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AHHOTAIUA

B pabotre oOcyxnaeTcss BONpOC albTEPHATUBHOM 3aMEHBbl  OMACHOTO
XUMUYECKOTO TOIUIMBA I MaHEBpUpOBaHUsA Kocmuueckoro amnmapara (KA) nHa
opbute. Jlns BBINOJHEHUS MaHEBPOB IMpEjiaraeTcsi MCIOJIb30BaTh SHEPTHUIO
KayaTeabHOTO JBIKeHUsI KA, KOTOpBIil OIKEH UMETh BBITAHYTYIO (hopmy. Ilo cytu
— 3TO HAKOIUTENb MEXAHWUYECKOM HSHEPruu, HO TOJbKO HE B BHUJIE€ W3BECTHBIX,
TPaJAUIIMOHHBIX MAXOBUKOB, a 33 CUET OCOOEHHOCTEH BBITAHYTHIX OPOUTANBHBIX TEI.
B pabGore mnpomomxaeTcss O0OCyXJIeHHWE TPUMEHEHHS CBOWCTB IIEHTPAJIHLHOTO
TPAaBUTAIIMOHHOTO TIOJISI 3eMiu i ynpasienust JBmwkeHneM KA. OObexTom
M3yUYCHHS SIBJISIOTCS TpOCOBbie cucTeMbl. B pabGore ExumoBckoit A.A. ObuIO
MIPEIOKEHO UCIIOIB30BaTh SHEPTHUIO BPAIIATEILHOTO JIBIKECHUS 1T OpOUTATIBLHOTO
ManeBpupoBanus [1]. Ilo cytu — sto HoBeIM Bug KA [2]. B artoii pabote
npejyiaraeTcsi KCMOJIb30BaTh JUIi  MaHEBPUPOBAHMS DJHEPTUI0  KadaTeIbHOTO
nemwkeHnss KA. IlomoOubie mccnemoBanus BemodHsuHMCh B PKK «DnHeprus» um.
C.IL.Koponésa [3]. Llenp pabGoThl 3aKitO4aeTcss B COBMECTHOM HCIOJIb30BAHUU
SHEPruM KayaTeJbHOTO M BpamareiabHoro aBuwxeHus KA. Ouenena sHeprus
KauyaTeJbHOTO JIBMXKEHUS JJIsl Cliydasi HAa4aJIbHOTO TOPU30HTAIBHOTO PACIOI0XKEHUS
TPOCOBOM CUCTEMBI. TpOCOBasi CUCTEMA MPEAIOJIATACTCS CUMMETPUYHOM, COCTOSIIIEH
M3 JBYX OJMHAKOBBIX TOYEYHBIX Macc. B mpomecce 4deTBepTH mepuoja KadaHUs
CUCTEMBl MOTECHUHAIbHAS HOHEPrUsl MAKCUMAJIIBHO  YMEHBIIWJIACh, 3HAYWT,
KMHETUYECKasi SHEPrusl MAaKCUMaJIbHO yBenuuuTcs. OnpeneneHa ckopocts 1Byx KA
[P BEPTUKAIBHOMN cBA3Ke. [[1s cTangapTHON onopHO#l opOuThl BeIcOTON 200 KM H
niuHe Tpoca 50 KM JOMOJIHUTENbHAS OT Ka4aTeJIbHOTO JBUKEHHSI CKOPOCTh paBHa 20
M/c. Takoe 3HaUE€HHWE CKOPOCTH CYIIECTBEHHO [JIi OpOWUTAIBHBIX MaHEBPOB.
JlocTaTo4HO OTMETUTh, UYTO AJIS BO3BpAIllCHHs KOCMOHABTOB Ha 3eMIII0 TpeOyeTcs
TopMoxkeHue npudbauzutenbHo 100 m/c. Takum oOpa3om, J10Ka3aHO, YTO TPOCOBAs
CHUCTEMa Ha HU3KHX OpOUTAX SBISIETCS ATbTEPHATUBOM XUMHUYECKOMY TOIUIMBY WIIH

€ro JOMOJHEHUIO, YTO MOBBIIIAET O€30MaCHOCTh OPOUTAIBHBIX MAHEBPOB.



BBenenue

[leap paboThl 3aKiIrOYaETCs B PACIIMPEHUHM MAHEBPEHHBIX BO3MOKHOCTEH
KOCMHUYECKOI0 arfapara Ha opouTe. AKTyaIbHOCTh TaKOH 3a7auM cTajia ClIe/ICTBUEM
pa3BUTHS U TPUMEHEHUsT MaiblXx KocMuueckux anmnaparoB (KA). B manbix
KOHCTPYKIMSAX HET MecTa J/Jid pa3MeIleHUs ABUTaTeIbHOM YCTaHOBKM M 3amaca
XUMHUYECKOTO TOIUIMBA, a TAaK)KE€ HET MECTa MJid pa3MEIICHUS] CUCTEM YIPABJICHUS
paboroit nBuratens. Ilomyuwmsioch, uto Manbsie KA sBistorcs cnyTHHKamMu 0e3
crabmimzaruu 1 0e3 BO3MOKHOCTH MaHEBpUpOBaHUs Ha opOuTax. O BO3BpalllCHUH
Mainioro KA na 3eminto peub He UAET HE TOJBKO M3-32 OTCYTCTBHS TEIUIO3AIIMUTHI, IJIs
KOTOPOH TOKE HET MECTa, HO ONSATh-TaKU M3-3a MaJIOro 3araca dHepruu. B ocHoBHOM
Mansie KA opueHTHpyIOTCS HEOOJbIIUMHU 3allacaMi dHEPTUU IS PEIICHUS
OrpaHUYEeHHBIX 3aja4, Hanpumep, npu ¢oTorpapupoBaHun noBepxHoctu 3emin. Ho
O0OBIYHO B TAKUX KOHCTPYKIMSX CTAOMIM3AIMU HET WJIM OHA SBJISIETCS NacCUBHOU. B
mo00M cioydae albTepHATUBHBIM 3amac dHepruu HeoOxomuM. [lomyunmoch
npotuBopeurie. C 0THONW CTOPOHBI, KOHCTPYKIIMEH HA OpOUTE HAJNO yHPaBISATh, HO C
JIPYrod CTOPOHBI M3-3a Pa3BUTHUA JJIEKTPOHUKH pa3Mepbl KOPIYCOB CTaJIM TaKUMU
MaJICHbKUMHM, YTO YMPABJISIONIME JBUTATEIH, CHUCTEMbI U 3amachl XUMHUYECKOTO
TOIJIMBA HE MOMEILAIOTCS B 3aJlaHHbIE HOPMBI, HHaue Manbli KA mepectaner ObITh
TaKOBBIM.

