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CnyyaitHbie cOObiTUR

1.1. NMpeameT Teopun BEpPOATHOCTEA

Jliobad ToUHAA HAYKA R3YYAET HE CAMH ABJICHHA, TPOTEKAFOIIUE B ITPH-
pome, B obmecTBe, a UX MATCMATHIECKHE MOJE/H, T. €. ONHCAHNE ABJCHMI
NpH IOMOMHK HAGOPa CTPOro OLPEREeHHBIX CHMBOJIOB U OIEPANHil 13l HH-
mu. IIpu 9ToM A715 HOCTPOEHHA MaTeMaTUYECKON MOJIENIH PeayibHOrO fABJIe-
HHS BO MHOPHX CJIy9YadX JOCTATOYHO YIUTHIBATH TOJILKO OCHOBHBE (DaK-
TOPBI, 33KOROMEDHOCTH, KOTODBIE TO2BOJIAIOT NPEABUIETh PE3YJbTAT OIbl-
Ta (HaHNI0AEHNS, PKCIIEPUMEHTA,) 110 ero 33/ aHHBIM 1A9aJbHBIM yCJIOBUSIM.
ITUM H 32HUMAIOTCS GOJNBIIMHCTBO MATEMATUYECKHX (¥ APYTUX) IMCIM-
JiaH. O0HapyXEHHBIE 32KOHOMEPHOCTH ABJIEHUA HA3BIBAIOTCA Jemepmunii-
emuveckumu (onpenesiennniMu). Tak, wanpumep, dopmysa

— 142
S—zgt

N03BOJIAET HAUTH [YTh, TPORIeHHbIN CBOGOIHO [TAIAIONIAM TEJIOM 34 t Cce-
KYHI OT Ha4YaJa, JBHKEHWL.

OpHako ecTh MHOXKECTBO 3a7aM, A PElleHHs KOTOPHIX HPUXONMTCH
(ramo!) yumThiBarh ¥ coyualinbie dhakToOpbl, NPHAAOIME HCXOMY ONBITA
JIeMenT HeonpeneneHnocTn. Hanpumep, 8 Bonpocax crpenns6bl Ho nesn He-
BO3MOXKHO 03 yueTa CiaydaHlubiXx (akTopoB OTBETHTDL HA BOLUPOC: CKOJILKO
PaKeT HYKHO IOTPATHTD U1 Nopaxenus esu! HeposMox o npeackasars,
KAaKas CTOPOHA, BHMaaeT npu Bpocannu MoHeTbl. CKONBKO JET IPOXHBET
pomuBmMHCH cerogua pefenok? CKONBKO BpeMmeHH npopaforTacT KylJIeH-
nbifl RaMu Testiesn3op? CKOJIBKO CTYHEHTOB ONO3OAI0T HA JIEKIIHIO 110 Teo-
pus BepoaTHocre#? W 1. g Taxue 3aga4um, HCXOR KOTOPHIX HEJIb3A NPEH-
CKa3aTh ¢ IOJHOH YBEPEHHOCTBIO, TPeOYIOT M3YYCHUS HE TOJILKO OCHOB-
HBIX, MIABHBIX 3AKOHOMEPHOCTEH, OIpPCHEeNANNX ABICHHe B 06uux yep-
TAX, HO ¥ CAydJalHbIX, BTOpOCcTeneHublX (hakTopos. BoiapiieHubie B TAKKUX
3aagax (ONBITAX) 3AKOHOMEPHOCTH HABHIBAKTCA CIMAMUCmuseckumy (wnm
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1.2,

seposmuocmuoimi ). CTATUCTHYCCKME 3AKOIOMEPHOCTH UCCICIYIOTC MeTo-
JAMH CleIMAJIBbHBIX MATEMATHYIECKUX JIACHMILIIHH — TEOPUH BepOsTHOCTER
U MaTeMATHYCCKOH CTaTHCTHKU.

Teopus seposmuocmeti — MaTeMaTUYeCKasi HAYKA, H3YUAIONIAA 3AK0-
HOMEPHOCTH, NMPUHCYIIME MacCOBbIM caydaliueiM apBieauaM. [Ipu aroM wus-
yIaeMble ABICHUA PACCMATPUBAKTCH B alcTpakTHOH dopMe, He3aBHCHMO
OT BX KOHKpeTHO#l npupoael. To ects Teopus BeposTHOCTEH paccMarpHba-
©T H¢ CAMH DeaJIbHbIE ABJIEHUA, a HX YIPOIEHHbIE CXeMbl — MaTeMAaTHIe-
ckue Monenu. Ipedmemom meopuu sepoamuocmet] ABIAIOTCA MATEMATH-
qecKHe Mofestd cayuainex apiienuil. [Ipu sroM mon cayuwatinsis seaenuem
IIOHMMAKT ABJIEHUE, NPEICKAZATL MCXOI KOTOPOrO HEeBO3MOXKHO (Mpu He-
ONHOKPATHOM BOCITPOMZBEIEHHH OJIHOIG ¥ TOTO K€ ONBITA OHO NpPOTEeKaeT
KaXUbH pas HecKoubKO 10-nHOMY). {Ipumepn cayuoiinwr asaenudl: Bbl-
nageHue repda NpH NMOnOPACHIBAHMHE MOHETBI, BRIMTPBIN 10 KYIJIEITHOMY
AcTepedHOMY OHJETY, pe3yabTAT UaMepeHns Kakod-mubo BeJTHYHHBI, I1JTH-
TEIBHOCTb PAOOTLI TEJEBU30Pa M T. 1.

Heaw meopuu sepoamuocmed — OCYHIECTBICHHE TIPOTHO3a, B 0bnacTn
CJOYJAHHBIX SBJIGHWH, BJMAHKE HA XOI, 3THX ABJIEHUH, KOHTPOJIb WX, OTPa-
Hudenue chepol geficTsua caydaltnocTtu. B macrosniec BpeMa HET IPaKTH-
qecKH HH onmo#t obnacT Hayxmn, B KoTopo# B Toff Mam wmHON cTeneny He
OPHUMEHIIUCE Obl BEPOITHOCTHLIC MCTOJIBI.

Cny4daitdblie cobbITUR, X Knaccudpukaumusa

CHauasta onpenesTuM TOHATHE «CIYYaiHoe COBBITAE» UCXOAT 13 €70 HH-
TYUTUBHOTC, HAMVIATHOIO HoHUMaHud. [lycTs mpoBogHTCA HEKOTOPBIH OBIT
(sKcnepuMenT, HAGJIOJeHEHEe, MCIILITAHHME ), HCXO KOTOPOr0 IPEICKA3ATD 33-
paHee Hesib3si. Taxue 3KCIEPUMEHTHL B TEODHH BEPOSTHOCTEN HA3BIBAIOT
cayvatinoemte. Tpr 3T0M PACCMATPHBAIOTCA TOJIBKO TAXUE HKCTEPHMEHTDI,
KOTOPBIE MOXKHO NOBTOPATH, XOTA OB TEOPETHUCCKH, TIPH HEU3MEHHOM KOM-
IJIEKCE YCJIOBHH ITPOM3BOJIBHOE MUCIIO PA3.

Cayuatinom cobomuem (MM IPOCTO: cobumuem) HA3BIBAGTCH JTIOBOH
HCXOJI, OTILITA, KOTOPHIH MOMXeT Npou30iTH i He npons3oiTy.

CobpiTus 0003HAYAKTCA, KAK [IPABUJIO, 3alJIaBHBIMKU DyKBamu J1aTHH-
ckoro aqpasnta: A, B, C, ... .

Opumep 1.1. OnwiT: Gpocanue urpadpnol koctn; cobpitie A — poina-
nenue B oMkoB, cobbtrae B — BLINAIEHME YeTHOTO YHCIA 04KOB, CODBITHE
(' — shinaneHue 7 04KOB, cOOBITHE D — BRIMADEHUE LIEJIOr0 YUCIA OYKOB,
cobplTve B — BHIAJeHHE He MeHee 3-X O9YKOB, ....
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HenocpeacTBeHHble HCXOBI OMBITA HABBIBAIOTCA IACMEHINAPHBMY CO-
fuimuamy W 0003ZHAYAIOTCA depe3 w. JeMeaTapHble cobbrtna (UX HA3bI-
BAIOT TAKKE «IJEMEeHTAMU», «TOYKAMH», «CAYYAAMUS) PACCMATPHBAIOTCA
KaK HepaznoXUMble U B3aHMOUCKJIIOYAIONME UCXOObL Wy, We, W3 ... 3TOTO
OTIBITA.

MuOxeCTBO BCEX 9JIEMEHTAPHBIX COObITHH HA3BIBASTCH NROCTDAHCI-
BO0M IACMEHMAPHBT cobbmul wau npocmpancmeom ucrodos, obosHaMaeT-
ca gepes ).

Pacemorpum npumep 1.1, 3peck 6 aseMenTapHbIX COOBITHIE w1, Wa, W3,
wy, Ws, we. COOLITHE w; 03HAYALT, YTO B pe3yNibTare BPOCAHUS KOCTH BbI-
naJo ¢ O4KkoB, 1 = 1,2,3,4,5,6. [IpocrpaHcTBO 31eMeHTAPHLIX COORTTHi
takoso: ¥ = {w, wa, ws, ws, ws, we} wm @ = {1,2,3,4,5,6}.

CobriTHe Ha3BIBACTCA JoCTOGEPHbIM, €CJTH OHO 0DA3ATENHLHO HACTYIIUT
B pesyJibTare DAHHOIO ONLITA, 0Do3HavaeTca uepes (1.

CobbITie HASKIBACTCS HEGOZMOMCHDIM, CCIIH OHO 3aBEIOMO He FPOou3oi-
JeT B pesyArTare NpoBeIeHUs OnbiTa, 0Do3HAYALTCA Yepes &,

B npumepe 1.1 cobbirus A u B — coyualtume, coberrue C — HEBO3-
MOXHOe, cobnITHe D) —— mocroBepHoe.

JIBa cOOBITHA HA3ZBIBAIOTCS HECOBMECTIHBLMU, ECJIH TOABICHHE OTHOTO
W3 HUX UCKJIIOMAET MOHBIEHHE IpYroro COORITHA B OJ(HOM H TOM XK€ OIbITe,
T.€. He CMOT'YyT HPOU30#iTH BMECTE B OMHOM OnbiTe. B NMPOTHBHOM Ciy+ae
COBBITHA HA3BIBAIOTCA COBMECTIHBLM.

Taxk, B npumepe 1.1 cobmtus A w B — necopmectnnie, A u E — co-
BMECTHEIE.

Cobrrrus Ay, Aa, ..., Ay HABKIBAIOTCS NONGPHO-HECOBMECTIH MU, ECITH
mMoOBIE 1Ba M3 HUX HECOBMECTHEL.

Heckonsko cobbitull 06pasyior noanyso zpynny, €Ciay OHH NOIAPHO He-
COBMECTHBI M B PE3YJIbTATE KAXKJIOTO ONBITA MPOHCXOAUT ONHO M TOJNBKO
OIHO W3 HHX,

B npumepe 1.1 cobbrrua wi-twg 00pasyioT NOJHYIO I'PYINLY, W—Ws —
HET.

Heckonnko cobriTuil B JaHHOM OIIBITE HABBIBAIOTCH PAEHOBOIMOHCHDL-
MU, €CTIN HY OIHO U3 HEX HE ABJATCA 00bekTHBHG (os1ee BOSMOXKHEIM, YEM
LPYTHE, T. €. BCC CODLITHS MMEIOT PABHEIE KINAHCHI.

B npumepe 1.1 snementapusle cOOBITHA Wy, Wa, Wy, We, Wy, Ws PABHO-
BO3MOXKHBL. Boinagenne repba {A) wim petuxu (B) npu Spocannu MOHETH —
PaBHOBO3MOIKHDBIC COGI)ITHH, €CJIM, KOHEYHO, MOHETa HMeeT CHMMETDUYHY )
dbopmy, He orayTA, .. .
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1.3. OeicTBua Hag coObITUAMU

BBeneM 0CHOBHEIE OLIEPAlHM HAT CODLITUAMM, OHU IOJIHOCTHI0 COOTBET-
CTBYIOT OCHOBHBLIM OIE€DAIIUSM HAJ MHOXKECTBAMH.

Cymmoti cobmmudi A m B wasmsaerca cobeitue C = A + B, cocroamee
B HACTYIUICHUH XOTA 65l 0mHOrO U3 HuX (T.e. wid A, uom B, wim A n B
BMeCTE),

Mpouszaedenuem cobmmutt A u B wasmsaerca cobmtne ¢ = A . B,
COCTOSAIIEE B COBMECTHOM HACTYIJISHUM 9TUX cobbrtui (T.c. m A u B onHo-
BPEMEHHO).

Pagwocmoiw cobwmut A w B naseiBaerca cobwrrue C = A — B, npo-
HCXOAAuiee TOTa W TOJBKO TOT[A, KOTJA Npoucxonut cobnithe A, RO HE
OpoucXoquT cobbiTie B,

Ipomusonoaoscnmm cobwmuio A Haswibaerca cobuiTie A, xoTopoe
OPOUCXOMHUT TOTNA U TOJALKO TOLAA, KOPNA He NPOUCXonuT cobuitie A {1 e.
A o3nanaer, 9ro cobbiTHe A HE HACTYIIIO).

Cobrrtne A saeuem cobwmue B (4 A ABJISETCA YACTHBIM CJIyIAeM
B), ecnu u3 Toro, ¥ro npoucxomutr cobbiTHe A, CNEOyer, 4T0 NPONUCXOINAT
cobeiTHe B; samucuipaor A C B.

Eciu A C Bu B C A, 1o cobbitia A 1 B Ha3BBAIOTCA pasHbLMU;
sanuceiBaT 4 = 5.

Tak, B npumepe 1.1 (n. 1.2) B = {2,4,6}, E = {3,4,5,6}, A = {5},

{1,2,3,4,5,6}. Torna: B + E = {2,3,4,5,6}, B - E = {4,6},
B-E={2},A=1{1,2,3,4,6}, BCD,D=Q=1{1,2,3,4,5,6}.

Cobeltusa u peficTsus HAL HUMU MOXKHO HAVISIHO WLINIOCTPUPOBATD C
noMombie Juazpamsm Fiaepa—DBenna: gocrosepuoe cobpitue {2 usabpaxa-
€TCA NPAMOYTOJIBHUKOM; 3JI8MEHTAPHEBIE Coiyyaiiabie coDBITHA — TOYKaMu
NpAMOYFroJbHUKA; CayHaliuoe cofibrrne — ofacTeio BHYTPH Hero.

HeficTeusa HAX COOBITUAMY MOXKHO H300PA3UTh TaK, KAK NOKA3AHO HA
puc. 1-5.

Onepamnu Hag COOBITUAME 00/18JA10T CAEAYIOINUMI CBOKCTBAMU:

* A4+ B=B+ A, A B=B-A (nepeMecTutensHoe);
+ {A+B)-C=A-C+B-C,A-B+(C=(A+C)-(B+C) (pacupenge-

JIATEIILHOE);

v (A+B)+C=A+(B+C),(A-B)-C=A-(B-C) (coueratcabnoe);
v A+ A=A A A=A

r A4+0=0, A Q=A‘,

. A+Z=QA é=®;

¢ B=0,0=04=A4

» A-B=A-B;

» A+B=A-BuAd-B=A+DB — sakonn ne Moprans



12 » Pazpgen nepebid. JneMeHTapHan TEOpUs EEPOATHOCTEH

o

1 0
A-B A-B

|\\\‘§‘|

Puc. 2 Puc. 3

®

ACB

b

Pue. 4 Puc. §

B ux cnpapeniiBocTi MOXHO YOEINTLCS ¢ NOMOIIBIO JUArDAMM Diljie-
pa-Benna.

TMpumep 1.2. Hokazars dopmyny A + B = A+ AB.
Q Hcuonnsys nekoTopble U3 BBIIC NPHBEACHHBIX HPABWII, TOJLYUAEM:

A+B=(A+B)Q=AQ+BQ=AQ+B-(A+A4A) = A-Q+(A+A4)-B =
=AQ+A-B+A-B={(Q+B)-A+A.-B=0Q-A+A.B=A+4.B.

Taxum 06pasoM, cymay a00ur Jsys cobwmuill moxcho npedemasumov 6
aude cymmut J8YL HECOBMECTIHUT cObwmul.
TeomMeTpUIECKOS NOKAZATENRCTE0 MPEACTABIEHO Ha puc. 6. [ ]

Puc. 6
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YnpaxueHus

1.

2.

Hoxasars dbopmysrur: 1) B = A-B+A.B;2) (A+C)-(B+C) = A-B+C;
3) A+ B=A-B.

Hycre A, B n € — Tpu nponssoabieix cobniTHe. BRpasuTe qepes HUX
cnenyionye cobbrrus: a) NPOU30IINM BCe Tpi COOBITHA; §) NpoH30ILI0
Tonpk0 € B) NPOH30ULIO XOTdA Obl onHOo u3 cobniTail; ) HE OmHOrO
coObITHS We npomsonino; o) npousousn A ¥ B, Ho C He npousonio;
€) NPOM3OLLIO ONHO K3 3THX CoOhITHi, XK) nponsonuio He GoJiee JBYX
cobbrrufi.

Penettnaz cxema (puc. 7) cocrout us 6 anementos. [Iycrs cobbiTus A,
(i = 1,6} cOCTOAT B TOM, YTO COOTBETCTBYIONIME JJIEMEHTH pPaboTaloT
GesoTrasHo B Tevenue spemenu 1. BeipazaTts uepes A, cobmitre, cocTo-
AUEE B TOM, 49TO CXCMa 33 Bpemda T paloraer Be30TKasHO.

|3|
L2
—
|5l
L= J
Puc. 7

1.4. CnyuaiiHblie coObiTua. Anre6pa codbITUA.
{TeopeTUKO-MHOXECTBEHHAad TPaKTOBKA)

Onpepenum Teneps OCHOBHBIC NOHATHS TEOPUH BepoaTHOCTEH, caemnys

TEOPETHKO-MHOXKECTBEHHOMY I[IOIXONY, paspaboraHHoMy axkageMukoM Koi-
moroposeiM A, H. B 1933 roxy.

[lycTh TpOM3BONKUTCA HEKOTODBI! ONBIT CO CAYYalHRIM HCXOOOM.
Muoxecrso 2 = {w} BCEX DO3MOMKHBIX B3AHMOHCKJIOYAIOMINX MCXO-

JOB NAHHOTO OTIBITA HASBIBAETCA NPOCTNPAHCMEOM INCMEHTIADHBLT COOvIMUT
(kopotko: I13C), a caMu HCXOOBL W ~— IALMERMAPHHLMU COOBMUAMY (MK
«ITEMEHTAME S, KTOUKAMES ).
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Coynatinom cobwmuem A (i npocto cobwmuem A) HAZBIBASTCA JIIO-
6oe rooMHOKECTBEO MHOxecTBa (), ecim §) KOHEUHO Wi CUYCTHO (T. 6. 37e-
MEHTEl HTOr0 MHMKECTBa MOXKHO [IPOHYMEPOBATH ¢ MOMOMILIO MIIOXKECTBA
HaTypaJibHBIX yncen): A C .

DNeMEHTAPHEIS COOBITUS, BXOIANME B MOAMHMKECTBO A TPOCTPAHCTEA
2, naswiBalOTCH Gaazonpusmemeyoujumy cofpmuo A.

MuoxecTso ) HasbIBaeTCA JocmosepHsim cobeiTHeM. Emy Bnaronpw-
ATCTBYeT J100oe ajeMeHTapHOoe CODLITHE; B Pe3yJIbTAaTe ONbITa OO 00d3a-
TEJIbHO MPOH3oHIeT.

[lycroe MHOXKECTBO & HA3BIBASTCS HEBOIMONCHBM CODBITHEM; B PE3y b
T&T€ OMBITA OHO NPOU30HTH HE MOXeT.

Ipumep 1.3. Onwit: ogun pas GpocaoT HrparbHyIo KoCTh. B aToM ciiywac
I9C raxoso: 2 = {1,2,3,4,5,6} unn Q = {wy,ws,...,we}, 0OC W, — 3Je-
MeHTAPIIoe COBLITHEC, COCTOANICE B BLITAACHHA Ipany ¢ ¢ oukamu (i = 1,6).
B mansom cayyae Q xoneuro. IIpumepom coburraa A apngerca, HanpuMep,
BBIIAJACHHE HEYCTHONO YUCa 0YKOB; 04cBUHO, 4T0 A = {w), w3, ws}; co-
GbrTuio A BRATONPUATCTBYIOT JICMEHTAPHBIE COOBITHS w1, w3, Ws. ONHAKO
€CJIM HAC MHTEPECYeT TOJIBKO (PAKT BHIMALEHMA YETHOIO HHCJa OYKOB, TO
II9C moxno noctpouTs viHade: ) = {w,ws}, TIE W1 — BLINAICHAC YETHOTO
YHCJIA OYKOB, Wy — HEYETHOTO.

Hpumep 1.4. OnwitT: cTpensfa 1o Ieau o mepBoro nonananus. Torna
o - [JU HII HHIT HHHI

Tolwy we w0 wg
H — uenomazanmne. Mcxonos y »Toro onbita BECKOHEYHO (TEOPETHIECKH);
Q cuerno.

.}, roe Il osnagaer nmonagaHAe B 1EMH,

Hpumep 1.5. OuniT: HabsoneHne 3a BpemeHeM GesoTkasHo# paboTsl He-
KOTOPOTO arperara. B 9ToM Cayaae B KAYECTHE PE3YIIbTATa MOXET HOABHTD-
ca awboe umcao { = 0; BpoMs ¢ meHsiercAa HenpepwiBHo; 1190 Takoso:
Q= {t,0 € ¢t < co}. Hcxonos y sroro onslta Heckoueuno, {1 mecdeTno
(xoHTHHYAIBHO).

Hap cobpitusiMu MOXHO ODOBOAUTL BCE ONEpalMy, BhINOJIHHMBIE IJIA
MHOKECTB.

Cymma (umm obbenunenne) nqeyx cobbrruit A € Q u B € Q0 (obosnaua-
erca A+ B nan AU B) — 9T0 MHOXECTBO, KOTOPOE COIEPKHT BJIEMEHTHI,
MPUHALNERAUNE X0TA Bbl OZHOMY U3 cobbituil A u B.

IIpoussedenue nyx coboituit A € & u B € O {oGoznavaerca AB nam
AN B) — 970 MHOKECTBO, KOTOPOE CONEPKUT 3JIEMEHTH, obmme 1 cobbi-
it A u B,
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(&3 (&3

Pasnocms coburruit A € Qw B € §) (obosnavacres A— B wom A\B) —
3TO MHOXECTBO, KOTOPOE CONEP:KUT 3JEMEHThI COBhITHA A, HE NpUHAIE-
Kalrue cobpITHIO 5.

Ipomueonoaosenoe cobsrrmo A €  cobbrrue A = Q\A. (A naswsator
TaKKe donoanenuem MuoxecTsa A.)

Cobwmue A saewem cobwmue B (0bosnadaerca A C B), ecyy Kaxopli
ajsieMenT cobbltus A conepxutca B B.

Ilo onpemenennto: @ C A pist moboro A.

Cobpitus A v B HA3BIBAXTCA HECOBMECTIHHLMY, ECJIA X TTPON3BEILIAC
€CTb HEBO3MOXKHOE cobuITHE, T.&. A B = &,

Heckonbxo coburruiit Ay, As,. .., A, obpasyoT neawnyro 2pynny HECOB-
MECTHBIX COOBITHHR, ecyti ux cymma npencrasnsier see [19C, a camu cobbITHA
T
HeCOBMECTHBI, T.6. »_ A, =Qu A, - A, =@ {i # ).
=1
[lonnyo rpyumny obpasyor, Hampamep, cobbrtua A u A (4 + A = Q,
A-A=g).
B cnyuae mecuernoro nmpocrparctia {3 B Kadecrse cobbITH paccMar-
PHBAIOTCA HE BCE NOAMHOXKECTBa {2, 4 JIMUIB HEKOTOPBIE KJIACCHl 9TUX MOI-
MHOXKECTB, HA3bIBAEMbIE aJIrebpaMu U g-aarebpaMy MHOXECTB.

Knace § mommmuoxecTs npocTpaicrea {) Ha3BIBaETCA aazelpoll MHo-
sicecms (cobwmudi), ecom:

L.@es Qes;
2. u3 A € § Borrexaer, uro A € §;
3.z Ae S Be 5 srrexaer, uto A+ BeS, A - BeS.

3ameTuM, 94TO B yesoBuu 3 gocrarouno tpebosars aubo A + B € S5,
6o AB€ S, rakkak A+ B=A+B,A-B=A4+B.

Anrebpy coberruii obpasyer, HanpuMep, CUCTEMA HOIMHOXKECTB S =
= {@,2}. He#crsuresspHO, B pe3ynpTare HpUMeHeHH 000 U3 BLIICTIPU-
BEIEHHBIX Ollepauui K JIOOBIM OBYM 3JieMeHTaM KJjacca S CHOBA NOJyHa-
eTCA SJEMEHT JIAHHOIO Kiacca: €+ 0 =0, 8. 0=2, =0, 0 = 2.

[Tpu paciIMpeHHH onepaunit CJIOKeHNA 1 YMHOXKCIM Ha CJydalf cyer-
HOPO MHOMKECTBA ajredpa MHOXKECTB S na3niBaeTcs g-anredpoi,
o [e.0]
ecm 3z A, € S, n=1,2,3,..., cienyer >, A, € 5, [[ A € S (nocra-

n=1 n==l
o0 [a'9]
touHO TpeboBarh aubo Y, Ap € S, nubo [[ A, € 5.
n=1 n=1
MHuoXkecTBO BCOX NOIMHOKCCTE MHOXKECTBA §1, €GN 0HO KOHEYHO WM
c1eTHo, obpasyer asaredpy.
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1.5. CBOMCTBO CTAaTUCTUYECKON YCTONYMBOCTU
OTHOCUTENBLHON YaCcTOTbl COOLITUS

IlycTs B 1 MOBTOPAILIAXCA ONBITAX HeKoTOopoe cobuitHe A Hacmynuao
n4 pas.
Yucno n 4 nasepaerca wacmomoti cobbrtua A, a orHomwmenye

DA = Pr(A) (1.1)

Ha3bIBAETCS OMHOCUMeabrolt wacmomotl (i wacmocmow) cobbrtua A B
paccMaTpubaeMoil CCpMH OIILITOB.

OrHoCHTENbHAS 9ACTOTA COOBITHA 0D1A18€T CACTY UMY CBOHCTBAMN:
1. Yacrocts moO0ro cobBITUR 3AKIIONEHA MEXK Y HYJICM U GIMHULCH, T. €.

0 P4 g 1.
2. UYacrocrb HEBO3MOXHOLO CODLITHA paBHA HYJO, T. €.
P*(@) = 0.
3. Uacrocts moctosepHOro cobLiTHa pasHa 1, T.e.
P () =1.

4. YacToCTh CYMMB! [IBYX HCCOBMECTHBIX CODMTUH paBHA CYMME HaCTOTLI
stix cobprtuil, T.e. ecru AB = &, o

P*(A + B) = P*(A) + P*(B).

(1 Csoitcrsa ouesuuubr, Tag Kax 0 € 4 < n a1a pioboro cobbrrust A; pia
HEBO3MOMKHOIO COOLITHSA N4 = (; 11 NOCTOREPHOTO COBBITHA N4 = 71 €CJIA
cobbiTust A u B Hecosmecthsl (AB = @), T0 natp = n4 + np, CACI0BA-

tesbHo, PH{A+B) = JAYE _ DAXDE DA L NE L pg) 4 PY(B). B

YacrocTh obiiagact eme oqauM PyHIAMEATANLHBIM CBORCTBOM, 11a3bl-
BAeMBIM ceoficTneom cmamucmuueckoil yemotiueoemu: ¢ yBeJIUIeHUeM -
CJIa OIBITOB (T. €. 7)) OHA NPUHUMAET 3Ha4YeHud, DIU3KIe K HEKOTOPOMY Ito-
CTOSTHHOMY 4MCAY (COBOPAT: HACTOCTH CTAOMIIM3UDYCTCHA, IPHOIUKAACk K
HEKOTOPOMY HHUCITY, 9ACTOCTh KouieBJIercs OKOJIO HEKOTOPOro 4HuCjaa, HIN
ee 3HaYeHUs CPYIIUPYIOTCH OKOJIO HCKOTOPOTO YMCJA).

