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PaccmaTpuBaeTcst MoIeIbHAs 3a1a4a 00 M3MEHEHUH TIapaMeTPOB OPOUTHI KOCMUYECKOTO arrapara, IpeacTaBIIsiomero
co0oii cucTeMy M3 JIBYX Macc, paCTaJIKMBAEMBIX U COMMKAEMBIX TIEPHOAMYCCKUA (DOPMHUPYEMOIA CBS3bIO B INIOCKOCTU OpP-
6uThl. PacTajkuBaHMe OCYIIECTBIISIETCS HA KPYTOBOW OpOUTE B MIPOTUBOITOIOXKHBIE CTOPOHBI ¢ OTHOCUTEJLHOM CKOPOC-
ThIO, MEHbIIICH HAYaIbHOI KpyroBoii. CTrMBaHME CUCTEMbI MacC MPOMCXOAMT B MPOTUBOITOJIOXHON OTHOCUTEIBHO IIPH-
TATUBAIOIIETO IeHTpa ToukKe. [TojydeHHas B pe3yibTaTe opOUTa MPEACTaBIIsIeT COOO0M BIUTUIIC ¢ TTapaMeTpaMu, OTINYaIO-
LIMMUCS OT UCXOOHBIX. [10100HBIE YyCTPOICTBA MTO3BOJISTIOT PeaTM30BaTh albTePHATHBHBIC PEAKTMBHOMY CITIOCOOBI M3MEHEHHMSI
ImapamMeTpoB OpOUTHI. B paccMaTprBaeMOM yCTpOMCTBE M3MEHEHUE ITapaMeTPOB OPOUTHI MPOMCXOIUT 6e3 pacXOmOBaHMUS
3araca pabodero Tejia Ha 6opTy. B psime ciiydaeB 3TO MOXET IIOMOYb YBEJIMUUTH CPOK CIIYKOBI KOCMUYECKMX AIlIapaToB.

Karouesoie cnosa: TpocoBasi KOCMUYECKasl CUCTEMA, OATMCTUKA KOCMUYECKUX allllapaToB, MeXKOPOUTAIBHBIN Mepeier,

MaHEBpUPOBAHUE KOCMUYCCKUX allraparosB.

BBenenue

TpocoBble KOCMUUECKHNE CUCTEMbBI — OIHO U3 TIep-
CIEKTUBHBIX HaMpaBJieHUI B KOCMOHaBTUKe. O6nacTu
BO3MOXHOTO MTPUMEHEHUS UX BECbMa pa3HOOOPa3HBbI:
OT YIpaBJIeHUS IBMXKEHMEM KOCMUUYECKMX allrapaToB
nocpeacTBOM (hOPMUPOBAHUS JIEKTPOIMHAMUYECKOM
cuctemsl [1, 2] no permieHus MpodIeMbl KOCMUYECKO-
ro mycopa [3]. B [2] u [4] paccMOTpeHBI pa3aIudHbIC
PeXrMbl OPOUTATILHOTO JABUKEHUSI TPOCOBOI CUCTEMBI,
a TakXXe CIocoObl UBMEHEHUS MapaMeTpOB OPOUTHI
CHUCTEMBbI WJIM BJIEMEHTOB, B Hee BXonsiux. B HacTo-
s11ee BpeMsl 9T YCTPOKCTBA HECOBEPIIIEHHBI U TPeOy-
IOT TEXHOJOTM4Yeckol oTpaboTku. B ocHOBHOM Ha
MpakTUKe 0TpadaThIBAETCS pa3BePThIBAHUE TPOCOBBIX
CHUCTEM, OJIHAKO B psiJie Cly4yaeB aKTyaJlbHON MOXET
OBITh U 3ajJaya MX CBOpayMBaHUs, Hampumep [5].

Wcnonb3oBaHue IEpUOINYECKOTO Pa3BePThIBAHUS
C TMOCJISAYIOIIMM CBOpauMBaHUEM TPOCOBOIW CHUCTEMBbI
MOXET 0Ka3aThCsl MOJIE3HBIM MPU CO3AaHUU YCTPOKi-
CTBa, OMMCAHHOTO B paboTe 6], TIe pacCMOTPEHEI CIIO-
co0 U cxema KOCMUYECKOro armapara, cnocoOHOro
COBeplIIaTh KOCMUYECKHE TepesieTbl MeXAy KOMILIa-
HapHbIMU OpOUTaMU O€3 pacXoJ0BaHUsI paboyero Tea.
Monenp KOCMMYECKOTO anrapara IpeacTaBiIsieT co0o
KPYIHOTabapuTHYIO KOCMMYECKYIO KOHCTPYKIIMIO,
macca KOTOpoli cocpeoToueHa B IByX TOUKax, pa3He-

