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BCTYIJIEHWNE

I'my6okoe o6ydeHre OTKPEIBAET JOPOTY MHHOBAIUAM U U3MEHEHMIM BO Bcex cde-
pax COBpeMEeHHOI KU3HU. BOJBITMHCTBO IIPOPHIBOB B 06IaCTH UCKYCCTBEHHOTO
VHTEJUIEKTA, O KOTOPHIX Bbl Y3HAETe U3 HOBOCTEM, OCHOBAHBI Ha ITy60KOM obyde-
Huy. O4eBU/HO, YTO MIOHMMAHUE 3TOTo IIpeAMeTa HeoOX0ANMO U IpeIIpUHIMA-
TeJI0, 3aNHTEPECOBAHHOMY B MOBHIIIEHNH 3 PEeKTUBHOCTH CBOEH OpraHU3aIlNH,
U TOJIUTUKY, 06€CITOKOEHHOMY 3THUKOU M MPUBATHOCTbIO B MUPe GONBIINX JaH-
HBIX, U KCCIIEZIOBATEINIO0, paboTarolleMy o CI0KHOUM MHpOpMaIrel, U IPOCTO JI0-
OOIBITHOMY OOBIBATENIO, KOTOPBIHM X0UeT UMeTh ITpe/ICTaBIeHNe O IIOTeHIHaJIe 1C-
KyCCTBEHHOT'O MHTEJUIEKTA U €T0 BIUIHUY Ha KU3Hb OOBIYHBIX JTIOEH.

Llesb 3TOM KHUTH — AaTh ITUPOKOMY KPYT'y UUTaTe/IeH BO3MOKHOCTB Pa306paThes
B TOM, 4TO TaKOe [NIyOOKoe 00y4deHue, OTKYZia OHO B35JI0Ch, KaK paboTaeT, Ha 4To CIIO-
cOOHO (@ Ha YTO HeT) U KaKOBa BEPOSTHAs TPAEKTOPHS €ro Pa3BUTHA B OIvDKaIIve
JIECATD JIeT. Imyb6oKoe 06yJdeHue MpecTaBsieT co60i Habop aTrTOPUTMOB Y MOJIETIEH,
a3TO 3HAYMT, UTO /LI €70 IOHUMAaHU HEOOXOAUMO OPHUEHTHUPOBATHCS B TOM, KaK OTH
aJITOPUTMEBI U MOZieT 00pabaThIBaOT JaHHbIEe. [103TOMY JaHHAA KHUTA HE HOCUT YU-
CTO OTIMICATeIbHBIN XapaKTep, B Hel, IOMUMO ITPOYero, 0ObACHAeTC pab0oTa aIropuT-
MOB. I IOTIBITAJICS TIPECTABUTD STOT TEXHUYECKUI MaTepyas B JOCTYIHOH dpopMe.
Kak nokassIiBaeT MO¥ OITBIT IPeToaBaHUsA, TEXHIYECKHe TEMBI JIy4llle BCero ycBauBa-
IOTCA ITyTeM IT0IIAaroBOro OObCHEHH OCHOBOIIO/IATAIONINX KOHIENMIA. §1 cTapascs
KaK MOXXHO MeHblITe 06paIaThcs K MaTeMaTrKe, HO TaM, I7e 6e3 MaTeMaTUIecKHx
ypaBHEeHMH ObUIO He 0O0HTUCH, CTPEMILICS MIPENOAHECTH X HACTOJBKO SICHO U IIPO-
CTO, HACKOIBKO MOT. CBOM OOBSICHEHUS 51 IOTIOJTHIUT IIPUMEPaMU Y WUTIOCTPALIAAMHU.

3aMeuaTesbHOE CBOMCTBO [TyOOKOro 0OY4YeHUsA COCTOUT He B CIIOKHOCTH €r0
MaTeMaTU4YeCKUX KOHIIeNIHH, a B TOM, KaK C IIOMOITbIO TAKUX IIPOCTBIX BBIYMC-
JIEHUI eMY YZIaeTCs BBIIIOTHATH HACTOJIBKO Pa3HOOOPA3HBIH CIIEKTP 3aXBATHIBAIO-
IIMX ¥ BIIEYAT/IAIINX 3a/a4. He cTOUT yAMBAATHCA 3TOH mpocToTe. Ha camoMm
JieJie MOZIeNb TIIyO0KOro 00y4YeHH s — 3TO BCETO JIUIIb O0bIoe (04eHb 60IbIIOE)
KOJTMYECTBO YMHOXKEHUH U CIOKEHUH ¢ 00aBIeHNeM HETMHENHBIX OTHOIIEHUI
(xoTopsIe 51 TOXXe 00BbsACHI0). HecMOTps Ha 3TO, TaKe MOZENU CIIOCOOHBI, K IIPU-
Mepy, mobexAaTh YEMIIMOHOB MUpa II0 UT'PE B T'o, AePKATh HaJIbMy IIEPBEHCTBA
B KOMITBIOTEPHOM 3PEHUU ¥ MAILIIMHHOM [T€PEBO/IE, BOAUTH aBTOMOOWIH U T. . DTa
KHUTA CJIY’KUT TOJIbKO BBeZleHHEM B ITyOoKoe obydeHue, HO 51 HaZIeIoCh, 9YTO OHA
JIOCTATOYHO IMTyOOKas U AJI TOTO, YTOOBI ITO3XKe, JIydIlle OBIa/IeB JaHHBIM MaTe-
puaioM, BBl MOIVIH ellle He pa3 K Hell BEpHYThCA.
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BJTIATOOAPHOCTHN

[MosiByIeHME 3TOM KHUTH CTAJIO BO3MOXKHBEIM OJ1arofapsi )KepTBaM, Ha KOTOPEIE TI0-
UM MOS KeHa Adpa U Apyrue WieHbl MOel ceMbU, BKIIOUAs MOUX POJAUTENEH,
bxona u bertu Kejutexep. f Taxxe IOIy4YmI OrPOMHYIO TOALEPXKKY OT CBOUX Jpy-
3el, ocobeHHO oT Asana Mak/loHHena, VioHensl JIyHry, CatimoHa /lo6HMKa, JIop-
peti BupH, Hoena ®uTiinarpuka u /)xo3eda Ban [eHabuTa.

