Jekuusa 1.

IIpeomem meopuu eepoammnocmeii. Cayuaiinvie cobvimua. Anzeopa coodvimuil.
Omnocumenshaa uacmoma u 6epoAMHOCMb Cayuainozo coovimusa. Ilonnasa 2cpynna
coovimuii. Knaccuueckoe onpedenenue eepoamnocmu. OCHo8HbBIE CEOUICMEA 6EPOAMHOCHIU.
OcHogHule hopmynbl KOMOUHAMOPUKU.

B pasnuunHbIX pa3genax HayKd W TEXHUKA HEPEAKO BO3HUKAIOT CHUTYAIlMH, KOT/a
pe3yabTaT KaXKIOrO0 M3 MHOTHX IPOBOAMMBIX OIBITOB 3apaHee Npeayraiarb HEBO3MOXKHO,
OJTHAKO MOKHO MCCJIEIOBATh 3aKOHOMEPHOCTH, BOSHUKAIOIINE NP TPOBEACHUH CEPUU OIIBITOB.
Henp3s, HampuMep, TOYHO CKa3aTh, Kakas CTOPOHAa MOHETHI OKaXETCS CBEPXYy MPU JTaHHOM
Opocke: repd unu 1mudpa — HO MpU OOJIBIIOM KOJIMYECTBE OPOCKOB UMCIIO BBIMAaJACHUN repOa
NpUOIIKAETCSl K TOJIOBUHE KOJIMYECTBA OPOCKOB; HENB3sl 3apaHee NpeacKa3aTh pe3yinbTatr
OJTHOTO BBICTpENia M3 JAaHHOTO OPYIUs MO JaHHOW TN, HO TpH OOJIBIIIOM YHCIIE BBICTPEIIOB
4acTOTa TMONaJaHus MPUOIMKAETCI K HEKOTOPOMY TIOCTOSHHOMY uuciy. McciemoBanue
BEPOSATHOCTHBIX 3aKOHOMEPHOCTEH MAacCOBBIX OJHOPOJHBIX SIBICHHN COCTABISIET MPEAMET
TEOPHUHU BEPOATHOCTEH.

OCHOBHBIM HHTYWTHUBHBIM TIOHSITUEM KIIACCHYECKOW TEOPHUH BEPOSATHOCTEH SIBISETCS
cJydyaiiHoe coObITHE.

CoObITHSI, KOTOPBIE MOTYT IIPOU30MTH B PE3YJIBTATE OIBITA, MOKHO TIOJPA3ACIUTh HA TPU
BUJIA:

a) 10CTOBEPHOE COObITHE — COOBITHE, KOTOPOE BCET/Ia IPOUCXOAUT MIPH MPOBEICHUH OIIBITA;

0) HEBO3MOKHOE COObITHE — COOBITHE, KOTOPOE B PE3Y/IbTaTe OIbITa MPOU30MTH HE MOXKET;

B) ciay4daiiHoe coObITHe — COOBITHE, KOTOPOE MOXKET JHOO MPOU30UTH, MO0 HE MPOU3OUTH.
Hanpumep, mpu Opocke HrpanbHOW KOCTH JOCTOBEPHBIM COOBITHEM SIBISICTCS BBITIAJICHHE
Yrciia OYKOB, HE MPEBBIMIAIONIETO 6, HEBO3MOXHBIM — BbImagieHne 10 O4KoB, a CIIy4ailHbBIM —
BBIIIAJICHUE 3 OYKOB.

AJire0dpa coObITHIA.

Onpeoenenue 1.1. Cymmoii A+B nByx coObiTuii A 1 B Ha3pIBalOT COOBITHE, COCTOSIIEE B TOM,
YTO MPOU3OILIO XOTs ObI 0HO U3 coOBITH A 1 B. CymMMO#i HECKOJIBKUX COOBITHI, COOTBET-
CTBEHHO, Ha3bIBAETCs COOBITHE, 3aKIIOYAIOIIEeCs] B TOM, YTO IMPOU3OIILIO XOTs Obl OJHO U3 ITUX
COOBITHIA.

[Ipumep 1. JIBa cTpenka nenar0T MO OJHOMY BBICTpely Mo MulleHu. Ecimu coObitme A —
normajaHue MepBOro cTpenka, a codbitue B — BTOporo, To cymma A+B — 310 X0Ts1 OBl OAHO
MoNaJaHue MpHU JBYX BBICTpEJIaX.

[Tpumep 2. Ecnu nipu 6pocke UrpaibHOM KOCTH COOBITHUEM A; Ha3BaTh BBINAJICHHUE | OYKOB, TO
BbINIa/ICHNE HEUETHOTO YHMCJIa OUKOB SIBJISIETCS CYMMOM COOBITUN A +As+A;.

Ha3oBemM Bce BO3MOXKHBIE PE3YyJbTAaThl JAaHHOTO OIBITA €r0 UCX00amu W IMPEANONOKUM, UTO
MHO’KECTBO 3TUX MCXOJI0B, IPU KOTOPBIX MPOUCXOIUT COOBITHE A (MCXONIOB, 0.1A20NPUAMHBIX
COOBITHIO A), MOXHO TPEJICTaBUTh B BHUJE HEKOTOpOM oOJacTM Ha IUIOCKOCTH. Toraa
MHO>XECTBO HMCXOJIOB, MPH KOTOPBIX MPOU30HAET coObiTue A+B, siBiserca oObenuHEHHEM
MHO>KECTB MCXO/I0B, OJaronpusATHBIX COObITUSIM A min B.



Onpeoenenue 1.2. IlpousBenenuem AB coOwiTHii A u B Ha3biBaeTcs coObITHE, COCTOSIIEE B
TOM, YTO MPOU3OILIO U cOObITHE A, U cOObITHE B. AHaOrnuyHO MpoU3BeIeHUEM HECKOJIbKHX
COOBITHII HA3BIBACTCSI COOBITHE, 3aKITFOYAIOIICECS B TOM, YTO MPOU3OIILIN BCE TU COOBITHS.

[Tpumep 3. B npumepe 1 ( aBa BeicTpena 1o MuileHu) coositueM AB Oyner nonaganue o6oux
CTPEJIKOB.

HpI/IMep 4. Ecan coObiTHE A COCTOHT B TOM, 4TO M3 KOJIOAbI KAapT MU3BJICUCHA KapTa MMUKOBOM
MacCTHu, a coopiTie B — B TOM, 4YTO H3 KOJIOAblI BbBIHYTAa OamMa, TO coosiTieM AB 6YI[CT
HU3BJICYCHHUC U3 KOJIOABI 1aMBbI ITHK.

['eomeTpudeckoit WLIIIOCTpaIiMeid MHOXECTBA HCXOJOB  OIbITA, OJIATOMPHUSATHBIX
MOSIBICHUIO  TMpOu3BeJeHus coObiTuii A u B, sBiseTcs mnepecedeHwe o0JacTeid,
COOTBETCTBYIOIIMX UCXOAaM, OiaronpuaTHeiM A u B.

BBeeM elie HECKOJIBKO KaTeropuil COOBITHIA.
Onpeoenenue 1.4. CoObiTisi A 1 B Ha3bIBalOTCS COBMECTHBIMHM, €CJIM OHU MOTYT MPOU30HTH
o0a B pe3yibTaTe OJJHOTO ONbiTa. B MpoTUBHOM city4ae (TO €CTh €CJIM OHM HE MOTYT MPOU30UTH
OJIHOBPEMEHHO) COOBITHS HAa3bIBAIOTCS HECOBMECTHBIMM.
[IprimMepbl: COBMECTHBIMU COOBITUSMHM SIBISIOTCA TMOMNAJAHUsl JBYX CTPEIKOB B mpumepe 1 u
MOsIBJICHUE KapThl MMKOBOW MACTH U JJaMbl B IIpuMepe 4; HECOBMECTHBIMU — COOBITUS A| — Ag B
npumepe 2.

3ameyanue 1. Ecnum un300pa3uth rpapuyeckd OOJACTH MCXOAOB ONBITA, OJIArOMPUATHBIX
HECOBMECTHBIM COOBITHUSIM, TO OHH HE OyAYT UMETh OOILIUX TOYEK.

3ameyanue 2. VI3 ompepneneHuss HECOBMECTHBIX COOBITUH CIIEyeT, YTO WX MPOU3BEICHUE
ABIIAETCS HEBO3MOKHBIM COOBITHEM.

Onpeoenenue 1.5. ToBopaT, 4To cOOBITUA A, A,,...,A, 00pa3ylOT MOJHYI0 Tpylmy, €ciid B
pe3yabTaTe OmbITa 00s13aTeIbHO MPOU30UIET XOTs OBl OHO U3 COOBITHI TOW IPYIIIHI.

3ameyanue. B yacTHOCTH, eciii COOBITHS, 0Opa3yIOIIKE MOJHYIO TPYIITY, TOMAPHO HECOBMECT-
Hbl, TO B pE3yJbTaTe€ OMbITA MPOU3OUAET O00OHO U MOIBLKO 00HO W3 HHUX. Takue coObITHA
HA3bIBAIOT JIEMEHTAPHBIMH COOBITUAMU.

[Tpumep. B mpumepe 2 cobbitust A; — Ag (BBIIAJICHHE OMHOTO, JBYX,..., IIECTH OYKOB TPH
OJIHOM OpOCKE UTPAJIbHON KOCTH) 00pa3yroT MOJHYIO TPYIITY HECOBMECTHBIX COOBITHIA.

Onpeoenenue 1.6. CoObITHSI HA3bIBAIOTCS PABHOBO3MO0KHBIMU, €CJIM HET OCHOBAHUN CUUTATh,
YTO OJTHO U3 HUX SBJISIETCS 00JIee BO3ZMOXKHBIM, YEM JIPYTOE.

[Ipumepsl: BeiMaieHne J1I00Oro Yncia OYKOB MPU OPOCKe UrPalIbHOM KOCTHU, MOSIBICHHUE JIIOO0H
KapThl MpU CIy4yalHOM HM3BJIEUYEHUU W3 KOJIOABI, BbIMajieHue repbda miau 1udpsl npu Opocke
MOHETHI U T.I.



Kiaaccnueckoe Onpeac/ICHUEC BEPOATHOCTH.

HpI/I HU3YUCHUU CﬂyqaﬁHBIX COOBITHH BO3HHMKAET HCO6XOI[I/IMOCTB KOJIMYCCTBCHHO CPABHHUBATD
BO3MOKHOCTb HX TIIOABJICHUA B PCE3YIIBTATC OIIbITA. Haan/IMep, npu MnocJICA0BATCIIBHOM
HU3BJICHCHUHN W3 KOJOAbI IIATU KapT 0oiee BO3MOXKHA CuTyalnu:s, Koraga IIOABHUIINCH KapThbl
Pa3HbIX MaCTeﬁ, 4dCM IIOABJICHHUC IATH KapT OI[HOﬁ MacCTH; IIpU ACCATHU 6p001<ax MOHETHI OoJice
BO3MOKHO 4YCpPCOAOBAHUC rep60B u ]_II/I(l)p, HCXKCJIN BBIMMAJICHUC TTOAPAL IACCATHU Fep6OB, n T.AO.
HOC—)TOMy C KaXJIbIM TaKHUM COOBITHEM CBS3BIBAIOT IO OIIPpCACICHHOMY IIpaBUIY HCKOTOPOC
qucCJI0, KOTOpOC TCM 6OHBH_IG, yeM 0OoJjiee BO3MOXKHO COOBITHE. ODTO YMCJIO Ha3bIBaeTCs
BEPOATHOCTBLIO COOBITHSA U SBISICTCS BTOPBIM OCHOBHBIM ITOHATHCM TCOPHUHU BepOHTHOCTCﬁ.
OTMCTI/IM, dTO CaMO IIOHATHUC BCPOATHOCTHU, KaK W ITOHATHUC cnyqaﬁHoro CO6BITI/IH, ABIIACTCA
AKCUOMATHYCCKHUM U ITO3TOMY HC IIOAAACTCA CTPOroMy OIIPCACIICHUIO. TO, 49TO B HaHBHCﬁmeM
6YI[CT Ha3bIBATHCA PA3IINYHBIMHA OIIPCACIICHHUAMHN BCPOATHOCTHU, IIPCACTABIIACT co0oi cnocoObI
BBIUMCJICHHS ATOM BEJIMUMHEI.

Onpeoenenue 1.7. Ecnmu Bce COOBITHS, KOTOPHIE MOTYT MPOU3OHTH B pe3yJbTaTe JTaHHOTO
OTIBITA,

a) TOMapHO HECOBMECTHBI;

0) paBHOBO3MOXHBI;

B) 00pa3yioT MOJIHYIO T'PYIIITY,

TO TOBOPSIT, YTO UMEET MECTO CXeMa CJIyqaeB.

MOXHO cUUTaTh, YTO CIIy4Yau MPEACTABISAIOT COO0M Bce MHOKECTBO UCXOA0B ombITa. [lycTh ux
YHUCJIO PaBHO 7 ( YHUCIO BO3MOXKHBIX HMCXOJOB), a MPHU /M W3 HUX MPOUCXOJUT HEKOTOPOE
coObITHE A (YUCIIO0 GIArONPUSITHBIX UCXOOB).

Onpeoenenue 1.8. BeposiITHOCTBIO COOBITHSI A Ha3bIBACTCSI OTHOILICHHE YUCJIa UCXOJIOB OIbITA,
0JIAarOMPUSATHBIX 3TOMY COOBITHIO, K UUCITY BO3MOXKHBIX HCXOJIOB:

pA=" - (1.1)
n

- Klaccuveckoe onpedeﬂeﬂue 6€POAMHOCMU.

CBolicTBa BEpOSITHOCTH.
N3 onpenenenus 1.8 BBITEKAIOT CIEAYIOUINE CBOWCTBA BEPOSTHOCTHU:

Ceoticmeo 1. BeposSTHOCTh TOCTOBEPHOT'O COOBITHSI paBHA €IMHMUIIE.
JlokazarenbcTBO. Tak Kak TOCTOBEpHOE COOBITHE BCEr/a MPOUCXOAMUT B PE3YIbTaTe OMbITA, TO
BCE MCXOJbI JTOTO ONbITa SBJSIIOTCS JUIsi HEro OJarompusTHBIMH, TO €CTb m = n,

CJICAOBATCJIbHO,
PA) = 1.