VYnpasnenne MmasibiMu KA Bo BpeMst opOUTaILHOTO MOJIETa HAJ0 BECTH B JBYX
HaIpaBJICHUSX.

Bo-nepBeiX, cTaOMIM3UpPOBATh TMOJOKEHHWE KOHCTPYKIIMH Ha opbute 0Oe3
UCIIOJB30BaHUs XUMHUYECKoro ToruimBa. Ilpommas aBTopckas pabora Oblia
MOCBSIIEHA MTACCHBHOM, TpaBuTarimonHon ctabunmzamnuu KA [4]. CyTb 3Toit paboThI
3aKioyaiach B IMPAKTHUYECKOM TMPUMEHEHMM CBOWMCTB BBITSHYTBIX Tl B
HEOJTHOPOJHOM IEHTPAIBHOM TPABUTAILMOHHOM IoJie TsbkecTH 3emun. Yacte KA,
KOTOpasi pacroJiokeHa OJMKe K IEHTPY TATOTEHHUs, UMEeT Bec OOJbIle, YeM ApyTras
yacth KA, ygan€Hnass ot 3Toro ueHrpa. 3HayuT, Ha opOute Ayig BHITIHYyTOro KA

BO3HUKAET KPYTALIMHA MOMEHT, KOTOPBIM CTPEMUTCS PACIOJOXKUTH JJIMHHYKO OCh
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KOHCTPYKLMHM 1O MECTHOM BepTUKaiu. ['paBuUTallMOHHAs CTaOMIM3aLUs YKe
npuMeHsieTcs Ha npakThuke. Ho B mpolecce TpaBUTAIMOHHON CTaOMIM3aINU
KOHCTPYKIMSI COBEpIIAET KayaTEJIbHOE [BUKEHHE BOKpPYr ILeHTpa Macc. OmnsTh
NosIBWJIACh 3a/aya JaeMidupoBaTh, YCTpaHUTh KauaHus, korga KA mocturher
HY>KHOTO TOJIOXKEHHUSI. DTO 03HAYAET, YTO OMSATh 3a]1a4a CBEJIACh K SHEPrE€TUYECKOMY
oOecrieueHuto. Jlo cux mop 3Ta 3agaya NPAKTUYECKH HE peElleHa OJIHO3HAYHO,
MO03TOMY I'pPaBUTALMOHHASI CTAOMIIM3alUsg HE OUYEHb YacTO MPUMEHSETCS B OCBOCHUH
KOCMHYECKOT0 MPOCTPAHCTBA.

Bo-BTophix, ynpasienue mansiMu KA TpeOyeT pemuts 3agauy opOoUTaIbHOTO
MaHEBpHUpOBaHUs. JTa 3aj1a4a sBisercs HoBoW. Jo cux mop mansie KA BBIBOOMIHCH
Ha KOHKpPETHble OpOWTHI /JI1 BBINOJHEHUS LEJIEBOM 3aJaud, a MOTOM IIPOCTO
MpeKpalaid akTUBHYIO padoTy, mpeBpamiasch B KocMuueckuid mycop. Ecnu B
KOHCTPYKIIMM TPEIyCMOTPETh 3allac JHEPIUHM, NYCTh [JaXX€ CPABHUTEIBHO
HEOOJIBIION, TO TMOSBISAETCS BO3MOXKHOCTh OPOMTATILHOIO MaHEBPUPOBAHMS.
ManeBpupoBaTh Ha OpOUTaX BaXHO MO CIACAYIOUIUM MPUIHHAM:

1) pacumpsieTcs nepeveHsb esIeBbIX 3a7a4, pelaemMbix MainbiM KA;

2) mosBISETCS BO3MOXKHOCTHh MpHUYaiMBaHus Manbix KA k opOutambHOI
CTaHIMU WIH JIPYTUM arapaTam JJis pelIeHHs pacllupeHHOro Kpyra 3a/1ady;

3) mnosBisieTCS BO3MOXKHOCTh KOPPEKTUPOBKM HETOYHOCTEH IMapaMeTpoB
OpOUTHI IPU BHIBEICHUU CIIyTHUKOB;

4) HakoHel, €CTh BO3MOXHOCTb yJanuTh Manbli KA ¢ opOuTel mocne
3aBEpUICHHUs] AaKTUBHOI'O CYIIECTBOBAHMs, YTOObI HE YBEIMYMBATH KOJIMYECTBO
KOCMHUYECKOT0 Mycopa Ha opouTax [5,6].

