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CBJIMKEHUE B KOCMOCE C UCITOJIb30BAHUEM PEXKUMOB
KOJEBAHUM U BPAIIIEHWSI TPOCOBOMN CUCTEMBI

3exen AobL1aiixan Kyanbinnysibl
zeken_ak@mail.ru
Cryaent rpynmnsl“‘Kocmudeckast TeXHUKA U TEXHOJIOTUN
EHY wuwm. JI.H. I'ymunena, Acrana, Kazaxcran
Hayunsii pykoBogutens — /]. C. Epranues

Beeoenue

BriepBrie maesi MCHoyib30BaHUS TPOCOBBIX CHCTEM B KOcMoce Oblla BbICKazaHa K. D.
[{uonkoBckuM Ooree cra JieT Ha3aa B padore «I'pé3wl 0 3emiue u HeOe U 3PPEKTH BCEMUPHOTO
taroteHus» (1895). IlpoBenéHHple uCCIEMOBaHHUS TOKA3aJId TEPCHEKTHBHOCTh MPUMEHEHUS
TPOCOBBIX CHCTEM JUIsI PEIICHUS] MHOTHX 3a/1a4 B KOCMOCE, B TOM YHUCJIC U JJIs 3a7a4 COMMKEHUS U
BcTpeun kocMmuueckux amnmaparoB (KA).Haunbonee BakHBIM MPEHMMYIIECTBOM TPOCOBBIX CHCTEM
SIBIIIETCSL OCYIIECTBIIEHUE COMMKeHHs U BeTpeur KA nmpu MHHHMANBHBIX YJHEPTETHUECKUX 3aTpaTax
10 CPAaBHEHUIO C TPAAUIIMOHHBIMHU METO/IaMU COTMKEHHUSL.

B Hacrosimiee BpeMs CyIIECTBYIOT METOAMKH pelieHus 3anadn  cOmmkeHuss ¢ KA,
JIBUKYIIUMCS IO JUTMIITUYECKOW OpOuTe ¢ 3aJaHHBIMU 3HAUEHUSIMU PaJInyCOB arlores U rnepures u
o KpyroBoi opoute. [Ipenmnomnaraercs, 94To TPocoBasi CUCTEMA COCTOUT M3 OPOUTATHLHOW CTAHIIMH
U TpPUBSIBHOTO  OOBEKTa, COCOAUHEHHBIXMEXIY COOOH  TPOCOM  MOCTOSHHOW  JUIMHBI.
HenocpeacTBeHHO cONMMKEHNE ¢ KOCMHUYECKUM amapaTOMIIPOU3BOIUTCS MIPUBS3AHHBIM O0BEKTOM.
COnmxeHue OCYIIECTBISICTCS M3 PEeXUMa KOJIeOAaHWH W BpaIleHHs] TPOCOBOH CHCTEMBI BOKPYT
1eHTpa macc. B aTom ciydae Hanboliee MOJHO MCHOIB3YIOTCS BO3MOXKHOCTH TPOCOBOM CHCTEMBI.
Pazpaborannbie MeTomuku moryt peann3oBarh cOmmkeHuellOc KA B o000l 3amaHHON TOUYKE
opoutsl KA.

[TosryueHble aHAIUTUYECKUE 3aBUCUMOCTU MJIs OIpENeTeHUs HEOOXOIHWMBIX 3HAaYeHH
YTII0BOW CKOPOCTH U aMILIUTYbI KOJeOaHU JIsi OOeCTIeUeHUsl BCTPEUU B 3aJJaHHON TOYKE OPOUTHI
KA, a Takxe 3aBHCHUMOCTH, OINpEAENSIONINe OTHOCUTENBbHYI0 CKOPOCTb B MOMEHT BCTPEUH HU
BBIUTPBIII B SHEPTETUKE 32 CUET MPUMEHEHUSI TPOCOBOW CUCTEMBI JJI PEIICHUS 33a/1a4i BCTPEUH.

