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Ilepeuens komnemeHnyuil u UHOUKAMOPOB OOCMUICEHUA KOMNEMEHYUTL C YKAZAHUEM IMAN0E POPMUPOCAHUS 6 NPOUecce 0CE0CHUA OUCHUNTUHBL
OIIK-1 CrmocobeH caMOCTOSATEILHO HpI/IO6p€TaTI>, pa3BuBaTh U IPUMCHATh MAaTEMATHYCCKUEC, €CTCCTBCHHOHAYYHBIC, COIMAJIbHO-OKOHOMUYCCKUE U HpO(beCCI/IO-
HaJIbHbIE 3HAHUSI JUIsl PELIEHNUs] HECTaHAAPTHBIX 3a/]ay, B TOM YHCJI€ B HOBOM MJIM HE3HAKOMOM Cpefie U B MEXAUCIUIINHAPHOM KOHTEKCTE;

OIIK 1.1 3Haer MaTeMaTHYECKHE, €CTECTBEHHOHAYUHBIE U COIIMAIbHO-3KOHOMUYECKHE METO/IbI ISl UCTIONB30BaHUs B MPO(hecCHOHATBLHOM J1es-
TEJIBHOCTU

OIIK 1.2 YMmeer pemath HecTaHAAPTHBIE NMPO(ECCHOHANBHBIC 33]a4i, B TOM YHCJIE€ B HOBOW MJIM HE3HAKOMOMU CpeJie U B MEXIAUCIUILITHHAPHOM
KOHTEKCTE, C IPUMEHEHUEM MATEMaTHYECKHX, €CTECTBEHHOHAYYHBIX, COLIMAIbHO-3KOHOMUYECKUX U TPOPECCHOHATBHBIX 3HAaHUI

OIIK 1.3 Brnaneer HaBBIKAMHM TEOPETHYECKOTO U IKCIEPUMEHTAIBHOTO HCCIIEAOBAHUS OOBEKTOB MPO(PECCHOHATBHON NEATENBHOCTH, B TOM
qucJie B HOBOM MJIM HE3HAKOMOM CpeZie U B MEXIUCLIUINIMHAPHOM KOHTEKCTE

OIIK-2 CnocobeH pa3pabaTbiBaTh OPUTHHAIBHBIE AJITOPUTMBI U MPOTPAMMHBIE CPEJICTBA, B TOM YHUCIIE C UCTIOJIH30BAHUEM COBPEMEHHBIX MH-
TEJJIEKTYaIbHBIX TEXHOJIOTUMH, 1715 peleHus TPo(heCCUOHAIBHBIX 3a/1a4;

OIIK 2.1 3naer coBpeMeHHbIE MHPOPMALMOHHO- KOMMYHHUKAIIMOHHbIE M MHTEJUICKTYaJbHbIE TEXHOJOTHUH, HHCTPYMEHTAIbHbIE CPEbl, TPO-
IpaMMHO-TEXHUUYECKHE IIaT(OPMBbI AJIs peIIeHUs NPO(eCcCHOHANBHBIX 3a1a4

OIIK 2.2 Ymeer 000CHOBBIBaTh BHIOOP COBPEMEHHBIX MH()OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX M MHTEIUICKTYaIbHBIX TEXHOJIOTUH, pa3padarbl-
BaTh OPUIMHAJIBHBIE IPOIPAMMHBIE CPEJICTBA VIS PeLICHUs TPO(ECCHOHAIBHBIX 3a/1a4

OIIK 2.3 Brageer HaBbIKaMU pa3pabOTKU OPUTHHAIIBHBIX MPOTPAMMHBIX CPEJICTB, B TOM YHCIIE C UCTIOIH30BAHUEM COBPEMEHHBIX HH(pOopMaIu-
OHHO-KOMMYHHUKAIIMOHHBIX U UHTEJUIEKTYaJIbHBIX TEXHOJIOTHM, /ISl pelIeHus] IpoecCHOHATIbHbIX 33134