Taxk, manpumep, B onbiTe -— Opocanne MORETHl (OIHOPOIHOR, CUMMET-
PHYHOM, . .. ) — OTHOCHTEBHAA YACTOTA NoARIenus repba upu 4040 6poca-

nuax (2K. Broddon) okasanack pasHoit 0,5069 = 2048 " 5 omprre € 12000
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u 24000 Gpocanuamn (K. [upcon) ona oxasanach pasHol CODTBETCTBCH-
o

. __ 6018 rane . 12012 )
no 0,5016 = 12000 M 1,60056 = 540007 ™€ HacTHoCTD NpHBGITHARAETCH K
acay 5 = (0,500, .. A 4acToCTh POXKIIEHHA MAJIBYUKA, KAK TOKA3HBAIOT

nabnonenus, kouebaeres okoso uncia 0,515,

OrMeTHM, 1T0 TEOPHs BEPOATHOCTE! H3YIaeT TOJALKC Te MACCOBRIe CIY-
yafinble SBJACHHA C HEONPEIEICHHRIM UCXOOOM, A/ KOTOPBIX MPEIANOJIATA-
eTCA HAJMYME YCTOHYHBOCTH OTHOCHTCIBHOH 9aCTOThL.

CraTucTuveckoe on peneneHnue BeposaTHOCTU

Hsisi MaTeMaTHIeCKOre u3ykenusa caydaiinoro cobuitug neobxogumo
BBECTH KAKYI0-NHD0 KOMHIIECTRCUNYIO OeHKY cobbitud. [lonaTHo, yTo onaun
coBBITHA MCIOT GONBIIC WARCOB («BOJeC BePOATHBI® ) HACTYHHTE, YOM 1PY-
rue. Takoit onenkol ABNACTCA SepoamHocms cOOMMUA, T. €. THCIO, BBIpa-
HAKIEE CTENEHD BOIMOMHOCTY €r0 OABNGHU B PACCMATPURAEMOM OBITE.
Marematrueckux onpeneneHuit BepodaTIOCTH CYIECTBYET HECKOJBKO, BCC
OHH JTOMOJIHAKT ¥ 0000WAIT JIPyT Apyra.

PaccMmorpim onbiT, KOTOPLIH MOXKHO LOBTOPATH J0HOE YUCHo pas (ro-
BOPAT: &IIPOBOUATCH HOBTOPKBLIC UCITBITAHMSA®), B KOTOpOM Habsnonaercs
HEKOTOpOE CODBITHE A.

Cmamuemuseckoll gepoamuocmsio coObITHa A HA3BIBACTCA HHCIO,
OKOJIO KOTOPOTD KOJMCOICTCH OTHOCHTCABHAS YacToTa coOpITHs A 1upn 1o-
CTATOYHO BOJIPIIOM YHCJIEe UCTIBITAHEH (ONBITOB),

Beposarnocrn cobeirus A obosuavaerca cumposiom P(A). Cornacio
JaHHOMY OIIPeJeJIEHUI0

P(A) = P*(A) = 24, (1.2)

Maremarnaeck nm ofocnosamneM Gau30¢TH OTHOCHTEIIBHON wacToTsl 2% (A)
u BepoaTHocT J7{A) HekoToporo cobuitus A ciayxur teopema f1. Bepuynim
(cm. m. 5.3).

Bepoatuoctu P(A) upunuceiratores croiicrsa 1-4 orHocuTesbHONA 1a-
CTOTHI!
1. Crarucruydeckast BepoATHOCTH A00000 CODLITHA 3aKJII0Uena MeX 1y 11y-

JoM M equHALER, T o.

0 P4 <1l

2. Craructaueckad BCPROATHOCTL HEBO3MOXKIIOLO cOORITHA paBia HYJIIO,
T. €.

P(@) =0.
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1.7.

3. Craructuueckas BEPOATHOCTh HOCTOBEPHOrO cobrITHA pPaBHa COUHHIIE,
T. €.

P() = 1.

4. CraTHCTRYecKas BePOATHOCTb CyMMbI HECOBMECTHbIX COObITMH paBHA
CcyMMe BeposiTHOCTel 3Tux cobuiThii, T.e. ecyiu A- B = @, 10

P(A+ B)= P(A) + P(B).

Craracrudecknft cnocob onpenenenus: BepoaTHOCTH, onupaumics Ha
peasibHBIM OMBIT, JOCTATOYHO TOJIHO BBIABJIHET COAEPXKAHHUE 3TOTO TMOHHA-
tus. Hekoropoie yuensie (P. MAsec u Apyrye) CYHTAIOT, YTO SMIHPHYECKOE
OIpene/IeHNe BEPOSITHOCTH (T. €. p = nlirlc}o n—ni} CJIELYeT CYNTATH OCHOBHBIM
onpeneeHHeM BEPOATHOCTH,

HenocTaTkoM CTATHCTUUECKOTO ONDENEsieHUs ABJISETCH HEOZHO3HAY-
HOCTh CTATHCTHYECKOM BEPOATHOCTH; TAK B IPHUMEpe ¢ OpocaHueM MOHETH
(m. 1.5) B Ka4eCcTBe BEPORTHOCTH MOXHO MPHHATE HE TOJLKO yneso 0,5, Ho
M 0,49 wim 0,51 u 1 4. las HagexHoro onpenesesns BePOATHOCTH HY K-
HO npofiesiaTs GONbIOe YHC0 UCILITAHUA (OIBITOB), YTO HE BCELOA IIPOCTO
{nnu nemeso).

Knaccuueckoe onpepeneHne BEPOATHOCTH

CywecrByer mpocToff cnocob ONpeneseHMsa BEPOATHOCTH COOLITHA,
OCHOBa2HHbIIf Ha PaBHOBO3MOXHOCTH JIOO0r0 M3 KOHEYHOrO MHCJA HCXONOB
onnita. [1ycTh NPOBOOMTCS OMBIT € N MCXOOAMH, KOTOPHE MOXKHO IDEICTA-
BHTL B BMIE TOAHOU 2DYNNb HECOBMECTIHHE DPEEBHOBO3MONCHHIT COOBLITHI.
Takue HCXONBI HA3LIBAIOTCH CAYYGAMU, WAHCAMU, IAEMENTIODHBIMYU COBbL-
MUAMY, OTIBIT — Kaaccusecxum. [Ipo Takoit onbrr roBoOpsT, 9T0 OH CBOTUTCA
K CTeMe caynaes AM creae ypr (b0 BEPOATHOCTHYIO 33aMy /i TAKOTO
OTIbITA MOXKHO 3aMEHMTH SKBUBANeHTHOH eff 3amavelt ¢ ypHaMH, comepxa-
MMM APB! PA3HBIX [[BETOB).

Cayuall w, KOTOPRIA TPUBOAKT K HACTYIUIEHHIO COOBITHA A, HA3BIBAECT-
ca GaazonpuamumMm (MJIH — HAGZONPUATRCTRBYIOWUM) €MY, T. €. Cy4all w
sseuer cobeiTue A: w C A.

Bepoammnocmuto cobwrmus A Ha3BIBAETCS OTHOMEHHE YHCIIA 171 CYYaeB,
GJATONPUATCTBYIONUX STOMY COOBITHIO, K O0IIEMY HHCIY Tt CIYUYAEs, T.€.

P4y =1, (1.3)
Hapsny ¢ oGosnavyennem P(A) ana seposaTHocTH cobbiTiA A Hcnonbayerca
obosHavenue p, T.e. p = P(A4).
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M3 knaccuyeckoro onpezeseHusa BepoaATHOCTH (1.3) BBITERAIOT Chemy-
KEe CBoHCTBA!
1. Beposaraocrs snroboro colinrrus sax0deHa MEXKOY HYJIEM 1 eTHHUALEH,
T. €.
0 P(A) £ 1.

2. BeposiTHOCTE HEBOZMOXKHOIO COOBITHH PABHA HYJI, T. €,

/ P(.@) = 0.

3. BepositHOCTEL DOCTOBEPHOrO COOLITHA pPaBHA EOUHHUIE, T. €.
P(Q) =1

4, BepOHTHDCTb CYMMBbI HECOBMECCTHDIX C06I::I’I‘I/Iﬁ paBHa CYMMC BCDOATIHO-
crelt 3tux cobblTui, T.e. ecyin A- B = &, o

P(A + B) = P(A) + P(B).

(s IPOBEPSIOTCS TAK Xe, K&K M IJIs OTHOCHTEILHON yacToThl (1. 1.5).
B wacrosigee spemMs cBORCTBA BEPOATHOCTH ONPENSAAIOTCH B BRI AKCUOM
{em. m 1.11).

IIpumep 1.6. B ypue (emrocty) uaxonsarcs 12 Gesabix u 8 yepHBIX mwapos.
=  Kaxosa BepOATHOCTb TOTO, ¥TO HAyAAdy BhIHYThIH wap Gyaer Genpm?

Q@ IDycrs A — cofbitre, cocTosniee B TOM, YTO BLIHYT Oesnii wap. He-
HO, uTO 1 = 12 + 8 = 20 — 4MCJI0 BCeX PABHOBO3MOKHEIX CIydacs (HMCXO-
OB onwiTa). Yncso cayuaes, GmaronpuaTcTBy©mux cobbrio A, pasHo 12,
T.e. m = 12. Cnenosarensno, no dbopmyne (1.3) mmeem: P(A) = %%, T. €.

P(A) = 0,6. 'Y

¥npaxuexnuna

1. Haiir BepoATHOCTS TOTO, YT B HAYIAYY HANMCAHHOM ABY3HAYHOM YU-
coie udpol pasubie.

2. Habupasa nomep renedona, abonedt 3abuu 2 nocwxemnnue nadppe! # Ha-
Opas ux Hayran, Haltta BepoaTsOCTh TOTO, YTO HaOPAHBI HYXHBIE 1IH-

phI.
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1.8. neMeHTbhI KOMOMHATOPUKKU

CornacHo KAaCCRYECKOMY OHPEISIeHHI0 NOACUCT BEPOATHOCTH COObI-
THSA A CBOMUTCA K MOICYHETY YHCIA BAAPONPHATCTBYIOUMX €My HCXONOB.
Henarot 210 006IYHO KOMOMHATOPHLIMH METOOAMMU.

KomOunamopuxe — Da3fies MaleMaT¥kh, B KOTOPOM M3y4dalorcs 3a-
JEMH BRIOODA. 3JIEMEHTOR H3 33JIaHHOIG MHOXKECTRA W PACHONOKOHHA WX B
TPYIOBL 10 SAAAHHBIM OPABUJIAM, B SACTHOCTH 3AI44M O IOACHETE YHCJIA
KoMOuHanmil (BbI0OPOK), TOMYHAEMBIX W3 JIGMEHTOB 3AJIAHHOTO KOHEYHO-
0 MHOKECTBA. B Kax ol u3 Hux TpebyeTcda MONCYHTAThH YHCIAO BO3MOXK-
HBIX BAPMAHTOB OCYIECTBICHHA HEKOTOPOro JeHCTBHA, OTBETUTH HA BOTIPOC
«CKOJABKMME cnocoDamMu’ s,

Muorue KOMOMHATOPHEBIE 3371240 MOTYT ObITb PEUIeHb] ¢ ITOMOTLBIY CJie-
IYIOIUYX ABYX BAMKHBIX HPABHJI, HASBIBAEMBIX COOTBETCTBEHHO NPASUALMU
YMHONCEHUA U CAOHCEHUR.

IIpasuse ymuoncenus {(OCHOBHON NMPHMHIIAIN): €CJIM H3 HEKOTOPOrQ KO-
HEYIHOro MHOXKECTBA NepBbIt 06beKT (3/IeMEHT ) MOXKHO BBIOpars Ny CIIo-
coDaMH ¥ 1ocJIe KaxkI0ro Takoro Beibopa Bropoit obhexT (a/1eMenT y) MoX-
HO BRIGpaTh ng cnocobamu, To ofa ofbekTa (T M ¥) B yKaszaHHOM MOpAaKe
MOXKHO BBIODATD 11 - Tl CHOCODAMH.

STOT IPUIILKIL, OYeBH/III0, PACHPOCTpaHAeTcs Ha ciyuall Tpex u Dosee
0OBEKTOR,

IIpumep 1.7. CKOALKC TPEXZHATHBLIX YHCET MOKHO COCTABUTHL M3 TP 1,
2,3, 4, 5, eciu: a) nudps He nopTOpAI0TCA? 6) HMGPLI MOTYT NOBTOPATLCS !

Q Hmeerca b pasnnunbix cnocobos puibopa mudphl IS NEPROTO MECTa,
{coeBa B TpexanauHoMm uncae). [Tocae TOro Kax nepeoe MecTo 3aHATO, HA-
npumMep, nuhpoi 2, ocTasocs Yerbipe nudpbl AIA 3an0JHEHHA BTOPOTO
mecTa. s sanoenHeHua Tperhero mecta octaerca seibop M3 Tpex nudp.
CnenoesarenbHo, COMNIACHO TIPABHIY YMHOXKEHHAA HMeeTcA b -4 - 3 = 60 cro-
cob0B PACCTAHOBKU ITH(DP, T.€. HCKOMOE YHCJIO TPEX3HAYHBIX 4HCeN eCThb

60. (Bot HexoTophie u3 aTux yucesa: 243, 541, 514, 132, ...) [HousirHo, vro
€CJH IA(MPBI MOTYT [MOBTOPATRCSH, TO TPEX3HAYMHBIX umeeyn 5 -5 -5 = 125,
(Bot mexoroprie us mux: 255, 333, 414, 111, ...) ®

Hpasuao cymsmse. Ecoiv HEKOTOPBI 06HEKT £ MOKHO BRIDPATE 1 CIOCO-
bamu, a 0bbekT ¥ MOXKHEO BHIOpaTs No crocobamu, PUYeM OEPDLIC H BTOPLIE
criocobrl He nepecekarnTes, To J000H W3 yKa3aHHbIX 00beKTOB (T uiu y),
MO HO BBIOPATh 721 -+ Ny CIIOCODAMH.

910 TPABIID PACTIPOCTPAHAETCS HA JI000e KOHEYHOE YHCIIO 00'LEKTOB.
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Edi

IIpumep 1.8. B crynendcckoit rpynne 14 nesymex u 6 wonomeii. Crosb-
KUMu Cnocobamu MoxHaO BLODATL, JIJIA BRINOJMHEHHS DARITYHLIX 3ananui,
JBYX CTYAEHTOR OfHOIG TOJAY

@ o npasuay ymuEOXKeHWS IBYX HeBYILEK MOXKHO Bulbpars 14 - 13 = 182
cnogobamu, a apyx wHomek — 6 -5 = 30 cnocobamu. Caenyer suidOpatn
ABYX CTYIEHTOB OIHOTO 1I0JIA: IBYX CTYACHTOK WJTH IeyX foxonreit. Cornac-
HO IpaBMJly CTOMKEHNH Takux crnocoBob seibopa dyaer 182 4+ 30 = 212. @

Pemenne BepoaTHoCTHBIX (M He TOJBKO UX) 3ajiad JacTo ofierdaeTes,
ECJTH HCIOML20OBATL KOMOMHATOPHLIC (bopMyast. Kaxnasa s uux oupeme-
JACT THCAO BCCBO3IMOXKHBIX UCXOUOB B HEKOTOPOM OULITC (9KCHEPUMORTE),
COCTOANICM B BRIOOPE HAYIAYy i1 DUIEMCHTOB H3 1i PASJTUMIIBIX 3JIEMEHTOB
PACCMATPHBASMOT0 MUOKECTRBA,

Cymecrnyior ape cxeMbl sribopa m ajeMentos (0 < m € n) U3 HCXOJI-
HOCO MHOXeECTBA: 6e3 sozgpaujenus (6e3 NOBTOPeHRit) 1 ¢ gosepawenuem (C
nosTopenuem). B nepnom cnyuae BuIOpaHHBIC 3JIEMEHTH! HE BO3BPAHIATC
obpaTtHo; MO HO 0TOOpATE CPA3Y BCC 17 BJICMEHTOB BJIM NOCJENOBATEIBHO
oTOUpaTh ux 1o omiomy. Bo sropolt cxeme sribop 0CyUIECTBAASTCI TODIIE-
MEHTIHO ¢ 00A3aTe/IBHBIM BOSBPALIEHUCM 0TOOPaHAOLO 3JIeMCHTa Ha KaiK I0M
mare.

Cxema BbIGOpa 6€3 BO3BpalLteHuA

B)

ITycTs mano MHMKeCTBO, COCTOAWCS U3 7 PAsJIMIHEIX 3JIEMCHTOB.

Pasmewerues U3 1 2J10MenTos no i sjtemertos {0 < m < n) Hasbl-
BaeTCA JI060e YTopA[0YeHHoe NOAMAOKCCTBO JAOT0 MHOXKECTRA, COICP-
HKALee M AJICMEHTOB.

s onpenenenus BLITEKAaer, MTO pasMelciusa — 9710 Bpibopku (koMOn-
HAIMHK), COCTOSIHME M3 17 BIICMEIITOB, KOTOPhIE OTIHTIAMOTCH JIPYT OT ApyTa
J60o COCTABOM 3MEMEHTOB, JINO0 LOPAJIKOM HX PACLIOJIOKEHA,

Hucso pasMemenail 13 11 3JeMeHTOB 10 ™M 3jieMeRToB 0fo3nagacTea
cumsosiom Al («A M3 30 110 3M») K BRIYTCHAETCH 110 DOPMYJIe

A =nn-1)n~-2)-...-(n—m+1) (1.4)
WM

At L e al=1.2.3.....m, U=1 0l=1. (L5
" (m—m)
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[d Hns cocraBnenus pasmeumesns A)' HaO0 BHIOPATH ™M JIEMEHTOB |
MHOXECTBA C 73 3JIEMEHTAMU H YUOPSIZOYMTHh KX, T. €. 3alOJIHAThL 1 Me
ajleMenTaMu MuOMecTBa. [lepBoiil asiemMenT MoKHO BHIOpaTs 11 cnocobam
T. €. Ha MepPBCE MeCTO MOXKHO MOMECTUTh JMobo# ns n snementos. Iloc
TOrO BTOPOR 3JIEMEHT MOMKHO BHIODATh K3 OCTABIIMXCHI 72 — 1 3JieMeHTH
n — 1 cnocobamu. lnsa Bubopa Tperhero sjeMesTa uMeercd 1 — 2 crocob
yerseproro — n — 3 cnocoba, M, HAKOHEN, JUIA NOCJASITHER0 N-10 3J1eMe
Ta — (n — (m — 1)) cnocobos. Takum 06pasoM, o NpaBUiy YMHOXKEHH
cymectsyet n(n—1)(n—2)... (n—- (m— 1)) cnocoGop BLIGOpPa M ICMEHT:
M3 JAHHBIX 1 3IeMeHToB, T.e. AT =n(n - 1){n—-2)...(n —m + 1).

IIpumep 1.9. CocraBuTth pasindHbe PASMEIICHHAS HO 2 U3 3JIEMEHTOB MH
xecrsa D = {a, b, ¢}; nogcunrars ux wmcao.

(3 U3 Tpex »aeMeHTOB MOXHO 06pazoBaTh CJACOYIOUAE PASMEIIEHUS ]
nsa anementa: (a,b), (b,a), (a,c), (c,a), (b,c), (¢,b). Cornacuo dopm
sie (1.4) ux wueao: A2 =3-2=6.

fTepecmanoekoll U3 1 BJIEMEHTOB HA3BIBAETCS PA3SMEIUEHUE W3 71 37
MEHTOB JIO 1 3JIEMEHTOB.

W3 onpenencHus BLITEKALT, 9T0 NEPECTAHOBKH — 310 Bbifopku (ko
OuHAIMK), COCTOSMIHE M3 71 SJIEMEHTOB M OTJHYANMMECH APYr OT APy
TOJIBKO NOPAJIKOM CJIEIOBAHEA SJIEMEHTOB. HCJI0 TepecTAHOBOK H3 12 3J]
MeHTOB 0603HaYaeTCA CHMBOJIOM P, («md M3 9H») M BHUUCHAETCI 10 (o
MyJie

F,=nl (1.

®opmyaa (1.6) cremyer w3 OIpeIeseHUs NePeCTAHOBKH:

—gn—_nt _nl_
Po= Ay = (n—n)! O e

IIpumep 1.10. CocTaBUTL pasMUYHBIE NEPECTAHOBKY M3 3JIEMEHTOB MH
xectsa E = {2,7,8}; moacuutars ux uucso.

Q U3 sneMeHTOB MAHHOTO MHOXECTBA MOMKHO COCTABHUTE CJICLYIOIIHE I
pectaosxu: (2,7,8); (2,8,7); (7,2,8); (7,8,2); (8,2,7); (8,7,2). Tlo o
myne (1.6) umeem: P;=31=1-2-3 =6.

IMpumep 1.11. Cronpxumu crnocofaMyu MOXKHO PACCTABMIL HA NOJIKE
PA3JIMYHEIX KHUT!
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(9 Hckomoe unciio crnocofoB papHO YHCILY NEPECTAHOBOK U3 5 3JIEMEHTOB
(knur), re. P =5=1-2.-3-4.5=120. o

Covemanuesm 13 n ajgeMentos to m (0 < m < n) 2JeMEHTOB HA3LI-
Baercs: Jioboe NMOAMHOMECTBC, KOTOPOE COOEPXKHT M SJIEMCHTOB HAHHOIO
MHOXKE€CTBA.

M3 onpegencHus BHITEKACT, Y10 COYETAHUS — 3TO BHIDOpKH (KoMOHHA-
A ), XKAXKIAA M3 KOTOPLIX COCTOWT U3 77 3JIEMEHTOB, B3ATLIX U3 JAaHHBIX
N BJIEMEHTOB, ¥ KOTOPbIE OTJIHYAIOTCH APYT OT JPYTA XOTA Obl OJHUM 18-
MEHTOM, T. €. OTJIMYAIOTCA TOJIBKO COCTABOM JICMCHTOB.

Yucso coderanuit B3 7 37€MEHTOB MO M 3IEMEHTOB 0603HAYAETCHA CHM-
BoJiom O] («113 B3 3H 110 3M») ¥ BLMUC/AETCHA 10 (popMYJIe

m_ nn=1{n-2)...n—m+1)
Gt = 1-2-3...m

HJIH

cm = m (1.8)

[d Uucno AT pasMmeruenull 3 n 3JIEMEHTOB HO 11 3JEMEHTOB MOXHO Haf-
TH CHEIYIOmMHEM 06pa3oM: BeIOpaTh m 3JIEMEHTOB 13 MIOXEeCTBa, COIepXKa-
Wero 7 IeMeHTOB (310 MOXHO cuenars () cnocobamm); 3aTeM B KaX-
OOM H3 OOJIYYEHHBIX cOdeTaHHil (IOIMHOXKECTB) COeslaTh BCE 1IePecTaHOB-
KH JUIH yIOPSA0YEHHs! TOOMHOXECTB (3T0 MOXHO caenars P, cnocoba-

mu). CrlenoBarenbHo, COrNACHO NPABHIIY YMHOMXEHHS, MOXIIO 3AIMCATD:
A nn-1n-2)...(n—m+1)

m _ ¢mn, mo_
Al = CI* . Py, Orcwoga Cf P, T35 m HJIH
mo_ ! ]

Cr m!(n — m)!
MoxHo NOKa3aTh, ITO HMEIOT MECTO JOPMYJIbL:

Clt=Cy™, (m<£n), (1.9)
COLCr+C2 ... +CR =27, (1.10)
Clr=C +C, (1<m<n). (1.11)

®opmyny (1.9) ynoOHO MCNONML30BATH MPH BBITHCIEHUH COMETAHHH, KOTTa

15.14
m > %.TaK, Cllgzclzs =19

BCEX NOOMHOMXKECTE MHOKECTBA M3 1 aaeMeHToB (0HO pasHo 27). Ymcna
Co CL, C2, ..., CT apnawTcs KoaddUIMEHTAME B DA3JIOXEHHA OHHOMS,

Huiotona: (a + b)* = CRa™b? + Cla®1h ... + Cla'b™.

= 105. ®opmyJia (1.10) BeIpaskaeT YHACIIO
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Ky

pumep 1.12. CocTaBuTh PA3IHIHEIE COUETAHNA N0 2 W3 BIEMEHTOB MHO-
xecrea D = {a, b, ¢}; nogcaurars ux umcho.

Q W3 Tpex amemeHTOB MOXEO 00pa30BaTh CJAENYIOIHe COUYeTAHHA MO 1Ba

aaementTa: (a,b); (a,c); (b,c). Ux wncno: C2 = %—% = 3 (dopmyna (1.7)).
@

IIpumep 1.13. Cronbkumu criocobaMy MO HO BRIODATE 3 I[BETKA U3 BA3LI,
B KoTopoh ctoar 10 kpacHeix ¥ 4 po3oBbiX Bo3auMKH? A ecnu BHIOpaTh 1
KPACHYIO TBO3IMKY U 2 pPO30BBIXT

Q Tak xax nopsylox BoiGOpa IBETOB HE MMEET 3HAMEHUs, TO BEOpATL 3

UBETKA M3 Ba3bl, B KOTOPOH cTtoAT 14 reo3myk, MOKHO 0?4 criocobamn. Ilo

dopmyse (1.7) maxogum: C3) = %}5_31_2_ =7-13-4

HYIO TBO3OHKY MOXHO BRIOpaTh C’llo = 10 cnocobamu. Beibpars nBe po3ossic
CBOZIHKH U3 UMEIOHUXCA IeThIPEX MOXKHO C} = %——g = 6 cnocobamu. 1lo-
aToMy GyKeT U3 onHOH KpACHOH ¥ JIBYX PO3OBBIX I'BO3INK MOXHO COCTABMTE,

nio npaguity ymuoxenns, Cly + C7 = 10+ 6 = 60 cnocobamu. ¢

= 364. [anee: kpac-

Cxema BbiOOpa ¢ BO3BpaLleHUEM

=

Ecsu 11pu BLIGOPKE M 3J1EMEHTOB 13 1 3JIeMeHTH BO3Bpalalorea odpar-
HO W YNOPAMNOYMHBAIOTCH, TO TOBOPAT, SITO 3TO PEIMEWEHUA ¢ NOGMOPE-
HUSMU.

PasMemienns ¢ MOBTOPEHUAMH MOTYT OTAMYATBCA APYT OT ZPYTa 3Jje-
MEHTAMH, UX TOPAIKOM ¥ KOJWYECTBOM OOBTOPEHHH »3eMenTOB. N0
BCEX pazMemenuit U3 n SJEeMEeHTOB HO M ¢ HOBTOPeHUAMHA 0D03HaYaeTCH
cumposiom A7 u peraucigercs o GopMysie

AT =n™, (1.12)

ITpumep 1.14. Ha 3 saementos ¢, b, ¢ COCTABMTL BCC PA3MEUIEHH 110 J1BA
BJIEMEHTA C [OBTOPEHHUAMH.

