degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 JUCHHUILIMHE: MammnHoe 00yueHne It KBAaHTOBOM M CTaTUCTHYECKOHN (PU3UKU
110 HANPABJICHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kagenpa Poccuiickoro KBaHTOBOTO IIEHTpa

Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nddepeHunpoBaHHblil 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2
[Iporpammy cocTaBuiu:

A.E. YnanoB, kauj. ¢pu3.-MaT. HayK
E.C. TuyHoB

[Iporpamma obcyxneHa Ha 3acefanuu kadenpsl Poccuiickoro kBanTtoBoro nentpa 29.01.2025



AHHOTANMA
B kypce pacckaxyT npo npuMeHeHHEe 0a30BbIX METOIOB MALTMHHOTO 00y4YeHHS IJ1s1 3a7a4 KBAHTOBON (PU3UKH.
Kypc cocrout u3 nByx 4gacteii.
[lepBas yacTp gaeT oOmME MpenCTaBICHUS O IpeaMeTe rTy0okoro o0yueHus. OObsICHEHHE OCHOB CTPOUTCS Ha
npuMepe 3a1ad Kiaccupukauuy U perpeccuu. s pemeHus 3TUX 3a4ad IpeularaeTcsi U3yduTh pa3IuyHbIe
THUIIBI UCKYCCTBEHHBIX HEHPOHHBIX CeTel (IIOJIHOCBSI3HBIC, CBEPTOUHBIC, PEKYPPEHTHBIE).
Bropas yactp Kypca HampaBiieHa Ha pelIeHUE 3a]ad KBAHTOBOM (PU3HUKH C TMOMOIIBIO MAIIMHHOTO OOyUYECHHS.
Byzner paccMoTpeH BapualioHHBINA METOJI B MapaJurMe HEHPOHHBIX CETeH s 3a7a4 KBAaHTOBOW ToMorpadun
U TOMCKA OCHOBHOTO COCTOSIHUSI MHOTOYACTHYHBIX TaMHJIBTOHHAHOB. Taxke OyIyT OOBbSCHEHBI pa3iHyHbIC
METO/Ibl COMILTUPOBAHMS B KOHTEKCTE NPUMEHEHHS BapUAlMOHHOTO 1MoX0/a Ul [ Mib0epTOBBIX MPOCTPAHCTB
0O0JIBLION pa3MEPHOCTH.
Bce 3amarus kypca opraHu3oBaHbl Kak HaOop map: jexkuus-cemMuHap. Ha nexknusix OyayT paccMOTpPEHBI
TEOPETUUECKUE OCHOBBI BBIIICONMCAHHBIX TeM. CEeMHHAphl COCTOST M3 PELICHUs INPAKTUYECKUX 3ajad Ha
s3pike Python mo Temam neknuit. B mpouecce pemenust 3agad OymeT AaHo 0a30BO€ NPEACTABICHUE O
oubnmmorekax Numpy u Pytorch. Kpurepuem ycnemnHoro 3aBepiieHus Kypca sIBISETCS ciada rnpoekra. J{is
YCHELIHOT0 MPOXOXKACHUS Kypca HeoOX0AuMbI 0a30BbIe HABBIKK IPOrpaMMUPOBaHUs Ha si3bike Python.

1. leau u 3apauu

Meap AUCUMNIMHBI

ITpenopath KpaTkoe BBEJCHHUE B METOBI COBPEMEHHOTO IIIyOOKOTO MAIIMHHOTO 00ydeHHs, JaTh 0030p
CYLIECTBYIOIIUX  CHOCOOOB  NPUMEHEHUS  MHCTPYMEHTOB  MAIIMHHOTO  OOydeHus Ui
AKCTICPUMEHTAILHON KBAHTOBOW U CTATUCTUYECKON (pH3HKH

