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PABO4YASl NPOFPAMMA YYEBHOW AUCLUMNJINHBI

51.B.03 MaTeMaTuUyeCKMe N KOMMNbIOTEPHbIE METOAbI 06paboTkn n306parkeHuni

1. Kog 1 HauMeHOBaHMe HanpaBJieHUA NOAroTOBKU/CNeLuasibHOCTHU:
09.04.02 NHdopMaLMOHHbIE CUCTEMbI U TEXHOJIOT UK

2. Mpocdunb noaroToBKK/cneynannsaLma:

CncTeMbl NPUKNAAHOr0 NCKYCCTBEHHOMO MHTE/IEKTa

3. Ksanudukauus (cteneHb) BbINYyCKHUKA:

MarucTpaTypa

4. ®opma obyuyeHus:

O4Hasn

5. Kadhepgpa, oTBeyalowias 3a peanusaumio oUCLUNAUHDI:

Kaenpa nHMpopMaLMOHHbIX CUCTEM

6. CocTaBuTeIN NPOrpaMMmbl:

®epTnkos Bagum Banepuesny, KaHAnaaT us.-MaT. HayK, LOLEHT

7. PekoMeHgoOBaHa:

Hay4Ho-meToau4ecknm cosetoM ®KH, npotokon HMC ®KH Ne 7 o1 03.05.2023
8. Y4yeOHbIN ron;:

2023-2024

9.llenu u 3apa4m y4eOHON AUCLUNIUHDI:

opMmpoBaHne NpodeccnoHanbHbIX KOMNeTeHUM Byaywmnx MarncTpoB NHGMOPMALNOHHBIX CACTEM
TEXHONOTNI 4yepe3 M3yyeHMe MaTeMaTMHYeCKOro annapaTa ONUCaHUA HenpepbiBHbIX U LNDPOBbLIX
npeobpa3oBaHuin n30b6pa)KeHUn, BOMPOCOB MX aJrOPUTMMYECKON peanusauumn, Hanbonee obuinx
NPUHLMNOB NOCTPOEHUA METOAMKMK LugpoBon 0bpaboTKM, a Takxe KnaccuduumnmpoBaHHoro ob3opa
NPaKTUYECKNX NPUEMOB: METOAOB NpefBapuTenbHON 06paboTky, ynyyweHna KavyecTBa, pecTaBpauum un
cermMeHTauumn nsobpaxkeHnin. JlabopaTopHas 4acTb NPeLOCTaABAAET BO3MOXHOCTb UCMbITAHUSA HECKONbKNX
MeToL0B 06paboTKy 1 nx 6onee rnyboKoro N3yyeHns Npu pelleHnn COOTBETCTBYIOLWNX MPAaKTUYECKUX
3apay. B npouecce ocBoeHns y4ebHbIX MaTepuanoB CTYAEHT MOAYYUT 3HaHMWE OCHOBHbIX METOAO0B
ungpoBon 06paboTkn n30bpaKeHUn n MaTeMaTMYECKOro anmnapata 48 onucaHusa nsobpaxeHun un
npeobpa3syloLmx cucteM, NnpeactasneHne o cnocobax peanmsauny anroputmos 06paboTkm, nx aHanuse



MO CNOXHOCTU, YMEHUE MPUMEHSTb NEPEYNC/ieHHble CBeaeHWs Npu Beibope MeToaa pelleHns 3a4a4um u
KOHKpeTHoro cnocoba ero anropuTMUyYeckon peanmsauny, a Takke HaBblkM paboTbl C OOHUM K3
NOCTYMHbIX UHCTPYMEHTApPWEB, NPeAHa3HAYeHHbIX A5 MPAKTUYECKON peann3aLnm n3y4yaeMbix METOI0B.

10. MecTo y4yebHOM aucuunaunHbl B CTPyKType OOM:

obsz3aTenbHas OUCUMNAMHA BapuaTUBHOM YaCTN MarncTepckon nporpamMmsel (61.B); BXOAHbIE 3HAHMA B
obbeme 6a30BbIX KypcoB Mo nporpammam obyyeHns ctyneHn bakanaspmaTa B 061aCT MaTeEMaTUYECKOro
aHanm3a, Teopun BEPOATHOCTEN N MaTEMAaTUYECKON CTATUCTUKN, MaTEMATUYECKOW NOMUKN 1 Teopun
a/IrOPUTMOB; YMEHMNE MPOrpaMMMpoBaTh Ha A3blKe BbICOKOrO YPOBHS, BNafeHNe 0aHOM 13

NHTErpunpoBaHHbIX Cpeq pa3paboTKy NPUSIOXKEHUN.

Ne HaumeHoBaHMe AUCLUMNINH y4ebHOro nnaHa, ¢ KOTOpbIM
n/m  opraHM30BaHa B3aMMOCBSI3b AUCLIMIMIMHBI paboyel

Ne Ne pa3gesioB AUCLUTMIINHDI
paboyen NporpamMmmel, CBA3aHHbIX

nporpaMmsi C YKa3aHHbIMK ANCLUNANHAMM
1 MaTemaTnyeckne MeToLbl B COBPEMEHHbIX 1-3, 6-9
NHMOPMALMOHHBLIX TEXHOJIOM NAX
2 C/NCTEMHBbIN aHann3 1 MOAENNPOBaAHNE CJIOXKHbIX CUCTEM 2-4
3 MynbTuMegnaTeXHONOr N 8,9

11. MnaHupyemblie pe3ynbTaThl 0OyYeHUs No AUCUUNIMHE/MOAYNIO (3HAHUA, YMEHUSA, HAaBbIKK),
COOTHECEHHbIE C NJIaHMPyeMbIMU pe3ysibTaTaMU 0CBOeHUA obpa3oBaTesibHOW NPOrpaMMbl
(koMneTeHUMAMMU BbINYCKHUKOB) U UHOUKATOPAMM UX AOCTUXKEHUS:



Kon v Ha3BaHMe KoMMeTeHL K

MK-15 CnocobeH pa3pabaThbiBaTb
N nccnenoBaTh Moaenn o6bLEeKToB
npoteccnoHanbHOM
LeATeNbHOCTW, Npeanarath 1
afanTupoBaTh METOANKM
PeLLUeHNst Hay4yHo-
nccnenoBaTeNbCKMX 3a4ay,
NAaHUPOBATb 1 MPOBOANUTb
nccnenoBaHus

Kopn n Ha3BaHue
NHOMKaTopa
KoMMeTeHLnmn

MK-15.1 Ymeet
obecneynBaTb cbop
Hay4YHO-TEXHUYECKON
(Hay4HOR) MHGOpMaL MK,
Heobxogumon ons
NMOCTAHOBKM 1 peLleHmns
3a4a4 UccneaoBaHms

3HaHWS, YMEHUS, HaBbIKK

3HaTb: NPUHLUUMbLI MOAENNPOBAHMNS
nNpnbopoB perncTpauum LndpoBbIx
1n306pakeHnin; 0CHOBHbLIE METOAbI
umnposon 06paboTku n3obpakeHui
N MaTeMaTM4YeCcKuin annapatT Ans
onncaHmns n3obpakeHun un
npeobpasyLmx CUCTEM; Crocobbl
peann3auumn anroputMoB 06paboTku
n3obpakeHnn B BUAE
KOMMbIOTEPHbIX NPOrpamMM € y4eTOM
cneundmrkn npegmeTHom obnactu,
METOAMKY aHann3a BblYUCINTENbHON
CNOXXHOCTW peann3yemMblx
anropuTmMoB

YMeTb: NPUMEHATb MOAENN
npeobpa3oBaHWin AUCKpeTM3aLumu,
KBaHTOBaHUS, a Takxe
KOJIOPMMETPUN B CUCTEMAX
06paboTkm n3obparkeHuin;
NPUMEHATb NepevynCNeHHble
cBefeHuns npw Belbope meTonda
pelleHns 3agayq obpaboTku
n306pakeHnin, aHaM3a N CMHTEe3a
npeobpasyoLmnx CUCTeM;



Kon v Ha3BaHMe KoMMeTeHL K

MK-8 CnocobeH pa3pabaThiBaTb
HOBblE TEXHOI0r K
NPOEeKTUPOBaAHMNSA
NH(OPMALMOHHBIX CUCTEM,
NPOrHO3MpOBaTb pa3BMTME
NH(OPMALMOHHBLIX CUCTEM
TEXHON0rnm

Kopn n Ha3BaHue
NHOVKaTOpa
KOMMeTEeHL MK

MK-8.1 3HaeT
NHCTPYMEHTbI U METObI
mMoaennpoBaHusa busHec-
MPOLIECCOB, COBPEMEHHbIE
noaxoAbl 1 CTaHZapTh
aBTOMaTM3aLUN
opraHu3aumu,
oTpac/ieByto
LOKYMEHTaLMI0, OCHOBBI
PEVHXUHUPUHIa BU3Hec-
MpOoLLeCCOB OpraHmn3aLnm

12. 0O6beM AuCUMNAUHBI B 3a4€THbIX eAuHUuLax/yac:

3/108

¢0pMa npoMeXxyTo4 HOM aTTecTaLuu:

3a4eT C oueHKomn, KoHTposibHas paboTa

13. TpynoeMKoOCTb No BUAaM y4ebHon paboTbl

Bunpg yvyebHon paboThl

AyLNTOPHbIE 3aHATUSA
JIEKLMOHHbIE 3aHATMA
[pakTnyeckne 3aHATUA
NabopaTopHble 3aHATUA

CamocTodATeNnbHas paboTa
KypcoBas paboTa

MpoMexyTo4YHaa aTTecTaums
Yacbl Ha KOHTPOJb

Bcero

3HaHWS, YMEHUS, HaBbIKK

YMEeTb: NMPUMEHATb NOyYeHHbIE
3HaHMA Npu BbIbOpe KOHKPETHOIrO
crnocoba anropuTMmnYecKom
peanusauumn cneympuyeckomn
06paboTkn n30bparkeHnin ¢ y4eTom
pe3y/ibTaTOB aHasiM3a aAropuTMoB
No BbIYUCANTENBHOW CNOXKHOCTH
BNageTb (MMeTb HaBblK(K)):
MEeTOAMKON UCMO/b30BaHNA
MaTeMaTU4ecKoro annapaTa
onuncaHuns onepaunm
OVNCKPETM3aLnn, KBaHTOBaHNA Y
LiIBETOBOCMNPON3BEAEHNSA B
pa3paboTke npouenyp obpaboTkn
n306pa>xeHnin; MeToNKOM
NCMONb30BaHNA N3Y4YEHHOI0
MaTeMaTU4YeCcKoro annapaTa ANs
peleHns 3agay aHaansa u cuHTesa
cmcTeM 06paboTkn n306parkeHnii;
HaBblKaMy paboTbl C HECKObKMMMU
LOCTYMHLIMW UHCTPYMEHTaMM,
npefHa3Ha4YeHHbIMN ANs
NPaKTUYeCKOoN peanmsauunm
n3y4aembix MeTofoB 06paboTku
n3obpakeHui

CemecTp 1 Bcero
54 54
18 18
0
36 36
54 54
0
0 0
0 0

108 108



13.1. Copep>xaHue AUCLUNINHDBI

n/m HavmeHoBaHWe pa3fena
LUCLNMNIVHBI

1 Knaccugukauma meToLoB,
aA/IFOPUTMOB N CUCTEM
0bpaboTkn n3obparkeHun.

2 MaTemaTnyeckas Moaenb
HeNpPepbIBHOr0 N306paXxxeHusl.

3 MaTemaTnyeckoe onncaHune
cuctem npeobpa3oBaHms
HenpepbIBHbIX N306parkeHnI.

4 Moaenu 3puTenbHON CUCTEMBI
yesioBeka.

CopepxxaHue pasfena AnCUUnInHb

Moaxonbl K Knaccugrkaumm MeToLos,
anropuTMOB M CMCTEM LMEPOBOIA
06paboTkn n306parkeHnin. dTansl
06paboTky n3obparkeHnin cucTemon
TEXHNYECKOr0 3peHNs: BBOA MHGOPMaLIUN,
npeaBaputTenbHas obpaboTka,
CerMeHTauus, onmcaHune, pacrno3HaBaHue.

