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PABOYAS NMPOrPAMMA YYEBEHON AUCLLUMJINHDI
51.B.[1B.02.02 O6paboTka n3obpaxxeHun
1. Kog 1 HauMeHOBaHMe HanpaBJieHUA NOAroTOBKU/CNeLuasibHOCTHU:
09.04.02 NHdopMaLMOHHbIE CUCTEMbI U TEXHOJIOT UK
2. Mpocdunb noaroToBKK/cneynannsaLma:
NHdopMauoHHbIe TEXHONIOMUN 1 KOMMbIOTEPHbIE HAYKN A5 LUDPOBON SIKOHOMUKN
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-meToau4eckmum cosetoM ®KH, npotokon HMC ®KH Ne 5 o1 05.03.2024
8. Y4yeOHbIN ron;:
2025-2026
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:

ancumnnnuHa 6noka no BbIbopy BapMaTMBHOM YacTK MarncTepckon nporpammel (61.B.[1B); BXoAHbIE
3HaHMA B 06beme 6a30BbIX KYpCOB Mo nporpaMMmam oby4eHus ctyneHn bakanaspuata B 0bnacTu
MaTeMaTUYeCKOro aHann3a, TeOpUN BEPOATHOCTEN N MaTEMATUYECKON CTaTUCTUKIN, MaTEMATUYECKOW
NOFVKW 1 TEOPUM aNrOPUTMOB; YMEHME NPOrPaMMNPOBaTb Ha S3blKe BbICOKOr0 YPOBHS, BlafeHne 04HON

N3 NHTErpupPOBaHHbIX cpel Pa3paboTKy MNPUSIOXKEHWNNA.

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:



Kopf » Ha3BaHue
KOMNeTeHLnn

MK-2 CriocobeH co3naBaTh U
nccnenoBaTbh HOBbIE
MaTeEMaTUYeCKne Moaenn B
€CTEeCTBEHHbIX HayKax,
MPOMbILLIEHHOCTM 1
Bbu3Hece, C y4eTom
BO3MOXXHOCTEN
COBPEMEHHbIX
NHOPMALMOHHbIX
TEXHONOr I,
NPOrpamMMmnpPOBaHNS 1
KOMMbIOTEPHON TEXHUKY

MNK-2 CnocobeH co3naBaTb U
nccnenoBaTb HOBblE
MaTeMaTUyYeckne Mogenu B
€CTEeCTBEHHbIX HayKax,
MPOMbILLEHHOCTM 1
6u3Hece, C y4eTom
BO3MOXXHOCTEN
COBPEMEHHbIX
NHMOPMaLMOHHbIX
TEXHONOr N,
NpPOrpamMMmnpPoOBaHnNS 1
KOMMbIOTEPHON TEXHUKM

Kog v Ha3BaHWe nHaukKaTopa
KoMneTeHunn

MK-2.1 3HaeT 0CHOBHbIE
MeTOAbl MPOEKTUPOBAHMNSA 1
NpoVn3BOACTBA MPOrPaMMHOro
NPOAYKTa, NPUHLNMbI
NOCTPOEHNS, CTPYKTYPbI U
npvemsl paboTbl C
NHCTPYMEHTAIbHbIMM
cpencTBamu,
NoALep>XMBaloLWUMK CO34aHne
NPOrpaMMHbIX NPOLYKTOB U
NPOrpaMMHbIX KOMMIEKCOB, NX
COMPOBOXAEHNS,
aZAMUHUCTPMPOBAHNSA

MK-2.2 YMeeT Ucnosib30BaTh
MeTO/bl MPOEKTUPOBAHNS 1
Npon3BOACTBa MPOrPaMMHOro
NPOAYKTa, NPUHLNMbI
NMOCTPOEHNA, CTPYKTYpPbI 1
npvemsl paboTbl C
WHCTPYMEHTabHbIMU
cpeacTeamu,

noaaep XmeatLLnuMmn cosgaHme
NPOrpaMMHOro NpoaykKTa

3HaHuWS, YMEHUS, HaBbIKK

3HaThb: NPUHLUMUMNbI MOAENNPOBAHUS
npubopoB perncTpaLumn LndpoBbIX
n306pa>kKeHnin; OCHOBHbIE METObI
undpoBot 06paboTkM n30bpakeHun
N MaTeMaTM4YeCcKun annapaT Ans
onmncaHmns n3obpakeHun un
npeobpa3yLumx CUCTeM; cnocobbl
peanu3auun anroputMoB 0bpaboTku
n3obpaxxeHnin B BUAE
KOMMbIOTEPHbIX MPOrpPaMM C Yy4eTOM
crneundurkn NnpeamMeTHo obnacTu,
MeTOAUKY aHasin3a BblYUCNTENLHON
CNOXXHOCTW peannsyemblx
anropuTMoB

yMeTb: MPUMEHATbL MOAENN
npeobpa3oBaHWin AUCKpeTM3aLmuu,
KBaHTOBAHUS, a TakxXe
KONOPUMETPUN B CUCTEMAX
06paboTkn n306pakeHnin; NPUMeHATb
nepeYncieHHble CBeAEHNS Mpu
BbibOpe MeTona pelleHmns 3aaad
06paboTkn n30bpakeHnin, aHannsa u
CUMHTEe3a npeobpasyiolmx CUCTEM;

yMeTb: NPUMEHATb NONYyYEHHbIE
3HaHMA Npu BbIbOpe KOHKPETHOrO
crnocoba anropuTMmUYecKon
peanusauuun cneymnpuyeckomn
06paboTKM n30bparkeHnin ¢ y4eTom
pe3y/ibTaTOB aHasiM3a aaropuTMoB Mo
BbIYUCINTENBHOWN CNOXHOCTK



Kopf » Ha3BaHue
KOMNeTeHLnn

Kog v Ha3BaHWe nHaukKaTopa
KoMneTeHunn

MNK-3 CnocobeH
NCNoJsib30BaTh
COBPEMEHHbIE METOApbI
pa3paboTkm 1 peanmsaymm
KOHKPETHbIX a/rOpUTMOB
MaTeMaTU4YeCckux Mmoaenen
Ha 6a3e A3bIKOB
NPOrpaMMUPOBaAHUS 1
NMaKeToB MNPUKIAAHbIX
NporpamMmm MoAenpoBaHNS.

MK-3.1 Bnapgeet
COBPEMEHHbIMY MeToAaMM
pa3paboTku 1 peannsauum
aNropuTMOB MaTEMATUYECKUX
Mopmenen Ha 6a3e S3bIKOB 1
NakeToB MPUKIAAHbIX
nporpamMmm MoaennpoBaHNS

12. O6bemM gMCUMNIMHBI B 3a4€THbIX eAUHMLaxX/4yac:
3/108

dopMa NPOMEe)XYTOYHOU aTTecTalum:

3a4eT C OueHKoN

13. TpypoeMKOCTb N0 Bupam y4yebHon paboTbl

Bunpg y4yebHon paboThl

AyLNTOPHbIE 3aHATUSA
JIEKLMOHHbIE 3aHATMA
MpakKTnyeckune 3aHATUA
NabopaTopHble 3aHATKA

CamocTodaTenbHasa paboTa
KypcoBas paboTa

MpomeXxyTo4YHaa aTTecTaums
Yacbl Ha KOHTPOJb

Bcero

13.1. Copep>XaHue AUCLUMJINHBLI

3HaHuWS, YMEHUS, HaBbIKK

B/NageTb (MMeTb HaBbIK(M)):
METOAMKON NCMOJIb30BaAHUS
MaTeMaTU4ecKoro annapaTa
onuCaHUsi onepaunii ANCKpeTn3aLmm,
KBaHTOBAHNSA U
LiIBETOBOCMNPON3BEAEHNSA B
pa3paboTke npouenyp 0bpaboTkn
n306pa>xKeHnin; MeTogNKOM
NCNONb30BaHNA N3YYEHHOI 0
MaTeMaTU4YecKoro annapaTta Ans
peleHns 3agay aHaansa u cuHTesa
cmctem 06paboTkn n30bparkeHuii;
HaBblKaMy paboTbl C HECKObKMMMU
AOCTYMHbLIMW UHCTPYMEHTaMMU,
npefHa3Ha4YeHHbIMN Ans
NPaKTUYeCKOon peanmsauum
n3y4aembix MeTofoB 06paboTku
n3o6pakeHui

CemecTp 4 Bcero
24 24
12 12
0
12 12
84 84
0
0 0
0
108 108



n/n

5

HaumeHoBaHwue pa3gena
OUCLUUNANHBI

Knaccugmkaums MeToLoB,
ANrOPUTMOB U CUCTEM
06paboTKn n306parkeHni.

MaTeMaTnyeckas Moaesb
HenpepbIBHOr0 n306paxeHusl.

MaTemaTnyeckoe onuncaHue
cuctem npeobpasoBaHms
HenpepbIBHbLIX N306parkeHuni.

Mopenn 3p|/|Tean0|7| CNCTEMBI
HeJsioBeKa.