3agauu AU CHUILIHHBI

CHa6Z[I/ITL cnymaTeneﬁ HCO6XOI[I/IMBIMI/I 3HAaHUSAMU U YMCHHAMU JI1 MPOBCACHUSA CAMOCTOSATCIbHBIX
MCKAUCHUTIIIMHAPHBIX I/ICCJ'IC,Z[OBaHI/Iﬁ Ha CTBIKC MalllTMHHOI'O 06y‘{eHI/I$I n (1)I/I3I/IKI/I

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1.1 Ananuzupyet npoOIeMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsSTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTeruo JOCTHKEHUS
[IOCTABJICHHON 1€ Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpEeNBHUIA PE3YIbTaT KaXIOr0 M3 HUX W OLIEHHWBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

VK-2.4 Ilpeacrapnsier myOIMYHO PE3yJabTaThl MPOEKTa (UK
YK-2 CniocoGeH ynpaBiaTh IPOSKTOM Ha BCEX |OTHCIBHBIX €ro 2JTarmoB) B (opMe OTYETOB, CTarei,
JTanax ero peajin3anuu BBICTYIVICHMH Ha HayYHO-NPAKTUYECKUX KOH(pEPEHIHSIX,
CeMMHapax U T.II.

VYK-3.1 Opranuzyer u KOOpAMHUPYET pabOTy y4aCTHHKOB
VK-3 CriocoGeH opraHu30BbIBaTh U PyKOBOIUTH |IPOEKTa, CHOCOOCTBYET KOHCTPYKTMBHOMY IIPEOIOJICHHUIO
paboToii KOMaH Ibl, BEIPAOATHIBAs KOMAHIHYK |BO3HMKAIOIIMX PA3HOIIACHH M KOHQINKTOB

CTPATETHIO JUIsA JOCTUKEHHS TIOCTaBJIEHHON YK-3.4 CnocobeH TUIaHHpPOBaTh KOMAaHAHYIO padoTy,
3a/1a4n pacnpenensaTh MOpy4eHHus WieHaM KOMaHIbl, OPraHu30BaTh
o0CyXJIeHUE pa3HBIX UJIeH 1 MHCHHMA

YK-6.1 YmMmeer pemarp 3a/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoecCHOHANBHOTO  Pa3BUTHs,  ONPENeNATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESTENLHOCTH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U

ArrAA~ARy v AA AAT ARIITATIAMT AT ATITIA TYA A ATTAT A




Cl11UCUVUUbI1 CC UUBC})JJJCHUIISUD&HYI}I Ha uLHUBC
CaMOOIIEHKH

VK-6.2 OueHuBaeT CBOIO JIESATEIHLHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI W CPEJICTBA BBHITIONHEHUS JACATEILHOCTH C e

OIIK-1 Bnaneer cuctemoli pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B o0sacTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

pe3ynbTaraMu
OIIK-1.1 3HaeT W CcOOCOOCH  HCIOJB30BaTh B
npoeCCUOHANBHON  JesTeNbHOCTH  (yHAaMeHTallbHbIC

HAay4YHbIC 3HAHU B obOmacTu (I)I/I3I/IKO—MaT6MaTI/I‘IGCKI/IX HayK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIEIOBaHUA B 00IAaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [lonnMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuk ¥ (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHun 3a1a4 NpoQeccuOHaNbHON AEATENbHOCTH

OIIK-3 Cniocoben BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUH HOBBIX 3ajad, NIPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binazeer aHaIUTUYECKUMUA U BBIUUCIUTEIBLHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IpaHUIBl TIPUMEHUMOCTH MOTy4YaeMbIX PeIICHUN

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
pelIeHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIOJIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTrPAMMHBIX IIPOILYKTOB

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (puKaIy, MpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cpepe cBoeit
poeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3THUIUS

OIIK-5.1 Cnocoben paboraTh B KOJUICKTHBE, TOJEPAHTHO
BOCIIPHHUMAS COLIMAJIbHBIC, STHUYECKHE,
KOH(ECCHOHAIBHBIC U KyJIBTypPHbIC Pa3Inyust

