BepossTHOCTH B JTHUCKPETHOM CJIydae.
MEI paccMaTpHUBaeM CUTYallUlo, falbHellllee pa3BUTHE KOTOPOM MBI He MOXKEM IIpeficKa3aTh
TO4YHO. [Ipu 5TOM HEKOTOPEIE UCXOMLI (CIleHApUU Pa3BUTUS) OIS TEKYIel 3aaydul He OTINYaloT-
cs1. Hanpumep, npu 6pocaHuy MOHETHI MBI pa3buBaeM MCXOAbl Ha BEIIafeHUEe OpJia U BHITafleHue

PeliKH, He 06pa1.ua;{ BHUMAHUSA Ha TO, Kyda B TOYHOCTH yIIajla MOHETa.
Onpenenenne 1. Cobvimue --- 3T0O MHOXX€ECTBO BO3MOXKHEIX HCXOOOB.

Hac uHTepecyeT HEKOTOPHIM HaOOP CBOMCTB MCXOMOB (HAaIIpuMep, KaKol CTOPOHOU yIiana Mo-
HeTa). MOKHO pacCMOTPETD 3/1e MeHMapHbsle cobbimus --- MHOZKECTBA UCXOMI0B, KaXKI0e U3 KOTO-
PBIX TIOJIy4YaeTcs mpu GUKCAIIUK 3HAYEHUM BCeX pacCMaTpHBaeMbIX CBOMCTB. Hampumep, mpem-
CTaBUM, UTO KUOAETCS OBa KyOMKa, MHTEPECYIOT TOJBbKO BHITIABIIINE YKCIIa, U HEITPpaBUIbHBIE UC-
XOmObl (HaIrpuMep, YKAaTUBIINECS CO CTOJIa KyOMKU ITOTEPSIINCH) MIOYEMY-TO HEeBO3MOXKHBI (MITH
IIPOCTO IHOCTATOYHO MAaJIOBEPOSATHEI, YTOORI MX CUNTAJIN HEBO3MOXKHBLIMIU 1 CYUTAIN IIOTPEITHOCTh
OT 3TOr0 mOIMycTuMO¥). B aToM cuTyanuu y Hac OymeT 36 3jieMeHTapHBIX COOBITHUM (HAIpuMep,
yTBEpXKOEeHHEe IepPBHIN KyOUK BBIIIAJI €OUHHIIEH BBEPX, a BTOPOH --- TPOUKOU' 3adaéT OgHO U3
9THUX 36 MHOZKECTB UCX0MI0B). PazyMeeTcsi, MHOXXECTBO 3JIeMEHTaPHBIX UCXOI0B MOXKET OBITH 6ec-
KOHEYHHIM (HampuMep, Mbl OpocaeM MOHETKY OO0 IIEPBOT0 OpJjia, CKOJILKO OBl pa3 eé HU IPHUIIIIOCH
OpOCUTS).

[IBa s;meMeHTapHBIX COOBITHS HE MMepeceKaloTCs MJIM COBIIAMAalOT, TaK KaK eCIM OHU pal3jind-
HEI, TO €CTh KaKOe-TO CBOMCTBO, IPMHUMAIOIIee Pa3Hble 3HAYEHUS [JIs BCEX MCXOIOB B OMHOM
COOBITHH M BCEX UCXOIOB BO BTOPOM COOBLITHH.

BymeMm paccMaTpuBaTh JUCKPETHBIM CIIy4Yai --- TO €CTh CJIy4dali, KOTa 3JIeMeHTaPHBIX COORITHM
KOHEYHOe UJIM CYETHOE YUCJIO.

B pmanbHetimeM, MbI OyoeM CYUTATh, YTO BCE pacCMaTpUBAaeMbIe COOBITHS IIPENCTABIISTIOTCS
B BuOe oObeOINHEHUSs 3JIEMEeHTAPHEIX. B mpuHIume, ois npuMepa ¢ 6pocaHreM KyOHMKOB MOXKHO
OB1I0 OB PACCMOTPETDH COOLITHE — IIEPBEIM KyOUK yIasl paHbIlle BTOPOro'', HO MBI B 9TOM IIpUMepe

YXKe YCIIOBUJIMCh UTHOPHUPOBATH BCé, KpPpOME BHIIIAaBIIINX YK CEJI.

