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1. e u 321241 OCBOCHUSA TUCUHMILIMHBI (MOYJIA)
1.1 llean ocBOeHUNA TUCHHUILINHDBI

Lenbto npenogaBanus U U3y4eHHUs TUCHUILIHHBI « IHTEIUIeKTyalbHbIe METOABI ONITUMH3AIINN
aBnsieTcs (hopMuUpoBaHHE y OakalaBpOB 3HAHWM, YMEHUI M HaBBIKOB B OOJIACTH KJIACCHYECKHX
METOIOB PELICHHUS ONTUMHU3AIMOHHBIX 3a/1a4, OCHOBAaHHBIX Ha MCIIOJIb30BAaHUH JU(PepeHIINaTILHOTO
WCUUCIICHUS Il HAaXO0XKJIEHHUS TOYEK IKCTPEMYMOB (DYHKIIMU, METOAOB OJHOMEPHONH MUHUMM3AIINY,
METOZIOB  YCIOBHOH ¥  O€3yCIIOBHOM ONTHUMH3AIM{, QJITOPUTMOB  CIy4yailHOrO  IOHWCKa,
OMOMHCIIUPUPOBAHHBIX AJNTOPUTMBI, METOI0B METAONTUMHU3AIIMN, MHOTOLIEJICBON ONTUMH3AIMHU, a
TaKXe HEHPOIBOITIOIIMOHHBIX METO/IOB.

1.2 3agaum JUCHUNINHBI

OcHOBHas 3agadya OCBOCHHUS JUCHMIUIMHBL: aHAJU3 W IOCTpoeHHE APPEKTHUBHBIX
UHTEJUICKTYAJIBHBIX QJITOPUTMOB JUIS DPELICHMs THIIOBBIX 3aJad IIOMCKOBOM ONTUMHU3ALUU C
IIPUMEHEHUEM COBPEMEHHBIX SI3bIKOB ITPOrPaMMUPOBAHUSA U HHCTPYMEHTAIIBHBIX CPENL.

1.3 MecTro qucuuninHbl (MoayJisi) 00pa3oBaTebHOI IporpaMmme

HucuuruinHa «VHTemIeKTyanpHble METOAbl ONTHMHU3ALMK» OTHOCHUTCS K BapUaTHBHOMN
gactu, GOpMUPYEMOI ydacTHUKaMHu 00pa30BaTeNIbHBIX OTHOIICHUH, bioka 1 ydeOHoro miana. Jlis
U3yYeHUs] JUCIUIUIMHBI HEoO0XOIuMO 3HaHue aucuuiuinH «Juddepennnanbupie  ypaBHEHHU,
«Matemaruueckuii aHanus», «OOBEKTHO-OPHEHTHPOBAHHOE NpPOTPaMMUPOBaHUE», «Anredpa u
reoMeTpus». 3HaHUs, IMOJlydyaeMble HPU H3YyUYEHUH IUCIMIUIMHBI, UCHOJB3YIOTCA IMPH HU3YYCHUHU
TaKUX JUCIUIUIUH yyeOHOro miaHa OakanaBpa kak «I[iybokoe oOydeHue», «Meronsl 00ydeHus ¢
MOJIKPETIIICHUEM.

1.4 IIpogeccuoHaIbLHBIC POJIN B CTPYKTYpe 00pa30BaTe/bHON MPOrpaMMbl

Poup 1: Data Analyst (AHaTUTHK JaHHBIX)

W3BrieueHue 3HaHUI U3 JaHHBIX, IOCTPOEHUE aHAIIMTUYECKUX MOZEINeH, ucnoiabp3yommx MO
u UN.

3anaum:

1. CraTucTiueckuil aHaIn3, BU3yalln3alus JaHHBIX, IpeBapuTesbHas 00paboTka.

2. Co3ganue IpoOrHO3HbIX MOJIENEH

3. IlocTpoeHne aHaTUTUIECKUX MOJAETICH /Ui OIEPKKU OM3HEC-PEIICHUH.

Posb 2: MLOps (Cnenuanuct no skcruryaranuu M)

ABTOMAaTH3a1Ms U ONIEPALIMOHHOE YIPABIEHUE )KU3HEHHBIMIMKIOM MO-Mozenei

Sagaun:

1. DevOps ma ML.

2. ABromaTu3zanusi, MOHUTOpUHT ML-cucrem.

3. OnepanroHHOE yNpaBiIeHUE KU3HEHHBIM LUKJIOM ML-Mmonenei.

Posb 3: Al PM (Menemxep npoekros 1)

Ynpasnenue npoueccamu cozganus HMU-pemienuid, BKIO4Yass KOOPAMHALKIO KOMAaHBI
pa3paboTku

3anaum:

1. Yopasnenue UM -nipoexktaMu OT Uieu 10 BHEAPECHUS

2. Ananu3 6uzHec-TpeOOBaHUI U MOCTAHOBKA 3a/1a4

3. Ouenka s dextuBHoctr 1 ROI UN-pemmennii



1.4 IlepeyeHb IUIaHMPYEMbIX PpPe3yJbTATOB O00y4YeHHsl IO MAUCHHUILVIMHE (MOIYJI0),

COOTHECEHHBIX C INIAHNPYEMbIMH Pe3yJIbTATAMH 0CBOCHHUSI 00pa30BaTeJbHONH NPOrPaMMBblI.

W3ydenue naHHON yueOHOM NUCIUITMHBI
CHEAYIOLIMX KOMIIETEHLIHM:

HafpaBJIeHO Ha (OpMUPOBaHUE Y OOYYaIOLINXCS

KOH 1 HAMMCHOBAHHUC I/IHZ[I/IKaTOpa*

Pe3ynbTaThl 00yUYeHHUS 10 AUCIUIUINHE
(3Haem, ymeem, nadeem (HAGbIKU U/UTU ONbIM
desamenvrHocmu))

00y4eHHsl, HACTPOIKH THIePIapaMeTPOB U PeLIeHH

MF-3. Cnocoben npuMeHsiTH COBpPEMEHHbIE METOAbI ONTHMHU3ALMH /ISl 00y4eHHs] Mojesieli MAIIMHHOTO

3a1a4 HCKYCCTBEHHOI'0 HHTEJJICKTA

MF-3.2. Tlpumensier MeToabl ONTUMH3ALMK IS
HACTPOMKM THUIEpIapaMeTpoB MoJeNed MAaIIMHHOTO
o0y4eHus1, BKIIOYask MCIIOJIb30BAaHUE METOAOB ITOWCKA
(grid search, random search) wu 0aiiecoBckoit
ONITUMHU3ALHH.

3HaeT M WCIOJIB3YyEeT CTaHAapTHBIE METOIBI IIOHMCKa
runepnapaMeTpoB, Takne kak grid search m random
search, aJIs1 HACTPONKHM MOJeNIeH MAalIMHHOTO O0y4YeHUs
B CT@H/IapTHBIX 3aadax.

MaTeMaTH4YeCKHUX OCHOB U 00J1acTeil IpUMeHeHus!

DL-1. CnocofeH npuMeHATh KJIACCHYECKHE ANTOPMTMbI MAIIMHHOIO O0y4YeHHMsi ¢ NMOHHMAHHMEM HX

aKTHBALMM W (QYHKIHH TOTEPh sl PEUICHUs 3anad
KJIaCCHU(HKAIMN 1 PErPECCHH

DL-1.1 CnocobeH oOBSCHATH W  IPUMEHATH | 337aeT CKOPOCTh OOYUCHHMSI B 3aBUCHMOCTH OT 3aJaddl U
MaTeMaTH4ecKHe OCHOBBI HEHPOHHBIX CeTeH, BKIIoYas | Habopa JaHHBIX; BbIOMpaeT (yHKOMIO TOTEPh B
pacder TpagMEHTOB, METOJABl ONTHMH3AaLMK W | 3aBUCHMOCTH OT 33Jayd M Habopa IaHHBIX; CIIOCOOCH
NrOpPUTM  OOpaTHOTO  PACIpOCTPAHEHHS OMIMOKH | IPUMEHSTDH PEryJsipu3alnio U NPOpEeKUBaHUE; BEIONpaeT
(backpropagation), s 3QexTHBHOr0O O0O0ydYEHHS | pa3Mep IMakeTa IS CTOXAaCTUYECKOTO TPaIUCHTHOTO
MOJIENIEH. CIyCKa; MOHMUMAaET NPUHIUI I'PaIMCHTHOTO CITyCKa

DL-1.2 CnocobeH peaian30BBIBaTh  HETIyOOKHE
. CriocobeH pa3pabaTbIBaTh u/nnm TIPUMECHSTh

HelipoHHble cetd (mepuentpoHsl, MLP), BbIOupatsh
N camoopranuzyonmecst kaptel Koxonena. CrocobeH

KOJIMYECTBO M pa3Mep CJIOEB, Mmoaxoisiue (GpyHKIuu
paspabateiBate RBF-cetm  (cetm  perynsipusannmy,

0006mennsie RBF-cetn)

DL-1.3  CrocobeH  NpHUMEHATh  COBPEMEHHBIC
ApXUTEKTYphl ~ TIIyOOKMX  ceTell Uil pelieHUs
pasNMuUHBIX ~ 3a/1ad, [OHUMasi WX BHYTPEHHIOIO
CTPYKTYPY u 0COOCHHOCTH o0yueHusl.

[IpumeHsieT NPUHIMI TOCTPOCHHS BBIYUCIUTEIBHOTO
6noka Google Inception; IIpumMensier nmpuHIMD PabOTHI
6noka ocratka B ResNet; PaspaOarpiBaer pemenus c
npuMeHeHneM backbone cerel; 3HaeT OTIMYUSA H
crocoOeH  TNpPUMEHATh  HEHpOHHBIE  CETH  JUIs
otcnexuBanus 00bekToB (cemeiictBo R-CNN, YOLO)

ONITUMHU3AIMH U MATEMATHKH

FC-1 Cnocob0en mnpoBoguTh (PpOHTHPHBIC HCCICAOBAHMA B 00/1aCTH apXHTEKTYp, aaropurmos MO,

FC-1.1 Pa3pabarsiBaeT (hyHIaMEHTAIBHBIE OCHOBBI M
HOBBIE aJITOPUTMBI MAIIMHHOTO 00YYEHHS

3HaeT OCHOBHOW MaTeMaTHYeCKM{ —ammapar  Juis
TEOPETHUECKOr0  OOOCHOBaHMS ~ CBOMCTB  MOJIEINCH
rIIyOOKOro 00ydeHHSI.

YMeeT ncnosb30BatTh crioco0b! 3 (HEeKTUBHOTO 00ydeHHS
IIPY 3aJaHHBIX YCIIOBHSIX JUIS YacTO BCTPEYAIOLIMXCS
3aad.

0-3. Cnoco0eH NpUMeHATh U (MJIM) pa3padaTbIBaTh MHTE/ICKTYAJIbHbIC METO/bl ONTHMHU3ALMH

0-3.2.  OOocHOBBIBaeT crocoObl WM BapHaHTHI
MIPUMEHEHHSI MHTEJUICKTYaJbHBIX METOJOB B 3ajadax
ONITUMHU3AINN

VYMeeT 000CHOBBIBAThH METOAbI OIITUMU3AIIMK HAa OCHOBC
CTAaTUYCCKUX NAaHHBIX O IMapaMeTpax U XapaKTCPUCTUKAX
MPOAYKTOB KOMIIAHUHN U CTATUYCCKUX AJITOPUTMOB

2. CTpyKTYypa H coAepKaHue JUCUHUILIHMHBI
2.1 PacnpenesieHne TPYA0EMKOCTH AUCHHMILIMHBI IO BHAaM padoT

Oo6mast Tpy10EMKOCTh JUCIHMILTUHBI cocTaBisieT 3 3ad.ei. (108 "acoB), ux pacrpenencHue mo

BUZaM palboOT MPEACTABICHO B TaOIHIIE.




Bun yueOHO# paboTh Bcero Ounast dopma
4acoB o0ydenust
6 cemectp
(gacen)
KonTakTHas pa6oTa, B TOM 4Hcie:
AyIMTOpHBIE 3aHATHSI (BCEro): 68,3 68,3
3aHATUs JIEKIUOHHOIO THUIA 32 32
JlaboparopHble 3aHATHS 32 32
3aHsATHS CEMHUHAPCKOTO THIIA (CEMUHAPHI, NPAKTHIECKUE 3aHITHS) - -
HNuas xoHTaKTHasA pabora:
Kontposs camocrositensHo# pabotst (KCP) 4 4
[Tpomexyrounas arrecrauus (MKP) 0,3 0,3
CamocrosiTe1bHasi padoTa, B TOM YUCJIe: 4 4
Kypcogas padora/mpoext (KP/KII) (moaroroBka) — —
[TpopaboTka yueObHOro (TeOpeTHYECKOro) MaTepraa 4 4
BrimonHenne HHIMBUYIBHBIX 3aaHUH (ITOATOTOBKA COOOLICHUM,
Tpe3eHTaIui) B -
Pegepar - —
[ToaroroBKa K TEKyIeMy KOHTPOIIIO - -
Konrpoas: IK3aMeH 9K3aMeH
IToaroroBka K 3K3aMeHy 35,7 35,7
Oomast Tpy10éMKOCTH 4ac. 108 108
B TOM YHCJIe KOHTAKTHasI 683 683
padora
3a4. e, 3 3

2.2 CTpyKTypa IMCHHUILJIMHBI

Pacnipenenenne BuoB ya4eOHOM paOOThI U UX TPYJOEMKOCTHU IO pa3fiesiaM AUCIHUILTUHBL.
Pa3nensl AMCIMITNHBL, U3ydaeMble B 6 cemectpe (ouyHast popma).

KosanyecTBo yacoB
Ne HaumenoBaHue pa3gesion Beero AynuropHas pabora BHeag;IgIOTT(;pHaﬂ
J 113 JIP CPC

1 2 3 4 5 6 7

1 [TocTanoBka u KnaccuuKanus aaropuTMOB ] 4 B 4
pelIeHus 331a4u IOMCKOBOH ONTUMHU3ALIUU

) JlokaneHas  onTuMu3anusA.  AJTOPUTMBI 3 4 B 4
TPaJHEeHTHOrO CITycKa.

3 Fno6aiILHa;1 ONTUMHU3ALUA. AJNTOPUTMEI ] 4 B 4
CJIy4aifHOTO MTOMCKA.

4 | buouHCIIUPHUPOBAHHBIE ATOPUTMBI. 12 6 - 6

5 MeTtaonTuMH3aIuys. 8 4 — 4

6 ANTOpUTMBI MHOTOLICJICBOM ONTHMHU3AINN. 8 4 — 4

7 | HeilipoaBosmonus. 16 6 — 6 4
UTOI'O no pazdenam oucyuniuHul 68 32 — 32 4

8 | IloaroToBKa K TEKyIEMY KOHTPOJIIO 35,7

9 | llpomexxyrounas arrectauus (LKP) 0,3

10 | KonTpouns camocrosaTensHol padotsl (KCP) 4
O6u1as TpyI0eMKOCTb 10 TUCIUIUIMHE 108 32 | — | 32 | 4

[Tpumeuanue: JI — nexkuuoHHble 3aHsATHS, [I3 — mpakTuueckue 3aHsTHs / cemuHapbl, JIP —

nabopatopusle 3anatusi, CPC — camocTosiTennbHasi paboTa CTyJeHTa



2.3 Conepxxanue pa3aesioB IUCHUNITHHBI

2.3.1 3auaTHA JeKIINOHHOr0 THIIA

Ne
pas-
nena

HaumenoBanue paznena

Conepxanue pazaena

®opmMma
TEKYIIEro
KOHTPOJIA

2

3

4

ITocTanoBka u
KJIacCU(UKALIUS
aJIrOpUTMOB
3aJ1a49u
OINTUMH3AIIMH.

pereHus
IOUCKOBOU

IlocTaHoBKa 3amayyM ITOMCKOBOM ONTHMH3AIIHU.
Knaccudukanus 3a/1a4 ONITUMU3AIIUH.
Knaccudukanus anropuTMoB ONTUMU3AIUH.

JIP

JlokanbHas
ONITUMU3AIH.

JlokanpHas 0e3yciioBHas ONTUMU3ALIUS.
OpHomiaroBele  alnropuTMel.  MHOroOIIaroBsle
QITOPUTMBL. AJTOPUTMBI T'PaJIUEHTHOTO CITyCKa:
METOJ, TPAJUEHTHOIO CIyCKa C IOCTOSIHHBIM
1IaroM, METOJ HAUCKOPEHIIETO CIIyCKa, METOH
IIOKOOPJAMHATHOIO cItycKa. JIoKalbHasi yCIIOBHAs
ONTHUMU3ALIHS.

JIP

I'moGanbHas
ONTHMHU3ALIHSL.
ANropUTMBI CIy4aiiHOTO
MIOMCKA.

ANTrOpUTMBI  CIy4yallHOTO IIOMCKa. AJITOPUTM
Moure-Kapno. ANroput™M HMMHUTALMKM OTXKHUTA.
JIByx(a3Hble aIrOpUTMbI CIIy4aifHOI'O IIOHMCKA.
Anroput™m MynbTHcTapTa. JKaaHbI afanTUBHBIN
anroputMm ciaydaiiHoro moucka. Ilomck ¢
3arpeTamH.

JIP

buonHcnupupoBaHHbIE
AJITOPUTMBI.

anroputMel.  OOmass  cxema
aJITOPUTMOB: OCHOBHBIE
OIIpEEIICHUSI. CrniocoOsl
KOAMpPOBaHUS ~ oco0eli B DBOJIOIMOHHBIX
aJIropuTMax. I'enernueckue AJITOPUTMBI.
Omneparopel orbopa u cenekmuu. OrnepaTopsl
KPOCCHHI'OBEpPA U MyTallUH.

AnropurMa = ONTHMH3ALlMM  POEM  YacTUL.
OntuMuzanuss TYEIUHBIM — poeM. [luenmHblit
anroput™. MIcKkycCTBEHHbIE UIMMYHHBIE CUCTEMBI.
Kanonunueckuii aIroOpUT™M OaKkTepHaIbHON
ONTHMU3ALINH.

OBOJIIOLIMOHHEIE
3BOJIFOLIUOHHBIX
TEPMUHBI u

JIP

MertaonTuMu3anms.

Knaccudukanus MeTOA0B METaONTHMH3AIIHIH.
Craructuueckas rapaMeTpu4ecKast
METAONTUMHU3ALIHSL. JvnHamuyeckas
rapaMeTpu4ecKast METAaONTUMHU3ALIHSL.
Heanantusnas JUHAMUYECKAS
MEeTaonTUMU3alus. AJanTUBHAs JUHAMUYECKAS
METAaONTUMHU3ALIHS. CrpykrypHas
METAONTUMHU3ALIHSL. CtpyKTypHO-
MapaMeTPUIECKasi METAONITUMHU3ALIHSL.

JIP

ANropuTMbI
MHOTI'OLIEJIEBOU
ONTHMHU3ALMNH

3agaya wmHoromeneBoi ontumuzanuu (MIIO-
3ajla4a) ¥ ajarOpUTMbI €€ pelIeHUs. AJITOPUTMBI
[TapeTo-anmpokcuMaruu.

JIP

Helipossoironus

OBOJIIOLIMOHHEIE AJNTOPUTMBI u
HEWPOABOJIIOIMOHHBIE METOABL. | '€HeTHYeCcKue
oneparopsl. (CxeMbl KOJHUPOBAaHUS TE€HOMA.

JIP




KosBomonus.
KOJIMPOBaHMUS,
BugooOpazoBanue. McnonszoBanue NEAT s
ontuMu3anuu pemenud 3agaun XOR. NEAT Ha
OCHOBE THUIEpKyoOa.
¢ NEAT nHa ocHOBe rumnepkyo0a.

Anroputm  NEAT:
CTPYKTypHBIE

cxeMa
MYTallWH,

3pUTENbHOE  pa3INueHue

2.3.2 3aHATHA CEeMHHApPCKOro THNA (MpaKkTH4YecKHe / CeMHHApPCKHe 3aHATHS/

JlabopaTopHbie padoThl)

HaumenoBanmue pa3jena (TeMbl)

HaumeHnoBaHue J1a00paTopHBIX padoT

®opma
TeKylero
KOHTPOJIs1

1 2

3

4

[TocranoBka y
KJaccu(ukanus aiaropuTMoB
pelIeHHs 3aJa4yd MOMCKOBOM
ONTUMU3ALIUH

Pazpabotka 6a30Boii aApPXUTEKTYpPBI
IPOTPaMMHOTO KOMIUIEKCA JJISl peIICHUs
3aJa4i ONTUMH3AINN

JIP

JlokanbHas onTUMHU3aIN.

Pazpabotka
CIycKa  Juisi
PozenOpoka

alropurMa  I'paJUEeHTHOIO
ONTUMH3AIMKA  (QYHKIHH

JIP

I'moGanbHas
AnropuT™MBI
IIOMCKA.

ONTUMM3ALIUS.
CIIy4aliHOTO

Pazpabotka KOMOWHUPOBAaHHOTO
QITOpUTMA TII00ATBHON ONTUMU3AIMU IS
MIOUCKa MUHHMYyMa byHKIMN
Xummenb0aay

JIP

4 |PHOMHCIIHPHUPOBAHHEIC
QIITOPUTMBI

rj100aJIbHON
EJIEBON U

OBOJIOLMOHHBIN  QJITOPUTM
YCJIOBHOM  ONTHUMHU3ALUH
dbuTtHEeC-QyHKIUU

JIP

PazpaboTka reHeTHYECKOTrO
ONITUMH3AINU C
KOAMpPOBaHUEM ocobei

IropuT™Ma
BELIECTBEHHBIM

Pemenue 3agauun rno6ansHOM 0€3yCIOBHOM
ontummzaru s ¢yakmmid  lexens,
PoszenOpoka, PactpuruHa ¢ MOMOIIBIO
ainroputma PSO

JIP

Po3zen6Opoxka,
B-

byHKIMI
Pactpuruna

Mukcumuzanusa
XummMmensomay,
AJITCOPUTMOM.

JIP

PazpaboTka anropuTtMa HCKYCCTBEHHOMH
UMMYHHOH CeTH AJs 3aJa4ydl TII00aIbHOM
0e3yClIOBHOW  MHUHUMH3AIMU  (QYHKUIUI
Po3enbOpoka.

JIP

Kanonunyeckuii anroputm OaxkTepuambHON
ONTUMU3ALNH.

10 Mertaontummnzanus

PazpaboTka anroputma JUHAMHYECKOH
napaMeTpU4eCKO¥ METAONTUMU3ALIUN.

JIP

ANTOpUTMBI ~ MHOIOLIETIEBON

OIITUMH3allUN

11.

Pazpabotka HENOMYJISIIUOHHOTO
anropurMa IlapeTo-anmnpokcumaryy.

JIP

12.

Pa3paboTka MOMYISIIMOHHOTO alTOpUTMa
[TapeTo-annpoKCUMAaIMu.

JIP

13 Heiipossosmronus

Ucnonb3oBanne anroputma NEAT Ha
OCHOBE THUIIEpKyOa Al peleHHs 3agadu
3pUTENBHOTO PA3IUYECHUS

JIP

3amuTa nabopatopHoil pabotel (JIP), Beimomuenue kKypcoBoro mpoekta (KII), xypcosoi
paboter (KP), pacuetHo-rpadmueckoro 3amanmst (PI'3), mammcanme pedepara (P), scce (D),

kotokBuyM (K), rectupoBanue (T) u T.4.

2.3.3 IIlpumepHasi TeMaTHKa KYPCOBBIX padoT (IIPOEKTOB)




Y4eOHBIM IJIAHOM HE TPEIYCMOTPEHBI.

