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YCTPOUCTBO CTABWJIM3ALIMH DJIEKTPOJJMHAMUYECKOI TPOCOBOI
CUCTEMBI JUIA YV IAJIEHH ST KOCMUYECKOI'O MVCOPA

H300peTenre OTHOCHTCS K OOJAaCTH KOCMHMYECKOM TEXHHKH H MOXeT OBITh
UCIOJIB30BAHO JUTd  CTabHNIM3allMd KOCMHYECKOH TPOCOBOM CHCTEMBI B OKOJO3EMHOM
NPOCTPAHCTBE C HEIbI0 MOBBUIEHHS 3(PGEKTHBHOCTH €ro (QYHKIHOHHPOBAHUS B MPOLECCE
yOOpKH KOCMHYECKOT0 MycCopa.

BrinosnHeHHbIe K HACTOAMIEMY BPEMEHH TEOPETHYECKHE paspaGOTKH M IIPOBEIEHHBIE
HCIBITAHHA B OTKPBITOM KOCMOCE IO3BOJLAIOT YTBEPXKAATh, HYTO IJIEKTPOAMHAMHYECKHE
TpocoBbie cucrembl (DTC), Bkmoyaromue MPOBOASIIHE TPOCHI, B3aUMOAEHCTBYIOIHE C
MarHUTHBIM [0JIeM 3€MJIH, MOT'YT MCIIONIb30BaThCsl KAK UCTOYHUKH AMIIEPOBON CHIIBI TATH B
OKOJIO3eMHOM npoctpancTse [1]. B wactrocTi, OJITC MOXET HCHONB30BATEC KAaK NEpPCIeK-
TUBHBIH MCTOYHHMK CHJIbI TATH, HE TPeOYIOWHUH pacxoia TOIUIMBA, [UIS PELUEHHS aKTYaTbHOM
3a[la4y CIIyCKa ¢ OpOMTHI OTPaOOTAHHBIX INMEMEHTOB KOCMHYECKUX cucTeM [2-11].

13 ananu3a HanpasieHHi TOKa, IPOTEKAIOLIEro BAOJIb TPOCA, U MATHUTHOM MHAYKIMH
MarHUTHOrO HOJsL 3eMIIM CleAyeT, 4To Haubonbuel 3()GEeKTHBHOCTBIO OTIHYAETCS TpOC,
(QYHKIHOHMPYIOIMH B peXHUME MPOBOAHHKA ¢ TOKOM, OPHEHTHPOBAHHOTO B OKOJIO3€MHOM
MPOCTPaHCTBE BAOJIb MECTHOM BEpTHKaIM. JlaHHAas OpHEHTAlMs TpOca SBJISLETCS yCTOWYUBOMH
B LIEHTPA/IbHOM HBIOTOHOBCKOM I'DaBUTAalIMOHHOM noJe [1]. BMecrte ¢ TeM, ycTaHOBIEHO, 4TO
O ICHCTBHEM MOMEHTA CHJI AMIIepa BEPTHKAIBHAS OPUEHTALMS TPOCA pa3pyHIaeTCs.

B.B.beneuxuit u E.M.Jleun B cratbe “Dynamics of Space Tether Systems,”
Advances in the Astronautical Sciences, v.83, AAS, 1993 onucan# MHOTOYKHCIIEHHBIE MObI
HeycroitunBoctd OJITC, HabnromaeMple naxe Ha KPYrOBBIX JKBATOPHANBLHBIX OPOHTax B
NIPEANOOKEHUN CTAIIMOHAPHOCTH T€OMAarHHTHOTO ITOJId.

J. Pelaez, E.C. Lorenzini, O. Lopez-Rebollal u M. Ruiz B noxnaze «A new kind of
dynamic instability in electrodynamic tethers», AAS 00-190, AAS/AIAA Space Flight
Meeting Jan. 23-26, 2000 BBIBMIH, YTO HEYCTOHYMBOCTB MPHCYINA BCEM HEYIPABISIEMbIM
apmwxeHusaM JJITC u ee mpocTo HEBO3MOXKHO H36EXKATH.

R.P. Hoyt u R.L.Forward B nokiaae «The Terminator Tether: Autonomous Deorbit of
LEO Spacecraft for Space Debris Mitigation», AIAA 00-0329, 38" Aerospace Sciences



Meeting and Exhibit, Jan. 10-13 2000, Reno, Nevada NOPUIUIM K BBIBOAY O TOM, YTO JUIS
60pbOBI ¢ MMHAMHYECKOM HEYCTOHYMBOCTBIO HOIKHO HCIOJIb30BATHCS YIIpaBJICHHE.

J. Corsi u L. Iess B crarpe «Stability and control of electrodynamic tethers for de-
orbiting applications», Acta Astronautica 48 (2001) 491-501 MOKa3aJIli, YTO JJIS YCHEWHOro
nenonb3osanus DTC mus ynanenuss KocMHYeckoro mycopa CIENYeT MEePHOIMYECKH
BBIKJIFOYATh TOK, IPOTEKAIONIMH 1O TPOCY.

Zhong R. u Zhu Z.H. B cratbe «Libration dynamics and stability of electrodynamic
tethers in satellite deorbit», Celestial Mechanics and Dynamical Astronomy 116 (2013) 279-
298 moxazamu, uro OJITC He MoxkeT 3PeKTHBHO BBHINOIHATH 3a7a4y yBOJa KOCMHYECKOI'O
Mycopa C OpOHTBI B YCIOBHAX HEYCTOMYHBHIX KONeOaHMIH wu NPEIOKIUIMA  TIPOCTYIO
CTpaTeruio ypaBjIeHUs TOKOM MYTEM €ro MePUOANYECKOTO BEIKIIOUCHHUS.