OCHOBbI KOJIOPUMETPUN

CofepxxaHve pasfena AuCLUnnanHLI

Moaoxonbl K Klaccugrkaumm MeToLos,
aNropuTMOB 1 CUCTEM LMPOBOIA
06paboTkn n3o0bparkeHnin. dTansl
06paboTKM n306parkeHnin CUCTEMON
TeXHNYEeCKOro 3peHns: BBoa MHGopMauuu,
npenBapuTenbHas 0bpaboTka,
CerMeHTauus, onucaHune, pacno3HaBaHue.

MaTemaTunyeckuin annapaT 4S8 ONUcaHus
HenpepbIBHbLIX N300paXkeHni.
MpoCTpaHCTBEHHbIE YacTOThl. [1IByMepHoe
npeobpaszoBaHne ®ypbe. [IByMepHas
yHKUMs [upaka n ee
AnddepeHumpoBaHume.

MaTemaTunyeckoe onvcaHne cCMcTem ans
npeobpa3oBaHns HEMpepbIBHbIX
n306pakeHnin. JInHenHble 1
NPOCTPaHCTBEHHO-MHBAPUAHTHbIE
cucTembl. FoMOMOpHbIE PUNBLTPLI.

CybbeKkTMBHbIE XapaKTEPUCTUKN
oLLyllleHns cBeTa, Moaennpyemble
0COBEHHOCTW 3pUTENBHON CUCTEMbI (BUAbI
peLLenTopoB 1 UX YYBCTBUTENbHOCTb,
ONTWKa rna3a, MexaHu3M faTepasibHoro
TOPMOXXEHUS, BpEMEHHas peakLus).
Jlorapupmmyeckas n paclumpeHHas
MofJenv O4HOLBETHOro 3peHns. Mogenu
LLBETOBOI0 3peHus.

AKCVMOMbI ypaBHUBaAHWSA LBETOB, LIBETOBOE
NPOCTPaHCTBO, KOOPAUHATLI LiBETA U
LLBETHOCTU, TPEYronbHUK Makceenna,
npeobpa3oBaHMa KOOPAMHAT LiBeTa.
CTaHpapTM3aumsa CMCTeM KOOpPAUHAT
LiBETa: MOCTPOEHMNE KOJIOPUMETPUYECKON
cucTembl. inarpamMma LBETHOCTU U NOKYC.
Bbibop OCHOBHbIX LIBETOB
KOJIOPUMETPUYECKON CUCTEMBI 1 B
KOHCTPYKLMW LIBETOBOCNPON3BOAALLENO
YyCTPONCTBA.

Peanunsauyus
pasfena
AVNCLUMNANHBI C
MOMOLLbIO
OHNalnH-Kypca,
JYMK

ONCTaHUNOHHOE
YTeHne nekumn,
KOHCMEKT-

anemeT "KHura"

ONCTAHLUMNOHHOE
YTeHne nekumn,
KOHCMEKT-

anemeT "KHura"

ANCTaHLNOHHOE
YTEeHWe nekumn,
KOHCMEKT-

anemeT "KHura"

ONCTaHLMNOHHOE
YyTeHue nekuun,
KOHCMEKT-

anemeT "KHura"

ONCTaHLUNOHHOE
YTeHne nekumn,
KOHCMEKT-

anemeT "KHura"



n/m HaumeHoBaHMWe pa3nena
OUCLUUNANHBI

6 AnckpeTtunsaums n
BOCCTaHOBJIEHNE
N306parkeHni.

7 KBaHTOBaHMe n306pa>keHuni.

8 JInHenHas umdposas
obpaboTka n3obparkeHuin.

9 PekypcuBHasa puibTpauums.

CofepxxaHve pasfena AuCLUnnanHLI

MaTemMaTnyeckoe onncaHne naeasbHom
ANCKpeTM3aumm n BoCCTaHoBeHNs 6e3
noTepb, MaTeMaTMYeCKNe MOLENN
peanbHbIX CNCTEMbI OUCKPETU3aLNN
(MogenupoBaHMe NCKaXKeHNn n3-3a
KOHEYHbIX Pa3MepoB ANCKPETM3IMPYIOLLEN
PELLETKM, N3-3a KOHEYHOW LLUNPUHBI
ANCKPETM3MPYIOLWEro MMnyJbca, n3-3a
HeQOoCTaTOYHOM YacTOThl ANCKPETM3aLnN).

igeanbHbIN N paBHOMEPHbINA
KBaHTOBaTE/lb, KBAaHTOBATENb CO CXKAaTUEM,
KBaHTOBaHME LIBETHbIX N300paXkeHun,
pekomeHaaumm no undgposoi obpaboTke
KBAaHTOBaAHHbIX N306pa>keHunI.

O606LLEeHHbIN NMMHENHBIN onepaTop,
pa3fennMocTb npeobpasosaHusa. OnepaTop
cynepno3uumm. OnepaTop CBEPTKMN.
YHuTapHble npeobpa3oBaHus: 0606LeHHbI
ornepaTop, pa3fennmMocTb a4pa,
ANCKpeTHoe npeobpa3oBaHue dypbe AN
(cBoncTBa, YMEHbLUAKOLWWME CIOXKHOCTb
a/IrOPUTMOB, pacyeT CBEPTKU C
ncnonb3oBaHuem OMNP),

MaTemaTnyeckuin annapaT 4S9 ONucaHms
PEeKYPCMBHbIX (PUNbLTPOB (z-
npeobpa3oBaHme U cucTeMHasa QPyHKLMSA),
yCN0BUSA X U3MYECKON peannsyeMmocTm n
yCTOMYMBOCTU, MOCTAHOBKa 3a4a4u
CuMHTe3a. CpaBHEHMEe aNropuTMoB Mo
CNOXXHOCTW C paHee pPacCMOTPEHHbLIMU.
0cobeHHOCTN peanm3aunn pekypCcrMBHbIX
hunbTpoB Ana 06paboTKM n30bparkeHni:
GunbTp 1-ro pona, metonbl
CMMMeTpU3aLUnN GyHKLMN paccesHns
TOYKMN.

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",
KOHTPO/b -
3/1EMEHT
"3amaHne"

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



n/n  HaumeHoBaHMWe pa3gena CofepxxaHve pasfena AuCLUnnanHLI Peanusauus

AUCUUNANHBI pa3fena
LUCUUNINHBI C
NoMoLLbI0
OHNalnH-Kypca,
JYMK

10 MeToLbl CHMXXEHUSA YPOBHSA 0630p METOLOB CHMXXEHUS YPOBHSA LLYMOB -
LLIYMOB 1 MOMeX Ha 1 NoMex Ha n3obpaxkeHuu:
n3obpaxkeHuu. HWU3KOYaCTOTHasA JIMHenHaa unbTpaums,

HeNMHeNnHoe NoaaBieHne MMMYJbCHbIX
nomex (B 4aCTHOCTW, MeAMnaHHasn
UNbTPaLMS), anropuTMbl YCTPAHEHUS
noMex Ha 2-rpafalNoHHbIX N306paXkeHusiX,
nofaBneHne MyNibTUMIMKATUBHBIX NMOMEX,
BUHEPOBCKast UNbTPALUSA LYMOB C
3alaHHbIMUN CMEKTPabHLIMU

XapakTepucTuKkamu.
11  YnydweHwue KavecTBa 0630p MeTOO0B yJyYLIEHNS -
n306pakeHni. (cybbekTMBHOr0) KavyecTBa n306parkeHui:

N3MEHeHNe KOHTpacTa, NoAYyepKmBaHme
rpaHuL, npeobpasoBaHue cnekTpa,
BbIPABHWBAHWE TMCTOrPaMMm
(aHanuTUYeckoe nNpubavxeHne n
LMDPOBLIE METObI, JIOKaIbHOE
FMCTOrPaMMHOE BbipaBHUBaHNE).

12 PecTaBpauus n3obpa>keHui. lNocTaHOBKa 3a4a4n pecTaBpaummn -
n306paxxeHnin: MogenmpoBaHme
NCKaXXeHnn (Moaenn n3obparkatoLimx
cucTeMm, undgpoBbix NpeobpasoBaTenen n
LLYMOB Ha n306pa)keHnmn) n cnocobel
obpalleHns nckakatowmx
npeobpa3oBaHuin. MeTod BUHEPOBCKOIO
OLIeHMBaHMNSA B MPUMEHEHUN K pecTaBpaumm
n306pa>keHni.

13 KOHTYpHbI/ aHanus. STanbl KOHTYPHOr0 aHan3a B 3afaye -
cermeHTauum nsobpaxxeHun: ob3op
METOA0B KOHTPaCcTUPOBaHUSA nepenanos
(anddepeHumpoBaHme n3obpaxxeHnsa u
Ap.), MeToAbl MOCTPOEHNS KOHTYpa
(coeonHeHme ToYek nepenaga, aJirOPUTMbI
NpPOC/IeXMBaHNS KOHTYPOB, r1obanbHbI
aHann3 MeTogamu Teopun rpados, METOAbI
annpoKCMMaLUN KOHTYPHbIX KPUBbIX, B
4acTHoCTU, Npeobpa3zoBaHme Xoyra

(Xagpa)).



n/n

14

15

16

HaumeHoBaHwue pa3gena
OUCLUUNANHBI

lNMoporosas cerMmeHTaums

061aCTHO-0PUEHTUPOBAHHASA
CcerMeHTauus.

