demepanbHOEe TOCYAapCTBEeHHOE OIOKeTHOE YUPEeKIeHHE
« HanpoHAIBHBIA MeJHIMHCKHN HCCIEN0BAT &/IhCKHH HeHTp iMeHn B.A. AiiMasoBa)

MuHHCTEPCTBA 34paBooXpaHeHH I Poccriickon Deeparii
(OI'BY «HMHII mm. B.A. AmmvazoBa» MuH3paBa Poccrm)

HMHCTUTYT MEJUITMHCKOI'O OBPA3OBAHNUA

COI''TACOBAHO YTBEPXJAIO
3aMeCTHTEIIL JHPEKTOPa JIupeKTop
HMHCcTHTYTa MEAMITHHCKOr 0 00pa30BaHHI HMHCcTHTYTa MEIHITHCKOI'O 00pa30OBaHH A
110 Y4eOHOH H METOAHYECKOH padorTe, OI'bY « HMHUIL mvm. B.A. Ammaszosay
IeKaH neuyeOGHOro (paKynpTeTa Munsapasa PoccHu
' A. Kyxapuuk E.B. IlapMoH
«20» sauBapsa 2020T.

PABOYAZA ITPOI' PAMMA

JIMCIMILTHHA HENPOHHBIE CETH B MEJIUIIVTHE

HaHMEHCEaHH & JHCITHITITHHEI

CroenuaJiMrer 1mo
CIIENHAJIBHOCTH 30.05.03 MemmuHcKkasi KHOepHETHKA

Ko ClIIeqHAITEHOCTH H HaHMeHCEaHHE

Kadenpa/moapasaenenne  mMareMaTHKH, OHOQH3HKH M HHPOPMAIHOHHBIX TEXHOJIOTHH

HAaHMeHOR aHHe Ka () eI pbLTI0pa 31 elTeHHs

dopma o0yuenun OYHAS
Kypc S
Cemectp 9A
3aHATHSA JIEKIIHOHHOI'0 THIIA 84 gac.
3aHATHA CEeMHHAPCKOT0 THIIA 144 gac.
Bcero ayropHoi padoThbl 228 4ac.

CamocrosarebHas padora (BHeayuTopHasa) | 60 4ac.

dopma NPOMEKYTOYHOH ATTeCTAIHH K 3aMeH (36 4ac.)

O01as Tpy10eMKOCT b JHCIHILIHHbI 324/9 (uac/3au4. en.)

Cankr-IleTepOypr
2026




Pabouas ITpOoIrpaMMa JHCIHIUIIHBI pﬂBpﬂﬁﬂTﬁHﬂ B COOTBCTCTBHIH C:

—IIprnkazom MHHHCTEPCTBA HAVKH H BEICIIEro oOpaszoBaHMSA Poccurickon @Deaepaiin Ne
1006 ot 13.08.2020r. «O0 yTBRepXAcHHH (ellepalbHOIO TOCYJapCcTBEHHOIO 00pa30BaTEIIbHOIO
CTaHJapTa BBICIIErO O0pa30BaHHMS — CIEHHATIHTET IO crelaabHOCTH 30.05.03 MegumuHckast

KHOepHEeTHKA»;

—IIpukasom MuHTpyna Poccrm ot 04 aerycra 2017 Ne6l0H «OO0 yrBEpKICHHH
ITpo(eCCHOHAIILHOI O cTaHAapTa «Bpau-KnOepHEeTHKY,

—y4eOHBIM IIIaHOM IT0 cIielaTbHOCTH 30.05.03 MequnuHackas KHOEPHET HKA;

—JIOKaJIBHBIMI HOPMATHBHBIMH dKTdMIH L[EHTPEI, AJmMazoBa.

CocraButeu pado4yeil NporpaMMbl

Y4yenas
Ne davmiing, nms,
CTeIleHb, 3aHnMaemasi JOLKHOCTb Mecto padoThI
/1 0TYEeCTBO
3BaHHeE
1. | Koporeesa Onecs K.T.H., JOLIEHT |3aBeYIOIIHH KadeIpoi OI'bY «HMHMII
BragmviipoBHa MaTeMaTHKH, OHopi3uKH 1 | HM. B.A. An1MmazoBay
HH()OPMAITHOHHBIX Munsapasa Poccuu
TEXHOJIOTHH
2. | Ammpora AHHa AcCCHCTEHT Ka(eapsl OI'bY «HMHUL]
IleTpoBHa MaTeMaTHKH, OHODH3HKH H |HM. B.A. AnmazoBay
HH()OPMAITHOHHBIX Munsapasa Poccuu
TEXHOJIOTHH

PaGouas rporpamMma paccMoTpeHa H oJjo0peHa Ha 3acelaHHH Kadeapbl MaTeMaTHKH, OHO(DH3HKH

HH()OPMAaITHOHHBIX TEXHOJIOTHIT
«11» HOsOpsa 20251, riporokon Ne 3 3aBe YoM Kadeapoi / O.B. Kopoteepa/

JIMCT COI'VIACOBAHHUA

COI'JTACOBAHO
JlexaH 1me4eCHOr o pakyIbTETa " A. Kyxapunk
3aBe VIO IIEHTPOM Pa3BHTHI 00pa3oBaTelbHOH cpeabl MHCTHTYTA
MEIHIHHCKOr0 00pa3soBaHIsI H.H. IleTrpora
3aBe YOI yueOHO-METOAHYECKHM OT/IETIOM IIEHTPA Pa3BHTHI
O Ppa30oBaTeILHOH Cpeabl MHCTHTYTa MEIHIIMHCKOTO 00pa30BaHH g M.A. OpeukHHa
3apeayronmi OHOIHOTEKON MHCTHTYTA MEAHITHHCKOI O 0Opa3oBaHHs E.A. HeuaeBa

PaGouas mporpamMma paccMoTpeHa M oxoOpeHa Ha 3acelfaHHH Y4eOHO-METOMMYECKOrO COBETA
HMHucTtHTyTa MeguIHCKOro odpasoBaHusa OI'EY « HMHUIL] mm. B.A. AnmmazoBa»y MuH3sapasa PoccHu
«20» ssaBapa 2026 r., mporokon Ne 01/2026.



Coxpaimenus

[{leHTp AmmazoBa — QellepalbHOe TOCYJapcTBeHHOE OFOKeTHOe yupekacHHe «HaloHamsHBIH
MEQUIIMHCKIIT  HCCIIEMOBATENILCKHH  IIeHTp HMMeHH B.A. Amvmasopay»  MHHHCTEpPCTBa
3paBoOXpaHeHH s PoccHiickon Depepalinm

[II] — rmpakTHYecKas IIoAroTOBKa

Komier eHmumn:

YK — yHHBepcanbHasI KOMIIETEHIH S

OIIK - obmenpodeccHoHanbHAS KOMITETeHI[HS
[TIK — rpodeccrnoHanmbHasa KOMITETEHIHS

MK — HHAHKATOP JOCTIDKEHHS KOMITETEHI[HH

OneHouHbIe MATEPHAIDI:

KB — KOHTPOILHEIE BOIIPOCHI

T3 — TeCTOBEIE 3aJaHH

K3 — KOHTPOJIbHEIE 3alaHHs]

[IH — rpakTHYeCcKHe HaBBIKH

C3 — CHTYaI[HOHHEIE 3aJaul

Wb — ucropus 6omesHn

J1 — TEMBI JIJIS TTOATOTOBKH YCTHOT'O JTOKIIaJa C ITpe3eHTal[HeH
P — TemBI 11 MOATOTORKH pedepaTa



IloscHHTE/IbLHAA 3alIHCKA K pﬂﬁﬂ‘lﬂﬁ InmporpamMmMe 1THCIHILTHHDbBI

PaGouasa mporpamma 1o AUCIOUIMHE «HeHpOHHBIE CeTH B MEIUIMHE) HAIlpaBIcHa Ha
(popMHpOBaHHE V OOYYAKOIMHXCS VIIYOIEHHBIX 3HAHHMH H IPAKTHYECKHX HAaBBIKOB B OOJIACTH
pa3palboTKH, OOYUYEHHI H ITPHMEHEHHS COBPEMEHHEBIX apXHUTEKTYP HEHPOHHBIX CETEH IS PelllcHH
(yHIaMeHTaIbHBIX H IIPHKIAJHBIX 3aJad MEJHIHHBI H 3APaBOOXPAaHEHHSA.. OTO ITO3BOIIHT
CIIEIHAIIMCTAaM BIIAQJETh COBPEMEHHBIMH METOJAaMH aHalH3a CIOKHBIX JAHHBIX, ITOCTPOEHISI
TIpeJicKa3aTelbHbIX MOJENEeH H CO3JaHHSA aJalTHBHBIX CcHCTeM (TpyaoBas ¢yHkumsg C/01.7
npodcrangapra «Bpauy-KHOEpHETHK»), IIPOBOANUTH  HCCIEHOBATEILCKYIO JIEATEIBHOCTh C
HCIIOIB30BAHHEM HEHPOHHBIX CETEH IS PeIleHMd 3afay JUArHOCTHKH, ITPOTHO3HPOBAHHS H
IIEPCOHAITHN3HPOBAaHHOH MeJuIMHBI (TpynoBasg @QyHkuma C/02.7 mnpodceraHmapra «Bpau-
KHOEPHETHK» ), a TaK’Ke Y4aCTBOBATh B IPOEKTHPOBAHHH M BHEJAPEHHH ITPOrPaMMHEIX PelIeHHH Ha
OCHOBE HEHPOHHEBIX ceTel (TpyaoBad pyHkImI C/04.7 mpodcraHmapTa « Bpau-KHOepHETHKY).

OCOOEHHOCTRIO peanu3alui JaHHOH IporpaMmel B DI'BY « HMHMI] um. B.A. Amvazosay
SIBIISIETCSI OPHEHTAIMSA Ha aHAIH3 MeJIHKO-OHOJIOTHYeCKHX JAaHHBIX. PSI MpakKTHUECKHX 3aHATHIH B
opMare 11a0OpPaTOPHBIX PaldOT TIIOCBSINEH PEIIEHHIO IIPHKIAJAHBIX 3aja4y. Takod (opmar
CITOCOOCTBYET ITTYOOKOMY ITOHHMAHHIO 3TAIIOB IIpollecca pa3paboTKH HEHPOCETEBRIX MOIENIEH — OT
ITpeo0padoTKH JaHHBIX H BEIOOpa IMPH3HAKOB IO BAIHAAILIMH H HHTePIIPeTal[HH Pe3VIILTaTOB, UTO
ITO3BOJIMT BBITYCKHHKAM 3((eKTHBHO IPHMEHSTH ITOITYYeHHBIE KOMIIETEHIIHH I pa3paboTKH H
HCCIIEAOBAHNS HHHOBAIHOHHEIX PEIIEHHH B 3MpaBOOXPaHEeHHH H MeIHIIHHE.



1. HEJIb 1 3AJTAYN U3YUEHHWA JINCITHITJIMHDBI

Ileab H3y4YeHHA JHCIHILIHHBL

CdopMHpoBaTh Y OOYYAIOMIETOCS CHCTEMHOE ITOHHMAaHHE TEOPHH, apXHTEKTyp H METOJIOB
rTy00KOro oOydeHHSs, a TaKKe BhIpa0boTaTh KOMIIETEHIIHH 110 HX ITPAKTHYECKOMY ITPHMEHEHHIO IS
CO3JIaHNHS HHHOBAIIHOHHBIX PelIeHHH B I[H( pOBOH MeIHIIHHE H OHOMEIHITHHCKHX HCCIIEIOBAHHSIX.

Jagaun H3y4eHns JUCIHILINHDbI:

1. BreipaGoTka y 0OOyYarOIMMXCS HABBHIKOB PEINEHHS THIIOBBIX MEJHIMHCKHX 3ajay
(K1accH(pHKAIM A H300pakeHHH, ceTMeHTaIlH s, JeTeKI[HI 00beKTOB, IIPOTHO3HPOBAHHE BPpeMEHHBIX
psmoB, 00paboTka TeKCTa) ¢ HCITOJIb30BaHHEM coBpeMeHHBIX (ppeHMBOPKOB (T ensorFlow/PyT orch)..

2. DopMHPOBaHHE Yy O0YYAFOINIXCS ITOHHMAaHHS MaTEMAaTHYECKINX OCHOB, APXHTEKT YPBI
H TIPHHIMIIOB OOyYeHHS TIIYOOKHX HEHPOHHBIX ceTell (CBEpPTOUYHBIX, PeKYPPEHTHHIX,
TpaHC(POPMEPOB, aBTOKOJHPOBIIHKOB).

3. DopMHpOBaHHE Y 00YYaAKOIIEr0CS HABBIKOB IIPOBEAEHNS ITOTHOI'O I[HKIIA IIPOeKTa: OT
(pOPMYITHPOBKH KIHHHYECKOH 3aJa4yld H cOopa JJaHHBIX JO 0OYUYEHHS, BaJIHAAIHH, HHTEPIIPETALIHH H
IIPOTOTHITHPOBAHH ST MOIETIH.

4. DopMHPOBaHHE Y 00YHAFOIIIXCS KPHTHYECKOr O IIOHHMAHH S B OTHOIIEHHH STHYEeCKHX
aCITeKTOB, BOCIIPOH3BOJHMOCTH, OIPaHHYEHHH H KIHHHYEeCKOH BalIHJAIMH MOJEleH ITTyOOKOro
OOYUYEHHAL..

ILnaHupyeMble pe3y bTaThbl 00YUeHHSA 0 JHCIHILIHHE:

B pesynsmame uzyueniis npozpammol OUCHUNILHBL V 0bYUaoue20cs Gopmupyiomces ciedyroujile
KoMIemeHuyilll.

YK-1.1 [ IpoBOAHT KPHTHYECKHI aHAIM3 ITPOOJIEMHOH CHTYAIHH H (DOPMYIIHPYeET OI[€HOYHEIE
CYXKJIECHH

YK-1.2 [IpHMeHSET CHCTEMHBIH ITOAXOJ IIPH IUIAHHPOBAHHH M PEIEHHH 3aJa4 B
1po)eCCHOHAIBHOMH 00IacTH

OIIK-6.1 [ IprMeHseT COBPEMEHHEIE HH(})OpPMAITHOHHEIE TEXHOJIIOTHH 151
CIIEI[HAJIH3HPOBAHHOE IIpOrpaMMHOe 00ecIIieYeHHe JJIS PEIeHH S ITPo(eCCHOHAILHBIX 3a1a4

[IK-6.1 PaspabarsIBact aBTOMAaTH3HPOBAHHEIE CHCTEMEI KOHCVIIbTaTHBHOH
TTOIJIEPKKH IIPHHATH S PEIlleHHH B MEHUIHHE U 3PaBOOXPaHEHHH.

[IK-8.2 HCIionp3yeT COBpPEMEHHEBIE ITOAXOABI IIPH Ppa3paboTKe HHTEIIEKTYalbHBIX

CHCTEM I MCIHITHHBI H 3/JPaBOOXPaHCHHA.

5. MECTO JUCHHUIIJIMHBI B CTPYKTYPE OBPA30BATEJ/IbHOU ITPOI'PAMMOBI

JucipnmmiHa BXoAuT B birok 1. « J[MCIMITIHHBI (MOIYIIH )» Y4eOHOI0 ITIaHa IT0 CITeI[HATbHOCTH
30.05.03 MemumuHCKasi KHOePHETHKA, B €T0 YacTh (POPMHPYEMYIO Y4aCTHHKAMH
0o0OpazoBaTellbHBIX OTHOIIIEHHII.

JlucIHIIIIHA H3Y4aeTCsI Ha OCHOBE paHee OCBOEHHBIX JTHCIHILINH/TIPAKTHK Y4eOHOr O ITJIaHa!
—  «HMHpopmaTHKa »
—  «OCHOBBI ITPOTr'PAMMHPOBaHHS»
—  «bnomH(pOpMaTHKa

— «ManmuHoe 00yueHHEN
JucipnnmHa oOecleunBaeT H3YUeHHe ITOCTIEYIOMMX JHCIHITINH/TIPaKTHK YueOHOro IT/aHa:

—  «HayuHo-Hucciegoraresnsckas padoran
—  «O0paboTka eCTECTBEHHOI'O S3BIKAY

—  «MeTtomp! IHpoBOH 00pabOTKH PeUYeBBIX CHTHAIIOBY



6. TPEBOBAHNA K PE3YJIbTATAM OCBOEHHA IUCIHAIIJIMHDBI

B pe3ynsTare 0CBOEHHS IPOrPaMMBI AU CIUIUIHHEL Y 00 YYArOIIEr ocs (POPMHPYIOTCS CIE YEOIIHE

KOMIIETEHIHH,
YCTAHOBJIIEHHBIE ITPOrPAMMOIL CIIEIHAIMTETA:
O1neHoYHbIE
Il1anupyemMbie pes3yabTaTbl MATEPHAJIbI,
Koaun Hanmenosanne | Koaun HamMeHoOBaHHe
00y4eHHM A (MOKA3aT eJIH /IS IPOBep AoIHe
KOMIIET eHIIHH MK
OLICHHBAHMSA) pPe3yabTaThbI
00yueHHsA
YK-1. CriocoGen YK-1.1 IIpooaur 3HaeT: KpHUTEPHI JIT1sT TEKVIIETO
OCYIL[EC TBIIAT KPHTHYECKHIT aHAJIH?3 IIPHMEHHMOCTH I'TYOOKOTr 0 KOHTPOJIS:
KPHTHYECKHIT aHaIIH3 ITpOOIeMHON CHTYallUH | OOYYeHHS A1 CIIOXKHBIX C3, KB
Ip oGIeMHBIX CHTyalHii Ha | H (DOPMYIIHPYET MeJHITHHCKHX 3a7a4 (00beM | i
OCHOBE CHCTEMHOTrO OLIEHOYHEIE CYAJICHHS. | JAaHHBIX, KAYECTBO Pa3sMETKH, | IPOMEKYTOUHOM
[T0/1X07a, BbIpabaThIBATh STHYECKHE OTPaHHYEHH ). aTTECTAI[HH:
CTPATETHIO JIEHCTBHH. VYMeer: KPHTHYECKH T3
OLIEHHBATh ITOCTAHOBKY JI1s TEKVIIETO
MEIHIIMHCKON 3aa4yll Ha KOHTPOJIS:
IpeaMeT LiernecoodpasHocTH | C3, KB
TIPUMEHEHHSI HEHPOCETEBBIX | JIIIa
METOJIOB. IPOMEKYTOYHOH
aTTECTAIHHU:
T3
YK-1.2 IIpumeHser 3HaeT: CHCTEMHBIN IMoAXoA K | JlII TeKyIlero
CHCTEMHBIH ITOIXOI IIOCTPOEHHIO KOHBEHEPaA KOHTPOJISL
TIIPH TUTaHHPOBAHMH H r1yOOKOro oOy4eHHUS:. OT C3, KB
PEIIEHHH 3a/lay B ITpeo0paboTKH Js
IpoeCcCHOHAILHOM MYIIBTHMO/IAJIbHBIX JAaHHBIX H | IPOMEKYTOUHOH
00IIacTH. ayTMEHTAL[HH 10 aTTECTAIHH:
pPa3sBEPTHIBAHHS MOJEIH. T3
YMeer: IDIaHUPOBATH BTAIlBl | J[IISI TEKYILETO
HCCIENOBATEIBCKOIO ITPOEKTA | KOHTPOIS:
C HCITOJIIb30BaHHEM C3, KB
HEeHpPOCETEHN, BEIOHPATh Js
CTpaTEeruy BaJIAAAllHH JJIS IIPOMEKYTOUHOMN
MEIHIMHCKIX JaHHBIX. aTTECTAI[HH:
T3
OIIK-6. CrocobeH 3HaeT: COBpeMEHHEIE JIIIs1 TEKYIIETO
HOHHMATD TP HALHIb] GpefiMBOPKH ITyOOKOT0 KOHTPOJIS.
g:::;;ﬁﬁ;iﬁiﬁi OIIK-6.1. Ilpmvenser | oOydeHus (TensorFlow, C3, KB
HHG 0P MALHOHHO- COBpPEMEHHEIE PyTorch, Keras), nx T
TEXHOJIOTHIECKY 1O HH(} OpMaI[HOHHBIE BKOCHCTEMBI H HHCTPYMEHTBI | IIPOMEKYTOUHOM
ITO/YIEP:KKY B 00IacTH TEXHOJIOTHH H IS pa3sBEPTHIBAHHS aTTECTAIHH:
3APAaBOOXPAHCHIA, crierpamsupoBanHoe | (TensorFlow Serving, T3
IIPHMECHATE CPEACTEA
HH(OPMALIOHHO- ITPOrPaMMHOE ONNX, Docker). JI1s TeKyIEero
KOMMYHHKALHOHHBIX obOecIIeUeHHE IS YMeeT: IIPHMEHATH KOHTPOJIS
TEXHOJIOTHIL H P ECYPCHI PEIIEHHS (ppeiMBOPKH IS C3, KB
GHOHH(}OPMATHKH B ITpodeCcCHOHAIbHBIX peanH3alii, O0yUYEeHHT U T
TP O ECCHOHANLHOH 3a/1a4 TOHKO# HaCTPOIKH IIPOMeKYTOUHOIT
HAEATCIIBHOCTH, BBITIOJIHATD r ~
Tp eGOBAHMS HEHPOCETEBRIX MOJIETIEN Ha aTTECTAIHHU:
MEIHI[HHCKHX JaHHBIX, T3




HH(} OpMaI[HOHHOH

HCIToNB30BaTh GPU-

OesomacHocTH BBIYH CIIEHHSL.
[IK-6. CrrocobeH [IK- 6.1 3HaEeT. apXUTEKTVPEI JIT1sT TEKVIIETO
IO IEPKHBATH PaspabarsBaet HEHPOHHEBIX CETEH, HAaHOOolIee | KOHTPOJIIS:
IEeSTEIILHOCTD aBTOMATH3HpPOBaHHbIe | 3(pdekTHBHBIE A1d co3gaHud | C3, KB
METHIHHCKHX CHCTEMBI CHCTEM IIOJIEPKKH Jst
CITEIHAIIICTOB, KOHCVIIbTaTHBHOH NpHHATHA perneHmi (CNN IIPOMEKYTOUHOM
ITPHHSATHE TIOAACPKKH ITPHHSTHS 1 cHUMKOB, RNN/LSTM aTTecTal[lH:
KITHHHYECKIX H PEIIEHHI B MEIHUIIHHE H | IJI BPDEMEHHEBIX PSIOB, T3
VITPaBJIEHYECKHX 3IPaBOOXPAHEHII. TpaHc(OpMepHI [U1d TeKcTa). | J[IIa TEKYINETO
PEIIEHHH Ha OCHOBE YMmeer: paspabaTreiBaTh H KOHTPOIIS:
HCITOIIb30BaHI I BAIMAHPOBATH ITPOTOTHIIEI C3, KB
HH(}OPMAITHOHHBIX ABTOMATH3HPOBAHHBIX s
TEXHOJIOTHH. CHCTEM IS 33124 IIPOMEKYTOUHOM
JTHArHOCTHKH (HaIIpPHMED, aTTECTALHH:
KJIaCCH(PHKALIHS ITaTOJIOT HI T3
Ha K'T) mm rporuo3sa (pHcK
PELHIHBA).
3HaerT: 1epeoBLIE ITOAXOAR! | JIIS TEKVILEro
B UM 111 MeJHI[HHEL: KOHTPOIIS:
o0yUYeHHE C IepegayeH C3, KB
sHaHHH (fransfer learm T
LIK =8 Criocoben few shc:’g learni e . OME’KYTOUHOIH
pa3pabaTeIBaTh [IK-8.2. Hcronssyer S 1P I
oopsacuuMerii UM (XAI) ginga | aTTecTalH:
CHCTEMBI COBPEMEHHEIE TTOAXO/EI - -
. HeHpoceTen T3
HH(OPMAITHOHHOI TIIpH pa3padoTke _
YMEeET: IMIPOEKTHPOBATE H JITISI TEKVILETO
IO IEPKKH HHTEIIEKTYaJIbHBIX
HCCIIEOBATh KOHTPOJIS
VITPaBJIEHH S 3HAHHSAMH | CHCTEM JJIS MEIHIHHEL
HHTEJUIEKT ValIbHBIE CHCTEMEL | C3, KB
B MEJHI[HHE, OHOIOTHH | H 34PaBOOXPaHEHH .
Ha OCHOBE T'HOPHIHBIX Tna
H 30PaBOOXPaHEHHH. .
APXUTEKTYP, HHTETPHPOBATL | IIPOMEKYTOUHOH
MOJEIH B ITPOTOTHIIEI aTTeCTALHH:
METHI[HHCKHX T3

HH(l)GpMElI_[HGHI{BIK CHCTCM.