51 6B TAKKe XOTEJT YIOMAHYTH O TOMOIIIN, OKa3aHHOM pabOTHUKAMU U3/1aTeNb-
crBa MIT Press u LieJIbIM PAZOM JIIOZEH, KOTOpble IPOYNUTAIN OTAeIbHbIe pas3zesbl
3TOM KHUTHU U TIOZIeJIUINCh CBOUMU BrieuaieHuamMu. MIT Press mpumiacuio Tpex
AHOHUMHBIX pelleH3eHTOB, KOTOphle IIPOYUTAIU ¥ IPOKOMMEHTHPOBaIN MO uep-
HOBUK; 1 6J1arolapeH UM 3a IIOTPavYeHHOE BPeMsI 1 UX TI0JIe3HbIE OT3BIBHI. C UepHO-
BBIMM BapHaHTaMHU OTAENbHBIX IVIaB 03HAKOMIJIOCh HEMAJIO JIIOZEH, U 5 XOTeJ OBl
BOCIIOJIB30BATHCS 3TOM BO3MOXKHOCTBIO, YTOOBI ITyOINIHO OTMETUTH UX BKJIAJ; ITO-
3TOMY BhIpakaro Ipu3HaresbHocTh Maniky JuwumHakepy, Marananene Kamatiop,
Omu3abet Kemnexep, JxxoHy bepaapzy Kemtexepy, Abpe Kepp, ®unumy Kirybudke
u A6xumxuty MaxanyHkapy. Cozep:kaHye 3Tol KHUTY OIIMPAeTCs Ha MHOXKECTBO
6eces; 0 TIy60KOM 0OYYeHUU, KOTOPBIE T UMEJ CO CBOMMHU KOJUIETaMH U CTy/EH-
Tamu, ocobeHHO ¢ PobepTom Poccom u [IxkaHkapio CaniTOHOM.

51 mocBAIIAal0 3Ty KHUTY Moel cecTpe dnu3sabet (JIuz) Kewrexep B 3HaK Ipu-
3HaHUA ee JII0OBU U TIOJIEPXKKY, a TAK)KE 32 €€ TepIIeHIe 110 OTHOLIEHUIO K 6pary,
KOTOPBIN 6€3 KOHIIA YTO-TO OOBSACHSET.



[MTABA 1

BBELAEHWE B IN1TYBOKOE OBYYEHWE

I'my6okoe obydeHre — 3TO MOAPa3ze] UCKYCCTBEHHOTO MHTE/UIEKTA, TOCBAIEH-
HBII MO/IETUPOBAHUIO KPYITHBIX HEMPOHHBIX CeTel, KOTOphIe CIIOCOOHBI IPUHU-
MaThb BEPHBIE peuleHUsl Ha 0cHOoBe 0aHHbLX. [TyboKoe 0bydeHre 0cOOEHHO XOPOIIO
cebs TIPOABIIAET B 33/]a4aX CO CJIOKHBIMU JAHHBIMU U OTPOMHBIMU MacCHBaMU
vHpopManuu. Ha cerofHAIHUN eHb OHO NPUMEHAETCS B OOJBIINHCTBE HH-
TepHEeT-KOMIIAaHUU ¥ BBICOKOKAYEeCTBEHHBIX ITOTPEeOUTENbCKUX TeXHOMorni. Ha-
npumep, Facebook rcmosnb3yeT ero, noMuMo podero, A aHaau3a TeKCcTa B OH-
JaliH-niepemnuckax. Google, Baidu u Microsoft BHIIOJIHSIOT C €ro IIOMOIIIBIO TOUCK
0 M300pKEHUSAM M MAIIUHHBIN TiepeBozi. CUCTEMBI ITyOOKOTo 00y4eHUs MpH-
CYTCTBYIOT BO BCEX COBPEMEHHBIX CMapTdOHAX; HAIPUMeED, OHU CTaTHU CTAaHZAPT-
HOM TEXHOJIOTHEH /IS pacliO3HABAHUSA PEUH, a TAKXKE I OOHAPYKEHUS JIUIT B I[U-
dpoBBIX KaMepax. B cdepe 3apaBooxpaHeHNsI OHU IPUMEHSAIOTCSA /11 06paboTKU
MEeJUIIMHCKUX U300pakeHUH (PEHTIeHOBCKUX CHUMKOB, PE3Y/IbTaTOB KOMIIBIO-
TepHON MarHUTHO-Pe30HAHCHOM ToMorpaduu) U A JUATHOCTUKU COCTOSHUS
310poBbs. [Ty6oKoe 0OydeHUe TaK:Ke SBJSETCA KIIOYEBBIM 3JIEMEHTOM bOecru-
JIOTHBIX aBTOMOOWJIEH, OTBevas 3a JIOKAIU3alHI0 U CONOCTaBIeHNe, IUIAHUPOBa-
HUe JBIDKEHUA, PyJIeBOe YIIPaBIeHNe U BOCIPUATHE OKPYKalolleil 06CTaHOBKY,
a TakKe 3a OTC/IeKUBaHUe COCTOSHUA BOAUTEIA.

B0O3MOKHO, CAMBIM M3BECTHBIM MPUMEPOM ITIyOOKOTO OOGYUEeHUS ABIAETCS
AlphaGo* ot DeepMind. ['o — 3TO HacTo/JbHAsA WUrpa, IMOX0OXKasg Ha MIaxXMaThl.
AlphaGo cTasa mepBoil KOMIIBIOTEPHOU MPOrPaMMOM, CyMeBIIIeH T0OeUTD TTPO-
deccuonanpHOrO Urpoka. B mapre 2016 roza oHa ob6bIrpasa BeAyllero Kopem-
ckoro mpodeccuonasna Jiu Ceoss B MaTue, 38 KOTOPHIM CJIEAUIO GOJIBIE ABYXCOT
MUWUIMOHOB 4esoBeK. A B 2017 rozy oHa Beiurpana y kutanna Ka Lize, HaxozuB-
1Ierocs Ha BepIlliHe MUPOBOI'O pelTuHra.