B ouepenHoit pa3 060cHOBaHa HEOOXOJIUMOCTh SHEPTETUYECKOTO 00ECIeYeHUs
manbix KA 0e3 XuMHuecKoro ToIInBa.

Uness paboThl mMOsSBWIACH BO BpEMS HU3YYEHHUS HEIOCTATKa BBITSHYTHIX
OpOUTANBHBIX KOHCTPYKIMI — KayaTeIbHOrO JBH>KEHUs. Takoe ABMXKEHUE 00JaaaeTt
MEXaHUYECKON 3Heprueil. 3Ha4uT, HaA0 MPAKTUYECKU MCIOJIb30BATh 3TOT BUJ
SHEPruu, B TOM YHCIIE COBMECTHO C JIPYTMMHU BUAAMH SHEpruu. B aToMm 3akimtodaercs

OCHOBHasl Hjiesl padOTHI C OLICHOYHBIMH PACYETAMU MOJOKUTEIHLHOTO A deKTa.
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AHaJIM3 JIuTepaTypbl

B pa6orax OcwunoBa B.I'., IllomynoBa H.JI. wuccnenyercs mporecc
Pa3BEPTHIBAHUSI TPOCOBBIX KOCMUYECKUX cucTeM [7]. C MOMOIIbIO TaKUX CUCTEM
npeajiaraeTcsi MPOBOJUTH HE TOJBKO OpOUTAIbHBIE OKCIEPUMEHTHI, HO U
aTMocdepHble, MOCPEICTBOM TpocoBoro armocdepHoro 3ou1a [8]. bonee Toro, npu
KayaTeJIbHOM JBHKEHHH TPOCOBOW CHCTEMBI MpeaaraeTcsi 000pBaTh TPOC MO BpeMs
MUHUMAJIBHOM CKOPOCTHM HUKHErO Ipy3a, 4ToObl TOT BEpHYJCsS Ha 3emito. Takum
oOpa3om, Obl1a 000CHOBaHa BO3MOXHOCTH Bo3BpaieHusi KA ¢ opOutel Ha 3emitio
0€3 UCMOIb30BaHUS XUMUYECKOTO TOTIMBA.

B paborax ExumoBckoit A.A. u3y4yajiochb MaHEBPUPOBaHME Ha OpOUTaX C
IIOMOILBIO TPOCOBBIX BpalAKOIIUXCs KocMuuyeckux cucreM [1,2]. Ecim Tpoc
o0opBaTh B MOMEHT, KOIJa BpalllaTeibHas CKOPOCTh OJIHOIO Ipy3a COBMAAAET C
HaIlpaBJIeHUEM JBW)KEHHUS LEHTpa Macc, TO OyJeT IMoJiydeHa JOINOJIHHUTENIbHAS
CKOPOCTh JUIsl yBEJIWYEHHUs BbICOTBHI. Ecnmu Tpoc o0opBaTh B MOMEHT, KOI/a
BpalllaTesbHasi CKOPOCTh OJHOTO I'py3a MNPOTHUBOIMOJIOKHA HAIPABICHUIO IBHKCHUS
[IEHTpa Macc, To OyJeT MOoJyueHa JOIMOJIHUTEIbHAsI CKOPOCTh ISl cHbkeHus KA,
HaInpuMep, JUIsl BXoJa B aTMoc(epy U BO3BpaIlEHUs Ha 3eMITIO.

OCHOBHBIM METOJMYECKUM MaTEPHUAJIOB Jisi BBINOJHEHUS OaJTTUCTUYECKUX
pacu€ToB cTaja KHUTA OJHOTO U3 OCHOBOIIOJIO)KHMKOB MEXAaHHMKH OpPOUTAILHOTO
IBWKEHUS JIOKTOpa TEXHHYECKUX Hayk, mpodeccopa bpbikoBa AHaTonus
BukropoBrnua [9]. B 3TOil KHuUre ecTb NpUMEphl pacdy€ra JIBHKEHHUS TPOCOBBIX
cucteMm. Hampumep, npuBoauTcs: npuMep Ajis pacuéra JJIUHBI Tpoca, He0OX0UMON
1u1st Bo3BpanieHuss KA na 3emito mociie o0pbiBa CBS3KH.

Takum oOpa3om, B HacTosllee BpEeMs YPOBEHb TEXHUKH SIBISAETCA
JIOCTATOYHBIM, UTOOBI OT TACCUBHOM I'paBUTAIIMOHHON cTabunu3anuu [10] nepeitu K
NPaKTUYECKOMY  NPUMEHEHHIO  TPOCOBBIX  CHUCTEM  JUJIi  OpOMTAIBHOIO
MaHEBpPUpPOBaHUS. OTO TMpEAMET UCCIENOBaHUs B IpeajaraeMoil  pabore.
[Ipennaraercss oueHUTh 3PGEKT 11 MAHEBPUPOBAHUS B 3aBHUCHUMOCTH OT JJIMHBI

TPpOCa B CBA3KC IBYX KOCMHWYCCKHX aIlllapaTOB.
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HepBbIe Pe3yJabTaThbl HCCICIOBAHUA — I'PABUTAIIMOHHASA CTaﬁl/IJII/I?.aIIl/IH

OcCHOBHOHI nUTEpaTypoil AJii M3Y4YEHHUS TPOCOBBIX CHUCTEM CTalld pabOThI
Ocunosa B.I'. u Momynosa H.JI. U3 PKK «Oneprus» um. C.IIL.Koponésa. Jlara
paboT oTHOcUTCS K KOHIy 90-X romoB, HO HCCIEAOBAHHUS B 3TOM HaIlpaBJICHUU
npoBoAWINCH B cepenune 20-ro Beka, korga CoBerckuii Coro3 ObLI JIUIEPOM B 3TOM
HanpaBjieHuu. B paboTrax »9STUX aBTOPOB €CTh HECKOJBKO IMATEHTOB IO
Pa3BEPTHIBAHUIO U YIIPABJICHUIO IBUKEHUEM TPOCOBOM cucteMbl (puc.l).

