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BBEJAEHHUE

B nocnenHue rojbl HCKYCCTBEHHBIM MHTEUIEKT Pa3BUBAETCA OYEHb OBICT-
pPBIMH TEMIIaMH, Ja)Ke caMa TEeXHOJOTHUsS HEHPOHHBIX ceTeil crana 0osiee TOCTyM-
HOM OOBIYHBIM MOJb30BaTesIM. Kaxkiplil IeHh pa3padaThIBalOTCSI HOBbIE HEMPOH-
HbI€ CETU 711 OMOMETPUYECKUX M3MEPEHUN, MAaPKETUHTOBbIX U HAYYHBIX HCCIIE-
noBaHuil. Takke MOSBUIOCh MHOYKECTBO TEXHOJOTHM, UCIIOJIB3YIOIINX HEUPOHHbIE
CEeTH JJI1 YCKOPEHUS WM YNPOIIEeHHs npoueccoB. Tak, Hampumep, koprioparus In-
tel mIaHUpyIOT BBIYCKaTh BCE HOBBIC MOKOJICHHUS MPOIECCOPOB CO BCTPOCHHBIM
MO/1yJIEM UCKYCCTBEHHOI'O MHTEIIEKTA JIJISl YCKOPEHHUS CII0KHBIX PACUETOB.

Heiipocetu Hanuii cBoe npumeHeHue U B cepe Menuuunbl. Pazpadborano
MHO>XECTBO MHTEJUICKTYaJIbHBIX CHUCTEM, KOTOPbIE CIIOCOOHBI BBISABISTH 3a00JI€Ba-
HUS 110 Pa3jiu4HbIM MPSAMbIM MM KOCBEHHBIM mpusHakam. Cdepa pa3pieueHui
TaK)Ke He ocTajlach 0e3 BHUMaHUs. MHOXKECTBO TOJIOCOBBIX ACCUCTEHTOB, TOUCKO-
BbIX CHCTEM, KOMIBIOTEPHBIX UIP U OOPTOBBIX KOMIIBIOTEPOB aBTOMOOMIIEH HC-
MIOJIB3YIOT TEXHOJIOTUM HEMPOHHBIX CETEH.

MamunHoe 00yueHue siBisieT co00i camblid TPOCTON BapHaHT UCKYCCTBEH-
HOro uHTe/iekTa. OHO MpeAnosaraer, 4ro ¢ MOMOIIbIO Pa3IMYHBIX METOJOB Ha
OCHOBE OOJIPLIIOTO KOJIMYECTBA «TPEHUPOBOYHBIX» JAHHBIX MOXKHO KilacCU(pUIU-
pOBaTh WIH MPECKa3aTh JIIOOOH 0OBEKT, SIBJICHHE UIIU COOBITHE.

AKTYaJIbHOCTh BBIOPAaHHOW TE€MBI COCTOMT B TOM, YTO OTCYTCTBYIOT aHaJIO-
', @ TAKXKE 3JIEKTPOHHBIN BapUaHT NOMOXKET YIy4IIUTh BOCIpUATHE HH(POPMALIUU
Y YIIPOCTUTH K HEU AOCTYII.

OOBEKT BBITYCKHOM KBaJIU(UKALMOHHONW pabdOThl — Mpouecc 00ydyeHus
cTyneHToB HampasieHus noAroroBku 09.03.02 MudbopmanuoHHBIE CHUCTEMBI U
texHosnoruu, 09.03.03 IlpukiaaHas 5KOHOMHUKA TUCHUIUIMHE «HTENeKTyalbHbIe
CUCTEMBI U TEXHOJIOTUW.

[IpeameToM BBIMTYCKHOM KBaTM(UKAIMOHHON pabOTHI SIBISIOTCA y4ueOHBIE

MaTcpuaJibl 110 JUCHHUITJIMHE «HHTCJ’IJ’ICKTY&J’IBHBIC CHUCTCMbI U TCXHOJIOTHN).



Lenp paboTsl — pa3zpaboTaTh Ja00PATOPHBII MPAKTUKYM «AHAIU3 TaHHBIX
¥ MalllMHHOE 00y4YeHue».

B cooTBeTcTBHU € TOCTAaBIEHHOM IENBIO0 B padOTe OMpeIeNieHbl CIEAYONINe
3aJ1au;

1. Ilpoananu3upoBaTh JUTEPATYPY U UHTEPHET-UCTOUHUKHU 1O TeMe «AHa-
JU3 JIaHHBIX W MAIllMHHOE OOydYeHHE», C LIeJblo cOopa WH(pOpMaIMU O METoAaX
MAIIMHHOTO 00yUYeHUsI 1 0COOEHHOCTAX X MPUMEHEHUS.

2. CopoekTupoBaTh CTPYKTYpy JabOpaTOpHOTO NPAKTHKyMa «AHaNH3
JAHHBIX U MAIIMHHOE 00yUYeHUE.

3. Pa3pabotarp nabopaTopHble pabOThI, BUACOYPOKH M NMPE3CHTALMOHHBIN
MaTepua 1o TeMe «AHalu3 JaHHBIX 1 MalTMHHOE O0yUeHHUE.

4. Peanu3oBath J1aOOpaTOPHBINA MPAKTUKYM «AHAINU3 JaHHBIX U MAalIMHHOE

oOyueHue».



1 AHAJIU3 JINTEPATYPBI IO MPOBJIEME
WCCJEJIOBAHUS

1.1 MamuHHoe 00y4eHre B MH(POPMAIMOHHOM 0€30MACHOCTH

Hecmotps Ha BceoOiiee MHEHKE, YTO MAIIMHHOE 00yUeHHE OBbLIO U300peTe-
HO B JIBAJIAaTh MEPBOM BEKE — 3TO paclpoCTpaHEHHOE 3a0iyxaeHue. B mocien-
HUE TOJIbl MAIIMHHOE 00YUYeHHUE MOIYIIIO ITUPOKOE PACIIPOCTPAHEHUE TOJIBKO TT0-
TOMY, YTO TMOSBUJIMCH TUIAT(HOPMBI C IOCTATOYHON BBIYUCIUTEIHLHOW MPOU3BOIM-
TEJIBHOCTBIO.

Wnest cnenath MamvHbl, KOTOPBIE OyAYT 3aHUMAThCSl 0€30TaCHOCTBIO JIFOCH
y’Ke JJaBHO pacCMaTpPUBAETCS KaK OJWH W3 CaMbIX MEPCIEKTHBHBIX BAPUAHTOB HC-
MI0JIb30BaHMUsI MaTMHHOTO 00y4eHwus. [1o manubeiM arenTcTBa «CB insights» (pucy-
HOK |) HAaCUMTHIBAETCSI OKOJIO JICBSHOCTA MEPCIICKTUBHBIX MPOEKTOB, KOTOPHIE TThI-

TAlOTCA aBTOMATHU3UPOBAThL HCKOTOPLIC IMPOLECCHI U 3a/la4n 0e30MacHOCTH.
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Pucynok 1 — IlepcnexkTuBHBIC pa3pabOTKH B 00J1aCTH MAITUHHOTO OOYYEHUS U

nH(GOPMaIIMOHHON 6€30MacCHOCTH




Ha pgaHHbIi MOMEHT TJIaBHBIMU TPOOJIEMaMU HCIOJIb30BAaHUS MAIIMHHOTO
oO0yuyeHust B MH(POPMAITMOHHONW 0€30MaCHOCTH — 3TO M30BITOYHOE BHUMAHHUE CO
CTOPOHBI MapKETOJIOTOB U A€3UH(POPMAIUS OTHOCUTEIHHO BO3MOKHOCTEH TaHHBIX
cucteM. OOBIYHO MHBECTOPOB 3aMaHMBAIOT KPacUBBIM CIOBOM «lMCKycCTBEHHBIN
UHTEIUICKT.

«CB insights» Beigensitor oxono 10 HampaBlieHHI HCIIOJIB30BAHUS MAaIllvH-
HOTo O0y4yeHHs,, HO HECMOTPsI Ha 3TO OHO HE CTaJO0 «CHACeHHEM» B 00JIaCTH KH-
0ep0e30MmacHOCTH U Ha 3TO €CTh HECKOJIBKO MPUYUH.

[lepBast npuumuHa — OYEHB y3Kasi HAPABICHHOCTh KaXKIOW MOJEITU MAIINH-
Horo oOydenusi. OHa HeMpoceTh HECTIOCOOHA BBINOJIHITH MHOKECTBO OTJIMYAIO-
HXxcsa ApYyr OT Japyra 3ajzay. Ecnu e€ 3amayen ABISIETCS PacllO3HABaHUE JIMII Ha
¢dotorpadusix, To pacrio3HaBaTh rojioca Ha ayIM03aIUCIX OHA HE CMOJKET.

Bropas mpuunmHa — Mainblii 00beM JaHHBIX IS Ka4eCTBEHHOTO OOyuYeHUs
monenu. Bece Moaenu oOy4aroTcsi Ha JaHHBIX MOJYYCHHBIX 3apaHee. B nmanbHeii-
IIeM TakKasi MOJIeTTb MOXKET COBEPIIATh OOIBIIOE KOJIUYECTBO OMUOOK U TPeOOBATh
nopaboTKu 00y4aromie BHIOOPKH, YTO 3aHUMAET OYE€Hb MHOTO BPEMEHU U pECYyp-
COB.

TpeTbst npuurHa — MPOIYKT MAITMHHOTO O0YUYEHHS HE MOKET OOBSICHUTH U
OTBETUTH 33 CBOM peuieHHus. B HEKOTOPHIX ciayyasx pa3pabOTYMKH TaKOro IMpPO-
IrPaMMHOT0 00€CIeUeHUs CChIIAIOTCS Ha TO, YTO HEBO3MOXKHO y3HATh, YTO UMEHHO
MPOUCXOANT BHYTPU MOJETH M KaK MMEHHO OHA MPHUIIUIA K KOHKPETHOMY pellie-
HUIO. I MMEHHO MO3TOMY Ha TEKYUIM MOMEHT WHIUACHTHI B CBS3aHHBIC C WH-
dopmanroHHO 0€301acCHOCTBIO MOATBEPXKIAIOT JIIOJM, OHH K€ HECYyT M OTBET-
CTBEHHOCTH, & MAIITUHBI JIUIIb TOMOTAIOT UM B STOM.

OpHaxpl MalIMHHOE 00y4YeHue cMoXeT d(HPEeKTUBHO 3amuIaTh HHPoOpMa-
IIMI0, HO OHO € MOKET CTaTh U JYYIIUM OPY)KHEM JUIsl COBEPIICHUS aTak Ha WH-
(bopMaIMOHHBIE CUCTEMBI U PECYPCHI.

B nocnennee Bpems Gosibliie pa3BUBaeTCs UAES UCIOIb30BAHUS MAIIMHHOTO
oOydeHus1 He JUII CaMUX aTak, a JJIsl MPOBEJCHUS Olepalfii, CBSI3aHHBIX C COIIH-

aIbHOM MHXeHepuel. HelpoceTn MCNONB3yIOT Ui MOJIEIKH rojoca 4YeslOBEKa,



coopa mHbOpMAHK O KOM-IMOO WX JJIA TeHepanuu (PaTbIIUBBIX JTUYHOCTEH U
CTPAHUII B COLIMAJIIBHBIX CETSIX.

Takke MOXHO HCIOJIb30BaTh HEUpOCETh sl aHalu3a 3amu(poBaHHOTO
Tpaduka. JlaHHBINA aHAIM3 HApPABICH HE HAa W3BJICUCHHUE JAHHBIX, a HA OIMpeIeIie-
Hue Tpaduka depe3 MHOOPMALMIO O IMOJydaresie, OTIpaBUTENIe, YUCIIE MepeaH-
HBIX TTAKETOB M UX pa3Mepe, BPEMEHHBIX apaMeTpax.

N3 m1rocoB TaHHOTO METOAA MOYKHO BBIJICIIUTD:

® BO3MOXXHOCTh OOYYUTh HEUPOCETh Ha BUPTYAJIbHBIX MAIlIMHAX;

® OTCYTCTBHUE HEOOXOJMMOCTH MPOMYCKATh Yyepe3 MoJiesIb BeCh Tpaduk, a
WCII0JIb30BATh JIUIIb METAIaHHBIE.

Taxxe mepcrneKTUBON pa3BUTHS MAIIMHHOTO 00y4YeHHUsT B UH(GOPMAIMOHHON
0€30MacHOCTU SABJISIETCS pa3padOTKa CUCTEM MOMCKa ysa3BUMocTeil. OIHUM U3 €ro
HaIpaBJICHUI MOXKHO Ha3BaTh aBTOMaTu3aluio (pazzuHra. az3uHr — 3TO METO]
TECTUPOBAHUS NIPUIIOKEHUM, KOTOPBIM MOAPAa3yMeBaeT OTIPABKYy Ha BXOJ HEIpa-
BWJIbHBIX, UCIIOPYECHHBIX WJIM HEOKUIAHHBIX JAHHBIX M Yalle BCEro SIBISIETCS aB-
TOMaTUYECKUM WJIM TOJIyaBTOMAaTHYECKUM. MalmHHOoe 00ydeHHe XOpOoIIo CIpaB-
JIE€TCS € 3aJa4M TJE€ HYKHO UCKAaTh 3aKOHOMEPHOCTH B CTPYKTYPHUPOBAHHBIX WU
CJIa00CTPYKTYPUPOBAHHBIX JIAHHBIX.

Taxke pa3BuMBaeT HAIPABJICHUE aHAIW3a CTATUYECKOTO KOAA WU JUHAMHUYE-
CKMM aHaJIU30M HCMOJHAEMBIX (DailioB M MPOLIECCOB C MOMOIIbI MAIIMHHOTO
oOyuenus. ['myOokuii aHaau3 KoJia MO3BOJIIET HEUPOCETH HAXOJHWTh HE TOJIBKO
YA3BUMBIN KOJI, HO U MIOXOXKUU Ha ySA3BUMBIM.

Ha nanHblli MOMEHT aBTOMAaTu3alys MPOLIECCOB 3AIUTHI C MOMOIIBIO Ma-
IIMHHOTO OOyYEeHHS HEBO3MOXKHA IO MPUYMHE TOTO, YTO JAHHBIX JJIs TEpBOHA-
JaJIbHOTO OOy4YeHHUs BCErlla O4eHb Majo (PUCYHOK 2) U CO3/1aBaTh UX JOCTATOYHO
CJI0HO  AoJro. V3 4ero cinemyer BBIBOJ, YTO HEOOXOIUMO MOAUPUIIMPOBATH Ca-
MU METOJIbl MAIITMHHOTO OOYYECHUS WJIM TPATUTh OOJIBIIIOE KOJIUYECTBO PECYPCOB U
BpeMEHU Ha cOOp WM TeHEpaIuio JaHHBIX ISl IEPBOHAYAIHLHOTO OOYYEHUSI MO-

JICIIH.



®aza 0bydeHus

Oﬁyqalou_me_
OaHHble '

>
=
o
-
=
—
=
=
o

;*””;a’
I X
‘ ®a3a NpOrHoO3MpoOBaHNA
ATakyoWwnin pescscssadecacccns ,.
L
Hoeble ' ' MpeanonoxeHune
—_—
paHHble e Mognenb : 06 ycnewHom

. ' BEKTOpE aTaku

Pucynox 2 — Cxema o0y4eHus: MOAETH BO BPEMS pealbHOM aTaku

Ha nanHblif MOMEHT OTHMM U3 CaMbIX MHTEPECHBIX MPOEKTOB — 3T0 «Deep

Exploity (pucyHoxk 3).

e

User

| } Input command.

