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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

N0 TUCHMILJIMHE: OmnutaiiH-MeTOobl B MALTMHHOM O0y4YeHHH
10 HANPABJIEHUIO: [Ipuxnagnas MmareMaruka U HH(oOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: ATI360: ITepenoBsle METOABI HCKYCCTBEHHOTO MHTEIIEKTA

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa MaTeMaTHUYECKUX OCHOB YIPABICHUS

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnuddepeHunpoBaHHbIi 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 15 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy cocrasuin: H.A. ITyukuH, kaHj. ¢us.-mar. HayK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl MaTeMaTH4ecKiX OCHOB yrnpasienus 12.02.2024



AHHOTANMA

B kypce paccmarpuBaroTCs KIIOYEBBIE IIOHSATHS W COBPEMEHHBIE MAaTeMaTH4eCKUE METOIbl TEOpUH
OHJIAMH-MAIIMHHOTO OOYYEeHMS, a TaKKe MX MPHIOKEHHS AJS MPOTHO3UPOBAHMS B Pa3IMUYHBIX 00MacTIX
Hayku. XapakTepHas uepra JaHHOIO II0AXOJa — OTCYTCTBHE IPENAIONOKEHUS O CYyLIECTBOBAHUU
CTOXAaCTUYECKUX MEXaHU3MOB, T€HEPUPYIOUIUX JAHHBIE. BMECTO 3TOro paccMaTrpuBarOTCs KOHKYpPHUPYIOIINE
KJIaCcChl METOZIOB IIPOTHO3MPOBAHUS, HA OCHOBAHUU KOTOPBIX CTPOUTCS ONTUMAJIbHBIM METOlH, KOTOPBIH
MPOTHO3UPYET HE XyXKe, 4eM 000 MeToJ M3 3aJaHHoro kiacca. llepBas yacTe Kypca cCOOepX HT 0030p
OCHOBHBIX IIOHATUH M KJACCHYECKUX anroputmoB JlumicroyHa u Bapmyra, BoBka, @poiinna u [lanumpe.
[lomydyeHbl OLEHKM perpera 3THUX aldropuTMoB. [IpuBeneHbI Takke WX MNPWIOKEHUS I IOCTPOCHHA
anroputMa OyctuHra AdaBoost u yHuBepcambpHOoro mnoptdens (puHaHCOBBIX HWHCTpyMeHTOB) Kogepa.
[Ipencrasnena Teopust npecka3aHusl B YCIOBHUIX HEMOJHOW HH(POpMAaLIKU.

B BTOpOM 4YacTM wu3MAra€Tcs TEOPUS OHJIANH-BBIIYKJIOW ONTUMH3ALUK - AJTOPUTMBI CIIEAOBaHUS 3a
PEryJIApU30BaHHBIM JINJEPOM, AJITOPUTMBI OHJIAHH-TPAANEHTHOIO CITyCKa M OHJIAMH-36pKaJIBHOTO CIycka. B
TpeThel 4acTu Teopus NpeAcKa3aHUs WHAMBUIYAIbHBIX IOCIENI0BATEIbHOCTEN UCXOA0B paccMaTpuBacICcs B
cBeTe TeopuH Wrp. /[okazaHa MUHUMAaKCHas TEOpEMa M M3y4arOTCsl Pa3IMYHbIE BHJIBI PABHOBECHS B UIPAX C
nonHoH uHpopmanueii. [IpuBoASTCS aaropuT™MBI MOCTPOSHUS KanOpyeMbix 1o JleiBuny npenckazanuii. J{ns
YCHELIHOTO OCBOCHHSI Kypca CIIyILATEeNIO JKeIaTeJIbHO 3HaTh OCHOBHBIE pa3/ieibl 00IIeH TEOpUH allrOPUTMOB U
o0naaThe 37€MEHTAPHBIMU 3HAHUSAMH B 00J1aCTH TEOPUU BEPOSITHOCTEH.

1. lean u 3apa4n

Henb 1ucUMNIMHBI
N3y4yeHne 0CHOBHBIX HOHATHUN U METOJ0B OHJIAIIH-METOJI0B B MAIIMHHOM O0Yy4EHHH.