UcTtopusa npobnemMbl n aHanu3 nurepartypbl

(19) an 13

RU 2112714 €1
(51) MNK® B 64 G 1/24

PKK «3Heprus» um. C.M1.KoponéBa,
Nopopn Koponés,
MockoBckas o6nacTb -

12 ONUCAHWE M3OBPETEHWA K NATEHTY

P

KocmoHasmuka (46) OnGrosanc: 10.06,1998 e Kaanaa’

(72) AsTopiui)
Ocunos BT,
Wourywos HJI.
Koueprin B,

ny

KocMuueckue TpocoBble
C " CTe M bl : M CTOp "H “ (54) CNOCOB PASBEPTHIBAHWA OPBATANBHOW TPOCOBOW CUCTEMbI
nepcneKkTUBbI e

ero wataxesua N0 sakony N =AVi(1-BalLy),
Tpoc:

vLLZLLE

anwna e
BENHMNE, NPKHGEM B MeHbe euHMub. Brinyck
TPOCA NDEKPALLAKT B MOMEHT. KOTOA €70 AMHA
CTAHET PABHOR TAGHHOR KOHESHOR. 1 120N, 1 Mn.

B.I. OCUNoB,

H.N. WOLWYHOB,

Pal OCMUYECKaA Kopnopauua "SHeprua”
um. C.MN. Koponesa

]

KocMuyeckne TpoCcoBble CUCTEMbI — 3TO NOKa Mano
M3BeCTHaA obnacTb KOCMHYECKON TEXHMKH, FAe Halla cTpaHa
Ao cepeaunHbl 60-X Ir. MMena NpUOPHTETHbIE No3nuyun. Ho
3arem B TeyeHue 30 neT BeAywWYyO POnk B 3TOM HanpasfeHUH
sananu CLUA. CoBpemeHHan cuTyauusa nossonset Poccun
BHOBb NONYYWUTb NEPBEHCTEO B AaHHOW obnacTu
KOCMOHABTHKKN. CneyunanmcTbl M3BECTHON OTEYECTBEHHON
tupMbl NpegnaraloT BbIMNONHNUTE HECKONbLKO 3Tanos
NpaKkTHYECKOro HCNONL30BaHUA TPOCOBbLIX TEXHONOIMA Ha
Gyayimx KOCMHYECKMX CTAHLMAX.

Puc. 1. Uctopust paboThl 110 OpOUTATBHBIM TPOCOBBIM CUCTEMaM

Brinonnennas pabora gBisieTcsl TPOJOJKEHUEM MPEIbIIYIINX UCCIeTOBAaHUN
KOCMHMYECKHX allapaToB BBITIHYTON (opMbl. Ho Teneps oTiauuuem sBIsETCS He
rpaBUTALMOHHAS CTA0WIM3alMs, a OpOUTAILHOE MaHEBPUPOBAHUE C MPUMEHEHHEM
sToro sBieHus. Eciam kocMuYeckuid amnmapar UMeEeT BBITSIHYTYH0 (GOpMy, TO OH
ITOBEPHETCS B LIEHTPAJIBHOM I10JI€ TSKECTH BJIOJIb CUJIBI MPUTSKEHUA. JTO XOPOILIO
BUJHO Ha raHTenu. bimxkusas kK 3emse yacTb TaHTENU HCIBITHIBAET 00Jiee CHIIbHOE
MPUTSKEHUE, YEM Apyras, yAaIEHHAs 4acTb. 3HAYUT, MPU MONEPEYHOM IOJ0KECHUU
Jake HeOOJbIIOE OTKJIOHEHHE OT TOPU30HTAIBHOTO MOJIOKEHUS BBI3OBET KPYTSAIIMIMA
MOMEHT OT CuJ rpaButanuu. KocMuueckuil anmapaT HNOBEPHETCA TaK, YTO camasi
TsKENAs 4yacTh OyJeT BHUBY, JETKask HaBepXYy, MPOJI0JIbHAS OCh HAMPABIIEHA K LIEHTPY
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3emid. DTO yCTOMYMBOE MOJIOXKEHUE 0 JIAMyHOBY, MOTOMY YTO NPU OTKJIOHEHUU OT
HEro BO3HUKHET, HA00OpOT, BO3BpAIIAIOIINNA MOMEHT cuil TsbkecTu. llpu nBukeHun
o opoute KA Bpaiaercst BOKpyT IIEHTpa TSKECTH. 3HAYUT, OH pacrojiaraeTcs BAOJb
CHJIBI TATOTEHUS U TonepeéK ocu BpaieHus. Ho nomnonHutensHo OH OyAeT KayaThes,
Kak MadaTHUK. [Ipemnararo M3yduTh 3TO SIBJICHUE B JIONOJHEHUE K BBIIOJHEHHBIM
paHee UCCIIeIOBAHUSAM I10 TPaBUTAIMOHHON cTabunu3anuu [4].

