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BctynutenbHoe cnoBo

OKOJ10 IecsITH JIeT Ha3a/I, Korjaa u3ydeHue 6aiieCOBCKMX METOIOB BIIEPBbIe 3aMHTE-
pecoBaio MeHSI, ST OOHAPYKMUJT OCTPYIO HEXBATKY KHUT IT0 JAHHOI TeMe Ha PyCCKOM
s13bIKe. MaTepuasa, B KOTOPOM ObI IMPAKTUYECKH, C TOUKM 3PEHUS] peanns3anyy Ha
KOHKPETHOM $I3bIKE ITPOTrpaMMMPOBAHMSI, OMMUCHIBAINMCH KaK 6a30BbIe, TaK U Gosiee
MIPOJBMHYThIE METOMbI aHajIM3a JaHHBIX C IIOMOIIbI0 6aiiecOBCKMX MeTomoB. IIpu
9TOM He COCTaBJISIIO TPYIA HaTM OrPOMHOE KOJMMUYECTBO AOCTOMHBIX KHUT Ha aH-
IIMIICKOM SI3bIKe, TaIOIMX ITYOOKOe MpaKTUYecKoe TTOHMMaHMe 3TOTO OTAeIbHOTO
Ba’KHOTO KJIacca MeTOJ 0B, KOTOpbIe PMMEHMMbI B CAMOM LIMPOKOM CITEKTpe 0671a-
CTeli: HauMHasl OT aHAIM3a SKCIIePUMEHTATbHBIX JAHHbBIX M 3aKaHUMBAs COBpEMeH-
HBIMM CCTeMaMM IIPUHSTHS pelieHmnit 1 gaxe 6;1okueitHoM. KcraTi, eciivi TOBOPUTH
0 ToCJIeIHEeM, TO MOKHO TpuBecTu B mpuMep NeuroChainTech — mpoeKT 60bII0i
MeKIYHAPOIHOI KOMAaHIbl, B KOTOPOM MHE TIOCYACTAMBIIIOCH CTaTh HAYYHBIM KOH-
CY/IbTAHTOM. DTO peanmn3alusi yMHOTO OJIOKYeliHa ¢ HOBBIM OPUTMHAIbHBIM ajIro-
PUTMOM KOHCEHCYCa ¥ 3JIeMeHTaMM MalIMHHOTO OOyUeHMSs, BKIIOUAIOIIMMM KaK
pas baiiecoBckye ceTu. B 3ToM rogy rmpoekT mposen ycremHoe ICO 1 B HacTosinee
BpeMs HaxXxOOUTCS B aKTMBHOJN (ase cBoero pasputusi. Kpome Toro, B HacTosimee
BpeMsI Ha 6aiieCOBCKMX MeTofax 6asuMpyroTcs B TOM UMC/Ie ¥ COBpEMEeHHbIe CUCTe-
MbI IPUHATUS PelIeHN M aHaaM3a JaHHbIX, KOTOPbIe aKTUBHO UCIIONb3YIOTCS ST
pelreHus 3agay UMGPOBMU3ALNY SKOHOMMUKY, BBIXOISMIIMX B HACTOSIIEe BpeMs Ha
TIepBbIii IJIaH B TOCYIaPCTBEHHOM U KOPIIOPaTUBHOM Pa3BUTUM.

HeckosbKo JIeT Ha3ag MOM CTaThbyM Ha PYCCKOM SI3bIKE, OITyOIMKOBAHHbBIE Ha IT0-
MTYyJISIPHOM pecypce B ceTu IHTepHeT, B KOTOPbIX OIMMChIBAINCH Oa30BbIe TTPUHIIN-
Il UMIUIEMEHTANVM 6aiiecoBCKMX MeTOM0B Ha Python’e, HauM OYeHb KUBOII OT-
KJIMK uMTaTteseii. bomee Toro, M0 CErOAHSIIITHETO IHS, CITYCTS MSITh JIET C MOMEHTa
UX TyOMMKaIMu, MHe TO-IpPeKHeMY ITOCTYTIAI0T BOIPOCHI, CBSI3aHHbIE C MPAKTH-
YeCK/M BOILIOIIEHVEM QJITOPUTMOB 6ai1eCOBCKOTO aHaIN3a, UTO B OUepeHON pa3
TIOATBEPKIAeT HEIOAIe/IbHbIN M HEeCHVDKAOIMIICS MHTePeC WUPOKO ayIUTOpUn
K ITOHMMAaHMIO ¥ TPAKTUYECKUM acIlleKTaM peaam3aniy 6aiieCoBCKMX METOOB.

[TosiB/ieHMe mepeBofa Ha PYCCKMIL SI3bIK OTJIMUYHOI KHUTH, TTOAPOGHO OIMMChIBAIO-
IIei1 mpaKkTu4eckoe BOIUIoNIeHe 6aiiecOBCKMX MeTOA0B Ha Python’e, — 3T0 6e3yc/ioB-
HbII TTOBOJ, /1T pamocTy. HacTosiass KHUra BKIOUaeT B cebs onycaHue 6a30BbIX
TIPMHIIUIIOB peanu3aiuy 6aiiecOBCKMX METOHOB B CaMOM IIMPOKOM CIIEKTpe UX
MIPMMEHEHU, U 1 OUeHb Ha/IeI0Ch, YTO OHA BbI30BET JO/DKHbIV MHTEPEC Y UMTaTeNen
Y TIPUIACT HOBBIN MMITY/IbC K M3YUEHMIO, AKTMBHOMY ITPUMEHEHUIO U TabHeIemMy
PasBUTHIO 6aiieCOBCKUX METOIOB.

JKenato unTaTensiM yCIEeNTHOTO OBIaAeHMs MHCTPyMeHTapyeM 6aiieCoBCKMX Me-
TOJIOB ¥ MHTEPECHBIX €0 MPYMEeHeHUT B OyAyIIUX TpoeKTax!

Maxcum Hpuwixum, PhD,
HayuHblii KOHCYnIbTaHT NeuroChainTech,
9KCIePT M0 MHHOBAIIMOHHOMY Pa3BUTHUIO KOPITOpaIuit
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Moii noaxon

IMpeaIToChIIKOI OJIs 9TOV KHUTH, Kak M APYTUX KHUT cepum Think X, ABIsSIeTCS MbIC/Tb
0 TOM, UTO eC/IM BbI YMeeTe IMPOrpaMMMUPOBATh, BbI MOKETE MCITOb30BaTh 3TO YMe-
HIMe, YTOOBI OBJIAZIETh APYTYMM 3HAHUSIMMU.

BoNMbIIMHCTBO KHUT IO 6aiieCOBCKOI CTATUCTUKE MCITONb3YIOT MaTeMaTuIecKue
(hbOpMYIMPOBKM U MPEICTABSIOT 9TU UAEY KaK MCUMCIeHMe B TEPMIMHAX MaTeMa-
TUYECKUX KOHIIEMIMii. B 9TOM KHUTre BMECTO MaTeMaTUKU VCIIOMb3YIOTCS SI3bIK
nporpaMmupoBanus Python u muckpeTHas armpoKCUMaIis BMECTO HeITpephIBHOM
MaTeMaTUKN. B pe3ynbrare TO, YTO KHUTAX 10 MaTeMaTUKe SIBJISIETCS MHTETPaaoM,
CTAaHOBUTCS CYMMMPOBaHMEM, a OOJIBIIMHCTBO OIlepaIyii ¢ BepOSITHOCTHBIMMU pac-
TIpefeIeHUsIMU — TIPOCTO IIUKIIAMUA.

MHe KaskeTcsl, UTO TaKoe Ipe/icTaBieHe 6ojiee MOHSITHO, IO KpaiiHeil mepe aJis
JIIofieli ¢ HaBbIKaMy Iporpammucta. OHO Takke uMeeT 6ojiee 00T XapaKkTep, Mo-
TOMY YTO MbI MOKEM BbIOMPATh HaubosIee MOIXOASIIYI0 MOENb, He CJIUIITKOM 6ec-
TTOKOSICh, TTIOMIIA€TCS JI OHA TPAIUIIMOHHOMY aHaIM3y peabHbIX MpobyeMm. [aBa 3 —
xXopoumit mpuMep 3Toro. OHAa HAYMHAETCS C IIPOCTOrO TpMMepa C UTPATbHBIMU
KOCTSIMM — OITHOTO 13 OCHOBHBIX B 6a30BO¥ TEOpUM BEPOSITHOCTHM. 3aTeM HeOObIII-
MM IIaraM¥ UIeT IPOABIMKEeHNE K 3a/1aue O IOKOMOTMBAX, KOTOpasi II03aMCTBOBaA-
Ha 13 kauru ®pegeprka Mocrennepa (Frederick Mosteller) «[IIThaecsIT MHTEPECHBIX
BEpOSITHOCTHBIX 3amau ¢ pemenussmu» (Fifty Challenging Problems in Probability
with Solutions. Dover, 1987) u 3aTeM K 3ajaue 0 HEMEIIKOM TaHKe, 3HAMEHUTOMY
YCITeITHOMY ITpMMeHeH 10 6aiieCOBCKOT0 METO/Ia BO BpeMst BTOpoit MUPOBOJi BOIHBI.