3axauu QUCHUNIHHBI
- OCBOGHHE CTYJICHTaMHU 0a30BBIX 3HAHUI B 00JIACTH MALTMHHOTO O0YYEHHS;
- IPUOOpETEHNE TEOPETUIECKIX 3HAHMH B 00JIACTH 0aileCOBCKON TEOPHUH MAITUHHOTO 00yUYEeHYS;
- OKa3aHME KOHCYJIBTAIMH 1 IOMOIIM CTY/ICHTAM B PEILICHUH TEOPETUUCCKHUX U MMPAKTHYECKUX 3a/1a4.

2. llepedyens popmMupyemMbIX KOMIETeHIMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-2.1 CrocobeH  TPUMEHSITH  COBPEMEHHBIC
BBIUMCIIUTENBHYI0 TEXHUKY M CEpPBHUCHI ceTh VHTepHeT B

OITK-2 CriocoGeH HCIIonb30BaTh COBpeMeHHbIe |0071acTh (cdepe) npodecCHOHANBHOM NEITENbHOCTH

MH()OPMALMOHHBIE TEXHOJIOTUHU U OIIK-2.2 3HaeTr W yMeeT MNPUMEHATb YUCICHHBIC
IIPOrpaMMHBIE CPEICTBA IIPU PEIICHUM 330a4  |MaTeMaTHYeCKUe METOAbl U IPUKIAJHOE IPOrpaMMHOE
npodecCHoHAIBHON IeTeNbHOCTH, coONoiast  |o0ecrieueHre Uil PEUIeHUs  Hay4YHbIX  33j7ad = B
TpeboBanusa HHPOPMALMOHHOHN Oe30macHOCTH  (podeccHOHaBLHON 00IacTH

OIIK-2.3 3naer ocHOBHBIC TpeOGoBaHMs HH(POPMAITMOHHON
0e30MacHOCTH

[IK-2.1 3HaeT npUHOUIBI MIOCTPOCHHUA HAYYHQPROOTHI,
MeTrogsl cOopa W aHamu3a IOJMYYEHHOTO MaTepualia,
CHocoObl apryMeHTallH

[1K-2 Crioco0OeH caMoCTOIATENLHO N B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BBIBATH M MIPOBOIUTH

[IK-2.2 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC
HCCIICAOBAHMUS CaMOCTOSITEIbHO HMJIM B KauecTBE WICHA
(pyxoBoauTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo
[IK-2.3 CnocobeH mpoBOAWTH ampoOaIio pe3yJIETaTOB

Hay4HO-UCCIIE0BATEIbCKOMN paboTHI HIOCPEICTBOM
MyOJIMKAIIMKY HAYYHBIX CTaTeil U yyacTus B KOH(EPEeHIUIX

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI
3HAThb!

- (I)YH,E[aMeHTaJILHLIe IIOHATHA, 3aKOHBI, MCTO/IbI CTaTUCTUYCCKON TCOpHUUN MAILIMHHOTO O6y‘l€HI/I$I;
- OCHOBHBIC CBOMCTBA COOTBETCTBYIOIIUX MATECMAaTHICCKUX 06’56KTOB;
- AHAJIMTUYCCKUC U YUCIICHHBIC ITOAXOABI 1 METOABI AJI PCHICHUA TUIIOBBIX IMPUKJIAAHBIX 3a1a4.




YMETb:

- IOHSTH [TOCTABJICHHYIO 33]1a4y;
- HCIOJNB30BaTh CBOW 3HAHWA JUIA pemeHus (yHAaMEHTaJIbHBIX M TPUKIAJAHBIX 331349 TEOPHU
MAaIIMHHOTO O0y4eHUS;

- OLICHMBATh KOPPEKTHOCTH NIOCTAHOBOK 33/1a4;
- CTPOTO JI0Ka3bIBaTh MJIM OIPOBEPraTh YTBEPIKICHHUE,
- CAaMOCTOSITEIBHO HAXOIUTh AJTOPUTMBI PEIICHNUS 3a/1a4 TEOPHH MAITHHHOTO O0YYEHUS, B TOM YHCIIE U
HECTaHJapPTHBIX, U IIPOBOJIUTD MX aHAJIH3;
- CAaMOCTOSITEIBHO BUCTH CJICJCTBUS IOTYYCHHBIX PE3YJIbTATOB.
BIIAJICTh!