Huouxamopul 0o- Omanwl hopmuposanusn 6 npouecce 0C60eHUA OUCYUNTUHDBL
CHUIICEHUA KOM- (vkazams ece memol uz PI1/])
nemenyuu Jekyuu Ilpakmuueckue Jlabopamopnuwie | Kypcosoii npoexm Haumenosanue ouernounozo cpeo-
3anamus, 1abopamopi 3anAmMuUA (paboma) cmea
NPAKMUKym
OIIK-1.1 Tema 1-5 He npedycmompenvt | Tema 1-8 He npedycmompe- | BHITIONHEHHE WHIUBHYaJILHOTO
Hbl 3a/laHus
OIIK-1.2 Tema 1-5 He npedycmompenwvt | Tema 1-8 He npedycmompe- | BBIIIOIHEHUE UHAUBUYAJIBHOTO
Hbl 3a/IaHusI
OIIK-1.3 Tema 1-5 He npedycmompenwvt | Tema 1-8 He npedycmompe- | BBIIIOJTHEHUE UHAUBUYAJIBHOTO
Hbl 3a/IaHusI
OIIK-2.1 Tema 1-5 He npedycmompenwvt | Tema 1-8 He npedycmompe- | BBIIIOJHEHUE UHAUBUYAJIBHOTO
Hbl 3a/IaHusI
OIIK-2.2 Tema 1-5 He npedycmompenwvt | Tema 1-8 He npedycmompe- | BBIIIOJTHEHUE UHAUBUYAJIBHOTO
Hbl 3a/1aHusI
OIIK-2.3 Tema 1-5 He npedycmompenwvt | Tema 1-8 He npedycmompe- | BBIIIOJHEHUE UHAUBUYAJIBHOTO
Hbl 3a/IaHusI




Ilepeuensv oyenounvix cpeocme no oucyuniune (Mooyiio)

OyeHnounvle cpedcmea Kon-60 Min, 6annos Max, 6annos
(6azosvlil ypo- (noswiuiennwvlil ypo-
6€Hb) 6€Hb)
KommekTr uHAMBUIYyaTbHBIX 1 60 100
3aaHUN
Hmoeo: 60 100




