degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: W30panHbIe T1aBbl MEXaHUKH KOCMUYECKOTO IOJIeTa
110 HANIPABJICHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: Kocmuueckne TexHomornu

dusTex-ukona A3pokocMuueckux TexHomoruit
kadempa MaTeMaTHueCKOT0 MOICTUPOBAHUS U MPUKIIATHOW MAaTEeMAaTUKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHnnpoBaHHblil 3a4eT

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 30 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2
[IporpamMmy cocraBunu:

C.II. Tpopumos, kau1. Gpus.-Mar. HAyK, ACCUCTEHT
A.A. IlenoycoBa, acCUCTEHT

[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapsl MaTeMaTH4ecKOro MOJASTMPOBAaHHS U IPUKIIAIHON MaTeMaTHKH
14.05.2021



AHHOTANMA

Kypc "H306paHHble 11aBbl MEXaHUKH KOCMUYECKOTO TMoJieTa" MOCBSIIEH TEOPHH OTOUTAILHOTO JBHYKEHUS Tell.
B xozme ocBoeHus Kypca moApOOHO M3JAraloTcsi 3HaHUS B 00JACTH ONTHMAJIBHOTO YIPABICHHS JBHKCHHEM
KOCMHYECKUX allaparoB B OAMHOYHOM M I'PYNIIOBOM I0JIETE, ONMMCHIBAIOTCS MPUHLUIIOB U MaTeMaTHYECKHX
METO/IOB NPOCKTHPOBAHUS M ONTUMHU3ALUHM MEXKIUIAHETHBIX TPACKTOPUI, B TOM YHCIE C HCIIOJIb30BaHHEM
JMHAMHYECKHX 3((EKTOB 3aJa4y TpeX Tel, pacCMaTpUBAIOTCS 0a30BBIMM CBEJCHUSMH O IEPCIEKTHBHBIX
TEXHOJIOTUSIX OECTOIIMBHOTO yNPaBJICHUS IBUKECHUEM KOCMUYECKUX allaparoB M UX HIPUMEHEHHUHU B 3aJa4ax
opOHTaTIHLHON MEXaHUKH.

1. lean u 3apa4n

].le.]'ll) AUCHUIIINHBI
O3HAKOMJICHHUEC CTYACHTOB C OCHOBHBIMHU HAIIPaBJICHUAMH COBPEMCHHBIX HCCJIEIOBAaHUN B MEXaHUKE
KOCMHUYCCKOTIO ITOJICTAa U MOJYUYCHHBIMU 110 3TUM HAIIPABJICHUAM PC3YyJIbTaTAMU.

33)13‘11/[ JAUCHUIIINHBI
° an06peTeHHe yr‘J'Iyﬁ]'IeHHLIX 3HAHMI B 00JIACTH ONTHMAJIEHOTO yOpaBJICHUSA ABUXXCHUCM
KOCMHUYECCKUX allaparoB B OAMHOYHOM U I'PYIIIOBOM IIOJICTE,

. OCBOEHHME MPHUHIMIIOB W MAaTeMaTHYECKUX METOJOB IPOECKTHPOBAaHUS W ONTHMH3ALNH
MEKIUIAHETHBIX TPAEKTOPUH, B TOM YHCIIE C UCIOJIb30BAHUEM AMHAMUYECKHX 3(PEKTOB 3aqauu Tpex
Te;

* 3HAKOMCTBO C 0a30BBIMH CBCACHUAMU O MCPCHCKTUBHBIX TCXHOJIOTUAX 0OCCTOILIMBHOIO YIpaBJICHUA
ABUKCHUEM KOCMUYCCKUX allllapaToOB U UX NIPUMCHCHUHU B 3a/ja4ax Op6HTaHBHOﬁ MCXaHHKMU.

2. llepevyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWS B  0O0NacTH

pelLIEHUE MTOCTABICHHON 3a/1a4U, IPOBECTU
aHaNIM3 pe3yNibTara U MPeJICTaBUTh BBIBOJBL,
MIPUMEHSS 3HAHUS U HABBIKU B 00JIACTH
(hU3MKO-MaTeMaTHIECKUX HAyK U
MH()OPMAITMOHHO-KOMMYHUKAITHOHHBIX
TEXHOJIOTHH

(u3MKO-MaTeMaTHYeCKUX HayK Ul PEIICHUS IOCTABICHHOM
3a7a4n, GOPMYJINPOBAHUS BBIBOJOB M OLEHKH MOTYyYEHHbIX
pe3yapTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CIIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBe dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3ylabTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKaluKM HAYYHBIX CTAaTEH U y4acTusi B KOH()EPEHIUSIX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCUUILIHHE (MOXYJII0)

B PE3YIBTATC OCBOCHUA JUCHUTIIINHBI O6y‘{aIOH_II/I€C$I JOJI>KHBI

3HAThb:

- (yHIaMeHTaIbHbIC TIOHATHUS, 3aKOHBI, TCOPUU B 00JIACTH ONTHUMAJIBHOTO YIPABICHUS OPOUTAIBHBIM
JBIKEHHEM KOCMUYECKHX alllapaToB B OMWHOYHOM U TPYINIIOBOM IOJIETE;

- IOPUHIUIBI U MaTeMaTU4eCKUE METOIbl MPOEKTUPOBAHUS U ONTHUMM3ALUU MEXKIUIAHETHBIX
TPaeKTOPUH, B TOM YHCJIE C UCIOJIIb30BaHUEM AMHAMUYECKUX 3((EKTOB 3a1auu Tpex TeI;

- 0a30BbIC CBEOCHHS O TEXHOJOTHAX OECTOIIMBHOTO YIPABICHUS JABMKEHHEM KOCMUYECKHX
anmaparoB U UX IPUMEHEHHUH B 3a7ja4ax OpOUTAIbHON MEXaHUKH.

YMETB:




- IOJy4aTh ONTHMAaJbHbIC 3aKOHBI YIPABICHHUS OPOUTAIEHBIM JIBUKEHHEM KOCMUUECKUX alIapaToB C
JBUTATEIISIMH OOJIBIION U MaJIoOi TATH;
- MOJEIUPOBaTh OTHOCUTEIBHOE JBIKCHNE KOCMUYECKHX alllapaToB B IPYyNIIOBOM IOJIETE;
- pa3pabaTbIBaTh aJITOPUTMBI HMMIYJIBCHOTO ¥ HENPEPBIBHOTO IOJICPIKAHUS CITyTHUKOBBIX
KOH(UTYpanuni;
- MPOEKTHPOBATh ONTHMAJIbHBIC TPACKTOPUH K HeOeCHBIM TenamM COTHEYHOM CHCTEMBI, B TOM YHCIIE C
WCTIOh30BaHUEM TUHAMHYECKUX dPPEKTOB 3a7a4u TPEX TE,
- MOJENUPOBaTh JBWKEHHE KOCMHYECKHX AaIlapaToB, OCHAIICHHBIX COJHEYHBIM IapycoM HIIH
ANMEKTPOANHAMUYIECKUM TPOCOM.

BIIAJICTh!
- TEXHHUKOH MOCTAaHOBKU M PELICHUS ONTUMH3ALMOHHBIX 3314 MEXaHUKU KOCMUYECKOTO T10JIeTa;
- HaBBIKAMH MOJICJIIMPOBAHUS YIPABISEMOTO JBMKEHHSI KOCMHUUECKUX aIlllapaTtoB C MUCIIOIB30BaHUEM
nporpaMMmHbIX cpencts MATLAB®;
- KYJOBTYpOH MOMCKa M 00pabOTKH aKTyallbHOM HaydHOW MH(pOpMaIyu (cTareil, KHUT) Ha PyCCKOM U
AHIVIMMCKOM SI3bIKaX B ceTH MIHTEpHET.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
becroruuBHbIe  cIIOCOOBI  yNpaBiIeHUS
1 OpOUTATIBHBIM JABMKEHHUEM KOCMHUYECKHX 4 2 5
arnrmaparos.
OnrumanbHOE yIpaBJIeHUE
2 OpOHTATILHBIM JBIKEHHEM KOCMHYECKHX 8 4 10
anrmaparos.
3 OTHOCUTENBHOE ABUKEHUE KOCMUYECKHUX 6 3 10
anrmaparos.
4 [IpoextupoBanue u ONITUMU3ALHS 6 3 10
MEKIUIAHETHBIX TPACKTOPUM.
5 Perynsapnas u xaoruueckas OUHaMUKa B 6 3 10
OTPaHUYCHHOM 3ajjade Tpex Tedl.
Hroro yacos 30 15 45
Iloaroroska k sKk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. becromiuBHbBIE crIOCOOBI yIIpaBIeHHUsI OPOUTATEHBIM ABHKEHHEM KOCMUYECKUX alllaparoB.

