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JIUCT COI'J/TIACOBAHUA

PABOYAS ITPOI'PAMMA COCTABJIEHA B COOTBETCTBMH C TPEBOBAHMAMMA ®EJEPAJIBHOI'O
I'OCYJAPCTBEHHOI'O OBPA30OBATE/IBHOI'O CTAHJIAPTA BBICIHIEI'O OFPA3OBAHUS (PI'OC BO)

24.05.04 HaBuranuoHHo-0a/UTMCTHYeCKoe o0ecrieueHHe PUMeHeHHsI KOCMUYeCKOi TeXHUKH
roz Habopa rpymmsl: 2024

ITporpammy cOCTaBHII:

Kadenpa A5 JUHAMUKA U YTIPABJIEHUE TTOJIETOM JIETATEJIBHBIX
AIIITAPATOB
AnekceeBa Kcenunst CepreeBHa, K.T.H., JOLEHT

ITporpamMma paccMOTpeHa
Ha 3ace/laHiH Kadepbl-pa3paboTurKa
paboueii mporpammel A5 JUHAMUKA U YITPABJIEHUME ITIOJIETOM JIETATEJ/IBHBIX ATITIAPATOB

3aBepytomumii kKadezapoit Tonmerun O.A., [.T.H., Tpod.

ITporpamMma paccMOTpeHa
Ha 3ace/JaHVH BBITyCKaIOIIel Kadezpbl

A5 JMHAMMWKA " YITPAB/IEHUE ITIOJIETOM JIETATEJ/IBHBIX AIIITAPATOB

3aBepytomumii kKadezapoit Tonmerud O.A., [.T.H., Tpod.



PABOYASA ITPOI'PAMMA TN CIIUII/INHBI
MHEPIIMAJIBHBIE HABUTAIIMOHHBIE CUCTEMBI JIETATEJ/IBHBIX AIIIIAPATOB

Pa3pensl paboyeli mporpaMMsI

1. OEJIX OCBOEHMA AJVCIUITIMHBI

2. MECTO JUCHUIUIVMHEI B CTPYKTYPE OOII BO

3. CTPYKTYPA 1 COOEP)KAHUE JVCHUIT/IMHBI

4. ®OPMBI KOHTPOJIA OCBOEHMSA JNCHUITIMHEI

5. YYEBHO-METOIMYECKOE 11 TH®OPMALIMOHHOE OBECITIEYEHWE JVCHUITJIMHBI
6. MATEPMAJIBHO-TEXHNMYECKOE OBECIIEYEHME JVCLUIIJINHBI

IIpusioxxeHusi K padoueii mporpaMme JUCIMILIHHBI
¢ TIpunoxenue 1. AHHOTaIMs paboueli POrpaMMbI

¢ TIpunoxenue 2. TexHOMOrUM ¥ HOPMBI 0OyUEHUST
o [Ipunokenue 3. @OH/BI OLIEHOYHBIX CPEICTB



1. HE/IX OCBOEHUA TNUCIIUITI/INHBI

Henb}o OCBO€HUA NUCLIUIT/IMHBI ABJIAETCA (I)OPMI/IPOBHHI/IQ aregyronmx KOMHETBHHHﬁI

ITCK-5 — crocobHOCTh pa3pabaThiBaTh CTPYKTYPHI CUCTeM yripabieHus BITJTA
TICK-6 — criocobHOCTh pa3pabaThiBaTh U UCC/IE0BATh A/ITOPUTMbI (PYHKIIMOHUPOBAHUS CUCTEMBI yripaBsenust BITJTA

@DOpPMHMPOBaHUIO KOMITETEHLUH CJTY>KUT JOCTKEHHUe CIIe/YIOLIMX pe3y/ibTaToB 00pa3oBaHus:
IICK-5

3HAHUA:

* 3HaTh Ha3HaueHUe U 3a/ja4il MHepLIMa/IbHbIX HABUTAlMOHHBIX CUCTeM JIeTa/IbHbIX allapaToB;

* 3HaTh 00/IACTH TPUMeHeHHMs; 3aJauM, COCTaB M OCOOEHHOCTH MOCTPOeHMs M (YHKLIMOHHUPOBAHUSI MHEpLaNbHBIX
HaBUTAI[MOHHBIX CHCTEM JleTaTe/IbHbIX alapaToB Pa3/NUHbIX TUIIOB;

* 3HaThb INPUHLUINBLI (OPMHUPOBAHUS alrOPUTMOB KHepLHaIbHBIX HABUTALIMOHHBIX CHCTEM JleTaTe/bHbIX arlapaToB
Pas/IMUHbIX TUIIOB;;

YMeHuUs:

* yMeTb KJIacCU(HULMPOBaTh MHePLUaIbHble HABUTallMOHHbIE CHCTEMBI JIeTa/IbHbIX araparos;;

HABbIKU:

KaueCTBEHHO OLIeHMBaTb OWIMOKM paboThl WHEpLMaAbHOM HABUTALMOHHOW CHCTeMbl, KOMILJIEKCMPOBAaHHOM
HHepLMa/IbHOK HaBUTALMOHHOW CHCTeMbl UCXO/s U3 33/laHHOU CTPYKTYPBI;.
IICK-6

3HAHUA:

* 3HaTb 00/1aCTHU TPUMEHEeHUs]; 3a/jauM THIOBBIX aITOPUTMOB HMHEPLMAJbHBIX HABUTALMOHHBIX CHCTEM JIeTaTeSbHbIX
anraparos;

* 3HaTh NPHUHLUIB! (POPMUPOBAHKS aITOPUTMOB MHEPIMaNIbHbIX HABUTAI[UOHHBIX CHCTEM JleTaTe/IbHbIX amapaTos;

* 3HaTh TpebOBaHMS, TIPe/bsIB/IsiEMble K MHEpLMaIbHbIM HABUTALJMOHHBIM CHCTeMaM JIeTa/IbHbIX araparoB;;

YMeHuUs:

* COCTaB/IATh MaTeMaTH4ecKe MOJeMy aATOPUTMOB UHepLIMaIbHbIX HABUTAlMOHHBIX CUCTEM JIeTa/IbHbIX allapaTos;

* yMeTb BbIOMpaTh M KOHKPETH3MPOBaTh COOTBETCTBYIOIIMH 3ajiaue MCC/Ie0BaHUsl aarOpUTM paboThl MHEpLMaIbHOU
HaBUTAI[MOHHOM CUCTeMBI JleTaTe/IbHbIX allapaTos;;

HABbIKU:

* OCHOBHBIMU METOZaMM TIOCTPOEHUsI MaTeMaTHueCKUX MoJeseil anropuTMOB MHepLUA/IbHBIX HaBUTAL[OHHBIX CHCTEM
JleTa/IbHBIX arnaparos;.