[Ipu aHamu3e aUTEpaTypbl BaXKHOM SIBIIAETCS KJIACCHYECKAs 3a/ada U3 KHUTH
OCHOBOIIOJIO)KHHKA TEOPUHM KOCMUYECKHUX MOJETOB AHaTtosusi BuktopoBuya bpbikoBa
[9]. HuxHuii rpy3 B TPOCOBOM CBSI3KE MOYKHO BEPHYTh Ha 3€MJIIO IIOCJIE pa3pbiBa
TpOCa M3-3a IO YMEHBUIEHHOW CKOPOCTU. BBIJIO MOBTOPEHO pELICHHE IIKOJbHBIMHU
METOJIaMU, MOJYYWII JUIMHY Tpoca 88 KM sl TOpMO3HOro umimynbca 100 m/c npu
BbicoTe opbuthl 400 kM. B kuure A.B.bppikoBa BbIYHCIIEH ONTUMAajibHas JJIMHA
Tpoca 60-230 kM s pasHbix opOut. IlosydeHHBI pe3yabTaT CcoBHal C

KJIaCCUYECKUM. Pe3ynbTaThl pacu€ToB MOKA3aHbl HA PUC.2.

BosepauweHue KA ¢
TPOCOBOMU CUCTEMDI
M3BECTHO
(Bpbikos A.B)

m!
14, = GM, =3,986004418.10% [5—2]

H
v, =
TR +h

Vo=V +aV
Jniopa av VEJ“:B
cKkopocTeii A
\ V. |C - uentp tsxectn R,=6371210 ()
R3+h+L\ 1= 400000 ()
V.=V-aVv ONET F= Ry +h = 6771210 (m)
=LA @®H |h KOCMNHECKIAX y_ [ossHTE I 5(»1]
ATIAPATOR o emmio s
r=Ry+h npHMEPs! 1 3anan AVA—=*100(KJ
RAh-L B :
bar o _ m
Uﬁ,ﬁﬁ’jﬁﬁ 3 Vy=V, AV,,-7572,5(5]
R3 By =0y
VC — VH
. _ Y TRl vy
L=
3emns 76725 _ 7572,5

6771210 6771210-1
L =88253(m)

Puc. 2. Pe3ynbrarsl pacuéra JymHbl Tpoca i1 Bo3BpatieHuss KA Ha 3emiro



OueHoYHbIN pacyéT AMTHHBI TPOCa I Bo3BpameHus KA Ha 3emutro
3amaua u3 kHurd A.B.bpeikoBa Oblia perieHa IIKOJbHBIMU METOJaMH.
Pacy€Tbl BBINOIHEHBI B COOTBETCTBHE ¢ 0003HAUEHUSMH, IOKA3aHHBIMU Ha pUC.2.
[Ipu nBUWOKEHWHW TPOCOBOW CBSI3KM MO OpOUTE IIEHTPOCTPEMHUTEIHHOE

YCKOPEHHE M CHJIa TPaBUTAIlMK CBI3aHBI BTOPBIM 3aKOHOM HbroToHa ma = F,, .

YuuThIBaeM, YTO LIEHTP MAacc PacloJio’KeH Ha BbICOTE h HajJ MOBEPXHOCTHIO
3emun, npuMeHsieM (GopMmyiy JUisl pacuéra LEHTPOCTPEMUTEIBHOIO YCKOPEHUS IS
JI€BOW 4YaCTW YPABHEHHUsA, a B IPABOM YacTH IIOJIb3yEeMCs 3aKOHOM BcemupHOro

v; mM

mre
TATOTCHHUS =G -
Ro+h (R, +h)

W3 nomyyeHHOW (OpMyYIBl BbIpakaeM CKOPOCTh JBMKEHHS IEHTpa Macc

GM,

TPOCOBOM CBSI3KM V. = 2
+
3

DT0 KpyroBas CKOpPOCTb, TO €CTh IepBas

KOCMHUYCCKas.

B Oammuctudeckoit nmrepaTtype OOBIYHO BMECTO IOCTOSIHHOW TSTOTEHUS WU

Macchl 3emMiIu INPHUMCHAIOT UX IIPOU3BCACHUC, KOTOPOC HA3BIBACTCA I'PaBUTALIMOHHBIM

3
m
2

napamMeTpoM 3eMi  u, =GM, = 3,986004418-10”(
N

J. JIIst  kaXXJa0M  IUTAaHEThI

IPaBUTAIIMOHHBIN MTapaMeTp UMEET CBOE 3HaUEHUE, HO B ATOW pabOTe MEKIUIAHETHBIC
nepenéTbl HE M3YyYaroTCs, MO3TOMY Ba)XXEH TOJIbKO TI'PAaBUTALIMOHHBIA MapaMeTp
3emuin. OTiiMyue OT MPHUHATON KIIACCUYECKOW JIMTEpaTyphl 3aKkiIo4yaeTcsl B
MpUMEHEHUH MEXIyHapOIHOW CHUCTEMbI M3MEPECHHS €IUHUIl (PU3HUECKUX BEITUYHH
(CHN), B aTOM Cciyyae MPUMEHSIIOTCS METPBI, @ HE KUJIOMETPHI, KaK B OaJUTMCTHYECKOM
nurtepartype [9].

C y4€ToM rpaBUTAIIMOHHOTO MMapaMeTpa 3eMIIM NIepBasi KOCMHYECKast CKOPOCTh

H;

. B obmem Bume mia He€ B
R, +h

3anuchiBaeTcsl 0oJiee MpocTou GopMmynon V. =

crpaBouHOM Matepuasie kuuru A.B.bpbikoBa [9] npuBoautcs hopmyna V, = ,/& :
r



[Ipu omeHoyHoM pacuére ObUIa TPEANONIOKEHA BHICOTA OPOUTHI, TO €CTb
BBICOTA LIEHTPAa MAacC TPOCOBOW CHCTEMBI HaJl MOBEPXHOCTHIO 3eMiu, 400 kM, Kak y
MexnyHapoiHOH OpOUTaIbHOW CTAHUUHU. OTO IPAKTUYECKH 3HA4YMMas BBICOTA
OpOUTHI.

beun  copMHpOBaHbl HMCXOJHBIE JAaHHbIE Ui pacuéra: R, =6371210(m);
h=400000 (m); r=R,+h=6771210(m).