CEHHBIX B TPOCTPAHCTBE MO OMHOPMAaJIU K OpOUTE TaK,
YTO LEHTP MacC CUCTEMbl IBUXETCS MO OpOUTEe, B
IUIOCKOCTU KOTOPOM HaXOAWUTCS MNPUTSATUBAIOIIAN
LIEHTP, & MAacChl HaXOAATCS MO pa3Hble CTOPOHBI OT
3TOU TJIOCKOCTU. Macchl UMEIOT BO3MOXHOCTb MpPU-
OJIMKAThCs K LIEHTPY Macc, a TakXKe OTHAJSIThCS OT HETO
Ha (uKcupoBaHHOe paccTosiHue. Korga macchl Makcu-
MaJIbHO TIPUOJIMKEHBI K LIEHTPY MacC CUCTEMbl, CUU-
TaeTcsl, YTO KOCMUYECKHU ammapar MpeacTaBlisieT co-
00li MaTepuaJibHyl0 TOUYKY, B KOTOPOU TMPUIOXKEHbI
CUJIa TSIKECTU UM LieHTpobexHas cuia. [Ipu yBenuue-
HUM PACCTOSTHUSI MEXY MaccaMu LIEHTpoOeXXHas crjia
COXpaHSIET CBOE 3HAUEHUE, a CUJjia TSIXKECTH, C YIETOM
TOT0, YTO KOHCTPYKIIMSI KPYITHOTaOapuUTHAasl, yMEHbIIIA-
ercsi. B pesynbrare, ynepxkuBasi MacCchl BOJM3U 1IEHT-
pa Macc CUCTeMbl B T€YEHME TTOJOBUHBI BUTKA OpOU-
Thl, & B T€YEHUE JIPYTOil TTOJOBUHBI BUTKA MaKCUMaJlb-
HO yJasisi UX OT LIEHTpa Macc, MOXHO BBECTU OpOUTY
B PE30HAHC U YBEJIWYUTH €€ DKCIEHTPUCUTET BILJIOTh
JI0 €IVUHULIBI.

B pabote [7] paccMOTpeH II0JIeT TPOCOBOI CUCTE-
MBI C TIEPUOINYECKU U3MEHSIOLIECS IJIMHOM, paclo-
JIOXKEHHOH, B OTJIMYME OT MpeAbIAyIIero ciayyas, B
IUIOCKOCTU OpOMTHI, OJHAKO 0053aTe/IbHBIM YCIOBUEM
W3MEHEeHUs MapaMeTpoB OPOUTHI MPU STOM SIBJISIETCS
HEOJHOPOAHOCTD MOJIsSI TIATOTEHUSI.
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B manHoOIT paboTe paccMaTpmBaeTcs KOCMUYECKasT
CHCTEMa B IIEHTPAJIbHOM TPAaBUTAILMOHHOM II0JIE, CO-
cTosmIas U3 IByX Macc, MepUOANIECKH COSTMHSIEMbIX
cBs3b10. OCOOEHHOCTHI0O KOHCTPYKIIMU SIBIISIETCS TO,
YTO CBSI3b MEXKIYy MaccaMu, HallpuMep B BUE Tpoca,
TMIEPUOANIECKH TOSBIISIETCS W FicUe3aeT, MO3BOJISs, Ta-
KAM 00pa3oM, MaccaM JejaTh pa3HOe YKCIIO BUTKOB
BOKpYT MpUTATUBAIOIIEro eHTpa. PaccMarpuBaercs
MPUHIATHATBHAS BO3MOXHOCTb N3MEHEHUS TTapaMeT-
pPOB OPOUTHI TAKON CUCTEMBI.