MoZAENMPOBAHME M ANNPOKCUMALIUS

MHorue 3aaun B 3TOV KHUTe MOTMBUPOBAHbI PeaIbHbIMU MTpobieMaMu, UTo Bie-
yeT 3a co60ii He0OXOOMMOCTDb MOCTPOeHMsT Mopenu. IIpexxae yeM Mbl IPUMEHUM
6aitecoBcKyMe MeTObI (KaK U JII000¥ IPYroii aHaaM3), Mbl TO/DKHBI IIPUHSITD pelie-
HME O TOM, KaKyl0 4acCTb peajbHOI CUCTEMbI Mbl BKJIIOUMM B MOJEIb U OT KaKMUX
IeTaseil Mbl MOkeM abCTparnpoBaThCs.

Hampumep, B I/1aBe 7 MOTUBUPYIOILEI IIPO6IEMOTA SIB/ISIETCS TIpeAcKa3anme mobe-
IATEJIS B UTPE B XOKKeIA. S mpumeHWI J1 IToficueTa roJioB ITyacCOHOBCKMIA ITpo1iecc,
KOTOPBIi MMOAPA3yMeBaeT, YTO TObl MOTYT OBITh 3a0MTHI PABHOBEPOSTHO B JII0607
MOMEHT UT'PbL. DTO He COBCEM TaK, HO 3Ta MOZE/b, BEPOSITHO, OAXOLUT 11T MHOTMUX
IpYyrux 3ajad.

B rnmaBe 12 moTMBauMeli MpoOOJIeMbI SIBJISIETCS MHTEPIPETALVs 9K3aMeHaIMOH-
HbIX O1leHOK SAT (SAT sBisieTcs CTaHAAPTU3MPOBAHHBIM TECTOM, UCIIOIb3yeMbIM
pu nocTyrieHun B Konenk B CHIA). 5 HaumMHaw ¢ IPOCTOil MOAeny, B KOTOPOi
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MpeArionaraeTcsl, YTo0 BCe BOMPOCHI Ha sk3aMeHe SAT MMeIOT OAMHAKOBYIO CJIOXK-
HOCTh. OgHaKo ¢akTHMuecku opraHm3atopbl SAT co3HaTeIbHO BKIIOUAIOT YaCTh BO-
MIPOCOB, KOTOPBIE SIBJISIIOTCSI OTHOCUTETBHO MPOCTHIMMU, & YaCTh BOITPOCOB — KOTOPbIE
SIBJISIIOTCST 60Jee CIOKHBIMU. S TIPeiCTaBIII ¥ BTOPYIO MOJIeTb, KOTOPast YUMThIBA-
€T 9TO 0OCTOSITEeJIbCTBO, U TTOKA3aJl, YTO B KOHEUYHOM CUETe OHO He OKa3bIBaeT Cy-
1IeCTBEHHOTO BIMSIHUS Ha Pe3y/bTar.

Sl mymaro, 4TO BasKHO CUMTATh MOZAEeIMPOBaHe HEOTheMJIEMOI YaCThIO peleHus
3a7auy, TIOTOMY YTO 3TO 3aCTaBJISIET HAaC JyMaTh O MOJENbHBIX OLIMOKaX (TO eCcTh
OIIMOKAX, TTOSIBJISTIONIMXCSI BCIEICTBYE YITPOIIEHMIT U TIPEATIONOKEHIT B MOIEISIX).

MHorme MeToabl B 3TOV KHUre 6GasUpyIOTCS Ha AMCKPETHBIX pacIipeneeHusIx,
YTO 3aCTaB/ISIET HEKOTOPBIX OECIIOKOUTHCS O UMCAEHHBIX ommbkax. Ho mjis peanb-
HBIX ITPO06JIEM UMCJIEHHbIE OIIMOKM ITOUTY BCErIa MEeHbIIle MOAEIbHBIX OIIMOOK.

C gpyroii CTOpOHBI, HeTIpepbIBHbIE METO/Ibl MHOTAA MTPUBOAST K IPEMMYIeCTBaM
B MPOM3BOAUTENBHOCTY — HAmpuMep, IyTeM 3aMeHbl BbIUMCJIEHUI C JTMHEeHHbIM
WJIM KBaJpaTUUHBIM BpeMeHeM Ha pellieHle C TOCTOSIHHO PO 0KUTENTbHOCTBIO.

51 peKOMeHYIO CIeIyIONIYI0 O6IIYIO TPOIIeYPY IIPY pellieHny 3a0ad:

1) 1pu ucwiemoBaHUM ITPOO6IEMbI HAUMHANTE C TIPOCTOI MOJEIN U ONUIINUTE ee
B SICHBIX, YUMTaEeMbIX ¥ SIBHO ITPaBMIbHBIX Kogax. ChoKycupyiiTe BHMMaHMe Ha
XOPOUIMX MOJETbHbIX pellleHUsIX, He Ha ONTUMU3alnn;

2) Korja IpocTast Mojesb 3apaboTaeT, Orpeie/IMTe OCHOBHbIE MCTOYHMUKM OIIN-
60K. BO3MOXHO, BaM TOTPeOYeTCsT YBEIMUUTh KOMMUECTBO 3HAUEHUIT TIPU
annpoKCUMAaLVN, UK YBEIMYUTD YMCIO UTepaluii B Mmomgenu MonTe-Kapiio,
MU 106aBUTD €T/l B MOJIEIb;

3) ecnau 3TO pellieHMe IpueMsIeMo JjIsl Ballero MpuiaokeHus, BaM, BO3SMOXKHO, HET
He0oOXOIMMOCTY 3aHMMATbCS ero onTumMu3salmeit. Ho ecv Bbl co6upaeTech 3T0
JlenaTh, CYIIecTBYeT JiBa MOAX0/a, KOTOpbIe CyiefyeT PacCMOTpeThb. Bbl MoXkeTe
MPOBECTU PeBU3UIO Balllero KOAa M MOMCKATb BO3MOXXHOCTM €ro ONTUMM3a-
uyu. Haripymep, eciv Bbl KellIMPOBaJIY MOTyUYeHHbIe pe3y/lbTaTbl, BO3MOKHO,
BaM y#acTcs M306eXaTh U3MUIIHUX BbIUMCIeHMIA. VM Bbl MOXKeTe IMOMCKATh
aHATUTUYECKNe MeTOMbl, KOTOPbIe Nal0T KOMITbIOTEPHOE YCKOPeHMe.

OmHO M3 JOCTOMHCTB 3TON IMPOLEAYyPbl B TOM, YTO IIaru 1 ¥ 2 CKJIOHHBI OBITH
OBICTPBIMMU, UTO AAET BO3MOXKHOCTD MCCIEA0BATh aJIbTePHATUBHbIE MOMEJIN 10 TOTO,
Kak Bbl HAUHETe B HUX BKJIaIbIBATHCS.

Ipyrum npeuMyIecTBOM SIBJISIETCS TO, UTO eCJIM Bbl IlepelifieTe K 1Iary 3, Bbl yKe
HayHeTe C HEeKOTOPOJ CIIPaBOYHOI peanu3alyy, KOTOpasi, BepOsITHO, OymeT mpa-
BWIbHOI, 1 Bbl CMOXETe MCII0NIb30BaTh €e JIsl perpecCMOHHOI0 TeCTUPOBaHMsI (TO
€CTb TPOBePSisl, YTO ONITUMM3UPOBAHHbIN KO, TaeT MOX0KMe pe3yabTaThl, 110 Kpai-
Heil Mmepe MpUOIU3UTENIBHO).

PABOTA C KOOOM

MHoOTrMe MIpUMepPBI B 9TOI KHUTE MCIOIL3YIOT KIAcChl M (QYHKINM, OTIpee/ieHHbIe
B Mmopnyie thinkbayes.py. Bbl MoOxeTe 3arpysutb 3TOT MOZAYJb U3 http://thinkbayes.
com/thinkbayes.py.


http://thinkbayes.com/thinkbayes.py
http://thinkbayes.com/thinkbayes.py
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MHorue paszensl CogepyKaT CIIpaBKU 0 KOZaX, KOTOPbIe Bbl MOXKeTe 3arpy3UTh U3
http://thinkbayes.com. HekoTopblie 13 3Tux (aitioB MMeIOT 3aBUCMMOCTH, KOTOPbIe
BbI TaK)Ke JIOJDKHBI OyzeTe 3arpysuTh. S mpeaiaraio BaM JepskaTh Bce 9TU (aiiyibl
B OIIHO1 TO¥1 ke IUPEKTOPUM, TaK YTOOBI OHY MOTJIY MMITOPTUPOBAThCS OIMH B IPY-
roit 6e3 M3MeHeHMsI MOMCKOBOTO Iyt Python.

Bbl MOkeTe 3arpy3uTh 9TH (aiiyibl OAVH 3a APYTYM, KOIZA OHY ITOTPe6YIOTCsI, MIn
BbI MOXKETe 3arpy3uUTh X Bce cpasy U3 http://thinkbayes.com/thinkbayes_code.zip. 3TOT
daitn Takke cogepkuT daiiyibl JaHHBIX, UCIIOIb3yeMble B HEKOTOPBIX ITpOTpaMMax.
Korma BbI pasapxuBupyeTe Mx, 3TO CO3/1acCT AMPEKTOPUIO, Ha3BaHHYI0 thinkbayes
code, KOTOpast COMEPKUT BCe KOJIbI, UCTTIOJIb30BaHHbIE B 3TOI KHUTE.

