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(noammce)

Pabouas mporpamMmmMa paccMoTpeHa W NPHHATAa Ha 3acelaHuu Kadenpsl
MMPOrpaMMHON WHXXEHEPUH.
IIpotokon ot «_10 » mapra 2020 roma Ne 9 .

———

3aBenyromuii kadeapoit ;5 7 ®enses O.U.

(moanuch)

Pabouas mporpamMma ofpoGpeHa yueOHo-meToandeckoii komuccueit TOYBIIO
«JOHHTY» no nanpasneunuto noarotoBku 09.03.04 IIporpammHas WHXeHepUs
[Tpotokonm ot « 20 » _mas 2020 roga Ne 10 .

[Ipencenarens 9/ < denges O.U.

{moanuce)

Pabouas nmporpamMmMa npoasiena it 20 roza npuéMa Ha 3acelaHUM Kadeapsl
IIPOrpaMMHOY UHXEHEPUU.
ITpotokom oT «_ » 20 roga Ne :

3aBenyromui kadeapoit

(noanucs) (D.H.0)

Paboyas mporpamma nmpoaJiena ans 20 rona npuéMa Ha 3aceJaHuu Kadeapsl
IIpOrpaMMHON MH)KEHEPHH.
IIpoTokonm oT «__ » 20 roga Ne .

3aBenyromuii kadeapoit

(noxnwuce) (©.U.0)

PaGouas nporpamma npoasena mist 20 roja npuéMa Ha 3aceJaHuU Kadeapsl
pOrpaMMHON MH)KEHEPHUH.
[Ipotokon oT «__ » 20 roga Ne .

3aBenyromuii kapenpoit

(nommucs) (®.H.0)



1 OBBEKT, LHEJIb U 3AIAYU OCBOEHUA JNCIIUITJINHBI

[IpenMeToM IUCHMIUIMHBI SIBJSIOTCS METOJbI M IPOTrpaMMHOE OOecIeueHHe
KOMIIBIOTEPHBIX CHCTEM KIIacCU(UKAUM W HWJICHTHU(PHUKAIMKA TMPEIMETOB, SBJICHHUH,
MPOIIECCOB, CHUTHAJOB, CUTYyallUd W JPYrUX TOJOOHBIX OOBEKTOB, KOTOpPBIC
XapaKTEePU3YIOTCs KOHEYHBIM HAOOPOM HEKOTOPBIX CBOMCTB M NMPU3HAKOB.

Heap AMCUMIUIMHBI: JaTh CHUCTEMATHYECKUM 0030p CYIIECTBYIOIIUX METOJ/OB
pacro3HaBaHHusl 00pa30B B Pa3IMYHBIX KOMITBIOTEPHBIX CHUCTEMaX, U3y4YUTh U OCBOHUTH
OCHOBHBIE  HEHWPOCETEBBIE METOJIbI M  COOTBETCTBYIOIIME HWHCTPYMEHTAJIbHbBIC
MPOTPpaMMHBIEC CPEJICTBA PEIICHUS 3a/1a4l paclio3HaBaHUsI 00pa3oB.

B 3agaum TMCHHUNJIMHBI BXOJIHT:

— ompenesieHHe MOHATHI 00pa3a, KJIaCCOB M CHCTEMBI PaCliO3HABAHKS 00Pa30B;

— ¢dopMynupoBKa 3amad, IS PEIMICHUS KOTOPBIX MPHUMEHSIOTCS METOIbI
pacrio3HaBaHusi 00pa3oB (ONTHUYECKOE PACIO3HABAHWE CHUMBOJIOB W IITPUX-
KOJIOB, paclio3HaBaHUE aBTOMOOMIIBHBIX HOMEPOB, Paclo3HaBaHUE JIUI] U PEUH,
pacro3HaBaHie W300pakeHU#, Kiaccu(UKaIKs JOKYMCHTOB);

— YCBOGHHE CTyACHTAMH METOJOB pacrlo3HaBaHUS oOOpa30B B Pa3IMIHBIX
cucreMmax (pacrno3HaBaHUE HA OCHOBE HEHPOHHBIX CETEH);

— BBIPaOOTKY HAaBBIKOB PaOOTHI ¢ MPOTPAMMHBIMU MAKETAMU JIJIST pACITO3HABAHUS
obpazoB Ha mpumepe wuHcTpymMenta  Neural — Networks  Toolbox
mareMatuyecko cuctembl MATLAB.

B pesynbTaTe 0CBOCHUS TUCHUTIIUHBI CTYACHT JIOJKEH:

3HATh.

— MaTeMaTH4ecKue (CTAaTUCTHYCCKHEe, CTPYKTYPHBIE) M HEHPOCETEBBIC METOJBI
pacmo3HaBaHHsl 00pa3oB, HCIONB3yeMbIE ISl aHamu3a M KiaccuuKammuu
N300paKEHHUI B CHCTEMaX KOMITBIOTEPHOTO 3PCHHSI;

— CTPYKTYpPY HMCXOIHBIX HaHHBIX — IU(GPOBBIX H300pKEHUN B BHUJAEC MaTPUIL
[[BETA U SIPKOCTH TOYECK;

— cnocoObI ¥ OPMBI TPU3HAKOBBIX OMUCAHUN 0OBEKTOB PaCIO3HABAHMUS;

— crneuuuKy TOCTPOEHUS METPUKH B MPOCTPAHCTBE 00pa30B; aJTOPUTMBI
pelIeHus 3a/1a4 paclo3HaBaHus 00pa3oB;

— 1peoOpazoBbIBaTh HM300paKEHUs pPa3IMYHOTO THIA C LEJNbI0 TeHEepaluu
IIPU3HAKOBBIX ONMCAHUN;

— TPUMEHATH METOAbl TOYEYHOH, MPOCTPAHCTBEHHOW TI'E€OMETPUYECKOH,
anredpanyecKko U MeXKaIpoBO 00padOTKH N300paKEeHMUIA;

— TPUMEHATH METOJAbI TEHEpalMh TPU3HAKOB Ha OCHOBE Pa3lIOKEHUS
M300paKEeHUI 110 OA3UCHBIM (PYHKITUSIM;

— CErMEHTUPOBATh M aHAIM3UPOBATH POPMBI N300pAKEHUN; TPUMEHSATH METObI
MOCTPOEHHUS METPUK JIJIsl CPAaBHEHUS N300pakKeHUI;

— TPUMEHATH W3y4YCHHBIE METOJBI PACIO3HABAHWSA B TNPUKIATHBIX 3a7adax
KOMIIBIOTEPHOTO 3pEHUS;


https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%B4%D0%B0%D1%87%D0%B0_%D0%BA%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%98%D0%B4%D0%B5%D0%BD%D1%82%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F_(%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B5_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B)
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%B4%D0%BC%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%AF%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81_(%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%82%D1%83%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%A8%D1%82%D1%80%D0%B8%D1%85-%D0%BA%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A8%D1%82%D1%80%D0%B8%D1%85-%D0%BA%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%BE%D0%B1%D0%B8%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%BD%D0%BE%D0%BC%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D0%BF%D0%BE%D0%B7%D0%BD%D0%B0%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%BB%D0%B8%D1%86
https://ru.wikipedia.org/w/index.php?title=%D0%A0%D0%B0%D1%81%D0%BF%D0%BE%D0%B7%D0%BD%D0%B0%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B8%D0%B7%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B9&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F_%D0%B4%D0%BE%D0%BA%D1%83%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2

IMOJIb30BATbCA OCHOBHBIMHU IIPABUJIAMU YHPABJICHUS ITPOCKTAMHA U TEXHOJIOTUEH
CO3JJaHrA CUCTEM PACIIO3HABAHHA 06p3.30B;

BJIAJIETD.

CIIOCOOHOCTBIO  (POPMYJIMPOBATH  3a7aud  paclo3HaBaHUs 00pa3oB B
IPEIMETHBIX 00JIaCTAX U METOJIUKON UX PEIICHUS;

HABBIKAMH Pa3pabOTKU aJrOPUTMOB U MPOTPAMMHBIX CHCTEM PaCIO3HABAaHMS,
B TOM 4YHCJIE, Ha 0a3€ CYyHIECTBYIOIIUX HHCTPYMEHTAJIbHBIX CPE/CTB.

[lepeuniciieHHbIE pe3yJibTaThl OOYYEHUS SIBJISIOTCS OCHOBOW nJisi (popMUpOBaHUs
CJIEIYIOUIUX KOMIETEHIIUHN Y CTY/ICHTOB:

CIIOCOOEH OCYIIECTBIISITh KPUTHUECKUH aHalU3 MPOOJEMHBIX CUTyallud Ha
OCHOBE CHCTEMHOTO IOJIX0Ia, BhIpadaThiBaTh cTpaTeruto aehcteuii (YK-1);
CHOCOOCH YMpaBJsATh MPOCKTOM Ha BCEX ATamax ero >Ku3HeHHoro mukna (YK-
2);

3HaHWE METOJOB OpraHW3allud W  YOpaBJICHUS  HWH(DOPMAITMOHHBIMH
nporeccamu (I1K-1);

BJIAJICHUE HABBIKAMHU CO3JIaHMSI MPOTPAMMHOTO OOECIeUeHUsl NJisi aHaJIu3a,
pacro3HaBaHust U 00paboTku uHbOpManuM, cucteM MHMUGPOBOH 00pabOTKU
curnaios (ITK-3);

BJIaJICHE HaBBIKaMU pa3pabOTKH MPOTPAMMHOTO OOECTICUEHHS AJIs CO3/IaHuUs
TpéxMepHbIX n300paxkenuit (I1K-4);

CIIOCOOEH BBIMIOJIHUTh MOCTAHOBKY HOBBIX 334 aHaIM3a U CHHTE3a HOBBIX
npoekTHbIX pemennit (ITK-5).

