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CTaTUCTUKA: AHanizom AaHuX paHilLe 3aumManac
“CTaTuCTUKa”, ika 3apoausiaca Ha novartky XIX cr
®. ManbToHa i K. lMipcoHa. BoHa’3océpeaxyBana ﬁL

CTaTUCTUYHOMY BUCHOBKY, TOOTO ﬂégmb CKnag. Y ﬂ‘,}
npoueayp ANs 0OTPUMaHHSA iHgopmallil Npo reHepanBHi
CYKYMHOCTi Ha OCHOBI HEBENNKNX BUGIPOK. I
B 1962p. [IX. TbloKki 3anpornoHyBas NepeTsepnu™ crart
HOBY HayKOBY AUCLMNAIHY - “AHani3 paHux” , AKY CbOrOfHi
npuitHaTO HasueaTtn “Data’Analysis” abo “Data Science’ Q
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BcTynuB A0 EanHbyp3bKoro ymseﬁ{meTy I101'/ Eaec p,&:l B
6aTbKOBI npos&p,um cnyk6y, a Hesabapom, Mpm(ax—ca
CTaB CBALLEHMKOM B MpPecBiTEPiaHCKIW LEepKBi. 752 )( .IJ,I—BIH\
BUMLLOB Yy BiaCTaBKy; nomep B 1761 pou,i.

MatematuuHi  iHTepecn baeca  BigHoCAT c’ﬁ 'reopuL

Hapoaueca B 1702 poui B J/IoHAOHI. Hanchn 30,0

nmosipHocten. BiH chopmynioBas i BVIpIL.LIVIB S,qu _ocﬂos\l-mx
3aa4 LbOro po3ainy martematuku (Teopema baeca). I4060Ta,
npuceayeHa uin ¢opmyni, 6yna onybnikoBaHa B 1763 | pou,l BXKeE
nicna oro cmepti. Popmyna baeca, WO AAE MOXKAUBICTD OLIHUTH
WMOBIPHICTb NOAIN eMNipUYHNMK WIAAXOM, Bigirpae BaxuwlBy ponb -
Y CYYacCHii maTeMaTUUYHIW CTaTUCTUL,i Ta Teopii UMOBiIpHOCTEMN.
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1. 3ickaHyBaTU Kog,
2. Neperitmsa ~
NOCUNAAHHAM

3. Beectn email
4. B nvucrTi, Wwo
npuiiae HaTUCHYTU
«Confirm email»
5.Bsectnim’'aTa
npissuLLe
6. HatnucHytu
«Next»

7. Mpnaymatu i
BBECTM naponb #
8. HaTucHyT™M Ha
«Channels»

9. Bubpartu KaHaa 3
NeKUui€ew

10. HaTucHyTH
«Join channel»
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Money or die?




Teopema baeca (Bayes):
O3HavyeHHA & IHTYITUBHe
NOSACHEeHHSA




Tyt A Ta B — nogii;

P(A) i P(B) — nmoBipHicTb noain A ta B sBignosigHo (be3
BpaxyBaHHS O4WH O4HOrO);

P(A|B) — ymoBHa MMOBIpHICTb, TOGTO MMOBIPHICTb NoAii A 3a yMOBU
BUKOHaHHSA noaii B (probability of A given that B is true);

P(B|A) — ymoBHa NMMOBIpHICTb, TO6TO MMOBIPHICTb NoAii B 3a ymosu
BUKOHaHHSA noail A.

BXuBaTnmemo Taky TepMiHOMOrito:

Weighted Average Assumption~Ng

P(A)*P(B|A)
P(A|B) =

Normalized

TobTo,

P(A) — 3BaXxeHe cepeqHe;
P(B|A) — npunyLleHHs;
P(B) — HOpMarni3yro4mnm MHOXHWUK.




Mpuknap 1 - NMpocTtun npuknapg 3 gamcom (dice)
[MpunycTumo, Wo Haw apyr mae 3 rpansHi “Kyoukun” (abo rpanbHi
KICTOYKM, rpanbHi KOCTi, gancu). lNepwmin rpansHnm “kybuk” (gani
KazaTumMemMo pauc) mae 4 CTOPOHW, OpYyrun — 6 CTOpPIH, a TpeTin —
8 cTopiH. [lpyr Bubunpae oguH ganc BMNagKkoBo, KOTUTb NOro bes
noKasy Hawm, | NoBIgOMSIAE pe3ynbTaT — BMNano yucno 2. Ham
Tpeba BragaTtn aKkum Kybuk BiH BUOpaB i KOTUB. [N Lboro Ham
Tpeba 0buYncnNUTU MMOBIPHICTL TOrO, WO Aanc OyB 3 4-ma rpaHsaMu
(oani nncatumemo 4d gainc), 3 6-ma (6d ganc) um 3 8-ma rpaHsimm
(8d pawnc).