OIIK-5.3 CrpeMutrcsi K TMOJYyYEHUIO HOBBIX 3HAHHUH,
IpoQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
pamMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON
EITENLHOCTH

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJILHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HAyyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
pE3yIbTaThl

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBe uiieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BHIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC
HCCJICAOBAHUS CAaMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeIOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MIPEIMETHOM 00IacTH

I1K-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

3. IlepevyeHpb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:




OCHOBHBIE METO/IbI IITyOOKOTO MAIIMHHOTO OOYYEHHS U CYILIECTBYIOIIUE CIOCOOBI MX IPUMEHEHHUS IS
MCCIICJOBAaHHU B 0OIACTH COBPEMEHHBIX KBAHTOBBIX TEXHOJIOTHI

YMETh:
BBIOMpaTh HEOOXOIMMbBIE MHCTPYMEHTBHI MAITHHHOTO OOYYEHUS JUI POBEACHUS SKCIIEPHUMEHTAIbHBIX
W TEOPETHUYECKHX WCCICAOBAaHUA B O0NACTH KBAaHTOBOW (U3UKM M CTATUCTHUYECKOW (QH3HKH,
OPHEHTHPOBATHCS B COBPEMEHHBIX HCCIICAOBAHUSAX HA CTHIKE KBAaHTOBBIX TEXHOJOTUH M MAIIMHHOTO
oOydeHus

BJIQJICT!
OCHOBHBIMU TEXHOJIOTHSIMH H QJITOPUTMaMH TIIYyOOKOTO MAIIMHHOTO OOydYeHHs, M METOIAMH HUX
UCIIOJIb30BaHUS B KayeCTBE MHCTPYMEHTapusl JJIsi TPOBEJCHUS  HAy4HO-HMCCIIEJOBATEIILCKON
JEATEIILHOCTH B PA3IMYHBIX 00JACTSIX KBAHTOBOH (DU3MKHU M CTaTHCTUUECKOM (prsnku

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 BBopgnas mexmms. 3 5
2 JIunetinas Kj'IaCCI/I(l)I/IKaLII/IS{ u 3 5
MIOJTHOCBSI3HbIC HEWPOHHBIE CETH
3 Mertoabl AMarHOCTUPOBAHUS KavyecTBa 3 5
00y4YEHHBIX MOAEJIeH
4 CBepTouHBIE HEUPOHHBIE CETH 3 5
5 PexyppeHTHBIE HEHPOHHBIE CETH 3 5
6 BonbuMaHOBCckMe MamuHBL IS 3a71a4 3 5
CTaTUCTHUYECKON (PU3UKU
7 BbonbsiiMaHoBckue MaIlIHHBI Ui 3 5
TOMOTpa(uu KBaHTOBBIX COCTOSHUIN
8 Metonbl COMIMPOBAHUS 3 5
Bapuaunonnsie aBTOPETPECCUOHHBIC
9 HEHWpPOHHBIE ceTu JUTSt 3aza4 3 5
CTaTUCTHYECKON (PU3UKU
10 OO03opHast JEeKUUsl IO COBPEMEHHBIM 1 5
JOCTHKEHUSIM B 00J1acTH
11 @UHAIBHBIN TPOEKT 2 10
Hroro yacos 30 60
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. BBomHas Jexmnus.

Ha JICKIIUU IIpCAjiaracTtcsd 0630p 3aaa4 1 METOA0B MallIlMHHOT'O O6y‘-IeHI/I$I.




2. JIluHelHas KIacCUPUKAINA U TIOJHOCBSI3HbIC HEHPOHHBIE CETH

BBomutcs  QopMmynupoBka 3amad  JIMHEHHOW, HENMHEHHOW, JIOTUCTUYECKOH perpeccuu U
knaccuukanmu. Ha mpumepe 3ajgaun knaccudukanuu OOBSICHAETCS TOHITHE HCKYCCTBEHHOM
HEHPOHHOH CETH.