2 MECTO JUCIHUILINHBI B OCHOBHOM OBPA3OBATEJILHOM

IMPOI'PAMME

JucuunivHa ~ OTHOCUTCS K 4acTH, dopMHpyemMOil  y4aCTHUKAMHU
oOpazoBaTeabHbIX OTHOIIEHUH, O10Ka 1 «/{ucuummmnael (Mogynu) b1y ydebHoro miana.

basupyercs Ha 3HAHUSAX, YMEHHSIX U HaBbIKaX, KOTOPbIE CTYACHT MPUOOpEN IpH
OCBOCHHMM TMPEAIIECTBYIOIIUX AMCHMIUIMH B COOTBETCTBHM C YYEOHBIM IIJIAHOM 10
Hanpasiaenuto 09.04.04 IlporpammHas uHXeHepus (Marucrepckas Mporpamma
«MeToabl U cpeACTBa Pa3pabOTKHU MPOrPaMMHOI0 00ECIICUEHHUSI):

«MHpOpMALIMOHHBIE U TEIEKOMMYHUKAIIMOHHBIE TEXHOJIOTUN;
«Iudpoas 006paboTKa CUTHATIOB M PACIIO3HABAHUE PEUNY;
«HelpocereBble U HEUETKUE CUCTEMBLY;

«ITapannenpHble U pacupeeIEHHbIE BBIYUCICHUS.

3HaHUs, yMEHUSI U HABBIKU, MPUOOPETEHHBIE TTPU OCBOCHUH JAHHOW AUCIUTUIUHEI,
peaNM3yIOTCS CTYICHTOM MIPH OCBOSHUH CIEAYIONUX YUYCOHBIX JUCIIUTILINH:

«/IHTEIUIeKTya bHbIM aHAIU3 JAHHBIX);
«IIpon3BOACTBEHHAS IPAKTUKA: TTPEIIUIIIIOMHASD,;
«BpITIOTHEHNE BBITYCKHOM KBaTM(UKAITMOHHON pabOThI.



3 CTPYKTYPA U COAEP KAHUE JUCHHUIIJIMHBI

3.1 Pacnipeesienne y4eOHbBIX YACOB M0 TeMaM JUCHUIVIMHBI M BUIAM 3aHSATHI

Ne HaumeHnoBanue TeMbl KonnuecTBo yacoB (ouHasi/3a04Hast)
TEMBI (conepkaTenbHbIX MOTYJICH) B Tom uncie
Bcero
Jlextmu | JlaGop. |Ilpakr.| CP

[Ipeamer w® 3amaum 00pabOTKM |
pacrio3HaBaHusA LUPPOBBIX H300paKEHUIN
Ha OCHOBE CTaTUCTHUYECKUX u
HEHPOCETEBBIX TOAXO0B.

6/4 2/0 2/0 2/4

[IpoGnembr  knmaccuduranuu  oOpa3oB.
Knaccudukanus Ha OCHOBE
BEPOSTHOCTHOM  HEUPOCETH (PNN),
apxutekrypa u ooydenue PNN.

13/14 6/1 2/1 5/12

Pacrnio3HaBanue 00pa3oB, cxKaThe JaHHBIX
U anmpoKcuManus (QYHKIUH C TTOMOUIBIO
paauanbpHO-0a3ucHON HetipoceThio (RBF)
" 00001IEHHO-PETPECCHOHHON
Heiipocetpto  (GRNN), apxutextypsl u
o0yueHue HelpoceTen.

14/16 4/1 4/1 6/14

CBeleHMe 3aJaud  TPOTHO3UPOBAHUS K
3ajaue pacro3HaBaHus 00pa3os.
[Iporno3upoBanue pa3BUTHSA
JTUHAMHYECKHAX MPOLIECCOB Ha
HeWpoceTsX. AJaNTUBHBIA  JIMHEUHBIN
MIPOTHO3.

14/14 4/1 4/1 6/12

Knacrtepueiii ananms. Ilpencrasnenune
KJIACCU(PUIUPYIOIINX 00BEKTOB.
5 | Camoopranmsyromecst Helipocetn, wux | 18/20 6/1 4/1 8/18
apXUTEKTypa, CTparerust oOydeHus «0e3
YUYUTENs» - KOHKYPEHTHOE 00y4eHue.

ApxuTeKTypa CaMOOpraHU3YIOIIENnCs
kapTel Koxonena. [Ipumepsl ogHOMEpHOI
CaMOOPTraHu3yroUIencs KapThl.
KrnactepHoe mnpencTaBieHHE TOINOJIOTHH
IPOU3BOJIBHOW  JHMHHUU  (TpaeKkTopuu
JIBHDKCHUS ).

15/16 5/1 4/1 6/14

Camoopranusyromascs KapTa TSt
BOCCTAaHOBJICHHS ~ JIBYMEPHBIX  JaHHBIX
CIOXHOM  cTpykTypbl. Krnacrepuzanus
00BEKTOB MO UX INIOCKOMY H300paKEHUIO.

20/20 8/1 4/1 8/18

Knaccudukanus " pacrno3HaBaHHe
oOpa3oB. JluneitHas  kiaccuguKkamus.
Henuneiinas KIaccuuKanus
8 | nByxMepHBIX 00BEKTOB  Helpocersmu | 24/20 8/1 6/1 10/18
00paTHOro " BCTPEYHOTO
pacnpocTpaHeHUsl. PacnioznaBanue
TEKCTOB M0 N300paKEHUSIM JOKYMEHTOB.

O6paboTka mocaea0BaTeIbHBIX JaHHBIX B
BUJIE TEKCTA, PeUd, BPEMEHHOTO psijia C

20/20 8/1 4/1 8/18




MIOMOULIBIO PEKYPEHTHOW HEMPOHHOM CETH

(PHC). Apxutexktyppt PHC wu wux

obOyuenue. IIpumep BOCCTAHOBJICHHSI

dbopmbl curHama ¢ nomombio PHC.
KypcoBoii mpoekt 36/36 36/36
HToro no BUmam 3aHATHH 180/180 | 51/8 34/8 95/164
Kontpois 36/36

HUTOI'O: 216/216

(I)OpMI/IPOBaHl/Ie KOMHeTeHHHﬁ B pe3yjJbTaTe 0CBOCHUA TEM NUCIHUIIJINHBI

KomMmnerenmun TeMbl IUCIUTIINHBI, HAllCJICHHBIC Ha (POPMUPOBaHHE
KOMIIETEHIIAHU
VK-1 Temsr 1,2,4,5,7,8,9
VK-2 Tewmsr 1,2,5,7,8,9
IIK-1 Temsr 2, 3,6,8,9
[1IK-3 Temsr 2,3,4,5,6,7,8,9
[1K-4 Temsr 5, 6
[1IK-5 Temsr 2,4,5,7,8,9
3.2 Jlekuun

Tema 1. Ilpeamer, uensb u 3aJauu JUCHUILIMHBL «Pacnio3HaBaHHEe 00pa3oBy.

ConeprxaHue TeMbI 1:

[Ipeamer u 3amaunm oOpabOOTKM M pacro3HaBaHHs UU(POBBIX H300paKeHUI Ha
OCHOBE CTAaTHCTHMYECKMX M HEUpPOCETeBbIX MOAX0A0B. (O0nacTM NpUMEHEHUS
pacrio3HaBaHusi 00pa3oB.

Jlutepatypa k Teme 1: [1-4].

Tema 2. [TpoGsembl ki1accupukanuu 00pa3os.

ConepaHue TeMBbI 2:

3amaua knaccudukanuu obpa3oB. Knaccudukaius Ha OCHOBE BEPOSITHOCTHOM
neripocetu (PNN), apxurektypa u o6yuenne PNN.

Jluteparypa k teme 2: [2, 4, 6].

Tewma 3. Panuansno-06a3ucHast 1 00001IEHHO-PETPECCUOHHAS HEUPOCETH.

ConeprxaHue TeMbI 3:

Pacnio3naBanue o00pa3oB, C)KaTHe€ [aHHBIX M allpOKCUMalus (QYHKIUH C
MOMOIIBI0 paguanbHO-0a3ucHo HeipoceThto (RBF) nu  06001mEnHO-perpeccuoHHOM
Helpocetbto (GRNN), apxutekTypsl 1 00ydeHue HelpoceTen.

Jlureparypa k teme 3: [2, 4, 6].