Kpok 1 - BUsHaunmMo fiky MMOBIpPHICTb MU LLYKAEMO, i WO
cnocTtepiraemo

Mwu xo4emMo 3HaTU NMMOBIPHICTb TPbOX PI3HUX MOXITMBOCTEN
(kopoTKo — 4d, 6d Ta 8d). Mn cnocTtepiraemo HoMep, KM HaMm
cKa3anwu, Lo BiH BMUNas.

Kpok 2 - OuiHka no4aTKOBMX MMOBiIPHOCTEM

OckKinbkn Mmaemo 3 gancu, To novYaTkoBa MMOBIPHICTb BUOOpPY
KOXXHOro 3 HUX ogHakoBa i opiBHIOE 1/3 (AKWO HeMa Oo4aTKOBOI

iHpbopmaUii).



Kpok 3 - Ina KOXXHOI NO4YaTKOBOro BUNaaKy, o64ncriroeMo
MOXNUBICTb OTPUMAHHSA HALLOro CNoCTepPeXeHHs

Halue cnoctepexeHHda — Bunano 4ymcro 2. AKWwo My npunyckaemo,
Lo Haw apyr kmaas 4d ganc, To UMOBIPHICTb BUNagaHHA Yucna 2
nopisHtoe 1/4. Axkwo 6d — 1o 1/6. Axkwo 8d — 1o 1/8.

Kpok 4 — lNepeMHOXaEeMO OTpMMaHi paHille NMOBIPHOCTI

[Ona 4d ganca: manu nMoBipHICTb BUbopy ganca 1/3 Ta
MMoBIpHICcTb 1/4 BunagaHHa Yncna 2. [lobytok gopisHioe 1/3 * 1/4 =
1/12.

[Ona 6d ganca: nodbyTtok gopisHioe 1/3 * 1/6 = 1/18.

[Ona 8d ganca: nodbyTtok gopisHioe 1/3 * 1/8 = 1/24.



Kpok 5 — Hopmani3syemo pe3synbTtatu

CymapHa NMOBIpHICTb BUBOPY 0AgHOro 3-X AaNCiB i BUNagaHHS
ymcna 2 cknagae

1/12 + 1/18 + 1/24 = 13/ 72.

Lle yncno meHwwe Hix 1, 60 NMOBIPHICTb BUNnagaHHAa Ynucna 2
MeHLa HixX 1. [lpoTte Mn 3Haemo, Lo Yncro 2 Bxe Bunano. Tomy
HaMm Tpeba noainuTKU MMOBIPHICTb ANA KOXXHOro Aganca Ha 13/72 ans
TOro, Wwob cyma ycix MMoBIpHOCTEN ANS YCIX AanciB cknagana 1.
Llen npouec BigoMmun 9k Hopmanisauis.

[licna Hopmani3auil 3HaxoAMMO MMOBIPHICTb TOro, Lo Aanc €
OAHUM 3 BUOpaHUX:

4d panc: (1/12) / (13/72) = (1*72) / (12*13) = 6/13

6d gawvc: (1/18) / (13/72) = (1*72) / (18*13) = 4/13

8d pawc: (1/24) / (13/72) = (1*72) | (24*13) = 3/13

Lle i € BianoBiapb.

Konu mn novanu po3e’sisyBaTu 3agavy, Mu npunyckanu, wo
MMOBIPHICTb BUOOPY KOXXHOro ganca gopisHioe 33.3%. Nicns
KOYEHHS1 04HOro ganca i OTpUMaHHS Ynucna 2 My oTpumanu, Wwo
BUOIip 4d ganca mae nmosipHicTb 46.1%, Bnbip 6d ganca — 30.8%,
a 8d panca — 23.1%.




Teopema baeca (Bayes): TepmiHonoria
[oci Mn He BXMBaNn 4YacTUHY TEXHIYHOI TEPMIHOSIONIT NpUTaMaHHoI
onga teopemun baeca. 3apas, HacTaB Yac HaBeCTu Ii.
[ToyaTKkoBa NMOBIPHICTb, TOOTO MMOBIPHICTb KOXHOI MOXITMBOCTI
nepen crnornagaHHAaM gaHmx, HasmeaeTtbca Prior (Mpiop).
YMOBHA NMOBIPHICTb, TOOTO NMOBIPHICTb CMIOCTEPEXEHHS AAHNX B
KOXXHOMY KOHKPETHOMY MOXITMBOMY BMMNAAKYy, HA3MBAETLCH
Likelihood (BiporigHicTb).
CymapHa NMMOBIpHICTb, TODTO cyma 0By TKIB NPOMIXKHUX
obuncrneHb, HasneaeTbcs Normalizing Constant (Hopmanisyrouya
KoHcTaHTa).
Hopmani3oBaHa KiHueBa BianoBiAb nicna ob4ncrneHHs
NMOBIPHOCTEN KOXXHOI0 MOXIMBOro BMNaaKy HasnBaETbLCH
Posterior ([NocTepiop).

