 1 6eCKapKaCHbIX KOHCTPYKLUMIA. CyLecTByeT 60/bLUOM MacCuB KOHCTPYKTVB-
HbIX PELLEHMIA, MHOTME N3 KOTOPbIX 3alUuLLieHbl NaTeHTamn. Ha puc. 1, 2 npefcTasneH
NPUMEP OHOTO M3 TaKMX PeLLeHWIA.

1

1 — opOuTaNbHbIN 06BEKT, 2 — KOHTeHep AN XpaHeHus ACY,
3 — CTpOnbl WKW WTaHIK, 4 — 6 — BHYTPEHHMWE NI0Ka/IbHbIE 060104KN,
7 — Hapy>XHas KOHMYeCcKas TOHKONIEHOYHas 060/104Ka

Puc. 2 — Cxema yCTPOICTBa AN151 OPOUT/IbHOIO CHUXKEHMSI KOCMUYECKUX 06BHEKTOB

Hagaye 060/104Ky NO3BOMSET YBENMUNTL MOLLAAL MONEPEYHOr0 CEUYEHUS U,
COOTBETCTBEHHO, CU/Y a3pOAMHAMUYECKOrO COMPOTUBEHUS, U 06BLEKT BYAET Mo-
CTEMEHHO CHUXATbCA A0 MIOTHBLIX COEB aTMOChepbl. [aHHas cucTeMa no3BoiuT
YMEHbLUUTL BaN/IMCTUYECKUIA KOIPHNLMEHT YBOAUMOIO 06BEKTA HA HECKONbKO
nopsAKoB. Haamys 060/104KI NPeAnonaraeTcs MPOBOANTL C MOMOLLbIO GOPTOBbIX
3anacoB rasa. [JaHHas cucTeMa NpUBEKaTelbHa C TOUKN 3peHIst MPOCTOTbI U TeX-
HUYECKOI peann3yeMocTy, OfHaKO OHa MMEET CYLLECTBEHHblE HEAOCTaTKM, TaK
Kak MofBep)keHa BO3AEMCTBUIO MOBPEXAAIOLMX (aKTOPOB KOCMWYECKOTO Mpo-
CTPaHCTBA, B YaCTHOCTU (hparMeHTOB KOCMMYECKOro Mycopa. Tak, npy nonagaHum
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(pparmeHTa KM B 060/104Ky 00pa3yeTcs OTBEPCTWE, HapyLUUTCA repMeTmsaums
060/104KN, OHa HayHET TepATb opmy U eé 3((eKTUBHOCTb PE3KO CHU3UTCA.
BcTaBHble HaflyBHble 3/1eMeHTbI (Ha puC. 2 3TO 3N1eMeHTbl 4, 5, 6) 3Ha4UMTE/IbHO
MOBBILLAIOT XXMBYYECTb KOHCTPYKLUWU. Kpome TOro, cnefyer OTMeTUTb, YTO Ha-
AEXHOCTb KOHCTPYKLUMW JO/MKHA 06ecrneynTb BO3MOXHOCTb €€ 1CMO/b30BaHUsA B
KOHLe CPOKa Cy>Obl KOCMUYECKOro annaparta, KOTopbIvi N3MepseTcs rogamu.

[JanbHelwee pa3BuTre naen NAeHOYHbIX KOHCTPYKLUIA NPUBENO K CO34aHUI0
pa3BEpTbIBaEMbIX MOAYNEN, KOTOpble NPeACcTaBNAT cO60l Knacc aspognHammnye-
CKMX YCTPOMCTB, BbIMO/IHEHHbIX C UCMO/Ib30BAHVEM Pa3/IMYHOrO BMAA MayT U TOH-
KOMJIEHOYHbIX MaTepuanos. KoOHCTpyKTOopaMu pa3paboTaHbl HECKO/IbKO KOH(UTY-
paumii ycTpoicTBa B (hopMax Luapa, Topa, 30HTa M3 HECKONbKMX CErMeHTOB, 3a-
KpennéHHbIX Ha HafyBHbIX MayTax, 1 np. [14].

3afaun, KOTopble NPUXOANUTCA peLlaTb NpW CO34aHUN TaKUX CUCTEM, CBA3aHbI
C BbIGOPOM MaTepuana U pa3paboTKON KOHCTPYKTUBHbLIX CXeM, 06ecneynBatoLLmx
Heob6X0AMMYHO MPOAO/IKMUTENBHOCTL UX 3KCMyaTauun B YCNOBUAX KOCMUYECKOTO
MPOCTPaHCTBA, a TaKXKe CXeM pa3BepTbiBaHWSA, HarnpuMep paguasibHOe BblABUXKe-
HVe, pafjuaiibHOe pacKpy4ymBaHWe, CNUpa/ibHOe pa3BEpPTbiBaHWE, CKOJb3fLlee
CK/aAblBaHne N T. 4.

Kpome Toro, aspofmMHaMuyeckas NoBepxHOCTb J0/MKHA 6bITb pa3paboTaHa Ta-
KM 06pa3oM, YTo6bl (hYHKLMOHMPOBATL B Ka4eCTBe YCTPOWCTBA TOPMOXKEHUS MPK
Nt06OM MPOCTPAHCTBEHHOM MOJIOXKEHUN CMYTHUKA. DTO MO3BOMSET MCKIHOUUTD
yBe/IMYeHNe Macchbl 3TOr0 CMyTHMKA, a Takke He0OX04MMOCTb COXPaHeHWs 3anaca
TONJIMBA NOC/IE OKOHYAHWUSA MUCCUM LAHHOTO CMYTHUKA.

MaccoBble XapakTepuCTUKM TaKMX CUCTEM NPeACTaBNATCA YLOBNETBOPU-
TeNbHbIMU, MOCKO/bKY He YBENMUMBAOT CYLLECTBEHHO MOJME3HbI BEC CUCTEMbI.
MpvMep B BuAe pe3ynbTaToB pacyeTa MacCOBbIX XapaKTepuCTUK 1S CUCTEMbI C
060/104KOl B (hopMme Luapa npeacTasneH B Tabn. 1.

Tabnmua 1
MapameTpbl a3pOAMHAMUYECKOR cucTembl “'LLiap™ ¢ yueTom BO3LeicTBUSA
(haKTOPOB KOCMMYECKOr0 NPOCTPaHCTBa /11 06ecreyveHns cpoka
6anNNCTNYECKOrO CYLLEeCTBOBaHNSA 25 neT

BbicoTa 0p6UTHI, KM 700 800 900 1000
|\'\/|/IeaHCTC; i:arpoAMHammquKoro ane- 40 163,6 471 1095
Macca cuctembl HagayBsa, Kr 0,3 1,8 15 2,1

Macca c1CTEMbI XPaHEHWS, Kr 0,75 1,92 3,9 6,81
Macca ACY, Kr 41,05 167,32 476,4 1104
Mnowaap MULenesa cedeHns, M 37 156 452 1041