Takum oGpasom, mpoGnema HeycTOHYHMBOCTH OATC usBecTHa W paccMaTpHBaeTCs
CHCLUATMCTaMH KaK KPUTHYECKH BaxkHas [8, 12]. Pemenuto stoit mpo6iieMbl mocesimes psn
pabot [11, 13, 14, 15]. Cpenu BO3MOXHBIX NOAXOJOB K €€ PEIIEHHIO MpeaIararoTcs
YHOMSHYTBIC BBIILIC BADHAHTB! HCIIOIb30BaHHSA YCTPOHCTB JUIS IIEPHOMHYECKOTO BBIKITIOUEHHUS
TOKa, NPOTEKAIOIEro IO TPOCYy, MM MEPEeKTIOYeHUs HalpaBleHHs TOKa, a Takke Gonee
CJIOXKHBIE BADUAHTHI YIIPABIICHHS CHJION TOKA.

Tak, Levin EM. u Carroll J.A. B narentax «Apparatus for observing and stabilizing
electrodynamic tethers», U.S. Pat. No. 6,755,377 B1, Jun. 29, 2004. u Levin E.M., Carroll
J.A. «Method for observing and stabilizing electrodynamic tethers», U.S. Pat. No. 6,758,443
B1, Jul. 6, 2004, npenoxunu (GOpMHPOBaTh YIPaBASIOIHE CHIHAIBI HA OCHOBE U3MEPEHHIA
1apaMeTpOB TCKYIIEro COCTOAHHSA TPOCa ¥ OCTEAYIOMHX pacueTos [16, 17].

HanGonee Gnu3kum x 3assnsemomy 1300peTenHIo ABiseTcs narenT [17], BbIOpaHHBIH
B Ka4eCTBE NMPOTOTHIIA, MPEJIAraloluMi H3MEpATh HANpSOKEHHE M CHIIY TOKA B Tpoce H,
BOSMOXHO, HATDHKEHHE TPOCa, YTOOBI 00ECTIEYNBATH TAKMe BApHALMH CHIBI TOKA, KOTOpbI€E
COBHNAZNAIOT CO 3HAYCHUAMHM CHJIBI TOKA, HHAYUMPOBAHHBIMH T'€OMATHHTHBIM IOJIEM npu
HEXKCIATE/IPHBIX KOMIIOHEHTaX CKOPOCTH Tpoca. [Ipu 3TOM, B COOTBETCTBHH C AJITOPUTMOM,
TPeOYeTCs HHTETPHPOBAHHE CHCTEMBI AH((pEPeHIHATBHBIX YPaBHEHHH ABHXEHHUS TpOca yis
BBIPAOOTKH YHPABIAIOIIEro CHTHata Ha (OPMHUpOBAHHE YHOPaBIIIOIIET0 HUMIIYIIECA CHITBI
TOKa.

OOwKM HEZOCTATKOM H3BECTHBIX CHOCOGOB YUPABJICHUS 3JIEKTPOAMHAMUYECKHAM
Tpocom  ABJIACTCS  COXKHOCTh  CHCTEMBI  YNPAaBI€HHA, BbI3BAHHAS HEOGXOLUMOCTDIO
BBITIOJTHEHHUS H3MEPEHUH JUIS OLIEHKH COCTOSHHS TPOCA B IMPOLECCE JBHKEHHUS. Kpome toro,

B0 Muorux ciy4dasx 3/ITC nmomkHa ¢yHKIHOHHpOBATH B yCIOBHSAX, HPEANOararoux



HENpepLIBHOE MPOTEKaHHE TOKa BJAOJH Tpoca B OJHOM HaIpaBlICHHM, HamnpuMep, s
CO3/1aHHsl YIOMSHYTOH Bbrilie cunbl TArH Wi ang pabotrel JTC B pexume resepatopa
MotHocTd [18]. B 3TuX ciydasx ynoMsHyToe ynpamierue cHikaeT d¢dextusHocts ITC
¥ OTpaHUYMBacT BO3MOXXHOCTH HX MCIIOIH30BaHMS.

3anaya u3o0peTeHHUs 3aKirodaeTcs B paciuupesuu obmactu mpumenumoctu ITC
IIyTE€M IMOBBIIICHHUS 3amaca €€ YCTOHYMBOCTH B pexxume (YHKIHMOHHPOBAHHUS B COCTOSHHH
OpPHEHTAalM{ BJI0JIb MECTHOH BEpTUKAIIH.

3asiBIEHHOE yCcTpoHcTBO noscHsercs dur.1-4, rae Ha Our.]1 npeacrasnena opouTans-
Has cucrema koopauHaT CEn, sengromasics 0a30BO¥M CHUCTEMOH IIpH pELICHHH 3aJaddd
crabuin3auun IeKTpoauHamuueckoro tpoca. Touka C sBusercs nenrpom macc JTC. B
HOMHHAJIBHOM PEXHUME OChb Z, HAlpaBJICHHas BJI0Jb HATAHYTOr0 Tpoca, KoyHHeapHa ocH CC,
HalpaBlI€HHOH BIONb paauyca-BeKTOpa TOUYKH C OTHOCHUTENLHO MPHUTATHBAIOLIETO LEHTpA.
Ocu C& u Cr HanpasiieHbl COOTBETCTBEHHO M0 [IOJIOKUTENHHOH TpaHCBEpCaIH K OpOUTE U 110
HOpMaiu K IutockocTH opbutel. Ha @wur.2 npencraBieHa KOHCTPYKTHBHAs CXeMa
3NEKTPOJUHAMHUEeCKOro Tpoca, Ha ®ur.3 npezncraBieHa rpaHuna o0JacTH CyLIECTBOBaHHA
«KOCBIX» TIOJIOXKEHUH paBHOBECHS 3JIEKTPOAMHAMHUECKOro Tpoca, Ha dur.4 npeacraBieHbl
pe3yJIbTaThl YHCAEHHOT0 MoAeaupoBaHus npouecca crabunusanuu 2/TC.