Prior Likelihood
P(A)*P(B|A)

P(B)

Normalizing Constant

Posterior

P(A|B) =




[ani kopuctyBaTUMEMOCH caMe TakuMu TepmMiHamu.
[ToBepHeMOCA 00 NpuKnaay 3 nonepeaHsoro nigpoaainy. OTox,
3HOBY NpPUNYCTUMO, WO Haw apyr mae 3 gancu (4d, 6d Ta 8d). BiH
BMOMpae oauH ganc BMnNagKkoBo, KOTUTb MOro 6e3 nokasy Haw, i
nosigomMnsge pesyrnbTaT — BUnano ymucno 2. Tpeba 3Hantu
MMOBIPHICTb TOro, Wo ganc oyB 3 4-ma rpaHsmm, 3 6-ma 4um 3 8-ma

rpaHamu. MNepennwemo Tabnuuto, WO OnMcye Po3B’sA30K L€l 3agadi
B HOBIN (POPMI:

Dig Prior Likelihood Product Posterior
[dal] | [‘praio] [‘laiklihud] [‘prodakt] [po’stirio]
ity
od
od
Normalizing Constant




Die Prior LiKkelihood Product Posterior

40 1/5 1/4 1/12 6/15=0.46
(46%)

od 1/5 1/0 1/16 4/15=0.51
(31%)

od 1/5 1/o 1724 3/15=0.25
(23%)

- 13772
Normalizing Constant

Tabnuuga 2: Bunano 2.

BucHOBOK — HaniMoBIipHille Haw apyr kngas 4d gawc.




MNMpuknaa. Cknagite Tabnuuto, WO BiANOBIAAE BUNaaKy BUNagaHHS
Ha gaunci yicna S (3amictb 2). Llen pesynbTat NPMHLUKNMNOBO
BIOPI3HAETLCS Bi4 NepLUOro — Bia Aa€ MOXMNUBICTb HAM 3pasy
3poOUTN BUCHOBOK — BUBpaHMn gamc TO4HO He 4-CTOPOHHIN (00 Ha
4d ganci npocTto Hema vucna 5).

BianoBigb:




Die Prior LCikelihood Product | Posterior

44 173 0 0 0

bd 1/5 1/0 1/16 477 = 0.57
(57%)

8d 173 178 1724 377=0.43
(43%)

- Iy
Normalizing Constant

Tabnuuyga 3: Bunano 5.

B1UCHOBOK — LIbOro pasy HauiMOBIpHiLle, Wo Halw gpyr kmgas 6d
nanc (57%).

[laBanTe 3HOBY NOBEPHEMOCS 40 BMMNAAKy, KONU BUNaso 4Yuncro 2.
BUCHOBOK 3 OTpMMaHOI HaMu paHiwle Tabnuui — HaniMOBIPHiLLE
Haw apyr kngas 4d gauvc. [NpoTe oTpMmMmaHa NMMOBIPHICTb LiEl noAil
(46%) mano Bigpi3HAETLCA BiA MMOBIpHOCTI BUbopy 6d gavca
(31%). NogmBnmMocs 4m gONOMoXe HaMm oTpumMaTu BinbLu
NMOBIPHMI pe3ynbTaT HasiBHICTb 404ATKOBOI iHpopMauil.



OTOX, M1 NPOCUMO Apyra KUMHYTU BUOpaHum HAM gaunc we pas. BiH
NOro4XXyeTbCA I, HAaNpuknag, nosigoMsde, Wo OTPMMaHUA
pe3ynbTaTt — Bunaso 4ucno 5. Cknagemo BignosigHy tadbnuuto.
Ockinbkn criepy 0yno 4ncrno 2, To B KonoHui Prior HoBol Tabnuui
Ong 4Yucna 5 cToaTuMyTb Ynucna 3 KonoHku Posterior Tabnuui ans
yucna 2

Die Prior LCikelihood Product Posterior

4d b/ls U U U

bd 4/1ls 1/0 4/ (o 16/25 = 0.64
(64%)

od olls 1/8 o/104 9/25=0.56
(36%)

— 251312
Normalizing Constant

Tabnuusa 4: Bunano 2, notim 5.

B1UCHOBOK — LIbOro pasy HaniMOBIpHiLle, WO Halwl Apyr knaas 6d
navic. IMoBipHicTb uiei nogii 64% i us MMOBIPHICTb GinbLua 3a
MMOBIPHICTb KngaHHa 6d ganca npu BunagaHHi ymcna S 6e3
iIHpbopMmaUil, Wo nepen TMM Bunasno 4uncno 2 (57%) i 6inblwa 3a
MMOBIPHICTb BUOOpPY AoBiNbHOro gancy (33%).




NinoTe3a: 3/ 36inbWeHHSIM iHgbopMauil npo surnadaHHs Yyucesl Ha
gubpaHomy dauci pocme UMOS8IPHICMb, WO Xapakmepu3sye
subpaHuu oadc.

