AHHOTaIuUs K pabodei mporpaMMbl TUCITUTUTHHBI
«b1.B.03 HetipoceTeBble TEXHOJIOTUH»

(k00 U HaumeHo8anue OUCYUNTUHbL)

O0beM TPY10EMKOCTH: 5 3a4ETHBIX €IUHUIL
Henr aucummumebl. llenp OUCHMIUIMHBI - W3Y4YEHUE CTYJEHTAaMU TEOPETHYECKUX U
IIPAKTUYECKUX OCHOB HEHPOCETEBBIX TEXHOJOTMN NPU MPOEKTHUPOBAHMM U SKCIUTyaTaluu
ABTOMAaTU3UPOBAHHBIX CUCTEM, U3YUEHUE METO/0B MOJIETUPOBAHUS NCKYCCTBEHHBIX HEHPOHHBIX
ceTel, MOCTPOCHUS U aHaJM3a HEHPOCETEBbIX MOJEINEH MpH peleHnn ciadodhopMantn30BaHHBIX
3aJa4 MPOTHO3UPOBAHUS, KIacCU(DUKAIINK U yIIPABICHHUS.
3apaum IUCHUIIHHBI:
— HM3y4nTh OCHOBBI TEOPUU HEMPOHHBIX CETEH.
— PaccMoTperh NOCTpOCHHE PA3IUYHBIX TOMOJOTHI HEUPOHHBIX CETEH.
— Iloxa3aTh OCHOBHBIEC aITOPUTMbI U METOJIMKH 00YUEHUS HEHPOHHBIX CETEH.
PaccMoTpeTs 0COOEHHOCTH CHCTEM YIIpaBJIEHUs Ha 0a3€ HEMPOCETEBBIX TEXHOIOTHH.
— IIpomemoHCTpUPOBaTH C MOMOLIBIO HMUTALIMOHHOIO MOAEINPOBAHUS
(GYHKIIMOHUPOBAHHUE HEHPOCETEBBIX CHCTEM yIPABICHHUS.
— Ilokazate mpodeccuoHalbHBIE KEWChl W creHapuu npumeHeHus MU B pomsx Data
Engineer, ML Engineer, MLOps.

MecTo AMCUMILIMHBI B CTPYKTYpe 00pa3oBaTe/IbHOM NPOrpaMMbl
HucuuruinHa «HeilipocereBble TexHomorum» oTHocuTcs K «Yactu, ¢opmupyemas

yYaCTHHKaMU 0Opa3oBaTeNbHBIX OTHOIIEHMI» bioka 1 «Aucuumuimabl (MOxynn)» y4eOHOIro
wiaHa. JlucuuniavHa B 3HAYMTENBHOM CTENEHM B3aUMOAEHUCTBYET s (OPMHPOBAHUSA
KoMmnereHIMH ¢ aucuumiauHaMu: COBpeMEHHbIE METOJbl KOMIIBIOTEPHOTO 3pEHUs U
HHTennexTyanbHble METOIbI ONTUMU3ALIUH.

TpeOoBaHNsI K YPOBHIO OCBOCHUS THCHMILINHBI
WN3yyenne paHHOW y4yeOHOW AMCUMILIIMHBI
00yyaromuXxcsl CIeIYIOIMX KOMIETEHIIHNA:

HarpaBieHO Ha (GOpMHUpPOBAHUE ¥

Ko 1 HaUMCHOBAHUE HHMKATOPA™ Pe3ynbTarhl 00yueHUs MO AUCIUILIINHE

DL-1 CnocoGen npuMeHATH U (MJIM) pa3padaThIBaTh APXHTEKTYPHI ITyDOKNX HEHPOHHBIX ceTeil

DL-1.1. CmocobeH OOBSICHATE W TPUMEHATH
MaTeMaTHYeCKHe OCHOBBI HEHPOHHBIX —CeTeif,
BKJIIOYasi ~ pacyeT  IpaJUCHTOB, METOJIBI
ONITUMHU3AIINH " ANTOPUTM o0paTtHOro
pacripoctpanenust  ommbku  (backpropagation),
1S 9 GEKTUBHOTO 00YUYESHUSI MOJIEIICH.

3HaeT TEOpeTHYECKHe OCHOBBI M MaTeMaTHYECKHH ammapar
OCHOBHBIX OITHMH3aTOPOB, METOJIOB BTOPOTO TOPSAKa,
TEXHUK BU3yaJIH3alM1 U 0alleCOBCKUX METOJIOB B KOHTEKCTE
00y4ueHHs HEHPOHHBIX CETeH.

