BBEAEHWE: NCTOPUA N CTPYKTYPA Al

Cepren HukoneHko

CNeéry — CaHkr-Metepbypr
4 ceHTABPS 2026 T.

Random facts:

4 CeHTAGPA 476 . NpeBOANTENb BAPBAPOB-HAEMHINKOB O0aKp CBEPr PUMCKOTO
nmnepatopa ABrycTyna; Tak 3akoHumnnach 3anafHas Prumckas umMnepus n Hauanochb
KoponescTBo OA0akpa, KOTOPOE He MPOCYLeCTBOBANO W ABAALATY NeT

- 4 ceHTA6PA 1837 I. B Hbto-MopkcKkom yHuBepcuTeTe Camioan Mopse Brnepsble
npoaemoHcTpuposan Tenerpad

+ 4 ceHTA6PA 1882 r. Tomac 3AMCOH 3anycTun Ha MNepn-cTpuT B Hbto-Mlopke nepsyio B Mupe
LIEHTPA/IbHYIO 3NEKTPOCTAHLMIO; OHA MUTANa HECKOMbKO COTeH Namn y BOCbMUAECATH C
HEBOMbLLINM KNNEHTOB, 11 C He@ Havyanacb 3NeKTpUuKaLms ropoaos

4 ceHTAOPS 1888 . )KOpAX MCTMeH 3apernctpupoBan Toprosyto Mmapky «Kodak» u nonyuun
naTeHT Ha hoTOKamepy C PyNoHHOW NNéHKon; cnoBo «Kodak» oH Npuayman cam, Npocto
NOTOMY UTO OHO HWYEro He 3HAUMT HU Ha OAIHOM A3bIKe W HAUMHAETCSH Ha MoBUMYt0 6yKBY K

4 ceHTA6PA 1956 I. IBM npeactaBuna mogens 305 RAMAC — nepBbiii B MUpe KOMMbloTep C
KECTKUM AMCKOM; IBM 350 XpaHUI OKOMo NaTW Merabant

- 4 ceHTA6PA 1998 1. 6biNa 0CHOBaHA KoMnaHus Google; oHa 6bina pacnonoxeHa B
MeHno-Mapke, B rapaxe CbtozeH Bomxucku, nogpyrv Nappw Mengxa u Cepres bpunHa



UYTO TAKOE MALUNHHOE OBYYEHUE



MEPBbBIE MbICT OB NCKYCCTBEHHOM WHTENNEKTE

- TetbecT co3naBan cebe
po6OTOB-aHAPOMAOB, HAMPUMED
FMTaHTCKOTO
4yenoBeKonogobHoOro poboTta
Tanoca.

- MlnurmanunoH oxusnan fanarteto.
+ Mlerosa n Annax — KyCKu MMnHbI.

- 0co60 Myfipble PaBBUHbI MOIMK
CO3/aBaTb roNemos.

- AnbbepT Bennkunn n3rotoBun
NCKYCCTBEHHYIO FOBOPALLYIO
ronosy (4em ouUeHb PaccTpPoun
Domy AKBUHCKOTO).




MEXAHWYECKNE ABTOMATDI

+ Po60Tbl U aBTOMATbl BOOOLLE ObINN BECbMA N306PETATENbHbI:
anb-[xasapw (XIl Bek)

- 3amok 3aeH PobepTa Il A'/ApTya, MeXaHU4YeCcKmn poiliapb
JleoHapgo ga BuH4w...



MEXAHWYECKUE ABTOMATDbI

- ABTOMATOHbI Xake-po (XVIII Bek):




MEXAHWYECKNE ABTOMATDI

- Ho 370 yncTas MexaHuka, a B matematuke/noruke Al 4onro 6bin
[OBOMbHO PYAUMEHTAPHbIM
- Nornyeckas mawuHa Panmyraa Nynnus (pyéex XI-XIV BB.):

- HaumHas c noktopa OpaHKeHLTenHa, Jansblie Al B tuTepaType
NoABNAETCA NOCTOAHHO...



TECT TbIOPUHTA

- Al KaK Hayka Hauancs ¢ mecma ToropuHaa (1950).

- KomnbloTep AOMKeH YyCNeLWHO BblAaTh ceba 3a Yenoseka B
(MCbMeHHOM) inanore Mexay Cyfben, 4enoBEKOM K
KomnbloTepom. Mpasaa, ncxoaHas GopmynnpoBka bbina
HECKOJbKO TOHbLLUE U UHTEepecHee...

