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KBAaHTOBOH M CTaTHCTHYECKOH (HU3UKU

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona GU3NKUA U ucciaeaoBanuil uM. Jlanaay
kagenpa Poccuiickoro KBaHTOBOro EHTpa

Kypc: 1

kBaTuuKkanus: MarucTp

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

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsbl: () yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 60 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2
[IporpamMmy cocraBunu:

A.E. YnanoB, kaua. ¢pu3.-Mart. HayK
E.C. Tuynos
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AHHOTANMA
B kypce pacckaxyT npo npuMeHeHHe 0a30BbIX METOAO0B MAIIMHHOTO 00y4YeHUs ISl 3a/1a4 KBAHTOBOU (PHU3HKH.
Kypc cocrout u3 nByx 4gacteii.
[lepBas yacTp maeT o01IME MpeACTaBICHUS O IpeaAMeTe TiTy0okoro o0yyenus. OObsICHEHHE OCHOB CTPOUTCS Ha
npuMepe 3aj1ad Kiaccu(uKanuu U perpeccuu. s pereHus 3TUX 3a1ad MpeiaraeTcs U3y4uTh pa3iudHbIe
THUIIBI UCKYCCTBEHHBIX HEHPOHHBIX CeTel (IIOJIHOCBSI3HBIC, CBEPTOUHBIC, PEKYPPEHTHBIE).
Bropas wactp Kypca HampaBjieHa Ha PELICHHE 33/1a4 KBAHTOBOW (PM3MKU C MOMOIIBIO0 MALIMHHOTO OOY4EHUSI.
Byzner paccMoTpeH BapualiMoHHBIA METO/ B TIApaIMTMe HEWPOHHBIX CeTel JUIs 3a/1ad KBAHTOBOM ToMorpaduu
U TIOMCKa OCHOBHOT'O COCTOSIHHSI MHOTOYACTUYHBIX T'aMUJIBTOHHAHOB. Takxe OyayT OOBSICHEHBI pa3iuyHbIe
METO/Ibl COMIUTUPOBAHMS B KOHTEKCTE IPUMEHEHHS BapUALIMOHHOTO 1MoaxoAa Aist [ miib6epToBbIX MPOCTPAaHCTB
0O0JIBLION pa3MEPHOCTH.
Bce 3amarus kypca opraHu3oBaHbl Kak HaOop map: jexkuus-cemMuHap. Ha nexknusix OyayT paccMOTpPEHBI
TEOPETUUECKUE OCHOBbI BBIIIEONUCAHHBIX TeM. CeMUHaphl COCTOST U3 PELICHMs NPAaKTUYECKUX 3ajad Ha
s3pike Python mo Temam nekuumii. B mponecce pemienus 3amad OyaeT aaHo 0a30BOe NpEACTaBICHUE O
oubmmorekax Numpy u Pytorch. Kputepuem ycneniHoro 3aBepiieHus Kypea siBIsieTcsl ciada mpoekra. Jlms
YCHELIHOT0 MPOXOXKACHUS Kypca HeoOX0AuMbI 0a30BbIe HABBIKK IPOrpaMMUPOBaHUs Ha si3bike Python.

1. leau u 3apauu
Meap AUCUMNIMHBI
[Ipenonars KpaTkoe BBEJIEHHE B METOABI COBPEMEHHOTO IITyOOKOT0 MAlIMHHOTO 00y4YeHHUsl, 1aTh 0030p

CYLIECTBYIOIIUX  CHOCOOOB  TPUMEHEHHS  MHCTPYMEHTOB  MAIIMHHOTO  OOy4YeHHs  JJs
AKCTICPUMEHTAILHON KBAHTOBOW U CTATUCTUYECKON (pH3HKH

3agauu AU CHUILIHHBI

CHa6Z[I/ITL cnymaTeneI‘i HGO6XOI[I/IMLIMI/I S3HAaHUAMU U YMCHHUAMU JJId HPOBCACHHA CaAMOCTOATCIIbHBIX
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

VYK-1.1 Ananuzupyer npoOJIeMHYIO CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymiecTBisier TIOMCK BapHaHTOB  pPELICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsSTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE

YK-1.3 Pa3pabarsiBaeT CTpaTeruto JOCTHKEHUS
[IOCTABJICHHON 1€l Kak I10CJIE0BaTeIbHOCTh I1aroB,
NpEeNBHUIA PE3YIbTaT KaXIOr0 M3 HUX W OLIEHHWBAs HX
BIMSIHUE HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUpyeMOI
JEATENBHOCTH W Ha B3aUMOOTHOIIEHHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