7. COJAEPKAHHUE JUCHHUIIJIMHBI, CTPYKTYPUPOBAHHOE 110 TEMAM
(PASJAEJIAM) C VYKA3AHHUEM OITBEJEHHOI'O HA HHX KOJ/IMYECTBA
AKAJTEMHYECKHNX YACOB 1 BU/10B 3AHATHU

4.1 O0beM MHMCIMILIHHbI B aKaJeMHYeCKHX 4YacaX, BbIIeJIEHHBIX HA KOHTAKTHYIO padory
o0yuanmxcss ¢ TMpenoJaBarejieM H HAa CaAMOCTOATEAbHYI BHeAYAHTOPHYIO padory
odyJaronmmxcs

Tpynoemkocrb Ko./m4yecTBO 1acoB
.. B Kypc -3
Bujx yueoHol padoT bl AKAEMIECKHX Kypc -5 o cemectp - A
— ceMecTp -
KonrakTHas padora
00 yUaroImxcs ¢ 197 7 7
[penoaaBar eJieM
(BCero)
M3 HHX:
i 84 36 48
JIEKI[HOHHOI'O THIIA
SAHATHA 144 7 7
CEMHHAPCKOI'0 THIIA
CamocroaresibHAA
BHeAYJMTOPHASA 60 36 24
pabora (Bcero)
[IpomexxyToUuHad 36 ) 36
aTTecTalHs — SK3aMeH
Obuiast Tpy R0eMKoCTD 324/9 yacpr/3.e. 144/4 180/5 yack1/3.e.
JTHCIHAILIHHbI Jackl/3.€.
M3 xHux Ha T1I1 (13
2 0 2 4
yyebrnoezo niana)

4.2 Cﬂ,[[Ep?RﬂHHE AHCITHILIHHDbI, CTPYKTYPHPOBAHHOC€ 110 pa3acjiaM € YRAZAHHEM OTBEACHHOI'O HA
HHX KOIH4YeCcTBA aKaJeMHYeCKHX YaCoB H BHAOB 3aHATHH

KontakTHas padora,
CamMocToATeJILHA
HaunmMeHoBaHHE aKaaemM. 1
A N3 aux

pasaesion JaHATnA JaHATHA Bceero
BHeAY MTOPHAA Ha I111
TUCIIHIIJIMHbI JEKIHOHHOI | CEMHHAPCKOT

padora
0 THIIA 0 THIIA

Kypc - S cemectp - 9

nen 1. BeegeHiie B
HEHPOHHEIE CETH.
MHorocIoHHEIH
TIePIETITPOH.

Pazmen 2. CrepTOUHEIE

HeiipoHHEIe ceTH (CNN)
171 aHAaIIr3a 12 24 12 48
MeJTHITHHCKHX
H300parkKeHHIA.

Paznmen 3. OOyueHHe
DIy OOKHX CceTeld:
OITTHMH3 AIlHS, 10 20 8 38

perysapmusargs, transfer
learning.




HanMeHoBaHHe
pasaejioB
MUCIMIIJIMHbI

KoHnTakTHas paodora,
aKaZeM. '

JaHATNA

JIEKITHOHHOT

0 THIIA

3aHATHA

CEMHHAPCKOr

0 THIIA

CaMocToAT eJILHA
Al
BHeAYMTOPHASA
padora

Bcero

N3 Hnx
Ha I111

Pazmen 4. ApXHTEKTYPBI
I CeMaHTHUeCKOH
CEerMeHTal[HH B

MenmiHe (U-Net).

16

30

Bcero 3a cemecrp 9

72

36

144

Kypc -5, cemecTp— A

Paznen 5. PexyppeHTHEIe
HefipoHHEIe ceTH (RNN,
LSTM) a1 aHamiza
BpeM EeHHBIX PSIOB.

44

Pazmen 6.
TpaHchopmeprr H
oOpaboTka
MeJIHITHHCKOI'0 TEKCTA.

44

Pazmen 7. O05ACHHUMBIIH
NN (XAI) gna
HEHPOHHEIX CeTeH H
HTHKA.

Pazmen 8. BHenpeHiie 1
MOHHT OPHHT
HeHpOCeTERBEIX MO eTeH
B KIIHHHUYECKOH
IIPpaKTHKE.

[IpoMexyTOUHas
arTecTalus — 3K3aMeH

36

Bcero 3a cemectp A

48

72

24

180

HUTOI'0

84

144

60

324




4.3 Temaru4vecknil IVIAH 3aHATHIL JIEKIIMOHHOIO0 THIIA (710 ceMecmpam)

O11eHOYHDbI
IlepedyeHb KOI0B o
NK,
Ne | HammeHoBaHHe MAaTepHaJI
Yacer | Kparkoe cogepRaHHE 3aHATHSA dopMHpYeMBIX B
n/m | TeMbl 3AHATHS bI 1JIf1
nmpoiecce TeKVIIero
OCBOCHH A TeMbI .
KOHTPOJIA
Kypc- 3 cemectp - 6
Pasges 1. BBegenne B HeHHpoHHbIe ceTH. MHOrocJI0HHLINA NMEpPIENT POoH.
OCHOBHBI€ TTOHATHS: HCKYCCTBEHHEII
HHTEIUIEKT, MaIlllHHHOE H IIIy0 0Koe
oOyuenme. HefipoH Kak
Brexenme BEMHCIMTENbHAS E/{HHHIA:
OHOJIOTHYeCKHIT IIPOTOTHIL,
rIIy0oKOe L
dhopMmabHEIH Hefipon MakKarmtoka-
oOyueHIe.
[TurTca. @ YHKIMH aKTHBAIHH YK-1.1, YK-1.2,
1.1 | HcTopua u 2 . KB, C3
(curMomza, rurepOoIUecKHit OIIK-6.1
oOactH
TaHreHc, ReLU M ero BapHaHTEI).
IIPHMEHEHH B
N O030p THITOBBIX MEIHIHHCKHX 3aj]a4
AHIIHHE. OJI1 HEHPOHHBIX ceTe: JHATHOCTHKA,
IIPOTHO3, CeIMeHTal[HA.
KpurHueckHii aHamms
IIPHMEHHMOCTH.
ApxXHTeKTypa ITOIIHOCBT3HOI CeTH:
MEHOroCTORHLI BXOJHOIL, CKPBITEIE H BEIXOIHOI
CIIOH. BEIUHCIIEHHE BEIXO/Ia CETH
TIEPIIETITPOH
(forward pass). IIpencrarene
(MLP).
IAHHBIX B BHJIE TEH3OPOR. YK-1.2, OIIK-6.1,
1.2 | Apxurexrypa 2 KB, C3
IIpakTHUecKkas 3HAUHMOCTS JJIA IIK-6.1
TPAMOE aHaIT3a TAaOIMYHEIX KIIHHHYe CKHX
pacIipocTpaHeHH
. TaHHEIX (I1abopaTopHEIe ITOKAa3aTelH,
' aHaMmHe3 ). CHCTeMHEIH ITOIX0] K
IIPOEKTHPOBAHHIO APXUTEKTYPHI.
O yHKIHH ITOTeph AJIA 3a1au
perpeccur (MSE, MAE) u
KITaCCH(PHKAIIHH (KPOCC-3HTPOITHS).
O0yuerrie roarg (1 P )
- [ TpHHIGHIT TPaJHEHTHOT'O CITyCKa H
HEeHPOHHBIX
cereit: byHKIIL ero mogugHKaIHH (SGD,
' Momentum, Adam). Anropurm VK-1.2, OIIK-6.1,
1.3 | mmoTeps, 2
.. oOpaTHOTO pacmpoCcTpaHEeHH IIK-8.2
IpagHeHTHLIT .
i oumbkH (backpropagation) —
e . HHTYHTHBHOE H MaTeMaTHUeCKOe
backpropagation.
oOwsacHenHe. [Ipobnema
HCUEe3a0IHX H B3PEIBAIOIHXCA
IrpalHEeHTOB.
Pasgen 2. Ceeprounble HelpoHHbIE ceTH (CNN) aJ1d aHam 3a MeJHITHHCKHX
H300paKeHH .
2.1 | OcHoBBEI CNN: 2 [ [pHHITHIT TOKAIIPHOH CBS3H H OIIK-6.1,1IK-6.1, | KB, C3
CBEPTKA, pasaeneHus Beco. Orepalgis [IK-8.2
ITYJIIHHT, KapTHI CBEPTKH. AP0, KapTa IMIPH3HAKOR,
ITPH3HAKOB. stride, padding. Oneparnm
TTOABBIOOPKH (ITYIIHHT): Inax-
pooling, average-pooling.
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[TocTpoeHIe HepapXHH ITPH3HAKOB
OT ITPOCTHIX (Kpas, TEKCTYPHI) K
CIIOKHBIM. ] IpHMepBI JeTeKIHH
HH3KOYPOBHEBBIX ITPH3HAKOB Ha
MeHITHHCKIX H300pakKeHHIX
(peHTIreH, THCTOIOTHS).

2.2

COBpeMEHHEIE
ApPXUTEKT YPHI
CNN (AlexNet,
VGG, ResNet).

DOBOITIOIHS apXUTEKTYP: OT LeNet K
AlexNet (ucrmons3oBanue ReLU,
Dropout). I'myboxkue cetn VGG.
Hnes octarounsrx 6imokoB (ResNet)
IUTSI PELIEHNS ITPOOIIEMEL
HCUYE3AOIIEr O I'PpaHEHTa B OUYEHE
ry0OKHX ceTsaX. IIoHsTHe
IITYOHMHEL CETH U €€ BIIMSHHE Ha
KaueCTBO.

YK-1.2, IIK-6.1,
[TK-8.2

KB, C3

23

APXUTEKTYPBI
Inception u
EfficientNet.
Transfer
learming.

Inception-Momyis mid
3(p(peKTHBHOT O BEIYHCIIEHH I
CBEPTOK Pa3HBIX Pa3MEPOB.

[ [pHHIMIIBI TOCTPOESHU S JIETKHX H
3(p(pEeKTHBHBIX apXHTEKTYP
(MobileNet, EfficientNet).
KoHIlernms repeHoca o0yuYeHH
(transfer learming): mcronp30BaHHE
33724 MOJIeTIeH, ITpeo0YUYEHHBIX
Ha OOJIBIIHX HaOopax JaHHBIX
(ImageNet), 111 MeTHIIMHCKHX.
CrpaTernu fine-tumng.

YK-1.2, 1IK-0.1,
[TK-8.2

KB, C3

2.4

[IpuMeHeHHE
CNN misa
KIIaCCH()HKAIHH
MEIUITHHCKHX
H300paKeHHI.

[ IO/HEBIN KOHBEHED: 3arpysKa H
npepobpadorka DICOM/NILTI
TaHHBIX. MeTOIBI ayTMEHT AL
TaHHBIX, CIIELIH(DHYHBIE LT
MeTHITHHEI (TTOBOPOTHI, OTPaKeHHSL,
AIIaCTHYHEIE JTe()OpPMAaIIHH,
H3MeHeHHe KOHTpacTa). Paz0op
KEHCOB: KIIaCCH(PHKALH
ITHEBMOHHH IT0 PEHTTEHOIPaMMaM
TPYAHOH KIIETKH, OITPELEIIEHHE
CTaIUH TrabeTHYeCKOH
pPETHHOITATHH. BEIOOD METPHK B
MeJHI[HHCKOM KOHTEKCTE.

YK-1.1, ¥YK-1.2,
[1K-6.1

KB, C3

2.5

JleTeKims
00BEKTOR Ha
MeTHITHHCKHX

H300paKeHISIX.

3aava JeTeKIMH (JIOKAIIH 3L +
KITacCH(PHKAITI). APXHTEKTYPH R-
CNN, Fast R-CNN, Faster R-CNN,
YOLO. IIpumeHeHHe I
HETEKIIHH ITaTOJIOTHYECKHX
oOpazoBaHuIi. onmyxonei Ha KT,
MHKPOAHEBPH3M Ha CHHMKAX
IT1a3HOro JHa. OcoO0eHHOCTH
pa3sMeTKH JaHHBIX (bounding
boxes).

IIK-6.1, TIK-8.2

KB, C3

2.0

BrelieHHE B
TpeXMepHEIE

OcobeHHOCTH 3D-maHHBIX: KT,
MPT, IIOT. Onepaigin 3D-cBepTKH

OIIK-0.1, IIK-6.1
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CBEPTOYHEIE
ceTH (3D CNN).

H 3D-mrynuHra. ApXUTeKTVphI 111
aHarm3a 00beMHBIX MeIHIIHHCKHX
H300pakeHHH. | IpuMeHe e I
KJTaCCH(PHKAIHH I[eJIbIX 00hEMOB
IJIH BOKCEJIbHBIX ITPOTHO30B.
OrpaHHYEHH S I10
BEIYHCITHTEILHBEIM PECYPCaM.

Pasgen 3. O0y4eHne riry0oKHX ceTeil: oNT HMH 3N, peryJapusanus, transfer

learning.

3.1 | IIpobGnema 2 JInarHoCcTHKA IIepe00yUeHH YK-1.2, IIK-8.2 KB, C3
IepeodyUYEHH ST U (pa3phIB MeKIY OIIHOKOH Ha
METO/IBI 0Oy4YeHHH H BaIHAaii). MeTobl
PETYIIIPH3ALIIL. perynsapuzanui; L1/L2-

peryispusalisa Becos, Dropout,
Batch Normalization. Data
augmentation Kax MOIITHBIH METOJ
pPeryispH3aliHH 111 MeTHITHHCKHX
n3o0pakeHni. Early stopping.

3.2 | OnruMusaims 2 BaxHple rumepriapaMeTpal: YK-1.2, OIIK-6.1 KB, C3
THIIEPIIapPaMETP CKOpOCTh 00VUeHH S, pasMep OaTya,

OB I'TYOOKHX APXUTEKTYPHEIE ITapaMeTPHI.

CeTel. CrpaTermm nmoucka: grid search,
random search. Mcronp3oBaHHe
IIPOJABHHYTBIX HHCTPYMEHTOB
(Optuna, Weights & Biases) 11
TPEKHHTa 3KCIIEPHMEHTOB.

3.3 | lIpogBHHYTEIE 2 PasMopo3Ka CII0eB, OIIK-6.1, IIK-6.1, | KB, C3
CTpaTeruu m(depeHIHaTbLHAS CKOPOCTD [IK-8.2
OOYUYEHH S H OOYUYEHH A ITO CIIOSIM.
transfer Hcrone3oBanie mpeao0yyeHHBIX
learning. MOJIeTIEH H3 MEIHIIHHCKHX

penosuTopreB (MedicalNet).
OOyueHHe ¢ y4eToM AucdanmaHca
KkiraccoB (weighted loss, focal 1oss).
KoHTpacTHBHOE 00YyUEeHHE
(contrastive learming) s
MeJHITHHCKIX JaHHBIX.

3.4 | Pabotac 2 [IpoGnema HegocTaTKa YK-1.1, IIK-8.2 KB, C3
HeOOIBIITHMH PasMeYeHHBIX JAHHBIX B MEIHIHHE.

HabopaMH CTpaTeruy: akTHBHOE O0YUYEHHE
Me THIIHHCKIIX (active learmng), oOyueHHe ¢
ITAHHBIX. TIOAKPEIUIEHHEM IS Pa3sMETKH,

HCIIOJIb30BAHHE
crrabopa3sMeYeHHBIX TAHHBIX H
rceBopasMeTKH (pseudo-labeling).
Poimb CHHTETHYECKNX JaHHBIX.

3.5 | OyHKIMH 2 CrienHaT3HpOBaHHEBIE () YHKITHH IIK-6.1, IIK-8.2
IIOTEPH IS IIOTEPH JUIA 3aJa4 CErMEHTALHH:

MeTHITHHCKIX Dice Loss, Focal Loss,
3a]1ay. KOMOHHHPOBAHHEIE ITOTEPH.

(DYHKIIHH OTEPh, YYHTHIBAKOIIHE
pacctosuue (Hausdorft distance
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loss) A7 MOBBIIIEHH S TOYHOCTH
T'PaHHII.

Pasgen 4. ApXHTEKTYPSBI IS CEMAHT HUeCKOH cerMeHTanmun B meaunmHe (U-Net).

4.1 | Apxurekrypa 2 1. ITpuHIpor mocrpoenusa U-Net: OIIK-6.1, IIK-6.1, | KB, C3
U-Net: sHKOZED, C’KaThIH ITYTh (SHKOAEP) JUI [TK-8.2
IeKOAep, skip- HM3BIIEUEHH S KOHTEKCTA H
connections. PaCIIMPeHHBII ITYTh (IeKoAep) A
TOYHOH IoKanH3aruH. Porb skip-
connections B nepegaye
HH(]p OpMAI[HH O MEJIKHX JeTallIX.
[Touemy U-Net s pekTHBHA 1711
OHOMETHIIHHCKOH cerMeHTaI[HI.
4.2 | Momudukainm 2 Attention U-Net: MexaHnsm [TK-8.2 KB, C3
H VIIYUIIEHHS BHHUMAaHH S IS ()OKYCHPOBKH Ha
U-Net IIeTIEBRIX CTPYKTYpaxX. Residual
(Attention U- blocks B U-Net (ResUNet) a1
Net, obmneryeHH I oOyUYeHH S ITTYOOKHX
ResUNet++). ceTeH. COBpEMEHHEBIE aPXHTEKTYPEI
Ha ocHOBe U-Net (UNet++, nnU-
Net).
4.3 | IlpumeHeHHE 2 Pa30op kencor: cerMeHranusg saep | YK-1.1, 1IK-6.1 KB, C3
VTS KIIETOK Ha THCTOIOTHYECKHX
CErMEHTaI[HH cpesax, CerMeHTalH I KPOBEHOCHBIX
2D- COCYJIOB HA CHHMKaX I'Ia3HOrO JHA,
H300paXKeHHI CErMEHTAIM I KOKHBIX ITOPaKeHHI.
(THCTOIOIHS, [logroroeka JaHHBIX H OII€HKA
o(pTaTpMOIOrHA KadecTBa (MeTpHKH Dice, IoU).
).
4.4 | IlpumeHeHHE 2 Oco0eHHOCTH cerMeHTallHH OIIK-6.1, IIK-6.1
VTSI O0BEMHBIX MEAHIIMHCKIX JaHHBIX.
CErMEHTaI[HH 3D U-Net u V-Net. [Ipumepsr:
3D-00beMOB CErMEHTAaIH OIYXOJIEH I'OJIOBHOIO
(MPT, KT). Mosra Ha MPT, cermeHTaIH s
OpraHoB (Me4yeHb, ITOYKH) Ha KT
OpIOIITHOH ITONIOCTH. CTpaTeruu
00paboTKH OO0JIBIIHX 00BEMOB
(sliding window, patch-based
training).
Bceero 3a 30
9cemectp
Kypc - 5 cemecTp - A
Paznea S. PexyppeHTHble HelipoHHbIe ceTH (RNN, LSTM) aqns aHainuza BpeMeHHBIX PAJOB.
5.1 | OcHoBEl RNN. 2 ApXHTEKTYpa PEKYPPEHTHOI'O OIIK-6.1, IIK-6.1 KB, C3
IIpobinema HerpoHa. [Ipsvoe
I[OJIT OCPOYHBIX pacIpocTpaHeHHe H OOpaTHOE
3aBHCHMOCTEI. pacIpocTpaHEHHE BO BPEMEHH

(BPTT). [IpoGnema 3aTyXarolHx H
B3PBIBAOITHXCS IPAJHEHTOB.
[Iprvephl MeTHIHHCKHX
BpeMeHHBIX psagoB: OKI', 501,
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I'NIFOK O34, ITOKa3aT I
MOHHTOPHHI'd B pPCaHHMAITHII.