(docopt) ]

Ln:l:l'rn'and line arguments parse

Deep Exploit

Testing

Penetration test framework

I
A3C st e | (e
Reinforcement learning model I EXF
Receive result API
Keras

----+ | [@metasploit’

¥ TensorFlow !
" @ python | , =

Learning

Metasploitable2
OWASP BWA etc..

Pucynok 3 — Cxema pabotsl cuctemsl «Deep Exploit»

JlanHasi cuctema MokeT paboTaTh Kak B pekuMe cOopa JAaHHBIX, TaK U B
pexume OpyT-popc aTaku.

IlepBbiii pexxuM MO3BOJISET CKAHUPOBATh BCE BO3MOKHBIE OTKPBITHIE OPTHI
IPWIOKEHUS U TECTUPOBATh UX HA YA3BUMOCTH, KOTOpPbIE paHee cpadbaThIBaIU IS

HUX B JIPYTUX [PUIIOKECHUSX.
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BTopoii pexuM HCIONB3yeTCA KaK HANpaBlICHHAs aTaka Ha KOHKPETHBIN
MOPT KOHKPETHOTO MPHUJIOKEHHS U MPUMEHSET K HEMY BCE BO3MOYKHBIE YS3BUMO-
CTH U UX KOMOWHAIINH.

«Deep Exploity crmocobna camMo00y4aTbcss U HAXOIUTh HOBBIE METOJbI H
BO3MOKHOCTH 3KCILTyaTaluy ySI3BUMOCTEM.

Ha texymmit MOMEHT pa3BUTHs HUCKYCCTBEHHBIM MHTEIUIEKT HE MOXET IT0JI-
HOCTBIO 3aMEHHUTH YEJIOBEKAa, TaK KaK y OOYYEHHBIX MAIIMH €CTh OOJIbLIME IpPO-
0JIeMbI C BBICTPAWBAHUEM JIOTHYECKOTO MBILJIEHUS, YETO HET Yy YeJIOBEKa, a BEe/b
ATO MOJKET HANPSMYIO MOBIUATh Ha JOCTHKEHUS LEIU IO MPOHUKHOBEHHIO B CH-
creMy. Take MalIMHa HE MOYKET CAMOCTOSTENIbHO OLIEHUBATH YPOBEHb BaKHOCTHU
KOHKPETHOM YSI3BUMOCTH, @ 3HAYUT U HE MOXKET OLIEHUTHh YPOBEHb HAHOCHUMOTO

ypOHa crucTema.

1.2 O030p JuTEpPATYPHBIX HCTOYHUKOB

Jlist co3manust 1abOpaTOPHOTO MPAKTUKYMa « AHAIW3 JAHHBIX U MAalTUHHOE
oOydeHue» ObUTM OTOOPAHBI UCTOUYHUKH JIUTEPATYPhl U UHTEPHET-UCTOUYHUKH, KO-
TOpbIE HanboJyiee SICHO, YETKO M JIOCTYITHO PACKPHIBAIOT MOHATHE W CYTh JaHHOU
TEMBI.

Ocobenno crout ormetuth yueOHUK @nax [I. «MamunHoe oOydeHwue.
Hayka ¥ MCKycCTBO MOCTPOEHHUS alTOPUTMOB, KOTOPBIC H3BJICKAIOT 3HAHUS W3
JTaHHBIX» [34], B KOTOPOM paccMaTpHBAIOTCS 3a7a4d U MPOOJIEMBI, pelacMbie Me-
TOJaMH MAIIMHHOTO OOYYEHUS; ATallbl M MPUMEHECHHsI pPa3HOOOPAa3HBIX MOJCIICH
oOydeHusl. DTU TaHHBIE MO3BOJIIOT TITy0Xe MOHSTh CMBICH JJAHHON TEMBI U Pa3o-
Opatbcs B Hel 0ojiee KOHKPETHO.

B kuure Brrornna B. B. «MaremaTtndyeckue OCHOBBI TEOPUM MAIIMHHOTO
00y4YeHHs U TIPOTHO3UPOBAHUS» [7] JaHO KOHKpPETHOE ONpe/e/icHHe MOHATHS Ma-
MIMHHOE 00y4YeHue, TOMOTaEeT ySICHUTh HEKOTOPbIE COBPEMEHHBIE MAaTEMaTUUYECKUE
npo0IeMbl JaHHOW 00iacTu U uX perieHus. [lepBas 4acTh KHUTH — CTaTUCTHYE-

CKas TCOpusd MAllIMHHOI'O 06y‘-IeHI/IH — HCIIOJB3YCT MCTOAbI TCOPHUHA BCpO}ITHOCTeﬁ
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U MaTEeMaTUYeCKON CTaTUCTUKU. B OCHOBE MaHHOTO MOJX0/Aa JAEKUT MPEIOI0Ke-
HUE O TOM, YTO HAOJII0JaeMble UCXOJIbl TEHEPUPYIOTCS BEPOSITHOCTHBIM UCTOYHU-
KOM, BO3MOHO, C HCU3BECTHBIMU MapaMeTPaMH.

Kuura «Mamuaaoe o0y4denue» [4] paccunTaHa Ha Te€X, KTO XOYeT pelaTh
camble pa3HOOOpa3HbIE 3a7a4u MPHU MTOMOIIK MaIMHHOTO 00y4yeHus. Kak npasuiio,
TUTst 3TOTO HYXeH Python.

B kypce nexuwmii 3arunaiinosa 0. H. [14] uznoxeHsl TeOpeTHUECKHUE OCHO-
Bbl MH(OPMAIMOHHOW 0€30MaCHOCTU TEXHUYECKO cucteMsbl. [IpuBeaeHsl 00beK-
Thl oOecrieyeHus: HHPOPMALIMOHHON 0€30IaCHOCTH, YTPpO3bl O0BEKTaM, MOJIUTHKA
U CTPYKTYpPBbI CUCTEM oOecrnedeHus: HHpopMalnoHHO#N Oe3omacHocTu. Paccmorpe-
HbI TIOHATUS W KJaccUu(pUKaIMU 3aniuiiaeMoi nugopmaluu, yrpo3 6€30nacHOCTH
uHdopmMaIm, 00bEKTOB, CIOCOOOB, CPEJICTB U CUCTEM 3alTUTHI UHPOPMAIIUH.

B xnure «BBenenue B mamuHHoe oOydeHue ¢ nomoibio Python. PykoBo-
CTBO JUIS CHEIUAIMCTOB IO paboTe ¢ JaHHBIMU» [28] paccka3piBaeTcs 0 TOM, YTO
MaIIMHHOE 00y4YeHHE CTAJI0 HEOTHhEMJIEMOMN YacThIO Pa3IMYHBIX KOMMEPUYECKUX U
UCCJIEJIOBATEIBLCKUX MPOEKTOB, OJHAKO 3Ta 00JIaCTh HE SBJISIETCS MPEpPOraTUBOMN
OONBIIMX KOMITAHWM C MOIIHBIMUA AHAJTUTHYECKUMU KOMaHJIaMU. JTa KHUTa
HAYYUT MPAKTUYECKUM CIIOCO0aM MOCTPOSHUSI CUCTEM MAIIMHHOTO OOy4eHHUs, Ja-
K€ €CJIU M0JIb30BATElIb €111€ HOBUYOK B ATOM 00JIaCTH.

B yde6nom mocobum BacunbeBa B. U. «HTemnekryanbHbie CUCTEMBI 3a-
muThl nHGOpManmuu» [5] paccMOTpeHbl OCHOBBI MOCTPOCHHS MHTEILICKTYaIbHbBIX
CUCTEM 3alluThl UH(POPMAIMKU B KOPIOPATUBHBIX MH(OPMALMOHHBIX CUCTEMAX.
ABTOp czenan akleHT Ha MOCTPOCHUU OMOMETPUUECKUX CUCTEM HJICHTU(PUKAUU
JUYHOCTH, CUCTEM OOHApy>XeHUsI W MPeJOTBpaIlleHUs BTOPKECHHM, aHaIW3a U
yrnpaBieHus: THOOPMAIIMOHHBIMU pUCKaMu. M3110%KeHbI COBPEMEHHBIE TTOJIXOIbI K
CO3JaHUI0 JIAaHHOTO KJIacca CHCTEM C HCIOJIb30BAHUEM METOJIOB TEOPHH HEHpPOH-
HBIX CETEH, MCKYCCTBEHHBIX MMMYHHBIX CHCTEM, HEYETKUX KOTHUTHBHBIX MOJIE-
JIEH.

B Tedyenue nocneaHero AeCATUICTUSI TPOU3OIIEN B3PhIB B BEIUMCIUTEIIBHBIX

Y UH(POPMALIMOHHBIX TEXHOJOTUAX. C €ro NOMOIIBIO MOCTYNAIT OrPOMHBIE 00bE-
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MBI IaHHBIX B Pa3JIMYHBIX 00JACTAX, TAKUX KaK MEAHUIIMHA, ONOJIOTHSA, (UHAHCHI U
MapKeTUHT. 3a/iaya MOHMMAaHUS 3THX JIaHHBIX MpHUBeNa K pa3padoTKe HOBBIX WH-
CTPYMEHTOB B 00JacTH CTaTUCTUKHU W MOPOJUJIA HOBbIE OOJIACTH, TaKWe KaK WH-
TEJUICKTYaJIbHbIN aHajdu3 JIaHHBIX, MAllMHHOE oO0yudeHue u OuomHpopmaTHKa.
MHorue 13 3TUX UHCTPYMEHTOB UMEIOT OOIIME OCHOBBI, HO YaCTO BBIPAXKAIOTCS C
npyroi tepmuHoiorueii. B kaure «The Elements of Statistical Learning: Data
Mining, Inference, and Prediction» [35] onmchiBaroTCst BasKHBIE HIEH B 9THX 00J1a-
CTSAX B OOIIMX KOHUENTYaJIbHBIX pamMKax. XOTs 3TOT MOAXOH SIBISETCS CTaTUCTHU-
YECKUM, aKIIEHT JEeJIaeTCsl Ha KOHLENIMAX, a He Ha Maremartuke. [IpuBomurcs
MHOTO MPUMEPOB C JIMOEpaTbHBIM HCIOIB30BAHUEM I[BETHOUM Ipaduku. ITO LIEeH-
HBIM pecypc AJisi CTaTUCTUKOB M BCEX, KTO MHTEpECYEeTCs pa3padOTKOM JTaHHBIX B
HayKe WJIN MPOMBIIIIEHHOCTH. OXBAaT KHUTU OOIIMPEH: OT KOHTPOJIUPYEMOIo 00y-
yeHusl (MPOrHO3UPOBAHUS) [0 HEKOHTPOJIUPYEeMOro oOyuyeHus. MHoOrue Tembl
BKJIFOYAIOT B c€0s1 HEMPOHHBIE CETH, BCIIOMOIaTEJIbHbIE BEKTOPHBIE MALIUHBI, J1€-
pEeBbsl KJIAaCCHU(PHUKAIMU U TOBBIIIEHUE — IEPBOE BCECTOPOHHEE PACCMOTPEHHE
3TOM TeMbl B JIt0OOM KHUre. B 3TOM KpylTHOM HOBOM BBIITYCKE MPEICTABIEHBI MHO-
rHe TEeMbl, HE 3aTPOHYThI€ B OpUTHHAJIE, BKIIOYAs rpaduueckue MOJeNH, CIyqai-
HBIE Jieca, aHCaMOJIEBbIE METO/IbI, AITOPUTMbl HAUMEHbILIEH PErPecCUn U MyTH IS
Jacco, HeOTPUIATENIbHON MaTpUYHON (haKTOpH3AIMN U CIIEKTPaIbHON KiIacTepH-
3a1uu.

B knure «Pacno3znaBanue o0pa3oB. [locTpoeHne u oO0yueHHe BEPOATHOCT-
HBIX Mozenei» [25] paccMaTpuBarOTCs HECKOJIBKO MPAKTUYECKH BAXKHBIX TpPUME-
POB pElICHUs 3a/lay CTaTUCTUYECKOro OOyYeHHMsI, B KOTOPBIX MPOCTPAHCTBA MPHU-
3HAKOB M OTBETOB U 00ywYarolue HaOOpbl YCTPOEHBI CIUIIKOM CIOKHO M HEpEry-
JSIPHO, TaK YTO CTaHJAPTHBIE METOJbl CTATUCTUYECKOIO0 OOyUYEHHUS B HUX HEJb34
IPUMEHUTH OYKBaJIbHO, HO MOYKHO IPUMEHSTH MOCJIE MOCTPOCHUS aJIeKBATHBIX Be-
POSATHOCTHBIX MOJENEH. 3HAYMTEIbHAsT YacTh OINMCBIBAEMBIX METOJIOB CTPOTO
000CHOBaHa: MPOCThIE TEXHUUYECKHUE JETalld J0Ka3aTebCTB CHOPMYIHPOBAHBI U
IPEAJIOKEHbl B KAaUeCTBE YIPAXKHEHHM, 00Jiee CIOXKHbIE, HO HE CIUIIKOM I'PO-

MO3IKHUE JOKA3aTCIIbCTBA ITPCAbsIABIICHBI.
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Kunra «MamuHHOe 00y4eHHE: HOBBI MCKYCCTBEHHBI MHTEIUIEKT» JTeMa
Anmnaiinuna [2] npencraBiser co0oi KpaTkoe BBEJACHHWE B MAIIUMHHOE OOydYCHHE.
Kuura naet oOruiee npeacTaBlieHHe O MAlIMHHOM OOy4Y€HUH, OMUCHIBAECT CYTh OC-
HOBHBIX aJITOPUTMOB 00yueHHUs 0e3 MOTPYKEHHs] B TEXHUUYECKHE TOJIPOOHOCTH U
00CyX/IaeT HEKOTOPbIe MPUMEPHl UX MPUMEHEHUS HAa YPOBHE, TOCTATOYHOM JIJIs

IIOHMMAaHHusA OCHOB.

1.3 O630p UHTEPHET-HCTOYHUKOB

[Ipu ananm3e MHTEPHET-UCTOUYHUKOB XOYETCS BBIJEIUTH CTaThio «MalluH-
HOe OOydeHWe Ui YaWHWUKOB» [22] pasMelnieHHyl0 Ha HWHTEpHET-pecypce
«Newtonew.com». B nanHo# cTaThe pacckas3blBaeTCs AJisl YEro COOCTBEHHO HY>KHA
3Ta TEXHOJIOTHUS W TPHUBEAECHBI I'PAaMOTHBIC MPUMEPHI UCIOJIb30BAHUSA, KOTOPHIC
MIOMOTYT pa3o0paTbCs ¢ HyJIsl B JaHHOU TeMe.

[IpuBenens! Ki1acchl 3a/1a4 MAIMHHOTO O0yUYEHUS:

® 13aJjaya PErpeccuu: Ha OCHOBAHWHU PA3JIMYHBIX IPU3HAKOB NPEICKA3aTh
BCILICCTBECHHBIM OTBET;

e 3aja4a KiaccUUKAIMKU: HA OCHOBAHUHU PA3JIMYHBIX MPU3HAKOB MPECKa-
3aTh KaTEroOpuaabHbIA OTBET;

® 3ajaya KJIacTepu3alluu: pa30MEeHre JaHHbIX HA TOX0KHUE KaTErOpUH;

® 33/1a4a YMEHBIICHUS PAa3MEPHOCTH: HAYUYUTHCS OINUCHIBATH JaHHbIE HE N
IIPU3HAKAMH, 3 MEHBIIUM YHUCIIOM;

® 33j1a4a BBISIBJICHUSI AHOMAJIMK: HA OCHOBAHUM MPU3HAKOB HAYYUTHCS pa3-
JUYaTh OTJIMYATh AHOMAJIMH OT «HE-aHOMAJIUID.