MaTemaTunyeckuin annapaT 4S8 OnucaHns
HenpepbIBHbLIX N3006paXkeHNiA.
MpocTpaHCTBEHHbIE YacToThl. [IByMepHoe
npeobpa3zoBaHune Oypbe. [1IByMmepHas
dyHKUMA Onpaka n ee
AndpepeHumpoBaHue.

MaTemMaTn4yeckoe onvcaHne cucTem A
npeobpa3oBaHNs HEMPEPbIBHbIX
n306pakeHnin. JInHenHble 1
NPOCTPaHCTBEHHO-UHBAPUAHTHbIE
cuctembl. FoMoOMOpHbIE PUNBLTPLI.

CybbeKkTMBHbIE XapaKTePUCTUKN
oLLyllleHNs cBeTa, MoAennpyemble
0COBEHHOCTW 3pUTENBHON CUCTEMbI (BUAbI
peLenTopoB 1 UX YYBCTBUTENbHOCTb,
ONTWKa rnasa, MexaHu3M faTepasibHoro
TOPMOXXEHUS, BpEMEHHAs peakLus).
Jlorapupmmyeckas n paclumpeHHas
MofJeniv O4HOLBETHOro 3peHns. Mogenu
LLBETOBOI0 3peHus.

Peanunsauus
pasgena
ONCLUUIMNHBI C
NOMOLLbIO
OHNaMH-Kypca,
2YMK

ONCTaHLUNOHHOE
YTeHue nekuumn,
KOHCMEKT-

anemeT "KHura"

ANCTaHLNOHHOE
YTEeHWe nekumn,
KOHCMEKT-

anemeT "KHura"

ONCTaHUNOHHOE
YTeHWe nekumn,
KOHCMEKT-

anemeT "KHura"

INCTaHLMNOHHOE
YyTeHue nekuun,
KOHCMeKT-

anemeT "KHura"



n/m HaumeHoBaHMWe pa3nena
OUCLUUNANHBI

5 OCHOBbI KOJIOPUMETPUN.

6 AnckpeTusaums un
BOCCTaAHOBJIEHNE
n306pa>keHni.

7 KBaHTOBaHMe n3006pa)keHunn.

8 JInnenHas undgposas
obpaboTka n3obpaxkeHunn.

CofepxxaHve pasfena AuCLUnnanHLI

AKC/OMbI YpaBHUBAHWSA LBETOB, LIBETOBOE
NPOCTPaAHCTBO, KOOPAMHATLI LIBETA U
LBETHOCTU, TPeyroabHMK Makceenna,
npeobpa3oBaHNsa KOOPAUHAT LBETA.
CTaHpapTuM3aumns CUCTEM KOOPAUHAT
LBETa: MOCTPOEHNE KOJIOPMMETPUYECKON
cucTeMbl. narpamma LUBETHOCTU U JIOKYC.
Bbi6op OCHOBHbLIX LIBETOB
KONOPUMETPUYECKON CUCTEMBI U B
KOHCTPYKLUN LIBETOBOCMPON3BOAALLENO
YCTPOWCTBa.

MaTeMaTu4eckoe onucaHve naeanbHow
ANCKPETU3aLMmM 1 BOCCTAHOB/EHNS 6e3
noTepb, MaTeMaTUYeCKme MoaEeNn
peasibHbIX CUCTEMbI ANCKPETU3ALNN
(MofenmpoBaHue NCKaXxeHui n3-3a
KOHEYHbIX Pa3MepPOB ANCKPETU3NPYIOLLEN
PELleTKM, 13-3a KOHEYHOW LUNPVHBI
ONCKPETU3MPYIOLLLErO MMMYSbCa, U3-3a
HeLO0CTAaTOYHON YacTOThbl AUCKPeTU3aLmm).

oeanbHbIN U paBHOMEPHbIN
KBaHTOBaTe b, KBAHTOBATE b CO CXKATUEM,
KBaHTOBaHME LIBETHbIX N306paxeHui
pekomeHAauum no ungposon obpaboTtke
KBaHTOBAHHbIX N300pa>keHuI.

O606LLEeHHbIN NMHENHBIN onepaTop,
pa3gennMocTb npeobpasoBaHma. OnepaTop
cynepno3uumn. OnepaTop CBEPTKMU.
YHuTapHble npeobpasosaHmsa: 0606LLEHHbIN
onepaTop, pasfesMMocTb 94pa,
AnckpeTHoe npeobpaszoBaHue dypoe AN
(cBoMCTBA, YMEHbLUAKOLWWMe CJIOXHOCTb
aNropuTMOB, pacyeT CBEPTKM C
ncnosb3oBaHnem OMNe).

Peanunsauyus
pasfena
AVNCLUMNANHBI C
MOMOLLbIO
OHNalnH-Kypca,
JYMK

INCTaHLMNOHHOE
YyTeHue nekuun,
KOHCMeKT-

anemeT "KHura"

ONCTaHLUNOHHOE
YTeHue nekumn,
KOHCMEKT-

anemeT "KHura"

ONCTAHLMOHHOE
YTeHne nekumn,
KOHCMEKT-

anemeT "KHura"

ONCTaHLUNOHHOE
YyTeHue nekuun,
KOHCMEKT-
anemeT "KHura",
KOHTPOJIb -
3/IeMEeHT
"3a0aHune"



n/n  HaumeHoBaHMWe pa3gena CofepxxaHve pasfena AuCLUnnanHLI Peanusauus

AUCUUNANHBI pa3fena
LUCUUNINHBI C
MOMOLLIbI0
OHNalnH-Kypca,
JYMK
9 PekypcuBHasa unbTpaumsa. MaTeMaTunyeckuii annapat 4 onucaHms ANCTaHLNOHHOE
PEKYPCUBHbIX (UIbTPOB (z- 4yTeHne Nekunin,
npeobpa3oBaHme U cUcTeMHasa PyHKLMSA), KOHCMEeKT-
yCNoBUSA X PU3NYECKON peann3yemMocTm nu  anemeT "KHura",
YCTONYMBOCTM, NOCTAHOBKA 3a4a4u KOHTPO/b -
cuHTe3a. CpaBHeHMe aJropuTMoB Mo 31eMeHT
CJI0OXKHOCTU C paHee pacCMOTPEHHbIMU. "3a0aHune"

OcobeHHOCTY peann3aunm peKypCMBHbIX
unbTpoB ans 0bpaboTkn n3obpakeHmn:
GunbTp 1-ro pona, metonbl
CUMMEeTpU3aLUnN yHKLMN paccesHns

TOYKMN.
10 MeToLbl CHMXXEHUSA YPOBHSA 0630p METOLOB CHUXEHUNA YPOBHSA LLYMOB -
LUYMOB 1 NMOMeX Ha 1 MoMex Ha n3obpaxkeHuu:
n306parkeHnu. HU3KOYaCTOTHasA JIMHeNnHaa unbTpaums,

HeNMHenHoe NnoaaBeHne MMMy bCHbIX
nomex (B 4aCTHOCTW, MeAMnaHHasn
UNbTPaLMS), aNroOPUTMbl YCTPAHEHUS
noMex Ha 2-rpafalnoHHbIX N306paXkeHusiX,
nofaBneHne MyJibTUMIMKATUBHBIX NMOMEX,
BUHEPOBCKas UNbTPALMUSA LYMOB C
3a1aHHbIMMN CMEKTPabHLIMU

XapakTepucTuKamu.
11  Yny4yweHwne KavecTBa 0630p METOLOB yNyYLIEHUS -
n306pa>keHni. (cybbekTMBHOro) KavecTsa n30bparkeHuii:

N3MEHEeHMNe KOHTpacTa, Noag4YepKuBaHune
rpaHuu, npeobpa3oBaHue CnekTpa,
BblpaBHMBaHWE rMCTOrpaMM
(aHanuTryeckoe nNpubamxeHne un
LUMdpoBbLIE METOAbI, JIOKAJIbHOE
FMCTOrPaMMHOE BblpaBHMUBaAHNKE).



n/n  HaumeHoBaHMWe pa3gena CofepxxaHve pasfena AuCLUnnanHLI Peanusauus

ONCUNNANHBI pa3snena
ONCLUIMINHBI C
NMOMOLLbIO
OHNalnH-Kypca,
9YMK
12 PecTaBpauus n3obpa>keHui. lNocTaHOBKa 3a4a4n pecTtaBpauunmn -

n306pa>keHnin: MogennpoBaHme
NCKaXxeHnin (moaenn nsobpakatoLmx
CMCTeM, UngpoBbix NpeobpasoBaTenen u
LLIYMOB Ha n306pa)keHnmn) n cnocobsl
obpalleHns nckaxkatowmx
npeobpaszoBaHnii. MeTo BUHEPOBCKOIO
OLEHMBaHNA B MPUMEHEHUN K pecTaBpaumm
N306pa>keHni.

13 KOHTYpHbI/ aHanus. STanbl KOHTYPHOr0 aHaAn3a B 3afaye -
cermeHTauum nsobpaxeHuin: 063op
METOA0B KOHTPaCTUPOBaHUSA nepenagos
(anddepeHumpoBaHme n3obpaxxeHnsa n
Ap.), MeToAbl NOCTPOEHNS KOHTYpa
(coeonHeHme ToYek nepenaga, aJirOPUTMbI
NPOC/IEXMBAHNS KOHTYPOB, r1obanbHbI
aHann3 MeTogamu Teopun rpados, MeTOAbI
annpoOKCMMaLNUN KOHTYPHbIX KPUBbIX, B
4acTHoOCTU, Npeobpa3oBaHme Xoyra

(Xadpa)).

14 Tloporoeas cermMeHTaums. 0630p MeTOLOB NMOPOroBOM CErMeHTaLmm -
n3obpaxkeHuin: onpeneneHune nopora no
rMcTorpamme, aJropuTMbl € Boibopom
AVMHaMUYeCcKoro nopora, Bbibop nopora
MeTOLOM TEOPUMN NPUHATUSA PELLIEHWN,
cermMeHTauunsa ¢ gupdepeHumnpoBaHnemM,
MHOrOMepHas rnoporosas cerMeHTaLuus.

15  065acTHO-OPUEHTMPOBAHHAA 0630p MeTom0B 061aCTHO- -
cerMeHTauus. OPVEHTMPOBAHHOW CerMeHTaumm:
anropuTMbl pacwmnpeHns obnactu,
aNropuTMbl pasbueHns n obvegnHeHns
obnacTen.



n/m HaumeHoBaHMWe pa3fena Copep)xaHue pasfena AMCUUNInHBbI Peannzauns
ANCLUMMANHBI pasgena
AVNCUUMIINHBI C
NMOMOLLbIO
OHNalnH-Kypca,
JYMK

16  MapannenbHo-peKypCrBHbIE MPMHLMNBLI NOCTPOEHNS NapaienbHo- AVNCTaHUMOHHOE
MeToabl 06paboTKy PEKYPCMBHBIX (OUSIbTPOB C KOHEYHOM 4yTeHne Nekunin,
n306paxeHn. MMMYbCHON XapakTepucTukon. 063op KOHCMeKT-

3a4ay 13 061acTy NpMMEHeHNs anemMeT "KHura",

napasinenbHO-PeEKYPCUBHbLIX METOLOB. KOHTPOJIb -
3NeMeHT
"3apaHune"

13.2. Tembl (pa3genbl) AUCULUNAUHbI U BUAbI 3aHATUN

Ne HanmeHoBaHMe TeMbl JlekumnoHHble  lMpakTnyeckme JlabopaTopHble CamocTosTenbHas Bcero
n/n (paspena) 3aHATMA 3aHATUA 3aHATMA paboTa
1 Knaccugpukauma meToLos, 1 1

a/NropuTMOB 1 CUCTEM
06paboTkn n306parkeHni.

2 MaTemaTmnyeckaa moaenb 1 4 5
HenpepbIBHOIO
n3obpaxKeHns.

3 MaTemMaTnyeckoe onnucaHue 1 2 4 7

cucTem npeobpasoBaHus
HenpepbIBHbIX
n306pa>keHnn.