KoHIenuu CoMHEeYHOro napyca M CBETOOTpaXkarouiero OaisioHa. DBOJIONMS OpPOUTHI CITyTHHKA C
Ooonpmol mapycHocThio. [lpuMenenue mnapyca/6amioHa Ui yBOjAa CIYTHHKOB C  OpOWTHI
[IpuMeHeHHe CONHEYHOrO IMapyca B MEXKIUIAHETHBIX mepenerax. HekeruiepoBsl opOuThl. Muccus
«[Tonsipubrit cMotputensy ("Pole-sitter™).

KoHuenuuu »1aeKTpoJMHAMUYECKOTO M AJIEKTPOCTaTHYECKOrO TPOCOB, MX NPUMEHEHHE B 3a/aye
yBOJIa CITyTHUKOB C OPOUTBHI.



2. OnrumanbHOE ynpaBieHne OpOUTaTbHBIM IBHKEHHEM KOCMHYECKHX aIlaparoB.

HeoOxonnMele yciaoBUs ONTUMAaIbHOCTH MMIYNIBCHBIX MaHeBpoB. [lonstue Oasuc-Bekropa (primer
vector). [eomeTprueckas HHTEpIIpeTays HEOOXOAMMBIX YCIOBHH ONTUMAaIbHOCTHU. Pemenue 3amaun
nepesuera Mex1y OMU3KUMU KOMIUIAHAPHBIMU OKOJIOKPYTOBBIMH OpOUTaMHU.

Tunbl nBurareneid Majod TICW: WACATBHO PETYIMPYEMBbIH, C MOCTOSHHOW CKOPOCTBIO MCTEUCHHS.
Paznuunbple 1TOCTAaHOBKM ONTHUMHU3ALMOHHOW 3amadd. Merox NpONOJDKEHUS II0 IapaMeTpy
(romoTonuM) ANl PEUICHHs TMONYYaIOMIMXCA U3 HEOOXOOUMBIX YCIOBUH ONTHUMAalbHOCTH KPAeBBIX
3ajad.

HeoOxoanMeie yciioBUsI ONTUMAIBHOCTHY [IPH HAJIMYUU OTPAHUYCHUIN Ha HalpaBlieHHUE BEKTOPa TATH.
[Monsatue omnoocHoro ympaenenus (single-input control). OnTumanbHas OJHOOCHAsE KOPPEKIUS
IUIOCKOCTU OPOUTHI.

3. OTHOCHUTEIBLHOE JABUIKCHUC KOCMUYCCKUX allllapaToB.

Konuenmust rpynmnosoro mosneta (formation flying). Tumbl cyTHHKOBBIX (opmManuii: co3Be3nus
(constellations), kmacrepsr (clusters), pou (swarms). HenuHeliHble ypaBHEHHSI OTHOCHUTEIHHOTO
JBWDKEHUS B JAEKAPTOBBIX KOOPAMHATAX M OPOUTANBHBIX dlieMeHTax. JInHeapu3oBaHHbIE YpaBHEHUs
Xumna-Knoaceu-Yunrmupa (Hill-Clohessy-Wiltshire) u Lllonepa-Xemnens (Tschauner-Hempel).
[Topnepxanue CHYTHUKOBBIX KOH(PUIYpalUil € IIOMOINBIO HENPEpPBIBHOTO WM JUCKPETHOTO
yIOpaBieHUs. YrpaBieHue Ha ocHOBe (yHKuui JlamyHoBa. JIMHEHHO-KBaJpaTW4HBIN PEryasTop.
JIByXUMITy/IbCHBIC MaHEBpBI MOJJAEPKaHUSA U pekoHpurypauuu Gopmanuu. OmMOKH HCIIOTHEHUS
MaHEBPOB, CIIOCOOBI UX yYeTa U YMEHbBIICHUS.

4. HpOGKTI/IpOBaHI/Ie " OIITUMH3al A MCKIIJIAaHCTHBIX TpaeKTOpHﬁ.

Mozenb COnpsiKeHHBIX KOHUYECKHUX CEeUeHHUH. AKTHBHBIE M TACCUBHBIC I'PaBUTAIMOHHBIE MAHEBPBI.
ManeBpsl B m1yOokoM kocMmoce (deep space maneuvers). Pe3onancHele Tpaektopuu. I[pad
Tuccepana.

