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)

o AMCHUIIJIMHE: I[I/IHaMI/IKa KOCMHYECKOIO IOJIETa
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)](lJIb MnoATrOTOBKMU: T'eoxocMmuueckue HAayKHU U TCXHOJIOTUH

dusTex-ukona A3pokocMuueckux TexHomoruit
kadempa MaTeMaTHueCKOT0 MOICTUPOBAHUS U MPUKIIATHOW MAaTEeMAaTUKH

KYpC: 3
KBAJM(PUKAIMA: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOM arTecTanuu: 5 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.

Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy cocraBui: M.IO. OBUHHHUKOB, JI-p (U3.-MaT. HAyK, Ipodeccop

[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapsl MaTeMaTH4ecKOro MOJACTMPOBAHHS U IPUKIIAIHON MaTeMaTHKH
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AHHOTANMA

B nmoctymHO# Gopme M3I0KEHBI OCHOBHI TMHAMUKH KOCMHUYECKOTO ToJieTa. PaccMOTpeHO JBMKEHHE LEHTpa
Macc HeOECHBIX Tell W KOCMHYECKHX ammaparoB. [IpelcTaBiieHbl 3J€MEHThl TEOPUM HEBO3MYIIECHHBIX H
BO3MYIICHHBIX JIBIDKCHUH, OCHOBBI TEOPUHM MAaHEBPUPOBAHUS, OTHOCUTEIBHOTO [BIKECHUS B TPYIIIE,
KOPPEKIIMY MEXIUIAHETHBIX TPACKTOPUH, TPAaBUTAIIMOHHBIX MaHEBPOB, OMPEACICHUS IEMEHTOB OpPOUTHI IO
HaOJIIOAECHHUSAM.

1. leau u 3apauu

Meap AUCUMNIMHBI
O3HAaKOMHUTH CTYJICHTOB C 3aKOHAMH JBHXKCHHS Tel B KOCMHUYECKOM TPOCTpaHcTBe. Hayuwtsb
OCHOBHBIM CIIOCO0aM pacdeTa TPACKTOPUH B IICHTPAILHOM II0JIE, B MOJISIX TSATOTEHUSI HECKOJIIBKHUX TEI,
B ToJie HecpepuyHOU TuTaHeThl. HayunTh MeTomaM aHanm3a JBUKCHHS CITyTHHKA OTHOCHUTEBHO €T0
1eHTpa Macc. JlaTh MoHATHE 0 aHalTu3€e BO3MYIICHHBIX JIBUKEHUH U METOJIaX KOPPEKTUPOBKU OPOUT.

3agaun AUCHMIIHHBI
[l mpuoOpeTeHne TeOPeTHIECKUX 3HAHUN B 00IaCTH ABMKECHUS TEJl B KOCMHYECKOM IIPOCTPAHCTBE;
[l mpuoOpeTeHHe TEOPEeTHYECKHX 3HAHWH B O0OJACTH aHAJIM3a JBIKCHUS CIIyTHHKOB OTHOCHTEIHHO
LEHTPa Macc;
[J  mpuoOpeTeHHe NMPaKTHYECKUX HABBIKOB IPU Pa3IMYHBIX Croco0ax pacdera TPACKTOPUH M UX
KOppEeKLUU.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTaIbHbBIC 3HAHUS, MOJTyYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U MCIIOJIb30BaTh UX B
npodeCcCHOHAIBHOMN I TeIBbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1auy,
HaMeyarb MyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-4 CriocoOeH ocymIecTBIATE cOOp U
00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON HH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

OIIK-4.1 Bmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a MHGOpMalH{ MpH PELICHUN
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIIBIOTEPOM H
KOMIIBIOTEPHBIMU CETAMU C LIEJbIO NOJIyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOU (TEXHHYECKOHW, TEXHOJOTHYECKOMN)
nHpopMaIun

[MK-1 Crioco6eH mi1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
HCCIICIOBAHMSI

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU IS
ONMCAaHUSI W HCCIEIOBAaHUS MPOLECCOB M SIBICHUH B
COOTBETCTBYIOIINX HayYHBIX 00JIaCTIX

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBoeHUS JTUCIUIUTHHBI 00y4YaroNIuecs J0KHBI

AHAJIM3UPOBATH

3HAThb!
OcHOBHBIE 3aKOHBI IMHAMUKN KOCMHYECKOTO TOJNETA.

YMETb:
PaccunThiBaTh TPAaeKOTPUM KOCMHMYECKOTO ammapara B I[EHTPAJbHOM IIOJIe,
BO3MYILEHHOE JIBIKCHUE [IEHTPA MAacC KOCMUUYECKOTO arapara.

BIIAJICTh!

Metonamu TeopeTHUECKO MeXaHUKU U AuddepeHnrnanbHbIX ypaBHEHUH ISl COCTABICHUS! ypaBHEHUN

ABMIKCHUA KOCMHUYCCKOT'O arrapara.

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



4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUeOHBIX 3aHSATHIA

TPYZ[OGMKOCTB 110 BUAaAM y‘le6HBIX 3aH$ITI/II\/’I, BKJIrO4as

CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora

1 Beenenue B npeamer 2 1

2 HeBo3my1ieHHO€E IBUXEHUE. 2 1

3 Teopus BO3MYILIEHHOTO JTBUKECHUS 2 1

4 OcKynupyomme 31eMEeHThI 2 1
VYpaBHEHUS B OCKYJIHPYIOIINX JIEMEHTaxX

5 Kak WHCTPYMEHT WCCIIEIOBAHMUS 3 1
BO3MYLICHHOTO JBM)KCHUS

6 Bnusnue HecepuuHocTH 3emiM  Ha 3 |
JBW)KEHUE HUCKYCCTBEHHOTO CITyTHHKA.

7 OcHoBbI Teopun MaHeBpupoBanusi KA. 3 1

] ['pynnossie moners! (Formation Flying) u ) 1
co3ee3nus (Constellation) crryTHUKOB

9 Koppexkiins MexIiaHeTHbIX TPACKTOPHIA. 2 1

10  |[‘paBUTaIMOHHBIE MAHEBPHI. 3 2

11 Knaccudukanus cucreMm opreHTaIUH. 3 2
Hcnonb3oBanue ACUMIITOTUYECKUX

12 |meromoB ansi NpHOIMKEHHOTO PELICHUS 3 2
3a7a4 HeOeCHOM MeXaHUKU

Hroro yacos 30 15

Iloaroroska k sKk3aMeHy 0 gac.

Oobmas TpynoEMKOCTb

45 ygac., 1 3au.ex.

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzeiam)

Cemectp: 5 (Ocennuii)

1. BBeneHue B npeameT

BBCI[GHI/IG B IpCAMCT. COBpCMCHHLIe MHUCCUH U TIPOCKTHI.

2. HeBo3MylIEHHOE ABUKECHUE.

HeBosmymennoe nBmwxenue (3agada IBYX Tell). YpaBHeHHMs [BWXKeHUs. [lepBble HHTErpaibl
IBYDKEHUSl (MHTErpajl SHEpruy, HHTerpajn IUIolmanet,
WHTErpajlaMHi JBW)KEHUsS. YpaBHeHUe opOuThl. YpaBHeHue Keruiepa. 3akonbl Keruiepa. bomnbimas
[IOJyOCh KaK Mepa HSHEepruu. OjeMeHTapHble MaHeBphl. Oiuiunc lomana. IlepBas kxocmuueckas

unterpan Jlamnaca).

(xpyroBasi) ckopocTb. Bropas kocmuueckas (mapabonudeckas) CKOPOCTb.

