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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 JIaGopaTopHBbIe 3aHATHS

JIaGopaTopHbIe 3aHATHS COCTOAT B BHITIOJTHCHUH WHIUBUAYATbHBIX 3a/IaHUN U
00BbEIMHEHBI B 8§ MHIUBUIYATIbHBIX 32 IaHUM

®opma
Ne HaumenoBanue pasaeiia (TeMbl) HaumenoBanue 1a6opaTopHbix padoT TeK(})’II)IIeFO
KOHTPOJIsA
1 2 3 4
OcHosbl OpenCV 1 1BeTOBBIC 3arpy3ka/oToOpaxkeHue U300paKeHus u
HpOCTPaHCTBA BUJeO ¢ Kamepsl. [IpeobpazoBanue Mex Iy
1. RGB, Grayscale, HSV. Beigenenue T, JIP
00wekToB 1o 1Bety B HSV. Iloctpoenue
TUCTOIPAMM.
dunbrpanus 1 Mopdoaorus JloGaBnenue mryMmoB (TayccoB, COJb-
niepeir). [I[puMeHenne TMHEHHBIX QHIIBTPOB
2. (crnaxuBaHUE, TTOBBIIICHUE PE3KOCTH). T, JIP

bunapuzanus (Ony). [logasnenue myma
MopdoJIoTHEeH (OTKPBITHE/3aKPHITHE).
ITouck u aHaTK3 KOHTYPOB Herexuus rpanui] Kannu. [Touck u T, JIP
OTPUCOBKA KOHTYPOB. Beruncnenue
XapaKTePUCTUK KOHTYPOB (TIOIIAIb,
1eHTp). GunbTpanus KOHTYPOB 110
pasmepy/popme. AnnpokcumManus
KOHTYPOB.

[IpocTpancTBEHHbBIE Peanusauus apduunbix npeodbpasosanuii | T, JIP
npeobpasoBaHs (1oBOPOT, MacmITab) ¢ GUIMHEHHOI
uHTepnosiuuei. Koppekins nepcrnekTuBbI
(ucmonb3ysi 3apaHee 3aJaHHbIE TOYKH).
Brruncnenue u npuMeHeHne romorpapuu
JU1s1 "BBITIpsIMIIEHUA" 00BEKTA.

Hetexuust 00bEKTOB U Jetexiusi 00BEKTOB MO IMA0IOHY T, JIP
COIIOCTABJIEHHUE (matchTemplate). Jlerexius u
conocrapiienne ocooennocreii (ORB)
MEXJTy IBYMSI U300paKCHHSIMH.
OunbTpanus J05KHBIX COOTBETCTBHI (ratio
test, RANSAC).

Jerexkuus nBmkenus u o Peanusanus npocToro BeruuTaHus (GoHa. JIP
Hcnons3oBanue
BackgroundSubtractorMOG2 ans

6. BBIJICTICHUS TIepeaHero miaHa. [louck
CBSI3HBIX KOMITOHEHT (KOHTYPOB)
JBIDKYITUXCSI 00BeKTOB. O11eHKa
CKOPOCTH/HANpaBIICHUSI.

Tpexunr 00beKTOB Peannzanus Tpekunra no Omavkaiiemy JIP
7. coceny (ueHTpouanl). Peanu3arus TpekuHra
o nepeceuenunto oomacreit (10U tracker).




®opma

YCTpaHEHUE UCKaXKCHUI.

Ne HaumeHoBaHue pa3jaeiia (TeMbl) HaumeHnoBaHue 1a60paTOpHBIX padoT TeKyL1ero
KOHTPOJIsI
1 2 3 4
WuTterpamnus npocroro ¢punsrpa Kammana
JJI CTJIAKMBAHUS TPACKTOPHH.
KanubpoBka kamepsl 1 Cwemka Habopa n3o0pakeHuit maxmaruon | JIP

JIOCKH. ABTOMaTH4ECKOE OOHApYKEHUE
yrioB. KanmnbpoBka kamepsl (orydeHue
camera matrix, distortion coefficients).
[TpuMeHeHre TapaMeTpOB ISl YCTPAHCHHS
MCKa)XEHUH Ha TECTOBBIX N300paKEHUSX.
O1ieHKa OIUOKK PENPOCKIINH.

IHpumeuanue: JIP — omuem/3auwguma nadbopamopuou pabomut, KII - gvinonnenue xypcosoeo npoexma, KP - kypcosot
pabomul, PI'3 - pacuemno-epaghuueckozo 3adanus, P - nanucanue pegepama, 3 - scce, K - xomnoxeuym, T —

mecmuposanue, P3 — pewenue 3a0au.

2.3.4 IlpumepHasi TeMAaTHKA KypPCOBBIX pa0doT (IIPOEKTOB)

He npenycmoTpensl

2.4 llepeyeHb y4eOHO-METOAMYECKOT0 OOecleYeHUs JJI CaAMOCTOATEeIbHOH PadoThI
00y4YaOIIHUXCS 10 JUCHHUILIMHE (MOLYJII0)

[Tepeuenb yueOHO-METOAMUECKOTO 00ECIeUeHH S JUCIUILIUHBI
Ne Bun CPC I10 BBIIIOJIHEHUIO CAMOCTOSITENILHOM pabOThI
1 2 3
1 |U3yuenue Metoaudeckue yka3zaHUs IO OpraHU3alid CaMOCTOSITEIBHOM
TEOPETUYECKOTO paboThI CTYyJICHTOB, YTBEPKICHHBIC kadenpoit
Marepuaia MH(pOPMAIMOHHBIX TeXHOJIO0rui, mpotokos Nel ot 30.08.2019
2 |Pewmenue 3amauy Meroanueckue yka3aHUs II0 OpPraHU3ALMM CaMOCTOSTEIbHON
paboThI CTYJEHTOB, YTBEPKICHHbBIE Kadenpoit
MH(OPMALIMOHHBIX TeXHoJ0rui, mpotokos Nel ot 30.08.2019

Y4yeOHO-METOANYECKHUE MaTepuaibl I CaMOCTOATEILHONW pabOThl OOYYaIOIIUXCS W3
YHCiIa MHBAIK/IOB U JIUI] C OTPAaHUYEHHBIMU BO3MOXKHOCTSIMHU 3/10poBbst (OB3) mpenocrasnstorcs
B (hopMax, aJanTUPOBAHHBIX K OTPAHWYCHUSM UX 37I0POBbS U BOCHIPUSATHS HH()OPMAIIIH:

J1is U1 ¢ HapyIISeHUSIMU 3PEHUSL:

— B Mle4yaTHOM (popme yBeIMUEHHBIM HIpUPTOM,

— B (hopMe 2IEeKTPOHHOTO TOKYMEHTA,

— B ¢popMe ayauodaiina,

— B re4atHoi (opme Ha s3bike bpaits.

JInst an ¢ HapyIIEHUAMH CITyXa:

— B I1e4aTHoi (opme,

— B (hopMe 2IIEKTPOHHOI O TOKYMEHTA.
JUist Ta1 ¢ HapyIIEHUSIMH OTIOPHO-/IBUTATEIBHOTO arapaTta:

— B TIe4aTHOM opme,

— B (popMe 2IEeKTPOHHOTO TOKYMEHTA,

— B ¢popmMme ayauodaiina.

I[aHHLIﬁ MNEpCUCHb MOXKCT OBITh KOHKPCTU3UPOBAH B 3aBUCHUMOCTU OT

oOydJaronuxcs.

KOHTHHI'CHTa




3. O0pa3oBare/ibHbIC TEXHOJIOTHH
B cootBercTtBUM ¢ TpeboBanusmu OPI'OC B mporpamMma JUCIHUILIMHBI MPEIYyCMATPUBACT
UCTOJIb30BaHUE B Y4YeOHOM IIpoIiecce CIEAYIomMX 00pa30BaTelIbHbIE TEXHOJOTHH: UYTCHHE
JEKUUHA C HWCHOJb30BAHMEM MYJIbTUMEIUIHBIX TEXHOJIOTUH; METOJA MalblX Tpymm, pazdop
IIPAKTUYECKUX 3a/1a4 U KEHCOB.
[Ipu 00yyeHNH UCTIONB3YIOTCA CeIyIONIe 00pa30BaTEIbHbIEC TEXHOIOTHU:

— TexHonorus KOMMYHUKATHBHOTO OOy4YeHUsI — HampaBlieHa Ha (QopMHpOBaHUE
KOMMYHHMKAaTUBHOW KOMIIETEHTHOCTHU CTY/AEHTOB, KOTOpasi sBJsETCs 0a30BOW, HEOOXOIMMOM AJist
aJlanTalyy K COBPEMEHHBIM YCIIOBUSAM MEXKYJIbTYPHON KOMMYHHUKAIUH.

— TexHonorus pa3zHOypoBHEBOTO (Iu(dPEepeHIMPOBAHHOTO) OOyYeHHsI — TMpeAroiaract
OCYILIECTBJICHUE I103HABATEIbHON JEATEIbHOCTU CTYIEHTOB C YYETOM MX HHAWBUyaJIbHBIX
CIOCOOHOCTEH, BO3MOXKHOCTEM M HMHTEPECOB, MOOLIPSSI UX PEATU30BBIBATH CBOMl TBOPUYECKUI
noreHuuan. Co3laHue W HCIOJIb30BaHME JUArHOCTMUYECKHUX TECTOB SIBISIETCS HEOThEMIIEMOMN
YaCThIO JAHHOM TEXHOJIOTHH.

— TexHonoruss MOIYJIBHOrO OOyYeHUS — TIpelycMaTpuBaeT JeleHHE COJepiKaHus
JUCLIUIUIMHBI HA JIOCTAaTOYHO aBTOHOMHBIE pa3/iesbl (MOAYJIN ), UHTETPUPOBAaHHBIE B OOIIMI KypC.
— MHWudopmannonHo-koMmyHukanuonnsie texaonorun (MKT) - pacmmpsiror pamku

00pa30BaTeNbHOTO MpoIlecca, MOBBIINIAS €ro MPAaKTHYECKYI0 HaNpaBlIEHHOCTh, CIOCOOCTBYIOT
WHTCHCU(PHUKAIIUN CAMOCTOSITEILHOM pabOThl yYalIUXCS W IOBBIMICHUIO [TO3HABATEIIHLHON
aktuBHOCTH. B pamkax UKT Beiaensitorcst 2 Bujia TEXHOJIOTHA:

— TexHOoJOrust HCHOJB30BAHUS KOMIIBIOTEPHBIX NPOrpaMM — IM03BOJIsAeT 3((HEKTUBHO
JIOTIOJTHUTD IIPOLIECC O0YUYEHUS SI3bIKY Ha BCEX YPOBHSX.
— UHTepHeT-TeXHONOrMM — MPEAOCTABISIIOT IIMPOKHME BO3MOXKHOCTH ISl I[TOMCKaA

uHpopMaLny, pa3paboTKU HayYHbIX IPOEKTOB, BEJICHHs HayYHBIX UCCIIEIOBAHUI.

— TexHonoruss MHAMBUAyaAIU3alUM OOy4YeHHMs] — IIOMOTaeT peain30BbIBATH JIMYHOCTHO-
OPUEHTUPOBAHHBI TOAXOJ, YYMTbIBas MHIUBHIyaJbHble OCOOEHHOCTM U IOTPeOHOCTH
yYalXxcs.

— [IlpoexkTHast TexHOJIOTUS — OpPUEHTUPOBAHA Ha MOJEIMPOBAHHUE COLMAIBLHOTO
B3aMMOJCHCTBYS YYalllUXCsl C LEJIbI0 pEIICHHs 3aladd, KOTOpas ONpPENeNsaeTcs B paMKax
npohecCuOHANBbHOM MOATOTOBKH, BBIIEISSA Ty WM UHYIO IPEIMETHYIO 00J1aCTh.

— TexHonoruss oOydeHuss B COTPYIHUYECTBE — peaiu3yeT HACH0 B3aUMHOI0 OOyuyeHus,
OCYLIECTBIISASI KaK WHAMBUAYAJIbHYIO, TaK MU KOJUIEKTUBHYIO OTBETCTBEHHOCTb 3a DEILEHUE
y4eOHBIX 3a7a4.

— MHWrpoBas TexHOJOTUS — MO3BOJISIET Pa3BUBATh HABBIKU PACCMOTPEHHUS psa BO3MOKHBIX
CHoco0OB pelleHus MpoOsieM, aKTUBU3UPYS MBIIUIEHHE CTYJCHTOB U PAcKpbIBasi JTMYHOCTHBIN
MOTEHIIKAT KaXJI0T0 yJallerocs.

— TexHonorus pa3BUTHS KPUTUYECKOTO MBIIIJIEHUS — CIOCOOCTBYET (HOPMUPOBAHUIO
Pa3sHOCTOPOHHEH JMYHOCTH, CIOCOOHONW KPUTHYECKHM OTHOCUTBbCS K HH(POPMALUMHU, YMEHUIO
oTOMpath HH(OPMALINIO ISl pEIICHUS [TOCTABIEHHOM 3a/1a4H.

KommiekcHoe uCrosib30BaHUE B y4eOHOM IPOLIECCE BCEX BBILIICHA3BAHHBIX TEXHOJIOTHI
CTUMYJIUPYIOT JIMYHOCTHYIO, HMHTEJUIEKTYalbHYI0 aKTHBHOCTb, Pa3BUBAIOT I103HABaTEIbHbBIE
IPOIIECChl, CHOCOOCTBYIOT (OPMHUPOBAHUIO KOMIIETEHIMH, KOTOPBIMH JOJDKEH 00J1aaaTh
Oy Iyl CIICIIMAIHACT.

OcHOBHbBIE BU/IbI HHTEPAKTUBHBIX 00pa30BaTEIbHBIX TEXHOJIOTUN BKIIIOYAIOT B CEOSI:

— pabora B MaJIbIX Ipymnax (KOMaH/e) - COBMECTHasl A€ATEIbHOCTb CTY/I€HTOB B IPYTIIIE MO
PYKOBOJICTBOM JIWJIEPa, HAIIpaBJIEHHAs Ha pelieHue o0iei 3ajaun myTéM TBOPUECKOTO CII0KEHUS
pe3yJbTaTOB HMHIMBUAYAJIbHOW pabOThl UYJICHOB KOMAaHIbl C JICJIEHHEM IOJHOMOYMHA U
OTBETCTBEHHOCTH;



— TMPOEKTHAsI TEXHOJIOTHS - HHAWBHyallbHAS WU KOJUIEKTUBHAS JEATEIHLHOCTh 1O 0TOODY,
pacnpeieNeHrI0 U CUCTeMaTU3allui MaTepralia Mo ONpeAeICHHOW TeMe, B pe3yJibTare KOTOpOn
COCTaBJISIETCS POCKT;

— aHaJM3 KOHKPETHBIX CUTYyallUi - aHallu3 pealibHbIX MPOOJIEMHBIX CUTyalud, UMEBIIUX
MECTO B COOTBETCTBYIOIIEH 00iacTH Mpo(ecCHOHANBHON NesSTeNbHOCTH, U MOWCK BapUaHTOB
JTYYIINX PELICHUH;

— pa3BUTHE KPUTHUECKOTO MBIILICHUS — 00pa3oBaTeIbHasl e TEIbHOCTD, HAllPaBJIEHHAs Ha
pa3BUTHE Y CTYACHTOB pa3yMHOr0, pe(hJIeKCHBHOTO MBIILICHUS, CTIOCOOHOTO BBIIBUHYTH HOBBIC
UJeH U yBUIETh HOBbIE BOZMOYKHOCTH.

