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HOBBI ACIIEKT MOJIEJIMPOBAHUS
MHOI'O3JIEMEHTHOM CUCTEMbI OPEUTAJIBHBIX
OBBEKTOB

PazpaboTan  ympomieHHBIH  METOJ  MOJENUPOBAHHS  MHOTODIEMEHTHOH  CHCTEMBI
OpOUTalIbHBIX OOBEKTOB M 3a]ad, CBS3aHHBIX C IIPOTHO30M MEXaHHYECKUX KOHQIMKTOB
(cromkHOBEHHMiT) MeXIy ee 3IeMeHTaMH. MeToJ OCHOBaH Ha MOJENHPOBAHWH BBEICHHBIX B
PacCMOTPEHHE BUPTYaTIbHBIX 3JIEMEHTOB CHCTEMBI — y3JI0B MEXaHHYECKUX KOH(IMKTOB (Y4acTKOB
TpaeKTOpHil, HAaXONAIIMXCS JPYyr OT Jpyra Ha pPAcCTOSHHM, ONACHOM C TOYKH 3pEHUS
CTOJIKHOBEHHMi OpOUTAJIBHBIX TEJ IPH HX BO3MOXKHBIX OTKJIOHEHHUSX OT THX Tpaekropwii). Wi 3.
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IMocranoBka mpodieMbl M aHAJAM3  JUTepaTypbl. 3ajaun
NPOEKTHUPOBAaHUS M  OKCIUIyaTallid  CIyTHUKOBBIX CHCTEM  TPeOYIOT
MOJIEJIMPOBAHUS ABHIKEHUS LIEHTPOB Macc OpOUTANBHBIX 00BEeKTOB. [IpH aTOM
B OOJIBLIMHCTBE CIIy4acB BO MHOXECTBO OPOMTAJIbHBIX OOBEKTOB, JIBH)KEHHE
KOTOPBIX MOJICIUPYETCSI, BXOJUT OT HECKOJIBKO €JAWHHII OPOUTANIBHBIX TEIN JI0
HECKONIbKUX JiecaTkoB. OJHAKO BCe 4alle BO3HUKAeT HEOOXOJUMOCTb
PacCMOTPEHUSI MHOTO3JIEMEHTHOTO MHOXKECTBAa OPOMTAJIBHBIX Tel, B COCTaBE
KOTOPOTO — THICSIYHM DJIEMEHTOB. B 4acTHOCTH 3TO HEOOXOAMMO IMPH PEIICHUN
3aj]a4, CBA3aHHBIX C AHAIU30M 3aCOPEHHOCTH OKOJO3EMHOTO KOCMHYECKOTO
MPOCTPAHCTBA OPOUTATIBHBIMU 00BHEKTAMH.

Yucno opOUTaNbHBIX Tel (KOCMHYECKMX —alapatoB W O0OBEKTOB
KOCMHYECKOTO MYyCOpa) B OKOJO3eMHOM KOCMOCE BO3PacTaeT BBICOKUMH
temnamu. [To nanasim HACA B HacTosiee BpeMs Ha OpOUTax BOKPYT 3eMin
yxke Haxomurcsi Oonee 21 000 opOuTtanbHBIX 00BEKTOB pazmepoMm Ooisee 10
cantumeTpoB U npumepro 500 000 — ¢ pasmepamu ot 1 no 10 caHTHMETPOB.
IlosToMy  pHCK  CTOJNKHOBEHHH  OpOWMTAIbHBIX Tel  (MEXaHHYECKHX
koH(MIHKTOB) Bce Oosee Bo3pacrtaeT. M Bce Ooliee akTyalbHBIMH CTAHOBSITCS
3aJa4M, CBSA3aHHbIE C AaHAJIU30M KOH(MIMKTHOCTH MHOTO3JIEMEHTHOTO
MHOXKECTBA OpOHUTAIBHBIX 00beKTOB [1—9].

3aja4n, CBSI3aHHBIE C AHAIM30M KOHQJIMKTHOCTH OPOHTAIBHBIX TEI
MOKHO TIO/IPa3[eUTh Ha IBa Kiacca. K MepBOMYy OTHOCSTCSI T€, B KOTOPBIX
MOKHO OTPaHHUYUTHCS AaHAITM30M PHCKA CTOJIKHOBEHHUI OpOUTATIBHBIX TEJI U HE
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MPOTHO3MPOBATh KOHKPETHbIE OpOuTalbHBIE KOHQUIMKTHL. WX pemenune
0asupyercsi Ha YydeTe BBICOTHO-LIMPOTHOW IIJIOTHOCTH paclpeeeHus
opOHTaTBbHBIX OOBEKTOB B 33/IaHHBI MOMEHT BpeMeHu [3 —7].

Ko BropoMy Kiaccy MOXHO OTHECTH 3aJaud, KOTOpble TpeOyroT
MPOTHO3a OPOUTANIBHBIX CTOJIKHOBEHUH. Takol MPOrHo3 CBOAUTCS K MPOTHO3Y
cOMmKeHuil map opOUTANBHBIX OOBEKTOB HAa PACCTOSHHE, OMACHOE C TOYKU
3peHUS] UX COYIApeHUs IIPH BO3MOXKHBIX OTKJIOHEHHSX OOBEKTOB OT
pacueTHBIX TpaeKTOpHi (Ha30BeM OTH CONWKCHHS ONACHBIMH  HIIH
KOHQIUKTHBIMH). [Ipy 3TOM BO MHOTHX CIIy4asiX JOCTaTOYHO OIPaHHYUTHCS
MPOTHO30M OMACHBIX CONMXEHUH OpPOMTANBHBIX TEH, a OT MOAEINPOBAHUS
MOCJICICTBUH KOH(MJIMKTOB, KOTOpPBIE HPUBOAAT K W3MEHEHHIO TPAaeKTOPUH
CTAJIKHMBAIOMINXCS 0OBEKTOB ¥ 00Pa30BaHMIO HOBBIX OPOUTAIBHBIX TEJ, MOXKHO
oTKazaTbecsl. Takue 3a/laun pelaroTcsi, KOraa HeoOXOJMM IPOTHO3 OINACHBIX
OpOUTANBHBIX KOJUIM3MH JUIsl KOCMHYECKOTo arrmapara, KOTOPbIH MOXeT
cllenath MaHEBp C LIENbI0 YKIOHEHHUS OT CTOJIKHOBeHHH [8]. 3amaun nmporHosa
OIIACHBIX COJMIKEHHUI MOTYT OBITh MOJIOKEHBI B OCHOBY ITOCTPOEHHS MOjIeNei
3aCOPEHHOCTH  OKOJIO3EMHOTO  KOCMOCa  OpOMTaIBHBIMH ~ OOBEKTaMH.
Hanpuwmep, Xyrtoposckum 3.H. mpemsoxkeH HOpsMol JeTepUMHUHUPOBAHHBIH
METOJl, OCHOBaHHBIH Ha (DOPMHPOBAHMH Ha CYTOYHOM HHTEpBAJEC BPEMECHHU
apxuBa ONACHBIX CONMKEHHH BCEX BO3MOXKHBIX Map OpPOWTAIBHBIX Tell,
BXOJAIIMX BO MHOXECTBO PAaCCMATPHBAaeMBIX OPOMTAIBHBIX OOBEKTOB (Uit
Ka)KJJOTO OTTacHOTO CONVDKEHMS ONpeneNseTcs UHTEPBAJI BPEMEHH, B TCUCHHE
KOTOPOTO OHO TIPOMCXOAMT, a TaKKE TIE€OMETPHUYECKUE XapaKTCPUCTHUKU
CONMXEHHUS U BEPOSTHOCTD CTOJIKHOBEeHU) [6, 7).