5.2 | Jlonras Apxurexkrypa LSTM: suerika OIIK-6.1, IIK-8.2 KB, C3
KpPaTKOCPOYHAs ITAMSTH, BXOIHbIE, BEIXOAHBIE H
namsrs (LSTM) 3a0BIBAOIIHE BOPOTA. | [pHHIMIT
H VIIPaBRJISIEMBIE paborel GRU xak yIipoIieHHon
PEKYPPEHTHEIE Bepcr LSTM. CpaBHeHue
omoku (GRU). CITOCOOHOCTH 3aIllOMHHATh
IO OCPOYHBIE 3aBHCHMOCTH.
5.3 | MHOrocmnonHsie YriyOJieHHe apXHTEKTVYP: IIK-6.1, IIK-8.2 KB, C3
151 MHOr'OCIIOMHBIE RNN.
IBYHAIIPaBIEHH JIyHampaBiaeHHbIe RNN (B1-RNN,
ple RNN. B1-LSTM) 1715 HCITOIIb30BaHH S
KomnpoBmpk- KOHTEKCTa U3 ITPOIIUIOro U
IEKOMHPOBIIHK. Oy YILETO. APXHTEKTYpa
KOIHPOBIIMK-IEKOIHPOBIIHK
(seq2seq) A1 3aJau
IIPOTHO3HPOBAHH H TPAHCII S
5.4 | Obpaborka IIpeqobpaboTKka CHIHAIOB: YK-1.2, IIK-6.1 KB, C3
MeJHIHHCKIX (pIUIBTPAIHST, HOPMATH3ALI[H.
CHTHaJIOB: OKI', IlocTaHOBKa 3ajay;
D0r. KITaccH KA apuTMiit 1mo OKI,
IEeTEKIIHS SITHIIENTH(OPMHOH
aKTHBHOCTH Ha DOl
IIPOTHO3HPOBAHHE THITOTTIHKEMIH
I10 JJaHHBIM HEIIPEPEIBHOL O
MOHHTOPHHI'a ITTFOKO3HI.
Hcmmonszopanmie CNN + RNN s
H3BIIEUEHH S ITPOCTPAHCTBEHHO-
BPEMEHHBIX ITPH3HAKOB.
5.5 | AHamuz PaboTta ¢ JaHHBIMH 3JIEKTPOHHOM YK-1.1, IIK-6.1, KB, C3
BpeMeHHBIX ncropuu 6omne3un (EHR): [TK-8.2
PSIOB IIOCIIEIOBATEIIbHOCTh BH3HTOB,
KITHHITYECKHX 11abopaTOPHBIX aHAIIH30B. 3aayH:
ITapaMETPOB. IIPOTHO3 PHCKA TOCITHTAIH3alHH,
CEIICHCa, YXVAIIEHHS COCTOSHH .
OcobeHHOCTH PaboTHI C
HEPAaBHOMEPHO pacIIpeelIeHHbIMI
BO BPEMEHH JTaHHBIMH.
5.6 | BpemeHHEIE AHam3 IHHAMHYECKHX OIIK-6.1, IIK-8.2
PSIBL HCCIIEJOBAaHHI . 3XOKapIHOrpadHs
MeTHITHHCKHX (V3U cepmria), pyHKIIHOHAIbHAS
H300pakeHHI. MPT (fMRI). 3agaun: onieHKa
(pakiHH BBIOpOCaA, OTCIIeKHBAHHE
H3MEHEHHS 00BEMOB OITYXOJIH BO
BpeMeHH. Mcmonmp3osanue 3D CNN
+ LSTM.
Pasnen 6. Tpancpopmepbl 1 00padoTKa MeMIMHCKOT0 TEKCTA.
(OCHOBBI [IpegobpaboTka KITHHHYECKHX KB, C3
51 00pabOTKH TEKCTOB. TOKEHH3aI[H, OITK-1.3, TTK-10.2
€CTECTBEHHOI'O TIEMMATH3aIM S, YIaJIeHHe CTOII-
s3p1Ka (NLP) CTI0B (C Y4eTOM MeIHIHHCKOH
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IS TEPMHHOIIOTHH). BeKTopH3a1 I
MeTHITHHCKIX TekcToB: Bag of Words, TF-IDF.
TEKCTOB.
BEISBIIEHHE CKPBITHIX TEM B KB, C3
Temarmueckoe
HaOopax MeIHIIHCKHX
MO/ eIIHPOBAHHE
52 | (LDA) i y | AOKYMEHTOB (BBITICKH, HAYHEIE | (yrpe ) 3 15102
N craTel). U3BIeueHne )
HMeHOBAaHHBIX cylnHocTeH (NER)
HH(]pOpMaIIHH.
IUTSL MEIHITHHCKHX TEPMHHOB.
Oco0eHHOCTH MeTHITHHCKHX KB, C3
Pabora c BpeMeHHBIX psapoB (OKI, D30T,
BpEMeHHBIMH ITIFOK034a). basoBbIle MEeTOMIEI:
5.3 | pggaMu 1 2 CKOIIB3SIIee OKHO, H3BIeUeHHE OIIK-1.3, IIK-11.2
IIOCJIeJOBATEIIbH CTaTHCTHYECKHX ITPH3HAKOB.
OCT SIMH. BBeeHHe B 3a1a4y
IIPOTHO3HPOBAHHS.
Hcrions3oBaHie OHOIMMOTEK KB, C3
loorpocre TSRO renepaT
5.4 | VPHSHAKOE UL 2 IpH3HAKOB. OTOOP Hanboee YK-1.211k-6.2,
" | BpEMEHHBIX ' [IK-10.2, IIK-11.2
HH() OpPMAaTHBHBIX ITPH3HAKOB IS
PSIIOB.
TIOCIIEAVIOIIET O OO0 YUeHH
KIIaCCHYECKIIMH MOJIETISIMH.
Pasges 6. BHeapenue, nnrepuperanua i 3ruka ML B MeIunnHe
6.1 | Mexami3Mm 2 OrpannueHusa RNN H 1mosBiieHHe OIIK-6.1, IIK-8.2 KB, C3
BHHMaHH MeXaHH3Ma BHUMaHHA. Scaled Dot-
(Attention). Product Attention. MHororomgoBoe
ApXHTeKTypa sHuMaHHe (Multi-Head Attention).
TpaHcdopmepa. bazopas apxurekTypa
TpaHc]opMepa: sHKOAED, IEKOIEP,
TTIO3HIMMOHHOE KOAHPOBAHHE.
6.2 | IIpegoOyyeHHEI 2 [ IpyHImIT 1000YUeHH (f1ne- OIIK-6.1, IIK-8.2 | KB, C3
€ SI3BIKOBEIE tuning) nmpeaoOyyeHHBIX MOJIEIIEH.
mojermH (BERT, Apxurexkrypa BERT:
GPT). IBYHAIIPaRJIEHHBIH KOTHPOBIIHK,
o0yueHHe Ha 3agayax MLM u NSP.
Mogem cemencrtBa GPT
(aBTOperpeccHoHHBIe). O630p
MeauiHHCKHX BERT (B1oBERT,
Climical BERT, PubMedBERT).
6.3 | Kmaccuduxarys 2 3amayn; KiracCH(pHKaIHI YK-1.2, IIK-6.1 KB, C3
H IIMArHO30B 110 TEKCTY BBIITHCKI,
KIIaCTepH3allH oIIpeielIeHHe TOHAJILHOCTH B
Me JHITHHCKHX OT3BIBAX MAIHEHTOR, TEMATHYECKOE
TEKCTOB. MOJETHPOBAHHE HAYYHBIX CTaTeH.
BexTopusals TeKcTa ¢ ITOMOIIB IO
BERT. Pabora ¢ MeEIHIHMHCKOM
TEPMHHOIOTHEH H
a00peBHATYPAMH.
6.4 | HM3BiieueHHe 2 H3BreyeHHe HMeHOBAHHBIX I1IK-6.1, IIK-8.2 KB, C3
HH(})OpMAaIHH cyHocTeH (NER): HazBaHus

(NER, cBa3en)

JICKAPCTB, JOSHPOBKH, CHMIITOMEIL,
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H3

IIHarHosel. M3BiieueHHe

MeTHITHHCKIX orHormeHMiI (Relation Extraction):
TEKCTOB. «JIeKapCTBO-TIOKAa3aHHEY,
«CHMITTOM-3a00JI€BaHHE.
Hcrmonp3oBaHie MOJIETIEH Ha
OCHOBE TpaHC(OpPMePORB A1 joint-
MOJETHPOBAHHS.
6.5 | BompocHo- 2 3aJaya MaIllHHHOT' O YTeHH IIK-6.1, IIK-8.2 KB, C3
OTBETHBIE nonuMaHnsg (Machine Reading
cucreMsl (QA) Comprehension) B MeJHITHHE.
Ha [IocTpoeHHe CHCTEM IS TIOHCKa
Me THITHHCKHX OTBETOB B KIIHHHYECKIX
IOKYMEHTAaX. PYKOBOJACTBAX HIIH HCTOPHSIX
OonesHH. OreHKa TOYHOCTH H
0e30ITaCHOCTH OTBETOB.
0.6 | MyJIbTHMOIAIIE 2 OObeaHHEeHHEe HH()pOPMAIHH H3 OIIK-6.1, IIK-8.2
HBIE MOJIETH PasHBIX MOAAIBHOCTEH: CHHMOK +
(TekcT + TEKCT 3aKIIOUEHH L. APXHTEKT YPBI
H300pakeHHE). Trria Vision Transformer (ViT) u
X THOPHIBI C ST3EIKOBBIMH
MoZesMH. [Iprmep: reHepals
TIIpeABapPHTEILHOIO TEKCTOBOTO
OIMMCAHNS 10 PEHTTEHOTPaAMME.
Pasgen 7. Oobsacaambni MH (XAI) nia HeHpoHHBIX ceTeil B 3THKA.
7.1 | HeobxommmocTh 2 BaxXHOCTh JOBEPH S H ITOHHMAHH 5 YK-1.1, IIK-8.2 KB, C3
HHTEPITPETHPYE peleHHH MOJEIIH BPauoOM.
MOCTH B ['pagmeHTHBIe MeTOIRL: Saliency
MeTHITHHE. Maps, Guided Backpropagation.
MeTonsl a1 MeTonbsl Ha OCHOBE aKTHBAI[HH:
CNN. Grad-CAM, Grad-CAM++.
Busyamizalis Toro, Ha Kakue
obmnacTH H300paKeHHI CMOTpeNIa
MOJIEND.
7.2 | Metonnl 2 LIME: nokampHas armpoxkcuManusg | YK-1.1, I1IK-8.2 KB, C3
OOBSCHEHHS JIJIS MOJIENIH JTHHENHOH. SHAP:
IIPOH3BOJIbHBIX OCHOBAHHBIH Ha TEOPHH HIP
MOJIeTIEH TIOZIX O IS BRIUHCIIEHIHS BKIIaj1a
(SHAP, LIME). Ka K oro IpH3Haka. [IpruMeHeHHe
SHAP s uHTepriperalin
IIpeACKa3aHHI HAa TaOIIHYHBIX
KIIMHITYECKIX JaHHBIX H TEKCTaX.
7.3 | DTHUYEeCKHE 2 THITBI CMEILleHHH: B JaHHBIX YK-1.1, YK-1.2 KB, C3
TIPHHIHITEI 1 (Hepenpe3eHTaTHBHAS BEIOOPKa), B
CMEIIEHH S aIropuTMax. I IpHMepHl pacOBBIX,
(bias) B TeHJIePHBIX, BO3PACTHBIX
MeJHITHHCKOM CMEILEeHHH B MEIHIIHH CKHX
HUHA. MOJENSIX. [ IpHHIHITEL
CIIPABEIJIMBOCTH, ITOAOTYETHOCTH,
npo3payHocTH (FAIR).
7.4 | HopMatueHOE 2 MexayHapOIHEIE CTAHAAPTEI YK-1.1, IIK-8.2 KB, C3
PETYIIHPOBaHHE (ISO/IEC 23053, FDA guwdelines
HHU B mig SaMD — Software as a Medical
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3IpaBOOXpaHEeH
.

Device). Poccuiickoe
perynupoBaHHe (Poc3aparHaa30p,
MumzapaB). TpeGoBaHHA K
KITHHITYECKUM HCTIBITaHH M

aITOPHTMOB. JOKYyMEHTHPOBAHHE
(mpotokonsl TRIPOD-ML,
CONSORT-AI).

7.5

Konbpugeniman
BHOCTE JITAHHBIX
U (peJlepaTHBHOE

O0yUEHIE.

[IpoGnema ImpHBaTHOCTH
IIePCOHAIIBHBIX MEIHIIHHCKIX
ITAHHBIX. T eXHOIIOIHH
IenIcHTH(HKAIMH. BBeeHIE B
demepaTuBHOE OOyUEeHHE
(Federated Learning) xak MeTOJ
O0yYeHH I MOJIETIH Ha
pacIpeielIeHHBIX JaHHBIX 0e3 HX
LieHTpam3alpi. [ IepCreKTHBREL 15T
MYJIbTHIIEHTPOBEIX HCCIIEIOBAHMI.

OIIK-6.1, YK-1.2

KB, C3

7.6

BDCHPGIIBEGI[IM

OCTh
HCCIIEIOBAaHHH 1
MLOps OCHOBBI.

KpH3HC BOCIIPOH3BOAHMOCTH B
ML. I I[pHHIHIIEL:
BepCHOHHPOBaHHe Koja ((Git),
maHHBIX (DVC), Mogenen
(MLflow). IToustie MLOps:
CI/CD pmg Mojeneil, MOHHTOPHHT
nperda JaHHBIX H
KOHIIENTYaJIbHOTO ApeHda B
ITPON3BOACTBEHHOH CpPEJIE.

YK-1.2, OIIK-6.1

Pasgen 8. BHeapeHne 1 MOHHTOPHHI HEHpoOcCeTeBbIX MoJeJIell B KJIHHHYECKOH NMPaKTHKE.

8.1 | JK¥M3HeHHEBIH 2 OTarml: HeclleJOBaHHE, ITHIIOTHOE YK-1.2, OIIK-6.1 KB, C3
UK M L- BHEIPEHHE, ITPOMBIIIIIIEHHAS
MOJIEIIH B AKCIITyaTalps. MHrerpainis
KIIMHHKe. OT MOJIEIIH B MEIHIHHCKIIE
IIPOTOTHIIA K HH( OpMAI[HOHHEIE CHCTEMBI
production. (MUC) n 6onpHHYHEIE Workilow.
Pomu: data scienfist, M L-uHXeHep,
KIIMHIYECKHI SKCITEPT.
8.2 | MopMartel 2 DKcrmopT mogenen: ONNX Kak OIIK-0.1 KB, C3
MOJeler ’ OTKPBITEIH CTaHIapPT.
HHCTPYMEHTEI HMHCTPYMEHTHI A1 Pa3BePTHIBAHHS:
pa3BePThIBAHH L. TensorFlow Serving, TorchServe.
YrakoBka MofemH B Docker-
KOHTeHHeDP. COo3MaHHeE IPOCTOro
REST API gng mH(pepeHca Ha
npuMepe FastAPI.
8.3 | ObecrieueHHe 2 [ [pOTOKOIBI KITHHHYECKOH YK-1.1, IIK-6.1 KB, C3
KayecTBa H BAIIHAALHH: CIIEIIOE TECTHPOBAHHE
BaTHIAI[H B Ha He3aBHCHMOH BEIOOpKE. AHAIN3
peanbHbIX 3(p(peKTHBHOCTH B CPaBHEHHH C
YCIIOBHSIX. BpayaMH-3KcIiepTaMy. [IoHsTHE

MHHHMAJIEHOH KIIHHHYECKH
sHauYHMOH pa3HHIEI (MCID).
IlocTMapKETHHI OBBIH HAA30P.
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8.4 | MOHMTOPHHT 2 MeTpukH MOHHTOpHHTa: latency, YK-1.2, OIIK-6.1 KB, C3
IIPOH3BOIUTETTh throughput, mocTyImHOCTS.
HOCTH H JIpeiida JleTeKTHpOBaHHE KOBAPHAHTHOIO
JTAHHBIX. nperda (H3MeHeHHe
pacIpeeleHHsI BXOAHBIX JaHHBIX)
H KOHIIEIITYaJIbHOrO ApeH(a
(M3MeHeHHe CBSI3H X->Y).
CrpaTteruu pe-o0y4yeHH I MOJIETIEH.
8.5 | Ilpumeprr 2 Pa300p peanbHBIX KEHCOB YK-1.1, YK-1.2 KB, C3
YCIIEIITHOT O BHeapeHn s MU B paguonormm,
BHEIPEHHS I IIaTOJIOr MM, KapIHOIIOTHH. AHAJIN3
KETICEI MIPHYNH ycIlexa (TecHas
IIPOBAJIOB. KoIIadopalus ¢ KIIHHHIICTaMI,
KayeCTBEHHBIE JJAHHEIE) H
ITPOBAJIOB (HEYYTEHHBIE CMEINEHHS,
IUIOXasl HHTErPals B IIPOIIECC).
8.6 | bynmyiue 2 Kparkiii 0630p IepcleKTHBHBIX YK-1.2, IIK-8.2 KB, C3
TEHICHI[HH U HAITPABIIEHIII: HEHPOCETEBOE
3aKIIOYEHHE. MOJIETINPOBAaHHE OHOMEIHIIHHCKIX
sHaHuH (knowledge graphs),
reHepaTHBHBIE MOAEIN A1 drug
discovery, UM B mpeItH3HOHHOM
MeaHIHHE. [loaBeIeHHE HTOTOB
Kypca.
Bcero 3a | 48
ceMecTp
4.4 TemaTH4eckHil IIJIAH 32aHATHH CEMHHAPCKOIr0 THIIA (110 ceMecmpanm)
dopma IlepeueHn Ry
nmposeje NJK, HbIE
Haumeno | Yacel, MaTepHa
Ne HEH BaHHeE B TOM popmupy JIbI 111
3AHATHSA Kparkoe coaepkaHie 3aHATHSA eMbIX B
TeMbI e TeMbI qucJie T TeKYIer
sansarua | Hallll 0
CKOI'o OCBOEHHSA
THIA™ TeMbI HOHTPOI
|
Kypc- 5, cemectp - 9
Pasges 1. BBegeHne B HelHpoHHbIe ceTH. M HOroc/1I0HHBIN MepPLENT POH.
1.1 JlaBopar = 3HaKOMCT 4 YcTaHOBKaA OKpYKeHHA. Co3IaHIe OIIK-6.1 KB, C3
OpHas BO C TEH30POB, OCHOBHEIE OITEPAL[HH.
pabora (pperiMBOD [ IpHHITHIT aBTOMAaTHYECKOI'O
KOM mngdepenIpporanus (autograd).
PyTorch Harmicaxue rmpocTeHnnen JTMHENHOM
(TensorFl MOJIEIIH «C HVILSI» C HCITOIB30BAHIEM
OW). IPaJHEHTHOr O CITYCKA.
Pabora ¢
TEH30paMH
H
autograd.
1.2  JlaGopar @ Peaymzaim 4 Paspaborka apxutekrypsl MLP c YK-1.2, KB, C3
OpHas IH Hcronb3oBaHHeM torch.nn.Module. OIIK-6.1,
padora o0yuyeHHe [logroroeka TabIHYHBIX [IK-0.1
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MHOTI'OCJIO
FHOT'O
TIIEPLIETITP
OHa
(MLP)
I
IIPOrHO3a
PHCKA.

KIIHHITYECKHX JTAHHBIX
(HOpMaIH3aI[Hs, pa3elicHIe Ha
BBIOOPKH ). OO0y4YeHHEe MOJEIIH IS
OMHapPHOH KIIacCH(PHKAIHH
(HarpuMep, PHCK OCIOKHEHH ).
Brzvyannzaiis KpHBoH 0O0YUEHH S

Pasges 2. CBepTouHbIe HEHPOHHDbIE CETH

(CNN) aj151 aHAIH 32 MeHIMHCKHX H300paskReHH il

KB, C3

2.1 JlaBopar @ IlocTpoeH s 3arpyska H nmpegoopadorka Habopa OIIK-6.1,
OpHas HE U TaHHBIX MEIHIIHHCKHX [IK-6.1
pabota o0yueHHe n300paxeHu. [IoctpoeHue

ITPOCTOH apxuTeKTypel CNN (Conv2D,
CNN ms MaxPool, Flatten, Dense). O0yueHnne
KIIacCH(pH MOJEIIH ¢ HYIS. AHAIIN3 METPHK

KaI[HH (Accuracy, Precision, Recall, F1-
MeTHITHHC score) Ha MeJHIIHHCKOMH 3a1aue.

KIX

H300paxe

HIH.

2.2 Jlabopar @ llepeHoc s Hcriomp30BaHNE IIpe 00 VUEHHOH YK-1.2, KB, C3
OpHas 00y4YeHHU S MonermH (ResNetl8/VGG16) u3 [TK-6.1,
paboTa (Transfer torchvision.models. 3amopo3ska u [TK-8.2

Learning) noo0ydyeHHe ciioeB. CpaBHEHHE
Ha KaueCcTBa H BpeMEHH O0YUYEHHS
METHIHHC MOJIEIH, OOYVUEHHOH C HYILI, H
KIX n000yueHHOH. [ IpHMeHeHIE K
H300paxe 3aJjaue KJIacCH(PHKALHH
HISIX. H300pakeHHH B JepPMaTOIIOr HH.

2.3 JlaBopar @ AyrmeHTa 4 Hcrons30Banne OHOIHOTEK OIIK-6.1, KB, C3
OpHas I[HS torchvision.transforms u [TK-8.2
paboTa METHITHHC albumentations. [IpimeHeHHe

KHX ayrMeHTaIi: aj)(pHHHEIE
H300paxe npeo0pa3oBaHH L, H3MEHEHHE

HILH JIIS SIPKOCTH/KOHTPacTa, ToOaBJIeHHE

YBEIIMYEH IITYMa, SIIaCTHYHEIE Jie() OpPMALIHH.

M OLIEHKa BIHSIHHS pa3iIUHbIX
oOyyarole ayrMeHTaIHH Ha YCTOHYHBOCTh H

H KauecTBO MozelrtH CNN.

BEIOOPKH.

