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1 Henu u 3a1a4M U3y4YeHUs] AMCHUATIIAHBI (MOLYJIA)

1.1 Ilean ocBOeHUsI TUCUHUILIMHBI
ObecnieunTh CHCTEMHOE H3y4eHHE (YHIAMEHTAIbHBIX OCHOB KOMIIBIOTEPHOTO 3pEHHS,
HOJKPENJICHHOE WHTEHCUBHOW NPAaKTUKOM Ha COBPEMEHHOM HMHCTPYMEHTAapUH, M CO3/aeT
npouHyro 0a3y Ui JaJbHEUIIero n3y4eHus: 00JacTy, BKII0Yask MaITMHHOE 00y4eHHe.

1.2 3agauu AUCHUNIMHBI

1. ChopmupoBaTh NOHUMaHUE U300paKEHUSI KAK MaTEMaTHUYE€CKONH MOJIEIH U JJAHHBIX.

2. Hayuwuts pemats 6a30Bbie 3amauun K3: punbTpanus, cermeHTaIus, JeTeKIus, TPSKUHT,
KaJIMOpOBKa.

3. Pa3Butb HaBbIKU peanuzauuu aroputMos K3 na C++ ¢ ucnonszoBannem OpenCV.

4. [arp npexacrasineHue o (usuke GopmMupoBaHUs H300paKEHUS U XapaKTEPUCTHKAX
KaMmep.

5. [oaroroButk 6a3y AJis KypcOB MO MAalTMHHOMY OOy4YEHHUIO U TI1yOOKOMY OOYYEHHUIO B
K3.

1.3 MecTto aucuMiuinHbI (MOYJis1) B CTPYKTYpe 00pa3oBaTe/IbHOI POrpaMMbl

JucuumnnuHa « TeXHOI0ruu KOMIIBIOTEPHOT0 3PEHUsD» OTHOCUTCS K «YacTh, hopMupyemas
y4acTHUKaMH 00pa3oBaTelIbHBIX OTHOIICHUI» bioka 1 «Jucuummiuael (MOIYIH)» y4eOHOTO
UIaHa.

JlucumIimHa UCNoiIb3yeT 3HAHUSI U YMEHUSI CTYACHTOB, IIOJyUYE€HHBIE B paMKax U3yueHUs
muctumve: [IporpammupoBanue, AJTOPUTMBI U CTPYKTYPhI JaHHBIX, Alredpa v aHanIuTUYeCKas
reoMeTrpusi, Matematnueckuil ananus, AnreOpa v BBEJIEHUE B TEH30PHBINA aHAJIN3.

Pe3ynbpTaTel OCBOGHMSI JAMCHUUIUIMHBI OyAyT UCIHOJIB30BAThCSA MPU MPOXOKICHUU
CIICAYIOUINX JUCHUIUIMH/TIPAKTUK: OTepanuoHHbIE CHCTEMBbI, ydeOHas (TEeXHOJOTHYECKas
(MpOeKTHO-TEXHOJNIOTHYeCKas) mpakTuka), @usuka, HeiipocereBbie TexHoiaoruu, CoBpeMEHHbIE
METO/Ibl KOMITbIOTEpHOTO 3peHust, U1 B poboTOoTEXHUKE.

1.4 IIpogeccnonanbHBIC POJIM B CTPYKTYpPe 00pa30BaTe/IbHON NPOrpaMMbl

Ponw 1: Data Engineer (Unoicenep no danuvim)
3anauu:
1. IIpoextupoBanue u nocrpoenne ETL-nmpouneccos

2. CoznaHue ¥ ONTUMU3ALUS XPAHWINIL TAHHBIX
3. OOecnedeHune KayecTBa U JOCTYITHOCTH JIaHHBIX
4. Hactpoiika nuHdpacTpyKTypsl 11 00pabOTKN OOJIBLIMX JTaHHBIX
5. HWHTerpanus pa3po3HEHHBIX HCTOYHUKOB JaHHBIX
6. Pabora ¢ JaHHBIMHU B 00JIaCTH MPUPOIOIIOIB30BaHMS, MEIUIIUHBI, CBA3H U
TEJIEKOMMYHUKAIUi1
Ponv 2: ML Engineer (Hnocenep MO)
3anauu:

1. Peammzanus ML-mozeneit B IpOIyKTUBHBIX CUCTEMAX
2. OnTumu3anus Npou3BOIUTENFHOCTH U MaclITaOupoBaHUE MOJIeNei
3. Paszpaborka ML-naiimaiiHoB 1 aBTOMaTH3aIUs TPOLIECCOB
4. MOHHTOPUHT KauyecTBa MOJIENIEN B IPOyKTHUBE
5. Huterpanust ML-pemenuit ¢ Ou3HeC-pHIIOKEHUIMHU
Ponv 3: MLOps (Cneyuanucm no sxcnayamayuu MH)
3amaun:
1. ABToMaTH3aIus NpoLEccOB 00YUYEHHUs U pa3BEePThIBAaHUS MOJIeNIei
2. MonuTopuHr npons3BoauTensHocTd ML-cuctem
3. VYmpasieHue BepCUsIMHU MOJEINIEN U TaHHBIX
4. Oo6ecnieuenue CI/CD myis ML-tipoexToB



5. OnTtuMuzanus BEBIMUCIUTENbHBIX PECYPCOB

1.5 IlepedyeHb MJaHMpyeMbIX pe3y/JbTATOB O0y4eHUs] MO JAMCHUILIMHE (MOAYJIIO),
COOTHECEHHBIX € IVIAHHPYEMbIMH Pe3yJIbTaTAMH 0CBOCHHs 00pa30BaTeJbHOI MPOrpaMMbl

Kon u HauMeHOBaHMe HHAUKATOpA™

Pe3yJIbTaTbI oﬁyqemm o JUCHHUIIJIMHE

KOMIIBIOTEPHOI'O 3pE€HUA

DL-3 Cnoco6en npuMeHsSTh U (M1H) pa3padaTbiBaTh AIrOPUTMbI, METOABI U TEXHOJIOTHHI

DL-3.1 [Tpumensier (mpoBoAs BHIOOD U
OKCIICPUMEHTBI) HW3BECTHBIC alNTOPUTMBI U
oubnmoTeKkn KOMIBIOTEPHOTO 3peHus,
npenoOydyeHHble — TIyOOKHMe — HelpoceTeBble
MOJENH Ui NPUKIAJHBIX 3a/]ad aHaiInu3a
n300paKeHHH u BUJICOIIOTOKA, npH

HEOOXOAUMOCTH J000yYas W BaIUAUPYS Ha
COOCTBCHHBIX Ha0Opax JaHHbBIX.

CpaBHHBaeT pa3HbIe NIPe00YYEHHbIE MOAEIH 10T
KOHKpeTHYI0 3as1a4y. [IpoBonur transfer learning Ha cBoux
JaHHBIX. ONTIMHU3HPYET TUIepIapaMeTPsl ISl yITydIIeHUs
kayecTBa. Co3/1aeT CII0)KHBIC MANIIIafHBI ayTMEHTAIIH
(albumentations). Ymeer paboTaTh ¢ BUIEO: H3BJICUCHHE
KaJIpoB, 00pab0TKa BpeMEHHBIX ITOCTIEIOBATEIIEHOCTEH
nyTtém npumeHenust CNN+RNN, 3D CNN.

PL-3 Cnocoden npuMeHsITh A3bIKN nporpammupoBanusa C/C++ nis pemenns 3aaa4 B obaactu MU

PL-3.1 PaspabatsiBacT u OTJIAXKHUBAET
3¢ PEeKTUBHBIE MHOTOIIOTOYHBIE pemmeHns Ha C++,
TECTUPYET, HCIBITHIBACT M OLICHMUBAET KAauyeCTBO
TaKUX peleHui

3Haer OCHOBBEI CHHTaKCHCa SA3BIKA.
3Haer 06H_[I/Ie MNPpUHOUIIBI TapajuICJIbHbIX BBIUHCIICHUA U
IIOHUMAaECT HpO6J’ICMH, BO3HHUKAOIINEC npu
pacnapaieJInBaHu AJITOPUTMOB.

[lpoBoguT pacnapayieMBaHHE MPOCTOTO AITOPHTMA C
npumeHerneM OpenMP, cranmaptHeix Ombmmorex C/C++
WIIH JIp.

2. CTpyKTYypa 1 coepKaHue TUCUUILTHHBI
2.1 PacnipeaesieHne TPy10EMKOCTH AUCUMILIMHBI IO BUaM padoT
O61as Tpy10EMKOCTh TUCITUIUTMHBI cocTaBmsieT 4 3a4. ef. (144 yacoB), uX pacnpeeneHme

10 BUJAaM paboT MPEACTABICHO B TaOIHIIE

Cemectpbl
Buj yueOHoit padoThl Beero (4acel)

4acoB
KonrakTHas pabora, B TOM 4ucJIe: 72,3 | 723
AyauTopHbIe 3aHATHS (BCEro): 68 68
3aHsATUA JEKIMOHHOIO TUIIA 34 34
JlaGoparopHble 3aHATHS 34 34
3aHATHS] CEMUHAPCKOTO TUIIA (CEMUHAPBHI,
MIPAKTUYECKHE 3aHSATHSI)
WNnas koHTakTHas padora: 4,3 4,3
KonTpons camoctositenpHol paboTsl (KCP) 4 4
[Tpomexyrounas arrectauus (MKP) 0,3 0,3
CamocrositesibHasi padoTa, B TOM 4HcJIe: 36 36
KypcoBas pabota
[IpopaboTka yaeOHOTO (TEOPETUIECKOTO) 6 6
Marepuaina
BrinosiHeHNE MHIMBUIYAJTBHBIX 3aJaHUN 30 30
(moAroToBKa COOOIIEHUH, MPEe3eHTAIHI)
Pedepar
[lonroroBka K TEKyLeMy KOHTPOJIIO
KonTpoJib: 35,7 | 35,7




[ToaroToBka K 3K3aMeHY 35,7 35,7
yac. 144 144
B TOM YHCJIE
O01mas Tpya0eMKOCTh KOHTAKTHAasi 72,3 | 72,3
pabora
3a4. e] 4 4

2.2 CTpyKTYypa QM CHUIINHbBI

Pacripenenenuie Bu1oB yueOHOM pabOTHI M UX TPYIOEMKOCTH IO pa3/ieiaM JUCITUILIAHBL.
Pasnensl (TeMbl) TUCIUILIMHBL, U3yYaeMble B 2 ceMecTpe

KoanuecTBo yacoB
Bueayn
Ne HaumeHnoBaHue pa3aenoB (TeM) Beero AyaurtopHasi pa6oTa “Tos?Ha
padora
J I3 JIP CPC
1 2 3 4 5 6 7
1. | OcuoBbl OpenCV 1 UBETOBBIE NPOCTPAHCTBA 18 6 6 6
2. | ®uabTpanus 1 MOPQOIOTHs 18 6 6 6
3. | Ilouck u aHanm3 KOHTYPOB 12 4 4 4
4. [IpocTpaHcTBeHHBIE TPEOOPA30BAHUS 12 4 4 4
5. JleTeknust 0OBEKTOB U COIOCTABIICHUE 6 2 2 2
6. Jerexuus IBIKCHUS U OH 6 2 2 2
7. TpekuHr 00bEKTOB 6 2 2 2
8. | KanmubpoBka xamephl 1 ycTpaHeHHE UCKaXKEHUH 24 8 8 8
HUTOI'O no pa3genam JMCHHUIIJIMHBI 104 34 34 36
KonTpons camoctostensHor padotsl (KCP) 4
[Ipomexyrounas arrectauus (MKP) 0,3
IToaroroBka K TEKyIIEMY KOHTPOJIIO 35,7
O0mas Tpy10eMKOCTb 10 JUCHHILVINHE 144

Hpumeuanue: JI — nexyuu, 113 — npaxmuuecxkue 3awsmus/cemunapol, JIP

camocmosmenvhas paboma cmyoenma

2.3 Conepxxanue pa3aesioB (TeM) M CUMILIHHbBI

2.3.1 3auATHA JEeKIUOHHOI0 THIIA

— nabopamopmuvie 3anuamus, CPC —

Ne HaumenoBanmue pasaesna (TemMbl) Copep:xanue pa3szesia (TeMbl) T:’:II)C(;’II)IIIV::"O
KOHTPOJIS
1 2 3 4
Benenue B K3. ®usnka ceerau | [Iocranoska 3agau K3. Mogens
1. | bopmMupoBaHHs H300PAKCHHS. (dbopMUpOBaHUS N300paKEHUS: CBET, T
00BEKTUB, CEHCOP.
Kamepsr. I[BeToBBIE MOETH Tuner kamep (BeO, mpombinuieHHbie, TOF,
CTEPEO), KIIFOUYEBBIE XapaKTEPUCTUKU
2. (pa3pereHue, 4acToTa KaJpoB, IIyM, T, JIP
JTUHAMHUYECKHI Tuana3oH, HTepQeco).
I{BetoBrie Mogenu (RGB, HSV, Grayscale)
IIpencraBieHye H300paKeHHUIA. H300pakeHre kKak MaTpuIa/pyHKIUs T, 1P
Ocroset OpenCV I(x,y). [Tukcens, kaHa, TIyOHHa LBETA.
3. Crpykrtypa cv::Mat. ba3oBsie oneparuu:
3arpyska, CoXpaHeHue, OTOOpakeHHe,
JIOCTYN K TUKCEJSIM, PUCOBAHUE




HaumeHoBaHue pa3jaeiia (TeMbl)

Copep:xanue pa3sjesia (TeMbl)

®opma
TeKyIlero
KOHTPOJIsI

2

3

4

npuUMUTHBOB. [IpocTpaHCcTBEHHbIC
npeoOpa3oBaHus (CABHUT, MACHITA0).

JIuHeHbIe TPOCTPaHCTBEHHBIE
¢bumsTpel. CBepTKa

MaremaTrueckasi OCHOBa (DHIIbTPAIIUH:
CBEPTKA, s1p0. PUIBTPBI pa3MbITHS
(rayCCOBCKHIA, YCPETHSIOIINN ), TOBBIIIICHUS
pe3KocTH (Narutacuad, unsharp masking).
Peanmuzamus B OpenCV (filter2D,
GaussianBlur). DddekTtsl oT pa3mepa sapa.

T, JIP

HepaBHOMEpHOCTH OCBEIIIEHHUA.
I'mctorpammer. Mopdosorus:
0a30BbIC OIEPAIHH.

Koppeknus ocsenienus. ['ucrorpamma
MU300paXeHMSI, HOPMaTH3aIusl, SKBATH3AIIH
(equalizeHist). bunapuzanus: riiodaibHbIC
1 aganTuBHbIe MeTo bl (O11y).
Mopddonorusi: spo3usi, qunaraius, 6a3oBbie
npuMmeHenus (erode, dilate).

T, JIP

Mopdomorus: cocTaBHbIC
onepauud. I'paguentsl. Kanuu.

CocTtaBHbI€ OIepalyu: OTKPBITHE,
3aKpBITHE, TOT-IIAT, OJIPK-XAT, UX
NPUMEHEHHE ISl PUIIBTPAIMH [ITyMa,
BBIJICTICHUS O0BEKTOB. [ paJIMCHTHEIC
onepatopsl (Cobens, [llappa): Beruricienue
MIPOU3BOJIHBIX, TPaHHUIIL. J[eTeKTop rpaHuIl
Kannu: anroput™ u peanmuzanus (Canny).

T, JIP

IIpocTpaHcTBEHHBIE HENTUHENHBIE
GUIBTPBLIL.

MenuaHnHbII QUIBTp: MOAABIEHNE
UMITYJIbCHOTO 1IyMa. GUIIbTPhI HA OCHOBE
MOPSAKOBBIX CTATUCTHK (Min, max).
bunarepanbHbIil QUIBTP: COXpaHEeHHE
rpanuIl pu criiakuBanuu (medianBlur,
bilateralFilter).

JIP

'eomerpryeckie
npeoOpazoBanust. AQQuHHBIE.

Marpuup! apPuHHBIX MpeodpazoBaHUM
(cnBur, Macutald, TOBOPOT, CIIBUT).
["omoreHHble KoopaAuHATHL. HTepnosaus
nukcenen (onxaimumii coces,
oununeitnas). Peanuzamnus 8 OpenCV
(warpAffine, getRotationMatrix2D).

JIP

IIpoekTrBHBIC IPEOOPA3OBAHUS.
T'omorpadust.

IIpoexTuBHas reomerpusi. Marpuna
romorpaduu (3x3). [Ipumenenue:
KOPPEKILMsI IEPCIIEKTUBEL, "BBITPSIMIICHHE"
o0bekTa. Beruncnenue romorpaguu no
toukaM (findHomography,
warpPerspective).

JIP

10

[Touck koHTYpOB. AHaNIN3
KOHTYPOB.

AJTropuUTMBI MOMCKa KOHTYPOB (Suzuki-
Abe). [IpencraBienne KOHTYpPOB (LIETTHOM
ko PpumeHa, anmnpokcuManys). MoMeHThI
KOHTYPOB. XapaKTepUCTUKHA KOHTYPOB:
IUI0IAb, IEPUMETP, LIEHTP Macc,
OTPaHUYHBAIOIIHE MTPSIMOYTOJTHHUKH
(findContours, contourArea, boundingRect).

JIP

11

JleTexuust 0ObEKTOB 10
mabnony. ConocraBieHue

Jetexus no usery/popme. Meron
CKOJIB3AIIET0 OKHA. JleTeKTOphl U
JIECKPUTITOPBI 0COOEHHOCTEMN

JIP




HaumeHoBaHue pa3jaeiia (TeMbl)

Copep:xanue pa3sjesia (TeMbl)

®opma
TeKyIlero
KOHTPOJIsI

2

3

4

ocobennocreit (Feature
Matching).

(SIFT/SURF/ORB - 0630p KOHIICTIIINH).
Comnocrasnenue neckpuntopos (Brute-
Force, FLANN) (matchTemplate,
ORB::detectAndCompute, BFMatcher).

12

Jerexmus nprkeruns. OoH.

3amaun: IETEKIUs IBUKCHUS, BBIZICIICHHE
nepeaHero miaHa. Beranranue ¢ona:
MIPOCTOE, CKOJIB3SIIIEE CpetHee. AJITOPUTM
I"ayccoBoit cmecu (MOG?2) - koHLIETIIHS U
PUMEHEHHE
(BackgroundSubtractorMOG2). Ananu3
CBSI3HBIX KOMITOHEHT JIBHKYIIHXCSI
00BEKTOB.

JIP

13

TpexuHr 00bEKTOB

3agaun TPEKUHTIa: acColManus 0ObEKTOB
MeXIy Kagapamu. [Ipocteie MeTobI: IO
OmmKaiieMy coceny, o IepeceueHHIO
obnacreit (IOU). Anroputm Kanmana -
BBE/ICHHE U TPUMEHEHUE IS MTPECKa3aHus
nonoxenns (KalmanFilter).

JIP

14

KanmubpoBka xamepsl.
BHyTpeHHue napamerpsl.

HckaxeHuns: 00beKTHBA (paaralbHbIe,
TaHTCHIIMATBHBIC). MoeNh KaMephl-
00cKypbl ¢ uckaxxeHusMu. KanubpoBka 1o
IaXMaTHOW JTIOCKE: anroputM UxaHra,
MOJTy4YeHUE MATPUIIbI KAMEPHI U

KO3 (HUIIMEHTOB HCKAKCHUN
(calibrateCamera, findChessboardCorners,
undistort).

15

Crepeospenue. ['myOuna

OnunossipHasi reoMeTpusi: 6a30Basi JIMHUS,
STHIIOJISIPHBIE TUHUU. PexTudukanus
n3o0paxxenuii. Kapra cmemenus (disparity
map). Beruucnenue rimyounsl. bazossie
aJITOPUTMBI OJIOUHOTO COMOCTABJICHHUS
(StereoBM, StereoSGBM). [Ipumenenune
TOF-kamep (aemo).

JIP

16

[TaHopamHas ckieika.

IIpuHIMIIBI TAHOPAMHOM CKIICHKH: TIOMCK
COOTBETCTBUI, BEIUMCIIEHUE roMorpaduu,
osenauHr (Stitcher).

17

ABTOo(OKYyC. 3aKiIOueHHE.