TpazuuuoHHBIN NMOJAX0A K HMPOTHO3Y ONACHBIX COJMXKEHWIl OCHOBaH Ha
MOJICJIMPOBAHUY JIBU)KEHHS OOBEKTOB M aHalW3e TEKYLIETrO pPacCTOSHUS
Mexay HuUMH. CIIOKHOCTh TPHUMEHEHHUS TakKoro II0X0Ja B CIEAYIOLIEM.
CKOpOCTh JIBM)KEHHS OpPOUTAJBHBIX OOBEKTOB JAPYI OTHOCHUTEIBHO Jpyra
MOXKeT OBbITh OOJIbIIIE JIeCATKA KMIOMETPOB B ceKyHay. [Ipu aTom cOmmkeHue
Ha OINACHOE PACCTOSIHHE B HECKOJBKO KHIOMETPOB MJIHUTCS JOIU CEKYHJBI.
ITosToMy mNpOTHO3 OMAacHBIX CONMIKCHWH TpeOyeT MOMAENUPOBAHUS C
COOTBETCTBEHHO MaJbIM MIaroM [0 BpeMeHu. [Ipn MHOTOYMCICHHOCTH
MHOKECTBA OpPOUTAILHBIX OOBEKTOB 3TO MPUBOAUT K CYIIECTBEHHBIM 3aTpaTam
BpeMeHu. Ota mpobiema chopMmynupoBaHa, Hanpumep, B pabore [8] s
3aJa4d B y3KOH IOCTAHOBKE — IPOTHO3a OMACHBIX CONMKEHUH AJISI OIXHOTO
opburanpHOro Tena (YmpaBisieMoro KOCMHUYECKOro ammaparta). [lpu penreHun
3aja4y B Oosiee O0OwIEH MOCTaHOBKE, KOrja KOH(MIMKTHBIE COJIMKEHUS
NPOTHO3UPYIOTCS  JUIS  BCeX Map OpOWTAIBbHBIA  TeN, BXOASIIMX B
paccMarpruBaeMoe MHOXKECTBO OpOUTANIbHBIX OOBEKTOB, 3aTPaThl BPEMEHH €lIe
OoJiee BO3pacTaroT, yBEJIMUYMBAsCh B THICSYHU pas3.
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D¢ GeKTUBHBIM MOJX0JI0M K PELICHUIO MPOOJIEMBI SBISIETCS peann3aris
MPOTHO3a ONACHBIX CONMIKEHHUH B HECKOJIBKO ATAanoB. [Ipy 3TOM Ka) bl dTan
NpE/ICTaBIsIeT CO0OH TPOBEPKY BO3MOXKHOCTH OIIACHOTO CONMIKEHHsS Ha
OCHOBE HEKOTOpOrO IpaBHja WM YIPOIIEHHOTO METO/a NpPOTHO3MPOBAHMSI.
CKOpOCTh PacyeToB BO3pACTaET 3a CYET TOrO, YTO OOIBITUHCTBO OPOUTATBHBIX
00BEKTOB HCKIIIOYACTCSI M3 PACCMOTPEHMS Ha TEPBBIX JTamax mporHosa (B
pabore [8] Takoii moaxon HazBaH (UIbTpalMEl MHOXECTBA OPOHMTABHBIX
00BEKTOB).

B paborax [10 — 13] mpeacTaBiaeH METO/ MOJTAMHOTO MPOTHO3UPOBAHUS
OTIACHBIX COJIKEHWH, OCHOBAHHBIN Ha JIETCPMHHHUCTUYECKOM IIOJXOJE M HE
TpeOyIOmMi MOJETHPOBAHUS TEKYIIEr0 PACCTOSHUS MEXIy OpOWTaIbHBIMU
oO0bekTamMu. PaccmarpuBaroTcs mapbl OpOMTAIBHBIX OOBEKTOB, BXOASIINE BO
mHO)ecTBO N opbutansHbix Ten. Hampumep, oovektsr K u | (puc. 1, a).

Opbuty o0bekTa K oOmpenensioT TeKylmue 3HAYCHHS [apaMeTpoB €
(oxcuentpucuret), h, (Bbicota nepures), i, (Haknomenue opOuthi), W,
(mosrora Bocxomsmiero ysma), W, (apryment uepures), t, (Bpems
NPOXOK/IEHNUS TIEPUTes), a OpOuTy 0ObekTa | — 3Hauenus mapamerpos €, hy,

i, W, w, t, coorBercTBeHHO. Ha MOMeHT Hauana NporHo3a H3BECTHBI

HavyaJIbHbIE 3HAYEHUS ITUX MapaMETPOB.

st paccMaTpuBaeMoi mapbl OpOUTAIBHBIX OOBEKTOB peau3yeTcsl TpU
JTama MPOBEPKH BO3MOXKHOCTH OMAcHOro commkeHus. Ha mepBom arame
MIPOBEPSIETCSI, IEPEKPHIBAIOTCSI JTU 00JIACTH BBICOT HaJl IOBEPXHOCTHIO 3eMIlH,
B KOTOPBIX MPOXOJAT MX TPAaeKTOpUU. BTOpoii 3Tam OCHOBaH Ha TOM, YTO
KOH(IJIUKT MEXAy OpOUTAIBHBIMH OOBCKTAMH BO3MOXCH TOJBKO B TOM
cirydae, KOTJa UX TPaeKTOpHH Tepecekarorcs. [lomaraercs, 9To opOUTANEHBIH
O00BEKT HE MOXET OTKJIOHHTHCS OT MOJOXCHHS Ha PacuYeTHOH TPaeKTOpUHU
Gosiee 4eM Ha HeKoTOpoe paccrosiHue R, . TakuMm 00pa3oM, B KaKAbIi MOMEHT
BPEMEHHU OPOUTAIBLHBIA 00BEKT MOXKET HAXOIUTHCA B Mpe/ieiax chepsl, EHTP
KOTOpOH — Ha pacdyeTHOHl Tpaekropuu, a paaumyc — paBeH R,. s
opburaneHeIX Ten K u | pamuycel atux chep — R, , R, coorBercTBeHHO
(puc. 1, 6). Ilapy y4acTKOB TPAEKTOPHIi, KOTOPbIE HAXOAATCS APYT OT APYyra Ha
paccrosHun L <L, Oygem Ha3plBaTh y3JI0M MEXaHHYECKUX KOH(UIUKTOB
(puc. 1, a), a caMu y4acTKH — OIACHBIMH Y4acTKaMH Tpaektopuu. Ecimu st
mapel TPACKTOPHI OpOUTAIbHBIX OOBEKTOB OMpEICNCH Y3l KOH(IHUKTOB,
YCIIOBHE BTOpPOTO 3Tama OTOOpa TOJaraeTcsl BBIMOJHEHHBIM. TpeTuil sTam
OCHOBAaH Ha TOM, 4TO KOH(IUKTHOE COJIDKEHHE BO3MOXHO MpHU
OJTHOBPEMEHHOM JIBH)KCHHUH OpPOHUTAJBHBIX TEJ IO Yy4acTKaM TPaeKTOPHIA,
KOTOpbIe 00pa3yroT y3en KOH(IuKTOB. Ha TperbeM sTame ompenenstorcs

62



ISSN 2079-0031 Becmuuk HTY " XTTH", 2013, Ne 19 (992)