[Tory4eHHBIC YUCIOBBIE JaHHBIC MTOACTABICHBI B pab0uyio GOopMyIy:

3,986004418-10" m
V. :\/ 10 =7672,5(—).
S

Jns 6e3omacHoro BosBpaiieHuss KA c¢ opOutkl BeicoToi g0 400 kM Haj

MOBEPXHOCTHIO 3eMJIu TpeOyeTCsl TOPMO3HOM uMIybc npubdausurensHo 100 m/c, To

m
€CTh U3MEHEeHHE CKOpOCTH KA M0JKHO OBITh OTPULIATEIBHBIM AV, =—100 (—j
S

OTO 03HAYaAET, YTO CKOPOCTh HUKHETO I'Py3a B TPOCOBOM CBSI3KE JIOJKHA OBITH

MEHbIIIE TPUOTUZUTENHHO Ha TaKYI0 BEJIUYHUHY, TO €CTb V,, =V, — AV, =7572,5 (ﬂj :
S

Emé omHO mnpenmnosioxkeHue, HE OYEHb JAIEKOE OT JECHCTBUTEIBHOCTH,
3aKJIFOYAETCSl B MPEACTABICHUN ABHXKEHUS TPOCOBOW CBSI3KH JBYX T'PY30K B BHJIE
MOJIeIu a0COMIOTHO TBEPAOTO Teja. DTO O3HAYAET, YTO TPOC BCErAa HATSHYT, HE
MPOBHUCAET, OPHUEHTUPOBAH IO MECTHOM BEpTUKaIW. Torga yrioBble CKOPOCTH
BpAIlIEHUS BCEX TOYEK CUCTEMBbI OJWHAKOBBI, B TOM YHUCJIE LIEHTPA MAaCC U HHXKHETO
rpy3a, TO €CTh @, = @, .

Bocnonb3yemcs ¢Gopmysoil B3aUMOCBSI3M MEXKJYy YIVIOBOM W JIMHEHHOMN

. v, v
CKOpPOCTAMH, HO TOJIBKO C Y4YCTOM IIOJIYJJIMHBI TPOCa S a . IlosiBunace

Ri+h R +h—L
3a7a4a onpeaeIeHus Oy IMHBI Tpoca. HemMy paBHaA MoJIyJIMHA Tpoca L =?

HOI[CTaBJIHeM INOJIYYCHHBIC PAaHCC YHUCIICHHBIC 3HAYCHUA MW OTBCHACM HaA

7672,5  7572,5

BONPOC 3a0a4H: = ;
6771210 6771210 L

L =88253(m).
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Jljis IpoBepKU MPAaBHIIBHOCTH Pacu€ToB ObLIA BHIYHMCIEHA CKOPOCTH BEPXHETO

rpy3a Mo NPUHITOW MO a0COIIOTHO TBEPIOTO TelA: @, = @, .

W3 paBeHCTBa yIJOBBIX CKOPOCTEW BpalICHUs MPU JABUKEHUU BOKPYT 3€MIIU

o v V
LIEHTPa MacC U BEPXHEH TOUKH NOJIYYCHO YpaBHEHUE —<— = £,
R.+h R, +h+L

B HaWACHHOE YPaBHCHHC IIOACTaBJICHBI YHCJIOBBIC 3Ha4YCHHUA

7672,5 v,
6771210  6771210+88253

B pesyinbrare onpeneneHa CKOpOCTb BEPXHEN TOUKH V, = 7772,6(ﬂ].
N

Bepxusiss Touka, HaoOOpPOT, 1O CpPAaBHEHUIO C HIDKHEH, TMOJyJaer

MOJIOKUTEIIBbHOC NPUPALLCHUE CKOPOCTU: AV, =V, -V, =T7772,6-7672,5=100,1 (ﬂj
N

PaBeHcTBO BEnMMUMH MOAYJNEHM  OPUPAIIEHUM  CKOPOCTEM  JAOKAa3bIBAET
IPAaBWJIBHOCTh PEUICHMs 33Jaud IO TUIIOTE3€ abCONIOTHO TBEPAOIO TeNa, TaK Kak
TPOCOBAsI CUCTEMA MPEII0JIOKEHA CUMMETPUYHOM.

['maBHBIN BBIBOJ B TOM, YTO MOJYJUIMHA Tpoca modyduwiach 88 kM. B kHure
A.B.bppikoBa 3HauMTCS NPUOIU3UTENBHO Takas K€ BEJMYMHA 59 KM, HO TaM OAMH
Ipy3 MPEANojaraeTcs TsKENbIM, a BTOPOM JIETKMM, TaKXKe YYUTBIBAIOTCS

0COOECHHOCTH HECHTPAJIBHOI'O I'paBUTAIUOHHOT'O I10JIA 3emiu.

