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AHHOTANMA
Kypc 3HakoMUT CTyIEHTOB C COBPEMEHHBIM COCTOSIHUEM MAIIMHHOTO OOY4YeHHS M HCKYyCCTBEHHOI'O
MHTEJJIEKTA: OT KJIACCHYECKHX aJITOPUTMOB 10 IIyOOKOTo OOy4YeHMs M IMOCIEIHUX NOCTHKCHHH B 00IacTH
HCKYCCTBEHHOTO HHTEJIEKTa. B pesynbrare CTyOeHTHl (OPMHUPYIOT YCTOWYMBYIO TEOPETHUECKYIO 0azy H
MPAaKTUYECKUE HABBIKY JUIsI JAbHEHIIIero pa3Butus B oomactu M.

MeTopl MAITMHHOTO OOYYEHUS HAILIM IPUMEHEHHE BO MHOTUX OOJIACTAX M OKa3aid 3HAYUTEIbHOE BIIHSHHUE
Ha pa3lWyHble NpeAMEeTHble oOnacTu. B maHHOM Kypce paccMaTpHBAIOTCS OCHOBHBIC pE3yNbTaThl,
JNOCTUTHYTBIE B 00pa0OTKE €CTECTBEHHOTO SI3bIKa, OOYUYEHUH C TOAKPEIUIEHHEM U KOMIIBIOTEPHOM 3peHuu. B
XOZI€ AaHaJM3a TIOIXOAOB, IO3BOJMMBIIMX JOOMTHCS 3HAUUMBIX YCIIEXOB B pa3JIMUHBIX 0O0JacTsX,
00OHapy>KUBAeTCA, YTO OHU CHIJIBHO B3aMMOCBSI3aHbI U, 00JIee TOro, 3a4acTyl0 MOTYT JOMOJIHUTH Ipyr apyra. B
JAaHHOM KypC€ pacCMaTpHUBAIOTCAd KaK TEOPETUYECKHUE OCHOBBI CYNIECTBYIOUIMX IOIXOAOB K Pa3IHYHBIM
3aJayaM, Tak ¥ UX TEXHUYECKas peann3auys U MePCIeKTUBbI Ui JaIbHEHIIEro pa3BuTHsL.

1. leau u 3apauun
eap AUCUMNIMHBI
c(hOopMHUPOBATH TEOPETUYCCKUE M TIPAKTUYECKHE 3HAHWUS B OOJNACTH OOyYEHHS MAallluH, COBPEMEHHBIX

METOJOB BOCCTAHOBJIEHHSI 3aBUCUMOCTEN IO SMIMPHUYECKUM JAHHBIM, BKIIIOYas NTUCKPUMHUHAHTHBIN,
KIIACTEPHBIN M PETPECCHOHHBIN aHAIN3, YACTUYHOE 00yUeHHE.

3agauu AU CHUIIHHBI

NpaBWIBHO (OPMYIMPOBATh 3a7ady B TEPMHUHAX MAIIMHHOTO OOY4eHHs, OBJIAJECTh HaBBIKAMH
MPaKTUYECKOTO PEIICHUS 3a7jad HHTEJUIEKTYalbHOIO aHAIN3a JaHHBIX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

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

OIIK-1.1 3HaeT W cHocoOGH  WCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1 Bnaneer cuctemoit pynnamentransabix |OIIK-1.2 CrnocobeH 0600marh U KPUTHYECKH OIICHUBATH
Hay4YHBIX 3HAHUH B 00acTu OIBIT M pPE3yJbTaThl HAYYHBIX HCCIICJOBaHUI B 00IacTh
(HU3MKO-MaTEMaTHYECKUX HAyK npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCLIUIIMHAPHBIC CBS3U B O0JIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHnn 3a/1a4 NpoQecCHOHATBHON AEATENbHOCTH

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
pellieHUE MOCTABICHHOM 3a/1a4H, POBECTH (U3MKO-MaTEeMaTHICCKUX HAYK JUIS PEIICHUS TIOCTABICHHOM
aHaJnu3 pe3yNbTara v MPEJCTaBUTh BBIBOJIEI, 3aa4¥, GOPMYIMPOBAHHUS BHIBOJOB U OLICHKH MOJTYYCHHBIX
MPUMEHSS 3HAHUS ¥ HABBIKK B 00JIACTH pE3yNbTaToB

(puzuKo-MaTeMaTHIECKUX HAYK U OIIK-4.3 Cnoco0eH apryMEeHTHPOBAHO BBHIOMPATH CIIOCOO
MH(OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX MPOBEACHUS HAYYHOI'O MCCIEI0BaHU

TEXHOJIOTU I

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeI0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETaMU TPUKIIAQTHBIX
MporpaMm) B n30paHHOU MIPEIMETHOM 00IacTH

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HAThb!

OCHOBHBIE NPUHIMIBI M MPOOJIEMaTHKy TEOPUH OOy4YeHHs MAIlH, OCHOBHBIC COBPEMEHHbIE METOJIBI
00y4eHHUH 10 NpeneneHTaM — Kilaccu(UKaUK, KJIACTEPU3alUU U PETPECCHH.
YMETB:



(dbopmann3oBaTh MOCTAHOBKM NPHUKIATHBIX 3ajad aHAJIW3a JaHHBIX, HCIIOIb30BaTh COBPEMEHHBIC
MeToAbl OOydeHHs IO TpeleAeHTaM JUIsl pelIeHHs NPAaKTHYECKUX 3ajad, OLIEHHBaThb TOYHOCTb U
3¢ GEKTUBHOCTD MOIYYEHHBIX PEIICHUH.