3asBlIeHHOe YCTpOMCTBO moscHsercs Our.2, Ha KOTOopod 1 — KOJIJIEKTOp
HOJIOKHUTENBHOIO 3apsiyia, 2 — 3eKTPOU30JUpYIollee KpenieHue, 3 — IeKTPOHHBIN IMUTTED
(He MeHee, YeM OJHH), IEKTPUYECKU COCHAMHEHHBIM C KOJUIEKTOPOM | M pacmoyioKeHHBIH
BHYTPH 3JIEKTPOU30IMPYIOIIEr0 KPEIUIEHUS 2, COeIHHSIONIEro KOJUIEKTOp | U KOHIIEBOE TeJO
4 Tpoca 5, TPOTHBOIOJIOXKHBIH KOHEL KOTOPOro 3aKaHYHBAETCsl KOHLIEBBIM TEJIOM 6.
KoHneBoe Teno 6 3JIEKTPUYECKH COCAMHEHO C 3JIEKTPOHHBIM 3MHUTTEPOM (HE MeEHee, 4YeM
OMHUM) 3, PacrloJIOXXEHHBIM BHYTPH 3JIEKTPOU30JUPYIOINEI0 KPEIUICHUS 2, COeIUHSIONIEro
KOHIIEBOE TeJIO 6 Tpoca 5 U KOJUIEKTOP OTPULATENbHOTO 3apsiaa 7.

Pabora 3asgBnenHoro ycrpoiictBa mnoscHsercs dur.2. K kxoHuam npopoasinero
n3omupoBaHHoro tpoca 5 (Pur. 2) npucoeauHEHHI KOJUIEKTOPHI — YyCTpoiicTBa Ans cbopa
anekTpuueckux 3apsnoB. Kosexrop 1, Haxonsmmiics Ha BepxXHEM KOHLE Tpoca (TOM,
KOTOpbIi Aanblie oT 3eMJIH), C MOMOIIBIO 3JEKTPOU3OIUPYIOIIUX KPEIUIEHHH 2 COeIMHEH C
KOHLEBBIM TeJIOM 4 mpoBojsuiero tpoca 5. KomnekTop | nojydaer NOMOKUTEIbHBIH 3apan,
NOJIep)XUBAEMBIH OIHHM WIH HECKOJBbKUMH 3JEKTPOHHBIMH OMHTTEpPaMHU (HAIpHMED,
TIOJIEBBIMU 3JIEKTPOHHEIMH 3MHUTTEPAaMH, XOJNOAHBIMU 3JIEKTPOHHBIMM 3MHUTTEpaMH Ha OCHOBE
HAHOTIOPUCTOIO YTJIEPOJA, HJIH XOJUIOBCKHMH HOHHBIMM HCTOYHHKAaMM) 3, NepefaroliuMH

OTpHHaTGJIbHBIﬁ 3apsii Ha KOHIEBOC TCIIO 4. Ha MIPOTHUBOMOJIOXHOM KOHIIE Tpoca (TOM,




KOTOpBIH Omiie K 3emiie) KOHIEBOE Tel0 6 AHAJIOTHUYHBIM obpa3oM coemuHEHO ¢
KoyuiekTopoM 7. Kosuiekrop 7 monydaer oTpUuaTeNbHBIA 3apsn, [OAIEP)KUBAEMBIH OHUM
Wi HECKOJILKHMH 3JICKTPOHHBIMH 3MHTTEpaMH 3, NEpefalolMMM OTPHIATENbHBIHA 3apsin ¢
KOHILEBOro Teia 6.

Texnu4eckuii pes3ynbTaT, MOCTHrAacMbIil 3asBIILEMBIM HU300pETeHHEM, COCTOMT B
YOPOWIEHHH YCTPOKCTBA CTaOMIM3AMHU TPOCA, MOBHIMIEHHH €r0 HaJeXHOCTH U pacMpeHUH
001aCTH yCTOHYHBOCTH BEPTHKATLHOTO IOJOKEHHS Tpoca.

YKazaHHBIH ~ TEXHHYECKHH pE3yNbTaT JOCTHIraeTcs TEM, UYTO pa3MellcHHe
TMONOKUTEIBHO  3aPSDKEHHOTO  KOJUIGKTOpa Ha BEPXHEM KOHIE TPOCa M OTPHULATENBHO
3apsDKEHHOTO KOJIIEKTOpA Ha HMXKHEM KOHIIE TPOCa NMPHBOAKT K BO36YXKIEHHIO MOMEHTA CHJT
Jlopenua, Bo3#eHCTBYIOIMX Ha KOJUIEKTOPHI, H OKA3BLIBAIOIIErO OPHEHTHPYIOIIEE NEHCTBHE
Ha TpOC, a BBINONHEHHE yCaOBMA Ha mapametpsl DJITC obecnieunBaeT CyIecTBOBaHHE H
YCTOHYHMBOCTH II0JIOKEHHS PAaBHOBECHS, U NPH HATHIHH AemndupoBanus (obecrneynBaeMoro
KaKMM-THOO M3 HM3BECTHBIX CIIOCOGOB — HANpUMEp, 3a CYET TemJIOBBIX [OTEPh TpH
NpOTEKaHMH TOKA B TPOCE) pellaeT 3ajady CTaGHIM3aLMH TPOCA B MOJNOKEHHH BIOJD
MECTHOM BEPTUKAJIH.

