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1. HEJIX OCBOEHUA JUCHUIIJINHBI

Lenp ocBoeHuUs aucuuIuinebl «HaBuranus u ynpapiieHHE IEpEMELICHUEM)
- (hopMupoBaHKE KOMIETEHIIMI B 00JIACTH MPOSKTUPOBAHMS, IPOTPAMMHUPOBAHUS U
ONTUMM3AIMH CUCTEM HABUTALMU U YIPABICHUS ABI)KEHUEM POOOTOTEXHUYECKUX KOMILJICKCOB;
- OCBOCHHME OCHOBHBIX TEXHOJIOIMUYECKHUX CPEJCTB JJIsl OCYILECTBICHHS OPUEHTALUN
pOOOTOB B POCTPAHCTBE.
[Ipu 3TOM 3@0auamu TUCUUIUIUHBI SBISIFOTCS:
3aayamMyl TUCHUIUIUHBI (MOYJIsA) SIBISIOTCS:

- TOJIy4YeHUE KOMIUIEKCHOTO TMPEJCTABICHUS O METOJax HaBUTalluu poOOOTOB: OT
kinaccuuecknx (SLAM, BusyanmbHas opomeTpusi) 10 coBpemeHHbIX (MM -opueHTHpOBaHHBIE
MO/IXO/Ibl);

- (dopMHpOBaHKWE HABBHIKOB pabOTHl ¢ mporpamMMmHbiMH Komiuiekcamu (ROS, Gazebo,
MATLAB) nnst MoAeIUpOBaHUS U PEAIM3aLMK HABUTAIIMOHHBIX CUCTEM;

- (¢opMmupoBaHnue TpeOOBaHMN K ammapatHoil yactu (muaapel, IMU, kamepsl) u
nporpaMmMHoMy obecriedennto (anroputmbl  PID, MPC, RRT*) pmnsd mpOMBIIIICHHBIX
POOOTOTEXHUYECKUX KOMITJIEKCOB;

- UI3YUYCHUC COBPECMCHHBIX TGHI[GHIII/Iﬁ B 00J1acTH HaBUTI'alllH.

2. MECTO JUCIUILIUHBI B CTPYKTYPE OBPA3OBATEJIBHOM ITPOT'PAMMBI

2.1. JlucuummmHa  «HaBuramust W ynpaBieHHE IepeMEIICHHeM» OTHOCHUTCS K 4YacTH,
dopmHpyeMoOii ydyaCTHHKaMU 00pa3oBaTelbHBIX OTHOLIEHWH, UMEET TECHYIO CBS3b C APYTUMH
JUCHHUTIIIMHAMU.

2.2. B rabmume mpHBEeNEHBI MPEAMISCTBYIOIIAEC U  TMOCICAYIONIHE JUCIHILTAHBI,
HamnpaBlieHHbIe Ha (OPMHUPOBAHHWE KOMIIETCHIWN AMCIUIIMHBI B COOTBETCTBHHM C MaTpulleh
kommerennuii OI1.

IIpeamecTByromue 1 nNocjaeAy0MUe AUCHUIINHBI,
HaNpaBJIeHHbIEC HA (JopMHPOBAHME KOMIIETEH NI

Hpe;[meCTBonmHe JAUCIHHUITIINHBI HOCJ’ICIIYIOIJ_II/IC JAUCIHHITIIMHBI

1 VYrpaBneHrne TEXHUYECKUMH CHCTEMAMHU
Cucremsl ynpaBJIeHHUs IPUBOIaAMHU

[Iporpammuoe obecrnieueHue
MEXaTPOHHBIX YCTPOUCTB U POOOTOB

JlaTyuKyu ¥ OCHOBBI UBMEPEHUN [IpenaunnaomMuas npakTHKa

KomneroTepHOE yrpaBieHue
MEXaTPOHHBIMHU U POOOTOTEXHUYECKUMU
CUCTEMAMHU

OCHOBEBI PAAUOTCXHUKHA U CBA3U




3. INTAHUPYEMBIE PE3YJIbTATBI OB YUEHUS

[Inanupyemblie

pE3YyIbTaThl OCBOCHUA

oOpasoBarenbHOi mporpammbl  (OIT) -

KOMIICTCHIIN U 06yqafoumxc;1 OIIpCACIIAOTCA Tpe60BaHI/I${MI/I CTaHJapTa II0 HaIIPaBJICHUIO

MOATOTOBKU U (DOPMUPYIOTCS B COOTBETCTBUH C MaTpuiiei komneteHui OI1

No Homep/ HaumenoBanme B pe3yabTare uzy4yeHnusi AMCUUNIMHBI
o/ HH/IEKC KOMIIeTEeHIMHU o0yuarouuecs 10/KHbI:
KOMIIETEHLIMH (MJ1M ee 4aCTH)
1 2 3 4
IIK-2 CriocoOeH TpOM3BOUTH IIK 2.1. BrImonuseTr aHaau3 TEXHUYECKOM
1.

KOMILIEKCHYIO HACTPOHKY
MEXaTPOHHBIX U
POOOTOTEXHHUYECKUX CHUCTEM,
WCMOJIB3YsI TPOrPAMMHOE
obecrnieyeHre KOTOPOJUIEPOB
u ynpasisirox 9BM, ux
CHCTEM YIIPABJICHHUS

JOKYMEHTAIUHU ¥ (PYHKIIMOHATBHBIX
TpeOOBaHMI K MEXaTPOHHOHN WIH
POOOTOTEXHUUECKOU CUCTEME.

[IK 2.2. Omnpenenset cocTaB
o0opynoBaHusi, HHTEPHEHCHI
B3aMMOJCHCTBYS U TpeOOBaHUS K
IIPOrpaMMHO-aNNapaTHON HaCTPOUKeE
11K 2.3. BrImonuser nogKio4YeHue
KOHTPOJUIEPOB U yrpasisitoliux OBM,
HACTPOMKY KaHAJIOB CBSI3U U
KOH(DUTypaluio CUCTEMBI




4. CTPYKTYPA U COAEPKAHUE JUCTIUITJIMHBI

4.1. OFBEM JIMCHUMIIJIMHBI 1 BUJIBI PABOTbI

CemecTpsl
Buja pa6orsl Bcero uacos Ne8
4acoB

1 2 3
AyIuTOpHasi KOHTAKTHAas padoTa (Bcero) 60 60
B Tom uucie:
Jlexuu (JI) 20 20
ITpaxtrueckue 3ansatus (I113) - -
JlabopaTtopusie padoTsr (JIP) 40 40
KonrakTHas BHeayguTopHasi padora 1,7 1,7
B Tom uucne: nuHaMBUAYaTbHBIC U TPYITIOBBIC 1,7 1,7
KOHCYJIbTAIHH
CamocrosiTesbHas padora odyuarwmerocs (CPO) 46 46
(Bcero)
INoaroroBka k npaktuueckuM 3aHaTusM (I13) - -
IToaroToBka K 1a00PaTOPHBIM 3aHATHAM 20 20
Pabora ¢ KHWKHBIMH ¥ 3JIEKTPOHHBIMU HCTOYHUKAMH 16 16
ITonroroBka x npomexyrouHomy koHTposro (ITTIK) 10 10
IMpomexxkyrounas | 3auer (3) 3) 3)
?;E;f;j::s{cp 0) [Ipuem 3au., yac 0,3 0,3
HUTOI'O: O6mas | yacos 108 108
TPYA0EMKOCTh 3a4. efl. 3 3




4.2. COAEP KXAHUE JUCHUIIJINHbBI

4.2.1. Pa3nesnl (TeMbl) TUCIUILIHHBI, BUJbI eITEJIbHOCTH U GOPMBbI KOHTPOJIS

Buabl 1esTeJIbHOCTH, DopMbI
Ne BKJIIOYAsi CAMOCTOSITEIbHYIO TeKyuei u
Ne ceI\;e HaumenoBanue pa3jaeina paboty 00y4arommxcs MPOMEKYTOYHO
n/n JUCIHHUILINHBI (B yacax) H aTTecTanumn
cTpa 3
J JP | CPO | Bcero
1 2 3 5 6 7 8 9
1. 8 Paznen 1. Beenenne, KuneMaTHka, 2 |- 12 | 10 16 Texymmit
CEHCOPBHI. TECTOBBIN
2. 8 Pasnen 2. Jlokanuzamust u SLAM, 8 |- 12 | 20 28 KOHTPOJTb
OunsTp Kanmana u ero
MoauUKAITTU
3. 8 Paznen 3. BusyanbHas onomerpus 4 |- 10 | 10 20
4, 8 Pasznen 4. U B HaBuranuu 4 |- 6 20 30
5. 8 Paznen 5. [IpombiinenHoe 2 |- - 10 12
IPUMCHCHNE HABUTAIIUN
6. 8 KonrakTHast BHeayAuTOpHAs paboTa 1,7 NunuBnunyansH
BIC U TPYIIIIOBBIC
KOHCYJIbTaIlNH
7. |8 [TpomexyTouHas aTTecTanus 0,3 3ager
HUTOIO: 20 | - 40 46 108
4.2.2. JlekiinoHHBII Kypc
Ne | HammenoBanue | HauMeHoBaHHeE TEMBI Conep:xaHue JeKIIUN Bcero
n/ pasaena JIeKIMHU 4acoB
n JUCIHHUILINHDI
1 2 3 4 5
Cemectp 8
1. | Pazgen 1. UTexuusa 1. Knaccugukarms CUCTEM HaBUTalUU: 2
BBeneHue BBe/lcHUE B HABUTAIIUIO abcoJroTHa, OTHOCHTENIbHAS,  JOKaJIbHAasi,
’ rI06aIbHAS,
KHHEMATHKa, poOOTOB. o AGY
06 ATHAS KAHEMATHKA - pUMEPLL MPUMEHCHUSA: . JAPOHBI,
CCHCOPBI. P HOJBOIHBIE POOOTEL
MaHHITYJIATOPOB BO - KiroueBbie MpoGIEMbl HABUTALMU:  IIYMBbI
B3aI/IMO)IeI>'ICTBI/II/I C CCHCOPOB, IMHAMHYCCKasd cpeaa.
MOJABIKHBEIMHU Pemenne oOpaTHOU 3amauut Uit 6-OCEBBIX
o0BEKTaMU po6oTOB.
CeHCOpBI IS - MeToasl ONTHMH3ANMH:  TICEBAOOOpaTHAs
HABHCALIIL Matpuia Jxoou.
1M - Tipumepst B ROS Movelt u MATLAB.
- Ilpuamuner paboTsl aumapos, kamep, IMU,
GPS.
- CpaBHCHI/IC TOYHOCTHU nu HAaICKHOCTHU
CCHCOPOB.
- KaHI/I6pOBKa U CHUHXpOHHM3alUs AaHHbIX OT
Ppa3HbIX CCHCOPOB.
2. | Pazpmen 2. Ulexuus 2. - Anroputmbl SLAM: gmapping, 4
Jloxanmsarms u | Jlokamusanus u SLAM | Cartographer, ORB-SLAMS3. - PoJib