BIIAJICTh:

OCHOBHBIMH IMOHATHUAMHU TCOPUH MAIUHHOTI'O O6y‘leHI/I$I.

4. Conep:xanue TUCUMILTUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTHBI
Jlekunu | CemuHapsl JIabGopar. paboTsl Camocr.
P pat-p pabora
1 Metoapl  00paOOTKM  €CTECTBEHHOTO 10 20 15
SI3BIKA
2 Beenenune B o0yueHne ¢ MOJKPETIICHHEM 10 20 15
3 Imybokoe oOydeHHE B KOMIBIOTEPHOM 10 20 15

3peHUH

BBenenne B MammHHOE — OOyueHHeE.
4 MeTpuueckie  ajJroOpuTMbI,  OILIEHKA 5 10 10
KadyecTBa Moese

5 JIuneitnsie Monenn 5 10 10
6 HepeBbs 1 ancamOnu Mozeneit 5 10 10
7 Pabdora ¢ mnpumzHakamu. OrpaHudeHUs 5 10 10
MAaIIMHHOTO 00y4YeHHUS

8 Bgenenue B ryOokoe o0ydeHme 5 10 10
9 OO0yuenne 0e3 yaurens 5 10 10
Hroro yacos 30 30 120 105
[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 315 gac., 7 3au.eq.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennutit)
1. MeToapt 00pabOTKH €CTECTBEHHOTO SI3bIKA

IIpencraBneHne TEKCTOB B BEKTOpHOI (opme. Kiaccnueckne moaxonsl ¥ MOAXObI, OCHOBAHHBIC HA
TTyOOKOM o0OyueHuH. Word2vec, GloVe. JlatenTHOE (cxpsITOC) MpEACTaBICHUE
[OCJIEA0BATEIBHOCTEN C IIOMOIIBIO PEKYPPEHTHBIX HEHPOHHBIX CETEH.

[Mpobnema 3aryxaromero u rpamueHra (Vanishing gradient). [lpoGiiema Bcruiecka amILTUTYbI
rpaauenta (Exploding gradient). CBepTouHbIE CETH B aHAIM3€ TEKCTOB.

Mammunssit iepeBof. Mcropuyeckuii skckypc. CTacTHCTUYECKM MamIMHHBINA mepeBon. OleHka
KadecTBa nepeBona. HeiiponHele ceTr B MammHHOM riepeBoje. [lonsTre xomuposnmka (encoder) u
nexonupoimka (decoder). JlygeBoii mouck (beam search).

Mexanusm BHUMaHUs (attention) B MCKYCCTBEHHBIX HEMPOHHBIX CETAX. MeXaHHW3M BHHUMAaHHS B
MAaIIMHHOM TIEPEBOIE.

Apxutektypa Transformer (Attention Is All You Need). Mexanuswm self-attention.



[IpenoOyuennsie npeacrapnenns (embeddings). ApXUTEKTYpBI U TIpUEMBI, HcTolb3yeMbie B ELMo,
GPT (1, 2, 3), BERT, RoBERTa.

2. BBC,I[GHI/IG B 06yquI/Ie C MOAKPCIIJICHUEM

Uctopuueckuii skckypc. OCHOBHbIE TOHATHS 00y4yeHHMs C moAkperieHneM. Crparerus. ATreHT.
Cpena. MeToa niepeKkpecTHON SHTPOMUU. [ eHeTHUEeCKUil anropuTM.

VYpaBuenus bennmana. Metnonsr value iteration, policy iteration. Value-dyHkuus, q-QpyHKIUS.
OoOyuenne 0Oe3 momenu cpensl. Q-learning. [IpoGnema aBrokoppemsuuu. Double Q-learning.
Experience replay. O630p 1oCTHKEHHIA TOCIEIHUX JIET.

Ouenka rpaaveHTa Ajs B CiIydyasX, KOTJa HAaWTH TpaAMEHT aHAJUTUYEUYCKU HE IPEICTaBISETCS
BO3MOXHBIM. Log-derivative trick. I'paguent mno mnomutuke (policy gradient). Ausroputm
REINFORCE.

[Monyuenne Oonee ycTOWYMBBIX OIIEHOK Ha TpaaumeHT. Baselines. Meron Advantage Actor Critic
(A20).

Mertonsl o0yyeHHs ¢ TOAKPEIUICHWEM B NMpHUKIagHbIX 3azadax. Self-critical Sequence Training (B
3a/1aue TeHepaIui TeKCTa).

3. I'myGokoe o0y4yeHHnEe B KOMIIBIOTEPHOM 3pEHUH

Hcropuueckuili 3kckypc. MeTopl, IMIMPOKO HCHOJIB30BABIIMECA A0 IMONYISPU3ALMU HEUPOHHBIX
cereil. [Ipenobyuennsie monenu. JlooOyueHue Monenelt oa KOHKPETHYIO 3aady.

3amaua pacro3HaBaHUSI W OOHapykeHHs 00BeKTOB Ha wu3o0paxenuu. Object detection. O630p
UCIOJIB3YEMBIX o1x010B Ha npuMepe apxutektyp: R-CNN, Fast R-CNN, Faster R-CNN, YOLO (1,
2,3.4).