2. MECTO M CIIMIVIMHBI B CTPYKTYPE OOII BO

Huctynmiaa UTHEPITUAJIBHBIE HABUTAIITMOHHBIE CUCTEMBI JIETATEJ/IBHBIX ATITTAPATOB
SIBISIETCS VCLUM/TMHON YacTH, GopMHpyeMol yYacTHHKAMH 00pa30BaTe/IbHbIX OTHOIIEHHI 0/10Ka 1, TporpaMmbl
TIOZITOTOBKH M0 HaripaBieHuto 24.05.04 HagueayuoHHo-b6asaucmuyueckoe obecneueHue npumeHeHust KOCMU4ecKoll mexHuKu.

CopepykaHue AUCLIUIUIVMHEI SB/sieTcs1 aorudeckuM npogospkeHneM guciurnd: CTATUCTUYECKAS JUHAMMUPKA
HECTAIIMOHAPHBIX CHCTEM, TAY HEJIMHEMHBIX CHCTEM JIETATE/JIBHBIX M KOCMMWYECKHNX
ATITIAPATOB, MATEMATNYECKOE MOJIEJIMPOBAHUE B ITUHAMUKE IIOJ/IETA, OLIEHKA COCTOSsIHUS 11
ITAPAMETPOB JIETATEJ/IBHBIX AIIITIAPATOB, BBICIIIASI MATEMATUKA, ®U3UKA, PAAbI ®YPBE,
OIIEPAIIMOHHOE HCYMC/IEHUE W TEOPHUS ®YHKIMI KOMIUIEKCHOM TIEPEMEHHOW,
CTOXACTUYECKUE MOJE/IN BA/UVIMCTUKUN BIVIA, TEOPETHUUYECKASI MEXAHWKA, ITIAKETHI
IMPUKJ/TIAJHBIX ITPOTI'PAMM, ITMHAMUKA JABWXEHUS JIETATE/IBHBIX AIIIIAPATOB, TAY ITUCKPETHBIX
CUCTEM JIETATEJIBHBIX 1 KOCMUNYECKUX AIITIAPATOB.

Copep)kaHve AMCLWIUIMHBL SIBSIeTCS OCHOBOM st ocBoeHus aucuuruivH: IIPENUIINIOMHAS ITPAKTUKA,
HAYYHO-UCCJIEJOBATEJ/IbCKASI PABOTA  (IIOJIYUEHUE IIEPBUYHBIX HABBIKOB HAYYHO-
HNCCJ/IEJOBATE/IBCKOU PABOTHI).

Hpe,E[BapI/ITEJ'ILHBIe KOMIIeTeHLIUH, Cq)OpMHpOBaHHbIe y O6yqa}OH.I€FOCH A0 HayaJ/ila U3yuyeHusd AUCLUIIIMHBIL

e OIIK-1 — CriocobeH NpUMeHSTh eCTeCTBeHHOHAYYHEIE 1 00IerH)KeHepHbIe 3HaHVsI, MEeTOZbI MaTeMaTHyeCKOro aHaIn3a
Y MOJIe/IMPOBaHUsl, HaBbIKY TEOPETUYECKOI'0 1 9KCIIepUMEeHTaIbHOT0 UCC/Ie/|0BaHUs /11l pellleHus] Pa3/IMuHbIX 3a/au
rpodeCCHOHAIBHOM [1eaTe/IbHOCTH

¢ OIIK-2 — CriocobeH MOHUMATh PHHLMITE PaO0THI COBpEMEHHBIX HH(POPMALIMOHHBIX TEXHOJIOTHUH 1 UCIO/Ib30BaTh UX
[J151 pellieHus1 3a7iau NpodeCCrOHaNBHOM [1eSITeNIbHOCTH

¢ OIIK-6 — CriocobeH pa3pabarbiBaTh (pr3HUecKre U MaTeMaTHueCKre MO/ie/T 0OBeKTOB KOCMHYeCKUX U PaKeTHO-
TPaHCIIOPTHBIX CHUCTEM, U MPOLIeCCOB UX YIIPaB/IeHUs

¢ [ICK-1 — CriocobeH IpOBOJUTE Hay4YHBIE NCC/IeA0BaHUs U pa3paboTKy MPOEKTHBIX PelleHHH B 00/1acTy OanIiCTHRY,
JUHaMUKU U yTIpaB/ieHus 11ojeTaMU

¢ TICK-2 — CnocobeH pa3pabarsiBaTh METOJVKY HCCIIE0BAHNS OaTUCTHUECKUX ¥ AMHAMIYeCKHUX XapaKTepPUCTHK ITpU
MOZle/IMPOBaHUM TPaeKTOPUii N0/IeTOB

¢ TICK-3 — CriocobeH TpOBOJUTE aHA/IN3 JIETHO-TEXHUYECKUX XapaKTEPUCTHK JTA

¢ TICK-5 — CriocobeH pa3pabarbiBaTh CTPYKTYPhl CUCTeM yTipaBnieHust BITJTA

¢ TICK-6 — CriocobeH pa3pabaTbiBaTh ¥ UCC/I€[I0BaTh aJITOPUTMBI (DYHKIIMOHUPOBAHUS CUCTEMBI yripaBieHust BITJIA



3. CTPYKTYPA 1 COAEPXAHUE JUCIIUIT/INHBI

OO0111as1 TPY/I0EMKOCTD AUCIMITIUHBI COCTABSET 4 3.e., 144 .

