®denepajibHOE TOCYyIaPpCTBEHHOE AaBTOHOMHOE 00pa3oBaTeibHOe

10 AMCIMILINHE:
10 HANPABJICHHUIO:
npo¢uib NOArOTOBKHU:

KYpC:
KBaJupuKaAnus:

YupeikaeHnue BbICHIETo 06pa303a1mﬁ

«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop HHCTUTYTA-3aMeCTUTEb
aupexktopa ®AKT
M.A. Kynpos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

KomnbroTepHOE MozieIupoBaHUe 3a7jad MEXaHUKU T10JIeTa

Nudopmarnka u BIYUCIUTETbHAS TEXHUKA

IIporpaMmHast HHXEHEPUS

HepeoBasi MHKEHEepHasl 1IKoJIa PaJuoI0KalUuK, PaJUOHABUT ALY U IPOIPaMMHOMN
WH)KEHEpUU

kadeapa adpou3NIECKOTO U JIETHOTO SKCIIEPUMEHTA

4

OaxanaBp

Cemectpbl, (hopMBI IPOMEKYTOUHON aTTECTALMH:

7 (ocennuit) - JInddepeHnmpoBaHHbIi 3a4eT
8 (Becennnii) - JluddepennupoBanubiii 3aueT

AynutopHbIx yacoB: 60 Bcero, B TOM YHCIIE:

nexkuuu: 0 gac.

cemuHapsl: 60 gac.

naboparopHsbie 3ansaTus: 0 Jac.

CamocrositensHas pabora: 30 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin:

FO.A. 3aBepmineB, kaua. GuU3.-MaT. HAYK, CTAPIIAN HAYYHBIHA COTPYIHUK

[Iporpamma obcyxaeHa Ha 3aceqannu Kagenpsl a3poduznyeckoro u jJetHoro sxcrnepumenta 05.04.2023



AHHOTANMA

B npennaraemolt  AMCLUMIUIMHE paccMarpUBAaeTcs IHPUMEHEHHE KOMIIBIOTEPHBIX TEXHOJOIMHM  JUIsl
monenupoBanust mnonera JIA B okpyxatoromeidt cpexe u KA B kocmmueckoM mpocTtpaHcTBe. Ha
JICKIMOHHBIX 3aHSTUSAX H3JIAraloTCsl OCHOBHBIE CBEAEHUS [0 MaTeMaTHYEeCKUM METOlaM U cucTeMaM
KOMITBIOTEPHOTO MOJEJIMPOBAHMSI, HEOOXOAMMBIEC ISl NPAKTUUYECKOW paboThl B KOMITBIOTEPHOM  KJlacce.
OT0T MaTepuan He IyOIMpyeT OCHOBHBIC MHCTHTYTCKHE Kypchbl. [Ipu 0OydeHuM MCHONb3YIOTCS MPOTOTHUIIBI
— peanbHble OOBEKTHl ABHALIMOHHOM M KOCMHYECKOW TeXHWKU. B Tekymem romy sto camoner WJI-76T u
AJIC "Jlyma—-3".

IIpu paboTe B KOMIIBIOTEPHOM KJlacce IIPUHATA CJEAyIoIlas METOAMKAa: B Hadajle BBITOIHIETCS
TPEHUPOBOUYHAsT PpadoTa C MOJHBIM NPEAOCTABICHUEM CTYACHTAaM BCEX KOMIBIOTEPHBIX MPOTPaMM, 3aTeM
OHH JIEJIAI0T CaMOCTOSITENbHbIE paOOThl MO WHAWBUAYAIbHBIM 33JaHUSAM. 3a/1audl HECKOJIBKO YIPOLIEHBI C
TE€M, 4YTOObI MOXKHO OBUIO YJIOXKHTBHCS B OTBEACHHOE y4ueOHOE Bpems.

1. leau u 3apauu

eap AUCUMNIMHBI

- HU3YUCHUC OCHOB MOACIIMPOBAHUA Ha I[I5BM ABWIKCHUSA AaBUAIMOHHBIX U PAKCTHO-KOCMUYCCKUX
JICTATCJIbHBIX allllapaToOB.