PeakTuBHbI OyKcmp. KpynHble 06beKTbl HECYT B cebe 0CObYH0 OMacHOCTb pea-
nu3aumm athdexta Keccnepa, TO eCTb 0MacHOCTb BO3HUKHOBEHUS KOMIIM3NIA U KaK pe-
3yNbTaT CTONIKHOBEHUS KOCMUYECKUX OOBEKTOB Ha OpbuTe, BO3HMKHOBEHWS 0b/aka
06/10MKOB. [0 3TOl NpuyKHe crneuranuctamm MexxareHTCKOro KoMuTeTa no Kocmu-
YeCcKOMY MyCOpY MNpe/ioXKeHa 1aes U ChopmynmMpoBaHa KOHLENUMA aKTUBHOTO y/a-
NeHna KpynHorabapuTHbIX (parMeHToB KM. 3Ta KOHUEeNuus npegronaraeT co3faHue
crieuyaibHbIX CUCTEM — BYKCUPOBLLIMKOB 151 YAANIEHWA 3TUX KPYMHbIX ()parMeHToB B
M10THble con atMocdepsbl. Hanpumep, npoekT CleanSpaceOne ot EPFL npegnonara-
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eT Co3faHue creuyanbHoro cboplimka KM. DKOHOMMYECKME pacyeTbl MOKasau Bbl-
COKYH CTOMMOCTb KaXKA0/ MUCCUV Takoro npoekTa [1— 3].

ConHeuYHbIi napyc. MNpuBnekaeT BHUMaHWe pa3paboTUMKOB 1aes CONHEYHO-
ro napyca. lMpn4mH HECKONbKO, OCHOBHAsA COCTOMT B TOM, YTO COJTHEYHOE M3/TyYe-
HWe ABNSETCA NPAMbIM UCTOYHUKOM 3HEPrMU. [JaBneHne COMHEYHOro U3NyYeHus,
Kak r3nyeckmnii hakTop, MOXET ObITb MCMOMb30BAHO NPAKTUYECKN B HO60N TOY-
Ke OKO/I0CO/IHEYHOrO NpocTpaHcTBa. MOMUMO 3TOr0, COMHEYHbIV Napyc MOXeT
BbIMO/HATL (DYHKLMWN KaK MHTerpaTopa MexaHU4eckoro UMMynbeca, Tak v CYXWTb
N0WaaKon ans npeobpa3oBaHNS CONIHEYHOW SHEPTUN B 3NEKTPUYECKYHD, KOTopas
B CBOIO OYepefib MOXET ObITb NPeobpa3oBaHa B SHEPrU0 MexaHnyeckyto [2, 3, 15].

Surrey Space Centre pa6boTaeT Hag HybridSail — cuctemoid, 06beanHSIOLLENA
60NbLUOV pa3BepTbIBAEMbI OTPaXKatoLLMIA Napyc ¢ TpocaMu 4ns 6YKCUPOBKY 00b-
eKTOB C opbuTbl. CucTeMa 6yfeT CBOAUTL 0ObEKTHI C OPOUTHLI 3a CHET aspoauHa-
MUWYECKOr0 COMPOTVBNEHMA 1 0OMEHa MMMY/bCOM C 3apsXKEHHLIMM TPOCaMK U MOHO-
cthepHoii nna3moli. B 3ol cxeme crieupann3npoBaHHblil KA 10/mKeH COCTLIKOBATLCA C
(hparMeHTOM KOCMUYECKOro Mycopa, NMO0XKMB Ha4yas1o (hase Cxoja C opouTbl.

CyLLecTBYeT psf Uael, KOTopble HOCAT 31EMEHTbI HAYUYHON (PaHTACTUKM U He-
[OCTaTOMHO HAy4HO U TEXHWYECKM 0BOCHOBaHbI. MPUMEPOM CRYXUT nies ¢ uc-
NONb30BaHNEM BO/b(PaMOBOW Mbl/N.

BonbpamoBas nbisib Ha opbuTe. OTAENbHOM TPYAHOI 3adayeli 60pbObI 3a
YMCTOTY OpOUT ABNAETCA 33faya yAaseHUs Menkoro mycopa. TpyaHO paspeLuu-
MbIMW ABNAKOTCA 33a4n U 0OHAPYXXeHWs, U yaaneHns mMeskoro mycopa. CyluecT-
BYeT He OJHO3HAYHO yAauHas mges GopMmpoBaHUs obnaka BONb(PaMOBOIA MblAv
Ha opbuTe A4ns co3haHUa MeCTHOro aTMOC(EPHOro conpoTueneHuns. C yBenmyeHu-
em /1060BOro COnpOTMB/IEHNS BbICOTa OPOUT AO/HKHA MHTEHCUBHEE YMEHbLUATHCA
N MeNKue (hparMeHTbl Mycopa NMoCTENeHHO CXOAWIN Bbl CO CBOMX OPOUT B TeUeHMe
HECKONIbKUX fecsaTuneTnii. OaHaKo Bbl3blBaeT COMHEHMe Takas MoCTaHOBKa 3afa-
4K, NMOCKOMbKY HEe OYeHb MOHATHO, Ae B3ATb Takoe KOSIMYEeCTBO BO/b(PaMOBOW
nbin (YactTuubl He 6onee 30 MKM B NOMepPeYHVKE) W Kak 3Ta Mblib 6y4eT BAUATb
Ha paboTy (yHKuUMoHUpYoLWwmx KA. OHa MOXET MOBPeauTb YyBCTBUTE/IbHOE 060-
py4oOBaHve, HanpuMmep, CONMHEYHbIX NaHeneli. CnefoBaTeNibHO, €e C 60/bLIMMK
OroBOpPKaMn MOXHO paccMaTpvBaTbh TO/IbKO Kak MOZe/b MOMHOMO OYMLLEHNS 3eM-
HO OpOUTBI.

Wpaes, noxoxas Ha BapuaHT C BO/b()pPamMOBON MblNbo, Npea/ioxkeHa [yxeinm-
com Xonnonetepom n3 GIT Satellite. Mo ero MHeHWIO, B KOCMOC MOXHO OTMpa-
BWUTb PaKeTbl, 3aro/IHeHHble BOAOW. Moc/e TOro Kak OHW BbIFPY3AT CBOI Fpy3 Ha
op6uTe, NOSBUTCA MONE KPUCTaINM30BaBLLENCA BOAbI, B KOTOPOe OyaeT nonagatb
Op6UTabHLIA MYCOP M CXOAUTb C 0pbUTLI. K coXaneHuto, naes rpelumnt npoTueo-
peurem: HeMOHATHO, NoYeMy OpPOUTaIbHBLIA MyCOp HAYHET TepATb BbICOTY. MpocTo
KOMMYeCTBO Mycopa Ha opbuTtax, B BUAe KPUCTa/OB NbAa, YBenmuutca. U oygyt
3TW KpUCTaN/bl Nba ABUraTbCA C COOTBETCTBYIOLLEN OPOUT/IbHON CKOPOCTLIO MO
cBOMM opbutam [2, 3].