- HaBbIKAMH OCBOCHHUS OOJIBIIIOr0 00beMa HHGOPMAIIUN U PEIICHUS 3a/1a4;

- HaBBIKAMH CaMOCTOSITEIbHON paOOThI M OCBOCHUS HOBBIX JUCIHMILINH;

- KyJIBTYpOW NOCTaHOBKH, aHAJM3a U PEIICHHs MaTeMaTHYeCKHX W NPHUKIAIHBIX 33134, TPEOyIOIHX
JUIS. CBOETO PEIICHHS HCIOJIb30BaHUS MaTeMaTH4YeCKHUX MOAXOJ0B M METOJOB TEOPUH MAIIMHHOTO
00y4eHus;

- IPEIMETHBIM SI3bIKOM JIMCKPETHON MaTeMaTHKH U HaBBIKAMHU TPaMOTHOTO OITMCAHUS PEIICHHS 33/1a9 1
NPENICTABICHHUS MTOJTYUYCHHBIX PE3yJIbTaTOB.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 IToctaHoBKa 3amaunm MpeACKa3aHHA C 3 3 3
HCIOJIB30BaHUEM SKCIEPTHBIX CTPATETUH.
) Anroputm 9KCHOHEHIUAILHOTO 3 3 3
B3BEIIMBAHMS IKCIIEPTHBIX PEIICHHH.
3 [IpumeHeHne pa3IMYHBIX AJITOPUTMOB 3 3 3
JUII MHOTOMEPHOH perpeccum.
4 Mertonst ONITHMU3AIHN ULt 6 6 6
OHJIAH-00yYCHHUS.
Nroro yacos 15 15 15
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue AUCHUTLTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 8 (Becennuit)
1. ITocTaHoBKa 3a7a4n MpeICKa3aHus C UCTIONb30BAaHMEM SKCIEPTHBIX CTPATETHH.

ITocTaHoBKa 3a/1a4u IPEACKa3aHMs C UCIOIb30BaHUEM KCTIEPTHBIX cTpareruil. [lonsTue (BHemHero)
perpera. AJIITOpUTM B3BEIIEHHOTO OosbIIMHCTBA. OLEHKa YUCIia OLIHOOK.

ANTOPUTM ONTHMABHOTO paclpeesIeHuUs IOTeph B pexkuMe onnaiiH. OueHka ero perpera.
ANTOpUTM ClIeNOBaHUS 32 BO3MYIICHHBIM JuaepoM. OneHka ero perpera. COCTOSATENBHOCTH IO
XaHHaHy.

3ajaua MUHUMU3ALUM PErpera ¢ TOYKH 3PEHHs] TEOPUM ONTUMU3ALMHU. AJITOPUTM CIIEIOBaHUA 32
PeryJIapru30BaHHBIM JTUACPOM.




OmnutaiiH-MeTo| IPaJJUeHTHOTO CITYCKa.
OmnutaiiH-MeTO/1 3epKajbHOIO CIIyCKa.
HepasencTBa Oomnbinux ykioHeHH. BapuanTsl HepaBeHcTBa XedauHra.

2. ANropuT™ 3KCIIOHEHLIMATIbHOI'O B3BEIINBAHUS SKCIEPTHBIX PEILICHUM.

AJNTropUTM 3KCIIOHEHIIMATIBHOIO B3BEILMBAHUSI SKCIIEPTHBIX PELICHUH.

AJITOPUTM 3KCIIOHEHIIMAILHOTO B3BEUIMBAHHS JKCIICPTHBIX PEIICHUH C TMEPEeMEHHBIM TapaMeTpoM
oOyueHwusl.

3amaya o MHOTOpykKOoM OanauTe. CTOXacTHUYecKas W JIETEPMUHUPOBAHHAS MMOCTAHOBKU. AJITOPUTM
JUTSL IETEPMUHUPOBAHHOM TTOCTAaHOBKH.

Byctunr. Anroputm AnabycTt U ero CBOKCTBA.
Arperupytomuii anroputm BoBka. Koneunoe u 6eckoHEUHOE MHOKECTBO IKCIIEPTOB.