€o

The original
question, 'Can
machines
think?' I believe
to be too
meaningless to
deserve
discussion

%9

Alan Turing



TECT TbIOPUHTA

- 30eCb y)Ke 0YeBUAHO, CKOMbKO BCEro Hafo, YTobbl caenathb Al:
- 06pabOoTKa eCTeCTBEHHOIO A3bIKa;
npencrasneHne 3HaHI/II;I;
* BbIBOAblI U3 MONTYYEHHbIX 3HaHl/II7I;

- 06yueHune Ha onbiTe (co6cTBeHHO machine learning).
,"" \ =




JAPTMYTCKUI CEMUHAP

-+ Al KaKk Hayka nogsunca B 1956 Ha cemmnHape B laptmyTe.

- Ero opraHmnsosanu [)oH MakkapTtu (John McCarthy), MapBuH
MuHcku (Marvin Minsky), Knog WenHow (Claude Shennon)
HaTaHuanb Poyectep (Nathaniel Rochester).

- 370 6bINa, HABEPHOE, CaMasi aMbULUMO3HAA rPaHTO3asABKa B
NCTOPUN MHAOPMATUKN.
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JAPTMYTCKUI CEMUHAP

Mbl npednazaem uUcCcnedos8aHue UCKYCCMB8eHHO020 UHMesiekma
CpOKOM 8 2 mMecAya ¢ yyacmuem 10 yenogek nemom 1956 200a 8
Llapmmymckom Konnedxe, faHosep, Hoto-femnwup. ViccnedosaHue
0CHOBAHO HA NMPednooXeHuuU, Ymo 8CAKUL acnekm oby4yeHus usu
nt60oe dpyz20e c8olicmao UHMen/iekma Mmoxem 8 npuHyune 6bimb
CMOJIb MOYHO OMUCAHO, YMO MAWUHA CMOXem e20 CUMy1uposame.
Mbl monbimaemcsi MOHSAMb, KAk 06y4Umb MAWUHbI UCMO1b308aMb
ecmecmaeeHHble A3blKU, (hopMuposams abCmMpakyuu u KoHuenyuu,
pewamb 3adadyu, ceuyac noo8AACMHbIE MOMbKO J/TOAM, U
yayqywams camux cebs.  Mbl cyumaem, 4mo cyuwecmeeHHoe
npoosuxeHue 8 00HOU uiu 6onee U3 3mMux npobsem 8rnosHe
B803MOXKHO, eC/1U CreyuaabHo Mo00bpaHHas 2pynna yyéeHolx bydem
pabomamb Had 3MuUM 8 meyeHue iema.



1956-1960: BONbLUNE HAOEXAbI

- OnTummucTnyeckoe Bpems. Kasanoch, YTo ellé HEMHOTO, eLle

YYTb-YyTb...
- Allen Newell, Herbert Simon: Logic Theorist.
- Mporpamma ansa nornyeckoro BbiBoAa.
- Cmorna nepenokasatb 60/bliyto YacTb Principia Mathematica,
Koe-rae faxe nssiHee, Uem camu Paccen ¢ YanTxeqom.




1956-1960: BONMbLIWE HALEXAbI

- ONTUMUCTMYecKoe Bpems. Kasanoch, UTo ellé HeMHOTO, ellé
YyTb-UyTb...

- General Problem Solver - nporpamma, KoTopast NbiTanacb AymaTtb
KaK YenoBek;

- MHOro nporpamm, KOTopble yMenu fenaTb HEKOTOpPble
orpaHuyerHble seww (microworlds):

- Analogy (IQ-TecTbl Ha «BbIGEPUTE NULLIHEEN);
- Student (anre6panyeckue cnosecHble 3agaun);
- Blocks World (nepectasnana 3D-610ku).