Ceoticmeo 2. BeposSTHOCTh HEBO3MOXKHOT'O COOBITHS paBHA HYJIIO.
JlokazaTenbcTBO. J[JI1 HEBO3MOKHOTO COOBITUSI HM OJMH MCXOJI ONBITa HE SIBJIsETCS OJarompu-
ATHBIM, TodTOMY m = 0 1 p(4) = 0.

Ceoticmeo 3. BeposITHOCTh Clay4yallHOIO COOBITHS €CTh IOJIOKUTEIBHOE UUCIIO, 3aKIOUYEHHOE
MEXKy HYJIEM U €IHHUIIEH.



JokazarenbcTBO. CiayyaitHOEe COOBITHE MPOUCXOAUT MPU HEKOTOPBIX UCXOAaX OMBITA, HO HE MpHU
BCex, cinenoBatenbHo, 0 <m < n,uu3 (1.1) cnenyet, uto 0 <p(4) < 1.

[Tpumep. U3 ypHBI, comepkamieii 6 OenbIXx W 4 4YepHBIX IMapa, Hayaady BHIHYT Imap. Haiitu
BEPOSATHOCTH TOTO, UTO OH OEJIBIH.

Pemenne. Bynem cuntath 3meMeHTapHBIME COOBITHSIME, WA UCXOJIaMHU OIBITA, U3BIICUCHHUE U3
YPHBI KQXJI0TO U3 UMEIOMMXCS B HEW mapoB. OYEBUAHO, YTO ITH COOBITHS YAOBIETBOPSIOT
BCEM YCIOBHSAM, IIO3BOJIIONIMM CUMTaTh HUX cCXeMoil ciyyaeB. CrenoBaTeiabHO, YHUCIIO
BO3MOKHBIX MCXOJI0B paBHO 10, a 4MCIIO MCXOAOB, OJIArOMPUATHBIX COOBITHIO A (TIOSBICHUIO
6esoro mapa) — 6 (TakoBO KOJMYECTBO OEJbIX IIAPOB B YpHE). 3HAUMT,

m 6
A)y=—=—=0,6.
p(4) n 10

OtHocuTebHast yactoTa. CTaTHCTHYECKOE onpeacJaeHue BEPOATHOCTH.

Knaccuueckoe onpenenenne BEposITHOCTA TPUMEHUMO TOJIBKO JIJIsI OU€Hb Y3KOro Kijlacca 3ajad,
rJic BCE BO3MOXXHBIE HCXOJbI OIBITA MOXXHO CBECTH K CXeMme ciydaeB. B OoJIbIIMHCTBE
pea’pHBIX 3aJa4 dTa CXemMa HempuMeHHMa. B Takux cuTyanusx TpeOyeTcs OINpenessiTh
BEPOSITHOCTh COOBI-THSI HHBIM 00pa3zoM. JIj1si 3TOro BBelleM BHAYayie MOHSITHE OTHOCUTEIbHOM
yacToThl W(A) coObITUS A KaK OTHOIIEHUS YUCJIa OMBITOB, B KOTOPBIX HAOJIIOAAIOCH COOBITHE
A, K 00111EMY KOJTMYECTBY ITPOBEACHHBIX UCTIBITAHUI:

wa=". (1.2)

N

rae N — o0I1iee YHclo ONbITOB, M — YHCIIO NOSBICHUH COOBITHS A.
Bosbiioe KoIMYecTBO 3KCIEPUMEHTOB MOKA3aJI0, YTO €CJIM OMBITHI MPOBOASITCA B OJMHAKOBBIX
YCIIOBUSX, TO JJis1 OOJBIIOrO KOJUYECTBA HMCIBITAHUN OTHOCUTEIbHAS YacTOTa H3MEHSETCS
Majio, KOJEOISCh OKOJIO HEKOTOPOTO IOCTOSHHOIO YHCiIa. ODTO YHCIO MOXHO CUYHUTATh
BEPOSITHOCTHIO PACCMATPUBAEMOTO COOBITHS.

Onpeoenenue 1.9. CTaTHCTHUECKOH BEPOSITHOCTHI) COOBITHS CUUTAIOT €0 OTHOCUTEIHHYIO
4acTOTy WX YUCIO, OJIU3KOE K HEH.

3ameuanue 1. VI3 dhopmynsl (1.2) cmemyeT, 4TO CBOMCTBAa BEPOSITHOCTH, JOKa3aHHBIC NJIS €€
KJIACCHYECKOTO OIpEACNCHUs, CIPaBEJIMBBI M JIJISI CTATUCTUYECKOTO OMPEIEICHHUS BEPOSIT-
HOCTH.
3ameyanue 2. [ cyniecTBOBaHUSI CTATUCTUYECKOM BEPOATHOCTU COOBITUS A TpedyeTcs:

1) BO3MO>KHOCTH MPOU3BOAUTH HEOTPAHHUEHHOE YMCIIO HCTIBITAHUN;

2) yCTOWYMBOCTh OTHOCHUTEIBHBIX YACTOT MOSBICHHUS A B Pa3IMYHBIX CEPHSIX TOCTATOYHO

OOJIBIIOrO YKCIIa OMBITOB.

3ameuanue 3. HemocTaTKOM CTaTUCTUYECKOTO OIPEACTCHHs SBISETCS HEOJHO3HAYHOCTH
CTaTUCTUYECKON BEPOSTHOCTH.

IIpumep. Ecin B 3apade 3aaeTcsi BEPOSATHOCTh NMOMAJaHUs B MHILIEHb JJI1 JAHHOTO CTPENIKa
(cxaxem, p = 0,7), To 3Ta BeTWYMHA TOJy4Y€HA B PE3YJIbTATE U3yUEHUSI CTATUCTUKHU OOJBIIOTO
KOJIMYECTBA CEPUM BBICTPEIIOB, B KOTOPBIX 3TOT CTPEJIOK MONAJAajl B MUILIEHb OKOJIO CEMUAECATU
pa3 U3 KaX10i COTHU BBICTPEJIOB.



OcHoBHbIE (POpMYJIBI KOMOMHATOPHUKH.

HpI/I BBIYUCIICHUH BCpOHTHOCTCﬁ qaCTO MPUXOAUTCA UCITIOJIB30BATh HCKOTOPBIC (1)0pMy.HBI
KOM6uHam0puKu — HAYKH, I/I3yqa}omeﬁ KOM6I/IHaLII/II/I, KOTOPBIC MOXHO COCTABUTH IIO
OIPCACICHHBIM IIpaBWJIaM H3 3JICMCHTOB HCKOTOPOI'O KOHCYHOI'O MHOKCECTBA. OHpeI[CHI/IM
OCHOBHBIC TAKHC KOM6I/IHaI_II/II/I.

Onpeoenenue 1.10. IllepecTaHOBKU — 3TO KOMOUHAIIMHU, COCTABIICHHBIC U3 BCEX 1 DJIEMEHTOB
JAHHOTO MHO’KECTBA M OTJIMYAIONIMECS TOJIBKO MOPSAKOM HX pacroioxkeHus. Uucio Bcex
BO3MOXHBIX MIEPECTAHOBOK

P, =n! (1.3)
[Ipumep. CKONBKO pa3NUYHBIX CHUCKOB (OTIUMYAIOUIMXCS MOPSAKOM (HaMHIMiA) MOXKHO
COCTaBUTh U3 7 pa3iInyHbIX haMUIuii?
Pemenmne. P, =7!=2'3-4'5-6-7 = 5040.

Onpeoenenue 1.11. PazmenieHusi — KOMOMHAIIUK U3 71 DJIEMEHTOB MHOXKECTBA, COACPIKAIIIETO 71
Pa3IMYHBIX 3JIEMEHTOB, OTJIMYAIOIITUECS MO0 COCTAaBOM 3JIEMEHTOB, JIMOO UX MopsakoM. Uucio
BCEX BO3MOXKHBIX pa3MelleHun

A" =n(n-1)(n=-2)..(n—m+1). (1.4)
[Tpumep. CkoIBKO BO3MOXXHO Pa3IMYHBIX BapUAHTOB TbeJecTalia rmodera (mepBOe, BTOPOE,
TPEThE MECTa), €CJIM B COPEBHOBAHUSAX NMPUHUMAIOT yyacTue 10 uenoBek?
Pemenue. 4 =10-9-8=720.

Onpeoenenue 1.12. CouyeTaHusi — HEYNOPSTOYECHHbIE HAOOPHI M3 7 JIEMEHTOB MHOXXECTBA,
COJIepKAIlleTO 7 PA3IMYHBIX JEMEHTOB (TO €CThb HAOOphI, OTIMYAIOIIMECS TOJBKO COCTaBOM
areMeHTOB). Yucno couetaHuit
n!

w_
" m(n—m)! (1.5)
[Ipumep. B oTOOpOUHBIX COpeBHOBaHUSAX NMPUHUMAIOT ydacthe 10 yenoBek, U3 KOTOPHIX B
(1)I/IHaJI BBIXOIAT TPOC. CKOHBKO MOXKCT 6BITB PAa3JIMIHBIX TPOCK q)HHaJ'II/ICTOB?
Pemienne. B otiimume ot npeaplAymero mnpumMepa, 34€Cb HEC BaXKCH ITOPAIOOK (bI/IHaJ'II/ICTOB,
CJICAOBATCIbHO, UIIIEM YHCIIO couetauuii u3 10 oo 3:
;100 8-9:10

A R

Jekuus 2.

T'eomempuueckue eepoamuocmu. Teopema cnoxcenusn eeposmuocmeil.
Ilpomueononoscnuie coovimus. Ycioeuvie eepoamuocmu. Teopema ymnoscenusn
eéeposmnocmeii. Hezaseucumoie coovimus. Beposamunocmo nosenenus xoms 6vt 00H020
coovimus.

OI[HI/IM N3 HCAOCTATKOB KIIACCHUYCCKOI'0 OIIPCACIICHUA BCPOATHOCTU ABJIACTCA TO, YTO OHO
HCIIPUMCHHUMO K HCIBITAHHUAM C OECKOHEUYHBIM KOJIMYECTBOM HCXOA0B. B Takux Cciaydasax
MOZKHO BOCITIOJIB30BAaTHCA ITOHATUCM FGOMeTqueCKOﬁ BEPOSAATHOCTH.



[lycts Ha oTpe3ok L Haymady OpolleHa Touka. DTO O3HAyaeT, 4YTO TOuKa 00s3aTeIbHO
MomnajeT Ha OTPE30K L U C paBHON BO3MO>KHOCTBIO MOKET COBIIACTh C JHOOON TOUYKOM 3TOTO
orpeska. [Ipu 3TOM BEpOSATHOCTH TMOMAaHUs TOYKH Ha JIFOOYIO YacTh OTpe3Ka L He 3aBHCHUT OT
PacCMoJIOKEHHST ITOM YacTU Ha OTPE3KE M MPONOPIMOHANIbHA €ro JIMHEe. Torjaa BEpOsITHOCTh
TOrO, 4YTO OpOIleH-Has TOYKa MOMaJeT Ha OTPE30K [, SBIISIIONIMKCS 4YacThiO OTpe3ka L,
BBIYHUCIISIETCA 110 (popMysie:

» :%, (2.1)
rjae [ — nnuHa oTpes3ka /, a L — nivHa otpeska L.
MoXHO J1aTh aHAJIOTUYHYIO TTOCTAHOBKY 3aJla4yu IS TOYKH, OpPOIIEHHONW Ha IJIOCKYI0 00J1acTh
S ¥ BEpOSITHOCTH TOTO, YTO OHA MOMAJET Ha YacTh ATOM 00JIaCTH §:
p="y 2.1
r1e § — IUVIOIIaab YacTH 001acTH, a S — IIoma b BCe 001acTH.
B TpexmepHOM ciydae BEpOSTHOCTh TOT'O, YTO TOYKA, CIIy4aHBIM 00pa3oM pacIioiO’KCHHAs B
Tene V, momaieT B €ro 4acTth v, 3a7aeTcs (hopMyIioun:
p=1 (2.17)
rJe v — 00bEM YacTH Tela, a J — 00beM BCEro Tea.

[Ipumep 1. HaifTu BepoSTHOCTH TOr0, UTO TOYKA, Hay/naudy OpOIIEHHAs B KPYr, HE MOMAJET B
MIPaBUJIbHBIN IECTUYTOJIBHUK, BIMCAHHBIN B HETO.
Pewrenne. IlycTh pagnyc Kpyra paBeH R , TOra CTOpOHA LIECTUYTOJIbHUKA TOKe paBHa R. Ilpu
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ATOM ILIOIIAIb KpyTa S =zR’, a IJIOMIA/b IICCTHYTOJbHUKA § = TRZ.CJICI[OBaTCJIBHO,

Teopema cj10:KeHUSI BEPOATHOCTEM.

Teopema 2.1 (meopema cnosxcenusn). BeposatHocts p(A + B) cymmbl coobiTuii A 1 B paBHa
PA+B)=p(4)+p(B)—p(dB). (2.2)
Jloka3aTeabCTBO.

JlokaxkeM Teopemy CJIOXKEHHUs sl cXeMbl ciydaeB. IlycTb n — 4YHCIIO BO3MOXKHBIX
UCXOJIOB OTBITA, M, — YHCIO HCXOAOB, OJArONPUSATHBIX COOBITUIO A, mp — YUCIO HCXOJOB,
0Jlaronpu-sSTHBIX COOBITUIO B, a m4p — YUCIIO UCXOJOB OMbITA, IPU KOTOPBIX MPOUCXOAIT 00a
coOBbITHS (TO €CTh UCXOJI0B, OJaronpusITHBIX MpousBeAeHuo AB). Toraa yncno UCXoaoB, Npu
KOTOPBIX UMEET MeCTO coObITHE A + B, paBHO m,4 + mp — myp (Tak Kak B cyMMme (my + mp) myp
YUTEHO JBaXIbl: KAaK MHCXOHbl, OJjarompusiTHele A, W HCXOHAbl, OnaronpusiTHeie B).
CrnenoBaTesibHO, BEPOATHOCTb CYMMBI MOXHO OIpeAeNuThb 1o ¢popmyse (1.1):

m,+m, —m m, m, m

p(A+B)= =242 —— = p(A)+ p(B)— p(4B),
n n n n

YTO U Tpe6OBaJIOCB A0Ka3aThb.