SLAM, ®unstp
Kanmana u ero

Ounstp Kanmana u ero

ROS B peanuzanuu SLAM-cucrewm. -
[Tpobnema apeiida B omoMeTpuu U

Mo pHUKAITIT Mou(UKAITAN METOBI €€ KOMIIEHCALIUH.
Paznen 3. Yupasnenue - basoBsrii puneTp Kanmana: maremaTudeckast
BusyanbHas JBHMKEHHEM MOOHIIBHBIX | MOAeqb. - Pacumpennbiii (EKF) u
oJIOMETpHSI poGoTOB ancamoOuneBsiii (EnKF) ¢unstpsl. - [Ipumenenne
B 33j]aYax JIOKAIU3aIUd MOOUIIBHBIX pOOOTOR.
- Kunematuka nudhepeHInansHOro NpuBoIa. -
ANTOpUTMEI CIIeIOBAHUS 110 TpacKTopuu: Pure
Pursuit, MPC. - AganTanus K U3MeHSIOIIMCS
YCIOBHSM (CKOJbKEHIE, HEPOBHEIC
TTOBEPXHOCTH).
Jexuus 4. PID- | lIpurmun padotsr PID: npomopuuoHanbHas,
PeryIsTopb! g | mHTErpanbHas, nupdepeHunansHas
cocraBitrontre. - Hactpotika ko3¢ durmenton
HaBUTaIlUU. -
.. meroaoMm Llurnepa-Hukonsca. - Anti-windup
Monens Predictive MEXaHU3MBI JJIsI IPETIOTBPAICHHS
Control (MPC) MepeperyIupoBaHus
- OcHoBel MPC: nporHo3upoBasue,
ONTUMHU3AIIMS, OOpaTHAs CBA3b. - [IpuMeHeHME
JUTS YIIPABIICHHSI JPOHAMHU ¥ MAHHITYJIITOPAMH.
- CpaBHEHHE C KIIACCHYECKHIMH METOJaMH
(PID, LQR).
Paznen 3. Jlekuus 5. BI/I3yaJ'ILHa$I - Amroputmer: ORB-SLAM, VINS-Fusion. -
BusyaibHast OZIOMETpHSL. O6paboTka nmaHHBIX cTepeokamep u RGB-D
ceHcopoB. - IIpobGnembl mpu  crmaboi
OIOMeTpus OOpaTHass KMHEMaTHKa
OCBEILEHHOCTH U IMHAMHYECKUX 00BEKTaXx.
MaHHHyHHUTOpOB BO | _ Pemenne oOpaTHOW 3amaud IIsI 6-0CEBBIX
B3aMMOICUCTBUHN C | poboros. - Mertonst ONTUMH3AIIHH:
HOABWKHBIMU nceBnooOpaTHast marpuna Skoou. - [Ipumepsr B
00BEKTaMMU. ROS Movelt u MATLAB.
Hagurarms B | - AITOpHTMBI U30€TaHusa npenﬂTCTliI/If/'I: D* Lite,
JMHAMUYECKUX CPe/ax RRT*. - Vuer nBmwkeHHWs OIS W APYrHX
CHeTeMbI ABIICHIS po6otoB. - HHTerpamus C CHCTEeMaMH
ynp 06e30macHOCTH (9KCTPEHHAS OCTAHOBKA).
ApOHAMH - Apxurektypa PX4 wu  ArduPilot. -
[InanupoBanue MapIpyToB B 3D-
MIPOCTPAHCTBE. - PeXUMBbI 10JIeTa: aBTOHOMHBIH,
[10JIyaBTOHOMHBIN, py4HOH.
Pasnen 4 Jexuus 6. -  Deep Reinforcement Learning s

WU B HaBuTanmn

Kaprorpadupoanue B

besomacHocTh
HABUT'AIITUOHHBIX CUCTEM

IUIaHUpoBaHus myTu. - HelipocereBble mMoaenu
JUIsl TIPOTHO3UPOBAHUs HMpPENnITCTBUNA. - Kelchl:
o0ydeHne poboTa B CHMYJSITOPE W MEPEHOC Ha
peanbHOE JKEIe30.

- Ucnonp3oBanue nunapoB Velodyne m RGB-D
kamep (Intel RealSense). - Anropurmsl
obOpaborkn ToueuHelx obmakoB (PCL). -
[IpumeHeHne B CTPOWTENBLCTBE M WHCIIEKIHMU
00BEKTOB.

- Pe3epBupoBaHHE CEHCOPOB M aJIrOPUTMOB. -
OOpaboTka cOoeB: mepexoJ Ha pe3epBHBIC
cuctembl. - Cranmaptet [SO 13849 s
MPOMBIIIICHHBIX POOOTOB.




5. | Pazmen 5. Jeknus 7. - Amazon Robotics: HaBuTaIus B 2
IIpombiuuierroe | [IpOMBILLICHHOE JIOTHCTHYECKHX IeHTpax. - Boston Dynamics:
nepeMelieHre B CI0KHbBIX JaHamapTax. -
IIpUMEHEHUE [IPUMEHEHNE HaBUTALIAH. pemert sumady
B ABTtoHOMHEIE TTorpy3unkn: Toyota, KION
HaBUTallUU yayllee HaBUTallun Group.
- HeitipomopdHbIE BEIYUCTICHUS ISl YCKOPEHUS
ITOPUTMOB. - KBaHTOBBIE CEHCOPBI:
MOBBILIEHHE TOYHOCTH U3MEPEHUMH. - DTHYEeCKUe
ACIIEKTHl aBTOHOMHBIX CHCTEM:
OTBETCTBEHHOCTb 32 PEIICHHUSI.
HUTOI'O yacoB B cemecTpe: 20
4.2.3. IlpakTHYecKHe 3aHATHUS
He npedycmompenni
4.2.4. J1abopaTopHbIii NPAKTHKYM
Ne HaumenoBanue HaumenoBanue Conep:xanue 1a00paToOpHOi Bcero
n/n pasnena J1abopaTopHoii padoTbI 4acoB
AUCHHUIIIINHBI paﬁoTbI
1 2 3 4 5
Cemectp 8
1. Pasznen 1. 1. B pesynbraTe BhINONIHEHUS 6
Baenenue AHAIH3 CHCTEM nabopaTopHOi pabOThI CTYACHTHI U3y4aT
b
Ki1aCCU(PUKAITUKO CUCTEM HaBHUI'allUN
KUHEMAaTHKa, HaBUTAIMHA POOOTOB uxan 1
(abcomroTHASL, OTHOCUTENbHAS,
CCHCOPBI. JIOKaJIbHAs) U POAHAIM3UPYIOT UX
nmpuMeHeHue B keiicax AGV, TpoHOB U
MOJIBOJHBIX POOOTOB.
Kajm6p0131<a it B pe3synbrare BINOTHEHUS 6
TECTHPOBaHHE m1abopaTopHOH pabOThI CTYAEHTHI OCBOSIT
CEHCOPOB METOBI KaTMOPOBKH JHIapa U KaMephl,
a TaKk)Ke M3y4aT CHHXPOHHU3AIINIO
nanubix ¢ IMU u GPS B cumymsitope
Gazebo.
2.| Paznen 2. Peanuzarus SLAM- B pe3ynbTaTe BBIMOJIHCHUA | 6
Jlokanuszanus u anroput™Ma nabopaTopHO pabOThl CTYACHTHI U3y4aT
HacTpoliky anroputMma gmapping B ROS
SLAM’ QDHHBTP 1A TTOCTPOCHHUA KapThl MOMECIICHUA Ha
Kasnmana u ero OCHOBE JIAHHBIX JHIapa.
MoauuKaIu
dunbTparys JaHHBIX ¢ | B pesynbrare BbinonHenus 6
HCIIONB30BAHUEM 71a00paTOpHON pabOTHI CTY/IEHTHI OCBOST
dunbTpa Kanmana peaNu3aliio PacInPEHHOTO QUIbTPa
Kanmvana (EKF) s nokanuzanuun
MobmisHOTO poboTa B MATLAB.




3.| Pazpgen 3. Ynpasienue B pesyinbrare BbINONHEHHs 10
BusyaibHast nu(bepeHIHATbHBIM nmabopaTOpPHOH PabOTHI CTYIACHTHI U3ydaT
anroput™ Pure Pursuit u mpuMensT ero
0JIOMeTpHs PHBOIOM p P
p 6 . JUTS IPOTPAMMHUPOBAHUS ABIDKCHHS
CIICHUC OOPaTHOU poboTa 1o 3a1aHHOH TPaeKTOPHH.
KHHCMATHKH AJIA B pe3ynbTare BHITOTHEHHS
MaHMITYJIAITOpa 71a00paTOpPHON pabOTHI CTYIEHTHI OCBOST
Hactpoiika PID- HacTpoitky ROS Movelt s
peryn;[Topa TUISA MO3UIIMOHUPOBAHUA CXBaTa 6-0CeBOTO
CcTaGHIM3ALIH yIiIa poboTa B 3a1aHHOI TOUKE.
B pesynbraTe BBITONTHEHUS
mabopaTOpPHOH PabOTHI CTYACHTHI U3ydaT
npuHIUIEl padbotsl PID-perymsaropa u
TMIPUMEHAT X U1 OaTaHCUPOBKH
MIEPEBEPHYTOTO MASTHHKA.
4. Pazgen 4. U B [Mpumenenne MPC st | B pesynbrare BbimonseHns 6
HABUTALUH YIIPABIICHHS IPOHOM 71abopaTopHOil pabOTHI CTYAEHTHI OCBOSAT
Hactpoiiky Model Predictive Control
(MPC) anst cTabuau3aIiui BEICOTHI
kBazapokonrtepa B MATLAB.
HUTOI'O yacoB B cemecrtpe: 40
4.3. CAMOCTOSATEJBHASA PABOTA OBYYAIOUIETOCsA
Ne | HaumenoBanme paszgena | Ne Buasr CPO Bcero
n/n (TeMbl) AUCHMILINHBI n/n 4acoB
1 2 3 4 5
Cemectp 8
1. Pasnen 1. Beenenue, 1.1. [MonroToBka K 1aOOPAaTOPHBIM 3AHITUSM 4
KMHEMAaTHKa, CEHCOPEL. 1.2. PaboTa ¢ KHIDKHBIMHU | 3JI€KTPOHHBIMHU 4
UCTOYHHKAMH
1.3. [ToaroroBka Kk MPOMEKYTOUHOMY KOHTPOJIIO 2
(TIIIK)
2. Pasznen 2. Jlokanuzanus u 2.1. [ToaroroBka k npaktuiaeckum 3ausaTHsIM (113) -
SLAM, ®unstp Kanmana | 2.2. | [oarotoska k 1a60paTOpHBIM 3aHATHIM 4
U €ro MOI[I/I(I)I/IKaLII/II/I 2.3. PaboTa ¢ KHYKHBIMU U DJIEKTPOHHBIMH 3
HUCTOYHHKAMH
2.4. [TonroToBka K MpOMEKYTOYHOMY KOHTPOIIO 2
(TIIIK)
3. Pazpen 3. BHgyaﬂBHaﬂ 3.1. [MonroroBka k npaktudeckuM 3austusM (I13) -
OJOMETpHUSL 3.2. [ToaroroBka k 1a0OPATOPHBIM 3aHATHSIM 4
3.3. PaboTa ¢ KHYKHBIMU U DJIEKTPOHHBIMH 3
HUCTOYHUKAMU
3.4. [ToaroroBka Kk MPOMEKYTOYHOMY KOHTPOJIIO 2
(TIIIK)
4. Pasnen 4. U1 B maBurammu | 4.1. [MonroroBka k npaktudeckum 3austusam (113) -
4.2. [ToaroroBka k 1a0OPATOPHBIM 3aHATUAM 4
4.3, PaboTa ¢ KHWKHBIMH U 3JIEKTPOHHBIMU 3




HUCTOYHHNKaAMHU

4.4. [ToaroroBka Kk IpPOMEKYTOUHOMY KOHTPOJIIO 2
(ITIIK)
5. Pasnen 5. HpOMBIHIJ'IeHHoe 5.1. [MonroToBka K 1a0OPaTOPHBIM 3AHITHUIM 4
MMPUMCHCHUC HAaBUT'allUN
5.2. PaboTa ¢ KHI)KHBIMU U 3JIEKTPOHHBIMH 3
HWCTOYHUKAMU
5.3. [ToaroroBka Kk IpOMEKYTOUHOMY KOHTPOJIIO 2
(IIIIK)
HUTOTI'O yacoB B cemecrtpe: 46
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5. HEPEYEHb YHEBHO-METOAUYECKOI'O OBECHHEYEHMS J1VIA
CAMOCTOATEJBHOU PABOTHI OBYYAIOIIUXCA 110 JUCHUIIJIMHE

5.1. MeToanyeckune ykazaHusi VISl IOATOTOBKH 00YYaIOIIUXCSl K JEKIMOHHBIM 3aHATUSIM

B xone nekuunii mpenojaBaTenab M3araeT U Pa3bsACHSIET OCHOBHBIC, HanOoOJee CIOXKHBIE
HOHATHUS TEMBI, a TAK)KE CBS3aHHBbIE C HEH TEOPETUYECKHE U IPAKTUYECKHUE IPOOJIEMbI, JaeT
PEKOMEH/IallMH Ha BHIIOJHEHHE CAMOCTOSTEIbHONW PaOOTHI.