1970-E: KNOWLEDGE-BASED SYSTEMS

+ CyTb: HAKOMUTb AOCTATOYHO HONbLWION HAOOP NPaBUM U 3HAHUN
0 NpeaMeTHOW 06/1acTu, 3aTeM AeNaTb BbIBOAbI.
- Mepsbln ycnex: MYCIN - grarHoctuka nHMeKLnn KpoBu:
+ 0Kono 450 npasun,

- pe3ynbTaThl KK Y OMbITHOTO BpPaya ¥ CyLLeCTBEHHO Nyylle, Uem y
HaYMHALLMX BPAYen.

st RULE-BASED
Ry EXPERT SYSTEMS

EXPERT THE MYCIN EXPERIMENTS OF THE STANFORD
SYSTEMS HEURISTIC PROGRAMMING PROJECT

Bruce G. Buchanan
Edward H.Shortliffe




1980-E: KOMMEPYECKWE NPUMEHEHUSA; NHAYCTPUA Al

- Mepsbiit Al-oTaen 6bin B KomnaHum DEC (Digital Equipment
Corporation); yTBepxaatoT, uTo K 1986 roay oH 3koHomun DEC
okono $10 MAH. B rog.

- ByM 3aKOHUMACA K KOHLY 80-X, KOrfa MHOTe KOMNaHuu He
CMOIK onpaBAaTh 3aBblWEHHbIX OXUAAHW.

Timeline of Al Development

Popularity = 1950s-1960s: First Al boom - the
age of reasoning, prototy pe Al
developed

Explosive = 1970s: Al winter |

Growth *  1980s-1990s: Second Al boom: the
age of Knowledge representation
(appearance of expert systems
capable of reprod ucing human
decision-making)

1990s: Al winter Il

1997: Deep Blue beats Gary
Kasparov

= 2006 University of Toronto
develops Deep Learning

2011: | BM's Watson won Jeopardy
2016: Go software based on Deep
Learning beats world's champions

Al winter Il

Birth

1950 1956 1974 1980 1987 1993 Time




MINING, MACHINE LEARNING

B nocneaHve 0ecATUNETAS OCHOBHOW aKLEHT CMeCTUCA Ha
MalnHHOE 06yYeHre 1 MOMCK 3aKOHOMEPHOCTEN B AaHHbIX.

OCO6eHHO — C pa3BUTMEM MHTEPHETA.

Cenyac npo Al B cMbiCcnie TPEX 3aKOHOB POBOTOTEXHUKM YXKE He
0YeHb BCMOMUHALOT.

/] Ho poboTuka — npousetaet v nonbayerca machine learning
Ha KaX/JOM Lary.



ONPEAENEHUE

- YT0 3HauUT — obyvatowanca mawmnHa? Kak onpegenntb
«0byyaemocTb»?
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ONPEAENEHUE

- YT0 3HauUT — obyvatowanca mawmnHa? Kak onpegenntb
«06Yy4aeMOCTb»?

Definition
KomnbloTepHas nporpamma o6y4aeTcsa no Mepe HakomnaeHus onbiTa

OTHOCUTENbHO HEKOTOPOTO Knacca 3aaad 7' v Leneson dyHKumumn P,
©C/IN KauecTBo pelleHns 3Tux 3agad (oTHoCcuTenbHO P) ynydllaercs
C NOMyYeHnem HOBOTO OMbITa.

- OnpepaeneHne oyeHb (CIUWKOM?) obLlee.

- Kakune KOHKpeTHble npuMepbl MOXXHO npneBectn?
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YEM Mbl BYAEM 3AHNMATbCS

- Mbl 6yaem paccmMaTpuBaTb pa3Hble airopPUTMbl, KOTOPbIE
peLatoT Ty MK UHYI0 3aady, MPUUYEM peLlatoT Tem nydlle, 4yem
60Mblie HauanbHbiX (TECTOBbIX) AAHHBIX €My AadyT.

- CeroaHs Mbl NOroBOpMM 06 06LEeN TeopuK 6ANECOBCKOTO

BbIBOA, B KOTOPYH 06bIYHO MOXHO MOrPY3UTb NOOON anropuTm
MaLlWHHOTO 06YyYEeHNS.

- Ho cHauyana — KpaTkuit 0630p OCHOBHbIX 33a4 MALIVHHOTO
06yYEeHUSA B LIENOM.