Teneckon ¢ nasepoM. OAHUM 13 NPOAYKTUBHBIX MOAX0A0B K OUMCTKE OKO/O-
38MHOI0 KOCMWYECKOro NMPOCTPaHCTBa OT (parmMeHToB KM Manbix pasmepoB (Mo-
PsiiKa CaHTMMETPA U MEHEE) MOXKET 0Ka3aTbCs X YBOZA C OPGUTHI C MOMOLLbIO /la-
3epa ¥ YHUUTOXeHWe B aTMoctepe 3emnn. OAHUM M3 HOCUTENEn 3Tol 1aewn sBns-
eTca Tolmkasy E6ucysaku 13 KanugopHWUIncKoro yHuBepcuTeTa. TexHUYecKuii
Op6UTaNbHBIA KOMMEKC ANs PELLEHMS TaKoii 3aaun COCTOUT M3 YeTbIPEX OCHOB-
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HbIX MOAY/eli: nasep, UCTOYHUK 3HEPrM 1S ero Hakauyku, Teneckon Ans obHa-
py>XeHust pparmeHToB KM 1 MX MAEHTUDMKALMK, a TaKKe OpoUTanbHbLIA annapat
CO CNy)Xe6GHOIM annapaTypoil 1 3HeproycTaHOBKON AN 3afay MNepemeLLeHns 1
OpVieHTaLuM B NPOCTPaHCTBe.

MpesBapuUTeNbHbIE OLEHKW MPOM3BOAUTENILHOCTM TaKOro KOMMJ/eKca Mo3Bo-
NAT YTBEPXKAATb, YTO C ero NMOMOLLbIO 60/bLUAas YacTb MyCcOpa yKasaHHbIX pas-
MEepOB MOXeT ObITb YCTPaHeHa C HU3KMX OPOUT 3a NATUNETHWUI MHTEepBaN Bpeme-
HW. KOHeYHO, cnefyeT KPUTUYHO OTHOCWUTLCA K TakMM OLeHKam, BMEecTe C TeM
naes YHUUTOXeHUs 3TON Kateropum KM Takum MeTo4oM npeacTaBnseTcs AocTa-
TOYHO peaIMCTUYHON. OAHUM M3 Y3KUX MECT ABNSETCA NOMyYeHne He06X0ANMbIX
06bemMoB 3Heprun. OuyeBUAHbI ABa TUMA WCTOYHWMKOB: ALEPHbIA U COMHEYHble
aneKTpocTaHumn. ocnegHuii npescTasnseTca 6onee NpeanoyTUTENbHBIM. B Ka-
yecTBe OMTUYECKOrO Habnogatens MOXeT WCMONb30BaTbCsH Teseckon Tuna
Extreme Universe Space Observatory (EUSO). Ero 0Co6eHHOCTW — MOLLHast ONTu-
Ka 1 LUMPOKOE MoJie 3peHnst — NO3BO/AIOT MCMOMb30BaTh Ero B Ka4ecTBe MHCTPY-
MeHTa 414 onpefenieHns HebobLMX 06/1T0MKOB Mycopa, KOTopble 1 B6yayT 06bek-
TaMU ANs YHUUTOXEHMS. MpOTOTUMNOM BbICOKO3HEPreTUYECKOro nasepa MOXEeT
CNyXuTb nasepHas cuctema CAN, kotopas 6blia CNpoeKTMpOBaHa 18 HOBOrO
MOKoneHus yckoputenein vactuy,. Jlasepbl CAN MCMONb3YIOT MacCuB M3 ThICAY
ONTOBOJIOKOH, KOTOPble AENCTBYIOT CO06LLA 1 MPOU3BOAAT MOLLHBIV NAa3MeHHbIN
MMNYNbC, KOTOPbIV cnocobeH 3ameniaTb parMeHT KM, noka TOT He Croput B
aTmocdepe 3emnu.

3BeCTeH eLLe OAMH NOAXOL K UCMO/b30BaHUIO CBA3KM MOLLHOMO TenecKona v
MOLLHOrO fla3epa. OH COCTOWT B TOM, YTOObI C MOMOLLbHO 3HEPTUM Na3epHOro nyya
YHUUTOXaTb YacTuubl KM Manbix pa3mepoB, KOTOpble MPeACTaBAst0T ONacHOCTb
AN19 3KCNTyaTUPYeMbIX KOCMUYECKNX 06BEKTOB.

MaHunynatopbl. PaclumpeHme 061acTv Op6UTANIbHOrO NPUMEHEHUS MaHK-
MyNATOPOB CBA32HO C CO34aHNEM CMCTEM 60pPbObI C KOCMUYECKUM MycopoM. Mpu
3TOM Y)XeCTouvaroTcA (PyHKUMOHa/IbHble TPeboBaHUA Kak K caMMM MeXaHu3Mawm,
TakK U K CUCTEMaM YNpaB/ieHns 3TUMU MaHUNYNSLUMOHHLIMK YCTPOMCTBaMU, KOTO-
pble npefHasHaveHbl Kak 419 3axsata parmeHToB KM, Tak v Ana pasnmyHbIX
orepawin TpaHCMopPTMPOBKM [16].

PYHKUMOHa/IbHAA CMUCTEMA COCTOMT M3 OpbUTaIbHOro Kopabns mnam cneuma-
nu3vposaHHoro KA un gparmeHta KM, coeiMHEHHbIX MHOT03BEHHbIM, KaK npasu-
N0, aHTPOMOMOP(HLIM MaHUMYNALUMOHHBIM MeXaHW3MOM, 06pa3oBaHHbIM BpaLLa-
TeNIbHbIMU KMHEeMaTUYeCKUMUK napamu MAToro Knacca. B3avMHoe nonoXeHue ane-
MEHTOB cucTeMbl "KA-MaHunynsatop—OKM" onpegensieTcs AeiiCTBMEM MOMEHTOB,
CO34aBaeMbIX B LUApPHMpaxX MaHWMynsTopa NpyvBOZaMU CTemeHeid NOABVKHOCTY.
TpyLHOCTM NOKa/IbHOM HaBUraLymn ONPeAeNnstoTCA TakKMMM CBOVCTBaMU:

— MOABMXHOCTb OCHOBaHUS MaHUMYNATOPA B MHEPLIMANIbHOM NPOCTPAHCTBE;

— Manas Macca MaHUMynAaUMoHHOro MexaHu3Ma o cpaBHeHuo ¢ maccamun KA
n ®KM;

— KOHEYHas »KeCTKOCTb 3BEHbLEB 1 PeyKTOPOB;

— Manas MOLLHOCTb fBuUraTteneii NPMBOLOB CTeMNeHen NOABMKHOCTH.

B cuny NpuHATLIX AOMYLLEHWIA KOMIMYECTBO ABVXKEHWS U MOMEHT KOMIMYEeCTBa
[BVDKEHWS CUCTEMbI OPOUTA/IbHBIA KOpab/ib — MaHUNYNSTOP — MOME3HbIN py3 He-
N3MEHHbI:
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mV1+m,V 2 =0,
1V 1+myVv 2 (1)

mir1xVi+Jdio1+myr2xVa+J,m2 =C,

roe my, my — maccbl KA n ®KM CcOOTBETCTBEHHO; J 1, J , — TEH30PbI MHEPL

OTHOCUTENLHO LieHTpa Macc OK u I COOTBETCTBEHHO; r1,r2 — PavyChi—

BEKTOpbI LieHTpoB mMacc KA n ®KM cOOTBETCTBEHHO OTHOCWUTE/IbHO MHepLmab-
Horo 6asnca C Haya/ioM B LeHTpe Mmacc cuctembl KA-maHunynatop—-®KM;

V 1,V 2 — NnHeiiHble ckopocTh LeHTpoB Macc OK 1 M cOOTBETCTBEHHO OTHOCK-
TENbHO TOrO Xe 6a3nca; 0_31 , c_oz — yrnosble ckopocT KA 1 ®KM co0TBETCTBEHHO

OTHOCUTENbHO TOro e 6asunca; C — MOCTOSHHbIA BEKTOP, Onpefensemblii Ha-

YaNbHbIM MOMIOXXEHVEM U Hayda/bHbIMK cKopocTaMn KA n ®KM, O — Hynesoi
BEKTOP COOTBETCTBYIOLLIEN Pa3MEPHOCTM.