2.4 IlepeyeHb Y4eOHO-METOAMYECKOr0 oO0ecmevYeHHsl IJsl CAMOCTOSITEJIbHOW PpPadoThl
o0y4yaumuxcsi Mo JUCHHUIJINHE

[TepeueHs yueOHO-METOIMYECKOTO 00ECTICUCHUS TUCITUTLIAHBI

Ne Bun CPC T0 BBITTOJIHEHUIO CAMOCTOSITEIBbHOM paboThI
1 2 3
1 [IpopaboTtka ¥ mnoOBTOpeHHE METOqMUECKUE yKa3aHHs 10 BBIMOJIHEHUIO CaMOCTOSATEIbHOM
JIEKIIUOHHOI'O MaTepuana, paboTbl,  YTBEp)KICHHbIE  Ha  3aceJaHud  Kadeapsl

MaTepuana yueOHOM U HayYHOH | BBIUMCIUTENbHBIX —TexHosoruit  ®OKTullM  @OI'bOY BO
auterapypel, noaroroBka K|«Kyol'Y», mpotokon Ne7 ot 07.05.2025
CEeMHMHAPCKHUM 3aHSATHIM

Y4eOHO-MeTOAMUECKHe MaTepuaibl IS CAMOCTOSTEILHOW PabOThl OOYYaIONINXCS U YUCiIa
WHBAJIUJOB M JIMI[ C OrPAHMYEHHBIMH BO3MOXKHOCTSIMH 310poBbsi (OB3) mpemocrtaBisitoTcsi B
dbopMax, aTanTHPOBAHHBIX K OTPAHUYCHHSIM UX 37J0POBBS M BOCIIPHUSITHS HH(DOpPMAIINHN:

JList TUIL ¢ HapyIICHUSIMU 3PCHHUS

— B I1e4aTHOM (hopMe yBEITMUYCHHBIM HIPUPTOM,

— B (hopMe DIIEKTPOHHOTO JOKYMEHTA.

JLyist TUIL ¢ HapyIICHUSIMH CITyXa!

— B 1e4yaTHo# opme,

— B (hopMe DIIEKTPOHHOTO JOKYMEHTA.

JLyist TUIT ¢ HapyIISHUSIME OMOPHO-IBUTATEIILHOTO arapara:

— B 1e4yaTHo# (opme,

— B (hopMe DIIEKTPOHHOTO JOKYMEHTA.

JlaHHBIi TIepeYeHh MOXKET OBITh KOHKPETU3HPOBAaH B 3aBUCHMOCTH OT KOHTHHICHTA
00yJaromuxcs.

3. O0pa3oBaTesibHbIE TEXHOJIOTHH
[IporpamMma JOUCHMIUIMHBI —TPEIyCMaTpPUBAET HCIOJNb30BaHHE B Y4eOHOM Iporecce
CIICAYIOUIMX 00pazoBaTeIbHbIE TEXHOJIOIHU: YTEHUE JICKIUI C MCHOJIb30BAHUEM MYJIbTUMEIUNHBIX
TEXHOJIOTUI; METOJI MaJIbIX TPYMIL, pa300p MPAaKTHUECKUX 33a]a4 U KEHCOB.
[Tpu 00yueHHH UCTIONB3YIOTCS CIEeAYIOINEe 00pa30BaTeIbHbIC TEXHOJIOTUH:

— TexHonmorust KOMMYHUKAaTHBHOTO OOydeHHs — HampaBieHa Ha  (OpPMHpPOBAHUE
KOMMYHHUKAaTHBHOH KOMIIETEHTHOCTH CTYJICHTOB, KOTOpas sBIsieTcs 0a30BOi, HEOOXOAMMOW mist
a/lanTalliy K COBPEMEHHBIM yCIIOBUSM MEXKYJIbTYPHOU KOMMYHHKAIIHH.

— TexuHonorust pa3sHOypoBHEBOTO (Au(PepeHIUpPOBaHHOIO) O0Oy4YeHUsI — Mpenarnojaraet
OCYIIIECTBJICHUE II03HABATEIBHOM JEATEIbHOCTH CTYJEHTOB C YYETOM HUX WHIUBHUIYAJIbHBIX
CIOCOOHOCTEH, BO3MOXXKHOCTEH M HMHTEPECOB, MOOIIPSSl WX pPEaTM30BbIBATh CBOW TBOPUYECKHI
noreHuuan. Co3gaHue U UCIIOJIb30BAHUE TUArHOCTUUECKHUX TECTOB SIBIISIETCS HEOTHEMIIEMOM YaCThIO
JTAHHOM TEXHOJIOTHH.

— TexHonorust MOAYJIBHOTO O0yUYEHHSI — MPElyCMaTPUBALCT ACJICHUE CONEPKAHUS AUCIUILTUHBI
Ha JIOCTaTOYHO aBTOHOMHBIE pa3Jiesbl (MOIYJIN), HHTEIPUPOBAHHbIE B OO KypC.

— MHWudopmannonno-koMmyHukannonnele  texnomorun  (MKT) - pacmmpsior  pamku
00pa3oBaTENBHOIO TPOLIECCa, IOBBIMIAS €ro TMPAKTUYECKYI0 HAMpPaBICHHOCTb, CIIOCOOCTBYIOT
MHTCHCU(UKAIIMH  CAMOCTOATENBHOM pabOThl ydYalMXCsl Y TOBBIICHHIO I103HABATEIbHOMN
aktuBHOCTH. B pamkax VKT BbiaenstoTcst 2 BUAa TEXHOJIOTHI:

— TexHONOTHsI HCHOJB30BAHUS KOMIIBIOTEPHBIX TPOTPaMM — TO3BOJSIET A(PPEKTHBHO
JOTIOJTHUTD MpoIiecC 00yUYeHHS SA3bIKY HA BCEX YPOBHSX.



— HHTepHeT-TeXHOJIOTUH — NPEOCTABIISAIOT IIMPOKHE BO3ZMOXKHOCTH JJIsl IOMCKa WH(pOpMAIUY,
pa3pabOTKN HAYYHBIX MPOEKTOB, BEJICHHS HAYYHBIX UCCIICIOBAHUI.

— TexHonorust WHIMBUAyAIHW3alMud OOydYeHHs] — TIIOMOTaeT pealin30BbIBATh JMYHOCTHO-
OPHEHTUPOBAHHBIH MMOIXO0J], YUUTHIBAsK HHIUBUAYAIbHBIE 0COOEHHOCTH U IOTPEOHOCTH YYaIIMXCS.

— [IlpoexTHast  TexHOJNOTMsI —  OpPUEHTHPOBAHA HA  MOJEIMPOBAHHE  COIHMAJIHLHOTO
B3aUMOJICHCTBHS yYaIIMXCsl C IENbI0 pPELIeHUs 3aJaud, KOTopas OmpelenseTcs B paMKax
npo¢ecCHOHATBLHON MOATOTOBKH, BBIACTSSA Ty MM UHYIO IPEIMETHYIO 00JIaCTh.

— TexuHomorust 00y4deHHsT B COTPYJHHUYECTBE — peaJM3yeT HJACI0 B3aMMHOTO OO0yYeHus,
OCYILECTBIISAS KaK MHIUBUAYAIbHYIO, TAK U KOJUIEKTUBHYIO OTBETCTBEHHOCTH 3a pELICHHE YUeOHBIX
3ajad.

— MHrpoBasg TexXHONOTHsS — MO3BOJSET PAa3BUBATh HABBIKM PACCMOTPEHHUS pPsiia BO3MOMKHBIX
CIOCO0OB pelieHus NpoOJaeM, aKTHBU3UPYsS MBILIUIEHHE CTYJICHTOB M PACKPBIBas JIMYHOCTHBIH
MOTEHIIMAJ Ka)KJOT0 yJarerocs.

— TexHonorust pa3BUTHA KPUTHUYECKOTO MBIIUICHUS — CHOCOOCTBYeT (POpMHUPOBAHUIO
Pa3HOCTOPOHHEH JTMYHOCTH, CITIOCOOHOM KPUTHUECKU OTHOCUTHCS K HH(OpMAIMK, YMEHHIO OTOUPATh
MHOPMALIKIO ISl PELICHUS TIOCTaBICHHOMN 3a/1a4H.

KommiiekcHoe Hcmonb30BaHHE B y4eOHOM TIpoIlecce€ BCEX BBIIMIEHA3BAaHHBIX TEXHOJOTHI
CTUMYJIUPYIOT JIMYHOCTHYIO, HHTEJUICKTYaJIbHYI0 aKTUBHOCTb, pAa3BHBAIOT IO3HABATEIbHbIC
MIPOLIECCHI, CIIOCOOCTBYIOT (DOPMHUPOBAHUIO KOMITETCHIINH, KOTOPHIMH JOJDKEH 00ManaTh OymMyIiuid
CTECLIUAIIUCT.

OcHOBHBIE BUIbI HHTEPAKTUBHBIX 00pa30BaTEIbHBIX TEXHOJIOTHIA BKIIOYAIOT B CeOsi:

— paboTta B MaJbIX Ipymnmnax (KOMaHJe) - COBMECTHasl JESITEIbHOCTh CTYJEHTOB B TPYIIIE MO
PYKOBOJICTBOM JTH/Iepa, HAIlpaBJICHHAs Ha pelleHue oOIel 3aJaur MyTéM TBOPYECKOTO CIIOXKEHHUS
pe3yJabTaTOB WHAMBHUIYAIbHOM pPa0bOThl YJICHOB KOMaHAbl C JEJICHHEM IIOJIHOMOYMH U
OTBETCTBEHHOCTH;

— TPOEKTHasi TEXHOJOTHs - WHIMBUAyaJbHAs WM KOJUIEKTHBHAs NEATENBHOCTH MO OTOODY,
pacrpesielieHIo M CUCTeMaTH3allMd MaTepHajja IO OINpeNIelIeHHOW TeMe, B pe3yJbTare KOTOpOH
COCTAaBJISIETCS IPOEKT;

— aHaJIM3 KOHKPETHBIX CUTYAIMH - aHAJINU3 pealbHBIX MPOOJIEMHBIX CUTYaIUi, IMEBIINX MECTO
B COOTBETCTBYIOIIEH 00jacTu MpoeCCHOHATBHON AESITEIbHOCTH, W TMOUCK BAPHUAHTOB JIYUIIHX
peleHui;

— pa3BUTHE KPUTHUYECKOTO MBIIIJICHUS — 0Opa3oBaTelibHas AEATENbHOCTb, HANpaBJICHHAs Ha
pa3BUTHE y CTYACHTOB Pa3yMHOTro, pe(IeKCMBHOTO MBIIUICHUS, CIOCOOHOTO BBIIBUHYTH HOBBIC
UJIeU ¥ YBUJIETh HOBbIE BO3MOXHOCTH.

[Tonxox pa3zdopa KOHKPETHBIX 3a/1a4 U CUTYAIMi ITMPOKO UCTIONB3YETCs KaK MpenojaBaTeseM,
TaK M CTyICHTaMH BO BpeMs JIeKIHH, Ja00paTOpHBIX 3aHATHH W aHalM3a pe3ysbTaToB
CaMOCTOSITENIbHOW paboThl. DTO OOYCIIOBJIEHO TE€M, YTO NMPH HUCCIECAOBAaHMM M PEIICHUH KaxIO0i
KOHKPETHOW 3aJa4ll UMeeTcs, KaK MPaBUIIO, HECKOJIBKO METOOB, a 3TO TpeOyeT pa3dopa U OLEHKH
IEJION COBOKYIMHOCTH KOHKPETHBIX CUTYyallUH.

Templ, 3a1aHUS ¥ BOIIPOCHI JJIsi CAMOCTOSATENILHONW padOThl MPU3BaHbI C(HOPMHUPOBATH HABBIKH
MOUCKa MH(POPMALIUU, YMEHHUS CaMOCTOSTEIbHO PACIIUpPSTh W YIIIyOJsATh 3HAHUS, MOJyYE€HHBIC B
XO7I€ JIEKIIMOHHBIX U MPAKTHUECKUX 3aHATHH.

[Toaxon pa3bopa KOHKPETHBIX CUTYallui HIMPOKO UCHOJIB3YETCsl KaK MpernojaBaTeseM, Tak 1
CTYACHTaMH IIPU MIPOBEACHUH aHAIN3A PE3YIbTaTOB CAMOCTOATEIBHOM paboThI.



KOJINY€eCTBO
Hcnoab3yembie HHTEpAKTHBHBIE 00pa3oBaTeJIbHbIE
Cemectp | Bun 3ansrus HHTEPAKTHBHBIX
TeXHOJIOTUH
4acoB
3aHsaTHs B pexumax B3aUMOJCUCTBUSA
6 JI, JIP «mpenojaBareilb — CTYOEHT» U «CTyACHT — 14
CTYIEHT»
Hroro 14

Jnst iy ¢ OrpaHMYEHHBIMH BO3MOXKHOCTSMH 3JI0pPOBbSI MPEyCMOTPEHA OpraHu3anus
KOHCYJIbTallMi ¢ UCTOJIb30BAHUEM AJIEKTPOHHOMU IMOYTHI.

Jnst uil ¢ HapyIIeHUsIMU 3pEHUSL:

— B 1e4aTHOM (hopMe yBEIMUYCHHBIM HIPUPTOM,

— B (hopMe DIIEKTPOHHOTO JOKYMEHTA.

Jnst vl ¢ HapyIIeHUsIMH cllyXa:

— B 1e4yaTHo# opwme,

— B (hopMe DIIEKTPOHHOTO JOKYMEHTA.

Jnst vl ¢ HapyIIeHUsIMU OTIOPHO-JBUTATEIHLHOTO anmnapara:

— B 1e4yaTHo# (opme,

— B (hopMe DIIEKTPOHHOTO JOKYMEHTA.

Jns i ¢ OrpaHMYEHHBIMH BO3MOXKHOCTSMH 3JI0POBbSI  MPEyCMOTPEHA OpraHu3anus
KOHCYJIbTallMid C UCOJIb30BAHUEM AJIEKTPOHHOU IMOYTHI.

JlaHHBIi TIepeYeHh MOXKET OBITh KOHKPETH3MPOBAaH B 3aBUCHMOCTH OT KOHTHHICHTA
00yJaronuxcs.

4. OHCHO‘IHLIe cpeacrea AJisi TEKYIIEro KOHTPOJSA YCHEBAEeMOCTH H

HpOMe)I(yTO‘IHOﬁ arTreCranmumu

4.1 OueHo4HbIe CPEACTBA VIS TEKYLIEro KOHTPOJSI YCIeBAeMOCTH W IPOMEKYTOYHOM
aTTrecTaluu

OLIGHO‘-IHI:IG cpeacrBa MNOpCAHA3HAYUCHBI [JId KOHTPOJA U OLCHKU 06pa30BaTeJIBHBIX

TOCTIDKEHHHM 00yJaromuxcs, OCBOMBIIUX MPOrpaMMy y4ueOHOM aAucuuIuinHbl «HTeuIeKTyanbHbIe
METObI ONTUMU3ALIUN.

OrneHouHBIE CPEJCTBA BKIIIOYACT KOHTPOJBHBIE MaTepuaibl A TPOBEICHHUS TEKYILEro
KOHTPOJIS BBIITOJTHEHUS 33aJaHHi, JTa00OpaTOpHBIX pabOT, CPEICTB UTOTOBON aTTeCcTalnu (3K3aMeH B 6
CeMecTpe).

OreHka ycrieBaeéMOCTH OCYIIECTBISIETCS MO Pe3yIbTaTaM:

- BBITIOJIHEHUS 1TAOOPaTOPHBIX padoT;

- OTBETOB Ha TEOPETUUECKHE BOIIPOCHI IIPHU c/1adye JabopaTOpHBIX paboT;

- OTBETA Ha HK3aMeHe (115 BBIABICHHS 3HAHUS M TOHUMAaHHsI TEOPETUYECKOTO MaTepHuasa
JCIIUTUTUHBI ).

OrneHOYHBIE CPEACTBA JUIsi MHBAJIUAOB M JIUI C OTPAaHUYEHHBIMH BO3MOXKHOCTSMHU 37I0POBbS
BBIOMPAIOTCS C YUETOM UX MHAWBUAYAIbHBIX MICUXO()U3NIECKIX OCOOCHHOCTEH.

— IpU HEOOXOJWMOCTH MHBAJIUAAM U JIMLAM C OIPAaHHYEHHBIMH BO3MOXKHOCTSMHU 3JI0POBbS
MIPEOCTABIISAETCS IOTIOJIHUTENILHOE BPEeMs JJIsl IOATOTOBKU OTBETA HAa 3K3aMEHE;

— TpU TPOBEIEHUH TPOLEAYPbl OLEHUBAHUS PE3YJIbTaTOB OOYYEHHUS WHBAJIUAOB U JIUI] C
OrpaHUYEHHBIMH BO3MOKHOCTSIMH 3JI0POBBSI IPEIyCMaTPUBACTCS HCIOJIb30BAHUE TEXHUYECKUX
CpeACTB, HEOOXOIUMBIX UM B CBSI3M C UX UHIUBUAYAIbHBIMUA OCOOEHHOCTSIMH;

— TIpU HEOOXOTUMOCTH JUIs OOYYaIOLIMXCSl C OTPAaHMYCHHBIMH BO3MOXKHOCTSIMH 3/10pPOBBSI U
WMHBAJINOB MPOLEAYpa OLIEHUBAHHS PE3yJIbTaTOB O0YUYCHHS MO JAUCIHUILIMHE MOXET IPOBOJUTHCS B
HECKOJIBKO JTAaroB.

[Iponienypa oueHUBaHMA pe3yJIbTATOB OOYYEHHS HWHBAIMAOB W JIMI C OrpaHUYCHHBIMH
BO3MOKHOCTSIMH ~ 3JI0POBbsI 0 JHCHUIUIMHE (MOJIYJIO) IpelyCMaTpUBaeT IpelOCTaBICHUE



uHpopMmauuu B (opMax, aAJANTUPOBAHHBIX K OTPAHMYCHHUAM HUX 3/J0pPOBbS M BOCHPUATHUS

uHpOpMaLUu:

Jl1st L ¢ HapyIIEeHUAMY 3pEHUS:

— B I1e4aTHOM (hopMe yBEIMUYECHHBIM HIPUPTOM,
— B (popMe AIIEKTPOHHOTO IOKYMEHTA.

Jl1st AL ¢ HapyLIEeHUAMHU CllyXa:
— B Ie4aTHoM (opme,

— B (popMe AIIEKTPOHHOTO IOKYMEHTA.
JUist U1 ¢ HapyIIEHUSIMH OTIOPHO-IBUTATEJILHOTO anmapaTra:

— B Ie4aTHOM (opme,

— B (popMe AIIEKTPOHHOTO IOKYMEHTA.

JlaHHBI TepedYeHb MOXKET OBITh KOHKPETH3MPOBAaH B 3aBUCUMOCTH OT KOHTHMHIEHTA

00yJaromuxcs.
CTpyKTypa OlIEeHOYHBIX CPEACTB JIJIsl TeKyIIeil 1 MPOMeKYTOYHO# aTTecTAllNU

Ne Kon 1 HanmeHoBaHMe HHIUKATOpa PesynbraTs! 00yueHus HaumeHnoBaHue OLIEHOYHOTO
n/m cpescTBa
Texymmii IIpomexy-
KOHTPOIIb TOYHAs
aTTecTalys
Ha NMOPOroBOM YPOBHE!:
MF-3.2. IIpumensier MeTOoABb! | 3HAeT cTaHaapTHele MeToasl | Ompoc no Teme, Bonpocs! Ha
ONITUMHU3AINN JUIs HACTPOWKHM | IOMCKAa  TUIEpPHapaMeTpoB, | JabopaTopHas sKk3amMeH 1-13
1 THIIeprapaMeTpoB MoJIeJeld MalllMHHOTO | JUIi ~ HAacTPOMKM  Mojenel | pabora
oOy4yeHus, BKIIOYAas HCHOJB30BaHNC | MAIIMHHOTO OOyUYCHHMS
MeronoB moucka (grid search, random
search) u OaliccOBCKOW ONTUMU3AIHN
DL-1.1  Cmnocoben  o0BsicHATE ¥ | YMeerT nopbupars ¢yHkiun | Ompoc 1o teme, Bonpocs! Ha
IpPUMEHATh MaTeMaTudeckue OcHOBBI | aktuBanuu HC naboparopHas 9K3aMeH 6-13
HEIpPOHHBIX CETeH, BKIIOYas pacyeT pabora
5 TpaJMeHTOB, METOJbl ONTHMH3ALUN U
anropuT™M 0OpaTHOTO paclpoCTpaHEHUS
OIINOKH (backpropagation), JUIs
3¢ (EKTUBHOTO OOYICHHUS MOICTICH.
DL-1.2  Cmocoben  peanm3oBbiBaTh | Brangeer HaBblkamu | Ompoc no Teme, Bonpocs! Ha
HeriryOokne HEIpPOHHEIE CeTH | peanu3anuu HEerTyOOKHX | J1abopaTopHas sKk3aMeH 31-36
(TIepuenTpoHsl, MLP), BBIOMpATh | HEHPOHHBIX ceTer pabora
3 KOJIMYECTBO u pasmep CIIOEB,
nojxosme (YHKIMM aKTHBALMH U
(GYHKIMM TIOTEph JUI pEUIeHUs 3ajad
KJIaCCHU(HKAINN 1 PErPeCcCUy
DL-1.3 Criocoben IPUMEHATh | YMEET MPUMEHATh OCHOBHBIE | Ompoc no TeMe, Bonpocs! Ha
COBPEMEHHBIE apXUTEKTYPBl TIIyOOKHX | apXUTEKTYpHI rirybokoro | naboparopHas sKk3aMeH 31-36
4 ceTel /Il pelieHus] pa3nuyHbIX 3an1ad, | odydenus (VGG, ResNet) pabora
[IOHMMAsl UX BHYTPEHHIOIO CTPYKTypy H
0ocoOeHHOCTH 00yUeHUs
FC-1.1 Pa3pabaTsiBacT 3HaeT ocHoBHOH | Ompoc no Teme, Bompocs! Ha
(yHIAMEHTAIIbHBIC OCHOBBI H HOBBIC MaTeMaTU4ECKUN anmapat | JyraboparopHas sK3aMeH 14-21
5 aNTOPUTMBI MallIMHHOTO 00y4YeHNs A TCOpETHHCECKOro pabora
000CHOBaHUA CBOWCTB
Motenei TITyOOKOTO
0o0yJeHUs.
0-3.2. OO6OCHOBBIBAaeT CrocoObl © | YMEET obocHoBBIBaTH | Ompoc 1o Teme, Bonpocs! Ha
BapUaHTBI npuMeHeHus | UCTIONb3yeMbIe MeTonsl | JlabopaTropHas sK3aMeH 22-30
6 MHTEJICKTYalIbHBIX METOJIOB B 3ajauax | Ol iMH3ALMI — HA — OCHOBC pabora
CTaTHYECKMX  JaHHBIX O
OTTHMH3ALHH rapamerpax pemaemon

3a7a4un




n/m

KO}_'[ 1 HAUMCHOBAHUC MHIUKATOpa

PesynbraTsl 00yueHns

HaumenoBanue OLCHOYHOI'O

CpeAcTBa
Texymmii IIpomexy-
KOHTPOIIb TOYHAast

aTTecTauus

Ha 0230BOM VPOBHE:

XapaKTEePUCTUKAX MPOIYKTOB
KOMITaHUH

MF-3.2. IIpumensier MeTOoABb! | 3HaeT u ucnons3yer | Ompoc no TeMme, Bonpocs! Ha
ONITUMHU3AINN JUIst HACTPOWKHM | CTaHIapTHBIE METOJBI ITONCKA | JabopaTopHas sKk3amMeH 1-13
7 TUIEpIapaMeTpoOB MOJENEH MalIMHHOTO | THIIEpIapaMeTpoB st | pabora
oOy4eHus, BKIIOYAs HCIOJIb30BaHUE | HACTPOWKH Mojenen
MeronoB moucka (grid search, random | mammHHOrO  OOy4YeHHS B
search) u OaiiecOBCKOM ONTHMHU3AINN CTaHAAPTHBIX 33/1a4aX.
DL-1.1  Cmocoben  o00BsicHATH ¥ | 3HAaeT Kak 3agaTh CcKopocTh | Ompoc 1o teme, Bonpocs! Ha
MIPUMEHATh MaTeMaTHYeCKHe OCHOBBI | OOYYeHHs] B 3aBHCHMOCTH OT | jaboparopHas 9K3aMeH 6-13
HEHpOHHBIX CeTeH, BKIIOYAs pacyeT | 3aaa4yd ¥ Habopa JaHHBIX pabora
IPaJMEHTOB, METOJbl ONTUMM3ALMU H | YMeEeT IIPOBOJUTH
aNropuT™M 0OpaTHOTO PaclpOCTPaHEHUS | CPAaBHUTEIIBHBIH aHaIM3
g OIINOKH (backpropagation), JUISL | Pa3IMYHbIX METOZOB
3¢ PEeKTUBHOTO 00YUECHUS MOJIETICH. ONITUMHU3AIIN u B
3aBHCUMOCTH OT 33Ja4u
Bnaneer 6a3oBBIMU
HaBBIKAaMH BBIOOpa (YHKIMH
OoTePh B 3aBUCUMOCTH OT
3a7a4u ¥ Habopa JaHHBIX
DL-1.2  Cnocoben  peanu3oBbIBaTh | YMeeT BbIOMpaTh QyHKIMIO | Ompoc no teme, Bonpocs! Ha
HeriryOokne HEIPOHHEIE CETH | aKTUBaLUU u CTerieHpb | JlabopaTropHas sKk3aMeH 31-36
(TIepuenTpoHsl, MLP), BBIOMpATh | CBA3HOCTH  HEWpPOHOB B | paboTa
KOJIMYECTBO u pasmep CJIOEB, | 3aBHCUMOCTH OT 3aJa4u
9 noaxosue (YHKIMM akTHBaMM U | Buageer HaBBIKaMH
(GYHKIMM TIOTEph Ul PELICHUs 33ja4 | peaju3anui HEHPOHHBIX
KJIaCCU(HKAIN 1 PETPECCUH ceTel, TaKUX KaK
MHOT'OCJIOMHBINA EPCENTPOH
DL-1.3 Criocoben NPUMEHATH | 3HaeT ommuusi M crocoden | Ompoc 1o Teme, Bonpocs! Ha
COBPEMEHHBIE apXWUTEKTYphl TIIIyOOKHX | NPUMEHSITh HEHpPOHHBIE ceTh | JabopaTopHas sKk3aMeH 31-36
ceTel /ISl pelieHus] pa3lW4HBIX 3a]ad, | Ui OTCIEXHBaHHSI OOBEKTOB | pabora
10 MOHUMasl UX BHYTPEHHIOIO CTPYKTypy U | (cemeiictBo R-CNN, YOLO)
0coOeHHOCTH 00yYEHUSL. YMeeT NMpUMEHSATh OCHOBHBIC
APXUTEKTYPBI riryOoKoro
ooyuenus (VGG, ResNet)
FC-1.1 Pa3pa6aTLIBaeT VYmeer HCII0JIb30BaTh Or[poc 110 TEME, Bonpocm Ha
(yHIAMCHTAIBHBIC OCHOBbI M HOBBIC MaTeMaTH4ecKui  ammapart, | JraboparopHas JK3aMeH 14-21
1 aNTOPUTMBI MaIlIMHHOTO 00y4YeHNs CTIOCOOEI dpexTuBHOrO | pabora
oOy4eHust  JIsl  pelIeHHs
TUIIOBBIX 33/1a4.
0-3.2. OO6GOCHOBBIBAET CIIOCOOBI W | YMeer 00ocHOBBIBaThH | Ompoc 1mo Teme, Bompocs! Ha
BapUaHTbI npuMenenns | PAMEHEHUS METOJIOB | JlabopaTropHas sK3aMeH 22-30
MHTEIUIEKTYaIbHBIX METOJIOB B 3ajauax | Ol AMH3ALHI - Ha — OCHOBC pabora
12 CTaTUYECKUX  JaHHBIX O
ONITUMHU3AINN napaMeTpax "

Ha NMPOJABUHYTOM YPOBHE:

13

MF-3.2. [Ipumensier METO/IbI
ONTHUMU3AIUH JUTSt HACTPOUKH
TUIIEePIIApaMETPOB MOJICIICH MAITHHHOTO
0oOydeHMsI, BKIIOYAs WCIIOJIb30BAHUC
MeronoB moucka (grid search, random
search) u OaliccOBCKOW ONTUMU3AINA

3HaeT U HUCIOJIb3YEeT METOJIBI
MOUCKa  THUIEPIIapaMeTpoB,
takue kak grid search wu
random search, IS
HaCTPOHKH MoJernen
MaIIMHHOTO 00yUYeHHS

Ormpoc 1o Teme,
naboparopHas
pabora

Bompocs! Ha
sKk3ameH 1-13




Ne Kon 1 HanmeHoBaHME HHIUKATOpA PesynbraTsl 00yueHns HaunmeHnoBaHue OLIEHOYHOTO
n/m cpescTBa
Texymmii IIpomexy-
KOHTPOIIb TOYHAs
aTTecTays
DL-1.1  Cmocoben  00BsicCHATH ¥ | 3HAaeT Kak 3agaTh CcKopocTh | Ompoc 1o teme, Bonpocs! Ha
MIPUMEHATh MaTeMaTHYeCKHe OCHOBBI | OOYYEHHs] B 3aBHCHMOCTH OT | jabopaTopHas 9K3aMeH 6-13
HEHpOHHBIX CeTel, BKIIOYAs pacyeT | 3aaa4yd ¥ Habopa JaHHBIX pabora
IPaJWEHTOB, METOJbl ONTUMM3ALMU H | YMeer IIPOBOJUTH
aNropuT™M 0OpaTHOTO PaclpOCTPAaHECHUS | CPAaBHUTEIIBHBIH aHaIN3
OIINOKH (backpropagation), JUISL | Pa3IMYHbIX METOZOB
3¢ PEeKTUBHOTO 00YUECHUS MOJIETICH. ONITUMHU3AIIN u
ApPXUTEKTYPHBIX pELICHUH B
14 3aBHCUMOCTH  OT  3aJauu;
BBIOMpATh pa3Mep Makera Jyis
CTOXaCTUYECKOT0
IPaJUEHTHOIO CITyCcKa
Bnaneer HaBblkamu BBIOOpa
byHKIIH MOTeph B
3aBHCUMOCTH OT 33Jaud U
HaOopa JaHHBIX; IOHMMAaeT
MPUHOMN pa0oOTHl ANrOpUTMA
IPaAMEHTHOrO CIIyCcKa
DL-1.2  Cnocoben  peanu3oBbIBaTh | YMeeT BbIOMpaTh QyHKIMIO | Ompoc no teme, Bonpocs! Ha
HeriryOokue HEIPOHHEIE CeTH | aKTUBaLUU u CTeTieHb | JlabopaTropHas sKk3aMeH 31-36
(TIepuenTpoHsl, MLP), BBIOMpATh | CBA3HOCTH  HEHWpPOHOB B | paboTa
KOJIMYECTBO u pasmep CIIOEB, | 3aBUCUMOCTH  OT  3aJauu;
nojaxosue (YHKIMM aKTHBAlMA M | NPUMEHSTH obOpaTHOE
(GYHKIMM TIOTEph JUIS PEUIeHUs 33/ad | paclpoCTpaHEHHWE  OIIMOKH
KJIaCCHU(HKAINN 1 PErPeCcCUy Ui OOHOBJIEHHS ~ BECOB
15 HEHPOHOB; BHIOMPATH CIIOCOO
(opMHpPOBaHUST  HAYaIBHBIX
3HaYEHUI BECOB HEUPOHOB.
Brnaneer HaBBIKAMH
peanu3anyu HEHPOHHBIX
ceTel, TaKuX Kak
MHOT'OCJIOMHBINA EPCENTPOH
DL-1.3 Criocoben NPUMEHATH | 3HaeT ommuus M crocoben | Ompoc 1o Teme, Bonpocs! Ha
COBPEMEHHBIE apXWUTEKTYphl TIIyOOKHX | NPUMEHSITh HEHpPOHHBIE ceTh | JabopaTopHas sKk3aMeH 31-36
ceTel /Il pelieHus] pa3iu4HBIX 3a]ad, | Ui OTCIEXHMBaHHSI OOBEKTOB | pabora
16 MOHUMasl UX BHYTPEHHIOIO CTPYKTYpy M | (cemeiictBo R-CNN, YOLO)
0coOeHHOCTH 00yYEHUSL. YMeeT MpUMEHSATh OCHOBHBIC
APXUTEKTYPBI riryOoKoro
obyuenus (VGG, ResNet)
FC-1.1 PaspabaTbiBaer 3HaeT MatemaTuueckuit | Ompoc 1o reme, Bompocs! Ha
(dyHIaMeHTANBHEIE OCHOBBI M HoOBpie | AIIAPAT JUIS TEOPETHIECKOrO naboparopHas JK3aMeH 14-21
aNTOPUTMbI MallIMHHOTO 00yUYeHNUS O6OCHOEaHm CBOICTE | pabota
17 Motenei TITyOOKOTO
0oOydJeHUs.
Ymeer CUHTE3HPOBATh
MIPUHINAIHAIBHO HOBBIE
APXUTEKTYPHI AJITOPUTMOB.
0-3.2. OOOCHOBBIBAE€T CIOCOOBI W | YMeeT mpoBoauTh aHanu3 | Ompoc 1o teme, Bompocs! Ha
BapUAHTHI npuMeHeHus | 337@4M W 000CHOBBIBATH | JlabopaTropHas sK3aMeH 22-30
MHTEIIEKTYaJbHBIX METOJIOB B 33/1a4ax BbIGOp KOHKpETHOTO | paboTa
HHTEJUIEKTYalbHOTO METOAA,
ONITUMHU3AINN
18 Mo (UIIPOBATH
CTaHAAPTHBIC AITOPUTMBI T10]T
crenuuKy KOHKPETHOU
3a7a4H, CpaBHMBATbH
3¢ HEKTUBHOCTD Ppa3HbIX

MCTOO0B Ha PCAJIbHBIX




Ne KOH 1 HAUMCHOBAHUC MHIUKATOpa P€3yJ'II>TaTI>I 06yLICHI/I$I HaumenoBanue OLCHOYHOI'O

/m CpeacTBa
Texymmii IIpomexy-
KOHTPOJITb TOYHAs
aTTecTays
Kelicax, OLICHUBATh

BBIYHMCIIUTENILHYIO CIIOKHOCTD
U CXOOUMOCTH  METOJOB,
KOMOMHHPOBATH
MHTEIJICKTyaJIbHBIE METOABI C
KJIACCHUECKMMHU IT0JIX0/IaMU

TunoBble KOHTPOJIbHBIC 3aIaHUsl WJIM HHbIe MaTepHaJIbl, HeOOXOAUMBIE NJIsI OLECHKHU
3HAHUH, YMEHHH, HABBIKOB M (MJIM) ONBITA JEATEJbHOCTH, XAPAKTEPH3YIOIINX ITAMbI
(opMupoBaHuSsI KOMIIETEHIIMII B polecce 0CBOCHUsI 00pa30BaTeIbHON MPOrpaMMbl

Jlaoopamopnaa paboma Nel3 «HUcnonvzoseanue HyperNEAT ona pewienus 3a0auu
3PUMENnbHOZ0 PaA3IUYeHUA)

Ilocmanoeka 3a0auu

3amada 3pUTENBHOTO PA3IUYEHUS] COCTOMT B TOM, YTOOBI OTIIMYUTH KPYIHBIA OOBEKT OT
MaJICHBKOTO 00BEKTa B JIBYMEPHOM 3PUTEIHLHOM MPOCTPAHCTBE HE3aBHCHUMO OT UX PACIIOJIOKEHHS B
I10JI€ 3pEHMSI U NIOJIOKEHUSI OTHOCUTENIBHO APYr Apyra. 3ajada 3pUTENbHOIO Pa3InYEHUs pelaeTcs
CIELMATU3UPOBAHHON Ppa3/IMYaloled HEHPOCEThI0 — 3PUTEIBHBIM JAUCKPUMUHATOPOM, — KOTOpas
pa3BuBaeTcsa Ha cyOcTparte, CKOHPHUTYPUPOBAHHOM KaK COHABHUY MPOCTPAHCTBA COCTOSIHUN C IBYMS
CIIOSIMU:

—3pHUTENbHOE T0JIE TPEACTaBIseT COO0OW IBYMEPHBIM MAacCHB JaTYUKOB, KOTOPHIE MOTYT
HAXOJHUTHCS B IBYX COCTOSIHUSX: BKIIOYCHO WIIH BBIKITIOYEHO (YepHO-0enoe n300pakeHue);

—1IEJIEBOE T10JI€ — 3TO ABYMEPHBI MacCUB BBIXO/0OB CO 3HAUYEHUSMHU aKTHBALMM B JUANa30HE
[0,1].

Cxema 3a7auu 3pUTEIBHOTO Pa3IM4YeHUs [1I0Ka3aHa HA PUCYHKE:!

-

max : ~
activation l

Visual Field Target Field (detection)

3aoaua 3pumenvHo2o paznuyeHus

Paznnuaemble OOBEKTHI MPEJCTABICHBI B BHJE JBYX KBaJpaTOB, DPAa3JEICHHBIX IyCTHIM
IPOCTPAHCTBOM. BoJbIIoii 0OBEKT B TpH pa3za MPEBOCXOIUT MaJCHBKUI MO KaXI0MY H3MEPEHHIO.
AJNTrOpUTM, KOTOPBIM HEOOXOAWMO MOCTPOUTh, JOJDKEH HANTHU IIeHTp Oojee KPYIHOro OOBEKTa.
OOHapy)keHne OCHOBaHO Ha M3MEPEHUU 3HAUEHUH aKTUBALMHU Y3JI0B HEHPOCETH B LIEJIEBOM II0JIE.



[Tono>)keHne y371a € HAWMBBICIIMM  3HAQYEHHWEM AaKTHBALMM  YKa3blBa€T Ha  LEHTP
oOHapy>KeHHOT0 00bekTa. Llenb — HallTH MpaBUIIBHBIA NATTEPH CBA3EH MEXKy 3PUTEIBHBIM IOJIEM U
[[EIeBBIM TIOJIEM, KOTOPBIM COMOCTaBISET BBHIXOJHOW y3€J ¢ HAaWOOJNBIICH aKTHBAIMEH B IEIEBOM
T0JI€ ¢ EHTPOM OOJIBIIOr0 00BEKTa B 3pUTEIbHOM Tose. Kpome Toro, pe3ynbTat paboThl HelipoceTn
HE JIOJKEH 3aBUCETh OT B3aMMHOTO PACIIONIOKEHHS] OOBEKTOB.

AJNTOpUTM JUTS 33124 3PUTEIBHOTO PA3IMUCHHsI TOJDKEH OI[CHMBATH OOJIBIIOE KOJIMYECTBO
BXOJHBIX JaHHBIX — 3HAYEHUH, NPEACTABIAIOIMX sSYEeWKH B 3puTeapbHOM mnoie. Kpome Toro,
YCIICIIHBIM aJrOpUTM JIOJDKEH OOHApy>KUTh CTpATETHIO, CIIOCOOHYI0 00pabaTbiBaTh BXOJTHBIC
JAHHBIE U3 HECKOJBKUX SYeeK OJHOBpeMeHHO. Takast cTparerus JOJKHA OCHOBBIBAThCA Ha OOIEM
MPUHIMUIE, TO3BOJISIONIEM OIPECNIATh OTHOCHTEIbHbIE pa3Mepbl OOBEKTOB B 3PUTEIBLHOM IIOJIE,
KOTOpOE€ TPEICTAaBICHO B BHJIEC JAByMepHOW ceTku. CrenoBareiabHO, OOIIMM T'€OMETPHYECKUM
MPUHITUIIOM, KOTOPBIN TOJIKEH OBITh OOHAPYKEH, SIBISETCS JIOKATBHOCTb.

MOXHO HCHOIb30BaTh MPUHIHUI JIOKAIFHOCTH B KOH(HUIypaluu LEIeBOH (pa3iuyaromieil)
HEHUPOCETH, TPUMEHSS ONPENEICHHbIN MMATTEPH B CXEME COEAMHEHMH MEXIY Y3JIaMU 3PUTEIBHOIO
II0JI U LIEJIEBOTO MOJIsl. B 3T0M cXeMe COeqMHEHNI OTAENbHBIE Y3JIbl 3pUTENBHOIO MOJISI COETUHEHBI
CO MHOKECTBOM CMEXKHBIX Y3JIOB BBIBOJA BOKPYI OIPEIECICHHOTO MECTOIOJOKEHHUS B IIEJIEBOM
noJsie. B pe3ynpraTe akTUBaLUs BHIXOAHOIO y3ja 3aBUCUT OT TOT0, KAK MHOTO CUTHAJIOB ITOCTYIIAaeT B
HEro 4Yepe3 COEIMHEHUS C OTACIbHBIMHU BXOJIHBIMH Y3JIaMHU.

YroOsl 3()(h)eKTUBHO HUCIOIB30BATH MPHUHLUI JIOKAIBHOCTH, MPEACTABICHUE CBS3CH TOMIKHO
YUUTBIBATh TEOMETPHIO CyOCTpaTa pasianyaroneid HeHpoceTr U TOT (akT, YTO MPABUIIbHBINA MaTTepH
CBsI3€M MOBTOPSIETCS MO BCeM ceTu. HammydymmM KaHauaaToM JUisl TaKOro NPeCTaBICHUS SBISAETCS
CPPN, xotopasi MOXeT OJIUH pa3 OOHAPY>KUTh JIOKAJIbHBIA MATTEPH CBS3€H M MOBTOPUTH €ro IO
ceTke cyOcTpaTa /Ui CKOJIb YTOAHO OOJIBIIOTO pa3peieHHs.

Onpeoenenue yeneeou hynkyuu

OcHoBHas 3aja4a 3pUTEIHLHOTO JUCKPUMHHATOPA — TMPABUIBHO OINPEACITUTH IOJIOKECHUE
0osee KpymHOro OOBEKTa HE3aBHUCHUMO OT B3aMMHOTO PACIONIOKEHHs 000omX o00BekToB. OTCIOna
MOXKHO OMPEICNIUTh MEeNeBY0 (DYHKIHIO A YIpaBlICHUs MporeccoM Hedpossomoonuu. lleneBas
(GyHKIUS JOKHA OCHOBBIBATHCS HA €BKIIMIOBOM PACCTOSHUU MEXIY TOYHBIM IMOJIOKEHHEM Ooliee
KpPYMHOTO 00BEKTa B TIOJIE 3PEHUS U €T0 POTHO3UPYEMBIM ITOJI0KEHHEM B LIEJICBOM II0JIE.

OyHKIMS OMUOKH MOXKET OBITh MPEACTaBIICHA HETIOCPEICTBEHHO KaK €BKJIUIOBO PACCTOSHUE
MeX1y GaKTUIECKUM U MPOTHO3ZUPYEMBIM MOJIOKESHUSMH CIIETYIOIIIM 00pa3oM:

L= fiZZI(G,-—R-)Z,

rae L — ¢ynxkous omumbOku, G; — HUCTHHHBIE KOOPAMHATHI OOJbIIOro oO0BEeKTa, a P; —
KOOP/AMHATBHI, NPeJICKa3aHHbIe HEHPOCEThIO.

Hcnonb3ys (QyHKIMIO OMIMOKH, OMpPENeNIeHHYI0 paHee, Mbl MOKEM NpEeICTaBUTh IIENEBYIO
(GYyHKIHIO CeayonmM o0pa3oM:

F-10-%.

max

3necb Dmax — MaKCUMaJIbHO BO3MOXHOE PACCTOSIHHE MEXAY JABYMsI TOUYKaAaMHU B Mpeiesiax
[[EJIEBOr0 MpocTpaHcTBa moiyisa. Dopmyna 1eneBodl (QYHKIMH TapaHTUPYET, YTO PacCCUUTAHHBIN
MoKa3arenb npucrnocobienHocty (£,) Bcerna Haxonutcs B uHTepBane [0,1].

Bo Bpems o00yueHHS HEWpOCETH 3PUTEIBHOTO JUCKPUMHUHATOPA, HCIIOJB3YeTCs
(UKCUpOBaHHOE pa3pelieHHe 3pUTENIFHOTO M LEJNEeBOro Tojei, ¢ pasmepHocThio 11x11.
CnenoBarenbHo, coenunutenbHass CPPN momxHa cBszath mMexay coboit 121 BXom 3pUTENBEHOTO
moiig ¥ 121 BBIXOM HEIEBOro IIOJIsS, YTO B UTOIS IIOTCHIIMAILHO MOXKET naTh 14 641 3HadcHUE Beca
CBSI3H.

Ha pucynke noka3ana cxema cyOcTpara JJisi HEHpOCETH 3pUTEIHHOTO JUCKPUMHHATOPA.
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Cybcmpam npocmpancmea cocmosHuil 0Jis Heupocemu 3pumenbHo20 OUCKPUMUHAMOPA

HeiipoceTp nuCKpUMUHATOpa HMMEET JBa CJIOS C y3j1aMd, OOpasyloUMMHM IO OJHOM
IBYMEpHOM Iiockoi cetke Ha cinoi. CoennnurensHass CPPN «pucyeT» narrepHsl CBsA3el, NIpOBOIs
CBSA3U OT y3JIOB OJIHOT'O YPOBHS K y3J1aM JAPYTrOro ypOoBHS.

Ha kaX10oM TIOKOJIEHHWH OHBOJIONUHM KAXIbIH HMHIMBHUIYYM B TONYJSAIMU (TCHOM,
koaupytouii CPPN) oneHnuBaeTcs Ha ero crocoOHOCTh CO3/1aBaTh MATTEPHBI CBA3EH HelpoceTn
JTUCKPUMHUHATOPA. 3aTeM 3pUTENbHBIM TUCKPUMUHATOP MPOBEPSETCS, YTOOBI ONPENEIUTh, MOXKET JIN
OH HalTH IEHTP OOIBIIOro 00BEKTa B MOJIE 3peHus. Beero i TekyInei HelpoceTH mpeyCMOTPEHO
75 OLIEHOYHBIX UCHBITAHUH, B KOTOPBIX JBa OOBEKTa PACIONIOKEHBI B pa3HBIX MecTax. B kaxmom
UCTIBITAHUN HEOO0XOAWMO TOMECTUTh MaJIeHbKHH O0BEKT B OAHY M3 25 mNO3MLUH, paBHOMEPHO
pacripesielieHHbIX B Toje 3peHusa. LleHTp Oonbmioro oObeKkTa HAaXOAWTCA B IATH MIarax oT
MaJCHBKOT0 OOBEKTa BIIPaBO, BHU3 WIHM MO AuaroHanu. Ecimu Oonbmioil 00BEKT HE MOITHOCTHIO
BITMCBIBACTCSI B MOJIE 3PEHUS, OH MEPEXOUT HA IPYTYIO CTOPOHY. TakuM 00pa3oM, yUUThIBAs JTOTUKY
pa3meleHsi 00beKTOB OTHOCUTEIBHO APYT JPYTra U CETKH, HEOOXOAUMO OIICHUTh BCE BO3MOKHBIC
KOH(UTYpaIiK B 75 UCIIBITAHUSX.

Tecmosasa cpeda 3pumenbHozo OUCKpUMUHAMOPA

CHavana HYXHO ONpEAETUTh TECTOBYIO CPEIy M IMPENOCTaBUTh AOCTYI K HaOOpy JaHHBIX,
KOTOPBII COZEPKUT BCE BO3ZMOKHBIE KOH(UTYpAIlK 3pUTENbHBIX nojieil. Habop maHHbIX, co3maercs
BO BpeMsl HHULIMAIIU3ALUU TECTOBOU CPEBL.

TecToBas cpena COCTOUT U3 ABYX OCHOBHBIX KOMIIOHEHTOB:

— CTPYKTYpa AAHHBIX JJI1 XPAHEHUS ONPEAEICHUN 3pUTENBHOTO OIS,

— MEHEJDKEp TECTOBOM Cpeibl, KOTOPBIH XpaHUT HAOOp NAaHHBIX W MPEAOCTABISET
CpencTBa IS OLICHKA HEUPOCETH TUCKPUMHUHATOPA.

Onpeoenenue 3pumenbHo2o noas

Kondurypanus 3puTensHOr0 MO A KaXKIOTO M3 YHOMSHYTHIX paHee 75 HCIBITaHUM
coxpansiercs B kinacce Python VisualField. On umeer crnemyromiuii KOHCTPYKTOP:

def __init__(self, big_pos, small_pos, field_size):
self.big_pos = big_pos
self.small_pos = small_pos



self.field_size = field_size

self.data = np.zeros((field_size, field_size))

# Mo3uyua masneHbKo20 ob6bekma.
self._set_point(small_pos[0], small_pos[1])

# Mo3uyua 60abWo020 06bEKMa.

offsets =[-1, 0, 1]

for xo in offsets:

for yo in offsets:

self._set_point(big_pos[0] + xo, big_pos[1] + yo)

Konctpykrop VisualField npunrMaeT B kauecTBe mapaMeTpoB KOPTEX € KOOpIUHATAMH (X,Y)
OOJIBIIIOTO W MAJICHBKOTO OOBEKTOB, a TaKKe pa3Mep 3pUTENbHOro moisi. MBI paccMaTpuBaeMm
KBaJpaTHOE IIOJie, IO3TOMY pa3Mep 3PHUTEIBHOTO TOJS OJMHAKOBBIA BJIOJb KaXXKIOW OCH.
BHyTpeHHUM TMpe/CcTaBlIeHUEM 3PUTEIBHOTO TOJS SBISETCS JBYMEPHBIM JBOMYHBIM MacCUB, TIe
€IMHUIIBI TIPEICTABIIAIOT MO3HIINY, 3aHATbIE 00BEKTaMHU, a HYJIU — 3TO IyCThIe IPOCTPAHCTBA.