Q@ To dopmyae (1.12) uucno pasMentennit 0o qBa ¢ HOBTOPEHUAMH PABHO
A2 = 3% = 9. Bro: (a,a), (a,b), (a,c), (b,b), (b,a), (b,c), (¢, ¢}, {¢,a), (¢, b).
®
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ITpumep 1.15. CKOMBKO MATHIHAMHBIX 9HCEST MOXKHO COCTABHTL, UCHOJE-
3ya uudpsl a) 2, 5, 7, 8; 6) 0, 1, 97

Q a) Bce nsarusHaqube 9MCIA, COCTABICHABE 13 mudp 2, 5, 7, 8, orinm-
YAI0TCA APYT OT Apyra AuGo HOPAOKOM X CIeAeBaHus (HanpuMep, 25558
# 52855), mmbo camumu uudpamu (Hanpumep, 52788 m 78888). Cnenosa-
TeJbHO, GHH fASJAITCH PA3MEUISHnAMHE U3 4 BJIEMEHTOB [0 & C MOBTODEHM-
AMH, T. €. ./12. Tarkum ofpasoM, HCKOMOE YHCII0 MATH3HAYHBIX YHCeJ PABHO
/1‘3 = 4° = 1024. DroT Xe pe3yNbTAT MOKHO IOy IHTh, HCNOIb3Ys TPABUIIO
YMHOXKCHHSA: IePBYI0 Py CAEBA B MATUIHAMHOM YHCIIE MOXKHO BRIOpATh
4eTHIPbMH CHOCOOAMH, BTOPYI0 —— TOMXKE YeTHIpbMSA ciocobaMu, TPeTbio —
SeTLIPBMSL, YETBEPTYIO — YETLIPHMA, TATYK) — YEThIpbMi. BrCero nomyqa-
erca 4-4:-4-4.4 = 1024 nATHIAATHBIX TUCEJT.

6) Ecnu narushaunme yucna cocroar w3 nudp 0, 1, 9, To nepsyio Li-
dpy cnesa MOXxnO BRGpars Opyms cnocobamu (0 He moXeT 3aHUMATh Iep-
BYIO IIO3UIMIO), KAXKAYI0 M3 OCTABIINXCA YeThipex mudp MOXKHO BHIGpATL
Tpemsa crnocobamu. CorIacHO NPAaBMJAY YMHOMEHHA, TAKHX 4uces Oyner
2-3-3-3-3=162. (Mnaue: A3 — A} = 243 — 81 = 162.) ®

Ecnu npe Beibopke m 3J1EMEHTOB H3 1 3JIEMEHTHI BOIBPAIIAIOTCH 00paT-
HO De3 noc/enyomero yrnopsaoiMBAHKA, TO IOBOPAT, YTO 3TO COYEMARUA C
NOGMOPCHUAMU.

Yucso scex coveTaHRi 13 7 9JIeMEHTOB HO M ¢ NOBTOPeHHAMH 0603Ha-
yaerca cumsosiom G U BBIMHCAACTCA 110 opMyJIe

sz n+m 1 (1.13)

IIpumep 1.16. M3 tpex snemeHTtos a, b, ¢ cocTaBUTL BCE COYETAHHA I10
[IB3 BMEMEHTA. ¢ IOBTOPEHUSIMH.

Q Mo dopmyne (1.13) uucio coderanuit N0 OBa ¢ HOBTOPEHHSMH PABHO

Ci=Ci,,=Ci= I—g = 6. CocrasiificM 9TH COYETaHAF C IIOBTOPEHH-
amnt (a,0), (a,b), {a,¢); (b,b), (b,¢), (c,c). ®

IIpamep 1.17. CronsxknMua cnocobaMyu MOXHO COCTaBATE Oyketr U3 D uBe-
TOB, €CJIM B HAJWYMH €CTh IBETBI TPCX COPTOBT

Q PaccmaTpuBaeMoe MHOXKEGCTBO COCTOUT K3 TPEX PA3JIHMHBIX JICMEHTOB,
a BuIbOpKH uMeT obbeM, pasubifl 5. Ilockonbky TIOpANOK pacnoioXKeHns
HBETOB B OyKeTe He WIPaeT POJIH, TO MCKOMOE 4MCJIo OYyKeToB paBHO 4H-
CAy CodYETAHMH C HOBTOPCIHAMY U3 TPEX 9JIEMEHTOB mo 5 B Kaxmom. Ilo

dopmyse (1.13) umeem C3 = C8 = CI> = CF = 7 g 21. e
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=]

Ilycres B MuOxecTBE C N 351€MEHTAMH €CTL K DPA3TMYHBIX 3JieMEHTOB,
opu atoM 1-# 3neMenT noBTOpRETCH N1 pa3, 2-i aneMmenr — ng pas ..., k-i
ANMEMEHT — 1y pas, IpuYeM ny + 1o + ... 71 = 7.

[lepecTanoBku M3 N 3JIEMEHTOB JAMHOTG MHOMECTBA HA3BLIBAIOT nepe-
CTMAHOGKAMU ¢ NOGMOPEHUAMU U3 N IACMEHTILOB,

Hucii0 nepecTaHOBOK C MOBTOPEHMAMH M3 17 9JIeMEHTOB 0003HANAETCA
cumBosioM Py, (ny,ng, ..., ny) 1 BelUKcageTcd 10 HopMyIe

'
Po(niyno,. o ng) = m (1.14)

IIpumep 1.18. CroabKO Pas/IMYHBIX HATHIRAYHLIX YHCES MOXHO COCTa-
BuTh u3 uudp 3, 3, 5, 5, 87

Q Ilpumennm dopmysy (1.14). 3nech n =5, ny =2, ng = 2, ng = 1. Un-
CJIC PA3JIMYHBIX MMATHIHAMHLIX 9UCeJT, conepxamux mudpst 3, 5 u &, pasHo

{
Py(2,2,1) = 5—2,—1, = 30. °

YnpaxHeHna

1. CKONBKO PA3NIMYHBIX «CJAOB», COCTOAUMX U3 Tpex OyKB, MOxHO obpa-
z0BaTh U3 GyKe ¢iioBa BYPAHT A eciin «Ci0Ba» COOEPXKAT HE MeHee
Tpex byxn?

2. Cxronpkumu CriocobaMu MOXKHO BBIODATH OOMH LBETOK W3 KOP3HHbI, B
xoTopoit umeerca 12 reosauk, 15 pos u 7 xpusanrem?

3. Ipyvmna crymenron usyuaer 10 pasmuannix gucmuiiuna, CKONBKHMY
crocobaMy MOXHO COCTABUTL DACHHCAHHME 33HATHR B NONEENIBHUK,
€CJIH B 3TOT JEHb NOJIKHO ObITh 4 pasHbIX 3nHATHAT

4. M3 10 mansuukos u 10 nepovex CIOPTHBHOTO KJACCA OJA YYACTHSA B
acTaheTe HANO COCTABUTL TPH KOMAHILL, KAXKAAA U3 KOTOPBIX COCTOAT
H3 MAJIbUMKA ¥ 1eBOYKH. CKOJIBKUME CIIOCOOAMH 9TO MOXHO CHCJIATL?

5. CKOJBKO MOXKHO COCTABHTL YETHIPEXSHATHBIX THCEJI TAK, YT0OB! MI00DIE
ape cocequne HHMPE ObLIM pasIuyHb?
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9.

B snexTpuuke 12 BaroHoB. CKOJIBKO CyLIeCTBYET CIOCOGOB pa3MeIleHus
4 MaCCAXKMPOB, €CJIM B OOHOM BaroHe HOJDKHO ObITh He Hosiee OIHOTO
HAacCadXXHpa’

Cxonpgumn crniocobaMu 3 HArpaawl MOTYT OBITh PACHPENESICHB MEX Y
1{} yuyacTHHKAMH COpPEBHOBAHAAT

W= 4 nepBokypCHUKOB, 5 BTOPOXYPCHUKOB H 6 TPETLEKYPCHUKOB HAA0
sulbparb 3 crynenta Ha koudepennun. Cxoapkumu cnocobaMu MoX-
HO OCYIIECTBHTH DTOT BHIOOR, €CNIH CPeO BHIOPAHHBIX NOJIKHbI OBITH
CTY/IEHTH! Pa3HblX Kypcon

Cronbkumu cnocofaMu MOXKHO PACCTABUTL HA TOJIKE 7 Pa3IMHHBIX
KHHUL, 9T0OBI OUpene/eHHble TPH KHUTH c1oaad pagoM? He pamom?

10. CronpxuMu CrIoCOHAME MOXKHO PACCAIHTE 5 YEJIOBEK 38 KPYIVIBIM CTO-

aom? (PaccMarTpHBaeTCs TOJNBKC PACHOIOKEHHEe CHASIHX OTHOCUTENb-
HO ApYT Opyra.)

11.10 cryaenTos, cpenu korophix C. ®enus u A. Hlunos, cayyaitneiM obpa-

30M 3aHUMAIOT ouepens B bGubmmoreky. CKOMBKO WMEETCH BapHAHTOB
PACCTAHOBKH CTYAeHToB, Korua Mexny @enuneiv u [InnoseiM oKaxyT-
ca 6 crynenros?

12.VY onHOro MmMKOJBHAKA MMEETCA 7 PA3JMUYHBIX KHHT Juia oOMmeHa, a y

apyroro — 16, CkosnbkuMu ¢cnocobaMi OHY MOTYT OCYILECTBHTHL OOMEH:
KHHra Ha kHAry? JIBe KHHIM Ha BBe KHHrH?

13.B ypue 12 6esnpix # 8 yepHbix mapob. CKOJbKEMH CIOCODaMH MOKHO

BrIGpats 5 wapos, 9Tobul cpeny HUX GuLI0: a) 5 yepHbIx; 6) 3 Genbix U
2 gepubIx?

14. CroABKMME crIoco0aMHi MOXHO PACTIPEISNTh 15 BHIIYCKHAKOB 110 TPEM

palloHaM, eC)iM B OMHOM M3 HUX HMeeTCH §, B IPYTOM — 3 H B TPETLEM -—
2 paxaHTHbIX MecTa?

15. U3BecTHo, 4T0 7 CTYREHTOB COAJIM 3K3aMEH 110 TEOPHH BEPOATHOCTEH Ha

XOpouo ¥ OTHYHO. CKONMBKAMY Croco0aME MOV OHITH IOCTABJIEHBI
UM oneHKu?

16. Urpaisnaa kocrs (Ha ee 6 rpansx xanecensl uudgpbl or 1 no 6) Gpo-

caercd 3 pasa. CKOMBKC CYIIECTBYET BAPHAHTOR BHINAJCHUS OFUKOB B
napHoM omnbite? Hanwmmare HeKoTOpbIE U3 HEX.
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17. CxonbsruMA ciocofaMu MOKHO paclpenenth 6 pas/iMaibiX I0JAPKOB
MEXY HeTBIPbMA PebaTniKaMu?

18. CkoabKuMu criocobamu MOXKIIO COCTABUTEL HabOP U3 6 HUPOXKHLIX, €CJIH
MMeCTCA 4 COpPTa ITUPOKHBIX T

19. ['pyrna yyanuxes us 8 qejionex oTpARISETCs I Ly remecrsne 1o Kppi-
My. CKOIBKEMH CHHOCOGAME MOXHO COCTABUTE CPYIILY U3 YHALIMXCA 5-7
KJEACCOB?

20. CxonpKuMH CcriocobDaMn MOKHO PACHpPEICsuTs 4 KHUIHM HA TPCX MOJI-
Kax kuwkHoro mxacha? Hafitu uncsao cnocofoB paccTanoBKu KHUP Ha
HOJIKAX, CCJIM TOPAMIOK UX PACUOJOKCHUA Ha II0JIKe UMeeT 3HAICHUC,

21.CROBKO «CAOBY MOXKHO UOAYYRTD, UEPECTABAAA GYKBBI B CJIOBE:

a) TOPA; 6) UHCTUTYT?

22, Cronbko cymectByeT ciiocofop pasmermenus 9 4enoBeK B JIBYXMCCT-
HBI, TPEXMECTHBIH M METBIPEXMCCTHDIH HOMCPA TOCTHIMLLL]

23. Cronpkumu crnocofaMi MOXKHO pacnpelendrTh 16 BHAOB TOBAPOR MO
TpeM Marasuunam, ecnd B 1-ff Marasun najgo gocrasurs 9, o 2-# —
4, a B Tperyit -— 3 Buna Tosapon?

Mpumepsl BbIMUCNEHUA BEPOATHOCTEN

ITpumep 1.19. B ypue waxogarca 12 Gensix u 8§ uepnoix mapos. Haitrn
BEPOATHOCTL TOTC, YTO CPEIH HAYTAN BLINYTLIX b mapos 3 6yuyT yepHbiMu?

(Q Buifpars 5 wapos n3 20 moxno C§, passumunbivy crocobamu (sce BoI-
OOpPKH -— HEeYHOPAAOUEHHBIE OAMHMKECTBA, COCTOSIIIUC W3 5 3JICMCHTOB),
1. €. n = Chy. Oupenesum 4uciio ciyuaes, BIaronpUATCTBYIONMX COOLITHIO
D — «cpenu b sumyTsix mapos 3 6ymyr gepumivus. Yuco erocobon BLI-
6pare 3 uepHbIX wapa 3 8, paxommnwxca B ypHe, pasno CF. Kaxjaomy
TAKOMY BBIOODY COOTBETCTBYET C'fg crocobos BeIGOpa, 2-x BeIBIX Aapon ua3
12 Benpix B ypHe. CenopaTenbHo, Mo OCHOBHOMY IDABHAY KOMOGHEATODHKH
(npasusty ymroxenus), nmeem: m = Cp - C%Q. Mo dopmync {1.3) maxonaum,
03 ) 020
uro P{B) = mﬁ—éﬁ—h ~ 0,24, °
20 -
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IIpumep 1.20. B xopobke 5 cunux, 4 KpacHblx 1 3 3e/enbpX KapaHnaua.
Haynauy peinumator 3 kapaiiaia. Kakosa BepoATHOCTL TOTO, WTO: &) BCE
OHM OIHOI'C IIBETa; ) BCe OHM PA3HBLIX IIBETOB; B) CPEIM HHUX 2 cMHHX U 1
3eneibill Kapanam.

Q Cuauana sameruM, 410 4rCJI0 crocobos swGpars 3 kapanmama uz 12
UMCIOUWHXCA B HAJTHYHH PABHO N = 0132 = 220.

a) BeiGpars 3 cuunx xapansomura 3 5 moxno Ci cnocobamu; 3 xpac-
HEIX u3 uMeonmxca 4 MOkHO BHGpars C§ crocobamy; 3 sesieHBIX u3 3
sestennix — Cf cnocobamu.

Ilo npaBuny camkcrust obuice YuCI0 M Cyvaes, OaaroupUITCTEYIO-
mux cobbiTHio A = {TpR KapaHJama, BEIHYTHX U3 KOPOGKM, OIHOTO 1BeTa},

pasnio m = Cf + C} + C§ = 15. Orciona P(A) = % = 21750 =10

6) Ilycrs cobuiTie B = {Tp¥ BHIHYTHIX KapaHJalla PasHbIX LBETOB}.
Yucno m ucxonos, ONaronpuATCTBYIOMMX HACTYIUIEHHIO cobbiTua B, 1o
upapuity ymuoxernust paspo m = C - Cl - C} = 5.4 3 = 60. Iosromy

—m_ 60 _ 3
PlA) =% =95 = 11"
B} Ilycrn cobpite C = {u3 rpex BLIGpaHHLIX KapaHmawed 2 CHHWX u
1 senenvifi}. BuibpaTs 2 CUHNX KAPAHIAIIA K3 UMEIOLMUXCA D CHHEX MOXKHO

C?2 crocobamu, a | sesrenbiit u3 uMetonuxcs 3 senenwx — Ci cnocobamu.

OTciona no Npaswsty ymnoxenns umeem: m = C?Z - C} = 30. Iosromy
_m_ 30 _ 3
PC) =% = 220 22 d

TIpumep 1.21. Haro wects xaprouex ¢ Gyxpamu H, M, 11, 4, JI, O. Hafitu
BEPOATHOCTE TOrO, 4TO: &) NoJy4duTea cioso JIOM, ecnu mayran omma 3a
Ipyro# BRIbHpaTCa TP KapTouky; 6} noayunrces cioro MOJIHWSI, ecom
Hayral OgHA 33 APYro#l BuIGUparoTCs WEeCTh KAPTOUEK U PACHONAraloTca B
P4 B DOpsIIKe NOABACHUHA.

Q a) Uz mecru panseix 6yxs MoxHO cocrasuth n = A3 = 120 Tpex6yk-
sennbx «caosy» (HWJI, OJIf, OHW, JISIM, MWUJT u r a.). Croso JIOM

IpH 3TOM NOABHTCH JIHIIL OSWH pas3, T.e. m = 1. [loaromy sepostTHOCTE

mosBaenus ciosa JIOM (cobuirue A) papma P(A) = 2

n = 120

6) IecTubyKkBeHHBIE &CJI0BA®» OTJIHYAIOTCA OPYr OT APYTa JIMINL IO-
pagkom pacrionoxenus 6yks (HOJIMU S, AHOJIAM, OJTHUSIM u . 1.).
Ux umc/10 paBHO YHCIY [IEPECTAHOBOK M3 6 6ykB, T e. n = Py = 6!. Ouerna-

HO, uto ™ = 1. Torma sepoaTHOCTE NoABaeHus ciosa MOJIHUS (cobritue

B) pamwa P(B) = 2 = L = L1 ®
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TIpumep 1.22. B noyroBoM OTHESeHHE HMEKTCA OTKEPLITKH 6 sunos. Ka-
KOBa BBPOHTHOCTE TOI‘O, H$TO CpeILH 4 HpO,]Ia.HHbIX OTKprTOK BCe OTI{prTKPIZ
a) OOMHAKOBLL, 6) pasnuynbl?

(J Bruifpars 4 oTKpBITKH 6 BHIOB MOMKHO _C'—ff = 126 cnocobamu, T.e.
n = 126.

a) Ilycrs cobertue A = {npomano 4 onuHakoBBe OTKPBITKA}. Mciio
M MCXONOB, GJATONPUATCTBYIOUIMX HACTYIUTEHUIO cOBbITHA A, paBHO wMCIy
BUIOB OTKDPBITOK, T.€. m = 6. [loaToMy

PlA) =126 = o1
6) Mycrs cobpitne B = npomanst 4 pasnu4Hbe OTKPLITKK. Beibpars 4
OTKPDITKH 13 6 MOXHO Cf = 15 cnocobamu. 1. e. m = 15. CnenosaTensho,

_ 15 _ 5
PB) = 135 = 13- ®

YnpaxHeHus

1. B nudt 9-sTaxnoro goma Bouniu 4 desosexa. Kaxnwil n3 Hux nesa-
BUCHMO APYT OT OPYra MOXKET BbliiTu Ha j060M (HAYMHAS CO BTOPOTO)
aTaxe. Kakopa BEPOSITHOCTE TOrO, YTO BCE BBHUIJIK: &) HA PA3HBIX 3Ta-
xax; 6) Ha 0HOM 3Taxe; B) Ha 5 araxe?

2. Us xosonsr kapr (ux 36) BRITACKMBAIOT Haynady 5 KapT. Kakosa Bepo-
ATHOCTb TOTO, YT0 Gynyr BbITAEHb 2 TY3a U 3 mecTepku?

3. Cewmb denonex pacCaxkMBAaIOTCA Hayiady Ha ckamelike. Kaxosa sepo-
ATHOCTH TOTO, 9TO JIBA OMPEICIAEHERIX 9ea0BeKa OyayT CHueTh pajgom?

4. Ha 5 xaproukax paspesHol as6byku usobpaxenst 6yksnt B, E, JI, IT, I
Pefenoxk cnywaltnsiM o0pasom BBIKJIAALIBAET UX B psil. Kakosa Bepo-
SITHOCTD TOTO, TG ¥ Hero nonaygurcs caoso ITEIIEJI?

5. I3 60 BoupocoB, BXONAUMX B 9K3aMEHAIMOHHBIE DWIeThl, CTYIEHT 3Ha-
er 50. Haittu sepostHOCTS TOr0, 4T0 cpemy 3-X Hayrajx BHIODaHHBIX
BOIPOCOB CTY/IEHT 3HAET: a) BCe BOMpPoCHl; 6} IBa BONpOCA.

6. B 6apabaue peBosibBepa T FHE3R, U3 HAX B J 3aJI0XKEHEI NATPOHLL Bapa-
fan NpUBONUTCHA BO BPALICHHE, [IOTOM HAXKUMAETCHA CIIyCKOBOH KYpPOK.
KakoBa BEpoATHOCTL TOrO, YTO, HOBTOPHB TAxkod onuiT 2 pasa noapsa:
a) o6a pasa He seicTpesuT; 6) 06a paza PeBONbBED BHICTPENIHT?



Fnasa 1. Coyvainsle cobbitust * 31

7. [ns nposenenusi copesuosanud 10 xomanm, cpemn KOTOpeIX 3 Juoe-
pa, myTeM XepebbeBKM paCHpeleNATCA Ha 2 IPYNNHL 0o 5 Komas
B xaxacoi. Kakosa BepoaTHocTk TOro, uTO 2 JRAEpa NONANYT B OIHY
rpyuy, 1 nuaep — B apyrywo?

8. Ma konons! xapr (ux 36) Hayrag shiHEMAaOT 2 kaprel. Halitu Bepoat-
HOCTb, 9T0 CPEIH HUX OKAXEeTCs XOTA Obl OOHA «1aMas.

1.10. F'eomeTpuveckoe onpegeneHue BEpoOSTHOCTH

I'eomeTpuyeckoe onpenesieHde BEPOATHOCTH NPUMEHAEICH B CJydae,
KOTa MCXOObl OTBITA PABHOBOSMOXKHE, a [13C (uau Q) ects Heckoneuroe
HeCYeTHOEe MHOMXKEeCTBO. PacCMOTPAM Ha IJIOCKOCTH HEKOTOpYIo ofuracts {2,
HMEIYIO NII0WAaLE So, 1 BHyTpH obnactu () obsacts D ¢ nnomansic Sp

>

- Puc. 8

Q

B obnactu 2 caywalino seibupaercs touka X. 9710T BEIGOD MOXKHO UH-
TEPIPETHPOBATL KaK dpocarue mowku X ¢ obaacms ). Tlpu sToMm moma-
nauue Toykm B 06sacTe (} — moctomepuoe cobmiTHe, B D — cayuaiisoe.
Ipeanonaraercs, uro sce Toukn obsacTy §} paBHONpaBHL! (BCe 3IEMEHTAD-
Hbl€ COBBITHA PABHOBO3MOXHBI), T. €. 4T0 GPOLIEHHAA TOYKA MOXKET [TOIACTh
B mofiyio Touky obsactr (! W BEpOATHOCTE nonacrs B olnmacts [ oponop-
HHOHANBHA TIIOIWAAM STOH 0DJACTH ¥ HE 33BUCHT OT €e PACIOJIOKEeHUS |
dopmsl. IIycts cobeitne A = {X € D}, T.e. Opourennas To4Yka IONaeT B
obsacts 1),

Teomempuneckots aeposmuocmsio cobbimusi A HASHIBAETCA OTHOUIEHUE
mwhowaaa obacty D x nomomwany obaactu {2, T e,

Sp

P(a) =32 (1.15)
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P'eoMOTPHYECKOC ONPCHEASHRE BEPOATHOCTH COOBITHA IPAMCHEMO H B
cay4vae, kora obsacta 2 u D ofe aunefiume wim obnemunie. B nepsom
CIIy AL

PA) =2 (1.16)
I
BO B']‘OpOM —
P4y = Yo (1.17)
Va

roe I — pauaa, a V. —- ofikeM coorserceruyiomedl oGiacTy.
Bee tpu dopyysim ((1.15)), ((1.16)), ((1.17)) moxa0 sanucarh 1 BEAC

mes I
rac uepes mes obozdaucsa Mepa (8, [, V) obmacru.
I'eomeTpuyeckas BEPOATHOCTL 00NA1ACT BCEMM CBORCTBAMY, NPHUCY K-
MM KJIACCHTECKOMY (M IpYTUM) ONpeseNcHuUo:
1. T'eomerpuueckas BEPOATIOCTD JIIDGOrO COOBITHA BAKJIIOUEHA MOK LY HY-
JleM W CHHIINIed, T. e.

0 € P(A) € 1.

2. TeomMerpuvccKas BEPOATHOCTh HEBO3MOXKHOFO COOLITHA pPaBHA HYJIIO,
T, €.

3. Tromerpuucckas BepPOATIOCTh HOCTOBEPUOTO CODLITHS paBlia CAMHUIE,
T. €.

4. [eoMeTpuyeckas BEPOATHOCTS CYMMBl HECOBMCCTUMBIX COOLITHH panHa
CYMMEC BEPOATHOCTEHR THX Ccobprruil, T, cerm A - B = &, 10

P(A+ B) = P(4) + P(B).

[Tposepum, nmanpumep, cpoicerno 4 nyers A = {& € D}, B =
= {x € Dy}, rne Dy - Dy = @, v.e. Dy u D)y Henepecekatomuecs o0/1acTu.

, s
Torna P(A + B) = SD&;D- =Sy S = P(4) + P(D).

IIpumep 1.23. (3azatua o Berpede.) sa Hemoseka JOrOBOPHJINACD O BCTHC-
te Moy 9 u 10 wacamu yrpa. puineamui nepssiM KAST BTOPOTO I -
yenne 15 muy, 1ocae wero yxomur (eciwm ne Berpetdiuck). Haiitu Bepo-
ATHOCTH TOI'G, YTO BCTPEYA COCTOHTCH, CCIK KUK AbL HAyIAuy BRIOMPAC]
MOMEHT CBOETO IPHX0/Ia.
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Q Ilycth & — BpeMsa mpuxoma HEPBOro, a y — BTOPOro. BosMmxHbIe 3HA-
genna ¢ u ¥ 0 € 2 € 60, 0 € y £ 60 (B xauecrse enMHHY MacurTaba
BO3bMEM MHIYTB1}, KOTOPBIE Ha ITOCKOCTH Oy OUpPEmesioT KBaipaT Co
cropoHoi, pasroi 60. Touku aToro keajpara, H30OPAKAIOT BPEMs BCTPEHA-
ommxca (eM. puc. 9).

60

151

0| 15 60 <

Puc. 9

Torma = {(z,y) : 0 < z < 60,0 £ y € 60}; nce ucxonp!  paBHOBO3-
MOXKHDBI, TAK KK JIMIA Ipuxonar Haynaay. Cobbitue A — JMMI BCTPETHT-
¢s1 — MPOU30OUIET, CCJIY PA3HOCTh MKy MOMEHTAMY HX npuxona 6yier He
Bostee 16 Mun (no monymwo), r.e. A = {(z,y) : |y — z| £ 15}. Hepasencrso
ly — 2| < 15, re. x — 15 € y € z + 15 onpenesnzer obacth, 3amTpu-
XOBANHYI HA PHC. 9, 1.€. TOYKH MOJIOCHI €CTh HUCXOAbI, GJIATONDUATCTEY-
foume Berpede. Mckomas BeposithocTs onpenenserca 1o gopmyse {1.15):

60 -2.5-45-45 -

o = [~ 044 °

P(A)

¥npaxHeHus

1. B kpyr pagnyca R snucan mpasmnsasit Tpeyronsnng. Hafitn sepoar-
HOCTDL TOTO, YTO TOYKA, OpONICHHAA B »TOT KPYT, HONANeT B NAHHLIA
TPCYLOJTbHUK.

2. Haorpeske [0, 5] ciyuatino spibupaerca royka. Haitrw BepoaTHOCTD ToO-
ro, 4TO PACCTOAIIUC OT HEe 10 IPABOTO KOIIA OTPE3IKA HC IIPEBOCXOHAUT
1,6 exmmnir.

3. Crepxeub aJMHb [ pasfiOMaH B JIBYX HayTa] BRIOpaHHbix Toukax. Hal-
TH BEPOATHOCTL TOCO, YTO H3 LOJIYUENHBIX OTPE3KOB MOXKHO COCTABHTD
TPEYTOJILHUK.
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1.11. Akcnomaruueckoe onpeaenieHNEe BEPOATHOCTHU

AxCHOMaTHYECKOE TIOCTPOCHUE TEOPUH BEPOATHOCTEH CO3/[aH0 B HAYAJE
30-x rogos axamemuxoM A.H. KosMoropossiM. AKCHOMBI TEODUH BEPOAT-
HOCTCH BBOASTCS TakuM 00pasom, 4700kl BEPOATHOCTh COOBITHH 0bJ1anasa
OCHOBHBIMHM CBOMCTBAMM CTATHCTHHMECKOH BEPOATHOCTH, XapakTepusyomeh
ee TMPaKTHUECKUH CMBICJI. B 3TOM cJiydae TeOpHA XOpOIIO COTJIACYETCH C
NpakTUKOIL.