MapannenbHo-peKypCrBHbIE
MeTonbl 06paboTKy
n306pakeHni.

CofepxxaHve pasfena AuCLUnnanHLI

0630p MeTO10B NMOPOroBOM CErMeHTaLMK
n306pa)keHnin: onpeaeneHne nopora no
rMCcTorpamme, aaropuTMel C BbIGOpoM
AVMHaMU4YecKoro nopora, Bbibop nopora
MEeTOLOM TEOPUMN NPUHATUSA PELLEHWN,
cerMeHTaumsa ¢ gudepeHLnpoBaHmemM,
MHOroMepHas Nnoporoeas cerMeHTaLus.

0630p MmeTomoB 0bnacTHo-
OPWEHTUPOBAHHONM CEerMeHTaLun:
anropuTMbl paclumpeHns obnactu
ANropuUTMbl pa3dbueHns n obbegnHeHus
obnacten.

MpUHLMNbLI NOCTPOEHUS NapaanenbHo-
PEKYPCUBHBIX (OSIbTPOB C KOHEYHON
MMMYJIbCHON XapakTepucTukon. O63op
3afay n3 0bnacTn NpMMeHeHns
napannenbHO-peKYPCUBHbLIX METOLOB.

13.2. Tembl (pa3pensl) AUCLUNANHBI U BUObI 3QHATUHA

Ne
n/n

HanmeHoBaHue TeMmbl (pa3gena)

Knaccudukaums MeToL0B, aAropuTMoB 1
cuctem 06paboTkm n3obpaxeHmn.

MaTemaTnyeckas MoLeNb HEMPEepPLIBHOO
n3obpaxeHus.

MaTemMaTU4eckoe onvcaHne CUCTEM
npeobpa3oBaHUs HEMPEPbIBHbIX
1n306paKeHUiA.

Moaenu 3puTesibHON CUCTEMBI Ye10BEKa.
OCHOBbI KOJIOPUMETPUN.

[UcKpeTn3aums u BOCCTaHOBIEHNE
n3006paKeHWiA.

KBaHTOBaHWe n306pa>keHuii.

JNunenHas undposas obpaboTka

n3o6paxxeHui. PekypcreHas unbTpaums.

NekumnoHHble  lpakTunyeckne JlabopaTopHble
3aHATUA 3aHATUA 3aHATUA

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

ONCTaHUNOHHOE
YTeHne nekumn,
KOHCMeKT-
anemeT "KHura",
KOHTPOJIb -
3/IEMEHT
"3amaHne"

CamocToaTenbHass Bcero

paboTa

7 9

7 9

7 9

7 9

7 9

7 9

7 9

7 9

Peanunsauyus
pasfena
AVNCLUMNANHBI C
MOMOLLbIO
OHNalnH-Kypca,
JYMK



No HanmeHoBaHue TeMbl (pa3gena) JNlekumoHHble  MpakTudeckne JlabopaTopHble CamocTosATesnbHast Bcero

n/n 3aHATUA 3aHATUA 3aHATUA paboTa

9 MeTonbl CHUXKEHMA YPOBHSA LWWYMOB 1 nomex 1 1 7 9
Ha n30bpaxxeHun. YnydeHne KayecTsa
n3obpakeHunn.

10  PecTaBpaums nsobpakeHunin. KOHTYpHbIN 1 1 7 9
aHanms.

11  Moporoeas cermeHTauns. ObnactHo- 1 1 7 9

OpneHTUpoOBaHHaaA cerMmeHTauuns.

12 [MapannenbHo-peKypCUBHbIE METOAbI 1 1 7 9
06paboTkn n3obpakeHunin.

12 0 12 84 108

14. MeToaunyeckue yKasaHusa ansa oby4yaloLwmxca no OCBOEHUIO AUCLUMJIUHBI

Mpu ncnosib30BaHUM AUCTAHLUOHHDbIX 06pa303aTeanblx TEXHOJIOrMA 1 3/1IEKTPOHHOI O 06y‘-IeHI/I$I
BbIMOJIHATL BCE YKa3aHWNA npenonaBaTeneVl, BOBpeMA NoAKAKYaTbCA K online 3aHATMAM, OTBETCTBEHHO
noaxoAmnTb K 3af@aHNSaM 015 CaMOCTOATENbHOM pa6OTbI.

BHeayauTOpHaa camocTtoaTenbHaa paboTta CTyeHTOB BK/OYaeT nNpopaboTKy MaTepnanos nexkumin,
N3y4YeHne peKoOMeH0BaHHOW NNTepaTypbl, MOATOTOBKY K KOHTPOJbHbLIM paboTaM, NOArOTOBKY K
nabopaTopHbiM paboTam 1 MX 3aliMTaM, NOArOTOBKY K YCTHOMY ONpPOCY W 3K3aMeHy. B Y4ebHOM nnaHe Ha
MOArOTOBKY K 3K3aMeHy U3 06Llen TPyLOEMKOCTN CaMOCTOATENbHON paboThl BbiAeneHo 36 4acos.

CaMmocTosATeNnbHasA paboTa B ayAUTOPUM BbINOJHAETCA NOJ HEMOCPEACTBEHHbIM PYKOBOLCTBOM
npenoaasaTtens. N5 nosbieHNs 3PHEKTUBHOCTA PYKOBOLCTBA NPU NpoBeaeHUN 1abopaTopHbIX
3aHATWIA, NpU3BaHHbIX 06ecneynTb BbIBOPOYHOE UCMOb30BaHME NEKLMOHHOrO MaTepmana ans bonee
rny6oKoro n3y4YeHus oTAebHbIX MeTO0B 06paboTKM N306parKeHNA NpK peLIEeHN COOTBETCTBYOLWNX
NpakTUYeCcKUx 3afay, HeobX0ANMO CChbiaTbCA Ha MaTepuranbl NeKLUiA, MOKa3biBasi MECTO pellaeMbIX
3afay B 06LLEM MNaHe N3N0XKeHUs. MpUMepHbIN NepevyeHb 3aAay C PEKOMEHAALMUAMU OTHOCUTENbHO
copep>xaHust N1abopaTopHOro 3aHATUS NPUBOANTCS HUXKE.

e Bbibop MHCTPYMeHTapus 4S9 NpakTUYeCKOM peannsaumm pacCMaTpUBaeMbIX Aajiee MeTo40B
umnposo 06paboTku n3obpakeHnin. MPUMEHNTL B peannsauny NpUIoKEHNIN peKoMeHgaumnum no
uncpposon 06paboTke KBaHTOBaHHbLIX N3006paXkeHNin. N3y4nTb 0COBEHHOCTN BHYTPEHHENO
npeacTaBsieHNs 300paXkeHnin NCNosb3yeMblM Aasiee MHCTPpYMeHTapueM. Peanu3auns mogenen
aAOUTWBHOMO rayCCOBCKOrO LWyMa U MMMYIbCHOM MOMEXMN.

e 3anavya Ne 1. PazpaboTka NpusIoXKeHUs, peannsytowero MeTon AMHENHON HU3KOYaCTOTHON
bunbTpaunn agaANTUBHOIO WYyMa Ha n3obparkeHun. N3y4nTb LngpoBon onepaTop CBEPTKY 1
MCNONb30BaTh €ro B KayecTse Moaenv puibTpa. BeipaboTaTb pekomeHgaumm no Beibopy nosocsl
nNponycKaHmsa unbTpa B 3aBUCUMOCTM OT MHTEHCMBHOCTY LWyMa U NPOLEMOHCTPUPOBATL MX
CnpaBensiMBoOCTb.

e 3apada Ne 2. Peanunsaumsa MeTofa peKypCMBHON HU3KOYACTOTHON huabTpauny nobpaxxeHums ¢
LeJIbl0 CHUXKEHNS YPOBHSA aganTUBHOrO Wwyma. N3y4nTb ocobeHHocTu hmnnbTpa 1-ro poga u
MCNONb30BaTh €r0 B peannsaumm metona. BoibpaTb KONMYECTBEHHbI KPUTEPUIA OLLEHKW KaYeCTBa
06paboTKky (Hanpumep, MakCMMasibHOE UK CpeHEKBaAPaTUYECKOE OTKIIOHEHNE 3/IEMEHTOB
0bpaboTaHHOro n3obpakeHns oT NCXOAHOr0, CBOBOAHOr0 OT LWyMa) 1 Mo pe3ynbTaTaM
3KCnepuMeHTa BbipaboTaTb pekoMeHaumnmn no BeIbopy Mexxay peKypCuBHbIM N HEPEKYPCUBHbIM
bunbTpaMn B 3aBMCUMOCTY OT XapaKTEPUCTUK LyMa 1 n306pakeHns.

e 3agavya Ne 3. PeannsoBaTb MoAenb MeanaHHOro puabTpa n3obparkeHns 4na ycrpaHeHus
MMMYbCHBIX MOMeX. [PUMEHNTb B peann3aumnm aaroputm Xoopa nomcka MeaunaHol.