[TepeBiprmMo Lto rinoTesy we pas. OToX, MM NPOCUMO Apyra KUHYTH
BMOpaHMin HUM Jaunc Lwe pas (Bxe Oyno cnepuwy 2 a noTim 5). BiH
KaXke, WO BUMaso 4Yncrio 4. pesysibTaTy Hawmnx o04YnCrieHb
HaBeOeHo B Takin Tabnuui

Die Prior LiKkelihood Product Posterior

4d U 1/4 U U

60 16725 176 167150 64/91T=0.70
(70%)

od 925 1/o I9/200 27191 =0.50
(30%)

- 917600
Normalizing Constant

Tabnuuyga 5: Bunano 2, notim 5, notim 4.
BucHoBOK — e, MabyTb, 6d ganc (MMOBIPHICTb OOPIBHIOE BXE ax
70%).
[/3: NpopaxyBaTn BUNagok sunagaHHsa 5-2-4.




NMpuknap 2 - binbwe gaucie (die). Binbwe Ko4eHb (rolls)
[laBainTte po3rnssHeMo BMNaaoK 6-Tn Moxnmneux aancise: 4d, 6d, 8d,
10d, 12d ta 20d. Mun 36upaemocs KOTUTU BUOpaHUA rpanbHU ganc
15 pasiB | 3 orngay Ha oTpuMaHi pe3ysfibTaTn 3HanTU UMOBIPHICTb
TOro, LLO Le SAKMNCb KOHKPETHUN dauc.

[Ona obuncneHb Bukopmuctaemo Excel, wob ctBoputu B LN
nporpami MMOBIpHICTHY Tabnuuto. [aHi B Hin noaibHi 4o AaHuX 3
nonepenHbLOro Npukagy NpoTe nepeTsopmMo I 4o BUrnsay, B
AKOMY 3pYyyYHille BpaxoByBaTun barato BunpodysaHb. OTOX, paHiwe
M1 manu Tabn. 2 ona cutyadil “Bunano 4Yucno 2

Die PTrior Likelihood Product Posterior

4d 1/5 1/4 1/12 6/15~=0.46
(46%)

bd 1/5 1/0 1/1o 4/15=0.51
(31%)

od 1/5 1/o 1/24 3/15=0.23
(23%)

__ 13772
Normalizing Constant




Tenep 3anuwemo Uk iHdopmMaLito y TakoMy BUMNSAAI:

Die — 40 | bd o

Homep | Hwucno,
KUJaHHA 110

l cocrept|  Prior — |1/3| 1/3 1/3
racEmMo

4
1 Z Fosterior Ne [o/1| 4/ls | o/l5

1 — 3

Tabnuusa 6: IHpopmauia npo BMnagaHHAa vYncrna 2 (B HOBOMY
BUrNA4N).

[ani kokHe HOBe KnaaHHA gancy 4acTb HaM HOBY CTPIYKY 3
diHanbHUMK NMoBipHOCTAMU. Bci o64mncneHHs 3podumo B Excel.




ApTozbBepeseHHA (. b L=~ Problem_2 - Excel

Darn OcHOoBHE BcTaeneHHA MakeT CToRIHKN Do PN Oa
e Calibri ~ 11 e = =B 2= FaraneHWA
m~ [ Kk O~ A A | =E==E-~ | o8~ 9% ow
< SR < - W = 3= B 8 -89

By ep oBMiHY = LU p T = BrpieEHmD BEaHHA = Hrono =

Bl bt Joe =RAMDBETWEEM(1;SBS9)

Lt B C D E

a8

= 3

10

11

12

12 Homep BrnaoHoBWKA pe3ynsTart Peaynbrar
14 | 1] al a
15 2 2 5
16 E] & 7
17 4 ] 5
18 5 3 4
19 o 3 5
20 7 5 3
21 3 a4 51
22 9 3 7
23 10 2 4
24 11 1 2
25 12 5 5
26 13 1 4
27 14 2 4
28 15 & 7
29

Puc. 1. 'eHepyBaHHSA BMNagkoBux Yucen B Excel




eHepauis BMNnagkoBux pe3ynbTaTiB KOYEeHb

B 3agavi 1 mu npunyctunu, Wo Ha ganci sunano 2, gk
intocTpaTnBHMn npuknag. Npote konv mosa nae npo baraTto
eKCnepuMeHTiB, TO N0AN, B3ararni KaXyyu, noraHo BMbupatoTb
cnpasai Bunagkosi Homepu. Tomy ans reHepauil 15 BunagkoBux
pe3ynbTaTiB KOYeHb JauCy BUKOPUCTAEMO (PYHKLLIO

= RANDBETWEEN().