3. IlpuMeHeHHe pa3Iu4HbIX AJITOPUTMOB Ul MHOTOMEPHON perpeccuu.

[TpumeHeHNe arperupyromero ajropuT™a Ui pasInuHbIX (YHKIUH MOTEpb: JOrapupMHIECKOMH,
KBaJIpaTUYHON, IPOCTO1.

VYHuBepcanbHbli moptdens akuuit Kosepa. Anroputm nocrpoenus noprdens. OueHka

[IpuMeHeHe arperupyoniero aropuTMa Jisi MHOTOMEPHOM PErpeccu B peXXKUME OHJIAH.
KanubGpyemocts npeackazanuii o J3Buay. AIropuTMBI IOCTPOSHHS KATHOPYEMBIX MPEICKa3aHU.
VYuusepcansabie RKHS. IlocTpoeHune yHuBepcanbHBIX aIrOPUTMOB Ui OHJIAHMH PErpeccud Ha
OCHOBE METO/Ia KaINOPYEeMOCTH.

Cpennue Pagemaxepa u orieHKa KaTHOPOBOYHOH ONIMOKH.

ATrperupyromuii anropuTM Kak pe3yabraT HOCTPOCHUS KaTuOpyeMBbIX MpeacKa3aHu.

4. MeTo/ipl OITUMU3AIIH JUIS OHJIAH-00yYCHUSI.

Croxactrueckuid rpagueHTHbidi cnyck (SGD): Bapuwanter SGD: Momentum, RMSprop, Adam,
Adagrad. Anroputmsl iepBoro nopsiaka (first-order methods).

Mertonesl Broporo mopsaka (second-order methods): Newton-Raphson. Merton conpspkeHHBIX
rpaauentoB. Online Newton Step.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Heobxoaumoe 000pyaoBaHue IS JIKIUI U IPAKTUICCKUX 3aHSATHIA: KOMITBIOTED U MYJIbTUMEIHIHOE
o0opynoBaHue (MMPOEKTOp, 3BYKOBasi CUCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa

KonmoropoBckast cioXKHOCTb M aNrOpUTMUYECKast C1y4aiHoCThb [Tekct] : yue0. mocoOue st By30B / B.
B. Brrorun ; M-Bo o6pazoBanust 1 Hayku PD, Mock. ¢us.-texH. un-t (roc. yH-T), UH-T ipobiem
nHpopmauuu uM. A. A. Xapkesuua .— M. : MOTHU, 2012 .— 140 c.

JomnonHutensHas auTeparypa

Teopus urp [Teket] : yued. mocodue amns By30B : pek. M-BoMm o61. u mpod. odpazoBanus PO / JI. A.
[Terpocsn, H. A. 3enkeBuy, E. A. Cemuna .— M. : Breicmias mkona, 1998 .— 304 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)



He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha 3ansaTHsSX MCONb3yIOTCA MYJIBTUMEIUUHBIE TEXHOJIOTUH, BKIIOYAS IEMOHCTPALIMIO TPE3CHTAIUH.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUNIMHBI (MOXYJIs1)

CryneHT, M3y4yaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

VYenenrHoe 0CBOGHUE JUCHUILIMHEI TPeOyeT:

- IIOCEILEHUs CTYAEHTOM BCEX BUJIOB ayIUTOPHBIX 3aHATUH;

- BEJICHUsI KOHCIIEKTa B XOJI€ JIEKLIMOHHBIX 3aHATUH;

- KQUeCTBEHHOH CaMOCTOSTEIbHOM MOATOTOBKY K ITPAKTUUECKUM 3aHATHAM, aKTUBHOH pabOTHl HA HUX;
- aKTUBHOW CaMOCTOSATENBHOMN U ayJJUTOPHON PabOTHI CTY/CHTA;

- CBOEBPEMEHHOM C/1auu MPeroaBaTesIio 3aJaHni 110 ayJUTOPHBIM BUaM paloT.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: ATI360: ITepenoBsle METOABI HCKYCCTBEHHOTO MHTEIIEKTA
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa MaTeMaTHUYECKUX OCHOB YIPABJICHUS

