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PABOYAA IMTPOI'PAMMA TUCHUIIVIMHBI (MOIYJIS)

IIporpammy cocraBuim

KaHJMJaT TEXHUYECKUX HayK, JAo1eHT, CtaHoBoB Biagumup Bagumosuu

AOJMXHOCTb, HULUWManbl, cbammn na



1 llesu 1 3a71a4u M3yYeHUSA TUCIUTLIHHBI
1.1 Ieap npenogaBaHusi AUCHHILIHHBI

JucunmuinHa «TeXHOJOTMH BBIYUCIUTEIBHOIO HHTEIUICKTa» HUMEET LEJbIO
rmyOOKOe€  YCBOGHHME  CTYJCHTaMH  OCHOBHBIX  WJEH,  HCHONb3yeMbIX B
BBIUMCIUTENIBHOM  HMHTEIJIEKTEe, a Takke OOy4YeHHME UCIOJb30BAHUIO  3TUX
TEXHOJIOTMM [UIA pELlEHUs 3a7ay ONTUMM3AlUU, MOACIUPOBAHUSA U NPOEKTUPOBAHUS
CUCTEM.

1.2 3agauyn u3y4yeHUs AUCHUTNIMHBI

3amauamMu  y4eOHOW  UCHMIUIMHBL  SIBJISIOTCS  MPUOOPETEHHE  HABBIKOB
CaMOCTOSITENIbHOM  pa3pabOTKH,  pealu3alud W NPUMEHEHUS  TEXHOJOTHH
BBIUMCIIUTEIIBHOTO HWHTEIUIEKTA MPU PEIICHUM PEATbHbIX IPAKTUYECKUX 33124,
MOJYyYEHUE HABBIKOB MMPOTPAMMHOM peaTu3alud W MPOBEACHUS YHMCIEHHBIX
HCCJIEOBAHUM DBOJIIOIMOHHBIX TIMOWCKOBBIX &ITOPUTMOB, HEHUPOHHBIX CETEU U
HEUYETKUX CHUCTEM.

1.3 IlepeyeHb IUIAHHPYEMBIX Ppe3yJdbTATOB O0YYEeHHUS MO AUCHMILUIHHE
(MOay/110), COOTHECEHHBIX € IJIAHMPYEeMbIMH pe3yJabTATaAMH  OCBOCHMS
o0pa3oBaTeJIbHOI NPOrPaMMbl

Koa n HaunmeHoBaHue NMHOUKaTopa 3aI'IJ'IaHVIDOBaHHbIe pe3ynbTtaTthbl o6yquV|s| no ancuuniunHe
OOCTUXEHNA KoMmneTeHunmn

ITK-2: Cnoco0eH aHAIM3HPOBATH MPO0IEeMHbIe CHTYalliH, BBIABJISATD U
KJIACCH(PUIUPOBATH SIBJCHUSA NMPOOJIEMHBIX CUTYalHil

T1K-2.1: 3HaeT OCHOBBI
CUCTEMHOTO MBIIUIEHUS

I1K-2.2: 3HaeT OCHOBBI HAyYHOH
TEOPUH

TIK-2.3: 3HaeT MeTOIBI
KJIaCCHYECKOr0 CUCTEMHOTO
aHanmn3a

[1IK-2.4: Ctpour cxembl
MPUYUHHO-CJIEICTBEHHBIX
CBsA3EH

[1K-2.5: BeisBasier u
Kjaccuuuupyer
CYLIECTBEHHBIE SIBIICHUS
poOJIEMHOM cUTyalluu

1.4 OcobeHHOCTH peaM3auuy JUCHUATIIMHBI
SI3BIK peanu3anuy TUCUUILIMHBL Pycckuil.

JucnuminuHa (Moayb) peanusyercs ¢ npumeHenneMm D0 u IOT

URL-anpec u Ha3BaHHWE SJIEKTPOHHOTO oOydaromiero kypca: https://e.sfu-
kras.ru/course/view.php?id=19271.