Wnu, ecnut Bbl MOJIb30BaTeIb MPOTPAaMMbl KOHCOMbHBIX YTUINUT Git, BBl MOXeTe
cpasy Moay4YuTh Bce (aitbl TOCpPeiCTBOM BETBJIEHNMS M KIIOHMPOBAHMS PEITO3UTO-
pusi: https://github.com/AllenDowney/ThinkBayes.

OnHMM U3 MOAYyneli, KOTOpble S UCMOAb30BaJl, siBjsieTcsl thinkplot.py, KOTOPBI
obecrieunBaeT yIaKOBKY JJIs1 HEKOTOPBIX QPYHKIMIT B pyplot. UTOOBI MCITONb30BATb,
€ro Heo6XomMMO 3arpy3uTh matplotlib. Ecyiv y Bac ero elie HeT, IpoBepbTe Balll Me-
HeKep MaKeTOB Ha ero NOCTYIHOCTb. B IPOTMBHOM C/lyyae BBl MOXKeTe 3arpy3uTh
MHCTPYKUMK U3 http://matplotlib.org.

HakoHel1, HeKOTOpbIe IPOTPaMMBbI B 3TOV KHUTe UCoab3yloT NumPy u SciPy, ko-
TOpbIe AOCTYIIHLI Ha http://numpy.org u http://scipy.org.

Ctunb Kooos

OmnBITHBIE TTPOTPAMMMCTBI Ha Python MOryT 3aMeTuTb, UTO KOAbI B 3TOI KHUTE HE
coorBeTcTBYIOT PEP 8, aBsiomemMycst Haubosiee 00IIMM PYKOBOACTBOM CTUJIST IJISI
Python (http://www.python.org/dev/peps/pep-0008/).

KonkpetHo PEP 8 TpeOyeT HMKHEr0o perucTpa HasBaHuii QyHKIMIA M TTOTYePKA-
BaHUS MeXIy cioBamu, Llike_this. B 3TO¥ KHMUIe 1 COMPOBOXIAIOIIMX KOAX Ha3Ba-
HUST QYHKIMM M METOA0B HAUMHAIOTCS C 3aI7IaBHOJ OYKBBI M MCIOJIb3YIOT «BEpOITIO-
skuii» ctuiib (camel style) LikeThis.

SI HapymIMI 3TO MPABWIIO, TOTOMY UTO S pa3paboTa 3TU KOJbI, KOTAA s ObLI IpHu-
IaleHHbIM yueHbIM B Google, 1 ciemoBan pykoBoacTBy Google 1Mo CTMITIO KOOB,
KOTOPBIN B HEKOTOPOJi yacTy oTamuaetcst ot PEP 8. Mcnonb3ys ctuib Google, s Ha-
IIIeJT eT0 MPUBJIEKATETbHBIM, M MHE ObLJIO OBl TPYIHO €ro MEeHSITh.

Taxske B Ayxe 9TOTO CTWIS sI Hamucas «Bayes’s Theorem» ¢ OmHMM «S» TTOC/IE aTlo-
cTpoda, 9YTO MPeIIoUNTAIOT B OMHNUX PYKOBOMCTBAX M OCYKAAIOT B IPYIUX. Y MeHS
HET B 9TOM BOIIPOCE KaKMUX-TMOO0 MPeaITOUTEHNIA, S TOJKEH ObLI BHIOPATD UTO-TMO0
OITHO, ¥ 3[IeCh TO, UTO ST BHIOPAJI.

U HakoHell, OgHO TUITOrpadmyecKoe 3aMedaHe: BCIOIY B 3TOV KHUTE ST UCTIONb-
30BaJ1 PMF u CDF mj1st MaTeMaTnuyecKoii KOHIEeIyu GyHKIMKY MacC BEpOSITHOCTH
U KyMYJISITUBHONM GyHKUIMM pacrpenenenust u Pmf u Cdf gyist ccbuiku Ha 06'bEKTHI
Python, KoTopbIe S MCTIOMB3YIO JIS UX TPECTABIEHMS.


http://thinkbayes.com
http://thinkbayes.com/thinkbayes_code.zip
https://github.com/AllenDowney/ThinkBayes
http://matplotlib.org
http://numpy.org
http://scipy.org
http://www.python.org/dev/peps/pep-0008/
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MPEANOCHINKYK

CylecTByeT HeCKOTbKO 3aMeuaTeTbHbIX MOAYJIEl 1T paboThl C 6aiieCOBCKOI CTa-
TucTUKOM B Python, Brimrouass pym u OpenBUGS. I penmt He MCITONb30BaTh UX
B 3TOVi KHUTE, TOTOMY UTO BaM HeOOXOIMMO MHOTO IpeIBapuTeIbHO MHPOpMa-
LMY, YTOOBI HAUaTh paboTaTh C HUMM, a SI XOTEJI CBECTU HeOO6XOAMMOCTb IIPero-
CBIJIOK K MMHMMYMY. Ecjiit BbI 3HaeTe Python 11 HEMHOTO O BEPOSITHOCTM, BbI TOTOBbI
paboTaTh C 3TOV KHUTOIA.

I'maBa 1 3HAaKOMMT Bac C BepOSITHOCTBIO ¥ TeopeMoii bajieca. B Heli HeT KomoB. Bo
BTOpOI1 rmaBe BBoauTcst Pmf u Cdf, Heckonbko M3MeHeHHbII coBapb Python, KoTo-
PBIit 1 MCTIOMB30Ba IJIsT IIpecTaBaeHns GyHKuym Mmacc BeposstHocTy (PMF). 3atem
B IVIaBe 3 BBOAUTCS Suite, CBOETo pojia CTPYKTypa JIJIsT OCYIIeCTBIeHNS 6aiieCOBCKIUX
ob6HOBeHnit. 1 310, IMoskastyii, Bce.

Her, mouTu Bce. B HEeKOTOPBIX TOC/IENHMX TVIaBaX S MCIIOAb30Baj paclipeesie-
HU4, BKIIIOUAKOLIYe pacpeneieHue 'aycca (HopMaabHOe paciipeneieHue), 3KCIo-
HeHI[MATbHOE pacpeesieHne, pacrpenenenne [lyaccona u 6eTa-pacrnpenesnieHue.
B rmaBe 15 51 ncmonb30Bast He CJIMIIKOM YIIOTPeOUTENbHOE pactipenenenne JIupnx-
Jie, HO 3aTeM S TpefiCTaBMJI €T0 B TIpoliecce AaabHeliInero u3naoxkeHus. Eciu Bbl He-
3HAKOMBI C 3TUMM paclipefieieHUsIMU, TO MOKeTe IMPOUYNUTATh O HUX B BUKMUIIEIUN.
BbI MO)KeTe Takske IMPOUYUTATh O HUX U B OJHON U3 KHUT 3TO¥ cepum Think Stats u
KHUTaX 10 BBEIEHMIO B CTATUCTUKY (XOTS I 60I0Ch, UTO GOMBIIMHCTBO U3 HUX UC-
MOJIb3YET MaTeMaTUUeCKIIi ITOAXO, UYTO He OCOOEHHO ITOIe3HO /IS TPAKTUKNA).

Cnncok YYACTHMKOB

Ecnu y Bac ecThb npejioxkeHUsT WIKM 3aMedyaHusl, TIoKaIyiicTa, HampasJsiiiTe e-mail
1o agpecy downey@allendow.ney.com. Ecinu g mpoBeny usMeHeHMsI, OCHOBaHHbIE HA
BallIMX OTKJIMKAX, s BKJIIOUY BaC B CIIMCOK YYaCTHMKOB (eC/M Bbl HE TIOMIPOCUTE 3TOTO
He [1e1aTh).

Ewin BBl BRIIOUKTE, IO KpaliHell Mepe, 4acTh MPeaJIoKeHMs, B KOTOPOM OOHa-
PYKWIach OIMOKA, 3TO O6ETYIUT MHE TOUCK ee. DTO KacaeTcs U MPOCTO CTPAHMII
" Pa3zesioB, HO 3TO yKe OyIeT AJist MeHs 6osee TpyaHbiM. Criacu6o!

O TIlpesxne Bcero S AOJIKeH YIIOMSHYTb 3amMeuaTenbHylo KHUTY JlaBuma MakKes
(David MacKay) «Teopus nHGOpMAaIyi, BbIBOI, ¥ 00yUarolie aaropuTMbI»
(Information Theory, Inference, and Learning Algorithms), 6iiaromapst KOTOpoit
s TIpMIIeN K MOHMMaHMIo GaiiecoBCKoro mMetona. C ero paspenieHus s Uc-
M10/Ib30Bajl HECKOIbKO 3a7ay U3 3TOV KHUTU B KaueCTBe IIPUMEPOB.
drta KHMTa yIyuIiMIach 6iarofgapst KOHCYIbTanysIM ¢ Sanjoy Mahajan, oco6eH-
Ho oceHbIo 2012 rona, Koraa st 6bUT ayaIUTOPOM €ro Kiaacca B Koyutemke OH.
YacTh 3TOV KHUTM S HaIMCaJa BO BpeMsl BeuepHeii paboThl Hal IIPOEKTOM
¢ rpynmnoit Boston Python User Group, 1 s XoTen 6bI MOG/IarogapuTh MX 3a
COTPYAHUYECTBO U MUIILLY.