Kypc: 4

KBaJIH(UKALUS: OakanaBp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

PaszpatGoTunk: H.A. Ilyukun, xann. ¢pu3.-MaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-2 CriocobeH ucrnonbp30BaTh COBPEMEHHbBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
MPOrpaMMHBIE CPEACTBA MIPU PEIICHUHN 33134
poheCCUOHATBHOM JIeTENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAITMOHHOW OE30TIaCHOCTH

OIIK-2.1 CrocobeH  TMPUMEHSITH  COBPEMEHHBIC
BBIYHCIIMTEIFHYIO TEXHUKY W CEpBHCHI ceTu VIHTepHeT B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

OIIK-2.2 3HaeTr W yMeeT MNPUMEHATb YUCICHHBIC
MaTeMaTUYeCKue MEeTOAbl M IPUKIAJHOE IPOrpaMMHOE
o0ecrieyeHne ISl  pELICHMS  HayyHBIX  3ajgad B
npodeccuoHaIbHON 00nacTu

OIIK-2.3 3naer ocHOBHBIC TpeOoBaHUs HH(POPMAITMOHHON
0e30MacHOCTH

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M IPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 3HaeT npUHOUIBI MIOCTPOCHHUA HAYYHQPROOTHI,
MeTrogsl cOopa W aHamu3a IOJMYYEHHOTO MaTepualia,
cHocoObl apryMeHTallH

[IK-2.2 Cnoco0eH IUIaHUPOBaTh W TPOBOJAWUTH HAYYHBIC
HCCIICAOBAHMUS CaMOCTOSTEIbHO MM B KaueCcTBE WICHA
(pyxoBonuTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mpoBOAWTH ampoOaIio pe3yJIETaTOB
HAYYHO-HCCIIET0BATEIHLCKON paboTh MOCPEICTBOM
TyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pepeHIuIx

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare n3ydenus AUCIUTUIMHBL «OHIAMH-METO/IBI B MAIIMHHOM O0YYEeHUW» 00YYarOIIUICs TOTKEH:

3HATb:

yMeTh:
- MIOHATH NOCTABJICHHYIO 33/1a4y;

(I)YH,I[aMeHTaJILHLIe IIOHATHSA, 3aKOHBI, MCTO/bI CTaTUCTUYCCKON TCOpHUUN MAILIMHHOTO O6y‘l€HI/I$I;
OCHOBHBIC CBOMCTBA COOTBETCTBYIOIIUX MATEMAaTHICCKUX 06’56KTOB;
AHAJIMTUYCCKUC U YUCJICHHBIC MMOAXOAbI U MCTOAbI AJId PCIICHUS TUIIOBBIX IMPUKJIIAAHBIX 3a1a4.

- HCIIOJIb30BaTb CBOM 3HAHUA [JIsI PCHICHUA (bYHZ[aMeHTaHBHBIX U TPUKIAJHBIX 3a4a4 TCEOpUHU

MAaIIrHHOI'O 06yquH$[;

- OLICHMUBATb KOPPEKTHOCTb NOCTAHOBOK 3a1a4;
- CTpOT'0 JOKAa3bIBATh UJIM OIIPOBECPIraTh YTBCPKACHUC,
- CaMOCTOATEJIIbHO HAXOAUTH aJITOPUTMbI pCHICHUSA 3aaa4 TCOPUN MAIIMHHOTO O6y‘ICHI/I}I, B TOM 4YUCJIC U

HCCTAHAAPTHBIX, U ITPOBOAUTH UX aHAJIU3,

- CaMOCTOATEJIbHO BUACTD CIICACTBUSA MMOJTYUCHHBIX PE3YyJIbTATOB.