[Togxon pa3bopa KOHKPETHBIX 3aJad M CUTyallud [IMPOKO HCIOJb3YETCs Kak
npenojaBaTesieM, Tak U CTYJEHTaMH BO BpeMs JIEeKIUil, Ja00paTOpHBIX 3aHATUN M aHaiIu3a
pe3yJIbTATOB CAMOCTOSITENIbHOW paboThl. DTO 00YCIOBIEHO TEM, YTO TMPHU HCCICAOBAHHU H
peIIeHNH KaXK10M KOHKPETHOH 3a/1a4il UMEETCs, Kak IPaBUII0, HECKOJIBKO METOJI0B, a 3TO TpeOyeT
pa3z00pa U OLEHKH 11eJI0M COBOKYITHOCTU KOHKPETHBIX CUTYaIIUM.

KOJIU4eCTBO
Hcnosb3yemble HHTEPAKTUBHBbIE 00pa30BaTe/ibHbIE
Cemectp | Bua 3anarus HHTEPAKTHUBHBIX
TeXHOJIOTHHU
4acoB
[IpakTrueckue 3aHATUA B pexumMax
JIP B3aMMOJCICTBUS «IIPENOJaBaTellb — CTYIEHT» U 12
«CTYJIEHT — CTYJIEHT»
Hroro 12

Ipumeuanue: JI — nexyuu, 113 — npaxmuueckue 3anamus/cemunapei, JIP — nabopamopuvie 3auamus, CPC —
camocmosmensvHas paboma cmyoenma

Tembl, 3aaHusi U BOMPOCHI JUISI CAMOCTOSITENILHOM pabOThl MPHU3BaHbl CHOPMUPOBATH
HAaBBIKHU IIOHCKa I/IH(l)OpMElIIHH, YMCHUA CaAMOCTOATCIBHO PpacCllupiaTbh H YFJIY6JI$ITI) 3HaHUs,
MOJIyYEHHBIE B XO/1€ JIEKIIMOHHBIX U MPAKTHUECKUX 3aHATHH.

[Togxon pazbopa KOHKPETHBIX CUTYAIM IUPOKO UCTIOIB3YETCs KaK MperoaBaTeseM, Tak
U CTyJIeHTaMH{ IIPU NPOBEICHUH aHAJIN3a PE3yJIbTaTOB CAMOCTOSTEIbHON PaOOTHI.

I[J'ISI JuI ¢ OrpaHMYC€HHBIMH BO3MOXKHOCTAMH 3O0POBbA NPECAYCMOTPEHA OpraHu3aluAa
KOHCYJIbTAIMH C MCIIOJIb30BAaHUEM HJIEKTPOHHOM MOYTHI.

Jns muu ¢ HapynIeHUsIMU 3pEHHUS:

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

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

J5ia U1 ¢ HapyIIeHUSIMH CyXa:

— B TIe4aTHOM opme,

— B (popMe 2IIEKTPOHHOT O TOKYMEHTA.

JList L ¢ HapyIIEHUSIMU OTTOPHO-JIBUTaTEIBbHOTO alapara:

— B I1e4aTHOM (opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

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

JlaHHBINA TIepeyeHb MOXET OBITh KOHKPETH3MPOBAH B 3aBUCHUMOCTH OT KOHTHHIEHTA
oOydJaronuxcs.

4. OueHoOYHbIE U METOAMYECKHE MATEPHAJIbI
4.1 OuneHouyHble cpeAcTBa VI  TEKYWIEro  KOHTPOJIA  YCIEBAaeMOCTH H
NPOMEKYTOYHOM aTTeCTANNHU



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-3.1, PL-3.1 | 3awuma HU31
1 MPOCTpaHCTBa Bonpocwl k axzameny
QunpTpauus u Mop(i)onorml DL-3.1 , PL-3.1 | 3awuma U32 Bonpocwl k axzameny
2
3 ITouck u aHamU3 KOHTYPOB DL-3.1, PL-3.1 Sawuma U33 Bonpocwi k sxzamen
4 [IpocTtpancTBEHHBIE DL-3.1, PL-3.1 | 3awuma 134 Bonpocwl k 9k3ameny
npeoOpazoBaHUs
5 Jerekiys 00bEKTOB B DL-3.1, PL-3.1 | 3awuma 135 Bonpocet k oxzamerny
COITIOCTABJICHUEC
6 Jetexiust qBukeHUs U GOH DL-3.1, PL-3.1 Bawuma 36 Bonpocul k sxzameny
7 Tpexunr 00BEKTOB DL-3.1 , PL-3.1 | 3awuma U37 Bonpocul k sxkzameny




KanmubpoBka kamepsl u DL-3.1, PL-3.1 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

Tunosble KOHTPOJIbHBIC 3aIaHUA WJINX UHbIC MaTE€PHAJIbI, HQOﬁXOI{I/IMbIe AJIF OHEHKH

3HAHWH, YMEHUIl, HABBIKOB M (MJIHM) ONbBITA JAeATEJbHOCTH, XapaKTePHU3YIOIIUX ITANbI
(popMupoBaHus KOMIEeTEHIIMIA B IIpoIecce 0CBOEHHUS 00pa30BaTEeILHON MPOrPaMMBbI

Ilpumep nabopamopnoit padomaut

Hnousuoyanvroeo 3ao0anus 1 (U31): «Ocnoswvt OpenCV u ysemosvie npocmpancmeay.

Lenb: ocBouTh 6azoBbie onepanuu OpenCV, paboTy ¢ n300pakeHUSIMU/BHIEOTIOTOKOM,
[IBETOBBIMU MTPOCTPAHCTBAMH U TEXHUKH CETMEHTAIIUHU T10 I[BETY.

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

JnmutenbHOCTh: 8 4acoB (4 yaca mabopaTOpHBIX padoT, 4 yaca CaMOCTOSITEIbHOU pabOThI).

Pesynbrar: Kog va GitHub + oTBeThI Ha BOpoChI

1.

[TopoOHOE TEeXHUYECKOE 3a/1aHNe

1. Hactpoiika cpenbl u 6a30BbIe orniepauu

- Coznaitte C++ npoekt ¢ OpenCV.

- Peanusyiite 3arpy3ky craruueckoro u3oopaxenus (Hampumep, test image.jpg).
- OtoOpa3uTe n300pakeHHe B OKHE, 100aBbTe coxpaHeHue B hopmate PNG.

- HoxymenTanus: [OpenCV: 3arpy3ka/coxpaHeHne n300paxeHui |
(https://docs.opencv.org/4.x/d4/da8/group imgcodecs.html).

2. PaGota ¢ BUAEONOTOKOM
- [Togkmounte BeO-kamepy (ID=0).
- Peannsyiite 3axBaT BUACO B peaibHOM BPEMEHU:
- BBIBOJT MCXOAHOTO MTOTOKA B OKHE.
- OcTaHOBKA IO HAXXATHUIO KJIABUILN 'q'.
- HoxymenTanus: [VideoCapture Class]
(https://docs.opencv.org/4.x/d8/dfe/classcv_1_1VideoCapture.html).

3. IlpeoOpazoBaHue [IBETOBBIX IPOCTPAHCTB
- JInist Kajipa BHICOTIOTOKA BBITTOJTHUTE:
- Konseprammio BGR — Grayscale (¢prar COLOR_BGR2GRAY).


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

- Konseprammro BGR — HSV (pnar COLOR_BGR2HSV).
- OTobpa3zute pe3yabTaThl B OTACIBHBIX OKHAX.
- Teopusi: [LIBeToBbie moaenu B OpenCV ]
(https://docs.opencv.org/4.x/df/d9d/tutorial py_colorspaces.html).

4. CermenTanus no usery B HSV

- Onpenenute nuama3zod HSV s BeiOpanHoro mnpera (Hanpumep, cunuid: H:100-140,
S:50-255, V:50-255).

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

- Ucnonbsyiite bitwise and() 1y BeigeIeHUs 00BEKTa HA HCXOTHOM H300paKeHUH.

- Cogert: Hcnonp3yiiTe TpekOaps! (createTrackbar()) mis nuHAMUYECKON HACTPOHKH
HIOPOTOB.

5. 'mctorpammbl H300pakeHU

- [Toctpoiite rucrorpammy aiisa kanana Hue (H) HSV-nuzobpaxenust.

- Buzyanusupyiite rucrorpaMmy ¢ momoiislo cv::line mim rectangle.

- [Ipoananu3upyiTe MUKU TUCTOTPAMMBI JJIsl OTIPEACTICHUS JOMUHUPYIOLINX [[BETOB.
- Hoxymentrarus: [calcHist()]
(https://docs.opencv.org/4.x/d6/dc7/groupimgprochist.html).

6. DKCHIEpPUMEHT C pa3HbIMU IIBETAMHU

- [IporecTupyiite cermeHTaluo s 3 IBETOB (KPaCHBIM, 3eJI€HbINH, CUHUI).

- Onpenenute ontuManbible HSV-nnana3onsl /i Kax10ro BeTa.

- O0BscHUTE, TIOYEMY KPacHBIN IBET TpeOyeT 0co00i 00pabOoTKM (HampuMmep, 1Ba
JMara3oHa u3-3a paspsiBa Ha 0°).

7. Buzyanuszaius pe3yiabTaToB
- Co3pnaiite unTepdeiic ¢ 4 OKHaMH:
1. McxonHoe BUEO.
2. HSV-macka.
3. O6bekT mocne bitwise and.
4. I'mcrorpamma H-kanana.
- lo6aBbTE TEKCTOBBIE METKH (Hampumep, cv::putText) ¢ mapameTrpamMu BETOBOTO
Juana3zoHa
ITpoBepka 1abopaTopHoil pabOThl aBTOTECTAMHU
- Hacrpoiika cpeipl u 6a30BbIe Oepauy — METOJT TTOJTydaeT ums ¢aiia
u3zobpaxxenus B popmatax JPEG, PNG, BPM, Bo3Bpariaer ums aiina ¢
pacmpenreM PNG u coxpansiet 3ToT (aiia B KOpHEBOM TUPEKTOPUH MPOEKTa,
reHepHUpyeT UCKIIIOUEHHS B Cllydyae HEBEpHOTro MMeHH (Qaiina. [IpoBepka MeTosa.
- IIpeobpazoBaHue IIBETOBBIX MPOCTPAHCTB — METO/ Noiy4aet (peitm openCV B
dopmare BGR, Bo3Bparaer Grayscale, HCKIIIOUeHHsI, METO MOJTy4yaeT (ppeim
openCV B dpopmare BGR, Bo3Bpamaer HSV, uckimtouenus
- Cermenranus no ety B HSV — mMetoq npuanMaet ums ¢aiina n3o0paxeHus B
dopmatax JPEG, PNG, BPM, u nuana3on 1s8eTa, Bo3Bpaniaet ums ¢aiina ¢
pacupenrieM PNG u coxpaHnsieT 3TOT ¢aiisl B KOpHEBOH TUPEKTOPUH MPOEKTA,

reHepupyeT UCKIIOUEHUS B CiTydae HEBEpHOTo UMeHU (aiina, B (aiiine coxpaHeHa

6I/IHapHa$I MacCKa IJid YKa3aHHOI'O Jiualta3oHa

— T'mcrorpammsl u300pakeHH MeTO1 MpUHUMAET ¢ailn ums ¢daiina n3o0pakeHus B

dopmatax JPEG, PNG, BPM, u nuanason 1BeTa, Bo3Bpaiiaer uMs ¢aiina ¢
pacmupernrieM PNG u coxpansiet 3ToT (aiiia B KOpHEBOM TUPEKTOPUH MPOEKTa,

TCHCPUPYCT UCKIIFOUCHUSA B CJIyda€ HCBCPHOT'O UMCHU (baﬁna, B (baﬁne COXpaHCHa

TUCTOTpaMMa


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

3. KOHTpOJBHBIE BONPOCHI
1. Teopernueckue:
- Ilowemy npoctpanctBo HSV a¢dextuBaee RGB mist cerMmenTanmu mo nisery?
Kax kommnonentsl H, S, V cBsi3aHbI C Ue10BE4ECKUM BOCIIPUATUEM ILIBETA?
- OOwsacuute npuHiun padotsl inRange(). Kakue npodieMbl MOTYT BO3HUKHYTh
IpY BBIOOPE CIMIIKOM Y3KOTO/IIMPOKOTO TUarna3oHa?
- Ilouemy kpacuslii iBeT TpedyeT 18yXx HSV-auanazonos B OpenCV? Kak 3to
CBSI3aHO C LUKJIMYecKkoil npupoaoi Tona (Hue)?
- Kaxk mopdonoruueckue onepanuu (erode/dilate) ymyumraror kauecTBo OMHaApHOU
macku? [IpuBeaute npuMepsl mapaMeTpoB sapa.
2. llpaktuueckue:
- Hanmmmure xox nepeBojia n300pakeHUst B OTTCHKH CEPOro.
- Hammmmure kon nepeBoaa nzo6o6paxenus u3 RGB B HSV
3. AHanuTHYecKue:
- Kakue orpannuenus y uBetoBoii cermeHtanun? Kak ocserienue BuuseT Ha
pe3yabrar?
- Kak ructorpamma H-xanana nomoraet nogoopats noporu? Yto o3HavaroT €
MUKU?
- ITlouemy mipu paboTe ¢ BHI€0 BaXKHO UCTOIb30BaTh waitKey(1) BMecTo
waitKey(0)?
- Kak moxHO MonuduiupoBats 3a/iaHue AJsl OTCIACKUBAHUS 00bEKTa B IBUKECHUU?
- Kaxkue anpTepHaTHBHBIE METO/IbI CETMEHTAIIMH OOBHEKTOB BHI 3HAaeTE (Kpome
IIBETOBOI )?
- OOssacuHure pazauiry Mexay pyukiusmu imread() u VideoCapture.read().
Kputepuu onieHku

Omauuno: TlonHOE BBINOJHEHNE BCEX IaroB, 00ObSICHEHHE BCEX 3TAIOB, OTBETHI HA BOIPOCHI,
KO/l Ha TUT PEHO3UTOPUH (€CIIU IPETYCMOTPEHO 3aJaHUEM, TO MIPOLIEN BCE TECTHI).

Xopowo: T1onHOE BBITIOJIHEHHE BCEX MIATOB, 0OBSICHEHNE BCEX ITAIOB, YACTUYHBIE OTBETHI
Ha BOIIPOCHI, KOJI Ha TUT PETO3UTOPUH (€CIIU NMPEAYCMOTPEHO 3aJaHUEM, TO MTPOILET BCE
TECTHI).