B xoze nexkuuii o0yyaromummcs 1ar0Tcsl peKOMEHAALNN:

— 110 BEJICHUIO KOHCIIEKTUPOBAHHSI yUeOHOTO MaTepuana;

— ylensercss BHUMaHUE Ha KaTeropuu, GopMyIMpPOBKH, PACKPHIBAIOIUE COAEPKAHUE TEX
WIM WHBIX SIBJCHUM WM IPOLIECCOB, HAy4YHBbIE BBIBOABI M NPAKTUYECKUE PEKOMEHJALMHU IO MX
IIPUMEHEHUIO;

- 3aJ]aBaTh MPENOJABATEII0 YTOYHSIOUIME BOIPOCHl C LIEIbI0 YSACHEHUS TEOPETHUECKUX
IIOJIOKEHUH, Pa3PELICHHs] CIIOPHBIX CUTYyALUH.

B pabouux KOHCHEKTax jKelaTesIbHO OCTaBJIATh IOJs, HA KOTOPBIX BO BHEAYJUTOPHOE
BpeMsl MOKHO CJIeJIaTh IIOMETKH M3 PEKOMEHJOBAHHOW JIMTEPATyphl, JOMOJHAIOIIEN MaTepuall
IPOCITYIIAaHHOM JIEKLIHMH, a TAK)Ke MOMETKHU, OJYEepPKUBAIOIIe 0COOYI0 BaXKHOCTh TE€X MJIM MHBIX
TEOPETUYECKUX TTOJIOKECHHI.

JUis ycnemHoro OBIAJeHHs KypcoM HEOOXOIMMO IOcelaTh BCe JIEKIHMH, TaK Kak
TEMAaTUYECKHd MaTepuan B3aMMOCBS3aH MEXIy co0oil. B ciydasx mpomycka 3aHATHS
oOyyaroiemMycss He0OX0IUMO CaMOCTOSITEIbHO U3YyUUTh MaTepUal U OTBETUTh Ha KOHTPOJIbHBIE
BOIIPOCHI 10 MPONYIIEHHON TEME BO BPEMS MHAUBUYAIbHBIX KOHCYJIbTALlAMN.

5.2. MeToauuecKkue YKazaHusl 1Jisi MOATrOTOBKH oﬁyqamumxca K HaﬁopaToprlM
3aHATUAM

JlaGopaTopHble pabOTHI COCTABISAIOT BaXKHYI0 YacTh NPOQPECCHOHATBHOM MOJATOTOBKU
oOyuaromuxcsi. OHM HampaBIeHbl HAa SKCIEPUMEHTAIBHOE MOJTBEPKIACHUE TEOPETHUECKUX
NOJIOXKEeHUH U pOpMUPOBaHHE YyUEOHBIX U MPO(HECCHOHAIBHBIX MPAKTHUECKUX YMEHHH.

Brinonnenue oOyvarommmucs 1adopaToOpHbIX padOT HAIMPaBIEHO Ha:

- 000011eHNe, cCUCTEMaTH3alluIo, YIITyOIeHne, 3aKperIeHne NOIYyYeHHbBIX TEOPETHYECKUX
3HAHUH 110 KOHKPETHBIM T€MaM JHCIUTUINH;

(bopmHpoBaHHEe HEOOXOJUMBIX TPOPECCHOHATBHBIX YMEHUI U HAaBBIKOB,;

MeTtoanyeckue yKka3zaHus 110 MPOBEJCHUIO JTa00paTOPHBIX paOdOT BKITIOYAIOT:

3aryiaBue, B KOTOPOM YKasbIBaeTcsi BUJ paboThl (JlabopaTopHast), ee MOpsSAKOBBIN HOMED,
00BeM B yacax U HAMMEHOBAHUE; 11eJIb pabOThI; IPeIMET U CoJiepKaHue paboThl; 000pyI0BaHUE,
TEXHUYECKHUE CPEACTBA, MHCTPYMEHT; MOPAAOK (IOCIIEI0BAaTENIbHOCTE) BBIOJHEHUS pPalOTHI;
IpaBWJia TEXHUKUM O€30MacHOCTH M OXpaHbl TpyAa MO JaHHOH paboTe (MO HEOOXOIWMOCTH);
o0mue mnpaBwia K O(GOpMICHHUIO pPAaOOTHI; KOHTPOJBHBIE BOMPOCHl M 3aJaHMs; CIHUCOK
auTepaTypsl (0 HEOOXOUMOCTH).

[Tpu nmmanupoBaHUM Ja00OpPATOPHBIX PabOT ClEAyeT YUMTHIBATh, YTO HApSAY C BEeXyILIeH
[ENBI0 - TOATBEPKICHHEM TEOPETUYECKUX IOJIOKEHHH - B XOJ€ BBINOJHEHUS 33JaHUN y
oOyyaromuxcst (GOpMHUPYIOTCS NPAKTUYECKUE YMEHHMsS U HaBBIKM OOpalieHus C J1abopaToOpHBIM
000pyIOBaHUEM, aIMapaTypord W Mp., KOTOPBIE MOTYT COCTaBJISATH 4YacTh MPodhecCHOHAIBHOM
NPaKTUYECKON TMOATOTOBKH, a TaKXe MCCIIEOBaTeIbCKUEe yMEHHUs (HaOioJaTh, CpaBHUBATD,
aHAJIM3UPOBATh, YCTAHABINBATH 3aBUCHMOCTH, JIEJIaTh BHIBOJBI M 00OOIIECHHS, CAMOCTOSATEIFHO
BECTH UCCIIeIOBaHHE, OPOPMIIATH Pe3yIbTaThI).

[Topsmok mpoBeneHMs 7Ta0OPAaTOPHBIX pabOT B IEJIOM COBHAZaeT C IOPAIKOM
IPOBEICHUS MPAKTHUECKUX 3aHATHH. [IoMUMO COOCTBEHHO BBINMONHEHUS PaOOTHI IS KaXKIOoH
7a00paTOPHOM PabOTHl MPerycCMOTPEHa IMPOIEaypa 3allUThl, B X0/Ae KOTOPOHl IpernogaBaTeib
IOPOBOJIUT YCTHBIM WJIM THCBMEHHBIM ONpOC OOydYaloUmIMXCs M KOHTPOJIS TOHMMAaHUS
BBINIOJTHEHHBIX MMH HM3MEPEHUH, MPaBHIBHON WHTEPIPETAlMU IOJYyYEHHBIX DPE3yJIbTaTOB M
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YCBOCHHUSA UMH OCHOBHBIX TCOPCTUYCCKUX U MMPAKTHUICCKUX 3HAHUH TI0 TeME 3aHITHS

5.3. MeToan4yeckue ykazaHus 1Js NOATOTOBKH 00YYAIOIIUXCH K NMPAKTHYECKUM 3aHATHAM

[IpakTuyeckue 3aHATHS — 3TO aKTHBHAsA (opma yueOHoro npouecca. [lpu moaroroske
NPAaKTUYECKUM 3aHATHSAM O0O0ydaromieMycsi HEoOXOIUMO H3YYUTh OCHOBHYIO JIUTEparypy,
O03HAKOMMTCS C JONOJHUTEIBHON JUTEPATYypOu, yd4eCTh PEKOMEHJAlMU IpernojaaBareins. Temsl
TEOPETHUYECKOTO0  COACP’KaHUSI BBIHOCATCA HA MPAKTUYECKUE 3aHATHSA, IPEANOIararoT
JTUCKYCCUOHHBIN Xapaktep oOcyxkaenus. bosbiias yacTb TeM JUCHMILIMHBI HOCUT MPAKTUYECKUI
XapaxkTep, T.e. IMPEANOJaraeT BBIIOJIHEHUE 33JlaHU U pEelIeHUE 3a]ad, aHAJINW3 MPAKTUYECKUX
cutyanuil. CliuCoK JUTEpATYpPbl IPUBEACHBI HIXKE

5.4. MeTonnyecKue yKa3aHus 10 CAMOCTOSITEILHON pagoTe 00y4Yaromuxcs

BaxHOli 4YacThl0 CaMOCTOSATENbHOW paOOTHI SBISETCS UYTEHHE YYEOHON M HaydyHOU
autepatypbl. OCHOBHas (YHKIUS Yy4eOHHKOB — OpPHUEHTHPOBATh OOYydaroLerocs B CHCTEME
3HaHUW, YMEHUI W BIAJEHUI, KOTOpBIE JIOJDKHBI OBITh YCBOEHBI M OCBOEHBI OyAyIIMMHU
OakaaBpaMu 10 JaHHOW AUCUUILINHE.
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6. OBPA3OBATEJIBHBIE TEXHOJIOI'H

Bcero

n/ | cemec Buasi padorsl Oobpa3oBaTe/ibHbIE TEXHOJIOTUH 4ACOB
n | Tpa
1 2 3 4 5)
1. Jlekuus 4. PID-perynstopsl | M3yuenue sudeo- u ayouomamepuaiamu 2

B HABHUTAIlWU.

Mopens Predictive  Control

(MPC)
2. Jleknusi 5. BusyanwHas | M3yuenue udeo- u ayouomamepuaiamu 2

0JIOMETpHUSL.

ObparHas KWHEMaTHKa

MaHHITYJISTOPOB BO

B3aUMOJICHCTBUU c

MOJIBMOKHBIMU OObEKTaMH.