BJIAA€Th:

- HaBBIKAMH OCBOCHMUS OOJIBIIIOr0 00heMa I/IH(I)OpMaL[I/II/I " PCIICHUA 3a1a4,

- HaBBIKAMH CaMOCTOSITEIIbHOM pa6OTLI N OCBOCHUSA HOBBIX JUCIIUIIINWH,

- KyanypOﬁ MOCTAaHOBKH, aHaJin3a W PCIICHUA MATCMATHUYCCKHUX W NPHUKIAAHBIX 3a1a4, TpGGYIOH_[I/IX
U1 CBOCIO PCHICHHUS HCIIOJIB30BAHUA MATEMATUYCCKUX IMMOAXOAOB M METOAOB TCOPUHM MAIIMHHOIO

oOyueHus;

- IPSAMCTHBIM SA3bIKOM ,I[I/ICerTHOI\/'I MAaTEMAaTUKU U HAaBbIKAMU I'PaMOTHOI'O OIMMCAaHUA PCIICHUA 3a4a9 U
NpCaACTABJICHUS MOJTYYCHHBIX PC3YJIBTATOB.

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

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marcpuajia MmpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHsATUA 10 TCMC ITPOULJIOTO 3aHATUA.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /1J1 IPOBeJAeHHs POME:KYTOUHOI aTTecTaluu

o0yuaruuxcst




1. TlocraHoBka 3amadM TMpelCKa3aHHUs C KCIONb30BAHMEM OJKCHEpTHBIX crparteruil. [lonsTue
(BHEMIHETO) perpera. AITOPUTM B3BEIIEHHOTO OONMBIMMHCTBA. OIeHKa YHCIa OIMHUOOK.

2. AJ'IFOpI/ITM ONITUMAJIBHOI'O PAaCIIpCACIICHUSA ITOTCPhb B PCIKUMC OHJIAIH. OLICHKa €ro perpera.

3. AnropuT™m cienoBaHus 3a BO3MYILIEHHBIM suaepoM. OueHka ero perpera. COCTOATENBHOCTH IO
XaHHaHY.

4. 3agaya MUHMMM3ALUU perpeTa ¢ TOUYKHU 3PEHMsI TEOPUM ONTUMU3ALMUHU. AJITOPUTM CIIEOBAHUS 32
PEryJIApU30BaHHBIM JTUACPOM.

OmnuaiiH MeToJ] TPaJUeHTHOTO CITYCKa.

OmnulaiiH MeToJ] 3epKajbHOrO CITyCKa.

HepasencrBa Oonbinx ykinoHeHuid. BapuanTsl HepaBeHcTBa XedauHra.
ANTOPUTM 3KCITOHEHIMAIBHOTO B3BEIIMBAHUS IKCIIEPTHBIX PEIIECHUM.

© 0N

. AJNTOPUTM SKCIIOHEHIMAJIBHOTO B3BEIIMUBAHUS SKCIIEPTHBIX PEUICHUH C MEPEMEHHBIM ITapaMeTpOM
o0yd4eHusI.

10. 3amadya o MHOTOpYKOM OanauTe. CTOXacTHUYECKash M JETEPMUHUPOBAHHAS TIOCTAHOBKH. AJITOPUTM
JUIsL AC€TEPMUHUPOBAHHOM IMOCTAHOBKH.

11. Byctunr. Anroputm AnalycT U ero CBOMCTBA.
12. Arperupyroumii anroputm BoBka. Koneunoe 1 6eCKOHEUHOE MHOKECTBO IKCIIEPTOB.

13. IIpuMeHeHHE arperupyromero alropuTMa Uil pa3IudHbIX (QyHKIMHA MOTEph: JorapupMUUECKOM,
KBaJPAaTUYHOH, IPOCTOM.

14. YausepcanbHblil moprdens akiuii Kosepa. Anroputm nocrpoenns noptrderns. OnieHka BBIMTPHIIIA.
15. IlpuMeHeHre arperupyroIiero aaropurMa JAjisi MHOTOMEPHOM PErpeccuy B PeKMMe OHJIAMH.

16. Kamubpyemocts mpenckazanuii mo J[9Buay. AJTOPUTMBI  MOCTPOCHHS  KaIUOpPyeMbIX
MpenCKa3aHuil.

17. VYausepcanbubie RKHS. Iloctpoenne yHHMBEpCalbHBIX aIrOPUTMOB Ui OHJIAWH PETpeccHd Ha
OCHOBE METO/Ia KaINOPYEeMOCTH.

18. Cpennue Pajemaxepa u orjeHKa KaTHOPOBOYHON OLTHOKH.
19. Arperupyroiuii anropuT™ Kak pe3ysbTar HOCTPOCHUS KAINOPyeMbIX Tpe/ICKa3aHni.