Mogenb LeMOHCTpUpYeT TPYLHOCTU Kak Bbl6opa napameTpoB Takoro KOCMu-
YeCKOro 06beKTa, Tak U TPYAHOCTY (hOPMUPOBaHNSA COOTBETCTBYIOLLIMX AMHAMUYE-
CKVX PEXXMMOB B NPOLecce peanv3aLmm Heo6XoANMbIX YHKLWIA.

BekTtop 0606LLeHHbIX KoopauHat X =[X4, X5, ... x6]T , rae T — CUMBON TpaHc-

MOHVPOBAHUSA, 3/IEMEHTbI KOTOPOro — Yr/lbl B3aVIMHOIO NMOBOPOTA CMEXHbIX 3BEHLEB
KMHEMATUYECKOW LIen B LLIApPHMPax PbICKaHKSA NeYa, TaHraXxa rneya, TaHraxa noKTs,
TaHraXa K1CTW, PbICKaHUA KUCTU M KPeHa KUCTU COOTBETCTBEHHO, OHO3HAYHO Orpe-
[enseT KOH(Urypauuio MaHunynstopa. B MpuHATBIX 0606LLEHHbIX KOOpAMHATaxX
ypasHeHNsA AnHaMUKK cucTembl OK—maHunynatop-T1I nvetoT Bua;

AX)X +B(X , X ,C)=M, (2)

rae X ,X — BEKTOpbl, aNEMEHTbI KOTOPbIX COOTBETCTBEHHO MEpBble U BTOpbIE

NPOM3BOAHbIE MO BPEMeHN OT anemMeHToB BekTopa X ; A(X) u B(X,X,C) -
MaTpuLbl, 3/1EMEHTbI KOTOPbIX 3aBUCAT OT 3/1EMEHTOB COOTBETCTBYIOLLMX BEKTO-
pos; M =[M1,M2,...M6]T — BEKTOP MOMEHTOB, CO3JaBaeMbIX MpuBOLamu B

COOTBETCTBYHOLLMX LUAPHUPax. OTMUNTENIbHOWM 0COBEHHOCTBLIO CUCTEMBI (2) ABNS-
eTCcs y4eT MOABMXXHOCTM OCHOBaHUS MaHWnynsTopa 6e3 yBennueHUs nopsgka

AntdepeHUmanbHbIX ypaBHeHWiA. Mpn n3sectHoM BekTope C , 04HO3HAYHO Onpe-
[eNsSieMOM HayYa/lbHbIMU YCOBUAMM, cucTeMa (2) WecTn 06bIKHOBEHHBIX Audde-
PeHLUMabHbIX YPaBHEHWIA BTOPOro Mopsjka OTHOCWUTENbHO LUECTU He3aBUCUMbIX
00006LLeHHbIX KoopanHaT X MOMHOCTLHO OMUCLIBAET ABWKEHME MexaHW4ecKow
cucteMbl OK—manunynatop-MIr B nHepumnasibHoM 6a3nce. CHUXeEHUE MNopsifKa
CUCTEMBI AuddepeHLManbHbIX YPaBHEHW B paMKax NPUHATBIX LONYyLeHUiA foc-
TUraeTcs UCMo/b30BaHWEM MEPBbIX UHTErpasioB ABMxeHus (1).

Kocmuyeckue Tpocosble cucTeMbl (KTC). KTC Ha NpOTSXeHUN [eCATKOB
NeT paccMaTpuBaroTCA KakK O4HO M3 NepCrneKTUBHbLIX HanpasieHWi pasBuTua Koc-
MOHaBTVKM [1 — 4]. B nocnegHve rofbl 60/bLI0e BHUMaHUE UCCnefoBaTenei yae-
nsetcq anektpoauMHamuyeckum KTC (3AKTC) 1 ux Mcnonb30BaHWMo 418 co3fa-
HUS 3 PeKTMBHBIX CPEeACTB yBOAA OTpaboTaBLUMX CBOM CPOK KOCMUYECKMX anna-
paToB U CTYMNeHen pakeT-HOCUTeNel C HU3KMX OKO03eMHbIX opouT [3, 4, 7 — 12].
MpumeHeHve SAKTC ana peweHuns aTux 3agad NpeacTaBnsieTcs MHOroobeLlato-
MM 1 3KOHOMUYECKM LienecoobpasHbiM [1, 5, 7 — 14].
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Co3sgaHve agpdpekTrBHbIX SAKTC cBA3aHO C peLLeHeM CNOXHbIX B3aMMOCBS-
3aHHbIX MPO6NeM AWHAMUKN KOCMWUYECKMX TPOCOBbLIX CUCTEM, (U3VKM MNasmbl,
3NEeKTPOAVMHAMUKN, MEXaHUKM U (PU3MKN KOCMUYECKOTO MNosieTa, TePMOAVHAMUKMN.
CNOXHbIA MeXAUCUMNAVHAPHBIA XapakTep MCCneayeMblX 3agad, TOHKWe creuu-
(hmueckme addpekTsl, Nposenstowmecs B 34KTC 1 okasblBarolMe Ha ee paboTy
CYLLECTBEHHOE B/IMSIHWE, CO34al0T OOBLEKTMBHbIE TPYAHOCTU peasim3aummn 3Toro
noaxofa K npobsieme OYUTKN OKOI03eMHOI0 KOCMUYECKOTrO NMPOCTPaHCTBa.

Ecnmn paccmatpusath nNpo6siemMy yBoja KOCMUYECKOro Mycopa, TO OCHOBHOE
BHUMaHVe B WCCNeA0BaHWAX YAEeNseTcs rpaBUTALMOHHO CTabuIM3NPOBaHHO
3AKTC [8 — 11]. K HacTosiLLEMY BPEMEHW B 3TUX UCCNEA0BAHUSAX MOSTyHYEHO 60/b-
LLIOe KO/MYECTBO COAepXaTeflbHbIX pe3ynsTaToB. [NpefnoxeHa MoAenb B3avMO-
penctena 3AKTC ¢ noHochepHO nnasmoid, 1 nokasaHa 3hheKTUBHOCTb Or0NeH-
HOro nNpoBoja Ans cobupaHna U3 MoHochepPbl 3NEKTPOHHOIO Toka [8, 11, 15]. Pe-
3ynbTaThl uccnefoBaHus avHamnkn SAKTC nokasblBaloT HEYCTOMYMBOCTL ee pa-
AVaNnbHOTO MOMOXKEHUS, CBA3AHHYKO C pe30HaHcaMy KonebaHWin cUcTemMbl OTHOCU-
TeNbHO LieHTpa Macc v AeincTerem amnepoBbix [1, 3] n aspognHammnyeckux [1, 16]
MOMEHTOB. JTa HEeYCTOMUMBOCTb CYLLECTBEHHO 3aTPYAHSET peann3almio NpoekTa
co34aHns aPMeKTUBHOI CUCTEMBI YBOAA HA OCHOBe paguanbHoi SAKTC.