PaboTocroco6HOCTs  3asBNEeHHOrO yCTpoicTBa 00ecneuyrMBaeTCs HCTOYHHKAMHU
JJIEKTPOSHEPIHH, NpPeoOpa3oBaHHOM U3 CBETOBOH C IOMOIUBIO COMHEYHBIX Oarapei,
Bxomamux B coctaB DJITC (ua dur. 2 He nokazaHbl BBHIIy MX HM3BECTHOCTH M LIHPOKOIO
MCTIO/Ib30BaHMs). VICTOYHHKH 3NEKTPOIHEPTHH OOECHeYHBAIOT paboTy 3MHTTEPOB MO
TIONICPXKAHMIO 3apsJIOB HAa KOJUICKTOPaX H NPENOTBPALIEHHIO DPa3pSAKH KOJUIEKTOPOB B
Npouecce ABUKEHUs YePe3 HOHOCHEPHYIO MIIa3My.

CyIHOCTL 3asIBIEHHOT0 H300pETeHHS 3aKIFOYACTCS B caenyromeM. s DTC,
LeHTp Macc KoTopoi (toyka C) JBMKETCS CO CKOPOCTHIO V¢ OTHOCHTEIBHO MArHHTHOIO OIS
Bemin  (MII3), xapakTepu3yemMoro  MarHHTHOMN HHAYKIMEd B,  HakonneHue
JMEKTPOCTATHHECKUX 3apANOB ¢ M g2 Ha KojuekTopax 2JITC, NpHBOIUT K BO3HMKHOBEHHIO
MOMEHTa M, JIOpPEHNEBBIX CHJI, ONMPEENIEMOro 110 dbopmyite

M, =PxA" (¥, xB), (1)
OKa3bIBAIOMICTO PH ONPEJENCHHbIX YCIOBHIAX OPHEHTHPYIOIIEE BO3ICHCTBHE Ha SATC wu
HCIOJIb3YEMOTr0 B Ka4eCTBE BOCCTAHABIMBAIOLIETO MOMEHTA HAapsly C TPABUTALMOHHBIM
MOMEHTOM.

B nmannom C1ydac, Tesa, NPUCOCAUHEHHBIC K KOHIAM TpoCa, CYATAKTCA TOYECYHELIMH, a

HX BpamlaTCIbHBIM JBHXKCHHEM MOXKHO npeHereq‘L BBUIXY MAaJIOCTH OTHOUIEHHS




XapaKTepHOro pasMepa Tema K . JUIMHE Tpoca. Ympyrue nedopMmalMd Tpoca TaKxKe He
paccMatpuBaroTcs. Tpoc cumraeTcs HATAHYTBIM, @ €ro JHMOPALHOHHOE ABHXKEHHE

OTHOCHTEJIBHO HCHTPa Macc HE BJHAET Ha ero opburanbHoe aBrkeHde. [Ipu craenamHbIx
NPEANONOKEHAAX P = (9,2, +q,z, )k, V. = R(w, — o, )5—0, FA€ Z| — pacCTOSHMUE OT LIEHTpa
Macc CHCTEMBI 10 [IEHTPA MacC YCTPOHCTB, IPHCOEAMHEHHBIX K TPOCY Ha HH)KHEM KOHLIE, Zy —
PacCTOSHHE OT LICHTpA Macc CUCTEMBI 0 LIEHTPA MAacC yCTPOKCTB, NPHUCOEIUHEHHBIX K TPOCY

Ha BEPXHEM KOHLE, Wy — OpOUTabHAs YrioBas CKOpoCTs nentpa Mace DTC, wg — yrioBas

CKOpOCTE CYTOYHOTO BpawieHus 3eMiy, R ~ paguyc op6uth! nestpa mace 3JITC. B ycnosusx

mMoznenupoBanust  MII3  mpsMBIM  MarHMTHBIM  JIMIIONEM B=—g|° (R./RY Tys LOE

g =-29556.8 uTn — rayccoB ko3¢ uuuent, R — cpennuit paquyc 3emnu.

AHanus MaTeMaTn4ecko# Mozemu DJITC 103BoNSET NONYIHTH YCJIOBHS, TIDH KOTOPBIX
AOCTHTAETCs PeXXHM cTabunmsupoBaHHoro asuxenus DJATC. VeranosneHo (mompobuee — B
IIpunoxeHnn), YTO CylIECTBOBAaHHE, EAHHCTBEHHOCTh W YCTOHYHBOCTD  MOJIOXEHUS
PaBHOBECHS TpOCa B HATAHYTOM COCTOSHHM BJOJIb MECTHOH BEPTHKAIH obGecieyrBaeTcs
BBIOOPOM TaKHX IapaMeTpOB TPOCA H IPHCOSAHHEHHBIX K HEMY BBIIIEONHCAHHBIX YCTPOUCTB,
JULL KOTOPBIX PACCTOSHHS OT LEHTPA MAacC CHCTEMBI 10 UEHTPOB 3aPSIKEHHBIX KOJLTEKTOPOB

OTHHAKOBLI M BBITOJIHAECTCS HEPABCHCTBO

RIS;‘ Iglt),((‘)()”wﬁ)(Qz "“?1)>1 )

4
R’w} (3- my +8m,)z,

TAC mo — Macca Tpoca, m; — Macca yCTPOHCTB, IPHCOSIMHEHHBIX K TPOCY Ha BEPXHEM KOHIIE,
Z2 — PacCTOAHME OT LICHTPA MAacC CHCTEMBI IO IEHTPA MAacC YCTPOMCTB, MPHCOSIMHEHHDBIX K
TPOCY Ha BEPXHEM KOHIIE.