HecmoTpss Ha MHOXKECTBO MNPEUMYIIECTB MPEAbIAYIIEH CTaTbU YAAJIOCh
HaWTHU BUJCOJIEKIIMH C MOJHBIM KypCOM MPO MAIIMHHOE 00yUYEHHE, KOTOPhIE BEJAET
Bopownmos K. B. [6]. On paccka3biBaeT npo OCHOBHBIC MOHSATHS MAIIMHHOTO 00Y-
YeHUs: 00BbEKT, OTBET, IPU3HAK, MpeIcKa3aTeIbHAs MOJCNb, METOJ] OOYyUECHHUS, M-
MUPUYECKU pUCK, TiepeoOydenne. M moka3piBaeT BCE Ha HATIATHBIX TMPUMEPAX,

9TO OYCHBb IMTOMOTACT B IOHMMAHHUH MaTCpHalia.
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B cratee «MammnaHOe 00yueHue» [21] pacckaspiBaeTcst 0 TOM, YTO OOMIHp-
HBIA MOJIpa3fiesl UCKYCCTBEHHOI'O MHTEJJIEKTa, M3Y4YarolU[uil METOAbl IOCTPOEHUS
JITOPUTMOB, CIIOCOOEH o0ydarbes. MalmmnHHOe 00yuyeHne — He TOJIbKO MaTeMa-
TUYECKasg, HO W IpPAaKTHUYECKas, WH)KEHEpHas IucHMIUIMHA. Yucras Teopus, Kak
IPaBUJIO, HE MPUBOJIUT Cpa3y K METOJaM U aIrOpUTMaM, IPUMEHUMBIM Ha IMpak-
Tuke. YTOOBI 3aCTaBUTh X XOPOIIO paboTaTh, MPUXOJUTCS U300peTaTh TOMOTHU-
TEIbHBIE 3BPUCTHUKH, KOMIIEHCUPYIOIIHE HECOOTBETCTBUE CICIAHHBIX B TEOPUHU
IPEANOI0KEHUN YCIOBUSAM pealibHbIX 3ajad. [IpakThuyecku HU OJHO HCClEI0Ba-
HUE B MAallIMHHOM OOY4YE€HHH HE 00XOAUTCS 0€3 3KCIEPUMEHTA HA MOJEIbHBIX WU
pEeaJIbHBIX JIaHHBIX, MOJITBEP)KIAIOLIET0 MPAKTHYECKYI0 pabOTOCIOCOOHOCTh Me-
TOJA.

B cratse I'enpuxosa U. E. [8] oxHol U3 1eHTpaIbHBIX 337a4 pacrio3HaBa-
HUs1 00pa30B SBISETCS 3ajaya pacro3HaBaHUs IO mpeueacHTaM. VI3BECTHBIM HH-
CTPYMEHTOM pELICHUs JAaHHOM 3aa4M SABIIAIOTCA AepeBbs pemeHuil. CuHTe3 Kiac-
CHYECKOI'0 pEIIAIoIIEro JepeBa MpPEeACTaBiIsieT cOOOW HTEpallMOHHBIM IMpoliecce.
Kak npaBuiio, ais mOCTPOEHHsI OUYE€pPEAHON BHYTPEHHEW BEPIIMHBI JIepeBa BbHIOU-
paeTcst MpU3HaK, KOTOPHIN HAMITy4lIMM 00pa3oM yAOBIETBOPSAET HEKOTOPOMY KpH-
TEPUIO BETBJIECHUS, T.€. HAWJIyYIIUM 00pa3oM pa3zeisieT TEKYIee MHOKECTBO 00y-

qarommx 00bEKTOB.

1.4 O630p paboyeii nporpaMMbl JUCUUILTHHBI

[Tporpamma akagemuueckoro OakajgaBpuaTa IO HAIPaBIECHUIO MOATOTOB-
ku 09.03.02 Madopmanonnsie cucTeMbl U TexHoIoruu npodummsanus «upop-
MAaIMOHHBIE TEXHOJIOTUN B MEIUAUHIYCTPUN» MpEronaraeT B 6 cemMecTpe u3yue-
HUE TUCIUTUTUHBI « MTHTENNeKTyanbHbIe CUCTEMBI U TEXHOJIOTUNY.

Llenp ocBoeHMst TUCHUILIMHBL «HTemIeKTyaabHble CUCTEMBI M TEXHOJIO-
rum»: GOPMHUPOBAHUE Y CTYIEHTOB TEOPETHUECKON U MPAKTHUECKON 0a3bl CUCTEM-
HOTO HCCIEAOBAaHUA MpPoOIeM pa3pabOTKH W BHEIpPEeHHs MpodecCHOHATBHO-

OPUEHTHUPOBAHHBIX HMH(POPMAIMOHHBIX CHUCTEM C YYETOM COBPEMEHHBIX H Tep-

15



CIIEKTUBHBIX TEXHOJOTUHA W METOJIOB MHTEJUICKTYaJIbHBIX HH(POPMAIIMOHHBIX CH-
CTEM.

3amaun:

® O03HAKOMJICHUE C OCHOBAMH HCKYCCTBEHHOTO MHTEIIJICKTA;

® O03HAKOMJICHHE CO CTPYKTYPOW WM MPUHIUIIAMH PaOOThl MHTEIUICKTYaITb-
HBIX HH()OPMAIMOHHBIX CUCTEM M TEXHOJIOTH;

® OMpECIICHHEe MECTa U3yYaeMbIX WHTEIUICKTYaIbHBIX HH(POPMAITMOHHBIX
CUCTEM CpeIu NPpYruX WH(POPMAIMOHHBIX CHCTEM, OICHKA MX XapaKTePUCTUK Ha
OCHOBE MOJICITMPOBAHUS;

® U3yYCHHE OOCCIICUMBAIONICH YACTH MHTEIUIEKTYaIbHBIX MH()OPMAIHOH-
HBIX CHUCTEM, a TaKXe MOJArOTOBKA JOKYMEHTAIIUHU 110 MEHEPKMEHTY KadeCTBa MH-
(OpMaIIMOHHBIX TEXHOJIOTHIA;

e 0030p COBPEMEHHBIX MHTEIIEKTYaIbHBIX HH()OPMAIMOHHBIX CUCTEM.

Jlucrumuinaa HanpasiieHa Ha (POPMHUPOBAHKE CIAEAYIOMMUX OOMEKYIbTYPHBIX
(OK) u mpodeccuonanbubix komneteHu (I11K):

e OK-7 (ymMeHHe KPUTHUYECKU OLIEHHWBATh CBOM JOCTOMHCTBA M HEJOCTAT-
KW, HAMETUTh IIyTH U BBIOPATh CPECTBA PA3BUTHS JTOCTOMHCTB M YCTPAHCHHS HE-
JIOCTaTKOB);

e JIK-16 (crocoOHOCTH MPOBOJUTH MOATOTOBKY JAOKYMEHTAIIMH IO Me-
HE/DKMEHTY KadecTBa HH(POPMAIIMOHHBIX TEXHOJIOTHA);

o JIK-22 (cmocoOHOCTE MPOBOAWTH COOp, aHATU3 HAYYHO-TEXHUYECKOU
uH(pOpMAaIIK, OTEYECTBEHHOTO U 3apyOEKHOIr0 ONBITa MO TEMAaTUKE HCCIIe0Ba-
HUS).

O6mast TpyAOo€MKOCTh JUCIUIUIMHBI COCTaBISieT 4 3aUeTHBIX €/IU-
Hu1, 144 gaca.

[Iporpamma akamemudeckoro OakajgaBpuaTa MO HANPABICHHUIO IMOATOTOB-
ku 09.03.03 I[puknangnas sxkoHomuka npodunuzamus «lIpuknagnas nahopMaTuka
B DKOHOMHKE» TIpErojaraeT B 6 ceMecTpe u3yueHrue TUCIHUILUINHBI « THTEIeKTY-

AJIBHBIC CUCTCMBI U TCXHOJIOTHI,
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Lenb ocBoenust AuCUUILIUHBI «HTEMIEKTyaabHbIE CUCTEMbl U TEXHOJO-
rum»: GOPMUPOBAHUE Y CTYIEHTOB TEOPETUUECKOM M MPAKTUYECKON Oa3bl CUCTEM-
HOTO WUCCJEAOBaHUs TMpoOJieM pa3pabOTKH U BHeApPeHUs MNpodhecCuoHAIbHO-
OPUEHTUPOBAHHBIX HMH(POPMAIMOHHBIX CHUCTEM C YYETOM COBPEMEHHBIX H Tep-
CIEKTHUBHBIX TEXHOJOTMH M METOJIOB MHTEJUIEKTYaJbHbIX HH()OPMAIMOHHBIX CH-
CTEM.

3agaun:

® 03HAKOMJICHHE C OCHOBAMHU MCKYCCTBEHHOT'O MHTEIIJIEKTA;

® O03HAKOMJIEHHE CTYJEHTOB CO CTPYKTYpOW M MPUHIUIAMH PaOOTHI WH-
TEJUICKTYaJIbHBIX HH(POPMAITMOHHBIX CUCTEM;

® OMpeJeNICHHEe MECTa U3y4aeMbIX WHTEIUICKTYaJIbHBIX UH(POPMAIMOHHBIX
cucteM (MUC) cpenu npyrux MHPOPMALMOHHBIX CHCTEM, OLIEHKA UX XapaKTepH-
CTHK Ha OCHOBE MOJCIUPOBAHUS;

e wusydeHue obecneunBatomieit yactu MUC;

e 0030p coBpemennbix MUC.

JlucuuiiiHa HarpaBlieHa Ha (OpMUpPOBaHME CIEAYIOUIUX 00X mnpodec-
cuoHanbHbIX (OIIK) u npodeccnonanpabix kommnereniui (I1K):

e OIIK-2 (crmocoOHOCTh aHAIM3UPOBATH COIMATBLHO-OPKOHOMHUUYECKHUE 3a]1a-
YU U TIPOIIECCHI C MPUMEHEHUEM METOI0B CUCTEMHOI'0 aHaInu3a U MaTeMaTU4YeCKO-
r0 MOJIETTMPOBAHUS );

e [IK-8 (cmocoGHOCTh POrpaMMHUPOBATHh MPHUIIOKEHHUS U CO3/1aBaTh MPO-
rpaMMHBIE TPOTOTUIIBI PEIICHUS MPUKIAAHBIX 3a/1a4).

OO6mast TpyJOoEMKOCTh JUCIUIUIMHBI COCTaBIsieT 4 3a4eTHBIX €/H-

uuil, 144 qacos.

1.5 AHaJIn3 OHJIAIH KYPCOB 10 MAIIMHHOMY 00y4€HUI0

B cetn MHTepHET MpUCYTCTBYET MHOYECTBO PA3JIMUYHBIX MO KAa4YECTBY U
TpeOyeMoro ypoBHsI MOJTOTOBJICHHOCTH OOYYarOIIMXCs, HO y HUX Y BCEX €CTh

CBOHM HCAOCTAaTKHU U OCO6GHHOCTI/I, KOTOPBLIC ACIAIOT X CIOKHBIMHW HUJIN HCIIPUTOO-
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HBIMU JJISI U3yYEeHUS] HOBUYKAMU. Takke CTOUT OTMETUTh, YTO HEKOTOPbIE U3 HUX
IUTATHBIE U B UTOT€ OOYYEHMsI MOXKET OKa3aThCsl, YTO OXKMJIAHWE U PEe3yibTaT Mo-
JY4YEHHBIM B KOHIIE 00y4YaroNIero Kypca He COOTBETCTBYIOT HE TOJBKO JAPYT APYTY,
HO U 3asBJICHHBIM JaHHBIM.

[Tnatdopma Coursera yke HaBHO 3aKpenuiiach Ha PbIHKE OHJIAWH-KYpCOB
o0yuenus. Ha Hell pacnonokeHOo MHOXKECTBO KyPCOB Pa3IMUHON HANPaBIECHHOCTU
u chep Hayku. OZHUM U3 CaMbIX TOIMYJISIPHBIX KYPCOB, CBSI3aHHBIX C MAIIMHHBIM
oOydeHueM siBiisieTcst Kype «BBenenue B MamuHHoe o0ydenue» [17]. On 3asBiieH,
KaK KypcC JJisl HAYMHAIOMIMX TPOTPaMMUCTOB B 00JIACTH MAIIMHHOTO OOy4YEeHUs, HO
y>Ke TOCJIe IPOXOK/IEHUS TIEPBOTO dTara MOsBISAIOTCS TPYAHOCTH, TaK Kak oOyda-
IOIIUMCSI BBIJIAETCS OUY€Hb MAJICHBKUM 00BEM TEOPETHUECKOTO Marepuasia M cra-
BUTCSI CJIOXKHAas MPAKTUYECKAs 3a7a4a, KOTOPYIO TPYAHO BBIIOJHUTH, HE UMES He-
KOTOpOro oobema 0a30BbIX 3HaHWN U yMmMeHui. Eie omHoW mpoOiemoit sBisieTcs
TO, 9YTO Ha HEKOTOPBIX (OopyMax UMEETCs MHOKECTBO TOTOBBIX PEIICHUN Ha 3a/1a-
HUS 9TOTO Kypca. 3alanusi B CaMOM Kypce HEe OOHOBJISIIOTCS M HE U3MEHSIOTCS C
CaMoro €ro 3aiycka Ha miaaTdopme.

JlaHHBIM Kypc XOPOIIO MOJOMAET TeM, KTO YK€ pa3Oupaercss B MAIIMHHOM
00y4eHUH U XOYET MPOCTO MOBBICUTh YPOBEHb CBOEH MpodeccoHaIbHON KBaJlU-
buKanuy WM MOJTYYUTh KaKue-THOO0 HOBBIC 3HAHUS I 00miero pasButus. [[ms
0Oy4Jarommxcs, KOTOPbIE TOJBKO MPUCTYMAIOT K WM3YYEHUIO JAHHOW TEMBI 3TOT
KypC HE TTOXO/IUT.

Stepik — sTo mnardgopma oHIAMH KypcoB HampaBiieHHas Ha chepy uHpOp-
MaIMOHHBIX TEXHOJOTUM, B TOM YKCJI€ U Ha MalMHHOE oOyueHue. OJIUH U3 caMbIX
MOMYJISIPHBIX KYPCOB B pa3zesie MallIMHHOTO 00y4eHus — 310 «HelipoHHble ceTu u
MaluHHOe 3peHue» [18].