O Jonathan Edwards ncrnpaBui repBbie OTIEUaTKHA.


mailto:downey@allendow.ney.com
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George Purkins Haresn omm6Ky B pa3MeTKe TeKCTa.
Olivier Yiptong mpucian HeCKOJIbKO MOJIe3HbIX MTPeIJIOKEeHU I
Yuriy Pasichnyk Hairen HeckombKO OIMIMOOK.
Kristopher Overholt mpucian oJMHHBINA TTepeueHb UCITPABIEHU U TPeIJIo-
SKeHUIA.
Robert Marcus Hatlies HeIpaBWJIbHO ITPOCTABJIEHHOE i.
Max Hailperin mpeioskui 60ee sSiCHOe MU3JIOKeHMe T1aBbI 1.
Markus Dobler ykasan Ha TO, YTO BbITaCKMBaHMe GYI0UEK 13 KOP3UHbI C 3a-
MEHOJ1 He BIIOJIHE peaIMCTUYHBIN CLIeHapUIA.
Tom Pollard u Paul A. Giannaros o6Hapy>kuJiu Ipo6emMy B BepCUM C HEKOTO-
PBIMU BeIMUMHAMM B 3a7aUe O TIOKOMOTHBAX.
Ram Limbu Hartiesn oreuaTky ¥ MpeajIoKUI UCIIPaBIeHNs.
BecHoit 2013 roma cTymeHTBI MOero Kiaacca BurumciutenpHasi GaiiecoBCKast
cratuctuka (Computational Bayesian Statistics) cmemanu MHOro moses-
HBIX MCITpaBiaeHuit u npemioxenuii: Kai Austin, Claire Barnes, Kari Bender,
RachelBoy, Kat Mendoza, Arjun Iyer, Ben Kroop, Nathan Lintz, Kyle McCon-
naughay, Alec Radford, Brendan Ritter n Evan Simpson.

O Greg Marra 1 Matt Aasted momoru MHe 06CY>KI€HMEM 3aIa4M O CIIPaBeI -

BOJ1 1IeHe.
O Marcus Ogren ykazaja MHe Ha TO, YTO IepBOHAYaJIbHOE OMMCAHMe 3ahauu
0 JIOKOMOTMBAX ObIIO HEOTHO3HAUHBIM.

Jasmine Kwityn 1 Dan Fauxsmith 13 O’Reilly Media caenanu KoppekTypy KHUTU

¥ HaIlUTX MHOTO BO3MOXKHOCTE JJIS YTy UIIeHUS.

O O 000 0000

Aunen b. layHu

OT3biBbl U NMOXENAHMUS

MpbI Bcerga paabl OT3bIBAM HAIllMX UKMTaTe eii. PaccKaskuTe HaM, UTO BbI JyMaeTe 06
9TO¥ KHUTE — YTO MTOHPABUIOCh WJTI, MOXKET ObITb, HE TOHPaBWIOCh. OT3bIBBI BaSKHbI
IJIST HAC, YTOOBI BBIMTYCKATh KHUTHM, KOTOPbIE GYIYT IJIs1 BAC MaKCMMAaJIbHO ITOJI€3HBI.

Bbl MOXkeTe HamucaTh OT3bIB IIPSIMO Ha HalleM caiiTe www.dmkpress.com, 3aias
Ha CTpaHMUIy KHUTHU, ¥ OCTaBUTh KOMMeHTapuii B pasgesne «OT3bIBbI U PeLieH3UU».
Takke MOXXHO IOCIATh MUCbMO IJIABHOMY penakTopy no agpecy dmkpress@gmail.
com, IpM 3TOM HaNuIIMTe Ha3BaHMe KHUTY B TeMe MM1CbMa.

Eciu ecTh TeMa, B KOTOPOJ BbI KBATM(UIIMPOBAHbI, ¥ Bbl 3aMHTEPECOBAHBI B Ha-
MUCaHUM HOBOWM KHMUTHU, 3amojHuTe ¢GopMy Ha HallleM caifTe mo azgpecy http://
dmkpress.com/authors/publish_book/ min HanuimuTe B U3OATENLCTBO IO alpecy
dmkpress@gmail.com.

CKAYMBAHME NCXOOHOTO KOOA NMPUMEPOB

CxauaTb (aiiabl ¢ JOOTHUTENbHOM MH(pOpMaIeit ojisi KHUT u3gatenbeTa «IMK
[Ipecc» MOXXHO Ha caiiTe www.dmkpress.com MM Www.AMK.pd Ha CTpaHULIE C OIN-
CaHMeM COOTBETCTBYIOIIEI KHUTU.


http://www.dmkpress.com
mailto:dmkpress@gmail.com
mailto:dmkpress@gmail.com
http://dmkpress.com/authors/publish_book/
http://dmkpress.com/authors/publish_book/
mailto:dmkpress@gmail.com
http://www.dmkpress.com
http://www.дмк.рф
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CnuncoK ONEYATOK

XOTsT MBI TIPUHSIIV BCE BO3MOKHBIE MEPbI [IJIST TOTO, YTOOBI YIOCTOBEPUTHCS B Ka-
YyeCcTBe HAIIMX TEKCTOB, OMIMOKM BCe PaBHO CIydaroTcs. Eciu Bl HalimeTe omnoKy
B OIHO¥ M3 HaIllMX KHUT — BO3MOXHO, OLIIMOKY B TEKCTe UM B KoJe, — MbI OyiemMm
OueHb OJ1aroiapHbI, €CIM BbI COOOIIMTE HaM O Hell. CeaB 3TO, Bbl M30aBUTE IPYTUX
yuTaTeiel OT pacCTPOICTB U IIOMOKETE HaM YIYUIINUTh MOUIEAYIOLIE BEPCUM ITON
KHUTH.

Eciu BBl HalifeTe Kakue-1nb60 omMOKM B KO, MOXKaTYiiCTa, COOOIINTE O HUX
IJIaBHOMY pelakTopy mo agpecy dmkpress@gmail.com, 1 MbI UCIIpaBUM 3TO B cJie-
IVIOIINX THpaXKax.

HAPYLIEHVE ABTOPCKUX MPAB

IMupaTcTBO B MHTEpHETEe MO-MpeskHEeMY OCTaeTCsl HaCyIIHOW mpobiaeMoii. M3ma-
tenbcTBa «[IMK IIpecc» u O’Reilly Media oueHb cepbe3HO OTHOCSITCSI K BOIIpPOCAM
3alUThl aBTOPCKMUX TIpaB U JulleH3upoBaHus. ECiu Bbl CTONKHeTeCh B MIHTepHeTe
C He3aKOHHO BBIIOJIHEHHOJ KOMMe 10007 Hallleii KHUTH, TTOKaIyiiCcTa, COOOLIUTe
HaM aJipec KOIMY MM Beb-caifTa, YTo6bI Mbl MOV TIPUMEHUTD CAHKITUNA.

[MoxkanyiicTa, CBSSKUTECh C HAMM IO afpecy 3JeKTPOHHON MouyThl dmkpress@
gmail.com co CChIJIKOI Ha MOA03pUTeNbHbIe MaTepPUasIbl.

MbI BBICOKO LIeHMM JIIOOYIO ITOMOIIb 110 3alllATe HaIMX aBTOPOB, [IOMOTaOIIyI0
HaM IpeJoCTaB/IsITh BaM KaueCTBEHHbIE MaTepUaJbl.
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Teopema baineca

YCnoBHAS BEPOATHOCTb

OcHOBHast umest Bceii 6aiieCOBCKOM CTATUCTUKY — 3TO TeopeMma Baiieca, KOTOpyio
YAVUBUTEIBHO JIETKO MOTYUYNUTh, €C/IY TTOHSITh, YTO TAKOE YCIOBHASI BEPOSITHOCTS. [10-
39TOMY MbI HAUHEM C BEpPOSITHOCTHU, 3aTeM TepeliieM K YCIOBHOV BepOSTHOCTH, a-
Jiee K TeopeMe baiteca 1, HaKOHelI, K 6aiieCOBCKOi CTaTUCTUKE.

BeposiTHOCTh — 9T0 umciao Mmexxay 0 u 1 (Bkaouast 06a), KOTOpbIe MpeaCcTaBIs-
10T 06071 YpOBEeHb YBEPEHHOCTH B KaKOM-T160 ¢akTe Wi mpeackasanuy. Yuciom
1 mpencraBisieTcsl aGCOMIOTHASL YBEPEHHOCTh, UTO HEKOTOPBIN (haKT CIIpaBeIJiiB.
Yucrom 0 — abCoMIOTHAST YBEPEHHOCTD, UTO 3TOT (haKT He CIIpaBemivB. IIpoMexy-
TOYHbBIE UMCJIa B 9TOM MHTEpBaJie OMpedesioT CTelleHb yBepeHHocTH. Uncio 0,5,
yacTo o603HavaeMoe Kak 50%, 03HavuaeT, uTo IMpeckasaHHOe COObITHE B OJMHAKO-
BOIi CTETeHN MOXXeT KaK OCYIIeCTBUTBCS, TAK U He OCYIeCTBUThCS. Hanpumep, npu
o6 pachkiBaHMM MOHETBI BEPOSTHOCTb TOTO, UTO OHA YIaJeT JIMIEeBOI CTOPOHOI
BBepX, 61m3Ka K 50%.