1. Bempeua ¢ KA, osuscywemca no Kpy2060ii opoume

[Ipumenenune mns Bctpeun [0 m KA pexuma KoimeGaHWUW CBSI3KM OTHOCHTEIBHO
BEPTUKAIBHOTO MOJIOKEHUSI PABHOBECHS U PEKMMa BPAILIEHUS] BOKPYT LIEHTPa MAcC MO3BOJISIET IPU
(DUKCUPOBAHHOW JJIMHE TPOCa OCYIIECTBUTH COJIMKEHHE OOBEKTOB TMPH TPeOyeMOM 3HAUYCHUU
OTHOCHUTEJIBHO CKOPOCTH B MOMEHT BCTPEUH, B TOM YMCJIE PEaIU30BaTh «MArKyro» BcTpedy I10 u
KA ¢ HyneBol OTHOCUTENBHOU CKOPOCTHIO.

Pemenuss 3amaum  cOMMDKEHUS XapaKTEPU3YIOTCS AHAIUTUYECKUMHU  3aBHCHUMOCTSIMH,
OTIPECISAIONMX HEOOXOIMMBbIE 3HAUEHUS YIJIOBOM CKOPOCTH M aMIUTUTYIbl KojeOaHui ass
o0ecrieyeHrsl BCTpeUn B 3aJjaHHOM Touke opOuThl KA, a Takke omnpenessiomye OTHOCUTEIbHYIO
CKOPOCTh B MOMEHT BCTPEUH U BBHIUTPHIII B SJHEPI€THUKE 32 CUET MPUMEHEHHS TPOCOBOM CHCTEMBI.

A) Cnyuait ro<ra

CBs3Ka coBepHIaeT KoneOaHus ¢ aMIUIUTYI0N Ag MU BPAILEHUS C YTJIOBOM CKOPOCTBIO 2.

[Ipennonaraercs, yto Bcrpeua IO nu KA mpoucxoaut B MOMEHT NPOXOXKIEHUS CBA3KOM
BEPTHUKAIBHOIO MoJioxkeHust. [loaTtomy Tpebyemas uiHa Tpoca OIpeesieTcsl pa3HOCThIO PaIuyCcoB
opout KA u BO cBsi3ku

D=r,—m1, (1.1)

OtHocurenbHast ckopocTb B MoMeHT Berpeun I[IO m KA ompenensiercst pa3sHOCTBIO

ckopocrteit [10 u KA
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Vors = Vo — V2 (1.2)

OTH

Vo = wo[(r, + D) + DO, ] (1.3)
Vi = awy(ry +D) (1.4)
|70 |__mo
TAC duy = N'E' wy = *ql (rg+D)°

[Toacrasmsiem (1.3) u (1.4) B 3aBucumocTs (1.2)

v = w'l% [(1 +5] +:innup] - |||§-E (1.5)
J7

[Tpu xonebaHMSIX CBA3KU C aMILTUTYJI0M Ag ee yrioBasi CKOPOCTb B MOMEHT IPOXOXKACHUS
BEPTUKAIBHOTO MOJIO0KEHUS OMPEACIAETCS BhIPAKECHUEM:

[
0, = id\lﬂ% (1— cos2Acs) (1.6)

Jnist perieHuss MHOTUX MPAKTUYECKHX 33/1a4 HEOOXOAMMO OCyIlecTBieHue BcTpeun ¢ KA
IIPU HYJIEBOM 3HAUYEHUM OTHOCHUTEJIBHOM CKOpPOCTH («Msrkas» BceTpeda). Onpenenum yciaoBHs
peanu3anuu «Markoit» Bcrpeun 110 n KA. IlpupaBHuBas K HyN0 MpaBylo 4acTh ypaBHeHUs (1.5)
3allUIIeM BBIPAXKEHHS A TpeOyeMOoro 3HauyeHUs YIJIOBOM CKOPOCTH CBS3KH, IapaHTHUPYIOLIETO
BcTpeuy nipu V.. = 0

b) Criyuaii ro >ra

Ve = @y [(1, — D) — Dﬂup] (1.7)
Vs = awy(rp — D) (1.8)