Cermenranus n3o0paxennid. O030p UCTIONB3YEMBIX MOX0/I0B Ha ipuMepe apxutektyp U-Net, Mask
R-CNN.

[lepenoc cruneit Mmexxay H300paskeHUSIMU C TIOMOLIBIO HEHPOHHBIX CETEH.

I'eneparuBHbie cetn. Bapnaunonssiii aprokoauposiuuk (VAE). [enepatuBHbIie cocTA3aTeNbHBIE CETH
(GAN). [TonsiTie reHeparopa u TMCKpUMUHATOPA. MHOTOKpUTEpHAIbHAS ONTUMHU3AIIHS.

O030p aKkTyaJIbHBI 3a/1a4 KOMIBIOTEPHOTO 3pEHHs: OMOMETpHUs, TPEKHHI OOBEKTOB B Kaape, aHaJn3
MIOBE/ICHUSI, OLIEHKA JIOPO’KHOM CUTyalllu B aBTOIMJIOTAX, MOBBIIICHUE pa3penieHus (super-resolution
imaging) u mp.

Cemecrtp: 2 (Becennuit)
4. BeeneHne B MammHHOE 00y4yeHne. MeTpudecKkue alropuTMBI, OIICHKa KadecTBa MOJIEIICH

OCHOBHBIE MTOHSATHSI B MAIMHHOM 00yueHunH. O030p NPUIIOKEHNH MalTMHHOTO 00yueHust. O0y4eHue
c yuurenem u 0Oe3 yuutensd. 3agaud: KiaccU(UKALMs, pErpeccHs, KIacTepu3alus, CHUKECHUE
pa3sMepHOCTH.

Mertpuueckre anroputMbl. Metox Ommwkaiimmx coceneit (kNN) B 3agade kinaccupukanuu u
perpeccun. Kimacrepuzauus u anroputm k cpenaux (k means).

BaitecoBckuit moaxoz. [lonsitue npasaomnono6us. HanBueIl OaliecoBCckuii Kiraccudurarop.
OTtnoxennas BeiOopka. Kpocc-Banupanus. [lepeoOyduenne n HegooOydenue. [ unepnapamerpsl.

5. JImueltHBIC MOACITH

JIuneiinas perpeccus. MeTton HaMMEHbIIMX KBaApaToB. ['paguEHTHBIM CIyCK M CTOXaCTUYECKHUI
rpagueHTHeId  crmyck.  IlepeoOyuenme  momenedd.  Perymsapuszamust  TuxoHoBa.  Teopema
l'aycca-MapxkoBa. @yHKIIMHU IOTEPH B 3a7a4€ PETPECCHUMU.

Jluneiinas knaccudukanus. [lonstTre orcryma. @DyHKIMM TOTeph B 3ajade KIACCUPHUKAIHH.
Jloructuueckas perpeccus. Meron Hanbonbliero npasgononoous. Jloructuueckas QyHKIHS OTEPb.
Oynknuu  Softmax, Sigmoid. MuorokiaccoBast kinaccudukanus. Perymspuzanms JTHHEHHBIX
KJ1accu(pUKaTOpOB.

MeTtonpl omeHKH KadecTBa kKiaccudukanuu. Accuracy, Precision, Recall, ROC-AUC, PR-curve,
Confusion matrix.



Merton onopHbix BekTOopoB (SVM). Teopema Kapyma-Kyna-Takepa. /IBoiicTBenHast 3aiada. [Tonstie
onopHbIX BekTopoB. Kernel trick (moamena sinpa). Perynspuzanns 8 SVM.

Merton tnaBubix kommnoHeHT (PCA). Teopema Oxkapra-Snra. SVD-paznoxenue. 3aBUCHMOCTh
OOBSCHEHHOH TUCTIEPCUH OT YMCJIa KOMIIOHEHT.

6. JlepeBbs u aHCcamMOu Mozeneit

Cwmemienne u paszbpoc. Bias-Variance decomposition. HeycroitunBocTh Mojeneli MammHHOTO
oOyueHwusl.

Pemaromee paepeBo. PekypcuBHas mpoueaypa MOCTPOSHHS pelIaromero aepesa. Kpurepuu
WHPOPMATUBHOCTA B 3ajadye KIACCHU(UKAIMW: DHTPONHIHGIA, JKMHU; B 3ajade perpeccuu.
[TepeoOyuenne pemaronux aepeBbeB. [IpyHuHT. Perynspusanus pemarmonmmx 1epeBbeB. AITOPUTMBI
nocrpoenust: ID3, C4.5, C5, CART. Hebunaphsie pemaroniue fepeBbsi. CBS3b pelIaonux 1epeBbeB
Y TMHEHHBIX MOJICIICH.

Byrcrpan. Barrunr. Out-of-bag error. Mertoj ciy4vaiinbix moanpoctpanctB (RSM). Cnyuaiinsrii jec
(Random Forest). Pazsutne nneu: Extremely Ranfomized Trees. CpaBuenne Random Forest u
Metpudeckux anroputMoB (KNN). Isolation Forest.

CTeKkuHT U OJICHAWHT MOJIEIel MaIIMHHOTO 00yUeHHUSI.

Byctunr. Uctopuueckast cripaBka, anroput™m AdaBoost. I'paguentasiii 6yctunr (GBM).