3.1. Coaeprxanue (AMAKTHKA) JUCIUILTHHBI

AyauTOpHBIE 3aHATHS
B KOHTaKTHO# opme
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Pazpgen 1. Pazgen 1. NIbHBbIE HABUT cucremsl (MHC). Beeaenne. 1.1
5 9 OcHoBHele noHsTHs. 1.2 HasHauenue 1 3ajaun MHC netarenbHbix anmaparos (JIA). 1.3 38 8 4 4 30 20 20
Knaccudukanpst UHC. Ipunumrnst nocrpoenus 6ecruiardopmenssix UHC (BUHC). 1.4
I/IHEpuHaHBHbIE UYBCTBUTE/IbHbIE 3/IEMEHTBI.
Paspen 2. Pa3gen 2. Anropurmbl MHC. 2.1 OcHOBHBIe ypaBHeHHs HHePLIHalbHOTO MeTOAa.
2.2 BUHC c yrnamu Diinepa- Kpeutosa. 2.3 BUHC ¢ Hanpap/sioIUMy KOCUHYCaMHU.
5 9 ‘YpaBHenus ITyaccona. 2.4 BUHC c ucrnone3oBaHieM 0CH KOHEYHOTO T10BOpOTa. 2.5 80 37 24 13 43 70 70
Ksarepuuons!. 2.5 BUHC c napamerpamut Poapura-I'amuibroHa. 2.6 O6001ieH1e anroputMoB
BUHC, 3akmouenne. HauanbHas BeicTaka BTHC.
Pa3spen 3. Pa3gen 3. Mopens ommbok BMHC. 3.1 DnemenTapHsiii aHanu3 omnbok BUHC. 3.2
5 9 BekropHasi Mogierb ook BUHC. 3.3 CkassipHast Mogienb oumbok BUHC. 26 6 6 0 20 10 10
Bcero 3a 9 cemecTp 144 51 34 17 93 100 100
Bcero no gucyuminHe 144 51 34 17 93 100 100
3.2. AyAMTOpHBIH NPAKTHKYM
No Oo0neMm,
Homep u HauMeHOBaHuUe pa3jesia JUCHUINIHHBI Tema npakTHuecKoro 3aHATHA
n/n ayj. 4acos
1 Paspen 1. Pa3zgen 1. VHepijuanbHble MojeTMpoBaHKe CUTHAIOB Mpeobpa3oBaTesiell yII0BoOi 4
HaBurauuoHHsle cuctemsl (MHC). Beeznenue. CKOPOCTH U JIMHEeHHOTO YCKOPeHHsl.
2 |Paspen 2. Pa3pen 2. Anroputmbl MTHC. Peanmu3auus anropurma BMHC 13
Bcero 3a 9 cemecTp 17
3.3. CamocTosTenbHas padora crygenra (CPC)
Ne Homep 1 HauMeHOBaHUe Oo0neMm,
CopaepxaHue yueGHOT0 3aaHHA
n/n pasfeia JMCLUIIIMHBI 4acoB
Paspen 1. Pasgen 1. -
VHepuyabHbIe N3yyenne npefycMOTpeHHBIX IPOrPaMMOU JUAKTUUECKUX eJMHUL] T10
1 JIEKLIUSIM U PeKOMeHyeMoii iuteparype. [1oaroToBKa K rnpakThyecKoi 30
HaBUTAL[UOHHbIE CUCTEMBI -
pabote Ne 1. BeImo/iHeHHe MTPAaKTHUeCKOW paboThl Nel
(MHC). Begenue.
N3yueHue npeyCMOTPEHHBIX MPOrPaMMOM AUaKTHUe CKUX e[MHUL] TI0
Paspen 2. Pasgen 2. o o
2 JIEKLIUSM U peKoMeHAyeMoU uTeparype. [IoAroToBka K mpakThuecKoin 43
Anropurme! MHC. o
pabote Ne 2. BrITo/iHEeHHe TTPAKTHUeCKOW paboThI Ne2
3 Pa3pen 3. Pasgen 3. Mogens W3yuenue npeyCMOTPEeHHBIX IPOrpaMMOi NaKTUUe CKUX eZMHHUL] T10 20
omrbok BUHC. JIEKLIUSIM U PeKOMeH/lyeMOH JIuTeparype.
Bcero 3a 9 cemecTp 93
4. ®OPMbBI KOHTPOJISI OCBOEHUSA JVCIIUITVINHBI
CEMECTP HEJE/IN CEMECTPA
1/2(3/4(5| 6 7 8/9| 10 11 1213 |14 15 16 | 17
9 AP | BII3 AP | UII3 BII3, KIloc, Bonp. O3 AP
YcioBHBIE 0003HAYEHMS:
¢ JIP — nuiarHoCTHUYecKas paboTa;
o BII3 - Bonpockl/3aganus no temam I13;
o UII3 — uHAMBHUAYaNIbHOE TIPAKTUUECKOE 3a/laHUE;
¢ KIloc — KOHTpO/b MOCEeN|aeMOCTY;
e Bomp. JK3 — BOIPOCHI K 3K3aMeHY.
TeKyuuii KOHTPOJ/Ib YCIIeBaeMOCTH CTYZEHTOB IPOBOJUTCS B AUCKPETHLIE BpEMeHHbIe HHTepBaJIbl B CIeAYIOIINX
tdhopmax:
e JMarHOCTUYeCKasi pabora;
e BOMNpOCHI/3aaHus o TeMam [13;
e UHAUBYYya/IbHOE [IpaKTUYeCcKoe 3a/aHue;
e KOHTPOJIb [10CeIaeMOCTH;
e BOIIPOCHI K 3K3aMeHY.
IIpoMesKyTouHasi arTecTanus MPOBOAUTCS B popmax:
6 25213




¢ 35K3dMeH.
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5. YYEBHO-METO/IMYECKOE Y TH®OPMAIIMOHHOE OBECIIEUEHUE
JUCIATLINHBI

5.1. OcHOBHas UTepaTypa Mo AUCLUTIIMHE:

1. . ViccneoBanre AYHAMUKY WHEPLIHAAIBHBIX HABUTALIMOHHBIX CHCTEM YIIpaB/ieHus] OeCIIMIOTHBIX JIeTaTe/IbHBIX allllapaToB.
CII6.: 3a-Bo BI'TY "BOEHMEX" um. [I. ®. YctuHoBa, 2023, 371. pec.

2. B. B. MatBees, B. 1. Pacriomnos. . OCHOBBI MOCTPOeHHMs 6eCriaThOpMeHHbBIX MHEPI[UAIbHBIX HAaBUTAIIMOHHBIX CUCTEM.
CII6.: 3n-Bo ITHUU "Dnektpornpubop”, 2009, 351. pec.

3. O. A. TonmerwuH, Y. JI. TleTpoBa. . [IiHaMKKa HHEPI[HATBHBIX CUCTEM YTIpaB/IeHHs JieTaTeNbHbIX anmapatoB. CI16.BI'TY
"BOEHMEX" um. [I. ®. YctuHoBa, 2009, 57 5K3.

5.2. JononHUTe IbHAs IUTepaTypa Mo JUCLUTIINHE:
He TpebyeTcs.
5.3. Ilepuogyueckyrie U3gaHus:
1. JTaTYMKU ¥ CUCTEMBI.

5.4. TlepeueHb peCcypcoB UHGOPMAITMOHHO-TeJIEKOMMYHUKAIIMOHHOM ceTH "VIHTepHeT", He0OXOUMBIX [I/isi 0CBOEHHS
JWICIIATUTMHEL, 3/IeKTPOHHBIe OUO/INOTeUHbIe CHCTeMBI:

1. http://strapdownassociates.com/ — Strapdown Associates Inc., Paul G Savage, Books, Strapdown Analytics, strapdown,
inertial, navigation, consulting, Paul Savage, Geordie, Quaternion, Geordie's Quaternion, Blazing, Blazing Gyros, Skewed
Redundancy, Skewed, Stellar, Relativity, Point-To-Point, Schuler, Optical Gyro, Ring Laser, Laser, Ring Laser Gyro,
RLG, Fiber Optic, Fiber Optic Gyro, FOG;

2. https://www.mdpi.com/journal/sensors — Sensors | An Open Access Journal from MDPI;

3. http://www.elektropribor.spb.ru/nauchnaya-deyatelnost/zhurnal/elektronnaya-versiya/ — PHPIC,PsCTyPéP-P°CTP&CIL]I.