4 Monenu 3puTensHON 1 4 5
CUCTEMbI YeNloBEKa.

5 OCHOBbI KONOPUMETPUMN. 1 2 4 7
6 OnckpeTusaumsa un 1 4 5
BOCCTaHOBNEHMWE
n306pa>keHunn.
7 KBaHTOBaHue nsobpaxeHnn. 1 4 5
8 JInnenHas undgposas 2 5 2 9

0bpaboTka n3obpakeHui.
9 PekypcusHas puabTpaLns. 1 4 4 9

10  MeToAbl CHUXEHWSA YPOBHA 2 4 4 10
LLIYMOB 1 MOMeX Ha
n3o0bpakeHnu.



Ne HanmeHoBaHMe TeMbl JlekumnoHHble  TNpakTunyeckme JlabopaTopHble CamocTosATenbHas Bcero

n/n  (pasgena) 3aHATUSA 3aHATUSA 3aHATUSA paboTa
11  YnyyweHune KavecTBa 1 4 5
n30bpa>keHnn.
12 PectaBpauwus nsobpaxenun. 1 4 4 9
13 KOHTYpHbIN aHanm3. 1 4 4 9
14  TloporoBas cermeHTaums. 1 3 4 8
15 O6nacTHO-OpueHTMpoBaHHaa 1 4 5
CerMeHTauums.
16 [MapannencHo-pekypcuBHble 1 4 4 9
MeTonbl 06paboTku
n306pakeHunn.
18 0 36 54 108

14. MeToaunyeckme yKasaHua ana oby4aloLwmxcs no 0CBOEHMIO AUCLUNJINHBI

Mpu ucnonb30BaHUM AUCTAHUMUOHHbIX OOpa3oBaTesibHbIX TEXHONOIMM 1 3IEKTPOHHOI0 00yYeHns
BbIMNOJIHATL BCE YKa3aHUs NpenofaBaTesieil, BOBPEMS NOAKIIOYATLCS K online 3aHATUAM, OTBETCTBEHHO
NOAXOAMTb K 3afaHUSM N1 CAMOCTOATENbHON paboThl.

BHeayauTopHas caMmocToaTesibHaA paboTa cTyfeHTOB BKIlOYaeT NpopaboTKy MaTepuanos NeKkLuii,
N3y4yeHne PeEKOMEHI0BAHHON IMTEPaATYpPbl, MOATOTOBKY K KOHTPOJ/IbHbIM paboTam, MoAroTOBKY K
nabopaTopHbIM paboTam 1 X 3aliMTaM, NOArOTOBKY K YCTHOMY OMpPOCY U 3K3aMeHy. B Y4ebHOM nnaHe Ha
NOArOTOBKY K 3K3aMeHY 13 06LLei Tpya0eMKOCTU CaMOCTOSTENIbHON paboTbl BbiaeneHo 36 Yacos.

CamocTosTenbHas paboTta B ayAUTOPUM BbINOIHAETCA N0 HENOCPEACTBEHHLIM PYKOBOACTBOM
npenofasatens. 4nsa nosbiweHns 3 PEKTUBHOCTM PYKOBOACTBA NpW NpoBeAeHMn nabopaTopHbIX
3aHATUIA, NpM3BaHHbIX 0becneynTb BbIBOPOYHOE NCNONb30BaHME NIEKLMOHHOIO MaTepuana ans bonee
rnyboKOoro nsy4yeHus oTAeNbHbIX MeTOA0B 06paboTKM M306parkeHnn Npu peLeHnmn COOTBETCTBYOLLNX
NPaKTUYeCcKnx 3aaayd, Heobxo4MMO CCbIaTbCA Ha MaTepuabl NEKLMUIA, MOKa3biBas MECTO peLlaeMbIX
3afay B 0bLiemM nnaHe n3noxxeHus. NMpuMepHbIn NepeyeHb 3aay C peKOMeH4auMAMN OTHOCUTENbHO
coaep>xaHus nabopaToOPHOro 3aHATUA NPUBOANTCS HUXKE.

e Bbibop MHCTpPYMeHTapus 4S8 NpakTUYeCKor peannsaunm pacCMaTpuBaeMblxX gajiee MeTo40B
ungpposon 06paboTku n3obpaxkeHnin. NMPUMEHNTL B peann3auumn NpuNoXKEHNN PEKOMEHAALNN MO
umndpoBo 06paboTke KBaHTOBaHHbLIX N306parkeHnin. N3y4nTb 0COBEHHOCTN BHYTPEHHENO
nNpeacTaBieHNs 306pa)keHnn NCNob3yeMbIM Aasiee MHCTPYMeHTapueM. Peannsauns mogenen
aOAUTUBHOMO rayCCOBCKOrO LWyMa U UMMYJIbCHOM MOMEXMN.

e 3amava Ne 1. Pa3paboTka NpuIoXKeHUs, peannsyoLlero MeTo AMHENHON HU3KOYaCTOTHON
bunbTpaunn aganTUBHOIO WYyMa Ha n3obparkeHun. 3y4nTb LgpoBon onepaTop CBEPTKU U
MCNONb30BaTh €ro B Ka4ecTse Moaenu punbTpa. BoipaboTaTb pekomeHgaumm no Beibopy Noaockl
NponyCcKaHus punbTpa B 3aBUCUMOCTU OT UHTEHCUBHOCTY LWyMa U NPOLEMOHCTPUPOBATb UX
CNpaBeannBOCTb.

e 3agavya Ne 2. Peannsaums meTofa PeKypPCUBHOM HU3KOYACTOTHOM PuabTpaLunm n3obpaxeHns ¢
LeSIbl0 CHUXKEHNS YPOBHSA agANTUBHOIO WwyMa. N3y4nTs ocobeHHOCTM hnnbTpa 1-ro poga u
MCNONb30BaTh €ro B peannsaumm metona. BoibpaTb KONMYECTBEHHbIA KPUTEPUIA OLLEHKW KaYeCTBa
0bpaboTky (Hanpumep, MaKCUManbHOe NN CpefHEKBAAPATMYECKOE OTKIOHEHNE 31EMEHTOB
obpaboTaHHOro n3obpakeHns oT NCXOLHOr0, CBOBOAHOMO OT WyMa) 1 N0 pe3ynbTaTaM



3KCnepuMeHTa BblpaboTaTb pekoMeHAaumnmn no BbIbopy Mexxay PeKypCUBHbLIM N HEPEKYPCUBHbLIM
bunbTpaMm B 3aBMCUMOCTY OT XapakKTEPUCTUK LyMa 1N n306parkeHns.

3anayva Ne 3. Peanm3oBaTb Moaenb MeanaHHOro uibTpa n3obpakeHusa ons ycTpaHeHns
NUMMYJIbCHbIX MoMeX. [IpUMeHUTb B peasiv3aumm anroputM Xoopa nomcka MeaunaHsl.
MpoLeMOHCTPMPOBATL BO3MOXHOCTM METOAA NPU pa3sinyHblX hopMax anepTypbl huibTpa u
WHTEHCUBHOCTU MOMEX.

3apada Ne 4. [leMoHCTpaumna MeToa yaydlleHns KavyecTsa n3obpakeHna nog4yepknBaHnem
rpaHuu. icnonb3oBaTbh MoAes b HEPEKYPCUBHOMO JIMHENHOrO (DUbTPa BEPXHUX YacToT.
Peann3oBaTb BO3MOXHOCTb Bblibopa 13 Habopa hmMnbTPOB C pa3nnyaloWwMMNCs YacToTamm cpesa.
3afnayva Ne 5. Peann3oBatb Mogenn gndhepeHunaTopoB n3obpaxxeHnsa ¢ Lesiblo KOHTPacTUPOBaHUS
nepenagoB 1 NOArOTOBKN KOHTYPHOrO npenapaTa. 4 pacyeTa Noas Moayaa rpagneHTa
ncnosib3oBaTh onepatopbl Cobens. B peann3aumm onepaTopa Jlannaca ncnosib3oBaTth
pa3paboTaHHyO MoLeNb MHENHOrO PUIbTPA.

3anayva Ne 6. Peann3oBaTb NpunoxeHne A4 pacyeTa npeobpasoaHna Xoyra nsobpakeHus (Metos
"CTArMBaHMA NpsAMbIX B TO4KK"). MoCTpounTb n30bpakeHne NaoCKOCTM NapamMeTpoB 1
NPOAEMOHCTPMPOBaTL OOHapyXXeHMe NPAMbIX YH4aCTKOB KOHTYpa Ha MCXOLHOM 1306pakeHun.
3apada Ne 7. PazpaboTka npunoxxeHna gasa rnobasbHOro KOHTYPHOro aHamnsa nsobpaxeHus
MeTodamMu Teopumn rpadoBs. N3y4nTb Npasuia NoCTPOEHMA NCXOLHOMO rpada no aHaausnpyemomy
N306paXKeHnto: COOTBETCTBUE BEPLUMH d/1IEMEHTAM KOHTYpa, NOCTPOEHME AYyr U UX CTOUMOCTb. 114
peleHns popMann3oBaHHOM 3aa4ym NOMUCKA NYyTU HauMeHbLUlen CTOMMOCTU UCMOJIb30BaTb
anropntm A*, MpoaemMoHCTpMpoBaTh paboTy anropMTMa Npu UCMNosb30BaHNMN Pa3NYHbIX 3BPUCTUK
C Luenbio coKpalleHns obbeMa Noucka, a Takxxe B pa3/InyHbIX YCJI0BMAX (0COBEHHOCTK
nN306paXKeHns, MNHTEHCUBHOCTb aAAUTUBHOMO LWyMa Y UMMYbCHbLIX MOMEX).

15. MepeyeHb OCHOBHOMW M AOMNOJIHUTENILHOW NIUTEPATYPbl, PECYPCOB MHTEPHET, HE0OX04UMbIX
AJI OCBOEHUA OUCLUNINHBI

Ne
n/n

NcToYHUK

baTypa, B.A. O6paboTka n3obpaxkeHunin B cucteme MATLAB: nabopaTopHble paboThl : [16+]/ B.A.
baTypa, A.10. TponyeHko, A.A. TponyeHko ; YHusepcuteT UTMO. - CaHkT-MNeTepbypr :
YHusepcuteT UTMO, 2019. - 41 c. : un., Tabn., cxeMm. - Pexxum gocTtyna: no noanucke. - URL:
https://biblioclub.ru/index.php?page=book&id=563997

Mamyes, I".B. LlngpoBoe TenesnaeHme: TeopeTnieckme 0CHOBbI U MPaKTUYECKOe NPUMEHEHNE :
[16+]/T.B. Mamyes, C.B. TbipblKiH ; HOBOCMOUPCKINIA FOCY0AaPCTBEHHbIA TEXHNYECKUN
yHuBepcuTeT. - HoBocnbupck : HoBOCMBUPCKUIA rOCYy AapCTBEHHbIN TEXHUYECKUIA YHUBEPCUTET,
2019. - 564 c. : nn., Tabn. - (Y4ebHukun HI'TY). - Pexxum goctyna: no nognucke. - URL:
https://biblioclub.ru/index.php?page=book&id=574851

6) nononHWTENbHAs AMTepaTypa:

Ne
n/n

NCcTOYHUK

ObpaboTka nsobpakeHnin ¢ nomoulbto OpenCV / b. I'. Tnopusg, [. C. Ockap, J1. 3. Xoce, C. T.
Ncmasnb. — Mocksa : IMK lMpecc, 2016. — 210 ¢. — ISBN 978-5-97060-387-1. — TeKkcT :
3NEKTPOHHbIN // JTaHb : 3NeKTpoHHO-6nbnmnoTeyHas cuctema. — URL:
https://e.lanbook.com/book/90116



B) MH(HOPMALIMOHHbIE 371eKTPOHHO-06pa30BaTesIbHbIE PECYPChI:

Ne n/n NcTo4HMK
1 http://www.lib.vsu.ru 3HB BI'Y

2 https://edu.vsu.ru Obpa3oBaTenbHbIN NOpTan "INEKTPOHHbIA YHUBEpPCMTET BIY"

16. MepeyeHb yuebHO-MeTOoaUYECKOro obecneyeHus AN CaMOCTOATENIbHOW PaboThI

Ne n/m NCTOYHUK

1 PekoMeHL0BaHHas NporpaMMon nutepaTypa.

2 KoHCNeKTbl NeKLnn.

3 dNeKTPOHHOEe MeToamyeckoe nocobue (B hopMe aBTOMATM3MPOBAHHOM 0by4atoLwen CUCTEMBI).
4 OduumnanbHbin cant Gubnmotekn KkomMmnboTepHOro 3peHus OpenCV: http://opencv.org/

17. O6bpasoBaTesibHble TEXHOJIOTUMMU, UCNOJIb3yeMble NPU peanunsauum y4ebHON AUCLUNIUHBI,
BKJIlOYasA OUCTAHUMOHHbIe oOpa3oBaTenbHble TexHonoruun (AOT), anekTpoHHoe oby4yeHue (30),
CcMeLLlaHHoe obyuyeHue):

B KayecTBe MHTErpupoBaHHOW cpenbl pa3paboTkn npu nposeneHnn nabopaTopHbiX paboT CcTyneHTam
PEKOMEHAYETCS NCMO0JIb30BaHNe YCTAaHOBIEHHOIO B KOMMbIOTEPHbBIX KNacCax PaKybTeTa KOMMNbIOTEPHbIX
HayK JINLEH3NOHHOI0 nporpammHoro obecneyerHuns Microsoft Visual Studio n 6ubnnoTekn KOMMbLIOTEPHOTO
3pEeHUns C OTKPLITLIM NCXOAHbIM KogoM OpenCV.