Heobxoanmblin ahthekT ans yeoaa parmeHta KM ¢ paboyeit opbutbl 4ocTu-
raetca 6narogaps cune JlopeHua, aeiicTBytowleli Ha 3apsabl KTC [17].

[ns nonyyeHns afgekBaTHON MaTemaTU4ecKoin mopgenu AswkeHust SOKTC
HEO6X04UMbI 3KCMEPUMEHTa/IbHbIE [aHHble, YTO CBA3AHO CO CIOXHOW Hay4yHO-
TEXHUYECKON 3afayeil co3gaHns aKCrnepuMeHTa/IbHbIX CUCTEM. ITO ABNSETCA Ha
TEKYLMIA MOMEHT CLEPXMBAOLLMM (DaKTOPOM PasBUTUS TEXHOMOTUW NPUMEHEHNS
3AKTC ans 3agad yBoga thparmeHToB KM [18 — 20].

Co/lHeYHble 3neKTpocTaHUMM Kocmuyeckoro 6asmpoBaHns (COCKBE).
MpakTUYecKn BCe WM3BECTHbIE TEXHOMOrMYecKre pewleHns ysoga KM ¢ paboumx
opbuT TPebyloT HaNMuMs 3anacoB 3HEPrMn B OLHON M3 ee hopm peanusauyuu. B
YCNOBMAX KOCMWYECKOr0 MPOCTPaHCTBA Hanbosiee ecTeCTBEHHbIM WCTOYHWUKOM
3Hepruu sasngeTca usnyyeHme ConHua. Moatomy npesacTasnseTcs NepcnekTUBHbLIM
ucnonb3oBaHne COCKB ansa 3agay obecneyeHns B NMepByt0 0Yepeb IHEPTrOEMKMNX
MPOLLECCOB MpW peannsaumm Taknx TEXHOMOMMMA, Kak 6eCKOHTaKTHbIE TEXHOM0MN
C 1CMO0Nb30BaHNEM MOHHOIO flyya U nasepHble TEXHONOMUN.

B HacToswee Bpems uccnegosaHus ¢ COCKB npoBogAaTcs KOCMUYECKUMU
areHtcteamu CLUA, AnoHun, Poccnn v YKpanHbl. BO3MOXHOCTL CTpOUTENLCTBA
TaKUX CTaHUMIA m3y4aeTca Takke BO ®paHuun, MepmaHum n KaHage. A Takue
KomnaHun Kak Boeing Aerospace Corp., Lockheed Martin, Grumman Aerospace
Corp., Rockwell Inc., EADS Astrium, Ontario Power Generation, Space Energy
Inc. 1 Kb nM. J1aBOYKMHa Y)XXe BbIMONHAKOT MpakTUYeckne paboTbl, CBA3aHHbIE C
CO3aHMeM COMTHEYHbIX 3M1EKTPOCTaHLMIA KOCMUYECKOr0 6a3MpoBaHus.

MogaynbHble cucTembl yBoga. Mpo6nema KM npeanonaraeT Kak npoLeaypbi
OUNCTKM OKO/I03eMHOT0 KOCMWYECKOTr0 MPOCTPaHCTBa (aKTUBHOFO YAANneHus my-
copa (ADR), TaK 1 NpefoxpaHeHWe 3TOro0 NPOCTPaHCTBA OT AaNbHENLLero 3arpss-
HeHus. MocneaHee, B CBOK Ouyepedb, MpeAnonaraeT paspaboTKy CreuyabHbIX
TEXHOMOTUIA yAaneHns ¢ pabounx Op6WT HedyHKLMOHUPYHOLMX KOCMUYECKUX
06beKTOB [14]. OgHUM 13 HanpaBneHuii pa3paboTKN TaKUX TEXHOMOTIA SBNSIETCS
CO3/1aHe YHU(MLMPOBaHHbLIX MOAYNelt YBoAa PasroHHbIX 6/10K0B U KA ¢ pabourx
op6uT. Takne Mogynnm MOTyT 6biTb Pa3paboTaHbl Ha OCHOBE aKTUBHbLIX U MaccuB-
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HbIX cucTeM. lMepBble NpegnonaraloT UCMOMb30BaHME Pa3/IMYHbLIX [BUraTeneit C
3anacamMy paboyero Tena, MocrefHne MOryT 6biTb WCMO/b30BaHbl B NMacCYBHOM
peXume, To ecTb 6e3 3aTpaT paGouero BellecTBa. K TakuM OTHOCATCS, Hanpumep,
a9POANHAMNYECKME CUCTEMbI, 3/IEKTPOAVHAMMUYECKME TPOCOBbIE CUCTEMbI, CUCTE-
Mbl, CMOMb3YIOLLVE 3aMackl MarHUTHON 3Heprum 1 ap. Takue Moay/n yCTaHaB/ -
BAlOTCSA Ha COOTBETCTBYIOLLMI KOCMUYECKMIA 06BEKT M BKMIOYATHOCH B PaboTy, ak-
TMBMPYIOTCS, MOC/E OKOHYaHWS aKTVBHOW (asbl (YHKLVOHMPOBAHMS KOCMUYe-
CKOro 06bekTa. Kpome TOro, Takme Moy MOTYT 6bITb ANCTAHLMOHHO YCTaHOB-
NeHbl Ha (parmMeHTbl KM 1S X yaaneHus.