Yooeremeopumenvno: I1onHOe BBINOIHEHNE BCEX 1IAroB, 00BICHEHNE BCEX 3TAIOB, KO/ Ha
TUT PENO3UTOPUH (ECITH IPELYCMOTPEHO 3alaHUEM, TO IPOLIEN BCE TECTHI).

Heyoosenemsopumenvno: HeBpimonuenue 3aaanuii mo T3, OTCYTCTBUE JIMYHOTO TUT-
PEMO3UTOPHS C 3aJaHUSIMU, HECTIOCOOHOCTh OOBSCHUTH HAMMMCAHHBIE PEIICHNUS, KO He
MIPOXOJUT TECTHI.

3ayeTHO-IK3aMEeHALMOHHbIE MaTepHaJbl A8 MPOMEXKYTOYHO  aTTecTaluM
(AK3amMeH)
Ilpumepol 6onpocoe 014 n0020moeKuU K IK3AMEHY

1. Omnumurte mporecc ¢GopMupoBaHus TUGPOBOTO H300paKeHUS OT CBETa [0
MaTpuilbl nukceneil. Kak xapakTepucTuku kameps! (paspelieHne ceHcopa, pasmep
MUKCEJIs, IIIyM) BIUSIOT HAa KaYeCTBO N300paKeHUsSI U MPUMEHUMOCTD aJIrOPUTMOB
K3?

2. OObsicHuTe NpUHOHUN PAOOTHl JUHEHHOW MPOCTPAHCTBEHHOW (UIIBTPAIIH
(cBeptka). CpaBHuTe >PdexTsl oT mpuMeHeHus ['ayccoBa ¢GuiubTpa U GUIBTpa
noBeimeHus peskoctr (Jlammmacwan/Unsharp Masking). Kak pa3mep siapa Biuser
Ha pe3ynbTat? [IpuBeaure npumeps! koaa OpenCV.



3. Yro Takoe OunHapuzarus nzobpaxenus? Onummre anroput™ Oy U aJanTUBHYIO
o6unapuzanuio. Kak Mmopdomoruueckue oneparuu (3po3usi, JuiaTanus, OTKPbITHE,
3aKPBITHE) MCHOJB3YIOTCS JUIsi MOCTOOPAaOOTKHM OWHApPHOTO HW300pakeHHS?
IIpuBenuTe mpumepsl 3a1a4.

4. Onumunre anroput™m aerekuuu rpaHul Kannu. Kakue stanbl OH BKIIOYAET U
nouemy oHHM BakHbI? Kak cBsi3aHbl rpagueHTHbIe oniepaTopsl (Cobenb) u moporu
rucrepesrca B 3Tom anropurme? Kak pesynbrat padbotsl Kanuu ucrnonb3yercs 1
noucka KoHTypoB (findContours)?

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

6. OnuuuTe npouecc KaAMTMOPOBKHU KaMephl 0 maxMaTHoM qocke. Kakue napamerpsl
KaMmepbl (BHYTpEHHHE, HCKaXeHHs) oleHuBaroTcss? Yrto Takoe ommbOka
penpoekuun? Kak wHCIonb3yroTcs NOTy4YEHHBbIE MapamMeTphbl A YCTpaHEHUs
uckaxxenuit (undistort)? 3auem HykHa KaIMOpPOBKa?

7. OObscHUTE 3a1a4y JeTEKUUU IBIKeHUs. ONMUIINTE NPUHIUI paboThl alropuT™Ma
BbluMTaHusA QoHa Ha ocHOoBe [ayccoBoii cmecu (MOG2). Kak Bbienutsb
OTJIeNbHBIE JIBUXKYIUECS OOBEKTHI M3 Macku mnepenHero ruiana? Kak cBsizaHbl
JETEKIMS IBMKCHUS M TPEKUHT 0OBEKTOB?

8. Uro takoe ocobenHoctu (features) nzoOpaxkeHusi? OnuuuTe NPUHIKUI PabOTHI
nerekropa/geckpunropa ORB. Kak mpoucxoauT comocTaBieHHe OCOOSHHOCTEH
Mexay IByMs nu3o0pakeHussMu? Kak GuibTpyroTcs JI0KHBIE COOTBETCTBUA (ratio
test, RANSAC)? IIpuBenute npumep NpUMEHEHHUS.

9. OmnumuTe 3ama4y TpeKHHra o0bekTa. B 4eMm ClI0XKHOCTh accoluanuu 0ObEeKTOB
Mexay kaapamu? OOBSICHUTE MPUHLIUI PabOTHI MPOCTOTO TPEKepa Ha OCHOBE
nepeceuenus obnacteit (IOU tracker). Kak ¢unbrp Kanmana moxer ymydmmiTh
TPEKUHT?

10. Kak ompenensercs rinyOuHa B crepeocucteme? YTo Takoe SHUIONISApPHAS
reomeTpusi, OazoBasg JuHUSA W Kapra cMmemieHus (disparity)? Kak cBsizaHbl
cmenieHne M rayomHa? Onummre O0a30BBIA  aNrOpPUTM IOCTPOEHHUS] KapThl
cMmeleHus (6aouHoe conocrapieHue). Kakue GakTopsl BAUSIOT HA TOYHOCTH?.

Ilepeuens komnemenyuil (vacmu KomMnemeHyuu), NPOEEPAEMbIX 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 NnapTHEPOB. [IpumepHbIe BapuaHThI TEM:

1. IIpoext 1: Cucrema qeTeKMU U TPEKUHTa 0OBEKTOB 10 LBETY. Mcrioib30BaHNE KaMepBhl.
CermenTanus oowsekta o usery (HSV). Beruncnenue nonaoxenus u pazmepa
(xoHTYpHBI/TIeHTpOoU ). Tpekunr oobekTa mexay kaapamu (IOU/Kanbpman). Buzyanuzanus
TpaekTopuu. OLIEHKa CKOPOCTH.

2. IIpoexrt 2: Cuctema nmojacyeTa npoxo1oB uepes3 uHui0. Jlerexus npmwxkenus (MOG2).
AHaIN3 MOJOXKEHUS JBIKYIUXCS 00BEKTOB OTHOCUTENILHO 33JaHHOM BUPTYaJIbHOM JIMHUU.
Jloruka moncuera nepeceuenuii (HampasiaeHue). Buzyanuzanus TuHANA, OOKCOB OOBEKTOB,
CYETYMKOB. Y CTOMYHMBOCTh K KPATKOBPEMEHHBIM IPOTAIaHUSIM.

3. IIpoekT 3: CucteMa u3mMepeHus pa3mMepoB 00BEKTOB 10 m300paxeHuto. KanmndpoBka kamepsl
(onpenenenue nukceneil Ha Mm). JleTekuus oObekTa Ha KOHTpacTHOM (oHe (OMHapu3aIus,
KOHTYpHI). Onpesenenne rabapuTHEIX pa3MepoB (ILIMpHHA, BbICOTa) B ukcensix. [lepecuer
pa3sMepoB B peabHbIE €IUHHIIBI (MM/CM) C UCIIOJIB30BaHUEM KaTMOpOBOYHOTO K03 duiimenra.
BriBon pe3ynbraTa Ha H300paxeHue

4. Ilpoekt 4: Cucrema pacrio3HaBaHHs NpocThiX AR-MapkepoB. JleTeKius KBagpaTHbIX
MapKepoB (KOHTYpHI, anmpokcumarus). Beraucnenue romorpaduu aiist "BeimpsimiieHus "
mapkepa. Paznenenue BeinpsimiieHHON o0sacT Ha ceTKy. CpaBHeHHe OMHApHOTO MaTTepHa



CETKH ¢ HabOpOM M3BECTHBIX MapkepoB. Onpenenenue ID Mapkepa 1 €ro OpUeHTAIINH.
Busyanuzauus 3D ocu Ha Mapkepe.

PeanbHble BapUaHTbI TEM HHAYCTPUHAJIBbHBIX HapTHéPOB:

4. MyJbTUMOJAJIbHBIN ATeHT JJIS AHAJN3A CTPOUTEIbHBIX IUIOIIAT0K

Onucanue:

00O «ABA JIAB» pa3pabatbiBaeT CHCTEMY IJIi MOHUTOPHHTA CTPOUTEIBHBIX 00BEKTOB.
TpeGyercs co3aath NPOTOTUN MyJIbTUMOAAIbHOTO MI-arenTa, cnocoOHOro aHaIU3UpPOBaTh
M300paXeHHS CO CTPOUILIOMAIAKH (BHI€0/(DOTO), a TAKXKE MPUHUMATH TOJIOCOBBIE 1 TEKCTOBBIC
3arpockl (HalpuMep, «IIPOBEPh MOHTAXK MEPEKPBITUS HA 5 ATAXKE).

Henn:
O0beTMHUTH BO3MOKHOCTH KOMITBIOTEPHOTO 3peHHs (pacro3HaBaHUE CTaJANH CTPOUTENbCTBRA,
TexHuku, Hapymennit) u HIJIII (monnmanue 3arpocoB, OTYETOB).

O:xunaemblii pe3yJbTar:
MHTEepaKTUBHBIN areHT, KOTOPBIM Ha 3alpOC CIIELUAINCTa MOKET II0Ka3aTh HYKHBIN y4acTOK,
IPOKOMMEHTHPOBATh IPOTPECC, 3aUKCUPOBATH HAPYIIICHHUS.

7. Moaesab NPOrHO3UPOBAHUS CPOKOB C1a4H 00BEKTOB HA OCHOBE TEKCTOBBIX U
BH3YaJbHBIX JaAHHBIX

Onucanue:

JleBenonepckasi KOMIIaHUS BEIET AHATTUTUYECKUM apXUB 10 CPOKaM CTpoUTebCTBa. C
MOMOIIbIO0 MYJIBTUMOJIAIBHBIX MOJI€NIEHN (TEKCTOBbIE OTUETHI + (POTO CTPONUKH) MOKHO
IPOTHO3UPOBATh BEPOSTHOCTh OTKJIIOHEHUS OT rpaduka caaym.

Hean:
Pazpaborate Mozenb, KOTOpas MO TeKyieMy ctatycy oobsekTa (poro, oruér CMP) onenuBaer
PHUCKH 3aJ€PIKEK.

OsxkupaeMplii pe3yabTar:

HpOTOTI/IH, KOTOpBIfI IMMOKa3bIBACT BCPOATHOCTDH OTKJIOHEHHUH U I[aéT TEKCTOBBIC ITOACHCHU
(ocHOBaHHBIE Ha PACIO3HAHHBIX MPU3HAKAX — «HE 3aBepLIeHbI (pacaaHble paboThD), «KMOHTAX
WH)XEHEpUH HE HavyarT»)

Keiicbl 1a0opaTopuu po6ororexnuku u mexarpounku KyoI'Y u npenogaBaresneii-
NPAKTHKOB

1. TIpeno6pabotka u nmoct obpaboTka B 3amagax OCR.
Jan rotossiif ckpunt OCR, KoTOpbIit Tpoberaet o AUPEKTOPHH ¢ KAPTUHKAMH U PACIIO3HAET
TeKCT Ha KapTuHkax. KapTunku — oOpe3anHbie HoMepa fetaneidl. Homepa BrI107101€HBI HITH
OTJIUTBHI HA JKEJIE3€, IOITOMY KIACCHUYECKNE CUCTEMBI PELIAIOT 33a4y C TPYAHOCTSAMHU.
HeoOxoaumo 3amycTUTh CKpUIIT HAa TECTOBOM JJaTaceTe, OLEHUTh U 3alicaTh TeKYIHe
pe3yJIbTaThl, Jajlee Ha OCHOBE BCETO MaTepHalla, U3yuYE€HHOIO0 B CEMECTPE, ONBITATHCS MOAHATH
JTaHHBIE TIPOLIEHTHI 32 CUET MPe100paboTKN N300paKeHUH U aITOPUTMHUYECKON TOCT 00paboTKH
pemeHuii. Tema BbIIaéTCsl HECKOJIBKMM KOMaHIaM JiJIsl COPEBHOBATEILHOTO MOMEHTA.

2. Tloxcu€r u TpekUHr OYTHUIOK Ha KOHBEEpe.



HccnenoBanue ¢ HECKOIBKUX KaMep, yU€T BRIIISAIINX Ha KOHBeHep OyThIIOK, YIaBIIHX
OyTBUIOK M OyTBUIOK JOMIEANINX 0 YIAKOBKH.

3. TlpenocraBieHne NPOMBIIIICHHOMY MaHUITYJISITOPY HOJOKEHHUS 00BEKTa B CHCTEME
KOOpAMHAT KaMepbl. Beiienenne Ha n300pakeHMH KOHTPACTHOTO 0OBEKTa CIOKHON
dopmer. Dopma oObekTa H3BeCTHA 3apaHee. Heo0X0oMMO MorydnTh KOOpAUHATY
[EHTpa 00BEKTa B CUCTEME KOOPIMHAT KaMEPhI U MOJIyYUTh YIJIbI IIOBOPOTA.

OTMeTHM, YTO HA OCHOBE MEPBOI0 Keiica Oyaer chopMupoBaHO KENC-
COPEBHOBAHME mexay kOMaHIaMHu CTYJAeHTOB. Byaer Bbige/ieHO 5 KOMaH/, KaxKaas
KOMAaH/1a OyJeT NpeacTaBJIATh CBOM Pe3yJbTaThl. Jlyulas KoMaHIa MOJYYAKT OLEHKY
OTian4HO, XyAIIasi — OLEHKY Y/I0BJIETBOPUTEIbHO, B C/Iy4ae eCJId HAa4aJIbHbIe NPOLEHTbI
YAAJI0Ch MOBBICUTbD.

4.2 Metoanueckue MaTepualibl, onpeaessiioline Npoueaypbl OHeHUBAHUS 3HAHUIA,
YMeHHI, HaBBIKOB W (MJIH) ONBITA [IeATEJbHOCTH, XAPAKTEPU3YIOIIMX 3TANbI
(opMupoBaHUA KOMIETEHUH

MeTtoauyeckue peKOMeHJAIUHM, OMNpeesiiolHe NPOoUeAYPbl OLEHMBAHUS Ha
IK3aMeHe:

[Ipouenypa mpoMeXKyTOUHOM aTTecTalli MPOXOJUT B COOTBETCTBUU ¢ llomoskeHuem o
TEKYIIIeM KOHTPOJIE B MMPOMEXYTOUYHOH arrectanuu ooydaroniuxcss PI'BOY BO «Kyol'Y».

HtoroBoii ¢opmoit KOHTpOIS cHOPMHUPOBAHHOCTH KOMIIETEHIIUN Yy OOYyYarommxcs Mo
JTUCLUIIIMHE sIBJsieTcs: dk3aMeH. CTyAeHTBhl O00s3aHbl ClaThb JK3aMEH B COOTBETCTBUHU C
pacnucaHueM U YYeOHBIM IIIaHOM.