3. Teopust BO3MYIIEHHOTO IBU>KCHUS

CBsi3p  MEXIy




Teopust BO3MYIIEHHOTO IBMXEHUS 3afada n-teil. JlecsTh mepBbIX MHTErPajioB, IIIOCKOCTh Jlammaca.
[TnanetHast ¢opMa ypaBHEHHII OTHOCHTEIBHOrO IBIKeHMA. [leprypOaunonnas ¢yHkius. 3anada
Tpex Ten. JlarpamkeBbl M DHJIEPOBBI TOYKM JIMOpAlMM, HMX YCTOMYMBOCTb, MNPAKTHUECKOE
UCTIONB30BaHNe Touek jmOpanuu. OrpaHudeHHas 3aga4da Tpex Ten. Muterpan SIkoOu, moBEpXHOCTD
HYJIEBOM OTHOCHUTEIBHON CKOPOCTH, DJBOJIIOLMS CEUYEHUH MOBEPXHOCTH HYJIEBOH CKOpPOCTH,
MEXKIUIaHETHbIC TepesieThl Ha mpuMmepe Muccuit 3emisi-JlyHa. [paBucdepnr. Chepa mpuTsKEHHS,
cdepa aeiictBus. Mcnonb3oBanue rpaBucdep Npu KOHCTPYUPOBAHMH MEKIUIAHETHBIX TPACKTOPHI.

4. OCKyIUpYOIINE IEMEHTHI

Ockynupyronye 3J1eMEHTHl. YpaBHEHHUS BO3MYIICHHOTO JBMKEHHUS B OCKYJIUPYIOIIUX 3JIEMEHTaX.
[TpubanxeHHbIE ypaBHEHNS IPH MAJIBIX BO3MYIIECHHSIX.

5. VYpaBHeHHs B OCKYyJIMPYIOIIUX O3JIEMEHTaX KaK HHCTPYMEHT WCCIIEAOBaHHUS BO3MYILLIEHHOIO
JBYDKECHUS

VYpaBHEHHUS B OCKYJIMPYIOLIMX IEMEHTaX KaK HHCTPYMEHT UCCIIEOBAaHHS BO3MYILICHHOTO JIBUKCHHUS.
TopmorkeHue cryTHHKa B atMocepe 3emiu.

6. Biimsaue HecepuyHocT 3eMiin Ha ABUKEHHE UCKYCCTBEHHOTO CITyTHHKA.

Bnusaue necdepuunoctn 3emiu Ha IBHKECHHE MCKYCCTBEHHOTO CIIyTHHMKA. | paBUTAIMOHHOE MOJIE
HecepuuHoit 3emun. Bosmymaromee yckopeHue. OBOJIONMS OpOWUTHI CIIyTHHKA B II0JIE
MOJISIPHO-CXKAToW 3eMin (BIUSHUE TapMOHUKH J2). DBOMIOLUS OpOUTHI SKBaTOPHUATILHOTO CIIyTHHUKA,
npereccusi HaKIOHEHHOM OpOWTHI, CBSI3b C TEOpHEH T'MPOCKONa, NMPAKTUYECKOE HCIOJIb30BAHUE
3BOIOLMH OpOUTHI. COIHEUHO-CUHXPOHHAsI OpOUTa Uil CHCTEM HaOIONEHUs 3eMiId M3 KOCMOoca,
BBICOKOAIOTEeHHbIE OpOUTHI CIyTHHKOB THNAa «MonHus». [eocTannoHapHbId CIyTHUK. BrusHue
9KBAaTOPUATBHOTO CXKAaTUsl 3eMIJIM Ha TOJIOKEHHE TOUEK CTOSHUS T€0CTaAllMOHAPHBIX CITY THHUKOB.

7. OcHoBBI Teopuu MaHeBpupoBaHus KA.

OcHoBbl Teopun MaHeBpupoBaHHs KA. Xapakrepuctuueckas CKOPOCTb. MaHEBpHl H3MEHEHHs
OPHEHTAIMU IUIOCKOCTH OpOWTHI (HAKIOHEHHE W apryMEHT Bocxosmiero ysina). OnrtumanibHoe
MOJIOKCHNE TOYKH TPHIOKEHHS HMITYlIbca. MaHeBp B IUIOCKOCTH opOuTHl. M3MeHeHme mepuona
obpamenus KA no opoure. "Llena" manespa.

8. I'pynmosele monetsl (Formation Flying) u co3sesznus (Constellation) cmyTHHKOB

I'pynmoBeie monersr (Formation Flying) u co3sesaust (Constellation) crmytHukoB. IIpuHIUIBL
nocrpoenus. COMMKeHHE M CTHIKOBKA Ha OpOHMTE. YpaBHEHHS OTHOCUTENIBHOTO [BHXKCHHS B
opOuTaIbHOU crucTeme KoopAuHAT. HTerpupoBaHue ypaBHEHUH JBMKEHUS. BiusHue Bo3MylieHUH
Ha OTHOCHUTENIFHOE JBM)KEHHUE CITyTHUKOB. [IpumMepsr Muccuii.

9. Koppekus MeXIUTaHETHBIX TPACKTOPHIA.

Koppekunss mexmnaHeTHbIX Tpaekropuil. JBmxenne KA B OKpecTHOCTH IJIaHETHl Ha3HAYCHUSI.
Kaprunnas mmockocts. [enuoneHTpuyeckuii yqacTok HOMUHaJIbHOW TpaekTopuu KA. Dmmuncoun
BiusiHuA. Marpuna maneBpa. CsoiicTBa koppekuuu. Hynb-Hanpasnenue. [IMockocTs onTUManbHON
Koppekiuu. J[ByxmapameTrpudeckas Koppekius. O6 onTHMaabHOM IOJIOKEHUH TOYKH KOPPEKIUU Ha
TpaeKTopuu. BripokieHre MaTpuIlbl MaHEeBpa.

10. I'paBUTaINOHHBIE MAHEBPBI.

I'paBuranmonnsle  maHeBpol. [lpunenbHas  ganbHOCTh. M3MEHEHME  HAKIOHAa  IUIOCKOCTH
TeJTMOLEHTPUYECKO opOuThl. Mcnonbp3oBaHWEe TpPaBUTAMOHHBIX MaHEBPOB B COBPEMEHHBIX
MEXKIIJIAHETHBIX MUCCHSIX.

11. Knaccudukaiusi cHCTEM OpUEHTAIHH.



Knaccuduranus cucrem opuentanmu. MoMmeHThI, feiicTByromue Ha KA, 1 X UCHONBb30BaHUE JIJIsS
ympaBiieHuss opueHTarmeil. Jlsmwkenne KA B rpaBuTanmoHHoM mone. llomoxeHus paBHOBECHS.
JBuxenne KA B MarHuTHOM mose. YNpaBleHHS [BHKEHHEM MalbIX CIIyTHHKOB OTHOCHTEIHHO
LIEHTPa MacC C UCMOIb30BAHUEM TOKOBBIX KaTylIEK U MaXOBHUKOB.

12. Mcnonb30BaHuE aCUMITOTHYCCKUX METOAOB OJIA HpI/I6J'II/I)K€HHOFO peIICHUA 3a4a4 HeOecHOU
MCXaHUKHU

Hcnonp3oBaHue acUMNTOTHYECKHMX METOAOB JUISl TPUOIVDKEHHOTO pEUIeHHs 3ajad HeOecHOM
mexaHuku. Meron Ban-nep-Ilomns.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VuebHas ayquTopHsi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Jleknuu 1o AMHAMUKe KocMuueckoro nosera [Teker] : yue0. mocodue /st By3oB / b. B. Paymienoax,
M. FO. OBunHHUKOB ; M-Bo 0011, 1 ipod. oOpa3oBanus Poc. @eneparuu, Mock. GU3UKO-TEXH. UH-T
(roc. yu-T — M. : MOTH, 1997 — 188 c.

3. B.V.Rauschenbach, M.Yu. Ovchinnikov, McKenna Lawlor S., Essential Spaceflight Dynamics and
Magnetospherics, Kluwer & Microcosm Publ. 2003. - 416p.