TIycrs £} — MIIOKCCTBO BCEX BO3MMKHBIX MCX0/0B HEKOTOPOLO OIBI
ta, (3xcnepumenta), S — anrebpa cobpiruit. Hanomuem (cm. n. 1.4), yro
COBOKYRNHOCTE S MOAMHOKECTE MHkecTBa () HasmBaercs aazebpott (o-
aazefpoll), €Cov BRIMOJINEHDBI CJENYIOUIHE YCIOBUA:

1. 8 conepxuT HEROIMGKHOE M NOCTOBEPHOE COOBITHA.

2. Ecnn coberrua Ay, As, Az, ... (KOHEYHOE MM CUETHOE MHOKECTBO)
OpUHAOJEXAT S, TO S NPHHAJJIEKAT CYMMa, TPOH3BEIEHAE U ONOJIHEHAE
(7. e. mpotuBonooKHOC A A,) 3THX COBBITHH.

Bepoamnocmuio HaspipaeTcs Ppyuknua P{A), onpegesiesnas na ajred-
pe coberTull S, npuHEMacIAas GeHCTBUTENbHBIE 3HAUEHUA H YIOBIETBOPHA-
OWAA CACTYIONEUM AKCHOMAM:

Al. Arcuoma neompuyameasHoCmMU: BEPOITHOCTD nobore cobritua A € S
HEOTPHUATENLHA, T. €.

A2, Axcuomo HOPMUPOGAHNHOCTU, BEPOATHOCTh JOCTOBEDHOrO COOBITHA
PABHA, eIUHULLE, T. €.
P() =1.

A3. Axcuoma addumuenocmu: BEPOATHOCTE CYMMBbl HECOBMECTHBIX CODBI-
THH PaBHA CyMMme BepositHocTeH aTux cobvitull, T.e. ecin A, A; = @

(i # i), To
P(Zk: Ak) = ;P(A’“)'

Cosoxynnocts o6bexros (€2, 5. P), rue {2 — DpocTpasCTBO 3JieMeHTap-
HEIX cOBRITHH, S — anrebpa cobprrult, P — uucnosas GYHKIAA, yA0BISTBO-
paAoan akcuoMam A1-A3, HASLIBAGTCH GEPOAMMHOCTHBLM NPOCTPAHCTNEOM
CIy4afiHoro SKCIepPUMEHTa.

BepoarnocTHoe NPOCTPAHCTBO CIYKAT MATEMATHIECKOR MOGEJIBIO JII0-
Boro cayyalinoro speHHs; 3aaHHeM 3TOr0 IPOCTPAHCTRA 3aBEPIUACTCS aK-
CUOMATHKA TCOPHA BEPOSTHOCTEH.
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1.12. CeoiicTBa BEpOATHOCTEK

Ilpusenem pan cBofCTB BEPOATHOCTH, ABNAKOUIMXCA CJEICTBHEM AKCH-
om Kosmoroposa.

C1. BeposarsoCTh HEBO3MOKHOrO CODBITHSA paBHa HYJIO, T. €.

P(@)=0.

C2. CymMma mepodTHOCTEH UPOTHBOHONOXKHBIX COObTUH pasna enwHUIE,
T. €.

P(A)+ P(A)=1.
C3. BeposTHoCTb JIIOBOTo COBBLITHA HE NPEBOCXOOUT €NUHUIB], T. €,

Pl4) < L.

C4. Ecin A € B, 1.e. cobeiTiie A BJeder 3a cobolt cobsrtue B, T0

P(A) < P(B).

CbH. Ecoy cobrimua Ay, Ay, ..., A, obpasyloT NOMHYW rpyIiny HECOBMECT-
n
nuix cobuuit, T.e. . Ay =Qu A Aj =@, 10

i=1

n
: T Y P =1
i=1

[} ClL.Taxkax A+ @ =Au A @ = @, To cornacHo axcuome A3 umeem
P(A) + P{@) = P(A), cnemosaressno, P(@) = 0.

C2. Tockonsky A+A = Q, 10 P(A+A) = P(), atak xak 4- 4 = &,
10 B cHTy akcuoM A2 u A3 nonygaem P(A) + P(4) = L.

C3. U3 cpoticrea C2 switexaer, uro P(A4) = 1 — P(A). C yuyetoM ak-
cuoMe!l Al nomyuaem P(A) < 1.

C4. Tak kak B=(B-A)+Aumpu AC Bu(B—-A4) A=g, 10
cornacHo akcuome A3 nonyvaem P(B) = P(B—A)+P(A). HoP(B-A4) 20
(akcwoma Al), nostomy P(B) = P(A).

C5. Tax kak A1+ Az +...+ A, = Q, To, cormacuo akcuoMam A2 u A3,
umeeM P(A] + Ao+ ...+ 4p) = P(4) + P(Aa)+ ...+ P(A,) = 1. |

3amerum, uro u3 P(A) = 0 ne caenyer A = .
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. IIpumep 1.24. s konoap!, conepxamei 36 Kapt, HAy1a49y BHIHUMAIOT TPH
| I

=  xapTsl. HaltTu BepoATHOCTL TOTO, YTO CPENM HUX OKAXeTCH xoms Gw odua
&aamMas.

Q@ Tlycte A — unTepecylomee Hac cobuitie, A; — noABaenue ogHON «aa-
Mpl», Ay — OByx «mam», Ay — Tpex «aam». Torma A = A; + As + Az,
nprdeM cobbitea Ay, Ao, Az mecosmectsnie. lloatomy P(A) = P(A) +
+ P(Ag) + P(A3). Yucso BceBo3MOXKHLIX coyuaes BHbOpa rpex xapT u3 36
PABHO C'gs; TUCA0 CAYYAED, BIaronpHATHRIX COOBITHAM A, Ay, As, coot-
BeTCTBEHHO pasHo my = O} - C%,, my = Cf - Cly, my = CF - CF,. Taxum
obpasom, P(A) = Ci-Ch+Ci Ch+C}-Ch
C3s

3amada pelaeTca Mpolle, ecliM BOCHONL30Barbes csoiictBom C2, Haxo-
UM 3P(H), re A — Cpeim BBIHYTHIX KapT HET Hu OmHOH «aaMbry! P(A) =
= % ~ 0,69. 3uaunr, P(A) =1 - 0,69 = 0,31, @

36

~= (0,31,

1.13. KoHeuyHOe BepOoATHOCTHOE NPOCTPAHCTBO

TIycrs NpOM3BORMTCA HEKOTOPBIH OIIBIT (9KCIEPUMEHT), KOTOPBif nMeer
KOHEYHOC YHCJIO BOSMONKHBIX MCXOIOB Wy, Wa, W3, ..., Wy, B 9TOM cayydae
Q= {wy,wa,...,wy} (s goporko Q = {w}) — KOHEUHOE IPOCTPAHCTBO,
§ — anrebpa coberruii, cocToamaa u3 peex (ux 2") NOOMHOKECTB MHOMXE-
crea .

Kaxnomy anementapHoMy cobbiTuio w, € §2, ¢ = 1,2,...,n 00CTaBUM B
COOTBETCTBUC YHCIIO (1, ), KOTOPOE HABOBEM «BEPOATIIOCTHIO QIEMEHTAPHO-
ro coBbITHA», T. €. 330a,uM Ha ) YHCI0BYI0 PYHKIHI, YAOBIETBOPAIOILY O
IBYM YCJIOBHSIM:

1) ycnosue neorpunareashocts: p{w,) 2 0 gua jmoboro w, € {2

n

2) ycuosue ropmuposansocta » . plw,) = 1.

=1

Bepoamnoeme P(A) nns moboro nogmuoxecrsa A € () onpedeaus xax
CYMMY

P4) = 3 plw,), (1.19)

weA

T. €. BepoATHOCTHIO P(A) cobriTra A HazoBeM CyMMY BEPOATHOCTeH 31eMeH-
TapHBIX cobuiTHil, cocTaBmAwumx cobuitie A. Beemennaa takuMm 0Opas3oM
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BEPOATHOCTL YOOBaEeTBOPAeT akxcuomam Konmoroposa (A1-A3):

P(A) 20, P = plu) =Y plw)=1,

w, €51 =1
PA+B)= Y plw)= > plw)+ > p(w,)=P(A) + P(B),
w, A+ R w, €A w,EB
ecd AD = @, r.e. A m B — 1Ba uecopMmecTtHnix coborrust. Tax onpe-

nenexHasi tpofika {2, 5, P} ecTs KoHEYHOE BEPOATHOCTHOE NPOCTPAHCTBO,
HA3bIBAEMOE «JIMCKPETHBIM BEPOATHOCTHEIM TPOCTPAHCTBOM .

JacTHpM cayuaeM onpeaeneitna sepostHoctn {1.19) sawsigerca xeac-
cunecKoe onpedesenue EPOAMHACIN, KOTA BCE MCXORB! ONBITA PABHOBO3-

moxcHbE: pl{wy ) = plwy) = ... = plwy) = % (cmemyer U3 yCIIOBUSA HOPMHPO-
11

saHHocTH: »  plw,} = 1}. Dopmysa (1.19) npuobperaer BuI:

gz |

1,1 1
P(A)ﬁZp(wz)3ﬁ+ﬁ+...+'ﬁx%,
wEA h > g

T.e. P{A) = %, e 1 —— YUCJ0 AIEMEeHTAPHRIX COObITHI, 00pa3yUinX
cobritiie A (T.e. m — 9ucs0 cayuacs, GIATONPUATCTBYIOIMX TOABICHHIO
cobprtua A).

1.14. YcnoBHbl€ BEPOATHOCTMU

Ilyctn A u B — npa cobpiTHSA, PACCMATPHBAEMEIC B JIaHHOM onbite. Ha-
CTYIJICHHE OJHOTO cOOLITHA (CKakeM, A) MOXKET BAMATL HA BO3MOKHOCTD
HacTymenus upyroro (3). Jaa repesmepucmuky 306UCUMOCTIY, 0OKUET CO-
Brmutt om Jpy2zur BBOIWUTCA HOHATHE YC/JIO0BHOH BEpOs IHOCTH.

@' Yeaoenott eepoamnocmuio cobprrua B OpH YCJIOBHH, 9TO NPOM3OUIIO
cobpiTe A, HA3RIBACTCA OTHOLICHWE BEPOATHOCTH IIPOUBBEOEHUSA DTHX CO-
Ouirnii k BepoaTHOCTH cobbiThs A, npudem P{A) £ 0, oBo3Hagaerca cum-
sosiom P(BA).

Taxkum obpasom, O ONPENCTIEHHIO

P(A- B)

P(BIA) =

P(A) # 0. (1.20)

Bepostuocts P(3), B omtuuue or yeaosoi, Hassisaercs fe3ycaoenoll ge-
POAMHOCTIDIO.
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AHANOr#UHO ONpeneIAeTCH YCAOBHAA BEPOATHOCTH COObITUA A mnpH
yenoum B, 1.e. P{A|B):

P(A-B)

P(AIB) = 5

P(B) #0. (1.21)
O1MoTHM, 4TO YCII0BHAA BEPOSITHOCTD, cKaxem P{B|A), ynosnersops-

er akcuomam Kosmoroposa (n. 1.11): P(B|A4) 2 0, ouesununo; P(Q|A) =

P(r-A)  P(A)

= = =1; P{((B+C)|A) = P(BlA)+ P(C|A),ecm B-C =
L = pla) = B PUB+0)A) = PBIA)+ P(C]A)

= &. IlosroMy uia yCAOBHOH BEPOATHOCTH CIIPABE/JIMBRI BCE CJIEICTBUA

{crolictpa) u3 axcuoMm, nosydensnie B . 1.12. Qopmysa (1.20) npuaumaet-

€ 10 ONpefesieluI0 MPH AKCHOMATHYECKOM OTIPEIeICHHM BEPOATHOCTH, B

CIIYyYIae KJIACCUYIECKOr0 (FeOMETPHYECKOrQ, CTATUCTHYECKOIO) OIPEHesIeH

OHAa MOXeT ObiTh JIOKA'3AHA.

Ipumep 1.25. B ypue 2 6ennix 1 7 yepHbix wapos. M3 Hee nocnenosaresin-
HO BBIHMMAaIOT J1Ba mmapa. Kakosa BeposaTHOCTE TOFO, 9TO 2-# mIap OKakeTcs
feJIbIM NPY yeJiosuK, 910 1-# wap GeLn aeprbim?

Q Peummwmm sanaay neymsa crocobamu.

1. Itycte A — 1-if map uepnwiit, B — 2-it map Oesibiil. Tak kak coberrne
A npomomgro, T{) B ¥pHE 0CTAJI0CH 8 mapos, U3 Koropeix 2 Heasix. [loaToMmy
P(B|A) = §ET 1
2. Ha#inem P(B|A)} no dopumyne (1.20). Ouenano, yro P{A) = g— .
Haxonmm P(AB): 1 = 9.8 = 72 — obwee 1ucsio HCX00B (I0ABIEHWE IBYX
mapos). Cobuituio AB 6narompuarcreyior m = Ci - C1 = 14 wcxogos.

Moaromy P(AB) = % = 3'% . Csrienmoparensuo, P(B|A) = "j'% : g— = -éli ®

1.15. BeposiTHOCTb npou3BefeHUs COObITUNA.
HesaBucumocTb COOLITUIA

W3 onpepenenus yenosnoit seposithocty (1. 1.14) cnenyert, 4o
P(A.B)=P{A). P(B|A) = P(B) - P(AlB), (1.22)

T. €. BEPOAMHOCTG NPouseedeHus EBYX coBEITHH pPABHA TMPOW3BENEHHUIO Be-
POATHOCTH OTHOTO M3 HUX HA YCIOBHYIO BEPOATHOCTD IPYIOTO IPH YCJIOBHH,
YTO HEPBoe COOBITHC 1iPOR3OILIO0.
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Pasenctso (1.22) HazelBaioT npasusom WIH meopemoti (U1 CXeMBL city-
JAEB OHO AOKAZBIBACTCH) YMHONCEHUA Sepoamuocmedi. DTo npasuio obob-
HaeTCA Ha caydai n cobbrruii:

PAy - Ay Ay =
= P(Ay) - P(Az|A1) - P(A3|A; - Ag) - .- P(Ap|A1 - Ag - Apy).
(1.23)
Tak gna 3-x cobertutt A, As, Ay mosydaem

P(A, Ay Az} = P((A1- Ay) - Ag) = P(A; - Ay} - P(As|Ay - Ag) =
= P(A,) - P(A3|4;) - P(A3]A, - A2).

IIpumep 1.26. B xopobre vaxomurea 4 Geybix, 3 cuitnx m 2 9epHBIX wapa.
Hayrnauy nocnemosaresbHO BEIHUMAKT 3 wapa. Kakoba BepogSTHOCTE TOTO,
urg 1-# wap Gyner GenpiM, 2-#f — cunmm, 3-i - yepHLIM?

(Q Bpenem cuienyromue cobpitua: A; — DepBbIM BuITAIAIM Gesbiid wap,
Ao — mropmsM — cunuil, A3 — rTpereum — uepubiil. Torna werepecyo-
mee Hac cobeiTHe A mpepcrasurcs B pupe A = A; - Ay - Ay, Ilo npasu-
Iy ymuHOXenus pepostHocreit P{A) = P(A;) - P{Ax]Ay) - P(AalA - As).

Ho P(A1) = 3; P(A4)) = 3

g TAK KaK WapoB OCTANOCh 8, a uumcno

GaronpuATHRIX Cay4aes i cobuTua Ay pasno 3; P(As|4) - Az) = % ,

TaK KakK yxe Osa wapa (6enstit u cunmit) sertasiiensl. CienoBaresbuo,
4.3 2_ 1,

P(A)-g 5" 21~005 ®

pasuno yMHONKEHUs BeposTHoCTeR umeer ocobo nrpoctofl BUI, ecin
cobbrrits, 0OpaA3yIOUIHE HPOUBBEAEHKE, HE3ABUCUHMBL.
@ CobpiTHe A HABBIBACTCA HEFABUCUMBLM O colvimua B, ecsiu ero yciop-
Hasl BEPOATHOCThL paBHA He3YCJI0BHOMH, T. €. ecs BRINOJIHASTCA PABeHCTHO

P(A|B) = P(A). (1.24)

Jlemma 1.1 (o B3aumuod mezasucmmoctn coboiruii). HEcean coborrue A
HE 3aBHCHT OT cobuitHa B, 10 u cobpirne B ne saBucuT 0T cobbltus A.

W3 pasencrsa (1.22), ¢ yuerom pasencrna (1.24), cnenyer P(B|A) =
P(A|B)-P(B) P(A4)-P(B)
= = = P(B), n.c.
P(d) P T Ehe

P(B|A) = P(B), (1.25)
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a 970 O3HAYAET, UTO coOBITHE B HE 3aBHCHT OT COOBITHA A. m

Moxro nars cienywomee (HOBoe) onpenesneHne He3aBUCHMOCTH COObI-
THH.

ABa cOOBITHA HASBIBAIOTCA HE3AGUCUMDIMI, CCJIH TIOARJICHUE OJIHOTO U3
HHX He MEHfeT BePOATHOCTL MOABJICHUA IPYTOro.

Ins1 HesaBuCHMBIX CODBITHHA NPAaBUIIO0 yMHOKeHNs BepoaTrocTed (1.22)
IPHHAMACT BAJ;

P(A-B) = P(A) - P(B), (1.26)

T. €. BEPOATHOCThL MPOM3BEICHHsT [BYX HE3aBUCUMbIX coOhITHR paBHa mnpo-
W3BEIIEHUIO BEPOATHOCTER HTUX coObITHi.

Papencrso (1.26) qacTo ucnosb3yoT B KAYECTBE ONpeleseRnd {eme ol-
Horo!) HesasucuMoCTH CoBLITHH: coBrITHA A 1 B HA3LIBAIOTCA HE3aGUCUMBL-
Mu, ecin P(A - B) = P(A) - P(B).

MoxHe moKasarh, 4T0 ecan cobbitua A u B He3saBHCUMBIL, TO HE3ABH-
cumsl cobpitaa A u B, An B, Au B,

Ha npakTuke 0 HE3ABUCHMMOCTH TEX WJIM HMIIBIX COOBITHH 4aCTO CyLAT
HCXOAs M3 WHTYHTHBHBIX COOOPaKEHHN W aHAJIA3a YCJIOBHY OmbITa, CUMTAR
HE3ABHCHMBIMY COORITHA, «MEK Y KOTOPBIMKH HET IPUYHHHO-CJISICTBCHHEIX
cpaszefi».

[Nonsarve HE3aBHCUMOCTH MOXKeT ObITH PACIPOCTPAHEHO Ha caydait n
cobnrTuit.

Cobsirua Ay, Ay, ..., A, HASBIBAIOTCH HE3GSUCUMBIMU (MIJIH HEIAGUCU-
MBLMU 6 COBORYNHOCTNAY), CIIM KAXKI0e U3 HUX HE 3aBHCHT OT [IPOU3BEICHUS
JOGOTO IHC/IA OCTAJIBHBIX COOBITHH H OT KAXIOTO B OTAEJIBHOCTH. B mpo-
THBHOM chaydae cobuitua A, Ay, ..., Ay, HASBIBAIOTCA 3G6UCUMBMIL

Jlas He3aBUCHMBIX COBLITHH WX YCJIOBHBIE BEPOATHOCTH DABHEBI Oed-
ycaosHbIM, M hopmyaa (1.23) yopomaercs

P(A;-Ay-...- Ap) = P(Ay) P(Ay) - ...- P(A,). (1.27)
W3 nonapuoii nesapracumMocTh cobpitul Ay, As, ..., A, (mobbie npa 13
HHX HE3ABMCUMB) HE CJICAYeT MX HE3ABMCUMOCTh B COBOKYTIHOCTH {oGpaTHOoe

BEPHO).
Yéenumcst B 3T0M, PACCMOTDEB CAEIyIOunil HpaMED.

Hpumep 1.27. [Iponssomurca suibop (Haynady) duiara a3 4-x, HMEOUIAX-
CfA B HAJIMYMY: KpacHoro, rojyboro, Geioro u TpexBeTHOro {KpacHo-Geno-
ronybore). Mccnenopars Ha HesasucumocTh cOOBITRA: K — BoiOpanpbiii
danar umect kpacunii user; I' — umeer roay6oit user; B — nmeer Gesniii
IBeT.
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(9 Bosmoxubix Mcxon0s BaGopa 4; cobpiTuio K GaaronpuareTeyior 2 uexo-
na (kpacubrit mper uMeerca y Apyx ¢uiaros). [Toatomy P(K) = 121 = % . Ana-

JIOrnYHO HaxomuM, uto P(T") = P(B} = % . Cobuirmio K -I' — sribpan d.rar,
uMetoumii 2 nsera (K pacHsiii 1 ronyGoi}, — GAArONPUATCTBYET OIMH UCXO]L,
Hoatromy, P(K-T'} = Eli U tax kax P(K-T) = % = %%— = P(K)-P(I'), 1o
coberrra K u I' HezapucyMel. ARanoruHO yfexagaeMcsi B HE3aBUCHMOCTH
cooprmuit K u B, B u I Crano 6mre, coborraa K, B, ' nonapao mezasucu-
wit. A Tax xax P(K-T-B) = 1 2 P(&) . P(1) - P(B) = %,
I' u B He ABAAIOTCA HE3ABMCUMBIMH B COBOK YITHOCTH. ®

10 cobrrTna K,

YnpaxHeHnwns

1. Bpocaercs urpansuas kocts. [lycts cobeiTie A — NOABIEHHUE TETHOTO
YHCA OYKOB, COOLITHE B — mosaBieHne Doslee Tpex 0YKOB. 3aBUCHMELE
wiM HetT cobpitia A u BY

2. U3 6yks paspesuoi az0yku cocraeseno cijoso CTATUCTHUKA. Kako-
BA BEPOSITHOCTD TOLO, 9TO, NepeMernas 6YKBbI B YKJIAJBIBAA UX B P 110
onuolt (Haynady), noayuum cuoso : a} TUCKH; 6) KUCKA; 8) KT
r) CTATUCTUKA?

3. Haiitu BepoaTrOCTD 0TKa3a, cxembl (prc. 10), npennosnaras, 4T0 OTKA3E
OTHENBHBIX JIEMEHTOB He3aBHCHMbL, & BePOATHOCTL OTKA33 3JeMEHTA
C HOMepoM ¢ panrHa (,2.
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1.16. BeposTHOCTL CYMMbI COOBLITUMA

Kak wmseectio (nm. 1.11), BepoATHOCTb CYMMBI ABYX HECOBMECTHBLIX CO-
BriTuil onpenensiercs akcuomoit A3: P(A+B) = P(A)+ P(B), A-B = @.
Boirenem hopmyny CyMMBI BEDUSTHOCTER JIBYX COBMECTHBIX CODBITHA.

Teopema 1.1. BepoarHocTs CyMMBI ABYX COBMECTHLIX COOMTHE paBHA cyMMe
HX BEPOATHOCTCH 63 BEPOATHOCTH HX IPOM3BEIEHMS,

P{A+ B) = P(A) + P(B) - P(A- B). (1.28)

(d TIpeacrasum cobeitus A + B u B B BUIEe CyMMBI ABYX NECOBMECTHBIX
cobbirnit: A+B = A+B-A, B = AB+ BA (cm. n. 1.3, npumep 1.2 n yupax-
nense 1). B cnipabenusocT aTux hOpMys1 MOXKHO HATATHO yOEHTLCA HA
puc. 11

Puc, 11

Torua, cornaco akcuome A3, umeem P(A + B) = P(A) + P(B-A) n
P(B) = P(A-B)+ P(B-A). Orciona cneayer P(A + B) = P{A) + P(B) —
- P(A-B). ]

Dopmyna (1.28) cnpasemumpa ms arbbix coberruit A B B.
MOXHO MOAYYIRTS POPMYJIY BEPOATHOCTH CYMMEI TpeX W GOMbUIero 1u-
CJI3, COBMECTHBIX coObITHH; n7ia Tpex coObITHH oHa UMEeT BHUI

P(A+ B+ CYy=P(A) + P(B)+ P(C)—
—P(A-B)—P(A-C)—P(B-C)+P(A-B-C). (1.29)

CropasenaMBoCcTh PABEHCTBA HOACHSET puc. 12.

IIpoine, ognako, HAHTH BEPOATHOCTE CYMMBI HECKOJIBKHMX COBMECTHBIX
cobprthit P(S) = P{A1+As+. . .+ Ay), ucnomssya pasenctso P(S)+P(S) =
=1l,rme S = Al AL A, — nporuBonoaoxie cobeiruio S. Torpa

P(8) =1 — P(8). Mbi ye ucrnome308a0u 310t npuem B 1. 1.12.
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Puye. 12

ITpumep 1.28. Bpocaorca ape urpansHble kocTH. Kakosa BepOATHOCTH
=~ nogapaeHnd XoTsa OB onHoM mecrepku?

Q Bsemem coborrusz: A — nosBiAeHHE WECTEPKH Ha Hepso#t koctw, B —
na sropo#l koeri. Torna A+ B — nossnenue xora 661 0HOH mecTepky npu
tpocannu kocreh. Coberrua A u B cosmectnnie. Tlo dopmyne (1.28) naxo-

_1,1 11 1 :P(S) =PAB)=25=2
miv P(A+B) = g+ 5 -5 = 5o (Mmane: P(S) = P(A-B) = - = &2
Cnemoparennuo, P(S) =1 — %g = % y i

YnpaxHeHust

1. B ypre 2 Gennix u 7 4epHbix wapos. M3 Hee naynady BeEEMaOT (Des
po3sppaTa) 2 mapa. KakoBa BepOATHOCTD TOTO, 4T0 OHE 06a SyayT pas-
HBEIX LBETOB?

2. Tpu opyaus cTPEaAIOT B IEJIb HE3ABACKUMO IPYT OT IpyTra. BepoaTHOCTh
MouaJAHNA B 1eNb Kaxaoro pasua 0,7. Halty BepoaTHOCTE TONa aHus
B LEJb: &) TONLKO OMHOTO U3 opyautt; 6) xors 6el ogHoro.

3. Hapexuocts {T. e. BepoarHocTs Gesorkasnoil paborst) npubopa pasana
0,7. Oy noBbIlIEHUs HAAEKHOCTH JAHHOTO npubopa on gybmupyerca
n — 1 npyrumu Takumu xe npubopamu (puc. 13). Crosnko npubopos
HAJN0 B3ATH, YTOOHI IIOBLICHTH €r0 HamexHocTs A0 0,957
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——

S 0,7 I—

0,7

Pue, 13

1.17. dopmMmyna nONHOK BEPOATHOCTU

OoHuAM W3 CNCUCTBHIE COBMECTHOIO NPHMENGHHA TEOPEM CJIOKEHHHA U
YMHOXKEHHS BEPOATHOCTEN ABNAIOTCA HOpMYJBL HOMUOH BEPOATHOCTH M
Batteca. HanoMmuum, 9ro coburtua Aj, Ag, ..., A, 0bpasyror monmnyio rpym-
n

ny,ecom A, A, = @0 # ju Yy, A = Q. Crcremy Takux coOLITHE Ha3HIBAIOT
i=1

Takxe pasbuenuem.