— —

rﬂe ml} = ||'1T_5|:', mA = |||"1T—D:|E~

\"e NP
Torma nomy4yaem
- s
= |F Dy_L _ |2

Vorn ‘\Il o [(1 + ?"'n) - ﬂup] N|1—_%' (1.9)

YrnoBas cKOpOCTh JJIsl MTKOW BCTPEUH

n“;p =2l1- |—¢ (1.10)
N o
B cnyuae cOnmmxkenus B (ase konebaumit cBasku, korma f1,, < 0, Berpewa [1O u KA

OCYLIECTBJISAETCS IIPU OTHOCHUTEIBHBIX CKOPOCTSX 3HAYUTEIBHO MEHBIIUX, YEM HpI/IﬂEp = 0. Ilpn

3TOM C YBEJIMYCHHEM aMIUTHTYAbl KoneOaHuil Aemo 3Hauenuss Ae= 60° BemmumHa |Vl
YMEHBILIAETCS MPAKTUUYECKU 10 HYJIEBOrO 3HaueHHs. B 3ToMm ciydae cONMKEHHE C «MATKHM»
KOHTaKTOM PEaJIn3yeTcsl Ipu 000 JUIMHE TPOCa, a CIEeJOBAaTEIbHO IPU 3HAYUTEIILHON Pa3HOCTH
BBICOT KpyroBbix opout KA u bO.

Ecnu cOnvkenue ocymecTsisieTcs B T0M (ase konebanuil cBs3ky, korpa {1, > 0, 10 ¢
YBEJIMYEHUEM aMIUINTY/bl KojeOaHuil cBsa3ku BennuuHa V. Bo3pactaer. COmmkenue 110 u KA
1eneco00pasHo MPOBOAUTH B TOW (ase KoiebaHuil CBA3KM, Koraa (1., < 0 W NpU amIUIATyIe

KoJiebanuii Omm3kon K 60°.
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[lepeiineM K OIpEACIIEHUIO BBIMIPBIIA B JHEPIETHKE 3a CUET MCIOJIb30BAHUSA TPOCOBOU
CHCTEMBI JJIs1 BCTpe4Yr 00BEKTOB B KOCMOCE C HYJIEBOW OTHOCUTENBHOM CKOPOCTHIO0. DTOT BBIMTPAHIIL
Oy/ieM OLIeHMBATh CYMMOM JBYX UMITYJIbCOB CKOPOCTH

AV, = AV, — AV, (1.11)

rae AV, — UMIyJIbC CKOPOCTH, HEOOXOIUMBIN JUIsl IEPEeBO/la MAaHEBPUPYIOLIETO anmnapara ¢

KpYroBoil OpOWUTBI paanMyca ryHa OJIUIMNTUYECKYI0 TpaeKTopuio Bcrpeud; AV,— ummynsc,
TpeOyeMblii A7l BBIpaBHUBAHUSI CKOPOCTEH B MOMEHT BCTPEUH OOBEKTOB.

IIpu ro <ra
— ¢ [om [ [2r,
AV, = F—”( =2 - 1), AV, = |'R—°(1— e ) (1.12)
Ao W A "o N e
HpI/I ro=>ra
— — e [zr.
A Ty ‘lq Tatra 4 To Wy et

Bunno, uto nipu ro<raTpebyemas aMruMTyaa KojeOaHuii CBA3KM O4eHb OJn3Ka K 60°, a npu
ro >ra amrumryga kosnebanuii HemHoro o6omnee 60°. Uem MeHbIE MOIYJIb Pa3sHOCTH PaTUYyCOB
l#, — 7, |, Tem Gostee ammutuTyna KoIeOaHui npubIIKaeTes K 60°.