4. B.B.beneuxwuii. Ouepku o qmxeHnn kocMudeckux ten. M.: Hayka, U3n.3, ucnp. u gom. 2009. 432
C..

5. I'H.Jlybommun. Hebecnas mexanuka. OcHOBHBIE 3a7a4u ¥ MeTonbl. M.: Hayka, 1968.

6. A.Il.MapkeeB. Touku nOpanuu B HeOeCHOM MexaHuke u kocMonuHamuke. M.: Hayxka, 1978. - 312
c. (Craresa B CopocoBckoM xkypHane http://www.pereplet.ru/obrazovanie/stsoros/852.html)

7. H.E.Oxomumckuit, FO.I.Cuxapynuaze. OCHOBBI MeXaHUKH KocMHu4deckoro nosiera. M.: Hayxka, 1990.
8. H.M.UBanos, JI.H.JIpicenko. bammicTrka u HaBUTAIUsl KOCMHYECKUX anmnaparoB: Y UYeOHUK s
BY30B — 2-¢ u3Jl., mepepad. u gon. — M.: Jlpoda, 2004. — 544 c.

9. P.®.Annazos, O.I.CeituH. MeTOnbI IPOEKTUPOBAHUS TPACKTOPUI HOCUTETIEH U CITy THUKOB 3€MIIN.
M.: Hayxa, 1987.

10. Mexannka kocmuueckoro monera: M.C.Koncrantunos, E.®.Kamenkos, b.ILI1epensirun,
B.K.Be3BepOniii / [Tox penaxiueii B.IT.Mummuna. — M.: MammHoctpoenue, 1989.

JlomonHuTenpHAs IUTEpaTypa
1. H.H.MouceeB. AcuMOTOTHYECKUE METOIbI HENMHETHON Mexanuku. M.: Hayka, 1969.
2. R.H.Battin, An Introduction to the Mathematics and Methods of Astrodynamics, AIAA Inc. Publ. -
1999.
3. D.A.Vallado, Fundamentals of Astrodynamics and Applications, Second ed., Kluwer & Microcosm
Publ. 2001. — 958 p.
4. J.R.Wertz, Spacecraft Attitude Determination and Control, Kluwer Academic Publ., Netherlands,
1980.
5. Ipenpuntel UHCcTHTYTA ipHuKiIanHoil Mmarematnku uM.M.B.Kenasima PAH
(http://www.keldysh.ru/e-biblio/), ;xypnansl Kocmuueckue uccnenoBanus, Acta Astronautica, Journal
of Guidance, Control, and Dynamics.

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

OnexrpoHHkie pecypcehl (http://www.twirpx.com), B Tom uncie UIIM nm. M.B.Kenaeima PAH
(http://keldysh.ru/), 6a3e1 nanHbIX 110 )KypHanam: Kocmudeckue nccnenoBanus, M3sectust PAH: Teopus
U cHCTeMBI ynpaBieHus, Acta Astronautica, Advances in Space Research, Celestial Mechanics and
Dynamical Astronomy, Journal of Guidance, Control and Dynamics.



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

MS Office, PowerPoint.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYenemHoe ocBoeHme Kypca «Jl[MHaMMKa KOCMHYECKOTO Monétay TpeOyeT 3HauUTeNbHOU
CaMOCTOATENBbHOM paboThl CTygeHTa. B mporpamme Kypca NpPUBEIEHO MHUHUMAJBHO HEOOXOAMMOE
BpeMs Il pabOTHI CTY/ICHTa HaJl TEMOIA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE U KOHCIIEKTHPOBAHUE PEKOMEHIOBAaHHOM JIMTEPATYPBI;

— npopaboTKy yueOHOro Marepuana (1o KOHCIIEKTaM JICKIiA, y4eOHOW W HAyYHOU JINTepaType);
— pelIeHHe 3a1a4, PeAIaraeMbpIX CTYJCHTaM Ha JICKIUSX;

— MO/ITOTOBKY K KOHTPOJIBHBIM, CAMOCTOSITEJIbHBIM Pa00TaM U TECTaM.

PykoBOACTBO M KOHTPOJIH 3a CAMOCTOSITENLHOW pPabOTO CTyIEeHTa OCYIISCTBISETCS B pPE3yJIbTare
aHallu3a WMTOTOB KOHTPOJBHBIX, CAMOCTOSITENILHBIX PAabOT W TECTOB, a TaKXKe WHAWBUIYAIbHBIX
KOHCYJIbTaIUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: T'eokocMuyecKkre HAyKU U TEXHOJIOTUU
dusTex-urkona ApokocMuueckux TexHomoruit
kadempa MaTeMaTHYECKOTO MOISTUPOBAHUS U MPUKIIATHOW MAaTEeMAaTUKH
KYpC: 3
KBaJupuKaAnus: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOH arTecTanuu: 5 (oceHHuil) - JluddepeHpoBannbiii 3a4eT

Pa3paborunk: M.IO. OBUMHHHKOB, A-p PU3.-MaT. HAyK, Ipodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CnocobeH npuMeHSITh
(dyHIaMEHTaIbHbBIC 3HAHNUS, MOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
npodeCcCHOHALHOMN JIeTeTBHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOuUTh MareMaTHYecKHue MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-4 CriocoOeH oCyIIecTBIATE COOp U
00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON HH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJIbHOTO aHalin3a WHGOpMAalMU MpH PEIICHUN
3a7a4 npodeccHoHaIBHOM IesITeNbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSAMU C LIEJbIO NOJyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOU (TEXHHYECKOW, TEXHOJIOTHYECCKOMN)
nHpopMaIun

[MK-1 Crioco6eH mi1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU IS
ONMCAaHUSI W HCCIEIOBAaHUS MPOLECCOB M SBICHUH B
COOTBETCTBYIOIINX HayYHBIX 00JaCTIX

(aHaJ'II/ITI/I‘le CKHEC U I/IMI/ITaLII/IOHHBIC)
HUCCICAOBaHUA

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIIUIA
B pesynbrare u3ydeHust AUCIUTUIMHBI «/[MHaAMHKa KOCMUYECKOTO MONETay 00yqatoNUiics JOIKEH:

3HATh:
OcCHOBHBIE 3aKOHBI TUHAMUKN KOCMHYECKOTO TOJNETA.

yMeThb:
PaccunThiBaTh TPAaeKOTPUM KOCMHMYECKOTO ammapara B I[EHTPAJbHOM IIOJIe,
BO3MYILEHHOE JIBIKCHUE [IEHTPA MAacC KOCMUUYECKOTO arapara.

BJIA/IETh:

AHAJIM3UPOBATH

Metonamu TeopeTHUECKO MeXaHUKU U AuddepeHnrnanbHbIX ypaBHEHUH ISl COCTABICHUS! ypaBHEHUN
JBYDKEHUS] KOCMUUYECKOTO arapara.

3. IlepeyeHb THNOBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIIeMy KOHTPOJIIO

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MPOBOAUTCS YCTHBIH ONpOC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMK WM B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB:

1. HeBo3mymieHHOE IBIKeHHE (3afada JABYX Tes) YpaBHEHHs IBMKeHus. [lepBble MHTErpass
JBWOKEHUS (MHTErpall SHEPruu, MHTErpal miomaae, nuarerpain Jlamaca).

2. Csa3p MEXIy HHTETpallaMd JBIKCHHA. YpaBHeHHE opOuThl. YpaBHeHue Keruiepa. 3akoHbl
Kemnepa.

3. TeocraunoHapHblil cyTHHK. boiplias moiyock Kak mMepa SHEPrud. DJEMEHTapHbIE Ma-HEBpBI.
Omnmunc [omana. [lepBast kocMudeckas (KpyroBas) CKOpocTh. Bropas kocmuueckas (mapabonmueckas)
CKOpOCTb.

4. Teopus BO3MYLICHHOTO JABWXKEHHMA 3azada n-teia. JlecsTh MEpBBIX HHTErPaioB, IUIOC-KOCTb
Jlamutaca.

5. 3amava Tpex Tei. JlarpaHXeBbl U SHIEPOBLI TOUKU THOpAIUY, TPAKTHIECKOE UCIIOIb30BAaHUE TOUEK
mubpauny B KocMoHaBTHKe. OrpaHruueHHas 3a1a4a Tpex Tedl.