BbiBo, 3aBHCHMOCTH KOHEYHOH CKOpPOCTH
OT CKOPOCTH PaCTaJKHBAHMSI

ITycTh KOCMUUECKUIA amapar MpeacTaBIsieT Co0oi
CHUCTEMY M3 ABYX OJMHAKOBBIX MacC U HaXOAWUTCS Ha
kpyroBoii opoute. Ilycth B Touke A (puc. 1) mpowuc-
XOJWT pacTajKMBaHHWE Macc B HaIlpaBJIeHUU KacaTellb-

HOIi K TpaekTopu. [1ycTh Macchl paBHbL: m; =m, =m.
B pesynbraTe pacTalkuBaHKs Macca m, B TOYKe A NIpU-

obperer ckopocth V=V, +AV, a m, — cKOpocTb

V2 = Vk, -AV, tne AV — BeanumHa, Ha KOTOPYIO 13-

MEHMTCSI CKOPOCTh KaXKIOi MacChl B pe3yJbTare pac-
TaJIKUBaHUsd; V), — CKOPOCTb Macc Ha NepBOHAYaNIb-

Bl

HOI1 KpyroBO#l opOHTe M0 pacTaakmBaHUs. B cooTBeT-
cTBUM C [8]

_ [
V N )
ki rr

rae P — rpaBUTALIMOHHBIN apaMeTp TUIaHeThl, Ha Op-
OuTe KOTOPOi HAXOAMUTCA KOCMUYECKUIA armapar; 7, —
paanyc HayaJabHOU KpyroBOi OpOWTHI.

ITocne pacrankuBaHusI TOUKa A oKa3blBaeTcCs Tie-
PULIEHTPOM [UIl MAcChl m; W allOUEHTPOM I MacChl
m,. [lapameTpel c(hOPMUPOBAHHBIX OPOUT MOXHO Haii-
TU U3 ypaBHEHUM, MpeICTaBIeHHBIX B [8].

Ckopoctu Macc m; u m, B TOUKe A:

Vmax1: pﬁl(l-'-el);
(1
Vmin2 = piz(l_eZ)'

IMapameTpel OpOMT p, ¥ p,, @ TAKXKE IKCUEHTPUCH -
TETBI €, ¥ e, MOXKHO HaiiTu, noacrasus (1) B ypaBHe-
HUSI:

minl
Hoxoaxan Kpyroaana apﬁm

HanmpagnaHue

i“.- .
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: \
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Koneunan opbura / e
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Puc. 1. Cxema mepenera MocpeacTBOM pacCMaTpUBAaEMOI CUCTEMBbI
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IJle CYUTAETCS, YTO NEPULIEHTP OPOUTHI MACCHI M1, allo-
LEHTP OPOMTBI MaCChl M1, U PAIUYC HAYaIbHOM KPYro-
BOIA OpOUTHI COBITANAIOT B TOUKE A.

ITociie moACTaHOBKM IIOJTydaeM:

D :lD2 AV? +r, Iju+2r2 AV iD‘
1 l'lﬁlkr kr kr rkr ﬁ’
_14, 2 2 =
Py ==l BV +r, =21, DV r_ﬁ
H kr
O O
e =tg ariea, oy [P g
M rkrﬁ

PaccMmaTpuBaeTcs TeopeTrueckass BO3MOXHOCTD
U3MEHEHHUS MapaMeTpoB OpOUTHI TIPeJIaraeMbIM CIO-
CcO0OM, a TaKXe OCYIIECTBIISIETCS TTOUCK 3aBUCUMOCTU
napamMeTpoB OpOUTHI, KOTopas OyneT copMUpoOBaHA
1ocJie CTITMBAHUSI Macc MOCPENCTBOM c(hOPMUPOBAH-
HOM CBS3M, OT II€PBOHAYAJIBHON CKOPOCTU paCTaJIKU-
BaHMSI Macc B TOuke A.

TTockonbKy Ha BCell TpaeKTOpUHU, KPOME ydacTKa
CTATUBAHUS, CBSI3U MEXIY MaccaMu HET, TO A0 CTATHU-
BaHMSI MacChl MOTYT cJiejiaTh Pa3HOE YMCJIO BUTKOB T10
cBouM opburtam. Torma MOXHO HalTU aHATUTUYECKOE
pelieHue paccMarpuBaeMoit 3agadu. Ilyctb macca m,

caenaer n, +0,5 BUTKOB BOKPYI MPUTATMBAIOLIETO
LEHTpa, a Macca m, — n, +0,5 BUTKa, TIPUYEM 1, U H,

— 1ieJble yucaa u A > 1, . B 9TOT MOMEHT OHM OKa-

XyTcst B Toukax B1 u B2 cootBeTcTBeHHO (CM. puc. 1),
a cchopMUpoBaHHasl CBSI3b OYJIeT OPUEHTUPOBAaHA MO
paanyc-BeKTOpY OT MpUTsATUBaoIIero ueHTpa. Toraa,
B COOTBETCTBMH C [8], 11 Macchl m; MOXHO 3amucaTh
ypaBHEHUSI, OMpeAeIsIoNe paauyc-BeKTOp U CKO-
POCTB:

41
l-e¢

rmax] =

b

Vinin1 = p%(l _el)‘

AHAJIOTUYHO JJISI MacChl m, .