On xpanurcs B mnone self.data, koropoe mpencraBnser coboir maccuB NumPy c
pa3MepHOCTEIO (2, 2).

Manenbkuii 00bekT uMeeT pazmep 1x1, a pa3mepHOCTh OONBIIOr0 OOBEKTa B TPHU pasa
6ompmre. Crnenyroumuii (pparMeHT M3 HMCXOJHOTO KOJa KOHCTPYKTOpa CO37aeT Ipe/CTaBlICHUE
00JIbIIIOT0 0OBEKTA B MACCHUBE JTAHHBIX:

offsets =[-1, 0, 1]

for xo in offsets:

for yo in offsets:

self._set_point(big_pos[0] + xo, big_pos[1] + yo)

Konctpykrop kmnacca VisualField momydaer koopAuHATHI IIEHTpa OOJIBIIOrO 00bEKTa B BUJE
Koprexa (X,y). [Ipeapiaymuii pparMeHT Kosa pucyer 00ibIIol 00BEKT, HAUMHAS C BEPXHETO JIEBOTO
yraa (x-1, y-1) u 3akaHuuBas HWKHUM IIpaBbIM yriaoM (x+1, y+1).

@Oynkmus _set point(self,x,y), ynomsHyTas B mpenabiaymieM (parMeHTe, YCTaHABIUBAaeT
3HavyeHue 1.0 B onpenenenHoi no3unuu B nosie self.data:

def _set_point(self, x, y):
pX, py =X,y

if px<0:

px = self.field_size + px
elif px >= self.field_size:
px = px - self.field_size
ifpy <0:

py = self.field_size + py
elif py >= self.field_size:
py = py - self.field_size
self.data[py, px] = 1 # B Numpy uHOeKc umeem e8ud [cmpoKa, cmonbeu]

@ynkius _set point(self, X, y) BeIoMHAET IepeHOC KOOPAUHAT, KOTAAa 3HAU€HUE KOOPIUHAT
MIPEBBIIIACT JOMYCTUMOE KOJIMYECTBO U3MEpEeHUil Ha ock. Hanmpumep, U1 OCH X UCXOTHBINA KO ISt
nepeHoca 3Ha4eHU i KOOPAMHAT BBITTISAUT CIEAYIOUIMM 00pa3oM:

if px<0:

px = self.field_size + px
elif px >= self.field_size:
px = px - self.field_size

McexonHbll Ko4 I IepeHoca KOOpPAMHAT BAOIAL OcH y aHanorudeH. I[locie mepeHoca
KOOP/IMHAT, YKa3aHHBIX B KaueCTBe MapaMeTpoB (yHKIUHU (IpU HEOOXOAMMOCTH), Mbl IPHCBANBAEM
COOTBETCTBYIOIINUM Mo3uIusaM B noJe self.data 3nauenue 1.0.



NumPy BBINONHAET HHACKCAIMIO B BUAE [cTpoka, cronber]. [lodToMy MBI JIOJKHBI
IOCTAaBUTh Y B MEPBYIO MTO3UIMIO U X BO BTOPYIO MO3ULIMIO UHIEKCA.

Pabouas cpeda 3pumenbHoz0 OUCKpUMUHAMOPA

Pabouas cpena 3puTeNbHOTO AUCKPUMHHATOPA CONEPKUT CTeHEPHPOBAHHBIN HAOOp JTaHHBIX
C ONMCAaHUSAMH 3pUTeNbHOro noist. Kpome Toro, oHa mpeaocTaBisieT METOIbI s co3fanus Habopa
JTAHHBIX W OLIEHKHM HEeHpoceTH AMCKpPUMHHATOpa Ha KOHKpeTHOM Habope manubix. Kimacc Python
VDEnvironment coIepXHUT ONpeAeNeHUs BCEX YIMOMSIHYTBHIX METOJOB, a TAaKKE COOTBETCTBYIOLIMX
CTPYKTYp JAAHHBIX.

PaccmoTpuM Bece BaxkHBIE KOMITOHEHTHI Kitacca VDEnvironment.

KoHcTpykTOop Kiacca onpeaensercs ciaelyomuM 00pa3oMm:

def __init__(self, small_object_positions, big_object_offset,
field_size):

self.s_object_pos = small_object_positions

self.data_set =[]

self.b_object_offset = big_object_offset

self.field_size = field_size

self.max_dist = self._distance((0, 0),

(field_size - 1, field_size - 1))

# Co30aHue mecmoso2o Habopa OaHHbIX
self._create_data_set()

[TepBoiii mapamerp KoHCTpykTOopa VDEnvironment mnpezncraBiasier co0oil MaccuB C
OINpENICICHUSIMH  BCEX BO3MOXHBIX  IOJIOKCHMH MallbIX OOBEKTOB, OIpPENENEHHBIX  KaK
IIOCJIEIOBATEIbHOCTh 3HAYEHUN KOOpAMHAT JUId KaXJoM ocu. Bropoil mapamerp omnpenenser
CMEIIICHHE KOOPAWHAT I[EHTpa OONBIIOro O0OBEKTAa OT KOOpPAMHAT Majoro oobekra. B kauecTBe
3HA4YEHMsI DTOrO Iapamerpa ucnoiabdyeM 5. HakoHern, TpeTtuil mapameTp — 3TO pasMep 3pUTEIBHOIO
IIOJISL B IBYX U3MEPCHUSIX.

CoxpaHuB BCe TOJIYYECHHBIE MTAPaMETPHI B MOJISIX 00BEKTa, MOXKHO BBIYHUCIUTH MAaKCHMAJIbHO
BO3MOKHOE PAaCCTOSTHUE MEX/Ty TBYMs TOUYKaMH B 3pUTEIFHOM TOJI€ CIETYIOIIM 00pa3oMm:

self.max_dist = self._distance((0, 0),
(field_size - 1, field_size - 1))

EBKINA0BO paccTOSHUE MEXIY BEPXHHMM JIEBBIM M HWXKHUM IIPaBbIM yTJaMH 3pUTEIBHOIO
nojsi coxpansiercss B mosie self.max dist. OTo 3HaueHme OyJeT HCIOJIB30BAHO TMO3XKE IS
HOpMAaJTM3aIUH PACCTOSHUI MEXIy TOUKAMH 3PUTEIBHOTO MOJIsl, YTOOBI COXpAaHUTh MX B MHTEpBaJe
[0,1].

Oynkius _create data_set() co3maeT Bce BO3MOXKHbIE HAOOPbI JAHHBIX C YUETOM 331aHHBIX
napamMeTpoB cpelibl. cxomHbIi KO 3TOM (QYHKIIMH BBITJISIIUT CIEIyIOIUM 00pa3oMm:

def _create_data_set(self):

for x in self.s_object_pos:

fory in self.s_object_pos:

# [JuazoHans

vf = self._create_visual_field(x, y,
x_off=self.b_object_offset,
y_off=self.b_object_offset)
self.data_set.append(vf)

# Bripaso

vf = self._create_visual_field(x, y,
x_off=self.b_object_offset,
y_off=0)
self.data_set.append(vf)

# BHU3



vf = self._create_visual_field(x, y,
x_off=0,
y_off=self.b_object_offset)
self.data_set.append(vf)

@DyHKIMS BBIMOIHACT UTEPALMIO 10 MO3HMLIMSAM MAJICHBKOTO O0BEKTa BJAOJIb JBYX OCEU U
IBITACTCA CO3JaTh OONBIIOW OOBEKT MO KOOpPJMHATAM, PACIOJIOXKEHHBIM CIpaBa, CHU3Y WIH IO
JMAarOHAIN OT KOOPAWHAT MAJIEHBKOTO OOBEKTa.

Oynkius create visual field cozmaer cooTBETCTBYIONIYIO KOH(UIYpPAIUIO 3pUTEIHHOTO
TOJIS1, UCIIOJIB3YsI KOOPAMHATHI MAJIEHBKOTO 00BEKTA (SX, SY) U CMEIECHHE [IEHTpa OOJIBIIOro 0ObeKTa
(x_off, y_off). Cnenyrommuii HICXOTHBIN KO/ MOKA3bIBAET, KAK ATO PEAIn30BaHO:

def _create_visual_field(self, sx, sy, x_off, y_off):

bx = (sx + x_off) % self.field_size # [NepeHoc no koopduHame X
by = (sy +y_off) % self.field_size # [NepeHoc no koopouHame Y
# Co30aem 3pumesnbHoe norsie.

return VisualField(big_pos=(bx, by), small_pos=(sx, sy),
field_size=self.field_size)

Ecnu koopauHaThl 0OJBIIOT0 0OBEKTA, BHIUMCIECHHBIC MPEIbIAyIied (yHKINEH, HaXOaATCs
BHE MPOCTPAHCTBA 3PUTEIILHOTO MOJIsl, IPUMEHSEM IEPEHOC CIEIYIOIUM 00pa3oM:

if bx >= self.field_size:
bx = bx - self.field_size # MepeHoc

[Tpenbiaymmii pparMeHT MOKA3bIBAET MEPEHOC MO OCH X. llepeHoc 1Mo ocH y BBIMOIHSAETCS
ananornuHo. Co3naem o0bekT VisualField u BozBpamaem ero ams no0aBieHus: B HA0Op TaHHBIX.

Tem He MeHee Hambosiee MHTEpECHas yacTh omucanus VDEnvironment cBsi3aHa ¢ OIEHKOU
HepoceTH AMCKPUMHMHATOPA, KOTOpast BeIONHseTCs B yHKIMK evaluate net(self, net) cnenyromum
obpa3zom:

def evaluate_net(self, net):

avg_dist =0

# BolyucneHue npedckazaHHol nosuyuu

for ds in self.data_set:

# Bol4qucsaem 8bIXOOHble 3HAYeHUs

outputs, x, y = self.evaluate_net_vf(net, ds)

# Haxodum paccmosHue 0o 6016020 06vekma
dist = self._distance((x, y), ds.big_pos)

avg_dist = avg_dist + dist

avg_dist /= float(len(self.data_set))

# Hopmanusayusa owubKu npedckasaHus nosuyuu
error = avg_dist / self.max_dist

# MpucnocobaeHHocmob

fitness = 1.0 - error

return fitness, avg_dist

Ora (QyHKIMS MOyyaeT HeMpOCeTh 3pUTENFHOIO AUCKPUMHUHATOPA B KAUEeCTBE MapaMeTrpa u
BO3BpAIllaeT BBIUMCICHHYIO OIGHKY MPUCIOCOOJICHHOCTH U CpEAHEE pPACCTOSHUE MEXKIY
NpeJCKa3aHHBIMH M HMCTUHHBIMH KOOpIMHATaMU OOJNBIIOTO0 OOBEKTa, PACCUMTAHHOE IS BCEX
PacCMOTPEHHBIX 3pUTEIbHBIX NoJel. CpenHee pacCTOSHNE PACCUNTBIBACTCS CIETYIOIUM 00pa3oM:

for ds in self.data_set:

# Bblyucrsiem 8bIX00HbIe 3HaYeHUs

_, x, y =self.evaluate_net_vf(net, ds)

# Haxodum paccmosHue 0o 606020 06vbekma
dist = self._distance((x, y), ds.big_pos)

avg_dist = avg_dist + dist



avg_dist /= float(len(self.data_set))

[Mpenbinymmii ©CXomHbIM Koa mepedupaeT Bce oO0bekThl VisualField B Habope naHHbBIX U
UCIONIE3YET HEUPOCETh 3PUTENHHOTO TUCKPUMHHATOPA IS MPEICKa3aHHs KOOPAUHAT OOJBIIOrO
oobekra. Ilocime 3TOro HEOOXOAMMO BBIYHCIUTH PACCTOSHHE (OIIMOKY MpPEACKa3aHUs) MEXIy
WUCTUHHBIM U TPEACKA3aHHBIM IOJOXKCHUSIMH OonbiIoro oOwekra. Jlanmee, HaxomuM cpeaHee
3HaYEHHUE OMIMOKH MPeJICKa3aHusl 1 HOPMAIIU3YEM €T0 CIEAYIONUM 00pa3oM:

# Hopmanu3zosaHHas owubka npedcKa3aHus
error = avg_dist / self.max_dist

B cooTBeTcTBHM € TpPEABIAYIIMM KOAOM MAaKCHUMAajlbHO BO3MOYKHOE 3HAYCHHE OIIMOKH
coctasiisieT 1.0. 3HaueHHe mokaszaressi MPUCIIOCOOICHHOCTH BBIYMCISAETCA KaK pa3HOCTh Mexay 1.0
Y 3HaUY€HHEM OIIMOKH, TOCKOJIbKY MPUCTIOCOOJIEHHOCTh BO3PACTAET 110 MEPE YMEHBUICHHUS OITHOKH:

# fitness
fitness = 1.0 - error

@ynkius evaluate net Bo3BpalaeT pacCUMTaHHBIN MMOKa3aTelNb MPUCIIOCOOIEHHOCTH BMECTE
C HEHOPMAJIM30BaHHOM OINOKOW 0OHApYKEHHUS.

Oynkuus evaluate net vi(self, net, vf) mpenocraBnser cpeacTBa ajsl OLEHKU HeHpoceTH
IMCKpUMHUHATOpa Ha KOHKpeTHOM o0bekTe VisualField u peannzoBana B crneaytomieM 6J10ke Koaa:

def evaluate_net_vf(self, net, vf):

depth = 1#Y Hac mosnbKo 2 cnos
net.Flush()

# Modzomoska sxoda

inputs = vf.get_data()

net.Input(inputs)

# Akmusayus

[net.Activate() for _ in range(depth)]

# Monyyaem 8bixo0bl

outputs = net.Output()

# Haxooum koopOuHame! 60abUu020 06beKmMa
x, y = self._big_object_coordinates(outputs)
return outputs, x, y

[Mpenpinymas QyHKOHS TOTy4YaeT HEWpPOCEeTh ITUCKPUMHUHATOpPA B KayeCTBE IIEPBOTO
napamerpa u 00bekT VisualField B kagecTBe BToporo mapamerpa.

[Tocrme 3Toro oHa ¢opMUpYeT pa3BEpHYTHIA BXOIHOW MaccuB u3 oObekra VisualField u
UCIIOJIL3YET €T0 B KA4eCTBE BXOIHBIX JAHHBIX I HEHPOCETH TUCKPUMUHATOPA!

inputs = vf.get_data()
net.Input(inputs)

[Tocne ompeneneHus BXOJOB JUCKPUMHHATOPA, OH JIOJDKEH OBITh aKTUBUPOBAaH JUIS
pacrpocTpaHeHUsI BXOJHBIX 3HAYCHUI 10 BCEM CETEBBIM y3iaM. HelipoceTh qUCKpUMHUHATOpA HMEET
TOJBKO JIBa CJOS, 4YTO OMNpEHeNseTcs IPOCTPAHCTBEHHOW KoH(Urypamueil cyoOcrpara.
CrenoBaTebHO, HY)KHO aKTHBUPOBATh €€ JBAKABI — IO OJHOMY pasy s Kaxiaoro cios. Ilocie
pacnpocTpaHeHHs] CUTHAlla aKTHBAallMH 4epe3 o0a YpOBHS HEWPOCETH AMCKPHUMHUHATOPA MOXKHO
ONPEACTHUTh TIOJIOKEHHE OOJIBIIOr0 OOBEKTa B IEJICBOM IIOJIE 4Yepe3 MHACKC MaKCHMAaJIbHOTO
3HaueHUs B BBIXOAHOM MaccuBe. Mcmomw3ys ¢yHkiuio big object coordinates(self, outputs),
MOYKHO M3BJICYb JICKAPTOBBI KOOPHHATHI (X, Y) OOJBIIOro 0OBEKTa B IIEIEBOM MOJIE.

Haxonen, ¢ynkuus evaluate net vf Bo3Bpamaer HeoOpaOOTaHHBIN BBIXOJHOW MAacCHB
BMECTE C M3BJICYCHHBIMH JICKAPTOBBIMU KOOpPAMHATAMU (X, Y) OOJBIIOr0 00bEKTa B MPOCTPAHCTBE
IIEJIEBOTO TTOJIS.



Oyukmmst _big object coordinates(self, outputs) wu3BIeKaeT IEKapTOBBI KOOPIWHATHI
00JIBIIOr0 O0BEKTa B MPOCTPAHCTBE IIEJCBOIO TOJS U3 HEOOPaOOTAHHBIX BBIXOJIHBIX JTaHHBIX,
MOJIYYCHHBIX M3 HEHpOCeTH MUCKpUMHUHATOpa. VCXOAHBIM KOA (YHKIHMH BBITJISAUT CIICITYHOIIAM
obpa3zom:

def _big_object_coordinates(self, outputs):
max_activation = -100.0

max_index = -1

for i, out in enumerate(outputs):

if out > max_activation:

max_activation = out

max_index =i

# lMonyyeHue KOOPOUHAM MOYKU MAKCUMAAbHOU akmusayuu
X = max_index % self.field_size

y = int(max_index / self.field_size)

return (x, y)

CHavana ¢QyHKIUs nepeOUpaeT BBIXOJAHOM MAacCHB M HAXOIUT HMHIEKC MaKCHMAJbHOTO
3HAYCHMUS:

max_activation = -100.0
max_index = -1

for i, out in enumerate(outputs):
if out > max_activation:
max_activation = out
max_index = |

[Tocne 3Toro oHa UCHOJIb3yeT HAWIEHHBIN MHJIEKC JIJISl BBIYUCIEHUS JEKAPTOBBIX KOOPAUHAT
C YYETOM pa3Mepa LeJIeBOro MmoJis:

X = max_index % self.field_size
y = int(max_index / self.field_size)

Hakonern, gyHkuus Bo3Bpamiaer KOpTexX (X, y) € JAEKapTOBBIMU KOOPAMHATAMH OOJBIIOTO
00BEKTA B IIEJIEBOM IIOJIE.
HyperNEAT

3azady 3pUTENBHOIO pa3jIMuEHUs MOXKHO pewuTh ¢ nomoimbto mMetona HyperNEAT. Jlns
3TOr0 HY)XHO BOCIOJB30BATHCS OMOMMOTEKOM, KOTOpas OOecledYrBaeT pPEealn3aluio alropuTMa
HyperNEAT. Bocnynbzyemcst 6ubnunorexoit MultiNEAT Python.

@OyHKIMS ~ JABWXKKA IO3BOJSET OCYLIECTBIATh pa3pabOTKy, HCHONb3Yys JOCTYIIHBIC
THIepIapaMeTpbl ¥ MHUIUATU3UPOBAHHYIO TECTOBYIO Cpelly 3pUTENIbHOro JuckpuMuHaropa. Kon
(YHKIIMU COCTOUT U3 HECKOJIBKUX BaYKHBIX YacTeH.

Hnuyuanuzayus nepsou nonynayuu cenomos CPPN.

B mpencraBneHHOM ganee OloKe KOjJa CHayalda MPOUCXOAUT MHULMAIM3ALUS HAyalbHOTO
yuciaa TeHepaTropa CIy4dalHBIX YHCEN TEKYIIUM CHUCTeMHbIM BpemeHeM. Ilocne sToro cosmaercs
nojaxoasmas KoHdurypauus cyOcTpaTa A HEMPOCETH ITUCKPUMUHATOPA, crocoOHas paboTaTh co
3pUTEIBHBIM TIOJIEM 3aJlaHHOW pa3sMEpHOCTH. 3aTeM Ha OCHOBE KOHQHrypamuu cyodcrpara
HeoOxoauMo co3nats reHom CPPN:

# HayaneHoe 3HayeHue 2eHepamopa cay4aliHbix Yucesn.
seed = int(time.time())

# Co30aem cybcmpam.

substrate = create_substrate(num_dimensions)

# Co30aem eeHom CPPN u nonyaayuro.



g = NEAT.Genome(0,
substrate.GetMinCPPNInputs(),

0,

substrate.GetMinCPPNOutputs(),

False,
NEAT.ActivationFunction.UNSIGNED_SIGMOID,
NEAT.ActivationFunction.UNSIGNED_SIGMOID,
0,

params, 0)

pop = NEAT.Population(g, params, True, 1.0, seed)
pop.RNG.Seed(seed)

I'enom CPPN wumeer HeoOX0quMO€ KOJIMYECTBO BXOJIHBIX H  BBIXOAHBIX Y3JIOB,
npenocTaBisgeMblx cyOctpatoM. CHayana B KadecTBe (DYHKUMHU aKTUBAIMHM y3Jla OH HCIOJB3YET
6e33HaKkoBbIi curmouns. [lozxke, B X0/ 3BOMIONMM TUN (YHKIMU aKTUBAIMK Kaxkaoro y3ma CPPN
Oyzer M3MEHEH B COOTBETCTBMU ¢ mpoueaypamu aiaroputma HyperNEAT. Hakonen, Ha ocHOBe
nHumanusupoanHoro renoma CPPN u runepnapamerpoB HyperNEAT cosmaercs ucxonHas
MOy JIALIMS.

3anycz< HeﬁPOSGOJZIOT/{uu 6 MeYeHUe HYIHCHO20 Yucia NOKONeHUl

CHauana co3/iaeM MpOMEKyTOYHBIE TIEPEMEHHBIC JIUISI XpaHEHUS! PE3YJIbTATOB BBHITIOTHEHUS U
coopmuk craructuku (Statistics). [Tociie 3TOro BHIMOTHIEM UK YBOIOMUU IS YHCIIA TOKOJICHUH,
YKa3aHHOTO B TTapaMeTpe n_generations:

start_time = time.time()
best_genome_ser = None
best_ever_goal_fitness =0

best_id =-1

solution_found = False

stats = Statistics()

for generation in range(n_generations):

B paMKax [UKJIA 3BOJIOLNUHU MOJTYyHYacM CHHCOK I'CHOMOB, IMPUHAMJICIKAININUX K MOMYJISINUU B
TCKYIIECM IOKOJICHUH, U OLNCHHUBACM BCC I'CHOMBLI M3 CIIMCKA Ha HpI/ICHOCOGHCHHOCTL K YCJIOBUSAM
TECTOBOH CpeIbl CIACIYIOIIMM 00pa3oM:

genomes = NEAT.GetGenomelist(pop)

# lNony4yaem ceHombl.

genome, fitness, distances = eval_genomes(genomes,
vd_environment=vd_environment,

substrate=substrate,

generation=generation)
stats.post_evaluate(max_fitness=fitness, distances=distances)
solution_found = fitness >= FITNESS_THRESHOLD

CoxpanseM B  CcOOpIIMK  CTaTUCTHKH  3HAYEHUS,  BO3BpALICHHBIE  (QYHKUHUCH
eval genomes(genomes, substrate, vd_environment, generation) /st TeKymiero nokosuenusi. Kpome
TOTO, MCIIOJIb3yEeM BO3BpAIlIaeMyI0 (YHKIHEH OIEHKY MPUCIOCOOIIEHHOCTH, YTOOBI OIICHUTH, OBLIO
HailIeHo ycIielnHoe peneHre win HeT. Eciu mokasarens npucnoco0IeHHOCTH IPEBhIIIaeT 3HaYUeHNE
FITNESS THRESHOLD, mbI cunTaem, 4To ObLJIO HAWJEHO YCHEIIHOE PELICHHUE.