6. HWurerpan Slko0M, MOBEPXHOCTb HYJIEBOH OTHOCHUTEIHLHOH CKOPOCTH, 3BONIOLMSA CEUCHHM
MIOBEPXHOCTH HYJIEBOM CKOPOCTH, MEXIUIAHETHBIE TIEpesieThl Ha puMepe Muccuil 3emisa-Jlyna.



7. I'paBucthepsl. Cdepa mnpurskenus, cdepa naeiictBusa. Mcnonb3oBanue rpasucdep npu
KOHCTPYHPOBAHUU MEKIUIAHETHBIX TPACKTOPHUH.

8.  Ockynmupyrouiye 31eMEHTBl. YpaBHEHHs IBWKCHHS B OCKYJHPYIOIIMX 3JIEMEHTaX. YpaBHEHUs
BO3MYILEHHOTO ABMKeHUs. [IpnbnnkeHHble ypaBHEHUS NIPU MaJIbIX BO3-MYIICHUSAX.

9. VYpaBHEHUS B OCKYJIUpPYIOIIMX 3J€MEHTaX KaK MHCTPYMEHT HUCCIIEAOBaHUsS BO3MYILEHHOI'O
nBwkeHus. TopmoxkeHue cryTHUKa B atMmocdepe 3emin. [Ipobnemsl cirycka KA B atmocdepe uianer.
10. Biusiaue HechepuyHocTH 3eMIIM Ha IBUKEHUE UCKYCCTBEHHOTO CITyTHHKA. [ paBUTAalIMOHHOE T10JIE
HechepuuHol 3emun. Bo3myiaroiee yckopeHue.

11. DBomronmst oOpOUTHI CHYTHUKA B TMOJ€ TONSAPHO-CKATOH 3eMin. DBONIONHS  OPOUTHI
9K-BaTOPUAIBHOTO CIIyTHHUKA, ITPELeCcCusl HAKIIOHEHHOW OpOUTHI,

12. OcHoBbl Teopuu MaHeBpupoBaHus KA. Xapakrepuctudeckas CKOpOCcTb. MaHEBpbI U3-MEHEHUS
IUIOCKOCTU OpOUTHI. ONTUMAIBHOE TOJIOKEHUE TOUYKH MPUIOKEHHUST UMITyJIbca. MaHEeBp B IJIOCKOCTH
OpOHTHI.

13. Koppekiusi MeXIUTaHETHBIX TpackTopui. J[BmkeHne KA B OKpeCTHOCTHM IIaHETHI Ha3HAYEHUS.
Kaptunnas mmockocts. enmonieHTpu4ecKuit yd4acTOK HOMHMHANbHOM Tpaekropun KA. Dmnumncounn
BiusiHUA. Marpuna maneBpa. CBOHCTBa KOPPEKLIUH.

14. I'paBuTaunonnusie ManeBpsl. [IpunensHas qaneHoCTh. Mcnoiabp3oBaHue TpaBUTAMOHHO-TO MaHEBPa
IIPU MEXIJIAaHETHBIX IepesieTax. M3MeHeHne HakIoHa IUIOCKOCTH TelINO-IIEHTPUYEeCKONH OpOHUTHI.

15. MowmenTsl, aeiicTBytomue Ha KA u ux ucnonb3oBaHue Ui yIpaBiIeHUs] OpreHTanuen. Jpmkenue
KA B rpaButaumonnom noie. [lonoxenns paBHOBecCHs!.

[IpumepHsbIil nepedeHb OUIETOB:

Buner Nel

1. YpaBuenue opoutsl. YpaBuenue Kerepa. 3axons! Kemepa.

2. OcHoBbl Teopun ManeBpupoBanusi KA. Xapakrepuctuueckasi CKOPOCTb.

buer Ne2

1. HeBo3my1ieHHOE ABMKEHHE (3a7a4a ABYX Tel) YpaBHEHUS ABMKCHHUSL.

2. Ismxenne KA B rpaButanmonsom nodie. [lonoxxeHns paBHOBeCHS.

Kputepun onennBanus
OLICHKA «OTJINYHO (10)» BBICTaBIISIETCS CTYZICHTY, MOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HaHMS Y4eOHOM IporpaMMbl JUCLUIUIMHBI IpU OTBETe Ouiera u
OTBETE€ HA BOINPOCHl MO TMporpaMme AUCHMIUIMHBL, a TakXe IO pe3yJapTaraM KOHTPOJIbHBIX,
CaMOCTOSTENIBHBIX PA0OT U TECTOB;
oLeHKa «OoTIHYHO (9)» BBICTABISIETCS CTYACHTY, IOKa3aBILIEMY CHUCTEMAaTH3HPOBAHHBIE, TIIyOOKHE
3HaHMA Y4eOHOI ImporpaMmbl JUCHUIUIMHBI TP OTBETE OHMJIeTa M OTBETE HA BOIPOCHI IO MIPOTrpaMme
JUCLUUIUTHHBIL, & TAKXKE 110 pe3yJbTaTaM KOHTPOJIbHBIX, CAMOCTOSITENIbHBIX paboT U TECTOB;
OLICHKA «OTAMYHO (8)» BBICTABISETCS CTYAEHTY, IOKa3aBIIEMYy CHCTEMAaTH3HMPOBAaHHbIC, 3HAHMA
y4eOHOH mporpamMMbl AMCHUUIUIMHBI MPH OTBETe OWJIeTa M OTBETE Ha BONPOCH MO TMPOrpamme
JMCLUIIIMHEL, a TAKXKe 110 pe3yJbTaTaM KOHTPOJIBbHBIX, CAMOCTOSITENIBHBIX PAa0OT U TECTOB;
oLleHKa «xopoulo (7)» BBICTaBIAETCS CTYACHTY IO pe3ylbTaraM KOHTPOJIBHBIX, CaMOCTOSATEIbHbIX
paboT U TEeCTOB, €CIM OH TBEPJO 3HACT MaTepuasl OWieTa, TPaMOTHO M IO CYLIECTBY M3Jaraer ero,
yMeeT IIPUMEHSATh II0JIy4YECHHbIE 3HAHUS HA IIPAKTUKE, HO JIOIIyCKAeT B OTBETE WM B pEIICHUH 3a1ad
HEKOTOPbIE HETOUHOCTH;
OLIEHKa «Xopoulo (6)» BBICTABJIAETCS CTYACHTY IO pe3yJbTaraM KOHTPOJIBHBIX, CaMOCTOSTEIbHBIX
paboTr U TecToB, ecaM OH 3HAeT Marepuai Owiera, MO CYILIECTBY H3JIaraeT €ro, yMeeT MPHUMEHSTh
IIOJIyYEHHbIE 3HaHUS Ha [IPAKTUKE, HO IOIyCKAeT B OTBETE MHOI'O HETOUHOCTEH;
OLIEHKa «XOopowo (5)» BBICTABISETCS CTYACHTY IO pe3ylbTaraM KOHTPOJBHBIX, CaMOCTOSTEIbHBIX
paboT M TEeCTOB, €CIM OH 3HAeT MaTepuan OwieTa, W3jaraeT ero, yMeeT HPUMEHATHh IOIy4YCHHBIE
3HaHUS Ha MPAKTUKE, HE AOIYCKAeT B OTBETE IPYObIX OIINOOK;
OLIEHKA «YIOBJETBOPUTEIBHO (4)» BBICTABIACTCS CTYACHTY 1O pe3yJbraTaM KOHTPOJbHBIX,
CaMOCTOATENIBHBIX paboT M TECTOB, a TaKKe, €CIM BO BpeMs OTBeTa Oujera OH IOKazal
(parMeHTapHbIi, XapakTep 3HaHUI, HEAOCTATOYHO MPAaBUIIbHBIE (POPMYTUPOBKU OA30BBIX MOHATUH, HO
IpU OSTOM OH BIAJEET OCHOBHBIMM pa3feiaMu y4eOHOW NporpamMMbl, HEOOXOIMMBIMH IS
JaybHeiero ooyueHus;