HaunnaeTcst naHHbI Kypc ¢ M3y4YEHHUs CTPOEHUS HEWPOHA U €r0 MaTeMaTH-
yeckoro obocHoBanus. Ilocie yero ua€r cuinbHOE yriryOJeHHe B BBICIIYIO Marte-
MaTUKY U OTBOJUT Ha 3TO OOJBIIYIO YacTh Kypca, YTO TOBOPUT O HAIIPABICHHOCTHU

Kypca He Ha «data engineeringy», a Ha «data science».
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Data science — 3to HampaBJICHHE MAIIMHHOTO OOYYCHHUS, KOTOPOE 3aHMUMa-
eTcsl pa3pabOTKOM HOBBIX MM MOAM(DUKALMEH CYHIECTBYIOUIUX METOJ0B MalIUH-
HOTO 00ydeHusi. OOyJaromuxcs k€ HHTEPECYEeT COBCEM JPYroe HarpaBJIeHUE TO/-
rOTOBKH. Takke XOTeJI0Ch Obl OTMETUTH, UTO KypC SIBISETCA JOCTATOYHO CIIOXK-
HBIM M M3 3alMCABIIMXCA Ha TEKyIUd MOMEHT 1937 uenoBek mosy4us cepTudu-
KaT TOJBKO OAWH. JTO TOBOPUT O TOM, YTO JAHHBIA KypC TaK)Ke€ PacCUMTaH HE Ha
HOBUYKOB, a Ha TE€X, KTO YK€ paboTaeT B JaHHOU cdepe U XOYeT Pa3BUTh CBOU

yMEHHUsI B 3TOM cdepe.

1.6 AHaIu3 MEKIrocyJapcTBEHHBIX CTAHIaPTOB

JlabGopaTopHBbIil MPaKTUKYM B COBOKYITHOCTH C pa3paOOTaHHBIM UHTEpQei-
COM HMMEET CXOJCTBO C DJIEKTPOHHBIMH y4€OHO-METOINYSCKUMH KOMILIEKCAMH U
cootBeTcTBYeT rocynapcrseHHomy cranaapty ['OCT P 55751 «DnektpoHHbIe
y4eOHO-METOIUIECKIE KOMITICKChI» [12].

HaBuramus pazpabotanHoro untepdeiica CTpyKTypupoBaHa U CIIOCOOCTBYET
yA00HOMY BBHITIOJIHEHHUIO 33/1ad TOJb30BaTeia. MHOroypoBHEBasi HaBUTAllMOHHAS
CTPYKTYpa UMEET CBSI3M MEXKIY BCEMH CETMEHTaMH IpeaocTaBiisieMoil nH(popMma-
nun. HaBuranus obecrnieurBaeT HEOOXOAUMBIN JOCTYI K CTPYKTypaM HHGOpMAaIIH-
OHHOT'O HAIOJIHEHMSI B TIpenenax pazpadboranHoro npuioxkenus. CTpyKTypa HaBU-
raiii COOTBETCTBYET CTPYKType pa3paboTaHHOTO mpuiokeHus. HaBuramus u eé
CTPYKTypa pa3paboTaHa JjIi HHTYUTUBHOTO HUCIIOIh30BaHUS MOJIH30BATEIEM B CO-
orBercTBUU ¢ [[OCT P MCO 14915-2 «Opronomuka MyJbTUMEAUNHBIX MTOJIb30BA-
TeNbCKUX uHTepdericos: Yacts 2» [9].

Tak kak cTpyKTypa caiTa CTaHJAApTU3UPOBAHA U MIA0JIOHU3UPOBAHA OPUEH-
TUPOBAThCS Ha HEM OYEHB JIETKO OPUEHTUPOBATHCS M JIOCTATOYHO MPOCTO HAWUTH
BCIO HEOOX0uMYI0 HHGOpMaINio U Matepuainbl. CalT cOAepKUT KOMUPANT, KOH-
TaKTHbIC JaHHbIE U BCE HEOOXOIMMBIE CCBUIKH, KOTOPBIE TAKXKE MOXKHO J00AaBUTH

JOITIOJIHUTCIIBHO.
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B cootrBerctBun I'OCT P UCO 14915-3 «Opronomuka MyJabTUMEIUWHBIX
noJib30BaTebckux uHTepdeiicoB: Yacte 3» [11], Bce MeanadopMbl CBSI3aHBI MEXK-
Iy coOOM M ONOJIHAIOT JIpyr Apyra. TexcroBas nHdopmanust AOMONHIETCS U300-
paXEeHUsMHU U BUAEOMATEepUaIaMu JUIsl YJIy4IIEHUs BOCHPHUATHUS MOJIb30BATEISIMH.
Jlig ynoOcTBa noJib30BatTesiel 3arpykaeMble (ailyibl BHIHECEHBI HA OTAEIbHYIO Ma-
HEJlb U pa3fefieHbl Ha Tpynnbl. TekcT abopaTOpHBIX pabOT W MPOEKT 3alaHuit
odopmileH U (popMaTUPOBAH B COOTBETCTBUM CO BCEMU CTUJISIMHU, YTO MO3BOJIAET
YOPOCTUTH €ro BocnpuaTue. Bee mpuiiokeHHble M300paKeHHsI UMEIOT MOIUCH, a
B TEKCTE J1a0OPATOPHBIX U MPOEKTHBIX pabOT UMEIOTCS CChUIKA Ha HUX. Odopmiie-
HUE MPE3EHTALMIl CAeNaHo0 TakuM 00pa3oM, YyTOObl HE Hampsrarb 3peHHUE, a BcCe
00BEKTHl PACHONIOKEHBI TaK, YTOObI aKLIEHTUPOBAaTh BHUMAHUE HA CAMOW Ba)KHOMU
uHpopMaruu. TekcT MUHUMHU3UPOBAH U CONPOBOXKIAETCS HH(OPMATHBHBIMU
N300paKEHUSIMHU.

JluzaiiH caiiTa BBIMOJHEH TakuM OOpa3oM, YTOOBI HE HArpyXaTh 3peHHUE
[I0JIB30BATEJIEH, YTO B CBOK OYEPEAb YIYUYLIA€T BOCHPUATHE M YMEHBIIAET
Harpy3Ky Ha 3peHue. Bce TekcToBble 00BEKTHI U MU300paKEHUs pacIioNOXKEHbI CO-
IVIACHO HOPMAaTHBaM U aKL[EHTUPYIOT BHUMAHNE HA CAMBIX IVIABHBIX CBOMX YACTSIX.
TexcT n n300paxkeHust ObUIM YBEIMUEHBI JIJIs1 HOBBILIEHUS Y100CTBa IIPU YTEHUU U
npocMmoTpe. HekoTophlie 35IeMEeHThI, KOTOPBIE OTBJICKATU Ha ceOsl BHUMaHUE ObLIU
yAJIEHbI WJIN MTOJIHOCTBIO YAAJIEHBI CO CTPAHUL] CaiTa.

Take B COOTBETCTBHM C TOCTaMU ObUTH O()OPMIIEHBI BCE IPE3ECHTALMOHHbBIE
MaTepuallbl U METOJAMYECKHE yKa3aHUs, UX CTPyKTypa Oblla HOpMajau30BaHa U
CTPYKTYypUpOBaHa, ObUIM J10OABJIEHBI LIEIH, 3a/1a4d U KOHTPOJIbHBIE BOIIPOCHI /IS

MPOBEPKU 3HAHUM YCBOCHHBIX 00YUYAIOIIIUMUCS.
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2 OIIMCAHME JIABOPATOPHOI'O ITPAKTUKYMA
«AHAJIN3 JAHHBIX U MAIIMHHOE OBYUYEHUE»

2.1 Ilenaroruyeckuii aapec

JlabopaTtopHble paboOThl pa3pabOoTaHbl ISl CTYJACHTOB HAIpPaBJICHUS MOATO-
ToBKH 09.03.02 MH(DOopManmoHHbIE CUCTEMBI U TEXHONOrUU npodunusanuu «MH-
dbopManMoHHbIE TEXHOJOTUM B Menuaunmyctpum», 09.03.02 I[puknagHas 3KOHO-
muka npodunuzauun «llpuknagHas wHbOpMaTHKa B SKOHOMHUKE» TUCHHUILIIUHE
«HTeMIeKTyaIbHbIE CUCTEMBI M TEXHOJIOTHI.

Taxoxe nanHbie 1a00paTOpHBIC PaOOTH OyAYT MOJIE3HBI IJIsi CTYACHTOB, U3Y-

Jarnmux HOI[O6HBI€ JAUCHUILIMHBI, @ TAKKC BCCX JKCIJIAIOMIUX OCBOWUTH JAHHYIO TC-

My.

2.2 Onucanne uHTepdeiica NPOrpaMMHOro NPoaAyKTa

B kauectBe mHTepdelica mporpaMMHOro MpOAyKTa ObLT BbIOpaH BeO-CailT.
On 0ObL1 pazpaboTan Ha ocHOBe (peiimBopka Django Bepcuu 2.0 mis Python. B
KadecTBe 0a3bl TaHHBIX UcTob3yeTcs PostgreSQL 11, kortopas pactpocTpansieTcs
Ha OecriaTHOW ocHOBe. Python sBisieTcss HHTEPIIPETHPYEMBIM SI3BIKOM ITPOTPaAM-
MHUPOBaHUS U B TIOCJIEHUE TOJbI CTAJl OYEHb MOMYJISIPHBIM.

Bce monenun 6a3pl JaHHBIX TaKke co3marorcs Django caMocTosTenbHO Yepes
«koHeKkTop». HeoOXoauMo JuIIb co31aTh OnKMcaHue Mozenu B (aiite «models.py»
U TIPOM3BECTH MUTPALIUU.

OmHMM W3 TIABHBIX NMpeuMymiecTB Django 310 MHOTOQYHKIIMOHATIbHAS U
rudKasi «agMuH-TIaHe by (pUCYHOK 4). OHA 0YeHB JIETKO HACTPAMBAETCS MO HYX-
IIbI aIMUHUCTPATOPA U TOJCPKUBACT MOIKIIOUCHUE Pa3IuIHbIX MoayJeil. Tawke
yepe3 Hee MOXKHO CO37[aBaTh W PEAAKTHUPOBATh PA3IUYHbIC 3allMCH HA CAaliTe U B

0a3e JaHHBIX.
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ALIMMHUCTPHDDBAHME CaltTa

DJANGO SUMMERNOTE

Nocnegime geAcTens
Auachments + fofesnis ¢ Hamewnre

Mau feitcTans

# Ochoie nena Python

Naoparopiie patoTd + Oofaoum  # Hametim,

+ UcHODL AJLEKa Pythan
MeTa e + Oofaoute o MaMeHHTE Nabapaneouas pedars
CooBuieimn + OofaonTe  # HIMeHNTL
Timwd 3apamé + fofaonte  # MaMennTe
Yeretncn + lotioonte  # HIMEHNTL

NOMLI0BATENH ¥ TPYNIME
Tpynnes + [lofiasuth  F MaMeHHTR
Nannsomaren + [lofiasute  F MassanTe

Caimu + fofaante  F Mauewnme

PucyHok 4 — BHenHuii BUJ «aIMUH-TTAHEITI»

«AIMHUH-TIAHEIbY» SBJISICTCSI MHCTPYMEHTOM JIJIsl T0OaBJICHUS JTa00paTOPHBIX
paboT, MPOCKTHBIX 3aIaHUil 1 METOJIUYECKOTO MaTepHuaja Ha CTpaHUIIbI caita (pu-
cyHok 5). Taxke moayias «DjangoSummerNote» mo3BosiseT yao0HO peIakTHpO-
BaTh CojiepKaHue J1abopaTopHOM pabOThI: U3MEHAThH MIPUDTHI, T00ABIATH K HEMY

JICKOpaIH, IPUKPEIUISTh H300pakeHus U Bujeohailiibl (pUCYHOK 6).

Hauano » Labs : NaGopaToptbe paboT » [JofaenTs Nabopatopran pabota

Jofarutn NafiopatopHan padoTa

Mpessiowia: OMCTEY PRI er0
Main img: 0baop... Gaiin e eoifpar.
Hasganmee nabopatoproi.  Ocwowss Haema Python

Teno naBopatopeiod: A~ B I U X X % ® Hmwar u- A S E = T

E o & . = % < 7

[TaffTom! ABIAETCA J0CTATOTIO HATIBHLIM MILKOM MPOTPAMMIPOBAIIL 1 €70 Ko
THTAETCA OTME MeTHO. 1IHOTIA XBATACT OIHOTO BAIALA HA MPOTPAMMY, TTO0L! MpIBiEPHO
nonATs, o b neff mponcxomi. B Python WA OTKPLTIA 1 JAKpLmIA ymKmdt mwm
PAVTIFILY KONCTPYKING] NenoIL3yeTcA TAGYAMILA (OTCTYIL).

Coxaiite mepeMerrYIo inf 11 3aaiite eff 3agerne §

AHATOTIHEM 06pazos coyTaiiTe nepemerryio float

‘Teneph cO3TATITE CTORKORYHO TEPMERHYHO ST

Pucynok 5 — JloGaBnenue mabopaTOpHBIX Yepe3 «aIMHH-TIaHETb»
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7 B I U X X, & & Helefcav 14v | A v

Hr @ L & - X <> 7

0DBIYHBIA TEKCT
KWPHBIA TEKCT

MEKCM KYPCUBOM

. HARETRAAHAN
NOMHEPEHYTHIN TEKCT [PACTRO4HbI TereT

Pucynox 6 — Moayns «DjangoSummerNote»

HpH Mepexoac Ha CalT II0JIb30BATEIIb nmomagacT Ha CTpaHHULY IIPHUBCTCTBUA

(pucyHok 7). B nanmpHeiiem Ha Hel TOSBUTCS HE TOJBKO TEKCTOBOE, HO U BUJICO

IMPUBCTCTBUC C OIITMCAHHCM.

[OBPO MNMOXAJTIOBATb

PucyHnok 7 — I'naBHas cTpaHuiia caita

[Tosb3ysick MEHIO calTa, NOJIB30BATEIb MOXKET MNEPEUTH HA CTPAHULBI C Jia-

OopaTopHBIMU paboTaMu (PUCYHOK 8), MPOSKTHBIMU 33aJaHUSIMHU (PUCYHOK 9), pa3-

23



JIMYHBIMU ITIOJIC3HBIMH PECYpCaMHU, CCbUIKAMN Ha KHUTH, CTATbAMU U IPYTUMU I10-
JIC3HBIMH UCTOYHUKaAMM.

Radium

Pucynok 8 — Ctpanuiia co CrucKkoM JIabopaTOPHBIX padoT

Radium

ONTUMKU3ALMA M NEPEOE
METOLOA

JLHHDE MPOCETH

IbIX. BU3YANM3ALMA W KNACCU@KWKALIMA

E

Pucynok 9 — Crpanuiia co CIMCKOM MTPOCKTHBIX 3a/IaHUN
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Ha ctpanune ¢ naboparopnoii padoroit (pucynok 10) Haxomurcs cama na-
OopaTopHast paboTa ¢ IeNblo, 3a/la4aMH, ONMMCAaHUEeM XoJa paboThl U BOIPOCAMU
JUIE CAaMOKOHTpOJIs. Takyke BHauane KaKIOW CTPAHUIIBI €CTh BUJECOIIEEp, B KOTO-
POM MOXHO IMOCMOTPETh BUACOYPOK C BBIIIOJIHEHUEM Jab0paTopHOi padoTHI ¢ Mo-
IpoOHBIMU O00BsicHeHUsIMU. Ha cTpanmiie co cnuckamu JabopaTOpHBIX U MPOEKT-
HBIX pa0OT MPUKPEIUICHBI (halliIbl IS BRIMOJIHEHUS Ta00OPaTOPHBIX padoT, a TakkKe
JOKYMEHT C METOAMYECKUMH YKa3aHUSIMU T10 BBIIIOJHEHUIO JJaOOPaTOpHBIX padoT,

JUIS TEX, KTO XO4eT paboTarh o(aiiy.

OCHOBLI A3LIKA PYTHO!