MHTEpBalbl BPEMEHH JBI)KCHHs OPOMTAIBHBIX TeN 4epe3 y3el KOH(IIMKTOB.
Eciu 5TH MHTEpBanbl BPEMEHH IIEPEKPHIBAIOTCS (HAIpuMep, HHTEpBalIbl
[tkb,tke] " [t,b,t,e] opOuraneHbIX Ten K u | cooTBercTBEHHO Ha puc. 1 8), TO

nojlaraeTcs ~ BO3MOXXHBIM ~ KOH(JIHMKTHOe  cOmvbkeHue.  YeTBepThli,
yTOUHsfOIMI 3tan ¢GuibTpanuu omnucan B padore [14]. Ha stom artane, e
npuderass K MOJCIUPOBAHUIO JBW)KCHUSI OPOUTAIBHBIX OOBEKTOB, HA OCHOBE
pe3yJIbTaToB, ITOJNYYSHHBIX Ha MPEIbIIyIINX dTarnax IIPorHo3a, onpenessercs
HavMEeHblIIee 3HAYEHHUE PACCTOSHHS, Ha KOTOPOE IMOIXOJAT IpYyr K APYry
OopOUTaNbHBIE TEJIa BO BPEMs ONACHOTO COJIMIKEHHUS U JUINTEIBHOCTh OIIACHOTO
COJIMXKEHUSL.

V3en
0p6I/ITaJ'ILHOe teno K MEXAaHUYECKUX

KOH(JINKTOB

Opb6uranbHoe Teno |

6
LEL,
a WurepBan BpeMeH!
OIMAaCHOTO COJMKEHHUS
WHTepBan BpeMeH! te the
nBiKeHus oobekta K | >
yepes y3el ty te t
< gl

@
A

VuTepBan BpeMeHH! ABIKEHHS
o0bexTa | uepes ysen koH(IMKTOB

Puc. 1. K OIPEACICHUIO NBUKCHU S Op6I/ITaJ'[I:HLIX TEJI HEPE3 Y3€J]1 MEXaHUYCCKUX
KOH(I)J'II/IKTOB: a —Iapa OonacCHbIX Y4aCTKOB TpaeKTOprI; 0— KPUTHYCCKOEC PACCTOSIHUE,
6 — WUHTCEPBAJI BDEMEHU OITaCHOT'O CONMKEHHS
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Ilocne BBIMOMHEHMS ATAMOB (UILTPAIMH MHOXECTBA OPOUTAIBHBIX
O00BEKTOB Ui OTOOPAHHOIO IMMOJMHOXECTBA OPOUTANBHBIX TEJI MOXKHO
peaM30BbIBATh IPOTHO3 OMACHBIX COJIMKCHHWH HA OCHOBE TPAIUIMOHHOIO
MOJX0Ja — MOJAENUPOBaTh HX JBIDKEHHE U aHAIU3UPOBATh TEKYIUE
PAacCTOSIHUS MEX1y HUMH.

IIpumeHeHHe MO3TAHOTO MPOTHO3a IMO3BOJIAET CHU3UTH 3aTpaThl
BpPEMEHHU Ha IMPOTHO3 OIMACHBIX COJIKEHHMI Ha HECKOJBKO MOPSAKOB. DTambl
MPOTHO3a, TIOAOOHBIE TIEPBBIM JBYM OSTallaM  ONKMCAHHOTO  BBIIIE
YEeTBIPEXITAIHOI0 MPOTHO3a, TNpeiokeHsl B padore [8]. Pesymnbrath,
NPEICTAaBICHHBIE aBTOpPaMHM, IIOKAa3BIBAIOT  BBICOKYIO  3(PQPEKTHBHOCTH
MPENTOKEHHBIX PEIICHUH.

OO6o0mieHre pe3ynbTaToB B OOJNACTH TOATAITHOTO MPOTHO3HPOBAHUS
OMAacCHBIX COJNIMKCHHUN B 3ajlayax aHajh3a MEXaHUYeCKOH KOH(MIMKTHOCTH
MHOKECTBa OPOUTAIBHBIX OOBEKTOB M CO3JIaHWE OCHOB JJIsl JaJbHEUIIETo
pasBUTHSL JTOTO HampaBiieHHs TpeOYIOT pa3pabOoTKH COOTBETCTBYIOLIEH
KOHIEMIUU MOJIEIUPOBAHUSI MHOXECTBA OpOUTAIbHBIX Ten. llpu sTom
[eNecoo0pa3eH  CHCTEMHBIH  MOAXOM K aHAIM3y  MEXaHHYECKOU
KOH(JIMKTHOCTH MHOTO3JIEMEHTHOIO MHOXECTBAa OPOUTAIBHBIX OOBEKTOB.
[ynokuaeiM O.JI. OBIIO BBEACHO TOHSITHE TEXHOTCHHOH KOCMHYECKON
obcraHoBku [9]. B HeM paccMOTpEeHO MHOXKECTBO OPOUTAIBHBIX TEN Kak
HEeNOCTHOEe 00pa3oBaHHe (CHCTEMa, COCTOSHHE KOTOPOH —OMpeessieTcst
B3aMMOJICHICTBHEM €€ AJIIEMEHTOB U BIUSHUEM CPEIbl, B KOTOPYIO TOTPYXKECHA
cucTema).

B nannHOlil paGoTe WCHOJIB3YeTCsl YHPOIICHHAs TPAKTOBKA CHCTEMBI
opbuTtanbHBIX 00beKTOB (mpemnoxenHas B pabote [10]). MuoxecTBO
KaTaJoru3UPOBAaHHBIX OpOUTANBHBIX Ten paccmaTpuBaercs Kak
MHOTO3JIEMEHTHAsI MEXaHUYECKasi CUCTEMA, B JBUKEHUH DJIEMEHTOB KOTOPOM
€CTh  COCTAaBJSIIOIIME  KBA3WpEryJlsipHOro  xapakrepa. llpu  3TOM
B3aMMOJICHCTBUSL  DJIEMEHTOB  CHCTEMbl HE  YYHTHIBAlOTCA.  3ajada
MOJICIIUPOBAaHUA TAKOH CHCTEMBI — OIpEIeIeHHEe ONACHBIX COJIKEHUH
OpOHUTANEHEIX OOBEKTOB 0€3 y4dera W3MEHEHHsS COCTOSHHUS CHCTEMBI B
pe3yibTaTe HMX BO3MOXKHBIX COYIOApeHHH TpH COJMIDKEHHH Ha OMacHOe
paccrosHuE.

I.[em» HCCJICA0BAHUA U IOCTAHOBKA 3aJa4YM. Tpannunormmﬂ noJaxoJ K
MOJCIUPOBAHUIO CUCTEMbI Op6l/ITaJ'II>HI)IX T€JI B OKOJIO3€EMHOM KOCMOCEC
OCHOBAaH Ha CcJICAYIOIIEM €€ TIIPEACTaBJICHUU. Cucrema OIlpeaciicHa Ha
MHOKECTBEC Op6I/ITaJILHLIX TCI (KOCMI/I‘IGCKI/IX amnmaparoB " 00BEKTOB
KOCMHUYECKOI'0O Mycopa). B gactHOCTH — HAa MHOXXECTBE KaTaJIOTU3UPOBAHHBIX
0p6I/ITaJILHLIX ten. CocTosHHE CHCTEMBI B TCKyH.lI/Iﬁ MOMCHT BpPEMCHHU
MOJCIMPOBAHNA OPECACIACTCA 00 3HAYCHHSIMU 0p6I/ITaHLHHX napameTpoB
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BXOJIIIMX B Hee OOBEKTOB, JHOO BEPOSATHOCTHBIMH XapaKTEPHCTHKAMHU
pacnpejeneHus OpOUTaNbHBIX 0OBEKTOB B OKOJI03EMHOM IIPOCTPAHCTBE.