7. Pabora ¢ npuszHakamu. OrpaHUYeHUs] MATMHHOTO 00yYeHHUS

[poknsatue pasmeproctu. No Free Lunch Theorem, Wolpert (Teopema o OecratHbix 00enax).
[punnun “Garbage in — garbage out”.

Tunbel TpU3HAKOB: KOHTHHyallbHBbIE, OWHApHBIC, KareropuajbHbie. Pabora ¢ pa3peXeHHBIMH
npusHakamu. Pabota ¢ npomyckamu.

Pabora ¢ TekcToBbIMU JaHHBIMU. Meriok cioB (bag of words), TF-IDF.

Orenka 3HAYMMOCTH TIpU3HaKoB. Permutation importance, Partial-dependence plots, shap. Recursive
Feature Elimination. LARS.

8. Beeznenue B mrybokoe oOyueHue

Ucropnyecknii 3kckypce. MckyccTBeHHblE HEMpOHHBIE ceTH. Maremarndeckas MOJENb HEHpoHa
Makkanoka-ITurrca. [Tepcentpon Pozen6narra. [Ipobiema uckimrodatomero win (XOR problem).
OcHoBHBIE MOHATHS B I1yOokoM oOyuennu (Deep Learning). Meton obparHOro pacipoCTpaHEHHS
ommbku (backpropagation). ®@ynkuun aktuBanuu: Sigmoid, Tanh, ReLU, Leaky ReLU, ELU,
Softmax. [1omHOCBSI3HBIHN CITOM.

I'pagnenTHast onTUMHU3AIMS B ITyOOKOM 00y4yeHHU. MeTo/ibl, OCHOBaHHBIE HA IPAJUEHTHOM CITyCKE:
Momentum, Nesterov Momentum, Adagrad, Adadelta, RMSprop, Adam, AdamW. Learning rate
decay. HauanbHast nHUIIMAIM3AIHS TAPAMETPOB HEMPOHHOM CETH.

Perynsipuzanuss B HeWpoHHBIX ceTsx. Batch normalization. Instance and layer normalization.
Dropout. Weight decay. AyrMeHTanust JaHHBIX.

Pexyppentusie Heliponnsie cetu. RNN. [IpoGnema 3aryxatomiero rpamuenta (Vanishing gradient).
Mexaum3m namsitu B LSTM u GRU. PexkyppeHTHble HEHpOHHBIE CETH B aHajJM3€ TEKCTOB MU
MIOCJIEI0BATEILHOCTEM.

Ceeprounble HelpoHnble cetn. Omepamms cBepTku. CBeprouHbldi cioit (convolutional layer).
Hopmanuzanus nmanubix. Pooling layer. IIpobpoc rpaguenta ¢ momouibio skip connections.
Uctopuueckuit 0030p apxuTekTyp U ux ocHOBHBIX cBoiicT: LeNet, AlexNet, VGGNet, GooglLeNet,
ResNet.

Krnaccuueckne moaxoapl K BEKTOPU3ALMM TEKCTOB. BeKTOpHOE mpeacTaBiIeHUE CIIOB C MOMOILBIO
HelpoHHbIX ceTeir. Word2Vec, GloVe.

CHIDKeHHEe pa3sMEpPHOCTH C IIOMOINBI0 HEHPOHHBIX CeTed. ABTOPHKOAEPHI B PA3IMYHBIX 3a/adax
(cHMXeHHE pa3MEPHOCTH, (PUIIBTPALIUS IIIyMOB, IIOMCK AaHOMAJIH).

9. Obyuenue 6e3 yunurens

Knacrepuzanus. Merpuueckuil monxon, amroputMm k-means. Hepapxuueckas Kiacrepusanys.
Anroputm DBSCAN.



MeTtonsl CHWXKEHUS pPa3MEpPHOCTH. MHoromepHoe mikanupoBanue. Isomap. Locally Linear
Embedding. SNE, t-SNE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VuebHas ayquTopHsl, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIUHHBIM 000py10BaHUEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

[penocrapnsercs Ha 6a3oBoii Kadeape:

1. Hetiponnsie cetu [Tekcr] : OOyuenue, opraHu3anus U MIpUMEHEHHE ; y4e0. mocoowue /it By30B / B.
A.TomoBxo .— M. : UITPXP, 2001 .— 256 c.

2. Maremarnueckas cratuctuka [ Tekcr] : [yueOnuk mis By3oB] / A. A. bopoBkoB .— [3-e u3n., uctp. ]
— M. : ®uszmariut, 2007 .— 704 c.

3. Maremaruueckas crarucTika [ TekcT] : olieHka mapamMeTpoB,IpOBEpKa rUIoTe3:y4ued.mocodue s
By30B:1011.M-Bom o6pazoBanust CCCP / A. A. bopoBkoB .— M. : Hayka, 1984 .— 472 c.

4. Deep Learning / I. Goodfellow, Y. Bengio, A. Courville. Deep Learning. MIT Press, 2016.

5. Pattern Recognition and Machine Learning / Christopher M. Bishop. Springer, 2011

6. Reinforcement Learning: An Introduction / Richard S. Sutton and Andrew G. Barto. MIT Press,
Cambridge, MA, 2018

7. Maremarudeckas ctaructuka [ Tekcr] : yued. mocobue mis By3oB / A. A. Haran, O. I. [opb6ayes, C.
A. T'y3 ; Mock. ¢pusuko-texa.us-T1 (roc.yH-T .— M : M3 Ilpecc, 2004, 2005 .— 160 c.