Teopema 1.2. [lycre cobritus Hi, Hy, ..., H, 0b6pasyoT monnyio rpynmy.
Torna maa moboro cobeitaa A uMecT mecTo GopMydIa noaxoll eepoimmuocu
WA cpeduell seposmmuocmit,

n

P(A) =Y P(H,) P(A|H,), (1.30)

=1

[ Tak xax Hy, + Hy, + ... + H, = €, 10 B cuny cpoficts omepanmit

Had cobpitHamu (0. 1.3), A = A- Q@ = A-(Hi+ H, + ...+ H,) =

= A- O +A Hy+ ...+ A H, Us roro, wro I, - H, = &, cneny-

er, uro (A-H,)-(A-H,)) = @, 1 # 3, ne. coberrua A- H, n A H,

TAKXKe HeCOBMeCTHBI. Torma no teopeme CjoxkeHna pepoartuocreit P(A) =
n

=PA H)+PA-Hy)+...+PA -H,) rre. P(A) = Y P(A-H,). 1lo
1

1=

TeopeMe yMHOXennst Bepoaraocrett P(4 - H,) = P(H,)- P(A|H,), orkyna v
cienyer <hopmyaa (1.30). |

Ormerum, wro B hopmyne (1.30) cobmrua Hy, Hy, ..., H, obbriao Ha-
3BIBAIOT SUNOME3AMU; OHE UCHEPIBIBAIOT BCE BO3MOMKHEBIC TPENIICI0KEHHA
(rUnOTe3BI) OTHOCWTEIBHO HCXONOB KaK ObI IIEPBOI0 3Tala ONBITA, CODBITHC
A — omHH M3 BO3MOKHBLIX UCXOMOB BTOPOTO 3TANA.
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TIIpumep 1.29. B cBopounnrii uex sapona nocrynaet 40% merasneit us I uexa
u 60% — us Il nexa. B T uexe nponssomurca 90% craupapreLIX netanei,
a Bo II -—— 95%. Halitn BepoATHOCTS TOr0, YT0 HAYIAYY B3ATAA COOPIIMKOM
JeTas OKAXKETCHA CTAHOAPTHOH.

(@ Bsaruc meranu mMoxHO pasbure Ha npa stama. [lepppiit — 3710 BRIGOP
uexa. Umeerca npe ranoress: H| — metans warorosnena 1 nexom, Hy —
II nmexom. Bropoit ararr — sagrue getanu. Cobbitne A — B3satas HAYHady
netans craHnapria. O9eBuaHo, cobbiTua H) u Hy 00pazyor IoNHy0 MpyI-
ny, P(Hy) = 0,4, P(Hs) = 0,6. Yucna 0,90 u 0,95 ABAAIOTCS YCNOBHLIME
BEPOATHOCTAME COOBITHA A npH ycnoBun runores i u Ho cooTBeTcTBeH-
#o. T.e. P(A{H) = 0,90 u P(A|H,) = 0,95. Tlo dbopmyane (1.30) naxonum
2

P(A) =S P(H,) P(A|H,) = 0,4-0,90 + 0,6 - 0,95 = 0,93. °
=1

1.18. Ddopmyna Baiteca (Teopema runores)

Caencreuem dopmyast (1.30) asnactca dbopmysia Batteca unu meope-
Mma 2unomes. OHA TO3ROJIAET NEPEOLIEHUTD BEPOSTHOCTH runores H;, IpuHsg-
TBIX [0 ONbITA ¥ HA3LIBAEMBIX GRPUOPHBIMU {«a Prioris, AOONBITHBIE, JIAT.)
N0 PEIYALMAMAM YHCE NPosedennozo onvima, T. e, HAWTH YCJIOBHBIE Bepo-
arHoctd P(H,[A), KoTophie HA3LIBAOT anocmepuopummy («a posterioris,
TIOCJICOTIBITHBIE ).

Teopema 1.3. ITlycts cobwitua Hi, Ha,..., H, o6pasylT NojaHyIO IpyOIy
coberTuit. Torma ycoosnas sepostHocTs cobertus Hy (k = 1,n) npu yciioBun,
970 cobBITHE A Hpou3ouLIo, 3amaeTca hopMmysol

rae P(A) = P(A,}- P(A|Hy) + ...+ P(H,) - P(AlH,) — dopmyna nomoit
sepostrocTH. Popmyna (1.31) uassiBaerca dopmyaot Batiecal.

P(Hy) - P(A|Hy)

P(Hy|A) = BA) ,

(1.31)

11702-1761, anranftckull CBAMIEHHAK, MATEMATHK
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[J IIpumenus dopmynsr ycaosuo#t pepoarnocts (m. 1.14) n yMmuoxenus
sepoarHoctelt (m. 1.15), umeem

P(Hy-A)  P(Hg)  P(AHy) ‘

PED="p@ =~ r&

rne P{A) — dopmyna noanoit sepoarnoctu (. 1.17) [ ]

Hpumep 1.30. B npumepe 1.29 (n. 1.17) HalTn BepOATHOCTH TOTO, UTO 14
CTAHAADTHAA neTallb HarorosjieHa 11 mexom.

Q OupenesiuM pepoaTnocTs runoressl He npu yenoswu, 1ro cobbitae A
(B3sATAA QeTadh CTAHJAPTHA) yXKe npousouio, T.e. P(Hy|A):

P(Hy)-P(A|Hy) 06-095 19
P(A) 093 31

P(H|A) = =~ 0,613. °

YnpaxHeHna

1. Tlpubop comepXUT maBe MUKPOCXeMbl. BepofTHOCTE BBIXOAA M3 CTPOA B
teuenue 10 qer nepeolt Muxpocxeme pasia (4,07, a sropo#t — 0,10, Ha-
BECTHO, MTO M3 CTPOs BBILLIA OIHA MHKpPOCXeMa. KakoBa BepOATHOCTH
TOTO, YTO BbIMULIA U3 CTPOA NEPBas MUKpocxeMa?

2. Us 40 sxszamenanmonuuix buneror crynent 11 seryaust Tossxo 30. Ka-
KNM BHTOZHEE eMy 3alTH HA 3K3AMEH, [I€PBbIM KUJIH BTODHIM?

3. HMasectno, aro 90% wanenmit, BHINYCKAEMBIX NaHHBIM NPEAIPHATHEM,
OTBEYAET CTAHIAPTY. YIIPOUIEHHAS CXEMa IPOBEPKH KA9eCTBa NMPOILYK-
MY [IPH3HAET TPUTOIHOM CTAHJIAPTHYIO JETasIb ¢ BePoATHOCTLIO (1,96 n
HECTAHIAPTHYH ¢ BeposTHOCTHK (,06. OnpeneanTs BEpOATHOCTh TOTO,
YTO:

a) B3ATOE Haydady M3fesue Ipoiizer KOHTPO/Ib;
6) u3gesnue, Mpollefiee KOHTPOJIb KAYECTEA, OTBEYAST CTAHIAPTY.
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1.19. HeszaBucumbie ucnbiraHua. Cxema bepHynnu

[&3

C noHATHEM «HE3aBUCHMBIX COOLITHMH® CBAZAHO MOHATHE «HEIABUCH-
MBIX MCIBITAHHH (ONBITOB) S,

HecKoIBKO ONBITOB HAZBIBAIOICA HE3GBUCUMBLMU, €CJIIA HUX HCXOIBI
npeicTaBagior cobolt HesaBucuMeble COBBITHS (HE3ABUCHMBIE B COBOKYITHO-
cTH).

HpyrtHMU cJ10BaMu, €CJIH TIPOBOINTCA HECKOJIbKO HCIIBITAHMH, T. €. OIThIT
BBHIIOJTHAETCH [IPU TAHHOM KOMILIEKCE yCJIOBUH MIOIOKPaTHO (Takoe ssiye-
HHUE HA3BIBAETCHA <TIOCAENOBATENILHOCTHIO WCNBITAHKIA»), MPHUUIEM BEpOsIT-
HOCTh HACTYIIEHHS HEKOTOPOTrO COOLITHsL A B KaXIOM HCIBITAHUM HE 3a-
BHCHT OT HCXOJOB APYTWX UCHEITaHuUH, TO TaKme WCHEITAHKA HAIBIBAIOTCA
HE3ABUCUMBMU.

IIpumepaMu HE3ABMCHMBIX HCHBITAHHHE MOTYT CJIYXKHATH: HECKOJLKO (1
pa3) nombpacuBanuil MoHeThr; cTpensba (n pas) mo mumenn 6e3 NOIPaBOK
HA paHee JOYUIeHHYI0 OmubKy HpH HOBOM BBICTDEJIE; HECKONLKO (1 pas)
BHIHMMAHHUHA U3 yPHBI ONHHAKOBBIX HA OLY b 32HYMEPOBAHHLIX LIAPOB, €CITH
mAapbl KaXbIH pa3 (Iocse npocMoTpa} BOSBPALIAKTCH HAZAL B YPHY, U T. IL.

IIpu npakTHTIeCKOM HPUMEHEHHH TEOPHH BEPOATHOCTEH YACTO HCIIONb-
3yeTCs CTAaHOAPTHAA CXeMa, HaspiBaemad cxemol Bepaymmm umm cxemoit
HE38BHUCUMBIX MCIIBITAHUH.

[MTocsienoBaTeNbHOCTD 71 HE3ABUCHMBIX HCTBITAHHN, B KAKAOM W3 KOTO-
PBIX MOXKET [POM30HTH HEKOTOpoe coObITHe A (€ro HA3BIBAIOT YCNETOM) C
BepoaTHOCTBIO P(A) = p mim nupoTHpomoIcKIOe emy cobpitve A (ero ma-
3HIBAIOT Heydaned!) ¢ BepoarnocThio P(A) = ¢ = 1 — p, Haspisaerca cxemot
Bepnyaau.

Hanpumep, npu crpensbe no mumenu: cobuitue A — mnomamanue
(ycmex), cobmitne A — mpomax (Heynada); npu o6CTeIOBAHAN N W3ACIHNA
HA TIpeaMer rogHocTh: cobbiTue A — merans roguas (ycnex), cobuiTie A—
nerans GpakosaHHas (Heynaya) # T. 1.

B rkampom takom onwite [12C cocrouT ToMsKO M3 ABYX aJjieMeHTApP-
HbIx cobeitnfl, r.e. & = {wg,w,}, rne wy — meydgaua, w; — yCHex, mpu
stom A = {w}, A = {wy}. BeposrrocTa a1ix cobbTUH 06O3HAMAIOT He-
pe3 p ¥ g COOTBETCTBEHHO (p + ¢ = 1}, MHOXKECTBO d/1€eMEHTAPHBIX HCXO-
70B /1A T OMBITOB COCTOMT M3 2" snementos. Hanpumep, npu n = 3, T.e.
(A,A,A) (A,AA) (A A A) (A 4,4)

Wy ! Wy ' wWe ! w3 ’
(4,4,4) (4,4,4) (4,4, 4) (4,4 4)
1

wq ; Wy g i wrr

OnbIT NOBTOPAETCA 3 pasa, ) =

- BepOHTHOCTb KaXJI0ro ajJeMet-

TApHOTO COBHLITHE ONpenesaeTca oOnHo3nayHo. Ilo TeopeMe yMHOKENRA Be-
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POSATHOCTE COBBITRS, cKaxkeM wg = (A, A, A), pabua ¢ ¢ p = pg?, coburrua
wr —p-p-p=p° =pPnrn

Tacro ycmexy conocrasiaaior umcno 1, neymave — wucno 0. Dnemen-
TAPHBIM COOBITHEM IS 7 OUBITOR Gy/eT MOCIeAOBATEILHOCTL W3 1 HyJei
u equunn. Tpofika uyucen (0,0, 0) osmawaer, 4T0 BO BCEX TPEX OMBITAX CO-
Gertne A mHe macrymwio; rpofika wucea (0,1,0) osHavaer, uro cobpite A
HACTYTIWJIO BO 2-M onpITe, & B 1-M 0 3-M — 1€ HACTYITHJIC,

1.20. dopmyna BepHynnm

Ilpocreiimas samaya, OTIOCANAACA K cxeme BepHysjd, COCTOHT B
ONPEeJICHUN BEPOATHOCTH TOLO, 'ITO B 7 [E3aBHCUMBIX KCIIBITAHUSIX COOBI-
e A Hactymut m pa3 (0 £ m < n). Obo3nadaeTcs MCKOMAs BOPOATHOCTD
rax: Py (m) wom Py wirn Py, = m), vae py,
A B CepuM W3 n OOBITOB.

Hanpumep, npu 6pocapuu urpassHoit koctm 3 pasa FP3(2) oznauaer
BEPOATHOCTh TOrQ, 9T B 3-x onbitax cobwitue A — BhimaneHue uudpbl
4 — mpouscitmer 2 paza. Ouesuuno,

HHMCII0 TTOABJIGHNS COOBITH

P{2) = p’q+pPq+pg =
T (AT AV (A 1N2 505
- [{(A,A,A);(A,A,A); (A,A,A)}] = 3pPg=3. (E) B =2 - 0,069

Teopema 1.4. Eciin npoU3BOIRTCA 7 HE3ABUCHMBIX MCILITAHMEA, B KAXKIOM
H3 KOTOPHIX BEPOATHOCTH NOSABIEHHA cobuiTua A pasBna p, a BEPOATHOCTH
€ro HEMOABJECHHUA PABHA ¢ = 1 — P, TO BEPOATHOCTH TOrO, 4ro codbitHe A
npomsofiner m pas onpenenaeTca Hopmyaot bepryaan

Pom)=CI" p™-¢"™™, m=0,1,2,...,n. (1.32)

[ BepoATHOCTL OIHOTO CJIOKHOIO COOBITHA, COCTOAUICrO B TOM, ¥TC CO-

fpiTHe A B N He3aBACUMDBIX OIIMTAX IOABATCHA 1N pPa3 B NEPBbLIX 77t OTIbI-

TaxX M He UOABKICA (N — ™) pa3 B OCTAJIBHBEIX OfbTax (310 cobniTye

A-A-A-...-A-A-A-. . . - A)noreopeve yMHOXKEHIA BepoATHOCTEH pas-
m;aa (n-:-:zr) pas

Ha p™ "™, BeposrHOCTb NoABAeHUA CODLITHA A CHOBA 11 pas, HO B ApYTroM
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nopsanke {manpumep, A-A-A... - AA-A-... Awm AAAA.... AAurn)
m pa3
Gynet Tolt ke camoft, T.e. pTg" ™.

YHucesio TAKUX CAOKHBIX COOBITHR — B 71 OIBITAX 17 PA3 BCIPEUAETCA CO-
ObiTHe A B PA3NBYHOM MOPANKE — PABHO YHCIY codeTaHuit U3 n 0o m, T e.
CT'. Tax Kak BCe 3TH CJIOXKHbIE CODBITHS HECOBMECTHEL, TO IO TEOPEME CJI0-
HEHUA BePOATHOCTEH HMCKOMAs BepOATHOCTH PABHA CYMME BEDOATHOCTEN

BCEX BO3IMOXHLIX CJIOXKHBIX COﬁbITHﬁ, T. €.

Py(m) = pmg" "+ 4+ pM¢ T = Cp" ™, m=0,4,...,n. B

-
CT7 coraraeMblx

MoxHO 3aMeTHTh, YTO BEPOATHOCTH FPr(m), m =0,1,...,n asasoTca
koachdunmentamu npu £ B passoxenun (q + px)” no ¢popmyne GniomMa
Hrwrona:

(q+1)vr)n — n+cflzqn 1pJ‘+CQ n--2 ‘2 ‘2_‘_.._+C;nqn—mpmmrn+|"+pnmn

Tlo3TOMy COBOKYTHOCTh BepoaTHOcTel P,(m) HasbiBamwt HunomuaibHbm
3axoHoM pacnpedesenua sepoamnocmed (cm. 1. 2.7), a dyHrumo @(z) =
= {g + pz)" — npouseodaweli gynxyueti 1A NOCTEHOBATENLHOCTH HE3a-
BHCHMBEIX OIILITOR.

Ecau B KaX/10M 13 He3aBHCHMBIX MCHBLITAHUHA BEPOATHOCTH HACTYIIe-
gua cobuitia A paswbie, TO BEPOATHOCTHL Toro, 9ro cobbTRe A HACTYTINT
m pa3s B N ONLITAX, PaBHa KO03(pUIIMEHTY HpH M- CTEIeHn MHOTOY/IeHa
enl(z) = (1 + P1z)(g2 + p22) + ... - (gn + Pn2), THE 0n{z) — TpPOM3BORAWAA
dyHRIHNA.

Ecaou B cepyu U3 1 HE3ABHCHMBIX ONBITOB, B KAXKIOM H3 KOTOPBIX MOXET
npOU30OHTH OIHO M TOJBKO OHO u3 k coberru#t Ay, A, ..., Ay ¢ coorBet-
CTBYIOINMMH BEPOATHOCTAMM Py, P2, ..., Pk, TO BEPOATHOCTH TOTO, YIO B
3THX OHBITAX COBBITHE A, MOABUTCA My pas, cobblitHe Ao -—— mg pas, ...,
cobbiTHe Aj - my, pas, papHa

|
Pp(my,ma,. .., my) = mp’f‘"lp? S (1.33)

rae my + my + ... -+ g = n. BepoatHocty (1.33) Ha3BBAIOTCA NOAUNHOMU-
GALHBIM pacripedeacrue.

ITpumep 1.31. ITpomssoaurca 3 He3aBHCHMBIX BhICTpena 1Mo uesnu. Bepo-
ATHOCTH OMAJAHHA TPH Pa3HRIX BRICTPEIaX OMMHAKOBR! M pasHe p = 0,9,
KakoBa BepoATHOCTB: a) mpoMaxa; 0) OJIHOPO NMONANAHUS, B) LBYX IONA-
namuit; v) Tpex nonanaHu#? PemuTh 3amauy B ciiydae, eCOu BEPOATHOCTH
[IONANAHUS IPU PA3HbBIX BRICTpEax pasauunsi: pp = 0,7, py = 0,8, p3 = 0,9.
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(Q B maunom cnywae n = 3, p = 0,9, ¢ = 0,1. INoms3syace ¢opmyoii
Bepuysuu {1.32), Haxomam:

a) P3(0) = C9-0,9°-0,13 = 0,001 — BepoaTHOCTH TPeX MPOMAXOB;

6) P3(1) = C1.0,9'.0,12 = 3.0,9.0,01 = 0,027 — BepOATHOCTH OZHOTO

nonaJanus;

B) P3(2) = C2-0,9%-0,1' =3-0,81 - 0,1 = 0,243 — BEPOATHOCTb OBYX
nonagaHmit;

r) B(3) =C§-0,9%.0,1° =0,9% = 0,729 — peposrrocTs Tpex nonaza-
HuH. ®

DTH Pe3yIbTATH MOXHO H300pa3suTh rpadpuyecky, OTJIOKHKB Ha ocu O
3Hauennda m, ua ocu Oy — 3nauenna Pp{m) (puc. 14).

P,(m)

14

0,5 +

Puc. 14

Jlomanasi, coemmumomas rtouku (0;0,001), (1:;0,027), (2;0,243),
(3;0,729), HA3BIBACTCA MHOZ0YZOALHUKOM DPACPEdeseHUR BEPOSTIHOCTMET.

Ecam BepOsiTHOCTH TPHM PA3HBIX BHICTPEJSAX PA3JHYHBL, TO IPOU3BONA-
waa byskuura umeer sua @i(z) = (0,3 + 0,72)(0,2 + 0,82)(0,1 + 0,9z) =
= 0,5042% + 0,398z + 0,092z + 0,006, OTKyma HAXOMHEM BEPOATHOCTH TPEX,
JBYX, ONHOrO ONajaHuit, npoMaxa coorsercreenno: Ps(3) = 0,504, P3(2) =
= 0,398, P4(1} = 0,092, P3(0) = 0,006. (Konrpoas: 0,504 + 0,398 + 0,092 +
+ 0,006 = 1.)
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¥npaxHeHnusa

1. Monery monbpacesaior 10 pas. Kakoba BEpOATHOCTL TOrO, YITO repd
BHIMaAeT (nosBuTcA): a) 4 pasa; 6) HHM pasy; B) XoTa ObI OOUH pas3.

2. Y7o BeposiTHEe BHIMIDATH y PABHOCHJILHOIO IPOTHBHUKA-INAXMATHCTA:
JBe HADTHM A3 YeTolpex ud rpu u3 mectr? Huusn Bo BHUMaHUC He
HPHHEMATCS.

3. B cembe Tpoe nereli. Kaxosa BeposiTHOCTD TOTO, UTO: 4) BCE OHM MaJslb-
9uKH; 6) OJMH MAJLIMK M ape deBoukH. CUHTATL BEPOATHOCTD POXKIE-
ausa Manpauxa 0,51, a nepouku — (0,49,

4. B xaxnom u3 xapManos (ux 2) aexut no KopoGxy cungex (no 10 con-
uek B KopoBke). TIpn Kax oM 3aKyPUBAHHY KAPMAal BeIGHpaeTcs Hay-
Jauy. IIpu ouepenmom 3akypusanum kOpoOOK oxkasancs nycreiM. Halltu
BEPOATHOCTE TOTO, YTC BO BTOPOM Kopobxe 6 cumyex.

1.21. NpepensHbIe TeopeMbl B Cxeme bepHynnn

Vcnonssosanue hopmynnt Bepaysian (1.32) npy 60bIUHX 3HAYEHAAX 7
M 11 BBI3BIBAET DOJRUIME TPYNHOCTH, TAK KAK 3T0 CBE3AHO € TPOMO3OKHMU
BEIYHCAeHNAMH. Tak, nmpu n = 200, m = 116, p = 0,72 dopmysna Bep-
HyJUI ipuEEMaeT B Pago(116) = C3§ - (0,72)116 . (0,28)%. Houcunrars
PE3YJIBTAT MPAKTHYECKH HeBO3MOXHO. Bbraucienue P,(m) BrisniBaer 3a-
TpYOHEHHUA TAK:Ke 1P MaJiblx sHauenusix p (¢). Bosnukaer neobxonuMocTs
B OTHICKAHMH NMpUOIMKeHHbIX dhopMyd g serancaeusa By {m), obecneun-
BAOUINX HeOOXONUMYHY TOYHOCTh. Tague (bOpMYAbl JAKT HAM IIPEIEIbHbIe
TEOPEMBI; OHHU COMEPXKAT TaK HA3bIBAEMbIe ACHMITOTHYECK ne (hOPMyIIbl, KO-
TOpBIE NP GOMBUINX 3HAYEHHMAX WCOLITAHHR HAKT CKOML YTOIHO MAalylo
OTHOCHTEJILHYIO TIOTPEUIHOCTE. PAacCMOTPHM TpH LIpEIeNbHBIE TCOPEMBL, CO-
IEPAAITHE ACHMIITOTUYECKHE OPMYJILI NI BEIMACIEHHA OHHOMMAJILHGH
BeposiTHocTd P, (m) tpu n — oo.
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Teopema NyaccoHa

Teopema 1.5. Ecau 9ucao wensTaHuil HEOrpaHHYEHO YBEJIMYUBACTCS
(n — ©0) K BEpOATHOCTL p HACTYIUIEHHA COOBITHA A B KAXKIOM WCIBITa-
HUH HEOTPAHMYEHO yMeHbIuaercs {(p — (), HO TaK, YTO WX NPOU3BEIEHHE 1P
ABNAETCH NOCTOAHHOA Bestmumuodl (np = a = const), 10 BepoATHOCTL £, (M)
YIOBJAETBOPAET MPEHEIHHOMY PABEHCTBY

T ,—a

lim Pn(m) = %5
—00 mi:

(1.34)

Bripaxenne (1.34) naspipaercs acumnmomuseckot Gopmynots Hyac-
COHG.

(A [IpeoGpasyem dopmyny Beprysnnn (1.32) ¢ yueTom Toro, uto p = %:
Lnlaym g eynm
Pp(m) = ml{n — m)! (n) ( ) -

n-1}n—-2)...{n— -1 a™ asn —~m
:”( )( )m! {n—(m )).,,T“( ) ( a)

=]

S (- 8) (1-) () 0 -

[epexona k TMpeResty npu 1 — 00, MOJIyIAM liﬁ}m P,(m) =
Likmde ]

m o n—1 n-2 'n—(m—l)'( a)n_( a)—m:

1 3l

m!

i L) = gm0 : u
( im (1 — ﬁ) = e " COmIaCHO BTOPOMY 3aMevaTelIEHOMY npen,e.ny).
n—o0

W3 npenespaoro paseHcTpa {(1.34) mpu 60JILIINX 72 M MAJTBIX P BHITEKAET
npubinmennaa gopmyaa yaccona

m,—a
Po(m)~ &£

T a=np, m=0,12,.... (1.35)

®opmyny (1.35) npumedsoT, KOTIA BEPOATHOCTD p = const ycnexa Kpatine
MaJga, T.e. caM 10 cebe yemex (moasienue cobuitra A} Apagerca pedxum
cobbumatem (HAIpUMep, BHIMTPBIN apromMobuis mo soTepefinomy Gmiery),
HO KOJIMYECTBO MCHBITAHUH 1 BEJMKO, CPEJHEE MUCAO YCNETOS NP = 0 He-
3naquTesbHo. Ipunbmmxenny o chopmyity (1.35) oOBIMHO HCNOJIB3YIOT, KOTAA
n 250, anp < 10.

®opmyna [lyaccona HAXOIMT NIPAMEHEHHE 6 MEOPUL MECC068020 06CAY-
HCUBAHUA.



fnasa 1. CnyyaliHbie coBeiTa * 53

ITpumep 1.32. 3anox «3osoras Gaskay (Kpemv) ornpasia s Mocksy 1500
6yToiiox BuHa «KabepHes. BepoATHoCTb TOTO, 4TO B IYTH Oy THIIKA MOKET
pazburhes, pasda 0,002, Hailitu BeposrHOCTs TOTO, UTO B nyTH Oyaer pas-
6mTo ne Bosee 4-x 6yTrinok (cobbitue A).

(9 Vickomas BepOATHOCTL PABHA
Pi500(0) + Prsoo(1) + Pusoo(2) + Prsoo(3) + Pisoo(4).

Tax kak n = 1500, p = 0,002, 10 a = [np] = 3. Bepoaruocts cobbirus A
HaltmeMm, ncnonnsys dopmysy Ilyaccona {1.35):

Dopmyny llyaccona MOXHO CUHTATE MATEMATHUECKOH MONEABIO TIpO-
creifinero noroka coboiTuii.

Ifomoxom cobwmutl HALIBAIOT MOCHETOBATENLHOCTL COOBITHH, HACTY-
MAILIMAX B CIyaliHble MOMCHTLI BpeMeHN (HanprMep, TOTOK TI0CeTUTe IeH B
NapUKMAaxepCcKoi, MOTOK BBI30BOB HA TeedoHHOol cTaHIme, [IOTOK OTKA30B
3JIEMeHTOB, HOTOK O0C/IyKeHHbIX aDOHENTOB H T. 1.).

Tlotok cobnrruit, obnanawmuil cBoHCTRAME CTAUMONADHOCTH, OPOUHAD-
HOCTH H OTCYTCTBHA IIOC/IEHCTBHA HA3BIBAETCH npocmedwum (nyaccomnos-
CKUM) ROTHOKOM.

CpoficTBO cmaytoHapHocmU 03HAYNALT, YTO BEPOATHOCTD NOABJICHUA Kk
cobpiTHit Ha yuacTKe BPeMeHH [JIMHbI T 3aBUCHT TOJIBKO OT €ro JIJHHbBI
(T.e. ne 3aBucuT OT Havasa ero orcueta). ClenoBaTeNbHo, cpedHee “uUCAO
cobvimutll, NOABARIOWUTCA 68 eIUNULY epemery, TAK HA3bIBAEMAs UHMEeH-
CUGHOCTL A TIOTOKA, €CTh BEJIMYAHA MOCTOAHRAs: A(f) = A

CroltcTBo opdunaprocmu O3HATAET, YTO COOBITHUC IIOARAACTCH HE IPYII-
naMi, a [nooauHodke. JIpyruMun cJropaMu, BepOATHOCTL TosaBAeHus boJlee
omHoro cobpITHA Ha MaJlblit yIacTok BpeMeRy At nmpenebpexuTeapHo Masa
[0 CPABHEHHIO C BEPOSTHOCTHIO MOSIBJEHUA TOJLKO ORHOTO COOBITHA (HAa-
NpHUMep, II0OTOK KATePOB, HOAXOOAUMX K NPUIALY, OPIHHADEH ).