OOC mpoMEXKyTOUHOM aTTeCTallud COCTOMT M3 BOIPOCOB K DK3aMEHY M PE3YJIbTaTOB
TEKYILEro KOHTPOJISI.

DK3aMeH 0 AMCLUHUILIMHE MPEeCciIelyeT ellb OLEHUTh padoTy CTYIEHTa 33 KypC, OJyuYeHUe
TEOPETUYECKUX 3HAHUH, WX MPOYHOCTh, PAa3BUTHE TBOPUYECKOTO MBIIUICHUS, MPUOOpETeHHE
HaBBIKOB CaMOCTOSITEJIbHOW pabOThl, yMEHUE TPUMEHSTh MOJYyUYCHHbIC 3HAHUS JUISI PEIICHUS
MpaKTUYECKHX 3a]1ay.

®dopma npoBeieHNs FK3aMEHa: YCTHO.

DK3aMeHaTopy MPEeAO0CTaBIIAECTCS MPaBO 3a/1aBaTh CTYJEHTaM JIOMOJIHUTENIbHBIE BOPOCHI
1o Bcel yueOHOM mporpaMMe TUCIUTUIAHEI.

Pe3ynbrar caaun sx3ameHa 3aHOCUTHCS IIPETOJAaBaTEIEM B SK3aMEHAIIMOHHYIO BEIOMOCTh
Y 3aYETHYIO KHIDKKY.

OueHuBaHME YPOBHSI OCBOCHHS JMCIMIUIMHBI OCHOBBIBAETCS HA Kau€CTBE BBINOJHEHUS
CTYJIEHTOM 3aJIaHUH TEKYIIIEr0 KOHTPOJISI 1 OTBETOB Ha BOIIPOCHI IK3aMEHa.

OneHnBaHUE CTYJIEHTOB MPOUCXOAUT MCXONd M3 CJIEAYIOUIMX IapaMeTpoB: OIEHKA
3apa0baThIBaeTCsl B TEUEHHE CEMECTpa, a HE TOJIbKO Ha HK3aMeHe, IMOAr0TOBKAa M CHCTEMaTH3alus
3HaHUU Ha SK3aMeH 00s3aTenbHa, He0OX0IMMO YUUTHIBaTh ocobeHHocTH nporpammsl TOII-MU u
peanu3ay NPaKTUKO-OPUEHTUPOBAHHOTO MOIX0/A.

Hcxons u3 aroro 6bu1 BeIOpaH cieayrounuii cnocod oneHuBaHus. CTy/I€HTHI B T€UEHUE
ceMecTpa 3allUIIA0T padoThl, B KOJIMYECTBE § MITYK. DTO MEPBBIN KypC, OATOMY HEOOXOIUMO
CIIEUTH 3a IMOCelmaeMocTbio. Vcxond UX 3TOro mpUMeHsieTcs OalbHO PEUTHHIOBAsl CHCTEMA.
[TocemmaeMoCTh KM CYUTAETCS B IPOLIEHTHOM COOTHOILIEHUH M MOXKET 00€CIIeUnTh MaKCUMyM
5 6aioB, TO ke C TOCENMAeMOCThIO TAOOPATOPHBIX 3aHATHM. 3aIUTa UHINBUIYATHHOTO 3aJaHuUs
MOXET MpuHecTH oT 3 10 5 OamnoB. MToro cymmapHO cTyJeHTH Mory HaOpaTh 50 GamioB 3a
cemecTp.



B cepemune cemecTtpa NMpOXOOWT arTecTanus CTyAeHTOB. CTyIEHT aTTecTOBaH, €CIU
HaIUIIET MUCHMEHHYIO pad0Ty Ha OLICHKY 3 | BbIIE ¥ Ha0epeT 15 6aioB Ha MOMEHT aTTeCTallly.

[TpakTHKyeTcs MexaHU3M JOIyCKa K 9k3aMeHy. Ha MOMEHT OkOHYaHus 3a4€THON Helesn
CTYACHT JIOJDKEH HamMcaTh aTTECTallMOHHYIO pabOTy Ha OoueHKy 3 u Bbime ¥ HaOpath 30 6amioB
3a paboTy B cemecTpe.

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

OTa OIEeHKa YYHMTBIBACTCS Ha JK3aMeHe, Kak ofHa u3 4 omeHok. JlomycK K 3K3aMeHy
YUUTBHIBAETCSI, KAK OLIEHKA 2.

Ha koHCynmpTalIuy CTYACHTHI 3aIUIIAI0T YK3aMEHALIMOHHBIE TPOSKTHI B KOMaH/1aX.

Ha sk3ameHe cTyieHThl OTBEYAIOT Ha JIBA BOIIPOCA B OMJIETE YCTHO.

HToro cTyneHT uMmeer 5 OleHOK — paboTa B ceMecTpe, IPOEKT, aTTeCTalis U JIBa OTBETA
Ha OMJIETHI.

Beruncnsiercst cpequss apudmeTndeckas OKpyriseTcss U oObsABIseTcs cTyaeHTy. Ecim
OLIEHKA YTpauBaeT, 9K3aMEH 3aKOHYEH, €CJIM HET, CTYACHT MOXXET MOBBICHTH €€, MOIyYuB JBE
JIONOJTHUTEIIbHBIE OLIEHKH — 32 HeJ0/IeTIaHHbIE JIA00pAaTOpHBIE pabOTHI B CEMECTpE U 3a 00IIeHUE
C MperoaaBaTesieM Ha TEMY KOMITBIOTEPHOTO 3PEHUSI.

WunuBunyanpHble 3aaHUS M OK3aMEHALMOHHBIM IPOEKT OLIEHHBAIOT INPAKTHYCCKUE
HaBBIKH CTYJIEHTOB, aTTECTAlMs OLEHHBAET CIIOCOOHOCTh NMUCHMEHHO H3J1araTb CBOM MBICIIH,
9K3aMEH OLIEHUBAET CIIOCOOHOCTh YCTHO M3JIaraTh CBOM MBICIIH.

[TonmpazymeBaercsi, yTo oneHka OTIMYHO O3HAYAET BBHIMOJIHEHUE BCEX JIA0OPATOPHBIX
paboT, MpoeKTa, ¥ OTBETa 110 OMJIeTaM Ha OLEHKH 4 Wiu 5.

OneHka XOpOIIO O3HAYaeT KaK MHUHUMYM BBITIOJHEHHE MPAKTHYECKOW paboThl Ha
yIIOBJICTBOPUTEIBHO U 3HAHUI Teopuu Ha 4-5 WM HA00OPOT.

OrneHKa yIOBJIETBOPUTEIHHO O3HAYACT, YTO CTYAEHT BIaAeeT Oa30BBHIMU 3HAHUSMH
TEOPUU M CIIOCOOEH peraTh 33/1a41 KOMIIBIOTEPHOTO 3peHuUs Ha 0a30BOM ypOBHE.

IIpumep oyenusanus cmyoenmos

Cymma OIICHKA ATr Ox3ameH | buner | buner
0a/oB | cemecTp POEKT 1 2
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JIK3aMEeHALMOHHBIN MPOEKT OLIEHNUBAIOTCS 110!
—KoppekTHocTu koza.
—JlOCTHKEHUIO METPUK.



—KadecTBy moknana (mogHOTA OMUCAHUS X012 paOOThI, aHATTN3 OIINOOK,
BU3YaIU3a1us).

Memoouueckue  pexomenoayuu,  onpeodenawuiue  nNpPoueoypvl  OUEHUBAHUA
aadopamopuuix padom:

[Iponenypa oneHnBaHus J1aOOPATOPHBIX PAOOT MPOXOAUT B COOTBETCTBHH ¢ [losiokeHneM
0 TEKYIIIeM KOHTPOJIE U MPOMEXKYTOUHOM arTtectanuu ooydaromuxcsi PI'bOY BO «Kyol'Vy.

[To ka0t mabopaTopHoii paboTe MPOBOIUTCS 3AIIUTA.

[Ipu 3amuTe oTYeTa CTYICHTY MOTYT OBITh 33J]aHbl BOIPOCHI U IOTIOJTHUTENIbHBIC 3a/1aHuUs
M0 CyTH JIA0OpAaTOPHOUW pabOThI, B TOM YHCIIE U3 CIHUCKA KOHTPOJBHBIX BOMPOCOB K JTaHHOU
naboparopHoit pabdote. [Ipu Hey1OBIETBOPUTEIBHOM OLIEHKE 3HAHHUM CTy/I€HTa MO0 TeMe JaHHOTO
oTyeTa, CTYJEHT BO3BPAIIAETCs K IOBTOPHOMY M3yUEHHUIO COOTBETCTBYIOIMX MAaTEPUAJIOB, IIOCIIE
Yero JI0MyCcKaeTcs K MOBTOPHOM 3alluTe.

OueHouHble CpencTBa Uil MHBAJIUAOB M JIMI[ C OTPAHUYECHHBIMH BO3MO>KHOCTSIMH
3JI0POBBS BEIOUPAIOTCS C YUETOM MX UHAUBHUAYAIBHBIX ICUXO(U3MUECKUX 0COOCHHOCTEH.

— IIpY HEOOXOJMMOCTH MHBAIUIAM | JIUIIAM C OTPAaHUYCHHBIMU BO3MOXXHOCTSIMU 3I0POBbSI
MIPEIOCTABIISCTCS AOMOIHUTENBHOE BPEeMs JUIsl TOATOTOBKHM OTBETA HA SK3aMEHE;

— IIPU MPOBEICHUH MPOIIEYPhI OIICHUBAHUS PE3yJIbTATOB 00yUYCHUS MHBAIHUIOB U JIUI C
OTPAaHUYEHHBIMH BO3MOXKHOCTSIMHU 3JI0POBBS MPEIYyCMATPUBACTCS UCIIOJIB30BAHUE TEXHUYECKUX
CPEICTB, HEOOXOAUMBIX UM B CBS3H C UX MHIUBUIAYaJIbHBIMUA OCOOCHHOCTSIMU;

— TIPH HEOOXOAMMOCTH JIJIsl OOYYAFOIIUXCS C OTPAHMYECHHBIMUA BO3MOXHOCTSIMHU 3JI0POBBS
M UHBAJUAOB IIpOLleypa OILICHUBAHUA pE3ylbTaTOB OOYYEHHUS 1O JUCIHHUILUIUHE MOKET
MIPOBOJIUTHCS B HECKOJIBKO 3TAIOB.

[Ipouenypa oleHuBaHUsl pe3yJbTaTOB OOYUYEHUS WHBAJIUAOB U JIUIl C OTPAaHUYCHHBIMU
BO3MOXKHOCTSIMU 37I0POBbBSI TI0 JUCIHILIUHE MPEAyCMATPUBACT MPEIOCTaBICHNE HHPOPMAIUU B
dbopMmax, afanTUPOBAHHBIX K OTPAHUYCHHSIM HX 370POBbS 1 BOCIIPHUATHS UH(POpMALINH:

Jyist i1n ¢ HapyIeHUSIMH 3PEHUSL:

— B IieyaTHOU (popme yBeTHMUEeHHBIM HIpU(TOM,

— B (popMe 3JIEKTPOHHOTO IOKYMEHTA.

JInst un ¢ HapyLLIEHUSMH CITyXa:

— B TIle4aTHOU opme,

— B hopMe PIEKTPOHHOTO TIOKYMEHTA.

JLyist i1 ¢ HapyIIEHUsIMH OTTIOPHO-/IBUTATEILHOTO armapara:

— B I1e4aTHOM (opme,

— B (popMe JIEKTPOHHOTO IOKYMEHTA.

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

4.3. Meroanueckue yKasaHHus M0 OPraHU3alMU BbIYMCIUTEIbHOH HHPPACTPYKTYPHI

YciaoBust npUMeHeHHs

— Kypc paccuntan Ha cTy1eHTOB 1-T0 roga oOy4eHus.

— Hanmume noctyna k BeraucnutenbHbIM pecypcam(GitLab).

— PazpaboTanbl HHAUBHIyabHBIC 32/1aHNUs, B HUX BBIICTICHBI YaCTH JJIs TPOBEPKU
aBTOTeCTaMu; MH(PpacTpykTypa 11 npuéma 3amad(gitlab, CI/CD, autotests)
COIJIACOBaHA C MHAMBUIYaTbHBIMH 33 JaHUSIMH, TTOCJIE 3aBEPIICHUs Pa3paboTKH
ABTOTECTOB MHIUBUIyAIIbHBIC 33/IaHUS TIEPEIeIaHbl U B HUX YKa3aHbI TPEOOBAHUS K
cnenupuKaluu METOJI0B U KOMMHUTOB.

He.J'II/I, 3aa4YM U OKUAA€MbI€ PE3YJIbTAaThI



[{enu opranu3anuu BEIYUCIUTEILHOW HHGPACTPYKTYPHI:

— JIaTh Ha4yaJbHOE IpezacTaBieHue o padore B IT nndppactpykrype (IprydnTh
M0JIb30BATHCS TUTOM, IPUYUYHUThH K TpeOOBaHUAM K KauecTBY paszpabatsiBaemoro 110 Ha
YPOBHE IPOXOKICHUS TECTOB).

3ajauu mpenoiaBaress:

— CO3JIaHHE YYETHBIX 3aIlMCel CTYJICHTOB B gitlab By3a;

— GitLab Runner

— Pabota Hax maGIOHHBIM PEMO3UTOpUEM JabOpaTOPHBIX padoT;

— Astotectr U31;

— Busyanuzanus pe3yiabTaToB TECTUPOBAHMUS;

— Hanmcanue WHCTPYKIUU AJIsL CTYJICHTOB;

— mnepepaboTtka MaauBuayaibHOTO 3a1aHKs | IO UTOTaM HAMMHCAHUS ABTOTECTOB;

— HamMCcaHWe aBTOTeCTOB MHAMBUIyabHOTO 3a0aHus N U BCTpauBaHUE UX B OONIYIO

MHQPACTPYKTYPY;

— mnepepaboTtka MuauBuayanbsHOro 3aanus 1 mo utoram HanucaHus aBTOTECTOB;

OxmutaeMbie pe3yJIbTaThl CTYICHTOB:

- HaydajbHoe npencrasieHue o padore B IT undpactpykrype (rut, HEUMUHT, aBTOTECTBHI).

IMopsinok peannzanuu
3amaga Nel: cozmaHue yUeTHBIX 3alKMceld CTyIeHTOB B gitlab By3a
3amaua Ne 2: GitLab Runner.

Jns Bemmonuenust CI/CD naiinnaiina u 3amycka aBrotectoB 011 HacTpoeH GitLab Runner Ha
yaanéunou BupryanbHoi Mamuae ¢ OC Ubuntu 24.04.