OT1oxX, ctBOpMMO EXxcel-dpann i B kKomMipky B9 3annwemo 4uncno, Lo
Bignosigae 3a BMbpaHumm Hamun ganc, Hanpuknag, Ymcno 8
(BBaXkaemo, o BnbpaHo 8d gaic). NounHaroum 3 Komipku Al4 |
BHW3 reHepyemMo HoMepu ekcnepumeHTy (Big 1 oo 15). B knitnHky
B14 3annucyemo coopmyny ons reHepadii Bunagkosux Yncen =
RANDBETWEEN(1;$B%$9) i 3anoBHIOEMO Heto KniTUHKM B14:B28.
3aTum BMAOIiNdemo ix i konitoemo B 0ycpep obminy. Ctaemo B
KNiTMHKY C14 i BukOHyemo komaHan OcHoeHe => bychep o6MiHY
=> Becmasumu => Bcmaesumu 3Ha4eHHs1. [licna uboro B
KoMipkax C14:C28 maTUMeMO He3MiHHI pe3ysfibTaTu NepLuoro
BMKoHaHHA komaHan = RANDBETWEEN() (ams. Puc. 1).



NMouaTok chopmyBaHHA Tabnuui BignoBiaen

[1na 3py4yHOCTI, 3a LONOMOroK KHOMKK “+” BHU3Y BikHa EXxcel,
CTBOPUMO HOBMW apkyw Excel i, knayHyBLUXN MULLKOKO ABiYi NO NOro
Ha3Bi, Ha3BeMo noro “Tabnuua”. Apkyll1 nepenmeHyemMo Ha
“lonomixxHi o6uncrneHHs” (ans. Puc. 2).

L=l = B S I =

10
11
12
12
14

T - R R N R R
= Y N R S - Y,

JonomixHi oBuncneHHs TaBauyuA +

Puc. 2. HoBun apkyul

[Mepengemo Ha apkyw Tabnuus i CTBOPMMO TaM Taky Tabnuuto,
306paxeHy Ha Puc. 3 (komipkam, B sikux ctoaTb HE uncna 3pobitb
TeKcToBUM doopmar).



A B C D E F G H I ] K L M N 0 P Q
[lonomixHa Tabnuua Ana nposeexHA 06umcneHb

TabnuuA HopMani3oBaHuX iimoBipHoCTelt

Die = L b g 10 12 i ¥ Dies 4 i 8 10 12 2
NeRoll | Results| - - - - - - smy * NRoll| - - - - - -
0 = ¥ 0
1 ¥ 1
2 ¥ )
3 ¥ !
‘ ¥ 4
3 ¥ 5
i ¥ §
1 ¥ 7
§ ¥ 2
9 ¥ g
10 ¥ 10
1 ¥ 11
12 ¥ 17
13 ¥ 13
14 ¥ 14
15 ¥ 15

Puc. 3. CtpykTypa Tabnuuj




MouyaTtkoBa UMoOBipHicTb

HacTynHun Kpok — BBECTU NMOYaTKOBY MMOBIPHICTb. OCKINbKK €
LWICTb JauCiB | MU NPUNYCKaemMo, LLIO BOHW BUNALKOBO BIATANYHOTLCS
Bil CYMKN, TO nNovaTkoBa MMOBIPHICTb BUOOPY KOXXHOIO gancy
aopisHioe yncny 1/6, To6To HabnmxeHo — vncny 0.1667.
3anoBHIEMO LMK Ynucnamu gianasoHn kKomipok C4:H4 ta L4:Q4,
30inbLWwyo4Yn npu noTpebi BioobpaXkeHHs! Ha eKpaHi KinbKOCTi
pPO3pAAIB YMcna. Takox 3anoBHITb KOMOHKY Results pesynbtatamu,
BUMaAKOBUM YNHOM 3reHepOoBaHUMK Ha MepLUOMY apKyLli, a B
KOMipKY 14 nomiwaemo popmyny =SUM(C4:H4) (B ineani
pe3ynbTaTt MaB 61 QOpiBHIOBATN OAUHULI, ane 3a paxyHOoK
HabnmkeHnx obuncrieHb TyT matumemo 1,0002) (aus. puc. 4).

A B C D E F G H I | K L M N 0 P Q
1 [lonomixHa Tabauws AnA NpoBeaeHHA 00uMcneHb ' TabnuuLA HOPMaNi30BaHHX fiMOBipHOCTEH
2 Die 3 4 b 8 10 12 0 ¥ Dies 4 b 8 10 12 |
3 NeRoll | Results| - - - - - - Sm{ % MRl
< - 01667 01667 021667 021667 021667 021667 10002 * 0
5 b ' 1
i 3 ¢ 2

01667 01667 01667 01667 01667 01667

[ R T — T

Puc. 4. 3anoBHeHHA TabONULI NOYaTKOBUMU OAHUMMW.