CepBucCHble onepauun. OAMH 13 HOBbIX acrekToB Npobnembl KM cBsizaH
CO3/IaHMEM MEPCMEKTVBHBIX TEXHOMOMWIA — CEPBUCHBIX OMepaLyili B KOCMUYECKOM
npocTpaHcTBe. CepBUCHbIE CUCTEMbI, C OAHOI CTOPOHbI, MO3BONST NPOAUTL CPO-
Kn nonesHoii pa6oTbl KA, ¢ Apyroii — no3BonsT 06ecneunTb Npy HE06X0AMMOCTM
yBO/, 0TPa60TaHHbIX KA 13 KOCMMYECKOro NpocTpaHcTBa. MNpeanonaraetcs, B Ya-
CTHOCTW, 0BC/YXWBaTb B NEPBYHO OYepeb METEOPONOTMYECKIE CTYTHUKM 1 anna-
paTbl AUCTaHLUMOHHOIO 30HAMPOBaHMS 3eMNM, Kak Hanbonee PacrpoCTpaHeHHbIe
MPaKTUYECKME CUCTEMbI. B 3Ty KaTeropuio nonafjatoT TakKe HaBUraLMOHHbIE U
CBSI3HbIE CMYTHVKW. MocnedHWe, Kak MpaBWU/io, PacronoXeHbl Ha reocTalyoHap-
HbIX Op6WTax, SBNAKOTCA AOPOTVIMM, CMOXHBIMWA U TPOMO3AKUMI KOMMIEKCaMU.
CepBu1CHble PEFNMAaMEHTbI TaKUX CMYTHUKOB HECYT 3HAUMTENIbHYHO SKOHOMUYECKYHO
Bbirogy. K uncny cepBuCHbIX Onepawuii B MepByto ouepeab OTHOCAT Takue onepa-
UMK, Kak ocMoTp KA, 3amMeHa OTAEeNbHbIX G/I0KOB, PacKpbITVe aHTEHHbI, HapalLu-
BaHME WM 3aMeHa COMHEYHbIX MaHenel, fo3anapaBka TOMIMBOM, 0GecreyeHue
Op6UTaNbHOr0 MaHeBpa, PEMOHT 3aLLTHBLIX MOKPLITUIA, CbeM UHDOPMALMOHHBIX
MOZyneii, 3aMeHa 06bEKTMBOB, HaCTPOIiKa aBTOMAaTUUECKUX CUCTEM 1 fp. Haunbo-
nee BEPOSTHON (DYHKLIMOHANbHOV CXEMOW CepBKUCHOrO anmnapata GyAeT MunoTu-
pYeMblii BapuaHT. Bnpouem, BMo/HEe BO3MOXHA peannsauysi GecrMOTHOW KOH-
Lenuum1, OCHOBaHHOW Ha MoAxodax, NpeanofaratolyX CepBUCHbLIE Onepauumn C
MOMOLLbH0 OMepaTopa, KOTOPbIi HAXOAMTCS Ha 3eMHOIi MoBEPXHOCTM [16].

Kocmuyeckmnii Mycop — pecypcbl MHAYCTpUM Ha opbute [21]. OcHoBoiA
6ONbLUMHCTBA TEXHOMOMMI 60pbObI C CYLLECTBYHOWMM KOCMUYECKUM MYCOPOM
ABNAETCA NAeA ero yBofa Ha H13Kve opbuTbl, C TeM, YTOObI OH Cropas Npu BXOZe B
MNOTHbIE CNon aTMocgepbl. Yem Bobilwe opbuta KM, Tem 60/bLue 3aTpaT 3Heprum
Heob6XoAMMO ANA ero yBoja B aTMoCepy 418 YHUUTOXeHUA. BmecTe ¢ Tem B Ha-
CTOsLLLee BPeMSi Ha KOCMUYECKMX OpbWTax MO pasHbIM OLEHKaM HaxoauTcA [0
7000 TOHH KOCMMWYEeCKMX 06/IOMKOB, COLEPXaLLMX B CBOMX KOHCTPYKUMSAX LOPO-
roctosiLne matepuasbl. BoiBefeHe 04HOro KnnorpaMma mMaccbl Ha opouTy CTouT
[0CTaTOYHO [OPOro. B 3aBMCUMOCTM OT BbICOTbI OP6UTLI — 10 ThIC. 40NN, U BONb-
we. Mo3TOMy MMeeT CMbIC/T PACCMOTPETL CyLlecTByoWwmMin KM He Kak Mycop, a
KaK OfIMH 13 BUA0B PeCYpCcoB 6/IMXKHEro Kocmoca.

Bo3HuKaeT HOBas 3afada, 3agadva ytunmsaumm dparmeHtos KM. Ha nepsom
ee aTarne Hy>Ho cobpaTb BCe 06/I0MKM B HECKO/IbKO K/IaCTEPOB, KaXAblA U3 KOTO-
pbiX OyAeT pasMeLLeH Ha OAHON 13 OpouT yTunmusaummn. O6N10MKM 13 OKPECTHOCTEA
3TMX OpbUT BYAYT TPaAHCMOPTMPOBATLCA He Ha AaleKyto 3eM/ito, a K 6/IKHeMy
LEeHTpY yTunmnsaumn. Takum 06pa3om, MOXHO paspaboTtaTb 60/ee felueBble TeX-
Honoruu céopa KM ¢ 0fHO CTOPOHBI, C APYroi — COXpaHWUTb MX Kak MaTepuas
Ans Gygywelii MHAycTpranmM3aumm Kocmoca. HeckonbKo AecAaTKOB U Aaxe COTeH
LIEHTPOB YTWUAM3aumnu He ByayT yrpo3oi Ans yHKunoHnpyrowmx KA.
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Ha nepsom aTane cnegyet BbINONHATL KacTepu3auuio opouT Ansa onTummnsa-
UMK pasMelleHns opbut ytunmsaumn. Hanpumep, knactepbl opout KM moryt
ObITb CHOPMUPOBAHBI MO KPUTEPUAM 6/IM30CTU OLHOTO UM HECKONBbKUX NX 0pbK-
Ta/IbHbIX MapamMeTPOB Ha OCHOBE [jaHHbIX KaTanoros ®KM.

Hannume cobCTBEHHOrO Katasiora Wan SOCTYrN K MHOMY OTKPbITOMY ¥ O6HOB/ISie-
MOMY KaTasiory napametpoB op6ut KA no3BosisieT OCYLLEeCTBAATb Ga/IMCTUYECKUIA
aHanu3 3anonHeHns OKI opbrtamm KA pasnmyHoro hyHKLMOHaIbHOr0 Ha3HaueHws.

B HacTosLee BpeMs NOMHOLEHHO (PYHKLMOHUPYIOT U NOALEPXKMBAIOT B aKTy-
a/lbHOM COCTOSHWUM AMHaMUYECKMEe KaTasiorn 06bLeKTOB WMCKYCCTBEHHOIO Npowc-
XOXAEHWNA TONbKO [jBEe CUCTEMbI CPELCTB HAOMOLEHNSA N KOHTPONS KOCMUYECKOTO
npoctpaHcTea (CKKI) B CLUA 1 B Poccun. OHM co3gaBannch Ans 06HapY>XXeHUS
KO, npefcTaBnstoLLMX ONaCHOCTb C BOEHHOW TOYUKM 3peHus. [N pelleHns 3Tol
3aflaun opraHv3oBaHbl OGHApPYXXEHWE W KOHTPO/b ABMXKEHUS HEe TONbKO [LeCT-
BytoLmMx KA, HO 1 BCeX OCTa/lbHbIX KPYMHbIX KO.

Katanor NORAD exefHeBHO Ny6nvKyeT napameTpbl opout 601ee 15000 KO.
Kpome Toro, ny6nvkytoTcs napametpbl 0pomut KA pasiMyHoro yHKLUMOHaIbHOIO
Ha3Ha4eHwWs, CrpynnmnpoBaHHbIe B OTAeNbHbIe (aitnbl. Ta MHopMaLMs LOCTYMNHa
B ceTu VIHTepHET B BUAe TEKCTOBbLIX (hainnoB (cM., Hanpumep, http://www.space-
track.org) , 0GHOBNSAEMbIX NHOT4a HECKO/bKO pa3 B CYTKM.

B0O3MOXHOCTb OrpaHNMYeHHOro LOCTyNa K akTya/lbHOMY KaTtasiory napameTpoB
op6ut NORAD (06begMHEHHO CMCTEMbI a3pOKOCMMYECcKol 060poHbl CLUA n
KaHazbl) no3sonunna npoBecTy 6anMCTUYECKUA aHann3 3amnofiHEHUS OKO/03eM-
HbIX OpoUT KA pa3fiMyHOro HasHayeHus.