3. MCTO,I[BI AWUAarHOCTUPOBAHUS KAaYCCTBA 06y‘leHHBIX MOI[GJ'IGﬁ

Ha npumepax paccmarpuBaroTcs sBICHHs MepeoOydeHus U HenooOydeHHs! TIyOOKHMX HEHPOHHBIX
ceTei, a TakkKe CIoCco0bl MX TUarHOCTUPOBAHMS M yCTPAHEHHUS.

4. CBepTouHbIE HEUPOHHBIE CETH

BBomutcsi moHATHE TIyOOKOHW CBEpPTOYHOM HEHPOHHON CeTH, M paccMaTpuBaeTcs 3ajada
knaccuukanuun  u3oOpaxkenuil. OOBACHSIOTCS  MOHITHS AP0  CBEPTKH, IIAr  CBEPTKH,
paccMaTprBalOTCs pa3iyHbIe 0a30BbIe APXUTEKTYPhl CBEPTOYHBIX HEHPOHHBIX CETEH.

5. PexyppeHTHbBIC HEHPOHHBIE CETH

PaccmarpuBarorcss apxutektypbl (GRU, LSTM) pexkyppeHTHbIX HEHpPOHHBIX CETel Ha IMpHUMepe
3a71a4 MalMHHOTO nepeBoga. OObsCHeHNE MPOOIeM B3PHIBAIOLIMXCS M 3aTyXalOIIUX I'PaIUeHTOB.

6. bonbIIMaHOBCKHE MAITMHBI JUTsI 3a]1a4 CTATUCTHYECKON (PU3NKU

Jlexnya HampaBieHa Ha pelIeHHE 3a/ladyd OLIGHKH cTaTBeca s mofenu VM3uwHra ¢ momomipro
anmnpoxkcuManuy boablIMaHOBCKOTO pacipenencHuss HEUMPOHHOHN CEThIO.

7. BOHBHM&HOBCKI/IG MAaIIrHbI OJId TOMOFpa(i)I/II/I KBAHTOBBIX COCTOSHUM

Ha mpumepe 3amaun ToMorpadMu KBaHTOBBIX COCTOSHHN OOBSCHSETCS BapHAIIMOHHBIA METOJ B
napagurMe HEUpOHHBIX ceTedl. B  kauecTBe Takoll HEHpPOHHOM CETH paccMaTpuBaeTCs
bonsmMaHoOBCKas MallInHa.

8. MeTonb! coMIMpOBaHUA

Ha nexummn paccMaTpuBaroTCs [jBa aJITOPUTMa COMILUTUPOBAHUS U3 IPOU3BOJIBHOTO PACHIPEICICHUS ---
anroput™ [ub06ca wu Merpononuc. JlaHHBIE alTOPUTMBI TPUMEHSIOTCS JUII  OOY4eHHs
BonbLiMaHOBCKOW MAILIUHBI.

9. BapI/IaLII/IOHHLIe ABTOPCTPCCCUOHHBIC HeﬁpOHHBIe CCTH OJId 3aJa4 CTaTUCTUYCCKON (1)I/I3I/IKI/I

Ha mpumepe 3amaunm n3 Tembl 6 BBOAWTCS NOHATHE ABTOPETPECCHOHHONM HEHPOHHOM CETH H
00BsCHSETCS ee 00yUeHHE ¢ TIOMOIIBIO BCTPOEHHOTO B HEE COMIUIUPOBAHUSL.