Onpepenenue 2. Hego3MOICHbIM COOLITUEM HA3bIBAETCS IIyCTOE MHOXKECTBO (IIopa3yMeBaeT-
CsI, 4YTO OHO IIOCTPOEHO KaK MHOXKECTBO HCXOOO0B, B KOTOPOe He II0IIajIo HU OQHOro ucxopa). [Jo-

CcmoBeepHbLIM COOLITHEM HA3LEIBAETCA COGBITI/IG, COCTO4IIEee N3 BCEX PaCCMaTPHUBAEMEIX MCXOO0B.

Onpenenenue 3. MEI TOBOPHM, UTO 3aaHO paclpenesieHle BePOSTHOCTEN, eClIU KakXaoMy U3
9JIeMEHTaPHBIX COOBITHUY ITPUITMCAHO OeNCTBUTENbHOE HEOTPUIIATEIBHOE YHCIIO0 (B@POSIMHOCMD)
U CyMMa BepOSITHOCTEM BCEX 3JIEMEHTaApPHBIX COOBITHM paBHa 1. I[Ipo CBOMCTBO, BEPOATHOCTH BHI-

IIOJIHEHUS KOTOPOTO PaBHA 1, TOBOPSAT, YTO OHO BEIIIOJIHEHO IIOYTU HaBEepPHOeE.

Onpenenenne 4. HYCTI: OaHo coOrITHE, ABIIAIOIIIEECA OG'I:GJI[I/IHGHI/IGM JJIEMEHTAapPHEBIX. Ero Bepo-
SATHOCTBIO HAa3bIBAE€TCsA CyMMa BepOHTHOCTeﬁ BXOOAIIINX B HET'O 3JIEMEHTAaPHBIX COOBITHH. BYI[GM

0003HavaTh BEPOSITHOCTEL COOBITUSA A Kak P(A).



3ameuanue 1. Ecnu cymma 6eckoHeYHa, TO psifi abCOJTIOTHO CXOAUTCS, TaK KaK BCE YJIEHHI I10-

JIO2ZKHUTEJIbHBL 1 YaCTU4YHEBEIE CYMMEI HE 6onblie 1.

3ameuanue 2. PaccMOTpuM B IOCNIeOHUI pa3 COOBITHS, He SBJISIONINECS O0beOgUuHEeHueM 3Jie-

MEHTApPHEBIX, U CKaXKeM, YTO UX BEPOATHOCTE HHMKaAK He OIIpeeJIeHa.

3aMmeuanue 3. MoXHO 3a7aTh BOIIPOC, KaK CBSI3aHBI BEPOSITHOCTH C PeanlbHOCTHIO. ECnu MBI
IIOBTOPSIEM OOWH U TOT K€ 3KCIIEPUMEHT MHOTO pa3, TO YacToTa COORITUSA (IOJI 3KCIIEPUMEHTOB,
B KOTOPBIX COOBITHE IIPOU3O0IIIO) CTPEMUTCS K BeposATHOCTH. K coxkaneHno, 3T0 BEPHO TOILKO C
BEPOSITHOCTHIO 1 (& MEL €111€ He PeIIniid, CTOUT JIX 3TOMY BEPUTH), a II00bIe OI[eHKH [JIs1 KOHEeYHOTO
4HCJia IOBTOPEHUY BEPHBI C BEPOSTHOCTBIO, MEHBIIEH 1.

Y Hac HeT u He OyeT HUKAKOTO BHEUTHETO BHIPAKEeHUS HAaNEKHOCTU IpencKa3aHuil Teopuu

BepOHTHOCTeﬁ. Ho oneIT moKa3kIBaeT, UTO UX UCIIOIb30BaHUE MOXKET IIPUHECTH II0JIb3Y.