VK-2.4 Ilpencrapnser myOIu4HO pe3ysbTaThl IpoeKkTa (Win
VYK-2 CriocoGeH ynpaBisaTh IPOEKTOM Ha BCEX |OTHACNIBHBIX €ro JTamoB) B (opMe OT4YeToB, CTarew,
JTanax ero peajin3anuu BBICTYIUICHMH Ha HayYHO-IPAKTUYECKUX KOH(EPEHIHSIX,
CeMMHapax U T.II.

VYK-3.1 Opranmuzyer U KOOPAMHHUPYET PaOdOTy YYaCTHUKOB
VK-3 CriocoGeH OpraHu30BbIBaTh U PyKOBOIUTH |IPOEKTA, CHOCOOCTBYET KOHCTPYKTUBHOMY IIPEOAOJICHHIO
paboToii KOMaH Ibl, BEIPAOATHIBAs KOMAHIHYK |BO3HMKAIOIIMX PA3HOIIACHH M KOHQINKTOB

CTPATETHIO JUIsA JOCTUKEHHS TIOCTaBJIEHHON YK-3.4 CnocobeH TUIaHHpPOBaTh KOMAaHAHYIO padoTy,
3a/1a4n pacmpenensaTh MOpy4YeHHsd WieHaM KOMaHbl, OPraHu30BaTh
o0CyXJIeHUE pa3HBIX UJIeH 1 MHCHHMA

YK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBPHOTO  pa3BUTHS,  ONPEAEsITh U
peann30BbIBaTh HPUOPHUTETHI 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 ACATEILHOCTH, COOTHOCHUT IICJIH,
CIOCOOBI W CPEJACTBA BBITIOJIHCHUS JEATEIBHOCTH C €&

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

pe3ynbTaraMu
OIIK-1.1 3HaeT W cHocoOGH  HCIONb30BaTh B
mpoeCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC

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

OIIK-1.2 Cnocoben 0600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXANCLIUILIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHKi ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
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 aHamu3upoBarTh 3ajady, MJIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPHU PEIICHUN HOBBIX 3a]a4, PUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Bunameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
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 COIIMAJIbHEIC, ITHUYECKUE,
KOH(ECCHOHAIBHBIC U KyJIBTypPHbIC Pa3Inyust

OIIK-5.3 CrpeMurcss K TIOIXYYECHHUIO HOBBIX 3HAHHM,

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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
EITENLHOCTH

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJbl MCCIEI0BAaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3padoTaHHOU
MOJENN

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

[MIK-2.1 Cnoco0eH TuUIaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCJICAOBAHUS CaMOCTOSITENIbHO 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 KCIOJIb30BAHUEM HCCIICIOBATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

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

3HAThb:




OCHOBHBIE METO/IbI TNIyOOKOTO MAIIMHHOTO OOYyYECHUS M CYLIECTBYIOLINE CIIOCOOBI UX MPUMECHEHUS JIJIs
MCCIICJOBAaHHU B 0OIACTH COBPEMEHHBIX KBAHTOBBIX TEXHOJIOTHI

YMETh:
BBIOMpaTh HEOOXOAUMBIE HHCTPYMEHTHI MAIIMHHOTO OOYUYSHHMs IS IPOBENCHHS IKCIIEPUMEHTATBHBIX
W TEOPETHUYECKHX WCCICAOBAaHUA B O0NACTH KBAaHTOBOW (U3UKM M CTATUCTHUYECKOW (QH3HKH,
OPHEHTHPOBATHCS B COBPEMEHHBIX HMCCIICIOBAaHMSAX HA CTHIKE KBAHTOBBIX TEXHOJIOTHH M MalIMHHOTO
oOydeHus