2. O0beM OMCHUIUIHMHBI (MOXYJIs1)

CCM
Bcero, N
. 3aUeTHBIX
Bun yue6HO# paboThI e | 1|2
(akam.gac)
KonrakTHas padora ¢ 4 (144)
npemnoaaBaTeseM:
3aHSATHUS JICKIIMOHHOTO TUTIA 1(36)
MIPAKTHYCCKUE 3aHATHS 3 (108)
CamocrosiTesqbHas padora 4 (144)
o0yvyarommxcs:
KypCOBOE TIPOSKTHPOBaHKE
(KTT) Her
KypcoBas pabora (KP) Het
[IpomexyTounas atrecrauusa |1 (36)
(3auér) (Ix3ameH)




3 Conep:kaHue TUCUUIJINHBI (MOLYJIs1)

3.1 Paznenbl AMCUMILUIMHBI U BUBI 3aHATHI (TeMATHYECKU MJIAH 3aHATHIN)

KonrakTHas pabora, ak. 4ac.

3aHATUS CEMUHAPCKOTO TUIA

3aHaTus
CamocrosiTenpHas
JEKIIMOHHOIO
No T Cemunaps! u/unu | JlaboparopHbie paborta, ak. yac.
/T Mozyuu, Temsl (pa3zieins) AUCUUIITHHBL [IpakTnyeckue paboTh! W/1Iu
3aHATUA [IpakTHKyMBI
B tom B tom B tom B tom
Bcero yucne B Bcero yucne B Bcero yucne B Bcero Yyucie B
anocC anocC 3anoc BUO0C
1. Pa3znea 1.
1. ITocranoBka 3anaun ontuMusauuu. [lonsTue ontumymMma,
I0OAIBHBIN U JOKaIbHBIN 3KCTpeMyM. Kitaccuueckue
ONTUMU3AUUOHHBIE METOBI, JCTCPMEHUPOBAHHBIC U 3
CIIy4aiiHble AITOPUTMBIL. [ pagueHTHBIN CITyCK,
UTEpaLMOHHbIE METO/bI, aATUBHBIE IIPOLIELYPHI B 3a1a4ax
peryiaupoBaHus
2. Ilonsitne ontumuzannu GyHkuuii. [TonckoBsie
ITOPUTMBI ONTUMU3AaLNU. J[eTepMEHUPOBaHHBIE U 12
CIIy4aiiHbIe OIITUMU3ATOPHI.




3. OCHOBHBIE NOHATHSA DBOJIIOIIMHA U TEHETHUKH.

DBOJIONUOHHBINA MexaHuu3M. COOTHOILLEHUE OMOJIOTUYECKUX

1 nH(OPMAIMOHHBIX TePMUHOB. [locenoBareTIbHOCTh
[I1aroB MPY MPOESKTUPOBAHUH IBOJIIOIMOHHBIX aITOPUTMOB.
MeTtoap! nHUTTHATA3ANNAN TTOTY . CIIOCOOBI
npeacTaBiaeHus pemeHnii. OCHOBHbIE TEHETUUECKUE
omepaTopbl ¥ POPMBI UX peaTU3AIUH.

4. OCHOBHBIE OIEPATOPHI IBOITIOIMOHHOTO ATTOPUTMA.
DBOJIIOLMOHHBIN ITOUCK KAK 0000IIEHUE ONTUMU3ALUH.

12

5. Peanu3zanus 3BOJTIOIMOHHOTO AITOpUTMa 0€3yCIIOBHOM
ONITUMH3ALUH

24

6. Metoiel 00paboTku orpannuenuii. lltpadusie
¢yukun. [loBegenueckas namste. [locTaHoBKa 33134
MHOTOKPUTEPHATEHONW ONITUMH3ALIUH.

7. MuosxectBo Ilapero, ¢pponT [lapeto. CepTku
kputepreB. OCHOBHBIE MOAXO/IbI HIBOJIIOIMOHHBIX
AITOPUTMOB K MHOTOKPUTEPUATBHON ONTUMHU3ALINH.

8. OrpanuveHus B 3aa4ax ONTUMH3AINH, IITpadHbIC
GyHKIMH. MoauduKanuy reHeTHYeCKOTo alropuTMa JUis
MHOTOKpHUTEpHUATEHON onTUMH3aii. CHMBOJIbHAS
perpeccusi AIrOpUTMOM T€HETHUECKOTO
POTrPaMMHUPOBAHUSI.