[Tpunumns! aBTohokyca (KOHTPACTHBIH,
¢azosbiii). [IporpaMmmHoe ynpasiieHue
(dhoxycom (1eMo Ha KaMepax C
noanaepkkoit). O630p COBPEMEHHBIX 3aa4
K3 u cBsizp ¢ ML/DL.

Ipumeuanue: JIP — omuem/3auwuma rabopamopnoti pabomoi, KII - svinonnenue Kypcosozo npoexma, KP - kypcosotl
pabomwi, PI[3 - pacuemno-epaghuueckoco 3adanus, P - nanucanue pegepama, D - scce, K - xomnoxeuym, T —
mecmupoganue, P3 — pewenue 3aday.

2.3.2 3aHATHSA CEMHHAPCKOI0 THIIA

He npenycMmotpenst




Ipumeuanue: JIP — omuem/3auwyuma nabopamopnou pabomot, KII - evinonnenue kypcogoeo npoekma, KP - kypcogoti
pabomul, PI['3 - pacuemno-epaghuueckozo 3aoanus, P - manucaumue peghepama, 3 - scce, K - komroxeuym, T —
mecmupogaHue, P3 — peulenue 3a0au.

2.3.3 JlabopaTopHbIe 3aHATHS

JlaGopaTopHBbIe 3aHATHS COCTOST B BBITIOJIHCHHH WHIUBUAYAIbHBIX 3aIaHUH U
00bEIMHEHBI B 8§ UHIUBUIYATbHBIX 3a1aHUI

®opma
Ne HaunmeHnoBaHue pa3jeiia (Tembl) HaumenoBaHue 1a60paTOpHBIX padoT TeKyII)uero
KOHTPOJIsA
1 2 3 4
OcHosst OpenCV u 1BeToBBIC 3arpy3ka/oToOpakeHue U300paKeHus u
NPOCTpaHCTBA BHJIEO ¢ KaMephl. [IpeoOpazoBanmne MexX Iy
L. RGB, Grayscale, HSV. Boinenenue T, JIP
00wekToB 1o 1Bery B HSV. Iloctpoenue
THCTOTPaMM.
®unbrpanus u Mopdoorus JloGaBnieHue nryMoB (TayccoB, COJIb-
nepen). [lpumenenne TuHeHHbIX GUIBTPOB
2. (crmakuBaHue, MOBBIILIEHUE PE3KOCTH). T, JIP

bunapuzanus (Ouy). [TogaBnenue myma
Mopdosoruen (OTKPBITHE/3aKPBITHE).
ITouck 1 aHaNU3 KOHTYPOB Herexuus rpanui Kannu. [Touck u T, JIP
OTPUCOBKA KOHTYpOB. Beruncienue
XapaKTEPUCTUK KOHTYPOB (TLIOIIAb,
1eHTp). GunbTpanus KOHTYPOB MO
pasmepy/dopme. AmpoKcuMaIus
KOHTYPOB.

ITpocTpaHcTBEHHBIE Peanuszanus appuHHBIX npeodpazoBaHUi T, JIP
npeoOpasoBaHHs (moBOpOT, MaciITal) ¢ OUIMHEHHOMN
uHTepnossnueil. Koppexkuus nepcrnekTuBbl
(ucmonb3ys 3apaHee 3aJaHHbIe TOYKH).
Brruucnenue u npuMmeHeHne romorpadun
JUTst "BhIIpsMIIeHUS" 00BEKTA.

JeTekiys 00bEKTOB U JeTtekiust 0OBEKTOB M0 1M1a0JI0HY T, JIP
ComocTaBJIeHHE (matchTemplate). [lerexuust u
comnocTaBieHue ocooeHnocreit (ORB)
MEXy IBYMSI U300paKCHHSIMH.
OunbTpanus J0KHBIX COOTBETCTBHII (ratio
test, RANSAC).

Jerexuus qBrKeHns U Gox Peanm3arus mpocToro BerauTaHus (oHa. JIP
Hcnonb3oBanue
BackgroundSubtractorMOG2 st

6. BbIJICJICHMS TiepeiHero miaHa. [Touck
CBSI3HBIX KOMIIOHEHT (KOHTYPOB)
JIBUKYIUXCS 00beKTOB. O1eHKa
CKOPOCTH/HANpaBJIeHUsI.




®opma

YCTpaHEHUE UCKAXKCHUIM.

Ne HaumeHoBaHue pa3jaeiia (TeMbl) HaumeHnoBaHue 1a60paTOpHBIX padoT TeKyL1ero
KOHTPOJIsA
1 2 3 4
Tpekunr 00beKTOB Peanuzanus Tpekunra no oanxaiiemy JIP
coceny (1ieHTpoubl). Peanuzanus TpekuHra
7. o nepeceuenuto oomacreit (10U tracker).
Wurerpamnus npocroro ¢puiabTpa Kanmana
JUISL CTJIQKUBAHUSL TPACKTOPUH.
Kannbposka kamephl 1 Cpemka HaboOpa n3o0pakenuit maxmatHot | JIP

JIOCKH. ABTOMaTHYECKOE OOHAPYIKCHHE
yrioB. KannbpoBka kameps (ToryueHue
camera matrix, distortion coefficients).
[TpuMeHeHre TapaMeTpoB AJISl YCTPAaHEHHS
MCKa)XCHUH Ha TECTOBBIX N300paKEHUSIX.
OreHKa OMUOKH PEPOCKIINH.

Ipumeuanue: JIP — omuem/3auwguma nadbopamopuoil pabomut, KII - gvinonnenue xypcosoeo npoexma, KP - kypcogoti
pabomul, PI['3 - pacuemno-epaghuuecxozo 3aoanus, P - manucauue peghepama, 3 - scce, K - komroxeuym, T —

mecmupogarue, P3 — peutenue 3a0au.

2.3.4 llpumepHasi TeMaTHKa KYPCOBBIX padoT (IIPOEKTOB)

He npenycmoTpenst

2.4 llepeyeHb y4eOHO-METOAMYECKOI0 00ecneYeHUs AJIs1 CAMOCTOATEIbHONH padoThl
00y4yarouuXcs Mo JUCHUILIMHE (MOIYJII0)

[TepeueHsb yueOHO-METOAMICCKOTO 00SCTICUCHUS JUCITUILTAHBI
Ne Bun CPC IO BBINOJIHEHUIO CaMOCTOSITENbHOM paboThI
1 2 3
1 N3yuenne Meroanueckue yka3aHUs II0 OpPraHU3ALMM CaMOCTOSTEIbHON
TEOPETUYECKOTO paboThI CTYJIEHTOB, YTBEPKICHHbBIE kadenpoit
MaTtepuaa MH(OPMALIMOHHBIX TeXHOJI0rui, mpotokona Nel ot 30.08.2019
2 |Pemenwue 3amau Metoaudeckue yka3zaHUs IO OpraHU3alid CaMOCTOSITEIBHOM
paboThI CTYJICHTOB, YTBEPK/ICHHBIC kadenpoit
MH(pOPMALMOHHBIX TeXHOIOrui, mporokoa Nel ot 30.08.2019

VY4ebHO-MeToIMYecKhe MaTepualibl JUIsl CaMOCTOSTEIbHOM pPabOThl OOydarOIIMXCS M3
YHUCJIa MHBAJIUAOB M JIUI C OTPAHUYECHHBIMH BO3MOKHOCTSIMH 3710poBbsi (OB3) nmpenocrassitores
B (hopMax, aqanTHPOBAHHBIX K OTPAHUYEHUSIM HX 3[JOPOBBS M BOCIIPHUTHS HH(DOpMAIIHHN:

JUig U1 ¢ HapyLIeHUSIMU 3PEHUS:

— B IieyaTHOU popme yBeTHUeHHBIM MIpU(TOM,

— B popMe 3JIEKTPOHHOT'O IOKYMEHTA,

— B (opme ayauodaiina,

— B ieyaTHOM popme Ha si3b1ke bpaiins.

I[J'ISI JIMI C HAPYUICHUSAMU CIIyXa:

— B TIe4aTHOM opme,

— B (popMe 2IIEKTPOHHOT O TOKYMEHTA.
Jljig U1 ¢ HapyHIeHUsIMA OIIOPHO-BUTATEILHOTO amnmapara:

— B I1e4aTHoM (opme,

— B popMe JIEKTPOHHOT'O IOKYMEHTA,




— B (hopme ayauodaiina.
JlaHHBIN TepeueHb MOXET OBITh KOHKPETHU3UPOBAH B 3aBUCHUMOCTH OT KOHTHHTEHTA
oOyyJaronuxcs.

3. O0pa3oBare/ibHbIC TEXHOJIOTHH
B cootBerctBum ¢ tpeboBanusmu GI'OC B mporpaMma TUCHMILIMHBI MPETyCMaTPUBACT
UCMOJIb30BaHUE B Y4eOHOM IIpolecce CIEAyIoLMX 00pa30BaTelIbHbIE TEXHOJOTHH: UYTCHHE
JEKIMA C HWCIOJB30BAHUEM MYJIBTUMEIUWHBIX TEXHOJOTUH; METOA MajbIX TpymI, pa3dop
IPAaKTUYECKUX 3a/1a4 U KEeICOoB.
[Tpu 00yueHnH UCTIONB3YIOTCS CIeNyIOINe 00pa30BaTeIbHBIE TEXHOJIOTHH:

— TexHonoruss KOMMYHHKaTHBHOTO OOydYeHUs — HampaBieHa Ha (OpMHUpPOBAHHE
KOMMYHHUKAaTUBHON KOMIIETEHTHOCTH CTYJI€HTOB, KOTOpas sBJsieTcsa 0a30BOM, HEOOXOIUMOM 1Is
a/IanTallii K COBPEMEHHBIM yCJIOBUSM MEXKYJIbTYPHOU KOMMYHHKAIIHH.

— Texnonoruss pasHoypoBHEBOTrO (Au(hEepPEHIUPOBAHHOTO) OOyYEHHUsS — TMPEANOIaraeT
OCYILIECTBJICHHE I03HABATEIIbHOW JEATENILHOCTU CTYACHTOB C YUY€TOM MX WHAMBUIYalbHBIX
CIOCOOHOCTEH, BO3MOKHOCTEH M HMHTEPECOB, MOOMIPSS WX PEATM30BHIBATH CBOM TBOPYECKUN
noreHiman. Co3gaHue M UCHOJIb30BAHUE JTMATHOCTUYECKUX TECTOB SIBIIETCS HEOThEMJIEMOMN
YacThIO JAHHOW TEXHOJIOTHH.

— TexHonoruss MoAyiapHOro OOy4YeHHS — MpeAyCMaTpUBAaeT JEJEHUE COAECpHKaHUS
JTUCIUILIMHBI HA JIOCTATOYHO aBTOHOMHBIE pa3/iesibl (MOAYJIH ), UHTETPUPOBAaHHBIEC B OOIIMIA KypC.
— HWudopmannonno-kommyHnukanmonnsle TexHojorun (MKT) - pacmmpsoor pamku

00pa30BaTEILHOrO IPOLIECCa, MOBBINAS €r0 INPAaKTUYECKYI0 HANPAaBIEHHOCTb, CIOCOOCTBYIOT
UHTCHCU(UKAILIMM CaMOCTOATENIbHOM padOThl ydyalllMXCsl M IOBBILIEHUIO I103HaBaTEIbHON
aktuBHOCTH. B pamkax VKT BoigensatoTcs 2 Buja TEXHOJIOTUI:

— TexHONOTHsI WCHOJB30BAHUS KOMIIBIOTEPHBIX NPOTpaMM — IMO3BOJIsIET 3(h(HEKTUBHO
JIOTIOJIHUTB IIpoLiecc 00yUeHHUsI A3bIKY Ha BCEX YPOBHSX.
— IHTEepHET-TEXHOJIOrMM — MPEAOCTaBIAIOT IMIUPOKUE BO3MOXKHOCTU JUIA  IIOMCKA

uHpOpMaNnH, pa3padOTKA HAYYHBIX IPOSKTOB, BEICHHS HAyYHBIX UCCIICIOBAHUI.

— TexHonorusi MHAWBUAyAIN3allUl OOyUYEHHsS] — TIOMOTAeT PEaIn30BBIBATH JMYHOCTHO-
OPUECHTHPOBAHHBIN TIOAXOJl, YYHTHIBas HMHIUBHIyaJbHbIE OCOOEHHOCTH M MOTpPeOHOCTH
yUaIIuxcsl.

— IlpoekTHass TEXHOJOTMsI — OpPUEHTHPOBAHA Ha MOJEIUPOBAHHE COLMAIBHOIO
B3aMMOJICHCTBYS YyYalllUXCsl C IEJbI0 pElIeHUs 3a/ladd, KOTOpas ONpEeNessercs B paMKax
npodecCHOHATBHON MOATOTOBKH, BBIAEIS Ty UM HHYIO ITPEIMETHYIO 00J1aCTb.

— TexHonoruss oOy4eHUs B COTPYIHHYECTBE — peaIM3yeT HJIEI0 B3aUMHOIO OOYy4YEeHMH,
OCYIIECTBIISII KaK WHAMBUAYAIbHYIO, TaK U KOJUIEKTUBHYIO OTBETCTBEHHOCTh 3a pEIlEHUE
yueOHBIX 33/1a4.

— MHrpoBas TeXHOJIOTUSI — MO3BOJIAET PAa3BUBATh HABBIKM PACCMOTPEHHs psla BO3MOXKHBIX
CIOCO0OB pelIeHusT MPoOIIeM, aKTUBU3UPYS MBIIUICHHE CTYJICHTOB M PAaCKPHIBas JTHYHOCTHBIN
MNOTEHIMAJ Ka)KJJ0r0 y4alerocs.

— TexHonorust pa3sBUTHS KPUTHUYECKOTO MBIIIICHUS — CIOCOOCTBYET (HOPMHUPOBAHUIO
Pa3HOCTOPOHHEH JIMYHOCTH, CIIOCOOHOM KPUTHYECKH OTHOCUTHCA K HHGOpMaluU, YMEHHUIO
0TOMpaTh HH(OPMAIIHIO [T PELICHNS TOCTABICHHON 3a/auu.

KommuiekcHoe Hcronb30BaHHE B y4E€OHOM IMpOLIECCE BCEX BBIIIEHA3BaHHBIX TEXHOJIOTHH
CTUMYJIUPYIOT JIMYHOCTHYIO, WHTEUIEKTYaJbHYI0 AaKTHMBHOCTb, pPa3BHMBAIOT II03HABaTeNIbHbIE
MIPOLIECCHI, CIOCOOCTBYIOT (HOPMHUPOBAHHMIO KOMIETEHIIMM, KOTOPBIMU JOJKEH 00JanaTh
OyayHmuii CrieluaucT.

OcCHOBHBIE BU/IbI HHTEPAKTUBHBIX 00pa30BaTEIBHBIX TEXHOJIOTUI BKIIFOYAIOT B CEOSI:

— paboTta B MaJIbIX rpymnmnax (KOMaH/ie) - COBMECTHasl e TeIbHOCTh CTYJIEHTOB B IPYIIIE M0/
PYKOBOJICTBOM JIM/I€pa, HAIIPaBJICHHAs HA pellieHHe 00I1el 3a1auu MyTEM TBOPUYECKOTO CIIOKEHUS



pe3yNbTaTOB HWHAMBUAYyAIbHONH pabOThl UJIEHOB KOMAHIbI C JEJIEHHEM IIOJIHOMOYUH U
OTBETCTBEHHOCTH;

— TMPOEKTHAsI TEXHOJIOTHS - HHAUBHyallbHAS WU KOJUIEKTUBHAS JIEITEIBLHOCTh 10 0TOODY,
pacnpeesieHUI0 U CUCTEMAaTU3alliid MaTepuana 1o ONpPEeeIEHHON TeMe, B pe3ysbTare KOTOpOn
COCTaBJISIETCS POCKT;

— aHaJ M3 KOHKPETHBIX CUTYyallUl - aHallu3 pealibHbIX MPOOJIEMHBIX CUTYyalud, UMEBIIUX
MECTO B COOTBETCTBYIOIIEH 00iacTH Mpo(ecCHOHANBHON NeSTeNbHOCTH, U MOWCK BapUaHTOB
JTYYIINX PELICHUH;

— pa3BUTHE KPUTHUECKOTO MBIILICHUS — 00pa3oBaTebHasl e TEIbHOCTD, HAlIPaBJIEHHAs Ha
pa3BUTHE Y CTYACHTOB Pa3yMHOr0, pe(JIEKCHBHOTO MBIILICHUS, CIOCOOHOTO BBIIBUHYTH HOBBIC
UJeH U yBUIETh HOBbIE BOZMOKHOCTH.

[Togxon pa3bopa KOHKPETHBIX 3aJad M CUTyallud [IMPOKO HCIOJb3YETCsS Kak
npenojaBaTesieM, Tak U CTYIEHTaMH BO BpeMs JIEKIUil, Ja00paTOpHbIX 3aHATUN M aHaiIu3a
pe3yJbTATOB CAMOCTOSITENIbHOW paboThl. DTO 0O0YCIOBIEHO TEM, YTO TNPH HCCICAOBAHHHU H
pEIIeHNH KaKI0M KOHKPETHOH 3a/1a4ll UMEETCsl, Kak IPaBHII0, HECKOJIBKO METOJI0B, a 3TO TpeOyeT
pazbopa ¥ OLIEHKH I1eJIOH COBOKYITHOCTH KOHKPETHBIX CUTYAIIHi.

KOJIU4eCTBO
Hcnosb3yemble HHTEPAKTUBHBbIE 00pa30BaTe/ibHbIE
Cemectp | Bua 3anaTus HHTEPAKTHUBHBIX
TeXHOJIOTHHU
4acoB
[TpakTrueckue 3aHATUA B pexumMax
JIP B3aMMOJICICTBUS «IIPENOoJaBaTellb — CTYIEHT» U 12
«CTYJIEHT — CTYJIEHT»
Hroro 12

Ipumeuanue: JI — nexyuu, 113 — npaxmuueckue 3anamus/cemunapsei, JIP — nabopamopuvie 3auamus, CPC —
camocmosmenvHas paboma cmyoeHma

Temsbl, 3a1aHust U BOIMPOCHI JUISI CAMOCTOSITENIbHOW pabOThl NMpHU3BaHbl C(HOPMUPOBATH
HABBIKHU IIOHCKa I/IH(l)OpMaIII/II/I, YMCHUA CAMOCTOATCIBHO PpPacCllupiaTb H YFJ'IY6J'I$[TI) 3HaHUA,
MOJIyYEHHBIE B XO/1€ JIEKIIMOHHBIX U MPAKTHUECKUX 3aHATHH.

[Toaxon pazbopa KOHKPETHBIX CUTYAIM IIUPOKO UCTIOIB3YETCs KaK MperojaBaTeeM, Tak
U CTyJIEHTaMH{ IIPU MPOBEICHUH aHAJIN3a PE3yJIbTaTOB CAMOCTOSTENbHONU PaOOTHI.

I[J'ISI JuL ¢ OrpaHM4YC€HHBIMH BO3MOXKHOCTAMH 300POBBA NPECAYCMOTPEHA OpraHu3aluAd
KOHCYJIbTAIMH C MCIIOJIb30BAaHUEM HJIEKTPOHHOM MOYTHI.

Jns muu ¢ HapyIeHUsIMU 3pEHHUS:

— B [1€4aTHON (hopMe yBEIUYEHHBIM HIPUPTOM,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

J5ia U1 ¢ HapyIIeHUSIMH CTyXa:

— B TIe4aTHOM opme,

— B (popMe 2IIEKTPOHHOT O IOKYMEHTA.

JLnst AL ¢ HapyIIEHUSIMHM OITOPHO-JBUTaTEIbHOTO almnapara:

— B I1e4aTHoi (opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JUis a1l ¢ OrpaHUMYEHHBIMH BO3MOXKHOCTSIMU 3/10pOBBSI IIPEIYCMOTpPEHA OpraHHU3alus
KOHCYJIBTAIMH C MCIIOJIb30BAaHUEM DJICKTPOHHOH ITOYTHI.

JlaHHBINA TepeyeHb MOXET OBITh KOHKPETH3MPOBAaH B 3aBUCHUMOCTH OT KOHTHHIEHTA
oOydJaronuxcs.