2.4 | JlaGopar | JleTekiHi 0 PaGora ¢ 6uGmiorekoii torchvision [TIK-6.1, KB, C3
OpHas 00OBEKTOB 1 neTekiu. Iloarororka gfaHHbeIX | [IK-8.2
paboTa Ha ¢ bounding boxes (aHHOTaIHH

METHITHHC NaTonorui). Fine-tumng
KX npeago0yueHHOH MogemH Faster R-

H300paxe CNN 11 JeTeKIgn maTolIOrHYeCKHX

HISIX C oOpa3oBaHHI Ha PEHTITeHOIPaMMaXx.
HCIIOIB30B Busyanusaifis pe3yibTaToB

aHHEM I EeTEKIHH.

Faster R-
CNN.

Pasges1 3. O0yuenue riry0OKHX ceTel: ONTHMH3ANUsA, peryaspusanus, transfer learning.
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3.1 JlaGopar | IIprmeHeH 4 JloGapieHne cinoes Dropout u YK-1.2, KB, C3
OpHas He BatchNorm B apxutekTypy CNN. [IK-8.2
pabora METOJ[OB OKCIIEpUMEHTAIbHAS OIlEHKA
PETYIISIPH3 BIIMSIHIS 5THX METOJOB HA CKOPOCTH
aI[MI CXOIMMOCTH M HTOT'OBOE Ka4yeCTBO
Dropout u MOZEIH, a TAK/KE Ha CKIIOHHOCTE K
Batch repeodydeHHro. IlocTpoeHue
Normaliza rpa(HKOB CpaBHEHHS.
tion.
3.2 Jlabopar @ Omnrumisa 4 Hactporka uccinemgoranms Optuna YK-1.2, KB, C3
OpHas 180562 IUIS TIOA00pa rHIepriapaMeTpoB OIIK-6.1
pabota THIIEpIIapa CNN: cKopoCTh OOVUEHNS,
METPOB C KOIIMYECTBO (PHIIBTPOB,
HCITOJIb30B koa( prrrpeHT Dropout.
aHHEM Busyanmusaiiis HCTOPHH ITOHCKA U
Optuna. aHaIIN3 BaXHOCTH THIIEPIIapaMETPOB.
3.3 Jlabopar | Paborac 4 CpaBHEHHE CTaHIAPTHOH KPOCC- IIK-6.1, KB, C3
OpHas (P YHKIIHSIM SHTPOITHH H B3BEIIEHHOH KPOCC- [IK-8.2
paboTa H ITOTEPD sHTporHH (class weights), Focal
UL Loss Ha 3aj1aue C CIJIBHBIM
HecOalaHC marcOaaHCOM KIIacCOB (HaIIpHMED,
HPOBaHHEI oOHapy KeHHe PeIKOH MaTOIOTHH).
X AHamn3 N3MeHeHHS METPHK
MeTHITHHC Precision 1 Recall.
KX
ITAHHBIX.
Pasgen 4. ApXHTEKTYPbI AJ11 CEMAaHTHYeCKOH cerMeHTanuu B meaumuHe (U-Net).
4.1  JlabGopar @ Peaymzaim 8 Paspaborka apxurekTypsl U-Net ¢ OIIK-6.1, KB, C3
OpHas AU ncrnonb3oBaHueM PyT orch. IIK-6.1,
pabora o0yuyeHHe IloaroToBRKa JaHHBIX IS [IK-8.2
APXUTEKTY cerMeHTaInH (H300pakeHHe +
pel U-Net Macka). OOyueHHe MOJEITH 15
LS CerMeHTaI[HH aHaTOMHYECKIX
CErMEHTAI] CTPYKTYP HIH ITaTOJIOTHYECKIX
HH 2D- oOnmacTen Ha MEHIIHHCKIX
H300paxe n3o00pakeHIsIX. PacueT MeTpHK Dice
1305178 Coefficient u IoU.
4.2  Jlabopar @ CermeHra 4 Pabora ¢ 0O0beMHBIMH JJaHHBIMIH B OIIK-6.1, KB, C3
OpHas s 3D- ¢popmate NIfTI. Mcrmoms30BaHHe [T1K-6.1
pabora MEIHIIHHC (pparMeHTHPOBAaHHOH BBIOOPKH
KHX (patch-based training). O0yueHHe
IIAHHBIX C yirpoIneHHoH 3D U-Net mis
HCITOIB30B CEerMEeHTAaI[HH OPraHOB HIIH
aHueMm 3D HOBOOOpazoBaHHH Ha K'T- i MPT-
U-Net. cpe3ax. Busyaimmsaips pe3yibTaToB
B 3D.
4.1 JlaBopar @ Pearmizaigi 8 PaspaboTka apxuTeKTypel U-Net ¢ OIIK-6.1, KB, C3
OpHas AU Hcronb3oBaHHeM PyT orch. [IK-6.1,
pabora o0yueHHe [loaroToBka TaHHBIX IS [TIK-8.2
aApXUTEKTY cerMeHTaInH (H300pakeHHe +
peI U-Net Macka). OOydeHHe MOJEITH JIJIS
UL CerMeHTaI[HH aHaTOMHYECKIIX
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CErMEHTAI]
1 2D-
H300paxe
HIH.

CTPYKTVYP HIH ITaTOIOTHYECKIX
oOmacTeH Ha MeIHIIHHCKIX
n300pakeHIsTX. PacueT MeTpHK Dice
Coetticient u IoU.

Bceero 3a cemectp

72

Kypc - 3, cemectp - 10

Pasgeu S. Pekyppenrnbie HenpoHHbIe ceTH (RNN, LSTM) nis anainsa BpeMeHHBIX PAI0B.

5.1 Jlabopar | Kmaccudu 0 3arpyska Habopa JaHHBIX OIIK-6.1, KB, C3
OpHas KaI[H s OHOMe TUIHHCKIX CHTHAJIOB. [T1K-6.1
pabora OHOMeTHI] IIpenoOpadorka CHTHAJIOB!
HHCKHX (PHIIbTPALHSL, CEIMEHT AL,
CHTHAIIOB IlocrpoeHne 1 0O0yueHHE MOIEIM Ha
C ocHoBe LSTM 171g K1accH(pHKAIH
HCITOIB30B ITaTOJIOTHYECKHUX COCTOSHIH. AHAIH?3
aHHEM TOYHOCTH IIO KJIACCaM.
LSTM.
5.2  Jlabopar @ IIporHosm 0 Pabora ¢ BpeMeHHBIMH PSIaMi YK-1.2, KB, C3
OpHas POBaHHE KI3HEHHEBIX TMTOKa3aTelnen u3 gaHHex | [1K-0.1,
padora BPEMEHHEI MOHHTOpHHTA. [locTpoeHne mogenn | I1IK-8.2
X PSIOB Ha OCHOBe MHorocionHoro LSTM
KIITHHYEC IULS TIPOrHO3a OYIVIIMX 3HAUEHHI
KIX KIIHHITYECKHX ITapaMeTpoB. OIleHKa ¢
IapaMeTp HCITOIB30BaHHEM METPHK M SE,
OB. MAE.
5.3  JlaGopar AHaim3s 4 IIpemoGpaborka TEKCTOB BHITTHCOK IIK-6.1, KB, C3
OpHas MEIHIIHHC 13 HCTOpHH OonesHH (TokeHm3amysa, | I1K-8.2
padora KX CTEMMHHT ). BeKTopH3aIs ¢
TEKCTOBBIX oMok Embedding cmos.
ITOCIIEIOBA [IocTpoeHHe MOJZIEIIM Ha OCHOBE
TEIILHOCTE nByHanpasineHHoro LSTM mng
HC 3aJauH KJIaCCH(MHKALHH
HCITOJIB30B MEJUITMHCKHX TEKCTOB.
aHHEM
RNN.
Pasgen 6. Tpanchopmepbl 1 00padoTKa MeMIHHCKOTO TEKCTA.
6.1 JlaGopar Fine- 8 Hcronb3oBaHHe OHOITHOTEKH OIIK-6.1, KB, C3
OpHas tuning transformers (Hugging Face). [TK-8.2
pabota Ipe1ooyy 3arpyska Inpego0y4eHHOH MOJEIH
EeHHOM bert-base-uncased. Amgarragis
MOJIEITH MO eI JJ11 OMHAPHOH
BERT g KJIaCCH(PHKAI[HH TOHAIIBHOCTH
MEIHIIHHC MEJIUITHHCKHX OT3BIBOB HIIH
KOH PENTEBAHTHOCTH HayYHBIX
KIIacCH(pH a0CTpAKTOB.
KaIgin
TEKCTOB.
0.2  JlabGopar @ H3BieueH 0 Fine-tuning criernamn3HpoBaHHOH IIK-6.1, KB, C3
OpHas He METHIIFHCKOH SI3BIKOBOH MO EITH [IK-8.2
pabota HMeHOBAaH 1 3agaur NER 110 BRIIETIeHHTO
HBIX MeJHITHHCKHX ITOHSTHH (CHMITTOMBI,
CYIIHOCTE JIeKapcTBa, ITPOLEAYPHI) B TEKCTE
i (NER)
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H3

BBHIITHCOK. Bl [B3YaJIH3aIlHA

KITHHIYEC Pe3VIIbTaTOB.
KOr' O
TEKCTA.
0.3 JlaGopar @ MymbpTHM 0 CosgaHue rpocTton apyxmogansHon | OIIK-6.1, KB, C3
OpHas Ol AJIb HEIH Mozem: CNN-sKcTpakTop [IK-8.2
pabota aHaII3: IPH3HAKOB 15 MEAHI[HHCKOI'O
O0BEIIHE CHIMKA H TEKCTOBBIH 3HKOEP
HIe (BERT) nns 3aKimodeHHS.
H300paxe OO0BeqMHEHHE ITPH3HAKOB Ha
HILST H nozaHer craguH (late fusion) gma
TEKCTa. HTOTOBOI KIacCH(PHKALI
(COrmmacoBaHHOCTh CHHMKA H TEKCTA).
Pasgen 7. Oobsacaambni MU (XAI) nis HeHpoHHBIX ceTeill H 3THKA
7.1  JlaBopar = HHTeprpe s [Tprmenenne texunkn Grad-CAM k| YK-1.1, KB, C3
OpHas TaI[s o0yueHHOH CNN 1151 [IK-8.2
pabota PeleHIT KJTaCCH()HKAI[HI MeTHIHHCKIX
CNN ¢ H300pakeHHI. BH3yanu3ais
TIOMOII[B IO TEIUIOBBIX KapT, ITOKAa3bIBAIOIIHX,
Grad- Kakue o0/macTH H300pakeHH I
CAM. HanOolee BaKHBI IJIS ITPeICKa3aH s
MozelH. CpaBHEHHE C Peallb HBIMII
KITHHITYECKHMH HAXOKAMH.
7.2  JlaBopar @ OOGHapyxe 4 AHanns o0y4eHHOH MOJIEIIH Ha -1.1, KB, C3
OpHas HIE U IpeIMeT JAeMorpa]pHIecKHX -1.2
paboTa aHaIIN3 CMEIIEHHH. Pa3jereHne TeCTOBOH
CMEIEHHIT BBIOOPKH TI0 ITOTY/BO3PACTY H
(bias) B cpaBHeHHe MeTpHK (Precision,
METHITHHC Recall) MexTy moarpyrmnamH.
KOH Hcrons30BaHne OHOITHOTEKH
MOJIEITH. fairlearn mig nmepBoHa4YaIbHOH
OILIEHKH.
Pasges 8. BHeapenne H MOHHTOPHHI HeHpoceT eBbIX MoJdeJieH B KJINHHIeCKOH NPaKTHKe.
8.1 JlJabopar = YmakoBka 6 Cosmganrie Dockerfile mos OIIK-6.1 KB, C3
OpHas MOJIETIH B o6yueHHOH MoenH PyTorch.
padora Docker- BximroueHHne B KOHTEHHED
KOHTEHHED MHHHMAJIbHOI'O OKPYKEHHS, BECOB
MOJIEITH U 1nference-CKpHIITa.
COopKa M TECTHPOBAHHE KOHTEHHEPA
TIOKAJILHO.
8.2  JlaBopar @ CosgaHme s Paspabortka nmpocroro REST API ¢ OIIK-6.1 KB, C3
OpHas REST API HCITONIB30BaHHEM FastAPI.
pabota IS DOHATIONHT IS 3aTr PY3KIH
MOJIETIH Ha METHIMHCKOr0 H300paXeHHT H
FastAPIL TOIIYUYEHHS IIPEeACKA3aHH I MOJIEIIH
(KmaccH(pHKaIH).
JloxkymeHTHpOBaHHE API C
nmoMorp0o Swagger/OpenAPI.
HMurerpaims ¢ Docker-KoHTeHepoOM.
83  JlaBopar = MoHHTOP 4 HacTtporika rpocToro raniviaiHa YK-1.2, KB, C3
OpHas HHT MOHHTOPHHIA C HCIIOJIE30BAaHHEM OIIK-6.1
pabota npeida HHCTPYMEHTOB JIJIS aHalIH3a Jpeida.

22




TAHHBIX U ['eHepamis oT4ETOB O ApeH]e
KOHBEHED TaHHBIX MEKIY OOYUYaroIeH H
MLOps. TEKYIIEH «IIPOJAKIIEH) BEIOOPKAMH.
OOcCyXIeHHE CTpaTErHIH
pearupoBaHH L.
Bcero 3a cemectp 72

* Dopmbl npoéedeHun 3aHAMUIL CEMUHAPCKOZ0 MUNA:
npaxmitdeckoe 3aHamiie, ceMunap, 1abopamopHasn paboma, CUMYIAYIUOHHOe 3aHamile, KIHIYecKoe 3anamiie,

HAVHHO-HPARKNUYECKOE 3daHANLE, Pg_'?yé’ﬂblﬁ CHoJl, Macmep-rKidcc, KOJJIOKGLYVM.
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4.5 Cogep:ranue BHeayIHTOPHOI CAMOCT OATEJILHOI PadOThI

Ne ii/m

T eMbl
JTMCIHILIHH
bl

Komnuec
TBO
JacoB

Coaep:ranne
CAMOCTOATeJIbHOH PadoThI

Ilepeuenn
NJIK,
dopmupye
MbIX B
nmpouecce
OCBOEHH A
TeMbI

OneHo4n
ble
MAaTepHa
JbI V1A
TeKyIer
0
KOHT Po.I
1

Paznen 1.
BeeneHue B
HelpOHHLIE
CeTH.
MHoroc.10iiH
bIH
nepLenTpoH.

1. TeopeTnuyeckoe
myueHue. [IpopadoTka
MaTepPHAJIOB IT0 HCTOpHH M I,
OHOJIOTHUeCKOMY ITPOTOTHITY
HeHpOoHa, MaTeMaTHUYeCKOH
MOJIeIH (DOpMaILHOTO
HeiipoHA H (PYHKIIHIM

AKTHB AL

2. AHaIuTHU4YeCcKas

pabora. CpaBHeHHe
oOmacTteit MPHMEHHMOCTH
PA3THUHBIX TTapaiHIM
MAIITHHHOI'0 00yUeHH (C
yumTesieM, 0e3 YUHTelsI, ¢
TTOJTKPeIUIEHHEM ) JITI
THITIOBBIX MEIHI[HHCKHX
3a7ay.

3. IlporpammupoBanue. Ha
ITHCaHWe Koja JIJIsd
pea3alfHi IPaJHeHTHOT O
CITyCKa H alrOpHTMa
00paTHOIo pacIpoCTpaHeHHs
OIIMHOKH 1715 ITpocTefinmeit
ceTH 0e3 HCITOIB30BAHHs
BBICOKOYPOBHEBEIX
(bpeliMBOPKOR.

VK-1.1, VK-
1.2. OITK-
6.1

KB, C3

Pasnea 2.
CerepToOUHBIe
HelIpOHHEIE
cetu (CNN)
JJIA AHAJIM3A
MeIUITHHCKH
X

H300p arkeHU

L= ]

H.

12

1. H3yuenue

apxXuTeKTyp. KoHCIIEeKTHPOB
aHIe IIPHHIUITIOB PabOTEHL,
JTOCTOMHCTR H HEJJOCTaTKOB
apxuTekTyp AlexNet, VGG,
ResNet, Inception.

2. HccnenopaTelbCcKas
pabora. Anam 2-3
COBPEeMEHHBIX HAYYHBIX
CcTared, TIOCBAIIeHHEIX
riprMeHeHto CNN i1
JTHATHOCTHKH T10 JaHHBIM
MEJTHIHHCKOI BH3 yaII3allHH.
[TogroToBKka aHHOTAL[HIA.

3. llpakTukyMm. Pelexrie
3a/1au 110 IO 0 0Py
TIApaMeTPOR CBEPTOUHBIX
citoeR (pazMep sapa, stride,

VK-1.2,
OIIK-6.1,
[1K-6.1, [IK-
8.2

KB, C3
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padding) o 3agaHHEIX
pa3zMepOR BXOTHOIO
H300pa’keHII M BEIXOTHOIM
KapTEI ITIPH3HAKOR.

Pazngen 3.
OO0yueHHe
rJIy0oKHX
ceTell:
ONITUMH3ALIH
A,
peryJasapuzail
ns, transfer
learning.

10

1. CpaBHUTeALHBII
aHaJau3. I13yueHre u
COCTABIIEHHE CPaBHHTeJIbHOI
TAOJII LI METOIOR
peryiapmzaripm (L1/L2,
Dropout, BatchNorm, Data
Augmentation) ¢ ykazaHHeM
MeXaHM3Ma TeHCTBHA H
YCIIOBHIT ITPHMEHEHIS.

2. IlpoexkTHpoBanue. Pazpadb
OTKa cTpaTerHH fine-tuning
T 3a1aHHOH
ITpeao0yUeHHOIT MOJTeH H
MeJIHIHHCKOI0 Habopa
TAHHBIX ¢ 00OCHOBAaHHEM
BEIOOpA CITOEB I
3aMOPO3KH/T 000 yUeHHS.

3. Pemrenne 3agau. Pacuer
IPalHeHTOB H 00HOBIIEHHS
BECOB 11 ceTeil ¢
pazIHMUHBIMH () YHKIHAMH
roteps (MSE, Cross-Entropy,
Focal Loss) Ha yTIpoIeHHEIX
IIpHUMepax.

VK-1.2, TIK-
8.2

KB, C3

Pazngea 4.
ApxurekTyp
b1 IJ1
CeMaHTHYeCK
oM
cerMeHTaLM
U B
MeIUIIHHE
(U-Net).

1. CxemaTusanua. CocTaeie
HHe JIETAThHEIX CXeM
apxuTeKTYyprI U-Net 1 ee
MopHpukarit (Attention U-
Net, ResUNet++) ¢
o003HaUeHHeM pa3MepoB
TEH30POB.

2. NayueHue

meTpuK. [IpopaboTka
dhopMyII H ocobeHHOCTel
BEIUHCIIEHHSA METPHK
cermeHTarH (Dice
Coetticient, IoU, Sensitivity
HA YPOBHE ITHKCeNei).
Perrenrie 3agad mo Hx
pacuyery.

3. Anaau3s

Jutepatypsl Ilonck 1 0030p
ITyOIHKALHIT, B KOTOPBIX
CpaBHHBAETCH
3(pheKTHBHOCTE Pa3IHUHBIX
(PYHKIQHIT TTOTeph A1 3a7au
OHOM e HI[IMHCK O
CerMeHTaI[HH.

OIIK-6.1,
ITK-6.1, ITK-
8.2

KB, C3
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Lh

tin

Pazgea 5.
PexyppeHTH
ble
HellpOHHEIE
cetu (RNN,
LSTM) nns
aHaJIN3a
BpeMeHHbIX
PAOOB.

1. TeopeTrnueckoe
MoJeJaupoBaHue. 3yueHme
H IrpapHuecKoe
ITpe/ICTaRIIEHHe

BBEIUHCITHT €JTbHEIX I'PadoB
1t RNN i LSTM Ha
HeCKOJILKHX BPeMeHHBIX
Iarax.

2. UccaenoBraHue
npegoopadoTkn. AHamnm
METO/IOB ITpeao0padoTKH 1T
pa3IHYHBIX THIIOB
MeJTHITHHCKHX BpeMeHHBIX
pagoB (OKI', D3I, rimokoza).
[lonroToRKa peKOMeH/I I,
3. llpoexTHas

pabora. PazpaboTka
KOHIETITYaIIbHOH
ApXHUTEKTYPBI THOPHTHOH
Momem (CNN+LSTM) g
TP EATIOKEHHOH KIIMHHUYEeCKOH
3a]TauH aHaI3a
JTHHAMHYECKHX JaHHBIX.

VK-1.1, VK-
1.2. OTIK-
6.1, [IK-6.1

KB, C3

Pasngea 6.
Tpancpopme
pbI U
oopaboTka
MeJUITMHCKO
ro TEKCTA.

1. MI3yyeHue mexaHHU3Ma
BHUMaHUs. OOLSCHEHTHE
rpHHIpIIa padboTsl scaled dot-
product attention 1 multi-
head attention Ha
CaMOCTOSITETHLHO

110100 paHHOM ITPHMEPE.

2. Pabora c
oudanoTexkamMu. CaMOCTOSATE
JTLHO€E 3HAKOMCTBO C
onbmoTexoit Hugging
Face transformers: H3yueHHe
TIAITOIaHOR 3aTrPY3KH
Ipeao0yUeHHBIX MojIenei 1
TOKEHH3aTOPOB.

3. Coop 1 a”HATIH3
AaHHbIX. [loHCcK 1
TTpeRapHTENLHEIT aHATI?3
OTKPHITEIX HA0OPOR
AHHOTHPOBAHHBIX
KITHHHY€eCKHX TeKCTOB JIJIT
sagau NER

KJTa CCH(PHKALIHH.
CocTapJleHIe KpaTKoro
OTTHCAHHS.

OIK-6.1,
[K-6.1, TIK-
8.2

KB, C3

Ly |

Pazgen 7.
O0BLACHUMBI
it 1N (XAI)
i) §:
HEeHPOHHBIX

1. UccieqoraHiie MeTOOB
XAl CparHHTeIBHEILIT
aras MetomoB Grad-CAM,
LIME 1 SHAP: ripHHIgI
paboTElL, 00IacTh
ITpHMeHeHH: (H300paKeHHs,

VK-1.1, VK-
1.2, [IK-8.2

KB, C3
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cereii u TaOIIMUHBIE JaHHEIE),

ITHKA. TIPEHMYVIIECTBA H
HelOCTaTKH.