8 Hapuranus B JWHAMHYECKUX

cpenax

Cucremsl YIIPABJICHUA

JpOHAMHU
3. Jleknus 6. H3yuenue suoeo- u ayouomamepuanamu 2

Kaprorpaduporanwue B 3D.

be3onacHocTh

HaBUT'allMOHHBIX CUCTEM
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7. VYEBHO-METOJNYECKOE 1 HTHO®OPMALIMOHHOE OBECITEYEHUE
JTACIHATLITAHBI

7.1. llepeyeHb OCHOBHOM M J0ONOJHUTEIHLHOM JTUTEPATYPHI

CnucoK OCHOBHOM JIMTEPaTypPHI

Bbopucora, 1. B. KommnestorepHoe 3penue. [udpoBas o6paboTka u ananu3 u3o0paxkeHui : yaeOHoe

nocobue / W. B. bopucoBa. — HoBocubupck : HoBocuOupckuii rocy1apcTBEHHbBIN TEXHUYECKUN
yauBepcureT, 2022. — 163 ¢. — ISBN 978-5-7782-4851-9. — Texkcr : anekrponnsiii // Ludposoit
00pasoBaTenbHbBIN pecypce IPR SMART : [caiiT]. — URL:

https://www.iprbookshop.ru/156046.html. — Pexxum fgoctymna: st aBTOpU3Hp. OJIb30BaTeNeH

YcTpolicTBa MPOTrPaMMHOTO YIIPABJICHUST B aBTOMAaTU3WPOBAHHOM MPOM3BOJCTBE : ydeOHOE
nocooue / A. A. T'onuapos, H. B. Cyp6a, E. H. Bemoxunen, 0. H. Ilerperko. — MuHCK :
PecnyOnukaHckuid MHCTUTYT npodeccronanbHoro oobpazosanus (PUIIO), 2017. — 272 ¢. — ISBN
978-985-503-660-0. — Texkct : anexkrponnslii // Lludpooit odpazoBarensHblil pecypc IPR SMART
. [caiit]. — URL: https://www.iprbookshop.ru/84923.html. — Pexwum mocTyma: ajst aBTOPU3HUD.
I10JIb30BaTEIEN

Kypeoimikun, H. I1. OcroBbl poboToTexHuku : yuebnoe nocodue / H. I1. Kypsimkun, Y. C. CoipkuH.
— 2-e u3n. — Kemeposo : Ky30acckuii rocyaapcTBeHHBIH TeXHUYECKUI yHUBEpcUTET nMeHu T.D.
I'opbauesa, 2025. — 178 ¢c. — ISBN 978-5-00137-521-0. — Tekcr : anextponHsiii // LudpoBoi
00pa3oBaTenbHbIN pecypce IPR SMART : [caiT]. — URL:
https://www.iprbookshop.ru/155707.html. — Pexxum fgoctyma: ajist aBTOpU3HP. TOJIb30BaTeNei

KommnbrorepHoe 3penue : mpaktukym / II. A. BonasipeB, U. 3. Kackunos, A. B. Enun, A. A.
benbrit. — OpenOypr : OpenOyprekuii rocynapctBeHHsiii yausepceurer, 9bC ACB, 2024. — 105
c. — ISBN 978-5-7410-3317-3. — Tekct : anekrponHsii // L{udposoii 0Opa3zoBaTenbHbIH pecype
IPR SMART : [caiit]. — URL: https://www.iprbookshop.ru/153196.html. — Pexwum goctyma: ais
ABTOPH3HUP. MOJB30BATENEH

PyneB, A. C. T'eomndopmanumonHoe kaprorpadupoBaHME€ W MOJECIUPOBAHHE 3SPO3UOHHBIX
naumamadgToB / A. C. Pynes, B. I'. IOdepe, M. B. IOdepe. — Bonrorpan : Bcepoccuiickuii
HAY4YHO-MCCIIEJOBATEIbCKUNA arpojiecoMeNnopaTuBHbIN HHCTUTYT, 2015. — 153 ¢. — ISBN 978-5-
900761-88-6. — Texkcr : snextponnsblii / Ludposoii obpasoBarenbhbiii pecypc [IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/57936.html. — Pexwum moctyma: aiast aBTOpU3HD.
I0JIB30BaTENEN

BoittoBuu, U. JI. UHTennekryanbHble ceHcophl : ydueOHoe mocobue / W. JI. BoittoBuu, B. M.
Kopcynckuii. — 4-e uzn. — Mocksa : UnTtepHer-YHuBepcuter MHpopmannoHHbx TeXHOIOTHIA
(MHTYUT), At [Im Ap Meama, 2024. — 1163 c. — ISBN 978-5-4497-2399-4. — Tekcr :
anektponHsld // Iludposoit obpazoBatensHB pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/133940.html. — Pexxum fgoctymna: ajist aBTOpU3HP. TOJIb30BaTeNel

CnHcoK TONOJIHUTEbHOM JTUTEPaTyPhI

DONEeKTpOMEXaHNYeCKUe M TPOrpaMMHBIE CHCTEMbI PYJIEBOTO YNPABICHUS AJIEKTPUUYECKOM
OecIMIIOTHOH cenbcKoXo3siicTBeHHOH maTdopmsl : MoHorpadus / E. O. I'apanun, U. B. I'ypun, I'.
M. HUcpaensn [u np.]. — Pocros-Ha-/lony : JIOHCKOH TrocynapCTBEHHBIH TEXHUYECKHM
yauBepeuteT, 2023. — 106 ¢. — ISBN 978-5-7890-2180-4. — Texkcr : anekrponssiit // [ludpoBoit
00pazoBaTenbHBIN pecypce IPR SMART : [caiT]. — URL:
https://www.iprbookshop.ru/144966.html. — Pexxum moctyma: uisi aBTOPH3UP. MOJIb30BATEICH. -
DOI: https://doi.org/10.23682/144966

[TporpaMMHO-ammapaTHeIil KOMIUIEKC BU3yaTbHO-U3MEPUTEIILHOTO KOHTPOJISI CTAIbHBIX KAHATOB Ha
OCHOBE KOMITBIOTEPHOTO 3PEHHS U MCKYCCTBEHHOTO MHTEIUIeKTa : MoHorpadus / A. B. Tlandumnos,
b. U. Mecxu, A. A. Koporkuit [u nap.]. — PocroB-Ha-/lony : JloHCKON TrocynapCTBEHHbIN
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texHnueckui yauepcutet, 2023. — 131 ¢. — ISBN 978-5-7890-2115-6. — Tekcrt : 2eKTpOHHBIH
// ludpoBoit  oOpasoBarensHbi  pecypc IPR SMART : [caiir]. —  URL:
https://www.iprbookshop.ru/144944.html). — Pexum mocrtymna: i aBTOPU3UP. OJIb30BATENCH. -
DOI: https://doi.org/10.23682/144944

['yxog, B. 1. Metoas! uzmepenus: 3D-npoduins 06bekToB. Pa3oBbie METOBI : yaeOHOE mocodue /
B. U. I'yxoB. — HoBocubupck : HoBocuOUpckuii rocy1apCTBEHHBIN TEXHUYECKH YHUBEPCUTET,
2016. — 83 c. — ISBN 978-5-7782-2727-9. — Tekct : onektponnbii // Iludposoit
obpasoBatenbHbiid pecypc IPR SMART : [caiit]. — URL: https://www.iprbookshop.ru/91701.html.
— PexxuMm goctymna: s aBTopu3up. NoJb30BaTeNIen

7.2. Ilepeyennb pecypcoB HH(POPMALNOHHO-TEJIEKOMMYHUKAIIMOHHOM CETH
«AHnTepHEeT»

1. http://window.edu.ru- Enuxoe okHO J1ocTyma K 00pa3oBaTe/IbHBIM pecypcam;
2. http:// fcior.edu.ru - deaepanbHblil EHTP HHPOPMAIIMOHHO-00Pa30BaATEIbHBIX PECYPCOB;
3. http://elibrary.ru - Hay4nas snekTpoHHast OuOIMoTeKa.

7.3. UndopmanmoHHbie TEXHOJIOTUH, JTUIIEH3HOHHOE TPOTPAMMHOE

o0ecneuyeHmne
JInmneH3noHHOE MporpaMMHOE o0ecrieueHre | PEKBU3UTHI JIMIICH3HIA/ TOTOBOPOB
MS Office 2003, 2007, 2010, 2013 Caenennst 06 Open Office: 63143487, 63321452,

64026734, 6416302, 64344172, 64394739,
64468661, 64489816, 64537893, 64563149,
64990070, 65615073

Jlunensust 6eccpounas

Awntusupyc Dr.Web Desktop Security Suite | JIunen3uonsslii goropop Ne 621
Cpoxk nerictBus: ¢ 25.09.2025 no 24.09.2026

Koncynprant [lmroc Jorosop Ne 7 ot 15.01.2026 1.
[MudpoBoii oOpa3oBaTenbHBIN pecype JIunensuonnsii foroBop Ne 12873/251I1 ot
IPR SMART 02.07.2025 1.

Cpoxk nericteus: ¢ 01.07.2025 r. no 30.06.2026 r.

Becmmataoe 1O

Sumatra PDF, 7-Zip
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8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

8.1. TpeGoBaHus K ayIMTOPUAM (IIOMEIEHUAM, MECTaAM) [IJIsl IPOBEACHUA 3aHATUI

1. YueOnasi aynuropus QUi IpOBedeHNs 3aHATHH JIEKIMOHHOT0 THHA (aya.320)

HabGop nemoHCTpanmoHHOTO 00OpymOBaHUWA: HMHTEpakTHUBHas cucrema Smart Board 480,
HOYTOYK - 1mT., KOMObioTep B cOope - lmr., MDY — 1 mwt., mnorrep - 1mrT.
Cneunanu3upoBaHHasi MeOeNb: JIOCKa ydeHruueckas — 1 mrT., ctoia opucHbIil — 2 mrT., ctoa — 1
LIT., CTOJ KOMIBIOTEPHBIN - 2 IIT., CTOJI Y4eHUYECKUi - 14 mr., cTyn MArkui — 4 mr., cTyn
YYCHUYECKUH- 28 MT., CTOJ METAUIMYECKU — 3 IIT., CTOJ JabopatopHbiii — 1 mT., mkadp — 1
mT., kKageapa — 1 mr., cremnaxku — 3 miT., mKad BBITSKHOM

2. JJaGopaTtopusi HHPOPMALMOHHBIX TeXHOJ0rHi (ayn.317)

JlabopaTopHoe obopyaoBaHue: cUCTeMHbIN 010k — 11mT., Monutop - 11 mrT., k1aBuarypa — 11
LIT., MBIIIb NpoBOAHAs — 11 mT.

Crneunanu3upoBaHHas MeOelb: CTON KOMIbIOTEpHbIN - 10 mT., cryn msarkuit — 10 mwr., cTon
KOMIBIOTEPHBII YIiIoBoM - 1 mT., opucHoe Kpecno — | mrT., KHWKHBIN mKag — 1 mrT.

3. [TomeneHus 1jsl CAaMOCTOSITEIbLHON padoThI o0yyarommxcs (aya.312)
Cneunanu3upoBaHHasi MeOeb: CTOJIBI KOMIBIOTepHbIE — 13 IUT., CTyabsd ydeHHuUeckue — 25
IT., CTOJBl YYCHHUYECKHE — 6 MIT., CTOI ABYXTYMOOBBIH — | MIT., CTOJ OJHOTYMOOBBINA — | mT.
[lepcoHaJIbHBIE KOMITBIOTEPHI C MOAKIIIOUECHUEM K ceTH «IHTEepHET» 1 00ecIieueHuEM I0CTyIa
B 2JIEKTPOHHYIO MH(OPMALIMOHHO - 00pa3oBaTenbHyo cpeay Opranuzanuu - 13 mT.

8.2. TpeOGoBaHusi K 000py10BAHUIO Pa0OYNX MECT NpenogaBaTe/s U 00y4aloHXCcs

1. PaGouee mecTo npemnojiaBaTesi, OCHAIIEHHOE HOYTOYKOM.

2. PabGouee MecTo o00y4aromerocs, OCHAIlEHHOE KOMIBIOTEPOM C JOCTYIIOM K CETH
«HTepHeT», AN paboOThl B AJIEKTPOHHBIX 00pa30BaTENbHBIX Cpelax, a Takke JUIsl paboThl ¢
3JIEKTPOHHBIMHU Y4€OHUKAMHU.