3agaun AUCHMIIHHBI
— OCBOEHHE CTyAE€HTaMy 0a30BbIX 3HAHMH B 00JIACTH MAaTEMaTHYECKOTO MOJCITUPOBAHMS;
— mpuoOpeTeHre HaBLIKOB paboThl Ha [I9BM npu MmopenupoBanuu nonera JIA;

— OKazaHWe T[OMOIIM CTYJICHTaM B TMPOBEJACHUM COOCTBEHHBIX pa3pabOTOK MPEJIUIUIOMHOTO
xapakrepa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTENIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B
OTIK-2 CriocobeH HCTob30BaTh COBpeMeHHble |00IacTH (cdepe) IpopecCHOHAIBHOI JEsTeIbHOCTH
WH(POPMALIMOHHBIE TEXHOJIOTHH U OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
IIPOTrpaMMHBIE CPEACTBA [IPU PEIICHUH 33/1a4  |MareMaTHYeCKUEe METOAbl M NPUKIAIHOE IPOTrpaMMHOE
npo(eCcCUOHAIBHOI esSTeNbHOCTH, coONoas |o0ecrieueHne Ui pelleHus  Hay4yHbIX  3a7a4 B
TpeboBaHM NH(POPMALIMOHHON 0€30MaCHOCTH  |MpOogeCCHOHANIBHON 00IacTh

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS MHPOPMALMOHHOU
0e30MmacHOCTH

OIIK-4.1 Bmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WH(GOpMalH{ MpH PELICHUN
3a7a4 nIpodeccHoHAIBHOM AesITeNbHOCTH

OIIK-4.2 3HaeT OCHOBHBIE UCTOYHUKU HAyYHO-TEXHUYECKOU
u (W) TexHoJorHueckod wuHpopManmuu B OONIACTH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U .
npodecCHOHAIBHON IS TeTbHOCTH

00pabOTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTHYECKOH MH(OPMAIIUK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3329

OIlK-4.3 VYMmeeT cocTaBiATh aHHOTAIMH, pedeparsl,
oubnuorpaduyeckue nepeyHr U 0030pbl MHPOPMALUHU B
o0JyacTu cBoei mpodeccuoHaIbHOM JIeATENbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NIOJyUEHUs], XpaHEHUS U
00pabOTKM Hay4yHOU (TEXHHYECKOHW, TEXHOJOTHYECKOMN)
nHpopMaIun

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHUS AUCHUIIMHBI 00y4aIOIINeCs JOIKHbBI
3HAThb!



|
U
0
U
0

(dyHIaMeHTaIbHbIE TOHTHS, 3aKOHBI, TEOPUU KIACCUYECKON U COBPEMEHHOH (PH3HKH;
MOPSIIKN YUCIICHHBIX BEJIMYHH, XapaKTePHbIE AJIS Pa3JINYHBIX Pa3/esioB (PU3UKY;
COBpPEMEHHbIE MPOOIeMbl (PU3UKU, MATEMATHKH;
COBPEMEHHOE IOJIOKEHHUE JIe B pa3paboTKe aBUAIMOHHOM TeXHHUKH;
JKCIIEpUMEHTAJIbHBIE OCHOBBI HccienoBaHud monera JIA C TOYKM 3pEeHUs MOAEIHPOBAHUS

COOTBETCTBYIOIINX 33134 Ha DBM.

YMETb:

0
U

a6CTpaFI/Ip0BaTBC$I OT HCCYHICCTBCHHOTO TP MOACIIMPOBAHUHN PCAJIbHBIX (1)I/I3I/I"IGCKI/IX CHTyaHHﬁ;
IIOJIb30BaTbCAd CBOMMU 3HAHUAMH [UJIA PCUICHUSA (bYHZ[aMeHTaHBHBIX U TPUKIIAAHBIX 3a1a4 U

TCXHOJIOTHYCCKHUX 3a1a4,

U
g
U
g
U

ACJIaThb NMMPAaBUJIbHBIC BBIBOAbI U3 COTIOCTABJICHUA PE3YJIBTATOB TECOPHHU U OKCIICPUMEHTA,
NPOU3BOAUTDH YUCJICHHBIC OLICHKU I10 MOPAAKY BCIIMYUHBI,
ACJIaTh KaYCCTBCHHBIC BBIBOABI IIPU NMEPEXOAEC K MMPCACIIbHBIM YCIOBUAM B U3y4a€MbIX Hp06.]'IeMaX;
BUJCTHh B TCXHUYCCKHUX 3aJJa4ax (bHSI/I‘{eCKOC COACPIKAHUC,

OCBaMBAaTb HOBBIC MPCAMCTHBIC O6HaCTI/I, TCOPCTUUCCKUC IIOAXOAbl M OKCIICPUMCHTAJIbHBIC

MCTOAMKH,

O

3 PEKTUBHO HCMONIB30BaTh MH(OPMALMOHHBIE TEXHOJOTMH W KOMIIBIOTEPHYIO TEXHHUKY JUIs

JOCTHMKCHUA HCO6XOILI/IMBIX TCOPCTUYUCCKUX W NPUKITAAHBIX PE3YJIbTATOB.