Hcnonb3oBanue 3ppeKra Ka4yaTeabHOr0 ABHKCHUA

B pabote mpopomkaercs oOCyXJI€HUE MPAKTUUECKOrO0 MPUMEHEHHsS] CBOMCTB
LEHTPAJbHOTO TPABUTAIIMOHHOTO TOJs 3eMJIM JJisl  YOpPaBIEHUS JBUKCHHEM
kocmuyecknx — anmapatoB  (KA).  [lokazaHHOW  SIBISE€TCST  BO3MOXHOCTH
rpaBUTallMOHHON ctabunu3anuu KA BeiTsHyTOM Qopmbl [1,2]. Beitsanytyio dhopmy
KOHCTPYKLUHU OCYIIECTBUTH CIOXKHO. HO ecnu mepelTu K TPOCOBBIM CHUCTEMaM, TO
JUTMHA OpOUTANBHBIX CBSI30K MOXKET JOCTUIaTh JECSITKOB KMJIOMETPOB. TeXHHUECKH
ATO OCYIIECTBUMO C TOMOIIBIO COBPEMEHHBIX JIETKUX M MPOYHBIX MAaTEepUasIoB,
HampuMep, Ha OCHOBE YriieBoJokHa. Llemp paboThl 3akirouaeTcss B BBISBICHUU

CKPBITBIX BO3MO>XHOCTEH MNCPCIICKTUBHBIX Op6I/ITaJ'II>HI>IX TPOCOBBIX CHUCTEM I HUX
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MaHEBpHUPOBaHUS B KOCMOcCE. B KIIacCMYECKHX TPOCOBBIX CUCTEMAX HCIOJIb3YETCS
CBOMCTBO JABMKEHHUS LIEHTpPA MAacc IO OPOUTE C KPYroBOMl CKOPOCTHIO, HO MPHU ITOM
cBsizaHHbIE TpocoM KA MMEIOT CKOpPOCTH, OTIIMYHBIE OT KpyroBoi [3]. B meBoit yactu
pUCYHKa NOKa3aHO oTinuyue ckopocted KA, CBA3aHHBIX TpPOCOM OT KpyroBOH

CKOPOCTHU, TO €CTh NIEPBOM KOCMUYECKON CKOPOCTH AJI 3aaHHOU BBICOTHI OpOUTHI. C
KPYTOBOM CKOPOCTBIO V,, = ,{ﬁ JBUKETCS LIEHTP MAacC CBA3KU U3 JBYX OJMHAKOBBIX
r

KA. B sroit popmyne u=398600 (km>/c?) - TPaBUTALIMOHHBIN IapaMeTp 3eMH, 7 —
ylajieHue or ueHTtpa 3emun (kMm). B Oamnuctuke pacuérbl MPUHATO BBINOJHATH B
KkuiioMeTpax. Jljst 3Toi CBSI3KM Ha puc.3 OKa3aHa 3I0pa paclpeaesIeHusl CKOPOCTEH,
KOTOpasi AOKa3bIBaeT, yTo HIKHUI KA Ha Tpoce aBuraercs MeJjieHHEE, a BEpXHUU —

OBICTpEe.

2L - pnuHa Tpoca \(_-’\ AV>0 [epuren

JKBUBAaJEeHT
TOPMO3HOTIO
uMnynbca ans
CHUNXXeHuA

Puc. 3. Dnropa ckopocTel TPOCOBOM CUCTEMBI

Ecnu Ob1 Tpoca He ObLI0, TO HaOMIOAaNach Obl oOpaTHasl CUTyalus. 3HAYUT,
TPOCOBasg CHUCTEMa B NPUHIUIE W3MEHSET IMpeJCTaBlIeHue 00 yIpaBIeHUH
nsmwxennem KA. Hampumep, ecinu Tpoc pasopBaTh, TO 3TO OyIeT pPaBHOCHUIIBHO

TOPMO3HOMY MMITYJIbCY i1 HUXKHEro KA B Touke amores, a BepxHuid KA momxyuut
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Pa3rOHHBIA UMITYJILC B TOYKe mnepures [3]. Hukakoro XMMHYECKOTrO TOIIMBA IS

TaKOro OpOUTAIBFHOTO MaHEBpA HE TpeOyeTcs.

2L - anuHa Tpoca AV>0 MNepwuren KauaTenbHoe ABMXeHWE ABYX
OAWHAKOBbLIX Macc Ha Tpoce r+L
L<<<r
J“’ L L r