12

9. Peanuzanys 5BOJIONUOHHOIO AITOPUTMA yCIOBHOM
ONTUMU3ALUH

24

10. Peanu3anust MHOTOKpUTEPUAIBHOTO AITOPUTMA
OTITUMH3AIUH

24

2. Pazgea 2.




1. MckyccTBEHHBI HEUPOH, TEPCENTPOH, aKTUBALTMOHHAS
¢yukuus. [Ipodnema XOR, MalInHbI OMIOPHBIX BEKTOPOB U
kernel trick, maOTOCHOMHBIE ceTn. HelipoHHas ceTh Kak
YHUBEPCATBHBIN almpoKCUMarop, IPUMEHEHUE B
MaIIMHHOM O0Y4YEeHUH.

2. IlepcenTpon u oOyuaroriee npasuio. Kiraccupukanus
JMHEHHO pa3aenuMoi BHIOOpKH. OmmOKN Kiaccudukanmm,
KpUTEPUHU KauecTBa.

12

3. OOparHoe pacnpocTpaHeHHe OIIUOKH, Tpobaema
ucue3aroIero rpaguenta. Kpurepun kauectna, softmax-
CJIOM, nepeKpecTHas SHTPOIUS, CPeIHEKBAIpaTHYHAas
ommoOka. CriocoObl MHULUATU3ALNH, TITyOOKHE CETH.
CBepTouHbIEC U PEKKYPEHTHBIE CETH, CETH 3X0-COCTOSHUM,
ryOOKHE CeTH AOBEPHUs, OTPAaHUYECHHBIC MAIINHBI
bonsnmana

4. OGparHOe pacIpOCTPaHEHHUE OIIUOKU, TTIOUCK
ONTUMATBHBIX BecoB. Croit softmax u mepekpecTHas

sHTponus. O0yueHre CBEPTOYHBIX U PEKKYPEHTHBIX CETeH.

5. Ilouck onTUMAaIBHON apXUTEKTYPbl, KOHTPACTUPOBAHMUE,
HapalyMBaHUE CETH, ONTUMAIbHBIN YpoH. KonupoBanue
ApXUTEKTYpPbl B XpPOMOCOMY I'€HETHYECKOI0 alTOPUTMA.
HeiiposBoironus ayrMeHTHPOBaHHBIX TOIIOJIOTHH.
OOyueHue ¢ NOJKpErIeHUEM /ISl HeHPOapXUTEKTYPHOTO
MTOUCKA.

6. KogupoBaHne apXUTEKTypbl HEUPOHHOM CETH.
KonupoBanue BecoB, 3BOTIOIMOHHBIE TOMCKOBbBIE
AIITOPUTMBI.

7. Peanu3auus anroputMa ONTUMH3ALNH CTPYKTYPbI
HEUPOHHOU CETH

24




8. ['enHeTnueckoe mporpaMMupOBaHUE, IPEACTABICHUE
apXuTeKTypbl. [IoMCK apXUTEKTYyp TIIyOOKUX CETEH.

12

9.

3. Pazgea 3.

1. ba3pl HeueTKuX MpaBujl, HEYETKUH BbIBOJ 110 MamaaHu,
HeuyeTkui BbIBOJ Mo Taraku-Cyreno. Heuetkas
KJaccu(UKaIus, MpaBmIO-I00ETUTEIb, B3BEIICHHBIC
npaBuia. [ eHepalys HeYeTKUX TTPaBUII IO BBIOOPKE.

2. HedyeTkune MHOXeECTBA M UX NpeAcTaBicHue. HeueTkue
TEPMBbI, BBIYUCIIEHUE CTETIEHN pUHaIe)KHOCTH. HeueTkue
npaBuia.

12

3. HeueTkuii kacTepHbIN aHAN3, IPUHANJIEKHOCTD K
kiacrtepam. HeueTkoe ynpasnenue, IpOEKTUPOBAHHUE

HCYCTKUX KOHTPOJUJICPOB, I'PaHyJIALUA HCUCTKHUX MHOKCCTB.

4. ABTOMarn4eckoe MpOeKTUPOBAHNE HEYETKHUX 0a3 MpaBuIl.

W3Bneuenue 3HaHu 13 naHHBIX. KogupoBanue 6a3bl
MPaBUJI B XpOMOCOMY F€HETHUYECKOTO AITOPUTMA.
[uOpuHBIE ATTOPUTMEI.

5. HeueTkwii BBIBOJ, BUABI 1 0cOOeHHOCTH. [lonck nmpaBuia
-nobemurens. Kiiacrepuzanusi, onpesesieHne CTerneHen
npuHaIekHocTH. KoaupoBanue 6a3bl paBHil,
HBOJTIOIIMOHHBIC AITOPUTMBI MTOMCKA 0a3 MpaBuJl.