YcnoBHas BEpOSTHOCTh — 3TO BePOSITHOCTh, OCHOBAHHASI HA HEKOTOPOM Mpefbl-
IyieM 3HaHuM. Hampumep, 51 XOuy y3HaTh, KAKOBA BEPOSITHOCTb TOTO, UTO B CJie-
IYVIOIEeM TOMy Y MEeHS CJIYUUTCSI CepAeYHbIii pucTyI. JaHHubie LleHTpa KOHTpOIS
3abomeBaHMit acaT: «EXeromHO cepredHblii MPUCTYI CIydyaeTcs y MPUMEepHO
785 Tricsiy amepuKaHieB» (http://www.cdc.gov/heartdisease/facts.htm).

YucnenHocts HaceneHus: CHUIA cocrasmsieT nmpuMepHO 311 MUIMOHOB YeOBEK.
3HAYUT, BEPOSITHOCTD TOTO, UTO CJIyYaifHBIM 06pa30oM BbIOpaHHbI aMepUKaHell, Io-
JIVIUT B (JIEAYIOIEM O[Ty CeplleuHblli MPUCTYT, COCTaBisieT mpumepHo 0,3%.

Ho s He SIBJISAIOCH CJIyYaifHO BHIOPAaHHBIM aMepUKaHIeM. DIMAEeMWOIOTY OIpe-
JIenuau MHOTO (GaKTOPOB, BAMSIIONIMX HA PUCK MOTYYEHUS] CEPIeUHOTo MPUCTYIIA,
M B 3aBUCUMMOCTH OT 3TUX (DaKTOPOB MOV PUCK MONYIUTb CePAEUHbBIN MTPUCTYIT MO-
SKeT CUJIBHO OTAMYAThCS OT CPeIHEero 3HaueHus.

S, 45-neTHuit My>kuMHa, MMeI0 MMOTPAaHUYHO BBICOKMIT XOmecTepuH. ATOT (akT
YBEJIMUMBAET PUCK, UTO 5 TIOMYUY CepIleuHbIli TPUCTYIL. BMecTe ¢ TeM y MeHsT HU3Koe
KPOBSIHO€ JTaBJeHNe U 51 He KyPIO, M 3TO YMeHbIIIaeT MO IIaHC TTOIyYeHUs cepred-
HOTO MPUCTYTIA.

Bkitouast BClo Takoro pojia MHGOpMAaIMio B OHJAMHOBBIN KaJbKY/ISITOP, pa3-
MeIllleHHbII Ha MHTepHeT-cTpaHulle http://hp2010.nhlbihin.net/atpiii/calculator.as,
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ST YBUOKY, UTO 3HAUEHMe pUCKA MOTyUYeHUsI MHOIO CepAeYyHOro MPUCTYIA B CIeayio-
ueM rogy paBHo 0,2%. To eCTb 3TO 3HaUeHMe ropa3A0 MeHbllle, Y4eM B CpeJHEM I10
cTpaHe. BOT 3T0 3HaUeHMe 1 eCTh YCJIOBHASI BEPOSITHOCTD, TOCKOJIbKY OHA OCHOBaHa
Ha pse GaKTOPOB, KOTOPbIE COCTABJISIIOT MOU «YCIIOBUSI».

O6bIyHOE 0603HAUEHME YCIOBHOM BePOSITHOCTY P(A|B) — BEpOSITHOCTD A IPU yC-
JIOBUM, UTO CIIpaBeJInBO B. B aTOM npuMepe A SIB/IsIeTCsI Mpecka3aHueM, uTo 51 110-
JIy4y CepIeYHbIl IPUCTYN B CJIEAYIOLIEM TOAY, a B — MHOXeCTBO YCIOBUIA.

COBMECTHAS BEPOSITHOCTb

CoBMecTHas1 BEpOSITHOCTD — 3TO CIIOCO0 IMosaraTh, 9To 0ba (axra uam mpepckasa-
HMSI OKXKYTCSI OCYILeCTBIeHHBbIMM. 5] Hamuiny p(A u B), ecinu uMelo B BULY, YTO Be-
POSITHOCTD BBIIIOJIHEHMSI COBMECTHO U A, U B CcyljecTByer.

Ecy1y1 BbI TOHSUIM BEPOSITHOCTD B KOHTEKCTE MO0 PaChIBAHNSI MOHETHI MJIV UTPAJTh-
HOJ1 KOCTM, BBl MO3KeTe ITOHSITh U COZlepXKaHue caenyoleit Gopmysbr:

p(A u B) =p(A) p(B). MMPEOYIIPEXKOEHUE: sTo He Bcerma Tax.

Hampumep, ecu s mog6pachIBaio JBe MOHETHI, 3HaUeHe A 03HAUYAET, YTO IIepBas
MOHEeTa yIiaja JMUIEeBOI CTOPOHON BBepPX, a 3HaUeHMe B — 4TO BTOpasi TOXe yIiaja
JIMIIEBOI CTOPOHOIT BBEPX, TO eCTh P(A) = p(B) = 0,5 1 oueBUIHO, uTO P(A U B) = p(A)
p(B) = 0,25.

Ho sTa dopmysna cripaBeniusa, TOIbKO eciii A 1 B He3aBUCUMBI, TO €CTb Pe3y/ib-
TaT IIePBOro COOBITHUS He M3MEHSIET BepOSTHOCTh BTOporo. Miu 6onee popmaabHO
p(BIA) = p(B).

[IpuBenmy mpyroii Mpumep, B KOTOPOM COOBITHSI He He3aBUCUMBI. [1pemonoKmum,
A 03HAyaerT, YTO CerOIHS UALT NOXIb, a B — uTo oXAb MoiiaeT 3aBTpa. Ecin s 3Ham0,
YTO CErofHs UIET OOKIb, TO BeChMa BEPOSTHO, UTO U 3aBTpa OYIeT AOKIb, IOITOMY
p(BIA) > p(B).

B 06111eM, BEpPOSITHOCTD IIPY JIOTMYECKOM 00beIMHEHUM COOBITII

P(An B) = p(A) p(BlA)

ILJ1sT TI0OBIX A 1 B. TakuM 06pa3oM, IIaHC, YTO JOXKIb MOAET B JII0O0 JaHHBIN JeHb,
paBHa 0,5, a IIaH¢, YTO JOXKIb MOMIET ABa AHS MoapsI, paBHa He 0,25, a HECKOJIBKO
BBIIIIE.

3ALAYA O BYJIOYKAX

MbI BCKOpe IIpUCTYTIMM K TeopemMe Baiteca. Ho mpexxze st Xouy 0ObsSICHUTD ee ¢ IIOMO-
IIbIO TIPYMEPA, U3BECTHOTO KaK 3a/1a4a o 6ysmoukax’. [IpeirmonokumM, UTo MMeeTCsI iBe
KOP3MHBI ¢ Oyioukamu. B kopsuHe nmog Homepom 1 jieskut 30 BaHWIbHBIX 1 10 IIOKO-
JIATHBIX OYJI0UEK, a B KOP3VHE 01 HOMepoM 2 JIesKUT 110 20 6yJIoueK 060MX COPTOB.

! OcHoBana Ha mpumepe u3 http://en.wikipedia.org/wiki/Bayes’ theorem. OTa MHTepHeT-
CTpaHuiia 60Jblile He CYIIecTBYeT.
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Terepb IPeANONOKUM, UYTO BbI CTyUaiiHBIM 06pa3oM BbhIOMpaeTe OGHY U3 KOP3UH
", He 3aI/IsaIbIBasi BHYTPb, OepeTe MepByIo MOMaBUIyIoCcs: Oya0uKy. Eo okasbiBaeTcst
BaHWIbHAs 6yn0uka. KakoBa BEpOSITHOCTD, UTO OH BbIOpaHa M3 KOP3MHbI 1?

OTO YCJIOBHAs BEPOSITHOCTb. MbI XOTUM ONpenennTsb p(Kop3uHal|BaHWIb), HO He
TOHSITHO, Kak 3TO cAenaTh. [Ipoiie OTBETUTH Ha APYroii BOIPOC — KaKoBa BepOsIT-
HOCTb, UYTO BaHWIbHAS OY/I0UKa JIEXKUT B KOP3UHE HOMep 1:

p(BaHWIBb|KOp3MHAl) = 3/4.

Xots p(A|B) He TO e, uTo p(B|A), CyIIecTByeT criocob, Kak 13 OJHOTO IMOTyUYUTh
Ipyroe. 1 3mech HaM moOMoskeT TeopeMa barieca.

TeoPEMA BAMECA

Terepb y HacC ecTb BCce HeOOXOAMMOe, UTOObI BhIBECTU TeopeMy Baiieca. Haunem
C KOMMYTaTUBHOCTY OObEeIVHEHUS:

P(AuB)=pBuAl).

OTO yTBEpXKIEeHMe CIIpaBeIIMBO IJisl TI000T0 13 COOBITHIT A U B.
Ilasee HamuIlleM COOTHOIIEHME [/ BEPOSITHOCTY OObeMHEeH NS :

pP(A u B) =p(A) p(BIA).

Tak Kak HaMM HMYEro He ObLJI0 CKa3aHO O 3HaUeHUM A U B, MOKHO IpPeaIosio-
SKUTh, UTO OHM B3aMmMo3aMeHsieMble. X B3auMMO3aMeHSIEMOCTb MPUBOIUT K YT-
BEPKIEHNIO:

p(Bu A) = p(B) p(AlB).

9T0 Bce, UTO HaM Heob6xonumo. [I[pMpaBHMBASI COOTHOLIEHNS IPYT K APYTY, TTOTY-
yaem:

p(B) p(AIB) = p(A) p(BlA).