4. OueHoOYHbIE U METOAMYECKHE MATEPHAJIbI
4.1 OuneHoyHble cpeAcTBa UI  TEKYWIEro  KOHTPOJIA  YCHEBAaeMOCTH H
NPOMEKYTOYHOM aTTecTANHU



OueHoYHBIE CpelCcTBA NpPEAHA3HAUCHBI /ISl KOHTPOJS M OIEHKH 00pa3oBaTeNbHBIX
JOCTIDKEHUH  00ydaromMXcsi, OCBOMBILMX HPOTrpaMMy y4eOHOH IUCHMIUIMHBI «HA3BaHUE
JMCIUTIITMHBD.

O1neHOYHBIE CPECTBA BKIIIOYACT KOHTPOJIbHBIE MaTepHalibl Ul NMPOBEACHUS TeKYIIero
KOHTPOJIsI B ()OpME TECTOBBIX 33JaHUH, KEHCOB M MPOMEKYTOYHOIH aTTrecTanmuu B (dopme
BOIIPOCOB U 33J]aHUI K IK3aMeHY.

OueHoYHBIE CpeACTBA U WHBAIUIOB M JIMI C OTPAaHUYCHHBIMH BO3MOXKHOCTSIMH

3JI0pOBbsI BEIOUPAIOTCS C YYETOM UX WHAMBUIYATBHBIX ICUXO()U3UYECKIX OCOOEHHOCTEM.

— IIpY HEOOXOAMMOCTH MHBAJIUAAM U JINIIAM C OTPAaHUYEHHBIMU BO3MOKHOCTSIMH 3/10POBbS
NPEOCTABIISCTCS JOMIOJHUTEIHFHOE BPEMS JIJIsl TIOATOTOBKU OTBETA HA SK3aMEHE;

— IpY IPOBEJICHUU MPOLEAYPHI OLCHUBAHUS PE3yIbTaTOB 00YyUEHHS MHBAINAOB U JIHII C
OTPaHUYECHHBIMU BO3MOXHOCTSIMH 3/I0POBBS IPEAYCMATPUBAETCS UCIIOIBb30BAHUE TEXHHUUYECKUX
CPE/CTB, HEOOXOAMMBIX UM B CBSI3U C UX MHIMBHIYAIBHBIMH OCOOCHHOCTSIMH;

— IIpU HEOOXOAUMOCTH ISl 00YHAIOIIUXCS C OTPAHUYCHHBIMUA BO3MOKHOCTSIMH 370POBBS
M WHBAIMAOB TMPOIEIypa OLEHUBAHUS pE3YyIbTaTOB OOyYeHHS IO JAWUCHHMIUIMHE MOXKET
IPOBOJUTHCS B HECKOJIBKO ATAIIOB.

[Tpouenypa oreHUBaHMS PE3yIHTATOB OOYYEHHS WHBAJIHMIOB M JIMIl C OTPAaHHYCHHBIMHU
BO3MOXKHOCTSIMH 3JI0POBbSI IO JUCHUIUIMHE (MOJIYJIIO) TMperycMaTpuBaeT IPelI0CTaBICHUE
uHpopManuu B QGopMax, aJanTUPOBAHHBIX K OTPAHUYEHHSIM HUX 370POBbSI M BOCIPUSATHS
uH(popMauu:

JInst Tin ¢ HapyIeHUsIMH 3pSHUS:

— B I1€YaTHOW (hopMe YBEIMYCHHBIM HIPUPTOM,

— B (hopMe PIIEKTPOHHOTO IOKYMEHTA.

JUist i1 ¢ HapyIIEHUSIMH CITyXa:

— B IIeYaTHOM (opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JInst L ¢ HapyIeHUSIMH OTIOPHO-/IBUTATEIILHOTO amIapara:

— B TIe4aTHOM opme,

— B (popMe 2IIEKTPOHHOT O TOKYMEHTA.

JlaHHBIN TIepeYeHbh MOXET OBITh KOHKPETH3HPOBAaH B 3aBHCHMOCTH OT KOHTHHTEHTA
00y4aronuxcs.

CTpyKTypa OLEHOYHBIX CPEACTB /sl TeKYLIeil U MPOMeKYTOYHOM aTTecTAluT

Kon HaumenoBanue
Ne | KonTponupyemsle pa3aeis! (TEMBbI) | KOHTPOJIHPYEMO OILICHOYHOI'O CPEJICTBA
n/n JMCUUTUTAHBL* KOMITETCHIINU . ITpomexxyTounas
Texkyluil KOHTPOJIb
(nnu ee yacTH) aTTecTanus
OcHoBbl OpenCV u uBeTOBbIE DL-3, PL-3 3awuma U31
1 MPOCTpaHCTBa Bonpocwl k axzameny
dunbTpanys u MoOpQoorus DL-3, PL-3 3awuma U32 Bonpocwi k oxzameny
2
3 [Touck u aHaIN3 KOHTYPOB DL-3, PL-3 3awuma HU33 Bonpoce! k sx3amen
4 [IpocTtpancTBEHHBIE DL-3, PL-3 3awuma H34 Bonpocul k 9x3ameny
npeoOpazoBaHUs
5 JleTexunst 0ObEKTOB M DL-3, PL-3 3awuma U35 Bonpocel k okzameny
COITOCTABJICHUC
6 Jetexiust qBukeHUs U GOH DL-3, PL-3 Bawuma 36 Bonpocul k sxzameny
7 TpexuHr 00bEKTOB DL-3, PL-3 3awuma U37 Bonpocui k ax3ameny




KanmubpoBka kamepsl u DL-3, PL-3 Sawuma U38 Bonpocuwl k axzameny
YCTpaHEHUE UCKAKEHUMN

IMoka3aTesiu, KpUTEPUH M IIKAJIA OLEHKH C(POPMUPOBAHHBIX KOMIIETEH N

CooTBeTCTBHE IIOpoOroBoMy  VYPOBHHKO OCBOCHUA KOMHGTGHHI/Iﬁ IIJIaHUPYEMBIM

pe3yJsibTaTaM 00yueHHUs U KpUTEPUSIM UX OLIEHUBaHUS (OLEHKA: YI0BJETBOPUTEIbLHO /3aUTEHO):

DL-3

PL-1

Cnocoben npumenamov u (unu) papadamvlieamsv aa2opummsvl, Memoovl U

MEXHO/102UU KOMNRbIOMEPHO20 3PEHUA

DL-3.1 IIpumenser (mpoBoxs BEIOOp W AKCHEPUMEHTHI) W3BECTHBIC ANTOPUTMBI U OHONMHOTEKH
KOMIIBIOTEPHOTO 3peHHs, Ipe00ydeHHbIE IITyO0KHe HeHpoceTeBbIe MOIENHN IS IPUKJIaJHbIX 33124
aHanmm3a W300paXEHUWH W BHIEONOTOKA, MpPH HEOOXOOUMOCTH Joo0ydas W BalUAHApYS Ha
CcOOCTBEHHBIX HAOOPaxX JAHHBIX.

Hcnonp3yet rorossie Mozenu uz OpenCV

Hcnonwsyet 6a3oBbie pyHkimu OpenCV u PIL mis o6padotku

[ToHnMaeT NPUHOMOBI TPEACTABICHHUS W300pAKEHUH M KOIMPOBAHUS IBETA;
npUMeHsieT QUIbTPALIUNIO0 U300paKEHH, BKIIIOYAs YaCTOTHYIO;

Brnazgeer anmapaToM MareMaTHUECKOW MOP(OIIOTHH;

[Tonnmaer 6a30BbIC 3a7aud aHaIW3a W300paxKeHWM - Kiaccuukaius, IeTeKIus,
CerMEHTaIUs

YMeeT peanu3oBbIBaTh UCH U3 COBPEMEHHBIX CTaTe (Ha YPOBHE BOCIIPOU3BEACHHUS
pe3yIbTaTOB);

Cnocoben pazpadamvieams npuxkiaousie peuienus na C/C++

PL-3.1 PazpabatsiBaeT u oTiiaxkuBaeT dPPEKTUBHBIE MHOTOTIOTOYHBIE PEIICHUS Ha
C++, TecTUpyeT, UCTIBITHIBAET U OLIEHUBAET KAUECTBO TAKUX PEIICHUN

3HaeT OCHOBbI CUHTAKCHCA S3bIKA.

[Tumier HeOOMbIINE TPOTPAMMBI JIsI 00paOOTKH JaHHBIX.

[ToHnMaeT BO3MOYKHOCTH ¥ OTPAaHUYEHUSI BCTPOCHHBIX CHCTEM.

CootBercTBHE 0230BOMY YPOBHIO OCBOCHHSI KOMIIETEHLUH ITUIAHUPYEMBIM pe3yJbTaTaM

00yuYeHMsI U KpUTEPUSM UX OLIEHUBaHMS (OLIEHKA: XOPOLIO /324TeHO):

DL-3

PL-1

Cnocoben npumenamv u (unu) pazpadamvlieams ai2opummvl, Memoosbl U

MEXHO/102UU KOMRbIOMEPHO20 3PEHUA

DL-3.1 IlpumeHseT (MpoBOAsS BBEIOOP M IKCHEPUMEHTHI) U3BECTHBIC ANTOPUTMBI U OHONHOTEKH
KOMITBIOTEPHOTO 3peHHs, TPe00yUeHHbIE NTyO0KHe HEHPOCeTEeBbIE MOJIENH ISl TPUKJIAIHBIX 33124
aHaM3a M300paXEHUH W BHJEONOTOKA, MpPHU HEOOXOAUMOCTH J0oo0y4ass W BalUAWMpysS Ha
COOCTBEHHBIX Ha0Opax JaHHBIX.

Ymeer paboraTh ¢ BHAEO: M3BJICUCHHME KaapoB, 0OpabOTKa BPEMEHHBIX
IIOCJIEI0BATEIbHOCTEN.

IPUMEHSET aITOPUTMBI JIETEKIIMU XapaKTepUCTHUECKUX TOYeK (JeTeKTop Xappuca,
nerektop @ectHepa, SUSAN, 065060b, DoG); mnpumeHseT AeCKpUNITOPHI
u3o0paxenuii, Hanpumep, SIFT;

Brnaneer annaparom snunonspHoi reomerpun; CriocoOeH NPUMEHSTh alrOPUTMBI
crepeospenust; Crioco0eH MPUMEHSTh aIrOPUTMbI (POTOrpaMMETPHH

Cnocoben pazpadamvieams npuxiaousie peuienus na C/C++

PL-3.1 PazpabatbiBaeT 1 oTiIaxkuBaeT 3PPEeKTUBHBIE MHOTOTIOTOYHBIE PEIICHUS Ha
C++, TecTUpyeT, UCTIBITHIBAET U OLIEHUBAET KaYECTBO TAKUX PEIICHHH

OrneHuBaeT NMPOU3BOAUTENBHOCTD, MPO(PUIMPOBATH KOA M YCTpaHsET HalJeHHbIC
y3KHE MecTa.

YMeeT HCIoONb30BaTh CPEACTBA OTIAAKUM W NPOPHIMPOBAHMS KOJIA, HAXOIUTH

Y4aCTKHU KOJa, OrpaHUYIUBAIOIINUC ITPOU3BOAUTCIBHOCTE CUCTCMBI



CooTBeTCTBHE IIPOJABHHYTOMY VPOBHIO OCBOCHHUA KOMHGTGHHI/Iﬁ IJIaHUPYCMbIM

pe3ylibTaTaM 00y4YeHHUs U KPUTEPHUSIM HX OLIEHWBaHUSA (OLIEHKA: OTJIUYHO /3a4TEeHO):

DL-3

PL-1

Cnocoben npumenamv u (unu) pazpadamvlieams aa2opummvl, Memoosbl U

MEXHO/102UHU KOMRbIOMEPHOZ0 3PEHUA

DL-3.1 IIpumenser (mpoBoxs BEIOOp W AKCHEPUMEHTHI) W3BECTHBIC ANTOPUTMBI U OHONMHOTEKH
KOMIIBIOTEPHOTO 3peHHs, Ipe00ydeHHbIE ITyO0KHe HeHpoceTeBbIe MOIENHN IS IPUKJIaJHBIX 33124
aHanmm3a W300paXEHHWH W BHIEONOTOKA, MpPH HEOOXOOUMOCTH Joo0y4as W BalUAHApYS Ha
CcOOCTBEHHBIX HAOOPaxX JAHHBIX.

PaspabatsiBaeT crpareruu npumenerns CV noj OuzHec-3a1auu.

3HaeT MaTeMaTHYeCKHUe OCHOBBI MIPEICTABICHUS TOBEPXHOCTEM

Cnocooen paspabamovieamsv npuxkinaonsie pewienus na C++

PL-3.1 Pa3pabatsiBaeT u otiaxuBaeT 3QPeKTUBHBIC MHOTOTIOTOYHBIC PEIICHUS Ha
C++, TecTupyeT, UCTIBITHIBACT U OLIEHUBACT KAaYECTBO TAKUX PEILICHHUHA
Pa3pabarbiBaeT, 1opabaTbiBacT U ONTUMU3HUPYET OMOIMOTEKH, MpeAHa3HAUYCHHBIE
it pabotel ¢ MU, a Taxoke JOKyMeHTaIuio K HuM. [Ipodunupyer u onTuMu3upyer
MPUIIOKEHUSI HA BCTPOCHHBIX CHCTEMAaX

CriocobeH pa3pabaThiBaTh, JopadaThiBaTh W ONTUMHU3UPOBATh cucteMbl MU mox
TpeOyeMyto anmapaTHyo miaThopm

TunoBblie KOHTPOJIBHBIEC 3aIaHUA WM UHBIC MaTE€pUuaJbl, H605XO)]I/IMBIC AJIF OHCHKH

3HAHMH, YMEHHUH, HABBIKOB M (MJIH) ONbITA [AEATEJbHOCTH, XaPAKTEPHU3YIIIUX 3TANbI
(opMupoBaHUA KOMIETEHUNH B IIpoLiecce OCBOEHHs 00Pa30BaTeILHOI MPOrpaMMbl

Ilpumep nadopamopnoi pabomot

Hnousuoyanvroeo 3aoanus 1 (U31): «Ocnoswvt OpenCV u ysemosvie npocmpancmeay.

Lens: ocBouTh 6a30BbIe oneparuu OpenCV, paboTy ¢ n300pakeHUIMU/BUACOIIOTOKOM,
I[BETOBBIMU MIPOCTPAHCTBAMH M TEXHUKU CETMEHTAIUH T10 IBETY.

Texnomorun: C++, OpenCV 4.x, BeO-kamepa.

JlmutenbHOCTB: 8 YacoB (4 "aca 1abopaTOpHBIX padoT, 4 yaca CaMOCTOSITEIIBHOM paOOTHI).

Pesynbrar: Kog na GitHub + oTBeTsI Ha Bompochl

I.

[TonpoOHOE TeXHUYECKOEe 3a/IaHNe

1. HacTpoiika cpensl u 6a30Bble Onepaiuu

- Cozpnatite C++ mpoekt ¢ OpenCV.

- Peanu3yiite 3arpy3ky craTH4ecKkoro n3o0paxeHus (Hampumep, test image.jpg).
- Otobpa3zute n300pakeHne B OKHe, 100aBbTe coxpaHeHue B popmate PNG.

- Hoxymenrtarnusi: [OpenCV: 3arpy3ka/coxpaHeHne U300paeHHH |
(https://docs.opencv.org/4.x/d4/da8/group _imgcodecs.html).

2. PaboTa ¢ BUIEOIIOTOKOM
- [lonkmtounte BeO-kamepy (ID=0).
- Peasinsyiite 3axBaT BUIEO B p€aIbHOM BPEMEHHU:
- BBIBOJ MCXOAHOTO MOTOKA B OKHE.
- OCTaHOBKa IO HAKATHUIO KJIABHIIN 'q'.
- Hokymenranus: [VideoCapture Class]
(https://docs.opencv.org/4.x/d8/dfe/classcv_1_1VideoCapture.html).

3. IIpeobpazoBaHue IIBETOBBIX MPOCTPAHCTB
- I[J'IH KaJipa BUACOIIOTOKA BBITTOJIHHUTC:


https://docs.opencv.org/4.x/d4/da8/group__imgcodecs.html
file:///C:/Users/Juk.a.s/Downloads/Telegram%20Desktop/(https:/docs.opencv.org/4.x/d8/dfe/classcv_1_1VideoCapture.html

- Konsepramuio BGR — Grayscale (pmar COLOR_BGR2GRAY).
- Konseprammio BGR — HSV (pnar COLOR_BGR2HSV).
- OroOpa3uTe pe3yIbTaThl B OTACIBHBIX OKHAX.
- Teopus: [L{BeToBbie Mmosenu B OpenCV]
(https://docs.opencv.org/4.x/df/d9d/tutorial py colorspaces.html).

4. CermenTanus no ety B HSV

- Onpenenute auanazod HSV ans BeiOpanHoro 1ngera (Hanpumep, cuamii: H:100-140,
S:50-255, V:50-255).

- [Tpumenute ¢pynxnuro inRange() 11t co3panust OMHAPHOM MacKH.

- Ucnonw3ayiite bitwise and() muist BeIieIeHUST 00bEKTa HA KCXOAHOM M300paKEHUH.

- CoBer: Ucnonb3yiite TpekOapsl (createTrackbar()) ans quHamMudeckoit HACTpOUKU
MIOPOTOB.

5. 'mcTorpammel n300pakeHUH

- [Toctpoiite ructorpammy aiisa kanaina Hue (H) HSV-uzo0paxenusi.

- Busyanusupyiite rucrorpaMmy ¢ omoisko cv::line wim rectangle.

- [Ipoananu3upyiTe MUKU THCTOTPAMMBI JIJIsl OTIPEACIICHUS JIOMUHUPYIONTUX I[BETOB.
- JHoxymenTanus: [calcHist()]
(https://docs.opencv.org/4.x/d6/dc7/groupimgprochist.html).

6. DKCIIEpUMEHT C pa3HbIMU LIBETaMU

- [IpoTecTupylite cermMeHTaIuo 1js 3 MBETOB (KPACHBIN, 3€JICHBIN, CHHUI).

- Onpenenute ontuMmanbubie HSV-nuana3onsl 4 KaX10ro 1BeTa.

- OObsicHHUTE, TOUEMY KpacCHBIH 1IBET TpeOyeT 0oco0oii 06paboTku (Hampumep, 1Ba
JMara3oHa u3-3a pa3psisa Ha 0°).

7. Buzyanuzanus pe3yiabTaToB
- Cozpnaiite untepdeiic ¢ 4 okHamu:
1. UcxomHoe BHUJIEO.
2. HSV-macka.
3. O6bekT nocine bitwise and.
4. I'mcrorpamma H-kanaina.
- loGaBbTE TEKCTOBBIE METKH (Hampumep, cv::putText) c mapamerpamu [IBETOBOIO
Juana3zoHa
2. Ilposepka JlabopaTOpHOU pabOTHI aBTOTECTAMU
— Hacrpoiika cpenbl n 6a30BbIe onepanuu — METOA MojyyaeT ums Qaiina
nzoopaxenus B popmarax JPEG, PNG, BPM, Bo3Bparaet ums ¢aiina c
pacmpenrieM PNG u coxpaHsieT 3ToT ¢aiisl B KOpHEBOH TUPEKTOPUH MPOEKTA,
reHepupyeT UCKII0UYEHUS B Cilydae HeBepHoro uMeHu ¢aiina. [IpoBepka meToa.
- IIpeobpazoBaHue IBETOBBIX MPOCTPAHCTB — METO/ NoiyyaeT ¢ppeiim openCV B
dopmare BGR, Bo3Bpamaer Grayscale, uckimroueHus, METOT TTOTy4YaeT Gppeiim
openCV B dpopmate BGR, BozBpamaer HSV, uckinrouenus
- Cermenranus no usery B HSV — Meron npuHumaer ums ¢aitna nzodpaxeHus B
dopmatax JPEG, PNG, BPM, u nuanason 118eTa, Bo3Bpaiiaer uMms ¢aiina ¢
pacmiupernrieM PNG u coxpansiet 3ToT (aiiia B KOpHEBOM TUPEKTOPUH MPOEKTa,
reHepHUpyeT HCKIIIOYEHHS B Cllyyae HEBEPHOTO UMEeHH (aiina, B daiine coxpaHeHa
OuHapHas Macka JJisl yKa3aHHOTO Juana3zoHa
— T'mcrorpammel n300pakeHuit MeTo]1 MpuHUMaeT (Gaiiia uMs ¢aiina n300paxeHus B
dopmarax JPEG, PNG, BPM, u nuamna3on mnBeTa, Bo3BpamaetT uMms ¢aiia c
pacupenrieM PNG u coxpaHsieT 3ToT ¢aiisl B KOpHEBOM TUPEKTOPUH MPOEKTA,



https://docs.opencv.org/4.x/df/d9d/tutorial_py_colorspaces.html
https://docs.opencv.org/4.x/d6/dc7/groupimgprochist.html

reHepupyeT UCKIIOUEHUS B CiIydae HEBepHOro uMeHu (¢aiina, B (aiiie coxpaHeHa
rUcTorpamma

3. KoHTpOoJbHBIE BOIIPOCHI

1. Teopernueckue:

[Touemy npoctpanctBo HSV addexkrunee RGB st cermenTanuu mo misery?
Kax kommnonentsl H, S, V cBsi3aHbI C Ue10BE4ECKUM BOCIIPUATUEM ILIBETA?
O0BsicauTe mpuHIUI padoTel inRange(). Kakue mpoOiaeMbl MOTYyT BO3HUKHYTh
IpY BBIOOPE CIMIIKOM Y3KOTO/IIMPOKOTO TUarna3oHa?