CeoHCTBO omecymemaeus nocaedcmeus O3HAMAET, UTO BEPOATHOCTH 110-
ApJenun k cobpiruit Ha MOBOM yUaCTKe BpeMeHM OJUHLL T He 3aBHCHT OT
TOTO, CKONBKO COOBITHH MOABHJIOCH HA JI000M APYIOM He NICPeceKarouuMCs
C HAM Y4acTKOM (TOBOPAT: «Bynymiees MOTOKA HE 3ABUCHT OT <IPOIIIOFOS,
HaIIPUMED, IIOTOK JIIOAed, BXOOANIX B CYNEPMAPKET).

Mo HO 10Ka3aTh, YTO BEPOATHOCTH NOABJIEHHS T COOBITHE mpocteli-
IEro MOTOKA 33 BPEMA NPONO/DKUTENbHOCTRIO § onpefensercs (hopmymnolt
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[Iyaccona
}\t m, e*—)\t
Py(m) = pm = L_)_E'-_-—

IIpumep 1.33. Tenedounas cranmua obenyxusaer 2000 abonenTos. Bepo-
" ATHOCTH NO3BOHUTH M0O60MY aboHeHTY B Tedenne daca pasua (,003. Kaxora
BEPOATHOCTE TOrO, YTO B TEYEHHE YACA MO3BOHAT 5 afoHeHTOB?

Q Cpe,m{ee YHCJA0 MO3BOHUBIIMX B TevyeHme dwaca aboHeHTOB PABHO

5,—6
2000 - 0,003 = 6 (a = np = At). Craso Gsrrs, pg = O ¢ ~013 °

JlokanbHasi M UHTErpansHasn Treopemst Myaspa--Jlannaca

B rex cnyvasx, xorga UHC/IO0 UCHBEITAHWH N BEJIMKO, a BEPOSTHOCTH
p ne Gimska K "Hymo (p # 0, p # 1), Bas BRIMBCJIEHAA DHHOMUAJIBLHBIX
BepoATHOCTEH HenoabayioT TeopeMsl Myaspa—Jlannaca. [Ipasenem ronexo
X GOPMYJIHPOBKM B CUJIY CJOXKHOCTH HOKAIATEIBCTBA.

Teopema 1.6 (JIokanbnan Teopema Myaspa—Jlannaca). Ecsiu sepoar-
HOCTh P HACTYTIJYCHHS COOBITHA A B KAXI0M HCILITAHNA TTOCTOAHHA U OTJIHIHA,
OT HYJS W eOWHHLE, 3 YHC/I0 HE3ABHCUMBIX MCIBITAHHH HOCTATOYHO BEJUKO,
TO BEPOATHOCTE FPp(m) Moxer ObITh BRIYHCIEHA N0 npubmwkerHO# dhopmyae

2
z m —np

1 1 %5
Bim) =~ c—=—g¢ 2, TOe = . 1.36
"R e Vo Nz (1:3)
Papenctso (1.36) Tem Tounee, uem Gosbue 7.
Bripaxenne
T
LT = o) (1.37)

V2r
HasnBaeTcH Pynxyuet Naycca, a ee rpadur — xpusotll sepoamnocrneti (CM.
puc. 15).
Papenctpo (1.36) MOXHO nmepenucarTs B BUIE

Pp(m) ~ L. w(z), rme z= Uk

. 1.38
npyq VPq (1.38)
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v e - ——

[Sary

Puc. 15

Ana bynkuun o(r) cocrasnensl Tabauner 3nadenvit (OHM HAXOMATCH, KAk
NPapHIo, B TaK HasbiBaeMad «[IPHIOKEHHAX» KHHT [I0 TEOPHH BEPOATHO-
crelt M. npasoxkenue 1 Ha ¢. 249). [Monssysace tabuuueit, coaenyer yauaTo-
BATH, UTO:

a) byuknua @(r) yernas, T. e. p(—z) = @(x);
6) npu x > 4 MOXHO cunTarh, 4ToO @(x) = 0.

Oyuxnus Faycea (1.37) Gyner monpobuee paccmorpena B o. 2.7.

ITpumep 1.34. BepoAaTHOCTE MOMANAHHWA B MULIEHD TIPW OJTHOM BBICTDEJIC
A Haguoro crpenka pastsa 0,7. Halita BepositHOoCcTL TOro, yTo npu 200
BRICTPEJIAX MHMINeHb OyaeT mopaxkena 160 pas.

Q 3mecs n = 200, p = 0,7, ¢ = 0,3, m = 160. IIpumenum dopmy-
ny (1.38). Umeem: \/npqg = /200-0,7-0,3 = V42 = 6,48, crenosarens-
_160-200-0,7 920

HO, T N7 = .48 2 3,09. Yuntesas, uro (3,09) =~ 0,0034,
nomyaaem Pago(160) & =+ - 0,0034 = 0,0005. ®

6,48

B rex cnyvasx, xorga Tpebyercs BRIMHCIATE BEPOATHOCTH TOTO, UTO
B 7 HE3aBUCHMEIX UCIBITAHMAX cobprTHe A nosipnTcs He MeHee K pas, HO
ne Gosee ks pas, T.e. Pk € m < ko) wmm P {k); ko), HCIONB3YI0T HBTE-
rpasibHy0 Teopemy Myaspa—Jlannaca (ABngeTca YaCTHBIM Ciydaem Dosee
obie#t Teopemnl — IEHTPAJILHON NMpeaesbHOHR TeopeMbl).
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Teopema 1.7 (HurerpansHas reopema Myaspa—Jlanyiaca). Ecan se-
POATHOCTL P HACTYNNEHUA coObrrva A B KAXK/IOM HCOBITAHUNA NOCTOAHHA W
OTNIUYHA OT HYJJIA ¥ eIMHUIEI, TO BepoaTnocTs P (k) € m < ky) Moxer BbITh
Hafinena no npubsuxenHol popmyie

Ty

1 _z? k1 —np ky —np
Folki€m< e / 2 dr e I =-— Ty = ———,
n( 1= f— 1 1 '—mnpq b 2 '—ﬁnpq
(1.39)

Pasenctso (1.39) Tem Tounee, 4em Boabie n.

Ucnonssysi byuxunw Faycca (1.37), pasencrso (1.39) Mok HO 3anncaTs

B BHIOE
z3

FPr(k1, k2) %-/(p(w) dz.

&1

Onnaxo nas YOPOWEHWH BLIYUCHCHUH, TP HCTONB3OBAHHU POPMY-

gbt {(1.39), BBOIAT Crennaannyio QyHKIM0

Do) = —= [ e 2 dt, (1.40)

HABBIBAEMYIO HOpMuposannofi ynxyuet ﬂannaca

Dyukun: (1.4(]) nevyerna (Po(—z) = \/_ fme 24t = [t = -2z

=—-———=1[e 2 dz = —~®¢(x)); npu = 2 5 moxHo cuuTark, yro P$o{r)
v 21r 6r ’ ~
= 0,5; rpaduk dbyuxknun $g{z) npusenen na puc. 16.
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Buipasum mpasyio uacTh papencrsa (1.39) uepes dyuxumio flanna-
ca (1.40):

Il

}
b
&1,
&
|

T3
1 /wﬁd
—— [ e 2 ar
V2T V27
Tl

0
1 [ -t 1 /—ﬁ
= — e 2 di + —— e 2 dt = ®glxq) — Polzy ).
\/ﬁ] Var | olz2) = Pala1)
£

Pasencrso (1.39) npuaumaer Bua

Polki € m < ko) = $olza) — Polar),

- ko —
rae 1 = u Ty = 2P (1.41)

N T NG
21y DopMyly oDBIMHO HCIONLIYIOT HA NPAKTHKE.
Hapany ¢ wopmuposannoit dyuxuped Jlannaca (1.40) ncmosabsyior
Gy HKIHIO

&z
fl2
@(z)ﬂ\/—%/e_? dt, (1.42)
-0

Ha3bIBAEMYIO TakXKe dynwyued Jansaca. {na vee CupaBemuBo paBEHCTBO
$(—z) + ¢(x) = 1; ona ceazana ¢ dysxumei ®olz) dopmymoi

&(z) = 0,5 + Py(x). (1.43)

Umerorca tabauupl npubnuxennbix sHadenut pyuxumii Oolz) u ¢(z) (un-
TErpas He 0eperca B 3JIeMEHTAPHLIX (PYHKUMAX), KOTOPBIE NPHBOASTCH B
fonbuMHCTBe YUCOHMKOB [I0 TEOPHM BEDOSTHOCTEH (CM. TaKXKe NpuiIoxKe-
Hue 2 Ha c. 250).

IMpubnuxennyww dopmyny nna sblumcnenus sepoaTHocTn Ph(k <
€ m < ko) (1.39) MoxHO 3anucarb B BHIE

Pk < m < ko) = ®(z2) — ®(z1) = Po(z2) — Rola1),
roe &) = ]_C_l.__ﬂ o = M , (1_44)

N N

Ilpumep 1.35. IIposeproit yCcTAHOBJIEHO, YTO LEX B CPENHEM BbIITYCKaeT
96% npomyxumue BeiCmero coprta. Ha 6ase npuemumk riposepser 200 uape-
auit aroroe nexa. Ecnu cpenyw nux oxakercs Hostee 10 manennit e BpICIEro
COpTa, TO BCA NAPTHA W3nenuit 6pakycrcs, T.e. BosBpamiaercs B uex. Ka-
KOBA BEPOATHOCTD TOrO, YTO NAPTUA OYAET NpuHATA!
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Q Bpecy n = 200, p = 0,04 (BepoATHOCTL HCTOXHOTO HIACJHA), § =

= (,96. BepoaTnocTt mpunsatusa scell maprtum, T.e. Poy(0 € m < 10),

MOXHO Halitw no dopmyne (1.44); smecs k; = 0, k2 = 10. Haxonum,
0—200-0,04 10 —200-0,04

4To gy = = —2,89, xp = = (0,72,
200 - 0,04 - 0.96 200 - 0,04 - 0,96

P00 € m < 10) = @0(0,72) - @0(—-2,89) = 0,26424 + 0,49807 =

= 0,7623. 3amerum, uro $(0,72) - ¢(-2,89) = 0,7642 — (1 — ©(2,89))

= 0,7642 — (1 — 0,998074) = 0,7623.

C nomowpw dyuxnuu Jlannaca MOXHO HallTH BEpOATHOCTE OTKJIOHE-
HUS OTHOCHTEIBHOH YACTOTH —2 OT BEPOATHOCTH P B 7 HE3ABHCHMBIX HC-

n
nelTaumax. Umeer mecte dopmyna

P -rl<e) =2 (e ).

rme £ > 0 — HCKOTOpPOC YHCJIO.

n n
4 Us ’TAva € g cnenyer: —£ X - —pKe, np—ne€ng L np+ne.

[To dopmysie (1.28) nomyuaem:

1 2
Ppinp—ne<na<np+net = — / e 2dt =
Vaw

m

T.@.P{ﬁ—f—p‘ SE} = 20y (5-,/%).

IIpumep 1.36. BepoaTHocTh DONaNasis B LEJIb [IPH OAHOM BRICTPEJIE DAB-
u1a 0,6. Hatiru BepoaTuocTs Toro, uto npu . = 1200 nezaBucumbix sBhicTpe-
JIAX OTKJOHEHVIC &YACTOCTH» OT BEPOATHOCTH 10 MOAYJIIO He NPEBLIIACT

e = 0,05.

Q Pmmﬂgg—QQQoﬁﬂ»=2¢00w5wkﬁ¥%ﬂ = 28,(3,54) =

= 0,9996.
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YnpaXHeHuna

1.

Ha nexnuu 1o Teopum peposaTHocTel npucyrersyoT 84 crymenrta. Ka-
KOBa BEPOSITHOCTE TOFQ, YTO CPEOM HUMX €CThb 2 CTY[JEHTa, Y KOTOpbIX
CeromH#A AE€Hb POXKHACHHAT

Beposrrocrs Opaka npu H3TOTOBJEHHH HEKOTOPOTO HIAEJIUS DABHA
0,02. HaliTé BepoATHOCTE TOro, 94To cpend 200 HpoU3BEeIeHHbIX U3e-
aul He Gosiee onHOro OpaXoBAHHOIO.

Haitm BepostHocTs TOro, 9ro npy noabpaceiBanuu moHersl 100 pas
cobpitie A — noapaeaune repba — vacTynur posHO 60 pas.

Hatitu raxoe umcno m, 91obet ¢ sepoaraocTso 0,95 moxuo 6bui0 6ni
yTBEpALATh, uTo cpeau 300 HOBOpOXKACHHBIX OoJsiee m aeBouek. Cum-
TaThk, 9TO BEPOATHOCTh POXKIESHUA NeBOYKY pasHa (0,485,



Cny4yanHbie BeIWYUHDI

2.1, MoHaTue cny4anHon BeANYNHbL. 3aKOH
pacnpepenesua Cay4amnHon BeJsINYUHbDI

Onuuy 13 BaxHeU MY TOHATHH TEOPHH BEPOITHOCTEH (HAPAIY CO Cay-
YafHhiM COBBITEM U BEPOATHOCTLI0) ABJAETCA MOHATHE CJayyaliHo#l Besn-
IHHBIL

Hon cayratinoti eesununoti NOHAMAIOT BEJTHTUIY, KOTOPAH B PE3yJIhTa~
T€ ONBITA TPHHEMAET TO WM MHOE 3HAUYEHWE, IPHMYEM HEM3BECTHO 3apaHee,
KaKoe HMEeHHO.

CaygafiHpie BeJIHYHHB (COKPALIEHNO: C. B.) 0603HAMAIOTCA MPONHCHE-
mu JgatracKuMy Oyksavu X, Y, Z, ... (M| cTpoYubIMu TpeueckuMu Gykna-
mu € (xcu), 7 {91a), § (rata), ¢ (rcu) 1 v 1.}, & NpUHUMAEMBble MMH 3HAYEHU
COOTBETCTBEHHO MAJIRIMH OYKBAME T1,L2,. .-, Y1, Y2, Y3y .- - -

Hpumepamu c. B. MOryT CaayxuTE: 1) X — 9HCI0 0MKOB, NOABIAIOINX-
cs upn Gpocanuu MrpanbHo# KocTi; 2) Y — 4HCH0 BLICTPENOB 0 NEePBOLO
NONANAHWA B Henb; 3) Z — Bpema Gesorkasuoit paborer npubopa u T. 1L
{(poct wesoBexa, Kype H0MJ1apa, KOauuecTso Opakosaunbix getajtelt B nap-
THH, TEMIEPaTypa BO3AYXAa, BLIUIPHILL HTPOKA, KOOD/MHATA TOYKHA ITPU CJTYy-
vafinom peibope ee na [0; 1], npubsins Gupmsl, ... ).

Cayualinas BeJIMUMHA, IPUHUMAIOLIAA KOHEYHOC WM CHETHOC MHOXKE-
CTBO sHAYeHHH, HABBIBACTCH duckpemnol (COKPALIEHHO: 1. C. B.).

Ecin e MEOXKECTBO BOIMOMHEBIX 3HaueHWl c. B. HecueTuo, TO TAKad
BEJIMMMHA HASLIBAETCS Henpepwenotl (COKPALIEHIIO: H.C. B.).

To ects A, C. B. HDHHHMAET COTUEJBHBIE H30JHPOBAHHBIE IDYT OT JIPY-
ra 3HAYEHHd, 3 H.C. B. MOXKET NPHHEMATL J100ble 3HA4EeHAsT 3 HEKOTOPOTOo
NPOMEKYTKA (HAIPUMEp, 3HAUeHUus Ha OTpesKe, Ha Beell UMCI0Bol nmpamoit
u . 1.). Ciayuaitueie peswuunsl X u Y (npumepst 1) u 2}) asndworca guc-
kperismu. C.B. Z (upumep 3)) ABIAETCA NENPEPLIBHON: €€ BO3MOKHLIC
3HAYeHM:A NpuHamIekar npomexyrtky [0,t), rme t 2 0, npasas rpaHEna
He oupezencua (reopernuecku t = +oc). OrMeTUM, YT0 PACCMATPHBAIOTCH
TAKXE C. B. CMELUIAHHOrO THIIA.

IanuM Teneps CTPOroe ONpencieHue C. B., HCXOI U3 TeOPETHKO-MHO-
MECTBEHHON TPAaKTOBKHM OCHOBHBIX NOUATHY Teopuu BepogTHOCTEH.
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@ Caywatinot seauvunoll X HAILIBACTCA YMCIIOBAA (PYHUKUEA, OIpPenc-
JIEHHAs! HA HPOCTPAHCTRE 3JIEBMEHTApHBIX coObiTn#t ), KOoTOpas KamaoMy
BJICMEHTAPHOMY CODBIFMK) w CTABUT B CooTBercTBHE wHcso X{w), T.e.
X =X(w), we (wm X = f(w)).

fIpumep. Ounlr cocrout n Opocammu MoHeTs! 2 pasa. Ha [I9C Q =
= {w,wo, w3, wa}, ie wy = LT, wy = [P, wy = PI, wg = PP, moxuo
paccMoTpeTn ¢.B8. X — uncno noasnennit repba. C.B. X saBasiercs dynk-
nuell 0T 3yIeMeHTapHOTO Ccobbitha w,: X(w1) = 2, X{ws) = 1, X(w3) = L,
X(wg) =0; X — m.c.B. cosnauengamu o1 =0, 29 = 1, 23 = 2.

OrMeTuM, 4TO €CcoM MHOXKECTBO §) KOHEYHO WJIM CYETHO, TO CJydail-
HOMt BemMuUHOM ABAACTCA JI0bad Gyukua, onpenenennad Ha {2, B obmem
cayyace gyurumsa X{w) Lomxua ObITh TakoBa, 4TobLl A mobeix £ € R
cobuirue A = {w : X{w) < z} npunagnexasno o-anrefpe mMHOXecTs S
H, 3HauYuT, JUIA n06oro rakoro cobbitHs Oblia olIpefiesieHa BEPOATHOCTD
P{A) = P(X < x).

Jns HOJTHOTO ONHMCAHUS C. B. HEJIOCTATOYHO JIMNIL 3HAHUA €€ BO3MOXK-
HBIX 3HaYeHult; He0BX0MAMO €nie 3HATH BEPOATHOCTH 3THX 3HAMEHHH.

@ Jlioboe npaenno (tabnuna, yHKIms, rpadyk), TO3BOJIIONEE HAXO-
JHUTb BEPOSITHOCTH [POH3BOBHEIX cobpituit A C § (5 — o-anrebpa cobbi-
THil npocTpancTsa 1), B YACTHOCTH, YKA3bIBAIOUIEE BCPOSTHOCTH OTICJIh-
HBIX 3HAYeHWH coryJalHol BeNUYHHB! WM MHOXECTBA, 3THX 3Ha9eHni, na-
3BIBAETCA 3aKOHOM pacnpedeqenus caynaiinot eeauvunve (WK NpOCTO: pac-
npedeneruem). 11po c. B. TOBOPAT, ITO «OHA NOTUMHAETCH JTAHHOMY 3aKOHY
PaCHpenesIeHuT».

1

2.2. 3aKOH pacnpeaeneHna AUCKPeTHON cCAy4atHOM
BeNin4YnHbl. MHOroyronsHuK pacnpeaeneHus

IIycts X — 1. ¢. B., KOTOpAsA IPHHUMAET 3MAYEHUA L1, T2, T3y - - Try e - -
(MHOXKECTBO 3THX 3HAMCHUH KOHEYHO MJIM CUETHO) C HEKOTOPOH BEposit-
HOCTBIO oy, The ¢ = 1,2,3,...,n,.... Jaxon pacnpedeaents n.c.B. yuobHO
sanasarh ¢ nomowpy dopmyssl p, = P{X = =}, = 1,2,3,...,n,...,
OIIPEIENIONIEH BEPOATHOCTE TOIO, UTO B PE3yALTATE ONLITA C. B. X IpUMET
3HAMEHNE X,. Jna 1a.c¢.n. X 3aK0H pacnpefeseHds Moxer ObITh 331aH B
BHOE mabauysi pacnpedeaenus:

Xlzy|lze| ool |-,
P hrip2).-..{Pn |




62 * Pazpen nepeblil. dNeMeHTapHanA TEOPHUS BEPORTHOCTENR

(O}

T

(&5 (&

rie NepBas CTPOKA COUEPKUT BCE BO3MOXKHBIE 3HA4eHUS (0OBIYHO B IOpAIKe
BO3PACTAHUA) C. B., & BTOPAA — WX BEPOATHOCTH. Takyio Tabnunily RasbiBa-
0T pROoM pacnpedeseHus.

Tak kax cobpitua {X = 21}, {X =z} ... HecoBMecTHBI 1 06pPasyIOT
HOJIHYIO I'PYINY, TO CYMMa HX BeposTHocTel paBHa eguuune (cm. n. 1.12),
Te yp =1

i

3axkol pacopenesieHud M. C. B. MOXKHO 34IaTh 2padunecki, €Cau Ha OCH
abCLUCe OTVIOAUTh BO3MOKHBIEC 3HAYCHHS C. B., & HA OCH OPIABHAT — BEPOAT-
HOCTH 2THX 3HaveHHH. JIOMaHy10, COSAMHAIONYIO MOC/AEA0BATCILHO TOYKH
(z1,p1), (2,p2), ... HABBIBAIOT MHOZ0YZ0ALHUKOM {MJIM NOAUZOMOM) pPaC-
npedeaenun (cm. puc. 17).

Di

Pue. 17

Tenepb MOXHO narh Gojee TOUHOE ONpEIEIeHHE I, C. B.

Coayuabiras sesuunna X duckpemma, €CyiM CYHIECTBYET KOHEYHOE WJIH
CYeTHOEC MHOXKECTBO UMCeJ Xy, o, ...TaKuX, 910 P{X = 2;} = p; > 0
i=L2..0upi+p2+ps+...=1L

Onpenernm MareMaTHveCKHe ONePAIlMH Hal JTHCKPETHBIMH C. B.

Cymmoti (pasrocmuvio, npouseederuem) a.c.s. X, npurumaomed 3Ha-

YeHUHA I; C BEPOATHOCTAMHU p; = P{X =2;},i=1,2,... ,nua.c.p. Y, npu-
HuMalouell sHadenus y; ¢ sepoatnoctamu pj = P{Y =y,}, 7 =1,2,...,m,
HassBaerca g.¢.B. Z = X +Y (Z=X -Y, Z = X - Y), npuanmaromas
BHAMEHUA Zj; = @ + Yj (% = % — Yi, Zj = T - Yj) C BEPOATHOCTAMH

pij = P{X = 2;,Y = y;} nna scex yxasauneix snavennii ¢ u j. B coyvae
COBIIAJCHUA HEKOTOPBIX CYMM £; + y; (pasmocrelf x; —~ y;, NpoH3BeIeHUH
;3/j) COOTBETCTBYIOUIHE BCPOATHOCTH CKJIAIBIBAIOTCS.

Hpoussedenue 1. C. B. HAG YUCAC € HAZLIBAETCH IL. C. B. ¢ X, IPUHUMAIOLIAS
3HAYeHUus ¢r; ¢ BepoaTuocTamu p; = P{X = z;}.

HOee g.c.B. X u Y Hasmwsarca Hesasucumvmu, ecan coOplTus
{X =2;} = A; u {Y = y;} = B; nesapucumbl 114 mobuix ¢ = 1,2,...,7;
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P{X =z;Y =y} = P{X =a;} - P{Y =y,}.

B [IPOTUBHOM CJiy4vae C. B. HA3BIBAKITCHA I3ABUCUMBIMLU. Heckonvko ¢. B. Ha-
3BIBAIOTCA B3aBMMHO HC3aBHCHMbBIMH, CCJIY 3aKO0H DACNpPCOCHeira giobott u3
HUX HE 3aBHCHAT OT TOrQ, KAKHE BOSMGKHBIC 3HAYCHHUA [IPHHSNH OCTalBLHLIE
BEJTHYHWHBI.

TIpumep 2.1. B ypue 8 mapor, u3 KOTOpPhEIX 5 GesbIX, OCTaJIhHBIE — Yep-
= uple. U3 BHee spIHMMawT naynady 3 wapa. Halitu saxor pacupengsesans
YHCJ1a, OEJIBIX [IAPOB B BLICODKE.

(Q Bosmoxnbie 3radeHnd ¢.B. X — 4MCHa BEJBIX WApoB B BRIBOPKE €CTh
1 =0, 290 =1, 23 = 2, 24 = 3. BepoATHOCTH UX COOTBETCTBEHHO OYIyT

CO : C‘s 1 Cl . 02 15
P1=P{X=0}=*"‘5Egji=gg,p2=P{X=l}=—5—C§;*§':56,
p3 = gg, Py = })g 3aKoH pacTupefesieHNs 3aIMeM B BULe TabIRIbL.

X110 1 213
pli|15|30)10
96 | 56 | 56 | 56
! 15, 30
(KOHTPOHB:ZIIM—%JFB—G'F"—'F% 1.) ®

YnpaxsHeHua

1. Monera bpocaerca 4 pasa. [IocTpoHTL MEOTOYTOILHEK PacHpele/IeHus
c.B. X — uucia srmagenni repba.

2. BeposiTHOCTb CIa4YM dK3aMEeHa NepsbiM cryaentoM pasha 0,6, a sro-
peim — (1,9, Cocrasuth pAg pacnpesesiendsa ¢.B. X — YHCJIA CTYIEH-
TOB, YCIENIHO CAABIIHX dK3IAMEH B CJIy4ae, KOIJa: a) K3aMeHLI Iepe-
CIABATH HEJB3s; 6) PK3aMEeH MOXKEO OIHH Pa3 Hepeclarh.
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2.3. PyHKuMa pacnpeneneHns U ee ceorcTea. PyHKUVA
pacnpegneneHua AUCKpPEeTHOU Cny4yanHOW BeSINUNHbI

O4eBuaHO, pall PacIpeoeseHys C. B, MOXeT ObITh IIOCTPOEH TOJILKO [
A.C. B,y Iu1dA H. C. B. HEJIb34 JaxKe IIERE1HCI/IATL BCE €€ BOZMOXHBIC 3HAYCHUASA.
Kpome Toro, kax ysuanm nosxe (I. 2.3, 2.4), BeposaTHOCTE KAXKIOTO OTIEIb-
HO B3ATOr0 3HAMEHWA H.C.B. pasua aymo! [Ipencrasum cebe BepoATHOCTD
TOTQ, YTO POCT MYMKYUMHBL — H.C.B. — TOYHO paseH v/ 3 = 1,7320508. .. Me-
TPOB; KYTUICHHAS HAMY JiaMna npopaboTtaer — H.c. B. — poBHO 300 vacos;
voo o YiHBUTENBHO MHTEDECHBIH (DAKT: COMBIMUE BO3MONCHOR, HO UMEETT HY-
AEBYIO GEPORTNHOCTIVD.

AJIsT XapaKTePUCTUKH MOBENEHHs H. C. B. 11eJ1ecoobpasHo UCHOJIL30BATE
BepoaTHOCTE cObhitHa {X < z} (a me {X = z}), rae x — nexkoropoe Jci-
CTBUTEILHOE YHCN0. C TOYKM 3PEHHS TPAKTHK A HAC MAJIO MHTEpeCyeT cobbI-
THE, COCTOALIEE, HAIIPAMED, B TOM, UTO JIAMIOUKS npopaboraet popuo 900
wacos, T.e. X = 900. Bonee saxunm siBasterca coboitue Buaa {X < 900}
(v {X > 900}). Takoe cofblTue UMEET HELIYJEBYIO BCPOATHOCTDL; TP H3-
MEHEHNU I BepoATHOCTH Cobbitus {X < x} B obmem ciayqae 6yier mensThb-
ca. Cacpoparenbro, sepositaocts P{X < x} apnserca ¢dhyHKIuel ot .

YHHBEPCAJIBHBIM CTIOCODOM 38JIAHU 2AK0HA PACIPENe)eHUA BCPOATIIO-
CTeit, IIPUrOIHBIM KAK A JUCKPETHBIX, TAX U AJA HENPEepPhIBHBIX CJIydai-
HBIX BEJTUYHH, ABAASTCA ee (hYHKIHA pacipegesennd, obosragaemas Fiy ()
(nsu npocto F(z), 6e3 uHmeKca, ecay sACHO, 0 Kakofl ¢. B. HOeT peds).