BHeayauTopHasa camocTosTenbHasa paboTa, Kak npaBwio, npejnosaraeT NUCNoJib30BaHWe CTyLeHTaMu
cpenbl pa3paboTkm Microsoft Visual Studio, oduumanbHaa npouefypa YCTaHOBKW KOTOPOW Ha
cobCTBEHHbIE KOMMbIOTEPbI CTYAEHTOB obecrneyeHa (haKy/ibTEeTOM KOMMbIOTEPHbIX HayK. ObneryeHHbIN
BapuvaHT YCTAHOBKW MWHMManbHO Heobxoammon KoHpurypaumm bubnnotekn OpenCV npepnonaraeTt
NpoCToe KOMuMpoBaHWe onpepesieHHoro Habopa ¢annoB Ha cCOBCTBEHHbIN KOMMNbIOTEpP CTyAeHTa.
dNeKTpoHHOe MeToAmnyYeckoe nocobue cBob6OAHO pa3BopayMBaeTCA Ha [LOMallHEM KOMMNblOTepe, He
Tpebysa cneuunanbHOM Npouenypbl yCTaHOBKM.

Mpn peanu3aunm OUCUUMNAUHBI MOFYT WCMOJIb30BATbCSH TEXHONOIMUU 3JIEKTPOHHOro obyvyeHnsa u
ANCTaHUMOHHbIE obpa3oBaTesibHble TeXHOOrUN Ha 6a3e nopTana edu.vsu.ru, a TakXxe gpyrue OoCTynHble
pecypcbl ceTn MHTepHeT.

18. MaTepuaano-TeXHuquKoe obecneuyeHue AUCUUNJINHDbI:

KOMMbIOTEPHbIE KNACChl (haKynbTeTa KOMMbIOTEPHbIX HayK, NULEH3MOHHOE NporpaMMHoe obecnevyeHne
Microsoft Visual Studio, 6bubnnoTeka KOMMNbIOTEPHOIO 3PEHNS C OTKPbLITBIM MCXOAHbIM KogoM OpenCV
(Open Source Computer Vision Library), anekTpoHHoe MeToaundyeckoe nocobue (AOC) cobcTBEHHON
pa3paboTku.

19. OueHo4YHbIe CpeacTBa ANA NPOBeAEeHUA TEKYLLEN U NPOMEXXYTOYHOU aTTecTauun

MopsAoK OLEHKM OCBOEHMS 00yYaloLWMMNCS y4ebHOro MaTepurana onpeaensieTcs CoaepXXaHmem
CneayoLwmnx pasaenos ANCUUMINHBI:



Ne Pazgensl AucUUnAnHLl (Mogyn) Kopg Kopg OueHoYHble

n/n KOMMeTeHUMn  MHOUKaTopa  CpencTBa ANS
TekyLen
aTTecTauum

1 Pasgensl 1-3, 5, 8, 9 Knaccudurkauymsa MK-15 MK-15.1 KomnnekTt

MeTO[O0B, a/IfOPUTMOB 1 CUCTEM 06paboTKK 3afda4 Nel,2
n3obpakeHnin. MaTemaTmnyeckas Moaesb KomnnekT
HeMNPepPbIBHOr0 N3006paxxeHusl. 3a8a4 Ne3,4

MaTeMaTn4ecKoe OnmncaHne CUCTEM
npeobpa3oBaHNs HEMpPepbIBHbLIX
n3o06pakeHnin. OCHOBbI KOJIOPUMETPUMN.
JInHeHas umdposas obpaboTka
n306pakeHnin. PekypcusHasa uabTpaums.

2 Pa3spensl 4, 6, 7, 10, 11 MeToAbl CH/XXEHNS MNK-8 MK-8.1 KoHTponbHasa
YPOBHSA LUYMOB 1 NMOMeX Ha n3obpakeHuu. paboTta Nel
YnydweHne KayecTsa n3obpakeHui. KomnnekT
Mogenu 3puTenbHON CUCTEMbI HYET0BEKA. 3ama4 Ne5-7

AunckpeTun3aums n BOCCTaHOBNEHNE
n3obpaxxeHni. KeaHToBaHme n3obpaxeHun.
Pa3pensl 12-16 PecTaBpauus
n306paxxeHnin. KOHTYpHbI aHaIun3.
Moporosas cermeHTaums. ObnacTHo-
OpMEeHTUPOBaHHaa cerMeHTaLus.
MapannenbHO-peKYPCUBHbIE METOAbI
06paboTkn n306parkeHn.

MpomexyToYHasa aTTecTaums

dopmMa KOHTPONA - 3a4eT C oLeHKon, KoHTpobHas paboTa
OLeHOoYHble cpeacTBa A8 NPOMEXYTOYHOW aTTecTaumm
KoHTponbHas paboTa Ne2

20 Tunosble OUEHOYHbIe cpencTtea M MeTogundieckue MaTepuanbl, onpeaensoliuve npouenypbl
OLeHUBaHuA

20.1 TeKyLwwMN KOHTPOJIb YCNEBAaeMOCTH
KOHTpONb yCneBaeMoCTy Mo AUCLUMNINHE OCYLLEeCTBJIAeTCS C MOMOLLbIO CnefyowmnX OLeHOYHbIX CPpeacTB.
20.1.1. MNepeyeHb NPaKTUYECKUX 3a4aHUN

Obuwasa noaroToBuTENbHAA TECTOBAA 3aAada. Beibop MHCTpyMeHTapus 414 NpakTUYeCKon peannsaumm
pacCMaTprBaeMbIX fanee METOAOB LiMpoBon 06paboTku nsobpakeHnin. MpMeHNTL B peannsaunm
NPUIOXKEHWIN PEKOMEHAaunn nNo unhposoin 06paboTke KBaHTOBaHHbLIX N306paXkeHNn. N3yyunTb
0COBEHHOCTN BHYTPEHHErO NpefAcTaBAeHNs N306paXxeHNN NCMONb3yeMbIM fanee NHCTPYMEHTapUEM.
Peanmsauna mogenen aganTUBHOIO rayCCOBCKOro LWyMa U UMMYAbCHON MOMEXM.

3apaya Ne 1 Pa3paboTka npunoXeHns, peaansyowero MeTo JIMHENHON HU3KOYACTOTHOM puabTpaLum
adANTUBHOIO LWyMa Ha n3obpakeHun. 3y4ynTb LNGPOBOIN ONepaTop CBEPTKM U UCMO/b30BaTb €ro B
KayecTBe Modenu puabTpa. BeipaboTaTbh pekoMeHAaLUM No BbIGOPY NoA0Ckl NPONycKaHma GuibTpa B



3aBUCMMOCTWU OT MHTEHCUBHOCTU LWUYyMa N NPOAEMOHCTPUPOBATL X CNPaBeOJINBOCTb.

3apada Ne 2 Peanusauuns metoaa peKypCUBHOM HU3KOYACTOTHOM hnibTpauny n3obpaxeHuns ¢ Lenbto
CHUXEHWS YPOBHSA afANTMUBHOrO WwyMa. N3y4nTb ocobeHHOCTM hunbTpa 1-ro poaa v UCMNosb30BaTh €ro B
peanusaunm metona. BeilbpaTb KOIMYECTBEHHLIA KPUTEPUI OLEHKM KavecTBa 06paboTky (Hanpumep,
MaKC/MasibHOe AN CpeaHEKBaApaTUYECKOe OTKIIOHEHNE 31eMeHTOB 06paboTaHHOr0 n306parkeHns ot
ncxopHoro, cB060OAHOrO OT LWyMa) ¥ Mo pe3ybTaTaM 3KCneprMeHTa BbipaboTaTb pekoMeHauuy no
BbIOOPY MeXAy PeKYPCUBHBLIM Y HEPEKYPCUBHBLIM (DUIbTPAMM B 3aBUCUMOCTY OT XapakKTEPUCTUK LLUyMa 1
n306pakeHuns.

3apayva Ne 3 Peann3oBaTh Mofesb MeANAHHOIO UNbTPa N3006paXKeHNsa AN YCTPAHEHNUS UMY bCHbIX
nomex. MPYMEHUTL B peann3auunm anroputT™ Xoopa nomcka MeamaHsl. MpoaeMOHCTPMPOBATD
BO3MOXXHOCTW MeToZa Npu pa3nyHbiX hopMax anepTypbl (uabTpa U UHTEHCUBHOCTM MOMEX.

3apaya Ne 4 [leMOHCTpaUMs METOAA Y/yULIEHUs Ka4ecTBa M306paXkeHnsi MoAYePKBAHMEM TPaHULL.
cnonb3oBaTb MofEeNIb HEPEKYPCUBHOMO JIMHENHOMO PUbTPA BEPXHUX YAacTOT. Peann3oBaTb
BO3MOXXHOCTb Bbibopa 13 Habopa MIbLTPOB C Pa3fIMYaOLLMMNCS YacToTaMu Cpesa.

3afnayva Ne 5 PeannsoBaTb Mogenn andhepeHumnaTopos n3obpaxxeHnsa ¢ Lefbio KOHTPacTMPOBaHMS
nepenagoB 1 NOAr0OTOBKU KOHTYPHOr0 npenapaTa. 14 pacyeTa noaa Moaynsd rpagueHTa ncrnonb3oBaTb
onepaTopbl Cobens. B peanunsauny onepaTtopa Jlansiaca ucnosb3oBaTb pa3paboTaHHyO Moaesb
JINHENHOro hunbTpa.

3apada Ne 6 Peanun3oBaTb NpuaoXeHne Aasa pacyeta npeobpasoaHus Xoyra nsobpakeHmsa (Meton
"cTarmBaHma NpsambIxX B To4KK"). MocTponTb n3obparkeHne naoCKOCT NapaMeTpPoB U
NpPOLEMOHCTPUPOBaTL 0BHapy)XeHMe NPAMbIX Y4aCTKOB KOHTYpa Ha NCXOAHOM 1306pakeHnn.

3apayva Ne 7 Pa3paboTka NpunoxeHus ans rnobanbHOro KOHTYPHOro aHanm3a n3obpakeHns MeToaamu
Teopun rpadoBs. VI3y4nTb NpaBusia NOCTPOEHMS UCXOAHOr0 rpada no aHann3mpyemMmomy n3obpakeHuio:
COOTBETCTBME BEPLUMH 3/IEMEHTAM KOHTYpPa, MOCTPOEHUE AYr U UX CTOMMOCTb. [1ns peLleHns
hOpMaIM30BaHHON 3ala4M MOMCKA MYTWN HAUMEHbLLIER CTOMMOCTU UCMO/b30BaTb afiropuTm A*,
MpoAeMOHCTPMpPOBaThL PaboTy anropuTMa Npu MCNOJIb30BaHUM Pa3INYHbIX 3BPUCTUK C Liesbio
COKpaLleHns obbemMa NoncKa, a TakXe B Pa3fIMYHbIX yCoBUSX (0COBEHHOCTU n306parkeHus,
WHTEHCUBHOCTb aAAMTUBHOMO WyMa W UMMNYJbCHBIX MOMEX).