MMoBipHIiCTb BUNagaHHA Yncna Ans KOXKHOro Aancy
3ayBaXkMMO TaKe: SKLLO YNCIOo, WO BMNano, binbLue 3a po3MipHICTb
Oancy, To MMOBIPHICTL MOro nosisn Ha gauci ckragae 0 (TooTo,
SIKLLIO BMMNano 6, TO MMOBIPHICTb NOSAABM LIbOro Ynucna Ha 4d ganci
HyNbLOBA);
SKLLO YMCNO, WO BMNano, MeHLle 3a PO3MIpHICTb faucy, To
MMOBIPHICTb NOro NosiBu Ha gaunci cknagae 1/(po3mipHicTb gancy)
(TOOTO, AKWO BMNano 6, To UMOBIPHICTb NOSIBU LbOro Yncrna Ha 8d
aanci gopisHoe 1/8);
[na obuncneHb, WO NpU3BOoASTb A0 3HAXOOKEHHA Posterior
BUKOPMUCTAEMO ornepaTop
=IF(equation to evaluate; value if true; value Iif false)
Takum YNHOM MaeMO 3anmcaTu Take:
=|F(pe3ynbTaT KOYEHHS > PO3MIpHICTb gaucy; O;

1/( pO3MipHICTb gancy) * nonepeaHto

HOpMani3. MMOBIPHICTb ) (2)
OT10oX, B KOMipKYy C5 MaemMo 3anucaTtu YncenbHUK apoby 3 doopmynu
(1), a came

Likelihood*Prior.



Bupas Likelihood obuncnoemo 3a doopmynoto (2), nopiBHoO4M
BMICT KOMipok B5 Tta C2, a Prior gna komipkn C5 MiCTUTbLCA B
Komipui L4 — e HopmanizoBaHa MMOBIPHICTb AN nonepenHsLoro
KngaHHAa (TyT nonepegHboro e He dyro i Tomy TyT — ue 0,1667).
Omxe, B KOMipKy C5 3anucyemo Taky qoopmyrsy

=IF($B5>C$2;0;(1/C$2)*L4)
Konitoemo uto popmyny B KoMmipkn D5:HS. B komipky |15 konitoemo
doopmyny 3 14 — ue Normalizing Constant. l'licna uboro
3anucyemo Posterior B KOMIipKy L5

=$C5/$15

Ta 3anoOBHIOEMO Lie0 opMynoto gianasok komipok M5:Q5. B
pesynbTaTi B KOMipKax L5:Q5 mictatbca Posterior gna pesynbTtarty
ekcnepumeHTy «KuHynu ganc i Bunano 4yucro 6» (gmse. Puc. 5)




15 Jr | =8C5/515

A B C 0 E F 6 H J K L M N 0 p Q
1 [lonomixka Tabnuug Ana nposegeHHa 064HCeHD ¥ Tabnuya HopManizoeaHux MMoBipHOCTE
2 Die 4 b 8 10 12 2 ¥ Dies 4 6 8 10 12 2
3 NeRoll | Results| - - - - - - smy * MRl - - - - - -
4 0 - 01667 01667 01667 01667 01667 01667 10002 ¥ 0 01667 01667 01667 01667 01667 0,167
5| 1 600000 00278 00208 00167 00139 00083 00875 ¥ 1| 00000 03175 02381 01905 01587 0,0952

Puc. 5. loBHI gaHi 4nga nepLioro eKcnepumMeHTy

BucHOBKM NpO MMOBIPHOCTI BUOOPY AanciB nogamo y Tabnuuj

4d

od

o0

10d

12d

2Ud

O%

32 0

24 Y%

19 %

10 %

10 %

Tabnuuysa 7: IHdbopmauia npo BunagaHHs ymcna 6.

3ayBaXkMMO, O OCKISIbKM MU NPOBOANUMO HabnmXKeHi 064YMCNEHHS,
TO cymMa OCTaHHbOro psaaka B Tab. 1 moxe HE popisHioBaTtn 100 %.




MNMpuknap 2.1. 3anosHiTb cTpiuky Ne 6 y Excel dbanni, gka
BignoBigae 3a ekcnepuMeHT «pyrnm pas KnHynm ganuc i sunano
yucno 3». [NpogymanTte crocid moaundikauii (3axXxncTy KOMIpokK) Ta
KONitOBaHHA BXe 3anOBHEHUX KOMIPOK iCHYyto4oro Excel-goanny.
BignosBigb: anB. Puc. 6 Ta Tab. 8.

(6 v Jr | =IF(SB6>CS2;0:(1/CS2)*15)

A B C D E F G H ] K L M N 0 P Q
1 [JlonomixHa Tabauua agna npoeeseHHA ob4ucneHs * Tabnuua HopManizosaHKX HMOBIPHOCTeI
2 Die 4 6 8 10 12 20 ¥ Diey 4 6 8 10 12 20
3 NeRoll| Results| - - - - - - Sum ¥ MRoll] - - - - - -
4 0 - 01667 01667 01667 01667 01667 01667 10002 * 0 01667 01667 01667 01667 01667 0,1667
5 1 6 00000 00278 00208 00167 00139 00083 00875 ¥ 1 00000 03175 02381 01905 10,1587 0,0952
6 | 2 3 00000 00529 00298 00190 00132 00048 01197 * 2 00000 04420 02486 01591 0,105 0,0398

Puc. 6. [oBHI gaHi gna gpyroro eKkCnepumMeHTy

4d od od 10d 12d 20d
U % 44 70 20 70 10 % 11 % 4 Y0

Tabnuug 8: IHhopmauis npo BunagaHHa Yucna 3.