3asBieHHOE H306peTeHHe anpoGHPOBAHO KOMITBIOTEPHBIM MOJETHPOBAaHHEM Ha Oaze
MaTEMaTHKO-MEXaHHYECKOTO (aKynbTeTa 3asBHTENS — Cankr-Tlerep6ypreckoro rocynap-
CTBEHHOTO yHuBepcuTeTa. [Ipumeps! anpobauuu npHBeeHs! HEXE.
[lpumepl. BHauane Gbul BBUIONHEH YHC/IEHHBIH AHATH3 HepaBeHCTBa (2) IS MHOXeCTBa
SATC co craeayromyuMy 3HAYCHUSIMH panuyca OpOHTBI H 3JIEKTPOCTATHYECKHX apaMeTpoB:
R=1710°m, g1 = -510 % Kn, g2 =510 % K. PesyneTaTr npusenen wa ®ur.3, rae no
FOPU3OHTAIBHOH OCH OTJIOXKEHBI 3HAYCHHS mo/6 + m; (B KT), a 1o BEPTHKAJIBHOH — 3HAYEHUSA
2y (B M). Eciu [UTHHBI ¥ Macchl TaKOBbI, YTO H300paXkaroulas TOYKa JIEXHT HHXE KPUBOH Ha
rpaduke, To HepaBeHCTBO (2) BEINONHAETCS. Hanpumep, mycrs z; = 100 M, 7, = —100 M,

- 3 =y =
oronHas Macca tpoca y =2-10~ kr/M, m;=m,= 16 xr. Torga HEPaBEHCTBO (2) BBIIOIHEHO.




[Tpumep 2. BrimosnneHa cepusi HHCIEHHBIX OKCIEPHMEHTOB, MOICIMPYIOMUX MPOHECce
crabmmmsanun DJITC B pexuMe BEPTHKAILHOIO pacnosiokeHHs Tpoca. [l MiuiocTpauuu
YHCIICHHOTO MOJEMTHPOBaHHMs Ipolecca crabunu3anuy Beiopan npumep koctpyknud JJTC,
cogepxkauleit Tpoc mnuHoi 200 M, obnamaromuii moroHHod maccod y = 2-10 3 kr/M wu
npososmmi Toxk /[ = 2A. Macca Ha HH)XKHEM KOHLE Tpoca m; = 55 KI, Macca Ha BEpXHEM
KoHue tpoca my = 50 kr. lleHTp 3apsna KO/UIEKTOpa HAa HMJKHEM KOHIC TpOCa HMeeT
KoopauHaTy z; = —95 M, HEeHTp 3apsja KOJUIEKTOpa Ha BEPXHEM KOHIE TpOCa HUMeeT
KoopauHaTy z; = 105 M. Ilentp macc DJITC mBuxeTcs o KpyroBoi 3KBaTOPHAIBLHON OpOuTE
paguyca R = 7- 10° M. MoaenbHbIi IHCCHIATHBHBI MOMEHT MPOTIOPIMOHANEH OTHOCH-
TesibHOM yrioBoii ckopoctu DATC Mp= —hJwow' 1 COOEPXUT MHOXHUTENEM Oe3pasMepHbIN
MaJlbli napameTp, BeiOpadHbiit paBubiM /2 = 0.001. J —ten3op uHepuun JTC.

@ur. 4-6 wunocTpupyoT asmwkenne 2JTC ¢ HyneBbIMH 3apsiaMH Ha KOJUIEKTOpax
(cucrema cTabuinm3aiuu He paboraer). B HaganbHBIH MOMEHT BPEMEHH TPOC ObLI OTKJIOHEH
OT MECTHOM BepTHKaiu Ha yroia | pax B miockocTd (1, C) u oTImymeH 6€3 HayanbHOH yTJIOBOH
CKOPOCTH OTHOCHTEJIBFHO OpOMTANILHOM CHCTEMBbl KOOpAWHAT. BepTHKanbHOE MOJIOXKEHHE
Tpoca OKa3biBacTCs HEYCTOHYMBBIM, YTO HAIJAJHO HAEMOHCTPHPYETCA MOBEICHHEM
HanpaBJAIOIero KocuHyca y3 (Pur.4), Bce cunbHee OTKIOHAIOMIErOCA OT UEJEBOr0 3HAUCHUS
v3= 1 mox AedcTBHMEM AMIIEPOBAa MOMEHTA, a TAK)KE ITOBENEHHEM KOMIIOHEHT OTHOCHTENbHON
YIJI0BOM CKOPOCTH, OTHECEHHOM K opOuTayibHOU yrioBo# ckopoctu (Pwur.5). 3ameTum, 4to
HpPH 3TOM BO BCE BpeMs ABIDKEHHs BETHUHMHA BO3MYLIAMOWIEro AMIIEPOBA MOMEHTA OCTACTCS
maoli (Pur.6) — Ha 2 mOpsAKa MeHbLIEe BEJIMUHWHBI IPaBUTALMOHHOrO MomeHTta (Pwur.7),
ctpemsierocs crabumusuposats I/ITC Broab MECTHON BEPTHKAIIH.