Kpurepun onennBanus

Onenka "Ommmyno" (10) - mHOTHOCTEIO W BOBpEMs pELICHBl Bce 3afadn  0e3  OmHOOK.
ITponeMoHCTpHUPOBaH IPAaMOTHBIN MOAXO K PELICHUIO 337134, PeaTn30BaHbl ONTUMAIIbHbBIE aJITOPUTMBI,
KoJl 0(OpMIIEH B €MHOM YJO00OYHTAEMOM CTHJIE.

Onenka "Otamuno" (9) - mNONHOCTBIO M BOBpPEMsl pELICHBl Bce 3adaud  0e3 OIIMOOK.
ITponemMoHCTpHUPOBaH I'PAMOTHBIN MOAXOA K PEIICHHIO 337134, pealn30BaHbl ONTUMAIILHBIC aJITOPUTMBI.

Onenka "Otnuuno" (8) - TONHOCTBIO M BOBpPEMS pEIICHBI BCce 3a7a4d  0e3  OIIHOOK.
[IponeMoHCTpHpPOBaH TPAMOTHBIH MOIXO/ K PELICHUIO 3a/1ad.

Onenka "Xopomro" (7) - MOMHOCTEIO PENICHEI BCe 3a7a4u. J{omyIeHpl HeCymeCTBEeHHBIE OIITHOKH.

Ornenka "Xopormio" (6) -MOTHOCTHIO PEMICHO OONBIIMHCTBO 33/1a4. B HEKOTOPHIX 3aja4axX JOMYIIEHBl U
HE HUCIIPaBIICHBI OIUOKH, THOO HEKOTOPHIEC 3a/Ia4K PEUICHBI YaCTHYHO.

Onenka "Xopomo" (5) - MOTHOCTBIO PEIIEHO JIBE TPETH 3a]lad. B HEKOTOPBIX 3a7a4ax JAOMYIICHBI U HE
UCHPAaBJICHbI OMNOKY, TNO0 HEKOTOPBIE 3aa4H PEIICHBI YACTHYHO.

Onenka "YnosnerBoputenbHO" (4) - MOTHOCTBIO PENICHO Oojiee TOJOBHHBI 3a1a4. B oCTambHBIX
3ajiauax JOMYIICHBI U HE HCIIPABIICHB ONIMOKH, THOO0 HEKOTOPBIE 3aa4H PEIICHBI YaCTHYHO.

Onenka "YnoBieTBopuTenbHO" (3) - MOTHOCTHIO PelIeHo Ooliee MONIOBUHBI 3a/1a4.
Onenka "HeynosneTBoputenbHO" (2) - pelieHo MeHee TTOJIOBUHBI 3a/1au.
Onenka "HeynosnerBopurtensHo" (1) - HE pelieHO HU OHOU 3a]1auu.

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

HupdepeHnnpoBaHHBIA 3a4€T MOXKET MPOBOJUTHCS MO HTOraM TEKyIIEeH yCIIeBaeMOCTH U CHauu
3aJaHUi M JPYyruxX BUAOB paboT, NPEAYCMOTPEHHBIX MPOrPaMMOW AWUCUUIUIMHBI M (MJIH) IyTeM
OpraHM3alUH CIEIHAIBLHOTO ONPOca, TPOBOAUMOrO B YCTHOM M (MJIHM) MUCHMEHHOH (opme.

ITpu npoBenennu yctHoro AudhepeHIUpOBaHHOTO 3a4eTa o0yJaromemycs npeaoctasisercss 30 MUHYT
Ha MoAroToBKy. Onpoc o0ydaronierocs He TOJHKEH NPEBHIIAaTh OJHOTO aCTPOHOMHUYECKOTO Yaca.



Bo Bpems mpoBeaenus auddepeHUMPOBAHHOIO 3adyera OOydarolmuecss MOTYT II0JIb30BaTbCs
POrpaMMOX AUCUUIUIMHBI, & TAK)KE CIPABOYHOM JIMTEPATypOil, KOHCIIEKTAMH JIEKLUHA WIH APYTrUMU
MaTepHagaMu.