8.3. TpeGoBaHus K cielHAJIU3UPOBAHHOMY 000PY10BAHUIO

BI:I)ICJ'I@HHBIG CTOAHKH aBTOTPAHCIOPTHBIX CPCACTB AJII MHBAJIMAOB, JOCTATOUYHAA HIMPUHA
ABCPHBIX ITPOEMOB B CTCHAX, JICCTHUYHBIX Mapmeﬁ, IJI10IMag0K
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9. OCOBEHHOCTH PEAIMBAIIMU JUCHUIIJINHBI /11 UHBAJIM/10B U JIMIY C
OI'PAHUYEHHBIMU BO3MOKHOCTAMMU 31OPOBbsA

Jns  obecriedeHuss oOpa3oBaHMs MHBAIMIOB W OOYYaOLMXCA C OrpaHUMYCHHBIMU
BO3MOXKHOCTSIMH 37I0POBbsl paspabaTbiBaeTcs (B Cily4ae HEOOXOTUMOCTH) aJalTHPOBAHHAsS
oOpa3oBaTesibHasi NPOrpaMMa, MHAWBUIYAIbHbIM y4eOHBIN IUIaH C y4e€TOM OCOOEHHOCTEH HuX
NCUXO(HU3MUECKOTO  Pa3sBUTHSA U  COCTOSHHS 3[0POBbS, B YaCTHOCTH TPHUMEHSETCS
WH/MBUYAJIbHBIA MOAX0J] K OCBOEHHUIO TUCHMIUIMHBI, UHIMBHUAYaJIbHbIC 3aJjaHUsA: pedepaTsl,
NUCbMEHHBIE PabOTHl M, HAO0OOPOT, TOJIBKO YCTHBIE OTBETHl M [HAJIOTH, WHIAWBHIyalbHbIC
KOHCYJIbTAllUM, MHCIIOJb30BaHME JUKTOPOHA UM JPYrUX 3alUCHIBAIOIIMX CPEACTB IS
BOCIIPOM3BEEHU JIEKIIMOHHOIO U CEMUHAPCKOr0 MaTepuaa.

B nemsax oOecnedyeHuss o0OydaroUIMXCs MHBAJIMIOB M JIML C OTPAaHUYEHHBIMU
BO3MOXKHOCTSIMH 3JI0POBbsSI KOMIUIEKTYETCSl ()OHJ] OCHOBHOW JINTEPATypOH, aJanTHPOBAHHON K
OTPaHUYEHUIO JIEKTPOHHBIX 00pa30BaTENIbHBIX PECYpPCOB, IOCTYN K KOTOPHIM OpPraHU30BaH B
BUL] Axagemuu. B OuOiamoTexe NpOBOASATCS WHAMBHIyaTbHbIE KOHCYJIBTAIMU JUIA JAHHOM
KaTE€ropuM MO0Jb30BaTeNEH, 0Ka3bIBACTCS TIOMOILb B PETUCTPALMM U UCIIOJIb30BAaHUU CETEBBIX U
JIOKQJIBHBIX 3JIEKTPOHHBIX 00Pa30BaTEIbHBIX PECYPCOB, MPEAOCTABISAIOTCS MECTa B YUTAILHOM
3ane.
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IIpuno:xenue 1

®OH/ ONEHOYHbLIX CPEJACTB

o IMCIOMIIJIMHE
Hapuranus u ynpapjieHHe NepeMelieHueM




1. HACITIOPT ®OHIA OINEHOYHbBIX CPEACTB IIO JIUCHUIIJIMHE

HaBuranus u ynpasJjiecHHe epeMeleHueM

1. KOMHeTeHHI/II/I, (l)opanyeMLIe B IIpomecce N3y4CHUsI TNCIHUIIJINHBI

Nupekc PopMynUpOBKa KOMIIETCHIIUN

[1K-2 CrniocobeH npon3BOIUTH KOMIUIEKCHYIO HACTPONKY MEXATPOHHBIX U
[POOOTOTEXHUYECKUX CUCTEM, UCIIONB3Ys POrPAMMHOE 00eCIIeueHne KOTOPOILIIEPOB
1 yrpasistoumx 9BM, ux cucteM ynpaBiieHUs

2. JTanbl pOPMHUPOBAHNS KOMIIETCHIIMH B NIPoOLecce 0CBOCHUs THCHUITHHBI

OcHOBHBIMH 3TanamMu (OPMUPOBAHUS YKA3aHHBIX KOMIETEHLUUH IMPU H3yYEHHUH
0o0yyaromMMHC JTUCIUIUIMHBI SBISIOTCS MOCIEI0BAaTEIbHOE U3YUEHHE COJIEPIKATEIbHO
CBSA3aHHBIX MEX]ly cO00M pa3zenoB (TeM) yueOHbIX 3aHATHI. M3yueHnue kaxaoro paszaena
(TeMbl) mpeAnoaaraeT OBJaJeHUE OOYYAIOIMMUCS HEOOXOIUMBIMU KOMIIETEHIUSMHU.
PesynbraT arrecranuu  oOyyaloUmIMXCS ~ Ha pa3iMYHBIX H3Tanax (OpMHUPOBaHUS
KOMIIETEHIIMI MOKa3bIBAET YPOBEHb OCBOEHUSI KOMIETEHIIMI 00y4YaromuMucs .

OTanHOCTh (POPMUPOBAHUS KOMIIETEHIIMH NPSIMO CBSI3aHA C MECTOM JUCIUIUIMHBI
B 00pa30oBaTeIbHOM MpOrpaMMme.

Paznennl (Tembl ) dopmupyeMble KOMIIETEHIIMHU (KOAbI)
AMCIUILINHBI [1K-2
Paznen 1. Beenenue,
KMHCMAaTHKa, CCHCOPHI. +
Pasgen 2. Jlokanuzanusa u +

SLAM, ®unstp Kammana
U ero MoauuKauu

Paznen 3. BusyansHas +
0JIOMETpus

Pasnen 4. I B HaBuranmu +
Paznen 5. IlpombiniuieHHOE +

IMPUMCHCHUEC HAaBUT'allTUN

3. Iloka3areyin, KPpUTEPHH U CPEACTBA OLICHMBAHUS KOMIIETEHUM, OPMUPYEMBIX B
npouecce U3y4YeHUsl M CUHIITHHbI




ILnanupyemblie pe3yJIbTaThbl

00yueHus Kpurepun oneHnBaHus pe3yJibTATOB 00y4eHUs CpencrBa OllCHHBAHUSL Pe3y/IbTATOB
(moxazaresm o0yueHust
JAOCTHKEHUA 32JaHHOI0 HeyJI0BJIETB YIOBJIETB XOpo1o OTJIMYHO Texymmii IIpomexyrounas
YpPoBHSA OCBOCHUSA KOHTPOJIb arTecTanusa
KOMIIeTEeHIIMiA)
TIK 2.1. BoIIOJIHIET Honyckaer cyuecTBeHHble | J[eMOHCTpUpyeT JemoHcTpupyet 3HaHusAllonHoe BnageHue 3HaHul Texkymwui 3ayer
AHATH3 TeXHHYeCKOil OMMOKM TPH BBHINONHEHWH | YaCTHYHBIC 3HAHWA: TIp] NPU BBHINOJHCHHH aHATHM3A[IPH BBITOJHEHUH aHAIN3d TECTOBBIN

aHanmm3a TEXHUYECKOH | BBIIOTHEHUU aHaIIN3| TEXHUYECKON TEXHUYECKON KOHTPOJIb
AOKYMCHTAIlUU U o

JIOKYMEHTaIIH U | TEXHHUYECKOU JIOKYMEHTAIIH UTOKYMEHTaIIH ol
(pyHKIMOHAIBHBIX (YHKIIMOHATBHBIX JOKYyMEHTAIUK (yHKIHOHATBHBIX (byHKIMOHATBHBIX
TpeOoBaHUil K TpeboBaHuit K | (GyHKIHOHAIBHBIX TpeboBaHui KTpeOoBaHM K
MEXaTpOHHOM WJIN MEXaTPOHHOU Ui | TpeGoBaHMIA MEXaTPOHHOU WIIMMEXaTPOHHOU WY
POBOTOTEXHIYECKOIT POOOTOTEXHUYECKOH MeXaTpOHHOI oo POOOTOTEXHUYECKOH poOOTOTEXHUYECKOU

cucTeMme. POOOTOTEXHUYECKON cucTeMe. cucreme.
CHUCTCMC.

cUCTEME.
[IK 2.2. Ompenensier He ymeer u He rotoB JemoHcTpupyet Hemonctpupyer ymenue: | ['oroB u ymeet: | Texkymumii 3auer
cocTas 060pyIOBaHKs, | OUPCACIITE COCTaB YaCTUYHOE YMEHHE: | ONIPEIENATh COCTaB | ONPENENATh COCTaB | TECTOBBIN
. o00opyaoBaHus, onpeneniTh cocTaB | 000pyIOBaHMS, obopynoBaHus, KOHTPOJIb
HHTep(i)erbI uHTepeich o0opyaoBaHus, UHTEpEHCH uHTEpeHch
B3aMMOZICUCTBUA U B3aUMO/ICHCTBUS unTepdeiics B3aHMO/ICHCTBHSA U | B3aMOIEHCTBHS u
Tpe6OBaHI/I$I K TpeOOBaHUs K MPOTPaMMHO- | B3aUMOJICHCTBUS u | TpeboBaHUA K | TpeOboBaHuUs K
pOrpaMMHO- annaparHoOil HacTpOMKe TpeboBaHuUs K | IpOrpaMMHO-aIIapaTHON | IPOrpaMMHO-
anmapaTHoi cUCTeM NMPOrpaMMHO-aNMapaTHOH | HacTpoiike cHCTEM amnmapaTHOM HacTpOMKe
o HACTPOMKE CHCTEM CHCTEM

HAaCTPOUKE
TIK 2.3. BbIIDogHsgeT He ymeer u He rotoB JemoHcTpupyet Hemonctpupyet ymenue: | ['oroB u ymeer: Texymmumii 3auer
OIKIFOYEHUE BBINOJIHATH NMOAKIIOYEHUE YaCTUYHOE YMEHUE! BBINOJIHEHHS BBINOJIHATh TECTOBBIN

KOHTPOJUIEPOB H BBITTOJIHEHUS TOIKITFOUEHHS MOJKITIOUCHHE KOHTPOJIb
KOHTPOJIJICPOB U

ynpasisitomux 9BM, MOKJIFOYEHHUS KOHTPOJIJIEPOB U KOHTPOJIJIEPOB U

yrapasisironux 9BM,
HaCTPOWKY KaHAJIOB
CBS3U U
KOH(UTYpalnio
CUCTEMBI

HaCTPOMKY KaHaJIOB CBA3U U
KOH(UTYpAIUIO CHCTEMBI

KOHTPOJIEPOB U
ynpasisiomux 9BM,
HaCTpOIKY KaHaJIOB CBSA3U
1 KOH(UTYPAITHIO
CUCTEMBI

ynpaisiomux 9BM,
HaCTpPOMKY KaHaJiOB CBA3MU
1 KOHQUTYpaLnio
CHCTEMBI

ynpasistomux 9BM,
HAaCTPOMKY KaHAJIOB
CBSI3U ¥ KOH(UTYPAITHIO
CHCTEMBI




4. KoMIiekr KOHTPOJIbHO-OIICHOYHBIX CPEACTB MO TUCHHUILJIMHE
CEBEPO-KABKA3CKAS I'OCYJAPCTBEHHAS AKAJIEMU S
Kadenpa «MexarpoHHbBIE © POOOTOTEXHUYECKUE CHCTEMBIY
Kadenpa MuPC

IlepeyeHb BONPOCOB K 3a4eTy

110 JUCHUITIIMHE KOMHBIOTGDHOG YIpaBJICHHUC MCXAaTPOHHBIMH U DO6OTOT€XHI/I‘-ICCKI/IMI/I CUCTEMaMU

1.

10.
11.

12.

13.
14.

15.

16.

17.

B 4em 3akiroyaercss OCHOBHAs 3a7jaya HaBUTALIMU MOOMIIBHBIX POOOTOB U M3 KAKUX
KJIFOUEBBIX 3TAIIOB OHA COCTOMUT?