PesynbraThl ¥ NEpCHEKTHBBI NPHUMEHEHHUs  ONMCAHHOTO  BBIIIE
MOATAIIHOTO MPOTHO3a OIAaCHBIX COJIDKEHMH OpOHMTaNbHBIX OOBEKTOB
OpUBOAAT K BBIBOAY O LEIECOOOPa3HOCTH UCHOIb30BaTh U JpPYyroe
NPE/ICTABIICHNUE CHCTEMBI OPOUTANBHBIX Tell. MOXeT OBbITh MoJie3Ha MOJENb,
KOTOpas OCHOBaHa Ha OBICTPBIX METOJAaX IPOTHO3UPOBAHMS ONACHBIX
COMMKEHUH, UCTIONB3yeMbIX Ha 3Tamnax (puiabTpanuyu OpOUTAIBHBIX OOBEKTOB
IPU TIPOTHO3€ MEXaHMYECKHX KOH(IMKTOB. Llenb maHHOTO HMCciienoBaHusS —
pa3paboTKa KOHLENIMH COOTBETCTBYIOIETO IPEJCTABICHUS CHCTEMBI
OpOUTANBHBIX TEN M METOJIA €€ MOJECITMPOBaHHS.

Marepuanas! uccienoBannii. Onucanme mMoaxoaa K pelieHNIo 3a1a4u.
B ABMKEHMHM KaXAOTO SJIEMEHTa CHCTEMBl MOXXHO BBIICINTH JIBE
cocTaBigonye. Bo-mepBbix, OpOUTANBHBINH OOBEKT ABHIKETCS 110 TPACKTOPHH,
KOTOPYIO B TEKYIIMH MOMEHT BPEMEHHM B OOIEM CITydae MOKHO IIPEACTaBUTh
B BHUJE SIUIMNTHYECKOH, OMNpEAENEeHHBIM 00pa3oM OpHEHTHPOBAHHOH B
npoctpancTBe  (Ha3bpIBaeMOW  OCKymHpyromeil  opburoii). Bo-BTOpbIX,
TPACKTOPUS IBIKCHUS OPOUTATIBHOTO Tella H3MEHseTCs BO BpeMeHH (B o0meM
cliydae MEHSIOTCS Kak ee (opma, Tak W OpPHUEHTAllUs B MpocTpaHcTee). [Ipu
9TOM TPAEKTOPUH JBYXKEHHS OPOUTANBHBIX OOBEKTOB MEHSIOTCS B COTHH pa3
MeJUIeHHee, 4YeM MEHSETCSl IOJIOKeHHE OpOMTalbHBIX TeJl Ha 9THX
TpaekTopusx. [ToaToMy mpesiaraeTcsi MOJeIMPOBATh U3MEHEHHS TPACKTOPHIA
M s TEKyLNIero MOMEHTa BPEMEHU OIPEAeNsTh y4YacTKU TPaeKTOPHI,
KOTOpBIE HaXOJSTCS PYT OT Jpyra Ha PacCTOSHUM, OIACHOM C TOYKH 3PECHUS
BO3MO)XKHOCTH ~ CTOJIKHOBEHHH OpOMTaNBHBIX Tes (y3JIbI MEXaHHYEeCKHX
KOHOQIUKTOB). MHBIMH CJIOBaMH — MOJIEIHMPOBATH Y3Jbl MEXaHHYECKHX
KOH(JIMKTOB, CKOPOCTh HW3MEHEHHS KOTOPBIX COOTBETCTBYET CKOPOCTH
W3MEHEHHsI TpaeKTopuil. [yt opOnTAaIbHBIX OOBEKTOB, TPACKTOPHH KOTOPBIX
00pa3yroT y3enm KOHQJIMKTOB, HEOOXoOMMo 0e3 CYIIECTBEHHBIX 3aTpar
BPEMEHH OIPEACIATh HWHTEPBAIBI BPEMEHHM WX [BIDKCHHS 4depe3 y3ell
KOH(IHUKTOB (10 OMACHOMY Y4YacTKy Tpaekropuu). Takum oOpa3oM, B OCHOBE
MeToJla MOJIEIMPOBAHUS CHUCTEMbl OpOUTAIBHBIX OOBEKTOB — METOJ
MOJICJIMPOBAHUS y3J1a MEXaHWYECKMX KOH(DJIMKTOB W METOJ OIpeeIeHUs
MHTEPBAJIOB BPEMEHH JIBUYKEHHS OPOUTAIILHOTO Tella Yyepe3 y3el KOHQIUKTOB.

MerTox MoaeIMpOBaHUSI y3Ja MexaHMYeckMX KoHGuMKTOB. Kak
OTMEYaJOCh BBINIE, Y316l MEXaHWYECKMX KOH(INKTOB MOTYT OBITh
00pa3oBaHbl TOJNBKO IapaMH TPAGKTOPUH OPOUTAIBHBIX TeN, y KOTOPBIX
MEPEKPHIBAIOTCSL 00JIACTH BHICOT JIBMKEHUS HAJl IOBEPXHOCTHIO 3emin. Huxe
OlMcaHa TPOBEPKa 3TOr0 YCIOBUS Uil OpOUTaIbHBIX 00bekTOoB K 1 | .
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O06acTh BBICOT, B KOTOPOW OCYIIECTBIISET JBMKEHHE OpOuTaibHOe Teno K,
OTIpEIeIIIeTCS CIIEeTYFOITUM obpazom: hi [H e

H ik = h

anores, R, — pamuyc ero xputudeckoi cdepbl. AHAIOTHYHO ONpPEEISeTCS

mlnk' maxk]

mink = Nok = Riks Hime = e + Ry @ hy, hy — BbicOTHl Tepures u

001acTh BBICOT OpOMTANBHOrO O0BeKTa | : [H Hmax,]. Takum obpasom,

min| ?
YCJIOBHE MOTEHIUAIBHON BO3MOXKHOCTH BO3HHKHOBEHHUS KOH(IUKTOB —
[Hmink'Hmaxk]q:[HminI’HmaxI]1 .

Ecnu yron Mexay opOUTaNbHBIMHU IIOCKOCTAME 00beKTOB K u | He mMa
(T.e. ecnm Henb3s TONATATh, YTO BCJEACTBHE BO3MYIIAIONIMX BO3/EHCTBUIA
BO3MOJKHO COBMEIEHWE OpOMTAIBHBIX IUIOCKOCTEH M OpOHMTallbHBIE Tela
OylyT JBUTAThCS B OJHOM IUIOCKOCTH), TO Hambosice OJM3KHE TOYKU
TPaeKTOpUil clexyeT WCKaTh Ha JIMHUM [epecedyeHHs OpOUTaIbHBIX
TUIOCKOCTEH, a ONaCHbIE Y4aCTKH TPACKTOPHH MPOXOIST Yepe3 3TH TOUKH.

Hns maper opbutanbHbix Ten K w | JuHMIO mepecedeHus ux
OpOUTANBHBIX IUIOCKOCTEH (mpsiMyto PP, Ha puc. 1, a, puc. 2, a, 6) 3agaer
cHCTeMa ypaBHEHU

jl'AkX+ B,y+Cyz=0,

f Ax+By+Cz=0,

rae A =sin(i, )sin(W,), B, =- sin(i,)cos(W,) , C, =cos(i,),
A =sin(i))sin(W), B =sin(ij)cos(W), C, =cos(ij)), a x, y, z -
KOOP/IMHATHI TEOIEHTPUYECKOH IKBATOPHAILHOM CHCTEMBI. YTON 8, MEKIY

opOHUTATBHBIMHE TIIOCKOCTSIMH 00bekTOB K 1 | ompepensercs BrIpaxkeHHEM
a, =arccos(A A +B,B +C,C.