8. Maremaruueckas craructuka [Tekcr] : [yaeOHuk yist By30B] / A. A. bopoBkoB .— [3-€ U3, uctp. |
— M. : ®uszmariut, 2007 .— 704 c.

JomnonHurenbHas aureparypa

[penocrapnsercs Ha 6a3oBoii Kadeape:

1. Maremarnyeckas craructuka [ Tekcr] : yue6. mocobue s By3oB / A. A. Haran, O. I. T'opbaues, C.
A. T'y3 ; Mock. ¢pusuko-texa.us-T (roc.yH-T .— M : M3 Ilpecc, 2004, 2005 .— 160 c.

2. llpuknagnas craructuka. [lpunouns! u npumepst [ Teker] : [y4ue0. mocoOue mst By3os] / J. Koxke, O.
Cuenn ; ep. ¢ aunn. E. B. Uenypuna ; nox pen. FO. K. bensiera .— M. : Mup, 1984 .— 200 c.

3. JlocToBepHBIH U MPaBIOIIONOOHBIN BRIBOJ B HHTEIUICKTYIbHBIX cucTeMax [Tekcr] / B. H. Barun [u
ap.] - M.@uzmariut,2004

4. Deep Learning / I. Goodfellow, Y. Bengio, A. Courville. Deep Learning. MIT Press, 2016.

5. Pattern Recognition and Machine Learning / Christopher M. Bishop. Springer, 2011

1. llpuknagHas Hemapametpuueckas perpeccus [ Teker] = Applied nonparametric regression / B.
Xapme; niep. ¢ anr1. A. B. Hasuna, non pea. M. b. MamtoroBa .— [Hayunoe uza.] .— M : Mup, 1993
— 349 c.: un.

2. O6yuenwue ¢ nmonkperuienrem / P. C. Carron, 3. I. bapto ; iep. ¢ annn. E. O. Pomanosa nog pexn. HO.
B. Tromennea .— 2-e uzn. — M. : bunowm. Jlaboparopust 3nanuii, 2014 .

3. 3agaun knaccuuKanyu 1 UX nporpamMmmHoe obecnedenne (maket kBazap) [Tekcr] / B. C. Kazanues ;
otB. pen. B. JI. Mazypos ; Akaza. Hayk CCCP, Ypanbckoe OTA-HUE, HH-T MaTEMAaTUKA U MEXaHUKH .—
M. : Hayka, 1990 .— 136 c. : u.

4. MopenupoBaHue CIOXKHBIX CUCTEM TI0 IKCTIEPUMEHTaIbHBIM JIaHHBIM [ Tekcer] / A. T. Baxuenko, 1O.
I1. FOpaukoBckuii .— M. : Pagmo u cBs3p, 1987 .— 120 c.

5. AnroputMmbl 0OHaApy>KeHHsI SMIHpUIeckux 3akoHoMmepHocteit [ Texct] / H. I. 3aropyiiko, B. H.
uikuH, [. C. JIOoB ; otB. pen. B. A. Cxopoboraros ; Akaa. Hayk CCCP, Cubupckoe ora-aue, MH-T
Maremaruku .— [Hayunoe u3n.] .— HoBocubupck : Hayxka, 1985 .— 110 c. : wi.

6.Boccranosnenune 3aBucumocTeil no smnupuueckuM gaHabM [Teker] / B. H. Bannuk .— M. : Hayka,
1979 — 447 c. : un.

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

1. https://ml-mipt.github.io — caliT ¢ onrcanneM Kypca U CCbUIKAMU Ha JIOTIOIHUTEIbHBIE PECYPChI



2. http://www.machinelearning.ru — npodeccrnoHanbHbI HTHPOPMATMOHHO-aHAIMTHYECKUN pecypc,
MOCBAIIEHHBII MAIIMHHOMY OOY4EHHIO, PACIIO3HABAHNIO 00Pa30B M MHTEIUICKTYaJIbHOMY aHAJIN3Y

JTAHHBIX.
3. http://shad.yandex.ru — caift nrkoisl aHanM3a NaHHEIX SIHIEKCA.

4.
http://www.machinelearning.ru/wiki/index.php?title=Mammunoe o0yuenne (xypc sekmuii, K.B.Bop
OHIIOB)

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nekunoHHBIX 3aHATHIX HCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPAIIHIO
MpEe3EHTAlNN.

B npouecce camocTosTenbHOM PaboThl 00YUaIONIUXCs MPEIIONaraeTcsi HCIO0Ib30BaHUE TAaKUX
MPOrpaMMHBIX CpeACTB, kKak git, CLI (command-line interface), Jupyter Notebook u ap.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4yalOlM{d AWCUUIUIMHY, JOJDKEH C OJHOMW CTOPOHBI, OBJAAETh OOIIMM IMOHITHUHHBIM
afrnaparoM, a ¢ Apyroil CropoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3yiabTare U3yUCHHUA AUCHUIIIMHBI CTYACHT AOJKCH 3HAaThb OCHOBHBIC ONPCACIICHUSA NUCHUIIINHBI,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA IJId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaNPsDKEHHOMW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