BJIQJICT!
OCHOBHBIMU TEXHOJIOTHSIMH H QJITOPUTMaMH TIIYyOOKOTO MAIIMHHOTO OOydYeHHs, M METOIAMH HUX
UCIIOJb30BaHUs B KayeCTBE HMHCTPYMEHTapusi Uil NPOBEICHUS  HAyYHO-HCCIIEI0BATEILCKON
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 K‘J"IaCCI/I(bI/IKaLII/IH 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 BonbuMaHOBCckHe MamMHBL UIS  3a1ad 3 5
CTaTUCTHUYECKON (PU3UKU
7 BbonbsiiMaHoBckue MalINHBI ISt 3 5
TOMOTpa(uu KBaHTOBBIX COCTOSHUIN
8 Metonbl COMIMPOBAHUS 3 5
Bapuaunonnsie aBTOPETPECCUOHHBIC
9 HEHWpPOHHBIE CeTH TUTST 3a1aq 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  GopmynupoBka 3ajad  JIMHEHHOW, HEIMHEWHOW, JIOTUCTHYECKOW pErpeccur u
knaccuukanmu. Ha mnpumepe 3amaum knaccuukanmu OOBSCHIETCS TOHSATHE HWCKYCCTBEHHOMN
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

BBoauTcsi moHATHE IIyOOKOW CBEPTOYHOW HEHPOHHOM CETH, M paccMaTpuBaeTcs 3ajada
knaccuukanmum  u3oOpakeHuil. OOBSCHSIOTCS  TMOHATHS — SJIPO  CBEPTKH, 1Al  CBEPTKH,
paccMaTprBalOTCs pa3iyHbIe 0a30BbIe APXUTEKTYPhl CBEPTOYHBIX HEHPOHHBIX CETEH.

5. PexyppeHTHbBIC HEHPOHHBIE CETH

Paccmarpusarorcss apxutektypbl (GRU, LSTM) pexkyppeHTHbIX HEHpOHHBIX ceTell Ha mpumepe
3a71a4 MalMHHOTO nepeBoga. OObsCHeHNE MPOOIeM B3PHIBAIOLIMXCS M 3aTyXalOIIUX I'PaIUeHTOB.

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

Jlexuya HampaBieHa Ha peIleHHE 3aJa4 OIEHKM cTarBeca it Mojenu W3uHra ¢ MmoMouibio
anmnpoxkcuManuy boablIMaHOBCKOTO pacipenencHuss HEUMPOHHOHN CEThIO.

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

Ha mpumepe 3amaun TomMorpadmu KBAaHTOBBIX COCTOSHHM OOBSICHSAETCS BapUAIlMOHHBIA METO]| B
napagurMe HEWpOHHBIX ceTed. B kadecTBe Takoil HEHpPOHHOM CeTH paccMaTpuBaeTCs
bonsmMaHoOBCKas MallInHa.

8. MeTonb! coMIMpOBaHUA

Ha nexumun paccMaTprBaroTCs 1Ba alrOpUTMa COMIUIMPOBAHUS M3 TPOU3BOIBHOTO PACIIPEICICHHUS ---
anroputM  [ub6ca wu Merpononuc. JlaHHbIE aNTOPUTMBI MPUMEHSIOTCS JIIsi  OOydYeHUs
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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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, M3y4aroIlMi IJUCLUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOIIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHL,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

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

— BEJICHUA KOHCIIEKTa 3aHATUH;

— HaNPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMU JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOro Marepuayia, IOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JACIUTLINHBI.

BaxHo 10OWTHCS MOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYNHCHUH W3Y4YEHHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiarhCsi 3a KOHCYJIbTAIHSIMHU
MIpenoaBaTesio.



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 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

VYK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.4 TpencrapnsieT myOIUYHO pe3yNbTaThl IpoeKTa (WIn
OTHENBHBIX €ro JTanoB) B (opMe OTYETOB, CTaTew,
BBICTYIUICHMH Ha HAyYHO-NIPAKTUYECKUX KOH(EepeHIusX,
ceMHHapax | T.II.

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

VYK-3.1 Opranuszyer U KOOPAMHHUPYET PaOOTy YYaCTHUKOB
MPOEKTa, CHOCOOCTBYET KOHCTPYKTUBHOMY IPEOIOJICHHIO
BO3HHUKAIOIINX PAa3HOITIACHNA U KOH(PIUKTOB

VYK-3.4 CnocobeH TulaHUpOBaTh KOMaHAHYIO pPadoTy,
pacrpenessTh MOpy4YEeHUs YieHaM KOMaHJbI, OpPraHU30BaTh
00CyXJIeHUE pa3HBIX UJICH 1 MHEHHUI

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

YK-6.1 Ymeer pemars 3aaa4vi COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHUS,  ONPEACIsITH U
peaTn30BhIBATH TIPUOPHUTETHI COBEPIICHCTBOBAHUS
CcOOCTBEHHOM AEATENHHOCTH