ITapy Touek mepecedeHust TPACKTOPUH C IPAMON P, P, , HAXOAALIUXCS TI0
OZHYy CTOpPOHY OT ueHTpa 3emuH, (Ha puc. 1, a 310 maper Touek P, ,P, u
Py, Py) Oyzem HasbBaTh y3106biMu moukamu WU y31060i napoi. Ecmu

paccTosHuEe MEXIy HUMHU MEHee JOIYCTHMOTO C TOYKH 3PEHHS BO3MOXKHOCTH
OIIACHOTO COJIMXKEHUSI — ONACHOU Y371080U NAPOU, a CaMu TOYKH — ONACHbIMU
y3a06bimu  moyxkamu. ONacHble Y4YacTKH TpaeKTOpui, oOpasyromue y3el
KOH(IHKTOB, — 3TO YYaCTKH B OKPECTHOCTH Y3JIOBBIX TOUEK (OTCIO/Ia Ha3BaHKE
— y3en KoHGIUKTOB). Kak oTMeuanoch BbIllIe, Y3IOBBIE TOYKH SIBISOTCS
HanOoJiee OJM3KAMHU JAPYr APYry TOYKAMHU OIMACHBIX YYaCTKOB TPAaCKTOPHIA,
oOpaszyromux y3en KOHGIUKTOB. s BceX map OpOMTaIbHBIX OOBEKTOB, Y
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KOTOPBIX IEPEeKPBIBAIOTCS 00JACTH BBICOT, B KOTOPBIX MPOXOAAT HX
TPACKTOPUHU, MOJACIUPYETCS MU3MEHEHHUE IIOJIOXKEHMSI Y3JIO0BBIX TOYEK Ha
TPAcKTOPUU U B IPOCTPAHCTBE.

[NonoxeHrne NHHUK TEPecedeHUs] OpPOUTATBHBIX IUIOCKOCTEeH (TpsiMOit

p,p,) B mmockocty opbuthl (puc. 2, a) OymeM 3amaBaTb yIJIOM MEXIY
HAIPaBICHUEM Ha HEPUrell M HANpPAaBICHHEM HA OAHY W3 Y3JIOBBIX TOYCK.
Hanpumep, mi1s opbutansHoro o0bekTa K Ha Ty M3 HHX, KOTOpas Ha MOMEHT
Havaia MPOrHO3a HaXOAWTCS B BEPXHEW MONYIUIOCKOCTH TEOLEHTPHIECKOM
opOuTanbHOM cucTeMbl koopauHat (Ha puc. 2, a — touka B, ). O6o3Haunm
910T yron — Jpy (puc. 2, a). Onpenensts 3Ha4eHHE Yiia J py, MPEUIOKESHO

CJIEJYIOIINM 00pa3oM:

AMgq +BM,, +Cimygy

Ten = arcgl AMy o+ BMg;, +CMys, 0
rae Mgy = cos(W ) >cos(wy ) - sin(W, ) >sin(w, ) >cos(iy);
My = - COS(W ) >sin(wy ) - sin(W ) >cos(w, ) xcos(iy );
Mz = SiN(W ) >cos(w ) + cos(W) >sin(w ) xcos(iy );
My, » = COS(W, ) >cos(w, ) 3cos(iy ) - sin(W,) >sin(w,);
My3p =SIN(W, ) >sin(iy); M, =Ccos(w, )>sin(i,) — 2JIeMeHThl MaTpHIIbI

nepexoJa U3 IeOLCHTPUYECKOW OpOUTANIBHOM CHCTEMBI B T'€OLCHTPHUYECKYIO
9KBATOPUAJIBHYIO CUCTEMY.

W3zmenenue yria Jpg BO BPEMEHHU OIHCHIBAETCA IIyTEM MOACTAHOBKHU B
BeIpaxeHUe (1) 3HaYEHMI COOTBETCTBYIOLIMX OPOUTANBHBIX IapaMeTPOB Kak
(GyHKIUIT BpeMEeHH, KOTOPBIE PACCUMTHIBAIOTCS Ha OCHOBE YIPOLICHHBIX
BBIPQKCHUH, NPEIUIOKEHHBIX, Hanpumep, B [15]. Pacuer Jpy kak QyHKIMH
BPEMEHHU peajiM30BaH IO TAaKOMY ajrOpUTMY, KOTOpPBIA oOecreyuBaeT ee
HempepbiBHOCTh Ha uHTepBaie oT 0 g0 360 rpagycoB (To ecTh OTCyTCTBHE
"CKauKOB", KOTOpPBIC BO3MOXKHBI M3-3a TaHTeHca B BoipaxkeHuu (1)).

OueBusHO, 4TO Yroa Jpy — O3TO 3HAUEHHE MCTHHHOM aHOMAIIHH,
COOTBETCTBYIOLIEE MOJOKEHHIO, KOTOPOE 3aHMMajo Obl OpOUTANBHOE TelIO,
eciy Obl HAaXOAWJIOCh B 3TOH TOYKE HAa BHUTKE, IEPBOM IIOCNIE IOCIEIHETO
NPOXOXKICHUS Tepures. AHAJIOTHYHO OIpeessieMoe 3HaYeHHEe HCTHHHOW
aHOMaJIMM BO BTOPOM TOUYKE IIEpPeCeYeHHs MNpsAMOM [P, € TpaeKkTopuein

opbutamsHoro tema (B Touke P, Uit paccmarpuBaeMoro mnpumepa)

oTm4aeTcs OoT 3Ha4eHUs! Jpy Ha P Jpy =J py +P. C ucnonpzoBaHueM
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3HAUE€HUH UCTUHHBIX aHOMaNUN Jpy, Jpoy, OHMPEAENAIOTCS KOOPAUHATHI
y310BeIX TOuek PB,, P, , B opOUTanbHON TeOLEHTPUUECKOH cucreme
KOOpJMHAT Oxgoygozgo, U Janee — B TE€OLIEHTPUYECKOW HKBATOPUAIBLHOU
cucreme Oxyz. Ilo TakoMy K€ QJITOPUTMY pacCUMTHIBAIOTCS 3HAYCHUS
UCTHHHBIX aHOMANMUH J g, J py U KOOPAMHATHI AJIS Y3IIOBBIX Touek P, P,

Ha TPaeKTOPHH OpOUTANBEHOrO Tena | .