Tema 4. CBenienue 3a1auu MPOrHO3UPOBAHUS K 3a/1a4€ pacro3HaBaHusl 00pa3oB.

Copnepxanue Tembl 4:

[IporHo3upoBaHre pa3BUTHS JTUHAMHUYECKHX IPOILIECCOB Ha HEUPOCETIX.
ANanTUBHBIN JTUHEUHBIN TPOTHO3.

Jluteparypa k teme 4: [ 2-5].




Tema 5. KimactepHblii aHanus.

ConepKaHue TEMBI S:

[IpeacraBnenne  kiaccuPpuUUpyOmUX  00bEKTOB.  (CaMoOpraHu3yromuecs
HEHpOCeTU, UX apXUTEKTypa, CTparerusi oOydeHus «0e3 yduTess» - KOHKYPEHTHOE
oOydeHwue.

Jlutepatypa k Teme 5: [2-5].

Tema 6. ApxutekTypa camoopranusymoleics kaptsl KoxoHeHa.

ConeprkaHue TeMBI 6:

[Ipumepbl  OOHOMEPHOM  caMOOpraHusyromencs  kaprtel.  KiacrepHoe
IPEICTABICHUE TONOJOTHH MPOU3BOJIBHON JIMHUN (TPACKTOPUH JBUKEHUSA ).

Jlutrepatypa Kk Teme 6: [4].

Tema 7. BoccTaHOBIIEHUS JBYMEPHBIX TAHHBIX CJI0KHOU CTPYKTYPHI.

ConeprxaHue TeMbI 7:

Camoopranusyromascsi Kapra s BOCCTAHOBJEHUS JIBYMEPHBIX JIaHHBIX
CJIOKHOM CTPYKTYphl. Knactepuzanuus 00beKTOB IO UX MJIOCKOMY H300pakKeHHUIO.

Jluteparypa k Teme 7: [4].

Tema 8. Knaccudukanus u pacnosHaBanue o0pa3os.

ConepkaHue TeMBI §:

Jluneiinas  knaccuukanms. HenuneitHas — kiaccu@ukauus — JIBYXMEPHBIX
OOBEKTOB HEMpPOCETIMU OOPATHOTO M BCTPEYHOrO pacmpocTpaHeHus. Pacrno3naBaHue
TEKCTOB 10 U300pAKEHUAM TOKYMEHTOB.

Jlutepatypa k Teme 8: [1-5].

Tema 9. O6paboTka nmociea0BaTEIbHbIX TAHHBIX.

ConeprxaHue TeMsl 9:

O06paboTka mociieI0BaTENbHBIX JAHHBIX B BUJIE TEKCTA, PEUM, BPEMEHHOTO Psijia C
nomoibio pekypentHoit Heiponnoit cetn (PHC). Apxutexktypst PHC u ux obyuenue.
BoccranoBnenue ¢opmsel curnana c nomorisio PHC.

Jlureparypa k Teme 9: [1-5].

3.3 IllpakTnyeckue (CeMUHAPCKHE) 3AHATHS

[IpakTueckue (CeMUHApCKUE) 3aHATHS IO NUCHUIUIMHE YYEOHBIM ITUTAHOM HE
IPETyCMOTPEHBI.

3.4 JlaGopaTopHbie padoThI

No O0BéMm, Jlutepa-
n/m Tema 3auaTus Jac. Typa
O4YH./3a04.
1 Anmnpoxcumanus QyHKIHUN Kak 3a/ada pacrio3HaBaHUsl 00pa3oB 6/2 [3,5,6,7]
5 [TporHo3upoBanue I/ISI\\/’IeHeHI/IH nap%MeTpOB JTUHAMHYECKOTO 8/2 [2,3.6,7]
mpolecca ¢ MOMOIIbI0 HEHPOHHBIX ceTei
3 Krnacrepuzanus BXogHBIX HA0OPOB JAaHHBIX C TTIOMOIIBIO MOJCIICH 10/2 3, 4,6,7]
HEeHpoHHBIX cerelt makera MATLAB R




4 Knaccn(bmcauvnﬂ U pacrosHaBaHue o0pa3oB 10/2 [13,6, 7]
Ha OCHOBE HelpoceTeBbIX Mojeneit makera Neural Networks
HUTOIO: 34/8

3.5 CamocTrosiTesibHasi padoTa CTyJAeHTa

Ne Buapl camocTosiTenbHON paboOThI CTYIEHTa O6xEMm, Tac.
1/ OYH./3a0Y.
1 N3yuyeHue TeKIMOHHOTO MaTepHaa 20/48
2 [ToaroToBka K J1abOpaTOPHBIM 3aHATHIM 39/80
3 BeinosnHeHHE KYpCOBOTO MTPOCKTA 36/36
HUTOroO: 95/164

3.6 KypcoBoii npoekr (padora), HTHAMBUAYAJIbHOE 3a/IaHUE

VY4eOHbIM IIJITaHOM B paMKaX OCBOCHHS JUCHUIUIMHBI IPETYCMOTPEHO BBIIIOJIHEHUE
CTyJICHTaMU KYPCOBOI'0 IIPOEKTA B TPEThEM CEMECTPE.

TeMarrka KypcOBOTO MPOEKTUPOBAHHUS CBsI3aHAa C MPUMEHEHHEM HEHPOCETEBBIX
METO/IOB Paclo3HaBaHHsI 0OO0pa30B, HCIONB3YEMBIX ISl aHalu3a W KiacCU(UKAUU
M300pKEHU B CHUCTEMaX KOMIBIOTEPHOTO 3pEHHs. DTOT MOAXOJ SBISETCS OYEHBb
BOCTPEOOBAaHHBIM B HACTOSIIIEE BPEMSI.

Kaxnoe nHAMBHIyaTbHOE 33JaHHUE MOCBAIICHO PEIICHHUIO CIEAYIOIINX THUIOBBIX
KJIACCOB 33J1a4, KOTOPBIE CBOJISATCS K PACIO3HABAHUIO 00OPa30B:

— HEeWpOCEeTEeBOU anmpoKCUMAaIK QPYHKITUH;

— MPOTHO3UPOBAHUIO JUHAMMKH MPOIIECCA;

— KJIacTEepHU3alllM BXOAHBIX 00Pa30B;

— KJIaccu(puKaluu U pacrio3HaBaHUIO 00Pa30B.

KypcoBoli MpOEKT HMEeT LEeNbl0 MPAKTUYECKOTO 3aKPEIJIEHUS CTYJIEHTOM
HABBIKOB 10 MPUMEHEHUIO Y(P(HEKTUBHBIX HEUPOCETEBBIX METOJIOB U HHCTPYMEHTOB JIJIsI
pelIeHNs MePEUNCICHHBIX CI0XKHBIX 3a]1ay.

PazpaboTka Bcex paszienioB MpoeKTa JOJDKHA 0a3upoBaThCs HAa MaKCUMalbHOM
WCIIOJB30BAaHUM: HOBBIX TEXHOJIOTUH MPOTPAMMHON HWHXKEHEPUH, COBPEMEHHBIX
WHCTPYMEHTAJIbHBIX  CPEJICTB, CTPYKTYphl  HEWpOCETH  aJeKBaTHOW  3ajade,
HEUpOCETEeBOM MOJEIM  Ha S3bIKE MPOrPaMMHUPOBAHUS, JIOCTATOYHOTO OOBEMaA
MOJICITBHBIX SKCIEPUMEHTOB IO OIIEHKE KauyecTBa PEIICHHS 3ajlad paclo3HaBaHMUS.
CoOTBETCTBYIOLIME PEIIEHUSI — MPUHUMAThCA HA OCHOBE aHAJIN3a COBPEMEHHOU
TeXHUYECKON  juTeparypbl. OdQopMieHUE TMOSCHUTEIBLHOM  3alHMCKU  JIOJDKHO
COOTBETCTBOBATH JACHCTBYIOIINM CTaHapTaM.

Bce ocHOBHBIE TOJIOXKEHHSI TPOEKTAa OTpakeHbl B METOAUYECKUX YKa3aHUSX K
KypCOBOMY ITPOCKTHUPOBAHMIO TI0 IuciuIinHe «Pacno3naBanue oo6pazoy [8].

[IpoekT wWMeeT OoIWHAKOBOE THUMOBOE MO (GOpME U METOAMKE pa3pabOTKu
coJiep>KaHue JIJIsl BCEX CTYJEHTOB.

O0BEM KypcoBoro mpoekta — He Oojiee 50 cTpaHUI[ MAIIMHOMUCHOTO TEKCTA.
CryneHT 00s13aH MPOEKT O(YOPMUTH CTPOrO B COOTBETCTBUU C YCTaHOBJIEHHBIMU
TpeOOBaAHUSIMU.