Gur. 8-11 wunoctpupyioT asmwkenue IITC ¢ HeHyneBbIMHU 3apsAiaMH Ha KOJUIEKTO-
pax (cucrema crabuiusanuu pabotaer): g1 =—0.05 Ki, ¢2 = 0.05 Ku). Bee ocransrble napa-
meTphl OJITC 1 HayaNbHBIE YCIOBHS €€ ABHXKEHHUs COXpaHeHbl 6¢3 H3MEHEHHMH, Kak B ciydyae
®ur.4-7, COOTBETCTBYIOIIMX HepaboueMy pexXHMy CHCTEMBbI cTabMau3auuu. PesynbTarsl yuc-
JIEHHOTO MHTEIPUPOBAHMS MMOKA3bIBAIOT, YTO HANPAaBISIOUIMA KOCUHYC Y3 CTPEMHTCA K Liejie-
BOMY 3HaueHuto y; = 1 (Pur.8), a KOMHOHEHTH OTHOCHTEJILHOM YIJIOBOM CKOPOCTH, OTHECEH-
HOM K OpOHTAIBbHOM YrJIOBOH cKOpocTH, cTpeMsaTcs K Hyimo (Pur.9). Ilpu stoM auccunatis-
HBI MOMEHT OCTAETCS BECHMa MaJIbIM MO BEAMYHHE (HA MOPAJAOK MEHBLUE BO3MYILAKOIIErO —
AMIlepoBa MOMEHTa M Ha 3 MOpsIKa MEeHbIIE MPaBUTAIIHOHHOTO MOMEHTA) BO BCE BPEMs JIBH-
xenus (Pur.10) 1 DO3TOMY HPHYMHE COOTBETCTBYIOLIAS €MY KpDHBas CIIMBAETCs C TOPH30H-

TanpHOM ochio Ha dur.11, roe npuseneHs Moaynu Beex pedcTByronmx Ha O TC momenTos.




Ha Bcex @wur.4-11 mo ropusoHTansHOR ocu OTKNaABIBacTCs GespasmepHbml yrom —
apryMEHT ITHPOTHI ¥ = Wp {. 3aMETHM, YTO B JAHHOM [IPHMEpE ISl HILTIOCTPAIIMH YHCIIEHHOTO
MOZE/IMPOBAHMS BBIOpAHB! «XyMIIHE» 3HA4YeHHs napametpoB DJITC, ang KOTOPHIX yCIOBHE
(2) ne Bbmosnnserca. Bonee Toro, He BHIMONHAETCS NaXe COOTHOMIEHHE Z; = —7p, YTO
TO3BOJIET pacCMaTpHBaTh AMIIEPOB MOMEHT Kak MOCTOSHHO NEHCTBYIOLIEE BO3MYILEHHE,
€CTECTBEHHBIM ~ 00pa3oM BO3HMKalOllee B JaHHOM 3amave. CpaBHeHne rpaduKoB,
npuBefeHHBIX Ha Pur.4 u @ur.8, a take Our.5 u OUr.9, cBUAETETLCTBYET O TOM, YTO
3aiBIAEMOE YCTPOHCTBO, TEXHHYECKH Oojlee NPOCTOE M HANEXHOE IO CPABHEHHIO C
IIPOTOTHIIOM, 3aMETHO PacIIMpsieT 06JacTh yCTOHYMBOCTH BEPTHKATIBHOTO MOIOXEHHS TPOCa
(MoBBIIACT YCTOHYMBOCTE BEPTHKANBHOTO MONOKEHHS TPOCA), 4, CIICAOBATEBHO, TTOBBIIIACT
paborocnocobuocts DTC.

Kak nokasanu aHanmuTH4YeCKHME HCCNENOBaHHS, KOMITBIOTEPHOE MOZEIHPOBaHHE
nponecco  crabuimsauun OJ[TC B pexuMe BEPTHKATBHOTO PACHIONOKEHHUS Tpoca, H
POBENICHHBIC YHUCICHHBIE PAacyeThl, 3asBICHHOE YCTPOHCTBO MOXET paGoTaTh B DEXMME
OTCYTCTBHSA CHCTEMBI YNDABJICHHsA CHIIOA TOKa, MPOMYCKAEMOIo IO TPOCY, YTO YHPOLAET
YCTPOHCTBO CTabMIIM3alli¥ TPOCAa M IOBBIIAET €r0 HAAEXKHOCTb. IIpH 3TOM 3asBieHHOE
YCTPOHCTBO paclMpseT 06MacTh YCTONIHBOCTH BEPTHKAILHOTO MOI0KEHHUS Tpoca 3a CyeT
3$QexTHBHO peanu30BaHHOM BO3MOXHOCTH pa3leNeHMs 3apsoB HA KOHIAX TpOCa H
UCMOJIL30BAHMSA  BOSHHKAIOMIErO  BCIEJICTBHE  3TOr0  MoMeHTa cuia  JlopeHuma —
AOTIOTHUTENBHOTO  CTaOHIIH3UPYIOWEro MoMeHTa. Bce 310 mosBomser sddexTuBHee Mo
CPaBHEHHIO C aHATIOTaMH 00ECIIeYNTh HOMUHATBHBINA peskuM asmxenus IJITC s yaanenus