OLIGHKA «YIOBJIETBOPUTENBbHO (3)» BBICTABIACTCS CTYOCHTY 1O pe3yJbraTaM KOHTPOJbHBIX,
CaMOCTOSATENIBHBIX pabOT M TECTOB, a TakXke, €CIM BO BpeMs OTBeTa OWjeTra OH IOKasal
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH 0Oa30BBIX MOHSTHMH,
HapylleHUe JOIMYeCKON IOCIEeI0BATEIbHOCTH B U3JIOKEHUH IIPOrPaMMHOIO Marepuajia, HO IIpU 3TOM
OH BIaJEET OCHOBHBIMH pa3ieiamMu Y4yeOHOW mporpaMMbl, HEOOXOAMMBIMH JJsl AajibHEHIIero
00yueHHs 1 MOXET NPUMEHSTh NOJIyUYeHHbIE 3HaHUS 110 00pasily B CTAaHJAPTHON CUTYaIUH;

OIIEHKa «HEYIOBJIETBOPUTENHHO (2-1)» BBICTABNSAETCA CTYACHTY IO pE3ylbTaTaM KOHTPOJbHBIX,
CaMOCTOATENBHBIX PadOT U TECTOB, a TAKXKE, €CIIM BO BpeMs OTBETa OMJIETa, OH MOKa3all YTO HE 3HACT
OonbIeil YacTM OCHOBHOTO COACp)KaHUs y4eOHON NpOrpaMMbl JWUCHMIUIMHBI, IOIYyCKaeT rpyObie
om0k B (OPMYIUPOBKAX OCHOBHBIX MOHATHUN IUCLUILIMHBI U HE YMEET MCIIOIb30BATh MOIyUYCHHBIE
3HAHMA NP PEIICHUU TUIIOBBIX 3a/a4.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

ITpu mpoBenennu yctHoro auddepeHupoBaHHOro 3aueTa o0y4arommemMycs npenocrasisercs 60 MUHYT
Ha 1oaroToBKy. Ompoc oOydaromerocss mo OWeTy He JOJDKEH MPEBBILATh ABYX aCTPOHOMHYECKHX
4acoB.

Bo Bpems mpoBeneHus IU(QEepeHIMPOBAHHOTO 3adeTa IPH IIOArOTOBKE OTBETOB HA OMIICTHI
oOyuaromuecs: MOTYT IIOJIb30BAaThCS IMPOTPaMMON JWCIMIUIMHBI, KOHCHEKTaMHU JIEKIMH U 000t
JPYTOM JTUTEpaTypo.
Bo Bpems mpoBenenus auddepeHnUpoBaHHOTO 3aueTa MPU OTBETE OOyYaromierocss Ha BOIPOCHI IO
OWiIeTy WM 10 MPOTrpaMMe AMCHHILTHHBI, OH HE MOXKET TOJIb30BAThCS KOHCIIEKTAMU JICKIIMN U JIF000i
JIpPYrOW JIUTEPATyPOU.



3. [TepeyeHb KOHTPOJIBLHBIX 32JaHUIi, HCIOJIb3yeMbIX /51 OLleHKH 3HAHWH, YMEHUIi, HABbI-

KOB

Hrorosas arrectranus no nucuuiuivae "J[mHaMuKa KOCMHYECKOTro moJiera’ mpoBOauTCs B opme
mudd. 3auera.

IIpuMep KOHTPOIBHBIX BOIIPOCOB:

10.

HeBo3my1eHnHoe ABrkeHue (3a1ada ABYX Tei) Y paBHeHuUs ABrkeHus. [lepBble nHTerpa-
JIbl ABMKEHUSI (MHTETpaJl SHEPTUH, HHTErpal 1iolanei, uarerpai Jlamnaca).

CBs13b MEXIy UHTETPAJIaMH JBUKEHUSA. Y paBHEeHUE opouThl. YpaBHeHue Kemepa. 3ako-
Hbl Keruiepa.

I'eoctanmonapHblil cmyTHUK. bosbIias monyocs Kak Mepa SHepruu. JJIeMeHTapHble Ma-
HeBpbl. Diunnic ['omana. IlepBas kocmuueckasi (KpyroBasi) ckopocTb. Bropast kocmuue-
ckas (1mapabonyecKas) CKOpOCTb.

Teopust BO3MYIIIEHHOTO NBIKCHHS 3afada n-teil. [lecsTh MEpBBIX HHTETPaAioB, IJIOC-
KocTh Jlamaca.

3amaua Tpex Ten. JlarpaHKeBbl M 3MIIEPOBBI TOUKHU JIHOpALMU, TPAKTUYECKOE MCIIOJIb30-
BaHUeE TOYEK JUOpanuu B KocMoHaBTHKE. OrpaHnyeHHas 3ajada Tpex Tedl.

Nuterpan SxkoOu, MOBEPXHOCTh HYJIEBOW OTHOCHTEIIBHOW CKOPOCTH, DBOJIIOIHS CEUECHUN
MOBEPXHOCTU HYJIEBOM CKOPOCTH, MEXKIIJIAHETHBIE MEPEJIEThl HA MPUMEPE MUCCUM 3eMJIsi-

Jlyna.

I'paBucdepsl. Chepa nmputskenus, chepa neictsus. Vcnonbp3zoBanue rpaBuchep mnpu
KOHCTPYMPOBAaHUU MEXIIJIAHETHBIX TPACKTOPHIL.

OCKYJ'II/IPYIOH_[I/IC 9JICMCHTBI. YPaBHeHI/IH ABUKCHUA B OCKYJIHUPYIOIIUX DJICMCHTAX. YpaB—
HCHUS BO3MYIICHHOI'O ABUXKCHUA. HpI/I6HI/I)K€HHble YpaBHCHUA ITPpHU MAJIBIX BO3MYILICHU-
aX.

ypaBHeHI/IH B OCKYJIMPYIOHIUX 3JIEMCHTAX KaK HHCTPYMCEHT UCCJICAOBAHUA BO3MYIIICHHO-
ro newkeHus. Topmoxxenue cnytHuka B atmocdepe 3emmnn. [Ipodbnems ciycka KA B at-
Mocdepe TUTaHeT.

Brnusinue HecepuyHocTH 3eMIIM HA JBUKEHHE MCKYCCTBEHHOTO CIyTHHKA. | paBUTAIU-
oHHOE 1oJie HechepuuHor 3emun. Bo3mymaromiee yckopeHue.



11. OBomtonust OpOUTHI CITYTHHUKA B TIOJIE MOJISIPHO-CKATON 3eMIIi. DBOIOIUS OPOUTHI DKBaA-
TOPUAILHOTO CIIYTHHKA, PELECCUs HAaKJIOHEHHOI OpOUTHI,

12. OcHoBsl Teopun ManeBpupoBanust KA. Xapakrepuctuieckas CKOpocTb. MaHeBpHI H3Me-
HEHUS TUIOCKOCTH OpOUTHL. ONTUMAIBHOE MOJIOKEHUE TOYKH TPUIIOKEHUS HUMITYIhCA.
MasneBp B IJIOCKOCTU OPOUTHI.

13. Koppekuust MeXIIaHeTHBIX TpaekTopuid. [Bmkenne KA B OKpecTHOCTH TUIaHETHI Ha3Ha-
yeHus. KapTuHHas 110CKOCTh. I'€IMOLEHTPUYECKNH Y4aCTOK HOMUHAJIBHON TPACKTOPUHU
KA. Onnuncoun BnusiHus. Martpuna maneBpa. CBoICTBa KOPPEKLUH.

14. I'paButanmonnsie MaHeBpbl. [IpunensHas qanbHOCTh. Mcnonab3oBaHue rpaBUTAIMOHHOTO
MaHeBpa MpU MEXKIUIAHETHBIX IepeneTrax. M3MeHeHne HakJIOHA IMJIOCKOCTH TeIHOLEH-
TPUUECKON OPOUTEHI.