MNMpuknag 2.2. 3anosHiTb CTPiuky Ne 7 y Excel dpanni, sika
BignoBigae 3a eKCnepuMeHT « TpeTin pas KUHYNW ganc i Bunano
4yucro 2». Npogymante cnocid KonitoBaHHSA BXe 3anoBHEHUX
KOMIpPOK iCHyto4voro Excel-gpanny.

BignoBiab: amB. Puc. 7 Ta Tab. 9.

VA Jo =IF(SBTCS20(1/CS2M15)

A B C [ E F 6 H J K L I N 0 P Q
1 TlonomixKa Tabuug Ana NpoBefeHHA 0B4McneHs * Tabuug Hopmanizozakux HMOBIpHoCTel
) Die 9 4 b § 10 12 i ¥ Died 4 b g 10 1 |
3 %Roll| Reslts] - - - = = - §m{ * NRM|, - - - - - -
L0 - 06T 0667 0167 0167 01657 0t 1000 * 0 01667 01667 01667 01667 01667 01667
501 6 0000 008 00N8 0067 0039 00083 open * {0000 035 0281 005 0558 0085
623 0000 0059 008 0090 003 oo ony * ) 0000 OMN 0% 05U 0105 00398
7| 32 o] 00T 0 0019 000% 000 0139 30000 055 085 0107 006% 00151

Puc. 7. I'oBHI gaHi onsa TpeTboro eKCnepuMeHTy




4d 6d 8d 10d 12d 20d
U% o0 Y 24 Y% 12 Y% { % 2%

Tabnunuga 9: IHbopmauis npo BunagaHH4a Yucna 2.

MNMpuknap 2.3. BHeciTb gaHi BCiX 15-x ekcrnepmumeHTiB y Excel
doann. NpogymanTte cnocib KonitoBaHHA BXe 3arnOBHEHUX KOMIPOK
icCHyto4yoro Excel-gpanny.

BignosBigb: ams. Puc. 8 ta Tab. 10.

Cc19 - S =IF(SB19>CS52;0;(1/C52)*L18)

A B i D E F G H J K L M N o] P Q
1 OonomixHa Tabnuuys ana nposegeHHA obuncneHb * Tabnuvuya HopmanizoBaHMX MMOBiIpHOCTeH
2 Die = 4 6 ] 10 12 20 * Die = 4 6 8 10 12 20
3 NeRoll | Results | - - - - - - Sum * Ne Roll | - - - - - -
4 0 - 0,1667  0,1667 0,1667 0,1667 0,1667 0,1667  1,0002 * 0 0,667 0,1667 0,1667 0,1667 0,1667  0,1667
5 1 6 0,0000 0,0278 0,0208 0,0167 0,0138 0,0083 0,0875 * 1 0,0000 0,3175 0,2381 0,1905 0,1587 0,0952
6 2 3 0,0000 0,0529 0,0298 0,0190 0,0132 0,0048 0,1197 * 2 0,0000 0,4420 0,2486 0,1591 0,1105 0,0398
7 3 2 0,0000 0,0737 0,0311 0,0159 0,0092 0,0020 0,1319 * 3 0,0000 0,5587 0,2357 0,1207 0,0698 0,0151
8 4 6 0,0000 0,0931 0,0295 0,0121 0,0058 0,0008 0,1412 * 4 0,0000 0,6594 0,2086 0,0855 0,0412 0,0053
9 5 8 0,0000 0,0000 0,0261 0,0085 0,0034 0,0003 0,0383 * 5 0,0000 0,0000 0,6805 0,2230 0,0896 0,0070
10 6 5 00000 0,0000 0,0851 00223 00075 0,0003 0,1152 * 6 0,0000 0,0000 0,7385 0,1936 0,0648  0,0030
11 7 6 0,0000 0,0000 0,0923 0,0194 0,0054 0,0002 0,1172 * 7 0,0000 0,0000 0,7875 0,1651 0,0461 0,0013
12 8 7 0,0000 0,0000 0,0984 0,0165 0,0038 0,0001 0,1189 * 8 0,0000 0,0000 0,8282 0,1389 0,0323 0,0005
13 9 2 0,0000 0,0000 0,1035 0,0139 0,0027 0,0000 0,1201 * 9 0,0000 0,0000 0,8617 0,1157 0,0224 0,0002
14 10 7 0,0000 0,0000 0,1077 0,0116 0,0019 0,0000 0,1212 * 10 0,0000 0,0000 0,8890 0,0955 0,0154 0,0001
15 11 7 0,0000 0,0000 0,1111 0,0095 0,0013 0,0000 0,1220 * 11 0,0000 0,0000 0,9112 0,0783 0,0105 0,0000
16 12 10,0000 0,0000 0,1139 0,0078 0,0009 0,0000 0,1226 * 12 0,0000 0,0000 09290 0,0638 0,0072  0,0000
17 13 5 00000 0,0000 0,161 00064 0,0006 0,0000 0,1231 * 13 0,0000 0,0000 09433 0,0519 0,0048  0,0000
18 14 7 0,0000 0,0000 0,1179 0,0052 0,0004 0,0000 0,1235 * 14 0,0000 0,0000 0,9547 0,0420 0,0033 0,0000
19 15 6 * 15 0,0000 0,0000 0,9639 0,0339 0,0022 0,0000

0,0000] ©0,0000 01193 00042 00003 00000 0,1238

J
el

Puc. 8. I'oBHI OaHi BCiX eKCNepuMEHTIB




7d

od

od

10d

12d

2Ud

UO%

99 Y

1%

UO%

UO%

UO%

Tabnuusa 10: IHdopMmaLia Npo pesdynbTaT BCiX EKCMNEPUMEHTIB.