CoBpeMeHHbIe TpodeccroHabHbIe Oa3bl JaHHBIX:
1. https://rusneb.ru — HarjioHasibHast 31eKTpoHHas 6ubmoteka (HIB);
2. https://cyberleninka.ru/ - HayuHasi 31ekTpoHHasi 6uboTeka « KnubepieHHHKa»;
http://www.rfbr.ru/rffi/ru/library - TTonmHOTeKcTOBas 37eKTpoHHas 6ubMoTeka Poccutickoro GoHa GyHaaMeHTa bHBIX
WCCJIeIOBaHUH.
VndopmarioHHble CripaBouHble CUCTEMBI:
1. TexskcriepT — VIHbOpMalLMOHHBIH [TOpTaj TeEXHUYEeCKOro perynuposanust: Hopmbl, paBuia, cTaHiapTel PO;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - B/ TOCToB co6CcTBeHHOMH
reHepauyy BI'TY "BOEHMEX" um. [1. ®@. YcTHHOBa;
3. http://www.consultant.ru/- KoncynsranTtIntoc- nH$OpMaliMoOHHbIH MOpTas PaBoBOM MH(OPMAaIUN.
5.5. TIporpaMmMHOe obecrieueHue:
1. Matlab 2015a SP1.

5.6. lHpopMaLoHHbIe TEXHOIOTHU:

B3auMo/elicTBre ¢ obydarormumucs nocpescteoM O1OC Moodle BI'TY «BOEHMEX» um. [.®. YcTrHOBa.
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6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUWE JUCHOUII/ITMHBI

6.1. JIeKIIlUOHHBbIE 3aHATHUA:

CreLiaM31poBaHHbIe TpeOOBaHMs 110 0OOPYZ0BaHNIO OTCYTCTBYIOT; ayAUTOPHS C IOCaZA0YHBIMU MeCTaMH I10
KO/IMYeCTBY CTYZ|eHTOB; OCKa.

6.2. IIpakTHYecKHe 3aHATUA:

1. Ilpoekrop;
2. AyauTopws C YMCJIOM TI0CaJJOUHBIX MECT He MeHbIIle KOTMUeCTBa 00yYaroIiXcs;
3. Matlab 2015a SP1.

6.3. Ilpouee:

1. pabouee MecTo TIperofiaBaTesisi, OCHalljeHHOe KOMITbIOTEPOM C AOCTYIIOM B VIHTepHeT;
2. paboume MecTa CTYZ|eHTOB, OCHall|eHHbIe KOMIBIOTEepaMH C JOCTYTNOM B VIHTepHeT, npe/jHa3HaueHHbIe 171 paboThI B
3/IeKTPOHHON 00Opa3oBaTesibHOM cpefie.



TIpunoxenue 1
K paboueii nporpaMme JUCHMIUIMHbI
MHEPIIVAJIBHBIE HABUTALTMOHHBIE CUCTEMBI JIETATE/IbHBIX AIIIIAPATOB

AnHoTanus paéoueli MPorpamMmsl

Ouctynmmaa  THEPITUAJIBHBIE HABUTAITMOHHBIE CUCTEMBI JIETATEJIBHBIX AIITIAPATOB
SIBJISIETCS  TUCLIUTUTMHOM 4acTH, (opMHpyeMo#l ydaCcTHHKAMH 00pa3oBaTe/bHBIX OTHOIIeHWH 0/0Ka 1, TporpamMmbl
TIOAITOTOBKU TI0 HarmpaeieHuto 24.05.04 HagueayuoHHo-6asiucmuyueckoe obecneueHue npUMeHeHUs KOCMUUECKOU MeXHUKU.
HOucuurHa peanusyercs Ha ¢akynsTere A PaketHo-kocmuueckodt TexHukd BI'TY "BOEHMEX" um. [J.®. YcruHOBa
kadeapoit A5 IMMHAMUKA U1 YITIPABJIEHUE TTOJIETOM JIETATEJIBHBIX ATITTAPATOB.

JucnymuiHa HaresieHa Ha () OpMHPOBaHVe KoMnemeHyuli:
TICK-5 criocobHOCTh pa3pabaThiBaTh CTPYKTYPhI CUCTEM yTipaByieHus BITJIA;
TICK-6 criocobHOCTh pa3pabaThIBaTh U UCC/IEI0BATh a/ITOPUTMbI (YHKIIMOHUPOBAHUS CUCTEMBI yripaBiaeHus BITTA.

Co,aepmaHHe AUCLUWIIMHBI OXBATbIBAET KPYI' BOINPOCOB, CBfA3dHHBIX C TIpUHIUWIIAMW IIOCTPO€HUA W METOAAaMH aHa/Iv3d
HVHepLHWa/JIbHBIX HABUI'dalJUOHHBIX CUCTEM JIETATE/IbHbIX allllapaTOB. 3a,qar-1a AUCLHUIUIMHBI — HAYUWUTb METOAdM COCTaBJ/IEHUsA
MareMaThudyeCKux MO,E[EHeﬁ aJITOPUTMOB pa60TbI HNHC c yueToMm AWHaMUUeCKHUX CBOMCTB UYBCTBUTE/IbHBIX 3/IEMEHTOB U
ocobeHHOCTeH JABVDKEHWA JIA, BBI6I/IpaTb napameTpbl HHEPLHUA/IbHbIX HABHUI'dLIMOHHBIX CHUCTEM, OGECHE‘-II/IBaI-OH.[I/Ie TPE6YEMOQ
KaueCTBO U TOUHOCTb paﬁOTBI 3TUX CUCTEM.

ITporpaMMmoii AUCLIUITIMHEI TIPeJyCMOTPEeHbI C/Ie[yIOLvie BUABI KOHTPOJIS:

TekyLui KOHTPOJ/Ib YCIIEBaeMOCTH CTYAEeHTOB IIPOBOAUTCS B IUCKPETHbIE BpeMeHHble HHTepBaJbl B C/Ie/lyIOLINX
tdhopmax:
e JWarHoOCTHuecKas pabora;
BOIPOCHI/3a/iaHus 1o TeMaM [13;
WH/IMBU/lyalbHOe NPaKTHUeCKoe 3a/jaHue;
KOHTPOJIb [10CEIlaeMOCTH;
BOIIPOCHI K 5K3aMeHY.

IIpoMeXXyTouHas arTecTanusi IPOBOJUTCS B (hopMax:
e SK3aMeH.

OOmjasi TPY0EMKOCTh OCBOEHUS [HCIWIUIMHBI cocTaBnisieT 4 3.e., 144 u. IIporpaMMoii AUCLMIUIMHBI TIPeAYCMOTPEHBI
JIEKIIMOHHBIE 3aHATHA (34 4.), MpakThueckue 3aHsTUs (17 4.), camocTosTe/ibHast pabota cTygenTa (93 u).
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TIpunoxenue 2

K paGoueii mporpamMme AUCHUIIHHBI
UHEPIUAJIBHBIE HABUTAIIMOHHBIE CUCTEMBI JIETATE/IbHBIX AIIIIAPATOB

TEXHOJIOTU 1 ®OPMbI OBYUEHHUSA

PekoMeH/jaLi¥ 10 0CBOEHHIO JUCIUTLIHHBI J/IA CTyAeHTa

Tpyn0eMKOCTb OCBOEHUS AUCLUIUIMHBI COCTaB/sieT 144 u., u3 HUX 51 4. ayAUTOPHBIX 3aHATUM, U 93 Y., OTBeJ]eHHbIX Ha

CaMOCTOSITe/TEHYI0 PaboTy CTyAeHTa.