15. Mowmenrsl, aeiictBytomue Ha KA 1 uX MCHofib30BaHUE JUIsl YIpaBiICHUS OpUEHTAIIUEH.
Juxenne KA B rpaButanionHom mnose. [lonosxxenus paBHOBeCHS.

[Tpumep OuseTos:

buer 1
Heso3mymenHoe ABIKeHHE (3a1a4a ABYX Tell). Y paBHEHUS NBIKeHUs. [lepBble HHTETpasbl ABIKCHHUS (BHIBO MH-
2 _[2u h
TerpajoB JABMKEHUs LIEHTPa Macc ¥ MHTerpana sHeprun V ° = | —— + ). Xapaktep ABUKEHUSI B 3aBUCUMOCTH
r
ot h.
buer 2

HeBo3mymeHnHoe 1BHKeHKE (3a1a4a ABYX Tell) Y paBHEHU ABIDKeHUs. [IepBble HHTerpaisl IBUKEHUS (BBIBOJ HH-
TEerpajoB JBHXKEHHS LIEHTPA MAcC M MHTerpaia mioniajei r X V = ¢). CektopuanbHas CKOPOCTb.

Buner 3
HeBo3mymienHoe nsrkeHne (3a1ada IByX Ten) YpaBHEHHs ABHXKeHUs. [lepBble MHTErpasbl JBIKEHNUS (BBIBOA UH-
dr’ ,dr
terpana Jlammaca F — — ' — = C).
dt dt
buner 4

Tpu 3axona Kemepa. Boiog hopmyiisl, cBs3bIBatoIIei neproap! 00parieHus ¢ OONbIINME HOIYyOCSIMUA OPOHT:

buner 5

KauecTBeHHBIN aHAIU3 CBOMCTB AJUIMITHYECKUX Op6I/IT (3BOJ'IIOIII/I${ 0p6I/ITLI B pE3yJIbTaTC MPUIIOKCHUS MTHOBEHHO-
To uMmiIryJibca, ,Z[ByXI/IMHyJ'II:CHHﬁ nepexoa, TOpMOKCHUE CITYyTHUKA B aTMOC(l)Gpe, 3aTpaThbl SHEPTUN HA MCIKIUIAHCT-

2
HBIC HCpCJ’ICTLI) HCIOJIb3Yyd UHTErpajl SHEPTUHU V = ,Ll — -
r a



buner 6
BeiBoa ¢opmya i epBoit KOCMHUYECKOH (KPYroBoOif) CKOPOCTh M BTOPOH KOCMHYECKOH (I1apabonnieckoit) CKopo-
ctu). [lonsiTue TpeTheit (TUmepOOTHISCKOi) CKOPOCTH.

Buner 6
Brion ypauenus Kemnepa E — €Sin E = M u ero ucnons3opanue.

bumner 7
HeBo3mymienHoe ABIKeHHE (3a/1a4a ABYX Tes1) Y paBHEHUS ABMKEHUA. BeiBox hopMyIsl A1 OpOUTHI HA OCHOBE

2 2
HePBBIX HHTETPAJIOB JBIKEHHS depe3 BeIpakeHue 1 If 1 Toxxnectso Jlarpanxka (a X b) =a‘’b® - (ab) .

Buner 8
Teopus BO3MYIIEHHOTO ABIKEHHA. 3a7ada n-Tex (BBIBOA ACCATH IIEPBHIX "KIIaCCHUECKUX' MHTETPAJIOB depe3 (pyHK-
20 MiM;
mio U =k*S , ockocTh Jlamnnaca).
I
j
Buner 9
[TnaseTHast popMa ypaBHEHHH OTHOCHTEIIBHOTO IBH)KCHHUS (BBEICHUE MEePTYpOAMOHHOH (YHK-
ndy 1 XX +VYY+272Z,
HHI/IR=ZRi;Ri=kZij =g 17] 17
i1 i r
buner 10

3a,uaqa TPEX TEJI (CXCMa BbIBO/JIA JIarpaHiKEeBa Cliydasd OTHOCUTCIILHOI'O PAaBHOBECHUSA; OIPaHNYCHNS Ha HA4YaJIbHbIC
yciaoBuAa ,I[BI/I)KGHI/IFI).

Buner 11

[TnmaneTonaHas orpaHMYeHHAs 3aa4da TpeX T (BBIBOA MHTETpaa Skoon (X)2 + (y)2 + (X)2 =20-C").

Buner 12
[ImareTonaHas orpaHUYEHHAS 3a/a9a TpeX Tel (MHTerpan SIkoou (X)2 + (y)2 + (X)2 =2Q-C' ). ®opmyita
MOBEPXHOCTH HYIIEBOW OTHOCHUTEIIEHON CKOPOCTH.

Buier 13
N2 212 o\ 2 '
IlnaneTonHAs OrpaHuYeHHas 3a1aua Tpex Ten (uuterpan SAxoou (X)° + (Y)° +(X)° =2Q —C'). Dpomonus
CEYCHMI TOBEPXHOCTH HYJIEBOI CKOPOCTH NPU U3MEHEHNU KOHCTAHTHI MHTErpaja Skoou.

Buner 14
['pasucoepsr (BoBoa GpopMyts s chepbl MPUTHKEHNUS).

buner 14
I'paBucdepsr (Cxema BeIBoa GopMyITEI Tt cepsl AericTBuUs (TpaBucdeps! Jlamaca)).

buner 15
YpaBHEHUsI JBMKECHUS B OCKYJIHPYIONIUX 3JIeMEeHTaX. BBefeHne chepruuecKkux KOOPIUHAT U OCKYTUPYIOIIUX dJIe-
MeHTOB. OmpeieNIeHIe 0CHOBHOL Onepayuu.

Buner 16
YpaBHEHUSI JBMKECHUS B OCKYJIMPYIONIUX 3JIeMEeHTaX. BBeneHne chepruuecKux KOOPIUHAT U OCKYIUPYIOIIUX dJIe-

I r
MEHTOB. BBIBOJI ypaBHEHUS ISl HAKIOHEHHs opouThl — = ——= COSUW .

T

Buner 17
YpaBHEHU JBIKCHUS B OCKYJIHPYIONIUX dJIeMEeHTaX. BBeneHne chepruueckinx KOOpIUHAT M OCKYITHUPYIOIIUX dJIe-

dQ r sinu
MECHTOB. BBIBO}Z[ ypaBHeHI/ISI JIJIL JOJTOThI BOCXOAAIICTO yana —_— = _W

Jup sini



Buner 18
YpaBHeHHUS ABIKEHUS B OCKYJIHPYIONIMX JeMEHTaX. BBeenue cepruueckux KOOPAMHAT M OCKYIHPYIOUIUX 3JIe-

dp_, [P
MEHTOB. BBIBOJI ypaBHEHHS ISl TApaMEeTpa OPOUTHI pran 2. |—rT.