Pucynok 10 — Crpanuna nabopaTopHoii paboThI

B paznene «YueOuuku» (pucyHok 11) monp3oBareb MOXKET HAUTH CCHUIKH

Ha pPa3JINYHbIC y‘-IC6HI/IKI/I U MCTOAWYKH I10 MAIIMHHOMY O6y‘-ICHI/IIO U aHaJIu3y

he El ents of Statist Leaming, Data

Mining Inference and Prediction

JIAHHBIX.

Pucynok 11 — Paznen «YueOHUKI»

25



Paznen «[lone3nsie ccbutkm» (pUCYHOK 12) COAEPIKUT CCHUTKM HA pa3iIvy-
HbIE€ OHJIAH KypChl, (POPYMBI M CTaTbU HAa TEMY MAIIMHHOIO 00y4yeHus. B HekoTo-
PBIX CIydasX OHU MUMEIOT OOJIBIIOE MPEUMYIIECTBO HaJl YUeOHUKaMH B TOM IUIaHe,
YTO 00BSCHEHUE TaM HJIET 00Jiee «IIPOCTHIM» A3BIKOM, OHSITHBIM TEM, KTO TOJIBKO

HavaJl U3y4aTh JaHHYIO TCMATUKY.

Radium

SWM perpeccua

Bugeonekuun kypea «MawwHioe ofyystne

MawwnHHoe ofydyedue, Al HEApOHHLIe ceTH, Big Data

TATILE M ML MOy GOU M, I TS AOCTATIHD B KN LEEsT paan

CoseThl No HIYYEHWH MALWWHHOTO 35',-"-IEHII-'-|

Pucynok 12 — Paznen «Ilosie3Hble CCHUTKNY

ITocne Toro, kak y oOy4arouuxcsi BOSHUKIM IPOOJIEMBbI ¢ HACTPOUKOM cpe-
JIbI pa3paboTKH, ObLT 100aBJIEH pa3/iell «IIOMOIs B HacTpoiike». OH nmpeaHa3HaueH
JUISL TOTO, YTOOBI MOMOYb O0YYarOIIMMCS BbIOpaTh pEAakToOp KOJAa, YCTAaHOBUTH U
HACTPOUTH MHTEPIPETAaTOp si3bika Python m ycraHoBHTH Bce HEOOXOIUMBIC IS

BBITIOJTHEHUS JTA00PATOPHBIX pabOT OMOIUOTEK.
2.3 Onucanne CTPYKTYPbI JJA00PATOPHBIX Pa0OT U MPOEKTHBIX 3aIaHUIH
Tak kak nmabopatopHbie PabOTHI MOJKHBI BBIMOIHATHCS MOCIETO0BATENBHO,

TO CTpEOYKaMH ObLI yKa3aH MOPSIIOK BBIMTOJHEHHS (pUCYHOK 13).
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Fmasnan

CTPaHMUS

1

1

NaGoparopmeie
paboru

Mpoexrusie

3anarmn

Marepuans

Nosmowss no

HACTPOAKE

|

OcwoBel N3bINS
Python

!

Hnaccndmxaymn

AAMMBIX

:

Mawnmmoe
poenIe n
PacnasraBanme
g s
PeansHom
BOEME A

Hnaccedmxaymn
meTanom « K-
coceneis

:

Ocrosu pabotsl

c Pandas

‘

OnrrraMsaginn n
nepecGyuenme
Ha Npetrec pe
METOAS wK-

cocegeis

AMHANNI A3HHBIX C
NOMOLIBIO
Pandas

!

Sumeinan

perpeconn

AHanns
AlWHbIX,
BMIYANUSILMA
"

KASCcTHecaUma

!

Aepesea
pewennn

‘

Metoa

CAYNAHMOID Neca

!

Pabara c OpenCV

Pucynok 13 — CtpykTypa 3a1aHuif 1 MaTepUajoB

B otnuuune ot mabopaTopHbIX paboT, IPOEKTHBIC 3aaHVsI BBITIOTHSIOTCS 110
KEJTAHUIO ¥ HE UMEIOT YETKOM MOCIeA0BaTEILHOCTH.

[Tomomp MO HacTpoiiKe MpeaHa3HaYeHa I TOTO, YTOOBI MOMOYh O00y4Yaro-
IIUMCS HACTPOUTH MHTEPIPETATOP, BHIOpATh cebe MOAXOISIIYI0 Cpeay pa3padboT-

KM, a TAK)K€e IMOMOXKET C YCTAHOBKOM BceX HE0OXOAMMbIX OubimmoTek Python.

2.4 Onucanne JadopaTOpPHLIX padoT

2.4.1 Onucanue JadopaTopHoii padoTsl «OcHOBBI si3bIka Python»

Ilenb: 03HAKOMHTBHCS ¢ OCHOBaMH si3bika Python, mony4uTs yMeHUs IS BbI-

MOJIHEHUS JTaJIbHEHIIINX JTa00paTOPHBIX padoT.
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3aaun:

W3YyYUTh TUIU3ALHIO TaHHBIX;
HAYYUTHCS MOJIH30BaThCs HMUKIaMu «fory u «whiley;

paccMOTpeTh «BeTBIIeHHE» B Python;

0TpaboTaTh 3a7a4M C UCIOJIb30BAHUEM KOHCTPYKIIMH «Iry-except»;

pa300path QYHKIMH U MPOCTPAHCTBA UMEH.

Hannas nabopatopHasi pabora npeaHazHaueHa JUisl O3HAKOMJICHUS 00yd4a-

IOIIUXCSI ¢ S36IKOM PYthONn 1 moMoInu B BBIMOJHEHUH JTa00PATOPHBIX U TPOCSKTHBIX

3ananuii. B Helt oOyuaroiuecs mosTamHo MPOXO/IAT BCE OCHOBHBIE aCIeKTa S3bIKa,

TaKHC KaK:

1.

o 0k~ w D

Tunuzanust JaHHBIX.
[IpocTpaHCTBO UMEH.
O yHKIUU.

[ukmsI.

BerBaenusi.

Uckmrouenus.

2.4.2 Onucanue jgadoparopHoii padotsl «Kiaccupukauus JaHHBIX)

HCJ’IB: HAY4YUTHCA pa6OTaTB C JaHHBIMU IIpU IMOMOIIU BU3YaAJIbHBIX MHCTPY-

MEHTOB U Pa300paTh a3bl KIIACCH(PUKAIIUN TTPU TTOMOIIN TOCTPOSHUS MPOCTEHIIIETO

KJaccu(ukaTopa co CTATUYHBIMU MapaMeTPaAMHU.

3agaun:

[ ]

[ ]

[ ]

[ ]
aHaJIn3e;

[ ]

OTBCTOB.

HAay4YUThCS AaHAIU3UPOBATH JIAHHBIE;
chopMHUpPOBATH MOHATHE MATEMATUIECKUX CPE30B;
MOJIYYUTh YMEHHUS B pab0Te ¢ BU3yaIbHBIMUA HHCTPYMEHTAMH;

IMOCTPOUTD KHaCCI/I(i)I/IKaTOP Ha OCHOBC OAHHBIX ITOJIYYCHHBIX ITPpH

HAayIUTbHCA KaJ'II/I6pOBaTB HCﬁpOCGTb AJIS1 TIOJTYYCHUS 0oJiee TOYHBIX
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[TepBas nmaGopaTopHas paboTa, B KOTOPOM HAUMHAETCS U3YUYEHUE MPHUHIIM-
OB MalIMHHOTO oOydeHus. B Hell oOyyaromuecs OyayT yuyuThcsi paboTaTh ¢ Tpa-
dbuueckoil nHbOpMaLUE U MPOU3BOAUTH AaHAIW3 MOJYUYEHHBIX JIaHHBIX U CaMO-
CTOSITENIbHO CTPOUTH MPOCTeHImii kinaccudukarop. JJannas pabora MoMoxkeT Io-
HSTh MPOCTEHIINE MOHATUS U MPUHIHUIIBI padO0THI 00JIee CIOKHBIX KIacCU(pUKaATO-

pOB.

2.4.3 Onucanue jgadoparopnoii padotrsl «Kinaccupukauus merogom "'K-

OJIMaKalmux coceaei' »

Ilenp: w3yunTh METOA MPOCTEUININNA METON KIacCU(UKAIIMU JTaHHBIX
«K-0mmxaimmx coceiei» 1 HayIUThCS IPOU3BOIUTD OIEHKY JaHHBIX C TTIOMOIIBIO
BU3YaJIbHBIX HHCTpyMeHTOB Python.

3angauu:

® JIeTabHO pa30o0paTh METOJ MalMHHOrO oOydeHus «K-Ommkalmx co-
ceneiy;

® HAyuuThCSA padboTaTh ¢ HH(DOpPMAIUEH;

e chopMHPOBATH MOHATHE MATEMATUYECKUX CPE3OB;

® TIOJy4YUTh YMEHHUS B paboTe ¢ BU3yaIbHBIMUA HHCTPYMEHTAMH;

® HAyYHThCA KaauOpOBaTh HEHPOCETH JJIS MOJTydYeHHUs OoJiee TOYHBIX OT-
BETOB.

B aToit maGoparopHoii pabote OyaeT paccMaTpHBATHCS METOJ MAITUHHOIO
o0yuenust «K-Ommxkaiiimux coceziei», a TakKe €ro MOoJIOKUTEIbHbIE U OTpHUlla-
TEIbHBIE CTOPOHBI; PACCMOTPUM OMOIMOTEKY MJisi BU3yallM3allii JTaHHBIX M MaTe-
Matudeckoro ananusza «matplotlib»; Oymem nmponsBoauTh KATMOPOBKY HEHPOHHOM
CeTH IJIsl TOJYy4YEHUS] MAaKCHUMaJIBHOTO TMPOIEHTA MPABMWIHHBIX OTBETOB, a TaKXKe

o0cyuM npooieMy rnepeo0ydeHus: B HEMpOoCeTsX.

29



2.4.4 Onucanue JadopaTopHoii padoTel «OcHOBBI padoTnl ¢ Pandas»

[lenb: HAy4yuTBCS MOJB30BaThCs OMOIMOTEKOW Pandas m e€ BcTpOeHHBIMU
00BEKTaMU JJIs1 BU3YyAIU3alMK JAaHHBIX B laTaceTax.

3agauu:

e [IOJYYHUTHh YMCHHS 110 UCIIOIL30BaHuI0 Onbanoreku Pandas;

e chopmuposath noustus o DataFrame u Series;

® HAy4YUTHCS CTPOUTH rpaduKu ¢ MOMOIIBI0 SCatter matrix (matpuna pac-
ceuBanus) u matplotlib.

Pandas — »to OubOamoreka s3pika Python, xoTopas mo3BojsieT co3/1aBaTh
00BEKTHI, B KOTOPHIX JaHHBIC XPAHATCA B TAaOIMYHONW (GopMe. DTO OCHOBHOU
CTPYKTYPHBIM OOBEKT HEOOXOIUMBIHN IJIsi aHAJIM3a W OYMCTKU JAaHHBIX TMEpes] UX
UCIIOJIb30BaHUEM B OOyYE€HHUU MOJENH. DTO mepBas JiabopatopHass paboTa, CBS-
3aHHas ¢ Pandas. B Heii oOydatoniuecs pa3doepyT CTPYKTYpy ¥ OCHOBHBIC ()yHKIIHU

TAaHHOM OMOJIMOTEKH.

2.4.5 Onucanue J1aDOPaTOPHOI PadoThl «AHAJIU3 JAHHBIX C MOMOIIbLIO

Pandas»

[lenb: HAyuuTBCS MOJIB30BaThCs OMOIMOTEKOW Pandas m e€ BcTpoeHHBIMU
oOBEKTaMU JIJIsl aHAJIM3a JaHHBIX B aTaceTax.

3anauu:

® [OJYYUTh YMCHHS 10 UCIOJIb30BaHUIO OMOIMOoTeKH Pandas;

® HAy4YHTbCS aHAJIM3UPOBAaTh W OOpabdaThiBaTh JaHHBIE C TOMOIIBIO
Pandas;

® 3aKpenuTh yMEHUs BU3yanu3anuu B Pandas.

B nponomxenun k nadoparopuoit pabore Ne 4 oOyuaroniyecs: nepexoasT K
aHaJIM3y JaHHBIX C MOMOIIBI0 OnOanoTeku Pandas. B manHoii paboTe 00ydaromm-
€csl HaydJarcs JIeNaTh CpPe3bl, TPYNIMUPOBKY, MHACKCAIMIO TaHHBIX MO Pa3HBIM Iia-

paMeTpam, a TakXe CTPOUTh I'paUKH MO CO3JAaHHBIM cpe3aM. 3HAHUS U YMEHUS
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INOJIYYCHHBIC B XOAC BBITTOJIHCHUA pa6OTBI IMOMOTI'YT IIOHATb, HCKOTOPBIC MCXAHUN3-

MBI MallIMHHOT'O O6y‘{€HI/I51.

2.4.6 Onucanue JiabopatopHoii padoThl «JIuHelinas perpeccusn

[lesnb: MOHATH M HAYUYUTHCS MPUMEHATH METOJ JIMHEMHOW PErPECCUU B Ma-
HIMHHOM O0YY€HUHU.

3anayu:

® U3YYUTh MOJIEJIb TUHEUHOTO perpeccopa;

® TIPOM3BECTH OOYUYECHHE MOJIEINH;

® pPAcCCMOTPETh OCOOEHHOCTH JJAHHOTO METO/1a MAIIMHHOTO OOYUYEeHHUS;

® [IPOU3BECTH MpPEACKa3aHUE HA OCHOBE CO3JaHHON MOJIEIIH.

JIluneliHast perpeccusi sIBJISIETCS OJHUM M3 CaMbIX YHUBEPCAIbHBIX METOJIOB
MaIIMHHOTO OOy4eHHMsI, T.K. MOKET IPUHUMATh Ha BXOJ IAHHbIE PA3IUYHBIX THUIIOB
U CTpYKTyp. Taxxke AaHHAs MOJEIb JOCTAaTOYHO yCTOMYMBA K MEPEOOYUYCHUIO U
uMeeT OOJIBIIYI0 CKOPOCTh 00pabOTKHU JaHHBIX. B 3T0M mabopaTopHoit OyayT pac-

CMAaTpUBATHCA BCC HIOAHCHI U IIPUHIIUIIBI pa6OTLI 9TOTr0 MCTOAA KJ'IaCCI/I(bI/IKaLII/II/I.

2.4.7 Onucanue J1adbopaTtopHoii padoTsl «/lepeBbsi pemieHuin»

Llenb: MO3HAKOMUTH OOYyYarOUIUXCSI C METOJIOM MAIIMHHOTIO O0y4YeHus, Io-
CTPOCHHOM Ha JICPEBBAX PEIICHUM, a TAK)KE HAYUUTh CTPOUTH CaAMH JICPEBBAI.

3agayu:

® PacCMOTPETh MOHATHE JIEPEBA PEILICHHUI;

® pPAacCMOTPETh BapUaHThI IPUMEHEHUS JaHHOU KiIacCUpUKALINH;

e 00Yy4YUTh MOJIENIb HA OCHOBE KJIaCCOB;

e 0TOOpa3uTh JOMOJHUTENbHBIA KJIACC HAa MOJEIU U TOCMOTPETh
pe3yJbTar;

® PpacCMOTPCTD INIFOCHI U MUHYCBI ,HaHHOﬁ MOACIIN.
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OmHuM W3 caMbIX MPOCTBHIX IS TOHUMAHUS SIBISIETCS KilacCU(PUKATOp
«/lpeBo pelieHni». ITa MOJENIb CTPOUT «JIEPEBO» KIACCOB, Y KaXJOr0 U3 KOTO-
pBIX €CTh CBOM mapaMeTpbl. l[lonmamaromue moj 3T nmapamerpbl TaHHBIE NPUYHUC-
JSIOTCS K TOMY WJIM UHOMY Kjaccy. Mojienb o4eHb YyBCTBUTENbHA K Mepeolyde-
HUIO U JIAaHHBIM, KOTOpbIE MOJTy4yaeT Ha BxoJ. JlabopaTopHas paboTta mOMOXKET HaM

p21306paTBC$I BO BCCX TOHKOCTAX AAHHOI'O MCTOJa M ITOKAXXET BCC €I'0 HIOAHCHI.