MpoLeMOHCTPMPOBATL BO3MOXHOCTM METOAA NPU pa3siMyHbIX hopMax anepTypbl huibTpa u
WHTEHCUBHOCTU MOMEX.

3apada Ne 4. [leMoHCTpaumna MeToa yaydlleHns kavyecTsa n3obpakeHna nog4yepknBaHnem
rpaHuu. icnonb3oBaTbh MoAe/ b HEPEKYPCUBHOMO JIMHENHOrO (PUbTPa BEPXHUX YacToT.
Peann3oBaTb BO3MOXHOCTb Bbibopa 13 Habopa hmMnbTPOB C pasnnyaloWwMMNCs 4YacToTamm cpesa.
3afnayva Ne 5. Peann3oBatb Mogenn gndhepeHunaTopoB n3obpaxxeHnsa C Lesiblo KOHTPacTUPOBaHUS
nepenagoB 1 MNOArOTOBKW KOHTYPHOrO npenapaTa. 4 pacyeTa Noaa Moayaa rpagneHTa
ncnosib3oBaTh onepatopbl Cobens. B peann3saumm onepaTopa Jlannaca ncnosb3oBaTthb
pa3paboTaHHYO MoLeNb TMHENHOrO PUIbTPa.

3anayva Ne 6. Peann3oBaTb NpunoxeHne A pacyeTa npeobpasoaHna Xoyra nsobpakeHus (Metos
"CTArMBaHMA NpsAMbIX B TO4KK"). MoCcTpounTb n30bpakeHne NaoCKOCTM NapaMeTpoB 1
NPOAEMOHCTPMPOBaTL OOHapyXXeHMe NPAMbIX YH4aCTKOB KOHTYpa Ha MCXOLHOM 1306pakeHun.
3apada Ne 7. PazpaboTka npunoxxeHna gasa rnobasbHOro KOHTYPHOro aHanmnsa nsobpaxeHus
MeTodaMu Teopumn rpadoBs. N3y4nTb npasuia NoCTPOEHMA UCXOLHOrO rpada no aHaansnpyemomy
N306paXKeHnto: COOTBETCTBUE BEPLUMH d/1IEMEHTAM KOHTYpa, NOCTPOEHME AYyr U UX CTOUMOCTb. 114
pelweHns popMann3oBaHHOM 3aa4ym NOMUCKA NYyTU HauMeHbLUIen CTOMMOCTU UCMOJIb30BaTb
anropntm A*, MpoaemMoHCTpMpoBaTh paboTy anropMTMa nNpu UCMNosb30BaHNN Pa3NYHbIX 3BPUCTUK
C Luenbio coKpalleHns obbeMa Noncka, a Takxxe B pa3/InyHbIX YCI0BMAX (0COBEHHOCTK
N306paXKeHns, NHTEHCUBHOCTb aAAUTUBHOMO LWyMa Y UMMYbCHbLIX MOMEX).

15. Mepe4yeHb OCHOBHOMW M AOMNOJIHUTENILHOW NIUTEPATYPbl, PECYPCOB MHTEPHET, HE0OXO04UMbIX
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 TEXHNYECKUNA
yHuBepcuTeT. - HoBocnbupck : HoBOCMBUPCKUIA rOCYy apCTBEHHbIN 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 nsobpakeHuin ¢ nomoulbto OpenCV / b. I'. Tnopusg, [. C. Ockap, J1. 3. Xoce, C. T.
Ncmasnb. — Mocksa : OMK lMpecc, 2016. — 210 ¢. — ISBN 978-5-97060-387-1. — TekcT :
3NEKTPOHHbIN // JTaHb : 3NeKTpoHHO-6nbnmnoTeyHas cuctema. — URL:
https://e.lanbook.com/book/90116

B) MH(OPMaLIMOHHbIE 3/1eKTPOHHO-06pa30BaTE/bHbIE PECYPCHI:



Ne n/n NCTOYHUK
1 http://www.lib.vsu.ru 3Hb BI'Y

2 https://edu.vsu.ru Obpa3oBaTefbHbIN NOpTaa "INEKTPOHHbIA YHUBEpCMTET BIY"

16. MepevyeHb yuebHO-MeTOAMYECKOr0 obecneyeHns pna caMocToAaTeNbHOU paboThl

Ne n/m NICTOYHMK

1 PekomeH[0BaHHas NporpaMMon autepaTypa.

2 KoHCNeKTbl NeKLnn.

3 DNeKTPOHHOE MeToAnYeckoe nocobue (B hopMe aBTOMATU3NPOBAHHOW 00yYatoLLLEN CUCTEMBI).
4 OdumumanbHbin cant GubnnoTekn KomnbloTepHOro 3peHus OpenCV: http://opencv.org/

17. ObpasoBaTesibHble TeXHOJIOTMM, UCNOJIb3yeMble NPU peaniusauum yiebHON AUCLUNIUHDI,
BKJIlOYaA AMCTAHUMOHHbIEe obpa3oBaTesbHble TexHonorum (JOT), anekTpoHHoe oby4yeHue (30),
CcMeluaHHoe oby4yeHue):

B KayecTBe MHTErpmpoBaHHOW cpelbl pa3paboTku npu nposeneHnn nabopaTopHbix paboT cTyneHTam
PEKOMEHAYETCS NCMO0JIb30BaHNe YCTAaHOBIEHHOIO B KOMMbLIOTEPHbIX KNacCax daKybTeTa KOMMbIOTEPHbIX
HayK JINLEH3NOHHOr0 nporpammHoro obecneyenns Microsoft Visual Studio n 6ubnnoTekn KOMMbIOTEPHOIO
3peHuns C OTKPbITbIM NCXOAHbIM KogoM OpenCV.

BHeayauTopHasa camocTosTenbHasa paboTa, Kak NpaBwao, NpeanonaraeT UCNOJb30BaHME CTyLeHTaMu
cpenbl pa3paboTku Microsoft Visual Studio, oduumanbHaa npouenypa YCTaHOBKU KOTOPOM Ha
COBCTBEHHbLIE KOMMbIOTEPbI CTYAEHTOB obecnevyeHa haKybTETOM KOMMbIOTEPHbIX HayK. O6aeryeHHbIN
BapWaHT YCTAHOBKN MWHUMaNbHO Heobxoammon KoHpurypauum bubnmnotekn OpenCV npennonaraet
NpoCTOe KOMUpOBaHMe onpeaeseHHoro Habopa pannoB Ha COBCTBEHHbLIM KOMMbIOTEP CTYAEHTa.
dNeKTpoOHHOe MeToan4Yeckoe nocobme cBoboaHO pa3BOpayMBaeTCs Ha AOMALLHEM KOMMblOTeEpe, He
Tpebys cneumansHOM Npouenypbl yCTaHOBKM.

Mpn peanuzauynm OUCUNMIAUHBI MOFYT WCMOJIb30BATbCSH TEXHOOIMUU 3JIEKTPOHHOro obyvyeHnsa u
ONCTaHUMOHHbIe obpa3oBaTesibHble TeXHONIOrUK Ha 6a3e nopTana edu.vsu.ru, a TakXxe gpyrue LoCTynHble
pecypcbl ceTn NHTepHeT.

18. MaTepuanbHO-TEXHUYECKOe obecneyeHne AUCLUNIIUHDI:

KOMMbIOTEPHbIE KNACChl (haKynbTeTa KOMMbIOTEPHbIX HayK, NMLEH3MOHHOE NporpaMMHoe obecnevyeHne
Microsoft Visual Studio, 6ubnnoTeka KOMMNbIOTEPHOIO 3PEHNS C OTKPbLITBIM UCXOAHBIM KogoM OpenCV
(Open Source Computer Vision Library), anekTpoHHoe MeToaudeckoe nocobmue (AOC) cobcTBEHHON
pa3paboTku.

19. OueHoYHble CpeacTBa AJA NPOBeAeHUA TeKyLL el U NPOMEeXYTO4YHON aTTecTauum

MopsiloK OLEHKN 0CBOEHMS 0byyvatoLmMmncs y4ebHoro MmaTepmana onpeaenseTcs Coaep XxaHnem
cnepyoLWmx pa3aenos ANCUUNNHGI:



Ne Pazgenbl AUCUUNANHLI (MOLaYIN) Kopg Kon OueHoYHble

n/n KOMMeTeHUMn  MHAMKaTOpa  CpencTBa A4ss
TekyLen
aTTecTaummu

1 Pasgensl 1-3, 5, 8, 9 Knaccudukauymsa MK-2 NnK-2.1 KomnnekT

MeTOoA0B, alrOPUTMOB 1 CUCTEM 06paboTKK 3afa4 Nel,2
n3obpaxxeHun. MatemaTnyeckasa Moaesb KoHTponbHas
HenpepbIBHOrO 1306pakeHuns. paboTa Nel

MaTeMaTnyeckoe onuncaHne CUCTEM
npeobpa3oBaHUS HEMPEPLIBHbIX
n3obpaxeHuin. OCHOBbI KOJIOPUMETPUMN.
JInHenHas umdposas obpaboTka
n3obpaxeHun. PekypcmeHaa uabTpaums.