U

Buner 19

TOpMO)KeHI/Ie CITYyTHUKA B aTMocq)epe 3emun. Beenenue cuibl 71000BOT0O COIIPOTUBJICHUA aTMOC(I)epI:I. KauectBen-
3

HOE HCCIIeI0BAHUE BIMAHUS CONPOTUBIEHHS HA SBONIONMIO i, £2 1 P, ucnonb3ys popmynsl — = — COSUW
du up
dQ  r® sinu dp 2rd
_— = —W 58 —p = — .
du p sini du u

buner 20
Topmoxerue ciryTHHKA B atMmochepe 3emimn. Beenerne cuisl 1060Boro compoTuBieHs aTMochepbl. KagecTBen-
HOE HCCIIeI0BaHKE BIUSHHS CONPOTHBIICHNUS Ha SBOJIIOLNIO SKCIECHTPUCUTETA OPOUTHI € ¢ UCIOIb30BaHueM (HopMy-

2
JIBI % _r Ssinv+(1+£JT cosv+ﬂT
du u p P

Buner 21
Biusane HecdeprmaHOCTH 3eMiTi Ha NIBIKEHUE HCKYCCTBEHHOTO CIIyTHHKA. | paBUTaIIMOHHOE TI0JIe HecepruaHon
3emuid. BbIBOJT KOMIIOHEHT BO3MYIIAIONIETO YCKOPEHUS JIJISl CKATHUST 3eMJITH uepe3 BhIpaKeHHE IS MOTeHIINala

H & 02
U=—-—(sin“y-1).
; 3Ir3( w 1)

Buner 22
BrusiHue HechepruHOCTH 3eMiIM Ha ABHKEHUE UCKYCCTBEHHOTO CITyTHHKA. DBOJIOLHUS OPOUTHI SKBATOPHAILHOTO
3 r dQ r® sinu
CITyTHHKA B TI0JIE HecepuaHoii 3emim, ucronb3ys Gopmyasr — = — COSUW , — = — ——FW,
du up du p sini

3 2
%=2L ,%=r— Ssinv+| 1+ [Tcosv+ 0T ,
du u du p p
2
((jj—a) = I’_ —Scosv+ (1 + LJT sinv— EW SiNUCOti | u BEpaXkeHus 1151 KOMIOHEHT YCKOPEHHUH
u  eu p p

& . . . E . . . E . ..
S == (3sin*usin®i—1),T =——sin2usin®i,W = ——-sin 2isinu
r r r

buner 23
Bimsane HecdeprmaHOCTH 3eMITH Ha IBIKCHHE ICKYCCTBEHHOTO CITyTHHKA. [Ipeneccust opOHTHI B ToJie Hec(hepud-
3 3 o 3
r d r®sinu dp 2r
Ho#t 3emuy, ucnons3ys popmynsr — = — COSUW , — = — ——W | —p =—1,
du p du p sini du u

2
%:r— Ssinv+(1+£jT cosv+ET ,

du p p

do r? r). . er.. . . §

d_ =—|—-ScosvV+|1+—[Tsinv——Wsinucoti | u Beipaxkenus a1 KOMIOHEHT YCKOPEHMI
u eu

& . . . & . . . E . ..
S == (3sin*usin®i—1),T = ——-sin2usin®i,W = ——-sin 2isinu.. Cas3s ¢ Teopueii rupocxona,
r r
MMPaKTUYCCKOE UCIIOJIB30BaAHNUE DBOJIFOIINN Op61/ITBI.

Buner 24



Jsmwxenue KA npu Haau4uy IBYX MPUTIATHBAIOIINX EHTPOB. BBIBO/ BhIpaKEHHMS 17151 BO3MYILAIOLIETO YCKOPEHHUSL.
Wuteprperanus sBoaronn# (opMbl OpOUTHI HA OCHOBE (OPMYJIBI I U3MEHEHHMS SKCLICHTPUCUTETA OPOUTHI €:

3
m, (a .
Ae=-157—L 5 ev1l—e? cosasina

m,

buner 25
OcHoBel Teopun Ma"eBpupoBaHus KA. [Tonstue xapakrepuctuueckoi ckopocTd. Matpuna manespa. MaHeBp u3-
MEHEHHSI TIIOCKOCTH opOnTHI. ONITUMAaNIBHOE TOJIOKEHUE TOYKH NPUWIOKEHUS UMITyIbca. Mcmonbp3oBaTh GopMyiisl
3 i ; 3
dQ r’sinu di r
—=——W, —=—cosuW
du up sini du up
Buner 26
OcHoBsI Teopun MareBprpoBanusi KA. [TorsTre xapakTepucTHIECKOW CKOpOCTH. MaHeBp M3MEHEHUS IIepHoa
3
%
obpaltieHns CryTHUKa BOKPYT 3emin. Mcronb30Bath BeIpakeHue 1, = 277 T

U

Buner 27
Koppekiusa MexInIaHeTHbIX TpaekTopui. J[Brxenne KA B okpecTHOCTH MitaHeTs! Ha3HaueHHUd. KapTuHHas mioc-
KOCTb. Dnmurncous BiusHus. [loHaTHe MaTpuIsl MaHeBpa.

Buner 28
Koppexist MexmaneTHBIX TpaekTopuit. CBoiicTBa koppekuu. “Hyns-Hanpasnenne” Ha chepe eTMHUIHBIX KOP-
PEKTUPYIOLINX UMITYJIbCOB. [TmockocTs onTuManbpHON Koppekiuu. JByxmnapaMerpudeckas koppekius. O6 onru-
MaJIbHOM HOJIO’KCHUH TOYKH KOPPEKLUH Ha TPACKTOPHH.

Buner 29
Koppekiius MeXIUTaHETHBIX TPAeKTOPHiA. BeIporkaeHue MaTpuUIlbl MaHEBpa. BhIpokaeHHe MaTpHIlbl MaHEBpa Ha
MPUMEPE JABHKCHUS TOYKH B IIECHTPAIILHOM TOJIC.

Buner 30
FpaBI/ITaHI/IOHHI)Ie MaHeBpBI. HpI/IHeHLHaﬂ JAJIBbHOCTD. I/ICHOHLSOB&HI/IC FpaBI/ITaHI/IOHHOFO MaHeBpa HpI/I MCXKILIa-
HETHBIX MepesieTax.

Buner 31
OTtHOcHTeNnbHOE OBIKEeHUE NBYX Omm3kux KA. 3amada Xwmra. BeiBoa THHeapu30BaHHBIX YPaBHEHUH OTHOCHTEITh-
Horo apmkeHns KA B opOuTanpHON crcTeMe KOOPAWHAT, HA4alo KOTOPOH IIOMEIEHO B IIEHTP Macc oxHoro u3 KA.

Buner 32
BrIBOI BRIpQKEHHS JJ1s1 TPABUTAI[HOHHOIO MOMEHTA, IEHCTBYIOIIEIO HAa CIIYTHUK-TAHTEI0, COCTOSIIETO U3 ABYX
HICHTUYHBIX MAaTEPHAIIbHBIX TOUEK, COCTHHCHHBIX HEBECOMBIM CTEPKHEM, MPH JABMKEHHH CIIYTHHKA B IUIOCKOCTH
opouThL. YpaBHEHUE IBUKCHUS OTHOCUTEIHHO OPOUTAILHON CHCTEMBI KOOPIHHAT.

Buier 33
AHanu3 ypaBHEHHsI BPAIaTeIbHOTO ABUKEHHS CITyTHUKA-TAHTEIN B TNIOCKOCTH OPOUTHI pajiryca R OTHOCHTENBHO
OpOUTATBHON CUCTEMBI KOOP/IMHAT, COCTOSIIETO U3 IBYX UACHTHYHBIX MATEPUAILHBIX TOUEK MACChl M, COSTUHEH-
HBIX HEBECOMBIM CTepKHEeM JUTHHBI 2| (0JI0KeH s paBHOBECHS, UX YCTONYUBOCTE). MICI0Ib30BaTh BBIPAXKEHUE IS

rpasuTanuonnoro momenta M o= GILJT'I| sinacosa / R® , TAe [ - TpaBUTAlMOHHBIN napaMeTp 3emid, & -

yYroja Mexay MECTHOH BEPTHUKAJIbIO U CTCPIKHEM.

Buner 34
BriBog ypaBHEHMSI IBUKEHUS CITyTHUKA C IIOCTOSIHHBIM MarHuTOM B I10JI€ IPSIMOTO JUIOJS C JUIOIBHBIM MOMEH-

TOM /I, B IUIOCKOCTH KPYTrOBOi IOJIIpHON opOUTHI paguyca R. IIpuHATH BbIpakeHUs IS IPOEKIUI BEKTOpa MECT-

HOW MarHUTHOMH HHAYKIOHHU Ha OCHU Op6PITaJ'II;HOI>i CUCTEMbI KOOpJAUHAT (HO KacaTeJIbHOH K Op6I/IT€, 10 HOpMaAJIA B €€
IJTIOCKOCTH U IT0 MECTHOM BEPTUKAIN COOTBGTCTBGHHO) B BUJC

B, = B,sinicosu, B, = B, cosi, B, = —2B, sinisinu, rxae i - naknonenue op6utsl, U - apryment mmupo-

THI, Bo =/Jm/R3.