OCHOBHBbIE 3AAAYM U MOHATNA MALLUHHOIO OBYYEHUA

3apaun MalmnHHOro obyyeHuns

1

06yuyeHue c yuutenem 06yuyeHune 6e3 yuutens O6yuyeHune c nopKpenaeHueM
Supervised learning Unsupervised learning Reinforcement learning

D = {(zn.yn)}_; D = {(zn)}_,; D cobupaet areHT
ObyuaeM p (y|x) Obyuaem p(x) O6yyaeM cTpateruio
Knaccudpukauumsa Cokpaluetine Mpsimoe RL
> Classification Dp_oamepuoc{_vtl Direct RL
y KaTeropuanbHas Hulgl L / ObyuaeM 7 U3 onbITa
reduction
Perpeccus Knactepusaums Henpsamoe RL
—>| Regression cl X Indirect RL
ustering
y HerpepbiBHas ObyuaeM Mofenb Mupa

13



OCHOBHBbIE 3AAAYM U MOHATNA MALLUHHOIO OBYYEHUA

- O6yueHue ¢ yuumesnem (supervised learning) — o6yueHue, B
KOTOPOM €CTb HEKOTOPOEe YMCNO NPUMEPOB C MPaBUIbHbIMU
OTBETaMU:

- o6yyarouas ebi6opka (training set) - Habop NPUMEPOB, KaX/bii
13 KOTOPbIX COCTOUT U3 npu3Hakos (features, attributes);

-y NPUMEPOB eCTb NpaBu/bHbIe OTBETHI — MepemeHHas (response),
KOTOPYIO Mbl MpefcKa3biBaem; OHa MOXET BblTb KaTeropuanbHas
(categorical), HenpepbiBHasa unu opanHanbHas (ordinal);
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OCHOBHBbIE 3AAAYM U MOHATNA MALLUHHOIO OBYYEHUA

- O6yueHue ¢ yuumesnem (supervised learning) — o6yueHue, B
KOTOPOM €CTb HEKOTOPOE YNCNO0 NPUMEPOB C MPABUMbHbIMU
OTBETaMU:

- mMofaenb o6yyaemcs Ha 3Toi Bbibopke (training phase, learning
phase), 3aTem MOXeT 6bITb MPUMEHEeHa K HOBbIM npumepam (test
set);

- rMaBHoe — 06YyUNTb MOeNb, KOTOPAs He TOMbKO TOUKM U3
obyyatollet BbIGOPKU 06BACHAET, HO 1 HA HOBbIe NpUMepbI
xopoLo o6o6waemcs (generalizes);

- uHaye - osepduTTuHr (overfitting);
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OCHOBHBbIE 3AAAYM U MOHATNA MALLUHHOIO OBYYEHUA

- O6yueHue ¢ yuumesnem (supervised learning) — o6yueHue, B
KOTOpPOM eCTb HEKOTOPOEe YMCN0 MPUMEPOB C MPaBUIbHbIMU
OTBETaMU:

+ 00OblYHO HaM [atoT MPOCTO 0byyatoLLyto BbIGOPKY — Kak Toraa
nNpoOBepUTb, 0606LAITCA N1 Mogenun?

- Kpocc-Banuaaumsa — pa3buBaem BbIGOPKY HA TPEHUPOBOUHbIN 1
BaNWgaLMoHHbIN Habop (validation set);

+ nepej TeM Kak nofaBaTb UTO-TO Ha BXOA, 06bIYHO AenatT
npeao6paboTKy, CTapasich BbIAEMUTb U3 BXOAHbIX AAHHbIX CaMble
cofepxarenbHble acnekTbl (feature extraction).
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OCHOBHBbIE 3AAAYM U MOHATNA MALLUHHOIO OBYYEHUA

- O6yueHue ¢ yuumesnem (supervised learning) — o6yueHue, B
KOTOPOM eCTb HEeKOTOPOe YMC/I0 MPUMEPOB C MPaBUIbHbIMU
OTBETaMU:

- Kjaccuchukayus: eCTb HEKOTOPbIN ANCKPETHBIV HABOP KaTeropuin
(knaccos), ¥ Ha4o HOBbIE MPUMEPbI ONPeaennTb B KAKON-HUOYdb
Knacg;

- Knaccudukauma TeKCTOB MO Temam, cnam-unsTp;
* pacno3HaBaHne I'Il/lLJ,/Of)'beKTOB/TeKCTa;
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OCHOBHBbIE 3AAAYM U MOHATNA MALLUHHOIO OBYYEHUA