[TocnenoBaTenbHOCTh HACTPOMKH BKIIFOYAJA CIEAYIOIIME Iaru:

e Hacrpoiika cucTeMsl — yCTaHOBKA HEOOXOJMMBIX KOMIIOHEHTOB, TakuX, kak Docker.
e VYcranoBka GitLab Runner no opuunanbHOI HHCTPYKIMH.
e Perucrpanus Runner m1s yactHoro cepsepa GitLab.
e CozaHue cron-CKpUIiTa JUist IepUoANYeCKOl OUUCTKU apTeakTOB TECTUPOBAHMS.
3anava Ne3: PaGota Haj 11a0JIOHHBIM PETIO3UTOPUEM JTA0OPATOPHBIX paboT

OTOT peno3UTOPHI CIY’KUT OCHOBOM /ISl BCEX HOBBIX JJa0OPATOPHBIX 3aJaHUN U COACPKHUT
NPEJHACTPOCHHYIO CTPYKTYpY MPOEKTa, TeCTOBYI0 HH(ppacTpykTypy 1 Cl-koHpurypanuu.

KiroueBsie (haiiabl U MX Ha3HAYEHUE:

.gitlab-ci.yml — ocHoBHO# KOH(puUrypammonnsiit ¢aiin CI/CD. Bxmtouaer craguu test,
push_report. Onpenenser cpeny BoinonHeHus (00pa3 Docker), koMaH/bI /U1 3aITycKa TECTOB U
CcOOpKH.

get_path.py — CKpHUNT 7151 OMPEIETICHUS TOTO, KAKHE TeCTHI UCII0JIb30BaTh, MO0 Ha3BAHUIO
KOMMHUTA.

Dockerfile — ¢aiin ans 3amycka gokep-oopasa ¢ TeCTamH.

README.md — uHCTpyKIINH K UCIIOJIb30BAHUIO MIA0JOHHOTO PEMO3UTOPUS U TECTOB.



Taxoke Obu1a peann3oBaHa reHepanus oT4ETOB O pe3ysibTaTax TECTUPOBaHUA Kojaa. Bes
CTPYKTypa MaKCHMaJbHO aJalTUPOBaHA JUIsl KOIMPOBAHUS CTYIEHTaMU U MUHUMHU3ALUK [TOpOTa
BXOJIa IIPU BBINOJIHEHUH J1a00paTOPHBIX

3agava Ned: Buzyanuzaius pe3yjabTaToB TECTUPOBAHUS

Ipuseden npumep guzyanuzauuu 0 oucuuniunsl O6vbeKmHo-0PUESHIMUDOBAHHOE
NPO2PAMMUPOBAHUE U WADIOHBL NPOEKMUPOBAHUS, MAKUM Jice 00pA30M HeoOX00UMO
peanuz06ams 0mobpasicerus 0as memooos uz U31.

PesynbraTsl TECTUPOBAHUS MPEACTABISAIOTCS B BUAe html cTpaHuUIbl, HA KOTOPOH MOKHO

MMOCMOTPETH YCICIIHBIC TECTHI, OIIMOKH U MpeaynpeIKACHUA.

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

100% passad
MNpoEepka EoNWHeECTES Ny GNWMHEIX MeToOoE Enacca W obeerTa Student 2 tests, 2 assertions, 0 failures, 0 errors, 0 skips, finished in 0.0001s
+ KonnuecTeo METOA0E &nacca Aszertions 1, time 0.000080s
+ KonnuecTeo metoaos ofvesTa Asserions 1, time 0.000028s
MNpoeepka ENAYECTES Ny GNMYHBIX METOOCE Enacca m ob6werTa StudentShort 2 tests, 2 assartions, 0 failures, 0 errors, 0 skips, finished in 0.0000s
«" KonnuecTeo METOACE EN3CCS Aszertions 1, time 0.00002%s
+* KonnuecTeo MeToace oiweeTa Assertions 1, time 0.000021s
TecT aneTepHATMEHOND KOHCTPYkTopa StudentShort from_student 1 tests, £ aszartions, 0 failures, 0 errors, 0 skips, finished in 0.0000s
+ Cozgaswe ofeerta StwdentShort USpes aNETEDHETHEHEIR KOHCTEYKTOD Aszertions 4, time 0.000027s
TecT wHHUMANUIZUMK 06 kerTa knacea Student, reTTepoe u ceTTepoe 21 tests, 56 assertions, 0 failures, D errors, 0 skips, finished in 0.0003s
«F t=st_telegram_zetter Azserions 2, time 0.000013s
«* Merrep ans email Aszserions 2, time 0.000002s
«* TeTTep ans git Aszserions 2, time 0.000007s
" [errep ans id Assertions 2, time 0.000008s
«* MeTTep Ans telegram Assertions 2, time 0.000010s
' [2TTEp ANR KMEHN Aszertions 2, time 0.00000%s
«* [2TTEp ANA 0TYECTES Assertions 2, time 0.000018s
' [2TTep ans TenedoHa Assertions 2, time 0.000007s

Ecam meTon HanMcan HEKOPPEKTHO, TO Oy/IeT BBIBEIeHA OIHUOKa.

IMopsaok NpoBepKH KOPPEKTHOCTH

Yek-1uCT 7151 TPOBEPKH JIA0OPATOPHBIX PabOT:



® TUT HHPPACTPYKTYpa C YUETHBIMU 3aMMUCSIMHU CTYICHTOB;

e 11a0JIOH TUT PETIO3UTOPHS JUTsI KIIOHUPOBAHMSI U pPaOOTHI CTY/ICHTA C
MOJIKJIFOUYEHHBIMU aBTOTECTAMU;

® HWHCTPYKIIHS 110 paboTe C TUTOM C MOJIPOOHBIM ONMCAHUEM UMEHOBAHHS METO/IOB
1 KoMMHTOB B ReadMe daiine.

4.4. MeTonnueckne yKa3aHusl 110 OPraHU3alUM J1a0opaTOPHBIX padoT

YciaoBusi npuMeHeHMs:

— Kypc paccunran Ha cTyaeHTOB 1-T0 roja o0y4eHusl.

— Hanmnuue nocryna k BeruucnutensHbiM pecypcam(GitLab) u kamepam (GPU/CPU).

— Paspaborana uadpactpykrypa mis npuéma 3anad(gitlab, CI/CD, autotests) u
corjlacoBaHa ¢ JJabOpaTOPHBIMU pabOoTaMH U HACTPOEHA Ha BCEX CTYJICHTOB
00pa30BaTesIbHOI NPOrpamMMBl.

Hesun, 3a1a4u U 0kUAaeMble Pe3yJIbTaThI
[{enu opranu3anuu J1abopaToOpHbIX padoT:

- Hayuuts crynenToB pemartpb 6a3oBbie 3agaun K3: dunbTpanms, cermeHTanus, 1eTeKIus,
TPEKHHT, KaTMOPOBKa;

- JaTh npenacTasieHue o Gpusnke GopMUpOBaHUS U300pAKEHUS B PEATbHOCTH U
XapaKTepUCTHKAX Kamep;

—  JaTh HayallbHOE IpejcTaBieHue o padore B IT undpacrpykrype (mpuyduurthb
[0JIb30BAThCS THTOM, IPUYUYHUTH K TpeOOBaHUAM K KauecTBY paszpabaTsiBaemoro 110 Ha
YPOBHE MTPOXOXKICHHS TECTOB).

3aauu npenojaBaTes:

— TMOATrOTOBKA IJIaHa TabOpaTOPHBIX padoT;

— pa3paboTtka npumepHoro MuauBuyanbHoro 3aaanus 1;

— opraHm3anus git UHQPACTPYKTYpPHI ISl BCEX CTYJEHTOB Ha BBIUYUCIUTEIbHBIX
MoIHocTAX BY3a u Hanmcanue aBToTeECTOB )1 IpUMEpPHOro MHIMBHyanbsHOTO
3aJaHus 1;

— mnepepaboTtka MuauBuayanbHOro 3aaus 1 mo uToram HanMucaHus aBTOTECTOB;

— pa3pabotka npumepHoro MuauBuyansHoro 3aganus N;

— HamMcaHMe aBTOTECTOB M BCTpAaMBaHUE UX B OOLIYI0 HHPPACTPYKTYPY;

— nepepaboTka MHIMBUIyadIbHOTO 33aHus | IO UTOraM HanmucaHHs aBTOTECTOB;

OxmuaeMble pe3ysibTaThl CTY/I€HTOB:

- yMmeHue pemaTh 6a3oBblie 3a1aun K3: dunbTparus, cermeHTanus, JeTeKIus, TPEKUHT,
KaJTIMOPOBKa;

—  UMEIOT o0I1Iee MPeICTaBICHIE O PeaTbHBIX 33/1a4aX KOMITBIOTEPHOTO 3pEHUS 1
BO3HHKAIOIINUX ITpodiemax;

- HauvanpHOe mpencrtaienue o padore B IT undpactpykrype (TUT, HSUMUHT, aBTOTECTHI).

opsinok peanuzanuu

3angaua Nel: [ToxroroBka miaHa abopaTopHbIX paboT (B coorBercTBUM ¢ 11.2.3.3 PIT/I)



1) Onpenenenue Tem:

— ocHoBbl OpenCV 1 11BEeTOBbIE IPOCTPAHCTBA, 3arpy3Ka/0TOOpaKeHUE
U300paXCHUS U BUJICO C KAMEPBI, THITHI KaMep;

- mpeobpaszoBanue mexay RGB, Grayscale, HSV, Beienenne 00beKTOB 110 IIBETY B
HSV;

— TOCTPOEHHE THCTOTPamM;

- po0aBiieHHEe ITYMOB (TayCcCOB, COb-TIEPE);

- TIpUMEHEHHUE JIMHEWHBIX (UIBTPOB (CTIaKUBAaHUE, MTOBBIIICHUE PE3KOCTH);

- Ounapuszanus (O1ry);

- TojaBJeHUE IryMa MOpQoJIorHelt (OTKPBITHE/3aKPBITHE);

- pereknus rpanuil KanHu.

— TIOUCK U OTPUCOBKA KOHTYPOB;

—  BBIYMCJICHHE XapaKTEPUCTUK KOHTYPOB (IO, IICHTP);

- ¢unbTpanus KOHTYPOB 10 pa3zMepy/Gpopme. ANMPOKCUMAIIHS KOHTYPOB.

- peanmu3auus apduHHBIX Mpeodpa3oBaHuil (IOBOPOT, MACIITA0) ¢ OMIMHEHHOM
WUHTEPIIOSIIHECH;

—  KOppEKLHUsI MEPCIIEKTUBBI (MCIIOIb3Ys 3apaHee 3a/IaHHbIE TOUKH).

—  BBIUMCJICHHE U IPUMEHEHHue romorpaduu s "BeIIpAMIeHUS" 00beKTa;

- Jerekuus o0beKToB 1o 1mabdaony (matchTemplate);

- JAeTekius u conocraBienue ocooennocteit (ORB) mexay nByms
M300paKCHUSIMU;

- (upTpanus 10KHBIX cCOOTBETCTBHH (ratio test, RANSAC);

-  peanu3anus MpocToro BHIYUTAHUA (DOHA; UCTIOIB30BAHKE
BackgroundSubtractorMOG2 1151 BbII€TICHUS ITEPEIHETO TIJIaHa;

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

- peanu3anus TpEKUHra no onmkaiemy coceny (LIEHTPOUIbI);

- peanm3anus TpekuHra no nepeceueHuto odnacreit (IOU tracker), unrerpanus
npocrtoro ¢ribTpa KanmMana mist criakuBaHusi TPA€KTOPHUH;

- Kanmubposka kamepsl (moxy4yeHue camera matrix, distortion coefficients);

-~ TNPUMEHEHHE MapaMeTPOB /Il YCTPAHCHUS UCKAKEHUM Ha TeCTOBBIX
M300paKEHHSIX, OLIEHKA OIUOKH PEPOCKITHH.

2) Pazpabomka niana unousudyaibHuix 3a0aHU.

Ha60paT0prle 3aHATHUA COCTOAT B BLIIMOJTHCHUH MHAUBUAYaJIbHBIX 3ajlaHI/Iﬁ n
06’BGHI/IHGHBI B HHAWBUAYAJIBbHBIX 3aI[aHI/II>'I

HaunmeHnoBanue Pacnpenenenune yacos

HNnauBuayaibLHOro Copep:xanne UHIMBUAYAIBHOTO 3a1aHUS
3aIaHuA
2 3

OcHoBel 3arpyska/oToOpaxkeHne H300paKeHUs U BUIEO C 12 yacos (6 4acos
OpenCV u kamepsl. [Ipeo6pazosanne Mexny RGB, Grayscale, JIP, 6 qacos CP)
[BCTOBBIC HSV. Beigenenue 00bekToB 110 11BeTy B HSV.
IpoCTpaHCTBA

poctp [TocTpoeHne rucrorpamm.
®uibTpanys u JloGaBrnenune nryMmoB (TayccoB, CONb-TIEpelt). 12 yacos (6 yacos
Mopdororus [TpumeneHne TMHEHHBIX GUIBTPOB (CTIIaKUBAHUE, JIP, 6 yacos CP)

MOBBIIIEHHE pe3kocTH). bunapuzanus (O1ry).
[Tonasnenue mryma mopdosorueit
(OTKpBITHE/3aKPBITHE).




HaumeHoBaHnue Pacnpe;[eneﬂne qacoB
I/IH).IlleﬂZ[ya.]'lLHOFO Conepmaﬂne I/IHI[ﬂBl/lZlyaJ'lLHOl"O 3a/laHusA
3ajaHusd
2 3

[Mowck v anamus | Jlerexkuus rpanun Kannu. [Touck u oTpucoBka 8 yacoB (4 yaca
KOHTYpOB KOHTYpPOB. Brluncinenue XxapakTepuCTUK KOHTYpPOB JIP, 4 gaca CP)

(momraae, ueHTp). PUIIbTpaus KOHTYPOB IO

pa3mepy/dopme. AnmpokcuMalys KOHTYpOB.
[Tpoctpancteen | Peanuzanus ah@uHHBIX TpeoOpa3oBaHuid (ITOBOPOT, 8 yacoB (4 yaca
HbIC macmTal) ¢ ounuHenoi natepnossiuueid. Koppexkuust | JIP, 4 gaca CP)
npeodpas’oBaHys | repcrieKTHBBI (MCIIONB3YS 3apaHee 3a1aHHbIC TOUKH).

Brruuciienue v npuMeHeHne romorpagpun s

"BBINIPSIMIICHUA" 00BEKTA.
Herexuust Herexuus o0bpexToB 1o mabdiaony (matchTemplate). 4 yaca (2 yvaca JIP,
00BEKTOB U JHetexus u conocrapnenue ocodennocrer (ORB) 2 yaca CP)
COMOCTABICHUC | wvexy ABYMsI H300pakeHUusAMU. DUIbTpanns JT0KHBIX

cooTBeTcTBUi (ratio test, RANSAC).
Herexkumst Peanm3zanus mpocroro BeranTanus (oHa. 4 yaca (2 yvaca JIP,
ABIDKCHUS U HcnonwszoBanue BackgroundSubtractorMOG?2 st 2 yaca CP)
on BBIJICJICHUS TIepeIHeTo Mmana. [Iouck CBsI3HBIX

KOMITOHEHT (KOHTYPOB) JABHXKYIIHUXCS 0OBEKTOB.