Huskosneprernueckue nepenetsl k JlyHe B OMKpYroBoil 3amade deTsipex Tell. bammmcruueckuii
3axBar. MeXIulaHeTHass TpaHCIOpTHas ceTh (interplanetary transport network). Pe3onancHbie
commkenus. ['pad Tuccepana-Ilyankape.

5. PGFYHHpHaﬁ 1 XaO0THUYCCKasd JMHAMHKa B OI‘paHI/I‘{eHHOﬁ 3aaa4uc TpEX TCI.

Jluneapu3oBaHHbIE ypaBHEHUS! JABIDKECHHS B OKPECTHOCTU KOJUIMHEAPHBIX TOYEK JIMOpAIUH.
lopusoHTasbHBIE W BepTHKanbHble OpOuTHl JlamyHoBa. I'amo-opOuthl. KBasumepuomuueckue
opbutel. MHBapuaHTHBIE  MHOrooOpas3us. ACHUMITOTUYECKHE M  TpPaH3UTHBIE  OpPOWTHI.
I'omMoknIuHMUYECKHE U FETEPOKIMHUYECKUE TPACKTOPUH.
VYpaBHeHUS IBWKEHMS B 3afade Xwwuia. J[ByKparHO oOcpelHEHHas 3aaada Xwuia. MexaHu3m
JlnnoBa-Kosau. 3amopoxennsie opoutsl (frozen orbits).

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

Heo0xonrmoe ob6opynoBaHue 1Jis JIEKIUN: KOMIBIOTEP U MYJIBTUMEIUIHOE 000pya0BaHuE (ITPOEKTOP,
MapKepHast 10cKa, CBsi3b ¢ lHTepHeTOM).
Heo0xonnmoe nporpammHoe obecniedenne: nporpaMmHsbiil maker MATLAB®.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



1. Bruce Conway (ed.), Spacecraft Trajectory Optimization, Cambridge Aerospace Series, Cambridge
University Press, 2010. DnexTpoHHas Bepcrsi KHUTH JOCTYITHA JJIsl TUYHOTO MOJIb30BaHUS CTyACHTAMHU
B UIIM PAH.

2. Kyle Alfriend, Srinivas Rao Vadali, Pini Gurfil, Jonathan How, Louis Breger, Spacecraft Formation
Flying. Dynamics, control and navigation, Elsevier Astrodynamics Series, Butterworth-Heinemann,
2009. DnexTpoHHast BEpCHs KHUTH JOCTYIIHA AJISl IMYHOTO MoJb30BanHus cryaentamu B MTIM PAH.

3. Wang Sang Koon, Martin Lo, Jerrold Marsden, Shane Ross, Dynamical Systems: The Three-Body
Problem and Space Mission Design, Springer-Verlag New York, 2011. DnekrpoHHasi BepcHsi KHUTH
JOCTYIHA 10 ccbuike http://www.cds.caltech.edu/~koon/book/KoLoMaRo_ DMissionBk.pdf

4. Stephen Kemble, Interplanetary Mission Analysis and Design, Springer Praxis Books/Astronautical
Engineering Series, Springer, 2006. DinekTpoHHas BEpCHs KHUTH JIOCTYITHA JUIsl IMYHOTO MOJIb30Ba-HUS
crynearamu B MIIM PAH.

JomnonHutensHas auTeparypa

1. Wneun B.A., Ky3mak [.E. OntumaineHeie nepeneTsl KOCMUYECKUX anmnaparoB. — M.: Hayka, 1976.
2. Jloynen J.®. OnTuManbHble TPAEKTOPUH JJI KOCMHUYECKO# HaBurauuu. — M.: Mup, 1966.

3. benenxkuii B.B. Ouepku o aBmkeHnn kocMudeckux tei. M3m. 3-e, ucnp. u non. — M.: U3narenbscTBo
JIKH, 20009.

4. Gerard Goémez, Jaume Llibre, Regina Martinez, Carles Sim6, Dynamics and Mission Design Near
Libration Points, Volume I Fundamentals: The Case of Collinear Libration Points, World Scientific
Monograph Series in Mathematics, World Scientific Publishing, 2001.

5. Gerard Gémez, Angel Jorba, Josep Masdemont, Carles Simo, Dynamics and Mission Design Near
Libration Points, Volume III Advanced Methods for Collinear Points, World Scientific Monograph
Series in Mathematics, World Scientific Publishing, 2001.