BJIAJIETh:
0
UJ
0

HaBBIKAMH OCBOEHUS OOIBIIOT0 00heMa HHPOPMAITUY;
KyJIBTYpOi IOCTAaHOBKHM M MOJICIIMPOBAHUS (PH3MYESCKHX 3a/1a4;
HaBbIKAMH T'PaMOTHOH 0OpabOTKH pPEe3y/IbTaTOB OIBITA U COMOCTABICHUS C TEOPETHYECKUMHU

JaHHBIMH

U
0

HpaKTHKOﬁ HCCJICAOBAHNA U PCUHICHHUS TCOPETUUCCKUX U IPUKIIAJHBIX 3a41a4,
HaBbIKaMU ITPUMCHCHUA II5BM IIpru MOACIIMPOBAHUU 3a1a4 MCXaHUKHU I10JICTA.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Beenenne 5 3
2 Moz[eanOBa\I'me rnosiera JIA B 5 2
OKpYy>Karolel cpene
3 YacTHble cly4dau II0JIETA, 5 3
npeobpazoBaHue OOIUX ypaBHEHHH
4 Cuctembl KOMITBFOTEPHOTO 5 )
MopnenupoBanust MatLab u Mathcad
5 Maremarnyeckue CpencTBa, 5 3
HE0OXOUMBIE AJIsl MOAETUPOBAHUS
6 MopenupoBanue B~ KOMIBIOTEPHOM 5 )
KJacce ynpasisemoro nosnera JIA
7 Cwibl W MOMEHTBHl TPaBUTALIMOHHOTO 10 5
MPOUCXOKICHHUS
] OOume cBegeHUS O MOXKACIUPOBAHUU 10 5
nemwxenns KA
9 MonenupoBanue B~ KOMIIBIOTEPHOM 10 5
kiacce obnera JIyHbl
Hroro yacos 60 30
[ToaroTroBka K sK3aMeHy 0 yac.




OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.ex.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 7 (OceHHwmi)

1. BBenenune

MOI[eJ'II/IpOBaHI/Ie — MCTOA MU3YUYCHHA CHCTEM U TIPOLECCOB. ®duszndyeckoe M MaTeMaTHYECKOe
MOACIINPOBAHUC.

HpI/IMepBI MOACIIMPOBAHUA B HAYKC W TCXHHKC :

— MOACIIMPOBAHUC TIPU CO3MaHUHN TICPBLIX SBM,

— MOACIIMPOBAHUC TIPU OCYIHICCTBICHHUU IICPBOIO AACPHOIO B3PbIBA,
— MOACIMPOBAHUC B aBHAlUM U KOCMOHABTHUKE.

KOMHLIOTepHBIC CUCTCMbI JIsI MOACIIMPOBAHUA CJIOXKHBIX CHUCTCM. Poms TCOPCTUUCCKUX MOHCHeﬁ
U BXOIOHBIX 3KCHCPHUMCHTAJIbHBIX HOaHHBIX.

2. MonenupoBanue nonera JIA B okpyxaroiiei cpene

Cucrema a’ponrMHAMHUYECKUX KOI(DOUIMEHTOB H IapaMmeTpoB cuiioBoi ycraHoBku JIA. TI —
teopema. Ilapagokc 3akoHa:

X a=c_xa-q-S_ref (nmpu c_xa=const ).
MexnyHapoaHas craHaapTHas armocdepa.
Monens 3emim, NpUHUMaeMas TPH MOISIUPOBaHWM (IUIOCKas He Bpamaromascs, WGS — 84,
I13 - 90).
ITepBuuHBIe 3TaNOHBl BPEMEHU U JUIMHBI, BTOPUYHBIC ITAJIOHBI, KOHIIEBBIE MEPHI [UIMHBI.
Oobmme ypaBHenust nojiera JIA B armocdepe ¢ BeTpoMm.
Ocobennoctu IBwkeHHs OecnuiaoTHBIX JIA.
BbeicTpble ¥ Me[UIeHHbIE TEPEMEHHbIEC, CTENEHb XECTKOCTH CHCTEMbl ypaBHEHH.

3. YacTHble ciy4au nojiera, npeodpazoBaHue OONIMX YpaBHEHUI

lopuzoHTaNbHBIN yCTAaHOBHUBIIMICS ToJeT, nuarpamMma Tar JKykoBckoro. HawuBwiropnewmuii u
KpEHCEepCKUN pPEeXUMBI TOJIETA.

[IpaBuibHBIA Pa3BOPOT, TEOMETPUUYCCKUE U CKOPOCTHBIC YINIBI OPHCHTAIUH.
IMoneT ¢ rOpU30HTAIBHBIM BETPOM, M3MCHSIONUMCS C BbICOTOM, oneHkn MKAO.
[IpononsHOE nBMXKEHHE B armocdepe Oe3 Berpa.

IIpocTpaHcTBeHHBIN pa3BopoT B arMochepe 0e3 BeTpa.

4. Cucrembl KOMIBIOTEpHOTO MozenupoBanusi MatLab u Mathcad

Anpo MatlLab u Mathcad , oOmme cBeneHus. Bo3moxxHOCTH  CHCTEMBI OOBEKTHO —
OPUEHTHPOBAHHOTO

rpapuueckoro moaenupoBanus GUI (MatLab).
Nmuranusa aswxenus cunysta JIA, 2—-D u 3 —D BapuaHThl.
UKcIoBOM W CHMBOIMYECKHHA PEXHUMBI PabOTHI.