Cneocmeue 1. Teopemy 2.1 MOXKHO pacHpOCTpPaHUTh Ha CJIydall CyMMBI Jt00Oro dYucia
coObITuil. Hanpumep, ansa cymmsl Tpex coowituii 4, B u C

P(4 + B + C) = p(4) + p(B) + p(C) — p(AB) — p(AC) - p(BC) + p(ABC) (2.3)
U T.A.

Cneocmesue 2. Ecnu cobbitust A 1 B HECOBMECTHBI, TO m4p = 0, U, CIIeI0BaTEIbHO, BEPOSITHOCTh
CYMMBbI HECOBMECTHBIX COOBITUM paBHA CyMME MX BEPOSITHOCTEH
P(A + B) = p(A) + p(B). (2.4)

Onpeoenenue 2.1.  TIpOTHBONOJIOKHBIMH COOLITHAMH HA3bIBAIOT JBA HECOBMECTHBIX
COOBITHS, 0OPa3yIOLIMX IOJHYIO Ipymnny. Eciu o1HO M3 HUX Ha3BaTh A, TO BTOPOE IPHHATO
0003HayaTh A .

3ameuanue. Takum 00pa3oM, 4 3aKJIIOYAETCA B TOM, UYTO COOBITHE A HE IPOU3OIILIO.

Teopema 2.2. Cymma BEpOATHOCTEH MPOTUBOMONOKHBIX COOBITHH paBHA 1:
p(A)+p(4)=1. (2.5)

J[0Ka3aTebCTRO.

Tak xak A U A 00pasyrOT MOJHYI TPYIIY, TO OAHO M3 HUX O00S3aTEIBHO MPOM3OMIET B
pe3ysbTaTe OIbITa, TO €CTh COObITHE A + A4 sBIsETCS 10CTOBEPHBIM. CIIe10BaTENBHO,
P(A+4)=1.Ho, tak kax A u A HecoBMeCTHBI, U3 (2.4) cienyer, uto P(A +4) = p(4) + p(4).
3uaunt, p(4)+ p(A4)= 1, 4to 1 TpeOGOBAIOCH TOKA3ATh.

3ameuanue. B psie 3amad npolie UCKaTh HE BEPOSATHOCTh 3aJaHHOTO COOBITHS, @ BEPOSTHOCTh
COOBITHS, TPOTUBOIOJIOKHOTO €MY, a 3aTeM HAaWTH TpeOyeMyro BEPOATHOCTD 10 ¢opmyie (2.5).

[Tpumep. U3 ypHBI, coaepxaiieil 2 6enblx U 6 YepHBIX MIapOB, CIy4allHBIM 00pa3oM H3BIEKa-
FOTCHA 5 I.H&pOB. HaﬁTH BCpOSITHOCTB TOT'O, UTO BI::IHYTBI mapm paBHBIX IIBCTOB.
Pemtenre. CoObiTHE A, TPOTHBOMOJIOKHOE 3aIaHHOMY, 3aKJIIOYACTCS B TOM, YTO M3 YPHBI
BBIHYTO 5 I_HapOB OJHOTI'O IIBCTA, a4 TaK KaK 6CJ'IBIX HIElpOB B Heﬁ BCCTO ABad, TO 3TOT IIBET MOXKCT
OBITh TOJBKO Y€PHBIM. MHOKECTBO BO3MOKHBIX HCXO/0B OIbITa Hainem o ¢popmyie (1.5):
s 8 678
ST TR
a MHO>KCCTBO HCXOAO0OB, 6HaFOHpI/IHTHBIX CO6BITI/IIO Z - 3TO YUCJIO BO3MOXHBIX Ha60pOB I10 5
HlapOB TOJBKO U3 IICCTU IIepHBIX:

m; = C. =6.

n=C =56,

— 6 3 3 25
Torma p(d)=—=—,a p(Ad)=1-—=".
2 pd) 56 28 p() 28 28

Teopema yMHOKEeHHUS BEPOATHOCTEH

Onpeoenenue 2.2. HazoBeMm YcCJa0BHO# BepoATHOCTHIO p(B/A) coObiTusi B BEposSTHOCTH
cOOBITHS B 1pu yCIIOBUHU, YTO COOBITUE A TPOU3OLLIO.
3ameyanue. TloHsiTHE YCIOBHOM BEPOSTHOCTH HMCIOJB3yeTCS B OCHOBHOM B ClyyasX, Korja
OCYIIECTBJICHHE COOBITUS A U3MEHSET BEPOSITHOCTh COOBITUSA B.
IIpumepsr:
1) mycTh coObITHE A — U3BJIEYUEHUE U3 KOJOABI B 32 KapThl Ty3a, a cOObITUE B — TO, UTO U
BTOpasi BbIHYTasl M3 KOJIOABI KapTa OKaKeTcs Ty3oM. Torja, eciu mociie MmepBoro pasa
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KapTa ObLIa BO3BpaliCHa B KOJOAY, TO BCPOATHOCTHL BBIHYTh BTOPHUYHO TY3 HC MCHACTCA:

4 1
p(B):p(A):3—2:§:0,125. Ecmu ke mepBas kapra B KOJIOAY HE BO3BPAILACTCS, TO

OCYIIECTBJIICHHE COOBITUS A MPUBOAUT K TOMY, YTO B Kojoje ocraiach 31 kapta, u3

KOTOPBIX TOJIBKO 3 Ty3a. [loaTomy p(B/ A) = % ~ 0,097.

2) ecnu cobbiTHE A — oNajaHue B CaMOJIET MPOTUBHUKA MPHU TEPBOM BBICTPENE U3 OPYIus,
a B — npu BTOpOM, TO TNEpPBOE INOMAJaHUE YMEHbBIIAET MAHEBPEHHOCTb CaMOJIETa,
no3Tomy p(B/A) yBenTU4YUTCS IO CPAaBHEHUIO C p(A).

Teopema 2.3 (meopema ymuodcenus). BeposTHOCTh NMPOU3BEIACHUS ABYX COOBITHM paBHA
MIPOU3BEICHUIO BEPOSITHOCTU OJHOTO M3 HUX Ha YCIOBHYIO BEPOSITHOCTH JPYrOro MpU YCIOBUH,
YTO MEPBOE COOBITHE MPOUIOIILIO:

p(AB)=p (4) * p (B/A). (2.6)
JloKka3aTenbCTBoO.
Bocnonb3dyemcsi  o6o3nauenusmu teopembl 2.1, Torma npns Bbrumcienus p(B/A)
MHO>KECTBOM BO3MOYKHBIX UCXOJIOB HYKHO CUUTATh M, (Tak Kak 4 MPOU30IILII0), a MHOKECTBOM
0JIaroNpUATHBIX UCXOJIOB — T€, MPU KOTOPBIX MPOU30LLIU U A, u B ( m4p ). CienoBaTenbHO,

p(B/A)= Map _ Map T _ p(AB): p(A), oTKyna ciaeayeT yTBEpKIACHUE TCOPEMBI.
m

4 n.m,

[Tpumep. [l mopakeHus 1eM HE0OXOAMMO TIONMACTh B HEE JBaXK/bl. BeposSTHOCTH MEepBOTO
nornaganus papHa (0,2, 3aTeM OHa HE MEHSCTCS IPH MpoMaxax, HO MOCJE MEePBOTO IMOIaaHus
yBEIMUMBACTCS BABOEC. HaliTh BEpOSITHOCTH TOTO, YTO IIEJb OyJET MOpPaKeHa MEPBBIMH JIBYMS
BBICTpEJIaMHU.

Pemenue. ITycth coObITHE A — TIOMaIaHKEe MPU TIEPBOM BBICTpENC, a COOBITHE B — ToIaiaHue
ripu BTopoMm. Torna p (4) = 0,2, p (B/A) =0,4, p (AB)=0,2:0,4 = 0,08.

Cneocmeue. Ecnu mopoOHBIM 00pa30M BBIYMCIUTH BEPOATHOCTH COOBITHS BA, COBIAalOMIETO
¢ coObITHEM AB, To monyuum, uto p (BA) =p (B) * p (A/B). CnenoBaTenbHO,

p(4) p(B/A)=p (B) p (4/B). (2.7)

Onpeoenenue 2.3. CoObiTHE B Ha3bIBaeTCs HE3aBHUCHUMBIM OT COOBITHUS A, €CIU TOSBJICHUE
COOBITHS A HE U3MEHSET BEPOSITHOCTU B, TO ecTb p (B/A) = p (B).

3ameuanue. Ecin coObiTHe B He 3aBHCUT OT A, TO U A HE 3aBUCHT OT B. JlelicTBUTENLHO, U3
(2.7) cnenyet nipu 3toM, uto p (A) " p (B) = p (B) * p (4/B), otkyna p (A/B) = p (A). 3nauur,
CBOMCTBO HE3ABMCHMOCTH COOBITHI B3aMMHO.

Teopema yMHOXXEHHUS JJ1s1 HE3aBUCUMBIX COOBITUM UMEET BU/I:
pAB)=p () p(B), (2.8)
TO €CTh BEPOSITHOCTH MPOU3BEICHUSI HE3aBUCUMBIX COOBITUN paBHA MPOU3BEACHUIO UX BEPOSIT-
HOCTEH.
[Tpu pemiennu 3a1a4 TEOPEMBI CIOKEHHS U YMHOXKEHHUSI OOBIYHO TPUMEHSIOTCS BMECTE.



ITpumep. JIBa cTpenka aenarT N0 OAHOMY BBICTPENY IO MUIIEHU. BEpOSITHOCTH MX MONagaHus
IpY OJHOM BBICTpENiE€ paBHbI coOoTBETCTBEHHO 0,6 M 0,7. HaiiTu BEpOATHOCTH CIEIYIOIIUX
COOBITHIA:

A — X0Ts1 OB OJHO TOTAIaHUE TIPH ABYX BBICTpENaX;

B — poBHO 071HO TOMaTaHUE TIPU ABYX BBICTpENaX;

C — 1Ba momnajaaHus;

D — HM 0THOTO TIOTIATaHUS.

Pemenue. I[lycth coObiTHe H| — omagaHue nepBoro crpenika, H, — nonajganue proporo. Torna
A=H + H, B =H1.ﬁ2+ﬁ] H,, C=H,-H,, D=H,-H,. CoObitust H; u H, coBMeCTHBI U
HE3aBHUCHUMBI, IOATOMY T€OpeMa CJIOKEHUS TPUMEHSETCS B 00IIIeM BUJIE, a TeOpeMa YMHOKCHUS
— B Buje (2.8). CnepoBarensHo, p(C) = 0,6°0,7 = 0,42, p(A)=0,6+0,7-0,42=0,88,
p(B)=0,6:0,3+0,7-0,4 = 0,46 (Tak Kak coObiTHs H,-H, U H, - H, HECOBMECTHBI),
p(D)=0,40,3=0,12. 3ametum, 4TO COOBITUS A U D SABISIOTCS MIPOTHUBOIOJIOKHBIMHU, IOITOMY
pA)=1-pD).

BeposiTHOCTDH NOsIBJIEHHSI XOTS ObI OTHOT0 COOBITHS.

Teopema 2.4. BeposiTHOCTh TIOSIBJICHUSI XOTS ObI OJTHOTO M3 MOIMAPHO HE3aBUCHUMBIX COOBITUIN
Ay, As,..., A, paBHA

pA)=1-q192...qn, (2.9)
rac ¢, — BEPOATHOCTD COOBITHS Al. , IPOTHUBOIIOJIOKHOTO COOBITHIO A,' .
I[OKaSaTeHBCTBO.
Ecnu coOwiTne A 3akiarodacTcsl B ITOSIBIIEHMU XOTS OBl OJHOTro coObITuS U3 A1, As,..., A, TO

COOBITHSE A ¥ A, A,...A, TIPOTHBOIIOJIIOKHBI, TOITOMY 10 TeopeMe 2.2 CyMMa UX BEPOSTHOCTEH

paBna 1. Kpome Toro, mockonsky Ay, As,..., A, HE3aBHUCHUMBI, TO HE3aBUCUMBI U A, A,,..., A

n?o

crenoBaTenbto, p(A,A4,..4,) = p(A4)p(4,)..p(4,) = q,9,..q,. OTCIOIa ClIeayeT CIpaBeINBOCTh
dbopmyisl (2.9).

[Tpumep. CKOIBKO HYKHO MTPOU3BECTU OPOCKOB MOHETHI, YTOOBI C BEPOSITHOCTHIO HE MeHee 0,9
BBITIAJ XOTs ObI OIMH TepO?

Pemenne. BeposiTHOCTE BhITIaicHHs Tepda py OAHOM OpPOCKE paBHA BEPOSITHOCTH MPOTHUBOIIO-
J0XKHOTO cOOBITHA (BBIMazeHus nudpsr) u paBHa 0,5. Toraa BepoITHOCTH BBITIAJACHUS XOTS OBI
oaHoro repba mpu n BeicTpenax pasua 1- (0,5)" . Torma u3 pemrenust Hepasercrsa 1- (0,5)" >
0,9

cienyert, 4to n > log,10 > 4.

Jekuus 3.

Dopmyna nonnoi eepoamuocmu u popmyna baiieca. Cxema u
¢opmyna bepuynnu. Ilpubauncenue Ilyaccona onsa cxemor bepuynnu.

Onpeoenenue 3.1. Ilycth coObITHE A MOXET MPOU3OUTH TOJBKO COBMECTHO C OJHUM U3
coowituii Hy, H,,..., H,, oOpa3yromux TMOJHYI TPYIIy HECOBMECTHBIX cOOBITHH. Torma
coowrtusa H,, H,,..., H, Ha3pIBaloTCS rHNOTE3aMM.