* https://deepmind.com/research/alphago/. — 3decs u danee — npum. asm.
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B 2016 rogy ycnex AlphaGo crazn 60sb11uM clopripu3oM. Ha ToT MOMeHT 60J1b-
LIMHCTBO JII0Zeli CYUTANIN, YTO KOMIIBIOTEPHI CMOI'YT Ha PaBHBIX COIIEePHUYATh C UT-
POKaMU BHICIIETO YPOBHS JIUIIB CITyCTS MHOTO JIET. Y>Ke IaBHO OBUTO U3BECTHO, UTO
3aIporpaMMMUPOBATh KOMIIBIOTED /I UI'PbI B 'O HAMHOTI'O CJIOXKHEE, YeM JIJIsI UTPHI
B IIaXMaThl. B TO HAMHOTO 6OJIbIIIE TOTEHI[UATBHBIX KOMOMHAIIMHI. DTO 06yC/I0B-
JIEHO TeM, YTO T'0 uMeeT OOJBINYIO TOCKY U OoJiee pocThie paBwia. Ha camMmom
Jleile BO3MOXKHBIX KOMOWHAIMH B ro 60JIbIlle, YeM aTOMOB BO BceslleHHOH. Takoe
rpoMaZiHOe IIPOCTPAHCTBO ITOMCKA U BBICOKAs CTENIeHb BETBAEHUA (KOJIUIECTBO
COCTOSTHUH ZIOCKH, KOTOPBIX MOXXHO JOCTUYb 32 OAVH XO71) eJlaeT 'o HeBEPOATHO
CJIOXKHOU UTPOM — KaK /JJIs JItoJlel, TakK U /IJi1 KOMIIbIOTEPOB.

YT0OBI IPOWJUTIOCTPUPOBATD PA3HUILY B CJIOKHOCTH MEX/Y I'O M IIaXMaTaMHU
€ TOUKM 3peHUA KOMIIBIOTEPHBIX IIPOIPAMM, MOXKHO CPaBHUTb UCTOPHIO IIOEAUNH-
KOB MeX/y JIIOJbMU U KOMIIBIOTEPAaMU B 3TUX JBYX Urpax. B 1967 rozy maxmar-
Has nporpamma MacHack-6, pazpaboranHas B MIT, yCIenrHo colmepHUYaIa ¢ Ku-
BBIMU UT'POKaMU U UMeJsla peUTUHT JJI0* Ky/ia Bhlllle Ha4yaJbHOI'O YPOBHA. B Mae
1997 roza xommbioTep DeepBlue cymen o6eirpaTh uemnuona mupa lapu Kacma-
posa. [l cpaBHeHUA: iepBasd MOJTHOIIEHHAsA IporpaMma I UT'phI B TO ObLIa Ha-
nycaHa Juib B 1968 rogy, a B 1997-M cuibHBIE HI'POKU IO-TIPEXHEMY JIETKO OOBI-
IPBIBAI KOMIIbIOTEPHL.

Takoe oTcTaBaHMte OTpa)kaeT pa3HUILY B BBIYUCIUTEIbHOU CIOKHOCTU MEXIY
STUMHU AByMA Urpamu. Tem He MeHee BTOPOI TpUMep e MOHCTPUPYeT, HACKOIbKO
PEBOIIOIIMOHHBIM OKa3aJI0Ch BIUAHNE ITTyOOKOro 00ydeHusa Ha KOHKYPEHTOCIIO-
COGHOCTHh KOMITBIOTEPOB IpU Urpe B ro. IllaxMaTHEIM IporpaMMaM IoTpeboBa-
sock 30 J1eT, YTOOBI ZOCTUYh YPOBHA YeMIHoHa Mupa. Ho 6iarogapsa rrybokomy
00y4€eHUIO TPOrPaMMBI JJIE UTPHL B 'O BCETO 3@ CEMb JIET IIPEOZI0JIENN Pa3PHIB Me-
KTy OTIBITHBIM JIIOOUTEIeM U JTyIIINM IIPOpeCcCHOHAIbHEIM UTPOKOM. [ToBBIIIIeHNE
3bbEKTUBHOCTH 0KA3aI0Ch COBEPUIEHHO SKCTPAOPAUHAPHBIM, ¥ OHO CBU/IETENb-
CTBYeT TaKKe O Iporpecce, KOTOPHIH IMTyOoKoe 00ydeHue IPUHECTIO BO MHOTHE
OTpaciIu.

AlphaGo ucmnosnb3yeT rryb6okoe 06ydeHwUe 7151 OTIEHKU COCTOSTHUM JOCKU U ISt
BBIOOpA ClIeyIOIEro xoAa. ITOT GaKT IIOMOTAeT MOHATh, ToYeMy ITybokoe 00-
y4YeHHe IPUHOCUT 3HAaYUTEIbHYIO IT0JIb3Y BO MHO)XECTBE PA3HBIX IIPeIMETHBIX 00-
nacteii. [TpuHATHe pellleHu UrpaeT KIIUeByIo posb B Halllel K1U3HU. PeleHus
MOXKHO IIPUHUMAaTh «MHTYUTUBHO», J0BEPUBILHCH CBOEMY «4yThi0». Ho, HaBepHoe,
GOJIBIIMHCTBO JIIOZAEN COIIACATCS C TEM, UTO PellIeHUs JydIle BCEr0 OCHOBBIBATh

*  PelTuHroOBas cucTeMa JJI0 — 3TO MeTO/, OIIpe/ie/ieHNsI YPOBHA UT'POKOB B UT'Pax C HyJle-
BOM cyMMoOU, TakmuX Kak maxmaTel. OHa Ha3BaHa B 4yecCTh ee co3zaTesid, Apraza JJo.

BBEAEHWE B INTYBOKOE OBYYEHUE 9



Ha COOTBETCTBYOIEH nHbopManuu. Imybokoe ob6ydyeHre TTO3BOJISIET A€JIaTh 3TO
3a CYET ONpe/eIeHUsI U U3BJIeUeH s 3aKOHOMEPHOCTEM 13 OTPOMHBIX HaGOPOB
JTaHHBIX, YCTAHABIUBAs MPAaBUIbHBIE CBI3U MEXAY HETOYKOM CIOXKHBIX BXOAHBIX
3HAYEHUH U YIaYHBIMU PElIeHUAMU.

HcKycCTBEeHHBII HHTE/UIEKT, MalIMHHOE O0yJYeHIe
U IITyOOKOe oOyyeHue

[my6okoe 0OydeHHe CTaIo Pe3y/IbTaTOM UCCIEJOBAHUH B 06J1aCTH MAIIMHHOTO 00-
YY€eHUs U UCKYyCCTBEHHOTO UHTeJUIeKTa. OTHOIIEHUS MEeX/y STUMU TPEMS HAIPaB-
JIEHUSMY TPOMWJLTIOCTPHUPOBAHEI Ha puc. 1.1.