12

6. DBOJIIOLIMOHHBIE AITOPUTMBI T€HEPUPOBaHUS 0a3 3HaHUM
9KCIIEPTHBIX CUCTEM Ha HEUYETKOM JIOTUKE. DBOJIIOLUOHHbIE
AIITOPUTMBI BbIOOpA CTPYKTYPbl U HACTPOUKU HEUPOHHOMN
CETH.




7. HeiipoHe4YeTKHE CUCTEMBI, HEUPOIBOIIOLMS U
TCHCTUYCCKUC HCUCTKHUEC CUCTCMBI.

[IprmMepbl HCTIONB30BaHUS AITTOPUTMOB. BaXKHOCTH
HAaCTPOMKHU MMapaMeTPOB, MPAKTUUECKHUE PEKOMEHIAIINH.

12

8. ['eneTnueckoe MpOrpaMMHPOBAHUE U CUMBOJIbHAS
perpeccusi. DBostouus rpammaruk. Heitponeuetkue
cucreMsl. [Ipumepbl npruMeHEHUs METOI0B
BBIUHCIUTENLHOTO HHTEIIEKTA.

9. Peanu3anusi HEYETKOM CHCTEMBI JUIsl PELICHUS 3aa9u
KJ1acCupUKaIuu

24

10. Peanu3zarust HeHpO-HEUETKONU CUCTEMBI

24

11.

Bcero

36

108

144




4 YyeOHO-METOAMYECKOEe oO0ecmeYeHue TUCIHUMINHBI

4.1 ITeuaTHbIE U AJICKTPOHHDLIC U3IaAHUA:

CemenkuH E. C., TepckoB B. A. Monenu 1 MeTObI ONITUMH3AIIMN CUCTEM
yIpaBlieHUsI CIOXKHBIMU 0O0bekTamu: MoHorpadusi(KpacHospck: Cubupckuit
ropuandeckuit uncturyT [CubtON] MBJI Poccun).

CemenkuH E. C., Cemenkuna O. 2., Tepckos B. A. MeToabl ONTUMU3ANH B
YIPaBJICHUH CIIOKHBIMU cucTeMamu: yueOHoe nocooue(KpacHospek:
Cubupckuii topuanuecknii uHcTUTYT [CuOlON] MBI Poccun).

CemenkuH E. C., Cemenkuna O.3., Kopoo6eiinnkos C. I1. Ontumu3zarus
TexHu4eckux cucteM: yueod. mocobue(Kpacuospck: CUBVYII).

CemenkuH E. C., Cemenkuna O. O., Autamomikud A. H., Tepckos B. A.,
Trinuenko B. B. MeToibl onTUMU3AIUN: 3JIEKTPOH. Y4€0.-METOI. KOMILIEKC
muciuuinHebl(Kpacnosipek: UK COY).

CemenkuH E. C., XKykosa M. H., XKyxos U. A., [Tandunos 1. A., TeiHueHKO
B. B., Antamomkun A. H., Tepcko B. A., Edumos C. H., ConioB E. A.,
bexurckmii C. C., Jlunmuackuii JI. B. DBOIIOIIMOHHBIC METO/IBI
MOJIETUPOBAHUS M ONITUMHU3AIUH CIIOKHBIX CUCTEM: DJIEKTPOH. yue0.-METOI.
komiuieke aucuuruinabl(Kpacuosipek: UTIK COY).

Jlanko A. B., Uennio C. B. Henmapamerpudeckue cucTeMbl 00paboTKH
uHpopmaruu: yued. nocoone(Mocksa: Hayka).

4.2 JIMIeH3UOHHOEe ¥ CBOOOXHO PacHpoCTpaHsieMoe MPOrpaMMHOe

obecrieyeHue, B TOM YHCJIe 0T€4eCTBEHHOI0 MPOU3BOACTBA (IPOorpaMMHoOe
obecnevyeHne, HA KOTOPOEe YHUBEPCUTET UMeeT JIMLEH3HUI0, 2 TAK:Ke CBOOOIHO
DACIDOCTDAHAEMOE MDOrDAMMHOE od0ecIedeHme):

1.

A A ol

WuTerpupoBanHas cpeaa pa3pabOoTKH MPOTPaMMHOTO 00ecTiedeH s, Ha
BBIOOD:

Visual Studio
CodeBlocks
Eclipse

IntelliJ IDEA
jupyter notebook
U JIpyTHe.