- O6yueHue ¢ yuumesnem (supervised learning) — o6yueHue, B
KOTOPOM eCTb HEeKOTOPOe YMC/I0 MPUMEPOB C MPaBUIbHbIMU
OTBETaMU:

- pezpeccust: eCTb HEKOTOpas HeusBecTHas yHKLUWS, U Haao
NpeackasaTbh e 3HaUeHVsa Ha HOBbIX MpUMepax:

© MHXeHepHble NpunoxeHns (Npeackasarb Temneparypy, NonoxeHue
po6oTa, whatever);
- (DMHAHCbI — NPECKA3aThb LEHy aKkuui;
- TO K€ NMI0C N3IMEHEHUSA BO BPEMEHMW — HaMpuMep, pacno3HaBaHve
peuu.
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OCHOBHBbIE 3AAAYM U MOHATNA MALLUHHOIO OBYYEHUA

- O6yueHue 6e3 yyumens (unsupervised learning) — obyueHue, B
KOTOPOM HET MpaBu/ibHbIX OTBETOB, TOIbKO aHHbIE:
- knacmepusayus (clustering): Hago pa3buTb AaHHble Ha 3apaHee
HEen3BeCTHble KnaccCbl Mo HQKOTODOI?I mMepe NoXoxXecTu:
- BbIENNTb CEMeNCTBa reHoB 13 Nocnef0BaTeIbHOCTEN HYKNE0TUAOB,;
* Knactepu3oBaTb nonb3oBaTenewu u nepcoHann3oBaTb NoA HUX
NpunoXxeHne,
+ KMacTepu30BaTb MAaCC-CMNEeKTPOMETPUUECKOe M306paXeHe Ha YacTu
C pa3HbiM COCTaBOM;
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OCHOBHBbIE 3AAAYM U MOHATNA MALLUHHOIO OBYYEHUA

- O6yueHue 6e3 yyumens (unsupervised learning) — obyueHue, B
KOTOPOM HET MpaBu/ibHbIX OTBETOB, TOIbKO aHHbIE:

- cHuxeHue pasmepHocmu (dimensionality reduction): gaHHbie
MMEIT OFPOMHYIO PA3MepPHOCTb (OUEHb MHOTO MPU3HAKOB), HYXKHO
YMEHbLLINTb €&, BbIAeUTb Camble NH(MOPMATNBHbIE MPU3HAKMY,
uTO6bI BCE BbILIEOMUCAHHbIE aNrOPUTMbl CMOMIN PaboTaTh;

- dononHeHue mampuy (matrix completion): ecTb paspexeHHas
MaTpuLa, Hafo NPeACKasaTh, UTO Ha HefOCTaloWMX NO3ULNAX.

- YacTo AaHbl MPaBUIbHbBIE OTBETbI A5 HEOOMbLION YACTU AAHHbIX —
semi-supervised learning.
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OCHOBHBbIE 3AAAYM U MOHATNA MALLUHHOIO OBYYEHUA

- O6yueHue c nodkpenneHuem (reinforcement learning) -
0by4YeHne, B KOTOPOM areHT YUMTCS U3 COOCTBEHHbIX MPO6 ©
ownbokK:

© MHO20pyKue 6aHOUMbl: eCTb HEKOTOPbIN HABOP AENCTBUI, KaXaoe
13 KOTOPbIX BEAET K CyYarHbIM pesynbTatam; HyXXHO NONyUYnTb Kak
MOXHO 60MbLININ AOXOL;

- exploration vs. exploitation: kak u Korfa oT UccnefoBaHs HOBOTO
NepexoanTb K MCMOMb30BAHUIO TOTO, UTO YXKe U3YUuns;

- credit assignment: KOHMETKY AAIOT B CAMOM KOHLe (Bbiurpan
napTnio), 1 HAZo KaK-TO pacnpefennTb 3Ty KOHMETKY MO BCeM
XOAaM, KOTopble NpuBenun K nobege.
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OCHOBHBbIE 3AAAYM U MOHATNA MALLUHHOIO OBYYEHUA

- akmueHoe obyyeHue (active learning) — kak Bbl6paThb
cnegytownin (OTHOCUTENbHO AOPOrON) TECT;

- 06yyeHue paHxuposaruto (learning to rank) — opguHanbHas
perpeccus, Kak NopoAUTb YNOPAAOUEHHbIA CIUCOK
(MHTEpHEeT-MouCK);