3mech MOXKHO CKa3aThb, UTO CYIIECTBYET [IBa Criocoba obbemmuenus. Ecm y Bac
ecTb p(A), TO Bbl yMHOKaeTe ero Ha p(B|A). inu MmoxkeTe caenarb Io-APyroMy: eciu
BaM 13BecTHO p(B), TO BbI yMHOKaeTe ero Ha p(A|B). O6a criocoba MPUBOIST K Of-
HOMY ¥ TOMY K€ Pe3y/bTaTy.

HakoHe1, Mbl MOKeM pa3AenuThb MpaBylo yacTb Ha P(B):

p(A)p(B| A) .
p(B)

9To 1 ecTh TeopeMa baiteca! MoskeT ObITb, OHA IPOCTEHbKAsT HA B/, HO, KaK OKa-
SKeTCS1, YIVBUTEIbHO [eiiCTBeHHA.

Hampumep, Mbl MOKEM MCIIOIb30BaTh €e IIJIsT pellieHus 3aJaun o 6yyoukax. S Ha-
30BY TUIIOTE3011 B, COOBITHE, UTO Gy/IOuKa 6bIIa BBIHYTA 13 KOP3WHBI 1, M TUTIOTE30i1
V, 4TO OHa OKasanach BaHWIbHOIA. [loncTasiss B TeopeMy barieca, Mbl Itonyyaem:

p(A|B)=
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MBJPU”BJ'
p(V)

JleBast yacTb (pOpMYyJIBI — 3TO TO, YTO MbI XOTUM: BEPOSITHOCTb KOP3UHBI 1 mIpu
YCJIOBUM, UTO MbI BHIOPAIV BAHWIbHYIO OY/I0UKY. B 1TpaBoii uacTu popmysibl uMeeM:
O p(B,) - BEPOSITHOCTD, UTO MbI BbIOPA/I KOP3UHY 1 HE3aBUCUMO OT TOTO, KAKYIO
6y/I0UKY MbI B3suii. ITOCKOJIbKY B 3a/iaue CKa3aHO, UYTO BbIGOP KOP3UHBI CITy-
YaiiHblii, monaraem, 4to p(B,) = 1/2;

O p(VIB;) — 3TO BEPOSITHOCTH IOJYYEHUS] BAHUIbHOM OYyJ0YKM U3 KOP3UHBI 1,
KOTOpasi paBHa 3/4;

O p(V) — BEPOATHOCTb BBIHYTh BAaHUIBHYIO OYJIOUKY 13 JII0O0I KOp3uHbI. I1o-
CKOJTBKY Y HAaC OIMHAKOBBIIT IAHC BIGOPA 13 JIF000I KOP3UHBI U B 06€UX KOP-
3MHAX HaXOUTCS OVHAKOBOE KOIMUECTBO OY/I0YEK, MbI UMEEM OJIMHAKOBBIN
IIAHC BBITAIIUTD JIIOOYIO OYy/I0UKY. B ABYX KOp3MHAaX HaX0AUTCS 50 BAHMIbHBIX
1 30 1mokonagHbIX 6ymouek, mosromy p(V) = 5/8.

[TopcTaBuB 3TO 3HAUeHKe B HOPMYITY, TOIyUaeM:

1/2)3/4)
5/8

yTo cocrasisietT 3/5. OTcioma cienyeT, YTO BaHWIbHAS Oy/JI0YKa CBUIETEIbCTBYET
B I10JIb3Y TUIIOTE3bI, YTO MbI BBIHMMAaJIM OYJIOUKY M3 KOP3UHBI 1, moTOMy 6oJiee Be-
POSITHO, UTO BaHWIbHAS GY/I0UKA BbIHYTA M3 KOP3UHBI 1.

dToT MpUMep JEeMOHCTPUPYET IMOJIb3Y TeopeMbl baiieca: maHHas Teopema obe-
CIIeUMBAET CTPATETHUIO BhIOOpa MexXy p(B|A) u p(A|B). DTa cTpaTerus moje3Ha B 3a-
Javax, IomoOHbBIX 3a/1aue 0 Oy/I0UKax, IJe MpoIle BhIYMC/ISTh 3HAYEHUS ITPaBoii ya-
CTU TeopeMbl baiieca, yeMm JieBOIA.

p(B1 |V) =

pBIV) =

b

IMAXPOHWUYECKAS! MHTEPMPETALMSA

CymiecTByeT Opyroil nogxon Kk teopeme baiieca. ta Teopema IaeT BO3MOXKHOCTb
OOHOBUTH BEPOSITHOCTD TUITOTE3bI H ITPY HATMYMY HEKOTOPOTO 06beMa JaHHbBIX D.
Takoe mpencTaBiaeHue TeopeMbl baiieca Ha3bIBaeTCS AMAXpPOHUYECKOI MHTEP-
nperanmeii. «/InaxpoHuueckoe» O3HA4YaeT UTO-TO, MPOUCXOAsIee C TeueHUeM
BpeMeHU. B Takom cirydae mipy M3MeHeHU! B TeueHle BpeMeHU CTapbIX U MosIBiie-
HUM HOBBIX JAHHBIX BEPOSITHOCTh I'UIIOTE3 MEHSIEeTCSI.
[TepenucsiBas Teopemy baiieca ¢ H u D, momydyaem

p(H)p(D|H ).
p(D)

B 3T0Ji MHTepIIpeTanyy Kaxkaasi CoCTaBIISIomast GopMyJIbl MMeeT CBOe HayiMEHO-
BaHMe:
O p(H) - BEpOSITHOCTDb TUITOTE3BI 10 TTOTYYE€HMSI HOBBIX JaHHbIX. [laHHOe 3Haue-
HJe Ha3bIBAEeTCS alIPMOPHOI BEpOSITHOCTHIO, UJTU ITPOCTO IIPUOP;

p(H|D)=
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O p(HID) - 3TO TO, YTO MBI XOTUM ONpeNeNuTb: BEPOSITHOCTb TUIIOTE3bI MOC/IE
TOTyYeHMsT HOBBIX TaHHBIX. DTO 3HAUE€HMe Ha3bIBAeTCSl allOCTEPUOPHOI Be-
POSITHOCTBIO, WJIV TIOCTEPUOP;

O p(D|H) — BepOSITHOCTD IAHHBIX [IJI51 3TO TUIIOTE3bl, HA3bIBA€MOI1 IIPaBaOIIO0-
Jobuem;

O p(D) - BepOATHOCTb MaHHBIX IJIs1 JIFOOOJ M3 I'MIIOTE3, HOCSIIEN Ha3BaHMe
HOpMAa/IN3yIoLeii KOHCTAHTHI.

ViHorma Mbl MOKEM BBIYMCJIUTD IPUOP Ha OCHOBE ITpeaBapUTeIbHOI MHbOpMa-
uuyu. Hampumep, B 3amade ¢ GyjioukaMy IIpenoIipeesieHo, UYTO BEPOSITHOCTD CITy-
YaifHOTO BbIOOpA KOP3MHBI OMHAKOBA.

B mpyrux ciaydasix mpuop cyobeKTUBEH, TO €CTh Pa3yMHBbIIi UeJTOBEK MOKET C 3TUM
He COIIaCUThCS IGO0 TI0 IIPUUMHE UCIIONb30BaHMS IPYTOii MCXOTHO MHpOpMaI,
JI160 TTOTOMY, UTO MHTEPIIPETUPYET TY K& MHDOPMALIVIO [TO-VHOMY.

[TpaBmoriogo6me BbIUKCIsETCS Haubostee MpocTo. B 3amave o 6y/oukax, e U3-
BECTHO, 3 KaKO¥ KOP3MHBI MbI TOCTA€M OYJIOUKY, Mbl HAXOIMM BEpOSITHOCTh Ba-
HUJIbHOVI 6YJIOYKM ITPOCTHIM ITOJICYETOM.

HopMmasnusyiomas KOHCTaHTa MOXKET ObITh HeHaJexkHoii. [Ipeaonaraercs, 4To
3TO BEPOSITHOCTD ITOJIyUEHHBIX JTaHHBIX IO JI000J IMITOTe3e, HO B CAaMOM OOIIeM
clydae TPYOHO MHTEPIIPEeTUPOBATh UX 3HAUEHNe.

Yaiile Bcero Mbl yIipoiaeM Jiejio, orpeaesisi TUIIoTe3bl Kak:

O 83aumHo ucknrouaemvle: He 6ojee yeM OfHA TUIIOTe3a U3 JAaHHOTO MHOKeCTBa

MOSKET ObITh BEPHOIA;

O coemecmHo ucuepnsidarujue: He CyIleCTByeT IPYIUX BO3MOKHOCTE. XOTs Ob
OIIHA 13 TUIIOTE3 IOJIKHA OBITH BEPHOIA.

S Mcronb3yio TepMUH suite (KOMIIEKT) OTHOCUTEIbHO MHOXKECTBA TUITOTe3, 00-

JIafA0IIUX 3TUMU CBOMICTBAMMU.

B 3amaue ¢ 6y;roukaMu IMIPUCYTCTBYIOT TOIBKO ABE TUITOTE3bI — OYJTOUKA JOCTAETCS
M3 KOP3UHBI | MAM U3 KOP3UHBI 2. OTU TMIOTE3bl B3aMMHO MCKIIOYAKOIIE U CO-
BMECTHO MCYepIbIBAIOIIe.