3ameuanue 4. EcTh yOpoIl€HHOE onpeesieHne BEPOSITHOCTHA B QUCKPETHOM cjiydae KaK OTHO-
IITeHus 4Yuciia 6J'IaF01'IpI/I5{THbIX OJIs1 COOBITUSA NCX0O0B K oﬁmeMy YUCIIy UCXOOOB. B mammux Tep-
MUHaX MCXOObl 3aMEHSIIOTCS Ha 3JIeMeHTapHble COOBITUSI, M €CIIU BCE OHU AOCTAaTOYHO CUMMET-

PHUYHEI, 4YTOOBI OBITH PAaBHOBEPOATHBEIMH, TO IIOJIYHAETCA TO 2K€ CaMoOe€.

Onpepenenue 5. Yci08HAsA 8epoAmMHOCMb COOBITUS A TIPHU yCIIOBUM COOBITHS B paBHa P(A |

._ P(AnB)
B) =5y

CoOriTusa A 1 B He3dasucumbl, ecnu P(A | B) = P(A). 9To paBHOCUIBHO P(AN B) = P(A)P(B).

PazymeeTcs, cobbiTre B MOJIZKHO UMETh HEHYJIEBYIO BEPOSITHOCTD.

Teopema 1. ®opmyna Baiieca. P(A| B) = %
P(ANB) _ P(B|A)P(A)
P(B) P(B)

Hoka3arenscTtBO 1. P(A| B) =

3ameuyanue 5. Takum 06pa30M, €CJIi MBI 3HaeM, YTO CcOOwITHE B HACTYIIXUJIO, TO HAllla OILIEHKa

P(B|A)
P(B) *

BEPOSITHOCTH COOBITHSI A YMHOXKaeTCsl Ha Hampumep, eciiu MBI y2Ke CUUTAaEM BBICOKOM
BEPOSITHOCTh, YTO OOBUHSIEMEBIM [EMCTBUTEILHO BUHOBEH, TO MMOMOXUTENbHEIHM pe3ynbrar JHK-
aHaau3a, omubarINerocs C BepOSTHOCTRIO 10~ yKpenuT Hallly yBePeHHOCTh; HO €CJIM 9TO eqUH-
CTBEHHOE [0Ka3aTelIbCTBO, TO ClIedyeT IIOHNUMaTh, YTO TECTHPOBAHNE BCETO HacelneHusI MOCKBEI

YXKe 0aCT HEeCKOJIBKO I10A03PEBAEMBIX.

M=

Teopema 2. PopMmysa IOIHOU BeposaTHOCTU. Ecnu B;U...UB, D A, T0 P(A) = Y, P(A| By)P(Bx)-

k=1

doka3aTenbCTBO 2. P(A) = an P(ANByg) = an P(A| Bg)P(Bg)
k=1 k=1

Onpenpenenune 6. CayualiHas 8e/UYUHA --- 3TO GYHKIIUS U3 3JIEMEHTAPHBIX COOBITHI B IEMCTBHU-
TeJbHBbIE YHCIa (OPYTUMU CJI0BaMM, 3TO (PYHKITUSA Ha MCXO0OaX, IOCTOSSHHAs Ha KaXKIOM dJIeMeH-
TapHOM COOBITHH). [IBE CIIy4alHBIX BETMUYMHEL £ ¥ 17 HA3BIBAIOTCSI HE3aBUCUMBIMHU, €CJIA OJISI JIIO-

ObIX x ¥ y COOBITUS £ = x U 1) = yy HE3ABUCHUMHI.

IIpumep 1. Homep BhImaBIiei mpu 6pocaHuy IpaHu KyOHUKa SBISIETCS CIIyYalHON BEITUYUHOM.



l'[pnMep 2. KoHcTaHTOM Ha3LIBAETCS cnyqaﬁHaﬂ BeJIN4YWHA, IIPUHUMAIOIIad Ha BCEX J3JIEMEH-

TAaPHBIX COOBITHSX OOHO M TOXKE 3HA4YEHHe.