- 6ycmuHe (boosting) — Kak CKOMBUHMPOBATb HECKOMbKO CNabbix
KNaccudurKaTopoB TaK, YTOObI MOMYYNICS XOPOLINK;

- gbi6op modesnu (model selection) — rge NpoBecTy uepTy MeXIy
MOAENAMU C MHOTMMU NApamMeTpamm U C HEeMHOTUMU.
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BEPOATHOCTb B MALUMHHOM OBYYEHUN

- Bo Bcex meTodax 1 Noaxodax oveHb NPUroAUTCA METO[, KOTOPbIN
MOT Obl He MPOCTO BblJaBaTb OTBET, & eLLE OLEeHMBAT,
HaCKOMbKO MOAe/b yBepeHa B 3TOM OTBETE, HACKOMbKO MOJEeNb
XOPOLLUO OMUCHIBAET AAaHHbIE, KAK U3MEHATCS 3TV BENUYNHbI MPW
JanbHENLWNX IKCNepnMeHTax 1 T.A.

- T103TOMY LieHTpanbHyo Pob B MAIMHHOM 06YYeHUN Urpaet
Teopusa BEPOATHOCTEN — U Mbl TOXe ByaemM e€ aKTUBHO
NPUMEHSAT.

15



NCTOUYHUKN

- Christopher M. Bishop, Pattern Recognition and Machine
Learning, Springer, 2007.

- Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT
Press, 2013.

- Trevor Hastie, Robert Tibshirani, and Jerome Friedman, The
Elements of Statistical Learning: Data Mining, Inference, and
Prediction, 2nd ed., Springer, 20009.
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BAMECOBCKN noaxon,




OCHOBHbIE OMPEAENEHUA

- Ham He NoHago6AaTCcs matematuyecke onpeaeneHmns
curma-anrebpbl, BEPOATHOCTHOW Mepbl, 6OpeneBCKUX MHOXeCTB
nT.o.

- [10CTaTOYHO MOHMMATb, UTO ObIBAKOT ANCKPETHbBIE CllyYalHble
BENNUYMHbI (HeOTPULATENbHbIE BEPOATHOCTU NCXOA0B B Cymme
[AI0T eUHWLY) U HeNpepbiBHbIe CyYaliHble BeNNUYNHDbI
(MHTerpan HeoTpUUATENbHON YHKLMM NNOTHOCTU PaBeH
ennHuLe).



OCHOBHbIE OMPEAENEHUA

- CosMecmHas 8eposiIMHOCMb — BEPOATHOCTb OJJHOBPEMEHHOTO
HaCTynneHns ABYX COObITUN, p(x,y); MAPrUHANU3ALMNS:

p(x) = 3 p(a,y).

-+ YcrnosHasa eeposimHocmsb — BEPOATHOCTb HACTYMNEHUA OOAHOIO
COObLITUA, €CN U3BECTHO, YTO NPOM30LWNO ApYroe, p(z | y):

p(z,y) =p(x | y)p(y) = p(y | 2)p(z).
- Teopema batieca — 13 npeablayen Gopmynbl:

_plyply) _ plzly)ply)
PR =T T S, el e

+ Hesasucumocmb: x U y HE3aBUCKUMbI, €CNN

p(z,y) = p(x)p(y).



[MPAMBIE N OBPATHbIE 3A4AYN

- Mpamada 3agaya: B ypHe nexar 10 WwapoBs, U3 HUX 3 YEPHDIX.
KakoBa BEpOSATHOCTb Bbi6paTb YEPHDIN LWap?

+ inwn: B ypHe nexat 10 wapos ¢ Homepamu ot 1 go 10. KakoBa
BEPOSITHOCTb TOFO, YTO HOMEepa TPEX NOC/e0BaTeNbHO
BbIOpPAHHbIX WAPOB AaAYT B Cymme 127

- ObpatHas 3agaya: nepef Hamu ABe YpHbI, B Kaxaon no 10
LApOoB, HO B OJJHOW 3 YEPHDIX, @ B APYron — 6. KTo-To B35 13
KaKoW-TO YpHbI Wap, ¥ OH OKa3ancs Y€pHbIM. HacKonbKo
BEPOSITHO, UTO OH 6Pan Wap U3 NepBont ypHbI?