VicKyccTBEeHHBIN MHTE/UIEKT KaK pasZiesl KOMIIbIOTEPHBIX HAyK BO3HUK B X0Z€
ceMuHapa B JJapTMyTCKOM KoJuie/xe leToM 1956 roza. Tam 6bUTH IIpeCTaBIeHbI
WCC/IEZIOBAHUS B PAa3HBIX 00JIACTSX, BKIIIOYAs JOKA3aTENbCTBO MaTEMAaTUIECKUX
TeopeM, aHaJIU3 eCTECTBEHHOTO A3bIKA, IVNTAHUPOBAHUE B UTPaX, KOMIIbIOTEPHEIE
IIPOTPaMMBI, CIIOCOOHBIE 06yJIaThCs Ha IPUMepax, U HelpoHHBbIe ceTH. COBpeMeH-
Has 06J1aCTh MAIIMHHOTO 00YYeHMsI OCHOBAHA Ha IIOC/IeHUX /IBYX HallpaBIeHUAX.

McKyccTBeHHbIN
WHTENNeKT

MawwnHHoe
006yueHue

Fny6okoe
0b6yueHue

Puc. 1.1. OTHOLIEHUA MeX/y UCKYCCTBEHHBIM UHTE/LIEKTOM,
MalllMHHBIM 00y4YeHHeM U TIy60KUM 00ydeHueM

MaurrHHOe oOy4ueHue [oipa3yMeBaeT pa3paboTKy U OLlEHUBaHUE aJITOPUTMOB,
KOTOPBIE ITO3BOJITIOT KOMITBIOTEPY M3BJIeKaTh PYHKINY 13 Habopa JaHHBIX (TO eCTh
YUUTBCA HA psfie TPUMEPOB). UTOOBI IOHATH, KaK 3TO paboTaeT, HEOOXOAMMO CHA-
yajia pa3obpaThCs ¢ TpeMs TEpMUHAMU: Hab0P aHHBIX, &ITOPUTM U QYHKITHS.
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['my6okoe oOydyeHMe MO3BOJISIET
IIPUHUMATh PellleHNs Ha OCHOBE
IAHHBIX 3a CUYET OIpeeIeHUs
1 U3BJIeYeHU
3aKOHOMEPHOCTEH

113 OTPOMHBIX HabOOPOB
MHPOpMAaIUY, yCTaHABINBAas
IIpaBUJIbHbBIE CBA3U MEXKIY
IIETIOUYKOU CJI0KHBIX BXOIHBIX
3HaUEeHUU U YaUHbIMU
pelleHUsIMU.



B mpocreiiieM Buie HAOOP AAHHBIX MMPEACTABASET cOOOH TabIUITy, Kakaas
CTPOKA KOTOPOU CO/IEPIKUT OIIMCAHKE OJHOIO IMPUMepa U3 COOTBETCTBYIOIIEH
peAMETHOM 06/1aCcTH ¥, TPHU3HAKKU KOTOPOU pas/iesieHsl 1o ctosnbijam. Hampumep,
B Tabu1. 1.1 mokasaH ieMOHCTPAIIMOHHBIN HabOP JaHHBIX U3 chephl 3aliMOB. B HeM
coZiepKaTCsT MOAPOGHOCTH O 3asiBKaX OT YEThIPEX IMOTEHINATbHBIX 3a€MIIUKOB.
Eciu He cynTtath mojist ID, KOTOpoe HY’KHO JIMIND /IS yA06CTBa, KayKAbIH crydait
XapaKTepU3yeTCs TPeMS 3HaUYEHUSIMHU: TOZI0BBIM JOXOIOM IIpeTeH/IeHTa, €T0 TEKY-
IIeii 3a/10/KEHHOCTBIO U €70 KPeJUTOCIIOCOOHOCTRIO.

Ta6smua 1.1. Habop AaHHBIX O TOTEHITUAIBHBIX 3a€MIITUKAX
U UX KPEUTOCIIOCOOHOCTH

ID T'ozmoBoOI KOX0/ Tekyiast 3aj0/0KeHHOCTE  KpeauTocmoco6HOCTh
1 $150 -$100 100

2 $250 -$300 -50

3 $450 -$250 400

4 $200 -$350 -300

AnropuTM — 3TO IIpoliecc (peLelT, IporpaMma), KOTOPOMY MOKeT C/IeZIoBaTh
KOMIIbIOTEp. B KOHTeKCTe MaIlIMHHOT0 06yYeHHS aITOPUTM OIIpeiesIsieT IPOLeAYPY
aHanm3a Habopa JaHHBIX U BBIJEJSIET TOBTOPSIOIIKEC B 3TOM Habope 3aKOHOMep-
HocTH. Hanmpumep, OH MOXXeT HAaWTH 3aKOHOMEPHOCTh MEXZY T'0ZIOBBIM JIOXO0/IOM
Y TEKYIeH 3a/]0/DKEHHOCTBIO, C OZJHOUM CTOPOHBI, U KPEAUTOCIOCOOHOCTHIO — C APY-
roii. B MmaTremaTHKe 0[06HOTO POZia OTHOIIEHHS HAa3bIBAIOT GYHKIIMAMHI.

DyHKINUA — 3TO JeTEPMUHUCTUYECKOE OTHOIIEHNE MeXy BXOJHBIMU 3HaUe-
HUAMU U OZHUM WIN HECKOJTBKUMU BBIXOAHBIMU. [leTepMUHUPOBAHHOCTD 3TOTO
OTHOIIIEHUA O3HAYaET, YTO JIOOOH KOHKPETHBIM BBOJ BCEr/Zla FeHEpUPYET OAUH
Y TOT 2Xe BbIBOZ. Hampumep, cioxkeHre ABIAeTCsA IeTePMUHNCTHYEeCKIM OTHOIIIe-
HueM: 2+ 2 Bcerza paBHO 4. Kak BbI 1To3)xe yBUANTe, GYHKIINYI MOXKHO CO3/1aBaTh
He TOJIBKO /I 3JIeMEHTapHOU apudMETHKHU, HO U I 6OJIee CIOXKHBIX IPEIMET-
HBIX obOsacteii. HampruMep, MBI MOXKEM ONpeieuTh GYHKINIO, KOTOpas MPUHU-
MaeT B KaueCTBe BBO/A J0XO/] U 33/I0JKEHHOCTh YeI0BeKa U BbIIaeT Ha BBIXO/E eTo
KpeAUTOCIIOCOOHOCTD. IToHATHE GYHKIINY UTPAET OUeHb BAXKHYIO POJIb B TITyOOKOM