IlIkana OUCHUBAHUA

Hudposoe | Boipa:kenue B | CioBecHoe KpuTepun onieHKH HHAMKATOPOB JOCTH:KeHHs NPU opMe KOHTPOJISA:
BbIPa)KeHH e 0aJax: BbIPa)KeHHE JK3aMeH / 3a4eT ¢ OLeHKOii 3a4er
5 87-100 OtnuuHo (3a- | OIeHKa «OTIUYHO» BBICTABISIETCSI CTYACHTY, €CIIH TEOPETUYECKOE COAEP-
YTEHO) aHre Kypca OCBOCHO MOJHOCTHIO, Oe3 Mpo0esioB; ncuepIbiBaloiie, mocie-
JOBAaTEIbHO, YETKO W JIOTMYECKH CTPOWHO HM3JIaraeT Marepual; CBOOOIHO
CIpaBIsieTCsl C 3a/JadaMy, BOIPOCAMH WM JIPYTMMH BUIaMH TPUMEHECHHS
3HAHUH; UCIIOJIBL3YET B OTBETE JIOTIOIHUTEIBHBIA MaTepHrall BCe MPETyCMOT-
pEHHBIE MTPOrPaMMON 3a/1aHUS BHITIOIHEHbI, KAYECTBO X BBITTOJHEHHS OLe-
HEHO YMCJIOM 0alljIoB, OIM3KUM K MaKCHMAaJbHOMY; aHAJTU3UPYET MOTyUYeH-
HBIC PE3YJIBTATBI, TPOSIBIIECT CAMOCTOSTEIBLHOCTh TPH  BBITOJHEHUH
3aJlaHui OlleHKa «3a4YTE€HO» BBICTABIISIETCS CTy-
4 74 - 86 Xoporto (3a- |OmeHKa «XOpoIIo» BBICTABISAETCS CTYICHTY, €CITH TEOPETHIECKOE COAEp-|ICeHTY, €CIM OTBETHI HAa BOIPOCHI IO Te-
YTEHO) JKaHHE Kypca OCBOCHO MOJHOCTBHIO, HEOOXOAMMBIE MPaKTHYECKHe KOMIIe-|MaM AMCIUTUIHHEI TOCIIEIOBATENbHEI, JIO-
TEHIUM B OCHOBHOM C()OPMHUPOBAHBI, BCE MPEIYCMOTPEHHBIE POTPaMMOH |[THIECKU W3TI0KEHBI, JIOITYCKAOTCS
oOydeHMs yueOHbIe 33/1aHNS BBIIOTHEHBI, KAYeCTBO MX BBIITOJIIHEHUS JOCTa-| HE3HAUNTEIbHBIE HETOUYETH B OTBETE CTY-
TOYHO BhICOKOE. CTyIEeHT TBep[O 3HAeT MaTepHal, TPaMOTHO M TO CYIIe-|/[IeHTa, TaKhe KaK OTCYTCTBHE CaMOCTOS-
CTBY W3JIaraeT ero, He JOIMYCKas CYIIECTBEHHBIX HETOYHOCTEH B OTBETE Ha|TEIBHOTO BBIBOJIA, PSUCBBIC OLTUOKH U TIP
BONPOC.
3 60-73 YnosierBo- |OmeHKa «yIOBICTBOPHUTEIHHOY» BBICTABISIETCS CTYACHTY, €CIH TECOpeTHIe-
PUTENBHO (3a- |CKOE co/iepKaHHe Kypca OCBOSHO YaCTUYHO, HO MPOOENbl He HOCAT CyIe-
YTEHO) CTBEHHOT'O XapakTepa, OOJBIIMHCTBO MPEIyCMOTPEHHBIX MPOTPaMMON 3a-
JAaHW BBIMIOJIHEHO, HO B HHUX HWMCIOTCS OIMMOKH, IpH OTBETE Ha
MMOCTABJICHHBIN BOIMPOC CTYACHT JAOMYCKAaeT HETOYHOCTH, HEIOCTaTOYHO
MpaBWIbHBIC (DOPMYIUPOBKH, HAOIIOJAIOTCS HAPYIICHUS JOTHYECKOH Io-
CJICJIOBATEIBHOCTH B U3JI0KCHUU MPOTPAMMHOTO MaTepHara.
2 Hmxe 60 HeynoBnerBo- [O1ieHKa «HEYIOBICTBOPUTEIIBHO» BBICTABISETCSA CTYIACHTY, eciii OH He|OIlleHKa «HE 3a4TeHO» BBICTABIIACTCS
PUTENBHO |3HAET 3HAYMTEIHHON YacTH MPOTPAMMHOTO MaTepuaia, JOMYCKAaeT CyIle-|CTyIeHTY, €Cli CTYIACHT He 3HAeT OCHOB-
(He3auTeHO) |CTBEHHBIC OIMIMOKH, HEYBEPEHHO, C OOJBIIMMHU 3aTPYAHCHUSMH BBITIOIHACT |HBIX MOHATUN TEMBI JUCUIUIUIMHBI, HE OT-

MpaKTUYECKUe pabOThl, HEOOXOAWMBIC NPAKTUYCCKHE KOMIICTCHIIMH HE
c(hopMHUPOBaHbI, OOJBIIMHCTBO MPEIYCMOTPEHHBIX MPOrPaMMOil 00ydYCHHS
Y4eOHBIX 3aJJaHVIl HE BBITOJHEHO, KAYECTBO MX BHITIOJHCHUS OI[CHEHO YFC-
JIOM 0aJIIOB, OJIM3KMM K MUHUMAIIEHOMY

BEUACT Ha JOMOJHUTEIbHBIC U HABOASILINE
BOTIPOCHI TIPETOIaBaATEIS.