Hanee, ecnu ObUJIO HAMIEHO YCIEHNIHOE pEIIEHWE WIM TEKYUIMHA IOKa3aTelb
MPUCTIOCOOJICHHOCTH  SIBJIIETCSI MAKCUMAaJbHBIM M3  KOTJA-THOO JOCTUTHYTHIX IIOKazaTesei
npucnocobiaeHHocTy, coxpanseM renoM CPPN u tekymmuii mokasarenb NpucrnocoOIeHHOCTH:

if solution_found or best_ever_goal_fitness < fitness:
best_genome_ser = pickle.dumps(genome)



best_ever_goal_fitness = fitness
best_id = genome.GetlD()

Kpome TOro, ecnu OyneT HalIeHO YCHEIIHOE pEUICHHE, NMpEephIBAEM LUK SBOJIIOLUU H
[IEPEXOUM K DTaIly BEIBOAA OTYETOB:

if solution_found:

print(‘Solution found at generation: %d, best fitness: %f,
species count: %d' % (generation, fitness, len(pop.Species) ))
break

Ecnu ygauHoe perienne He ObUIO HalI€HO, B KOHCOJIb HEOOXOMMO BBIBECTH CTaTHCTUKY JUIS
TEKYLIETO IMOKOJIEHNS U IEPEXOIUM K CIIEIYIOIIEMY TOKOJIEHHIO:

# Mepexodum K cnedyroujemy MNoKoMAeHUro

pop.Epoch()

# BblsoOUM CMamucmuKy 8 KOHCO/1b

gen_elapsed_time = time.time() - gen_time

print("Best fitness: %f, genome ID: %d" % (fitness, best_id))
print("Species count: %d" % len(pop.Species))

print("Generation elapsed time: %.3f sec" % (gen_elapsed_time))
print("Best fitness ever: %f, genome ID: %d"

% (best_ever_goal_fitness, best_id))

ITocne 3aBCPUICHUA OCHOBHOI'O INHUKJIA 3BOJIOLIUMHW B KOHCOJIb BBIBOIATCA PC3YyJIbTAThI
9KCIICPUMCHTA, OCHOBAHHBIC Ha CTATUCTHKCE, CO6paHHOI\/JI B IIUKIIC.

CoxpaHeHue pe3yilbomamoes IKcnepumenma

Pe3ynbpTaThl 3KCHEpUMEHTa COOMPAIOTCS M COXPAHSIOTCS B TEKCTOBOM M TpaduuecKoM
npencraBieHusx  (daitmer  SVG). Haunem ¢ BbIBOJa Ha Tiedarh OOmIeW  CTaTUCTUKU
MPOU3BOAUTENBHOCTH aJITOPUTMA!

print("\nBest ever fitness: %f, genome ID: %d"

% (best_ever_goal_fitness, best_id))

print("\nTrial elapsed time: %.3f sec" % (elapsed_time))
print("Random seed:", seed)

Ilepble TpH CTPOKM JAHHOIO KOJA BBIBOJAT HA KOHCOJIb JIyYIIyK0  OLICHKY
MPUCIIOCOOJICHHOCTH, MOMYUYCHHYIO CpPEeId BCeX MOKOJIEHUH »Boironuu. [locime 3Toro BHIBOIUM Ha
neyaThb MpOoAOJKUTCIIBHOCTD SKCIICPUMEHTA U UCII0JIB3YCMOC CJIy‘-IElfIHOG Ha4vaJIbHOC 3HAYCHUC.

Ecnmu HeoO0XoIuMO COXpaHHWTh WM I[OKa3aThb BHU3yaJH3alMi0, TO OYyAyT BBI3BAHBI
COOTBETCTBYIOLINE (DYHKITHH:

# Busyanusayus pe3ysnbmamos 3KcrnepumeHma

show_results = not silent

if save_results or show_results:

net = NEAT.NeuralNetwork()

best_genome.BuildPhenotype(net)

visualize.draw_net(net, view=show_results, node_names=None,
directory=trial_out_dir, fmt="svg’)

OtoT QparMeHT Kojaa pucyet ceteBoit rpa¢ CPPN u BBIBOAHUT Ha meyaTh CTaTUCTUKY rpada.
Jlanee nepexouM K BU3yalln3alluy BHIBOJIA HEHPOCETH AUCKPUMHHATOpA!

# Busyanuzauyus akmusayuli om Hauny4wez2o0 eeHoma
net = NEAT.NeuralNetwork()



best_genome.BuildHyperNEATPhenotype(net, substrate)

# Boibop cnyyaliHo2o 3pumesnbHo20 Nonsa

index = random.randint(0, len(vd_environment.data_set) - 1)
vf = vd_environment.data_set[index]

# OmobpaxceHue akmusayuli

outputs, x, y = vd_environment.evaluate_net_vf(net, vf)
visualize.draw_activations(outputs, found_object=(x, y), vf=vf,
dimns=num_dimensions, view=show_results,
filename=os.path.join(trial_out_dir,

"best_activations.svg"))

[IpencraBnsieMm B rpaduueckoM BHUJE BBIXOJAHBIC JAaHHBIC AKTUBAIMM, MOJYYCHHBIE ITyTEM
3alycKa HEMpOCeTH NUCKPUMMHATOPA B TECTOBOM cpene. Mucnonb3yem 3puTenbHOE MOJe, KOTOPOe
BbIOMpaeTCs ciay4yaiiHbIM 00pa3oM U3 Habopa JaHHBIX HKCIIEPUMEHTA.

Haxoner, oToOpaxaeM oO0I1yI0 CTaTUCTUKY, COOpaHHYIO BO BpeMsl SKCIIEpUMEHTA!

# Visualize statistics
visualize.plot_stats(stats, ylog=False, view=show_results,
filename=os.path.join(trial_out_dir, ‘avg_fitness.svg'))

['papuueckoe  oTOOpa)keHHE CTAaTHCTUKM  BKJIIOYaeT B  ceOd  JIydllMe  OICHKH
MPUCTIOCOOJICHHOCTH M CPEeJIHUE PACCTOSIHUS OIIMOOK, COOpaHHbIE 32 OKOJICHHUS 3BOTIOIHH.

DyHKyus KOHCMpyKmopa cyocmpama

Meton HyperNEAT mocTpoeH BOKpYr MOHSATHS CyOcTparta, ONpPEeIsIOUIero CTPYKTYpYy
Heilpocet auckpuMuHaropa. [losTomy KpaiiHe Ba)XXHO c€O37aTh NPABUWIBHYIO KOHQUTYpAIUIO
cyOctpara, koTopass OyZeT 3aJelCTBOBaHA BO BpEMs BBINOJHEHUS sKcnepuMmeHTta. [Iporeaypsr
co3JlaHust cyOcTpaTa OnpeAeseHbI B CISIYIOMUX ABYX (PYHKIUIX.

1) ®yHkIusa KOHCTpYKTOpa cyOcTpaTa create_substrate co3gaer 0o0beKT cyOcTpara:

def create_substrate(dim):

# Cmpoum KoHu2ypayuu 8Xo00HbIX U 8bIXOOHbIX OeKApPmMo8abIxX AUCMOo8
inputs = create_sheet_space(-1, 1, dim, -1)

outputs = create_sheet_space(-1, 1, dim, 0)

substrate = NEAT.Substrate( inputs, [], # hidden outputs)
substrate.m_allow_input_output_links = True

substrate.m_hidden_nodes_activation =\
NEAT.ActivationFunction.SIGNED_SIGMOID
substrate.m_output_nodes_activation =\
NEAT.ActivationFunction.UNSIGNED_SIGMOID
substrate.m_with_distance = True
substrate.m_max_weight_and_bias = 3.0
return substrate

JannHast GyHKIUS CHadajga CO3/1aeT JBa Pa3OMTHIX Ha CETKY ACKAPTOBBIX JHCTA, KOTOPHIC
MPEACTABISIOT BXOJHBIC JaHHBIE (3pUTENBHOE T0JIe) U BBIXOJHBIC JAHHBIE (IIEJIEBOE II0JIE) B
KoHurypamuu cyOctpata. Kak Bbl MOMHHTE, Ui 3TOrO SKCIIEPUMEHTa MbI BBIOpan
KOH(UTYpaIMIO CJIOEB THIA «COHABHY». 3aTeM OHK3eMIUIIp CyOcTpara WHULUATH3UPYETCS B
COOTBETCTBUM C CO3JJaHHBIMU KOH(PUTYPALUSIMH MOJICH:

inputs = create_sheet_space(-1, 1, dim, -1)
outputs = create_sheet_space(-1, 1, dim, 0)
substrate = NEAT.Substrate( inputs, [], # hidden outputs)



CyOcTpar He HCMOJIb3YeT HHMKAKHX CKPBITHIX Y3JI0B; BMECTO HHX HCIIOJIB3YEeTCS IyCTOM
CIIHCOK.

Jlanee Hy>)XHO HAaCTPOUTH CyOCTpaT, YTOOBI PAa3pPEIIUTh TOJIBKO COCTUHEHHUS, HAlpaBICHHbIC
OT BXOJAHBIX K BBIXOJHBIM Yy3JIaM, U UCIIOJIB30BATh CUTMOU/IHYIO q)YHKI_II/IIO aKTHUBaIllM1 CO 3HAKOM Ha
BBIXO/IHBIX Yy3JIaX. YcranaBiauBaeM MakKCHUMaJIbHEIC 3HAUCHUS JJ1s1 CMEIICHUA U BE€Ca COCIUHCHUS.

2) ®ynkuus create sheet space, BbI3bIBaeMas KOHCTPYKTOPOM CyOCTpata, OIMpPEICNIseTCsI
CIIETYIOIIUM 00pa3oMm:

def create_sheet_space(start, stop, dim, z):
lin_sp = np.linspace(start, stop, num=dim)
space =[]

for xin range(dim):

fory in range(dim):
space.append((lin_sp(x], lin_sply], z))
return space

@ynkius create sheet space moiydaeT HavyajdbHYI0O M KOHEYHYIO KOOPAMHATHI CETKH B
OJIHOM U3MEPEHHUH BMECTE C KOJIMYECTBOM M3MEPEHUM CETKU. Takxke yKa3aHa KOOPAMHATA Z JIUCTA.
Hcnonw3yss yKazaHHbIE I1apaMeTpbl, NPEABIAYIIUNA KOJA CO3JAaCT pPAaBHOMEPHOE JIMHEHMHOE
MIPOCTPAHCTBO ¢ KOOPAWHATAMH, HAYMHAIOLMMHUCA B Uana3oHe [start, stop], ¢ marom dim:

lin_sp = np.linspace(start, stop, num = dim)

3areM HCIONB3yeM 3TO JUHEHHOE MPOCTPAHCTBO, YTOOBI 3alOJIHUTH JBYMEPHBI MacCHB
KOOPJAHMHATAMM Y3JIOB CETKHU:

space =[]

for xin range(dim):

fory in range(dim):
space.append((lin_sp(x], lin_sply], z))

OyHKUMA create_sheet space Bo3Bpamaer KOH(QUIYpaIMI0 CETKU B BUJIE JBYMEPHOTO
MaccuBa.

OueHKCZ I’lpI/lCI’ZOCO6JZ€HHOCmu

OneHka MPHUCIIOCOOICHHOCTH TE€HOMA SIBISETCS BAXHOM 4YacTbio JIOOOTO ainropuTma
HerposBosonny, Bkiaodas meron HyperNEAT. Kak Bbl Buaenu, INIaBHBIM LIMKJI AKCIEPUMEHTA
BbI3bIBaET (yHKIMIO eval genomes Ui OLEHKH HMPUCHOCOOIEHHOCTH BCEX T'€HOMOB B IMOIMYJISALIUU
IUIsL KaXJI0To mokonieHus. JlapaiiTe pacCMOTPUM JAETalM peaju3aliy OLEHKHU MPUCIOCOOICHHOCTH,
KOTOpast COCTOUT U3 JIBYX OCHOBHBIX (DyHKITHH.

1) ®ynkuus eval genomes OIIEHUBACT BCE TEHOMBI B MOIYJISALIUU:

def eval_genomes(genomes, substrate, vd_environment, generation):
best_genome = None

max_fitness = 0

distances =[]

for genome in genomes:

fitness, dist = eval_individual(genome, substrate,
vd_environment)

genome.SetFitness(fitness)
distances.append(dist)

if fitness > max_fitness:

max_fitness = fitness

best_genome = genome

return best_genome, max_fitness, distances



@ynkius  eval genomes B KauecTBe IapaMeTpOB IMPUHUMAET CIUCOK TI'E€HOMOB,
KOH(UTrypariuio cyocTpaTa HEMpOCeTH AUCKPUMHHATOPA, HHULIHUAIN3UPOBAHHYIO TECTOBYIO Cpely U
UACHTU(PUKATOP TEKyllero mokoyeHus. IlepBble cTpokM (YHKIMH CO3JAIOT MPOMEKYTOUHBIC
IIEPEMEHHBIC U1l XPAHECHMS PE3YJIbTaTOB OLICHKHU:

best_genome = None
max_fitness =0
distances =[]

[Tocne »toro mepebupaeM BCe T€HOMBI MOMYJSIIMM M COOMpaeM COOTBETCTBYIOIIYIO
CTaTUCTHUKY:

for genome in genomes:

fitness, dist = eval_individual(genome, substrate,
vd_environment)

genome.SetFitness(fitness)
distances.append(dist)

if fitness > max_fitness:

max_fitness = fitness

best_genome = genome

Haxonen, ¢ynkmus eval genomes Bo3Bpalaer COOpaHHYIO CTaTUCTHKY B BHJE KOpTexXa
(best_genome, max_fitness, distance).
2) ®yskmusa eval individual mo3BosiseT HaM OLEHHUTH TMPHCIIOCOOIECHHOCTh OTAEIHHOTO
reHoMa:

def eval_individual(genome, substrate, vd_environment):
# Co30aem Helipocemo u3 eeHoma CPPN u cybcmpama.
net = NEAT.NeuralNetwork()
genome.BuildHyperNEATPhenotype(net, substrate)
fitness, dist = vd_environment.evaluate_net(net)

return fitness, dist

Kon coznmaer ¢enotun HeWpoceTH IUMCKpHUMUHATOpa C Hcmosib3oBaHueM reHoma CPPN,
NPEOCTaBIEHHOI0 B KadecTBe mapamerpa. llocie atoro ¢enorun HelpoceTH IUCKpUMHUHATOpA
OLIEHMBAETCS Ha MPHUCIIOCOOJICHHOCTh K TECTOBOM Cpefe.

@ynkus eval individual Bo3Bpamaer oneHKy HpuUCHOCOOJIEHHOCTH M BEIUYMHY OIINOKH,
MOJIyYCHHbIE W3 TECTOBOW Cpelsl BO Bpems olleHKH (eHorumna. Temepb, Korjna Mbl 3aBEpIIMIN
HACTPOWKY, JaBaiTe NPUCTYIUM K SKCIIEPUMEHTY 110 3pUTEIBHOMY Pa3IHuCHUIO.

3pumenvroe paziuuenue 00beKmoe

Vcnonb3yeM creayiomyo KOH(QUrypauuio 3puTeIbHOTO MOJS:

Pasmep euoumozco nons 11x11

Tonooicenue menxux 06veKmog 6 noie 3penust 60016 Kadxcoot ocu [1, 3, 5, 7, 9]

Pasmep manenvroeo oovexma Ix1

Pasmep 6onvuwozo obvexma 3x3

Cmewenue yenmpa 601611020 00beKMa om MaieHbK020 00vekma 5

Hanee HyxHO BbIOpaTh noOAXOnAAUIME 3HaueHus runeprnapametpoB HyperNEAT, uro
MO3BOJIMT HAM HAaWTH yCIIEUIHOE PEIICHHE 3aJa4l 3pUTEIBHOTO Pa3InyCHHUS.

I'unepnapameTrp mpenensier, Kak pa3BuBaTh coeauHuTenbHyo CPPN, ucnons3ys npouecc
HeiposBomonnu.  HeiipoceTh 3pHUTENBHOTO JAWCKPUMHMHATOpPA CO3JA€TCS IMyTEM HAJIO0XKEHUS
coequnutensHoii CPPN Ha cyOcTpar.

Buibop eunepnapamempa



bubmuoreka MultiNEAT ucnonb3yer kinacc Parameters st XpaHeHUsI BCeX HEOOXOIUMBIX
runeprnapamMerpoB. UYToObl  yCTaHOBHTH  COOTBETCTBYIOIIME 3HAYEHHUS  THIIEPIapaMeTpoB,
ompenenseM ¢(yHkuio create hyperparameters B ckpunrte Python anms 3amycka skcnepumeHra.
OnuiieM OCHOBHBIE TMIEpIAPAMETPhl, KOTOPHIE OKAa3blBalOT CYILIECTBEHHOE BIUSHUE Ha
npousBoauTesbHOCTh anroputMa HyperNEAT B aTom akcniepumeHTe.

1) @ynkuus create hyperparameters HaumHaeTcs ¢ co3laHusi oObekra Parameters s
xpaHeHus napamerpoB HyperNEAT:

params = NEAT.Parameters()

2) Mcnonb3yeM NOIyJISIUE TEHOMOB CPEIHET0 pa3Mepa, YTOObl YCKOPUTh BRIYUCICHH. B TO
’Ke BpeMs HEOOXOIUMO COXPaHHUTh JIOCTaTOYHOE KOJIMYECTBO MHIMBHIIOB B TOMYJSIUH IS
HBOJIIOIIMOHHOTO Pa3HO00pa3us. YUCICHHOCTD MOMYIIALUU ONPEeseTCs CIeIYIONIM 00pa3oMm:

params.PopulationSize = 150

3) Uenb - cozmanume xomnakTHbIX reHOMOB CPPN, kKoTOpbie MMEIOT KaKk MOXKHO MEHBIIE
y370B, TOBBIIICHUS 3((HEKTHBHOCTH KOIWPOBAHMA. 3aJaeM OYCHb MAJICHBKYIO BEPOSTHOCTH
N00aBJICHHSI HOBOTO Yy3Jia BO BPEMsI IBOJIOIINH, & TAK)KE OCTaBISIEM JOBOJIBHO HU3KYIO BEPOSTHOCTH
CO3JIaHHUs HOBOM CBSI3HU:

params.MutateAddLinkProb = 0.1
params.MutateAddNeuronProb = 0.03

4) Meron HyperNEAT coznaer renomsl CPPN ¢ pa3znuyHbiMU THIIaMU QYHKIHA aKTUBALUU
B CKPBITBIX M BBIXOAHBIX y37ax. CreaoBaresibHO, HKXKHO ONPENETUTh BEPOSTHOCTh MYTalluH,
KOTOpasi MEHSIET TUIl aKTUBAlUMU Yy3jia. Kpome TOro, mpearnodTUTENIbHO HCHOJIb30BaHUE OIHOM
4eThIipex (DYHKIUN aKTHBAIMH: TayCCOBOM CO 3HAKOM, CUTMOUJBI CO 3HAKOM, CHHYCOHUBI CO 3HAKOM
U IMHEHHOH (PyHKITHH.

YcraHaBiarBaeM BEpOSTHOCTH BbIOOpa J1t000H U3 GyHKIMH akTHBaluu paBHBIMU 1.0:

params.MutateNeuronActivationTypeProb = 0.3

params.ActivationFunction_SignedGauss_Prob = 1.0

params.ActivationFunction_SignedSigmoid_Prob = 1.0

params.ActivationFunction_SignedSine_Prob = 1.0

params.ActivationFunction_Linear_Prob = 1.0

5) OnpenensieM KOIUYECTBO BUIOB B HOIYJISILIMM, KOTOPOE JOJIKHO OCTAaBaThCS B MHTEPBAJIE
[5,10], n yctanaBnMBaeM IOMyCTUMYIO BEJIMYMHY cTarHauuu Buja B TeueHue 100 moxonenuil. Ota
KOH(Uryparys MoAJIepKUBaeT yMEpEHHOE BUAOBOE pa3HO0Opa3ue, HO COXpaHIET BHJIBI TOCTATOYHO
J0JIT0, YTOOBI ITO3BOJIUTH UM Pa3BUBATHCS M CO3/1aBaTh MOJIe3HbIe KOHpuUrypauu reaoma CPPN:

params.SpeciesMaxStagnation = 100
params.MinSpecies = 5
params.MaxSpecies = 10

Hacmpotixa paboueti cpeovt

bubmuoreka MultiNEAT obecnieunBaer peanusauuio anroputma HyperNEAT. Heo6xoaumo
CO3/1aTh COOTBETCTBYIOIIYIO cpeay Python, koropas Bkmiodaer B cebst 6ubmmoreky MultiNEAT u
BCE HEOOXOAMMBbIE 3aBUCUMOCTH. JTO MOXHO CcJelaTh € TMoMollblo Anaconda, BBITOJHUB
CJICAYIOIINE KOMaH bl B KOMaHIHOHN CTpOKE:

S conda create --name vd_multineat python=3.5
S conda activate vd_multineat

S conda install -c conda-forge multineat

S conda install matplotlib



S conda install -c anaconda seaborn
S conda install graphviz
S conda install python-graphviz

OTH KOMaH/Ibl CO3JIAI0T U aKTUBUPYIOT BUPTyanbHyto cpexy vd multineat Ha ocHoBe Python
3.5. Tlocne »TOro ycraHaBnuBaTrca mocienHsas Bepcust Oubmmoreku MultiNEAT Bmecte c
3aBUCUMOCTSIMH, KOTOPBIE UCIIOIB3YIOTCA ISl BU3YaJTU3AIMH PE3YIbTAaTOB.

3anycz< IKCcnepumenma no 3pumelbHomy pasiuderuro

YroObl 3amyCTUTh SKCIEPUMEHT, HYXXHO TMEpPEHTH B JIOKAJIBHBIA KaTajloT, COJEp KaIluit
ckpunt vd_experiment multineat.py, ¥ BEIIOJIHUTH CIEAYIONIYI0 KOMAaHIY:

S python vd_experiment_multineat.py

Takxke Hy)XHO AaKTUBUPOBAaTbh COOTBETCTBYIOLIYI0 BHUPTYaJbHYI0 CpEAy C IOMOIIBIO
KOMAaH/IBI:

S conda activ vd_multineat.

CrycTs orpeeJIeHHOE YHCII0 MOKOJICHUH OyAeT HalIeHO YCIIeTHOE PeIlIeHUE:

*EAEXX Generation: 16 **F***

Best fitness: 0.995286, genome ID: 2410

Species count: 11

Generation elapsed time: 3.328 sec

Best fitness ever: 0.995286, genome ID: 2410

*EAEXX Generation: 17 ******

Solution found at generation: 17, best fitness: 1.000000, species count: 11
Best ever fitness: 1.000000, genome ID: 2565

Trial elapsed time: 57.753 sec

Random seed: 1568629572

CPPN nodes: 10, connections: 16

Running test evaluation against random visual field: 41
Substrate nodes: 242, connections: 14641

found (5, 1)

target (5, 1)

Pemenue Obuto Haieno B 16-m nokonenuu. Mnenrudukarop ycnemuoro redoma CPPN —
2565, u aroT reHoM umeet 10 y310B u 16 cBsazeil Mexay HumMu. Kpome Toro, 3716Ch NpeACTaBICHBI
pe3ysIbTaThl OLEHKM HEMPOCETH IUCKPUMHUHATOpA, MOJIYYEHHOIO C IOMOIIBIO JIYYIIEro IeHOMa
CPPN B OTHOUIEHNH CITy4yailHO BBIOPAHHOTO 3PUTEIBHOTO OIS,

Haiinennpie nekapTOBBl KOOPAMHATHI OOJBIIOr0 OOBEKTa B IEJIEBOM TOJE W (DaKTHUECKUE
KOOpJIMHATHl B 3pPUTEIBLHOM ToOJe coBmagatoT (5, 1), 9To CBUAETENBCTBYET O CIIOCOOHOCTH
HalIEHHOTO PEeIIeHUs pa3InyaTh OOBEKTHI C BBICOKOH TOYHOCTHIO.

Ha pucyHke mnpuBeAcHO BHU3yaJlbHOE IIPEICTABICHUE YPOBHEH aKTHBAllMM BBIXOJOB
HEHUPOCETH 3PUTEIBHOIO JUCKPUMHUHATOPA, IOJYUYEHHBIX BO BPEMSI TECTOBOT'O IIPOTOHA.



3pUTenbHOE MoJIe Kapra aktuBanuu neripocetu

Visual field ANN activations map le—13
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AKmMGClI/}MU yeneeoco noJisl 3pumeilbHoco 6ucz<puMuHamopa

[TpaBas yacTh pucyHKa 0TOOpakaeT 3HAUYCHHUsI aKTUBAIUH I[EJIEBOTO MO (BBIXOJIHOTO CIIOS)
HEHUPOCETH MUCKPUMHUHATOPA, KOTOphIE OBLIO TMOJYYEHO BO BpEeMs OIECHKH Ha CIIy4ailHOM
3pUTENbHOM ToOJe. B neBoil yactu rpaduka MOXHO YBHIETh (PaKTHUECKYH KOH(HUTyparuio
3pUTENBHOTO TOJs. MakcuMalbHOEe 3HAUYEHHE aKTUBAIIMU IIEJIEBOTO TOJS (caMas TeMHas sideika)
HAaXOJUTCSI TOYHO B TOW K€ TMO3UIMU, YTO M LEHTP OONBIIOr0 00BEKTa C KOOpAMHATAMHU B
3puTenbHOM mode (5,1).