20.1.2. MepevyeHb 3apaHUK ONA KOHTPONbHBIX paboTt

KomnnekT 3agaHnii Ans KOHTPOJIbHOM paboTbl Nel. Llenb KOHTPOAS: 3HaHWE OCHOBHbIX METOA0B
LngpoBo 06paboTkn n3obpakeHnin N MaTeEMaATMYECKOro annapaTa 415 ONMCaHNs n306pakeHnn n
npeobpasyoLmnx CUCTeM, yMeHNe NPUMEHATb NepedncieHHble cBefeHns npu Bbibope MeTofa peLleHuns
3afa4 06paboTkm nsobparkeHui, aHannsza n cCUHTe3a npeobpasyowmnx cuctem. NMpumep BapnaHTa 13
KOMMJieKTa 3a4aHnin Ag KOHTPOAbHOW paboTbl Nel:

1. lokaxunTe, 4To onepaTop Cobens ANs BbIYUCIEHNS TOPU3OHTAIbHOM KOMMOHEHTbLI BEKTOPA rpaiMeHTa
SBASETCS pa3aenmbiM. 3anuwmuTe 6104Hyto MaTpuly T ans npeobpa3oBaHmns n306paXKeHUsi B BEKTOPHOM
npeacTaBieHNI, COOTBETCTBYIOLLYIO 3TOMY OnepaTopy, a Takxe MaTpuubl C 1 R npeobpa3oBaHuin
CTON6LOB 1 CTPOK COOTBETCTBEHHO: T = CxR .

-1 0 1
—2 0 2| . Pasmep usobpaxxeHuns: 10 cTpok x 15 cTon6L0B.
-1 0 1

2. Mony4nTe YaCTOTHYIO XapaKTePUCTUKY U YCI0BME YCTONYMBOCTU 414 n3bnpaTenbHOro peKypCMBHOMO
unbTpa:

Y =38 —Spo +Cyn—1 +Coyn—2



20.1.3. OnucaHue TeXHONOrum nNpoBeaeHuns

TekyLlas aTTecTaumns NPOBOANTCS B COOTBETCTBUM C MON0XKEHNEM O TEKYLLEN aTTecTauumn obyyatowmnxcs
Nno nporpamMmam Bbicllero obpa3oBaHMs BOPOHEXCKOro roCylapCTBEHHOIO yHUBepcuTeTa. Tekyllas
aTTecTauus NPoBOANTCSA B (hopMax: YCTHOr0O onpoca (MHAUBMUAYaNbHbIA ONpPoC, (hpoHTaNbHas becena);
3alMTbl 1abopaTopHbIX PaboT; a TakXXe 2 KOHTPOJIbHLIX PaboT C 3agavyamMu No NeKUMOHHOMY MaTepuany.
Cnucok NpakTUYecKnx NpruemMoB, 0OCBaMBaeMbIX B MPOLLECCe M3YyYeHUs AUCLMUMINHBI U UCMO/b30BaHHbIX
NPy COCTaBAEHNUU 3a[a4 U KOHTPOJIbHbIX BOMPOCOB, MPUBOAUTCS HIXKE.

MaTemaTnyeckuin afnapat anga onncaHnAa HEMPEPbLIBHbIX |/|3o6pa>KeH|/||7| n CcncTem oJia nx I'Ip606pa3OBaHVIFI

® pacyeT AByMepHOro npeobpasoaHuns ®ypbe, aBTOKOPPENALNN, B3aUMHOW KOPPENaLum;
e andepeHUnpyolLne NMHERHble PUAbTPLI (BUA GQYHKLMWIA pacCesaHMs TOYKU N NepeaaToYHbIX
pyHKUMIA).

Mognenu 3peHns

® KQYeCTBEHHbIA aHanM3 nepefaaToyHbiX (YHKUUA (Y4aCTOTHbIX XapaKTEpPUCTUK) KOMMOHEHTOB
mMogaenenm;

e n306pakeHne xapakKTepHbiX 0CobeHHOCTEN DYHKLMA pacCessHUS TOYKU KOMMOHEHTOB C MX
00BbACHEHNEM.

KonopnmMeTpus

* rpaduyeckoe NoCTPOEHNE NOKyCa.

ﬂ,I/ICerTI/I3aLI,I/IFI N KBaHTOBaHWNe |/|3o6pa>KeH|/||7|

* POJib MEXaHMU3Ma JlaTepasibHOro TOPMOXKEHMNS B IaHHOM KOHTEKCTE;

® pacyeT PaBHOMEPHOro KBaHTOBATeNs MPW 3aAaHHbIX KOJIMYECTBE YPOBHEN KBAHTOBAHMA UK
PaspsAOHOCTM KOAa;

e pacyeT ONTMMaJIbHOro KBaHTOBATENS MPW 3a[4aHHOM KOJINYECTBE YPOBHEN KBAHTOBAHUS (1au
Pa3psAAHOCTU KoAa) M 3a@aHHON MNJOTHOCTU BEPOSTHOCTY pacnpefeneHmns SspKocTu (YpoBHeEN - He
bonee 5).

06061 EeHHbI LNGPOBOM JIMHENHbLIN onepaTop

e 3anucb 6104HOM MaTpULbl ANd 3adaHHoro npeobpasosaHus (Cobens, Jlannaca v T.1.);
e [10Ka3aTeNbCTBO Pa3deNnMOCTX 3aflaHHOro npeobpa3oBaHusa (NpeacTaBuTb BJI0YHYIO MaTpULy B
BMAE NPAMOro NpousBeneHmns).

OnCKpeTHbIe onepaTopbl Cynepno3nLmm, CBEPTKN U YHUTapHble Npeobpa3oBaHud, npeobpasoBaHue
dypbe

® MOJly4YNUTb MaCKy (AUCKPETHbLIX OTCYETOB (PYHKLMN paccesiHMA TOYKM) Nnpeobpa3oBaHna U3 3a4aHHON
6104HOM MaTpuLbl U HaobopOT - 3anucaTb 6104HYI0 MaTpuLy nNpeobpa3oBaHns, 3a4aHHOr0 MaCKONR;

e TeCTMpoOBaHMe 3afaHHOro npeobpasoBaHUd Ha pa3fenUMoOCTb (MpeAcTaBAeHME MacKu B BUAE
npon3BefeHns BeKTopa-cTonbua Ha CTPOKY);

® aHaNMTUYeCcKas 3anncb NepenaToyHON (PYHKUMM (4aCTOTHOM XapaKTEPUCTUKU) AUCKPETHOro
JINHENHOro unbTpa, 3a4aHHOr0 Mackon (pa3mepom - He Bbonee 3 x 3), n rpadunyeckoe ee
npeacTaBsieHue.

PekypcuBHas uibTpauns
® MOJly4NUTb HYAaCTOTHYIO XapaKTePUCTUKY U YCSIOBME YCTOMYMBOCTM ANA (puabTpa, 3a4aHHOro
Pa3HOCTHbIM ypaBHeHMeM (4S8 MPOoCTOTbl B 3ajavyaxX WCMOJb3ylTCA OLHOMEpPHble (PUabTPbI
nopsiika - He Bbille 2).
MeTonbl NpeaBapuTesibHOM 06paboTkn n306parkeHns

® CPpaBHUTEJIbHbIA aHaNN3 (Ka4eCTBEHHbIA U KOJIMYECTBEHHbIN) (UNBTPOB HUXKHUX (MU BEPXHUX)



YaCTOT, 3aflaHHbIX MacKaMu;

® NOCTPOUTbL (Ha KneT4yaTon Bymare) pesynbTaT nNpeobpaszoBaHMs NPOCTOro ABYXrpadalOHHOIO
N306paXkKeHns MegnuaHHbIM U HENMHENHBIM NOPOroBbIM (PUSIbTPOM;

e pa3paboTaTb aArOpMTMbl YCTPAHEHMS MOMEX Ha ABYXIPadaLNOHHbIX N300parkeHnsax (No aHanormm
C NEKUNOHHBIM MaTepranom);

® HAWTWN HENPEPLIBHYIO XapaKTEPUCTUKY nepefayn ApKoCTu A8 FMCTOrPaMMHON0 BblpaBHMBAHMWS C
Leblo NoJlyYeHns 3a4aHHOM0 pacnpeneneHns ApKocTy (pacnpeneneHme 3agaeTcs aHaauTuyeckKmum
BbIPa)X€HWEM MJIOTHOCTW BEPOSATHOCTK);

® MPUMEHUTb AUCKPETHOE BblpaBHMWBaHWE TUCTOrpaMMbl M306parkeHns, 418 KOTOPOro 3afjaeTcs
rmcTorpaMmma apkoctu (He 6onee 20 ypoBHEN KBAHTOBAHWUSA), @ TaKXe - KOJINYECTBO YPOBHEN
KBAaHTOBAHWNS pe3yNbTUPYOLLEr0 N306parkeHus.

PecTaBpaumnsa nsobpaxeHui

® CYHTE3MPOBaTb BUHEPOBCKMI DUNLTP ANS pecTaBpaunm n3obpa)keHnsa, NCKa)KeHHOro JINHENHON
CUCTEMON C 3a4aHHON hyHKLMEN pacCeaHNS TOYKMN.

CermeHTauma nsobpaxeHuin

e [€MOHCTPaLUs PacCMOTPEHHbIX B NEKLMAX aNrOpUuTMOB KOHTYPHOr0 aHannsa (anroputM «Kyka»,
anropmuTM A*) Ha KOHKpeTHbIX n306pa)keHnax (3agaHHbIX B BUAE MaTpuL, HeOObLINX pa3MepoB);

e eMOHCTpauNs NPUMEHEHUS MeTOAOB annpPOKCMMaLMN KOHTYPHbLIX KPUBbLIX (COBMelLeHne C
CMMMETPUYHLIMK Urypammn, noauroHasbHaa annpokcumauus, npeobpasosaHue Xoyra) ons
06paboTKM 3afaHHbIX (B Taban4HOM BMAE) KOHTYPHbLIX MpenapaTos;

e 1EMOHCTpaLnNs MeToL4a MOPOroBON CerMeHTauuum no ructorpamme msobpakeHua (3afaHHON
TabnnyHo);

e onpefeneHve onTUManbHOro Nopora Aas CerMeHTauumn nNpy 3agaHHbIX anpropHbLIX BEPOSATHOCTAX U
3aKOHax pacnpenenieHns SpKocTen NuKcenem;

e 1eMOHCTpauma npoueaypsl pa3breHna n obbveanHeHns obnacten Ha KOHKPETHbIX N30bpaXkeHnax
(3apaHHbIX B BUAE MaTpuy HebonbLUNX pa3MepoB).

20.1.4. TpeboBaHUA K BbINOSIHEHUIO 3a4aHUNA (MU WLIKANbl U KPUTEPUMN OLLEHUBAHUA)

Mpu oueHWBaHUN pe3yNbTaTOB YCTHOrO OMpoca W 3awuTbl nabopaTopHbix paboT mMcnonb3lyeTcs
KayeCTBEHHas LWKana oueHoK. OueHKa «3a4TeHO» BbiCTaBAsSeTCs, ecan pa3paboTaHHas cornacHo
WHOUBMAYANIbHOMY 3a[aHUI0 MPOrpaMMa LEeMOHCTPUPYET pe3yabTaT NPUMEHEHUS COOTBETCTBYIOLLENO
MeTona 06paboTku c TpebyeMbiMU NapaMeTpaMmn Ha cepum n3obparkeHunn.