OrneHKa CKOPOCTH/HANPABJICHUSI.
Tpexunr Peanuzanus Tpekunra no omamxkaiiiemMy cocemy 4 yaca (2 yaca JIP,
00BEeKTOB (uentpounsl). Peanuzanus tpekunra mo nepeceuennto | 2 gaca CP)

obnacreii (IOU tracker). uTerpamus mpocToro

¢dbmpTpa Kanmana iy1si criia)kuBaHusl TPASKTOPHH.
Kambposka Cpemka Habopa N300paKeHH MIaXMaTHOM JOCKH. 16 gacoB (8 gacoB
KaMepel 1 ABToMaTnueckoe oOHapyxeHue yriao. Kanubposka JIP, 8 uacos CP)
YCTpaHCHHC KaMmepsl (moayyeHue camera matrix, distortion
MCKaKCHIH. coefficients). [TpuMeHEHHE TAPAMETPOB JIs

YCTpaHEHUS HCKKEHHIA Ha TECTOBBIX H300PaKECHHUSX.

OreHka OMMOKHN PeNpOEKIINH.

3amaua Ne 2: Pazpaborka npumepHoro UHauBuayanpHOTo 3a1anus 1 ».

[ens: ocBouTh 6a30BBIe oneparuu OpenCV, paboTy ¢ n300pakeHUSIMU/BUACOTOTOKOM,
I[BETOBBIMU MIPOCTPAHCTBAMH M TEXHUKU CETMEHTAIUH T10 IBETY.

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

JmutenbHOCTB: 12 vacoB (6 yacoB 1ab0paTOpHBIX paboT, 6 YaCOB CAMOCTOATEILHON PabOTHI).

Pesynbrat: Kog va GitHub + oTBeTsI Ha Bompochl

4, HOI[DOGHOG TEXHHUYCCKOC 3a/IaHHC

1. Hactpoiika cpenpl u 6a30BbIe Onepaum
- Cozpnaiite C++ npoekt ¢ OpenCV.

- PeanusyiiTe 3arpy3ky cratuueckoro u3oopaxeHus (Hampumep, test image.jpg).
- OTo6pasure U300paxkeHue B OKHe, 100aBbTe coxpaHeHue B popmare PNG.

- HoxymenTanus: [OpenCV: 3arpy3ka/coxpaHeHne n300paxeHuni |
(https://docs.opencv.org/4.x/d4/da8/group__imgcodecs.html).



https://docs.opencv.org/4.x/d4/da8/group__imgcodecs.html

2. PaGora ¢ BUIEOIOTOKOM
- [lopkmtounte BeO-kamepy (ID=0).
- Peanusyiite 3axBaT BUCO B pealbHOM BPEMEHHU:
- BeIBOJ MCXOMHOIO IIOTOKA B OKHE.
- OcTaHOBKa 110 HAYKAaTUIO KJIABUIIN '(q'.
- Hoxymenrarusi: [ VideoCapture Class]
(https://docs.opencv.org/4.x/d8/dfe/classcv 1 1VideoCapture.html).

3. IIpeoOpazoBaHue BETOBBIX IPOCTPAHCTB
- Jlyist kazipa BUICOTIOTOKA BBITIOTHHUTE:
- Konsepramuio BGR — Grayscale (bmar COLOR_BGR2GRAY).
- Konseprammio BGR — HSV (¢pnar COLOR_BGR2HSV).
- OToOpasuTe pe3ybTaThl B OTJICIBHBIX OKHAX.
- Teopusi: [L{BeToBbie Mosenu B OpenCV]
(https://docs.opencv.org/4.x/df/d9d/tutorial py colorspaces.html).

4. CermenTanus o nsery B HSV

- Onpenenute nuamna3zod HSV mis BeiOpanHoro ngera (Hanpumep, cuuauid: H:100-140,
S:50-255, V:50-255).

- [Tpumenute ¢pynxmuro inRange() 11t co3panusi OMHAPHOM MacKH.

- Ucnonw3ayiite bitwise and() juist BeIIeaeHUS 00beKTa Ha KCXOAHOM H300paKECHUH.

- Cogert: Ucnomnw3yiite TpexOapsl (createTrackbar()) mist tTuHAMUYECKON HACTPONKH
MOPOTOB.

5. 'mcTorpammel n300paXkeHUH

- [Toctpoiite rucrtorpammy aiisa kanaina Hue (H) HSV-uzobpaxenusi.

- Buzyanusupyiite rucrorpammy ¢ noMmolnbto cv::line unu rectangle.

- [Ipoananu3upyiiTe MTUKU TUCTOTPAMMBI JUISI OTIPE/ICICHHUS JOMHUHHUPYIONIHX IIBETOB.
- HoxymenTarus: [calcHist()]
(https://docs.opencv.org/4.x/d6/dc7/groupimgprochist.html).

6. DKCIIEpUMEHT C pa3HbIMU LIBETaMU

- [IporecTupyiite cermeHTaIMIO A5 3 1BETOB (KPACHBIH, 3eNI€HBINH, CHHHI).

- Onpenenute ontuManbHbie HSV-nuamna3onsl 4 KaX10ro 1BeTa.

- OOBscHUTE, TOYEMY KpacHBI IBET TpeOyeT 0co0oi 00paboTKu (HampuMmep, /Ba
JMara3oHa u3-3a paspsisa Ha 0°).

7. Buzyanu3zauus pe3yiabTaToB
- Cozpnaiite uaTepdeiic ¢ 4 okHamu:
1. UcxomHoe BHUJIEO.
2. HSV-macka.
3. O6nwekT nmocne bitwise and.
4. I'mcrorpamma H-kanaina.
- loGaBbTE TEKCTOBBIE METKH (Hampumep, cv::putText) c mapamerpamu 1IBETOBOTO
Juarna3zoHa
5. IlpoBepka 1a60paTOpHOM PabOTHI ABTOTECTAMHU
— Hacrpoiika cpenbl u 6a30BbIe onepanuy — METOA MojyyaeT ums Qaiina
nzobpaxenus B popmarax JPEG, PNG, BPM, Bo3Bpamaet ums aiina c
pacupenrieM PNG u coxpaHnsieT 3TOT ¢aiisl B KOpHEBOH TUPEKTOPUH MPOEKTA,
reHepupyeT UCKII0UYEHUS B CiIydae HeBepHoro uMmeHu ¢aiina. [IpoBepka metona.



(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

[IpeoOpa3zoBanme MBETOBBIX TPOCTPAHCTB — METOT TTosry4aeT ¢peiim openCV B
¢dopmare BGR, Bo3Bpammaer Grayscale, HCKIIIOUSHHsI, METO MOJTy4yaeT (hpeim
openCV B dpopmare BGR, Bo3Bpamaer HSV, uckimtouenus

CermenTanus o usety B HSV — meron npunnmaer ums aiina uzo0paxeHus B
dopmarax JPEG, PNG, BPM, u nuamna3oH mnBeTa, Bo3BpamaetT uMms ¢aiia ¢
pacupenrieM PNG u coxpansieT 3ToT ¢aiil B KOpHEBOH TUPEKTOPUH MPOEKTA,
reHepupyeT UCKIIOUEHUS B Ciydae HEeBepHOro uMeHu (aiina, B (aiiine coxpaHeHa
OuHapHas Macka JJIsl yKa3aHHOrO Juana3zoHa

['ucrorpammbl n300paxeHuit Mmetoa npuHUMaeT daiiin ums Qaiina nzoOpaxxeHus B
dopmarax JPEG, PNG, BPM, u nuamna3on 1BeTa, Bo3Bpamiaet uMs ¢aiina ¢
pacmmpernrneM PNG u coxpansier 3ToT (ailyi B KOpHEBOW TUPEKTOPHUH MPOCKTA,
reHEepHUpYeT HCKIIIOYCHHS B ClTydae HEBEPHOTO UMEHH (paiia, B daiisie coxpaneHa
rucTorpamma

6. KoOHTpOJIBbHBIE BOIIPOCHI

4. Teoperuueckue:

[Touemy npoctpancTBo HSV a¢ddexruBaee RGB mnst cermenTanum mo nsety?
Kak komnonentsl H, S, V cBsi3aHbl ¢ yeioBeueCKUM BOCIPUATHEM LBETa?
OO6wsacauTe npunmn padotsl inRange(). Kakue mpodiemMbl MOTYT BOBHUKHYTh
IpU BBIOOPE CIMILIKOM Y3KOTO/IIMPOKOTo Juarna3oHa?

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

Kak mopdonorndeckue onepanuu (erode/dilate) yayumraror kauecTBO OMHAPHON
macku? [IpuBeaute npuMepsl apaMeTpoB spa.

5. lIpaktuyeckue:

HanummTe ko nepeBosia n300paskeHust B OTTEHKH CEpOro.
Hanmmure ko nepeBoaa uzobpaxkenus u3 RGB B HSV

6. AHanUTHYECKUE:

Kaxkue orpannyenus y nBetoBoii cermentanun? Kak ocerienue BiuseT Ha
pe3yJsbrar?

Kaxk rucrorpamma H-xanana momoraet nmono6pars noporu? YUro o3navaror eé
MUKHU?

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

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

OO0bsicaute pazuuily Mexay gyskmusmu imread() u VideoCapture.read().

Kpurepuu onieHKHu

Omauuno: TlotHOE BBEIIIOJIHEHHE BCEX I1aros, 00BSICHEHHE BCEX OTalloB, OTBETHI HA BOIIPOCHI,
KOI Ha I'UT pCHIO3UTOPHUHU (GCJ'II/I npeaAyCMOTpPCHO 3aIaHUCM, TO HpOH_IéJ'I BCC TCCTBI).

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

TECTHI).

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

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



3amaua Ne3: mepepaborka MuanBuyabHOTO 3a1aHus | 110 ©TOraM HaIlMCaHUS aBTOTECTOB

Jns HanMCaHHBIX aBTOTECTOB BEPHYTCS K 3a/IaHUSAM M yKa3aTh TOUHBIC crienupukanyu (Gaiios,
METO/I0B IPOBEPKH, 100aBUTh B JIP MHCTpYyKIHIO 110 paboTe B git yHUBEPCUTETA U MOPSIOK
COXpaHEHHsSI U OTOOpaKEHUS Pe3yIbTaTOB.

IMopsi10K NPOBEPKU KOPPEKTHOCTH
Uek-JIUCT /1St IPOBEPKU JIA0OPATOPHBIX padoT:

o MU3I;

® TUT UHPPACTPYKTYpA C YICTHBIMU 3AITUCSIMHU CTYICHTOB;

e 11a0JIOH TUT PETIO3UTOPHS SISl KJIOHUPOBAHUS U paOOTHI CTY/ICHTA C
IMOJIKII0YCHHBIMH aBTOTECTAMU;

®  WHCTPYKIIUS IO pabOTe C TUTOM C MOAPOOHBIM OMMCAHUEM UMEHOBAHUS METOJIOB

1 KOMMUTOB;

aBTorecThl mist U31;

nepeaenannoe NU31;

aBToTeCThI i1 132;

nepenenansoe M32.

4.5. MeToanyecKkue yKa3aHUsl 0 OPraHN3alUM NPOEKTHOM 1eATeIbHOCTH CTY/1eHTOB
YciaoBust npUMEeHeHHs

— Kypc paccuutan Ha ctynenToB 1-ro roga odydenus,

— OO0mee BpeMst Ha IPOEKT — He OoJiee 16 yacoB KaXKJI0TO CTYACHTA.

— MHmeercs noctyn K keiicam MHAYCTpUAIbHBIX TAPTHEPOB; €CTh BO3MOKHOCTh
aZlanTanuu KeMcoB [ CTYJIEHTOB MEPBOTO Kypca.

Henn, 3axa4un 1 osKuIaEMBbIE PE3YIbTATHI
[lenu opranu3any BEIYUCIUTENEHON HHPPACTPYKTYPHI:

— JaTh Ha4YallbHOE MPEACTaBICHUE O pealbHBIX 33a4yaX KOMIIBIOTEPHOTO 3pEHUS U
BO3HHMKAIOIIHUX MTpo0IemMax.
3amaun nMpenojaBaTes:

— cOop KeicoB MHIyCTpHATIbHBIX APTHEPOB;

— cOop keiicoB npenojaBarenel NpakTUKOB U Ja0opaTopuii B By3e;

— (¢opmupoBanue T3 Ha 3K3aMEHAIMOHHBIA IPOEKT HA OCHOBE KEHCOB;

pa3palboTKa CUCTeMbI YUETa pe3yJIbTaTOB MPOEKTa B UTOTOBO OLIEHKE 33 HK3aMEH
OsxujiaeMble pe3ysbTaThl CTYJCHTOB:

— Ha4dYaJIbHOC NPCACTABJICHUC O PCAJIbHBIX 3a/jadyaX KOMIIBIOTCPHOI'O 3pCHHUSA U
BO3HHKAOIIUX npoGHeMax.

Hopsinok peanuzanuu
3amaga Nel: cOop kelCOB HHIAYCTPUATBHBIX TAPTHEPOB

. MYHBTHMOHaHBHLIﬁ areHT JId aHalin3a CTPOUTCIIbHBIX TUIOMIA0K



Onucanue:

000 «ABA JIAB» pa3pabaTbIBaeT CUCTEMY JIJII MOHUTOPHHTA CTPOUTEILHBIX OOBEKTOB.
Tpebyercst co3aaTh MPOTOTHUI MYJIbTUMOAAEHOTO MI-arenTa, cnocoOHOT0 aHATM3UPOBATH
U300paXKeHHs CO CTPOUIIIOMAAKHU (B1A€0/(hOTO), a TAaKKE MPUHUMATh TOJIOCOBBIE H TEKCTOBBIE
3anpockl (HalpuMep, «IPOBEPh MOHTAXK MEPEKPBITUS HA 5 ATaXe»).

Lens:

OOBeAMHNUTh BO3MOXKHOCTH KOMITBIOTEPHOT'O 3peHHMs (PacliO3HaBaHUE CTaJUN CTPOUTEIILCTBA,
TexHUKH, Hapywenuil) u HJIII (moHnManue 3ampocoB, OTYETOB).

OxuaeMblil pe3ynbrar:

M HTEepakTUBHBINM areHT, KOTOPBIM Ha 3aIIPOC CIIELMAINCTA MOXKET I10Ka3aTh HYKHBIA y4acTOK,
IPOKOMMEHTHPOBATh IIPOrpecc, 3apUKCUPOBATH HAPYIICHHUS.

3amaua Ne 2: keiicoB mpernoaBareseii IPakTUKOB U JaOOpaTOpHUil B By3e€.