Teopema 3.1. BeposTHOCTb COOBITHS A, HACTYNAIOIIETO COBMECTHO ¢ rumnoresamu H;, H,...,
H,, paBHa:

p(A) =3 p(H ) (AT H)), 3.1)

rae p(H;) — BepOATHOCTh i- W rumnotesbl, a p(A/H;) — BeposITHOCTb COOBITUS A MpU yCIOBUU
peanuzanuu  9T1oil runore3sl. dopmyna (3.1) Hocur Ha3zBaHuEe (POPMYJIbLI  MOJHOWM
BEPOSATHOCTH.
JloKa3aTenbCTBO.
MoxHO cuuTaTh COOBITHE A CYMMOM IOMAapHO HECOBMECTHBIX coObITuU AH,, AH,,...,

AH,. Toraa u3 TeOpeM CI0KEHUS U YMHOXKEHUS CIEYET, UTO

n

p(A) = p(AH, + AH, +...+ AH,) = p(AH,)+ p(AH,) + ..+ p(4H,) = Y p(H,)p(A/ H)),

i=1
4TO U TpeOOBaIOCh I0KA3aTh.
[Tpumep. UMmeroTcst Tpu 0MHAKOBBIE YPHBI ¢ mapamu. B nepBoit u3 Hux 3 OenbiX U 4 4epHBIX
miapa, BO BTOpoi — 2 OenbIX U 5 4epHbIX, B TpeThel — 10 uepHbix mapos. U3 ciiydaitHo BeIOpaH-
HOU ypHBI HayAady BbIHYT map. HaliTu BEposSTHOCTH TOTO, YTO OH OEbIil.
Pemenue. byaem cuurars runorezamu H;, H, u H; BbIOOp YypHBI C COOTBETCTBYIOIIUM
HoMepoM. Tak Kak 10 YCIOBUHIO 33aJa4d BCE TUIOTE3bl PABHOBO3MOXKHBI, TO

1 o o
p(H]):p(HZ):p(H3):§. HaiineM ycClOBHYIO BEpPOSITHOCTh A MNOpPU pean3aluu  Kakaou

rAnoTe3bl: p(A/H)) = %

0= el ~0,238.
21

p(A/HZ):%, p(4/H,)=0. Torna p(A) = +

S| w

2 1
— 4 —-
7 3

W | =
W | =

®opmy.aa baiieca (Teopema rumores).

[IycTh U3BECTEH pe3yNnbTatT OIbITa, @ UMEHHO TO, YTO MPOU30LLIO COObITHE A. DTOT (haKT
MOXET U3MEHUTD aPUOPHBIE (TO €CTh U3BECTHBIE 10 OMbITa) BEPOSITHOCTH TUnoTe3. Hanpumep,
B MpEAbIAYIIEM MTpUMEpE U3BICYCHUE U3 YPHBI OEJIOro mapa roBOPUT O TOM, YTO ITOW YpHOU
HE MoIJia ObITh TPEThs, B KOTOPOH HET OeNbIX MapoB, To ecTh p (H3/A) = 0. [l nepeolieHKu
BEPOATHOCTEH TUIIOTE3 IPU U3BECTHOM PE3YJIbTATE OIBITA UCIIOIB3YETCs (popMmyaa baiieca:
p(H,;)p(4/H,) (3.2)

p(4) ' '
HeiictBuTenbHO, U3 (2.7) nonyuum, uto p(A)p(H,/ A)= p(H,)p(4A/H,), OTKyAa cleayeT

p(H, | 4)=

CIpaBeITUBOCTh popmyisl (3.2).

ITpumep. [locne AByX BBICTPENIOB IBYX CTPEJIKOB, BEPOSITHOCTH IMOIMAJaHUI KOTOPBIX paBHbI 0,6
u 0,7, B MuIIeHH okKa3zajiach ojgHa nmpoOouHa. HailTu BEepOATHOCTH TOr0, YTO MOMaJ MEPBBIN
CTPEJIOK.

Pewenue.

[Iycth coObITHE A — OJTHO TOMaJaHKe MPU JIBYX BBICTpeNax, a TMIOTe3bl: H| — nepBbIi
nomai, a BTOpoi npomaxuysics, H, — nepBblil IpoMaxHyJics, a BTOpoi nonai, /3 — o0a nmonanu,
H, — 0o6a npomaxnynuchk. Bepositnoctu runores: p(H;) = 0,6:0,3 = 0,18, p(H,) = 0,4:0,7 = 0,28,
p(H;) = 0,6:0,7 = 0,42, p(Hy) = 0,403 = 0,12. Torna p(A/H)) = p(4/Hy) = 1,
p(A/H3) = p(A/H,) = 0. CnegoBaTenbHO, MOIHas BeposTHOCTh p(4) = 0,181 + 0,281 + 0,42°0 +
0,12:0 = 0,46. [Ipumenss hopmyny baiieca, nomyunm:
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018-1 9
Ha=281_9 0301
P ) = = 3

Cxema noBTopeHus ucnbiTanuii. ®opmyJsia bepuysim.

PaccmoTpum ceputo U3 7 UCTIBITAHUH, B KaXJIOM W3 KOTOPBIX COOBITHE A TOSBISIETCS C
OIHOW W TOM KE€ BEPOATHOCTBHIO p, NMPUYEM PE3YJBTAT KAXKIOrO HUCIBITAHUS HE 3aBUCUT OT
pe3yiabTaToB OcTalbHBIX. [l000HAs MOCTaHOBKA 3a7a4Ml HA3bIBACTCS CXeMOH NMOBTOPEHUA
ucnbiTaHuii. HaliemM BEpOATHOCTH TOTO, YTO B TaKOHM cepur cCOObITHE A MPOU30UAET POBHO K
pa3 (HeBa)kHO, B KakKOH MocienoBaTesbHOCTH). MHTepecyroliee Hac COOBITHE MpPEICTaBIseT
co00lf CyMMY pPaBHO-BEPOSITHBIX HECOBMECTHBIX COOBITHH, 3aKITIOYAIOMIMXCS B TOM, 4TO A
MPOU30LIJI0 B HEKOTOPBIX K UCHBITAHUAX U HE MPOU3OLUIO B OCTAIBHBIX 71 — K UCHBITAHUSAX.
Yucno Takux coObITUN PaBHO YHMCIY COYETAHUN U3 7 TIO K, TO €CTh C’, a BEpOSITHOCTh KaX0To
W3 HUX: pkq"’k, rae ¢ = 1 — p — BEpOSATHOCTh TOrO, YTO B JAHHOM OIbITe 4 HE MPOU30ULIO.
[TpumeHnsisi TeopemMy CIIOKEHUS 1711 HECOBMECTHBIX COOBITUH, MoTydyuM (popmyJiy bepuynim:

p,(k)y=C!-p"-q"". (3.3)

[Mpumep. Jlns monydeHwss npu3a HYKHO coOpaTh 5 u3aenuil ¢ 0CoObIM 3HAKOM Ha
sTHKEeTKe. HalTH BEpOATHOCTH TOTO, YTO MPUACTCS KyIUTh 10 U3IEIHi, €CIIU STUKETKH C dTHM
3HAKOM UMEIOT 5% u3aenuil.

Pemenne. M3 mocTaHOBKH 3aa4yM CIEAYET, YTO IMOCICAHEE KYIUICHHOE H3JCIINE MMEET
0co0bIi 3Hak. CieoBaTeIbHO, U3 MPEABIAYIINX JACBITH 3TH 3HAKU UMenu 4 u3aenus. Halinem
BEPOSIT-HOCTB ATOT0 10 hopmyie bepuymnu: p,(4) = C -(0,05)* -(0,95)° = 0,0006092. Torna
p =0,0006092-0,05 = 0,0000304.

IIpubaun:xkenne Ilyaccona nus cxemol bepuysiin.

®opmyna bepHymnu TpeOyeT TPOMO3IKHUX pacyeTOB IMpPHU OOJIBIIOM KOJIUYECTBE
ucnbpITanuil. MOXHO MONTy4YuTh 60Jiee YIOOHYIO AJI pacuyeToB MPUOIMKEHHYI0 GOpMYIy, €cliu
npy OOJIBLIOM YHUCJIE HWCIBITAHUN BEPOSITHOCTh TOSIBICHUS A B OJIHOM OIbITE Malja, a
MPOU3BEACHUE 1p = A COXpPAHSAET MOCTOSIHHOE 3HAUYCHHE ISl Pa3HbIX cepuil ombITOB ( TO €CTh
CpellHee YMCIIO MOsiBIIe-HUN COOBITUSA A B pa3HBIX CEPUSX UCITIBITAHUN OCTAETCS HEM3MEHHBIM).
[Tpumenum hopmyny bepuysu:

b (k) = n(n—l)(n—2)...(n—k+1)pk(l_p)n_k _n(n=1)..(n—k+1) (&]"(1_1]“"_
k! k! n n

Haiinem npenesn nosry4eHHOTO BBIPAYKEHUS IPU 1 —> 0

k _ n—k k n —k k
p. (k) ~ 2 lim 1.(1_1](1_%}..(1_" 1](1_ij :ilim(l_ij (1_ij Ay
k! noe= n n n n k! noe= n n k!

Taxum oOpazom, popmyJia Ilyaccona
e

(k) =—1

MO3BOJISIET HAWTH BEPOSITHOCTDH K TMOSIBICHUI COOBITUSI A It MACCOBBIX (77 BEJIMKO) M PEAKUX
(p Mazo) coObITHIA.

(3.4)
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Jekuus 4.
Cayuaitnvlie eeauuunsvl. 3aKOH pacnpedeneHus u QYHKyus pacnpeoeienHusi OUcCKpemHou
cayuainou eeauyunsvt. bunomuanvnoe pacnpedenenue u pacnpedenenue Ilyaccona.

Hapsiny ¢ nmonatuem ciaydaifHOro COOBITUSI B TEOPUHU BEPOSITHOCTH UCIIONIB3YETCs U OoJiee
yI00HOE TIOHSATUE CYYAUHOU BEIUYUHDL.
Onpeoenenue 4.1. CaydaiiHOW BeJUYHMHOW Ha3bIBaeTCS BEJIWYMHA, MPUHUMAIOIIAS B
pe3yibTaTe OMbITa OJJHO M3 CBOMX BO3MOJKHBIX 3HAUEHUM, MPUUYEM 3apaHee HEU3BECTHO, KAaKOe
HMMEHHO.
bynem o6o03HayaTh ciiydaliHble BEJIWYWHBI 3aryIaBHBIMU OYKBaMH JIaTUHCKOTO andaButa (X,
Y,Z,...), a UX BO3MOXKHbIC 3HAUEHUS — COOTBETCTBYIOIUMU MAJIBIMU OyKBamu (x;, V... ).
[IpuMephl: 4KUCIIO OYKOB, BBHITIABIIMX MPH OPOCKE UTPaTbHON KOCTH; YHMCJIO MOSBIECHUM TepOa
npu 10 6pockax MOHETBHI, YHUCIO BBICTPEJIOB JO0 MEPBOTO MOMAJaHUs B I€JIb, PACCTOSIHUE OT
[IEHTPa MUILICHH J10 TIPOOOUHBI TIPU MOTaJaHHUU.
MoOXHO 3aMEeTUTh, YTO MHOXKECTBO BO3MOKHBIX 3HAYCHUU ISl TEPEUUCIICHHBIX CIyYalHBIX
BEJIMYMH UMEET Pa3HbIN BUJI: IJIs MEPBBIX JBYX BEJIWYUH OHO KOHEYHO ( COOTBETCTBEHHO 6 1 11
3HA4YCHUH), I TPEThel BEJIMYMHBI MHOXKECTBO 3HAUYCHUN OCCKOHEYHO M MPEACTaBIsCT COOOM
MHOYECTBO HAaTYpaJIbHBIX UKCEJ, a JIsl YeTBEPTOU — BCE TOUKHM OTPE3Ka, IJIMHA KOTOPOTO paBHA
pamuycy muineHu. Takum oOpa3om, sl TIEPBBIX TPEX BEJIUYMH MHOXKECTBO 3HAUEHUU U3
OTJICNIbHBIX (JAMCKPETHBIX), U30JMPOBAHHBIX JIPYr OT Apyra 3HAUYCHUH, a JJIsI YETBEPTOU OHO
MpeacTaBisgeT coboil HenpepbiBHYIO 00sacTh. [lo 3TOMy mokaszaTento ciaydyailHblE BETUYHHBI
MOAPA3AEIAIOTCS Ha JIBE TPYIIIbBI: TUCKPETHBIC U HEMIPEPHIBHBIE.

Onpeodenenue 4.2. CnyuyaiiHas BeIWYMHA HA3bIBAETCS JAUCKPETHOM, €CIM OHAa NPUHUMAET
OTJeJbHbIC, N30JIUPOBAHHBIE BOBMOXHBIE 3HAUEHUS C ONPEACICHHBIMU BEPOSITHOCTIAMH.

Onpeodenenue 4.3. CnyuailiHas BelMYMHA HAa3bIBAETCS HENPEPBIBHOM, €CIM MHOXECTBO €€
BO3MOXHBIX 3HAYEHUN 1IEJIMKOM 3alOJHSET HEKOTOPBhIA KOHEYHBIM WM OECKOHEUYHBIN
MIPOMEKYTOK.

JAucKkpeTHbIe caydyaiiHble BeJMYUHbI.

JUist 3ajiaHus AUCKPETHOW Ciy4allHOM BENWYMHBI HYKHO 3HATh €€ BO3MOJKHbIE 3HAUYEHUS U
BEPOSITHOCTHA, C KOTOPHIMU TNPUHHUMAIOTCA ATH 3HadeHUs. COOTBETCTBUE MEXAY HUMU
HA3bIBAECTCS 3aKOHOM paclpejieseHust caydyaiiHol BenuyuHbl. OH MOXKET UMETh BUJI TaOJIUIbI,
dbopmybl WK rpaduka.

Tabnuua, B KOTOpPOW MepevyrciieHbl BO3MOKHbIE 3HAYEHUSI TUCKPETHOM Cily4ailHOM BEJIMYUHBI U
COOTBETCTBYIOIIME UM BEPOSITHOCTH, Ha3bIBACTCS PAIOM pacipeae/ieHus:

Xi X1 X2 Xn

Pi P1 P2 e DPn

3aMCTI/IM, qTo CO6BITI/IC, 3aKIIF0Yaromeccsa B TOM, 4YTO cnyqaﬁHasI BCJINYMHA MMPUMECT OIHO U3
n(o)
CBOHUX BO3MOXHBIX 3HaquHﬁ, ABIACTCA JOCTOBCPHBIM, IIOTOMY ZPI. =1.

i=1
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IIpumep. . [IBa cTpenka JaenarT MO OJAHOMY BBICTPENy IO MHUIIEHHU. BeposaTHocTH HX
nonajgaHus MpU OJHOM BbIcTpene paBHbl cooTBercTBeHHO 0,6 m 0,7. CocrtaBUTh psn
pacrpeneneHus ciy4aiiHol BeIUYUHbI X — 4yncia MoNnaJaHuid IMocie BYX BBICTPEIIOB.