2. HopmaTtuBHas

pabota. l3yueHne
CTPYKTYPHI H KITFOUEBHBIX
TpeOoRaHHit OJHOTO M3
PVKOBOJICTR IT0 OTUETHOCTH
Hcenenoraurii M1 B
MeTHI[HHE (HaITpHMep,
CONSORT-AI wm TRIPOD-
ML).

3. AHann3 keiica. H3yueHne
ITyOIHKAL[HH, TTOCBSII€HHOTT
BEIIBIIEHHIO cMelIleHTit (bias)
B MeTqHIHHCKOH Al-Moer,
H (POPMYIIHPOBaHHE BHIBOJLOB.
1. IlpoexTHpOBaHUE KB, C3
nmaiinaaiina. CocTaBIIeHHe
OJIOK-CXeMEI JKH3HEHHOTO
1pxIia M L-mMonemii B
YCIIOBHAX KIIHHHKH, 0T cOopa
TaHHBIX 10 MOHHTOPHHTA

Pazngen 8. TI0CII€ BHEIPEHIS.

BHegpenue u 2. M3yuyeHue

MOHHMTOP UHT MHCTPYMeHTOB. O3HaKoOMIIEH VK-12
8. § HeiipoceTeB 4 He ¢ JOKyMeHTaIHeH OHK-. 6:1

bIX MoJeJieil HHCTpYMeHTOR A1 MLOps K-6 1' ’

B (MLflow, DVC, Evidently) '

KJINHHYECKO TIOJITOTOBKA KPaTKOI'O

il MpaKTHKe. OTMHCAHHS HX (PYHKITHOHAIIA.

3. Cucremarusanusd
3HaHHii. Ilogrororka
CBOIHBIX TAOIIIMI[ HITH
MEHT A/ IbHEIX KapT 10
KIIFOUEBBLIM acIleKTaM Kypca
7151 HTOT'OBOT'O TIOBTOPEHHS.

Bcero: | 60

Oopa3zoBare/ibHbIEe TEXHOJIOTHH, HCII0JIb3YeMble IIPH H3YYeHHH JHCIHILIMHDbI:
1. TpamminoHHsIe 0Opa3oBaTENBHBIE TEXHOIOTHH
2. JlucraHI[MOHHBIE OOpa30oBaTEIbHBEIE TEXHOIOITHM, B TOM YHCIE C BO3MOXHOCTBIO
CHHXPOHHOI'0 H ACHHXPOHHOI' O B3aHMOEHCTBH ITOCPEACTBOM ceTH MHTepHET»
3. Hu(opmanmoHHBIE TeXHOJOTHH (0a3a ¢ 5IeKTPOHHOH OHOIHOTEKOH/MeTOTHYeCKHE
MaTepHalbl o JucipIrinHe B cuicTeMe MOODLE/TectupoBanne B cucteMe MOODLE u

Ip.)
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5. OPTAHU3AIIUA TEKYHIEI'O KOHTPOJISI 1 ITIPOMEKYTOYHOM

ATTECTAIINHN
5.1 IIpoBegeHne TEKYINEro KOHTPOJIA 110 TeMaM/pasae/iaM JHCIHILIHHbI
Koabl OneHounnbie
Tema/pasnen ..
[ ——— NpoBePAEMbIX | MATEPHAIDI Pe3y ibTaTbl BHINOJIHEHHS 33 JAHAH 110
H KOMIIET EHIIHH | /IS TEeKYIIEero Teme/pasaenay™
uNIK KOHTPO.JIS
Pazmen 1. YK-1.1, VK- KB IIpencraBineH KOHCIIEKT JIEKIHI U IP.
BreneHre B 1.2, OIIK-6.1,
HEHPOHHBIE [IK-6.1, IIK-
CETH. )
Mrorocmofin | yK-1.1, VK- C3 CHuTyal[HOHHAS 3ajlaua pellleHa
BIM 1.2, OIIK-6.1,
HEPHEIIPOR. 1 TTK-6.1, TTK-
Pazgemn 2. )
CRepTOUHEIE
HEHpPOHHEIE
ceTH (CNN)
I aHAIIM3a
MeTHITHHCKIHX
300 paKeHHit
Pazmen 3. YK-1.1, YK- KB IIpencraBineH KOHCIIEKT JIEKIHI U IP.
O0yueHHe 1.2, OIIK-6.1,
Iy OOKHX [IK-6.1, IIK-
ceTei: Q2
OIITHMH3AlIA, | YK -] 1, VK- C3 CHTyallHOHHAS 3ajJaya pelleHa
pelyibprsatn | 1 2 OITK-6.1,
i, transfer [IK-6.1. TIK-
learning. ]9 ’
Paznen 4.
APXUTEKTYPEHI
TITIsT
CEMAaHTHUYECK
OH
cerMeHTaI[HH
B MEJIHI[HHE
(U-Net).
Pazgen 5. YK-1.1, ¥YK- KB IIpeacraBineH KOHCIIEKT JIEKIHI U JIP.
Pexyppentuer | 1.2, OIIK-6.1,
e HeifipoHHBIe | [TK-6.1, IIK-
ceTH (RNN, 82
LSTM) ns YK-1.1, VK- C3 CHTyal[HOHHAS 3a/1a4ya PelleHa
aHaIm3a 1.2, OIIK-6.1,
BPCMCHHbBIX [IK-6.1, IIK-
PSAIOB. )
Pazmen 6.
Tpanchopmep
BI H
o0paboTKa
MeTHI[HHCKOT
O TEKCTA.
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YK-1.1, YK- KB [IpeacraBieH KOHCIIEKT JIEKI[HH H IP.
Pﬁgﬂﬂ L 1.2, OITK-6.1,
O OBsICHHUMEBII
I (XAD SHI; 6.1, IIK
IRJE: |
HEﬁpPHF[EIK ‘iﬂ; 1 C}ﬁ?{fil C3 CHTYyaI[HOHHA 3a/1auya pelleHa
CceTeH H ; ’
N [IK-6.1, IIK-
8.2
Pazgen 1. YK-1.1, YK- KB [IpeacraBieH KOHCIIEKT JIEKIHI U IP.
Beepgemnrie B 1.2, OIIK-6.1,
HEHPOHHBIE [IK-6.1, IIK-
CETH. 82
Mrorocioi | YK-1.1, VK- C3 CHTyallHOHHAA 3aJjauya pelleHa
bIH 1.2, OIIK-6.1,
HEPHEIIPOR. 1 TTK-6.1, TIK-
Pazmemn 2. )
CBepTOUHEIE
HEHpPOHHEIE
ceTH (CNN)
I aHATIH3a
MeTHITHHCKIHX
300 parkeHHIT
Pazmen 3. YK-1.1, YK- KB [IpeacraBieH KOHCIIEKT JIEKIHI U IP.
O0yueHHe 1.2, OIIK-6.1,
Iy OOKHX [1K-6.1, TIK-
ceTeH: 82
OIMTHMI3 AL, | YK-] .1, VK- C3 CuTyaIlHOHHA] 3ajJaya pelleHa
pelyibprsatin | 1 72 OITK-6.1,
i, transfer [IK-6.1_ TIK-
learning. ] 9 ?
Pazmen 4.
APXHUTEKTYPEHL
TITIs
CeMaHTHUYEeCK
OH
cerMeHTaI[HH
B MEHI[HHE
(U-Net).
Pazmen 5. YK-1.1, YK- KB IIpeacraBineH KOHCIIEKT JIEKIHI U JIP.
Pexyppentusr | 1.2, OIIK-6.1,
e HeHpoHHBIE | [TK-6.1, ITK-
ceTH (RNN, ]2
LSTM) ns VK-1.1, VK- C3 CHTyal[HOHHAS 3a/1a4ya PelleHa
dHaii3a 1.2, OIIK-6.1,
BPCMCHHbBIX [IK-6.1, IIK-
PAAOE. 8.2
Paznen 6.
Tpancdopmep
BI H
00paboTKa
MeTHI[HHCKOT
0 TEKCTA.
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YK-1.1, YK- KB [IpeacraBieH KOHCIIEKT JIEKI[HH H IP.
Paspert 7. 1.2, OIIK-6.1
OOBACHHMEIIT :' o
MU (XA gg'ﬁ'l’ HIK-
ig;pﬂmm ‘iﬂz{- 1 C}ﬁ;i}é-l C3 CHTYyaI[HOHHA 3a/1auya pelleHa
CeTeH H - e
N 81‘[12{-6.1:, [1K-

*Tema/pazoen cuumaenmcs 0ceoeHHoil NPl bINOAHEeHLLL 6CeX 3a0aHilil

5.2 IIpoBegeHnEe NPOMEKYTOYHOH ATTECT AIMH 110 MM CIMILITHHE
dopMa NpPOMEKYTOUHON ATTECTANHH 10 JUCHHMIIJINHE — 5K3aAMeH.

JTanbl NpoBeIeHNnA MPOMEZKY TOTHOH ATTECTAIHHA:
1. Tecmoeuiii koHmMpPOIL NO 6CeM paA30enam OUCLLINILIH bl
S.3. Kpurepun oneHHBAHHA NPOMEKYTOYHOH ATTECTAIHH
J14 3K3aMeHa:
Bun
S «HeymxosuL.» «Y I0BJL» «XopoIio» «O1/IHIHO»
T3 - 09 % 1 MeHee 70-79 % 80-89 % 90-100%
OlLleHKa TIPaBHIIb HBIX ITPaBIUIEHBIX ITPaBIIbHBIX IIPaBHIIbHBIX
BBITIOJTHEHHS | OTBETOB OTBETOB OTBETOB OTBETOB
TECTOBOI'O
3aJ[aHI S

Kputepun oneHHBaHAA Pe3yJabTaTa MPOMEKYTOYHOH ATTeCTAIHHA:
HMToropas oreHka CKIIaJpIBacTCSI CyMMEBI OaJUIOB, IIOJIYYEHHEIX B PE3Y/IbTATE BBIIOITHEHHS

TeCTOBBIX 3agaHHi (T3).

THnoBble 3aJaHHA 11 IpoBepkH GopmupoBannsa /K Ha mpoMe:KyTo1HOH aTTeCT AlHH

Jamanue

JTAJIOH OTBeTAa

IIposepsiembie HJ/IK

1] pﬂqumm‘ime mexKcnt 1 YVCIndrHoegLmne

mabnigy eslopanHvle HYKevl noo
COOMEenCmeyoULMU HOMEPAMLL
1. AHams ITocTAHORKH 3aJlauH

2. OLleHKa JaHHLIX

3. OLleHKAa METOI OB

4. IHTepIipeTalia pe3yIbTaToR

00paboTKa IMPOITYCKOB H BEIOPOCOB.

(KTaccH(pHKAIHA, perpeccHsI H T.1.).
ITapaMeTPOR H METPHK OIIE€HKH.

IIOHATHOCTH PE3VIILTATOR IJIA Bpata.

coomeenicmere Mexc ﬁ_}’ FHNANOM KPUNIYECKO20
AHATIURA UL €20 COo0 EPHCAHLIEM. Samuuinie 6

a) [IpoBepka perpeseHTaTHBHOCTH BEIOOPKI,

b) OmpepneneHiie, COOTBETCTRYET JIH 3ajada
BO3MOXKHOCTSM ML, 1 Be1OOp THITA 3a/1aum

¢) AHaImM3 BBIO paHHBIX alTOPHTMOB, HX

d) OreHKa KIIMHIUeCKO 3HAUNMOCTH H

1b, 2a, 3c, 4d

YK-1.1

1] pﬂqumm‘ime mMexcm i Hpﬂdﬂﬂﬂfﬂiﬂ”ﬁ?
HpEﬁﬂDﬂCEHHE KPAMKLM Oneeniov 6

KIIACTCPIEAllA

YK-1.1
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LIMEeHLUIMebHOM NAo exce eOUHCE@eHH020 YLICIA.
MeTo ManmHHOr0 00 yueHHs, KOTOPHIiH
HCIIOJIB3YeTCs A1 IPYITIHPOBKH ITAIIHEHT OB T10
CXO0JKHM XapaKTepHCTHKAM 0e3 HCIIONB30B aHHA
pa3MeueHHBIX JaHHBIX, Ha3bIBAeTCs

IIpoyumaiime mexcm u 3ariuiunie
pazeepHynivlii ongent (mpil 1 6onee croea).
[Touemy mmpu paboTe ¢ METHITHHCKHMH
300 pasKeHHAMH YacTO HCITOIB3VIOT
ayTMEHTal[HIO TaHHBIX

YToOkI YBEIIHUHTD
00neM oOyuaroreit

BEIO OPKH, VIIVUIIHTE
o0o01raronyro
CITOCOOHOCTE MOJIEITH H

CHI3HIE PHCK

OIIK-1.3

repeo0yUeHH.
Ipouumaiime mexcm,
evlbeprinie HeCcK0bKO
NPABLTbHBIX O1NGEeN0e
U 3anuuiume ux 6e3
1npobenoe i 3HAK08
NpenUHaHLA.
Il pazpaboTKH
00B EKTHBH3HPOB aHHO
- CHCTEMEBI OIIEHKH
IIpouumaiime mexcm, evlibepuinie HecKoIbKo .
PHCKa ITaJeHHit y
NPAGLTLHBIX 01MEenioe U 3aniiuime ux 6e3
TTOJKHJIBIX ITAITHEHTOR
npobenoe U 3HAK0E NPenUHAHLA.
. Ha ocHoRe EHR
Tl pa3zpad oTKH 00beKTHE H3HPOBAHHOH
. He0oOXOIHMO:
CHCTEMEI OIEHKH PHCKA ITaJleHHIT Y TT0KIITBIX
a) lcrions30BaTh
rmaigpieHToR Ha ocHoBe EHR Heobxommmo: METDHEI
a) Mcromp30BaTh METPHKH, YUHTHIBAIOIIIHE TDHEI,
VUHTBIBAFOII[HE
mHcOanaHc K1accoB (HarprMep, Fl-score); abd
b) IIpoBecTH Kpocc-BamHIAIHIO JJIS OLIEHKH Ao © HIaeeon
D P (HarprMep, Fl-score),
yCTOHUHMBOCTH MOJIEIH,
. b) IIporecTH Kpocc-
¢) BeIOpaTs Mogens ¢ MaKCHMalTbHOI
BaJIMIALMIO JJIs
TOYHOCTBIO (Accuracy) He3aBHCHMO OT .
OLIEHKH YCTOHUYHBOCTH
HHTEPIIPETHPYEMOCTIL MO
d) IIpoTecTHpoBaTEL MOJIENIL HA HE3ABHCHMOIH ’
BEIOOpPKE ITAI[HEHTOR H3 APpyroii 00IbHHIIEI ¢) Beropats moziers ¢
P Pyt ' MaKCHMAaJILHOI
TOUHOCTBIO (Accuracy)
HE3aBHCHMO OT
HHTEPIPETHP YEMOCTH,
d) IlporecTHpoRaTs
MOJIENE Ha
He3aBHCHMOIT BEIOOpKe
TTAI[HEHT OB M3 I PYroit
OOIILHHIIEI.
IIpouumaiime mexcm, evlbepunie 00LH b

NPAGLIbHBILL 01Meen! U 3anuuiLne ap2ymeHnol,
obocHoevieauLe evibop omeema.

Il 00pab oTKH TeKCTOBBIX JTaHHBIX
MeTHITHHCKHX BEITHCOK C I[EJIHIO
KJ1acCH(PHKAITHH THArHO30B HaHOOIIee

5 (p(peKTHRHEIM ITOAXO0A0M OVIET:

a) One-Hot Encoding cmos;

b) Bekropmsains ¢ moMotpoo TF-IDF 1

Aprymenrsr: TF-IDF
II03BOIIET YUECTh
BaXKHOCTE CJIOB B
OJOKYMEHTax, a
JTHHeHHbBIe MOJIeIH
(HarprMep,
JIOTHCTHUECKAS
perpeccHs) XOpoIIo

OIIK-1.3
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HCIIONIL30BaHIe THHEHBIX MOJIETIEIT, paboTaroT ¢

¢) Knmacrepmsargia K-means. pazpeKeHHEIMH
TAHHEIMH H
00ecIIeuHBaIoOT
HHTEPITPETHPYEMOCTE.

OneHo4nble CPpeaCTBA 10 JHCHHUILIMHE (TIPIIIoKeHHe |1 K pabouei IIporpaMmMe).
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6. XAPAKTEPUCTHKA HH®OPMAIIMOHHO-OBPA3BOBATE/JIbHON CPE/IbI

B MMO co3gaHa H (pyHKIIHOHHPYeT 3IeKTPOHHAS HH(POPMAITHOHHO-00pa3oBaTelbHasd cpeia
(manee - SMOC), BKmroyaronas B ce0s ANIeKTPOHHbBIe HH(POPMAIHOHHBIE PECYPCHI, SIeKTPOHHBIE
oOpasoparenbHBIe pecypchl. DMOC obecrieunBaeT 0CBOEHHE OOYYAIOIIMMHCSA 00pa30BaTeIbHBIX
ITPpOrpaMM B ITOJIHOM O0beMe He3aBHCHMO OT MECTa HaXOKIeHHS O0y4aroIIXCs. DNeKTPOHHEIE
OHOIMHOTEeKH OOEeCIIEeUHBAIOT JOCTYII K IpodeCCHOHAIBHBEIM Oa3zaM JaHHBIX, CITPAaBOYHBIM H
ITOHCKOBBIM CHCTEMAaM, a TaK’Ke HHBIM HH(POPMAIIHOHHBIM PECYPCaM.

6.1 IIporpammuoe oOeclieyeHHe, MHpodecCHOHAIbHble 0a3bl JAaHHBIX, HH()OpPMAaIHOHHBIE
CIIPAaBOYHBIE CHCTEMBI, PECYPCHl HH(POPMAIIHOHHO-TEIIEKOMMYHHKAI[HOHHOH ceTH «MHTepHeT»,
HEOOXOMMMBIE JTISI OCBOECHHS I CIHITIIHHEI

1. Hpﬂrpmmc:e obe CIICHCHHEC, HCITOIIb3YCEMOC ITPH OCVIIECTBIICHITH GﬁpﬂBGEﬂTEHBHGFG ITporccca
ITO JHCITHITIIMHE:

OrnepaltHoHHasa cucTeMa Astra Linux

[Taker OpenOffice

[Taket LibreOffice

NETOP Vision Classroom Management Software

OO6paszorarensHbId noptan OI'BY «HMHUMI] uMm. B. A. Asimazosay Mun3apasa PoccHu
https://moodle-new.almazovcentre.ru

CADb «Hpbuc 64» - cucreMa apToMaTH3alMH OHOMOTEK. DNeKTPOHHBIN KaTajior APM
«Uuratens» 1 Web-Hpouc

2. HpﬂthCGHDHElﬂLHBIE 0asbl HAAHHBIX, HCIIOJIIB3YEMBIC ITPH OCYIIICCTBIICHHI DﬁpﬂBGEﬂTEHLHDI‘D
Iponecca 110 JHCIHIUIHHE.

OneKTpoHHasa OndmmoreyHas cucrteMa « MemmpHcekas ondmoreka « MEDLIB.RU»
(www.medlib.ru)

DOJleKTpOHHAs MeJHIIHHCKas OHOnHoTeka « KoHCcynbTaHT Bpavay (wWww.rosmedlib.ru)

OBC «bykar» (https://www.books-up.1v/)

OBC «lOpaitty (https://urait.nv/)

OnekrpoHHasg 6nomoreka [Ipodu-JInd « MemguiHcKas mHTeparypa H3garenbcTha " CrielyinT " »
(https://speclit. profy-lib.ruw/)

BcenmmpHas 6a3a JaHHBIX cTaTel B MeJHIMHCKHX KypHaimax PubMed
https://www.ncbi.nlm.mh.gov/

Hayunas snekTpoHHasa onomioreka http://elibrary.ru/

3. Pecypchl HHpOPMAaIHOHHO-TEIIEKOMMYHHKALTHOHHOH ceTH «IHTepHeT », HeOOXOMHMEBIE IS
OCBOEHH S U CLIUTUTHHEL:

[TonckoBrle cucTeMnl Yandex (http://www .yandex.ru/)

M yIIs THME THITHBIH CTIOBAPh ITepeBoa clIoB oHnaiH MymeTuTpaH (hittp://www.multitran.ru/)
YuuBepcurerckasd HHpopMmarnonHas cucreMa POCCH A (https://uisrussia. msu.rw/)
[Tyonmukarrm BO3 Ha pycckom sBeike (https://www.who.int/rw/publications/1)
MexayHapoIHbIe pyKoBoAcTBa ITo MeauIimHe (https://www.guidelines.gov/)
DemepanbHas 3IeKTPoHHAI MeJHITHHCcKas Onbmioreka (OOME) (http://www.femb.1u)
bomb u ee neyeHne (www.painstudy.ru)

US National Library of Medicine National Institutes of Health (www.pubmed.com)
Pycckmii MeJHIIMHCKHH KYPHAI (WWW.T11].11)

MHHIICTEPCTBO 3ApaBooXpaHeHHsI PoccHiickon Meaepaliim
(www.rosminzdrav.ru/ministry/inter)

KubGepJleHnHka — 3T0 Hay4Has snekTpoHHas ononnoreka (https://cyberleninka.ru)
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Poccuiickas rocygapcTBeHHass OHOMmoTeKa (Www.rsl.ru)
0.2 IlepeueHs yueOHOH M TEPATYPhI, HEOOXOMMMOH IJI1 OCBOSHHS JTHUCI[HIUIHHEI:

CraHkeBHY, JI. A. MHTeIeKTyalbHBIE CHCTEMBI H TEXHOIIOTHH | YUYeOHHK H ITPaKTHKYM JIJI1 BY30B
/ JI. A. CrankeBHY. — 2-e H3]., Tlepepal. u gorr. — Mocksa : U3marenbeTBo FOpaiit, 2025. — 478
c. — (Bricmee oGpaszoBanne). — ISBN 978-5-534-20363-9. — TekcT : 53IeKTPOHHBIH //
OO0pa3zoBarenbHas oraropMa HOpaiir [cafit|. — URL: https://urait.ru/becode/560754
Beccmeprurrii, 1. A. CHcTeMBI HCKYCCTBEHHOI'O HHTeNJIeKTa ;| yueOHHK JJ1d By30B / M. A.
beCcCMepTHEIT. 3-e u3Md., ucmp. u gorn. — Mocksa : M3garenscreo Opainr, 2025, — 164 ¢c. —
(Bricimee ooOpaszoBanme). — ISBN  978-5-534-18416-7. — Tekcr : 5IeKTPOHHBIH //
OOpa3zoBarenbHas raropMa FOpaiir [caiit|. — URL: hitps://urait. v/bcode/561602

Boponos, M. B. CHcTeMbI HCKYCCTBEHHOIO HHTEIIEKTA ;| YUeOHHK H ITPAKTHKYM JUISI By30B / M.
B. Boponor, B. U. Ilumenor, M. A. Hebaer. — 2-e m3x., niepepad. m gonm. — Mocksa
M3paTemscTBo HOpaiit, 2025. — 268 ¢. — (Briciee oopazopanue). — ISBN 978-5-534-17032-0.
— Texker : nsnekrpoHHBIH // OOpazoBarenpHas InaTgopma IOpaiit [caiitr]. — URL:
https://urait.m/bcode/567794

['opbaueHko, B. 1. MHTeIeKTyaIbHBIE CHCTEMEL. HEYETKHE CHCTEMBI H CETH . VUEOHHK IJI15 BY30B
/ B. K. T'opbauenko, b. C. AxmeroB, O. IO. Ky3HerioBa. — 2-e H31., HCIIP. H Jgo11. — Mockaa
M3maTemscTBo HOpaiit, 2025. — 105 ¢. — (Bericiee oopazopanue). — ISBN 978-5-534-08359-0.
— Texker : »snekrpoHHBIH // OOpazoBarenpHas ImaTdgopma IOpaiit [caiitr]. — URL:
https://urait.ru/becode/563139

brnomegnipHckass HH(QOpMaTHKA. KOMIIBIOTEpPHBIE IIPHIIOKEHHS B 3APAaBOOXPAaHEHHH H
OHOMEeIHITHHE ;| pykoBoAcTBO / 1mon pex. 3. X. Hloprnudda, JIx. Jx. YmvoiHo, oTB. pex. M. @.
Yaur; niepeBox ¢ aHri. mmox pex. 1.0, Ynymbexkoson, A.H. Hapkesuua, P.C. Kosmora. - Mocksa :

['DOTAP-Menua, 2024, - 744 C. - URL:
https://www.rosmedlib.1/book/ISBN9785970482049 html

PaGueBckui, A. H. CHHTeTHYeCKHe JaHHBIE H Pa3BHTHE HEHPOCETEBBIX TEXHOIOTHH | YUeOHHK
11 By30B / A. H. PadueBckiii. — Mocksa : M3marenscTBo Opaiir, 2025. — 187 ¢. — (Bricimee
obpazoBanme). — ISBN 978-5-534-17716-9. — Tekct : snekTpoHHBII // OOpa3oBaTenbHasd
mraropma HOpaiit [caiit|. — URL: https://urait.ru/bcode/568661

Bapckmii, A. b. MUcKyccTBeHHBIH MHTEIIEKT M JIOrHYeCKHe HeHpOHHBIE ceTH : y4uel. rmocobue /
Bapckuit A. b. - Cankr-netepOypr : U1l UaTepmenus, 2019. - 360 c. - TekcT : 3IeKTpOHHBIH //
URL : https://www.rosmedlib.rmu/book/ISBN9785438301 554.html
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7. YHEBHO-METO/IMYECKOE OBECITEYEHUE JUCIIHIT/IMHBI

YuyeGHO-MeTO[HYeCKHE MaTepPHaNkI ITPefcTaBIeHE Ha CTPaHHIle JHCIHIUIHHEI 00pa3oBaTeIbHOIO
nopraina https://moodle-new.almazovcentre.ru

8. MATEPHAJ/IbHO-TEXHHUYECKOE OBECIIEYEHHE TN CHHUIIJINHEBI
JIg ocyiecTrIIeHH I 00pa30BaTeIbHOIO ITpolecca IO JHCIIHIUINHE « HEHPOHHEIE CETH B

MEJJHI[HHEY IIPOrPpaMMBI BEICIIIETO OOpa3’0BaHHSI - CIIELHAIMTET IO crenpaabHocTH 30.03.03
MemnmuHckas kndoepHeTnKa [ [eHTp AMazoBa pacriojaraeT MaTepHalIbHO-TeXHHYECKOH 0a30i,
COOTBETCTBVIOIIEH AeHCTBYIOIIM ITPOTHBOIIOKAPHEIM ITpaBHIaM H HOpMaM H 00eCIIeUHBarOIIeH
ITPOBEAeHHE BCEX BHAOB JUCIHIUIMHAPHOH H MeXIHCIIHIUIHHAPHOH ITOATOTOBKH, ITPAKTHYECKOH
H HaYYHO-HCCIIEA0BATENLCKOH padoT 00YyYarOIHXC S, IIPEAYCMOTPEHHEIX YUeOHOH JHCIIHIUIHHOH.

[loMmereHHs ImpeAcTaBiIstOT coOOH yueOHBIe aYIHTOPHH IS IIPOBEAEHHS YUeOHBIX
3AHATHI, IIPEIYCMOTPEHHEIX ITPOrpaMMOHN JHCIMIUIMHEL «HEHpOHHBIE CETH B MEIHIMHEY,
OCHAIllEHHBIe OOOPYAOBAHHEM H TeXHHUYECKHMH CpeIcTBaMH OOYUYeHHS, COCTaB KOTOPBIX
ornpeienseTcsa B [ IpinoxeHnu 2 K paboueH IIporpamMMe.

[IoMerneHHns i11 caMOCTOSITENBHOH PadOoThl OOYYAKOIMXCS OCHAINEHBI KOMITBIOTEPHOH
TEXHHKOH C BO3MOJKHOCTBIO ITOJKIIFOUEHHS K CeTH «IMHTepHeT» M oOecIleYyeHHEM JOCTYIIA K
3JIeKTPOHHOH HH(pOPMAIHOHHO-00pa30oBaTenbHOH cpelie L{leHTpa AmvaszoBa.

9. KAITPOBOE OBECIIEYEHHUE /ITUCIHUII/IMHBI

Peaymzaimsa  gUCHUMIDIMHBI  «HeHpoHHBIE CceTH B MeOHI[HHE» 0OecIlleuHBaeTCs
IeJar orudyecKMMH paOoTHHKaMH [[eHTpa AilMaszoBa, a TaKsKe JTHI[AMH, ITPHBIIEKaeMBIMH [ [eHTpoM
AJIMa30Ba K pean3al[iH JHCIHIUIHHEI HA HHBIX YCIIOBHSIX.

10. OCOBEHHOCTH OPIrAHM3AIINNA OCBOEHHA JIUCHHUIIJIMHBI JJIA
NHBAJIMJIOB 11 JIUIl C OTPAHHYEHHBIMH BO3MOKHOCTAMM 3/10POBLA

OcBOeHHe IHUCITHIUIMHBI HHBAIHJAaMH H JIHIIJAMH C OIpaHHYEHHBIMH BO3MOKHOCTSIMH
30POBbS ITPH HEOOXOAHMMOCTH OCYHIECTBIIIETCS KadeIpoi ¢ HCIIOIb30BAaHHEM CIICI[HAIbHBIX
MeTONOB OOYYEHHS H IHIAKTHYECKHX MaTepHalIOB, COCTABIIEHHBIX C YYeTOM OCOOEHHOCTEH
MICHXO(H3HYECKOT 0 Pa3BHTHS, HHAHBHAYAIIbHBIX BO3MOKHOCTEH H COCTOSHHS 3JOPOBbS TAaKHX
oOy4arorxcs (00y4aroIerocs).

[Ipmnoxenne Nel
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ITACIIOPT

OILHEHOYHLBIX CPEJACTB

rio muctmHe «HEPOHHBIE CETH B ME/TUIITTHE»

B pesyibTaTe H3yueHHS JHCHHILIHHBI Y 00y4aromerocs (popMHPYIOT cS cJIeAYI0IHe

KOMIICTCHIINN.

YK-1.1, YK-1.2, OIIK-6.1, [IK-6.1, IIK-8.2

IIpoBepsieMble Onenou
komMmnerennnu u /1K Kpurepun oneHHBaHNA MeToanI HbIe
(KoabI) o0pa3oBaTe/IbHbIX Pe3yJIbTAT OB KOHT POJIs MaTepHa
JIbI
YK-1.1 IIpoBomur 3HaeT: KpHTEPHH IIPHMEHHMOCTH TectHpoBaHue T3
KPHTHYECKHH aHalIN3 TIIyOOKOro OOYUYEHHS IJIS CIIOKHBIX
ITpOOIIEMH O METHIIHHCKHX 3a/ia4 (00BeM CobeceqoBaHNE KB
CHUTVYaI[HH U IAaHHBIX, KAYeCTBO Pa3sMETKH,
popmMyImpyeT STHYECKHE OrPAHHYEHHS). JleMOH CTpaL{Hs C3
OL[EHOYHBIE CYXKIEHH. ITPpaKTHYECKHX
e YMeeT: KPHTHUYECKH HAaBBIKOB
OILIEHHBATH IIOCTAHOBKY
MEJTHIIHHCKOH 3aJ{aull Ha
ITPEIMET LETIeco00pasHOCTH
ITPHMEHEHH I HEHPOCETEBBIX
METOOB.
YK-1.2 IIpumeHser 3HaeT: CHCTEMHBIH ITOJIXOJ K Tectuporanie T3
CHCTEMHBIH ITOIXO0 ITOCTPOEHHIO KOHBEHEPA TTTYOOKOI0
IIPH IJIAHHPOBAaHHH M | OOYYEHHS: OT IIpeJo0padoTKH Cobece1oBaHHE KB
PEIIEHHH 3aaY B MYIIbTHMOJAIbHEIX JaHHBIX H
IpodeCcCHOHAIBHOM ayTMEHTAI[NH JI0 pa3BePThIBAHHA JleMOH CTpaL{Hs C3
OOIIacTH. MOJIEIIH. ITPpaKTHYECKHX
HAaBBIKOB
e YMeeT: IUIAHHPOBATH STAIIEI
HCCIIEOBATEIILCKOTO
ITPOEKTa C HCIIOIb30BAaHNEM
HEHPOCETEH, BEIOHPATh
CTpaTErNH BalM Al JIIS
MEJTHIHHCKIX JaHHBIX.
OTIK-6.1. [TpuMeHser | >HAET: COBPEMEHHBIE ¢peivBopkn | TectHpoBaHue T3
COBPEMEHHbIE riryookoro o0yyeHuns (TensorFlow,
HH(OPMAIFOHHBIE PyTorch, Keras), nx skocucreMsl H | CoGecemoBaHHE KB
TEXHOIIOCHH 1 MHCTPYMEHTHI JIII Pa3BEPTHIBAHH A
CITEI[HATH3HPOBAHHOE C3
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ITPOrPaMMHOE (TensorFlow Serving, ONNX,
oOecrieueHne JIi1d Docker). JleMOHCTpaI s
PEIIEHH ITPaKTHYECKHX
IpodeCcCHOHAIbHBIX e YMeer: IIPHMEHSITH HABBIKOB
3a71a4 (ppeMBOPKH JJIS
pearm3aly, oOyUYeHH 1
TOHKOH HaCTPOHKH
HEHPOCETEBBIX MOJIETIEH Ha
METHIIHHCKIX JaHHBIX,
Hcrons3osars GPU-
BBIUICIIEHHS.
IIK 6.1 PaspabareiBaeT | 3HaeT: apXUTEKTYPBl HEHPOHHBIX TectHpoBaHue T3
aBTOMAaTH3HPOBAaHHEIE | ceTel, Hanbomee 3 deKTHBHEIE A1
CHCTEMEI CO3AaHIHS CHCTEM ITOIIEPKKH Colece1oBaHHE KB
KOHCYJIbTATHBHOH NpHHATHA pemeHui (CNN s
TTOJIEPKKH IMTPHHATHA | CHUMKOB, RNN/LSTM mis JleMOH CTpaI{is C3
PEIIEHHH B MEIHUIIHHE | BPEMEHHBIX PSIOB, TPaHC(OPMEPEI IIPAKTHYECKHX
H 3paBOOXpaHeHHH. 71 TEKCTA). HABBIKOB
e YMeer: pa3pabareiBaTh H
BaJIMHPOBATH ITPOTOTHIIBLI
aBTOMaTH3HPOBAHHBIX
CHCTEM IS 3a7a4
JTHArHOCTHKH (HaITPHMED,
KJIaCcCH() HKAI[H ITaTOJIOTHIH
Ha K'T') mim rporuo3sa (pHck
PELl/IHBA).
3Haer: niepeoBeIe IMOAXOAL B MU Tectuporanie T3
IUTSI METHITHHEL. OOYVYEHHE C
nepefavei 3HaHHH (fransfer ColeceroBaHHEe KB
learming), few-shot learm
[TK-8.2. Ucrionw3yet g), v ng,
oopsacHuMei UM (XAI) misa JleMOH CTpaL{Hs C3
COBPEMEHHEIE - -
HEHPOCETEN ITPpaKTHYECKHX
TTOJXOIEI TIPH
HABBIKOB
pa3paboTKe
YMeeT: IMPOeKTHPOBATE H
HHTEIUIEKT yalIlb HbIX
HCCIIEA0BATh HHTEIUIEKTYallbHEIE
CHCTEM JJI1 METHI[HHEI
CHCTEMEI Ha OCHOBE THOPHIHEIX
H 3paBOOXpPaHeHH .

apXHTEKTYP, HHTETPHPOBaTh
MOJIEITH B ITPOT OTHIIEI

MeTHITHH CKIX HH()OpMaIH OHHBIX
CHCTEM.

OLHEHOYHBIE MATEPHAJIBI /UIA TEKYIHIEI O KOHTPOJIA

Kpurepun oneHHBaHHS:
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Bua 3aganunn «HeymoBmi.» «Y IOBIL.» « XOPOIIIO» «OTITHYHO»

C3- 09 % u MeHee 70-79 % 80-89 % 90-100% mmpaBHIIBHBIX
IIPaBIJILHBIX TTPAaBHIIBHBIX IIPAaBHIIbHBIX | OTBETOB

OI1leHKa OTBETOB OTBETOB OTBETOB

BBIITOITHEHH

CHTYaI[HOHHBIX

3aa4

KB - 09 % 1 MeHee 70-79 % 80-89 % 90-100% mmpaBHIIBHBIX
IIPaBIIbHBIX ITPAaBHIIBHBIX IIPAaBHIILHBIX | OTBETOB

OI1leHKa OTBETORB OTBETORB OTBETOB

BBIITOITHEHH

KOHTPOJIbHBIX

BOITPOCOB

Tema | «Pasgen 1. BeeneHme B HEHPOHHBIE CETH. MHOTOCIIONHEIHN TIEPLIETITPOH)

[TpoBepsiembie komrteTeHIIMH H M JIK (KomeI), ¢ opMEpyeMble ITPH H3YYeHHH TeMEBI: TIepeYeHb
YK-1.1, YK-1.2, OIIK-6.1, TIK-6.1, IIK-8.2

KGHTPGJ]LI{BIE BOITPOCEI ITO TEMCE.

Ne i/m1

Jaganue

IIpoBepsiemMbIe
NJIK

KOHTpOoIEHEOT BOIIPOC: YTO TaKoe HCKYCCTBEHHEBIH HEHPOH H KaK OH
MOJETHPYETCA B MAIITHHHOM OOYyUEeHHH?

ITalnoH oTBeTa: MCKYCCTBEHHBIH HEHPOH — 3TO MaTeMaTHUeCKasd MOJIEIb
OHOIIOTHUeCKOr 0 HellpoHa, KoTopasd IIPHHIMAeT BXO/IHbIe CHTHAJIEL,
VMHOKAeT HX Ha Beca, CYMMHPYET H IIPHMeHAeT (PYHKI[HI0 aK THBAIHH
LA IIOTYUEHH A BRIXOJHOTO CHTHATA.

YK-1.1, OlIK-
6.1

KoHTpomsHeOI BoIpoc: Kakue ()YHKIIHH aKTHRAIHHI BEI 3HAETE H B KaKHX
CIy4adx IpeJIIOUTHTeIbHEE HCITOIL30BaTh RelL.U?

STanoH oTBeTa: CHrMoNa, rmrepdomiyeckii TanreHc, ReL. U, Leaky
ReLU. ReLU mpemiiouTHTelIsHe e H3-3a OBICTPOI CXOMIMOCTH H
OTCYTCTBHA ITpoOIeMbI HAChIIIEHHA I IO OAKHTEIFHEIX 3HAUEHTI.

OIIK-6.1, IIK-
6.1

KOHTpoIBbHBOT BOIIPOC: B UM COCTOHT 3aJjauya MHOTOCIIOHHOTO
neprenrpoa (MLP) H Kak OH CBSA3aH C aHAI30M TaOITUHBIX

Me JHI[HHCKHUX JAHHBIX?

ItanoH” oTBeTa: MLP — 3T0 MOHOCBA3HAA HEHPOHHAA CETh A
PEIIeHH 3a0a4 KITaCCH(HKAIIH H perpeccHi. OH IpHMeHAEeTCA I
aHaIH3a TAOIHUYHBIX Me JHIHHCKHX JAHHBIX, TaKHX KaK J1a0opaToOpHEIE
MTOKA3aTeNH, 1A IIPOrHO3HPOBAHI A 3a00IeBaHHI.

YK-1.2,11K-6.1
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KoHTpoImHELT BOIIpoc: KakoRa polk CKPEITEIX CIOER B MLP?
OTaloH 0TBeTa: CKPERITEIE CIOH IIO3BOIAI0T CETH MOJAETHPOBATE
HETHHEeITHEIEe 3aBHCHMOCTH H H3BIEKaTh HepapXHUeCKHe IIPH3HAKH H3
TAHHEIX.

IIK-6.1, IIK-8.2

KoHTpomsHeOI BoIIpoc: UTo Takoe forward pass (IrpsaMoe
pacIpocTpaHeHHe) B HEITPOHHOI ceTH?

OTAJIOH OTBETA: OTO IIPOIECC BEIUHCIEHH I BEIXOJA CETH ITYTEM

TIOCIIe JOBATEIFHOI O YMHOKEHH BXOTHBIX JAHHBIX HA BeCa, IIPHMeHEHILA
()YHKI[HIT aKTHBALII H IIepelaul CHTHAIA OT CI04 K CIOH.

OIIK-6.1, 1IK-
6.1

Lh

KoHTpomsHeIT Bopoc: Kakne (yHKI[HH ITOTEPh HCIIOMB3VIOTCA I 3a4au
perpecCcHi H KIacCH(HKAIHI B MeTHI[HHE?

OtanoH otBeTa: [ perpeccun: MSE, MAE. Jnd KiraccH(HKAIIH:
OHHapHad H KaTeropHaIbHaA KPOCC-IHTPOIIILA.

YK-1.1, IIK-6.1

KoHTpobHELT BoIpoc: OOBACHHUTE ITPHHIMIL TPAJHEHTHOT O CITYCKa I
00yUeHHA HEIPOHHOII CETH.

7 DTaloH OTBeTa: I paJHeHTHEIH CITYK — 3TO HTEPATHBHEIH METO]T
OOHORIEHH A BECOB CETH B HAIlPABIEHHH, 0OpaTHOM IpaJHeHTy ()yHKI[HI
IOTePh, UTOORI MHHHMHI3HPOBATh OIHOKY.

OIIK-6.1, 1IK-
8.2

KoHTpomsHeLI BoIpoc: YTo Takoe backpropagation i Kak OH CBA3aH C
TPagHEHTHBIM CITYCKOM?

OTalnoH oTBeTa: Backpropagation — 3TO alrOpHTM BEIUHCIIEHHA OIIK-6.1, IIK-
IPagHeHTOR ()YHKIHH IIOTEPH II0 BeCaM CETH C HCIIONb30BaHHEM IeIHOoro | 6.1

IIPABHIIA. OTH TPAJHEHTHI 3aTEM HCITOIL3YIOTCA B IPAHEHTHOM CITYCKE
711 OOHOBJIE HIS BECOB.

KoHTpompHEIT BoIpoc: Kakme mpo0aeMbl MOTYT BOSHHKHYTE IIPH
o0OyUeHHH I'TyOOKHX ceTel H KaK HX H30exars?

9 DTaloH OoTBeTa: Mcue3arolie HIIM B3PEIBArOIHeCd IpagHeHTRL. MeToapl YK-1.2, IIK-8.2
O6oprOkI: Hemmonb3oBaHie RelLU, batch normalization, careful
mitialization, gradient clipping.

KoHTpoImHELT BoITpoc: [ToueMy B MeJHITHHCKHX 3aJauyax BakKHO
KPHTHYE CKH OI[€HHBAaTh IIPHMEHHMOCTE ITIyOOKOro o0yueHma?

10 OTanoH oTBeTa: H3-3a OrpaHHUeHHOCTH JaHHBIX, TPeOOBaHII K YK-1.1,IIK-8.2
HHTEPIPETHPYEMOCTH, STHUECKHX OI PAHHUEHIIT H BEICOKHX PHCKOB
OIHOOK.

CHT HOHHEBIC 34411 11O TCMCE:

IIpoBepsiem

BRI bie H/IK

Jazanue

CHTyallHOHHAA 3a7aua: Bam HeoGXOMHMO CIIPOrHOSHPOBATh PHCK PA3sBHTHA | v -1 2. TIK -
miabeTa y mareHTa Ha ocHORe 20 KIIMHHYeCKHX IMpH3HaKkoB. Kakyro 6.1
ApPXHTEKTYPY HelPOHHOI CeTH BHI IIPeJIOKHTE H IT0YeMy?
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STanoH oTBeTa: MHOTOCTONHEL mepIenTpoH (MLP) ¢ 2-3 CKpPRITRIMH
CIIOAMH, TaK KaK JaHHbIe TaOIIYHbIE H 3a/iaya He TpedyeT aHaAIH3a
IIPOCTPAHCTBEHHEIX HIIH BPEMEHHEIX 3aBHCHMOCTEN.