[Touemy kpacublii 11BeT TpeOyeT aAByX HSV-nmuamazonos B OpenCV? Kak 3T10
CBSI3aHO C LIUKJIMYecKkoil npupoaoi Tona (Hue)?

Kax mopdonornueckue oneparuu (erode/dilate) ymydmaroT kauecTBo OMHAPHOM
macku? [IpuBeaute npuMepsl mapaMeTpoB sapa.

2. llpaktuueckue:

Hamummre ko mepeBoia n300paxeHusl B OTTEHKH CEPOTO.
Hanumumre ko nepeBona nzo0opakenust u3 RGB B HSV

3. AHaIUTHYECKHE:

Kakue orpanudeHus y nBetoBoii cermeHTanuu? Kak ocBelieHue BiIuseT Ha
pe3yabrar?

Kak rucrorpamma H-kanana nomoraer momo06pars noporu? Yto o3HavaroT €
MUKU?

[Touemy mipu paboTe ¢ BUACO BaKHO UCIONIb30BaTh waitKey(1) BMmecTo
waitKey(0)?

Kak MOkxHO MOTU(UIIMPOBATH 331aHUE JUTSI OTCICKUBAHUS O0BEKTA B IBUKCHUU?
Kakue anpTepHaTHBHBIC METOJIBI CETMEHTAIIMH 0OBEKTOB BbI 3HaeTE (KpOMe
IIBETOBOI )?

OObsicaute pazuuiy Mexay Gyakmusmu imread() u VideoCapture.read().

Kpurepuu olieHKH

Omauuno: T1onHOE BBINOIIHEHHE BCEX IIaroB, 00ObSICHEHUE BCEX ITANOB, OTBETHI HAa BONPOCHI,
KOJI Ha TUT PENO3UTOPHH (€CIIH MIPELYCMOTPEHO 3alaHUEM, TO IIPOILEN BCE TECTHI).

Xopowo: T1onHOE BBITIOJIHEHHE BCEX IIArOB, 00OBSICHEHNE BCEX ITANOB, YACTUYHBIE OTBETHI
Ha BOIIPOCHI, KO/ Ha TUT PETO3UTOPUH (€CIIU MPEAYCMOTPEHO 3aJaHUEM, TO MTPOILIET BCE

TECTHI).

Yooeremeopumenvro: I1onHoe BHIOIHEHUE BCEX 1IAroB, 00BICHEHNE BCEX 3TAIOB, KO/ Ha
TUT PENO3UTOPUH (ECITH IPELYCMOTPEHO 3alaHUEM, TO MPOLIEN BCE TECTHI).

Heyoosenemsopumenvno: HeBbimonuenue 3amaanuii mo T3, OTCyTCTBUE JIMUYHOTO THUT-
PEMO3UTOPHS C 3aJaHUSIMU, HECTIOCOOHOCTh OOBSCHUTH HAMMMCAHHBIE PEIICHNUS, KO He
MIPOXOJUT TECTHI.

3a‘leTHO-3K3aMeHaHHOHHbIe MaTepuaabl  JIJIsA l'[pOMe)KyTO'-lHOﬁ aTTeCTalluu

(AK3amMeH)

1.

Ilpumepol 6onpocoe 014 n0020moeKuU K IK3AMEHY
Onumute mporecc ¢GopMHUpPOBaHUS ITUPPOBOTO HU300pPKEHHS] OT CBETa JO
MaTpuilbl ukceneil. Kak xapakTepucTuku kamepsl (paspelieHne ceHcopa, pasmep
MTUKCEJISA, IITyM) BIHUSFOT HA KA9eCTBO N300payKEHUS M TPUMEHUMOCTH aJITOPUTMOB
K3?
OObsicHuTe mnpUHIUAN PAOOTH JIMHEHHOW MPOCTPAHCTBEHHOW (UIIBTPAIIH
(cBeptka). CpaBHuTe >PdexTsl oT npuMeHeHus ['ayccoBa ¢uiabTpa U ¢GUIBTpa



noBbiieHus: peskoctu (Jlaruracuan/Unsharp Masking). Kak pasmep sapa Biausier
Ha pe3ynbTar? [IpuBeaure npumepsl koga OpenCV.

3. Yro Takoe OunHapuzarus uzobpaxenus? Onummre anroput™ Oy U aJanTUBHYIO
ounapuzanuto. Kak mopdonorndeckue onepamnuu (3po3us, AUIaTaIus, OTKPBITHE,
3aKPBITHE) WCHOJB3YIOTCS JUIsl MOCTOOPAOOTKHM OWHApPHOTO HW300pakKeHHS?
IIpuBenuTe nmpumepsl 3a1a4.

4. Onumunre anroput™m Jerekuuu rpaHul Kannu. Kakue stanbl OH BKJIHOYAET U
nouyemy oHHM BakHbI? Kak cBsi3aHbl rpagueHTHbIe oniepaTopsl (Cobenb) u moporu
rucrepesrca B 3Tom anropurme? Kak pesynbrat padbotsl Kannu ncrnonb3yercs 1
noucka KoHTypoB (findContours)?

5. UYto Takoe adpuHHBIC U IPOCKTUBHBIE MpeoOpa3oBaHusi? B yem pasHuia Mexmy
matpuniamu 2x3 (adppunnas) u 3x3 (romorpadusi)? Kak Beraucisiercs romorpadus
mo Toukam coorBercTtBHs  (findHomography)?  IlpuBemute  mpumepsl
MPAKTUYECKOTO IPUMEHEHUs ToMorpadun (maHopama, KOppeKIHs MepCIeKTUBEI).

6. OnuuuTe npoiecc KaAMTMOPOBKHU KaMephl 0 maxMaTHoM qocke. Kakue napamerpsl
KaMmepbl (BHYTpEHHHE, HCKaXeHHs) oleHuBaroTcsi? Yto Takoe ommoOka
penpoekuun? Kak wHCIonb3yroTcs MNOTy4YeHHBbIE MapamMeTphl A YCTpaHEHUs
uckaxxenuit (undistort)? 3auem Hy’kHa KaIMOpPOBKa?

7. OObscHUTE 3a1a4y JeTeKUUU IBIKeHUs. ONMUIINTE MPUHIUI paboThl alropuT™Ma
BbluMTaHus ¢oHa Ha ocHoBe [ayccooii cmecu (MOG2). Kak Bbienuthb
OTJIeNbHBIE JBUXKYIUECS OOBEKTHI M3 Macku mnepenHero ruiana? Kak cBsizaHbl
JETEKIMS IBMKCHUS U TPEKUHT 0OBbEKTOB?

8. Uro takoe ocobenHoctu (features) nzoOpaxkeHus? OnuiuTe NPUHIKUI PabOTHI
nerekropa/geckpunropa ORB. Kak mponcxomuT comocTaBieHHe OCOOSHHOCTEH
Mexay IByMs nu3o0pakeHussMu? Kak GuibTpyroTcs JI0KHBIE COOTBETCTBUA (ratio
test, RANSAC)? IIpuBenute npumep NprUMEHEHHUS.

9. OmnumuTe 3ama4y TpeKHHra o0bekTa. B 4eMm ClI0XKHOCTh accoluanuu 0ObEKTOB
Mexay kaapamu? OOBSICHUTE NPUHLUIT pabOThl IMPOCTOrO TpeKepa Ha OCHOBE
nepeceuenus: obnacreit (IOU tracker). Kak ¢unbsrp Kanmana mMoxer ymydmurh
TPEKUHT?

10. Kak ompenensercs rinyOuHa B crepeocucteme? YTo Takoe SHUIONISApPHAS
reomeTpusi, OazoBasg JuHUS W Kapra cMmemieHus (disparity)? Kak cBsizaHbl
cmenieHne M rayomHa? Onummre O0a30BBIA  aNrOPUTM IOCTPOEHHUS! KapThl
cMmeleHus (6aouHoe conocrapieHue). Kakue hakTopsl BAMSIOT HA TOYHOCTH?.

Ilepeuensy komnemenyuil (vacmu KoMnemeHyuu), NPOBEPAEMbIX OUEHOUHBIM CPEOCHIEOM
DL-3 PL-3

B pamkax moAroToBKu K 3K3aMeHY CTYAEHTHI BBIIIOJIHAIOT B KOMaHAax OT 2 10 4 4eloBeK
IIPOEKT, COCTABJICHHBIN Ha IPUMEPE 3aa4 IpoM napTHEPOB. [IpumepHbIe BapuaHThI TEM:

1. IIpoext 1: Cucrema qeTeKIMU U TPEKUHTa 00BEKTOB 1O LBETY. McIiob30BaHNE KaMEpBHl.
CermenTanus oobsekta o usety (HSV). Beruncnenue nonaoxenus u pazmepa
(xoHTYypHBI/TIeHTpOU ). Tpekuar oobekTa mexay kanpamu (IOU/Kambpman). Buzyanuzammst
TpaekTopuu. OLleHKa CKOPOCTH.

2. IIpoexkrt 2: Cuctema nmojacyeTa npoxo1oB uepes3 uHui0. [lerexus npmwxkenus (MOG2).
AHaIN3 MOJOXKEHUS JBIKYIUXCS 00BEKTOB OTHOCUTENILHO 33JaHHOM BUPTYaJIbHOM JIMHUU.
Jloruka moncuera nepeceuenuii (HampasiaeHue). Buzyanuzanus TuHANA, OOKCOB O0BEKTOB,
CYETYMKOB. Y CTOMYMBOCTH K KPATKOBPEMEHHBIM MPOTAIaHUSIM.

3. IIpoexT 3: Cuctema u3mMepeHus pa3mMepoB 00BEKTOB 0 n300paxeHuto. KanmndpoBka kamepsl
(onpenenenue nukceneil Ha Mm). JleTekuust oobekTa Ha KOHTpacTHOM (hoHe (OnHapu3anus,
KOHTYpHI). Onpesenenne rabapuTHEIX pa3MepoB (IIMpHHA, BbICOTa) B uKcensix. [lepecuer
pa3sMepoB B peaibHbIE €IUHHIIBI (MM/CM) C UCIIOJIB30BaHUEM KaTMOpOBOYHOTO K03 duimenra.
BriBon pe3ynbraTa Ha H300paxeHue



4. IIpoekrt 4: Cucrema pacno3HaBaHus npoctbix AR-mapkepoB. [leTekuus KBaapaTHbIX
MapKepoB (KOHTYpBI, anmpoKcuMalus). Beraucnenue romorpaduu 11st "BeIIpsIMICHHS "
Mapkepa. Paznenenue BoinpsaMieHHON o6iacTu Ha ceTky. CpaBHeHUEe OMHApHOIO MaTTepHa
ceTkH ¢ HabopoM M3BeCTHBIX MapkepoB. Onpexnenenue ID Mapkepa 1 ero opueHTaIHH.
Busyanuzanus 3D ocu Ha mapkepe.

PeasibHble BADHAHTHI T€M HHAYCTPHATbHBIX NAPTHEPOB:

4. MyJIbTI/IMOJIaJILHLIﬁ arcHT IJid aHaJIn3a CTPOUTEC/IbHBIX IJIOIIAA0K

Onucanue:

000 «ABA JIAB» pa3pabaTbIBaeT CUCTEMY JIJII MOHUTOPHHTA CTPOUTEILHBIX OOBEKTOB.
Tpebyercst co3aaTh MPOTOTHUI MYIbTHMOAAIEHOTO M-arenTa, cnocoOHOT0 aHATM3UPOBAThH
U300paxKeHus CO CTPOUIIIOMAAKH (B1A€0/(OTO), a TAKKE MPUHUMATh TOJIOCOBBIE  TEKCTOBBIE
3ampocCkl (HapuMep, «IPOBEPh MOHTAXK MEPEKPHITHS HA S ITAKE).

Hean:
OO0BbeAMHUTH BO3MOXXHOCTH KOMIIBIOTEPHOTO 3peHus (pacro3HaBaHUE CTAIUU CTPOUTEILCTBA,
TeXHUKH, HapymeHuil) u HJIIT (moHnManue 3armpocoB, OTYETOB).

O:xupaemblii pe3yJbTar:
VHTEepakTUBHBIN areHT, KOTOPBIN Ha 3aIIPOC CIIELUAINCTA MOXKET I1I0Ka3aTh HYKHBIA y4acTOK,
IPOKOMMEHTHPOBATh IPOrpecc, 3apUKCUPOBATH HAPYIICHHUS.

7. Moaejib MPpOrHO3MPOBAHUSI CPOKOB C1a4M 00beKTOB HA 0CHOBE TEKCTOBBIX U
BU3YAJILHBIX JAHHBIX

Onucanne:

HeBenonepckast KOMIaHus BEAET aHATUTUUECKHUI apXUB MO CpOKaM cTpouTesbeTBa. C
MOMOIIBIO0 MYJTETUMOJIATBHBIX MOZEINeH (TEeKCTOBbIE OTUYETHI + POTO CTPOUKH ) MOKHO
MPOrHO3MPOBATh BEPOSTHOCTh OTKJIIOHEHMSI OT rpaduKa caauu.

Henn:
Pa3paboTtaTs MOz€b, KOTOPas MO TEKyIIeMy cTatycy oobekTa (poto, oTuér CMP) onlenuBaer
PUCKH 3a/IepIKeK.

O:xupaemblii pe3yJbTar:

IIporoTurl, KOTOPBIN MOKA3bIBAET BEPOATHOCTh OTKIOHEHHUN U JAET TEKCTOBBIE MOSICHEHUS
(ocHOBaHHbIE Ha PaCMO3HAHHBIX MPU3HAKAX — «HE 3aBEPIICHbI (acaiHble pabOThI», «KMOHTAXK
WH)XCHEPUH HE HadyaT»)

Keiicel 1adopaTopuu podororexHuku u MexatpoHuku Kyol'Y u npenonasaresneii-
NPAKTHKOB

1. TIpenoGpabotka u moct obpadboTka B 3amagax OCR.
[an rotoseriii ckpunt OCR, koTopblif mpo0eraer mo TMPeKTOPUHU C KAPTUHKAMU U Paclo3HAET
TEKCT Ha KapTuHKax. KapTunku — oOpe3anHbie HoMmepa aeraneid. Homepa BbI1010€HbBI HITH
OTJIMTHI Ha JKeJIe3€, TIOATOMY KJIACCHYECKHE CUCTEMBI PEIIAIOT 3a7a4y ¢ TPYIHOCTSIMHU.
Heo6xoanMo 3amyCTUTh CKPUIIT Ha TECTOBOM JIaTaceTe, OLIEHUTh H 3alucaTh TeKyIIne
pe3yibTaThl, Jajee Ha OCHOBE BCEIO MaTeprasa, N3y4eHHOrO B CEMECTPE, ITONBITATHCS IOIHATH



JIAaHHBIE TIPOIIEHTHI 3a CUET NMPeAoOPadOTKH N300paKEHUN U aITOPUTMHUIECKON MTOCT 00pabOTKH
pewennii. Tema BBIIAETCSI HECKOJIBKAM KOMaH/1aM JIJI1 COPEBHOBATEIbHOIO MOMEHTA.

2. Tloxacu€r u TpeKUHT OYTHUIOK Ha KOHBEEpe.

HccnenoBaHue ¢ HECKOJIBKMX Kamep, yU€T BBIIIEIINX HA KOHBeHep OyThIJIOK, YIABIIMX
OYyTBUIOK ¥ OYTHUIOK JOMIEANINX 10 YIAKOBKH.

3. IlpenocraBieHue NPOMBIIUIEHHOMY MAaHUILYJISTOPY [1OJIOKEHHUSI 0ObEKTa B CUCTEME
KOOpAMHAT KaMepbl. Beiienenne Ha n300pakeHMH KOHTPACTHOTO 0OBEKTa CI0KHON
¢dopmbl. Dopma 0ObekTa U3BeCTHA 3apaHee. Heo0XxoauMo nosryunTh KOOpAUHATY
OCHTpa 00BEKTA B CHCTEME KOOpAWHAT KaMCPhbI U MOJTYYUTH YTJIBI IIOBOPOTA.

OTMeTHM, YTO HA OCHOBE MEPBOI0 Keiica Oyaer chopMupoBaHO KENC-
COPEBHOBAHME Mmexay kOMaHJIaMHu CTYJAeHTOB. Byaer Bbie/ieHO 5 KOMaH/, KaxKaas
KOMAaH/1a OyJeT NpeacTaBJIATh CBOM Pe3yJbTaThl. Jlyulas KoMaHIa NOJYYAKT OLEHKY
OTian4yHO, XyAIasi — OLEHKY Y/I0BJIETBOPUTEIbHO, B C/Iy4ae eCJId HAa4aJIbHbIe NPOLEHTbI
YAAJ0Ch MOBBICUTb.

4.2 Metoanueckue MaTepuaJibl, onpeaesiioline Npoueaypbl OHeHUBAHUS 3HAHUIA,
YMeHHI, HaBBIKOB U (MJIH) ONBITA [AeATEJbHOCTH, XAPAKTEPU3YIOIIMX 3TANbI
(opMupoBaHUS KOMIETEHUM

MeTtonnyeckue peKOMeHAALMH, OIpeAessiioNde MpPouelypPbl OLEHUBAHUS HA
IK3aMeHe:

[Iponerypa mpoMeXyTO4YHOM aTTecTalMy MPOXOJUT B cooTBeTcTBUU C llonoxeHuem o
TEKYyIeM KOHTPOJIE U MPOMEXYyTOuHOH arrectanuu odyyatouxcss @PI'bOY BO «Ky6I'V».

Htorooil ¢opmoii KOHTposIs CPOPMHUPOBAHHOCTH KOMIETEHLUH y oOyyaromuxcs Io
JTUCHIUTUTMHE sBJsieTcs dKk3aMeH. CTyIeHThI 00s3aHBI ClIaTh JK3aMEH B COOTBETCTBHH C
pacrucaHueM M y4eOHbBIM IIJIaHOM.

®OC npoMexyTOYHOW aTTECTAIlMH COCTOMT M3 BOIPOCOB K DK3aMEHY M PE3yJIbTaTOB
TEKYIEro KOHTPOJIS.

DK3aMeH M0 AUCIUTUTIHE MPECIIETYET 1eh OLIEHUTH paboTy CTYEHTA 3a KypC, ITOJTydeHUE
TEOPETUYECKUX 3HAHUH, MX MPOYHOCTh, PA3BUTHE TBOPUECKOTO MBIIUICHHS, MPUOOpETEHHE
HaBBIKOB CaMOCTOSTEIbHON pabOThl, yMEHHE TMPUMEHSTH ITOJyYEHHBIC 3HAHUS JUIS PEHICHUS
NPaKTUYECKHX 3a/1a4.

dopma npoBeIeHNs K3aMEHa: YCTHO.

DK3aMeHaTOpy MPeloCTaBIsIeTCs IPAaBO 3a/1aBaTh CTYJEHTaM JIOMOJHUTEIbHbBIE BOPOCHI
1o Bcell yueOHOM mporpaMMe TUCIUTUIAHEI.

PesynbraT craun sK3aMeHa 3aHOCUTHCS IIPErolaBaTesieM B 9K3aMEHAI[MOHHYIO BEIOMOCTb
1 3a9ETHYIO0 KHHUXKKY.