Ha puc. 3 npefcrasneHa 6/10K-CxemMa KaccuuKaLmMm OKOMO3eMHbIX OpouT
KA. TIyHKTMPHbIE NIMHNM YKa3blBatOT HA HEOLHO3HAYHOCTb OMpefeneHns NpuHaa-
NEXHOCTU K rpynnam 419 HEKOTOPbIX K1acCoB OpouT.

OpOuTh » CBepXxBbICOKKE OPOUTHL
Cpenne-
—  Huskue P Bricokne
BEICOTHBIE
Yy
v ,
ConneuHo- i) Kpyrossie < I'eo- | Beicoko-
CHUHXPOHHBIE | | | HOMYCYTOUHBIE | | CHHXPOHHBIE SIUTHITHYECKIE
| | DnnunTuyeckue
Op6uTsi | Op6uTsl : ['eocraumo-
~p < ! TIEPEXO/IHBIE Ha
3ax0poHeHus 1 3aXOPOHEHNS 2 HapHas opOuTa Ico
OpOuthl TUNA
“Monuus”
Opbutsl

3aX0poHeHus 3

Puc. 3 — Bnok-cxema KnaccumKaLmsa 0KOI03eMHbIX 0pouT

43



AHanus 3anonHeHns OKIM KA pa3fiMyHoro HasHauyeHus LenecoobpasHo npo-
BOAMTL NOC/e nepecyeTa HabopoB OpbUTa/IbHBIX 3/1eMEHTOB KaTanora KA K ken-
NePOBCKUM 3/1eMeHTaM OpOUTbI U BU3yan3aLumn C WCMoJIb30BaHNEM COCTaBHbIX
rmcTorpamMmm pacnpegeneHuini konnyectsa opout KA. Hanpumep [22], ructorpam-
Mbl, MPeACTaBNeHHble Ha puc. 4 — 5, n306paxxatoT Ha 06LLmMX rpadmkax pacrpege-
NeHMA 4acToT KonmyecTBa opouT KA CBA3W, HaBuraumm U AUCTAHUMOHHOIO 30H-
anpoBaHusa 3emin ([33) B 3aBMCMMOCTW OT KEMJIEPOBCKMX 3/1EMEHTOB OpPOUTHI.
YacToTbl Konnyectsa opout KA 0TKMaabIBatoTCs NO N1EBON OCK, a 3HaYeHWs Kenne-
POBCKMX 3/1EMEHTOB OPOUTBI — MO HUKHEN OCMW.

Ha ocHoBe nofo6HOro aHasmsa MoryT ObiTb Bbl6paHbl OpPOUTLI YTUAN3ALMN,
onTUMaibHbIe NO 3aTpaTaM 3Hepruu Ha nepesog ®KM, KOTOpble Haxo4AaTcsa Ha
6/1M3KMX NO BbI6PaHHOMY KPUTEPMIO OpBMTaXx.

B HacTosLlee Bpems [OCTaTOYHO Pe/belHO BbIPMCOBLIBAKOTCA BO3MOXHOCTU
CO3[aHNs TEXHONOMMYECKMX MOZLY/IE Ha OKONO3eMHbIX opbuTax. MpumepomM Mo-
ryT CNY)XUTb TEXHOMOMMMW, pa3BrBaeMble KomnaHuedr Made In Space, M3BeCTHOM
KaK KoMnaHus, paspaboTtasLias 3D-npuHTepbl, Haxogsawmeca Ha 6opTy MKC. Ac-
TPOHAaBTLI Y>Ke He pa3 UCMonb3oBain 3Ty TexHonorno Ha MKC ana neyatu pas-
NNYHBIX NPeSMeTOB.

Co3fgaHvie KOHCTPYKLMIA He Ha NMOBEPXHOCTY 3eM/n, a B YCIOBUAX MUKPOrpa-
BUTaLMN MO3BONUT AenaTb KOHCTPYKUWUW NIErKUMWU, MEHee rpOMO3LKMMUN U 3aLin-
LWeHHbIMKU. [Jonsa Maccbl M 06beMa Mone3Horo 060py0BaHNSA Ha TakMxX 06beKTax
OyfeT 3HauMTEe/IbHO Bbille, YeM Ha 0ObeKTaxX, M3roTOB/IEHHLIX Ha MOBEPXHOCTU
3emnn. Takoe obopynoBaHuWe ByaeT 3KOHOMUYeCKM 60onee ath(heKTUBHLIM, 06Na-
fas npu 3ToM 60/1bLLUMMY BO3MOXHOCTAMMU.
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Puc. 4 — PacnpegeneHue konmnyectsa opomt KA no BbICOTe anores
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Puc. 5 — PacnpegeneHue Konnyectsa opomT KA Mo HakNOHEHUto

Ha puvc. 4, 5 ucnonb3ytotcs cregyrowie 0603HauYeHNs: oOAnHapHas LITPUXOB-
Ka — KA cBSi3W, 4BOliHasA LUTPUXOBKA — HaBUraunoHHble KA, 4epHblil ugeT — KA
A33.

B HacToswee Bpema Made In Space feMOHCTpUpYeT BUAEO-PeHAEPUHT 6osiee
KPYMHOI CUCTEMbI — TEXHOMOTMYECKON nnatgopmbl Archinaut, KoTopas N03BO/S-
eT OCYLLeCTB/IATb aBTOHOMHOE MPOU3BOACTBO U COOPKY KOCMUYECKUX CUCTEM Ha
opbute. Archinaut B nepcrnekTMBe CMOXET MPOU3BOAUTL M COOMpPaTb 60/bLIOE
060pyf0BaHMe, TaKoe Kak CMyTHUKM UK AaXKe KOCMUYecKas CTaHuus. PaspaboTka
Archinaut paclumpseT Npon3BOACTBEHHbIE N MOHTaXXHbIE BO3MOXHOCTW B KOCMO-
ce. B yacTHOCTM, KOMMaHWA HamepeHa co34aBaTb KOCMUYECKMe annapaTb! NpuH-
UMNWanbHO HOBOW KOHCTpyKUmW. C nomouibto Archinaut MoXHO OyaeT, Hanpu-
Mep, NMPOM3BOANUTL U COOMPaTb MarucTpasibHble CTPYKTYpbl 4S9 60MbLIKX Tene-
CKOMOB, PEMOHTUPOBATL, AOMOJHATL WM NOBTOPHO MCMO/b30BATh CYLLECTBYHO-
LLiMe KOCMUYecKre annapatbl 1 6ecnunoTHbIE COOPKM HOBbLIX KOCMUYECKNX CTaH-
uui.