2.4.8 Onucanue jgadopaTopHoii padoThl «MeToa CaAy4yaHOro Jeca»

Henb: chopmupoBaTh MOHITHE CIYyYaMHOTO Jieca, a TaKXKe Hay4uTh o0yda-
IOIIUXCS UCIO0JIB30BaTh JaHHYIO MOJIEIIb ISl PEILICHU 3a1ay.

3amaun:

® PAcCMOTPETH MTOHATHUE CIIyYalHOIO JIECa;

® paccMOTPETh MPUMEP KOJA I PELIEHUs IPOCTHIX 3a1ay;

® HAy4YuTh NOAOMPATH NAPAMETPHI MOAEIHN ISl YIYUYIIEHUs] KauecTBa Ipo-
THO30B MOJIEJIN.

Crny4aiiHblil Jec siBisieTcd MOAU(UIIMPOBAHHBIM BapuaHTOM «/lpeBa pere-
HUI» U HE UMEET BCEX €ro OTPHULATEIbHBIX OCOOEHHOW, HampuMep, OH HE UyB-
CTBUTEJIEH K nlepeodydeHnto. B maboparopHoii paboTe Oy1eT paccMOTPEHO CTpoe-

HUE JAHHOTO METOJIa KJIacCU(UKAIIUU ¥ TIOTOBOPUM 00 €Tr0 YCTPOMCTBE.

2.4.9 Onucanue nadoparopHoii padorsl «Padora ¢ OpenCV»

Ilens: HAyYUTH OOYyYAIONMIUXCS OCHOBaM PabOThI ¢ MAITUHHBIM 3PCHUEM U
MOKa3aTh OCHOBHBIE AJITOPUTMEI pabOTHI C HUM.

3amaun:

e pazo0paTh UMIIOPT U IPOCMOTP H300PAKEHUS;

® pa3o0paTh KaJIpupOBAHUE;

® HAYUYUTHCA U3MEHSATH pa3Mep N300paKEHNUS;

® HAy4YUTHCA NMEPEBOPAUYUBATH H300pAKEHUE;
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® paccMOTpETh CIoco0 mpeodpazoBaHUE N300pAKEHUS B UEPHO-0ENI0¢E;

® Hay4YHUTbCsA paboTaTh CO CTIAKUBAHUEM U Pa3MBITHEM;

®  U3YYHUTHh METOJ] PaCTIO3HABAHUS JIHII.

B nocnennue roapl MallMHHOE 3pEHHUE MOIYYUIO OOJBIIYIO OTJIACKY H
BBI3BAJI0O MHTEPEC CO CTOPOHBI HE TOJIBKO YUEHBIX, HO U Pa3IUYHBIX WHKEHEPOB U
pa3pabOTUMKOB «HMHTEIJIEKTYalIbHBIX» MpuioxkeHud. B mabGopaTopHoit pabote
oOyuaronuecs: paccMoTpsT BapuanT oubiamorexku OpenCV, HanrcaHHON Ha S3BbIKE
«C++» mns Python, ompoOyeM HEKOTOpBIH €€ (YHKIHMOHAT W TPOTECTHPYEM

KJ'IaCCI/I(bI/IKaTOp AJIA paCIIO3HABAHUA JIUIT.

2.5 OnucaHne MPOEKTHBIX 3aJaHUI

2.5.1 Onucanue 3a1aHus «MalIMHHOE 3peHUE U Paco3HABAHUE JIUIl B

p€ajJbHOM BPEMCHMN»

Lenb: chopmupoBaTh yMEHHs 10 HMCIOJB30BaHHIO OuOamorexku OpenCV
CaMOCTOSITEILHOMY TIOMCKY MH(OpPMAINH, CBI3aHHOW C PEIICHHWEM TOCTaBICHHON
3aJ1ayu.

3angauu:

® 3aKpENUTh YMEHHUs PaOdOThI C MAIIMHHBIM 3PEHUEM;

e cdopmupoBaTH YMEHHE TIOUCKA UH(DOPMAIINH;

e cdopmupoBaTh YMEHUs MO pa3paboTKe MOTHOLIEHHOTO MPUIIOKCHHS,

® HAy4YWTHCA OTPabATHIBATh OMIMOKH MPU pa3pabOTKe MPUITOKECHHUS.

CamocrosiTenbHas paboTa HeoOThemIIeMas 3aja4a KaKJoro o0yJaronierocs u
UMEHHO IO3TOMY OOYYaloMIMMCS MPEAOCTaBISAETCSI BO3MOKHOCTh CAMUM Pa3BH-
BaTbcs B laHHOM oOinacTu. [IpoekTHoe 3ananue «MaimHHOE 3peHre U paciio3Ha-
BaHUE JIMI B PEAJIbHOM BPEMEHM» MO3BOJIUT 00yUaromuMest 00JbIIe yriayOuTbes B
uzydenue ouobmmorexkn OpenCV, a Takke HAyduT UX UCIIOJIH30BATh OHUIIUATIHLHYIO

JIOKYMEHTALUIO K IPOrPAMMHBIM ITPOAYKTAM.
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2.5.2 Onucanue 3aganus «OnTuMu3anus U nepeodyuyeHue Ha MpuMepe

meroaa ""'K-cocemei''»

Henb: chopmupoBaTh y 00yUdarOIIMXCs MOHATHE O MEPEOOYUCHUU U HAYUUTh
ONTHUMH3AIUHA MOJIEJIM MAIIMHHOTO 00YyYEeHUSI.

3amaun:

® 3aKPENUTh YMEHHUS MO UCIOJIb30BaHUIO MeToaa «K-cocenen»;

e chopMupoBaTh NOHATUE TIEPEOOYUCHHUS;

® HAYYUTHCA ONTUMHU3ZHPOBATH MOJIEIb;

JIro6as Mozenib 00yUeHHUs: UMEET CBOU OCOOCHHOCTHU U YEPTHI, HO €CTh BEIllb,
KOTOpast 00beANHIIET X — 3TO nepeodydeHue. B manHoit padote oOydaromnuecs
OyIyT TECTUPOBATH CBOIO MOJENIb HA YCTOWYUBOCTh U paccMaTpuBaTh Ha rpadu-
Kax IMOCJEACTBUS NepeoOydyeH s, NbITaTbCsl n30eraTh moJoOHbIX 3P(HEKTOB U Mpa-

BHJIbBHO HACTpanBaTb CBOXO MO/JCIIb.

2.5.3 Onucanue 3a1aHNs KAHAJIN3 JaHHBIX, BU3yaJIU3alUs U

KJIaccupuranms)

Lenab: HayYUTHCS UCTIOIB30BATh PA3IMYHBIE METOABI KiIacCU(BUKAIIMN U BU-
3yaJu3UpOBaTh JaHHbIE PA3HBIMU CPEJICTBAMH.

3anaumn:

® HAYYUTHCS HUCIIOIH30BATH PA3IUIHBIC METO/bI KIaCcCU(UKAITIY;

® HAy4yuThCA pabOTaTh C UMEIOIIUMHUCS TaHHBIMU;

® 3aKpENUTb YMEHUS IO UCTOJIb30BAHUIO0 HHCTPYMEHTOB BU3yaJIU3alUu.

PaGoTa ¢ maHHBIMH — 3TO OJWH W3 CaMBIX CIIOKHBIX JTAMOB MAIIMHHOTO
oOy4eHus U JaHHas paboTa MOMOXKET OOYYAIOIIMMCS €Ille TIIy0)Ke MOrPy3UThCs B
He€. O0yuaromumecs JOJKHbBI PACCMOTPETh, Kak OyAyT BeCcTH ceOs pa3iHYHbIE MO-
JIeI MAIIMHHOTO O0y4YeHUs mpu paboTe ¢ pa3nuyHbIMU HabopaMu AaHHBIX. Tak

KaK BCC MOJACIIN ITO-pa3HOMY pa6OTaIOT C Pa3HbIMH THUITAMH JaHHBIX, @ HCKOTOPLIC
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N BOBCC INMOAJACPKUBAIOT TOJBKO OIPCACICHHBLIC THUIIbI JAHHBIX, TO W PC3YyJIbTAT

MOJKCT OYCHb CHJIBHO OTIINYaThCA.

2.6 BujgeoconpoBo:kaeHHe J1a00paTOPHBIX padoT

Tak kak BHUIICOJNIEKIIUU SIBISIIOTCS OJHUM M3 CaMbIiX d()PPEKTUBHBIX HATJISII-
HBIX METOJIOB OOy4YeHHS, OBLJIO PEIICHO 3amucaTh BUIACOYPOK K KaXIoil jabopa-
TOpHOM paboTe.

Kaxnpiit BUeoypoK mpuKperuisieTcs: K 1aboparopHor pabote u oToOpaxa-
eTcs Ha €€ CTpaHHuIle B paspaboTaHHOM MHTep(eiice B BUAE OHIIAWH BUAEOILIeEepa

(pucyHok 14).

Pucynok 14 — Buneoneep

B kax1oMm BUAECOYypOKe HAETCsS KPATKOE H3JI0KEHHE TEOPETUYECKOrO Mare-
puana. lanee Ha mpuMepe HAMMCAHHOTO KOoja OOBSCHSAETCS MPUHLIUI pabOThI pa3-
JMYHBIX METOJIOB MAILIMHHOTO O0yYEHHUS.

JlabopaTtopHble pabOTBl M BHIECOYpOKH MO TemaMm «OCHOBBI palbOThI C
Pandas» u «AHanu3 maHHbIX ¢ moMmolnkio Pandas» HamnpaBiieHbl Ha U3y4yeHue OHUO-
muoteku Pandas. B Buneoypoke moapoOHO 00BSICHSETCS MPUMEHEHUE OUOIMOTEeKH
U €€ 3JIEMEHTOB B MAIllIMHHOM OOY4YEeHMH, a TaK)Ke MPUBEJIEHBI IPUMEPBI paObOTHI C

JaHHBIMH 3JICMCHTaMU.
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Camplil IEPBBIM BUIECOYPOK ITOCBSIIEH O3HAKOMIIEHHUIO C SI3IKOM IIPOTpaM-
mupoBaHus Python u B HEM pacckasbiBaeTCst 0 pa3iIMYHBIX OCOOCHHOCTSX M BO3-
MOXKHOCTSIX 3TOTO f3bIKa MPOrpaMMHUPOBAHUS, PAcCMaTPUBAIOTCA OCHOBHBIE
CTPYKTYPHbIE KOMIIOHEHTBI, THIIU3ALIMSl TAHHBIX, [IUKJIbI, BETBJIICHUSI, HCKITFOUEHUS,
MaTeMaTUyecKrue (PYHKIMM C pa3HbIMHU TUIIAMU JIAHHBIX U IPEeoOpa3oBaHUE TUIIOB
JAHHBIX.

OpHuM M3 caMbIX BaXHBIX SIBJISIETCS BUACOYPOK K JlabopaTopHOW paboTte
«Pabora ¢ OpenCVy. [lannas naGopaTopHas paOoTa SIBISETCS OJIHOM U3 CaMbIX
CJIOHBIX B KypCc€ M MOKET BbI3BaTh y 00yUYaIOIIMUXCS 3aTPyAHEHUS TP €€ BBIIOJI-
HeHuu. Hanuuue Buaeoypoka obiierdyaeT BhINOJIHEHHUE 3a/1a4uM 171 00ydarolerocs,
a TaKXKe MOMOXET YJIYUYIIUTh YCBOCHHE KaK TEOPETHUECKOT0, TaK U MPAKTHYECKOTO

MaTepuaia 1abopaTopHOi pabOTHI.

2.7 Ilpe3eHTALIMOHHOE CONIPOBOKIEHHE JTaA00PATOPHBIX PadoT

MaimHHOe 00ydeHHE SIBISETCS CJIOKHOW JIsi TOHUMaHHSI TEMON MMEHHO
HA YPOBHE QJITOPUTMOB PabOTHl METOJOB MAlIUHHOTO 00y4yeHus. UToOBI MOMOYB
oOy4Jaromumcs: pa3o0paThbCs B allTOPUTMAX MAIIMHHOTO 0Oy4eHHs Obuin pa3pado-
TaHBbI CJIEAYOLINE PE3EHTALMOHHBIE MAaTEPUAIIBL:

1. Meron «K-Ommxaimmux coceaeiny.

2. Meton «JIuHeHON perpeccumy.

3. Merton «/lpeBa pereHuin».

4. Meton «CiyyaliHOro jiecay.

Kaxxaplii mpe3eHTalMOHHbIN MaTepual HalpaBlIeH Ha YTIIyOJIEHHOE U3yde-
HUE KaXJO0T0 OTACNIbHO B3SITOr0 ajropuTMa MAIIMHHOTO OOYYEHHUS M IMO3BOJISET
Jy4lle MOHATh MPUHLIMII €ro padoThl, TaK KaK MOHWMAaHHUE MPHUHIMIA [O3BOJSET
0oJiee pallMOHAIBHO U OCO3HAHO MPUMEHSTh KaXK/bli U3 aIrOPUTMOB.

Onucanne npeseHrauuu Ha Temy «Metoxa "'K-0mxaiiiumnx cocemei’'»

[Ipe3enTanuonnblii MaTepuan (pucyHok 15) mo teme «JIlunHeitHo#l perpec-

cum» ObUT MO00paH U CKOMIIOHOBAH TaKUM 00pa3oM, 4TOOBI OOBSICHUTH MaTepHall
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TeM OOYYaroIIMMCs, KOTOPBIE eITle He ObLTN 3HAKOMBI C MAIIMHHBIM OOyYCHHEM U

UMEIOT cj1aboe MpCaACTaBJICHUC O TOM, YTO JKC 9TO TAKOC.

- 161514131251110937654321012345673910111213141516

MeTop Bavxaiuux cocegen —
O4EHB NONY/IAPHBIA METOA
KABCCUBMKELMM, TRKOKE MHOTAA
MCMONB3YEMBINA B 3aa4ax
PEerpeccuu. 3To 0AWH U3 CaMbiX
NOHATHBIX MOAXOA0B K
knaccudmkaumm,. Ha ypose
MHTYWL{MM CyTh METOAA TAKOBa:
NOCMOTPM Ha CoCeAei, Kakve
npeobnajaloT, TAaKoB W Thi.
PopmanbHO OCHOBOK MeToAa
SBAAETCA TMMNOTE3A KOMNAKTHOCTH:
eC/M METPUKA PACcCTOSIHNA MEXAY
npuMepaMu BEeAeHa A0CTaTO4HO
YAa4HO, TO CXOXKMUE NPUMEPEI
rOpasAo0 4alle NeXaT B OAHOM
K/IaCCe, YeM B PasHbIX.