B sTom ciydae MOXXHO BeIUMINTD P(D), MCO/IBb3YS 3aKOH IMOJIHOV BEPOSITHOCTH.
JlaHHBIV 3aKOH TOBOPUT: €C/IM UMEeeTCsI Ba UCKII0UAIMX BapyaHTa TOT0, YTO MO-
SKET CJIYUYUTHCSI, TO BbI MOKETE 10OABUTh TAKYI0 BEPOSITHOCTD:

p(D) = p(B,) p(DIB,) + p(B,) p(DIBy).
TlofcTaB/ss 3HAUEHUS U3 332Ut O ByI0UKaX, UMeeM:
p(D) = (1/2)(3/4) + (1/2)(1/2) = 5/8.

To ecThb MbI ITOJIYUYIMJIN TO K€ CaMOe 3HaueHlMe, YTO BbIUNCJINJIM paHee, MbICJIEHHO
06'be,U,I/IHI/IB IB€ KOP3MHBI.

3a0A4A M&M

M&M - 1mokojagHOoe Apake, TIOBEPXHOCTb KOTOPOTO OKpallleHa B pa3Hble IBeTa.
Kommanusa «Mapc» (Mars, Inc.) M3rotasamnBaeT 3TO Apake, BpeMs OT BpeMeH! Me-
HSIS LIBeTa.
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B 1995 ropy apaske oKpalmMBaauch B cvHMit 1iBeT. [lo aToro nakeTuk M&M comep-
SKaJI Apake C1eayolnX IBeTOB: 30% KopuuHeBbIX, 20% xenThix, 20% KpacHbIX, 10%
3eneHbIX, 10% opanskeBbIX U 10% >kenTO-KOpUYHEBBIX. B masbHeliliem 11BeTa gpaske
OBUTM M3MEHEeHbI cienyomuM obpasom: 24% cuHux, 20% 3eneHbIx, 16% opaHske-
BbIX, 14% >kenTbIX, 13% KpacHbIX, 13% KOpUUHEBBIX.

oIy cTMM, Y MO€ETO IpusiTesist 6b110 ABa MakeTyka M &M. OnyiH makeTuk 1994 roga
BBIITyCKa, a Apyroi — 1996-ro. He coobuIMB, KaKOJ MaKeTMK KAaKOrO rojia BBIITYCKa,
MOIJ1 TIpUSITENTb Tajl MHE TI0 OMHOMY Apaske U3 Kakaoro. OmHO Apaske GbIIO JKeIThIM,
Ipyroe — 3eleHbIM. KakoBa BEpOSITHOCTD, UTO JKeATOe Apaske ObLIO M3 IMaKeTHKa
1994 ropa Boimycka?

3amava aHaJOrMYHa 3amave o 6ynmoukax. C Toit pasHUIIeH, UTO ST BBIHMMAJ OJVH
9K3eMIUISIP OYJIOUKM M3 KOP3UHBI (ITAaKeTUKa).

3agaua o apaske 03BOJISIeT MHe IIPOSeMOHCTPUPOBATh TAOIMUHbIN METOI, pelle-
HMSI, KOTOPBIV Moyie3eH I/ MMMCbMEHHOTO pellieHus 3afaunl. B cienyroieii riase
MbI OyIeM pelaTh 3aJauy O Jpaske Ha KOMITbIOTepe.

CHavasa mepeymcianm rurnoTessl. [lakeTuk, 13 KOTOPOTO S MOy JKEJITOe IPasKe,
Ha3oBeM I[lakeTtux 1. [Ipyroi HasoBem [lakeTuk 2. UTak, Mbl uMeeM CJieAyIOIIe TU-
I1OTEe3bI:

O A: Ilaketuk 1 1994 roma BbIITyCKa Ipexrionaraet, yTo I[lakeTuk 2 BbIITyCcKa

1996 rona;

O B:ITakeTtuk 1 1996 roma BbIITyCKa, a [TakeTuK 2, HA060POT, BhIycKa 1994 ropa.

Terepb coCTaBMM TabIMITY CO CTPOKAMM [IJIST KasKI0¥i M3 TUIIOTE3 U CO CTOIOIaMM
IIJIST KasK[IOM cOCTaBJIsIIONIeli TeopeMbl baiieca.

Mpuop | Mpaeaonopo6ue Mocrepuop
p(H) | p(DIH) p(H) p(DIH) |p(DIH)

A |12 (20)(20) 200 20/27

B |1/2 (10)(14) 70 7/27

ITepBbIii cTONGEI] COMEePSKUT ITPUOPBL. VICXOMIst 13 YCIIOBUIA 3a1a4M, BEPOSITHOCTD, UTO
[Taketnk 1 1994 roga BbIycKa, Takasi ke, Kak ¥ TO, UTO OH BbINyIileH B 1996 roxy. To ske
camMoe MOKHO CKa3atb 1 o [Taketuke 2. [TosToMy pasymMHO BbIGpaTh p(A) = p(B) = 1/2.

BTopoii cTonber copepskUT MpaBaonongo6ysi, KOTOpbIe CJIEAYIOT U3 COmepsKaHMS
3agaun. Hanpumep, eciiu cripaBeijiuBo A, TO keaToe gpaxe ¢ 20%-Hol BepOsSTHO-
CTBIO TTOCTYNIWIIO U3 MakeTnka 1994 roga, a 3eeHoe — ¢ BeposITHOCThIO 20% 13 make-
TiKa 1996 roga. [TocKoabKY BIOOPKM HE3aBUCUMBbI, MbI IIOCPEICTBOM YMHOKEHMS
TOoJTyYyaeM COBMECTHYIO BEPOSITHOCTb.

Tpetwuii cTonber, — pe3yabTaT YMHOXKEHMS JAHHBIX 13 MEePBbIX ABYX CTOIOIIOB. ITO
HOpMaJIM3YIOIMie KOHCTAHThI IJI KaKOol cTpoku. CyMMa HOPMaIM3YIOIIUX KOHC-
taHT paBHa 270. [ToctegHmit CTONGEI COMEPSKUT TTOCTEPUOPDI, IS TTOyUYeHMs] KOTO-
PBIX CJIeAyeT pa3neauTbh HOPMaIM3YIOUIYI0 KOHCTAaHTy COOTBETCTBYIOLIEN CTPOKM Ha
CYMMY KOHCTaHT.

ITpocro. He mpaBaa nin?

OpHako Bac MOXeT 6eCTIOKOUTD OffHa eTasb. I onvcan p(D|H) B IpolieHTax, a He
B 3HAUEHMSIX BEPOSITHOCTU. JTO O3HAauaeT yBeJMueHMe OTHOCUTEeTbHO 3HAUeHWUS
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TepMuHOB BeposTHOCTU B 10 000 pa3s. Ho aTa meTanb HUBEMUPYETCS MPU eJIeHU
Ha HOpMaJIM3YIOIILyI0 KOHCTAHTY U, CJieJloBaTebHO, He B/IMSIET Ha pe3y/bTar.

Ecay MHOKeCTBO TUITOTe3 SIBJISIETCS B3aMMHO MCK/IIOUaeMbIM M COBMECTHO MC-
YepHbIBAKIIM, TO, €CJIM 3TO YA0OHO, BbI MOXETE YMHOXATh IPaBaoIonobue Ha
110607 KO3DGUIMEHT, MPUMEHUB 3TOT KO3DPUIIMEHT K 3HAUEHUSIM BO BCEX KO-
JIOHKax.

3A0A4A MoHTH Xonna

3amaua MouTu Xosia, BO3MOYKHO, BbI3Bajia HAaMbOObIIIMe CIIOPhI B MCTOPUM BEPOSIT-
Hoctu. CiieHapuit mpocT. Ho TipaBWIbHBIN OTBET, Ka3aJ10Ch, HACTOAbKO MPOTUBO-
peunT 34paBOMY CMBIC/TY, YTO MHOTME HUMKAK ero He MOTYT BOCIpPUHSTh. U maske
YMHBIE JIIOAY CTaBSIT ce0sl B HEJIOBKOE TTOJIOKeHNe, He TOJTbKO OTCTauBast HeBePHbIA
OTBET, HO M arpeCcCUBHO 3alIUIIAs ero Ha MybmKe.
MouTu Xosi1 6bUT IIepBBIM BenyimMm 1oy «Jasaii cdenaem deno». 3agaua MoHTH
XoJsa OCHOBaHa Ha OJHO M3 UTD, PETYJISIPHO MPOBOAMMBIX Ha 3TOM I1oy. Eciu 6561
BbI yUaCTBOBaJIM B 9TOM IIIOY, TO C BAMM ITPOUCXOAMIIO ObI ClIeayioliee:
O MoHTHK noKa3biBaJ HA TPU 3aKpbIThle OBEpPU U TOBOPWUJ, UTO 3a KaxKOOii
IBePbIO HAXOMUTCS IIPU3: 3a OHO JBEPbI0 — aBTOMOOWIIb, a 38 IBYMSI APYTHU-
MU IBepsIMM — IBa pa3IMuyHbIX MajolleHHbIX ITpu3a. Hampumep, apaxmucoBoe
MacJio M HaKjaaJgHble HOTTU. [Ipu3bl 3a ABEPSIMU pasMelaauch CayyaiiHbIM
obpasom;
O BaM HeOOXOAMMO OOrafaThCs, 3a KaKoii JBEepbI0 HAXOMMUTCS aBTOMOOWIIb.
Ecsiu BB yragbIBajy, TO IOMyYaay aBTOMOOUIIb B KAUeCTBe Mpu3a;
ecThb Tpu aBepu: [Ieps A, [IBepb B 1 [IBeps C. Bbl yKa3bIBaIM Ha BHIOPAHHYIO
ABEPD;
MIpeXX[e YeM OTKPBITh BBIOPAHHYI0 BaMU [IBePb, MOHTM YBeIMUMBAI HEOTIPe-
IleJIEHHOCTh, OTKPBIBast 6o JIBeps B, 1160 [IBeps C. Ho 06s13aT€TBHO OTKPHI-
BaJI Ty IBEPb, 38 KOTOPOi1 aBTOMOGMJIST He 6b1T0. IIOHSITHO, eC/Ti aBTOMOGUIIb
IeiCTBUTENIBHO HaxXomuscs 3a [IBepbio A, MOHTM MOTr 6€30I1aCHO OTKPBITh
IBeps B uu C, BeIOMpast TI0OYI0 U3 HUX CTyYaiiHbIM 06pasom;