10. OG30pHas JIEeKIUs IO COBPEMEHHBIM JIOCTHKEHHUSIM B 00JIaCTH
0030p COBpeMEHHBIX JOCTUKEHUH B 00JIACTH MAIIUHHOTO O0yUYEHHUSI.
11. ®uHaTBHBINA TPOEKT

OTBeTHI Ha BOIIPOCHI CTYIEHTOB 10 BEIOPAaHHBIM (PUHATIBHBIM MPOEKTaM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEILHOTO
npouecca 1no JUCHUILInHE (MOIYJII0)

Yuebnas AyAUTOpHA, OCHALLICHHAA MYJIBTUMCIUAIIPOCKTOPOM U 3KpAaHAM. CJ'IymaTGJ'IHM TaK¥XKE
HOHaZ[O6$[TC5[ NEPCOHAJIbHBIC KOMIIBIOTCPHLI.



6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI
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Ian Goodfellow, Yoshua Bengio, Aaron Courville. Deep Learning, MIT Press, 2016. (available online)
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7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

https://github.com/yandexdataschool/Practical DL

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUH 00pPa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

VY Bcex o0yuaromuxcs Jo/bKeH ObITh yCTaHOBJIEH MakeT nporpamMm Anaconda u 6ubnuoreka Pytorch
9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OTHOW CTOPOHBI, OBIAACTh OOIIMM IMOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT HOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaNPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

- npopa60TKy yqe6Horo Marcpuajia, MmOArOTOBKY OTBCTOB Ha BOIIPOCHI, NPCAHA3HAYCHHBIX JJI
CaMOCTOATEJIIbHOI'O U3YUCHUS

— pellieHue 3a/1a4, IpeiIaracMblx CTYIEHTaM Ha 3aHATUSAX;
— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

ITokazaTeneM BiaJeHUs MaTEPHAIOM CIIy)KHT yMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI 110 TEMaM
JUCIUTUINHEI.

BaxHo 100UThCA MOHMMAHMS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3arnoMuHaHus. [Ipu
3aTPyJHCHUM W3y4YeHHs] OTACIBbHBIX TEM, BOIPOCOB, CIEAYET OOpamiarbCcsl 3a KOHCYIbTAlMSIMU
[IPENoJaBaTeo.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kagenpa Poccuiickoro KBaHTOBOro EHTpa

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT
PaspaGorunkm:

A.E. YnaHoB, kauj. ¢pu3.-MaT. HayK
E.C. TuynoB



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

VYK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.4 Ilpeacrapnsier myOIMYHO Pe3yabTaThl MPOEKTa (MK
OTHENBHBIX €ro JTamoB) B (OpME OTYETOB, CTaTeH,
BBICTYIUICHMH Ha HAyYHO-NPAKTUYECKUX KOH(EpeHIUsIX,
ceMHHapax | T.II.

YK-3 CriocobGeH opraHu30BbIBaTh H PYKOBOJIUTH
paboToil kKoMaHbI, BEIpadaTeIBas KOMaHIHYIO
CTpATeTuIo JUI JOCTHKEHUS ITOCTABIECHHOMN
3a1auu

VYK-3.1 Opranuszyer ¥ KOOpAMHUPYET pabOTy y4acTHHKOB
MPOEKTa, CHOCOOCTBYEeT KOHCTPYKTHBHOMY IPEOIOJICHUIO
BO3HHUKAIOIINX PAa3HOITIACHNA U KOH(PIUKTOB

VYK-3.4 CnocobeH TulaHUpOBaTh KOMaHAHYIO pPadoTy,
pacrpenessTh MOPYYCHUS WICHaM KOMaHIIbl, OpPraHNu30BaTh
00CyXJIeHUE pa3HBIX UJICH 1 MHEHHUI

YK-6 CriocobeH onpeiessTh U peaan30BhIBaTh
MPUOPUTETHI COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOILICHKH

YK-6.1 Ymeer pemare 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHS,  ONPENeNsTb |
peaTn30BhIBATH MIPUOPUTETHI COBEPIICHCTBOBAHUS
CcOOCTBEHHOM AEATENHHOCTH

VK-6.2 OueHuBaeT CBOIO JI€STE€IHLHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI W CPEJICTBA BBITIONHEHUS JACATEILHOCTH C e