Pemrenne. OueBuaHO, 4to X MOXeT npuHUMaTh Tpu 3HaueHus: 0, 1 m 2. X BeposTHOCTH
HalJIeHbl B IPUMEPE, pACCMOTPEHHOM B JieKnHU 3. Cie0BaTeNbHO, Pl paclpeiesieHus UMEET

BUI:
Xi 0 1 2
2:10,1210,46 | 0,42

['paduyecku 3akOH pacripesieseHus TUCKPETHOW clydallHON BETUYUHBI MOYKHO IMPECTaBUThH B
BHJIE MHOIOYIOJIbHUKA pacnpeaejieHusi — JIOMAaHOW, COEAUHSIONIEN TOYKH IUIOCKOCTH C

KOOpAWHATaMU (X;, p;).
A

v

X1 X2 X3 X4 Xj5

DyHKUUA pacnpeaeaeHus.

Onpeoenenue 4.4. ®yukuuein pacnpenejenus F(x) cinydaitHoil BenuuuHbl X Ha3bIBACTCS
BEPOSITHOCTh TOTO, YTO CJIy4alHas BEJIMYMHA TPUMET 3HAUCHUE, MECHBIIIEE X:

F(x)=p (X <x). (4.1)

CgoiicTBa (DyHKITUU pacrpeeacHusl.
1) 0<F(x)<l.
JleficTBUTENIBHO, TaK KaK (PYHKIMS paclpeesieHus MpeICcTaBIsieT cOO0H BEpOSTHOCTh, OHA
MOXET MPUHUMATH TOJBKO T€ 3HAYEHUS, KOTOPhIC MPUHUMAET BEPOSATHOCTD.
2) OyHKIUS pacupeaesieHus sBisieTcs HeyObIBaromel GyHkuue, To ects F(x;) > F(x)) npu
Xy > X1. DTO cheayeT u3 Toro, yto F(x;) = p(X < x3) = p(X < x1) + p(x; £ X < x3) > F(x)).
3) xlimwF(x) =0, xlir?wF(x) =1. B 4acTHOCTH, €CIM BCE€ BO3MO’KHBIC 3HAueHUS X JIeKAT Ha

unrepBaie [a, b], To F(x) =0 npu x < a u F(x) = 1 npu x > b. JleiictBurenpHo, X < a —
coObITHE HEBO3MOXKHOE, a X < b — T0OCTOBEpHOE.
4) BeposATHOCTh TOTO, YTO Ciy4yaliHas BeJWYMHA MPUMET 3HAYeHUE W3 MHTepBana [a, b],
paBHa Pa3HOCTH 3HAYCHUH QYHKIMU pacipeiesieHrs Ha KOHIIaX MHTepBaia:
p(a<X<b)=F©b)- Fa).
CrpaBeyIMBOCTb ~ 3TOTO  YTBEPXKICHHS  CIeAyeT M3  OmpeAesieHus  (QYHKIHUH
pacnpeneneHus (CM. CBOMCTBO 2).
JUist MUCKpEeTHOM ciaydallHOM BeNWYMHBI 3HaueHHE F(x) B KaXJAOW TOYKE MpEeACTaBiIsSET
co0Oll CyMMY BEpOSITHOCTEH Te€X €€ BO3MOXKHBIX 3HAUEHUH, KOTOpPhIE MEHbIIE apryMeHTa
byHKUIUN.
[Tpumep. Haiinem F(x) mis mpeabIIyIIero nmpuMepa:
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0, x<0
012, 0<x<1
F(x)= *
0,12+0,46=0,58, 1<x<2
0,58+ 042 =1, x>2
CootBeTcTBEeHHO rpauK PYHKIIMH PACTIPEICICHUS NMEET CTYIICHUAThIA BU/L:

»

bunomuanbHOE pacrpeseseHue.

BepHeMcs k cxeMe He3aBUCUMBIX MCHBITAHWA U HaWIEM 3aKOH pAacHpeiesCHUs CIy4anHOU
BEeJIMUMHBI X — 4HClIa TOSIBJICHUM COOBITUS A B CEepUM W3 n HUCHbITaHW. Bo3MoOXHBIC
3HaueHust A: 0, 1, ..., n. COOTBETCTBYIOIIHE MM BEPOSATHOCTH MOMKHO BBIYHCIHUTH IO
dbopmyne bepnysu:
p(X =k)=C}p*q"™ (4.2)

( p — BEpOSTHOCTH TOSIBIICHUS A B KOKJIOM UCTIBITAHHH ).
Takoil 3akOH pacHpelelieHusT Ha3bIBalOT OMHOMHAJBbHBIM, TMOCKOJbKY IPaBYK 4YacTb
paBeHCTBa (4.2) MOKHO paccMaTpPUBaTh Kak OOIIUIA YjieH pa3iiokeHus: 0nHoMma HproToHa:

(p+q)" =C'p" +C''p"'q+..+Cip'qg"™ +..+C)q".
ITpumep. CoctaBuM psill pacpeaeieHUs CTydailHOM BEIMYMHBI X — 4KCIIa MONaJaHuid opu 5
BBICTpEJIaX, €CJIM BEPOSTHOCTH TOMNAIaHus MPHU OJTHOM BhICTpene paBHa 0,8.
p(X=0) = 1:(0,2)° = 0,00032; p(X=1) = 5:0,8:(0,2)* = 0,0064; p(X=2) = 10:(0,8)*(0,2)’ =
0,0512; p(X=3) = 10-(0,8)’*(0,2)* = 0,2048; p(X=4) = 5-(0,8)*0,2 = 0,4096; p(X=5) = 1+(0,8)°
= 0,32768. TakuM 06pa3oM, psia pacupeesieHus] UMEeT BUI:

0 | 2 3 4 5

0.00032 | 0.0064 | 0.0512 | 0.2048 | 0.4096 | 0.32728

Pacnpeaenenue Ilyaccona.

PaccMoTpuM IHCKpETHYIO Cly4alHYI0 BEIMYMHY X, NMPUHUMAIONIYIO TOJBKO IIEJIbIC
HeoTpunateabuble 3Hadenus (0, 1, 2,..., m,...), TNOCIEIOBATEIbHOCTh KOTOPBIX HE
orpannueHa. Takas ciydyaliHas BeJIMUMHA HA3bIBACTCS PACTIPENCICHHOW MO0 3aKOHY
Ilyaccona, eciiv BEpOATHOCTH TOTO, UTO OHA IPUMET 3HAUYCHHE M, BhIpakaeTcst (PopMyIIoi:

m

p(X =m)="—¢", 4.3)
m!

IZIe @ — HEKOTOPasl IIOJIOKUTEIIbHAS BEJIMUMHA, Ha3bIBaeMas napamempom 3akoHa IlyaccoHa.
[Tokaxkem, 4TO cymMa BCEX BEPOATHOCTEN paBHa 1:

ip(sz)ze"”ia—ze"”-e” =1

m=0 m=0 m‘
(Mcmoap30BaHoO pasnoxenue B psaa Teinopa GyHKIHH €).
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PaccMoTpuM TUNMYHYIO 3a7a4uy, NpUBOAAIIYIO K pacnpenenenuto Ilyaccona. ITycte Ha
ocH alcuucc ciay4yallHbIM 00pa3oM paclpelessioTcs TOYKH, MPUYEM HX paclpeiereHue
YIOBJIETBOPSIET CIEAYIOIINM yCIOBUIM:

1) BeposSITHOCTh TOMAJaHU HEKOTOPOT'O0 KOJMYECTBA TOYEK HAa OTPE3OK JJIUHBI [ 3aBUCHUT
TOJILKO OT JIJIMHBI OTPE3Ka M HE 3aBUCUT OT €ro PaclojoKeHUs Ha OCU ( TO €CTh TOUKH
pacnpeiesieHbl ¢ OAMHAKOBOM cpeiHel MIIOTHOCTBIO);

2) TOUYKHU paclpenesstoTcss He3aBUCUMO JPYT OT Jpyra ( BEpOSTHOCTH MOIMAJaHUsl KaKoro-
MO0 Yrcia TOUEK Ha JTaHHBIM OTPE30K HE 3aBUCHUT OT KOJIMYECTBA TOYEK, MOMABIIUN Ha
000 Ipyroit OTpe3oK);

3) mpakTuyeckass HeBO3MOXHOCTh COBIIAJICHUS ABYX WK 00Jiee TOUEK.

Torna cnyyaiinas BeauuuHa X — 9UCIIO TOYEK, MOMAIAOIIMX HA OTPE30K JUTMHBI [ — pacmpe-
neneHa 1o 3akony IlyaccoHa, rie a — cpeiHee 4YnCIIo TOYEK, PUXOAALIEECS HA OTPE30K JJIMHBI
L.
3ameyanue. B nexuuu 3 roBopusiock 0 ToM, uto opmyna [lyaccona BeipakaeT OMHOMUATIBHOE
pacripeiesieHue Ipyu OOJIBIIIOM YHCJIE OMBITOB U MaJION BEPOSITHOCTH cOOBITHS. [loaTOMY 3aKOH
[IyaccoHa 4yacTo Ha3bIBAIOT 3AKOHOM PEOKUX SGTIeHULL.

Jlexkuus 5.
Dyukyua pacnpedeneHus W HNIOMHOCHb PACHPeOeeHUA HEenpPepvléHON  CAYUYAUHOU
6E/IUUUHDBL, UX 63AUMOCEA3b U ceolicmea. Paenomeprnoe pacnpedenenue eepoamuocmeil.

Onpenenenue U cBoWcTBa GYHKUUU PACIIPEACICHUS] COXPAHSIOTCS U JJI1 HENPEPhIBHOM
CIIy4aliHOW BENWYHHBI, JIJISI KOTOPOH (YHKIMIO paclpenesieHHsi MOXXHO CYHTATh OJIHUM U3
BUJIOB 3aJaHMs 3aKOHa pacnpeneneHus. Ho 11 HenpepblBHOW Cily4alHOM BEJIMYMHBI
BEPOSITHOCTh KaXJI0r0 OTJAEIBHOr0 ee 3HaueHus paBHa (. ITo cienyeT u3 cBoiictBa 4 GyHKUIUU
pactipenenenus: p(X = a) = F(a) — F(a) = 0. IloaToMy 1151 Tako¥ cl1y4aifHOW BETUYUHBI UMEET
CMBICJI TOBOPHUTH TOJIBKO O BEPOSITHOCTH €€ MOMNa aHNus B HEKOTOPBI HHTEPBAJl.

BropsiM criocoOoM 3a/1aHus 3aK0Ha pacrpeieleHUs] HEMPEePhIBHOM Cly4ailHOW BETMYUHBI
ABJIAETCS TaK Ha3blBaemasi IJIOTHOCTh pacupenesieHus: (IUIOTHOCTh BEPOSITHOCTH, Nuddepen-
nuaigbHas QyHKLINA).

Onpeodenenue 5.1. Oynkuus f(x), Ha3piBaeMas IVIOTHOCTBHIO pacnpeaejieHUsi HEIPEPbIBHON
CIIy4yallHOW BEJIMYUHBI, OTIPeeIIsIeTCs 10 hopmyJie:
J(x) = F'(x), (.1
TO €CTb SIBJISIETCS] IPOU3BOIHON (PYHKLIUU paCIpeiesICHuU.
CBolicTBa MJIOTHOCTHU paclpeeaeHusl.
1) fix) >0, Tak kak QyHKIMS pacTpeeNeHus IBISETCS HEeyObIBAOIIEH.

2) F(x)= j f(t)dt, uaro cnengyer U3 onpenesieHNs INIOTHOCTH PacIpeIeIICHHUS.

—00

3) BeposiTHOCTh TOmajaHus CIy4alHOM BeJIWYWHBI B HWHTEpBan (a, b) ompexaensercs

bopmynon pla< X <b)= i f(x)dx.

HerictBurensbHo, p(a < X <b)=F(b)—-F(a) = jf(x)dx — jf(x)dx =jf(x)dx.
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~+00

4) I f(x)dx =1 (ycnoBue HOpMHPOBKH). Ero cmpaBemsuBOCTh clelyeT M3 TOro, 4TO

+j)of()c)a’x = F(+x), a }LrEOF(x) —1.

5) lim f(x) =0, tak kak F'(x) — const npu x — +ow.

xX—>to0

Takum o00pa3oM, rpaduK TIJIOTHOCTH paclpeiereHuss NpencTaBiser co0od KpHUBYIO,
PacIoNo-XEHHYIO Bbllle ocu Ox, MPUYEM 3Ta OCh SIBIAETCS €€ FOPU3OHTAIBHON ACUMIITOTOM
npu  x —+oo  (MOCTEAHEEe CHPaBeAJIMBO TOJIBKO JJIsl CIyYalHBIX BEJIMYHUH, MHOXKECTBOM
BO3MOHBIX 3HaUYEHUN KOTOPBIX SBJIAETCS BCE MHOXKECTBO JEHCTBUTENbHBIX uncen). [lnomanb
KPUBOJIMHEIHOM Tpanenuu, orpaHUH4eHHON rpa@uKkoM 3Tor (PyHKIMH, paBHA €IUHULIE.

3ameuanue. Ecmm Bce BO3MOXHBIC 3HAYCHHS HEMPEPBIBHOW CIyYalWHOW  BEITUYMHBI
cocpenoToYe-Hbl Ha HHTEpBaJe [a, b], TO BCe MHTETpabl BEIYUCIISIOTCS B 3TUX IIPEIeIiax, a BHE
uHtepBana [a, b] fix) =0.