O 3areM MOHTM IpefJjaraj BaM BbIOpaTh: WJIM OCTAHOBUTHCSI Ha BbIOPaHHOI
BaMM JBEPU, Ui YKa3aTh Ha IBEPb, OCTABILYIOCS] 3aKPbITOM.

Borpoc cocToUT B TOM, CJIEAYET JIX BAM «OCTAaThCSI» HAa paHee BbIOPAHHOI IBEPU
WM «TIePEeKTIOUNTHCS» HAa OCTABIITYIOCS 3aKPBITOV ABepb. Mn 3TO He BaskKHO.

BONBLUIMHCTBO JII0fEl YMCTO MHTYUTUBHO TOJIAraloT, YTO 3TO He BaskHO. OcTa-
JIOCh JIBE IBEPU, PACCY)KIAIOT OHM. [I03TOMY IIaHC, YTO aBTOMOOWIIb HAXOIUTCS 34
IOBepbio A, paBeH 50%.

Ho aro HeBepHO. @aKkTMUUeCKM IIAHC BBIUIPATh, €C/IM Bbl OCTaAHETECh Ha IMPEeK-
HeM BbIOOpe JIBepu A, COCTaBUT JIUIIIb 1/3. A eCiu BbI «II€PEKTIOUNTECh» Ha APYTYIO
IIBE€Pb, TO BAIll IIIAHC COCTaBUT 2/3.

[IpumeHuB Teopemy baiteca, Mbl pa3o06beM 3Ty 3aJadyy Ha HECKOJIbKO YacTeii
", BO3MOYKHO, YOeAVIMCsI, UTO TaKOil OTBET MeiiCTBUTEIBHO KOPPEKTEH.
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[nst Havama HaM CJIefyeT akKypaTHO BbIOpATh MCXOAHbBIE JaHHbIe. 31ech D cocto-
UT U3 ABYX yacTeit: MoHTH BeIGMpaeT [IBeps B, u 3a Heit HEeT aBTOMOOWIIS.

Terepb MbI omnpenensieM Tpu runotesbl: A, B u C. To ects A, B u C npencrass-
IOT TUIIOTE3bI, KOIa aBTOMOOWIb HaxoauTcs 3a [IBepbio A, JIBepsio B u [Isepbio C.
BHOBb NpUMeHUM TaOIMUHbII METO/I.

Mpuop | Mpaeanonopo6bue Mocrepuop
P(H) | p(DIH) P(H) p(DIH) |p(DIH)

A |1/3 1/2 1/6 1/3

B |1/3 0 0 0

C |1/3 1 1/3 2/3

3amonHeHue cTonbia [Tprop He MpeaCcTaB/sieT TPYIHOCTEN, TOTOMY UTO HaM CKa-
3aHO, YTO IPM3bI pa3MellleHbl CTydaifHbIM 06pa3oM. DTO MPEIoIaraeT, YTO aBTO-
MOOGJIb C OIMHAKOBOJ1 BEPOSITHOCTBIO MOXKET HaXOAUThCSI 3a JII060J 3 Tpex IBepeii.

[TogcueT mpaBHoIIOmO6Mii ITOTpedyeT HEKOTOPBIX paccykaeHuii. Ho, cobmromas
U3BECTHYIO OCTOPOXKHOCTb, Mbl CMOYKEM OIPeeIUTh 3TU PACCY>KIeHMs TPaBUIbHO:

O ewtr aBTOMOGMIb HEICTBUTENbHO HAXOAUTCS 3a OBepbio A, MOHTM MOT
6e301acHO OTKPhITh ABepu B 1 C. [T09TOMy BEpOSTHOCTDb, UTO OH BbIGepeT
C, paBHa 1/2. A TIOCKOIBKY aBTOMOOWIIb B J€/ICTBUTEIILHOCTY HAXOMUTCS 3a
IBEPBIO A, BEPOSITHOCTD TOT'O, UTO aBTOMOOWIIb He 3a ABepbI0 B, paBHa 1;

O ecau aBTOMOOWIb B AEVCTBUTENbHOCTY HAXOAUTCS 3a IBepbio B, To MoHTH
IIO/DKeH OTKPbITh ABepb C. [I03TOMYy BepOSITHOCTb, UTO OH OTKpOeT JiBeph B,
paBHa O;

O HakoHell, e/ aBTOMOOWIb HaxomauTcs 3a ABepbio C, TO MOHTM OTKPBIBAET
IBepb B ¢ BeposaTHOCTHIO 1 1 He HAaXOOUT TaM aBTOMOOJISI C BEPOSITHOCTHIO 1.

CaMmast TpygHasl 4yacTh pelreHus: mosanu. Janee mpocrast apudmerura. Cymma
TpeTheli KOJIOHKM B Tabjuiie paBHa 1/2. Pas3menuB MoaydeHHbIE pe3yaIbTaThl, UMEeM
P(AID) = 1/3 u p(CID) = 2/3.

Cy1iecTByeT MHOTO BapMaHTOB 3amaun MoHTu Xomia. OgHa U3 CUIIbHBIX CTOPOH
6aitecoBCKOTO MOAX0a — B TOM, YTO OH 06001IaeT METOAMKY PeIlleHNsT STUX Bapu-
aHTOB 3a/ay.

Hamnpumep, npenmnonoxum, uto MOHTY Bceraa BeIOUpaeT B, ecyin ecTh Takast BO3-
MOXXHOCTB, 1 TOJMbKO C, ec/iv OH JOJ/KEH 3TO CHeaTh (MOCKOJIbKY aBTOMOOWIIb 3a
nBepbio B). B aToM cyuae mpeo6pa3oBaHHast TabImIla BRITISIAT TaK:

Mpuop | Mpaenonopo6bue Moctepuop
P(H) | p(DIH) P(H) p(DIH) |p(DIH)

A |1/3 1 1/3 1/2

B |1/3 0 0 0

C |1/3 1 1/3 1/2

EnuHCcTBeHHOE, UTO IpeTepriesio usameHnenus, — p(D|A). Eciu aBTOMOOWIb 3a
nBepbio A, MOHTU MOsKeT OTKPBITh Wiy ABepb B, miu aseps C. Ho B 3TOM BapuaHTe
OH Bcerga BoioMpaet B. ITostomy p(D|A) =1.
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B pesynbraTe mpasrononobue Bcerga onMHaKoBo st runore3 A u C, u mocre-
puopbl Toxke ofmHakoBbl: p(A|D) = p(C|D) = 1/2. B atom cinydyae dakrt, yTo MOHTHU
OTKpBIBaeT B, He maeT uHopMaImu o pasMelneHn aBToMooms. [I09TOMy He Bask-
HO, YUaCTHUK «OCTAEeTCSI» Ha paHee BbIOPAHHOI JBEPU WIN «II€PEKTIUAeTCsI» Ha
ZPYTYIo ABEPD.

C opyroii CTOPOHBI, ec/i OH OTKpbLI ABepb C, MbI 3HaeM, uTo p(B|D) = 1.

A Brmoun 3amavay MoHTH XoJ11a B 9Ty IJ1aBY, TaK KaK OHA MHe KaykeTcst 3a6aBHO
U IOTOMY, YTO TeopeMa bajieca HeCKOIbKO yMeHbIIaeT CJIOKHOCTD pelleHns 3ana-
uyn. Ho 3Ta 3afavua He SIBASETCS] TUITMYHON I IpUMeHeHusT TeopeMbl baiieca. Tak
YTO eCJIM BbI HAIIIM ee cJIerka COMBAIOIIEil ¢ TONKY, He YHbIBajiTe!

OBCY)XDEHUE

Insa MHOrMx 3ajay, 3aTparvMBamlMX YCJIOBHBbIE BEPOSITHOCTM, Teopema baiieca
obecrieunBaeT CTpPATErmio «pasiessii U BiacTByii». Ecmm Beruncienue p(A|B) vim
ee SKCIIePMMEHTA/IbHOE OIpeJiesieHye 3aTPyIHUTENbHbBI, IPOBEPbTE, He TIPOIIle JIN
BBIUMC/IUTD APyTrHUe COCTaBIsSIIONIME TeopeMbl barieca p(B|A), p(A), p(B).
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