YmMmeer MNPUMEHATL U COUCTATh Pa3IMYHBIC ONTUMHU3ATOPHI,
METOAbBI BTOPOI'0 MOpsJaKa H BapHaHHOHHBIﬁ BBIBOJI Ha
MpaKTUKEC [JIA PpCeIICHUA KOHKPETHBIX 3aja4 o6yqu1/1;1
MOJZIeJIel, a TaKkKe aHAIU3MpOoBaTh JaHAWADT (QYHKIHMU
HOTEPB.

BrnageeT mpakTHUeCKUMH HABBIKAMH PeaIN3alliil ¥ OTIAIKH
IponeccoB OOYYEHUs] C HCIOJIb30BAHUEM IIPOABHHYTHIX
OINITHMU3aTOPOB, NMAKETHOW HOpMasM3anuu M OailecoBCKUX
HEHPOHHBIX ceTel B Cpejiax IITy0oKOro o0yUueHusl.

DL-1.2 CriocobeH peaM30BBIBaTh HETIyOOKHE
HelipoHHble  cet  (mepuenTpoHsl,  MLP),
BBIOMpaTh  KOJNMYECTBO W  pasMep  CIOEB,
noaxo/siuie (GpyHKIMM akTHBAMU U (DYHKLUH
MOTeph Ul PelleHHs 33/1a4 KiacCU(DUKAlMU |
perpeccun

3HaeT TeOpeTHUYECKUEe OCHOBBI M MaTeMaTHUYECKUH ammapar
METO/IOB TOCTPOEHUS Pa3AESIOUMX THIIEPIOBEPXHOCTEH,
MIPUHITUIIOB Pa0OTHI OTPAHWYCHHBIX MAlIuH BoibIMaHa U
cereil KoxoHeHa, BKITIOYast IPHYMHBI H METOJIBI YCTPaHCHHS
epeKpyTa.

Ymeer pa3pabaTbBaTh apXUTEKTYpPhl OTPaHMYCHHBIX MAIIUH
BonpiiMana, IpUMEHATH METOABI OOpPHOBI ¢ MEPEeKpyTOM B
cerax SOM u BBIOMpaTh ONTHUMANBHBIE MapaMETPBl JUIA
ITOCTPOCHHUS HEJTMHEHHBIX Ppa3memnsromuX
TUIEPIIOBEPXHOCTEN.




KOH 1 HAMMCHOBAHUC I/IH,HI/IKaTopa*

P€3yJ'IBTaTI)I 06y‘{eHI/IH 10 JTUCLHUIITIMHE

Bageer pa3pabaThIBaTh apXUTEKTYpbl OTrPaHHYECHHBIX
MamH bombliMaHa, TpUMEHSATH MeETOABl OOpBOBI ¢
nepekpyroM B cersix SOM u BbIOMpaTh ONTHMAaJbHBIC
rapameTpbl Uil TIOCTPOCHUSI HEIMHEHHBIX pa3lelTIoIuX

TUIIEPIIOBEPXHOCTEN.

ML-3 Cnocoboen NPUMEHATH KJIACCHYECCKHE AJIrOPUTMbI MAIIUHHOTO oﬁyqemm ¢ INMOHHMMAHHMEM MX

MaTeMaTHYeCKNX OCHOB M 00j1acTeil NMpUMEHCHMUS.

ML-3.1 OGocHOBBIBaET CrIOCOOBI ¥ BApUAHTHI
MIPUMEHEHHUS KIACCHYECKUX METOOB U MOJENIEH
MaIIMHHOTO 00yueHus B 3agavax MU, Bkiroyas
HX MaTeMaTHIeCKoe (arOpUTMHYECKOE)
mpeoOpa3oBaHUe W aIaNTALNIO K CIIeIU(pUKE
3aJ1a49H.

3HaeT MaTeMaTUYeCKUe MPUHIUIBI, JIeXKallle B OCHOBE
0a30BBIX MOjeNed MalMHHOTO o0y4eHus ¢ yuurenem (k-
NN, nepeBbss pCELICHUH, JMHEHHAs M JIOTHCTUYECKas
perpeccusi, SVM), BKIo4as uX IMeNeBYI0 (QyHKIHIO U
KPUTEPHH ONTUMHU3ALHH.