3HavYeHUSIM AaKTUBALIMM HEWPOCETH OYE€Hb Majbl: MUHMMAJIbHOE 3HAYEHUE COCTaBIIAET ~
1x10713, a MakcumanbHOE — TOABKO ~ 9% 10713,

Crnenyromuii rpauK MO3BOJSET MPOAHATU3UPOBATH XOJ MPOIECCa JBONIOIUN B TEUYCHHE
HECKOJIbKUX MOKOJIEHUI U CHENIATh BBIBOJ O TOM, HACKOJIBKO XOPOILO MOJYyYEHHBIE COEUHUTEIIbHBIC
CPPN crpaBasitoTes ¢ 3aa4eid MOCTPOCHUSI YCIIETHON HEUPOCETH 3pUTEIBHOTO JUCKPUMUHATOPA.

Population's best fitness and average distance

- 1.00

- 0.98

- 0.96

- 0.94

Distance
Fitness

- 0.92

- 0.90

- 0.88

Generations

Haunyuwue oyenxu npucnocobnennocmu u cpeonue owudOKU 015 Hellpocemu 3pUmenbHO20
OUCKPUMUHAMOPA



Ha pucyHke moka3aHO HM3MEHEHHE OIICHOK IMPHUCIIOCOOICHHOCTH (BOCXOJMINAsi JHMHUA) U
CpeAHMX OIIMOOK (HUCXOIAIIAs JIMHUSA) s KaXIOro MOKOJeHUs HsBotonuu. Ilokasarenu
MPUCTIOCOOJICHHOCTH TOYTH JOCTHIVIM MAaKCHUMaJIbHOTO 3HA4YEHUs YK€ B TPEThEM IOKOJICHUHU
HBOJIIOIMH, HO MOTPEOOBANOCH €Ille CeMb MOKOJIEHH, YTOObI MpopaboTaTth KOHPUTypaluu reHoma
CPPN wu naiitu noGenutens. Kpome Toro, BBl MOXeTe BUIETb, YTO CPEIHEE PACCTOSHHE MEXKIY
NPEJCKa3aHHBIM M HCTUHHBIM TIOJOKEHUSMHU OOJBIIOr0 OOBEKTa IMOCTENEHHO YMEHBIIAeTCs B
IIPOLIECCE DBOJIIOLUU.

Ha cnenyromem pucynke npenctasiieH rpad ¢penoruna CPPN, koTopblil ucronb3oBancs st
IIOCTPOEHHUS CBSA3€U B HEMPOCETHU YCIICIIHOIO 3pUTEIIBHOIO JUCKPUMHUHATOPA.

6 0 1l 2 3 4 5y

A

I'pagp penomuna CPPN nyuwezo cenoma

Ha rpade ¢enoruna CPPN BxomHble y37bl MOMEUYEHBI KBaJpaTaMH, BBIXOAHBIC Y3JIBI —
3aKpalleHHbIE KPY>KKH, a y3€J CMEIIeHUs] — poMO.

JIBa BeIxoHBIX y31a CPPN umeroT cienyrouiee 3HaueHHE:

— TepBBIi y3el (8) mpeaocTaBIsieT BEC CBA3H;

— BTOpOH y3ein (9) onpenenser, 3KCIPecCUPOBaHa JIU CBA3b.

Hasnauenue Bxoanbix y310B CPPN omnpeneneHo cienyronmm oopazom:

— mepsble 1Ba y3na (0 u 1) 3a1a10T KOOPAMHATHI TOUKH (X, Y) BO BXOJHOM CJI0€ cyOcTpara;

— cueayrouye 1Ba y3ia (2 u 3) 3a1at0T KOOPAUHATHI TOUKH (X, Y) B CKPBITOM

— cnoe cyocTpata (He UCIOIb30BAIKUCH B HAIIIEM SKCIIEPUMEHTE);

— crenyrolye a8a y3ia (4 u 5) 3a1a10T KOOPAUHATHI TOUKH (X, ) B BBIXOJHOM
cioe cyOcTpara;
nocJieTHuN y3en (6) 3a/1aeT eBKINA0BO PACCTOSIHUE OT TOUYKM Ha BXOJIHOM CJIO€ JI0 Hayaja
KOOpJUHAT.

Takxe MOXHO 3aMeTuTh, uTo (heHoTunn CPPN He comepkuT CKpBITHIX Y31I0B. B mpomecce
HEHPOIBONIIOLINN yAIOCh HAWTH MOAXOJIAIINE TUMBI (YHKIMHA AaKTUBAILIMM JUIS BBIXOAHBIX Y3JIOB
CPPN B 3anaue 3putensHoro pasnudenus. mes Bcero 16 coenunennit mexay 10 y3namu, peHOTHI
CPPN cmor 3akoaupoBaTh NMaTTepH CBs3€i, KOTOPBIH CIOCOOEH MOKPHITH CyOCTpaT 3pUTEIBHOTO
nosigs paspemeHueM 11x11, noreHumansHo wuMeromero 14 641 coenvHeHue MeXay y3JlaMu
3pUTEIBHOrO W 1eneBoro moieil. Takum oOpa3oM, MBI JOCTHIJIM CTENEHH CXKaTHs MHPOpPMaLUU
okousio 0,11 %, uro BechMa BIeyaTIsET.

Takast BbICOKAasg CTENEHb CXKaTHs CTajJa BO3MOXHON Omarojapss OOHapy>KEHHIO
reOMEeTPHUECKUX 3aKOHOMEPHOCTEH B CBsI3sX cyOcTpaTa coenunutenbHoit CPPN.

Hcnone3yst o0HapykeHHbIe 3akoHOMepHOCTH, CPPN MokeT 000HTHCH TOJBKO HECKOIbKUMU
naTTepHaMu (MOTHUBAMU JIOKATBHON CBSI3HOCTH) JJIS BCETO MPOCTPAHCTBA cBsi3ei cyOcTpata. [locie
storo CPPN MoOXeT HEOAHOKpAaTHO NMPHUMEHSTHh 3TH JIOKAJIbHBIE NATTEPHBI B PA3HBIX MO3HMIMAX
cyOcTpara, 4ToObI HApPUCOBATH MOJHYIO CXEMY CBS3€H MEXAY CIOSMH CyOCcTpaTa — B HallleM cliydyae
4TOOBI HAPUCOBATH CBS3U MEXKJy BXOJHBIM CJIOEM (3pHUTEIBHOE T0JI€) U BBIXOJIHBIM CJI0EM (1LIeJIeBOe
rnoJje).



3a4eTHO-3K3aMeHAllHOHHbIE MaTepHaJIbI 1JIsl IPOMEKYTOUYHOM aTTecTalnu (IK3aMeH)
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IlocTaHoBKA 3a/1a4¥ HOUCKOBOM OIITUMU3AIIUH.

Knaccudukanus neTepMUHUPOBAHHBIX 33/1a4 TOMCKOBOM OMTUMHU3AIIH.
Knaccudukanuss anropuTtMoB pelIeHHS JETCPMHUHMPOBAHHOW 3alaud IOMCKOBOM
ONTHMU3ALINH.

OpnnomaroBsle anroputmsl. [lpaBuiia BeiOOpa HampaBieHus noucka. [IpaBuna BbiOopa
BEJIMYMHBI 11ara. Bo3Bpar npu HEy1a4yHOM H1are.

MHoromaroBble alropuTMBbI.

JlokanbHas 6€3yCcIOBHAsI ONTUMU3ALUS. AJITOPUTM I'PAJHUEHTHOTO CITyCKa.

ANTOpPUTMBI TPaJIEHTHOrO CIyCKa: C IMOCTOSHHBIM IIaroM, HaMCKOPEHILIEro CIIycKa,
IIOKOOPAMHATHOIO CITyCKa.

JlokanbHas yCcIOBHAS ONTUMM3ALNA. AJITOPUTM IITPAPHBIX (HYHKIHA.

I'moGanbHas onTUMu3anus. AJTOPUTMBI ClaydailHOro moucka. OCHOBHBIE TEPMUHBI U
oIpeeIeHusl.

AnroputMmsl ciyuaiiHoro noucka. Anroputm Monte-Kapsio.

ANTOPUTMBI CITy4alfHOTO MOUCKA. AJITOPUTM UMHUTALUN OTXKUTA.

JIByxda3Hble aIrOpUTMbl CIIy4allHOTO IOHMCKA: AalrOpPUTM MYJIbTHCTApTa, >KaIHbIHI
aJJalTUBHBIN QJITOPUTM CIIy4alHOI'O ITOUCKA.

Anroputm noucka c 3anperamu (Tabu Search algorithm, TS algorithm).

OOm1ast cxema HBOJIOIMOHHBIX AITOPUTMOB: OCHOBHBIE TEPMUHBI U OIIPEACTICHHUS.
Crioco0b1 KopoBaHus 0co0ei B 3BOIIOLMOHHBIX aJTOPUTMAX.

Tunossie renernyeckue anroputmel (I'A).

I"A: onepatopsl 0TOOpa U CENEKLINH, OTIepaTOPbl KPOCCUHTOBEPA U MyTallHUH.
OnTtumusanus poem yactull. KaHoHM4eCcKHil poeBOi alIrOpUTM.

[TyenuHpI anropuT™M onTUMU3aLUU. bruonornueckne MpeanochUIKU, CXeMa U MPUHIUI
paboThI MYEITMHOTO AITOPUTMA.

HckyccTBeHHBIE HMMMYHHBIE CHUCTEMBL. buonormueckue oOcCHOBBL. OnruMusanus c
MIOMOLIBIO0 MOJIET UMMYHHOM CETH.

bakrepuanbHas ontumuzanus. buonoruueckue npeanoceliki. KaHoHN4ECKHi alroputm
OakTepuaIbHONW OMTHUMU3AIIHH.

Knaccudukanus MeTo10B METaOTITUMH3AIIHH.

Cratuctuyeckas mapameTpudeckasl METaONTUMHU3aLUS.

JluHamuueckas napameTpuieckasl METaONTUMU3ALUS.

HeagantuBHast tuHaMuveckasi METAONTUMU3ALMS.

AnanTuBHas IMHAMUYECKasi METAONTUMHU3ALU.

CrpyKTypHast METaONTUMH3ALUS.

CrpyKTypHO-nIapaMeTpuuecKas METaOIITUMHU3ALIMSL.

3anaua mHoroueneBoi ontumuzauuu (ML O-3anaua) u aIropuTMBI €€ pereHus.
Anropurmsl [TapeTo-annpokcumManuu.

OBOJIIOLMOHHBIE AITOPUTMBI U HEHPOIBOIIOIMOHHBIE METO/IBI.

I'enernueckue oneparopsl. CxeMbl KoaupoBaHus reHoMa. Kossomronusi.

Anroputm NEAT: cxema KoaupoBaHus, CTPYKTYpHBIE MYyTaIllH, BUA000pa30BaHHE.
Hcnonb3oBanne NEAT st ontumuszanuu pemenus 3agaun XOR.

NEAT nHa ocHOBe rumnepkyoa.

3purensHoe paznnueHre ¢ NEAT Ha ocHOBe rumepkyoa.

Ilepeuenv komnemenyuii (wacmu KomnemeHyuu), NPOGEPAEMbIX OUYEHOUHBIM CPEOCHIBOM:
MF-3.2; DL-1.1; DL-1.2; DL-1.3; O-3.2; FC-1.1.



4.2 MeTtoanueckue MAaTepHAJIbl, ONpeAessilOIe NPOUeIyPbl OLEHUBAHUS 3HAHMM,
YMeHMIi, HABBIKOB U (MJIM) ONBITA JAeATeIbHOCTH, XaPAKTEePU3YIONIUX 3Tanbl (popMupoBaHus
KOMIIeTeHIIMH

MeTonnyeckue peKoOMeHIAlUHU, ONpeAesolie NPoueaypsbl OeHUBAHUS BbINOJTHEHHUA
JIa0OpaTOpPHBIX padoT

3amaHue CUUTAEeTCs BHIOJHEHHBIM IIPH BBHITIOJTHEHUH CIEIYIOIUX YCIOBHMI:

—IpeI0CTaBJICH UCXOHBINA KOJI;

—IMPOJIEMOHCTPUPOBAHA PAOOTOCIIOCOOHOCTD IPOTPAMMBI;

—CTyJIeHT MMOHUMAET UCXOAHBIM KO U OTBEYAET Ha BOIPOCHI 110 €0 OPraHU3aIUH.

MeToanyeckue peKOMeHAALMH, ONpee/AIoIue NPOLeAyPhl OLICHUBAHHUSA HA JK3aMeHe

OneHka «OTIMYHO»: TOYHBIC (DOPMYJIHPOBKH QJITOPUTMOB, TEOPEM U MpPaBUJIbHbIC
JI0Ka3aTeIbCTBA; TOYHBIC OIPENEICHUS] MaTeMaTHUYeCKUX OOBEKTOB M SICHbIE M IpaBHIIbHBIC
orpeieNIeHUs] 00bEKTOB, XapaKTePU3YIOIIUXCsI He(hOpMaTN30BaHHBIMH MTOHATUSMH.

OreHKa «XOPOIIO»: TPH OTBETE HA OJAWH BOMPOC JIaHBl TOUHBIE (HOPMYIHUPOBKH AITOPUTMOB,
TEOpEM U NpaBHIbHBIC JI0KA3aTENLCTBA; TOUYHBIC OMpPECTCHIsI MaTeMaTHYECKUX OOBEKTOB U SCHBIC
U TIpaBUJIbHBIC ONpEAETCHUS OOBEKTOB, XapaKTepU3YIOIUXCcS HePOPMaTHM30BaHHBIMU MOHITHUSMU;
IPpU OTBETE€ HAa BTOPOIl BONPOC HMMEIOTCS HETOYHOCTU (POPMYJIMPOBKU aJTrOPUTMOB, TEOPEM HIIU
npo0esbl B MPaBUIBHBIX J0Ka3aTeNbCTBAX; HEJIOCTATOYHO TOYHBIE OINpPENEICHUS MAaTeMaTHUYeCKHX
OOBEKTOB WJIM HESCHBIE U HE COBCEM IPABHIIbHBIC OIpPENEICHUsI 00BEKTOB, XapaKTEPU3YIOIIUXCS
He(OpMaTU30BaHHBIMU TOHATUSIMH.

OneHka «yZOBJIETBOPUTEIILHO»: TPH OTBETE Ha 00a BOMpPOCa HMMEIOTCS HETOYHOCTH
(OpMYIHPOBKH aJITOPUTMOB, TEOPEM HIIM MPOOETBI B MPABMIIBHBIX JOKA3aTEIbCTBAX; HEJOCTATOYHO
TOYHBIC OIPENEICHUS MaTeMAaTUYEeCKUX OOBEKTOB WIJIM HESICHbIE M HE COBCEM IpaBUIIbHBIC
orpeiesIeHUs] 00bEKTOB, XapaKTePU3YIOMIUXCs He(hOpMaTN30BaHHBIMH MTOHATUSMH.

OneHka «HEyIOBIETBOPUTEIBHO»: OTCYTCTBYET OTBET XOTsI Obl Ha OJAMH M3 BOIPOCOB WU
UMEIOTCS CYIIECTBEHHBIE HETOYHOCTH B (OPMYJIHPOBKAX aAITOPUTMOB, TEOPEM, IPHUBEICHBI
HETpPaBWIbHBIE  JIOKA3aTElIbCTBA; HEBEPHBIC  OINpPENENICHUS MaTeMaTHYeCKUX OOBEKTOB U
HETPaBUIIbHBIC OTIPEIeIeHUsI 00bEKTOB, XapaKTEPU3YIOMIHUXCS He(hOpMaAIN30BaHHBIMH MTOHATUSMHU.

4.3. MeToanyecKue yKa3aHUsl 0 OPraHN3alui BLIYUCIUTETbHOH HHPPACTPYKTYPHI
YcnoBusi npuMeHeHH
— Kypc paccuuran Ha cTyaeHToB 3-ro roga o0yueHHs.
— Hamuumne noctyna x BeramcnautenabHbM pecypcam (GitLab, Google Colab mnm Yandex
DataSphere, JupyterHub, Hugging Face).
— Pa3pabotansl 1abopaTopHbie padoTHI;
— MHWudpacrpykrypa mis npuéma 3aaad (gitlab, CI/CD) cornacoBana ¢ 1abopaTopHbIMU
pabotamu.
Lesn, 3a1a4u M 0:KH/1aeMble pPe3yJbTAThI
[enu opraHu3aiy BEIYUCIUTEIEHOW HHPPACTPYKTYPBI:
— J1aTh HavaJbHOE mpenacTaBieHue o padote B I'T unppacTpykType (IpUydUTh MOIH30BATHCS
TUTOM, jupyter-HoyTOyKkamu).
3aiauyy npenoaBaTes:
— Opranuszanus peructpamuu ctyeHToB B Google Colab u Yandex DataSphere
— Co3znanue yueTHBIX 3alliuceil CTyZeHTOB B gitlab By3a;
— Hacrpoiika GitLab Runner ans aBToMaTndeckoro TeCTUpOBaHHS KOAA.
— Pa3paboTka mabaoHHOTO PEO3UTOPUS AJIs JIAOOPATOPHBIX paboT ¢ MPeAyCTaHOBICHHBIMU
3apucumocTsimu (PyTorch, Keras, TensorFlow, Hugging Face Transformers).
— Hamnucanue aBTOTECTOB U1l TPOBEPKH KOPPEKTHOCTH BHITIOIHEHUS 33/1aHui (Hanpumep,
fine-tuning Moneneit).
— Busyanmusanus pesynbraToB TectupoBaHus yepe3 HTML-otuersl.



— TloaroroBka uHCTPYKIWii 1o padore ¢ Git U 00JIAYHBIMH pecypcamH.
OsxumiaeMble pe3yiabTaThl CTYACHTOB:

— HavanpHOe mpezacraBienue o padote B IT undpactpykrype (rut, HEWMHUHT).

— HaBbIku 3amycka ¥ TeCTUPOBaHUS TITyOOKHUX HEHpoceTell B 00JaUHbIX CpeIax.

— Tlonumanue CI/CD-mpolieccoB B KOHTEKCTE pa3pabOTKH rTyOOKUX HEHpoceTeil.
IHopsaaoxk peanusanuu
3agaya Nel: Opranusanus peructpaiuu ctyeHToB B Google Colab u Yandex DataSphere
3agaua Ne2: Co3maHue yUeTHBIX 3alUCel CTyIeHTOB B gitlab By3a
3agaua Ne3: Hacrpoiika GitLab Runner:

JUis  aBTOMaTM4ecKoro  TECTUpOBaHHMS  Kojga  Hcmosbdyercs — Docker-obpaz ¢
npenycranoBineHubiMu oubrorekamu (PyTorch, Keras, TensorFlow, Hugging Face Transformers).
s BeimonHenus CI/CD naiinnaiina 6611 HactpoeH GitLab Runner Ha ynanéHnoit BupTyansHoOM
mamuHe ¢ OC Ubuntu 24.04.

ITocnenoBaTenbHOCTH HACTPOUKH BKIIIOYAJIA CIIEAYIOLINE [IAru:

e Hacrpoiika cucTeMbl — yCTaHOBKa HEOOXOMMBIX KOMIIOHEHTOB, TakuX, kak Docker.

e VYcranoska GitLab Runner no oduunanbHOM HHCTPYKIMH.

e Perucrpanus Runner 1t yactHoro cepsepa GitLab.
3agaua Ne4: [IladnoHHBINH peno3uTopwMii:

Bxmrouaer:
.gitlab-ci.yml nns CI/CD.
Ckpuntsl uis peoOpadoTKU TEKCTa U 00YUEeHUsI MOJEIeH.
[Tpumeps! kona s padotel ¢ BERT, GPT u nqpyrumu apXuTekTypamu.
3agaua NeS: ABToTecTbl:
[TpoBepsroT KOPpPeKTHOCTH fine-tuning Mozeneil (HarpuMep, accuracy Ha TECTOBOM JaTaceTe).
3agaya Ne6: Busyanusanusi pe3yJibTaTOB:
I'enepanyss HTML-oT4eToB ¢ pe3yabTaTaMy TECTUPOBAHUS, BKIIIOYAsi METPUKHU Ka4eCTBA MOJCIICH.
ITopsiiok NpoOBepPKU KOPPEKTHOCTH:
o Hamuune Git-peno3uropues y BceX CTYACHTOB.
o [ITaGmoHHBIH PEO3UTOPUI C TOAKIIOYCHHBIMU aBTOTECTAMHU.
e Uuctpyxuus no padore ¢ Git u CI/CD B popmate README.md.
Bces cTpykTypa MakCUManbHO alaiTHPOBAHA JJIsl KOIMPOBAHUS CTYICHTaMU M MUHUMH3AIUN
1opora BXo/ia NpH BHITIOJIHEHUH T1a00paTOPHBIX

4.4. MeTonnueckue yKa3aHusl 10 OPraHU3aluM J1adopaTOpHbIX padoT
YcnoBusi npuMeHeHH:

— Kypc paccunran Ha cTyzeHTOB 3-r0 roga 00yueHus..

— Hannuue nocryna x BeruucnutenbHbM pecypcam (GitLab) u k GPU/CPU (Kaggle,
JIOKaJIbHBIE CEPBEPHI).

— Pa3paborana undpactpykrypa 1 npuéma 3anad (Gitlab, CI/CD) u cornacoBana ¢
nabopaTOpHBIMH pabOTaMU M HACTPOEHA Ha BCEX CTYACHTOB 00pa30BaTEIbHOM
IPOTPaMMBl;

— MHcnonp3oBaHHE OTKPBITHIX TATACETOB U OMOIMOTEK.

Lesn, 3a1a4u M 0:KU/1aeMble pPe3yJbTAThI
Lenu opranu3zamuu 1a00paTOpHBIX padoT:
— 3akperyieHHe TEOPETHYECKHX 3HAHUHM O KIACCHYECKMX W HHTEJUIEKTYyaJIbHBIX METO/ax
ONTUMH3AIMU Ha TPAKTHKE.
— Pa3BuTHe HaBBIKOB aJTOPUTMUYECKOTO MBIIUICHUS U pealu3alliil ONTUMHU3AIMOHHBIX
QITOPUTMOB JUISI PEILICHHSI TPUKIIAAHBIX 3a1a4.

— IloaroroBka K pemIeHHIO peajbHBIX 33134 B TAKUX OOJIACTAX, KaK (PMHAHCHI, JTOTHCTHKA,
MAaIIMHHOE 00Y4YEeHHE U TPOEKTUPOBAHHE.

3aauy npenoaBaTes:



—  OGecneuntsb CTYJIEHTOB CTPYKTYPHPOBAaHHBIMU 71a00paTOPHBIMH pabotamu,
OXBATBIBAIOIIMMHU  CIIEKTP  METOJOB  OT  KJIACCHYECKUX  JO0  COBPEMEHHBIX
MHTEJUICKTYalbHBIX.

— IIpemoctaBuTh AOCTYN K HEOOXOIUMBIM MPOTPAMMHBIM CPEJCTBAM U BBIYUCIUTEIHHBIM
pecypcam (Python, Oubnuorexu A ONTUMU3ALNH, CPEIBI IS BU3YaTU3ALNN).

—  OpranuzoBaTb IPOBEPKY M OOpPaTHYIO CBS3b 0 BBINOJHEHHBIM paboOTaM, akIEHTUPYS
BHUMaHHE Ha KOPPEKTHOCTH pean3aliii, aHaJIN3€ pe3yIbTaToB U KaueCTBE BBIBOJIOB.

Osxumaemble pe3ysIbTaThl CTYICHTOB:

— YMeHHe NPUMEHATh U CPAaBHUBATH Pa3IMYHbIC KJIAcChl ONTHMM3ALMOHHBIX aITOPUTMOB
(rpagueHTHBIE, METO/AbI BTOPOTO TOPSJIKA, 3BOJIOIMOHHBIC, SWarm-uHTEJUIEKT) Ha
MIPAKTHKE.

— Bunagenue 6ubnanorexamu U GperiMBOpKaMU JJIs1 HAYYHBIX BBIYMCICHUNA U ONTHMU3ALUN
(NumPy, SciPy, Matplotlib, DEAP, Scikit-learn).