1. Tpeno6paborka u moct oOpadorka B 3agadax OCR.
Jan rotosslif ckpunt OCR, koTOpbIil Tpoberaet o JUPEeKTOpUH ¢ KAPTUHKAMU U PACIIO3HAET
TEKCT Ha KapTuHKax. Kaptunku — oOpe3annbie HoMepa aeraneid. Homepa BrI010€HBI HITH
OTJIMTHI Ha JKeJIe3€, OITOMY KJIACCUYECKHE CUCTEMBbI PEeLatoT 3a/1a4y C TPYAHOCTSIMHU.
Heo6xoanMo 3ammyCTUTh CKPUIIT Ha TECTOBOM JIaTaceTe, OLCHUTH U 3aIiCaTh TEKYIINe
pe3yJbTaThl, Aajee Ha OCHOBE BCEro MaTepualla, U3y4eHHOr0 B CEMECTpPE, MOMBITaThCS TOIHATh
JAHHBIE MTPOIEHTHI 32 CUYET MPeaoOpaboTKH N300paKEHUH U aNTOPUTMUYECKOH TOCT 00paboTKH
pewennii. Tema BbIAAETCSA HECKOIBKUM KOMaH 1aM JUIsl COPEBHOBATEILHOTO MOMEHTA.

2. Tloxcyér u TpekUHr OyTHUIOK Ha KOHBEepe.
HccnenoBanue ¢ HECKONbKUX KaMep, YUET BBIIEIINX HA KOHBEep OyThUIOK, yIaBIIMX
OyTBUIOK U OyTBUIOK JIOIIEAIINX 10 YIAKOBKH.

Hpe]lOCTaBJ'IeHI/Ie IMPOMBININICHHOMY MAaHUITYJIATOPY IMOJIOKCHUSA 00BEKTA B CUCTEME
KOOpIMHAT KaMephl. Beiienenue Ha n300pakeHMH KOHTPACTHOTO 00BEKTa CIIOKHOM
dbopmbl. DopMa 00beKTa U3BECTHA 3apaHee. Heo0X01MMO MOIyIUTh KOOPIUHATY
1eHTpa 00BbEeKTa B CUCTEME KOOPUHAT KaMepbl U MOTYYHUTh YIIIbI TOBOPOTA.

3amaua Ne3: ¢popmupoBanue T3 Ha SK3aMEHAIIMOHHBINA TTPOEKT HA OCHOBE KEMCOB

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

[IpoexT BeInosHAETCS B KOMaHAax oT 1 10 3 yenoBek. OLieHMBAETCsl BCS KOMaHAa OJHOMU
OLIEHKOIA.

NuauBrunyansHOE 3ajaHUE COCTOUT B aHAJIM3€ IPUMEHUMOCTHA METOJIOB BBISIBIICHHS TPAHULL
00BEKTOB Ha M300paKEHNHU 3aIaHHOTO TUTIA. J1JIs1 BBIMOJTHHEHUS 3a/IaHusI HEOOXO0IMMO
BBITIOJIHUTH HECKOJIBKO 3a/1a4:

- IOATOTOBUTH Ha6op JAaHHBIX Ha MPOBCACHUA aHAIN3a,

- IpoTecTUpOBaTh AIropuT™ Kanuu ¢ 3 pasnnyHsIMu napameTpaMu pasmeitus ["aycca, Ha 3-5
M300paXXeHUsIX, BBIIEIUTh ONTUMAJILHBIN TapaMeTp,

- IPOTECTUPOBATH AIropuT™M KaHHU U1 KaXKA0Tr0 U3 MapaMeTpoB MPOIUIOro MyHKTa, BBIOPaB MO
3 pa3MuHBIX Hapbl MOPOrOBBIX 3HAUYEHUH, UTOTO 9 TECTOB AJIs KaXKIOT0 N300pa)KeHMs, BHIIBUTh
ONTUMAJIbHBIE TTApaMeTpPHI (pa3MbITHE, TOPOTH (PUIBTPAIMN) /IS BHIIBICHUS TPAHHULL IS
KaXKI0ro U3 U300pakeHul;



- MpoTecTUpoBaTh anroput™ Kanuu, 3amenus ornepatop Cobenst Ha 1I000H Apyroit onepaTop,
MPOBECTH 9 TECTOB Ha Ka)XXI0€ N300paKEHHE C HOBBIM OIEPATOPOM;

- 3AMEHHTH OTIEPATOP ATBTEPHATUBOM, IPOBECTH 9 TECTOB JIJIsl KaXKI0T0 U300paKCHHUS,

- coOpaTh pe3ynbTaThl B CBOJHYIO TAOIHILY, ONPEICIUTh TyUIHid cricod HacTpoiiku Kannu ans
KaXKI0ro U300pa)KeHusi, BIOpATh JIydlnii criocod HacTpoiiku KanHu asis Bcex n3o0paxkeHuil B
11eJI0M, 00OCHOBATh BHIOOD.

- HOHpO6OBaTB pCain30BaTh aHBTepHaTHBHHfI cIoco0 BBISIBIIEHUS I'paHuL JJ1A H306pa)I(CHHﬁ
JaHHOT'O THUIla, BO3MOXXHO BOCIIOJIb30BaThCA I'OTOBBIMHU 61/I6JII/IOTCK3MI/I, IMPOTCCTUPOBATH HA TCX
XKe I/1306pa}K€HI/I$IX, HO,Z[O6paTI) OIITUMAJIBHBIC ITapaMETPhI — OLICHKA «3»

- IIPOBECTHU CpaBHI/ITCJ'IBHHﬁ AHAJIN3 MIPUMEHCHHOI'O aJITOpUTMa C aJilrOPUTMOM Kannm ¢
ONTHUMAJIbHBIMU IMapaMETpaMu, YYECTb HC TOJILKO Ka4CCTBO BBISIBJICHUSA, HO U CKOPOCTb pa6OTBI
AJITOPUTMOB;

- OIIMCATb TEOPETUYECKUE ACIIEKTBI IIOCTPOEHUS anbrepHaTMBHOrO METOAA.

B 3aBucHMOCTH OT KauecTBa TEOPETUUECKOTO OTBETA U KOJIUYECTBA PEATM30BAHHOTO
camocrosTenbHo koja (merox find contours(yciaoBHO), UITU alTOPUTM U3 6-7 TOTOBBIX METOOB,
WA COOpaHHOE CaMOCTOSITEIILHO MOYTH MOMMKCEIIBEHO PEIICHHE) IPEIIOaBaTe b BRICTABIISCT
OILIEHKY OT 3 70 5.

OI_IGHKy MOXHO ITIOBBICUTD, pCAJIN30BAB Tpe6yeMHﬁ (bYHKI_II/IOHaJ'I NN OTBCTHUB AOIIOJIHHUTCIIbHO
HJIM 3aHOBO Ha HCO6XOI[I/IMI)IG BOITPOCHI.

TpeGoBanust 715 MOBBIIIEHUS OLIEHKH U UTOTOBYIO olieHKy ¢opmupyet [IPETIOJJABATEJIb.

3.4. 3agaya No4: pa3zpaboTKa CUCTEMBbI yUETa pe3yIbTaTOB IIPOCKTa B UTOTOBOM OIICHKE 32
9K3aMEeH

Beimoaueno B PIT, 1 4.2

ITopsinok NpoBepKH KOPPEKTHOCTH
Yek-uCT 1715 MPOBEPKU 1a00paTOPHBIX padoT:

e Halop kelicoB HHAYCTpUATHHBIX MAPTHEPOB — 4 IIT;
e Habop keiicoB npemnoaaBaTenei mpakTUKOB 1 JabopaTopuii BY3a — 4 m;
e HabGop T3 B konuuecTBe Kak MUHUMYM 40 MITYK.

5. IlepeyeHb OCHOBHOW M [ONMOJHUTEJIbHOM Y4YeOHOH JHUTEpPaTyphbl,

HEe00X0UMOI1 111 OCBOCHUS TUCIMILIMHBI (MOYJIA)
5.1 OcHoBHasi TuTEpaTypa:

1. Tpynet UCA PAH: MaremaTuueckue MOJIENN COLIMATbHO-IKOHOMHYECKHUX MPOIIECCOB.
JluHamudyeckue CHUCTEMBI. YTpaBleHHe puckamu ©  0Oe3omacHocThio.  OnTuMu3anus,
uaeHtudukanus, teopus wurp. OOpaboTka U aHaIUW3 H300paKEHUH UM CHUTHAJIOB.
WuTennexTyanbHbIi aHaW3 AaHHBIX U pacnosHas / [lox pen. C.B. EmenbsnoBa. - M.: Kpacann,
2013.-128 c.



2. Bmunstep, F0.B. O6paboTka u aHamu3 n300pakeHU B 3a/1a4aX MAIIMHHOTO 3pEHUs /
10.B. Busunstep u np. - M.: DU3MATKH, 2010. - 672 c.

3. Toncainec, P. ludposas o6padoTka n3obpaxenuii / P. ['oncanec. - M.: Texnocdepa,
2012.- 1101 c.

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

5. Epom, N.JI. O6paboTka 1 pacro3HaBaHHE U300pKECHUNM B CHCTEMaX IMPEBEHTHUBHOU
oe3omacHocTr: YuebHoe nmocobue / N.JI. Epom, M.B. Ceprees, H.B. Conosses. - CI16.: TOY BITO
CIIGI'YAIL 2012. - 154 c.

6. Koctsimkun, JI.H. O6paboTka n300pakeHuil B aBUAIIHOHHBIX CHCTEMaX TEXHUYECKOTO
spenus / JI.H. Koctsmkun, M.b. Hukudopos. - M.: ®duszmarnut, 2016. - 240 c.

7. KpaBuenko, B.®. [{udposas 00paboTka CUTHATIOB ¥ M300paXEHU B paauopu3nIecKux
npunoxenusx / B.®. KpaBuenko. - M.: ®uzmatiut, 2007. - 544 c.

5.2 lonostHMTeILHASI JIATEPATypa:

1. KpaBuenko, B.®. [{udposas 06paboTKa CUTHATIOB U H300paKEHUH B paIuOPU3HUCCKIX
npuioxenusx / B.®. Kpasuenko u ap. - M.: ®usmatnut, 2007. - 544 c.

2. KpacunsnukoB, H.H. [udposas obpadborka 2D- um 3D-m300paxenuii: YdeOHOE
nocobue. / 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. Kpacuinsaukos, H.H. Iludposas 06padoTka 2D- u 3D-n3o00pakenuii: YueoHoe mocooue
/ H.H. Kpacunpaukos. - CI16.: BHV, 2011. - 608 c.

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

6. Censakun, B.B. Komnbiorepaoe 3penue. AHanu3 u 00paboTka uso0pakeHuit: YuebHoe
nocobwue / B.B. Cenaukun. - CII6.: Jlans, 2019. - 152 c.

7. S1ne, b. Hudposas obpaboTka nzodpaxenuii / 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.

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



https://doi.org/10.3390/appliedmath5010010

9. Hukonenko, Cepreit, Kanypun, Aptyp u Apxanrensckas Exarepuna. I'my6okoe oOyueHue.
Wzparensckuit gom"" Turep""", 2017.

Kondepenunu A*:

1. https://openreview.net/forum?id=FMMF1a9ifLL

2. https://openreview.net/forum?id=EIUrNM9US&c#discussion

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

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

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

6. https://link.springer.com/chapter/10.1007/978-3-030-72113-8 30

7. https://link.springer.com/chapter/10.1007/978-3-031-42448-9 10
8. https://aclanthology.org/2024.findings-naacl.288/

5.3. Illepuoauyeckue u31aHus:
1. Bba3sl nagueix kommanuu «Mct Breroy http://dlib.eastview.com
2. DOnextponHas oubnuoreka GREBENNIKON.RU https:/grebennikon.ru/

5.4. UnTepHeT-pecypchbl, B TOM YHc/Ie COBpeMeHHbIe npodeccHoHaNbHbIe 0a3bl
JAHHBIX 1 HH(POPMALMOHHbIE CIIPABOYHbIE CHCTEMbI

Inexmponno-oubauomeynvie cucmemol (Ib6C):

1. DBC «FOPAMT» https://urait.ru/

2. DBC « YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAMH» http://www.biblioclub.ru/

3. 3BC «BOOK.ruy» https://www.book.ru

4. 9bC «ZNANIUM.COM» www.znanium.com

5. OBC «JIAHb» https://e.lanbook.com

Ilpogpeccuonanvuvie 6azvi OanHbIX

Scopus http://www.scopus.com/

ScienceDirect https://www.sciencedirect.com/

XKypnanel nznarenscrsa Wiley https://onlinelibrary.wiley.com/

Hayunas snexrponnas oubnuoteka (HOB) http://www.elibrary.ru/

[TonHOTEKCTOBBIE apXUBBI BEAYIINX 3aNaJHbIX HAYYHBIX )KypHaAJIOB Ha Poccuiickoii
miatdopme HayuHbixX xKypHa10oB HOUKOH http://archive.neicon.ru

6. HamuonaneHas  »nekTpoHHas  OuOIMOTeKa (JOCTYN K DJIEKTpOHHON  Oubimoreke
nuccepranuii Poccuniickoit rocynapctsennon ouonuorexu (PI'B) https:/rusneb.ru/

7.  Ilpesunentckas 6ubmmorexka uM. b.H. Enpruna https://www.prlib.ru/

8.  baza mannbix CSD KemOpumxckoro nentpa kpuctaorpadpuueckux 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. Yuuepcuterckas nHpopmanuonsas cuctema POCCHUS http://uisrussia.msu.ru

kWD

Becnnamuvie 06pazosamenvhule pecypcoi
1. Jupyter Notebook — MHTEpaKTUBHBIE BEIYHCICHUS
2. Visual Studio Code — pempakTop kona ¢ moaaepxkoit Python
3. Google Scholar/arXiv — 1ocTyn K Hay4HbIM ITyOIUKALIAAM

Pecypcwl c60600H020 docmyna


https://openreview.net/forum?id=FMMF1a9ifL
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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
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1. KwubGepJlenunka http://cyberleninka.ru/;

2. AwmepukaHCKas maTeHTHas 0a3a HaHHBIX http://www.uspto.gov/patft/

3. MuHHCTEpPCTBO HAYKHU U BhICIIET0 oOpazoBanus Poccuiickoit deaepanun
https://www.minobrnauki.gov.ru/;

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

5. Hndopmanmonnas cucrema "EanHoe 0KHO JOCTyIa K 00pa3oBaTeIbHBIM pecypcam”
http://window.edu.ru/;

6. Enunas xoiexkuus nuppoBeIX 00pa3oBaTeIbHBIX PecypcoB http:/school-collection.edu.ru/ .

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

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

9. Cuyx0a TeMaTHUYE€CKUX TOJKOBBIX clioBapeil http://www.glossary.ru/;

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

11. OOpa3zoBarenbHblil mopran "Yueba" http://www.ucheba.com/;

12. 3akonompoekT "O6 o6pa3oBanuu B Poccuiickoit deneparuun'. Borpockl u oTBETHI http:/xn--
273--84d1f.xn--plai/voprosy i_otvety