Ymeet popMaTbHO OMUCHIBATH ANTOPHTM PaOOTHI KOXKIOH U3
MOZEINeH, OOBSCHATh POJIb MX KIFOYEBBIX IHIIEPIapaMeTpoOB
U HMHTEPIPETHPOBATH PE3yJIbTAaThl MX PalbOTHI Ha OCHOBE
BHYTPEHHEI MaTeMaTHUeCKOH MOJICIIH.

BiiageeT HaBBIKOM CPaBHUTEIBHOIO aHAIU3a 3TUX MOJEIEH,
OCHOBAaHHOIO Ha TMOHMMAHMM MX MaTeMaTU4EeCKOH
CYIIHOCTH, JUI1 apryMEHTHPOBAHHOTO BBIOOpa MOJXO0Ma K
PEIICHHUIO TUIIOBOH 33/1au KJIacCU(HKAIIMY UK PETPECCUH.

ML-3.2 D¢ dexTuBHO NPUMEHSET KIaCCUYeCKUe
METOAbl M MOJENIM MAIIMHHOTO OOYYeHUs s
obecrieueHHst JTOCTHKMUMOCTH (YHKIIMOHATIBHBIX
xapakrepuctuk cuctem M.

3HaeT TEOPETHYECKHE OCHOBBI M THUIOBBIC CIICHAPUH
00y4YeHHsI ¢ YACTHYHBIM MpPHUBICYCHHEM yuutens (Semi-
Supervised Learning), Takue kak camooOyueHue (self-
training) W coBMecTHoe oOyueHue (co-training), s
pAacIO3HABaHHS COOTBETCTBYIONIMX NPAKTHYESCKHUX 3a1a4.

YMeer GpopMaan3oBaTh NPAKTHYESCKYIO 3a]a4y B TEPMHHAX
00y4YeHUsI Ha YaCTHYHO Pa3MEUYCHHBIX TaHHBIX U IPUMEHSTh
CTaHIAapTHHIC anropuTMbl (Hampumep, Label Propagation,
Pseudo-Labeling) i HCHONB30BaHUS HEPA3MEUCHHBIX
TPUMEPOB.

Bnaneer  mpakTMUeCKMMH ~— HaBBIKAMHM  NPUMEHEHUS
OMOMMOTEUHBIX pean3aldii CTAaHIAPTHBIX AJITOPUTMOB M
METOAMKAMHU OLEHKH HX 3(PPEKTUBHOCTH B YCIOBUAX
HETIOJIHOM Pa3METKU Ha pealbHbIX HA0Opax JaHHBIX.

ML-3.3 OrneHuBaet Pe3yNbTaTUBHOCTD
MIPUMEHEHHUSI KJIACCUUECKHX METOJIOB M MOJIEJIeH
MamuHHOTO 00yueHus B 3amadax MU Ha ocHoBe
COTIOCTABJICHHUS C aHAJIOTaMHU.

3HaeT OCHOBHBIC METPHUKM KadecTBa MOJAEIEH MAaIIMHHOTO
obOyuenust (Accuracy, Precision, Recall, F1-Score, ROC-
AUC) m moHMMaTh UX CBA3b C KOHKPETHBIMH OW3HEC-
TpeOOBaHUSIMU M CTOMMOCTSIMU OIITUOOK.

YMeeT NmpoBOIUTH OCMBICJIEHHBIN CpPaBHHUTENIbHBIM aHAJIN3
HECKOJIbKMX MOJIENIeH, HHTEPIPETUPYS MaTPHUILIbl OMUOOK H
3HAYCHUS METPHK B KOHTEKCTE TIOCTABICHHOMN OM3HEC-IICIH.

Brnageer HaBBIKOM BBHIOOpPa UTOTOBOW MOZETH HAa OCHOBE
KOMIUIEKCHOTO aHamn3a € MeTpUK, BBIYUCITUTEIHHON
3¢ (PEKTUBHOCTH M COOTBETCTBUS OTPAHWYCHHUSIM OH3HEC-
3a7a4H.

ML-5 CnocoGen pazpabéaTsiBaTh U (MJIH) MPUM

Oe3onacHocTH anropurmo MO

C€HATHb METOAbI IMOBBIINICHUA yCTOﬁ‘lHBOCTH, HAaJEeXKHOCTH,

ML-5.3 OnenuBaer pe3yJIbTaTUBHOCTh
MIPUMEHEHHS METOJIOB MOBBILICHHS
YCTOWYHMBOCTH,  HAQJEXKHOCTH,  0€30IacCHOCTH

anmroputMoB MO B 3amadyax WU Ha ocHOBe
COTIOCTaBJICHHUS C aHAIOTaMH.