— OmnpIT pemnieHust NMPHUKJIAAHBIX 33/1a4 ONTHUMU3ALUN U3 Pa3HBIX MPEIMETHBIX obiacTeit
(mouck 3kcTpemMyma (DyHKIHA, yCIOBHAS ONTHMM3ALINs, KOMOMHATOPHBIE 33/1a4H).

— HaBbiku aHanmm3a TOBEJNCHHS aJITOPUTMOB, BKIIOYAs CXOAMMOCTb, YCTOMYMBOCTH U
BBIUNCIIUTENIBHYIO CJI0KHOCTb, @ TAK)KE BU3YyaIM3allUy Ipoliecca ONTHMU3ALINH.

4.5 MeToanyeckne yKa3aHusl 10 OPraHU3alUH NPOEKTHOM 1esiTeIbHOCTH CTYJAeHTOB

YcnoBust npUMeHeHH

Kypc paccunTan Ha cTyieHTOB 3-r0 T0/1a 00yUYeHHUH,

OO6ee Bpems Ha MMPOEKT — He OoJiee 16 yacoB HA KaXKJOTO CTYyICHTA.

MMeetcs 10oCTyn K KelicaM MHIYCTPUAJIBHBIX IIAPTHEPOB.

Henn, 3a1aun 1 0’kuIaeMble Pe3yaIbTAThI

Ienn opranu3anuy BIYUCIUTEIbHON HHPPACTPYKTYPBI:

JaTh HadaJlbHOE MPEJCTABICHHE O PEATbHBIX 33]adax, PelIaeMbIX C MOMOMIbIO TIYyOOKHX
HEHPOHHBIX CeTel M BO3HUKAIOIINUX MpodiieMax.

3agaum npenogaBartes:

— cOop KeHCOB MHAYCTPHATILHBIX MAPTHEPOB;

— cOop KeicoB mpernoiaBaTeneii MpakTUKOB U TabopaTopHil B By3e€;

— (dopmupoBanue T3 Ha 3aueTHBINA IPOEKT HA OCHOBE KEHCOB;

— pa3paboTKa CUCTeMbI YUETa pe3yJIbTaTOB POEKTa B UTOTOBOM OIICHKE 3a4eTa

O:xnnaemMble pe3yJbTaThl CTYACHTOB:

HayaJlbHOE TPEACTABICHUE O pEaJIbHbIX 3a/la4ax, PEIIAeMBIX C IOMOIIBI0 TIYOOKHX
HelpoceTeil 1 BO3HUKAIOIIUX MpobiemMax.

PaccMmoTpuM npumepsl KEUCOB.

Keiicsl ITAO «COep0ank»

1. Onrummsanmuss cetu otaedenuid Oanka (Branch Network Optimization)
Onucanme: Vcnionb3yss JaHHbIE O KIHMEHTCKOM TIIOTOKE, ApEHIHBIX CTaBKax, JAeMorpaduu |
TPAHCIIOPTHON JOCTYIMHOCTH, HEOOXOAMMO pa3paboTaTh MOJENIb ONTUMHU3AIMU CETH OTICICHUN
COepbanka. YuecTb 3aTpaThl Ha COJEpKaHHE, MOTCHUUAIBHYIO BBIPYUKY M CTpAaTeTHYECKUE ILIEIH
0XBaTa PErMOHOB.

Hess: Onpenenuts ONTUMANIBHYIO KOHPUTYPALUIO CETH OTACICHUN (OTKpPBITHE, 3aKpBITHE,
nepeesn) Uil MaKCUMM3aliy TPUObUIH TIPU COXPAHEHNUHU KauecTBa 00CTyKUBAHMUS.

O:xunnaemMble pe3yJbTaThl:

- Mogenes onTUMHU3anMU  pa3sMELIECHHUS OTHEIEHUNW C YYETOM HPOCTPAHCTBEHHBIX
JTAHHBIX



- AJTOPUTM OIIEHKH SKOHOMHUYECKON 3(PPEKTUBHOCTH KaXKIAOTO OT/ACICHHUS
- IInan pectpykrypuzauuu cet ¢ pacuerom ROI

2.  Onrummsanuss  kanuraga  Oanka  (Capital  Allocation  Optimization)
Onucanue: Pa3paboraTe CUCTEMY ONTUMAIBHOIO PACHpPEENICHUs KalmuTalla MEXKAY pa3IudHbIMU
HampaBJICHUSMU Ou3Heca (KpeIWTOBAHUE, WHBECTUIMM, JU3UHT) C YYETOM pHUCK-AIIETHTA,
PeryJsTOPHBIX TpeOoBaHUI u PBIHOYHBIX YCJIOBUH.
Hesab: MakcuMU3MpOBaTh TOXOIHOCTh MCIIOJIb30BAHMS KalluTala Ipu coOJI0IeHMH HopMaTuBoB L1b
U OTPAaHUYECHUH 10 pUCKAM.

O:xunnaemble pe3yJbTaThl:

- MHorokpuTepHragbHast MOJIEIb ONITUMHU3AINH PACIIPEICIICHUS KaluTana

- AJNTOpUTM JMHAMHYECKOW KOPPEeKTHpOBKH allocation B 3aBHCHMOCTH OT M3MEHEHUS
pBIHKA

- WHCTpYMEHT U1 CLIEHAPHOTO aHaJIM3a U CTPECC-TECTUPOBAHUS

3. Onrumusanusi JaukBuaAHocTH Oanka (Liquidity Management Optimization)
Onucanue: Co3aTh CUCTEMY YIPABIEHUS JMKBUIHOCTHIO, KOTOpas ONTUMAJIbHO paclpeneiser
JICHEeXKHBIC CPEICTBA MEXIY pa3IUYHBIMA HHCTpyMeHTaMu (MexOank, O®D3, KoprmopaTUBHBIC
obyuranun) c y4ETOM CPOKOB, JOXOJTHOCTH u PHCKOB.
Hean: OOecnieyuTh BHINOIHEHWE HOPMATHUBOB JMKBUAHOCTH NMPU MUHMMHU3ALUHU allbTEPHATUBHBIX
U3JEPKEK.

O:xunnaemMble pe3yJbTaThl:

- Mogens onTUMH3aIUK TOPTQEs TUKBUIHOCTH
- Anroputwm nporuosupoBanus cash flow u crpecc-cuenapuen
- Cucrtema peKOMEeHIAIMi 10 pa3MeNeHHIO BPEMEHHO CBOOOIHBIX CPECTB

4. Onrumusanuss  kpeautHoro moprgeass (Loan  Portfolio  Optimization)
Onucanme: PazpabotaTte MOJENb ONTUMHU3AIMHU CTPYKTYPBl KPEAUTHOTO MOPTQENs MO OTpaciisiM,
peruoHaM M TUIAM 33aE€MIIHMKOB C YYETOM PHCK-POQUIISA, JOXOJAHOCTH M KOPpEIAUuu 1e(dOITOB.
Lesab: MakcUMU3UPOBaTh PUCK-CKOPPEKTHPOBAHHYIO JOXOAHOCTh KPEIUTHOTO MOPTQENs B paMKax
YCTaHOBJICHHBIX JIMMUTOB.

O:xunpaemMble pe3yJbTaThl:

- Monens ontumu3zaiuu Markowitz mist KpeTUTHOTO TOpThens
- ANTOpHUTM pacueTa ONTUMATBHBIX KPETUTHBIX TUMUTOB
- WNHcTpyMeHT 115 aHamu3a KOHIICHTPAIIUU PUCKOB

5. Ontumuszanusa mnpoueccoB koJui-neHtpa (Call Center Workforce Optimization)
Onucanue: Co31aTh cucTEMY ONTUMAIBLHOTO PAaCIpEAeIEHUs ONIEPATOPOB KOJUI-LIEHTpA M0 CMEHaM
U HaBblkaM Ha OCHOBE IIPOTHO3a BXOJSIIMX 3BOHKOB, CIIOKHOCTH 3ampocoB u  SLA.
Hesab: MUHUMHU3UPOBATh 3aTpaTbl Ha TMEPCOHAT MPH OOECIEYCHUH IIETIEBBIX IIOKa3zaTesei
00CITyKUBaHUSI.

O:xunaemble pe3yJbTaThl:

- Mopens onTuMU3anUu pacucaHus OepaTopoB
- ANropuTM IIPOrHO3UPOBAHUS HArPY3KHU B pa3pe3e TUIIOB 3aIIPOCOB
- Pacuer sxoHOMUM (OHAA OIIATHI TPYAa



6. OnTtumu3zanus kamnanmii kpocc-npoaaxk (Cross-Selling Campaign Optimization)
Onucanue: Pa3paboraTe CUCTEMY ONTHMMAJIBHOIO IUIAHUPOBAHUS MApPKETUHIOBBIX KaMIIaHMH I10
Kpocc-TlpoJia)kaM ~ OaHKOBCKMX HPOAYKTOB C  YYETOM  KIMEHTCKOTO MpodWis, HUCTOPUHU
B3aUMO/ICVCTBUI 51 KaHAJIOB KOMMYHUKAaLUH.
Henab: MakcuMHU3UpOBaTh KOHBEPCHUIO  KPOCC-IPOJAXX IPU OrPAaHUYEHHOM MapKETHMHIOBOM
OroKere.

O:xupnaemMble pe3yJibTaThl:

- Mogens ONTUMH3aIUK MapKETHHIOBOTO MHUKCa
—  ANroput™m nepcoHaIM3UpPOBAHHBIX MPEATIOKCHUN
- HHCTpyMeHT o1leHKH 3((HEKTUBHOCTH KaMITaHUH

7. Onrumusanust npoueccuHroBoii  mHdpacrpykrypsl  (Payment Processing
Optimization)
Onucanue: Co3aTte MOJENb ONTUMAJIBHOTO PACHpPENEICHHs] TPAH3AKIIMOHHOM HAarpy3Kud MeExay
MPOIIECCUHTOBBIMU IIEHTPAMH C YYETOM HMX MOIIHOCTEH, 3aJepKeK M CTOMMOCTH OOpabOTKH.
Hesab: MUHUMHU3UPOBATh ONEpAMOHHBIE 3aTpaThl Ha MpoleccuHr mnpu obecneueHnn SLA mo
BpPEMEHHU 00pabOTKHU TPaH3aKIIHA.

O:xunnaemMble pe3yJbTaThl:

- Mognens 6amaHCUPOBKU Harpy3KH MEXJy JaTa-IeHTpaMu
- ANropUTM IIPOrHO3MPOBAHUS MMKOBBIX HATPY30K
- Pacuer onTManbHON KOH(UTYpaLUHU POLIECCHHIOBOI HH(MPACTPYKTYPHI

8. OnTumusanus BaaoTHOI no3unun 0anka (Foreign Exchange Position Optimization)
Onucanme: PazpaboraTte cHucTeMy YIOpaBlICHHMS BaIOTHOW MoO3MLIMEH OaHKa, ONTHMAJBHO
pacnpenensdiomneil akTUBbl M IAaCCHBBI B PAa3JIMYHBIX BaJIOTaX C YYETOM KYPCOBBIX DPHCKOB HU
CTOMMOCTH X€IPKUPOBaHUS.

Henb: MUHUMU3UPOBATH BAJIFOTHBIE PUCKU IIPU 3aIaHHBIX OTPAHUYCHHUSX 10 KAIIUTAILy.

O:xunnaemMble pe3yJbTaThl:

- Mozens onTUMHA3AIINU BAJIIOTHOW ITO3ULIAN
- ANTOPHUTM OTIpE/IeIICHUs] ONITUMATBLHBIX 00HEMOB XEIKUPOBAHUS
- Cucrema MOHUTOPUHTA BAIIOTHBIX PUCKOB B PEAIbHOM BPEMEHHU

9. Onrummsanmsa 3ainorosoro mnoptgens (Collateral Portfolio Optimization)
Onmucanme: Co3aaTh CUCTEMY ONTHMAJIBHOTO YIPABICHHS 3aJOTOBBIM MOPT(HENIeM HIIOTEYHBIX H
KOpHIOPAaTUBHLBIX KPCAUTOB C Y4CTOM JIMKBUIAHOCTHU 3aJIOTOB, UX CTOUMOCTHU U PUCKOB OGGCHCHGHI/IH.
I_[e.m,: MaKCI/IMI/ISI/IpOBaTL KauCeCTBO 3aJIoroBOro IIOKPBITUA TIIPU MHUHHUMU3AIUKU 3aTpaT Ha
yIIpaBJICHHUE.

O:xunaemMble pe3yJbTaThl:

- Mozenb ONTUMH3AIHUN CTPYKTYPBI 3aJI0TOBOTO MOPThEs
- ANTOpUTM IIPUOPUTE3ALNH 3AJI0T0B JJIs1 PETYJIIPHON EPEOLIEHKN
- WHCTpYMEHT U1 CTPECC-TECTUPOBAHUS 3aJI0TOBOM 0a3bl

10. Onrummsanmsa IT-unppacrpykrypel 0anka (IT Infrastructure Optimization)
Onmucanme: PazpabotaTh MOJENb ONTUMAIBHOTO PACHPECIICHUS] BBIYMCIUTEIBHBIX PECYpPCOB
MEXIy OW3HEC-TPWIOKEHUSIMH OaHKa C Y4YeTOM HX KPUTUYHOCTH, HAarpy3Kd M TpeOOBaHHH K
MIPOU3BOIUTEILHOCTH.



Hesab: MunumusupoBatb  3arparbl  Ha  [T-undpactpyktypy mpu  obecrieueHUH
OecriepeOOHHOCTH OU3HEC-TTPOIIECCOB.

O:xunnaemMble pe3yJbTaThl:

- Mopeinb onTUMHU3auu paclpeaeeHUs BBIYUCIUTEIbHBIX PECYPCOB
- AJTOPUTM aBTOMAaTHYECKOTO MACIITAOMPOBAHUS MOIIHOCTEH
- Pacuer 5kOHOMUY Ha KallUTAJIBHBIX U ONIEPALIMOHHBIX 3aTpaTax

Keiicsl ot «<ABAJIAB»

1. OnTumu3anus rpaguka CTPOUTENbCTBA KUI0T0 KomIuiekca (Construction Schedule
Optimization)

Onucanme: Vcnionb3yss JaHHbIE O IOCIEIOBAaTEIBHOCTH paboOT, pecypcax, IOTOAHBIX
YCIOBHUAX W JIOTUCTHKE, HEOOXOAMMO pa3padoTaTh ONTUMAJIbHBIA  Kal€HAAPHBIM  IUIaH
CTPOUTENIbCTBA JKWJIOTO KOMIUIEKCA. YUeCThb B3aMMO3aBUCHMOCTH pPa0OT, OrpaHUYEHHS 10
NOJPSATUUKAM U CE30HHBIE (PaKTOPHI.

Heab: MUHUMU3UPOBATH CPOKU CTPOUTENHCTBA MPHU COOIIOACHNUN OIOKETHBIX OrpaHMYCHHUN
1 KauecTBa padoT.

O:xunaemMble pe3yJbTaThl:

- Mozenbs ONTUMHU3aLUU KPUTHUECKOTO IYTH C YYETOM PECYPCHBIX OTpaHUUEHUIN
- AJNTOpUTM TUHAMUYECKON KOPPEKTUPOBKU Tpaduka npu cOoax
- Pacuet 5kOHOMMH OT COKpaIllEHUsI CPOKOB CTPOUTEIHCTBA

2. OnTuMu3anms 3aKyNKH CTPOUTENbHBIX MaTepuaaoB (Procurement Optimization)

Onucanme: Pazpaborate cUCTEMy ONTHUMAJIbHOTO IUIAHUPOBAHMS 3aKyINOK MaTEpUAIOB C
y4eTOM KOJIeOaHusl IIeH, JIOTUCTHKH, YCIOBHI XpaHEHHUS U TpaduKa CTPOUTEIbCTBA. YUECTh PUCKU
CpbIBa IIOCTABOK U AJIbTEPHATUBHBIX [TOCTABILUKOB.

Heab: MUHUMU3UpPOBATh 3aTpaThl Ha MaTepualbl Npu obecredeHuu OecrepeboitHoCTH
CTPOMTEILCTBA.

O:xunaemMble pe3yJbTaThl:

- Mogens onTUMH3aud 00bEMOB U CPOKOB 3aKYTIOK
- AAropuT™ BbIOOpA ONTUMATIBHBIX MOCTABIIUKOB
- Cucrema yrpaBieHHs CKJIQJCKUMU 3arlacaMu

3. OnTuMmu3anusl HCHOJb30BAaHHMA CTpPouTeabHOl TexHHMKH (Equipment Utilization
Optimization)

Onucanue: Co31aTh CUCTEMY ONTHUMAJIBHOTO PACHpPEIEICHHsI CTPOUTEIBHON TEXHUKU MEXIY
O0OBEKTaMU KOMIIAHMM C YYETOM HX XapaKTepUCTUK, CTOMMOCTH aPEHIbI/IKCIUTyaTallul |
TpeOOBaHUI MMPOEKTOB.

Hesab: MakcuMu3npoBaTh KO3(QGUIIMEHT HCIIOIB30BAaHMSI TEXHUKU TIPU MUHUMHU3AIUH 3aTpar.

O:xupnaemMblie pe3yJbTaThl:

- Mogenbs onTUMHU3aLUKU apKa TEXHUKU
- AJNTOPUTM ITUTAHUPOBAHHS PEMOHTOB U 00CTYKHUBaHUS
- Pacuer onTHMaIbHOTO COCTaBa COOCTBEHHOTO U apeHAyeMOro mapka

4. OnTuMu3anus npoekTHbIX pemieHui (Design Solutions Optimization)

Onucanme: PazpabotaTh cucTeMy MHOTOKPUTEPUATBHON ONTUMHU3AIMH MPOCKTHBIX PELICHUI
IV SKAJIBIX KOMIUIEKCOB C YYETOM CTOMMOCTH MaTepHajoB, 3HEProd3((eKTHBHOCTH, CPOKOB
peain3aly U PIHOYHOM NMPUBJIEKATEIBHOCTH.

Heasn: Haiitn onTumasibHble NMPOEKTHBIE pelICHHs, OalaHCUPYIOIIUE MEXIy 3aTpaTaMd U
KaueCTBOM.

O:xupnaemMble pe3yJbTaThl:

- Mopaeinb onTuMU3auu KOHCTPYKTUBHBIX PELICHUN

- AAropuT™ BbIOOpA OTAETOYHBIX MaTEPHAIOB

- WucTtpy™meHT i onleHkH trade-off Mexxy pa3nmuuHbIMU TapaMeTpamMu
5. OnTumu3anus npoaax kpaptup (Apartment Sales Optimization)



Onucanme: Co3naTte cHUCTEMY ONTHMMAJIBHOIO  YIPABIEHUS MpoJakaMH KBapTHp B
CTpOSIIIEMCS JOME C YUYETOM JUHAMMKH CIPOCa, LIEHOBOW AIaCTUYHOCTU U KOHKYPEHTHOM CpPEIbl.
Henb: MakcuMHU3UpOBaTh BBIPYYKY OT MPOAAKM KBapTUpP B TEUEHUE YXU3HEHHOIO IMKJIA
IIPOEKTA.
O:xunaemMble pe3yJbTaThl:
- Mozens IMHAMHYECKOT0 [IEHOO0pa30BaHuUs
- ANropuTM ONpEENIeHNs] ONITUMAJIbHOTO MOMEHTA JUIsl 3aIlyCKa MPOJax
- Cucrema yrpaBieHUs CKUJIKAMU U aKLUAMU
6. OnruMmszanmsa  ¢uHaHcupoBaHusi crpouTesabcrBa  (Construction  Financing
Optimization)
Onucanme: Pazpaborate MoJeNb ONTHUMAJIBHOTO CTPYKTYPHPOBaHUS (DUHAHCUPOBAHUS
CTPOUTEJIBHBIX MPOEKTOB C YUETOM CTOMMOCTH KaIuTasa, rpa)ukoB OCBOCHHUS CPEACTB U PUCKOB.
Heab: MUHUMU3UPOBATh CTOUMOCTh (PMHAHCHUPOBAHUSA TIPU OOECIICYCHUH JMKBUIAHOCTU
IIPOEKTA.
O:xupnaemMble pe3yJbTaThl:
- Mogenb ONTUMH3AIHUN CTPYKTYPbI (UHAHCHPOBAHUS
- ANTOpUTM yNpaBiIeHUS IEHEKHBIMU IOTOKaMU
- WHCTpYMEHT U1 CLICHApHOTO aHajIn3a (PMHAHCOBBIX PUCKOB
7. OnTumusanus ynpasJjenus noapsagunkamu (Contractor Management Optimization)
Onucanme: Co3qarh CUCTEMY ONTHUMAIBHOTO OTOOpa M paclpeleseHUs] MOJPSIUMKOB I10
00BEKTaM C YUETOM UX CHEIMAIN3aINH, 3aTPY3KH, PEIyTalluid U CTOUMOCTH YCIIYT.
eab: MUHUMHU3UPOBATh PUCKHU CPHIBOB CPOKOB M KadecTBa pabOT MpH ONTUMHU3AIMH 3aTPaT
Ha TOJPSTIYMKOB.
O:xunaemMble pe3yJbTaThl:
- Mogens onTUMHU3aLUK IMyJja MOAPSTUUKOB
- ANTOpUTM OLICHKH HAJIEKHOCTU MOAPSIIUYUKOB
- CucrtemMa MOHUTOPHHTA BBITIOJTHEHUS 0053aTEIBCTB
8. OnrTumu3anus 3emeabHoro 6anka (Land Bank Optimization)
Onucanme: PazpaboraTe MOAETh ONTHUMAIBHOTO YIIPABICHHUS 3€MEIbHBIM OaHKOM KOMITAHUU
C Y4E€TOM MEPCHEKTUB Pa3BUTHUS TEPPUTOPUIA, HHPPACTPYKTYPHBIX MPOEKTOB M PHIHOYHOT'O CIIPOCA.
Heab: MakcuMU3UpoOBaTh ~ CTOMMOCTh ~ 3€MEIBHOTO 0aHka W IPPEKTUBHOCTH  €ro
HCIIOJIb30BaHU.
O:xupnaemMble pe3yJbTaThl:
- Mozens onTUMH3aIKuy TOPTdEs 3eMeTbHBIX yUYaCTKOB
- ANTropUTM ONPENEIIEHNS IPUOPUTETOB OCBOEHUS
- WHCTpyMEHT 1151 OLIEHKHU NHBECTULMOHHOMN NPUBJIEKATEIBHOCTH Y4aCTKOB
9. OnTHMHU3aNMA IKCIIyaTallMOHHBIX pacxonos (Operational Expenses Optimization)
Onucanue: Co31aTh CUCTEMY ONTHMAJIBHOIO YIPABIEHUS IKCIUTYaTal[MOHHBIMHM pacxoiaMH
CIaHHBIX OOBEKTOB C Y4ETOM 3HEProdp(HEeKTUBHOCTH, CEPBUCHBIX 3aTpaT U TPeOOBaHUN )KUTEIEH.
Henb: MuHUMU3UpOBaTh  SKCILIyaTallUOHHBIE  pacXo[bl IPH  COXpPAaHEHMM  KauecTBa
00CITyKUBaHUSI.
O:xunaemMble pe3yJbTaThl:
- Monens ontumu3zanuu 3aTpar Ha cogepskanue KK
- AJNTOPUTM IUTAHUPOBAHUS PEMOHTOB U OOHOBJICHUI
- Cuctema MoHUTOpHHTA 3()(HEKTUBHOCTH YIPABIISAIOIIEH KOMITAHUH
10. OnTuMu3anusa MmapkeTHHrosoro 0roaxera (Marketing Budget Optimization)
Onucanme: PazpaboraTte MOAETh ONTHMAJIBHOTO paCIpeeiCHUsT MapKETHHIOBOTO OrOJKeTa
MEXJy KaHaJlaMHU MPOABIKEHUS, MPOCKTAMU M ATAllaMH MPOAAX C Yy4eToM UX 3PPEKTUBHOCTH U
LIEJIEBOY ay IUTOPUH.
Henab: MakcumuszupoBaTs ROI MapkeTHHIOBBIX MHBECTULIUH.
O:xunaemMblie pe3yJbTaThl:
- Mogens onTUMHU3aluu MEAMaMUKCa
- AJNTOpUTM ONpeAeICHNs ONITUMAIIEHOTO OI0/KETa ISl KaXKI0TO MIPOEeKTa



- WHCTpyMEHT 1 aTpuOyILIH MapKETUHTOBBIX PE3yIbTaTOB

Kaxnplii Kkelc CONEpKHUT KOHKPETHYyI0 Ou3Hec-3a/auy JEeBEJIONEPCKOW  KOMITAaHHH,
TpeOyIONIyI0 MPUMEHEHHUS HHTEUICKTYaJbHBIX METOJ0B ONTHMHU3ALUHU, U YETKHE H3MEpUMBIC
pe3yabTaThl Il OLIEHKU 3(PPEKTUBHOCTH PEIICHUH.