CuryanHoHHas 3aaaya: [1pn oOyuerrm MLP 114 ImporHo3Hp OBAHH A
TIPOIOAKHTEh HOCTH TOCTIMTATH3AIHH IPAIHEeHTH CTAHOBATCS
Upe3BBIYAITHO MAIEIMH ITOCIe HECKOIBEKHX CI0EB. B uéM ImpobieMa H Kak eé
PEIIHTE ?

StanoH oTBeTa: [IpobiaeMa HcUe3arIHX I'pagHeHTOR. PeleHie:
HCITONMB30BaTh QYHKIMH akTHRAHH RelL. U, mpimvennTs batch normalization
HiIH residual connections.

CHTyallHOHHAA 3ajaaya; J[11g OHHApHOIT KiIac CH(IKAI[IN HALHUH A
ITHEBMOHHH 10 PEHTT €HOBCKHM CHHMKAaM BBl 0OyuIiH CNN, HO BpauH
KATYIOTCA Ha HI3KYI0 TOUHOCTE. Kakue Iary IIpeIipHHATE 11
VIIYUIlIeHHA?

OTaJIOH OTBeTA: YBEIHUHTh O0OBEM JAHHBIX, HCITONIb30BATh ayTMEHTAIIMHIO,
IIPHMEeHHTH transfer leaming, HacTPOHTE THIle prIapaMeTpsl, JOOABHTh

peryIapH3aIHIo.

OIIK-6.1, 1IK-
8.2

YK-1.1, 1IK-
6.1

CHTyalmoHHad 3ajmaya: [1pH pasBEéPTEBAHNH MOJEIH B KIIHHIKE BOSHHKIH
ITpOOIIeMEI C IIPOM3BOMHTEIFHOCThE0. Kak onmTrmi3nporaTs MLP ma
OBICTPOTO IIpeAcKa3aHHg?

JTalIOH OTBeTa: YMEHBIINTE KOIIHYECTBO CIOER H HEHPOHOB, HCIIOIL30BATh
KBAHTOBAHIE BECOB, IIPHMEHATE aIrmiapaTHoe yckoperue (GPU),
OIITHMH3HPOBATE KO ¢ MOMOIIBI TensorRT mwmn ONNX.

CHTyaIOHHAA 3ajiadya; Mojiels 14 IIPOTHO3a PHCKA HHCYIIFTA
IOKA3BIBAET BEICOKYH TOUHOCTh HAa OOYUAROIIIX JAaHHBIX, HO HH3KYIO Ha
HOBBIX. UTO IIPOHCXOMUT H KaK HCITPABHTH?

OtanoH oTBeTa: [IepeoOyueHie. Heodxomimio godaruts dropout, L2-
PeryIapH3alHIo, YBeIHUHTh 00YUArOIYH BEIOOPKY, HCIIOIb30BaTh KPOCC-
BAITHTAI[HIO.

YK-1.2, OIIK-
6.1

YK-1.1, IIK-
8.2

CHTyallHOHHAA 3ajaya: J[714 aHam3a BpeMeHHBIX pAmoB OKI BeI BEIOpanu
RNN, HO 0o0yUeHIe ITPOHCXOIHUT OUeHs Me[JIEHHO. KaKoil apXiHTeKTVPHBIT
IIOJIX O, MOXKET YCKOPHTE IIpolrecc?

DT1anoH oTBeTa: Hcemmons3oratsk LSTM uwinn GRU ¢ orrranIzalfeet
THIIEpPIIapaMeTPOB, THOO IPHMEHHTE CRBEPTOUHBIE CIIOH I H3BIIE UEHHT
IIPH3HAKOR C ITocaeyroIeil RNN.

OIIK-6.1, 1IK-
6.1

CuryaipoHHas 3agada: [Tpu o6paboTke MeIHIHHCKHX TEKCTOB (HCTOPHIT
Oome3HH) g KiacCH(HKAIHI JHArHO30B KaKasd apXHUTeKTypa HeilpOHHOIT
CeTH HanbomIee IMOAX0THT?

OtanoH otBeTa: TpaHcdopmeps! (HarpMep, BERT) mtn RNN (L STM),
TaK KaKk OHH 3(dekTHBHO paboTaroT C IOCIe 0BATeIbHBIMH TeKCTOBBIMH
TTAHHBIMH.

CuryaroHHas 3agaya: [Ipn o0yyeHHH MOJIETH Ha MYIb THMOJAIh HBIX
TAHHBIX (F300pakeH N + TEKCT) BO3HHKAOT IIPOOIIEMEI C COTIAC OBAHHEM

IIPH3HAKOB. Kak IIOCTPOHTh THOPHIHYEO apXHTEKTYPY?
OTanoH oTBeTa: FICTIONB30BaTh OT/IENbHEIE BETBH CNN 1 H300paKeHIil n

4]

IIK-6.1, IIK-
8.2

YK-1.2, IIK-
8.2




RNN/TpaHc opMepH! 14 TEKCTA, a 3aTeM 00BeTHHHUTh HX BEIXOJEI C
TIOMOIIFF0 ITIOMTHOCBA3ZHEIX CIOEB.

CuTyalpioHHad 3ajmava: (14 3agaur ceTMeHTaIH oIryxoneil Ha MPT-

BH3YyaIIM3al[HH BaKHBIX o0nacTeil Ha H3oOpaxeHnu, LIME uwmm SHAP mia
JTOKATEHEIX OOTICHEHIII.

3aaHus 1719 CaMOCTOSTEIbHOHN PadoTEI

KOHTPOILHEIH BOIIpoc: CPaBHHTE MIPeHMYIIECTBA H HEJOCTATKH
CHTMOHIAITEHON (PYVHKI[HH aKTHRALIH H ReLU B KOHTeKCcTe 00yUeHIT
TTyOOKHX CeTei.

3TanoH orBeTa: CHIMOHIA ITO/IBEPKEHA IIPOOIIeME HACKIIIEHHA I
MeJIEHHOH CXOIMOCTH, HO BEIXOJT HHTEPIIPETHPYEM KaK BEPOATHOCTS.
ReL U OricTpee, He HACHIIAETCA LA TTOMOKHTENBHEIX 3HAUEHTIT, HO MOKET
"yMepeTs" IIPH OTPHIATEIFHEIX BXOIaX.

9 CHIMEKaX KaKad apXHTeKTypa HeilpoHHOI ceTH ABnAeTcA state-of-the-ait? OIIK-6.1, IIK-
StanoH oTBeTa: U-Net, Tak Kak oHa 3¢ QeKTHBHA 14 OHOMe IIIIH CKOil 6.1
cerMeHTalHH Onaromaps apxurekType encoder-decoder u skip-connections.

CHTyaIl[HOHHAA 3ajaya: [IpH BHe IpeHHH MOJEH B KIHHIUE CKYVIO IIPAKTHKY
BpauH TpeOVIOT 00BACHEeHIO! ITpeicKazanitl. Kak ciemars BEIBOIEI CNN

10 HHTEPIIPETHPYEMBIMH? YK-1.1, IIK-

SOTanoH” oTBeTa: Mcnonr30BaTh MeTOOel XAl Grad-CAM mng 8.2

OIIK-6.1,
I1IK-6.1

KoHTponbHEIi Bompoc: Kak BEIOOp (PYHKITHH ITOTePh BIIAET Ha 00OyUeHHe
MOJIETIH B 3aJjaue KIacCH(HKAIHA ¢ JHcOaTaHCcoM KIacCcoB?

OrtanoH oreeTa: g aucbanaHca IIpeIIoYTHTeIbHA B3BeIIeHHAA KPOCC-
sHTporm I wiH Focal Loss, KOTOpele YMeHBIIIAI0T BIHIHHE
TOMHIHHPYIOIIETO KIacca.

KoHTponsHEI Bompoc: O0BACHHTE, KaK METO 0OpaTHOTO
pacIpocTpaHeHHA OIMHOKH BEIYHCIIAET IPAJIHEHTHI LI KK IOrO Beca B
CeTH.

OTtanoH oreeTa; C IIOMOIIBIO LEITHOIO IIPaBHiIa JH(QepeHIIPOBAHHY,
HaYHHAag ¢ BEIXOJHOTO CII0A H JIBHT AfACEH HA3a/J K BXOTHOMY, YMHOXAT
TPpaJHEHTEL OT IOCTIE IYIOIHX CIIOER.

YK-1.1, 1IK-
6.1

OIIK-6.1,
IIK-8.2

KoHTponsHEIi Bompoc: Kakue coBpeMeHHEIe (ppeiiMBOPKH 1A TIIYOOKOT O
O0Oy4YeHHS BHI 3HAETE H B YEM HX OCHOBHBIE OTITHYHA?

OtanoH oreeta; TensorFlow (mpom3roacteo, TF Serving), PyTorch
(rHOKOCTH, research), Keras (BeicokoypoBHeEBRIT API). OTmiiuma B rpagax
BEIUHCIEHUI, JHHAMHKE H SKOCHCTEME.

YK-1.2,
OIIK-6.1

N

KoHTponsHHIiT Bommpoc: YTo Takoe transfer leaming i kak oH IpHMeHAETCS
B MeIIIHHCKHX 3aJadyax ¢ MaIbIM 00BEMOM JIAHHBIX?
OTtanoH oreeTa: M crois30BaHie Ipe 00y UYeHHOI MOJeIH Ha OOIbIIMHX

IIK-8.2, YK-
1.1
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naraceTax (Harmpumep, ImageNet) ¢ Joo0yueHHeM Ha MeHIITHCKHX
NAHHBIX. OTO YCKOpAeT 00OyUeHHe H yIyulllaeT KauecTRO.

KoHTpOoIBHEI Bolpoc: Kak apxHTeKkTypa TpaHcopMmepos revolutiomzed
00paboTKy eCTECTBEHHOT O A3BIKA H MOJKET JIH OHA IIPHMEHATHC A LA

MeE [JHIMHHCKHX TeKCTOB?

OtamnoH orBeTa: Jla, TpaHchopmepsl (HampruMep, BERT, BioBERT)

3¢ @eKTHBHBI 14 K1accHukaipnl, NER H H3BIeueHH I HH(pOPMAIIH H3
ME JHIMHHCKHX TeKCTOB.

KoHTponsHEIi Bompoc: Uto Takoe few-shot learning i kak oH MOKeT
pelraTs IMpodIeMBl O pAHHUE HHBIX Me [ IHHCKHX TaHHBIX?

OtanoH oreera; OO0ydyeHHe HA OUeHb MAJIOM KOJTHYECTBE IIPHMEPOR 3a CUET
MeTa-00yUeHHA HIIH HCIIONb30BAHHA CHIIBHBIX ITPed00YUeHHBIX MOJIEIIE.
[IprveHdeTCS IS peaKHx 3a00lIeBaHIil.

IIK-6.1, IIK-
8.2

YK-1.2, 11K -
8.2

KOHTpONEHEIH BOIIpoc: Kakne HHCTPYMEHTEI HCIIOTB3VIOTCS JILA
Pa3BEPTHIBAHHA HEIPOHHEBIX ceTell B production?

OtanoH oreeTa: TensorFlow Serving, ONNX Runtime, DocKer,
Kubernetes, o6maunsie oratgopMel (AW S SageMaker, Google Al
Platform).

OIIK-6.1,
YK-1.2

KoHTponsHEI Bommpoc: Kak o0ecIieunTs BOCIIPOH3BOIIMOCTE
3KCIIEPHMEHTOR C HEIIPOHHBIMH CeTAMH?

OtanoH orBeTa: OHKcarua random seed, BepCHOHHPOBaHHE Kojia H
IAHHBIX, HCIIONb30BaHHE KOHTeIHepoB (Docker), moapobGHoe
NOKYMeHTHPOBAHHE THIIEPIIapaMeTPOB.

YK-1.2, 1IK-
8.2

10

KOHTpOIEHEII BoIpoc: Kakme 3THYeCKHe aclleKTE HeOOXOIHMO VUHTEIBATh
IIPH HCITONHh30BAHHH HEHPOHHEIX CETEH B Me JHIHHE 7

StanoH orBeTa: KOHPHIEHIIHATIFHOCTE JaHHEBIX, HHQOPMHPOBaHHOE
cormacHe, OTCYTCTBHE bias B MOJENIAX, OTBETCTBEHHOCTE 3a OIIMOKH,
HHTEPIIPETHPYEMOCTE PEIIEHTII.

CHTyaroHHad 3aa4ya; BaM HeoOxoHMo pa3paboTarh CHCTEMY IS
ABTOMATHYECKOI KiracCH(HKAIH JepMATOCKOIIUeCKHX H300pakeHIIl Ha
T0oOpOKaueCTBEHHEIE H 37I0KaueCTBeHHbIe. OIHIINTE II03TAIlHBLI IIIaH
ITPOEKTA ¢ HCIIOIb30BAHHEM ITTYOOKOro 00yUeHIIA.

JtanoH orBeTa: 1. COop U pasMeTka HaHHEIX. 2. [IpeqoOpaboTka H
ayrMeHTanud. 3. Berbop apxurekTypsl CNN (Hamprmep, ResNet) ¢ transfer
learming. 4. O0yueHne H BanHpamud. 5. HHTeprrpeTarida ¢ moMolpo Grad-
CAM. 6. PazeépTrIBaHiie.

CHTyarHoHHAad 3aaaya; [1pn oOyueHH MoJe Ha JaHHBIX OKI mid
oOHapyKeHHA apHTMII BO3HHK overfitting. Kaxie MeTOIBI peryiIapH3aliu
BEI IIPHMEHHTE H ITOUEeMY?

JtanoH orBeTa: Dropout, L 2-peryngpu3zaipid, early stopping, ayrMeHTaI g
BPeEMEHHBIX PAJIOB (IIIVM, CMeIlleHHE ), VBeJIMUeHHe 00yUYAr0Ieil BEIOOPKIL.

CHTYaI[HOHHAA 3ajiayua; /{4 IIPOTHO3HPOBAHH A ITPOr PECCHPOBAHH I
Gole3HH AIbIreiiMepa IT0 MYJIb THMOZATEHEIM JaHHEIM (MPT,
KOTHHTHBHBIE TECTEHI, TeHEeTHKA) IIpe [NIOKHTE apXUTeKTYPY Hellp OHHOI

YK-1.1, IIK-
8.2

YK-1.2, 1IK-
6.1

OIIK-6.1,
IIK-8.2

YK-1.2, IIK-
8.2
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CeTH.
IDTaIOH OTBeTa: M yIIb THMOJATLHASA CETh C OTAECIBHEIMH BeTBAMH: 3D-CNN
mit MPT, MLP g TaGaHUHBIX JaHHBIX, O0BEIHHEHIE YePE3
concatenation H TOTHOCBI3HEIE CIIOH.

Lh

CutyarpoHHad 3agada: Mopgems qia gHarHocTHEKH COVID-19 o KT
II0KAa3aJI1a BEICOKYH TOUHOCTE Ha JTAHHBIX OJTHOI OOIBHHIGI, HO HH3KVIO Ha
JAHHBIX APYToi. B UéM IpHUIHA H KaK 3T0 HCIIPABHTL?

OTalloH OTBeTa; Pa3nmums B armraparype, IIPOTOKOIAaX ChEMKH, ITOITYILAI[HH
nmarHeHToR. Pertenne: cOop Gomee pasHOOOpa3HEIX JaHHEIX, domain
adaptation, ayrmeHTaris, transfer learning,

CHTyaroHHad 3a/1aya; Kak opraHn3oBark continuous
integration/continuous deployment (CI/CD) ma ML -Momemt, KoTopas
PeryLApHO MepeodyyaeTcsa Ha HOBBIX Me JHIMHCKHX JaHHBIX?

OTaloH OTBeTa: ABTOMATH3HPOBAHHENI MaiTuTaiiH: cOop JaHHBIX —
npegodpadboTka — oOydeHHe — BaHJIAIIHA — TeCTHPOBAaHHE —
pasBépreiranme (Docker, Kubernetes) — MOHHTOPHHT .

YK-1.1, 11K -
6.1

YK-1.2,
OIIK-6.1

CHTyalHOHHAad 3ajaya; J[JI1 aHaTH3a MeTHI[HHCKHX TEKCTOB Ha PYCCKOM
A3bIKe (BBIOTHCKH, HCTOPHH OO0NIe3HH ) HeOOX0IHMO ITOCTPOHTE NER-
cucteMy. Kaxkyr Mozens BEIOpaTh H KakK eé o0 yUHTE?

OtanoH orBeTa: Hcrmoms3oBars nmpenodyueHHsni multilingual BERT Hmm
OOYUHTE MOJIEIE C HYILA HAa KOPITYCe MeTHI[HHCKHX TeKCTOB. [IpHMeHHTh
fine-tuning mma 3agaurt NER.

CHTyalrHOoHHAaA 3a1aya; I11pH pa3spéPTEIBAHHH MOJIENH B PeATbHOM BPEMEHH
B OTJIETI€HHH HHTEHCHBHOI Tepary KpHTHUYECKH BAKHA HI3KAA 3aJepKKa
npeackazannd. Kak oITHMH3HPOBATE MOJIENIb H HHPPACTPYKTYPY?

OTaloH OTBeTa: KBAaHTORAHIE MOIeIH, HCIIOMb30BaHHe TensorR T,
arrrapatHoe yckopeHHe (GPU), ornrTiMi3ani s maiiraiiHa mpego0padboTkH,
K3IIHPOBAHHE.

IIK-6.1, IIK-
8.2

OIIK-6.1,
YK-1.2

CHTyalpioHHad 3agaya; Kak rmporecTH A/B-TecTHpOBaHI e HOBOM MO/IeIIH
ITyOOKOro o0yueHHA IIPOTHB CYIHECTBYIOIIETO KIIMHHYeCKOr O IIPOTOKoIa?
OTaJIoOH OTBeTa: PaHJOMH3HPOBAaHHOE KOHTPOIHPYeMOe HCCIeJOBaHHE Ha
IBYX TPYIINax MalHeHTOB, CPaBHEHIEe KIIMHNYeCKIX HCXOMIOB, MeTPHK
momend H feedback Bpaueii.

YK-1.1, IIK-
8.2

CHTyarioHHad 3a1ayi: BaM HeoOX0IHMO cO30aTh CHCTEMY 1A PaHHET O
IIpeXyIPeX JeHHA CEIICHCA B OTAeNeHHH HHTe HCHBHOI TepaIHi Ha OCHOBE
BPeMEHHBIX PAJOB KH3HEHHEBIX TT0Ka3areneil. Kakyro apXHTeKTypy
HEeNPOHHOH CETH HCIIOIBR30BATh H ITOUEMY?

StanoH orBeTa: LSTM mnu Transformer, Tak kak oHH 3() PEKTHBHO
MOJIEIIHPYIOT BpEMEHHEBIE 3aBHCHMOCTH H MOT'YT 00padaTriBaTh
IOCIIEIOBATENIFHEBIE JTAHHBIE C TIE PEMEHHOM IIIHOI.

I1IK-6.1, IIK-
8.2

10

CHTyaliioHHAaA 3aaya; I1pH HCIIOIb30BaHIH MOJIENIH B KIIHHHKEe Bpadil
CTONKHYIHCE ¢ adversarial attacks — HeOGombIIe H3MeHEHH I BO BXOTHEIX
TAHHBIX IIPHBOJAT K OIIMOOYHBIM ITpe/icKazaHisaM. Kak 3aliTHTE MOJEIs?
OtanoH oreeTa; adversarial traming, JIeTeKTHpPOBaHHE aHOMAJIIL BO

44

YK-1.1,
OIIK-6.1




BXOJIHBIX JJAHHBIX, HCITOI30BaHHe robust apxXiuTeKTyp, peryILIpHoe
0OHOBIIEHHE MOJIEIH.

Tema 2 «CBeprounble HelipoHnble ceTH (CNN) i anaansza MeJHIMHCKHAX H300paKeHH . »

[Tporepsemble komrteTeHIIMH 0 UJIK (Komer), ¢ opMIIpyeMble ITPH H3YYeHHH TeMBI: TIepeUeHb
YK-1.1, VK-1.2, OIIK-6.1, TIK-6.1, IIK-8.2

KGHTPGJ]LI{BIE BOITPOCEI ITO TCMC.

Ne i/m1

JagaHne

IIpoBepsiemMbIe
K

KOHTpOILHELT BOIIpOC: B UéM 3aKIIFOUYaeTCA ITPHHIIIL TOKATRHOH CBA3H H
pa3/ielleHH s BECOB B CBEPTOUYHEIX HEIPOHHEIX CeTAX (CNN)?

IJTaloH OTBeTa: JIOKaTkHAd CBA3h O3HAUAET, UTO KaKIbIH HEHPOH
CKPBITOT'O CIIOA CBA3AH TOJIBKO C HEOOMBIIOI 00TACThI0 BXOTHOTO
H300paxeHid. Pa3/jeneHie BECOB — HCIIONb30BaHHe OJHOI'O H TOTO XKe
(b Tpa (A7pa) IId CKaHHPOBAHI A BCer 0 H300pakeHH A, UTO YMEHBIIIAeT
KOTHYECTBO ITapaMeTPOB H IIO3BOIAET BEIABIIATE HHBAPHAH THEIE
IIPH3HAKH .

YK-1.1, OIIK-6.1

KoHTpoIBHBLT BOIIpoC: YTO Takoe ollepal(ia CBepTKH (convolution) B
CNN Hu xakme mapamMeTpsl (stride, padding) Ha Heé BIHAOT?

OTanoH oTBeTa: Omneparii CRepTKH — 3TO IIPHMeHeHHe QHIBTPa (A1pa)
K BXOJTHOMY H300pakeHHI0 LA CO3IaHHI KapTel IIPH3HAKOB. Stride
OIIpeedeT Iar mepeMelnerna gibTpa. Padding — mobaBieHie
IHKCEeIell 110 KpasM H300paxkeH N AJIA COXPaHEeHH ero pa3Mepa.

OIIK-6.1, IIK-6.1

KOHTpOIBHBLT BOIIPOC: /114 4ero HCIIOMb3YIOTCA OIle Palfii ITYIHHTa
(pooling) B CNN H Kakme BH/BI ITYIHHT A BBl 3HaeTe ?