OIIK-1 Bnaneet cuctemolt pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00JacTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

pe3ynbpTaraMu
OIIK-1.1 3HaeT W CcOOCOOCH  HUCIOJB30BaTh B
npoeCCUOHANBHON  JeSTeNbHOCTH  (yHIaMeHTalbHbIC

HAay4YHbIC 3HAHUS B obOmacTu (I)I/I3I/IKO—MaT6MaTI/I‘IGCKI/IX HayK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IaCTH
npo(heCCHOHANBHOM ESTENbHOCTH

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
peleHuy 3a1a4 NpoQecCuOHaNBHON AEATEIbHOCTH

OIIK-3 CnocobeH BbIOUpaTh u (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI
peneHns

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl TNPH PEIICHUH HOBBIX 3ajad, NIPUMEHSAsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binazeer aHaIUTUYECKUMUA U BBIUYUCIUTEILHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeIICHUN

OIIK-4 CriocoGeH ycIenHo peann30BbIBaTh
pelIeHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX IIPOITYKTOB




OIIK-5 CriocoOeH 1 ToTOB K MOBBIIICHUIO OIIK-5.1 Crocoben paboraTh B KOJUIEKTHBE, TOJEPAHTHO

KBaJTU(UKALMH, TPOPECCHOHAILHOMY POCTY U |BOCIIPUHUMAs couyajbHbIe, 3THUYECKHUE,
PYKOBOZICTBY KOJUIEKTHBOM B cepe cBoei KOH(ECCHOHAIbHBIE U KYJIbTYPHBIE pa3Indus
PO(heCCHOHAIBHON JCSTEIBHOCTH, TONCPaHTHO |OTIK-5.3 CTpeMuTcs K TIONyYEeHHIO HOBHIX 3HAHMIA,
BOCIIpUHUMAs COLIUAJIBHBIC, STHUYCCKHC, HpO(i)eCCI/IOHaHBHOMy U JJMYHOCTHOMY POCTY

KOH(I)GCCI/IOHS.J'IBHBIC " KYJIBTYPHBIC pa3JINYUsL

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
pamMKax TeMaTHYeCKOW 00NacTH cBoel mpodeccrnoHambHON

[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemarhb 3aja4u, B ToM uncie pa3padareiBath 1 |[IK-1.3 CnocobeH mpuMeHsTh TeopeThueckue W (W)
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH 9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIIEIOBAHUI K KOHKPETHOM
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |HayyHOM 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
aHaJIM3UPOBATh HAy4HbIE TPOOJIEMBI, TONyYaTh |pPe3yJIbTaThl

HOBBIC HAYYHBIC PC3YIIbTAThI I[IK-1.2 CnocobeH  BBIIBUTATh TUINOTE3BI, CTPOUTH
MaTeMaTH4eckue MOJAENU JUIS OINHCAaHUSA H3ydaeMbIX
SIBIICHUW U TIPOIIECCOB, OIEHUBATh KaueCTBO pa3paboTaHHOU

MOZEIH
IMK-2 CriocobeH caMOCTOsTENTFHO WK B [IK-2.1 Cnoco0eH IUIaHUPOBAaTh M TPOBOAWUTH HAYYHBIC
KauecTBe WiIeHa (PYKOBOAUTENS ) MAJIOTO WCCIICIOBAaHHUS CaMOCTOSTEIBHO WIH B COCTaBE HAy4YHOTO
KOJIJIEKTHBA OPraHU30BbIBATh U MPOBOIANTH KOJIJIEKTUBA

Hay4YHBIC UCCIICIOBAaHMS U X anpoOaIiuio

[IK-3 Cnocob6en mpodeccuonansao padorars ¢ |[1K-3.2 Criocoben MIPOBOJIUTH JKCIIEPUMEHT
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM (MonenMpoBaHKe) ¢ MCHONBb30BAHUEM HCCIIEIOBATEIbCKOTO

o0opynoBanreM (MpruOOpaMH U yCTaHOBKaMH, |000pynoBaHHs (ITAKETOB MPUKIATHBIX IPOrPaMM)
CTIEUATN3UPOBAHHBIMU TTAKETAaMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare m3ydeHus: TUCHUILTUHBI «MammHHOe 00y4eHHe /sl KBaHTOBOM M CTATHCTHYECKOW (UMK
00yJaromuiics JOKeH:

3HATH:
OCHOBHBIC METO/IbI IITyOOKOTO MAIIMHHOTO OOYYEHHS U CYILECTBYIOIIUE COCOOBI MX MPUMEHEHHUS IS
MCCIICJOBAaHU B 0OIACTH COBPEMEHHBIX KBAHTOBBIX TEXHOJIOTHI

yMeThb:
BBIOMpaTh HEOOXOIMMbBIE HHCTPYMEHTHI MATHHHOTO OOYYEHUS Ul POBEACHUS SKCIIEPHUMEHTAIbHBIX
W TEOPETHUYECKHX WCCICAOBAaHUA B O0NACTH KBAaHTOBOW (U3UKW M CTATUCTHUYECKOW (PH3HKH,
OPHEHTHPOBATHCS B COBPEMEHHBIX HCCIICAOBAHUSAX HA CTHIKE KBAaHTOBBIX TEXHOJOTUH M MAIIMHHOTO
oOydeHus

BJIaJIeTh:
OCHOBHBIMU TEXHOJIOTHSIMH H QJITOPUTMaMH TIIYyOOKOTO MAIIMHHOTO OOydYeHHs, M METOIAMH HUX
UCIIOJIb30BaHUS B KayeCTBE MHCTPYMEHTapusl JJIsi IPOBEJCHUS — HAy4HO-HCCIIEJOBATEIbCKON
JEATEIILHOCTH B PAa3IMYHBIX 00JIACTSIX KBAHTOBOH (DU3UKHU M CTaTHCTUUECKOM (prsnku

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

[Ipumeps! KOHTPOIBHBIX 3aJaHUM

1. Pemntsb 3aa4y HENMHEHHOM JIOTUCTUYECKOUN perpeccuu

2. Pemmnte 3amady KiaccUpUKaIMKA HW300PAKEHWH, HCIIONB3ysd MHOTOCIOHHBIA IEpPHEeNnTpPOH, Ha
npumMepe 6a3el JanHbBIX MNIST

3. Ilpoananm3upoBaTh KpuBbIe OOy4€HHsS W MPUMEHHUTb METOABI PETYNApPH3ALUM Ul YIyqLICHUS
KauecTBa MOJACIH

4. PemuTp 3afady KiIacCH(QHUKALMU H300paKEHUH, HCIONB3yd DIIyOOKYI0 CBEPTOUYHYIO CETh, Ha
npumMepe 6a3el JanHbIX MNIST

5. UncneHHO OLCHUTH C MOMOUIBIO PAa3HBIX METOIOB COMIUIMPOBAHUS KOPPEJALMOHHbIE (YHKIMH B
mMozenu M3uHra 1 cpaBHUTH C TOYHBIM PEIICHUEM




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

[lepeueHb KOHTPOJIBHBIX BOIPOCOB:

1. Ilomyunts QopMmy GoKycupylomeld MOBEPXHOCTH, pa3leisiomell JBe Cpeasl C  Pa3sHBIMH
[I0KA3aTeJSIMU IPEJIOMIIEHUS, C IOMOILIBIO HEMPOHHOU CETH