- 3ametbTe, uTo B 06pATHO 3a4aue BePOATHOCTY Cpasy CTanm
6anecoBCKUMM (XOTb 34€Ch U MOXKHO nepetopMynnpoBaTh
yepes yacToTbl).
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MPAMBIE N OBPATHbIE 3A4AYN

- MiHaue roBops, NpsMble 334aUn TEOPUU BEPOATHOCTEN
OMUCLIBAIOT HEKWI BEPOSITHOCTHbIN NPOLECC NN MOAENb U
NPOCAT NOACUMTATD Ty UTN UHYIO BEPOATHOCTb (T.e. hakTUUecku
no MOAeNu npeackasarb nosegeHne).

- O6paTHble 33[lau COAePXKaT CKpbimble nepemeHHbie (B
nprmMepe — HOMEP YPHbI, U3 KOTOPO Gpany wap). OHM YacTo
NPOCAT MO W3BECTHOMY NMOBEAEHWI0 MOCTPOUTb BEPOATHOCTHYIO
Mofenb.

- 3aJauv MAWVHHOIO 06yYeHUsa 06bIYHO ABNAOTCA 3a4a4amu
BTOPOW KaTeropuu.
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BEPOATHOCTb KAK YAC

- O6bIYHO B KNACCUYECKOWN TeopUK BEepOoATHOCTEN, MPOUCXOaALLEeN
13 PU3NKK, BEPOSITHOCTb MOHMMAETCA KaK Npeaen OTHOWeHWS
KONM4yecTBa onpefaenéHHoro pesynbrata IKCnepumeHTa K
06LEeMy KONMYeCTBY IKCNEPVMEHTOB.

- CTaHOapTHbIV Npumep: 6pocaHne MOHETKN.
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BEPOATHOCTb KAK CTENEHb JOBEPUA

+ Mbl MOXeM PacCy/JaTb O TOM, «HACKOMNbKO BEPOATHO» TO, YTO

- cbopHaa Poccmm nobeanT Ha yemnuoHarte mupa no ytéony B
2026 roay;

- «Ofucceo» Hanucana KeHLwmnHa;

- AnekcaHap ®énoposuy KepeHCKnin 6exan 3a rpaHuLy B XeHCKOM
nnartbe;

- Ho 0 «cTpemswemcs K HECKOHEYHOCTH KONMYecTee

JKCNeprMeHTOB» rOBOPUTb 6eCCMbICNIEHHO — IKCNepnmeHT
3[eCb POBHO OANH.
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BEPOATHOCTb KAK CTENEHb JOBEPUA

- 3[eCb BEPOATHOCTY Y)Ke BbICTYNaloT Kak cmeneHu dosepust
(degrees of belief). 310 6aiecoBCkMit NOAXO K BEPOATHOCTAM
(Tomac banec Tak noHumMan).

- K cuacTbio, 1 Te, 1 ipyrue BepoATHOCTM NOAYMHAKTCA OfHUM
TEeM e 3aKOHaM; eCTb pe3ynbTaTbl O TOM, YTO BMOAHE
eCTeCTBeHHbIe aKCMOMbl BEPOATHOCTHOM MOTUKN TYT e
NPUBOAAT K BeCbMa y3KoMy knaccy dyHkumn (Cox, 19).
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OMNPEAENEHUS

- 3anuuwem Teopemy bareca:

p(0)p(DI6)

p(0|D) = (D)

- 3necb p(#) — anpuopHas eeposmHocms (prior probability),
p(D|9) — npasdonodobue (likelihood), p(8| D) —
arnocmepuopHas sepoamHocms (posterior probability),
p(D) = [p(D | 0)p(f)dd — BeposTHOCTb faHHbIX (evidence).
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ML vs. MAP

- B CTatuCTiKe 06bIUHO WLLYT 2UNomesy MakCcumMaabHO20
npasdonodobus (maximum likelihood):

Oy = argmax,p(D | 6).

- B 6ai1eCOBCKOM NOAXoe WLLYT anocmepuopHoe pacrpedeneHue
(posterior)

p(0|D) o« p(D|6)p(0)

1, BO3MOXHO, MAKCUMA/IbHYK anocmepuopHyto 2unomesy
(maximum a posteriori):

Orrap = argmax,p(0 | D) = argmax,p(D | 0)p(0).

2%



Cnacn60 3a BHMUMaHue!
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