OueHMBaHMe pe3ynbTaTOB BbIMNOJIHEHUS KOHTPOJIbHLIX paboT npennonaraeT WCNoNb30BaHUe
KOJIMYECTBEHHON WKabl. Kputepum oueHKu:

- OUeHKa «OTJINYHO» BbICTaBNAETCA CTYOEHTY, eC/qin npeanoXxeHHoe 3agaHhe BbINOJIHEHO MOJIHOCTbLIO:
peLleHbl obe 3agaun, npmneeneHo I'IOJJ,pOﬁHOG onucaHne cnocoba n NocienoBaTeNbHOCTH peweHna co
CCblIJIKaMM Ha MaTepunasibl COOTBETCTBYOLLErO pa3nesa JIEKLMOHHOM YaCTW ANCUUMNNHbI, AaHbl OTBETHI Ha
BCe AOMNOJIHNTEIbHbIE BOMPOCHI 3a4aHNA;

- OLEHKa «X0poLo», eC/in NOJIHOCTbIO PeELUEHbl 3ada4y, HO HET OTBETOB Ha AOMOJIHNTEIbHbIE BOMPOCHI
3afaHun4,;

- OLEeHKa «yOoB/N1eTBOpPUTeSIbHO» BbICTaB/1IAeTCA 3a YaCTU4YHOe UM codepxallee HecylleCTBEeHHbIe
oLInbBKYM pelwleHne 3ana;

- OLUeHKa «HeyOoB/ETBOPUTEJNIbHO», €CJIN HET PELLUEHNA obenx 3apav KOHTPOJIbHOr0 BapnaHTa.

MpuBenéHHble HUXKe 3a4aHUA PeKOMEHAYeTCA UCNOoJIb30BaTh NPY NPoBeAeHUMU
AWArHOCTM4YeCKuX paboT AN OLEeHKN OCTAaTOYHbIX 3HAHUW MO QUCLUNIINHE



1)

TecToBble 3agaHusa - 1 6ann

1. CnekTp cBepTKM N306parkeHni

a.
b.
C.

He NPeBOCXOAUT NMPOM3BEeAEeHNE UX CMEKTPOB.
PaBEH MPOM3BEAEHMIO UX CMEKTPOB.
paBeH B3BELUEHHON CYyMMe UX CMEKTPOB.

2. CnekTp aBTOKOPPENSAUNOHHON DyHKLMK n30bpaxkeHns (2 BapmaHTa)

a.
b.
C.

paBeH KBaApaTy CNeKkTpa M306parkeHus.
PaBeH yABOEHHOMY CMeKTpy U306paxeHus.
Ha3blBAETCS IHEPreTUYECKUM CMEKTPOM.

3. CBepTKa NCNoNb3yeTCa ona peaansadun...

e n oo

crnekTpasbHon 06paboTKu n3obpakeHui.

NMHENHOW NPOCTPAHCTBEHHO-MHBAPUAHTHON 06paboTKM n306parkeHui.
HennHenHon 0bpaboTKm n3obparkeHunn.

NMHENHOW (hnnbTpaumnmn n3obpakeHnn.

4. CxaTue n3obparkeHns npu macliTabuposaHuu...

e noco

He BAIMSIET Ha ero CNeKTP NPOCTPAHCTBEHHbIX 4acToT.
NPUBOAUT K COOTBETCTBYIOLLEMY CY>XEHUIO CNEKTPA.
NPUBOAMNT K pPacLUMpPEHUtO CNeKTpa.

NpuBOANT K Habery asbl YaCTOTHbIX COCTABASIOWNX CNEKTPA.

5. MNpeobpa3zoBaHue casura n3obpaxxeHus...

e n oo

He BAIMSIET HA €ro CNeKTP NPOCTPAHCTBEHHbIX 4AaCToT.
MPUBOAUT K COOTBETCTBYIOLLEMY CY>XEHUIO CNEKTpa.

NPUBOAMUT K PACLUMPEHNIO CMEKTPA MPOCTPAHCTBEHHbIX YacTOT.

NpuBOAUT K Habery asbl COCTABAAOLLMX CNEKTPA, MPOMOPLMOHaNbHOMY YacToTe.

6. YeMy paBHa CnekTpasibHas NIOTHOCTb MOLLHOCTYM 6enoro wyma?

a
b
c
d

. W(u,v)=0

W(u,v)=1
W(u,v)=const
W(u,v) beckoHe4yHa

7. ®YyHKUMA paccessHNs TOYKMN 3TO:

a

b.

c
d

OTKJIMK Ha BO34eNCTBMe fesibTa-(PyHKLNN.

OTKNUK Ha BO3LeNCTBUE B BUAE PYHKUUN XeBucanga.
OTKJIK Ha BO34EeNCTBUE B BUIE MPAMOYTrOJIbHOMO MMMNYJbCa.
lNepenaTo4Haa PYyHKLNA.

8. MNpouecc npeobpa3oBaHUS HEMNPEPLIBHOrO N300paXKeHWs B MAaTPULLy 3HAYEHUIA, Ha3bIBaeTCA?

a

b.

C
d

KBaHTOBaHMe n306pa>keHns no ypoBHIo.
MonyyeHune undpoBoro n3obpaxkeHus.
AunckpeTun3aunen nsobpaxeHuns.
Mogynaumein nsobpaxeHus.

9. Z-npeobpa3oBaHune NMeeT CBOMNCTBA?

a.
b.

HennHenHocTb.
LMKNNYHOCTD.



C. JINHeNHOCTb, 3a4epXXKa, CBEPTKA.
d. ConpsXE&HHOCTb.

10. nckpeTHoe npeobpa3zoBaHune Pypbe UCNoab3yeTcs ans?

a. KoppensumoHHOro aHanmsa.
b. AHanu3a npenesibHbIX LUKIIOB.
¢. CnekTpasibHOro aHasu3a.

d. KBaHTOBOro aHanmsa.

11. NHTerpan oT OByMepHON pyHKLMM [npaka no BCer naoCcKoCTN KOOPAUHAT:

paBeH 1
paseH 0
HepaBeH 0
d. 6eckoHeyeH

n oo

12. Yemy cooTBeTCTBYET ANGIepPEHLMPOBaHME MO X B YaCTOTHON obnacTu?

a. YMHOXeHMIO Ha ju.

b. YMHOXeHWI0 Ha 2nu.

C. YMHOXeHuto Ha 1/(ju).
d. YMHOXeHuto Ha 1/(2nn).

OTBeThl Ha BON POCbI

Homep Bonpoca OTBeT (bykBa)
1. b
2 a,c
3 b
4, C
5 d
6. C
7. a
8. C
9. C
10. C
11. a
12, a




2) 3aiaHuA C KOPOTKMUM OTBeTOM - 2 Ganna

13. HecxaToe pacTpoBoe n3obpaxkeHune pasmepoM 64 x 512 nukcenen 3aHumaeT 32 K6 namaTtun. Kakoso
MaKC/MaJsibHO BO3MOXXHOE YMC/0 LLBETOB B ManuTpe nsobpakeHma?

14. N306parkeHune BbIN0 coxpaHeHo B pane bmp Kak 24-pa3psaaHbii pUCYHOK. Bo ckonibko pa3 byaeT
MeHbLLE NHPOPMALIMOHHBIA 06BEM (haina, eCnm B HEM 3TO XKe n3obpakeHne CoOXpaHnTb Kak 16-LBEeTHbIN
PUCYHOK?

15. MpeacTaBneHne HeNpPepbLIBHON ABYMEPHON (hYHKLUN COBOKYMHOCTbLIO €€ 3HaYeHN B onpenesieHHOM
Habope Touyek obnacTn onpeaenexHns - 3To...

16. Pa3bueHune gmanasoHa 3HAYEHNA HEKOTOPOW BEJIMYNHBI Ha KOHEYHOE YMCII0 YPOBHEN N OKPYreHne
3TUX 3HAYEHUIN 00 BAVKANLWNX K HAM YPOBHEN - 3TO...

17. OfHa 13 BXOAHbIX MaTpuL, MoBopaymaeTcs Ha 180 rpalycoB 1 CKaHMpPyeT BTOPYIO MaTpuLly,
COBMELLASCh C KaXKAbIM 13 ee 3/1eMeHTOB. Ha KaXKj0oM TakoM Luare 31eMeHTbl 06enx MaTpul, nonaswve B
06/71aCcTb NepeKpbITHS, YMHOXAIOTCA ApYr Ha Apyra. CyMMa 3TuX nonapHbIX NPOn3BeAeHN COXPaHAeTCs B
KayecTBe 3/IeMeHTa pe3yNibTUPYIoLLe MaTpuLbl. Tak BblYMCSISETCS. ..

OTBeTbl Ha BON POChbi

Homep Bonpoca OTBeT (bykBa)
13. 256

14. 6

15. AnckpeTusaunsa
16. KBaHTOBaHMe
17. CcBepTKa

3) 3apaHuA C pa3BepHyTbIM OTBETOM - 3 Banna

18. OnuwmnTe NnpuHUMN paboTbl ABYMEPHOr0 MeANaHHOr0 UIbTPa M Lieslb ero NpUMeHeHns ans
06paboTkn n306parkeHnin. Kakme 0CHOBHbIE NpenMyLLLeCTBa nepes AnHenHon obpaboTKon meamaHHbIN
UNbTP UMeET NPK ero TUNMYHOM UCMOJIb30BAHNN?

OTBeTbl Ha BOMPOChHI

Homep Bonpoca OTBeT (bykBa)

18. OCHOBHOE nNpefHa3HayeHne - NofaBneHne NMMNyabCHbIX MOMEX, KOTOpoe
MeZLVaHHbIN (nabTp NponssoanT bonee 3hheKTUBHO, MO CPABHEHNIO C IMHENHOW
punbTpaunen. Kpome Toro, nosiesHble 3n1eMeHThl M300paXkKeHUs NCKaXaloTCsa B
MeHbLUen CTeneHn, HanpruMep, OCTaTCS PE3KNMU KOHTYPbI 0ObEKTOB.




Kputepun oLleHnBaHUA LLIkana oueHok

Obyyatowmmncsa npmBoaMT noaHoe n 6esowmnboyHoe onmcaHne anaropmTMa 3 6anna
MeAunaHHon 06paboTKK, TUNMYHOro cnocoba ero NPUMeHeHNs, NepevyncnseT
npenMyLLLecTBa Had NMHenHon 06paboTKow.

Obyyarowmmncsa NpMBOAMT ONMUCaHME anropuTMa MeanaHHon unbTpaunn, B | 2 banna
KOTOPOM AOMNYyLEeHbl HE3HaYUTENbHbIE HETOYHOCTH, 1 BEPHO onpegenseT
Lesb ero npuMeHeHus.

MpencTaBfieHO CI0BECHOE OMNUCaHMe naen MeanaHHon hunbTpaumm, 1 6ann
NpPaBUAbHO OTPaXKatoLee OCHOBHbIE 3Tanbl 06paboTKu.

B npencTaBneHHOM OTBETE HET YNOMUHAHNA O MeAnaHe YUCI0BON 0 6annos
nocnefoBaTesibHOCTMW, He OnNucaH cnocob Ncnonb3oBaHUA ABYMEPHOr0 OKHa
obpaboTku.

19. OnnwmnTe anropnTM pacyeTa ABYMEPHON CBEPTKY C UCMO/b30BaHWEM BbICTpOro npeobpa3oBaHus
®ypbe. MpeacTaBbTe TeOpeTUYECKOe 0O60CHOBaHWE OTAE/NbHbIX ero waros. Mpu Kakux ycnoBusx 3ToT
aJIrOpUTM JaeT NPenMyLLEeCTBO B BLIYUC/IUTENLHOWN CJIOXKHOCTU Nepen APpYyruMy MeToAaMu pacyeTa
CBEpTKK?

OTBeTbl Ha BOMPOChHI

Homep Bonpoca OTBeT (bykBa)

19. PacyeT cnekTpoB BXOAHbLIX MaTpuL, C UCMoJib3oBaHneM bINd; To4eyHoe
nepeMHOXeHVe MaTpuL CnekTpoBs; obpaTHoe BMN® MaTpuLbl Npon3BELEHMS.
CNOXXHOCTb a/iropyTMa He 3aBUCUT OT pa3MepoB MeHbLUEeN N3 UCXOA4HbIX MaTpuL,
npw hUKCMpoBaHHbIX pa3mepax bonblien. Takum obpasom, ecnn npeobpasoBaHme
CBEPTKM MOLENUPYET MNPOCTPAHCTBEHHO-UHBAapPUAHTHYIO CUCTEMY, NPenMyLLeCTBO
MOXXHO 0XXMOATb NMPY YBEJIMYEHUN pa3Mepa MaTpuLLbl PYHKLMM PacCeaHUS TOYKHN

(Macknm).
KpuTepun oueHnBaHus Llikana oLeHOK
Obyyatowminca npuBoanT nosHoe 1 6e3owmboyHoe onmcaHne aaropmTMma 3 6anna

pacyeTa [IByMEpHOi CBEPTKM C NCMOJIb30BaHUEM BbICTporo npeobpa3oBaHms
®ypbe, TeopeTnyeckoe 060CHOBaHVE OTAE/bHbLIX €ro Waros, PopMyInpyeT
yCN0BUSA AN5 MOJYYEHUS NPENMYLLECTBA HaA APYrMY METOAAMI pacyeTa
CBEpPTKM.