4. Kputepuu olleHNBAHUSA

oyenxa «omauuno (10)» evicmasnsiemcs cmyoeHmy, noKa3asuiemy 8CecmoporHHue, CUcCmemamu-
3uposantbie, 2nyOOKuUe 3HAHUA YUeOHOU NpocpamMmbl OUCYUNIUHBL NPU Omeeme IK3AMEHAYUOH-
HO20 bunema u omeeme HA 80NPOCHL NO NPOSPAMME OUCYUNTUHBL, A MAKH#Ce NO Pe3ylbmamam
KOHMPOTbHBIX, CAMOCMOAMENbHBIX pAOOM U MeCcmos;

oyenka «omauyHo (9)» evicmagnaemcs cmyoenmy, noKa3asuliemy CUCmemMamusuposantule, 2y-
OoKue 3Hanus yueOHolU npocpammovl OUCYUNTIUHBL NPU Omeeme IK3AMEeHAYUOHHO20 buiema u om-
eeme Ha 60NPOCbl MO Npocpamme OUCYUNIUHBL, A MAKICe NO Pe3yTbmamam KOHMPOIbHbIX, Cd-
MOCmMoAmenvHblX pabom u mecmoes;

OYEHKA «OMmMIu4YHO (8)» 6blCMABIAEMCA cmydenmy, noxkasaswemy cucmemamusupoearnrvle, 3Ha-
HUA y’i€6HOIZ npozpammbsl ducuunﬂqul npu omeeme IK3aAMEHAYUOHHRO2O0 bunema u omeeme Ha
60Npocvl no npozcpamme al/lClx;ul’lﬂl/lel, a makoice no pesyiomanmam KOHMPOJIbHbLX, CAMOCNOA-
meJjlbHblX pa60m u mecmoes,

oyenka «xopouio (7)» evlcmasnsemcs cmyoeHmy no pe3yibmamam KOHMPOJIbHbIX, CaMOCMOsl-
MeIbHLIX pabom U mecmos, eciu OH mMeepoo 3HAem Mamepuan dK3AMEeHAYUOHHO20 Ounema,
2PAMOMHO U NO CYWecmay uziazaem e2o, ymeenm npumMeHsms noayieHHvle 3HaHUs Ha NPaKmuke,
HO 0onyckaem 6 omeeme Uil 8 peuleHuU 3a0a4 HeKomopbvle HemouYHOCMuU,

OYEHKa «xopouto (6)» eblcmaejislemcs cmydeHmy no pesyiomamam KOHMpPOJTIbHbLX, CAMOCMOs-
meJjlbHblX pa60m u mecmoe, eciu OH 3Haem mamepuail IK3aAMeHAYUOHRHO20 6u/zema, no cyuje-
cmey usjlacaem eco, ymeem NnPpUMeHrAnib Noly4eHHble 3HARUA Ha NPpAaKkmuKe, Ho 00nyc;<aem 6 oni-
eenie MHO20 Hemowocmeﬁ;

OYeHKa «xopouio (5)» eblcmasisiemcst cmyoeHmy no pe3yibmamam KOHMPOJIbHBIX, CAMOCHOsL-
MeNbHbIX pabom u mecmos, eciu OH 3HAem MAmepual 3K3AMeHAYUOHHO20 bulema, uziazsaem
€20, ymeem NPUMEHAMb NOJYHeHHble 3HAHUS HA Npakmuke, He OONycKaem 6 omeeme 2epyovlx
ouuUboK,

OYeHKa «y0081emeopumenvbHo (4)» evlcmasisemcs cmyoeHmy no pe3yibmamam KOHMpPONbHbIX,
CAMOCMOSIMENbHLIX pabom U mecmos, a makdice, eciu 60 8peMs OMEema IK3AMEHAYUOHHO20
bunema oH NOKazan pazmenmapuwlil, XapaKmep 3HaHUll, HeOOCMAMOYHO NPABULbHBLE POPM)-
JUPOBKU OA308bIX NOHAMULL, HO NPU IMOM OH 81ad0eem OCHOBHLIMU pazdenamu y4eOHOU npo-
2pammbl, He0OX0OUMbIMU OJis1 OaNbHelue20 00yYeHuUs,

OYeHKa «y0081emeopumenbHo (3)» 8blcCmMAasIAemcs CmyOeHmy no pe3yibmamam KOHMpPONbHbIX,
CamMocmosmenvbHblX pabom u mecmos, a makaice, eciu 60 8pemMsi OMmeema IK3AMEHAYUOHHO2O
ounema oH NOKA3Al pPa3PO3HEHHLIL XAPAKmep 3HAHUL, HeOOCMAMO4YHO NPAGUTIbHbIE BOopMYIU-
POBKU 0A308bIX NOHAMULL, HAPYUIEHUE T0SUYECKOU NOCAe008AMENbHOCMU 8 U3NIONCEHUU NPO-
2PAMMHO20 MAMepuand, Ho NPU SMOM OH 61adeem OCHOSHLIMU Pa30enamu Y4eOHol npocpammbl,
HeoOX00UMbIMU OJ1s1 OalbHelue20 00yUeHUss U MONHCem NPUMEHSAMb NOJYYeHHble 3HAHUS N0 00-
Pasyy 6 CmaHoapmHou Cumyayuu,

oyeHka «neyoosremseopumenvho (2-1)» evicmasnsiemcs cmyoeHmy no pe3yibmamam KOHmMpoib-
HbIX, CAMOCMOSAMENbHBIX pAbOm U Mecmos, a makxaice, ecli 60 8pemMs OMeema IK3aAMeHAYUOH-
HO20 bunema, OH NOKA3al 4mo He 3Haem OONbULell YACU OCHOBHO20 COOEPHCAHUs YieOHOU npo-



epammuvl OUCYUNIUHBL, OONYCKaem epyoble OumUOKU 8 hOPMYTUPOBKAX OCHOBHBIX NOHAMUU OUC-
YUNIUHBL U He YMeem UCNONIb308amb NOLYYeHHble 3SHAHUS NPU peuleHUl MUNO08bIX NPAKMUYECKUX
3adau.

5. MeToauyeckue MaTepuaJibl, onpeaesiioiue nNpoueaypbl oueHNBaHUA 3HAHUH, YMEHUId,
HABBIKOB M (MJIM) ONBITA JeSITeJIbHOCTH

[Topsimok mpoBeaeHus ycTHOTO Audd. 3auera:

[Tpu npoBenenuu yctHoro nudd. 3auera odyyaroneMycs npeaocrasisercs 60 MUHYT Ha MO/I-
roroBky. Omnpoc obydaromierocs mo Ounery Ha ycTHoM qud . 3a4eTe He JTOJDKEH PEBhIIIaTh
JIBYX aCTPOHOMHUYECKUX YacOB.

Bo Bpems nposenenus qudd. 3auera npu NOoAroTOBKE OTBETOB Ha OMIEThl 00y4aroIuecss MOI'yT
MOJI30BATHCS MPOTPAMMON JUCLUMIUIMHBI, KOHCIEKTAMU JIEKLIUH, CEMUHAPOB U JII000W Apyron
JIUTEpPaTypOil.

Bo Bpemst nposenenus audd. 3auera, Ipu 0TBETe 00y4aroIIerocs Ha BOMPOCHI O OMIIETY UITH
M0 MPOrpaMMe JIMCUUILIMHBI, OH HE MOXKET MOJIb30BaThCSI KOHCIIEKTAMH JICKITUI 1 CEMHUHAPOB U
T000M Ipyroil TuTepaTypoi.