Kakwue TuIibl ceHCOpOB OTHOCSTCS K MPOMPUOLIETITUBHBIM, a KAKUE K AKCTEPOLEHTUBHBIM?
[IpuBenuTe mpUMEpHL.

B 4yem cyTh 3agaun oOparHoit kunemaTku (Inverse Kinematics) mpuMeHUTENBHO K
MaHHITYJIATOpam?

KakoBbl ocHOBHBIE ITpO0OIIEMBI HcTionb3oBaHus Tuaapos (LIDAR) u kamep B ycinoBusix
IJI0XOW BUJMMOCTH WJIN 3€PKaIbHBIX IIOBEPXHOCTEN?

Kak ¢popmynupyercs 3a1aua B3auMOICHCTBUS MAHUITYISTOPA C MOABHKHBIM O0BEKTOM
(Hampumep, 3axXBaT ABIKYIIEHCS neTanu)?

Yro Takoe JIOKaIM3aus poodoTa U YeM T100a1bHast JIOKATU3alsl OTIHYAeTCsl OT
OTCIISKUBAHMSI MO3HI (pose tracking)?

Packpoiite mousitue SLAM (Simultaneous Localization and Mapping). B uem 3akirouaeTcst
npoOJemMa «Kypulibl U sina» B SLAM?

Yro takoe «3ambikanue nukiaa» (Loop Closure) B anroputmax SLAM u 3auem oHO
HeoOxoaumo?

OO6®bsicauTe 00U npuHIMN padoTel GunsTpa Kanmana (3Tansl npeacka3anus U
KOPPEKIINN).
B uem otinune Pactmmpennoro gunstpa Kanmana (EKF) ot nuneiinoro ¢punsrpa Kanmana?

KakoBbl 0coO€HHOCTH KMHEMaTHYecKo Moaenu auddepenuunansaoro npusoja (differential
drive) npu ynpaBlieHUU ABM>KEHUEM?

Kak pa6oraet [T I-perynstop? Onuiunte pois [IponoprronansHoii, IHTErpansHoi u
JuddepeHnmanbHON COCTABISAIOMINX.

Kakyro npoGnemy pemaet nnterpaibHas cocrasistomas B [IN/I-perynsatope?

B ueM 3akiro9aeTcst MPUHIIKI MOEIbHO-TIpOoTHO3UpYromiero ynpasienus (MPC - Model
Predictive Control)?

KaxoBsl ocHoBHBIE ipenmyecTBa MPC nepen kimaccnueckum U I-perynstopom npu
JIBUKEHHH T10 CIIOKHBIM TPAEKTOPUSIM?

Yro takoe ¢yHKIus ctouMoct (cost function) B anroputmax MPC u kakue mapameTpbl oHa
OOBIYHO ONITUMH3UPYET?

Yto Takoe BU3YyaJIbHASA OAOMETPUA U UEM OHA OTJIMYACTCA OT KOJIECHOM OI[OMCTpI/II/I?



18.

19.

20.

21.

22.

23.
24.
25.

26.

27.

28.

29.

30.

Kaxkue kimroueBsie aTanbsl 00padoTKH n300pakeHus (Hampumep, ASTSKIUS MPU3HAKOB)
HEOOXOUMBI JJIs1 paOOTHI AITOPUTMOB BU3YaJIbHOW HABUTAITUH?

KaKI/Ie OCHOBHBIC HpOGHCMBI BO3HHUKAKOT HpI/I HaBUTalgnuu pOGOTOB B ITMHAMHWYCCKHUX cpenax
(cpenu nroaeit wiu Ipyrux MamivH)?

Kak y4uThIBacTCS MPOrHO3UPOBAHKE TPACKTOPUH JIBIXKEHUS 00BEKTA IPHU pacdyeTe 00paTHOU
KMHEMAaTHKH MaHUITYJISITOpA B peaIbHOM BpeMEHU?

B uem cnieniuduka cucrem ynpasienus apoHamu (bITJIA) mo cpaBHeHHIO ¢ HA3EMHBIMU
poboTtamu (cTeneHu cBOOO b1, HHEPLIHS )?

Kakue ¢opmatsl faHHBIX UCTIONB3YIOTCS Ui 3D-kapTorpadupoBanus (o0aka TOUeK,
BOKceJIbHbIE ceTku, OctoMap)?

Kak pemaercs 3a1aya puiabTpauy nryMoB npu noctpoenuu 3D-kapT mecTtHOCTH?

Uro noapazymeBaeTcs 1o GyHKIMOHATIBHON 0€301MacHOCTHIO0 HABUTAIIMOHHBIX CUCTEM?
Kakue cymiecTByrOT MEXaHU3MbI aBapUHHOW OCTAHOBKM U 00xoxa npensitcTBuid (fail-safe) B
ABTOHOMHBIX CHUCTEMax?

B yem paznuna mexny AGV (aBToMaTuyecku ynpasisieMbIMU TesexkaMmu) 1 AMR
(aBTOHOMHBIMH MOOMIJIBHBIMH POOOTaMH1) B IPOMBIIIICHHOCTH?

Uro Takoe cencopHas ¢ybroxH (Sensor Fusion) u mouemy oHa KpUTHYHA JUTSI HAJCKHON
HaBUTauu?

KakoBbl OCHOBHBIE BBI30BBI ITPU BHEIPECHUH HABUTAIIMOHHBIX CUCTEM Ha MPOMBIIIICHHBIX
ckianax (aHrapax)?

Kak nckyccTBeHHbINM nHTEIEKT U Heiipocetu (Deep Learning) MEHSIOT MOAXOABI K
HABUTAIIMH U PACIIO3HABAHUIO CIIEH?

KakoBbl iepcreKTuBbI pa3BUTHSI TPYIIIOBONH POOOTOTEXHUKH (POEBOTO MHTEIJUIEKTA) B
KOHTEKCTE COBMECTHOW HaBUTAllK?



KoMILJIEKT TeCTOBLBIX 3aJlaHUM

IO AUCHUIIIINHE <<HaBI/IFaI_[I/I$I " YIIPABJICHHUEC IICPECMCIICHUCM »

1. Yto Takoe HaBuranusi poooTon?

a) [Ipouecc mporpaMMupoBanust IBUKEHUH poOoTa.

6) CriocobHOCTH POOOTa OMPEAETATH CBOE MECTONOJIOKEHHE U ITIAHUPOBATH MAPIIPYT
B) Crucrema 1aT4yuKoB, 0OecTieunBaromas 3peHue podora.

r) Mexanusm, OTBeYarolInii 3a (pusnueckoe nepeMerienre pooora.

2. Kakyo 3a1auy pemaer odpaTHasi KHHEeMaTHKAa MaHunyJasaTopa?

a) OmnpeensieT MoJI0KEHNUE KOHEYHOTO 3BEHA (CXBaTa) MO 33/1aHHBIM YIJIaM B CyCTaBax.

0) Ompenensier HeOOXOUMBIC YTIIbI B CYCTaBaX IS JOCTHIKCHHSI 32IaHHOTO TTOJIOKCHHSI 1
OpHEHTAIIM KOHEYHOT0 3BeHa (CXBaTa).

B) PaccunThiBaeT CKOPOCTh IBMKEHUS KaXIOTO 3B€HA MAHUITYJISITOPA.

') AHaJIU3UPYET CUJIbL, AEUCTBYIOLINE HA MAHUITYJIATOP.

3. Ilpu B3anMoIeliCTBMHU C MOJABHKHBIM 00HEKTOM, YTO J0/KHA YYUTHIBATH CHCTEMA
ylnpaBjieHHs MAHUIYJISITOPOM B NEePBYIO o4epeab?

a) [IBer u pazmep oOBeKTAa.

0) TpaeKkTopHo U CKOPOCTh ABMKCHUS 00BEKTA.

B) Bec manunymsropa.

r) Temneparypy oKkpysKaromiei cpesbl.

4. Kakoii ceHCOp HCIOJIb3YeTcsl A1 M3MePeHus YIJI0BOii CKOPOCTH M OPHEHTALMH podoTa?
a) Akcenepomerp.

6) JIunap.

B) ['mpockorn]

r) ComnpoTuBieHHE.

5. Kakoii Tun cencopos Hau0os1ee 3¢ pekTrBeH A1 NOCTPOCHUSI TOYHOH KapThl 00/1bIIOT0
NoMelleHusl, B TOM YHcJje B YCJIOBHSAX IJI0X0i OCBellleHHOCTH ?

a) Kamepa

6) UndpakpacHble 1aTUNKU.

B) YIbTpa3ByKOBbIE JaTYUKHU.

r) JIugap (mazepHsblil 1anbHOMED).

6. Uro o3Hauyaer adOpeBuarypa SLAM?

a) Simultaneous Localization and Mapping (O1HOBpeMeHHas! JIOKJIN3aLus U MOCTPOSHHE
kapthi).[9]

0) Strategic Localization and Movement (CtpaTernyeckas JIOKaau3aius 1 JIBHKEHUE).

B) Sensor Logic and Actuator Management (CeHcopHast TIOTUKA U yIIpaBJI€HUE TPUBOJAMMU).
r) Systematic Learning and Adaptation Module (Moaynb cucremMaTiueckoro o0yueHus u
ajlanTaium).


https://www.google.com/url?sa=E&q=https%3A%2F%2Fvertexaisearch.cloud.google.com%2Fgrounding-api-redirect%2FAUZIYQEa01X2O6f0-0gQ-gRC5ICzGQGwU1szJ35hGZ9LngsIgbo5xf5d0MSrAOEc3c8n9_EDu38XT66qaMOSIZahprFNhwTQYBO31K8QEe1vm8yLlNNry8vScOhNSAO9-0SS7Rt96YQL2REXgzI4qDgWG5vNxrLbMGp8V2wXuq5-J1Q%3D

7. KakoBa ocHOBHas mejib aaropurmos SLAM?

a) TosibKO OCTPOEHNE KapThl HEU3BECTHON MECTHOCTH.

6) Tonbko onpeneneHne MECTONOJIOKEHHs pOOOTa Ha U3BECTHOH KapTe.

B) OTHOBpEMEHHOE OCTPOCHHUE KAPThI U ONIPEICIIEHUE MECTOIOJIOKEHHS pOOOTa HA HEH.
r) YipaBiieHuEe CKOPOCTbIO ABH)KEHUS POOOTA.

8. lst yero B pod6ororexuuke npumensiercss puabtp Kanmana?

a) Jlnst yBeMueHHsI MOIIIHOCTH JIBUTATEICH.

0) 1711 OLICHKU COCTOSIHMSI CUCTEMBI (HampuMep, MOJIOKEHUS U CKOPOCTH) IyTeM (QUIbTpaluu
IIYMOB ¥ OOBbEIUHEHUS TAaHHBIX C Pa3IMYHBIX CEHCOPOB.

B) Jly1s BeIOOpa Hanbosee 3P PEeKTUBHOTO AIrOpUTMA TIJIAHUPOBAHUS TTYTH.

r) [lns cxxaTtusi TaHHBIX, MTOTYYaeMbIX ¢ KaMmep.

9. B yem 3akiouaercsi ocHoBHOe oTiinune Pacumpennoro ¢puiabTpa Kaamana (EKF) ot
KJIaccuyeckoro puabrpa Kanmana?

a) EKF pabGoTaeT TOJIbKO ¢ TMHEHHBIMU CUCTEMAMHU.

6) EKF moseT paboraTh ¢ HETMHEHHBIMU CUCTEMAMH 3a CUET JIMHEapU3alUH.

B) EKF ucrnonb3yer 60sbllee KOMMYECTBO JATUUKOB.

r) EKF He TpebyeT undopmamuu o nrymax B CUCTEME.