O6y4aloLMics NPMBOANT ONMCaHME airopuTMa pacyeTa [IBYMepHOi 2 6anna
CBEPTKM C NCMO0JIb30BaHUeM BbicTporo npeobpasoBaHus Oypbe, B KOTOPOM
AO0MyLLeHbl HE3HAYNTE IbHbIE HETOYHOCTM, U BEPHO ONpefenseT Lefb ero
NPUMEHEHNS.

MpencTaBAeHO CIOBECHOE OMMCaHME NAEN pacyeTa ABYMEPHON CBEPTKM C 1 6ann
ncnonb3oBaHnem bbicTporo npeobpasosaHna Oypbe, NpaBUILHO
OTpakatoLlee 0CHOBHbIe 3Tanbl 06paboTKuL.

B npeacTaBNEHHOM OTBETE He OMnMncaH Ccrnocob Ncnosib3oBaHNUs bbICTPOro 0 6annos
npeobpa3oBaHns Oypbe AN BbIYUCIEHNS CBEPTKU.

20. OnNuwKnTe anropuTM pacyeTa ABYMEPHON CBEPTKY MPAMbIM METOAOM (anropuTM Mackm). Mpu Kakmx
yCJIOBMAX 3TOT @JiIrOPUTM aeT NpenuMyLLeCcTBO B BbIYUCSIUTENbHOW CJIOXHOCTY Nepes ApyruMyu MeTodamMm
pacyeTa CBepTKU?

OTBeThbl Ha BON POCbI

Homep Bonpoca | OTeeT (bykBa)

20. OpgHa 13 BXOOHbIX MaTpuL, noBopaymsaeTcs Ha 180 rpafyCcoB 1 CKaHMPYET BTOPYIO
MaTpuLYy, COBMELLAsACb C KaXXblM U3 ee 3JIEMEHTOB. Ha Ka)K1J0M TakoM Luare
anemMeHTbl 06enx maTpuu, nonasLune B 061aCTb NEPEKPLITUSA, YMHOXKAIOTCA APYr Ha
apyra. CyMMa 3TUX NoMapHbIX NPOM3BEAEHNA COXPAHAETCA B Ka4yeCTBE 3/IEMEHTa
pe3ynbTupytowen MaTpuubl. CI0XXHOCTb anropuTMa 3aBUCUT OT pa3MepoB
MeHbLLEN N3 UCXOOHbIX MaTpUL, Npy (OUKCMPOBAHHbLIX pa3mepax bonbluen. Taknum
obpa3som, ecnmn npeobpazoBaHmne CBEPTKM MOAENMNPYET NPOCTPAHCTBEHHO-
WHBapPUaHTHYIO CUCTEMY, MPENMYLLECTBO MOXKHO OXKNAATL MPU YMEHbLUEHUN
pa3Mepa MaTpuLbl PYHKLMM paccesHnUa TOYKU (MacKu).

Kputepun oLleHnBaHUA LlIkana oueHoK

ObyyatoLmncs NpMBOAMT nosiHoe 1 6e30lwmnboyHoe onucaHre anropuTMa 3 6anna
pacyeTa ABYMEpPHON CBEPTKU, (DOPMYIUPYeT YCIOBUSA LN NMOAYyYEHUS
npenMyLLecTBa Haa APYruMnM MeTo4aMmn pacyeTa CBEPTKM.

Obyyatowmncs NpuBOANT ONMCaHME aNropuTMa pacyeTa ABYMEPHOW 2 6anna
CBEPTKW, B KOTOPOM LOMNYLLEHbl HE3HAYUTENbHbIE HETOYHOCTU, Y BEPHO
onpenenseT uenb ero npuMeHeHus.

MpeacTaBaeHo CNOBECHOE onncaHme cnocoba pacyeTa AByMepHon cBepTku, | 1 6ann
NpPaBUAbHO OTPaXKatoLee 0CHOBHbIE 3Tanbl 06paboTKu.

B npencTaBneHHOM OoTBeTe He onuncaH crnocob BblYMCIEHNA CBEPTKN N HE 0 6annos
HaeTCAa onpeneneHna naHHOro I'Ipeijpa3OBaHI/Iﬂ.




21. OnnwwnTe npeobpa3zoBaHne AUCKPETHOW ABYMEPHON B3aMMHON Koppensaumu. Mpusennte npumep ero
TUAMYHOro NpuMeHeHus B obpaboTke n3obpakeHnin.

OTBeThbl Ha BON POCbl

Homep Bonpoca OTBeT (bykBa)

21. OfZHa 13 BXOAHbIX MaTpUL, CKaHUPYeT BTOPYIO MaTpuULy, COBMELLAsACb C KaXKAbIM 13
ee 3/1eMeHTOB. Ha Ka)kIOM TakoM Lare s3nemMeHTbl 06enx MaTpuL, nonasLwimne B
06/1aCTb MNepekpbITUA, YMHOXAOTCA APYr Ha Apyra. CymMMa 3TUX NonapHbIX
Npovn3BeAEHNIN COXPAHAETCA B KAYeCTBE d/IEMEHTa Pe3yNbTUPYIoLLEn MaTpuLLbI.
TUNUYHOE NPUMEHEHNE - B KA4ECTBE OLIEHKM CXOXKeCTW (hparMeHTOB
n3obpa>xeHunin, HanpuMep, B 3afavax pacrno3HaBaHuS.

KpuTepuu oueHnBaHus LLikasia oueHoK

Obyyatowminca npuBoanT nosiHoe 1 6e3owmnboyHoe onncaHue 3 6anna
npeobpa3oBaHUs LUCKPETHON ABYMEPHOM B3aUMHON KOPPENsALnK,
TUNNYHOro cnocoba ero NnpuMeHeHus B 0bpaboTke nzobpakeHui.

ObyyvatoLMNCs NPUBOAMT ONUCaHKe NpPeobpasoBaHNN ANCKPETHON 2 6anna
[IBYMEPHOW B3aUMHOW KOPPENSLMNA, B KOTOPOM A0MNYLIEHbI HE3HAYUTE bHbIE
HETOYHOCTW, 1 BEPHO OMpeaenseT Lesb ero npuMeHeHus.

MpencTaBieHO CIOBECHOE onucaHme cnocoba pacyeTa ABYMEPHOWA 1 6ann
B3aWMHOI KOpPensLnmM, NpaBuibHO 0TParkatoLee OCHOBHbIE 3Tarbl
obpaboTku.

B npeacTaBNeHHOM OTBETE He OMucaH Crocob BbIYUCIEHNS ABYMEPHON 0 6annos
B3aVIMHOW KOPPENALUUM U He AaeTCs onpefeseHns AaHHOro
npeobpa3oBaHus.

22. OnuwnTe cnocob goka3zaTenbCTBa pa3aenmMmocTy npeobpa3oBaHns OANCKPETHON ABYMEPHOW CBEPTKN,
NCNONb3YIOLWNA MaTPULY PYHKLUN pacCesaHUs TOYKK (A4p0 Uan Macky). NMpuseauTe NnpuMepbl MaTpuL,
pa3aesvMMoro 1 Hepasgenanmoro npeobpasoBaHui.

OTBeTbl Ha BONPOChHI

Homep Bonpoca OTBeT (bykBa)

22, MaTpuua QyHKUUM paccesHUs TOYKM NpeacTaBnMa Npov3BefeHneM BeKTopa-
cTonbLa Ha BEKTOP-CTPOKY.




Kputepun oLleHnBaHUA LLkana oueHok

Obyuvatowmincs npuBoanT nosiHoe 1 6e3owmnboyHoe onmcaHue cnocoba 3 6anna
[OKa3aTenbCTBa pa3aennMocTu npeobpa3oBaHnsa OUCKPETHON OBYMEPHON
CBEPTKU, WIOCTPUPYS ero NnpuMepamMy MaTpuL, pa3aesimmMmoro 1
Hepa3aenmmoro npeobpasoBaHuii.

Obyuatowmncs NpuBoAMT onmcaHme cnocoba Aoka3aTenbCcTBa 2 banna
pa3genmmocTn npeobpa3oBaHns AUCKPETHON ABYMEPHOW CBEPTKN, B
KOTOPOM A0MYLLEHbl HE3HAYNUTENbHbIE HETOYHOCTHW, U BEPHO onpeaenseT
Leflb ero NPUMeHeHMS.

MpencTaBneHoO CIOBECHOe onucaHue cnocoba foka3aTenbCTBa 1 6ann
pa3fnennMocTun npeobpasoBaHns ANCKPETHON ABYMEPHOW CBEPTKH,
NnpaBUIbHO OTPaXKatoLee OCHOBHLIE €ro 3Tansbl.

B npencTtaBneHHOM 0TBETE He onncaH cnocob AokasaTenbCcTBa 0 6annos
pa3fenmMmocTu npeobpa3oBaHNs ANCKPETHOW ABYMEPHON CBEPTKM U He
LaeTcs onpeaeneHns AaHHOro npeobpa3oBaHUs 1 €ro pa3geanuMocTy.

20.2 MNMpomMmeXxyTouyHas aTrecTauus
MpomMeXXyToYHas aTTecTaums no AUCLUUMIIMHE OCYLLECTBAAETCA C MOMOLLbIO CNefyoLWMX OLEeHOYHbIX
CpeacTs

20.2.1. MepevyeHb 3apaHui ANA KOHTPONbHLIX paboT

KomnnekT 3agaHunii Ansa KOHTPOJIbHOM paboTsl Ne2. Llenb KoHTpons: 3HaHne cnocoboB peannsaumm
anroputMoB 06paboTKu n306parkeHnin B BULE KOMMbIOTEPHbIX MPOrpamMm C y4eTOM Cheungukm
npeameTHoM 061acTN, METOANKN aHaM3a BbIYUCINTENbHOM CIOXXHOCTY peann3yembiX aNropuTMos,
yMeHMe NPUMEHSTb Nepe-4nCneHHble CBeAeHNs npu Boibope KOHKPEeTHOro cnocoba anropnTMmyeckom
peanusauun cneumduyeckon o06paboTkm n3obparkeHnin ¢ y4eToM pesynbTaToB aHaAn3a aNropuTMoB Mo
BbIYNCNTENLHON CIOXHOCTW. [MpuMep BapmnaHTa U3 KOMMAEeKTa 3aJaHni O KOHTPOJIbHOM paboThl Ne2:

1. HananTe xapakTepUCTUKY nepegayn apkKocTu, npeobpasyloLlyo rmcTorpaMMy K 3akKoHy
pacrnpegeneHus Panes:

2
s g gzmin expq— (g gnzlin) S-S
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2. ApKOCTW NuKcenen 06beKTOB 1 (hOHa pacrnpedenieHbl Mo 3aKoHaM P, U P, COOTBETCTBEHHO:

§220)] ) 210))

BbibepuTe onTUManbHbIA MOPOr AN CErMeHTauumn Npu 3afaHHbIX anpuopHbIX BEPOATHOCTAX MUKCeNen
TOro v gpyroro suga P, u P,.

20.2.2. OnucaHue TexXHONOrum npoBeneHuns

MpoMeXXyTo4YHas aTTecTalms NPOBOAMTCS B COOTBETCTBUU C [10710)KEHNEM O MPOMEXKYTOYHON aTTECTaLNM



o6yL|a+0|_|_u/|xcn no nporpaMmam BbICLLUETO O6pa3OBaHI/IFI. npOME)KyTO‘-IHaFI aTTeCcTaund no N"ToraMm oCBoeHnd
ONCUMMNNHBI MPOBOANTCA B (hopMe 3a4eTa C OLLEHKOW. YCOBUAMU 4115 MOJIOXKUTENbHON UTOFOBOW OLLEHKN
ABNAOTCA: BbllMOJIHEHNE BCEX na60paTopr|x pa60‘r, nepevyncsieHHblX B NPUAOXKEHNN No4 HauMEeHOBaAaHNEM
«KOMMJIEKT 3ada4», a TaKXXe yCnelwlHoe BbINoJIHEHNE obenx KOHTPOJIbHbIX pa60T.