[Ipumep 1. IlnoTHOCTH pacnpeenennsi HeNPephIBHOW cydyailHOM BEIMUMHBI 33a/1aHa (popMyIioit

S =15

Haiitu: a) 3nauenue koHcTauTel C; 0) Bun GyHkiuu pacnpeaeneHus; B) p(-1 <x <1).
Pemenue. a) 3nauenne koHcTaHThl C HaiiieM U3 CBOMCTRA 4:

—00 < X < 400,

+ o0

I Czdszarctgx =C(£+£j=€7r=l, OTKYIIaC:l.

l+x 2 2 T
1 1 1 g 1 1 1

T T
0) F(x)=— dt =—arctg t =—| arctgx + — | = —arctgx + —.
) F@) 7r_J;J+t2 V4 & 71'( & 2) V4 & 2
— o0

1t 1 1 1
B) p(—1<x<1)=—j ~dx = —arcigx =—(%+£j=0,5.

whl+x T i T 4
ITpumep 2. OyHKIUA pacnpeeIeHUs] HENPEPBIBHOW CIy4ailHON BETMYMHBI UMEET BUA:
0, x<2
-2
F(x)= ad ,2<x<4
I, x>4.
HaiiTu 1imoTHOCTH pacupeneneHus.
Pemrenue.
0, x<2
’ O, x<2
x—=2
f(x)= ( 5 j , 2<x<4=:05,2<x<4
1 x>4 O, x>4.

PaBHOMepHBIil 3aKOH pacnpeaeJeHus.
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YacTto Ha MpakTHKE Mbl UMEEM JI€JI0 CO CIyYalHBIMU BEJIWYMHAMU, PaCIpE/IeICHHBIMU
OTPENICICHHBIM THIIOBBIM 00pa3oM, TO €CTh TaKUMHM, 3aKOH pacHpeaesieHUs] KOTOPHIX UMeEeT
HEKOTOPYIO CTaHJIapTHYI ¢Gopmy. B mpomioit nekiuu ObUIM pacCMOTPEHBI MPUMEPHI TaKUX
3aKOHOB pacrpeieNIeHust ISl TUCKPETHBIX CIyYalHbIX BEeTMYUH (OMHOMUANBHBIN U [lyaccona).
JInsi HeNmpephIBHBIX CIYy4YalHBIX BEIWYMH TOXE CYIIECTBYIOT YacTO BCTPEYAIOIIMECS BUIBI
3aKOHA pacHpeeNCHNs], U B Ka4e€CTBE MEPBOTO U3 HUX PACCMOTPUM PaBHOMEPHBIN 3aKOH.

Onpeoenenue 5.2. 3aKoH pacmpeaesiCHUs HENPEPHIBHOW CIIy4alHOW BEJMYMHBI HA3bIBACTCS
PABHOMEPHBIM, €CIM Ha HWHTEpBaJie, KOTOPOMY MPHUHAIJICKAT BCE BO3MOXKHBIC 3HAUCHUS
CIIy4yallHOW BEJIMYUHBI, TUIOTHOCTh pacIpeiesIeHUs COXpaHsIeT MOCTOsiIHHOE 3HaueHue ( flx) =
constupua <x <b, fix)=0mpux <a, x > b.

Haiinem 3HaueHue, KoTopoe MpuHUMAET f(x) npu x €[a,b]. I3 yCIOBUS HOPMUPOBKHU CIEIYET,

b b 1
10 jf(x)dx = jcdx =c(b—a)=1, otkyna f(x)=c= Pt
a a —da
BeposTHOCTE momaganuss paBHOMEPHO PACIPEAECICHHOM CIIyYalHOW BEJIWYMHBI HA WHTEPBAI
-
dx = P

a b—a’

B
[a, B] (a < < B <D) paBHA IpU DTOM j !

0, x<a

xX—a
Bun dynkuuu pacrpeaenenus s HOPMaJbHOTO 3akoHa:  F(x) = PR a<x<b

I, x>b.

[Tpumep. ABTOOYCHI HEKOTOPOTO MapIiIpyTa UAYT C UHTEpBAJIOM 5 MUHYT. HaliTu BepoOsSTHOCTH
TOTO, YTO TMPHUIIEAIIEMY Ha OCTAHOBKY MAacCaXUPy MPUIETCS OXKUJaTh aBToOyca He Oojee 2
MUHYT.

Pemenune. Bpems oxuganus sBISAETCS CIIy4alHOW BEJIMYMHOM, pABHOMEPHO PACIpPEACIICHHON B

unrepane [0, 5]. Torma f(x)= % p(0<x<2)= % =0,4.

Jlekuus 6.
Hopmanwvuwiit 3axkon pacnpeoenenusn eepoasmnocmei. Hopmanonasa kpueas. @yukuyus
Jlannaca. Buviuucnenue eepoamuocmu nonadanus 6 3A0AHHGIIL UHMEPEA HOPMAIbHOIL
cayuaiinon geauuunsvl. Ilpasuno mpex cuem. Iloxazamenvnoe pacnpedenenue. Dynkuyus
Haoexcnocmu. IlokazamenbHulil 3aKOH HAOEHCHOCHIU.

Onpeoenenue 6.1. HempepbiBHas ciydaiiHasi BeJIMUMHA HA3bIBACTCS pacCIpeeICHHON I10

HOPMAJILHOMY 3aKOHY, €CJIM €€ INIOTHOCTh PAaCIpeACICHU UMCET BU/:
1 _-a)’

f(x)zme il (6.1)

3ameuanue. Takum 00pa3oM, HOpPMAJILHOE paclpeieNieHue OnpenenseTcs AByMs napaMeTpaMu:
auo.

I'paduk TIOTHOCTH HOPMAIBHOTO paclpeefeHuss Ha3blBAlOT HOPMAJbLHOW KPHBOM
(kpusoii I'aycca). BoisicHuM, kakod BUJ UMEET dTa KpWBas, JJI 4ero uccieayemM (GyHKIHIO

(6.1).
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1) OGnacth onpezaenenus 3ol GyHKIUU: (-0, +00).

2) fix) > 0 npu moboM x (creaoBaTenbHO, Bech rpaduk pacronoxkeH Boire ocu Ox).

3) |1|im f(x)=0, To ecTb 0ch Ox CIIyUT rOPU30HTAIILHON aCUMIITOTOM rpauka Mpu x — +oo.
X|—>0

_(x-a)’
2

X—da

4) f'(x)= —me

20

=0 mpu x = a; f'(x)>0 Opu x > a, f'(x)<0 npu x < a.

1
CrnenoBatenbHO, | a,—— | - TOYKa MaKCUMyMa.
b

o2
5) F(x —a) = fla — x), T0 ecTb rpad)MK CHUMMETPHUYECH OTHOCUTEIBHO MPSMOU X = a.

(x-a)’ 2

1 - xX—a 1
6) f'(x)=——"F=—c¢ 20° 1—% =0 npu x=a*o,TO CCTh TOYKU | A T O,——
o' ~N2r o o~2re

ABJIAIOTCS TOUKAMHU Meperuoa.
[TpumepHnblit BUa KpuBo# ['aycca nzobpaxen Ha puc.l.
A

»
>

X
Puc.1.
Haiinem By yHKIIMU pactpeaesieHus sl HOpPMaJIbHOTO 3aKOHa!
x 1 x _(t—az)z
Fx)=|f@)dt =——=— |e * dt. (6.2)
_J; o2 _J;

Ilepen HamMu Tak Ha3bIBaGMbId «HEOEPYHIUUCS» WHTErpay, KOTOPHIA HEBO3MOYKHO
BBIPA3UTh Yepe3 dJieMeHTapHble (yHKIUU. [lodTOMy 171 BBIUMCICHHUS 3HAYeHUN F(X)
MIPUXOJIUTCS TIOJIB30BAThCs Tabmiamu. OHM COCTaBJICHBI s ciydasi, korna a =0,a 0 = 1.

Onpeoenenue 6.2. HopmanbHoe pacrnpenenenue ¢ napametpamu a = 0, ¢ = 1 Ha3bIBaeTCs
HOPMHMPOBAHHBIM, a €ro (PYHKITUS pacrpe/iesIeHUs

®(x) =ﬁ [edr - 6.3)

- ¢yuxkuuen Jamiaca.

3ameuanue. qDYHKI_II/IIO pacnpeaciicHuAa OJjisd IPOU3BOJIBHBIX IMAPaAaMCTPOB MOJKHO BBIPA3HUTH

xX—a

1
27

HaﬁneM BCPOATHOCTL IMOIIAAdHUA HOPMAJIBHO pacnpe):[eneHHoﬁ CﬂyqaﬁHOﬁ BCIIMYHNHBI Ha
BaﬂaHHBIﬁ HHTCPBAJI:

pla<x<p)=F(p)-Fla)= -

[Tpumep. Ciyuaiinas BenuuuHa X UIMEET HOPMAJIbHOE PACIPEACIICHUE C TapaMeTpaMu a = 3,
o = 2. Haiitu BeposITHOCTH TOTO, YTO OHA MPUMET 3HAUCHHE U3 UHTepBaia (4, §).

- 2
X—a ¢ =
yepe3 pyukiuto Jlamnaca, eciu cienarh 3aMeny: t = ——, Torna F(x) = j e 2dt.
o i

B —a N

(6.4)
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Pemenue.

8-3 4-3

PA<x<8)=F@®)-F(@)=d| == |- .= ®(2,5) - D(0,5) = 0,9938 - 0,6915 = 0,3023.

IIpaBuiio «Tpex curm».

Haiimem BeposSITHOCTH TOr0, YTO HOPMAaJbHO paclpejielieHHas ciydaiiHas BeIu4YuHA
MpUMeT 3HaYeHue u3 uHTepBaia (a - 3o, a + 30):
p(a—30 <x<a+30)=0(3)-Dd(-3)=09986-0,0014 = 0.9973.

CrnenoBaTenbHO, BEPOSITHOCTh TOTO, YTO 3HAYCHHUE CIIyYaHOW BEJIIMUUHBI OKAXKETCS GHe
storo wuHTepBana, paBHa 0,0027, To ectb coctaBisieT 0,27% U MOXKET CUHUTATHCS
npeHeopexxumMo Masiol. TakuM oOpa3oM, Ha MPAKTUKE MOXKHO CUHUTATh, YTO 8C€ BO3MOKHBIC
3HAYCHUS HOPMAJbHO pacIpeeICHHON ClydyailHOM BETWYUHBI JeaT B UHTepBaie (a - 3o,
a + 30).

[TonmyuyeHHBI pe3ysabTaT TO3BOJsECT CHOPMYIUPOBATH MPABWIO «TPEeX CHUIM». eciu
CYUAlHAs 8eIUYUUHA pAChpeOoesieHd HOPMAIbHO, MO MOOYIb ee OMKIOHEHUs Om X = a He
npegocxooum 3o.

IMoka3aTebHOE pacnpeaeeHHe.

Onpeodenenue 6.3. IlokazaTelbHbIM (IKCIOHEHIUAIBHBIM) HA3bIBAIOT pacIpe/ielieHne
BEPOSITHOCTEN HEMPEPHIBHON CIy4yalHOUN BEIMYUHBI X, KOTOPOE OMUCHIBAETCS TUIOTHOCTHIO

f(x)z{ 0 x<0 (6.5)

Ae ™™, x>0.

B oriaumune oT HOpMajbHOrO pacmpelefieHus, MOoKa3aTeldbHbIM 3aKOH OIpeAeseTcs
TOJIBKO OJHUM MapameTpoM A. B 3TOM ero mpemmyiiecTBo, Tak Kak OOBIYHO MapameTpbl
pacnpeneneHusl 3apaHee HE M3BECTHbl W HMX MPUXOJIUTCA OLEHUBATh MPUOIHMKEHHO.
[ToHATHO, YTO OLIEHUTH OJIMH MapaMeTp MPOIIE, YEM HECKOJBKO.

Haiinem ¢yHkuuio pacnpesenenus noka3aTeJIbHOTO 3aKOHa!

X 0 X
F(x)= jf(z‘)dz‘ = jO -dt + ije"l’dt =1-e™. CnenoBarensHo,
—o -0 0

0, x<0
F(x)= i (6.6)
I-e™, x20.
Tenepb MOKHO HAWTH BEPOSTHOCTH TOIMAIaHUS ITOKA3aTCIIBHO PACTIPECICHHONW CITy4aiHOM
BEJIMYMHBI B UHTEpBa (a, b):
pla<x<b)=e ™ —e™, (6.7)

3naveHust QYHKIUU e MOKHO HAWTH U3 TaOJIHIL.

Jlexkuusn 7.
OcHogHble Yucn08vle XapaKkmepucmuKu OUCKPEMHbIX U HENPEPLIGHBIX CAYUAUHDBIX 6CTUUUH:
MamemamuyecKkoe oxcuoanue, oucnepcus u cpeonee Keaopamuueckoe omkionenue. Hx
ceolicmea u npumepbl.

3akoH pacripeaencHus (QyHKIUS pactpeiesieHUs U psil pacrpeieNIeHUs WId MII0THOCTh
BEPOSITHOCTH) TIOJTHOCTHIO OMKCHIBAIOT MTOBEICHUE CIy4aiiHOM BelnunHbl. Ho B psije 3amau
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AOCTATOYHO 3HATH HCKOTOPBIC YHUCIJIOBBIC XapPaKTCPHUCTHUKH I/ICCJICI[yeMOﬁ BCIIMY M HBI (HaHpI/IMep,
€C CPCAHCC 3HAYCHUC U BO3MOKHOC OTKIIOHCHHUC OT HCI‘O), yTOOBI OTBETUTH HA MOCTABJICHHBIN
BOIIPOC. PaCCMOTpI/IM OCHOBHBIC YHUCJIOBBIC XaPAKTCPUCTHUKN TUCKPCTHBIX CﬂyqaﬁHBIX BCJIIMYHNH.

MareMaTu4eckoe OKHIaHHUe.

Onpeoenenue 7.1. MaTeMaTH4eCKUM OKHJAAHUEM JUCKPETHOU CIydyaliHON BETUYUHBI
Ha3bIBa-€TCS CyMMa MPOU3BEICHUN €€ BO3MOKHBIX 3HAUYEHU HA COOTBETCTBYIOIIUE UM
BEPOSITHOCTH:

MX)=x1p1 +xop2+ ... FX,pp (7.1)

Ecau unciio BO3MOXKHBIX 3HAUCHUHN CITydaifHOM BEIMYMHBI OECKOHEYHO, TO M (X) = le. p, , €CIHU
i=1

MOJTYYEHHBIN Pl CXOIUTCSI aOCOIIOTHO.