KOCMHYECKOro Mycopa.
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YeTpoHeTBO cTabMIIH3aIiH 3JIEKTPOAHHAMUYCCKOM TPOCOBOH CHCTEMBI

JUTS yIaJI€HUsl KOCMHYECKOTo Mycopa

®dopmyna uzobpeTeHus

YCTpoHCTBO CTaOMIIM3alUH JACKTPOOUHAMUYECKOH TPOCOBOH CHCTEMBI I yJAaleHHA
KOCMHYECKOTO MycCOpa, CcoAepKallee IPOBOJALIMI  3JIEKTPOM3OJMPOBaHHBIA  Tpoc,
omauyaomeeca mem, 4mo OIMH KOHELl TPoca CHAOXKEH KOJUIEKTOPOM IOJIOXKHTENBHO
3apsUKEHHBIX YaCTHL, COSOUMHEHHBIM C KOHUEBBIM TEJIIOM TPOCa 4epe3 IIECKTPOU30JATOP,
BHYTPH KOTOPOI'O PacCIIOJIOKEH HE MEHee, YeM OJIMH JJIEKTPOHHBIN 3MUTTED, FeHEPUPYIOLIMHA
3JIEKTPOHHBIH IMY4YOK C KOJUIEKTOpa IOJOXUTENbHO 3apsOKEHHBIX YacTHL, BTOPOH KOHEI
M30JIAPOBAHHOTO Tpoca CHab)XXeH KOJUIEKTOPOM OTPHULATENBHO 3apsDKEHHBIX YACTHIL,
COEIMHEHHBIM C KOHLEBBIM TEJIOM TpOCa YEpe3 IIEKTPOU3ONIATOpP, BHYTPH KOTOPOTO
pacrojio’X€H HE MEHee, YeM OJHMH JJIEKTPOHHBIH 3MUTTEP, MEHEPUPYIOLWIHH 3JIEKTPOHHBIN
Oy40K € KOHIEBOTO Te€jla TPOCa, a CYLIECTBOBAHHME, €IHUHCTBEHHOCTb U YCTOHYHMBOCTh
MOJIOXKEHHUS pPaBHOBECHS Tpoca B HATAHYTOM COCTOSHUM BIOJIb MECTHOM BEpTHKANU
obecrieynBaeTcsi BBHIOOPOM TakHX MHapaMeTPOB TPOCAa M MPUCOCOHHEHHBIX K HEMY
BBILEOIMCAHHEIX YCTPOMCTB, /Il KOTOPBIX PACCTOSIHHS OT LIEHTPa Macc CHCTEMBI JI0 LIEHTPOB

3apsOKCHHBIX KOJJIEKTOPOB OAUHAKOBBI M BBINOJIHACTCA HEPABCHCTBO

R; 18 (@ -@:)(9:-4) |

Rza)o2 (;1 m, +8m, )z,

rae Rg — cpennuii pamayc 3emmmn, g =-—29556.8 mTn — rayccoB Ko3pG®HUHMEHT, wy —
opbHTanpHas yriaoBas CKOPOCTh LEHTPa MAacc, @g — YIIIOBasi CKOPOCTh CYTOYHOI'O BpalleHHs
3eMiH, g — OTPHMUATEIbHBIM 3apsj, HAKOIJIEHHBIM KOJUIEKTOPOM Ha HIDKHEM KOHIE, ¢y —
[IOJIOXKHUTEIBHBIN 3apsi/l, HAKOIICHHBIH KOJUIEKTOPOM Ha BEpPXHEM KOHIE, R — panuyc opOHTHI
LEHTpa Macc, mg — Macca Tpoca, mp; — Macca YCTPOHCTB, NMPHUCOENMHEHHBIX K TPOCY Ha
BCPXHEM KOHIIE, Z; — PAcCTOSHME OT LIEHTpa MacC CHCTEMBI /10 I[EHTpa MacC YCTPOWCTB,

NPUCOCAUHECHHBIX K TPOCY Ha BEPXHEM KOHIIE.



Yerpoierro crabuausanuu
SACKTPOAHHAMHYECKOH TPOCOBOH

CHCTEeMBL U YAATEHHUA KOCMHEYCCKOTO Mycopa
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Yerpoiicrso crabuansariin
WICKTPOAUHAMHYECKOH TPOCOBOH

CHCTEMBL 2T VIATCHHA KOCMHYECKOTo Myeopa
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Yerpoiictso crabuinzanun
BACKTPOAMHAMHYECKOH TPOCOBOH

CHCTCMBL JUS VIANCHHA KOCMHMECKOTO Mycopd
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YCTpOHCTRO Crabumsaiin
JICKTPOANHAMMYECKOH TPOCOBOH

CHCTEMBL JUIA YAAMCHIT KOCMHYCCKOTO M yYeopa
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Yerpoiicrso crabunusaimn
INEKTPOIHMHAMHUECKOH TPOCoROi

CHCTEMBI [ VAANEHUS KOCMIYECKOTO MYCOpd
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Yerpoiictso crabuimsaiin
SACKTPOAMHAMHUYECKOR TPOCOBOH

CHCTCMBL [T VIUICHH A KOCMBEYCCKOTIO M yeopa
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YerpoHcTBo crabuin3aiiny
K TPOAHMHAMHYECKOH TPOCOROIH

CHOTCMBL 405 YAUICHHA KOCMHHECKOTO MYCopa
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EATIB/OI1-2