15 OLeHUBaHNA Pe3yNbTaToB 00yYeHUs Ha 3a4eTe C OLIeHKON UCMOMb3YITCA CeayoLne nokasaTenu:

1. 3HaHMe OCHOBHbIX MeTOLOB LudpoBon 0bpaboTkn n30bpaxxeHMn 1 MaTeMaTM4YecKoro annapaTa
ans onncaHns niobpaxkeHnin n npeobpasyroLmnx CMCcTem;

2. yMeHMne NpUMeHsTb NepeyvncsieHHble CBeAeHnsa nNpy Bolbope MeTofa pelleHunsa 3anay obpaboTku
n306paXkeHnin, aHannsa n CuHTe3a nNpeobpasyoLnx CMCcTeM;

3. BlajeHne MeTOANKON UCNONb30BaHUA M3Y4YEHHOro MaTeMaTM4ecKoro annapaTta 4S9 peweHus
3a4ay aHasM3a n cuHTe3a cuctem 0bpaboTkm n3obpaxkeHun;

4. 3HaHue cnocoboB peanuszaumy anropntmoB 06paboTkn n3obpakeHUn B BULE KOMMbIOTEPHbIX
nporpamMm C y4eToMm cneundukn npegmeTHon obnacTn, METOANKM aHaNn3a BbIMUCINTENLHON
CNOXXHOCTW peannsyembix airopuTMoB;

5. yMeHMe NpUMEeHATb NepeyvyucseHHble cBepeHuWs npu Bbibope KOHKpeTHOro cnocoba
anropuTMMYeCcKon peanmsauumn cneundguryeckon obpaboTkm nsobpakeHnin ¢ y4eToM pesynbTaToB
aHanM3a anropuTMOB MO BbIYUCNTENBHON CIOXHOCTHY;

6. BllafeHMe HaBblkaMn paboTbl C HECKONbKUMW AOCTYMHLIMA MHCTPYMEHTaMK, npefHa3Ha4YeHHbIMU
A5 NPaKTUYEeCKON peasim3aumm nyvyaeMblx MeTOA0B 06paboTkn n3obparkeHui.

20.2.3. TpeboBaHUA K BbINOJIHEHUIO 3aAaHUMN, LLUKaNbl U KPUTEPUU OLLEHUBAHUA

[Mpu oLeHMBaHMN UCMONb3YeTCAa cliefyoLlas WkKasa:

5 6annoB cTaBuTCHA, ecnn obyyvaloWmMNC 4EMOHCTPUPYET MOJIHOE COOTBETCTBME 3HAHWUN, YMEHWUNA,
HaBblKOB NMpMBeAEHHbIM B Tabnnuax nokasatensm, ceo60AHO onepupyeT NprobpeTeHHbIMN 3HAHUSAMMU,
YMEHNAMMN, MPUMEHSAET UX NPU PELLUEHNN NPaKTUYECKMX 3akay;

4 6anna cTtaBuTCAa, ecam obyyvyaloWMACa OEMOHCTPUPYET COOTBETCTBMUE 3HAHWIN, YMEHWN, HAaBbIKOB
npuBefeHHbIM B Tabauuax nokasaTensiM, HO AOMyCKaeT He3Ha4YuTesbHble OWNOKKM, HETOYHOCTH,
NCMbITbIBAET 3aTPYAHEHUS MPU PELUeHNM MPaKTUYeCKMX 3ajav;

3 6anna ctaBuTCA, ecam obyyvalWMNCS 4EMOHCTPUPYET HEMOJSIHOE COOTBETCTBUE 3HAHUN, YMEHWUN,
HaBbIKOB MpMBeLEeHHbIM B Tabnmuax nokasaTensaMm, AOMNYCKaeT 3HaYMTeNbHble OWNOKM Npu peLlleHunm
NpakTU4yeCcKnx 3agav;

2 6anna ctaBuTCA, ecam obyyvaloWMNCa JEMOHCTPUPYET SABHOE HECOOTBETCTBME 3HAHUWN, YMEHUN,
HaBbIKOB NPUBEAEHHbLIM B TabnnLax nokasaTensam.

lMpu caade 3a4eTa C OLEHKOM
OoLeHKa «OTJINYHO» - 5 Bannos
OLeHKa «xopoLo» - 4 banna
OLEHKa «y[0BNEeTBOPUTENBHO» - 3 Banna
OLleHKa «Heyao0BeTBOPUTENLHO» - 2 Banna.
CooTHOLIEeHME NoKa3aTeNel, KPUTEPMEB U LLKabl OLLlEHWBAHNA pe3ynbTaToB 0byyeHus.
YpoBeHb chopMumpo-

KpuTepun oueHNBaHNS KOMMETEHLWIA BAaHHOCTU LLikana oLLeHoK
KOMMNEeTeHU I




CehopmupoBaHHbIe 3HaHNS 06 OCHOBHbIX METoAax LnGpPOoBOM
06paboTKu n30bparkeHni n MaTeMaTU4eCKOM annaparte 4.s
onvcaHus n3obpaxxeHnvi u NpeobpasyoLmnx CUCTEM.
ChopmMupoBaHHOE yMEHME NMPUMEHSATb NepedncIeHHbIe
cBeneHus rnpu Beibope MeToAa peLueHns 3aiay 0bpaboTkum
M30b6paxKxeHuyl, aHav3a v CuHTe3a npeobpasyroLmx CUCTEM.
CchopmMupoBaHHbIe HaBbIKU BAALAEHNA METOANKOM
MCr0/1Ib30BaHUS N3y4YEeHHOr0 MaTeMaTU4eckoro annapaTta 44
pelueHns 3aaay aHa/im3a u CuHTe3a cucteMm obpaboTku
n3obpaxxeHuii. ChopMnpoBaHHbLIE 3HaHWS CrocoboB peaan3aumm
anroputmMoB 06paboTKm n306paxeHnii B BUAE KOMMbIOTEPHbIX
rporpamMm € y4eToMm crieungukm npeameTHon obaactuy,
MeTOANKN aHan3a BblYNCINTEIbHOW CTIOXKHOCTY pean3yembix
anroputmoB. C¢hopMUpPOBaHHOE YMEHUNE MPUMEHSATh
rnepevncaeHHble cBeaeHus npy Bbibope KOHKPETHOro crocoba
aJIrOPUTMUNYECKOW peann3aumm cneumpuyeckor obpaboTkm
M306paxKeHuyi C y4eToM pe3yibTaToB aHa/in3a aropuTMoB o
BbIYUCANTENLHOW CI0XKHOCTH. ChOpMUPOBAHHbIE HABbLIKY
paboThbl C HECKOIbKUMU [AOCTYMHLIMU UHCTPYMEHTaMU,
npeaHa3HavYeHHbIMY 715 MPaKTUYECKOW peanv3aumm n3y4yaembix
mMeTo40B 06paboTKu N306paKeHNI.

[1oBbILLIEHHbIV
YPOBEHb

OTANYHO

CchopmupoBaHHbIE, HO coAep KalLumne oTAebHbIE MPobesibl
npeacTasaeHns 06 0CHOBHbLIX MeToAax LingpoBovi 0b6paboTku
n306paxkeHni N MaTeMaTU4eCKoM annaparte AJ15 OnncaHus
n3o0bpaxxeHui n npeobpa3syrLmx CUCTEM. YCreLHoe, HO
copepxallee oTAe/IbHble NPobesibl yMeHNe MPUMEHATb
rnepeyncieHHble CBeAEHVS Npu Bbibope MeToAa peLleHns 3a4ay
06paboTku n30bpaxkeHui, aHaan3a n CMHTEe3a rnpeobpasyoLmx
cuctem. ChopMupoBaHHbIe, HO coAep)xalyme oTAe/bHbIE
rpobesibl HaBbIKU BAALAEHNS METOANKOW UCM0/1b30BaHUS
M3yYeHHOro MaTeMaTU4eCcKoro annapata A1 peLueHns 3aga4
aHasiv3a v CMHTe3a cucTtem obpaboTku N306pakeHun.
CchopmupoBaHHbIe, HO coaepKaLumne oTAe bHbIe Mpobesibl
npeAcTaB/ieHns 0 criocobax peanv3aunmy aaropuTMos 06paboTku
n3006paxKeHuyi B BUAE KOMMbIOTEPHbIX MPOrpaMmm C y4eTom
cneunuKky npesMeTHoN 0ba1acTu, 0 METOANKE aHam3a
BbIYNCINTEIbHOW CJIOXHOCTY peasin3yeMblX aJlropuTMOB.
YcneluHoe, Ho copepxallee oTAe/bHbIE MPobesibl yMeHue
MPUMEHSITL NMepevYncaeHHbIe CBeAEHNS py Bblbope KOHKPETHOMo
crocoba anropuTMUYECKON peaansaLmnm cneunpuyeckomn
06paboTKy n306paXkeHni C y4eToM pe3yibTaToB aHasam3a
aJIrOPUTMOB 110 BblIYUC/TNTENIbHON C/TOXKHOCTM.
CchopmupoBaHHbIe, HO coaepKalumne oTAebHbIe Mpobesibl
HaBbIKu paboTbl C HECKOIbKUMU AOCTYMHBIMU MHCTPYMEHTaMU,
npeAHa3HavYeHHbIMY 7151 MPaKTUYECKOV pean3aumm n3y4aemblx
mMeTon0B 06paboTKm n306paxeHni.

Ga3oBbin
YPOBEHb

XopoLuo




HenonHoe npeactasieHne 06 0CHOBHbIX METOAaxX LUnppoBoi
06paboTKu n30bparkeHni n MaTeMaTU4eCKOM annaparte 4.s
onvcaHuns n3obpaxxeHuii u NpeobpasyoLmnx cucTem. YcneLuHoe,
HO HE CUCTEMHOE YMEHUNE NPUMEHATL NePEYNCIEHHbIE CBEAEHUS
rpu Beibope MeToAa peLueHns 3agay 0bpaboTku n3obpaxeHu,
aHaiv3a v cuHTe3a npeobpasytowmx cnctem. HemosHoe
BJlafleHVe HaBbIKaMy BJlaJ€HUS METOAUKOU UCO/Ib30BaHUs
M3y4YeHHOro MaTeMaTU4yeCcKoro annapata A/1s peLueHns 3aaa4
aHanusa n cuHTesa cuctem 0bpaboTku nzobpaxeHui. HernoaHoe
npeacTaB/ieHne o crnocobax peaansaumy aaropuTMoB 0bpaboTku
n306paxxeHuyi B BUAE KOMMbIOTEPHbIX MPOrpaMmm C y4eTom
crneunguky npeameTHou 061acTu, 0 METOAUKE aHan3a
BbIYUCANTENLHOV CI0XKHOCTY Peasin3yeMblX ajropuTMoB.
YcnelHoe, HO HE CUCTEMHOE YMEHNE MPUMEHSITh
rnepevncaeHHble cBeaeHus npy Bbibope KOHKPETHOro crocoba
aJIrOPUTMUNYECKOW peann3aumm cneumpuyeckor obpaboTkm
M306paxKeHuyi C y4eToM pe3yibTaToB aHa/in3a aropuTMoB o
BbIYUCANTENLHOW CI0XKHOCTH. HenoaHoe BnageHne HaBbikamu
paboThbl C HECKOIbKUMU [AOCTYMHLIMU UHCTPYMEHTaMU,
npeaHa3HavYeHHbIMY 715 MPaKTUYECKOW peanv3aumm n3y4yaembix
mMeTo40B 06paboTKu N306paKeHNI.

lMoporoBbivi
YpoBeHb

Ynosnetsopu-tesibHO

®parMeHTapHbIe 3HaHWSI NN OTCYTCTBUE 3HAHUM.
®parMeHTapHble YMEHUS U OTCYTCTBUE YMEHW.
®parMeHTapHble HaBbIKW UN OTCYTCTBUE HaBbIKOB.

HeynosnetBopu-TesibHO