MuHHCTEpPCTBO HAYKU U BhICIIET0 oOpa3oBanus Poccutickoit denepanu
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«Ka3aHCKkui HallMOHAIBHBIN UCCIEN0BATENbCKUN TEXHOJIOTMYECKU YHUBEPCUTET

@axynremem UT
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Hanpasnenne noarotoku: 09.04.01 MudpopmaTuka U BBIUKCIUTEIbHAS TEXHHUKA
[Ipoduns/mporpamma: ABTOMATU3UPOBAHHBIE CUCTEMbI 00paOOTKH MHGpOPMAIUU U

yIpaBJICHUA

KoMmiekT MHAMBUAYAJBHBIX 321aHUM
no qucrniuinae b1.0.09 Beenenne B MICKYCCTBEHHBIN UHTEIIEKT

1. Co3ate MpoCTYyIO MOTHOCBI3HYIO HEHPOHHYIO CeTh B makere Keras
B kaxnoM BapuaHTe JOJDKHA ObITh peayii30oBaHa M OOydeHa IMOJIHOCBSI3HAS

HeliponHas cetb (HC) mpsimMoro pacnpocTpaHeHHsI ¢ HECKOJIbBKHUMH BXOJAMH U OJI-
HUM BBIXOJHBIM HeHpoHOM. [IpenocTaBuTh TEKCT MpOrpaMMBbl U pe3yibTaT pabOThI
IPOrpamMMBl.

Humxe IMPEACTABJICHDI 3aJlaHWA, IJI KOTOPBIX UCIIOJIB3YCTCA TaKasd HC.

Bapuant | 3amanus

1 Breruuciauth CYMMY IBYX IIPOHU3BOJIbHBIX ,ZICﬁCTBPITCJIBHBIX YHCCII.

2 Boruncnuth cpegnee apupMeTuyeckoe ABYX MPOU3BOJIbHBIX JEHCTBU-

TCJIBbHBIX YHUCCII

3 Bperuuciauth CYMMY TPEX MMPOU3BOJBbHBIX ,IICﬁCTBPITCJILHLIX YHCCII

4 Boinonauts crienyroiiee npeoOpa3oBaHUe JBYX MPOU3BOJIBHBIX JEH-

CTBHUTEIIBHBIX uncen: x1+0,5x2+2

5 Breruucauth Pa3sHOCTb ABYX IIPOHU3BOJIbHBIX I[CI\;ICTBI/ITCJIBHBIX qHUCCI

6 BoinonHuTh crieayrollee npeoOpa3soBaHUE TPEX MPOU3BOJIbHBIX JEH-

CTBUTEJILHBIX yncer: x1-x2-x3+4

7 BrinmonuuTh crienymoiiee npeodpa3oBaHUe IBYX MPOU3BOJBHBIX JEii-

CTBUTEJIBHBIX uucen: 5-(x1+x2)

8 Brinmonuuth crnenyromee npeoOpazoBaHUE TPeX MPOU3BOJIBHBIX JEii-

CTBUTEJILHBIX yncenl: x1+2x2+3x3




9 Beruncnuth 3HaueHus TMHEHHON GyHKIIMU BUa: 3X+5

10 Brruvcnuth 3HaueHus JuHeHoW ¢yHkimu Buaa: 0,5x-3

2. Bmakere Keras coznmate CHC s yBepeHHOM KitaccuduUKaluu U300paxe-
HUU JIMIA CTYAEHTa OT APYTUX JUI[ CTYJICHTOB I'PYIIIbI.