5. Maremarudeckue cpeicTBa, HEOOXOMUMBIE JIJISl MOJICITUPOBAHUS

CrutaiiH — mpexacTaBiIeHHE KOMIUIEKCAa a’pOAMHAMMYECKMX KOI(PQUIMEHTOB M  IapaMeTpoB
CHJIOBOW YCTAHOBKH:



— HEJOCTaTKM KIJIACCHYECKOH MHOTOWICHHOW MHTEPHONSAMH TaOMUYHBIX JAHHBIX, TEOPEMBI
Pynre u bepHiureiina;

— ONpeAeTieHHE CIUIAHHOB, OCHOBHBIE CBOWCTBA KyOWYECKHX MOJMHOMHUAIBHBIX CILJIAHHOB;
— crutaiinel B MatLab u Mathcad.

UncneHHOe WHTErpUpPOBaHUE CUCTEM OOBIKHOBEHHBIX nuddepeHnnansubix ypaBHenuin (OLY):
— HE )KECTKHE U JKECTKUE CHCTEMBI, HCIIOJIb30BAHUE SIKOOMAHA,;
— 'pemarenn OJY ' B MatLab u Mathcad.

6. MonenupoBaHue B KOMIIBIOTEPHOM KJlacce yrpasisieMoro noiera JIA

Wwmuranust  ynpaBieHUs OCYIIECTBIsieTCS KHomkamu Tuma pushbutton (BBUAY OTCYTCTBHS
joystick B KOMITBIOTEPHOM KJjlacce).

BbinonHeHue B KOMIBIOTEPHOM  KJIACCE MHIMBUAYAJIBHBIX 33JaHUNH 10 MOJEIUPOBAHUIO
YOpaBIsIeMOT0 MPOCTPaHCTBEHHOTO pa3Bopora JIA cpenctBamu GUIL

Jo6aBuTh ynpaBiSIOIIyI0 KHONKY IO KpPeHy W KHONKM Tuma pushbutton / radiobutton /
togglebutton a7 BBINOJIHEHUS JOTOJHUTENLHBIX JEHCTBUH.

Cemecrtp: 8 (Becennuit)
7. Criibl 1 MOMEHTBI TPABUTAI[HOHHOTO TIPOUCXOXKICHHUS

I'paBuTaniioHHbIi MaHEBp, €ro ucmoib3oBaHue B KocMmoHaBTuke  (AJIC 'Jlyma—-3', KA '
Meccenmkep ' k Mepkypwuto).

TpenupoBouHasi paboTa B KOMIIBIOTEPHOM KJacce 10 MoJenupoBaHuio oOnera JIyHbI
cpeacrBamu Mathcad. CpaBHeHHE c OMyOIMKOBAHHBIMU JIaHHBIMHU.

8. O0mme cBeeHus 0 MOXK/ISIMPOBAHUY JBIKEHUS KA

NmuTanus xapakTepHbIX PEXKUMOB TOJIETA C IOMOIIBIO Pa3padOTaHHON MOJCTHPYIOMIEH MPOrpaMMBbI
(cOanancupoBaHHBIH MOJIET, Jaya PYJisi BEICOTHI U Ap.)

9. MOI[CJ'II/IpOBaHI/Ie B KOMIIBFOTCPHOM KJIACCC obOiera .HYHLI
HepBOHa‘IaJ’ILHOG 3aHATUC TTO U3YUYCHHUIO 0COOCHHOCTEH KOMIIbFOTCPHBIX BBIYMCIICHUM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

yueOHast ayTUTOpHsI, KOMITBIOTEPHBIHN KJIacc ¢ ycTaHOBIEHHBIMU Ha OBM cucremamu MatLab, Simulink
u MathCad.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. 12 mexuuii mo BEIMUCIUTENHHON MaTeMaTuke : (BBOgHBIN Kypc) [Tekcr] : y4e0. mocobue Jist By30B /
B. 1. Kocapes ; Mock.pu3uko-TexH.uH-T (T0C.yH-T) .— 2-€ u31., ucnp. u gomn. — M. : MOTH, 2000
— 224 c.
2. KommsroTepHoe MojieTupoBaHue 3aja4 Mexanuky nonera [ Tekcr] : yue6. mocobue mis By3oB / FO. A.
3aBepiHeB ; M-Bo oOpa3oBanus U Hayku PO, Mock. ¢pu3.-rexH. uH-T (roc. yH-T), JIeTHO-HCCnen. uH-T
M. M. M. I'pomoBa .— M. : MOTH, 2013 .— Y. 1 : BBenenue B mareMaTudeckue Metoasl. - 2013. -
218 c.
3. Mexanuka nionieta [Texct]. T. 1/A. Muene , -M., Hayka, 1965

4. Nunamuka nonera [Tekcr] : y4. ans By30B / o pea. A. M. Mxurapsina .— 2-e uzf., nepepad. T
nor. — M. : MamuHoctpoenue, 1978 — 424 c.