OrneHrBaHUE YpOBHSI OCBOEHHSI JUCLUUIUIMHBI OCHOBBIBAETCS HAa KayeCTBE BBITOJHEHHS
CTYACHTOM 3aJJaHHUid TEKYIIETO KOHTPOJISI 1 OTBETOB HA BOIIPOCHI HK3aMEHa.

OrneHuBaHWE CTYACHTOB MPOWCXOAUT HCXONS M3 CIEAYIONUX IapaMeTpoOB: OIlEHKa
3apabaThIBaeTCs B TEUEHUE CEMECTPA, a HE TOJIBKO Ha dK3aMeHe, MOJITOTOBKA U CHCTEMaTH3aIlus
3HaHUU Ha SK3aMeH o00s3aTenbHa, He0OX0IMMO YUUTHIBaTh ocodeHHocTH nporpammsl TOII-MU u
peanu3anuy NpakTUKO-OPUEHTUPOBAHHOTO MOIX0/1a.

Ucxonst u3 atoro ObuT BeIOpaH cleayrommii cnocod orneHuBanus. CTyACHTH B TEUCHUE
ceMecTpa 3alIMIIAIOT padoThl, B KOJIUYECTBE § MITYK. DTO MEPBBIA Kypc, TOITOMY HEOOXOAUMO
CIEMNUTHh 3a TMOCeNmaeMocThio. MCX0asi MX 3TOro MPUMEHSIETCS OAJIbHO PEHTHHTOBAas CHCTEMA.



[TocenaeMoCTh IEKINI CUUTAETCS B IPOLIEHTHOM COOTHOILLIEHUH U MOXKET 00ECTIEYUTh MAaKCUMYM
5 6a1oB, TO K€ C MOCENaeMOCThIO Ja00PaTOPHBIX 3aHATHHA. 3aIIUTa UHIUBHYaJIbHOTO 33/1aHUS
MOXXET TpuHECTH OT 3 10 S5 GamioB. iToro cymmapHo CTyneHTHI Mory HaOpath 50 OGamioB 3a
ceMecTp.

B cepenune cemecTpa mpoxoauT arrecranusi CTyIAeHTOB. CTyAEeHT aTTecTOBaH, €cliu
HaNMIIEeT MUCbMEHHYIO paboTy Ha OLEHKY 3 U BbIlIe U HabepeT 15 6ayjioB Ha MOMEHT aTTECTAIHH.

[IpakTukKyeTcst MEXaHU3M JIOIyCKa K 3k3aMeHy. Ha MOMEHT okoHYaHus 3a4€THON HeJeNu
CTYACHT JIOJDKEH HalucaTh aTTECTAllMOHHYIO pabOTy Ha OoueHKy 3 u Bblme u HaOpath 30 6amioB
3a paboTy B cemecTpe.

Janee 6ayibl IepeBOAST B OIIEHKY. 35 Oayo — 3, 40 6amioB — 4, 45 GamioB — 5.

Ora OIlleHKa y4YUTHIBA€TCA Ha SK3aMeHe, Kak ofHa u3 4 oueHok. Jlomyck K 3K3aMeHy
YUUTBHIBAETCSI, KAK OLIEHKA 2.

Ha xoHCynbTaiu cTyIeHTHI 3alllMIIAI0T 9K3aMEHAIIMOHHBIE TPOEKTHI B KOMaH 1aX.

Ha sk3ameHe cTyieHThl OTBEYAIOT Ha JIBA BOIIPOCA B OMIIETE YCTHO.

Htoro cTyneHT umeeT 5 OLIeHOK — paboTa B ceMecTpe, POEKT, aTTeCTals U JBa OTBETa
Ha OHJICTHI.

Boruncnsiercss cpenusisi apumernueckas OKpyrisiercs U oObsaBiseTcs cTyaeHTy. Ecnu
OILICHKA YTpaumBaeT, SK3aMEH 3aKOHYEH, €CJIM HET, CTYACHT MOXXET MOBBICHTH €€, MOJIyYuB JBE
JOTIOTHUTEIIbHBIC OIICHKHU — 3a HeIOeNIaHHbIe TabopaTopHbIe padOTHl B CEMECTPE U 3a O0IIeHHe
C TperoAaBaTesieM Ha TEMY KOMITBIOTEPHOTO 3PEHUSI.

NunuBuayanbHble 3aJaHUS UM DK3aMEHAIMOHHBIA MPOEKT OICHUBAIOT MPaKTHUYECKUE
HaBBIKH CTYJIEHTOB, aTTECTAlMs OLEHHBAET CIOCOOHOCTH NMUCHMEHHO H3J1araTb CBOM MBICIIH,
9K3aMEH OIEHUBAET CIIOCOOHOCTh YCTHO M3J1araTh CBOU MBICIH.

[TonpasymeBaercsi, yTo oneHKka OTIMYHO O3HAYAET BBHIMOJIHEHUE BCEX JIA0OPATOPHBIX
paboT, MpoeKTa, U 0OTBETa IO OMiIeTaM Ha OleHKHU 4 uiu 5.

OneHka XOpOIIO O3HAYaeT KaK MHUHUMYM BBITIOJHEHHE MPAKTHYECKOW paboThl Ha
YAOBJICTBOPUTENILHO U 3HAHUM T€OpuH Ha 4-5 Wiu Ha000POT.

OrneHka yIOBJIETBOPUTEIHFHO O3HAYACT, YTO CTYACHT BiafeeT Oa30BBIMH 3HAHUSMHU
TEOPHH U CIIOCOOEH pelaTh 3aJjaui KOMIIBIOTEPHOT0 3peHHs Ha 0a30BOM ypOBHE.

IIpumep oyenusanus cmyoeHmos

Cymma OIICHKA ATr Ox3ameH | buner | buner
0a/ioB | ceMmecTp POEKT 1 2
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JK3aMeHAUMOHHBIN MPOEKT OIEHUBAIOTCS 10:
—KoppekTHocTH Koa.
—JIOCTHUKEHUIO METPUK.
—KauecTBy aokiana (mojsHOTa ONMKMCaHUs X0a padoThl, aHATIU3 OIIMOOK,
BU3yaJu3aIus).

Memoouueckue  pexomenoayuu,  onpeoenAwuiue - NPOUEOypvl - OUECHUBAHUSA
Jaabopamopuuix pabom:

[Tpouenypa onieHUBaHUS TAOOPATOPHBIX PAOOT MPOXOAUT B cOOTBETCTBUU ¢ [lonoxenunem
0 TEKYIIeM KOHTPOJIE B MMPOMEXYTOUYHOH artectanuu ooyuatonuxcs @PI'BOY BO «KyoI'V».

ITo xaxxmoit 1abopaTopHO paboTe MPOBOIUTCS 3aIIHTA.

[Ipu 3amuTe oTUeTa CTyIEHTY MOTYT OBITH 3a1aHbI BOIIPOCHI U JIOTIOTHUTEIIbHBIC 3/ 1aHUSI
[0 CyTH J1abOpaTOpPHOM pabOThl, B TOM YHCIE U3 CIHCKA KOHTPOJBHBIX BOMPOCOB K JaHHOMN
naboparopHoit pabdore. [Ipu HEYTOBIETBOPUTEIBHON OIICHKE 3HAHHI CTYICHTAa IO TeME JAaHHOTO
OTYeTa, CTYJECHT BO3BpAIAeTCs K TOBTOPHOMY M3yUEHHUIO COOTBETCTBYIOIIMX MAaTEPHUAIIOB, TOCIIE
Yero JI0IyCKaeTcs K MOBTOPHOM 3alluTe.

OneHouyHble CpeACTBa [UIsi WHBAJIMAOB M JIMII C OrPAaHUYCHHBIMH BO3MOXHOCTSMU
3JI0POBbSI BRIOMPAIOTCS C YIETOM UX WHIUBUAYATBHBIX IICUXO(PHU3NISCKIX OCOOCHHOCTEH.

— IIpH HEOOXOMMOCTH UHBATUAAM U JIUIIaM C OTPaHUYEHHBIMU BO3MOXXHOCTSIMU 3/10POBbSI
IIPEIOCTABIISAETCS JOMOJHUTENBHOE BPEMs JUIsl TIOATOTOBKH OTBETA Ha SK3aMEHE;

— P MPOBEICHUU MPOLIETYPHI OLICHUBAHUS PE3yIbTATOB 00yUEHUS MHBAIUIOB U JIUIL C
OTPAaHUYEHHBIMH BO3MOXKHOCTSIMHU 3JI0POBBS MPEIYyCMATPUBACTCS UCIIOJIH30BAHUE TEXHUYECKUX
CPEICTB, HEOOXOAUMBIX UM B CBS3H C UX UHIUBUIAYaJIbHBIMUA OCOOCHHOCTSIMU;

— TIPH HEOOXOAMMOCTH JIJIsl OOYYAIOIIUXCS C OTPAHMYECHHBIMUA BO3MOXHOCTSIMHU 3JI0POBBS
M UHBaJUAOB IIpOLleypa OILICHUBAHUS pE3ylbTaTOB OOYyYEHHUS 1O JUCIHUILUIUHE MOKET
MIPOBOJIUTHCS B HECKOJIBKO 3TAIOB.

[Ipouenypa oleHuBaHusl pe3yJabTaTOB OOYUYEHUS WHBAJIUAOB U JIUIl C OTPAaHUYCHHBIMU
BO3MOKHOCTSIMHU 3/I0POBBS 10 JAUCIUIUIMHE MPEyCMaTPUBAET MpeoCTaBiIeHuE HHOpMAIUU B
dbopMax, afanTUPOBAHHBIX K OTPAHUYCHHSM HX 37J0POBBS M BOCIIPHUATHS HH(POpMAIIHH:

Jlyist i1l ¢ HapyIeHUSIMH 3PEHUSL:

— B MieyaTHOU popme yBeTHUEeHHBIM HIpUPTOM,

— B (popMe dJIEKTPOHHOTO IOKYMEHTA.

JInst un ¢ HapyLIEHUMH CITyXa:

— B TIe4aTHOM opme,

— B hopMe PIEKTPOHHOTO TIOKYMEHTA.

JLyist v1n ¢ HapyIIEHUsIMH OTIOPHO-/IBUTATEIBLHOTO armapara:

— B I1e4aTHOM (opme,

— B (popMe dJIEKTPOHHOTO IOKYMEHTA.

JlaHHBIN TIepeueHb MOXET ObITh KOHKPETU3UPOBAH B 3aBUCHUMOCTH OT KOHTHHTEHTA
oOyyJaronuxcs.

4.3. Meroanueckue yKasaHHus M0 OPraHU3alMU BbIYMCIUTEIbHOH HHPPACTPYKTYPHI

YciaoBus NpUMeHeHH

— Kypc paccuntan Ha cTyieHTOB 1-r0 roga oOy4eHus.

— Hanmume noctyna k BeraucnutenbHbIM pecypcam(GitLab).

— Pa3paboTanbl HHIMBH Ty bHBIC 3a/IaHUS, B HUX BBIJIEICHBI YaCTH JUIS TPOBEPKH
aBTOTECTaMu; MH(pacTpykTypa s npuéma 3agad(gitlab, CI/CD, autotests)
COTJIACOBaHA C WHAMBHyaTbHBIMH 33JaHUSIMH, TTOCIIE 3aBEPIICHUS Pa3paboOTKH



ABTOTCCTOB MHAUWBHUAYAJIbHBIC 3alaHUA MCPEACTIaHbl U B HUX YKa3aHbI TpC6OBaHI/I5[ K
CHGL[I/I(l)I/IKaI_[I/II/I METOJA0B 1 KOMMMUTOB.

Hesnu, 3a1aum 1 0:kuIaeMble Pe3yIbTAThI
[{enu opranu3anuu BEIYUCIUTEILHOU HHGPACTPYKTYPHI:

-  J1aTh Ha4YaJbHOE TpejacTaBienue o padote B IT undppactpykrype (mpuyduTh
I0JIb30BAThCSl TUTOM, IPUYUYHUTh K TpeOOBaHUAM K KauecTBY paszpabaTsiBaemoro 110 Ha
YPOBHE IIPOXOXKIEHUS TECTOB).

3agauu npenojaBaTes:

— CO3JaHME YUYETHBIX 3alHcell CTyIeHTOB B gitlab By3a;

— GitLab Runner

— Palora Hax mabIOHHBIM PETIO3UTOPHUEM JIAOOPATOPHBIX padoT;

— Asrotectn 1U31;

— Busyanusanus pe3ynabTaToB TECTHPOBAHHUS;

— Hanwucanue uHCTPYKINY JUIS CTYICHTOB;

— mnepepaborka MHmuBHMIyansHOro 331aHust | IO UTOraM HalvCaHusl aBTOTECTOB,

— HamMcaHMe aBTOTeCTOB MHAMBUAyambHOTO 33aHus N U BCTpauBaHUE UX B OOIYIO

HH(PaCTPYKTYpY;

— mnepepaboTka MHIMBUIYaTbHOTO 334aHUs | IO UTOraM HalKMCaHUs aBTOTECTOB;

OskugaeMble pe3yIbTaThl CTYCHTOB:

- HauvanbpHOe mpencrtasienue o padore B IT undpactpykrype (TuT, HEWMUHT, aBTOTECTHI).

IMopsinok peannzanuu
3amava Nel: cozmaHue y4eTHBIX 3amuceld CTyIeHTOB B gitlab By3a
3agaua Ne 2: GitLab Runner.

s Bemmonuenust CI/CD naiinnaiina u 3amycka aBrotectoB 0bU1 HacTpoeH GitLab Runner Ha
yaanéunou BupryanbHoi Mamuae ¢ OC Ubuntu 24.04.

ITocaenoBaTeIbHOCTH HaCTPOﬁKH BKJIFOYaJIa CJICAYIONINE MIaru:

Hacrpoiika cucreMbl — ycTaHOBKa HEOOXOIMMBIX KOMIIOHEHTOB, TakuX, kak Docker.
VYcranoska GitLab Runner no odunnanbHON HHCTPYKIUY.

Perucrtpamus Runner nyst yactaoro cepsepa GitLab.

Coznianue cron-ckpunTa Jyisi IepUoIMYeCKOol OUUCTKU apTe(aKkTOB TECTUPOBAHUS.
3amaga Ne3: PaboTa Haj m1aObIOHHBIM PETIO3UTOPUEM JTA0OPATOPHBIX paboT

OTOT PErno3UTOPUI CITY’)KUT OCHOBOM ISl BCEX HOBBIX JIAOOPATOPHBIX 3a/1aHUI U COJCPKUT
MPEITHACTPOEHHYIO CTPYKTYPY IIPOEKTa, TECTOBYIO HHPpacTpykTypy U Cl-koHpurypanuu.

KiroueBsie (haiiabl U MX Ha3HAYEHUE:

.gitlab-ci.yml — ocHoBHOI kKoHuUryparmonHsi (aiin CI/CD. Bkimovaer craguu test,
push_report. Onpenenser cpeay BoinonHEHUs (00pa3 Docker), komaHbI 17151 3aITyCcKa TECTOB U
cOOpKH.

get_path.py — CKpHUIIT IJIA OIIPCACIICHUSA TOI'O, KAKHUC TCCThI UCIIOJIB30BATh, 10 HA3BAHUTO
KOMMMTA.



Dockerfile — daiin ans 3amycka gokep-oopasa ¢ TeCTamH.
README.md — HHCTpYKIMH K UCIIOJIB30BAHUIO MA0JIOHHOTO PENO3UTOPHUS U TECTOB.

Taxoke Obu1a peann3oBaHa reHepanus oT4ETOB O pe3ysibTaTax TECTUPOBaHUA Kojaa. Bes
CTPYKTYpa MaKCUMaJIbHO aJalITUPOBaHa I KOIIUPOBAHUs CTYyACHTAMU U MMHUMU3ALUU [10pOra
BXOJIa IIPU BBINOJIHEHUH J1a00paTOPHBIX

3anava Ned: Buzyanusauus pe3ysibTaToB TECTUPOBAHUS

[puseden npumep suzyanuzauuu 0as oucyuniunvl O0vbeKmHo-0pUeHMUPO8AHHOE
npo2pammuposanue u wabaoHbl NPOeKMUPOBAHUs, MAKUM Jice 00pa3zom HeobxoouUMo
peanuz08amsv omodpaxcetus oas memooos uz M31.

PesynbraTsl TECTUPOBAHUS MPEACTABISAIOTCS B BUAe html cTpaHuUIlbl, HA KOTOPOH MOKHO

MOCMOTPETH YCIICIIHBIC TCCTHI, OIINOKH U npeaynpeKICHUA.

Generated on Jul 22, 2025 at 21:31 Russian Standard Time

Test Results

Finished in 0.00s, 26613.23 tests/s, 70133.69 assertions/s

85 tests, 224 assertions, 0 failures, 0 errors, 0 skips

1009 passad

Mpoeepra konuYecTE: My GNMYHEIX METOOOE KNacca M oGwerTa Student 2 tests, 2 ascertions, 0 failures, 0 errors, 0 skips, finished in 0.0001s
«" KonnuecTeo METOACE EN3CCS Aszertions 1, time 0.000080s
+" KonnuecTeo meToaos ofeeeTa Aszertions 1, time 0.000022s

Mpoeepka konuYecTES My GNMYHLIX MeTOOOE KNacca M oGwerTa StudentShort 2 tests, 2 ascartions, 0 failures, 0 errors, 0 skips, finished in 0.0000s
+* KonwuecTeo metoacs enaccs Asserions 1, time 0.000020s
+ KonwuecTeo metonos ofeecTa Aszertions 1, time 0.000021s

TecT aneTepHaTMEHOND KoHCTRY kTopa StudentShortfrom_student 1 tests, 4 assartions, 0 failures, 0 errors, 0 skips, finished in 0.0000s
«* Coznasme ofterrs StudentShort uspes SNLTEDHETUEHSIA KOHETEYKTOD Acserions 4, time 0.000027s

TecT HHHUMANKI3UMK 06 kekTa Enacca Student, reTTepoE W CETTEpOE 21 tests, 38 assertions, O failures, 0 errors, 0 skips, finished in 0.0003s
«" t=st_telegram_setter Assertions 2, time 0.000015s
«" [eTTep ans email Assertions 2, time 0.000002s
«* [2TTEp ANR git Assertions 2, time 0.000007s
+ lertep ans id Azzerions 2, time 0.000002s
«* M=Trep ans telegram Aszserions 2, time 0.000010s
«* [2TTED ANR KMEHMN Assertions 2, time 0.00000%s
«* [2TTEp ANR oTYECTES Assertions 2, time 0.000018s
« [=rTep ans Tenedoua Aszertions 2, time 0.000007s

Ecim MeTo1 HanrcaH HEKOPPEKTHO, TO Oy/IeT BBIBEICHA OIMNOKA.



IMopsiiok MPOBEPKH KOPPEKTHOCTH

Yek-uCT 715 MPOBEPKU J1aO0OpaTOPHBIX padoT:

® TUT UHPPACTPYKTYpa C YIETHBIMHU 3aITUCSIMU CTYICHTOB;

e [1a0JIOH TUT PETIO3UTOPHS JUIsl KIIOHUPOBAHUS U PaOOTHI CTYACHTA C
HOKJIFOYCHHBIMH ABTOTECTAMHU;

® HHCTPYKIIUSA 110 paboTe ¢ TUTOM € TOAPOOHBIM ONMMCAHUEM UMEHOBAHUS METO/IOB
u kommuTOB B ReadMe daitie.

4.4. MeToanuyeckne yKasaHusi 10 OPraHu3anuu JJabopaTopHbIX padoT

YciaoBust NpUMeHeHH

— Kypc paccunran Ha cTyIeHTOB 1-T0 rojia 00y4eHusl.

— Hanuuue nocryna x BerauciautensHeiM pecypcam(GitLab) u kamepam (GPU/CPU).

— Pazpaborana undpactpykrypa mia npuéma 3anad(gitlab, CI/CD, autotests) u
COIJIacoBaHa ¢ JabopaTOpHBIMH pabOTaMU M HACTPOEHA Ha BCEX CTYACHTOB
00pa30BaTeILHON IPOTPAMMBI.