* Tloj MpeAMETHOM 061aCTbI0 MBI UMEEM B BUY MPOGJIEMY WIH 3a4ady, KOTOPYIO TbITa-
€MCsI PEIIUTH C TIOMOIIBI0 MAIIMHHOTO 00yYeHHUsA. DTO MOXeT ObITh, HanpuMep, GUIb-
Tpalys craMa, pejckasaHue lieH Ha He[BIXKUMOCTD WIN aBToMaTH4ecKast Kaaccudpu-
KalyA PeHTI€HOBCKUX CHUMKOB.
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OyHKIINA — 3TO
NETEPMUHUCTUYECKOE
OTHOIIIEHUE MEX/Y BXOAHBIMU
3HAYEHUAMU U OJHUM WU
HECKOJIbKUMU BBIXOAHBIMMU.



06y4eHUH, TIO3TOMY CTOUT ellle pa3 IIOBTOPUTh ee OTpeeeHre: GYHKIINA — 3TO Ipo-
CTO OTHOIIIEHKE MEK/Y BBOZOM U BHIBOZIOM. [10 CYIIIECTBY, LIETbIO MAITUHHOTO 00y4e-
HUSI ABJIAETCS MOJTydeHre GYHKIMI U3 ZaHHbX. PYHKIV MOKET ObITh [TPE/ICTABIEHA
MHO)KECTBOM Pa3HBIX CIIOCOOOB: Kak MpocTast apudMeTrdecKas ornepanus (Harmpu-
Mep, CIOXKeHUe U BBIYUTaHUe TIPUHUMAOT BBO/, M BO3BPALIAIOT OFHO BBIXOJHOE 3Ha-
YeHUe), TI0CIeIOBATEbHOCTD ITPABUII if-then-else WM HEUTO Kyza 60siee CI0KHOE.

DYHKI[UIO MOXKHO MIPEJCTABUTh C TIOMOIIBI0 HEHPOHHOM ceTH. [Iy6oKoe 06-
y4YeHUe ABJIAETCA I0APa3zie/ioM MalllTHHHOT'0 00y4eHNs, TOCBAIEHHBIM ITy60KOMY
MOZIETTMPOBAHUIO HEMPOHHBIX ceTell. 3aKOHOMEPHOCTH, KOTOPBIE aJITOPUTMBI [Ty-
60KOT0 0OyYEHNUST U3BIEKAIOT U3 HAGOPOB JaHHBIX, ABATIOTCI QYHKIUAMU, TIPE/-
CTaBJIEHHBIMU B BU/I€ HEUPOHHBIX ceTell. CTPYKTypa HEUPOHHOM CETH MTPOUJLTIO-
cTpupoBaHa Ha puc. 1.2. [IpAMOYTOJbHUKHY cjIeBa 0603HAYAIOT AYEHUKU TaMATH,
B KOTOPBIX HAaXOAUTCSA BBOJA HEUPOHHOU ceTu. KaxZplli KPY>KOK Ha 3TOU Aua-
rpaMMe o603HaYaeT HEWPOH, a KaXAblil HEMPOH peanu3yeT QYHKIUIO: OH MPHU-
HUMAaET Ha BXOJI PsiJ| 3HAYEHUH U CBS3bIBAET UX CO CBOMM BBIBOZOM. CTPEKHU TI0-
Ka3bIBAIOT, KaK BBIBOJ, OJHOTI'O HEMPOHA IoZaeTcs Ha BXOZ ApyroMy. B aToii cetn
nHbopMaIusa nepefaeTcs cjeBa HampaBo. Hampumep, ciieBa eii Ha BXOZ MOXKHO
MI0/IaBaTh J0XO/] U 33/I0JKEHHOCTD, 8 TOKA3aTeb KPeAUTOCIIOCOOHOCTH Oy/IeT BO3-
BpalaThCs U3 KpaliHero mpaBoro HelpoHa.

Jlns BeiBeleHUA GYHKIUN HEHMpPOHHASA CETh MCIIONB3YET CTPATETHIO «pasfe-
JITH Y BJIACTBY#»: KOXABIH ee HEHPOH GOPMHUPYET MPOCTYI0 GyHKIHIO, KOTOpas
B COBOKYITHOCTH C pe3y/ibTaTaMu APYTUX HeMpoHOB popmMupyeT obuiyio (6oree
cnoxHyto) ¢yHkuuio. To, Kak HelipoHHAas ceTb 0bpabaTriBaeT WHpOpPMaIUio, OY-
JleT OIIMCAHO B IVIaBe 3.

Puc. 1.2. CxemaTruecKoe U300paKeHEe HEUPOHHOU ceTh

YTo Takoe MallIMHHOE 00y4uyeHne?

AJTOPUTM MAIIMHHOTO 00y4YeHNA — 3TO ITOUCKOBLIH IIpoIlece, TpefHa3HaYe HHbIHI
JUTA BBIOOpA U3 psAfia IOTEHIIUATBHBIX BADHAHTOB GYHKIINH, KOTOPAs JIydIlle BCETO
0OBsACHAET OTHOLIEHUA MEXAY MPpU3HAKaMU Habopa ZaHHBIX. YTOOBI MONTYyYUTh
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MpeZiCTaBIeHUE O TOM, KaK IIPOUCXOAUT U3BjIeueHre GYHKITNN U3 Habopa JaHHbIX
(To ecTh OOyUeHME), B3AITHUTE Ha CJIEAYIONINH CITUCOK BXOAHBIX M BHIXOAHBIX 3HA-
YeHUH 17151 Hen3BeCcTHOH pyHKIMU. ONpe/ie/iTe Ha OCHOBE 3TUX IIPUMEPOB, KaKas
apudmeTrdeckas onepanus (CI0KeHHe, BEIYUTaHUE, YMHOXKEHNE WIH JieieHue)
JIydIiie Bcero oObsCHSET OTHOIIEHHE, KOTOPOe YCTaHABIMBAETCA HEM3BECTHOU
dyHKITEH MeXX/y BBOZIOM U BBIBOZIOM:

¢dyHKIMA (BBOJ) = BBIBOZ
¢dyukus (5, 5) = 25
byukiusa (2, 6) = 12
byukiusa (4, 4) = 16
¢dyukmua (2, 2) = 04

BoabmuHCTBO JIIO,Z[efl CKaXyT, 4TO Jy4IlI€ BCEro 31€Chb MOAXOAUT YMHOXKEHHUE,
TaK KaK OHO HanboJiee TOUHO COOTBETCTBYET Ha6.TIIOZ[aeMOMy OTHOIIEHUWIO MEXAY

BBOJZOM U BBIBOAOM:

5X5=25
2X6=12
4x7=28
2x2=04

B 5TOM KOHKPETHOM CJIy4ae BbIOOp Jyuliieit pyHKITUY BBITVISIAUT OTHOCUTETHHO
MIPOCTO, U YeJIOBEK MOXKET CZIeIaTh ero 6e3 IoMOIU KoMIbioTepa. Ho ¢ yBennye-
HHEM KOJIMYeCTBA BXOAHBIX 3HAYeHUH (MHOT/[a 10 COTEH U THICSIY) ¥ pa3HOOOpa3us
MMOTEHIMAIbHBIX QYHKIIMH, Cpe KOTOPHIX HY>KHO BHIOMpATh, 3Ta 3a/iada cyluie-
CTBEHHO YCJIOXKHsIeTCsI. IMEHHO B 3TOM KOHTEKCTE MOIIb MalTUHHOTO 00yUYeHUs
CTAHOBUTCsI HEOOXOAUMOM TIPH TTOUCKe JIydiel GyHKIUY /IS COTIOCTaBIeHNUs 3a-
KOHOMEPHOCTel B Habope JJaHHBIX.

I[Tportecc MAITMHHOTO OOYYEHUS COCTOUT U3 JIBYX 3TAIIOB: COOCTBEHHO 0b6yue-
HUSA ¥ GOPMUPOBAHUS JOTUUECKOTO BBIBOZA. Ha mepBoM 3Tare aaroputm obpa-
6aThIBaeT HabOp AAHHBIX U BbhIOMpaeT GyHKIINIO, KOTOPAst JIydllle BCEr0 COOTBET-
CTBYET BBISBJIEHHBIM 3aKOHOMEPHOCTSIM. 3aTeM 3Ta QYHKIHA KOAUPYETCS B BUE
KOMITBIOTEPHOM ITporpaMMel (TTocieZioBaTeIbHOCTH mpaBui if-then-else wiu ma-
paMeTpOB OTNpeZieIEHHOT'O YpPaBHEHMsA). DTO TaK Ha3blBaeMasi MOZIe/ib, a aHaN3
JAHHBIX C LIeTbI0 MU3BJIeUeHNs YHKIIMU YacTO Ha3hIBAIOT OOyUeHHUEM MOJENH.
B cymHOCTH, MoAeab — 3T0 QyHKIMA, 3aKOJUPOBAaHHAS B BUJE KOMITbIOTED-
HOU mporpamMMbl. OZIHAKO B MalIMHHOM OOyYeHUU MOHATHUSA MOAETU U QYHKIUU
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HACTOJIBKO GJIM3KH, YTO OTIMYUAME MEXY HUMU 3a4acTyIo IpeHe6peraroT U Hc-
MOJIB3YIOT UX KaK CHHOHUMEL.

B mry6okoM ob6yueHUU GYHKINM, U3BJIeKaeMble M3 HAOOPOB JaHHBIX B XO€
VX aHaJIN3a, Ipe/CTaBIeHHbl B BUe Mojeseli HelpoHHbIX ceTeil. VIHBIMU clioBaMy,
MO/Ie/Tb HEHPOHHOU CeTU KOAUPYeT QYHKIIMIO B BU/IE KOMITBIOTEPHOH IPOTPaMMBI.
OO6BIYHO B Hayase 0OyuyeHU HEUPOHHAS CEeTh MHUITUATIN3UPYETCS C UCIIOIb30Ba-
HUEM CJIyYaliHbIX mapaMeTpoB (0 MapaMeTpax HEHMPOHHOU CeTH MBI TOTOBOPUM
II03XKe; IToKa MOXKeTe CIUTATh UX 3HAaUeHUAMHU, KOTOPBIe BIUAIOT Ha IIOBe/IeHUe KO-
aupyeMo dyHKImM). Takas ceTb O4eHb IUIOXO COMOCTABIIAET PA3IMYHbIE BXOJHbIE
3HAYEHU: U 3aJJaHHBIN BBOJ, B IIPEZOCTABIEHHOM Habope JaHHBIX. B mporiecce 06-
VYEHUs OHA aHAJTM3UPYET JOCTYITHBIE IPUMEDPHI M B KOXKJOM C/Iydae CpaBHUBAET
CBOY COOCTBEHHBIN BEIBO/J, C PE3Y/IBTATOM, YKa3aHHBIM B Habope JaHHbBIX, KOPPEK-
TUPYS CBOU ITaPAMETPHI TaK, YTOOHI ITOTyYUTh 60Jiee OIM3Koe coOOTBeTCTBHE. Hakiasa
byHKINMIO, KOTOPAas BBIZAET IOCTATOYHO TOYHOE pelleHwe (C TOUKY 3peHuUs TOTo, Ha-
CKOJIBKO 6IM30K ee BBIBOJ, K MPABWIBHBIM pe3yJIbTaTaM, YKa3aHHbIM B Habope JaH-
HBIX) ZJIS1 Halllel po6JIeMbl, aJITOPUTM MAIIMHHOTO 00y4YeHH 3aBepuraeT paboTy
Y BO3BpalllaeT UTOrOBYIO MoZieslb. Ha 3ToM aTam o6y4yeHus 3aKaHIMBAeTC.