5. MATLAB [Tekcr] / B. I1. Ipsikonos - M.JIMK TIlpecc,2014



JomnonHurensHas aureparypa
1. Pemienune o6b1kHOBEHHBIX Mu(depeHnuanbHbIX ypaBaeHnil. Hexectkue 3anaqn [Texct] / 3. Xatipep,
C. Hepcerr, I. Bannep ; nep. ¢ aumi. U. A. Kynpauikoit u C. C. @ununmosa ; nmox pen. C. C.
Oununnosa - M.Mup, 1990
2. besommoOounslie Beruncienus [Texcr] , Metonst n npunoxenust/P. I'peropu, E. Kpumnamypru , -M.,
Mup, 1988
3. Aspoaunamuka camonera [ Tekcr] : yueOHuK 11st By30B / W. B. OctocnaBckuii .— M. : OG0poHTH3,
1957 .— 560 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

MpOorpaMMHbIE KOMITJIEKCHI M Moenupyomue cucrembl MatLab, Simulink, MathCad.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Crynent, m3yuaronmmii Kypc «KoMIproTepHOe MOAEIMpOBaHHE 3a/1a4 MEXaHUKH IOJeTa», JOJDKEH C
OJIHOM CTOPOHBI, OBJIAJETh OOLIMM MOHATHIHBIM alllapaToM, a C JIPYTrol CTOPOHBI, TOJDKEH HAYYHTHCS
NPUMEHSTh TEOPETHYECKUE 3HAHUS HA MIPAKTHKE.

B pesynbrare u3ydeHMs TUCHHUIUIMHBI CTYAEHT JIOJDKEGH 3HATh (pyHJaMEHTaJbHBIC MOHSTHS, 3aKOHBI,
TEOpPHU KIACCUYECKOW W COBPEMEHHOW (DM3WKHM; MOPSIKUA YHCICHHBIX BEJIUYUH, XapaKTEPHBIC LIS
pa3IMYHBIX pa3feiioB (U3UKU; COBPEMEHHBIE MpOOJieMbl (DHU3UKH, MaTeMaTHKH, COBPEMEHHOE
TIOJIO’KEHUH JIEJT B pa3paboTKe aBHAIMOHHOM TEXHHKH.

VYenemrHoe 0ocBoeHHE Kypca TpeOyeT HapspKEHHOW caMOCTOsSTENbHOM paboThl cTyaeHTa. B mporpamme
Kypca IpHBEICHO MUHUMAJIbHO HEOOX0AMMOE BpeMs Juisi pabOoThI CTyACHTa Hajl TEMOH.
CamocrosiTenbHas padoTa BKIIOUAET B Ce0s:

— YTEHHE U KOHCIIEKTHPOBAHUE PEKOMEHIOBAaHHOM JIMTEPATYPBI;

— IpopaboTKy y4eOHOro Marepuana (1o pacrevyaTkaM MOJACIUPYIONUX MporpamMm, y4eOHOH U HayqHOH
JUTEpaType), IOATOTOBKY OTBETOB Ha BOIIPOCHI, MPEIHA3HAYCHHBIC ISl CAMOCTOSTEIIBHOTO H3yUCHHS.
PyKOBOICTBO ¥ KOHTPOJIb 3a CaMOCTOSITENBHOW pPabOTOi CTylneHTa OCyIIecTBIseTcss B (opme
WHMBU1YaJbHBIX KOHCYJIBTALIUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: Wudopmarnka 1 BEIYHCIATENbHAS TEXHAKA

npo¢uIb NOArOTOBKH: [IporpamMmHas uHKeHEpHUs
niepeioBasi HHKEHEepHast [IIKOJIa PaJHOJIOKALUH, PaAMOHABUTAIIMH U TPOTPAMMHOMN
UHXKEHEPUHU
kadeapa adpoU3NIECKOTO U JIETHOTO IKCIIEPUMEHTA

Kypc: 4

KBaJIMpUKALUS: GakanaBp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
7 (ocennwuil) - luddepeHnpoBaHHblii 3a4€T

8 (Becennnii) - uddepernurpoBanHblii 3aueT

Pa3zpatGoTunk: 10.A. 3aBepiuneB, kaHa. GU3.-MaT. HAayK, CTAPIINI HAyYHBIH COTPYIHUK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2 CriocobeH ucrnonbp30BaTh COBPEMEHHbBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
MPOrpaMMHBIE CPEACTBA MIPU PEIICHUHN 33134
poheCCUOHATBHOM JIeTENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAITMOHHOW OE30TIaCHOCTH