Hesnn, 3a1aum 1 oskuIaeMble Pe3yabTAThI

[{enu opranu3anuu J1abopaToOpHbIX padoT:

Hayuuts cTyneHToB pemaTs 0a3zoBsle 3a1aun K3: ¢puibTparus, cerMeHTanus, AeTeKuus,
TPEKUHT, KaJIMOPOBKa;

JaTh MpeJcTaBiIeHue o pusnuke GopMUPOBaHUS U300paKEHUS B PEAIbHOCTH U
XapaKTepUCTHKAX Kamep;

JlaTh HadaibHOE NpejicTaBieHue o padore B I'T unppactpykrype (IpuyduTh
M10JIb30BATHCS TUTOM, PUYUYUTH K TpeOOBaHUM K KauecTBY pa3padarsiBaemoro 110 Ha
YPOBHE MIPOX0XKICHHS TECTOB).

3amaun mpeno1aBaTens:

MOJrOTOBKA IUIaHa JJAOOPAaTOPHBIX PadoT;

pa3paboTka npumepHoro MHANBHUyanbHOTO 3a1aHus 1;

opranu3zanus git ”HPPaCTPYKTYphI I BCEX CTYJCHTOB Ha BBIYMCIUTEIbHBIX
MotHocTsX BY3a u Hanucanue aBToTecToB A1 puMepHOro MHImBryaabsHOTO
3aJaHus 1;

nepepaborka MHnuBuayansHoro 3aganus 1 mo utoraM HamMCcaHUs aBTOTECTOB;
pa3paboTka nmpumepHoro MHauBuAYyansHOTO 3a1aHus N;

HalMcaHHe aBTOTECTOB U BCTpauBaHUE X B OOLIYI0 HUHPPACTPYKTYPY;
nepepaboTka MuauBuayanbHOro 3aanus 1 mo utoram HanmucaHus aBTOTECTOB;

O)KI/I,Z[aCMLIe PE3YJIbTAThl CTYACHTOB!

yMeHHe pemiath 6a3zoBbie 3anaun K3: hunbTpanus, cerMeHTaIus, 1eTeKIus, TPEKHUHT,
KaJIMOPOBKa;

UMEIOT O0I1Iee MPeICTaBICHUE O pealbHBIX 33/1a4yaX KOMIBIOTEPHOTO 3pEHUS U
BO3HHKAIOIINUX ITpodiemax;

HavanpHOE MpenacTaBieHue o padore B IT undpactpykrype (TUT, HEMUHT, aBTOTECTHI).



IHopsinok peanuzanuu
3amaua Nel: [TogroroBka rurana 1abopaTopHbBIX paboT (B cooTBeTcTBUH ¢ 11.2.3.3 PITJI)
1) Onpenenenue Tem:

— ocHoBbl OpenCV U 1IBETOBBIE IPOCTPAHCTBA, 3arPy3Ka/0TOOpakeHne
n300pakeHMsl U BUEO ¢ KaMephbl, THIIbI Kamep;

- npeobpaszoBanue mexay RGB, Grayscale, HSV, Beienenne 00beKTOB 110 I[BETY B
HSV;

— TIOCTPOEHHUE TUCTOTPaMM;

— 1o0aBJIeHHE ITyMOB (TayCCOB, COJIb-TIEPEIT);

-~ TpPUMEHEHHUE JTUHEHHBIX (QUIBTPOB (CrIIa)KUBAHUE, TOBBIIIEHUE PE3KOCTH);

- Ounapuszanus (Omy);

- mopaaBieHHE IrymMa Moposiorueil (OTKphITHE/3aKPBITHE);

- nerexuus rpanul Kanuu.

— TIOMCK M OTPUCOBKA KOHTYPOB;

—  BBIYMCJICHUE XapaKTEPUCTUK KOHTYPOB (ILIOIIA/b, IEHTP);

- (uapTpanys KOHTYPOB MO pa3mepy/dhopme. ANpoKCUMAaNns KOHTYPOB.

- peanmu3anus apdUHHBIX Mpeodpa3oBaHuil (TOBOPOT, MacIITad) ¢ OMIMHEHHOM
MHTEPNOJIALIUEN;

- KOppEeKLHs NepCreKTUBbI (MCIOIb3Ys 3apaHee 3a/1aHHbIe TOUKH).

—  BBIUMCJIEHHE U IPUMEHEHUE romorpaduu Juis "BeIIpAMIIeHUS" 00bEKTa;

- jerteknusa o0beKToB 1o 1mabaony (matchTemplate);

- jaerekuus u conocrapieHue ocooeHnocreit (ORB) mexay nByms
U300paKeHUSIMHU;

- ¢unbTpanus J0XKHBIX cooTBeTCTBUH (ratio test, RANSAC);

—  peajiu3anus NPOCTOro BEIYUTAHUSA (POHA; UCTIOIb30BaHUE
BackgroundSubtractorMOG?2 115t BeII€TICHUS IEPEAHETO TIIaHa,

—  TIOMCK CBSI3HBIX KOMIIOHEHT (KOHTYPOB) JABMKYIIUXCS OOBEKTOB; OLIEHKA
CKOPOCTH/HaMpaBICHUS;

—  peanuzanus TPEKUHTra Mo OkaiieMy coceny (LIeHTPOHIbI);

- peanmu3anus TpekuHra no nepeceuenuto odnacreit (IOU tracker), nnrerpanus
npocroro gpuiabTpa KanMana 11 criakuBaHus TPaKTOPUU;

- Kanubposka kamepsl (moxyyeHue camera matrix, distortion coefficients);

— TpUMEHEHHUE NMapaMeTpoB /sl YCTPAaHEHUsI UCKAXKEHUH Ha TECTOBBIX
N300paKEHHSIX, OI[EHKA OINOKHU PEIPOCKIIHH.

2) Pazpabomxka niana uHOUBUOYATbHBIX 3A0AHULL.

JlabopaTopHble 3aHATHSI COCTOST B BHIOJHEHUH UHIMBUYaTbHBIX 3aJaHUN U
00BbEIMHEHBI B 8 MHIUBUIYATbHBIX 38 IaHUM

HaumeHoBanue Pac“peﬂeﬂe““e qacoB

WUnauBuayaabHOro Conepxanue UHAMBUAYAIBHOIO 321aHUA
3aaHus
2 3

OcHoBBI 3arpy3ka/oTo6paXkeHre H300PaKEHNS 1 BUJIEO C 12 gacos (6 yacos
OpenCV u xamepsl. [Ipeobpazosanue mexkny RGB, Grayscale, JIP, 6 qacos CP)
TIBETOBBIC HSV. Beienenue 06bekToB 1o ety B HSV.
IIPOCTPAaHCTBA

boctp [TocTpoeHHe TUCTOrPaMM.
QunbTpauui M| JloGapeHne IyMOB (IayCcCcoB, COMb-TIeperr). 12 wacos (6 acos
Mmopdosorus [IpuMeHeHne TMHENHBIX GUIBTPOB (CIIIaKKMBAHME, JIP, 6 uacos CP)




HaumeHoBaHnue
HNuauBuayajibHoOro
3alaHus

Conepmaﬂne HHI[HB“Z[yaJ'lLHOl"O 3aaHusA

Pacnpe;[eneﬂne HyacoB

2

3

NOBBILIEHUE pe3kocTH). bunapuzanus (Ouy).
[Tonasnenue mryma mopdosorueit
(OTKpBITHE/3aKPBITHE).

ITonck n anammu3

Herexuus rpanui; Kannu. [Touck u otpucoBka

8 yacoB (4 yaca

coefficients). [Ipumenenne napamMeTpoB Juis
yCTpaHEHUs CKaKEHHI Ha TeCTOBBIX M300paXKEHUSX.
OneHka omuOKN PEPOEKIIUH.

KOHTYpOB KOHTYpPOB. Brluncienue XapakTepUCTUK KOHTYPOB JIP, 4 yaca CP)
(mnomane, ueHTp). PuibTpanus KOHTYPOB IO
pasmepy/popme. AnmpokcuMarysi KOHTYPOB.
[Ipoctpancteen | Peanusauus apduHHBIX TpeoOpa3oBaHuil (IOBOPOT, 8 yacos (4 yaca
HbBIC MaciTad) ¢ omnuHeiHoi natepnosiueit. Koppekmus | JIP, 4 gaca CP)
NpeobpasoBAHUA | repcrIeKTHBBI (MCIIOIB3YS 3apaHee 3aaHHbIC TOUKH).
Brruucnienue u npumeHenne romorpaguu s
"BbIIpsMIIEHUS" 00BEKTA.
Herexuust Jetexus o0bekTOB 10 madnony (matchTemplate). 4 qaca (2 ygaca JIP,
00BEKTOB U Jerekmus u conocrapieHue ocobennocrer (ORB) 2 gaca CP)
COMOCTABJICHUE | ey y IBYMS M300pakeHUAMU. DUIbTpALKs JIOKHBIX
cooTBeTcTBUH (ratio test, RANSAC).
Herexkuust Peanuzanus npoctoro Beruutanus GoHa. 4 qaca (2 ygaca JIP,
ABIKCHUS U Hcnonp3oBanue BackgroundSubtractorMOG2 mist 2 gaca CP)
hon BbIJICJIEHUS MepeiHero miaHa. IIouck cBs3HbIX
KOMIIOHEHT (KOHTYPOB) JABMKYIIHUXCSI OOBEKTOB.
OneHka CKOpPOCTH/HaNPaBJICHHUS.
Tpexunr Peanu3zanus Tpekunra no Omkaiiiemy coceny 4 yaca (2 ygaca JIP,
00BEKTOB (uentpounsl). Peanusanus TpekuHra no nepeceuenuto | 2 gaca CP)
obmnacreit (IOU tracker). MnTerpanus npocroro
dbmpTpa Kanmana iyisi criia)kuBaHusl TPASKTOPHHL.
Kanu6poska Cremka Habopa n300pakeHu MaXMaTHOM JTOCKH. 16 gacos (8 yacoB
KaMephbl 1 ABTOMaTHueckoe oOHapykeHue yrioB. Kanubposka JIP, 8 yacoB CP)
yCTpaHeHue KaMepsl (IoydeHue camera matrix, distortion
HCKaXXCHUU.

3amaua Ne 2: Pa3zpaboTrka npumepHoro MHIMBHIyanbHOTO 3a0aHus 1 ».

Llenb: ocBouTh 6azoBbie onepanuu OpenCV, paboTy ¢ H300paskeHUSIMH/BUICOITOTOKOM,
[[BETOBBIMH TIPOCTPAHCTBAMH M TEXHUKH CETMEHTAIUH TT0 IBETY.

Texnonoruu: C++, OpenCV 4.x, BeO-kamepa.

JnutensHocTh: 12 yacoB (6 yacoB 1a00paTOpHBIX padbOT, 6 HACOB CAaMOCTOSATENILHONW PabOTHI).

Pesynbrat: Kox nHa GitHub + oTBeThl Ha BOIpOCHI

4. TMompoOHOE TEXHUYECKOE 3aJaHNE

1. Hactpoiika cpensl u 6a30BbIe ONepaiuu
- Coznaiite C++ npoekt ¢ OpenCV.

- Peanu3yiiTe 3arpy3Ky craTHuecKoro n3zodpaxkeHus (Hampumep, test_image.jpg).
- OtoOpa3zute n300pakeHne B OKHE, 100aBbTe coxpaHeHue B hopmate PNG.




- HoxymenTanus: [OpenCV: 3arpyska/coxpaneHne n3o00paxeHui |
(https://docs.opencv.org/4.x/d4/da8/group__imgcodecs.html).

2. Pabora ¢ Bu1€0NI0TOKOM
- [Togkmounte BeO-kamepy (ID=0).
- Peasinsyiite 3axBaT BUACO B pealbHOM BPEMEHHU:
- BBIBOJT HCXOTHOTO TIOTOKA B OKHE.
- OcTaHOBKA 110 HAXKATUIO KJIaBUILN 'q'.
- HoxymenTanus: [VideoCapture Class]
(https://docs.opencv.org/4.x/d8/dfe/classcv_1_1VideoCapture.html).

3. IIpeoOpazoBaHue [IBETOBBIX IPOCTPAHCTB
- Jlnist Kajipa BHICOTIOTOKA BBIITOJTHUTE:
- KonBepramuio BGR — Grayscale (prar COLOR_BGR2GRAY).
- Konsepramuio BGR — HSV (¢rar COLOR BGR2HSV).
- OtoOpa3ute pe3yibTaThl B OTACIBHBIX OKHAX.
- Teopus: [L{BeToBbie Mmonenu B OpenCV]
(https://docs.opencv.org/4.x/df/d9d/tutorial py_colorspaces.html).

4. CermenTanus no usery B HSV

- Onpenenute nuanazoH HSV s BeiOpanHoro 1Beta (Hanpumep, cunuii: H:100-140,
S:50-255, V:50-255).

- [Ipumennte Gynkuto inRange() mis co3nanus OMHAPHONW MacKH.

- Ucnonb3yiite bitwise and() mis BeIIeIeHUsS 00bEKTa HA HCXOIHOM H300pakeHUH.

- Cogert: Ucnonb3yiite TpekOapsl (createTrackbar()) ans auHamuueckoit HACTpOUKHU
MIOPOTOB.

5. I'mcrorpammsl U300paxeHui

- [Toctpoiite rucrorpammy juia kanana Hue (H) HSV-n3o6paxenus.

- Buzyanuzupyiite rucrorpammy ¢ noMmolnbto cv::line uiu rectangle.

- [Ipoananu3upyiiTe NMKU THCTOrPaMMBbI AJIs1 ONIPEAEIEHUS JOMUHUPYIOLIUX [[BETOB.
- HoxymenTanus: [calcHist()]
(https://docs.opencv.org/4.x/d6/dc7/groupimgprochist.html).

6. DKCIIEpUMEHT C pa3HbIMU LIBETAMU

- [IporecTupyiite cermeHTaluo s 3 BETOB (KPaCHBIH, 3eJI€HbINH, CUHUI).

- Onpenenute ontumanbabie HSV-nuana3zons! A1 KaXka0ro 1BeTa.

- OObsicHUTE, TOUEMY KpacHBIH 1IBET TpeOyeT 0coboii 00padboTku (Hanmpumep, 1Ba
JMarnasoHa u3-3a paspeia Ha 0°).

7. Buzyanusauus pe3yiabTaToB
- Co3pnaiite uaTepdeiic ¢ 4 OKHaAMH:

1. UcxonHoe BUAEO.

2. HSV-macka.

3. O0bexT nocne bitwise and.

4. I'mcrorpamma H-kanana.
- lo6aBbTE TEKCTOBBIE METKH (Hampumep, cv::putText) ¢ mapamerpaMu IIBETOBOTO
JTuana3zoHa
ITpoBepka 1abopaTopHoif pabOThI aBTOTECTAMU

— Hacrpoiika cpezbl u 6a30Bble Olepaly — METOJ MoTydaeT ums ¢aiina
u3zobpaxkenus B popmatax JPEG, PNG, BPM, Bo3Bpamiaer ums aiina ¢



https://docs.opencv.org/4.x/d4/da8/group__imgcodecs.html
(https:/docs.opencv.org/4.x/d8/dfe/classcv_1_1VideoCapture.html
https://docs.opencv.org/4.x/df/d9d/tutorial_py_colorspaces.html
https://docs.opencv.org/4.x/d6/dc7/groupimgprochist.html

pacmmpenreM PNG u coxpansier 3ToT (ailyi B KOpHEBOU TUPEKTOPHUH MPOEKTA,
TeHepUpyeT UCKITIOUYCHUS B CTydae HeBepHoro uMeHu ¢aiina. [IpoBepka meTona.
[IpeoOpa3zoBaHKe MBETOBBIX TPOCTPAHCTB — METOI TTosry4aeT ¢peiim openCV B
dopmate BGR, Bo3Bpamiaer Grayscale, uckimodeHus, METO/I MoyrydaeT Gppeim
openCV B dpopmare BGR, Bo3Bpamaer HSV, uckitouenus

CermenTanus o usety B HSV — meron npunumaer ums aiina nzo0paxeHus B
dopmarax JPEG, PNG, BPM, u nuamna3oH mnBeTa, Bo3BpamaetT uMms ¢aiia ¢
pacupenrieM PNG u coxpaHsieT 3ToT ¢aiisl B KOpHEBOH TUPEKTOPUH MPOEKTA,
reHepupyeT UCKIIOUEHUS B CIydae HEeBepHOro uMeHu (¢aiina, B (aiiie coxpaHeHa
OuHapHas Macka JjIsl yKa3aHHOIO Juana3zoHa

['ucrorpammsl n300paxeHuit MeToa npuHUMaeT daiin ums aiina nzo0paxxeHus B
dopmarax JPEG, PNG, BPM, u nuamna3on 1BeTa, Bo3Bpamiaet uMms ¢aiina ¢
pacmmpernrneM PNG u coxpansier 3ToT (ailyi B KOpHEBOW TUPEKTOPHUH MTPOCKTA,
reHepHUpYeT HCKIIIOYCHHS B ClTydae HEBEPHOTO UMEHH (aiina, B daiisie coxpaneHa
rucTorpamma

6. KOHTpOJIBbHBIE BOIIPOCHI

4. Teoperuueckue:

[Touemy npoctpanctBo HSV a¢ddexruBaee RGB mnst cermenTanmm mo nsety?
Kak komnonentsl H, S, V cBsi3aHbI ¢ yeioBeueCKUM BOCIPUATHEM LBETA?
O06mwsacaute npunmn padotsl inRange(). Kakue npodiemMbl MOTYT BOBHUKHYTh
IpU BBIOOPE CIMILIKOM Y3KOTO/IIMPOKOTo Juarna3oHa?

[Touemy kpacHblii uBet TpeOyer 1Byx HSV-auanazonos B OpenCV? Kak 30
CBSI3aHO C IIMKJIMYECKOl npuponoii Tona (Hue)?

Kak mopdonorndeckue onepanuu (erode/dilate) yayumraror kauecTBO OMHAPHOMN
macku? [IpuBeaute npuMepsl apaMmeTpoB sapa.

5. lIpaktuyeckue:

HanummTe ko nepeBosia n300paskeHHst B OTTEHKH CEpOro.
Hanummure kox nepesona nzobpaxenust us3 RGB B HSV

6. AHaTUTHYECKUE:

Kaxkue orpannuenus y nBetoBoii cermentanun? Kak ocerienue BiauseT Ha
pe3yJsbrar?

Kaxk rucrorpamma H-kanana momoraetr nmono6pars noporu? YUro o3navaror eé
MUKU?

[Touemy npu pabote ¢ BUI€0 BaXXKHO UCHOIb30BaTh waitKey(1) BMecTo
waitKey(0)?

Kak M0kHO MOTM(UIIMPOBATE 33JaHUE JUTSI OTCIICKUBAHUS 00BEKTa B IBUKCHUU?
Kakue anpTepHaTHBHBIE METO/IbI CETMEHTAIIMHN 0OBEKTOB BbI 3HaeTe (KpoMe
IIBETOBOM )?

OO0bsicaute pazuuily Mmexay gyukmusmu imread() u VideoCapture.read().

Kpurepuu onieHKHu

Omauuno: 1lonHOE BEIOITHEHNE BCEX aIraros, 00BsCHEHHE BCEX OTalloB, OTBETHI HA BOIIPOCHI,
KOI Ha I'UT pCIO3UTOPHUUN (CCJ'II/I npeaAyCMOTpPCHO 3aIaHUCM, TO HpOI_HéJ'I BCC TCCTBI).

Xopowo: T1onHOE BBITIOJIHEHHE BCEX MIAroB, 00BSICHEHNE BCEX ITANOB, YACTUYHBIC OTBETHI
Ha BOIPOCHI, KO/ HAa TUT PEMO3UTOPUH (€CIIH MPETYCMOTPEHO 3aJaHUEM, TO MPOILET BCE

TECTHI).

Ydoeﬂemeopumeﬂbﬁoz ITonHOE BEITOTHEHUE BCEX mararos, 00BSACHEHHE BCEX 9TaIloB, KO Ha
TUT PCIIO3UTOPUHN (CCJ'II/I npeaAyCMOTPCHO 3aJIaHUCM, TO HpOI_HéJ'I BCC TCCTBI).

Heyoosnemsopumenvro: HeBbinonnenue 3aganuii no T3, OTCyTCTBHUE TMYHOTO TUT-
PENO3UTOPHS C 3aJaHUSIMU, HECTTOCOOHOCTh OOBSICHUTH HAMMMCAHHBIEC PEIICHUS, KO HE
MPOXOAUT TECTHI.