Heranu peanuzanuu: CHC Ha BX0J JOMKHA MOIy4YaTh MOJHOLIBETHOE M300-
paxenue B ¢popmare RGB pasmepom 256x256 mukceneit (crangapt JPEG). mets
HECKOJIBKO CBEPTOYHBIX CJIOEB (KOHKPETHOE MX YMCJIO, pa3Mephl sep, YUCIO KaHa-
JIOB B KQXJIOM CJIO€ BBIOMPAIOTCA CTYACHTOM CaMOCTOsITENbHO). Ha BbIx0o/1e T0JKHA
uaTy nosHocBsazHas HC ¢ aByms ciosimu (BKJItOUast BBIXOAHOW € JIByMs HeMpoHa-
mu). Ha BeIxoze ceTh J0JDKHA (hOpMUPOBATh OTBET, cTpemsituiics k [1; 0], ecnu Ha
M300pa)KEHUM Ballle JIMIIO U CUTHA, cTpemsmuiics k [0; 1], ecnu mpeacraBiieHbI
JpYTHUE JINILIA.

OOyuaromas BeIOOpKa A0KHA coaepxaTh He MeHee 100 ¢oTtorpadumii nui B
¢ac kaxxgoro cryaeHrta rpymisl (pororpaduu OAHOTO U TOTO K€ JHUIA JODKHBI He-
CKOJIBKO OTJIMYAThCS APYT OT JIpyra, UMETh pa3Hblil (JOH, MHAYE, CETh MPOCTO BbI-
YYUT UX Hau3ycTh). Yucno dororpaduii kaxaoro jauia B oOiie oOydaroiei BbI-
OOpKe JOKHO OBITH MPUMEPHO OJWHAKOBHIM (B uueane 1no N ¢dororpaduii ot
Kaxjoro cryjaeHTa). B nponecce o0ydenus dhororpadguu 10HKHBI OBITH IepeMelia-
HBI (IPEABSIBIATHCS CETH B CIIy4allHOM MOPSJKE Ha KaXK]I0M 2MOXE).

Kontpomuposats 3 ekt nepeoOyuenus mo rpadukam norepb st 00ydaro-
e BEIOOPKU U MHOXeECTBa Banuaauu. [lpu He0OX0AMMOCTH YCTPaHATh 3TOT (-
¢dext mytem m3menenusa ctpyktypsl CHC, a Taxxe ¢ momoinsio cnoeB Dropout u
BatchNormalization.

JlomxHa ObITH chOpMHUpPOBaHA TeCTOBasi BEIOOPKA U3 (oTorpaduii, HE ydacT-
BYIOIIMX B 00yueHuu (He MeHee 20 OT KaXa0ro CTYEHTA).

[IpoBeputh paboTy CETH Ha TECTOBOM BHIOOPKE.

B xone paGoTbl 10OUTHCSA KaK MOYKHO JYUIIUX PE3yIbTaTOB KIaCCHU(PUKALIUU.

[IpenocTaBUTh TEKCT MPOrpaMMbl, PE3YJIbTaThl OOY4YEHHUS U TECTHUPOBAHUS
HC (BMmecte ¢ rpaduxamm)

3. HoarotroButk 1o 50 BeICKa3bIBaHUI 7151 TECTOBOI BHIOOPKH (25 — MOJOXKU-
TEJIbHBIX, 25 — OTPULATENIBHBIX ).

Pasmep tectoBoii BeiOOpKU cocTaBuT: 50-N HaOIIOACHUIA.

PeanuzoBars PHC o mogenn ManytoOne ¢ ncnions3zoBanuem LSTM siueiiku
(4ucnO HEHWPOHOB B SYEHMKAX CTYACHT OINpPEAEISeT CaMOCTOSITENIbHO) C BXOJHBIM
Embedding cnoem. Ha BbIXOne moOcCiaeAHEr0 PEKYPPEHTHOTO CJIOS JOJDKHA HITH
nonHocBs3Hass HC (cTpykTypa ompenensieTcsi TakKe CaMOCTOSTENbHO) C YUCIOM
BBIXO/IHBIX HEHPOHOB, PAaBHBIX JBYM (IIOJIOXKHUTEIBHOE MM OTPULATEIBHOE BBICKA-
3BIBAHUE).