Puc. 2. K onpenesieHunro y3ia MeXaHHIeCKUX KOH(IUKTOB: a — OTIACHBIH
y4acTOK TPaeKTOPHU OpOHUTAIBLHOrO Tena K ; 6 — y3el KOH(IUKTOB
opbutanbHbix Ten K u |

B obmem ciydae, xak Touka P, , Tak u Touka P, , MOryT cocTaBUTH
y310Byl0 mapy nubo c¢ Toukoil B, mubo c¢ Touxoir P, . Ilostomy c

UCTIONIB30BAaHUEM KOOPAMHAT TE€OLEHTPUYECKOW 3KBATOPUAIBHOM CHCTEMBI
PacCUUTHIBAIOTCST PACCTOSTHHUS [UIsi YETHIPEX BO3MOXKHBIX KOMOWHAIUiIl map
TOYEK, B KOTOPOIl O/1Ha NMPUHAIIECKUT TPACKTOPUU OpOUTaNbHOro Tena K, a
Ipyrasi — TpaekTopuu opOutansHoro tema |. Ha ocHOBe momydeHHBIX
PE3yJIBTaTOB ONPEACISIOTCA Mapbl y3JIOBBIX TOUYEK, B KOTOPBIE BXOAAT TOUYKH,
HaxoAslIMecs Ha OpsMOil PP, MO OAHY CTOPOHY OT LeHTpa 3emiu. IlycTs,

Hanpumep (kak 1moka3aHo Ha puc. 1 a), y3JI0BbIe Mapsl COCTABILIIOT TOUYKU B,
B uby, By
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Kaxgas ysnoBas mapa ompejenseT NOTEHIMAIbHO BO3MOXKHBIM y3el
koH(puKkTOB. Ecnmu paccrosHne L Mexay Toukamu y3JI0BOH Iapbl MEHbIIE
KpUTHYecKoro L , To mojaraercs, 4To y3el KOH(IUKTOB cymecTByeT. I1ycTs,
HallpUMep, OIAcHOM y3/oBOH mapoil sBmstorca Touku PB,, B u ysen
KOH(IIMKTOB CYIIECCTBYeT B OKPECTHOCTH 3THUX Y3JIOBBIX Touek (puc. 1, a,
puc. 2, 6). OmacHBIil y4acTOK TPaeKTOPUH OpOHMTalNbHOrO Teda K, KoTopbIi
BXOJIUT B y3eJ KOH(IHKTOB, 00pa3oBaHHbINA TpackTopusimMu oObekToB K u |,
MOXET OBITh ONpeNesieH C Y4eTOM JIMHEHHBIX pa3MepoB TPAaeKTOPUHU
opburanbHOTO Tesa K, MojoskeHus y3noBoit Touku B, Ha 3Toi TpaekTopuu u

3HAueHHs yIiia &, MexKIy OpOUTaIbHBIMHU IIOCKOCTIMH oObekToB K u | . Ha
puc. 2 3TOT y4acTok orpaHudeH Toukamu Gy u Gy,. IM COOTBETCTBYIOT
3HAYEHUs UCTUHHBIX aHOMaNUH J gy ¥ J gy - ITOaX0MBI K pacyeTy onacHoro

y4yacTKa TPaeKTOPUH MPEeJICTaBICHbI, HapuMep, B padorax [10 —12].

Takum 00pa3oM, B TEKYIIMA MOMEHT BPEMEHH Yy3el KOH(IHUKTOB,
00pa30BaHHBIN ONACHBIMU YYaCTKaMH TPACKTOPUiIl OpOUTANIBHBIX 00BEKTOB K
U |, onpenessoT 3HAYCHHUSI HCTHHHBIX aHOMANHUH 111 y370BO# TOUKH U TOYEK,
OIpaHMYMBAIOIIMX OINACHBIH YYacTOK Ha TPAGKTOPHHM KaXJOro M3 3THX
OpOUTABEHBIX OOBEKTOB.

st ykazaHMsl NOJIOKEHHS y3J1a KOH(IMKTOB B IPOCTPAHCTBE B TEKYIIUI
MOMEHT BPEMEHH MOXHO HCIIOJIb30BaTh 3HAUSHMsI KOOPJAMHAT Iapbl OMACHBIX
Y3JIOBBIX TOYEK B F€OLIEHTPHUYECKOH IKBATOPHAIBHON CHCTEME KOOPIUHAT.

B psame 3amav, CBA3aHHBIX C AHAIM30M KOH(IMKTHOCTH MHOXECTBa
OpOHTANBHBIX OOBEKTOB, TOJIOKEHUE Maphl Y3JIOBBIX TOUYEK YAOOHO 3a1aBaTh B
aOCOJIIOTHOM  T'COLICHTPUYECKOH  cEepHYecKoil  cucTeMe  KOOpIHUHAT.
[NonoxeHne Kaxa0i M3 TOUEK ONpEAENIeT ee PaauyC-BEKTOp, HallpaBlCHHUE
Kotoporo 3amatoT yriel | wm j . Yrom | oTcumTBIBaeTcst B IUIOCKOCTH

SKBaTOpa OT HampaBJIeHUS Ha TOYKY BECEHHET0 paBHOACHCTBUS [0
HalpaBJIE€HUS Ha MPOEKIMIO Y3JI0BOM TOYKM HA IUIOCKOCTh 3KBATOPA.
IMonoxuTeabHOE HampaBieHHE OTcYeTa yria | coBIamaeT ¢ HampaBlICHHEM
oTcyera JONTOTHl BOCXOMSMICrO y37Ma. YToid |  OTCYUTHIBACTCS OT

HANpaBJIEHUs HAa TOYKY HPOEKIMHU y3JI0BOM TOUKM Ha IIOCKOCTh 3KBATOpPa J10
HaIpaBJIeHUs Ha y3I0BYIO TOUKY. [looxuTeNbHOE HAIPAaBIIEHUE OTCYETA yIla
] — K ceBepHOMY TomIOCy. Pajiyc-BeKTOpPEI, IPOBEICHHbIE U3 HEHTPa 3eMIn
B Y3JIOBBIE TOYKHU (Flk W Ty ans Touek P u B Ha puc. 2, 6), —
coHanpasieHsl. bynem roBoputh, 4Tto 3Ha4yeHHsA yriaoB | w | , 3amaromme
HalpaBJIeHUs PaJnyCc-BEKTOPOB Maphl Y3JIOBBIX TOYEK, 33Jal0T HalpaBJIeHHE
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Ha y3en koH(uiuktoB (Hampumep yriel | ., u j,, Ha puc. 2, 6 3agaior
HalpaBJICHUE Ha y3eJ KOH(IMKTOB B OKPECTHOCTH Y3JI0BBIX Touek B, u B, ).

JUMHBL  paJinyc-BEKTOPOB  y3JIOBBIX TOYEK, BXOMANIMX B  y3€l
KOH(JIMKTOB, B OOIIEM Ciy4ae pa3inyaroTcs. PasHOCTh 3THUX 3HAYCHHI €CTh
HAMMEHBIIIEEC PACCTOSHUE, Ha KOTOPOE BO3MOXKHO OMACHOE COJMIKCHHE IMPH
MPOXOXKACHUU Yepe3 3TOT y3ell KOH(PIUKTOB Takoe paccTosHue ObLIO OB
MEXKIy OpOUTAIBHBIMU TEJIaMHU, €CIM Obl OHM MNpPU TMPOXONKICHUH Yy3Jia
KOH(JIMKTOB OJTHOBPEMEHHO OKAa3aJIUCh KAX/I0€ B CBOCH y3JIOBOU TOYKE.

Brenem moHsATHE OmMacHOM 30HBI y37a KOHQIUKTOB. [lox omacHO# 30HOH
MOHMMaeTcss oObenMHeHHe o0JacTeidl MPOCTPAaHCTBA, KakIas M3 KOTOPBIX
npeAcTaBsieT co0oil TpyOKy, TpaHHIBI KOTOPOH pPaBHOMEPHO OTCTOST OT
TPaeKTOpUM B KaXJOoi Touke Ha paccrosHue R, . VYmpomeHHo 30HY
KOH(JIMKTOB MOXHO TaKXe TMPEICTaBUTh Kak cdepy, IEHTP KOTOpPOr
PACIIOJIOKEH Ha CepelMHE OTPE3Ka, COCTUHSIIONIETO OMACHBIC Y3JIOBBIC TOYKH,
a pajauyc BBIOpaH TakuM, 4TOOBI cpepa oxBaThiBaja 00a OMACHBIX y4acTKa
TpaekTopuu (puc. 2, 6).