33,[[3‘13 Ne3: nepepa60TKa I/IHI[I/IBI/II[yaJ'IBHOFO 3alaHus 1 110 mTOraM HanmMCaHHs aBTOTSCTOB

Jnsl HanMCaHHBIX aBTOTECTOB BEPHYTCS K 3a/IaHUSAM M yKa3aTh TOUHBIC criennpukanyyu (Gaiios,
METO/I0B POBEPKH, 100aBUTh B JIP MHCTpYKIHIO 110 paboTe B git yHUBEPCUTETA U MOPSAIOK
COXpaHEHHsI U OTOOpaKeHUS Pe3yIbTaTOB.

IMopsi1oKk NPOBEPKH KOPPEKTHOCTH
Uek-JIMCT ISt IPOBEPKH JIAOOPATOPHBIX padoT:

o I3I;

e TUT UHPPACTPYKTYpA C YICTHBIMU 3AITUCSIMHU CTYICHTOB;

e 11a0JIOH TUT PETIO3UTOPHS SISl KIOHUPOBAHUS U paOOTHI CTY/ICHTA C
MMOJKJIIOYEHHBIMH aBTOTECTAMU,

®  UHCTPYKIIUS IO pabOTe C TUTOM C MOAPOOHBIM OMMCAHUEM UMEHOBAHUS METOJIOB

1 KOMMHTOB;

aBTorectThl mist U31;

nepenenannoe U31;

aBToTecThl mist M32;

nepenenansoe M32.

4.5. MeTonnueckne yKa3aHusl 110 OPraHU3AIUM IIPOEKTHOM eI TeJIbHOCTH CTY/IeHTOB
YciaoBust npUMEeHeHHs

— Kypc paccuutan Ha ctynenToB 1-ro roga odydenus,

— OOmee BpeMs Ha IPOEKT — He Oojiee 16 4acoB Ka)KIOro CTy/IEHTA.

— Hmeercs noctyn K KelicaM MHAYCTPUAIbHBIX IAPTHEPOB; €CTh BO3MOXKHOCTh
aJlanTanyy KelcoB /IS CTYAEHTOB NEPBOro Kypca.

Henn, 3axa4un 1 oskuIaEMBbIe PE3yIbTATHI
[lenu opranu3anyy BEIYUCIUTENEHON HHPPACTPYKTYPHI:

— JaTh HAYaJIbHOE MPEJICTABIICHUE O PeaTbHBIX 3a/a4aX KOMITBIOTEPHOTO 3pEHUS U
BO3HUKAIOIIUX MpobIemax.
3amaun mpeno1aBaTess:

— cOop KeicoB MHIyCTpHATIbHBIX APTHEPOB;
— cOop KeiicoB npenojaBaresnel NpakTUKOB U JabopaTopuil B By3e;
dopmuposanue T3 Ha FK3aMEHALIMOHHBIN TPOEKT Ha OCHOBE KEWCOB;
— pa3paboTKa CUCTEMBI yuéTa pe3yIbTaToOB MPOEKTa B UTOTOBOM OLIEHKE 3a SK3aMEH
OxmunaeMple pe3ysibTaThl CTY/IEHTOB:

— Ha4dYaJIbHOC NPCACTABJICHUC O PCAJIbHBIX 3a/ladyaX KOMIIBIOTCPHOI'O 3pCHHUSA U
BO3HHKAIOIIUX npoGHeMax.

Hopsinok peanuzauuu

3amaua Nel: cOop KelicoB MHyCTpHUATIbHBIX TAPTHEPOB



. MyIbTUMOIaNTbHBIN areHT ISl aHAJIM3a CTPOUTEIBHBIX TIJIOMIAI0K
Onucanue:

000 «ABA JIAB» pa3pabaTbIBaeT CUCTEMY JJII MOHUTOPHHTA CTPOUTEIBHBIX OOBEKTOB.
Tpebyercst co3aaTh MPOTOTHUN MYJIbTUMOAAEHOTO MI-arenTa, cnocoOHOT0 aHAIM3UPOBAThH
U300paXeHHs CO CTPOUIIIOMAAKHU (B1A€0/(hOTO), a TAKKE MPUHUMATh TOJIOCOBBIE  TEKCTOBBIE
3ampockl (HarpuMep, «IpoOBEPh MOHTAXK MEPEKPHITUS HA 5 dTAKE).

Lens:

OO0BeAMHUTh BO3MOXKHOCTH KOMITBIOTEPHOT'O 3peHHMs (PacliO3HaBaHUE CTaJAUN CTPOUTEIILCTBA,
TexXHUKH, Hapywenuil) u HJIII (moHnManue 3ampocoB, OTYETOB).

OxuaeMblil pe3ynbTar:

M HTepakTUBHBIN areHT, KOTOPBIN Ha 3alpOC CIIELUAINCTa MOKET II0Ka3aTh HYKHBIN y4acTOK,
IIPOKOMMEHTHPOBATh MpOrpecc, 3apUKCUpOBaTh HAPYIIECHUS.

3amaua Ne 2: keilcoB mpernojaBaresieii IPakTUKOB U JaO0OpaTOpuUil B By3e€.

1. TpemoGpabotka u moct oOpadorka B 3agadax OCR.
Jan rotossiif ckpunt OCR, koTOpbIil Tpoberaet o JUPEeKTOpUH ¢ KAPTUHKAMU U PACIIO3HAET
TEKCT Ha KapTuHKax. Kaptunku — oOpe3annbie HoMepa aeraneid. Homepa BrI010€HBI HITH
OTJIMTHI Ha JKeJIe3€, OITOMY KJIACCUUYECKHE CUCTEMBbI PEeLIatoT 3a/1a4y C TPYAHOCTIMHU.
Heo6xoanMo 3ammyCTUTh CKpUIT Ha TECTOBOM JIaTaceTe, OLCHUTH U 3aliCaTh TEKYIIne
pe3yJbTaThl, Aajee Ha OCHOBE BCEro MaTepualla, U3y4eHHOI0 B CEMECTpPE, MOIBITAThCs TOIHATh
JAHHBIE MTPOIEHTHI 32 CUYET MPeaoOpaboTKH N300paKEHUH U aNTOPUTMUYECKOH TOCT 00paboTKH
pewennii. Tema BbIAAETCSA HECKOIBKUM KOMaH 1aM JUIsl COPEBHOBATEILHOTO MOMEHTA.

2. Tloacuér u TpekUHr OYyTHIJIOK Ha KOHBEEPE.
HccnenoBaHue ¢ HECKOJIBKMX Kamep, YU€T BBIIIEIINX HAa KOHBeHep OYThIJIOK, YIABIIMX
OYyTBUIOK ¥ OyTHUIOK JOLIEANINX JI0 YIAKOBKH.

Hpe]lOCTaBJ'IeHI/Ie IMPOMBININIICHHOMY MAaHUITYJIATOPY IMOJIOKCHUSA 00BEKTA B CUCTEME
KOOpIMHAT KaMephl. Beiienenue Ha n300pakeHUH KOHTPACTHOTO 0O0BEKTA CIIOKHOM
dbopmbl. DopMa 00beKTa U3BECTHA 3apaHee. Heo0X01MMO OIyIUTh KOOPIUHATY
1eHTpa 00bEeKTa B CUCTEME KOOPUHAT KaMepbl U MOJTYYHUTh YIIIbI TOBOPOTA.

3amaua Ne3: popmupoBanue T3 Ha SK3aMEHAIIMOHHBINA TTPOEKT HAa OCHOBE KEMCOB

Jan Habop ¢oto co cTpoit miomaaku. Heo6xoaumo npoBecTH aHamu3 KOHTYPOB U BHIOpATh
OIITHMAJIbHBIE TTAPaMETPHI.

[IpoexT BhITIONHSIETCS B KOMaHaaxX oT 1 10 3 yenoBek. O1ieHuBaeTcs BCsl KOMaHa OJTHON
OILICHKOM.

NuauBruayanpHOE 3aaHUE COCTOUT B aHAJIM3€ IPUMEHUMOCTHA METOJIOB BBISIBIICHHS TPAHULL
00BEKTOB Ha M300paKEHNHU 3aTaHHOTO TUTIA. J1JIs1 BBIMOJTHHEHUS 3a/IaHHsI HEOOX0IMMO
BBITIOJIHUTH HECKOJIBKO 3a/1a4:

- IOATOTOBUTH Ha6op JAaHHBIX Ha MPOBCACHUA aHAIN3a,

- IPOTECTUPOBATH aNroput™ Kannu ¢ 3 paznuuHbsiMu mapaMerpamu pasMbitus ['aycca, Ha 3-5
U300pakeHMsIX, BBIACTUTD ONTUMAIIBHBINA TapaMeTp,

- IPOTCCTUPOBATH AJITOPUTM Kannu I KAXKAO0TO U3 IMapaMEeTPOB MPOIUIOTO ITYHKTA, BBI6paB 1o
3 PA3IUYHBIX IMapbl TIOPOTr'OBBIX 3Ha‘—IeHI/If/'I, uTOTO0 9 TEeCTOB JJI1 KaXJ10T0 I/I306pa)KeHI/I$[, BBISIBUTDH



ONTHMAJILHBIC TTapaMeTPhI (Pa3MBITHE, TOPOTH (PHIIBTPALIMN) JIJIS BBISIBIICHUS TPAHUIL JIJIS
KaXK0T0 U3 U300paKeHUH;

- mpoTecTupoBaTh anroput™ Kannu, 3amenus orneparop Cobenst Ha 11000i 1pyroii oneparop,
poBeCTH 9 TECTOB Ha Ka)xKJ0€ N300pakeHHe C HOBBIM OIIEPATOPOM;

- 3aMCHUTH OII€paTop aHBTepHaTHBOﬁ, IIPOBECTHU 9 TecToB JJIA KaXXa0T0 I/I306pa}KCHI/Iﬂ;

- coOpaTh pe3ynbTaThl B CBOJHYIO TAOIHILY, ONPEICIUTh TyUIHid cricod HacTpoiiku Kannu ans
KaXKI0ro U300pa)KeHusl, BBIOpATh JIydlnii criocod HacTpoiiku Kanuu asis Bcex n3o0pakeHuil B
11eJI0M, 00OCHOBATh BHIOOD.

- IONIPOOOBAThH PEAIN30BaTh ATHTEPHATUBHBIN CIIOCOO BBISBICHUS TPAHULL IJIs1 U300paKeHUH
JTAHHOTO THIIA, BO3MOKHO BOCIIOJIb30BaThCsl TOTOBBIMU OMOIMOTEKaMH, IPOTECTUPOBATh Ha TEX
XKe N300pakeHUsIX, OJ00paTh ONTUMANIBHBIE TAPAMETPBI — OIICHKA «3»

- IPOBECTU CPABHUTEIIBHBIN aHAJIN3 IPUMEHEHHOT'O AJITOpUTMAa ¢ alroputMoM Kanuu ¢
ONTUMAJILHBIMU ITAPaMETPAMHU, YUECTh HE TOJIBKO Ka4eCTBO BBISBJICHUS, HO U CKOPOCTh PaOOTHI
AITOPUTMOB;

- OIIMCATb TEOPETUYECKUE ACIIEKTBI IIOCTPOEHUS anbrepHaTMBHOrO METOAA.

B 3aBHCHUMOCTH OT KauecTBa TEOPETUUECCKOTO OTBETA U KOJIMYECTBA PEATM30BAHHOTO
camocTrosTenbHO Kona (Merox find contours(ycIoBHO), HITH aITOPUTM U3 6-7 TOTOBBIX METO/IOB,
WINA COOPaHHOE CAaMOCTOSTEIILHO TTOYTH MOMUKCEIBHO PEIICHKE) TIPSO IaBaTellb BEICTABIISICT
OIIEHKY OT 3 710 5.

OI_IGHKy MOXHO ITIOBBICUTD, pCAJIN30BaAB Tpe6yeMHﬁ (bYHKI_II/IOHaJ'I HWJIN OTBCTHUB AOIIOJHHUTCIIbHO
HJIM 3aHOBO Ha HCO6XOI[I/IMI)IG BOITPOCHI.

TpebGoBaHus s TOBBIIIEHUS OLIEHKH U UTOTrOBYI0 olieHKy ¢popmupyet [IPETIOJJABATEJIb.

3.4. 3amaya No4: pazpaboTka CUCTEMBI yUETa pe3yIbTaTOB IPOEKTA B UTOTOBOM OILICHKE 32
9K3aMEeH

Beimoaneno B PIT/, 1 4.2

ITopsinok npoBepKkH KOPPEKTHOCTH
Yek-muCT 1715 MPOBEPKU 1a00paTOPHBIX padoT:

e Halop kelicoB HHAYCTpUAIbHBIX TAPTHEPOB — 4 IT;
e Habop keiicoB npemnoaaBaTesei mpakTUKOB U JabopaTopuit BY3a — 4 m;
e HabGop T3 B konuuecTBe Kak MUHUMYM 40 MITYK.

5. IlepeyeHb OCHOBHOW M [IONOJHUTEJIBHON Yy4eOHOH JMTEepaTyphl,

He00X0AMMOi1 1151 0CBOCHUS TMCUUILIIMHBI (MOTYJIA)
5.1 OcHoBHas JiuTEepaTypa:

1. Tpyast MICA PAH: Matematnueckne MOAEIN COLMATIbHO-3KOHOMHYECKHUX ITPOLIECCOB.
JluHaMuveckne CHCTEMBl. YTpaBlIeHHE pHCKaMH U 0e30macHOCThi0.  Onrumu3arms,
uaeHTUGUKams, Teopus wurp. OOpaboTka u  aHanu3 U300paKEHMH W CHUTHAJIOB.



WNHuTtennexTyanpHbld aHaM3 naHHbIX U pacnosHas / [lox pen. C.B. EmMenssnoBa. - M.: Kpacang,
2013.-128c.

2. Bm3unbtep, F0.B. O6paboTka 1 aHamu3 M300pakeHUH B 3a/1a4aX MAIIMHHOTO 3pEHUs /
10.B. Busunbtep u 1p. - M.: DU3MATKH, 2010. - 672 c.

3. T'oncainec, P. lludposas o6padoTka n3obpaxenuii / P. ['oncanec. - M.: Texnocdepa,
2012.- 1101 c.

4. Toncanec, P. Iludposas ob6pabotka mzobpaxkenuii / P. I'oncanec, P. Bync. - M.:
Texnocgepa, 2012. - 1104 c.

5. Epom, N.JI. O6paboTka u pacro3HaBaHHE U300pKECHUNM B CHCTEMaxX IMPEBEHTHBHOU
6e3omacHocTr: YuebHoe nmocobue / N.JI. Epom, M.B. Ceprees, H.B. Conosses. - CI16.: TOY BITO
CIIOI'YAIL 2012. - 154 c.

6. Koctsimkun, JI.H. O6paboTka n300pakeHnil B aBUAIIHOHHBIX CHCTEMaX TEXHUYECKOTO
spenus / JI.H. Koctsmkun, M.b. Hukudopos. - M.: ®uszmariut, 2016. - 240 c.

7. KpaBuenko, B.®. [{udposas 00paboTka CUTHATIOB ¥ M300paXEHUI B paauopu3nIecKux
npunoxenusx / B.®. KpaBuenko. - M.: ®uzmatiut, 2007. - 544 c.

5.2 JlonotHUTeIbHASI JINTEPATypa:

1. KpaBuenko, B.®. [ludposas 06paboTKa CUTHATIOB U H300paKEHUH B paIHOPU3HUCCKIX
npuioxenusix / B.®. Kpasuenko u ap. - M.: ®usmatnut, 2007. - 544 c.

2. KpacunsnukoB, H.H. IludpoBas obpadborka 2D- um 3D-m300paxenuii: YdeOHOE
noco6wue. / H.H. Kpacunpaukos. - CI16.: BHV, 2011. - 608 c.

3. Kpacunbaukos, H.H. [ludpoas o6padoTka nzodpaxenuii / H.H. KpacunpHukos. - M.:
By3zosckas knura, 2001. - 320 c.

4. Kpacuisaukos, H.H. Iludposas 06padoTka 2D- u 3D-n3o00paxkenuii: YuebHoe mocodoue
/ H.H. Kpacunsaukos. - CI16.: BHV, 2011. - 608 c.

5. [Ipoxopenok, H.A. OpenCV u Java. O6paboTka n300paxeHuii 1 KOMIbIOTEPHOE 3pEHUE
/ H.A. IIpoxopenok. - CI16.: BHV, 2018. - 320 c.

6. CensnkuH, B.B. KomnbrotepHoe 3penue. AHanu3 u 06paboTka n3zo0pakeHuii: YuebHoe
moco6ue / B.B. Censukun. - CII6.: JIans, 2019. - 152 c.

7. Slne, b. Hudposas obpaboTka nzobpaxenuii / b. Sne. - M.: Texnocdepa, 2007. - 584 c.

IlepenoBrbie ucciaenopanus B odaactu UU

1. Sun, X., Li, J., Kovalenko, A.V., Feng, W., Ou, Y. Integrating Reinforcement Learning and
Learning From Demonstrations to Learn Nonprehensile Manipulation //IEEE Transactions on
Automation  Science and  Engineering, 2023,  20(3), 1735-1744,  DOI:
10.1109/TASE.2022.3185071, Q1

2. Petukhova, A.V.; Kovalenko, A.V.; Ovsyannikova, A.V. Algorithm for Optimization of Inverse
Problem Modeling in Fuzzy Cognitive Maps. Mathematics 2022, 10, 3452. DOLI:
10.3390/math10193452, Q1

3. Kirillova, E.; Kovalenko, A.; Urtenov, M. Study of the Current—Voltage Characteristics of
Membrane  Systems  Using  Neural  Networks.  AppliedMath 2025, 5, 10.
https://doi.org/10.3390/appliedmath5010010,

4. Kadurin, Artur, et al. "The cornucopia of meaningful leads: Applying deep adversarial
autoencoders for new molecule development in oncology." Oncotarget 8.7 (2016): 10883.

5. Kadurin, Artur, et al. "druGAN: an advanced generative adversarial autoencoder model for de
novo generation of new molecules with desired molecular properties in silico." Molecular
pharmaceutics 14.9 (2017): 3098-3104.

6. Polykovskiy, Daniil, et al. "Molecular sets (MOSES): a benchmarking platform for molecular
generation models." Frontiers in pharmacology 11 (2020): 565644.

7. Khrabrov, Kuzma, et al. "$\nabla™ 2$ DFT: A Universal Quantum Chemistry Dataset of Drug-
Like Molecules and a Benchmark for Neural Network Potentials." Advances in Neural Information
Processing Systems 37 (2024): 36869-36889.



https://doi.org/10.3390/appliedmath5010010

8. Polykovskiy, Daniil, et al. "Entangled conditional adversarial autoencoder for de novo drug
discovery." Molecular pharmaceutics 15.10 (2018): 4398-4405.

9. Huxonenko, Cepreit, Kanypun, Aptyp u Apxanrensckas Exarepuna. ['myGokoe oOyuenue. "
Wzparensckuit gom"" Tlurep""", 2017.

Kondepenunu A*:

. https://openreview.net/forum?id=FMMF1a9ifL

. https://openreview.net/forum?1d=EIUrNM9US8c#discussion

. https://openreview.net/forum?id=JoO6mtCLHD

. https://aclanthology.org/2024.findings-emnlp.760/

. https://aclanthology.org/2020.coling-main.588/

. https://link.springer.com/chapter/10.1007/978-3-030-72113-8 30
. https://link.springer.com/chapter/10.1007/978-3-031-42448-9 10
8. https://aclanthology.org/2024.findings-naacl.288/
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5.3. Illepuoauyeckue u3IaHusl:
1. ba3sl magueix kommauuu «Mct Brroy http://dlib.eastview.com
2. DOnextponHas oubnuoreka GREBENNIKON.RU https://grebennikon.ru/

5.4. UnTepHeT-pecypchbl, B TOM 4K cJ/ie COBpeMeHHbIe NPodeccHOHATbHBIE 0a3bl
JAHHBIX U UHPOPMALMOHHBbIE CIIPABOYHbIE CHCTEMBI

Inexmponno-oubauomeynwvie cucmemol (Ib6C):
1. OBC «IOPANT» https://urait.ru/
2. PBC « YHUBEPCUTETCKA S BUBJIMOTEKA OHJIAMH» http://www.biblioclub.ru/
3. OBC «BOOK.ru» https://www.book.ru
4
5

. OBC «ZNANIUM.COM» www.znanium.com
. OBC «JIAHDb» https://e.lanbook.com
Ilpogpeccuonanvuvie 6azvi OanHbIX
1. Scopus http://www.scopus.com/
2. ScienceDirect https://www.sciencedirect.com/
3. Xypnans! uznarenscrsa Wiley https://onlinelibrary.wiley.com/
4.
5.