4 POH/I OHEHOYHbIX CPEJACTB

4.1 Kputepuym u mKaJbl JIsi HWHTErPUPOBAHHONM OIEHKH YPOBHA
cpOopMHUPOBAHHOCTH KOMIIETECH UM

Cocmasnaowas komnemeHyuu — nOJTHOMA 3HAHUU

— HYJIEBOM YpPOBEHb: HEBEpPHBIE, HE aPTYMEHTHUPOBAHHBIE, C MHOKECTBOM T'PYyOBIX
OIIMOOK OTBETHI HA BOIIPOCHI; YPOBEHb 3HAHUM HU)KE MUHUMAIIbHBIX TPEOOBAHU;

— MHHHUMAaJIbHBIA YPOBEHb: JIaHbl HE MOJHbIC, HETOYHbIE U HEAPTYMEHTHUPOBAHHbBIE
OTBETHl Ha BOIPOCHI, JOIMYIIEHO MHOTO TpyObIX OMIMOOK, YpPOBEHb 3HAHUN HUXKE
MUHUMAJIbHBIX TPEOOBAHUM;

— MOPOTOBBIMI  ypOBEHb:  JaHbl  HEJOCTATOYHO  IOJHBIE, TOYHBIE U
apryMEHTHPOBAHHBIE OTBETHl HA BOIPOCHI, IJIOXO 3HACT TEPMUHBI, OINPEICICHUS U
IIOHSTHSI, OCHOBHBIE 3aKOHOMEPHOCTH, COOTHOILIEHWS, MPUHLMIIBL, JOIYIIEHO MHOIO
HErpyObIX OIIHOOK;

— CpeIHUH YpPOBEHb: JaHbl JOCTATOYHO IOJIHBIE, TOYHBIE U apryMEHTHPOBAaHHbBIC
OTBETHl Ha BOMPOCHI; B LIEJIOM 3HAET TEPMHUHBI, ONPEICICHUS U TMOHATHUS, OCHOBHbBIE
3aKOHOMEPHOCTH, COOTHOILIEHUSI, IPUHLHIIBL; TOMYIIEHO HECKOJIBKO HErPyObIX OIIHOOK;

— NPOABUHYTHIA YPOBEHb: JAAHBI IOJHBIE, TOYHBIE U aPTyMEHTHPOBAHHBIE OTBETHI
Ha BOIIPOCHI, 3HAET TEPMUHBI, ONPENEICHUS U TOHATHSA, OCHOBHBIE 3aKOHOMEPHOCTH,
COOTHOILIEHUS, TPUHLIUIIBL; JOMYLIEHO HECKOJIBKO HErPYyOBIX OMIMOOK;

— BBICOKMI YpOBEHb: JIaHBI IIOJIHBIE, TOYHBIC M APIyMEHTHPOBAHHBIE OTBETHI HA
BOIIPOCHI, 3HAET TEPMUHBI, OINPEACICHHUS W TOHITHS, OCHOBHBIE 3aKOHOMEPHOCTH,
COOTHOILICHHMS], IPUHIUIIBI; JOMYIIEHO HECKOJIbKO HETOUHOCTEM.

Cocmasnarowas KomnemeHyuu — yMeHusl

— HYJEBOH ypOBEHb: IIOJIHOE OTCYTCTBHE NOHMMAHHSA CYTM METOAMKH PELICHUS
3aJ1auyd, JIOMYIICHO MHOKECTBO IpyOSHIITIX ONTHOOK, 3aJaHHs HE BBIMIOJHEHBI BOOOIIIE;

— MUHUMAaJbHBIA YpOBEHb: cllaboe MOHMMaHUE CYTH METOAMKH PEUIeHUs 3aJadH,
JOMyIIeHbl TpyOble OIIMOKM, peumeHuss He OOOCHOBaHBI, HE YMEET WCIOJIb30BATh
HOPMAaTUBHO-TEXHUUYECKYIO JIUTEPATYPY;

— MOPOTOBBIM YPOBEHb: JOCTATOUHOE MOHUMAHKUE CYTH METOAMKH PEUICHUS 3a/1a4H,
JIOIYIIEHBI OIIMOKH, PEIIEHUS] He BCeraa 000CHOBAHBI, YMEET UCIO0Ib30BaTh HOPMATUBHO-
TEXHUUYECKYIO JINTEPATypy, CJ1a00 OPUEHTUPYETCS B CHIELIMAILHOW HAYYHOMU JIUTEpaType;

— CpeJHU! YpOBEHb: B LEJIOM IIOHMMAeT CyTb METOJWKH pEUICHHs 33a/1a4H,
JIOIYIIEHBI OIMOKH, PEIIEHUS] HE BCeraa 000CHOBAHBI, YMEET UCTIO0Ib30BaTh HOPMATUBHO-
TEXHUYECKYIO U CIIEHUAIbHYIO HAYUHYIO JIUTEPaTypy;

— MPOABUHYTHIA YPOBEHb: B IIEJIOM MOHUMAET CyTh METOAMKH PEUICHUs 3a/lauH,
JIOTYILIEHbl HETOYHOCTH, CIIOCOOEH OOOCHOBAaTh pEIICHUS, YMEET HCHOJIb30BaTh
HOPMAaTUBHO-TEXHUYECKYIO U CIEHUATbHYIO HAYYHYIO JIUTEPATYPY;

— BBICOKMI YpOBEHb: IOHHUMAET CyThb METOJMKH pELIeHHs 3aJayH, CIOCOOEH
000CHOBaTh pEIICHUs, YMEET HCIOIb30BaTh HOPMAaTHUBHO-TEXHUYECKYIO U CIEHUAIBHYIO
HAy4HYIO JINTEPATYPY, EPEAOBON IPONU3BOACTBEHHBIN OIIBIT.



Cocmasnaowas komnemeHyuu — 61a0eHue HagblKamu

— HYJIEBOM YpOBEHb: HE JIEMOHCTPUPYET BIIAJICHUEC HABBIKAMU BBINOJIHEHUS
npo¢eCCUOHANIBHBIX 3aJ1a4, HE MOKET BBITIOJIHUTh 3a/IaHHUS;

— MUHUMAJIbHBIN YPOBEHb: HE JEMOHCTPUPYET BIIaJICHUE HABBIKAMHU BBIMOJHEHUSA
poeCCHOHANTBHBIX 3aJ1a4, MUCTBITHIBAET CYIIECTBEHHBIC TPYAHOCTH TMPU BBIMOTHECHUN
OTJICJIbHBIX 3aJaHUM;

— TIOPOTOBBIM ypPOBEHb: BIAJCET HABBIKAMH BBITIOJHEHUS TPO(HEeCCHOHATBHBIX
3a7a4 Ha IOPOTOBOM YPOBHE, 3aJJaHHS BBITIOJIHSIET MEIJICHHO U HEKAYECTBEHHO;

— CpPEIHHMM YPOBEHB: BIIaJIeeT HaBbIKaMU BBITIOJIHEHUS MPO(EeCcCHOHATBHBIX 3a/1a4,
3a/IaHUs BBITIOHSET Ha CPETHEM YPOBHE T10 OBICTPOTE U KaUECTRY;

— IPOABUHYTHIM YPOBEHBL: BIAJACET YBEPEHHBIMU HABBIKAMU BBINOJHEHUA
npodecCHOHaNBHBIX 3a1ad, OBICTPO M KA4YECTBEHHO BBIMOJIHSACT 3aJaHUs, HHOTIA
JIOITyCKasi HE3HAYUTEIbHbBIEC OTPEIIHOCTH;

— BBICOKHM  YpPOBEHb:  BIIAJICET YBEPEHHBIMM  HABBIKAMHM  BBIIIOJIHEHHS
npodeCCUOHANIBHBIX 3a/a4, OBICTPO M KauyeCTBEHHO BBIMIOJHSACT 3aJaHus, IpHU
HEOOXOJIMMOCTH JICMOHCTPUPYS TBOPUYCCKHUM MOIXOI.

Obobwennas oyeHxka chpopmuposanHocmu KomMnemeHyuil

— HYJIEBOM ypOBEHB: Ha HYJICBOM YPOBHE C(OPMHPOBAHBI: BCE COCTABJISIOIIUE;
OJIHA WJIH JIBE U3 TPEX, OCTANIbHbIE — HA 00JIe€ BLICOKOM YPOBHE;

— MUHUMQJIbHBIM ypOBEHb: HAa MHUHHMMaJIbHOM YpOBHE C(OPMHUPOBAHBI: BCE
COCTABJISIOIINE; OJTHA WIIH JIBE U3 TPEX, OCTAIIbHBIC — HA 00JIee BLICOKOM YPOBHE;

— TIOPOTOBBIM  ypPOBEHb: Ha TIOPOTOBOM  YpOBHE C(HOPMHPOBAHBI:  BCE
COCTABJISIOIIME; OJTHA WIIH JIBE U3 TPEX, OCTAIIbHBIC — HA 00JIee BLICOKOM YPOBHE;

— CpPEIIHMH ypOBEHBb: Ha CPEIHEM YpOBHE C(POPMHPOBAHBI: BCE COCTABIISIONIUE;
OJIHA WJIH JIBE U3 TPEX, OCTAJIbHBIE — HA 00JIe€ BLICOKOM YPOBHE;

— TOPOJBUHYTHIM YPOBEHb: Ha TPOJBUHYTOM YpPOBHE C(HOPMHUPOBAHBI: BCE
COCTABJISIIOIIME; OJTHA WIIH BE U3 TPEX, OCTAIIbHBIE — HA BBICOKOM YPOBHE;

— BBICOKMM YPOBEHb: Ha BBICOKOM YpPOBHE C(HOPMHUPOBAHBI BCE COCTABIISIONINC
KOMIIETCHITUM.