C 2TOTO MOMEHTA MOZENb OCTAETCS HEM3MEHHOM. BTOpPOi aTan MamuHHOTO
0b6y4yeHUsT — GOpPMUPOBAHUE JIOTUIECKUX BHIBOZIOB. DTO HEOOXOAMUMO B TOM CJIy-
yae, KOIZla MoZieTb IPUMeHAEeTCs K HOBBIM IIpHUMepaM, IIpaBUIbHbIE Pe3yIbTaThl
JUTIsI KOTOPBIX HaM HEM3BECTHBI, M MBI XOTUM, YTOOBI OHA UX /I HaC CTeHepupo-
Basia. bosbas yacTh paboThl B MALTMHHOM O0yJIeHIH 3aKII09aeTcsa B GOpMUPOBa-
HUU TOYHOU MOZiesT! (TO €CTh U3BJI€YEHUH U3 JaHHBIX MOAXOAANIEH GYHKITNN) . DTO
BBI3BAHO TEM, YTO IIMPOKOMAacUITabHOe IpUMeHeHe 0OyYeHHOU MO/IENHU B ITPO-
MBIIIUIEHHOM cpezie 1 albHeHIIero MoydeHus JIOTHYECKUX BEIBO/IOB U3 HOBBIX
IIPUMEPOB TpebyeT HABBIKOB U METOAUK, KOTOPBIMU OOJIBIIMHCTBO CIIEIMAIHCTOB
M0 aHaIN3y JaHHBIX TOMPOCTY HE BIAZEIOT. B KOMIBIOTEPHON MHAYCTPUU BCE
IIYpe pacIpoCTPaHAETCd IIOHUMaHNe TOTrO, YTO /I IIUPOKOMACIITaGHOTO TIpH-
MeHeHUs CUCTEM UCKYCCTBEHHOT'0 MHTEJIEKTA TpebyeTcs ocobast KBamubUKalus,
Y1 3TO BBEIPQXKAETCA B PACTYILeM UHTepece K obacTy moj HazBaHueM DevOps. JlaH-
HBIF TEpMUH BBIpaKaeT HEOOXOAUMOCTh B COTPYAHUYECTBE MEXAY pa3paboTuu-
KaMH 1 KOMaH/aMU 3KCIUTyaTaluy/aIMUHUCTPUPOBaHUA (TocIe[HIEe OTBEYAIOT
3a IpUMeHeHHe MaclTabupoBaHUA MOTOBLIX CUCTEM B IIPOMBIIUIEHHBIX YCJIO-
BUAX, 4 TAK)KE 32 0OecIiedeHre UX CTabIbHON paboTsl). 1 onrcanus 06s13aHHO-
CTel 1o MPUMEHEHHUIO 0OYUEHHBIX MOJIeIEN TaK)Ke UCIONb3yIoT TepMuHbI MLOpS
(machine learning operations — obciy)kuBaHue MalIMHHOTO 00yueHus) u AIOps
(artificial intelligence operations — o06cTy>KBaHUE UCKYCCTBEHHOT'O MHTEJUIEKTA).
Bonpocel, OTHOCAIIVECS K IIPOIIECCY UCIIONb30BAHUA CUCTEM, BRIXOAAT 32 PAMKU
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3TOU KHUTH, TO3TOMY MBI COCPEZIOTOYMMCS Ha TOM, UTO TaKOe IIy6oKoe oOydeHue,
JUJIS1 4ero ero IpUMeHAIOT, KaK OHO pa3BUBAJIOCh Ha IPOTKeHUU cBoell ucropuu
U KaKuM 06pa3oM MOKHO TeHEPUPOBATh TOUHbIE MOJIEU IIIYOOKOTO 06yIeHU.

HacymHslii BOIpoc B 9TOM KOHTEKCTe 3BYYHUT TaK: KaKylo [10/Ib3y IPUHOCUT U3-
BiedeHre GYHKIUH U3 ZaHHBIX? JleI0 B TOM, YTO U3BJIeYEHHYIO QYHKIINIO MOXKHO
NIPUMEHUTh K HE3HAKOMOMY HabOpY JaHHBIX, ¥ 3HAYEHUs, KOTOPbIE OHA IIPU
3TOM BBIZACT, TOMOTYT BIpab0OTAaTh IPABUIbHBIE PELIEHUS [JI STUX HOBBIX 3314
(TO ecTb ee MOXXHO MCIIO/Ib30BaTh /1A IIOIy4eHHA JIOTUYeCKUX BBIBOZOB). Kak BEI
IOMHUTE, GYHKIINA — 3TO BCETO JIUIID e TEPMUHUCTUYECKOe OTHOLIEHNE MEX/IY
BBOZOM U BBIBOZOM. OJHAKO 32 IPOCTOTOM 3TOTO OIIpe/eleHrs KPOeTCsl Pa3HO00-
pasue, npucyiiee GyHKITUIM. PACCMOTPUM CJIEAYIOUTIE TPUMEDHI.

e Ourbprpanusa criamMa — 3To GYHKIUA, KOTopas IPUHUMAET Ha BXOZ SJIeK-
TPOHHOE ITKUCbMO U BBIZIAET 3HaUYE€HUeE, ONIpeesAollee, ABIAETCS JIU 3TO
IIMUCBMO CIIaMOM.

e Pacno3HaBaHue Ul — 3T0 QYHKIINA, KOTOpas IPUHUMAaeT Ha BXO/, 130-
OpaxeHHe U IIoMeYaeT ITUKCEeIH, OTHOCAIINEC K JIUITY.

*  IIpexckasaHuie TeHOB — 3TO QYHKIMSA, KOTOpas IPUHUMAET Ha BXO/, IIO-
cnepoBaTenbHOCTh JJHK B reHoMe 1 BeigendaeT yyacTku JIHK, koTopole
ABJIAITCA KOAUPYIOIIVMHU.

e Pacno3zHaBaHue peuu — 3TO GYHKIKSA, KOTOpasi IPUHUMAET Ha BXOJ, ayAHo-
3aIMCh U BBIJAET TEKCTOBYIO TPAHCKPUIIIIIIO TOT'0, YTO Ha Hel CIIBIIITHO.

*  MamuHHBIN TepeBoj — 3T0 GYHKIIMSA, KOTOpas IPUHUMAET Ha BXO/,
IIpeJIOKEHNE Ha OHOM fA3BIKE U BBIZIAET €ro SKBUBAJIEHT Ha LPYI'OM.

MamuHHOe o6yquI/Ie CTaJI0 HaCTOJIBKO BAXXHBIM B IIOC/I€AHME I'OAbI KMEHHO
6J1aro,aap;1 TOMY, YTO OI'POMHO€E€ KOJIMYECTBO pemeHHﬁ AJAd MHOXKECTBa 3aJa4
B Pa3JIN4YHbIX ITPEAMETHBIX 0671aCTAX MOYKHO IIpeACTaBUTL B BUJE CIDYHKHI/Iﬁ.