2 Paspensl 4, 6, 7, 10, 11 MeToAbl CHUXEHNUSA MK-2 MK-2.2 KomnnekT
YPOBHSA LUYMOB U NMOMeX Ha n3obpakeHunu. 3a4a4 Ne3,4
Yny4yweHune KayecTBa n3obpaxxeHui.

MoLenu 3puTesibHOM CUCTeMbl YeNoBeKa.
OnckpeTu3saumns 1 BOCCTaHOBNEHME
n3o06paxkeHnin. KeaHToBaHme n3obpaxeHu.

3 Pa3goensl 12-16 PecTaBpauus MK-3 MK-3.1 KomnnekT
n3obpaxxeHun. KOHTYpHbLIN aHanus. 3a4a4 Ne5-7
Moporosas cermeHTauns. ObnacTHo-

OPVEHTUPOBaHHas cerMeHTauums.
MapannenbHO-peKypCrBHbLIE METOAbI
06paboTkn n3o0bparkeHui.

MpomexyToYHasa aTTecTaums

dopMa KOHTPOJIA - 3a4€T C OLEHKOM

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 3apmaHusa - 1 6ann

1. CnekTp cBepTKM N306parkeHni

1. He NPEBOCXOAMT NPOV3BELEHNE NX CNIEKTPOB.
2. paBeH NpPou3BedeHNI0 NX CMEKTPOB.
3. paBeH B3BELUEHHOW CyMMe MX CNeKTPOB.

2. CnekTp aBTOKOPPENSAUNOHHON DyHKLMK n30bpaxkeHns (2 BapmaHTa)

1. paBeH KBaapaTy crnekTpa n3obpakeHus.
2. paBeH Y[BOEHHOMY CNEeKTPY M30bparkeHus.
3. Ha3blBaeTCS SHEPTeTUYECKNM CMEKTPOM.

3. CBepTKa NCNoNb3yeTCa ona peaansadun...

1. cnekTpanbHom 06paboTky n30bparkeHui.

2. NINHENHOW NPOCTPAHCTBEHHO-UHBapMaHTHoM 0bpaboTkn n3obpakeHnn.
3. HenunHenHon 06paboTky n30bparkeHni.

4. NNHENHOW unbTpauumn n3obpaKeHnn.

4. CxaTue n3obparkeHns npu macliTabuposaHuu...

1. He BAUSIET Ha €ro CNeKTP NPOCTPAHCTBEHHbIX YacToT.

2. NMPUBOAUT K COOTBETCTBYIOLLEMY CY)KEHUIO CNEKTPA.

3. MPUBOAUT K PaCLUMPEHMNIO CMEKTPA.

4. NpuBOAUT K Habery a3bl YHaCTOTHbLIX COCTABAOLLMX CMEKTPA.

5. MNpeobpa3zoBaHue casura n3obpaxxeHus...

1. He BAVSET Ha €ro CNeKTP MNPOCTPAHCTBEHHbIX YacTOT.

2. NPVBOAWT K COOTBETCTBYIOLLEMY CY)KEHMIO CNEeKTpa.

3. NPVBOAWT K PaCLLUMPEHMIO CNEKTPA NPOCTPAHCTBEHHbIX 4aCcToT.

4. npuBOAUT K Habery thasbl COCTABAALMX CNEKTPa, MPONOPLNOHANbHOMY YacToTe.

6. YeMy paBHa CnekTpasibHas NIOTHOCTb MOLLHOCTYM 6enoro wyma?

1. W(u,v)=0

2. W(u,v)=1

3. W(u,v)=const

4. W(u,v) beckoHeYHa

7. ®YyHKUMA paccessHNs TOYKMN 3TO:

1. OTKNUK Ha BO3LeNCTBME AenbTa-OyHKLMN.

2. OTK/IMK Ha BO34eiCTBMe B BUAE (hyHKLUM XeBncanaa.

3. OTKJIMK Ha BO3eWCTBMe B BULE NPAMOYrOJIbHOr0 UMMYJIbCa.
4. MNepefaToyHaa PyHKLNA.

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

1. KBaHTOBaHMe n306pakeHns no ypoBHIo.
2. MonyyeHune unppoBoro n3obpaxkeHus.
3. [unckpeTusauunen n3obpaxeHus.

4. Mopgynsunen nobpaxeHus.

9. Z-npeobpa3oBaHune NMeeT CBOMNCTBA?

1. HennHemnHoCTb.
2. UnMKnn4HoCTb.



3. JInHenHoCTb, 3afepXxKa, CBEPTKa.
4. ConpsXEHHOCTb.

10. OnckpeTHoe npeobpaszoBaHune Oypbe UCnoablyetcs ons?

1. KoppensunoHHOro aHanaunsa.
2. AHanusa npenenbHbIX LUKIIO0B.
3. CnekTpanbHOro aHanm3a.

4. KBaHTOBOro aHanusa.

11. HTerpan oT AByMepHOW (pyHKLUN upaka no Bcen Ni0CKOCTU KOOPAMHAT:

1. paBen 1

2. paBeH 0

3. HepaBeH 0
4, beckoHeyeH

12. Yemy cooTBeTCTBYET AuddepeHLNpoBaHME NO X B YaCTOTHON obnacTun?

1. YMHOXeHUio Ha ju.
YMHOXXEHUIO Ha 2nWu.
YMHOXEeHMo Ha 1/(ju).
YMHOXeHMto Ha 1/(2nn).

W

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) 3apaHusA C KOPOTKMUM OTBETOM - 2 Banna

13. HecxaToe pacTpoBoe n3obpaxkeHne pa3mepoM 64 x 512 nukcenen 3aHuMaeT 32 K6 namaTtu. Kakoso
MaKCMMaJlbHO BO3MOXXHOE YMNC/I0 LIBETOB B NanTpe n3obpaxkeHna?

14. N306parkeHmne BbI10 COXpaHeHo B haie bmp Kak 24-pa3psaaHbii PUCYHOK. Bo ckosibko pa3 byaeT
MeHbLUEe NHPOPMALMOHHbLIN 00BLEM halina, eC/iv B HEM 3TO e n30bparkeHne COXpaHnTb Kak 16-LBETHbIN
PUCYHOK?

15. MpencraBneHne HenpepbIBHON ABYMEPHON (hYHKLMUN COBOKYMHOCTbLIO €€ 3HaYeHU B ornpesesieHHOM
Habope To4yek obnacTu onpeaeneHns - 3To...



16. Pa3bueHune gmanasoHa 3HaYeHNA HEKOTOPOM BESINYNHBI Ha KOHEYHOE YMCII0 YPOBHEN N OKPYrieHue
3TUX 3HAYEHUN 00 BAVXKANLINX K HAM YPOBHEN - 3TO...

17. OpHa 13 BXo4HbIX MaTpuL, nosopaymeaeTca Ha 180 rpafycoB 1 CKaHMpPYeT BTOPYIO MaTpuLly,
COBMELLAACh C KaXKAbIM U3 ee 3/1eMeHTOB. Ha KaXKOM TakoM Liare sanemMeHTbl 06enx MaTpul, nonasLlume B
061acCTb NepekpbITUS, YMHOXAOTCA Apyr Ha Apyra. CyMMa 3TUX NonapHbIX NPOM3BeAeHUA COXpaHAeTCs B
KayecCTBe 3/1eMEHTa pe3yibTUpPYoLLen MaTpuLbl. Tak BbIYNCAAETCS...

OTBeTbl HA BOMPOChHI

Homep Bonpoca|OTBeT (bykBa)
13. 256

14. 6

15. AVCKpeTn3aums
16. KBaHTOBaHMe
17. CBepTKa

3) 3apaHuA C pa3BepHyTbiM OTBETOM - 3 banna

18. OnuwmnTe NprHUMN paboTbl ABYMEPHOrO MeAMaHHOro pubTpa U Lieflb ero NpUMeHeHns 4ns
0bpaboTky n3obpakeHnin. Kakme 0CHOBHbIE MPeUMyLLLeCTBa Nepes IMHeNnHoNn 06paboTKoN MeanaHHbIN
GunbTp UMeeT Npu ero TUNUYHOM MNCMONb30BAHNI?

OTBeTbl HA BOMPOChHI

Homep OTBeT (bykBa)
Bornpoca
OCHOBHOE NpefHa3Ha4YeHme - NofaBieHne NMMNYJIbCHbIX NMOMEX, KOTOPOoe MeANaHHbIN
18 hunbTp Npounssoant bonee athheKTUBHO, MO CPABHEHWUIO C IMHENHOWN (hUNbTPaLMEN.
' KpoMe Toro, nosesHble 3n1eMeHTbl M306parkeHns NCKaXkaloTCA B MEHbLUEN CTEMNEHMN,
Hanpumep, 0CTaTCA PE3KUMU KOHTYpPbl 06BEKTOB.