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CIOCOOBI W CPEJACTBA BBITIOJIHEHUS JEATEIBHOCTH C €&

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

pe3ynbpTaraMu
OIIK-1.1 3HaeT W cHocoOEGH  MCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC

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

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUI B 00IacTh
npo(heCCHOHANBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCLIUILIMHAPHBIC CBS3U B OOJIACTH
MareMaTHK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
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 aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3.2 CnocobOeH WHCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUN HOBBIX 3a]ad, IPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHMs], TTOHNMAeT 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 COLIMANbHBIE, STHUYECKHE,
PYKOBOZICTBY KOJUIEKTHBOM B cepe cBoei KOH(ECCHOHAIbHBIE U KYJIbTYPHBIE pa3Indus
PO(ECCHOHAIBHON JESTCIBHOCTH, TONCPaHTHO |OTIK-5.3 CTpeMuTcs K TMONy4EeHHIO HOBBIX 3HAHHIA,
BOCIIpUHUMAs COLIUAJIBHBIC, STHUYCCKHC, HpO(i)eCCI/IOHaHBHOMy U JJMYHOCTHOMY POCTY

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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
nH(popMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIIeOBaHUN B
paMKax TeMaTW4eCKOW OOJAaCTH CBOEH MpodeCcCHOHATEHON
[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pelarh 3aj1a4u, B ToM uncie pa3padareiBath 1 [IK-1.3 CnocobeH npuMeHSITh TeopeTHdeckne u  (WIIH)
HCCIICI0BaTh MAaTEMAaTHUCCKIE MOJICITH AKCIIEPUMEHTAIIHBIE METOABI UCCIIENOBAHUN K KOHKPETHOU
M3y4YaeMbIX SBJICHHN U MPOIIECCOB, CACTEMHO  |HAy4HOH 3ajjade ¥  HWHTEPIPETHPOBATh  TOIY4YCHHBIC
aHAM3UPOBATh HAYYHBIEC MPOOJIEMBI, TOIYYaTh |pe3yJabTaThl

HOBBIC HayIHBIC PE3YIIbTaThI I[IK-1.2 Cnocobern  BBIIBUTATH THUIOTE3BI, CTPOUTH
MareMaTH4ecKue MOJAENTH JUISl  ONUCAHHWS H3y4aeMBIX
SIBIICHUW W TPOIIECCOB, OLIEHWBATh Ka4€CTBO pa3pabOTaHHOM

MOZEIH

IMK-2 CriocobeH caMOCTOsTENTFHO WK B [MK-2.1 CnocoOeH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
KauecTBe WiIeHa (PYKOBOAUTENS ) MAJIOTO WCCIICIOBAaHHUS CaMOCTOSITEIBHO WJIM 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 (MonenupoBaHUe) C HCIOIb30BAaHUEM HCCIIEI0BATEIBCKOTO

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

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare uzyuenust aucuuiuiabel «Machine Learning for Quantum and Statistical Physics/MammunnHOe
oOydeHue sl KBaHTOBOM M cratuctudeckor usuku (PKL)» oOywaromuiics qomkeH:

3HATH:
OCHOBHBIE METO/IbI TNTyOOKOTO MAIIMHHOTO OOYYECHUS M CYLIECTBYIOLINE CIIOCOOBI UX MPUMEHEHUS IS
MCCIICJOBAaHU B 0OIACTH COBPEMEHHBIX KBAHTOBBIX TEXHOJIOTHI

yMeThb:
BBIOMpaTh HEOOXOANMBIE HHCTPYMEHTHI MAIIMHHOTO OOYUYSHHMs IS MIPOBENCHHS IKCIIEPUMEHTATBHBIX
W TEOPETHUYECKHX WCCICAOBAaHUA B O0NACTH KBAaHTOBOW (U3UKW M CTATUCTHUYECKOW (PH3HKH,
OPHEHTHPOBATHCS B COBPEMEHHBIX HMCCIICIOBAaHUSAX HA CTHIKE KBAHTOBBIX TEXHOJIOTHH M MalIMHHOTO
oOydeHus

BJIaJIeTh:
OCHOBHBIMU TEXHOJIOTHSIMH H QJITOPUTMaMH TIIYyOOKOTO MAIIMHHOTO OOydYeHHs, M METOIAMH HUX
UCIIOJb30BaHUS B KayeCTBE HMHCTPYMEHTapusi Uil NPOBEICHUS HAy4YHO-HCCIIEI0BATEILCKON
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 xiaccupuKaMd W300paKEHHWH, HCIONb3YyS MHOTOCIOWHBIA MEpPLEeNTpPOH, Ha
npumMepe 6a3el JanHbBIX MNIST