[E_;I Dynxuyuell pacnpedesenua c. 6. X nasviBaerca Gyuxuus F(z), koropas
A nioboro vyncaa x ¢ R papna sepoarnoctu cobnrrus { X < x}.
Taxum o6pazomM, 110 OIPEIEIeHN

F{r)=P{X <z} re F(z)=P{w:X(w) <z} (2.1)

Oynkuuio F{z) HA3LIBAOT Takke unmezpaivHol gyrryueld pocnpedessnud.

Feomerpwyaecku pasenctso {2.1) MoxHO ucTonxosarh Tak: F{z) ecrs
BEPOATHOCTb TOTC, YTO C.B. X [pPHMET 3HAUEHWe, KOTopoe uaofpaxacrcs
Ha, 9UCJI0BOY ocu TOUKOH, jexkauieit nesee mouku z, T. e. ciaydalfinad Touxka
X nouapmer B uHTepnaJ (—oc, ), M. puc. 18.

X<z

X x X

Puc. 18

DyHKIKA pacupeiesieHns obnanaeT CRenyouMy CBORCTBaMK!
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1. F(z) orpauuvena, T.e.
0< Flz) < 1.

2. F(z) — neybeBaomasn ¢byHkuns 5a I, 1. €. CJan To > Z, TO
F(ro) = F(xy).

3. F(r) ofpamaer B HOJb Ha MHHYC OECKOHETHOCTH ¥ DABHA €IUHHIE B
LI0C DECKOHe HOCTH, T. €.

F(—x) =0,  F(+o0) = L.

4. BepositHOoCTh nonagauud ¢. . X B IPOMEXYTOK [a, b) paBHa npuparie-
HHUIO ee (PYHKIMM DACIPENEJICHUS HA 9TOM NPOMEKYTEE, T. €.

Pla < X < b} =F(b) — Fla). (2.2)
5. F(z) nenpepvbisna cjepa, T.e.

lim F(z) = F(x).

z—Lo—0

[ 1. Ilepnoe croiictso coenyer us onpenesenus (2.1) u cBolicTs BepoOsT-
Hoctu {m. 1.11, 1.12).

2. Mycts A = {X < 1}, B ={X < x}. Eam 21 < 29, 170 cobbI-
rue A Bieuer coberrue B {n. 1.4), ne. A C B. Ho Toroa comiacHo cBoi-
ctBy 4 {n. 1.12), umeem P(A) < P(B), re. P{X < 21} € P{X <z} unu
F(z1) < F(zg).

TeoMerpuiIecKH CBOHCTBO 2 OUEBHIHO: IPU TIEPEMENIEHUH TOUKH I
BIIPABO 110 YHMCJIOBOH OCH BEPOATHOCTh HONAIAHUA caydaduolt toukun X B
HHTEPBAJI (—00, I) HE MOXKET YMEHBIUATHCS.

3. Tperbe CBOHCTBO BHITEXKAET HENOCPEACTBEHHO U3 TOrO, YTO
{X < —o0} =@, a {X < o0} = @ comacno CBOKCTBAM BEPOATHOCTH
(m. 1.11, 1.12), umeem: F{—o0) = P{X < -0} = P{@} =0, F(4+00) =
= P{X < +00} = P{Q} = 1.

4. Tax kak a < b, 10 ouesuano, uro { X < b} = {X <a}+{a £ X < b}
(310 x0pOImO BUAHO HaA puc. 19).

Tax Kak cJaracMmele B OpaBodl 9acTH — HECOBMECTHBIE COORITHA, TO
no Teopeme cJaoKeHust BeposrtHocTed (n. 1.11) momydyaem P{X < b} =
= P{X < a} + P{e € X < b}. Orciona caeayer Pla € X < b} =
= P{X < b} - P{X <a} = F(b) — Fa).

5. CpoitcTBO 5§ HPOHNNIOCTPUPYEM Jajlec Ha npuMmepe 2.2. |
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Puc. 19

Beakaa dynuxmus F(z), obnagaromas ceoticreamu 1-3, 5, Moxet ObiTh
dyuxumeit pacnpenenenus Hekoropoit cayvalinoit BeIHYHHEL
Samerum, aTo dopmyna {2.2) (ceoilcrso 4) cupapeniuBa ¥ s H. €. B.,
. U IS 11, C. B.
C noMolpio hpyHKIKEY pacIpeneeHus MOXKHO BRITHCIHTD BEPOATHOCTD
cobuitna {X 2 z}:
= P{X zz}=1-F{z). (2.3)

Moxno marb Goace movnoe onpedescHue H. C. 6.

@l Cayuafinyio penmvuny X HaseBalOT wenpepwienoll, ecan ee MyHKIMs
pacnpenesieHua BerpepsisHa B mobo#t Touke u auddepenumpyema sclony,
KPOME, MOXeT BBITh, OTENbHBIX TOYEK.

Wcnonnaya cBodcTBO 4 MOXKHO MOKA3aTh, YTO «BEPOATHOCTD TOTO, 9T0
H.c.B. X IpUMeT 3apaHee YKA3aHHOE ONpeIeJIeRHOe 3HaUeHHe 0, PABHA Hy-
JHO.

He#icreurensno, npumenuMm dopmyny {2.2) k upomexyrky [a,z):
Pla < X <z} = F(z)—F(a). Bynem seorpanuienso npubImKarh TOYKY &
k a. Tak xak ¢pyuxuus F'(z) HenpepsiBHa B TOKE @, TO %Lrna Flz)=F(a). B
npenese nonyuum P{X =a} = ;1“13 F(z) — F(a) = F(a) — F(a) = 0. Ecnu
dynxnua F(z) seane HenpepblBHA, TO BEPOATHOCTh KAKOOTO OFIEILHOIO
3HAYEHUS C. B. paBHA HYJTIO.

CrienosaresbHo, AJ1A . C. B. CIIPABEJIXBBI PABEHCTBA

Plagz<b}=Pla<z<b=Pla<z<b} =P{X € (a,b]}.
HeticTerTensuo,
Plagz<bl=P{X=a}+Pla<z<bl=Pla<z<b}

W T. 1.
PYHKINIA pacupegesicHis 1. . B. IMeeT BHI

Flz) =} p. (24)

z,<x

T 1

3dech CYMMHDOBaHME BEIETCH 10 BCEM ¢, IJIA KOTOPhIX I, < r. PaBen-
ctpo (2.4) HenocpencTEEHHO BLITEKACT W3 onpeaesienus (2.1).
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TIpemMep 2.2. Tlo ycaosuw npumepa 2.1 (. 2.2) waittu dynkmmio pacnpe-
' penenus F(r) u nocrpouts ee rpadrk.

(@ bBynem sanasare pasauvHbIe 3HAMEHUA T M HAXOMMTH ansA HuX F(z) =
=P{X <z}

1. Ecnm z < 0, 10, ogeBnnHo, F(z) = P{X <0} =0

2. ECJIHO<:E$1,T0F(:£):P{X<ﬂ:}xP{X:O}:5%;

3. Bl <2 <2 1o Flz) =P{X =0}+P{X =1} = 5%%% = %;

4 Ecnmn2<z <3, 0 Flz)=P{X =0} +P{X =1} +P{X =2} =
_ 115,730 _dg.

5 56 56 56’

5. Ecu 3 < z, 10 F{z) = P{X =0} +P{X = 1} +P{X = 2} +P{X =

_3p - 46,10

56 56
Hrax,
(0, ecin z <0
1 .
BGo oo d<ogl,
F(z) = {4 %, ecrm 1 <z<2; (2.5)
% , ecu 2 <1< 3;
| 1, ecn 3 < .
Crpoum rpacdux F(z), puc. 20.
F{z)
1f-mmmmmrmmmmmnmenm e ,
T>
Py (1] C———— : ,
I
16/56f--------- rremes SR
1/56 hEC !
P ! e |
0 1 2 3 T

Kak BujiuMm, byHKIMA pacnpeiesneHus It.c.B. X eCrtb paspbIBHAdA, CO
CKAYKaMy P, B TOYKAX I,, (PYHKIMHA, «HENPEPBIBHAA CJIeBay (IIpH NOIXome
K TOYKe paspbiBa cseBa byHKuua F(z) coxpanser snauenue). Ee rpaduk
UMeeT CTYIEHYATEIH BU,
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OrMeTuM, 9T0, TONB3YACH PABEHCTBOM (2.4), QyHKUHIO pacHpeIe/ICHuUsT
MOXKHO Cpasy 3anucarh B Buoe (2.5)

(0,
1
56 °
1 .15
1,15, 30
5 T 56 T 56
115,30, 10

\ 56 56 0 56 0 567

YapaxHeHus

1. [Ipa cTpesnka mesaioT NO OTHOMY BLICTPESY B OOHY MulleHb, Beposr-
HOCTBb NIONAJAHMA A HepBoro crpenka pasHa 0,6, a nns BTOporo —
0.8. Halit u mocTpouts (PyHKIMIO pacnpeneneHus ¢.B. X — 4ucia
NOIATAHUYE B MUIIIEHD.

2. VY6euurscs, uro dbyHKIMH

g, ecd x & 0,
1—e™™, ecruz >0

r) = {

apngerca Gyukuuell pacnpenesenns nekoTopolt cny4aliHoll BeTMMHEL.
Hapru P{0 € z < 1} u nocrponts rpadux F(z).

3. ana QyHKIMA pacnpelleseHus

0, nmpu x £ 0,
2
Fx(@)={Z, npnz<vi,

1, mpu T > 2.

HaftTu BepoATHOCTE TOrO, YTO B PE3yALTATE YETLIPEX UCIETAHWE C. B.
X TpuxOpl MpUMET 3HAYEHHE, NpAHAI/IeXamee unTepsany (0;1).
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2.4. NnoTHOCTbL pacnpeapenexHns n ee CBONCTBa

Baxnuefiedl xapaxkTepucTHiol HenpepweHol cayxadinoll seauduHb
(roMuMO (DYHKIMH PACOPENESIEHNA) ABJAETCA [LIOTHOCTh DACHPEIEIeHNS
sepoarHocTelt. Hanomunm (cum. 1. 2.3), wro: ¢. 8. X HA3BIBAETCA HENPEPHIG-
Hotl, ecyiM ee (PpYHKIUA pacnpeleSeHUs HENpephiBHa U IndypepeHuupyeMa
BCIOJY, KPOME, DBITH MOKET, OTIE/BHBIX TOYEK,

@l ITaomuocmuio pacnpedeaenus eepoamuocmeti (naomuocmauio pacnpede-
AEHUA, NAOMHOCTIDI0 BEPORTNHOCINET NI IIPOCTO NAOTMHOCIILIO) HENPEPHIB-
HOH caygafinoll peauuuHb X HASBIBAETCA MPOH3BONHAA €€ (PYHKIHH Pac-
NpeUeIeHHA.

Ofosnavaerca NIOTHOCTL pacnpenenenus H.c. 8. X depes fx(z) (wan
px(z)) mau npocro f(z) (anm p(z)), ecin ACHO O Kaxol C. B. HIET pedb.

TakuMm 0bpa3oM, To ONpenele o

flz) = F'(z). (2.6)

Oyuxumo f{z) naspiBaloT Taxke Juddepenyuanvnotl Pynwyuet pacnpede-
ACHUA; OHA FIBNAETCH ONHOM W3 ropM 33KOHA pACHpeIeneHud cayqaiinol
BEJIMMUHBI, CYTIECTBYET TOJBKO JIsl HEPEPHIBHBIX CIYIARHBIX BEJTATHH.

YCTaHoBAM BEPOATHOCTHBIA CMBICH IJIOTHOCTH pacupenenchusn. M3
OTIPENENIEHHA [IPOU3BOIHOR cilenyer

AF(x) i F(x+ Az) — F(z)

= l' —
f(z) A;:EO Az A:}:ISO Az

Ho cormacuo gopmysie (2.2), Fz + Az) — F(z) = P{z € X < = + Az},
Plz £ X <z + Az}

Az
HOCTb, KOTOPas UPUXOANTCH HA. MHUILY IJTHHBL yuacTka [z, + Az), T e.

CPEIHIOI WIOTHOCTE PACTIpenesieHna seposiTHocT. Torma

npencraBaaer coboi CPEmHIOK BEpOaT-

Ornowenue

&«
F(z) = lim P{z < X <z + Ax}

Ar—0 Azx ’ 2.7

T. €. MJIOTHOCTh PACHPEIESIEHHA eCTh IIPefesl OTHOMEeHUA BePOATHOCTH II0-
NAJAHMAA C.B. B NPOMEXKYTOK [2;2 -+ Az) kK mmHe AT 3T0r0 IPOMEKYTKA,
korga Az crpemures ¥ nyaro. Vs pasencrea (2.7) coenyer, yro

il

Plz < X <ax+ Az} = f(z)Az.

To ecTh nacmuocmsd geposmuocmu onpedeasemcs xax Pynwyus f(z), ydo-
saemeopsowas yeaceurw Pl{r € X < x4+ dz} = f(z)dz; seipaxenne
f(x) dz Ha3PIBAETCH DAEMEHNMOM BEPORTMHOCTNU.
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Otmern™m, 4TO mioTHOCTh f(r) aHAJOTMYHA TAaKMM IOHATHAM, Kak
IJIOTHOCTE PACHPENeNeHHA Macc Ha ocH abCuice Mn¥ [IOTHOCTh TOKA B
TEOPHH BJIEKTPUYECTBA.

[InorHocTe pacnpenenenns 061aJAeT CAEIYIOUMMA CBORCTBAMY:

1. f{z) meorpunarennHasd, T.e.

flz) 2 0.

2. BepoaTtHocTb monagaHuA H. €. B. B IPOMEKYTOK [a; b] PaBHA Onpe/IeIeH-
HOMY MHTErpaJy OT €€ [JIOTHOCTH B Ipefesax or a 1o b, T. e.

b
Pla< X <b} = / f(z) dz. (2.8)

3. OysKUEA pacnpenesieHUs H.C B. MOXeT OLITL BhIDAXKeHa Yepes ee
MJIOTHOCTL BEPOATHOCTH 10 (hopMyJie

F(z) = / F(t) dt.

4. Ycnoepue HOPMEDOBKH: HECOOCTBEHHEBIH MHTErpaJi OT NJIOTHOCTH Bepo-
ATHOCTH H.C. B. B OECKOHEYHEIX npenenax pabBeH eIWHULE, T. €.

ff(m:) dz = 1.

(J 1. IlnorHocrs pacnpenenerus f(zr) — HeorpuuaTesnsHas QyHKLHR:
F(z) — neybmsatromas dynknua (no. 2.3), cnenosarensno, F'(x) > 0, e
f(z) = 0. 910 o3Ha4aeT, yTO rpaduk wotTHocTH f(x), HA3BIBAEMbIR Kpusol
pacnpedeseHua, He HEXKE OCH abCUHCC; IVIOTHOCTh MOXKET IIPUHEMATE CKOJIb
¥rojHo GoNBlIHEe 3HAYEHHSA,

2. Tax xak F(r) ects nepsoobpasnasn nis miotHoct# f(z), To no dop-
myne HeioTtona—Jleibnnna nveem

b
f f(z)dz = F(b) — F(a).

Ozciona B cuy ¢okcrpa 4 pyHrunn pacupeneserua {dbopmysa (2.2)), mo-

JIydaeM
b

ff(w)dx=P{a<ng}.

a
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T'eomeTpuyecky 31a BEPOATHOCTH PaBHA Iomanu S GUrypsl, orpaHayeH-
HOW cBepxy KpuBoH pacnpenenesus f(z) w onupawmeics Ha oTpe3ox [a;b]
(puc. 21).

f(=)

" : ///S %;)

0

Puc. 21

3. Ucnonpays ceolicTso 2, nosyqaem:
T T
F@%:HX<$%:H—®<X<$%:/f&Mw=/fﬁMt
-0 -0

(byksa t gnd scHoCTH).
4. Ilonarasa B dopmyne (2.8) ¢ = —ooc u b = +00, MONYIaEM TOCTOBED-
noe cobbiTHe X € (—o0; +00). Cremoparennto,

+00
[ f(z)dz = P{~00 < X < +x} = P{Q}} = L.

bt ® ]

TeoMmeTpuyeckn CBOHCTBO HOPMMPOBKM O3HAYAET, YTO NJOLIANL <hurypsi,
orpaHu4eHHO# KpuBo#li pacnpepenenus f(r) u oceio abclHCe, paBHA eIv-
HHIIE. [ |

MoxHo nare TaKoe onpefeseHHe HelpephIBHOR ciydaliHof BesIM4uBbL
cnyualinas Beswuuna X HA3LIBAETCA HENPEPBIGHOTL, €CJH CYIIECTBYET He-
orpunarensHas pynkuag f(z) Takas, 9ro npu mobom & QyHKIMIO pacnpe-
nenenus F(r) MOXHO NpenCcTaBuTh B BHIE

ﬂﬂ:ffm&

A sarem nonyuutsk, uro f{z) = F'(z). Orciona caenyer, uyto F(z) n f(z)
ABJIAKTCA IKBUBAJICHTHRIMA 060DIMAIIHME XapaKTepuCcTHRKaMy ¢. B. X.
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Kak ormeuasocs pasee (. 2.3) must H.c. 8. X, BEPOATHOCTh CODLITUHA
{X = c}, rme ¢ — umcno, papsa nymo. JefcTBATE/NBHO,

Pl

P{X*c}uP{cé‘XSc}w/f(a:)da:=0.

OTtcrona Tagke CIeIyeT, ITo

P{X € la;b)} = P{X € [a;b]} = P{X € {(a;)}.

ITpumep 2.3. [lnoTHocTs pacnpenenerus c. 8. X 3agana yuknmeht f(z) =

= —& _ Hajity suavenne napaMerpa a.

1422

Q Cornacno csodicTBy 4 TJIOTHOCTH, UMEEM

+00 d

@ _de=1, Te. a lim dr _ _ 1, e a- lim arctgzx ‘?: 1
1+ 2 d— 4o 1422 d=r oo c
oo et -0 c——oo

W)) = 1 u, HaKOHeEL, NoJy4Yaem a7 = 1, T.e. g = % ®

g

=

o
PN
o=

|

|
B3|

YnpaxHeHna

1. Cayualinaz sesmmumna X sagana dbyHrnueil pacupenesenus:

0, npu £ ~1,
Fz)=<qalz+1)? nopn —1<2<2,
1, opu T > 2.

Haiitu snavenue @, noctpouts rpacpuru Fz) u f(zx).

2. Kpupasa pacnpemesienud H.C.B. X HMeeT BHI, YKa3anunii Ha puc. 22
Hatitu soipaxenue aas fy(z), bynkumio pacopenenenua Fy (), sepo-
SITHOCTE COOBITHA {X € (}1 : 1) }
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e
N
1] 1 &
2
Puc. 22

3. Hpaserca s MJIOTHOCTHIO PACOPEASAEHHA HEKOTOPOH C. B. KAKIAA M3
caenyoumux (pyHKIHH:
T
a) flz) = — - upr = € (—oc; +00);
) /(=) (1o P (—o0; +o00);
1 .
6) f(.’L‘)= 9 HpH.’EE( lalla
0, mpuz ¢ (-L1];
0, mpu x < 0w x> 2
ar®, npu 0Lz < 2.

2.5. Yucnoeble XxapakTepPUCTUKU CJIyHatHbIX BEJIUYUH

3aKoH pacupenesieHu MOJHOCTHI) XaPAKTePU3YeT CAYYARHYIO BEeJTHIH-
ny. OJHAKO IpH PEMIEHMH MHOIAX [MPAKTUIECKHX 33)1a4 JOCTATOYHO 3HATD
JIMIIG HEKOTOPBIE 4UCAOGHIE NAPAMEMPB, LOPOKMEPUIYOWUE OMdesvrue
cyuwecmaennnie ceoticmea (nepmu) 3axona pacnpedencrus c. 8. Takue 4m-
CJia OPUHSITO HA3BIBATE YUCACGHMY LOPGRIMEPUCTIUKOMY C. 6.

BaxHeHLMMu CPEE HAX SABJISAIOTCH XApAKTePACTHKM IOJIOKEHU: Ma-
TEMATHIECKOE OKUIAHRE (IEHTD PaCcTpeliesIeHnd C. B.), MOIa, Me/IHaHa, Xa-
PAKTEPUCTMKU PACCeAHWst: AUCIEpCUs (OTKJoHeHue sHadenuii c.B. o1 ee
IEHTPA), CpeqHee KBAIPATHYECKOe OTKIIOHEHHE.

st

MaTtemaTuveckoe oXXuaaHue Cny4anHoW BENNYUHbI

Mamemamuneckum oncudonuem (unm cpednum 3naderdem) g.c.s. X,
umeomeit sakon pacnpenenennsa p; = P{X = 1;}, 1= 1,2,3,...,n, Haser-
BAGTCH YHCJIO, PABHOE CyMMe [IPOM3BeneHni Becex ee 3Hauenud Ha cooTBeT-
CTBYIOIIME UM BEPOATHOCTH.



74 * Paspen nepebiit, INEMEHTAPHAR TEOPHA BEPOATHOCTER

MareMaTHyecKoe OXUOAHHE (COKDPAMEHHD: M.0.) 0D03HAYAETCA Hepes
MX (wm: M[X], M(X), EX, mx, ax).
Taxnm 06pasoM, 110 OnpPEOeNEHMID

T
MX ="z pi (2.9)
i=1

Ecsu 4n¢s10 BOSMOXHBIX 3HaYeHuH ¢, B, X GeckOHe4HO (CY4ETHO), TO

oo
MX =Y z;-p, (2.10)

i=1

OpHYEM pAL B NPABOH YACTH MPEAnoiaraeTes CXOAAINMCA (B IPOTHBHOM
ciaydae ¢.B. X He HMEeT M. 0.).

Popmynsr (2.9) u (2.10) moxHO samucars B Bune MX =) z;p;.
;
BepoATHOCTHRIE CMBICJI MaTeMaTHYECKOrO OXHUOAHHA COCTOMT B TOM,

i}
YTO OHO ABJIAETCS CPEIHUM 3HaYeHUeM C. B. JelicTeuTenpho, T.K.  p; = 1,

il
TO .

n

n Z iy
i=1

MX = E Zipi = 5 = ZLcpenuee-

i=1 E i

i=1
MaTeMaTPI‘{eCKHM oxuianueM H.C, B. X C IJIOQTHOCTEIO BECPOATHOCTH

f{x), HaswiBaeTca uucsao

MX = [a:-f(:c)da:. {2.11)

Huterpan » npasoft wacte papencrsa (2.11) npeamosaraerca abcomOTHO
CXOAAIIMMCH, T. €.

f |z| - flz)de < e

(s mporusHOM Cityuae H.c.B, X He UMeeT M.0.).

®opmyaa (2.11) siBasierca muTerpaiibHbiM anasoroM dbopMyast (2.9).
Jamenas B Hell «OPBITAOIUMEY APryMEHT I; HA HENPEePBIBHO MEHSIO M-
il %, BEPOATHOCTbL p; — 3JeMenToM BepoaTHoctu f(x)dr (f(z)dz =
=Flz)dr = dF(z) =~ AF(z) = F{z+ Az)—F(z) = P{z < X < z+Az}),
nonywuM pasencTso (2.11).
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Ormerum, uro M X umeeT Ty Xe pasMepHOCTh, 1TO 1 C. B. X.
CholicTBa MaTeMaTHYECKOro OXKUIAHHA.
1. MaremaTuveckoe OXHIAHKE TOCTOAHHOU paBHO camMoll sTol MoCTOAH-
HOH, T e.
Mc=c.

2. TlocTosHHBIM MHOXHUTENE BEIHOCHTCH 33 3HAK M.O., T. €.
M(eX) = cMX.
3. M.o. cyMMBI C. B. PABHO CYMME HX M.O., T. €.
M(X+Y)=MX+ MY.
4. M. o. OTKJIOHGHHA C. B. OT €€ M. 0. PABHO HYJIIO, T. €.
M{X -MX)=10.

5. M. o. npouspenenya He3aBUCUMEIX C. B. DABHO MPOU3BEICHUIO HX M. O.,
T. €. ecoivi X M Y He3apUCHMEL, TO

M(X Y)=MX MY.

[d 1. ocToasnyio ¢ MOXHO PACCMATPHBATS KakK 1. C. B. X, TPHHAMAIOIYIO
JIMIIL OHO 3HaveHue ¢ pepoaTHocTbio 1. IHostomy Mec=c¢ - P{X =¢} =
=c-l=e¢

2. Tax Kax j.c.B. X NPHHAMAET SHAYEHUS cX; (i = 1,7) C BEPOATHO-
CTAMH P;, TO

TL 7
McX = Zcxf cp; = cZa::zpi =cMX.
i=1 i=1
3. Tax xax xn.c. . X +Y npunumaer 3HaueHHA Z; +¥; C BEPOATHOCTAMHU
p,'J = P{X,; = as,;,Y = ’yj}, TO

n m 1

MX+Y)=3 > (@mi+y)ps =32 i+ 3D Yibis =

i=1 j=1 i=1 j=1 fe=1 g1
n m m n " m
= 391‘5 pij + D ) pij'—'z mi'Pi+§ y;-pj = MX + MY.
=1 i=1 i=1 =1 i=1 j=1
HpH OOKa3arensCTBe 80CIO0JIB30BAIUCE, B YaACTHOCTH, TCM, YTO

m n
dSopy=pow Y pi=p;
i=1

=t
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HeficTBMTEMLHO: TAK KakK

Z{X%IE:Y ?JJ}*{Y*JE}Z{Y vy = {X =a}- Q= {X = n},

j=t
TO

SHAJIOTAYHO0 noJlyvyaem
n
P = E :Pay
=1

CeolicTBo 3 pacnpoCcTpasserca Ha NPOM3BOJBHOE KOHETHOE IACII0 CIIarae-
MBIX.

4. Cornacuo cpoiictsaM 1 u 3, umeem: M(X~-MX)=MX-M(MX) =
= MX - MX = 0. OrmeruM, yro pazuocts X ~ MX (nnu X —my) HA3DI-
BAETCH omxsoHeHuem ¢.B. X oT ee M. 0. M X u obospaqaerca cUuMBOIOM X'

X=X - MX.

Ira ¢. B. X HABLIBAETCH TAKKE UEHMPUPOSAHHOT C. B.
5. Tax xax c.5. X v Y mezapucaMel, 10 py; = P{X = 2,Y = y,} =
= P{X =z}  P{Y = y,} = p.- p,. Cnenoarenvno,

MXY = E:Z}wﬂﬂxmmu =y} =

=1 =1

plj’

ZZ‘%% P{X --Te}P{Y —?JJ} Zf»ﬁpzZ%pJ =MX MY B

=1 3=1

PJ

CroficTBa M. 0., JOKA3AHHLIE JIJIs 1. C. B., OCTAIOTCH CHPABEIIMBLL W 14
HEenpepbLIBHLIX C. B. Tak, HaNpHMep,

McX = fc.r:f(x:)da:::c/xf(x)d;cszX.
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Ilpumep 2.4. B norepee uMeetca 1000 6uneTon, U3 HUX BRIATPHIIHEIX: 10
no 500 py6, 50 mo 50 py6, 100 mo 10 py6, 150 mo 1 py6. Halttk maremaruy-
YeCKOoe OKUIAHNE BLIMIPhINA Ha OORH Owier.

(Q Pan pacnpenesenws ¢. 8. X — CyMMB! BHIUCPBIIIA HA OIMH GHJIET TAKOB:

X |500 | 50 |10 1 0
p | 0,01]0,051t0,1(0,15| 0,69

5
(Koarposs: > p; = 1.) Haxomum M X:
i=1
MX =500-0,01 +50-0,054+10-0,1+1-0,1540-0,69 = 8,65 py6. @

Aucnepcws

B

Hucnepcuett (pacceanueam) ¢, B, X HA3BIBACTCA MATEMATHYECKOE OXU-
NAHWE KBAOPATA €€ OTKJIOHEHUA OT CBOErD MATEMATHIECKOrO OXUTAHUA.