10. Kakoii 43 noaxoa0B K ynpaBJeHUIO IBHKeHHEM MOOWIbHBIX POOOTOB MpeAnoJaraer
u30eraHue CTOJKHOBEHHUH MMyTeM cO31aHus '"'MOTEHIHAIBHOTO0 M0Jis1'" BOKPYT NPensiTcTBUii?
a) Meron cnetoBaHus IO TPAEKTOPHH.

0) MeTo1 NICKYyCCTBEHHBIX MMOTEHIIUATBHBIX MOJIEH.

B) [loBeieHne-opueHTUPOBAHHOE YIIPABIICHHUE.

r) BeposiTHOCTHBIE METO/IBI.

11. Yro npencrasasier codoii IIU/I-peryasitop?

a) YcrpoicTBO 1Sl U3MEpEeHUs (PU3NUECKUX BETUYUH.

6) AnropuT™ 00paTHOM CBSI3U, UCHIOIB3YEMBIN JJIsl YIIPABICHUS CUCTEMOM, 4YTOOBI OHA JOCTHUTrasa U
HOJ/IEP’KNBANA XKEJIaeMOE COCTOSTHHE.

B) MeTo/ MOCTpOEHUs! TPEXMEPHBIX KapT.

r) Tun ceHcopa Ais onpeaesieHus] pacCTOSTHUS.

12. Kakasa komnonenTa [N /I-peryasitopa oTBe4aeT 3a peaKuio HA TEKYLIYI0 OIIHOKY
(pa3HUILy MeXKIY KelaeMbIM U TEKYILIUM COCTOsIHMEeM)?

a) [IponopunonaneHas (P).

6) Unrerpansuas (I).

B) luddepennmansuas (D).

r) Bce Tpu KOMIIOHEHTHI B paBHOU CTETIEHHU.

13. Yo nenaer unrerpajbHas (I) komnonenra B IIU/[-peryasitope?
a) YCKOpSIeT peakinio CUCTEMbI HA H3MEHEHHUE OIIHOKH.

0) YcrpaHseT HaKOIUIEHHYIO CTATUYECKYIO OIIHOKY.

B) [IpenckaspiBaet OyayIIyto ommoKy.

r) CHIKaeT 4yBCTBUTEIBHOCTD K IIIyMaM.



14. B yeMm 3ak/r04aercsi 0CHOBHOI npuHnun padoorsl Model Predictive Control (MPC)?

a) MPC ucnonb3yeT Mo/ieb CUCTEMBI JUIs IIPeCKa3aHus ee Oy1yIlero noBeAeHUsI 1 Ha OCHOBE
3TOr0 BHIOMPAET ONTUMANIbHBIE YIIPABIIAIOIINE BO3ICHCTBUS.

0) MPC pearupyer TOIbKO Ha MPOILIBIE OITHOKH CHCTEMBI.

B) MPC sBnsercs ynpomiennoi Bepcueit [I]I-perynstopa.

r) MPC He TpeOyeT MaTeMaTHYeCKONH MOJICIIN YIPABIISIEMOT0 O0OBEKTA.

15. Kakoe npeumymectso MPC nepen IIM/I-perynsitopom?

a) [IpocToTa HacTpoikw.

6) CrtocOOHOCTh HANIPSIMYIO YUYUTHIBATh OTPAHUYCHUS Ha YIPABIIAIONINE CUTHAIIBI U COCTOSTHUE
CUCTEMBI.

B) MeHblne BEIYUCIUTEIbHBIE 3aTPAThI.

r) PaGoraer 6e3 0OpaTHOii CBA3M.

16. Uto Takoe BU3yajabHas ogomMeTpus’?

a) Meron onpezeneHus: MECTOMOJIOKEHUs ¢ ToMoIbio GPS.

0) IIporecc o1leHKHU TIepeMEIICHUsI U OpUEHTalUU poO0Ta IMyTeM aHalin3a MOCIeA0BaTeIbHOCTH
U300paKEHUI C KaMEpBHI.

B) Crioco6 kaimrmOpoBKHU Kamep podoTa.

r) TexHomorus pacro3HaBanus 00pa3oB Ha U300paKEHUSIX.

17. Kakoe u3 yTBepaeHuii 00 00paTHOM KMHEMATHKE JIJIS1 OJABUKHBIX 00bEKTOB SIBJISIETCS
BepHbIM?

a) 3ajja4ya He UMEeT PeLIeHMs], TaK KaK OObEKT JBHIKETCSL.

0) HeoOxommo B pealbHOM BPEMEHHU OTCIIEKHBATh OOBEKT U EPECUNUTHIBATH TPACKTOPHIO
MaHMITYJIATOpA Ul epexBaTa Wi CONPOBOXKACHUS.

B) JlocTaTo4yHO OJUH pa3 paccunuTaTh MOJOKEHUE 0OBEKTA.

r) Ucnonb3yroTces TOMBKO JaHHBIE C SHKOAEPOB MAHUITYJIATOPA.

18. Kakasi 0CHOBHAsl C/10KHOCTh HABUTALIMH B THHAMHYECKHUX cpeaax?

a) HeoOxo1uMoCTh CTPOUTH KapTy TOJIBKO OJIUH pa3.

0) [locTosiHHOE U3MEHEHNE OKPYKEHHsSI U3-3a ABIKYIIUXCS O0BEKTOB (JTIO/ICH, APYTUX pOOOTOB),
YTO TpeOyeT MOCTOSTHHOTO OOHOBJICHUS KapThl U MEepeIrIaHuPOBAHUS MapIIPyTa.

B) BrIcOKast CTOMMOCTB CEHCOPOB.

r) OrpaHn4yeHHast MOIIHOCTh aKKYMYJISITOPOB poOOTa.

19. Kakoii 371eMeHT cHCTeMbl YIIPABJICHHUS JPOHOM O0TBeYaeT 32 CTA0MJIN3aLHI0 ero 1moJiera u
yAep:KaHue rOPpU30HTa?

a) GPS-mMonynb.

0) IloneTHBII KOHTPOJUIEP C THPOCKOTIOM M aKCEIEPOMETPOM.

B) Kamepa.

) DneKTpoHHbIE perynsaTopsl ckopocT (ESC).

20. Uto Takoe "Fail-Safe" B cucreme ynpapJienusi ApoHom?
a) Pexxum MakcUMallbHOW CKOPOCTH MOJIETA.
0) OyHKIHS aBTOMAaTHYECKOTO BO3BpaTa Ha TOUKY B3JI€Ta MPHU MOTEPE CUTHAJA C ITYJIbTa



yIIpaBIICHUSL.
B) Cucrema npeaoTBpalleHusi CTOJIKHOBEHHIA.
r) Pesxxum pydHoTro yrpaBieHus 6€3 MOMOIIHU JIEKTPOHUKH.

21. Kakoii 1aT4MK SIBJISIETCH KJIIOYeBbIM /IJIsl IOCTPOEHUS IJIOTHBIX M TOYHBIX 3D-KkapT
MeCTHOCTH?

a) ['mpockor.

0) 2D-nunap.

B) RGB-kamepa.

r) 3D-nmuaap wiu kamepa riayounst (RGB-D).

22. Kakoii MmeTox HCNOJIb3yeTCH sl 00beIMHeHNsI HeCKOJIbKUX 3D-ckaHoB (00/1aK0B TO4Y€EK) B
eIMHYI0 KapTy?

a) OunpTpanusa Kanmana.

0) AnroputMm ICP (Iterative Closest Point) nim ero Bapuarum.

B) [I1/]-perynupoBanue.

r) OOpaTHas KHHEMaTHKA.

23. Kakas u3 nepeunciaeHnbix yrpo3 HE siBisiercs THHHYHOM /1151 6€30M1aCHOCTH
HABUTAINIMOHHBIX CHCTEM?

a) GPS-criypunr (monmena GPS-curnana).

0) [Tomexu B paboTe ceHCOpOB (HaIpuMep, 3aCBETKa KaMep WIIH JIUJIAPOB).

B) B3110M cucTembl ynpaBineHus Ui IepexBaTa KOHTPOJIS HaJl POOOTOM.

r) EcTecTBeHHBIN N3HOC MEXaHUUECKUX YacTeil poOoTa.

24. Yto Takoe GPS-cniygunr?

a) Bpemennas norepst GPS-curnana.

6) Ilepenaya noxubIx GPS-cUrHanoB ¢ 1enpo 00MaHyTh IPUEMHUK U 3aCTaBUTh €T0 HEBEPHO
OIIPEJIETINTH CBOE MECTOIOJIOKEHNE.

B) Ycunenue GPS-curnana ass moBbILIEHUS TOUHOCTH.

r) udposanue GPS-naHHBIX.

25.T'ne B IpOMBILILIIEHHOCTH AKTHBHO NPUMEHSIOTCSI MOOMJIbHbIE POOOTHI ¢ NPOABUHYTHIMH
cucTeMaMM HABUTalUH?

a) ToabKo B HAYYHO-HMCCIIEI0BATENBCKUX JIAOOPATOPHSIX.

6) Ha cknanax s aBToMaTu4ecKoi TpaHcropTupoBku ToBapoB (AGV/AMR).

B) B oducax ans nocraBku kode.

r) B cenbckom xo3stiicTBe 17151 pydHOTo cOopa ypoxasi.

26. Kakasi TEXHOJIOTHSI HABUTAIMY Yallle BCEro UCIOJIb3yeTcsl HA COBPeMEHHBIX
aBTOMATU3HPOBAHHBIX CKJaAax?

a) JIBr>keHue Mo MarHUTHBIM JICHTaM Ha TOJy.

06) SLAM Ha ocHOBe JHIapOB WK KaMep JIsl aBTOHOMHON HaBUTAlUU 0e3 CIenaIbHONU Pa3MEeTKHU.
B) YmpaBieHHe OmepaTopoM ¢ TTOMOIIBIO MyJIbTA.

r) GPS-naBuranus.



27. Kakasi TeHIeHIUs MPOCJIeKUBaeTcs B OyaymeM pa3BUTHH CHCTEeM HABUTaAuM ?

a) YrpoIeHue alropuTMOB 10 YPOBHSI IPOCTHIX PEQIICKCOB.

6) OTKa3 OT KCII0JIb30BaHUs CEHCOPOB.

B) Mcnonb30BaHNe UCKYCCTBEHHOT'O MHTEIUICKTA U TIIYOOKOTO O0Y4EHUS 17l JIUIIer0 TOHUMaHHS
CLIEHBI, IPEJICKa3aHMsl IBH)KEHUS TMHAMUYECKIX OOBEKTOB U 00Jiee Ha/le)KHON HaBUTallUU.

r) Bo3Bpar k cucremam, OJHOCTBIO YIPABIISEMbIM YEJIOBEKOM.

28. Uto Takoe "koonepaTuBHas HaBuranus''?

a) HaBuranus onnoro po0oTa 1oj ynpaBieHHEM HECKOJIBKUX OIEPaTOPOB.

0) MeTon, mpu KOTOpOM Tpyria poO0ToB 0OMeHHBaeTCss MHPOPMAITUEH O CBOEM MECTOTIOI0KEHUN
U IaHHBIX C CEHCOPOB JUIs YIIy4IlIeHUs OOIIei TOUHOCTH HaBUTAIHH.

B) CopeBHOBaHUE MEXKy poOOTaMH HA CKOPOCTH MPOXOKICHHUS MapIIPyTa.

r) HaBuraius ¢ ©CIoJib30BaHUEM TOJIBKO OJTHOM KaMephl.

29. Kakoe Biausinne oKa:keT pa3Butue ceteid SG Ha HaBUTaUIO POOOTOB?

a) Hukakoro, Tak Kak HaBUTalKs IPOUCXOUT JTOKAIBHO.