3ameyanue 1. MareMaTuyeckoe 0KUJaHNE HA3BIBAIOT MHOT/A 836€ULEHHBIM CPEOHUM, TaK KaK
OHO MPUOIMKEHHO PaBHO CPeAHEMY apUPMETHUECKOMY HAOIIOaeMbIX 3HAaUCHUM CITydaiHON
BEJIMYUHBI TIPU OOJILIIIOM YHUCJIE OTBITOB.

3ameuanue 2. VI3 onipenenieHUs MAaTEMAaTUYECKOTO OKUJAHUS CIEYET, YTO €ro 3HAUCHUE HE
MEHBIIIE HAUMEHBIIIETO BO3MOYKHOT'O 3HAUYEHHUsI CITy4YallHOW BEJIMUMHBI U HE OOJIbIIIE
HauOOJIbIIIE-TO.

3ameuanue 3. MaTeMaTH4ECKOE 0KUIAHUE JUCKPETHOM CIy4ailHOW BEJIMYUHBI €CTh HECaAYYAall-
Has (MIOCTOsSIHHAS ) Benu4ynHa. B nanpHeimemM yBuIuM, 4To 3TO e CIPaBEIJIMBO U JJIs1 HETIpe-
PBIBHBIX CITyYalHbBIX BEJIMYMH.

ITpumep 1. Halinem MatemaTtuueckoe OXKUIaHUE CIy4allHOW BEIUYMHBI X — yucia
CTaHJAPTHBIX JeTajiel cpeau TpeX, 0TOOpaHHBIX U3 maptuu B 10 getanei, cpear KOTOPhIX 2
OpaxoBaHHbIX. CocTaBUM psif pacnpeaeneHus 1t X. W3 ycioBus 3amauu cineayeT, 9to X

1 2 2 3
MO>KET IIPUHUMATh 3HaueHus 1, 2, 3. p(1) = Gy 3C ! —, p(2) :% 7 p(3) = C§ _
cl 15 co15 cl 15
Torma
M(X)=1-~12.L43. 24
15 15 15

[Tpumep 2. Onpenenum MaTeMaTHYECKOE OKUJAHUE CITyYallHOM BeIMYMHBI X — yKciia OPOCKOB
MOHETHI JI0 MIEPBOT0 MOSBICHUS repOa. ITa BeTUYMHA MOXKET IPUHUMATh OECKOHEYHOE YHUCIIO
3HauYeHUN (MHOXKECTBO BO3MOKHBIX 3HAUEHHUI €CTh MHOXECTBO HaTypalbHBIX 4Kceln). Psy ee
pacupeneseHuss UMeeT BUL:

X 1 2 n

p 0,5 (0,5)’ (0,5)"

Torma M(X)= Z 1+2 (ljz+3 (ljer tn- ( ] wi+1 wi+ +
n]2n 2 2 2n:]2n

1 &1 I 1 1
+2—nzz—n +..=1- (1 +— 2 +— 2 +.. +2— +.. ] =1-2=2 (Npu BBIYUCIECHUHU JBAXKIbI UCIIOJIH30BANTACH
n=1

. o b
dbopmyna cyMMbl OECKOHEYHO YOBIBAIOIIEH r€OMETPUUECKON MPOrpeccuu: S = 1—‘, OTKyJa
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JAucnepcus.

J1jist TOro, YT00Bl UMETH MPEACTABICHHUE O MOBEACHUM CIIYYailHOW BEIMYMHBI, HETOCTATOYHO
3HATh TOJIBKO €€ MaTeMaTU4EeCKOE OKHAaHue. PaccMoTpuM 1B CiiyyaliHbIE BETUUUHBL: X 1
Y, 3a1aHHBIE pSIaMU paclpeaesIeHUs] BUIa

X 49 |50 |51 Y|0 |100

pl0,1]087]0,1 21050,

Haiinem M(X) =49-0,1 +500,8 + 51:0,1 =50, M(Y)= 00,5 + 100-0,5 = 50. Kak BugHO, MaTe-
MaTUYECKUEe OKUJIaHUsI 00EUX BEJIUYUH PaBHbI, HO eciu g X M(X) XOpoIno onuchiBaeT MoBe-
JICHUE CITy4allHOUW BEJIUYHMHBI, SIBJSACH €€ HanboJiee BEPOSITHBIM BO3MOYKHBIM 3HAUEHUEM (TIpH-
YeM OCTaJIbHbIC 3HAaUEHUSI HEHAMHOT'0 OTInYatoTcs ot 50), To 3HaUeHus1 ¥ CyIeCTBEHHO OTCTO-
at ot M(Y). CnenoBaTenbHO, HApsIAy C MAaTEMAaTUIECKUM OXKUJIAHHEM KeJlaTeIbHO 3HATh, Ha-
CKOJIBKO 3HAYEHHUSI CIy4YailHOM BEJIMYMHBI OTKJIOHSIIOTCSL OT HEro. Il XapaKTepUCTUKU 3TOTO
MOKa3aTeNsl CIYKUT JUCTIEPCUSL.
Onpeoenenue 7.5. Jlucnepcueii (paccesiHueM) CydyaifHOM BEJIMYMHBI HA3bIBACTCSI MaTEMAaTH-
YECKO€ 0XKMJAHUE KBaJpaTa €€ OTKIOHEHHUS OT €€ MAaTEMATUYECKOTO OKUAAHUS:

D(X) = M (X~ M(X))> (7.6)
ITpumep.

Haiinem nucnepcuto ciydaitHoi BeTuduHbl X (4uciia CTaHIapTHBIX JIeTallel cpeu
0oTOOpaHHBIX) B IpuMepe 1 TaHHOM JeKIuu. BeraucauM 3HaueHUs1 KBajipaTa OTKIOHEHHUS
Ka)KJI0r0 BO3MOKHO-TO 3HAYCHHUS OT MAaTEeMaTHUYECKOI'0 OKHUJaHUS
(1- 2,4)2 =1,96; (2 — 2,4)2 =0,16; 3 — 2,4)2 = 0,36. CaenoBaTeibHO,

1 7 7 28

D(X)=196-—+0,16-—+0,36-— ==~ 0,373.
15 15 15 75

3ameuanue 1. B onpeneneHnn AUCTIEPCUH OIIECHUBACTCSI HE CaMO OTKJIOHEHHUE OT CPEIIHEro, a
€ro KBaJIpaT. ITO CHIEeJIaHO JIJIS TOTO, YTOOBI OTKJIOHEHHUS Pa3HBIX 3HAKOB HE KOMITCHCHPOBAIH
ApYT Apyra.

3ameuanue 2. VI3 onpeienieHns: JUCTIEPCUU CIIEAYET, YTO 3Ta BEIUYMHA IPUHUMAET TOJIBKO
HEOTPHUIIATEIbHBIC 3HAYCHHSI.

3ameuanue 3. CyiiectByeT Oosee ynoOHas i pacyeToB (opMyJia JiJisi BBIYUCICHUS
JUCTIEPCUH, CTIPABEIIIMBOCTh KOTOPOH IOKa3bIBAETCS B CICAYIOIIEH TeOpeMe:

Teopema 7.1. D(X) = M(X?) — M *(X). (7.7)
Jloka3aTenbCTBoO.
Hcnonb3yst 10, uto M(X) — TOCTOSIHHAS BEIMYMHA, U CBOMCTBA MaTEMaTHYECKOTO OXKHTaHMS,
npeobpazyem dopmyny (7.6) Kk BUIY:

D(X) = M(X — M(X)? = MO - 2X-M(X) + M2(X)) = M(X?) — 2M(X)- M(X) + M2(X) =
= M(X?) — 2M*(X) + M*(X) = M(X?) — M?*(X), uTro u TpeboBaJIOCh TOKa3aTh.

HpI/IMep. Brrancimnm AUCTICPCHUHA CﬂyqaﬁHBIX BeJIMUMH X U Y, PAaCCMOTPCHHBIX B HAYAJIC 3TOI'O
pasmena. M(X) = (49%0,1 + 50*:0,8 + 51*0,1) — 50> = 2500,2 — 2500 = 0,2.

M(Y) = (0>0,5 + 100>0,5) — 50% = 5000 — 2500 = 2500. Hrtax, Aucrepcus BTOPOil CIIy4aiHOM
BCJIMYMNHBI B HCCKOJIBKO THICAY Pa3 60J'IB]_HC AUCTICPCHUHA HepBOﬁ. Taxum O6p330M, JAKE HC 3Haid
3dKOHOB pacCIIpCACICHUA 3TUX BCINYNH, 110 H3BCCTHBIM 3HAYCHUAM AUCIICPCUN Mbl MOKEM
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YTBCPIKAATD, UYTO X MaJio OTKJIOHSIETCS OT CBOEIrO0 MaTEMaTUYECKOTO 0K OaHUs, B TO BpEM:A KaK
JJIA Y 5TO0 OTKIIOHEHHE BechMa CYHICCTBCHHO.

Jekuusa 8
YucsioBbIe XapaKTEPUCTUKH HeNPEPbIBHBIX CJAYYaiiHbIX BeJIHYHH.

PaCHpOCTpaHI/IM OIIPCACICHUS YUCIIOBBIX XdPAKTCPHUCTHUK CﬂyqaﬁHBIX BCJIMYMWH HA HEIIPC-
PBIBHBIC CquaﬁHBIe BCIIMYWHBI, OJIAA KOTOPBIX INIOTHOCTH PACIIPCACIICHUA CIIYKUT B HCKOTO-
POM pOAC aHAJIOTOM ITOHATHUA BEPOATHOCTHU.

Onpedenenue 7.7. MaTeMaTH4eCKUM OKMJAAHUEM HEIIPEPHIBHON CIIy4ailHOW BETMYUHBI
Ha3bIBACTCS

M(X)= +j:oxf(x)dx. (7.13)

—0

3ameuanue 1. O0uiee onpeaeeHne TUCIepCu COXpaHsIeTCs A1 HEPEPHIBHON Cly4alHOM
BEJIMYMHBI TAKUM K€, KaK U I JUCKpeTHOU (omp. 7.5), a hopmMya Jiisl €€ BRIUMCICHUS
UMeeT BUJL:

D(X) = jx F(xX)dx — M*(X). (7.14)

CpenHee KBaJpaTHUECKOE OTKJIOHEHUE BhIUUCISAETCS 110 popmyde (7.12).

3ameyanue 2. Ecnu Bce BO3MOXKHbBIE 3HAUEHUS HETPEPBHIBHOW CITy4yallHON BEIMYUHBI HE
BBIXOJISIT 32 Mpeielibl HHTepBana [a, b], To unterpansl B popmynax (7.13) u (7.14) Beruncis-
I0TCA B 9TUX Mpejerax.

ITpumep. [InoTHOCTH pacnpeneeHus Cayd4alHOW BEIMYUHBI X UMEET BU:

0, x<2
f(x)= —%(x2—6x+8), 2<x<4
0, x>4.
Haiitu M(X), D(X), o.
4
37 2 3(x° 3 2
Pemenue. M(X)z—zjx(x —6x+8)dx=—z T—2x +4x =3;
’ 2
4 5 4 3
D(X)=—%jx2(x2—6x+8)dx—9=—% %—%+% ~9=92-9=02; o =4/02 0,44

2

YucsoBblie XapaKTCPUCTUKH CﬂyqaﬁHbIX BCJIMYIHUH, MMCIOIIIUX HEKOTOPLIC
CTAaHAAPTHLIC 3AKOHBI paclpeac/JicHus.

1. BuHOMHAJIbLHOE pacnpeae/IeHue.

JI71st AUCKPETHOM CIydaiHOM BEJTMYMHBI X, MPEICTABIISIIONIEH COOOM YUCIIO TTOSIBIICHUM
COOBITHS A B CEpPUM U3 11 HE3aBUCUMBIX UCIIBITAHUN (CM. JieKIuto 6), M(X) MOXHO HaWTH,
HCTOJIb3Ysl CBOMCTBO 4 MaTeMaTudyeckoro oxujaanus. [lycts X; — uncno nosiBnenuit 4 B
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IICPBOM UCIIBITAHWH, Xz — BO BTOPOM H T.HO. HpI/I 9TOM KaXXaas u3 CﬂyqaﬁHBIX BCIIMYMH )(,
3a1aCTCA pAAOM PACIIPCACICHUS BUOAA

01

Di

qlp

CnenoBarensHo, M(X;) = p. Torna M(X) = Zn:M(XI.) = Zn:p = np.
i=1 i=I

AHaNOru4HbIM 00pa3oM BeIYUCIUM aucnepcuto: D(X;) = 0>qg + 1>p — p>=p —p* =p(1 — p),

OTKy/a 1o cBoiicTBy 4 nucnepenn D(X) =D D(X,) =np(1- p) = npq.
i=l

2. 3akon Ilyaccona.

ﬂ’l 0 a
, T0 M(X) = Zm—e =qge ‘) ———=ae ‘e’ =a (ucHoNB30-
m=1 m=1 (I’I’l - 1)!

BaJIOCH pas3iiokeHue B psag Teitnopa GyHKIHU €").

m—1

Ecmu p(X = m) =

m 0 m—1
—-a

e a a
71 OIpeieseHHs AucIepcuy HaiineM BHauane M(X) =S m’ e =aSm— e =
1 pen JHCIIEP il ( , (m_D)!
m=1 m! m=1 m— .

-1 y o g e
_a;((m 1)+1)( _)' (;(m—) _l)'e +mz—;—(m—1)!e J—a(a+1).

[loatomy D(X)=a*>+a—a*=a.

3ameuanue. Takum 00pa3oM, OOHAPYKEHO HHTEPECHOE CBOWCTBO pacIpeleeHus
[Tyaccona: MareMaTH4ecKoe OKHaHNE PaBHO IUCIIEPCHH (M PaBHO SIUHCTBEHHOMY
napameTpy @, ONpeesIoeMy pacipeieleHue).

3. PaBHOMepHOe pacnpeaeJieHue.
J171s1 paBHOMEPHO pacHpeieSICHHON Ha OTpe3Ke [a, b] HenpephIBHOW CiiydyalHOW BEIMUMHBI
b

b 2 _
M(X)zjx PR _b’—a’ a+b
. b—a 2(b—a) 2(b a) 2

, TO €CTh MaTCMAaTHYCCKOC OKHNAaHHUC

PaBHOMCPHO pacnpeneneHHoﬁ cnyqaﬁHoﬁ BCJIMYMWHBI paBHO a6cu1/1cce CCPCANHBI OTPE3KaA

[a, b] .