4.2 Bonipocsl K 3K3aMeHY U IpUMep IK3aMEHAIIHOHHOTI0 OnJiera
Bomnpocs! k 3k3aMeny:

1. Tlpeamer u 3aauu pacno3HaBaHUS MU300paKEHUN HA OCHOBE CTAaTUCTUYECKHUX
U HelpoceTeBbIX MoAX0A0B. O0acTH MPUMEHEHHUsI paclio3HaBaHusl 00pa3oB.
PannansHo-0a3ucHas Heiiponnas cetb (RBF). [Ipumenenne, apxutexrypa.
O6yuenue RBF-ceTn.
[Tpumep cetu RBF ms peanuzanmu ¢pynkimun XOR.
[Tpumep anmpokcumanyu GyHKIUU ¢ momotisio RBF-cetn.
BepositHoctHas ueriponnas cetb (PNN), obmacte nmpumenenus. [IpoGiembr
kiaccudukanmm oopasmnos. Unes padotst PNN.

7. Ilpumep mpumenenuss PNN s knaccudukanuu oOpasiia, onpenesseMoro
OIHOU MEPEMEHHOM.

ook wn



8. O6o0ménno-perpeccnonnas HeviponHnas cetb (GRNN). Hasnauenue
Hetipocetu GRNN, ctpykrypa cetu, ooyuenue u ¢pynkuronuposanue GRNN.

9. IlporHo3upoBaHuE pa3BUTHUS IUHAMUYECKHX MPOILECCOB HA HEHPOHHBIX CETAX.
[TocTanoBka 3amayu MporHo3upoBaHus. JIMHelHas HelpoceTeBas MOJENb IMPOTHO3A.
CTpyKTypa CeTH U alIropuT™m €€ 00y4YeHusl.

10. AnanTtuBHBIM  JUHEWHBIM TporHo3. Ero mpeumymiectBa.  CTpykTypa
aJlalTUBHOW HEUPOHHOW CETH C 3aJiepKKaMmH 1o BxojgaM. OOydeHue HeilpoceTu u eé
pabora nipu nporHose. [IpuMep aganTUBHOTO MPOTHO3a.

11. IIporuo3upoBaHue Ha MHOTOCIIONHOM MEPCENTPOHE. CrpykTtypa
MHOTOCJIOMHOW  HEHpOHHOW cetn, e oO0ydeHHWe aJropuTMoOM  OOpaTHOTO
pacrpoCTpaHEHUs OITUOKH.

12. Knacrepuzanusi o0pa3oB Ha HEWpOHHBIX ceTsx. [locTaHoBka 3amaun
kinacrepuszaunnd.  llennm  kmacrepuzaumu.  Metonel  kiactepuszanmu.  Mnes
CaMOOPTaHM3AIIMN B HEUPOHHBIX CETsIX. Mephl Omm30cTH (TOA00u).

13. Ctpaterust oOyueHus HeupoceTn «0e3 yuutens». CrnocoObl pa3MelieHus
KJIACTEPHBIX AJIEMEHTOB.

14. HaxoxxneHust UEHTPOB KJIACTEPOB CJIOEM COPEBHYIOLIUXCS HEHpPOHOB
Koxonena ¢ ncronb3oBanneM cpeacts Neural Networks makera MatLab.

15. Camoopranusyromasicss kapta KoxoHeHa Jisi BOCCTaHOBJICHHSI JIBYMEPHBIX
JIAHHBIX CJIOKHOU CTPYKTYPBL.

16. [Ipumep  omHOMEpHON  camoopraHm3ymomencs  kKapTel.  KiactepHoe
MPEAICTABICHUE TONOJOTHH MPOU3BOJIBHON JIMHUU (TPAEKTOPHUN).

17. I'padpuyeckoe npeacTaBlieHUe CaMOOPraHU3YIOIIUXCS KapT MPU3HAKOB.

18. Camoopranusyromascsi Kapra isi BOCCTAHOBIICHHS JBYMEPHBIX JaHHBIX
CIIOXKHOW CTpYKTypbl. IlpuMep BOCCTaHOBJIEHMSI JIaHHBIX, OOpa3YIOIIUX IUIOCKHE
¢durypsi, cpencreamu Neural Networks makera MATLAB.

19. Knacrepuzaiusi 00beKTOB 10 MX M300paxeHHI0 Ha HehpoHHoU cetn SOFM.
[Mpumep knactepusarmu cpeactamu Neural Networks makera MATLAB.

20. Knaccudukanus o6pa3oB Ha HeHpOHHBIX ceTsX. [locTaHoBKa 3amaun. YpoBHU
CJIOKHOCTH B Pa3fIeICHUH KiaccoB. JIMHelHas KjacCuUKaIus ¢ TOMOIIBIO HEHPOCETH.
[Tpumep.

21. Henuneilinas kinaccudukanus IByMepHbIX 00beKTOB. [Ipumep kinaccudukanmm
wiockux ¢uryp cpeacrBamu Neural Networks mnakera MATLAB. Crpykrypa
HEHUPOCETH.

22. Knaccudukanys ¢ mMOMOIIBI0 CeTH BCTpeuHOTO pacrnpoctpanenus (Koxonena
+ I'poccbhepra). Ctpykrypa Heilpocetu. O0yueHue HeHpOoCeTH.

23. Pacnio3HaBaHue 00pa3oB C TMOMOIIBI0O MHOTOCJIONHOW HEHPOHHOW CeTH.
CrpykTypa HeWpoHHOUN ceTu, €€ oOyueHue u mnpumep npumeHeHus. I[loctpoenue
00y4aroIiero MHOXECTBA.

24. Pexypentnbie HeiiponHsle cetu (PHC). OOGnacte uX nOpUMEHEHHS.
Apxurextypbl PHC ¢ oOpaTHbIME CBSI3IMH OT HEHPOHOB BBIXOAHOTO ciost. O0yueHue
PHC.

25. Apxwutektypsl PHC ¢ oOpaTHbIMH CBSI3SIMH OT HEHUPOHOB CKPBITOTO CIIOSI.
Oo6yuenue PHC.



26. BoccranoBnenue (Qopmbl CUTHajda C MOMOIIbIO PEKYPEHTHON HEWPOHHOM
cern (PHC). IIpumep Bocctanosienust hopmbl curnana cpeacreamu Neural Networks
nakera MATLAB.

IIpumep 3K3aMeHANMOHHOT0 OUJIeTA:

T'OVYBIIO «JOHEIKHWIT HAITMOHAJIbHBIM TEXHUYECKUI YHUBEPCUTET»

JuctumuHa: Pacnio3HaBanue 00pazoB

Hanpasnenue moarotoBku: I[IporpamMMHas nHXEHEpUs

Marucrepckas mporpamma: MeTOJIbI U CPENICTBA pa3pabOTKH MPOTPAMMHOTO
oOecrieueHus

[ndp nanpasnenus: 09.04.04 I'pynma: T1HWm-19

JK3aMEHALMOHHBIH Omier Ne 4

1. Teopus.
[IporHo3upoBanne pa3BUTUS AUHAMUYECKUX TMPOLECCOB HAa HEUPOHHBIX CETSAX.
JluneniHass HeupoceTeBass MozAenb NOporHo3a. CTPyKTypa CE€TH W alIroOpuTMm €€
oOyJeHus.

2. 3amaua.
3agaHbl JIBa Kjlacca TOYEK HAa YHMCIIOBOM OCH X KaK ydeOHbIe 00pa3IIbl:
Knacc A: 2 Touku - @,
Knacc b : 1 touka - [

[TocTpouTs HelipoceTeBoOl Ki1acCU(PUKATOP Ha OCHOBE BEPOSITHOCTHON HEMPOHHOI ceTH
(PNN) mi1s kmaccuguKauy TOYSIHOTo 00pasiia ¢ koopauHaToi X=0.