[Tonb3a OT TOTO, YTO 3HAYEHUS --- ITO UKCJIA, 3aKJII0UAETCSA B BO3MOXKHOCTHU BHITIOJIHATh apI/I(b-

MeTH4YeCKHue olnepanu C HUMH.

Onpepenenue 7. Mamemamuyueckum oxcudaHuem CIIydalHOU BeJIWYWHE £ Ha3blBaeTCsa M¢E =
ZP(Uz‘)f(Ui)-
2

3amMmeuanue 6. Ecim 3TOT pAn CXOOWUTCSA YCIOBHO, MBI CYUTAEM, YTO MaTeMaTUYECKOTO OXKHU-
OaHUs HeT, TaK KaK BHIEJIEHHOTO IIOPSKa Ha 3JIeMeHTapHEIX COOBITUSAX HeT. MuI He OymeM B
OaJjibHEMIIeM MTPOBEPSTH CXOAMMOCTD, BCE YTBEPXKIOEHUA OyyT IMpeanoaraTh, YTo BCe y4acCTBY-

OIIIue O2KUOaHuAg CXOOATCHA.

Teopema 3. MaTteMaTuuecKoe OXHIOAaHUE CYMMEI OBYX CIIyYaWHBIX BEJIMUWH PaBHO CyMMe Ma-

TeMaTU4YeCKUX OXKUOaHUM. MaTeMaTHYeCKOoe OXKUIOaHUe KOHCTAHTH PaBHO el XKe.
Teopema 4. Ecnu £ u n He3aBUCUMEI, TO ME&n = MEM.

Ooka3zaTenbcTBO 3. O003HAYUM 3a S MHOXKECTBO 3JIEMEHTAPHBIX COOBITUM.

HeperpynnupyeM CliIara€MEI€ B OIIpedeJIEHUN MAaTeMAaTU4YE€CKOI'O OXKUIaHNA.

ME=> "P(oi)(oi)= >, Y xPlo)=)» zP({=nx)
i (0)=2 @

€E(S) €
Torpa
Mén= > zP@En=2= > > P=zun=y)
=€(n)(5) 2€(£n)(S) 2€£(8),y€n(S),wy=2

3aMeTuM, YTO BHEIITHSIS CyMMa IIPOUCXOOUT II0 BCEM BO3MOZKHEIM KaK IIPOMW3BENEHNE IIapPHI 2, a
BHYTPEHHAA OTPaHU4Y€Ha YCIIOBHEM, YTO IIPOU3BENEHNE PAaBHO TEKYIIIeMYy z. B pe3yinbpTaTe II0JIy-

YaeTcs CyMMa 10 BCeM ITapaM IpHHMMaeMEIX 3HadeHuu. [lanee,

P=zun=y)=PE=x)P(n=y)
B CUJIy HE3aBUCUMOCTHU. B pe3dynbTaTe nojayyaeM > xP(¢ =z)yP(n=y) = M{Mn, 4.T.0.
z€&(S),yen(S)

fcHO, 4TO MaTeMaTU4YeCKOe OKHUAaHNe He ONHUCHIBAeT OTKJIOHEHME CIIy4aliHOU BEJIMYUHEL OT
cpenmHero 3HaueHUs. M (£ —ME) = ME— MME = 0 (TepBOe PaBeHCTBO --- 0KUAaHNUe CyMMbBI, BTOPO€E
--- OXKHUJaHue KOHCTAHTHI). MOXKHO PpacCMOTPETh OXKUAaHWe KBafpaTa OTKIOHeHus, M (£ — M¢)2.
Ecnu ¢ mprHUMaeT KaXpaoe 3HaUYeHUEe C BEPOSTHOCTHIO MeHbIIe 1 (TO eCTh He SBNSETCS KOH-
CTaHTOU IIOYTHU HaBEPHOE), TO CyMMa [JIs 9TOT0 OKUOAHUSA COOEPKUT HEHYJIeBOe cjlaraeMoe, 1

COCTOMT TOJILKO M3 HEOTPUIlaTEIbHEIX YJIEHOB, a, CJIeloBaTeJIbHO, He paBHa 0.
Onpenenenue 8. /Jucnepcuell Cmy4alHOW BeIUUYMHE ¢ Ha3bIBaeTCs DE = M (& — M¢€)2.