Jucnepcus
b 2 33 2 2 2 2 )
D(X)=J'x2de—(a+b) _b'—a’ (a+b)’ _a’+ab+b’ a’+2ab+b’ _
. b—a 4 3(b—a) 4 3 4
_(b-a)’
12

4. HopMasibHOe pacnpejesieHue.
JI71s1 BBIUHUCIICHUSI MATEMAaTUYECKOTO OKUJIAHUSI HOPMAJIBHO PaclpeeICHHON CllydyailHon

2
V4

BEJINYMHBI BOCIIOJIB3YEMCS TEM, UTO unmezpan Ilyaccona I e *dz=+2r.

+o0 (X 0) 2

jxe Cdx=(z= O_a) \/_J'(oz+a)e2dz_

M(X)—
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2

1 — a
= J oze *dz+—— e *dz =0+ ——~/27 = a( nepBoe ciaraemoe papHo 0, Tak

j e
N2 e N2r1 N2r1
KaK TOJIbIHTETpaTbHas (YHKIHS HEUETHA, a MPE/Iebl MHTETPUPOBAHUS CUMMETPUYHBI
OTHOCHUTEJILHO HYJIS).

_(x-a)? Gl 2 2
(x—a)’e > dxz—jz-ze *dz=(u=z,dv=ze *)=

N2 e

D(X) =

0\/_j

2 z?
O _

= —z-e? +ijje_z:dz =%(—O+\/ﬂ)=02

CrnenoBatenibHO, TApaMETPbl HOPMAIBHOTO pacIipesielieHus (a U o) paBHbI
COOTBETCTBEHHO MATEMATUYECKOMY OXKHUJIAHHUIO U CPETHEMY KBaAPATUYECKOMY
OTKJIOHEHHIO UCCIIENYEMOW CIIy4alHON BEJIUYMHBI.

— Q0

Jekuusn 9
OcHnoenble nonamua mamemamuyeckou cmamucmuxu. I'enepanvnas cosokynnocmeo u
evloopka. Bapuayuounutii pao, cmamucmuueckuil pao. I pynnuposannas evioopka.
I'pynnuposannstii cmamucmuyeckuii psao. Ionuzon wacmom. Bvioopounas ghynkuyus
pacnpeoenenusn u 2UCmozpamma.

MaremaTnueckasi CTaTUCTUKA 3aHUMAETCS YCTAHOBJICHUEM 3aKOHOMEPHOCTEN, KOTOPBIM
MOIYMHEHBI MacCOBbIE CIy4alHbIE SIBJICHUS, HA OCHOBE 00pa0OTKM CTATUCTUUECKUX JTAHHBIX,
MOJIYYCHHBIX B pe3yJibTaTe HaOMoAeHUH. JIByMs OCHOBHBIMM 33Ja4aMH MaTeMaTHUECKOM
CTATUCTHUKU SIBIIAIOTCS:

- onpeiesieHre crnoco0oB coopa U TPYNIUPOBKH STUX CTATUCTHUECKUX JTAHHBIX;

- pa3paboTKa METOJIOB aHAIM3a MOJYYSHHBIX JAHHBIX B 3aBUCUMOCTHU OT LIeJIel UCCIIe0BaHMs, K
KOTOPBIM OTHOCATCS:

a) OlLIEHKAa HEM3BECTHON BEPOATHOCTU COOBITHUS; OIIEHKAa HEU3BECTHON (PYHKIIMU pacpeieNIeHus;
OLIEHKA MMAPaMETPOB pacCHpeIeNICHUs], BUJ KOTOPOrO0 U3BECTEH; OLIEHKA 3aBUCUMOCTH OT APYTUX
CIIy4YalHbBIX BEJIUYMUH U T.1.;

0) mpoBepKa CTaTUCTUYECKUX TUIIOTE3 O BUAE HEM3BECTHOTO pacpeeeHUs WIH O 3HAUYEHUAX
MapaMeTpPOB U3BECTHOIO PACIIPEICTICHHUS.

Jljist perieHust ATUX 3a/1a4 He0OX0JMMO BbIOpATh U3 0OJIBIION COBOKYITHOCTH
OJIHOPOJHBIX 00BEKTOB OIPAaHUYEHHOE KOJIMYECTBO OOBEKTOB, MO pe3yJbTaTaM U3YUYEHUs! KOTOPBIX
MO>KHO CJ€JIaTh MPOTHO3 OTHOCUTEIBHO HCCIEIyeMOro Npru3HaKka 3TUX 0ObEKTOB.

Ornpenennum OCHOBHBIE IOHATUSA MAaTEMATUUECKON CTATUCTUKH.

I'eHepaibHasi COBOKYIHOCTh — BCE MHOKECTBO UMEIOIINXCS OOBEKTOB.

Bbi0opka — HaOop 0OBEKTOB, CIyYaliHO OTOOPAHHBIX U3 T€HEPATbHON COBOKYITHOCTH.
O0beM resHepajibHON COBOKYNMHOCTH /V U 00beM BBIOOPKH # — YUCJIO OOBEKTOB B
paccMaTpuBaEMOi COBOKYITHOCTH.

Bunbl BeIOOpKU:

IloBTOpHAs — KaXXbIil OTOOpaHHBIN 0O0BEKT MEepe] BHIOOPOM CIIEAYIOIIETO BO3BpaIiaeTcs B
re€HEPaIbHYI0 COBOKYIIHOCTb;

BbecnoBTopHasi — 0T0OpaHHbBIN O0BEKT B FT€HEPATbHYIO COBOKYITHOCTh HE BO3BPAIIAETCSI.
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3ameuanue. JIns Toro, 4ToOBI 1O UCCIEAOBAHUIO BEIOOPKH MOKHO OBLIO CI€TIaTh BHIBOJIBI O
MOBEJICHUM UHTEPECYIOIIEr0 HaC MpU3HaKa TeHEPaIbHOM COBOKYITHOCTH, HY>KHO, YTOOBI BHIOOpKa
MPaBUJIBHO MPEJICTABIISIIA MPOMOPIIMHU T€HEPAITBHOM COBOKYITHOCTH, TO €CTh Obla
penpe3eHTATUBHOM (IIPECTABUTEIBHOMN). YUUTHIBAs 3aKOH OOJBIINX YHCEN, MOKHO YTBEPKIATh,
YTO ATO YCJIOBHE BBIMOJIHSIETCS, €CIIU KKl 00BEKT BBIOpaH CIydaifHO, IPUYEM JIJIsl JTF000T0
00BbEKTa BEPOSITHOCTD IMOMACTh B BELIOOPKY OJIMHAKORBA.

IlepBuuHnas 00padoTKa pe3yabTaTOB.
[IycTh uHTEpECYIOIas HAC Cy4yaliHas BelUYruHa X MPUHUMAET B BBIOOPKE 3HAYEHUE X| 1)

k
pas, X, — 1, pas, ..., X — M, pa3, IpH4eM Y n, =n, T1e 1 — 00beM BeIOopkH. Torna HabroaeMbie

i=1
3HAYEHUSI CIIyYailHON BEJIMYMHBI X1, X2,..., X, HA3bIBAIOT BAPUAHTAMM, a 1y, Ny,..., H; —
yacrtoramu. Eciu pa3nenuTh KaXxayro 4acTOTy Ha 00hEM BBIOOPKH, TO MOJYYUM OTHOCUTEIbHbIE
n.
yacTorsl w, =—-. [locaenoBaTeIbHOCTh BAPUAHT, 3aIIUCAHHBIX B MOPSAIKE BO3PACTAHUS, HA3bIBAIOT
n
BAPHALMOHHBIM PSIZIOM, a IEPEUYCHb BAPUAHT U COOTBETCTBYIOIIMX UM YAaCTOT WU
OTHOCHUTEJIBHBIX YaCTOT — CTATUCTHYECKUM PSAOM:

Xi X1 X2 v Xk
n; n ny v ny
Wi Wi %) v Wi

ITpumep.

[Tpu mposeaenuu 20 cepuii u3 10 6poCcKOB UTPaTbHON KOCTH YKCIIO BHITIAJIEHUN IECTH
OUYKOB OKazaynoch paBusMm 1,1,4,0,1,2,1,2,2,0,5,3,3,1,0,2,2,3,4,1.CocTaBUM BapUallMOHHBINA PsIA;
0,1,2,3,4,5. Cratuctuueckuit psij AJisi aOCOMIOTHBIX U OTHOCUTEIBHBIX YaCTOT UMEET BU/I;

X 0 | 2 3 4 5
n; 3 6 5 3 2 |
W 0,15 0,3 0,25 0,15 0,1 0,05

Ecnu ucciieayercss HEKOTOPBIH HENPEPBIBHBIN MPU3HAK, TO BAPUAIMOHHBIN PsJT MOKET
COCTOSITh M3 OYCHB OOJIBIIIOTO KOJIMUYECTBA Ynces. B 3ToMm ciydae yno0Hee UCTIONb30BaTh
rPYyNIHUPOBAHHYIO BBLIOOPKY. /I ee mojydeHus: HHTepBaj, B KOTOPOM 3aKII0YCHBI BCE
Ha0JTI0JacMbIe 3HAYCHUS TPU3HAKA, Pa30MBAIOT HA HECKOJIBKO PaBHBIX YaCTUYHBIX HHTEPBAIOB
JUTMHOM /1, a 3aTeM HaxXOIAT JIJIS KaXI0I0 YaCTHYHOTO MHTEPBAa 71; — CyMMY 4acTOT BapUaHT,
nomaBHIuX B i-ii uHTepBaji. CocTaBACHHAS 110 ATHM Pe3yJibTaTaM TaOJIKIla Ha3bIBACTCS
TPYNIHUPOBAHHBIM CTATHCTHYECKUM PAIOM
Howmepa 1 2 k
HWHTEPBAJIOB
['panuIB (a, a + h) (a+h a+2h) (b—h, b)
HWHTEPBAJIOB
Cymma yactor
BapHaHT, n ny . g
TIOTIaB-
KX B
HUHTEPBAJ
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IHonuron yacror. BeibopouHasi QyHKUUs pacnpenejeHusi 1 THCTOIPaMMa.

JIJIsl HarJ IS AHOTO TMPECTABICHHUS O MOBEICHNN UCCIICAYEMOM CIIy4aifHOW BEJIMYUHBI B
BBIOOPKE MOKHO CTPOMTH pazinyHbie rpaduku. OUH U3 HUX — MOJUTOH YacTOT: JJOMaHas,
OTPE3KU KOTOPOH COSAUHSIOT TOUKH C KOOpAUHATAMU (X1, 1), (X2, 12),..., (Xi, My), T X;
OTKJIAJIBIBAIOTCS HAa OCH aOCITUCC, a 17; — Ha OCH opAWHAT. Ecu Ha ocH OpJIMHAT OTKJIaIBIBATh HE

a0COJIIOTHBIE (7;), @ OTHOCUTEIIbHBIC (W;) YaCTOTHI, TO MOJYYUM MOJUTOH OTHOCUTEILHBIX YaCTOT
A

v

Puc. 1.
[To ananoruu ¢ pyHKIMEH pacupenesieHus ClIy4YaliHOW BEJIMYMHBI MOXKHO 33/1aTh
HEKOTOPYI0 (DYHKITUIO, OTHOCUTEIILHYIO YaCTOTY COOBITHS X < X.

Onpeoenenue 15.1. BbioopouHoii (AMnupuYeckoii) pyHkumeii pacnpeaejaeHust Ha3bIBAIOT
byHkIuo F*(x), onpenensoniyo sk KaXK0T0 3HAYCHHUSI X OTHOCUTEIBHYIO YaCTOTY COOBITHUS
X < x. Takum 06pazom,

nx

Fr(x)="-x, (15.1)

rac n, —49uciio BApuaHT, MCHbIIHUX X, 11 — 00BeM BBI60pKI/I.

3ameyanue. B oTnnymre OT SMIUPUYECKON PYHKIIUU pacTpeeieHus], HallIeCHHON ONBITHBIM ITyTEM,
¢byHKUMIO pactpeaenenus F(x) reHepaabHON COBOKYITHOCTH Ha3bIBAIOT meopemuyeckol QyHKyueu
pacnpeoenenus. F(x) onpenensier BEpOATHOCTh COObITHS X < X, a F*(x) — ero OTHOCUTENIBHYIO
yactoty. [Ipu qoctarouno 6osbIuX 77, Kak cienyeT u3 Teopembl bepaymim, F*(x) ctpeMuTcs mo
BEPOSITHOCTHU K F(x).

W3 onpenenenust sSMIMpUYECcKON GyHKIIMU pacpeeseHus] BUHO, YTO €€ CBOMCTBA COBIAIAIOT
co cBoiictBamu F(x), a UMEHHO:
1) 0<F*x)<1.
2) F*(x) — neyObiBatomas QpyHKIus.
3) Ecnu x; — HauMeHbIas Bapuanta, To F*(x) = 0 npu x< x;; €CJiu X, — HauOoJbIIas BapraHTa, TO
F*x) =1 opux>x,.

I[JISI HCIIPCPBIBHOT'O IIPHU3HAKA Fpa(i)quCKOﬁ HHHIOCTpaHHCfI CIIY>XXUT rucrorpamma, 1o €CTb

CTyIICHYaTasa (I)I/Il“ypa, cocTosAniasa U3 MpAMOYroJIbHUKOB, OCHOBAHUAMM KOTOPBIX CIIYKAT
YaCTUYHBIC NTHTCPBAJIbL IUIHHOﬁ h, d BBICOTAMHU — OTPC3KHU I[JIHHOﬁ n; /h (FI/ICTOFpaMMa IlaCTOT) 501041
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Wi /h (FI/ICTOFpaMMa OTHOCHUTCIIBHBIX Ila,CTOT). B MCPBOM CJIy4dac Iiomaab TUCTOIrpaMMbI paBHA
A

v

00beMy BBIOOPKH, BO BTOPOM — eIMHUIIE (puc.2). Puc.2.
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