PBKOMEH,qaL[I/II/I 10 pacripefe/IeHUu0 y‘-IEGHOFO Bpe€MEHU I10 BUAAM CaMOCTOATeTbHOU pa60T1>1 " pa3jesiaM JUCLUATUIMHBL

TIpUBe/IeHbI B TabuIle.

KOHTPO]'IL OCBO€HHA AUCLUIUIMHBI TMPOU3BOAUTCA B COOTBETCTBUM C ITonoxxenvem o TEKYLIEM, py6E)KHOM KOHTpOJIe
ycrieBaeMOCTH U HpOME)KyTO‘—IHOﬁ arTecTalyun 06yqa}ou_u/1xca.

@DopMBI KOHTPOJISI ¥ KPUTEPHH OL|eHUBaHMsI IIPYBe/ieHb! B IPIJIOKeHHU 3 K Paboueii mporpamme.

HaunmenoBaHue paboThi

Pexkomenpiyemas 1uTeparypa

TpyaoeMKOCTB,
Jac.

Pa3zpen 1. Pa3gen 1. ViHepiuanbHbIe HaBUTanuoHHbIe cucrembl (MHC). Begenue.

Vi3yyeHue npe/lyCMOTPeHHBIX I1POrpaMMOit
JUAaKTUYeCKUX eJMHUL] 110 JIEKLISIM U peKOMeH/lyeMoH
yrepatype. IToAroToBKa K MpaKkTHUeCKoi paboTe Ne 1.
BbImosiHeHWe TIpakTUYeCcKo paboThl Nel

B. B. Marsees, B. f. Pacnionos. . OCHOBBI
nocTpoeHyst 6ecriaThopMeHHBIX HHePLanbHBIX
HaBWTalMOHHBIX cucteM: CII6.: V3a-Bo LTHUN
"3nektporpubop”, 2009 (1)

. ViccnenoBanye JUHaMUKU MHePLMa/IbHbIX
HaBUTAI[MOHHBIX CUCTEM YIIPaBIeHus OeCIIIOTHBIX
JieTaTe/bHBIX ammapatoB: CI16.: 3g-Bo BITY
"BOEHMEX" um. []. ®@. YctuHoga, 2023 (1)

30

Wroro o pasgeny 1

30

Paspen 2. Pa3gen 2. Anroputmsl MHC.

HW3yueHue npeyCMOTPEHHBIX IIPOrpaMMOi
[OUIAKTUUeCKUX eUHHUL] 10 JIeKLIUSIM U PeKOMeHyeMoit
nmteparype. [TogroToBka K npaktryeckoi pabore Ne 2.
BbirnosiHeHye npakTuueckou paboTsr Ne2

. UccrenoBanue fUHaMUKU HHePLHAIbHBIX
HaBUTAI[MOHHBIX CHCTEM YIIpaB/IeHUs OeCIUI0THBIX
JleTaTesbHBIX armnaparos: CI16.: 3a-Bo BI'TY
"BOEHMEX" um. []. ®@. YctuHoBa, 2023 (2)
O. A. Tonnerus, W. JI. ITetposa. . [Junamuka
VHepLHa/IbHBIX CUCTEM YIIpaB/IeHUs JleTaTe/IbHbIX
anmapatros: CI16.5I'TY "BOEHMEX" um. []. ®.
Yctunoga, 2009 (1)

B. B. Marsees, B. {1. PacrionoB. . OCHOBBI
roctpoenusi becriaTopMeHHBIX WHepIUaIbHBIX
HaBWTalMoHHbIX cuctem: CII6.: U3n-so LIHUU
"Anekrponpubop", 2009 (3)

43

Wroro no pa3geny 2

43

Paspen 3. Pasaen 3. Mogens omuook BUHC.

W3yueHue npeyCMOTPEHHBIX IPOrpaMMOi
[UaKTHUYeCKUX eJUHUL] T10 JIeKLIUsAM M peKOMeHlyeMou
/Teparype.

B. B. Marsees, B. f. Pacnionos. . OCHOBBI
MOCTpOeHus1 HecraThopMeHHBIX HHEePITUATbHBIX
HaBWUTalMOHHBIX cucteM: CII6.: N3a-so ITHUN
"Dnektporpubop”, 2009 (4)

20

Wtoro no pasgeny 3

20

11
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TIpunoxenue 3
K paboueii nporpaMme JUCIMIUIMHbI
HVHEPIIVAJIBHBIE HABUTALIMOHHBIE CUCTEMBI JIETATE/IbHBIX AIIIIAPATOB

®OH/] OHEHOYHBIX CPE/ICTB

cI)OH,IIL OLIEHOYHBIX CPeACTB, IMTO3BOJIAIOIHE OL[EHUTh Pe3y/IbTaThl O6yq6HI/IH I10 ,E[aHHOI\/’I AUCLHUITIMHE, BK/TIOUAOT B cebs:

JMarHOCTHYeCKast paboTa
BOIPOCHI/3a/iaHus 1o TeMam [13;
KOHTPOJIb [10CEI1aeMOCTH;

BOIPOCHI K 3K3aMeHY;

HH/IMBU/lyabHOE NPaKTHUeCKoe 3a/jaHue;
9K3aMeH.

Kputepuu oneHUBaHHUA

JuarHocruyeckas pabora
Juarnoctrueckas pabota mpoBogutcs B popme tecta B DMIOC Moodle:

® TIpU IIPpABW/IBHOM OTBETE MEHee UeM Ha 60% BOIIPOCOB - HE aTTeCTalys;
¢ TIpU INIPABW/IBHOM OTBETE Ha 60% BOIIPOCOB 1 6ornee - arTecTanud.

Bomnpocrkl/3asanus no temam 113

Borpocei/3a/iaHuis 110 TeMaM MPaKTHUeCKHX 33/laHri MO3UIMOHUPYIOTCS KaK 3allfiTa MPakKTHIeCKol paboThl,
HeoOXo/1M pa3BepHYTHIM OTBET HA MMHFIMYM TPH BOITPOCA 10 TeMe MPaKTHUeCKUX 3aHATHH. 3alliTa IpoA0JDKaeTCs 0 TexX
T10p, NIOKa pa3BepHYThIM OTBET He IMO/yueH, [IPY BOSHUKHOBEHUY 3aTpyJHEHU! MperojaBaTe/b 3a/iaeT HaBo/s1lre BOIIPOCH,
peKkoMeH/yeT JIUTepaTypy C yKasaHueM rnaparpada uiu cTpaHuLbl. BosaMoykHa 3ameHa Boripoca. OTBeThl IPUHUMAIOTCS JIMYHO
WK yaeHHO B JOCTYITHBIX YaTax B yiroboe yobHoe AJIs CTy/ieHTa U ITperiofiaBaresisi BpeMsl. 3aljuTa BCeX PaKTHUeCcKUX paboT
HeoOXo¥Ma 1Sl IOy CKa K 3K3aMeHy. [IpuMepB! BOIPOCOB BXOZAAT B cocTaB Y MK UCIUITIHHEL

KoHTpos1b mocermaeMocTu

KoHTpoJs1b TIOCelraeMoCTH MPOBOANTCS Ha Ka)KIOM 3aHATHH. EC/TH 3aHsATHe MPOMYIIeHo, TO CTYAEeHTY HeoOX0AUMO C/IaTh
TeMy TperofiaBaTeIio ¥ PO/ieMOHCTPHUPOBATh 3HaHKe MaTeprara. TemMa cZjaeTcsl yCTHO MO0 JIMYHO, TMOO0 TP MTOMOLIH
ayMoCo00IIeHNH B IOCTYIHBIX YaTax.