Hucnepcust paBHA M (£ — ME)? = M (€2 — 26 ME + M%) = ME?2 — M?¢ (MBI TIONIB3YyEMCST TEM, UTO

ME¢ --- KOHCTaHTa, I03TOMY OHO HE3aBUCUMO C { ¥ UMeeT oXupgaHue ME).



TeopeMa 5. HI/ICHepCI/IH CYMMHI HE3aBUCUMEBIX BEJIMYUH PaBHa CyMMe JIPICHGpCPIfI.

doka3aTejabCTBO 4.
M (&+n)>—=M>?(E+n) = M(E+28n+n)—(ME+Mn)? = ME+2MEMn+Mn*—M?*£—2MEMn—M?n = DE+Dn

[171 3aBUCUMBIX BeJIUUYUH (HanpuMmep, £ 1 —¢£) 3TO He BHINONHAETCS. He3aBuCHUMOCTD UCIIOJIb-
30BaHa B OOHOM MeCTe --- IIPU 3aMeHe 0KUOaHUs IPOU3BeIeHN (B OXKUIaHUU KBagpaTa CyMMEBI)

Ha IIPOU3BEeNeHHEe OXKUNAHUMN.
TeopeMma 6. Daé = a’D¢

IIycTs ecTh OBe ciaydalHble BEIUYUHBEL. MBI XOTUM BHISICHUTBH, BEPHO JIM, YTO OHU JTHOO 06e
MIPUHUMAIOT OOJILINKME 3HAYEHUS, MO0 00e MPUHUMAIOT MalleHbKKe. PasyMeeTtcsi,  Gosbinue'' u
" MaJieHbKHe'' 3HaUYeHWs CIyYaWHOU BETHYUHEI UMEIOT He aOCOIIOTHLINA CMBICH, I03TOMY MOXK-
HO moTpeboBaTh, YTOOH HOOaBIeHHe KOHCTAHTH M YMHOXKEHHE Ha MOJIOKHUTENIbHYI0 KOHCTAHTY
OOHOM M3 BEeJIMUYMH He MEHSJIO 9TOU XapaKTepucTuku. OT COBUTa MOXKHO M30aBUTLCS, BEIUTS U3

BEJIMYHUHEI €€ OXKHuagaHue. OT YMHOXEHU --- IIOOEeJINB BEeJINYKNHY Ha KOPEHb U3 eé OUCIIEPCHUMN.

M(E=ME)(n—Mn)

Onpenenenune 9. Koppeaayusa cliydalHBIX BEJIMYUH £ U ) paBHA 7DiDs

Teopema 7. Koppensauus BeIMYUHEI C caMoi cobo¥t paBHa 1. Koppensius He3aBUCUMBIX BEJTU-

ymH paBHa 0. Koppensnus ¢ u —€ paBHa —1. Koppensius mo Moaystio He 6osbIme 1.

IoKa3aTeabCTBO 5. IlepBhle TpU YTBEPKOEHHUS IPOBEPSIOTCS JT0OOBEIM CUETOM.
> aibipi

VX piaZ > pib?

BeHCTBO Komu-ByHsKoBCKOTO (moOaBbhTe MMEHa K Ha3BAaHHIO IO BKYCY), OHO, MOXKAaIyH, ITPOIIe

YeTBEpPTOE YyTBEPKAEHNE O3HAYAET, B CyIITHOCTH, YTO <1, npu p; < 0. 9TO Hepa-

BCEr0 JOKA3kIBAETCS U3 TOTO, UTO a?t? — 2a;b;t +b? > 0, 9TO MOKHO IPOCYMMUPOBATH C KO3 duIiu-

€HTaMU p;, TONMYUUTCS t2 Y pia? — 2t > |a;bilp; + Y. pib? > 0, TOTmA DUCKPUMUHAHT HETIOJIOXKUTEIIEH.