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

— peleHue 3aad, MpeAgaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHO 10OWTHCS MOHMMAaHUS M3ydaeMOro MaTepuala, a He MEXaHHYECKOTro ero 3armoMmuHaHus. [lpu
3aTPYINHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku

kadeapa MHHOBAIIMOHHON (papMalieBTHKHU, MEIUIIMHCKON TEXHUKH W OMOTEXHOJIOTUU
Kypc: 1
KBaJIMpUKALUS: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

Pa3zpatGoTunk: JI.A. Ypouues, kaHz. ¢pu3.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1 Bnaneer cucremoit ¢pyranamentanbibix |OIIK-1.2 CriocoOeH 0000maTh W KPUTHYECKH OIICHHBATH
HAyYHBIX 3HAHHI B O0JIACTH ONBIT W PE3yNabTaThl HAyYHBIX HCCIEIOBaHUI B 001acTu
(hM3UKO-MaTeMaTHIEeCKUX HayK npodecCuoHaTbHON e TEIHHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-4 CriocoOeH ycITenTHo peain30BhIBaTh OIIK-4.2 CrocobeH TpPUMEHATh 3HAHWS B 00JacTH
pelIeHne MOCTaBICHHON 3a]]auu, IPOBECTH (U3MKO-MaTeMaTHYeCKUX HAyK JUIS PEIICHUS TIOCTABICHHOM
aHaHM3 pe3ylibTara U MPEJICTABUThH BEIBOJIBI, 3aaun, (OpPMyYIMPOBAHUS BBIBOJOB M OIEHKH IOTYYCHHBIX
MPUMEHSISl 3HAHVSI ¥ HABBIKH B 00JIACTH pe3yabTaToB

(puzuKo-MaTeMaTHICCKUX HAYK U OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
HH(I)OpMaHI/IOHHO-KOMMyHI/IKaLIHOHHHX NPOBCICHUSA HAyYHOI'O UCCICAOBaHUS

TEXHOJIOTUI

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEICKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAaHHBIMH TAKETAaMH PUKIIAHBIX
porpamMmm) B U30paHHON TpeMETHON 00JIaCTH

[K-3.2 Criocoben MIPOBOJINUTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus qucUIuInHb « MalmmmHHOE 00y4YeHHe» 00yJaronuics JOIDKEH:

3HATh:
OCHOBHBIC MPUHLHUIIEI U TPOOIEMaTHKy TEOpUH OOy4YEHHs MAIINH, OCHOBHBIE COBPEMEHHBIE METOJBI
00yuYeHHH TI0 MpeLeiIeHTaM — KJIacCU(PHKALINH, KIaCTePU3aLuU U PErPeCCU.

YMeThb:
(dopmann3oBaTh MOCTAHOBKM NPHUKIATHBIX 3ajad aHaJIW3a JaHHBIX, MCIIOIb30BaTh COBPEMEHHBIC
MeToAbl OOydeHHs IO TpeleAeHTaM JUIsl pelIeHHs NPAaKTHYeCKUX 3ajad, OLIEHHBaThb TOYHOCTb U
3¢ GEKTUBHOCTh MOIYYEHHBIX PEIICHUH.

BJa/IeTh:
OCHOBHBIMH TOHSITHSIMA TEOPHH MAIIMHHOTO O0y4eHUSI.

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

Bo BpeMs TeKyIero KOHTPOJIsl CTYJCHT IOJDKEH YMETh OTBETHTH Ha CIISIYIOUIHE BOIPOCHI:
[TocranoBka 3ama4 00yyenus ¢ yuuresnem (supervised learning).

3anaun oOyueHus Oe3 yuutens. Ha3ares XoTs ObI ABe.

Yro o3Hauaer cBOMCTBO 1.1.d.?

OcHoBHas uest HauBHOTO baiiecoBckoro kinaccudukaropa. B uém ero HauBHOCTH?
3anumure GOpPMYITBI I MOJISIN TIMHEHHOW PErPeCcCHH U [UIS CPEIHEKBAIPaTHIHOW OIIHOKH.

3anummure (GopMylly IUIsl OIHOTO IIara TpaJdeHTHOro cmycka. Kak MomuduuupoBaTh rpaJiueHTHBIH
CITYCK JIJIsl OY€Hb OOJIBIIION BBIOOPKHU?

Yrto Takoe mpajornomobue, METoJ MaKCUMAJIBHOIO Npapaornonodusi? SBisercs nu npasnononodue
BEPOSITHOCTBIO?

Uro Takoe kpocc-Banmuanus? Ha uto BiuseT koim4uecTBo OJIOKOB B KpOcC-BaIUAALNAN?
Uro takoe nepeoOyyenne u HenooOyyenne? Kak ux MOXHO I€TEKTUPOBATH?

Uem rumepmapamMeTrpsl OmIMYAOTCa OT mnapamerpoB? UYro sBisieTcss mapameTrpamMu U
rureprapamMeTpamMmu B JMHEUHBIX MOJENAX U B PELIAIOIINX JEPEBbAX?



Uro Takoe peryaspuszanusi? Uem Ha npaktuke ornuaercs L1-perynspuszamus ot L27?
VYuureiBaercs in kodddunment casura wis perynsipuszarope? [Touemy?

[Touemy JHHEWHBIE MOJICIN PEKOMEHIYETCSI IPUMEHSTh K BHIOOPKE ¢ HOPMHPOBAHHBIMU 3HAYCHUSIMU
MPHU3HAKOB?