‘SANYH PEIIRENLIE METOAOM
‘GMRAVIIR COCEREN

MCornacHo metogy GavKaiwmx
coceeid, TECTOBbII NpUMep
(3en1€HBIN WapWUK) DYAET OTHECEH K
knaccy "cuHme", a He "kpacHbie".
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Pucynok 15 — Ilpe3enTanuonnsiii Matepuan no teme «Meton "K-Ommkaimux coceneit'»

B nonobpanHoM MmaTepuaine JarOTCS MPOCThIE ONPEICNICHUS U TOHSATHBIE
IpUMEPHI, a TaKXKEe HEKOTOpasi 4acTh MHGOPMAIIMU O CTPOCHUU AITOPUTMOB JIaH-
HOT'O METO0/1a MAIlIMHHOTO O0y4YeHUSI.

Onucanune npe3enrannu Ha Temy «Meton "' JIuHeliHoii perpeccuu’'»

JluneliHas perpeccusi sIBISICTCS OAHUM M3 CIIOXKHBIX U1l TIOHUMAHUST METO-
JI0OB MaIIMHHOTO OOy4€HHUs, TaK KaK UMEET JOCTATOYHO CJIOXHBIE alrOPUTMBI pa-
6oT1bl. Matepuan (pucyHok 16) miis mpeseHTanuu nojao0paH TakuM 00pa3oM, 4To-

OBl OYCHB AOCTYIIHO O0OBACHUTH CIIOKHBIE BCIIINU O6y‘-IaIOHII/IMC$I.

L&
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MpocTasa nMHeHas perpeccus

MpocTas uAn oAHOMEPHAA AMHENHAA PErpeccHs - CIYHail IMHEMHONM PErPecchn ¢
©[JMHCTBEHHOH HE3aBMCHUMOMN MEPEMEHHOM X = x.

49 1 B ToreG 54 3o 2o Q1200300 41500 61T 0BG

Pucynox 16 — Ilpe3enTannonsslii MaTepuan no teme «Metop "JIuneitHo# perpeccun’»
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HecMoTpst Ha TO, 4TO JaHHBIM METOJI OYEHBb TSKEIBINA I MOHUMAaHUS, OH
OYE€Hb IPOCT B MCIOJB30BAHMU M MO3BOJISIET MOJIy4aTh JOCTATOYHO XOPOIINE
npeacKa3aHusl.

Onucanne npe3eHrannu Ha Temy «Metoa "'IpeBa pemienuii''»

Cpenu MeTo0B MAIIMHHOTO 00y4eHus «J[peBo permeHuin» sBiaseTcs OqHUM
U3 CaMbIX HArJSIHBIX U MPOCTHIX ISl MOHUMaHUs. B npe3eHTanuu JaHHBIA METOT
00BsICHSICTCSI Ha TIPUMEpEe KIIACCUYECKOM 3a/1aun (PUCYHOK 17) M3 TEOpHH BEpOST-
HOCTHU. [lopoOHO OMUCHIBAETCS AITOPUTMUYECKUN XOJ pabOThl METOJ/Ia MallliH-

HOTO O0YYEeHHSI C MPUIIOKEHNEM MaTeMaTHYECKUX pacu€ToB U rpauKoB.

3pecb 9 cuHMX Wwapukos U 11 xenTbiX. ECaM mMbl Hayaauvy
BbiTALYM/IM LWAPHK, TO OH C BEPOATHOCTbIO _ 9

GVAET CHHUM U C BEPOATHOCTDIO

= — 9 9 11 il -
KENTbIM. 3HE‘-II'1T, SHTPOMMA COCTOAHMUA. NS —-mlogz %~ Tﬂlggﬂ 30~ 1

b=

Camo 370 3HayeHWe NoKa HM 0 YEM HaM He roBopuT. Tenepb
NOCMOTPUM, KaK U3MEHUTCA SHTPOMNMSA, €CNIU PasbuTb LIAPUKK
Ha /IBe rpynmbl - C KOOPAWHATOM MeHbLUe M60 paBHOM 12 U
6onblue 12.

00000000000000000000
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Pucynox 17 — Ilpumep paboTsl qpeBa pemieHuit (yactp 1)

[Tocie okoHYaHMS BCEX PACcUYETOB MPEIAOCTABISACTCS KOHEUHBIN rpad (pucy-
HOK 18), Ha mpuMepe KOTOPOro MOXHO JIETKO MOHSATh MPUYUHBI PEIIEHUN MOJIEIH.
JlaHHBI METOJ MAIIMHHOTO OOYyYEHUs SIBJISICTCS OJJHUM U3 CAMBIX MPOCTBIX IS
WHTEPIPETALUN U TTO3BOJISICT OTCICKUBATH IPUUYUHBI MPUHATHUS KaXKA0TO PEIICHUS

M YCTYIIACT B 9TOM IIJIAHC TOJIBKO MCTOAY «CﬂyqaﬁHor O JIecay».
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Monyyaetca, pasAenye WapHKKM Ha ABE TPYNMbl O NPM3HAKY "KOOPAMHATA MEHBILLE
nvbo paeHa 12", Mbl yike nonyumnu Oonee YNOpAZOYEHHYH) CMCTEMY, YEM B
Hauane. MMpojoMKKM JiENEHME WAPMKOB HA TPYNMbl 0 TEX Mop, MNoKa B KaKoW
rpymnne wapHk1 He 6yayT 0fHOTO LBETA.
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Pucynok 18 — Ilpumep paGoThI ApeBa penieHuii (yacthb 2)

Ho HecMoTps Ha BCe IUIFOCHI IAHHOTO METOJa OH OYEHb HEYCTOWUNB K IIepe-
00yUYEHHUIO U MPHU IJIOXOW 00yuaromieil BbIOOpKEe OyAEeT BbIJIaBaTh OYEHBb TUIOXHUE
pe3ynbTaThl npeackaszanuil. [1o 3Toil npuuMHEe OH UCIOJB3YETCA TOJIBKO B JOCTa-
TOYHO MPOCTHIX 3a/1a4ax KiacCU(PUKAIINH.

Omnucanue npesenranuu Ha Temy «Meton "'Cay4yaiiHoro jeca''»

Meron «CiyyaliHOTO Jieca)» SIBJISETCSI CaMbIM MOMYJISIPHBIM METOJOM Ma-
HIMHHOTO O0Yy4YeHUs Uil perieHus: OOIBIIMHCTBA KIACCUUYECKUX 3a/1a4 PErpeccum,
KJIaccupUKauu U mnpenckasanus. [lo oTaenbHbIM AaHHBIM, JAHHBIH METOJ HC-
noJne3yetcs B 70 % pemaembix 3aa4. OH yCTOMUYUB K IepeoOyUEHUIO U TO3BOJISET
OYEHb OBICTPO pelIaTh CIOKHBIE 3a/1a4l C TOYHOCTBIO MPEACKA3aHUN MPUOIHKEH-
HBIMH K 95 % u GoJiee mpaBUIILHBIX OTBETOB.

B marepuane (pucyHnok 19) mist jaHHON Mpe3eHTalMM pacCKa3bIBaeT O ca-
MOM «CITy4ailHOM JIece», €ro MaTeEMaTUHYECKOM YCTPOMCTBE U O BCEX BO3MOXKHBIX
HACTPOMKaX MOJENU, KOTOPbIE MOMOTalT ONTUMU3UPOBATh TOYHOCTH IMpeCcKa3a-

HUU.
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RF {random forest) — 370 MHOMKECTBO pelwatwmx AepeBbes. B 3anaue perpeccum
WX OTBETHI YCPEAHAIOTCA, B 3ajja4e KnaccutbuKaLMM NPUHMAETCA PELLEHHE
ro/ocoBaHueMm no GonbLIMHCTBY. Bee lepeBbA CTPOATCA HE3ABMCHMO MO
CEAYIOWEN CXEME:

o0 e0 OO0 C@® OO CO OO0 @0
TREENL TREEN2 TREEN3 TREE #4.

| | | |

cuasse CLAss D ] casse
| | ] J

MAJORITY VOTING

FINAL CLASS

Pucynok 19 — Ilpe3enTanmonnsiii Matepuai no teMe «CirydaifHbId Jecy

I[J'I}I KaXXIO0ro ImapamMeTpa HaCTpOP'IKH BBIACIICHBI OTACIIHHBIC CJ'IElﬁ,Z[BI C OITHu-
CaHUCM CaMOro IapamMmeTpa, BO3MOKHBIX €TI0 3HAUCHUHN U HarJI1IIHbIMU IIPEACTaB-

JICHHUAMHA TOI'O, KaK OH BJIMSCT HaA IIPOLICCC Knaccn(bm(aunu HJIN pCTPCCCUH.

2.8 Anpodanusi J1a60paTOPHOro MPaKTUKyMa

Jlist ynydineHus: kKauecTBa pa3padaTbiBaeMOro J1a00OpaTOPHOTO MPAKTHKyMa
Obl1a TpoBejieHa arnpobarus Ha oOyuaromuxcs rpynn UTm-304 u M3-303m.
Anpobainus nmokaszajga, YTO HEKOTOpbIe JIabopaTopHbIe pabOThl HYXKAAIOTCS B J0-
MOJIHUTETLHOM METOJUYECKOM OOECIEUYCHHH, KOTOPOE MOMOXKET 00ydarouumcs
Jy4IlIe MOHSATh U3y4YaeMble METOIbI MAITMHHOTO O0YYEHUSI U aITOPUTMbI X pabo-
ThI, YTO TMOBBICUT Ka4ECTBO MOTy9IaeMbIX 3HAHUN U YMCHUH.

[Ipu nMUYHOM KOHCYIBTUPOBAHUHU OBUIO BBISBIECHO, YTO OOydYarouiuecs uc-
TIBITHIBAIOT CJIOKHOCTH TPH HACTPOMKE CPelbl MPOTrPAMMHUPOBAHKS U TIOIKITIOUC-
HUS K HEW BCeX HEOOXOAMMBIX OMOMMoTeK si3bika Python. Jlns pemenus manHOU
npo6JieMbl Obl1a pa3paboTaHa UHCTPYKITUS, B KOTOPOM MOAPOOHO OOBSICHSAETCS 3a-
Ipy3Ka M ycTaHOBKa WHTeprperaropa Python, BeiOop pemakTopa Koma W Mporecc

YCTaHOBKHM BCEX HEOOXOAMMBIX OuMOaHOTEK si3bika Python. Jlamee mannas uH-
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CTpyKLus Oblyia BHEApeHa B uHTep(deric mpakTukyma. Takke OblIN 100aBIIeHbI HH-
CTPYKIIMH Ha CiIy4yail OIHUOKH «HEOCTATOYHO MPaB AOCTYIa», YTO TAKKE BbI3bIBA-
JIO MHOTO MpoOJeM M 3aTpyJHEHUH y 00ydarolmxcs, HeCMOTPs Ha TO, YTO TMPO-
Osema perranachk J0CTaTOYHO IPOCTO.

B mporiecce anpobanuu Marepuana ObUIO 3aMEYEHO, YTO Y O0Oydaroniuxcs
TPETHETO0 Kypca UMEITCS MpoOJeMbl C BBICHIEH MaTeMaTHUKOW, MaTeMaTUYECKOU
CTaTUCTUKOM M aHAJTU30M, a TaK)K€ UMEJIUCh TPOOJIEMBI C MPOCTEUIIMMU a3aMH aJl-
roputMu3anui. Yroobl KOMIEHCUPOBATh AaHHbIE MPOOENbl NMPU OOBSICHEHUU Ma-
Tepuasna ObUIO IPUHATO PelIeHHe pa3padboTaTh MPE3eHTALMOHHBIA MaTepua, B KO-
TOPOM CJIO’KHBIE MOMEHTBI OOBSCHAIOTCSI HA POCTEHIIINX MTpUMEpax.

[Tocne BbIMoJIHEHUsT 00yYarOUUMUCS MEPBOM 1abopaTopHOl paboOThl OBLIO
3aMEUYeHO, UYTO M3-3a HeJAOCTaTKa MH(pOpMaluu U 0ObICHEHUH, HEKOTOPBIE U3 HUX
UCTIBITHIBAJIM CUJIbHBIE 3aTpyaHeHus. Ha ocHOBe MOJy4eHHBIX JAHHBIX Jiabopa-
TOpHas paboTa OblIa epepadoTaHa MOYTH MMOJTHOCTHIO, OblIa J00aBIeHa CIIPAaBOY-
Hasi THPOpMAIHs U pa3bsiCHEHUs, TOTIOJHEHbI CAMU YKa3aHUS.

Hauunas co BTOpoil mabopaTopHON pabOThl y OOY4YalOIIMUXCS BO3HHUKAJIO
Oosblie MpobieM HE ¢ BBIMOJIHEHUEM 3aJaHus, a C IOHUMaHUEM MPOUCXOJISALIETO
Ha DKpaHe, M03TOMY ObUIO PEIIeHO K Kaxaou jJabopaTopHOil paboTe cienaTh BU-
JICOYPOK, B KOTOPOM OOBSICHSIETCS HE TOJBKO BHINOJHEHHE Ja0OpaTOpHOM, HO U
IPOLIECCHI U CBSI3U MEX/1y MpolieccaMy paboThl arOPUTMOB.

He cunrtas MeTon MalmmmHHOTO 3peHus, B TaOOPaTOPHOM MPAKTUKyME H3yda-
eTCsl YeThIPe METO/1a MAITMHHOTO O0yYeHUS:

1. «K-Ommxalimmx cocenen.

2. «JluHeWHOM perpeccum».

3. «JlpeBo pemeHn».

4. «Cry4yalHBIN J€C».

JIJIsi KakKIoro M3 METOJO0B MAIIMHHOTO 00y4eHus: Oblia paspaboTaHa mpe-
3€HTalUs C LEJIbI0 Pa3BEPHYTOTO Pa3bsICHEHUs €r0 MPUHLMIIOB U alropuTMa pa-
6otel. Kaxkgas mpe3eHTaiuss COAEPKUT MPOCThIE MPUMEPHI IJII MaKCHMAaJbHOTO

AOCTHIKCHUA MPHUHIUIIA JOCTYITHOCTHU MaTCpHrajia.
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B nmpouecce nepepaboTtku paboT Oblia BhIsIBICHA MPo0IeMa B MPAaBUILHOCTH
OUYEepEAHOCTH M3y4yaeMOro MaTepuana M3-3a 4ero ObUIO MPUHATO pelieHhe H3Me-
HUTH CTPYKTYpPY JJabopaTOpHOTO MpakTukyMa. Odep&aHocTh 1a60paTopHbIX padboT
Obl1a UI3MEHEHA B YTOy ONTUMHU3AINH MPOIECca O0yUCHHUS.