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MaTeMaTHYeCcKue METOAbl U IPUKIAJHOE IPOrpaMMHOE
o0ecrieyeHne Al pelIEHHs  HAyYHBIX  3aJad B
npodeccuoHaIbHON 00nacTu

OIIK-2.3 3Haer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e30MacHOCTH

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

OIIK-4.1 Bnameer MerogamMM HAay4yHOTO IIOMCKA H
MHTEJUICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoOHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHUYECKOI
u (wiM) TexHoJOrHmYeckod wuHpopMauud B OOJACTH
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-4.3 VYMmeer cocTaBiATh aHHOTAlMM, pedeparsl,
oubnuorpaduyeckue mepeyHr u 0030pbl WHPOPMALIUU B
o0sacTu cBoei mpoeccuoHaIbHOM e TebHOCTH

OIlK-4.4 Bnageer HaBbIKaMU pPabOTHI C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSMH C IEIbIO MMOTYYCHUS, XPaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOH)
uHpopManun

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pe3yabTare MU3YUCHUA AUCHUIIIAHBL «KOMHI:IOTepHOC MOACIUPOBAHUC 3aJja4 MCXAHUKU TIIOJICTA »

00yJaromuiics JOmKeH:

3HATb:

(dyHIaMeHTaIbHbIE TOHTHS, 3aKOHBI, TEOPUU KIACCUYECKON U COBPEMEHHOM (pH3HKH;
MOPSIIKN YUCIICHHBIX BEJIMYHH, XapaKTePHbIE AJIS Pa3JINUHBIX Pa3/esioB (PU3UKY;

COBPEMEHHOE IOJIOKEHHUE JIeJ B pa3paboTKe aBUAIMOHHOM TeXHHUKH;

g
U
[J coBpeMeHHBIEC TPOOIEeMbl PU3UKH, MATEMATHKH;
U
g

OKCIICPUMCHTAJIbHBIC OCHOBBI I/ICCJ'IGILOBaHI/Iﬁ noieta JIA ¢ Toukm 3pCHUA MOACIUPOBAHUA

COOTBETCTBYIOIINX 33134 Ha DBM.
yMeThb:

[ a6CTpaFI/Ip0BaTBC$I OT HCCYHICCTBCHHOTO TP MOACIIMPOBAHUHN PCAJIbHBIX (1)I/I3I/I"IGCKI/IX CHTyaHHﬁ;
0 IIOJIb30BAaTbCAd CBOMMU 3HAHUAMH [UIA PCUICHUSA (byHZ[aMeHTaHBHBIX U TPUKIIAAHBIX 3a1a4 U

TCXHOJIOTHYCCKHUX 3a1a4,

ACJIaThb NMMPAaBUJIbHBIC BBIBOAbI U3 COTIOCTABJICHUA PE3YJIBTATOB TECOPHHU U OKCIICPUMECHTA,
MNPOU3BOAUTDH YUCJICHHBIC OLICHKHU I10 MOPAAKY BCIIMYMUHBI,

BUJICTHh B TCXHUYCCKHUX 3aJa4ax (bHSI/I‘{eCKOC COACPIKAHUC,

O
0
[l nenaTh Ka4eCTBEHHBIE BBIBOBI IPH MEPEX0JI€ K MPEAETbHBIM YCIOBHIM B H3y4aeMbIX IpodieMax;
0
O

OCBaMBAaTb HOBBIC MPCAMCTHBIC O6HaCTI/I, TCOPCTUUCCKUC IIOAXOAbl M OSKCIICPUMCHTAJIbHBIC

MCTOAMKH,

O 3 PEKTUBHO HCMOJIB30BaTh MH(OPMALMOHHBIE TEXHOJOTMH W KOMIIBIOTEPHYIO TEXHHUKY JUIs
JOCTUKEHUSI HEOOXOIUMBIX TEOPETHYECKUX U MPUKIIAJHBIX PE3yIbTaToB.

BJIaJeTh:

[J HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HH(OpMAITHH;
[l KyJbTYpO#l MOCTAaHOBKU M MOACTHPOBAHHS (PH3MUESCKUX 3a/1a4;
[l HaBBIKAMH TI'PaMOTHOH OOpaOOTKM pe3yJbTaTOB OINbITA M COIOCTABICHHS C TEOPETUYECKUMHU

JaHHBIMH

[J mpakTUKOHN MCCIE0BAaHUS U PEILIEHUs TEOPETUUECKUX U IPUKIIAJHbIX 331a4;
[J naBblkamMu nnpuMeHeHus [I9BM npu MonennpoBaHUH 3a/1a4 MEXaHUKH TOJIETa.



3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 3a/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

[Mpumepsl 3amau k quddepeHIUIPOBAHHOMY 3a4eTy, ceMecTp 7.