4.3 NUuTepHeT-pecypchbl, BKJIAWYAA NpodeccuoHATIbHbIEe 0a3bl JaHHBIX
U UH(OPMaAIMOHHBIE CIIPABOYHbIE CUCTEMBbI:

Paboueii mporpamMmoii TUCITUTUTHHBI HE TIPETyCMOTPEHO.

S @oHa OLEHOYHBIX CPeICTB

OneHoYHbIE CpeICTBA HAXOIATCS B MPUIIOKEHUU K pabodnM MporpaMMam

JIUCIIUILINH.

6 MarepuaJbHO-TeXHMYeCKas 0a3a, HeoOXoaMMasi 1JIf1 OCYILIEeCTBJICHHUS

00pa30BaTeJbLHOI0 NMpoIecca Mo TUCHUILINHE (MOTYJII0)

10



Briciiee yueOHoe 3aBe/ieHNE, pealn3yrolee MporpaMmmy OakainaBpuara
«CHCTEeMHBII aHATU3 U YIIPABJICHUE)» PACIofiaraeT MaTepUaTbHO-TEXHUUIECKON
0a30i1, oOecrieunBaroLlel MPOBEJEHUE BCEX BUOB NUCLUIIIIMHAPHON U
MEKIUCIUTUTMHAPHON MOJATOTOBKH, MPAaKTUYECKON M HayYHO-HCCIIEeI0BATEIbCKOM
paboThI CTYIEHTOB, IPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM BY3a, U
COOTBETCTBYIOIIEH ACHCTBYIOIINM CaHUTAPHBIM H IIPOTUBOIIOKAPHBIM MPaBUiIaM H
HOPMaM.

C yuérom ocobeHHOCTEH porpaMMbl TOJATOTOBKU «CUCTEMHBIN aHATN3 U
yIpaBJICHHE)», 00pa30BaTeIIbHBIN MPOIIECC MOTHOCTHIO 00ECTICUCH JICKITMOHHBIMU
ayIUTOPHSIMU C MPE3CHTAIIMOHHBIM 000PYyI0BaHHEM, a TAKIKE KOMITBIOTCPHBIMH
KJIACCAMU C COOTBETCTBYIOIIUM OECIUIATHBIM U JIMIIEH3UOHHBIM TPOrPaMMHBIM
o0ecrieueHHEM;

KoMmbroTepsl yd4eOHbIX ayTMTOpUIN U MOApa3IeeHU 00beIMHEHBI B IOKATbHbIE
TEJIEKOMMYHMKAIIMOHHBIE CETH (PaKyJIbTETOB, UHCTUTYTOB U Bcero COY,
obecrieuynBas BO3MOKHOCTb OECTIPOBOAHOTO JIOCTyNa K CETH, B TOM YHCJIE, C
JIMYHBIX HOYTOYKOB;

CymecTByeT BO3MOKHOCTD BbIXO/A B CETh MIHTEpHET, B TOM 4HCIIE, B IPOLIECCE
IIPOBEACHUS 3aHATUH;

Crenmanu3upoBaHHbIC Ay IUTOPHUU OCHAILIEHBI COOTBETCTBYIOIIUM J1a00PaTOPHBIM
00OpyAOBaHUEM JIJIsl TPOBEICHUS JTAOOPATOPHBIX 3aHATUN TPU U3YUECHUU YUECOHBIX
JUCLHUIUIMH, CBSI3aHHBIX C U3YYEHUEM MHOCTPAHHOTO SI3bIKa, JIEKTPOTEXHUKH,
AIIEKTPOHUKH, ceTeid DBM.

B cocraB yueGHOTO 1a00paTropHOro 060pyA0BaHMsI BXOISAT IEPCOHATBHBIE
KOMIIBIOTEPHI U paboure CTaHIUHN, OObEAMHEHHBIE B JIOKATBHBIE CETH C BBIXOJIOM B
Internet, ocHaleHHBIE COBPEMEHHBIMH ITPOTPAMMHO-METOINYECKUMU
KOMIUIEKCAaMHU JUIsl pellieHus 3a1a4 B 00JaCTH MH(MOPMATUKHU U BBIYNCIUTEIbHON
TEXHUKH, a TAK)Ke CIelHaIbHOEe 000py0BaHNUE.

11
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