Hayunas snexrponnas oubnuorexa (HOB) http://www.elibrary.ru/
[TonmHOTEKCTOBBIE apXHBBI BEAYIIUX 3alaIHbIX HAYYHBIX KypHaJIoB Ha Poccuiickoii
matdopme HayuHbIX KypHamoB HOMKOH http:/archive.neicon.ru
6. HamuonaneHas  »nexkTpoHHas  OuOIMOTeKa (JOCTYN K DJIEKTpPOHHON  Oubimoreke
nucceptaruii Poccutickoit rocynapcrseHHon oudmmnorexu (PI'B) https:/rusneb.ru/
7.  Ilpesunentckas 6ubmnorexka uM. b.H. Enpruna https://www.prlib.ru/
8.  baza mannbix CSD KemOpumxckoro nentpa kpuctamiorpadpuueckux nanseix (CCDC)
https://www.ccdc.cam.ac.uk/structures/
9. Springer Journals: https://link.springer.com/
10.  Springer Journals Archive: https:/link.springer.com/
11. Nature Journals: https://www.nature.com/
12.  Springer Nature Protocols and Methods:
https://experiments.springernature.com/sources/springer-protocols
13.  Springer Materials: http:/materials.springer.com/
14. Nano Database: https://nano.nature.com/
15.  Springer eBooks (i.e. 2020 eBook collections): https://link.springer.com/
16.  "Jlekropuym TB" http://www.lektorium.tv/
17. Yuauepcuterckas nHpopmanronnas cuctema POCCUSA http://uisrussia.msu.ru

FBecnnamuvle obpazosamenvhbie pecypcol
1. Jupyter Notebook — uHTepakTUBHBIC BEIYUCICHUS
2. Visual Studio Code — pempakTop kona ¢ moaaepxkoit Python
3. Google Scholar/arXiv — 1ocTyn K Hay4HbIM ITyOIUKALIAAM


https://openreview.net/forum?id=FMMF1a9ifL
https://openreview.net/forum?id=ElUrNM9U8c#discussion
https://openreview.net/forum?id=JoO6mtCLHD
https://aclanthology.org/2024.findings-emnlp.760/
https://aclanthology.org/2020.coling-main.588/
https://link.springer.com/chapter/10.1007/978-3-030-72113-8_30
https://link.springer.com/chapter/10.1007/978-3-031-42448-9_10
https://aclanthology.org/2024.findings-naacl.288/
http://dlib.eastview.com/
https://grebennikon.ru/
https://urait.ru/
http://www.biblioclub.ru/
http://www.book.ru/
https://znanium.com/
https://e.lanbook.com/
http://www.scopus.com/
https://www.sciencedirect.com/
https://onlinelibrary.wiley.com/
http://www.elibrary.ru/
http://www.elibrary.ru/
http://archive.neicon.ru/
https://rusneb.ru/
https://rusneb.ru/
https://www.prlib.ru/
https://www.prlib.ru/
https://www.ccdc.cam.ac.uk/structures/
https://www.ccdc.cam.ac.uk/structures/
https://link.springer.com/
https://link.springer.com/
https://www.nature.com/siteindex/index.html
https://experiments.springernature.com/sources/springer-protocols
http://materials.springer.com/
https://nano.nature.com/
https://link.springer.com/
http://www.lektorium.tv/
http://uisrussia.msu.ru/

Pecypcuvl c60600n020 docmyna

1. KubGepJlenunka http://cyberleninka.ru/;

2. AmepukaHcKas maTeHTHas 0a3a JaHHBIX http://www.uspto.gov/patft/

3. MuHHCTEpPCTBO HAyKHU U BhICIIET0 oOpazoBanus Poccuiickoit deaepannn
https://www.minobrnauki.gov.ru/;

4. ®enepanpHbiid mopTain "Poccuiickoe oOpazoBanue" http://www.edu.ru/;

5. Hndopmanmonnas cucrema "EanHoe oKHO JOCTyIa K 00pa3oBaTeIbHBIM pecypcam”
http://window.edu.ru/;

6. Enunas xoiexkuus muppoBeIX 00pa3oBaTeIbHBIX pecypcoB http:/school-collection.edu.ru/ .

7. Ilpoekt ['ocymapcTBEHHOTO HHCTUTYTa pycckoro si3bika uMeHn A.C. [lymikuna
"O6pa3zoBanue Ha pycckoM" https:/pushkininstitute.ru/;

8. CnpaBouHO-HGOPMAIIMOHHBIN TTopTal "Pycckuit s3Ik http://gramota.ru/;

9. Cuyx0a TeMaTH4YE€CKUX TOJKOBBIX clloBapeil http://www.glossary.ru/;

10. CnoBapu u sHUMKIONEAUH http://dic.academic.ru/;

11. OOpa3zoBarenbHbli nopran "Yueba" http://www.ucheba.com/;

12. 3akonomnpoekT "O6 ob6pazoBanuu B Poccuiickoii @eneparuu’. Bonpocs! U 0TBETHI http://xn--
273--84d1f.xn--plai/voprosy i_otvety

Cobcmeennbie s1ekmpoHHble 00paszoeamelnvbHble U UHGopmayuortole pecypcol Kyol'yV

—

OnexTpoHHbIH Katanor Hayunoit 6udanorexu Ky6I'VY http:/megapro.kubsu.ru/MegaPro/Web

2. DnektpoHHas Oubimoreka Tpy 0B yueHbix Kyol'yY
http://megapro.kubsu.ru/MegaPro/UserEntry?Action=ToDb&idb=6
3. Cpena MOAyNbHOTO JMHAMHYECKOTO 00yueHus http://moodle.kubsu.ru

4. ba3a y4eOHBIX IJIAHOB, Y4€OHO-METOINYECKUX KOMIUJIEKCOB, ITyOIUKAIMi 1 KOH(epeHInit
http://infoneeds.kubsu.ru/

5. bubnnotexa MHPOPMAIIMOHHBIX pecypcoB Kadeapsl HHHOPMALIMOHHBIX 00pa30BaTENIbHbIX
TEeXHOJIOTUH http://mschool.kubsu.ru;

6. DneKTpoHHBIN apxuB qokymMeHTOB KyOI'Y http://docspace.kubsu.ru/

7. DneKTpoHHbIE 00pa3oBaTeIbHbIE peCypchl Kaeapsl HH(POPMAIIMOHHBIX CHCTEM U TEXHOJIOTHI
B oOpazoBanun KyOI'Y wu nHayuHo-meronunueckoro xypHaia "IIKOJIBHBIE I'O/bI"
http://icdau.kubsu.ru/

6. Mertoanueckue YKa3zaHusi JIA OOYYAIOLUMXCH 10 OCBOCHHUIO

AUCHUILIMHBI (MOIYJIs1)

[lo kypcy mnperycMOTpPEHO NpOBEACHHE JIEKIMOHHBIX 3aHATUN, HA KOTOPBIX JaeTcs
OCHOBHOH CHCTEMaTU3UPOBAaHHBIM MaTepHal 10 TEXHOJIOTUAM KOMIIBIOTEPHOro 3peHus. B xone
JeKUui pa3duparorcs KitoueBble KoHuenuuu CV: mpeacraBieHus U300pakeHul, QpuibTparus,
HIyMBbl, TIOUCK KOHTYpPOB, JIETEKIMs OOBEKTOB, KOHTPACTHOCTb, KaauOpoBka kamep. Ocoboe
BHHUMaHUE YJeNseTcss NMpPaKTUYECKUM acleKTaMm - pa30uparoTcs nmpumepsl npumenenuss CV
TEXHOJIOTUH B peaJbHbIX 337a4yax, aHAIM3UPYIOTCA TUMHYHbIE omuOkH. [locne kaxmoi nekuun
PEKOMEH IyeTCsI BHIIOJHUTh MPAKTUYECKUE 3aJaHMsL.

JlaGopaTopHble 3aHATHS Kypca TIOCBSIIEHBI MPAKTUYECKOMY OCBOCHHMIO METOOB
00paboTKH ecTeCTBEHHOTO s3blKa. Ha 3aHATHSAX JeTanbHOo pa3duparoTcs 3arpy3ka/oToOpaxkeHue
u300pakeHus u Bujeo ¢ kamepsl. [IpeoOpazoBanue mexny RGB, Grayscale, HSV. Brinenenue
o6wekToB 1o 1nBery B HSV. Iloctpoenue rucrorpamm. JloGaBieHue myMoB (rayccoB, COJIb-
nepen). [Ipumenenue mMHERHBIX GUIBTPOB (CriakKMBaHUE, MOBBIILICHUE pe3KOCTH). bunapuzanus
(Omy). TlomaBnmenue mryma Mopdoiorueit (oTkpwITHE/3aKkpbiTHE). [leTexknus rpanun; Kaxzu.
[Touck M OTpUCOBKa KOHTYpPOB. BpIuMCIeHHE XapaKTepUCTHK KOHTYPOB (IUIOIIAAb, LIEHTP).
OunbTpanys KOHTYPOB 10 pa3mepy/popme. Anmpokcumarius KOHTypoB. Peanu3zanus agdruHHBIX
npeoOpa3oBaHuii (MOBOPOT, MacIITad) ¢ OuIuHeHO# nHTepnosuueit. Koppekius nepcrneKTHBbI


http://cyberleninka.ru/
http://www.uspto.gov/patft/
https://www.minobrnauki.gov.ru/
http://www.edu.ru/
http://window.edu.ru/
http://school-collection.edu.ru/
https://pushkininstitute.ru/
http://gramota.ru/
http://www.glossary.ru/
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http://www.ucheba.com/
http://273-фз.рф/voprosy_i_otvety
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http://273-фз.рф/voprosy_i_otvety
http://megapro.kubsu.ru/MegaPro/Web
http://megapro.kubsu.ru/MegaPro/UserEntry?Action=ToDb&idb=6
http://moodle.kubsu.ru/
http://infoneeds.kubsu.ru/
http://mschool.kubsu.ru/
http://docspace.kubsu.ru/
http://icdau.kubsu.ru/

(ucrionb3ysl 3apaHee 3a/laHHble TOYKHM). BpluucieHne W mnpuMeHeHHe romorpaduu IS
"BpimpsivmiieHus" oOwvekTa. Jlerekums oObekToB mo mabnony (matchTemplate). Jlerexius u
conoctaBiieane ocodeHHocteit (ORB) Mexny aByms uzobOpaxeHusMu. OumbTparus JIOKHBIX
cootBercTBUil (ratio test, RANSAC). Peanu3zanus npocroro BeruuTanus ¢ona. McnonpzoBanue
BackgroundSubtractorMOG2 nns BbeieneHus mnepeaHero ruiaHa. [IoMcK CBSI3HBIX KOMITOHEHT
(KOHTYpPOB) IBIXKYIIUXCS 00beKkTOB. OlIeHKa CKOPOCTH/HampaBlieHus. Peanu3anus TpeKuHra 1mo
ommkaiimeMy coceny (meHTpouasl). Peanuzanus TpekuHra 1o nepecedeHuto obmiacteit (10U
tracker). Murerpamust mpocroro ¢unsrpa Kanmana st criaxuBaHus TpaekTopuu. Chemka
Habopa n300pakeHUi MIaXMaTHOM JTOCKU. ABTOMaTthyeckoe oOHapykeHue yrioB. KamuOpoBka
KaMepbl (mosyueHne camera matrix, distortion coefficients). IIpuMenenune mnapameTpoB ams
YCTpaHEHUS UCKAKEHUI HA TECTOBBIX N300paxkeHus X. O1eHKa OUIMOKH pEenpOeKIIUU.

IIpu camocrosiTenbHON paboTe CTyneHTaM HEOOXOIUMO H3y4yaTh PEKOMEHOBAHHYIO
auteparypy (y4eOHHWKH, HAay4dHBIE€ CTaTbH, JOKYMEHTAIMI0O OWOJMOTEK) IS TITyOOKOTO
NOHUMAaHHS TEOPETHYECKUX OCHOB M COBPEMEHHBIX M0aX0A0B B CV. BBINOMHSIS MpPOEKTHbIE
3aJaHusl, CTYJIEHT [OJDKeH YyMeTb: (OpMyJIHpOBaTh 3aJadyy KOMIIBIOTEPHOTO 3pEHUs
(kmaccudukanms, AETEKIHs, MpeoOpa3oBaHus); MOAOHpaTh W NpeaoOpadaThiBaTh JaHHbBIC;
BbIOUpaTh M PEAM30BHIBATH MOJXOMSIINE METOJBI, OIEHHBATh KAa4eCTBO PadOThI MOJAENHU C
MIOMOIUIbIO0 COOTBETCTBYIOIIUX METPHK.

Baxkneimmm KOMIIOHEHTOM Kypca SIBJISIETCSl CaMOCTOsATEIbHAas MPOEeKTHas paboTa, B X011
KOTOpOM CTyIeHT pa3pabarbiBaeT 3akoHueHHOe CV-mpuioxeHue. Takod MPOEKT MO3BOJISIET
3aKpeMUTh HABBIKA TMPOCKTUPOBAHUS U pealu3ali KOMIUIEKCHBIX peUIeHHH B o00yacTu
00pabOTKN €CTECTBEHHOTO SI3BIKA.

Jlis  CTYOEHTOB C OrPAaHUYEHHBIMH BO3MOXHOCTSIMU 370POBbSl  IIPEIYyCMOTPEHBI
JIOTIOJTHUTEIbHBIE HMHIUBUAYAIbHBIE KOHCYJIBTAIlMM, HAa KOTOPBIX IPEIOAABATENb JETAIbHO
pa3bSACHSET CIOXKHBIC aCTIEKThI AUCLIUILTNHBI, IOMOTAaeT alaliTUPOBATh 3a/1aHUs U 00ECIIeurnBaeT
CHeMaTbHbIC YCIOBUS JJIsl OCBOCHHS MPAKTHUYECKUX HABBIKOB PAaOOTHI C TEKCTOBBIMU JAHHBIMH.
WuauBuayanbHbIA MOAX0] MO3BOJISIET TAKUM CTYACHTAaM IOJHOIEHHO Y4acTBOBaTh B Y4eOHOM
MPOLIECCE U JOCTUTATh TPEOYyEMBbIX pe3yIbTaTOB O0yUEHUs

7. MarepuaJibHO-TEXHUYECKOE o0ecnevyeHue Mo JUCUMIIMHE (MOTYJII0)
IHepeyenb HHPOPMALUOHHO-KOMMYHUKAUMOHHBIX TEXHOJIOTHI
1. CucteMsl ynpaBlieHUsI BEPCUSIMH U KOJUTabopau

GitLab — kOHTpOJIb Bepcuii KOJla M COBMECTHasl pa3paboTKa

2. UHcTpyMeHTHI U1 paboThl C TaHHBIMH
Label Studio — pa3meTka nataceToB

3. Kamepsl
1 web xamepsr! usb (logitech ¢270)
2 - Ip CETEBBIC KaMepbl 1 T (Hammpumep

https://www.polyvision.ru/catalog/videokameryi/ip-videokameryi/kupolnyie/pvc-ip2a-d1{2.8pf 1
MITYYKY)

3 - mpoMBIlIUIeHHAas KaMmepa ¢ mpoTokosioM gigevision (hickrobot)

4 - GuHoKysIpHAst Kamepa usb - intel realsence d415 1 mr

5 - usb uvc kamepbl ¢ BO3MOXHOCThIO ympaBieHHs (okycom mo usb (3mr arducam
https://www.arducam.com/arducam-usb-autofocus-imx219-b0292.html#193=120)

IlepeyeHb JIMIIEH3MOHHOT0 W CBOOOJAHO PaCHPOCTPAHSEMOI0 NPOrPAMMHOIO
odecrneyeHus

1. JInnensuonnoe 110

2. Coboanoe IT1O (Open Source)



VSCode — IDE nmnst C++ (cBOOOIHOpACTIPOCTPAHIEMOE)
Git simpo— opopmiieHHE 0TYETOB (CBOOOHOPACTIPOCTPAHIEMOE)
bubmnorexu wia CV:

openCV — o6paboTka Tekcra

4. OO6nauynble mIaTHOPMBI H CEPBUCH
cloud.ru,YandexCloud, AWS/GCP/Azure— 00j1auHbIe BEIYHCICHHS

BI/IpTyaJ'IBHLIC MalIuHBbI,

kimactep Managed Kubernetes

MIpeIoCcTaBIsAeTCs HHAYCTpuanbHbIM mapTHepoM [TAO «Coepbank»:

Ne

IIponykt

BupryansHas
MalluHa

BuptyansHas
MammHa ¢ GPU

K8S
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ML Inference

Instance Type GPU Bpewms paGoTs B MecsIt 40 1 q
Wucranc 8§ x NVIDIA® H100
NVLink PCle 160 vCPU 1520 GB 1 T
RAM
KonuuectBo 3amnpocoB k ML- 1 MuH.
MOJEIISIM it
Kom ML-mopneneit 160 I'o
. Mis.
LLM Tokensr GigaChat 2 Max 50 It
. Mis.
Tokensr Embeddings 400 It

JononHuTensHble 00JauHbIE PECYPCHI IPEAOCTABIISIIOTCS TEXHOJIOTHUECKUM MapTHepoM Yandex Cloud.

HaumenoBanue y‘le6H0ﬁ ayJUTOpHUH, €€ OCHALICHHOCTb

Ne Bun pabor
000pyJI0BaHUEM U TEXHHUUYECKUMU CPEICTBAMHU O0yUEHHUs
1. JlexuuoHHble 3aHATUS | AyauTopus, YKOMILUIEKTOBaHHAs CHeUaIn3UpOBaHHON
MeOeIbI0 M TEXHUYECKIMHU CPEICTBAMU O0yYEHUsS] KaMephl 2-5,
| mTyKa, BO3MOXXHOCTb IOJKIIIOYUTh
2. JlaboparopHble 3aHATHS | AyAUTOpUS, YKOMILJIEKTOBAaHHAS CHeUaIu3UPOBAHHON
MeOenbl0 M TEXHHYECKUMHU  CpelcTBaMH  0OydeHwus,
KOMIIBIOTEPaMH, MPOEKTOPOM, IMPOrpaMMHBIM 00€CIEeUeHUEM,
BeO KaMepamu
3. [TpakTrueckue 3aHsATHS | AyAUTOpPHUS, YKOMIUIEKTOBaHHAas CHeralIn3upoBaHHON
MeOeNbl0 U TEXHUUYECKUMH CPeJICTBAMU 00yUYEHHSI
4. I'pynnoseie Aypauropus, YKOMIUIEKTOBAHHAs CHELUaIN3UPOBAHHON
(MHIUBH Ty aJIbHBIC) MeOenbl0 M TEXHHYECKUMH  CpelcTBaMH  0OydeHwus,
KOHCYJIbTallu1 KOMIIBIOTEpPaMH, IPOrPaMMHBIM 00ecTieyeHuEM
5. Texkymuii  KOHTpOJIb, | AyAUTOpHS, YKOMILUIEKTOBaHHAs CHeUaIN3UpOBaHHON
IPOMEXKYTOUHAs MeOenpl0 M TEXHUYECKHMMHM  CpeACcTBaMH  OOyuyeHwus,
aTTecTranus KOMIIbIOTEPAMHU, POTPAMMHBIM 00ecTIedeHUEM
6. CamocTrosTenbHas Kabuner g caMocTosTenbHONM  pa®OThI, OCHAIIEHHBIN
paborta KOMIBIOTEPHON TEXHUKOM C BO3MOYKHOCTBHIO MOJKIIOUEHHS K

cetn «lHTEepHeT», mporpamMmol 5KpaHHOIO YBEIUYEHUS U
00€CIeYeHHbI JOCTYNOM B 3JEKTPOHHYIO HH(OPMAIIMOHHO-
00pa3oBaTeNIbHYI0 Cpely YHUBEPCUTETA.

[Ipumeuanue: Konkpernsanus ayautopuil u ux ocHanienue onpenensercs OIIOIL.