Bisyanisauis pesynbTaTiB

[Ona BigobpaXkeHHs oTpuMaHnX pesysribTaTiB CKOMitDEMO diana3oH
HopManizoBaHux MmosipHocTen K2:Q19 | BcTaBUMO IX Ha nepLunu
apKyLl, noymHaroum 3 KnitnuHkn A20. Buganmsewm BignosigHi
TEKCTOBI NoNs, OTPMMAEMO TaKi jaHi eKCrepnMeHTIB

A B C D E F G
20

21 | _| 4 6 8 10 12 20
22 0 0,1667 0,1667 0,1667 0,1667  0,1667  0,1667
23 1 0,0000 0,3175 0,2381  0,1905  0,1587  0,0952
24 2 0,0000 0,4420 0,2486  0,1591  0,1105  0,0398
25 3 0,0000 0,5587 0,2357  0,1207  0,0698  0,0151
26 4 0,0000 0,6594 0,2086  0,0855  0,0412  0,0053
27 5 0,0000 0,0000 0,6805  0,2230 0,0896  0,0070
28 6 0,0000 0,0000 0,7385  0,1936  0,0648  0,0030
29 7 0,0000 0,0000 0,7875  0,1651  0,0461  0,0013
30 8 0,0000 0,0000 0,8282  0,1389  0,0323  0,0005
31 9 0,0000 0,0000 0,8617  0,1157  0,0224  0,0002
32 10 0,0000 0,0000 0,8890 0,0955  0,0154  0,0001
33 11 0,0000 0,0000 0,9112  0,0783  0,0105  0,0000
34 12 0,0000 0,0000 0,9290 0,0638  0,0072  0,0000
35 13 0,0000 0,0000 0,9433  0,0519 0,0048  0,0000
36 14 0,0000 0,0000 0,9547  0,0420 0,0033  0,0000
37 15 0,0000 0,0000 0,9639  0,0339  0,0022  0,0000

Puc. 9. HopmanisoBaHi nmoBipHoCTi (Tabnnug)




[lincymoBytouM OTpuMaHi pesynbTtatn 6adnmo, Lo nicng 15-u
KOYeHb MU 3 MMOBIPHICTIO 96.4% MOXeMo CTBepaXyBaTu, WO
cnepuy 6yno snbpaHo 8d ganci. Kpim Toro, 3 umoBipHicTo 3.4% --
Bnbpanu 10d gaunc, nmosipHicTb BUbopy 12d gancy ayxe mana, a
4d, 6d Ta 20d gancis — HynboBa.

Tenep nornsstHEMO NPO TEHAEHLUI 3MiHW Posterior. BuginuseLun
aiana3oH A21:G37 HaTuckaemo BecmaesneHHst => [Hiagpamu =>
PekomeHOoegaHi diagzpamu => JliHilyacma Odiazpama Ta nicns
neBHOro opopMIeHHsa pesynbTarty, oTpumMmyemo giarpamy 3 Puc. 10



Pesynbtar  Homep u o L.
VIMOBIpHICTb BMﬁGp\,’ alciB vs Ko4eHHA

b 1
3 2 1,000
2 3
6 1 1,0000
8 5
; - 0,8000 g
S —d
6 / 90,6000
m &d
7 8 O
) 9 0,4000 e 1 (1
7 10 —1 2
; " 0,2000 Hh_:%_ 20d
F—
- 12 0,0000 —_——
5 13 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
7 14 Roll Number
b 15

Puc. 10. HopmanisoBaHi nmMoBipHOCTi (rpadik)
AHani3z Puc. 10 6inbw Hao4YHWA:
[licna nepLluoro KoYeHHs1 UMOBIPHICTL BUBOpY 4d ganca ctae HynbBow. Lle
NpupoaHo, 60 BMNano 4mcno 6, skoro Hema Ha 4d gainci.
[lo yeTBEPTOro KOYEHHsS paBopnTOoM BNOOPY € 6d ganc. Ane Ha 5-My KOYEHHI
Bunagae 8, ake Buknovae 3 poarnaay 6d gawnc i ninpepom Bubopy ctae 8d gaic.
I7IMOBipHiCTb TOro, wo BnbpaHo 10d, 12d 4un 20d gyxe mana, xoua i BigMiHHa Bif,
Hyns..




[1aKylo 3a yBary!