B npounecce 06yuenuss PHC Ha BeIXozie 10KHA 1aBaTh OLEHKY OKPACKH TEK-
cTa (TIOJIOKHUTENbHBIN Wi oTpuniatenbHbiin). 6. [Ipu oOydennn PHC xonTpOmmpo-
BaTh MPOIIECC MEePeo0yUYEHHUSI U YCTPAHATh ero (IMpu HeOOXOIUMOCTH) MyTeM H3Me-
HEHUs CTPYKTYphl CE€TH, a Takke (BO3MOXKHO) ¢ momombio Dropout u
BatchNormalization. Ouenuts pe3ynabTatsl paboTsl nomydennoit PHC na tectoBoit



BBIOODKE.

Cnenatp 1o xe camoe obyuenue PHC, Ho Ha Gaze sueiiku GRU. CpaBHUTB
CKOPOCTh OOyuY€HHsI W KauecTBO pabOThl C MpeAplaylIed peanu3anued Ha Oasze
LSTM.

B xome paboTel MOOUTHCS KaK MOMKHO JYYIIUX PE3yJIbTaTOB CEHTHMEHT-
aHaJN3a TeKCTOBBIX BBHICKA3bIBAHU.

[IpenocTaBUTh TEKCT MPOTPAMMBI, PE3yJIbTAThl OOYYCHHS] W TECTHPOBAHUS
HC (BMmecte ¢ rpaduxamm)

Kpurepunonenku:

Ne KoaunvecTBo 0a/1710B Kpurepuu oueHuBanus

| 100 6ammos paboTa BHITIOJIHEHA MTOJTHOCTHIO; B JIOTHYECKUX
pacCyKJIeHUAX U 00OCHOBAHUU PEILICHUS HET
npo0eIoB U OMMOOK; B pEIIEHUH HET MaTeMaTH-
YECKUX OIIMOOK (BO3MOKHBI HEKOTOPHIEHETOY-
HOCTH, OITUCKU, KOTOPAsl HE SIBJISIETCS CJICJICTBU-
€M HE3HAaHMsI WJIM HETTIOHUMaHUs y4eOHOro
Marepuasa), T.€. MPaBUIbHO BhITIOJHEHO 86—100
%paboTHI.

2 80 6amoB paboTa BHITIOJIHEHA TTOTHOCTHI0, HO 000CHOBAHUS
[IaroB PEUICHHsI HEJOCTATOYHBI (€CIH YMEHHE
00OCHOBBIBATh PACCYKICHUS HE SBIISIIOCH CIie-
LUAJIbHBIM 00BEKTOM IPOBEPKH); TOMYIIEHbI
OJIHa OLINOKA, WU €CTh JBa — TPU HEJOUETA B
BBIKJIAJIKAaX, PUCYHKaX, YePTEKaxX MM Tpadukax
(ecru 5TH BUIBI pabOT HE SBISUTHCH CIICIIAANTD-
HBIM 00BEKTOM MPOBEPKH ), T.€. TPABUIHHO BBI-
noJiHeHo 74 — 85 %paboThl.

3 600au10B CTaBUTCS, €CJIM: JOIMYIIEHO HE 00JIee IBYX OIIM-
00K um 0oJiee ABYX — TPEX HEIOUETOB B BbI-

KJIaJKax, YepTexax uiu rpadukax, Ho oOydaro-
muiicst obnagaet 00s13aTeIbHBIMU YMEHUSIMU TI0
MPOBEPSAEMON TEME, T.€. IPABUIHHO BBHITIOJHEHO

60 — 73 %paboThl.
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