EBPA3HUCKOE IATEHTHOE BEIOMCTBO

OTYET O IIATEHTHOM Homep eBpasuiickoit 3asBKu:

IIOMCKE
(ctates 15(3) EAIIK u npasuno 42
IMarenrtHoit maCTpYKIMK K EATIK)

201700523

Jara mogaun: 23 HosOps 2017 (23.11.2017) | Jara ucnpammaemoro npuoputera: 22 aBrycra 2017 (22.08.2017)

KOCMHUYECCKOro Mycopa

Hassanue n306peTeHus: Y CTPONUCTBO CTaOMNM3ALHH JJEKTPOAHHAMUIECKOH TPOCOBOH CHCTEMBI JUIA YAANCHUS

Jaspurens:  OEIEPAJIBHOE FOCYIAPCTBEHHOE BIO/DKETHOE OBPA30BATEJIbHOE YUPEXIEHUE BbICILEI'O
OBPA30BAHHS "CAHKT-IIETEPBYPI'CKHI TOCY IAPCTBEHHBIA YHUBEPCUTET" (CITBI'Y)

L] Hexotopeie nyniTer Gopmy.ibi He moaiexaT noucky (cM. pasaen I nonoHuTeLHOro AHCTA)
D EauucTBO H306peTenus He cobmoaeno (cM. pasae II 1ono HHTEILHOTO JIMCTA)

A. KITACCUOUKALIUA ITPEAMETA H3OBPETEHUA:

B64G 1/32 (2006.01)
B64G 1/34 (2006.01)

Cornaco MexayHapoHo#i natenTHo# knaccudmkauns (MITK) unu RanponansHo# knaccudukarmu 1 MITK

B. OBJIACTD ITOUCKA.

MHuHMMYM NPOCMOTPEHHOM JOKYMEHTaLMK (cHcTeMa kiaccudukaiuy U unaekcst MITK)
B64G 1/10, 1/16, 1/22, 1/24, 1/32, 1/34, 1/38, 1/40, 1/42, 1/64, 1/66, 99/00

Jlpyras npoBepeHHas JOKyMEHTALus B TO! Mepe, B Kakoi OHa BKIIOYEHA B 06/1acTh MMOHCKA:

B. JOKYMEHTGHI, CYUTAIOILUECA PEJIEBAHTHBIMH

MAILMHOCTPOEHHS) 10.10.1997, pedepar, ¢wr. 1

Kareropus* CCBIIKM HA JOKYMEHTHI C YKa3aHHEM, e 9TO BO3MOXHO, PEICBAHTHBIX 4acTei OTHOCHTCA K MYHKTY Ne
A US 6758443 B1 (TETHER APPLICATIONS, INC.) 06.07.2004, pedepar, ¢ur. 1, xon. 6 1
A RU 2332334 C1 (AHTUITOB KHPUJIJI AHAPEEBUY u np.) 27.08.2008, pedepar, dur. 1 1
A RU 98120769 A (TU30HOB A.A.) 20.08.2000, dpopmyna 1
A RU 2092401 C1 (LEHTPAJIbHBIM HAYYHO-UCCJIEJOBATEJIbCKUA UHCTUTYT 1

I:Inocnenylomuc JIOKyMEHTBI YKa3aHb! B NPOJOIDKEHNH rpadel B

JAHHBIC 0 NMATCHTaX-aHAJIOrax yKa3aHhbl B IPHIOXKCHHH

* Oco0ble KATETOPUM CCHITOYHBIX AOKYMEHTOB:

"A" NOKYMEHT, ONpeAcsIonrit o6muit ypoBEHb TEXHHKH

"E" Gonee paHHHI JOKYMEHT, HO OMyOIMKOBAHHBIN Ha Jary
MO/Ia4H €BPA3HICKON 3aABKH WITH NOCTE Hee

"O" HOKYMEHT, OTHOCAIUHIACA K YCTHOMY DACKDPBITHIO, 3KCIIOHK-
POBAHHIO U T.A.

"P" NOKYMEHT, ONyOIMKOBAHHBI IO JATHI M0Aa4YH eBpa3HiicKoH
3a9BKH, HO MOCJIC JaThl HCMIPAIMBAEMOro PHOPHTETA

"D" NOKYMEHT, PHBEACHHDIN B €Bpa3sHItCKOM 3asBKe

"I onee MO3AHUI JOKYMEHT, OITyOIMKOBAHHBIH MOCIE AATh
NPUOPUTETA H TIPUBEACHHEIN UL TIOHUMaHHS H300peTeHUs

"X" ROKYMEHT, uMerolHii Haubomnee GIM3KOE OTHOICHHE K NIPEIMETY
TOKCKA, MOPOYAMUH HOBH3HY HIIH H306DETaTeNbCKUM YPOBEHB,
B3ATHIH B OTACNBHOCTH

"Y" ROKYMEHT, umerouuit HauGonee 61M3K0€ OTHOMICHHE K MPEAMETY
MOKCKA, NopoUalHii H306peTaTeNbCKH YPOBEHD B COUETaHHH C
JIPYTHMH JOKYMEHTAMH TOi jke KaTeropuu

"&" NOKYMEHT, ABJIAIOMMICA NATEHTOM-aHAOrOM

"L" _AOKYMEHT, MIPUBEJCHHBIN B NDYIUX LEAAX

lIaTa JCHCTBUTENHLHOTO 3aBEPIICHHS NNATEHTHOrO ITOUCKA.
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