LLkana

Kputepun oLeHnBaHNS
puTep ) OLEeHOK

Obyyarowmmncsa npmBoaAMT nosHoe 1 6e30wmnboyYHoe onmucaHne anropuTMa MeanaHHom
06paboTKy, TMNNYHOro cnocoba ero NPUMEHEHUs, NepevyncnseT NpenMyLLecTBa Hag 3 6anna
NMHenHon obpaboTkown.

Oby4yarowmmncs NnpMBOAMT ONMCaHNe anropuTMa MegnaHHoN uabTpaLnn, B KOTOPOM

2 6banna
JOMyLLEHbl HE3HAYNTESIbHbIE HETOYHOCTW, U BEPHO OMNPeaenaeT LUefb ero NpuMeHeHus.
MpencTaBfaeHoO COBECHOE OMNUCaHne naen MeanaHHon uabTpaumm, NPaBuIbHO 1 6amn
OTpa’katLlee 0CHOBHbIe 3Tamnbl 06paboTku.
B npeacTtaBneHHOM OTBETE HET YNOMUHAHMA 0 MeAnaHe YNCI0BON NOCeA0BaTENbHOCTMY, 0 6317108

He OMnucaH cnocob MCnosb30BaHNs ABYMEPHOro OKHa 06paboTku.

19. OnNuwnTe anropmuTM pacyeTa ABYMEPHON CBEPTKM C UCMOJIb30BaHMEM BbiCTporo npeobpa3oBaHns
®ypbe. MpeacTaBbTe TeopeTUYecKoe 060CHOBaHNE OTAE/NbHbIX €ro waros. Mpu Kaknx yCnoBusx 3ToT
aNropuUTM JaeT NPeuMyLLEecTBO B BbIYUCIMTEbHOM CIOXKHOCTY Nepes ApyruMmn MeTofaMu pacyeTa
CBEepTKMn?



OTBeTbl Ha BONPOChHI

Homep

BOMPOCa OTBeT (bykBa)

PacyeT CNeKTpoB BXOAHbIX MAaTpUL, C UCMONb30BaHMeEM bI®; ToyeyHoe NepeMHOXXeHNe
MaTpuL, cnekTpos; obpaTHoe bIN® maTpuubl NponsseneHns. CIOXHOCTb airOPUTMa He
3aBMCUT OT pa3MepoB MeHbLUEN U3 UCXOLHbLIX MaTPUL, NPy (MKCUPOBAHHbLIX pa3Mepax
6onbLuen. Takum obpasom, ecnu npeobpa3oBaHme CBEPTKU MOAENNPYET NPOCTPAHCTBEHHO-
WHBAPUAHTHYO CUCTEMY, NPENMYLLECTBO MOXHO OXXUAATb NPW YBEIMYEHUN pa3mepa
MaTpuULbl PYHKLUMN paccesHUs TOYKU (MacKn).

19.

Lkana
KpuTtepun oLeHnBaHuA

OLLeHOK
Obyyvatowmnca npueoanT nosaHoe 1 6e3owmnboyHoe onmcaHne aaropnTMa pacyeTa
LBYMEPHOW CBEPTKM C NCNONb30BaHMeEM BbICTporo npeobpazosaHnsa Pypbe, TeOpeTMYECKoe 3 6anna

060CHOBaHMe OTAE/bHbIX €ro LWaros, GoOpMynpyeT yCioBnUa AN NONYyYEHUS
npenMMyLLecTBa Had APYruMnM MeTo4aMmn pacyeTa CBEPTKM.

Obyyatowmnca NnpuBOANT ONMCaHKE aropuTMa pacyeTa ABYMEPHON CBEPTKU C
ncnonb3oBaHnem bbicTporo npeobpasoBaHna Pypbe, B KOTOPOM LOMYLLEHbI 2 6anna
He3Ha4ynTesIbHble HETOYHOCTHU, U BEPHO onpefenseT Lenb ero NpuMeHeHus.

MNpeLncTaB/ieHO C/I0OBECHOE OMnucaHue ngen pacyerta ,D,ByMepHOI7I CBEPTKN C NCIMOJIb30BAHNEM

1 6ann
bbicTporo npeobpaszoBaHus Pypbe, NPaBUALHO OTPaXKatoLee 0CHOBHbIE 3Tanbl 06paboTKu.

B npeacTaBieHHOM OTBETE He OMnucaH Cnocob NCnosb30BaHNsa bbICTPOro NpeodbpasoBaHMns

0 6annos
®ypbe ons BblYNCNEHNS CBEPTKM.

20. OnNunwKnTe anropuTM pacyeTa ABYMEPHOM CBEPTKM NPSMbIM METOAOM (@/1ropuUTM Macku). Mpn Kakunx
YCIOBUSAX 3TOT aNropuTM AaeT NpenMyLLeCcTBO B BbIYUCAUTENBHOW CAI0XKHOCTU Nepes ApyruMm MeTogamm
pacyeTa CBEPTKU?

OTBeThl Ha BON POCbl

Homep OTBeT (bykBa)

Bornpoca
OAHa 13 BXOAHbIX MaTpuL, NoBopaynBaeTcs Ha 180 rpaayCcoB 1 CKaHUPYET BTOPYO MaTpuuy,
COBMELLaACh C KaXKabIM 13 ee 3/1IeMEHTOB. Ha Ka)k[10M TaKOM Luare 3femMeHTbl 06enx MaTpul,
nonaswue B 0671aCTb NEPEKPLITUS, YMHOXAOTCA APYr Ha apyra. CyMMa 3TuUX NonapHbIX

20, npou3BeneHNin COXPaHAETCS B KaYeCTBe 3JIeMeHTa pe3ynbTupytowen MmaTpuubl. CIoXHOCTb

anropuTMa 3aBUCUT OT Pa3MepoB MEeHbLLUIEN U3 NCXOAHbIX MAaTPUL NPU UKCUPOBAHHbIX
pa3Mmepax b6onblien. Takum obpasom, ecam npeobpa3oBaHne CBEPTKM MOOENNpyeT
NPOCTPAHCTBEHHO-MHBAPUAHTHYIO CUCTEMY, MPENMYLLLECTBO MOXXHO OXXUAATb NP
YMeHbLLEHNN pa3Mepa MaTpuLbl PYHKLIMKM pacCestHUS TOYKK (Mackm).

Llkana

Kputepun oueHnBaHUS
P P H OLEHOK

ObyyvatoLmincs NpuBoAMT nosiHoe 1 6e3olwnboyHoe onmncaHne anropuTMa pacyeTa
AOBYMEPHOI CBEPTKM, hOPMYIMPYET YCI0BUS A5 MOSyYEeHUS MPeuMyLLecTBa Haa apyrumu |3 6anna
MeTOoZlaMMN pacyeTa CBEPTKMU.

Obyyatowmnca NnpuBOANT ONMCaHWE aropuTMa pacyeTa ABYMEPHON CBEPTKMW, B KOTOPOM
LOMyLLEeHbl He3HAYUTeIbHbIE HETOYHOCTW, U BEPHO onpefeniseT uefb ero NnpuMeHeHus.

2 banna

MpencTaBieHo COBECHOE onucaHune crnocoba pacyeTa [BYMEPHO CBEPTKM, NMPaBUIbHO

1 6ann
OTpa’katoLlee 0CHOBHbIe 3Tamnbl 06paboTKu.




B npeacTaBfeHHOM OTBETEe He OMucaH Crocob BbIYUCIEHNS CBEPTKM N HE AaeTcs
onpeaeneHus faHHoro npeobpasoBaHus.

0 6annos

21. OnuwnTe npeobpa3zoBaHne OUCKPETHON OBYMEPHOWN B3aUMHOW Koppensauun. MNpusegnte
TUNMYHOro NpuMeHeHus B 0bpaboTke n3obparkeHun,

OTBeTbl Ha BON POCbI

npvmep ero

Homep

BOMPOCa OTBeT (bykBa)

21.

Ka4eCTBE OLEHKUN CXOXECTH Q)parMeHTOB |/|3o6pa>KeH|/||7|, HamnpuMmep, B 3ada4ax
pacno3HaBaHWA.

OAHa 13 BXOAHbIX MaTPULL CKAHMPYET BTOPYIO MAaTPULy, COBMELLAsCh C KaXXabiM U3 ee
3/1eMeHTOB. Ha KaXx40M TakoM Luare 3semMeHTbl 0benx MaTpul, nonasLwme B 061acTb
MepekpbITUSA, YMHOXAOTCA APpYr Ha Apyra. CyMMa 3TUX nomnapHbIX Npou3seaeHnn
COXPaHSEeTCA B Ka4YeCTBe 3/1IeMeHTa pe3ybTupytolieid MaTpuLbl. TUnn4yHoe NnpuMeHeHne - B

Lkana
KpuTtepun oueHnBaHuA

OLIEeHOK
Obyyarowmmncsa npmeoamMT rnosHoe 1 6esowmnboyHoe onucaHne npeobpasoBaHus
OVCKPETHOW ABYMEPHON B3aMMHON KOppensLunum, TUNMYHOro cnocoba ero npuMeHeHus B 3 6anna
obpaboTke n3obparkeHuin.
Obyuatowmncs NprBOAMT onmcaHne npeobpa3oBaHNs AUCKPETHON ABYMEPHOW B3aVIMHOM
Koppensaumm, B KOTOPOM A0MyLEeHbl HE3HAYNTENbHbIE HETOYHOCTU, N BEPHO onpepenset |2 6banna
Lefb ero NpuMeHeHus.
MpencTaBneHo CNoBeCcHOe onncaHne cnocoba pacyeTa ABYMEPHOM B3aUMHON KOPPensLuu, 1 6
NpaBUJIbHO OTpa)katoLee 0CHOBHbIE 3Tarnbl 06paboTKw.
B npencTaBsiieHHOM 0TBETE He onncaH cnocob BblYMCNeHNS ABYMEPHOM B3aUMHON 0 631108

Koppendaunn n He naeTcda onpegeneHna JaHHoro ﬂp606pa3OBaHVIFI.