6. Colin R. Mclnnes, Solar Sailing: Technology, Dynamics and Mission Applications, Springer Praxis
Books/Astronomy and Planetary Sciences Series, Springer, 2004.

7. Giovanni Vulpetti, Les Johnson, Gregory Matloff, Solar Sails: A Novel Approach to Interplanetary
Travel, Copernicus, 2008.

8. Mario Cosmo, Enrico Lorenzini, Tethers in Space Handbook, 3rd ed., NASA Marshall Space Flight
Center, 1997.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

http://www.keldysh.ru

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o JMCuMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HeobxonumMoe nporpammHoe obecrniedenne: mporpaMmMHsbiii maket MATLAB®.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CTyneHT, W3ydYarolmMid JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCSA IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.
B pesynbrare u3yyeHUs AUCUUIUIMHBI CTYACHT MOJKEH 3HATh OCHOBHBIE OMNPEICICHUS, MHOHSTHS,
AKCHUOMBI.

VYenenrHoe 0cBoeHHE Kypca TpeOyeT HapspKEHHOW caMOCTOsSTENIbHOM paboThl cTyaeHTa. B mporpamme
Kypca MpUBEIEHO MHHHMAJIbHO HeoOXoauMoe BpeMs [uii paboThl CTyAEHTa Haja TEMOM.
CamocrosiTenbHas padoTa BKIIIOYAET B ceOs:

— YTEHUE U KOHCIIEKTHPOBAaHNE PEKOMEH/I0BAHHOM JINTEPATYPHI;

— TpopaboTKy ydeOHOro Mmarepuana (10 KOHCIIEKTaM JIeKIUi, y4eOHOH W HaydHOW JHUTeparype),
MOATOTOBKY OTBETOB HAa BOIPOCH, TNpPENHA3HAYEHHBIX [UII CaMOCTOSTEIBHOTO  H3y4YCHHS,
JI0Ka3aTeJIbCTBO OTIEJIbHBIX YTBEPKIECHUM, CBOMCTB;

— BBITNIOJIHEHHE JIA0OpaTOPHBIX PaboOT, A OCO3HAHHE CBSA3CH MEXIy TEopued M NPaKTUYeCKUMHU
HaBBIKAMU;

— INOATOTOBKY K OK3aMCHY.



PykoBOJACTBO W KOHTPOJIb 32 CaMOCTOATENBHOM pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
WHIUBUAYaIbHBIX KOHCYIBTAllHN.

BaxxHo 1oOuThcA MOHMMaHMS M3y4aeMOIo MaTepHaja, a He MEXaHHYECKOTo ero 3anoMuHaHus. [Ipu
3aTPyOHCHUN H3YYCHHUS OTACIBHBIX TEM, BOIPOCOB, CIEAYEeT OOpalaTthCsi 3a KOHCYJABTALUSMH K
JIEKTODY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: Kocmuueckue rexnonoruu
dusTex-urkona ApokocMuueckux TexHomoruit
kadempa MaTeMaTHYECKOTO MOISTUPOBAHUS U MPUKIIATHOW MAaTEeMAaTUKH
Kypc: 1
KBaJupuKaAnus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT
PaspaGorunkm:

C.I1. Tpopumos, kau. Gus.-Mar. HaAyK, ACCUCTEHT
A.A. llenoycoBa, acCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHue MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJM3 pe3yabTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B 00JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX

OIlK-4.2 CrocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYYEHHBIX
pe3yIabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAaTh CIIOCOO
MPOBEJCHUS HAYYHOTO MCCIIEI0BAHUS

TEeXHOJIOTHH

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX alPOOAIUIo

[MIK-2.2 CnocobeH mNpoBOIUTH anmpoOanuioo pe3yabTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOJIMKalUK HAYYHBIX CTATEH U y4acTusi B KOH)EPEHIUSIX

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUCHUSA AUCHUIIIIAHBI «I/I36paHHLIe TJ1aBbl MCXaHUKH KOCMHYCCKOI'O ITOJICTa» O6y‘laIOH.[PII>iC5[
JOJIKCH:

3HATh:
- (yHIaMeHTaIbHbBIC TIOHATHUS, 3aKOHBI, TCOPUU B 00JIACTH ONTHMAJIBHOTO YIPABICHUS OPOUTAIHHBIM
JBMKCHUEM KOCMHUYECKHUX allapaToB B OAMHOYHOM H I'PYIIIIOBOM IIOJIETE;
- NPUHIMIBL U MaTeMaTU4eCcKue METOIbl MPOCKTUPOBAHUS W ONTUMH3ALUH MEKIUIAHETHBIX
TPAaEKTOPHUIi, B TOM YHCIIE C CIOJIb30BAHUEM AMHAMHYECKHX 3((PEKTOB 3aa41 TpeX Te,;
- 0a30BBIC CBEICHHS O TEXHOJOTUSAX OCCTOILIMBHOTO YIPABICHUS JBHKEHHUEM KOCMUYECKHX
anmapaTroB U MX MPUMEHEHUH B 3a7a4ax OpONUTAIbHON MEXaHHUKH.

yMeThb:
- IOJy4aTh ONTHMAaJbHbIC 3aKOHBI YIPABICHHUS OPOUTAIEHBIM IBUKEHHEM KOCMHUECKUX alIapaToB C
JBUTATEIISIMH OOJIBIION U MaJoi TATH;
- MOJEIUPOBATh OTHOCUTEIBHOE JBIKCHNE KOCMUYECKHX alllapaToB B IPYNIIOBOM IOJIETE;
- pa3pabaTbIBaTh AJITOPUTMBI HMMIYJIBCHOTO ¥ HEMPEPBIBHOTO TOJICPIKAHUS CITyTHUKOBBIX
KOH(UTYpanui;
- MPOEKTHPOBATh ONTHMAJIbHBIC TPACKTOPUH K HeOeCHBIM TenamM COTHEYHOI CHCTEMBI, B TOM YHCIIE C
WCTIOB30BaHUEM TUHAMHYECKUX dPPEKTOB 3a7a4H TPEX TE,
- MOJENUPOBaTh JBWKEHHE KOCMHYECKHX AaIlapaToB, OCHAIICHHBIX COJHEYHBIM IapycoM HIIH
ANEKTPOANHAMUYIECKUM TPOCOM.

BJIA/IeTh:
- TEXHHUKOH MOCTAaHOBKU M PELICHUS ONTUMH3ALMOHHBIX 33714 MEXaHUKU KOCMUYECKOTO I0JIeTa;
- HaBBIKAMH MOJICJIMPOBAHUS YIPABISEMOTO JBMKEHHSI KOCMHUUECKUX aIlllapaTtoB C MUCIIOIB30BaHUEM
nporpaMMmHbIX cpencts MATLAB®;
- KYJOBTYpOH MOMCKa M 00pabOTKH aKTyallbHOM HaydyHOW MH(pOpMaiuu (cTareil, KHUT) Ha PyCCKOM U
AHIVIMMCKOM SI3bIKaX B ceTH MIHTEpHET.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro Marepuana MPOBOAWUTCS YCTHBIH ONpoOC B
HayaJje 3aHATUSA 110 TeME IPOIUIOHN JIEKIIMH WU B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

[lepeueHb KOHTPOIBHBIX BOMPOCOB JJIS CIA4YM dK3aMeHa:

1. HeoOxomumple yCIIOBUS ONTUMAIBLHOCTH UMITYJILCHBIX MaHeBpOB. [loHsTHE Oa3uc-BeKTOPA.
2. T'eomeTrpuueckas HHTEPIPETALNS YCIOBUN ONTUMAIBFHOCTH UMITYJIbCHBIX MAaHEBPOB.

3. Tumnel nBuraTencii MaJlol TATH. PasnudHbIe TOCTAHOBKY ONTUMH3AIIMOHHOMN 3a7auH.

4. Meroj npopoinkeHus no napametpy. lAuddepennuanbaoe ypaBHEeHHE METOA TPOAOIIKCHHUS.



. HeoOxonumeble ycaoBus ONTUMaIbHOCTH IPU HAJIMYMK OTPAaHUYCHUI HA HApaBICHHUE TATH.
. Tunsl cnyTHUKOBBIX QopmMartuii. HennHeliHble ypaBHEHUS! OTHOCHUTELHOTO JBYKEHHUS.
. JIuneapuzoBanHsie ypaBHeHuss Xuuta-Kinoaccu-Yunrmmpa u lllonepa-Xemmens.
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. HempepwiBHOE yripaBnenue Aiis nojajaepxkanus Gopmaryn. JINHEHHO-KBaAPaTUIHBIN PETYIISITOP.