O6osHauaercs mucnepeus depes DX (wnm D[X], Dx, D(X)). Taxum
06pa3oM, N0 ONpPeXeJIEHHIO

DX = M(X - MX)?, (2.12)
w DX = MX 2w DX = M(X ~m x)2. Jucnepcusa xapaKTepusyeT
pasbpoc sHadenuii ¢. B. X oTHOCHTENBHO ee M. 0. 13 onpenesienus mucnep-

CHH CAEAYIOT (POPMYJIbI IJIA €€ BHIYUC/ISHAA!

DX"~=§:(x,;—ﬂ/f)()2 - pi — A4 O.¢.B. X, (2.13)
i
+00
DX = -/’(x_—fl/IX)2 flz)dr — s . CcoB. XL (2.14}
—00

Ha mnpakTHKe AMCHEPCHIO C. B. yI0OHO HAXONUTH 110 GopMye
DX = MX? - (MX)2 (2.15)
Ona nonyuaerca n3 dopmynst (2.12): DX = M(X?2—2X -MX +{MX)?)

=MX? - MQ2X MX)+MMX)? = MX? - 2MX  -MX + (MX)? =
=MX? - (MX)2
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ATo mosBoJIAET 3anucaTh QOPMYJHI OnA ee sbruuciaenHa ((2.13) u
(2.14)) B mpyrom Bugme:

DX =)z} pi— (MX)?, (2.16)

+oo
DX = / z? - fx)dx — (MX)*% (2.17)

CpoiicTBa OHCIEPCHH. ‘
1. Tucnepcusi nocToAHHOM papHa HYJO, T €.

De =0,

2. Tocrosaubift MHOXKUTENb MOXKHO BBIHOCHTE 34 3HAK JHUCIIEPCHH, BO3BE-
I €TI0 B KBaJPAT, T. €.

DcX = *DX.

3. ducnepcust CyMMBI HE32BUCHMBIX C. B, PABHA CyMMe HX OUCHEpcHl, T. e.
ecam X u Y HezaBHCHMEBI, TO

D(X +Y) = DX + DY.

4. Jucnepcus . B. HE M3MEHHTCH, €ClK K 3ToH ¢. B. npubaBuTh HOCTOAH-
HYIO, T. €. '
DX +¢)=DX.

5. Ecmu c.8. X u Y He3aBHCHMBI, TO

D(XY)=MX% MY? - (MX)?. (MY)2

d 1. De=M(c—Mc)? = M(c—c)? =M0=0.

2. DeX = M{cX —M(eX))? = M(cX —ecMX)? = M(A{(X -MX)*) =
=c?M(X - MX)? =c2DX.

3. Ucnonpays dopmyny (2.15), nonygaem D(X +Y) = M(X +Y)? -
—(M(X4+Y)? = MX24+2MXY+MY?2 - (MX)?—2MX-MY —(MY)? =
=MX?—(MX)? 4+ MY?— (MY)?+2(MXY -MX MY)=DX+DY+
+2(MX MY - MX-MY)=DX +DY.

Ormerum, uto ecnu ¢.B. X u Y 3as8ucumse, 10O

D(X +Y)=DX + DY + 2M((X — MX) - (Y — MY)).
4. D(c+X) = M((c+ X) - Mc+ X)) = M(X — MX)? = DX.

Hoxazarenscrso cBORCTBA 5 HE NPUBOLHM,. [ |

CeolicTBa IUCHOEPCHH, JOKA3aHHLIE BBIIE IJI7 BUCKPETHBIX CilyqafiHbIx
BEJIMIUH, OCTAITCA CIPABEIJIMBRIMHU U JIJIA HENPEPHIBHEIX C. B.
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CpeaHee xBaApaTM4ECKOE OTKNOHEHNE

Huncnepcua DX umeeT pasMepHoCTh KBAIpara . 8. X, YTO B CPABHU-
TeAbHEIX nensax Heynodao. Korna xenarenbsHo, 9TolObl omeHka pasbpoca
(paccessHUA) MMena Pa3MepHOCTD C.B., UCHOJB3YIOT €UIE ONHY YMCJIOBYIO
XapAaKTEPACTHKY — CPEIHee KBaIpaTHYeCKOE OTKJIOHEHHE (COKDPAIIEHHO:
C.K.0.).

Cpednum xeadpomuneckum OMEAOHENUEM WITH CTRANCADMMbLM OTRK.A0-
HEHUEM C. B. X HA3BIBAGTCH KBAIPATHBIA KOPEHS N3 e JIMcrepeHn, obosHa-
qaloT Yepes ox (wmn oX, o[ X], o). Takum obpazom, 1o onpeIeseHno

ox = VDX, (2.18)

W3 croitcTB nMCIepCHH BLITEKAIOT COOTBETCTBYIONHE CBOHCTBA C. K. 0.
oc=0, o.x = |clox, olc+ X) = ox.

51 W3yueHnA CROHCTB CAYYalHOrO SBJICHUS, HE3ABHCANIUX OT BbIOO-
pa Maciraba H3IMEPEHHA U [OJIOKECHHA LEHTPA, DY HIIAPOBAHAA, HCXODHYIO
cnyyalinyo sesinuuny X TIPHUBOHAT ¥ HEKOTOPOMY CTAHIADPTHOMY BHIY: ee
HEHTPUPYIOT, T. €. 3alUChiBaloT pasHocth X — M X (reoMerpuyecku o3Ha-
yaeT, 4TO HAYAJI0 KOODIAMHAT NEePeHOCHTCH B TOUKY ¢ adciuccol, pasHOH

M.0.), 3aTe€M JEJAT HA C. K. 0. OX.

Coaywaiinywo senuunny Z = % HAJLIBAIOT cmandapmyol cay-

watinoti geauunot. Be M. o. pasHo 0, a nucnepcus pasua 1. JelicTeuressHo,

X-MXy_ 1
MZ:M(—TX—) = 5-M(X - MX) =0,
: 1 DX _ DX
pz=Lpx-mx)y=L& D& _

To ecte Z — uyenmpuposannas (MZ = 0) u nopmuposannas (DZ = 1)
caydallHaa BenuaHHA.

ITpumep 2.5. O.c.8. X 3anana psanoM pacrpenesesus.

XTI 0|17 2
p 0,210,103 04

Haittea M X, DX, ox.

Q Hcnmonbayem dbopmynnt (2.9), (2.13), (2.18): MX =-1-02+0-0,1 +
+1-0,34+2.04 = 0,9; DX = (~1~0,9)2-0,2+(0~0,9)2-0,1+(1—0,9)2-0,3 +
+(2-0,9)2.0,4 = 1,29 (mm, ucnosesys dopmyay (2.16), DX = (—1)2-0,2+
+02.0,14+12.03+22-04— (0,92 =1.29); ox = VT,29 = 1,14. ®
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Moaa n meaunaHa. MoMeHThl CnyyaliiHsiX BenuiuH. ACummMmeTpuna
u akcuecc. KeaHutunu

Bl

;
Modoti 1. ¢. B. X HASBIBAETCA €6 3HAYEHIE, TPHHIMAESMOE ¢ Hanboablelt
BOPOATHOCTHLIO MO CPABHEHUIO C ABYMSA COCETHHMY 3HAYEHUAMH, 0003HAMA-
erca depes MoX. dua n.c.B. MgX — Toduka MakxcuMyMa {JIOKAJIBHOTO)
maorHocTH fy(x).
Ecam MOIA CAMHCTBEHHA, TO DACHPENENCHIE C. B. HASBIBACTCA YHULMO-
daAvHaM, B HPOTHBHOM CIydae — noaumodaavusm (puc. 23).

f(z)

)

O MoX 2, =M.X  MpX x

Pue. 28

Meduanoti M. X H.c.s. X Ha3biBaercs TaKoe ee 3HAUCHUE Ty, NJIA KO-
TOPOro

P{X <y} = P{X >z} =, (2.19)

T. €. OOMHAKOBO BEPOSATHO, OKAXKETCA M C. B. X MeHblue z, niu bonbme o,
(puc. 23).

C nomows dyBRKImy pacopeneienus F(z) pasencrso (2.19) moxno
sammcars b suge F(M.X) = 1 - F(M,X). Orciona F(M.X) = 1

Has n.c. . MeauaHa 0OBIYHO HE ONPENeIaeTcs.

MareMaTiuecKoe OKHIAHAE 1 IMCIIEPCH ABJIAIOTC YACTHBIMH CJIY4a-
MU Caenyomux Gonee oboHX NOHATAR — MOMCHTOB C. B.

.

o

Hovaavrosm momenmom nopaoxae k c.s. X HaspBaeTca M.o. k-# cre-
feHd 9ToH BesmunHbl, 0003IaYaeTCH Jepes (.
TakuM 06pa3oM, 0 ONPEIESIEBHIO

== M[Xk)

Ina n, ¢. B. HAYAJBHbLIH MOMEHT BBLIDAKACTCH CyMMOR:

E : k
O = T; - Pis
7
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(&3

a JJIA H.C. B. — HHTEIPAJIOM: o
o
oy = / «* . f(z)dz.
—0Q

B gacraoctn, a; = M X, T e. HavanpHBId MOMEHT 1-T0 MOpPAOKA €CTh M. 0.
Henmponvnvism momernmom nopadra k ¢.B. X HABKHIBAETCHA M. 0. BEJH-
sl (X — M X)*, ofosnausaerca uepes jig.
Taxum 00pa30M, 10 OIpPEIEIeHNIO

pp = M(X — MX)*,

B wacrnocta, po = DX, T.e. ueRTpasbpHBIE MOMEHT 2-ro MOPAJIKA €CTh
mucoepens; i = M (X — MX) = 0 (cm. csoitctso 4 M. 0.).
Ias g.¢.B.:
BE = 2(31 - MX)k " P
?

a OJId H.C.B.
20
we= [ (@-Mx)* - f(o) o
—00

lenrpanbHble MOMEHTHI MOrYT OBITE BHIDAXKEHB! 4epe3 Ha4daJlbHbIE
momentel. Tak, gy = DX = oy — of (neftcreutensno: py = DX =
=MX? - (MX)? =ay— af); gy = a3 — 3ajas + 20, s = oy — donaz +
+ 6afan — 3at u o

Cpener MOMEHTOB BRICWIHX NOPANKOB ocoboe 3HAYEHHE HMEIOT IEH-
TPAJIbHBIE MOMEHTH! 3-T0 ¥ 4-TO MOPAAKOB, HASBIBAEMBIX COOTBETCTBEHHO
KoathpUIMEeHTAME ACHMMETDHH B 3KCIECCA.

Koad puyuenmom acummempun {(«cxowennocmus) A c.B. X Hasnsa-

€TCs BeJIMUMHA
Az‘“}ié?',’: M(X—M;X)"‘.
X (DX)2

Ecnu A > 0, To xpuBasa pacnpenesenus dosiee nosora cupasa ot MpX
(puc. 24).

Ecnu A < 0, 1o xpusaa pacnpenesenus 6osee mosora caesa o1 MpX
(puc. 25).

Koagduyuenmom axcuecco {«ocmposepuunnocmuy) F c.B. X Hasbl-
BaeTCA BEJHUHHA

_ 4
E:”_f_gzﬂ_/f(_x__Mzﬂ_
o (DX)
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Puc. 25

Benuwuna E xapakTepusyeTr OCTPOBEPUIMHHOCTD WM [LJIOCKOBEPUIMH-
HOCTh pacnpeneyieHnd. 118 HOpMAJIBHOTQ 3aKOHA pPaCIpeNesieHus {CM.
m 2.7) A =0un E = (; ocranbHble pacupeNe/IeHus CPABHKBAIOTCH C HOP-
MaJILHBIM: eclti F > (0 — BoJlee 0CTpOBEPUTHHHLIS, & PACHPEISICHIA KILI0C-
KOBEPLIHHHBIEY HMeoT £ < ( (puc. 26).

fiz) E>0
E=0
- E<O
—-{——/
0 T

Puc. 20

Kpome paccMOTDEBHBIX BLIIE YMCJIOBLIX XAPAKTEPHCTUK C.B., B IpH-
JICKEHUAX UCTIOJILIYIOTCA TAK HAZLIBAEMbIE KBAHTHIN.
Keenmuamo yposus p ¢. B. X HA3BIBAETCA DEIIEHUC YPABHEHHA

FX ("TP) =P
roe p — HeKoTopoe ucio, 0 < p < 1.
Kpantumm 29925, Tos ¥ Zo7s HMEIOT CBOM HA3BAHMA: MUNCHAS KGAH-
muas, meduana (M X = 205), seprnas xeanmuas coorsercrsenno. Onu

AeJIAT YKCJIOBYIO HPSAMYIO HA 4 9acTH, BEPOATHOCTH NONAJAHUSA B KOTODBIE
pasun 0,25 (puc. 27).
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0,25

———— ! WP,
0 Zo2s Zo,5 L7 z
Puc. 27
¥npaxHeHun
1. Ilpoussomurcsa 3 HE3aBMCHMBIX BHICTpeNa N0 ueau. BeposarHocru no-

HAJAHWS [IPH PA3HBIX BRICTPEJAX GAMHAKOBH ¥ pasubl ¢ = 0,9. Haifitu
M. 0. uncsIa nonananuik. Pemnts 3amauy B caydae, €C/iM BepOATHOCTH
HONAJAHKSA DK PA3HBIX BRICTPEJIAX pasamyibl: a) py = 0,7, 6) p; = 0,8,
B) p3 =0,9.

Henpepwisaaza coayyaliuas senmuurHa 33J1aHa TNOTHOCTBI) Daclpenese-
HHS
{, mprr <0unzx>mn,
{z) = .
Ix(z) %—Smaz, npu 0 < ¢ < m

Halitn MmareMaTndeckoe oxxuganne caydafinoi senuaunnt X.

IIycrs X m Y — mesaBucHMBIE f.C.B., upHuem MX = 2, MY = -3,
DX =2,DY =9 Hasitru MZ w DZ, ecin Z =5X —3Y + 2.

Ilo yeooBuo ynpaxuenns 2 natitu DX u ox.

C.8. X samana pyHknnefi pacnpenesienus

0, mpu z < A,
F(z) = {02522, mpm A < z € B,
1, upu B < x.

Hafty snavenua A uw B, MX u ox.

IIycts X, Xo, ..., X;, — OOCHEHOBATELHOCTh HE3ABHUCUMBIX C. B.
c MX, = aun DX, = ¢, i = 1,2,...,n Haitru m.0. u jucuepcuo
CpemHero apupMeTHYeCKOro 1 He3aBUCHMEBIX C. B. X,.
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2.6. Npouseogauian GyHKUNA

Haxoxgenue paxuelnux YHCIOBBIX XapaKTEPHCTHK M. C. B, C TEJILIMH
HeOTPHIATENBHBIMY 3HAYEHUAMH YI06HO TPOU3BOMNMTE € FOMOINLI0 BPOH3-
BoAMX hyHKIAHR,

Ilycrs a.c.s. X npunumaer sHavenun 0,1,2,...,k,... ¢ BEPOATHOCTS-
M Pp, P1, P2, -+ Pk = P{X = k}a v

Ipoussodawed pynwyued pos g, c. . X Ha3bBaeTCS (PYAKIHA BUIA

o0
p2) = pe 2 =potpztprt ..., (2.20)
f=x0
rje z — ITPOM3BOJIBHBIA napamerp, 0 < z < 1.
Ormerum, uro xoaddunmenramu crenensoro paga (2.20) spasorcs
BEPOATHOCTH 33XKO0HA PACHPENEeHHS . C. B. X.
HuddepeHuppya M0 z MPOH3BORAIYI0 (DYHKIUIO, NOJTY TAM

[o.0]
F2)= k-pp- 0.

k=0
Torna
og
G1)=> kepr=MX = o,
k=0
T, €.
a; = MX =¢'(1). {2.21}

BssB BTOpyo upousponHyo GyHKIMA @(2) U nosoxus B Hell z = 1, moay-
TUM:

oQ o0 o
O(2) =Y k(k—1)-pk- 22 Q") =D K ep— Y kepe=ar -
k=0 k=0 k=0

rae e H &¢1 — HAYAJBHLIC MOMCIHTLI COOTBETCTBEHHO 2-rou 1l-ro IIOPpANKOB
{ag = MX? ay = MX). Torna DX = MX? - (MX)? = ag — &% =
={ag =)+ a1 —af = ¢"(1) +¢'(1) = (¢'(1))?, ze

DX = ¢"(1) + ¢'(1) - (¢ (1)) (2.22)

Honyuennste dopmynst (2.21) a (2.22) ucnonpsyloTca O HAXOXKTEHUS
M. 0. H JUCIEPCHH PACCMATDHBAEMOTO PACHPEICICHHSI.

TTpumep 2.6. Haittu pucnepcuio c. 5. X — uncia nonafaHuit B yIpaxHe-
wum 1 (m. 2.5).
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(Q Psg pacopenmesienus ¢.B. X:

X 0 1 2 3
p | 0,010,027 | 0,243 | 0,729

Haitnem DX, ncnosnnsys dopmyny (2.22). Tlponssonsanias dyHkmus ¢(z) =
=0,0140,0272 +0,2432% 4 0,72923. Torma ¢'(z) = 0,027 +0,4862 + 2,18722.
Tonaraa z = 1, naxomum ¢'(1) = 2,7 = MX (ynpaxnenuwe 1 u3 m. 2.5),
©"(2) = 0,486 +4,374z. TTostomy ¢ (1) = 4,46 u DX = 4,86+2,7—(2,7)? =
= 0,27 {popmysa (2.22)).

AHajIoTMYHO pelaeM BO BTOPOM CITydae, KOTIA BEPOATHOCTH IIPH Pas-
HBIX BeICTpeaax pasyumuas! (1. 1.20, npumep 1.31). ¢(z) = 0,006 4 0,092z +
+0,39822 4+ 0,50423. ¢'(2) = 0,092 + 0,796z + 1,51222, ¢’{1) = 2,4 = MX.
©"(z) = 0,796 + 3,024z, " (1) = 3,82. TToaromy DX = 3,82+ 2,4~ (2,4)? =
= 0,46. ®

2.7. OCHOBHbIE 3aKOHbI pacnpeaeneHns Cny4yamnHbixX
BEJIUYMH :

BMHOMManNbHLIA 3aKOH pacnpeneneHun

Cpenu 3akOoHOB pachpeneseHss [I.c. 8. Haubosree pacnpoCTPaHeHHBIM
ABJIAeTCH DHHOMHAJIBHOE PACIPESEIEHHE, C KOTOPBIM MbI YK€ BCTPe4aJuch
(m. 1.20). ]
El Huckpernas c.p. X mmeer funomuasvhoe pacnpedesenue (MM pac-
npedeaeHa No GUHOMUAABHOMY 3GXKOHY), €CJIM OHA UPUHUMAET 3HAYEHHA
0,1,2,3,...,n, C BEPOATHOCTIAMHU:

P = P{X = m} = CTp"g" ™, (223)

mmel<p<l,g=1—p,m=0,1,...,n

Cayuaiinasa seanuuna X, pacupeneneniada no BHHOMPAAIBEOMY 3aK0HY,
ABJIAETCA YUCJIOM YCIEXOB € BEPOATHOCTBIO P B cxeMe Bepryniu nposene-
HHUA N HE3ABHCUMEBIX OIIBITOB.

Ecnu TpeGyercss BRIYMCJIMTH BEPOATHOCTL «HE MEHEE 71, YCIIEXOB B T
HE3aBHCHMBIX ONBITax», T.e. P{X 2 m}, ro umeem : P, = P{X 2 m} =
=P{X =m}+P{X =m+1}+...+ P{X = n}. Bepoaruocrs P, 6uiraer
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yAeOHO HAXOMUTH Yepes BePOATHOCTL MPOTUBONONOKHOLO cobbitua: P, =
= P{X 2m}=1- P{X <m}; ta us gByx $opmys nyuue, rae MeHblle
claraembrx.

Pan pacnpegenenud A.c. 5. X, nMeromell GuHOMBEANILHOE pacnpemesie-
HUE, UMEET BHL:

X=m 0 1 2 ™m cln
pm = P{X = m}|q" | Coplq™ ™! | Chp?q™ 2| |Coip™ g™ ™. . "

E

T
Kourponb: Y pm=(p+¢)*=1.
m={

Dyaxkuusa pacupenesenns ¢. 8. X, pacapenesenHol o SHHOMHAATILHOMY
33KOHY, HMEeT BHII:

0, npu £ < 0
F(z) = mgm Clmpmg™ ™ mpul<z€n
1, opu n < .

Ha#iem 9MCIIOBBIE XaPaK TEPUCTHRM 3TOr0 pacnpenenenud. [Ipoussogamei
dyurnueit GHHOMUAIBHOTO PACHIPENEIEHHS ABJIAETCH

T n
p(z) = Y CIp™g™ ™™ = 3 CiMpz) "¢ ™ = (g + p2)",
m=0

m=0
T.e. p{z) = (g + pz)*. Torna

¢(2) =nlg+p2)"'p, ©"(z) =nln—1)p*(g+pz)""°.

Cnegosatenpuo (em. m. 2.6), MX = (1) = np, vx. p+4q = 1, DX =
= ¢"(1) + ¢'(1) = (¢ (1))? = n(n — 1)p* + np — n?p? = npg. Urax,

MX =np, DX = npq. (2.24)
It GOPMYJIBI MOJIE3HO 3HATE.

IIpumep 2.7. Ilo ycnosuio ynpaxksenust 1 u3 . 2.5 matitu M X n DX, rie
X — aucho nonaganuit B LNk,

Q (.. X umeer GuHOMUAJNBHOE pacnpenetenue. 3aeck n = 3, p = 0,9,
g = 0,1. Tlo gopmysam {2.24) naxomnm MX v DX: MX =3-0,9 = 2,7,
DX =3-0,9-0,1=0,27. ®
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Pacnpeaenenne NyaccoHa

Huckpernas cnyqafinas seanunna X uMeer pacnpedeaenue [Tyoccona,
ecam ee BO3MOXHbIe 3Hauenus: 0,1,2,.. . ,m, ... (CHETHOE MHOKECTBO 3HA-
qeHuit), a COOTBETCTBYIOMME BEPOATHOCTH BhipaxawTca dopmynolt Ilyac-
CoHa,

™m —a
pm = P{X =m} = (1__'_'6___’ (2.25)
ml
e m =€,1,2,.. ., o — mapamerp.

Pacnpenenenne [lyaccona sapnaercs npeneabHbiM ais GMHOMMAJIBHOTO,
Korga n — oo 1 p - ( Tak, aro np = ¢ — nocrosigHo. lIpuMepaMu ciy-
JaifiHBIX BEJIUYHH, HMEIOUMX pacipenenenne Ilyaccona, ABIAIOTCA: YHCIIO
BBI30BOB HA TeyechOHHOH CTAHUMH 38 BpeMs f; YUCJIO Oe4aToK B HOJBIIOM
TeKcTe; YHcs0 bpakosaHuplX nerantett B G0/LLICH TAPTHK; YUCIIO -4aCTHLL,
HCIYCKAEMBIX PANHOAKTHBHEIM UCTOUHUKOM, H T. 1. [Ipn arom cuuTaertca,
YTO COOBITHA TOABNIAIOTCA HE3ABMCHMO IPYT OT APYra ¢ NMOCTOsSHHON cped-
Hell UHIMENCUSHOCTRGI, XapakTepusyomelica mapaMerpoM a = np.

Caywatinas sesranna X, pacnpenenensas o sakony Ilyaccouna, umeer
crnenyomuit pag pacupeneeHus

X=mi}] 0 1 2 .- m
o-u | @re”® a’ e ® am e ?
Pm 1 2 ||l
©0 % ,m
Konrponb: Y. pp, =e7% E_me %% =1,
m=0 m=0 m!

Hatinem M. 0. n nucnepcuro .. X, pacnpegenenno#t no saxkony ITyac-
cona. ITpoussonset byuknueit pacnpenenenus [yaccona Oyner

o= m
— E am . e“ﬁ g0 Z (GZ) — e 0. gl% = ea(zul)
Tml m! ’
m=0

T.e. @(z) = e®* 1, Torna ¢'(2) = a - 21, p(2) = a? - 1), Crano
6biTh, MX = /(1) =a, DX = ¢"(1) + ¢'(1) — (¢'(1))? = a®> + a - &® = a.
Hrax,

MX = DX =a, (2.26)

T. €. IAPAMeTP 4 NYACCOHOBCKOTO PACIpEIeTIeHHA PaBel OOHOBPEMEHHO M. O,
H oucnepcun . B. X, uMenonel 310 pacnpenesesye. B 3ToM COCTOUT OTIIH-
YHTENBHAST OCOOCHHOCTL M3YYAEMOrO pPaClpeleNeHds, KOTOpad HCHOJb3y-
€TCH HA NPAKTUKE (HA OCHOBAHWMH ONBITHBhIX NAHHBIX HAXONAT OLECHKH JJIH
M. 0. B JIUCHSPCHH; eCTH OHM Gummsky Mexny cobolt, TO eCTh OCHOBAHUE CHM-
TaTh, 9TO C. B. PacIpeneseHa no 3akony [Iyaccomna).



88 * Paasen nepebii. INeMEHTAPHAR TEOPHS BEPOATHOCTEN

ITpumep 2.8. BepoaTHOCTE DNONANAHNUA B 11616 BPH OJTHOM BEICTDEJIE PABHA
" (,01. Kakopa BepOATHOCTE TOTO, 4TO 4uco nomnaganui npu 200 BeicTpenax
cocTaBuT He Menee 5 # He Gosee 107

(Q Bepoarnocts p = 0,01 ogens mana, a UMCJIO BBICTPENOB {ONBITOB)
JIOCTATOYHO BEMHMKO. IloaToMy HCKOMYIO BepOATHOCTH OyliemM HAXONUTh,
ncnonsays ¢opmysay Ilyaccoma. C.s. X — umcno nonaumanmit. Tpedy-

erca Hafttm P{b € X <« 10}. Ilo reopeme CIOXKEHHA BepOATHOCTEH
P{5 £ X €10} = P{X =5} + P{X =6} +... + P{X = 10}. Ume
em:a=np=200-0,01 =2, e *=¢"2=0,135,

25 26 27 28 29 210
< < = = = L AL 42 LM Y.V .
P{5< X <10} = 0,135 (5! ok S 2 %0053 @

I‘eomeTpuqecxoe pacnpepeneHne

Hduckpersas ¢.B. X WMeET zeomempuneckoe pacnpedeneHie, eclH ee
BO3MOXKHBIE 3Hadennd: 1,2,3.4.. .., a BepoATHOCTY 3THUX 3HAYEHUH:
_ _ _ m—1
P =P{X =m}=4"""p, (2.27)

rmem=20,1,2,....

leomerpryeckoe pacnpenesieHue UMeeT ¢. B. X, PABHAA YHCJIY OITBITOB
B cxeme Beprynnu, nposenentofl Ao MEpBOTO YCIexa BePOATHOCTE YCIexa §
B equHWYHOM onbite. [IpuMepaMy peasipHbIX CAyYaHHBIX BEJIMYHH, Pacnpe-
JeJIeHHBIX II0 I'eOMETPUYECKOMY 3aK0HY, fABJANTCA: YHCJIO BHICTPEJIOB Jp
[I&PROTO NOMAJMAHUS, THCIIO UCHBITAHUY TpUGiopa M0 MEPBOTC OTKA3A, HHC/I0
6pocanuil MOHETH 40 IEPBOIrO BHINAJEHUSA PEmKH H T. .

Pan pacnpenenenus caygaiHol Besmannnl X, MMermelt reoMerpude
CKOe pacipeiesnenne, UMeeT BH

X=m!1:21| 3

pm plap|dPp

Koutpone: 3. pgm l=p 5 ¢" l=p - e =L =1
m=1 m=1 l-g¢q b
BeposrtHOCTH pp, 06pa3syloT reoMeTPHUECKYIO TIPDOTDECCHIO P, gp, a’,
q3p, .... [lo arolt npruune pacnpenenenue {2.27}) HASHIBAIOT 2e0MEMPULE-

CRUM.