B m3MeHeHHSX Y370B KOH(IUKTOB MOXXHO BBIIEIHUTH IEPHOAUICCKIEC
cocraBsirore. Ilogxonm K — KiaccH(WKamuM — y3I0B  KOH()IMKTOB B
3aBHCHMOCTH OT CTaOMIBHOCTH IEPHOANYECKHX IIPOIECCOB WX HM3MEHEHHS
npejicTaBieH B pabore [16].

Meton onpeneneHus HHTEPBAJIOB BpeMeHHU JABHKEHUS
opoMTANILHOIO TeJa 4epe3 y3ea KOHGUIMKTOB. BBenem B paccMoTpeHue
JUINTEIBHOCTh HMHTEPBAJa BPEMEHH Ttp, KOTOpO€ OpOUTATIBHOE TEJOo

3aTpaTHiao Obl Ha JBW)KEHHE OT INPHHATOTO 3a HOJIb MOMEHTa BPEMEHHU
MPOXOXKICHUS TIEpUTes, 0 TEKYIIEro IOJIOKEHUS Y3JI0BOM TOouku. Tak Kak
MIOJIO’KCHHE Y3JI0BOH TOUYKM BCJICACTBHE BO3ACHCTBUS BO3MYIIAIOUIMX CHII
MeHsieTcs BO BpeMeHH (puc. 3, a), HIMTENbHOCTh UHTEpBaja BPEMEHH Ttp(t)
TakKke ecTh (QyHKOUA BpeMeHH. s KaxIoro |j-ro mnepuoia oOpamieHHs
opOuTanpHOrO Tejaa OyaeM paccMaTpuBaTh MHTEPBaJ BPEMEHH 'I'tpj , KoTopoe

OpOUTANBLHOE TENIO 3aTPATHT HA JBMXKEHHE OT MEPHUres 0 y3JIO0BOM TOUKH Ha
aTOoM mepuoje obpamtenus (puc. 3, 6). Takum o6pazom, 'I'tpj — 3HaYeHHE

GbyHKIIH Ttp(t) Ha |-oMm mepuoje oOpamieHus. [lpemnaraercs onpenessTh

T, | Ha OCHOBE HPUHITOrO YMNPOIIAIOIIET0 IOJIOKEHUS O JIMHEHHOCTH

GbyHKIMH 'I'tp (t) Ha Iiepuoae OOpalleHus] M HCIOJIb30BAaHUU (QYHKIIMU

3aBHCUMOCTH BpeMenu oT Bpemenu (t(t) =t ) (puc. 3, 6):
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T, (t)

MomenT BpemeHu 1, TPOXOXKACHUS OPOMTAIBHBIM TENOM  Y3JI0BOH
TOYKH Ha | -OM Ieprojie 00palleHus OnpeaesseT Bppaxenue: 1, =1, +'I'tp j -

OnMca"HLIM  BBIIIE  CIIOCOOOM OIPCACIIAIOTCA MOMCHTBI BpPEMCHU
MPOXOXKJIEHUS OTTACHOM y3J10BOM TOUKM K -bIM ¥ | -bIM OpOHMTAIEHBIMU TETAMU
(tyc ¥ty COOTBETCTBEHHO).

B momenT t2

t(®) |

to]

_|
1
=]
T+
]
SN—

Ttpj T t
6

Puc. 3. K onpezeneHnio MOMEHTa ABMKEHHsI OPOUTATIBHOTO Tella Yepes3 Y3JIOBYIO
TOYKY: ¢ — M3MEHEHHE MOJIOKEeHNS JIMHHUH NepeceueHns] OpOUTAIBHBIX INIOCKOCTEH; 6 —
rpaduyueckoe IpecTaBIeHUE TIOUCKA PEIICHUS

IMocne ompezeseHUs: MOMEHTOB BPEMEHH TPOXOXKACHUS Y3JIOBBIX TOYEK
Ha Tepuojax oOpaimieHUs OpOMTANBHBIX TNl HAXOAATCS OTPE3KH BPEMEHU
JIBIDKCHHUS TI0 OMACHBIM y4YacTKaM TpaeKTopuil (OmacHble OTPE3KH BPEMEHH).
[puHsiTO yrpolamiee MOJI0KEHHE, YTO JUINTEIBHOCTh OMACHOTO OTpe3Ka
BpPEMEHM HEM3MEHHA OT MepHoa K nepuoay (oHa ompesensiercs ¢ "3amacom”,
Ha OCHOBE MOJAX0ja, MpemtoxkeHHoro B paborax [10, 13]), u yro MOMeHT
BPEMEHHU MPOXOKAECHUS Y3JI0BOM TOUKH JIEJIUT 3TOT OTPE30K IOMoiaM. Takum

o6pa30M, €CJIM MOJIOBHMHA JJIUTCIIBHOCTHU OIMACHOI'O OTPE3Ka BPEMECHU — Dtp , TO
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ONACHBIH OTPE30K BPEMEHH B OKpecTHOCTH TOukH t, — [ty - Dyt +Dyl,
riue Ttp(tb) u Ttp(te) 3HAYCHUS 'I'tp (t) B MOMEHTHI Bpemenu t, u {, Haganma u

KOHIIa TIepro/Ia 00palleHrs OPOUTATBHOTO TeJa, 1 — MepUo.T ero 00paleHuUs.
Eciu juis mapel opOUTAIBHBIX TEJ, TPAEKTOPUU KOTOPBIX 00pa3yroT y3ei
KOH(JIMKTOB, MHTEPBAJIbI BPEMEHH JIBUKEHUSI 110 3THM Y4acTKaM TPaeKTOpUi
MEPEKPBIBAIOTCS, TO MOJIAraeTCs BO3MOXHOM KOH(MIMKTHAS CUTYAIHS.
AHan3 TOYHOCTH OTIMCAHHBIX METOJIOB MOJICIUPOBAHUS MPEACTABICH B
pabote [11].

Pe3yabTaThl mMcciaenoBanmii. Paspa®orana cnenyromiasi KOHIEIIHS
CHCTeMBI OpOUTAJIBHBIX Tell. B paccMoTpeHne BBelleH BUPTYAIbHBIN JIEMEHT
CHCTEMBl — Yy3ell MeXaHM4YeCKMX KOH(IMKTOB. Mojenupyemas CIOXKHas
cucTeMa OIpeJelieHa Ha MHO)KECTBE Y3JIOB MEXaHHMYECKHX KoH(piukroB. B
MOJICIIIPOBAHUH MOYKHO BBIIEJINTH JBa dTana. Ha mepBom 3Tame Ha 3alaHHOM
OTpe3KEe BPEMEHH MOJCNUPYIOTCS Y3l MEXaHWYeckKnX KoHGuukToB. [Ipm
9TOM [UISl BCeX Map OpOMTaNIbHBIX Tell, Y KOTOPBIX 00JaCTH BEICOT, B KOTOPBIX
HPOXOJAT HUX TPACKTOPUH, NMEPEKPBIBAIOTCS, MOICIHPYIOTCS Y3JIOBBIC IMapbl
(moTeHUMaNBHBIE Y3JIBI MEXaHWYECKHX KOH(UIMKTOB). B Kaxmbplid Tekymuii
MOMEHT BpPEMEHH Ha OCHOBE aHAIM3a PAaCCTOSHHS MEXIY Iapoil y3JIOBBIX
TOYEK HPOBEPseTCs CYLIECTBOBAHMS y31a KOH(IMKTA, U €CIIU 3TO PacCTOSHHE
SBJSIETCSL  OMACHBIM, TO €CTh y3eJl KOH(QUIMKTOB CYIIECTBYET, TO
PacCUMTHIBAIOTCSl ONMCAHHBIE BBINIE XapaKTEPUCTUKU ITOro y3na. Tak Kak
y3el KOH(IMKTOB MEHSETCS JI0CTATOYHO MEIJIEHHO, MOJIEIMPOBAHUE MOXKET
OBITh peaqu30BaHO C JIOCTATOYHO KPYNHBIM IIaroM (CpaBHHUMBIM C
JUTUTENTBHOCTSIMU TIEPUOJIOB OOpaIieH s OpOUTATIBHBIX 00BEKTOB). Pe3ynbraTs
9TOr0 JTala XapaKTePHU3yHT MOTCHIMAIBHYI0 ONACHOCTH KOH(MIMKTHBIX
CHUTYalUil ¥ MOTYT OBITh HCIIOJIL30BaHBI JUIsl aHANIM3a YPOBHS KOHQIUKTHOCTH
MHOXECTBAa OpOWTANbHBIX O00BEekTOB. B TOM wunmcme, 00 ypoBHe
NOTEHIHUANBHBIX yIpo3 OpOMTANBHBIX KOJUIM3UHA CBHAETEIBCTBYET TaKON
MoKa3aTedh KaK "HachIeHHe" pacCMaTpUBAeMOH OOJIACTH BBICOT Y3JIaMHU
KOH(IUKTOB, HaIW4ue oOnactedl NpOCTpaHCTBa, TIjae  HaOIrogaeTcs
"CKy4eHHOCTD" Y3JI0B KOH(JIUKTOB.