5. Ilepeuenbp y4yeOHOM JuTepaTypbl, HH(OPMALUOHHBIX PeECypcoB U
TEXHOJIOT A

5.1 YueOnas mureparypa

1. TlomskoB, B. M. Meronsl ontuMuzauuu : yuebHoe mnocobue / B. M. Ilonskos,
3. C. Aranapos. — 2-¢ m31. — Mocksa : Jlamkos u K°, 2022. — 86 c. : wi., Tabn. — Pexxum nocryna: mo
moamucke. —  URL: https://biblioclub.ru/index.php?page=book&id=697026 (natra oOpateHus:
29.05.2024). — bubauorp. B kH. — ISBN 978-5-394-05003-9. — TekcT : 371€KTPOHHBIH.

2. 3aozepckas, JI. A. Merozbl oNTUMU3aLNN: HENOYUCIEHHOE TMHEMHOE IPOrpaMMHUPOBaHUE
: yueOHoe mocobue : [16+] / JI. A. 3ao3epckas, B. II. UnneB, T. B. JleeanoBa. — Omck : OMckwii
rocynapctBeHHblll yHuBepcurer uM. @.M. JlocroeBckoro (OmI'Y), 2020. — 40 c. : Tabn., cxem. —
Pexxum nocryma: mo mommucke. — URL: https://biblioclub.ru/index.php?page=book&id=614055. —
bubmumorp.: c. 39. — ISBN 978-5-7779-2484-1. — TekcT : 371€KTPOHHBIH.

3. Caxaposna, JI. B. Metoapl onTUMU3ALUN IJIs MAIIKHHOTO OOYyYeHHUS : y4eOHOE Mmocodue :
[16+] / JI. B.Caxaposa, I'.B.JlykbsnoBa ; PocTOBCKMII TrocynapcTBEHHBI 3KOHOMUYECKHNA
yausepcurer (PUHX). — PocroB-na-Jlony : U3marenbcko-nonurpadudeckuid kommiekc PIOY
(PUHX), 2023. - 87 ¢ : wun — Pexum JocTyma: 1O  MOJIMUCKE. —
URL: https://biblioclub.ru/index.php?page=book&id=711220. — bubauorp. B ku. — ISBN 978-5-
7972-3139-4. — TekcT : 2IEKTPOHHBII.

4. OwmenbsiHeHKO, 1. DBOJIOIMOHHBIE HEHpoceTH Ha s3bike Python : ydueOHOe mocobwme :
[16+] / S. Omenbsinenko ; mep. ¢ anri. B. C. fuenkoBa. — Mocksa : JIMK IIpecc, 2020. — 310 c. :
WL Pexum JIOCTyTIa! o HOJITIHCKE.

URL.: https: //blbhoclub ru/index.php?page=book&id=602179. — ISBN 978-5-97060-854-8. — TekcT :
AJIEKTPOHHBIH.

5. Kapnenko, A. Il. CoBpeMeHHbIE AJITOPUTMBI NTOMCKOBOW ONTUMHU3ALUU @ aJITOPUTMBI,
BJIOXHOBJICHHBIE MTPHPOJI0H : yueOHoe nocobue / A. I1. Kapnenko. — 2-e u3a. — Mocksa : MI'TY um.
H.D. baymana, 2017. — 448 c. : tabn., rpad., cxem., wi. — Pexum nocrtyma: mo TOIIMUCKE. —
URL: https://biblioclub.ru/index.php?page=book&id=560390. — bubnmorp.: c. 420-421. — ISBN
978-5-7038-4634-6. — TeKCT : 371€KTPOHHBIN.

6. AsepuenkoB, B. 1. OcHOBBI MaTeMaTHYECKOIO0 MOJEIMPOBAHUS TEXHUYECKUX CUCTEM :
yaeOHoe mocobue : [16+] / B. U. ABepuenkos, B. I1. ®enopos, M. JI. Xeiidern. — 4-e u3n., crep. —
Mocksa : ®JIMHTA, 2021. — 271 c. : cxeM., wi., Tabn. — Pexxum poctyma: mo MOIMHUCKE. —
URL: https://biblioclub.ru/index.php?page=book&id=93344. — bubnuorp. B ku. — ISBN 978-5-9765-
1278-8. — TekcrT : 2JIEKTPOHHBII.

5.2. llepuoguyeckne U31aAHUA:
1. Bassl manueix kommnanun «Mcrt Beroy» http://dlib.eastview.com
2. Dnexrponnas oubmuoreka GREBENNIKON.RU https://grebennikon.ru/

5.3. UnTepHeT-pecypchbl, B TOM YHCJe COBPeMeHHbIe MPOo(ecCHOHAIbHbIE 0a3bl JAHHBIX
U MHGOPMAIMOHHBbIE CIIPABOYHbIEC CHCTEMBbI

JIeKTPOHHO-0NOanoTeuHbie cuctemsl (IBC):
1. OBC «IOPAUT» https://urait.ru/
2. OBC «YHUBEPCUTETCKA S BUBJIMOTEKA OHJIAMH» www.biblioclub.ru
3. BDBC «BOOK.ru» https://www.book.ru




4. OBC «ZNANIUM.COM» www.znanium.com
5. DBC «JIAHDb» https://e.lanbook.com

IIpodeccuonaibubie 6a3bl JAHHBIX:

1. Scopus http://www.scopus.com/

2. ScienceDirect https://www.sciencedirect.com/

3. Kypnans! uznatenscrBa Wiley https://onlinelibrary.wiley.com/

4. Hayunas snextponHas 6ubnuoreka (HOb) http:// www.elibrary.ru/

5. I1oJIHOTEKCTOBBIE apXUBBI BEYIIMX 3allaJHbIX HAYYHBIX )KypHaIOB Ha Poccuiickon
iatgopme HayuHbix KypHamoB HOMKOH http://archive.neicon.ru

6. HatmonanbHast  snekTpoHHass — Oumbnmuoreka  (mocTym K DIEKTpOHHOM — Oubimoreke
nuccepranmii Poccuiickoit rocynapcrsenHoi ouonuorexu (PI'b) https://rusneb.ru/

7. Ilpe3unentckas Oubnuorexa uMm. b.H. Enpuuna https:/www.prlib.ru/

8. baza nannbpix CSD KemOpumxckoro nietpa kpucramiorpaduyeckux ganusix (CCDC)
https://www.ccdc.cam.ac.uk/structures/

9. Springer Journals: https://link.springer.com/

10. Springer Journals Archive: https://link.springer.com/

11. Nature Journals: https://www.nature.com/

12. Springer Nature Protocols and Methods:
https://experiments.springernature.com/sources/springer-protocols

13. Springer Materials: http://materials.springer.com/

14. Nano Database: https://nano.nature.com/

15. Springer eBooks (i.e. 2020 eBook collections): https:/link.springer.com/

16. "Jlekropuym TB" http://www.lektorium.tv/

17. YuuBepcuretckas nnpopmanronnas cucreMma POCCHUS http://uisrussia.msu.ru

HNHpopmManMoHHbIE CIPABOYHbIEC CHCTEMBbI:
1. Koncynprant Ilmtoc - cmpaBouHass mpaBoBasi cucTeMa (AOCTYN IO JIOKAJBHOM CeTH ¢
KOMITBIOTEPOB OUOINOTEKH )

Pecypcbl cBo0OAHOrO 10CTYNA:

1. KubepJlenunka http://cyberleninka.ru/;

2. AMepuKaHCKas TaTeHTHast 0a3a TaHHBIX http://www.uspto.gov/patft/

3. MUHUCTEpPCTBO HAYKH U BhIcIIero oopasosanus Poccuiickoit denepanuu
https://www.minobrnauki.gov.ru/;

4. ®enepanbHblil mopran "Poccuiickoe obpazoBanue http:/www.edu.ru/;

5. Uadpopmannonnas cucrema "EnnHoe OKHO 1ocTyna K 00pa3oBaTebHBIM pecypcam”
http://window.edu.ru/;

6. Enunas xomekuus mudpoBbix 00pa3oBaTesbHBIX pecypcoB http://school-collection.edu.ru/ .

7. IIpoexT ['ocynapcTBEHHOTO HHCTUTYTA pyccKoOro si3bika uMeHH A.C. ITymkuna
"Obpa3oBanue Ha pycckom" https://pushkininstitute.ru/;

8. CpaBouHO-nH(pOpMaMOHHBIHN mopTan "Pycckuii si3p1k" http://gramota.ru/;

9. Cnyx0a TeMaTH4ECKUX TOJIKOBBIX cloBapei http://www.glossary.ru/;

10.CnoBapu u suimknonenuu http://dic.academic.ru/;

11.06pa3oBarenbHblii moptan "Yueba" http://www.ucheba.com/;

12.3akoHompoekT "O6 oOpasoBanuu B Poccuiickoit @enepanun. Bonpock! u oTBeTHI http://xn--
273--84d1f.xn--plai/voprosy_i_otvety

CoOcTBeHHBIE YJIEKTPOHHBIE 00pa3oBaTe/ibHbIe H HH(popManuoHHbie pecypebl Kyol'y:

1. DnexTponHbIi katanor Hayunoit oubnuorexku Kyol'y
http://megapro.kubsu.ru/MegaPro/Web

2. DnexTpoHHas 6ubnuoTeka TpyaoB yueHbix Kyol'y
http://megapro.kubsu.ru/MegaPro/UserEntry?Action=ToDb&idb=6

3. Cpena MoaynpHOTO quHAMHYecKoro oOydenus http://moodle.kubsu.ru




4. ba3za yueOHbIX IJIaHOB, y4eOHO-METOIMYECKUX KOMIUIEKCOB, MyOIMKaluil 1 KOH(pepeHIUH
http://infoneeds.kubsu.ru/

5. bubnuorexka MHPOPMALMOHHBIX pecypcoB Kadeapsl HHPOPMALMOHHBIX 00pa30BaTEIbHBIX
TexHojorui http://mschool.kubsu.ru;

6. DnexkTpoHHbIi apxuB nokymeHToB KyOI'Y http://docspace.kubsu.ru/

7. OneKTpoHHBIE 0Opa3oBaTeNbHBIE pecypchl Kadeapbl HMHGDOPMAIIMOHHBIX CUCTEM W
TexHonoruii B obpazoBanun KyOI'Y u nHayuno-metommueckoro xypnaia "[LIKOJIBHBIE I"OJIbI"
http://icdau.kubsu.ru/

5.4 Ilyoimkanun koHpepenumii A*

1. Junhyuk Oh, Matteo Hessel, Wojciech M. Czarnecki, Zhongwen Xu, Hado P van
Hasselt, Satinder P. Singh, David Silver. Discovering Reinforcement Learning Algorithms.
Advances in  Neural Information  Processing  Systems 33  (NeurI[PS  2020)
URL.: https://papers.nips.cc/paper_files/paper/2020/file/0b96d8110494fde5428c7aea243c9157-

Paper.pdf
6. MeTozmquKne YKaSaHI’Iﬂ AJIAA Oﬁy‘laIOH_[I/IXCH II0 OCBOCHHIO IUCIHMUIIJIMHBI

(Mmony.Jist)

ITo Kypcy npenyCMOTPEHO MPOBEICHUE JEKIIMOHHBIX 3aHITUM, HA KOTOPBIX JA€TCsI OCHOBHOM
CHCTEMaTH3HPOBAHHBINA MaTepHal, 1a00paTOPHBIX PadOT, IK3aMEHa.

OreHka ycreBaeMOCTH OCYILIECTBIISAETCS 110 Pe3yIbTaTaM:

- BBITMOJIHEHUS TAOOPaTOPHBIX PadoT;

- OTBETOB Ha TEOPETUYECKHE BOIIPOCHI IPHU c1ade JabopaTOpHbIX paboT;

- OTBETa Ha AK3aMeHe (Ul BBIABIICHUS 3HAHMSI M IOHUMAaHUs TEOPETUYECKOr0 MaTepuana
JACIUTUTHHBI ).

OpHuM U3 9TamoB Kypca SBISETCS CaMOCTOSITENbHAas paboTa MO JAUCHUIUIMHE C
HCII0JIb30BAaHNUEM YKa3aHHBIX JINTEPATYPHBIX HCTOUHUKOB U METOAMUYECKHUX YKa3aHUI aBTOpa Kypca.

Bunst u ¢opmer CP, cpoku BBITONTHEHUS, (POPMBI KOHTPOJISI MPUBEICHBI BBIIIE B JaHHOM
JOKYMEHTE.

Jnsg mydniero OCBOEHMsI IUCUUMIUIMHBL mpu 3aumure JIP CTyaeHT JO/KEH OTBETUTh Ha
HECKOJIBKO BOIIPOCOB M3 JIEKIIMOHHOW 4acTH Kypca.

IIpouenypa mpoMeXyTOYHOM arTecTalMud NPOXOAUT B coorBercTBUM ¢ [lonoxxeHuem o
TEKYIIeM KOHTPOJIE U MPOMEKYTOUHOH artectanuu ooydatonmxes PI'BOY BO «Kyo6I'Y».

HtoroBoit ¢opmoil KoHTposis CHOPMUPOBAHHOCTH KOMIIETEHIMH y OOy4aromuxcs 110
TUCLUIUIMHE SBIIsgeTCs dKk3aMeH. CTyeHThl 00513aHbI CIaTh K3aMEH B COOTBETCTBUHU C PACITUCAHUEM
Y y4eOHBIM TJIAHOM.

®OC mpoMexyTOUYHOH aTTeCTAallui COCTOUT U3 BOIIPOCOB K IK3aMEHY, 33]1a4 110 JUCLUILINHE
U pe3yJbTaTOB TEKYIIETO KOHTPOJIS.

DK3aMeH M0 TUCIHHIUIMHE MPECciIeayeT 1elib OLIEHUTh paboTy CTyAEHTa 3a KypcC, IMOJIydYeHHUe
TEOPETUYECKUX 3HAHUH, UX MPOYHOCTH, Pa3BUTHE TBOPUYECKOT'O MBIIIUICHUS, TPHOOPETECHNE HABBIKOB
CaMOCTOSITENIbHOW pabOThl, YMEHHUE NMPUMEHATH MOJIyYE€HHBIC 3HAHUS JUISl PELICHUS MPAKTUYECKUX
3ajad.

dopma npoBeIeHNs PK3aMEHA: YCTHO.

DK3aMeHaTOpy MPEAOCTaBISIETCS MIPaBO 3a/1aBaTh CTYAEHTaM JOINOJHUTENIBHBIE BOIIPOCHI IO
BCell yueOHO# nmporpaMme TUCIUITIHHBI.

Pe3ynbTar caaum 3K3aMeHa 3aHOCUTHCA IIPENoAaBaTesieM B 3K3aMEHAIMOHHYIO BEAOMOCTb U
3aUETHYIO KHIXKKY.

OneHuBaHUE ypOBHS OCBOCHMSI JAMCLMIIMHBI OCHOBBIBAE€TCS HA KadyeCTBE BBIIIOJIHEHUS
CTYJEHTOM 3aJJaHUI TEKYLIEr0 KOHTPOJIS U OTBETOB Ha BOIIPOCHI K3aMEHa.

B ocBoeHMM AMCUMIIIMHBI MHBAIMAAMU U JIMLIAMU C OTPAHUYEHHBIMM BO3MOXHOCTSMHU
30pOBbsS  OOJBIIOE 3HAYCHHE HWMEET WHAMBHUIyalbHas yuyeOHas pabora (KOHCYJIbTALUU) —
JOTIOJTHUTEIBHOE Pa3bsiICHEHUE yUeOHOro MaTepuaia.



I/IHI[I/IBI/II[yaJIBHI:Ie KOHCYJIbTallun 1o npeamMeTy SABJIAOTCA BaXHbIM (I)aKTOpOM,
CHOCOGCTBYIOH_II/IM HWHAUBUYaAJINU3alluu OGy‘-ICHI/ISI U YCTAHOBJICHUIO BOCIIUTATCIIBHOI'O KOHTAKTa
MCXKAY HOpCunoAaBaTciicM U 06y‘-IaIOH_[I/IMC$I HHBAJIMAOM WM JIUMIOM C OrpaHUYCHHBIMU

BO3MOXHOCTAMHU 3J0POBbA.

7. MaTepI/IaJILHO-TeXHI/I‘IeCKOC odecneyeHue 1o AUCIIUIIJINHE (MOIly.]IIO)

HanmvenoBanune cnennaibHBIX OCHaIICHHOCTh CHENUAIbHBIX ITepeuens MMIIEH3NOHHOTO
TIOMEIIeHU I TIOMEIIICHUH MIPOTrPaMMHOTO 00eceYeHUs!
VYueOHas ayIUTOpHS st | Mebens: yueOHas mebdensb [Tporpammsl U151t IEMOHCTPALMN 1
MIPOBEICHUS JICKIIMOHHBIX 3aHATHH, | TexHU4YecKne cpercTBa 00ydeHus: CO3JIaHMs TIPE3CHTALINH
ayJUTOPHS TEKYLIETO KOHTPOJISI W | MPOEKTOp, IKPaH/TEIeBU30p,
MIPOMEXXYTOYHOM arTecTanyu (ayA. | KOMIIBIOTEp/HOYTOYK ¢
129, A305, A307). COOTBETCTBYIOIUM MPOrPaMMHBIM
obecrieuennem (I10)
VYueOHas ayauTOpHs it | Mebens: yueOHas mebenb [Tporpammsl 11t AEMOHCTpALN U
TIPOBEJICHUS 3ansaTHi | TexHU4Yeckne cpencTra o0ydeHus: CO3JIaHMs TIPE3CHTALINH
CEMHMHApCKOTO  THMA, YydeOHas | 9KpaH/TeJIEeBU30P,
ayquTopHs A INIPOBEICHHUS | KOMIIBIOTEP/HOYTOYK
71a00paTOPHBIX 3aHATHH,
ayJUTOPHS TEKYLIETOo KOHTPOJI U
MIPOMEXKYTOYHOH aTTeCTalH,
yueOHas ayTUTOPHS Ut
MIPOBEJCHUS] WHAWBUIYaJIbHBIX W
TPYIIOBBIX KOHCYNbTanuil (ayn.
147, 148, 149).
KommeioTepusiii  kmacc, ydebnasi | MeOeinb: yueOHas Mebenb CHCTEMBI IIPOrpaMMHPOBAHHS Ha
ayoquTopus AN TpoBeleHus | TexHW4YecKue cpeicTBa 00ydeHus: SI3bIKAX ~ BBICOKOTO  YPOBHS,
71a00paTOPHBIX 3aHATHH, y4deOHas | SKpaH/TeJIEeBH30P, IIPOEKTOp, | CETEBOM JOCTYH K pecypcam, B
ayquTopus A IIPOBEICHHUS | KOMITBIOTEP/HOYTOYK. yactHoctn C++, Python m mp. ¢
KypCOBOTO npoektupoBanust | OdopynoBaHue: BO3MOXKHOCTBIO
(BBIMIOJTHEHUST  KYPCOBBIX paloT) | KOMITBIOTEpPHAS! TEXHHWKA C BBIXOZOM | MHOTOIOJIL30BATEIbCKOM PaboTHI,
(ayn. 101-107). B Wntepner, JOCTYIIOM B | BUPTyaJbHbIC MallMHBI*
JIEKTPOHHYI0  HMH(OPMaIMOHHO-
00pa30BaTeNbHYIO Cpey

Jlst  caMocCTOSITEIbHOM

paboTbl  OOyyarommuxcst  HPeAyCMOTPEHBI  TOMEIEHUs,
YKOMITJICKTOBAaHHBIC CIICIMATU3UPOBAHHON MeOesblo, OCHAIICHHBIE KOMITBIOTEPHOM TEXHUKOW C
BO3MOKHOCTBIO TMOAKIIOYeHHS K ceTh «MHTepHeT» u oOecrieueHHeM JO0CTyHa B AJIEKTPOHHYIO
MH(POPMALMOHHO-00pa30BaTENbHYIO CPEely YHUBEPCHUTETA.

HanmenoBanne moMeneHu 1ist
CaMOCTOSITEIIEHOUW PabOTHI

OcHalEeHHOCTh NOMEIIEHU 1
CaMOCTOSATENLHOM paboThI

HepequL JIMICH3HUOHHOT' O
mporpaMMHOTO obecreueHus

TeXHHKa C  MHOJAKIIOYEHHEM K
MH()OPMaIMOHHO-KOMMYHHKAIMOHHOM
cetn «HMHTEpHET» © JOCTYNIOM B

JNIEKTPOHHYIO uH(pOpMAaIHOHHO-
00pa3oBaTeNbHYO cpeny
00pa3oBarelibHOM OpraHu3anuu, BeO-
KaMmephl, KOMMYHHUKAIIUOHHOE
obopynoBaHue, oOecrieynBaroiee
JIOCTYI K CETH WHTEpHET (IPOBOJHOE
COCTMHCHHUE " OecrpoBoiHOE

coeanHenue 1o Texrosornd Wi-Fi)

oOyyaronmxcst oOyyaronmxcst
IMomemenne st camocrosiTensHON | Mebenb: yueOHast MeOenb Hocrym K IIEYaTHBIM u
paboTel oOywaromuxcst (duTanmbHBIN | KoMmrurekt CICTIMATH3UPOBAHHON | AIIEKTPOHHBEIM  MH()OPMAITIOHHBIM
3an Hayuwnoii 6ubimorexn) MeOeIH: KOMIIBIOTEPHBIC CTOJIBI pecypcam
ObopynoBanue: KOMIBIOTEpHAs

Ilomemienre IS  CaMOCTOSTSILHOM
paboTs! oOyyatomuxcs (aya. 146 )

MebGens: yueOHast MmeOenb

Komrmrekr CIIeUAITN3UPOBAHHOM
MeOeIH: KOMIIBIOTEPHBIC CTOJIBI
ObopynoBaHue: KOMIBIOTEpHAs
TeXHHKA ¢ MOJKIIIOUEHUEM K

CucTeMBl TIPOTPaMMHUPOBAHUS Ha
SI3bIKAX C++, Python c
BO3MOXKHOCTBIO
MHOTOITOJTE30BATEIBCKONH  PaOOTHI,
BHPTYaJIbHBIC MAIITHHBI*




HH()OPMAILIMOHHO-KOMMYHHUKAIUOHHON
ceth «MHTepHET» W IOCTYyIOM B
3NIEKTPOHHYIO nH(OopMaIOHHO-
00pa3oBaTeNbHY0 cpeny
o0pa3oBaTeNbHONW OpraHM3aluK, BeO-
KaMmephl, KOMMYHHKAIIMOHHOE
obopynoBaHue, oOecrieynBaroiee
JOCTYIl K CETH MHTEPHET (IIPOBOJHOE
COCIMHCHHUE " OecrpoBoiHOE
coeauHenue 1o Texrosornd Wi-Fi)

*Bupryanpnble MamuHbsl 1 pecypcbl GPU B obniake mpemocTaBisieTcsi WHAYCTPUAIbHBIM

naptHepoM [TAO «Coepbank»:

Ne IIponyxr [Tapamerpsr npoaykTa

Bupryansnas mammna 10% vCPU 2 vCPU 4

1  BupryanpHas mamuHa RAM

OC Ubuntu 22.04

CucremMHubI quck SSD

Apenpa myonmanoro [P

Buptyansnas mammzaa Bupryansaad mammza ¢ GPU NVIDIA®

2 ¢ GPU Tesla® V100 2 GPU 8 vCPU 128 I'b RAM

OC Ubuntu_24.04

CucremHubId quck SSD

Huck SSD

Huck SSD

Apenpa myoingsoro IP

JlonosHUTEIbHBIC O00JauHBbIe PECYPChl MPEIOCTABIISIOTCS
Yandex Cloud.

Kon-Bo
Kon-Bo :;;{ﬁ); En. msm.
i

1 60 T

1 T

1 T
10 I'c

1 T

1 1 T

1 T

1 T
2000 I'e
1 T
4096 I'c
1 T
4096 I'c
1 T

TCXHOJIOTUYCCKUM TapTHCPOM