OTanoH oTReTa: IIyIMHT YyMeHBITaeT IIPOCTPAHCTBEHHbIE Pa3Mepsl KapT
IIPH3HAKOB, CHIK A BEIUHCIHTENFHYIO CIIOKHOCTh H 00ecCIie urBast
HHBAPHAHTHOCTE K HeOOIBIIIIM CABHIAaM H HCKAaKeHHAM. BHIBI max-
pooling (BRIOOp MaKCHMAIIBHOT O 3HAUEHH A) H average-pooling

(YCpe THEHIHE ).

IIK-6.1, 1IK-8.2

KoHTpoIsHBLT BoIpoc: Kakora KroueBasd HIed OCTATOYHBIX OIOKOB
(residual blocks) B apxuTtekType ResNet H Kak OHH pelaroT ITpodiIeMy
HCUYE3arolero rpaauenTa?

OTtanoH oTBeTa: Mes — mcmonb3oBaHie skip-connections, KOoTopele
IIPOITYCKAT CHTHAT yepe3 010K 0e3 H3MeHEeHHI H CYMMHPYEOT €I0 C
BBIXOJIOM CBEPTOUHEBIX CIIOER. 3TO IMO3BOILAET IPaJHEHTAM CBOOOIHO

YK-1.2, OIIK-6.1
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ITpoTeKaTh B 0OpaTHOM HallpaBJe HIH, o0leryad oOyueHIe OueHb
TITyOOKHX ceTeil.

LN

KoHTpOoIBHELL BOIIPOC: B UéM ITpeHMyIIECTBO apXHTeKTYPEL Inception
(GoogLeNet) 1Mo cpaBHEeHHIO C ITOCIIeA0oBaTe b HEIMII CNN?

OTaloH OTBeTa: Inception-Mo Iy BRIIIONHAIOT CBEPTKH C Pa3HBIMH
pasMepami amep (1x1, 3x3, 5X5) H IIyJOIHT ITapaulellbHO, a 3aTeM
KOHKAaTEHHPYIOT PE3YIbTATHL. DTO ITO3BONAET 3P (PeKTHBHO H3IBIEKATH
TIPH3HAKH Ha Pa3HbIX MacInTadax B IMpeAernax OHOTO CIIOA.

OIIK-6.1, IIK-8.2

KoHTpompHEIT Bompoc: UTto Takoe transfer learning (rmepeHoc o0ydyeHHA) H
KaKie cTpareru fine-tuning Mo&HO HCIIONIB30BaTh 1A aJalTaIfim
npegoOyueHHOH CNN K MeJHIIHHCKOIT 3aaue ?

OtanoH oTBeTa: Transfer learming — HCIIOIb30BaHHE MOJEIIH,

npeao0yue HHOI Ha 0ok IoM Habope JaHHBIX (HamprMep, ImageNet), B
KauecTBe OTIIPABHOI TOUKH 11 HOBOIT 3amaurl. CTparerud fine-tuning;
3aMOPO3Ka YACTH CI0ER H J000yUeHHEe TOIBKO ITOCIIe IHHX CIOER IIH
o0yueHIe Bcell CeTH ¢ MalIbIM learning rate.

YK-1.1,IIK-8.2

KoHTpomsHeIT Botpoc: Kakue crierudmde ckie MeTOIbI ayTMeHTAI[HI
TaHHBIX 3(pQeKTHBHEL 1A MeTHIHHCKHX H300paKkeHIol H rToueMy?
OTalIOH OTBeTa: DIacTHUHBIE Jied)OpMAaIliH, H3MeHeHHe
SPKOCTH/KOHTpAcTa, Jo0aBIeHHe IIIyMa, IIOBOPOTEL H OTPaKeHH (C
VUYETOM aHATOMITYECK O KOPPeKTHOCTH ). OHH IIOMOTAT YBEITHYHTh
pazHooOpa3ne JAaHHBIX H YIYVUIIITE 000OIIMAROIIYI0 CIIOCOOHOCTE MOJIEIIH,
0cOOEHHO ITPH MalIoM 00BEME JTAaHHBIX.

YK-1.2,1IK-6.1

KOHTpOIBHELT BOIIpoc: B UéM COCTOHT 3ajjauya JeTEKIHH 00OBEeKTOR Ha
MeIHI[HHCKHX H300paKeHIIX H KaKOBBI OCHOBHBIE OTIIHUHA APXHTEKTYP
R-CNN 1 YOLO?

OTanoH oTBeTa: JleTeKid 00BeKTOR — 3TO JoKamm3amma (bounding box)
H KIacCH(HKAIHA IMaToIorHyec kKX odpazoBanmii. R-CNN — 310 region-
based MeTo[ (TIpeyIaraeT perHOHEL, 3aTeM KIacCHPHIHPYET). Y OLO
(You Only Look Once) — 3T0 single-shot MeTox, KOTOpEIi
mpeAcka3pBaeT bounding boxes H KIIacchl 3a OIHH IIPOXOJ 11O CETH,
pabdoTad 3HAUHTEIBHO OBICTPEE.

IIK-6.1, IIK-8.2

KoHTpoIbHEIT BoIpoc: KakoBEl 0cO0eHHOCTH H IIPeHMYIIeCTBa
HCIIOJb30BaHHA TPEXMEPHBIX CBEPTOUHEIX ceTell (3D CNN) mid aHammza
Me THITHHCKHX TAHHBIX, TakHX Kak KT mwm MPT?

StanoH oTBeTa: 3D CNN IpHMeHAI0T TpéXMepHEIe Aapa IId o0paboTKH
O00BEMHEIX JAHHBIX, YTO ITO3BOJIAET YUHTHIBATE IIPOCTPAHCTBEHH I
KOHTEKCT BO BCEX TPEX H3MEPEeHHIX. TO KPHTHUECKH BaKHO 1A aHAIIH3A
CTPYKTYPHI OPTAaHOB, OITYXOJEH H IPYTHX 00BEMHBIX 00pa30BaHTIL.

OIIK-6.1, IIK-6.1

10

KoHTpoIbHEIT BoIpoc: ITodeMy IIpH OIleHKe MOETH KIIacCH(HKAI[IIT
Me JHITHHCKIX H300pakeHil HeJOCTATOYHO TONBKO accuracy, H KaKHe
IOIIOJHH TETb Hble METPHKH HeOOXOTHMO HCIIOIb30BaTh ?

OTaloH oTBeTa: Accuracy MOKeT BBOIUTE B 3a0IIyKIeHHE IIPH
micOaraHce Kr1accoB. HeoOXoIMO HCIIOIB30BaTh precision (TOYHOCTE),
recall (IMoMHOTa, YYBCTBHTEILHOCTS), F1-score, AUC-ROC, a Takxe
aHATH3HMpPOoRaTh confusion matiix g IMOHHMAaHHA XapaKTepa OIHOOK.

YK-1.1,IIK-8.2
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CHT}"HI_[HDHHLIE 34449 110 TSMCE:

No i/m1

Jaganue

IIpoBepsiemMble
HIK

CHTyaIiOHHAA 3ajaya; J[JIg aBTOMaTHUeCKOro oOHapYKEeHH I
ITHEBMOHHH II0 PeHTT eHOr paMMAaM I'PYIHOI KIeTKH BEI pPelllaeTe
Hcmonb30BaTk CNN. OOBACHITE, KaK OIe PAIfiA CBEPTKH ITIOMOKET
BHISIBHTEH XapaKTepHBIe IIPH3HAKH ITHEeBMOHHH (HaIlpHMED,

KOH COITHTAITIH ).

OTanoH oTBeTa: CBEPTOUYHEIE CIIOH C SIpaMI MalIoro pa3Mepa CMOT'YT
IEeTeKTHPOBATH JIOKAIhHbIE TEKCTYPBI H TPAHHIBL (Kpasd KOHCOIIIALIIIT).
[Toce gyrorme c1oH OyayT KOMOHHHPOBATE 3TH HH3KOYPOBHEBEIE
IIPH3HAKH B Oollee CIOKHEIEe, COOTBETCTBYIOIIHE ITaTOIOTHYECKHM
y4acTKaM.

YK-1.1,1IK-6.1

CuryannoHHas 3agaya: [1pn oOyuermrmi CNN Ha HeGonbIroM Habope
THCTOMOTHYECKIX H300pakeHHIT I KI1acCH(HKAIHI OITyXO0IIei MOIeh
OBICTpO mepeodyurnack. Kakie apXHTeKTypHbIe H3MEHEHI I H Me TO/BI
PeryILAPH3AIHH B ITPE IOKHTE?

OTanoH oTBeTa: Mcmons30BaTs Oollee IMPOCTYIO0 apXHTEKTYPY
(HarprMep, VGG BmecTo ResNet-152), mobasuts ciion Dropout,
IMIPHMEHHTH L 2-peryIapH3alfiio, HCIOIb30BaTh ayTMEHTAIHIO TAaHHBIX H
transfer learning ¢ mpegoOyueHHol Ha ImageNet Mozemn.

YK-1.2, OIIK-6.1

CHTyaIlHOHHAA 3ajaya: Bam HeoOxoaMo pa3padoTars CHCTEMY I
CKPHHHHIA JHAOeTHUeCKOI PeTHHOIIATHH 10 I[BE THEIM CHIMKAM
rmasHoro aHa. Hmeercd mpegoOydeHHad Moaens EfficientNet. OrmiimTe
IIIary 1o eé fine-tuning i JaHHOM 3aauH.

DOTalIOH OTBeTa: 1. 3aMeHHTh ITOCITIeJHIN IIOITHOCEA3HEIL CIIOH HA
HOBBIH, COOTBETCTBYVIOIIII YHCITY KJIACcCOB PEeTHHOIIATHH. 2. 3aMOPO3HTE
BCE CIIOH, KpOME ITOCIETHIX HECKOMBKHX. 3. OOVUHTE MOJIENE HA

Me QIIIHHCKHX JaHHBIX ¢ MalIbIM learnming rate. 4. [IocTerreHHO
pasMopakHBaTh H T000YyUATh OONIBINE CIOER IIPH HE OOXOIIIMOCTH.

OIIK-6.1, IIK-8.2

CHTyallmoOHHAA 3ajaua; 14 JeTeKI[HH MIHKPOAaHEBPH3M HA CHUMKAX
TTIa3HOTO JHA BEIOpaHa apxutekTypa Faster R-CNN. O0BACHHTE, Kak
pabotaeT Region Proposal Network (RPN) B 310l apXHTeKType I
IIOUeMY OHA ITOJXOIHT I 3TOH 3aJIaum.

StanoH oTBeTa: RPN reHeprpyeT "IIpe IOk eHHA" perHOHOB (anchor
boxes), KOTOPBIE ¢ BBICOKOH BEPOATHOCTBIO COJIEPAAT O0BEKTHI. JIIId
MHKPOAHEBPH3M, KOTOPHIE ABIAIOTCA METKHMH O0BEKTaAMIH, 3TO
MO3BOIAeT 3P PeKTHRHO CKAaHHPOBATh BCE M300paKeHHe H IIpe rarath
KaHIHAATHI LA TI0CIIeYIOIeil TOUHOH KIacCH(HKAIII H PETPECCHH
bounding box.

I1IK-6.1, I1IK-8.2

Lh

CuryannoHHasd 3agaya: [Ipu pabote ¢ 3D KT-ckaHaMH 114 OI[eHKH
00BéMa oImyXonH Jérkoro odyuerne 3D CNN IIpOHCXOIHUT KpaiiHe
MeIeHHO. Kakme cTpaTeriH MOKHO IIPHMEHHTD JIIA OIITHMH3AI[HH
IIpoIecca oo yueHHa?

OtanoH oTBeTa: Hcmons30Bats cyomicKkpeTH3aizo (downsampling)
HCXOMHBIX 00BEMOB, IIPHMEHATh 3D -ayrMeHTAaIlII0 Ha JIeTy, 00yuaTh Ha

YK-1.2, OIIK-6.1
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naTyax (rmogo0aacTax) BMECTO IelbIX OOBEMOR, HCIIOIE30BATH
npegoO0ydyeHHBIe 3D-MOIeH (eCIH eCTh), 3aJlefiCTROBATh HECKOIBKO
GPU.

CHTyalroHHaA 3aJa4ya; Moiels 1 KiIacCH(PHKAIHH CHIMKOB KOKH
MTOKA3BIBAET BHICOKHIT recall id MeTaHOMBI, HO HI3KHIT precision,
BBI3BIBASA MHOTO JIOKHBIX TPeBOI. KaK MOKHO CKOPPEKTHPOBATh PaboTy
MO/JIEIH, YTOOBl YMEHBIINTh HArPy3Ky Ha Bpaueii?

OTanoH oTBeTa: IIOBBICHTE ITOPOT KIacCH()HKALHH I
MOJIOAKHTEIHHOT 0 Kilacca (MelraHoMa) 1o KpuBoit Precision-Recall.
Hcmonp30BaTh MeTPHKY F2-score 114 OITHMI3ALRIH, YTOOH recall
OCTABAJICA BEICOKHM, HO Precision yayuumica. [JoO0aBHTE BTOPOIL 3Tall
ITPOBEPKH (KaCKaHYE MOJIEIb ) I COMHHTEIBHEIX CIIYUAEB.

YK-1.1,I1IK-8.2

CuryaroHHaq 3agava. [IpH pa3pepTHBAHHH MOJETH JIeTEKI[HH
COVID-19 1o KT B KIMHIKe BO3HHKIA ITpo0iIleMa: MOJIEIb ILI0XO
padoTaeT Ha CHHMKAX, C/IeJIaHHEIX Ha allllaparax IPyroro
MIPOM3BOIHTENI. B U€M BepOATHAA IPHUMHA H KaK €€ YCTPaHHUTh?
OTtanoH oTBeTa: [IpHUIHa — JOMeHHBIT CIBHT (Pa3IIUid B IIPOTOKOIAX
CHEMKH, XapaKTePHCTHKAX aIllaparoR). Y CTPaHHTh: coOpars H
no0aBHTE B 00yUeHIe JaHHbIe C HOBOTO aIdIapara, HCIIOIb30BaTh
METOJIBI JOMeHHOIT afarrrari (domain adaptation), TpHMEHHTE

ayT MEHTAIHIO, IMHTHPVIOIIVIO Pa3Hble CTIIIH H300paske HIi.

YK-1.2,1IK-6.1

CHTyallloHHAaA 3aj1aua. Bpaun-peHTTeHOIOTH XOTAT TTIOHATE, Ha KaKHe
00JIacTH PeHTTeHOBCKOr O CHHMKA MOeNh o0palaeT BHIMaHHe ITPH
IIOCTAHOBKE JHArHo3a "mepenoM’ . KakoH MeTO]T BH3yaTH3aIlHH
aKTHBAIII CINN BEI IPHMEHHTE H KaK €TI0 HHTEPIPETHPORATE?

OtanoH otBeTa: Metox Grad-CAM (Gradient-weighted Class Activation
Mapping). OH co3aeT TEIUIOBYIO KapTy, HAKIIAIbIBAEMYI0 HA HCXOIHOE
n3o0paxeHue, rae Hanbomee "ropAaure” o0IacTH COOTBETCTBYIOT
y4JacTKaM, HaHOolIee BakHbIM 1A ITPeACKa3aHi I MOJIEIH. 3TO
TO3BOJIHT BpauyaM ITPOBEPHTE, COBITAAAET JIH (POKYC MOJEIH C
KIHHHYECKH 3HAUHMBIMH 30HAMH.

OIIK-6.1, IIK-8.2

CHuTyaloHHaA 3ajaya: J[1s 3a1aui MyIbTHKIACCOBOI KIacCH(HKAI[HIH
BH/IOB OITYXOJEH I'OIOBHOTO Mo3ra Ito MPT BRI cpaBHHBaeTe
3¢pexTHBHOCTS "Taxenoil” Momemt ResNet-101 i "merxoii”
MobileNetV2. Kakmne akTopsl, IIOMHMO TOUHOCTH, HEOOXOIHMO VUeCTh
I BEIOOPpA MOJEIH K BHEeIPEHHEO?

StanoH oTBeTa: CKOPOCTh BEIROJA (Inference time), TpeboBaHHA K
BEIYH CIIN Tes HEIM pecypcaM (CPU/GPU, maMArs ), BO3MOKHOCTE
pa3BepTHIBAHNA HA MOOHIBHBIX YCTPOHCTBAX HIIH B YCIOBHAX
OrPaHHUYEHHOI' O HHTEPHETA, HHTEPIIPETHPYEMOCTE Pe3YIbTaTOR.

YK-1.1, YK-1.2

10

CuTyarpoHHad 3ajgava: B mpoekTe Mo co3gaHni CAD-CHCTEMEI LA
MamMmMoTrpadrH He 00X0IHMO 00eCIIeUNTh MAaKCHMAIBFHO BO3MOKHYI0
UyBCTBHTEILHOCTE (recall) mna oGHapyKeHI 3M0KayeC TBEHHBIX
oOpa3zopaHmii. Kakoii moaxo 1 K 0OyUeHHI0 H OLleHKe MOJIeNIH BEL OyjieTe
HCIIOH 30BaTh?

OTanoH oTBeTa: McIons30BaTh (PYHKIMIEO IIOTEPE, UYBCTBHTEILHYIO K
micOarancy (HampmMep, Focal Loss). OINTHMI3HPOBATE MOJIEINE I10
MeTpHKe recall Ha BaTHIAIOHHOI BEIOOPKE. Y CTAHOBHTE OUE€HDL HI3KIIT

I1IK-6.1, I1IK-8.2
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IIOPOT KIAacCH(MHKAIIHH )1 IIOJIOKHTEIBHOIO Kiracca. [IpoBecTH aHAIH3
KpHBoil Precision-Recall i BerOpaTs ToOUuKy, oOecrieunBaroly o recall
>95% maxe B yIepd precision.

3aJIaHUsI TSI CaMOCTOSTEIILHOHM paloTEl

KOHTpOIEHEIH BOIPOC: CpaBHHUTE ITPHHIMMIIE pabOTH H oBIIacTH
npuMeHeHHs KaccHdecKHX CNN (2D) 1 TpéxmepHEx CNN (3D) B
MEIHI[HHCKON BHIYATHIAIMH . [[pHREIHTE ITPHMEPHL 3aj(a4 JULT KAXKIOTO
THIIA.

1 StanoH oTteeTa; 2D CNN obpabaThBaroT JBYMEPHEIE CPE3RI, TIOAXOMAT YK-1.1, I[IK-6.1
JUI PEHTTEHOTPAaMM, THCTOIOTHYECKHX CHHMKOR, CHHMKOR TIIA3HOTO JHA.
313 CNN paboTtaroT ¢ o6 EEMHEIMH JIJAHHEIMH, COXPAH I
IIPOCTPAHCTBEHHEIH KOHTEKCT, H He3aMeHHWMEI JiiIa aHamH3a KT, MPT,
13T (HamprMep, CETMEHTAIHM A OIIYXOIHM, OI[cHKA OB hEMA OpraHa).

KonTponsHu# Bonpoc: OOEACHATE, KaK apXHTekTypa EfficientNet
TOCTHTAET BEICOKOH 3(PPEeKTHRHOCTH (TOUHOCTE/ BEIMHCIHTEIEHEIC
3aTPATEHL) H TIOYEMY 3TO BAKHO I8 BHEAPEHHSA B KIIHHHYE CKYEQ
p2KTHKY? . OIIK-6.1, [1K-

2 OtanoH oteeTa: EfficientNet HeTons3yeT cocTaBHOE MACIITASHPORAHHE g 7
(compound scaling), KOTOpoe COrIACOBAHHO YREIHYHBACT FIyDHHY, '
IIHPHHY H Pa3pellleHHE CETH. 3TO IIO3BOMAET JOCTHYR IYUILIETO KaYeCTRA
IIPH MEHEBIIEM KOIHYECTRE IIAPAMETPOR H OIIEPALHH, UTO YCKOPAET
IIpe/ICKa3aHHE H CHHIKACT TPeOOBAHH K AlIApaTYpE.

KOHTpOIEHRIH BOIIpOC: YTo Takoe "1mpofileMa HeUe3aroUero rpajJueHTa"
B TIYDOKHX CETHAX H KaK apXHTeKTypHEIE perreHHs ResNet u DenseNet
PEIIAIOT €€ II0-PATHOMY?

STanoH oTeeTa: [IpH obpaTHOM pacpocTpaHeHHH B ITyDOKHX CeTHX ¥YK-1.2, OIIK-
TPajITHEHTRI MOTYT CTAHORHTERCS YPE3RRYAWHO MATRIMH. ResNet perraer 6.1

3TO € TIOMOILEI0 sKip-connechions, KOTOPRIE IIPOITYCKAIOT TPAJHUEHT.
DenseNet coegHHAET KXKRIH CI0H €O BCEMH IIOCIIE AYIOILMMH,
obecreyrBas MHOXECTBEHHEIE TTYTH JIIA TIOTOKA IPA/HEHTA H IIPHIHAKOR.

KOHTpOIRHRIA ROIIPOC: KAKOREI OCHORHEIE 3TAITH TIOIHOIO KOHBREHEpA
(pipeline) nojarororku U obyueHHs CNN I8 Ki1acCH M KaI[HH
MEIHI[HHCKHX H3I00paKeHIH, HAYHHAN C CRIPRIX AaHHREIX (DICOM)?
OtanoH oTeeTa: 1. Ytenne H xoHBepranus DICOM/NITTI B mioxo i
4 topmar (Hanpumep, JPEG/PNG qus 2D, MaccHBEl NumPy gus 3D). 2. YK-1.2, 1IK-6.1
[TpegobpaboTka (HOpMaTH3IAI[ K, H3IMECHEHHE pa3Mepa). 3. AYyTMEHTAI[HA
TaHHEIX. 4. Pa3fienenne Ha train/val/test. 5. Bribop 1 HacTpoiika
APXHUTEKTYPEI MojleIn. 6. ObyueHIe ¢ MOHMTOPHHTOM METPHK. 7.
Bamujaiisg 1 TeCTHPORAHHE. 8. HTepIpeTaH A H PATEEPTHIRBAHHE.

5 KOHTPOIEHRIH BOIIPOC: B 4éM 3aKIIIOYAIOTCA OCHOBHEIE PAIIHYHA MEXAY | 11K-6 1. [IK-8.2
oHo3TanHEMH (Y OLO, SSD) u geyxatanmHeiMi (R-CNN ceMefCTRO)
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