[lomyunts 3aBUCUMOCTb I'€OMETPUUECKUX YIJIOB OpPHUEHTALlMM CaMojeTa OT CKOPOCTHBIX IIpU HE
PaBHBIX HYJIIO yIJIaX aTakd

1 CKOJIBXXCHHA.

HOJ'IyLII/ITB 3aBUCUMOCTb CKOPOCTHBIX YIJIOB OPHUCHTAIMU CaMOJICTa OT TCOMCTPUUYCCKUX IIPpU HC
PaBHBIX HYJIIO YITIaX aTaKW U CKOJIbXXCHUA.

3anucarb KMHEMAaTU4EeCKHE COOTHOILEHUS:
x= V cos(0O) cos(Y¥)
y= Vsin(O)
z=-V cos(0O) sin(¥V)
no pexomenmanun MKAO B cucreme WGS — 84.
IIpuMepbl TONOJIHUTENBHBIX BOIIPOCOB, CEMECTp 7.

IIpn CHM)KEHMM BHEIIHETO JAaBIEHHUS Ha 235 MM PT. CT. IO CPAaBHEHHMIO C HOPMaJbHBIM 760 MM pT.
CT. TAacCCaXXUpaM caMmojeTa Heo0-XOIMMO MPHMEHUTh KUCIOopoaHble mpubopel. K 2027 r. B

Hy6ae
mianupyercss noctpouth 400-3TaxkHoe 3maHue BbIcOTOM 2400 M.

[TorpeOyercst nu moAkadka BO3AyXa Ha BEPXHHUX JdTaxax ?.

[Touemy mpum  pa3paboTke  MEXKIYHApOJHOH  cTaHmapTHOH  arMocepbl  HCIOJIB30BaHA
IeONOTEHIMANbHAS BBICOTa BMECTO T'€OMETPHYECKOM ?

OO0mwsicuuth mapagokc 3akoHa X a=c (xa)qS_ref mpu ¢ xa=const .

[Tpumepsr 3amad K 3adery, cemectp 8.

BeiBectn  dopmyny ans  TpaBHTAallMOHHOTO JaBieHHs  P(r)  BHYTpW OIHOPOXHOTO  mIapa,
MMEIOIET0 IUIOTHOCTh p M pamuyc R. OueHKy BBIIONHHTH Ul IIEHTpa Liapa HpH Mapamerpax,
XapaKTePHBIX IS

3emmu p=p cp=5.5 v/ em) ~3 ,R=3671 kM. OtBer 3anmcars B aTMm.

3anucarh ypaBHEHHE IMOBEPXHOCTH, JJIsi TOUYEK KOTOpoi cuia mnputsi-keHuss F1 k macce M1 B k
pa3 Oonbiue cuiabl npuTsbkeHust F2 maccoit M2 @ F 1VF 2 =k=const. [ns cucremsr (3emiis —
Jlyna — npoGHoe

TEJ0) MOCTpOUTh (Hampumep, cpeactBamu Mathcad) ykasannele mno-BepxHoctu mpu  k = 500,
300, 10, 2, 1, 1/2. TloBepXHOCTh paBHBIX MNPHU-TSHKEHWUH K = 1 BBLICTHUTDH W JUIS CPAaBHEHHS T1OKa3aTh
cdepy neicrBus

JIyner. Ilpussare R_12=384400 xkm, M_I'M 2 =81.3.

HenocpencTBeHHBIM BBIYMCIEHUEM COOTBETCTBYIOILIETO MHTErpajla pac-CuuTaTb CHUILy NPUTSKEHUS
F nmByx crepxueit mmuamu L1 w L2 wu nuneitneiMu mwiotHoctsimu M AL 1M 2AL 2 )
)CTepHH pacrojararTcs

BJIOJIb OJJHOM MPSIMOH, pacCTOSHUE MEXIy WX TopuamMu paBHO d.
[MontBepautk, uto npu d— 0 mmeem F— oo . OOBSICHUTH TApaTOKC.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

1. be3paszmepHbie OpMBI OnpeneNsomuX ypaBHeHui, [1-reopema.
2. CoBpeMeHHOE OIlpeesIeHue OCHOBHBIX eIMHUI U3MepeHus cucrembl CH.
3. Mogenuposanue B AT u npu nonere CJIM. Kpurepun nogo6ust Re, M, Fr, Sh u gp.

4. OOecneueHue moaodus mo yuciaM Re m M, HEBO3MOXKXHOCTL MojoOust mo uwmciam Fr u Re, M
OJTHOBPEMEHHO.

5. Cucrembl CUHCIICHHS, HCIIOIH30BABIIUECS MPH Pa0bOTE C BBHIYMCIUTEIBHON TexHUKOH. [Tpumep
npencrasneHus yncna 6356,766 km (paguyc 3emin B 'OCT 4401-81) B yka3aHHBIX CHCTEMaXx.