VYTBepKI€HO Ha 3aceJlaHnu Kapeapbl NpOrpaMMHON MHKEHEPHUU

[Ipotokon Ne OT 20 T
3aB. Kadenpoit O.1. Oensen DK3aMEeHATOp O.1. Oengesn
KPUTEPUN

OLICHUBAHMS IK3AMEHALIMOHHOM padoThI
no aucuuIuinHe «Pacno3HaBanue o6pa3oBy
i ooyuaromuxcs no HanpasneHuto 09.04.04 Ilporpammuast UHXeHEpUs
(Marucrepckas mporpamMmma MeToIbl M Cpe/icTBa pa3paboTKK MPOrPaMMHOTO 00ECIICUeHN)

DK3aMeH NMPOBOJIUTCS MUCbMEHHO Mo Oumiieram. buner comepxut 2 Bompoca: OJWH Ha 3HAHUE
TEOPUHM MO TEeMaTHKe IUCLUIUIMHBI, a BTOPOM — KOHKpeTHas 3anada. Kaxapiii Bompoc Tpedyer
KOHKpeTHOro otBera. llpu HEOOXOAMMOCTH OTBEYAOUIMI JOKEH COMPOBOJAUTH HAIMKMCAHHOE
noscHstone nHdopmaren o: CTpykType HEHpOHHOH ceTH, BXOJIHBIX 00pa3ax, BUAE OLU(PPOBAHHBIX



00pa3oB, CTPyKType OOy4aromero MHOXECTBa, HEOOXOIUMBIX pacuérax, MOJeNu HeWpoceTH Ha
MATLAB u 1.1

Bompockl 0XBaTHIBAIOT TEOPETUYECKYID YacTh Kypca, a Takke TpeOyIT IeMOHCTpaluu
MPAKTUYECKUX HaBBIKOB, MOJIYYEHHBIX CTYICHTOM B XOJI€ BBIIIOJIHEHUS J1a0OpaTOPHBIX padoT.

[IpaBUIBbHBII OTBET Ha BOMPOC OlieHHBaeTcss B 26 OamnoB. Ecnm oTBeT He MONHBINA, TO OH
OLICHMBAaeTCAd B JuamnazoHe oT S5 no 26 OamioB. [lpm OTCYTCTBUMM MpaBMWIIBHOIO OTBETa Ha
MIOCTaBJICHHBI BOMpOC oOydarouuiics moiyyaer HONb OayutoB. IlomydeHnHble Gayuibl 3a OTBETHI Ha
BOIPOCHl OHJIeTa CYMMHUPYIOTCS U C YYETOM Pe3yJbTaTOB TEKYILIErOo KOHTPOJIsS paboOThl CTYyIEHTa
BBIBOJIUTCS UTOroBas onieHKa 1o 100-0amibHOil mKase.

[Tonyuyennas omenka mo 100-0auibHOM IIKaJie OMpPENEseT OIEHKY IO TOCYAapCTBEHHOM

mikane u mkaie ESTS.

YTBepkIeHO Ha 3aceAaHuH Kadeaphl MPOrPaMMHON HHKEHEPUH,
npotokoa Ne 9 ot 10.03.2020 1.
3aBenyromnmii kKageapoit @ensieB O.U.

4.3 Kputepum oneHMBaHUS

OueHuBaHME YPOBHSI OCBOEHHUSI CTYACHTOM YYEOHOro MaTepHajia JUCUUILIUHBI
«PacniosHaBaHue 00pa3oB» MPOU3ZBOAUTCA B XOJ€ TEKYUIErOo KOHTPOJS H
MPOMEKYTOUHOM aTTeCTALMK (CEMECTPOBOTO KOHTPOJIS).

Tekymmii KOHTPOJIb 3HAHMM CTyJIE€HTAa MPOU3BOAUTCA IO peE3yIbTaTaM
BBINIOJIHEHUS J1a0OPaTOPHBIX PadoT.

Pacnipenenenne 0ayioB TEKYIIETO KOHTPOJISL pabOThl CTyAEHTAa Ha NMPOTSKEHUU
ceMecTpa IpUBEIEHO B TaoI. 1.

Ta6nuna 1 — Pacpenenenne 6aJ1j10B TEKYIIEro KOHTPOJIS

Bo3moxxHoe
dopma KOHTpOJIA KOJIMYECTBO [Ipumeuanue
0amuIoB
JUis CTy/IeHTOB OUHOM M 3a04HOM (OPMBI 00YUEHUs
OTuéT O BEIIOJIHEHUH 12 OreHuBaeTcs B OajuIax KaXk10€ 3aJgaHue.
nabopaTopHoOil paboThI WNHauBuayansHOE 3ajaHKE BBIIIOJHEHO MTPaBUIIBHO,

MPOEKTHBIE pelieHrss 000CHOBAHBI, IPUBEACH aHAIINU3
MOJIY4YEHHOT' 0 pe3yJibTara

1 3aianue BBIMOIHEHO B IIEJIOM TPaBUIIBHO,
IPOEKTHBIE PEIICHUs HE BCerja 0OOCHOBAHBI,
BO3HUKJIM TPYAHOCTU B OOBSICHEHUH TTOTyYE€HHBIX

pE3yJIBTAaTOB
Hroro no 48 W3 pacuéra BeINoONHEHUS CTyIeHTOM 4
J1abopaTopHbIM padoTam WHAMBHUIYaJbHBIX J1a00paTOPHBIX PadoT.
(MakcHUMaJIbHO
BO3MOKHOE€)
UTOIO: 48 MakcrMalIbHO BO3MOXKHOE

IIpomexxyTouHasi arrecTanMsi O pe3yJbTaTaM OCBOCHUS JAUCHUILIMHBI B
ceMecTpe MPOBOIUTCS B (DOPME CEMECTPOBOTO dKk3aMeHa. Dopma IPOBEACHUS dK3aMeHa
— NMHUChbMEHHAas. JK3aMCHAIMOHHBIA OWiIeT BKIo4YaeT B cebs 1 teopermueckuit u 1
NpakTU4ecKul (3amauy) Bompoc. Ilpu oOlEHMBaHMM CTyJA€HTa Ha HK3aMEHE
npenojaBaTeslb PyKOBOJCTBYETCSI KPUTEPUSIMHU, PUBEACHHBIMU B Ta0JI. 2.



MakcumanbHOE KOJMYECTBO OayuioB 3a OTBET HA BOMPOC 3K3aMEHAIIMOHHOTO
Owyiera 3aCUMTHIBACTCS CTYIACHTY B Cjydae, €CJIM OTBET IOJATBEPIKIACT BJIAJCHHC
CTYJICHTOM 3HAHUSMHU B MOJHOM 00BEME y4eOHOH MpOrpaMMbl, MaTepuail HU3JIOKCH B
JIOTUYECKON TIOCIEAOBATCIIBHOCTH C  BBIJACICHUEM TJIaBHOTO, COJCPKHT TOYHBIC
(bOPMYITUPOBKH, COIMPOBOXKIAACTCS HIUTFOCTPUPYIONIUMHA CXEMaMH W PHUCYHKaMH (TIpH
HEOOXOJIUMOCTH).

B ciydae, ecimi oTBET Ha BOIPOC HE B IOJIHOM Mepe OTBEYACT NMPHUBEIACHHBIM
TpeOOBAHMAM, CTYJCHTY HAYUCIISACTCS KOJWYSCTBO OaJIOB B JWama3oHE OT 5 o 26
OamnoB. [lpu OTCyTCTBMM TMPaBUILHOTO OTBETAa HA TMOCTABICHHBIN BOMPOC CTYACHT
nostyqaet 0 6ayIoB.

Tabnuua 2 — Pacnipenenenue 0amioB 0 CEMECTPOBOMY PK3aAMEHY

Maxkcumansao
dopma KOHTPOJIS
BO3MOYKHOE KOJIMYECTBO OAJJIOB
OtBer Ha BOITPOCHI Bonpoc 1 26
SK3aMEHAIIMOHHOI0 OMiieTa
Bompoc 2 (3amaua) 26
HUTOI'O: 52

HToroBasi oueHka ornpeesercs MmyTéM CyMMHUPOBAHHUS KOJIUYECTBA OAIOB I10
pe3yJibTaTaM TEKYIero KOHTPOJIS U KOJIMYeCcTBa 0aIOB 1O pe3ysibTaTaM CEMECTPOBOTO
sk3aMeHa. MaKkcHMaJIbHO BO3MOKHOE KoauuecTBo 0ayioB — 100.

[Tonyuennas omenka 1o 100-OayyibHOM IIIKajie OMpENENIeT OIEHKY I10
rocyJapcTBeHHo mkaie u mkaine ECTS:

Cymma 6aminoB Orenka O1enka
no 100-6anpHOI mIKae no mkaine ECTS 10 TOCYJAPCTBEHHOM IIKaJIe
90-100 A OTAn4HO
80-89 B Xopomro
75-79 C
70-74 D
60-69 £ VY 10BIETBOPUTETEHO
3559 F)f HeynosnerBopurenbHoO
0-34 F

* — ¢ 00s13aTEIbHEIM IMMOBTOPHBIM U3YUCHUEM OTUCHUIIIINHBI.

4.4 IlpuMep TeKylIero onpoca Ha JJadopaTOPHBIX 3aHATHAX

Ha npumepe temur «Kmaccudukanms u pacrio3zHaBaHue 00pa30B HA OCHOBE
HelpoceTeBbIX Mojeiel maketa Neural Networks»:



1. B uyém 3akmrouaercs mpodiema kinaccuduxanuu oOpa3oB, Kakue MPUIOKCHHS

MO>KHO MHTEPIPETUPOBATH KaK MPOOIEMBbI Ki1acCupuKaum?

Kak matematndecku popmynupyercs 3afada Kiaccupukanmu oopa3zos?

Kakue ypoBHHU CIIOKHOCTHU BBIJEIISIOT MPHU Pa3IeICeHIH KJIacCOB?