0) I[1o3BOJIUT MEpEHECTH YaCTh TSHKEIBIX BRIYUCIICHUH (Hanmpumep, 1iis SLAM) B o6iako,
YMEHBIIUB TpeOOBaHUS K OOPTOBOMY KOMITBIOTEPY pOOOTA.

B) YBEJINYUT BEC pOOOTOB 3a CUET HOBBIX MOJIEMOB.

r) Causzut Tounocts GPS.

30. Kakasi TeXHO0JIOTHSI TO3BOJIsIET POOOTY 00y4aThCA HABUTALMHM, OCHOBBIBASICh HA
€c00CTBEHHOM OIbITE, MOI00HO YeJIOBEKY?

a) [IN/I-perynupoBanue.

0) O6yuenue ¢ nmoakperieareM (Reinforcement Learning).

B) ®unpTp Kanmana.

r) [Ipsimas kuHEMaTHKA.



5. MeToan4yeckue MaTepuaJibl, Onpeaessiionme Npoue1ypbl OHeHUBAHUS

KOMIIETCHIMNH
Ne Ouenounoe cpencto | [Iponenypa onenruBanus (METOJUUYECKHE PEKOMEH 1AL )
ILII.
1. | Tectn SBIISIIOTCS TPOCTEUIIe GopmMa KOHTPOJISA, HaNpaBleHHAas Ha

NPOBEPKY  BIAJCHHS  TEPMHUHOJIOTUYECKAM  alllapaTrom,
COBPEMEHHBIMH  WH(GOPMAIIMOHHBIMU ~ TEXHOJIOTHSMH |
KOHKPETHBIMU 3HAHUSMU B 00JaCTH (yHIAMEHTAIBHBIX W
NPHUKIAIHBIX JUCHHUIUIMH. TecT COCTOMT U3 HEOOJBIIOro
KOJIMYECTBA DJIEMEHTApHBIX 3ajad; MOXET IPEIOCTaBIATh
BO3MOXXHOCTh BBIOOpa M3 IMEpPEYHs OTBETOB; 3aHMMAET YacTh
yueOHoro 3aHsaTus (10-30 MHHYT); TpaBUIBHBIC pEIICHUS
pa3duparoTcs Ha TOM K€ WJIHM CJIEAYIOIIEM 3aHATHH; YacToTa
TECTUPOBAHUS ONPEICIISACTCS MPEIOoIaBaTeIIeM

2. | 3auer CILYKUT bopmoit IIPOBEPKHU KauecTBa YCBOEHUS
o0ydJaroumMMucs yueOHOro MaTepuaa

JlanHbIe (hOPMBI KOHTPOJISL OCYILECTBIIAIOTCS C MPUBJICYCHUEM Pa3HOOOPA3HBIX TEXHUYECKUX
cpeactB. TexHHUuyecKkue CpeacTBa KOHTPOJISI MOTYT COJAEp)KaTh: MPOrpaMMbl KOMIIBIOTEPHOTO
TECTUPOBaHUS, yUeOHbIE 3a/1a4l, KOMIIJIEKCHbIE CUTYAl[MOHHBIE 33/1aHUSI.

B noHsTHE TEXHUYECKUX CPEJCTB KOHTPOJS MOXKET BXOJUTH 000pYIOBaHHE, HCIOIB3yEMOE
o0yyaromuMcsl MpH JIabOpaTOPHBIX PabOTaX M HMHBIX BHJAX pabOT, TPeOYyHOIUX NPAKTUYECKOIO
NPUMEHEHHS 3HAHWW M HABBIKOB B Y4€OHO-TIPOM3BOJCTBEHHON CHTYallMd, OBJIAJCHUS TEXHUKOH
JKCHEpUMEHTa. B oTiinyne oT Npou3BOJACTBEHHONW MPAKTUKU J1aOOpaTOpHbIE U MOI0O0HBIE UM BUIbI
paboT He mpeanojararoT OTPbIBa OT y4eOHOTrO Mpolecca, MPEACTaBISIIOT COO0H MOJeTUpOBaHHE
IPOM3BOJICTBEHHON CUTyalluM M MOJPa3yMEBAIOT IpPEIbsBICHUE OOYYAIOUMMCS MPAKTHYECKUX
pe3yIbTaTOB HHIUBUIYATLHON MIIN KOJUIGKTUBHOW JESITEITHHOCTH.

OnHako, KOHTPOJIb C MPUMEHEHHEM TEXHHYECKUX CPEJICTB MMEET psj HEAOCTATKOB, T.K. HE
MO3BOJISIET OTCIEAUTh MHIUBUyalbHbIE CIOCOOHOCTH U KpeaTUBHBIN MOTEHLIMAN o0yyatorierocs. B
3TOM OH YCTyMNaeT MMCbMEHHOMY U YCTHOMY KHTpouo. Kak moka3sIBaeT ONbIT HEKOTOPBIX BY30B -
TEXHUUYECKHE CPEJICTBA KOHTPOJIS JOJKHBI COITPOBOXKAATHCS YCTHOM Oeceol ¢ MpernoiaBaTesieM.

Nudopmannonnsie cuctembl u TexHonoruu (MC) oneHuBaHus KadecTBa Yy4eOHBIX
JOCTHKEHUH 00yUYaromuXxcst SBISIOTCS BaYKHBIM CETMEHTOM HH(OPMAIIMOHHBIX 00pa30BaTEIbHBIX
CHCTEM, KOTOpBIE MOJy4aroT Bce OOJbllee PacHpOoCTpaHEHHWE B By3ax IPH COBEPILIEHCTBOBAHUU
(uHopmaTHu3zan) o0pa3oBaTeIbHBIX TeXHONOTHH. [Iporpammublil HHCTpyMeHTapuil (00010YKa)
TaKUX CHCTEM B pEXHMME OLICHMBAHUS U KOHTPOJS OOBIYHO BKIIIOUACT: 3JIEKTPOHHbIE 00ydarouue
TECTHI, DJICKTPOHHBIE aTTECTYIOIINE TECTHI, YJIEKTPOHHBIN MPAaKTUKYM, BUPTYaJIbHBIEC Ta0OpaTOPHEIE
paboThI U Ap.

DJNEeKTpOHHBIE O0yYalONIMe W AaTTECTYIOIIUE TECTHI SBISIOTCS d(PPEKTHBHBIM CpPEICTBOM
KOHTPOJIS pe3yabTaToOB 00pa30BaHMs HA YPOBHE 3HAHUHN M MOHUMAHHUS.

Pexum o0Oyuaroiiero, Tak Ha3pIBAEMOT0 PENETHIIMOHHOTO, TECTUPOBAHMSI CIIY)KHUT, MPEXKJIE
BCET0, U1 M3YyYeHHUs] MaTepUaloB JUCHUIUIMHBI M MOATOTOBKE OOYYAIOLIErocs K aTTeCTYIOIEMY
TECTUPOBAHUIO, OH TMO3BOJSIET OOydaroleMycsl Jy4lle OLIEHUTh YPOBEHb CBOMX 3HAaHUN U
OTIpeNIeNIUTh, KaKhe BOMPOCHl HYX/IAIOTCS B JOMOJHUTENBHON MpopaboTke. B oOyyaromem pexume
0oco0oe BHUMaHHE JOKHO OBITH yieleHO (OPMUPOBAHUIO UAOra TOJB30BATEN C CHUCTEMOM,
nyTeM 3aJaHds BApHMAHTOB pPEAKLUU CUCTEMBl Ha pa3jMyHble ACWCTBUS OOyyalomerocs IpH
NPOXOXKAGHUH TecTa. B pesynabTare obOecrieunBaeTcsi BBICOKAs CTENEHb MHTEPAKTUBHOCTU
AIIEKTPOHHBIX YYEOHBIX MAaTepHalIOB, IMPH KOTOPOW CHCTeMa NPEAOCTaBISET OO0ydaromemMycs



BO3MOXXHOCTH aKTHBHOTO B3aMMOJICHCTBHS C MOJIYJIEM, peanu3ys oOy4arolluid JUajior ¢ LENbIo
BbIpa0OTKH y HEro HauboJiee MOJHOrO U aIeKBaTHOI'O 3HAHUS CYLTHOCTH M3y4aeMoro Marepuasia

ATTecTyrolee TeCTUPOBAHNE 3HAHUN O0YYaIONMXCs MPEAHA3HAYCHO JUIsI KOHTPOJIS YPOBHS
3HAaHUU U TO3BOJIET ABTOMATU3MPOBATH IIPOLECC TEKYLIETO KOHTPOJIA YCIIEBAEMOCTH, a TaKkKe
IIPOMEKYTOUYHOM aTTECTALUN.

5.1. Kpurepuu onieHUBaHHUSI TeECTHPOBAHMS

- OIICHKAa «3a4YT€HO» BBICTaBJsieTcss oOyuaromiemycs, 3a Oomnee 60% MPaBUIBHO BBIIOJIHEHHBIX
3aJaHuu.

- OLICHKA «HE 3a4TeHO» 3a MeHee 60% MpaBUIIbHO BBINOJIHEHHBIX 33 JaHUM.

5.2 . Kputepuu oueHNBaHUs Pe3yJIbTATOB OCBOEHHS IMCHMIIJIMHBI HA 3a4eTe

OneHka «3a4YTeHO» BBICTABISIETCS 3a IJIyOOKO€ 3HAaHHWE MPEAYCMOTPEHHOIO IpOrpamMMmoin
Marepuaa, COAEPKALIErocss B OCHOBHBIX M JOIOJIHUTENIBHBIX PEKOMEHIOBAaHHBIX JIMTEPATYPHBIX
HUCTOYHMKAX, 32 YMEHHE YETKO, JIAKOHWYHO M JIOTMYECKH IIOCJIEN0BATEIbHO OTBEYaTh Ha
[IOCTaBJICHHBIE BOIIPOCHI, 3a YMEHUE aHAJIU3MPOBAThb WU3y4acMbl€ SBJIICHUSA B UX B3aUMOCBSI3HU U
JUAJICKTUYECKOM Pa3BUTHM, IIPUMEHATH TEOPETUYECKHUE ITOJIOKEHUS IIPU PELICHUU MPAKTUYECKHUX
3az1ay.

OneHka «He 3a4TeHO» - 32 HE3HAHUE 3HAUUTENBHOM YacTH IMPOrpaMMHOIO MaTepuana, 3a
CYIIECTBEHHbIE OIIMOKU B OTBETAaX HA BONPOCHI, 32 HE3HAHUE OCHOBHBIX MOHATHH JUCLUIUINHBL.



Ipuio:xkenue 2

AHHOTAIUSA AUCHHUILIHHBI

Jucuunnmna Hasurauus u yrpapiieHuE nepeMerieHueM

(Momyp)

Peanuzyemble K-2

KOMIIETCHIIUH

PesynbTaThl [IK 2.1. BelnonaseT aHaIM3 TEXHUUYECKOU TOKYMEHTAIlUU U
OCBOCHUS (GyHKIIMOHATIBHBIX TPEOOBAHUN K MEXaTPOHHOMN WU
NYCHUIIINHEI pPOOOTOTEXHUUYECKOU CUCTEME.

(Moyist) IIK 2.2. Omnpenensier coctaB 000pyn0BaHus, HHTEPPEHChI

B3aMMOJICHCTBHA U TPEOOBaHMS K TPOrPaMMHO-AIIAPATHONW HACTPOHKE
IIK 2.3. DBblINoJHAET NOAKIIOYEHUE KOHTPOJUIEPOB U YNPABISAIOLINX
OBM, HacTpoiiKy KaHaJIOB CBSI3H U KOH(UTYPALIMIO CUCTEMBI
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