__ P .
rmin2_1+e ’
2

V. )= p£2(1+e2).

Ha KOPOTKOM Y4YaCTKE BPEMCHU MOXKHO IIpeacra-
BUTb, YTO CUCTEMA OJHOBPECMCHHO Y4YaCTBYCT B IBYX
JBUKCHUAX: IMOCTYIIATCIIbHOM CO CKOPOCTBIO LIEHTpPaA

+V

Vmax2 min 1
2
Macchl paBHbI) U BpalllaTeJIbHOM BOKPYT LIEHTpa Macc
C JIMHEMHON CKOPOCTBIO IS KaXIOW HM3  Macc

V

max2 _

2
MPOUCXOAUT MPOTUB YaCOBOM CTpesiKU. [1pr MrHOBEH-
HOM CTSITMUBAaHUM MacC OHU OOBEANHSTCS B TOUKE 1IEH-
Tpa Macc cucteMbl — Touke B:

macc (TIpy IPUHSITOM YCJIOBUM, YTO

V.
minl B paccMaTpuBaeMoM ciyuae BpalieHue

[
— max | min?2
Feon = Tmin2 + D) :

ITocne OACTAHOBKM B JAHHOC BbLIPAXKCHUEC IT10JIYy-
YEHHbIX paHEE ypaBHeHI/Iﬁ Haxoaum

rkon =
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B mporiecce craruBaHus Macc, YIaoBasi CKOPOCTh
CHUCTEMBI BO3pacTeT MPOMOPIMOHAIBHO YMEHBIIIEHUIO
MOMEHTa MHEPIINU CBSI3KH, OMHAKO JIJIST pacCMaTprBa-
€MOTO clTyJas ee U3MEeHEeHHE He TIOBIIHSIET Ha CKOPOCTh
JIBIDKEHMS TIEHTPA MacC CUCTEMBI, TIO3TOMY TTIOCTIE CTSI-
TMBaHUSI CKOPOCTH IIEHTPa MAacC OCTAHeTCs TPEKHE:
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C nenbio YIIPpOLICHHUA NJAHHOI'O BBIPAXKCHUA MOXK-
HO BBECTU 3aMCHY.

N

3)

AV =k,,. 4)
31ech kK — HeKoTopass KOHCTaHTa.
OuYeBUIHO, YTO JIJII 3aMKHYTBIX OpOUT
k<l. (5)

Torna BeipakeHue (3) MOXHO TepenucaTb B BUIe

K

_1 S N - +
2\ r,(k -1)?

V., =-
ok (k=17 T\ r (k-1)?

L S R

+_ A .
2\ r (k+1)? rk+1)? 2 \n (k+1)?

C yuetom HepaBeHCTBa (5)

1+k2
kon = 2 ke (6)
NJIn
Vkon :f(k)Vkr’
TIe
1+k?
k)= . 7
Sf(k) =2 (7)

3aBUCUMOCTb f(k) MOXHO IIPOUJUIIOCTPUPOBATD
rpa¢ukoM (puc. 2).

W3 rpacduka BUAHO, YTO C yBeJIMYeHUEM Kk, T.€.
CKOPOCTHM pacTajJKMBaHMSI Macc B TOUKE A, MPOUCXO-
JIUT POCT CKOPOCTU CUCTEMbI MaccC IOCJIe UX CTSATMBA-
HUS B TOUKe B, mprueM 3aBUCUMOCTb HeJIMHEHHas.

ITonyueHHast TpaeKTOpPHs IPEICTABIISIET COOOM 21~
JIUTIC C MIEPULIEHTPOM B TOouke B, paauyc-BeKTOp KO-
TOPOI1 OIpeaesIsieTCsl 3aBUCUMOCTBIO (2).

D DeKTUBHOCTL CUCTEMbI MOXKHO TTPOUJLITIOCTPU-
poBaTh MPUMEPOM.