4. B yé™m paznuuve M WACHTUYHOCTb 3373y KIACCH(PHUKAIMKA M PACIO3HABAHUSA
o0OpazoB?

5. Kakas crparerust o0y4eHus: npuMeHsIeTCs IPU UCIIOIb30BAHUN HEMPOHHBIX ceTei
B 3371a4ax Kjaccu(uKaluu 1 pacro3HaBaHusi 00pa3oB?

6. Kakue HelipoHHBIE CETH IPUMEHSIOT MPU HEIMHEHHOU pa3eIuMOCTH 00pa3oB?

7. Kakumu ¢yaxkmmsimu MATLAB co3maéres u oOydaeTcsi mporpaMmHas MOJIEIb
nepcenTpoHa?

8. C kakoii 1eNIbI0 M KAaKKM CTIOCOOOM BBITIONTHSIETCS OIU(PpOBKA BXOHBIX 00pa3oB?

9. Kakue uncTpymeHTanpHble (pyHkuuu makera Neural Networks mcmonb3yroTcs
JUIS  CO3JIaHUSl CTPYKTYpbl U OOYYEHHs «KIACCHYECKOTr0» MHOTOCIOMHOTO

w N

nepcentpoHa’?

10. Mo>XHO 71 B MHOTOCIIOMHOM TEPCENTPOHE MCMIOIB30BATh Pa3IMYHbIC (DYHKIIUH
aKTUBAINU?

11. KakumMu  mpeuMmylnecTBaMu  00JiajlaeT  HEHWpPOHHAsT  CETh  BCTPEUYHOTO
pacrnpocTpaHeHuUs ?

12. Kakoii ¢yHknuel co3zmaércss mnOporpamMmHas MoOJElb CETH BCTPEUYHOTO
pacnpocTpaHeHus1, Ha3HauYeHue e€ mapameTpoB?
13. Kak dopmupyrotrcss Habopbl BXOTHBIX 00pa30B I OOYYCHHS U TECTHPOBAHMS
HEUPOHHBIX CETEN B CUCTEMAX PACIIO3HABAHMSA?
OTBeTbl Ha BOIPOCH BXOJHOI'O KOHTPOJIA YYMUTHIBAIOTCS MPENoAaBaTeIeM B
pe3ynbTaTax TEKyLIEro KOHTPOJsl pabOThI CTYACHTA.

4.5 KypcoBoe npoekTupoBaHue
[Ipn oueHWMBaHMM PE3YJIBTATOB KypPCOBOI'O ITPOEKTUPOBAHMS PYKOBOJICTBYIOTCS

cicayromuM paciapCaciaCcHucM MAKCHMAJIIbHO BO3MOKHOI'O KOJIHYCCTBA 0ayI0oB 110
OCHOBHBIM pa3acjiaM IIPOCKTaA:

Ne MakcumanbHO BO3MOXKHOE
HaumenoBanue paznena
n/n KOJINYeCTBO 0aJIJIOB
1 | IlocTaHoBKa 33124 pacrio3HaBaHUS: 8
—  anmpOKCHMAIHsI GyHKIWHI KaK 3agada | (1o 2 Gamna 1y Kaxaoi
pacrio3HaBaHMs 00pa3oB; 3aJ1a4H)
— TPOTHO3MPOBAHWE JMHAMUKH TIPOIECCa METOIOM
«windowingy;
— KJactepusanus o0Opas3os;
— KJjaccuuKalys U paclo3HaBaHue 00pa3os.
2 | BeiObop  CTpyKTypsl ~ HEHpPOHHOM ceTH Al 3ajad 12
pacro3HaBaHMs. (o 3 Gaimma JuIs KaXkIoi
CTPYKTYpBI HEHpOCeTH)
3 | PazpaboTka mporpaMMHBIX MoOjeJed HeHWpoceTn B cperne 28
MATLAB c¢ yuérom crpaterun oOydeHuss M Kjacca | (mmo 7 0ayuioB AJis KaKaon
peraemMoi 3a1a4u MOJIeNIU HEUPOCETH)




4 | OuudpoBKa BXOJHBIX 00pa30B M MOCTPOCHHE O0YYaIOIIEro 16

MHOKECTBA. (1o 4 Gana s KaXkJ10ro
Habopa MHOYKECTBA)
5 | OOyueHue HEMPOCETEBBIX MOICIICH pacrio3HABAHUS 24

(o 6 6ayIoB IS KaXKI0H
MOJIeJI HEUPOCETH )

6 | Ounenka KkadecTBa pELICHUS 3a1ad paclo3HaBaHUS Ha 12
TECTOBBIX MHOKECTBAaX BXOJHBIX 00pa3oB. (o 3 Gana It KaKaon
CHCTEMBI PACIIO3HABAHM)
HUTOI'O 100

OueHunBaHue paszena IpOU3BOAUTCA UCXOS U3 CIETYIOUIETO:

— TpaBWIbHOE W OOOCHOBaHHOE (apTryMEHTHUPOBAHHOE) IMPOEKTHOE pEIICHUE C
WCIIOJIb30BAaHUEM. HOBBIX TEXHOJIOTMM, COBPEMEHHBIX HHCTPYMEHTAJIBHBIX CPEJICTB,
CTPYKTYpbl HEUpOCETH aJCKBaTHOM 3aJade, HEHPOCETEBOM MOJEIM  Ha SI3bIKE
IPOrPaMMHUPOBAHMS, JIOCTATOYHOTO O00BEMA MOJEIBHBIX HKCIEPUMEHTOB IO OIICHKE
Ka4yeCTBa PEIICHUA 3aJa4 PacliO3HABaHUA — MAKCHMAaJIbHO BO3MOXHOE€ KOJMYECTBO
0aJlJIoB;

— TMpPaBWIbHOE MPOEKTHOE PEIICHUE C 3aMEYaHUSIMU 10 00OCHOBAHUIO (M3JI0KEHUE
MaTepuajia He BCErja JIOTUYHOE), MMEIOTCA 3aMedyaHus 1O0:. BBIOPAHHOW CTPYKTYype
HEHPOHHOW ceTH, pa3pabOTaHHOM MNPOrpaMMHON MOJEIN HEUPOCETEBOM CHUCTEMBbI
pacro3HaBaHus, 00bEMY M KaueCTBY MOJEIBHBIX JSKCIEPUMEHTOB, OQPOPMIICHUIO
MOSICHUTENBHOM 3amuCcKu — OT 1/3 10 2/3 OT MakCMMajabHO BO3MOKHOTO KOJHUYECTBA
0aIoB;

— HEBEpPHOE MPOEKTHOE PEIlIeHNEe, HEYMEHHUE BBHIMIOJIHUTE Pa3pad0TKy HEHPOCETEBOM
CUCTEMBbI PacIiO3HABAHUSI, MTOJYYCHUSI HEOOXOIUMBIX PE3YJIHbTaTOB — HOJIb OAJIJIOB.

B pe3ynbraTte cymMMUpOBaHHMS HaOpaHHBIX MO pasjeiiaM OaJJIOB PYKOBOJUTEIb
KYPCOBOTO TMPOEKTUPOBAHUS ONPEACISCT MPEABAPUTEIBHYI0 HMTOTOBYIO OICHKY,
KOTOpasi MOXKET OBbITh CHUXKEHA MO pe3yjbTaTaM 3alluThl 00y4YaroIIUMCs KypCOBOTO
MPOEKTa Mepe]l KOMUCCUEH 13 YKclia pernojaBaresiei kadeapsl.

5 PEKOMEHAYEMAS JIUTEPATYPA

I OcHoBHast JuTeparypa

1. ExoBa K.B. MogenpoBanne u 00paboTka H300pakeHHl [DIEKTPOHHBIN
pecypc]: yueOHoe nmocobue s By30B / K.B. ExoBa; Cankrt-IlerepOypr. Hail. ucciues.
YH-T UH(OPM. TEXHOJOTUN, MEXaHUKU U onTHKHU. - 3 MO. - Cankr-Ilerepoypr: HUY
UTMO, 2011. - 1 ain. - Cucrem. TtpeboBanus: Acrobat Reader.
http://ed.donntu.org/books/17/cd7391.pdf

2. Scumnkuit JIL.H. HHTennexktyanbHbIE CHUCTEMBI [DJIEKTPOHHBIA pecypc]
yaeOHuk aisa By3oB / JL.H. Scaunkuii. - 3 M6. - Mocksa : BUHOM. JlabopaTtopus
sHanuit, 2016. - 1 ¢ain. - Cucrem. T1peboBanus: Acrobat Reader.
http://ed.donntu.org/books/cd5532.pdf

3. AcanymnaeB P.I'. Heuérkass noruka W HEHpOHHBIE CETU [DNEKTPOHHBIN
pecypc]: yuebHnoe mocodue / P.I'. Acagynnaes; ®T'AOY BO «benroposa. roc. Hail.