3. Ilpoananu3upoBaTh KpuBbIe OOy4YEeHHUS M NPUMEHHTb METOAbl PErYIApU3ALMU Ul YITydIICHUS
KauecTBa MOJACIH

4. Pemuth 3ajady KiIacCUpUKALMU H300paXCHUH, HCHONB3YS DIyOOKYI0 CBEPTOYHYIO CETh, Ha
npumMepe 6a3el JanHbIX MNIST

5. UucneHHO OIEHUTH C MOMOIIBIO PAa3HBIX METONOB COMIUIMPOBAHUS KOPPEISLMOHHBbIC (DyHKIUH B
mMozenu M3uHra 1 cpaBHUTH C TOYHBIM PEIICHUEM




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

[lepeueHb KOHTPOJIBHBIX BOIPOCOB:

1. Ilomyuntes Qopmy ¢oKycupylomed MOBEPXHOCTH, pa3ieisIomed [Be Ccpeasl C pasHbIMHU
[I0KA3aTeJSIMU IPEJIOMIIEHUS, C IOMOILIBIO HEMPOHHOU CETH

2. Ha nmpumepe aroMa reiusi IpUMEHUTb HECKOJIbKO BapUAllMOHHBIX aH3alleB JJIs IIOMCKA IHEPIUU
OCHOBHOTO COCTOSTHUS

3. HatpeHnpoBaTh OrpaHMYEHHYIO MAIlIMHY bojbIIMaHa C MOMOILBIO COMIIMPOBAHUS

4.. HatpeHnpoBath MOJHOCBA3HYIO MalIMHy bonbliMaHa ¢ MOMOIIBIO COMIIMPOBAHUS C OTHUM CKPBITBIM
cll0eM

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

7. Co3math HEHPOHHYIO CETh, HPEACKA3bIBAIOIIYI0 BOJHOBYIO (YHKIHIO B KOOPAWHATHOM
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 doKycupylomield MOBEPXHOCTH, pa3NeisIomed JBe cpeabl C pPa3HbIMHU
[TOKA3aTEJSIMU NPEIOMIIEHHS, ¢ TIOMOIBIO HEMPOHHOMN CETH

2. Ha npumepe aTtoma renusi MPUMEHUTh HECKOJIBKO BapHAllMOHHBIX AH3ALEB JJIS MOMCKA SHEPruu
OCHOBHOT'O COCTOSIHUS

buner 2.

1. HarpenupoBaTh OrpaHMUCHHYIO MalllMHy bosjbIiMaHa ¢ OMOILbIO CIMIIMPOBAHUS

2.. HarpenupoBaTh [10JHOCBSI3HYIO MalllnHy bolibliMaHa ¢ IOMOLIbIO COIMIMPOBAHUS C OTHUM CKPBITBIM
CII0EM

Kpurepun oneHuBaHus
Onenka ommuHo 10 OGamnoB - BBICTABIISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JTaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
INPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.
Onenka omMYHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON IMPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHNH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.
Ouenka omMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTHh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BHICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, IPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U 0 CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJIyYEHHbIE 3HAHMS Ha IMPAKTHKE, HO JTOMYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.



OueHka ylOBIETBOPUTEIbHO 4 Oamia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHIbHBIE (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILICHUS JIOTUUECKOW MOCIIEeA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NaJlbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka ymOBIETBOPUTEIbHO 3 Oaiia - BBICTAaBISACTCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILICHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaia, ciiabo
BJIaJICeT OCHOBHBIMU pa3JeliaMy yueOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00ydeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTH
OCHOBHOTO COJCp)KaHUsl y4eOHOH MporpaMMbl JUCIHMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHKa HEYIOBIETBOPUTEIBHO 1 0aml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

OK3aMeH MpOBOJAITCS B MHUCbMEHHOW (opme mo Owieram. B kaxkmoMm Owiiere TpeicTaBICHO JiBa
Borpoca. [lpum mpoBeneHun 3a4éra W SK3aMeHa oOydaromemycs mnpepoctasisercss 30 MUHYT Ha
noarotoBky. Onpoc 00y4arommerocsi He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOI0 Jaca.