Bomnpockl K 5K3amMeHy
Bormpocs! K 5k3amMeHy BX0ZAT B cocTaB Y MK AMCIMIIMHEL

NHauBUaya/IbHOE MPAKTHYECKOe 3a/JaHHe
WTI3 BbIIaeTCA B KaUeCTBe MHUBU/YATbHBIX UCXOAHBIX JAHHBIX ZIJIS BBIMOJTHEHUS MTPAKTHUeCKOUW paboThl, BADHAHT.
KoMI1eKTel HUHIVUBUYa/IbHBIX 33/IaHUI BXOAAT B cocTaB Y MK JAMCIUI/IMHBL.

JK3aMeH

JK3aMeH MPOBOAUTCS B JOpMe YCTHBIX OTBETOB Ha OZIMH U3 BOIIPOCOB K 9K3aMeHY U TPH [IOTIOJIHUTEIbHBIX BOTIPOCA
TIpero/iaBare’isi.
Kputepuu orieHKuU:
- OIleHKa «OT/IMYHO» BBICTABJIAETCS 00yUaroIemMycs, eCJTd OH TIOTHOCTBIO OTBETH/T Ha BOTIPOC 3K3aMeHAl[MOHHOTO OuieTa U
TIPaBU/ILHO OTBETHJI Ha 3 BOMPOCaA I10 COo/iePXKaHUI0 Kypca.
- OIleHKa «XOPOIIIO» BBICTAB/SAETCS 00yUaroIeMyCsl, €C/TM OH He MOJHOCTBI0 OTBETH/T Ha BOTIPOC SK3aMeHAIlMOHHOTO Ouieta u
TPaBU/ILHO OTBETHJI Ha 3 BOMPOCa I10 COo/iePXKaHUI0 Kypca .
- OIleHKa «HEY/I0B/IETBOPUTE/TEHO» BBICTAB/ISIETCS 00yYarOIeMyCs, eCJTH OH He MOJTHOCTBIO OTBETH/T Ha BOTPOC
9K3aMeHaIMOHHOT0 OWsieTa M HeMpaBU/IbHO OTBETHIT Ha 2 BOIMPOCA TI0 COZIeP>KaHUIo Kypca.
- BO BCEX JIPYTUX C/Iy4asx 00ydaromemMycsi BLICTAB/ISIETCS OI[EHKA «Y/I0B/IETBOPUTETLHON.
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IMTacniopT dhoH/a OL[eHOUHBIX CPEZCTB

KYPC

CEMECTP

HaumMeHoBaHMe pa3fie/ioB U
MUAAKTHYECKHX eJHHHI]

BCETO

AypuTOpHBIE
3aHATHUSA B

KOHTAKTHOMH (opme

BCETO
Jlekniuu
IIpakTHueckue
3aHATUSA

CamocTrosTe/IbHasA
paboTa CTyjeHToB

dopmupyemas

KoMmneTeHUus, %

IICK-5

IICK-6

HAMMEHOBAHUE
OIIEHOYHOI'O CPE/ICTBA

Paspen 1. Pa3pen 1. UHepymanbHbie
HaBuranuoHssle cucremsl (MHC).
Beegenue.

38

30

Bormpocsl k
5K3aMeHY,
Bormpocsl/

3a/laHus 10
Temam 113,
KonTtposns

oceLaeMoCTH

Paspen 2. Pasaen 2. Anroputmsl MHC.

80

37 24 13

43

70

70

Bormpocel/
3ajlaHusl Mo
Temam [13,
Bormpocs! k
5K3aMeHy,
WnpuBujyansHoe
MpakTHyeckKoe
3ajlaHue,
KonTtponb
10CelaeMoCTH

Pazgen 3. Pa3gen 3. Moje/ib o160k
BUHC.

26

20

10

10

Bormpocsl k
5K3aMeHy,
KonTtposns

oCeLaeMOCTH

Bcero 3a 9 cemecTp

144

51 34 17

93

100

100

Bcero no gucuuniuHe

144

51 34 17

93

100

100

13
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Kpurepuu oneHuBanus

IICK-5
BonpOCbl OMmMKpblmo2o muna:

Ne 1 JletaTenbHbIN arnmapar JBHXKeTCSI BePTUKAJIBHO BBEPX C TATOW 8mg, 110 BePTHUKaJIbHOW OCH JIeMCTBYeT CHjla TSHKEeCTH U
YCTaHOBJ/IEHA OCb YYBCTBUTE/IbHOCTHU aKCejiepoMeTpa. Ecmu HPE'HE6P€‘-H) d3pOoJHAaMHUUYE€CKHMH CHUIaMHU, TO KdKO€e
YCKOpEHUE U3MEPUT aKCeepoMeTp?

Ne 2

Kakoe 4HcIeHHOe 3HaYeHIe BEKTOpa IIPOeKINI] MIHeTHOT0 YCKOpeHHd

(Mx My 7)) m3mepur nueansHas BITHC, ycraHOBNeHHAA B JIA, paBHOMEpPHO
JIBIDKYIIEMCA BIOIE MEPHIINAaHa Ha IOCTOSHHOII BEICOTE ¢ JOIMYINEHIIEM O
MasocTH YITIOBOI CKOPOCTH BPaIIeHIId 3eMII I 0 MaToM BIILAHII KPHBH3HE
3emmi? ITpudopHas, cBA3aHHAA 1 reorpadirdeckas CICTeMbl KOOPIITHAT
COBIIA/AI0T. YCKOpPEHIIe CIUTBI TSKECTII IPHHATE 2=9.8 1 m/c.

Ne 3
Kaxoe 4ricTieHHOe 3HaueHlle BEKTOpa IPOeKIIT MIHeiIHOT0 YeKOpeHIA
(M. My 1) m3MepHT HeanbHad HelonBILKHASA ITHC, cTodmas Ha
TIOBEPXHOCTII ¢ JIOMYIIEHIIEM O MATOCTH YITIOBOII CKOPOCTII BPAIIeHIIT 3eMII 11 O
MaJIOM BIIFITHHH KPHBH3HBT 3eMITH?
IIaMepHTeNEHEIE OCH AKCETePOMETPOBR COBIAIAOT € OCAMII
reorpagdgeckoil clcTeMB! KOOPANHAT. Y CKOPeHIe CIIIBI TAAKECTIH IPIHATE

g=0.81 m/c2.
Ne 4
Onpe,uemlm MaTpHIy HAlIPpABIIAIOIIIIX KOCHHYCOB A Kax MaTpHIy IIEpEXoaa 113

cuctemsl koopanuaT (CK) Ne2 B CK Ne3, maTpuiry B Kak MaTpHIIY IIepexo/1a 13
CK Nel B CK Ne3. Torga matpuna C nepexoja 113 CK Nel B CK No2 pasHa