Ha Bropom sTame MopenupoBaHUs Ul KaXJOro y3ia KOH(IMKTOB Ha
MHTEpBaJle BPEMEHHM €ro CYLIECTBOBAaHMS Ha OCHOBE OIMCAHHOTO BBIIIE
MeToJia OIpPEAENSIIOTCS WHTEpBalbl BPEMEHH [BIKEHHS OpOUTAIIbHBIX
OOBEKTOB IO OIACHBIM ydacTKaM TPAaeKTOpHH, oOpasyromuM  y3el
KOHQUKTOB. COINIAaCHO NPEIUIOKEHHOMY METOAY Ul  ONPEACIICHHS
WUHTEPBAJIOB BPEMEHM [BIDKCHHUS OpPOUTAIBHOrO OOBEKTa II0 ONAcHOMY
YYaCTKy TPAaeKTOPHM PACCUHMTHIBACTCS 3Ha4YeHHE (YHKIIHU 'ﬂp(t) ¢ 1marom,

paBHBIM TEpHOIy OOpamieHns opOMTaNBHOTO Tena. TakuMm oOpa3oM, pacuer

72



ISSN 2079-0031 Becmuuk HTY " XTTH", 2013, Ne 19 (992)

STHX WHTEpPBAlOB BPEMEHHU pean3yeTcsl B ThICAYM pa3 ObIcTpee, yeM Ha
OCHOBE MOJICJIMPOBAHUS [BYKEHHS OpOUTAJIBbHBIX 00BekToB. [lo wmcny
CITPOTHO3UPOBAHHBIX KOH(bJII/lKTH]:IX CI/ITyaHI/II‘/’I MOXHO aHaJIM3UpOBaATh
OIAaCHOCTb y3J1a KOH(IJIUKTOB.

BrIBOABI. IIpennoxxeHHbli MHOIXO0JT K MOJIETUPOBAHUIO
MHOTO3JIEMEHTHOH CHCTEMbI OpPOMTAIBHBIX OOBEKTOB MOKET OBITH MOJIE3HBIM
JOTIOIHEHWEM K TPaAWIUOHHBIM IIOJXOJaM TIPH PEIICHWH 33had aHalHu3a
KOH(IMKTHOCTH MHOXECTBA OpOWTAJBbHBIX OO0BEKTOB. B wacTHOCTH, Kak
ONHCAHO BBIIIE, €r0 MOXHO HCIONB30BaTh B 3aJadax IPOTHO3a OMACHBIX
COJMKEHU I KOCMUUYECKHX aIllapaTroB ¢ 00beKTaMHU KOCMHYECKOTO Mycopa JJIst
IUTAHUPOBAHMUS MAHEBPOB C IIEJbI0 M30€XKaTh CTOJKHOBEHHA. DTOT MOIXOJ
MOXET OBITh TNPUMEHEH TMpHU MOCTPOCHHU MOJAETIeH 3aCOPEeHHOCTH
OKOJIO3EMHOTO ~ KOCMHYECKOTO  IIPOCTPAHCTBA,  AHAJIN3€  PA3IMIHBIX
rII00aNbHBIX ~ CIEHAPHEB  3aIOJIHECHHS ~ OPOMTAJIBHBIMH  OOBEKTaMH
OKOJIO3EMHOT'O TIPOCTPAHCTBA WM B 3aJadax OBICTPOTO aHaIN3a BO3MOXKHBIX
MOCJICICTBUH KPYITHBIX OPOUTAIBHBIX KOJUIH3UH.
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YK 629.783:531.5

HoBuii acmekT MoJe/qI0BaHHsI 0araToeJleMeHTHOI CHCTeMH OpPOITAILHHX 00 €KTiB
/ T.B. JlaéyTkina, O.M. Ilerpenko // Bicauk HTY "XIII". Cepis: ludopmarika i MogemroBaHHs.
—X.: HTY "XTIII". —2013. — Ne 19 (992). — C. 60— 74.

Po3pobnennii crpoieHnii MeTo] MOACIIOBaHHSI 0araToeJIeMEHTHOI CHCTEMH OpOiTaTbHUX
00'€KTiB UL 3a/a4 MOB'SI3aHMX 3 IIPOTHO30M MEXaHIYHMX KOHQUIKTIB (3iTKHEHB) MiK Ti
eleMeHTaMH. MeTol 3acHOBaHMH Ha MOJENIOBAaHHI BBENEHHX IO PO3MIILY BIPTyalbHHX
€JIEMEHTIB CHCTEMHU — BY3JIiB MEXaHIYHMX KOH(IIIKTIB (4aCTOK TPAEKTOPIH, IKi 3HAXOAATHCS OJIHA
BiJl OHOI Ha BijCTaHi, HeOE3MeUHIl 3 TOYKH 30Dy 3ITKHEHb OpPOITANIBHUX Till IPH X MOXIMBUX
BIJXMJICHHSIX Bifl IIMX TpaekTopiit). Ir.: 3. Bibumiorp.: 16 Ha3s.

KirouyoBi ciioBa: GaratoeneMeHTHa CHCTeMa OpOITaJbHHX OO0’ €KTIB, MOJEIIOBAHH,
MPOTHO3, MEXaHIYHUI KOH(IIKT (3iTKHEHHS), BY30J MEXaHIYHUX KOHQIKTIB.

UDC 629.783:531.5

New aspect of design of multiple-unit system of orbit objects /Labutkina T.V.,
Petrenko O.M. // Herad of the National Technical University "KhPI". Subject issue: Information
Science and Modelling. — Kharkov: NTU "KhPI". —2013. — Ne 19 (992). — P. 60 — 74.

The simplified method of simulation of multiple-unit system of orbit objects is worked out
for problems deals with the forecasting of mechanical conflicts (collisions) between its elements.
The method is based on simulation of the virtual el ements of system injected into viewing — nodes
of mechanical conflicts (parts of the trajectoris, being from each other on distance, dangerous to
collisions of orbit objects at their possible diflaction from these trgjectoris). Figs.: 3. Refs.: 16
titles.

Keywords: multiple-unit system of orbit objects, simulation, forecasting, the mechanical
conflict (collision), node of mechanical conflicts.
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