3HaeT COBPEMEHHBbIE METOAB! MOBBIINIEHHS YCTONYMBOCTH,
HAJICKHOCTH ¥ 0€30IIaCHOCTH aJTOPUTMOB MAIIMHHOTO
00y4YeHHs, MX TEOPETHYECKHE OCHOBHI U CYIIECTBYIOIIHE
AHAJIOTH-PEIICHHUS.

Ymeer NIPOBOJUTH CPaBHUTEIbHYIO OLICHKY
pe3yibTaTUBHOCTH IPUMEHEHHBIX METOJNOB 3alllUThl Ha
OCHOBE METPUK YCTOMYMBOCTH, aHajlu3a aTaKyOLIUX
CLEHApUEB U  COIOCTaBIEHUS C  XapaKTEPUCTUKAMHU
AHAJIOIOB.

Bnageer HaBbIKaMM — IIPAKTHYECKOTO  CPAaBHUTEIBHOIO
aHainM3a  METONOB  O0ECNe4YeHUs  YCTOMYMBOCTH U

BKJIIO4Yass HMCIIOJIb30BAHHC

Oe3omacHoctd  Moxenein MU,
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P€3yJ'IBTaTI)I o6yquI/m 10 JTUCLHUIITIMHE

CICIHANN3APOBAHHBIX  (PEHMBOPKOB U  OhopMIICHHE
pe3yJIbTaTOB ayHTa.
ML-7 Cnioco6en mpuMeHSITh ABTOMATHYECKOe MAIIIMHHOE 00yYeHH e
ML-7.1 OGocHoBEIBaeT cmocoObl W BapHaHTH | 3HaeT mnpuHOuUNE Trustworthy Al (oOBscHEMOCTS,
NPUMEHEHHSI ~ aITOPUTMOB  ABTOMATHYECKOTO | HaJeKHOCTB, 0€301acHOCTB), METPHKHU OLICHKH
MalHHOTO 00y4eHus B 3aiauax MU, Bkiroyas MX | yCTOHUMBOCTH MoOJeNie M METOJbl TECTHPOBAaHMS Ha
npeoOpa3oBaHWE W afanTalui0 K clenupuKe | ySI3BUMOCTH.
3aj1a4H. YMeeT NpOBOAWTH KOMIUIEKCHYIO OLIEHKY  MOJelei,

ucnonb3ys Metoasl XAl 11 nHTepnpeTanuu npeackazanuit
U CHeIMaIU3UPOBAHHBIE TECTHI AJIS IPOBEPKU YCTONUNBOCTU
K aTaKaM.

Bnaneer HaBBIKAMU MPUMCHCHUS HHCTPYMCHTOB
Trustworthy Al (SHAP, LIME, IBM Adversarial Robustness
Toolbox) mns mpoBenmeHWs BcecTOpOHHero ayamta ML-
Mojieneil ¥ GOPMHUPOBAHHMS OTYETOB O MX HAICIKHOCTH.

0-3 Cnoco6eHn mpuMeHSITh M (MJIH) Pa3padaTbiBaTh HHTEJLIEKTYaJbHbIe METOAbI ONTHUMHU3AIMH.

0O-3.2 OO6ocHOBEIBaeT CIOCOOBI W BapHaHTHI
NPUMCHCHHSI HMHTCIUICKTYaJbHBIX METOHOB B

3HaeT TCOPCTUYCCKHUEC OCHOBBI CTATHYCCKUX aJITOPUTMOB
OINTUMHU3AIMHN U IPUHIHUIIBI aHAJIN3a JTUHAMUWKH CUCTCM.

3aJa4ax ONTHUMHU3AIINU.

Vmeer NpoOBOAUTH aHAJIM3 TIOBCACHUSA OITUMU3ZUPYCEMOI'O
00BeKTa BO BPEMCHHU U HA 9TOI OCHOBE 00OOCHOBEIBAET BBI60p
KOHKPETHOI'O aJiropuT™Ma OINTUMU3AINUU, YUYUTBIBAA €TI0
CXOJUMOCTbB, CJIO)KHOCTh U Tpe6OBaHI/IH K JTaHHBIM.