ITycTb nepBoHaYaIbHO CUCTEMA JIBYX PABHBIX Macc
HaxoAuJach Ha KPYroBoii opoute 3eMiIu C BBICOTOM
nosiera 600 kM. B Touke A mpoM301IJI0 pacTaKMBaHUE

macc npu AV =100 m/c . Ilepureii macchl m, oka3ai-

f

L&
1.3

1.4

0.1 0.2 0.3 04 0.5

Puc. 2. 3aBucumoctb yHKIMU f OT mapameTpa k

cs1 paBHBIM 7,36-10° M, mepureii Maccbl m, CTaj paB-
HBIM 6,62:10% M, uTO BbIlIe JUHUKM KapmaHa u cooT-
BETCTBYET BbicOTe ToJjieta 242,5 kM. Paguyc-BeKTop
TOUYKU CTSITMBAaHMSI MacC OKasajicsl Bblllie pajuyca Ha-

YaJIbHOM KpYroBoy opoutel Ha Ar =7, —h, =12,2 kM.

Cxopoctsb cucremsl B Touke B V, = 7560,58 m/c, uto
Ha 2,6 M/c OOoJIBIIIe TIepBOHAYATLHOM KPYTOBOI CKOPO-
CTH.

BbiBoabl

PelienneM naHHOM 3amauyu ObLIO MOKa3aHO, UTO
CYLLIECTBYET TEOPETUYECKASI BOSMOXHOCTb U3MEHEHUS
rnapamMeTpoB OPOUTHI JJIsI CUCTEMBbI TPEIJIOXKEHHOTO
THMA.

TTosyyeHa aHaIUTAYECKAST 3aBUCUMOCTh CKOPOCTHU
B MOMEHT CTSITMBaHUS OT TIEPBOHAYAIBHON CKOPOCTHU
pacTajkMBaHUsI Macc.

TTosmyyeHa 3aBUCUMOCTb IS OTIPEACTCHUSI PAINYC-
BEKTOpa B TOUKE CTITMBaHUS Macc c(hOpMUPOBAHHOM
WUTOTOBOII OPOUTHI.
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ANALYSIS OF THE CAPACITY TO USE A REPULSIVE TWO-MASS SPACE
SYSTEM WITH PERIODICALLY FORMED COUPLING
TO PERFORM INTERORBITAL FLIGHTS

Popov A.S.

Bauman State Technical University,
MSTU, 5/1, 2-nd Baumanskaya str., Moscow, 105005, Russia
e-mail: www-sm2@yandex.ru

Abstract

At present, methods for orbit parameters changing
with cable system by periodical changing of its length
for the case, when the cable is located in the plane
orthogonal to the orbit plane, or when it lays in the orbit
plane, are known. However, the orbit parameters
changing is possible only in case of non-central gravity
field. The presented paper offers the structure of
interorbital transfer of the space system, consisting of two
masses repulsed and retracted in the orbit plane by
periodically formed coupling. The flight is considered
in the central gravitational field.

Originally, the system represents a single spacecraft,
consisting of two parts of equal weight. Initially, the
system s on a circular orbit. The mass repulsion occurs
in the direction tangent to the trajectory. Hereafter, the
masses being uncoupled move independently of one
another over various trajectories. Performing a various
number of turns around the attracting center, after a
certain period of time they will turn up on the line
coinciding with the radius vector. One of the masses
herewith will pass the pericentre of its orbit, while the
other - its apocentre. At this moment, the masses
contraction occurs assisted by the formed coupling.
Methods of coupling formation are not considered in this
paper. The paper demonstrates that the eventually
formed orbit differs from the original one.

The authors obtained analytically the dependence of
the system final velocity in the point of masses
contraction after their contraction versus the speed of

their repulsion AV

1+ k?

="y
kon 1 _k2

W AV =k,

The dependence of the masses contraction point

radius vector versus the initial repulsion speed AV for
the final orbit.

O 2 4, 2 O H 0]
rkrgkrmV +U”+2r, AV mﬁ—BAV +2 r_%
kr

7, =
ki 2 4 2 2
o ro AV =6r, NV [+
Here:
V,.n — the speed on the final orbit after the masses
contraction;

V.. — the speed of the system on the initial circular
orbit;

k — system of masses speed at start time to speed
increment caused by their repulsion ratio;

Fon — Tadius-vector of the final orbit at the mass
contraction point;

M — gravitational parameter of a planet, around

which attracting center the orbital motion occurs;

r, — radius-vector of the system of masses initial
circular orbit prior to their repulsion.

Solution of this problem revealed a theoretical
possibility of orbit parameters changing for the system
of a proposed type.

The analytical dependence of the speed value at the
time of contraction versus the initial masses repulsion
velocity is obtained.

The equation determining the radius vector in the
point of masses contraction of the formed final orbit
created.
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