22. OnuwunTe cnocob AoKa3aTeNbCTBA Pa3aeMMoCcTy Npeobpa3oBaHnNs ANCKPETHON ABYMEPHOW CBEPTKMY,
NCMONb3YIOLLIMIA MAaTPULY YHKLUN pacCesHUS TOYKM (A4p0 Uin Macky). MpuBeanTe NpuMepsl MaTpuL

pa3foennmoro n Hepasaeanmoro npeo6pa303aH|/||7|.

OTBeTbl Ha BONPOCHI

Homep Bonpoca|OTBeT (bykBa)

MaTpuua yHKLMIN pacCcesHns TOYKM NpeCcTaBrMa Npoun3BefeHnemM BeKTopa-cTonbua

22.
Ha BEKTOP-CTPOKY.

Lkana
KpuTepum oLeHnBaHmMA

OLLeHOK
Obyyatowmmncsa npmeoamnT nonHoe n besowmnboyHoe onucaHne cnocoba aokasaTenbCTBa
pa3genuMmocTy npeobpa3oBaHns OUCKPETHOM ABYMEPHOWN CBEPTKU, UNOCTPUPYS ero 3 6anna
npvMepamMmmn MaTpuL pasfennmmoro 1 Hepasaennmoro npeobpasoBaHunin.
Obyyatowmnca npuBoANT onncaHme cnocoba gokasaTeNbCTBa pa3fesMMoCTy
npeobpa3oBaHNS LUCKPETHOWN ABYMEPHON CBEPTKM, B KOTOPOM AOMYLLEHbl HE3HaYMTEeNbHble |2 6anna
HeTOYHOCTW, N BEPHO onpeaenseT uesib ero npuMeHeHus.
MpencTaBaeHO CNOBECHOE onncaHme cnocoba AoKasaTeNbCTBa Pa3feIMmMocTy
npeobpa3oBaHMa GUCKPETHOW OBYMEPHON CBEPTKM, MPaBUIbHO OTpaXkatoLiee 0CHOBHbIe ero |1 6ann
3Tansl.




B npeacTaBNeHHOM OTBETE He OMnucaH Ccnocob JoKa3aTeNbCTBa Pa3aeIMMocTu
npeobpa3oBaHNs ANCKPETHOW ABYMEPHOIN CBEPTKMU 1 He JaeTcs onpeaeneHns 4aHHOro 0 6ansoB
npeobpa3oBaHUsA 1 ero pasaeavMocTy.

20.2 MpoMeXxXyTo4yHasa aTrecTaums

MpoMeXxyTo4YHas aTTecTauuns no AUCLUNINHE OCYLLECTBAETCS C MOMOLLbLIO CIeAYIOLIMX OLLEeHOYHbIX
cpencTs

20.2.1. MepevyeHb 3apaHNK ONA KOHTPOAbHLIX paboT

KomnnekT 3agaHunii Ansa KOHTPOJibHOM paboTsl Ne2. Llenb KoHTpons: 3HaHne cnocobos peannsaumm
anropntMoB 06paboTky n30bpa)keHnin B BUAE KOMMbIOTEPHbLIX NPOrpaMM C y4eTOM Cneungmkin
npeaMeTHoOM 061acTN, METOAMKN aHaN3a BblYUCINTENbHOM CIOXXHOCTY peann3yembiX airopuTMos,
yMeHNEe NPUMEHSATL Nepe-4nuCiieHHble CBeAeHNs Npu BbIbope KOHKPETHOro cnocoba anropuTMn4eckom
peanusauun cneumpuyeckon o06paboTkm n3obpaxkeHnin ¢ y4eToM pesyibTaToB aHaAn3a aAropuTMoB Mo
BbIYUCNTENBHON CNOXHOCTW. [puMep BapmnaHTa U3 KOMMNEeKTa 3afaHni O KOHTPOJIbHOM paboThl Ne2:

1. HananTe XxapakTepUCTUKY nepegayn apKocTu, npeobpasyloLlyo rmcTorpaMMy K 3akKoHy
pacrnpeneneHus Panes:

plg)

2
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2. ApKOCTU NuKcenei o6beKTOB U PoHa pacrnpenesieHbl No 3aKoHaM p; U p, COOTBETCTBEHHO:

)220 i)
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BbibepuTe onTUManbHbIA MOPOr AN CErMEHTALUN NPU 3aaHHbIX anpUOPHbLIX BEPOATHOCTAX MUKCENEN
TOro u apyroro suga P, u P,.

20.2.2. OnucaHue TexXHOJIOrMu npoBeneHus

MpoMeXyTo4YHast aTTecTalmst NPOBOAMTCS B COOTBETCTBUU C [0SI0XKEHUEM O MPOMEXKYTOYHON aTTECTALNM
obyyvatoWwmnxcsi No nporpamMmmam Boicllero obpa3oBaHust. MpoMexyTo4yHas aTTecTauns No UTOraM 0CBOEHMS
ANCLUMNAVHBI NPOBOAMTCS B (DOPME 3a4eTa C OLEHKOR. YCNOBMAMU AN1F NONOXKMTENbHON UTOrOBOW OLIEHKM
SIBNIAOTCA: BbINOJIHEHUE BCeX NabopaTopHbIX PaboT, MepeyncneHHbIX B MPUIOXEHUN NO4 HAVUMEHOBAHNEM
«KOMMNEKT 3a/lay», @ TakXXe yCreLlHoe BbiNoHeHre 06enx KOHTPOJIbHbIX paborT.

[na oueHnBaHNA pe3ynbTaToB 06yHeva Ha 3K3aMeHe UCMOoNb3YTCA C/ieayolne nokasaTesnn:

1.

3HaHMe OCHOBHbIX MeToA0B LugpoBon 0b6paboTkn nobpaxeHnn n MmaTeMaTUYeCKOro annapaTa
ANa onucaHna n3obpaxeHni n npeobpasyowmx CUCTeMm;

. YMEHUe NpUMEeHATb NepeyvunceHHble CBeaeHns npu Boibope MeToaa peweHuns 3anay 06paboTkm

n3o0bpaxkeHnin, aHanumsa u cuHTesa npeobpasyowmnx CUCTeMm;

BNajeHne MeToAUKON MCMOSb30BaHNA M3YYEHHOr0 MaTeMaTMYeCcKoro annapaTa ANA peleHuns
3aflay aHasm3a n cruHTesa cuctem 0bpaboTkm nsobparkeHuii;

3HaHWe cnocoboB peanmsaunm aaropuTMoB 06paboTKn M306pa)keHnin B BMOE KOMMbIOTEPHbIX
nporpaMm C y4eTom cneundpukyn npeameTHon obnactn, METOANKN aHanM3a BblYUCANTENbHON
CNOXHOCTY peann3yembiX anropuTMoB;

. YMeHne npumMeHATb NepeyvYnciaeHHble CBeaeHnda npu Bbl60pe KOHKPETHOTIO cnocoba

aropuTMMYecKon peannsaunn cneumnduyeckon obpaboTkm nobpa)keHnin C y4eToM pesysibTaToB
aHanM3a anropuTMOB MO BbIYUCINTENLHOWN CNOXHOCTH;
BNafeHne HaBblkaMun paboTbl C HECKONbKUMY AOCTYMHLIMW UHCTPYMEHTAMK, NpeaHa3Ha4YeHHbIMU



A1 NPAKTUYECKON peann3auum nsyvyaemblix MeToAoB 06paboTku n3obparkeHuit.