=1 3= m

Kp r

Anoren
AV<0

JKkBUBanNeHT
TOPMO3HOTO
uMnynbca ans
CHUXeHUA

nDHOﬂHMTeﬂbhble
CKOpPOCTH OT

e
[lo cyru nns opOWUTaIbHOTO MAaHEBPUPOBAHUS HCIIOJb3YETCS JHEPrUs
OTHOCHUTENBHOTO BPAIlEHUS TPOCOBOM CUCTEMBI IIPU JABMIKEHHUM €€ LIEHTpa Macc II0
3alanHoOM opOute. bonee TOro, oxasblBaeTCs, MOXKHO CIEUUATBLHO 3aKPyTHUTh
TPOCOBYIO CHCTEMY, YTOOBI YBEIMYMTH 3amac BpalllaTeIbHOW SHEPruu ISl
nocliieayroniero opoutanbHoro maneBpupoBanus [1,2]. Hemocratkom paboT 1m0
TPOCOBBIM  BpAILAIOIIMMCS  CUCTEMaM  SIBIIsieTCA  o0s3aTelibHOe  TpeOoBaHUE
MPEIBAPUTEIBHON PACKPYTKU KOHCTPYKIIMH, YTO BBI3BIBAET TEXHUUYECKUE TPYAHOCTH.
[Ipensaraercsi UCNONB30BaTh MJIsi OPOMTAIBHOTO MAaHEBPUPOBAHUSI SHEPIHIO
KAuaTeJbHOTO  JIBMJKEHMS, CBS3aHHOTO C TIPaBUTALMOHHOM  cTaOWau3anuen
BEITAHYTBIX KA. TlomoOHbie uccnemoBanus BeimonHsuch B PKK «Oueprus» um.
C.II.KoponéBa, B ToM umcie jjs Bo3BpamieHuss KA ¢ op6utel Ha 3emumio [3,7,8].
[enb pa®oTHI 3aKITI0YAETCSI B COBMECTHOM HCIIOJIb30BAHUU KAa4aTENbHOTO JBUKCHHUS
KA na opOute M ero rpaBUTALMOHHOM CTaOWIM3allMU, TO €CTh MEIJIEHHOrO
BpAILIEHMs C IOCTOSIHHOW OpHEHTAlMEN TpOca IO MECTHOU BepTukaiu. IIpaBas gacte
PUCYHKa WUTIOCTpUPYET 3(PGEKT OT TaKoro NPeIIoKEeHHs, KOTOPBIA HaIo
paccunuTaTh KOJIUYECTBEHHO.
IlycTp B HayanbHBIM MOMEHT BPEMEHH TpPOCOBAas CUCTEMA OPHUEHTUPOBAHA

TOPHU30HTAJIbHO, KAaK IIOKAa3daHO Ha pPIC4 cieBa. Tak kak HJIMHAa TpOoCa HAMHOIO
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MEHBIIEe yJaleHus OT LIeHTpa 3emiu, To olulas ynenbHas ([/Kr) moTeHuuaIbHas

OHEPrus CUCTEMBI paBHA E | = .
r
KayatenbHoe ABUXeHue ABYX m
OAWHAKOBbIX Macc Ha Tpoce r+L "'Vdop
L<<<r
m L L m — |
m

- r-L
Vdop

JononHutenbHbIE
CKOPOCTHU OT
KaydyaTesibHOro
ABUXEHUA Tpy30B

Puc. 4. 3akon COXpaHCHHUS SHECPIruu B HCHTPAJIbHOM I10JIC TATOTCHHA

JlokazaHo, YTO Takoe MOJIOKEHUE TPOCOBOM CHUCTEMBI HE OYIET YCTOMUYMBBIM,
OHa TMOBEPHETCS MO MECTHOM BEPTUKAIM, KaK MOKa3aHO cnpaBa Ha pucyHke [1,2].

ITocne IMOBOpPOTAa M3MCHUTCS YACIIbHAA IIOTCHIHAJIbHAA SHCPIUsdA, OHA CTAHCT pPaBHA

E,=—F + £
r—L r+L

OHpC,Z[CJ'IHGM N3MCHCHHC y,HeHBHOﬁ HOTCHHH&HBHOﬁ OHCPruu CUCTCMBI, M3

KOHEUHOM BEJIMYMUHBI BHIUUTAEM Ha4aJIbHYTO:

2
AE‘n = En2 _Enl = ’u + /u - 21” = 4IUL .
r—L r+1L r r(rz—Lz)

y,Z[CJ'II)Ha}I MNOTCHIOUAJIbHAA OHCPrud yYMCHBIIWJIACHL, 3HAYUT, YICJIbHAA

KUHEeTHYeCcKass »JHeprus ysenuuutca. OmpenensieM ckopocth AByX KA mpu

4ul’ Ve
BEPTUKAIBLHOU CBSI3KE —AE, = E, ; ‘Zu ~=2 dp Vi =
r(r —L ) 2

14



Jna cranmapTHOW omopHOW opObuthl BbicoTol 200 kM M ynoMmsHyTou [3]
nonyuimee Tpoca 50 KM JOMOJHUTENbHAS OT KayaTeIbHOTO JBHYKEHHS CKOPOCTb
paBHa 29,6 M/c. 3HaueHHE BHICOTHI OpOUTHI yMeHbIeHo ¢ 400 kM 10 200 KM, Tak Kak
OMopHass OpOUTa SABISETCS OCHOBHOW ansi mocienyromux maHéBpoB KA. Ilpu
nonyaiuHe Tpoca 100 kM ona paBHa 59,3 wm/c. Takue 3HAUYEHHUST CKOPOCTH
CYLIECTBEHHBI i OpOUTaIbHBIX MaHEBpPOB. JlOCTaTOYHO OTMETUTh, YTO IS
BO3BpAIICHNUs] KOCMOHABTOB Ha 3eMIII0 TpedyeTcsi TopMokeHue mpuban3utensHo 100
m/c.

Takum o00pa3om, J0Ka3aHO, YTO TPOCOBAs CHCTEMa HAa HU3KUX OpOHWTax

ABJIAICTCA aHLTepHaTHBOﬁ XUMHUYICCKOMY TOIIJIMBY.

BriBOaBI

1. O0ocHOBaHA BeJMYMHA MOJIOKUTEJIBHOr0 3(pdexkra HUMIYJbCA
Mg opOuTasbHOro  maHespupoBanuss  20-50 wMm/c ot
Ka4aTeJIbHOI0 IBUKCHUSI.

2. I¢¢eKT cynmecTBeHHbIN, ecJId yuecTh TopMokenue 100 m/c aias
Oe3omacHoro Bo3spamenus KA Ha 3emuro.

3. TpyAHOCTH 3aKJII0YAETCH B CHCTEeMe YIpPaBJeHHs, KadYaHUe
AOJIZKHO TPOMCXOAUTHh B ILUIOCKOCTH JABM:KeHus KA, B

HallpaBJCHUMU IBUKCHUS U IIPOTUB.
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