Kocmunueckne KOHCTPYKLUK, cobpaHHble ¢ nomoLubio Archinaut, 6yayT on-
TUMU3MPOBaHbI NS YCOBUI HEBECOMOCTU, a He A/ cpefpbl 3anycka. 3T0 N03BO-
NNT 3aKa3umKam 3KOHOMUTL Ha 3aTpartax. B Made in Space paspabotann ESAMM,
"pacLUMpPeHHYIO CTPYKTYpy [ANS NPOM3BOACTBA AOMONHWUTENbHbIX AeTanei”. Ee
KOHCTPYKLWS HE MMeeT OrpaHM4eHHOn o6nactu nevatn. Ee HasbiBatoT "npuHTEp
Han3HaHKy". MpuHTEp pasmepom 30x20x50 cM MOXKET M3roTOBUTL (hepMy ANNHON
B HECKOJIbKO METPOB WK Aaxe 60/bLUe, LOCTATOYHO TO/IbKO CHabXaTb ero aHep-
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rveil n cbipbeM. MPUHTEP CMOXET MCMO/b30BaTb MECTHbIE PECYPChI, B TOM UuMC/e
rnepepaboTaHHbIi KOCMUYECKMIA MYCOp U MaTepuasbl, JO6bITbIE C MOBEPXHOCTM
acTepomaoB. 3TO MOXET CTUMYNMPOBaTh MPOEKTbI c60pa KOCMUYECKOrO Mycopa
3a CYET NOSBNEHUS TaKMX IKOHOMUYECKMX CTUMY/IOB.

3akstoyeHve. Hay4Hble 3agaun. MNMpobnemMa KOCMUYECKOro Mycopa, AB/ISSCH
KOMM/IEKCHOM, MMEET LUMPOKMWIA CNEKTP pasINYHbIX acreKTOB peLLeHUs AaHHOM
npo6nembl. 10 3TON NpUYMHE, B CBA3M C HEOOXOAMMOCTLIO 60pbLOLI C KOCMUYe-
CKMM MYCOPOM, BO3HMK KOMI/IEKC HAYYHbIX U TEXHONOrMYECKUX 3ajad, MopoX-
[EHHbIX 0COBEHHOCTAMM yKa3aHHOV Npobnembl. K uncny TakoBbIX OTHOCATCS Ce-
JyloLLme 3afa4u:

— CO3aHne MOAenei NPOrHO3MPOBaHMA MOBPEXAEHWA. AHaNM3 TEXHONOT WA
3alUMTbl. IKCMEPUMEHTa/IbHbIE WCMbITAHNA BbICOKOCKOPOCTHOIO CTO/IKHOBEHUS
(High Velocity Impact - HVI);

— paspaboTka crnocoboB 6GoOpbObLI C MycOpoM B (opmate CTaH4apToB
(Mitigation and Standards), KoTopble OnpefenstoT OCHOBHble Mepbl N0 60pbbe ¢
MYCOPOM, YMEHbLUEHNA Yrpo3 M NAacCUBHON 3alimTe OpbUTaNbHbIX OOBEKTOB.
Pa3paboTka 1 MOAepHM3aLMsA Ha3eMHBIX Y KOCMUYECKMX N3MEPUTESTbHBIX CPELCTB,
pa3BuTHe 6a3 faHHbIX 1 METOLOB aHa/mM3a PacnpocTpaHeHUs KOCMUYECKOro Myco-
pa Ha OCHOBE MHCTPYMEHTa/IbHbIX U3MEPEHNIA;

— mogenunposaHue n ontuMmsaumsa puckos (Modelling and Risk Analysis) Ha
OCHOBE aHa/In3a XapakTePUCTUK TeKYLLEero n 6yayLlero pacnpocTpaHeHus KOCMu-
YECKOro mycopa, passuTus MeTOA0B OpOMTa/IbHOrO aHain3a M OLEHKN PUCKOB
CTO/IKHOBEHMS, OCHOBaHHbIX Ha CTaTUCTUYECKUX MOZLENAX PacrnpocTpaHeHus, fe-
TEPMUHUCTUYECKMX KaTaslorax u akTMBHOM YK/IOHEHWW;

— pa3paboTka Mogeneil runepcKopoCcTHbIX CToNkHOBeHUA (Hypervelocity
Impacts and Protection). Mogenn npegHasHayeHbl ANS OLEHOK BO3MOXHOCTEN
NacCMBHOM 3alWTbl U 3KpaHMPOBaHUA 06bEKTOB. Pa3paboTka KoHUenuuu yaane-
HMsA KocMmmyeckoro mycopa (Space Debris Removal Concepts). Pa3paboTka akTuB-
HbIX CMOCOGO0B YAa/IeHNS KOCMUYECKOr0 MycOpa — Ha3eMHbIX U KOCMUYECKMX.
Pa3B/TVe HOBbIX NOAXOA0B K aKTMBHOMY YAaNeHUI0 MeNKUX (hparMeHToB Mycopa
Ha OCHOBE M3MeHEeHWs napameTpoB aTMochepbl (HanpymMep, UCNosb30BaHWe obna-
Ka MWKPOHHOI NbiaKn) AN co3faHns ahheKTUBHbIX CU CONPOTUBEHUS (n3nye-
CKOWA cpefpl BAOb OPOUTHI;

— pa3paboTka MeTOA0B MOHUTOPUHIa (PYHKLMOHUPOBaHNSA B Cpefe KOCMUYe-
CKOro Mycopa, KOHTposib 06¢TaHoBKM (Operations in Space Debris Environment,
Situational Awareness). VccneayroTca acnekTbl, HanpaB/ieHHble Ha obecrneyeHue
6€30MacHOCTU BbINO/IHEHUA KOCMUYECKNX MUCCUIA, B HACTHOCTY CBA3aHHBIX C BO3-
[eliCTBMEM KOCMMYECKOrO Mycopa, Hab/ioAeHeM 3a KOCMUYECKUM MyCOPOM, On-
pefenieHemM ero opbuT, co3faHMeM W MOAAEPXKAHVEM KaTasioroB KOCMUYECKUX
006BEKTOB, HAKOM/IEHWEM AaHHBIX C Pa3/IMYHbIX UCTOYHUKOB, CO CTaHAapTaMun 06-
MeHa [aHHbIX 1 aHa/I30M NepeceyeHns opouT. Pa3BuTne SHTPONUIAHBLIX NOAXOLO0B
K MOZENMpoBaHuio ABMXeHUA obnaka KM oTpaxaeT elle OAWH M3 BO3MOXHbIX
acrekToB 3ajayn MOLENMPOBaHUA Xa0TUYECKUX NPOLLECCOB OTHOCUTENBHOTO [BU-
XeHna ®KM;

— WCccnefoBaHue NMOMUTUYECKUX, HOPUANYECKNX, OPraHU3aLMOoHHbIX Y 3KOHO-
MWUYECKUX acrneKTOB NpefoTBpaLLeHns 06pa3oBaHNs KOCMUYECKOro Mycopa 1 ero
ypaneHusi (Political, Economic and Institutional Aspects of Space Debris
Mitigation and Removal). AHann3 COCTOSHUA MNpoLecca opraHusaumMm y4veta u
YAANeHNs KOCMUYECKOro mycopa. OLeHKa 3KOHOMUYECKUX MeponpuAaTUiA, B TOM
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yunce No BblAENEHNIO CPeACTB, aHa/IM3 NOMMTUYECKMX acreKToB, Hanpumep, posb
IADC (Inter-Agency Space Debris Coordination Committee) 1 UNCOPUQS
(United Nations Committee on the Peaceful Uses of Outer Space); ponb mexayHa-
POAHOr0 COTPYAHNYeECTBa.
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