Ne 5
OmnpenennM MaTpUIy HAIPaBIAIONIIX KOCHHYCOB A KaK MaTpHIY IIepexo/a 113
cuctemsl koopanuaT (CK) Ne2 B CK Ne3, maTpuiry B Kak MaTpHIIY IIepexo/1a 13
CK Nel B CK Ne3. Torma matpnna C nepexona n3 CK Ne2 B CK Nel paBHa

Ne 6
Omnpenened coOCTBEHHEIN KBaTEPHHOH BpameHnd A = Ay + Ai + Aj + Ak 1
cOOCTBEHHEBII KBaTEPHHOH BpamieHns P = Ay — A i — A,j — Ak, gemy paBHO
npousseaeHue A°P

Ne 7 Tlepeunc/iuTe OCHOBHBIE OJIOKM CTPYKTYpHOU cxeMme anroputva BUUHC.
Ne 8

Cf = [wip XICH
OmnpeieTTe YIIOBYIO CKOPOCTh B ypaBHeHHH [IyaccoHa . TIe
cIMBoIaM A i1 B 0603Ha9eHB! CHCTEMbI KOOP/IIHAT, KaK YITIOBYIO CKOPOCTD

Bpamenns ogHoN CK oTHOCHTEIBHO ApYroil B IpoeKIHaxX Ha ocH 3agaHHoll CK.

Ne 9 Yto usmepsieT akcesiepometp? [laiiTe omnpezesneHue.

Ne 10 ITonHOCTBIO OnpefienyTe reorpaduueckyro (HaBUralMOHHYH0) CUCTEMY KOOpAVHAT
Bonpocbl 3akpbimozo muna:

Ne 1 JleraTe/bHBIM anmnapar JBWKETCSl BePTHKa/JIbHO BBepX C TSIroi 12mg, 1o BepTHUKalIbHON 0CH JeHCTBYeT Cuila TSDKeCTH U
yCTaHOB/IEHa 0Ch YYBCTBUTEIBHOCTH aKkcesiepoMeTpa. Ecti mpeHebpeus aspoiiHaMUueCKUMH CH/IaMH, TO KaKoe
YCKOpeHue N3MepUT akceriepoMeTp?

1. 10g
2. 11g
3.12¢
4.13g
5. 14g

Ne 2 Ilpunuyn MHC ocHoBaH Ha ...

1. oAMHAPHOM WHTErPUPOBAHUM TIPOEKIHH YITIOBOHM CKOPOCTH
2. TBOWMHOM WHTEeTPUPOBaHNH MPOEKIHH YIJIOBOM CKOPOCTU
3. IBOIHOM HMHTETPUPOBaHMH NPOEKIUI TMHEHHOTO YCKOPeHUs
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4. ofiHapHOM MHTErPUPOBAHUY NPOEKLMH JIMHEHHOTO YCKOpeHust
Ne 3 PedepeHLI-/1MUIICOUT ...
1. onmcbIBaeT OpOUTHI IBIDKEHUSI CITyTHUKOB 3eMJIH
2. OUCHIBAEeT TIOBEPXHOCTh PaHUL] aTMocdeps! 3eMn
3. anmpoKCUMHUPYeT TIOBePXHOCTh FeoKr/ia Ha OIIpe/ie/ieHHOM TeppuUTOpUU

4. anmpoKCUMUpYeT MOBEepXHOCTh reor/ia B IIaHeTapHOM Mactirabe

Ne 4 KaxXyleecsi yCKOPeHHe, 3TO YCKOPeHHe, CO3/JaHHOe BCeMH IPaBUTALMOHHBIMU CHJIaMH, J€HCTBYIOLIMMU Ha OOBEKT.

1. BepHO
2. HEBEPHO
Ne 5 .
—sina 0 cosa
Martpuna 0 0 1 | ABIASTCH OPTOTOHANBHOH.
cosa 1 sina
1. BepHO
2. HeBepHO
Ne 6 ]
0 sina cosa
Matprna | 1 0 0 ABIIAeTCA OPTOTOHAIBHOH.
0 cosa —sina
1. EBepHO

2. HeBepHO

Ne 7 Cuna Kopuosca 1eiiCTByeT TO/IBKO Ha JBYIKYILYIOCS OTHOCUTE/IBHO IIO/IBDKHOM CUCTEeMbl OTCUeTa YaCTULYY U 3aBUCUT OT
CKOPOCTH 3TOTO ABIKeHUs. JTa CU/la He 3aBUCUT OT IOJI0’KeHUs YaCTHULIbI OTHOCUTE/IbHO NIO/IBIKHOK CUCTeMbl OTCUeTa.

1. BepHO

2. HeBEpHO
Ne 8 T'unepkomIieKCHOe 0ToOpa)keHHe IH0O0ro BEKTOpa — 3TO COOCTBEHHBIN KBATEPHUOH BpalLleHUs].

1. BepHO

2. HeBEpHO
Ne 9
ConpsaeHHbIH KBaTepHHOH N He paBeH KpaTepHHoHy N ™! ecma N —
COOCTESHHEIH KBATePHHOH BpalleHHT.
1. BepHO
2. HeBepHO

Ne 10 JIrob0# KBaTepHHOH BCeTZja MOKET OBITh TIpeZICTaB/IeH B BH/ie CYMMBI BEKTOPHOM M CKalsIPHOM YacTu
1. BepHO

2. HeBEpPHO
IICK-6
Bonpocbl omkpbimozo muna:
Ne 1 Kakoe MMHHUMa/IbHOE KOJTMUECTBO aKCeJIepOMETPOB HeOOX0IMMO MPH pean3alivy akcenepomeTpuueckoir BUHC?
Ne 2
Kaxymeecs YCKOpPeHIe 11 3T0 BeKTOPHAA PA3HOCTE MEXKITY
YCKOpeHHeM 00BeKTa 1 YCKOpeHIeM

Ne 3
OnpenennTe pe3ylIbTaT IPOH3BEICHIIA IBYX KBAaTepHHOHOB NoM,
rae M=mg+ms-k n N=ng+n-1
Ne 4
a
Hano npeodpa3oBaHne xyz — Xx;Y¥;Z;. COOCTBEHHBIII KBaTepHHOH BpaIlleHH,
Y. Y1
XapaKTepH3YIOIIII IOJI0KEHIEe CHCTEMBI KOOPAIHAT XY, Z; OTHOCHTEIBHO XY Z
A=Ay + A0+ Ayj + Azk. Onpenenure mapameTp A, gepes3 yToI «.
Ne 5
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o

JlaHo mpeodpazoBaHle xyz — X;Y;Z,. CoOCTBEHHBII KBaTepPHIIOH BPaIeHII,
X, X,

XapaKTepH3YIOMINIT 0I0KeHIE CHCTEMBI KOOPMHAT X, Y, Z; OTHOCHTEIBHO XYZ

A=Ay + Ayi + A5j + Azk. Onpenennte nmapameTp A3 9epes yToul a.