3anummure GopMyy Ui TMHEHHOW MOAENH Kiaccudukanuu. Yo Takoe orctyn?
Uro Takoe TOYHOCTH U oAHOTa? [loyeMy Hy)KHO yUUTHIBATh UX BMECTE?

B 3amaue OuHapHO# KimaccupUKaIUy IO OTHOTO Kiacca cocTaBisaioT 95% Beibopku. Kakue meTpuku
pa3yMHO MCTIOJIB30BaTh JUIS OIICHKH PabOoThl Mojiesn? moueMy?

Uro Takoe ROC-AUC? Kak nmoctpouts ROC-kpuByro?

3anummre (QYyHKIMOHAN JIOTUCTHYECKOW perpeccud. Kak OH cBf3aH ¢ METOAOM MaKcuMyMma
rpaBaonooous?

Wnest MeToma OMOpHBIX BEKTOPOB (B Cydae pa3ielnuMOil BHIOOPKH).

OnumuTe XKaaHbIW aNTOPUT MOOYUEHHS PEIIAIONIETO JepeBa.

[ToueMy C TOMOIIBIO PEMIAFOIIETO JIepeBa MOKHO TOCTUYb HYJICBOH ONIMOKM Ha 00ydarolied BBIOOpKE
0e3 MOBTOPSIONTUXCS OOBEKTOB?

Ecnu B sMcT nepeBa momain 0ObEKThI Pa3HbIX KJIACCOB, TO KaKWe TPENCKa3aHHs HYKHO BbIIaBaTh B
atoM jucte? [louemy?

Kakoe npenckasanue HyXHO BbIJaBaTh B JIUCTE AEpEBa B 3aJade PErpeccur €Clii Mbl MUHUMHU3UPYEM
MSE? a B cnyuae MAE?

Uro Takoe bagging?

Uro Takoe ciy4anHbId iec? UeM OH OTIIMYaeTcs OT O3TTHHTA HaJ| PEIIAIONINMHU JCPEBBIMU?
Kak B rpaguenTHOM OycTHHIE 00y4daroTcsi 0a30BbIe aITOPHUTMBI?

3aueM HyKeH backprop, 4To Takoe MPOM3BOAHAS BEKTOPA MO BEKTOPY?

Onwumute npuHIUI padboTel cBépTounoro ciost (CNN).

B d4eM HemocTaTku NONHOCBS3HBIX HEHPOHHBIX CETEHl Kakas MOTHMBAIMsl K HCIOJIB30BAHUIO
CBEPTOUHBIX ?

Onumwte mpuHIMN paboThl 6a30BOT0 peKyppeHTHOTO ciios (RNN).
Uro Takoe dropout?

Kak dropout u batch normalization MEHSIIOT CBOE MOBEACHHE MPHU SKCILTyaTaIl[Ud MOJENH (B PEKUME
inference)?

3anuIInTe MOCTaHOBKY 3a/1a4K B METO/IC IVIABHBIX KOMITOHEHT.
Kak paboraet metoj k-means?

Bo Bpemst 3aHATHII MOTYT IPOXOANTH MHTEPAKTUBHBIE OOCYKAEHUS B yaTax Kypca, 4To OyJeT sSBIAThCS
JOMallHUM 33JaHveM. BO3MOXXKHO BBINOJIHEHHE MAaTEHTHOTO IOHWCKA B KA4ECTBE CaMOCTOSTEIBHON
3aauy. YCIEIIHOE BBINOJHEHUE BCEX 3aJlaHUM 10 KypCy U BBIIOJIHEHUE KOHTPOJIBHBIX CPE30B 3HAHUM
JlaeT IPEeUMYIIEeCTBO Ha Tu(PepeHIMPOBAHHOM 3a4€Te U HK3aMEHE.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Bonpocsr ans iuddepennmpoBaHHoro 3a4yera:
1.ITocTaHOBKA 33124 MAIIMHHOTO O0YYEHUsI, MX KiIacCH(UKALU, TIPHMEPHI.

2.MeTpukn kadecTBa Kiaccuukanuu: accuracy, balanced accuracy, precision, recall, fl-score,
ROC-AUC, multiclass extensions.

3.Metpuku kayectBa perpeccun: MSE, MAE, R2, npyrue BapuaHThl.
4.Meton makcuMaibHOro npasnononodust (MLE).

5.HauBHblii OaliecoBckuii kiaccudukarop.

6.Meton Ommxaitero cocena (KNN).

7.JInneitnas perpeccus.llocraHoBka 3agaun JIMHENHHOHN perpeccun. AHanntndeckoe pemenne MHK,
OINITUMAJIHOCTH OLIEHKH, 8.TeopeMa ["aycca-MapkoBa ((hopMynHupoBKa).

9.I'panreHTHOE pereHne 3a1a41 JMHEHHON perpecCcu.
10.Perynapuzauusa: L1 u L2. CBoiicTBa, BepOSATHOCTHASI HHTEPIIPETALINA.
11.JIoructudeckas perpeccus.



12.OKBUBaJICHTHOCTh  PEIICHUH, MOMYyYEHHBIX METOJOM MAaKCHMAJIBHOTO IPaBJOMONo0us U
MUHVMU3AIAHA JJOTUCTUICCKON (YHKIINH ITOTEPb.

Bormpocs! st sx3amena:
1.Crpareruu MyabTHKIIACCOBOM KiTaccU(pUKAIINK, WX CBOKCTBA.
2.Merton onopubIx BekTopoB (SVM), sinpa (kernel trick).