Nmnynecel ckopoctu AV;, AV, XxapakTepu3yrolue BBIMIPBILI B JHEPIETUKE IPAKTUYECKU

paBHBI Mex1y co0oii. JIJs1 pacCMOTpPEHHBIX BapuMaHTOB HEOOXoauMas IJIMHA TPOca HaXOIUTCS B
uHtepBaie oT 19 1o 71 kM. CymMMapHbIi BBIMTPHIIT B SHEPTETUKE 3@ CYET UCIIOIB30BaHUSI TPOCOBOM
cucrembl s Berpeun 110 u KA Bo3pactaer coorBerctBenHo oT 10 10 40 M/c.

2. Bempeua ¢ KA, osusicywgumcesn no 3naunmuyieckou opoume
A) Cny4aii pacnoyio)xxeHust OpOUTHI CBA3KHA BHYTpHU opOuTh KA
CunraeM 3agaHHbBIMH: paguyc opOoutel BO CBA3KHM T, pagMychl NEpUrest Ty W amores

1y,0pouTEl KA. Touka Bctpeun IO m KA onpepensercs Ha opbutre KA yrimom ucTuHHOU
anomamu ;. Ha mmuay Tpoca DuHakmanpiBaetcs orpanumdeHue. OHa HE MOXET OBITH OOJIbIIe
HEKOTOPOTO TPEENbHOrO0 3Ha4eHus Dy, (D = D).

Bo3mosxubl Tpu BapuanTa Bctpeun [10 u KA Ha smmmnTudeckoit opoure. [lepBriii BapuaHT
XapaKTEePU3YETCs YCIOBUEM:
(g —Tp) = D, = (13, — 1) (2.1)
B stom ciyuae Bctpeua I10 u KA moxer ObITh peasin3oBaHa B J1000# Touke opOouThl KA
(mpu mr060M Tg).
BTtopoii BapuaHT onpeaensieTcss IByMsl yCIOBUSIMH::

(TA:'T - Tbj = Drrpr (TAE _TD:] = Drrp (22)
B nanaom ciIydyac BCTpE€Uya MOXKET OBITH pc€ain30BaHa B ABYX JHAIlIa30HAaX YIJIOB ﬁE:
op
Oy =057, 0y = (2m —07F), (2.3)
Trac ﬁgp — OpeaAcIbHOC 3HAYCHUEC yIJia ﬂB’ OIpPEACIIIEMOC BhIPAXKCHUCM:
CDS']E;F = 2rﬁ-‘!rﬁu_I-.rD+'D|T_F':||:rA.'!+rA|1}. (24)

l:rn+D|:p:|':rAa ~Tdr)
TpeTuii BapuaHT XapaKTepU3yeTCs YCIOBUEM:
(T4 — 1) = Do
B sTom ciyuae Bctpeua I10 u KA HeBo3MOXkHa.
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Jlis mepBBIX JBYX CIIydaeB, KOIJa BCTpeda BO3MoOKHa, mpouecc commxenus 110 m KA
1esaecoo0pa3Ho peain30BaTh TaKUM 00pa3oM, 4TOOBI BCTpeya MPOMCXOAMIA MPU MHUHUMAJIHLHOM
3HAYEHUH OTHOCHUTEIIBHON CKOPOCTH.