20.2.3. TpeboBaHMA K BLINONHEHUIO 3a4aHUNA, LWKaJbl U KPUTEPUU OLLeHUBAHUSA
Mpu oueHMBaHUN NCMOJIb3YeTCA Cnefyollas WwKana:

5 6annoB cTaBUTCA, ecnm obyyaloWwminca 4EMOHCTPUPYET NOJIHOE COOTBETCTBME 3HAHWUN, YMEHWN,
HaBblKOB MpuMBeAeHHbIM B Tabnnuax nokasatensm, ceo60AHO onepupyeT NpuobpeTeHHbIMU 3HAHUAMMU,
YMEHUAMU, NPUMEHSET UX NPU peLleHnn NPakKTUYeCcKnX 3aaay;

4 6anna CTaBUTCA, ecnn obyyaloWmnincs LEMOHCTPUPYET COOTBETCTBME 3HAHWUIA, YMEHUIA, HAaBbLIKOB
NPMBELEHHbIM B Tabnuuax NMokasaTensM, HO AOMYyCKAaeT He3HayuTesbHble OWWUOKU, HETOYHOCTH,
NCMbITHIBAET 3aTPYAHEHMS MPU PELIeHUN NPaKTUYeCKUX 3amav;

3 6anna ctaBuTCHA, ecam obyyaloWMNCs 4EMOHCTPUPYET HEMOJSIHOE COOTBETCTBUE 3HAHUN, YMEHWUNA,
HaBbIKOB MpMBeLEHHbIM B Tabnumuax nokasaTensaMm, AOMNYCKAeT 3HaYMTeNbHble OWNOKM Npu peleHmnm
NPaKTMYeCKUX 3ajay;

2 banna ctaBuTCA, ecam obyyvaloWMNCa LEMOHCTPUPYET SABHOE HECOOTBETCTBME 3HAHWUMN, YMEHWUN,
HaBbIKOB NPMBeAEHHbLIM B TabanLax nokasaTensm.

Mpu caaye 3a4eTa C OLEHKON

OLeHKa «0T/IMYHO» - 5 6annos

OLeHKa «xopoLllo» - 4 banna

OLieHKa «y[10BIeTBOPUTENBHO» - 3 banna
OLIEHKa «Heya0BNEeTBOPUTENbHO» - 2 Banna.

COOTHOLLEHME MOKa3aTeNen, KpUTEPUEB U LLKaJbl OLLEHNBAHNS pe3ynbTaToB 0byyeHus.

YpoBeHb chopMumpo-

KpuTepun oueHnBaHNA KOMMeTeHLMIA BaHHOCTU LLikana oLeHoK
KOMMNeTeHU

CchopmupoBaHHbIe 3HaHNS 06 OCHOBHbIX METOAaxX LnGpPOBOM [oBbILLEHHBIV OT/IM4HO

06paboTKu n30bparkeHni 1 MaTeMaTM4EeCKOM annapaTte 4.5 YPOBEHb

onucaHns n3obpaxkeHui n npeobpasyrLLnx CUCTEM.
ChopmmpoBaHHoOE yMeHue MPUMeHATb NepedYncieHHbIe
cBeneHus rpu Beibope MeTofa peLueHns 3ajay 0bpaboTku
n30b6paxKxeHuyl, aHav3a v CuHTe3a npeobpasyroLmx CUCTEM.
CehopmupoBaHHbIE HaBbIKW BAALAEHNS METOANKON
MCro/Ib30BaHNsS N3yYEHHOr0 MaTeMaTU4yeCcKoro anmnaparta Aass
pelueHns 3a4a4 aHa/im3a u cuHTesa cucteMm obpaboTku
n3obpaxxeHui. ChopMnpoBaHHbIE 3HaHWS COCoboB peaan3aumm
anroputmMoB 06paboTKm n306paxeHnii B BUAE KOMMbIOTEPHbIX
nporpamMm C y4eToM CrieundvKky npeameTHou 0baacty,
METOANKN aHaM3a BblYNCUNTENIbHON C/IOXKHOCTU PEasn3yembixX
anroputmoB. C(hopMUPOBAHHOE YMEHNE MPUMEHSATh
nepevncaeHHble ceeaeHns npy Bblbope KOHKPETHOro crocoba
aroOpUTMUYECKOW peann3aumm cneympuyeckor obpaboTkm
1300paXKeHWi C y4eTOM pe3y/ibTaToB aHa/in3a ajropuTMoB 1o
BbIYUCANTENbHOV C10XXHOCTU. ChOPMUPOBAHHbIE HABbLIKM
paboThbl C HECKOJILKUMU [OCTYMHLIMA MHCTPYMEHTaMM,
npeaHa3HavyeHHbIMY A4/15 MPaKTUYECKOW peanv3aumm n3y4yaembix
MeToL0B 06paboTKu N306paxKeHu.




CchopmupoBaHHbIE, HO coAep KalLumne oTAebHbIE MPobesibl
npeacTaBaeHns 06 0CHOBHbIX MeToAax LingppoBovi 06paboTku
n306paxkeHny N MaTeMaTU4eCKoM annapaTte AJ151 OnncaHus
n3o0bpaxxeHui n npeobpa3syrLmx CUCTEM. YCreLIHoe, HO
copepxallee oTAe/IbHble NPobesibl yMeHNe MPUMEHATb
rnepeyncieHHble CBeAEHVS Npy Boibope MeToAa peLleHns 3a4ay
06paboTku n3obpaxkeHui, aHaan3a u CUHTEe3a rnpeobpasyoLmx
cuctem. ChopMupoBaHHbIe, HO codep)xalyme oTAe/bHbIE
rpobesibl HaBbIKU BAALAEHNS METOANKOW UCM0/1b30BaHUS
M3yYeHHOro MaTeMaTM4yeCcKoro annapata A1 peLueHns 3aga4y
aHaan3a u CMHTe3a cuctem 0bpaboTku n300paxeH.
CchopmupoBaHHbIe, HO coaep Kalyme oTAe bHbIe Mpobesibl
npeacTaB/ieHns 0 criocobax peanv3aunmy aaropuTMos 06paboTku
n306paxKeHuyi B BUAE KOMMbIOTEPHbLIX MPOrpaMmm C y4eTom
cneunuKky npesMeTHoN 0ba1acTu, 0 METOANKE aHam3a
BbIYNCINTEIbHOW CJIOXHOCTY peasn3yeMblx aJiropuTMOB.
YcneluHoe, Ho copepxallee oTAe/bHblE MPobesibi yMeHue
MPUMEHSITL MepevYncaeHHbIe CBeAEHNS npyu Bblbope KOHKPETHOMo
crocoba anropuTMUYECKON peaansaLumnm CneLnpuyeckon
06paboTKy n306paXkeHni C y4eToM pe3yibTaToB aHasam3a
aJIrOPUTMOB 110 BbIYUC/TNTENIbHOM C/TOXKHOCTH.
CchopmupoBaHHbIe, HO coaepKalume oTAe bHbIe Mpobesibl
HaBbIKu paboTbl C HECKOIbKUMU AOCTYMHBIMU UHCTPYMEHTaMU,
npeAHa3HavYeHHbIMY 7151 MPaKTUYECKOU peain3aumm n3y4aemblx
mMeTon08B 06paboTKm n306paxeHni.

Ga3oBbin
YPOBEHb

XopoLuo

HenonHoe npeacTasieHne 06 0CHOBHbIX METOAaxX LNMPOBON
00paboTKyN n306parkeHni n MaTeMaTUYEeCKOM annaparte 4.
onucaHnsa n3obpaxxeHui n npeobpasyrLumnx CCTeM. YcreLHoe,
HO HE CUCTEMHOE YMEHWE MPUMEHATb MEPEYNCIEHHbBIE CBEAEHUS
npu Beibope MeToAa pelleHns 3aaay 0bpaboTkm n3obpaxxeHm,
aHanv3a v cuHTe3a npeobpasytomx cnctem. HemosiHoe
BJlaleHNe HaBbikaMy BJ1a€HNS METOANKOU UCM0J1b30BaHSA
M3y4YEeHHOro MaTeMaTu4yecKoro arnmnaparta A/ peLueHns 3ajay
aHaiv3a v cuHTe3a cuctem obpaboTku nzobpaxkeHuii. HermoiHoe
npeAcTassieHne 0 crnocobax peaansaunmy aaropuTMoB 0bpaboTku
n306paXkeHuii B BUAE KOMIMbIOTEPHBIX MPOrpamMm C y4eToM
crneunguky npeaMeTHou 0b61acTu, 0 MeToANKE aHan3a
BbIYUCINTETIbHOU CJIOXHOCTY Pean3yeMblx airopuTMOoB.
ycrielHoe, HO He CUCTEMHOE yMeHNe NPUMEHSATb
rnepeyncieHHble CBeAeHUs rpy BbIboOpe KOHKPETHOro crocoba
aIropuTMUYECKON peaansauymm cneunpunyeckor obpaboTku
M306paxKxeHuyi C y4eToM pe3y/ibTaToB aHa/in3a aJiropuTMOB 10
BbIYUCINTEIbHOW CIOXHOCTU. HernoHoe BnajeHne HaBblKkaMu
paboThl C HECKOJIbKUMU [OCTYMHbLIMA MHCTPYMEHTaMM,
npeAHa3HavYeHHbIMY 7151 MPaKTUYECKOV pean3aumm n3y4aemblx
mMeTon0B 06paboTKm n306paxeHni.

lMoporoBbivi
ypOBEHb

YosneTBopu-TebHO

®parMeHTapHbIe 3HaHUS UAN OTCYTCTBUE 3HAHWM.
®parMeHTapHbIE YMEHWUS UIN OTCYTCTBUE YMEHUIA.
®parMeHTapHbIe HaBbIKU UJIN OTCYTCTBUE HABbIKOB.

HeynoBneTBopu-TEIBEHO