C yeM cBfI3aHa CJIOKHOCTH MAIITMHHOTO O0y4YeHUs?
Cy1ecTByeT psg GaKTOpPOB, KOTOPBIE AeIAI0T 33/ja4y MAIIMHHOTO 00y4eHUA CII0XK-

HOH, ja)ke HECMOTPS HA UCIIOJIb30BaHNE KOMIIBIOTEPOB. Bo-TIepBhIX, B OOJIBIINH-
cTBe HAOOPOB JAHHBEIX €CTh TaK HA3BIBAEMBIN ITYM ¥, TIO3TOMY ITOUCK GYHKIIHH,

* TlonsaTue <<PIH(1)OpMalIPIOHHbII>i IIyM» O3Ha4aeT INOBPEXJEHHbIE WIN HEITPAaBWIbHbIE JIaHHBIE.
OH MO)XeT OBITh BbI3BaH HEUCIIpaBHBIMU JaTYUKaMU, OIIMOKaMU IIpY BBOZI€ JAHHBIX U T. [.
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KOTOPasi B TOYHOCTH COOTBETCTBYET JAHHBIM, He BCerZja OKa3bIBAeTCA JIydlIei
CTpaTerue, IOCKOIbKY IopasyMeBaeT oO0ydeHre 3TOMY IIyMy. Bo-BTOPBIX, 4a-
CTO OBIBAET TaK, YTO KOJUYECTBO BO3MOXKHBIX QYHKIIMH MPEBBIIIAET KOJTUIECTBO
IIPUMepOB B Habope JaHHbBIX. DTO 03HAYAET, UTO 33Ja4a, CTOALIAsA [Iepe/ MaIlH-
HBIM 00y4yeHUeM, cOpMyIMPOBaHA HEMTPABUWIBHO: IIPEJOCTaBIEHHONH HHPOPMa-
IIUY HeJOCTATOYHO /IS HAXOXKJAEHUS e0UHO020 JIyUIIero pelleHusa; BMECTO STOTO
JAHHBIM GYYT COOTBETCTBOBATh HECKOJIBKO MOTEHITMATBHBIX pelleHuil. YTOoObI
3TO IPOWLIIOCTPUPOBATh, PACCMOTPHM TaKyIo 33a/laqy, KaKk BEIOOD apupmMeTHye-
CcKOU oreparuu (CI0XKeHMsA, BBIYUTAHUS, YMHOKEHUS WIN JleJIeHNUA): OHa JIyJllle
BCET0 COOTBETCTBYET OTHOLIEHUAM MeKy BBOZIOM U BEIBOJOM HEU3BECTHOU QYHK-
1uY. BOT IpuMep OTHOILIEHUI I 9TOH 3aZiaut BHIOOpa QYHKIIUN:

¢dyHKIMA (BBOJ) = BBHIBOZ
dyukiusa (1,1) =1
byukiusa (2,1) = 2
¢yukmusa (3,1) = 3

YMHOKeHUe U ieJIeHHe TTIOAXOAAT AJIs STUX IIPUMEPOB JIy4Ille, 4eM CJIOKEHVIE U BhI-
yutaHue. TeM He MeHee Ha OCHOBE 3TOr0 Habopa JaHHBIX HeJTb3s TOUYHO OIPEEUTh,
Kakas UIMEHHO OIlepalyisl UTPaeT POJib HEU3BECTHOU QYHKIMY — YMHOXXEHHE WU Jie-
JIeHUe, TaK KakK 00e OHH COOTBETCTBYIOT BceM IprumMepam. CJieoBaTelbHO, 3aa4a 1o-
CTaBJ/ieHa HEMPaBUIBHO: €€ YCIOBHUE HE TI03BOJISIET BEIOPATD O/[VH JIYYIHii OTBET.

s pellleHUsT TakuX 3aad MOXKHO MOTIPOO0BaTh co6paTh OOJbIle AaHHBIX
(6ostbLITe TPUMEPOB) B HaZIEXK/le Ha TO, YTO 3TO TOMOMKET OTIIMYUTD ITOAXOISALITYIO QYHK-
I[UIO OT BCEX OCTAJIbHBIX albTepHATUB. OZJHAKO 3a4aCTYIO TAKYIO CTPATETHIO HEBO3-
MOXKHO TIPUMEHUTb, IOCKOIBKY ZIOTIOJTHUTEIbHBIE IAHHBIE TUOO0 HEZOCTYIIHBI, TUO0
TPebyIOT CIUIIKOM OOJBLINX YCHIUH 11 coopa. YTOOH! IIPeosoieTb 3TOT HeZoCTa-
TOK, IPUCYIIXH 3aja4aM MalTMHHOTO O0YY€EHs, aITOPUTMBI IIBITAIOTCA AOTIOTHUTD
VMEIOIIECS JaHHbIE PSAIOM HPEATIONOKEHUI O TOM, KAKUMH XapaKTEPUCTUKAMU
JOKHA 061azaTh Jay4iias GyHKIuA (WM MOAEIb), U TaKUM 0Opa3oM KOPPEKTH-
PYIOT CBO¥ BBIGOD. DTH HPEAOTIOKEHN Ha3bIBAIOTCA MHAYKTUBHBIM CABUTOM aJjl-
TOPUTMA, TIOCKOJIBKY B JIOTHIKE IIPOIlecC pOPMHUPOBAHUA OOIIETO MPAaBMIa HAa OCHOBE
KOHKPETHBIX PUMEPOB M3BECTEH KaK MHAYKTUBHOE yMo3akIodeHre. Hanpumep,
ecyu Bce Jie6ezin, KOTOPhIE BaM KOTIa- 00 BCTPEYATUCE, ObUTH GETBIMU, BBl MOXKETE
cZieIaTh U3 3TOTO JIOTUYECKUH BBIBOZ, O TOM, 4TO 8ce Jiebedu besible. DTa KOHIIEIIIHA
BaKHA B ZIJAHHOM KOHTEKCTE, IOTOMY 4TO aJITOPUTM MAIIMHHOTO 00y4eHus GopMU-
pyet (wix u3BjeKaet) ob1iee mpaBwiIo (PyHKIIHIO) U3 Habopa KOHKPETHBIX IPUMEPOB
(nabopa gaHHbIX). CTe0BaTeNbHO, IPEAIONIOKEeHNS, BIVSIONIYE Ha 3TOT AJITOPUTM,
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