6. Ilonsarue obwvekra B cucreme GUI MatLab. Urenue cBOMCTB OOBEKTa C 3aJaHHBIM yKa3aTelem
(handle).

7. TlomydeHue MOIHOTO TIEpEYHsT BO3MOXKHBIX CBOHCTB 00bekTa B cucteme GUI MathLab.
8. Ilpumep odopmitenus: mporpaMMHOTO MOayJIs To cBoiicTBy Callback.



9. Tlapamerpsl MexayHapoaHoi CrangapTHoit ATMocdepbl. OTICHUTh MacCcy BO3/yXa, HaXOSIIYIOCS
B Tponocdepe HaJ mIeyaMu YelloBeKa.

10. IIpumep mpencTaBaeHus ¢ MOMOLIBIO KyOM4eCKOro CIlaiiHa a3poJMHaMUYECKON XapaKTepUCTUKH,
3aJ]aHHOH B TaOMU4HOHN (hopme.

11. ”Teopema [Mudaropa” mist cruraiiHoB. DKCTpeMaabHOE CBOKUCTBO.

12. Mexannueckast ”HTepIpeTalys KyOHuecKoro HHTEPIOSIIMOHHOTO CIUIaifHA.
13. TIpumeHenue craitHoOB 1l U GepeHITUPOBaHNS TAOTHYHBIX TAHHBIX.

14. AnropuT™ MOCTPOCHUS HHTEPIIOISIIMOHHOTO KyOUYECKOTO CIUTaliHa.

15. AnTopuT™M MOCTPOCHHUS CIIIAXKHBAIOIIETO KYOUYECKOTO CIUTaliHa.

16. Ilpu3Haku ”KecTKOCTH B 3a7jade MOACIMPOBAHUS JBUKECHHS CAMOJIETa.

Crpykrypa Ounera x auddepeHInpOBaHHOMY 3aUeTy,

1. JlemoHCTpauusi B KOMIBIOTEpPHOM Kjacce MojenupoBaHus nosneta JIA mo BeIOpaHHOMY
WHAWBUIYAJIbHOMY 3aJaHUIO.

2. OObsicHeHHe pelieHUs] BHIOPaHHOM 3ajadu K 3a4yeTy.
3. OTBeT Ha JOMOJHHUTENBHBIA BOIPOC.

Kputepun onennBanus

Onenka ommmuno 10 OGamnoB - BBICTABJISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBISIOIIEMY
HWHTEpeC K JTaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka oOmMYHO 9 Oa/uioB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommyHO 8§ OGamwioB - BBICTAaBJIAETCS CTYHCHTY, IIOKa3aBIEMY BCECTOPOHHHUE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
pELIeHN, ¢ HEKOTOPBIMH HEZOUETAMH.

Ouenka xopo1o 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHa, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

OI_IeHKa XOpouIo 6 0aJIoB - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA MMPAKTUKE, HO OOITYCKACcT B OTBETEC
HJIW B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH.

OueHka XOpoIo 5 6ayuIoB - BHICTABIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U IO CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYeHHbIE 3HAHMS Ha IMPAKTHKE, HO JTOMYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.

OueHka ymIOBIETBOPUTENBHO 4 Oamga - BBICTABISETCSA CTYAEHTY, IOKa3aBIIeMy (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO Marepualla, HO IIPU 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OueHka yHIOBIETBOPUTENBHO 3 0Oajula - BBICTAaBISAETCSA CTYAEHTY, IOKa3aBIIeMy (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWM, JOMycKaloulemMy OmHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEeOBAaTENbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYZIOM IIPUMEHSET [10JIyYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.

OueHka HEyIOBJIETBOPUTENHHO 2 Oajula - BHICTABIAETCS CTyACHTY, KOTOPBIA HE 3HAaeT OOJIbIIeH 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYSHHBIE 3HAHHS NIPH PEIICHUN
TUTIOBBIX 3a]a4.



OueHka HEYNOBIETBOPUTENbHO | 0ayl - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a/1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

Bo Bpemss mnpoBenenus anddepeHUIHpPOBaHHOTO 3adeTra OOydYalolIMecsi MOrYT IOJIb30BaThCS
NpOrpaMMOM JUCLHUIUIMHBI, a TakKXe CIPaBOYHOM JMTEPATYPON, BBIYMCIUTEIBHOW TEXHUKOM,
KOHCIIEKTaMH JIEKIIHH.

HuddepeHIMpOBaHHBIA 3a4eT MOXKET MPOBOAUTHCS MO WTOraM TEKyIIEH YCHEeBAEMOCTH U CHAYH
3aJIaHui, WK ITyTeM OpraHu3alMy CIIELHAIBHOTO OIIPOca, IPOBOIUMOIO B YCTHOH (hopme.