2. Ha nmpumepe aroma reiusi NIPUMEHUTb HECKOJIBKO BapUALOHHBIX aH3alleB JUIsl IOMCKAa 3HEPIruu
OCHOBHOTO COCTOSTHUS

3. HatpeHnpoBaTh OrpaHMYEHHYIO MAIlIMHY bojbIIMaHa C MOMOILBIO COMIIMPOBAHUS

4. HanCHI/IpOBaTB MOJIHOCBA3HYIO MAllIUHY BOJ'IBLIMaHa C IMIOMOIIBIO COMIIMPOBAHUA C OAHUM CKPBITBIM
CJI0€EM

5. HaiiTu 0cCHOBHOE COCTOsTHE MHOTOYaCTUYHOTO TaMHJIBTOHHAHA C TIOMOIIBIO0 HelfpoceTeBoro AH3ana
6. [Iponabionath Ga3oBbIi EPEXo/] B 3TOW CUCTEME U3MEHSIS MapaMeTpbl [ aMuIbTOHnaHa

7. Co3math HEMPOHHYIO CETh, NPEACKA3bIBAIOIIYI0 BOJHOBYI (DYyHKIMIO B KOOPAMHATHOM
MIPENCTaBICHUN

8. Peuts 3amauy Tomorpaduu cOCTOSHUS KBAHTOBOTO TAPMOHHUYECKOTO OCLHMIIISTOPA

9. Pazpaborars MeTox, pemaromnii 1uddepeHunanbHble ypaBHEHHS ¢ IOMOIIBI0 HEUPOHHBIX ceTel

10. Ilpenckaszath nUHAMHUKY (U3WYECKOH CHCTEMBbl, MUHUMU3UPYsSI MHTETpasl ACUCTBUS C ITOMOIIBIO
HEUPOHHOM CEeTH.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. Tlomyuuts QopMy GoKycupyromeld TIMMOBEpXHOCTH, pa3JeNsomell JBe Ccpeasl C Pa3sHBIMU
[TOKA3aTEJSIMU NPEIOMIIEHHS, ¢ TIOMOIBIO HEMPOHHOMN CETH

2. Ha npumepe atoma renusi NPUMEHUTh HECKOJIBKO BapHallMOHHBIX aH3alleB MJS MOMCKA HYHEPTUU
OCHOBHOT'O COCTOSIHUS

buner 2.

1. HarpenupoBaTh OrpaHMUCHHYIO MalllMHy bosjbIiMaHa ¢ OMOILbIO CIMIIMPOBAHUS

2.. HarpenupoBaTh [10JHOCBSI3HYIO MalllnHy bosibliMaHa ¢ IOMOILIbIO COMIIMPOBAHUS C OTHUM CKPBITHIM
CII0EM

Kpurepun oneHuBaHus
Onenka ommmuHo 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHMUE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MNpOrpamMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.
Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.
Ouenka oOmIMYHO 8§ Oa/IOB - BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTU3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopo1o 7 6ajioB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJYUYCHHBIC 3HAHHA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.
Ouenka Xopo1o 5 6ajioB - BEICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U IO CYLIECTBY M3JIAaraeT €ro, yMeeT NPUMEHTh NOJIyYEHHbIE 3HaHHUS Ha IPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.



OueHka ymoBIETBOPUTENbHO 4 Oajula - BBICTABISICTCS CTYICHTY, IOKa3aBIIEMYy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (POPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYyILEHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO Marepuasa, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul MAJbHEWIIEro OOydeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka ylOBJIETBOPUTENBHO 3 Oajula - BBICTABISICTCS CTYICHTY, IOKa3aBIIEMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciaabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEyIOBIETBOPUTEIBHO 2 0ajia - BHICTABISICTCS CTY/ICHTY, KOTOPBI HE 3HAeT OOJIbIICH YacTH
OCHOBHOTO cOAepXaHUsI y4eOHOH MporpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmHMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aym - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuoK B GOpMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH MpOBOJATCS B TMHCbMEHHOW (opme mo Owieram. B kakaom Ouiiere mpencTaBieHO JBa
Borpoca. [lpum mpoBeneHun 3a4éra W SK3aMeHa oOydaromemycs mnpepoctasisercss 30 MUHYT Ha
noarotoBky. Onpoc 00y4arommerocsi He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOI0 Jaca.