Ne 6
3annmmnTe ypaBHEHIE 0pTOroHaabHOTO IpeodpazoBanns n3 CK Nel B CK Ne2 ¢

HCTIONTB30BaHHEM OlepaTopa YMHOKEHIA KBaTEPHIOHOB /ISl BEKTOpa 7,
3agagHOTO B mpoekunax Ha CK Nel, npn n3BecTHOM cOOCTBEHHOM KBaTepHIOHE
Bpamennd A nmosopora oT CK Noel k CK Ne2

Ne 7 [aiiTe onpe/e/ieHre MaTPULIbI HANIPAB/ISIOLIUX KOCUHYCOB.

Ne 8 [aiiTe orpefesieHUe yriia KpeHa

Ne 9 Kakoe ocHOBHOe oT/iMune anroputMos BTHC?

Ne 10 [ToueMy He peKOMeHJyeTCsl UCII0/Ib30BaTh yI/ibl Diinepa-Kpeuiosa B anroputme BMHC?
Bonpocbl 3akpbimozo muna:

Ne 1 Yros Mexxzy M/IOCKOCTBIO 9KBaTOpa M OTBECHOM JIMHUEN Ha3bIBaeTCs

1. reopesnueckas MWMpoTa

2. aCTpOHOMUYeCKasi LIUpOoTa
3. reoLjeHTpUYeCKasi LIUPOTa
4. reorpatnueckasi mMUpoTa

Ne 2 Yron Mexx[y TIOCKOCTBEO 5KBaTOpa U JIMHUEW HOPMaJl K JUIAIICOULY. ..

1. reopesnueckas MLMpoTa

2. aCTpOHOMUYeCKasi LIMPOoTa
3. reoLjeHTpUYeCKasi LHIUPOTa
4. reorpacrueckasi mMUpoTa

Ne 3 Ilepuog lynepa 3To

1. nepuoz, kosiebaHui yI/10BOM CKOPOCTH BpalljeHust 3eMJIH

2. nepuof, konebaHUit MasTHYKA C [JJIMHOM I71eua, paBHOW PacCTOSTHUIO [10 IOBEPXHOCTU 3eMr
3. nepuog, konebaHUit MasTHYKA, He BO3MYII[aeMOro JBIDKeHHeM TOUKU TojBeca

4. mepuog Kose6aHUii MasiTHUKA C [IMHOM I171eua, PaBHOM I0I0BHHe pajuyca 3eMin

Ne 4 TTpoek1us yIJIOBOI CKOPOCTH BpattieHus 3eM/r Ha ock OY reorpadurueckoii cucteMbl KOOpAUHAT BCer/ia paBHa HYJIIO.
Teorpaduueckas cuctemMa KOOpAMHAT OTIpefiesieHa C HauaioM B LieHTpe Macc JIA, ock X HaripaB/ieHa Ha ceBep 10
Kacare/IbHOM K Mepy/iuaHy, ocb Y HarlpaB/ieHa BePTUKa/IbHO BBePX [10 MECTHOM BepTUKA/IU, OCh Z IO KacaTe/IbHOU K
rapasijie/id Ha BOCTOK U [JOIOJIHSIeT CUCTeMY [0 IIPaBOM.

1. BepHO
2. HEBEPHO

Ne 5
OTHOCHTEIBHYI) YTIOBYVH) CROPOCTE CEA3aHHOH CHCTEMEL KOOPOHHAT MOHO

IIPeSCTAENTE E EEKTOPHOM BHZe KaK ... [ e U — yIII0Bag cKopocTh BpalleHus
3emmn; v, ¥, ¥ — pBICKaHHe, TAHTAX H KpeH COOTBETCTESHHO; A H ¢¢ - JOIT0oTa H
IOTHpOTA.

b+d+y

(]

1
2.
3.4+¢
4. @=0

gl ™~

Ne 6
OTHOCHTEIBHYI) YTIOBYVH) CROPOCTE HHBPHHEJIBHOﬁ CHCTEMEI KOODIHHAT MOAHO

MNpeqCcTAEHTE B BEKTOPHOM EHIOE KaK ... T'ge ﬁ — YINIOB3ad CKOpPOCTE EPAIeHT
JemMaH; i, 19, — PBICKAHHE, TAHTA® H KPeH COOTBETCTEEHHO, A H - JOIroTa H
3 3 ¥

Ne 7
16 25213



OTHOCHTEIBHYIO YTI0BYVH) CKOPOCTE 3eMHOHA CHCTEMBI KOOPIHHAT MOXEHO

IpeJcTABHTE B BEKTOPHOM BHOE KAk ... Thoe U-— YIJI0BaA CKOPOCTE BEpallleHIT

SeMi; P, 19, — pBICKAHHE, TAHTA® H KPeH COOTBETCTBEHHO, A H - JOIToTa H
3 3 3

Ne 8
OTHOCHTEIBHYIO YTIOBYK CKOPOCTE TeorpadHuecKof MO JBHAHON CHCTEMBI

KOOPIHHAT, CBZ3aHHOH ¢ HapaBIeHHeM MecTHOH BepTHKATH, MOKHO
NpeJcTdBHTE B BEKTOPHOM BHZe Kak ... I e U — yriIoBas cKOpOCTE BpalleHus
3emm; 1, ¥, ¥ — pBICKAaHHe, TAHTAX H KpeH COOTBETICTESHHO, A H @ - JoAToTa B
IIHPOTA.

Y+d+y

(1]

1.
2.
3.4+¢
4.@=0

gl =~

Ne 9
MaTpHIIa HATIPABIAIOITHE KOCHHYCOB
—singcosA’® —singsind”® cosg
B = B,B,+ = | cosgcosA®  cosgsind®  sing
—sind® cosA’ 0

re i+ - HHEPLUHAIBHAS JONI0Ta, ¢ — IIHPOTA 3T0. ..

1. MATpHIA IOBOPOTA OT CEA3AHHOH CHCTeMEl KOOPIHHAT K
reorpadudeckol (HABHTAITHOHHOH)

2. MAaTpHIa IOBOPOTA OT HHEPUHATBHOH CHCTeMEl KOOPIHHAT K
reorpadmueckoi (HABMTAITHOHHOH)

3. MATpHIA IOBOPOTA OT reorpadmueckoll (HABHTATHOHHOH) CHCTEMEI
KOOpPZMHAT K CEA3aHHOM

4.  MATpHIA IOBOPOTA 0T HHEPUHAIBHOH CHCTeME KOOPIHHAT K CEA34HHOH

Ne 10 ITapametpsl Pogpura-I'aMunbToHa ...
1. 3TO cocTaBsIIOIIVe BEKTOPHOH YacTH JIF0DOT0 KBaTepHUOHA
2. 3TO COCTABJISIOIHe JIF0O0T0 KBaTepHHOHA
3. 3T0 coCTaBIsAIOIHe COOCTBEHHOTO KBaTePHHOHA BpallleHHsI

4. 3710 COCTaBJ/IdrOIe CKaJ'IHpHOﬁ yacTu 1060ro KBAT€PHHWOHA
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