Cobcmeennvie 1ekmpoHHble 00paszoeamenvbHble U UHGopmayuortole pecypcol Kyol'yV

—_—

OnekTpoHHbIH Katanor Hayunoi 6unbmuoreku KyOI'Y http://megapro.kubsu.ru/MegaPro/Web

2. DnexTpoHHas 6ubinoreka Tpya0B yueHbIx Kyol'yY
http://megapro.kubsu.ru/MegaPro/UserEntry?Action=ToDb&idb=6

3. Cpena MOAyNbHOTO JUHAMHYECKOTO 00yueHus http://moodle.kubsu.ru

4. baza y4eOHBIX TUTAHOB, Y4EOHO-METOAMICCKUX KOMIUICKCOB, ITyOIMKAIi 1 KOH(DEPEHITHIA

http://infoneeds.kubsu.ru/

5. bubnuotexa nHpOpMaALMOHHBIX pecypcoB Kadeapbl HH(POPMALIMOHHBIX 00pa30BaTENbHBIX
TEXHOJIOruH http://mschool.kubsu.ru;

6. OnekTpoHHbIN apxuB goKymeHToB KyOI'Y http://docspace.kubsu.ru/

7. OneKTpoHHbIE 00pa3oBaTeNbHbIE peCYpChl Kapeapbl THPOPMAITMOHHBIX CUCTEM M TEXHOJIOTHH
B oOpazoBanuu KyOI'Y wu HayuyHo-meroamyeckoro skypHaia "IHIKOJIBHBIE TOJIblI"
http://icdau.kubsu.ru/

6. MeTtoanueckue YyKa3zaHusi AJIA OOYYAIOIUMXCH IO OCBOCHHUIO

AUCHUILIMHBI (MOIYJIs1)

[lo kypcy mnperycMOTpPEHO NpOBEACHHUE JIEKIMOHHBIX 3aHATUN, Ha KOTOPBIX JaeTrcs
OCHOBHOI CHCTEMaTU3UPOBAaHHBIM MaTepHal 10 TEXHOJIOTUAM KOMIIBIOTEPHOro 3peHus. B xone
JeKUui pa3duparorcs kitoueBble KoHuenuuu CV: mpeacraBieHus U300pakeHul, puibTparus,
IIyMBbl, TIOMCK KOHTYpPOB, JIETEKIMsS OOBEKTOB, KOHTPACTHOCTb, KaauOpoBka kamep. Ocoboe
BHHUMaHUE YJENseTcss NPaKTUYECKUM acleKTaMm - pa30uparoTcs nmpumepsl npumenenuss CV
TEXHOJIOTUI B peaJbHbIX 337ayax, aHAIU3UPYIOTCA TUMHYHbIE omuOkH. [locne kaxoi nekuun
PEKOMEHyEeTCsl BBIITOJIHUTD IPAKTUUECKUE 3a]IaHUSI.

JlaGopaTopHble 3aHATHS Kypca TIOCBSIIEHBI MPAKTUYECKOMY OCBOCHHMIO METOOB
00paboTKH ecTeCTBEHHOTO s3blKa. Ha 3aHATHSAX JeTanbHO pa3duparoTcs 3arpyska/oToOpaxkeHue
u300pakeHus u Bujeo ¢ kamepsl. [IpeoOpazoBanue mexny RGB, Grayscale, HSV. Brinenenue
o6bekToB 1o nBery B HSV. Iloctpoenue rucrorpamm. JloGaBrneHue myMoB (rayccoB, COJIb-
nepen). [Ipumenenue mMHERHBIX GUIBTPOB (CriakKMBaHUE, MOBBIIICHUE pe3KocTH). bunapuzanus
(Omy). TlonmaBnmenue mryma mopdoiorueit (oTkpwITHe/3akpbiTHE). [letexkmus rpanun; Kaxzwu.
[Touck M OTpUCOBKa KOHTYpOB. BpIuMCleHHE XapaKTepUCTHK KOHTYPOB (IUIOIIAAb, LIEHTP).
OunbTpanys KOHTYPOB 10 pa3zmepy/popme. Anmpokcumarius KOHTypoB. Peanu3zanus aghruHHBIX
npeoOpa3oBanuii (MOBOPOT, MacIITad) ¢ OuIuHeHO# nHTepnossuueit. Koppekius nepcrneKkTHBbI
(ucrionb3ysl 3apaHee 3a/laHHble TOYKHM). BpluucieHne u mnpuUMeHeHHe romorpaduu IS
"BompsamieHus" o0bekTa. Jlerekuus o0bekToB mo mabmoHy (matchTemplate). Jlerexkuus u
comnocTaBieHne ocodeHHoctelr (ORB) mexny aByms uzoOpaxeHusmu. OuiabTpanus JOKHBIX
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cootBetcTBU (ratio test, RANSAC). Peanuzarust mpocroro Beruutanus ¢ona. Mcnonp3oBanue
BackgroundSubtractorMOG2 ansi BbleneHusi nepeanero ruiaHa. IIoMck CBS3HBIX KOMIIOHEHT
(KOHTYPOB) IBMKYIIUXCS 00BbEKTOB. OlleHKa CKOPOCTU/HATIPaBJICHUs. Peanu3anus TpekuHra 1mo
Oommxkaiiemy coceny (umeHtpouabl). Peanmmsanums TpekuHra mo mnepecedenuto obmacreit (10U
tracker). Marterpamusi npocroro ¢unbrpa Kanmmana muist criiaxuBaHus Tpaekropuu. Chemka
Habopa M300pakeHMid MaxMaTHOM JTOCKH. ABTOMaTH4eckoe oOHapyxeHue yrioB. KamnOpoBka
Kamepbl (mosrydeHue camera matrix, distortion coefficients). IIpumenenune mnapameTpoB st
YCTpaHEHUs NCKaKEHUI Ha TECTOBBIX M300paxeHnax. OLeHKa OMMOKU PEenpOeKIIHH.

[Ipu camocrosiTenbHON paboTe CTyneHTaM HEOOXOIUMO H3y4yaTh PEKOMEHIOBAHHYIO
auteparypy (y4eOHHKH, Hay4HbIEe CTaThbH, JOKYMEHTAIMIO OHOJIMOTEK) 1 TIyOOKOro
MOHUMaHHS TEOPETUYECKUX OCHOB M COBPEMEHHBIX 1MOaXx070B B CV. BBINOIHSIS TPOCKTHBIC
3aJaHusl, CTYJIEHT JOJDKeH YMeTb: (OpPMYJIHpPOBATh 3aJady KOMIIBIOTEPHOTO 3pEHHS
(k1accudukamus, ASTEKIUs, MpeoOpa3oBaHus); MoAOUpaTh W MpenoOpadaThiBaTh JTaHHEIC,
BBIOMPATh M PEAJM30BHIBATH IMOJIXOISIINE METOJbI; OLIEHUBATh KAayecTBO pabOTHI MOJEIH C
MIOMOIIBI0 COOTBETCTBYIOIIUX METPHK.

BaxxHelmM KOMIIOHEHTOM Kypca SIBJISIETCSl CAMOCTOSITeNIbHAsI TPOeKTHas paboTa, B Xo/1e
KOTOpOM CTyAeHT pa3pabareiBaeT 3akoHuUeHHOe CV-mpuiiokeHue. Takoll MPOEKT MO3BOJISET
3aKpenuTh HABBIKM NPOCKTHPOBAHWS W peajH3allMd KOMIUIEKCHBIX pEHIeHHH B 00JacTu
00pabOTKH €CTECTBEHHOTO S3bIKA.

JUisi  CTyOEHTOB C OTrPaHMYCHHBIMH BO3MOXHOCTSMH 3J0POBBSI  MPETYyCMOTPEHBI
JIOTIOJTHUTEIIbHBIC HWHIUBUAYAIbHBIC KOHCYJIBTAIMM, HAa KOTOPBIX IPEMOAaBaTeNb JIETaTIbHO
Pa3bICHSET CIOKHBIE aCTIEKThI TUCIUILIMHBI, TIOMOTAaeT afanTHPOBaTh 33aHUs U 00eCIIeunBaeT
CHCIUAIbHBIC YCIIOBUS JIJII OCBOCHHS MPAKTHYECKUX HABBIKOB PA0OTHI C TEKCTOBBIMHU JAHHBIMH.
WHauBUyanbHBIA MTOAXO0] TIO3BOJISIET TAKUM CTYACHTaM IOJIHOIICHHO Y4acTBOBATh B Y4€OHOM
IpoIiecce M JOCTUTaTh TPEOYEMbIX pe3yJIbTaTOB O0yUCHHS

7. MaTtepuaJibHO-TEXHUYECKOE o0ecnevyeHne Mo JUCUUIInHe (MOIyJI10)

Iepeyens HHPOPMAIMOHHO-KOMMYHUKAIMOHHBIX TEXHOJIOTHA
1. Cuctemsl ynpaBieHUs BEpCUsAMH U KoJmaboparuu
GitLab — koHTpONB Bepcuii KoJja U COBMECTHAs pa3paboTka

2. IHCTpyMeHTHI i1t pabOThI C TaHHBIMU
Label Studio — pa3merka garaceToB

3. Kamepsl

1 web kameps! usb (logitech c270)

2 - Ip CeTeBbIC KaMepsl 1 IT (HammpuMmep
https://www.polyvision.ru/catalog/videokameryi/ip-videokameryi/kupolnyie/pvc-ip2a-d12.8pf 1
HITYYKY)

3 - npoMbIlIUIEHHas KaMepa ¢ poTokosioM gigevision (hickrobot)

4 - buHOKYJsIpHas kKamepa usb - intel realsence d415 1 mT

5 - usb uvc kamepsl ¢ BO3MOXHOCTHIO ympaBieHHs (okycoMm mo usb (3mr arducam
https://www.arducam.com/arducam-usb-autofocus-imx219-b0292.html#193=120)

Ilepeyens JIMIIEH3MOHHOTO W CBOOOJAHO PACHPOCTPAHSIEMOT0 NPOrPAMMHOIO
ol0ecrieuyeHust

1. JInuensuonnoe 110

2. Ceob6omnoe 1O (Open Source)

VSCode — IDE qyst C++ (cBoG0OAHOpACIIpOCTpaHIEMOE)

Git snpo— odopmiieHHe 0TIETOB (CBOOOTHOPACTIPOCTPAHIEMOE)
bubnuorexku mia CV:



openCV — 06paboTKa TeKcTa

4. Oo6nagynsle IATGOPMBI K CEPBUCHI
cloud.ru,YandexCloud,AWS/GCP/Azure— 00a4Hble BEIYUCIECHUS

BuptyansHple MaluHBbI,

knacrep Managed Kubernetes

NpeaoCTaBIsieTCsl HHAYCTpHalbHbIM napTHepoM [TAO «Coepbank»:

No

IIponykt

BuptyansHas
MallyuHa

BupryansHas
MmammHa ¢ GPU

K8S

ML Inference
Instance Type GPU

[TapameTpsl npoayKTa

Bupryansuas mammna 10% vCPU 2

vCPU 4 RAM
OC Ubuntu 22.04

Cucremusiii guck SSD

Apenna nyonuysoro [P

Bupryansnas mamuna ¢ GPU
NVIDIA® Tesla® V100 2 GPU 8
vCPU 128 I'b RAM

OC Ubuntu_24.04

Cucremusnlii tuck SSD

Huck SSD

Huck SSD

Apenna nyonuysdoro [P
Master node 8 vCPU 16 RAM

Worker node 10% nonsa 4 vCPU 32
RAM

Worker node SSD-NVME

Apenna ny6mmynoro [P

Bpems paboTsl B Mecsi]

Kon-Bo

2000

4096

4096

64

40

U pecypcel

Kon-Bo
KOH(UTrypauui

60

GPU B o00Onake

En. usm.



Hucrtanc 8 x NVIDIA® H100

NVLink PCle 160 vCPU 1520 GB 1 T
RAM

KomnuectBo 3ampocos k ML- 1 Min.

MOJEIISIM it

Ksm ML-mozeneit 160 I'c
. Min.

LLM Tokensr GigaChat 2 Max 50 It
. Min.

Tokensr Embeddings 400 It

JononHuTensHbIe 00JaUHbIE PECYPCHI PEAOCTABIISIIOTCS TEXHOJIOTHUECKUM MapTHepoM Yandex Cloud.

HaumenoBanue y‘le6H0ﬁ ayJUTOpHUH, €€ OCHALICHHOCTb

No Bug pador
000pyI0BaHUEM M TEXHHUYECKUMHU CPEJICTBAMU O0yUYEHUS
1. JlexuuoHHble 3aHATUS | AyauTopus, YKOMILUIEKTOBaHHAsI CHeUaIM3UpOBaHHON
MeOeIbI0 M TEXHUYECKIMHU CPEICTBAMU O0yYEHUsS] KaMephl 2-5,
| mTyKa, BO3MOXXHOCTb IOJKIIIOYUTh
2. JlaGopaTopHsble 3aHaTHS | AyIUTOpHS, YKOMIUIEKTOBAHHAs CIIELIMAIM3UPOBAHHOMN
MeOenbl0 M TEXHHYECKUMHU  CpelcTBaMH  0OydeHwus,
KOMIIBIOTEPaMH, IPOEKTOPOM, IPOrPaMMHBIM 00€CIEUEHUEM,
BeO KaMepaMu
3. [TpakTrueckue 3aHsATHS | AyAUTOpPHUS, YKOMIUIEKTOBaHHAas CHeralIn3upoOBaHHON
MeOeNbl0 U TEXHUUYECKUMH CPeJICTBAMU 00yUYEeHHSI
4. I'pynnoseie Aypauropus, YKOMIUIEKTOBAHHAs CHELUaIN3UPOBAHHON
(MHIMBHTy aJIbHBIC) MeOenbl0 M TEXHHYECKUMH  CpelcTBaMH  0OydeHwus,
KOHCYJIbTallu! KOMIIBIOTEpPaMH, IPOrPaMMHBIM 00ecTieyeHuEM
5. Texkymuii  KOHTpOJIb, | AyAUTOpHS, YKOMILUIEKTOBaHHAs CHeUaIN3UpOBaHHON
IPOMEXKYTOUHAs MeOenpl0 M TEXHUYECKHMMHM  CpeACTBaMH  OOyuyeHwus,
aTTecranus KOMIIbIOTEPaMHU, POTPAMMHBIM 00ecTiedeHuEM
6. CamocTosTenbHas Kabuner 11 caMocCTOSITENbHONM  pabOThl, OCHAIIEHHBII
pabota KOMIIBIOTEPHON TEXHHMKOW € BO3MOXHOCTBIO NOIKIIOYEHHS K

cetu «MHTEpHET», MPOrpaMMON HKPAHHOTO YBEIWYEHUS U
00ecrevYeHHbI TOCTYIIOM B AJIEKTPOHHYIO HH(OPMAalMOHHO-
00pa30BaTeNIbHYIO Cpely YHUBEPCUTETA.

IIpumeuanue: Konkperusamnus ayquropuil 1 ux ocHamenue onpeaensercs OIIOIL.