PaccMOTpuM OLIEHKY BBIMTPBIIIA B SHEPTETUKE 33 CYET IPUMEHEHHS TPOCOBOM CUCTEMBI IS
«MATKOW» BCTpeun B mepuree u amoree opoutsl KA. Kak ObLIO paccMOTpPEHO paHee BBIMTPHIII
OyZeT onpeaensThCsl CyMMapHBIM UMITyJIbcoM AV

JIist «MATKOM» BCTpeur B miepuree opouThl KA:

[ [ Zraq ||; I T4 e
av = [ (R —1), ay = [ | e ) (g
N

‘\Il "o ‘\,|| "o A W Tam Yaa tTan ‘\Il "o A
Jlnst «MsTKON» BeTpeuH B anoree opouTsl KA:
|'fr_ [ 2rg [2m || T4 || T
j— oo = a j— o o o
av, = o[22 —1) an = [ |2 ) )
A "o MY e A N TAa W TAaTTAr 4y To T TAa

Bolurpeimn B SHEpreTuke Uil IBYX paccMaTpUBAaEMbIX BAapUAHTOB, MPAKTUYCCKU
OKa3bIBaeTCsl OJIMHAKOBBIM, HO BCTPEUa B aroree pealn3yercs NppHu 3HAYUTEbHO MEHbLICH UIMHE
Tpoca.

3akntouenue

B Oyaymem kak B 3KCHEPUMEHTaX, TaK W MPHU IKCILTyaTalldd IITATHBIX CHCTEM MOXHO
OyIeT MNpOBOOUTH pa3liMyHble HAy4YHBIE WCCJIENIOBAHUS C MCIOJIb30BAaHUEM BO3MOKHOCTEH,
CO3/1aBa€MbIX Pa3BEPHYTHIMH TPOCOBBIMH CHCTEMaMH. BOJBIIOW MHTEpeC MPEACTaBIsET U3yueHUE
npoOJIeMbl CaMOYYBCTBHUsSI M PabOTOCIIOCOOHOCTH DKUIMAaka OpOWUTAIBHON CTAaHIIMH, a TaKXKe
MOBE/ICHUS JKUBOTHBIX, POCTa PACTCHHI, CBOMCTB TBEPABIX TEI M KUAKOCTEH B YCIOBHSX
MUKpOTpaBUTAIMU. JIpyroi Ba)KHBI acCHEKT — MPOIECC €CTECTBEHHOTO yIaJeHUs COOCTBEHHOM
BHEITHEH aTMOC(ephbl CTAHIIMU TIPH PAa3BEPTHIBAHUHU TPOCOBOM CHUCTEMBI. ITO MO3BOJHUT MOJIYYHUTh
0c000 YHUCTBI BaKyyM [UIsl BBIMOJTHEHHS] HEKOTOPBIX HCCIIEOBAaHMM B 00JAaCTH KOCMHYECKOMN
TEXHOJIOTUU. B ToneTe TPOCOBBIX CHUCTEM MOXKHO HU3MEPATh TeO(DU3UUECKHE IOl MPU TOMOIIH
pa3HeCceHHBIX JAATYMKOB, U3y4aTh CBOMCTBA MOHOC(EPHI, BO3IECHCTBYSI Ha HEE AJIEKTPOMArHUTHBIM
U3ITy4EHUEM TPOCOBOI aHTECHHBI, BBHITIONHSATE U IPYTHEe HHTEPECHBIE HCCIEAOBAHUS.

[Tpu ycnemrHoOM pa3BUTHH PAabOT MO KOCMHYECKMM TPOCOBBIM CHUCTEMaM, BEPOSATHO, B
cepenuHe XXI B. MOkeT OBITh CO37aHa JOJTOBPEMEHHAs MUJIOTUpYyeMash OpOWTabHAs CTaHIUS
HOBoro mokojieHus. CoryliacHO mpeaBapuUTeIbHbIM MpopabOTKaM, Takas CTaHIUS JOJDKHA
MPENICTABIATh COOOM CIIOKHYIO TPOCOBYIO CUCTEMY, COCTOSIIYIO U3 IBYX MHOTOOJIOYHBIX CTaHIIHM,
COECIMHEHHBIX HECKOJBKUMHU TpocaMu, JudTa (ABIKYIIErocs MO TpocamM MEXAYy CTaHIUSMHU) U
OTBOJMMBIX Ha TPOCAX MPUBS3HBIX MOIYJICH.
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