http://ed.donntu.org/books/cd5532.pdf

uccien. yH-T», IH-T MH)KEeHEepHBIX TEXHOJ. U €CTeCTBeHHbIX HayK. Kad. mpuknamanoi
uHGOpMAaTUKA W UHPOPMAIMOHHBIX TeXHOI. — 9 M6. — benropoa: [6.u.], 2017. — 1
dariin. — Cucrem. TpeOOBAHMS: Acrobat Reader.
http://ed.donntu.org/books/17/cd7365.pdf

II TomosiHUTEILHAA JMTEpaTypa

4. Koxonen T. Camoopranuszymoomme KapTel [OnexktpoHHsid pecypc] / T.
Koxonen; mep. 3-ro anrn. m3a. B.H. Areesa. - 85 M6. - MockBa: BUHOM.
Jlabopatopuss 3nHammir, 2014. - 1 (aitm. - Cucrem. tpeboBanus: Acrobat
Reader. http://ed.donntu.org/books/cd5652.pdf

5. Bopob6eer C.H. IludpoBas o06paboTka CHUTHAJIOB [DIEKTPOHHBEIN pecypc]:
yuebHuk 11t By3os / C.H. BopoOnes. - 144 MO. - Mocksa : UL "Akagemus", 2013. - 1
daiin. - Cuctem. TpeboBanus: Acrobat Reader. http://ed.donntu.org/books/cd5786.pdf

6. Taiinyk A.P. Teopust aBToMaTH4eCcKOro yrpaJjeHUsl B IpUMEpax U 3ajadax C
pemenusimu B MATLAB [OnektponHslil pecypc]: yuebHoe nmocodue s By30B / A.P.
laiinyk, B.E. bensies, T.A. IIbsBuenko. - 21 MGO. - Canxt-IletepOypr: Jlansb, 2011. - 1
daitn. - Cucrem. TpeOOBaHUSI: Acrobat Reader.
http://ed.donntu.org/books/17/cd6733.pdf

6 YYEBHO-METOANYECKOE OBECIIEYEHUE JUCIUITIJINHBI
Y4eOHO-MeTOAMYECKHE U3IaHusA, paspa0oTaHubie B JlonHTY:

7. Meronuueckue yka3zaHus K JA0OpAaTOPHBIM 3aHATHSAM 1O JUCUMILIUHE
«PacniozHaBanue 00pa3oB» [DNEKTPOHHBIM pecypc]: g CTYJEHTOB YPOBHS
npodeccuoHanbHOTO 00pa3oBaHMsl «MarucTpy HampasieHus mnoarotoBku 09.04.04
«IIporpamMHas WHXEHEpUs» MaArucTepCcKor mnporpamMmmel «Meroapl M cpencrsa
pa3paboTKu TporpaMMmHoro oOecredeHusi» Bcex ¢opm obyuenus / ['OYBIIO
«IOHHTVY», xad. nporpammuoit unxxkenepuu; coct. O.1.densieB — Dnektpon. naH. (1
daiim: 1,1 M06). — Houeunk: 'OYBIIO «JIOHHTY», 2020. — Cuctem. tpeboBaHUS:
Acrobat Reader.

8. Meroanueckne yka3zaHUS K KypCOBOMY MPOEKTUPOBAHUIO TO AWCIMILINHE
«PacniozHaBanue 00pa3oB» [DNEKTpOHHBIA pecypc]: g CTYJEHTOB  YPOBHS
npodecCHOHaNbHOTO 00pa30BaHMs «MarucTp» HampasieHus noarotosku 09.04.04
«IIporpamMMHass WHXEHEpPUS» MArucTepCKOM MporpamMmel «MeTonbsl M CpPEACTBA
pa3paboTku mporpaMMHOro oobecnedeHus» Bcex Gopm obOyuenuss / ['OYBIIO
«JOHHTY», xad. mporpammuoit urxeHepuu; coct. O.N.Densen, O.A.CepéxeHko,
O.I'.Aprémenko — OnektpoH. mad. (1 d¢aiti: 0,6 MOG). — J[oueux: ['OYBIIO
«IOHHTVY», 2020. — Cucrem. TpeboBanus: Acrobat Reader.

JIEKTPOHHO-UH(GOPMALIMOHHBbIE PECYPCHI
5BbC IOHHTY - http://donntu.org/library


http://ed.donntu.org/books/17/cd7365.pdf
http://ed.donntu.org/books/cd5652.pdf
http://ed.donntu.org/books/cd5786.pdf
http://ed.donntu.org/books/17/cd6733.pdf
http://donntu.org/library

7 MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHHUE JUCIHUIIJIMHBI

7.1 JIeKIITHOHHBIE 3AHATHA:

VYuebnas aymuropuss Ne 8.704 (y4ueOHBIM Kopmyc 8) Ml MPOBEACHUS 3aHATUI
JCKIIMOHHOTO THWIIA, TPYMIOBBIX W HHIMBUIYAJIbHBIX KOHCYJIBTALUH, TEKYIIETO
KOHTPOJSI M TMPOMEXKYTOYHOW aTTectaiuu, (MyJIbTHUMEAMHHOEC O00OpYyIOBaHHME:
KoMmIbIoTep, oneparnnonHas cucrema Windows 7 Professional x86/64 (akagemudeckast
noanucka DreamSparkPremium), LibreOffice 4.3.2.2, Google Slides (6ecrarHast
BepCHs)), MYJIbTHMEIUHHBIN MPOCKTOP, IKPaH; CIEMUAIM3UPOBaHHas MeOeab: J0CKa
ayJMTOpPHAs, TapTHI.

7.2 JlaGopaTopHbIe 3aHATHS:

YueOnas ayautopus Ne  4.02  (yueOHbIi kopmyc 4) sl TpOBEICHUS
7a00paTOPHBIX 3aHATHHA, KypCOBOTO TPOCKTUPOBAHUS (BBIIOJHEHHS KYPCOBBIX
MPOEKTOB), TPYMNMOBBIX U HHAUBUAYAIBHBIX KOHCYJIBTAIMM, TEKYIIETO KOHTPOJA M
MPOMEXKYTOUHON aTTecTaluu, (MyJIbTUMEIUHHOE  O0OpyJOBaHHUE, OIEpalMOHHAs
cuctrema Windows XP  Professional x86/64 (akamemMuueckas — IOMAIMKCKA
DreamSparkPremium), LibreOffice 4.3.2.2, Google Slides (6ecrutathast Bepcus)), X3d-
player (ycnoBHo-Oecrutatnas), FreeWRL (6ecratnas nunensus), OpenVRML
(6ecrmatHas nmuensus), 3dExperience for Education (yueOnas nunensus), Visual
Studio Community (freeware), Netbeans (freeware), fxSolver (becrnaTHas nuIICH3MS),
GeoGebra (6ecrmataas sunensus), SolidWorks for students (ctyn. munensus),
SIMULIA Research & Teaching Suites (ctyn. smmnensus), Rockwell Arena (ctya.
murensus), Fusion 360 (crynenueckas ymnensus), GNU Octave (cBoOoaHas cuctema),
Sage (GNU General Public License), Scilab (moxycBo6oanas), R (programming
language) (GNU GPL), Sage (GNU GPL), Maxima (GNU GPL), Visual Prolog (ctys.
nuneH3us), Manas skcneptHas cuctema 2.0 (freeware), Simintech (mpompuerapnas),
3D Max (crya. munensus), Eclipse (freeware), Blue) (freeware), Elmer (freeware),
CP2K (freeware), MynbTUMEIMiiHAs CETh, CIEIHAIM3UPOBaHHAs MeOenb: I0CKa
ayJIMTOPHAsl, MapPTHI.

7.3 CamocTosiTeJibHasi padoTa:

[TomemeHust sl CaMOCTOSITENILHOW PAabOTHl C BO3MOXHOCTBIO TOJKITFOUCHUS K
cetn «MHTEepHET» W OOECHEYeHHEM JOCTyNMa B DJIJIEKTPOHHYIO HWH(GOPMAIIMOHHO-
0o0pa3oBaTeNbHYI0 Cpely OpraHHW3alliu: YWTajbHBIC 3ajbl, yuyeOHBIE Kopmyca 2, 3
(KommproTepHass TEXHHKa C BO3MOXKHOCTBIO TOJKIIOUEHHUS K ceTh «MHTepHe™ W
o0OecrieueHUEM JOCTYyMa B D3JEKTPOHHYI HH(OPMAIIMOHHO-O00pa30BaTEIbHYIO CpPEAy
(OUOC JOHHTY) u snexrponHo-oudanoreunyto cuctemy (OBC IPRbooks), a Taxxke
BO3MOYKHOCTBIO MHIMBUAYAJTLHOTO HEOTPAaHUUEHHOTO NOCTyMa oOyvaroniuxcs B ObC u
OUOC nocpenctBom Wi-Fi ¢ mepcoHanbHbIXx MOOWIBHBIX ycTporcTB. OC- Microsoft
Windows 7, Open Office 2.0.3 - obmectBennas nunensus MPL 2.0/ Grub loader for
ALT Linux - muuensus GNU LGPL v3/Mozilla Firefox - muuensus MPL2.0, Moodle
(Modular Object-Oriented Dynamic Learning Environment) - nunensus GNU GPL.