3.Anroputm PCA. Csa3p ¢ SVD, teopema Dxkapra-fura (popMynupoBKa), CBsI3b C JIUCIIEPCHEH.
[IpakTrueckoe nprMeHEHHE.

4.3ranbl MOCTPOSHHUS MOZIEIN: TPEHUPOBKA, BAIUIALNS, TeCTUpOBaHue. Pomb Kakaoro sramna.
5.Ilepeobyuenue.

6.Crparerun Banmnanuu. Ytedku (leaks).

7.Bias-variance tradeoff.

8.Ilonsitne nnhopmaryu, HHPOPMAITUOHHOW YHTPOIIHH.

9.Kputepun nHhOpMaTUBHOCTH: SHTPONUNHHBIN, J[KHHN.

10.2Kannsrit anroputM noctpoenus aepesa. CTaHaapThl A7 TOCTPOEHUS I€PEBHEB.
11.AuncambnupoBanue. [Iponenypa bootstrap. barruar. MeTon cirydaifHbIX MOJIPOCTPAHCTB.
12.Random Forest, npyrue neca.

13.bycrunr. ['pajgueHTHBINA OyCTHHT.

14.Marpuunsle BerurciaeHus. Marpuunoe quddepeHnupoBanue.

15.ITpou3BoaHbIe OCHOBHBIX (yHKIWH: aTx, AX.

16.Backpropagation, chain rule.

17.Neural network concept. Fully-Connected layer (FC).

18.Logistic regression as simple NN.

19.XOR problem.

20.Losses for NNs: logistic loss, cross-entropy.

[Tpumep 1 SK3aMEHAIIMOHHOTO OWIIETa U3 TPEX BOIPOCOB!
1. Drarmbl HOCTPOEHHST MOJCIIH: TPEHUPOBKA, BAJIUIALINS, TECTHPOBaHUE. PoJb Kak1oro Jrara.
[lepeobyuenue.

2. Perynspuzanmsi HeWipoHHBIX cereit: Dropout, Batch Normalization. Pa3auna B moBemeHuu mpu
o0yuYeHHHU ¥ Tpe/ICKa3aHuN

3. Jloructudeckasi perpeccus. DKBHBAJICHTHOCTh PEIIECHUH, MOMYyYEHHBIX METOIOM MaKCHUMAaJbHOTO
MPABIONO00US ¥ MUHUMH3AIINHY JIOTUCTHUECKON (DYHKIIUU TIOTEPh

Kpurepun onennBanus

Onenka ommyao (10 OamnoB) - BBICTABIISIETCSI CTYACHTY, I[IOKa3aBIIEMYy BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U MPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka omm4yHo (9 0amwioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO (8 OamwioB) -  BBICTABISIETCS  CTYHACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3aj]lad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xopomio (7 6ayuIoB) - BBICTaBIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YCHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIE PE3YIIBTATHI.

Onenka xopoio (6 6ayuIoB) - BHICTABISIETCS CTYACHTY, €CIIM OH TBEPJIO 3HAET MaTepHall, TPAMOTHO H
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa MPAKTHUKE, HO JOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka xopomo (5 0aiIoB) - BBICTAaBISIETCS CTYIACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHTh IOJyYeHHbIE 3HaHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUH 3a7a4 JOCTATOYHO OOJIBbILIOE KOJTUYECTBO HETOUHOCTEH.



OrneHka yIOBIETBOPUTENHHO (4 Oamna) - BBICTABISICTCSl CTYJACHTY, MOKa3aBileMy (parMEeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyULIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUN TPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka ymoBieTBOpUTENbHO (3 Oamna) - BBICTABISIETCSl CTYJACHTY, MOKa3aBileMy (parMEeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0OBAaTEIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJICeT OCHOBHBIMU pa3JeliaMy yueOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00ydeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.

OueHka HEy10BIETBOPHUTENBHO (2 Oaa) - BEICTABISAETCS CTYJACHTY, KOTOPBII He 3HaeT OoJbIIeH YacTH
OCHOBHOTO COJCp)KaHUsl y4eOHOH MporpaMMbl JUCIHMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIE 3HAHHS NPH PEIICHUN
THUIIOBBIX 33/1a4.

Ouenka HeynoBieTBOpuTenbHO (1 0Gayut) - BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3ajad.

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

AtTecranysi TO JUCIUIUIMHE oOcyliecTBisercs B Qopme nuddepeHiupoBaHHoro 3adeta. [lpum
MPOBEJCHUHU YCTHOTO IU(PEPSHIMPOBAHHOTO 3a4eTa oOydaromeMmycs npeaocrasisercs 30 MUHYT Ha
noxrotoBky. Onpoc oOydaromerocst o OMJIETY NPHU YCTHOM OTBETE HE JIOJDKECH MPEBBIMIATH OJHOTO
aCTPOHOMHYECKOTO 4aca. [Ipy mpoBeIeHWM yCTHOTO dK3aMeHa olydaromiemycs mpenocrasisercs 60
MHHYT Ha NOAroToBKy. Onpoc o0y4aromerocsi 1o OWIeTy Ha YCTHOM 3K3aMEHE He JOJDKCH MPEBBIIIATh
OIHOTO aCTPOHOMHYECKOTO Yaca.