Brnaneer HaBbIKaMM IPUMEHEHHSI KITACCHYECKUX aJITOPUTMOB
ONITHUMU3ALIMU M METOJIaMU aHan3a ux 3()HEeKTUBHOCTH AJIs
pelIeHus] TNPaKTHYECKUX 3a/Jad Ha pEalbHBIX JaHHBIX,
BKJIIOYAs  BU3YyalW3alMI0 IIpollecca  CXOOUMOCTH U
BepUHKALIUIO PE3YJILTATOB.

PL-1 Cnoco0eH NpUMeHSATh sI3bIK POrPaMMHUPO

Banus Python nis pemenns 3agay B odiactu MHU.

PL-1.2 OcymecTBiasieT BBIOOP HHCTPYMCHTOB
paspabotku Ha Python, npuemiauMmbIx s
CO3[aHUsl PUKIAJHOW CHUCTEMBI 00pabOTKH
HAYYHBIX JAHHBIX, MAIIUHHOTO OOydYeHHs WU

3HaeT OCHOBHBIE BO3MOXKHOCTH OMOJIMOTEK Uil HAay4YHBIX
BeruncieHuit (NumPy, Pandas, SciPy) u Bmyanmmzanuun
manHeix  (Matplotlib, Seaborn) m mnoOHUMaeT THITOBBIE
CLICHApUH MX NMPUMEHEHHSI.

BU3yaJin3alnu € 3aIaHHbIMU Tpe60BaHI/IHMI/I

YMeeT NpUMEHATh METOJbl YKa3aHHBIX OHOJMOTEK Uit
peIIeHNs TUIIOBBIX 33Jay aHAJIN3a JAHHBIX: MAaHHUITYJISIINH C
TaONMWYHBIMU  JAHHBIMH, BBINOJHEHHUS CTAaTHCTHYECKHUX
pacyeToB W IOCTPOCHUsI 0A30BBIX M CHEIUATM3HPOBAHHBIX
BU3YaIU3aLUI.

Bnageer  HaBbikamu  3()()EKTHBHOrO  HCIOJIB30BAHUS
CTPYKTYp NaHHBIX M MeTojoB Oubmuorek Pandas, NumPy,
Matplotlib u Seaborn s nmpoBeeHuMs LEIOCTHOTO aHAIN3a
JaHHBIX — OT WX 3arpy3Kd U 00OpaObOTKU 0 BU3yaJbHOTO

MPCACTABJICHUA PE3YJIbTATOB.

Conep:xxaHue TMCUMILINHBI:

PacnpeﬂeneHI/Ie BUJ0OB yqe6H0171 pa6OTLI 1 UX TPYAOCMKOCTH 110 pa3jciaM TUCHUILINHBI.

| Ne HaunmMenoBanue pasnenos (Tem) KonuuectBo yacos
Bueayau
Beero AyauTopHasi padora TOpHAs
padora
JI 3 JIP CPC

1 2 3 4 5 6 7
1. OCHOBHBIE KOHIIENIIMH UCKYCCTBEHHBIX HEHPOHHBIX CeTel 12 4 6 2
2. Krnaccudeckne HeHpOHHBIE CETH 20 8 10 2
3. OcHoBHBIE apxuTeKTypsl Deep Learning 20 10 8 2
4. HeiipoceTeBbie apXHTEKTYPBI A1 00pabOTKH peyun 30 16 12 2
5. Heiipocety Juisi cpaBHEHHMs M aHAJIM3a CXOJICTBA 23 12 8 3
6. KypcoBast paboTa u 3ammra 28 8 20
HUTOI'O no pa3aesiaMm QUCUUTIIHHBI 50 52 31




Bueayau

Beero AynuTtopHas padoTa TOpHasA
pabota
JI 3 JIP CPC
1 2 3 4 5 6 7
KoHTponb camocrosrensHoil paboTsl (KCP) 6
ITpomesxytounas arrecraius (MKP) 0.3
Kypcosoe npoexktuposanue (KPII) 5
[ToaroToBka K TeKylieMy KOHTPOJIIO 35,7
O0masi Tpy10eMKOCTh M0 JUCHUIIHHE 180

KypcoBbie paboTbl: npedycmompena

(I)opMa NPpOBECACHUSA aTTECTAIMHU 1O NUCHUIIJIMHE: OK3AMEH

Asrop O.B. Pynenko, nouent KBT, kana.Tex.H.