9. WmnynscHOE ynpaBieHue i noaaep:kanus popMauu. JIByXuMmyabCHbIA MaHEBD.

10. Tuns! (KBa3M)IIEPHOTUICCKIX OPOUT B OKPECTHOCTH KOJUTMHEAPHBIX TOUEK JTHOPAIIUH.

11. IuBapuaHTHBIE MHOTOOOpa3us. [ OMOKINHIYECKUE U TETEPOKINHIUYECKIE TPACKTOPHUH.

12. JIBykparHo ocpefHeHHas 3aj1a4a Xunia. Mexannsm Jlugosa-Kozau. 3aMmopokeHHBIE OPOUTHI.

13. ConpsxeHHBIE KOHHUECKHE CeueHUsI. AKTUBHBIE U TACCUBHBIE IPABUTAIIIOHHBIE MAHEBPHI.

14. ManeBpsI B my0okoM kocMoce. Pe3onancHbie Tpaekropun. ['pad Tuccepana.

15. HuzkoanepreTuueckue TpaekTopuu. bannuctudeckuit 3axsar. MeXImiaHeTHas! TPaHCIIOPTHAS CETh.
16. Pe3onancHble cOnMmmkeHus 1 X xaotudeckas npupona. I'pad Tuccepana-Ilyankape.

17. IlpumeHeHne napyca WK CBETOOTPaKarolero O6aioHa B 3a7a4e yBoJa CIlyTHUKA C OpOUTHI.

18. MexmnaneTHbIe TiepeNeTsl ¢ mapycoM. HekerepoBsl opouThl. Muccust «[lonsipHbIi CMOTPHTENBY.
19. Kocmuueckre TpoCOBBIE CUCTEMBI M UX TPUMEHEHHE B 3a]a4e YBOJA CIIyTHUKA C OPOUTEHI.

[TpumMepHbIil TepeYeHb OUIIETOB:

buner Nel.

1. Tunel nBUTaTenci MaJloH TATH. PasnudHbIe TOCTAHOBKY ONTUMH3AILIMOHHOMN 3aauH.

2. HeoOxomumble yCIOBHUS ONITUMAILHOCTH TIPY HAJTMYUN OTPaHUYCHUH Ha HANpaBlICHUE TATH.

buner Ne2.
1. Merox mponoskenus mno napamerpy. Auddepennuansnoe ypaBHeHHE METOAA TPOIOKEHHUS.
2. Tunel ciyTHUKOBBIX Gopmannii. HennHelHbIe ypaBHEHNsI OTHOCHTEIBHOTO JIBUYKCHUSL.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE PU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka ommyHO 8§ OamioB - BBICTABJIAETCA CTYIAEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

OHeHKa XOpouIo 7 0alI0B - BEICTABISACTCS CTYACHTY, €CJIK OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, ymMeCcT NPUMCHATH IIOJIYUCHHBIC 3HAHWA Ha IPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaraeT €ro, yMeeT MPUMEHATh MOJIYyYEHHbIC 3HAHUS HA MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUHU 3a7jad HEKOTOPblE HETOYHOCTH.

OHeHKa XOpo1Io 5 0ajIoB - BEICTABIAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MAaTcpualli, rpaMOTHO
" IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

Onenka ynoBieTBOpUTENbHO 4 Oamja - BBICTABISACTCS CTYICHTY, IOKa3aBIIeMy (parMeHTapHBIi,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapylLIeHHs JJOTHYECKON MOCIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IIPU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.



OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JieliaMy y4eOHOW MpOrpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OueHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCSl CTYACHTY, KOTOPBIA HE 3HAET OOJbIICH YacTH
OCHOBHOTO COJepKaHUsl y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHKka HEYNOBIETBOPUTEIBHO | 0amn - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCIUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

Bo Bpems mpoBeaeHusi sx3ameHa 0OydarolMecs MOTYT IOJIb30BAaThCS MPOTPaMMOl JHUCLUILIUHBI, a
TAKXK€E CIPABOYHOM JIMTEPATYPOM, BBIUUCIUTEIbHON TEXHUKOU, KOHCIIEKTaMU JICKLIAMN.

DK3aMeH NPOBOIUTCS IIyTeM OpPTaHU3aLUH CHENHAIBHOTO OPOCca, IPOBOAMMOTO B YCTHOH opMe.