Taxxe Bo Bpems amnpoOanuu ObLJIO 3aMEYEHO, YTO HEKOTOphIe U3 00ydYaro-
MIMXCS HE TOHMMAJIM MPHUHIMIIOB paboThl (PYHKUUH U CTPYKTyp OHOIHOTEKH
«Pandasy», mosTomy ObLIO peIieHO Pa30uTh JaHHYIO pabOTy Ha JBE YacTH U JI0-
MOJTHUTH WX METOJWYECKUM MaTE€pPHalOM, a B BUJICOYpPOKaxX ObUIM JaHbI JOTIOIHH-
TeJIbHBIE PA3bICHEHMS M0 padboTe JaHHOU OMOIMOTEKH.

bosblie Bcero TpyaHOCTEH y 00ydaromMXcsi BOSHHUKIIO C MOCIEAHeN 1abo-
paTopHo# paboroi noxa HazBaHueM «Pabota ¢ OpenCVy». Jlannas nabGopaTopHas
paboTa sBIIseTCS OAHON M3 CaMbIX CJIOKHBIX YacTel, CBA3aHHbBIX C U3YYCHHEM HC-
KyCCTBEHHOTO HMHTEJJICKTa, U 3HAKOMUT OOYYalOIIMXCS C MAIIMHHBIM 3PEHHEM.
Yr1oObl TOMOYH O0YYAIOUIMMCS B U3YYCHUU W MOHMMAaHUW MaTepuaja BUACOYPOK
[0 JJaHHOM Teme ObUI nepepaboTaH U JIOMOJIHEH KPaTKUMH CHPaBOYHBIMU BCTaB-
KaMH, a Takke ObLI0 O0siee NeTambHO PACCMOTPEHO MOCIeAHee 3aJaHre 0 Pacio-

3HaBaHUIO JIMII Ha I/1306pa)1(eHI/IHX.
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3AK/IIOYEHHUE

MammHHoe 00y4yeHHe M HEHpOCEeTH CTajyd HOBOM OTpAacCibl0 HAYKH, TEXHO-
jgoruit u 6usHeca. OHU MO3BOJIAIOT PElIaTh caMble pa3HOOOpa3HbIe 3a/ayu, Oylb
TO Pacno3HAaBaHUE JIML U IIOUCK JIFOACH, MEIUIMHCKUN aHAJIU3, aHAJU3 PbhIHKA
POJIaxK, MpeAcKa3aHue KaTacTpod MM moado0p My3bIKH, KOTOpas BaM MOXKET T0-
HpaBUTHCA. MammHHOe 00y4YeHHe — 3TO HE 0O0y4YEeHHE B OOIIECTPUHATOM IMOHUMA-
Huu. [laxe rimybokoe oOydeHUEe HE TIO3BOJISIET MAITMHE CTATh MO-HACTOSAIIEMY WH-
TEJUIEKTyalbHOU. E€ pemeHns: CKIaapIBalOTCs UCKIIOUNUTENBHO U3 PAHEE U3YUYCH-
HBIX CUTYalluid U HE MOTYT MOPOXKAATh JPYTM€ HECTAHJAPTHBIC UM HEJIOTUYHbBIC
Ha TEPBBIA B3IV PELICHUS WM OTBETHI, KAK 3TO MOKET JeJlaTh YEJIOBEK. Benb
YEJI0BEK MOXET BBICTPAUBATH CBOM JIOTUUECKHUE LIENIOYKU OCHOBBIBASICH HE TOJIBKO
Ha MOJIyYEHHOM PaHee OIbITE, HO U HA OCHOBE CBOUX JOTAJIOK M MPEAYYyBCTBHH, a
TAaKX€ Ha OCHOBE HESIBHBIX CBS3CH MEXIYy BEIIAMU U ABJICHHUSAMU. B mociennee
BpeMsi MOTPEOHOCTh B TAKOM MBIIUICHUN CUIILHO BO3POCia U MAIlIMHHOE 00YYEeHU N
CTaJI0 MPUMEHSATHCS MOBCEMECTHO M HAXOJIUT BCE HOBBIE U HOBbIE c(epbl MpuMe-
HeHus1. Ecnu panbiie oHO puMeHsioch Toabko B [T-cdepe u anroputmusaiuu, To
ceiiyac MallMHHOE 00yuYeHHEe HAYMHAET MPOCAYMBATHCS BO BCe Cephl ACSITEIbHO-
CTH ¥ BCE O0JIee OPUEHTUPYETCS Ha TOTPEeOUTENCH.

bonbiias norpedHOCTH B cpepe pa3pabOTKU HEUPOCETEBBIX TEXHOJIOTHI TO-
pOIUIIO OOJIBIIOE KOJWYECTBO PA3IWYHBIX (HOPYMOB, KHHT, KYPHAJIOB W OHJIAWH
KYpPCOB, CBSI3aHHBIX C U3YYEHHUEM JAHHOM TeMAaTUKU. IMEHHO JaHHBIM CKaYOK WH-
Tepeca MO3BOJIMII PA3BUTHCS ITOM TEXHOJOTMU B KPATKUE CPOKHU W BbI3BaTh UHTE-
pec y nroAeil co Bcero Mupa. Y OOJBIIMHCTBA MAaTE€pPUANIOB, CBA3aHHBIX C HCKYC-
CTBEHHBIM MHTEIJIEKTOM, €CTh Mpo0JieMa C JOCTYIMHOCThIO M3JlaraeMoil nHdopma-
[[MY, OHU HAIMCaHbl CJIOKHBIM TEXHUUYECKUM SI3bIKOM W ATO BBI3bIBAET y 00ydYaro-
mUXca TPYAHOCTH C ycBoeHneM Matepuana. [lepepaboTka maTtepuana siBISETCS

NEePBOOYEPEIHON 3a/layeil mpH CO3JaHHUM JII0OOr0 Kypca MO M3YYEHHIO HCKYC-
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CTBEHHOI'O MHTEJUIeKTa. Tak Kak JOCTyHHOCTh 3TOr0 Marepuaia HanpsMYyO IO-
BJIUSICT HA KaYECTBO 3HAHUU U YMEHUH, MOJYyUYEHHBIX 00YUYalOIUMHUCS.

NMeHHO 1O 3TUM MpUYMHAM JaHHas TeMa OYEeHb aKTyaJlbHa B HAIlle BPEMs.
Taxxe naHHas Tema OKa3ajaach OY€Hb UHTEPECHOM, IIOTOMY YTO, «UCKYCCTBEHHBIN
WHTEJUIEKT» BBI3BAJl MHOTO MHTEpEca KaK CO CTOPOHBI MPOCTBIX JIFOJIEH, TaK €O
CTOPOHBI YYEHBIX U OM3HECMEHOB. MallMHHOE 00y4YeHUE YK€ MPOHUKIIO B TAKUE
chephl ACATETLHOCTH KaK:

IT-cdepe: npunoxxeHus Ha OCHOBE HepoceTel, MaIlIMHHOE 3pEHUE.
Kubepbe3onacHOCTb.
MapxkeTuHr.

MeaunuHa.

o k~ w0 Dd e

Jlnarnoctrka TEXHUKH.

6. buoundopmaruka.

B X071 BbINONIHEHUS TUILIIOMHOM PabOThl ObLIN MPOAHATU3UPOBAHBI:

1. HutepHeT-pecypchl, colepiKalllue camMyro akTyallbHYyI0 HH(GOpMAIHIO,
CBSI3aHHYIO C UCCJIEYEMOMN TEMOM.

2. T'ocynmapcTBeHHbIE 00pa30BaTEIbHBIC CTAHIAPTHI.

3. OmnnaiiH Kypchl M0 MAaIIMHHOMY O0YYEHHI0 U KOMIIBIOTEPHOMY 3PEHHUIO.

4. Pabouue mnporpamMmbl JAUCHUILIUHBI « M HTEIeKTyaabHbIE CHUCTEMBI U
TEXHOJIOTUIY.

3amaun BHITIOJIHEHHBIE B XOJ€ pa3paOOTKU BBITYCKHON KBaTU(DUKAITMOHHOM
paboThI:

1. Tlpoananu3upoBaHa JUTEpaTypa, CBA3aHHAS C MAIIMHHBIM OOy4YEHUEM,
KOMIIBIOTEPHBIM 3PEHUEM U aHAJIU30M JaHHBIX.

2. Paspaboran uHTepdelc npuiioKeHUsl, HEOOXOIUMBIN ISl pa3MEelIeHUs
1a00paTOPHOTO MPAKTUKYMA U METOIUYECKUX MaTepuayioB B cetu HTepHET.

3. Pa3pabotan mabopaTopHbBIN TPAKTUKYM.

4. Pa3paGoTaHbl BUACOYPOKH U COMPOBOXKIAIOIINNA MPE3EHTALIMOHHBIN Ma-
TepHall.

Takum 0Opa3om, Bce MOCTaBICHHBIC 3a/a4i ObUIM BBIOJIHEHBI, & LIETh J0-

CTUTHYTA.
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. A. TapxoB. — Mocksa: Paguorexnuka, 2014. — 352 c.

35. ®nax I1. MammnaHoe o0ydyeHnue. Hayka U MCKyCcCTBO MOCTPOEHHUSI ajro-
PUTMOB, KOTOpBIC W3BJCKAIOT 3HaHWs U3 AaHHbBIX [Tekct] / I1. dmax. — mep. ¢
aurin. CnuakuHa A. A. — Mocksa: [IMKIIpecc, 2015. — 400 c.

36. Hastie T. The Elements of Statistical Learning: Data Mining, Inference, and
Prediction [Text] / T. Hastie, R. Tibshirani, J. Friedman. — Springer, 2003. — 552 p.

37. SVM perpeccust  [DnektponHblii  pecypc]. — Pexum  jmocryma:
http://Mmww.machinelearning.ru/wiki/index.php?title=SVM_%D1%80%D0%B5%D0
%B3%D1%80%D0%B5%D1%81%D1%81%D0%B8%D1%8F_%28%D0%BF%D
1%80%D0%B8%D0%BC%D0%B5%D1%80%29 (nata odpamenus: 08.03.2019).
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HPUJIOXKEHUE

MuHHCTEepCTBO HAYKHU M Bhicuiero odpazoBanns Poccuiickoii @enepanun
®enepanbHOe rocy1apCTBEHHOE ABTOHOMHOE 00pa3oBaTe/IbHOE YUpeKIeHne
BbICIIEr0 00pa30BaHuUs

«Poccuiickuii rocygapcTBeHHbI MPpogecCHOHAIbHO-TIearorn4ecKuii yHMBepCcUuTeT

WMHCTUTYT HHKEHEPHO-TIE1arOTHYECKOT0 00pa30BaHUs

Kagenpa nadopmaimoHHBIX CUCTEM U TEXHOJIOTHIA

Hanpasnenune noarorosku 44.03.04 IIpodeccuonansnoe oOyueHue (1o oTpacisim)
[Tpodwmis «MHbpOpMaTHKA U BEIYUCTUTEIbHAS] TEXHUKA)

[Mpodpunmzanus «MapopManmonHas 6€30MacCHOCThY

VTBEPXIAIKO
3aBeyronuit kKadeapoit
H. A. Cycnosa
TIO/IITHCH 1.0. paMHIHsA
« » 2019 .

3AJIAHHUE
HA BBINOJIHEHHE BBINYCKHOM KBaJIN(pUKANMOHHON padoThl 0akanaBpa

CTyJeHTa (K1) 4 Kypca IrpyIIsl HB-402

bexmuna Anexcanopa Cepzeesuua

(aMuIust, IMsi, OTYECTBO MOJHOCTHIO

1. Tema Jlabopamopuutii npakmukym <Ananu3 OAHHLIX U MAUWIUHHOE 00)yUeHUue»
yYTBEpXKICHA PACIIOPSHKCHUEM TI0 HHCTUTYTY OT « » 2019 1. Ne
2. PykoBoaurens Cycnosa Hpuna Anexcanoposna
CbaMI/IJ'H/IH, UM, OTYECTBO IMOJTHOCTBIO
K.TIC]I.H. JIOIICHT 3aBenytomumii kadeapst UC PITITTY
yueHasi CTCIICHb y4CHOE 3BaHHE JIOJDKHOCTb MecTo paboThl
3. MecTo npenIuIaoMHON MPAKTHKU ®@I'AY BO Poccuitickuil 2ocyoapcmeeHbiil npogheccuo-

HAIbHO-Neda2ocu4ecKull YHUeepcumem

4. Ucxoausle nanubie kK BKP HcKyccTBO aHaM3a JaHHbBIX: B3I U3HYTPH,

Bacunwes B. W. MHTeIeKTYaIbHBIE CUCTEMBI 3aIIUTH HHPOpMAITIH,

CoBeTbl 110 U3YUYEHUIO MAIIMHHOTO 00y4YeHusl.
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5. Copepxanue TekctoBoil yacti BKP (mepeuens noayiexaiiux pa3paboTke BOIPOCOB)

AHau3 IUTEPATypHBIX U HHTEPHET-UCTOUHUKOB, pa3paboTka uHTepdeiica s

JlaboparopHoro npakTukyma, pa3padoTka 1a00paTOpHOTO MPAKTUKYMa, pa3padoTKa

BuieoypoKoB U IPE3eHTALMOHHBIX MAaTEPUAJIOB.

6. [lepeyeHpb AEMOHCTPAIIMOHHBIX MAaTEPUATIOB npeseHTalys BeinonHeHHas B MS Power Point,

CalT pa3paboTaHHBIN HA OCHOBE sI3bIKa porpaMmupoBanus Python.

7. KanengapHbli 1J1aH BBITIOJIHEHUS BBIITYCKHOM KBAJTM(UKAIIMOHHON paObOTHI

Cpok [IpoueHt OtMmeTka
Ne . BBITTOJTHCHUSI BEIITOJTHE- PYKOBOIH-
W HaumeHnoBaHwue 3Tana IUTIIOMHOM paOOThI yrana st BKP eI O BhI-
MTOJTHCHUHU
1 | Coop mrdop™MaIuu Mo BEITYCKHOW KBaTH(PHUKAIIMOHHOW pa- 20.12.18 - 10%
bote 28.04.19
2 | BemomHeHHe paboT Mo pa3padaTbIBACMBIM BOTIPOCAM M UX 29.04.19 — 60%
U3JI0KCHUE B MOSICHUTEIIEHOW 3aITHCKE: 26.05.19

2.1 | AHanu3 TMTEpaTyphl 28.04.19 10%
2.2 | Pa3pabotka uHTepdetica 1abopaTOpHOTO MPAKTUKYMa 30.04.19 10%
2.3 | Pa3paboTka BHICOYPOKOB U IPE3CHTAIIMOHHOTO MaTeprasa 05.05.19 10%
2.4 | Pa3paboTka mabopaTOPHOTO MPaKTHKyMa 08.05.19 15%

3 | Odopmienue TekcroBoii yacti BKP 04.06.19 10%

4 | BrinonHeHue AEMOHCTPALIMOHHBIX MaTepuaioB kK BKP 16.06.19 10%

5 | Hopmokontpois 10.06.19 5%

6 | [oaroroBka moxnana k 3amure B [[OK 19.06.19 5%
8. KoHCYIbTaHTHI MO pa3jeniaM BBITYCKHON KBATH(UKAITMOHHON paOOTHI

HaumenoBanwue pasnena KoncynpranT 3amaHve BbIIAT 3amanne nIpuHsII

nommHeh nata nonmcs nata

Pykogooumens 3aoanue nonyuun

TOINCh nara TIOAIHCE CTYJACHTA nata

9. urutomHast paboTa ¥ Bce MaTepHalIbl IPOAHATU3UPOBAHBI.

Cuntaro BO3MOKHBIM JIOIyCTUTh bexmuna A. C. K 3aIlUTE BBIITYCKHON
KBaJTM(PHUKAIIMOHHOHN paboTHI B TOCY1apCTBEHHON K3aMEHAIIMOHHOW KOMHUCCHHU.
PykoBogurens
TIOAIIUCH Jara
10. Jomyctuth bexmuna A. C. K 3aIUTE BBITYCKHOM KBATHU(PUKAMOHHON paObOThI

Cl)aMl/IJ'[l/Iﬂ H. 0. CTyACHTa

B rOCYIapCTBCHHOMN 9K3aMEHAIIMOHHON KOMHICCUH (TIPOTOKOJT 3aceanus Kadeapsl
OT «__» 20 r., Ne )
3aBenyromuii kadenpoit

TIOJIMUCH Jara
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